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CHOLINE AS AN
ESSENTIAL NUTRIENT
FOR TRANSITION COWS



WHAT IS CHOLINE?

A sroblem solver” “Nice to put on the label”

“Protects the liver \f fresh

"Expensive” | ,
P cows falls o start up well

“Something needed if you don’t
manage our dry cows well”

“To treat ketotic cows”

“Not weeded”



WHAT IS CHOLINE?
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WHAT IS CHOLINE?

* Nearly 100% degraded in the rumen by the rumen microbes

Feeds Rumen degradability (%)
Barley 79.4
Cottonseed meal 84.7
Fish meal 82.9
Soybean meal 83.8
Choline stearate 98.0
Choline chloride 08.6
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HOW DOES CHOLINE WORK?
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HOW DOES CHOLINE WORK?
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HOW DOES CHOLINE WORK?
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BENEFITS OF
CHOLINE NUTRITION




CHOLINE EFFECTS IN DAIRY COWS

Milk production
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1/ MILK PRODUCTION
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This iz an open access article under the CC BY license (hitp:/fereativecommaons orglicensesby/d 0f).

Effect of rumen-protected choline on dairy cow metabolism, immunity,
lactation performance, and vaginal discharge microbiome

T. C. Margues,'” H. F. Monteiro,’ D. B. Melo," W. M. Coelho Jr.,' S. Salman,’ L. R. Marques,” K. M. Ledo,’
V. 5. Machado,” P. Menta,” D. Dubey, F. Sun,” and F. S. Lima'*
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1/ MILK PRODUCTION
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1/ MILK PRODUCTION
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1/ MILK PRODUCTION

Meta-analyses shows consistent effect on

milk yield:

%

Weight
Reference Prepartum WMD (95% CI) (D+L)
Vazquez 1999 | I—O— 0.78 (0.22, 1.34) 3.91
Hartwell et al. 2000 -, -0.60 (-1.16, -0.04) 4.00
Hartwell et al. 2000 — -0.30 (-0.86, 0.26) 4.00
Hartwell et al. 2000 —— 0.70 (0.14, 1.26) 3.96
Hartwell et al. 2000 — 0.90 (0.34, 1.46) 3.98
Piepenbrinck et al. 2003 * -0.70 (-2.08, 0.68) 0.74
Piepenbrinck et al. 2003 _— 0.20 (-1.18, 1.58) 0.74
Piepenbrinck et al. 2003 —_— -0.10 (-1.48, 1.28) 0.74
Pinotti et al. 2003 —_— 0.17 (-0.38,0.72) 4.02
Oelrichs 2003 —I—O— 0.70 (-0.69, 2.09) 0.74
Oelrichs 2003 - 1.10 (-0.28,2.48) 0.74
Oelrichs 2003 ——— 0.30 (-1.08, 1.68) 0.74
Pinotti et al. 2004 —_— 0.14 (-0.41,0.69) 4.05
Xu et al. 2006 —_— 0.20 (-0.91,1.31) 1.13
Xu et al. 2006 —_— -0.20 (-1.59, 1.19) 0.74
Xu et al. 2006 —_— 0.10 (-1.29, 1.49) 0.74
Xu et al. 2006 < — 0.30 (-1.09, 1.69) 0.74
Zahra et al. 2006 —_— -0.10 (-0.85, 0.65) 2.34
Chung 2007 1: 0.55 (-0.17,1.27) 2.53
Chung 2007 0.55 (-0.17,1.27) 2.53
Chung 2007 —_— 0.16 (-1.17,1.49) 0.80
Chung 2007 —_—— 0.16 (-1.17,1.49) 0.80
Elek et al. 2008 * 0.10 (-6.11,6.31) 0.04
Ardalan et al. 2010 - 0.20 (0.03, 0.37) 17.16
Ardalan et al. 2010 b 4 0.10 (-0.07,0.27) 17.16
Ardalan et al. 2011 —_—— 0.70 (0.09, 1.31) 3.37
Lima et al. 2012 |—— 0.60 (0.04, 1.16) 4.00
Lima et al. 2012 — 0.50 (-0.05, 1.05) 4.01
Amrutkar et al. 2015 —_— -0.30 (-1.49, 0.89) 0.99
Sun et al. 2016 —— 0.61 (-1.02,2.24) 0.54
Sun et al. 2016 —_— 0.55 (-1.08, 2.18) 0.54
Zhou et al. 2016 —_1—— 0.90 (-0.49, 2.29) 0.74
Zhou et al. 2016 —— 0.10 (-1.29, 1.49) 0.74
Zenobi et al. 2018 +'—‘_ 0.90 (-0.21,2.01) 1.13
Zenobi et al. 2018 —— 0.10 (-1.01,1.21) 1.14
Bollatti et al. 2018 —— 0.27 (-0.56, 1.10) 1.95
Bollatti et al. 2018 —— 0.03 (-0.83, 0.89) 1.83
0.26 (0.14,0.38) 100.00

D+L Overall (l-squared = 13.9%, p = 0.233) 8

Knapp-Hartung Overall

NOTE: Weights are from random effects analysis 1

0.28 (0.13, 0.44)

-6.31

Weighted mean difference

6.31

Increased DM

pre-partum = 0.2 kg

Postpartum %
Weight

Reference WMD (95% Cl) (D+L)
Vazquez 1999 - -0.32 (-0.62,-0.02)  13.12
Hartwell et al. 2000 & -0.40 (-2.34, 1.54) 1.94
Hartwell et al. 2000 * . -0.80 (-2.74,1.14) 1.94
Hartwell et al. 2000 < 0.50 (-1.44,2.44) 1.94
Hartwell et al. 2000 > T -0.80 (-2.74, 1.14) 1.94
Piepenbrinck et al. 2003 —_—— 0.90 (-0.77,2.57) 2.52
Piepenbrinck et al. 2003 —_— 0.50 (-1.16, 2.16) 2.52
Piepenbrinck et al. 2003 -_—T 1.00 (-0.67,2.67) 2.52
Pinotti et al. 2003 * 0.49 (-1.53,2.51) 1.80
Oelrichs 2003 : g 0.80 (-1.42, 3.02) 1.53
Oelrichs 2003 T > 1.80 (-0.42,4.02) 1.53
Oelrichs 2003 g 0.50 (-1.72,2.72) 1.53
Pinotti et al. 2004 —— 0.25 (-0.77,1.27) 5.24
Janovick et al. 2006 _‘—-L -0.50 (-2.30, 1.30) 2.20
Xu et al. 2006 0.60 (-0.78, 1.98) 3.40
Xu et al. 2006 —_— 0.30 (-1.36, 1.96) 2.52
Xu et al. 2006 j—‘_.: 0.70 (-0.96, 2.36) 2.52
Xu et al. 2006 1.00 (-0.66, 2.66) 2.52
Zahra et al. 2006 —— 0.15 (-0.92, 1.22) 4.92
Chung 2007 —e 1.10 (-1.34, 3.54) 1.29
Chung 2007 g 0.32 (-2.12,2.76) 1.29
Chung 2007 I¢ 0.54 (-3.34,4.42) 0.54
Chung 2007 : - 1.96 (-1.92, 5.84) 0.54
Elek et al. 2008 * 0.40 (-1.60, 2.40) 1.84
Ardalan et al. 2010 | * 2.30(-1.78,6.38) 0.49
Ardalan et al. 2010 . * 2.50 (-1.58, 6.58) 0.49
Ardalan et al. 2011 [ g 3.14 (1.20,5.08) 1.94
Lima et al. 2012 —_—— 1.00 (0.17,1.83) 6.74
Amrutkar et al. 2015 -_— 0.16 (-1.58, 1.90) 2.35
Sun et al. 2016 +—— 1.19 (-0.24, 2.62) 3.21
Sun et al. 2016 -—:—0— 1.23 (-0.20, 2.66) 3.21
%Eou et a:. 2812 g 1 -0.80 (-3.02,1.42) 1.53

ou et al. - 2.40 (0.18, 4.62) 1.53
Zenobi et al. 2018 —_— 0.60 (-0.51,1.71) 4.69
Zenobi et al. 2018 ——— 0.50 (-0.61,1.61) 4.71
Bollatti et al. 2018 —_—— 0.38 (-1.24, 2.00) 2.63
Bollatti et al. 2018 —_——r -0.51 (-2.05, 1.03) 2.85
D+L Overall (l-squared =22.7%, p = 0.112) 8 0.47 (0.18,0.76) 100.00
Knapp-Hartung Overall 0.47 (0.17,0.78)
NOTE: Weights are from random effects analysis : I

-6.58 0 6.58

Weighted mean difference

\AJR AN

\ABLLL=4

Increased DMI

post-partum = 0.5 kg
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Weight

Reference SMD (95% CT) (D+L)
Hartwell et al. 2000 —— 0.10(-0.95,1.15) 1.76
Hartwell et al. 2000 —_— -008(-1.13, 097 177
Hartwell et al. 2000 S 039 (060, 138 192
Hartwell et al. 2000 ——— -061(-1.66,043) 1.78
Piepenbrinck et al. 2003 e — 1.28 (0.31,2.25) 1.98
Piepenbrinck et al. 2003 T -0.06 (-0.90, 0.78) 2.44
P!epe'l_lbmlck et al. 2003 —— g — 0.72(-0.18, 1.63) 2.19
Pimotti et al. 2003 T 0.89 (0.08,1.70)  2.57
Oehichs 2003 —_— 0.30(-0.56,1.16 2.36
Oelrichs 2003 + 036(-053,1.24 227
Drmotti ot al. 2004 - 0360033 111) 297

otti et al. - : -0.33. 1. ;
Janovick et al. 2006 —'.1— 0.22(-039,082) 363
Xu et al. 2006 —_—— 0.64 5—0_441 1_72; 1.69
Xu et al 2006 —t— 0.54 (-0.40, 1.49 2.07
Xu et al. 2006 —_— 018 (-0.75.1.10) 2.13
Xu et al. 2006 ——— 0.05 E—U_B& 0_97; 213
Zahra et al_ 2006 4 026(-0.15.068) 5.09
Chung 2007 —— -0.08 (-0.77,0.62) 3.12
Chung 2007 —0-:— 0.08 (-0.63,0.78) 3.06
Elek ot al. 2008 . —— 296(1.94,3908) 184
Ardalan et al. 2010 ':T.— 1.13 EO.]S, 2.08) 204
Ardalan et al. 2010 . 082(-009 174 216
Ardalan et al. 2011 [P—— 1.37(039 23 1.94
Zom et al. 2011 ——— 027(-037,091) 343
Lima et al 2012 — 0.24 (0.03,0.44)  6.87
Leiva et al 2015 —_— -0.06 (-0.88, 0.76) 2.53
Amrutkar et al. 2015 —:—0— 092 (-0.05, 190 1.96
Sun et al 2016 _— 098(0.13.1.83) 2.40
Sun et al. 2016 '—:'._ 0.66(-0.16,1.48) 2.51
v as wis =5 iy i

ou et al. 4 -0 -0.79, 0. ;
Zenobi et al. 2018a p—— 0.51(-007,1.100 3.79
Zenobi et al. 2018a —r— 023(-036, 081y 379
el ot 201 = siaescis L

0 ietal 2 - } -0.16. 0. ;
D+L Overall (I-squared = 41 6%, p = 0.005) 0.39 E0_23, 0.55)  100.00
quar P
Knapp-Hartung Overall 038 (0.21,0.56)
MNOTE: Weights are from random effects analvsis !
-3 98 0 398
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1/ MILK PRODUCTION

Meta-analyses shows consistent effect on milk yield:

0
5

P e

| ]
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Intake of choline 10n, g/d
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level

© Kemin Industries, Inc. and its group of companies 2026. All rights reserved. ® ™ Trademarks of Kemin Industries, Inc., USA. Certain statements may not be applicable in all geographical regions. Product labeling and associated claims may differ based upon government requirements.

KEMIN

Compelled by Curiosity™



1/ MILK PRODUCTION

Meta-analyses shows consistent effect on milk yield:

D

Mean difference
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1/ MILK PRODUCTION

Carry-over effect: choline shows a long-lasting effect beyond supplementation.
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2/ TRANSITION HEALTH

Meta-analysis shows consistent effect on transition health:

Parameters Choline ion (g/d) Difference

Glucose, mM 3.24 3.28 0.04 0.04

BHB, mM { 0.80 0.76 J 0.04 0.05

Fatty acids, mM 0.59 0.51 0.08 0.03

=
Arshad et al., 2020 Km
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2/ TRANSITION HEALTH

Meta-analysis shows consistent effect on transition health:

14
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12 .292%
10
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6
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2 B

0
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Metabolic Metric

@ Control M RP Choline
Arshad et al., 2020 Km
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2/ TRANSITION HEALTH
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3/ REPRODUCTION

Pregnancy First Al
P=0.31

80

60

3

40
Bl Control

20 RPC

Proportion pregnant per Al, %
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3/ REPRODUCTION

+-RPC = +RPC

100 = p=0.14

1
80 - -RPC +RPC P value

60 - e | Proportion of cows
| EID\( pregnant at first Al
50 - )

s
40 - = |
e Median open days 160 112

23.6% 41.3% 0.09

Nonpregnant cows, %

D T T F 1 T T T T L 1
0 21 42 63 84 105 126 147 168 189 210

Day in milk
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3/ REPRODUCTION

Effects of feeding rumen-protected choline 21 days prepartum to 100 days postpartum on lactation, health,
reproduction, and culling of Holstein dairy cows.
M. ). Wollentarski®®, T. C. Marques®, D. Melo®, W. M. Coelho®, H. F. Monteiro®, R. Profeta®, M. C. G. M. Silva®, A. Ueda®,

E. Raffrenato®, D. K. Dubey?, and F. 5. Lima®, *Department of Population Heolth and Reproduction, University of
Californio, Davis, Dawis, CA, “Kemin Industries Inc, Des Moines, [A, “Kemin Europa NV, Herentals, Belgium.

774 Holstein cows (30% primiparous) \

Even when Cows are eligible to be inseminated when detected in estrus via
estrus not s pedometer
. eligible to be fig
Cows were blocked by parity and randomly inseminated oF
assigned to a block (n = 28/ cohort/pen)
NN N
GnRH  PGF GnRH + Al
dm

COhthl : 30 g/d Ch0||GEMTM 0-21 DIM 80 87 90 Pregnancy Reconfirmed 150
. . ™ Calving 50 Diagnosis pregnant 28 days
Treatment : 15 g/d CholiGEM™ 21 |ast 35postAl after 1st diagnosis

days pre-partum + 30 g/d CholiGEM™
0-100 DIM /
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3/ REPRODUCTION
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3/ REPRODUCTION

Trt: P=0.03
Trt: P=0.71 Trt: P=0.82 Parity: P=0.31
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3/ REPRODUCTION
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4/ COLOSTRUM & CALF

COLOSTRUM YIELD COLOSTRUM QUALITY

| * | B CHOL45 100 P =0.03

B CHOL3O0

Il CON 30

L=
!

Trmt P =0.01 60

Grams/L

40

20

Colostrum yield (kg)
T n

IgG
Treatment groups m Control ® RP-Choline

KEMIN
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4/ COLOSTRUM & CALF

ABSORPTION OF |

8G

Blue = no RP choline during gestation
Orange = RP choline during gestation

32.5

(%)

- 30.0

ion

= 27.5

25.0
22.5

Apparent efficiency

20.0

of IgG absorpt

17.5
NN

NC

'\CN/'

CC

| Intake of 1gG
-RPC colostrum: 382 g

/n utero, P= 0.66
Colostrum, P= 0.01

Interaction, P= 0.96
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4/ COLOSTRUM & CALF

CALF GROWTH & FEED EFFICIENCY

b.
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Z08 -
0,84 206
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< 02
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&D O 81 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
— Dam Choline Ion Intake / mBW, g'kg
0,8 ;
0135
0,79 P =0.02
0,78 -l .
0 A 1!. A il,,_..-
0,77 A A ks

ADG of calf in first 50 wks

f
;ﬂ]-’l
3013
B j“..i. ..... dheeereper hd
Eﬂ.]l i A

ADG (wk 0-50) : B
3I:I'.H

® Control dam m RP-choline dam

{0 0.02 0.0 0.06 0.08 0.1 .12 0.14 0.16
| Dam Choline Ion Intake / mBW, g/kg KEW
Zenobi et al., 2018; Holdorf et al., 2023
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4/ COLOSTRUM & CALF

CALF HEALTH

= Choline (+ In utero)
i P=0.07 - Control (- In utero)
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N w
[ ]

—
—
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30 -

% of heifers with fever

10 -

Leukocytes, x1,000/uL
o

. In utero effect, P=0.10

0 7 14 21

Control Choline in
utero

Rectal temperatures measured daily.
Fever if > 39.5°C KEMN’
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4/ COLOSTRUM & CALF

Trial planned H2 2026 in SLU:

Effect of RP-choline and/or optimized AAT and AA feeding
in the close-up period on colostrum, calf and cow
performance and health.

e O  kimw
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5/ MORE ROLES TO EXPLORE...

A) Membrane fluidity and B) Mitochondrial or C) Reesterification of triacylglycerol
hepatocellular uptake of FA peroxisomal oxidation of FA (TAG) or export of TAG as VLDL

!iKetogenesis _

L-camitine

D) Autophagy and lipophagy

[
{ 4
o
[~~~} [

S[OIDA[TJAdRLL],

Phagophore =~ Autophagosomes
elongation formation

sisauagdod|
uonepeIsop
a1

Adipose tissue
mobilization

1'

Lysosomes

'Fatty acyl-
CoA

e =
Uptake of FA in VLC FA-CoA Recycling of Autolysosomes
the hepatocytes cellular contents formation
E) Inflammation G) Increased intestinal H) Proliferation of mammary
absorption of nutrients epithelial cells (MEC)

<
Inflammatory cytokines :

R

HP SAA3 C-reactive
proteins

" o 'D Increased mitotic activity l

Ra P

Membrane integrity

) S\ o = \
= e = /
R = O

Increased proliieration of MEC

Synthesis and assembly of chylomicrons

Increased gluconeogenesi.s, and
Fatty glycogenesis, or decreased
glycogenolysis

Arshad & Santos, 2024

ANpIqusasip Je g
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CHOLINE vs. BCS

65 - AControl @ Choline 65 - AControl @ Choline
60 - 60 -
90 - 55 -
90 - 50 -
4> - 45 -
40 - 40 -
35 - 35 -
30 - 30 -
25 - A 25

20 ' ' ' ! 1 ' ! 20 1 I T | T T 1
2.50 2.75 3.00 3.25 3.50 3.75 4.00 4.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00 4.25

BCS prepartum, 1t0 5 BCS prepartum, 1to 5

RPC, P=0.04; BCS, P=0.05; RPC, P= 0.02; BCS, P=0.02;
RPC x BCS, P=0.32 RP([fx BCS, P=0.39

Milk, kg/d

Energy-corrected milk, kg/d

No interaction between BCS & choline supplementation _
KEMIN

© Kemin Industries, Inc. and its group of companies 2026. All rights reserved. ® ™ Trademarks of Kemin Industries, Inc., USA. Certain statements may not be applicable in all geographical regions. Product labeling and associated claims may differ based upon government requirements. Compelled by Curiosity™



CHOLINE vs. METHIONINE

Transmethylation

o

2 . phospholipase D
Transsulfuration DMG ——— Betaine «——— «—— Chonne ——

/l

. late
. - Sarcosine fo Glycine
Cysteine SAHH methy! SRR

Serine

Cystathionine o—/ —HCY

pool 1€ w CDP-pathway

-y 1C

Glycine Sarcosine

GSH SAH \

Guanidino- m

acetate \

Creatine

VLDL
0—\“
Chandler & White, 2017 membranes Km
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CHOLINE vs. METHIONINE
B -

ECM yield, kg/d

o-
N

|.65 | .85 2.05 2.25 245 2.
Metabolizable methionine. % of MP
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FIELD RESPONSE

KEMIN
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CHOLIGEM™

KEMIN’s newest generation of rumen-protected choline:
* 60% choline chloride

» Highest bioavailability

» Heat stable for use in pelleted feed

G
CholiGEM™

WHERE COW MEETS HEALTH

KEMIN
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APPLICATION GUIDE CHOLINE

Calving Peak

Pregnancy Period
Standard Lactation-3054

~ 30g/d

up 30g/d |

Dry cows

Repro effect 30g/d |

30g/d
30g/d 15 g/d

KEMIN
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WHAT IS CHOLINE?

“Choline is a key nutrient that should be part of each successful
transition cow strategy and even beyond”

Not only for @ Not only for

high- over- Not only for Not only in Not only in

productive conditioned @ ketotic cows § low Met diets @ fresh cows

COWS COWS

KEMIN
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WHAT IS CHOLINE?

“Choline turns a dedicated transition health investment into a overall
whole-lactation return with an ROl > 3-4.

1-2 kg/d 250-500 kg extra
extra at peak milk over whole
\ lactation
I____..---""

21d 40-60 d

Dry period Etalving
CHOLINE FEEDING

KEMIN
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QUESTIONS?

Bram Pauwelyn

Tech service Kemin Europe

bram.pauwelyn@kemin.com



mailto:bram.pauwelyn@kemin.com
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