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We should feed and manage dry and
transition cows to:

1. Minimize health disorders

2. Maximize production

3. Maximize reproduction
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Economic Impact of Reproduction
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Reproduction: Early Embryonic Loss
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Reproduction: Early Embryonic Loss

Reference Cows Days 1t  Days Days Loss Loss/

Check last % Day
Check %

Chebel et al., 2002a 195 28 42 14 17.9

Moreira et al., 2000a 139 27 45 18 20.7

Chebel et al., 2002b 1,503 31 45 14 13.2

Stevenson et al., 2000 203 28 45 17 15.8

Santos et al., 2002b 360 31 45 14 11.1

Santos et al., 2002a 220 27 41 14 10

Cerri et al., 2002 176 31 45 14 9.7

Juchem et al., 2002 167 28 39 11 11.4

Daily embryonic loss in the first 50 days of pregnancy = 0.9%

University of Illinois at Urbana-Champaign
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Reproduction: Early Embryonic Loss

Reference Cows Days 1t  Days Days Loss Loss/
Check last % Day

Check %
Chebel et al., 2002a 195 28 42 14 17.9 | 1.28
Moreira et al., 2000a 139 27 45 18 20.7 [ 1.15

$152 to $361 pregnancy loss - 15t month
of pregnancy. pevries et al., 2006

Cerri et al., 2002 176 31 45 14 9.7 0.70
Juchem et al., 2002 167 28 39 11 1.4 | 1.03

Daily embryonic loss in the first 50 days of pregnancy = 0.9%
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Factors Affecting Pregnancy in Dairy Cows

7. Mat | iti £ 1. Minimize BCS loss & resolve
L arernal recogrition © postpartum uterine infection

pregnancy (alter uterine
prostaglandin secretion - “*

Day 16 to 18)

2. Detect heat &
inseminate at
the correct
time (Day 0)

3. Ovulation & fertilization
6. Have a large embryo : :
producinggadequ;{e ‘ /. of a high quality oocyte
quantities of Interferon (Day 1)
tau (Day 14 to 18) / ,

5. Have early & appropriate L
uterine histotroph 4. Have an early increase in P4 secretion

production (Day 6 to 13) (Day 3 to 7)
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Factors Affecting Pregnancy in Dairy Cows
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Dietary Recommendations for Dry Cows
* NEL: Control energy intake at 14 to 16 Mcal daily [diet ~ 1.32 Mcal/kg (0.60 Mcal/lb) DM]
for mature cows

* Crude protein: 12 — 14% of DM
« Metabolizable protein (MP): > 1,200 g/d
« Starch content: 12 to 15% of DM (NFC < 26%)

* NDF from forage: 40 to 50% of total DM or 4.5 to 6 kg per head daily (~0.7 — 0.8% of BW). Target
the high end of the range if more higher-energy fiber sources (like grass hay or low-quality alfalfa)
are used, and the low end of the range if straw is used (2-5 kg)

» Total ration DM content: <50% (add water if necessary)

* Minerals and vitamins: follow guidelines (For close-ups, target values are 0.40% magnesium
(minimum), 0.35 — 0.40% sulfur, potassium as low as possible (Mg:K = 1:4), a DCAD of near zero or
negative, calcium without anionic supplementation: 0.9 to 1.2% (~125g) calcium with full anion
supplementation: 1.5 to 2.0% (~200g), 0.35 — 0.42% phosphorus, at least 1,500 IU of vitamin E, and
25,000 — 30,000 IU of Vitamin D (cholecalciferol)

University of Illinois at Urbana-Champaign
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MUN is Negatively
Associated with the

First Al Conception
Rate in Lactating
Dairy Cows

No effect on subsequent Al
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Dietary Recommendatlons for Dry Cows
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Dietary Recommendations for Dry Cows
* NEL: Control energy intake at 14 to 16 Mcal daily [diet ~ 1.32 Mcal/kg (0.60 Mcal/lb) DM]
for mature cows
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- Metabolizable protein (MP): > 1,200 g/d

» Starch content: 12 to 15% of DM (NFC < 26%)

 NDF from forage: 40 to 50% of total DM or 4.5 to 6 kg per head daily (~0.7 — 0.8% of BW). Target
the high end of the range if more higher-energy fiber sources (like grass hay or low-quality alfalfa)
are used, and the low end of the range if straw is used (2-5 kg)

» Total ration DM content: <50% (add water if necessary)

* Minerals and vitamins: follow guidelines (For close-ups, target values are 0.40% magnesium
(minimum), 0.35 — 0.40% sulfur, potassium as low as possible (Mg:K = 1:4), a DCAD of near zero or
negative, calcium without anionic supplementation: 0.9 to 1.2% (~125g) calcium with full anion
supplementation: 1.5 to 2.0% (~200g), 0.35 — 0.42% phosphorus, at least 1,500 IU of vitamin E, and
25,000 — 30,000 IU of Vitamin D (cholecalciferol)
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Can Methionine Prevent Embryonic Losses?
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Can Methionine Prevent Embryonic Losses?

Whole Rat Embryos Require Methionine for Neural Tube
Closure when Cultured on Cow Serum! 4

CAROLINE N. D. COELHO, *11* JAMES A. WEBER,** NORMAN W. KLEIN,*t#’
WILLARD G. DANIELS,§ ano THOMAS A HOAGLANDt

Center for Environmental Health,* Department of Animal Science, Department of Molecular and Cell
Biology# and Department of Pathobiology,§ University of Connecticut, Storrs, CT 06269

C = c

Culture in Rat Serum

¥

Culture in Bovine Serum
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Cow serum with:

Embryo Protein

% Abnormal

None

73.7 + 8.62

100%

University of Illinois at Urbana-Champaign

Coelho et al., 1989
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Cow serum with:

Embryo Protein

% Abnormal

None /3.7 + 8.6 100%
Amino acids + vitamins 130.0 + 7.7° 0%
Amino acids 117.1 + 8.5° 0%

| University of Illinois at Urbana-Champaign
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None 73.7 + 8.62 100%
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Better postpartal performance in dairy cows supplemented with rumen-
protected methionine compared with choline during the peripartal period

Z. Zhou,* M. Vailati-Riboni,* E. Trevisi,t J. K. Drackley,* D. N. Luchini, and J. J. Loor*’
*Mammalian NutriPhysioGenomics, Department of Animal Sciences and Division of Nutritional Sciences, University of lllinois, Urbana 61801

Tlstituto di Zootecnica Facolta di Scienze Agrarie, Alimentari e Ambientali, Universita Cattolica del Sacro Cuore, 29122, Piacenza, ltaly
FAdisseo NA, Alpharetta, GA 30022
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Effects of Rumen-Protected Methionine or Choline

Supplementation on the First Dominant Follicle
« 72 Holstein cows entering 2"9 or greater lactation

* Experimental design was a randomized block design
* Housed in tie stalls with sand bedding
* Milked 3x per day

* Fed same basal TMR to meet but not exceed 100% of the energy
requirements as outlined by NRC, 2001

— From -34 d to calving: prepartum diet
— From 0 to 30 DIM: fresh cow diet
— From 31 to 72 DIM: high cow diet

« Treatments were given as top-dress

University of Illinois at Urbana-Champaign

Acosta et al., 2016



Effects of Rumen-Protected Methionine or Choline
Supplementation on the First Dominant Follicle

1. Rumen-protected methionine
(MET; n = 20, received 0.08% of the DM of the diet/d as methionine,
Smartamine M®, Adisseo, Alpharetta, GA, USA, to a Lys:Met = 2.9:1)

2. Rumen-protected choline (CHO; n = 17, received 60 g/d choline,
Reassure, Balchem Corporation, New Hampton, NY)

3. Both rumen protected methionine and choline
(MIX; n =19, received 0.08% of the DM of the diet/d as methionine to a
Lys:Met = 2.9:1 and 60 g/d choline)

4. No supplementation to serve as control
(CON; n = 16, fed TMR with a Lys:Met = 3.5:1)

University of Illinois at Urbana-Champaign

Acosta et al., 2016



Diet Pre-Fresh Fresh High
Ie1S . .
-21 d to calving | Calving to 30 DIM | 31to 73 DIM
Ingredients % DM
Alfalfa silage 8.35 5.07 6.12

MU ELEIMEY 4.29 2.98 6.94
Corn silage 36.40 33.41 35.09

15.63 2.98
Cottonseed --- 3.58 3.26
Wet brewers grain 4.29 9.09 8.16
Soy hulls 4.29 4.18 4.74

Concentrate mix 26.75 38.71 35.69

University of Illinois at Urbana-Champaign

Acosta et al., 2016



MET P-value

,ﬂ Parameter With Without SEM MET Parity Time MXT

c

GCJ Milk composition (%)

o Fat 3.72 374 0.1 0.92 . <0.01 0.58

g— Protein 3322 314> 0.05 <0.01 . <001 067

o SCC 186 1.81 0.07 0.55 . <0.01 0.85
Lactose 470 469 0.03 079 <0.01 <0.01 0.90

&

ro Total solids 1265 1239 012  0.13 - <0.01 0.24

% Other solids 562 560 0.03 058 <0.01 <0.01 0.82

o MUN 12.80 1294 0.30 0.75 - 0.50 0.92

© Milk production (kg/day)

> Milk yield 44322 40.32> 1.29  0.03 : <0.01 0.60

=5 Milk fat yield 1672 153> 0.05 0.04 - <0.01 047

E Milk protein yield 1512 1.33° 0.05 <0.01 - <0.01 0.73
ECM 44812 40.25° 1.05 <0.01 - <0.01 0.16

University of Illinois at Urbana-Champaign

Zhou et al., 2016
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Improved postpartal performance in dairy cows supplemented
with rumen-protected methionine during the peripartal period
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THERIOGENOLOGY

Theriogenology

Effects of rumen-protected methionine and choline supplementation @Cmm 5
on steroidogenic potential of the first postpartum dominant follicle
and expression of immune mediators in Holstein cows

. C. Skenandore °, Z. Zhou *, D.H. Keisler ©, D. Luchini ¢,

University of Illinois at Urbana-Champaign




Ovulation, first dominant follicle (n = 40)

Follicular Aspiration, 16mm (n = 40)

\

! Days postpartum \

11 13 15 17 19 21 23 25 27 29 30

***+$*+++*+*+

US US US US US US US US US UsS US UsS US

0 4
|
I

% Blood Samples
US: Ultrasonography

E University of Illinois at Urbana-Champaign |
Acosta et al., 2017




«@=Control «@=Methionine =®=Choline « »Met+Chol
28
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Days relative to ovulation P>0.05
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Follicular Fluid AA Concentration from Cows at the
Day of Follicular Aspiration of the Dominant Follicle of
the 1st Follicular Wave Postpartum (~16 mm)

Methionine, uM Lysine, uM Histidine, uM

P=0.01 P=0.88

University of Illinois at Urbana-Champaign

Control: n =7; Methionine: n =8 Acosta et al., 2017



Serum Methionine Concentration from Cows
Fed rumen-protected methionine (MET) or not (CON)

Methionine, pM
= N
n o
S

-10 4 14 28 44 73
Days relative to calving

University of Illinois at Urbana-Champaign

Control: n =7; Methionine: n =10 Stella et al., 2018
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Effects of rumen-protected methionine and choline supplementation on @Cmmm
vaginal discharge and uterine cytology of Holstein cows
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PMN in Uterus of Cows Fed rumen-protected
methionine (MET) or not (CON)

60

50 -

40 -

30 A

PMN (%)

20

10 A

—@— CON
== MET

T
0 20

University of Illinois at Urbana-Champaign
Control: n = 36; Methionine: n = 36

T
40

T
60

80

Effect P-Value
TRT 0.93
DIM <0.001
TRT*DIM 0.01

Skenadore et al., 2017
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Reproductive tract inflammatory disease in postpartum dairy cows
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Schematic Representation of Concepts of the Patterns of Immune
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Period
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Rumen-protected methionine compared with rumen-protected choline
improves immunometabolic status in dairy cows during the peripartal period
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Rumen-protected methionine improves immunometabolic
status in dairy cows during the peripartal period
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Effects of rumen-protected methionine and choline
supplementation on the preimplantation embryo in
Holstein cows
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Effect of Methionine Supplementation from -21 to 72 Days relative
to calving on Lipid Accumulation of Preimplantation Embryos

Embryos (n = 37) harvested 7 d after timed Al at 63 DIM from cows fed a
control diet or the control diet enriched with rumen-protected methionine.

1800
1600 -
1400 -

P =0.02

Lipid accumulation
(Arbitrary

Methionine Control

Fluorescence intensity of Nike Red staining

E University of Illinois at Urbana-Champaign
Acosta et al., 2016
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Effect of feeding rumen-protected methionine
on productive and reproductive performance
of dairy cows

Mateus Z. Toledo’, Giovanni M. Baez'"?, Alvaro Garcia-Guerra'?*®, Nelson E. Lobos',
Jerry N. Guenther’, Eduardo Trevisol', Daniel Luchini®, Randy D. Shaver’, Milo
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America, 2 Endocrinology and Reproductive Physiology Program, University of Wisconsin-Madison,
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na Current address: Universidad Francisco de Paula Santander, Cucuta, Colombia

b Current address: Department of Animal Sciences, Ohio State University, Columbus, Ohio, United States
of America
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Effect of Supplementation with Rumen-
Protected Methionine (RPM) on Reproduction
of Lactating Dairy Cows

Cows were fed a basal TMR (6.9% Lys of MP and
1.87% Met of MP) from 30 = 2 to 128 £+ 2 DIM and
assigned to two treatments:

RPM: Basal TMR top dressed daily with RPM

CON: Basal diet top dressed dally with DDG

University of Illinois at Urbana-Champaign

Toledo et al., 2017




Effect of Supplementation with Rumen-Protected Methionine
(RPM) on Reproduction of Lactating Dairy Cows

RPM cows were top dressed with 50 g (29 g DDG and 21 g of Smartamine M)
CON cows were top dressed with 50 g of DDG

University of Illinois at Urbana-Champaign .
Toledo et al., 2017




Animals

CONTROL RPM TOTAL
Primiparous 68 70 138
Multiparous 85 86 171
TOTAL 153 156 309

University of Illinois at Urbana-Champaign

Toledo et al., 2017



Pregnancy Losses (%) from 28 to 61 days after Al
25

P=0.37
20

14.6

15

10

5/39 6/41

Primiparous
E University of Illinois at Urbana-Champaign

m CON
® RPM

P=0.03
19.6

10/51 3/49
Multiparous

Toledo et al., 2017
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Amniotic
vesicle Volume
size

University of Illinois at Urbana-Champaign

Toledo et al., 2017



Amniotic
vesicle
size

Ellipsoid
Volume
Day 33 n Volume (mm?) = SEM
Primiparous
Control 31 610.6 = 38.6
RPM 36 596.0 - 36.9
P-value 0.71
Multiparous
Control 35 472.3 + 28.6
RPM 45 592.1 £+ 46.0
P-value 0.05

University of Illinois at Urbana-Champaign

Toledo et al., 2017



The Journal of Nutrition
Biochemical, Molecular, and Genetic Mechanisms

Placentome Nutrient Transporters and
Mammalian Target of Rapamycin Signaling
Proteins Are Altered by the NMethionine Supply
during Late Gestation in Dairy Cows and Are
Associated with Newborn Birth Weight

. - . . 3 ~ . . p.)
Fernanda Batistel,! Abdulrahman SM Alharthi,' Ling Wang,? Claudia Parys,* Yuan-Xiang Pan,?

b 1 1
Felipe C Cardoso, and Juan ] Loor

Division of Nutritional Sciences, Departments of ' Animal Sciences and *Food Science and Human Nutrition, University of Illinois,
Urbana, IL; *Department of Animal Science, Southwest University, Rongchang, China; and *Evonik Nutrition & Care GmbH, Hanau-
Wolfgang, Germany

r\

University of Illinois at Urbana-Champaign




Effects of maternal nutrition on placenta

Placentome

Uterine epithelium

University of Illinois at Urbana-Champaign

Batistel et al., 2017



Effects of maternal nutrition on placenta

Fetal blood
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Effects of maternal nutrition on placenta
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Effects of maternal nutrition on placenta and calf
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Effect of Supplementation with Rumen-
Protected Lysine (RPL) During the Transition

Period of Holstein Cows

PRE (26 =+ 5 d prepartum)

C (Control) no RPL.

L (Lysine) with RPL.

AjiproL top-dressed in 300g of molasses

University of Illinois at Urbana-Champaign

Fehlberg et al., unpublished )



Effect of Supplementation with Rumen-
Protected Lysine (RPL) During the Transition
Period of Holstein Cows

PRE (26 =+ 5 d prepartum) POS (28 d postpartum)
—» C-C no RPL prepartum; no RPL postpartum. (n = 18)

C (Control) no RPL. ==

—> C-L no RPL prepartum; with RPL postpartum. (n = 19)
—> |_-C with RPL prepartum; no RPL postpartum. (n = 20)

L (Lysine) with RPL. ===
AjiproL_ top-dressed in 300g of molasses — |_-L with RPL prepartum; with RPL postpartum. (n = 18)

According to AMTS prediction,

»  Prepartum:
Cows in C consuming the prepartum diet received 1.17 kg of MP per d, resulting in 6.86% MP as Lys, 2.98 % MP as Met, and 2.71 % MP as His with a Lys:Met of
2.30 and His:Met of 0.92.
Cows in L received 1.19 kg of MP per d, resulting in 8.24 % MP as Lys, 2.94 % MP as Met, and 2.67 % MP as His with a Lys:Met of 2.80 and His:Met of 0.92.

»  Postpartum:
Cows in C consuming the postpartum diet received 2.28 kg of MP per d, resulting in 6.27% MP as Lys, 2.54 % MP as Met, and 2.42 % MP as His with a Lys:Met of
2.46 and His:Met of 0.94.
Cows in L received 2.22 kg of MP per d, resulting in 7.15 % MP as Lys, 2.55 % MP as Met, and 2.40 % MP as His with a Lys:Met of 2.80 and His:Met of 0.93.

University of Illinois at Urbana-Champaign

Fehlberg et al., unpublished )



TMR

Ingredient (% of DM)

Corn silage (34.7% DM)

Prepartum

Canola meal

Alfalfa hay

Wheat midds

Corn gluten feed
Soybean meal, 48% CP
Wheat straw

Dry ground corn grain
Smartamine M

Energy booster100
SoyPlus

Animate

Urea 46%

Magnesium oxide
Magnesium sulfate
Dicalcium phosphate
Molasses beet
Calcium carbonate
Vit. and mineral mix
Vit. and mineral mix

Postpartum

University of Illinois at Urbana-Champaign

Chemical composition

Item

DM, %

CP, % of DM

ADF, % of DM
NDF, % of DM
Lignin, % of DM
Starch, % of DM
Crude fat, % of DM
Ash, % of DM

NE , Mcal/kg of DM?
Ca, % of DM

P, % of DM

Mg, % of DM

K, % of DM

Prepartum

43.43 +1.42
14.22 + 0.68
28.41 +2.80
44.82 +2.75
444 +0.74
13.99 + 1.69
3.03 £ 0.21
10.34 + 1.34
1.44 + 0.03
1.46 + 0.35
0.37 £ 0.04
0.50 £ 0.07
1.12 + 0.11
91.9+17.5
1.20+ 0.30

Postpartum

45.71 + 1.64
16.75 + 1.06
2094 £ 1.77
31.25+3.29
3.80 £ 0.49
24.39 + 2.62
4.95 + 0.51
9.16 £ 0.74
1.67 + 0.05
1.12 £ 0.21
0.41 £ 0.04
0.38 £ 0.03
1.75+0.17
99.3+13.7
1.32 + 0.30

Fehlberg et al., unpublished
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Carnitine is synthesized In
mammals from Lysine residues

protein-bound
L-Lysine

+

L-Methionine

~ roxyla
L-Carnitine

University of Illinois at Urbana-Champaign
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Cow # 1311 on controlled energy diet, - DCAD and AA
Vs ' =

University of Illinois at Urbana-Champaign




Cow # 1311 on controlled energy diet, - DCAD and AA

» ] —

Prepartum e 3 days in milk, OCT 27 2018

University of Illinois at Urbana-Champaign




Cow # 1311 on controlled energy diet, - DCAD and AA

University of Illinois at Urbana-Champaign




Cow # 1311 on controlled energy diet, - DCAD and AA

Dry matter intake, lbs/day

calving

University of Illinois at Urbana-Champaign




Cow # 1311 on controlled energy diet, - DCAD and AA

Dry matter intake, Ibs/day m Milk yield, Ibs/day
i, . 158 Ibs
160 (71.6 kg)
50
140
40 120
100
30 20
20 60
calving 40
5 0
28 2 8 2 a2 g2 aAuge s =
.{'b ,\‘,b ,\,‘b .\"b .39 \"b .{'b ,\"b .\"b oooooooggggggggg
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Cow |Colostrum Weight, Ibs/Colostrum Brix, %|Fat, % Total Protein, % Total Solids, %
1311 13.15 25.6 3.43 17 24.26

University of Illinois at Urbana-Champaign




Summary
. Manage dietary mgredlents for

— Metabolizable methionine in TMR (30 g/d Dry & 46 g/d Lactation)
~ 15 g/d Dry & 20 g/d Lactation of rumen-protected methionine

— Metabolizable lysine in TMR (84 g/d Dry & 129 g/d Lactation)
~ 26 g/d Dry & 36 g/d Lactation rumen-protected lysine
= Balanced for the ratios: Met 2.6% MP; Lys, 7.0% MP (LYS:MET ratio of 2.7:1)
= Methionine supply relative to energy is ~ 0.97-1.14 g/Mcal ME
= Lysine supply relative to energy is ~ 2.72-3.03 g/Mcal ME

° Pregnancy rate > 20% (gO for > 25%; conception rate at first Al > 40%)

 Embryonic death < 15% (go for < 10%)

University of Illinois at Urbana-Champaign
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