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Milk supply

2 supply patterns

1. Liquid milk pool:
Winter milk schemes
Approx. 15 % of total supply

2. Manufacturing milk pool:
Spring-calving herds
Approx. 85 % of total supply

R

* Prevalence of seasonal production - focus on long shelf-life commodities
(butter, cheddar cheese, milk powders)

» Up to 1000 % self-sufficient in some products - 85 % of products exported
- (worth ~ €6.8 billion in 2022)

\ - 40 % of all milk in Ireland used for cheese/

On a national level, pasture-based system is fundamental to the
majority of milk production and export product portfolio

Images: Strathroy Dairies/Ornua



“Grass-fed” marketing

GRASS FED
VERIFIED
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The more grass a cow eats,

THE MORE NUTRIENT-RICH THE MILK.

ITIOUS

A new scientific study

shows that cows fed a 100%
organic grass-fed diet with no
grain produce milk that has
dramat more omega-3

" Published in the Journal of Food Science
and Nutrition, February 2018. Based

- ondata froma 3-year study of 1,100+
Grassmilk samples collected from
2014-2016.

NO GRAINS

nventional Whole Milk

Conventional Whole Milk
Organic Valley Grassmilk®

(conjugated linoleic a
conventional whole milk.

The average American
diet is heavily weighed
toward omega-6.

Organic Valley Grassmilk®

Conventional Whole Milk 6:1 Organic Valley Grassmilk® 131



Grass-fed standard

GRASS FED
VERIFIED

» Cows averaging 95% grass fed on a fresh weight basis.

»Most Irish cows grazing for average of 240 days per year, often up to 300 [R:=leL):IES
days grazing (mid Feb to mid Nov)

» Contrast: organic production — 120 days, Netherlands - 120 days, but
premium applied.
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Manufacturing milk pool - Seasonality

»Changes due to combination of Total
% . Protein Fat Lactose Ash Casein Whey

lactational and dietary effects solids

Early-
lactation

»Milk less suitable for processing Mid.

13.6 3.33 4.56 4.98 0.73 2.66 0.48

& lower volumes available lactation 1320
»Can pose challenges for ey

processor in early/late lactation average  13:95

_ Data from seasonality study conducted on Moorepark herd ’

Cc:mgnsn
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Recent studies on effects of pasture diets on milk quality:

Grass, Grass/clover & total mixed ration
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Perennial ryegrass pasture
— 18 kg DM per day
(GRS)

Perennial ryegrass / 20 % white
clover pasture
— 18 kg DM per day
(CLV)
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Indoor total mixed ration
— 7.15 kg grass silage, 7.15 kg
maize silage + 8.3 kg concentrate
per day
(TMR)




Diet impacts milk yield & constituents throughout lactation

Production and Solids % Total Solids % Fat
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Pasture based feeding has a beneficial effect on milk fatty acid profile

Yearlv Average Significance:

Butyric Acid 3.95 3.69 3.66 0.257 -
C4:0 +0.71 +0.63 +£0.45

Caprylic Acid 1.08 1.05 1.06 0.872 -
(C8:0) +0.19 +0.20 +0.14

Undecanoic Acid 0.04 0.06 0.05 0.001 0.769
C11:0 +0.02 +0.03 +£0.02

Tridecanoic Acid 0.07 0.08 0.08 0.009 0.650
+0.02 +0.03 +0.02

0
I
>

Myristoleic Acid 0.72 0.76 0.71 0.459
(C14:1) +0.21 +0.22 +0.17

In total 26 Fatty Acids were
analyzed from bulk milks
weekly from March to
October

Palmitic Acid 24.39 20.73 19.98 0.002 0.743
+ 4.60 +3.21 +£2.26
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o
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Heptadecanoic Acid 0.43 0.49 0.47 0.009 0.646
(C17:0) +0.08 +0.09 +0.07

Oleic Acid 14.59 13.99 13.23 0.064 -
(C18:1n9c¢) +2.83 +3.02 +£2.46

Linoleic Acid 1.31 0.55 0.64 0.972
C18:2n6¢c) (LA +0.28 +0.21 +0.17

:

0.58 1.44 1.32 0.001  0.956
(c9t11) +0.15 +0.37 +0.25

Eicosenoic Acid 0.05 0.08 0.09 0.001 0.842
+0.02 +0.03 +0.03

Behenic Acid
C22:0

(i,

Tricosanoic Acid

(C23:0)




Pasture based feeding has a beneficial effect on milk fatty acid profile

Yearlv Average Significance:

Butyric Acid 3.93 3.69 3.66 0.257 -
C4:0 +0.71 +0.63 +0.45

Caprylic Acid 1.08 1.05 1.06 0.872 -
(C8:0) +0.19 +0.20 +0.14

Undecanoic Acid 0.04 0.06 0.05 0.001 0.769

ic11;0i +0.02 +0.03 +0.02 Palmitic Acid (C16:0) Linoleic Acid (C18:2n6¢c)
Tridecanoic Acid 0.07 0.08 0.08 0.009 0.650 351 p<0.05 2.0 p—PR=0.05
C13:0 +0.02 +0.03 +0.02
+— +—
o . p<0.05 . « | p<0.05 |
Myristoleic Acid 0.72 0.76 0.71 0.459 - L 30 f 1 WL 154
(Cl14:1) +0.21 +0.22 +0.17 - :
B PR . S = =
Palmitic Acid 24.39 20.75 19.98 0.002 0.745 s s
C16:0 +4.60 +321 +2.26 25 = 1.0 -
(@] (@]
Heptadecanoic Acid 0.43 0.49 0.47 0.009 0.646 8 8
(C17:0) +0.08 +0.09 +0.07 - 20 — 0.5
fpoem = op e . Ze
Oleic Acid 14.59 13.99 13.23 0.064 - (@] o
(C18:1n9¢) +2.83 +3.02 +2.46
Linoleic Acid 1.31 0.55 0.64 0.001 0972 5 Q ) K\
C18:2n6¢) (LA + @Q <& £ @Q' <& v
N ©) Y N ©) <
CLA . 0.001 0.956
(c9t11)

Eicosenoic Acid 0.05 K . 0.001 0.842
C2 +0.02 +0.03 +0.03

Behenic Acid

Tricosanoic Acid K 0.001 0.876

(C23:0) +0.01 +0.03 +0.03
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Pasture based feeding has a beneficial effect on milk fatty acid profile

Yearly Average Significance:

Butyric Acid 3.93 3.69 3.66 0.257 -
C4:0 +0.71 +0.63 +0.45

Caprylic Acid 1.08 1.05 1.06 0.872 -
(C8:0) +0.19 +0.20 +0.14

CLA (c9tl11l) @&-Linolenic Acid (C18:3n3)

Undecanoic Acid 0.04 0.06 0.05 0.001  0.769
C11:0 +0.02 +0.03 +0.02
<0.05
Tridecanoic Acid 0.07 0.08 0.08 0.009 0.650 2.0 ) p<0.05 . : ' !
C13:0 +0.02 +0.03 +0.02 I i |— <005 , | p<0.05

0.8 1

e

Myristoleic Acid -

(Cl4:1) 157

0.6

g/ 100g Milk Fat
\
|
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|
g/ 100g Milk Fat

Palmitic Acid 0.002 0.743 _
C16:0 +4.60 +3.21 +2.26 1.0
0.4 4
Heptadecanoic Acid 0.43 0.49 0.47 0.009 0.646
(C17:0) +0.08 +0.09 +0.07 0.5+ 0.2 1
Oleic Acid 14.59 13.99 13.23 0.064 - 0.0 T T T
(C18:1n9c¢) +2383 +3.02 +2.46 0.0 T T T ’

/\4%
P
L
/\4%
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Linoleic Acid 1.531 0.55 0.64 0.001 0.972

C18:2n6c¢c) (LA

CLA . . 0.001  0.956
(cotit) +0.15 +0.37 +0.25

Eicosenoic Acid 0.05 0.08 0.09 0.001 0.842
C20:1 3

Behenic Acid

Tricosanoic Acid . 0.001
(C23:0) +0.01 +0.03 +0.03

0.876
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Milk mineral content

Mineral GRS CLV TMR
calcium | / E\ 133.7 131.8
Major elements Phosphorus ( 104 ) 98.9 101
(mg per 100 g) Sodium |\ 491 / 47.0 46.7
Magnesium \1?21/ 13.0 13.0
N\
Zinc 4589 4417 /4822 \
Iron 542 504 T
Copper 60.3 47.2 76.9 \
Molybdenum 45.9 43.4 46.4
Trace elements Manganese 42.5 40.7 29.2
(Hg per k) -
Selenium 15.7 13.9 27.1

(
h
e Cobalt 0.80 0.75 \\\ 0.82 /

lodine 117 79.3 2071 /

C(‘.(T},{‘IHH N—r
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Vitamin B Profile of skim milk and whey

0.7  Significantly higher
vitamin B2
(riboflavin) in both
0.6 T GRS and CLV
GRS samples than in TMR
_ 05 | mCLV sample.
% 2 TMR . Signif_icantly hi_gher
= 04 | vitamin B3-amide
o (niacinamide) in TMR
E sample than in GRS
§ 03 | sample.
g
O 02 |  Significantly higher
' vitamin B3 (niacin) in
TMR sample than in
01 ¢ CLV sample.
 Significantly higher
0 | | sl vitamin B7 (biotin) in
in both GRS and CLV
Bl B3 _BG _ B samples than in TMR
w
1 mmon letter differed significantly.

C{:nansc
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Pasture derived butter is more yellow in colour
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Cow diet has a significant effect on butter texture

Butter Hardness at 20°C =
P<0.05 °
20 TMR 951°C
l | 15§2'c §
P<0.05 17.40°C
0.5 4 17.09°C
P, 0002 ' 31530 + ye
15 P,0.001 P,0.001 g
- é 0.0
Z =
- $
1}
1
: 10 sgg-c L]
= 05+ CLOVER ’
; 15.37°C
o BN OB AN L }
23.15Jg L
"3 5 ) P4 7o = % 25
Exo Up T np erature (.C) Unin V4. 5A TA
Palmitic Acid (C16:0)
TMR GRASS CLOVER P <0.05
{ P <0.05 \
30 [ |
B
)
o
S
Ll
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oo
TMR GRS CLV
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Recent studies on effects of pasture diets on milk quality:

Grass, partial mixed ration & total mixed ration

\_/
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GRS PMR TMR

« 950 grazed « GRS diet at day * 40% maize silage
pasture annually  TMR diet at night * 40% concentrates
* 5% supplemented « 20% grass silage
B concentrates —
LA A—

C{I(T}-,('IS{':
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Total Solids (%)

Diet impacts milk quality throughout lactation

15.0

1A~ GRS -0- TMR PMR
1454 T
1404 [
1304 i %

125 T T T T I T T T T

Contrast to previous study
(different years): higher solids in
TMR milk throughout mid-lactation
than GRS and PMR

1000+
A Grass -o- |TMR PMR
€ 8004
5
8 600+ 6
o
S N
o 400 3
3 200 o o
wn %IEA _____ 2 _____ i “a
O T T T T T T T T
M A M J J A S O N

* GRS cows with significantly better

udder health than more
conventional diets

e Under 200,000 cells/mL for most
of the season




Pasture based feeding has a beneficial effect on milk fatty acid profile

Scores Plot

O Early
127 - i
GRS & TMR PMR ol o TWRSFA o TMRURA| 6o
1.0+ PMR SFA e PMR L.JFA
L 0.8- Tl * = i - 50 2 ° e’
S 2 z 2
o — o Q 0
g 0.6 S 60- -0 3 g %o @
S TrHEi g b g A R e
C02— 50 2 30 8 % © o ©
©--.0---8 4 5---@ - (e®) 0o
0.0—— I I I | | | | | 40 , , , , C,) , , , , 20 7
M A M J J A S O N M A M J J A S 0 N
Nutritionally Beneficial FA . . .
Component 1 [ 28.1 %)
Increasing with increasing proportions of pasture (GRS > PMR > TMR)
including: * Negative energy balance of the animals in early
«  141% increase in conjugated linoleic acid lactation the main reason for a stage of lactation
« 83% increase in n-3 FA effect on FA profile -
. * Unsaturated FA

Trend of increased beneficial fatty acids in pasture-derived products seen
across milk, butter, cheddar cheese and whole milk powder



Component 1 (14.1%)

Scores Plot

GRS
PMR
TMR

Component 1 (37.3%)

Milk mineral content

CeHgO7

VIP Plot

T T T |
05 1.0 15 20

VIP Scores

Cc:mgnsn
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Low

Ca
Fe

n
C6HSO7

Na
Mo

GRS < TMR & PMR
GRS >TMR & PMR
GRS < PMR
GRS <TMR & PMR
GRS <TMR & PMR
GRS <TMR & PMR
GRS < PMR < TMR
GRS > PMR
GRS > PMR




Quality and consumer acceptance

Do dietary differences impact the final product?

cﬁmgmsc
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Grass feeding and colour

11— 97 mm Grass =W TMR B3 PMR
-+ GRS - TMR % PMR
0_
1 i} G i P
9 e
> >
('_>5 8— :kQ Q ’(’LL.‘
IID - :‘ kL"
Z_ : N"\t “':\é‘.\« |
Early Mid Late » j_/:».\.-;;‘ »
5- T T T I T T T T T SOL
M A M J J A S O N
7w Grass = TMR == PMR
 Significant differences in the yellow colour of 30
milk %20
« Similar impact of diet and SOL on the colour of 7
whole milk powder, cheese and butter 10-
» Size of milk fat globules impacted by SOL o

Early Mid Late

50 ™8 GRS ®m TMR mm PMR

’g 5.5 -+ GRS
5
Py - TMR 459
N 5.0 T
o = PMR 2 40-
[0} =
S 454 g
o _ * 35
= o
(O]
5 4.0 L
LL 30+
=
= 3.5+ -
M A M J J A S O N Early Mid Late
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Melting profile of butter

g

o
s
|

Heat Flow (W/g)
o
i

0.2_'7:-,"7-_, 194

Hardness 4°C (N)

[EY
\‘
1

[
a1
1

Grass TMR PMR
Stage of Lactation

Heat Flow (W/g)

Temperature (°C)

- Difference in saturated:unsaturated fat ratio impacting the
crystallising/melting behaviour of butter

» Result of differences in structure (e.g. palmitic acid)
 Altering the liquid:solid fat ratio




Factor-2 (47%, 4%)

\olatiles: Compounds responsible for flavour

» Effect of feed on rumen

Correiation Loading (X and Y) I o microorganisms — generating

e Y et volatiles

“ S .« Acetone associated with CLV

butter samples — higher than TMR
and GRS.

« 2-Butanone was present at higher
intensity in TMR butters than
GRS butters.

» Toluene associated with pasture
derived butters, more than TMR,
highest in CLV.

» Para-cresol — compound
responsible for “barnyard flavour”
in CLV samples — unfavourable in
tasting panels

o 2~Mc|hy:hulnnnl
\

Ethyl acetate
B

\
+._ 2-Nonanone 2-Methyt-1-butanol
‘~ . .

- s

1-Pentanol =  “r'=.-&.-
o 3-Ethyl toldene ~ _._.oemimimimee.,

Pentanal m-xylene
p-Pinene p L"w snzer

................

2’| 2-Hep! SRS
(‘ Butyl dm%(M| ~,'

~.L

.............

uene

Hexanoic add
-

2-Pentanone
-

27" 2-Heptanone
B

o-xylene
.

Butanoic acid
.

Butyl acetate 5
2 Acelic acid Nonanal .
- . . =

/ il

-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 o 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
Factor-1 (52%, 9%)




Cow diet has a significant effect on butter sensory properties

Liking of appearance
Barnyard flavour R 00 Liking of aroma
Off flavour | [ Liking of flavour
#\ \ 200t/ \
Cardboard flavour \ B W 27 T lemg texture
\ P \ \ 6,00l
. 4 ey - *..\\.
Rancid flavour ( /\.--/‘ SR Overall consumer
"N N\ s f—] “\"
£ Sl
Nutty flavour / / \ i ></ ) ) || / \\/< 4 Colour
/ / 4 '\,»__ —\ A,"‘»». 55 *%
/ N / \ \ | / e N TR\ e, v
/ / [/ N
/ / P </
Arn:i]clal butter /[ / ;‘; \\ Diacetyl aroma,
avour S Yk \\ . ;\,.» *

I"\ Artificial butter

\ 'V ‘A

\ _-‘}‘—--[ aroma
r“ _—_v'¥‘—_| =t

v' r‘

Cream flavour |
*

Diacetyl flavour (ol S _ / ~/ Nutty aroma
Melt in mouth \_\ \ VA C D A // / / Rancid aroma
\ \ A Pas / /
", \ - A .
\( /
Texture AN / 7 Grassy aroma
X/
Firmness in mouth \ /\< / Cardboard aroma
' L ». 2 p% -@ TMR
Bitter taste / ~/_ . \ Off aroma
L N X// ~@— GRASS
Acidic taste | - | Barnyard aroma 2
Salt taste = Faecal aroma ..-&+ CLOVER
Sweet taste

|
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Recent studies on effects of pasture diets on milk quality:

Feed and breed




Breed 1 Breed 2
Holstein Friesian (HF) Jersey x Holstein Friesian cross (JHF)

Feed 1: Feed 2: . .
Perennial Multispecies sward (MSS) Feed 1. Feed 2:

40% perennial ryegrass Perennial Multlspemes sward (MSS)
ryegrass * 15% other grasses ryegrass 1?2;0 ptehrennlal ryegrass
PRG « 30%I . 6 other grasses
( ) hobs (PRG) * 30% legumes

e 15% herbs
* 15% herbs

PRG-JHF

C casasc
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Yield [kg/cow/day]

Lactose (%)

31 ~

27 A

23 A

19 A

15 A

11 A

51 4

50 1

4.9 A

4.8

4.7 A

4.6

4.5 -

4.4

Milk yield

—o—PRG_HF =#=PRG_JHF

Lactose

16 ~

Diet and breed impact milk yield & constituents throughout lactation

Total solids T

15 *
g o
E 14 4 -
E ?&w//r-—

13 N

12 T T T T T

vﬁi\\ @@\ \\‘(\e S o@(} &
e 6&@

—a=NS5 HF MSS_JHF

48 1 Protein
S

Seasonal effect:

*  Yield {b ¢ Lactose {b

*  Protein & fat @ ¢ Total solids @
Breed effect

* JHF - lower yield, greater total solids (lactose,
protein & fat) than HF

Feed effect

*  MSS showed higher fat (& solids) content
than PRG for HF

Fat M (%)

Mucsminw v mi ami Fass DR imiao A v

51 Fat

6.0 A
5.5 A
5.0 ~

4.5 4

4.0 4

3.5 A

30




Fat globule size D50 [um)]

Fat, fat globules and colour

*
141 Colour (b7) « Samples were
o B increasingly yellow
3 ] throughout lactation
— « Highest for JHF
R @@i@z@"é g imﬁé
~®=PRG_HF =#=PRG_JHF =#=MSS HF MSS_JHF
Fat globule size Rl iy Fat
3 6.0 1 Month: *** A
o 55| PO » Fat globule size decreased
% 5ol throughout the season
MR « Again, highest for JHF
4.0 A

35 - 1
< \o‘z} & & D A & A S < S
&
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Fatty acid profile throughout the season

Component 2 ( 46 %)

Scores Plot Scores Plot Scores Plot
p
o MSS_HF o MSS_HF R
MSS_JHF MSS_JHF . ‘. . O MSS_HF
© PRG_HF O PRG_HF . % MSS_JHF
(o] PRG_JHF s PRG_JHF . "t o te, 0 PRG_HF
N ~ e 0% Q 0,. PRG_JHF
* *
: 5. T
- *%e O © ‘e
. @ o 0] % ‘e
il e B * g
Ll . 0508 &0 ‘e
= . . » 3
g 3 . A (@) ‘e
" © . @ . *
2 Q . 2o *e
< C o4 s (o) S -
o~ ~ . * @ O *
T oS P . [ee) s %%, @ o
] g . (¢} s Yo .
£ . LA (6] -
g §- °. . . .
- . O . 2 *
S 3 . ., .
3 o . (o) . ., .
. « .
o * % » Y ol
. ) . ,
*) o b LR
o~
* [
0‘ -
* -
7 - 0,’ .
o 4 * L]
.O L
Ay t’
T T T T T T T T T T T T 1 T T T T T T
2 1 0 1 2 3 4 3 2 1 0 1 2 4 2 0 2 4 6
Component 1 (29.7 %)

Component 1 (212 %) Component 1 (53.6 %)

Mar-May IS jun-Aug N Scp-Nov N

Clearer separation of FA profiles when progressing throughout lactation depending on feed.

_C caLasc
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LA (w-6)
ALA (w-3)

C18:2 n-6
Cl8:3n-3

C16:0

omwa[E] .

c22:0 L]

C181n-6 L]

C6:0 [ ]

C10:0 L]

C15:0

C4.0

Cl14:0

L]

L]

L

Ca0 L]
L]
C12:0 ®
o

clelw

T
20

VIP scores

25

Fatty acids:

C18:2 (n-6) (g/100g fat)

feed effect

1.4 4

09 A

I R
cg?/Q& © \\6\
Low
~#—=PRG_HF =#=PRG_JHF =#=MSS_HF MSS_JHF
16 4 Omega-3

Late lactation

_ * MSS milk has higher PUFA content

« MSS contributes to higher SCFA content

C18:3 (n-3) (g/100g fat)

1.3 4 /\
1.0 A

0.7 A

CL.klhtla\..
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Major change in
omega-3/omega-6
balance for MSS from
June onwards

The proportion of
omega-6 and omega-3
was higher in MSS,
especially in mid- and
late-lactation

Higher short chain fatty
acids (rumen derived)
from MSS.

No breed effect




Pasture feeding
increased
concentrations of
Omega 3, CLA,
VA

TMR Feeding
increased
concentrations of
Omega 6 fatty
acids, palmitic
acid

Pasture feeding
increased vitamin
B1, B2 and B7
content.

TMR feeding
increased vitamin
B3 and B3-amide
content.

Nutritional

Quality

Product
Characteristics

Diet induced alterations to
milk has a significant effect
on product textural, volatile
and colour properties

Take
home
poINts

Breed

and feed

» Feeding system significant
effect on sensory profile of milk
and products

» Different sensory perceptions in
different cultures

Several compounds have been
identified as being significantly higher
Feed in pasture derived products and show
potential to be biomarkers, including;
CLA, B-carotene (characteristic
yellow colour), toluene, dimethyl
sulfone and hippuric acid.

Biomarkers

* MSS increase fat, total solids in HF

* MSS increase both omega-3 and omega-6 FA

« Jersey cross: Increased solids and fat globule
size, decreased yield and DPA (omega-3)

* FA profile changes from mid-lactation onwards



The protein fraction in milk is genetically determined

» Nitrogen content of milk is distributed among the caseins, whey proteins and non-protein nitrogen.
« Each of the 6 primary proteins (2 whey, 4 caseins) has an effect on the nutritional value of milk.

» Genetic factors have a major influence on the protein profiles of milk, which in turn influence milk yield,
composition, and milk processability.

Our interests:

» Investigate natural variations in the nitrogen composition and protein profile of

individual cows.
» Determine potential correlations between specific protein variants and milk

nitrogen fractions.
» Determine the potential for tailoring milk for specific protein dominant product

classes. N3
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Variation in protein composition among individual
COWS

« Nitrogen content of milk is distributed among the caseins, whey proteins and non-protein
nitrogen.

« Each fraction has an effect on the nutritional value of milk.

» Genetic factors have a major influence on the protein profiles of milk, which in turn are
reported to influence milk yield, composition, and milk processability

Value focused on: « Not just fat and protein!
« Milk solids

» More than 100,000 components

* Reproductive Profile of constituent proteins
performance

* Longevity

_ * Health status

1. Important
2. Genetic differences
3. Measurable

» Calving Significant for _Genetically /

product functionality determined

Cc:ﬂgﬂsn
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Variation in protein composition among individual cows

Selection of high casein:whey protein ratio cows
Whey Protein

Crude protein
4.50
473
3.72
3.61
4.16

Crude protein
3.70
4.03
413

3.63
- 3.35

True protein

4.30
4.50
3.60
3.46
3.96

True protein

3.51
3.83
3.93
3.51
3.17

0.18
0.16
0.35
0.32
0.21

0.48
0.76
0.78
0.44
0.56

Casein

4.08
4.22
3.26
3.31
3.67

Casein

2.77
3.07
3.15
2.82
2.67

CfiiT},{‘IHi:
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Selection of low casein:whey protein ratio cows
Whey Protein

LT

Casein no.

88.00
87.75
86.80
86.60
85.85

Casein no.

73.85
75.90

75.30
77.10
78.10

T i Ty

 Somatic cell count
— high whey deposition in pre-mastitic
COWS

* Yield
— high whey, reduced yield with
infection

« Stage of lactation
— all cows in mid-lactation

* Diet
— all cows on perennial ryegrass-based
diet

« Strongly linked to genetic
variants of individual proteins



Impact of genetic variation on milk proteins

« Genetic variation is caused by a mutation within DNA resulting
In the substitution of one or more amino acids within the primary

structure of a protein

« There are many genetic variants of casein and whey proteins,

with over 50 identified to date

 The first of which was discovered as far back as 1946

\__
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Timeline of discovery of milk protein variants

[1946: BLG A J (1972:BcsNE | (1988:lGH]  [(1992:kF | (1998:BCSNG | (2003: asCSN1]
and B
1961: BCSNJ [ 1968: BCSN D ] 1981: BLG [ 1990: BLG W] 995 BCSN A4] [zooo: BCSN H ]
A,BandC E, F, and asCSN G
G, alAC C
i S Ll il
1945 1950 1955 T 1960 1963 1970 197 T 980 1985 ﬁ99 199 2000 2005
[ 1958: alAC A J 1966: BLG (1978 kC}—— [ 1989: E | 1996: BLG | 2002:
and B D, BCSN A1, asCSN F and J, K F2, BCSN H2
A2, and A3, G, and G2 and |
asCSN D
[ 1962: BLG C, 1976: asCSN [ 1979:as2csND | Y 1991: BCSNF | 1999:
asCSN A, Band C E, as2CSN A, asCSN H, «
B, and C H, I, and )

<1959, ¢ 1960-1969, - 1970-1979, 1980-1989, « 1990-1999, » >2000



A SINGLE NUCLEOTIDE POLYMORPHISM IN THE STRUCTURE OF 3-CASEIN

~..efsam

saopien Food Safity Authionty EFSA Scientific Report (2009) 231, 1-107

a2 Milk® Glow is made from easier FSA l ( ;_’::’s';'lf:‘si‘:\;sa‘:‘fd
on digestion a2 Milk® that may help some ;}c::gn'j:;;;ti:g
avoid discomfort. Our quality a2 Milk® |
comes from cows that produce
only the natural A2 protein.
+ * Feel the difference.

Ordinary Milk

Al A2

protein = protein

a2 Milk®

A2

protein

I1. Breed differences in the occurrence of f-casein variants Gt [Errep-——
: th i

By R. ASCHAFFENBURG oLt e
National Institute for Research in Dairying, Shinfield, Reading

(Recetved 15 January 1963)



Bovine 3-casein phenotype - structure and functionality of
milk and dairy products

Current Research in Food Science 5 (2022) 1701-1712

Contents lists available at ScienceDirect

Current Research in Food Science

VIER journal homepage: www.sciencedirect.com/journal/current-research-in-food-science

2%
ELSE

m
What is the impact of amino acid mutations in the primary structure of |

‘ caseins on the composition and functionality of milk and dairy products?
Davor Daniloski ®®, Noel A. McCarthy ”, Thom Huppertz *“, Todor Vasiljevic >
* Advanced Food Systems Research Unit, Institute for Sustainable Industries and Liveable Cities and College of Health and Biomedicine, Victoria University, Melb
: VIC, 8001, Australia
= ® Food Chemistry and Technology Department, Teagase Food Research Centre, Moorepark, Fermoy, P61 C996, Cork, Ireland
~ ¢ FrieslandCampina, Amersfoort, the Netherlands
-\ ¢ Wageningen University & Research, Wageningen, the Netherlands B
Research N . . . .
Gaps and Y - Raw genotype information from national herd in the
Significance form of a data dump from the Irish Cattle Breeding

Federation (ICBF) which is held on the Teagasc High-
Powered Computing Cluster —updated ‘as needed’.

- Approx 78,000 Holstein-Friesian cows (25 genetic variants)
Liberation of - AlA1=7%

bioactive - AlA2 =27%
peptides

A - A2A2 =26%

CI:GHGSE
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S, INCREASED STORAGE MODULUS IN ACID AND RENNET GELS WITH

B-CASEIN A1

160 -
o0 * A1/Algel
B A1/A2gel iif
A A2/A2 gel
160 f“‘»
120 - |',

A
E'.A
0 ]
1] 20 40 60 80 100

»
¥
1 a
a
»
"
‘ '
40- ’ Time [min]
¥
' ‘.‘/’ Yoghurt
0{ = = LR . 8 tl |
68 64 60 56 52 48 44

L

e

R

N

(=]
1

Storage modulus [G']
By [+]
e e

80

G' (Pa)

pH 30-
© {r i\
= 'P
Contents lists available at ScienceDirect S 20 — 4
Food Hydrocolloids © i *
ELSEVIER nal homepage: www.clsevier.comflocate/foadhyd 104 i A
* o
= ERRT P
Rheological and structural properties of acid-induced milk gels as a g .
function of f-casein phenotype CQ })D’ S C 0+
Davor Daniloski ", Noel A. McCarthy °, Inge Gazi ““, Todor Vasiljev T 1
Ve ey, Admcd Fod Sy R Ui oSt s vl s ad Gl of Hth nd Bvedcve, o, 80 100 120 140 160 180
Wﬁ%mgm Food Chemisry and Technology Department, Moorepark, Fermay, P61 €996, Cork, Ireland Mucsminw v mi ami Fass DR imiao A v
‘Biomolecular Mass Spectrometry and Proteamics, Bijvoet Centre for Biomalecular Research, Utrecht Institute for Pharmaceutical Sciences, Utrecht, Time (min)

dhe e
‘Netherlan: omics Centre, Utreche, the Netherlands



In vitro semi-dynamic

digestion G (i
A1/A1 'A1/A2 A2/A2
milk milk milk

G4

TIITIS,
Wllllﬁ

Greater protein agglomerates were ,
AL/AL and AL/AZ samples, particularly in G2 and G4 gastric phases




Why B-lactoglobulin?

* Whey proteins can be easily isolated and purified by a C
combination of micro and ultra-filtration

« B-lactoglobulin is the most abundant whey protei

in milk and is the most abundant milk protej
formula

— N\

[ .
B-Iactogl _ Nmn
These subtle changes to the amino

Aspa Wﬁ&ncﬁve been showgR to

ACH I/l e ' ﬁ%ity. and
secondary structure of -

Valine lactoglobulin

-

118




Functional indicators ——

 The A variant has a lower denaturation temperature than the B variant.
This could be as a result of a greater proportion of B-sheets found in the B
variant

Cysl121

« The A variant produced weaker gels between pH 6.6 and 6.8. This could
be a result of the A variants greater electrostatic charge, or possibly due to A
the difference in mineral content between the A and B variants

« At pH 6.4 the A variant has better heat stability than the B variant EF loop—

« AB variant behaves in a similar manner to the B variant during heat
stability testing, but displays similar properties to the A variant during
heat-induced gelation

\_—

c-::ng-w:su:

Memi i ki Fase LRy A ey

/'



B-lactoglobulin variants

Nutritional Properties Whey Protein Consumption

Anti-
Inflammatory
Effect

Decreased Risk of Type 2 Diabs

| Colonof::;tleOE1 Do [3-lactoglobulin
A and B induce a

t Gut Microbial Df different biological
Composit
response?

Intestinal Barrier

Gut Microbiota Modulation sty Integrity

Body Weight Modulation
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