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Road Map to

Free Download at  �

↑ 

 (%DM)

↑ milk
fat more
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Too much 18:2 = ↓

Found in corn, corn silage,

Too much unprotected 18:2 = ↓ milk fat
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Milk fat and protein yield are the main 
drivers of cash flow 

($/hd/d @80 lb of 3.7 fat & 3.05 protein)

Harvatine unpublished based on USDA NASS milk price
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- Milk fat normally most profitable component.
Better to set goals based on Fat + Protein yield!!!

0.1 units of milk fat is $73/hd/yr at 
$2.51/lb

How to adapt to ”Historic” times
- Production limits/reductions

- Most are based on milk yield, not components

- Milk fat price bottomed out
- Profitability depends on my cost to make it
- Think about “marginal cost”

- Distiller’s grains price has increased and corn and 
soybean meal have decreased
- Changes risk/value proposition
- Is rumen available fat cheaper from soybeans or 

cottonseed?

- Price and some supply changes with some dry fat 
products

Maximizing microbial protein yield gets you:

Optimal amino acid supply
Normal biohydrogenation
Optimal acetate yield
Optimal energy intake

Drives milk flow
Drives milk protein synthesis

(Don’t forget insulin IGF I story!)

We can have both fat and 
protein yield!

3.5 
3.75 

4 
2.2 
2.4 
2.6 
2.8 

3 

3.2 

3.4 

3.6 

3.8 

70 72 74 76 78 80 82 84 86 88 90 

3.6 3.8 

3.4 3.6 

3.2 3.4 

3 3.2 

2.8 3 

2.6 2.8 

2.4 2.6 

2.2 2.4 

Milk Yield, lb

Fa
tY

ie
ld

,l
b

“Milk flow” is very important to component yield: You
can’t give up much yield when seeking to increase

milk fat (especially when protein value is high!)

Milk, lb Milk Fat, %

Don’t forget protein and going
to get protein with milk yield!

4.0 4.1
80 3.20 3.28

82.5 3.30 3.38
Milk lb

1. Set your goal
• Seasonal pattern
• Genetics

2. Balance the diet
• Unsaturated fat
• Fermentability

• Fiber digestibility
• Fat supply
• Additives

What should you be thinking about to 
maximize milk fat yield

3. Manage the feeding system
• Feed mixing and delivery
• Reduce slug feeding

4. Monitor and adjust
• Milk fat concentration
• De novo and trans 10 C18:1
• Responses in 7 to 10 d

1 2

3 4

5 6
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Inhibited by BH induced milk
fat depression

Unsaturated fat
Fermentability
Acidosis
Feeding strategies
Ionophores

Increase by additional
substrate

Acetate (Forage quality)
Palmitic acid
High plasma NEFA

Nutritional Factors Non nutritional Factors

Milk fat

Milk fat is affected by many factors

Genetics

Season

Stage of lactation

Parity

These set our goals/expectations

Milk fat is the most heritable production trait and
PTA Fat gives an indication of genetic potential

Bicalho et al. 2014. Theriogenology. 81:257-265
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There is very little difference between herds for
genetic potential for milk fat (5926 DRMS Herds)

Harvatine Unpublished

PTA Milk fat % = [(PTAF + 1006) / (PTAM + 26995) ] * 100
3.76
3.78
3.8

3.82
3.84
3.86
3.88
3.9

3.92
3.94
3.96
3.98 90th 3.89%

75th 3.87%
50th 3.86%
25th 3.85%
10th 3.84%

PT
A

M
ilk

fa
t,

%

PT
A

Fa
t,

lb

-50
-40
-30
-20
-10

0
10
20
30
40
50
60

90th 23
75th 18
50th 12
25th 6
10th 2

Why? 
- Genetics (Yes!)
- Jerseys & Crossbreds?
- Better nutritionists?
- Better DDGS?
- BMR Corn?
- Palmitic acid?

Milk fat and 
protein 

have been 
increasing
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Milk fat genetic potential of Holsteins has 
increased ~0.17 units and 107 lb in 10 years
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Holstein

Genetic potential of Jerseys 
has also increased ~0.15 units 

and 132 lb in <10 years

From Center for Dairy 
Cattle Breeding

Let's talk about nutrition: 
Milk fat can be decreased by 

BH-Induced Milk Fat Depression (MFD)
• Diet and management risk factors result in a 

change in the rumen microbes that  produces 
bioactive “trans-10” FA intermediates
– Up to a 50% reduction in milk fat

– Greater decrease in fatty acids made by the 
mammary gland (de novo)

This is a very common cause of reduced milk fat 
yield, but is not meant to explain every change in 

milk fat!!!
Reviewed by Harvatine et al. 2009

7 8

9

11 12

10
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We must manage the risk factors that cause
“Diet Induced MFD”

• Dietary fatty acids
– Level and profile
– Rate of availability

• Diet fermentability
– Carbohydrate profile
– Rate and extent of fermentation
– Effective fiber

• Adequate RDP/ Ruminal N balance
• Feeding strategies/management
• Ruminal acidosis
• Rumen modifiers ionophore
• Silage fermentation/quality
• Forage types
• Individual cow effect (level of intake etc)

RUFAL: Rumen Unsaturated 
Fatty Acid Load (but C18:2 
most important)

High producing cows 
normally most susceptible

Can milk fatty acids be used to 
troubleshoot milk fat problems?
Milk trans-10 18:1 & Milk Fat %

N = 497

trans 10 C18:1
0.3 to 0.5% = normal fat
0.6 to 1.0% = 3.2 to 3.5% fat
>1% = < 3.2% fat
Also expect decrease in de novo
synthesized FA

Matamoros Unpublished

There is also a relationship between milk fat 
and de novo FA, but is not specific for MFD

Literature database Harvatine MFD Experiments

Matamoros Unpublished

De novo (< 16 C) FA can be predicted by some DHIA labs.

Rico and Harvatine, 2013
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Diet induced MFD occurs and can be fixed in
10 to 14 d

1. Amount of unsaturated fatty acids
- Fatty acid concentration and profile

- 18:2 more important than 18:1 and 18:3

2. Rate of availability of the fatty acids
- Cottonseed vs DDGS

Unsaturated fatty acids are a big risk 
factor

~60 to 90 g/d difference in C18:2 intake 
just in the corn silage

Baldin et al. JDS 201867 Corn Silages from 
Test Plots

Corn silages differ in C18:2 and should be 
considered in ration balancing

13 14

15 16

17 18
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High oleic soybeans decrease risk of milk fat
depression

Feedstuff (% 
FA)

16:0 18:0 18:1 18:2 18:3 20:1 22:1

Soybean 11 4 23 54 8 - -
High Oleic Soy 6.5 4 75 7 2.5 - -

https://www.plenish.com/food/oil profile/

High oleic soybeans were lower risk for milk fat in 
previous experiments by Weld and Armentano (2018)

We observed that high oleic soybean increased milk 
fat ~0.2 units and 0.2 lb/d compared to conventional 
soybeans
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Example of feed additive that reduces
risk of MFD: HMTBa (Alimet®)

Baldin et al., JDS 2018
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HMTBa = + 0.73
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Baldin et al., JDS 2018

Low Cows High Cows

HMTBa prevented increase
of trans 10 C18:1 in milk

We need to think about when cows are 
eating over the day as this can disrupt 

rumen fermentation!

Ying et al. 2015
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Timing of feed delivery is our best chance to impact this!

Goal is to spread intake more across the day.  Feeding 2x and earlier in the day 
is best way to do this.

• Absorbed fat
• Palmitic acid

• Acetate supply
• Forage digestibility and rumen function

Other dietary effects with smaller impacts
How much fat does a cow need to provide preformed 
fatty acids at 4% milk fat and 55% preformed FA at 
55% transfer?

Milk, lb Fat, lb
Milk

Preformed, lb DMI, lb
Diet Fat %

Needed
60 2.4 1.3 45 5.3%
90 3.6 2.0 55 6.5%

120 4.8 2.6 65 7.4%
150 6 3.3 75 8.0%

Obviously, cows are making it work, but in some 
cases we might be limiting milk fat because of limited 
fat supply

19 20

21 22

23 24
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Effect of high oleic soybeans on milk fat
when increasing risk of MFD

Treatment Means1

Conv. 
Soybean

High 18:1 
Soybean P-Values2

Item 5% 10% 5% 10% SEM Type Level
Type* 
Level

Milk, lb/d 96.4 96.3 95.5 98.6 2.8 0.69 0.28 0.18
Milk Fat

% 3.28 3.46 3.42 3.66 0.12 <0.05 0.01 0.69
lb/d 3.06 3.22 3.22 3.46 0.24 0.08 0.01 0.55

Milk Fatty acids, % FA
>16C5 37.4 41.5 37.8 41.5 0.70 0.42 <0.001 0.57

t10 C18:1 0.79 0.89 0.62 0.63 0.13 0.01 0.96 0.67

Palmitic acid is the most consistent to increase milk 
fat, but others can also increase in some cases

- May depend on concentration of FA in the basal diet, 
diet type, cow physiology, etc.

Biology of palmitic acid
- Apparent transfer to milk ~15 to 20% 

- Old isotope data reported 40 to 70% of 14C palmitic 
acid entered milk (Palmquist and Conrad, 1971)

- I think palmitic decreases the de novo portion of 
C16:0 in milk fat, but does not decrease de novo as 
much as C18 FA 

Make sure you are managing all 
the fat sources in the diet!
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Acetate (g/d) P value

0 300 600 900 SE Linear Quad.

DMI, lb 59.9 62.2 60.0 59.5 2.2

Milk, lb 84.9 86.3 88.9 85.6 6.2
Milk Fat

g 1382 1468 1582 1577 59 <0.001
% 3.64 3.87 4.03 4.10 0.20 <0.001

Urrutia et al. J. Nutr. 2017

600 g/d of acetate increased milk fat by 200 g/d

Mostly increase in de novo synthesized FA

Increasing acetate increases milk fat under
normal conditions

How do we get more acetate?
Forage quality and good rumen fermentation!

Nutrition is best practiced as an 
“Experiment in Progress”!!

- When milk fat is Acceptable
• Inclusion of risk factors is advantageous to 

feed cost, production, and efficiency

- When milk fat is Low: Look For a Reason
• When did it start and what happened ~7-10 d 

prior?
• Is it a certain string or group of cows?

–High producing cows are normally more 
susceptible

• What season is it?
• Is the sample a daily average?

The experiment in progress
1. Diet Polyunsaturated Fatty Acids

– Concentration of C18:2

– Source of C18:2
• Very different rates of rumen release
• Ca Salts are more slowly released, but are 

not inert

– Fish oil is very potent (EPA and DHA)

– Decreasing unsaturated fat has the lowest 
risk to losing milk yield!

25 26

27 28

29 30
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2. Diet Fermentability
– Analyze carbohydrate profiles and effective 

fiber
– Experience with similar diets in the region is 

important

– Sugars may be beneficial
– Start to titrate down starch and increase fiber
– Switch rapidly fermentable sources for less 

rapidly fermentable sources
– Increase forage NDF and effective fiber

**Careful….. May Lose Milk!!

3. Rumen Modifiers
– Rumensin®

• Risk factor, but does not cause MFD by itself
• Can be synergistic with other risk factors for induction

– DCAD
• Increasing DCAD decreases MFD (both Na and K)

– HMTBa
• Reduces the risk of MFD

– Yeast & Direct Fed Microbials
• May reduce incidence of MFD in some cases
• Have not tested their effect on recovery

**Remember we are dealing with many 
interactions!

4. Feeding Strategies
– Number of feeding times per day
– Slick bunks before feeding?
– Feeding times
* You can slug feed TMR!

5. Saturated Fat Supplements
- No risk for induction of milk fat depression
- High palmitic acid (C16:0) supplements may increase 
milk fat in some cases
- Milk fat depression will reduce the effectiveness of 
high palm supplements

Monitor milk yield and milk fat over 
time!!!
**Set Expectations for the Time Required

Lets review
Rumen environment is critical to milk fat 
yield and involves interactions of 
numerous dietary, cow, and environmental 
factors

1. Set your goal
2. Balance your diet
3. Manage feeding

Constant “Experiment in 
Progress” to maximize energy 
intake, milk yield, and milk fat 

yield

Thank You

Lab Members:
Cesar Matamoros, Beckie Bomberger, Alanna Staffin, Reilly Pierce, 
Ahmed Elzennary, and Rachel Walker.

Previous Lab Members:
Chengmin Li, Elle Andreen, Dr. Isaac Salfer, Dr. Daniel Rico, Dr. 
Michel Baldin, L. Whitney Rottman, Mutian Niu, Dr. Natalie Urrutia, 
Richie Shepardson, Andrew Clark, Dr. Liying Ma, Elaine Brown, 
and Jackie Ying
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Agriculture and Food Research Initiative Competitive Grant No. 2010-65206-
20723, 2015-67015-23358, 2016-68008-25025 from the USDA National Institute of 
Food and Agriculture [PI Harvatine], USDA Special Grant 2009-34281-20116 [PI 
Harvatine], Berg-Schmidt, Elanco Animal Health, BASF, Novus International, PA 
Soybean Board, Phode Laboratories, Kemin International, Milk Specialties Global, 
Adisseo, Micronutrients Inc., Organix Recylcing, Insta-Pro Intl., and Penn State 
University.  Harvatine has consulted for Milk Specialties Global, a manufacturer of 
prilled saturated fat supplements and Micronutrients Inc. as a member of their 
science advisory boards.  Harvatine has also received speaking honorariums from 
Elanco Animal Health, Novus International, Cargill, Virtus Nutrition, Chr Hansen, 
NDS, Nutreco, Mycogen, and Milk Specialties Global in the past three years.
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Nutritional regulation of gut health and 
development: Weaning and Beyond
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The Investment of Raising Replacements

$2,000 investment
(Bach et al., 2013)

Weaning Challenges
A smooth transition from amonogastric to a ruminant

Decreases morbidity and mortality and increases gain
(Khan et al., 2012)

Requires adequate size and function of the rumen
(Baldwin, 2004)

More Milk = MoreWeaning Challenges

Pre and Post Weaning
Pre ruminant Ruminant

Milk Solid Feed

Weaning Transition

1 wk 4 wk 8 wk 12 wk

Pre and Post Weaning
Pre ruminant Ruminant

Milk Solid Feed

Weaning Transition

1 wk 4 wk 8 wk 12 wk
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150 μm

Rumen Papillae Transition Abnormal Gut Development
Ruminal parakeratosis is
common during weaning
(Bush, 1965)

Ruminal acidosis has been
documented however to
date, no research has
linked it to impairment of
gut health (Laarman et al., 2012)

Parakeratosis

Is ruminal acidosis good or bad for the calf?

Total Metabolizable Energy

(Van Niekerk et al., in review)
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Early and Abrupt Weaning
Pre ruminant Ruminant

Milk Solid Feed

Transition

Pre ruminant Ruminant

Milk Solid Feed
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Calf Age (Eckert et al., 2015)

Weaning Age Bodyweight
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(Eckert et al., 2015)

Weaning Age – ME Intake
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Weaning Strategy – Abrupt Weaning
Impact on Ruminal Development

Calf Age (d)

Pre weaning
Post weaning

Wean
Gradual
Abrupt

Pre and Post Weaning
Pre ruminant Ruminant

Milk Solid Feed

Weaning Transition

1 wk 4 wk 8 wk 12 wk

Fecal microbiota displayedmore diversity post weaning
(Meale et al., 2015)

0
2
4
6
8
10

36 48 54

** P = 0.04

Abrupt Weaning – Delayed Weaning
Impact on Hindgut

Calf Age (d)

Fecal
Starch %

Step down

Abrupt

Wean

Diversity in Fecal Scores

Barrier Function at Weaning
Starter feeding in calves decreased the expression of
tight junctions (Malmuthuge et al., 2012)

Weaned (d 40)

NotWeaned

(Wood et al., 2015)

Barrier Function at Weaning
Weaning related changes of the gut epithelium (Pletts et al., in preparation)

Not Weaned, d 42

Weaned, d 42

Rumen Duodenum

25 26

27 28
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Endoscopic Biopsy Interaction Between Milk and Starter
Factor 1 – High and Low Milk

Factor 2 – Whole vs Flaked Corn

0.2
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ay

Week
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(Van Niekerk et al., 2020)

weaning

Interaction Between Milk and Starter
Factor 1 – High and Low Milk
Factor 2 – High vs Low Starch

0.30

0.20

0.70

1.20

1 2 3 4 5 6 7 8

A
D
G
kg

/d

Week

Weaning
LO HS

weaning

LO LS HI LS HI HS

(Yohe et al., in preparation)

Post Weaning and Beyond
An area that has not been studied

Need to integrate pre and post weaning planes of
nutrition with lifetime performance
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Feed Efficiency and Feed Costs
byAge

Feed Costs
Feed Efficiency

The Investment of Raising Replacements

$2,000 investment
(Bach et al., 2013)

Are we assuming that calves
are consuming more forage

than what they are?
2.26 kg 0.45 kg

0.045 kg
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Post Weaning Dry TMR Rations

70%Concentrate
30%Straw
LowDiet
2.31 Mcal/kg

85%Concentrate
15% Straw
High Diet
2.47 Mcal/kg

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0

1 2 3 4 5 6 7 8 9 10 11 12

D
M

I (
kg

/d
)

Week of Experiment

70
85

Dry TMR Dry Matter Intake

All 85%Concentrate
%Concentrate
%Concentrate All Silage

(Groen et al., 2015)
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Dry TMR – Average Daily Gain

1.75 kg/day 70% = 1.28 kg/day 1.05kg/day

85% = 1.69 kg/day

(Groen et al., 2015)

Interaction Between Pre
Weaning and Post Weaning

* P < 0.05
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Post Weaning Metabolizable
Energy Intake
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Pre weaning: P = 0.45
Post weaning P < 0.01

Week P < 0.01
Pre*Post P = 0.66

(Rosadiuk et al., in review)

Growth Factors – IGF 1
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* P < 0.05

Pre – weaning
Pre weaning (P < 0.01)
Week (P < 0.01)
Week*Pre (P < 0.01)

Pre weaning (P = 0.05)
Post weaning (P < 0.01)

Week (P < 0.01)
Pre*Post (P = NS)Post – weaning

(Rosadiuk et al., in review)
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Reproductive Development
Heifers offered the higher post weaning
plane of nutrition had:

Enhanced development of reproductive
tract (larger uterus and ovarian follicles)
before puberty

Higher chances of achieving puberty by 30
wk of age

Higher number of ovarian antral follicles
during the estrous cycle after they achieved
puberty (31 vs. 21 follicles, P < 0.01)

(Bruinjé et al., 2019)

Take Home Messages
Weaning in dairy calves is one of the largest transformations
of the gut in nature
Milk feeding level has a large impact on weaning stress
Weaning age and abruptness impact performance on high
planes of milk nutrition – after 8 weeks with a two week
stepdown
Weaning is also associated with gut health problems – Leaky
hindgut
Post weaning nutrition is another under developed topic
forage inclusion is key moremonths post weaning

Industry Collaborators Academic Collaborators

Thanks to my Team

Alberta, 2017 Guelph, 2019

Mike Steele
masteele@uoguelph.ca
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• Whole shelled corn eliminates processing
• Less equipment and labor
• Simple feeding schedule
• Fast economic gains

A feeding program 
precisely designed for 
dairy beef.

®

kentfeeds.com
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SUMMARY

INTRODUCTION
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The “Britt Hypothesis”

Figure 1
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Table 1

Item Lost Maintained

Effect of body weight change on embryo quality
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Figure 2

Table 2

P
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Effect of BCS change after calving on fertility

Table 3

Effect of BCS change during the periparturient period on reproduction and health
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Table 4

P

Table 5

P

The High Fertility Cycle
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Figure 3

CONCLUSION
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Papillon is proud to work side by side with feed mills and 
nutritionists striving to help dairies maximize feed efficiency.

For more information on our cutting-edge nutritional products,
call our Regional Sales Managers:

Papillon-Ag.com  • Stu Herbst, Midwest, 920-851-5133, (WI, IL)
  • Noelle Harding, North Central, 605-310-1436, (MN, IA)
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Using MUN to Manage Protein Feeding
Mark D. Hanigan; mhanigan@vt.edu
Dept. of Dairy Science, Virginia Tech
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N Conversion Efficiencies for 
Different Production Systems
N Conversion Efficiencies for 
Different Production Systems
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Dairy Nutrient Values – 5-year Average

Nutrient Cost/Unit Daily Supply* Cost/cow/d

NEL (3X, NRC 2001)
MCal

$0.08 35.4 Mcal $2.83

Metabolizable Protein (NRC)
Lbs

$0.43 5.44 lbs $2.34

Effective NDF (forage NDF)
Lbs

$0.14 10.4 lbs $1.46

Non-effective NDF (Total NDF – Forage NDF)
Lbs

-$0.02 7.3 lbs -$0.15

Total Cost for Energy, Protein and Fiber $6.48

* 1600 lb cow, 80 lbs milk/d, 3.0% protein, 3.5% fat

https://dairy.osu.edu/newsletter/buckeye-dairy-news/volume-22-issue-2/milk-prices-costs-nutrients-margins-and-comparison
Sesame can be licensed and used for local markets

Nutrient values derived using Sesame
Buckeye Dairy News: Vol 22, Issue 2 (March, 2020)

4

Environmental Impact of Waste NEnvironmental Impact of Waste N
Eutrophication Air Quality and High N Rain

RDP/RUP and MUNRDP/RUP and MUN

5

Milk Protein MUN

RDP = Ruminally Degraded Protein
RUP = Ruminally Undegraded Protein

What Goes In MUST Come Out!

CP = RDP + RUP
MP = Digestible (Microbial Protein + RUP)

6

Effects of Dietary Protein (RDP) 
on MUN and N Efficiency
Effects of Dietary Protein (RDP) 
on MUN and N Efficiency
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Relationship of MUN and Urinary 
N Output
Relationship of MUN and Urinary 
N Output
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Milk Urea (mg/dl) = MUN (mg/dl) / 0.467

MUN Responses to RDP/RUPMUN Responses to RDP/RUP

8 Milk Protein MUN

Does it Matter where the Water Enters the Pool?

Ruminally available CHO?

9

Effects of Protein and CHO on MUNEffects of Protein and CHO on MUN

0

2

4

6

8

10

12

14

13% CP 30% NDF 13% CP 40% NDF 17% CP 30% NDF 17% CP 40% NDF

M
U

N
 (m

g/
dl

)
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High Salt Reduces MUNHigh Salt Reduces MUN

10

1.29% Na

0.31% Na

Figure 2. Relationship between MUN concentration (mg of N/dL) and urinary urea nitrogen 
excretion (UUN; g of N/d) for low NaCl (3.1 g of Na/kg of DM; dashed regression line) and high 
NaCl (12.9 g of Na/kg of DM; solid regression line) diets. 

Spek et al., 2013

11

Genetics and MUNGenetics and MUN
Effect Estimate SE P< 
Intercept -166 26 0.002 
Dietary CP, % of DM 5.4 1.1 0.0001 
Dietary NDF, % of DM 2.84 0.45 0.0001 
Milk Yield, kg/d 0.66 0.12 0.0001 
Milk Protein, % 37.7 7.3 0.0001 
CP x NDF -0.038 0.018 0.03 
CP x Milk Yield -0.0194 0.0057 0.001 
CP x Milk Protein -0.73 0.24 0.003 
NDF x Days in Milk -0.00005 0.00002 0.009 
NDF x Milk Protein -0.65 0.11 0.0001 
Milk x Milk Protein -0.073 0.023 0.002 
     
Random Effects    
Herd 1.6  0.08 
Cow(Herd)   0.0001 
 

Aguilar et al., 2012
12

Are MUN Data Reliable?Are MUN Data Reliable?

Table 1. Percent recovery of urea 
nitrogen among analytical 
methods.

Method
Recovery(%)1 SE(%)

Bentley 92.1a 2.76

CL-10 85.0b 2.76

Foss4000 47.1c 9.88

Foss6000 95.4a 10.1

Skalar 95.1a 7.61

a,b,cMeans within a column with unlike 
superscripts differ (P < 0.05).
1Recovery = (Treated MUN - Control 
MUN)/4 mg/dL.

Peterson et al., 2004 JDS

FOSS4000

Arunvipas et al., 2003 Can. J. Vet Res.

United DHIA - Bentley
$0.25 / cow for full test
$10 for a single bulk tank sample

7 8

9

11 12

10
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Monitor MUN to Achieve Optimum Return

1. Establish a baseline for your herd
– Balance ration to NRC 2001 or equivalent
– Feed ration for 2 weeks and Measure MUN (~11 mg/dl)

2. Systematically reduce RUP (0.25% units at a time)
– For example, CP from 16.5% to 16.25% via RUP ($0.06/c/d)
– Keep RDP and energy constant
– Feed for 1 week; Monitor MUN and milk yield 
– MUN should by ~0.5 mg/dl
– Any milk loss will be half of NRC predicted loss
– Calculate Income/Feed Cost (IOFC)
– If greater, retain reduction and lower another 0.25%

3. Reduce RDP by 0.5% of Diet DM while holding RUP constant
– Same approach as for RUP, e.g. 16% to 15.5% ( $0.02/c/d)
– RDP 9% of DM is safe
– DMI is first sign of deficiency

4. MUN at maximal IOFC is target for the herd
– Can operate at 8 or below
– May require RPAA IOFC
– High MUN = overfeeding protein
– Low MUN = lost milk

14

SummarySummary
1. Excess N harms the environment and 

cost $
• Environmental regulations are not going 

away!!!!!

2. Feed to requirements
• 2001 RDP requirements are too high
• MP Requirements AA in 2021

3. Feeding Management is Critical
• Monitor feeds for nutrient content
• Balance to requirements
• Monitor programs for feeding accuracy
• Verify milk processor MUN accuracy
• Monitor MUN as a process indicator

13 14
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The Fly Stops Here.
®

DAIRY

**

FLY CONTROL FOR DAIRYFLY CONTROL FOR DAIRY

* Data on File. * Data on File. 
ClariFly Larvicide with design is a  registered trademark of Wellmark International. ClariFly Larvicide with design is a  registered trademark of Wellmark International. 

Central Life Sciences with design is a registered trademark of Central Garden & Pet Company. ©2020 Wellmark International.Central Life Sciences with design is a registered trademark of Central Garden & Pet Company. ©2020 Wellmark International.

WHEN TIMES 
ARE TOUGH,
IT’S MORE IMPORTANT THAN EVER 
THAT ESSENTIAL INGREDIENTS 
DELIVER QUALITY AND CONSISTENCY, 
ALL THE TIME.

Call BRANDI GEDNALSKEl
ReRegigiononalal SSalaleses MMananagagerer

(715)-220-9238
BrBranandidi@d@daiairyrynunutrtrititioionpnpluluss.cocomm

ASK ABOUT OUR FREE SOYCHLOR 
FEEDING TRIAL FOR NEW 
CUSTOMERS, AND SEE WHAT 
SOYCHLOR CONSISTENCY WILL 
ADD TO YOUR BOTTOM LINE.
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www.peakforage.com 
Tim Huffman   608-574-7918 
Nick Huffman 608-574-0827 

 

High Energy Forages 
We are focused on the highest digesƟble fiber 

and energy in forage producƟon per acre. 

 

We feature alterna ve forages 
 and custom mixes. 

 
Contact us to learn more about the custom   

opportuniƟes for each farm. 
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Rumen Protected Amino Acids Fed to
Dairy Cows During Stressful Periods:

Does it work?

Dr. Phil Cardoso
University of Illinois



Rumen protected amino acids fed to
dairy cows during stressful periods:
Does it work?

Presented during the 2020 Four State Dairy Nutrition & Management Virtual Conference. Do not
reuse or reproduce without author permission.

Dr. Phil Cardoso
University of Illinois

University of Illinois at Urbana-Champaign

Stress is an external event or 
condition that places a strain 
on a biological system.

Collier et al., 2017

University of Illinois at Urbana-Champaign

378 results in JDS

882 citations  

University of Illinois at Urbana-Champaign

So, What do 

we want 

from this 

cow?

University of Illinois at Urbana-Champaign

We should feed and manage dry and 
transition cows to:

1. Minimize health disorders

2. Maximize production

3. Maximize reproduction

University of Illinois at Urbana-Champaign
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University of Illinois at Urbana-Champaign

The right dietThe right diet

University of Illinois at Urbana-Champaign

@Dairyillinois

DairyFocusAtIllinois

DairyFocusAtIllinois

www.dairyfocus.Illinois.edu

University of Illinois at Urbana-Champaign

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

Relationship 
between 
milk yield 
and dietary 
CP (%) for 
lactating 
dairy cows

Ipharraguerre and Clark, 2005

University of Illinois at Urbana-Champaign

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)

Methionine
Lysine

University of Illinois at Urbana-Champaign

Effects of Rumen-Protected Methionine or Choline 
Supplementation on the First Dominant Follicle
• 72  Holstein cows entering 2nd 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

Acosta et al., 2016
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University of Illinois at Urbana-Champaign

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)

Acosta et al., 2016

Diets Pre Fresh
21 d to calving

Fresh
Calving to 30 DIM

High
31 to 73 DIM

Ingredients % DM
Alfalfa silage 8.35 5.07 6.12
Alfalfa hay 4.29 2.98 6.94
Corn silage 36.40 33.41 35.09
Wheat straw 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

Acosta et al., 2016

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

Stella et al., 2018Control: n = 7; Methionine: n = 10
University of Illinois at Urbana-Champaign

http://loribovinesection.blogspot.com/2013_07_01_archive.html

University of Illinois at Urbana-Champaign University of Illinois at Urbana-Champaign

Uterine Cytology – Polymorphonuclear (PMN)
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University of Illinois at Urbana-Champaign

DIM CON MET

15 35.00
3.83

51.74 
3.85

30 15.02 
3.63

12.12 
3.62

72 10.17 
3.68

5.33 3.62
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Effect P-Value
TRT 0.93
DIM <0.001
TRT*DIM 0.01

Skenadore et al., 2017

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

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

University of Illinois at Urbana-Champaign

Schematic Representation of Concepts of the Patterns of Immune 
and Inflammatory Response in Dairy Cows in the Postpartum 
Period

LeBlanc, 2014
University of Illinois at Urbana-Champaign

Guadagnin et al., unpublished

Gene expression in uterine samples of 
cows fed rumen-protected methionine 

(MET - -) or not (CON - -)
Lipids 

Pregnancy 
Recognition

University of Illinois at Urbana-Champaign University of Illinois at Urbana-Champaign

Day relative to calving

Rumen-protected methionine improves immunometabolic
status in dairy cows during the peripartal period

Zhou et al., 2016

With Met
Without Metj j
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University of Illinois at Urbana-Champaign University of Illinois at Urbana-Champaign

- Low LFI (LLFI) is indicative of a pronounced 
inflammatory response and less favorable circulating 
AA profile, which together suggest a more difficult 
transition from gestation to lactation

- High LFI (HLFI) is suggestive of a smooth transition

Trevisi et al., 2012

Liver Functionality Index: LFI
Uses changes in plasma concentrations of several blood biomarkers

(i.e., albumin, cholesterol, and bilirubin)

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

Rumen-protected methionine improves LFI in dairy cows 
during the peripartal period

A tendency for a greater (P = 0.06) number of Met-supplemented cows in the HLFI was observed

University of Illinois at Urbana-Champaign

HEAT STRESS

Adapted from St.-Pierre et al. (2003)
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Heat Stress

Silanikove et al. (2000); Kadzere et al. (2002); St. Pierre et al (2003);  Rhoads et al. (2009); Cowley et al. (2015); Gao et al. (2017)

Approximately $900 million lost annually
Physiological and production responses

Respiration rate
Dry matter intake
Milk yield 

Altered milk content and composition
Milk fat %
Milk protein %

Altered protein metabolism
Total plasma AA concentration 

Sulfur-AA (i.e. Methionine)

University of Illinois at Urbana-Champaign

• Evaluate the effects of commercially 
available rumen-protected 

methionine source (Smartamine M; 
Adisseo Inc.) fed at 0.105% of DMI 

on lactation performance and 
physiological responses of lactating, 

multiparous Holstein cows during 
heat stress

Heat Stress Challenge 
Experimental Objectives

Pate et al., 2020

Materials and Methods
Crossover design

September to December 2018

32 multiparous Holstein cows
184 ± 59 d in milk
2.8 ± 1.1 lactation number

2 dietary treatments 
RPM – 0.105% of DMI [~30g] as RPM*
CON – No RPM*

2 environmental treatments
HS –using electric heat blanket (EHB), ad libitum intake
PFTN – thermoneutral conditions, pair-fed to HS counterparts    

* Mixed with 300 g molassesPate et al., 2020

Environmental Treatment: Electric Heat Blankets

Pate et al., 2020

Environmental Treatment: Pair-Fed Thermoneutral

Pate et al., 2020

Split-Plot Crossover Design
Period 1 (18 d) Period 2 (18 d)

Environmental Treatment (E) Adaption (7 d) Phase 1 –
Baseline (9 d)

Phase 2 –
Trial (9 d)

Wash-out period (14 
d) Adaption (7 d) Phase 1 –

Baseline (9 d)
Phase 2 –
Trial (9 d)

Heat stress challenge --- --- Group 1
(RPM and CON)

--- --- --- Group 2
(RPM and CON)

Thermal neutral and pair-fed --- --- Group 2
(RPM and CON) --- --- --- Group 1

(RPM and CON)

Thermal neutral and 
ad libitum

Group 1
(RPM and CON)

Group 2
(RPM and CON)

Group 1
(RPM and CON)

Group 2
(RPM and CON)

--- Group 1
Group 2

Group 1
(RPM and CON)

Group 2
(RPM and CON)

Group 1
(RPM and CON)

Group 2
(RPM and CON)

---
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Performance Measurements
Milk Yield (Daily)
Dry Matter Intake (Daily)
Milk Composition (3 d/phase)

Period Timeline
987654321

Phase 2 – Trial Phase (HS or PFTN)Phase 1 – Baseline Phase (No HS or PFTN)

987654321

= Milk Sample (3×/d)

Physiological Measurements
Vaginal Temperature (10 min)
Rectal Temperature (3×/day)
Respiration Rate (Daily)
Heart Rate (Daily)

Paired Difference Values:

Phase 1 – Baseline Phase (No HS or PFTN) Phase 2 – Trial Phase (HS or PFTN)

Paired Difference Analysis
987654321 987654321

Average Phase 1 Baseline Mean _ Individual Phase 2 Values

Milk yield:    30 kg/d 20 kg/d25 kg/d30 kg/d

-10 kg/d-5 kg/d0 kg/d

Diet Formulation
Ingredient % of DM
Corn silage 40.9
Dry ground corn grain 17.7
Alfalfa silage 12.3
Corn gluten feed pellets 8.4
Alfalfa hay 6.3
Grain and mineral mix 6.7
Soybean meal RUP source 3.4
Molasses 3.3
Canola meal 1.7
Rumen protected lysine 0.4

Chemical Analysis*
Item Mean SD
DM, % 47.0 1.0
CP, % of DM 15.6 0.2
ADF, % of DM 18.5 0.7
NDF, % of DM 29.0 0.6
Starch, % of DM 31.8 2.2
Crude fat, % of DM 5.1 0.2
Ash, % of DM 7.5 0.9
*Phase 1 and 2 from periods 1 and 2 (n = 4)

NRC (2001) TMR Analysis
Pate et al., 2020

Item RPM CON
CP 16.08 16.02
Met as % of MP 2.57 2.03
Lys as % of MP 7.01 7.05
Lys to Met Ratio 2.73 3.47

NRC (2001) 
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HS had greater increase in respiration rate and heart rate
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Period Timeline
987654321

Phase 2 – Trial Phase (HS or PFTN)Phase 1 – Baseline Phase (No HS or PFTN)

987654321

= Blood  Sample (4 and 8 h post-feeding)

= Mammary Biopsy
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Mammary Immunohistochemistry

Ki-67+ (Proliferation)

TUNEL+ (Apoptosis)
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Mammary Immunohistochemistry

Feeding RPM did not alter 
physiological parameters, but had a 

positive impact on lactation 
performance during a HS challenge

From this study:

HS challenge caused marked changes 
in metabolism and immune system of 

dairy cows; while RPM improved 
mammary cellular protection capacity

University of Illinois at Urbana-Champaign

TAKE HOME MESSAGE

University of Illinois at Urbana-Champaign

3 days in milk, OCT 27 2018Prepartum 17 days in milk, NOV 10 2018

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

University of Illinois at Urbana-Champaign

calving

Dry matter intake, lbs/day

13 days in milk

Cow Colostrum Weight, lbs Colostrum Brix, % Fat, % Total Protein, %Total Solids, %
1311 13.15 25.6 3.43 17 24.26

Milk yield, lbs/day

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

158 lbs
(71.6 kg)
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University of Illinois at Urbana-Champaign

–Impacted (+)

– Dry matter intake
– Milk Yield
– Milk components

Summary

– Uterine environment
– Pregnancy recognition
– Pregnancy loss
– Oxidative burst
– Phagocytosis
– Liver Functionality Index

Feeding rumen-protected methionine and lysine 
during the transition period and heat stress

University of Illinois at Urbana-Champaign

• Manage dietary ingredients for
– Manage for adequate CP (~13% Dry & 16% Lactation)
– 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 (8% PRE) (LYS:MET 2.7:1)
Methionine supply relative to energy is ~ 1.15(no less than 1) – 1.19 g/Mcal ME
Lysine supply relative to energy is ~ 2.9 – 3.16 g/Mcal ME

• Pregnancy rate > 20% (go for > 25%; conception rate at first AI > 40%)

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

Summary

THANK YOU!

cardoso2@Illinois.edu
www.dairyfocus.Illinois.edu

DairyFocusAtIllinois

@Dairyillinois
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*natural as defined by AAFCO

®

For more information, visit www.diamondv.com/nutritek

Her Biology. 
Our Technology.
Smart science brings us more than data and devices. 

It delivers the industry’s most effective immune 

support product — NutriTek®.

Working naturally* with the cow’s biology, NutriTek 

helps maintain immune strength for optimal health 

and more quality milk.

Healthy herd. Total dairy performance.

Life Stage Solutions®. 
Only from Diamond V.
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Lifetime 
    Performance®

From calf to cow, dairy cattle thrive when they receive optimal trace mineral nutrition throughout their life. 
It’s what we call “Lifetime Performance®.” In fact, research1 shows that when dry and lactating cows were fed the 
complexed minerals in Availa®Dairy they experienced a 7% increase in pregnancy and 13 fewer days open. 

Contact your Zinpro representative or visit Zinpro.com/lifetime-performance to learn more.

Begin With Reproduction

1Rabiee, A. R., I. J. Lean, M. A. Stevenson, and M. T. Socha. 2010. Effects of feeding organic trace minerals on milk production and reproductive 
performance in lactating dairy cows: A meta-analysis. J. Dairy Sci. 93:4239.
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