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1.1520.7184527139Moreira et al., 2000a
0.9413.21445311,503Chebel et al., 2002b
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Daily embryonic loss in the first 50 days of pregnancy = 0.9%

Reproduction: Early Embryonic Loss

Adapted from Santos et al., Anim.Repro.Sci. 2004
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$152 to $361 pregnancy loss - 1st month 
of pregnancy. DeVries et al., 2006
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Transition period:
3 weeks before calving until 3 
weeks after calving 

• High-stress period 
• Negative energy/protein balance 

Bell, 1995; Drackley, 1999
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The right dietThe right diet
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Dietary Recommendations for Dry Cows
• NEL: Control energy intake at 18 to 20 Mcal daily [diet ~ 1.43 Mcal/kg (0.65 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)
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Relationship 
between 
milk yield 
and dietary 
CP (%) for 
lactating 
dairy cows

Ipharraguerre and Clark, 2005

Not Precise

University of  Illinois at Urbana-Champaign
J. Bryant and B. R. Moss, Montana State University

CP
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RUP
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MP(AA)

Protein (N) Utilization by the Ruminant

AA

University of  Illinois at Urbana-Champaign
Fehlberg et al., 2020

Diet Formulation – Precision Feeding
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Methionine Lysine

Adapted from Van Amburgh, 2019
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Diet Formulation – Precision Feeding
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Methionine Lysine

Adapted from Van Amburgh, 2019
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Diet Formulation – Precision Feeding
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LaPierre et al., 2019

Effects of Precision Essential 
Amino Acid Formulation on a 
Metabolizable Energy Basis for 
Lactating Dairy Cows

PositiveNeutralNegativeItem
15.9514.7514.04CP, % of DM
5.055.556.01Soluble fiber, % of DM
19.7719.9620.79ADF, % of DM
31.3931.0332.39NDF, % of DM
28.7329.0925.5uNDF240, % of NDF
8.739.658.06Lignin, % of NDF
29.3029.3129.82Starch, % of DM
3.94.063.95Sugar. % of DM
3.783.613.49Ether extract, % of DM
6.576.926.60Ash, % of DM

2.612.602.58Metabolizable Energy, 
Mcal/kg of DM

92.6778.3071.44Methionine, g
1.291.091.01Methionine, g AA/Mcal ME1

250.07222.12201.70Lysine, g
3.493.002.84Lysine, g AA/Mcal ME1

83.8170.4262.78Histidine, g
1.170.980.88Histidine, g AA/Mcal ME1

1 formulated

• One hundred and forty-four (n = 144) Holstein cows 
[26 primiparous and 118 multiparous; 2.9 ± 1.4 
lactations; 92 ± 24 DIM at enrollment] were enrolled in 
a 114 day longitudinal study. 

• Cattle were blocked into 16 cow pens (free stall) and 
balanced for parity, DIM, previous lactation 
performance, and current body weight. 

• Each pen was fed TMR once daily at approximately 
0600 h and pens were targeted for 5% refusal rate. All 
nine pens were fed the POS diet during a 14 day 
covariate period and randomly assigned to one of 
three diets described above for the remaining 100 d. 

+1 SD-1 SD

University of  Illinois at Urbana-Champaign
LaPierre et al., 2019

Cows fed Neutral produced similar levels of energy corrected milk and yield similar 
production of fat components when compared to cows fed the Positive treatment

No difference in dry matter intake (~28 kg/d)
University of  Illinois at Urbana-Champaign

LaPierre et al., 2019

No difference in dry matter intake (~28 kg/d)

+1 kg
+3 kg

Cows fed Neutral produced similar levels of energy corrected milk and yield similar 
production of fat components when compared to cows fed the Positive treatment
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How about dry cows?
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Dietary Recommendations for Dry Cows
• NEL: Control energy intake at 18 to 20 Mcal daily [diet ~ 1.43 Mcal/kg (0.65 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)

Met
Lys

CNCPS v6.55
1.17 g Met / Mcal of ME (1.05 – 1.10)

2.7:1 Lys:Met

2.9 – 3.20 g Lys / Mcal of ME

Lactation
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Dietary Recommendations for Dry Cows
• NEL: Control energy intake at 18 to 20 Mcal daily [diet ~ 1.43 Mcal/kg (0.65 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)

Met
Lys

CNCPS v6.55
~ 35g Met

2.65:1 Lys:Met (92g Lys)

Dry

University of  Illinois at Urbana-Champaign
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Evaluation of rumen-
protected amino acids (RPAA; 
methionine and Lysine) 
supplementation in a close-up 
diet with two energy levels on 
performance, health, and 
fertility of Holstein cows 
during the transition period 
and early lactation

O’Meara et al., unpublished
University of  Illinois at Urbana-Champaign

From – 21 through 70 days in milk

O’Meara et al., unpublished

PostpartumPrepartum

Fresh4
NEL 1.73 Mcal/kg of DM

CENAA3
NEL 1.45 

Mcal/kg of DM

CEAA3
NEL 1.45 

Mcal/kg of DM

HEAA2
NEL 1.71 

Mcal/kg of DM

Composition 
of MP1

2262118612001372Metabolizable 
protein, g/d

7.266.827.347.30Lys, % of MP
2.732.232.772.76Met, % of MP
2.663.062.652.64Lys:Met

164.3281.0288.1599.53Lys, g/d
61.7126.433.2437.63Met, g/d
3.212.943.213.21Lys, g/Mcal
1.210.961.211.21Met, g/Mcal

1Metabolizable protein and AA predicted by AMTS
2Formulated for a dry cow at 1562 lb BW and 28.07 lb/d
3Formulated for a dry cow at 1562 lb BW and 29.13 lb/d
4Formulated for a cow at 14 days in milk, 1649 lb BW, 
producing 88.2 lb/d of milk 

Rumen-protected Lys top-dressed 
0.150% of DMI prepartum; CE
0.214% of DMI prepartum; HE
0.375% of DMI postpartum

Rumen-protected Met top-dressed 
0.093% of DMI prepartum; CE
0.115% of DMI prepartum; HE
0.150% of DMI postpartum

Day ‐28 Day 70

Ultrasound measurement of backfat thickness 
and muscle depth in Holstein cows

O’Meara et al., unpublished
University of  Illinois at Urbana-Champaign

Cows that consumed RPAA prepartum had 
reduced muscle depth and back fat change

O’Meara et al., unpublished
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Cows that
consumed rumen-
protected AA had
higher DMI than
cows that did not
receive RPAA from
WK 5 – 10

O’Meara et al., unpublished
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University of  Illinois at Urbana-Champaign

Cows in CEAA had improved energy balance from WK 5 – 10 

O’Meara et al., unpublished

CENAA vs CEAA P = 0.01
HEAA vs CEAA P = 0.06
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University of  Illinois at Urbana-Champaign University of  Illinois at Urbana-Champaign
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0 4

Days postpartum

Follicular Aspiration, 16mm (n = 40)
Ovulation, first dominant follicle (n = 40)

Blood Samples
US: Ultrasonography

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

University of  Illinois at Urbana-Champaign

Uterine Cytology – Polymorphonuclear (PMN)

University of  Illinois at Urbana-Champaign

PMN in Uterus of Cows Fed rumen-protected 
methionine (MET) or not (CON)

Control: n = 36; Methionine: n = 36 Stella et al., 2018

MET

CON

DIM
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Effect of Methionine Supplementation from -21 to 72 Days relative 
to calving on Lipid Accumulation of Preimplantation Embryos 
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Fluorescence intensity of Nike Red staining

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

Acosta et al., 2016

Methionine

University of  Illinois at Urbana-Champaign

Pregnancy Losses (%) from 28 to 61 days after AI
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P = 0.37                                                         P = 0.03

Toledo et al., 2017
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Haybuster with a 2" to 3" screen

431 lactating cows. Annual rolling herd milk average: 37,424 lb (122.7 lb/cow/day)

University of  Illinois at Urbana-Champaign
https://www.koesterdairy.com

University of  Illinois at Urbana-Champaign

University of Illinois Dairy Farm

University of  Illinois at Urbana-Champaign

Bulk tank – Milk true protein, % 

Over 1,950 samples

y = 6E‐05x + 0.5373
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Cows with higher milk protein concentration had 
increased conception at first service and pregnancy 
by week 6

Morton et al., 2016

A retrospective, single cohort study was conducted using data collected from 74 Australian dairy herds. These herds provided data for 126,277 cows; these 
cows had 359,892 calvings (and hence lactations) recorded.
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University of  Illinois at Urbana-Champaign
In consultation with Dr. João Dürr; Council on Dairy Cattle Breeding 

Trends in phenotypic average milk fat and protein yield of the 
recorded US Holstein population and its genetic potential

Milk Fat Milk Protein

Herd Dynamics
Not my farm
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Not my farm
Herd Dynamics
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Take Home Message!Take Home Message!
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Summary
• Amino acid balancing (methionine and lysine) during the transition period seems 

to improve the uterine environment of dairy cows by: 
– Increased metabolism and cell proliferation
– Reduced oxidative stress
– Modulating embryo and fetus nutrition (placenta) 
– Reduced prevalence of vaginal discharge

• Consider checking for the amount of AA prepartum rather than associate it with 
energy (target at ~ 35g metabolizable Met and ~100g metabolizable Lys).

• High milk protein concentration seems to be associated with reproductive success.

• Small increments in reproductive indicators add up to big results.  

THANKS!

www.dairyfocus.Illinois.edu

DairyFocusAtIllinois

@Dairyillinois

DairyFocusAtIllinois

cardoso2@Illinois.edu


