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In a tier pricing system: Managing 
for both milk fat and protein
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Thoughts on adapting in ”Historic” times
- Most quotas/limits and trucking are based on 

pounds of milk
- There is extra value to watching fat and protein percent

- High feed costs
- Feed efficiency is important

- Dynamic milk fat and protein prices
- Profitability depends on your cost to make each component
- Think about “marginal” cost and profit

- Long vs. short term decisions
- Short-term adjustments to match the current market
- Long-term planning for the future based on your vision of 

future markets and opportunities
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Milk fat and protein yield are the main 
drivers of cash flow on dairy farms

($/hd/d @85 lb of 3.9 fat & 3.1 protein)

Harvatine unpublished 
based on USDA NASS 
milk price

- Goal is maximal Fat + Protein yield
(and beat average milk fat and protein concentration!)

5 year average:
Fat = $2.25/lb
Prot =  $2.48/lb
Other Solids = $0.22/lb

Does not 
include PPD!
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What is a 0.1 unit increase in milk fat or protein 
worth? Depends on production level and price!

$/lb
$/d for 

80 lb cow 
$2.00 $0.16
$3.00 $0.24
$4.00 $0.32
$5.00 $0.40

Value in 80 lb cow at different fat/protein values

Milk
65 lb/d 80 lb/d 95 lb/d

per d $0.16 $0.20 $0.24
per hd/year $59 $72 $86

@ $2.40/lb
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- There is coordinated regulation of these three 
assembly lines

…….. and also some differential regulation

The mammary gland is a milk synthesis 
“factory” with three assembly lines: 

Fat, Protein, and Lactose

- You are paid for pounds of each component, but a 
change in percent can give you an idea if the 
mechanism is specific for protein or fat regulation, or 
a general stimulation of lactation
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- “A rising tide lifts all boats”

- Regulation of lactose and protein are tightly 
connected

- Milk fat has more differential regulation from lactose

- Long term- hopefully we can disconnect lactose 
synthesis from fat and protein synthesis 
- Jersey breeders started doing this long ago!

Some things drive synthesis of all three 
pathways and that is OK

6



10/4/22

4

How are the “Assembly Lines” regulated?
- We have to make the “machines” (Enzymes) for the 

assembly line
- Turn-up expression of the genes
- Translate the mRNA into protein

- We have to turn all the “machines” on high

- Make sure the “machines” have enough substrate to 
keep them going

The “factory” needs nutrients to make milk components, 
but the number and activity of the enzymes in the 
factory is highly regulated by hormones
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Optimizing milk fat and protein yield is not just about 
supplying the perfect amount of nutrients!

- We can limit the factory through poor nutrition

- Some nutrients are also regulators, but it is harder to 
”push” the system

- We need to think broadly about the many other factors 
impacting our “factory”

What does this mean to the nutritionist 
and dairyman?
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There is large variation between herds in both 
milk components, but more in fat than protein

Harvatine unpublished from DRMS Dataset

Milk Fat, % Milk Protein, %

Stdev = 0.34 Stdev = 0.15

(64,895 test days from 5926 herds)
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There is larger variation between cows within 
a herd: Milk Protein

Harvatine Unpublished
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1720 cows from 5 herds

90th = 3.54%
10th = 2.70%

90th = 3.34 lb
10th = 1.85 lb

- Differences between cows likely influenced by DIM, feeding behavior etc
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There is even larger variation in milk fat 
between cows within a herd

Harvatine Unpublished

1720 cows from 5 herds

- Differences between cows likely influenced by DIM, feeding behavior etc

18EA1-5 database cleaned HO onl - Distribution of Fat%, FatPEBV Page 1 of 10
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Milk yield is the main driver of milk 
protein and fat yield

R2 = 0.92 R2 = 0.78

Not independent X-Y axis, but shown to compare between protein and fat.

Harvatine unpublished from DRMS Dataset

(64,895 test days from 5926 herds)
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But, milk yield has little effect on protein 
and fat concentration at the herd level

R2 = 0.01R2 = 0.02

Harvatine unpublished from DRMS Dataset

Milk Yield, lbMilk Yield, lb
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Fat % = 4.0214377 - 0.0026 * Milk Prot % = 3.15 - 0.00085 * Milk

DRMS_2018Aug_PTAs - Fit Y by X of AVGFP, AVGPP by Milk Yield, lb Page 1 of 2

Fit Group
Bivariate Fit of AVGFP By Milk Yield, lb
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Milk Yield, lb

Linear Fit

Linear Fit
AVGFP = 4.0214377 - 0.0026193*Milk Yield, lb

Summary of Fit
RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

0.018514
0.018349
0.236558
3.818885

5925

Analysis of Variance

Source
Model
Error
C. Total

DF
1

5923
5924

Sum of
Squares
6.25230

331.44888
337.70118

Mean Square
6.25230
0.05596

F Ratio
111.7287
Prob > F
<.0001*

Parameter Estimates
Term
Intercept
Milk Yield, lb

Estimate
4.0214377
-0.002619

Std Error
0.019407
0.000248

t Ratio
207.21
-10.57

Prob>|t|
<.0001*
<.0001*

DRMS_2018Aug_PTAs - Fit Y by X of AVGFP, AVGPP by Milk Yield, lb Page 2 of 2

Fit GroupBivariate Fit of AVGFP By Milk Yield, lb
Bivariate Fit of AVGPP By Milk Yield, lb
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3.50

AV
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PP
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Milk Yield, lb

Linear Fit

Linear Fit
AVGPP = 3.1489477 - 0.000854*Milk Yield, lb

Summary of Fit
RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

0.011858
0.011691
0.096702
3.082905

5925

Analysis of Variance

Source
Model
Error
C. Total

DF
1

5923
5924

Sum of
Squares
0.664676

55.387781
56.052457

Mean Square
0.664676
0.009351

F Ratio
71.0784

Prob > F
<.0001*

Parameter Estimates
Term
Intercept
Milk Yield, lb

Estimate
3.1489477
-0.000854

Std Error
0.007934
0.000101

t Ratio
396.91

-8.43

Prob>|t|
<.0001*
<.0001*

(5926 herds with RHA)
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Milk yield and DIM does have better 
relationship to components at the cow level

R2 = 0.36

Harvatine unpublished

Milk, lb
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Milk Protein, %

Prot % = 3.863 - 0.0089 * Milk 

18EA1-5 database cleaned HO onl - Fit Y by X of Fat%, Pro% by AvgMilk Page 2 of 2

Fit GroupBivariate Fit of Fat% By AvgMilk
Bivariate Fit of Pro% By AvgMilk
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Linear Fit

Linear Fit
Pro% = 3.8631327 - 0.0088833*AvgMilk

Summary of Fit
RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

0.363149
0.362781
0.267357
3.113803

1733

Analysis of Variance

Source
Model
Error
C. Total

DF
1

1731
1732

Sum of
Squares
70.55484

123.73120
194.28604

Mean Square
70.5548

0.0715

F Ratio
987.0625
Prob > F
<.0001*

Parameter Estimates
Term
Intercept
AvgMilk

Estimate
3.8631327
-0.008883

Std Error
0.0247

0.000283

t Ratio
156.40
-31.42

Prob>|t|
<.0001*
<.0001*

(~1700 cows)
R2 = 0.31

DIM
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Milk Protein, %

Prot % = 2.769826 + 0.00198 * DIM

18EA1-5 database cleaned HO onl - Fit Y by X of Pro%, Fat% by DIM Page 1 of 2

Fit Group
Bivariate Fit of Pro% By DIM
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Linear Fit

Linear Fit
Pro% = 2.769826 + 0.0019812*DIM

Summary of Fit
RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

0.311333
0.310935
0.278054
3.113655

1732

Analysis of Variance

Source
Model
Error
C. Total

DF
1

1730
1731

Sum of
Squares
60.46724

133.75313
194.22037

Mean Square
60.4672

0.0773

F Ratio
782.1000
Prob > F
<.0001*

Parameter Estimates
Term
Intercept
DIM

Estimate
2.769826

0.0019812

Std Error
0.013993
7.084e-5

t Ratio
197.95

27.97

Prob>|t|
<.0001*
<.0001*
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Take home: “Do not forget about milk flow” 
You can’t give up much yield when seeking to 

increase milk fat or protein

Harvatine Unpublished
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We can have both fat and 
protein percent and yield!

DRMS_2018Aug_PTAs - Fit Y by X of AVGFP by AVGPP Page 1 of 1

Bivariate Fit of AVGFP By AVGPP
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2.75 2.85 2.95 3.05 3.15 3.25 3.35 3.45
AVGPP

Linear Fit

Linear Fit
AVGFP = 1.3739455 + 0.7930635*AVGPP

Summary of Fit
RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

0.104395
0.104243
0.225972
3.818885

5925

Analysis of Variance

Source
Model
Error
C. Total

DF
1

5923
5924

Sum of
Squares
35.25418

302.44700
337.70118

Mean Square
35.2542
0.0511

F Ratio
690.4036
Prob > F
<.0001*

Parameter Estimates
Term
Intercept
AVGPP

Estimate
1.3739455
0.7930635

Std Error
0.093096
0.030183

t Ratio
14.76
26.28

Prob>|t|
<.0001*
<.0001*

Protein Percent
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RHA Protein = 69.3 + 0.731 * RHA Fat, lb

R2 = 0.86

DRMS_2018Aug_PTAs - Fit Y by X of RHA Protein, lb by RHA Fat, lb Page 1 of 1

Bivariate Fit of RHA Protein, lb By RHA Fat, lb
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Linear Fit

Linear Fit
RHA Protein, lb = 69.323199 + 0.7311062*RHA Fat, lb

Summary of Fit
RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

0.863747
0.863724
42.79868
727.8754

5916

Analysis of Variance

Source
Model
Error
C. Total

DF
1

5914
5915

Sum of
Squares

68672639
10832832
79505471

Mean Square
68672639

1831.7267

F Ratio
37490.66
Prob > F
<.0001*

Parameter Estimates
Term
Intercept
RHA Fat, lb

Estimate
69.323199
0.7311062

Std Error
3.446389
0.003776

t Ratio
20.11

193.63

Prob>|t|
<.0001*
<.0001*

Fat Per = 1.37 + 0.793 * Prot Per

R2 = 0.10 

Fat and protein percent Fat and protein yield

(5926 herds)
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- Cow Comfort/barn design
- Optimal calving intervals (herd DIM)
- Genetics
- Herd health
- Transition cow program
- Photoperiod management
- Forage quality and energy intake
- Good silage management
- Good feed management
- Etc

What can we do to increase milk yield and fat and 
protein yield?  All the things good farms do right!

17

Decreased by milk fat depression
- Unsaturated fat
- Fermentability
- Acidosis
- Feeding strategies

Nutritional Factors Non-nutritional Factors

Milk Fat & 
Protein

Milk fat and protein differentially 
regulated by many factors!

Genetics

Season

Time of day

Stage of lactation

Parity

Milk flow

Energy Supply
- Starch level
- Fat supply

Amino Acid Supply
- Microbial protein
- Amino acid balance

Increase by additional substrate
- Acetate from forages
- Fat supplement

- Palmitic acid

Fa
t

Pr
ot

ei
n

18
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Milk fat and protein are highly heritable 
production traits

Bicalho et al. 2014. Theriogenology. 81:257-265
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are shown in Table 1. Mastitis was the most commonly
diagnosed disease affecting 21.4% of the 22,205 studied
dairy cows, with incidence ranging from 8% to 31.1%
(Table 1).

Average sire PTA for production traits varied consider-
ably between the study farms. Average sire PTA for MILK
ranged from 512 (farm 4) to 1000 (farm 5) (Table 2). Sire
PTA for MILK, FAT, FATPCT, PRO, and PROPCT were catego-
rized into quartiles to facilitate data analysis and inter-
pretation. The mean and standard deviation of sire PTA for
production traits according to each respective quartile is
shown in Table 2. Correlations between sire PTA for pro-
duction traits and first test day fat to protein ratio were in
general weak ranging from !0.02 to 0.07.

The percentage of sires in different FATPCT or PROPCT
PTA quartiles according toMILK PTA quartiles are presented
in Table 3.

3.2. Effect of PTA for production traits on milk production and
fat and PROPCT

There was a significant effect of sire PTA for MILK on
milk production; the overall average daily milk production

during the first 10 months of lactation was 37.3, 38.8, 38.9,
and 40.8 kg for cows in the first, second, third, and fourth
MILK PTA quartiles, respectively (Fig. 1; P < 0.0001). A
gradual increment on the average FATPCT was also
observed with increased FATPCT PTA quartile; the overall
average FATPCT of milk during the first 10 months of
lactation was 3.49, 3.63, 3.68, and 3.89 for cows in the first,
second, third, and fourth FATPCT PTA quartiles, respectively
(Fig. 2; P < 0.0001). A relationship between sire informa-
tion and phenotype was also confirmed for PROPCT; cows
in the highest quartile of PROPCT PTA had an overall
average of 3.13% milk protein and cows in the lowest
quartile of PROPCT PTA had an average of 2.99% protein on
their milk (Fig. 3; P < 0.0001).

3.3. Effect of sire PTA for production traits on the incidence of
postpartum diseases

The effect of categorized sire PTA for production trait on
the incidence of postpartum diseases was evaluated using

Table 3
Percentage of sires in different fat percentage PTA quartiles or protein
percentage PTA quartiles according to milk yield PTA quartiles.

PTA quartile Milk yield PTA quartile

1 2 3 4

Fat percentage
1 13.9% 19.7% 27.9% 38.4%
2 24.5% 25.0% 26.3% 23.2%
3 39.5% 29.8% 20.4% 10.2%
4 69.9% 22.5% 7.3% 0.4%

Protein percentage
1 13.8% 21.6% 28.4% 36.2%
2 32.2% 26.5% 23.3% 18.0%
3 43.0% 27.7% 20.2% 9.1%
4 58.2% 26.2% 11.5% 4.0%

A total of 2667 sires were evaluated in this study.
Abbreviation: PTA, predicted transmitting ability.

Fig. 1. The effect of sire predicted transmitting ability (PTA) for milk yield
quartile on milk production (kg per day) during the first 10 months of
lactation. Data were analyzed using repeated measures ANOVA and the ef-
fect of animal nested within farm was controlled in the model as a random
effect. Parity was also kept in the model as a fixed effect. Error bars represent
95% confidence interval of the mean.

Fig. 2. The effect of sire predicted transmitting ability (PTA) for milk fat
percentage quartile on milk fat percentage for the first 10 months of lacta-
tion. Data were analyzed using repeated measures ANOVA and the effect of
animal nested within farm was controlled in the model as a random effect.
Parity was also kept in the model as a fixed effect. Error bars represent 95%
confidence interval of the mean.

Fig. 3. The effect of sire predicted transmitting ability (PTA) for milk protein
percentage quartile on milk protein percentage for the first 10 months of
lactation. Data were analyzed using repeated measures ANOVA and the ef-
fect of animal nested within farm was controlled in the model as a random
effect. Parity was also kept in the model as a fixed effect. Error bars represent
95% confidence interval of the mean.

R.C. Bicalho et al. / Theriogenology 81 (2014) 257–265260
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are shown in Table 1. Mastitis was the most commonly
diagnosed disease affecting 21.4% of the 22,205 studied
dairy cows, with incidence ranging from 8% to 31.1%
(Table 1).

Average sire PTA for production traits varied consider-
ably between the study farms. Average sire PTA for MILK
ranged from 512 (farm 4) to 1000 (farm 5) (Table 2). Sire
PTA for MILK, FAT, FATPCT, PRO, and PROPCT were catego-
rized into quartiles to facilitate data analysis and inter-
pretation. The mean and standard deviation of sire PTA for
production traits according to each respective quartile is
shown in Table 2. Correlations between sire PTA for pro-
duction traits and first test day fat to protein ratio were in
general weak ranging from !0.02 to 0.07.

The percentage of sires in different FATPCT or PROPCT
PTA quartiles according toMILK PTA quartiles are presented
in Table 3.

3.2. Effect of PTA for production traits on milk production and
fat and PROPCT

There was a significant effect of sire PTA for MILK on
milk production; the overall average daily milk production

during the first 10 months of lactation was 37.3, 38.8, 38.9,
and 40.8 kg for cows in the first, second, third, and fourth
MILK PTA quartiles, respectively (Fig. 1; P < 0.0001). A
gradual increment on the average FATPCT was also
observed with increased FATPCT PTA quartile; the overall
average FATPCT of milk during the first 10 months of
lactation was 3.49, 3.63, 3.68, and 3.89 for cows in the first,
second, third, and fourth FATPCT PTA quartiles, respectively
(Fig. 2; P < 0.0001). A relationship between sire informa-
tion and phenotype was also confirmed for PROPCT; cows
in the highest quartile of PROPCT PTA had an overall
average of 3.13% milk protein and cows in the lowest
quartile of PROPCT PTA had an average of 2.99% protein on
their milk (Fig. 3; P < 0.0001).

3.3. Effect of sire PTA for production traits on the incidence of
postpartum diseases

The effect of categorized sire PTA for production trait on
the incidence of postpartum diseases was evaluated using

Table 3
Percentage of sires in different fat percentage PTA quartiles or protein
percentage PTA quartiles according to milk yield PTA quartiles.

PTA quartile Milk yield PTA quartile

1 2 3 4

Fat percentage
1 13.9% 19.7% 27.9% 38.4%
2 24.5% 25.0% 26.3% 23.2%
3 39.5% 29.8% 20.4% 10.2%
4 69.9% 22.5% 7.3% 0.4%

Protein percentage
1 13.8% 21.6% 28.4% 36.2%
2 32.2% 26.5% 23.3% 18.0%
3 43.0% 27.7% 20.2% 9.1%
4 58.2% 26.2% 11.5% 4.0%

A total of 2667 sires were evaluated in this study.
Abbreviation: PTA, predicted transmitting ability.

Fig. 1. The effect of sire predicted transmitting ability (PTA) for milk yield
quartile on milk production (kg per day) during the first 10 months of
lactation. Data were analyzed using repeated measures ANOVA and the ef-
fect of animal nested within farm was controlled in the model as a random
effect. Parity was also kept in the model as a fixed effect. Error bars represent
95% confidence interval of the mean.

Fig. 2. The effect of sire predicted transmitting ability (PTA) for milk fat
percentage quartile on milk fat percentage for the first 10 months of lacta-
tion. Data were analyzed using repeated measures ANOVA and the effect of
animal nested within farm was controlled in the model as a random effect.
Parity was also kept in the model as a fixed effect. Error bars represent 95%
confidence interval of the mean.

Fig. 3. The effect of sire predicted transmitting ability (PTA) for milk protein
percentage quartile on milk protein percentage for the first 10 months of
lactation. Data were analyzed using repeated measures ANOVA and the ef-
fect of animal nested within farm was controlled in the model as a random
effect. Parity was also kept in the model as a fixed effect. Error bars represent
95% confidence interval of the mean.

R.C. Bicalho et al. / Theriogenology 81 (2014) 257–265260
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There is little difference in genetic potential for 
milk fat between herds
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90th 17 lb
75th 10
25th -9
10th -20

90th 3.769%
75th 3.752%
25th 3.721%
10th 3.705%
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A 
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%

(6521 DRMS Holstein Herds >30 cows) = [(PTAF + 1017) / (PTAM + 27251) ] * 100

-100

-50

0

50

3.5

3.6

3.7

3.8

3.9

Actual 10th to 90th

production is 440 lb! 
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There is also little difference in genetic potential 
for milk protein between herds
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90th = 12 lb
75th = 7 lb
25th = -8 lb
10th = -18 lb

90th = 3.077%
75th = 3.069%
25th = 3.052%
10th = 3.044%
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(6646 DRMS Holstein Herds in 2021)
= [(PTAF + 834) / (PTAM + 27251) ] * 100
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18EA1-5 database cleaned HO onl - Distribution of Fat%, FatPEBV Page 1 of 10

Distributions
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But, there is larger variation between cows 
(Milk fat example) 

Harvatine Unpublished
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1720 cows from 5 herds

18EA1-5 database cleaned HO onl - Distribution of Fat%, FatPEBV Page 6 of 10

Distributions
FatPEBV

-0.3
-0.2
-0.1

0
0.1
0.2
0.3
0.4
0.5

Quantiles
100.0%
99.5%
97.5%
90.0%
75.0%
50.0%
25.0%

maximum
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median
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0.505
0.39

0.235
0.16
0.1

0.025
-0.04

90th 0.16%
10th -0.11%

90th 4.8%
10th 2.7%

- Differences between cows also influenced by DIM, feeding behavior, sorting, 
and susceptibility to BH-induced milk fat depression
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Harvatine unpublished 
from USDA NASS

Milk fat concentration linearly increasing in 
all milk markets but FL

- Have you changed your target/goal?

3.50

3.60

3.70

3.80

3.90

4.00

4.10

6/
20

00
4/
20

01
2/
20

02
12
/2
00
2

10
/2
00
3

8/
20

04
6/
20

05
4/
20

06
2/
20

07
12
/2
00
7

10
/2
00
8

8/
20

09
6/
20

10
4/
20

11
2/
20

12
12
/2
01
2

10
/2
01
3

8/
20

14
6/
20

15
4/
20

16
2/
20

17
12
/2
01
7

10
/2
01
8

8/
20

19
6/
20

20
4/
20

21

Pe
rc

en
t o

f M
Ilk

Date

12 Month Running Average Milk Fat
Northeast FL

23

Milk fat genetic potential of Holsteins has 
increased ~0.3 units and 156 lb in 10 years!

- Genetic potential of 
Jerseys has also 

increased

From Center for Dairy 
Cattle Breeding
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I have been told “diet-induced MFD is not a 
problem anymore”!     Is this true?

- Risk factors have decreased?

- Maybe we all listened to Dr. Jenkins and it is solved?

- We have selected for cows more resistant to MFD?

- We are missing diet-induced MFD because we have 
not adequately adjusted to the new genetic potential?

I don’t know, but don’t stop increasing your 
expectations

25

Milk protein has also been increasing

Why? 
- Probably lots of reasons!

Harvatine unpublished 
from USDA NASS
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Genetic potential for milk protein % and yield 
has also been increasing in Holsteins

Genetic potential of Jerseys 
has also increased

From Center for Dairy 
Cattle Breeding
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Also remember the seasonal pattern: 
Northeast US Milk Market

Fat

Protein

~0.25
Units

~0.20
Units

Harvatine unpublished from USDA NASS
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1. Make sure adequate AA are being absorbed (essential 
AA!!)
- Healthy rumen
- Amino acid balancing

2. Turn on milk protein synthesis in the mammary gland
- “Energy signals”

- Hormones…….Insulin/IGF1 mechanism
- Number of potential mechanisms (mTOR)

- Individual AA provide some regulation through 
mTOR

Need Both!
Hard to simply “Push” metabolism by 

adding more protein

How do we feed for more milk protein?

29

Milk protein yield predicted from

- Supply of individual essential AA

- Digestible energy intake – energy in MP

- Diet digestible NDF

- Body weight

** Predicting milk protein over a very broad range (400 to 
1600 g/d) and large part of this is predicting milk yield

2021 NASEM Milk Protein Equation
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We get:
- Optimal amino acid supply
- Normal biohydrogenation (no milk fat depression)
- Optimal acetate yield for milk fat synthesis
- Optimal energy intake

- Drives milk flow
- Drives milk protein synthesis 

- Probably through insulin and IGF-1
- Gets cows rebred

Maximizing rumen microbial protein 
yield should always be the first goal!

31

The Hyperinsulinemic-euglycemic clamp studies 
clearly demonstrated hormonal regulation of 

milk protein

• Infuse insulin to 
increase insulin and 
glucose to maintain 
blood glucose 
concentration

Journal of Dairy Science Vol. 82, No. 7, 1999

MACKLE ET AL.1516

Figure 1. Tempora l pa t tern of plasma insulin , blood glucose, and
glucose infusion ra te for a 48-h baseline per iod followed by a
96-h hyper insulinemic-euglycemic clamp. Insulin was infused at a
constant ra te of 1 mg·kg of BW–1·h–1 and glucose was infused a t
var iable ra tes as required to mainta in blood euglycemia . The
dashed lines on the blood glucose panel represent ± 10% of baseline
glucose levels. Values are means of four cows and the standard
error of the means were 1.1 ng/ml and 0.8 mg/dl for plasma insulin
and blood glucose concent ra t ions, respect ively.

and CB + I t r ea tmen t s). Mean plasma concent ra t ions
of NEFA, PUN, and BCKA represent samples col-
lected dur ing the last 2 d of the baseline in terva l
(Wa t er and CB t r ea tmen t s) or the last day of the
insu lin clamp (Wa t er + I and CB + I t r ea tmen t s);
da ta for AA analysis were der ived from the mean of
six composite samples collected across a 12-h window
on the last day (d 4 ) of baseline and insulin clamp
interva ls.
Data were analyzed using SAS Proc Mixed (3 7 )

cow and per iod as random effects, and insulin t rea t -
ment and CB trea tment as fixed effects in the model.
The model used was descr ibed by:

Yijkl = m + ri + kj + ik + bl + ibkl + eijkl

where: m = constant , ri = per iod blocking effect , kj =
cow blocking effect , ik = insulin t rea tment effect , bl =
CB trea tment effect , ibkl = insu lin by CB interact ion ,
and eijkl = er ror term.
Data are presented as least squares means. The

diffs command in SAS (3 7 ) was used to genera te
compar isons between individua l t rea tment least
squares means.

RESULTS

Hyperinsulinemia-Euglycemia

The hyper insulinemic-euglycemic clamp was suc-
cessfu l in eleva t ing circu la t ing insulin levels while
main ta in ing blood euglycemia (F igu r e 1 ). Dur ing the
insulin clamps the plasma concent ra t ion of insulin
was eleva ted by almost four fold above baseline con-
cent ra t ions. Despite th is, blood glucose was main-
ta ined to with in 10% of baseline levels by infusion of
exogenous glucose. Glucose infusion ra tes gradually
increased after the fir st 24 h to reach an average of
139 g/h of glucose on d 4 of the insulin clamp (F igu r e
1 ). This equa tes to a mean tota l infusion of 3336 g of
glucose/d on d 4.

DMI, Milk Yield, and Milk Composition

All cows completed the study in excellen t hea lth .
Cows were in a posit ive energy balance for a ll t rea t -
ments based on feed in take and infusa tes of glucose,
casein , and BCAA, as compared to requirements
(da t a not shown ). Mean SCC values were 152,000
cells/ml and did not differ among trea tments ( P >
0.1).
Per formance data are presented in Table 3. The

DMI averaged 26.0 ± 1.2 kg/d and was reduced
modest ly dur ing the insulin clamps (–1.8 kg/d; P <

0.1). Milk yield was enhanced dur ing the insulin
clamps; cows receiving the CB + I t rea tment produced
12.5% (+3.3 kg/d; P < 0.02) more milk than those on
Water t rea tment . There were no effects ( P > 0.1) of
CB infusion on either parameter .
Milk protein concent ra t ion and milk protein yield

were increased by insulin t rea tment , and the effects
were grea test when insulin was combined with
abomasa l infusion of the casein plus BCAA mixture
(F igu r e 2 ). The grea test concent ra t ion and yield of
milk protein occurred on d 4 of the insulin clamp
when cows received the CB + I t rea tment . This t rea t -
ment produced milk with 11% higher milk protein
concent ra t ion and when combined with the increased
milk yield resulted in 25% more milk protein for the
CB + I t rea tment than for the cont rol (Wa t er t rea t -

Mackle et al. 1999

Insulin

Plasma Glucose

Glucose infusion
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The interaction of casein and insulin on 
milk protein was replicated

Mackle et al. 1999

• True protein 
increased from 
3.14% to 3.33% 
with insulin and to 
3.47% with insulin 
and casein

Journal of Dairy Science Vol. 82, No. 7, 1999

INSULIN, AMINO ACIDS, AND MILK PROTEIN 1517

Figure 2. Tempora l pa t tern of yield and concent ra t ion of milk
protein dur ing the 4-d baseline in terva l followed by a 4-d
hyper insulinemic-euglycemic clamp. Abomasal infusions were
water (con t r ol: open cir cle) or casein plus branched-cha in AA
(closed cir cle). Standard er ror of the means (n = 4 ) were 0.07 kg/d
and 0.19% for protein yield and concent ra t ion of milk protein ,
respect ively.

ment ; F igure 2 ). The increase in milk protein yield
observed for both insulin clamps represented a 15%
( P < 0.01) increase in the efficiency of conversion of
dieta ry nit rogen to milk nit rogen (Ta ble 3 ). Infusion
of casein plus BCAA dur ing the baseline per iod (CB
t r ea tmen t ) had no effect ( P > 0.1) on either the
concent ra t ion or yield of milk protein (F igu r e 2 ).
Milk fa t concent ra t ion was reduced by 14% follow-

ing the insu lin clamp (–0.45% unit s; P < 0.01; Table
3 ). However , the yield of milk fa t was reduced (–0.08
kg/d; P < 0.01) only when the insu lin clamp was
combined with abomasa l infusion of Water (in t er a c-
t ion , P < 0.09). The concent ra t ion of lactose was a lso
margina lly reduced dur ing insulin t rea tment and was
lowest for the CB + I t rea tment (–0.1% unit s; P <
0.02). In cont rast , the yield of milk lactose was
grea test for the CB + I t rea tment which amounted to

10% more lactose (+0.13 kg/d; P < 0.01) than the
Water t rea tment (Ta ble 3 ). For both insu lin clamp
trea tments, the enhanced milk protein concent ra t ion
and reduced milk fa t concent ra t ion combined to in-
crease ( P < 0.0001) the protein :fa t ra t io by 29%
above the Water t rea tment (Ta ble 3 ).

Milk Nitrogen Fractions and Protein Composition

Effects of t rea tment on the milk nit rogen fract ions
as determined by Kjeldahl ana lysis a re given in Table
4. Crude protein content was increased ( P < 0.001)
from 3.37% for the water t rea tment to 3.54 and 3.70%
for the Water + I and CB + I t rea tments, respect ively.
Simila r ly, the concent ra t ion of TP and casein in milk
were both eleva ted ( P < 0.001) by 6.0 and 10.0% for
the Water + I and CB + I t rea tments, respect ively.
The concent ra t ion of whey proteins was a lso grea test
( P < 0.001) for the insulin clamp trea tments (Ta ble
4 ). However , there was an in teract ion between the
insu lin clamp and the abomasa l infusion , where the
infusion of casein plus BCAA resulted in grea ter whey
protein concent ra t ions dur ing insulin clamp but not
dur ing baseline in terva ls ( P < 0.05). There were no
effects of casein plus BCAA infusion on any of these
milk protein fract ions dur ing the baseline in terva ls.
Compared to the Water t rea tment , the concent ra -

t ion of NPN in milk was grea ter (+9%; P < 0.05) for
the CB trea tment and tended to be lower for both
insulin clamp trea tments. Milk urea concent ra t ion
was increased by CB trea tment (+10%; P < 0.05) but
decreased with both insulin clamp trea tments (–22
and –15% for Water + I and CB + I t rea tments,
respect ively; P < 0.001). The concent ra t ion of NCN in
milk, which reflects both whey protein and NPN con-
ten ts, was increased by both abomasa l infusion of
casein plus BCAA and the insulin clamp (+3%, P <
0.05, for CB; +6%, P < 0.01, for in su lin ).
The propor t ion of TP present as casein was highest

dur ing the baseline in terva ls and was reduced
(–0.8%; P < 0.01) margina lly by insulin t rea tment .
There was a lso an in teract ion between abomasa l infu-
sion of casein plus BCAA and insulin clamp ( P <
0.07) for th is var iable. The propor t ion of CP
represented by TP was increased ( P < 0.01) by both
insulin clamp trea tments because of the decrease in
NPN concent ra t ions. The casein to whey protein ra t io
in milk was reduced ( P < 0.01) sligh t ly following both
insulin clamp trea tments. The casein-to-fa t ra t io, an
impor tant parameter in cheese-making, was in-
creased markedly by both insulin t rea tments (+27%;
P < 0.001).
The rela t ive propor t ions of individua l milk proteins

were examined by SDS-PAGE (Ta ble 5 ). Overa ll,

Casein

Control

Casein

Control

+Insulin

+Insulin
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Interaction of protein supply and hormonal 
signals has been consistent

Griinari et al. 1997

Water Casein P-values

Con +INS CON +INS SEM Casein INS Int.

Yield, kg 0.81 0.84 0.89 1.04 0.03 *** ** *

Percent 3.11 3.14 3.15 3.44 .0.05 ** * *

Abomasal casein infusion with or without insulin clamp

This means that not having the energy side 
right may limit responses to protein and AA 

balancing
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Long-acting insulin also increased 
milk protein in high producing cows

Winkelman et al. 2013

P-Values

CON INS-A INS-B Trt INS-A INS-B

Prot % 3.00 3.20 3.29 0.04 0.001 <0.001 0.2
Prot 
yield, kg 1.46 1.40 1.54 0.08 0.08 0.06 0.22

35

What is going to impact the “energy” signals 
important to milk protein synthesis?

- Cow factors
- Energy balance
- Insulin sensitivity and responsiveness
- GH-IGF1 axis

- Diet factors
- Fermentability
- Rumen environment shifting VFA profile
- Feeding patterns
- Rumen modifiers?
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Nutrition and Management is often best 
practiced as an 

“Experiment in Progress”!!

First-
- Accurately and precisely set your 
goals!
• Account for seasonal effects
• Is the sample a daily average?
• What is the genetic potential of the herd?
• Is the problem across all cows or just the 

high groups?

37

- When milk fat is Acceptable
• Inclusion of MFD risk factors is 

advantageous to feed cost, production, and 
efficiency

Maximizing milk fat yield
1. Minimize milk fat depression
–Watch the diet

• unsaturated FA, Fermentability etc
• Watch the feeding system and the cows
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Maximizing milk fat yield Cont.

2. Good acetate yield
– Fiber digestibility
– Rumen function

3. Optimal fat supply
– Total fat
– Fatty acid profile

39

- Are we meeting AA requirements?
- Microbial protein
- AA balancing

- Are we optimizing energy?
– Careful since can increase risk of milk fat 

depression

Maximizing milk protein yield

40
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Monitor milk yield and milk fat 
and protein percent over time!!!

41

Let’s review
Rumen environment is critical to milk fat and protein 
yield and involves interactions of numerous dietary, 
cow, and environmental factors

- Focus on fat and protein pounds!
- Smaller genetic differences between herds, but larger variation 

within herds
- Maximize microbial protein production, then amino acid balance
- Keep in mind effect of energy signaling
- Minimize milk fat depression and optimize acetate and dietary 

fat

Constant “Experiment in Progress” and if you figure 
out the magical recipe let me know!
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Thank You

Lab Members: Cesar Matamoros, Beckie Bomberger, Alanna Staffin, 
Abiel Berhane, Sarah Bennett, Yusuf Adeniji, Muhammad Husnain, 
Muhammad Arif
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