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Table 1. Least squares means of milk composition factors for high de novo 
(HDN) and low de novo (LDN) farms for the month of the farm visit. 
Item HDN LDN SEM   value 
Milk yield, kg/d 31.9 32.1 0.9 0.91 
Fat, % 3.98 3.78 0.04 <0.01 
Fat, kg/d 1.27 1.21 0.03 0.25 
De novo fatty acids1     
    g/100 g milk 0.99 0.86 0.01 <0.01 
    g/100 g FA 25.99 23.78 0.22 <0.01 

g/d 315.6 276.2 9.5 <0.01 
Mixed fatty acids2     
    g/100 g milk 1.48 1.35 0.02 <0.01 
    g/100 g FA 38.86 37.36 0.37 <0.01 

g/d 472.0 434.2 15.2 0.08 
Preformed fatty acids3     
    g/100 g milk 1.32 1.38 0.02 0.02 
    g/100 g FA 34.60 38.21 0.50 <0.01 

g/d 419.0 439.3 10.4 0.17 
True protein, % 3.19 3.08 0.02 <0.01 
True protein yield, kg/d 1.02 0.99 0.03 0.44 
MUN, mg/dL 12.1 12.9 0.5 0.25 
Anhydrous lactose, % 4.65 4.66 0.02 0.66 
Anhydrous lactose, kg/d 1.46 1.51 0.05 0.51 
1 C4 to C14. 
2 C16, C16:1, and C17. 
3 Greater than or equal to C18. 
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The relatoinships between various milk fatty acid parameters across 40 farms and 
bulk tank milk fat test are shown in the Figures 1 thru 5 below. 

  
Figure 1.  Relationship of bulk tank milk fat test to concentration (g/100 g milk) of de novo 
fatty acids in milk.  In general, a farm needs to have a concentration of de novo fatty acids 
higher than 0.85 g/100 g milk to achieve a bulk tank fat test  higher than 3.75%.   

Figure 2.  Relationship of bulk tank milk fat test to concentration (g/100 g milk) of mixed origin 
fatty acids in milk.  In general, a farm needs to have a concentration of de novo fatty acids 
higher than 1.40 g/100 g milk to achieve a bulk tank fat test  higher than 3.75%.   

 
 
 

Figure 3. Relationship of bulk tank milk fat test to concentration (g/100 g milk) of preformed 
fatty acids in milk.  In general, the variation in preformed fatty acid concentration in Holstein 
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herds is less than de novo and mixed origin fatty acids and is not well correlated with bulk 
tank milk fat test.   

 

 
 
Figure 4. Relationship of bulk tank milk fat fatty acid unsaturation to fatty acid chain length.  
As fatty acid chain length increases, unsaturation increases and this appears to be due 
mostly to an increase in oleic acid (C18:1 cis 9). 
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Figure 5.  Relationship of bulk tank milk fat fatty acid unsaturation  with bulk tank milk fat test.  
As double bonds per fatty acid increases the bulk tank milk fat test decreases.  To achieve a 
3.75 % fat test a farm needs to have a double bond per fatty acid of less than 0.31.  The 
double bonds per fatty acid may be an indirection of the rumen unsaturated fatty acid load 
(RUFAL) and the rate of unsaturated fat release from forage sources (e.g., corn silage, 
distiller grains, and oil seeds) in the rumen.  The double bonds per fatty acid may be an index 
of the level of milk fat depression in a dairy herd.   

 

 
 

The relationship between de novo milk fatty acid concentration across 40 farms and 
bulk tank milk protein test is shown in the figure below. 
 
Figure 6. Relationship of bulk tank milk protein test to concentration (g/100 g milk) of de novo 
fatty acids in milk.  In general, a farm needs to achieve a concentration of de novo fatty acids 
> 0.85 g/100 g milk to produce a bulk tank protein test  higher than 3.10% true protein.  
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Table 1. Mean, min and max milk composition values for 68 Holstein herds.
Protein Fat FA de novo Mixed Preformed carbon # DB/FA Fluidity

g/100 g milk FA CL FA Unsat C/DBL
Mean 3.06 3.64 3.43 0.81 1.30 1.31 14.65 0.32 46.07
Min 2.80 3.09 2.89 0.65 1.08 1.13 14.42 0.28 42.58
Max 3.34 4.16 3.94 1.00 1.52 1.57 14.90 0.35 52.08

Table 1 demonstrates that the large range in milk fat (1.07 units) is accompanied with large ranges in the
individual fatty acid composition ( , 0.35; mixed, 0.44; preformed, 0.44 units). Milk protein
content had a much narrower range (0.54 units) compared to total milk fat. This suggests that there are
effects on milk fat that are much larger than the effects on milk protein. The column labeled Carbon #
(FA CL; fatty acid chain length) refers to the average number of carbons per fatty acid. Fatty acid chain
length is very much dependent on proportions of fatty acids in each category. As the proportion of
preformed fatty acids increases, the chain length will increase. Since longer fatty acids have higher
melting points, a longer chain length will decrease fluidity. The range in Table 1 for Carbon # was 14.42
to 14.90. DB/FA (FA Unsat) refers to the number of double bonds per fatty acid. As double bonds are
added to fatty acids, melting point decreases which increases fluidity. The range in Table 1 for DB/FA
was 0.28 to 0.35. Because there is an inverse relationship between carbon # and DB/FA relative to
fluidity, a fluidity index of (carbon #)/(DB/FA) has been developed. Across the dataset, fat percent
increases as the fluidity index increases (fat percent = 0.84 + .06*fluidity; R2 = 0.30).

As a point of reference, Table 2 contains the milk component values for an example herd with very good
milk composition based on the high level of milk fatty acids and typical ratios of mixed and
preformed fatty acids.

Table 2. An example herd with excellent milk components.
Protein Fat FA de novo Mixed Preformed carbon # DB/FA Fluidity

g/100 g milk FA CL FA Unsat C/DBL
3.13 3.89 3.75 0.87 1.41 1.46 14.50 0.28 52

The 68 herds fall into several categories:

High levels of dietary unsaturated fat affecting the mammary gland. CLA (C18:2 10: 12) has
been shown to be a potent inhibitor of milk fat synthesis in the mammary cell. These herds will
have normal rumen function, but synthesis will be down regulated. In this example herd (Table
3), fat is depressed to 3.46% but milk protein is near normal (3.1%). This suggests that the rumen is
producing sufficient metabolizable protein to support high levels of milk protein production. However,

fatty acid synthesis is impaired. In this case, milk fat synthesis is low (0.72 vs 0.78). The
preformed fatty acids were high, as there was added fat in the diet. The increased percentage of
preformed fatty acids led to increased average chain length; however, the number of double bonds is
exceedingly high resulting in a more fluid fat. The fluidity index is low which is suggesting an imbalance
in chain length and unsaturated fat.
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Table 3. Example herd exhibiting normal milk protein, low milk fat, low de novo fatty acids,
and a high level of unsaturated fat.
Protein Fat FA de novo Mixed Preformed carbon # DB/FA Fluidity

g/100 g milk FA CL FA Unsat C/DBL
3.10 3.46 3.23 0.72 1.20 1.31 14.90 0.34 43

Expected 0.78 1.23 1.23
1) High levels of dietary unsaturated fat affecting both the rumen and the mammary gland.

Unsaturated fat can impair ruminal fiber digestion which will reduce ruminal protein production
in addition to providing a high level of unsaturated fat directly to the mammary gland. In the
example herd (Table 4), roasted soybeans were included in the diet resulting in an abnormally
high level of dietary unsaturated fat. Both protein and fat content of the milk are depressed
with a lowered milk fatty acid synthesis (0.70 versus 0.80 g/100 g milk). Added fat in the
diet is raising both the mixed and preformed categories. With the lowered synthesis,
fatty acid chain length is longer but again the amount of double bonds is higher than expected
given this increase in chain length with a low fluidity index.

Table 4. Example herd with low milk protein, low milk fat, low fatty acids and high level
of unsaturated fatty acids.
Protein Fat FA de novo Mixed Preformed carbon # DB/FA Fluidity

g/100 g milk FA CL FA Unsat C/DBL
2.94 3.57 3.34 0.70 1.27 1.37 14.82 0.34 44

Expected 0.80 1.27 1.27

1) A shortage of de novo milk fatty acids without a high degree of unsaturated fat. These herds
appear normal except that the milk fat is depressed. In the example herd (Table 5), fat is slightly
depressed while protein and amount of unsaturated fatty acids are near normal. Herds such as
this appear to have a shortage of substrate for synthesis rather than an inhibition of

synthesis. It is widely recognized that acetate and butyrate are the building blocks of
fat synthesis in the mammary gland with much of the focus on acetate. However, butyrate

may play a more important role than previously recognized. For example, 36 mole% of
triglycerides contained C4 (butyrate) or C6 (butyrate + acetate) (Jensen, 2002). All the C4 and
90% of the C6 fatty acids were on the 3 position (the third leg of the triglyceride). Numerous
rumen microflora produce butyrate, however, a primary substrate used in producing butyrate
may be sugar (glucose and sucrose).

Table 5. An example herd with low fat with near normal protein and low amount of unsaturated
fatty acids.
Protein Fat FA de novo Mixed Preformed carbon # DB/FA Fluidity

g/100 g milk FA CL FA Unsat C/DBL
3.06 3.50 3.31 0.78 1.27 1.25 14.71 0.31 48

Expected 0.80 1.27 1.27

1) Excessive levels of palm fat in the diet. High levels of palm fat (C16:0) in the diet can mask
other fat production issues. In the herd shown in Table 6, protein and total fat are slightly
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reduced. In this example, the level of mixed fatty acids is high (1.46 vs 1.30 g/100g milk). If the
mixed fatty acids were not elevated, the actual fat content would be closer to 3.45% as opposed
to the observed 3.62%. For most corn based diets, C16:0 represents about 20% of the total fatty
acids. In this herd, the TMR fatty acid report (Figure 1) showed 35% of the total fatty acids were
C16:0. Clearly, a C16:0 supplemental product is being added to the diet. Milk fatty acid
composition for this herd suggests that more synthesis is needed, probably dependent
on sugar availability for ruminal butyrate synthesis, along with more total energy to spare the
preformed fatty acids. Since the degree of unsaturation is low, adding more corn would be
appropriate.

Table 6. Example herd with high levels of C16 fatty acids due to supplemental palm fat.
Protein Fat FA de novo Mixed Preformed carbon # DB/FA Fluidity

g/100 g FA CL FA Unsat C/DBL
2.96 3.62 3.42 0.80 1.46 1.16 14.64 0.29 51

Expected 0.82 1.30 1.30

Figure 1. TMR fatty acid levels for an example herd with high levels of palmitic acid. Typical corn
based diets usually contain 20% of the fatty acids as C16:0 with no supplemental fat.
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Table 1. Effects of Cr supplementation on production parameters and metabolism in
various species
Variable Species Response Reference
Feed Intake Cattle =/ 3,22/1,4,10,19,20, 21

Pigs =/ / 7,13,12,27/11/6,14
Poultry / 24/16,17,23

Average Daily Gain Cattle 8,9
Pigs =/ 2,12,15/5,13,26

Poultry 17,18,23
Milk yield Cattle =/ 3,25/1,4,10,19,21
1Al Saiyadi et al., 2004 15Page et al., 1993
2Amoikon et al., 1995 16Sahin et al., 2002
3Bryan et al., 2004 17Sahin et al., 2003
4Hayirli et al., 2001 18Sands and Smith, 1999
5Harper et al., 1995 19Smith et al., 2005
6Hung et al., 2014 20Smith et al., 2008
7Jackson et al., 2009 21Soltan et al., 2010
8Kegley et al., 1997a 22Spears et al., 2012
9Kegley et al., 1997b 23Toghyani et al., 2006
10MacNamara and Valdez, 2005 24Uyanik et al., 2002
11Mathews et al., 2001 25Yasui et al., 2014
12Mathews et al., 2003 26Zhang et al., 2011
13Mooney and Crowell.1995
14Mooney and Crowell, 1997

Figure 1. Markers of inflammation in healthy (solid line) and ketotic (dashed line) transition
cows.
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How Supplementing Methionine During the 
Transition Period Can Improve Metabolic 

Health, Boost ECM Yield and 
Enhance Reproduction 

Chuck Schwab, Schwab Consulting, LLC, 
Boscobel, WI and Professor Emeritus of Animal 

Sciences, University of New Hampshire

Numerous metabolic changes 
occur in transition cows

1. Increased glucocorticoids 
2. Increased fat and protein mobilization
3. Increased plasma NEFAs and BW loss  
4. Increased liver uptake of FA (often exceeding capacity for oxidation) 
5. Increased ketone production (ketosis) and liver TG storage (fatty liver)
6. Reduced liver function (e.g., decreased glucose production)
7. Depressed immune function (e.g., decreased blood neutrophil-killing 

capacity) 
8. Increased inflammation [characterized by increased synthesis of positive 

acute-phase proteins (e.g., ceruloplasmin and serum amyloid A) and 
decreased synthesis of negative acute-phase proteins (e.g., albumin)]

9. Increased oxidative stress (created by an imbalance between production of 
ROM and the neutralizing capacity of antioxidant mechanisms in tissues and 
blood)

Komaragiri and Erdman (1997)

Both body fat and protein are mobilized

Increased milk by 3 kg/d 
with no change in intake

Negative protein balance in early postpartum
cows has received little attention

MP is being mobilized 
because its needed!

Question:

Are milk protein and 
non-mammary 

functions of AA being 
negatively affected?

Average calculated MP balances in postparturient cows (n = 80) fed a ration containing 17.8% CP 
and 1.7 Mcal/kg of NEL.  Individual values were calculated from daily measurements of CP intake 
and milk yield, and weekly measurements of milk composition.  From Bell et al. (2000). 

Abomasal infusion of casein protein to postpartum 
transition cows increases milk yield1,2,3

1 Larsen et al. (2014)
2 Primary feeds in prepartum diet: corn silage, grass-clover silage, barley straw, wheat grain, soybean meal, 
molasses and vegetable fat (DM intake averaged 10.1 kg/d for both groups).  Primary feeds in postpartum diets: 
corn silage, grass-clover silage, wheat grain, soybean meal, rapeseed meal, sugar beat pulp, and vegetable fat 
3 Infused casein protein was planned to supply 360 g/d at 1 DIM, 720 g/d at 2 DIM, followed by daily reductions of 
19.5 g/d ending at 194 g/d at 29 DIM.  Infusion were initiated 6 h after calving and averaged 696, 490 and 212 g/d 
at the 4, 15, and 29 DIM sampling days

** P < 0.01, *P < 0.05

Item 4 DIM 15 DIM 29 DIM

CTRL CAS CTRL CAS CTRL CAS

DM intake 14.3 14.9 18.8 17.8 22.1 19.9

MP, g/d 1,250 1,964 1,795 2,114 2,226 2,115

Milk, kg/d 27.4 36.9** 37.6 46.8** 41.0 48.9**

ECM, kg/d 32.0 43.5** 38.5 46.3* 40.0 43.2

Protein, % 4.4 4.5 3.7 3.4 3.2 3.0

Fat, % 4.8 4.9 4.1 3.9 3.9 3.3

Urea, 3.2 4.8** 3.0 4.3** 3.1 4.0*

BW change, kg -29 -28 -52 -55 -52 -68

Why focus on methionine?

Methionine and lysine are most limiting AA in MP for milk protein synthesis (NRC, 2001)
Methionine is first-limiting for milk protein synthesis when MP is balanced for lysine 
Methionine is precursor for synthesis of other sulfur-containing AA such as cysteine, 
homocysteine, taurine and glutathione 
Methionine needed for synthesis of -adenosylmethionine (SAM), major methyl group 
donor in the body participating in many different methylation reactions

CH3 – S – (CH2)2 – CH – C
|

NH2

//

\
OH

O
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Lys Met Lys Met
Milk 7.7 2.7 Brewer’s grains 4.1 1.7
Fluid associated bacteria1 7.7 2.4 Canola meal 5.6 1.9
Particle associated bacteria1 7.5 2.3 Corn DDGS 2.2 1.8
Protozoa1 10.8 2.1 Corn gluten feed 2.7 1.6
Estimated “ideal” in MP 7.2 2.5 Corn gluten meal 1.7 2.4

Cotton seed 4.3 1.7
Alfalfa silage 4.4 1.4 Linseed meal 3.7 1.8
Corn silage 2.5 1.5 Soybean meal 6.3 1.4
Grass silage 3.3 1.2

Blood meal 9.0 1.2
Barley 3.6 1.7 Feather meal 2.6 0.8
Corn 2.8 2.1 Fish meal 7.7 2.8
Wheat 2.8 1.6 Meat meal 5.4 1.4

Lys and Met concentrations in milk, rumen 
microorganisms and feedstuffs (% of AA or CP), 
relative to estimated ideal concentrations in MP 

1 Sok et al. 2017 (in press)

Interactions of methionine cycle, 
transulfuration pathway, and folate cycle

Met

Homocysteine SAH

SAM
Phosphatidylcholine

Sarcosine

Cysteine

Betaine

Ser Gly
His Met

Choline
DMGly

Sarcosine
Formate

DMGly

Purine

Pyrimidine
Creatine

DNA methylation
(epigenetics)

Glutathione

Taurine

Cystathionine

Antioxidants

Choline VLDL
PE

Plasma free methionine concentrations were lower in 
dairy cows with developing fatty liver than those not

exhibiting fatty liver1

Fatty livers
Week -1

Fatty livers 
Week 1

Fatty livers
Week 2

Fatty livers
Week 4

Plasma AA 
( M/L)

No Yes No Yes No Yes No Yes

Met 41.2* 24.3 36.2 27.0 21.8* 16.5 24.0 22.9

Lys 71.2 73.5 89.4 84.6 45.0 56.3 62.9 55.4

TAA 2025 1762 1772 1841 1733 1691 2100 2225

Pechova et al. (2000) (Acta Vet. Brno. 69:93-99)

1 Ten dry cows of Bohemian Black Pied breed with BCS 4.5-5.0 were subjected to feed restriction (no 
concéntrate) at the end of the first week after calving.  Liver biopsies were performed on day 4 of feed
restriction and analyzed for neutral fat.  According to results, 7 cows experienced various stages of fatty
liver and 3 exhibited no evidence of fatty liver.

BHBA and serum Met in 4 “healthy” cows and 4 cows
with “severe fatty liver”1

Shibano and Kawamura (2006) (J. Vet. Med. Sci. 68:393-396)

Weeks

B
H

B
A 

um
ol

/L

M
ethionine U

m
ol/L

1 Cows were identified from 35 cows with similar calving dates on a farm with 250 cows. Cows were fed
legume and grass hays with a concéntrate containing brewers grains, soybean meal, and soy sauce cake   

Courtesy of Drackley, 2014

Unique roles of methionine in 
metabolic regulation

Via SAM: methylation of proteins and DNA; synthesis of creatine, 
epinephrine and polyamines; regulation of gene expression; one-carbon-
unit metabolism (methylation reactions)

Via homocysteine: oxidant; inhibition of nitric oxide synthesis

Via taurine: antioxidant; anti-inflammatory agent; regulator of intracellular 
osmolality; conjugation with bile acids (modulates digestion and absorption 
of fat and fat-soluble vitamins)

Via glutathione: 
1) Antioxidant - scavenges free radicals and other reactive oxygen species (e.g., 

hydroxyl radical, lipid peroxyl radical, peroxynitrite, H2O2)
2) Metabolism (e.g., synthesis of prostaglandins)
3) Metabolic regulation [e.g., signal transduction, gene expression, cell proliferation 

(including hepatocytes, lymphocytes, intestinal epithelial cells), cytokine 
production and immune response, and function and integrity of cell membranes 
and mitochondria

Study 1 
(Osorio et al., 2013, 2014a,b)

Close-up (15.1%CP) Lactation (17.5% CP)

Corn silage 35.9 33.0

Alfalfa silage 8.2 5.0

Alfalfa hay 3.5 4.0

Wheat straw 15.4 4.0

Cottonseed --- 3.5

Wet brewers grains 6.0 10.0

Ground shelled corn 13.0 22.2

Soy hulls 4.0 4.0

SBM, 48% CP 3.1 3.3

Expeller SBM 2.0 6.2

SoyChlor 3.8 ---

Blood meal 1.0 0.3

Urea 0.3 0.14

Rumen-inert fat --- 1.0
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Frequency of occurrence of 
health problems 

Diet

CON MS SM

Assigned cows 24 15 17

Cows removed1 10 3 4

Twins 2 0 1

Ketosis 6 1 2

Displaced abomasum 3 2 2

Retained placenta 0 1 1

Cows completing study 14 12 12

1 Four of the 17 cows that were excluded from the experiment were diagnosed with 2 clinical diseases

Osorio et al. (2013)

DM intake pre- and postpartum

Days before calving Days after calving

1 Osorio et al. (2013)
2 Contrast statement of CON versus MS + SM

A summary of early lactation cow RPLys and Met 
supplementation experiments 

7 experiments that measured 
production responses to 
increasing Met, Lys, or both in MP 
after calving
--------------------------------------------

+ 0.70 kg/d milk
+ 0.16% units milk protein
+ 79 g/d milk protein
+ 0.02% units milk fat
+ 48 g/d milk fat

5 experiments that measured 
production responses to 
increasing Met, or Met + Lys in MP 
starting before calving
--------------------------------------------

+ 2.30 kg/d milk
+ 0.09% units milk protein
+ 112 g/d milk protein
+ 0.10% units milk fat
+  g/d milk fat

Garthwaite et al. (1999)

A summary of some early Ajinomoto 
lactation cow experiments 

Week of 
lactation RPAA used Conducted by Milk, kg/d

Cont Trt-1 Trt-2

0 - 8 LM Julien et al. (1999) 45.7 50.3

0 - 6 LM Robinson et al. (1996) 33.8 35.8

0 - 4 LM Sniffen et al. (1999) 43.4 47.9

0 - 6 L, LM Sniffen et al. (1999) 42.9 45.3 49.4

0 - 6 L Nocek et al. (1999) 37.1 41.1

0 - 4 LM Chalupa et al. (1999) 32.6 35.5

0 - 10 LM Harrison et al. (1995) 34.7 38.1 39.0

Ave. milk 
response  = 

3.8 kg

Better performance with Met 
supplementation during the 

postpartum period1

Control MetaSmart2 Smartamine M2

DMI, kg/d 13.3 15.2 15.6

Milk, kg/d 35.7b 38.1ab 40.0a

Milk protein, % 3.04b 3.26a 3.19ab

Milk fat, % 4.27 4.68 4.09

ECM, kg/d 41.0b 44.8a 45.0a

1 Osorio et al. (2013)
2 Fed in amounts to achieve a predicted Lys/Met ratio in MP of 2.80/1

Selected blood metabolites, liver composition 
and whole-blood leukocyte phagocytosis1

Diet -value

CON MS SM Met2

NEFA, mEq/L 0.432 0.494 0.420 0.43

BHBA, nmol/L 0.687 0.697 0.645 0.82

TAG, mg/dL 301 327 300 0.66

VLDL, ug/uL 0.43 0.45 0.47 0.65

Liver, % wet wt

Total lipid 10.55 9.53 8.66 0.24

TAG 4.27 4.55 3.14 0.50

Phagocytosis3, % 38.5 55.1 45.8 0.07

1 Osorio et al. (2014a)
2 Contrast statement of CON versus MS + SM
3  Percent of immune cells able to engulf pathogens
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Selected blood metabolites, liver composition 
and whole-blood leukocyte phagocytosis1

Diet -value

CON MS SM Met2

NEFA, mEq/L 0.432 0.494 0.420 0.43

BHBA, nmol/L 0.687 0.697 0.645 0.82

TAG, mg/dL 301 327 300 0.66

VLDL, ug/uL 0.43 0.45 0.47 0.65

Liver, % wet wt

Total lipid 10.55 9.53 8.66 0.24

TAG 4.27 4.55 3.14 0.50

Phagocytosis3, % 38.5 55.1 45.8 0.07

1 Osorio et al. (2014a)
2 Contrast statement of CON versus MS + SM
3  Percent of immune cells able to engulf pathogens

Biomarkers of liver function, 
inflammation and oxidative stress1

Diet -value

CON MS SM Diet Met2

Liver function

Carnitine, nmol/g tissue 37.5 98.2 66.0 0.01 <0.01

Albumin, g/L 35.1 36.1 35.7 0.28 0.15

Inflammation

Ceruloplasmin, umol/L 3.02 2.68 2.71 0.03 0.009

Serum amyloid A, ug/mL 61.0 40.7 43.5 0.17 0.06

Oxidative stress

ORAC, mol/L 11.9 12.9 12.4 0.05 0.04

Glutathione, mM 1.27 1.55 1.73 0.15 0.07

1 Osorio et al. (2014a)
2 Contrast statement of CON versus MS + SM

Summary and Conclusions

Supplementation with MetaSmart or Smartamine M, when Lys was adequate:

Increased milk production and milk protein content
Increased post-calving DM intake
Reduced liver lipid accumulation
Increased blood phagocytosis (leukocyte-killing capacity)
Resulted in a tendency for lower incidence of ketosis 
Increased biomarkers reflective of improved liver function
Decreased biomarkers of inflammation
Increased biomarkers reflective of reduced oxidative stress

Author conclusions: The beneficial effect of feeding MS or SM on improved 
milk production was due, at least in part, to increased voluntary DMI, better 
immuno-metabolic status, and perhaps by optimizing the use of body lipid 
reserves 

Osorio et al. (2013, 2014ab)

Study 2
(Zhou et al., 2016a,b,c)

(-21 to calving) Fresh (0-30)

Corn silage 36.4 33.4
Alfalfa silage 8.3 5.1
Alfalfa hay 4.3 3.0
Wheat straw 15.6 3.0
Cottonseed - 3.6
Wet brewers grains 4.3 9.1
Ground shelled corn 12.9 23.9
Soy hulls 4.3 4.2
SBM, 48% CP 2.6 2.4
Expeller SBM 2.6 6.0
SoyChlor 3.9 -
ProvAAlAdvantage (Blood based) 0.9 1.5
Urea 0.3 0.2

Transcriptome profiling of genes associated with Met 
and glutathione metabolism as well as components 

of the inflammation, oxidative stress, growth 
hormone/insulin-like growth factor-1 axis1

Conclusions: 

Supplementation with Smartamine M or MetaSmart to cows during the 
peripartal period can affect hepatic expression of Met, glutathione 
metabolism, inflammation, oxidative stress, and DNA methylation-
related genes
Production of glutathione could be increased by Met supplementation
Sustained supply of Met within the liver could increase synthesis of 
antioxidants (e.g., glutathione and taurine) and also alter tissue-wide 
DNA methylation
As such, inflammation, oxidative stress and genome-wide transcription 
of genes could be altered  

1 Osorio et al. (2014b)

RP-Met and RP-Choline during 
the transition period 

Close-up Fresh

CON MET CHO MIX CON MET CHO MIX

Lys, %MP 6.63 6.60 6.65 6.62 6.21 6.20 6.22 6.20

Met, %MP 1.87 2.39 1.87 2.35 1.81 2.18 1.81 2.18

MP-Lys, g 81 81 80 80 143 142 142 142

MP-Met, g 23 29 23 28 42 50 41 50

Lys/Met 3.52/1 2.79/1 3.48/1 2.86/1 3.40/1 2.86/1 3.46/1 2.84/1

Zhou et al. (2016c)
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Frequency of occurrence of health problems 
of cows completing the experiment

Control Methionine Choline
Methionine 
plus choline

Cows 20 21 20 20

Ketosis1 8 3 5 4

Displaced abomasum 2 0 4 1

Retained placenta2 3 2 5 1

Endometritis 0 0 0 1

Mastitis 0 1 0 0

1 Defined as cows have moderate (~40 mg/dL) or large ketone concentration (< 80 mg/dL) in urine, 
as detected using a reagent strip and treated by veterinarians with oral propylene glycol or 
intravenous dextrose

2 Defined as fetal membranes retained >24 h

Zhou et al. (2016c)

Effects of RPM and choline on milk production and 
composition

Treatment group

Item No RPM RPM No RPC RPC

Milk, kg/d 42.5 41.5 0.56

ECM, kg/d 43.1 42.3 0.57

Protein, % 3.19 3.26 0.32

Protein, kg/d 1.35 1.33 0.70

Fat, % 3.75 3.74 0.92 3.74 3.77 0.84

Fat, kg/d 1.52 1.50 0.76

MUN, mg/dL 12.87 12.89 0.96 12.68 13.08 0.29

Zhou et al. (2016c)

Effects of RPM and choline on pre- and post-partum 
blood and liver biomarkers

Treatment group

Blood No RPM RPM No RPC RPC

Glucose, mmol/L 3.78 3.80 0.68 3.71 3.87 0.02

NEFA, mmol/L 0.61 0.62 0.87 0.64 0.60 0.53

BHBA, mmol/L 0.88 0.92 0.66 0.97 0.83 0.12

Insulin 0.53 0.57 0.53 0.47 0.63 0.01

Glucose:insulin 10.65 9.52 0.29 11.14 9.03 0.05

NEFA:insulin 1.70 1.78 0.79 1.88 1.60 0.39

Liver TAG, % of wet 
tissue

2.91 2.81 0.83 2.75 2.97 0.62

Zhou et al. (2016c)

Effects of RPM and choline on liver function 
biomarkers1

Treatment group

Parameter No RPM RPM No RPC RPC

Bilirubin, umol/L 4.38 4.22 0.82 4.44 4.16 0.69

AST, U/L 100.11 100.91 0.84 99.23 101.79 0.53

Cholesterol, mmol/L 3.31 3.62 0.11 3.41 3.53 0.55

GGT, U/L 21.58 24.03 0.79 23.41 25.20 0.38

Paraoxinase2, U/ml 84.54 93.09 0.07 88.45 89.18 0.87

Zhou et al. (2016a)

1 Met x choline interaction was not significant for any of the parameters
2 Synthesized in the liver, released into blood stream where it is associated with HDL and prevents it 
from oxidative damage. Cows with high concentrations (92 vs. 54 U/ml produced more milk (Bionaz
et al., 2007) 
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Effects of RPM and choline on inflammation and acute-
phase proteins (APP)1

Treatment group

Parameter No RPM RPM No RPC RPC

Albumin, G/L 35.53 36.55 0.04 36.21 35.83 0.50

Ceruloplasmin, 
umol/L

2.84 2.73 0.45 2.74 2.82 0.56

Haptogloblin, g/L 0.47 0.35 0.08 0.41 0.41 0.94

IL-1 pg/mL 7.12 4.98 0.14 6.25 5.86 0.79

IL-6, pg/mL 835 1,086 0.03 964 958 0.96

Zhou et al. (2016a)

1 Met x choline interaction was not significant for any of the parameters

Effects of RPM and choline on biomarkers of 
oxidative stress1

Treatment group

Parameter No RPM RPM No RPC RPC

ROM2, mg of H2O2
/100 mL

13.71 13.42 0.60 13.46 13.66 0.72

FRAP3, umol/L 135.84 135.54 0.95 135.02 136.36 0.80

Total glutathione, 
umol/g of protein

23.32 62.83 0.01 46.55 39.61 0.64

Reduced glutathione, 
umol/g of protein

22.81 62.10 0.01 45.87 39.04 0.65

Zhou et al. (2016a)

1 Met x choline interaction was not significant for any of the parameters
2 ROM (reactive oxygen metabolite)
3 FRAP (ferric-reducing ability of plasma)

Effects of RPM and choline on blood neutrophil and 
monocyte phagocytosis and oxidative burst

Treatment group

Parameter No RPM RPM No RPC RPC

Monocyte
phagocytosis

43.03 45.28 0.28 42.62 45.69 0.15

Neutrophil 
phagocytosis

54.69 61.05 0.01 57.60 58.14 0.81

Monocyte oxidative 
burst1

21.35 23.99 0.15 21.96 23.38 0.43

Neutrophil 
oxidative burst

49.28 57.27 0.03 52.20 54.34 0.54

Zhou et al. (2016a)

1 Values for control, RPM, RPC and RPM+RPC were 17.72b, 26.19a, 24.99a, 21.78ab (P<0.05) 

Effects of RPM and choline on choline metabolism1

Treatment group

Parameter No RPM RPM No RPC RPC

Choline metabolism

Plasma choline, 
mg/dL

38.04 37.38 0.69 37.25 38.16 0.58

Plasma PC2, mg/mL 111.56 115.96 0.41 112.79 114.73 0.72

Milk choline, mg/L 26.78 27.13 0.88 27.43 26.47 0.68

Zhou et al. (2016a)

1 Met x choline interaction was not significant for any of the parameters
2 PC (phosphatidylcholine)

Plasma methionine and taurine concentrations during 
the transition period 

Zhou et al. (2016b)

Methionine

Effect of RPM and RPC on transcription of key enzymes 

Zhou et al. (2016b)
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Effect of improved methionine 
nutrition on reproduction 

Effect of dietary methionine supplementation in early lactation cows 

1. Embryo quality
2. Gene expression

72 Holstein cows

Dry period - housed in a single pen and fed same basal diet

Calving to 70 days in milk - housed in tie stalls and milked twice daily

At calving, blocked by parity and calving date and randomly assigned to 2 dietary 
treatments differing in Met adequacy

6.8% Lys and 1.9% Met in MP
6.8% Lys and 2.4% Met in MP

Souza, Carvalho, Dresch, Vierira, Hackbart, Luchini, Bertics, Betzol, Wiltbank, Shaver  

Effect of improved methionine 
nutrition on reproduction 

Souza, Carvalho, Dresch, Vierira, Hackbart, Luchini, Bertics, Betzol, Wiltbank, Shaver  

Effect of improved methionine 
nutrition on reproduction 

Souza, Carvalho, Dresch, Vierira, Hackbart, Luchini, Bertics, Betzol, Wiltbank, Shaver  

76 genes up-regulated 
In Met-treated embryos

200 genes down-regulated 
In Met-treated embryos

Evaluate effect of top-dressing Smartamine M (21 g/d) on embryo 
development 

309 Holstein cows in free stall barn (138 primiparous, 171 multiparous)

Dry period - fed same basal diet

At calving, blocked by parity and randomly assigned to 2 dietary treatments differing in 
Met adequacy

6.9% Lys and 1.9% Met in MP (50 g DDGS)
6.9% Lys and 2.3% Met in MP (29 g DDGS + 21 g Smartamine M)

RPM

CON

Effect of improved methionine 
nutrition on reproduction 

Toledo et al. 

Effect of improved methionine 
nutrition on reproduction 

Souza, Carvalho, Dresch, Vierira, Hackbart, Luchini, Bertics, Betzol, Wiltbank, Shaver  

Smartamine M Control

Number of super-ovulated cows 35 37 -value

CL number 17.0 1.3 17.7 1.5 0.90

Total ova/embryos recovered 9.1 1.4 6.8 1.0 0.18

Number of fertilized ova 6.5 1.1 5.5 0.9 0.56

% Fertilized ova 74.7 5.6 82.2 3.8 0.27

Number of transferable embryos 5.0 0.9 4.3 0.1 0.57

% Transferable embryos 56.3 6.5 62.5 6.0 0.49

Number of degenerate embryos 1.5 0.4 1.3 0.4 0.75

% Degenerate embryos 18.5 4.6 19.7 4.7 0.83

Table 1.  Amniotic vesicle size 
n Volume (mm3) 

Primiparous
Control 31 610.6
RPM 36 596.0

value 0.71
Multiparous

Control 34 472.3
RPM 45 592.1

value 0.05

Effect of improved methionine 
nutrition on reproduction  

Toledo et al. 
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Table 2.  Embryo size 
n Crown-rump length 

(mm)
Abdominal diameter 

(mm)
Volume (mm3)

Primiparous
Control 35 10.4 5.6 169.6
RPM 38 10.9 5.7 191.9

value 0.10 0.54 0.21
Multiparous 

Control 36 10.5 5.3 160.5
RPM 44 11.0 5.9 209.3

value 0.27 0.03 0.01

Effect of improved methionine 
nutrition on reproduction  

Toledo et al. 

Effect of improved methionine 
nutrition on reproduction 

Table 3.  Pregnancy loss 

Primiparous Multiparous

Interval Control RPM Control RPM

28-61 d 12.8%

(5/39)

14.6%

(6/41)

0.37 19.6%

(10/51)

6.1%

(3/49)

0.03

Toledo et al. 

Effect of Methionine Supplementation from -21 DIM to 72 DIM 
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

Methionine has functions beyond being a building 
block for protein synthesis

Milk production 

Antioxidant

Liver function

Immune system

DNA and histone methylation 

Gene expression

ReproductionHealth 

Tissue protein synthesis

Summary and conclusions regarding 
improved Met nutrition on reproduction 

Methionine supplementation of the dam did not alter fertilization or embryo 
quality as determined by gross morphology, or early embryonic development 

Methionine supplementation of the dam during early embryo development 
changed gene expression in the embryo…most genes were down-regulated 

Still unknown how these changes in gene expression caused by supplemental 
Met will affect later pregnancy and calf physiology 

For multiparous cows, Met supplementation: 

Increased amniotic vesicle volume and embryo size
Reduced pregnancy loss

Summary and Conclusions

1. There is no doubt that supplemental Met, when a limiting AA, has profound 
effects on the production and nutritional health of transition cows, as well as 
subsequent reproduction

2. The benefits of AA balancing for transition cows are far-reaching and 
appear to extend beyond the benefits realized by cows during the current 
lactation

3. A further understanding of the benefits of AA balancing for transition cows 
await: 

Guidance from further advancements in nutritional modeling and determination 
of the “ideal balance” of absorbed AA for transition cows  
Availability of a greater assortment of RPAA supplements with established 
bioavailability values for research and field evaluation work 
Continued research on effects of improved AA nutrition on intermediary 
metabolism
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Feeding and Managing a Herd for 100 Pounds 
of Milk/Day - Thinking Outside the 

Normal Paradigm
Stephen M. Emanuele, Ph.D., PAS
Senior Scientist-Technical Advisor

Quality Liquid Feeds
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If you want your dairy herd to produce 100 pounds of 
milk per day, then you must  consider the following 
principles. 

1. 

4. 
of the milking herd.

6. 
pounds of milk.

milk.

The goals that are set for your herd will depend on 
the demographics of the herd. What percentage of 
the herd are mature cows is an important factor. The 
mature cows are the engine of the herd, pulling the 
rest of the herd with them. The mature cows are able 
to produce more than 100 pounds per day and they 

cows. To make the math easy to follow assume that 

group. Given these demographics, you can calculate 

this exercise was to illustrate that each herd has their 
own unique demographics.  If your herd contains 

herd are going to have to give more milk then in our 
example, if you want to reach 100 pounds.
 

repeat this exercise. You should start with a realis

Since you already know what percentage of your 

100 pounds of milk per cow, you need to focus on 

in fresh cows.

Field trials on commercial dairies has shown that 
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when cows received a low starch, high sugar and 

calving, cows were split by parity into two groups, 

These trials did not have a control group but there 

NutriTek when fed at 4 pounds as fed. This liquid 

were randomly assigned to either the control, QLF or 
QLFNT treatments. The treatments were delivered 

pod. Treatments, 4 pounds of liquid supplement as 
fed were dropped on top of the pellets being fed 
to the cows. Individual cows were milked by robots 

was targeted to be delivered by the pumps to feeding 

   

 

an indicator of rumen and cow health, increased 

QLF+NutriTek. What may have contributed to the 

treatments. 

Does it pay to feed QLF or QLF+NutriTek during the 
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day at $16 hundredweight milk price.  From the per

amount Dairy showed that QLF + NutriTek generated 
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feeding strategy presented in this paper increased 

ing higher peak milk, having fewer fresh cow issues 

strategy work is feeding less starch and more sugar 

program begins with high quality forage and the dairy 
should use technology that improves the quality and 

result in a healthier rumen environment with less 
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Feeding and Managing for 35,000 Pounds of
Production: Diet Sorting, Dry Cow Strategies

and Fiber Digestion

Stephen M. Emanuele, Ph.D., PAS
Senior Scientist Technical Advisor

Quality Liquid Feed, Inc.

Goals for Getting to 100 Pounds of Milk

35% First lactation animals in herd
65% pregnant by 120 days in milk
Average 150 – 155 DIM
Peak Milk Mature Cows = 130 pounds
Peak Milk 2nd Lactation Cows = 117 pounds
Peak Milk 1st Lactation Cows = 98 pounds

32 35 pounds DMI in pre fresh cows
Eliminate sorting of the pre fresh and lactating cow diets
Feed a low starch (12 – 14%), high sugar (7.5 – 8.5%), high soluble fiber (7 – 9%)
pre fresh diet.
Use technology that reduces fresh cow diseases.
Use technology that improves forage quality and increases feed intake.

Our Goal is to Ship 6.5 Pounds of Components per
cow/day

Must Eliminate Sorting of the TMR

Sorting Behavior of Dairy Cows: Commercial TMR
Survey

50 Freestall Dairies Minnesota
Univ. of MN Study
Sorting Measured in High Production Group (117 ± 51 cows) TMR Sampled 5 times
during feeding period

Feed
Delivery

RefusalsSample 2 Sample 3 Sample 4

# Cows >150

Feeding Frequency 70% feed 1x/ daily

Frequency of Feed Pushup 3 – 12 x daily

Linear Feed bunk space/ cow 18”

Daily Milk Yield/ cow 88 lbs.

JDS 93:822 829

JDS 93:822 829

Average percentage of material retained on each sieve of the Penn State Forage and TMR Particle Size 
Separator over time [top ( ;>19mm), second ( ;>8mm), third (  >1.18mm), and bottom (×;<1.18mm) 
pans] for 50 freestall herds in Minnesota. Samples represent the initial TMR collected at feed delivery; 
the second, third, and fourth samples collected every 2 to 3h after feed delivery; and the orts.

2nd Pan

Particle Distribution Change Over Time

3rd Pan

Top Pan

Bottom
Pan

A straight line
indicates that cows
did not sort. A line
curving up
indicates that cows
sorted against
those particles.
Cows sorted the
TMR and left the
long particles
(>19mm) and
consumed more of
the short and fine
particles (3rd pan
and bottom pan).

0

5

10

15

20

25

30

35

40

NDF % CP %

30.6

17.5

32.3

17

33.3

16.9

34.0

16.7

37.4

15.9

Change in NDF and CP Over Time (DMB)
Put down Sample 2 Sample 3 Sample 4 Orts

a b c c
d

a b b b c

NDF content of
the TMR
increased by 22%
and CP
decreased by 9%
due to sorting.

It is ration sorting
that is causing
lower than
desired milk fat
and milk protein.

JDS 93:822 829

Leads to SARA and
lower milk
component yields
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Leads to reduced
milk fat and milk
protein yields

Liquid Inclusion in the Diet: Effect on
Sorting
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P<.01

P<.12

Value = 100 indicates no sorting. Values > 100 indicate sorting against those particles in the TMR.
Inclusion of liquid in the TMR reduces the sorting of the top screen and cows consume more long
particles. Adding liquid prevented sorting for fine particles.

Effect of Type of Liquid on Sorting: Not All Liquids Eliminate
Sorting of the TMR
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P<0.007

P< 0.04

Whey did not
prevent the sorting
of the long
particles in the
TMR. Whey
encouraged the
consumption of
short particles at
the expense of the
long particles.
Adding water was
not as effective as
adding molasses to
reduce sorting

Optimizing Dry Matter Intake of Transition Cows:
Feeding to Enhance Fiber Digestion and Reduce Diet

Sorting

Case Studies:

1. Swisslane Dairy
2. Dort College Trial
3. Paramount Dairy

Pre fresh diet for swisslane dairy
Ingredient DM, lbs. As fed, lbs. Nutrients

Grass Hay 6.0 6.75 Crude Protein, % 13.0

Wheat Straw 2.2 2.70 Metabolizable Protein, grams 1300

Corn Silage 9.0 28.0 Starch, % 16.1

Wet Beet Pulp 5.0 19.2 Sugar, % 8.65

Pre fresh grain 2.7 3.0 Soluble Fiber, % 6.5

Ground corn 1.1 1.3 Potassium, % 1.38

Wheat midds. 2.0 2.3 Sodium, % 0.14

Soybean meal 2.5 2.8 Chloride, % 1.33

QLF dairy transition 6 2.4 4.0 Sulfur, % 0.54

Total 32.9 NEL, mcal/lb. 0.66

High cow diet SwissLane dairy Robot Barn, No QLF Supplement.

Ingredient DM, lbs. As fed, lbs. Nutrient
Corn Silage 18.0 56.3 Crude Protein, % 16.30

Alfalfa silage 12.0 23.0 Starch + Sugar + Sol. Fiber, % 41.6

Dairy Hay 1.25 1.4 Starch, % 27.84

Whey Permeate 1.0 5.5 Soluble Fiber, % 8.15

Wet Beet Pulp 2.0 7.7 Sugar, % 5.6

Propel CHO 4.5 5.0 ME Milk, Pounds 109.0

Robot Pellet 12.6 14.5 Forage, % 46.9

Soy hulls/ Wheat Midds. 4.4 5.25 peNDF, % 16.75

Soybean meal 1.0 1.11 peNDF, lbs. 11.2

RUP Protein + Mineral 5.8 6.2 Methionine, grams 70

Bergafat T 300 0.32 0.33 Lysine, grams 226

Total 66.6 Fat, % 3.84

HIGH COW DIET SWISSLANE DAIRY ROBOT BARN, WITH QLF SUPPLEMENT
DM, lbs. As fed, lbs. Nutrient

Corn Silage 18.0 56.3 Crude Protein, % 16.27

Alfalfa silage 12.0 23.0 Starch + Sugar + Soluble Fiber, % 42.4

Dairy Hay 1.25 1.4 Starch, % 26.0

Whey Permeate 1.0 5.5 Soluble Fiber, % 8.77

Wet Beet Pulp 2.0 7.7 Sugar, % 7.65

Propel CHO 4.5 5.0 ME Milk, Pounds 109.0

Robot Pellet 12.0 13.8 Forage, % 46.1

Soy hulls/ Wheat Midds. 4.75 5.25 peNDF, % 16.7

Soybean meal 1.0 1.11 peNDF, lbs. 11.1

RUP Protein + Mineral 5.75 6.1 Methionine, grams 70

QLF dairy transition 6 2.4 4.0 Lysine, grams 226

Total 64.5 Fat, % 3.24

QLF+NutriTek was fed from 7/6/16 to 1/31/17. The dry matter intake from 3/1/16 to
7/6/16 (without QLF+NutriTek) was used as comparison. SE = 5.2.

Pre Trial DMI = 28.7 lbs.
Post Trial DMI = 35.9 lbs.
Post vs Pre = +7.2 lbs.

10
15
20
25
30
35
40

Pre Trial After trial

Pre fresh mature cow dry matter intake
(lb./d)

Pre Trial
After trial

16
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QLF+NutriTek was fed from 7/6/16 to 1/31/17. The milk yields from 3/1/16 to 7/6/16 (without QLF+NutriTek)
were used as comparisons. Cows were between day 1 and 200 of lactation. SE = 8.0.

Post vs. Pre = +15.6 lb/d

50

60

70

80

90

100

Pre trial After trial

Conventional barn fresh cow milk yield (lb/d)

Pre trial
After trial

17

18

Average production data for all lactations based on entire RAW DATA
(DIM 1 – 200) from Robot Barn

Control QLF Difference

Milk yield, lbs./d 90.3 98.6 +8.3 lbs.

Milk Fat, % 3.57 3.64
Milk Protein, % 3.13 3.12
Milk Fat Yield, lbs./d 3.22 3.59 +0.37
Milk Protein Yield, lbs./d 2.83 3.08 +0.25

Energy corrected milk, lbs./d 90.7 99.8 +9.1

Pounds of components shipped per cow = (3.59 + 3.08) = 6.67 when QLF supplement
was fed. Pounds of components shipped for control cows = (3.22 + 2.83) = 6.05

No QLF QLF Dairy
Transition 6

Difference, Cost/Cow, $

Pre Fresh Diet, $/Pound of DM. 0.139 0.147 0.008
Pre fresh DMI, Lb./d 29 35.0 ($0.88 X 21) = $18.48
Lactating Diet, $/Day per lb. DM 0.1186 0.12
Estimated DMI/d. 56.4 59.8
Cost/Cow/day, $ 6.69 7.18 (0.49 X 200 DIM) = $98
Breakeven Milk Response @
$16/cwt.

3.6 lb./day

Observed Milk Response All
Lactations, 1 200 DIM

+ 9.1 lbs. ECM milk/day

Net Return, (9.1 – 3.6) = (5.5 X 0.16) + $0.88 per cow/day

Conventional Dairy Herd Trial Conducted by
Students at Dordt College in Iowa.

Nicholas Leyendekker, Imanuel Feodor, Ross Schreur
Senior Students, Dordt College

Introduction

Dry Matter Intake, (lbs./day) Pre-QLF and during the QLF 
feeding period 
Pre QLF
Feeding

QLF Feeding
Period

Difference

Pre Fresh Mature Cows and
1st Lactation Cows

24.88 26.56 + 1.7 lbs.

Fresh 1st Lactation Cows, DIM
1 30

34.06 38.58 + 4.5 lbs.

Fresh Mature Cows, DIM 1 30 43.43 46.01 + 2.6 lbs.

Pre QLF period from Jan 1, 2016 through Sept. 15, 2016.
QLF feeding period from Sept. 16, 2016 through Nov. 18, 2016, 62 days.

Results: Milk Production, lbs./cow

56.2

66.2 67.9

56

74.7
83.3

1ST LACTATION HEIFERS: 2ND LACTATION COWS: 3+ LACTATION COWS:

Milk Production August vs. November

# Milk August 30 # Milk November 1

2nd lactation
cows, + 8.5
pounds of milk.

3+ lactation
cows, + 15.4
pounds of milk

Economic Analysis of Dordt College Trial Accounting for Increased
DMI when QLF and NutriTek were Fed

Pre-Fresh Diet, $/cow/day 3.00 3.45

Cost for 21 days Pre-Fresh, $ 63.00 72.45 +9.45

Fresh Cow Diet, $/cow/day 5.21 5.69

Cost for 60 days of lactation, $ 312.60 341.40 +28.80

Difference in cost for 81 days, $/cow +38.25

Breakeven milk needed at $16/CWT 4.0

Actual Milk response, lbs. (8.5 + 15.4)/2 11.95 lbs.

ROI at $18/CWT Milk Price (11.95 – 4.0) X 0.16 $1.27/cow/d
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PARAMOUNT DAIRY, CARO, MI

Ration

Ingredient DM (lb./d)

Dry cow mix 5.26

QLF Nutritek 3.02 (5 lbs. as fed)

Straw 11.08

Canola 4.13

Corn Silage 9.52

Total 33.01

Ingredient DM (lb./d)

Fresh cow mix 17.5

QLF Nutritek 3.02 (5 lbs. as fed)

Straw 1.8

Haylage 8.0

Corn Silage 18

Total 48.32

Started on May 5 2016 Started on May 25 2016

Impact of low starch, high sugar and soluble fiber
diets on feed intake in close up cows.

30
31
32
33
34
35
36

Traditional
Diet

Low
Starch/High

Sugar

Dry Matter Intake Pre Fresh Cows, lb./day Traditional diet contained 16% starch
and 3.5% sugar and contained 9
pounds of chopped straw.

Low Starch/High sugar diet contained
14% starch, 7.5% sugar and 11 pounds
of straw

80

82

84

86

88

Pre trial After trial

Paramount Dairy Milk yield (lb./d)

QLF+NutriTek was fed from 5/25/16 to 8/31/16. The milk yields from 3/1/16 to 5/24/16 (without QLF+NutriTek)
were used as comparisons. Cows were between day 1 and 40 of lactation. SE = 0.73. P = 0.28.

Heat Stress present in
July and August 2016.

Milk increase was 1
pound but milk yield
should have been lower
due to heat stress.

Total rates of Paramount Dairy fresh cow diseases

QLF+NutriTek was fed during June to August 2016. The disease rates in June to August 2015 (without
QLF+NutriTek) were used as comparisons. Overall, QLF+NutriTek decreased total disease rates. DIM were
between 1 and 30.
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Average fresh cow
disease rate for
summer 2016 was
10.3%

Average fresh cow
disease rate for
summer 2015 was
24.1%

Metritis rates of Paramount Dairy fresh cows

QLF+NutriTek was fed during June to August 2016. The disease rates in June to August 2015 (without
QLF+NutriTek) were used as comparisons. DIM were between 1 and 30 of lactation.
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Metritis
Metritis rates in summer
pre QLF + NutriTek were
8.7%
Metritis rates in summer
with QLF + NutriTek were
1.3%

A reduction in Metritis rate
of 85% (8.7 1.3/8.7)

Per 1000 cows that is 74 less
cows with metritis. (87 – 13)

DA rates of Paramount Dairy fresh cows

QLF+NutriTek was fed during June to August 2016. The disease rates in June to August 2015 (without
QLF+NutriTek) were used as comparisons. DIM were between 1 and 30 of lactation.
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DA rates in summer pre QLF +
NutriTek were 3.6%

DA rates in summer with QLF
+ NutriTek were 2.1%

Per 1000 cows that is 15
fewer DA’S

A reduction in DA rate of 42%
(3.6 – 2.1/3.6)

15 fewer DA’s is a saving of
$5,100

Rumination of Cows Pre and Post QLF + Nutritek, Minutes/day

455

460

465

470

475

480

485

490

Pre QLF +
NutriTek

Post QLF +
Nutritek

Minutes/day

SE = 3.57

Difference was 19 minutes per day. This may
indicate that QLF+NutriTek stimulated the intake
of long particles in the diet, which require
increased rumination.

Increased rumination is associated with increased
saliva production, which may lead to better rumen
health.
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FIBER Digestibility and Sugar Feeding

Impact of Sugar on Diet Digestibility
Broderick and Radloff, J. Dairy Sci. (2004) 87:2997

60% Forage, Liquid Molasses Replaced High Moisture Corn

25
30
35
40
45
50
55
60
65
70

2.6 4.9 7.4 10

DM Digestion NDF Digestion ADF Digestion

Impact of Sucrose on Fiber Digestion
60% Forage Diet Sugar Source Sucrose peNDF > 21%

Impact of Sugar on Organic Matter Digestibility
n= 47

50
55
60
65
70
75
80
85

Control 3 5% Total Sugar 5 7% Total
Sugar

7 10% Total
Sugar

All Cows Cows <150 DIM Cows>150 DIM

Net Result of Increased NDF and OM Digestibility is an Increase in Dry Matter
Intake: Effect of Added Sugar on Dry Matter Intake, lbs./day.

Source: meta analysis of 97 diet comparisons from 25 published trials

40

42

44

46

48

50

52

54

56

58

Control 3 5% Sugar 5 7% Sugar 7 10% Sugar

All Cows

Cows>73 lbs

Cows < 73 lbs

Overall Response to Added Sugar, was 1.7 to 2.1 pounds of DM Intake

Supplemental Sugar Recommendations to Optimize Dry
Matter intake in Dairy Cows

Supplement Enough! Aim for 7% 7.5% Total Diet Sugar in lactating cow diets.
Aim for 7.5 – 8.5% total sugar in dry cow diets
Focus on Higher Producing Cows
Provide Enough Rumen Degradable Protein (10 11%)
Provide Adequate Rumen Effective Fiber, minimum 20% peNDF
Monitor Cow Response
– Measure DM Intake – DM intake should increase in dry cows and fresh cows.
– Watch MUN’s – MUN’s should decrease
– Watch Manure – should see less undigested fiber in manure
– Watch TMR Sorting – TMR sorting should decrease within 7 days.
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Work was part of Marie Iwaniuk’s M.S. Thesis
Marie is currently working on her PhD at Maryland
–Studying factors affecting feed efficiency in dairy cattle
–Spent last year as graduate intern at Purina Mills
–Marie is a pretty good statistician!

DCAD, It’s not just for Dry Cows

Ion
Intra-

cellular Blood
Rumen
Fluid

------ mEq/L ------

Na+ 12 145 84

K+ 139 4 27

Cl- 4 116 8

HCO3
- 12 29 6

Amino 
acids & 
proteins

138 9 (VFA’s)
105

Mg++ 0.8 1.5 4.21

Ca++ <0.0002 1.8 3.51

Osmoles 290 290 3151

1Bennick et al. (JDS, 1978)

DCAD related to the Strong Ions:
Sodium(Na), Potassium(K), & Chlorine (Cl)

Osmoregulators:

– ~100% absorbed from diet

– Excess excreted in the urine,
not feces

– Primary intracellular, extracellular, and
rumen ions

Acid base balance(urine)
– High Cl/S diets: Acid urine (pH < 7)

– High K/Na diets: Alkaline urine (pH > 7)

– Ruminants have alkaline urine (HCO3 )

Peter Stewart
(Strong Ion Theory)

DCAD, It’s not just for Dry Cows
Rich Erdman

Department of Animal & Avian Sciences
erdman@umd.edu

So what is DCAD?
(Dietary Cation Anion Difference)

With elements that are not monovalent, valence is accounted for
–Sulfur has a 2 valence, Atomic Wt =32, 1 Eq = 32/2 = 16

Mongin(1981)DCAD = mEq K + mEq Na + mEq Cl
DCAD = 271 + 100 + 67
DCAD = 304 mEq per kg DM

= 30.4 mEq per 100g DM

Element % of DM g/kg Atomic Wt, g Eq/kg mEq/kg

K 1.06 12.0 39.1 0.271 271

Na 0.23 2.3 23.0 0.100 100

Cl 0.24 2.5 35.5 0.067 67

DCAD, 3 things you must know:

1) Balancing strong ion intakes in excess of
requirements occurs by urinary excretion

2) SID (Strong Ion Difference) = Na+ + K+ Cl

3) Urinary Strong Ion Excretion (Eq. Basis),
The cations must equal the anions:

Na+ + K+ + H+ (NH4
+) = Cl + OH (HCO3 )

Mineral

2001 Dairy NRC
Lactating Cows

% of DM

2012 Swine NRC
Lactating Sows

% As Fed

Na 0.23 0.20
K 1.06 0.20
Cl 0.24 0.16
S 0.20 -
Ca 0.67 0.64
Mg 0.20 0.06
P 0.36 0.56
DCAD, 
mEq/kg 304 93

DCAD: The Difference between 
Ruminants and Monogastrics

Simple DCAD Equation:

DCAD (mEq/kg) = Na + K Cl

Cows:
– High K Diet
– High DCAD
– Alkaline urine: pH 7.5 8

Sows:
– Low K Diet
– Low DCAD
– Acid urine, pH = 6.5

DCAD, It’s Not Just For Dry Cows
Rich Erdman

University of Maryland
Department of Animal & Avian Sciences

erdman@umd.edu
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Ender, et al., (1962, 1971), Dishington (1975)
–Milk fever in dairy cows was reduced by:

–Reduced dietary cations (Potassium (K), Sodium (Na)
–Increased dietary anions (Chloride (Cl), Sulfur (S)

–Reduced blood pH increased blood calcium

Series of experiments with “anionic salts” for preventing
milk fever
–Elliot Block (McGill University), Jesse Goff and Ron Horst (USDA

ARS, Ames) and several others

DCAD and Milk Fever

(Goff and Horst 1997 J Dairy Sci. 80:176 186)

DCAD and Milk Fever

DCAD, mEq/kg Diet
Dry Matter

Diet K 0.5% Ca 1.5% Ca

1.1 98 50

2.1 222 202

3.1 408 461

Clearly high DCAD increased milk fever incidence!
High calcium diets may exacerbate problem
Milk fever can be prevented by feeding low DCAD, modest Ca diets
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There are lots of DCAD Equations… 
Which One to Use?

Every equation gives a different value

Ender (1971) (DCAD S)used for milk fever prevention (most commonly used)

Mongin (1981) used for monogastrics (simplest to use)

Dairy NRC adjusted for absorption of all dietary cations an anions (never used)

Goff et al. (2004) (S coefficient based on urine and blood pH effects)
–Probably the most correct, S absorption is about 50 to 60% in cattle

Equation Elements Included DCAD, 
mEq/kg DM

Ender (1971) Na + K - Cl - S 179

Mongin (1981) Na + K - Cl 304

2001 Dairy NRC
(Na + K + 0.15 Ca + 0.15 Mg) – (Cl + 0.6 S 
+ 0.5 P)

284

Goff et al. (2004) Na + K – Cl – 0.6S 228

Feeding low DCAD diets in
dry cows is GOOD!!

Feeding low DCAD diets in
milking cows is BAD!!

The Most Important DCAD Concept!

What about DCAD in Lactating cows? 

DCAD = 304
NRC (K,Na,Cl)

DCAD = 304
NRC 

(K,Na,Cl)

Meta Analysis of:
– 12 papers
– 17 experiments
– 54 treatment means

DCAD, mEq/100g DM = K + Na –Cl

Suggested Max FCM and DMI at 40
and 34 mEq/kg, respectively.

Many diets with added Cl
supplements to reduce DCAD

THAT IS BAD!

~50% of data from diets with less
than the implied NRC DCAD from
minimum Na, K , & Cl requirements
(304 mEq/100g DM)

(Hu and Murphy Meta-Analysis, 2004)

Hu and Murphy’s analysis:
–Very limited number of studies (12) and treatment means (54)
–That is what was available in 2004
Lot’s of published research on feeding buffers in dairy cattle
(1960’s to 1990’s)
–Feeding buffers increases DCAD
–NaHCO3, Na2CO3, KHCO3, K2CO3

Why not use data from the buffer studies to expand the dataset?
Problem: Many studies had incomplete diet mineral analysis for
DCAD
–Missing Cl
Solution: Use the 2001 NRC Software to “fill in” the missing
minerals

DCAD in Lactating cows? 
The Impetus for Marie’s Study



Reviewed 53 articles where “buffers” were fed
– Journal of Dairy Science and several others

Study Inclusion Criteria
–Complete Dietary Ingredient Composition
–Must contain treatment means:

– DMI
– Milk Production
– 3.5% FCM
– Fat (% or yield)

Also examined milk protein, rumen pH and VFA, DM, ADF and
NDF digestibility
We did not evaluate blood or urine acid base indicators

DCAD in Lactating Cows? 
Marie’s Study

DCAD in Lactating Cows?

We found good agreement between measured and NRC Predicted DCAD

43 articles (Published Years 1965 to 2011)
196 dietary treatment means
89 treatment comparisons ( DCAD)
DCAD S Range 68 to +811 mEq/kg DM
–Vast majority: 0 to 500 mEq/kg of diet DM

Equations based on Ender Equation:
DCAD, mEq/kg DM = K + Na + Cl S

–Also evaluated using Mongin Equation (K + Na Cl)
–Results were very similar
– (Sulfur content among studies varied little)

DCAD in Lactating Cows?
Final Data Set 

DCAD in Lactating Cows:
Evaluating the Responses

We used 2 different models:
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DCAD in Lactating Cows:
Evaluating the Responses

We used 2 different models
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Curvilinear Response

Slope KDCAD
(0.004)

Intercept (A)

Maximum
Response
(B)

Y = A + B (1 e 0.004 x DCAD )

Curvilinear DMI responses to DCAD
Maximum DMI Response

1.92 kg/d (4.2 lb/d)

Response: % of Maximum
–66%, DCAD = 290
–80%, DCAD = 425
Small responses to

>425 mEq/kg DM

DCAD in Lactating Cows? 
Dry Matter Intake Responses

DCAD mEq/kg

Y= 18.4 + 1.92(1-e-0.0033 DCAD) 
RMSE=0.53, R2 = 0.41

You could expect about a 3 lb/d increase in DMI
by increasing DCAD from 0 to 400 mEq/kg
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Curvilinear milk responses to
DCAD

Maximum milk response
1.11 kg/d (2.4 lb/d)

Response:% of Maximum
–66%, DCAD = 150
–80%, DCAD = 225

Small responses to

>225 mEq/kg DM

Conclusion: Not much milk
production response to DCAD

DCAD in Lactating cows? 
Milk Production Responses

DCAD, mEq/kg

Y=26.7 + 1.11(1 - e-0.0072 x DCAD) 
RMSE=0.73, R2=0.16

Linear response:
Milk fat %
Fat yield

Fat % (0.1%/100 mEq/kg DCAD)
– Fat = 3.3% @ 0 DCAD
– Fat = 3.8% @ 500 DCAD

Fat yield (g/d) (38 g/d per 100 mEq/kg
DCAD)
DCAD,mEq/kg Fat yield

0 893g (2.0 lb/d)

500 1085 (2.4 lb/d

Fat Yield:
Biggest production response to
DCAD!

Y=3.3+0.001 x DCAD
RMSE=0.133, R2=0.50

Y=893 + 35.8 x DCAD
RMSE=45, R2=0.52

DCAD in Lactating cows? 
Milk Fat Percent and Yield

Curvilinear FCM responses to DCAD

Maximum FCM Response
4.82 kg/d (10.6 lb/d)

Response: % of Maximum
–66%, DCAD = 450
–80%, DCAD = 675
– (Outside the measured inference

range)

DCAD, mEq/kg

Y=25.5 + 4.82(1-e-0.0024 x DCAD) 
RMSE=0.92, R2=0.48

FCM response reflects curvilinear increase in milk yield
and the linear increase in fat yield

DCAD in Lactating cows?
3.5% Fat Corrected Milk Response

No change in milk protein %
Protein yield increased with milk yield (Non significant)
FE (Feed Efficiency, FCM per DMI)
Increased 0.01 units per 100 mEq/kg DCAD
–FE = 1.39 @ 0 DCAD
–FE = 1.44 @ 500 DCAD

Change in FE similar to what would be expected with a 3 kg/d
increase in milk production

DCAD in Lactating cows? 
Other Responses

DCAD in Lactating cows? 
Summary Production Responses

Linear effect on fat % and yield (0.1% and 38 g/d) per 100 mEq/kg DCAD

Curvilinear DMI, Milk, and FCM Responses

DCAD, mEq/kg

Item Max Resp. kg/d 66% Max 80% Max Hu & Murphy (DCAD-S)

DMI 1.92 290 425 275

Milk 1.11 150 225 215

FCM 4.82 450 675 No Max

Rumen pH increased 0.003 units
per 100 mEq/kg DCAD
–pH = 6.31 @ 0 DCAD
–pH = 6.46 @ 500 DCAD

pH increase corresponds with milk
fat responses
–Consistent with pH effects on rumen

biohydrogenation of FA and milk fat
depression

Increased DCAD, More stable
rumen environment
Less fluctuation in feed intake
Reduced Laminitis

DCAD in Lactating cows? 
Rumen pH Responses
DCAD Responses-Rumen pH

DCAD, mEq/kg



Linear for DM digestibility (n =
52)
DM Dig increased 0.73 units
per 100 mEq/kg increase in
DCAD
–DMDig = 67.4 @ 0 DCAD
–DMDig = 71.1 @ 500 DCAD

4 units in DM Digestibility is
huge response
Big effects on DM intake

DCAD in Lactating cows? 
DM Digestibility Responses

Linear increase in NDF digestibility (n =
46)
– NDFDig increased 1.5 units per 100

mEq/kg increase in DCAD
– NDFDig = 45.4 @ 0 DCAD
– NDFDig = 53.1 @ 500 DCAD

2/3’s of DM Digestibility response was
due to change in NDF Dig

DCAD in Lactating cows? 
NDF Digestibility Responses

DCAD (mEq/kg)
Oba and Allen (1999) suggested that a 1 percentage unit increase in NDF Dig
resulted in 0.17 and 0.25 kg/d increases in DMI and FCM, respectively
75% of DMI and 55% of FCM responses to DCAD could be attributed to
increased NDF Digestibility

Practical Application of DCAD:
At what DCAD should I feed?

There is no NRC DCAD requirement!
–Suggested DCAD based on NRC requirement for Na, K, Cl, S

–DCAD(Na,K,Cl) = 304 mEq/kg (30.4 mEq/100 g)
–DCAD S(Na,K,Cl,S) = 179 mEq/kg (17.9 mEq/100 g)

That’s too low!

Practical minimum is 300(DCAD S)and 425(DCAD) mEq/kg

DCAD-S, mEq/kg
(Iwaniuk, 2015)

Item Max Resp.
kg/d 66% Max 80% Max Hu & Murphy (DCAD-S)

DMI 1.92 290 425 275

Milk 1.11 150 225 215

FCM 4.82 450 675 No Max

(Iwaniuk et al. (2014)JDS 98:1950)

Optimal DCAD depends on feed costs, value of increased
milk, and more importantly: Milk fat (Milk fat yield is the
main economic response)

Max FCM 
DCAD-S=363

Max Fat 
DCAD-S=384

Max FE 
DCAD-
S=301

Max Milk 
DCAD-S=290

PracticalApplication ofDCAD:
At what DCAD should I feed?

CationmEq/kg DM

Feed Ingredient K Na Cl S DCAD 
CP, 
%

NDF, 
%

Corn 107 9 -23 -63 31 9.4 9.5

DDGS 281 130 -28 -275 109 29.7 38.8

SBM 775 13 -155 -244 389 53.8 9.8

Canola Meal 361 30 -11 -456 -76 37.8 29.8

Corn Silage 307 4 -82 -88 142 8.8 45.0

Alfalfa Hlg 775 13 -155 -188 445 22.8 36.3

Grass Silage 795 22 -181 -131 505 18.0 49.9

Barley Silage 621 57 -203 -106 369 12.0 56.3

PracticalApplication ofDCAD:
Balancing for DCAD begins with ingredient selection

Comments:

High K feeds are high DCAD
feeds

Nontraditional protein
supplements (Canola, DDGS)
will lower DCAD compared
with SBM (High S)

High NDF feeds:
Alfalfa, grasses, small grain
silages
High DCAD feeds

IE adding forage not only
increases fiber, it also
increases DCAD

Feed Ingredient
DCAD, 
mEq/kg NDF %

Grass Silage 505 49.9

Ground Corn 31 9.5 

Difference +474 +40.4

PracticalApplicationofDCAD:
Increasing Fiber also increases DCAD
Example: Substituting Grass Silage for Corn

If Current Diet has: 25% Ground Corn, 5% grass silage
and Contains: 28% NDF, DCAD= 200mEq/kg (NDF too low)

If New Diet has: 20% Ground Corn, 10% grass silage
Then it Contains: 30% NDF, DCAD= 237mEq/kg

Remember, increasing fiber also increases DCAD!
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Mineral Supplement K% Na% Cl%
DCAD,
Eq/kg DCAD

Salt (NaCl) 0.0 39.3 60.7 0 Neutral

Potassium Chloride (KCl) 52.4 0.0 47.6 0 Neutral

Potassium Carbonate (K2CO3) 52.4 0.0 0.0 1340 Positive

Sodium Bicarbonate (NaHCO3) 0.0 27.7 0.0 1203 Positive

Sodium Sesquicarbonate (Na2CO3 NaHCO3 2H2O) 0.0 30.5 0.0 1325 Positive

PracticalApplication ofDCAD:
After ingredient selection, your choices to increase DCAD are with
either Na or K Supplements

Comments:
NaCl and KCl are DCAD neutral

Addition has no effect on DCAD
K2CO3, NaHCO3,Na2CO3·NaHCO3·2H2O have similar DCAD effects on a weight basis

Adding:
0.75% Potassium Carbonate, 0.83% Sodium Bicarbonate, or 0.75% Sodium
Sesquicarbonate to diet DM increases DCAD by 100 mEq/kg

PracticalApplication ofDCAD:
WillDCADPay?
Herd: 50 lb/d dry matter intake (DMI)

80 lb/day milk
3.6% fat
DCAD S=200 mEq/kg

The response from increasing DCAD to 300 mEq/kg

DCAD: mEq/kg 200 300 Diff.

Unit
Value
(Cost)

Added
Income
(Cost)

Income
Milk, lb/d 80.0 80.3 0.30 $ 0.17 $ 0.05
Milk Fat, lb/d 2.88 2.97 0.09 $ 2.30 $ 0.21

Yes, there is a return but barely… with today’s milk prices
Remember, increased fat test is the primary return

Costs
DMI, lb/day 50.0 50.6 0.60 $ 0.11 $ (0.07)
lb NaHCO3 (.8%) 0.00 0.40 0.40 $ 0.25 $ (0.10)

Net Return $ 0.09

DCAD Summary

Feed High DCAD to Milking Cows (low DCAD is BAD)
No NRC requirement for DCAD

Practical minimum: ~300 mEq/kg diet

Adjust DCAD by:
Ingredient selection (High K Feeds)
Adding Na and K bicarbonate, carbonate and
sesquicarbonate salts

Milk fat is the primary economic response
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Water for Dairy Production: Where Does it Go 
and Why Does Quality Matter?

P.J. Kononoff1 and K.J. Clark2
Department of Animal Science,
University of Nebraska-Lincoln,

Lincoln, NE
68583-0908

1 pkononoff2@unl.edu; Twitter: @rumen8er
2 kimclark@unl.edu; Twitter: @NEDairyExt
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Table 1. Summary of results of a study in which ambient temperature was increased and the
observed effects on water intake and excretions (Khelil Arfa et al., 2015)

Thermoneutral1 High temperature2

Dry matter intake, lbs/d 46.9 41.7
Milk Yield, lbs/d 68.1 63.7
% Fat 3.96 3.81
% Protein 3.00 2.79
Body weight, lbs 1408 1384
Free Water Intake, gal 20.4 22.6
Water in feed, gal 8.17 7.25
Total water intake, gal 28.6 29.8
Free Water Intake, lbs 170 188
Water in feed, lbs 68 60
Total water intake, lbs 238 249
Urine output, gal 4.7 5.4
Fecal output, gal 12.6 10.4
Milk Output, gal 7.1 6.7
Evaporated water, gal 5.1 9.1
Metabolic, gal 1.2 1.2
Retained, gal 0.2 0.4

Free Water Intake, % TWI3 71.3 75.8
Water in feed, % TWI3 28.6 24.3
Urine output, % TWI3 16.4 18.1
Fecal output, % TWI3 44.1 34.8
Milk Output, % TWI3 24.9 22.0
Evaporated water, % TWI3 17.7 30.5
Metabolic, % TWI3 4.2 3.9
Retained, % TWI3 0.79 1.34

Free Water Intake, % DMI4 3.6 4.0
Water in feed, % DMI4 1.5 1.3
Urine output, % DMI4 0.8 1.0
Fecal output, % DMI4 2.2 1.8
Milk Output, % DMI4 1.3 1.2
Evaporated water, % DMI4 0.9 1.6
Metabolic, % DMI4 0.2 0.2
Retained, % DMI4 0.0 0.1
1 ambient temperature, relative humidity and unadjusted temperature humidity index (THI)
was 60°F, 54.3%, and 59.4% respectively.
2ambient temperature, relative humidity and unadjusted THI was 83°F, 28.9%, and 73.2%,
respectively.
3 Total water intake, gallons/gallons
4pounds/pounds
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Table 2. Average, expected and possible problem concentrations of analytes in drinking water
for dairy cattle ( ) values are derived from analyses in which most of
the water samples were from farms with suspected animal health or production.

Measurement Average1 Expected2 Possible problems, or caution3

pH, cows 7.0 6.8 7.5 < 5.1 or > 9.0
Units are mg/L or ppm

Total dissolved solids, TDS 368 < 500 > 3, 000
Total alkalinity 141 0 400 > 5, 000
Carbon dioxide 46 0 50
Chloride4 20 0 250
Sulfate 36 0 250 > 2,000
Fluoride 0.23 0 1.2 > 2.4
Phosphate 1.4 0 1.0
Total hardness 208 0 180
Calcium 60 0 43 > 500
Magnesium 14 0 29 > 125
Sodium 22 0 3 > 20 veal calves; > 150 cows
Iron 0.8 0 0.3 > 0.3 (taste, veal)
Manganese 0.3 0 0.05 > 0.05 (taste)
Copper 0.1 0 0.06 > 0.6 1.0
Silica 8.7 0 10
Potassium 9.1 0 20
Arsenic 0.05 > 0.20
Cadmium 0 0.01 > 0.05
Chromium 0 0.05
Mercury 0 0.005 > 0.01
Lead 0 0.05 > 0.10
Nitrate as NO3

5 34 0 44 > 100
Nitrate as NO2 0.28 0 0.33 > 4.0 10
Hydrogen sulfide 0 2 > 0.1
Barium 0 1 >10
Zinc 0 5 > 25
Molybdenum 0 0.068
Total bacteria/100 ml 336,300 < 200 > 1 million
Total coliform100 ml 933 < 1 > 1 calves; > 15 50 cows
Fecal coliform/100 ml6 < 1 > 1 calves; > 10 cows
Fecal streptococcus/100 ml < 1 > 3 calves; > 30 cows
1 For most measurements, averages are from about 350 samples; most samples are taken from
water supplies in farms with suspected animal health or production problems.
2 Based primarily on criteria for water acceptable for human consumption.
3 Based primarily on research literature and field experiences.
4 Field observations suggest free or residual chlorine concentrations up to 0.5 to 1.0 ppm may
not affect ruminants adversely. Municipal water supplies with 0.2 to 0.5 ppm have been used



successfully. Swimming pool water with 1.0 ppm, or 3 to 5 ppm chlorine in farm systems with
short contact time have caused no apparent problems for cattle.
Figure 1. Measured flow of water (in gallons per day or as a % of total water intake (TWI))
estimated in cows consuming 47 pounds of dry matter and producing 68 pounds of milk that
contained 3.96 % fat and 3.00 protein (Khelil Arfa et al., 2014).

�
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Does TMR Sampling Have Value?
Bill Weiss

Department of Animal Sciences
The Ohio State University, Wooster OH 44691

Weiss.6@osu.edu
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Summary
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Why Sample a TMR ?
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-
termine whether the TMR is consistent across the 

-

you would not know whether diet delivery was 
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will allow you to determine whether day is the 
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valid conclusions regarding the nutrient composi-

to ensure compliance with environmental regula-
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Is sampling error a concern for TMR ?
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TMR Sampling Project
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and analyzed in duplicate using standard wet chem-
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plicate assays) yielded what we considered the actual 
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it would likely mean that the protocol resulted in loss 



56

-
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Minerals

-

slightly less inaccurate compared with the other two 

-

-

 

Conclusions

-
ing duplicate samples and averaging reduced the risk 
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sampling and sampling scheduling can prevent 
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Table 1. Sampling variation in TMR samples taken from 49 farms (one pen per farm) over a 12
month period (St Pierre and Weiss, 2015).

Nutrient Mean Sampling +analytical variation
SD 80% range1

DM, % 48.3 2.91 44.6 – 52.0
NDF, % 32.9 1.81 30.6 – 35.2
CP, % 17.1 0.89 16.0 – 18.2
P, % 0.41 0.030 0.37 – 0.45
Na, % 0.42 0.091 0.30 – 0.54
Cu, ppm 23 5.1 16.5 – 29.5

1 Assuming a normal distribution, 80% of the samples should fall within this range. 10% of the
samples would be higher than the highest value and 10% would be lower than the lowest value.

Table 2. Ingredient composition of three types of TMR (% of DM).

TMR 1 TMR 2 TMR 3
Corn silage 43 19 22
Alfalfa silage 8 32 0
Mixed silage 0 21 58
High quality grass hay 8 0 0
Low quality grass hay 0 9 0
Whole cottonseed 10 0 0
Concentrate1 31 19 20

1 A different concentrate mix was fed in each TMR but the primary ingredients were ground
corn, soybean meal and minerals. The concentrate was fed as a meal.
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Table 3. The true nutrient concentrations of 3 TMR (measured over a 6 day period) and
concentrations obtained from sampling the TMR using a simple or complex protocol. All values
are on a DM basis1.

True Concentration2 Simple Protocol3 Complex Protocol3

DM, % Mean Range Mean1 Range2 Mean1 Range2

TMR 1 55.5 55.4 – 57.5 55.1 53.9 – 56.5 54.6 48.6 – 56.9
TMR 2 52.1 50.8 – 54.2 51.3 49.8 – 53.5 51.7 50.0 – 53.1
TMR 3 49.7 48.5 – 50.7 48.7 46.7 – 50.9 49.5 48.1 – 51.2

NDF, %
TMR 1 32.4 31.2 – 34.2 31.5 28.4 – 35.0 32.2 29.7 – 35.3
TMR 2 41.8 41.2 – 43.0 43.7 41.1 – 48.6 42.4 39.2 – 46.4
TMR 3 45.8 44.8 – 47.4 46.1 42.5 – 50.3 43.2 39.7 – 47.2

CP, %
TMR 1 16.4 15.8 – 16.8 15.7 14.5 – 16.6 15.3 15.8 – 16.8
TMR 2 13.1 13.0 – 13.2 12.9 11.6 – 13.5 13.0 12.3 – 13.4
TMR 3 12.5 12.2 – 13.0 12.4 11.9 – 13.1 12.8 12.1 – 13.2

P, %
TMR 1 0.38 0.35 – 0.40 0.32 0.28 – 0.34 0.32 0.28 – 0.35
TMR 2 0.29 0.28 – 0.30 0.23 0.21 – 0.26 0.23 0.20 – 0.25
TMR 3 0.27 0.25 – 0.29 0.24 0.21 – 0.26 0.23 0.19 – 0.27

Na, %
TMR 1 0.12 0.10 – 0.13 0.14 0.11 – 0.18 0.14 0.12 – 0.17
TMR 2 0.07 0.06 – 0.08 0.06 0.06 – 0.08 0.06 0.06 – 0.08
TMR 3 0.12 0.09 – 0.14 0.13 0.11 – 0.15 0.13 0.11 – 0.15

Cu, ppm
TMR 1 14.6 13 – 17 11.6 8 16 12.6 7 – 16
TMR 2 19.2 18 – 20 14.5 9 19 13.8 8 – 17
TMR 3 15.8 13 – 19 14.7 9 19 15.6 10 – 21

1 TMR 1 contained silages, hay, whole cottonseed and concentrate; TMR 2 contained silages,
hay and concentrate; TMR 3 contained silages and concentrates.

2 True concentrations were determined using composition data of the TMR ingredients and
actual inclusion rates. The range represents concentrations over a 6 day period.

3 The simple protocol consisted of taking handfuls of TMR across the feed bunk. The complex
protocol consisted of putting trays in the feed bunk prior to feed delivery and sampling from
the trays. The mean was calculated across 6 days and duplicate samples each day (within
sampling protocol). Range represents the lowest and highest value for a sample.
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What are the Strong Ions?
Strong Ion Term coined by Peter Stewart in paper:

“Strong Ion Theory of Acid Base Balance”
( (1978)

Cations and Anions that are completely soluble in
biological fluids

Cations: Sodium (Na), Potassium (K) Magnesium (Mg
Anions: Chloride (Cl), Sulfate, Lactate, Volatile Fatty
acids, Beta hydroxy butyrate.

I will focus on the 3 principal mineral elements:

K, Na, and Cl

Peter Stewart

What are the Strong Ions?
Primary Functions:

Active Transport of Nutrients (glucose, amino acids)
Osmoregulation (Na K ATPase): Water balance across
tissues, digesta, kidney, cell membranes etc.

Highly available, Nearly 100% absorbed from diet
This is true in nearly all animal species

There are minimal reserves for the cow to draw on
Deficiencies manifest themselves quickly (1 2 days)
Common symptoms of K, Na, and Cl deficiencies include
decreased feed and water intake, dry manure

Excess Strong Ions are excreted in the urine,
Not feces

Don’t Forget the Strong Ions
Rich Erdman

Department of Animal & Avian Sciences
erdman@umd.edu

K+
39.1

Na+
23

Cl
35.5 Ion Intra-cellular Blood Rumen Fluid

------ mEq/L ------
Na+ 12 145 84
K+ 139 4 27
Cl- 4 116 8
HCO3

- 12 29 6

Amino acids 
& proteins 138 9 (VFA’s)

105

Mg++ 0.8 1.5 4.21

Ca++ <0.0002 1.8 3.51

Osmoles 290 290 3151

1Adapted from Bennick et al. (JDS, 1978)

The Strong Ion’s Role in Osmoregulation
(Normal Osmotic Pressure: 300 mOsm)

Understanding Strong Ions
Osmotic effects, Ionic Strength (milliosmoles/Liter, mOsm)

Measure of the number moles in solution

Electrical Charge, millequivalents/Liter (mEq) (Moles + Charge)
Corresponding valences for K, Na, Cl and SO4 are +1, +1, 1, and 2,
respectively

Role of Strong Ions is better understood when diet
concentrations are reported as:

Millequivalents (mEq) per kg or per 100 g Diet DM
Not as percentages in the diet
Very Important when disposed of in urine

Sodium (Na) 0.230 2.30 23.0 100 10.0

Potassium (K) 0.391 3.91 39.1 100 10.0

Chloride (Cl) 0.355 3.55 35.5 100 10.0

Dietary Strong Ions are not
Expensive to Supplement
The Relative Costs of Increasing Diet K, Na, and Cl by
100mEq/kg (98, 58, and 89 g/d, respectively)1,2

Added Cost, $ per Cow/Day

Mineral Supplement K Na Cl

Salt $0.02 $0.02

Potassium Chloride $0.10 $0.10

Potassium Sesquicarbonate $0.25

Sodium Bicarbonate $0.13

Sodium Sesquicarbonate $0.09
1Cow consuming 25 kg (55 lb) DM per day
2Dietary K, Na, and Cl increase by 0.39, 0.23, and 0.35%, respectively

Don’t Forget the Strong Ions
Rich Erdman

University of Maryland
Department of Animal & Avian Sciences

erdman@umd.edu
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------- % of DM  ------- ------- mEq/kg DM  -------

Forage K Na Cl K Na Cl
Corn Silage 1.20 0.01 0.29 307 4 82

Alfalfa Haylage 3.03 0.03 0.55 775 13 155

Grass Silage 2.81 0.05 0.64 795 22 181

Barley Silage 2.42 0.13 0.72 621 57 203

Rye Silage 3.34 0.05 0.90 854 22 253

Orchardgrass 3.58 0.04 0.67 916 17 188

Ruminants Evolution on Forages

Comments:
Nutritional environment: High K, Low Na, and Moderate CL
Ruminant are equipped to get rid of excess K
Their kidneys should function well with alkaline urine

Dairy Cows Like to Operate with
an Alkaline Urine (pH=7.5 to 8)

Peak DMI occurs when
urine pH is about 8
That point is reached
with DCAD of ~ 37.5
mEq/100 g
Dry Matter Intake (DMI)
falls off rapidly as urine
pH drops to 7 or below.
Low DCAD diets reduce
urine pH (dry cows)
Don’t feed lactating
cows for low urine pH!

Mongin DCAD (K + Na –Cl)
Adapted from Hu and Murphy, 2004, J. Dairy Sci. 87:2222

What Regulates Urine pH?

1) Strong Ion intakes in excess of requirements are
eliminated in the kidney (urine)

2) SID (Strong Ion Difference) = Na+ + K+ Cl
DCAD is a Proxy for Urinary SID

3) Urinary Strong Ion Excretion (Eq. Basis), The
cations must equal the anions:

Na+ + K+ + H+ + (NH4
+) = Cl + OH (HCO3 )

Cations Anions

What Regulates Urine pH?

When there are Excess Cations (K,Na) to Excrete

Na+ + K+ + H+ (NH4
+) = Cl + OH (HCO3 )

Urinary: Bicarbonate , pH

When there are Excess Anions (Cl) to Excrete

Na+ + K+ + H+ (NH4
+) = Cl + OH (HCO3 )

Urinary: NH4
+ , Bicarbonate , pH

Too much Cl in relation to K and Na  Acid Urine

Your job is to make sure that the cow has just enough Cl and more
than enough K and Na to have an Alkaline Urine

Excess Strong Ions Drive
Cows to Drink!!

(OK, Not that kind of drink)

The Beer Example:
An Excellent Source of Water??
(That must be eliminated)

+ = PUSH

Mechanism

PULL+ =

The same holds true with cows!
“With Strong Ions, Not Beer”



Strong Ion Intake Drives Urine
Output in Dairy Cows

9 g/day Excess Na
or

17 g/d Excess K

From Bannink et al., 1999, J. Dairy Sci 82:1008

Urine Volume, kg = 0.115 Na Intake, g/d +
0.058 K Intake, g/d

(R2 = 0.848, SE = 5.16)

1 Liter Extra Urine

Is this the:
Push Mechanism?
Pull Mechanism?

Bannink et al. 1999
Projected Urine Conc.

K = 881 mOsm
Na = 756 mOsm

There is a Limit to how
Concentrated Urine can be

From Alcántara Isidro et al. (2015) RRJVS 1:34

Mean =781 mOsm

Observed Range in Urine Concentration
(Milliosmoles/Liter)

Add First Glance, Added K Appears to
Improve N Use (lower MUN)

But, there was no change in protein % or yield.
Don’t be fooled: Milk MUN went down because urine
volume went up to get rid of excess K.
Same amount of Urea N excreted in a larger urine volume

Added Potassium, mEq/kg DM

Milk 0 125 250 375

MUN, mg/dL 15.5 14.0 13.6 12.0

1Iwaniuk et al., 2015 J. Dairy Sci. 98:1950

Protein % 2.95 2.99 2.95 2.92

Protein, g/d 1143 1174 1158 1124

Summary: Strong Ion Effects on
Water Intake, Urine Output and pH

Excess K and Na, Increases
Water Intake
Urine Output
Urine pH

If you want cows to drink more, increase Diet K and Na
More Water Intake, More Watering Space

Feeding excess Na & K increases urine output
Excess Cl:

Decreases urine pH (Cows like an alkaline, NOT AN ACID Urine)
Requires more Na and Cl

Dumping extra strong ions in the diet has
consequences! Pay attention, especially to Cl
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Cow Manure is
85% Water
(Something has to hold that water)

Just like other body fluids:
Fecal water is related osmotic
pressure
Strong ion (K, Na, and Cl) contents

Implied Strong Ion Osmotic Effect
170 mOsm (more than 50% of total
(300)
Other Fecal Minerals (Ca, P, Mg),
VFA contribute

This suggests a metabolic
fecal strong ion
requirement to maintain
a constant fecal water

y = 5.87x + 15.82
R² = 0.76

122 Cow Obs.
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Study Adjusted Fecal Water vs Strong
Ion Excretion Rate

Cow Manure is
85% Water

Preliminary Lucas Plot (Regression) Analysis
Apparently Absorbed Ion = Dietary Ion (both as g/kg Diet DM)

Strong Ion

Intercept
(Met. Fecal)

g/kg DM
Slope

(Abs. Coeff.)
RMSE

g/kg DM <

K 2.48 1.02 0.27 0.001

Na 1.45 0.98 0.53 0.001

Cl 1.11 0.92 0.52 0.001

Implied Absorption Coefficients Very High
~100 % for K and Na, 92% for Cl

Most Fecal K, Na, and Cl is Metabolic
2.48, 1.45, and 1.11 g/kg Diet DM, respectively

Consistent with maintaining constant fecal H2O
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What Do Cows Need?
Milk production

Potassium concentrations seem fine.
More recent data suggests Na = 0.40 and Cl = 1.0
Why is milk Cl and especially Na so much lower now?

Strong Ion 2001 NRC
Castillo et
al., 20131

Difference,
g/kg % Change

K, g/kg milk 1.50 1.54 +0.04 +2.6

Na, g/kg milk 0.65 0.41 0.24 37.1

Cl, g/kg milk 1.15 1.03 0.12 10.4
1Castillo et al., 2013. J. Dairy Sci. 96 :3388; 39 herds averaging 787 cows per herd

Why are milk Na and Cl so much
lower today?

2001 NRC values based on 1965 British estimates
Mastitis increases milk Na and Cl
How much has milk SCC has declined in the last 50 years?

Strong
Ion

2001
NRC

Normal
Milk1

Milk with
High
SCC1

% of
Normal

K, g/kg 1.50 1.73 1.54 91

Na, g/kg 0.65 0.57 1.05 184

Cl, g/kg 1.15 0.91 1.47 161
1From Review by Harmon, 1994, J. Dairy Sci 77:2103

What Do Cows Need?
2001 NRC Maintenance Req.

Strong Ion

Endogenous
Fecal &

Urinary, g/kg
BW

Metabolic
Fecal (g/kg
Diet DM)

Severe Heat
Stress

g/100 kg BW

K 0.038 6.1 (2.6) 0.40

Na 0.038 0.50

Cl 0.0225

Comments:
Endogenous Urinary Excretion Impossible to Measure

Dependent on the relative excess of other strong ions

Metabolic fecal usually expressed per unit diet DM
Heat stress values not large or well defined

What Do Cows Need? 2001 NRC
Maintenance + Milk Requirements (g/d)1,2

How many people feed diets with those concentrations
of K, Na, and Cl?

11540 lb (700 kg) Cow consuming 55 lb (25 kg) DMI
2Assumes true absorption coefficient of 90% for each strong ion

Ion

End.
Fecal

Urinary
Met.
Fecal

Heat
Stress

Total
Maint Milk Total

% Diet
DM

DCAD,
mEq/

kg

K 29 153 3 185 83 268 1.07 273

Na 29 4 32 64 0.26 113

Cl 16 58 72 0.29 81

Diet DCAD = 304

Ion g/d Eq/d
Eq Ratio,
K:Na:Cl

K 63 1.6 1.7
Na 36 1.6 1.6
Cl 34 1.0 1.0

Feces

K 75 1.7 1.2
Na 20 0.9 0.6
Cl 50 1.4 1.0

K 162 4.1 36.7
Na 19 0.8 7.3
Cl 4 0.1 1.0

Ratios of Strong Ions in feed:
Not the ratio ends up in urine

K 300 7.7 3.1
Na 75 3.2 1.3
Cl 88 2.5 1.0

Milk

Urine

Minus

Minus

Equals

1540 lb Cow, 55 lb DMI,
110 lb milk,
Diet K, Na, Cl:
1.2, 0.3, and 0.35%
DCAD = 340 mEq

Ion g/d Eq/d
Eq Ratio,
K:Na:Cl

Feces

K 162 4.1 2.4
Na 19 0.8 0.4
Cl 67 1.9 1.0

If we increased diet CL to 0.6%

Milk

Urine

1540 lb Cow, 55 lb DMI,
110 lb milk,
Diet K, Na, Cl:
1.2, 0.3, and 0.35%
DCAD = 340 mEq

0.35% Dietary Cl
Urinary Bicarbonate:
= K + Na – Cl
= 4.1 + 0.8 – 0.1
= 4.8 equivalents (288 g HCO3 )

0.60% Dietary Cl (+63 g, +1.8 Eq)
Urinary Bicarbonate:
= 4.1 + 0.8 – 1.9
= 3.0 equivalents (188 g HCO3 )
Small change in Cl, Big impact
on urinary HCO3 and pH



Always Remember: Cows Like an
Alkaline Urine

Urinary cations (K, Na)
need to exceed anions
(Cl)

Summary:
Don’t Forget the Strong Ions
Feed for an alkaline urine (pH ~ 7.5 to 8)

Remember High DCAD is only a proxy for Urinary SID
Cows need much more urinary K/Na than Cl
Adding more NaCl or KCl to diet won’t help you!

Watch Cl, Do Feed Analysis!
Feed enough to meet milk and maintenance needs
Not too much in excess, leads to lower urine pH
Small grain and grass silages, can be fairly high in Cl
If too Cl is too high

Add Na or K Carbonate/Sesquicarbonate instead of NaCl or KCl

Summary:
Don’t Forget the Strong Ions
Water Intake

9 grams extra Na, 17 grams extra K increase H2O by 1L.
If want to increase H2O intake:
Add dietary K, Na
Make sure that you have good quality water, adequate
watering space

Finally, Pay Attention:
“Dumping extra strong ions in the diet has
consequences. The cow can handle extra K and Na, but
not Cl.”
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By Products Defined

“… secondary products produced in addition
to the principle product (AAFCO, 2016).”
originate from a wide range of industries
including the food, fiber, beverage, and
bioenergy industries.

Cows Can Eat Everything from Soup to Nuts 
But Can We Feed Byproducts with 

P.J. Kononoff, Department of Animal Science
University of Nebraska
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Key byproducts
Rumen Disappearance of CP ,

(Feed: Lys and Met, % RUP)

Animal Byproducts

D.L. Meeker, Editor
http://www.nationalrenderers.org/publications/essential rendering/

By products as a % of market live
weight

Carcass,
77.5

Blood,

Fatty
tissue,

3

Hide/Sk
in, 6

Organs,
7 Head,

5.9

Visera,
10

Feet, 2

Tail, 0.1 Brain,
0.1

Pigs

Carcass, 63

Blood, 18Fatty
tissue, 4

Hide/Skin,
6

Organs, 16

Head, 0 Visera, 16

Feet, 2

Tail, 0.1
Brain, 0.1

Cattle

Animal Byproducts

Slaughter numbers
Species Number, million hd

Cattle 30.6

Swine 118

Chickens 8909

Turkeys 243

Byproduct production
Product 000 tons

Tallow 1, 954

White grease 564

Yellow grease 833

Meat and bone
meal

2, 464

Poultry meal 1, 256

Feather meal 479

Bloodmeal: Summary
Description Notes

Nutritional aspects

Key Nutrients

(In)Digestibility

Challenges

Anti nutritional

Toxins

Contaminants

Logistical Aspects

Other Notes

Canola Meal, 41 % CP, 29 % NDF, 3.5% EE

Canola meal is the meal remaining after the
extraction of oil from seeds by either
mechanical or solvent extraction methods (AAFCO,
2016).
Canola is a trademarked name for rapeseed which
contains < 2 % erucic acid in the oil and < 30 μmoles
of alkenyl glucosinolates per gram of oil free DM
Glucosinolates: bitter, impair palatability, interfere
with the synthesis of thyroid hormones by impairing
the uptake of iodine (Woyengo et al., 2016).



Canola Meal
CM 2/3 CM 1/3 CM DDGS

Corn Silage 27.5 27.5 27.5 27.5

Alfalfa Hay 27.5 27.5 27.5 27.5

Ground Corn 34.9 33.9 33.0 31.8

Canola Meal 6.63 4.6 2.3 0

DDGS 0 3.24 6.63 10.4

RP Fat 1.6 1.4 1.2 1.0

Min/Vit 1.25 1.25 1.25 1.25

CP 15.1 15.0 15.1 15.1

NEL, Mcal/pd 0.72 0.72 0.71 0.71

Milk Production Plasma AA
(uMol/dL)

CM 2/3 1/3 DDGS

DMI, lbs 56.0 56.4 57.6 55.8

Milk, lbs 78.2 79.5 76.7 76.2

ECM, pds/d 81.6 85.3 81.3 79.3

Protein, % 3.05 3.06 3.06 3.01

Fat, % 3.81 4.05 3.97 3.87

Key Amino Acids
(Schwab et al., 2005)

Item His, % CP Lys, % CP Met, % CP

Milk 2.7 7.6 2.7

Bacteria 2.0 7.9 2.6

Alfalfa Silage 1.7 4.4 1.4

Corn Silage 1.8 2.5 1.5

Grass Silage 1.7 3.3 1.2

Barley 2.3 3.6 1.7

Oats 2.4 4.2 2.9

Wheat 2.4 2.8 1.6

Corn 3.1 2.8 2.1

DDGS 2.5 2.2 1.8

Brewers Grains 2.0 4.1 1.7

Canola Meal 2.8 5.6 1.9

SBM 2.8 6.3 1.4

Canola Meal: Summary
Description Notes

Nutritional aspects

Key Nutrients

(In)Digestibility

Challenges

Anti nutritional

Toxins

Contaminants

Logistical Aspects

Other Notes

Corn Ethanol
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60
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Production of DDGS (Million Tons)

DDGS Fuel Ethanol
Limiting AA in diets with DDGS?

Control 10 % DDGS 20 % DDGS 30% DDGS

Corn Silage 38 38.0 38.0 38.0

Alfalfa Hay 12.0 12.0 12.0 12.0

Ground Corn 17.6 17.3 16.8 16.3

RFDG, 3.5% EE 0.0 10.0 20.0 30.0

SBM, 44% CP 8.1 5.3 2.7 0.0

By pass Soy 9.3 6.2 3.1 0.0

Soyhulls 12.0 8.0 4.0 0.0

Rumen Inert Fat 0.44 0.62 0.84 0.98

Vit/Min 2.52 2.59 2.65 2.73
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Limiting AA in diets with DDGS?
Control 10 % DDGS 20 % DDGS 30% DDGS

Corn Silage 38 38.0 38.0 38.0

Alfalfa Hay 12.0 12.0 12.0 12.0

Ground Corn 17.6 17.3 16.8 16.3

RFDG, 3.5% EE 0.0 10.0 20.0 30.0

SBM, 44% CP 8.1 5.3 2.7 0.0

By pass Soy 9.3 6.2 3.1 0.0

Soyhulls 12.0 8.0 4.0 0.0

Rumen inert Fat 0.44 0.62 0.84 0.98

Vit/Min 2.52 2.59 2.65 2.73

Chemical
Composition

CP, % DM 17.7 17.7 17.6 17.6

NDF, % DM 40.7 42.0 41.3 41.9

LYS, % MP 6.38 6.04 5.65 5.33

MET, % MP 1.72 1.73 1.73 1.75

LYS:MET, % MP 3.7 3.5 3.3 3.0

Milk Production Plasma AA 
(uMol/L)

0 % 10% 20% 30%

DMI, lbs/d 50.4 51.1 52.7 49.3

Milk 76.7 77.3 78.9 78.2

ECM, lbs/d1 72.4 77.3 78.8 78.2

Protein, %2 2.99 3.06 3.13 2.99

Fat, %1 3.18 3.40 3.46 3.72

Protein Yield,
lbs/d

2.29 2.38 2.44 2.36

Fat Yield, lbs/d 2.4 2.6 2.7 2.9
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DDGS: Summary
Description Notes

Nutritional aspects

Key Nutrients

(In)Digestibility

Challenges

Anti nutritional

Toxins

Contaminants

Logistical Aspects

Other Notes

Modified DGS
DM = 45.6
NDF = 30.8
CP = 30.2
Fat = 13.5

WCGF
DM = 55.9
NDF = 36.9
CP = 23.1
Fat = 5.1

Control MWDGS WCGF 30% Blend

Modified DGS 15.0 15.0

WCGF 15.0 15.0

Corn silage 28.0 25.5 23.0 24.0

Alfalfa haylage 9.8 9.0 8.0 3.5

Alfalfa hay 9.8 9.8 8.0 3.5

Brome hay 3.5 3.0 3.0 6.0

Ground corn 17.5 13.5 14.5 9.5

SBM 6.0 3.5 5.5 3.2

Soy Pass 6.0 4.0 4.5 3.5

Cottonseed 6.0 5.5 5.5 4.0

Soybean hulls 10.0 10.2 10.0 10.0

Tallow 1.0 1.0

Urea 0.24

Vitamins and minerals 2.1 2.0 2.1 2.8

Control MWDGS WCGF 30%
Blend

CP 18.5 18.7 18.6 18.6

NDF 35.0 36.6 35.0 37.0

Starch 23.7 20.4 21.6 18.8

EE 4.0 5.8 4.0 5.6



Impact of DGS and CGG
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Control 15% DGS15% CGF 30% Mix

Milk, kg/d 2.99 3.04 3.02 3.04
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Control 15%
DGS

15%
CGF

30%
Mix

% Protein, %

Corn Gluten Feed: Summary
Description Notes

Nutritional aspects

Key Nutrients

(In)Digestibility

Challenges

Anti nutritional

Toxins

Contaminants

Logistical Aspects

Other Notes

UNL Study on RUP supplies

CP AA

– BM1
– BM2
– BM3

(CM)
(LFDG)

(48% CP) (SBM
(ESBM).

Experimental Approach

samples of each feed were collected during
the summer of 2012.

for chemical composition (including

determined using
– the bag (In procedure

correction with purines and

– In vitro (Cleale et al., 1987 and et al.,

determined mobile bag and invitro

Rumen and Intestinal Digestibility 

BM1 BM2 BM3

CM1 LFDG SBM

ESBM

RDP

RUP

1.5 g sample
50 μm pore size

All samples 
represented

16 h rumen incubation
in situ 

3 h incubation 39 C 
with pepsin-HCL

Insert bags through 
duodenal cannula Retrieve bags from 

manure 
Washing cycle 

mobile bag 
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rumen-undegradable protein 
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Incorporating Diet and Pen Variation into 
Ration Formulation

Bill Weiss
Department of Animal Sciences

The Ohio State University, Wooster OH 44691
Weiss.6@osu.edu
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Table 1. Variation (SD) in DM, CP, and NDF for ingredients and TMR (each sampled 6 different
days over a 2 week period)1

Standard Deviation, % of DM
Feed DM NDF CP
Corn silage 1.53 1.31 0.30
Alfalfa silage 2.10 0.57 0.18
Mixed silage 1.27 0.85 0.28
Grass hay 0.85 1.09 0.69
Mixed hay 0.81 2.24 0.33
Concentrate H 0.89 0.53 0.45
Concentrate D 0.32 1.33 1.25
Concentrate C 0.56 1.27 0.86
Whole cottonseed 0.49 4.21 2.20

SD from ingredients2

TMR H 1.27 0.92 0.32
TMR D 1.51 1.17 0.59
TMR C 1.24 1.77 0.89

SD from daily samples3

TMR H 1.31 0.67 0.061
TMR D 0.91 0.87 0.31
TMR C 1.08 1.06 0.36

1 TMR H was comprised of corn silage, mixed silage, and concentrate H. TMR D was comprised
for corn silage, alfalfa silage, mixed hay, and concentrate D, and TMR C was comprised of corn
silage, alfalfa silage, grass hay, whole cottonseed and concentrate C.

2 SD were calculated as weighted average of SD for each ingredient (i.e., incorrect method)

3 SD were calculated based on daily composition of the TMR. This is the correct method for
calculating SD for TMR, however the values shown are just example values, they may not be
correct for other situations.
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Are All Clays Created Equal? Clay Utilization 
in Diets forDairy Cows

Phil Cardoso
University of Illinois
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  Clay Structure showing the ideal structure of a smectite clay in a 2:1 layer. 
Exchangeable ions represent the various ions that can interact with in the environment. 
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Every Building Block is Equally Important
Amino acids sequence determines the biological function

Non-essential (NEAA) Essential (EAA)
Alanine Arganine
Asparagine Histidine
Aspartate Isoleucine
Cysteine Leucine 
Glutamine Lysine
Glutamate Methionine
Glycine Phenylalanine
Serine Threonine
Tyrosine Tryptophan
Proline Valine

Essentiality: if body can synthesize enough or dietary supply is essential?  

Milk Protein is Composed of both EAA and NEAA
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Average AA Composition of Cow Milk Protein 

80%

20%

Total Milk Protein

Casein
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protein

40%
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11%

20%
-Casein

-Casein

-casein

Amino acids; Roles Beyond Being the 
Precursors for Protein Synthesis

Ranga Appuhamy, PhD
Department of Animal Science

Iowa state University, Ames IA 50011

Feeding cows to Meet the AA Requirement of Milk Protein  
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Milk protein Microbial protein

feed

RUP

Microbial Prt.

RDP

Milk

Quite hard to determine AA supply
A portion of dietary protein is remodeled to 
microbial protein before reaching the intestine 

Splanchnic tissue (portal drain viscera and liver) 
catabolism of amino acids play an important role in 
determining AA supply to other tissues 

AA supply continues to be remodeled even after absorption

1st 1st

2nd
2nd

AA

Urea

Differential Tissue Affinities to AA

Clearance of Met by both liver and the 
mammary glands is quite high
Greater clearance of His and Thr by 
both gut and liver
Relatively low clearance of BCAA (Ile, 
Leu, & Val) by liver and viscera (gut)

Amino acids;   Roles Beyond Being the 
Precursors for Protein Synthesis

Ranga Appuhamy, PhD
Department of Animal Science

Iowa state University, Ames IA 50011
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BCAA is an indicator for AA availability to extra-
splanchnic tissues

Yang et al., 2006; Wang et al., 2006; Kimball et al. 2006

Early work on BCAA-induced cellular signals 
stimulating protein synthesis in muscle 

Similar signaling effects in bovine 
mammary cells?

Appuhamy et al. 
(2011, 2012, 2014)

Fractional rate of casein synthesis (FSR) responds positively 
to BCAA signals mediated by mTOR

FSR = 0.05 + 1.13 mTOR-P
R2 = 0.41

Casein synthesis rates were positively 
associated with mTOR signals in mammary 
tissues harvested from lactating Holstein 
cows (Appuhamy et al., 2012)

Both casein synthesis rates and mTOR signals significantly 
decreased, when extracellular Leu, Ile, Met, and Thr
decreased in mammary tissues harvested from lactating 
Holstein cows (Appuhamy et al., 2012)

No Apparent Effects of BCAA on Milk Protein 

Reduced MUN and the unchanged plasma BCAA concentrations indicate possible 
improvements in non-mammary protein synthesis

BCAA did not improve milk protein above the improvements caused by Met and Lys

AA also regulate blood flow and tissue uptake of AA 

Blood flow to the mammary glands (MG) is a 
key determinant of AA available for the MG

Surplus AA Supply Reduces Blood Flow to MG 

0

50

100

150

200

250

300

350

400

Control Casein

Bl
oo

d 
Fl

ow
 (L

/h
)

Dairy Cows 
(Lemosquet et., 2009)

Infusion of AA increased blood 
flow to hind gut more than the 
blood flow to the udder

(Bequette et al. 2001)
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Hyperinsulinemic Euglycemic clamp

Mammary Blood Flow is Adjusted to Match with 
the Individual AA Requirements
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Mammary uptake of AA

Arterial influx Transport 
activity

AA Transporters & Fractional Rate AA Uptake

Total amount of AA (mol) 
in the extracellular space Fraction of available AA 

taken up by the cells

kAA
Rate of AA transporter expression 
and relocation to cell membrane 
significantly influence the fractional 
rate of AA uptake 

Protein Synthesis

Coordination of mammary AA removal with cellular demand helps prevent 
wasteful energy (ATP) associated with AA transport and mRNA translation 



Mammary Uptake of AA (e.g., Met) 
complements the Protein Synthesis Rates  

Guinard & Rulquin (1995)

Leucine regulates AA transport gene 
expression via the mTOR pathway 
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AA as antioxidants

Methionine 

CTL RP-Met P-value

Total antioxidant capacity, U/mL 1.65 1.77 0.007

Glutathione peroxidase, U/mL 102 108 0.012

Fat corrected milk, kg/d 22.7 23.3 0.040

Milk protein, % 3.05 3.23 0.022

Table. Effects of rumen protected methionine in postpartum 
transition cows

Sun et al., 2016

Glutamine, the most talked-about AA

All the amino acids are capable of generating 
ATP, even though they are not the most 

preferred energy substrates

Intestine prefers amino acids particularly 
glutamine (Gln) as a major energy source
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Propionate

Glucose

All available data suggest that 
glutamine is not the predominant fuel 
for the intestine in ruminants.

Functions of Glutamine (Gln)

Protein synthesis 
- Milk protein: ~20% is Gln+Glu
- Muscle protein: 90% of total body Gln
- Production of Cytokines 

Synthesis of glutamate, a neurotransmitter
Nitrogen donor in purine synthesis

- cell proliferation (e.g., lymphocytes)
NH3 shuttle (non-toxic) in the blood circulation
Cellular signal enhancing protein expression

- e.g., tight junction protein (Wang et al., 2014)
Cellular signal enhancing insulin secretion from -cells                      

(Greenfield et al. 2009; Li et al., 2004)

Could Glutamine be Dietary Essential for Dairy Cows?

Arterial concentration of Gln can go down to as low as 
185 mol/L
So, Gln uptake can go up to almost 100%  of the 
arterial supply indicating a substantial demand by the 
mammary gland
A massive amount of Glu is produced from Gln in the 
mammary gland because uptake ratio of Gln: Glu was 
2:1 but the ratio in milk was 1:2 (Seymour et al., 1990) 

Could Glutamine be Conditionally Essential for Dairy Cows?
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Free Glutamine in Milk

Colostrum 1st Month 2nd Month 

Glutamine ( mol/L) 24 187 560

Total AA ( mol/L) 2204 2510 3175

Total EAA ( mol/L) 508 272 296

Protein (g/mL) 1.93 1.32 1.13
Agostoni et al., 2012
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Summary
Many other roles of AA than being the building blocks of proteins

- signaling for protein synthesis and AA transport
- immune functions

1. Limiting AA theory appears to be over-simplified
2. Other amino acids can be essential and limiting under special 

situations like illness and heat-stress
3. New benefits related to animal wellbeing & specialty food 

production

THANK YOU

Questions?



Feeding Strategies and Economic Returns in 
Robotic Milking Systems

Victor E. Cabrera1 and Alex Bach2,3 

1Department of Dairy Science, University of Wisconsin, Madison 53706, vcabrera@wisc.edu
2ICREA, Institució Catalana de Recerca i Estudis Avançats, Barcelona (Spain)

3Department of Ruminant Production, IRTA (Institut de Recerca i Tecnologia Agroalimentàries). Torre Marimon, 
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Rationale

Cows in conventional 
milking parlors:

Cows in automatic 
milking systems (AMS):

AMS 

Challenges: milking 
frequency not only 
dependent on 
concentrates at the 
AMS, but

Opportunities

Overcome challenges and capture
opportunities

Behavioral 
Considerations

Nutritional 
Considerations

Economic 
Considerations

Bach & Cabrera, 2017

Behavioral Considerations 
Maximum AMS return on 
investment full 
utilization of the AMS with 
little or no human 
intervention

Crucial maximizing 
milking frequency and 
minimizing fetching

Challenge consistent 
milking frequency 
throughout time
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Forced traffic reduces PMR intake Bach et al., 2009

Bach et al., 2009

Forced traffic decreases milk yield Tremblay et al., 2016

Behavioral Considerations 
Common ~2.5 average 
milkings
Wagner-Storch et al., 2003; Bach et al. 2009; 
Deming et al., 2013

Change frequency of 
milkings change in 
the AMS DMI

Variation can be high

Behavioral Considerations 
AMS visits & variability

Forced (guided) trafficPalatable feed

AMS

Feed Bunk

feed allowance does not visits  Bach et al., 2007

Bach et al., 2007

300 g/visit attracts grazing cows Scott et al., 2014
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Nutritional Considerations 
AMS concentrate 
feeding main 
attraction to milking
Prescott et al, 1998

Cows do not consume all 
concentrate > 4 kg/d

Nutritional Considerations 

Inconsistent nutrient 
supply affects 
negatively milk yield
MacBeth et al., 2013

> AMS concentrate 
allowance < density 
PMR

Milk yield decreased
NEL variability in 22 
herds
Sova et al., 2014 Milk yield decreased

> AMS concentrate 
allowance 
Tremblay et al., 2016

Nutritional Considerations 

AMS concentrate 
presentation better 
pellet than mash 25 vs. 49% starch for 3 

kg/d allowance no 
change in milk yield, 
composition, or visits
Halachmi et al., 2006

Flavoring agents in 
general no positive 
effects
Harper et al., 2016

Minerals and vitamins
normally not provided in 
AMS becomes an issue 
when cows rely more in 
concentrate

Behavioral Considerations 
Cows are gregarious
Sync behaviors
Benham, 1992

Dominant cows less time in waiting area
Halachmi, 2009

AMS force individualism
unnatural

Dominant 

Subordinate 

AMS time/milking 
7 min
Castro et al. 2012

A cow can consume
< 2.8 kg/milking

Theoretically, a cow 
can consume < 8.4 
kg/3 milkings per d

To avoid variation
better an 

allowance of 4 kg/d

0 113 225 338 450

g/min

TMR/PMR

Pellet

Precision feeding opportunity

TMR or PMR 
inefficiencies
improved by AMS 
supplementation

Cows sort
Leonardi and Armentano, 2007

Intake is variable
between cows and 
within cows

Balanced diet for a cow
unbalanced diet for another 
cow

Composition changes
Kononoff and Heinrichs, 2003
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Precision feeding opportunity

Decrease imbalance
AMS concentrate

Imbalance will remain and progressively increase

How to overcome it
provide a custom-made 
cow-specific concentrate 

Most AMS only have 
single bin to deliver 
concentrates

On the basis of milk, BW, 
state, components, etc.

Economic analyses 

Data from a North 
Catalonian farm

AMS 1

3.84
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4.70

41.3 kg/d
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Economic considerations 

Maximizing milk 
production per AMS 
proposed as goal for 
economic efficiency
Sonck & Donkers, 1995

More cows per AMS -> 
milkings reduced and 
time AMS used by cows 
increased
Tremblay et al., 2016

Maximizing milking 
frequency -> should be 
the main goal of AMS

Dataset

AMS concentrate

PMR feed

Cow consumption
DMI: 
NEl & CP Income over feed cost 

(IOFC)
€0.32/kg
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1 - Change number of cows per AMS

€2,453/AMS.yr
€6.72/cow.d

70 to 65 MPC

IOFC

2 - Limit amount of AMS concentrate

Less allowance of AMS 
concentrate

2 kg/cow.d 

3 kg/cow.d 

2 - Limit amount of AMS concentrate

1 - Change number of cows per AMS

Total milk harvested 
per AMS remained 
constant  
Tremblay et al., 2016

70 to 65 MPC

2,892 kg milk AMS/d

kg/cow.d
44.5 

kg/cow.d

NEl/cow.d

Additional PMR

concentrate 

2 - Limit amount of AMS concentrate

PMC
2 kg/cow.d

€6,710/AMS.yr  

MPC
3 kg/cow.d

€6,748/AMS.yr  

3 - Precision feeding

AMS concentrate

AMS concentrate



97

Conclusions economic considerations

Reducing number of 
animals per AMS could 
improve IOFC if 
production does not 
decline

Restricting concentrate 
allowance to kg/cow.d 3
(PMC) and 4 (MPC) 
improves IOFC and 
minimizes variation 
nutrient intake

Precision feeding to 
meet cow-specific 
nutrient requirements 
may greatly improve 
IOFC

Keeping concentrate 
allowance low help to 
reduce digestion 
problems, feed costs, 
concentrate refusals, and 
milking regularity

3 - Precision feeding

PMC IOFC
€1.30/cow.d

Whole farm
€192/d
€70,080/yr

MPC IOFC
€1.56/cow.d

Case study
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Reducing number of 
animals per AMS could 
improve IOFC if 
production does not 
decline

Restricting concentrate 
allowance to kg/cow.d 3
(PMC) and 4 (MPC) 
improves IOFC and 
minimizes variation 
nutrient intake

Precision feeding to 
meet cow-specific 
nutrient requirements 
may greatly improve 
IOFC

Keeping concentrate 
allowance low help to 
reduce digestion 
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Bedding Choice, Udder Health &
Productivity on Larger WI Dairy

Farms

P.L. Ruegg, DVM, MPVM
University of Wisconsin, Madison

Trends in US Milk Quality & Production
1995 2015
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Clinical Cases SCC (x1,000) Reduced SCC
From 320,000 to 204,000
cells/mL

Increased Clinical Case
Rate

From 13 to 24%

Milk yield increased
11 lb/cow
Herd size increased

From 50 to 186 cows

Most Pathogens are Opportunistic &
Originate in the Environment

Opportunistic Bacteria

Gram positive
Streptococcal organisms
Longer subclinical phase
Increase SCC

Gram negative
Coliforms
Lipopolysaccharide in cell
wall induced greater
inflammation
Increase clinical case rate

Reducing exposure
results in less mastitis

Increasing exposure
results in more mastitis

Objective
Review factors influencing

exposure and risk of
infection

Objective
Review factors influencing

exposure and risk of
infection

Evolution of Mastitis Pathogens

Tremendous changes in
prevalence of mastitis
pathogens

Strep agalactiae is virtually
eradicated
Staph aureus is highly
controlled

Other organisms are
increasingly isolated

Changing Diagnostics
Changing herd structures

Bedding Types

Highly influenced by
options for waste
management
Options are primarily

Sand
Clean or Recycled

Wood products
Mattresses or compost

Manure (biosolids)
Many forms

Bedding Choice, Udder Health & Productivity 
on Larger WI Dairy Farms

P.L. Ruegg, DVM, MPVM
University of Wisconsin, Madison
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Survey of Bedding Practices of Larger
WI Dairy Farms

Selection criteria
Wisconsin dairy farms
shipping at least ½ of a
milk tanker per day

25,000 lb/d

During period of May
2010 to April 2012

Part of Dr. Rob
Rowbotham’s PhD

Choice of Bedding Influences Milk
Quality

Studied 325 herds milking
255 to 8,100 cows

282,235 lactating cows
80 lb/cow/day
Bedding types

Sand (mostly clean)
n = 195 herds

Mattresses & org. bedding
n = 62

Recycled manure products
N = 29

Rowbotham & Ruegg, 2015 J Dairy Science

Herds Using Sand Had Less Mastitis

Outcome Sand
Mattress &
Bedding Manure

Milk/cow/day (lb) 83 lb 76 lb 78 lb

Bulk milk SCC (cells/mL) 198,000 220,000 248,000

Cows with Milk not Sold (%) 1.6% 1.9% 2.4%

Cows milking <4 ¼ (%) 4.5% 4.8% 6.3%

Rowbotham & Ruegg, JDS 2015

Herds Using Sand Had Higher RHA &
Milk Income

2,542 lb greater RHA for
herds using SAND
$393,000 greater milk
sales per year for sand
bedded herds
$18.52/cwt
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Rolling Herd Average

26,500 lb
24,250 lb
22,000 lb

Management of Stalls
Sand Bedding

About 80% fresh sand
Stalls & adding bedding

Tires/traps = 14
8.4 days

Mattresses = 13
5.5 days

Deep bedded =129
6.6 days

71% Never replace all
bedding in stalls

Frequency of Adding or Replacing Sand Bedding
For Deep Bedded Sand Herds

y = 0.0237x + 4.0321
R² = 0.0167
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y = 0.0003x + 0.0182
R² = 0.0063
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For deep bedded sand herds
No apparent advantage to adding Bedding more frequently than 1 2x per week



Frequency of Adding Bedding For
Herds with Mattresses

y = 0.0002x + 4.0423
R² = 2E 06
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y = 0.0001x2 0.0021x + 0.0232
R² = 0.0671
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For herds with Mattresses & Sawdust
No apparent advantage to frequent Bedding replacement

Frequency of Adding Bedding for Herds using Manure
as Bedding

y = 0.0225x2 0.11x + 4.2892
R² = 0.053

1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4.00
4.25
4.50
4.75
5.00
5.25
5.50

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Av
er

ag
e

So
m

at
ic

Ce
ll

Sc
or

e

Frequency of Adding Bedding (days)

Somatic Cell Score

y = 0.0007x2 0.0072x + 0.0383
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What did we learn?
As compared to herds using Inorganic Bedding

Herds with Manure or
Other organic bedding

Produced considerably less
milk

Mastitis probably
accounted for a portion of
the loss

Greater BT SCC
Greater % milk discarded
Greater % cows with dry
quarters

Exposure to Streptococci is High on all
bedding types
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Exposure to Coliform Bacteria is >100 times
Greater with Organic Bedding
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Teat Skin Has about 2 – 2.5 log less
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Exposure Doesn’t Always = Infection

Linear relationship
between bacteria in
bedding, but…

Only 16% of variation was
explained by bacterial
count of bedding

Mastitis is multifactorial
What management &
cows factors influence
risk?

Role of Teat Sanitation

Experimental studies show use
of proven teat sanitizer reduces

Bacterial counts on teat skin by 2
– 5 logs

Enger et al., JDS 2015

Development of new
intramammary infections by 50%

Pankey et al., 1987
Oliver et al., 1993

On real farms, reduction is
typically 2 log units

104

Factors Influencing Effectiveness of Teat
Sanitation

Dirtier udders = more bacteria on teat skin

Guarin et al., JDS 2017

79,433 177,828 338,844 630,957

CFU per Teat Swab

UHS 1 UHS 4UHS 3UHS 2

Why Do Udders Become Dirty?

Studied risk factors for
dirty udders on 79 WI
Dairy farms

Different risk factors
based on housing

Dirtier udders occur
when….

Tie stalls
When beds were dirty &
cows had loose manure

Freestalls
Use of organic bedding,
dirty beds
Access to outdoors
overstocking

Parlor Factors Influencing Effective
Teat Sanitation

Operator training,
compliance &
distractions
Parlor work routines
Design of parlor stalls
Compliance with teat
dip storage & handling
Willingness of cows to
stand still during prep

Variation Among Farms in Teat Skin
Sanitation
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Reduction in Gram negative Teat Skin
Bacteria Among Farms

from Baumberger et al., JDS 2016

Performed same 2 pre
milking preps on 10
different farms
Variation in reduction of
teat skin bacteria was 1 –
3 logs
Teat scrubber efficacy
was strongly influenced
by concentration of
chlorine dioxide



Not All Cows are at Equal Risk for
Infection

Older cows have 2X
increased risk of clinical
mastitis

Larger udder = greater
exposure

Cows with a history of
clinical mastitis in
previous lactation have
4x greater risk

Pantoja et al., JDS 2009
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1 2 3 4+
Parity

Risk of Clinical Mastitis by Parity
3 WI Herds (n = 4936 cows)

OR = 1.7 OR = 1.8

OR = 2.5

Leaking Milk Increases Risk

Cows that leak milk have
greatly increased risk of
mastitis

Largest herd level risk
factor

Schukken, JDS 1990

Immediate post partum
period is increased risk

First 7 days is high risk for
clinical mastitis
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Teat Characteristics Influence Risk of
Infection

Teats of older cows are
longer and wider than
younger cows
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Front Teat Dimensions by Parity
N = 1,751 Teats
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Guarin & Ruegg, JDS 2016

Location & Diameter of Teat

Front teats are longer
and have wider barrels
Increased teat apex
diameter is associated
with increased

Risk of Clinical mastitis
Guarin & Ruegg, JDS 2016 99:8323
8329

Quarter SCC
Guarin et al., JDS 2017 100:643 652 0
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Teat Dimensions of 3713
Teats from 959 Holsteins on

9 WI Dairy Farms

Front Rear

Hyperkeratosis

Teats scored VR have
increased SCC indicating
increased subclinical
mastitis

Guarin et al., JDS 2017 100:643
652

0

50,000

100,000

150,000

200,000

250,000

300,000

350,000

Lact 1 Lact 2 Lact 3

SC
C

ce
lls

/m
L

Hyperkeratosis Scores &
SCC (LSM) in ¼ Milk

Normal Smooth Ring
Rough Ring Very Rough Ring

N S R VR

Maximum Risk

Older (lactation 3+)
History of previous
clinical mastitis
Leaking milk
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Housed with high
moisture, organic
bedding



From Neave et al., 1969..

Minimizing Risk – Reduce Exposure
Provide Sufficient Space

Minimum of 100 ft2 (10m2)per cow in loose housing
<15% Overstocked in Freestalls
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Reduce Exposure
Provide Dry Bedding
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90% DM 74% DM 67% DM
Chen et al., JDS 2017

Dry Matter of Manure
Bedding is often <50%

Anecdotal Data from a Large Dairy
Decline in CM After Installing Drier

Drier Started

Minimizing Risk
Identify Highest Risk Cows

Manage high and low risk cows appropriately
If dependent on using high risk bedding

Select cows with smaller udders and
narrower teats
Milk younger animals
Cull cows that don’t adapt

Leakers, recurrent cases
Maximize effectiveness of milking routine
Provide lower risk bedding to fresh cows



For more information:
http://milkquality.wisc.edu

..Visit our Youtube channel
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A Life Cycle, Lesion Oriented Approach 
to Lameness Control 

Nigel B. Cook MRCVS
University of Wisconsin-Madison

School of Veterinary Medicine
2015 Linden Drive, Madison, WI 53706
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We have a global lameness crisis in our dairy in-
dustry. The worldwide prevalence of lameness in 

-
able weight transfer and a ‘limp’) is approximately 
24% across studies based in Austria, Canada, China, 
Finland, Germany, Italy, Netherlands, New Zealand, 
Norway, UK and the US (e.g., Amory et al., 2006; 

-

a trend toward lower prevalence in grazing or mixed 

-

our understanding of the causes of lameness over 

with the obvious conclusion that lameness is an 
inevitable consequence of these decisions. Consum-

access to the outdoors, where they have fresh air 

emphasize the need for humane care of the animals 

industry is threatened when the general public learns 
-

to resolve.

has been researched and reviewed extensively (eg. 

and environmental factors.

systems, three lesions emerge consistently as the 

-

Our ability to impact lameness globally will depend 

at these three lesions. I will concede that some dif-

a dominant hoof lesion in New Zealand and Austra-

factors. However, the disease has spread in associa-

It is however important to note that a healthy sole is 
-

the underlying issue in both, due to exposure to the 

herds).

global lameness problem in our dairy industry.

the cow develops a lesion, they are at much greater 

permanent anatomical changes to the structure and 
-

pensory apparatus and the pedal bone itself (Table 



We are also aware that while claw horn disease is 

-

rearing period.

incidence increases with age to around the 4th lacta-

These data therefore support an approach to lame-
ness control that encompasses the life-cycle of the 

tailored to the type of lesions that are most preva-

-

their control of lameness will become the best sales-

behind, and these producers will increasingly need 

Herd Risk Factor Oriented Strategies

-
-

which appear to be associated with lower lameness 

-
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use of a divided feed barrier (rather than a post and 

hoof-trimming, access to a trim-chute for treatment 

-

Amory et al., 2006). It is also true that many poorly 
trained hoof-trimmers cause more harm than good, 

-

-

not believe failure is inevitable.

We had the opportunity to visit 66 high performance 
-

cow per day on average. The prevalence of clinical 

housing and grazing or organic management systems 

than the prevalence found in similar herds in the 

the overall degree of lameness in the region may be 
improving. Severe lameness was also uncommon at a 

in the majority of previous freestall surveys (e.g. 

-
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ceptable lameness levels, if we manage cows cor-
rectly. Table 2 highlights some of the management 

management.

When examining the management strategies with 
-

previously. These herds use deep loose bedded stalls, 

lameness. They clean manure from the alleys when 
the cows are outside the pen, and have aggressive 
hoof care, heat abatement and footbath programs. 

-

-

overall. 

-
try and achieve acceptably low levels of lameness, 

-

-

hoof-trimming and lame cow surveillance program. 

-

hoof lesions on the farm. 

-

-

throughout the life of the animal, coupled with an 

-
-

-

assessment results in a problem list which can then 

herd.

foot-steps.

References

-

-
signed for heifers on dairy farms. The Veterinary 

-
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factors for lameness in freestall farms in the north-

-

Ruminants. Valdivia, Chile.

-
ing type and stall surface. J. Am. Vet. Med. Assoc. 

of the environment on dairy cow behavior, claw 
health and herd lameness dynamics. The Vet. Jour-

-

in high performance dairy herds in Wisconsin. J. 

-

-

cows across two breeds, farming systems, and 

-

factors for lameness in cubicle housed Austrian 
-

-
lence of lameness in high-producing Holstein cows 

-

prevalence of lameness on New Zealand dairy 
-

-

between stall surface and some animal welfare 
measurements in freestall dairy herds using 

-

pre-calving environment on the development of 

-

-

access to exercise. Acta Veterinaria Scandinavica 
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housing system on the welfare quality of dairy 

-

-

organic and nonorganic dairy farms in the United 

Shearer, J.K., van Amstel, S.R., Benzaquen, M., 
-

orders (including thin soles) in a large dairy in the 

Holstein-Friesian cows housed in freestall barns. J 

-
ing a standardized footbath protocol in the preven-

Ruminants. Valdivia, Chile.

-
ment for high-producing Holstein dairy cows. J. 

-

factors for lameness on dairy farms with automat-
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Figure 1. Worldwide prevalence of lameness in dairy herds by location from the peer reviewed literature 
since 2003 
 

 
 
 
Figure 2. Herd lameness troubleshooting plan 
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Table 1. Lactation adjusted incidence of lameness lesion (white line disease = WLD, sole ulcer = SU and 
digital dermatitis = DD) by lesion status (0 = no lesion, 1 = lesion) in the previous parity (1-3). (from 
Oikonomou et al., 2013) 
 

 
 
 
Table 2. Management characteristics of the high producing multiparous group cows in elite housed dairy 
herds in Wisconsin (from Cook et al., 2016). 
 

 
 

% Sand bedded stalls (deep loose bedding including manure solids) 62 (70) 
% 2-row stall layout pens (vs 3-row) 61 
% Use of headlocks at the feedbunk 83 
Milking Frequency (% 3 times a day) 67 
% Use of rBST 67 
% Solid floor (vs slatted) 100 
% Rubber floors in freestall alleys 5 
% Rubber floors in transfer lanes 15 
% Rubber floors in holding areas 41 
% Rubber floors in parlors 68 
% Manual manure cleaning from the alleys 73 
% Use of fans over the resting area 96 
% Use of water soakers in the pens 79 
% Allow access to the outside to roam 9 
% Trimming at least once per lactation 88 
% Trim cows at least twice per lactation 65 
% Trim heifers before calving 49 
Mean footbath frequency (milkings per week) 4.5 
Mean cows per full time equivalent (FTE) worker 62 

 
 

Lesion Parity Lesion 
Status

Lactation Adjusted Incidence P-value

2 3 4

WLD

1
0 6 11 15

<0.01
1 20 21 24

2
0 9 13

<0.01
1 20 18

3
0 10

<0.001
1 21

SU

1
0 12 20 26

<0.001
1 44 32 23

2
0 15 24

<0.001
1 40 30

3
0 18

<0.001
1 41

DD

1
0 7 7 8

<0.001
1 32 15 10

2
0 5 7

<0.001
1 19 12

3
0 5

<0.001
1 14
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Considerations for improving hoof
health

Using best practice management tools
and action plans.
Animal welfare = "No Lameness Tolerance"
policy
A scientific approach
Improving the bottom line

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

The Roadmap to target three hoof
lesions

Hoof trimming accountability
Functional and therapeutic hoof trimming
Hoof trimming schedule
Lameness treated within 24hrs
Integrated approach to managing digital
dermatitis
Making the hoof bath work

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

The Fundamentals For Good
Hoof Health

Karl Burgi
Program Director

Dairyland Hoof Care Institute, Inc
Baraboo, Wisconsin

The hoof chips on the floor?

What is a producer paying for?

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

The Fundamentals For Good Hoof Health 
Karl Burgi

Program Director 
Dairyland Hoof Care Institute, Inc

Baraboo, Wisconsin 
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1. Trimming toes too short

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

3”

1/4”

Too short

Too long

Just right !

2. Excessive trimming
Heel of the inside claw. White soles means = over trimming

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Low angle means >more problems

Best function

3. Removal of the axial or inside
wall of the toe

Trimming between the toes
with the grinder

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

4. Excessive removal of the abaxial
or outside wall

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

The wall is the supporting edge of the claw!
It should never be removed except when lame!

5. Trimming the soles too thin

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

The corium requires
1/4 of sole to stay healthy.
Less sole = more lameness!

“How many cows
can you trim in a

day”?

Do we prevent or
cause claw horn

lesions with hoof
trimming?

What is the correct
question?

Industry measuring stick

Copyright© 2017 Dairyland Hoof Care Institute Inc All rights reserved



Industry measuring stick

Is hoof trimming preventing lameness or
causing lameness?
Are lame cows recovering following
therapeutic hoof trimming?
Do cows become lame and stay lame?
Low lameness = good hoof trimming!

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Is hoof trimming the problem?

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Cow handling
Cow comfort

Over stocking

Effective hoof bath

Time out of pen

Secure floors

95% claw lesions = rear outside claws

The real story

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

95% Lameness = rear outside claws

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Left rear hoof pressure plate results!

Functional hoof trimming

Re establishes healthy claw function

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Timed trimming schedule

Every dry cow, every springing heifer is
assessed and functionally trimmed 8 to 3
weeks prior to calving
Perform one or two more lactation
assessments and trims depending on:

Cow housing, environment and management
Age of cow
High maintenance cows

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved
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Timed trimming schedule

First lactation cows next trim at 125 days
Second lactation and over at 80 days for
mattress barns, 125 days sand barns
All cows every 120 150 days thereafter
SOP for chronic lame cows (check rear feet 3
to 6 times extra per year) Flag in management
software!

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Trim springing (pre calving) heifers

More modeling of the outside hind claw
significantly reduced onset
of digital dermatitis in 1st lactation animals

Sparing the heel of the inside rear claw
is good for DD prevention

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved
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The typical sign of digital dermatitis

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Digital dermatitis (hairy warts)

Primary cause: breakdown
in immune system
Compromised skin integrity
Opportunity for bacteria to
enter
Also need low oxygen
environment
NOTE: Placing bacteria that
cause digital dermatitis on
healthy skin will not result
in digital dermatitis

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Regular foot bathing will prevent disease progress
or disease outbreak.

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

M2

Early identification and prompt
treatment can interrupt this disease!

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

2 g of Tet 324 activated
with Quick Hit Gel

or vinegar

Remove bikini wrap after 24 hrs !!!

Less is successful
and safe !

2 grams!



M2

Delayed treatment results

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

M2 with Proliferation

Progression of disease. Bacteria
have begun to migrate deeper into
the epidermis and encyst!

M4
This is a permanent DD lesion

Lesion present for life

Spirochetes migrated deep
into the epidermis = are
encysted
Hyperkeratosis present
Encysted bacteria have
colonized/organized and
will surface again
New infections must be
prevented with regular hoof
baths and good hygiene

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

M4.1

New infection = disease shedder

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

New infection occurring from the inside out!

Hygiene influences DD occurrence

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Leg hygiene score in animals with no DD is better than in animals with DD

Hygiene influences DD occurrence

DD increases with higher leg hygiene scores.
Animals with DD have higher leg hygiene score!

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Improving hygiene and its effects on
DD

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

June 2015 Introduced Hypochlorite NaCIO
as a cleaning product twice per week!

2014 2015 2016 2017

119



Integrated approach for controlling DD

Close observation of heifers >10 month
Prompt treatment of early lesion
Must use topical antibiotic the first time!
Excellent hygiene and low stress environment
Footbath to control M4 lesions and prevent
M1 lesions
If the hoof trimmer is treating all DD the
approach is not integrated

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Heifer DD program with Availa Plus®
and early antibiotic treatment

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

2013 2014 2014 2015

2015 2016 2016 2017

DD 1st in Lactation change in 3 years

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

2014 2015 2016 2017

The Role of the Hoof Bath

Improve hygiene condition of hooves
Disinfect hooves for prevention and control of
hygiene influenced hoof diseases
Prevent foot rot infections
Control and treat early DD (M1) infections
Control chronic DD (M4) from re infecting

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Efficacy of hoof bath solution

“The best solution in the hoof bath is 12 feet
or 4 meters in length”
Dr. Dopfer at UW Veterinary school will run a
test to determine solution efficacy
Change solution after “x” amount of cows
walk through
Defecation into the bath
Leg hygiene score determines hoof bath
frequency

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Constant inoculation = challenging

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved
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Hoof and leg hygiene

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved
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Effective hoof bath dimensions

12 feet (4m) long
20 inches (50cm) wide
36 inch (75cm) sides
6 foot (1.80m) side panels
12 inch (25cm)

entrance and exit curb
3 ½ inch (10cm) solution

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Footbath with sidewalls or a race

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Cows will pass through the bath without defecating!

Hoot bath with sidewalls or a race

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Hoof bath chemicals

Manure contamination dependent (200 – 600 cow passes?)
At what point does the chemical cease to kill Treponeme
spp ?
Acid based hoof bath keep pH between 3.0 and 5.0 for
best results
How much does the chemical promote skin hyperkeratosis
!!!? (low pH, strong concentration, etc.)

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved
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Low pH chemical caused more DD

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

pH ,<2.5
2013 2014

Adjusted pH September 2013 to >3.0

2014 2015

2015 2016 2016 12017

Common hoof bath solutions cleaning

Mild soap/ bleach 1 quart soap/4 quarts bleach
50 gal water

Mild soap/ bleach/ salt 1 quart soap/4 quarts bleach
5 lbs salt/50 gal water

Hypochlorite NaCIO 2 1/2 gallon 50 gal water

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Common hoof bath solutions disinfecting

Copper Sulfate 2.5% 12 lbs (5kg) CU +
Sodium Bisulfate 6oz(100g)/50gal water
(NaHS04) (.0.5g/l)

(monitor pH regularly, 3.0 – 5.0)
Use hot water for initial mix of CU and NaHSO4
Hoof Zink (Follow manufactures recommendation)

Formalin 1.5 2% 2 3 quarts/50gal water
Integrate other commercial products only if
effective!

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Standard copper culfateAcidifying copper sulfate to
reduce concentration

Copper sulfate ionized

50% less copper sulfate used

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Footbath frequency

Farm Dependent!

Adapt the footbath frequency based on DD
prevalence (M4) and foot rot prevalence

Use records to predict changes in stocking
density or determine high risk periods

Careful with environmental accumulation of
chemicals and costs

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Hoof baths are used to keep chronic or subclinical
DD from going into active DD

The hoof bath design matters!

Hoof bathing protocol is farm dependent

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved
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Conclusion for achieving good hoof health

Evaluate functional and therapeutic hoof
trimming
Evaluate lame cow recovery
Every cow is assessed 1 to 3 times per year
Identify DD early and treat first lesion with
topical antibiotic
Use a well managed hoof bath
Ensure hoof bath chemical proves efficacy

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved

Thank You!

Copyright© 2017 Dairyland Hoof Care Institute, Inc. All rights reserved
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Mycotoxins in Dairy Cattle: 
Who, What and Why

D. E. H. Branstad, B. C. Dooley and H. A. Ramírez Ramírez 
Department of Animal Science, Iowa State University. Ames, IA 50011 

hramirez@iastate.edu
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Feeding high-producing dairy cows involves a com-
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Potential for Sorghum Forages for 
Dairy Heifers in the Midwest 

Matt Akins and Huawei Su
University of Wisconsin-Madison

University of Wisconsin-Madison
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Dairy heifers require moderate quality diets (60-65% 
TDN) to maintain adequate body weight gains (1.8 to 
2.0 lb average daily gain).  Diets for heifers are typi-

-

-
ful for feeding dairy heifers. Sorghum and sorghum-

of the nitrogen and water requirements compared 

the plant to accumulate greater forage mass. This 

from recent plot research focusing on the agronomic 
-

the strategy to harvest sorghum forage (single cut or 

-
-

-

acre for sudangrass.  Sorghums were planted at 15” 

(2 harvests) cut strategy with 4 plots for each variety.

-



-

had more similar yields using either 1 or 2 harvests 

forages generally produced similar or greater yields 
of moderate quality forage using a single cut system.

Forage Quality

with increased growth.  Crude protein was lower 

to meet pregnant heifer needs and need to be fed 
with a higher quality forage or protein supplement.  

sudangrass) would meet the needs of pregnant dairy 

-

-
ents (TDN) with the higher yielding sorghums having 
lower energy values.  Corn had the highest energy 

pregnant dairy heifers compared to corn silage.

Nitrates
 Nitrate levels are a major concern for producers 

-

which reduced N conversion to amino acids causing 
-

to the sandy soil not holding N well and having low N 

127

single cut sorghums had lower nitrate-N levels below 

-
creased nitrate-N levels above 1000 ppm for several 

-
ing is advised when using sorghums to monitor this 

-

plots.

-

described study.

-

and 100% rates.  The 2016 season had very consis-

-
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or greater than when corn irrigated was at 100%.  

sorghums had energy levels suitable for pre-breeding 
heifers.
 

-

in yield at 150 lb N.
  

-
ghum were the only forages that had linear increases 

-

-

-

and sorghum-sudangrasses had the lowest energy 

nitrogen.

Sorghums in the Dairy Forage System

system for producers that use cereal grain forages.  

-

from both cereal forages and sorghum forages and 

Summary

 Dairy heifers require lower dietary energy needs 

TDN for >12 month old heifers) with high forage diets 

low energy forages to decrease energy and increase 

and growth of pregnant heifers.  Based upon the 

-

or greater yields to corn silage when planted in early 

Most sorghums had yields at 50% or lower irriga-

-

decreased by using sorghum forages due to lower 
seed costs and nutrient needs compared to corn 

sorghum forages are high yielding with lower energy 
content that is well-suited for dairy heifers.
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Table 1. Sorghum variety information
Forage cultivar Variety Company

Forage sorghum AF8301 Alta Seeds

Sorghum sudangrass AS5201 Alta Seeds

PS forage sorghum1 4 Ever Green Walter Moss Seeds

PS sorghum sudangrass Mega Green Walter Moss Seeds

BMR forage sorghum2 BMR 3411 Croplan®
BMR sorghum sudangrass
(male sterile) Greentreat® 1731 Croplan®

PS BMR sorghum sudangrass Greentreat® Rocket Croplan®
1 PS = photoperiod sensitive; 2 BMR = brown mid rib
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Figure 1. Forage DM yield of various sorghum forages harvested using a
multiple or single cut strategy. Corn was only harvested once for the
multiple harvest strategy due to no regrowth.

Multi

Single

Harvest
Strategy
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Table 2. Forage quality (DM basis) of sorghums and corn silage sampled using a single or
multiple cut harvest strategy in 2015

CP NDF TDN

Forage: Harvest: Single Multi Single Multi Single Multi

Corn silage 6.3 8.75 50.8 65.5 65.9 65.9

PS forage sorghum 5.8 11.0 60.8 64.3 59.8 63.8

PS sorghum sudan 5.7 10.1 60.5 65.6 56.0 62.5

Forage sorghum 7.2 10.3 54.7 64.3 60.8 65.6

Sorghum sudan 7.1 9.2 54.0 65.0 57.3 63.5

BMR forage sorghum 7.5 10.5 51.3 63.0 62.5 67.4

BMR sorghum sudan 7.7 10.7 59.1 63.5 62.7 66.3

PS BMR sudangrass 7.3 11.5 56.0 62.5 62.8 66.4

Table 3. Nitrate N levels (ppm) for sorghums and corn silage using a single or
multiple cut harvest strategy at Hancock and Marshfield Agricultural Research
Stations

Location: Hancock Marshfield

Forage: Harvest: Single Multi Single Multi

Corn silage 11.4 18.3 44.9 83.1

PS forage sorghum 166.6 82.0 423.2 1952.0

PS sorghum sudan 280.3 168.4 476.3 1441.9

Forage sorghum 63.5 72.0 568.0 1037.9

Sorghum sudan 65.1 109.6 391.1 871.3

BMR forage sorghum 99.8 111.7 404.3 820.9

BMR sorghum sudan 209.5 91.2 334.7 988.7

PS BMR sudangrass 160.4 108.3 615.8 2180.3



Table 4. Forage nutrient values (DM basis) of sorghums and corn silage
with different irrigation rates.
Irrigation Rate
(% of corn needs) NDF CP NDFD TDN
0 53.1 6.6 49.9 63.5
25 52.2 7.5 53.6 65.9
50 54.1 6.9 51.0 63.6
75 51.9 6.7 49.0 63.6
100 53.2 6.9 50.1 63.6
Forage Cultivar

Corn silage 39.0 6.9 51.6 71.9
PS forage sorghum1 59.0 5.8 54.8 63.1

PS sorghum sudan 60.8 5.6 47.0 57.9

Forage sorghum 48.9 8.0 44.1 63.2
Sorghum sudan 56.4 6.9 43.5 58.5

BMR forage sorghum2 47.5 8.2 52.0 67.2

BMR sorghum sudan 55.5 7.0 56.0 66.0
PS BMR sudangrass 56.3 7.1 56.6 64.5
1 PS = Photoperiod sensitive; 2 BMR = Brown mid rib
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Figure 2. Forage yield (tons DM/acre) of various sorghum forages and
corn at different irrigation levels at Hancock ARS. PS = photoperiod
sensitive; BMR = brown mid rib
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Table 5. Forage nutrient values (DM basis) of sorghums and corn silage
with different nitrogen application rates

Nitrogen Rate (lb N/acre) NDF CP NDFD TDN

0 58.9 4.4 57.9 62.4
50 57.7 4.9 53.5 61.1
100 56.8 5.0 52.4 60.8
150 56.9 5.3 52.7 61.1
Forage Cultivar
Corn silage 42.1 5.8 52.1 69.3
PS forage sorghum1 62.5 4.2 54.8 58.2
PS sorghum sudan 62.9 3.6 51.8 57.4
Forage sorghum 59.8 5.3 49.1 57.8
Sorghum sudan 59.5 3.6 49.7 58.4

BMR forage sorghum2 52.4 5.6 58.2 65.8

BMR sorghum sudan 59.2 6.2 57.4 63.0

PS BMR sudangrass 61.2 4.9 60.0 61.0
1 PS = Photoperiod sensitive; 2 BMR = Brown mid rib
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Figure 3. Forage yield (tons DM/acre) of various sorghum forages and
corn at different nitrogen application levels (lb N/acre) at Marshfield ARS.
PS = photoperiod sensitive; BMR = brown mid rib
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Producing more milk using more 
high quality forages

Randy Shaver, Ph.D., PAS, ACAN
Dairy Science Department

Mention of companies, labs, trade names, products or assays solely for the purpose of providing 
specific information or examples and does not imply recommendation, endorsement or exclusion.
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Parameter Indicates
Better Quality Primary Reason

NDF
Rumen Fill Limitation of DMI

Potential for production response 
or feeding of higher-forage diets

Lignin
uNDF240

NDFD30

TTNDFD

Starch
Energy Density

Potential for production response 
or feeding less corn grain

Milk per ton Quality Index for Ranking

Corn Silage Quality Indicators 
for High-Producing Dairy Herds

Producing More Milk Using More 
High Quality Forages

Randy Shaver, Ph.D. PAS, ACAN
Dairy Science Department

University of Wisconsin
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Parameter Indicates
Better Quality n Average 

± 1 STDEV

NDF (% DM) 384,715 41 - 36
Lignin (% DM) 344,134 3.3 – 2.6

uNDF240 (% NDF) 81,418 27 - 24
NDFD30 (% NDF) 170,634 54 - 60
TTNDFD (% NDF) 27,954 41 - 46
Starch (% DM) 347,759 32 - 39

Milk per ton 136,056 3320 - 3683

Corn Silage Quality Indicators 
for High-Producing Dairy Herds

Summary of combined multi-year, multi-lab (CVAS, DairyOne, RRL, DLL) data, except TTNDFD only from RRL

Adapted from Joe Lauer, UW Madison Agronomy Dept

Parameter Indicates
Better Quality Primary Reason

NDF
Rumen Fill Limitation of DMI

Potential for production response or 
feeding of higher-forage diets

Lignin
uNDF240

NDFD30

TTNDFD

NFC
(includes soluble fiber)

Energy Density

Potential for production response or 
feeding less corn grain

CP Supplemental Protein

Ash Minimal Soil
Contamination Energy Density

RFV; RFQ Quality Index for Ranking

Haycrop Silage Quality Indicators 
for High-Producing Dairy Herds

Parameter Indicates
Better Quality n Average 

± 1 STDEV
NDF (% DM) 111,310 42 - 37
Lignin (% DM) 100,029 7 - 5

uNDF240 (% NDF) 25,541 45 - 36
NDFD30 (% NDF) 61,568 46 - 57
TTNDFD (% NDF) 24,498 44 - 51

NFC (% DM) 94,337 26 - 30
CP (% DM) 112,423 21 - 24
Ash (% DM) Minimal Soil 100,888 <13

RFV 100,831 141 - 167
RFQ 51,453 155 - 179

Legume Silage Quality Indicators 
for High-Producing Dairy Herds

Summary of combined multi-year, multi-lab (CVAS, DairyOne, RRL, DLL) data, except for TTNDFD from RRL

New Alfalfa Varieties

Reduced lignin for greater NDFD or delayed 
harvest

Reduced protein degradability for greater RUP



Yield and Quality Curve of Alfalfa

Yield
Conventional  Alfalfa Quality

Reduced-Lignin Alfalfa Quality

Slide courtesy of Dave Combs, UW Madison

Parameter Indicates
Better Quality n Average 

± 1 STDEV
NDF (% DM) 85,213 55 - 48
Lignin (% DM) 76,222 6 - 4

uNDF240 (% NDF) 15,972 33 - 24
NDFD30 (% NDF) 34,833 54 - 62
TTNDFD (% NDF) 9,000 47 - 56

NFC (% DM) 80,008 20 - 25
CP (% DM) 85,889 15 - 18
Ash (% DM) Minimal Soil 76,530 <10

RFV 79,702 112 - 136
RFQ 24,541 135 - 167

Grass/MMG Silage Quality Indicators 
for High-Producing Dairy Herds

Summary of combined multi-year, multi-lab (CVAS, DairyOne, RRL, DLL) data, except for TTNDFD from RRL

New Grass Varieties

Reduced NDF

Delayed maturity

Closer timing of maturity to alfalfa maturity

24% forage-NDF

16% forage-NDF

High Quality Forages
Large Forage Supply
Forages Favorably Priced

Limited Forage Supply
Use of High-Fiber Byproducts
Forages Expensive
Moderate/Low Quality Forages

Practical forage-NDF range 
in high-group TMR

i.e. 60% Forage @ 40% NDF

i.e. 35% Forage @ 46% NDF
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24% forage-NDF

16% forage-NDF

NDF, ivNDFD
Fill Limitation of DMI
Reduced Milk Yield

peNDF
Milk Fat Depression
Cow Health

Nutritional Constraints

Visit UW Extension 
Dairy Cattle Nutrition Website

http://www.shaverlab.dysci.wisc.edu/
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