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Vitamins are labile molecules suscep  ble to degra-
da  on by heat, light, moisture, pH and interac  ons 
with other feed ingredients.  Vitamins vary in their 
resistance to external stressors and manufacturers 
have developed various strategies to improve stabil-
ity.  However, premixes and other packages used in 
dairy nutri  on to carry vitamins are commonly highly 
basic, hygroscopic and contain minerals which are 
deleterious to vitamin stability.  Further, vitamins are 
required in very small amounts and proper disper-
sion in the feed delivered to the animal is cri  cal to 
op  mize vitamin supplementa  on.  Too li  le consid-
era  on is commonly given to the composi  on of pre-
mixes and how heterogeneously-sized par  cles will 
remain uniformly dispersed in the feed.  The focus of 
this discussion is to review the vitamins commonly 
fed to dairy animals with an emphasis in understand-
ing how to mi  gate deleterious interac  ons followed 
by a review of par  cle segrega  on and ways to im-
prove premix quality.

Vitamin A

The ac  ve form of vitamin A, re  nol, is highly un-
stable outside the body. Therefore, a common indus-
try prac  ce is to manufacture re  nyl esters which 
animals convert to re  nol. Less suscep  ble to deg-
rada  on, the re  nyl esters (acetate, proprionate & 
palmitate) are the most common forms of vitamin A.   
Re  nyl acetate is the molecule used in dry forms of 
vitamin A.  Although more stable than re  nol, it s  ll 
loses ac  vity from exposure to air, moisture, heat, 
light and minerals.  For this reason, re  nyl acetate 
is coated with either a starch-gela  n emulsion or a 
simple coa  ng consis  ng mainly of starch (spray-dry-
ing). The starch-gela  n emulsion followed by a cross-
linking reac  on that forms hard spherical beadlets 
off ers the best protec  on (Fig. 1).  Several droplets 
of re  nyl acetate are dis  nctly surrounded by the 
cross-linked beadlet.  These beadlets are rela  vely 
insoluble and provide a good barrier against moisture 
and minerals (Fig. 2).

Figure 1.  Gela  n-starch cross-linked beadlets of 
vitamin A

 

Fig. 2.  Cross sec  on of cross-linked vitamin A beadlet
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Vitamin E

Tocopherol is the ac  ve form of vitamin E.  It is wide-
ly distributed in the body.  Its role as a cellular an  -
oxidant, protec  ng skin and other  ssues from dam-
age, is well known.  However, outside of the body, 
tocopherol is extremely unstable.  For that reason, 
tocopherol is esterifi ed industrially to form tocopher-
yl acetate which is very stable and is converted to 
tocopherol in the body by diges  ve enzymes.  How-
ever, our skin lacks the necessary enzymes to convert 
the acetate to tocopherol.  Since tocopheryl acetate 
is so stable, it is sprayed on silica which eff ec  vely 
adsorbs the oil to form a fl owable, dry product.  Typi-
cally, most commercial products have a concentra  on 
of 50% vitamin E (500 IU/g).  The silica has eff ec  vely 
adsorbed its weight equivalent in E oil (Fig. 2). 

Although stability of tocopheryl acetate is generally 
not a problem, it is sensi  ve to environments with 
a pH above 8.  Also, if moisture is present, the silica 
will preferen  ally adsorb water and expel the vita-
min E oil which could lead to handling and dispersion 
problems.

Fig. 2.  Vitamin E.  Tocopheryl acetate adsorbed on 
silica

Vitamin D

The cri  cal requirement of vitamin D for proper bone 
development is well known.  More recent research 
has shown that vitamin D is also required for normal 
immune func  on, insulin metabolism and acts as an 
inhibitor of certain forms of cancer.  There are two 
forms of vitamin D; D3, or cholecalciferol, found in 
animals and, D2 or ergocalciferol, found in plants.  
Commercially, in animal nutri  on, only vitamin D3 is 
produced since D2 is poorly absorbed by poultry. 
 
Commercial produc  on of cholecalciferol or D3 
ul  mately derives from the wool of sheep.  Lanolin is 

isolated from the wool and converted through a se-
ries of reac  ons into cholecalciferol which is a thick, 
highly concentrated resin.  

Vitamin D3 is not a biologically stable molecule.  It 
will lose ac  vity in the presence of stressors such as 
moisture, minerals, heat and extreme pH.  For that 
reason, in dry feed applica  ons, D3 is coated with a 
protec  ve compound.  Most commonly, D3, by itself, 
is spray-dried with a thin coa  ng of starch and, pos-
sibly, gela  n (Fig. 3).  D3 is also available in combina-
 on with vitamin A in a cross-linked beadlet similar to 

the vitamin A beadlet described earlier.

Spray-drying technology improves handling of the D3 
and confers some protec  on.  However, the starch 
coa  ng will dissolve in the presence of moisture 
allowing minerals and other stressors to act on the 
exposed D3.  As a result, using a spray-dried source of 
vitamin D3 is not a par  cularly good strategy to maxi-
mize stability.  Also, the concentra  on of commonly 
available spray-dried forms of D3 is 500,000 IU/g 
which might be too concentrated for certain applica-
 ons and result in poor dispersion.

There are many advantages to using vitamin D3 in 
combina  on with vitamin A in a cross-linked bead-
let.  The common concentra  on is 1 million IU/g of 
vitamin A and 200,000 IU/g of D3.   The D3 is in a 
more dilute form and the higher number of par  cles 
per gram will result in be  er dispersion in the premix 
and feed.  Also, the D3 in the cross-linked beadlet 
benefi ts from the best protec  ve coa  ng available 
and superior stability compared to spray-dried forms 
of D3. 

Fig. 3.  Spray-dried vitamin D3

B Vitamins

B vitamins fed to dairy animals include bio  n, nia-
cin, choline and, possibly B9 and B12.  Bio  n may be 
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spray-dried to improve handling but most commonly 
B vitamins are not coated but rather diluted with a 
carrier to the appropriate concentra  on.  

Vitamin Stability

We’ll examine the eff ect of pH, heat, moisture, min-
erals and light on the stability of vitamins fed to dairy 
animals.  PH is an important factor because dairy 
premixes are o  en basic due to the addi  on of lime-
stone, buff ers and anionic salts.  Potassium carbon-
ate, in par  cular, can raise the pH of dairy premixes 
to 10.  Generally, a neutral pH range is preferred for 
op  mum stability (Fig. 4).  Extreme pH condi  ons can 
easily result in losses in excess of 10-20% per month 
in vitamin ac  vity.

Fig. 4.   PH Range for Op  mal Stability

Water in any form is a primary cause of vitamin de-
struc  on.  The water can be present in a liquid ingre-
dient, as humidity in the air or as moisture in other 
ingredients.  Water will provide an environment that 
will promote increased oxida  on/reduc  on reac-
 ons through the ac  on of minerals, oxygen and pH 

eff ects.  Hygroscopicity, the poten  al of a compound 
to absorb moisture, is an important concept to 
understand when examining vitamin stability.  Some 
products such as salt, calcium chloride and urea are 
highly hygroscopic (>40%) but other ingredients such 
as sulfate minerals and vegetable material, under hu-
mid condi  ons, can also absorb up to 20-25% of their 
weight in water.  

The rate of vitamin degrada  on will increase with 
temperature.  In cold, winter condi  ons, vitamin loss-
es may be negligible but potency losses will roughly 
double for every temperature increase of about 25°F.

The presence of minerals will accelerate vitamin 
degrada  on.  Sulfates are most deleterious because 
of their higher solubility.  For example, the rate of 
degrada  on of vitamin A might increase from 2% to 
8% per month in a premix with minerals.

Table 1.  Losses per month (%) in vitamin ac  vity in 
premixes

Dry premix 
w/o 
minerals

Premix w/
moisture & 
w/o 
minerals

Dry premix 
w/ 
minerals

Premix w/
moisture & 
minerals

A beadlet 1 2 3 4
E acetate 
50%

<1 <1 3 3

D3 spray-
dried

2 2 4 4

Biotin <1 2 3 5
Niacin <1 2 3 5

Evalua  on of Premix Quality

Two factors regarding feeding vitamins and micronu-
trients should concern formulators, nutri  onists and 
producers; stability and dispersion.

Vitamins are delivered on-farm in premix of vary-
ing concentra  ons.  In western dairies, vitamins are 
added to minerals without the addi  on of any pro-
tein material.  In the Midwest, it seems that higher 
inclusion packages including vegetable protein is 
more common.  The pH of the product carrying the 
vitamins should be measured.  This can be done 
simply with the use of pH strips (Fig. 5).  Add one part 
material with four parts water, s  r and dip pH strip 
in material.  A chart on the box easily provides an ac-
curate es  mate of the pH of the material.

71 14

Vitamin A

Vitamin E

Vitamin D3

Niacin

Biotin

Niacinamide

pH Range of Vitamins for Optimal Stability

It is also important to consider that an es  mate of 
the stability of vitamins in a premix needs to consider 
the addi  ve eff ects of pH, hygroscopicity, heat and 
minerals.  

Table 1 adapted from work done by M. Coelho (2002) 
provides an es  mate of losses per month of vitamin 
ac  vity under various condi  ons.  It is important to 
note that these measurements were done in neutral 
environment.  More basic or acidic condi  ons as well 
as higher temperatures (> 25°C) would increase the 
rate of degrada  on.



A pH of 8-9 is common.  Expect that this will cause 
some vitamin degrada  on maybe in the range of 10-
20% per month.  However, pH levels exceeding 9 will 
accelerate the rate of degrada  on in an exponen  al 
manner.

The determina  on of the hygroscopicity of the pre-
mix should also be measured.  This is done by drying 
a test sample in an oven at 40°C overnight.  Weigh 
out a specifi c amount (10 g) and insert in an air  ght 
container that also contains water (wet sponges 
work well).  Leave the sample in the container for 12 
hours.  A  er, weigh the sample and subtract the ad-
di  onal weight from the weight of the original sam-
ple to determine the % moisture absorbed.  Any level 
above 20% can be a cause for concern par  cularly if 
this is during a summer period when temperatures 
and humidity are elevated.  In addi  on, hygroscopic 
ingredients used in dairy supplements are o  en 
highly basic.  A hygroscopic, high pH supplement with 
or without the addi  on of vegetable protein material 
will be harmful to vitamin stability.

The dispersion of ingredients in a supplement should 
also be considered.  It is not possible to keep heter-
ogeneously-sized par  cles well dispersed.  Transport 
and unloading will cause segrega  on of larger and 
smaller par  cles (Fig. 6).  

Fig. 6.  Segrega  on of heterogeneously-sized par  cles

A device commonly referred to as an “ant farm” is an 
eff ec  ve tool to evaluate the poten  al for segrega-
 on (Fig. 7).  Material is poured through the funnel 

and the resultant pa  ern is examined.

Fig. 7.  Ant Farm with funnel and sample material

Figures 8, 9 & 10 show examples of par  cle segre-
ga  on on a premix.  Finer par  cles accumulate in 
the center while coarser par  cles fl ow to the edges 
of the ant farm.  This phenomenon results in poor 
distribu  on of micronutrients.  The result in the feed 
will be, at the least, a wide varia  on on micronutri-
ent content between batches.  At worst, produc-
 on might be hindered by animals receiving uneven 

amounts of micronutrients on a daily basis.

Fig. 8.  Segrega  on as evidenced by stria  ons of 
separate material

Fig. 9.  Close-up of segregated material in ant farm

Fig. 10.  Coarse material on sides and fi ne par  cles in 
middle of ant farm
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Not all premixes exhibit signs of segrega  on.  The 
premix shown in Fig. 11 is homogeneous and well-
dispersed.  A  en  on has been paid to the use of an 
appropriate carrier, par  cle size and binder.

Fig. 11.  Example of evenly-dispersed, homogeneous 
premix

Carriers:

A  en  on should be give to the choice of carrier used 
to carry powders.  Limestone is not an eff ec  ve car-
rier.  Neither are cracked soybeans or DDG.  Rice hulls 
by virtue of their shape are the ideal carrier (Fig. 12).  
They benefi t from a high surface area to volume ra-
 on and their size allows powders to adhere fi rmly to 

the rice hulls.  The use of rice hulls in a premix causes 
the par  cle size distribu  on to become narrower 
and more homogeneous.  The poultry and pet food 
industry have historically used rice hulls to produce 
well-dispersed premixes.

Fig. 12.  Rice hulls

Binders:

The use of a liquid when manufacturing supplements 
is important.  A product, like mineral oil, that can be 
well dispersed is desired.  The binder should coat 
the carrier material prior to the addi  on of powders.  
The smaller par  cles will then eff ec  vely adhere to 
the carrier.  Also, the amount of binder used should 
be dependent on the amount of powders in the mix.  
Remember, dust is segrega  on!  An increased ad-
di  on of binder material above 1% and up to 2.5% 
can improve homogeneity, allay dust and maintain 
ingredients dispersed.

Considera  ons on vitamin assay results

Frequently, a feed or premix will be sent to a lab by 
a veterinarian or nutri  onist who suspects a vitamin 
defi ciency.  If the assay results are below specifi ca-
 on, the vitamin manufacturer is the fi rst culprit to 

get the blame.  However, in my experience, this is the 
least likely cause of the low assay result.  In order, I 
would es  mate the following causes are more likely 
to impact results:  Aggressive premix leading to vita-
min degrada  on, premix segrega  on, poor sampling, 
improper storage and shipping condi  ons to lab, lab 
error, incorrect addi  on of vitamins at the mill and 
poor vitamin quality.  

Labs that provide vitamin assays vary a lot in the 
quality of their work.  A varia  on of 5% for vitamins A 
& E and 10% for vitamin D3 is good.  Result varia  on 
will increase as the expected vitamin levels decrease.  
Also, lab results can vary between labs and internally 
as well.  Analy  cal error by third-party non-special-
ized labs is common.  The best accuracy available 
is generally provided by the vitamin manufacturers 
themselves.

Conclusions

Vitamins are labile molecules.  Their incorpora  on 
with minerals and other ingredients leads to degrada-
 on due to the ac  on of heat, moisture, pH and min-

erals.  Formulators should have an es  mate of the 
condi  ons under which the vitamins will be exposed 
un  l consump  on by the animal.  Also, segrega  on 
of micronutrients is a common problem under cur-
rent dairy feeding prac  ces.  Powders will adhere to 
an appropriate carrier, increase the eff ec  ve par  cle 
size and greatly reduce segrega  on.   Also, dust is a 
form of segrega  on and modifying the quan  ty of 
binder used in the premix will improve allay dust and 
improve quality.  In sum, the considera  ons given to 
maximize vitamin stability and dispersion in the feed 
also apply to other micronutrients and end-result 
should be more predictable animal performance.
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TAKE-HOME MESSAGES

• Rumen-degradable protein (RDP) is required by 
rumen microorganisms and amino acids (AA) are 
required by the cow

• Research con  nues to confi rm that methionine 
(Met) and lysine (Lys) are the most limi  ng AA, 
and that Met is almost always more limi  ng than 
Lys 

• Balancing for more op  mum supplies of RDP and 
greater supplies of Met typically reduces feed 
costs  

• Balancing for Lys and Met can provide signifi cant 
opportuni  es for minimizing the risk of cows 
experiencing AA defi ciencies and for reducing the 
need for protein supplements

• There is growing evidence that the increases in 
milk protein and fat concentra  ons observed with 
Lys and Met balancing refl ect an improved pro-
tein status that can have far-reaching eff ects on 
health and performance 

• While the benefi ts of AA balancing might be the 
most no  ceable in transi  on and early lacta  on 
cows, benefi ts exist throughout lacta  on

• Rumen-protected Met and Lys supplements 
should not be fed without confi rmed es  mates of 
metabolic “bioavailability” at commercial levels 
of supplementa  on 

INTRODUCTION

Amino acid balancing con  nues to be more widely 
accepted.  Contribu  ng factors to increased AA 
balancing include the desire to feed lower protein 
diets, high prices for protein supplements, an overall 
trend of higher milk protein prices, and con  nued 
refi nement and improvement of nutri  on models.  
With the excep  on of only a few months since the 
introduc  on of mul  ple-component pricing (MCP) 
of milk 14 years ago, milk protein has been valued 

higher than milk fat.  Also, a year a  er the introduc-
 on of MCP pricing, the 2001 Dairy NRC model was 

released.  This was the fi rst dairy NRC model to allow 
for evalua  on of diets for adequacy of RDP, RUP and 
for Lys and Met in metabolizable protein (MP).  Be-
cause of its excellent ability to predict the balance of 
AA in duodenal protein (Pacheco et al., 2012), along 
with the success that users of the model have had 
with AA balancing, the model has served to s  mulate 
improvements and refi nements to other nutri  onal 
models.  As a result of factors such as these, sales of 
RP-Met supplements con  nue to increase with cur-
rent demand for the leading supplements exceeding 
supplies. Several RP-Lys supplements have also been 
introduced.   

Achieving success with AA balancing requires ac-
ceptance of several basic aspects of AA nutri  on and 
“le   ng go” of balancing for CP.  Several of these basic 
aspects of AA nutri  on will be discussed along with 
some proven steps for implemen  ng AA balancing.   

BASIC ASPECTS OF AMINO ACID NUTRION 

Amino acids are required nutrients

There are over 700 AA that exist in nature (Wu, 
2013).  Twenty serve as building blocks for protein.  
Of these 20 “protein” AA, 10 are classifi ed as nutri-
 onally essen  al (indispensable), meaning they can-

not be synthesized in the body and must be provided 
by the diet and absorbed in the amounts needed.  

Protein AA are needed for the synthesis of 100’s of 
diff erent  ssue, regulatory, protec  ve, and secretory 
proteins.  Protein synthesis is a gene  cally deter-
mined event, and as a consequence, the AA composi-
 on of each protein, while having its own unique AA 

composi  on, is the same every  me it is synthesized.  
Besides their role in protein synthesis, which aff ects 
virtually every aspect of metabolism in every living 
cell (e.g., all enzymes are proteins), free AA (both 
protein and non-protein AA) are also key regulators 
of various pathological and physiological processes, 
including immune responses.  They are also used for 
the synthesis of the other N-containing compounds 
in the body, which includes dozens of compounds 

Basic Aspects of Amino Acid 
Nutrition in Lactating Cattle

Charles G. Schwab
Schwab Consulting, LLC, 205 Doc Mac Drive, Boscobel, WI 53805

charles.schwab@unh.edu



such as hormones, neurotransmi  ers, nucleo  des 
(RNA and DNA), histamine, polyamines, etc.

The rest of the AA are referred to as “nonprotein” 
AA.  These are found in physiological fl uid and play 
important roles in metabolism, regula  on of metabo-
lism, and therefore, in health and produc  on.  For 
example, three widely known examples of nonpro-
tein AA are homocysteine, glutathione and taurine.  
Incidentally, all are synthesized from Met.  As noted 
in Figure 3 in the companion paper by Luchini and 
Loor (2014), homocysteine is a key intermediate in 
the “Methionine Metabolic Cycle” (Mar  nov et al., 
2010).  The Met cycle is a highly regulated metabolic 
pathway, con  nually balancing the availability of Met 
with requirements for protein synthesis, the need 
for glutathione and taurine, and the need for methyl 
(CH3) groups.  Taurine and glutathione not only serve 
as major an  oxidants in the body, as indicated by 
Luchini and Loor (2014), but they also have other 
important func  ons.  For example, taurine serves as 
a modulator of the diges  on and absorp  on of fat 
and fat-soluble vitamins, as a regulator of intracel-
lular osmolality and re  nal photoreceptor ac  vity, 
and as a key component of the nerve conduc  on 
network (Wu, 2013).  Glutathione has an even lon-
ger list of other roles in metabolism and regula  on 
(Wu, 2013).  These include synthesis of prostaglan-
dins, signal transduc  on, gene expression, DNA and 
protein synthesis, cell prolifera  on (including hepa-
tocytes, lymphocytes and intes  nal epithelial cells), 
and elicita  on of immune responses (ac  va  on of 
T-lymphocytes, polymorphonuclear leucocytes, and 
for cytokine produc  on).  Glutathione also plays an 
important role in spermatogenesis, sperm matura-
 on and oocyte development, and thus, in both male 

and female reproduc  on.  

Regarding the role of Met in methyla  on reac  ons, 
a recent review (Betolo and McBreairty, 2013) indi-
cated that methyl groups can consume a signifi cant 
amount of absorbed Met, and that the synthesis of 
crea  ne and phospha  dylcholine consume most of 
the methyl groups.  While Met has been established 
as a primary source of methyl groups, demethylated 
Met can be remethylated by methyl groups from 
methylneogenesis (via folate) and betaine (synthe-
sized from choline) (Bertolo and McBreairty, 2013).  
As indicated in Figure 3 in Luchini and Loor (2014), 
Met is fi rst converted to S-adenosylmethionine 
(SAM) which in turn is the actual methyl donor.  SAM 
par  cipates in more than 50 diff erent methyla  on 
reac  ons (Greenberg, 1963).  In summary, these 
observa  ons highlight some of the important func-
 ons that AA have in metabolism and underscore the 

importance that op  mizing AA nutri  on can have 
on health, fer  lity and produc  on in dairy cows.  In 
a companion paper, Wiltbank et al. (2014) discusses 

the poten  al benefi ts of Met supplementa  on on 
reproduc  ve effi  ciency. 

Sources of absorbed amino acids

In ruminants, AA are provided by ruminally synthe-
sized microbial protein, rumen-undegradable protein 
(RUP, and, to a lesser extent, endogenous protein.  
Microbial protein refers to the cons  tuent proteins 
of the bacteria, protozoa, and fungi that are in the 
rumen.  RUP is that por  on of feed protein that 
escapes or resists ruminal degrada  on.  Endogenous 
protein refers to protein origina  ng in the body.  
Sources of endogenous protein include mucoproteins 
in saliva, sloughed epithelial cells (from the respira-
tory tract, mouth, esophagus, rumen, omasum, and 
abomasum), and enzyme secre  ons into the aboma-
sum.  The endogenous contribu  on to the duodenum 
includes free endogenous secre  ons as well as en-
dogenous proteins incorporated into microbial cells.

Microbial protein typically supplies a majority of the 
AA.  However, RUP may supply more than 50% of the 
absorbed AA in high-producing cows fed a high-con-
centrate diet that is balanced to meet requirements 
for rumen-degradable protein (RDP) and RUP.  The 
quan  ty of AA provided by endogenous protein se-
cre  ons is smaller, assumed to account for less than 
10% of total absorbed AA (NRC, 2001 and H. Lapierre, 
personal communica  on))      

Limi  ng amino acids

Methionine and Lys have been iden  fi ed most fre-
quently as the two most limi  ng AA for lacta  ng 
dairy cows fed corn-based ra  ons (NRC, 2001).  Re-
search conducted since the publica  on of NRC (2001) 
has confi rmed these fi ndings (e.g., Appuhamy et al., 
2011, Chen et al., 2011; Lee et al., 2012; No  sger and 
St-Pierre, 2003; No  sger et al, 2005; Ordway et al., 
2009; Osorio et al., 2013, Socha et al., 2005; St-Pierre 
and Sylvester, 2005).  That Met and Lys are the fi rst 
two limi  ng AA in most feeding situa  ons is not sur-
prising given their low concentra  ons in most feed 
proteins rela  ve to concentra  ons in rumen bacteria 
and in milk and  ssue protein (Table 1).

“What’s the next AA we should be worrying about?”  
That has become a frequently asked ques  on from 
those that have become aggressive with AA balanc-
ing.  The answer is “maybe his  dine (His)”, par  cu-
larly when lower RUP diets are fed.  There are two 
reasons to suggest that.  The fi rst is that European 
researchers have iden  fi ed His as the fi rst limi  ng 
AA for milk and milk protein yields when high for-
age, grass silage diets, supplemented with barley and 
oats, with or without feather meal as a sole or pri-
mary source of supplemental RUP, were fed (Kim et 
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al., 1999, 2000, 2001a, 2001b; Huhtanen et al., 2002; 
Korhonen et al., 2000; Vanhatalo et al., 1999).  None 
of the diets contained corn or corn byproducts.  That 
His was iden  fi ed as fi rst limi  ng maybe shouldn’t 
be surprising because barley, oats and feather meal 
all have lower concentra  ons of His in CP than corn 
and other protein supplements (Table 1).  Also, it is 
known that microbial protein contributes more, and 
RUP less, of the total protein fl owing to the small in-
tes  ne when these types of diets are fed.  And fi nally, 
as seen in Table 1, His concentra  ons in rumen bacte-
ria microbial protein are lower than in most feed 
proteins.  So knowing this informa  on, along with all 
that is known about Lys and Met being most limi  ng 
when corn-based diets are fed, that His might be fi rst 
limi  ng when these high forage, no-corn, low-RUP 
diets are fed.  

The second reason for sugges  ng that His should 
become an AA to “watch” is that there are now two 
experiments that have been published where cows 
fed corn-containing diets, already supplied with 
supplemental Lys and Met, responded to His supple-
menta  on.  Lee at al. (2012) fed an adequate RUP 
containing diet (5.9% of DM), a low RUP diet (4.5% of 
DM), the low RUP diet supplemented with RP-Lys and 
RP-Met, and the low RUP diet supplemented with RP-
Lys, RP-Met and RP-His.  All diets contained (% of DM) 
corn silage (40.2), alfalfa haylage (16.6), grass hay 
(5.8), bakery by-product meal (7.5), molasses (4.2), 
co  onseed hulls (1.1), corn grain, heated soybeans, 
SoyPlus, mechanically extracted canola meal, and 
supplemental minerals and vitamins (2.9).  Amounts 
of corn grain, soybeans, SoyPlus, and canola meal 
were varied between the two basal diets to achieve 
the two levels of dietary RUP.  Because a readily 
degradable N supplement like urea was not added 
to the low RUP diets, predicted RDP concentra  ons 
decreased from 9.8% of diet DM for the adequate 
RUP diet to 9.0% for the low RUP diet (NRC, 2001).  
Predicted concentra  ons of Lys, Met and His in MP 
in the MP-defi cient diets, without considera  on of 
the supplemental AA, were 6.49, 1.88 and 2.11%, 
respec  vely. Total tract diges  bility was decreased 
for OM, NDF and ADF by all of the MP-defi cient diets, 
apparently the result of underfeeding RDP.  Milk 
and milk component yields were decreased by the 
MP-defi cient basal diet as compared to the protein-
adequate posi  ve control diet, the apparent result 
of decreases in N (494 vs. 623 g/d) and DM intake 
(23.0 vs. 24.5 kg/d).  Milk urea N concentra  ons were 
also decreased (10.3 vs. 13.0 mg/dL); however, milk 
component percentages were not aff ected.  Supple-
men  ng the MP-defi cient basal diet with RP-Lys and 
Met diminished the diff erences in DM intake and milk 
and milk component yields between the protein-ade-
quate and defi cient diets, and addi  onal supplemen-
ta  on with RP-His eliminated it.  That DM intake and 

milk and milk component yields were restored back 
to posi  ve control levels with supplemental Lys, Met 
and His, even though RDP appeared to be defi cient, 
support three basic tenants of AA nutri  on: 1) that 
cows have requirements for individual AA, 2) that the 
cow’s capacity for protein synthesis is impacted by 
the supply of the most limi  ng AA rather than by the 
supply of MP, and 3) that the effi  ciency of use of MP 
for milk protein produc  on is aff ected by its AA com-
posi  on.  Although milk protein percentages were 
not signifi cantly aff ected by treatment, there was a 
trend for changes that paralleled the changes in DM 
intake and yield of milk components; values were 
2.98, 2.94, 2.99 and 3.03 for diets 1-4, respec  vely.

Hadrova et al. (2012) evaluated the eff ects of supple-
mental His when cows were fed a corn silage-barley 
and oat based diet with enhanced supplies of absorb-
able Lys, Met and Leu.  The basal diet contained (% of 
DM): 48.0 corn silage, 8.2 alfalfa hay, 18.8 barley, 8.0 
oats, 2.2 linseed meal, 2.2 soybean meal, 11.0 peas 
and 1.6 supplemental minerals and vitamins.  Mid-
lacta  on, duodenally-cannulated Holstein cows were 
allocated to one of two treatments, a control treat-
ment (infusion of Lys, Met, and Leu) and a His supple-
mented treatment (infusion of Lys, Met, Leu and His).  
His infusion increased yields of milk, lactose, protein 
and casein.  However, milk component concentra-
 ons were not aff ected.  That milk component con-

centra  ons were not aff ected by supplemental His, 
but yields of milk (27.9 vs. 26.8 kg) and milk protein 
(1015 vs. 960 g/d) were, is consistent with observa-
 ons of others (e.g., Vanhatalo et al., 1999, Korhonen 

et al., 2000; Huhtanen et al., 2002).  Predicted RDP 
and RUP concentra  ons, based on an NRC (2001) 
evalua  on of the basal diet by the author, were 10.5 
and 3.6% of DM, respec  vely.  Calculated average 
RDP and RUP balances (g/d) were +60 and -580, re-
spec  vely.  Predicted concentra  ons of Lys, Met and 
His in MP, without considera  on of infused AA, were 
6.95, 1.96 and 2.11%, respec  vely.  These results 
along with those of Lee et al. (2012) indicate that 
His concentra  ons in MP should be monitored, and 
that at least when using the 2001 NRC model, pre-
dicted concentra  ons of 2.11% or lower are not high 
enough when balancing for higher targeted levels of 
Lys and Met in MP (e.g., 6.6 and 2.2%, respec  vely). 

Other essen  al AA have also been evaluated for their 
possible limita  on a  er Lys and Met supplemen-
ta  on.  Par  cular a  en  on has been given to the 
branched-chain AA (BCAA; isoleucine, leucine and 
valine), in part because some models predict them 
as more limi  ng than other AA.  However, Appu-
hamy et al. (2011) saw no evidence of increased milk 
protein synthesis in early lacta  on, high producing 
Holstein cows provided with jugular-infused BCAA 
when  provided in addi  on to jugular-infused Lys and 
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Met.  Signifi cant increases in milk protein content and 
yield were observed with supplemental Lys and Met.  
However, there were no addi  onal responses with 
the BCAA.  The cows averaged nearly 116 lb of milk 
during the 5-wk experiment.  NRC (2001) predicted 
percentage concentra  ons of Lys, Met, His, Ile, Leu, 
and Val in MP with the basal diet were 6.1, 1.8, 2.2, 
4.7, 8.9, and 5.3%, respec  vely.

BALANCING FOR AMINO ACIDS

Considerable progress has been made in recent years 
to build nutri  onal models that do a be  er job of 
predic  ng supplies of absorbed AA for dairy cows.  
While some models also predict requirements, it has 
long been the authors’ opinion that the most im-
mediate progress in balancing diets for AA would be 
made by establishing the op  mal concentra  ons in 
MP of the most limi  ng AA for one’s model of choice, 
formula  ng diets to come as close as possible to 
mee  ng those op  mal concentra  ons, and reducing 
the RUP content of the diet as much as possible with-
out sacrifi cing any of the produc  on benefi ts realized 
by balancing for AA.  This fi rst step to balancing for 
Lys and Met (i.e., establishing the op  mal concentra-
 ons in MP) was accepted by NRC (2001) and has 

served the industry very well.  As discussed in the 
NRC publica  on, this approach not only eliminates 
the need for validated AA requirements, which didn’t 
exist when the model was developed (and s  ll don’t 
exist), but it has the decided advantage of allowing 
for the establishment of op  mal concentra  ons of 
the most limi  ng AA in MP (see Figures 5-12 and 5-13 
in NRC 2001) with the same model used for day-to-
day ra  on balancing or diet evalua  ons.  With this 
informa  on as background, the following AA balanc-
ing guidelines, which many of us have used since NRC 
(2001) was released, are provided.   

Guideline #1: Feed a mixture of high quality for-
ages, processed grains, and byproduct feeds that will 
provide a blend of fermentable carbohydrates and 
physically eff ec  ve fi ber that op  mizes rumen health 
and maximizes feed intake, milk produc  on, and yield 
of microbial protein.  Microbial protein has an appar-
ent excellent AA composi  on for lacta  ng dairy cows, 
par  cularly with respect to Lys and Met (see Table 1).

Guideline #2: Feed adequate but not excessive levels 
of RDP to meet rumen bacterial requirements for 
AA and ammonia.  Realizing the benefi ts of feeding 
a balanced supply of fermentable carbohydrates on 
maximizing yields of microbial protein requires bal-
ancing diets for RDP.  Rumen degraded feed protein 
is the second largest requirement for rumen bacteria.  
It supplies the bacteria with pep  des, AA, and am-
monia that are needed for microbial protein synthe-

sis.  Diet evalua  on models diff er in their es  mates 
of RDP in feeds and animal requirements.  The NRC 
(2001) model typically predicts RDP requirements of 
10 to 11% of diet DM.  Regardless of the model used, 
it is important to use the predicted requirements 
only as a guide and to fi ne tune according to animal 
performance.  Feed intake, fecal consistency, milk/
feed N ra  os, milk fat concentra  ons, and MUN are 
all useful pieces of informa  on.  A common target 
value for MUN is 8-10 mg/dl.  Most important, track 
and monitor model-predicted RDP levels rela  ve to 
cow performance so you don’t underfeed it, because 
doing so can decrease rumen diges  on, microbial 
protein synthesis, and milk yield. 

Guideline #3: Feed high-Lys protein supplements, or 
a combina  on of high-Lys protein supplements and a 
RP-Lys supplement, to achieve concentra  ons of Lys 
in MP that come close to mee  ng the op  mal con-
centra  on as determined for your model (Table 2).  
While experience indicates it is seldom if ever cost 
eff ec  ve to achieve these “required” concentra  ons, 
experience indicates it is usually cost-eff ec  ve to be 
within 95 to 97% of the indicated values.  If you want 
to feed a RP-Lys supplement, do not feed it un  l you 
have seen convincing research results that confi rm 
its “bioavailability” (i.e., the amount of the Lys in the 
product that actually gets absorbed when fed).  In 
short, you need to know that it will increase plasma 
Lys concentra  ons when fed in the amounts that you 
will feed it as well as knowing how much of it will be 
absorbed.  

Guideline #4: Feed a RP-Met supplement in amounts 
needed to achieve the op  mal Lys/Met ra  o in MP 
for your model (Table 2)...then fi ne-tune as needed 
for maximum milk protein concentra  ons.  You may 
have to feed more than you think, or maybe you can 
feed less than what you think, but like RP-Lys supple-
ments, you need to know before feeding it that it will 
increase plasma Met concentra  ons when fed in the 
amounts that you will feed it as well as knowing how 
much of it will be absorbed.  If it’s a Met analog prod-
uct, like MetaSmart (Adisseo) for example, then the 
ques  on is “how much gets absorbed and converted 
to Met”?  The analog must also demonstrate an 
ability to increase blood plasma Met concentra  ons 
when fed at normal amounts.  Like RP-Lys supple-
ments, over-es  ma  ng the effi  cacy of a RP-Met 
supplement usually leads to disappoin  ng produc  on 
outcomes, and more o  en than not, leaves the nu-
tri  onist and dairy producer believing that balancing 
for Lys and Met has li  le or no value.
  
Guideline #5: A  er the transi  on phase or once peak 
DM intake is achieved, limit RUP supplementa  on to 
what the cows say is needed…not what your model 

9



says.  Reduc  ons of 1.5 to 2.0 percentage units are 
common when balancing for Lys and Met.  Most 
models do not adjust MP requirements, and thus 
RUP requirements, for changes in predicted concen-
tra  ons of Lys and Met in MP.  This is a serious defi -
ciency, and un  l models are designed to predict milk 
and milk protein yields from supplies of MP-Lys and 
MP-Met, rather than supplies of MP, just know that 
the MP requirement, and therefore the RUP require-
ment, for a given yield of milk and milk protein de-
creases with higher concentra  ons of Lys and Met in 
MP (Table 3).  Research (e.g., No  sger and St-Pierre, 
2003; Chen et al., 2011) and fi eld observa  ons alike 
support the conclusions from Table 3.   

Guideline #6: Monitor His levels in MP closely.  There 
is a lack of studies analogous to those that exist for 
Lys and Met to generate dose-response plots that 
relate changes in content or yield of milk protein to 
predicted concentra  ons of His in MP.  Such data is 
needed to establish reliable es  mates of the required 
concentra  ons of His in MP for maximal content and 
yield of milk protein, as has been done for Lys and 
Met.  However, the author believes it is desirable to 
maintain a His level in MP that is at least 0.1 percent-
age unit higher than Met.  The recommenda  on that 
His should be slightly higher in MP than Met is based 
largely on NRC (2001) evalua  ons of the aforemen-
 oned experiments where researchers obtained milk 

protein yield responses to intravenous or intes  nal 
infusions of His.       

BENEFITS OF BALANCING FOR AA

The benefi ts of AA balancing, with the focus be-
ing almost en  rely on Lys and Met thus far, are well 
known and have been summarized (e.g., Schwab, 
2010, 2012).  These benefi ts include reducing the risk 
of cows experiencing an AA defi ciency, op  mizing 
transi  on cow health, increasing milk and milk com-
ponent yields, and feeding less RUP to post-transi  on 
cows.  Feeding less RUP not only decreases feed costs 
but it also allows for increased carbohydrate feeding.  
The consequence is increased synthesis of microbial 
protein, a protein of high quality, and increased syn-
thesis of vola  le fa  y acids, important substrates for 
lactose and fat synthesis. The benefi ts of AA balanc-
ing are clearly the most no  ceable in transi  on and 
early lacta  on cows (Schwab, 2012), but benefi ts 
exist throughout lacta  on.  

Amino acid balancing can have profound eff ects in 
early lacta  on cows.  As discussed by Luchini and 
Loor (2014), this was readily apparent in the experi-
ment by Osorio et al. (2012).  In that experiment, 
when high-Lys basal pre- and post-calving diets 
were supplemented with either Smartamine M 
or MetaSmart, marked responses in milk and milk 

component yields resulted.  Several indicators of 
metabolic health were also posi  vely infl uenced.  In 
a series of earlier Ajinomoto sponsored experiments 
(prior to 1999), researchers conducted 8 experiments 
where cows were provided supplemental RP-Lys and 
RP-Met from calving to 4-12 wk of lacta  on.  Results 
indicated an average milk yield response of 8.5 lb 
with a range of 4.4 to 12.1 lb (Izuru Shinzato, per-
sonal communica  on).  Considerably more research 
is needed with transi  on cows to be  er iden  fy what 
the ideal AA balance is and that when provided, its 
impact on health, reproduc  ve effi  ciency, and milk 
and milk component produc  on.    

CONCLUSIONS

Amino acids are the required nutrients, not crude 
protein.  Because AA have numerous and important 
func  ons in metabolism, providing them to the lac-
ta  ng dairy cow in a be  er balance has been shown 
to provide signifi cant opportuni  es for minimizing 
the risk of cows experiencing AA defi ciencies, for 
reducing the need for supplemental RUP, and for 
op  mizing health, produc  on and dairy herd profi t-
ability.  Balancing for AA has, without ques  on, been 
a contribu  ng factor to higher milk yields, higher milk 
component levels, and greater dairy herd profi tability 
for many dairy producers.
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Table1.  A comparison of Lys and Met concentra  ons in CP of lean  ssue, milk, rumen bacteria and common 
feedstuff s.

Lys Met His Lys Met His
Lean  ssue1 6.4 2.2 2.5 Brewer’s grains 4.1 1.7 2.0
Lean  ssue2 6.3 1.8 2.4 Canola meal 5.6 1.9 2.8
Milk1 7.6 2.7 2.7 Corn DDG w/sol 2.2 1.8 2.5
Rumen bacteria1 7.9 2.6 2.0 Corn gluten meal 1.7 2.4 2.1

Co  onseed meal 4.1 1.6 2.8
Alfalfa silage3 4.4 1.4 1.7 Soybean meal 6.3 1.4 2.8
Corn silage 2.5 1.5 1.8 Sunfl ower meal 3.6 2.3 2.6
Grass silage 3.3 1.2 1.7

Blood meal 9.0 1.2 6.4
Barley 3.6 1.7 2.3 Feather meal 2.6 0.8 1.2
Corn 2.8 2.1 3.1 Fish meal 7.7 2.8 2.8
Oats 4.2 2.9 2.4 Meat & bone meal 5.2 1.4 1.9
Wheat 2.8 1.6 2.4 Meat meal 5.4 1.4 2.1
1Values reported by O’Conner et al. (1993), 2Tylutki et al. (2008), and 3NRC (2001).
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Table 3. Eff ect of diff erent Lys and Met concentra  ons in MP on amounts of RUP needed to provide 180 g of 
total MP-Lys and 60 g of MP-Met1.

Lys in
MP
(%)

MP
required

(g/d)

Microbial
MP2

(g/d)

Endogenous
MP

(g/d)

Required
MP from
RUP (g/d)

Required
RUP3

(g/d)

Required
RUP

(% of DM)
5.7/1.9 3157 1390 121 1646 2058 8.1
6.0/2.0 3000 1390 121 1489 1861 7.3
6.3/2.1 2857 1390 121 1346 1683 6.6
6.6/2.2 2727 1390 121 1216 1520 6.0
6.9/2.3 2609 1390 121 1098 1372 5.4

1 NRC (2001) was used as the model of choice.  Intake of DM was assumed to be 25.5 kg. 
2 Assumed that feeding less RUP and more carbohydrates would not increase microbial MP supply. 
3 Assumed that microbial protein has an average RUP diges  bility of 80%.

13

Table 2.  Current knowledge regarding required Lys and Met concentra  ons in MP for maximal milk protein 
concentra  ons as determined for three diff erent nutri  on models.

Model Lys Met Op  mal Lys/Met ra  o
NRC (2001) 
    Original release1 6.80 2.29 2.97
    Revised 2001 v.1.1.93 6.83 2.28 3.00

CPM-Dairy v.3.0.102 7.46 2.57 2.90

AMTS.Ca  le
    v.2.1.12 6.68 2.40 2.78
    v.3.3.43 6.97 2.53 2.75
1Determined by Schwab et al. (2009), 2Whitehouse et al. (2009), 3Whitehouse et al. (2013).
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Immediately a  er calving, the cows are at the highest 
risk of suff ering a disease; a high incidence of dis-
eases during this period impacts their performance 
on the rest of the lacta  on and o  en, impacts their 
ability to reproduce normally. Since they cannot 
consume enough feed to keep-up with their milk pro-
duc  on, they lose a great deal of body weight.  Cows 
will lose over 100 pounds immediately a  er calving 
to meet the high demand for nutrients.  Body weight 
loss a  er calving is normal, in fact, it is accepted that 
cows will lose between 0.5 and 1 point of body condi-
 on score within the fi rst quarter of the lacta  on 

cycle.

Nutri  on management during the periparturient 
period may have implica  ons for the immune func-
 on and metabolic health (Waldron, 2014).  During 

this period of nega  ve nutrient balance, the cows 
mobilize body reserves, including fat, protein and 
glycogen for milk produc  on, direct oxida  on and he-
pa  c gluconeogenesis.  Despite much a  en  on have 
been devoted to the mobiliza  on of fa  y acids and 
its impact on liver health, it is important to highlight 
that cows loose up to 44 lbs of protein during early 
lacta  on (Khula et al, 2011).  

Van der Dri   et al., 2012, hypothesized that much of 
this protein breakdown may be used as amino acid 
donors for liver gluconeogenesis, therefore, muscle 
breakdown would serve as glucose precursor dur-
ing periods of nega  ve energy balance.  The authors 
evaluated the mobiliza  on of muscle protein by 
analysis of plasma 3-methylhis  dine, an indicator of 
muscle protein breakdown and concluded that higher 
mobiliza  on of protein around calving might restrict 
ketone body produc  on due to higher availability of 
glucogenic precursors.  Khula et al. concluded that 
muscle and amino acid losses con  nually progress 
within the fi rst weeks of lacta  on, muscle glycogen 
and fat storages are already exhausted immediately 
a  er parturi  on.  The authors stated that there is a 
fast (within hours) alloca  on of glucose (from glyco-
gen) and fa  y acids and a later alloca  on of amino 
acids.  Therefore, the body mass losses experienced 
by the cow during the transi  on period are due to 
the quick use of glycogen, and the longer and chronic 

use of fat and protein.  While protein and amino 
acids losses are con  nuous during the fi rst few weeks 
of lacta  on, muscle glycogen and fat storages are 
readily exhausted immediately a  er parturi  on 
(Figure 1).

Figure 1:  Muscle glycogen, fat and protein content 
of cows (% of wet weight) during the periparturient 
period.

McCarthy et al. (1968) hypothesized that Methio-
nine (Met) defi ciency in ruminants may limit hepa  c 
very-low density lipoprotein (VLDL) synthesis and be 
a causa  ve factor of ketosis. Rate of hepa  c VLDL 
synthesis was subsequently demonstrated to be 
lower in ruminants than monogastrics (Pullen et al., 
1990). This inherent feature of ruminants is par  cu-
larly important at parturi  on when the homeorhe  c 
adapta  ons in the animal lead to marked increases 
in blood non-esterifi ed acids (NEFA) which are taken 
up by liver, hence, increasing the suscep  bility for 
hepa  c lipidosis (Grummer, 1993). 

Grummer (1993) proposed that u  liza  on of triac-
ylglycerol (TAG) for VLDL synthesis a  er parturi  on 
is impaired when the level of hepa  c Met is insuf-
fi cient.  Feeding a diet enriched with methionine is 
important in the synthesis of Apoprotein B and in the 
synthesis of Phospha  dyl Choline, both necessary for 
the forma  on of Very Low Density Lipoproteins; that 
are required for ensuring transport of the fat away 
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from the liver (Durand, 1992).  More recent work 
has established an associa  on between low levels 
of serum Met during the fi rst 14 days postpartum 
and severe hepa  c lipidosis (Shibano and Kawamura, 
2006). The work of Dalbach et al. (2011) demonstrat-
ed that it is feasible to increase the serum concen-
tra  on of Met during the fi rst 2-weeks postpartum 
by feeding rumen-protected Met. This is par  cularly 
important for the animal not only because of the 
key role of Met in milk protein synthesis but also for 
intra-hepa  c VLDL synthesis, produc  on of glutathi-
one and taurine [intracellular an  oxidants; (Atmaca, 
2004)], and provision of methyl groups (Finkelstein, 
1990). At least in non-ruminants, the la  er has been 
demonstrated to be an important aspect of overall 
Met u  liza  on in liver namely because methyla  on 
serves as a way to regulate gene expression, protein 
func  on, and RNA processing. 

Cows during the transi  on period are immuno sup-
pressed (Goff , 2006) this predisposes the cow to be 
suscep  ble to infec  ons.  If the cow suff ers a disease 
like mas   s or metri  s the immune system responds 
with infl amma  on, increased body temperature, 
heart and respira  on rate. Under such stressful 
condi  ons, reac  ve oxygen metabolites (ROM) are 
an end product of the metabolism.  When present in 
excessive concentra  on, (ROM) can be toxic to the 
cells.  Lipid peroxides are linked to systemic infl am-
ma  on.  They are generated when intracellular lipids 

react with ROM and when they are present; they are 
the cause of infl amma  on (Bradford, 2012).  One of 
the most common ways that nutrients are involved 
in animal health is due to their role as an  oxidants 
(Waldron, 2014).  Severe infl amma  on or marginal 
anioxidant protec  on can lead to extensive  ssue 
damage (Zhao and Lacasse, 2008).  

The onset of lacta  on is a  me when the ROM 
increase dras  cally, at least in part because of the 
doubling of metabolic rate in the liver.  ROM are 
oxygen containing molecules that are chemically 
reac  ve.  They are the result of normal metabolism 
of oxygen and the cells defend against ROM damage 
with enzymes referred to as “an  oxidants”. Increased 
ROM are signifi cant contributors (or consequence of) 
to systemic imfl amma  on.  Reducing the oxida  ve 
stress can only be benefi cial to the cow, par  culartly 
during the transi  on phase.  If ROM are produced in 
excess and the cell’s an  oxidant enzymes are unable 
to counteract this eff ect in the short-term, ROM can 
cause signifi cant cellular damage. An  oxidants help 
the cow to control the ROM, Vitamin E and A and 
Se are know an  oxidants and their impact on cow’s 
health during transi  on is well reported (Sordillo et 
al., 2009). Preven  ng ROM accumula  on and also 
providing substrates for an  oxidant enzymes dur-
ing the transi  on phase may help the cow to have a 
healthier lacta  on and be  er overall performance.  
A current model of the interrela  onships between 

Figure 2: Current model depic  ng the likely causes of  ssue damage (e.g. liver, rumen epithelium, mammary 
gland, reproduc  ve tract) and the infl ammatory response during the transi  on period with and without the 
incidence of infec  ous disease (Bertoni and Trevisi, 2013).
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infl amma  on and oxida  ve stress was reported re-
cently (Figure 2).

The infl ammatory events induced by an infec  ous 
agent, oxida  ve stress, and/or their combina  on act 
directly on the liver through the pro-infl ammatory 
cytokines including IL-6, TNFα, and IL-1. The liver (he-
patocytes) has intracellular proteins (receptors) that 
can sense the cytokines, which upon binding to these 
receptors (e.g. nuclear factor kappa-beta (NFKB) re-
sponds by altering the gene expression (mRNA), and 
subsequently protein synthesis, of a selected group 
of proteins classifi ed as the “acute-phase proteins 
(APP)”. The so-called “posi  ve AAP” are increased 
by infl amma  on, while the “nega  ve APP” are de-
creased (Figure 2). Therefore, by following the tem-

poral change in their concentra  ons we can evaluate 
the rela  ve state of infl amma  on of cows during the 
transi  on phase. 

Methionine is another well-established source of the 
an  oxidants glutathione and taurine (Atmaca, 2004) 
and its an  oxidant proper  es in other species have 
been demonstrated (Geumsoo et al., 2014).  One of 
the key an  oxidant enzymes in  ssues, including the 
liver, is glutathione peroxidase. This enzyme can be 
derived in part via methionine (Figure 3).  Preven  ng 
ROS accumula  on and also providing substrates for 
an  oxidant enzymes during the transi  on phase may 
help the cow to have a healthier lacta  on and be  er 
overall performance.  

Figure 3:  The role of methionine in the cow’s metabolism
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Results from a research trial that validated the impact of feeding a MET enriched diet on the oxida  ve stress 
and immune status of cows during transi  on were recently published (Osorio et al, 2013, 2014).    Three 
groups of cows were fed the same basal diet from 21 days before expected calving day un  l 28 days a  er calv-
ing. One group of cows received the basal diet defi cient in MET, the other two groups were fed the same basal 
diet enriched with one of two commercially MET sources to achieve a LYS:MET ra  o of 2.8:1.  The cows fed the 
MET enriched diets consumed an average of 4.7 extra pounds of feed per day and increased their Energy Cor-
rected Milk (ECM) by 8.6 pounds per day during the fi rst 28 days in milk (Table 1). 

Table 1:  Dry ma  er intake, milk, protein, fat yield and ECM from cows fed a Control and methio-
nine enriched diets (MetaSmart and Smartamine) (Osorio et al., 2013)

Also, the cows fed the MET enriched diets had higher concentra  ons of carni  ne, essen  al for the transport of 
NEFA from the cytosol into the mitochondria for subsequent fa  y acid oxida  on (Drackley, 1999); a tendency 
to lower concentra  on of phospha  dyl choline, important in the assembly/export of fat out of the liver via 
the forma  on of VLDL, sugges  ng a greater poten  al for liver fa  y acid oxida  on and a be  er transport of fat 
out of the liver via the forma  on of VLDL (Osorio et al, 2014).  Further, the cows fed the methionine enriched 
diets had lower blood concentra  ons of Ceruloplasmin and Serum Amyloid A (both “posi  ve APP”) indica  ng a 
reduced infl ammatory response, those cows also had a be  er an  oxidant status indicated by a higher oxygen 
radical absorbance capacity and glutathione concentra  on (Table 2).

Table 2:  Carni  ne, Phospha  dyl Choline, Ceruloplasmin, Serum Amiloyd A, Oxygen Radical Absor-
bance Capacity and Glutathione from cows fed a Control or methionine enriched diet (MetaSmart 
or Smartamine) (Osorio et al., 2014)

 * Met: Contrast statement of Control vs. MetaSmart + Smartamine

 
Diet P value*

Parameter Control MetaSmart Smartamine Diet Met
DMI 29.3 33.5 34.4 .18 .06
Milk yield (lb/d) 78.6 83.9 88.1 .15 .08
Milk protein (%) 3.04 3.26 3.19 .13 .05
Milk fat (%) 4.27 4.68 4.09 .59 .36
Milk protein yield (lb/d) 2.44 2.71 2.73 .08 .03
Milk fat yield (lb/d) 3.61 4.05 3.98 .11 .04
ECM (lb/d) 90.3 98.6 99.1 .09 .03
* Met: Contrast statement of Control vs. MetaSmart + Smartamine

 
Diet P value*

Parameter Control MetaSmart Smartamine Diet Met
Carnitine, mg/L 37.5 98.2 66.0 .01 <.01
Phosphatidyl Choline, uM/g
of tissue

10.6 7.7 9.1 .15 .07

Ceruloplasmin, umol/l 3.02 2.68 2.71 .03 .009
Serum amiloyd A, ug/ml 61 40.7 43.5 .17 .06
Oxigen Radical Absobance
Capacity, mol/L

11.9 12.9 12.4 .05 .04

Glutathione, mM 1.27 1.55 1.73 .09 .04
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The authors concluded that the cows fed the MET 
enriched diets during the transi  on period had 
higher dry ma  er intake post-partum, produced 
more ECM, had a lower systemic infl ammatory state, 
an enhanced liver func  on and a greater an  oxidant 
capability.

Methionine is a key nutrient in transi  on cow nutri-
 on, not only as a building block for protein synthesis 

but as a key intermediate to enhance the metabolic 
processes. This can lead to be  er liver func  on, 
oxida  ve and infl ammatory status, allowing the cow 
to withstand the challenges of the transi  on phase of 
lacta  on.  The results shown by Osorio et al. support 
the hypothesis that feeding a MET enriched diet dur-
ing the transi  on period is benefi cial to cows.  
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Introduc  on

Enhancing reproduc  ve effi  ciency can improve the 
economic performance of commercial dairy opera-
 ons by increasing the number of high-producing 

lacta  ng cows in the ideal por  on of the lacta  on 
curve, as well as enhancing culling prac  ces, increas-
ing numbers of replacement heifers, and reducing 
reproduc  on costs. Researchers for more than a 
century have a  empted to enhance produc  vity and 
reproduc  on in dairy ca  le by op  mizing nutri  onal 
strategies. Researchers have focused on op  mizing 
energy intake and body condi  on scores of cows in 
order to improve reproduc  on (Cardoso et al., 2013, 
Carvalho et al., 2014, Chapinal et al., 2012, Garverick 
et al., 2013, López-Ga  us et al., 2003).  Other re-
searchers have a  empted to supplement nutri  onal 
components that may act as nutraceu  cals, such 
as specifi c poly-unsaturated fa  y acids, in order to 
enhance processes that would op  mize reproduc  on 
(Juchem et al., 2010, Thatcher et al., 2006). Studies in 
this area are consistent with the idea that dairy ca  le 
reproduc  on can be altered by diet modifi ca  ons 
and nutri  onal strategies.

Protein nutri  on has also been inves  gated in rela-
 on to reproduc  ve effi  ciency in dairy cows in many 

types of studies.  One major idea is that elevated 
crude protein or protein degradability in the diet 
leads to elevated urea nitrogen. This high urea nitro-
gen, measured in blood or milk is associated with, 
and may be the cause of, reduced fer  lity in lactat-
ing dairy cows. A recent meta-analysis evaluated the 
results from 32 treatment comparisons published in 
21 studies (Lean et al., 2012). In these studies, in-
creased dietary protein or increased degradability of 
dietary protein decreased risk of pregnancy by 9%. 
However there was no associa  on between blood 
urea nitrogen (BUN) and risk of pregnancy, possibly 
due to technical aspects of BUN quan  fi ca  on or a 
rela  vely minor role of this metabolite in the reduced 
fer  lity.  Nevertheless, there are many reasons to re-

duce crude protein in dairy cow diets including costs, 
environmental impacts, and effi  ciency of nitrogen 
u  liza  on (Sinclair et al., 2014). Therefore, a nega  ve 
eff ect of high crude protein is likely to not be a major 
factor in the reduc  on in dairy ca  le fer  lity in most 
situa  ons. 

Less emphasis has been placed on poten  al posi  ve 
eff ects that amino acid supplementa  on can have on 
reproduc  on in dairy ca  le. Some amino acids are 
limi  ng for op  mal milk produc  on as evidenced by 
an increase in milk yield, percentage of milk protein, 
and milk protein yield a  er supplementa  on with 
specifi c, rumen-protected amino acids (Cho et al., 
2007, Pa  on, 2010, Socha et al., 2005). Generally the 
fi rst three rate-limi  ng amino acids for milk produc-
 on are considered to be Met, Lys, and His. In addi-
 on, many amino acids can have posi  ve eff ects on 

physiological processes that are independent of their 
eff ects on synthesis of proteins. This has been termed 
“func  onal eff ects” of amino acids and methionine 
and arginine eff ects are the best studied “func  onal 
amino acids” that have been linked to reproduc  on 
(Bazer et al., 2010, Penagaricano et al., 2013).  This 
review will focus on concentra  ons of amino acids in 
oviduct and uterus, followed by discussion of repro-
duc  ve stages that may be altered by amino acids.

Concentra  ons of amino acid in oviductal and uter-
ine fl uid

Fer  liza  on and the fi rst few days of embryo de-
velopment occur in the oviduct. By about 5 days 
a  er estrus the embryo arrives in the uterine horn. 
The embryo reaches the blastocyst stage by 6 to 
7 days a  er estrus. The embryo hatches from the 
zona pellucida by about Day 9 a  er estrus and then 
elongates on Days 14-19. The elonga  ng embryo 
secretes the protein interferon-tau that is essen  al 
for rescue of the corpus luteum and con  nua  on of 
the pregnancy. By Day 25-28 the embryo a  aches to 
the caruncles of the uterus and begins to establish 
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a vascular rela  onship with the dam through the 
placenta. During all the  me prior to embryo a  ach-
ment, the embryo is free-fl oa  ng and is dependent 
upon uterine secre  ons for energy and the building 
blocks for development, including amino acids. Thus, 
it is cri  cal to understand the changes in amino acid 
concentra  ons in the uterus that accompany these 
diff erent stages of embryo development.

Table 1 summarizes the concentra  ons of amino 
acids in plasma, in the oviduct (average of Days 0, 2, 
3, 4, and 6 of estrous cycle), and in the uterus (aver-
age Days 6, 8, and 14 of estrous cycle). The data are 
from the elegant study of Hugentobler et al., 2007 
done in crossbred beef heifers. There was no eff ect 
of day of the cycle on oviductal concentra  ons of 

amino acids so the average of all measured days is 
shown.  The plasma concentra  ons are the average 
of the same days as oviductal measurements. Nine 
of the 20 amino acids were present at signifi cantly 
greater concentra  ons in the oviduct than plasma 
indica  ng that mechanisms are present in the cells of 
the oviduct that allow concentra  on of amino acids. 
The uterus also had greater concentra  ons of many 
amino acids than found in plasma from cows on the 
same days of the estrous cycle. The amino acids that 
were most drama  cally elevated in uterus, Asp, Asn, 
Glu, were mostly similar to the oviduct. One major 
diff erence is that the concentra  on of Tau is much 
greater in uterus compared to oviduct, where Tau 
was not concentrated compared to plasma (Table 1).  

Table 1.  Concentra  ons of 19 amino acids in plasma, oviduct, and uterus based on results from Hugentobler et 
al., 2006. In addi  on, the last column compares amino acid concentra  ons in pregnant vs. non-pregnant uterus 
near embryo elonga  on (Day 15 in sheep; Day 18 in ca  le).

Amino Acid Oviductal 
[μM]

Plasma 
[μM]

Uterine 
[μM]

Oviduct /
Plasma, %

Uterus /
Plasma %

Fold Increase 
in pregnant 

uterus
Ala 592.2 252.52 353.07 235% 156% 2.87X
Arg 133.3 94.50 193.87 141% 196% 7.58X
Asn 41.0 19.60 72.17 209% 357% 5.5X
Asp 135.5 6.72 120.80 2016% 2059% 4.93X
Gln 194.7 236.80 208.57 82% 89% 4.06X
Glu 346.3 62.12 217.63 558% 341% 3.45X
Gly 1557.6 680.88 1215.73 229% 183% 1.24X
His 68.8 57.04 109.23 121% 195% 11.48X
Ile 87.6 86.10 94.10 102% 103% 7.06X
Leu 192.2 154.72 201.03 124% 121% 4.41X
Lys 223.7 105.34 209.23 212% 176% 14.39X

Met 39.8 24.88 40.40 160% 201% 12.39X
Phe 68.1 38.42 75.50 177% 175% 7.31X
Ser 172.7 85.54 252.73 202% 301% 2.52X
Tau 49.4 47.34 440.03 104% 783% 1.09X
Thr 162.6 133.60 144.60 122% 96% 3.29X
Trp 36.1 27.52 38.40 131% 134% 4.99X
Tyr 54.4 25.62 63.73 212% 227% 5.3X
Val 181.4 170.04 192.47 107% 106% 4.63X
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In addi  on to the mechanisms that concentrate 
amino acids in the uterus in non-pregnant ruminants, 
there are addi  onal mechanisms that result in fur-
ther increases in concentra  ons of amino acids in the 
uterine lumen in pregnant ruminants near the  me 
of embryo elonga  on (Day 14-18). Three studies have 
provided amino acid concentra  ons near the  me of 
embryo elonga  on; two in sheep (Gao et al., 2009c) 
and one in ca  le (Groebner et al., 2011). Although 
there seems to be very li  le change in amino acid 
concentra  ons between Day 10 and 16 in non-
pregnant sheep, there are drama  c increases from 
3 to 23-fold in specifi c amino acids in the uterine 
lumen of pregnant sheep (Gao et al., 2009c). In order 
to provide some idea of changes in uterine amino 
acids during early pregnancy, we have combined the 
results from these 3 studies into a fold increase in 
amino acids during the  me of embryo elonga  on. 
As shown in Table 1, there is an increase in almost 
all amino acids at the  me of embryo elonga  on. Of 
par  cular interest for dairy ca  le, the three amino 
acids that are considered rate-limi  ng for milk pro-
duc  on, Met, His, and Lys, are the amino acids with 
the greatest increase in concentra  ons in the uterine 
lumen during embryo elonga  on (>10-fold increase 
on average from all three studies). Arginine is an-
other amino acid that has been studied extensively 
in rela  on to reproduc  on (Lassala et al., 2011, Li et 
al., 2014, Wu et al., 2013) and it is also highly concen-
trated in the pregnant uterus. No study has evaluated 
these increases in lacta  ng dairy cows, par  cularly in 
dairy cows that are defi cient vs. suffi  cient in par  cu-
lar amino acids. In a sheep model, maternal nutrient 
restric  on can drama  cally reduce plasma, uterine, 
and fetal fl uid concentra  ons of amino acids (Kwon 
et al., 2004) and cause fetal growth restric  on. This 
growth restric  on can be overcome by provision of 
arginine or sildenafi l citratate (Viagra) that both in-
crease uterine blood fl ow and amino acid concentra-
 ons in the uterine fl uid (Lassala et al., 2010, Sa  er-
fi eld et al., 2010). Thus, Arg, although not considered 
rate-limi  ng for milk produc  on under most circum-
stances, could be limi  ng for uterine blood fl ow and 
thereby limit reproduc  ve effi  ciency of dairy ca  le. 
Inadequate supply of other amino acids, par  cularly 
the rate-limi  ng amino acids, Met, His, and Lys, could 
hinder the rapid growth of the embryo that occurs 
between Day 14 and 19 in the pregnant cow or sub-
sequent growth of embryonic, fetal, and placental 
 ssues. 

The increase in specifi c amino acids in the uterus 
near the  me of embryo elonga  on appears to be 
due to an induc  on of specifi c amino acid trans-
porters in the uterine endometrial cells (Gao et al., 
2009a, b, Groebner et al., 2011). The induc  on of 
these amino acid transporters is most likely induced 

by the protein interferon-tau that is secreted by 
the elonga  ng embryo. For example, interferon-
tau treatment drama  cally increased one specifi c 
amino acid transporter, SLC15A3, in both glandular 
epithelial (36-fold) and stromal epithelial (177-fold) 
uterine cells (Groebner et al., 2011). Thus, there is 
likely a posi  ve feedback system occurring during 
this cri  cal  me of embryo elonga  on with uterine 
amino acids being essen  al for rapid embryo growth 
and embryonic interferon-tau produc  on; whereas, 
interferon-tau s  mulates ac  ve amino acid transport 
through the uterine epithelial cells to increase amino 
acid supply to the elonga  ng embryo. Disturbances 
in the temporal rela  onship between uterine blood 
fl ow, induc  on of uterine amino acid transport, uter-
ine amino acid concentra  ons, embryonic growth, 
embryonic interferon-tau produc  on, and rescue/
regression of the corpus luteum may reduce fer  lity 
and increase pregnancy losses. 

Eff ect of supplemen  ng specifi c rumen-protected 
amino acids on fer  lity

Numerous studies have evaluated the eff ects of 
rumen-protected amino acids, par  cularly methio-
nine, on produc  vity.  For example, a recent meta-
analysis (Vyas and Erdman, 2009) evaluated the 
results from 35 experiments on produc  on eff ects 
of postruminal supplementa  on with methionine.  
At low methionine intakes (25 g per cow per day) 
there were drama  c increases in milk protein (16 g of 
milk protein per gram of metabolizable methionine 
intake); whereas, the produc  on response was more 
muted at high methionine intake (70 g per cow per 
day; increase of 4 g of milk protein per g of metabo-
lizable methionine intake).  Unfortunately, we have 
been unable to fi nd studies in the scien  fi c literature, 
which were specifi cally designed and adequately 
powered to evaluate the eff ects of specifi c amino 
acids on reproduc  ve effi  ciency of lacta  ng dairy 
cows. The largest study (Polan et al., 1991) combined 
results  from 259 cows at 6 Universi  es evalua  ng 
rumen-protected methionine and lysine supplemen-
ta  on. They detected no signifi cant eff ect on days 
to fi rst service, services per concep  on, or calving 
interval, although no details were provided on repro-
duc  ve measures in each specifi c treatment group. 
It is obvious that large studies are needed to validly 
evaluate the eff ects of supplemen  ng amino acids on 
measures of reproduc  ve effi  ciency in lacta  ng dairy 
cows.

One of the reasons for the poor defi ni  on of the role 
of specifi c amino acids in dairy ca  le reproduc  on 
has been the use of experimental designs that gen-
erally are not op  mal for making fi rm conclusions 



about reproduc  ve traits. Some nutri  on-reproduc-
 on studies use individually fed ca  le, generally at 

university facili  es, providing data that are valid for 
quan  ta  ve variables, such as milk produc  on and 
hormonal concentra  ons, but are underpowered 
(too few cows per treatment) for evalua  ng binomial 
variables such as fer  lity. Alterna  vely, researchers 
use suffi  cient numbers of cows on commercial opera-
 ons but nutri  onal strategies are applied to too few 

pens to allow valid sta  s  cal analyses as previously 
discussed (Tempelman, 2009). To detect a 10% diff er-
ence in pregnancies per AI (P/AI) there would need to 
be at least 180 cows per treatment group. Detec  on 
of smaller diff erences would require much greater 
numbers of cows in the experiment. In one manu-
script the authors state “As nutri  onal scien  sts, we 
tend to put produc  on responses above all other 
responses . . . However, maintaining the health of 
the cow also has its economic benefi ts and we must 
consider health responses when evalua  ng the ef-
fects and benefi ts of using supplemental Met sources 
during the periparturient period” (Ordway et al., 
2009).  In other species, fecundity and embryo de-
velopment are dependent upon op  mal methionine 
balance (Coelho and Klein, 1990, Coelho et al., 1989, 
Grandison et al., 2009, Rosenkrans et al., 1989).  For 
example, supplementa  on of culture media with 
methionine increased percentage of porcine embryos 
that ini  ated hatching (measure of normal embryo 

development) from 56% to 89% (Rosenkrans et al., 
1989). 

Eff ect of methionine on embryo development

One par  cularly interes  ng study (Coelho et al., 
1989) used serum from lacta  ng dairy cows in the 
media to grow head-fold stage rat embryos (Day 9.5 
a  er breeding). Complete development of these 
embryos requires serum and development is normal 
in rat serum. When embryos are grown in serum 
from dairy cows embryonic development is abnor-
mal (Table 2-Line 1) when measured as total embryo 
protein, somite pairs, or percentage of the embryos 
that are abnormal (no neural tube closure, abnor-
mal shape, no development of eyes and branchial 
arches). Supplementa  on of bovine serum with 
amino acids and vitamins produced normal develop-
ment (Line 2). Amino acid supplementa  on alone 
but not vitamin supplementa  on produced normal 
development. Supplementa  on of methionine alone 
was suffi  cient to produce normal development of 
the rat embryos in cow serum (Next to last line of 
Table 2). In a separate experiment, use of serum from 
cows that were supplemented with rumen-protected 
methionine (110 g/d) also produced normal embryo 
development. Thus, bovine serum has such low me-
thionine concentra  ons that normal development of 
rat embryos is retarded.
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Table 2.  Eff ect of supplementa  on of various components on development of head-fold stage rat embryos in 
bovine serum. Data from (Coelho et al., 1989).

Cow serum with: Embryo Protein Somite Pairs % Abnormal
None 73.7 + 8.6a 12.5 + 1.3a 100%
Amino acids + vitamins 130.0 + 7.7b 21.5 + 0.6b 0%
Amino acids 117.1 + 8.5b 21.3 + 0.2b 0%
Vitamins 56.6 + 5.76a 9.3 + 0.8a 100%
Amino acids w/o methionine 82.9 + 8.7a 11.0 + 0.7a 100%
Methionine 133.7 + 5.5b 22.3 + 0.4b 0%
Serum from cow supplemented with 110 g/d 
rumen-protected Met

135.2 + 9.1
(Separate study)

Not measured 0%



The requirements for complete development of 
bovine embryos have not yet been determined. Cur-
rent culture condi  ons allow produc  on of bovine 
embryos to the blastocyst stage (Day 7-8) and even 
allow hatching of a percentage of embryos (Day 9), 
however condi  ons have not been developed that 
allow elonga  on of embryos in vitro, and defi nitely 
do not allow culture of bovine embryos to the head-
fold stage that was analyzed in the rat embryo experi-
ments. The methionine requirements for cultured 
preimplanta  on bovine embryos (Day 7-8) was 
recently determined in studies from University of 
Florida (Bonilla et al., 2010). There was a surprisingly 
low methionine requirement (7 μM) for development 
of embryos to the blastocyst stage by Day 7, however 
development to the advanced blastocyst stage by Day 
7 appeared to be op  mized at about 21 μM (Bonilla 
et al., 2010). Thus, the results of this study indicated 
that development of morphologically normal bovine 
embryos did not require elevated methionine con-
centra  ons (>21 μM), at least during the fi rst week 
a  er fer  liza  on. 

A recent study (Ikeda et al., 2012) evaluated whether 
methionine metabolism was required for normal 
development of bovine embryos. The researchers 
added ethionine or addi  onal methionine to cultures 
of bovine embryos. Ethionine blocks metabolism of 
methionine into the one-carbon pathway (termed 
an  metabolite of methionine). Ethionine did not 
block development to the morula stage but blocked 
development to the blastocyst stage (Control=38.5%; 
Ethionine=1.5%). Thus, methionine has an essen  al 

role in the development of the bovine embryo from 
morula to blastocyst. 

We recently evaluated the eff ect of supplementa  on 
with rumen-protected methionine on early embryo 
development in superovulated cows.  We used su-
perovulated animals so that we would have suffi  cient 
sta  s  cal power by evalua  ng numerous embryos in 
order to validly test the in vivo eff ects of methionine 
supplementa  on on early embryo development in 
lacta  ng dairy cows. In this experiment, animals were 
blocked by parity and calving date and randomly as-
signed to two treatments diff ering in level of dietary 
methionine supplementa  on: 1) Methionine (MET); 
diet composed of (%DM) corn silage (39.7), alfalfa 
silage (21.8), HMSC (17.2), roasted soybeans (8.6), 
grass hay (4.6), canola meal (4.0), mineral-vitamin 
mix (2.7) and ProVAAL Ultra (w/Smartamine®, 1.4), 
formulated to deliver 2875 g MP with 6.8 Lys %MP 
and 2.43 Met %MP; 2) Control (CON); cows fed 
the same basal diet but replacing ProVAAl Ultra by 
ProVAAL Advantage (no added Smartamine®), for-
mulated to deliver 2875 gr MP with 6.8 Lys %MP 
and 1.89 Met %MP. As shown in Figure 1, there was 
an increase in both kg of milk protein produced and 
percentage of protein in the milk.  Thus, from a pro-
tein produc  on standpoint, methionine appeared to 
be rate-limi  ng.  We measured plasma methionine 
concentra  ons in this study and found a large eff ect 
of feeding rumen-protected methionine on circulat-
ing methionine concentra  ons (Control=16.8 μM vs. 
Met-supplemented=22.9 μM). 

Figure 1.  Eff ect of methionine supplementa  on with Smartamine®, 1.4 on kg of milk protein produced per day 
(le   panel) or percentage of milk protein (right panel). *P<0.05; **P<0.10
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Our primary interest was the eff ect of supplemental 
Met on embryo quality. We evaluated a total of 570 
embryos in this experiment and found no diff erences 
in fer  liza  on or embryo quality (Table 3). Thus, me-
thionine supplementa  on did not alter early produc-
 on, at least grossly.

Even though methionine supplementa  on during the 
later stages of follicle development and early embryo 
development may not have produced morphologi-
cal changes in the early embryo, it is well known 
that methionine during this  me can have drama  c 
eff ects on the epigenome of the embryo.  This means 
that the genes can be changed in such a way that 
they are not expressed in the same way due to addi-
 on of groups, generally methyl groups to the DNA 

of the cells. For example, a previous study in sheep 
restricted methyl donors by restric  ng methionine, 
vitamin B12, and folate before and for the fi rst 6 days 
a  er breeding. They then transferred normally-ap-
pearing embryos into control sheep and then evalu-
ated the lambs a  er parturi  on. The embryos that 
were produced in low methionine produced lambs 
that had substan  al diff erences in blood pressure 
and immune func  on.  To test this idea in ca  le, we 
evaluated whether the embryos that were recov-
ered from cows that had been supplemented or not 
supplemented with methionine had diff erences in 
gene expression (Penagaricano et al., 2013).

The objec  ve of this part of the study  was to evalu-
ate the eff ect of maternal methionine supplementa-

 on on the transcriptome of bovine preimplanta  on 
embryos (Penagaricano et al., 2013). Only high qual-
ity embryos from individual cows were pooled and 
then analyzed by a powerful technique that allows 
evalua  on of all genes that are expressed in these 
embryos, called RNA sequencing. Remarkably, the 
small diff erence that we produced in circula  ng me-
thionine produced a substan  al diff erence in expres-
sion of genes in the embryo. A total of 10,662 genes 
were signifi cantly expressed in the bovine embryos. 
A total of 276 genes were expressed signifi cantly 
diff erently in embryos from cows supplemented or 
not supplemented with methionine. Most of these 
genes were turned off  in embryos from cows that 
were supplemented with methionine. This would be 
expected since methionine supplementa  on leads to 
methyla  on of the DNA and this inhibits expression 
of a gene un  l the appropriate stage of development. 
Thus methionine supplementa  on seemed to change 
gene expression in a way that may lead to improved 
pregnancy outcomes and improved physiology of 
off spring. Many of the genes are involved in immune 
func  on and later stages of embryo development 
that may be cri  cal for pregnancy progression and 
normal immune func  on a  er birth. Further studies 
are needed to determine if these gene expression 
changes lead to changes in embryo development, 
reduced pregnancy loss, and altered physiology of 
the off spring.

Table 3. Eff ect of methionine supplementa  on with Smartamine®, 1.4 on reproduc  ve parameters in super-
ovulated lacta  ng dairy cows.

MET CON
number of superovulated cows 35 37  P-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 fer  lized ova 6.5 + 1.1 5.5 + 0.9 0.56
% Fer  lized 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
% Degenerate of fer  lized ova 25.1 + 5.8 27.5 + 6.0 0.74
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Conclusions

Supplementa  on of rate-limi  ng amino acids can 
have substan  al eff ects on milk protein content and 
yield, however, eff ects on reproduc  on have not yet 
been adequately evaluated. The drama  c induc  on 
of the rate-limi  ng amino acids, Met, His, and Lys, in 
the uterine fl uid of pregnant cows near the  me of 
embryo elonga  on suggests that elevated amounts 
of these amino acids may be cri  cal for this impor-
tant stage of embryo development. Supplementa  on 
of cows with methionine during the fi nal stages of 
follicular development and early embryo develop-
ment, un  l Day 7 a  er breeding, did not lead to gross 
morphological changes in the embryos but did result 
in drama  c diff erences in gene expression in the em-
bryo. Further studies are needed to evaluate whether 
supplementa  on with these essen  al amino acids 
to lacta  ng cows would have a benefi cial impact on 
embryo survival and if these changes in the early 
embryo translate into changes pregnancy outcomes 
or physiology of the resul  ng calf. 
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Introduc  on

Feed effi  ciency, or the effi  ciency of conver  ng feed to 
milk, ma  ers on farms because it has a major infl u-
ence on farm profi tability and environmental stew-
ardship in the dairy industry.  Dairy feed effi  ciency 
in North America has doubled in the past 50 years, 
largely as a byproduct of selec  ng and managing 
cows for increased produc  vity. Increasing produc  v-
ity results in a greater percentage of total feed intake 
being used for milk instead of cow maintenance. Elite 
dairy ca  le in the US currently par   on three  mes 
more feed energy toward milk than toward mainte-
nance.  We are not likely to con  nue to make major 
advances in feed effi  ciency simply by increasing milk 
per cow. Instead, we also must focus on how to get 
more milk from each unit of feed.

How should we defi ne feed effi  ciency?  

The simplest way to defi ne feed effi  ciency is milk per 
unit feed, but this does not give adequate consid-
era  on to energy density of diff erent feeds in a diet 
and the composi  on of milk, nor to gains or losses in 
body energy.  Thus, I prefer to discuss the effi  ciency 
of conver  ng feed energy to the energy of milk and 
body  ssues.  

Figure 1. Energy fl ow in a cow. 

Gross energy (GE) is the total chemical energy of a 
feed and is independent of how effi  ciently the cow 
uses it. Not all GE is useful because some of it is not 
digested but rather is lost as fecal energy.  Some 
digested energy is lost as gaseous energy, primarily 
methane produced during fermenta  on, and as uri-
nary energy, primarily urea produced to remove extra 
N from the body.  Digested energy also is lost as heat 
associated with the metabolic work of fermen  ng, di-
ges  ng, and processing nutrients.  The remaining en-
ergy is known as net energy (NE).  Some NE is used to 
support maintenance func  ons and is all lost as heat.  
Some NE is the chemical energy of secreted milk and 

accreted body  ssue and conceptus.  Energe  c ef-
fi ciency is the energy captured in products divided by 
the energy consumed by a cow in her life  me.  

At the farm level, effi  ciency also should account for 
feed wastage and the saleability of products, as well 
as the economic value of feed and milk components.  
To defi ne effi  ciency on a global scale, we should 
consider inputs and outputs of fuels and greenhouse 
gasses, land use, eff ects on na  ve ecosystems, and 
whether foods could be consumed directly by hu-
mans.  For this paper, however, I will discuss mostly 
energe  c effi  ciency. 

Level of Produc  on and Feed Effi  ciency

The major factors that aff ect feed effi  ciency on farms 
include a) milk energy yield rela  ve to cow body 
weight (BW), b) the percentage of life  me a cow 
spends in lacta  on, c) nutri  onal accuracy in feeding, 
and d) the effi  ciency of conver  ng feed GE to NE. 

A cow’s maintenance requirement is considered to 
be constant and related to its BW.  The typical Hol-
stein cow has a maintenance requirement of ~10 
Mcal of NE/day (equivalent to ~25 Mcal of GE and 
20 to 30 lb of feed).  If a cow eats at maintenance 
and produces no milk, her feed effi  ciency is 0%.  Any 
extra feed can be converted to milk or body  s-

sues. If the cow eats twice as 
much feed—20 Mcal NE or 
2X maintenance, only half of 
her feed would be used for 
maintenance with the remain-
ing half used for milk.  As she 

eats more feed, the por  on used for maintenance 
becomes a smaller frac  on of total feed intake; this 
“dilu  on of maintenance” increases effi  ciency.  How-
ever, as intake increases, the marginal increase in 
effi  ciency from dilu  ng maintenance diminishes with 
each successive increase in feed intake.  For example, 
the increase in effi  ciency is less going from 3X to 4X 
maintenance than from 2X to 3X (solid line, Figure 
2).  Furthermore, as cows eat more, the percentage 
of feed that is digested is depressed.  At high intakes, 
the diges  bility depression may even outweigh the 
dilu  on of maintenance and effi  ciency may decline 
with increased intake.  In fact, according to the equa-
 ons used in the NRC (2001), effi  ciency peaks at ~4X 
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Importantly, the impact of mul  ples of maintenance 
on effi  ciency is likely the same whether we achieve 
more milk at a specifi c BW, or the same milk with 
smaller BW.  Breeding for smaller cows is probably 
not going to help much, which will be discussed later.

Level of produc  on also alters profi tability and the 
effi  ciency of using human-consumable foods, on land 
use, and on greenhouse gas emissions.  

Profi tability.  Because greater milk yield per cow 
increases feed effi  ciency, and because feed is a major 
farm expense, greater produc  on per cow gener-
ally increases profi t per cow.  Data from commercial 
farms bears this out (Rodriguez et al., 2012).  How-
ever, feed effi  ciency is only one factor that infl uences 
profi tability.  Greater produc  on per cow decreases 
the propor  on of total farm expenses that are fi xed; 
thus, even if we reach the op  mal produc  on per 
cow to maximize biological effi  ciency, economics 
s  ll favors higher produc  on per cow to dilute out 
farm fi xed costs.  More importantly, the cost of feed 
does ma  er!  Using expensive feeds to achieve high 
produc  on or high feed effi  ciency will some  mes 
decrease profi tability.  

Use of human-consumable foods.  Although the 
effi  ciency of total feed use in the US dairy industry 
is 20-25% for energy and 20-30% for protein, the 
returns on human-diges  ble inputs ranges from 
60 to 130% for energy and 100 to 280% for protein 
(Oltjen and Becke  , 1996).  This is because cows eat 
many feeds that humans do not consume; examples 
include co  onseeds, soyhulls, and dis  llers grains.  
However, these fi brous by-product feeds are general-
ly less diges  ble than grains and may limit the ability 
of cows to produce the highest levels of milk.  Thus, 
maximizing total feed effi  ciency will not be possible 
at the same  me as maximizing effi  ciency of human-
consumable foods.  As compe   on for food grains 
increases in the future, the ability of cows to convert 
non-human-consumable foods into milk and meat for 
people will become more important, and the op  mal 
level of produc  on might be less in the future than it 
is today.  At present, however, using byproduct feeds 
extensively for heifers, dry cows, and late lacta  on 
cows and though  ully for cows in early lacta  on 
should enhance effi  ciency of total feed and human-
consumable foods.    

Land use. Using land to produce grains and legume 
seeds for direct human consump  on would be the 
most effi  cient way to feed people.  Using land to 
grow feeds for dairy ca  le producing 22,000 lb/yr re-
sults in only half as much food for people (VandeHaar 
and St-Pierre, 2006).  However, milk output per acre 
increases with greater milk produc  on per cow. More 
importantly, if byproduct feeds make up one-third of 

maintenance intake (do  ed line, Figure 2), which is 
~100 lb milk (3.5% fat) per day for a 1500-lb cow.  

The diges  bility depression is not well quan  fi ed 
for cows consuming >4X maintenance (VandeHaar, 
1998), and NRC 2001 likely depresses diges  bility too 
much.  Current data from our USDA feed effi  ciency 
project support the idea that the true change in effi  -
ciency is somewhere between the two lines of Fig-
ure 2.  In any case, at about 4X intake, feed effi  cieny 
is close to maximum.  Elite cows (>4X, or >30,000 
lb/305-d lacta  on) are already near, at, or possibly 
above the op  mal mul  ple of maintenance for maxi-
mal effi  ciency during lacta  on. 

Figure 2.  Effi  ciency (assuming no change in BW) in 
response to intake for a lacta  ng cow with no change 
in diges  bility (solid line) or with diges  bility de-
pressed as per the NRC 2001 system (dashed line).  
Produc  vity for each mul  ple of maintenance is ap-
proximately 33, 67, 100, and 133 lb of milk for 2X, 3X, 
4X, and 5X, respec  vely.

Feed effi  ciency at the herd level requires accoun  ng 
for body  ssue gain and the feed consumed by heif-
ers and dry cows, which is 15-30% of the feed a cow 
eats during her life  me.  Thus, cows that average 4X 
intake during lacta  on are about 3X on a life  me ba-
sis.  The average Holstein in North America currently 
produces ~22,000 lb milk/year and captures ~21% of 
her life  me GE intake as milk and body  ssues. Many 
top US herds produce >30,000 lb/yr and therefore 
are ge   ng close to maximum biological effi  ciency 
based on mul  ples of maintenance.  Given that 2/3 
of North American Holsteins are from AI sires, the 
limita  on to greater produc  on and effi  ciency for 
most cows is probably feeding and management.  
Therefore, we are not likely to con  nue to make 
major advances in feed effi  ciency by simply breeding 
for increased milk yield rela  ve to BW.  We must do a 
be  er job of managing the cows we have to increase 
produc  on and effi  ciency, and we must begin focus-
ing more on effi  ciency in breeding.  
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the feed used by a dairy herd producing 33,000 lb/
yr, then using land for milk produc  on yields 90% as 
much food for humans as do grains and legumes.  In 
my opinion, an effi  cient dairy industry will be part of 
our food produc  on system long into the future.  

Environmental stewardship.  To properly consider 
environmental impact, one must consider all inputs 
and outputs for the dairy industry, including even 
the fuel used to  ll the land to grow the crops.  This 
is called a Life Cycle Analysis and, although it is 
fraught with poten  al inaccuracies, there is no other 
way to consider the big picture.  Two recent stud-
ies highlight the value of increased produc  vity to 
enhance environmental stewardship.  Thomassen et 
al (2008) compared conven  onal and organic Dutch 
dairy farms.  Milk yield per cow was 18,000 lb/yr 
for the conven  onal farms and 13,000 lb/yr for the 
organic farms.  When considering all inputs (which 
included feeds being shipped in from outside the 
country), conven  onal farms used 60% more energy 
and caused 50% more eutrophica  on per unit of 
milk produced, but the organic farms required 40% 
more land.  Acidifi ca  on and climate change were 
not diff erent for the two systems. In my view, the 
decreased need for land gives the advantage to the 
conven  onal system as the unneeded land could be 
used to produce biofuels or put into na  ve habitats.  
This is consistent with a study by Capper et al. (2009) 
showing that in the last 60 years, the US dairy indus-
try has decreased greenhouse gas emissions by 60% 
per unit of milk produced, mostly because of the 
enhanced feed effi  ciency from higher produc  vity. 
Thus, increased produc  vity (up to 4X) increases ef-
fi ciency, and increased effi  ciency generally is good for 
the environment—we can feed more people with less 
resources and less nega  ve environmental impact.  
Improving effi  ciency of milk produc  on by using new 
technologies seems the responsible thing to do for 
the environment, at least in the foreseeable future, 
un  l average milk produc  on exceeds 30,000 lb/year.  

Management To Improve Feed Effi  ciency

The average Holstein currently produces about 
21,000 lb milk/year and captures ~21% of her life  me 
GE intake as milk and body  ssues.  Feed effi  ciency 
likely plateaus at about 33,000 lb milk for cows with 
mature BW of 1600 lb, so increases in produc  vity 
will con  nue to improve effi  ciency for most North 
American dairy farms.  Using a model described in 
VandeHaar (1998), the impacts of various manage-
ment changes on effi  ciency were predicted.  Increas-
ing average daily milk produc  on by 10% increases 
life  me energe  c effi  ciency 0.7%.  Increasing cow 
longevity from 3 to 4 lacta  ons, reducing the age at 
fi rst calving from 26 to 22 months, or reducing calv-

ing interval from 14 to 12.5 months could achieve 
similar improvements in life  me effi  ciency.  Thus, 
how we feed and manage cows at each stage of life 
can increase milk yield per day of life, thereby dilut-
ing maintenance, and increasing effi  ciency.  These 
management changes promote similar improvements 
in the effi  ciency of conver  ng feed protein to milk 
or body protein.  However, the single biggest impact 
farms could make on effi  ciency of protein use is to 
simply quit overfeeding protein, as is o  en done in 
late lacta  on.  Feeding cows past 150 days postpar-
tum a diet with 2 percent less protein (15 vs 17% CP) 
would increase effi  ciency of protein use by 1.3%. 

One o  en-overlooked management aspect of feed 
effi  ciency is feed management.  The amount of feed 
wasted on some farms is considerable.  To minimize 
feed wastage requires an annual evalua  on of proce-
dures for harves  ng, transpor  ng, and storing feeds, 
mixing diets, and managing bunks.  However, when 
managing bunks, it is important to remember that 
maximizing feed intake for lacta  ng cows increases 
milk per cow and farm-wide effi  ciency. Maximum 
feed intake occurs when cows are comfortable and 
have plenty of water and fresh, well-balanced feed 
available most of the day.  This topic has been dis-
cussed considerably in the past 20 years, with general 
agreement and no need for con  nued discussion 
here.  Even if some extra feed must be discarded, 
strategies to improve intake per cow overall will yield 
improved effi  ciency, profi tability, and stewardship. 
 
Feeding Cows for Greater Feed Effi  ciency

Nutrient requirements vary as lacta  on progresses, 
and the op  mal diet for maximum effi  ciency and 
profi tability changes as well.  Most farms feed totally 
mixed ra  ons (TMR) instead of feeding grain to each 
cow separately and individually.  Use of TMR feeding 
improves produc  vity and effi  ciency because cows 
theore  cally eat the same thing in every bite and ru-
men pH is more consistent.  However, with TMR feed-
ing, cows are less likely to receive a diet that matches 
their individual requirements; this is especially true if 
all lacta  ng cows (other than perhaps the fresh cows) 
are fed the same TMR.  Feeding a single TMR across 
lacta  on can never maximize produc  on and effi  cien-
cy.  A single TMR is usually formulated for the higher 
producing cows and is more nutrient-dense than 
op  mal for cows in later lacta  on, resul  ng in inef-
fi cient use of most nutrients (for example, protein).  
In addi  on, although a single TMR is formulated for 
the high producers, it likely will not maximize milk 
for the herd. Diets low in fi ber and high in diges  ble 
starch op  mize produc  on and reproduc  on in peak 
lacta  on, but this type of diet would have inadequate 
fi ber for fresh cows and would promote over-fa  en-



ing in late lacta  on cows.  Fat cows are more suscep-
 ble to health problems at next calving, resul  ng in 

less saleable milk and followed by increased body fat 
mobiliza  on, impaired fer  lity, and extended lacta-
 on interval. Consequently, cows culled in single 

TMR situa  ons may be those that cannot adapt to 
subop  mal management, rather than those that are 
least effi  cient, produc  ve, and profi table. Moreover, 
single TMR systems do not allow maximum returns 
from expensive feeds that may profi tably increase 
produc  on in fresh or high producing cows but have 
nega  ve return in lower producers. This is rela  vely 
obvious for supplements designed to improve fresh 
cow health or for protein supplements high in ru-
men-undegraded protein that benefi t early lacta  on 
but not late lacta  on. This is less obvious but equally 
important in forage selec  on. Not all lacta  ng cows 
benefi t equally from highly diges  ble fi ber; a single 
TMR prevents op  mal alloca  on of forages.  Cheap 
byproduct feeds are especially useful in late lacta  on 
to improve profi tability and overall effi  ciency of the 
dairy industry.  One argument used by farms against 
mul  ple ra  on groups is that milk produc  on de-
creases when cows are switched to a diff erent group 
with a diff erent ra  on.  However, many factors aff ect 
milk produc  on during a grouping change (examples 
include days in milk, stocking density, and cow social 
interac  ons), and we are quick to no  ce temporary 
drops in produc  on. 

The number of ra  ons on any farm depends on many 
factors, but I recommend at least three based on 
feeding goals (Figure 3).  Fresh cows should be fed 
for op  mal health and expensive supplements are 
warranted.  Cows in peak lacta  on should be fed for 
maximum milk; because their intake is limited by ru-
men fi ll, they should be fed minimum fi ber diets with 
plenty of diges  ble starch to maximize energy intake.  
Cows in later lacta  on should be fed to op  mize milk 
and body condi  on; they should be fed less ferment-
able starch and more fermentable fi ber to promote 
par   oning of nutrients toward milk instead of body 
 ssues and thus minimize fa  ening.  The decision on 

when to switch cows from the early to late lacta  on 
diet should be based on body condi  n, parity, milk 
yield, and reproduc  ve status.  Of these, perhaps 
the most important criteria for swiching to the lower 
starch ra  on is whether a cow has achieved a body 
condi  on score of 3.  In addi  on, late lacta  on cows 
should be fed lower protein diets to maximize ef-
fi ciency of protein use.  Expensive supplements are 
most useful in early lacta  on. Cheap feeds are best 
used in late lacta  on.  

Figure 3. Considera  ons in nutri  onal grouping.

Nutri  onal grouping and mul  ple TMR undoubtedly 
do increase capital, management, and labor costs; 
however, the economic returns can be signifi cant 
in both the short and long term.  Moreover, feed-
ing cows according to requirements enables feed 
alloca  on to maximize produc  on and profi tability, 
improves effi  ciency of protein use, decreases N and P 
excre  on, and improves sustainability of the industry.  
If you currently feed a single TMR, I encourage you to 
seriously consider how you can make this work.  Even 
small farms can devise crea  ve ways to feed cows 
according to requirements.  One approach might be 
to feed cows supplements individually using a com-
puterized feeding system that recognizes cows and 
dispenses specifi c mixes at  med intervals through-
out the day.   

Although poor feed effi  ciency usually decreases 
profi tability, maximizing effi  ciency will not necessarily 
maximize profi tability—feed costs do ma  er!  Expen-
sive energy sources like fats usually improve feed ef-
fi ciency but some  mes decrease profi tability.  Cheap 
bulky feeds may decrease effi  ciency but improve 
profi tability (especially in late lacta  on).  Feeding 
extra protein usually decreases effi  ciency of protein 
use but some  mes, even if the protein is expensive, 
it might improve profi tability if it enhances produc-
 on.  Some nutri  on programs a  empt to formulate 

diets using a mathema  cal model for profi t maximi-
za  on.  However, in real life, it is virtually impossible 
to accurately predict how a diet will aff ect appe  te, 
nutrient par   oning, and milk yield and components.  
Thus, monitoring the actual response is essen  al 
for op  mal farm management.  High produc  on is 
almost always more important for high profi tability 
than is low feed cost, but managing feed costs is s  ll 
prudent.   
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Selec  ng Cows For Greater Feed Effi  ciency

In the past, gene  c selec  on for milk produc  on 
traits has relied heavily on quan  fi ca  on of the 
phenotype in daughters of young sires; sires with 
outstanding daughters are deemed gene  cally su-
perior.  Although milk produc  on traits are rou  nely 
measured on many commercial farms, feed intakes 
of individual cows are not known.  Thus, we have not 
been able to directly select cows for feed effi  ciency.  
Genomics may enable selec  on for feed effi  ciency in 
the future. 

Through a grant from the Na  onal Ins  tute of Food 
and Agriculture of USDA, we currently are determin-
ing if SNP genotypes can be used to improve feed 
effi  ciency.  We are measuring individual feed intakes, 
BW, and produc  on data on 8000 cows in research 
dairy herds from several countries.  Our goal is to 
characterize the rela  onship of SNP genotype to feed 
effi  ciency in our reference popula  on of 8000 cows 
and then to use SNP genotyping to iden  fy poten  al 
sires that should confer higher feed effi  ciency to their 
off spring.  Some informa  on on our project can be 
found at www.dairy-effi  ciency.org/ or you can search 
the USDA web site.  The topic of using genomics to 
select for greater feed effi  ciency is covered in greater 
detail by Dr. Weigel, a co-inves  gator in our USDA 
project. 

As men  oned earlier, we already know that higher 
milk yield per day dilutes maintenance and improves 
effi  ciency up to 4X intake.  Our goal in this project 
is to fi nd cows with a be  er ability to digest feed or 
convert digested feed to net energy or with a lower 
than expected maintenance requirement.  To assess 
feed effi  ciency independent of produc  on level, we 
will use residual feed intake (RFI), which is a measure 
of actual versus predicted intake for an individual 
(Figure 4).  Predicted intake is determined sta  s  cally 
as the devia  on from the average intake of other 
cows that are fed and managed the same based on a 
cow’s body weight, milk produc  on, and BW change.  
Our ini  al analyses for dairy feed effi  ciency are based 
on 4300 Holstein cows in the US, Scotland, and the 
Netherlands. Based on this data, the heritability of 
RFI in lacta  ng cows is ~0.18.  Previous studies, using 
small numbers of cows, reported values of 0.01 to 
0.40 for the heritability of RFI in lacta  ng cows (Berry 
and Crowley, 2013; Connor et al., 2013).  

If selec  on for effi  ciency is to be realized, it is impor-
tant that RFI is a repeatable trait.  Our project will 
examine this more fully, but preliminary results from 
our lab and others are promising.  We fed 109 cows 
diets with ~14 or 30% starch in a cross-over design 
and found the correla  on for RFI of a cow when fed 

a high starch diet with RFI when fed a low starch diet 
to be 0.7.   Based on our preliminary data and oth-
ers, RFI also seems to be repeatable across lacta  ons, 
stages within a lacta  on, and stages of life (Burczyn-
ski et al., 2013; Connor et al., 2013; MacDonald et 
al., 2013).  Genomic selec  on for effi  ciency likely will 
be possible within 2 to 3 years, but it is important to 
note that RFI is only part of feed effi  ciency.  Selec  on 
for op  mal levels of milk produc  on rela  ve to body 
weight so that the percent of feed used for mainte-
nance is also a key to overall farm effi  ciency.  More-
over, improvements in feed effi  ciency must not occur 
at the expense of health and fer  lity of dairy cows.  
Thus, we will carefully consider rela  onships among 
measures of feed effi  ciency, energy balance, produc-
 on, and fi tness traits. 

Figure 4.  Residual feed intake as a measure of feed 
effi  ciency.

If selec  on for effi  ciency is to be realized, it is impor-
tant that RFI is a repeatable trait.  Our project will 
examine this more fully, but preliminary results from 
our lab and others are promising.  We fed 109 cows 
diets with ~14 or 30% starch in a cross-over design 
and found the correla  on for RFI of a cow when fed 
a high starch diet with RFI when fed a low starch diet 
to be 0.7.   Based on our preliminary data and oth-
ers, RFI also seems to be repeatable across lacta  ons, 
stages within a lacta  on, and stages of life (Burczyn-
ski et al., 2013; Connor et al., 2013; MacDonald et 
al., 2013).  Genomic selec  on for effi  ciency likely will 
be possible within 2 to 3 years, but it is important to 
note that RFI is only part of feed effi  ciency.  Selec  on 
for op  mal levels of milk produc  on rela  ve to body 
weight so that the percent of feed used for mainte-
nance is also a key to overall farm effi  ciency.  More-
over, improvements in feed effi  ciency must not occur 
at the expense of health and fer  lity of dairy cows.  
Thus, we will carefully consider rela  onships among 
measures of feed effi  ciency, energy balance, produc-
 on, and fi tness traits.
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Un  l direct selec  on for effi  ciency is possible, some 
have suggested we breed for smaller cows to mini-
mize maintenance.  Selec  ng for both high milk and 
small body size should enhance life  me milk per unit 
feed and therefore decrease the percentage of feed 
used for maintenance.  One problem with this ap-
proach is that once a cow is above 4X maintenance 
intake, we cannot predict how effi  ciency changes as 
cow size decreases (see Figure 2).  More importantly, 
however, breeding for smaller size lessens our ability 
to select for traits we know to be profi table, such as 
milk income, health, and fer  lity.  Table 1 shows an 
example of possible results of breeding for smaller 
size or for more milk in a herd that currently has large 
cows (1760 lb mature BW) and milk produc  on at 
28,750 lb/yr at maturity.  The magnitude of change 
for each breeding scenario was chosen to give the 
same eff ect on effi  ciency as life  me mul  ple of 
maintenance.  Note that, in this example, achieving a 
15% smaller BW increases life  me income over feed 
cost by $310 per year, because of lower maintenance 
requirements, but achieving 11% greater milk yield 
increases life  me income over feed cost by $1230, 
because of greater milk income.  Thus, either way, 
increasing milk output rela  ve to BW resulted in 
greater effi  ciency and profi tability.  However, where-
as the improvement in effi  ciency was equal, the 
improvement in income over feed costs was 4  mes 
greater if the enhanced effi  ciency was achieved by 
increased milk instead of by decreased BW.

 In our data of 4500 lacta  ng cows ea  ng on average 
at almost 4X maintenance, we fi nd very li  le pheno-
typic or gene  c rela  onship between body weight 
and gross feed effi  ciency.  Based on gene  c correla-
 ons, bigger cows eat more (r=0.40), produce slightly 

more milk (r=0.07), and consequently have a slightly 
lower gross feed effi  ciency (r=-0.14).  However, more 
milk was strongly correlated with greater feed effi  -
ciency (r=0.61).  Thus, breeding for more milk seems 
more important for greater feed effi  ciency than 
does breeding for smaller BW.  Moreover, more milk 
means greater milk income, which is more important 
than lower feed costs.  The bigger cows producing 
more milk would be more profi table, unless they had 
poorer health or fer  lity or did not fi t in the stalls!  In 
my opinion, we should stop using size (big or small) 
as a criterion in sire selec  on, unless the goal is to 
have cows of a uniform size to fi t stalls; instead, 
choose sires to produce healthy, fer  le cows that give 
more milk income!
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Table 1. Possible results from breeding for size instead of milk.  
BW at maturity

lb
Life  me mul  ple of 

maintenance
Milk yield at 

maturity
lb/year

Life  me income 
over feed cost

$

Current cows 1760 2.8 28,750 $8460
Select for size 1500 3.0 28,750 $8770
Select for milk 1760 3.0 31,970 $9690
1 Assumes milk is 3.5% fat.  
2 Assumes milk at $0.18/lb, cull cows at $0.80/lb, and feed at 15¢/Mcal NE (~11¢/lb) for lacta  ng cows 
   and 12¢/Mcal NE for heifers and dry cows
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Summary

We can improve feed effi  ciency by improving how 
we feed, breed, and manage cows.  Improved feed 
effi  ciency occurs because as cows produce more milk 
rela  ve to their body weight, the percentage of feed 
used for maintenance decreases.  This “dilu  on of 
maintenance” eff ect is especially important for cows 
that produce at less than 3  mes their maintenance 
requirement on a life  me basis.  For higher producing 
cows, maintenance is already mostly diluted out and 
we should consider focusing more directly on feed ef-
fi ciency in animal selec  on; genomics will likely help 
do this.  A measure of feed effi  ciency that might be 
used for animal selec  on is RFI, but RFI is only part 
of feed effi  ciency.  We also want animals that oper-
ate at a high mul  ple of maintenance, so produce 
lots of milk rela  ve to their body weight.  Moreover, 
feed effi  ciency is only one contributor to farm profi t-
ability; high produc  vity is and will remain a major 
factor.  Likewise, when we feed and manage cows, 
high produc  on is key to improving profi ts.  Focusing 
too much on milk/feed will be a mistake.  Instead we 
should focus on maximizing milk income a  er sub-
trac  ng the cost of feed.  Grouping cows according to 
their nutri  onal needs can help us op  mize effi  ciency 
and profi tability by enabling cows in early lacta  on 
to be fed diets that maximize milk income and cows 
in later lacta  on to be fed diets that op  mize milk 
income while minimizing excess body condi  on gain.  
Feeding these groups of cows op  mally requires that 
cow responses to diet changes be carefully moni-
tored and recorded.  
Conclusion

We have made major gains in feed effi  ciency in the 
past 50 years as a byproduct of selec  ng, feeding, 
and managing cows for increased produc  vity.  Im-
provements in management and feeding that in-
crease milk yield to ~30,000 lb/yr will likely con  nue 
to improve effi  ciency.  However, most cows have the 
gene  cs for high produc  on already; genomic tools 
should enable us to directly select for feed effi  ciency 
in the future.  Greater effi  ciency will improve profi t-
ability and environmental sustainability, but con  n-
ued focus on produc  on, health, and fer  lity will s  ll 
be important for farm profi tability.  
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Introduc  on

The effi  ciency of feed u  liza  on on dairy farms can 
be infl uenced by a variety of prac  ces that are be-
yond the scope of this paper, including many aspects 
of the harves  ng, storage, mixing, and delivery of 
feed components, as well as the grouping of animals 
according to nutri  onal needs. Two prac  ces that 
will be addressed are: 1) improvement of the biologi-
cal effi  ciency of lacta  ng cows through gene  c or 
genomic selec  on for enhanced feed effi  ciency, and 
2) reduc  on of feed costs through genome-guided 
management of the replacement heifer inventory. 
Both approaches have poten  al for improving the 
produc  on effi  ciency of modern dairy farms, which 
will improve the economic viability of dairy farmers, 
the aff ordability of dairy products for consumers, and 
the environmental footprint of dairy opera  ons. 

Feed effi  ciency is a complex trait in all food animal 
species, but in beef ca  le, swine, and poultry it is 
possible to limit the focus of selec  on to the effi  cien-
cy of feed u  liza  on during the growing and fa  en-
ing periods of meat animals. The dairy cow poses a 
par  cularly challenging problem because of the need 
to balance the compe  ng process of lacta  on, repro-
duc  on, health, maintenance, and (in young cows) 
growth. Up to this point in  me, selec  on programs 
for dairy ca  le have focused on increasing milk 
produc  on, improving milk composi  on, and reduc-
ing the incidence of infec  ous diseases, metabolic 
disorders, infer  lity, and premature culling. Improve-
ments in health, fer  lity, and longevity have been 
modest, because for many years producers focused 
their a  en  on on improved physical conforma  on. 
However, in the past two decades the quan  ty and 
quality of gene  c evalua  ons for func  onal traits 
have improved considerably. The next fron  er of ge-
ne  c selec  on in dairy ca  le will be improvement of 
the biological effi  ciency of feed u  liza  on, a trait for 
which cost eff ec  ve tools and strategies have been 
lacking.   

Impact of increased milk yield per cow on biological 
effi  ciency

As noted by VandeHaar and St-Pierre (2006), a mod-
ern dairy cow producing 45 kg of milk per day needs 
4  mes as much energy for milk produc  on than for 
maintenance, and the net energy for lacta  on (NEL) 
of an elite dairy cow producing 90 kg of milk per day 
is 7  mes the 10 Mcal of energy the cow needs each 
day for maintenance. Improvements in average milk 
produc  on per cow due to gene  c selec  on and 
enhanced management are well documented, and 
these have led to drama  c gains in produc  on ef-
fi ciency. However, it is important to recognize that, 
as milk produc  on per cow con  nues to increase, 
the marginal savings in feed costs per unit of milk 
produced are diminishing. For example, assume that 
a typical dairy cow uses the fi rst 6 kg of feed con-
sumed each day for maintenance. If the cow eats 12 
kg of feed per day, with the remainder going toward 
milk produc  on (or growth) she is consuming 2X 
maintenance requirements, and if the cow eats 18 
kg of feed per day she is consuming 3X maintenance. 
As noted earlier, modern dairy cows can consume 
4X maintenance throughout much of the lacta  on, 
and elite cows o  en consume more than 7X main-
tenance during peak lacta  on. The cri  cal point is 
that the gain in effi  ciency associated with an increase 
from 2X to 3X maintenance is greater than the gain 
in effi  ciency when going from 3X to 4X, which is in 
turn greater than the gain when going from 4X to 5X. 
Based on this concept, which is known as dilu  on of 
maintenance, we are at or near a plateau in effi  ciency 
in terms of mul  ples of maintenance. Furthermore, 
diges  ve effi  ciency may become depressed as cows 
consume increasingly large quan   es of feed. This 
is an addi  onal barrier to improving feed effi  ciency, 
and when coupled with dilu  on of maintenance, it 
appears that we have already captured most of the 
gains that can be achieved in feed effi  ciency simply 
by increasing milk produc  on per cow.

Will Genomic Selection be the Key to 
Improving Feed Effi ciency in Dairy Cattle?
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Poten  al for decreasing maintenance costs by se-
lec  ng for smaller body size

VanRaden (2004) noted that body size composite, as 
calculated from linear scores for body traits in the 
type classifi ca  on program, has been a component 
of the Net Merit index (NM$) used to select Holsteins 
in the USA since 2000. Milk revenues and feed costs 
associated with diff erences in milk yield of cows with 
greater or lesser body size are already considered in 
the NM$ index, so the economic weight applied to 
body size composite refl ects the marginal costs as-
sociated with greater maintenance and housing costs 
and the marginal revenues associated with greater 
salvage and calf values. Table 1 shows es  mated 
gene  c correla  ons between metabolic body weight 
(MBW), dry ma  er intake (DMI), NEL, and linear type 
scores for 714 Holstein cows in six research herds 
(University of Florida, Iowa State University, Michigan 
State University, USDA-ARS Dairy Forage Research 
Center, University of Wisconsin, and Virginia Tech 
University). Gene  c correla  ons of MBW with stat-
ure, strength, body depth, and thurl width were 
0.71, 0.84, 0.65, and 0.57 respec  vely, confi rming 
that these linear type traits can serve as an eff ec  ve 
proxy for body weight, which is not measured rou-
 nely on commercial farms. Several udder traits were 

posi  vely correlated with MBW as well, par  cularly 
udder depth (0.47), which is known to be phenotypi-
cally correlated with stature. Gene  c correla  ons of 
DMI with stature, strength, and body depth were also 
rela  vely high, with es  mates of 0.40, 0.46, and 0.36, 
respec  vely. Presumably this refl ects greater feed 
intake for maintenance among larger animals, as well 
as a tendency for higher NEL requirements among 
larger cows, as indicated by gene  c correla  ons of 
0.31, 0.41, and 0.42 with stature, strength, and body 
depth, respec  vely. Most udder traits had nega  ve 
gene  c correla  ons with DMI, possibly due to deeper 
udders and weaker a  achments among cows pro-
ducing very large quan   es of milk. As evidence of 
the la  er, gene  c correla  ons between NEL and fore 
udder, rear udder height, rear udder width, udder 
depth, and front teat placement were -0.12, -0.27, 
-0.47, -0.40, and -0.59, respec  vely. Dairy form was 
nega  vely correlated with MBW (-0.22), posi  vely 
correlated with NEL (0.37), and uncorrelated with 
DMI (-0.02). Because cows with larger body size have 
higher DMI but also tend to have greater NEL re-
quirements due to higher milk produc  on, it appears 
that the solu  on to improving feed effi  ciency in dairy 
ca  le is not as simple as just selec  ng for smaller 
body size. At the same  me, these data provide 
no evidence that selec  ng for larger body size will 
enhance feed effi  ciency. In reality, selec  on for larger 
body size in US Holsteins con  nues, and at a rapid 
pace. For example, very few bulls that sire below 
average stature have semen available for purchase 

by dairy farmers, and the gene  c trend for increasing 
stature is consistently greater than that of most or all 
other type traits. The presence of a nega  ve weight 
on body size composite in the NM$ index for more 
than a decade has done li  le to dampen breeders’ 
enthusiasm for large ca  le, and situa  ons in which 
the cows outgrow housing or milking facili  es are 
common. In addi  on, a long-term selec  on project 
by Becker et al. (2012) reported that Holstein cows 
selected for large body size had signifi cantly greater 
health costs than their more moderately sized con-
temporaries, par  cularly displaced abomasums. 
However, a   tudes toward selec  on for body size are 
unlikely to change unless very large penal  es are ap-
plied to size-related traits in NM$ and other selec  on 
indices.

Challenges in measuring individual feed intakes in 
dairy ca  le

Extensive research on the phenotypic, gene  c, and 
economic rela  onships between dry ma  er intake, 
body weight (BWT), metabolic body weight, milk 
produc  on, and residual feed intake (RFI) was car-
ried out nearly two decades ago, most notably the 
work of Veerkamp  et al. (1995), Veerkamp and 
Evans (1995), and Veerkamp (1998). However, the 
insurmountable costs and challenges associated with 
measuring individual feed intake data on a suffi  cient 
number of animals in a conven  onal progeny test-
ing program precluded implementa  on of this work 
in prac  cal breeding programs. For example, as-
sume that it costs $200 per cow to measure a feed 
intake phenotype, and that we must measure 100 
daughters of each of the 1,500 dairy bulls that are 
progeny tested in the USA each year. The annual cost 
of measuring these 150,000 phenotypes would be 
$30 million, which comes out to $20,000 per bull for 
a predicted transmi   ng ability (PTA) for DMI or RFI. 
Interest in selec  on for feed effi  ciency was renewed 
with the advent of genomic selec  on, which allows 
measurement of diffi  cult and costly phenotypes in a 
reference popula  on of (tens of) thousands of ani-
mals, followed by implementa  on of selec  on for 
these traits in the general popula  on. Revisi  ng our 
previous example, consider the possibility of spend-
ing $200 per cow to measure a feed intake pheno-
type in an ini  al reference popula  on of 20,000 
cows, with 2,000 new cows added each year. Further 
assume that genomic tes  ng costs $100 per animal, 
and that we must genotype all cows in the reference 
popula  on plus 5,000 young bulls each year. Total 
cost of the program would be approximately $1.37 
million per year or about $275 per bull for a genomic 
PTA for DMI or RFI. Therefore, it is no surprise that 
research groups around the world have embarked on 
studies that aim to facilitate genomic selec  on for 
improved feed effi  ciency.  
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Genomic selec  on has already become rou  ne 
prac  ce in the USA and many other countries, and 
this has greatly reduced the genera  on interval, 
par  cularly in the “sires to produce sires” and “sires 
to produce cows” pathways (Schefers and Weigel, 
2012). For example, Hutchison et al. (2014) reported 
that 51 and 52% of insemina  ons to Holstein and 
Jersey sires, respec  vely, in the USA in 2012 involved 
genome-tested young sires less than 4 years of age. 
Therefore, if genomic PTA values of young bulls for 
DMI, RFI, or other measures of feed effi  ciency be-
come available, widespread implementa  on by farm-
ers and breeding companies is likely.  

Genomic selec  on for feed effi  ciency using dry mat-
ter intake

Berry et al. (2014) described an enormous mul  ple-
country eff ort to characterize DMI in Holstein ca  le, 
assess consistencies in trait expression between 
countries or produc  on systems, and evaluate its 
suitability as a selec  on criterion. Data represented 
10,068 lacta  on records from 6,953 lacta  ng cows 
in Australia, Canada, Denmark, Germany, Ireland, 
The Netherlands, UK, and the USA. Predicted DMI 
was computed for lacta  ng cows at 70 days post-
partum using a random regression model; means 
ranged from 15.6 kg per day in Australia to 24.2 
kg per day in the USA. Heritability es  mates from 
a single-step genomic BLUP analysis ranged from 
0.11 in Canada to 0.46 in Denmark. Gene  c correla-
 ons were es  mated for DMI in diff erent produc  on 

systems, including North America (Canada + USA), 
EU high-input (Denmark + Germany + Netherlands 
+ UK high-input cohort), EU low-input (UK low-input 
cohort), and Grazing (Australia + Ireland). Es  mates 
between the EU low-input, EU high-input, and North 
America groups ranged from 0.76 to 0.84, whereas 
es  mates between the aforemen  oned groups and 
Grazing ranged from 0.14 to 0.57. However, it is 
important to note that the number of common sires 
and maternal grandsires between Grazing and the 
other three groups ranged from 4 to 28, as compared 
with a range of 10 to 144 between North Ameri-
can and the two EU groups, and addi  onal data are 
needed to confi rm whether DMI measurements in 
diff erent management systems refl ect the expression 
of gene  cally dis  nct traits. In general, selec  on for 
improved feed effi  ciency using DMI is a reasonable 
op  on, and this trait is more understandable to dairy 
producers than RFI. On the other hand, as shown in 
Table 1, large posi  ve or nega  ve gene  c correla  ons 
exist between DMI and many traits that are already 
included in the breeding goal, so proper accoun  ng 
for gene  c rela  onships with other traits will be a 
cri  cal prerequisite to eff ec  ve use of DMI in a selec-
 on program.

Genomic selec  on for feed effi  ciency using residual 
feed intake

Sta  s  cally, RFI represents the amount by which a 
given cow over-consumes or under-consumes feed, 
as compared with other cows in her cohort, a  er 
adjustment for energy sinks such as MBW, change 
in body weight (ΔBW), body condi  on score (BCS), 
and the NEL of the milk she produces.  A major eff ort 
involving six research sta  ons located throughout the 
USA, three in The Netherlands, and two in the United 
Kingdom is currently underway, with the objec  ves of 
enhancing our understanding of RFI and its compo-
nents and developing a resource popula  on of Hol-
stein cows to facilitate the development of a genomic 
selec  on program for reduced RFI (Tempelman et al., 
2014). At present, the data include 84,645 weekly 
records from 6,133 lacta  ons of 4,376 Holstein cows. 
Heritability es  mates for RFI during the period from 
75 to 175 days postpartum ranged from 0.08 to 0.23, 
depending on country and stage of lacta  on, with an 
es  mate of 0.17 for the mul  ple-country data set at 
125 days postpartum. Within-lacta  on repeatability 
es  mates for weekly RFI measurements ranged from 
0.55 to 0.88, with an es  mate of 0.74 in the mul  ple-
country data set at 125 days postpartum, whereas 
between-lacta  on repeatability es  mates ranged 
from 0.14 to 0.37, with an es  mate of 0.30 in the 
mul  ple-country data set at 125 days postpartum.

Es  mated gene  c correla  ons between linear type 
traits and RFI based on 714 Holstein cows in the six 
aforemen  oned research herds are also shown in Ta-
ble 1. Gene  c correla  ons between RFI and the body 
size traits, namely stature, strength, body depth, and 
thurl width, were all between -0.05 and 0.23, which 
is expected given that RFI is constructed to be pheno-
typically independent of MBW. Therefore, selec  on 
for RFI should neither increase nor decrease the size 
and strength of Holstein ca  le. Because RFI is also 
calculated to be phenotypically independent of milk 
yield and milk composi  on, those traits should be 
unaff ected, as should traits related to udder confor-
ma  on, which had gene  c correla  ons that averaged 
-0.17 and ranged from -0.37 to 0.11. Lastly, gene  c 
correla  ons between RFI and mobility traits were 
negligible and ranged from -0.17 to 0.01. While this is 
encouraging, as regards our ability to avoid unintend-
ed correlated responses to selec  on for improved 
RFI, it will be important to assess gene  c rela  on-
ships with early postpartum health and female fer  l-
ity prior to its inclusion in a selec  on index. If RFI is 
independent of these traits as well, preliminary selec-
 on index calcula  ons suggest that it could warrant a 

rela  ve economic weight that would represent 10 to 
20% of the overall breeding goal.
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Rela  onships with energy balance

Spurlock et al. (2012) es  mated gene  c parameters 
for energy balance (EB), energy-corrected milk (ECM), 
DMI, BW, BCS, and gross feed effi  ciency (GFE) from 
calving to 150 days postpartum in Holstein ca  le. 
Conceptually similar to RFI, EB was calculated as the 
diff erence between energy consumed as DMI and 
the energy expended as MBW for maintenance and 
as NEL for milk produc  on in each of the fi rst fi ve 
months postpartum. Meanwhile, GFE was calculated 
as the quo  ent of the sum of daily ECM and the sum 
of daily DMI during the fi rst 150 days postpartum, as 
well as in the fi rst and second half of that  me pe-
riod. On average, EB was nega  ve for the fi rst 60 days 
postpartum in primiparous cows and the fi rst 70 days 
postpartum in mul  parous cows. Gene  c correla-
 ons between EB and GFE ranged from -0.73 to -0.99 

in a given month of lacta  on.  Gene  c correla  ons 
between ECM and GFE averaged 0.59 and ranged 
from 0.42 to 0.72 in a given month, whereas gene  c 
correla  ons between ECM and EB averaged -0.31 and 
ranged from -0.02 to -0.53. Among the linear type 
traits shown in Table 1, dairy form is the most indica-
 ve of EB, and its es  mated gene  c correla  on with 

RFI was -0.09.   
 
Iden  fi ca  on of major genes associated with feed 
effi  ciency

Most genome-wide associa  on studies (GWAS) in 
dairy ca  le consider only addi  ve allele subs  tu  on 
eff ects, in part because deregressed sire PTA values 
or daughter averages are o  en used as the input phe-
notypes. However, it is unlikely that all genes aff ect-
ing RFI act independently and in an addi  ve manner, 
and building the aforemen  oned genomic reference 
popula  ons for feed effi  ciency necessitates genotyp-
ing and phenotyping large numbers of females. In a 
recent study involving 395 Holstein cows with 42,275 
SNP genotypes, Yao et al. (2013) used a random for-
est algorithm to study possible epista  c interac  ons 
between pairs of SNPs that were associated with RFI. 
By analyzing the structure of decision trees within 
the forests, the authors were able to iden  fy descen-
dant pairs of SNPs that showed up repeatedly within 
the same branch in various trees. In many cases, the 
SNPs that occurred most frequently in descendant 
pairs were not among those with the largest addi  ve 
eff ects in a Bayesian regression analysis that ignored 
possible interac  ons.  Furthermore, many of the 
SNPs implicated in the random forest analysis were in 
common with SNPs associated with RFI in a previous 
study in beef ca  le (Sherman et al., 2009). It is im-
portant to consider that RFI is a composite trait that 
represents the sum of several other traits and numer-
ous underlying physiological processes. Furthermore, 
other than DMI, most of the individual traits that 
make up RFI (with the excep  on of DMI) have been 

the subject of dozens of GWAS that aimed to iden-
 fy SNP or microsatellite markers with large eff ects. 

Therefore, one might expect that the current GWAS 
for RFI will lead to candidate SNPs or haplotypes that 
tend to be fairly numerous but with rela  vely modest 
eff ects on RFI.

Using genomic predic  ons to manage heifer inven-
tories

The cost of raising dairy replacement heifers repre-
sents 20 to 25% of the total cost of producing milk 
on a typical commercial dairy farm, and feed costs 
cons  tute 60 to 65% of total heifer rearing costs. At 
the same  me, the availability of gender-enhanced 
semen, coupled with the widespread implementa  on 
of sand bedding and other advancements in animal 
housing and husbandry, have led to an excess of 
poten  al replacement heifers on many farms. There-
fore, for the fi rst  me, many farmers are faced with 
the decision of whether to rear all of the available 
heifers or to cull some poten  ally inferior heifers in 
order to reduce feed costs.

Due to availability of inexpensive low-density geno-
typing pla  orms, coupled with accurate imputa  on 
to high-density using established reference popula-
 ons (Weigel et al. (2010a), Weigel et al. (2010b)), 

genomic tes  ng of young calves and yearling heifers 
has increased drama  cally in the past three years. 
Weigel et al. (2012) showed via simula  on that using 
genomic tes  ng to iden  fy inferior heifer calves for 
early culling can be a cost-eff ec  ve way to improve 
the produc  on poten  al of dairy replacements, not 
to men  on the corresponding savings in foregone 
feed costs. 

Do genomic predic  ons at 2 or 3 months of age pro-
vide enough informa  on about future phenotypes 
to allow confi dence in culling decisions at this early 
stage?  Figure 1 shows the rela  onship between ge-
nomic PTA values at 12 months of age and projected 
or actual 305-day mature-equivalent milk yield phe-
notypes for 309 fi rst lacta  on Holstein cows in the 
University of Wisconsin herd. Average milk yield for 
the lowest quar  le of heifers, as ranked by genomic 
PTA at 12 months of age, was 11,790 kg, as compared 
with 12,091, 12,754, and 13,623 kg for heifers in the 
second, third, and highest quar  les. On average, heif-
ers in the lowest quar  le produced 3.4 kg less milk 
per day than their counterparts in the other three 
quar  les, and as such they would have been good 
candidates for early culling.

Figure 1 also shows the regression of 305-day mature 
equivalent milk yield on the genomic PTA from 12 
months of age. The value of 3.2 kg of milk per kg of 
genomic PTA exceeds its expecta  on of 2.0, and in 
general one can use this regression coeffi  cient as an 
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assessment of whether the management level on a 
given farm is suffi  cient to fully capitalize on the herd’s 
gene  c poten  al. Closer inspec  on of Figure 1 shows 
that individual cows that deviate widely from their 
expecta  on tend to be those for which management 
has failed, most notably protocols for managing ani-
mal health in the early postpartum period.

Although the coupling of low-density chips and 
genotype imputa  on as made genomic predic  ons 
more aff ordable, rou  ne genomic tes  ng of all heifer 
calves is limited to a small minority of commercial 
dairy farms. A signifi cant reduc  on in the cost of ge-
nomic tes  ng is unlikely without another technologi-
cal breakthrough in chip design or processing capac-
ity.  Work by de los Campos et al. (2009) and Vazquez 
et al. (2010) showed that predic  on accuracy using 
a subset of several hundred selected SNPs that have 
strong associa  ons with the NM$ index could be 
benefi cial, but the cost of such tes  ng would have to 
be substan  ally reduced in order to compensate for 
the loss in predic  on accuracy rela  ve to the current 
strategy of low-density genotyping and imputa  on to 
higher density. 

Predic  on of future phenotypes using SNP geno-
types and heath history phenotypes

As noted earlier, a calf’s future phenotype for milk 
yield and other economically important traits is infl u-
enced by its health history as well as its gene  c pre-
disposi  on.  Therefore, farmers will need to develop 
holis  c replacement management protocols in which 
the decision to keep or cull a specifi c calf, to breed a 
certain heifer with conven  onal or gender-enhanced 
semen, or to make a given animal an embryo trans-
fer donor or recipient depends on its genomic test 
result, birth weight, growth rate, and health history. 
With regard to genomic predic  on of RFI and other 
future phenotypes, we may not be interested in only 
the animal’s PTA or es  mated breeding value (EBV), 
but rather the sum of the animal’s EBV and its perma-
nent environmental eff ects. This quan  ty is common-
ly known as predicted producing ability or es  mated 
rela  ve producing ability, and it refers to the animal’s 
total broad-sense gene  c eff ects (addi  ve, domi-
nance, and epista  s) plus carry-over eff ects associat-
ed with its management, nutri  on, and health histo-
ry. In our recent work, informa  on regarding 57,541 
SNP genotypes for 465 Holstein cows was combined 
with data regarding the incidence of 13 health disor-
ders during the rearing period and early postpartum 
period (Yao and Weigel, 2014). Future phenotypes for 
NEL, DMI, RFI, and MBW were predicted from SNPs 
only or SNPs plus health history using random for-
est and support vector machine algorithms. Several 
health-related traits, including birth weight, calving 
weight, mas   s, metabolic disorders (ketosis, milk 

fever, and displaced abomasum), respiratory disease, 
and scours aff ected future phenotypes signifi cantly. 
Correla  ons between predicted values and future 
phenotypes averaged 27.5% with SNPs only and 
27.8% with SNPs and health history. It is likely that 
the small magnitude of improvement refl ected a lack 
of precision in the diagnosis or repor  ng of health 
problems, coupled with the fact that whole-genome 
SNPs already contain substan  al informa  on about 
an animal’s predisposi  on for traits such as body 
weight and suscep  bility to infec  ous diseases and 
metabolic disorders.

Conclusions

Improvements in average milk yield per cow due to 
gene  c selec  on and enhanced management have 
resulted in substan  al gains in effi  ciency over the 
past half-century, but addi  onal gains will be mod-
est unless individual animal intakes are measured 
directly. Genomic selec  on has allowed renewed 
interest in breeding for feed effi  ciency, because 
genomic predic  ons for DMI and RFI derived from 
deeply phenotyped reference popula  ons are rough-
ly 100-fold cheaper than predic  ons derived from 
conven  onal progeny tes  ng schemes. Due to the 
limited size of these reference popula  ons, reliability 
values for feed effi  ciency will be lower than reliabili-
 es for milk produc  on and most other important 

traits. However, the high economic value of feed 
effi  ciency will necessitate a large rela  ve weight in 
the breeding index. Preliminary research suggests 
that RFI may be an a  rac  ve choice for improving 
biological effi  ciency, due to its apparent gene  c and 
phenotypic independence from milk produc  on, milk 
composi  on, body size, udder conforma  on, and 
mobility.  However, more research is needed to con-
fi rm associa  ons between RFI and func  onal traits, 
such as early postpartum health and female fer  lity. 
Lastly, strategies for using genome-based predic  ons 
of future phenotypes to manage heifer inventories 
appear to be cost eff ec  ve, par  cularly in herds with 
low rates of involuntary culling or signifi cant use of 
gender-enhanced semen. 

Conclusions

The results presented herein refl ect the contribu-
 ons of numerous collaborators, most notably Mike 

VandeHaar and Rob Tempelman (Michigan State 
University), Lou Armentano and Chen Yao (Univer-
sity of Wisconsin - Madison), and Diane Spurlock 
(Iowa State University), and their work is gratefully 
acknowledged.  This research was supported by 
Agriculture and Food Research Ini  a  ve Compe   ve 
Grant #2011-68004-30340 from the USDA Na  onal 
Ins  tute of Food and Agriculture, as well as Hatch 
Project WIS01757 from the Wisconsin Agricultural 
Experiment Sta  on.
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Table 1: Gene  c correla  ons between linear scores for type traits and metabolic 
body weight (MBW), dry ma  er intake (DMI), net energy of lacta  on (NEL), and 
residual feed intake (RFI).

Trait                             MBW  DMI  NEL  RFI   
Stature                              0.71  0.40  0.31  0.13
Strength                 0.84  0.46  0.41  0.23
Body Depth                 0.65  0.36  0.42  0.06
Dairy Form                -0.22 -0.02  0.37 -0.09
Rump Angle                -0.04 -0.06  0.25 -0.33
Thurl Width                 0.57 -0.03 -0.41 -0.05
Rear Legs Side View   -0.27  0.13  0.34 -0.06
Rear Legs Rear View    0.27 -0.01 -0.38   0.01
Foot Angle                 0.11 -0.14 -0.42 -0.17
Fore Udder                 0.03 -0.09 -0.12 -0.17
Rear Udder Height    0.24 -0.23 -0.27 -0.23
Rear Udder Width    0.28 -0.37 -0.47 -0.08
Udder Cle                   0.03   -0.01 -0.17   0.11
Udder Depth                 0.47 -0.24 -0.40 -0.27
Front Teat Placement    0.03 -0.55 -0.59 -0.37
Teat Length                 0.44   0.19  0.53 -0.18
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Figure 1: Rela  onship between genomic predicted transmi   ng abili  es for milk yield at 
12 months of age and daily milk yield phenotypes in fi rst lacta  on.
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Feed Parameters and Strategies 
on our Dairy Farm

Doug and Tom Block Families
5th Generations Dairy Farmers

Feeding Parameters Feeding Parameters gg
and Strategies on and Strategies on 
Our Dairy FarmOur Dairy FarmOur Dairy FarmOur Dairy Farm

Doug BlockDoug Block
Four State Dairy Nutrition 

d M t C fand Management Conference
Dubuque, Iowa
J 11 2014June 11, 2014

Hunter Haven FarmsHunter Haven Farms IncIncHunter Haven Farms, Hunter Haven Farms, IncInc
Pearl City, IllinoisPearl City, Illinois

Doug & Tom Block Families

5th Generation Dairy Farmers

About Hunter About Hunter HavenHaven……

760 Milking Cows• 760 Milking Cows

• 110 dry cows

• 870 heifers

• 1,800 Crop Acres (1,030 owned)1,800 Crop Acres (1,030 owned)
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EmployeesEmployeesp yp y

Milkers & Pushers (13 full time & 1 part time)
P l & lf f d ( )Parlor manager & calf feeder (young)
Foot trimmer & calf feeder (older)
Feeder & helper (calf barns cow movement)Feeder & helper (calf barns, cow movement)
Assistant herd manager
Feeder – primary & field Cross Cross Milk 3X (8am, 4pm, Midnight)

2 milkers & 1 pusher/shiftFeeder – primary & field
Dairy manager
Doug – Dairy supervisor

trainedtrained
2 milkers & 1 pusher/shift

9 hour shift
6 to 7 day on
3 to 2 days offDoug Dairy supervisor

Tom – Field supervisor

y
45 to 50 hours/week

Hunter Hunter Haven 2013 Haven 2013 StatsStats……

90 lbs milk• 90 lbs. milk
• 3.76% B.F.
• 3.04% Protein
• 230 SCC
• MUN goals

905 905 Cows in 10 GroupsCows in 10 Groupspp
79 Do not breed, Mastitis, Cows to be sold
20 Milk not for sale (Treated & just fresh)20 Milk not for sale (Treated & just fresh)

164 1st and 2nd lactation
157 Small mature cows 4 Rations
155 1st lactation
103 Large mature cows

4 Rations
Milking Pen

Early Lactation
81 Post fresh (4 weeks)
56 Dry Cows
62 P f h C

Early Lactation
Far-off Dry Cow

Prefresh
62 Prefrsh Cows
28 Prefresh Heifers

H tH t HHHunter Hunter HavenHaven
About the Feed…..About the Feed…..

Fat Corrected Milk: 98 pounds• Fat Corrected Milk: 98 pounds

• Feed Efficiency: 1.6 to 1.7

• Feed Cost: $0.14 per lb of dry matter

• Feed Cost/cwt: $7.97Feed Cost/cwt:  $7.97

MilkingMilking Early Early LactLact PrefreshPrefresh FarFar--offoff
Ration Ingredients in Pounds Ration Ingredients in Pounds of Dry Matter of Dry Matter 

Shredlage 21.2 12.7 8.7 10.6
Haylage 8.4 7.6 6.3 11.1
Hay 1.3
Chopped Straw 0.7 0.7 4.2 5.0
Corn 10.2 7.6
Soybean Meal 2.5 2.5

5.3
Milking
Ration

Weighbacks

Corn Gluten Feed 5.6 3.3 3.4
Wet Distillers Mod 2.1
Cottonseed 1.3 1.3
Whey Permeate 2.4 1.6
Energy Booster 0.5
Various Mixes 4.7 4.3 3.4 0.2

( d) 0 3 0 3 0 0Water (AsFed) 17.0 13.0 13.0 5.0
Total Dry Matter 59.6 42.8 26.1

Nutrient Analysis of RationsNutrient Analysis of Rationsyy
MilkingMilking Early Early LactLact PrefreshPrefresh FarFar--offoff

DM (lbs) 59.6 42.8 26.1 32.2( )
DM % 46.1 47.4 41.3 41.9
CP % 15.9 17.2 14.5 12.8
RUP %CP 66.0 34.6 33.1 24.6
Soluble %CP 39.6 38.1 39.4 50.1
NDF % 29.4 29.5 42.1 44.9
ADF % 18.5 19.6 28.6 32.6
NEL Mcal/lb 0.77 0.75 0.68 0.63
Fat % 5.2 4.8 3.7 3.4
Starch % 26.0 24.7 14.8 13.9
Sugar % 4.0 3.8 2.4 2.1
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Milking RationMilking Rationgg
Nutrient AnalysisNutrient Analysis

DM (lbs) 59.6
lbslbs Dry MatterDry Matter

Shredlage 21.2
DM % 46.1
CP % 15.9
RUP %CP 66.0

Haylage 8.4
Chopped Straw 0.7
Corn 10.2

Soluble %CP 39.6
NDF % 29.4
ADF % 18.5

Soybean Meal 2.5
Corn Gluten Feed 5.6
Wet Distillers Mod 2.1

NEL Mcal/lb 0.77
Fat % 5.2
Starch % 26.0

Cottonseed 1.3
Whey Permeate 2.4
Energy Booster 0.5
Milki Mi 4 7 Sugar % 4.0Milking Mix 4.7
Added Water 17.0

Early Lactation RationEarly Lactation Rationyy
Nutrient AnalysisNutrient Analysis

DM (lbs) 42.8
lbslbs Dry MatterDry Matter

Shredlage 12.7
DM % 47.4
CP % 17.2
RUP %CP 34.6

Haylage 7.6
Hay 1.3
Chopped Straw 0.7

Soluble %CP 38.1
NDF % 29.5
ADF % 19.6

Corn 7.6
Soybean Meal 2.5
Corn Gluten Feed 3.3

NEL Mcal/lb 0.75
Fat % 4.8
Starch % 24.7

Cottonseed 1.3
Whey Permeate 1.6
Early Mix 4.3

Sugar % 3.8Added Water 13.0

PrefreshPrefresh RationRation
Nutrient AnalysisNutrient Analysis

DM (lbs) 26.1
lbslbs Dry MatterDry Matter

Shredlage 8.7
DM % 41.3
CP % 14.5
RUP %CP 33.1

Haylage 6.3
Chopped Straw 4.2
Corn Gluten Feed 3.4

Soluble %CP 39.4
NDF % 42.1
ADF % 28.6

Prefresh Mix 3.4
Added Water 13.0

NEL Mcal/lb 0.68
Fat % 3.7
Starch % 14.8
Sugar % 2.4

FarFar--off Rationoff Ration
Nutrient AnalysisNutrient Analysis

DM (lbs) 32.2
lbslbs Dry MatterDry Matter

Shredlage 10.6
DM % 41.9
CP % 12.8
RUP %CP 24.6

Haylage 11.1
Milking Ration
Weighbacks 5.3

Wh t St 5 0 Soluble %CP 50.1
NDF % 44.9
ADF % 32.6

Wheat Straw 5.0
Dry Cow Mixes 0.2
Added Water 5.0

NEL Mcal/lb 0.63
Fat % 3.4
Starch % 13.9
Sugar % 2.1

HunterHunter HavenHavenHunter Hunter HavenHaven
Three areas to improve Three areas to improve 

feed efficiencyfeed efficiencyfeed efficiencyfeed efficiency
1 Eliminate procedural drift1. Eliminate procedural drift

2. Increase feed quality (emphasis on 
quality and quantity of forage)

3. Watch dry matter intakey

HunterHunter HavenHavenHunter Hunter HavenHaven
Three things we Three things we would would 

do differentlydo differentlydo differentlydo differently
1 Creating enough feed storage1. Creating enough feed storage

2. Too slow to concentrate on hoof 
health and cow comfort

3. Falling behind on breeding programg g p g
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Intensifi ed calf feeding programs involve feeding of 
more milk replacer than in conven  onal programs, 
such that calves consume about twice as much dry 
milk replacer solids. Poten  al advantages of these 
programs are that they enable heifers to grow to 
breeding size earlier. Disadvantages include increased 
costs for milk replacer and increased management 
a  en  on needed at the  me of weaning to dry feed.  
Our research and review of other research reports 
support the concept that intensifi ed feeding pro-
grams will not impair future milk produc  on and will 
provide suffi  cient returns to pay for the addi  onal in-
vestment in milk replacer. Addi  onal benefi ts beyond 
those resul  ng from excellent calf management are 
unclear.

Introduc  on

Milk or milk replacer is the major nutrient source 
for calves for about 3 weeks a  er birth. Because the 
calf’s diges  ve system is not yet mature enough to di-
gest grain effi  ciently, growth and maintenance needs 
must be sa  sfi ed by milk intake. Tradi  onal milk-
feeding programs for heifer calves were designed to 
provide nutrients for limited body growth along with 
maintenance. Because of the cost and labor involved, 
a main goal of the pre-weaning period has been to 
facilitate transi  on of calves from milk to dry feed 
(calf starter). Tradi  onal milk replacers contained 
20% crude protein and 20% fat, and yielded body 
weight gains of less than 1.0 lb per day. Research in 
Israel in the 1990’s demonstrated that calves con-
suming whole milk gained weight faster, and pro-
duced more milk as cows. This knowledge s  mulated 
the development of new milk replacers that would 
promote growth similar to that possible with whole 
milk feeding.

Intensifi ed feeding programs

Intensifi ed feeding of calves involves feeding ap-
proximately twice as much milk replacer powder (2 
to 2.5 lb per day) as tradi  onal feeding programs (1 
to 1.25 lb per day). The milk replacers contain 25 to 
28% crude protein to support the poten  al of young 
calves for rapid lean growth, and 15 to 20% fat.  
Interes  ngly, the protein to energy ra  o of intensi-
fi ed milk replacers is higher than it is for whole milk.  
Tradi  onal 20:20 replacers are ~45 g CP/Mcal ME.  

Whole milk is ~50 g/Mcal.  Most intensifi ed milk 
replacers, however, are 65-70 g/Mcal.  It is not clear 
to us why this higher protein is required, but perhaps 
it is due to diff erences in AA composi  on and protein 
diges  bility of whole milk compared to intensifi ed 
milk replacers.

Unlike tradi  onal programs, milk replacer is fed in in-
creasing amounts as calves grow older. Calves are fed 
about 1.25 lb of powder star  ng with the fi rst feeding 
a  er colostrum feeding, and amount fed increases to 
around 2 lb per day before weaning.  Milk replacers 
are also recommended to be fed at a higher concen-
tra  on of the liquid mix (15 to 17% solids) than are 
tradi  onal milk replacers (13%). Some Michigan pro-
ducers have noted improved calf health since dilu  ng 
the milk replacer to a lower concentra  on more simi-
lar to tradi  onal milk replacers. Because calves are 
consuming more milk, gradual weaning is important 
to provide  me for calves to gradually increase their 
consump  on of calf starter to avoid a growth slump 
a  er weaning.

Growth and Milk Yield

We fed 80 calves at the MSU Dairy Farm either a 
conven  onal 20:20 milk replacer at 1.2% of BW or an 
intensifi ed 28:15 milk replacer at 2.1% of BW (Davis-
Rincker et al., 2011).  Intensifi ed calves grew faster 
before weaning (1.4 vs 1.0 lb/d).  All calves were 
weaned completely at 42 d, with weaning occurring 
gradually in the preceeding week.  Calves were man-
aged similarly a  er weaning and bred by size.  Calves 
on the intensifi ed program tended to calve at an 
earlier age (701 vs 715 d) at similar BW.  A  er adjust-
ing milk yield for gene  cs using parent average milk, 
fi rst lacta  on projected 305-d ME milk yield tended 
to be 4% higher for calves on the intensfi ed program.  
However, calves in our tradi  onal program were fed 
calf starter at a restricted intake to limit gains to 1.0 
lb/d, whereas calves on the intensifi ed program had 
calf starter provided ad libitum.   If calves on the 
tradi  onal program had been given calf starter ad 
libitum, they almost surely would have grown faster; 
the impacts on subsequent milk produc  on are not 
known.   

In the past 10 years, several other studies have been 
completed that add to our knowledge of the ef-
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Michigan State University
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fects of accelerated growth on animal performance.  
Heinrichs and Jones (2011) reviewed the studies 
inves  ga  ng treatment eff ects on milk yield and con-
cluded that overall, there were no signifi cant eff ects 
of feeding for accelerated growth on milk yield.  On 
the other hand, Soberon and Van Amburgh (2013) 
did a meta-analysis on the studies in the literature 
and found that intensifi ed feeding programs before 
weaning increased milk produc  on by almost 1000 lb 
in the fi rst lacta  on, or about 160 lb of milk for every 
0.1 lb extra body weight gain per day before wean-
ing.  Why the opposite conclusions from the same 
available literature?  Well, both conclusions followed 
from criteria of accep  ng data.  Heinrichs and Jones 
only accepted conclusions based on more than ten 
calves per treatment using milk replacers and pub-
lished in peer-reviewed publica  ons.  Soberon and 
Van Amburgh used publica  ons that had not been 
peer-reviewed or had not actually compared inten-
sive vs. tradi  onal treatments.  Most notably, they 
included results from a retrospec  ve analysis com-
paring growth rates before weaning and subsequent 
lacta  on performance in calves at the Cornell dairy 
farm that had all been raised under an intensifi ed 
feeding program (Soberon and van Amburgh, 2012).  
Diff erences in growth rates were confounded with, 
and largely the result of, season (temperature and 
photoperiod) and gene  cs.  Most importantly, they 
did not impose nutri  onal treatments to inves  gate 
whether feeding for greater gain preweaning might 
enhance later milk produc  on.  Their conclusion 
should have been: calves that grow faster prewean-
ing because of season, health, or gene  cs, produce 
more milk as cows.  Whether faster growth from 
feeding a high protein milk replacer at a high rate of 
intake also increases milk yield was never tested.  

Our conclusion from the literature is that intensifi ed 
milk-feeding programs likely increase fi rst-lacta  on 
milk yield.  We wonder, however, if the high protein 
to energy ra  o of intensifi ed milk replacers is really 
needed (especially in cold weather).  Furthermore, 
we wonder if methods to enhance grain intake might 
not achieve similar results.  

Calf starter and grain mixes

Tradi  onal calf starters contain about 18% crude pro-
tein on an as fed basis. Starters used in accelerated 
growth programs o  en contain 22% CP, with the goal 
of promo  ng con  nued op  mal growth; whether 
this is necessary is not clear. As with tradi  onal pro-
grams, calves should be consuming 2 lb of starter per 
day for at least 3 days before weaning.  

The general recommenda  on is that calves on ac-
celerated programs should be fed calf starter with 
higher crude protein content for several weeks a  er 

weaning.  Whether this is necessary is not clear.  By 
the  me of weaning, calves on accelerated programs 
will be about 2 inches taller and 25 to 30 lb heavier 
than calves on tradi  onal programs. If weaning is dif-
fi cult and calves do not maintain their growth rates, 
the advantage in body size of the accelerated pro-
gram will be lost in the fi rst 1-2 months a  er wean-
ing. 

Poten  al pi  alls

Intensifi ed feeding programs are not for everyone. 
Excellent calf management is required to benefi t 
from their use.  The general recommenda  on is that 
the amount of milk replacer fed to calves must be in-
creased with age, which requires addi  onal manage-
ment and communica  on with calf feeders. As with 
tradi  onal programs, inconsistency in mixing and 
feeding can produce diges  ve upsets. Starter intake 
is important for rumen development, and increased 
milk consump  on reduces intake of starter. Care-
ful a  en  on to gradual weaning and maintenance 
of starter intake is essen  al to realize advantages 
of intensifi ed feeding programs. One way to do this 
is to feed milk only once per day for several days to 
encourage greater intake of starter.  Calf stools may 
be looser with calves on intensifi ed programs, requir-
ing greater a  en  on to correctly iden  fy sick and 
scouring calves. Addi  onally, more bedding may be 
required to maintain a clean, dry environment for the 
calf.  

Costs and Returns

Intensifi ed feeding programs will cost about $35 to 
$55 more in milk replacer and starter than tradi  onal 
programs. Calves will grow faster and a  ain breed-
ing size earlier, and may even produce slightly more 
milk.  Results from our most recent study indicated 
that while feed costs were $1.27 higher per day than 
the tradi  onal program, a decrease in age at fi rst 
calving and a trend toward higher milk yield in fi rst 
lacta  on resulted in no diff erence in total returns.  If 
the sale price of milk is high, the return will likely be 
posi  ve.  In fact, our data support the idea that the 
economic advantage of accelerated growth programs 
could be almost three  mes the ini  al extra cost of 
milk replacer, and likely would not be nega  ve (Davis 
Rincker et al., 2011). This suggests that the decision 
about whether or not to use accelerated programs 
should be based on factors other than the economics 
of subsequent milk produc  on.  In any case, there is 
no ques  on that conven  onal programs o  en have 
not done a good job of handling cold weather; a 
switch to a well-managed intensifi ed milk program 
from a poorly managed conven  onal program will 
likely be profi table.  However, a well-managed pro-
gram with intermediate levels of milk might be even 
more profi table.
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Summary

Intensifi ed feeding programs can produce larger 
calves at weaning and heifers that reach breeding 
size at a younger age. Calves may have looser stools 
during the pre-weaning period although health 
status is not aff ected. Milk yield tends to be higher in 
calves on intensifi ed feeding programs. Economically, 
intensifi ed and tradi  onal feeding programs were not 
signifi cantly diff erent in cost, indica  ng producers 
can consider other farm-specifi c factors in selec  on 
of a feeding program for their calves.  Overall, it is 
clear that emphasis on calf health and growth from 
the delivery process through weaning will pay off  in 
healthier, more produc  ve cows in fi rst lacta  on but 
whether high protein milk replacers fed at 2% of BW 
are necessary to achieve these benefi ts is not clear.  
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Introduc  on

Livestock nutri  on programs began many years ago 
with the recogni  on that animal health and perfor-
mance improved when livestock were fed supple-
mental mineral and protein to meet mineral and 
nutrient requirements. 

All living beings have nutrient requirements. Nutri-
ents by defi ni  on are those that furnish nourishment 
(Miriam-Webster, 2014 accessed online). Protein and 
minerals are nutrients. Fiber and starch are major 
sources of energy and energy can also be consid-
ered a nutrient, but determining feedstuff  energe  c 
content for ruminants is complex.  One method for 
determining energy content of diets is to sum the en-
ergy supplied from digested fat, protein, fi ber, starch 
and other non-fi ber carbohydrates.  Energy values 
of forages are determined this way in the Nutrient 
Requirements of Dairy Ca  le: Seventh Revised Edi-
 on, 2001. The ‘summa  ve’ approach is described as 

TDN1x = dCP + 2.25x(dfat) + dNFC + dNDF -7, where 
‘d’ is the diges  bility coeffi  cient of CP, Fat, NFC or 
NDF, respec  vely.   

Digested fat and protein contain more calories per 
gram (g), 9.4 and 5.6 calories per g, respec  vely, than 
carbohydrates, 4.2 calories per g (NRC, 2001). Both 
fi ber (Neutral Detergent Fiber, NDF) and starch are 
carbohydrates yet when we need more energy in a 
ruminant diet we o  en include more starch (grain) 
and less fi ber. Why is this? The answer is carbohy-
drate diges  bility.

In ruminants, feedstuff  energe  c values are a func-
 on of both total nutrient content and diges  on 

coeffi  cients (Weiss, 1998). As nutri  onists, we use 
computer ra  on formula  on models with summa  ve 
equa  ons that incorporate nutrient level and digest-
ibility to op  mize nutri  on on farm. We reasonably 
understand feedstuff  nutrient content but have 
monumental opportuni  es to learn more about di-
ges  on. Hence, the remainder of this paper will focus 
on accurately describing nutrient diges  on. 
Diges  on takes place in the rumen as well as the rest 
of diges  ve tract, with the aim in ruminant nutri  on 
being improving rumen diges  on for op  mal feed 

conversion effi  ciency. Hence, rumen diges  on mea-
sures have been extensively sought out but remain 
diffi  cult to predict.

The diffi  culty lies in the fact that diges  on coeffi  -
cients are not fi xed measures (e.g. fi ber diges  bility 
poten  al at 30 h). Feedstuff  diges  on is dynamic and 
depends on upon a variety of factors including:

• Feed gene  c and chemical characteris  cs

 —  Such as grain vitreousness (Correa et al., 2002  
  or fi ber lignifi ca  on (Jung and Deetz, 1993)

• Physical proper  es

 — Example: grain par  cle size (Callison et al., 
  2001; Hoff man et al., 2012) and forage 
  par  cle length (Bal et al., 2000)

• Feed passage rate through mul  ple diges  ve 
chambers (Waldo and Smith, 1972)

The same feed will have diff erent energy values when 
processed diff erently, or fed to a dry cow (longer ru-
men reten  on  me) or a high producing cow (shorter 
rumen reten  on  me).  These factors lead us to an 
important ques  on: how do we es  mate in vivo (real, 
cow-level) diges  on values for use within our com-
puter programs? What opportuni  es do we have to 
improve model performance? 

The objec  ve of this paper is to briefl y review prac  -
cal approaches to feedstuff  diges  on, discuss diges-
 on measure applica  on within nutri  on programs, 

and summarize published in vivo dairy ca  le diges-
 on data for use in evalua  ng laboratory technique 

accuracy or ra  on formula  on program outputs.

Evolu  on of assessing feedstuff  diges  bility 

Measuring diet and feed diges  on poten  al is not a 
new concept. Bergeim (1926) fi rst measured food di-
ges  on nearly 100 years ago with an in vivo approach 
however this approach was not useful for individual 
feedstuff s in many cases and instead applied to the 
total diet. 
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During the late 1800’s the proximate feed analysis 
system was developed. The proximate system evalu-
ated individual feedstuff  nutri  ve value by divid-
ing animal feeds into six frac  ons: moisture, ether 
extract, protein, ash, crude fi ber (CF) and nitrogen 
free extract (NFE). Crampton and Maynard (1932) 
however suggested that par   oning feedstuff s into 
cellulose, lignin and other carbohydrates instead of 
CF and NFE was a more accurate approach to deter-
mine nutri  ve value of feeds. Weiss et al. (1992) later 
developed a model for predic  ng total diges  ble 
nutrient content incorpora  ng the detergent system 
(Goering and Van Soest, 1970) for nutrient analysis. 
Lignin became a focus for determining fi ber and feed-
stuff  diges  bility and has been extensively studied as 
described by Jung (2012). However Jung (2012) also 
described limita  ons to using lignin as a diges  on 
indicator and our industry has moved beyond lignin 
based diges  on es  mates although the NRC (2001) 
and other similar programs s  ll have lignin based 
diges  bility calculators built in.

Nearly 20 years a  er Crampton and Maynard (1932), 
found that lignin was related to feed nutri  ve value, 
Burroughs et al. (1950) described one of the fi rst in 
vitro methods to measure diges  on. In vitro rumen 
diges  on evolved into a rou  nely used commercial 
laboratory method. However, the technique has sub-
stan  al drawbacks due to being completely removed 
from the cow (lab bench method). In vivo and in 
situ diges  on methods are also laboratory diges  on 
analyses, taking place par  ally and completely within 
animals, which are now evolving as rou  ne op  ons 
for livestock nutri  on measures.

The three levels of prac  cally measuring nutrient 
diges  on: simple explana  ons, benefi ts and draw-
backs

Lab bench: in vitro, meaning outside the body (Miri-
am-Webster, 2014)

Rumen and intes  ne in vitro diges  on measures are 
completely removed from the animal and are meant 
to simulate diges  on within the rumen or intes  nes. 
Rumen in vitro diges  on gained popularity for rou-
 ne forage analyses following developmental work 

by Tilley and Terry (1963) and later modifi ed by Goer-
ing and Van Soest (1970) as published in the USDA 
Forage Fiber Analyses handbook. Goering and Van 
Soest (1970) described various forage analyses and a 
widely cited modifi ed rumen in vitro diges  on tech-
nique. Ruminant feedstuff  protein intes  nal in vitro 
diges  on gained in popularity with the technique 
published by Calsamiglia and Stern (1995) and later 
modifi ed by Gargallo et al. (2006) and evaluated by 
Boucher et al. (2009). Hundreds if not thousands of 

peer reviewed studies have since evaluated in vitro 
diges  on techniques and applica  ons.

The benefi ts to prac  cal lab bench in vitro measures 
are: 

• Speed and fl exibility

 — The ability to make many measurements over
            the course of a day or week 

 — The ability to analyze several feeds at one  me

• Sample analysis is completely contained within a 
fl ask or test tube

• Cost eff ec  ve rela  ve to other diges  on ap-
proaches

• Individual feed nutrient degrada  on can be as-
sessed and isolated from other interac  ons

       — The diges  on process is  ghtly controlled by 
           controlling temperature, pH and maintaining                  
           an anaerobic environment to op  mize bacterial
           diges  on 

       — Pool size of diges  ble feed component (fi ber, 
           starch or protein) and rates of diges  on (kd) 
           values can be used within diet formula  on so  -
           ware

In vitro lab bench measures are used to assess feed-
stuff  gene  c and chemical-related diges  on param-
eters and to rank feeds from most diges  ble to least. 
Using mul  ple diges  on measurements over  me 
has value for measuring feedstuff  degrada  on rates 
(kd) and poten  ally diges  ble nutrient frac  ons or 
pool sizes. The diges  on rate and pool size param-
eters are necessary for mechanis  c nutri  on models 
such as the Cornell Net Carbohydrate and Protein 
System (CNCPS, Tylutki et al., 2008).

In vitro diges  on technique drawbacks include, but 
are not limited to:

• Inaccuracy due to removal from the animal

 — Isola  on from other ingredients and rumen 
             interac  ons
 — Diges  on occurring beyond the rumen is not 
             accounted for

• Consistency of rumen fl uid varies between donor 
animals and can impact diges  on results

• Poor repeatability within and across laboratories 
due to rumen fl uid and technique variability
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• Reducing or elimina  ng par  cle size eff ects be-
cause samples are ground to small par  cles sizes 
(1 to 4 mm).

Rumen or intes  nal incuba  on: in situ, meaning 
in the natural or original posi  on (Miriam-Webster, 
2014)

Simula  ng the rumen environment and dynamic 
feedstuff  interac  ons within diges  on chambers can 
prove diffi  cult (Vanzant et al., 1998). As a result, ru-
men and intes  ne in situ diges  on techniques have 
been used in commercial laboratories to es  mate 
nutrient diges  on. 

In this approach, feedstuff s are placed in small-pored 
bags, akin to tea bags, and incubated within the 
desired region of diges  ve tract. Feedstuff  diges  on 
poten  al is determined by measuring nutrient disap-
pearance from the porous bags.

The benefi ts to in situ rumen or intes  ne measures 
include: 

• Feedstuff s are exposed to complex diges  on and 
interac  ons occurring within the animal that are 
diffi  cult to replicate in a closed in vitro fl ask or 
test tube. 

 — Mul  ple animals can be used to improve 
             precision

• Greater sample sizes and larger par  cle sizes 
(from 4 mm to unground) can be used

• Flexibility

 — Mul  ple diges  on measures in  me can be
            made 
 —  Es  mate kd and pool sizes

• Mul  ple nutrients can be assessed for diges-
 on at the same  me using the same incubated 

sample

• Individual feed nutrient degrada  on can be as-
sessed

  — Pool size and kd values can be used within
  diet formula  on so  ware

Drawbacks to in situ techniques include, but are not 
limited to:

• Increased cost rela  ve to in vitro approaches

• Need for mul  ple cannulated animals in desired 
performance or produc  on state

       
       — E.g. To assess diges  on in context of a lactat-
  ing Holstein cow complex rumen enviro-
  ment, feed must be digested within lacta  ng
  Holstein cows’ rumens

• In situ samples and nutrients are not subject to 
feedstuff  passage rates that may occur in vivo 

       
 — For example, starch kp appears to be 
             associated with feed type or density 
            (published data summarized by Allen, 2012)

• Poor repeatability across laboratories due to 
technique variability

• Sample disappearance from bags may be a  rib-
uted to either loss through pores, or diges  on

Considerable in situ developmental and evaluator 
work has been accomplished over the past 50 years.  
Vanzant et al. (1998) reviewed published literature 
and off ered sugges  ons to standardize techniques. 
Rumen in situ techniques further gained in commer-
cial popularity for assessing protein diges  on partly 
following the techniques applica  on within the Nutri-
ent Requirements of Dairy Ca  le: Seventh Revised 
Edi  on (NRC, 2001). 

Yet, Stern et al. (1997) suggested both in vitro and 
in situ protein diges  on es  mates were challenging 
to relate to in vivo measures. Further, commercially 
available in vitro and in situ techniques, each diff er-
ing in some aspect from published literature (e.g. 
technique or donor ca  le and diet), have li  le to no 
published rela  onship with commercial dairy ca  le 
performance (Schalla et al., 2012). Hence in many 
cases prac  cing nutri  onists rely on assump  ons that 
greater diges  on is posi  vely related to performance 
in ra  os such as the widely cited work published by 
Oba and Allen (1999) or assume kd measures over 
 me and pool size es  mates are accurate.

Within the animal: in vivo, meaning in the living body 
of a plant or animal; in real life situa  on (Miriam-
Webster, 2014).

Under circumstances where simula  ng diges  on or 
par  ally assessing feedstuff  diges  on within animals 
can prove problema  c, in vivo diges  on techniques 
can be u  lized. Through in vivo techniques, nutri-
 onists and scien  sts can assess compartmental or 

total tract nutrient diges  on through high perform-
ing ca  le using either total collec  on or indiges  ble 
markers along with TMR and fecal nutrient measures. 

Total collec  on methods and rare-earth metal marker 
in vivo measures are not prac  cal for rou  ne applica-
 on. However lignin, acid-insoluble ash and indigest-
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ible NDF (iNDF) are inherent within feedstuff s and 
have u  lity under prac  cal circumstances for assess-
ing apparent diet diges  on coeffi  cients. 

Lignin has long been used to es  mate nutrient diges-
 on within academic research and under prac  cal 

circumstances (J. Ferguson, unpublished), however 
lignin should only be used as a diges  bility marker 
when fecal lignin recovery is high (Fahey and Jung, 
1983). 

Under commercial dairy circumstances, iNDF has 
been used as an internal marker to assess in vivo 
diges  on and results were related to dairy perfor-
mance off ering validity to this approach for rou  ne 
applica  on (Schalla et al., 2012). Further, acid-insol-
uble ash has recently been compared to iNDF and 
iNDF was found more dependable (Lee and Hristov, 
2013). 

Benefi ts to in vivo diges  on measures include:

• Assess diet diges  on through high performing 
ca  le

 — Most accurate approach

• Capture total diet performance without making 
assump  ons regarding diges  on chamber inter-
ac  ons or passage rates 

Limita  ons to prac  cal in vivo diges  on measures 
include but are not limited to:

• Only the Total Mixed Ra  on (TMR) can be as-
sessed

 — Results cannot be directly used within most
             formula  on so  ware programs

• Costly and  me consuming rela  ve to in vitro or 
in situ approaches 

• Must sample both TMR and feces
       
 — Must assume minimal TMR variability and
    sampling accuracy

• Endogenous nutrient contribu  ons complicate 
interpreta  on (Sniff en, personal communica  on)

How do we use diges  on data within ra  on models? 
Can we improve ra  on program performance? What 
do the cows have to say?

Having described several levels of prac  cal diges  on 
measures, the livestock nutri  on industry and consul-
tants in the fi eld are con  nually striving to improve 

accuracy and precision within animal nutri  on so  -
ware and feeding programs. One aim is to improve 
so  ware and animal performance by implemen  ng 
more accurate and precise nutrient diges  on mea-
sures. Be mindful that ra  on models are merely a 
guide and many factors beyond formula  on aff ect 
performance (Allen, 2012).  Prior to discussing ra  on 
model basics, we should understand terminology for 
measures used within computer programs.

• Diges  on coeffi  cient (e.g. NDFD or StarchD) = % 
of nutrient that is digested

 — This is the end result value used within ra  on
             programs to calculate TDN1x, microbial CP
  and energy available for performance

 — This value may or may not be directly entered
             into the program

 — There are two basic ways to determine 
             diges  on coeffi  cients

          Direct measurement (e.g. in vitro, in situ or
     in vivo measures)

    Calculate using pool size, diges  on and 
      passage rates

• k = rate coeffi  cient

 — Corresponding to a nutrient or passage 
             disappearing at a certain % per h

• kd = diges  on rate coeffi  cient (e.g. NDF kd or 
Starch kd)

 — “kd rate” is o  en used in the fi eld to describe 
              diges  on rate; however this is redundant,
              and incorrect terminology 

• kp = passage rate coeffi  cient (e.g. liquid or forage)

• Pool size = nutrient amount (% total nutrient) 
available to the specifi ed degrada  on and pas-
sage rate

 — Pool sizes can range from 0 to 100% available

There are two basic approaches to es  ma  ng feed 
component diges  on: empirical and mechanis  c. 
Each approach requires diff erent diges  on inputs as 
outlined above; but both approaches generate diges-
 on coeffi  cients that are intended to describe diges-
 on in vivo. The diges  on coeffi  cients determined 

by either approach are determined by regression or 
integra  ng pool sizes and rates of diges  on of feed 
components with rate of passage.  How do ra  on 
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programs determine diges  on coeffi  cients? The kd, 
kp and pool size (e.g. uNDF) measures, each by them-
selves, are useless. Only when the three measures 
are used together do they have prac  cal applica  on. 
Empirical model diges  on coeffi  cients and opportu-
ni  es

Empirical models such as the Na  onal Research 
Council (NRC 2001) and Milk2006 (Shaver and Lauer, 
2006) are built upon extensive published research, 
measurements and direct observa  ons. Simply put, 
past observa  ons and rela  onships drive future pre-
dic  ons. Total diges  ble nutrient (TDN1x) es  mates 
for energy calcula  ons within empirical models 
are built from summa  ve equa  ons (Weiss, 1998). 
Summa  ve equa  ons combine nutrient content and 
diges  on coeffi  cients. 

Nutrient diges  on coeffi  cients within the NRC (2001), 
for example, are determined either from large data-
bases or documented rela  onships. In some cases, 
nutrient diges  on coeffi  cients are le   as sta  c values 
due to limita  ons in prior published work. The sum-
ma  ve TDN equa  on in place within the NRC (2001) 
is simplifi ed here as:

TDN at maintenance intake = Total diges  ble NFC + 
total diges  ble CP + total diges  ble fa  y acids + total 

diges  ble NDF – 7

Within empirical models such as NRC (2001), we 
have the opportunity to improve model accuracy by 
incorpora  ng cow-level, research-backed carbohy-
drate diges  on coeffi  cients. Current or future diges-
 on techniques for use in empirical models should be 

validated with, or closely agree with, in vivo rumen or 
total tract published results, such as those presented 
in Appendix 1. 

As an example of this approach, Dr. David Combs 
(2013) recently developed a fi ber diges  on measure, 
 tled Total Tract Neutral Detergent Fiber Diges  bility 

(TTNDFD), which incorporates both mechanis  c and 
empirical principles, and has u  lity within empirical 
models. The TTNDFD model pairs the NDF kd, mea-
sured using standardized 24, 30 and 48 h NDFD val-
ues (Goeser and Combs, 2009), with an NDF passage 
rate adapted from Krizsan et al. (2010) using mecha-
nis  c principles. TTNDFD has further been validated 
against in vivo NDF diges  on trial results, adhering 
to empirical principles. Typical TTNDFD values since 
2010 are presented here for several feed and storage 
types (Rock River Laboratory, Inc., unpublished data).

Feed Type Preserva  on TTNDFD 
(% of NDF)

Legume Hay 39.33
Legume Silage 41.49
Mixed Forage Hay 40.52
Mixed Forage Silage 42.99
Grass Hay 42.45
Grass Silage 45.89
Corn Silage Silage 43.62
Sorghum/Sudan Silage 48.06
Small Grains Hay 42.73
Small Grains Silage 43.34

Mechanis  c model opportuni  es

Mechanis  c models, such as the CNCPS model (Tylut-
ki et al., 2008), are fundamentally diff erent from the 
NRC model as described above because these models 
seek to fully model the complex rumen microbiology, 
individual nutrient metabolism and energe  cs. Mech-
anis  c ruminant models break the diet down further 
than empirical models into core nutrients and predict 
how nutrients interact within the rumen and diges-
 on tract. Both model types strive to predict future 

observa  ons but mechanis  c models apply theory as 
well as prior research and are meant to simulate true 
rumen and intes  nal nutrient diges  on.

In mechanis  c based models, an extensive number 
of nutrient values and pool size es  mates are paired 
against rumen and hind-gut kd and kp es  mates to 
determine animal and diet specifi c nutrient diges  on 
coeffi  cients. Moreover, nutrient pool size is mul  plied 
against the kd and kp ra  os to calculate the nutrient 
diges  on coeffi  cient. A  er diges  on coeffi  cients for 
nutrients are determined, TDN, microbial protein, 
and energy available for performance are predicted 
similar to that of an empirical model. 

Within mechanis  c models, model performance can 
be improved by refi ning feedstuff  kd and pool size 
es  mates, assuming kp values are accurate. Feed kd 
and pool size measures can be improved using more 
robust diges  on and mathema  cal techniques. We 
can then assess diges  on technique and model ac-
curacy by comparing mechanis  c model diges  on co-
effi  cient outputs against published in vivo rumen or 
total tract means and ranges, such as that presented 
in Appendix 1. 



Regardless of approach used to assess feedstuff  or 
diet performance poten  al, improving accuracy in 
addi  on to speed and precision will advance the live-
stock nutri  on industry into the future. 

The next 15 years

Feed and milk price vola  lity and income over feed 
costs ranging from roughly -$9 / cwt. to +$9 / cwt. for 
dairy farms require con  nued advancement. Further, 
agriculture’s environmental impact and carbon foot-
print is increasingly being scru  nized. In both cases, 
improvement in feed conversion effi  ciency is key to 
advancing the dairy industry and accurately assessing 
diges  on poten  al is cri  cal under this eff ort.

As men  oned previously, future innova  ons in diges-
 on analyses and ra  on formula  on should ensure 

agreement with in vivo diges  on coeffi  cient results. 
The meta-analyses summarized in Appendix 1 off er 
extensive published, in vivo lacta  ng cow rumen 
and total-tract NDF and starch diges  on results to 
compare against laboratory derived es  mates of 
fi ber and starch diges  on. 

Rather than off er a conclusive statement, I pose 
several ques  ons regarding current, rou  nely u  lized 
carbohydrate diges  on measures for future consider-
a  on within nutri  on programs: 

1. With reported NDF and forage passage rates 
ranging from 1 to 6% / h (Kriszan et al., 2010; Seo 
et al. 2006; Allen, 2012) actual rumen NDF reten-
 on  mes range from 17 to 50 h. Assuming a 30 h 

rumen NDF reten  on  me:

  a. Do 30 h in vitro or in situ NDFD results 
  average 42% of NDF, similar to that shown in 
             Appendix 1?

  i.  Exemplary 30 h in vitro NDFD means
   (based on Goering and Van Soest, 1970
   technique; Rock River Laboratory Inc.,
   unpublished data):

                    1.  43.7% for legume silage
                    2.  54.6% for corn silage
 
 b. If in vitro NDFD results are inaccurate, do 
           we have opportuni  es to more accurately
            formulate diets? 

           i. Are resul  ng NDF kd measures accurate?

2.  With reported starch and concentrate passage
      rates ranging from roughly 3 to 33% / h (Seo et
      al., 2006; Allen, 2012), rumen starch reten  on
       mes range from 3 to 33 h. Assuming an 18 h 
      rumen starch reten  on  me:

 a. Do 7 h in vitro rumen starch diges  on results
        align with the 59% in vivo rumen average
           shown in Appendix 1, assumed at 18 h?

           i. Moreover, if in vivo starch diges  on 
                   averages 59% at 18 h, 7 h diges  on 
                   averages should be substan  ally less than 
                   59%

    ii. Exemplary 7 h in vitro NDFD means 
                    (based on Richards et al., 1995 
                    technique):

    1.  69.2% for 10 diff erent samples of TMR,
                     corn silage, dry corn, high moisture 
                          corn, and snaplage (Heuer et al., 2013)

    a.  Rumen in situ diges  on averaged
                            56.4% at 7 h for the same samples
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Appendix

Table 1: Summary of meta-analysis or review data for in vivo rumen and total-tract NDF and starch diges  on 
coeffi  cients (% of nutrient). *Mixed refers to a meta-analysis of lacta  ng dairy studies and minor number of 
non-lacta  ng heifer study means.

Description Nutrient Animal
Type

Digestion
Site Author(s) Treatment

means

Digestion
Coefficient,

%
SD

Mixed TMRs NDF
Lactating
Dairy Cow Rumen

Firkins et al.
(2001) 121 43.5 11.3

Mixed TMRs NDF Mixed Rumen
Hannigan et al.
(2013) 152 42.8 12.8

Corn silage based
TMRs NDF

Lactating
Dairy Cow Rumen

Ferraretto and
Shaver (2012) 39 41.9 NA

TMRs containing
barley based grain NDF

Lactating
Dairy Cow Rumen

Ferraretto et al.
(2013) 30 39.4 NA

TMRs containing
corn based grain NDF

Lactating
Dairy Cow Rumen

Ferraretto et al.
(2013) 82 39.3 NA

n or Weighted
means NDF Rumen 424 42.0 12.0
Alfalfa and Grass
Forage based TMRs NDF

Lactating
Dairy Cow Total Tract Goeser (2008) 75 47.4 8.0

Corn and Sorghum
Forage based TMRs NDF

Lactating
Dairy Cow Total Tract

Goeser and
Combs
(unpublished) 85 42.7 10.5

Mixed TMRs NDF
Lactating
Dairy Cow Total Tract

Firkins et al.
(2001) 75 48.0 10.9

Mixed TMRs NDF Mixed Total Tract
Hannigan et al.
(2013) 137 49.2 10.7

TMRs NDF Mixed Total Tract
Krizsan et al.
(2010) 172 59.7 12.8

Corn silage based
TMRs NDF

Lactating
Dairy Cow Total Tract

Ferraretto and
Shaver (2012) 105 44.7 NA

TMRs containing
barley based grain NDF

Lactating
Dairy Cow Total Tract

Ferraretto et al.
(2013) 62 47.2 NA

TMRs containing
corn based grain NDF

Lactating
Dairy Cow Total Tract

Ferraretto et al.
(2013) 335 45.6 NA

n or Weighted
means NDF Total Tract 1046 48.5 10.7

Mixed TMRs Starch
Lactating
Dairy Cow Rumen

Firkins et al.
(2001) 8 57.6 15.6

Mixed TMRs Starch Mixed Rumen
Hannigan et al.
(2013) 92 59.7 15.4

Corn silage based
TMRs Starch

Lactating
Dairy Cow Rumen

Ferraretto and
Shaver (2012) 39 60.8 NA

TMRs containing
corn based grain Starch

Lactating
Dairy Cow Rumen

Ferraretto et al.
(2013) 82 54.1 NA

TMRs containing
barley based grain Starch

Lactating
Dairy Cow Rumen

Ferraretto et al.
(2013) 30 70.6 NA

n or Weighted
means Starch Rumen 251 59.3 15.5

Mixed TMRs Starch
Lactating
Dairy Cow Total Tract

Firkins et al.
(2001) 79 90.6 7.4

Mixed TMRs Starch Mixed Total Tract
Hannigan et al.
(2013) 77 92.7 5.7

Corn silage based
TMRs Starch

Lactating
Dairy Cow Total Tract

Ferraretto and
Shaver (2012) 105 92.7 NA

TMRs containing
barley based grain Starch

Lactating
Dairy Cow Total Tract

Ferraretto et al.
(2013) 62 92.8 NA

TMRs containing
corn based grain Starch

Lactating
Dairy Cow Total Tract

Ferraretto et al.
(2013) 335 92.6 NA

n or Weighted
means Starch Total Tract 658 92.4 6.5
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Pedigree-Based Selec  on

For more than half a century, progeny tes  ng has 
been the founda  on of gene  c selec  on programs 
in dairy ca  le (Robertson and Rendel, 1950).  Several 
factors make progeny tes  ng especially advantageous 
in dairy ca  le, most notably widespread use of ar  fi -
cial insemina  on (AI) with frozen semen and the fact 
that nearly all traits of economic importance, includ-
ing milk produc  on, milk composi  on, female fer  l-
ity, length of produc  ve life, calving ability, disease 
resistance, and physical conforma  on, are sex-limited 
and cannot be measured un  l females begin lactat-
ing.  Progeny tes  ng has led to rapid gene  c gains in 
produc  on traits; es  mated breeding values (EBV) of 
North American Holsteins have increased by roughly 
90 kg of milk, 3 kg of fat, and 3 kg of protein per year 
over the past decade.  However, gene  c progress is 
limited by long genera  on intervals of approximately 
7.1 and 3.9 years, respec  vely, for sires and dams of 
AI bulls (Normal et al., 2001).  Furthermore, progeny 
tes  ng is not a cost-eff ec  ve method for improv-
ing traits that are diffi  cult or expensive to measure 
rou  nely on commercial dairy farms, such as feed 
effi  ciency.  

Whole Genome Selec  on

Whole genome selec  on, more commonly known as 
genomic selec  on (Meuwissen et al., 2001), refers to 
the study of diff erences between individual animals 
in the bovine genome sequence (single nucleo  de 
polymorphisms (SNPs)) that can be used to predict 
economically important traits, such as milk produc-
 on, milk composi  on, health, fer  lity, or longevity.  

The gene  c informa  on for a given calf, heifer, cow, 
or bull is compared with that of a reference popula-
 on of older animals of the same breed.  This refer-

ence popula  on is composed of animals with known 
phenotypes that have been genotyped previously, 
and their phenotypic and genomic informa  on are 
stored in an extensive database at the USDA-ARS Ani-
mal Improvement Programs Laboratory (AIPL, Belts-
ville, MD).  Dairy ca  le are par  cularly well-suited for 

genomic selec  on, because individual animals with 
high EBV have suffi  cient value to off set the costs of 
genomic tes  ng, and because large reference popula-
 ons of bulls with high reliability (REL) predic  ons of 

gene  c merit exist for the purpose of es  ma  ng SNP 
eff ects or calcula  ng genomic predicted transmit-
 ng abili  es (GPTA).  More than 650,000 dairy bulls, 

cows, heifers, and calves have genomic data in the 
AIPL database, and genomic predic  ons are available 
for Holstein, Jersey, and Brown Swiss ca  le.  The cur-
rent cost of genomic tes  ng is roughly $45 per animal 
with a low-density (9K or 12K) chip, whereas the cost 
of medium-density (54K) or high-density (648K or 
777K) genotyping is two- to fi ve-fold greater.  

In North America, as in most countries with well-de-
veloped genomic evalua  on systems for dairy ca  le, 
genotype informa  on has been incorporated into 
gene  c evalua  on systems in a nearly seamless man-
ner (Wiggans et al., 2011).  Roughly 60,000 SNPs are 
used in rou  ne genomic evalua  ons, and for animals 
that have been genotyped with low-density chips the 
remaining SNPs are imputed with 90 to 99% accuracy 
based on the medium- and high-density genotypes 
of reference animals of the same breed (Boichard 
et al., 2012; VanRaden et al., 2013).  In this manner, 
inexpensive low-density genotyping of cows, heifers, 
and calves on commercial dairy farms is possible, 
and a  er genotype imputa  on their GPTA values are 
of suffi  cient accuracy for selec  on and culling deci-
sions (Dassonneville et al., 2011; Weigel et al., 2010).  
For cows with phenotypes, as well as cows and bulls 
whose off spring have phenotypes, the published 
GPTA values represent a combina  on of pedigree, 
performance, and genomic informa  on, whereas 
for young bulls and heifers without phenotypes the 
published GPTA values refl ect pedigree and genomic 
informa  on only.  In both cases, the GPTA values 
are published with the same gene  c base, scale, 
and units of measurement as for animals that have 
not been genotyped, with the only diff erence being 
higher REL for genotyped animals and a “G” indicator 
on their predicted transmi   ng ability (PTA) values 
and selec  on indices.  
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The increases in REL for young calves and heifers due 
to genomic tes  ng are remarkable.  In US Holsteins, 
the average gains in REL for produc  on traits are 29, 
31, and 23% for milk, fat, and protein, respec  vely, 
whereas gains for fi tness traits are 22, 27, and 22% 
for daughter pregnancy rate, soma  c cell score, and 
length of produc  ve life, respec  vely.  For protein 
yield, which has heritability of approximately 30%, 
the amount of informa  on provided by a young calf’s 
pedigree is equivalent to about 7 milk-recorded off -
spring, whereas the amount of informa  on provided 
by the calf’s genotype is equivalent to about 34 addi-
 onal daughters.  In contrast, for daughter pregnancy 

rate, which has heritability of about 4%, the amount 
of informa  on provided by the calf’s genotype is 
equivalent to about 131 addi  onal daughters.

Genomic Selec  on of Males

Selec  on of dairy bulls has changed drama  cally in 
the era of genomic selec  on.  North American dairy 
farmers currently have access to semen from hun-
dreds of young genome-tested Holstein, Jersey, and 
Brown Swiss bulls that have no progeny of their own.  
In fact, the number of young AI bulls currently being 
marketed based on GPTA values exceeds the number 
of progeny-tested bulls being marketed, and several 
large breeding companies now derive more than 50% 
of their sales from young genome-tested bulls.  Farm-
ers that use young genome-tested bulls to produce 
their replacement heifers can reduce the genera  on 
interval for the “sires to produce daughters” selec  on 
pathway to about 30 months, as opposed to roughly 
72 months with tradi  onal progeny tested bulls.  
Furthermore, these young genome-tested bulls are 
o  en used to produce the next genera  on of AI bulls, 
and the impact on genera  on interval is drama  c, as 
shown in Figures 1 and 2 from Schefers and Weigel 
(2012).

In a tradi  onal breeding program based on progeny 
tes  ng, approximately 54 months are required for 
rearing a bull, collec  ng and distribu  ng his semen, 
rearing his off spring, recording his off spring’s phe-
notypes, and predic  ng his breeding value using 
pedigree-based BLUP.  At this point, the bull can be 
iden  fi ed as a sire of future AI bulls, and if his semen 
is used immediately to inseminate elite cows and 
heifers his fi rst sons will be born when he is about 63 
months of age.  

In an aggressive breeding program based on genomic 
selec  on, a young bull can be iden  fi ed as a sire of 
future AI bulls as early as 1 or 2 months of age, and 
as soon as he reaches sexual maturity his semen can 
be used to inseminate elite cows and heifers (Schaef-
fer, 2006).  His fi rst sons will be born when he is 
roughly 21 months of age, which means that we can 

achieve a three-fold reduc  on in genera  on interval 
in the “sires to produce sons” selec  on pathway.  An 
obvious extension of the aforemen  oned strategy is 
to use genomic selec  on to iden  fy poten  al dams 
of future AI bulls at a young age and propagate them 
via embryo transfer (ET) or in vitro fer  liza  on (IVF) 
as yearling heifers, as opposed to wai  ng for comple-
 on one or more lacta  on records.  In this manner, 

the genera  on interval for the “dams to produce 
sons” selec  on pathway can also be reduced, from 
about 38 months to roughly 22 months.  Further-
more, the GPTA values of elite cows and heifers 
based on genomic tes  ng have much greater REL 
than their tradi  onal PTA values based on pedigree 
and performance data only, and this further acceler-
ates the rate of gene  c progress per year. 

Genomic Selec  on of Females

Historically, the weak link in dairy ca  le improvement 
programs has been the “dams to produce daughters” 
selec  on pathway, due to poor accuracy and low 
selec  on intensity (Van Tassell and Van Vleck, 1991).   
The REL of tradi  onal pedigree-based PTA values for 
cows on commercial farms has tended to be low, and 
high rates of culling due to illness, injury, or infer  l-
ity have typically prevented the culling of gene  -
cally inferior replacement heifers.  However, culling 
rates on modern, well-managed free-stall opera  ons 
tend to be low, and widespread usage of gender-
enhanced (sexed) semen has generated an excess 
of replacement heifers.  For the fi rst  me in history, 
dairy producers have an opportunity to improve the 
gene  c poten  al of their herds by culling inferior 
females at a young age and, more importantly, they 
can signifi cantly reduce the feed costs associated 
with rearing animals that are unlikely to perform at a 
profi table level once they reach lacta  ng age.  Weigel 
et al. (2012) showed that, in herds that lack pedigree 
data, genomic tes  ng all heifer calves and culling the 
poorest 10, 20, or 30% based on GPTA is a cost-eff ec-
 ve herd improvement strategy.  Similarly, in herds 

with known sire iden  fi ca  on or complete pedigree 
informa  on, genomic tes  ng the bo  om 50% of 
heifer calves based on pedigree index and culling the 
bo  om 10, 20, or 30% based on GPTA is also a cost-
eff ec  ve herd improvement strategy.  

In a recent study at the UW-Madison Integrated Dairy 
Facility (Arlington, Madison, and Marshfi eld, WI), the 
actual fi rst-lacta  on performance of Holstein cows 
was evaluated rela  ve to their genomic predic  ons 
derived from DNA tes  ng prior to 12 months of age.  
Based on results of the genomic tes  ng, heifers were 
divided into quar  les (Q1=high, Q2=high-medium, 
Q3=medium-low and Q4=low) of genomic poten  al 
for milk yield.  Figure 3 shows a sca  er plot of GPTA 
for milk produc  on and average daily milk yield, 
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where each shape represents a diff erent quar  le.  
Animals with average GPTA milk and average daily 
milk yield are represented by the circle in the middle 
of the graph.  As shown below, 83% of heifers in Q1 
(highest GPTA milk) subsequently exceeded herd 
average for actual daily milk yield, as compared with 
61% of heifers in Q2, 39% of heifers in Q3, and fewer 
than 17% of heifers in Q4.  Furthermore, no heifers 
from Q4 ranked near the top for daily milk yield when 
they reached fi rst lacta  on, and only one heifer from 
Q1 produced signifi cantly less than herd average.  As 
shown in Figure 4, average fi rst lacta  on daily milk 
yield of heifers in Q1 exceeded that of heifers in Q2 
and Q3 by approximately 10 pounds, and it exceeded 
that of heifers in Q4 by more than 15 pounds.  Thus, 
it is clear that genomic tes  ng of heifer calves at a 
young age can provide farmers with useful informa-
 on for making selec  on and culling decisions, which 

can reduce feed costs.

Managing Inbreeding with Genomics

Inbreeding has long been a concern in dairy ca  le 
breeding programs, and animal breeders try to 
achieve a balance between rapid gene  c progress 
and maintenance of gene  c diversity (Weigel, 2001).  
Genomic selec  on programs can provide greater 
selec  on response per year and, like tradi  onal 
pedigree-based breeding programs, individual sires 
and cows can have a tremendous infl uence through 
AI and ET or IVF, respec  vely.  However, an advantage 
of genomic selec  on is that it facilitates within-family 
selec  on decisions among animals with iden  cal 
pedigrees (Hayes et al., 2009).  For example, in a 
tradi  onal pedigree-based selec  on program an 
elite cow might produce three full-sibling sons by ET, 
and one of these sons would be purchased by each 
of the major AI companies.  In a modern genome-
based selec  on program the cow would also produce 
three full-sibling sons by ET, and the son with highest 
GPTA would be purchased by the company that had 
the fi rst-choice contract.  The other two sons would 
be culled, and the other two AI companies would 
select fi rst-choice bulls from other families, thereby 
enhancing the gene  c diversity of the AI sire popula-
 on.  On the farm, dairy producers manage inbreed-

ing and reduce the probability of inherited defects 
by using computerized ma  ng programs (Weigel and 
Lin, 2000).  Genomic data can provide more precise 
measures of inbreeding than pedigree-based in-
breeding coeffi  cients (Bjelland et al., 2013), which 
refl ect expected inbreeding, and genome-based 
ma  ng programs can accommodate both addi  ve 
and dominance eff ects (Sun et al., 2013).  Because 
virtually every AI sire in the major dairy breeds has 
been genotyped, dairy farmers who invest in ge-
notyping their cows, heifers, and calves can readily 
u  lize genome-based mate selec  on programs that 

consider average heterozygosity, dominance eff ects, 
and lethal defects.  

Although the primary objec  ve of genomic selec  on 
in dairy ca  le is to increase the accuracy of es  mated 
breeding values for young selec  on candidates, 
related ac  vi  es such as fi ne-mapping of quan  ta  ve 
trait loci (QTL) and detec  on of inherited defects are 
greatly facilitated by the availability of hundreds of 
thousands of low-, medium-, and high-density SNP 
genotypes.  For example, Cole et al. (2011) carried 
out a genome-wide associa  on analysis that iden  -
fi ed numerous candidate genes and chromosomal 
regions aff ec  ng produc  on, health, fer  lity, and 
conforma  on traits in Holstein ca  le.  Interest-
ingly, VanRaden et al. (2011) found that several SNP 
haplotypes were abundant in heterozygous form in 
Holstein, Jersey, and Brown Swiss ca  le, but these 
haplotypes were never observed in homozygous 
form.  Furthermore, sires that carried these haplo-
types tended to exhibit reduced concep  on rate and 
increased s  llbirth rate when mated to daughters 
of bulls that carried the same haplotypes.  In one of 
these haplotypes, Sonstegard et al. (2013) iden  -
fi ed a nonsense muta  on in the CWC15 gene that 
appears to be responsible for decreased fer  lity in 
Jersey ca  le.  

Conclusions

In summary, the impact of genomics on dairy ca  le 
breeding programs has been enormous, and the 
pace of change has been breath-taking.  Within two 
years of the commercial availability of the fi rst 50K 
array, the vast majority of AI bulls and elite cows 
were genotyped, and rou  ne selec  on decisions 
u  lized GPTA values rather than tradi  onal pedigree-
based PTA values.  Genomic data are used to select 
every young bull that enters an AI company, and the 
overwhelming majority of cows, heifers, calves, and 
embryos that are consigned to public auc  ons are 
marketed based on genomic informa  on.  Progeny 
tes  ng, in which selec  on and marke  ng decisions 
must wait un  l daughters’ phenotypes become 
available, has been replaced by genomic tes  ng and 
progeny valida  on, in which selec  on and market-
ing decisions are made immediately and reviewed 
later, when the bull’s sons and grandsons are being 
marketed.  New inherited defects have been dis-
covered, and the search for QTL with large eff ects 
on performance, health, and fer  lity is faster, more 
precise, and much more effi  cient.  Programs for mate 
selec  on and avoidance of inbreeding are changing 
rapidly, and widespread usage of genomic ma  ng 
programs is imminent.  Because of the availability of 
inexpensive low-density SNP arrays and highly accu-
rate imputa  on algorithms, many farmers are using 
genomic tes  ng in conjunc  on with sexed semen and 
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advances in cow comfort to generate extra females, 
cull inferior animals early, enhance gene  c progress, 
and reduce feed costs.  Lastly, genomic selec  on will 
allow the improvement of traits such as feed effi  cien-
cy, which are too diffi  cult and expensive to measure 
rou  nely on commercial farms but are feasible for 
measurement in smaller reference popula  ons such 
as experimental herds.
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Figure 2.  Timeline of an aggressive AI breeding program based on the use of genomic bulls as sires of sons (from Sche-
fers and Weigel, 2012).
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Figure 1.  Timeline of a tradi  onal AI breeding program based on progeny tes  ng (from Schefers and Weigel, 
2012).
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Figure 4.  Average daily milk yield during fi rst lacta  on, by quar  le of GPTA for milk yield, for heifers that were 
genotyped prior to 12 months of age in the UW-Madison herd.
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Figure 3.  Comparison of GPTA for milk yield of 12-month old Holstein heifers in the UW-Madison herd with actual daily 
milk yield of the same animals during fi rst lacta  on.  The numbers shown on the graph refl ect the percentage of animals 
in each GPTA quar  le that exceeded herd average milk produc  on during fi rst lacta  on.
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Transitioning With Effi ciency,
is it possible?

Dr. Phil Cardoso, DVM, PhD
Dairy Research and Extension

University of Illinois at Urbana-Champaign 

Transitioning With Efficiency,Transitioning With Efficiency,
is it possible?is it possible?is it possible?is it possible?
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ManagementManagementManagement Management 
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20142014

Dr. Dr. Phil Cardoso, DVM, PhDPhil Cardoso, DVM, PhD
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So how do we help this cow?So, how do we help this cow?

How should we feed and manage dry and 
transition cows to:transition cows to:

1) i i i h lth di d1) minimize health disorders,
2) maximize production and reproduction

Walsh et al., 2011

Effect of methionine supplementation on 
methylation and lipid accumulation of the 

preimplantation embryo in dairy cow

University of Illinois at Urbana-Champaign
Cardoso et al., unpublished

Outline

• The transition period.

• Are we improving dairy farm efficency?

• Controlled energy diets for dry cows• Controlled energy diets for dry cows.

• Summary and conclusions.
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Transition Period

Usually identified as the 3 weeks prior to and the 3 
weeks following parturition (Drackley, 1999; Grummer, 1995). 

Periparturient Period

LactationParturition

p

Dry Period

LactationParturition

-60 -21 0 21

Transition period

Gestating non-lactating state non-pregnant lactatingGestating, non lactating state non pregnant, lactating

Typical Gestation-Lactation Cycle for Dairy Cattle

Body stores Body stores Dry period
DMI, Energy Balance

Body stores
used for 

milk production

Body stores
regained for

next lactation

Dry period
Mammary 
Involution/

Regenerationg

0 1 2 3 4 5 6 7 8 9 10 11 12
Month

Adipose 
Tissue

LiverHealthy well-fed cow

NEFA NEFA NEFA
NE E i

TG
CO

InsulinNE, Epi

CO2

Propionate

Mitochondria

Feed intake

Milk
Gl TG

TGVLDL

Fat

Mammary 
Gl d

Glucose

Gland

Adapted from Drackley, 1999

Adipose 
Tissue

LiverCow in negative 
energy balancessue

NEFA NEFA NEFA

energy balance

TG

NEFA NEFA

CO

InsulinNE, Epi

CO2

Propionate

Mitochondria

Feed intake
Ketone 
Bodies

Milk
G

Amino acids, 
glycerol

TG

TGVLDL

Fat
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Gl d
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Gland

Adapted from Drackley, 1999

Transition Period

Challenging period with most infectious diseases 
and metabolic disorders occurring during this time 
(Drackley, 1999; Grummer, 1995).
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Transition Period

Metabolic Disorder Incidence N.A. (%) Cost 
(US$)

NAHMS 
2007(US$)

Milk Fever 6.5 334

Retained Placenta 8.6 285

2007

4.9 %

7.8 %

Metritis 10.1 280

Left Displaced Abomasum 1.7 340

4.6 %*

3.5 %

Ketosis 4.8 145 ---

Pregnancy Rate 17 %

Adapted from Kelton et al., 1998

* Dystocia, metritis

Goals for nutrition and management 
d i th d i dduring the dry period

M t t i t i t f t ti d• Meet nutrient requirements for gestation and 
mammary development

• Minimize risk for peripartal metabolic 
disorders and infectious diseases

• Prepare cow for high milk production and
high subsequent fertilityg q y

• Optimize costs and maximize profit

• Metabolic disorders during early lactation are• Metabolic disorders during early lactation are 
linked to energy intake during the dry period
M h t i l h t t d t ti ll• Many research trials have stated potentially 
negative consequences of overfeeding cows 
d i th d i dduring the dry period

• Our thesis: feeding a high-energy diet before 
calving to dairy cows will induce insulin 
resistance

Effects of three levels of energyEffects of three levels of energy 
intake during the close-up period on 

blood metabolites of dairy cows

A. Pineda, P. Cardoso, J. K. Drackley 

i i f lli iUniversity of Illinois

Objectives
• To assess if controlling energy intake during the dry 

Objectives

period has negative effect on cow performance and 
blood metabolites during transition period.

• To evaluate if cows fed restricted energy diet have 
i il f ll d disimilar performance to controlled energy diet.

• To asses if cows fed high energy diet develop insulin 
resistance.

Pineda et al., unpublished

Material and MethodsMaterial and Methods

Experimental Units:
•27 multiparous Holstein cows

•Healthy (no DA, RP, or MET)
•Dried-off 50 days before 
expected calving

Housing:Housing:
•Free stalls during dry period
•Individual box stall close to 
calvingcalving 
•Tie stall from calving to 28dd

Pineda et al., unpublished



65

M t i l d M th d
Experimental Treatments:

Material and Methods

HE (n=7)

• Three dietary treatments in a 
RBD from dry-off through 
calving.

CE (n=11)
• High fiber diet

• 160-180% NRC 
requirements

• Ad libitum

• Single lactation diet fed after 
calving (100% NCR 
requirements).

RE (n=8)

High fiber diet
• Ad libitum
• 100% NRC 

requirements( )
• 80% NRC 

requirements
• Controlled 

i k fintake of HE

Pineda et al., unpublished

Material and MethodsMaterial and Methods
Composition of control energy and high energy diet in dry matter basis.

C t l E Hi h EControl Energy High Energy
Mean SD Mean SD

DM, % 47.3 2.86 43.4 2.29DM, % 47.3 2.86 43.4 2.29
CP, % 14.4 0.57 15.0 0.42
ADF, % 31.1 2.38 23.1 2.39
NDF, % 45.7 3.00 36.8 5.39
Lignin, % 5.1 0.72 4.3 0.67
NFC % 27 1 2 21 35 9 5 84NFC, % 27.1 2.21 35.9 5.84
TDN, % 60.7 2.29 67.7 2.13
NEL Mcal/kg 1 38 0 02 1 58 0 03NEL, Mcal/kg 1.38 0.02 1.58 0.03

Pineda et al., unpublished

Data Collected

Glucose tolerance 
test:

Insulin challenge:
• Insulin (0.05 IU/kg BW)

• Glucose  (0.25 g/kg BW)
• 8d 4 pre-calving

( g )
• 6d 4 pre-calving
• 6d post-calvingp g

• 8d post-calving
6d post calving

• 8d 4
IC-6IC-6

• Calving
IC+6IC+6

• 8th day• 8d 4 

GTT-8GTT-8

• 6d 4 
• Calving

• 6th day
• 8 day

GTT+8GTT+8

Pineda et al., unpublished

Data Collected

Glucose tolerance 
test:

Insulin challenge:
• Insulin (0.05 IU/kg BW)

• Glucose  (0.25 g/kg BW)
• 8d 4 pre-calving

( g )
• 6d 4 pre-calving
• 6d post-calvingp g

• 8d post-calving
6d post calving

30303030 15151515 5555 +5+5+5+5 +10+10+10+10 +15+15+15+15 +30+30+30+30 +60+60+60+60 +120+120+120+120--30 30 
min
--30 30 
min

--15 15 
min min 
--15 15 
min min 

--5 5 
min min 
--5 5 

min min InfusionInfusionInfusionInfusion +5 +5 
min min 
+5 +5 

min min 
+10 +10 
min min 
+10 +10 
min min 

+15 +15 
min min 
+15 +15 
min min 

+30 +30 
min min 
+30 +30 
min min 

+60 +60 
min min 
+60 +60 
min min 

+120 +120 
minmin
+120 +120 
minmin

Pineda et al., unpublished

Blood MetabolitesBlood Metabolites
Calcium (Ca), magnesium (Mg), and beta-hydroxybutyrate (BHBA) concentration in 
plasma of cows fed control energy (CE), high energy (HE), and restricted energy (RE 
di ) k 1 d k 1 l i l idiet) wk -1 and wk +1 relative to calving.

Treatments P
CE HE RE SE trt day trt x day

Pre-partum
Calcium, mg/dL 9.41 9.45 9.21 0.34 0.76 0.57 0.79
Magnesium mg/dL 2 19 2 33 2 21 0 10 0 30 0 04 0 14Magnesium, mg/dL 2.19 2.33 2.21 0.10 0.30 0.04 0.14

BHBA, mmol/L 0.45 0.42 0.50 0.08 0.71 0.001 0.01

Post-partum

Calcium, mg/dL 8.54 8.73 8.50 0.18 0.65 <0.01 0.29

Magnesium, mg/dL 2.03 2.01 2.08 0.07 0.59 <0.01 0.21

BHBA l/L 0 81 0 59 0 81 0 13 0 40 <0 01 0 58BHBA, mmol/L 0.81 0.59 0.81 0.13 0.40 <0.01 0.58

Pineda et al., unpublished
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Why do controlled-energy 
di t d NEFA BHBAdiets decrease NEFA, BHBA, 
and liver fat?and liver fat?

Overfeeding and internal body fat 
stores in dry cows

• Research question:
Do cows overfedDo cows overfed 
during the dry 
period accumulate 
internal fat during 
the dry period?

Adipose tissue depots in non-lactating non-
pregnant cows after 57 d on diets

Variable LE HE SEMVariable LE HE SEM

Initial BCS 3.00 3.08 0.25
Final BCS 3 55 3 62 0 11Final BCS 3.55 3.62 0.11
Post-blood BW, kg 710 722 33
Adipose tissue siteAdipose tissue site

Omental, kg 17.5 28.1** 1.3
Mesenteric, kg 12.1 22.0** 2.4
Perirenal, kg 6.0 9.9* 1.2

n = 9 per diet
** P < 0.01
* P < 0.05

Nikkhah et al., 2009

Adipose tissue depots in non-lactating non-

Variable LE HE SEM

pregnant cows after 57 d on diets

Variable LE HE SEM

Initial BCS 3.00 3.08 0.25
Final BCS 3 55 3 62 0 11

Modest overfeeding during a 
normal dry period could lead to aFinal BCS 3.55 3.62 0.11

Post-blood BW, kg 710 722 33
Adipose tissue site

normal dry period could lead to a 
>75% increase in visceral adipose 
tissues that drain directly to liverAdipose tissue site

Omental, kg 17.5 28.1** 1.3
Mesenteric, kg 12.1 22.0** 2.4

tissues that drain directly to liver 
(the “bad fat” deposits in humans)

Perirenal, kg 6.0 9.9* 1.2
n = 9 per diet
** P < 0.01
* P < 0.05

Nikkhah et al., 2009
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“ describes the extent to which time… describes the extent to which time, 
effort or cost is well used for the 

i t d d t k It i ftintended task or purpose. It is often 
used with the specific purpose of 

relaying the capability of a specific 
application of effort to produce a specific pp p p

outcome effectively with a minimum 
amount or quantity of wasteamount or quantity of waste, 

expense, or unnecessary effort.”

Wikipedia

EFFICIENCYEFFICIENCY
In general efficiency is a measurable concept quantitativelyIn general, efficiency is a measurable concept, quantitatively 

determined by the ratio of OUTput to INput. 

not effectiveness… 

Direct-Fed Microbial - DFMDirect Fed Microbial DFM
• Direct-fed microbial (DFM) to describe 

i bi l b d f d ddi imicrobial-based feed additives.
• DFM products are available in a variety of 

forms including powders, pastes, boluses, and 
capsules.  In some applications, DFM may be 
mixed with feed or administered in the 
drinking water. 

Feed EfficiencyFeed Efficiency

Hutjens, 2014. Hoard's Dairyman Webinar: Feed Efficiency—What's New? 
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Cardoso et al., unpublished
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DA and activityDA and activity
120

Ketosis diag.

Every 10 steps increased at
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100

y p
week 1 OR 0.764 (P <0.05)
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Activity (steps/hr) of cows diagnosed with displaced 
abomasum (DA) and Healthy cows matched by parity and 
milk production Multiparous Holstein cows being

Days relative to calving
HEALTHY
DA

milk production. Multiparous Holstein cows being 
represented. Median time to DA was 9 days in milk. 

Cardoso et al., unpublished

TAKE HOME MESSAGETAKE HOME MESSAGE

IN t OUT tINput OUTput

TAKE HOME MESSAGETAKE HOME MESSAGE

• Insulin sensitivity increased in cows fed a 
control energy diet or a restricted energy gy gy
diet.

• High energy diet seems to be a model forHigh energy diet seems to be a model for 
insulin resistance in dairy cows around 
parturitionparturition.

• Measure the intake of your cows. Control
variationvariation.

DAIRY FOCUS LABDAIRY FOCUS LAB

www dairyfocus illinois eduwww dairyfocus illinois eduwww.dairyfocus.illinois.eduwww.dairyfocus.illinois.edu
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What’s New with Corn Silage?
Randy Shaver

 Ph.D., PAS, ACAS-Nutrition Dipl.
Department of Dairy Science

University of Wisconsin – Madison
University of Wisconsin – Extension

Room 280 Animal Sciences Building
1675 Observatory Drive

University of Wisconsin, Madison, WI 53706
Email: rdshaver@wisc.edu

Introduc  on

High quality whole-plant corn silage (WPCS) contrib-
utes greatly to supplying the energy, starch and for-
age neutral detergent fi ber needs of high-producing 
dairy cows, reducing purchased feed costs from ex-
pensive grain and byproduct supplements, and gen-
era  ng milk revenues for dairy producers throughout 
the world. The purpose of this paper is to review 
selected recent developments and considera  ons for 
WPCS. Refer to Figure 1 for an overview of the factors 
that infl uence the nutri  ve value of WPCS.

Corn silage harvest prac  ces

Processing and Length of Cut

Ferrare  o and Shaver (2012) reported on an ex-
periment to determine the eff ect of feeding a con-
ven  onal WPCS hybrid harvested as Shredlage® 
(SHRD) compared to the same hybrid harvested as 
conven  onally-processed WPCS (CPCS) on lacta  on 
performance by dairy cows. Both the percentage of 
material on the top screen of the Penn State shaker 
box and processing score were greater for SHRD (30 
mm theore  cal length of cut [TLOC] and 2.5 mm roll 
gap) than CPCS (19 mm TLOC and 2 mm roll gap). 
Cows fed SHRD tended to consume 0.7 kg/d more 
DM. Milk yield and milk composi  on were similar 
between treatments. Yield of 3.5% FCM tended to 
be 1 kg/day greater for cows fed SHRD. Ruminal in 
situ diges  bility of starch, but not NDF, was greater 
for SHRD than CPCS. Total tract diges  bility of dietary 
starch and NDF were greater for SHRD than CPCS.

We recently conducted a feeding trial to evaluate 
SHRD versus CPCS using a brown midrib (BMR) WPCS 
hybrid and also to determine the physically-eff ec  ve 
NDF in SHRD compared to chopped hay in TMR fed 
to 120 high producing dairy cows. Dry ma  er intake, 
lacta  on performance, and total tract dietary starch 
and NDF diges  bili  es were determined, and rumina-
 on ac  vity was determined using SCR collars. Data 

had not been not been summarized by the deadline 

for this paper, but preliminary results from the ex-
periment will be presented at the conference.

Although alterna  ve processing methods, greater 
speed diff eren  al with conven  onal rolls, and type 
of processor, intermeshing discs, are now being used 
in the fi eld, there is a lack of informa  on with regard 
to processing score, par  cle size, and TLOC capability 
or animal performance for them rela  ve to CPCS or 
SHRD. These alterna  ve approaches to WPCS pro-
cessing will be discussed at the conference.     

Silage Fermenta  on

Hoff man et al. (2011) reported that ensiling high-
moisture corn (HMC) for 240 d reduced zein protein 
subunits that cross-link starch granules, and suggest-
ed that the starch-protein matrix was degraded by 
proteoly  c ac  vity over an extended ensiling period. 
The Larson and Hoff man (2008) turbidity assay did 
not detect a reduc  on in zein protein over the ensil-
ing period for HMC as was measured by high-perfor-
mance liquid chromatography (Hoff man et al., 2011).

Ammonia-N content increased, however, as HPLC 
zein protein subunits in HMC decreased (Hoff man 
et al., 2011), and ammonia-N was used in combina-
 on with mean par  cle size for modeling the eff ects 

of corn maturity, moisture content and extent of 
silage fermenta  on on ruminal and total-tract starch 
diges  bili  es for HMC at feed out (Hoff man et al., 
2012a, b). Ferrare  o et al. (2014c), using a data set 
comprised of 6,131 HMC samples (55 to 80% DM) 
obtained from a commercial feed analysis laboratory, 
reported that ammonia-N was posi  vely related to 
ruminal in vitro starch diges  bility (ivStarchD; R2 = 
0.61) and combined, ammonia-N, DM, soluble-CP 
and pH provided a good predic  on of ivStarchD (ad-
justed R2 = 0.70).

In WPCS fermented for 0, 45, 90, 180, 270, and 360 
d, ammonia-N and soluble-CP contents and ivStarch 
increased over  me and soluble CP, but not ammo-
nia-N, was highly correlated with ivStarchD (R2 = 0.78 
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versus  0.24). Young et al. (2012) and Windle et al. 
(2014) reported that increases in WPCS ammonia-N 
and soluble-CP contents were accompanied by in-
creases in ivStarchD in response to increased  me of 
ensiling and exogenous protease addi  on.  

Ferrare  o et al. (2014b) reported on a study where 8 
WPCS hybrids (4 BMR and 4 leafy) were ensiled for 0, 
30, 120 and 240 d. Fermenta  on profi le, ammonia-N 
and soluble-CP contents, and ivStarchD were similar 
for the 2 hybrid types and there was no hybrid type 
×  me of ensiling interac  on detected. Increases in 
WPCS ammonia-N and soluble-CP contents were ac-
companied by increases in ivStarchD in response to 
increased  me of ensiling. Posi  ve rela  onships be-
tween ivStarchD and ammonia-N (R2 = 0.67) and sol-
uble-CP (R2 = 0.55) were observed. Ammonia-N and 
soluble-CP were both good indicators of ivStarchD in 
WPCS in this study. It appears that ammonia-N and 
soluble-CP can be used in models to predict starch 
diges  bility for WPCS as has been done for HMC, 
however, more research is needed especially with 
regard to combining the par  cle size of the kernels 
in WPCS along with these N measures into predic  ve 
models. 

Corn Silage Hybrid Type

UW Lacta  on Trial 1

Ferrare  o and Shaver (2014a) conducted a study to 
determine the eff ect of feeding a TMR containing a 
fl oury-leafy WPCS hybrid (LFY) compared to a BMR 
hybrid for intake, lacta  on performance, and total 
tract nutrient diges  bility in dairy cows. The WPCS 
ivStarchD was greater for LFY than BMR, while rumi-
nal in vitro NDF diges  bility (ivNDFD) was greater for 
BMR than LFY. The DM content, Penn State shaker 
box, and processing score measures were similar for 
the 2 WPCS treatments. Both TMR contained 65% 
total forage of which 65% was WPCS (DM basis). 

Cows fed BMR consumed 1.7 kg/d more DM than 
LFY (P < 0.01). Milk yield was greater (P < 0.01; 49.0 
vs. 46.8 kg/d) and energy- and solids-corrected milk 
yields tended (P < 0.10) to be greater for BMR than 
LFY, however, feed effi  ciency measures (kg milk or 
component-corrected milk per kg DMI) did not diff er 
by treatment (P > 0.10). Fat-corrected milk (50.3 kg/d 
on average) and milk fat yield (1.84 kg/d on aver-
age) were similar (P > 0.10), as milk fat content was 
greater (P < 0.01) for cows fed LFY (4.05%) than BMR 
(3.83%). Cows fed BMR had lower (P < 0.001) MUN 
concentra  on and greater (P < 0.05) milk protein 
and lactose yields compared to LFY. Total tract starch 
diges  bility was 5%-units greater (P < 0.001) for cows 
fed the LFY. Trial results suggest that WPCS hybrid 
selec  on programs which focus on increasing starch 
diges  bility by dairy cows through selec  on of so  er 

kernel texture can be eff ec  ve. Results also denote, 
however, the importance of NDF diges  bility in WPCS 
hybrid selec  on programs.

UW Lacta  on Trial 2

Akins and Shaver (2012) reported on an experiment 
with its primary objec  ve to determine lacta  on 
performance by dairy cows fed NutriDense® (ND; 
NutriDense 905823; BASF Plant Science, Raleigh, 
Durham, NC) compared to dual-purpose (DP; Pioneer 
Hi-Bred A DuPont Business, Des Moines, IA) and BMR 
(BM; Mycogen Seeds, Dow AgroSciences LLC, India-
napolis, IN) WPCS hybrids at the same concentra  on 
of WPCS in the treatment diets. This study was a fol-
low-up to the report of Chase (2010) where greater 
milk produc  on was observed for BM, while greater 
feed effi  ciency was observed for ND. A secondary 
objec  ve of the UW trial was to determine lacta  on 
performance by dairy cows fed ND at two diff erent 
concentra  ons of WPCS in the treatment diets.

Three treatments (DP40, BM40 and ND40) contained 
60% forage DM with 2/3rd (40% of TMR DM) from 
the respec  ve WPCS and 1/3rd alfalfa silage (DM 
basis). The fourth treatment contained 65% forage 
DM en  rely from ND corn silage (ND65). All diets 
were formulated to be isonitrogenous. A 2-wk covari-
ate period with all pens receiving a TMR containing 
equal DM propor  ons of DP40, BM40 and ND40 was 
followed by an 11-wk treatment period with pens (16 
pens of 8 cows each) fed their assigned treatment 
TMR. 

Although harvest of the three WPCS treatments 
commenced as soon as possible a  er being assessed 
at the one-half kernel milkline stage of maturity, the 
BM averaged 41.8% DM and was 6.6 and 4.5%-units 
drier than DP and ND, respec  vely. For the BM, fi ve 
days elapsed between the decision to harvest and 
the actual harvest with weather condi  ons favoring a 
rapid dry-down during that  me period which result-
ed in the DM content being greater than desired for 
that WPCS treatment. The concentra  ons of NDF and 
starch in WPCS were similar for DP and BM. The ND 
WPCS NDF content was 3.4%-units lower and starch 
content was 4.9%-units greater compared to the 
average for DP and BM. All three WPCS treatments 
were well processed with processing scores ranging 
from 68% to 77%. 

The ivNDFD was 14%-units greater for BM than 
the average of DP and ND which were similar. The 
ivStarchD was similar ranging from 84% to 89% 
across the WPCS treatments. It should be noted that 
the WPCS treatments had been in the silo bags for 
ten months before commencing with the feeding trial 
and silage sampling over a subsequent four month 
period, which would likely have a  enuated any inher-
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ent diff erences in starch diges  bility that may have 
existed between the WPCS hybrids.

Actual milk yield tended to be 1.9 kg/d greater (P = 
0.09) and milk protein and lactose yields were great-
er (P < 0.01 and P = 0.03, respec  vely) for ND40 than 
DP40. Although DMI was similar (P = 0.15) the in-
takes of fat, NFC, starch and rumen diges  ble starch 
were greater (P < 0.01) for ND40 than DP40, which 
could explain the produc  on diff erences between 
these two treatments. Cows fed BM40 had 1.9 kg/d 
greater (P = 0.02) milk yield than DP40. The lack of 
DMI response (P = 0.71) for BM40 with its greater 
WPCS ivNDFD compared to ND40 or DP40 was sur-
prising, but may have been related to the trial being 
performed on midlacta  on cows between 100 and 
200 DIM where rumen fi ll may not be limi  ng energy 
intake rela  ve to produc  on requirements. The trial 
of Chase (2010) which found greater DMI and milk 
produc  on for BM WPCS was conducted with early 
lacta  on cows. 

Dry ma  er intake and milk yield were reduced by 
1.8 (P < 0.01) and 2.2 kg/d (P = 0.02), respec  vely, 
for ND65 compared to ND40. Furthermore, milk fat 
content and yield were reduced by 0.45%-units (P = 
0.01) and 0.33 kg/d (P < 0.01), respec  vely, for ND65 
compared to ND40. Reduced DMI and thus nutrient 
intakes (OM, CP, fat, NFC, and starch; P < 0.01) and 
consequently milk yield along with reduced milk fat 
could be related to greater ruminal starch diges  on 
for ND65 compared to ND40. Of the total dietary 
starch 52% for ND40 and 85% for ND65 was provided 
by WPCS with greater ruminal diges  bility than the 
dry ground shelled corn which comprised most of 
the remainder of dietary starch. Coincident with the 
milk yield diff erences, yields of protein (P < 0.01) and 
lactose (P = 0.01) were reduced for ND65 compared 
to ND40. The resultant calculated yields of FCM, 
ECM and SCM were also reduced (P < 0.01) for ND65 
compared to ND40. The MUN concentra  on was 12% 
greater (P < 0.01) for ND65 than ND40. This response 
may have been related to a reduced ruminal pH from 
greater starch diges  bility, as suggested by milk fat 
depression, reducing the effi  ciency of rumen microbi-
al protein synthesis. Results suggest that high ruminal 
starch diges  bility may be a limita  on to feeding 
diets comprised of a high propor  on of long-ensiled 
WPCS.
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Key Findings:

• By focusing on the na  onal average all milk price 
minus feed cost, a margin, and not milk price 
exclusively, dairy producers in the United States, 
regardless of geographic loca  on or management 
style are provided self-selected levels of protec-
 on against severe downturns in the milk price, 

rising livestock feed prices, or a combina  on of 
both.

• Thought of as a type of ‘fl exible op  on contract’ 
margin protec  on can be “in-the-money” and 
carry an intrinsic value when the coverage level 
(strike price) is above the expected produc  on 
margin forecast using CME futures and op  ons 
prices. Adverse gaming incen  ves increase as 
the intrinsic value of the coverage increases and 
can be reduced by ins  tu  ng a gap between the 
sign-up date and the beginning of the coverage 
period.

• As a safety net, when close to being at-the-money 
this fl exible op  on contract will result in a distri-
bu  on of program benefi ts that closely mirrors 
the distribu  on of benefi ts under the previous 
MILC program. 

• Small producers benefi t under both at-the-money 
and in-the-money sign-up environments; how-
ever, during  mes when margin coverage is deep 
in-the-money, the per hundredweight payment 
is more uniform by scale and the distribu  on 
of program benefi ts will skew more toward the 
larger scale producers due to the absence of pro-
duc  on or income caps on indemnity payments. 

Newton, Thraen, and Bozic (2013a; 2013b) off ered an 
independent analysis of the dairy margin protec  on 
programs put forth and passed by the U.S. House of 
Representa  ves and the U.S. Senate. This research 
demonstrated that a safety net program encompass-
ing both the milk price and the feed price in the form 
of an income-over-feed-cost margin would succeed in 
providing need fi nancial relief to dairy farmers during 
 mes of low milk produc  on margins. Newton and 

Thraen (2013a; 2013b) also iden  fi ed and discussed 
three signifi cant issues: (i) adverse gaming, (ii) func-

 onal equity of dairy market stabiliza  on, (iii) and the 
distribu  on of program benefi ts.

Recently The Agricultural Act of 2014 was passed 
by both Houses of Congress and signed into law by 
President Obama on February 7, 2014. In this ar  cle 
I will demonstrate how The Agricultural Act of 2014, 
through the Margin Protec  on Program for Dairy Pro-
ducers, has par  ally addressed Newton and Thraen’s 
earlier concerns by (1) excluding the dairy market 
stabiliza  on program and (2) altering the premium 
schedule for both small and large dairies. First, I re-
view the margin protec  on provisions in the new law, 
and second I examine to what extent adverse gaming 
incen  ves and distribu  onal eff ects may s  ll exist. 
In addressing these issues I will demonstrate that 
the distribu  on of program benefi ts no longer fol-
lows closely the distribu  on of milk produc  on and 
is more aligned with the benefi t distribu  on of the 
Milk Income Loss Contract (MILC) program. I will also 
explain that adverse gaming incen  ves s  ll exist, and 
in the absence of formal rate making procedures can 
be signifi cantly reduced by ins  tu  ng a gap between 
the sign-up date and the beginning of the coverage 
period.

What is the Margin Protec  on Program for Dairy 
Producers?

The dairy  tle of The Agricultural Act of 2014 would 
repeal a number of exis  ng dairy safety net programs 
and replace them with two new programs: Margin 
Protec  on Program for Dairy Producers and a Dairy 
Product Dona  on Program. Both programs will be-
come eff ec  ve by September 1, 2014. The focus of 
this post is the margin protec  on program to replace 
MILC. The margin protec  on program is a voluntary 
program which pays indemni  es when the average 
diff erence between the USDA na  onal All-Milk price 
and a ra  on index refl ec  ng the na  onal cost of feed-
ing dairy animals falls below a user selected coverage 
level. Over the 2000-2013 years the dairy produc  on 
margin has ranged from a low of $2.25 to a high of 
$14.65 and averaged $8.26 per hundredweight (cwt). 
Margin protec  on is available from $4.00 to $8.00 
per cwt in 50¢ increments and off ers protec  on on 
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up to 97% of the historical average margin.  Enrolled 
producers may receive coverage on 25-90% of their 
milk produc  on history.  The produc  on history is 
to be determined at sign-up in the fi rst year of the 
program and is defi ned as the highest level of annual 
milk produc  on during 2011, 2012, or 2013 calen-
dar years. In subsequent years a farm’s produc  on 
history will be updated by USDA to refl ect only the 
increase in na  onal average milk produc  on. Individ-
ual milk produc  on base growth above the na  onal 
average will not be refl ected in the updated produc-
 on base.

In order to par  cipate in the margin protec  on 
program and receive no cost $4.00 coverage dairy 
opera  ons must annually pay an administra  ve fee 
of $100. Addi  onal margin protec  on (strike price) 
on levels above $4.00 per cwt can be selected by 
a par  cipa  ng dairy at supplementary costs with 
premium rates depending on a farm’s produc  on his-
tory. Premiums range from $0.01 for $4.50 coverage 
to as high as $1.36 for $8.00 coverage.  The premium 
schedule is fi xed for the life of the Farm Bill, but 
premium discounts of 25% are specifi ed for the 2014 
and 2015 calendar years for all but the $8.00 level. 
For a more detailed discussion of the specifi c dairy 
 tle provisions of the new 2014 Farm Bill see Bozic et 

al. (2014).

Revisi  ng the Distribu  on of Expected Benefi ts

Contrary to the exis  ng MILC safety net program for 
dairy producers, the margin protec  on program does 
not include adjusted gross income limita  ons or fi xed 
caps on produc  on and therefore on the magnitude 
of poten  al benefi ts.  In the fi nal compromise the 
margin protec  on program was modifi ed to be more 
accommoda  ng to small and medium sized dairies 
by reducing the premium rates by as much as 50% 
for the fi rst four million pounds of produc  on history. 
Finally, the premium rates for produc  on history in 
excess of 4 million pounds were increased by 20¢ to 
30¢ for the $7.00 to $8.00 coverage op  ons. Using 
average milk produc  on of 21,806 lbs per cow per 
year the 4 million pound cap represents a 183 cow 
dairy, and just shy of 85% of U.S. dairies are below 
this threshold.

To evaluate the distribu  on of margin protec  on 
benefi ts following these premium adjustments, and 
using data on milk produc  on provided by USDA, I 
compared simula  on results of MILC, Dairy Freedom 
Act, Dairy Security Act, and the Agricultural Act of 
2014, Figure 1.Under MILC, I es  mated that dairies 
with less than 100 cows (approximately 70% of farms) 
account for about 39% of net expected benefi ts and 
dairies over 1,000 cows (3% of farms) account for 9% 
of net expected benefi ts. Under the Dairy Freedom 

and Security Acts I projected that farms over 1,000 
cows would account for 36% of benefi ts during low 
margin outcomes (see here). Now, under the margin 
protec  on program in the Agricultural Act of 2014, 
I fi nd that the distribu  on of net expected benefi ts 
closely aligns with those simulated under MILC. 
Farms with fewer than 100 cows would con  nue to 
receive approximately 38% of the expected benefi ts, 
and farms with over 1,000 cows would account for 
approximately 15% of benefi ts during low margin 
outcomes. For larger dairies this alloca  on represents 
an improvement over MILC considering that not only 
does the rela  ve propor  on of benefi ts increase (9% 
to 15%) but at the same  me total outlays are also 
an  cipated to be higher than MILC given the lack of 
payment limita  ons or hard eligibility constraints.

Through the altered premium structure, and given 
2013 expected margins, the distribu  on of expected 
benefi ts no longer mirror the distribu  on of milk pro-
duc  on and instead provide more coverage on a per 
cwt basis to smaller dairy opera  ons. For example, 
during the simulated 2013 margins the average net 
payment for farms below 100 cows was $0.80 per 
cwt under $7.50 coverage.  Meanwhile, for the herds 
with 1,000+ head the average net payment was only 
$0.14 per cwt under $6.50 coverage. The diff erence 
in per cwt net payments is due to the higher premi-
ums rates applied to the largest dairy opera  ons. 
Thus, by design the per cwt benefi ts are higher for 
small producers by means of the premium reduc-
 ons and discounts but also due to higher premium 

rates eff ec  vely deterring par  cipa  on at higher 
coverage levels for the largest dairy opera  ons.

Only when the margin coverage levels of $7.00 and 
above are expected to be deeply “in-the-money” 
would a larger producer fi nd it fi nancially benefi cial 
to purchase such protec  on. Under such a scenario, 
when margins are catastrophically low as was the 
case in 2009, and using data provided by USDA, I 
found indemni  es with $8.00 coverage could exceed 
$6 million dollars per farm for some of the na  on’s 
largest dairymen. When factoring in par  cipa  on 
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costs net payments were over $3 million dollars for 
some of the larger dairies in the simula  on. Addi-
 onally over 10% of the 1,072 dairies in the 1,000+ 

head category had net payments above $1 million 
dollars given the 2009 margin simula  on. Thus, I 
conclude that only when higher coverage levels are 
deep in–the-money will payments per cwt be more 
consistent across par  cipa  ng farm sizes and result 
in the distribu  on of net benefi ts following closely to 
the distribu  on of milk produc  on.

Does Adverse Gaming S  ll Exist? 

The concept of the margin protec  on coverage 
levels being “in-the-money” or “out-of-the-money” 
relates to the intrinsic value of the margin cover-
age level and borrows from the idea that upon the 
sign-up date the margin protec  on level, or strike 
price, which ranges from $4.00 to $8.00 per cwt, may 
be above (in-the-money), equal to (at-the-money), 
or below (out-of-the-money) the expected margin 
forecast using CME futures and op  ons prices.  Cov-
erage levels can be categorized into one of the three 
categories during each sign-up/registra  on period 
because while the premium rates and coverage levels 
remain fi xed, milk and feed markets are constantly 
upda  ng to refl ect new informa  on on prices and 
expected vola  lity. When margin coverage is in-the-
money it has intrinsic value and during the annual 
sign-up process dairy farmers can strategically select 
the coverage level that has the highest intrinsic value 
or expected fi nancial returns. 

As an example, consider in Figure 2 the expected 
produc  on margins at the beginning of 2009, the 
beginning of 2014, and in October 2008 for the 2009 
calendar year. Beginning-of-the-year 2009 expected 
margins were deeply in-the-money such that $8.00 
coverage had the highest average intrinsic value of 
$2.85 per cwt.  As a result, the expected benefi ts of 
par  cipa  on would have warranted coverage as high 
as $8.00 per cwt for the largest dairy opera  ons - 
despite paying premiums as high as $1.36 per cwt.  
Alterna  vely, given favorable 2013 crop produc  on 
and robust demand for dairy products, expected 
margins for 2014 indicate a very low probability of 
indemnity payments and are categorized as out-of-
the-money.  Aside from op  ng completely out of the 
program, the lowest coverage level of $4.00 would 
have zero intrinsic value and would provide the 
greatest expected net benefi ts because it carries only 
the administra  ve fee of $100.  

As demonstrated, the modifi ca  ons to the premium 
structure alter, but do not eliminate, the fi nancial 
incen  ves to strategically select margin protec  on 
coverage based on the an  cipated risk environment 
and moneyness. Adverse gaming incen  ves s  ll exist; 
however, a proposal put forth by Bozic, Newton, and 
Thraen (2013) could further reduce the adverse gam-
ing poten  al by ins  tu  ng a gap between the sign-up 
date and the beginning of the coverage period. Bozic, 
Newton, and Thraen propose that by “ins  tu  ng a 
six-month gap between a sign-up date and the begin-
ning of the coverage period, the ability to forecast 
margins over the coverage period is substan  ally 
reduced.” 

While a six-month gap may not be poli  cally feasible, 
a 60- or 90-day gap may be acceptable given that the 
term structure of income over feed cost margins ex-
hibit mean-rever  ng behavior.  The eff ect of a 90-day 
gap on the intrinsic value and moneyness is demon-
strated in the third panel of fi gure 2. In this example 
a 90-day gap between the sign-up and coverage start 
date carries no intrinsic value at $8.00 and is closer 
to at-the-money thereby reducing the poten  al for 
strategically  med posi  ve expected benefi ts of 
margin protec  on. When margin protec  on cover-
age is closer to at-the-money the adverse gaming 
incen  ves are reduced as future indemni  es are less 
certain. As a result, the decision to par  cipate in 
the program, and at what coverage level, would be 
made based on a farm’s appe  te for risk and not on 
the ability to strategically game the program to one’s 
fi nancial advantage.

Summary

The new dairy farm safety net program places an 
emphasis on protec  ng farm income over feed cost 
margins. By focusing on margins, and not milk price 
or countercyclical revenue support, dairy producers 
across the U.S. regardless of loca  on and manage-
ment style are be  er protected against severe down-
turns in the milk price, rising livestock feed prices, or 
a combina  on of both. 
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In this ar  cle we’ve demonstrated that except during 
 mes when margin coverage is deep in-the-money 

the distribu  on of program benefi ts will follow 
closely the distribu  on of benefi ts under the previ-
ous MILC program while simultaneously providing 
addi  onal income support for the na  on’s largest 
dairy opera  ons. I also show that adverse gaming 
incen  ves s  ll exist with the Dairy Margin Protec  on 
Program but can be mi  gated by specifying an ear-
lier sign-up date for coverage decisions, specifi cally I 
propose 60 or 90 days. 

With the Agricultural Act of 2014 becoming law, the 
Secretary of Agriculture is provided the authority to 
defi ne many of the rules by which the dairy programs 
will operate.  At the  me this ar  cle is posted many 
of these are not known.  As the rules and regula  ons 
become known to us I will provide more informa  on 
and insight in future ar  cles.
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Introduc  on

Over the past the past several years there has been 
a rapid adop  on in the use of automa  c milking 
systems (AMS) throughout the Midwest. It was 
es  mated that over 500 US dairy farms were using 
AMS in 2011 (Rodenburg, 2011). Much of this growth 
is driven by the desire for smaller farms to expand 
without hiring labor and the larger farms desire to 
manage a smaller number of employees. 

We are conduc  ng a fi eld study with 53 AMS farms 
in Minnesota and Wisconsin, that includes but it is 
not limited to, collec  ng housing and management 
informa  on for each dairy, cow behavior and welfare, 
daily cow informa  on from the AMS so  ware, in ad-
di  on to conduc  ng a survey of nutri  onists working 
with the farms. In this ar  cle, we summarize some 
of the key aspects we learned about feeding cows in 
AMS farms.

Overview: 

The goal of every feeding program is to develop a 
low cost diet that meets the nutri  onal requirements 
of cows while op  mizing milk produc  on and cow 
health. In most conven  onal herds this is accom-
plished by feeding a total mixed ra  on where the all 
ingredients are mixed together and delivered to the 
cow. For AMS herds a par  ally mixed ra  on (PMR) is 
off ered in the feed bunk with a por  on of the con-
centrate being fed through the milking box. One of 
the challenges facing nutri  onists is to balance the 
nutrients supplied in the PMR and in the feed off ered 
in the milking box to en  ce cows to visit the milking 
stall on a regular basis. 

Feeding management is one of the major factors for 
success in AMS. Feed off ered in the AMS unit is the 
major mo  va  ng factor to a  ract cows to consistent-
ly visit the milking sta  on. 

En  cing cows to visit the milking sta  on:

The interac  on between cow behavior, ac  vity, her 
diet, feed consump  on and cow heath and produc-
 on is complicated (Rodenburg, 2011). Because of 

this a poor performing AMS system can cause frustra-
 on for both the farmer and their nutri  onist. 

In our study, we asked nutri  onists to rank fi ve feed-
ing factors they thought were keys to AMS feeding 
success: PMR energy content, PMR starch content, 
consistency of the PMR (consistent mixing and de-
livery), consistent delivery and push up of PMR, and 
palatability of the pellet. Nutri  onists working with 
these dairies indicated that palatability of the pellet 
and consistent mixing were the two biggest feeding 
factors contribu  ng to AMS success. These results 
agree with comments made by dairy producers 
on our visits and exis  ng research. Rodenburg and 
Wheeler (2002) showed that in a free fl ow system 
when feeding a high quality pellet vs a low quality 
pellet, voluntary milkings increased from 1.72 to 
2.06/cow/day. Many producers in our survey had 
tried feeding a meal instead of a pellet in the milk-
ing box. On every farm this proved unsuccessful and 
they reverted back to feeding a pellet. Pellets should 
be made from palatable ingredients, hard and free 
from fi nes. At farm start-up nutri  onists and farmers 
focused on developing a pellet formula that encour-
aged milking box visits. Once they had a pellet that 
worked well, other factors became more important. 
Many producers commented that even minor chang-
es in the PMR moisture, consistency of the mix (i.e. 
long hay that is diffi  cult to process to a consistent 
length) and changes in forage quality aff ected visits. 

These complicated interac  ons between feeding 
management, voluntary visits and milk produc  on 
can be challenging. If feed moisture changes and ra-
 ons are not adjusted promptly, visits may drop. This 

drop in visits will result in a decrease in milk produc-
 on and an increase in number of fetch cows (cows 

that did not visit the robot voluntarily during a speci-
fi ed  me period and need to be brought up to the 
milking box). The increase in fetch cows may disrupt 
other cow behaviors resul  ng in even a bigger de-
crease in visits and decrease in milk produc  on lead-
ing to a downward spiral crea  ng much frustra  on 
for the producer. It is important for nutri  onist to 
educate producers on the importance of very consis-
tent feeding in order to maintain high produc  on and 
minimize the number of fetch cows. 

How are Robotic Milking Dairies 
Feeding their Cows?

Jim Salfer1 and Marcia Endres2

University of Minnesota
1St. Cloud MN
2St. Paul, MN

salfe001@umn.edu, miendres@umn.edu
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Guided fl ow vs free fl ow:

In barns with free fl ow traffi  c cows can access all 
areas of the barn without restric  on. In guided fl ow 
traffi  c, one way gates and selec  on gates are used to 
guide cows to milking, feeding and res  ng areas. 

There are two types of guided fl ow traffi  c - feed fi rst 
and milk fi rst. In the milk fi rst system, cows leaving 
the res  ng area must pass through a pre-selec  on 
gate that determines if she is eligible for milking. 
If she meets the requirement to be milked she is 
guided to a commitment pen that contains the AMS. 
If she is not eligible for milking she is allowed to enter 
the bunk area and can only enter the res  ng area 
through a one way gate. In the feed fi rst system, cow 
traffi  c is the reversal of the milk fi rst system. A  er 
ea  ng the PMR cows enter a selec  on gate that de-
termines if she is eligible for milking. The gate either 
guides her to the commitment pen for milking or to 
the res  ng area. 

Farmer comments and our observa  ons indicate that 
the milk fi rst system is superior with the US style of 
dairying where economics demand high produc  on. 
Our observa  on is that in feed fi rst systems cows fi ll 
up on the PMR and tend to stand in the feed alley or 
commitment pen and chew cud without entering the 
selec  on gate or visi  ng the AMS. Producers in these 
systems had the same observa  ons. Feed fi rst sys-
tems work best in farms where the PMR is very low in 
energy and there is a drive for cows to consume the 
concentrate in the milking box (Rodriguez, 2013)

Our survey of nutri  onists showed that feeding 
strategies were diff erent for free fl ow and guided 
fl ow systems. A higher percent of the dry ma  er and 
nutrients were delivered through the PMR in guided 
fl ow systems because cows are guided to the milking 
box. One reason farmers install guided fl ow AMS is  
the desire to feed less of the pelleted feed through 
the milking box. The amount of pellets off ered 
through the milking box ranged from 2 to 25 lbs/cow 
per day in free fl ow systems whereas in guided fl ow 
systems the minimum was also 2/lbs/cow/day but 
the maximum anyone fed was 18 lbs/cow/day. The 
average amount of pellets fed across all herds was 3 
lbs/cow/day less with guided fl ow barns. 

The PMR in guided fl ow systems tended to be slightly 
higher in energy (0.015 Mcal/b) and lower in NDF 
(2.1%) than the PMR in free fl ow systems. These 
ra  on diff erences are driven partly by the intended 
cow produc  on level. In free fl ow herds the PMR was 
balanced for milk produc  on levels of 10 to30 lbs 
less than the herd’s average produc  on. For guided 

fl ow herds the PMR was balanced for 9 to20 lbs less 
than the average of the herd. This diff erence should 
be expected between the two systems. High energy 
density in the PMR in free fl ow barns may lead to 
decreased milking frequency resul  ng in less milk 
produc  on per cow, whereas in guided fl ow barns 
cows are guided to the robot through the selec  on 
gate. 

In a free fl ow system Bach et al. (2007) showed that 
increasing the amount of pellets off ered in the robot 
box from 6.6 lbs/cow/day to 17.6 lbs/cow/day in-
creased the frequency of visits from 2.4 to 2.7 milk-
ings per day for cows not being fetched. However, 
increasing the feed off ered in the robot box did not 
decrease the number of fetch cows. Something other 
than the amount of concentrate off ered such as 
lameness, or fear was aff ec  ng the number of fetch 
cows. 

Both guided fl ow systems and free fl ow systems can 
be successful. In our study, we have herds that aver-
aged over 90 lbs/cow/day over an en  re year of pro-
duc  on with both free fl ow and guided fl ow systems. 
The key is to manage the system well to op  mize 
produc  on.

Conclusion

The rapid growth on the number of farms using AMS 
in the Upper Midwest is expected to con  nue. The 
complexity of balancing the ra  on in the PMR and 
feed off ered in the milking box can be a challenging 
task for nutri  onists. Based on research, nutri  onist 
surveys and farmer comments, the most important 
factors aff ec  ng feeding success include a high qual-
ity, palatable pellet and excellent feed management. 
It is important to work with herd managers to edu-
cate them on the importance of feed management 
and to balance energy in the PMR with pellets fed 
through the milking box to op  mize visits and mini-
mize the number of fetch cows. 
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Key questions

1. What is milk worth?1. What is milk worth?
2. Why is milk worth that?
3 Who gets what share?3. Who gets what share?
4. What differentiates the producers?
5 Wh t’ “ l ”5. What’s your “play”
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New highs – for how long
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Know your customer

Wh th l i thWho are the players in the 
international market?

Who are the importers?

1,000
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Dairy Imports
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Who are the exporter?
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Who is important to the US by sales volume?
Partner 2006 2007 2008 2009 2010 2011 2012 2013

Mexico 437 853 935 637 836 1,165 1,228 1,429
C d 233 318 376 333 386 444 470 569Canada 233 318 376 333 386 444 470 569
China 116 154 179 137 237 362 415 706
Japan 114 185 208 131 204 277 284 304
Phili i 96 152 211 78 185 280 318 364Philippines 96 152 211 78 185 280 318 364
Indonesia 89 136 209 66 161 213 190 316
Korea, South 65 92 100 76 131 222 225 301
Vietnam 54 53 84 57 157 188 140 240
Malaysia 53 102 117 38 94 137 133 181
Egypt 37 38 94 37 111 92 74 153
Saudi Arabia 15 23 63 42 72 112 127 166

Grand Total 1,832 2,978 3,753 2,235 3,689 4,779 5,124 6,719

The Wal*Mart Effect
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So what are the Chinese buying?

Product 2007 2008 2009 2010 2011 2012 2013
S b 4 119 7 261 9 195 10 866 10 539 14 879 13 369

US Agricultural Exports to China/Hong Kong

Soybeans 4,119 7,261 9,195 10,866 10,539 14,879 13,369
Forest Products 674 592 596 1,233 1,955 1,679 2,388
Cotton 1,525 1,670 910 2,249 2,640 3,456 2,235
Hides & Skins 1,025 1,076 751 1,145 1,354 1,480 1,836
Tree Nuts 233 401 735 815 1,044 1,636 1,550
Distillers Grains 2 101 504 337 617 1,395
Wheat 8 3 88 42 162 214 1,321
Fish Products 579 598 666 828 1 268 1 271 1 290Fish Products 579 598 666 828 1,268 1,271 1,290
Corn 16 6 54 285 850 1,315 1,247
Pork & Pork Products 271 689 390 463 910 885 903
Beef & Beef Products 36 43 85 160 238 341 823
Dairy Products 162 195 146 251 383 442 749
Poultry Meat & Prods. 662 864 857 816 953 771 677
Other Inter. Products 280 249 302 447 402 463 522
Fresh Fruit 173 218 257 338 411 408 476Fresh Fruit 173 218 257 338 411 408 476

Total 10,747 15,034 16,401 22,450 25,442 32,229 33,441
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What has happened in 2014 so far?

Product 2008 2009 2010 2011 2012 2013 Jan - Feb 
2013

Jan - Feb 
2014

Pct Chg 
YTD

China/Hong Kong  Net Ag Trade in Billions
Product 2008 2009 2010 2011 2012 2013 2013 2014 YTD

Bulk 8.8   10.2 13.4 14.1 19.7 18.2 4.3         5.0         18%
Intermediate 1.0   0.9   2.2   1.9   2.3   3.5   0.4         0.6         52%
Consumer Oriented 0.5   1.1   1.3   2.2   2.6   3.5   0.3         0.3         3%
Forest Products (2.3) (1.7) (1.5) (0.6) (1.3) (0.7) (0.3)     (0.1)     -71%
Fish Products (1.6)  (1.4)  (1.5)  (1.4)  (1.4)  (1.4)  (0.3)       (0.5)       41%

Grand Total 6.5   9.1   13.8 16.1 22.0 23.1 4.4         5.4         23%

Cause and effect?  Is it constant?
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Exchange rates are not about dairy

Policy makers
C t l b kCentral banks
Government trade officials

C t t b lCurrent account balances
Financial flows

Interest rate arbitrage
FDI and “hot money” flows

Manias and mistaken beliefs
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The rate of change is a challenge
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Still a policy playp y p y
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This is a policy shock
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Policy shocks will continue – as always

There is only one difference between 
a bad economist and a good one: the 

bad economist confines himself to 
the visible effect; the good economistthe visible effect; the good economist 
takes into account both the effect that 

can be seen and those effects thatcan be seen and those effects that 
must be foreseen.

Frédéric Bastiat 1850
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Introduc  on

The components of a successful calf raising opera  on 
are health, performance, produc  on and profi tability 
of the replacement heifers. Returns on the signifi cant 
investment made to maximize each of these impor-
tant components may be delayed but do reward the 
signifi cant commitment to provide a comprehensive 
care package to all calves. The care package includes 
colostrum, a high plane of nutri  on, an op  mal calf 
environment and intensive health management. The 
goal of this presenta  on is to provide a prac  cal ap-
proach to maximize performance in the fi rst 60-days 
of the calf’s life, with an emphasis on ideas to im-
prove colostrum, nutri  on, environmental manage-
ment and health in the fi rst 60 days.

Reducing Mortality in the First 24-hours of Life

Most calves that die within the fi rst 24-hours of life 
are alive at birth and simple strategies that do not 
rely on drugs or oxygen delivery may prevent death. 
Of foremost importance to improved survival in the 
fi rst 24-hours is unassisted vaginal delivery of calves. 
With a normal presenta  on and sustained progress, 
observe calving from a distance and provide no as-
sistance. For calving cows that are moved during 
second stage labor, expect labor to stop temporarily 
and allow  me for labor to resume before providing 
assistance. In a recent study (Schuenemann et. al.), 
65 minutes was suggested as the  me from the ap-
pearance of feet outside the vulva to interven  on for 
cows that need calving assistance. 

A  er delivery, calving a  endants should watch 
closely for behavior indica  ve of normal adapta  on 
to life outside the uterus. 

• Head righ  ng begins within minutes.
• The calf is si   ng in a sternal posi  on within 5 

minutes.
• The calf makes standing a  empts made within 15 

minutes.
• Shivering begins within 30 minutes of delivery.
• The calf is standing by 1 hour.
• The calf is suckling within 2 hours of delivery.

Without appropriate movement and refl ex ac  vity, 
the newborn calf’s body temperature declines from 
an elevated level at birth to 101-102° F within an 
hour. It will con  nue to decline if the calf is not ac  ve 
and shivering. Death due to hypothermia can occur 
within 1 to 2 hours, especially when the environmen-
tal temperature is below 58° F, the low end of a calf’s 
thermal neutral zone. 

For calves that have fl accid muscles, are unrespon-
sive to s  mula  on, have blue membrane color or 
are breathing irregularly, simple techniques may be 
used to revive the calf and s  mulate regular breath-
ing. Place the calf on a low pla  orm, cart or table to 
facilitate the following procedures.

• Place the calf’s head over the edge of the raised 
pla  orm for 10 to 15 seconds to get postural fl uid 
drainage from the mouth and nose.

• Place the calf in a si   ng posi  on if possible. Take 
a clean, dry towel and rub the topline of the calf 
from the tailhead to the poll. 

• Use the towel to s  mulate the ears, eyelids and 
nose of the calf. 

• Ice water can be poured onto the head or into 
the ear of the calf to s  mulate breathing.

• Compress and then shake the trachea (wind pipe) 
high up in the neck to s  mulate a cough refl ex.

• Place pinpoint pressure right in the center of the 
muzzle between the nostrils or place fi nger pres-
sure across the nasal septum where nose tongs 
would be placed to further s  mulate breathing.

Put Colostrum Tes  ng into Ac  on

Failure of passive transfer of immunity (FPT) is 
recognized as a major problem that has nega  ve 
short- and long-term consequences for the health 
and produc  vity of herd replacements. Many dairy 
calf raisers rou  nely monitor serum total protein 
(STP) concentra  on of calves but use the results in a 
limited way. Results can be used to classify individu-
als as high risk calves when STP concentra  on is < 5.0 
gm/dl. High-risk calves can be marked so that intensi-
fi ed health screening procedures are used on these 
individuals. 

The First 60 Days: Can We Make it Better?
Sheila M. McGuirk, DVM, PhD

University of WI-Madison
School of Veterinary Medicine

Madison, WI
mcguirks@vetmed.wisc.edu
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To classify a herd as an FPT herd, a minimum of 10 to 
12 STP results from calves less than 7 days of age are 
needed. When more than 20% have STP < 5.5 gm/dl 
or more than 10% have STP < 5.2 gm/dl, the colos-
trum program needs a  en  on. When using STP data 
from refractometer readings, it is impera  ve that 
the refractometer is calibrated. The simplest calibra-
 on step is to verify that the specifi c gravity scale of 

the refractometer reads 1.000 a  er applica  on of 
dis  lled water. Adjust as necessary. At least every 6 
months, split serum samples and correlate STP con-
centra  ons between an accredited laboratory and 
the refractometer. Perform serum tes  ng at room 
temperature. 

A systema  c review of colostrum protocols on the 
dairy usually is necessary to fi nd the reason for herd 
based FPT. Colostrum volume, quality, cleanliness and 
absorp  on factors should be reviewed to fi nd poten-
 al problems.

• Inadequate volume of colostrum is administered

— Less than 4-quarts of colostrum is adminis-
tered with an esophageal feeder. 

— Less than 3-qt of colostrum is given to calves 
that suckle.

• The colostrum quality is inadequate. Common 
reasons for reduced quality include: 

— High producing cows – colostrum dilu  on oc-
curs soon a  er calving

— Delayed milking –  me between calving and 
milking exceeds 4 hours.

— Calving cows are suckled before colostrum 
collec  on (Note: calves that remain with the 
cow for 30 to 60 minutes a  er birth frequently 
have suckled before they are removed from 
the pen.)

— Calving cow has leaked milk or been pre-
milked before calving.

— The dry period length was less than 30 days.
— There are signifi cant nutri  onal problems with 

the close-up dry cows (Note: this problem 
usually results in reduced colostrum volume 
rather than the quality)

— There are signifi cant health problems in the 
calving cows (Note: the eff ect is usually re-
duced volume rather than the quality).

—  Limited or poor vaccina  on program (Note: 
Vaccina  on of the dry cows is important for 
immunity to specifi c diseases of calves. Vac-
cina  on does not have a quan  ta  ve impact 
that can be measured by colostrometer or Brix 
refractometer)

• Colostrum immunoglobulin absorp  on is im-
paired.

— Colostrum feeding is delayed > 4-hours a  er 
birth. 

— There is excessive bacterial contamina  on (> 
100,000 cfu/ml) of colostrum (Note: probio  cs 
should not be added to colostrum)

— Colostrum supplement or replacement powder 
is added to colostrum.

— There is a high level of calving assistance

Train Calf Care Providers to Use the Esophageal 
Feeder

Comfort with proper use of the esophageal feeder 
amongst calf workers will improve herd FPT problems 
and reduce mortality due to diarrhea-induced dehy-
dra  on.  For colostrum administra  on, use a 4-quart 
capacity esophageal feeder. For the administra  on of 
an oral electrolyte solu  on, use a 2-quart esophageal 
feeder. Never use the esophageal feeder in a calf that 
cannot maintain sternal recumbency (standing posi-
 on is preferred), in a calf that is having respiratory 

diffi  culty, or that has abdominal distension. While 
passing the esophageal feeder, maintain the head of 
the calf in a neutral posi  on so that the nose is below 
the plane of the ears. 

Esophageal feeders should be cleaned and soaked in 
a disinfectant between uses. Therefore, have as many 
esophageal feeders as will be used (maximum use) in 
a day. Do not use the esophageal feeder to force feed 
milk or milk replacer without a protocol from your 
veterinarian and an established limit to the number 
of successive forced feedings. 

Nutri  on

Have a nutri  onal plan that will allow calves to 
double birth weight by 60 days of age. Whether the 
diet is whole milk or milk replacer, use the Nutrient 
Requirements of Dairy Ca  le (NRC) to make the feed-
ing plan. Implement a winter-feeding program when 
the temperature falls below 55° F and determine 
what milk or milk replacer intake is needed to meet 
weekly goals for average daily gain (ADG). A winter 
feeding plan for calves on whole milk in Wisconsin 
may look like the one shown in Table 1.

Table 1. Whole Milk Winter Feeding Plan for Holstein 
Calves in Wisconsin

Age Whole Milk Volume
0-3 days 2 quarts twice daily
3-10 days 3 quarts twice daily
10-49 days 4 quarts twice daily
49-56 days 4 quarts twice daily
56-63 days No milk
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Understand what milk or milk replacer and starter intakes are needed to meet weekly goals for gain to double birth 
weight by 60 days.  In Table 2 below, the NRC calculator was used to es  mate the protein and energy allowable ADG for 
a 99 lb birth weight Holstein calf at two diff erent temperatures. Looking for an ADG of 1.0 and 1. 2 lb for weeks 1 and 2, 
respec  vely, current feeding rates of a 22:20 milk replacer do not meet ADG goals.

Table 2. As fed, this 99 lb birth weight Holstein calf will not meet expected ADG for weeks 1 and 2.

Milk replacer 
intake 
(lb/day)

Es  mated 
starter intake 
(lb/day)

Energy 
Allowable 
ADG 
(lb/day)

Protein 
Allowable 
ADG 
(lb/day)

Goal met/
Limiter

MR needed 
to meet goal 
(lb/day)

Week 1 - 85oF 1.26 0.25 0.94 0.88 No (< 1.0 lb)/
Protein

1.39

Week 1 - 32oF 1.26 0.25 0.24 0.88 No (< 1.0 lb)/
Energy

1.77

Week 2 – 110 lb; 
85oF

1.30 0.5 1.06 1.00 No (< 1.2 lb)/
Protein

1.77

Week 2 – 110 lb; 
32oF

1.30 0.5 0.37 1.00 No (< 1.2 lb)/
Energy

2.08

Monitor feeding consistency on a regular basis. Calculate and measure total solids delivered in each batch of liquid feed. 
Consistency of the liquid feed  (less than 1% diff erence) from the fi rst calf fed to the last, from one feeding to the next 
and between feeders will reduce the risk for nutri  onal diarrhea, bloat, ulcers and abomasi  s. Total solids should never 
be greater than 18%. Brix readings can be used to monitor liquid feed consistency.

Monitor the bacterial quality of the milk or milk replacer being fed to calves. Standard plate counts and selec  ve bacte-
rial counts can fi nd post-pasteuriza  on contamina  on of milk or contaminated nipples at automa  c feeder sta  ons. 
Bacterial contamina  on of milk or milk replacer puts calves at high risk for infec  on and may aff ect the nutri  onal value 
of the feed. Table 3 shows the eff ect of dirty nipples at automa  c feeding sta  ons on the bacterial quality of pasteurized 
whole milk.

Table 3. Milk replacer culture results

Select Microorganisms 
Counts (CFU/ml)

Pen 1-1 Pen 1-2 Pen 2-1 Pen 2-2 Goal Levels

Total Plate Count (CFU/ml) 5,400,000 6,250,000 5,150,000 1,300,000 < 10,000
Coliforms (lactose-posi  ve) 1,750,000 150,000 2,550,000 200,000 < 100
Gram nega  ve rods 
(lactose-nega  ve)

0 3,400,000 350,000 300,000 < 5,000

Streptococci 
(non-agalac  ae)

3,350,000 2,600,000 2,000,000 750,000 < 5,000

Staphylococci (coagulase-
negative)

300,000 100,000 200,000 50,000 < 5,000

Comments Several lac-
tose + 
morphologies

Probable 
Pseudo-
monas spp

Pseudo-
monas and 
many lac + 
morpholgies

Pseudo-
monas and 
many lac + 
morphologies



Health Screening

One of the biggest challenges of raising calves is 
early detec  on of health problems. Ins  tu  ng regu-
lar health screening exercises will reduce mortality, 
shorten disease dura  on and improve treatment 
outcomes. In the absence of ac  vity, appe  te, or 
fever monitoring technology, a daily chore is to fi nd 
abnormal calves, calves that remain standing a  er 
feeding when 90% of the calves are sleeping, calves 
with diarrhea, sunken eyes, eye or nasal discharge, 
abnormal head posture (  lted or star-gazing) or 
coughing frequently. This daily observa  on can be 
coordinated with the pick up of refused feed. The 
abnormal calves, the pen or the calf hutch of the 
abnormal calves are marked, indica  ng that these 
calves need a complete examina  on by the trained 
individual(s) assigned to that duty. The components 
of the basic exam are:

• Head posi  on (  lted, star-gazing)
• Eye or nasal discharge – color, consistency and 

amount
• Temperature
• Fecal consistency
• Breathing pa  ern (abdomen vs. chest) and eff ort 

(inspira  on vs. expira  on)
• Navel exam (diameter, temperature, exudate)
• Fecal consistency
• Lameness, joint swelling
• Abdominal size and contour

On a twice a weekly basis, a more detailed respirato-
ry disease screening (h  p://www.vetmed.wisc.edu/
dms/fapm/fapmtools/8calf/calf_respiratory_scoring_
chart.pdf) is recommended for all calves between 3 
weeks of age and weaning. For health screening, it is 
es  mated that an addi  onal 0.5 full  me equivalent 
(FTE) is needed for each 150 to 200 calves. For all 
calves that die, a post mortem examina  on is recom-
mended. Farm staff  can be trained to open, examine 
and take pictures of lesions that can be rou  nely 
reviewed by the farm’s veterinarian. Samples from 
dead calves can be a valuable tool to refi ne protocols, 
iden  fy training needs or diagnose herd problems.

Safe, Smart and Strategic with Calf Vaccina  ons

The goals for vaccina  ng young calves are to provide 
op  mal immunity to the disease agents that calves 
are most likely to encounter so that they can be 
protected during the period of maximum challenge. 
In the face of maternal immunity from colostrum, 
the vaccina  on route is likely to be intranasal or oral. 
Vaccina  on is for healthy calves on a good plane of 
nutri  on. Avoid repeated (weekly or every other 

week) vaccina  ons. Don’t use half-dose or alternate 
vaccina  on routes unless there is good evidence for 
safety, eff ec  veness and disease protec  on. At the 
very least, do no harm.

Summary

Maximize performance, health, welfare and profi t-
ability of replacement heifers by focusing on the fi rst 
60 days of the calf’s life: newborn survival, colostrum, 
nutri  on, op  mizing the calf environment and regu-
larly screening for health problems. 
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Automatic Calf Feeding Systems
Producer Surveys

by ISU Extension and Outreach Dairy Team; Jennifer Bentley, Kevin Lager, Larry Tranel, Dairy Field Specialists 
in NE/SE/NW IA, Ron Lenth, Bremer County Director, Leo Timms and Lee Kilmer, State Dairy Specialists, and 

Megan Kregel, Northeast Iowa Dairy Foundation.

Introduc  on

Iowa State University Extension & Outreach con-
ducted a survey in 2013 of producers who u  lized 
an automa  c calf feeder system (ACF) on their farm.  
Twenty producers responded to the survey.  The av-
erage installa  on was 2.6 years old.  The herds aver-
aged 367 cows; two opera  ons u  lized ACFs for bull 
calves only.  The average cost per ACF was $17,301 
with so  ware costs included. Two were purchased 
used with an average price of $5,500.  Monthly costs 
associated with the ACF, excluding milk replacer 
costs, averaged $55/month.  Addi  onal costs includ-
ed construc  on of new group housing or adapta  on 
of exis  ng structures to accommodate the feeders.  
Exis  ng structures remodeled for the ACF included 
parlor/holding pen, hoop barn, exis  ng building ad-
di  on, and farrowing house.  Average building cost 
associated with the ACF was $66,643. 

Facility Management

Forty-seven percent of the farms used straw for bed-
ding. Ten percent of the farms did not use any bed-
ding as calves were housed on a raised grated fl oor; 
remainder of the farms used a combina  on of straw, 
sawdust, and cornstalk bedding.  Cleaning out group 
pens varied from every one to two weeks, to every 
couple of months depending on stocking density.  
Farms provided an average of 34 square feet per calf.  

Ven  la  on to minimize accumula  on of moisture 
while not causing a dra   on the calves is essen  al 
and can drive the success or failure of the ACF.  Previ-
ous facili  es included wooden huts, condos, and 
individual stalls inside a calf barn where natural ven  -
la  on was the primary air fl ow.  New and exis  ng 
structures u  lized a combina  on of curtain sidewalls 
and fans for summer ven  la  on and posi  ve pres-
sure tubes for winter ven  la  on; two farms u  lized a 
cross-ven  lated system.  

Automa  c calf feeding systems were cleaned fre-
quently with an automa  c circuit clean programmed 
2-3  mes a day and manually cleaning in between.  
Farms ranged in cleaning nipples and lines from 
daily to weekly.  Lines and nipples were replaced as 

needed or every four to six weeks.  Cleaning solu  ons 
included a low acid dilu  on, soap, bleach and water, 
or purchased disinfectants.

Colostrum Management

Seventy-one and eighty-two percent of farms admin-
istered colostrum within 2 hours a  er birth when 
the calf was born between 5-11 am and 11 am – 5 
pm.  Between 11 pm – 5 am, 5% percent of calves 
received colostrum within 2 hours, 61% at 2-6 hours 
and 38% at 6-12 hours a  er birth.  Seventy-eight 
percent of farms administered 1 gallon or more of 
colostrum at their fi rst feeding.  Sixty-seven percent 
of farms primarily fed fresh colostrum, 56% occasion-
ally fed frozen colostrum or replacer, and 26% always 
fed colostrum replacer. Five percent of farms fed
pasteurized colostrum.  

Eighteen percent evaluated colostrum prior to feed-
ing either visually or use of a colostrometer.  Twenty-
fi ve percent periodically measured the success of 
passive transfer of immunity with a refractometer or 
serum test.

Feeding Management 

Before the ACF, all producers fed two  mes per day 
with buckets or bo  les.  Forty-one percent of produc-
ers fed a total of 4 quarts per day, while 29% fed 5 or 
greater quarts per day before the ACF.  For calves to 
consume their total daily intake in the ACF, calves av-
eraged 4-6 meals per day. If the calf did not consume 
all of the milk during a meal, milk was retained for 
the next calf.  If milk fell below feeding temperature, 
milk was discarded before next calf could consume 
it.  Feeding programs varied depending on the sys-
tem and if heifers or bulls were fed.  Calves were fed 
between 140-150 grams of powder per liter and fed 
up to 10 liters per day.  The last two weeks prior to 
weaning, liters fed was gradually backed down un  l 
they no longer received milk.  Eighty-fi ve percent 
were feeding milk replacer.  Fi  y-six percent were 
feeding protein content in the milk replacer between 
20-22% and 38% were feeding protein content in the 
milk replacer between 25-28%. Twenty-fi ve percent 
u  lized pasteurized waste milk with the ACF.
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Average Range Notes
Annual Value to Quality of Life $6,800 $100-$15,000
Annual Value of ACF software $1,300 $1,000-$2,000
Months since ACF installed 31.6 11 to 60 mos.

Herd & Financial Assumptions
Herd Size 367 170-880
Number of heifers fed yearly 146 0-375
Number of bulls fed yearly 179 0-1,250
Cost per ACF $17,302 $1,800-$28,000 Used avg ($5500)
Cost of ACF facilities $66,643 $1,000-$240,000
Monthly costs associated with ACF $55 $30-$100

Labor Management
Labor for calves transitioning to ACF 1 hr. 0-2 hrs.
Labor for calves in ACF 2.2 hrs. 0.5-8 hrs.
Reduced hours of labor 1.5 hrs. 0-4 hrs.
Increased hours for records Mgt. 0.44 hr. 0-1 hr.

Calf Health & Management
Square feet per calf 34 sq. ft 13-63 sq. ft
Calves per nipple station 21 15-27
Mortality 3% 1%-10%
Morbidity (Scours) 14% 0-80%
Morbidity (Respiratory) 14% 0-50%
Average Daily Gain 2.3 lbs./day 1.25-3.5 lbs./day
Weaning Age-heifers 56 days 45-77 days
Weaning Age-bulls 49 days 49 days

Calf starter was off ered free-choice to calves star  ng 
at Day 0-2 (39%) and Day 3-10 (44%).  Calf starter was 
replaced as needed daily to weekly to keep it fresh. 
Seventy-three percent of producers had calves con-
suming between 3-5 pounds of calf starter at wean-
ing age, while 13% reported calves ea  ng greater 
than 5 pounds of calf starter at weaning age.  Forty-
four percent used a calf starter protein of 16-20% and 
56% of producers fed 21-22% calf starter protein.
Water was off ered free-choice to calves, star  ng at 
day 0-2 (59%), day 3-10 (35%), and day 11-14 (6%).  

Labor Management

Twenty-fi ve percent of herd owners took care of 
calves, while 31% hired a calf manager, 19% herd-
sperson, and 25% family members.  If they were 
not the primary calf manager, other du  es on the 
farm included general farm labor to overall manage-
ment of farm.  On average,  me spent feeding calves 
was 2.2 hours per day.  This  me included feeding, 
monitoring, vaccina  ng, dehorning, bedding and 
sanita  on.  Time spent feeding, managing, and caring 
for calves transi  oning to the ACF averaged 1 hour.  
Producers commented no labor  me was saved;  me 
was more fl exible and the labor was replaced with 
management  me.  Others reported an average re-
duced labor by 1.5 hours per day, which allowed  me 
to be more fl exible and focus on other management 
factors.   U  lizing the so  ware is a key element to the 
ACF, but did not take much  me to review the data.  
Producers’ usage of the so  ware averaged .44 hours.

Health Management

Twenty-two percent fed colostrum and moved into 
group housing at birth. Thirty-three percent fed 
calves for 2-5 days prior to group housing.  Forty-four 
percent of calves started on the ACF between 1-2 
weeks of age.  Sixty-nine percent used age for deter-
mining when to move calves to automa  c calf feeder, 
while 31% used health of calf and 46% used con-
sump  on as an indicator to move to group housing.

Sixty-four percent of farms used bodyweights as the 
main measurement to evaluate calf performance.  
Mortality and morbidity rates are o  en used along 
with management records. Average mortality rate 
was 3%.   Treatment for scours was 14% and respira-
tory treatment rate was 14%.  Scour and respiratory 
treatment protocol included a combina  on electro-
lyte therapy with an an  bio  c treatment and fever 
reducer.

Indicators used on the so  ware to determine calf 
health included drinking speed and daily consump-
 on of milk.  Ninety-four percent responded that 

the feeder showed alarms for calves not consuming 
total allotment, while 6% were not alerted. Thirty-
seven percent have monitored average daily gain and 
averaged 2.3 pounds per day from birth to weaning.  
Average weaning age for heifers was 8 weeks and bull 
calves were 7 weeks old.

If calves were vaccinated at birth, vaccines included 
Rota Corona, Clostridium C&D, E.Coli, Inforce 3, 
Bovine Ecolizer C.  Within a few weeks of age, vac-
cines included Johnes, Scour Boss 4, Inforce 3.  At 
the  me of weaning, vaccines included Presponse, 
Bovishield, and Johnes.  For dehorning, 50% used the 
paste within a week of age; the remainder dehorned 
in group pen with a burner prior to weaning or a few 
weeks a  er weaning. 

Challenges with Automa  c Calf Feeder

Main challenges encountered with the ACF included 
learning the so  ware and ID system, developing a 
feeding plan to control behavioral issues, and me-
chanical issues such as an occasional 
plug or sensor not working, replacing a small pump 
yearly, keeping system clean, and compa  bility issues 
with pasteurizer system.  Respiratory and facility 
ven  la  on were main challenges of moving calves to 
a group housing system.
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Reasons for installing Automa  c Calf Feeding System
The top reasons producers installed ACF in rank 
order:

1.  Labor effi  ciency 
Focus labor more on management of calves rather 
than physical labor and fl exibility of feeding schedule

2.  Calf health 
Consistent, mul  ple feedings, temperature of milk 
always the same, increase space per calf, calf comfort

3.  New facility 
Going to build anyways, needed more room, installed 
AMS for cows, and needed new project to challenge 
employees

Management factors needed for success of Auto-
ma  c Calf Feeder system

The top management factors producers say key to 
success:

1.  Cleanliness 
Detail oriented employees closely monitoring and 
cleaning of the lines, nipples, circuit, and cleanliness 
of calves 

2. Ven  la  on
Facility is designed with air quality being a key com-
ponent of the system

3. Management/So  ware
So  ware is invaluable, pays for itself, and worth the 
cost to catch sick calves earlier; watching calves is s  ll 
important

Summary

Producer surveys showed success in switching from 
previous calf feeding systems to ACF systems.  Al-
though labor was not always reduced, physical labor 
was exchanged for management labor.  Learning 
curves for so  ware technology and facility manage-
ment were noted, however feeding and housing effi  -
ciencies were gained.  In sum, automa  c calf feeders 
added value to quality of life and labor effi  ciency over 
previous system.
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Research is very limited regarding best housing and 
management prac  ces for automated calf feeding 
systems, par  cularly in terms of how these factors 
infl uence animal health and welfare. This ongoing 
study is characterizing health scores, morbidity and 
mortality of group-housed calves in US farms and re-
la  ng these to housing and management prac  ces. In 
addi  on, feeding behavior recorded daily by feeder 
so  ware is being collected and will be used to char-
acterize behavior at each farm and how behavior cor-
relates with management prac  ces and calf health.

The study involves visi  ng 38 dairy farms in MN, WI, 
and IA every 60 days for a total of 8 visits per farm. 
During each visit, calves (n=9,080 at the  me of 
wri  ng) are scored for health using four categories: 
a   tude (0-4); ears (0-4); nose (0-3); eyes (0-3); and 
cleanliness (an indicator of diarrhea, 0-2), with 0 rep-
resen  ng a normal, healthy calf. In addi  on, blood is 
drawn from any calves 1-5 days old (n=884 at  me of 
wri  ng) and serum protein concentra  on used to as-
sess passive immunity transfer. During each season, 
milk samples are collected from the mixing container 
inside the feeder and the tube leading to the nipple 
for measurement of standard plate count (SPC) and 
coliform count. Pearson’s correla  on coeffi  cient was 
used to analyze the rela  onship between mean SPC 
and health scores. 

We have preliminary results for 7 visits at the  me of 
wri  ng. There was a large varia  on between farms 
in calf health. On the 10 farms with the best health 
scores, a mean of 9.9% (range of 2.5–12.3) of animals 
displayed abnormal scores for a   tude, 3.6% (1.5-5.1) 
for ears, 14.1% (8.9-17.4) for nose, 8.2% (4.4-12.0) 
for eyes, and 28.1% (20.7-33.5) for cleanliness. On 
the 10 farms with the worst health scores, a mean 
of 23.4% (17.7-32.1) of animals displayed abnormal 
scores for a   tude, 14.6% (10.2-21.6) for ears, 29.9% 
(26.7-33.8) for nose, 32.2% (24.2-40.3) for eyes, and 
56.8% (51.8-61.2) for cleanliness. 

Mean serum protein across all samples was 5.40 ± 
0.74 mg/dl. Mean serum protein by farm was 5.34 
mg/dl (minimum=4.27, maximum=6.5). The high-
est overall bacterial counts were recorded in feeder 
tube samples (median, coliform=2,550 CFU/ml; 
SPC=330,000 CFU/ml; SPC Q3=3,350,000).  No rela-

 onship was observed between tube SPC and at-
 tude, ears, nose, or eyes scores; however, SPC was 

correlated with calf cleanliness scores (r = 0.26, P = 
0.002). 

The varia  on in health scores among farms shows 
that welfare in automated feeder systems can be im-
proved. In addi  on, results indicate that the cleanli-
ness of automated feeder equipment may infl uence 
calf health; however, further data collec  on and 
analyses of calf morbidity and mortality should pro-
vide a more complete understanding of risk factors.  

This project is supported by Agriculture and Food Re-
search Ini  a  ve compe   ve grant no. 2012-67021-19280 
from the USDA Na  onal Ins  tute of Food and Agriculture.

Automated Calf Feeder Study Update
Marcia I. Endres

University of Minnesota, St. Paul, MN 55108
miendres@umn.edu
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Can Amino Acid Supplementation Improve Use 
of Non-Milk Proteins in Milk Replacers?

James K. Drackley
Professor of Animal Sciences

University of Illinois 
at Urbana-Champaign

“Milk replacer”: an oxymoron?Milk replacer : an oxymoron?

• Primary ingredients:y g
– Dried skim milk (originally; now little 

used in USA)used in USA)
– Whey

Wh t i t t– Whey protein concentrate
– Delactosed whey

• In other words, lactose and milk proteinsIn other words, lactose and milk proteins

Will cheese become a byproduct of 
whey production?whey production?

The brutal facts:
• Calves are born with the digestive 

machinery to use milk, and only milk, as 
th i f t i ttheir source of nutrients.

• Not starch or sucrose; not soy or wheat 
proteins, not not not not!!!

• Ability to use non-milkAbility to use non milk 
ingredients develops 
over the first 3 wkover the first 3 wk

• Greatest changes in 
the first 7 d of life?the first 7 d of life?

Can amino acid supplementation 
improve use of non milk proteins inimprove use of non-milk proteins in 

milk replacers?

James K. Drackley

Professor of Animal Sciences
University of Illinois 
t U b Ch iat Urbana-Champaign
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Potential problems with non-milk 
t i i ilk l if di tiproteins in milk replacers if digestive 

function in immature

• Digestive upsetsg p

• Decreased growthDecreased growth

Why lower growth? (Even in assumed 
absence of anti-nutritional factors)
• Decreased digestibility?• Decreased digestibility?

• Slower digestion, asynchrony with 
energy availability? 

• Low energy intake (energy requirementLow energy intake (energy requirement 
for increased endogenous secretions)? 

SPC did not decrease performance 
h lth t hi h ilk f di tor health at high milk feeding rate

SPC replaced 50% of milk protein in 28%• SPC replaced 50% of milk protein in 28% 
CP replacer fed at 1.0 to 1.5 kg DM daily 

• All essential AA and minerals/osmolarity 
equalizedq

• ADG d 1-35 were 1.01 and 0.96 kg/d 
f ll ilk d SPC ti lfor all milk and SPC, respectively

Nabté-Solís and Van Amburgh

Alternate (non-milk) proteins?Alternate (non milk) proteins?

• A long-sought goal of milk replacer 
manufacturers: lower cost than milk 
proteins.

• Non-milk proteins generally reduce 
growth in calves less than 3 wk oldgrowth in calves less than 3 wk old.

• Biology discourages use gy g
of non-milk proteins for 
calves < ~3 wk old.

Why lower growth? (Even in assumed 
absence of anti-nutritional factors)
• Decreased digestibility?• Decreased digestibility?

• Slower digestion, asynchrony with energy 
availability?availability? 

• Low energy intake (energy requirement for 
increased endogenous secretions)?increased endogenous secretions)? 

• Residual non-starch polysaccharide 
content? 

Effects of processing on anti-nutritional 
f t i b t i

Anti-nutritive factor Defatted SBM/SBF SPC

factors in soybean proteins

Trypsin inhibitor, mg/g 15-60 6-8 2-6

Glycinin mg/g 250–300 20-40 0-35Glycinin, mg/g 250–300 20-40 0-35

-Conglycinin, ppm 150-200 15-35 0-25

Lectin, ppm 15 0-0.6 0-0.002

Mannans, %DM 1.2–1.3 1.1-1.2 0.97-1.1*

*Hot aqueous ethanol treatment (SPC) does not decrease 
mannan content.

Lalles et al. 1996, Huisman and Jansman, 1991; Courtesy M. E. Van Amburgh

mannan content.
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Why lower growth? (Even in assumed 
absence of anti-nutritional factors)
• Decreased digestibility?• Decreased digestibility?

• Slower digestion, asynchrony with energy 
availability?availability?

• Low energy intake (energy requirement for 
increased endogenous secretions)?increased endogenous secretions)?

• Residual non-starch polysaccharide content? 

• Non-optimal amino acid balance?

Proposed AA profiles (relative to lysine)Proposed AA profiles (relative to lysine)

Cows’ milk Williams Labussiere
Van Amburgh

(MVA)Cows  milk Williams Labussiere (MVA)
Lys 100 100 100 100
Met 32 27 -- 29
Thr 6 63 66 62Thr 56 63 66 62
Val 80 62 74 69
Ile 66 44 61 47
Leu 126 108 103 111
Phe 62 56 -- 58
His 47 38 46 39His 47 38 46 39
Trp 16 13 16 18
Phe+Tyr 124 95 97 99
M t CMet+Cys 44 47 55 55

Amino acid balancing – toward the “ideal 
t i ” tprotein” concept

MVA ideal WPC
50:25:25

WPC+MWP+PPMVA ideal WPC WPC+MWP+PP
Threonine 62 66 76
Valine 69 62 69
Methionine 29 20 26Methionine 29 20 26
Cysteine 26 23 37
Isoleucine 47 67 61
Leucine 111 111 140
Phenylalanine 58 35 62
Tyrosine 41 29 48
Lysine 100 100 100
Histidine 39 21 33
Arginine 106 27 49g
Tryptophan 18 20 22

WPC = whey protein concentrate; MWP = modified wheat protein; PP = plasma protein

Amino acid balance of milk replacers: 
R h t U i it f Illi iResearch at University of Illinois 

Project 1Project 1

• Can the Amino Acid Profile of Whey• Can the Amino Acid Profile of Whey 
Protein-Based Milk Replacers Be 
I d f G th i D iImproved for Growth in Dairy 
Calves?

Morgan et al., unpublished

ObjectivesObjectives
• 1.  To compare the AA profile of current 

h t i b d d t t filwhey-protein based product to a profile 
based on proposed “ideal” for calves.

• 2.  To determine whether additional 
arginine promotes calf growth.

• 3.  To compare growth at two lysine 
concentrations with other amino acids 
balance to same profile
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Experimental DietsExperimental Diets

A Standard he profile (control)A. Standard whey profile (control)

B. Control plus AA to “ideal”p

C. Control plus AA to “ideal but without 
supplemental Argsupplemental Arg

D. As 2 but with lower Lys content

10 calves (5 male, 5 female) born at U of I dairy per treatment.  Milk replacers 
only from d 3 to d 35; starter introduced at d 36 Calves on trial through d 56only from d 3 to d 35; starter introduced at d 36.  Calves on trial through d 56

Formulated AA content (%)
EAA A B C D
Met 0 54 0.76 0.76 0.66

( )

Met 0.54 0.76 0.76 0.66
Cys 0.78 0.79 0.79 0.66
Lys 2.61 2.61 2.61 2.25
Thr 1.85 1.85 1.85 1.61
Val 1.57 1.70 1.70 1.47
Ile 1 66 1 65 1 66 1 44Ile 1.66 1.65 1.66 1.44
Leu 2.82 2.90 2.90 2.50
Tyr 0.77 0.76 0.77 0.66
Phe 0.87 1.52 1.52 1.31
His 0.45 1.01 1.01 0.87
Arg 0 71 2 76 0 71 2 38Arg 0.71 2.76 0.71 2.38
Trp 0.43 0.48 0.48 0.41

Analyzed AA content (%)
EAA A B C D
Met 0 48 0 81 0 61 0 53

y ( )

Met 0.48 0.81 0.61 0.53
Cys 0.56 0.59 0.60 0.53
Lys 2.43 2.44 2.43 2.18
Thr 1.60 1.68 1.75 1.54
Val 1.51 1.83 1.76 1.43
Ile 1 64 1 70 1 71 1 50Ile 1.64 1.70 1.71 1.50
Leu 2.71 2.88 2.92 2.54
Tyr 0.72 0.74 0.76 0.65
Phe 0.86 1.49 1.53 1.33
His 0.51 1.07 1.08 0.93
Arg 0 67 1 89 0 78 1 97Arg 0.67 1.89 0.78 1.97
Trp 0.48 0.56 0.56 0.49

Formulated ratios
EAA Ideal A B C D
Met 29 21 29 29 29Met 29 21 29 29 29
Cys 26 30 30 30 29
Lys 100 100 100 100 100
Thr 62 71 71 71 72
Val 69 60 65 65 65
Ile 47 64 63 64 64Ile 47 64 63 64 64
Leu 111 108 111 111 111
Tyr 41 30 29 30 29
Phe 58 33 58 58 58
His 39 17 39 39 39
Arg 106 27 106 27 106Arg 106 27 106 27 106
Trp 18 16 18 18 18

Ratios based on analyzed AAy
EAA Ideal A B C D
Met 29 20 33 25 24Met 29 20 33 25 24
Cys 26 23 24 25 24
Lys 100 100 100 100 100
Thr 62 66 69 72 71
Val 69 62 75 73 66
Ile 47 67 70 70 69Ile 47 67 70 70 69
Leu 111 111 118 120 116
Tyr 41 29 30 31 30
Phe 58 35 61 63 61
His 39 21 44 44 43
Arg 106 27 77 32 90Arg 106 27 77 32 90
Trp 18 20 13 23 23

Calf BW tended to be affected by dietary 
AA balanceAA balance

Diet P = 0.09
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Summary: With whey protein-based 
ilk lmilk replacers…

1 Balancing f ll profile of AA tended (NS) to1.  Balancing full profile of AA tended (NS) to 
improve early growth.
2.  Supplemental arginine did not improve 
calf growth.
3.  Calf growth responded directly to dietary 
lysine content. y

Project 2Project 2

• Protein source and amino acid• Protein source and amino acid 
balance for dairy calves fed milk 

lreplacer

Hwang et al., 2013

Project 2Project 2

• Protein source and amino acid• Protein source and amino acid 
balance for dairy calves fed milk 

lreplacer

Hwang et al., 2013

Objectives
• To determine if AA balance limits growth in 

calves fed milk protein-based milk replacercalves fed milk protein based milk replacer
• To determine the effect of increasing 

amounts of hydrolyzed wheat protein (HWP)amounts of hydrolyzed wheat protein (HWP) 
when AA are balanced equivalent to milk 
proteinprotein

• To determine the effect of amount of AA 
supplementation for milk replacer containing 
a high level of HWP

Milk replacer formulationsp
• Milk replacers were formulated to contain 

28 5% CP 2 6% lysine and 15% fat28.5% CP, 2.6% lysine, and 15% fat
• All diets contained ~36% skim milk protein

Hydrolyzed wheat protein (HWP; Nutrior Chamtor)Hydrolyzed wheat protein (HWP; Nutrior, Chamtor) 
replaced whey proteins from whey protein 
concentrate
Addition of HWP at 4.5% and 9.0% of formula (plus 
AA) provided ~6% and 12% non-milk protein and 
replaced ~21% and 42% of milk protein

• Fat was provided from tallow and lard

AA formulation strategyAA formulation strategy
MVA Ideal A B C D E

Lys 100 100 100 100 100 100
Met 29 25 36 39 41 38
Thr 62 67 64 62 62 62
Val 69 70 69 69 69 61
Ile 47 64 61 62 62 54
Leu 111 113 111 111 111 96
Phe 58 42 58 58 58 45
His 39 26 39 39 39 25
Trp 18 19 18 18 18 15
Phe+Tyr 99 82 96 96 96 85
Met+Cys 55 45 55 55 55 55
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Milk replacer compositionMilk replacer composition
Component 
(%) A B C D E SE(%)
DM 96.8 96.9 97.0 96.9 96.6 0.13

CP 28 7 29 0 28 8 29 2 28 8 0 17CP 28.7 29.0 28.8 29.2 28.8 0.17

Fat 16.1 15.5 16.0 15.8 16.5 0.54

A h 8 2 7 7 7 8 7 8 7 7 0 04Ash 8.2 7.7 7.8 7.8 7.7 0.04

Lys 2.59AB 2.62A 2.57AB 2.32B 2.32B 0.06

Analyzed AA profileAnalyzed AA profile
Mean relative to Lysine (Analyzed) MVA 

IdealAA A B C D E IdealAA A B C D E
Lys 100 100 100 100 100 100
Met 22 34 37 38 33 29
Thr 63 59 57 64 86 62
Val 71 67 70 79 69 69
Ile 65 60 61 67 60 47
Leu 108 109 110 124 106 111
Phe 43 57 58 67 52 58
His 25 31 32 41 26 39
Trp 19 18 19 20 18 18
Met + Cys 38 50 52 53 50 55
Phe + Tyr 79 92 93 106 93 99Phe + Tyr 79 92 93 106 93 99

Mean growth across wk 1-8Mean growth across wk 1 8

PP

A B C D E SE T T*W

BW (kg) 61.4 61.6 61.5 60.1 59.5 0.57 0.03 0.68

Heart Girth 92 5 92 8 92 2 91 5 91 1 0 40 0 01 0 29(cm) 92.5 92.8 92.2 91.5 91.1 0.40 0.01 0.29

Withers Height 
(cm) 84.7 85.1 84.7 84.5 84.1 0.39 0.42 0.76( )

Hip Width (cm) 19.8 19.9 20.2 19.8 19.8 0.13 0.08 0.91

ADG (kg/d) 0.65 0.66 0.66 0.63 0.61 0.02 0.44 0.85

Mean intake and efficiency across wk 1-8ea ta e a d e c e cy ac oss 8

PP

A B C D E SE T T*W

Milk DMI (kg/d) 0.85 0.85 0.85 0.85 0.84 0.003 0.053 0.44( g )
Grain DMI (kg/d) 1.13 0.94 1.06 0.99 0.85 0.07 0.052 0.69

Gain:Feed
(k k ) 0.59 0.61 0.59 0.57 0.56 0.02 0.50 0.30(kg:kg)

Gain:Lysine
(g/g), wk 1-4 28.6 28.7 29.1 29.3 27.5 1.38 0.90 0.63(g g)

Total DMI (kg/d) 1.21 1.14 1.17 1.17 1.08 0.02 0.001 0.18

Summary
• Addition of essential AA to a skim milk-based  

milk replacer did not improve growth.

• Based on Lys intake inclusion of 4 5% and 9%Based on Lys intake, inclusion of 4.5% and 9% 
HWP in milk replacer did not significantly 
decrease ADG when AA were balanceddecrease ADG when AA were balanced. 

• Although not conclusive, possible limiting AA 
beyond Lys, Met, and Thr in wheat protein 
should be investigated.  

Thank youThank you
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WWi ii  C tt ff WWissconsin Cost of 
Raising Dairy Replacements Survey Results

Mark Hagedorn, Agriculture Agent
UW-Extension Eau Claire County

Contributions by:
Laurynn Vanderwerff, Scott Gunderson, Tina Kohlman & Pat HoffmanLaurynn Vanderwerff, Scott Gunderson, Tina Kohlman & Pat Hoffman 

University of Wisconsin-Extension 

2013 by the Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

UUW-Extension
Dairyy Teamm CollaboratorsDairy Team Collaborators

Nolan Andersen Steve Okonek

Aerica Bjurstrom Heather Schlesser

Scott Gunderson Ryan Sterry

Mark Hagedorn Sandy StuttgenMark Hagedorn Sandy Stuttgen

Steve Huntzicker Trisha Wagner

David Kammel1,2 Katie Wantoch

Tina Kohlman

1Center for Dairy Profitability, University of Wisconsin-Madison
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IIntuitivee Costt off   IIntuitive Cost of   
PProduction Analysis (ICPA)

An analysis system that 
calculates producer-specific 
costs and labor efficiencies 
associated with raising dairy 
replacementsreplacements
Evaluates cost and labor 
efficienciesefficiencies
Provides economic and labor 
efficiency benchmarks for dairyefficiency benchmarks for dairy 
herd replacements

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

220133 ICPAA Project22013 ICPA Project

36 Wisconsin operations36 Wisconsin operations
Tie-stall operations
Free stall operationsFree-stall operations
Custom calf and/or heifer grower 
operationsoperations

12 different counties
Two enterprisesTwo enterprises

Calf
HeiferHeifer

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Real Herds...Real Heifers: 
The Cost of Raising Heifers

Mark Hagedorn, Agriculture Agent
UW-Extension Eau Claire County

(715) 839-4712
mark.hagedorn@ces.uwex.edu

Contributions by:
Laurynn Vanderwerff, Scott Gunderson, Tina Kohlman & Pat Hoffman 

University of Wisconsin-Extension 
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CCalff EnterpriseCCalf Enterprise

Calf - An animal raised from birth until she is 
moved to group housingmoved to group housing
30 operations evaluated

12 tie-stall operations12 tie stall operations
13 free-stall operations
5 custom calf growers5 custom calf growers

Feeding, management, housing and labor 
data was collected

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

KK  A tiKKeey Assumptions
Item AssumptionItem Assumption
Calf value $150 per calf
Labor (paid and unpaid) $13 per hour
Management (paid and unpaid) $22 per hour
Interest rate 4.5 percent

$Pasteurized Waste Milk $5 per cwt
Replacement value of calf housing
Homemade calf hutch $200Homemade calf hutch $200
Purchased calf hutch $400
Greenhouse barn $10 per square footp q
Post-Frame calf barn $15.50 per square foot

2013, D. Kammel, UW-Madison Biological Systems Engineering
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

CCalf Cost Centers
f f

a
(also applicable for Heifers)

F d C tFeed Costs
Labor and Management
Other Variable CostsOther Variable Costs

Bedding
VeterinaryVeterinary
Death loss 
Interest

Fixed Costs
Buildings
Equipment

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

CC tt ff Rai ingg aa Calff inn Wi n in*CCoost of Raising a Calf in Wisconsin*

1999 2007 20131999 2007 2013

Total Cost $160 26 $326 07 $363 69Total Cost $160.26 $326.07 $363.69

Daily Cost $2.68 $5.31 $5.34Daily Cost $2.68 $5.31 $5.34

Days on 
Feed 59.7 61.36 68.6Feed

Weaning Age
(weeks) 7.4 7.04 7.61(weeks)

*Does not include $150 calf value
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

CComparison of 
ll  lff  

p
Daily Calf Raising Costs*

*Does not include $150 calf value
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

DDailyy Calff Raisingg Costs**Daily Calf Raising Costs

*Does not include $150 calf value
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension



Costt Perr Dayy Too Raisee AA CalfCost Per Day To Raise A Calf
Calf Cost per Day*

Tie-Stall Free-Stall Grower All

Feed Costs $2 44 $2 36 $2 00 $2 37Feed Costs $2.44 $2.36 $2.00 $2.37

Labor & 
Management $2.29 $2.07 $0.96 $1.99g

Other Variable 
Costs $0.54 $0.66 $0.63 $0.64

Fixed Costs $0.21 $0.50 $0.21 $0.35

Total Cost $5 48 $5 59 $3 81 $5 34Total Cost $5.48 $5.59 $3.81 $5.34

*Does not include $150 calf value
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Comparison of Calf Raising Costs
19999 vss 20077 vss 20131999 vs 2007 vs 2013

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Take Home Message(s)a ag

The opportunity cost in the UW ExtensionThe opportunity cost in the UW-Extension 
ICPA studies conducted in 1999, 2007, 
and 2013 varied from $100 (1999), $150 $ ( ), $
(2013) to $500 (2007) per calf.
Almost all custom calf raisers used 
pasteurized milk instead of milk replacer.  
As a result, across all herds the cost of 
li id f d f d t d i l lliquid feed fed to dairy calves only 
increased 9.3% between 2007 and 2013.

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Take Home Message(s)a ag

Calf starter prices tripled between 2007 
and 2013.
Due to increases in labor and 
management efficiency, labor and 
management costs to raise dairy calves 
decreaseddecreased.

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Heiferr EnterpriseHeifer Enterprise

Heifer - An animal raised inHeifer An animal raised in 
group housing to time of 
freshening, or in the case of 
the custom heifer grower, the 
time the heifer is returned to 
th dthe producer
Feeding, management, 
housing and labor data washousing and labor data was 
collected

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Keyy Assumptions…Key Assumptions…
Item Defined Inputs
Feed Costs:

Legume Silage $200 per ton DM

$Corn Silage $140 per ton DM

Corn $250 per ton DM

Weigh-backs $150 per ton DMWeigh backs $150 per ton DM

Soybean Meal $375 per ton DM

Labor $13.00 per hour

Management $22.00 per hour

Interest rate 4.5%

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension
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Replacement Value
ff H ff  F l t
p

of Heifer Facilities

Item Replacement Value

Bedded Pack Barn $18.50 per square foot

Freestall Barn $20 per sq are footFreestall Barn $20 per square foot
Mound System or Dirt Lot $0.10 per square foot

Concrete Lot $3 per square footConcrete Lot $3 per square foot

2013, D. Kammel, UW-Madison Biological Systems Engineering
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

About the operations…p a

32 operations evaluated
12 tie-stall operations12 tie stall operations
13 free-stall operations
7 custom heifer growers7 custom heifer growers

Feeding, management, housin
d ll d

Costt off Raisingg aa Heiferr inn Wisconsin*Cost of Raising a Heifer in Wisconsin

1999 2007 2013999

Total Cost $1099.12 $1322.70 $1863.19

Daily Cost $1.61 $2.04 $3.04

Days on Feed 683 648 628

*Does not include $150 calf value
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Comparison of Daily 
H ff   

p y
Heifer Raising Costs*

*Does not include $150 calf value
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Daily 
H ff   

y
Heifer Raising Costs*

*Does not include $150 calf value
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Costt Perr Dayy Too Raisee AA HeiferCost Per Day To Raise A Heifer
Heifer Cost per Day*

Tiestall Freestall Grower All

Feed Costs $1 66 $1 83 $1 55 $1 71Feed Costs $1.66 $1.83 $1.55 $1.71

Labor & 
Management $0.66 $0.51 $0.39 $0.54g

Other Variable 
Costs $0.46 $0.49 $0.35 $0.44

Fixed Costs $0.42 $0.33 $0.29 $0.35

Total Cost $3 20 $3 15 $2 57 $3 04Total Cost $3.20 $3.15 $2.57 $3.04

*Does not include $150 calf value
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension
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© 2013 Board of Regents of the University of Wisconsin System doing business as the Division of Cooperative Extension of the University of Wisconsin Extension

Total Cost to Raise a Dairy Replacement 
fromm Birthh too Freshening*from Birth to Freshening

1999 2007 2013

Total Cost $1259.38 $1648.77 $2226.88

Days on Feed 743 709 696

Calving Age
(months) 24.6 23.9 23.4

*Does not include $150 calf value
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Total Cost to Raise a
Dairyy Replacementt fromm Dairy Replacement from 

Birth to Freshening
1999 vs 2007 vs 2013

$2148

$2377

$2148

$$1,360 $1322

$1863
$1099

$161

$326

$364

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

$100 $500 $150

Take Home Message(s)a ag

C t h if d t t i llCustom heifer growers do not typically 
raise dairy heifers to calving thus total 
days on feed are less for heifers raised ondays on feed are less for heifers raised on 
custom heifer rearing operations.
The cost of semen and breeding servicesThe cost of semen and breeding services 
are sometimes paid by the owner therefore 
breeding cost may be artificially low.g y y

Take Home Message(s)a ag

The total cost to raise a dairy replacementThe total cost to raise a dairy replacement 
from birth to calving on Wisconsin dairy 
and custom calf and heifer operations (not 
counting the opportunity cost of the calf) 
has increased approximately $600 from 
2007 t 20132007 to 2013.
The majority of the increase is due to 
increased feed and labor costsincreased feed and labor costs.

For more information please refer to:For more information please refer to:

ICPA Information Website

tinyurl.com/kgd2npy
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WWi ii  C tt ff WWissconsin Cost of 
Raising Dairy Replacements Survey Results
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2013 by the Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension
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IIntuitivee Costt off   IIntuitive Cost of   
PProduction Analysis (ICPA)

An analysis system that 
calculates producer-specific 
costs and labor efficiencies 
associated with raising dairy 
replacementsreplacements
Evaluates cost and labor 
efficienciesefficiencies
Provides economic and labor 
efficiency benchmarks for dairyefficiency benchmarks for dairy 
herd replacements

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

220133 ICPAA Project22013 ICPA Project

36 Wisconsin operations36 Wisconsin operations
Tie-stall operations
Free stall operationsFree-stall operations
Custom calf and/or heifer grower 
operationsoperations

12 different counties
Two enterprisesTwo enterprises

Calf
HeiferHeifer

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension
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CCalff EnterpriseCCalf Enterprise

Calf - An animal raised from birth until she is 
moved to group housingmoved to group housing
30 operations evaluated

12 tie-stall operations12 tie stall operations
13 free-stall operations
5 custom calf growers5 custom calf growers

Feeding, management, housing and labor 
data was collected

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

KK  A tiKKeey Assumptions
Item AssumptionItem Assumption
Calf value $150 per calf
Labor (paid and unpaid) $13 per hour
Management (paid and unpaid) $22 per hour
Interest rate 4.5 percent

$Pasteurized Waste Milk $5 per cwt
Replacement value of calf housing
Homemade calf hutch $200Homemade calf hutch $200
Purchased calf hutch $400
Greenhouse barn $10 per square footp q
Post-Frame calf barn $15.50 per square foot

2013, D. Kammel, UW-Madison Biological Systems Engineering
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

CCalf Cost Centers
f f

a
(also applicable for Heifers)

F d C tFeed Costs
Labor and Management
Other Variable CostsOther Variable Costs

Bedding
VeterinaryVeterinary
Death loss 
Interest

Fixed Costs
Buildings
Equipment

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

CC tt ff Rai ingg aa Calff inn Wi n in*CCoost of Raising a Calf in Wisconsin*

1999 2007 20131999 2007 2013

Total Cost $160 26 $326 07 $363 69Total Cost $160.26 $326.07 $363.69

Daily Cost $2.68 $5.31 $5.34Daily Cost $2.68 $5.31 $5.34

Days on 
Feed 59.7 61.36 68.6Feed

Weaning Age
(weeks) 7.4 7.04 7.61(weeks)

*Does not include $150 calf value
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

CComparison of 
ll  lff  

p
Daily Calf Raising Costs*

*Does not include $150 calf value
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

DDailyy Calff Raisingg Costs**Daily Calf Raising Costs

*Does not include $150 calf value
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension



Costt Perr Dayy Too Raisee AA CalfCost Per Day To Raise A Calf
Calf Cost per Day*

Tie-Stall Free-Stall Grower All

Feed Costs $2 44 $2 36 $2 00 $2 37Feed Costs $2.44 $2.36 $2.00 $2.37

Labor & 
Management $2.29 $2.07 $0.96 $1.99g

Other Variable 
Costs $0.54 $0.66 $0.63 $0.64

Fixed Costs $0.21 $0.50 $0.21 $0.35

Total Cost $5 48 $5 59 $3 81 $5 34Total Cost $5.48 $5.59 $3.81 $5.34

*Does not include $150 calf value
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Comparison of Calf Raising Costs
19999 vss 20077 vss 20131999 vs 2007 vs 2013

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Take Home Message(s)a ag

The opportunity cost in the UW ExtensionThe opportunity cost in the UW-Extension 
ICPA studies conducted in 1999, 2007, 
and 2013 varied from $100 (1999), $150 $ ( ), $
(2013) to $500 (2007) per calf.
Almost all custom calf raisers used 
pasteurized milk instead of milk replacer.  
As a result, across all herds the cost of 
li id f d f d t d i l lliquid feed fed to dairy calves only 
increased 9.3% between 2007 and 2013.

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Take Home Message(s)a ag

Calf starter prices tripled between 2007 
and 2013.
Due to increases in labor and 
management efficiency, labor and 
management costs to raise dairy calves 
decreaseddecreased.

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Heiferr EnterpriseHeifer Enterprise

Heifer - An animal raised inHeifer An animal raised in 
group housing to time of 
freshening, or in the case of 
the custom heifer grower, the 
time the heifer is returned to 
th dthe producer
Feeding, management, 
housing and labor data washousing and labor data was 
collected

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Keyy Assumptions…Key Assumptions…
Item Defined Inputs
Feed Costs:

Legume Silage $200 per ton DM

$Corn Silage $140 per ton DM

Corn $250 per ton DM

Weigh-backs $150 per ton DMWeigh backs $150 per ton DM

Soybean Meal $375 per ton DM

Labor $13.00 per hour

Management $22.00 per hour

Interest rate 4.5%

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

107



Replacement Value
ff H ff  F l t
p

of Heifer Facilities

Item Replacement Value

Bedded Pack Barn $18.50 per square foot

Freestall Barn $20 per sq are footFreestall Barn $20 per square foot
Mound System or Dirt Lot $0.10 per square foot

Concrete Lot $3 per square footConcrete Lot $3 per square foot

2013, D. Kammel, UW-Madison Biological Systems Engineering
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

About the operations…p a

32 operations evaluated
12 tie-stall operations12 tie stall operations
13 free-stall operations
7 custom heifer growers7 custom heifer growers

Feeding, management, housin
d ll d

Costt off Raisingg aa Heiferr inn Wisconsin*Cost of Raising a Heifer in Wisconsin

1999 2007 2013999

Total Cost $1099.12 $1322.70 $1863.19

Daily Cost $1.61 $2.04 $3.04

Days on Feed 683 648 628

*Does not include $150 calf value
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Comparison of Daily 
H ff   

p y
Heifer Raising Costs*

*Does not include $150 calf value
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Daily 
H ff   

y
Heifer Raising Costs*

*Does not include $150 calf value
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Costt Perr Dayy Too Raisee AA HeiferCost Per Day To Raise A Heifer
Heifer Cost per Day*

Tiestall Freestall Grower All

Feed Costs $1 66 $1 83 $1 55 $1 71Feed Costs $1.66 $1.83 $1.55 $1.71

Labor & 
Management $0.66 $0.51 $0.39 $0.54g

Other Variable 
Costs $0.46 $0.49 $0.35 $0.44

Fixed Costs $0.42 $0.33 $0.29 $0.35

Total Cost $3 20 $3 15 $2 57 $3 04Total Cost $3.20 $3.15 $2.57 $3.04

*Does not include $150 calf value
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension
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Total Cost to Raise a Dairy Replacement 
fromm Birthh too Freshening*from Birth to Freshening

1999 2007 2013

Total Cost $1259.38 $1648.77 $2226.88

Days on Feed 743 709 696

Calving Age
(months) 24.6 23.9 23.4

*Does not include $150 calf value
© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

Total Cost to Raise a
Dairyy Replacementt fromm Dairy Replacement from 

Birth to Freshening
1999 vs 2007 vs 2013

$2148

$2377

$2148

$$1,360 $1322

$1863
$1099

$161

$326

$364

© 2013 Board of Regents of the University of Wisconsin System, doing business as the Division of Cooperative Extension of the University of Wisconsin-Extension

$100 $500 $150

Take Home Message(s)a ag

C t h if d t t i llCustom heifer growers do not typically 
raise dairy heifers to calving thus total 
days on feed are less for heifers raised ondays on feed are less for heifers raised on 
custom heifer rearing operations.
The cost of semen and breeding servicesThe cost of semen and breeding services 
are sometimes paid by the owner therefore 
breeding cost may be artificially low.g y y

Take Home Message(s)a ag

The total cost to raise a dairy replacementThe total cost to raise a dairy replacement 
from birth to calving on Wisconsin dairy 
and custom calf and heifer operations (not 
counting the opportunity cost of the calf) 
has increased approximately $600 from 
2007 t 20132007 to 2013.
The majority of the increase is due to 
increased feed and labor costsincreased feed and labor costs.

For more information please refer to:For more information please refer to:

ICPA Information Website

tinyurl.com/kgd2npy
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Introduc  on

In spite of the advancements made in transi  on 
cow nutri  on and management, many herds s  ll 
have challenges during this cri  cal period in the life 
of a dairy cow. Dairy cows are gene  cally driven to 
produce large amounts of milk in early lacta  on, 
and most cows will be in a state of nega  ve energy 
balance during that  me. Anything that aff ects the 
cow nega  vely, such as poor nutri  on, housing or 
management, will exacerbate transi  on problems 
experienced by that cow. We have learned of the 
importance of cow comfort to improve health and 
produc  vity in our dairy herds. During the cri  cal 
transi  on period, that is even more important.

What has been recommended about stocking density 
during the close-up dry period? In a study designed 
to evaluate the eff ects of a dietary supplement on 
produc  ve and health parameters of prepartum cows 
and heifers housed together, it was observed that for 
every 10 percentage unit increase in stocking density 
above 80% of headlocks there was a 1.5 lb/day de-
crease in milk yield among fi rst lacta  on cows (Oetzel 
et al., 2007). Based on this and a small number of 
other studies, a common industry recommenda  on 
is to limit stocking density for close-up cows to 80% 
stocking density and to provide 30 inches of feed-
bunk space per cow.

Stocking Density Study

We hypothesized that increasing prepartum stocking 
density would aff ect behavior and metabolic parame-
ters and consequently aff ect health and performance 
of dairy cows in early lacta  on. The objec  ves of 
our study were to determine the eff ect of increasing 
prepartum stocking density from 80% (80SD) to 100% 
(100SD) of headlocks on the day of regrouping on 
behavior, metabolic, health, reproduc  ve, and pro-
duc  ve parameters of dairy cows. 

The study was conducted at a large commercial 
Jersey dairy farm (6,400 lacta  ng cows) in south-
central Minnesota. We used a total of 728 animals 
allocated to the two treatments: 324 animals (141 
fi rst-calf heifers – pregnant for the fi rst  me and 183 

cows – pregnant for their 2nd or greater lacta  on) for 
the 80SD treatment and 404 animals (173 fi rst-calf 
heifers, 231 cows) for the 100SD treatment. First-calf 
heifers and cows were housed in separate pens, so 
there was no comingling of younger and older ani-
mals. Treatments were repeated 4  mes with 2 pens 
per replica  on and a total of 8 pens per treatment.

Displacements from the feed bunk (indica  on of 
agonis  c social behavior) were measured for 3 hours 
a  er fresh feed delivery on days 2, 5, and 7 of each 
week of the 5-week rep (when cows were not locked 
up by farm or research personnel). From con  nuous 
video observa  on, an interac  on between two cows 
was considered a displacement from the feed bunk 
when physical contact ini  ated by one cow caused 
the receiving cow to stop feeding, back out and 
en  rely remove her head from the headlock (Endres 
et al., 2005).  Displacements from the feed bunk 
were summed daily for the en  re 5-week observa-
 on period.  Feeding behavior (  me spent ea  ng per 

day) was measured using 10-min video scan sampling 
for 24-hour periods on days 2, 5 and 7 on the fi rst 
week of every rep and days 2 and 5 for the following 
4 weeks.  Lying behavior (  me spent res  ng per day 
and number of lying bouts and their dura  on) was 
measured on a group of 297 focal cows using data 
loggers (Hobo G-pendant, Onset Corp) that record 
cow posi  on every 30 seconds for 11 consecu  ve 
days.  Loggers were a  ached to the rear leg of the 
cow on the fi rst day a  er entrance to the pen and 
were le   on for 12 days, removed for 7 days and reat-
tached for 12 days or un  l the cow calved.  

When cows demonstrated signs of calving, farm 
personnel moved the cows to an individual box stall.  
Video observa  on and use of data loggers for the 
behavior por  on of the study ceased when the cows 
le   the dry period treatment pens. At day 1 post-
calving, cows were moved into a freestall pen with 
240 stalls and 260 headlocks stocked at 100% based 
on the number of stalls for 21 days. Plasma NEFA 
concentra  on was measured weekly from day −18 
(prior to calving) to day 24 post-calving and plasma 
β-hydroxybutyrate (BHB) was measured weekly from 
day 3 to 24 post-calving. Cows were examined on 
days 1, 4, 7, 10 and 13 post-calving for diagnosis of 

Effect of Close-up Dry Period Stocking Density 
on Behavior and Health of Dairy Cows
Marcia Endres1, Ricardo Chebel2, Karen Lobeck-Luchterhand1 and Paula Basso Silva1,2

1Department of Animal Science, University of Minnesota, St. Paul, miendres@umn.edu
2Department of Veterinary Population Medicine, University of Minnesota, St. Paul
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uterine diseases, and had their ovaries scanned by 
ultrasound on days 39 and 53 post-calving to deter-
mine resump  on of ovarian cycles.

Results 

Daily average stocking densi  es based on number of 
headlocks (80SD = 74.1%, 100SD = 94.5%) and stalls 
(80SD = 80.8%, 100SD = 103.1%) were diff erent (P 
< 0.01) between treatments; therefore our goal of 
a 20% unit diff erence in stocking density between 
treatments was achieved.

Social behavior

The 100SD treatment resulted in a greater number 
of displacements from the feedbunk than the 80SD 
treatment independent of parity. Cows housed in 
the 80D feedbunk stocking density had 15.2 ± 0.7 
(LSMean ± SE) displacements per day whereas the 
100D had 21.3 ± 0.7 (P < 0.01).

Feeding behavior

There was a treatment × parity interac  on for daily 
feeding  me (P = 0.005).  Mean daily feeding  mes 
for cows 100D, cows 80D, fi rst-calf heifers 100D and 
fi rst-calf heifers 80D were 293.4 ± 5.4, 300.9 ± 6.3, 
256.5 ± 6.0, and 244.6 ± 6.0 min/d, respec  vely.  
First-calf heifers at 100D stocking density spent 11.9 ± 
5.1 minutes/day more ea  ng than 80D fi rst-calf heif-
ers (P = 0.015); however, there were no diff erences 
between cows 80D and 100D.  Cows spent 46.5 ± 7.5 
minutes/day more  me ea  ng than fi rst-calf heifers 
(P < 0.001).  

Lying behavior

Stocking density had no eff ect on lying  me per day. 
Both 80D and 100D animals spent 13.0 ± 0.1 hours/
day lying down (LSMean ± SE; P > 0.05).  There was 
a parity eff ect as fi rst-calf heifers spent 0.4 ± 0.1 
h/d less  me lying down than mul  parous cows (P 
< 0.028).  A treatment × day prepartum eff ect was 
observed (Figure 1; P = 0.004): 100D had longer lying 
 mes than 80D on days -33, -29, and -26 prepartum 

whereas on days -7, -5 and 0 80D had longer lying 
 mes than 100D (P < 0.05).

The 80D and 100D treatments had 15.4 ± 1.1 and 
14.9 ± 1.1 lying bouts/day, respec  vely (P > 0.05).  
First-calf heifers had 16.7 ± 0.5 and cows had 14.0 
± 0.5 lying bouts/day (P < 0.001). Lying bout dura-
 on did not diff er between the 80D or 100D stocking 

density treatments (1.1 ± 0.03 hours/bout).  There 
was a signifi cant diff erence in lying bout dura  on 
between fi rst-calf heifers and cows (P < 0.01).  Lying 
bout dura  on for fi rst-calf heifers was 0.35 ± 0.04 
hours/bout less than cows (0.9 ± 0.03 and 1.3 ± 0.03 
h, respec  vely).

Health and Performance

Incidences of peripartum diseases were not diff er-
ent between 80SD and 100SD treatments (Table 1). 
Similarly, incidences of DA and mas   s in the fi rst 
60 d post-calving were not aff ected by treatment. 
Percentages of cows with locomo  on score > 2 at 
0, 35, and 56 days post-calving were not diff erent 
between treatments. Similarly, treatment did not 
aff ect the likelihood of cows being removed from 
the herd within 60 d post-calving. The rate at which 
cows in the 100SD treatment were removed from 
the herd [adjusted hazard ra  o (AHR) (95% CI) = 1.02 
(0.75, 1.38)] did not diff er from that of cows in the 
80SD treatment. The mean intervals from calving to 
removal from the herd were 258.3 days for the 80SD 
treatment and 262.5 days for the 100SD treatment.

The percentage of cows characterized as cyclic by 35 
and 45 DIM was not diff erent between treatments. 
Similarly, the likelihood of cows being inseminated in 
estrus and the DIM at fi rst postpartum AI were not 
diff erent between treatments. The percentage of 
cows diagnosed pregnant 31 and 66 days a  er fi rst 
and second postpartum AI was not diff erent between 
treatments and the incidence of pregnancy loss 
between 31 and 66 days a  er fi rst and second post-
partum AI was not diff erent between treatments. 
The interval from fi rst to second postpartum AI and 
the DIM at second postpartum AI were not diff erent 
between 80SD and 100SD treatments. Average daily 
milk, fat and protein yield from calving to 155 DIM 



112

were not diff erent between treatments.

Table 1. Eff ects of prepartum stocking density (80SD vs. 100SD)1 on incidence of postpartum health disorders, 
lameness, and removal from the herd within 60 d postpartum
Items 80SD,% 100SD,% AOR (95% CI) P–value
Retained fetal membranes 5.1 7.8 1.55 (0.78, 3.07) 0.19
Metri  s 21.2 16.7 0.71 (0.46, 1.09) 0.11
Acute metri  s 9.9 9.4 0.87 (0.45, 1.66) 0.64
Vaginal purulent discharge at 35 ± 3 5.8 7.9 1.41 (0.65, 3.05) 0.35
DIM
Mas   s up to 60 DIM 2.9 4.6 1.94 (0.70, 5.39) 0.18
DAs up to 60 DIM 1.0 0.7 0.76 (0.10, 5.80) 0.78
Locomo  on score > 2 at 1 ± 1 DIM 0.6 0.0 0.26 (0.02, 3.19) 0.27
Locomo  on score > 2 at 35 ± 3 DIM 3.8 2.6 0.66 (0.25, 1.75) 0.37
Locomo  on score > 2 at 56 ± 3 DIM 3.5 2.1 0.56 (0.12, 2.69) 0.44
Removed within 60 DIM 6.1 5.1 0.84 (0.38, 1.83) 0.63
180SD = cows housed in prepartum pens with 80% target headlock stocking density (38/48); and, 
100SD = cows housed in prepartum pens with 100% target headlock stocking density (48/48).

Body condi  on score was not aff ected by treatment. Concentra  on of NEFA (80SD = 251.5, 100SD = 245.9 
μmol/L) was not diff erent between treatments. Similarly, concentra  on of BHB (80SD = 508.2, 100SD = 490.9 
μmol/L) was not diff erent between treatments.

Conclusions

Increasing average daily stocking density by 20 per-
centage units (from 80 to 100%) aff ected behavior 
of prepartum animals. However, changes in behavior 
associated with elevated stocking density had no 
impact on metabolic status or health, reproduc  ve, 
and produc  ve parameters in this study with Jersey 
cows and twice weekly entrance of groups of animals 
in the close-up pen to maintain stocking density, and 
separa  on between close-up fi rst-calf heifers (preg-
nant nulliparous) and 2nd and greater lacta  on cows 
(pregnant primiparous and mul  parous). More re-
search is needed with greater stocking densi  es and 
Holsteins. We s  ll are suppor  ng a recommenda  on 
of less than 100% stocking density in the close-up 
pen, to avoid poten  ally overcrowding this group of 
cows during periods of the year when larger numbers 
of cows are calving and the stocking density could 
then go higher than 100%.
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Transition Cow Health: Meeting the Demands 
of Lactation While Maintaining a Healthy Liver
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The Transition Dairy Cow
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Research Goals

Elucidate regulatory mechanisms that control hepatic carbon flux
d h d d h l lduring the coordinated responses to physiological state, nutrition,
and stress

Focus on hepatic nutrient utilization and partitioning
improvement of metabolic capacity and efficiency, specifically
during the transition to lactation
constant improvement of feeding strategies
development of intentional intervention strategies

identify genomic factors that contribute to predisposition of
metabolic disorders

7

Combatting Sub Clinical Ketosis (SCK)

Physiology and Etiology of SCK

Herd level detectionHerd level detection

Cow level testing and treatment

Genomic predisposition

Reduce Risk

8

Sub Clinical Ketosis

Sub Clinical Ketosis: herd specific 10 75%, average 45%
ketone level in urine milk or bloodketone level in urine, milk, or blood
blood 1.2 to 3.0 mmol/L

C b i dCan be primary or secondary

Silent killer

9McArt et al., 2012

Sub Clinical Ketosis

Cumulative Negative Impacts

2.4 vs. 1.2 mmol/L cow

3x more likely to develop a DA3x more likely to develop a DA

50x more likely to be culled within 30d

l l k l fless likely to conceive to first service

produce 180kg less milk in first 30d and whole lactation

Costs

Can be managed!a be a aged

10McArt et al., 2012

Types of Ketosis

Type I and Type II

roughly similar to Type I and II Diabetes in humans

reflects BCS and metabolism

11

Type I Ketosis

“spontaneous” onset, 3 to 6 wks post calving

may be low BCS at calving or lose BC post calving

milks off her back, too well

onset coincides with peak milk

d t “ ff f d”secondary to “off feed”

milk production is high

excellent prognosis

liver remains functionalliver remains functional

shortage of glucose precursors

12
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Type II Ketosis

“fat cow” ketosis

1 to 2 wks post calving

over conditioned cows

liver dysregulation

NEFA li li idstore NEFA as liver lipids

pre fresh management/nutrition

complex onset with poor prognosis

fatty liverfatty liver

13

Type I vs. II Ketosis
M b li DiffMetabolic Differences

Type I Type II

blood BHBA er high highblood BHBA very high high

blood NEFA high high, may be high blood NEFA high prepartum

blood glucose low high initially, low/normal blood glucose low later

blood insulin low high initially, low/normal blood insulin low later

liver gng high lowliver gng high low

liver pathology none fatty liver 14

Glycemia in Dairy Cows

Hyperglycemia >79 mg/dL

Normoglycemia 50 to 79 mg/dLNormoglycemia 50 to 79 mg/dL

Hypoglycemia 36 to 50 mg/dL

Holtenius et al., 2000.

15

Glycemia in Dairy Cows

Hyperglycemia

insulin gng endogenous glc glc &
liver function

worsening

Hypoglycemia

insulin gng endogenous glc glc &
liver function

16

Type I vs. II Ketosis
b li iffMetabolic Differences

Type I Type II

bl d l l high initially low/normalblood glucose low high initially, low/normal 
later

bl d i li l high initially, low/normalblood insulin low high initially, low/normal 
later

liver gng high lowliver gng high low

liver pathology none fatty liverp gy y
not efficient at using ketones
depositing lipids
liver function is decreasing

17

Herd Level Detection

Example of milk Fat:Protein distribution

18
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Herd Level Detection

Milk Fat:Protein
is suggestive but alone is notgg

a strong predictor

19

Milk BHBA and Acetone

FOSS equations
based on spectra milk analysis

ilk BHBA d tmilk BHBA and acetone

20Nielsen et al., 2005

Milk BHBA and Acetone
P < 0.05

*
*

21

Ketosis Testing

Test Sample Ketone Sensitivity Specificity Cost per 
test

Ketostix urine Acetoacetate 
(AcAc) 78% 96% $0.24

KetoCheck 
powder milk AcAc 41% 99% $0.28

KetoTest milk BHBA 27 - 59% 76 - 99% $2.00

Precision 
Xtra Meter blood BHBA 91% 94% $1.30

*compared to serum BHBA diagnostics; Townsend and Eastridge, 2011 22

Cowside Diagnosis

Weekly fresh cow testingWeekly fresh cow testing
5 to 20 DIM
cows blood BHBA >1.0 mmol/L previous

kweek
Takes time and money but pays offTakes time and money but pays off

23

Treatment Strategies

Goal is to help the cow help herself
Understanding metabolism sheds light on
t t ttreatments

we want to avoid shutting down liverwe want to avoid shutting down liver
metabolism

Lots of choices

24
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Treatment Strategies

Recommended treatment
propylene glycol, 300 mL 1x/d, 3 to 4 d
recheck
reserve dextrose and dexamethasone forreserve dextrose and dexamethasone for
clinical cases

25

M bili d F t

Dextrose

i bi l

Mobilized Fat

NEFA
microbial
fermentation

acetyl ENERGY!
fatty acids     +                 
glycerol

CoA
ketones

lipids
(f li )

(ketosis)

VFAglc

(fatty liver)

gnggng

lactosemilk fat
dextrose = glucose

Acute HyperglycemicAcute Hyperglycemic
Decrease Liver Function

26

M bili d F t

Dextrose

i bi l

Mobilized Fat

NEFA
microbial
fermentation

acetyl ENERGY!
fatty acids     +                 
glycerol

CoA
ketones

lipids
(f li )

(ketosis)

VFAglc

(fatty liver)

gnggng

lactosemilk fat propylene glycol
Pro ides a prec rsorProvides a precursor
Maintains Liver Function

27

M bili d F t

Dexamethasone

i bi l

Mobilized Fat

NEFA
microbial
fermentation
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fatty acids     +                  
glycerol

y
CoA ketones

lipids
(ketosis)

VFAglc

p
(fatty liver)

gnggng

lactosemilk fat

Milk Production = Decreases Energy 
and Glucose 
D d

28

Prevalence of all SNPs in control vs. ketotic cows
Id if k i d i h k iIdentify markers associated with ketosis

for use by producers
targets for further investigation

USJersey

29

54 ketotic or healthy pair matched cows
mean parity 2.8

* *
P < 0.05 P < 0.1

30
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54,609 SNP analyzed54,609 SNP analyzed
1,685 were different (P < 0.05)
1,862 tended to differ (0.05 < P < 0.01)

31

32

Genetic Predisposition to Ketosis

SNP b d k i t d ithSNP may be used as markers associated with
ketosis
Council on Dairy Cattle Breeding

collecting health data for diseasesco ect g ea t data o d seases
Expanding the data set to include more Holstein
and Jersey cattleand Jersey cattle

33

What to do with Type II SCK?

If Type II Ketosis is a persistent herd problem (>50% SCK)yp p p ( )
dry cow NEFA testing

l l l d h f f hpropylene glycol drenches for fresh cows

diligent BHBA screening

•early diagnosis prevents chronic ketosis and
fatty liver

34

Reducing Risk

Manage negative energy balance

prevent over conditioning in dry period

reduce time off feed around calving

manage comorbitities

Manage herd level prevalenceManage herd level prevalence

Aggressive testing protocols

meet glucose and energy needs of lactation with treatment
strategies

ID by genetic predisposition?

35

Collaborators

Producers that participate in the research!

Wisconsin Farms Allenstein Dairy Research Herd NewWisconsin Farms, Allenstein Dairy Research Herd, New
England Jersey Farms

Gary Oetzel DVM UW M School of Veterinary MedicineGary Oetzel, DVM, UW M School of Veterinary Medicine

George Wiggins, Ph. D., USDA Agricultural Research Service
BeltsvilleBeltsville

Kent Weigel, Ph. D., UW M Dept. Dairy Science

Students

Lisa Dauten, Bethany Sullivan

Rob Fugate, James Downey, Ryan Pralle, Tawny Chandler, Kelly Brower

36
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Economics of Automatic Calf Feeders
Jennifer Bentley

Extension Dairy Field Specialist 
Iowa State University

Extension and Outreach
jbentley@iastate.edu

Economics of Automatic 
Calf Feeders

Jennifer Bentley
Extension Dairy Field Specialist

jbentley@iastate edujbentley@iastate.edu

MotivationMotivation
• Increased trend of technology 

i l t tiimplementation
• New and growing industry
• New opportunities for producers
• Opportunity for producer and agOpportunity for producer and ag. 

lender/business education
• Interest in localized information• Interest in localized information

Background of SurveyBackground of Survey
• Producers in NE Iowa
• Factors affecting financial, economic, 

feeding, and adoption decisions
• Pre and post installation
• Results at:Results at:

– http://www.extension.iastate.edu/dairyteam
Dairy Nutrition Calves & Heifers– Dairy Nutrition – Calves & Heifers

– Factsheet and presentation

Economics of Automatic Calf 
F dFeeders 

• Input  variables
– Calf inventory, investment, feed intake, labor, 

health, and utility and supply
• Financial impact
• Quality of Life changey g

• Worksheet for adaptation• Worksheet for adaptation
• http://www.extension.iastate.edu/dairyteam/

Calf Inventory and Financial 
I f tiInformation

Feed Intake ChangesFeed Intake Changes
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Labor ChangesLabor Changes

Calf Health ChangesCalf Health Changes

Annual Partial Budget 
A l iAnalysis

Loan 
Amortization 

and Net 
Cash Flow 
Analysisy

Sensitivity 
Analysis

Utility and Supply ChangesUtility and Supply Changes
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Use of SpreadsheetUse of Spreadsheet

• Slight changes in input values canSlight changes in input values can 
dramatically influence the net financial 
impactimpact
– Anticipated days on milk

Anticipated milk replacer intake– Anticipated milk replacer intake
• Careful review to confidently make 

d i idecision

Impact on Herd?Impact on Herd?
• Why are we interested?

F l d l t d i t– Farm goals and related impact
– Direct and indirect changes that affect 

management and viabilitymanagement and viability
– Management level 
– Efficiency levelEfficiency level
– Scale
– Financial advantagesFinancial advantages

• Long term gains or impacts 

RecapRecap

• Partial Budget looks at only changesPartial Budget looks at only changes 
influenced from Auto Calf Feeder

• Efficiency of labor improved calf growth• Efficiency of labor, improved calf growth 
and vigor, or long-term gain can be 
positive impacts on NFIpositive impacts on NFI

• Whole farm management of calves and 
h d t k th f d f lherd to make the feeder successful
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Practical QuestionsPractical Questions

• When we detect inflammation does thatWhen we detect inflammation does that
mean that infection is present?
– Do we need to use an antibiotic?

• When bacteria are identified in a milk
sample, does that mean that they are the
cause of an infection?
– Do we need to use an antibiotic?

• What about all these new tests?
– How do PCR tests compare to traditional culture?

ObjectiveObjective

Compare and Contrast Culture Methods versus
PCR testing for Control of MastitisPCR testing for Control of Mastitis

What are the Options for Detecting
lkBacteria in Milk?

• Microbiological Culture • Use of PCR TestingMicrobiological Culture
– Submission to a

reference laboratory

Use of PCR Testing

– On farm culture
– In Vet Clinic Culture

Diagnostic Dilemmas
How to Understand Mastitis

Diagnostic Results from Labs, 
Farms and PCR Tests

Pamela Ruegg, DVM, MPVM
University of Wisconsin – Madison

Mastitis
• Bacterial infection of

the udder
• Subclinical mastitis

Milk l b tthe udder
• 99% occurs when

bacterial exposure at

– Milk appears normal but
contains excessive
numbers of inflammatory

llbacterial exposure at
teat end exceeds
ability of immune
d f f

cells
• Clinical mastitis

– Visual abnormalities ofdefenses of cow Visual abnormalities of
milk

– Definition varies among
ffarms

We Detect Mastitis Based on:
Results of the immune responseResults of the immune response
NOT the moment of INFECTIONNOT the moment of INFECTION

We areWe are
detecting

inflammationinflammation
NOT

INFECTION!INFECTION!

To Control Mastitis The Cause of
bMastitis Must be Known

• Mastitis is a bacterial
disease

• Different bacteria
– Infect different parts of

the udder
Have different reservoirs– Have different reservoirs

– Require different
treatments

– Have different rates of
spontaneous cure



Practical Aspects of Using Culture DataPractical Aspects of Using Culture Data

• Obtaining a useful• Obtaining a useful
sample

• Using the right lab test
• Evaluating the resultsEvaluating the results
• Making management

decisions

It is Easy to Find Bacteria in Milk
But…they Aren’t All From Mastitis…..

• Collecting Milk for Culture• Mastitis is almost always Collecting Milk for Culture
– Wear gloves or wash hands
– Use a sterile container

caused by a single type of
bacteria

• When >2 types of bacteria
• Not reused

– Predip & dry the teat
– Use alcohol to THROUGHLY

When >2 types of bacteria
are recovered the milk
sample is almost useless

• Proper sampling MUST be Use alcohol to THROUGHLY
scrub the teat end

– Take the sample without
cross contamination

• Proper sampling MUST be
performed
– Train & evaluate

cross contamination
– Cool or Freeze

IMMEDIATELY

• Take a ¼ sample
– After prep

Before attach
At least 20% of Milk Samples will be Culture

Negative if they are Properly Collected!!!
If something grows from all of– Before attach If something grows from all of

them…Sampling was not correct

Sources & of Bacteria in MilkSources & of Bacteria in Milk
• There are multiple waysp y

that bacteria can get into
milk
– Contamination during– Contamination during

sampling
– Poor sample handling

T t ki i fl– Teat skin microflora
– Streak canal microflora
– Etc.. Etc..

• Sampling procedures are
even MORE important
when PCR testing is donewhen PCR testing is done

Laboratory Procedures for Milk
lSamples

Laboratory Supplies Inoculating Growth MediaLaboratory Supplies Inoculating Growth Media

Incubation & Identification

Incubate 24-
48 hours

Look at Colonies & apply Examine using a 
48 hours Gram Stain microscope
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What Happens in the Lab?
Culturing

• In most culture labs h l b d• In most culture labs
– The objective is to rapidly

identify likely mastitis
th

• The plate is observed
for growth

• Different methods arepathogens

• Most lab methods are
simple

Different methods are
used to identify the
bacteria

G i
p

• A small droplet of milk is
placed on growth media

– Gram stain
– Characteristics of the

bacteria
• The inoculated plate is

allowed time to grow



Perform a Variety of Other TestsPerform a Variety of Other Tests
• Phenotypic tests

– Appearance of bacteria on plates
– Growth on specific medias
– Reactions with enzymes (catalase, coagulase etc.)

Bi h i l ti– Biochemical reactions
• Fermentation of sugars

– Motility etc…
• Compared with “typical” characteristics of theCompared with typical characteristics of the

bacteria are known
• A Best guess is made relative to ID

– Confidence level is assignedg
• 75% confidence is often the cutpoint

What is Different about an OFC or Vet
l l lClinical Culture LAB?

• Goal is different
– The same level of accuracy is not

required
• Want to rapidly arrive at aWant to rapidly arrive at a

bacteriological diagnosis of mastitis
• Use of selective medias to make a

id di irapid diagnosis
– Look at the colonies on the plate

• OFC using selective media cannotg
identify most bacteria to species
level

Principle of On Farm CulturingPrinciple of On Farm Culturing
• Use laboratory shortcuts to

arrive at a fast presumptive
• Typical Decisions

arrive at a fast, presumptive
diagnosis
– Don’t treat with

ibi i il h

– Treat or No Treat
(TNT)

• Gram + versus Gram
antibiotics until the
diagnosis is made

• Use of selective medias

neg or no growth
• Chronic
• Staph aureusUse of selective medias

to make a rapid
diagnosis

– Treat with Gram
negative spectrum
drug

– Laboratory
“shortcuts”

g
– Alter the duration of

treatment
Treat 
Carefully

So what canSo…what can
we expect from
on farm culture

systems???systems???

OFC are about 80% Accurate and
Should be Used to Direct Treatment

Decisions
but Farmers Need a Backup Lab forbut Farmers Need a Backup Lab for

Diagnosis of Specific Bacteria

PCR Tests Currently Used In Diagnosis
fof Mastitis

• Commercial orCommercial or
proprietary PCR tests
– Used to detect bacterial

DNA

PCR = Polymerase Chain ReactionPCR Polymerase Chain Reaction

• Based on concept that • PCR tests identifyp
nucleus of bacterial
cells contain DNA with
unique sequences of

y
bacteria that
– Have known nucleotide

sequences that are in aunique sequences of
nucleotides

• Nucleotides are building

sequences that are in a
master library

• “Primer”Nucleotides are building
blocks of DNA
– Adenine, cytosine,

i th i

– And are in the particular
PCR mix

• You have to know what
guanine, thymine you are looking for and

include the primer in the
test mix
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How a PCR Test WorksHow a PCR Test Works

The cell
structure
includes a

Bacterial Colonies are Made
up of many cells growing on

nucleus
with DNA

nutrient media

The DNA of
each type of
Bacteria is

UniqueUnique

What is a PCR?
Strand of Bacterial
DNA are Multiplied

until they can beuntil they can be
identified

DNA from Milk
Bacteria is

Purified

Ct = cycling threshold
Indicates how many copies had

to be made before diagnosis

What is the Difference Between
l dCulturing and PCR?

• Culturing detects only living bacteriag y g
• PCR detects pieces of DNA from both

live and dead bacteria
– Can detect the “dead bodies” left over after

the immune response kills bacteria
– A significant proportion of milk samplesA significant proportion of milk samples

yield DNA from >1 type of bacteria
• ????interpretation???????

May detect GENUS or SPECIES depending– May detect GENUS or SPECIES depending
on primer

• But not strain

How is PCR Used for Mastitis Diagnosis?How is PCR Used for Mastitis Diagnosis?

• Pathoproof©
– PCR test that can ID DNA in milk

from up to 16 potential mastitis
pathogens

• Can potentially find DNA from
about 90% of the pathogens
that cause mastitis in WI herds

• Unable to identify about
about10 15% of organisms that
cause mastitis in WIcause mastitis in WI
– Wide diversity of opportunistic

organisms
– Primer not in mix

Detection of DNA Does NOT Equal
fInfection

• Finding 1 colony of • Possible sources of DNAg y
bacteria does NOT equal
infection
– Usually require 300 500

in milk
– Contamination

• Milk meters– Usually require 300 500
cfu/ml

• Finding some types of
b t i d NOT l

Milk meters
• Teat skin
• Equipment
• Handsbacteria does NOT equal

infection
– Most Bacillus

Hands
• Teat canal
• Dirt

– Part of bacteria killed as
• No one knows how to

interpret the recovery of
DNA from Milk samples

Part of bacteria killed as
part of a successful
immune response

DNA from Milk samples

Use of PCR on Field Collected Milk
lSamples Koskinen et al., J Dairy Sci, 2010

• Study conducted in • Bacterial cultureStudy conducted in
Finland & Holland

• 1,000 quarter milk

Bacterial culture
performed in labs using
standard techniques, q

samples collected using
ASEPTICASEPTIC collection

– >3 colony types were
considered
contaminatedmethods

– 780 Clinical cases
220 f H l h

contaminated
– few colonies of Bacillus,

etc.. were ignored
– 220 from Healthy cows • PCR performed using

Pathoproof®
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Bacteria Found in Culture Negative
SamplesSamples

90%
100% Of 136 Samples• Number of bacterial

60%
70%
80%
90% >1 Bacteria in SampleDNA identifications in

culture negative
l

30%
40%
50%
60%samples

– 1 species: 68%
2 species: 23%

0%
10%
20%– 2 species: 23%

– >2 species: 9%

• CNS & C Bovis were• CNS & C Bovis were
most common

Koskinen, et al., JDS 2010

Comparison of PCR and Culture
l l lFalseResults in 780 Clinical Cases

Culture Positive Culture Negative

False
Neg

PCR Pos. PCR Neg. PCR Pos. PCR Neg.

A Pyogenes 12 1 50 717

C bovis 33 10 172 565C bovis 33 10 172 565

Enterococcus 6 8 33 733

E coli 54 10 68 648

E. Coli
44% of PCR +

tests are
Klebsiella 11 1 11 757

Staph aureus 82 12 53 633

CNS 131 33 185 430

Culture +

Strep agalactiae 1 0 3 776

Strep dysgalatiae 65 8 67 636

Strep uberis 71 10 137 560
S uberis

34% of PCR +Strep uberis 71 10 137 560
Koskinen, et al., JDS 2010

34% of PCR +
test are

Culture +

Bacteria Found in Culture & not Using
PCR

Clinical Cases Subclinical CasesClinical Cases
• Of 780 cases (6%)

– Bacillus (n = 10)

Subclinical Cases

• Of 46 cases (20%)
– Bacillus (n = 3)

– Enterobacter (n = 3)
– Gram neg. rods (n = 6)
– Lactococcus (n = 4)

( )
– Gram neg rods (n = 2)
– Strep spp (n = 3

Yeast (n 1)– Lactococcus (n = 4)
– Proteus (n = 1)
– Pseudomoans (n = 2)

– Yeast (n = 1)

– Strep bovis (n = 3)
– Strep spp (n = 8)
– Yeast (n = 7)

Koskinen, et al., JDS 2010

What About PCR for Bulk Tanks?What About PCR for Bulk Tanks?

• Bulk tank culturing isg
useful for
– Detection of contagious

pathogenspathogens
– Monitoring hygiene

• Interpretation ofInterpretation of
bacterial DNA in bulk
milk is completely

kunknown
– No science to guide

decision makingg

When You Have PCR Results ALWAYS
k hLook at the Cow History

• When PCR indicates Staph aureus, Strep ag or M
bovis:
– Does the cow have a history of high SCC?

D h h hi f li i l ?– Does the cow have a history of recurrent clinical cases?
– There are many sources of environmental bacteria

• Usefullness of PCR testing for these organisms is unknownUsefullness of PCR testing for these organisms is unknown

Take Home PointTake Home Point

• PCR tests detect • PCR tests result in a largePCR tests detect
Bacterial DNA from
both dead and live

PCR tests result in a large
proportion of multiple
bacterial isolations from

bacteria
• When PCR tests are

milk
– Decision making for

t t t ti dused for mastitis the
milk sample must be
collected aseptically

treatment, segregation and
culling based on PCR tests is
unknown

collected aseptically
When using PCR testing

always refer to the cow history to helpalways refer to the cow history to help
make decisions
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Culturing or Other TestsCulturing or Other Tests

• Diagnostic tests are onlyDiagnostic tests are only
cost effective when the
result of the test will be
used to make a
management decision that
increases profitsincreases profits
– Treatment
– Culling– Culling
– Segregation
– Disease preventionp

Take Home MessageTake Home Message

• The use of molecular • Molecular tests give usThe use of molecular
methods will increase
as the methods get

Molecular tests give us
different information
than we have previously

cheaper
• Just like other

used
– Need to understand

diagnostic tests
– Value of test is based on

the value of the

• how the tests work
• Strengths & weaknesses

the value of the
intervention

Final ConclusionFinal Conclusion

• Always:Always:
– know why you are

performing a test
– Know how to use the

results
Combine results with– Combine results with
medical history of the
animal to make an
intervention decision

For more information:
htt // ilk lit i dhttp://milkquality.wisc.edu or….

..Visit our Youtube channel, follow us on
t itttwitter or…
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Introduc  on

Hemorrhagic bowel syndrome, characterized medi-
cally as Jejunal Hemorrhage Syndrome (JHS) but also 
known as bloody gut syndrome, is an important, 
acute enterotoxemic disorder of adult dairy ca  le. 
Sporadic outbreaks of the condi  on are reported 
with increasing frequency since 1991. A defi ni  ve 
cause of JHS has not been established and the condi-
 on cannot be experimentally reproduced but two 

agents, the bacteria, Clostridium perfringens type 
A and a common mold, Aspergillus fumigatus have 
been incriminated as having some role in this condi-
 on. Characterized as an acute, o  en fatal condi  on 

of high producing dairy ca  le that are second lacta-
 on or greater, in the fi rst 100 days in milk, consum-

ing a high energy total mixed ra  on (TMR) and using 
bovine somatotropin, the condi  on is reported all 
over the world. Although the incidence of JHS in 
most herds is less than 10%, the economic impact is 
signifi cant as the target is typically a highly produc-
 ve dairy cow at peak performance and a disease 

outcome that is frequently death.  

Clinical Signs

The clinical fi ndings most commonly associated with 
JHS are listed below.

• Depression
• Decreased rumen mo  lity
• Decreased feed intake
• Decreased milk produc  on
• Succussible fl uid with ballo  ement of the right 

abdomen
• Reduced to scant fecal produc  on
• Colic
• Right-sided abdominal ping during simultaneous 

percussion and ausculta  on
• Dehydra  on
• Elevated heart rate
• Dark, tarry feces (melena)
• Clo  ed blood in feces

As individual clinical signs, none of these are specifi c 
for JHS but, taken together as a cluster of signs, the 

diagnosis is more conclusive. With the progression of 
intes  nal injury, hemorrhage, peritoni  s and tox-
emia, more severe clinical signs of cold extremi  es, 
hypothermia, muscle fasicula  ons and recumbency 
are seen. Conclusive tests such as diagnos  c ultra-
sonography to fi nd dilated small intes  ne (jejunal 
por  on) with thickened walls and echoic luminal con-
tents sugges  ve of blood, exploratory surgery and/or 
post mortem examina  on are needed to confi rm the 
diagnosis of JHS in an individual cow. Severe intes-
 nal distension and segmental dark red to purple 

discolora  on of the serosal surface are characteris  c 
fi ndings. Luminal contents contain blood, blood clots, 
fi brin and/or casts. Gross lesions are associated with 
the microscopic fi ndings of segmental hemorrhage, 
edema, ulcera  on and necrosis. Without the defi ni-
 ve fi ndings discussed here, there is a danger of over 

diagnosis in some herds. 

Diagnosis of a JHS herd problem is more complex 
and relies on careful assessment of herd records and 
accurate case iden  fi ca  on to elucidate targeted 
animals or groups of ca  le, seasonality, lacta  onal in-
cidence, nutri  onal factors, health or other relevant 
risk factors. Individual cow exams and diagnos  c tests 
such as fecal screening, rumen pH determina  on, 
serum ionized calcium and potassium concentra  ons 
may be helpful. Bulk tank MUN data is essen  al. In 
individual animals and herds, abomasal ulcers, other 
causes of enteri  s (Salmonella, Bovine Virus Diarrhea 
and Corona virus), indiges  on, and poor intes  nal 
mo  lity should be ruled out. 

Treatment of JHS

Without surgery, the JHS mortality is extremely high 
(77-100%). Surgical op  ons include manual massage 
of the intes  ne to break down the blood clot, open-
ing the intes  ne (enterotomy) to remove the blood 
clot or resec  on of the abnormal segment of intes-
 ne (enterectomy). A 60% survival rate is reported 

in JHS ca  le that underwent surgery. Early diagnosis, 
followed by surgery with manual massage of the 
blood clot carries the best prognosis but survivors 
are at risk of recurrence, especially within the fi rst 
12-months of the ini  al episode. Alone or in com-

Hemorrhagic Bowel Syndrome: 
Update and Observations

Sheila M. McGuirk, DVM, PhD
University of WI-Madison

School of Veterinary Medicine
Madison, WI

mcguirks@vetmed.wisc.edu
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bina  on with surgery, medical treatment must be 
ins  tuted early and aggressively to enhance intes  nal 
mo  lity. Fluid therapy provided intravenously, orally 
or in combina  on should be high volume (40 L or 
more) and contain essen  al electrolytes like calcium, 
potassium and magnesium. Non-steroidal an  -
infl ammatory drugs are provided to control pain and 
to minimize the eff ects of the infl ammatory media-
tors released when C. perfringens type A alpha toxin 
ac  vates the arachidonic acid cascade. Penicillin and 
Clostridium perfringens type C and D an  toxin are 
frequently added to the treatment protocol for JHS 
cases.  

Preven  on of JHS

Without knowledge of a specifi c cause of JHS, pre-
ven  ve strategies are based on managing known risk 
factors that can be controlled. Considering that JHS 
may be the result of an agent like Clostridium perfrin-
gens type A taking advantage of an opportunity like 
abomasal or intes  nal mo  lity disturbances to u  lize 
appropriate substrate for rapid prolifera  on and toxin 
produc  on, preven  on strategies should consider the 
agent, management factors that enhance abomasal 
and intes  nal mo  lity and ra  on formula  on that 
minimizes the delivery of favorable substrate. 

The bacteria most commonly associated with JHS, 
Clostridium perfringens type A, is ubiquitous in the 
environment and part of the normal intes  nal fl ora 
of ca  le. Experimental infusion of Clostridium per-
fringens type A cultured from clinical cases into the 
jejunum of non-lacta  ng cows, however, did not 
reproduce JHS. Yet, alpha and beta 2-toxin produc-
ing Clostridium perfringens type A are isolated from 
feces, intes  nes and  ssues and intes  nal lumen 
toxins are found in JHS cases at a higher rate than 
from unaff ected ca  le. Vaccines directed against 
Clostridium perfringens type C and D, which do not 
provide protec  on against alpha-toxin but which 
may provide some cross protec  on through the beta 
2-toxoid component, are widely used in dairy herds 
but vaccinated animals have developed JHS and new 
cases con  nue to develop in the face of vaccina  on. 
Clostridium perfringens type A toxoid has been incor-
porated into the vaccina  on protocol of many dairy 
herds concerned with JHS but controlled studies are 
not published to evaluate its effi  cacy. The require-
ment that Clostridium perfringens type A have bio-
available zinc in the intes  nal tract for mul  plica  on 
and for stability, destruc  ve proper  es and disease 
induc  on from its alpha toxin provides addi  onal in-
sight into the pathophysiology of JHS. While a dietary 
limit on zinc is neither appropriate nor advocated, 
control of excessive dietary zinc may be indicated in 
herds with JHS risk.    

The poten  al role for the common mold, Aspergillus 
fumigatus (AF), in JHS is strengthened by knowledge 
that is can produce a similar enteric hemorrhagic 
disease in people and that AF DNA has been demon-
strated in blood and intes  nes of JHS cows but not 
in controls. A. fumigatus may act directly or through 
other toxins, like gliotoxin, to decrease host defenses 
and cause immune suppression. The mold inhibitor, 
Omnigen AF (Prince Agri Products, Inc., Quincy, IL) 
has been included in the diet of many dairy herds 
with concern for or experience with JHS cases but 
controlled studies are not published to validate ef-
fi cacy as a preven  ve measure. 

Maintenance of normal abomasal and intes  nal 
mo  lity should minimize JHS risk. Dietary consis-
tency with regard to components, amount, moisture 
content, diges  bility, access, quality and availability 
of minerals and buff ers are especially important in 
the high feed intake groups that are most at risk for 
JHS. High energy total mixed ra  ons (TMR) have been 
associated with JHS risk but whether this is due to 
starch overfl ow to the small intes  ne, a reduced fi ber 
mat, high vola  le fa  y acid (VFA) concentra  ons, pH 
change, increased osmolality of abomasal contents, 
or elevated insulin levels is unknown. Change in the 
quan  ty, quality or source of dietary protein may also 
increase the risk of JHS by enhancing C. perfringens 
type A growth and gas produc  on or altering aboma-
sal mo  lity. Limit stress by minimizing group changes 
and insuring quiet handling of ca  le for  med breed-
ing or bST injec  ons, especially in the high feed 
intake groups that are at most risk for JHS.  

Lingering Ques  ons

• What is the rela  onship between JHS, other ab-
omasal condi  ons (ulcers, impac  on, func  onal 
abomasal ou  low obstruc  on, displaced aboma-
sum), intes  nal ileus or indiges  on? Are these 
condi  ons a con  nuum of an underlying mo  lity 
disturbance, fermenta  on disorder, ingredient 
overfl ow, luminal content aberra  on, or meta-
bolic condi  on?

• To what degree is JHS an infec  on, a nutri-
 onal issue that has its basis in starch or protein 

amount, quality or source or a metabolic/mo  lity 
issue? 

• Do breed or gene  c factors play a role in JHS?
• Are there tools that enhance early detec  on of 

JHS?
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