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Sources of Yeast and Factors 
Influencing Yeast Viability 

Barry Bradford

Kansas State University

Yeast in dairy rations

• Yeast products are used in a significant 
portion of U.S. dairy herds

• Reasons:Reasons:
– Digestibility

– Nutritional support
during periods of 
stress

– Milk production

Mode(s) of action?

• Do NOT colonize the rumen

• Not likely to ever represent a significant 
portion of the microbes in the rumen

• Proposed to stimulate growth of certain 
bacteria by:
– Scavenging oxygen

– Releasing growth factors    

Two approaches to yeast

• Yeast culture: 
– Grow yeast and dry with media

– Feed to provide the growth factors in the 
media already released by the yeasty y y

• Active dry yeast
– Grow yeast and dry, maintaining viability

– Feed an adequate number of viable yeast 
cells to allow for oxygen scavenging and/or 
growth factor release during growth in rumen

Yeast dose for ADY products

• Commercial recommendations range from 
20 – 60 billion colony forming units (CFU)
per cow/day 

Sources of Yeast and Factors Influencing
Yeast Viability

Barry Bradford
Kansas State University
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Expressing viable yeast data
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• 50 billion = 10.7 log10

Yeast sources

• Silage

• Fermentation 
byproducts

• Commercial• Commercial
supplements

Yeast in forages
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Yeast in “normal” corn silage
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Corn silage as a yeast source?

Ingredient Pounds as-fed Pounds dry matter

Corn silage 41 14

Ground corn 22 20

• Example diet:

Ground corn 22 20

Alfalfa hay 11 10

Whole cottonseed 5.7 5.1

Expeller soybean meal 5.1 4.6

Soybean meal 4.3 3.8

Micronutrient premix 1.0 1.0
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Yeast is yeast?

Yeast supplements

• Saccharomyces 
cerevisiae

Corn silage

• Candida species

• Saccharomyces dairensis

Products:

• Bread

• Beer

• Wine

Products:

• Silage heating and 
spoilage

• Infections during 
immunosuppresion

Yeast in exposed corn silage
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Silage face heating

Courtesy of Dr. Tom Oelberg, Diamond V

• The effects of “wild” yeast on rumen 
function have not been evaluated

• Spoiled silage was tested in growing 
steers

Spoiled silage

steers

• Diet was 90%
corn silage

• Silage was 0%, 25%,
50%, or 75% spoiled
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Yeast in silages

• Large populations of yeast in silages are a 
sign of spoilage

• Should be avoided by packing and sealing 
silage as well as possible at harvestsilage as well as possible at harvest

• Keep silage faces 
as fresh as possible

• L. buchneri can 
suppress yeast growth

Yeast sources

• Silage

• Fermentation 
byproducts

• Commercial• Commercial
supplements

The wet milling process
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Distill
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GRAINS WITH 
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Yeast in distillers grains

• The solids in corn distillers solubles are 
primarily yeast cells
– Saccharomyces cerevisiae

Solubles
C. Liu et al., Appl
Biochem Biotechnol
137-140, 875 (2007)

Yeast & mold in wet CDGS

R. M. Lehman, K. A. Rosentrater, Can J Microbiol 53, 1046 (2007)
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Yeast species in wet CDGS

• Species identified:
- 3 Candida species

- 1 Cryptococcus species

- Trichosporon asahiiTrichosporon asahii

• No Saccharomyces cerevisiae!
- Unlikely to serve as a source of viable S. cerevisiae, 

but may provide putative growth factors

R. M. Lehman, K. A. Rosentrater, Can J Microbiol 53, 1046 (2007)

Yeast in corn byproducts

• Yeast is not used in the production of corn 
gluten feed

• Few yeast cells appear to survive the 
process of CDGS production evenprocess of CDGS production, even
without drying

• As with silage, large 
populations of yeast in 
distillers grains are a 
sign of spoilage

Yeast sources

• Silage

• Fermentation 
byproducts

• Commercial• Commercial
supplements

Yeast dose for ADY products

• Commercial recommendations range from 
20 – 60 billion CFU per cow/day.

• To meet these targets, recommended 
feeding rates of commercial ADY productsfeeding rates of commercial ADY products
range from 1 gram to 10 grams / day.

• These feeding rates are based on 
guaranteed CFU / gram for the products.

Viable yeast in ADY products

• Samples of 6 commercial ADY products 
were purchased through normal 
distribution channels in spring and 
summer of 2007

• Three lots of each product were sampled

• Samples were analyzed within 2 weeks of 
receipt to determine CFU / gram

Viable yeast assessment

• Colonies formed on growth media are 
counted after dilution
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CFU/gram relative to claim
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ADY viability - results

• Only 1 product met the guaranteed 
CFU/gram in each of the 3 samples

• Numerous samples contained less than 
10% of the product claim10% of the product claim

• Conclusion: cows may not be getting a 
consistent dose of viable yeast

Sources of ADY variability?

• By design, we were blind to:
– Length of storage prior to receipt

– Storage conditions at distributor

– Conditions in transitConditions in transit

• Does high-temperature
storage affect yeast
viability?

High-temperature storage

• A single sample of each of 6 products was 
stored in a sealed container at 104°F with 
ambient humidity

• Analyzed for CFU/gram after 1, 2, and 3 
months of storage

High-temperature storage
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• Viable cell yield was significantly 
decreased by high-temperature storage

• Mean CFU/gram decreased by more than 
85% with each month of storage

High-temperature storage results

85% with each month of storage

• All products were affected by high-
temperature storage
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Getting live yeast into cows

• Only Saccharomyces cerevisiae has been 
evaluated for effects on ruminal 
fermentation and productivity

• Silages and byproduct feeds do notSilages and byproduct feeds do not
provide viable S. cerevisiae

Getting live yeast into cows

• Active dry yeast products can be highly 
variable in the amount of viable yeast cells 
they provide.

• Minimize variability by:• Minimize variability by:

• Minimizing storage time at the 
distributor and on-farm

• Storing in a cool, dry place

• Ask questions of your supplier

Alternative approach

• Yeast culture products include yeast 
growth media 

• Do not rely on viable yeast cells for 
putative benefitsputative benefits

• All yeast products: verifying consistency is 
difficult when the mode of action is unclear

Thank you!
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n Take Home Messages
• Feed intake is affected by the interaction of diet

characteristics, physiological state of animals, and
environmental stressors.

• The dominant signals controlling feed intake
likely change throughout lactation. Control of
feed intake is likely dominated by hepatic
oxidation of non-esterified fatty acids during
transition and propionate in late lactation, while
ruminal distension likely controls feed intake of
peak lactation cows. Thus, optimizing feed intake
requires different diets through lactation (i.e.
grouping cows).

• Controlling mobilization of body fat stores during
transition and limiting diet fermentability are
keys to maximize feed intake during transition. 

• Peak milk yield is maximized by feeding low-fill
diets that are highly fermentable.  The filling
effect of diets is affected most by concentration,
digestibility, and fragility of forage NDF.

• Diets should be formulated to limit diet
fermentability to provide consistent supply of
fuels as milk production declines post-peak and
plasma insulin concentration and insulin
sensitivity of tissues increase.

n Introduction
Feed intake is determined by many interacting
factors and prediction of feed intake is the “Achilles
heel” of diet formulation.  Many different diet
characteristics interact with environment and
physiological state of cows, making it difficult to
predict feed intake accurately. However,
understanding the factors controlling feeding allows
us to manipulate diets to optimize feed intake.
Eating is controlled by the integration of peripheral
signals in brain feeding centers.  Dairy cow diets
must contain a minimal concentration of relatively
low-energy roughages for proper rumen function and
signals from ruminal distension can control feed
intake when the drive to eat is high and metabolic
control of feed intake is diminished (e.g. cows at peak
lactation).  Signals derived from metabolism of fuels
dominate the control of feed intake when signals
from distension diminish (e.g. cows in late lactation).
Therefore, effects of diet on feed intake vary with the
physiological state of the animal.  Furthermore, they
interact with environmental stressors such as social
(e.g. overcrowding) and thermal stress.  The objective

of this article is to discuss factors controlling feed
intake in lactating cows and how they can be
manipulated to optimize feed intake.  “Optimal” feed
intake might mean the maximum to attain higher
milk yields for high-producing cows or less than
maximum to increase efficiency of feed conversion
for lower producing cows.  

n Hepatic Oxidation Theory (HOT)
There is a large body of evidence (mostly in non-
ruminant species) that food intake is controlled by
oxidation of fuels in the liver.  This has been
reviewed previously (Allen et al., 2005; Allen and
Bradford, 2006) and will be only briefly discussed
here.  The liver is “hardwired” to feeding centers in
the brain via the hepatic vagus nerve.  Feeding
behavior is controlled by the firing rate of the nerve,
which is determined by oxidation of fuels in the liver;
increased firing rate is associated with hunger, and
decreased firing rate is associated with satiety.
Feeding behavior has been linked to ATP (a form of
energy currency within cells) concentration in the
liver with satiety occurring as fuels are oxidized and
ATP is produced, and hunger occurring as oxidation
decreases and ATP is depleted.  The mechanism by
which ATP concentration affects the firing rate of the
hepatic vagus nerve has not yet been determined.
Fuels oxidized in the liver vary across species but for
ruminants they include fatty acids (from the diet or
mobilized from body reserves), propionate (produced
by microbial fermentation in the gut), lactate
(produced by muscle and gut tissues from glucose),
and amino acids (from protein degradation).  It is
important to realize that the pattern of oxidation of
fuels (minute to minute) is what affects feeding
behavior because the amount of oxidation over
longer periods of time (hours or days) is relatively
constant.  

n Physiological Changes Through
Lactation

Because fatty acids are readily oxidized in the liver,
the supply of non-esterified fatty acids (NEFA) from
mobilization of body fat reserves likely suppresses
feed intake in the transition period.  The degree of fat
mobilization is affected by changes in plasma insulin
concentration and sensitivity of tissues to insulin.
Plasma insulin concentration signals tissues to
synthesize fat if elevated, or mobilize fat if lowered.
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Changes in sensitivity of tissues to insulin through
the lactation cycle modify this signal; decreased
sensitivity (increased resistance) results in greater fat
mobilization and increased sensitivity results in
greater fat deposition at the same insulin
concentration.  Plasma insulin concentration
decreases 50% or more by calving, beginning several
weeks prepartum.  Plasma NEFA concentration
increases because fat is mobilized in response to
decreased plasma insulin concentration.  In addition,
tissue sensitivity to insulin decreases in late
pregnancy contributing to increased fat mobilization.
Decreased plasma insulin concentration and
sensitivity help the cow maintain constant plasma
glucose concentration despite declining feed intake in
the last week or so before calving.  This is because
utilization of glucose by tissues decreases, and
utilization of NEFA by muscle increases, sparing
glucose. 

Plasma glucose concentration drops precipitously at
calving and partially recovers over the course of the
next several weeks.  Plasma insulin concentration and
sensitivity of tissues to insulin remain low in early
lactation so plasma NEFA concentration remains
elevated for several weeks or more.  The length of
time that NEFA remains elevated varies greatly
among cows and depends upon the rate of
mobilization and removal from the blood by the liver
and mammary gland.  Transfer of NEFA to milk fat
by the mammary gland is highly desirable because
storage of NEFA as triglycerides in the liver results in
fatty liver, compromising glucose production, and
oxidation of NEFA in the liver likely decreases feed
intake according to HOT. This, in turn, delays the
increase in plasma glucose concentration following
calving, extending intake suppression.  This is
because glucose stimulates insulin secretion by the
pancreas, and plasma insulin concentration remains
low, extending the period of fat mobilization, and
therefore extending the period that feed intake is
suppressed by oxidation in the liver. In addition, low
plasma glucose likely limits milk yield because
glucose is required by the mammary gland for the
production of milk lactose, the primary determinant
of milk volume.  

Hepatic oxidation of NEFA is a two-stage process;
long carbon chains of fatty acids are partially
oxidized to acetyl CoA, a two-carbon molecule,
which is either completely oxidized or exported as
ketones.  The ability of the liver to completely oxidize
NEFA is limited, so ketones are exported and their
concentration in plasma is elevated when fat
mobilization is high.  Ketones can be beneficial
because they can be used by some tissues for energy,
sparing glucose, but can cause keto-acidosis if
concentrations are very high.  

Further increases in lipolysis following parturition,
combined with higher starch diets, likely suppress
feed intake because rapid production and absorption
of propionate stimulates oxidation of acetyl CoA (see
below).  Because feed intake of fresh cows is likely
controlled primarily by hepatic oxidation, diets with
moderately high forage fiber concentrations might
benefit cows.  Forage fiber increases rumen fill,
decreasing the risk of abomasal displacement, and
increases acetate production, sparing glucose
utilization by extrahepatic tissues.  While research is
needed to evaluate effects of concentration and
fermentability of starch on feed intake response,
starch sources with moderate ruminal fermentability
and high digestibility in the small intestine such as
dry ground corn will likely provide more glucose
precursors by increasing feed intake.  

Milk yield increases rapidly following parturition and,
over the next several weeks, increasing plasma glucose
stimulates insulin secretion, thereby decreasing
lipolysis and plasma NEFA concentration.  Because
fewer NEFA are available for oxidation, the acetyl CoA
concentration in the liver decreases, decreasing ketone
output by the liver.  Lack of acetyl CoA and high
glucose demand limit ATP accumulation in the liver,
and satiety signals to the brain decrease.  As milk yield
increases further and feed intake control by hepatic
oxidation diminishes, control is dominated by
distension from gut fill and cows should be offered a
diet that is less filling and more fermentable.  This
change in the dominant mechanism of intake
regulation might occur only 7 to 10 days after calving
for some cows in the herd or more than 3 weeks for
others; the best signs that hepatic oxidation is less
limiting are lower plasma NEFA and ketone
concentrations and steadily increasing feed intake.  

As energy requirements decrease following peak milk
yield, control of feed intake by gut distension
gradually diminishes and control by hepatic
oxidation increases.  Plasma insulin concentration
and sensitivity of tissues to insulin increase as
lactation progresses and affect the feed intake
response to highly fermentable diets.  Higher plasma
insulin concentrations that are indicative of adequate
nutritional status likely provide negative feedback on
hepatic gluconeogenesis. This relationship is
consistent with HOT because decreased use of
propionate for glucose production leads to greater
propionate oxidation and decreased feed intake.
Individual cows with an adequate supply of
glucogenic precursors may respond to a further
increase in supply by decreasing DMI.  Greater
sensitivity of tissues to insulin likely increases
clearance of fuels from the blood sooner, partitioning
more energy to body reserves and decreasing the
interval between meals.  
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n Optimizing Fat Mobilization
Plasma NEFA are used as an energy source by
maternal and fetal tissues, thereby sparing glucose,
and also enrich the fat content of milk.  However,
plasma NEFA concentrations should be limited
because elevated NEFA can depress feed intake and
suppress immune function.  To limit plasma NEFA
concentrations, rate of fat mobilization must be
controlled.  Rate of fat mobilization is dependent
upon the amount of fat reserves available for
mobilization as well as insulin concentration, tissue
sensitivity to insulin, and stress.  The importance of
controlling body condition at calving is well
recognized.  Cows with excessive body condition
generally mobilize fat very rapidly through transition
because their tissues are more insulin resistant and
they have greater fat stores to mobilize.  Therefore it
is very important to manage body condition to limit
over-conditioned cows by reproductive management,
grouping lactating cows, diet formulation, etc.
Recent research indicates that allowing cows to
consume more energy than required during the dry
period results in increased NEFA concentrations in
early lactation (Holtenius et al., 2003).  Controlling
energy intake by feeding high-fill diets during this
relatively short period might reduce depots of readily
mobilized fat reducing the rate of fat mobilization
after calving.  Fat mobilization will be reduced by
increasing sensitivity of fat tissues to insulin
(decreasing insulin resistance).  Niacin decreases fat
mobilization but likely needs to be supplemented at
higher concentrations than currently recommended
unless provided in a protected form.  Chromium
increases insulin sensitivity and supplemental
chromium has been demonstrated to decrease plasma
NEFA concentrations in lactating cows.  While
chromium supplements are restricted for use in
lactating dairy cattle diets by the CFIA, the chromium
concentration of feeds varies.  A more rapid increase
in plasma glucose following calving will likely
increase insulin and decrease NEFA concentrations
sooner. However, increasing insulin sensitivity of fat
tissue is preferable to increasing insulin concentration
because insulin can reduce glucose production by the
liver. Hormones released during stress increase fat
mobilization, elevating plasma NEFA concentration
further.  Therefore, great attention should be paid to
reducing all potential stressors of cows including
stressful interactions with farm workers,
management procedures, and facilities (e.g. bedding,
ventilation, bunk space).  

n Propionate Control Of Feed Intake
Propionate, produced by microbial fermentation in
the gut, is a primary fuel controlling feed intake in
ruminants fed diets containing high grain
concentrations.  It is a primary endproduct of starch
fermentation, and production rates vary greatly

among diets.  Propionate can be produced and
absorbed at very high rates and very rapidly taken
up by the liver, where it is a major fuel used to
produce glucose.  However, when propionate is
absorbed faster than it can be utilized to produce
glucose in the liver, it will likely be oxidized,
generating ATP and a satiety signal to the brain.  The
capacity of the liver to produce glucose is affected by
glucose demand (the difference between glucose
required and glucose produced) because limiting
enzymes in the liver are up-regulated to meet
demand.  Because of this, propionate is less likely to
be oxidized (and decrease feed intake) at peak
lactation when glucose demand is high, than in late
lactation when glucose demand is lower.  Although
propionate might be expected to have little effect on
feed intake of fresh cows because they have high
glucose demand, decreasing oxidation of propionate
per se, propionate also stimulates oxidation of acetyl
CoA.  Fresh cows have a large supply of acetyl CoA
in the liver from partial oxidation of NEFA.  Some
acetyl CoA is exported as ketones, but it is also
readily oxidized when propionate is taken up by the
liver, quickly generating ATP and a satiety signal (see
Allen and Bradford, 2006 for more details).  This is an
apparent conundrum: propionate is a primary fuel
used to produce glucose, which is needed to increase
insulin and decrease NEFA, thereby alleviating the
depression in feed intake by NEFA oxidation in fresh
cows, but propionate suppresses feed intake by
stimulating oxidation of acetyl CoA in fresh cows.
However, there are diet formulation options that help
prevent the depression in feed intake, including
manipulating the rate of propionate production to
extend meal length, supplying other glucose
precursors that stimulate oxidation of acetyl CoA to a
lesser extent, and providing alternate energy sources
for tissues to spare glucose.  The goal is to maximize
the amount of glucose produced or spared per unit of
ATP generated in the liver over time.  Manipulating
the pattern of oxidation of fuels in the liver can
increase plasma glucose and insulin concentrations,
decreasing fat mobilization and the period of time
feed intake is suppressed by oxidation of NEFA in the
liver.

n Altering Propionate Flux To The Liver
Rate of propionate production can be decreased by
reducing starch concentration and fermentability and
by increasing efficiency of microbial protein
production from organic matter, while absorption
rate is likely to be reduced by inhibiting ruminal
motility.

Dietary Starch Concentration 
Starch concentration of diets is often reduced by
substituting forage or non-forage fiber sources
(NFFS) such as beet pulp or soyhulls for cereal
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grains. Dilution of starch in the diet has the added
benefit of reducing the fermentation rate of the starch
remaining when starch concentration is decreased by
adding forage or NFFS, reducing the rate of
propionate production.  The optimal strategy
depends upon the relative cost of ingredients,
efficiency of feed utilization, and animal production
response.  For instance, longer fiber particles from
forage compared to NFFS might increase fiber
digestibility by increasing ruminal pH through
stimulation of rumination and by increasing ruminal
retention of fiber; however, forage fiber is very filling
and forages might limit feed intake compared to
NFFS.   Therefore, when ruminal distension
contributes to the control of feed intake, substitution
of NFFS for grain might be a better choice than
substitution of forage. 

Site of Starch Digestion
Substitution of a less fermentable starch source is an
option when feed intake is depressed by a rapidly
fermented starch source.  Altering dietary starch
fermentability will likely be more desirable than
replacing starch with fiber for ruminants with high
glucose demand, such as early lactation cows,
because postruminal starch digestion yields more
glucose precursors than ruminal fermentation of
fiber.  It is important to note that the fraction of
glucose precursors provided by starch fermentation
in the large intestine is much lower than in the rumen
or small intestine because microbial cells containing
starch are lost in the feces.  Therefore, careful
consideration of site of starch digestion is very
important to maximize the yield of glucose
precursors over time.  Starch sources with lower
ruminal digestibility should be highly digestible in
the small intestine to provide the greatest yield of
glucose precursors.  For instance, dry ground and
cracked corn both slow the rate of propionate
production in the rumen compared to high moisture
corn, but the ground corn will provide more glucose
precursors because of greater digestibility in the
small intestine and total tract.

Rate of Propionate Absorption 
Ruminal motility affects the rate of propionate
absorption because mixing of ruminal contents is
required to replenish its supply at the ruminal
epithelium where it is absorbed.   Therefore, ruminal
motility likely affects the rate at which propionate
stimulates oxidation within meals.  Ruminal motility
is affected by diet and is likely increased by
physically effective fiber and decreased by long-chain
fatty acids and butyrate.  Butyrate production
increases when feed ingredients containing sugars are
consumed.  Therefore, other diet components can
alter feed intake by affecting flux of propionate to the
liver.

Nitrogen Metabolism 
Consumption of ruminally degraded protein or total
protein in excess of that required can decrease feed
intake.  Hepatic oxidation of ketogenic amino acids
can contribute to satiety according to HOT and urea
production from excess ammonia produces a carbon
skeleton that can be oxidized.  However, greater
dietary protein concentration can also increase feed
intake by reducing propionate production.
Increasing protein concentration could dilute diet
starch concentration and decrease energy spilling by
ruminal microbes, thus converting a greater fraction
of fermented organic matter into microbial cells and
less into VFA.

n Gut Fill
As feed intake increases in early lactation, control of
feed intake is dominated by ruminal distention and
the extent to which ruminal distention limits feed
intake is linearly related to milk yield (Voelker Linton
and Allen, 2007).  High producing dairy cows should
be fed diets with lower filling effect to maximize feed
intake.  The filling effect of a diet is determined
primarily by the initial bulk density of feeds as well
as their filling effect over time in the rumen.  The
overall filling effect is determined by forage NDF
content, forage particle size, fragility of forage NDF
determined by forage type (legumes, perennial
grasses, annual grasses), and NDF digestibility within
a forage family (Allen, 2000).  Forage NDF is less
dense initially, digests more slowly, and is retained in
the rumen longer than other diet components.  Feed
intake of high producing cows is often dramatically
reduced by increasing the forage NDF concentration
of the diet.  Several studies in the literature reported
a decrease in DMI of up to 4 kg/d when diet
NDF content was increased from 25 to 35% by
substituting forages for concentrates.  Although
most studies reported a significant decrease in
DMI as forage NDF increased, the DMI response
was variable, depending upon the degree to
which intake was limited by ruminal fill.  Higher
producing cows are limited by fill to the greatest
extent and the filling effect of forage fiber varies
depending upon particle size and fermentation
characteristics.  

Experiments that have evaluated effects of forage
particle size have generally shown small effects on
DMI (Allen, 2000).   However, one experiment
showed little effect of particle size of alfalfa silage
when fed in high grain diets but a large reduction in
DMI for the diet containing longer alfalfa silage when
fed in a high forage diet (Beauchemin et al., 1994).
Feed intake might have only been limited by ruminal
fill in the high forage diet, which could explain the
interaction observed.  
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Increasing diet NDF content by substituting non-
forage fiber sources for concentrate feeds has shown
little effect on DMI in studies reported in the
literature (Allen, 2000).  Non-forage fiber sources
include byproduct feeds with significant
concentrations of NDF such as soyhulls, beet pulp,
cottonseeds, corn gluten feed, and distiller’s grains.
Fiber in non-forage fiber sources is probably much
less filling than forage NDF because it is less filling
both initially (smaller particle size) and over time in
the rumen because it digests and passes from the
rumen more quickly.  

Forage NDF has a much longer ruminal retention
time than other major dietary components.  Retention
time in the rumen is longer because of longer initial
particle size and greater buoyancy in the rumen over
time, which differs greatly across forages.  As forages
mature, the NDF fraction generally becomes more
lignified.  Lignin is a component of plant cell walls
that helps stiffen the plant and prevent lodging.  It is
also essentially indigestible by ruminal microbes and
limits fermentation of cellulose and hemicellulose.
Within a forage type, the degree to which NDF is
lignified is related to the filling effects of the NDF.
Fiber that is less lignified clears from the rumen
faster, allowing more space for the next meal.
However, ruminal retention time of NDF from
perennial grasses is generally longer than for legume
NDF in spite of being less lignified.  Because of this, it
is more filling and should not be included in high
concentrations in diets of cows for which feed intake
is limited by ruminal fill, unless it is of exceptionally
high quality.   Corn is an annual grass, and corn
silage NDF digests and passes from the rumen
quickly and can be an excellent source of forage NDF
for high producing cows.  

While ruminal distention becomes a primary
limitation to feed intake as milk yield increases, it
likely has little effect on feed intake during the
transition period if feed intake is controlled primarily
by oxidation in the liver.  Diets can be formulated to
meet requirements for energy and nutrients with
large differences in the amount and turnover rate of
ruminal digesta.  Formulating diets to maintain gut
fill with ingredients that are retained in the rumen
longer, and have moderate rates of fermentation and
high ruminal digestibility will likely benefit transition
cows several ways.  The ruminal digesta will provide
more energy over time when feed intake decreases at
calving or from metabolic disorders or infectious
disease.  This will help maintain plasma glucose and
prevent even more rapid mobilization of body
reserves compared to when diets are formulated with
ingredients that disappear from the rumen quickly.
Ruminal digesta is very important to buffer
fermentation acids and buffering capacity is directly

related to the amount of digesta in the rumen.
Therefore, diets formulated with ingredients that
increase the amount of digesta in the rumen will have
greater buffering capacity and will maintain buffer
capacity longer if feed intake decreases.  Inadequate
buffering can result in low ruminal pH, decreasing
fiber digestibility and acetate production, and
increasing propionate production, possibly
stimulating oxidation in the liver and decreasing feed
intake.  Low ruminal pH also increases risk of health
problems such as ruminal ulcers, liver abscess, and
laminitis, and causes stress, likely increasing
mobilization of body reserves even further.  Diets
formulated with ingredients that maintain digesta in
the rumen longer when feed intake decreases will
likely decrease risk of abomasal displacement.  

n Unsaturated Fatty Acids
Feed and energy intake can be depressed by
supplementation of fat and the extent of depression is
dependent upon fat type (Allen, 2000).  Fat sources
with more unsaturated fatty acids reduce intake to
the greatest extent and fatty acids that are highly
saturated have less effect.  

n Recommendations
Limit mobilization of body fat by controlling body
condition during mid to late lactation and limiting
feed intake of dry cows by feeding diets with high
forage NDF concentration.  A low concentration of
highly fermentable starch might reduce NEFA
concentration prepartum.  

Maintain rumen fill through transition. Diets with
high concentrations of grain, non-forage fiber, and
finely chopped forages fed through the transition
period should be avoided.  Feeding high-fill diets
prior to calving to control feed intake might reduce
depots of readily mobilized fat and provide energy to
help sustain plasma glucose through calving.
Increased amounts of ruminal digesta also decrease
risk of displaced abomasum and increase buffering
capacity, decreasing risk of acidosis.  Forage fiber is
much more filling than non-forage fiber or other diet
components but the filling effect of forage fiber varies
greatly.  Some long fiber particles are necessary to
form a mat and increase digesta retention in the
rumen, but excessive length of cut can increase
sorting and can decrease feed intake.  Digestion
characteristics of forage fiber vary greatly by forage
type and maturity and have a large effect on
retention time in the rumen.  Wheat straw digests
and likely passes from the rumen slowly and it has
been used to dilute energy density of corn silage in
TMRs for dry cows.  Grass silage or hay is likely
more beneficial because the fiber is more digestible
and it provides energy for a longer time when feed
intake decreases at calving.  However, grass with
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high potassium concentrations might require anionic
salts in prepartum diets to reduce milk fever
following calving. 

Supplemental fat should not be fed through the
transition period because it can depress feed intake
by stimulating gut peptide release and increasing the
supply of fatty acids to be oxidized.  An exception
might be the use of supplemental CLA to suppress fat
production in the mammary gland, benefiting fresh
cows by sparing glucose.

Avoid feeding highly fermentable starch sources to
fresh cows because rapid production and absorption
of propionate will stimulate oxidation of acetyl CoA
and suppress feed intake.  Starch sources with
moderate ruminal fermentability and high
digestibility in the small intestine, such as dry ground
corn, will provide glucose precursors and less
propionate to stimulate oxidation and suppress feed
intake.  

Feed a less filling and more fermentable diet as gut
fill begins to dominate the control of feed intake.
This might be only 7 to 10 days after calving for some
cows in the herd or more than 3 weeks for others and
is likely indicated by lower plasma NEFA and ketone
concentrations, visual observation of cow gut
distension, and steadily increasing feed intake.  While
group housing prevents measurement of feed intake
for individual cows, kits are available to measure
NEFA and ketones concentrations on the farm.
Because feed intake is limited by ruminal fill, feed
ingredients that can depress ruminal motility such as
fat and sugar sources should be limited.

Feed a more filling, less fermentable diet as milk
yield declines. As lactation progresses past mid-
lactation, the highly fermentable diet that is optimal
for high-producing cows can depress feed intake as
milk yield and glucose demand decreases.
Propionate is likely oxidized when it is produced
faster than it can be utilized, generating ATP and a
satiety signal.  Therefore, cows should be switched to
a less fermentable and more filling diet as milk yield
declines.  This will increase feed intake and provide a
more consistent supply of fuels, reducing insulin and
partitioning more energy to milk rather than body
condition.  Furthermore, the less fermentable, more
filling diet will decrease risk of milk fat depression
and late lactation abomasal displacement.
Unsaturated fats likely decrease feed intake and
should be limited.  Limit highly fermentable starch
sources (e.g. high moisture corn, ground barley) by
substituting less fermentable feeds such as dry
ground corn or non-forage fiber sources. 

n Conclusions 
Consideration of physiological changes occurring
through lactation and the physical and digestion
characteristics of feeds beyond their nutrient
composition is required to optimize feed intake for
lactating cows.  Understanding the control of feed
intake is critical to diet formulation and the Hepatic
Oxidation Theory is exciting for its potential
contribution to our ability to formulate diets.  While
more research is needed to better understand animal
response to diets, the theory and concepts presented
in this paper will help to formulate diets to improve
animal health and farm profitability.  
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Making decisions
• Decisions (choices) on a dairy are complex; 

they are almost never made for only one 
reason
– profit
– cash flow
– available loans
– management effort
– labor / implementation effort
– physical conditions / constraints
– emotion, tradition, habit, hunch…

Making decisions

• How should risk be factored into
decision making?

• What is “risk”?
• Can risk be quantified?
• Can risk be managed?
• Can risk be avoided?

What is risk?
• Two kinds of risk (the two blur a bit)

– Risk of unpredictable calamity
• Foot and mouth disease
• Melamine in milk
• Tornado

– For these there is insurance

– Predictable “risk” due to variation
• Milk production
• Milk price
• Cow culling rates

– These need to be factored into management decision making

• If the pattern of outcome is known, then the risks and 
economics of decision options can be calculated.

Making decisions
• For routine management decision making, 

there are two possible errors:
– Type I error: making a change when it does 

not work (doesn’t pay)

– Type II error: NOT making a change when 
it would have worked (would have paid)

• Scientists worry about Type I; managers have 
to worry about both types.

Dealing with Uncertainty 

• Lots of decisions have an “unknown”
outcome
– LDA surgery
– Adding fans to a barn
– More bedding
– More feed in front of the cows
– AI breeding with a better bull
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Making a decision in the face of risk:
LDA surgery in a heifer

• Left Displaced Abomasum surgery on a 
recently calved heifer
– expense to do the surgery is known: $150

• three possible outcomes
1. full recovery

• 85% of cases 
• the heifer is worth $1,800

2. poor outcome, the heifer is sold to slaughter
• 10% of cases
• Cull income of $400, buy a new heifer for $1,800

3. the heifer dies or is unfit for slaughter
• 5% of cases
• No income, buy a new heifer for $1,800

Heifer LDA example

• Full recovery: 85% of cases
– $150 surgery cost

• Cull to slaughter: 10% of cases
– $150 surgery + $1,800 buy new heifer -

$400 cull income = $1,550 total cost
• Dead or unfit for slaughter: 5% of cases

– $150 surgery + $1,800 buy new heifer =       
$1,950 total cost

partial budget outcome (cost) versus probability
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In any particular case, one of the three outcomes will occur.

Full 
recovery DeadSlaughter

Heifer LDA example
• If there are many such cases, what is the long term

(average) “expected value” of the decision to do surgery?
– Full recovery: 0.85 * $150 = $128
– Cull to slaughter: 0.10 * $1,550 = $155
– Dead or unfit for slaughter: 0.05 * $1,950 = $98
– -----------------------------------------------------------
– Total expects cost = $128 + $155 + $98 = $380

• In the long run, doing surgery costs $380 per case.
• Culling costs $1,800 to buy a new heifer - $400 cull income = $1,400

• Surgery costs less than culling on average 
– Surgery has a better expected value

• Remember: 15% of the time, surgery costs more than
culling would have cost.

Uncertainty 
• By using the probability of an outcome to 

“weight” the value of an outcome and summing
the weighted value across all possible 
outcomes, one can calculate the “expected 
value” of a decision.
– The probabilities of all outcomes must sum to 1.0

• Something must happen and two things cannot both happen.

• This approach assumes you will get to make a 
similar decision many times or that you make
many decisions on this basis so that you can 
“win” over the long run

Cow versus Herd
• The LDA example operates at a decision made 

at the level of a single cow.
• In many cases, the herd is the unit of 

interest for measurement of response and 
economic value

• What about decisions made that affect the 
herd?
– Change in feed program
– Change in facilities
– Change in stocking density

• Dairy managers don’t realistically expect to 
make these kinds of decisions repeatedly
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Cow versus Herd
• The problem for decision making at the herd 

level is that herds are much more variable 
than cows and so responses to herd 
interventions / changes are harder to 
predict.
– If you increased access to water on 100 dairies, 

would you expect a consistent response in milk
production across all 100?

– What if you added more bedding?
– What if you moved from 2x to 3x milking?
– What if you fed rumen protected amino acids?

“During the mid 1990s, a better understanding of cow comfort
made us change our management so no barns were overcrowded and
feed space was not limited. Additionally, more water troughs, more
frequent bedding and scraping, and careful timing of feeding were
put into place. Production per cow improved to our current level of
86 pounds.”

“Over two summers in Alabama, milk production was greater when
sprinklers were used over feed alleys.”

“The new cross ventilation systems were able to maintain indoor air
below ambient outdoor temperatures in the two dairy barns and 
provided convective cooling of the cows during warm summer days.
Milk yield and feed efficiency improved in these two barns during
the 4 summer (June – September) months of 2007 compared to
the previous three summers (2004-2006) even though 2007 had 
greater number of days above 30 °C.”

•The most common approach that dairymen use to make
herd level decisions is to look at other dairies that made 
the same decision and ask “did it work for them”?

•This is fundamentally an approach that tries to treat a 
“dairy” the same way we treated a “cow with an LDA”.

•If, on average, dairies that make the change did well, 
then we guess that we can also “expect” to do well.

•What is the risk that the change won’t work on your
dairy?

•What if you are the LDA cow that gets culled?
•How likely and how costly would this be?

Decisions at a herd level
Dairy Decision Making: the value of healthy skepticism

Most proposed changes are 
meant to address a problem:

something is not the
way it should be

Most problems on a dairy 
should be ignored.

(at least for the moment)

Water through a plumbing system: problems

IN OUT

Problem: any dent in the pipe.
Pipes aren’t supposed to be dented.

problems
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Bottlenecks: 
a special class of problems

• rate limiting problem
• interferes with achieving the 
dairyman’s goal

• any improvement pays off in better 
output

• before it is completely “fixed”, 
something else will become the
bottleneck

Water through a plumbing system: bottleneck

IN OUT

Bottleneck: the rate limiting dent in the pipe.
The bottleneck controls the rate of flow.

-Any reduction in the bottleneck (improvement) will increase the
flow of water through the pipe.
- The bottleneck does not have to be fully “fixed” to have a positive impact; 
any improvement helps.
- Before the bottleneck is completely “fixed”, something
else will become the bottleneck.

bottleneck

Making changes on a dairy:
the role of bottlenecks

• Changes only help if they open a bottleneck
• We often turn to research studies to look for 

possible positive ideas
• Skepticism sets in when we experience the 

results of applying “proven” findings on real 
dairies
– suppose that three studies of different 

interventions each show a 4 pound increase in
production

– Great! I’ll use all three and get 12 pounds!
• Bottlenecks don’t work that way

Clinical trials and bottlenecks

IN OUT

Studies of “vitamin Q” in early lactation.

Feeding vitamin Q is shown to increase milk production by 4 pounds.
Good quality research, good sample size, well controlled,

published in a reputable journal, peer reviewed.
Improved production is shown to be profitable.

bottleneck caused by relative
deficiency in vitamin Q

Feeding vitamin Q removes a bottleneck.

Clinical trials and bottlenecks

IN OUT

Vitamin Q in practical application in a specific herd.

- Feeding vitamin Q in this herd will not produce 4 pounds of milk.
- Feeding vitamin Q is effective only when a relative deficiency in
vitamin Q is the herd’s current bottleneck.
- Note that the herd can actually have a Q deficiency and if limited
access to water is the bottleneck, vitamin Q will still not work!

bottleneck caused by limiting
access to water in fresh pen

Vitamin Q not deficient
When they fix the waterers in the
fresh pen, this will become the bottleneck.

At present, there is no vitamin Q bottleneck to remove!

Improving the dairy:
opening bottlenecks

• know the dairy: identify likely bottlenecks
– excellent records, careful observations, measurements,

others’ input
• seek ideas that might open the bottleneck

– personal experience, research results, expert advice,
successful dairies, reading material

• Ask if there is research that shows a consistent 
positive response for dairies with the bottleneck

• make prudent investments in a new way of doing 
things to open the bottleneck and measure/monitor 
the results
– these are on-farm experiments
– dairies that have stable performance can do more 

experiments and improve more quickly
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Considering research for interventions 
applied at the herd level

• There are products that have been extensively 
researched over time in many different herds
– Research approach may have varied, but the general

responses (milk, DMI, gain, etc.) has been measured.
– Study herds commonly were chosen either because 

the herd had the bottleneck of interest or because 
access to the herd(s) was convenient.

• This kind of research background allows for
consideration of the variability of effect across 
herds.  META-ANALYSIS
– This makes it possible to deal with herds like we did 

for cows with LDA

Objective of a meta-analysis
• Assessment of and strength of evidence of

response across many studies
– To determine whether an effect exists and in what 

direction
– Statistical approach to pool results from many studies 

to estimate the distribution of response across herds
• Similar to measuring response in many cows and pooling the

results for an average response PER COW
• Here we are trying to get response PER HERD

• Investigation of heterogeneity
– To examine if responses differ in different situations

• Meta-analysis depends on having the product / 
intervention studied in many herds / many 
studies

Sodium bicarbonate: 
buffer rumen acidosis

Sodium bicarbonate: 
buffer rumen acidosis

Sodium bicarbonate

This and similar slides are derived from economic evaluations 
by Dr. David Galligan at the University of Pennsylvania’s 
School of Veterinary Medicine. 
Models available at http://www.productiontools.org/type12.php

Sodium bicarbonate
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Economic Evaluations: Per Herd

General Per cow/d Per month Per year
Increased milk lbs 3.28 100 1,195
Value of extra milk $0.43 $13 $155
Cost extra feed $0.14 $4 $52
Investment in product $0.07 $2 $24
Net income from product: $0.22 $7 $79
Return on TOTAL Investment 104% 104% 104%

 Type 1 and 2 Error Analysis
BreakEven  Response 0.30 lbs Per Herd
Cost of Decision Errors Response  Freq.  $/cow/d   Per/month Per/year
Type 1: Using product < 0.30 13% ($0.01) ($0) ($5)
Type 2: Failing to use product > 0.30 87% $0.26 $8 $95

Sodium bicarbonate What about products that are 
not meant to open a bottleneck?

• There is probably a 
spectrum of products / 
interventions that range 
from those that 
obviously “fix” a
bottleneck to those 
that act to “enhance”
performance in a system 
that is not “broken”.

• Should enhancement 
products be more widely 
adopted by the dairy 
industry?

• Fix the broken waterer
• Push up feed
• Bed cows better
• Improve air quality
• Dip teats
• Add bicarbonate to 

ration
• Use chelated minerals
• Feed yeast product
• Use BST

rBST use in dairy herds rBST use in dairy herds

rBST use in dairy herds rBST use in dairy herds

$13.00 milk; 75 pounds; 5.67 feed cost / cwt
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rBST use in dairy herds rBST use in dairy herds
Economic Evaluations: Per Herd

General Per cow/d Per month Per year
Increased milk lbs 8.60 261 3,137
Value of extra milk $1.12 $34 $408
Cost extra feed $0.12 $4 $45
Investment in product $0.38 $11 $137
Net income from product: $0.62 $19 $226
Return on TOTAL Investment 124% 124% 124%

 Type 1 and 2 Error Analysis
BreakEven  Response 3.25 lbs   Per Herd
Cost of Decision Errors Response  Freq.  $/cow/d Per/month Per/yea r
Type 1: Using product < 3.25 13% ($0.03) ($1) ($12)
Type 2: Failing to use product > 3.25 87% $0.63 $19 $230

Zinpro Availa-4 Zinpro Availa-4 in milking 
rations

Response in herds to Diamond V Yeast Product

Ian Lean, Ahmad Rabiee and Mark Stevenson: Massey University

45 out of 50 studies showed a positive response

Diamond V Yeast Culture

Type I and II error analysis and expected values
DIAMOND V YEAST CULTURE

2.10 mean milk response (lbs of milk)
1.72 s.d. of milk production response

0.050$ product cost per cow per day
0.130$ milk price per pound
0.035$ cost of marginal feed per pound of milk
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Diamond V Yeast Culture
Profit perCow per Day by Milk Production Response
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Diamond V Yeast Culture
Distribution of Milk Production Responses
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Diamond V Yeast Culture
• 84% probability that the outcome in the herd 

will  be at least breakeven
• 16 cents per cow per day profit

• 16% chance that the result will not at least 
break even

• 1 cent per cow per day loss if used and not at 
least breakeven

• Average profit per cow is 15 cents per day

Summary
• For a growing number of products in dairy nutrition, 

there are sufficient separate field studies of the 
effects of the product to make it possible to perform 
a meta-analysis and to describe the average herd 
response to use and variation between herds in their 
responses to the product

• Those biological assessments make it possible to 
develop economic projections about the value of using 
the product
– Type I: the risk and cost incurred if the product is used and

does not provide an adequate response
– The risk and cost of NOT using the product when it would 

have been valuable
• These sorts of analyses are made possible by 

repeated careful research into the biology of the
product and responses

Issues of risk when 
cutting costs on a dairy.



22

Costs when margins are tight

• generally, costs are considered as categories 
(purchased feed, labor, supplies, etc.)
– most often per cow or per cwt

• in tighter times, dairymen look harder at 
areas where costs can be cut

• often in big categories first
– feed
– labor
– youngstock
– equipment
– etc.

A slightly different look at costs

• Making money on a dairy depends on
1. making sure the barn is full of cows
2. making each cow in the barn as financially 

productive as possible

What does “financially 
productive” mean?

• Think of each “slot” for a cow as the 
limiting constraint for cows

• It may be defined by parlor capacity,
freestall beds or bunk space, or umber 
of stanchions, etc.

• The goal is to extract the maximum 
profit from each slot (occupied by a 
milking cow)

The owner of this 
business wants to 
optimize the 
financial performance 
of each machine
(output - costs).

Why is the owner of this business any different?”

Costs on a dairy
• What if the costs on a dairy were split 

between:
– cow costs
– dairy operating costs?

• Think of cow costs as those things that 
directly impact the quality and performance 
of the cow in the slot; things the cow knows 
about including the quality of the cow herself.

• in the end most things impact on the cow, but not directly
• Dairy operating costs can be seen as “fixed”

in relation to what the cow perceives
– Mortgage, equipment, utilities, etc. (even labor!)
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“Cow costs”

• feed
• replacements
• bedding
• veterinary and medicine
• some supplies
• BST

What is the “profit” per slot (cow)?
Revenue 
• Milk the cow and sell the milk

– Volume, components, cell count, other price parameters
Expense: “Cow costs”
• buy the cow

– cost of replacements, cull and dead rate, cost of loans, cull 
beef price

• feed the cow 
– milking and dry

• care for the cow
– supplies, drugs, vaccine, vet bills

“IOFRCC”: income over feed, replacement, and cow care 
cost:

Oh goodie! a new parameter…
• income over

– feed
• largest expense, driver of production, health, longevity

– replacement
• cost to replace culled cow; lactation performance and longevity

in the herd
– cow care

• health, longevity, production, reproduction
• the money left over pays the rest of the bills (dairy

operating costs) and is the source of profit
• if a dairyman maximizes IOFRCC and is reasonable

about decisions on the rest of the dairy, the dairyman 
is doing the best he can

One trick for tight margins
• guard IOFRCC carefully

– be very careful of cost cutting here
– if cost cutting reduces production or adds other 

cow costs (replacements?) then you’ve probably
shot yourself in the foot

• dairy operating costs are more flexible
– Postpone, reduce, do without

• simple question:
• If I cut this cost, will the cow know about it?

– If the answer is yes, be careful!

Let’s talk milk and feed!
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Where do profits come from?

Profit = revenue – expenses

(Milk price – cost per cwt) * cwts sold
margin * volume

The financial challenge

• increase the profit margin per cwt 

and

• increase the number of cwts

Increasing the margin per cwt

• The first obvious reflex is to cut expenses.
– If not done carefully, this commonly reduces milk

production and leads to reduced income.
– Very often, the lost revenue is much greater than 

the expense saved.
• An alternative: 

– Increase expenses and increase production
– What is the value of additional milk production 

from an existing cow?

Bob’s ration: 1994
• Great dairyman, great cows, great forages
• 100 cow Minnesota dairy milking 2x, pre-BST

– 70 tie stalls, 30 cows outside, switch milked
• Cramped barn, poor ventilation, outside cows

exposed to the elements in 3-sided shed
• Stuck at 19,000 pounds of milk for at least 5 

years
– Facilities blamed

• Ration balanced for production to save on 
feed costs
– TMR mixer installed 2 years previously, no 

response

Bob’s dilemma:
should he hire this nutritionist?

• “I can only balance a milking ration for one 
cow, and she’s not in your herd”
– Not interested in the herd’s current DHIA 

production records
• “I plan to increase the cost of your ration by

5% for every mouthful”

• How should Bob evaluate the economics of any 
new ration change?
– feed cost per cow or feed cost per cwt?

tworationeconomics.xls

Is the new ration an improvement?
(feed cost is more than $100 per cow per year higher,
income over feed cost is worse by 25 cents /cwt!)
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All cost measure are worse, profit hasn’t changed. What a new feeding philosophy really changed

current
expense

current
profit

new
expense

new
profit

+ =

current
expense

current
profit

The Profit Power of Marginal Milk

current
profit

margin

new
profit

margin

new
profit

new
expense

current
farm

finances
marginal

milk

note: total expenses increased!

How do we evaluate cost 
control?

• generally use comparative benchmarks
• be careful:

– production drives the system
– think about denominators

• What does supplies per cwt tell you?
• What does purchased feed per cow mean?

Average feed cost per cwt
• Meant to monitors the efficiency of the 

feeding program
– Feed purchasing: prices, discounts, inventory 

control
– Least cost ration balancing
– Feed storage, waste, shrink, discard
– Ration balance to minimize excess nutrients
– Careful feed delivery and bunk management

Production dry 25 50 75 100 

Maintenance feed costs $2.00

feed cost for the milk

total feed cost per day 

feed costs per cwt milk 

milk revenue produced

income over feed costs 

Income Over Feed Costs at
Different Production Levels

One herd: 5 cows

Iofc.xls
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Income Over Feed Costs at
Different Production Levels

production dry 25 50 75 100 

maintenance feed costs $2.00 $2.00 $2.00 $2.00 $2.00

feed cost for the milk

total feed cost per day 

feed costs per cwt milk

milk revenue produced 

income over feed costs 

Income Over Feed Costs at
Different Production Levels

production dry 25 50 75 100 

maintenance feed costs $2.00 $2.00 $2.00 $2.00 $2.00

feed cost for the milk

total feed cost per day $5.50

feed costs per cwt milk 

milk revenue produced 

income over feed costs 

production dry 25 50 75 100 

maintenance feed costs $2.00 $2.00 $2.00 $2.00 $2.00

feed cost for the milk $0.88 $1.75 $2.63 $3.50

total feed cost per day $5.50

feed costs per cwt milk 

milk revenue produced

income over feed costs 

Income Over Feed Costs at
Different Production Levels

production dry 25 50 75 100

maintenance feed costs $2.00 $2.00 $2.00 $2.00 $2.00

feed cost for the milk $0.88 $1.75 $2.63 $3.50

total feed cost per day $2.88 $3.75 $4.63 $5.50

feed costs per cwt milk 

milk revenue produced 

income over feed costs 

Income Over Feed Costs at
Different Production Levels

production dry 25 50 75 100

maintenance feed costs $2.00 $2.00 $2.00 $2.00 $2.00

feed cost for the milk $0.88 $1.75 $2.63 $3.50

total feed cost per day $2.88 $3.75 $4.63 $5.50

feed costs per cwt milk $11.50 $7.50 $6.17 $5.50

milk revenue produced

income over feed costs 

Income Over Feed Costs at
Different Production Levels

Average feed cost per cwt has 
almost nothing to do with the 
efficiency of feeding program 

management.
It has everything to do
with level of production.
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production dry 25 50 75 100

maintenance feed costs $2.00 $2.00 $2.00 $2.00 $2.00

feed cost for the milk $0.88 $1.75 $2.63 $3.50

total feed cost per day $2.88 $3.75 $4.63 $5.50

feed costs per cwt milk $11.50 $7.50 $6.17 $5.50

milk revenue produced $5.00 $10.00 $15.00 $20.00

incomeover feed costs 

Income Over Feed Costs at
Different Production Levels

production dry 25 50 75 100 

maintenance feed costs $2.00 $2.00 $2.00 $2.00 $2.00

feed cost for themilk $0.88 $1.75 $2.63 $3.50

total feed cost per day $2.88 $3.75 $4.63 $5.50

feed costs per cwt milk $11.50 $7.50 $6.17 $5.50

milk revenue produced $5.00 $10.00 $15.00 $20.00

income over feed costs $2.13 $6.25 $10.38 $14.50

Income Over Feed Costs at
Different Production Levels

production dry 25 50 75 100 

maintenance feed costs $2.00 $2.00 $2.00 $2.00 $2.00

feed cost for themilk $0.88 $1.75 $2.63 $3.50

total feed cost per day $2.88 $3.75 $4.63 $5.50

feed costs per cwt milk $11.50 $7.50 $6.17 $5.50

milk revenue produced $5.00 $10.00 $15.00 $20.00

income over feed costs $2.13 $6.25 $10.38 $14.50

Income Over Feed Costs at
Different Production Levels

To reduce feed $/cwt: increase production

In fact, any measure of performance 
per cwt is mostly a reflection of 
production level, not cost control.

Expense benchmarks need to be “pegged”
against herds of similar production levels, not 

just type of operation.

The best benchmark is the comparison of the
farm’s performance to its planning budget.

Opinion

• The single best measure of the financial 
efficiency of a feeding program is:

Income over feed cost 
per cow per day

Feed efficiency
• if the current ration produces 80 pounds of milk with

50 pounds of dry matter intake:
– Feed efficiency = 80/50 = 1.60

• if the cow would eat another pound of dry matter 
(total 51 lbs) and produce 1 more pound of milk (total 
81 lbs), then feed efficiency = 81/51 = 1.58 would be 
worse

• profit added = 17 cents income – 9 cents for feed = 8 
cents IOFC; which is better

• I’d like the more inefficient ration better.
– real case is likely 82/51 = 1.61 efficiency and 34 – 9 = 25 

cents profit
• To increase feed efficiency, increase production per

cow and dilute maintenance feed per pound of milk
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• Profit = revenue – expenses
– Rule #1: increase milk 
production

What to do when margins are tight?

• Profit = revenue – expenses
– Rule #1: increase milk 
production

– Rule #2: decrease expenses

What to do when margins are tight?

• Profit = revenue – expenses
– Rule #1: increase milk 
production

– Rule #2: decrease expenses
•Unless it breaks Rule #1!!

What to do when margins are tight? Protect or increase marginal milk

• Do not aim to reduce feed costs as a goal
• Instead, aim to increase margin of income 

over feed costs per cow
• Do this by increasing production per cow

– Added milk dilutes maintenance and increases 
average margin per cwt

• Be wary of seeking cheap substitute feeds 
for “optimal” ration
– Be prepared to measure the impact of the new 

feed on total production when it is introduced

Saving money on the feed bill
• In general, select the feeds that make

the most milk and pay as little as
possible for them. 

• “First the best feed, then the best
price.”
– bids
– cost comparisons
– discounts or volume premiums
– forward contracting

Milkorfeed.xls

Risks and cost control

• At times of tight margins, be skeptical
of the temptation to cut costs in any 
category that the cow will know about.
– Cutting “cow care” costs risks losing milk 

production 
– In many cases the reduction in expenses is 

less than the reduction in revenue.
• Think income over feed cost, not just

feed cost.
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Summary: factoring risk into 
decision making

• We have good science and analytic tools to 
evaluate the likelihood of profitability of 
some products at the herd level.

• The average response alone is not the best 
criteria for making herd level decisions.
– If the product fixes bottlenecks, the herd must have the

same bottleneck to see a response

• Any change in herd management needs to 
consider revenue and risk of failure, not just 
expense.

Thanks!
Questions before I go?



Introduction
A meta-analysis is becoming a popular statistical tool
to summarize scientific data.  In contrast to a single
study, a meta-analysis evaluates the entire data base
of studies together in one analysis.   In the past
summarizing data was a tedious and often
impossible task leading to lots of suggestions that
more research is needed.  Today many researchers are
turning to a meta-analysis to make this process much
simpler, more efficient and ultimately more precise.

To conduct a meta-analysis, a researcher gathers all
published and non-published data that can be
collected, follows a clearly defined set of steps for
evaluating the quality of the studies, and applies a
rigorous statistical process to the data.  Unlike
narrative reviews where the reviewer applies a level
of importance to each study, the meta-analysis
assigns weights based on the size and variance of the
study.  The meta-analysis can thus provide a
transparent, unbiased, and repeatable process to
evaluate data.  Additional benefits of the meta-
analysis procedure allows us to determine if the lack
of significance due to a treatment is real or due to low
power, whether or not treatment responses differ due
to some type of outside influencing factor (or
covariate), and whether or not there is a publication
bias (i.e., missing studies that might have reported a
lack of effect if they had been published).  

Background
There are several yeast products in the market that
are used on commercial dairy farms.  There have
been several reviews of the effectiveness of yeast
products on dairy cow performance but often the
results are mixed.  One reason for the mixed results
may be due to the fact that data from different yeast
product manufacturers are often pooled together in
the same analysis.  The American Feed Control
Officials define Yeast Culture as ‘dried product
composed of yeast and the media on which it was
grown, dried in such a manner as to preserve the
fermenting activity of the yeast”.  This is different
than the AAFCO’s classification of Active Dry Yeast
(often called live yeast) which is defined as yeast with
> 15 billion live yeast cells/gm.  Other categories of
yeast products include Dried Yeast, Irradiated Dried
Yeast, Brewers Dried Yeast, Torula yeast, and yeast

Extract.  Although these products all have ‘yeast’ in
their name they are not equivalent to yeast culture
and yeast culture has no reliance on live yeast for its
effectiveness.  

Objectives
The first objective of this paper was to limit our
review to yeast culture products manufactured by
Diamond V Mills only.  This meta-analysis was
conducted only on studies that evaluated Diamond V
Mills YC, XP and XPC.  YC was the original product
developed in 1943, XP product was launched in 1988
and is 2.5 more concentrated than YC; XPC was
launched in 2005 and is 4 times more concentrated
than XP (Table 1).

The second objective was to limit our review to
lactating dairy cow studies only.  Although there is
often a numeric increase in milk production from
feeding Diamond V Yeast Culture products in many
studies, many of these individual studies result in
non significant differences.  A third objective of this
meta-analysis, therefore, was to determine if the lack
of significance in individual studies was real or was
due to low statistical power.  A fourth objective was
to explore whether or not treatment responses
differed due to some type of outside influencing
factor (i.e., heterogeneity analysis).  A fifth and final
objective was to determine if there was publication
bias (i.e., missing studies that might have reported a
lack of effect if they had been published).  

Methods
Diamond V turned to Bovine Research Australia to
conduct this meta-analysis.  This group has recently
published a couple of meta-analysis papers on
monensin, a meta-analysis review of vitamin E and
has been invited to publish their paper of an invited
talk on Meta-Analysis presented at the 2008 ADSA
meetings.  

This meta-analysis consisted of a critical review of
randomized controlled trials that evaluated the
effectiveness of Diamond V’s three yeast products,
YC, XP and XPC, on milk production, dry matter
intake (DMI), and milk composition (milk fat and
milk protein, %).  A total of 60 research papers and
reports (Journal, published Abstracts, Reports and

A Meta-Analysis of the Responses to
Feeding Diamond V Yeast Culture to

Lactating Dairy Cows
Bill Sanchez, Ph.D.

Diamond V Mills, Inc., bsanchez@diamondv.com
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Technical Bulletins) were provided by Diamond V
(USA) to be considered in the meta-analysis. Bovine
Research Australia also conducted an independent
literature search (internet: Pubmed, scholar Google,
Agricola, Sciencedirect, Scirus and CAB) to explore
and identify other research papers and reports that
may not have been provided for this study. Their
literature search did not find any other papers.
Randomized clinical trials that examined the effects
of YC, XP and XPC on milk production and dry
matter intake (DMI) in lactating dairy cows were
considered in this study. A list of publications that
were reviewed for this study is provided in Table 2:
Trials were included in the analysis if they provided: 

• information on the form and dose of Diamond V
yeast products (YC, XP and XPC)

• adequate description of the randomization process
• sufficient data on milk production, dry matter

intake and milk composition
• a measure of variance (SE or SD), and/or P value 
• studies including lactating dairy cows only

Outcomes measured. The initial analysis was
conducted on milk production and DMI by Rabiee et
al. (2008).  An identical analysis on milk composition
was also conducted subsequent to that original
report.  A total of 32 studies met the eligibility criteria
for meta-analysis. Data recorded from suitable
studies in lactating dairy cows were;

• Milk production (kg/d/cow) (n = 49 trials)
• Dry matter intake (kg/d/cow) (n = 28 trials)
• Milk fat (%) (n = 26 trials)
• Milk protein (%) (n = 25 trials)

Heterogeneity. A meta-regression was also
conducted to explore if the outcomes of these studies
have been influenced by other factors that
contributed to heterogeneity. The following
publication quality factors were first evaluated
(Table 3).

• Source of papers (peer-reviewed: [Journal] vs. not
peer-reviewed: [Abstracts, Technical Bulletins and
Reports])

• If there was an evidence of randomization (Yes or
No)

• If the outcomes of study have been adjusted for
confounders (Yes or No)

Then the following potential covariates were
evaluated.  In most cases there were insufficient data
to provide adequate power to evaluate all factors.  

• Start time (before or after calving)- category
• Duration of treatment before calving (days)-

continuous 

• Duration of treatment after calving- continuous
• Days in milk (DIM)- continuous
• Stage of lactation (early vs. mid)- category
• Types of diet (TMR & Component vs. PMR &

Pasture)- category
• Number of milkings per day (2 vs. 3)- category
• Parity of cows in the study (primiparous vs.

multiparous herds vs. mixed herds [multiparous
& primiparous])- category

• BST (Yes or No)
• Type of Diamond V products (YC vs. XP vs.

XPC)- category
• Dose of Diamond V products (YC vs. XP vs.

XPC)- continuous 
• Delivery methods (mixed with diet vs.

topdressed)- category
• Other supplements (No supplement vs. Monensin

& others)- category 
• Measure of variance (data with SD or SE vs. data

with estimated SD and SE, using P value)-
category

These meta-regressions were conducted by first
screening individual variables with a P-value of ≤
0.20. for milk production and dry matter intake, all
variables meeting the first screening criteria were
entered into a backward stepwise weighted
regression method (meta-regression) until all
remaining variables were significant at P<0.05. When
the numbers of studies in subgroups were small (e.g.
stage of lactation, delivery methods), these subgroups
were categorized into two main groups and then
meta-regression analysis was conducted on the two
main subgroups.  For milk fat and milk protein, only
stage of lactation was evaluated under heterogeneity.

Publication bias. The presence of publication bias was
investigated using funnel plots (Light and Pillemer,
1984). These graphical displays are used to examine
whether the results of a meta-analysis may have been
affected by publication or other types of bias. If there
is bias, for example because smaller studies without
statistically significant effects are unpublished, this
will lead to an asymmetrical appearance of the funnel
plot with a gap in a bottom corner of the graph. In
these situations, the effect in the meta-analysis may
have been overestimated. Funnel plots that were
constructed to identify publication bias in the data
with less than 5 studies were not able to detect any
bias, due to the small number of papers eventually
included in this study (results not shown).
Publication bias was also investigated statistically
using both Begg’s (Begg and Manumdar, 1994) and
Egger’s test (Egger et al., 1997). However, because
these tests have low power and there is some debate
regarding the statistical properties, potentials and
limitations of these tests, these were not reported. 

31



Results
A total of 32 studies (milk production trials = 49; DMI
trials = 28; milk fat trials = 26; and milk protein trials
= 25) met the selection criteria and were eligible for
meta-analysis.   The meta-regression analysis on the
quality of studies used for milk production effect size
is presented in Table 4. These data showed that the
effect size of Diamond V yeast products (YC, XP and
XPC) on milk production was not influenced by the
source of paper (peer-reviewed vs. not peer-
reviewed) and adjustment for confounders. However,
the subgroup analysis showed that the effect sizes of
the peer-reviewed studies were slightly greater than
those not peer-reviewed. Subgroup analysis of
studies for confounder adjustment also showed that
the effect sizes of studies that adjusted the outcomes
for confounders were smaller than those studies that
didn’t adjust for confounders (Table 4.  Rabiee et al.
(2008) also tested whether or not the effect of
Diamond V products on milk production were
influenced by the stage of lactation, type and dose of
Diamond V products (YC, XP and XPC), duration of
supplementation before and after calving, type of diet
and parity and no heterogeneity was noted due to
these potential covariates. 

Overall, Diamond V products (YC, XP and XPC)
significantly increased the milk production (Table 5
and Figure 1a; Weighted Mean Difference (WMD) =
2.05 lbs per day per cow with a 95% Confidence
interval (CI) = 0.70 to 1.15, P< 0.0001).  The forest plot
of the standardized effect size differences responses
for milk production is shown in Figure 1a.
Standardized differences are equal to the weighted
mean difference divided by the standard deviation
and is useful when scales differ (i.e., different milk
production ranges in early vs. mid lactation cows).  A
visual examination of the forest plot for milk
production shows clearly that ~ 90% of the trial
responses are to the right of 0. There was potential
evidence of publication bias in milk production
outcomes (Figure 1b). Small size studies that reported
an increase in milk production appeared to be more
likely to be published than small studies with a
reduction in milk production, however, it was the
opinion of Rabiee et al. (2008) that this should not
dramatically alter the point estimates made.

The effect of Diamond V products (YC, XP and XPC)
on dry matter intake (DMI) was not significant (Table
5 and Figure 2a; WMD = 0.55 lbs/day; P = 0.13; 95%
CI= -2.91 to 0.66 lbs/day).  This lack of an overall
effect may have been due to an interaction.  Meta-
analysis of subgroups (early vs. mid) showed that
DMI was significantly greater during the early stage
of lactation (0.68 lbs/day for early lactation cows vs.
– 1.12 lbs/day for mid lactation cows).  Meta-
regression analysis showed that DMI was

significantly influenced by the delivery methods of
Diamond V products (mixed vs. topdressed; data not
shown), however, the relatively few observations
involved in this difference have led us to conduct
more research before concluding that these effects are
real.  A visual inspection of the funnel plot (Figure
2b) did not reveal major publication bias.  

There also was a significant increase in milk fat %
from feeding Diamond V Yeast Culture (Table 5 and
Figure 3a; WMD = 0.045 % unit increase; P = 0.027;
95% CI = 0.005 to 0.085 % units).  No evidence of
publication bias (Figure 3b) were present and
heterogeneity was not significant due to stage of
lactation.  However, this could be due to too few
studies as a subgroup analysis indicated a trend for a
significant increase in early lactation.  
The effect of Diamond V Yeast culture on milk
protein % was not significant (P = 0.63) overall) and
this response was not affected by stage of lactation or
publication bias.

Conclusions
The results of this meta-analysis showed that YC, XP
and XPC increased milk and milk fat percentage
significantly.  The overall effect on DMI was not
significant which may have been offset by the large
increase in intake in early lactation and large
reduction in mid lactation.  Duration of treatment
before calving and supplementation at different
stages of lactation, early vs. mid did not appear to
influence milk production.  A sensitivity analysis
(Table 6) provides the economic implications.

Limitations of the study
There were several studies that failed to report a
measure of variance (SE or SD) and significance of
the outcomes. In an attempt to use these data, Rabiee
et al. (2008) estimated some of these variances.  Trial
design was limited to only randomized control trials
with continuous designs.  This excluded all Latin
square and cross-over designs leaving only 16 peer-
reviewed papers (out of the 32 total) in the study,
which may have limited the analysis, particularly for
DMI and milk composition. It was not possible to
compare the ration and nutrient composition of the
diets of the trials included in this study, due to
insufficient data in the Reports, Abstracts and
Technical Bulletins. The majority of Abstracts,
Reports and Technical Bulletins provided limited
information on randomization, number of cows at
different stages of study (e.g. numbers of cows
excluded), measures of variance and level of
significance of the data.
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Figure 1a. Forest plot of the effect size of Diamond V yeast products (YC, XP & XPC) on milk production (kg/d) in
lactating dairy cows.  Units are in standardized mean differences calculated from a random effects model.

Figure 1b. Funnel plot for the detection of publication bias in milk production (kg/day) data in lactating dairy
cows. Units are in standardized mean differences calculated from a random effects model.



Figure 2a. Forest plot of the effect size of Diamond V yeast products (YC, XP & XPC) on dry matter intake (kg/d) in
lactating dairy cows.   Units are in standardized mean differences calculated from a random effects model.

Figure 2b. Funnel plot for the detection of publication bias in dry matter intake (kg/day) data in lactating dairy
cows supplemented with Diamond V products (YC, XP & XPC). Units are in standardized mean differences
calculated from a random effects model.
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Figure 3a. Forest plot of the effect size of Diamond V
yeast products (YC, XP & XPC) on milk fat (%) in
lactating dairy cows.   Units are in standardized
mean differences calculated from a random effects
model.

Figure 3b. Funnel plot for the detection of
publication bias in milk fat (%) data in lactating dairy
cows supplemented with Diamond V products (YC,
XP & XPC). Units are in standardized mean
differences calculated from a random effects model.

Figure 4a. Forest plot of the effect size of Diamond V
yeast products (YC, XP & XPC) on milk protein (%) in
lactating dairy cows.   Units are in standardized
mean differences calculated from a random effects
model.

Figure 4b. Funnel plot for the detection of
publication bias in milk protein (%) data in lactating
dairy cows supplemented with Diamond V products
(YC, XP & XPC).  Units are in standardized mean
differences calculated from a random effects model.
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Table 1. Diamond v products and recommended doses for calves and dairy cows

YC XP XPC
Pre-Weaning Calves 1.25 oz/hd/d (35g/hd/d) 0.5 oz/hd/d (14g/hd/d) 0.125 oz/hd/d (3.5g/hd/d)
Post-Weaning calves 2.5 oz/hd/d (70g/hd/d) 1 oz/hd/d  (28g/hd/d) 0.25 oz/hd/d (7g/hd/d)
Calf starter grain (Pre
and post weaning) - 2% 0.5%
Non-lactating cows 5 oz/hd/d (140g/hd/d) 2 oz/hd/d  (56g/hd/d) 0.5 oz/hd/d (14g/hd/d)
Lactating cows 5 oz/hd/d (140g/hd/d) 2 oz/hd/d  (56g/hd/d) 0.5 oz/hd/d (14g/hd/d)

Table 2. List of reviewed and eligible studies for meta-analysis

Studies /trials/ Eligible studies/trials
Types of report Studies/trials reviewed (milk production & DMI)

Studies Trials Studies Trials
Total number of studies 60 86 32 50
Technical Bulletins (TB) 11 (18%) 11 (13%) 0 (0%) 0 (0%)
Reports 24 (40%) 34 (40%) 16 (50%) 25 (50%)
Published abstracts 13 (22%) 20 (23%) 7 (22%) 9 (18%)
Journal papers (published) 12 (20%) 21 (24%) 9 (28%) 16 (32%)
Studies with no productivity data
Studies with no Milk production data 6 9 1 1
Studies with no DMI data 25 35 10 21
Some of these studies were initially published as reports or TB and then published as abstracts or in peer-reviewed journals. 

Table 3. Study qualities (factors) that were used to evaluate the outcome of study

Information on
Study quality randomization Adjusted for confounder

Yes No Yes No
Source of paper 23/34 11/34 7/34 27/34

Journal (peer-reviewed) (68%) (32%) (20.6%) (79.4%)
TB, Abstracts, Reports 0/16 16/16 0/16 16/16

(Not peer-reviewed) (0%) (100%) (0%) (100%)
Information on randomization 7/23 16/23
Yes (30%) (70)
No 0/27 27/27

(0%) (100%)



Table 4. Summary of meta-regression (Coefficient, 95% CI) of study factors that may have influenced the milk
production results and meta-analysis results of the sub-populations

Outcome Group 1 Group 2
Milk production data Coefficient P value N Chi-square N Chi-square

(95% CI) Effect size statistics=Q Effect statistics=Q
(85% CI) (P value) size (P value)

(95% CI)
Study quality
Source of paper -0.66 0.860 N = 16 Q = 9.6 N = 33 Q = 41.12
Group 1=Journal (peer- (-0.80 – 0.67) 0.27 P = 0.844 0.22 P = 0.130
reviewed) vs. (0.097 – (0.13 –
Group 2=TB, abstract, 0.45) 0.30)
report (not peer-reviewed P = 0.02 P <

0.0001
Information on 0.294 0.319 N = 27 Q - 23.68 N = 22 Q = 27.59
Randomization (-0.283 – 0.87) 0.21 P = 0.595 0.23 P = 0.152
Group 1=Yes vs. (0.11 – (0.12 –
Group 2= No 0.30) 0.34)

P < 0.0001 P < 0.0001
Confounders -0.68 0.120 N = 43 Q = 38.95 N = 6 Q = 11.38
Group 1=Adjusted for (-1.53 – 0.18) 0.20 P = 606 0.32 P = 0.044
confounders vs. (0.13 – (0.17 –
Group 2= Not adjusted 0.27) 0.66)
for confounders P< 0.0001 P = 0.063

Table 5. Summary of the effect of Diamond V Yeast Culture on weighted mean differences, N, 95% confidence
limits, significance, and test for heterogeneity for milk, dry matter intake and milk fat and protein overall and
separately during early and mid lactation.  Meta analyses and tests for heterogeneity were evaluated using a mixed
model assuming a random effects model overall with common among-study variance component across subgroups.
Subgroups were combined using a fixed effects model.
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Outline

• Colostrum management:
– Which is better: bottle or tube?
– Colostrum cleanliness:

• Reducing bacterial levels in colostrum
• Colostrum replacers
• Pasteurizing colostrum

• Johne’s control programs:
– Pasteurized milk

• Mastitis:
– On-farm culture systems

Outline

• Colostrum management:
– Which is better: bottle or tube?
– Colostrum cleanliness:

• Reducing bacterial levels in colostrum
• Colostrum replacers
• Pasteurizing colostrum

• Johne’s control programs:
– Pasteurized milk

• Mastitis:
– On-farm culture systems

Principles of Colostrum Management

Quality > 50 g/L IgG
Quantity 4 quarts (10% BWt)
Quickness  < 6 hrs
Cleanliness < 100,000 cfu/ml TPC

Bottle vs Tube  
– Does the method of feeding matter?

(U of MN. Summer, 2007)

• Research Question: 
– Would volume fed affect

IgG absorption when
using bottle or tube?

Methods – Calf Enrollment Procedure

Newborn calf removed 
from dam (< 1 hour old)

BOTTLE
1 dose CR
(100 g IgG)

in 1.5L

Random Assignment

BOTTLE
1 dose CR
(100 g IgG)

in 1.5L

TUBE
1 dose CR
(100 g IgG)

in 1.5L

BOTTLE
2 doses CR
(200 g IgG)

in 3L *

TUBE
2 doses CR
(200 g IgG)

in 3L
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Methods – Calf Enrollment Procedure

Newborn calf removed 
from dam (< 1 hour old)

BOTTLE
1 dose CR
(100 g IgG)

in 1.5L

Random Assignment

BOTTLE
1 dose CR
(100 g IgG)

in 1.5L

TUBE
1 dose CR
(100 g IgG)

in 1.5L

BOTTLE
2 doses CR
(200 g IgG)

in 3L *

TUBE
2 doses CR
(200 g IgG)

in 3L

Post-colostral blood sample
collected at 24 hr for IgG measures* 9 of 24 calves

did not consume
3L by bottle

(tube fed rest)

A small volume fed using a nipple bottle had the 
highest efficiency of absorption of IgG
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Bottle vs Tube:  
Does Volume Fed Matter?

• Conclusions: 

– Producers should feed large volumes of colostrum or 
colostrum replacer (these calves had the highest
serum IgG levels)

– For calves fed a small volume, feeding with a bottle
resulted in improved efficiency of absorption and
higher serum IgG levels

– For calves fed a large volume, method of feeding did 
not affect efficiency of absorption or IgG levels.

Outline

• Colostrum management:
– Which is better: bottle or tube?
– Colostrum cleanliness:

• Reducing bacterial levels in colostrum
• Colostrum replacers
• Pasteurizing colostrum

• Johne’s control programs:
– Pasteurized milk

• Mastitis:
– On-farm culture systems

COLOSTRUM CLEANLINESS



3 Major Sources of Bacterial 
Contamination of Colostrum

1. Infected gland or fecal 
contamination

2. Contaminated
collection, storage or 
feeding equipment

3. Bacterial proliferation 
in stored colostrum

Total Bacteria Counts in Minnesota Colostrum
(Swan et al. 2007. JDSci. 90)
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Median TPC = 615 million cfu/ml (73 to 104 billion)

93% of samples > 100,000 cfu/ml TPC
“We are feeding ‘fat-laden’ manure” Rob Trembley, 2006

We should try to reduce bacterial 
contamination in colostrum because…

• Pathogenic bacteria cause disease 
(E. coli scours, Johne’s disease, 
etc.)

• Bacteria can block IgG absorption 
across the intestine

High Bacteria Levels in Colostrum Associated 
with Lower Efficiency of Absorption of IgG

(TMF, Summer, 2007)
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Conclusions: lower colostrum bacteria levels are associated 
with better passive transfer of IgG

Outline

• Colostrum management:
– Which is better: bottle or tube?
– Colostrum cleanliness:

• Reducing bacterial levels in colostrum
• Colostrum replacers
• Pasteurizing colostrum

• Johne’s control programs:
– Pasteurized milk

• Mastitis:
– On-farm culture systems

Colostrum Replacement Products

• Must provide:
– Minimum of 100 gm IgG / dose (plasma- or lacteal-derived Ig)

– Nutrients (fat, vitamins, minerals, etc.)
– Cost: $25 to $30 (U.S.D.)
– Convenient, consistent supply of IgG if sufficient clean, high

quality maternal colostrum is not available
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Dose Response of serum IgG to IgG Mass Fed
(U of MN Compiled data from Summer, 2006 LO’L CR Feeding Trials)
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Conclusion: We can reduce the risk of FPT by feeding 
higher doses (150 to 200g IgG) in Colostrum Replacers

Is colostrum a risk factor for transmission 
of Mycobact erium avium subsp. 

paratube rculosis (MAP)?

• Though fecal-oral transmission is 
most common, MAP can be shed in 
colostrum and milk of subclinically
infected cows

(Sweeney et al. J.Clin.Micro. 1992. 56;
Streeter et al., J. Clin. Micro. 1995. 30)

• Can one feeding of colostrum cause 
infection with MAP?

Risk of MAP Infection in Calves Fed Raw 
Colostrum or a Colostrum Replacer

(Pithua et al.,J.A.V.M.A. 2008. Accepted)

Newborn heifer calves 
from 12 herds 

(N = 497)

colostrum replacer 
(n = 236)

maternal colostrum
(n = 261)

Adult Period: 1st calving to 54 mos:
- Fecal culture and serum ELISA for MAP at 30, 42 and 54 mos.

Acquire / Secure
APC, Inc.

Raw colostrum is an important
source for transmission of MAP

Conclusion: We can reduc e the risk of Johne’s
transmission by feeding Colostrum Replacers

Outline

• Colostrum management:
– Which is better: bottle or tube?
– Colostrum cleanliness:

• Reducing bacterial levels in colostrum
• Colostrum replacers
• Pasteuri zing colostrum

• Johne’s control programs:
– Pasteurized milk

• Mastitis:
– On-farm culture systems

Can we reduce bacterial exposure through colostrum?
Developing a method to pasteurize colostrum

• Continuous flow (72 ºC x 15 sec)
or Batch (63 ºC x 30 min)
– Unacceptable thickening 
– > 1/3rd loss of IgG (mg/ml)
– Lower serum IgG in calves

(Green et al. JDSci. 2003. 86:246;
Godden et al. JDSci. 2003. 86:1503)

• Batch pasteurize: 60 ºC x 60 min
– No viscosity changes
– No change in colostrum IgG (mg/ml)
– Significantly reduce or eliminate

M. para tuberculosis,  Sal monella, 
Mycoplasm a bovis, E. coli, Lis teria

(McMartin et al. JDSci. 2006. 89:2110
Godden et al., JDSci. 2006. 89:3476)
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Pilot study Feeding Pasteurized
Colostrum to Calves

(Johnson et al., JDSci. 2007)

• Feeding batch pasteurized
colostrum (140 ºF x 60 min) 
resulted in…
– No viscosity changes
– No change in colostrum IgG (mg/ml)
– Significantly reduction in bacteria

counts in colostrum
– Improved passive transfer of IgG in

calves (mg/ml)

Objective
Describe the effect of on- farm heat-treatment of
colostrum in multiple commercial herds on:
– Colostrum characteristics (bacteria levels, IgG)
– Passive transfer of immunoglobulins in calves (serum IgG)

Materials and Methods

• Summer 2007

• Six commercial freestall dairy
farms in WI and MN

• Herd size: 1,200 – 2,500 cows

• All herds confirmed Johne’s positive either by
fecal culture or ELISA within the past three years

Effect of feeding pasteurized colostrum on colostrum 
characteristics and passive transfer in calves

Fresh colostrum
- split into 2 x 1
gallon aliquots

Heat-treat 
(60 oC x 60 min)

Refrigerate < 48 hr

Fresh 

Feed (n=25 calves)

Feed (n=25 calves)
Refrigerate < 48 hr

All calve s  fed 3.8 L colos trum us ing esophageal tube  feeder at < 2 hrs  old

< 0.00011929Failure Passive
Transfer (%)

< 0.000114.4816.94Serum IgG (mg/ml)
572518Calves (n)

Calf

0.4259.1660.67<IgG (mg/ml)
<0.00012.304.36TCC (log10 cfu/ml)
< 0.00013.615.40TPC (log10 cfu/ml)

266266Batches (n)

Colostrum

Heat-
Treated

Raw P- Value
Colostrum

Parameter

0

10

20

30

40

50

60

70

80

90

1 2 3 4 5 6 All
Farm Number

C
ol

os
tru

m
Ig

G
(m

g/
m

l)

Raw Heat-Treated

a a
a a a

a
a

a
a

a
a

a a

Means that differ significantly have a different letter

a

Effect of Treatment on Colostrum IgG 

43



0.0

1.0

2.0

3.0

4.0

5.0

6.0

1 2 3 4 5 6 All
Farm Number

L
o
g

1
0

C
o
lo

st
ru

m
T
P
C

(c
fu

/m
l)

Raw Heat-Treated

a

b

a

b

a

b

a

b

a

b

a

b

a

b

Means that differ significantly have a different letter

Effect of Treatment on Total Bacteria 
Counts in Colostrum 

0

5

10

15

20

25

30

1 2 3 4 5 6 All
Farm Number

S
er

u
m

Ig
G

(m
g

/m
l)

Raw Heat-Treated

a

b

a

b

a a

a

b

a a

a a

a
b

Means that dif fer signif icantly have a dif ferent letter

Effect of Treatment on Calf Serum IgG 
(mg/ml)

Conclusions 

• Heat-treatment of colostrum at 140 °F (60 °C) for 
60 minutes can be successfully adopted on 
commercial dairy farms.

• Heat-treatment of colostrum resulted in:
– No harmful effect on colostrum IgG levels
– Significant reduction in colostrum bacteria counts
– Significant improvement in calf serum IgG

• Still to do:
– Describe preweaning health
– Describe adult: production, longevity, Johne’s disease

Summary of approaches to reduce 
pathogen exposure through colostrum 

• Avoid pathogens from infected glands,
fecal contamination:
– Identify infected cows? (MAP)
– Don’t let calf suckle dam
– Udder prep
– Don’t pool raw colostrum

• Reduce other sources of contamination:
– Sanitation of milking, storage & feeding equipment

• Prevent bacterial proliferation in stored clostrum:
– Feed (< 1-2 hrs), refrigerate (< 48 hrs) or freeze ASAP
– Use of preservatives?

• Additional tools:
– Colostrum replacers (feed 150 - 200 g IgG, efficacy tested)
– Pasteurize colostrum

Outline

• Colostrum management:
– Which is better: bottle or tube?
– Colostrum cleanliness:

• Reducing bacterial levels in colostrum
• Colostrum replacers
• Pasteurizing colostrum

• Johne’s control programs:
– Pasteurized milk

• Mastitis:
– On-farm culture systems

Objective
• Describe the effect of feeding pasteurized non-saleable 

milk (vs. conventional milk replacer) on short- and long-
term performance in calves:
– Calves:

• Health, growth

– Adults:
• Milk production
• Longevity
• Risk for infection with Johne’s disease

44



Methods:

Calf Enrollment

• 439 calves enrolled from 2 MAP-
infected dairies:
– Heifers and bulls
– Dec., 2001 to Aug., 2002

• Assigned to treatment at arrival at
heifer grower (1-2 days):
– Batch pasteurized non-saleable

milk (DairyTech, Inc.)
– 20:20 milk replacer

• Milk from Johne’s infected dairy
(10 - 12% seroprevalence)

Results from 
Preweaning Study

(Godden et al. 2005. JAVMA. 226:1547-1554)

Parameter 20:20 Milk Pasteurized P
Replacer Milk Value

------------------------------------------------------------------------------
Calves enrolled (n) 217 222
ADG (kg/d) 0.35 0.47 < 0.001
% Treated 32% 12% < 0.001
% Died 11.6% 2.3% < 0.001
Economics ($) . + $34
------------------------------------------------------------------------------

Methods:

Follow-up of Adult Cows
Milk Pasteurized 

Replacer           Milk Total
----------------------------------------------------------------------------------
Heifers enrolled 116 118 234

Heifers weaned 104 116 220

Heifers w 1st calving event 54 65 119
----------------------------------------------------------------------------------

Large study herd disperses in fall, 2003.
- Approx. half of heifers lost to follow-up.
- What heifers we could trace were followed to herds in WI, IN and CA.

- Lessons learned?

Methods –

Data Collection for Adults

• 5 herds: MN, WI, IN, CA

• 1st calving to avg. 57 months 
(study concluded Jan. 2007)

• Collected:
– Calving dates
– Records of milk production
– Records of culling or death
– Tested for infection with MAP at avg. 25, 42 and 57 mos.

• serum ELISA 
• fecal culture

Adult Cow Performance
- From 1st calving to avg. 57 months

Milk Pasteurized P 
Replacer   Milk Value

------------------------------------------------------------------------------------------
Cows w first calving event 54   65

Milk yield (lact > 150 DIM)
Lact 1 (kg) 11,200   11,370  (+  170)   0.81
Lact 2 (kg) 11,246   13,257  (+2,011) 0.004
Sum Lact 1 & 2 (kg) 22,028   23,964  (+1,935) 0.084

% culled or died 53.7%  41.5% 0.036

% MAP test positive 27.8%  21.5% 0.36
-------------------------------------------------------------------------------------------

Risk for Culling or Death
- From birth to avg. 57 months

Milk replacer

Pasteurized milk

Hazard Ratio Milk Replacer = 1.81 (P = 0.0037)

Age (Months)
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Conclusions

• Calves fed pasteurized milk (vs conventional milk replacer)
had…

– Preweaning period:
• Lower risk of illness and death
• Higher ADG (+ 0.25 lb/day)
• Cost-benefit = $34/calf at weaning

– Adult period (calving to 57 mos):
• Increased milk production 
• Lower risk for culling or death
• Were NOT at increased risk for infection with MAP
• Cost-benefit = TBD

Significance

• If raw milk is an important vehicle for 
transmission of MAP, then on-farm 
pasteurization was successful in eliminating 
the organism or else reduced it to levels 
below an infectious dose

• Short- and long-term benefits from feeding
pasteurized milk thought to be due to
improved plane of nutrition:
– Producers should adopt milk feeding 

programs to increase plane of nutrition to
preweaned calves

Outline

• Colostrum management:
– Which is better: bottle or tube?
– Colostrum cleanliness:

• Reducing bacterial levels in colostrum
• Colostrum replacers
• Pasteurizing colostrum

• Johne’s control programs:
– Pasteurized milk

• Mastitis:
– On-farm culture systems

Effect of Using an On-Farm Culture Based 

Treatment System on Antibiotic Use, Milk

Withholding Time, and Clinical and Bacteriological 

Cure for Clinical Mastitis

Preliminary Results

Alfonso Lago, LV, Sandra Godden, DVM, DVSc, Russ Bey, PhD,
Ken Leslie, DVM, MSc, Pamela Ruegg, DVM, MPVM, Randy Dingwell, DVM, DVSc

University of Minnesota
University of Guelph University of Wisconsin

Project herds:
8 Holstein herds in MN, WI and Ontario

(150 to 1800 cows)
Objectives

• Reasoning:

– More than half of cultures from Clinical mastitis yield no
growth or Gram-negative bacteria

– Some of these cases may not benefit from antibiotic therapy

– On-farm culture may allow us to make a rapid cow-side
treatment decision
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Objectives

• Describe effect of using OFC for strategic treatment of 
clinical mastitis on…
– Antibiotic use
– Risk for extended therapy / secondary treatment
– Days to return to visibly normal milk
– Days out of tank
– Bacteriological cure rate
– Risk for recurrence of clinical mastitis
– Lactation SCC and milk production
– Longevity in herd

Positive-Control Group

Culture-Based Group

No Growth Gram-neg

Gram-pos

Enrollment Day Next Day

Methods: 
Enrollment Process for mild and moderate clinical 

mastitis cases

Mix Infection

Cefa-Lak® IMM

Culture
Based
Group

Treat quarter
only if on-farm
culture shows
Gram + IMI

Culture
on Farm

Culture 
in lab

Follow-upSample  3Sample  2Sample  1

Day 0 to 365Day 21Day 14Enrollment (day 0)
Grade 1 o r 2 Clinical Mastitis

- Farm records:
Clinical Mastitis

- DHIA records:
SCC
Milk production
Culling/death events

Culture
in lab

Culture 
in lab

Treat quarter
immediately after

milk sample
collected

Culture
in lab

Positive
Control
Group

Methods: 
Follow-Up

Results:
Etiology

Coliforms
24%

tococcus
15%

us

Othe r
10%Coag Ne g S taph

10%
No Growth

34%

No Growth

Streptoco ccus

Staph aure us
7%

n = 452 q uarter clinical ca ses

100%

43%
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Results - % Quarter Cases Treated with Antibiotics:
Less than Half for the Culture-Based Program

P < 0.001 36%

19%
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P = 0.0017

Results – Extend / Secondary Treatment:
Less for the Culture-Based Program

7%16%No Growth

26%35%Gram-pos

36%

57%

Positive-Control

21%Gram-neg

19%All

Culture-Based
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Results – Days to Clinical Cure:
No Effect of Treatment Program

P = 0.2879

Days  to Clinical Cure

Positiv e-Control

Culture-Bas ed ------

2.9 d2.7 dNo Growth

3.5 d3.2 dGram-pos

2.8 d

2.5 d

Positive-Control

3.3 dGram-neg

3.2 dAll

Culture-Based

Results – Days Out of the Tank: 
Tend for lower for the Culture-Based Program

P = 0.0763

Days  Out of the Tank

Positiv e-Control

Culture-Bas ed ------

3.9 d5.6 dNo Growth

6.4 d6.2 dGram-pos

5.9 d

6.3 d

Positive-Control

4.8 dGram-neg

5.1 dAll

Culture-Based
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P = 0.2978

Results – Bacteriological Cure:
No Effect of Program
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Results – Bacteriological Cure:
Not Different Program Effect Among Bacteria

P = 0.1636

P = 0.2436

P = 0.2610

P = 0.4172

P = 0.6651

• Significant reduction in antibiotic use:
– Positive - Control = 100%
– Culture - Based = 43%

• Less extended / secondary treatment:
– Positive - Control = 36%
– Culture - Based = 19%

• Tendency for a reduction in days out of the tank:
– Positive - Control = 5.9 days
– Culture - Based = 5.1 days

• No statistically significant differences of treatment program on:
– Days to Clinical Cure and  Bacteriological Cure

• Still to do:
– Clinical Mastitis Recurrence, SCC, milk yield, longevity

Summary of Preliminary Results

Questions??
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Introduction
Although the incidence rate of postpartum metabolic
disorders is actually quite low (McGuire et al., 2008),
management of transition cows continues to be a
priority among dairy producers.  Early lactation is
when most dairy cows are culled (Weigel, 2008) and
even though the overall rate of disorders is low, the
rate may be much higher on individual farms.  When
problems occur on individual farms, it is often
difficult to identify the cause.  It may be nutritional, it
may be environmental (e.g. housing), or it may be an
interaction between nutrition and environment.  This
review will examine energy feeding and how it
affects postpartum health and production of dairy
cows. I will briefly review data on the pre-fresh
transition period, and then discuss the potential for
the far-off dry period and the early post-fresh period
to influence animal health and productivity.  A
conclusion regarding the relative importance of the
far-off dry period, pre-fresh, and post-fresh transition
period will be made.

Feeding Pre-fresh Transition Cows
Decreasing the forage-concentrate ratio of pre-fresh
diets does increase dry matter intake (DMI, Grummer
et al., 2007).  Surprisingly, the increase in DMI occurs
for sustained periods of time (i.e. 3 wk) even if cows
are in positive energy balance at the time the
additional grain is introduced.  In other words, there
does not seem to be a functional feedback mechanism
to maintain energy balance when increasing energy
density in the diet during the pre-fresh transition
period.  The obvious question is: does this increase in
grain and DMI provide some benefit to the cow such
that her postpartum health and productivity is
increased.  Potential benefits include:  suppression of
adipose lipid mobilization as feed intake decreases at
calving, stimulation of acid production and rumen
papillae growth, and acclimation of rumen microbial
population to high starch diets.  Such benefits,
although widely cited, are not supported by the
literature.  A summary of 10 studies conducted
between 1995 and 2005 indicated that postpartum
DMI, milk production, and liver fat are not
influenced by prepartum forage: concentrate ratio
(Grummer et al., 2007).  

Figure 1 shows the energy balance of cows as they
transition from the dry period to the lactation period.
It appears that despite the 30-35% decline in DMI as
calving approaches (Hayirli et al., 2002), cows do not
typically experience significant negative energy
balance prior to calving.  Therefore, improving
energy balance prior to calving by feeding additional
concentrate is not justified and it may be a negative
factor if the increase in DMI results in a greater
decrease in feed intake as calving approaches.
Grummer et al. (2004) suggested the magnitude of
decrease in feed intake prior to calving may be more
highly associated with plasma NEFA and liver TG.
Management factors that trigger decreases in feed
intake (excessive diet or pen changes, overcrowding,
or heat stress) may be more detrimental if cows have
been fed higher concentrate diets and have the
potential for greater decreases in intake.

Feeding Far-off Dry Cows
Although very little research has examined feeding
strategies of far-off dry cows, it is commonly believed
that excessive overfeeding of grain during the entire
dry period should be avoided to minimize the
likelihood of over-conditioned cows, reduced feed
intake, or metabolic disorders.  Consequently,
suggesting that far-off dry cows should be fed a diet
that meets energy requirements is neither novel nor
something that should be discouraged.  However, it
may be premature to imply that far-off dry cow diets
must be formulated “just right”, contain straw, or be
a bulky diet that will lead the cow to only meet
requirements when fed ad libitum (Drackley and
Janovick Guretzky, 2007).  Consider results from
Dann et al. (2006; a study that was instrumental in
crystallizing the concept of the “Goldilocks diet” for
far-off dry cows [Drackley and Janovick Guretzky,
2007]) versus those of a recent study conducted in
our laboratory (Silva-del-Río et al., 2007; Table 1).
Dann et al. (2006) conducted an experiment with a 3
x 2 factorial arrangement of treatments:  three energy
feeding strategies during the far-off dry period and
two different energy feeding strategies during the
pre-fresh transition period.  There were no effects of
pre-fresh diet and no interactions of far-off and pre-
fresh dry periods, so only the main effects of far-off
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dry period will be reported.  Far-off dry period
treatments were feeding a diet containing 1.59 Mcal
NEl/kg DM at ad libitum (150% of NRC
requirements) or restricted (80% of NRC
requirements) feed intake or a low-energy diet
containing straw fed ad libitum (1.30 Mcal NEl/kg
DM, 100% of NRC requirements).  Silva-del-Río et al.
(2007) conducted an experiment with a 2 x 2 factorial
arrangement of treatments:  cows pregnant with
singletons or twins and a “close-up” diet with
moderate energy for 3 or 8 wk prepartum.  The
“close-up” diet contained 1.54 Mcal NEl/kg DM and
the far-off dry cow diet contained 1.32 Mcal NEl/kg
DM.  Therefore, treatments were 1.32 or 1.54 Mcal
NEl/kg DM during the first 5 wk of the dry period
and were very similar to two of the far-off treatments
employed by Dann et al. (2006).  There were few
interactions between pregnancy status and diet, so
only the main effects of diet are shown (Table 1).

The results of the two trials are strikingly different
and there are no apparent reasons for the differences
in results.  What conclusions can be drawn? Dann et
al. (2006) concluded that “overfeeding during the far-
off period had a greater negative impact on
peripartum metabolism than did differences in close-
up nutrition”.  This conclusion is a bit puzzling since
there were no negative effects of overfeeding during
the close-up period and the differences due to far-off
treatments were small and of questionable biological
significance (Table 1).  Conversely, our data indicated
additional energy feeding during the far-off period
would cause a dramatic increase in postpartum milk
yield.  Based on our results, should we be
recommending that producers feed transition diets
during the entire dry period?  The answer is probably
not.  Based on both studies, there are two logical
conclusions.  One might conclude that diets for far-off
dry cows do not have to be formulated to be “just
right” and there is substantial variability in diets that
can be fed without adverse affects.  This is probably a
reasonable conclusion in that it is quite conservative.
It also takes into account lessons learned from
experiments that examined feeding pre-fresh
transition cows; it is problematic to base decisions on
limited data.  

Another conclusion might be that these trials were
under-replicated (n = 20-25 cows/treatment for these
two studies), making it difficult to draw firm
conclusions.  Typically, statistical analysis is reported
for lactation data and blood or liver analysis.
However, incidence of health disorders are often
reported without statistical analysis with the authors
stating something to the effect:  there was insufficient
replication to detect treatment effects.  Health
disorder data is binomially distributed, i.e., the
measurement is recorded as yes or no rather than as a

continuous variable (infinite number of outcomes)
like milk production.  It is well recognized that
substantially more replication is needed for detecting
treatment differences for parameters that are
binomially distributed. The critical question is: since
health affects milk production, can we have sufficient
animals on study to detect treatment differences on
milk production when we do not have sufficient
animals on study to detect differences on animal
health?  I would argue that we cannot and that it is
very dangerous to draw conclusions from individual
studies, particularly when replication was limited
(e.g. 10-30 cows per treatment). 

Feeding Fresh Cows
Amazingly, an area of research that has received little
attention is feeding of the immediate postpartum
cow.  Why? Researchers avoid doing studies on fresh
cows because tremendous variability amongst cows
makes it difficult to design experiments with
sufficient replication.  Most fresh cow studies are
initiated at 3 wk postpartum or later when cow
variability is reduced and there is less likelihood of
loosing a cow from the study!  This is unfortunate
because it easy to make an argument that nutrition of
the cow during the first 3 wk postpartum may be the
most important.

The most rapid decrease in energy balance and
negative energy balance nadir usually occurs during
the first 3 wk postpartum (Figure 1).  After
summarizing 26 studies, Brixy (2005) indicated that
positive energy balance was reached by
approximately 50 days in milk and the minimum
energy balance occurred at about 11 days in milk.  We
collected data from twenty studies published in peer
reviewed journal articles since 1988 (Grummer and
Rastani, 2003).  The mean number of days in milk
until energy balance was reached was 45 (standard
deviation = 21 d).  The correlation between peak milk
yield (r = 0.24, P = 0.16) or days to peak milk yield (r
= 0.23, P = 0.17) and time to reach positive energy
balance was extremely low indicating that some other
factor besides energy output was responsible for
variability in the length of time it takes to reach
positive energy balance.  The data did not allow us to
examine the relationship between energy intake or
DMI and time to reach positive energy balance.
However, we were able to examine the relationship
between energy density of the diet and days to
positive energy balance.  The data indicated that
there was a stronger relationship between days to
positive energy balance and energy density of the
diet (r = 0.57, P < 0.0001) than peak milk yield. This
data provides evidence that energy intake may be a
more important factor affecting return to positive
energy balance than milk yield because energy intake
is a function of DMI and energy density of the diet.
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We also examined individual cow data from a
specific research trial that included 24 primi- and 49
multiparous cows from 2 through 21 wk postpartum
(Grummer and Rastani, 2003).  Average 4% fat-
corrected milk yield was 29.2 kg/day for primiparous
cows and 38.4 kg/day for multiparous cows for the
first 21 wk postpartum. It is clear from data in Table 2
that energy balance is more closely related to energy
intake than energy output as measured by fat-
corrected milk.  Average time to reach positive EB
was the same for multiparous and primiparous cows,
5 ± 2 wk.  McGuire et al. (2008) performed a similar
analysis from a trial including 29 multiparous
averaging 46 kg milk/d for the first 12 wk of
lactation.  In agreement with our data, the correlation
between energy balance and DMI (r = 0.751,
P < 0.001) was much higher than with milk yield
(r = 0.051; P < 0.037).

We can conclude several things from this research: 1.
Energy status is most compromised during the first 3
wk of lactation.  2.  Return to positive energy balance
occurs relatively quickly for most cows if they are fed
diets that are nutritionally adequate (as is the case in
these research studies).  3.  Energy balance is more
likely to be related to energy intake than milk yield.
4.  Minimizing negative energy balance is most likely
to be accomplished through successful feeding rather
than through decreasing milk yield.  5.  In all
likelihood, the most important time for feeding the
cow correctly is during the first 3 wk postpartum.
Unfortunately, little research has been conducted to
define “successful feeding” during this period.  

Data from Rabelo et al. (2003, 2005) indicated that
energy density of diets immediately postpartum are
more critical than energy density of diets
immediately prepartum.  They utilized a 2 x 2
factorial arrangement of treatments.  Cows were fed
diets containing 1.55 (Dry Low- DL) or 1.65 Mcal
NEl/kg DM (Dry High- DH) for the last 4 wk prior to
calving.  Following calving, one half the cows from
each group were fed diets containing 1.67 (High - H)
or 1.74 Mcal NEl/kg DM (Low - L) for the first 3 wk
after calving.  After that, all cows were fed H.  The
experiment was designed to determine how best to
transition cows from far-off dry cow diets to a high
energy lactation diet.

Figure 2 shows the milk production results.  There
was no effect of prepartum treatment and there was
no interaction between prepartum treatment and
postpartum treatment.  There was no main effect of
postpartum treatment, but Figure 2 clearly shows the
postpartum treatment by time interaction (P < 0.001).
There was a divergence of curves until 3 wk
postpartum.  At that time, treatments were
terminated and the milk production difference

between treatments was maintained or was
narrowed.  For the first 35 d postpartum, cows on H
were in a more favorable energy status as indicated
by higher plasma glucose concentrations (49.2 vs 45.9
mg/dl; P < 0.001) and lower beta-hydroxybutyrate
concentrations (4.1 vs 6.3 mg/dl; P < 0.001).  There
was no effect of prepartum diet on triglyceride
accumulation in the liver at calving, however, cows
fed H postpartum had lower liver triglyceride in the
liver at the end of the 3 wk treatment period (11.1 vs
15.6 ug triglycerid/ug DNA; P = 0.07).  By 35 d
postpartum, liver triglyceride was lower and there
was no difference between treatments (4.2 vs 4.7 ug
triglyceride/ug DNA; P = 0.84).  However, it must be
kept in mind that cows were on the same diet
between 21 and 35 d postpartum.  More importantly,
energy balance should have been improving during
this time; clearly triglyceride was being cleared from
the liver from 21 to 35 d postpartum. 

Finally, consider a study we did many years ago that
examined the effects of dietary carbohydrate during
the transition period on feed intake, metabolic health,
and lactation performance of dairy cows (Minor et
al., 1998).  All cows (25 primiparous, 50 multiparous)
were placed on the standard NFC diet (S) at 26 days
prepartum and then assigned to S or high NFC (H)
diets at 19 days prepartum.  After calving, all cows
continued on either a S or H lactation diet.
NDF/NFC content of pre- and post-fresh diets were
49/24 and 26/42 for S and 30/44 and 22/47 for H.
Milk and milk energy yield was higher for cows fed
H (31.7 vs 33.0 kg/d, P < 0.10 and 22.2 vs 23.2
Mcal/d, P < 0.05).  Plasma β-hydroxybutyrate
concentrations were almost identical until after
parturition at which time they were dramatically
lower for cows fed H (Figure 3).  Because of the
experimental design of this study, it is impossible to
tell if this postpartum difference was due to
prepartum diets, postpartum diets, or both.
However, it is not unreasonable to speculate that
postpartum NFC may have had an important affect
on b-hydroxybutyrate concentrations in early
lactation.

Additional research is needed to determine the most
appropriate feeding strategies of cows immediately
postpartum.  Emphasizing feeding nonfiber
carbohydrate (NFC) at the expense of neutral
detergent fiber (NDF) may reduce the likelihood of
fatty liver and ketosis, but increase the likelihood of
acidosis.  Conversely, emphasizing feeding of NDF at
the expense of NFC may decrease the likelihood of
acidosis but increase the likelihood of fatty liver and
ketosis.  Unfortunately, it is too simplistic to
recommend NFC and NDF levels in post-fresh diets.
NFC and NDF are heterogeneous fractions whose
characteristics vary greatly among feeds.  Rates of
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fermentation of NFC/NDF are not consistent across
feeds.  Likewise, factors such as particle length of
NDF-rich feeds are variable and influence the rumen
environment and rates of digestion.  Unfortunately,
inadequate information is available at this time to
make precise feeding recommendations for cows
during the first three weeks postpartum. 

Conclusions
For decades, we preached that feeding during the
pre-fresh transition period was the most critical time
for the prevention of metabolic problems after
calving and that it was important to feed additional
grain during that period.  Data clearly shows that
cows tolerate a wide variety of diets during that time
and forage to concentrate ratio has little impact on
postpartum performance.  Now there is considerable
interest in the far-off dry period and some feel
feeding during that period may be more crucial than
the pre-fresh transition period.  To our knowledge,
there are only two studies that specifically have
compared only the far-off dry period feeding
schemes, and it is safe to their results were
contradictory and it is too early to draw any
conclusions.  There is a fairly substantial body of
evidence to indicate that cow should not be over-
conditioned at calving.  However, it is difficult to
significantly increase condition score of dry cows
during the relatively short time frame of the dry
period when feed intake is low.  The most critical
time for feeding transition cows is probably
immediately postpartum, but research is lacking to
confidently develop optimal energy/carbohydrate
feeding strategies for that period. 

References
Brixy, J. D.  2005.  Validation of a prediction equation for energy

balance in Holstein cows and heifers.  M. S. Thesis.  University
of Idaho, Moscow.

Dann H. M., N. B. Litherland, J. P. Underwood, M. Bionaz, A.
D’Angelo, J. W. McFadden and J. K. Drackley. 2006. Diets during
far-off and close-up dry periods affect periparturient
metabolism and lactation in multiparous cows. J. Dairy Sci.
89:3563-3577.

Drackley, J. K., and N. A. Janovick Guretzky. 2007.  Controlled
energy diets for dry cows.  Pages 7-16 in Proc. 8th Western
Dairy Mgt. Conf., Reno, NV. Oregon  St. Univ., Corvallis.

Grummer, R. R., A. Brickner, and N. Silva-del-Rio.  2007.  High
forage or high grain for dry cows:  what is best for animal
health and reproduction?  Pages 187-195 in Production Diseases
in Farm Animals.  M. Furll ec.  Merker Druck und. Kopier-
Zentrum.  Leipzig, Germany.

Grummer, R. R., and R. R. Rastani.  2003.  When should lactating
dairy cows reach positive balance?  Prof. Anim. Scientist.
19:197-203.

Grummer, R. R., D. G. Mashek, and A. Hayirli.  2004.  Dry matter
intake and energy balance in the transition period.  Pages 447-
470 in Managing the Transition Cow to Optimize Health and
Productivity. Veterinary Clinics of North America.  N. B. Cook
and K. V. Nordlund, eds. W. B. Saunders Co., Philadelphia, PA.

Hayirli, A., R. R. Grummer, E. V. Nordheim, and P. M. Crump.
2002.  Animal and dietary factors affecting feed intake during
the prefresh transition period.  J. Dairy Sci. 85:3430-3443.

McGuire, M. A., M. Theurer, and P. Rezamand.  2008.  Putting the
transition period into perspective.  Pages 257-264 in the
Proceedings of the 23rd Annual Southwest Nutrition and
Magnagement Conference.  University of Arizona, Tuscon.

Minor, D. J., S. L. Trower, B. D. Strang, R. D. Shaver, and R. R.
Grummer.  1998.  Effects of nonfiber carbohydrate and niacin on
periparturient metabolic status and lactation of dairy cows.  J.
Dairy Sci. 80:189-200. 

Rabelo, E., R. L. Rezende, S. J. Bertics, and R. R. Grummer.  2003.
Effects of transition diets varying in dietary energy density on
lactation performance and ruminal parameters of dairy cows.  J.
Dairy Sci.  86:916-925.

Rabelo, E., R. L. Rezende, S. J. Bertics, and R. R. Grummer.  2005.
Effects of pre- and post-fresh transition diets varying in dietary
energy density on metabolic status of periparturient dairy cows.
J. Dairy Sci. 88:4375-4383.

Silva-del-Río, N., P. M. Fricke, and R. R. Grummer.  2007.  Effects of
twin pregnancy and dry period feeding strategy on milk
production, energy balance and metabolic profiles in Holstein
cows.  J. Dairy Sci. 90 (Suppl. 1): 615.

Weigel, K.  2008.  Genetic improvement of dairy cow longevity.
http://www.extension.org/pages/Genetic_Improvement_of_D
airy_Cow_Longevity

Table 1.  A comparison of two trials that compared
feeding strategies for far-off dry cows.

Dann et al., 20061, 2 Silva-del-Río et al., 20071, 3

Far-off drycow 1.30 Mcal 1.59 Mcal 1.59 Mcal 1.32 Mcal 1.54 Mcal
treatment/parameters NEl/kg ad NEl/kg ad NEl/kg NEl/kg ad NEl/kg ad

libitum libitum restricted libitum libitum

Prepartum body
condition, scale 1-5 3.04 3.16 2.94 3.25 3.25
Milk, kg/d 39.4 36.9 37.0 43.3 48.5
Fat, % 3.59 3.77 3.58 3.65 3.62
Liver TG, % or 2.5 2.6 1.4 3.6 3.2
µg/µg DNA
NEFA, µEq/L 786 792 627 393 461
BHBA, mg/dL 8.1 9.0 6.6 6.4 7.8
Total health 29 51 37 57 52
disorders

1Dann et al. (2006):  wk 1-8 postpartum for milk
parameters and health disorders and d 1-10 for blood
and liver measurements.  Silva-del-Río et al. (2007):
wk 1-15 for milk parameters and health disorders, wk
1-10 for blood measurements, and d 1 and 35
postpartum for liver TG.
2Prepartum body condition, P = 0.003; Liver TG,
P = 0.14; BHBA, P = 0.03; other parameters P ≥ 0.15
or insufficient animals for statistical analysis (health
disorders).
3Milk, P = 0.04; NEFA, P = 0.06; BHBA, P = 0.07; other
parameters P ≥ 0.15 or insufficient animals for
statistical analysis (health disorders).
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Table 2.  Correlation coefficients between energy
balance and fat-corrected milk or net energy intake
from weekly means of 49 multi- and 24 primiparous
cows from 2-21 wk postpartum (Grummer and
Rastani, 2003).
Item Fat-corrected milk Net energy intake

r P r P
All Cows -0.26 < 0.0001 0.58 < 0.0001
Primiparous -0.15 0.001 0.75 < 0.0001
Multiparous -0.33 < 0.0001 0.69 < 0.0001

Figure 1.  Energy status of dairy cows during the dry
period and early lactation.

Figure 2.  Milk yield of cows fed diet containing 1.67
(High - H) or 1.74 Mcal NEl/kg DM (Low - L) for the
first 3 wk after calving.  After that, all cows were fed
H (Rabelo et al., 2003). 

Figure 3.  β-hydroxybutyrate concentrations in cows
fed standard (n) or high NFC (n) diets beginning
prepartum and continuing postpartum (Minor et al.,
1998). NDF/NFC content of pre- and post-fresh diets
were 49/24 and 26/42 for standard and 30/44 and
22/47 for high NFC.
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Take Home Messages
• Dairy producers must procure forages with dry

cow nutrient requirements in mind.
• Optimal forage combinations should be;

moderate in energy density, avoid mineral
imbalances, and be free of anti-nutritional factors.

• Moderate energy diets for dry cows may improve
postpartum cow health.

• Feeding management of dry cow diets is critically
important to the success of the dry cow program.

Introduction
Research focusing on dry cow nutrition and
management has intensified over the past 10 years.
It is generally accepted that nutritional management
in the dry period affects metabolic status in the
subsequent lactation.  Moderating changes in energy
balance and body fat mobilization in early lactation
improves cow health.  Feeding strategies that avoid
excess consumption of energy during the dry period
and minimize body fat mobilization after calving will
likely optimize success in transition cows.  

A dry cow requires about 15.5 Mcal NEL/day to meet
energy demands for maintenance and pregnancy.
Nutritionists are challenged with packaging balanced
diets that can be consumed at an ad libitum rate
without greatly exceeding energy requirements.  This
challenge is further compounded by today’s dairy
cow’s intense drive for feed intake and continued
agronomic improvements and forage digestibility.
Moderate energy diets fed during the dry period
show promise in reducing postpartum metabolic
disorders such as ketosis, fatty liver and displaced
abomsum (Rukkwamsuk et al., 1999; Beever, 2006;
Douglas et al., 2006).  These moderate energy diets
contain low energy forages, such as wheat straw, to
dilute the dietary energy density and prevent
overconsumption of energy (Drackley and Janovick
Guretzky, 2007).  Wheat straw has been successfully
used in this regard, but cost and availability may
make alternative forages more attractive in some
areas.  

The default forage option for dry cows has
historically been the least expensive forage on the
farm that often possessed a low nutritive value.
Dairy producers strive to optimize quality in the
forages they harvest or purchase for lactating cows.
Dairy producers should, however, purchase or
produce forages with dry cow nutrient requirements
in mind as well.  Optimal forages for dry cows
should be modest in energy density, high in quality,
and have an appropriate mineral profile. 

Altering Forage Content of Dry Cow Diets
Limited work has compared forage type and amount
fed to dry cows on post-partum health and
performance.  Johnson and Otterby, (1981), fed dry
cows one of three diets; 1) alfalfa-grass hay only, 2)
41% corn silage, 47% alfalfa silage , and 12% high
moisture corn, and 3) 25% corn silage, 28.5% alfalfa
silage, and 46.5 % high moisture corn).  These
considerably different diets fed during the dry period
had little effect on milk production, postpartum dry
matter intake (DMI), or the incidence of milk fever
and ketosis.  Cows assigned to the high-grain diet had
the highest decline in DMI prior to calving while the
hay fed cows had the most consistent prepartum
intake.  Coppock et al. (1972) fed diets varying in
forage to concentrate ratios 1) 75:25, 2) 60:40, 3) 45:55,
4) 30:70, 28 d preprepartum and observed that cows
fed treatments 2, 3, and 4 had a significant depression
in DMI compared to cows in treatment 1.  Energy
intake for all four diets exceeded NRC requirements.
Dry cows fed high forage diets ate less dry matter
prepartum, had a tendency to eat more dry matter
postpartum than dry cows fed a low forage, higher
energy totally mixed ration (TMR) (Hocomb et al.,
2001). 

Moderate energy, high forage dry cow diets have
received considerable interest over the last 10 years.
The Illinois group has fed far-off dry cows diets
containing 26% wheat straw (Dann et al., 2006) or
31.8% wheat straw (Janovick-Guretzky et al., 2006)
resulting in improvements in post-partum energy
and indicators of cow health.
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To the author’s knowledge, experiments comparing
forage types for dry cows in diets of equivalent
nutrient composition have not yet been published.  

Why is forage selection for dry cows
important?
Forage selection for dry cows is often overlooked.
Dry cow forage selection criteria often include price,
availability, and convenience.  However, let us not
forget that forage type and processing affect;
palatability, intake, digestibility, rate of passage,
fermentation, feeding behavior, and have positive
and negative associative effects with other
ingredients.  These factors will have clear effects on
the success of the dry cow feeding program.  

Factors to consider when selecting forages for a dry
cow program include; selecting a blend of forages
that closely meet nutrient requirements,
consideration of on farm agronomic factors that allow
for consistent production of forages, balance between
forage production with nutrient management plan,
make use of existing facilities and equipment
whenever practical, have versatility of use in other
aspect of the farm such as inclusion in lactating cow
and heifer diets, or use as bedding.  

Representative and accurate forage sampling and
analysis for nutrient profile is critically important to
accurately formulate dry cow diets.  Wet chemistry
analysis is suggested to determine mineral profile for
accurate calculation of dietary-cation anion difference
(DCAD).  Additionally, frequent dry matter
measurement and adjustment will improve accuracy
of mixing and delivery of diets. 

Alternative forage options for dry cows must be
explored to provide forages with appropriate nutrient
profile at reduced costs.  Options may include; wheat,
oat, or barley straw, corn silage, alfalfa, grass hay,
corn stalks, soybean stubble, sorghum silage,
sorghum sudan grass, tropical corn silage, and forges
for use in bio-energy production.  Agronomic
practices such as harvesting at a mature stage and
varying fertilizer application rates are important
aspects of production of dry cow forages.  Adequate
processing, inclusion into a TMR, and feeding
strategy may be as important as the type of forage
being fed.

Potential dry cow forage options 
Small grain straw
Wheat straw appears to be the gold standard to
dilute the energy density of dry cow diets.  

Advantages:  Very low energy density, slow rate of
passage, excellent bulk, palatable, low potassium and
calcium, may help reduce moisture in TMR’s

containing numerous wet ingredients, readily
available in most areas, consistent nutrient profile,
has received the most interest from researchers.  Field
experience suggests reduced sorting of dry cow
TMR’s that contain less than 30% wheat straw and
wheat straw should be processed to result in 50%  of
straw in the bottom box and minimize straw found in
the top box (3-box system).  Results of excessive
processing of straw on rate of passage are unknown.

Disadvantages:  Must be adequately processed to
prevent sorting.  Wheat straw is a dry ingredient, so
water usually needs to be added to the TMR to
achieve 50% DM.

Oat straw and barley straw can work well to dilute
dietary energy density as well, although both are less
readily available and nutrient composition appears to
be more variable.  Oat straw does not chop as readily
as wheat straw, is higher in potassium, and has a
slightly greater rate of in vitro digestibility.  Barley
straw appears to be quite similar to wheat straw, but
is less available in most areas.  

Corn silage
Corn silage works well in combination with wheat
straw to form a palatable, moderate energy, moderate
potassium, combination that is palatable.  Varieties of
corn silage that are modest in starch content and
identified as less optimal varieties for lactating cows
may serve well in dry cow diets (Table 1).  For
example, assuming equal growing conditions, corn
silage varieties A and B are considerably higher in
starch and energy content than varieties C and D.
The moderate energy density of varieties C and D
may make them better suited for dry cows as less
energy dilution would be required compared with
varieties A and B.  Producers must continue to
focus on length of chop, dry matter, and proper
ensiling to produce a quality product that is free of
anti-nutritional factors such as mold and high ash
content.

Advantages:  Low protein, potassium and calcium,
highly palatable, adds moisture to the TMR, low cost
ingredient.  

Disadvantage:  May contribute excessive starch and
energy, low bulk, sortable ingredient, poor
fermentation and low quality corn silage is disruptive
to rumen fermentation, total tract digestion, and may
compromise immune function.       

Cool season grass hay
Grass hay is readily available in most areas and has
agronomic advantages for manure application.  Field
experience suggests that cool season grasses
including; timothy, orchardgrass, reed canarygrass,
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smooth brome grass, and tall fescue might work well
in dry cow diets, but research should confirm this.   

Advantages:  Readily available in the Midwest, low
cost, moderate protein and energy content, low
calcium, high fill factor, and palatable.

Disadvantages:  Wide variability in nutrient
composition depending upon variety, stage of
maturity at harvest, and harvesting technique.
Obtaining an accurate sample is often difficult due to
heterogeneity of plant species and stages of maturity.
Tends to be high in potassium, difficult to process to
appropriate particle size, higher energy and protein
content limits grasses role to dilute the energy
density of the diet compared with straw.  When
compared to wheat straw, grass hay tends to be
higher in energy density, lower in NDF content, and
more digestible.  All of these factors result in greater
rates of passage and fewer constraints to rumen fill
on energy intake.  Additionally, variability in mineral
content, such as high potassium, may limit inclusion
rates of some grasses in dry cow diets.  High levels of
potassium are associated with higher dietary cation-
anion difference which places periparturient cows at
risk for milk fever.  

Corn stalks
Corn stalks are one of the most readily available and
perhaps underutilized forage sources in the upper
mid-west.  Corn stalks, if processed adequately, seem
to work modestly well for producers during the
winter.  Moisture accumulation in bales with the
spring thaw and risk of mold growth may preclude
their use in dry cow diets in spring and summer
months.  Some new round balers are equipped with
rapid pick-up feeding systems that allow for
harvesting a greater percentage of corn stalk residues.
Harvesting corn stalks closer to the ground may
allow for more dirt to be incorporated into bales and
increase ash values.  Producers who store baled
forages inside have an advantage over those storing
forages outside as quality and shrink losses
associated with moisture and weather are reduced.  

Advantages:  Similar to wheat straw nutrient
composition.  Beneficial attributes include; low starch
and sugar content, high fiber, low potassium and
calcium, excellent bulk, and palatable if finely
processed. 

Disadvantages:  High ash content, difficult to process
to appropriate particle size to prevent sorting, may
contain mold depending upon harvest and storage
conditions, and low moisture content.

Soybean stubble hay
Advantages:  low cost, low starch and sugar content,
readily available.   

Disadvantages:  Difficult to process to prevent
sorting, low yield (ton/acre), tends to be higher in
calcium and ash than wheat straw.    

Sorghum silage
Advantages:  Lower starch content than corn silage,
adds moisture, palatable, low sortability, and has a
variety of applications including lactating cow and
heifer diets.   

Disadvantages:  Lower starch digestibility, higher
potassium than corn silage, less grown in the upper
Midwest than in the Southwest.   

Sorghum-sudan grass
Advantages:  Moderate energy density, high yielding
(slightly lower than corn when harvested as silage).
Sorghum-sudan grass can be cut 2-3 times per season.
Quality declines rapidly with maturity resulting in
moderate energy forage.    

Disadvantages:  Dry hay production may be a
challenge as thick stems increase drying time.
Quality decreases rapidly with maturation.   Large
stems may be difficult to process and be sorted
against.  Variability in nutrient composition is a
challenge.  Sorghum-sudan grass may require special
equipment for harvesting.  

Tropical corn silage
Advantages:  Low starch, excellent yield, palatable. 

Disadvantages:  Limited research available, seed may
be a challenge to obtain, and slow dry down time
results in late harvest.  

Switchgrass 
Advantages:  Similar to wheat straw in nutrient
composition.  Switchgrass may become readily
available for use as a renewable source, with dry cow
forage as a diverse application.  

Disadvantages:  Limited data on nutrient
composition.  Large stem may be difficult to process
and palatability may be a problem.   

Sorting Challenges
The limited demand on the daily schedule of a dry
cow may lead to amplified sorting behavior. Diet
sorting leads to intake of inconsistent nutrient intake
(Stone, 2004; DeVries et al., 2007).  Cows that sort
against long particles are likely to consume higher
amounts of grain and lower amounts of fiber,
resulting in intake of a more nutrient dense diet than
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planned.  Additionally, sorting of the TMR can reduce
the nutrient density of the TMR remaining in the feed
bunk, particularly if feed management is less than
ideal.     

Bulky forages such as wheat straw, grass hay, and
crop residues have inherent properties that
predispose diets containing these ingredients to
sorting.  Appropriate reduction of particle size to
prevent sorting is a challenge.  Vertical mixers and
tub grinders vary in their ability to adequately
process long forages.  Adding water to the diet to
reduce the dry matter to 50 percent appears to reduce
sorting.  Additionally, liquid supplements also help
reduce sorting.  Consistent processing of ingredients,
appropriate mixing and delivery of the TMR, and
optimal bunk management are important factors to
consider ensuring consumption of the diet that is
intended.  In addition to feeding management, cow
factors such as overcrowding and mixing
primiparous and multiparous cows should be
considered   

Do bulky forage offer advantages in
modifying feeding behavior?
We know that dairy cows undergo many
physiological and behavioral changes around the
time of calving that affect feed and energy intake.
Factors regulating feed intake are due to complex
interactions between the cow and her environment.
Increasing feed intake after calving is critical to the
success of the fresh cow. Cows are habitual creatures,
and taking advantage of habit forming behaviors,
such as feeding behavior, may confer an advantage in
periparturient dairy cows.  

Lactating cows spend about 5.0 h per day feeding
(Grant and Albright, 1995).  Dry cows fed at an ad
libitum rate (feed was available for 24 h per d) spent
3.7 h per d eating at the feedbunk (Albright and
Penninton, 1984).  Perhaps increasing the amount of
time dry cows spend eating to mirror that of lactating
cows may be beneficial.  Greter, (2008) fed diets
containing increasing amounts of wheat straw to
growing heifers and found that DMI linearly
decreased with increasing amounts of straw where
feeding time and meal duration increased.

Bulky forages that require greater eating and
rumination time may help cows become accustomed
to dedicating greater amounts of time during the day
to feeding.  This behavior, if maintained, may
improve postpartum intake and be one less
adaptation that a fresh cow must make to her
environment.  Rumen stretch and fill may also be
advantageous in dry cows fed diets containing bulky
forages throughout the dry period.  Although the
rumen can adapt quickly to consumption of larger

amounts of feed (Allen et al., 2000), rapid increases in
feed intake after calving are critically important to
minimize the severity of energy balance. 

Dietary modification to increase postpartum energy
intake has been evaluated, yet changes in energy
intake are mediated through changes in feeding
behavior.  Only limited research has evaluated the
effects of transition on feeding behavior.  Huzzey et
al. (2005) observed feeding, drinking and standing
behavior in transition cows and observed a tendency
for the average number of meals per day to be higher
after calving, but time spent eating declined from 87
to 62 min/d after calving.  Cows in this study were
fed a TMR containing 48% corn silage, 26% alfalfa
hay, and 26% protein mineral supplement (CP, 15.0%,
ADF 20.0%, NDF, 33.5%).  Increased time spent
feeding and ruminating preprartum might be
expected if cows were fed a diet higher in fiber.  It
would be interesting to evaluate the effects of
prepartum feeding behavior when cows are fed high
fiber diets on postpartum feeding behavior and
energy intake.   

Importance of moderate potassium forages.
Forage potassium concentration is dependent upon
forage species, maturity, and soil type and
fertilization.  Most dairy producers recognize the
importance of selecting forages that are low in
potassium for dry cows to reduce dietary cation-
anion difference (DCAD) and prevent milk fever.
Hypocalcemia is associated with reduced DMI and
milk production and increased risk for displaced
abomasum, delayed closing of the teat sphincter,
compromised immune function, retained placenta,
and metritis (Curits et al., 1983; Duffield et al., 2005;
Kimura et al., 2006).  

Diets with a low DCAD should be fed to cows three
weeks prior to calving to prevent hypocalcemia and
milk fever. Researchers in Canada evaluated five
species of cool season grasses (orchardgrass, meado
bromegrass, tall fescue, smooth bromegrass, and
timothy) harvest twice per year during two growing
seasons to evaluate mineral concentration (Tremblay
et al., 2006).  The five species had respectively,
DCAD’s of 656, 540, 510, 490, and 384 mmol/kg-
1/DM in spring growth, and 633, 569, 496, 447, and
332 mmol/kg-1/DM in summer regrowth.  Species
differences in DCAD were primarily related to
differences in potassium (K) concentration.  The
authors concluded that timothy is the best suited
forage for dry cows.  Additionally, work in New York
also confirmed timothy as a low accumulator of K
under varying fertilizer regimes (Cheney and
Cherney, 2005).          
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Forage potassium management 
The goal of K management program for cool season
grasses for dry cows is to provide optimum K for
plant functions without accumulating excessive plant
K.  Perennial grasses are luxury consumers of K,
resulting in high K forages grown on fields with
excess soil K due to repeated animal manure
applications (Cherney et al., 1998).  Most forages
produced with adequate K fertility will not contain
excessive K for lactating cows, however, forages
containing greater than 2.0% K may put dry cows at
risk for hypocalcemia and milk fever.  A rule of
thumb for dry cow forages is to keep forage K below
1.5% of dry matter, especially when feeding high
forage dry cow diets.  It is important for dairy
producers to know the level of soil K in each field.
Fields testing lowest in soil K can be set aside for
producing forage for dry cows.  

Forage capacity to remove K is high, so soil test level
will decline with time resulting in deficient soil K,
which will decrease yields and persistency of the
stand.  The C4 plant species generally have lower K
levels than C3 species.  Grasses are typically lower in
K than legumes.  The concentration of K in plant
tissue declines with increasing maturity.  Hay is
typically lower in K than silage due to leaching of K
during drying.  When soil K is high, higher rates of
nitrogen fertilizer tend to increase forage K.      

Canadian researchers recently grew timothy hay on
low potassium soils and fertilized with two levels of
calcium chloride (CaCl2) to produce low DCAD hay
at two different levels (Charbonnear et al., 2008).
Calcium chloride solution was applied with a pivot
irrigation system. The DCAD values were 1.6 vs. 14.5
mEq/100g of DM for the low-and high-DCAD
timothy based diets, respectively.  Dry cows fed the
low DCAD timothy hay had greater blood ionized
calcium concentration prepartum, and at 0 and 8 h
after calving, and similar prepartum DMI.  Cows
with ionized calcium concentration in blood <1 mM
were considered to be hypocalcemic and were fewer
(35.0%) in the low DCAD group compared with the
high DCAD group (66.7%) (Charbonnear et al., 2008).
Despite timothy’s apparent advantage as forage for
dry cows it is better suited for cold climates.  The
CaCl2 fertilization of additional forages should be
explored to include other cool and warm season
grasses and legumes.  Diverse avenues for
application of CaCl2 such as mixing CaCl2 solution
with liquid manure should also be explored.       

Restricted vs. ad libitum feeding.  Where
do high forage dry cow diets fit?
Optimal dry cow feeding management strategies
remain controversial.  Inconsistencies in dry cow
feeding programs include; amount of dry matter per

cow fed, time of feeding, access time to feed, feed
push-up frequency and bunk space per cow.
Restricted feeding during the dry period may offer
several advantages such as; control of energy intake
beyond dietary dilution, aggressive feeding behavior,
reduced sorting (cows will clean up all feed), and
reduced rate of passage and improvement in nutrient
digestibility.  Possible disadvantages of restricted
feeding of dry cows include; increased competition at
feeding time, reduced rumen fill, and slug feeding
behavior.  Energy intake is routinely restricted in
other species prior to parturition to improve
postpartum success.  Questions remain regarding
optimal feeding management of dry cows.   

Restricted fed cows during the dry period often
perform as well if not better than cows fed ad libitum
during the dry period.  Restricted feeding of diets to
dry cows also shows promise in improved
postpartum dry matter intake and lower liver
triglyceride concentrations (Dann et al., 2006;
Douglas et al., 2006).  In a study conducted in
Florida, restricted feed intake compared with ad
libitum intake during the dry period had minimal
effects on postpartum performance; however, cows
with prepartum feed restriction tended to eat more
dry matter in early lactation (Holcomb et al., 2001).
Effects of ad libitum or restricted feeding of dry cow
diets containing different forage types on postpartum
health, performance, and feeding behavior has not
yet been evaluated.  Lodge et al. (1975) restricted hay
intakes for 6 wk prepartum to supply only
maintenance energy versus hay at approximately 1.8
times maintenance.  Restricted cows lost more weight
prepartum, but over wk 1 to 16 postpartum had
higher DMI and greater milk yield with lower milk
fat content and restricted cows tended to eat more
DM early in lactation (Lodge et al., 1975).     

Feed cost for dry cows fed in restricted amounts
would be lower than ad libitum cows.  Additionally,
restricted cows would produce less manure with a
higher dry matter content, resulting in cleaner
bedding in dry cow facilities.  Modest improvements
in environmental impact through reduced nutrient
excretion may be observed in restricted feeding
programs.

Dry cows and cellulosic biofuel?
Forages discussed above as options for dry cows
have also received some interest as substrate for
renewable energy production.  Research is needed to
continue to explore forage options for dry cows as
competition for cellulosic products and price for
these commodities may increase in the future.       
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Table 1. Selected varieties (A-D) from the Minnesota corn silage varietal trial results (2008).

Yield,  Ton/Acre Quality (concentration), % Milk Yield
Relative Moisture, % DM Silage CP NDF IVD NDFD Starch lb/Ton lb/Acre
Maturity

A 104 64.8 8.6 24.5 9.0 35 82 48 34 3,610 31,200
B 101 63.0 7.3 19.6 8.8 37 79 45 32 3,300 24,200
C 100 65.1 7.1 20.2 9.5 43 78 49 21 3,050 21,700
D 97 66.2 6.6 19.5 9.7 46 78 51 19 3,000 19,900



Introduction
This paper will focus on dairy feed management with
nitrogen as a focus  while : 1) providing an overview
of the importance of feed management and it’s
relationship with whole farm nutrient management,
and 2) share a few examples of how feed
management can reduce the import of nitrogen to the
farm.  

Whole Farm Import of Nutrients 
Figure 1 depicts the concept of whole farm nutrient
management. From an environmental standpoint,
ideally the input would equal the output from the
farm. This is rarely the case because only ~ 13 to 27 %
of feed input of N, P, and K are exported in milk and
animals (Figure 2). The remainder of the N, P, and K
are excreted. The import/export imbalance is further
impacted by the increase in cow density at the
farmstead. From 1954 to 1987 there was a continual
increase in cow density on dairy farms across the US
(Lanyon, 1992). Coincident with this increase in cows
per acre was an increased importation of feedstuffs to
the farm to achieve higher levels of milk production.
Data shown in Table 1 indicate that the amount of
concentrate (assumed to be imported) fed to dairy
farms increased ~ 10 to 50 fold between 1954 and
1987.

Recent Changes in Dairy Production
The trend for increased herd size and fewer herds has
progressed to the point in the US where in 2004, 50
percent of the dairy cows were owned by 7.5 percent
of the dairies (Cady, 2005).  The reason for the
continued restructuring of the dairy industry is the
economic pressure at the farm level, since milk price
at the farm has not kept up with inflation (Fetrow et
al., 2004). The continued decrease in profit per cow
has resulted in a need for increased efficiency and
one of the most effective ways to improve efficiency
has been to increase the number of cows per unit of
land (Rotz et al., 1999).  It is common to observe an
increase in imported feed nutrients to the farm due to
the increase in number of cows per management unit
(farm), and the need for increased nutrients as cows
achieve higher levels of milk production Lanyon,
1992).  In addition, inexpensive by-product feeds are
often imported which are high in N and P.  These

changes accumulatively result in an increase in
nutrient import to most farms, without an equivalent
export of nutrients in milk. 

While meeting the challenges of managing nutrients
on dairies of today is necessary, it is important to
recognize the overall decrease in national nutrient
loading that has occurred over the last 60 years.
Kohn (2004) reported (see Table 2) that in 1944 the US
dairy herd peaked at 25 million cows, since then
there has been a decline to 9 million cows in 2001.
Since 1944, N excretion per cow per year has
increased by about 12%; however, the total N
excreted by all dairy cows in the US has decreased by
60%.

Feeding for Reduced Crude Protein 
The transition from feeding the dairy cow for her
crude protein requirement has clearly progressed
today to a more sophisticated approach of
formulating for the estimated requirement of amino
acids (NRC Recommendation for Dairy Cattle – 2001
- http://bob.nap.edu/books/0309069971/html/).
While this transition has been occurring there has
been a simultaneous progression of a greater
awareness of the interrelationship of diet formulation
and feed management on whole farm nutrient
management. The focus of this example will be to
develop the concept of ration balancing for increased
profit and reduced environmental impact as it relates
to nitrogen. In particular, the merits of formulating
for estimated amino acid requirements with the use
of ruminally undegraded protein (RUP) sources.

Amino Acid Formulation
Amino acid formulation for dairy cattle has been
common practice since the availability of the CNCPS
(Fox et al., 1990) model and CPM model. We have
used both models successfully to strategically
formulate diets to evaluate the merits of sources of
RUP, ruminally protected amino acids, and free
lysine-HCL (Xu, et al.,1998; Harrison, et al., 2000).
Others (VonKeyeserlingk et al., 1999; Dinn et al.,
1998) have had positive experiences with use of the
model to formulate diets to reduce the CP level in the
diet while maintaining milk productivity.
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Additional studies (Harrison et al., 2002, and
Harrison et al., 2003) continue to provide evidence
that formulating diets for available amino acids can
provide the opportunity to reduce CP levels in the
diet and reduce on-farm import of nitrogen. A field
study (Harrison et al., 2002) was conducted with a
high producing herd in WA state to compare their
general herd diet formulated at ~ 18 % CP to a diet
that was reformulated at ~ 17 % CP (Tables 3 and 4).
Results showed that milk production could be
maintained while decreasing nitrogen import to the
farm (Tables 5 and 6). In addition, the diet
reformulation resulted in an increase in IOFC
(Table 7). 

One of the primary environmental benefits of more
closely meeting the protein and amino acid needs of
heifers and lactating cows is a reduction in potential
ammonia emissions.  James et al. (1999) fed diets of
9.6 % or 11% CP to dairy heifers and observed a
decrease in ammonia emission of 28.1%, and
decreased urea-N, total N, and percentage N excreted
in urine of 29.6, 19.8, and 7.4%, respectively. Krober et
al. (2000) fed diets that ranged from 12.4 % to 17.5 %
CP to early lactation cows, and observed an increase
in use of feed N for milk N from 27% to 35 % as the
dietary CP percentage was reduced from 17.5% to
12.4%, respectively.  Krober at al. (2000) also observed
that ammonia N emission decreased from 231 to 160
and 55 micrograms/sec per square meter of surface
area when feeding diets of 17.5 %, 14.7 %, and 12.4 %
CP, respectively. This translated to a decrease in total
nitrogen losses during seven weeks of storage of 89 to
57 to 25 g/d per cow. While expensive, the on-farm
management strategy that has the greatest potential
to minimize ammonia N volatilization is the
segregation of feces and urine (Rotz eta al., 2006).
This strategy does result in an estimated range in
reduced annual net return of $64 to $88/cow was
observed.

While individual feeding studies are necessary to
define the value of any given feeding strategy,
integration of these practices with other farm
management factors and their impact at the whole
farm level is the ultimate goal of integrated nutrient
management.  Rotz et al. (1999) used a simulation
model to demonstrate the economic and
environmental impact at the whole farm scale of
more efficient feeding and use of protein
supplements for milk production.  When soybean
meal was used along with a less ruminally
degradable protein source, volatile N loss was reduce
from 30 to 11.6 lb/acre of cropland, while leaching
loss was estimated to be reduced by ~ 0.89 lb/acre.
Use of the more expensive rumen undegradable
protein source increased net return by $46 to
$69/cow per year. In this same report (Rotz et al.,

1999) less N was volatilized when a majority of the
forage was based on corn silage vs. alfalfa silage. 

Summary
The society of today is increasingly expecting that
animal agriculture has a minimal impact on the
environment. Tools and knowledge (such as precision
nitrogen feeding) are available to successfully reduce
the import of nitrogen to the farm while resulting in
improved profitability.
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Table 1. Changes in dairy farm numbers, cow
numbers, and the concentrate consumed for three US
dairy states from 1954 to 1987. Source: Lanyon (1992).

California
1954 1987

No. dairy farms 34,031 3,631
Milk cows 790,730 1,070,366
Concentrate use
lb/yr per cow 1,899 7,542
lb/100 lb milk 23.98 42.02
lb/yr per farm 43,747 2,223,069

Florida
1954 1987

No. dairy farms 16,738 1,073
Milk cows 158,877 176,993
Concentrate use
lb/yr per cow 3,216 9,469
lb/100 lb milk 62.92 75.9
lb/yr per farm 30,523 1,562,323

Pennsylvania
1954 1987

No. dairy farms 82,708 15,096
Milk cows 875,631 673,054
Concentrate use
lb/yr per cow 2,248 5,643
lb/100 lb milk 35.9 40.0
lb/yr per farm 23,793 251,123

Table 2. Production and nitrogen excretion for the US
dairy herd in 1944 and 2001.                                            

1944 2001
Milk per cow (kg/d) 7 27
N intake per cow (g/d) 360 490
N excreted per cow (g/d) 326 364
N excreted / N in milk (g/g) 10 3
N in milk / N intake (g/g) 0.09 0.26
Number of cows (106) 25 9
Milk per cow (lb/yr) 4560 17934
Total milk (109 lb/yr) 114 161
N Excretion per cow (lb/yr) 262 293
Total N excretion (109 lb/yr) 6.6 2.6
Source: Kohn, R. (2004).

Table 3. Chemical composition for control and treated
diets (Harrison et al., 2002)
Item Control Treated
CP, % DM 17.8 16.95
Available CP, % DM 16.4 15.35
Unavailable CP, % DM 1.4 1.55
Neutral Detergent CP,
% DM 2.3 2.65
Adjusted CP, % DM 17.8 16.95
Soluble Protein, % DM 6.4 6
Soluble Protein, % CP 35.7 36.95
ADF, % DM 22.55 22.65
NDF, % DM 32.45 32.7
NFC, % DM 39.05 39.8

Table 4. Composition of diets (Harrison et al., 2002).
Item Control - % DM Treated - % DM
Alfalfa Hay 29.32 26.23
Corn Silage 19.55 19.99
Corn grain, flaked 16.15 18.01
Whole cottonseed 8.26 8.49
Corn Distiller Grains 4.35 ----
Beet pulp pellets 2.10 6.22
Molasses 1.74 1.94
Ener GII 1.48 .63
Soybean Meal ---- 3.45
Bakery Mix* 14.28 ----
Bakery Waste ---- 7.97
Soy Pass ---- 3.95
Std Mineral/Vit 2.77 ----
Std Minerals + 
Novus Premix** ---- 3.12
*Bakery mix = Canola – 28.8% (as fed), soybean meal
– 32.9% (as fed), and bakery waste – 32.8% (as fed).
**contained Alimet and lysine HCL at a5.7% and 24%,
respectively.



Table 5. Treatment response to diet reformulation
(Harrison et al., 2002).
Item Control Treated SE P<
DMI,lb 56.7 55.2 ---- -----
CP Intake, lb 10.1 9.35 ---- -----
Milk, lb 99.9 101.9 0.53 .007
3.5% FCM, lb 96.0 96.6 0.46 .32
Fat, % 3.28 3.21 0.014 .001
Milk Fat, lb 3.26 3.23 0.018 .63
Protein, % 2.90 2.93 0.006 .0009
Milk Protein, lb 2.88 2.95 0.015 .0004
MUN, mg/dl 17.5 14.5 ---- ----
Ratio Milk True
Protein: Intake
Protein Ratio .285 .316 ---- ----
BW, lb 1396 1395 1.80 .88
Change in BW, lb 34 36 4.3 .70

Table 6. Environmental Characterization (Harrison et
al., 2002).
Item Control Treated % Change
Nitrogen Intake, gms/d 734 680 -  7.4
Milk total N, gms/d* 240 246 + 2.5
Predicted Urinary N, gms/d** 289 239 - 17.3
Calculated Fecal N, gms/d*** 205 195 -  5.0
*(Milk True protein - gms/6.38) X 1.17
**Estimated per J Dairy Sci.85:227-233. Urinary
nitrogen (gm/d) = 0.026 X BW (kg) X  MUN (mg/dl)
***Intake N- Milk N- Urine N

Table 7.  Economic Evaluation. (Harrison et al., 2002).
Item Control Treated
Feed Costs, $/day/cow 4.82 4.88
Milk Income, $/day/cow 11.92 12.10
IOFC*, $/day/cow 7.10 7.22
*IOFC = Income over feed cost.

Figure 1. Schematic depicting the concept of whole
farm nutrient management. Ideally, inputs = outputs.

Source:  Nelson (1999).
Source: Hart et al. (1996).
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Introduction
Requirements for choline and B vitamins have not
been established.  In the case of B vitamins, the
dogma is that microbial synthesis and dietary sources
escaping ruminal degradation provide adequate
quantities and supplementation is not required.
However, as milk production has increased, that
notion has received additional scrutiny. Erdman
(1992) indicated choline as potentially limiting for
dairy cows.  In contrast, he predicted that intestinal
supply of niacin was far in excess of that needed for
milk production.  Supplementation of free niacin to
dairy rations, commonly at a rate of 6 to 12 g/d, has
inconsistent and small effects on lactation
performance, and questionable economic return
(Schwab et al., 2005). Limited data is available for
determining the effects of protected niacin on
lactation performance. Consequently, for niacin, the
focus of this paper will be on postruminal delivery
and its pharmacological effects on modifying lipid
metabolism.

Choline
Background. Choline is often referred to as a vitamin
or micronutrient, but it does not fit the classical
definition.  It can be synthesized endogenously, it is
not an enzyme cofactor in metabolic pathways, and it
is typically supplemented in much larger quantities
than vitamins.  Choline is an essential nutrient for
many animal species including rats, pregnant sows,
pre-ruminating sheep, and calves.  Choline serves as
a methyl donor in biochemical reactions and as a
constituent of phosphatidylcholine (PC).  Methionine
serves as a methyl donor for choline synthesis;
therefore, choline and methionine can spare the
requirement of each other.  Involvement of biotin,
folic acid, and vitamin B12 in one-carbon methyl
metabolism yields potential interactions between
these vitamins and choline.  Phosphatidylcholine can
be synthesized from tri-methylation of
phophatidylethanolamine or directly from choline.
As a component of phospholipids, choline is essential
for maintaining cell membrane structure and
permeability, and for transport of lipid from the liver
as a constituent of very low density lipoproteins
(VLDL).  Choline deficiency leads to fatty liver in
laboratory animals.  

Estimates of ruminal choline degradation are 80-98%
(Atkins et al., 1988, Sharma and Erdman, 1989b).
Differential milk yield response between ruminal and
abomasal infusion of choline support invitro data and
suggest ruminal degradation of choline (Sharma and
Erdman, 1989a).  The main fate of dietary choline is
ruminal conversion to trimethylamine followed by
conversion to methane.  Ruminal production of
choline is negligible (Erdman, 1992).  Protected
choline supplements have been developed to
decrease microbial degradation in the rumen and
increase delivery of choline to the small intestine but
documentation of extent of ruminal protection and
degree of release in the small intestine is scarce.

Milk Production. A summary of milk and milk
component responses to postruminal infusion of
choline or feeding protected choline are shown in
Figures 1-3.  In each, the control treatment mean has
been plotted against the choline treatment mean.
Amounts of choline chloride supplied for most of the
studies was 15 g/day, although amounts may have
been as high as 50 g/day in some of the postruminal
infusion trials.  We plotted the data in this fashion to
try and examine if the response was related to level
of production or milk components.  

In the 16 treatment comparisons summarized in
Figure 1, there was a significant increase (P < 0.05) in
milk yield in 6 comparisons and a trend (P < 0.15)
toward an increase in one comparison.  Response to
choline was not dependent on high milk yield
because some of the biggest responses were obtained
from moderate (30-35 kg/d) producing cows. 

Reasons for the increases in milk yield or variability
in milk yield response are not known.  For studies in
which protected choline was fed, it may be related to
the level of protection and/or degree of release in the
intestine.  It may be related to status of other methyl
donors (i.e. methionine) or cofactors associated with
one-methyl carbon metabolism (folic acid, vitamin
B12).  Further studies are needed to establish the
relationship between supplemental choline and other
nutrients involved in one-carbon methyl metabolism.

Some of the early studies by Erdman and co-workers
(Erdman et al., 1984) hypothesized that choline
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supplementation may increase milk fat percentage.
They suggested “choline aided the transport of
mobilized free fatty acids from adipose tissue through
the liver to the mammary gland”.  Figure 2 shows a
summary of the responses of milk fat percentage to
rumen-protected or postruminally infused choline.  Of
the 12 studies summarized, fat percentage was
increased statistically in 3 of the studies (P < 0.05) and
tended to increase in 1 of the studies (P < 0.15).
Interestingly, in three studies employing fresh cows in
which milk fat test was high (> 4.0%) and fat
mobilization would be high, there was no treatment
effect.  This does not support Erdman’s hypothesis of
enhanced hepatic lipid transport as a mechanism of
action for increased milk fat.

Milk protein response to supplemental choline is
summarized in Figure 3.  The response is neutral
with only one study indicating a trend for a change; a
decrease (P < 0.15).  Given the potential ability of
choline to spare methionine, it is surprising that
positive treatment effects were never observed.  In
the great majority of studies, diet methionine status
was not described.

Animal Health. Choline deficiency in rats has been
shown to cause an increase in accumulation of
triglyceride (TAG) in liver.  Triglyceride is
transported out of the liver as a constituent of VLDL.
As previously mentioned, choline may spare
methionine (also a methyl donor) which is an amino
acid that is required for synthesis of protein (a
constituent of VLDL).  Choline also serves as a
substrate for synthesis of PC, another constituent of
VLDL. 

Fatty liver is a metabolic disorder that can affect up
to 50% of high producing cows during the transition
period, potentially compromising health, production
and reproduction.  Fatty liver develops when plasma
nonesterified fatty acid (NEFA) concentrations are
high due to depressed feed intake and altered
endocrine status associated with initiation of
parturition and lactation. The NEFA concentration at
which TAG begins to accumulate in liver is not well
established, but is known that the hepatic uptake of
NEFA is directly associated with its concentration in
blood.  Research involving frequent blood and liver
sampling in periparturient Holstein cows has shown
liver TAG accumulation within 1 day after calving,
which was preceded by an acute increase in plasma
NEFA concentration and depressed feed intake
immediately prior to and at calving (Vazquez-Añon
et al., 1994).  Therefore, if the flow of choline to the
intestine of dairy cattle is insufficient during the
periparturient period when feed intake is low and fat
mobilization is high, synthesis of VLDL could be
limited and fatty liver could result.

Only recently have the effects of choline on liver TAG
been measured directly.  Hartwell et al. (2000) fed
ruminally protected choline to transition dairy cows
but did not see any beneficial effect on liver TAG
concentration.  However, the degree of ruminal
protection of the choline fed in that trial has been
questioned by the manufacturer of the product (D.
Putnam, personal communication).  More recently, an
improved protected choline product (D. Putnam,
personal communication) was fed to transition dairy
cows and a statistically non-significant reduction in
liver TAG was observed as level of supplementation
was increased (Piepenbrink and Overton, 2004).
Liver TAG is a highly variable measurement in dairy
cattle immediately after parturition and this study
may not have had adequate animal numbers to detect
statistically significant treatment differences.
Therefore, we attempted to assess whether choline
had a role in preventing or alleviating fatty liver
using an experimental model that might be more
sensitive for detecting a treatment effect.

To conduct these experiments, we used far-off dry
cows.  In the first study, cows were energy-restricted
to approximately 30% of requirements for
maintenance and pregnancy for 10 days.  This was
done to mimic feed intake depression prior to calving
and allow for lipid mobilization and development of
fatty liver.  During the energy restriction, cows were
fed an unsupplemented diet or one diet
supplemented with rumen-protected choline.  This
protocol allowed access to whether choline has a role
in the prevention of fatty liver.  For the second
experiment, cows were energy-restricted for 10 days,
similar to that in the first experiment.  During this
time, all cows were fed the same diet.  Following the
10-day energy restriction, cows were fed ad libitum
for 6 days.  During that time cows were fed an
unsupplemented diet or one supplemented with
rumen-protected choline.  Depletion of TAG from the
liver was monitored during the as libitum feeding.
This protocol allowed us to determine whether
choline has a role in the alleviation of fatty liver
(Cooke et al., 2007).  Data from these trials indicated
that choline had a role in prevention and alleviation
of fatty liver.  In the first study plasma NEFA were
also reduced by choline supplementation, therefore, it
cannot be distinguished whether the beneficial effects
of choline on liver TAG were due to direct effects on
the liver or indirect effects on lower plasma NEFA. 

Demonstrating that choline can prevent fatty liver
using a model such as we employed is an important
finding, but it does not establish if there is a
beneficial effect on animal health.  To evaluate effects
on animal health, trials employing large animal
numbers are required and such studies are
necessarily conducted on large commercial farms.



Lima et al. (2007) conducted two experiments on
separate farms.  On one farm, using 363 cows, 0 or 15
g/d of choline in a protected form was fed between
25 days prior to expected calving until 80 days post
calving.  Postpartum, DMI tended to be greater (22.6
vs. 23.9 kg/d; P = 0.10) and fat-corrected milk yield
was greater (44.6 vs. 42.8; P < 0.05) for cows fed
choline.  Feeding choline reduced (P < 0.05) the
incidence of ketonuria (10.7 vs. 28.8%), clinical ketosis
(4.0 vs. 11.3%), and the relapse of clinical ketosis (2.3
vs. 6.85). On the second farm, the same treatments
were fed, but the duration was only from 25 days
prior to expected calving until calving.  DMI and fat-
corrected milk was not affected by treatment and
choline supplementation tended to increase milk
yield (27.9 vs. 28.7 kg/d; P = 0.07).  Parameters
related to ketosis were not affected by treatment.  The
researchers speculated that the absence of a response
on the second farm my have been due to the absence
of choline supplementation after calving.

Niacin
Background. The vitamin niacin is a precursor of the
coenzyme nicotinamide adenine dinucleotide (NAD)
which participates in a large number of oxidation-
reduction reactions, both in anabolic
(NADPH/NADP) and catabolic (NADH/NAD)
pathways.  Niacin can be found in two common
forms: nicotinic acid (NA) and nicotinamide (NAM).
Both compounds have similar nutritional properties,
and both can be used in the synthesis of NAD but
have distinct biological properties (Dipalma and
Thayer, 1991; Carlson, 2005).

Early studies from the 1960’s showed that NA has
anti-lipolytic effects in humans.  Both oral or
intravenous administrations of NA boluses lead to
dramatic and acute reductions of plasma NEFA
concentrations, followed by a rebound above baseline
levels and a subsequent return to baseline (Carlson,
2005).  In dairy cows, large oral boluses of NA cause
transient decreases in NEFA concentration followed
by a rebound (160 g, Waterman and Schultz, 1972;
Waterman et al., 1972; 12 or 120 g, Jaster et al., 1983).
Pharmacological doses of NA inhibit lipolysis in
adipose tissue (Dipalma and Thayer, 1991; Carlson,
2005), but have minimal direct effects on subsequent
fatty acid metabolism in the bovine (Waterman and
Schultz, 1973).  The rebound is thought to occur
when NA action in adipose tissue ceases, possibly
due to clearance of NA from blood (Waterman and
Schultz, 1972).  In contrast to NA, NAM does not
have anti-lipolytic properties in humans (Dipalma
and Thayer, 1991; Carlson, 2005).  Accordingly, oral
administration of 12 g/d of NAM to feed-restricted
cows failed to reduce plasma NEFA or BHBA
concentrations (Jaster and Ward, 1990), even though
rumen microbes are able to convert NAM to NA

(Harmeyer and Kollenkirchen, 1989; Campbell et al.,
1994).

Productive performance and health. A meta-analysis of
27 feeding studies involving free NA
supplementation to dairy rations showed no
improvement in lactation performance when NA was
given at a rate of 6 g/d (Schwab et al., 2005).
Supplementation of 12g NA/d did not change in
milk production (0.4 kg; P = 0.12) and resulted in
modest increases in fat (25.8 g/d; P = 0.01) and
protein (17.4 g/d; P = 0.08) yields compared to
controls (Schwab et al., 2005).  The authors
questioned the economic return from supplementing
free NA in dairy rations due to high variability of
results and small production responses.

Plasma NEFA concentrations were reduced in only
one out of 11 studies in which periparturient cows
were supplemented with niacin (6 to 12 g/d of free
NA or NAM; NRC, 2001).  Accordingly, meta-analysis
of multiple studies involving NA feeding showed no
statistical effects of NA in plasma NEFA and BHBA
concentrations (Schwab et al., 2005).  The absence of
positive results of niacin supplementation in most
feeding trials contrasts with the positive effects of NA
in reducing NEFA levels in humans, and with the
acute reduction in plasma NEFA when
supraphysiological doses of NA were given to cows.
There are several factors that may explain the lack of
success with using niacin to reduce NEFA. The active
form of niacin modulating adipose tissue metabolism
in humans is NA, therefore, effects may not be
expected in the bovine if NAM is fed.  Supplemental
niacin is extensively degraded or transformed in the
rumen.  Only 6.7% to 17% of supplemental NA was
estimated to reach the duodenum in the bovine (Zinn
et al., 1987; Campbell et al., 1994).  Absorption of NA
through the rumen is probably insignificant
(Harmeyer and Kollenkirchen, 1989; Erickson et al.,
1991; Campbell et al., 1994).  The dosage of niacin fed
to periparturient dairy cows (either as NA or NAM)
usually ranges from 6 to 12 g/d (NRC, 2001; Schwab
et al., 2005).  This supplementation level is probably
insufficient to elicit a significant and sustained
decrease in NEFA, especially when taking into
consideration the limited flow of supplemental NA to
the lower gut (Zinn et al., 1987; Campbell et al., 1994).
Recent experiments involving the supplementation of
periparturient dairy cows with high doses of rumen
available NA have produced inconsistent results.
Jersey cows supplemented with 48 g/d of free NA
from 30 d prepartum until calving had lower levels of
plasma NEFA at calving and less DMI decline during
the last week of gestation (French, 2004).  However,
these results were not replicated when both Holstein
and Jersey cows were supplemented with up to 98
mg NA/d per kg BW, from 30 d prepartum to 21 d
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postpartum (Chamberlain and French, 2006).  We
suspect that only a small fraction of the NA was
absorbed because a free form of NA was used.
Furthermore, the antilipolytic effects could have been
transient, and the inconsistent results on plasma
NEFA may have reflected the time of blood sampling
relative to NA feeding.

Current research. We hypothesized that, if delivered in
sufficient quantities to the intestine, NA would limit
lipolysis in adipose tissue and induce sustained
reductions in plasma NEFA concentration during
periods of negative energy balance.  In experiment 1,
we studied the effect of single NA abomasal bolus on
plasma NEFA of feed-restricted cows (Pires and
Grummer, 2007).  Treatments were a bolus of 0, 6, 30
or 60 mg NA/kg BW, corresponding to 0, 5, 24 and 49
g of NA, given as a single abomasal infusion each
period.  Cows were feed-restricted for 48 h prior to
abomasal infusion to stimulate mobilization of fatty
acids and elevate plasma NEFA concentration.  All
NA doses caused dramatic reductions of plasma
NEFA, followed by a rebound during which NEFA
increased transiently above baseline levels (Figure 4).
The initial pattern of plasma NEFA decrease suggests
that blood NA concentrations initially reached a
threshold that induced maximum inhibition of
adipose lipolysis.  The rebound of plasma NEFA
followed a pattern observed in other animal models.
A second experiment was conducted to assess
whether successive abomasal infusions of NA could
induce sustained reductions of plasma NEFA
concentration (Pires and Grummer, 2007).  Six non-
pregnant, non-lactating Holstein cows were feed-
restricted for 48 h to increase plasma NEFA.  At 48 h
of feed restriction, cows received 9 hourly abomasal
infusions of 0, 6 or 10 mg NA/kg BW per h, which
corresponded to 0, 4.9 and 8.3 g NA/h.  Both NA
treatments reduced plasma NEFA in a similar pattern,
from 550 to approximately 100 uEq/L.  Again, a
dramatic rebound was observed after NA infusions
were discontinued at 8 h (Figure 5). We have
conducted additional experiments to determine if
lower rates of NA infusion may promote more
moderate reductions of plasma NEFA concentration
without a rebound effect (unpublished); that does not
appear to be the case.

Conclusions
Supplementation of dairy diets with protected
choline has improved milk yield in moderate
producing cows (30 - 35 kg/d).  There is some
evidence supporting beneficial effects in milk fat
percent, while protein percent was unchanged in all
trials reviewed.  In addition to productive
performance, potential benefits of supplemental
choline on modulation of lipid metabolism must be
considered.  Controlled experiments suggest that

supplemental choline prevents liver TAG
accumulation and enhances depletion TAG following
a protocol for induction of hepatic TAG infiltration.
Field studies involving large animal numbers showed
increased DMI and FCM production, and decreased
incidence of ketosis when cows were fed rumen-
protected choline during both close-up period and
early lactation.

Recent research shows that NA is a powerful
antilipolytic agent in the bovine under negative
energy balance due to feed restriction- if it is
delivered postruminally.  Unfortunately, it seems
unlikely that there is a dose of NA that can lower
plasma NEFA and avoid the rebound effect when
delivery is terminated.  Because of the potential
negative consequences on plasma NEFA that might
occur if an animal goes off feed, supplementation of
NA in any form cannot be recommended at this time
for control of lipid related metabolic disorders. 
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Figure 1. Milk yield response, plotted as control
treatment vs. choline treatment, for cows fed rumen-
protected choline or postruminally infused with
choline.  References:  Abeni et al., 2007; Davidson et
al., 2006; Emanuele et al., 2007; Erdman and Sharma,
1991; Hartwell et al., 2000; Janovick Guretzky et al.,
2006; Lima et al., 2007; Ondarza et al., 2007;
Piepenbrink and Overton, 2003; Sharma and Erdman,
1988; Sharma and Erdman, 1989; Thering et al. 2007;
Toghdory et al., 2007; Zahra et al., 2006.
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Figure 2. Milk fat response, plotted as control
treatment vs. choline treatment, for cows fed rumen-
protected choline or postruminally infused with
choline.  References:  Abeni et al., 2007; Davidson et
al., 2006; Emanuele et al., 2007; Erdman and Sharma,
1991; Hartwell et al., 2000; Janovick Guretzky et al.,
2006; Ondarza et al., 2007; Piepenbrink and Overton,
2003; Sharma and Erdman, 1988; Sharma and
Erdman, 1989; Toghdory et al., 2007; Zahra et al.,
2006.

Figure 3. Milk protein response, plotted as control
treatment vs. choline treatment, for cows fed rumen-
protected choline or postruminally infused with
choline.  References:  Abeni et al., 2007; Davidson et
al., 2006; Emanuele et al., 2007; Erdman and Sharma,
1991; Hartwell et al., 2000; Janovick Guretzky et al.,
2006; Ondarza et al., 2007; Piepenbrink and Overton,
2003; Sharma and Erdman, 1988; Sharma and
Erdman, 1989; Thering et al. 2007; Toghdory et al.,
2007; Zahra et al., 2006.

Figure 4. Effects of abomasal infusion of single doses
of nicotinic acid on plasma NEFA.  Fixed effects in
the statistical model: treatment (P = 0.001), time and
treatment x time interaction (P < 0.001).  Treatment
differences within a time point are indicated by * (P <
0.001; Pires and Grummer, 2007).  

Figure 5. Effects of abomasal infusions of nicotinic
acid at a rate of 0, 6, or 10 mg/h per kg of BW on
plasma NEFA.  Infusion of treatments started at 48 h
of feed restriction (time 0) and was repeated at 1, 2, 3,
4, 5, 6, 7, and 8 h thereafter.  Fixed effects in the
statistical model: treatment (P = 0.06), time (P < 0.001)
and treatment x time (P < 0.001).  Treatment
differences within a time point are indicated by *
(P < 0.001) and ‡ (P = 0.05; Pires and Grummer, 2007).
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Abstract
Ruminal acidosis is caused by an imbalance between
the production of fermentation acids by microbes in
the rumen and the absorption, passage,
neutralization, and buffering of those acids. The
production rate of fermentation acids is highly
variable across diets and increases greatly with
highly fermentable starch sources.  Hydrogen ions
are removed primarily by absorption from the
rumen, and the concentration gradient across the
ruminal epithelium is likely the major factor affecting
absorption of acids from the rumen.  Coarse forage
fiber affects ruminal pH by retaining digesta in the
rumen which provides the buffering capacity
inherent in feedstuffs, increases salivary buffer flow
through stimulation of rumination, and increases the
concentration gradient through stimulation of
ruminal motility.  Selecting optimal diet
fermentability and maintaining an adequate digesta
pool are likely key factors in preventing subacute
ruminal acidosis.

Keywords: subacute rumen acidosis, rumination,
motility, concentration gradient, buffering

Introduction
A slightly acidic ruminal pH is desirable to maximize
milk yield of dairy cattle because diet digestibility
and yield of microbial protein produced in the rumen
are maximized when highly fermentable diets are
fed.  Ruminal pH near or above 7.0 can be thought of
as lost opportunity; energy intake and microbial
protein production will be sub-maximal, limiting
milk yield and (or) increasing diet cost.  However, as
ruminal pH decreases, appetite (Shinozaki, 1959),
ruminal motility (Ash, 1959; Shinozaki, 1959),
microbial yield (Hoover, 1986), and fiber digestion
(Hoover, 1986; Terry et al., 1969) are reduced.  The
optimal ruminal pH is dependent on within-day
variation determined by diet composition, production
level, and feeding systems.  Ruminal pH measured at
one time point or averaged throughout the day has
little biological significance without considering the
pattern of ruminal pH within a day; even minimum
ruminal pH means little if the duration at this pH is
very short.  Both the time spent at low pH and the
extent to which pH is depressed should be

considered (Mackie and Gilcrist, 1979).  Within-day
variation in ruminal pH varies greatly, increasing
with increased dietary starch concentration (Oba and
Allen, 2000, 2003), and is expected to differ among
feeding systems.  Minimizing fluctuations in ruminal
pH is expected to allow greater energy intake,
microbial protein production and improved animal
health. The objective of this paper is to identify and
discuss factors affecting ruminal pH as a dynamic
system, so that feeding systems can be managed to
limit subacute ruminal acidosis. 

Ruminal acid production
Ruminal hydrogen
ion concentration
(described by pH) is
determined by the
balance between
fermentation acid
production and
hydrogen ion
removal by
absorption,
neutralization,
buffering, and
passage.  Ruminal
acids are end
products of microbial
fermentation and
include acetic,
propionic, and
butyric acids.  They
are mild acids with
pKa’s around pH 4.8
and are the primary
acids involved in
subacute ruminal
acidosis.  Lactic acid
also is produced by
ruminal microbes
(e.g. Streptococcus
bovis, Lactobacilli),
and its acid dissociation constant is 10-fold higher
than the major VFA, so it has a much greater
influence on ruminal pH below pH 5.  Although
lactic acid is clearly involved in acute acidosis, it is
not likely a common contributor to subacute ruminal
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acidosis (see Figure 1B) because it is normally only a
minor fermentation end product that is metabolized
rapidly in the rumen (Gill et al. 1986).

Both the amounts and the patterns of acid production
and removal determine the physiological response to
ruminal pH.  Total daily production of fermentation
acids is determined primarily by organic matter (OM)
intake and proportion of ruminally degraded organic
matter (RDOM) in the diet, and both OM intake and
RDOM vary widely.  Allen (1997) reported that
RDOM content of diets for lactating dairy cattle
averaged 50% and ranged from 29 to 67% of the total
OM for experiments using duodenally canulated
cows (48 treatment means).  The amount of RDOM
averaged 9.8 kg/d and ranged from 5.7 to 15.4 kg/d.
Because approximately 7.4 equivalents of acid are
produced per kg ruminally degraded organic matter
(RDOM) when microbial cell yield from hexose
fermented is 0.33 (Allen, 1997), approximate
fermentation acid production in these experiments
varied from 42 to 114 Eq/d.  In addition to this wide
range of potential acid production, both the pattern
of acid production and the extent and pattern of acid
neutralization and removal contribute to
physiological response to ruminal pH. The
production of hydrogen ions per second for a cow
consuming 20 kg of 50 rumen-degraded OM is 0.86
meq/sec, which is more than 10 times the free
ruminal hydrogen ion pool size (0.08 meq at pH 6.0
in 80 L).  Therefore, understanding effects of diet and
management on the moment-by-moment turnover of
hydrogen ions is very important for limiting subacute
ruminal acidosis.

The amount of fermentable OM in the rumen at any
moment, and thus the acid production at any
moment, depend upon DMI, meal patterns, flow rate
of OM from the rumen, and rate of fermentation.
Feeds vary in the fraction of OM available for
fermentation and in rates of digestion and passage of
the available fraction from the rumen.  The same
ruminal digestibility can be attained for a feed with a
slow rate of digestion as for a feed with a very fast
rate of digestion if it is retained in the rumen long
enough.  Also, feeds with very fast rates of
fermentation such as ground high-moisture corn and
steam-rolled barley cause greater variation in ruminal
pH than feeds with more moderate rates of
fermentation.  Fiber generally ferments more slowly
than starch and usually has a longer retention time.
Therefore, digestible fiber provides a consistent
supply of energy to microbes and to the animal over
time.  In contrast, finely ground grain ferments and
passes from the rumen quickly, providing pulses of
energy to rumen microbes and VFA to the animal.
Rapid energy availability within a day or across diets
can result in variation in the efficiency of microbial

cell yield from hexose because of the uncoupling of
digestion and cell growth (Voelker and Allen, 2003),
further contributing to within-day variation in
ruminal pH.

Feed intake amount and feed characteristics
contribute to variation in both amount and pattern of
fermentation acid production.  Simultaneously,
variation in the amount and pattern of acid removal
may either stabilize or increase variation in ruminal
acid concentration.

Hydrogen ion removal
A model of hydrogen ion production and removal
from the rumen indicated that most (> 50%) acid is
removed from the rumen by absorption across the
rumen wall (Allen, 1997).  Other routes of removal
were identified as incorporation into water (28%) via
carbonic acid from salivary bicarbonate, and flow
from the rumen as dihydrogen phosphate (10%), VFA
(~3%), ammonium (~2%), and particulate matter
(<2%).  

Conversion to water A large fraction of hydrogen ions
is removed by the carbonate buffer system; hydrogen
ions combine with bicarbonate to carbonic acid
(H2CO3) which is rapidly converted to H2O and CO2.
Although the pKa for bicarbonate is 6.1, the effective
pKa is much higher (~7.0) because the rumen is an
open system; CO2 is constantly lost by eructation
with a loss of bicarbonate and hydrogen ions from
the system. 

Passage The phosphate buffer system is different from
the carbonate system because phosphate is removed
by passage only (except for minor incorporation into
microbial cells) and the pKa of hydrogen phosphate
is higher at 7.2.  At pH 6.0, approximately 94% of the
hydrogen phosphate secreted is complexed as
dihydrogen phosphate, which is removed by passage
with the liquid fraction.  Hydrogen ions also pass
from the rumen associated with VFAs (~3%),
ammonia (~2%), and feed residues (~2%; Allen, 1997).
Therefore, passage rates of both solid and liquid
digesta can affect ruminal pH.

Saliva secretion Ruminal pH often decreases following
meals and often increases during bouts of rumination
(Figure 2).  The decrease following meals is because
of the production of fermentation acids from the OM
consumed while the increase during rumination is
usually attributed to the secretion of buffers in saliva.
Ruminal pH was highly responsive in the individual
cow represented in the figure; the responsiveness of
ruminal pH to meals and ruminating bouts depends
on the presence of existing buffer reserves and
therefore is not always as dramatic.  Saliva contains
bicarbonate and phosphate that neutralize and buffer
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acids in the rumen.  The bicarbonate and phosphate
concentrations of saliva have been reported as 126
and 26 meq/L, respectively (Bailey and Balch, 1961)
and saliva composition is relatively constant and not
greatly affected by diet or feed intake (Erdman, 1988).
Therefore differences in the flow of salivary buffers
into the rumen are a function of saliva flow.  Total
chewing time per day and the fraction of total
chewing time spent ruminating were highly related
to forage NDF content of the diet and the particle
length of the forage (Allen, 1997), confirming the role
of forage NDF in stimulating chewing.  A meta-
analysis of treatment means from the literature
revealed that concentration of forage NDF in diets
was positively related to ruminal pH (r2 = 0.63,
P < 0.001) while concentration of NDF from all
sources was not related, showing the importance of
effectiveness of forage NDF to maintain ruminal pH
(Allen, 1997).  Although this correlation is partly the
result of increased saliva flow during rumination,
there are likely additional effects of effective fiber.
Using saliva flow rates reported in the literature for
eating, ruminating, and idle activites, Allen (1997)
calculated that while increasing dietary forage NDF
concentration can increase total chewing time by 200
min/d, salivary buffer flow only increased 2.3 eq/d,
or about 5%.  This suggests that either the methods
used to measure saliva flow drastically
underestimated the true difference between idle and
chewing saliva flow rates, or additional mechanisms
determine the relationship between forage NDF and
ruminal pH.  It is possible that the effect of forage
NDF on ruminal pH is the result of increased ruminal
motility and maintenance of ruminal digesta pool in
addition to increased salivary buffer flow.

Buffering of hydrogen ions
Basal fermentation of digesta in the rumen provides a
fairly consistent flux of acids but the total flux is
pulsatile with a frequency and amplitude determined
by meal patterns and fermentability of the diet.
Portal appearance of VFA, and therefore removal of
hydrogen ions by absorption, is also pulsatile and is
linked to meal patterns (Benson et al., 2002).  Each
meal might provide substrate for the production of
over 7,000 meq of acid over time for cows consuming
10 meals/d.  Removal of hydrogen ions by
neutralization is also expected to be pulsatile because
saliva secretion increases during rumination and
cows ruminate in bouts between meals throughout
the day (Figure 2).  

Diurnal variation in ruminal hydrogen ion
concentration varies depending upon the link
between meal patterns and rumination patterns.  The
buffering capacity of ruminal contents is a factor
whose effect on the free hydrogen ion pool and
therefore on ruminal pH is poorly understood.

Buffers in the rumen include undigested feed
residues and microbial cells, salivary buffers, and
VFA.  Hydrogen phosphate is less of a buffer in the
rumen than it is an alkalizer because it is nearly
completely complexed with hydrogen ions below pH
6.  Fermentation acids and salivary buffers might be
expected to have a greater effect on ruminal pH when
pH is relatively high (i.e., 6.5), because pH is a log-
scale and hydrogen concentration is an order of
magnitude lower at pH 6.5 than at pH 5.5.  However,
pH at 5.5 is determined by the concentration of VFA,
buffering of digesta, and the removal of hydrogen
ions through the bicarbonate system.  This introduces
great variation in the response of ruminal pH to VFA
concentration (Figure 1A).  The reserve bicarbonate
pool in the rumen is expected to be depleted quickly
as pH declines because CO2 is lost from the system
by eructation.  Therefore, the lack of relationship
between ruminal VFA concentration and ruminal pH
at pH less than 6.0 shown in Figure 1A is probably
because of buffering by digesta and previous removal
of hydrogen ions by the bicarbonate system and
hydrogen phosphate, and less the result of actual
buffering by saliva.  As ruminal pH declines below
5.0, it is very resistant to change in either direction
because of the high hydrogen ion concentration and
the great buffering capacity of VFA and digesta; any
additional acid produced is slight relative to the
existing pool and is also more likely to be buffered.

The
buffering
capacity (BC)
of feedstuffs
varies
considerably.
Cereal grains
have low BC,
low protein
feeds and
grass forages
have
intermediate
BC, and
legume
forages and
high protein
feeds have
high BC
(Jasaitis et
al., 1987).
Among
forages, BC
tends to
increase with
maturity (Jasaitis et al., 1987) and with ensiling
(Erdman, 1988).  Normally only a fraction of the BC
of feeds is used as most BC is at pH lower than

72

Ruminal
pH

Figure 2.  The relationship among ruminal pH,
meals, and chewing activity for one cow fed a
35% NDF diet twice daily.  Ruminal pH is
represented by the top line.  The weight of the
feed remaining was measured by a manger
suspended from a load cell and is represented
by the middle line.  Meals are represented by
the vertical bars.  Increases in feed remaining
that were recorded during eating bouts were
due to downward pressure applied by the cow
on the manger. Chewing activity is represented
by the bottom line.  Because many points are
represented, chewing activity appears as blocks
of eating and ruminating bouts.  Ruminal pH
decreased rapidly following meals and
increased rapidly during rumination.  From
Allen (1997).



normal ruminal pH (Allen, 1997). However, as pH
decreases below 5.5, an increasingly greater fraction
of the total BC of digesta is used.  Therefore, the BC
of feeds and ruminal digesta are very important for
stabilizing ruminal pH.  Maintaining ruminal digesta
pool will likely be of special importance during the
periparturient period and other occurrences of low
feed intake so that the buffering capacity of digesta is
maintained.

Absorption The rumen is the major site of VFA
absorption and absorbed molecules are
predominately in the undissociated form (Ash and
Dobson, 1963).  Therefore VFA absorption results in
the net removal of hydrogen ions from the rumen.
Rate of absorption of VFA is dependent on the
absorptive surface area, pH, and the concentration
gradient across the rumen epithelium.  Absorptive
surface area is a function of rumen size, degree of fill
(Djikstra et al., 1995), and papillae surface area
(Dirksen et al., 1985).  In addition, parakeratosis
reduces effective surface area for absorption; acidosis
can have cumulative effects, diminishing surface area
for absorption and increasing risk for future bouts of
acidosis.  The adaptive responses of ruminal papillae
size to diets varying in ruminally fermented OM has
been proposed as an important factor affecting the
susceptibility of some animals to ruminal acidosis
(Dirksen et al., 1985).  Surface area of ruminal
papillae is affected by diet (Dirksen et al., 1985; Xu
and Allen, 1999) and offering high roughage diets
during the dry period might decrease papillae surface
area enough to decrease rate of VFA absorption.
However, in practice, papillae surface area might not
limit rate of VFA absorption of transition cows.
Fermentability of diets commonly recommended for
dry cows, particularly those prior to parturition, is
likely adequate to maintain absorptive surface area.
Also, absorption rate displays a diminishing response
to surface area as surface area increases (Xu and
Allen, 1999).  In addition, relationships observed
between papillae surface area and rate of VFA
absorption through the transition period is
confounded by other factors such as concentration
gradient and ruminal pH, making it difficult to assess
the importance of adapting ruminal papillae prior to
parturition.

Effects of pH on fractional absorption rates of acetic,
propionic, and butyric acids were reported by
Dijkstra et al. (1993) using evacuated and washed
rumens.  Rates of absorption were similar among the
VFA at pH 7.2, but as pH was reduced to 4.5, rate of
absorption nearly tripled for butyrate, nearly doubled
for propionate, and was not affected for acetate.
Because they have similar acid dissociation constants
with similar fractions in the unionized form, the
differences in absorption rates are probably due to

different concentration gradients caused by
metabolism in the ruminal epithelium (Dijkstra et al.,
1993).  Butyrate is extensively metabolized by the
ruminal epithelium, followed by propionate, but
acetate is metabolized to a much lesser extent (Sander
et al., 1959).  Fermentation acids are absorbed by
passive diffusion from high concentrations inside the
rumen to lower concentrations in the epithelial cells;
therefore factors that increase VFA concentration at
the epithelial border inside the rumen and decrease
the concentration inside the cells are expected to
increase the rate of absorption. Concentration gradient
might be a major factor affecting rate of VFA absorption
from the rumen and therefore ruminal pH.

Because VFA are absorbed primarily in the
undissociated state, and because a larger proportion
of VFA exist in that form at lower pH, it is expected
that fractional rate of absorption increases as pH
decreases.  While this has been shown using
evacuated and washed rumens (Dijkstra et al., 1993),
it might not be the case in practice.  The washed
rumen technique maximizes the concentration
gradient, decreasing the intracellular concentration of
VFA because of removal of the rumen contents and
increasing the concentration at the epithelial border
inside the rumen because the solutions of VFA added
are easily mixed.  We developed a method to measure
relative rate of VFA absorption that does not require
rumen evacuation, by pulse dosing valerate and a
liquid marker (Co EDTA) and calculating rate of
absorption as the rate of change of the ratio of
valerate concentration to cobalt concentration (Allen
et al., 2000).  Using this technique, we found that rate
of absorption of valerate ranged from ~20 to 60 %/h
(Voelker and Allen, 2003) and was the primary factor
related to VFA concentration in the rumen which
ranged from ~125 to 155 mM.  As expected, ruminal
VFA concentration was negatively correlated with
both valerate absorption rate (r2 = 0.48; P < 0.001) and
liquid passage rate (r2 = 0.24; P < 0.01); 72% of
variation in ruminal VFA concentration was
accounted for by the combined rates of valerate
absorption and liquid passage.  

We also recently reported that rate of VFA absorption
was slower, not higher, under lower ruminal pH
(Voelker and Allen, 2003); this contradicts data
obtained using washed rumens.  Although rumen
motility was not measured in our study, valerate
absorption rate increased with greater passage rate of
indigestible NDF, and tended to increase with greater
liquid passage rate, both of which might be indicators
of rumen motility. Furthermore, rate of indigestible
NDF passage decreased as ruminal pH decreased.
Slower valerate absorption at lower pH was verified in
another recent study from our laboratory (Taylor and
Allen, unpublished).  This is additional evidence that
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concentration gradient might be a dominant factor affecting
rate of VFA absorption and therefore ruminal pH.  Ruminal
motility affects rate of absorption because constant
mixing of ruminal contents is needed to maintain VFA
concentrations at the ruminal epithelium where
absorption occurs.  Ruminal contractions are inhibited
at low ruminal pH (Shinozaki, 1959), decreasing
mixing and rate of VFA absorption and decreasing pH
further.  Stimulation of ruminal contractions by
physically effective fiber is expected to increase mixing
and rate of VFA absorption.  Diets that provide more
consistent rumen fill over time in animals prone to
drastically reduced feed intake (periparturient or early
lactation animals) might reduce the occurrence of
subacute acidosis upon refeeding by continuing to
stimulate ruminal motility in spite of low feed intake
and by maintaining buffering capacity of ruminal
digesta.  Another factor that might be related to
concentration gradient is milk yield; Voelker and Allen
(2003) reported a positive relationship between
valerate absorption rate and FCM yield of cows
(R = 0.49, P < 0.01).  Cows with high milk yield have
greater blood flow and a greater ability to metabolize
absorbed VFA, which will decrease their
concentrations in the blood, increasing the
concentration gradient from the rumen to the blood.
Greater ruminal motility is also expected to increase
blood flow to the rumen and utilization of VFA within
ruminal tissue, further increasing the concentration
gradient and absorption rate for VFA.

Because more than 50% of acid produced in the
rumen is removed by absorption across the rumen
wall (Allen, 1997), maximizing and maintaining VFA
absorption rate should be a primary strategy for
stabilizing ruminal pH.  Promoting ruminal motility
and maintaining the concentration gradient across the
rumen wall should contribute to this process.
Physically effective fiber, especially from forages,
should prevent acidosis and reduce fluctuations in
pH not only by stimulating chewing and salivary
buffer flow but also by maintaining the ruminal
digesta pool and promoting ruminal motility.  Forage
fiber promotes mat formation and feed particle
retention, which maintains a more constant supply of
VFA and should reduce fluctuations in ruminal pH.
However, the need for fiber to promote rumination,
ruminal motility, and digesta retention must be
balanced against its potential to limit feed intake due
to ruminal filling effects (Allen, 2000).  Using forage
fiber to maintain ruminal digesta pool will be
especially important when depressed feed intake is
expected and when feed intake is unlikely to be
limited by filling effects, such as immediately before
and after calving.

Conclusions
Ruminal pH is a function of the rates of VFA
production and absorption, and of hydrogen ion
passage, neutralization, and buffering.  Diets and
feeding systems should be designed to provide
highly fermentable diets while limiting variation in
ruminal pH. Important diet characteristics affecting
acid production, buffering, and absorption are
fermentability and coarseness of fiber; highly
fermentable feeds should be limited while adequate
effective fiber should be provided.  The concentration
gradient across the ruminal epithelium probably has
a great effect on rate of VFA absorption and is
affected by rumen motility, ruminal pH, blood flow,
and possibly by milk yield.  This emphasizes the
importance of physically effective fiber to maintain
digesta pool size in order to provide adequate
buffering by ruminal digesta, stimulate rumination
and salivary buffer flow, and promote motility to
enhance VFA absorption. 
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Introduction
The multitude of disorders that dairy cows face
during the transition to lactating is a perennial source
of concern for dairy producers, nutritionists, and
veterinarians.  Total disease incidence in the several
weeks after parturition accounts for a substantial
proportion of all morbidity on many dairies
(Ingvartsen, 2006), with particularly high rates of
mastitis, metritis, milk fever, displaced abomasum,
ketosis, and fatty liver, among other problems.  Not
surprisingly, these issues have been the focus of
much research in recent decades.  During that time,
substantial progress has been made in some areas
(e.g. milk fever); however, incidence of other
disorders (e.g. displaced abomasum) may be on the
rise (Goff, 2006).

It is well-documented that cows suffering from one
transition disorder are at greater risk for contracting
others, including such seemingly unrelated
conditions as mastitis and ketosis (Goff, 2006).  The
transition from gestation to lactation dramatically
increases requirements for energy, glucose, amino
acids, and other nutrients in dairy cattle.
Simultaneously, feed intake is often depressed.  The
resulting negative energy balance suppresses
immune function and promotes metabolic disorders,
potentially explaining relationships between
infectious and non-infectious transition disorders.

The most widely adopted practice to avoid metabolic
disorders is the nutritional management of prepartum
cows to prevent excess body condition.  By limiting
the pool of stored fat available for mobilization,
restricting energy intake during the far-off dry period
limits the increase in plasma non-esterified fatty acid
(NEFA) concentrations during the transition period,
resulting in lower fat storage and ketone production in
the liver (Murondoti et al., 2004; NRC, 2001).
However, results of controlled trials have been
inconsistent with regard to nutritional management of
dry cows; some studies have demonstrated a benefit
from increased prepartum energy intake when body
condition was not affected (Doepel et al., 2002),
whereas restricting intake, even without affecting body
condition, led to more favorable outcomes in other
studies (Holcomb et al., 2001).  These inconsistencies
suggest that our understanding of metabolic disorders
remains incomplete.

Recent research has highlighted the role of
inflammation in infectious diseases and has
suggested that inflammation is involved in metabolic
diseases as well.  A key role for inflammation in
numerous transition cow disorders may help to
explain links between these diverse conditions, and
may also improve our ability to predict and prevent
metabolic problems in transition cows.  This
presentation will provide an overview of findings
relating to the role of inflammation in transition
disorders and provide recommendations to smooth
the transition to lactation.

Inflammatory responses to infection
During infections such as mastitis or metritis,
immune cells in the body recognize invading
pathogens and become activated.  When the infection
is caused by Gram-negative bacteria, endotoxin
released by the bacteria also activates immune cells.
The activation of local and systemic host defense
mechanisms requires cross-talk between numerous
types of immune cells.  One component of this
response is inflammation.  The host of signaling
molecules released by activated immune cells
includes inflammatory mediators such as nitric oxide,
prostaglandins, and cytokines.  While many of these
molecules promote local inflammation and increased
blood flow, inflammatory cytokines play a key role in
stimulating systemic inflammatory responses,
including increased body temperature, increased
heart rate, and decreased feed intake (Dantzer and
Kelley, 2007).  Cytokines are able to alter many
physiological systems because nearly all cell types
express cytokine receptors.  Key inflammatory
cytokines include tumor necrosis factor alpha (TNFα),
interleukin 1β, and interleukin 6; these inflammatory
cytokines act through many of the same signaling
cascades and often produce similar responses in cells.

One effect of cytokines is to activate production of
acute phase proteins.  Primarily produced by the
liver, this class of proteins includes haptoglobin,
serum amyloid A, and C-reactive protein.  Proteins
that participate in the acute phase response to
infection are generally found in very low abundance
in the bloodstream, but are greatly elevated during
systemic activation of the immune system.  The
importance of acute phase proteins in the response to
infection is somewhat unclear, but they have gained
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widespread acceptance as markers of inflammation
(Petersen et al., 2004).  Other proteins are known as
negative acute phase proteins because their
concentrations decline dramatically during the acute
phase response.

It is clear that mammary and uterine infections result
in both local and systemic inflammation.  Coliform
mastitis results in release of endotoxin into the
bloodstream and increased plasma concentrations of
cytokines and acute phase proteins (Hoeben et al.,
2000).  Likewise, metritis is associated with an acute
phase response in transition cows (Huzzey et al.,
2009); in fact, plasma haptoglobin is elevated prior to
clinical signs of metritis.  

Is there a role for inflammation in
metabolic disorders as well?
Inflammation has been proposed as a missing link in
the pathology of metabolic disorders in transition
cows (Drackley, 1999).  The metabolic effects of acute
systemic inflammation include adipose tissue
mobilization, breakdown of liver glycogen, and liver
triglyceride accumulation, all of which occur during
the transition period.  More specifically, cytokines
promote the breakdown of fat stores through
decreased feed intake (Kushibiki et al., 2003),
impaired insulin sensitivity, and direct stimulation of
lipolysis (Kushibiki et al., 2001).  All of these
conditions are associated with ketosis and fatty liver
in dairy cattle (Ingvartsen, 2006).  Even more
intriguing is the evidence that TNFα decreases liver
glucose production (Kettelhut et al., 1987) and
promotes triglyceride accumulation once mobilized
NEFA reach the liver (García-Ruiz et al., 2006). The
direct effects of cytokines on liver metabolism may play a
key role in promoting metabolic disorders in transition
cows, especially those already combating infectious
disorders or with excessive body condition.

With the physiological stress associated with calving
and the risk for infection that accompanies both
calving and the initiation of lactation, immune
responses are common during the transition period.
Abrupt dietary shifts during the transition period can
also contribute to systemic inflammation. Cows are
generally fed diets with greater energy density at the
onset of lactation, and if this change is too dramatic,
it can result in ruminal production of endotoxin and
subsequent transfer of endotoxin into the
bloodstream (Khafipour et al., 2009).  Furthermore,
monocytes are known to become more responsive to
inflammatory stimulants during the transition period,
resulting in greater secretion of inflammatory
cytokines when stimulated (Sordillo et al., 1995).
Mastitis, metritis, and acute acidosis can therefore
result in systemic inflammation, elevated cytokine
concentrations, and altered liver metabolism.  

Recent findings have supported previous speculation
regarding the relationships between inflammatory
mediators and metabolic disorders.  Ametaj and
coworkers reported that plasma concentrations of a
number of inflammatory markers were increased in
cows that developed fatty liver (Ametaj et al., 2005).
Similar findings were reported by Ohtsuka and
colleagues, who observed increased serum TNFα
activity in cows with moderate to severe fatty liver
(Ohtsuka et al., 2001).  Most recently, endotoxin-
induced mastitis was shown to alter expression of
metabolic genes in the liver, including decreased
expression of genes important for glucose production
(Jiang et al., 2008).  In lactating cows, impaired
glucose production would likely lead to increased
adipose tissue mobilization, elevated plasma NEFA,
and increased ketone production by the liver.

A retrospective study of cows on 3 commercial Italian
dairies suggests that liver inflammation is associated
with a problematic transition to lactation (Bertoni et
al., 2008).  Cows were classified in quartiles for
degree of liver inflammation based on plasma
concentrations of acute phase proteins.  Those cows
with the strongest inflammatory profiles were at 8-
fold greater risk for experiencing 1 or more transition
disorders, had lower plasma calcium concentrations,
took longer to re-breed, and produced less milk in the
first month of lactation (Bertoni et al., 2008).

Relationships between oxidative stress and
inflammation
Although the importance of inflammation in
transition disorders is becoming clear, the pathways
that cause this inflammation are less clear.  Infections
certainly initiate the process in some cows, but this is
not likely the cause of metabolic disorders in all
cows.  In particular, the dramatically higher incidence
of transition disorders in cows with excessive body
condition (Morrow, 1976) is difficult to attribute
exclusively to infections.

In addition to acute inflammatory events, chronic
low-grade inflammation may play a role in transition
disorders.  In the early 1990’s, it was discovered that
adipose tissue is capable of producing inflammatory
cytokines such as TNFα (Hotamisligil et al., 1993).
With the extensive list of “adipokines” discovered in
the ensuing 15 years, human metabolic disorders are
increasingly being viewed as products of low-grade
adipose tissue inflammation induced by obesity.
Adipose tissue is now recognized as an important
source of circulating TNFα, and plasma TNFα
concentrations are increased in obese individuals in a
number of species, including sheep (Daniel et al.,
2003).  Based on these findings, infection is no longer
a required component of an inflammation-based
etiology for metabolic disorders in the transition
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period.  Low-grade inflammation associated with
obesity may help to explain “fat cow syndrome”
(Morrow, 1976).  

Lipid peroxides are also emerging as likely mediators
linking plasma lipids to inflammation (Pessayre et al.,
2004).  Lipid peroxides are produced when
intracellular lipids encounter reactive oxygen species
(ROS) such as hydrogen peroxide.  Some ROS are
always produced in the liver; however, events
occurring in early lactation likely contribute to
enhanced ROS production.  One adaptation to
increasing delivery of NEFA to the liver in early
lactation is an increase in the capacity of peroxisomal
oxidation (Grum et al., 1996), an alternative pathway
for fatty acid oxidation.  Enhanced peroxisomal
oxidation increases total oxidative capacity of the cell,
but the first step in this pathway produces hydrogen
peroxide rather than NADH (Drackley, 1999), and
therefore it contributes to ROS production to a
greater extent than mitochondrial oxidation.  

Increased ROS production in early lactation cows,
coupled with increased NEFA concentration,
increases lipid peroxide formation; both the transition
to lactation and high body condition are associated
with increased plasma markers of lipid peroxidation
(Bernabucci et al., 2005).  Lipid peroxides activate
inflammatory cascades, which in turn alter nutrient
metabolism (Pessayre et al., 2004).  In addition, ROS
are especially harmful to immune cells and can
decrease the ability of the immune system to respond
to infections (Spears and Weiss, 2008).  

In summary, a new model is emerging to explain the
development of numerous transition disorders.  A
combination of insults, including infection, chronic
inflammation in obese cows, and lipid peroxide
formation, promotes systemic inflammation during
the transition period.  Inflammation impairs immune
function, making cows more susceptible to infectious
disorders, and causes maladaptive shifts in
metabolism, increasing the risk of metabolic
disorders.

Potential interventions 
An inflammation-based understanding of transition
disorders opens the door for novel strategies to
address these problems.  The complex interactions of
oxidative stress, inflammatory cascades, and
metabolic pathways allow for a broad array of
potential treatments to prevent transition disorders,
including antioxidants, metabolic modifiers, and anti-
inflammatory drugs.

Antioxidants. Dietary antioxidants, notably vitamin E
and selenium, are important for their ability to
contribute to ROS neutralization, thereby impeding

the progression toward inflammation.  Interestingly,
plasma concentrations of a-tocopherol (vitamin E)
decrease through the transition period (Weiss et al.,
1990), and low antioxidant status is associated with
transition cow disorders (LeBlanc et al., 2004;
Mudron et al., 1997).  Supplementing vitamin E
prepartum improves antioxidant status (Weiss et al.,
1990).  Given the importance of antioxidants in
modulating inflammation, it is not surprising that
multiple studies have shown that supplementing
vitamin E in excess of traditional recommendations
decreases the incidence and severity of clinical
mastitis (Smith et al., 1984; Weiss et al., 1990).
Recently, a meta-analysis showed that supplemental
vitamin E is also effective at preventing retained
placenta (Bourne et al., 2007).  

Low plasma vitamin E concentrations are associated
with increased incidence of fatty liver and displaced
abomasum (Mudron et al., 1997).  Surprisingly, no
published studies have evaluated the effects of
supplemental vitamin E on liver metabolism or
incidence of metabolic disorders.  Given that
supplemental vitamin E can decrease inflammatory
cytokine production (Poynter and Daynes, 1998) and
improve liver antioxidant status in mice with fatty
liver (Soltys et al., 2001), supplemental vitamin E may
improve liver function in transition cows.  With its
demonstrated effects on immune function and its
potential to benefit liver function, it is recommended
that vitamin E be supplemented at a rate of at least
1,500 IU/day for close-up dry cows. 

Selenium is the other most important dietary
antioxidant in dairy rations.  Although responses to
selenium are most dramatic when vitamin E status is
marginal, selenium has unique roles in ROS
neutralization and must be considered independently
to achieve optimal health.  The FDA restricts
selenium supplementation in dairy rations to 0.3
ppm, and most farms supplement at that level,
limiting the attention paid to selenium in transition
health strategies.  Feeding selenium yeast rather than
inorganic selenium sources is a common and effective
means of increasing selenium status of animals that
already receive the legal limit of selenium (Salman et
al., 2009).  However, most evidence suggests a
threshold response to selenium; once a minimum
plasma concentration is reached, there may be no
benefit of further increases, and in many cases, that
threshold seems to be reached with inorganic
selenium sources (Spears and Weiss, 2008).
Nevertheless, the use of organic selenium may be
worth considering in areas with selenium-deficient
soils, such as the Great Lakes region.  

Beta carotene, a precursor of vitamin A, can also
function as an antioxidant (Spears and Weiss, 2008),
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and concentrations of both vitamin A and β-carotene
typically decrease during the transition period
(LeBlanc et al., 2004).  Although supplementing
vitamin A at concentrations above current
recommendations has improved udder health in
some studies (NRC, 2001), in a head-to-head
comparison, supplementation of β-carotene during
the transition period significantly decreased incidence
of both metritis and retained placenta compared to
vitamin A supplementation(Michal et al., 1994).
Cows fed 600 mg/day of β-carotene had equivalent
plasma retinol concentrations to those supplemented
with 120,000 IU/day of vitamin A (Michal et al.,
1994).  Replacing vitamin A supplements in transition
rations with relatively high concentrations of β-
carotene may be beneficial for transition cow health.

Metabolic modifiers. Agonists for peroxisome
proliferator-activated receptors (PPAR) can improve
liver metabolism through several mechanisms.
PPARg agonists (primarily targeting peripheral
organs) can decrease plasma NEFA concentration,
whereas those targeting PPARa (the primary isoform
in liver) promote fatty acid oxidation in liver, limiting
triglyceride accumulation and production of lipid
peroxides (Kota et al., 2005).  One PPARg agonist
(2,4-thiazolidinedione) has been evaluated in
transition cows, with positive effects on metabolic
health (Smith et al., 2007).  Unfortunately, PPAR
agonists are unlikely to be approved for use on
dairies in the near future.

Choline is a nutrient that may limit oxidative stress,
although like PPAR agonists, it does not directly
neutralize ROS.  Rather, choline likely limits lipid
peroxide formation by decreasing plasma NEFA
concentration and promoting clearance of
triglycerides from the liver (Cooke et al., 2007).  As a
result, supplemental rumen-protected choline has
been shown to increase plasma a-tocopherol
concentration during the transition period (Pinotti et
al., 2003), presumably contributing to immune
function and modulation of inflammation.

Anti-inflammatory agents.  Direct inhibition of
inflammation through the use of non-steroidal anti-
inflammatory drugs (NSAIDs) has shown promise
for treatment of metabolic disorders in laboratory
animals.  Indomethacin prevented hypoglycemia
after administration of inflammatory cytokines
(Kettelhut et al., 1987) and mice with induced fatty
liver had decreased liver triglyceride content when
treated with two NSAIDs (Yu et al., 2006), among
other findings.  Low blood glucose and fatty liver are
related problems that many early lactation cows face,
and these findings in rodents suggest that NSAIDs
may be useful in transition cows, as well.

The use of NSAIDs to combat transition cow
disorders has produced mixed results to date.
Numerous NSAIDs have been evaluated for use in
the treatment of mastitis, and in general they are
effective at reducing body temperatures, but do not
appear to decrease the severity of the infection
(Morkoc et al., 1993).  However, carprofen was shown
to partially alleviate the decrease in ruminal
contractions during mastitis (Vangroenweghe et al.,
2005), which could help prevent a subsequent
displaced abomasum.  Likewise, one study indicated
that uterine involution was accelerated by flunixin
meglumine treatment for metritis (Amiridis et al.,
2001), but another showed no beneficial effects, either
systemically or in the reproductive tract (Drillich et
al., 2007).

It is perhaps not surprising that anti-inflammatory
treatments have not consistently improved recovery
from infection; after all, inflammation is a key
component of the immune system’s attempt to fight
off the invading pathogen.  The use of NSAIDs may
have more promise for combating inflammation in
metabolic disorders, where it provides no obvious
benefits. 

Only 2 published studies were found in which
NSAIDs were administered to transition cows prior
to diagnosis of any disease.  In the first study, cows
treated with acetyl-salicylate (aspirin) for the first 5
days of lactation had significantly lower plasma
concentrations of acute phase proteins and tended to
have greater peak milk production than controls
(Bertoni et al., 2004).  Conversely, a recent publication
showed no benefit to administration of flunixin
meglumine for the first 3 days of lactation (Shwartz
et al., 2009).  In fact, this treatment depressed feed
intake and milk yield over the first week of lactation.
However, both of these studies were far too small
(< 15 cows per treatment) to assess effects on
incidence of transition disorders.  Also, it is important
to note that while NSAIDs are often lumped together,
different compounds have different modes of action,
side effects, and clearance rates that together make it
important to choose NSAIDs carefully when they are
evaluated for effects beyond analgesia.  Future
research in this area may provide for opportunities to
consider short-term NSAID treatment as a
preventative measure against transition disorders.

Conclusions
Growing evidence suggests that inflammation may
be a key factor in the development of many transition
disorders.  Because it results in suppressed immune
function and altered nutrient metabolism,
inflammation may provide a novel link between
infectious and metabolic disorders that are common
during the transition period.  This model suggests
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that dietary antioxidants in dry cow rations should be
re-evaluated on farms struggling with transition cow
disorders.  Additional steps, such as the
incorporation of β-carotene or rumen-protected
choline, may also help to prevent oxidative stress and
subsequent inflammation.  Future research may
provide additional tools to directly combat
inflammation in transition cows.  Hopefully,
continued progress on the pathology of transition
disorders will help dairy producers to decrease the
number of early lactation cows leaving the dairy
herd.

References
Ametaj, B. N., B. J. Bradford, G. Bobe, R. A. Nafikov, Y. Lu,

J. W. Young, and D. C. Beitz. 2005. Strong relationships
between mediators of the acute phase response and
fatty liver in dairy cows. Can. J. Anim. Sci. 85(2):165-
175.

Amiridis, G. S., L. Leontides, E. Tassos, P. Kostoulas, and G.
C. Fthenakis. 2001. Flunixin meglumine accelerates
uterine involution and shortens the calving-to-first-
oestrus interval in cows with puerperal metritis. J. Vet.
Pharmacol. Ther. 24(5):365-367.

Bernabucci, U., B. Ronchi, N. Lacetera, and A. Nardone.
2005. Influence of body condition score on relationships
between metabolic status and oxidative stress in
periparturient dairy cows. J. Dairy Sci. 88(6):2017-2026.

Bertoni, G., E. Trevisi, X. Han, and M. Bionaz. 2008. Effects
of inflammatory conditions on liver activity in
puerperium period and consequences for performance
in dairy cows. J. Dairy Sci. 91(9):3300-3310.

Bertoni, G., E. Trevisi, and F. Piccioli-Cappelli. 2004. Effects
of acetyl-salicylate used in post-calving of dairy cows.
Vet. Res. Commun. 28(0):217-219.

Bourne, N., R. Laven, D. C. Wathes, T. Martinez, and M.
McGowan. 2007. A meta-analysis of the effects of
vitamin E supplementation on the incidence of retained
foetal membranes in dairy cows. Theriogenology
67(3):494-501.

Cooke, R. F., N. S. Del Rio, D. Z. Caraviello, S. J. Bertics, M.
H. Ramos, and R. R. Grummer. 2007. Supplemental
choline for prevention and alleviation of fatty liver in
dairy cattle. J. Dairy Sci. 90(5):2413-2418.

Daniel, J. A., T. H. Elsasser, C. D. Morrison, D. H. Keisler, B.
K. Whitlock, B. Steele, D. Pugh, and J. L. Sartin. 2003.
Leptin, tumor necrosis factor-_ (TNF), and CD14 in
ovine adipose tissue and changes in circulating TNF in
lean and fat sheep. J. Anim Sci. 81(10):2590-2599.

Dantzer, R. and K. W. Kelley. 2007. Twenty years of research
on cytokine-induced sickness behavior. Brain. Behav.
Immun. 21(2):153-160.

Doepel, L., H. Lapierre, and J. J. Kennelly. 2002. Peripartum
performance and metabolism of dairy cows in response
to prepartum energy and protein intake. J. Dairy Sci.
85(9):2315-2334.

Drackley, J. K. 1999. ADSA foundation scholar award.
Biology of dairy cows during the transition period: the
final frontier? J. Dairy Sci. 82(11):2259-2273.

Drillich, M., D. Voigt, D. Forderung, and W. Heuwieser.
2007. Treatment of acute puerperal metritis with
flunixin meglumine in addition to antibiotic treatment.
J. Dairy Sci. 90(8):3758-3763.

García-Ruiz, I., C. Rodríguez-Juan, T. Díaz-Sanjuan, P. del
Hoyo, F. Colina, T. Muñoz-Yagüe, and J. A. Solís-
Herruzo. 2006. Uric acid and anti-TNF antibody
improve mitochondrial dysfunction in ob/ob mice.
Hepatology 44(3):581-591.

Goff, J. P. 2006. Major advances in our understanding of
nutritional influences on bovine health. J. Dairy Sci.
89(4):1292-1301.

Grum, D. E., J. K. Drackley, R. S. Younker, D. W. LaCount,
and J. J. Veenhuizen. 1996. Nutrition during the dry
period and hepatic lipid metabolism of periparturient
dairy cows. J. Dairy Sci. 79(10):1850-1864.

Hoeben, D., C. Burvenich, E. Trevisi, G. Bertoni, J. Hamann,
R. Buckmaier, and J. W. Blum. 2000. Role of endotoxin
and TNF- alpha in the pathogenesis of experimentally
induced coliform mastitis in periparturient cows. J.
Dairy Res. 67(4):503-514.

Holcomb, C. S., H. H. Van Horn, H. H. Head, M. B. Hall,
and C. J. Wilcox. 2001. Effects of prepartum dry matter
intake and forage percentage on postpartum
performance of lactating dairy cows. J. Dairy Sci.
84(9):2051-2058.

Hotamisligil, G. S., N. S. Shargill, and B. M. Spiegelman.
1993. Adipose expression of tumor necrosis factor-
alpha: direct role in obesity-linked insulin resistance.
Science 259(5091):87-91.

Huzzey, J. M., T. F. Duffield, S. J. LeBlanc, D. M. Veira, D.
M. Weary, and M. A. G. von Keyserlingk. 2009. Short
communication: Haptoglobin as an early indicator of
metritis. J. Dairy Sci. 92(2):621-625.

Ingvartsen, K. L. 2006. Feeding- and management-related
diseases in the transition cow: Physiological
adaptations around calving and strategies to reduce
feeding-related diseases. Animal Feed Science and
Technology 126(3-4):175-213.

Jiang, L., P. Sorensen, C. Rontved, L. Vels, and K.
Ingvartsen. 2008. Gene expression profiling of liver
from dairy cows treated intra-mammary with
lipopolysaccharide. BMC Genomics 9(1):443.

Kettelhut, I. C., W. Fiers, and A. L. Goldberg. 1987. The
toxic effects of tumor necrosis factor in vivo and their
prevention by cyclooxygenase inhibitors. PNAS
84(12):4273-4277.

Khafipour, E., D. O. Krause, and J. C. Plaizier. 2009. A grain-
based subacute ruminal acidosis challenge causes
translocation of lipopolysaccharide and triggers
inflammation. J. Dairy Sci. 92(3):1060-1070.

Kota, B. P., T. H.-W. Huang, and B. D. Roufogalis. 2005. An
overview on biological mechanisms of PPARs.
Pharmacol. Res. 51(2):85-94.

Kushibiki, S., K. Hodate, H. Shingu, Y. Obara, E. Touno, M.
Shinoda, and Y. Yokomizo. 2003. Metabolic and
lactational responses during recombinant bovine tumor
necrosis factor-_ treatment in lactating cows. J. Dairy
Sci. 86(3):819-827.

Kushibiki, S., K. Hodate, H. Shingu, Y. Ueda, Y. Mori, T.
Itoh, and Y. Yokomizo. 2001. Effects of long-term
administration of recombinant bovine tumor necrosis
factor alpha on glucose metabolism and growth
hormone secretion in steers. Am. J. Vet. Res. 62(5):794-
798.

LeBlanc, S. J., T. H. Herdt, W. M. Seymour, T. F. Duffield,
and K. E. Leslie. 2004. Peripartum serum vitamin E,
retinol, and beta-carotene in dairy cattle and their
associations with disease. J. Dairy Sci. 87(3):609-619.

80



Michal, J. J., L. R. Heirman, T. S. Wong, B. P. Chew, M.
Frigg, and L. Volker. 1994. Modulatory effects of dietary
{beta}-carotene on blood and mammary leukocyte
function in periparturient dairy cows. J. Dairy Sci.
77(5):1408-1421.

Morkoc, A. C., W. L. Hurley, H. L. Whitmore, and B. K.
Gustafsson. 1993. Bovine acute mastitis: Effects of
intravenous sodium salicylate on endotoxin-induced
intramammary inflammation. J. Dairy Sci. 76(9):2579-
2588.

Morrow, D. A. 1976. Fat cow syndrome. J. Dairy Sci.
59(9):1625-1629.

Mudron, P., J. Rehage, H. P. Sallmann, M. Mertens, H.
Scholz, and G. Kovac. 1997. Plasma and liver alpha-
tocopherol in dairy cows with left abomasal
displacement and fatty liver. Zentralbl. Veterinarmed. A
44(2):91-97.

Murondoti, A., R. Jorritsma, A. C. Beynen, T. Wensing, and
M. J. H. Geelen. 2004. Unrestricted feed intake during
the dry period impairs the postpartum oxidation and
synthesis of fatty acids in the liver of dairy cows. J.
Dairy Sci. 87(3):672-679.

NRC. 2001. Nutrient Requirements of Dairy Cattle. 7th rev.
ed. National Research Council. Natl. Acad. Sci.,
Washington, DC.

Ohtsuka, H., M. Koiwa, A. Hatsugaya, K. Kudo, F. Hoshi,
N. Itoh, H. Yokota, H. Okada, and S. Kawamura. 2001.
Relationship between serum TNF activity and insulin
resistance in dairy cows affected with naturally
occurring fatty liver. J. Vet. Med. Sci. 63(9):1021-1025.

Pessayre, D., B. Fromenty, and A. Mansouri. 2004.
Mitochondrial injury in steatohepatitis. Eur. J.
Gastroenterol. Hepatol. 16(11):1095-1105.

Petersen, H. H., J. P. Nielsen, and P. M. Heegaard. 2004.
Application of acute phase protein measurements in
veterinary clinical chemistry. Vet. Res. 35(2):163-187.

Pinotti, L., A. Baldi, I. Politis, R. Rebucci, L. Sangalli, and V.
Dell'Orto. 2003. Rumen-protected choline
administration to transition cows: effects on milk
production and vitamin E status. J. Vet. Med. A
50(1):18-21.

Poynter, M. E. and R. A. Daynes. 1998. Peroxisome
proliferator-activated receptor alpha activation
modulates cellular redox status, represses nuclear
factor-kappa B signaling, and reduces inflammatory
cytokine production in aging. J. Biol. Chem.
273(49):32833-32841.

Salman, S., A. Khol-Parisini, H. Schafft, M. Lahrssen-
Wiederholt, H. W. Hulan, D. Dinse, and J. Zentek. 2009.
The role of dietary selenium in bovine mammary gland
health and immune function. Animal Health Research
Reviews (Epub ahead of print):1-14.

Shwartz, G., K. L. Hill, M. J. VanBaale, and L. H. Baumgard.
2009. Effects of flunixin meglumine on pyrexia and
bioenergetic variables in postparturient dairy cows. J.
Dairy Sci. 92(5):1963-1970.

Smith, K. L., J. H. Harrison, D. D. Hancock, D. A.
Todhunter, and H. R. Conrad. 1984. Effect of vitamin E
and selenium supplementation on incidence of clinical
mastitis and duration of clinical symptoms. J. Dairy Sci.
67(6):1293-1300.

Smith, K. L., S. E. Stebulis, M. R. Waldron, and T. R.
Overton. 2007. Prepartum 2,4-thiazolidinedione alters
metabolic dynamics and dry matter intake of dairy
cows. J. Dairy Sci. 90(8):3660-3670.

Soltys, K., G. Dikdan, and B. Koneru. 2001. Oxidative stress
in fatty livers of obese Zucker rats: Rapid amelioration
and improved tolerance to warm ischemia with
tocopherol. Hepatology 34(1):13-18.

Sordillo, L. M., G. M. Pighetti, and M. R. Davis. 1995.
Enhanced production of bovine tumor necrosis factor-
alpha during the periparturient period. Vet. Immunol.
Immunopathol. 49(3):263-270.

Spears, J. W. and W. P. Weiss. 2008. Role of antioxidants and
trace elements in health and immunity of transition
dairy cows. The Veterinary Journal 176(1):70-76.

Vangroenweghe, F., L. Duchateau, P. Boutet, P. Lekeux, P.
Rainard, M. J. Paape, and C. Burvenich. 2005. Effect of
carprofen treatment following experimentally induced
Escherichia coli mastitis in primiparous cows. J. Dairy
Sci. 88(7):2361-2376.

Weiss, W. P., J. S. Hogan, K. L. Smith, and K. H. Hoblet.
1990. Relationships among selenium, vitamin E, and
mammary gland health in commercial dairy herds. J.
Dairy Sci. 73(2):381-390.

Yu, J., E. Ip, A. dela Peña, J. Y. Hou, J. Sesha, N. Pera, P.
Hall, R. Kirsch, I. Leclercq, and G. C. Farrell. 2006.
COX-2 induction in mice with experimental nutritional
steatohepatitis: Role as pro-inflammatory mediator.
Hepatology 43(4):826-836.

81



Introduction
Before we start discussing ‘putting the pieces back
together’ it is my true hope that there is nothing to
put back together.  Many herds have used sound
decision making practices and continued to feed
ingredients that provide a solid return on investment,
even in low milk prices.  Hopefully you were able to
stand pat with your rations during this historic price
decline and were able to demonstrate that your
rations were already optimally balanced.  But if you
were like many of us that occasionally suffer from a
rare bone disorder, softbackboneitis, please keep
reading.

We all know that cutting back on properly balanced
rations will hurt future health and milk production.
However, you may have observed several cases of
this disorder at the same time dairy producers have
begun to inform their consultants that they are losing
hundreds of thousands of dollars per month.  I know
that most attendees of this conference did not suffer
from this disease themselves but if you saw the
neighboring nutritionist succumb you may be asked
to help their clients in the interim.  In either case this
might be the rare opportunity to start with a ‘clean
slate’ and put rations back together from scratch.

The objective of this article and talk will be to discuss
strategies of how to approach this opportunity.  This
paper should help you prioritize how to determine
what goes back in the ration and when.  I will discuss
the strategy in general and not get into specific
recommendations.  For specific suggestions please
see some of the excellent reviews on this topic
(Hutjens, 2003; Hutjens, 2008; Kung, 2005).

First the Basics
With a potential ‘clean slate’ to work with, the best
strategy is to keep things simple and focused.  This
means finding areas that return the most profit to
your farms the quickest.  In this sense I like to reflect
on Covey Principles as a guide.  For this situation
these include:

1. Focusing on the non-urgent but important.  This
includes items like planning, reading and
training (i.e., things that are important but we
never get to because they are not urgent).  

2. On the dairy these are big rocks like:
a. Prevention vs. problem solving
b. Planning vs. trouble shooting
c. Feed Management vs. paper rations
d. Finding bottlenecks vs. stopping the bleeding 

3. While there are many inputs that drive decision
making, the one main thing we all need to
remember is that our golden goose is the cow.
We need to continually work on keeping cows
comfortable, healthy and able to respond to
better rations. Stating the obvious, this means:
a. Free access to a healthy, well balanced

consistent and nutritious ration at all times
b. Free access to abundant, fresh, clean water
c. Free access to an unencumbered, well

groomed, clean, dry, bed in a pen that is not
over crowded.

d. Adequate time during the day to lie down,
chew her cud and make milk.

General Strategies
My first recommendation regardless of the specific
item you choose to evaluate first is to always base
your decisions on science.  This means using
ingredients that are proven with objective, ‘peer
reviewed’ research.  It also means using ingredients
with low risk relative to their return on investment.
Risk comes from uncertainty which can be due to
variability in the ingredient itself, variability in the
animal’s response to the ingredient and uncertainty
of the true response to the ingredient due to limited
scientific research.  

Feed Management Strategies
In many cases it’s not what’s in the ration that
matters most but how the ration is prepared and
delivered that will impact herd profitability the
fastest. Below are a few items to consider even before
changing the ration.

If the herd is still feeding a ‘one group ration’ it may
be time to move back to feeding multiple lactation
rations.  

By mixing more rations you will be able to add items
back to the ration that work better in one phase of
lactation or one group of animals and hold back on
some of the more expensive feed ingredients that do
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Back in the Ration
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not work across the entire herd.  Michigan State
researchers are finding ways to reduce ration costs
with carbohydrate feeding strategies in herds that
feed multiple lactation TMR’s.

Manage expensive push outs.  If you can push out
feed more often you can blend some of it back into
the low pen rations rather than feeding it to the
heifers.  Test how much push out can be blended
back in to the later lactation pen diets without
dropping milk from those pens. 

Clean out the feed bunk daily especially in the
summer, as feed heats quickly in the feed bunk and
can decrease feed intake and milk production. 

Audit the TMR.  Find and eliminate the sources of
variation.  This includes the consistency of the mix
which can often be improved by changing knives and
replacing shoe pads in the TMR mixer wagon.  Use a
Penn State Shaker Box to know for sure how
consistent the ration is; and be sure to check the
beginning, middle and end of the load as well as how
it changes throughout the day.

Checking inventories will be even more critical in the
second half of this year.  It also may be time to look
very closely at inventory shrink.  If there are ways to
cut shrink this means instant cash flow.

All of the above will help you monitor dry matter
intake more closely – this is the key to measuring,
monitoring and improving the efficiency of the dry
matter fed.  

Monitoring feed efficiency.  A realistic goal for most
herds is 1.4 to 1.6 (calculated as milk or fat-corrected
milk divided by DMI).

But don’t stop with feed efficiency, use income over
feed costs as your final measure.  This equates to net
profit from the feeding program.  

Finally, over the longer term, consider a risk
management strategy for feed and milk.  It may be
the best strategy to do nothing when it comes to
locking up feed costs and milk prices, however, make
sure this decision is based on a strategy rather than
fear or lack of knowledge.  Many producers that we
work with locked in at least a break-even this year.
Imagine the advantage they have today. If you are
new to feed and milk contracting, consider
implementing a ‘mock’ strategy in the next few
months to better understand the process before
implementing a system with real money.  That way
much of the fear will be taken out of the strategy
when you are ready to start.

Ration Strategies
Now that we have the basics and general feed
management strategies covered we can focus on the
major ration strategies.  These include:

Essential nutrients. In this environment there will be
lots of herds that chose to focus on short-term profits
for survival.  In many of these herds it is important to
improve overall herd health before they will be able
to increase milk production.  

1. Nutrients essential to health are first to get back
in the ration.  

2. These include any nutrient that plays a direct
role in immunity.

3. I won’t insult you and list them all here but we
all know that an unhealthy cow will not be able
to produce milk to her potential, even with a
perfect ration.

Energy is an obvious ration addition that is likely to
be first limiting.  

1. This is because many herds may have used the
strategy of letting the cow milk it off her back
during these tough times.  

2. Now we have to get that condition back on the
cows to keep them profitable through the
upcoming summer heat stress and fall calving
season.  

3. Look for thinner late lactation and fresh cows to
support this first step.  

4. Herds with several different transition disorders
may simply be lacking in energy which
compromises the immune system.  

5. When looking at feed ingredients for energy
remember that much of the energy comes from a
well functioning rumen.  Rumen fermentation of
starch, sugars and fiber supply up to 85 percent
of the cow’s energy.

6. Useful tool to compare the value of nutrients
and energy include Feedval, from the University
of WI, and Sesame and Ping Pong from The
Ohio State University.  Often times there are
better buys on ingredients if you can calculate
the relative nutrient values.  Feedval and Sesame
software can help with this calculation.  Ping
pong helps to determine how many ingredient
samples are needed to control variation
ultimately making a more consistent TMR. 

Forages. Excellent forage quality is the foundation of
good rations.  

1. Forage quality is one of the highest priorities.  
2. If there is no way to purchase higher quality

forages, there are lots of ways to improve the
quality of the forage now being fed.  
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3. This is the time to make sure the silage face is
clean and unspoiled, moldy silage is not fed to
lactating cows and hay is mixed and blended
into the ration correctly.  

4. It is also a time to know the DM content of every
ingredient being fed.  This requires checking dry
matters on all silages and other high moisture
ingredients on a daily or at least weekly basis
and adjusting rations accordingly.  

Additives. This is where things get interesting.
Hutjens (2003) describes feed additives as a group of
feed ingredients that can cause a desired animal
response in a non-nutrient role such as pH shift,
growth or metabolic modifier. In general, many of
these non-nutrient additives are in the ration because
with the types of diets fed today it is impossible to
feed cows adequate nutrients to match their
potential.    Despite significant advances in dairy
nutrition, high producing cows in nearly every herd
today have an assortment of digestive, metabolic and
immune challenges.  Supplementing “feed additives”
in dairy rations have been found to be effective in
managing various challenges.   We are still in our
infancy of understating how nutrition interacts with
the immune system but there is certainly a
relationship.  The interesting and unfortunate part of
this is that there are several products marketed that
supposedly cure every known ailment and even
bring cows back to life. Because of this many
producers are resistant to the whole class of ‘feed
additives’ and fail to use products that truly are
effective and provide a consistent profitable response.  

Mechanism of action. To determine if a feed
additives offers true benefits it is important to
understand how it might work before determining if
it might work.  There are some feed additives that
work even without a challenge.  These are typically
associated with increased digestion.  There is a large
multiplier effect when a small addition of an
ingredient can affect the digestibility of the entire diet
or even just the forage component of the diet.  I like
to think of these additives as higher quality hay. For
a dairy producer it is always an easy decision to buy
the higher quality hay because of the improved
digestibility, improved intake and associated milk
production.  

These ‘digestibility’ additives should improve feed
efficiency and they may or may not affect intake.
This appears to depend on the stage of lactation.
Sorting out whether or not these types of additives
work by affecting rumen microbial populations or
more directly on the feed is important to evaluating
them.  This is because there is often limiting
performance data on these products and they will
have to be evaluated on in-vitro responses.  Without

lactation studies it makes it more difficult to evaluate
the economic impact and real value of some of these.

Other types of additives have a metabolic or post-
absorptive role.  These work more like nutrients.
They may not be essential in all situations, but they
may provide a real response during certain metabolic
challenges (i.e., excessive fat mobilization due to over
conditioned cows).  

Evaluating feed additives. Once we know how a
feed additive might work we also need data showing
that it really does work.  Too often product data is
based on marketing information rather than peer
reviewed objective scientific data.  

Dr. Mike Hutjens from the University of Illinois has
put together an excellent outline of ways to evaluate
feed additives.  A review of current research on these
products, as well as a table that outlines additives in
six categories, can be found online at:
www.livestocktrail.uiuc.edu/dairynet/paperDisplay.
cfm?ContentID=9999. In addition to some of the
criteria mentioned in this article Dr. Hutjens discusses
what he refers to as the “me too syndrome” a term
referring to a product that has limited research, but
marketed on the concept that their product is similar
or identical to the industry base standard additive.
He recommends asking for product-specific research
data to determine if the ‘me too’ feed additive has
been evaluated in controlled studies. 

In addition to product specific research I recommend
evaluating the actual product manufacturing and
quality control of the manufacturing procedures.
Companies with good manufacturing practices will
typically allow visits to their plants and take great
pride in showing off their manufacturing excellence
and quality control procedures.  These companies
typically produce a much more consistent product.
In contrast, some companies have their products
manufactured in foreign countries that probably lead
to less consistent products.   

Another problem associated with evaluating feed
additives is what I call overlapping technologies.  We
all have listened to the producer state that ‘if I fed
every additive out there my herd would be at 200 lbs
of milk’.  This statement is that it assumes all
products are independent.  The reality is they are not.
Many work in the same way. Adding the first
additive may indeed provide a response, yet the
second one probably will not given that the first one
is already in the diet.  As nutritionists, our job is to
first feed the additive that works the best and has the
greatest return on investment.  Again, it comes back
to adequate scientific data to be able to make this
decision.  
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Some of the answers can be gotten from in-vitro
studies, however, there needs to be a complete set of
whole animal studies to evaluate the product
completely.  There should also be evidence that
response is repeatable.  A single observation from a
specific research trial may not be applicable to
different situations as product response could be
dependent on nutritional, physiological, and/or
environmental conditions.  And for lactating cows
there should be actual lactating cow data on the
products.  The data should be peer reviewed and
published in scientific journals, hopefully conducted
on US Universities with high producing dairy cows.   

Once you have decided that there is enough scientific
research supporting a plausible mechanism of action
and an animal response we next need to know if the
product provides a return on investment.   In this
evaluation, focus should not be just on price.  If
improved milk production is the measurable
response, comparisons should be made between the
cost of an additive and the value of increased milk
production.  The target for return on investment
should be at least 2:1.  Health and reproductive
benefits are more difficult to evaluate, but could be
very profitable.  These types of data are limited so
buyer be ware.

Because all of the above criteria are often limiting for
many of the products on the market many are sold
based on farm trial data only.  In my opinion this is
unacceptable.  It’s very challenging to evaluate an
additive on farm.  The normal variation on a herd is
often greater than the expected response from the
additive.   Because of the dynamics of farm
operations, keeping the test conditions under control
and unbiased is very difficult.  

Despite the difficulty of researching a product on
farm, producers have to make decisions on the
effectiveness of products to ensure they are getting a
return.  Scientific data from peer reviewed
publications combined with on farm economics
should always be the primary method of evaluation.
Here are a few additional thoughts on this subject.  

Understand the lag in response to a product
associated with both its introduction and removal
from the diet.  Most feed additives take time to cause
a biological response.  In some cases this lag can be a
few days to weeks in other cases it can be several
months.  I remember during the last milk decline that
we had a dairy producer saved 60 cents per cow by
switching to a competing nutritionist with less
‘goodies’ in the diet.  The herd actually went up a
couple of lbs of milk after the first few months.  They
were extremely happy with the decision.  However,
eight months after the change they were down 3

points of milk fat and ten lbs of milk (and not so
happy).  

Often we do not have time to sort through data
ourselves so we turn to reviews of products and
technologies.  One problem with relying completely
on reviews is that broad categories of products are
pooled together in the same review.  In many cases
the actual products being pooled together are very
different with one type being effective and another
type not so much.  Due to pooling them together the
class of products may not look as good.  Another
problem with evaluating categories of products
together is that there may not be enough data to
separate out the differences that may truly exist
between them.  For categories of products that the
reviewer recommends we would naturally choose the
less expensive product in the class which may in fact
be different leaving us with no response in the field.

Regarding the review of studies another major
problem is that the statistical power in individual
studies may be woefully short for the production
response we are evaluating.  The reviewer may
evaluate the whole class by tallying up the number of
studies with a significant P value to make a
recommendation.  This seems like a logical approach,
however, with a pool of studies that have low
statistical power there will be a lot of wrong
conclusions.

One solution to this problem is a review called a
meta-analysis.  A meta-analysis is becoming a
popular statistical tool to summarize scientific data.
In contrast to a single study, a meta-analysis
evaluates the entire data base of studies together in
one analysis.   In the past researchers used a narrative
review to summarize data.  This was a tedious and
often impossible task leading to lots of suggestions
that more research is needed.  More recently
reviewers have performed a more advanced
systematic review that includes a quantitative
analysis.  A meta-analysis is a specific type of
statistical systematic review that can make the
process much simpler, more efficient and ultimately
more precise.

To conduct a meta-analysis, a researcher gathers all
published and non-published data that can be
collected, follows a clearly defined set of steps for
evaluating the quality of the studies, and applies a
rigorous statistical process to the data.  Unlike
narrative reviews where the reviewer applies a level
of importance to each study, the meta-analysis
assigns weights based on the size and variance of the
study. The meta-analysis can thus provide a
transparent, unbiased, and repeatable process to
evaluate data.  Additional benefits of the meta-
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analysis procedure allows us to determine if the lack
of significance due to a treatment is real or due to low
statistical power, whether or not treatment responses
differ due to some type of outside influencing factor
(or covariate), and whether or not there is a
publication bias (i.e., missing studies that might have
reported a lack of effect if they had been published).
One related tip when looking at summaries of data –
look for the ‘negative’ study in the data.  In the real
world of animal research the probability of error is
too great to not see any negative trials.  This may be a
way to detect publication bias.

Other advanced techniques for evaluating products
include a portfolio analysis, similar to how a portfolio
of stocks is evaluated.  In this case similar products
can be evaluated based on their mean response and
variation (referred to as beta in stock market
language).  Once again we need sufficient data for
this type of analysis.

Finally, remember that there are two types of
statistical errors that we can make.  The Type I error
is known as a “false positive”.  This is the type of
error that is most often avoided.  This is the error
associated with using a product that does not work.
The Type II error is a "false negative".  This is the
error of failing to use a product that truly does
provide a profitable response.  The problem with this
type of error is that if you make too many of them
you will fall behind your peers and be out of
business due to a lack of competitiveness.  Once
again, sufficient data on a product is needed to be
able to perform a Type I/II error analysis.  

Conclusion
We have been observing a historic milk price decline
in the dairy industry in 2009.   During this time,
many herds have made adjustments to their rations
leaving us with an opportunity to rebuild the ration,
sometimes from scratch.  Strategies for adding
products to the ration to return the most profit to
your farms the quickest should be based on objective,
‘peer reviewed’ research and careful planning.
Nutritionists should have an understanding of risk
relative to return, as well as an understanding of the
variability of the product and the variation in the
animal’s response to the product.  Essential nutrients,
energy and better forages should be added first.  Well
researched feed additives often add additional value
to the ration.  To evaluate their effectiveness for dairy
cows make sure there are thorough data on the
mechanism of action and a biological and economic
response in lactating cows.  Make an attempt to visit
the manufacturer of the product to evaluate their
manufacturing expertise and quality control
procedures.  Be aware of overlapping technologies,
the lag associated with a product response and

reviews that lump together differing products.  Look
for meta-analysis reviews that evaluate product-
specific research with weighted means, heterogeneity
analysis (to determine whether or not treatment
responses differ due to some type of outside factor)
and an evaluation of publication bias.  Finally, when
deciding on what to put back in the ration first don’t
forget about the error that is associated with failing to
use a product that is profitable.    
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Take Home Messages
• Avoid over-conditioning heifers in late gestation

to reduce calving problems and to help avoid low
postpartum DMI.

• Adapting behavior and social structure prior to
calving should reduce stress at calving.

• Avoid feeding anionic salts to primiparous cows.
• It may be advantageous to transport primiparous

cows from the grower to the owner 6-8 weeks
prior to expected calving date to adapt behavior
and minimize heifers calving early.

• Providing exercise for pre-fresh primiparous
cows might benefit physiological and behavioral
adaptations.  

Introduction
The last sixty days prior to calving has the potential
to be a challenging time for first calf heifers.  The
primiparous cow must successfully adapt to
numerous physiological and behavioral changes
related to calving and the initiation of lactation.
Primiparous cows must adapt to changes in housing,
feeding, management, and to milking.  Strategies that
reduce stress around the time of calving should
optimize the chance for success.  Additional
challenges include appropriately co-mingling
multiparous and primiparous cows to minimize
negative social interactions.  Our goal for a successful
primiparous heifer program should be to reduce the
number of metabolic, psychological, and pathogenic
hurdles during the transition period.  Calving and
initiation of lactation are two unavoidable hurdles.
Our focus should be to tear down additional hurdles
through adaptive nutrition and behavioral
management prior to calving.  According to the
USDA national animal health monitoring survey
(2007), 36.2 of herds surveyed consist of first-calf
heifers.  Primiparous heifers represent the present
and the future of dairy farms.

Prepartum feeding strategies that control prepartum
energy intake, moderate body fat mobilization at

calving, and optimize postpartum feed intake are
components of a successful primiparous cow
transition program.  

A large (n = 1905) heifer field study was conducted in
California to evaluate the effects of age at first calving
(AFC) on postpartum performance and health
(Ettema and Santos, 2004).  Culling after calving and
mortality in this study was similar among AFC and
averaged 17.6% and 3.9% respectively.  Incidence of
mastitis averaged 19.4% among the groups of heifers,
cases of lameness averaged 15%, and left displaced
abomasums averaged 2.9%.  Even on well managed
herds, opportunities for improvement exist.       

Deviations from the normal population must be
identified and addressed.  Identifying the cause and
determining the solutions of challenges that cause
health problems, increase premature culling and
hinder the ability to perform should be a high
priority in all dairy herds.  

Transitioning primiparous cows often receive less
attention than second and greater lactation cows.
Perhaps primiparous cows have a lowered status on
the priority list due to seemingly lower health
problems such as milk fever and displaced
abomasum during the transition period when
compared to their older counterparts.  Fresh
primiparous cows have a greater prevalence of
mastitis than older cows, despite lower reported
incidence of mastitis later in lactation (Miltenburg et
al., 1996; Barkema et al., 1998; Nyman et al., 2007).
This increased incidence in mastitis in primiparous
cows may indicate they are less able to cope with
stressors during the periparturient period.  

Improvements in transition programs for
primiparous cows will have an effect on herd
performance today and in subsequent lactations.
Investigating strategies to promote favorable energy
balance, reduce negative social and behavioral
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interactions, reduce health challenges, and increase
milk production may improve the profitability of
primiparous cows. 

Energy Intake
Often primiparous cows are moved from the heifer
grower and placed into the far-off dry cow group 60
days prior to calving.  The objective of this pen
movement is to adapt first calf heifers to new
surroundings, expose them to social interactions with
older cows, and to feed an appropriate diet.
Moderate energy or controlled energy diets are diets
based on wheat straw and silage that are offered at
an ad libitum rate, but do not allow cows to greatly
over-consume energy (Beever et al., 2006; Dann et al.,
2006; Janovick-Guretzky et al., 2006).  Moderate
energy diets for mature dry cows have been
implemented with success and are being adopted by
producers.  Are moderate energy diets appropriate
for primiparous cows?  Primiparous cows exhibit
negative energy balance in early lactation similar to
that of multiparous cows (Lin et al., 1984).
Primiparous cow’s produces less milk compared to
multiparous cows, but may be at risk for similar
severity of negative energy balance after calving
(Cavestany et al., 2005; Wathes et al., 2007).

Work examining the role of energy intake during the
dry period has been limited in primiparous cows.
Researchers in Wisconsin found that primiparous
cows fed a more moderate energy diet (59.7% TDN)
prepartum had higher DMI postpartum than heifers
fed higher energy (69.3% TDN) (Grummer et al.,
1995).  Higher energy feeding prepartum did not
improve milk yield or milk composition (Grummer et
al., 1995).  Heifers fed the higher energy diet
prepartum had higher concentrations of blood non-
esterified fatty acids (NEFA), _-hydroxy butyrate
(BHBA), and tended to have higher concentrations of
liver triglycerides (Grummer et al., 1995).  Heifers fed
excessive energy prior to calving tended to have
lower DMI postpartum than those fed a high forage
moderate energy diet or those fed in restricted
amounts (Janovick Guretzky, 2006).  

Field experience suggests that heifers consuming
excessive energy prior to calving have more difficulty
calving.  Additionally, excessive body fat
mobilization may reduce energy intake postpartum
and predispose heifers to metabolic disorders.
Hoffman et al. (1996) determined that feeding
pregnant first calf heifers low-energy, high fiber
forages may help in controlling energy intake and
assist in minimizing overconditioning at calving.

Metabolic differences between primiparous and
multiparous cows prepartum are numerous.
Primiparous cows have not yet reached mature body

weight so changes associated with growth place
demands on anabolic pathways.  Primiparous cow’s
investment in colostrum quantity and quality and
milk yield is typically less than that of a mature cow. 

Differences in metabolic traits, milk yield, and body
condition score between primiparous and
multiparous cows during the periparturient period
were investigated by workers in Great Britton
(Wathes et al., 2007).  Data from Wathes et al. (2007)
indicated that primiparous cows had higher
concentrations of insulin-like growth factor-1 and
lower _-hydroxybutyrate (BHBA) concentrations one
week before and seven weeks after calving, higher
leptin pre-partum, and both the peak in non-
esterified fatty acids (NEFA) and the nadir in urea
concentration occurred earlier after calving compared
with multiparous cows.  These authors concluded
that there are differences in the regulation of
metabolism between primiparous and multiparous
cows that promote nutrient partitioning into growth
as well as milk during the first lactation (Wathes et
al., 2007).  Twenty Swedish herds participated in a
study to evaluate changes in metabolites and
immune variables associated with somatic cell counts
in primiparous cows (Nyman et al., 2008).  Results
from this large study showed that greater
concentration of BHBA and glucose before calving
were associated with reduced Box-Cox transformed
somatic cell counts (bcSCC) at first test milk
sampling.  However, greater concentrations of NEFA
before calving and greater change in NEFA at calving
were associated with greater bcSCC at first test-
milking.

Protein intake
Adjustments are often made to increase the dietary
protein content of the diet when multiparous cows
and first calf heifers are mixed to meet the higher
protein requirement for growth.  Santos et al., 2001
suggested that primigravid cows might benefit from
diets with crude protein content greater than 12.7%.
Primiparous cows were fed one of two diets
containing a moderate amount of crude protein
(12.7%) or a higher crude protein amount (14.7%).
Primiparous cows fed the prepartum diet higher in
protein produced 2.0 kg/d more milk and 3.1 kg/d
more 3.5% fat corrected milk during the first 120 days
in milk.  In the first month after calving, Nyman, et
al. (2009) associated low milk urea nitrogen (MUN) (<
4 mmol/L) with elevated somatic cell count at first
test day in primiparous cows.  Low MUN indicates
insufficient dietary protein (Ipharraguerre et al., 2005;
Schei et al., 2005).

Age at first calving
Age at first calving (AFC) is an important factor in
the cost or rearing replacements in dairy herds.
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Optimal AFC in Holsteins was recommended to be ≤
24 mo with body weight > 560 kg after calving at 24
mo (Heinrichs, 1993; Tozer and Heinrichs, 2001).  Age
at first calving has been shown to have an impact on
health in primiparous cows.  Waage et al. 1998)
observed an increased risk of mastitis with increased
age at first calving.  A similar association between age
at calving and ketosis was also observed (van Dam et
al, 1988).  Swedish and Danish researchers
hypothesized that metabolites and immune variables
may differ between primiparous cows at different age
at first calving (Nyman et al., 2008).  Primiparous
cows calving at >27 mo of age had greater BHBA and
NEFA values, and lower glucose, insulin, and urea
nitrogen compared with heifers calving at <27
months (Nyman et al., 2008).  Heifers calving at an
age <25 mo had greater conglutinin (collectin
involved in pathogen recognition) and urea nitrogen
values and lower NEFA compared with heifers
calving at >25 mo (Nyman et al., 2008).       

Should primiparous cows be fed anionic
salts?
The default diet for primiparous cows during the dry
period is often whatever the multiparous dry cows
are being fed.  Housing primiparous and multiparous
dry cows together creates a challenge for nutritionists
attempting to modify the dietary cation-anion
difference (DCAD) with anionic salts.  Anionic salts
are used to decrease the DCAD to aid in prevention
of hypocalcemia through increasing calcium
mobilization from bone and increased uptake of
calcium from the intestine.  Primiparous cows at
calving are typically 80-85 percent of their mature
body weight, so bone growth and remodeling is still
occurring, making bone calcium more readily
available.

Researchers at Michigan State fed multiparous and
primiparous cow’s prepartum diets containing
anionic salts to achieve DCAD’s of +15, 0, and -15
meq/100g.  Prepartum dry matter intake, energy
balance, and body weight gains were lower and
concentration of liver triglyceride was higher for
heifers but not cows fed the -15 DCAD diet (Moore et
al., 2000).  The authors concluded that heifers should
not be fed anionic salts before calving as they
maintained calcium homeostasis through the
transition period regardless of dietary DCAD, but
consumed less DM when fed the -15 DCAD (Moore
et al., 2000).       

Behavioral adaptations 
In addition to the physiological and metabolic
changes associated with calving and the initiation of
lactation, primiparous cows must adapt to
comingling with older, socially dominant cows, learn
to use head locks and freestalls, become accustomed

to increased handling by humans, and adjust to the
milking routine.  Separate feeding and management
of primiparous and multiparous cows is warranted
(Grant 2007; Daniels et al., 2008), but is often not
practical especially on smaller herds.

According to the NRC (2001) primiparous cows
consume less feed and in a different pattern (peaking
later) than multiparous cows.  Additionally, it is
believed that primiparous cows are usually more
timid and occupy a lower rank in the social herd
hierarchy (Wierenga, 1990).  Interesting data from
Spain showed total eating time was longer when
primiparous cows were housed with multiparous
cows, however, primiparous cows housed alone had
almost 1 more meal per day than did those housed
with multiparous cows (Bach et al., 2006).  Feeding
area was limited to one feeder per 1.8 cows; however,
more than 50% of the feeders at time of feeding were
occupied by primiparous cows, suggesting they were
not intimidated by multiparous cows (Bach et al.,
2006).  Housing multiparous and primiparous cows
together may offer advantages in exposing heifers to
intensified competition prior to calving as well as
assumption of learned behaviors. 

Two producers in the upper Midwest that I recently
visited with have interesting philosophies on feeding
behavior in close-up heifers and cows.  One producer
purposefully overcrowds the close-up group to
increase competition at the feed bunk and
purportedly stimulate intake.  Data published by
Bach et al. (2006) seems to support this theory
although results might not be the same in all
situations.  Another producer on a large dairy
constantly mixes pens of dry cows to reduce the
groups desire to develop a strong social hierarchy.
The mixing of dry cow pens seemingly reduces
negative social interactions and helps fresh cows
acclimate to herd mates in the fresh cow pen.   

Smooth return from the heifer grower
Whether heifers are raised by the owner or farmed
out to a heifer grower, a smooth transition into the
milking herd is important to the success of the first
and subsequent lactations.  Variables such as
avoiding overconditioning, calving at an appropriate
age, and experience with the use of headlocks and
free-stalls are important factors that will impact
transition success of first calf heifers.  The amount of
time before expected calving date heifers are returned
to the milking herd may have some impact on
transition success.  

In the most recent NAHMS survey (2007), heifers
returning to the milking herd from the heifer grower
averaged 21.6 months of age (USDA, 2007).  Heifers
are typically brought back to the milking herd as
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early as 3 months or as late as 3 weeks prior to
expected calving date.  Synchronization programs
have helped in producing larger groups of heifers
with similar calving dates.  Increased variability in
calving date occurs when a heifer with a calving date
that is an extreme outlier from the mean or one with
an incorrect expected calving date steps foot on the
truck.  

Scheduling of heifer pickup may be a factor
contributing variability in the primiparous heifer
transition program.  Clearly the truck does not run
every day to pick up heifers so the arrival time at the
milking herd is a potential source of variability.
Adequate time should be allowed for all heifers to
adapt to their new surroundings and to minimize the
negative impact on those that calve earlier than
expected.  Clearly constraints in facility capacity,
labor, and management must be evaluated to
determine the optimal timing of heifer return from
the grower.       

USDA survey data indicates that small and medium
operations sending heifers off-site to be raised were
transported fewer than 20 miles while large herds
transported heifers between 5 and 50 miles (USDA,
NAHMS 2007).  Of all operations surveyed, 10.6%
transported heifers 50 miles or more.  Stress from
transportation and handling in transit from the heifer
grower to the milking herd should be minimized.
The impact of shipping stress on late term
primiparous cows has not been investigated.  

Italian workers investigated the effects of shipping
stress on immune function in 6 month old calves
(Riondato et al., 2008).  Highest leucocyte and
neutrophil counts associated with increased
concentrations of cortisol and catecholamines,
indicated that stress was maximal upon arrival when
compared with that before departure, 24 h, and 1
week after arrival (Riondato et al., 2007).
Transportation is considered to be one of the main
causes of stress in calves (Momede et al., 1982).
Biological systems activated in response to stress are
the hypothalamo-pituitary-adrenal (HPA) axis,
responsible for active responses associated with
neurogenic stress, such as transportation, and the
sympatho-adrenal medullary system, responsible for
passive responses associated with perceived
environmental stress such as noise (Mitchell et al.,
1988; Griffin, 1989; Minton, 1994).  

Hartman et al. (1976) showed that shipping altered
the capability of calves to synthesize antibodies.
Effects of prepartum shipping on antibody
production in colostrum have not yet been
investigated.  Some heifers are calved and then
shipped to the milking facility.  Research has not been

conducted to evaluate the effect of transportation
stress on cattle after calving compared with those
with a dry period and that calve on-site.      

Norwegian researchers evaluated feeding and proper
free stall use by heifers transferred from heifer
growers back to the milking herds.  On day 2 after
transfer, 34% of the heifers refused to use free stalls
and by day 15 there were still 23% of the heifers
exhibiting this behavior (Kjoestad and Myren, 2001).
Refusal to use stalls was significantly associated with
rearing accommodations and free-stall layout
indicating the importance of previous experience and
proper facility design.  

Reducing udder edema in primiparous
cows  
Udder edema is a periparturient disorder
characterized by excessive accumulation of fluids in
the intercellular tissue spaces of the mammary gland.
Udder edema in primiparous cows is a chronic
problem in some herds.  Udder edema begins several
weeks prior to calving and seems to be more
prevalent in primiparous than multiparous cows.
Challenges with udder edema have been attributed to
genetic predisposition, feeding excessive grain, and
mineral imbalances (excessive sodium and potassium
intake) (NRC, 2001).  Prepartum nutrition strategies
such as selecting forages low in potassium and
reducing sodium intake may help reduce the
incidence of udder edema. 

Research at the University of Florida conducted a
retrospective observational study to evaluate risk
factors for udder edema in primaprous cows calving
with and without udder edema (Melendez et al.,
2006).  First test day DHIA milk yield was lower in
cows that developed udder edema (3.6 kg/day) than
in normal cows and cows with udder edema were
1.62 times more likely to develop udder edema in the
second lactation (Melendez et al., 2006).  These data
suggest that dry period feeding errors that put cows
at risk for udder edema must be taken into account.
Additionally, first calf heifers with udder edema
should receive added attention as they may be at
increased risk for other disorders.

Prepartum exercise for primiparous cows?
Exercising close-up heifers has become a standard
procedure on some dairy farms in the Midwest.
Exercise lots for dry cows have been incorporated
into dairy facilities.  Additionally, versatile drovers
lanes in some facilities allows for ease of animal
movement for exercise around the barn.  Many
producers move first calf heifers through the parlor at
milking or when the parlor is not in use to familiarize
heifers with the sights and sounds of the parlor and
to give them experience with being handled by
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workers.  This experience will become valuable
postpartum as these trained heifers will have one less
hurdle to contend with.  

Researchers at Michigan State exercise trained pairs
of late-pregnant and nonpregnant multiparous cows
on a treadmill to determine if exercise improved
physical fitness (Davidson and Beede, 2009).  The
authors hypothesized that exercise would improve
circulation or alter blood volume potentially
increasing blood flow to key organs during the
periparturient period, improve responses to stress,
and improve muscle fitness to reduce response to
fatigue.  Cow’s exercised prepartum had lower heart
rates and plasma lactate concentrations and more
effectively maintained acid-base homeostasis during
tread mill tests when compared with non-exercised
cows (Davidson and Beede, 2009).  Responses in
exercised primiparous cows might be similar.      

Summary
We must continue to be vigilant in the quest for
improved performance, health and wellbeing of our
dairy cattle.  Areas where opportunities for
improvement exist, such as optimal management of
primiparous cows, should not be overlooked.  A high
degree of variability is inherent in transition cows
often shrouding solutions to transition cow failures.
Feeding strategies that work for both primiparous
and multiparous cows should be considered.
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Introduction
The dairy expansion era in North America, which
gathered pace throughout the nineties and continues
to this day, has resulted in the migration of dairy
cattle from traditional tiestall and stanchion barns to
the freestall facility, which has emerged as the
dominant form of dairy cattle housing worldwide. 

The basic premise of milking more efficiently through
a parlor, while being able to keep larger groups of
cows together in management groups in larger herds
is sound from a management and economic
perspective. Cows are ‘free’ to move between a
feedbunk where a Total Mixed Ration is available
every hour of every day, and a stall, designed to
provide her ample rest on a clean dry comfortable
surface. This is the ideal – the question is whether it
is the reality.

In this article, I will attempt to summarize the aspects
of freestall design that are failing the cow, and justify
the solutions we have found and the current trends
emerging in the dairy industry of the Upper Mid-
West. The challenge presented is to find the balance
between excellent cow comfort and manageable cow
cleanliness.

Freestalls and Time Budgets
So, what do cows do in the freestalls that we have
built over the last 10 years? From an analysis of 250
total 24-hour time budgets, we have collected from
208 cows housed in 17 freestall barns in Wisconsin,
the average time spent performing each of five key
behaviors is shown in Table 1. On average, cows
spend 2.6 h/d milking – reflecting the three times a
day milking schedule most large freestall dairies
operate at. Other components of the cow’s day are
also fixed and non-negotiable. The cow has to spend
a large proportion of the day eating. The TMR fed,
free stall housed dairy cow eats for an average of 4.4
h/d (range 1.4-8.1). Note that this is about half the
time that a grazing cow spends eating per day –
pasture cows average around 8-9 h/d eating. She also
needs to drink around 20-25 gallons of water per day
(more in hot climates) and she will spend an average
of 0.4 h/d at or around a waterer. With these fixed
non-negotiable time slots, we have already taken 4.4
+ 0.4 + 2.6 = 7.4 hours out of the time budget, leaving
under 17 hours remaining in the pen. 

Time left in the pen will be spent performing three
activities – lying down, standing in an alley and
standing in a stall. The average freestall cow spends
2.4 h/d standing in an alley socializing, moving
between the feed bunk and stalls and returning from
the parlor. Once in the stall, the average cow spends
2.9 h/d standing in the stall (range 0.3-13.0) and 11.3
h/d lying in the stall (range 2.8-17.6) on average –
but note the wide ranges in these behaviors.

Table 1. The mean (range) 24-h  time budgets for 208
cows filmed over 250 filming periods on 17 freestall
barns in Wisconsin

Activity Mean Range
N=250 (h/d) (h/d)
Time lying down in the stall 11.3 2.8-17.6
Time standing in the stall 2.9 0.3-13.0
Time standing in the alley 2.4 0.2-9.4
Time drinking 0.4 0-2.0
Time feeding 4.4 1.4-8.1
Time milking 2.6 0.9-5.7

Lying behavior is typically divided into an average of
7.2 visits to a stall each day (called a lying session),
and each session is categorized by periods standing
and lying – called bouts. The average cow has 13.6
lying bouts per day and the average duration of each
bout is 1.2 h (range 0.3-2.9). Most cows will stand
after a lying bout, defecate or urinate, and lie back
down again on the contra-lateral side.

From studies designed to make cattle work for access
to a place to rest, it would appear that cows target
around 12 h/d target lying time (Jensen et al., 2005;
Munksgaard et al., 2005), and this is in agreement
with the lying times found in well designed freestall
facilities (Cook et al., 2004). If this is the case, then
our industry is failing to provide the average cow
sufficient rest, and our freestall ideal is not being
realized.

What is the Cost of Inadequate Rest?
It is commonly suggested that cow’s make more milk
when they are lying down as blood flow through the
external pudic artery increases by around 24-28%
when lying compared to standing up (Metcalfe et al.,
1992; Rulquin and Caudal, 1992), and failure to
achieve adequate rest has negative impacts on
lameness (Cook and Nordlund, In press), ACTH
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concentrations (Munksgaard and Simonsen, 1996),
cortisol response to ACTH challenge (Munksgaard et
al., 1999) and growth hormone concentrations
(Munksgaard and Løvendahl, 1993; Ingvartsen et al.,
1999) – suggesting that there is a significant stress
response.

Some workers have suggested that there is a linear
relationship between time lying and milk production
of the order of 2-3.5 lbs of milk increase for each
additional hour of rest (Grant, 2004). While this
may be true, we have not seen such a relationship
and milk yield has not been significant in any
of the lying time models in our time budget
studies. 

It seems more likely that the requirement for rest is a
threshold event and that all cows, regardless of yield,
require a minimum period. A strong case can be
made that the true cost of failing to achieve this rest
is an increase in lameness, and lameness has
significant impacts on production.

Let us take a look at mature equivalent (ME305) milk
production (which standardizes milk output to 3rd

parity) and see how well older cows perform
compared to younger cows – as a proxy measure of
how successful our lameness management is.

ME305 averages for two groups of herds using
Wisconsin DHIA testing – less than 100 cows (which
we will assume are predominantly tiestall housed)
and greater than 500 cows (which we will assume are
freestall housed) are shown in Table 2. There are
some interesting trends in the difference between
second and later lactation groups and first lactation
groups. While the freestall housed larger herds make
more milk, and the difference in ME between first
and second parity is similar (~500-600lbs) between
both herd size groups, the difference between 1st
lactation and 3rd and greater lactation cows is much
wider in the large herd category – nearly 1,300lbs
greater. If this were due to a failure of the ME
calculation to properly account for parity effects, we
would expect the differences to be consistent across
herd size. They are not and I believe that the greater
differences we are seeing in larger herds are due to
the environment in which we are keeping the
animals. Significant differences in lameness
prevalence have been recorded between tiestall and
freestall barns (Wells et al., 1993; Bergsten and Herlin,
1996; Cook, 2003; Sogstad et al., 2005), and there is
evidence to suggest that the freestall environment is
failing the larger older cows in our herds – lameness
being the primary reason for the disparity in ME milk
production. In barn remodels, where we provide
more comfortable stalls for older mature cows, we see
the ME gap close and sometimes invert. This occurs

coincident with a decrease in lameness prevalence,
particularly in older cows. 

Table 2. ME305 averages by parity group for DHIA
herds by herd size (<100 cows or >500 cows) in
Wisconsin. Benchmarks April 1, 2008 (AgSource
Cooperative Services, Verona, WI).

Parity Group Mature Equivalent 305 Milk Production (lbs)
Herds<100 cows (n=3218)    Herds>500 cows (n-155)

Average Difference Average Difference
from 1st Lact from 1st Lact

1st Lactation 22,903 29,084 -
2nd Lactation 22,374 529 28,462 622
3rd+ Lactation 21,859 1,044 26,783 2,301

So, what can we do to improve the situation? We can
certainly make sure that there is adequate time for
rest by limiting time out of the pen for milking,
providing enough stalls for cows to achieve their
target rest by limiting overstocking and finally, by
making sure that the stall is comfortable and easy to
use. Indeed, we have used the ME gap theory
described above to help justify many stall renovation
projects.

The Importance of Stall Surface
Analysis of our time budget database highlights the
importance of stall surface. Cows bedded on sand
exceeded our target of 12 h/d of rest, while cows on
rubber crumb filled mattresses averaged only 10.7
h/d (Figure 1).

Figure 1. Time budgets for cows bedded on sand
(n=89) compared with cows on a rubber crumb filled
mattress (n=119).
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The reason for this is two-fold. Firstly, there are on
average 42% fewer lame cows in sand bedded
freestall herds (Cook, 2003, Cook et al., 2004, Espejo
et al., 2006), and secondly, lame cows stand longer in
mattress stalls compared to sand stalls. We believe
that the main reason for this is due to the difficulties
lame cows have rising and lying down on a firm
surface (Cook and Nordlund, In Press). While sand
provides cushion, traction and support – which
facilitates rising and lying movements for lame cows,
enabling them to maintain normal patterns of rest,
firm mattress surfaces make it difficult for cows to
rise and lie down because of the pain associated with
the contact point between a painful foot and a firm
unforgiving surface. As a result, we see an extension
in standing time per day, a reduction in the number
of visits to a stall per day and as a consequence of
three times a day milking and other stresses to the
cow’s time budget, a reduction in lying time. Failure
to provide adequate rest and recuperation for lame
cows, results in chronic disease and an increase in the
prevalence of lameness.

The difference in lameness prevalence is the main
reason for the large difference in milk production
observed between sand and mattress freestalls (Table
3), but there are also benefits in terms of milk quality.
The numbers presented in Table 3 are for herds
visited because of an udder health problem.
However, the differences observed are very typical of
the mattress to sand conversions we have been
involved in over the last 5 years and we use these
figures for the construction of partial budgets to
finance the barn changes.

Table 3. Sand bedding benefits compared with
mattress herds for 62 freestall herds investigated
by our Food Animal Production Medicine group
since 2001.

Mattress Sand Sand

Factor Herds Herds Benefit
RHA milk
production per
cow (lbs) 24,260 25,926 +1,666
Somatic Cell
Count (‘000/ml) 373 298 -75
Cow Case Mastitis
Rate (%) 62 45 -17

Sand must be managed to prevent a build up of
organic material over time (Cook and Reinemann,
2007). Provided fresh sand is added once or twice a
week, gross contamination is removed each milking,
the bed is leveled daily and sand is removed from the
rear of the beds every ~6 months or so, it remains the
gold standard for the cow, not only in terms of
comfort, but also in terms of milk quality. While
organic bedding materials may be ‘managed’, I find

them in every way inferior to sand, particularly when
managed in a deep loose bed.

Because sand is so forgiving it has often been said
that the cow may compensate for other failures in
stall design – such as inadequate space. In fact I used
to think the same – but I do not anymore. We have
seen too many improvements in production and
health in sand bedded facilities when other stall
design improvements have been made.

Providing Adequate Width
The freestall barns built throughout the expansion era
have typically had resting spaces defined laterally by
divider loops located at 43 to 46 inches (109-117 cm)
on center, and by a brisket board typically 66 inches
(168 cm) from the rear curb. While we believe that
these dimensions are appropriate for a 1200 lb (545
kg) first lactation heifer, we believe that they are
inadequate for larger mature cows. The evidence for
such an opinion comes from three sources:

Firstly; direct observation. Anderson (2003) examined
the ergonomics of stall design and showed how
limited resting space increased the disturbances
between neighbors and led to more restless lying
behavior. Secondly; behavioral studies. The stall
behavior studies described by Tucker et al. (2004)
used 15 Holstein cows averaging ~ 1,600 lbs (727 kg)
body weight and showed a significant increase in
resting time between 44 inch (112 cm) and 48 inch
(122 cm) wide stalls, but no difference between 48
(122 cm) and 52 inches (132 cm), proving that width
does have a significant effect on lying behavior, and
supporting wider dimensions than the industry
standard of ~45 inches (114 cm). Thirdly; herd
performance changes after stall remodeling. We have
remodeled a large number of freestall facilities in the
Upper Mid-West over the last 5 years and my
experience has been that after stall surface changes,
increased stall width for large mature Holstein cows
has been the second most important change made in
both sand and mattress facilities.

There is a commonly held belief that if we make the
stall wider and longer, it will lead to increased
manure contamination of the stall, inappropriate stall
use behavior (eg. backwards lying) and worsening
udder health. If the stall is not sized appropriate for
the size of the animals using them and if the resting
area is poorly defined, these concerns may well be
realized. It is therefore important to determine the
size of the animals using the pen, and to design the
resting space correctly. Problems do occur when
mixed age groups are penned together. While small
heifers in larger stalls may well soil the platform
more, it makes no sense to punish two thirds of a pen
of mature cows to make sure the stalls are kept clean
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for the heifers. A compromise must be reached –
either with stall dimensions or cow grouping
strategy.

Diagonal lying is a complex behavioral issue
resulting from a variety of stall design faults, but stall
width is often blamed. I believe that the most
significant issues leading to diagonal lying are
unrelated to stall width – they include adjacent cows
in head to head stalls (Anderson, 2003), too short a
resting space length, brisket locators that are too
high, inadequate lunge space, head bob restrictions
and neck rails that are too close to the rear curb
(Cook and Nordlund, 2005). Failure to understand
these causative factors results in poorly designed
stalls where cows become contaminated with
manure. Therefore, we need to make sure that the
resting area is correctly defined, so that manure
contamination of the bed can be minimized.

Defining the Resting Area
The stall resting space is defined laterally by the
divider loop and in front by the brisket locator. We
need to provide just enough direction to align the
cow correctly in the stall, but not inhibit the
boundaries of the area so much that lying and rising
behavior has to be modified to the point that it
reduces the ability of the cow to use the stall. For
these reasons, we prefer a divider loop that has the
following characteristics (Figure 2):

1. Locates the upper edge of the lower divider rail
at 12 inches (30 cm) above the stall surface. This
serves to align the cow, enables the cow to lunge
easily to the side over the top of the rail if she
chooses to do so, and is high enough to reduce
trauma to the front leg below the rail and limit
cows putting their legs through the loop.

2. Has an angle in the lower rail that is located 20
inches (51 cm) behind a correctly located brisket
locator. This location serves to align the cow, but
limits trauma to the hip area.

3. Has an interior loop diameter of 35 inches (89
cm) (or exterior diameter of 39 inches (99 cm)).
This will make sure that with the lower rail
correctly located, the upper rail will place the
neckrail at around 50 inches (127 cm) above the
stall surface.

The resting space is defined in front by the brisket
locator, which serves to position the cow when she is
resting, so that her rear end is adjacent to the
alleyway to reduce soiling of the bedding. Behavioral
studies have shown that cows prefer to lie in stalls
without a brisket locator, compared to stalls with an 8
inch (20 cm) high piece of wood (Tucker et al., 2006).
Many consultants have taken this to mean that we
should build stalls without brisket locators. This is a

mistake. While I will concede that in a short stall (less
than 8 feet (2.44 m)), a poorly designed brisket locator
can be removed resulting in an observable
improvement in stall usage, larger stalls require a
locator to help position the cow. 

Figure 2. An ideal divider loop positioned relative to
the rear curb and brisket locator.

The problem with brisket locator design is the
movement of the cow’s front leg when she is rising in
the stall. To facilitate rising, she needs to take a full
forward stride and to do this, it is difficult for most
cows to lift their leg much higher than about 4 inches
(10 cm) above the stall surface. Generally, we have
moved away from the traditional brisket board (a
wooden form used to pour the concrete curb), to
more rounded plastic, fiber glass or pvc pipes or
mouldings. These have performed reasonably well,
but because they are lower, smoother and less
restrictive, some cows choose to ignore them. Because
of these issues, we have returned to concrete for the
answer and I have developed a design that we call
the ‘brisket slope’. This serves to locate the cow,
while being low enough to allow the cow to lie down
with her front legs outstretched, and sloped enough
to allow the front leg to land on the slope when rising
(Figure 3).

Figure 3. The concrete brisket slope – designed to
locate the cow relative to the rear curb, allow her to
stretch her legs forward and plant her front leg
forward when she rises.
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Providing Adequate Lunge and Bob Space
When the cow rises, she moves her head forward  in
a lunging motion to take the weight off her rear legs,
to facilitate rising. The head is lowered, almost to the
surface she is resting on and then ‘bob’s upward. We
refer to the horizontal area in front of the resting
space as lunge space and the vertical area at the end
of the lunge as the bob zone.

Failure to provide adequate lunge and bob space may
not result in a dramatic reduction in stall occupancy,
but it does alter the way cows use the stalls in subtle
ways. Tucker et al. (2004) found no effect on lying
times for ~1600 lb (727 kg) cows housed in stalls 90
inches (2.29 m) long or 108 inches (2.74 m) long.
There are three possible reasons for this: a). It doesn’t
matter, b). Neither of the choices were long enough
for front lunge (our recommendation is for cows
weighing ~1600 lbs (727 kg) to be housed in stalls 120
inches (3.05 m) long), or c). The cows could side
lunge because the lower divider loop rail was
correctly located to allow this option. I believe that b.
and/or c. are the most likely explanations.

Having seen the results of numerous barns that have
extended side walls to allow 9.5-10 feet (~3.0 m) long
side wall stalls, I am convinced that it does make a
difference, especially for the largest oldest cows on
the farm. I am also convinced that some cows will
want to side lunge and we should allow that as an
option. This is particularly true of head to head stalls.
The presence of one cow in front of another adds an
element of uncertainty in stall design in that some
cows will not lie straight or lunge into a cow facing
her. This leads to diagonal lying and side lunging.
This also has an effect on how clean the stalls are if
we change stall dimensions. In order to maximize
width, without running into diagonal lying issues,
we must provide adequate length for front lunge. For
mature Holstein cows that means stalls that are 10
feet (3.05 m) long facing a wall and at least 17 feet
(5.18 m) head to head (Figure 4).

Figure 4. Lying position in head to head and side
wall facing stalls and how it is influenced by stall
width and length and the presence of a social
obstruction in front of the stall.

Locating the Neck Rail
The neck rail serves to provide lateral stability to the
divider loops while helping to position the cow while
standing in the stall relative to the rear curb. It is
important to realize that the cow on pasture rises and
ends up standing 2-3 feet  (60-90 cm) in front of
where she was lying. Therefore, wherever we place
the neck rail, it will be in the way of the cow – even if
it is ‘floating’ or is made of some other material other
than metal. The trick is to locate it so that the cow can
cope and adjust and take a step backward, rather
than a step forward when she rises. Neck rails do not
influence lying time much, but they do influence
standing behavior when located between 55 inches
(140 cm) and 92 inches 234 cm) from the rear curb
and between 40 inches (102 cm) and 50 inches (127
cm) above the stall surface (Tucker et al., 2005), with
lower rails closer to the rear curb increasing the
amount of perching (standing half in and half out of
the stall) observed. We associate these neck rail
locations with a greater risk for injury also.

Neck rails that are located too far forward increase
soiling of the stall bed and frequently farmers
respond by moving the rail back closer to the curb.
However, if there is insufficient space to rise
comfortably below and behind the neck rail, cows
have difficulty standing without hitting the rail –
which is just unacceptable. While a contaminated
stall may be a risk for udder infection, an unused
stall is most definitely a risk for inadequate rest,
lameness problems and early herd removal. We
therefore have to find the right balance between
comfort and cleanliness.

Neck rail location recommendations are different in
mattress and sand stalls because the raised rear curb
modifies the way cows stand in the stall – they are
reluctant to stand on a raised concrete curb. Neck
rails are located in mattress stalls directly above the
correctly located brisket locator – so that the cow is
able to stand squarely in the stall, but in deep bedded
stalls with a raised rear curb, where the neck rail is at
least 48 inches (122 cm) above the surface, we move
the rail back a distance equivalent to the width of the
rear curb, so that the cow takes a step back and
perches half in and half out of the stall. While we will
not tolerate this behavior in a flat, mattress stall, we
are prepared to tolerate it in a deep loose bedded
stall, because the front foot elevation is much less and
the problems of managing a deep bed soiled with
urine and feces are too great. While there is some
evidence to suggest extended time perching increases
the risk for lameness (Weary, personal
communication), this does not seem to be a factor in
sand stalls as 90% of the stall standing behavior is
perching (Cook et al., 2005) and lameness prevalence
is almost half of that on mattresses. This probably
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relates to the fact that stall standing time is about half
in sand stalls compared with mattress stalls.

Table 4. Target stall dimensions (inches) for cows of
different body weight estimates.

Stall Dimension (inches) Body Weight Estimate (lbs)  
1000 1200 1400 1600 1800

Total stall length facing a wall 96 96 108 120 120
Distance from rear curb to
brisket locator 64 66 68 70 72
Center-to-center stall divider
placement  (Stall width) 44 46 48 50 54
Height of brisket locator above
stall surface 3 3 4 4 4
Height of upper edge of bottom
divider rail above stall surface 11 11 12 12 12
Height below neck rail 44 46 48 50 52
Horizontal distance between
rear edge of neck rail and rear
curb for mattress stalls 64 66 68 70 72
Rear curb height 8 8 8 8 8

Conclusion
I believe that stall designs which were commonplace
in freestall barns up until a few years ago are failing
the cow and our industry in terms of performance,
health and well-being. We can and should do better,
and it is economical to do so. Numerous barn
renovations have proven this to be the case.
However, doing what is right for the cow is not solely
an economic question. Welfare has never been and
never will be an argument based on economics. It is a
duty that transcends such discussion. Fortunately, the
balance of welfare and economics are in alignment
when we consider improvements to cow comfort.

It is true to say that when we make stalls bigger, there
is greater risk for design error, leading to diagonal
lying and manure contamination of the stall bed.
However, it is also true that a ‘one size fits all policy
of restraint’ has also failed. In this discussion, I have
detailed the common errors made when making stalls
bigger – using the wrong divider loop, not using a
brisket locator or using a poorly designed one, failing
to understand the importance of forward lunge and
bob space to lying position and locating the neck rail
incorrectly. Such problems are common because
builders and farmers have not built such large stalls
before and there is much confusing misinformation
about new design philosophies. Hopefully this article
has put some of these issues to rest.
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Introduction
Low profile cross ventilated (LPCV) freestall
buildings provide a temperate environment that
ranges within a dairy cow’s thermoneutral zone even
during summer and winter months. LPCV buildings
typically maintain an air temperature 8-15∞F cooler
than ambient during the summer in the midwest, but
the relative humidity is often 75% or greater due to
evaporative cooling and moisture generated by cows.
In the winter the interior of an LPCV building is 10-
30∞F warmer than outside air temperatures.

The ability to control a cow’s environment increases
milk production, improves feed efficiency, raises
income over feed cost, strengthens reproductive
performance, allows for controlled lighting, reduces
lameness, and lessens fly-control costs. The benefits
of LPCV buildings may be examined by reviewing
scientific literature and understanding improvements
that are possible when an environment complements
a cow’s thermoneutral zone.  

Environmental Impact on Nutrient
Requirements and Efficiency
Dairy cows that are housed in an environment
outside their thermoneutral zone alter their behavior
and physiology in order to adapt. Adaptations are
necessary to maintain a stable core body temperature,
but nutrient utilization and profitability are
negatively affected.

The upper critical temperature, or upper limit of the
thermoneutral zone, for lactating dairy cattle is
approximately 70-80∞F for maximum nutritional
benefits (NRC, 1981). When temperatures exceed the
recommended range, cows combat heat stress by
decreasing feed intake (Holter at el., 1997), sweating,
and panting. These mechanisms increase the cows’
energy costs, resulting in up to 35% more feed
necessary for maintenance (NRC, 1981). When dry
matter intake decreases during heat stress, milk
production also decreases. A dairy cow in a 100∞F
environment decreases milk production by 50% or
more as compared to thermoneutral conditions
(Collier, 1985).

Relatively little research has been done on the effect
of cold stress on lactating dairy cattle. The high
metabolic rate of dairy cows makes them susceptible
to heat stress in U.S. climates, so, as a result, the
lower critical temperature of lactating dairy cattle is
not well established. Estimates range from as high as
50∞F (NRC, 1981) to as low at -100∞F (NRC, 2001).
Regardless, evidence shows that the performance of
lactating cows decreases at temperatures below 20∞F
(NRC, 1981). 

One clear effect of cold stress is increased feed intake.
While greater feed intake often results in greater milk
production, cold-induced feed intake is caused by an
increase in the rate of digesta passage through the
gastrointestinal tract. An increased passage rate limits
digestion time and results in less digestion as
temperatures drop (NRC, 2001). Cows also maintain
body temperature in cold environments by using
nutrients for shivering or metabolic uncoupling, both
of which increase maintenance energy costs. These
two mechanisms decrease milk production by more
than 20% in extreme cold stress. However, even when
cold stress does not negatively impact productivity,
decreased feed efficiency hurts dairy profitability.

Smith et al (2008) assessed the effects of
environmental stress on feed efficiency and
profitability. They used a model which incorporated
the temperature effects on dry matter intake, diet
digestibility, maintenance requirements, and milk
production.  Figure 1 shows the expected responses
of a cow producing 80 pounds of milk per day in a
thermoneutral environment. The model was altered
to assess responses to cold stress if milk production is
not decreased. In this situation, the decrease in diet
digestibility results in an 8% decrease in income over
feed cost as temperatures drop to -10∞F. With these
research results, cost benefits could be estimated for
environmental control of LPCV facilities. 
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Figure 1:  Responses to Environmental Stress
(thermoneutral production of 80 lbs/day, MR Cost of
$0.12/lb dry matter, and milk value of $18/cwt)

Environmental Impact on Reproduction
Even though cold stress has little effect on
reproduction, heat stress reduces libido, fertility, and
embryonic survival in dairy cattle. Environmental
conditions above a dairy cow’s thermoneutral zone
decrease the ability to dissipate heat and result in an
increased core body temperature. The elevated body
temperatures negatively impact reproduction for both
the female and the male.  

The impact of heat stress can be categorized by the
effects of acute heat stress (short-term increases in
body temperature above 103oF) or chronic heat stress
(the cumulative effects of prolonged exposure to heat
throughout the summer). In acute heat stress, even
short-term rises in body temperature result in a 25-
40% drop in conception rate. An increase of 0.9∞F in
body temperature causes a decline in conception rate
of 13% (Gwazdauskas et al.1972). As milk production
and feed intake increase, a greater internal heat load
is produced and the impact of heat stress on
reproduction is dramatic (al-Katanani et al., 1999). 

Whether the decline in pregnancy rates is voluntary
or not, a fewer number of pregnant cows creates
holes in the calving patterns. In the fall an increased
number of cows often become pregnant and,
consequently, place additional pressures on the
transition facilities nine months later when an above-
average group of cows must move through the close-
up and fresh cow pens. Overcrowding these facilities
leads to increases in post-calving health issues,
decreased milk production, and impaired future
reproduction.

Creating a Thermoneutral Zone Housing
Environment  
Changing the environment to reflect the

thermoneutral zone of a dairy cow minimizes the
impact of seasonal changes on milk production,
reproduction, feed efficiency and income over feed
cost. Evaporative cooling is often used to cool LPCV
buildings, and Harner and Smith (2008) discuss
specific design details of the buildings when this
cooling method is utilized. The ability to lower air
temperature through evaporative cooling is
dependent upon ambient temperature and relative
humidity. As relative humidity increases, the cooling
potential decreases, as shown in Figure 2. Cooling
potential is the maximum temperature drop possible,
assuming the evaporative cooling system is 100%
efficient. The cooling potential is greater as air
temperature increases and relative humidity
decreases. Evaporative cooling systems perform
better as the humidity decreases below 50 percent. 

The cooling potential is a function of the air’s ability
to absorb moisture.  Additional moisture in the air
decreases the air temperature and increases humidity.
Theoretically, the lowest possible air temperature
occurs when the air is at 100% humidity, or
saturation. Most designers assume the air
temperature exiting an evaporative cooling system is
reached when the air has absorbed 75% of the
moisture possible between inlet conditions and
saturation. Since the outdoor air temperature
constantly changes, the exit temperature from an
evaporative cooling system also changes.  

LPCV buildings range in width from 200-600 feet,
and the number of rows of freestalls vary from 8-24
depending on the building width. The targeted air
exchange rate through the buildings is 120 seconds or
less, but buildings wider than 300 feet have exchange
rates of 180-240 seconds. 

Figure 2:  Impact of Relative Humidity and Temperature
on Cooling Potential with an Evaporative Cooling
System
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The body heat generated by the cows warms the
interior of the building. The temperature rise is a
function of the airflow rate through the building.
Different management strategies for environmental
control are used during cold weather.  The first mode
decreases the air exchange rate by turning off fans in
order to prevent frozen manure on the alleys. This
strategy prevents potential lameness and injury
problems but leads to a potential increase in
ammonia and moisture levels inside the building.
The second management strategy utilizes a controller
to operate fans along the inlet side of the building.
The disadvantage of this mode is that as the outdoor
air temperature declines, the number of operating
fans remains constant. As a result, cold temperatures
are maintained inside the building, manure freezes in
alleys near the inlet, and employees are exposed to
colder temperatures. 

Though the interior of a LPCV building closely
resembles a naturally ventilated freestall (Harner and
Smith, 2008), LPCV buildings incorporate baffles to
divert air flow into the stall area. Depending on the
number of baffles, air speed in the stall area is
increased from 2-3 miles per hour (mph) to
6-8 mph during the summer months. Dairies that
utilize baffles observe better lay-down rates of cows
and report a corresponding increase in milk
production.

Results of Environmental Studies in LPCV
Buildings
Table 1 summarizes the temperature rise across LPCV
buildings in the upper Midwest from July 17 to
August 16, 2007. A temperature increase of 0.85 oF
per 100 feet of building width was observed. Since
the humidity in the building was high due to the
evaporative cooling system, approximately a 1 unit
increase in the temperature humidity index (THI)
existed per 100 feet of building width.

Table 2 compares the average, maximum and
minimum ambient temperatures with the interior
conditions of a 400-foot wide LPCV building in Iowa.
The average ambient temperature and relative
humidity from July 17 to August 16, 2007, was 77∞F
and 77%, respectively. The average temperature
inside the LPCV building was approximately 3∞F
cooler than ambient, but the maximum temperature
was 85∞F as compared to the outside temperature of
96∞F. The ambient temperatures were 77∞F or greater
for over 50% of the study.  However, when measured
near the exhaust fans of the LPCV building, the
ambient temperature was greater than 77∞F only 28%
of the time. Also, the ambient temperatures were less
than 68∞F only 7% of the time, as compared to 12%
inside the LPCV building. However, during the night,
the indoor temperatures increased because the

evaporative cooling pad was turned off to allow the
pad to dry and prolong pad usage.

Table 1:  Average Temperature Rise Between Baffles
and Per Foot of Building Width 

Nominal Average Temperature (°F)
Building Rise/Foot of

Dairy ID Width ft Building Width*
# 1 400 0.0085 °F/ft
# 2 400 0.0077 °F/ft
# 3 520 0.0110 °F/ft
# 4 300 0.0095 °F/ft
# 5 250 0.0057 °F/ft

Average 0.0085 °F/ft
*Average values per dairy are based on 2,880 hourly
average measurements including 
nighttime data.

Table 2:  Comparison of Ambient and Interior
Temperatures

Inlet Middle Exhaust
Ambient Baffle Baffle Baffle

Average Temperature (°F) 77 73  74 74 
Maximum Temperature (°F) 96  85 83 85 
Minimum Temperature (°F) 58 58 59 58 
Percent of Hours at  77 °F

or above 52 21 24 28
Percent of Hours Between

68 to 77 °F 41 67 66 60
Percent of Hours Below 68 °F 7 12 10 12

Figure 3 illustrates the average ambient, inlet and
exhaust temperatures in a 400-foot wide LPCV
building in Iowa from July 17 to August 16, 2008.
During the night hours the interior temperatures of
the building is warmer than ambient. This occurs
because the evaporative cooling system is turned off
and the body heat from the cows warm the air as it
moves from the inlet side to the exhaust side of the
building.

Figure 3: Comparison of Ambient, Inlet and Exhaust
Temperatures
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Temperature data was also logged during the winter
of 2008. The data was averaged by hour and baffle
location from January 18 to February 17, 2008, as
shown in Figure 4. The ambient temperature during
the winter period averaged 20 ∞F colder than barn
conditions. Figure 4 shows a rapid warming of the air
between the inlet and first baffle in two LPCV
facilities, and the air continued to warm until
exhausted from the building. Figure 4 also shows the
exhaust air temperature as a function of inlet
(outdoor) air temperature. As the outdoor air
temperature decreased, the variability in exhaust
temperature increased. The exhaust air temperature
was 25-45∞F when the inlet air temperature was -5oF.
The variability is attributed to a difference in air
exchange rates because air temperature is lower at
the exhaust as the air exchange rate increases.

Figure 4:  Relationship Between Outdoor Air
Temperatures and Outlet (Exhaust) Air Temperatures
in a 400-foot wide LPCV building

Figure 5 shows a correlation between the outdoor air
temperature and the temperature rise across an LPCV
building in Minnesota during the winter of 2008.
Temperature rise is defined as the difference between
the exhaust and outdoor air temperature. Less
variability exists in the temperature rises above 20∞F
since there are more consistent strategies in fan
operation and less concern about freezing alleys.

Figure 5:  Outdoor Air Temperatures and
Temperature Rise in a 500-foot wide building

Figure 6 illustrates the average hourly temperatures
from January 18 to February 17, 2008, inside two 400-
foot wide LPCV buildings in the upper Midwest. The
difference in temperature rise from the inlet to the
exhaust is explained by different stocking densities
and air exchange rates.

Figure 6:  Summaries of Temperatures in LPCV
Buildings

Impact of Geographical Location
Figure 7 shows that ambient temperatures are within
the thermoneutral zone 65-78% of the time for a
majority of major dairy locations in the United States.
The data was obtained from a military base near the
selected locations. Dairy cows experience more hours
of ambient temperatures below their lower
thermoneutral zone limit (20°F) when housed on
dairies in northern states and more hours of ambient
temperatures above their upper thermoneutral zone
limit (70°F) when housed on dairies in southern
states. 

The exceptions are Gainesville, FL and Phoenix, AZ
where the ambient temperatures are within the
thermoneutral zone only 50% of the year. Yearly
ambient conditions result in cows being exposed to
heat stress, cold stress or both 25% of the year.  
Figure 8 shows the potential benefits of LPCV
buildings. The housing environment may be
efficiently maintained within the cow’s thermoneutral
zone 85-93% of the time. The evaluation is based on
temperature only so, with evaporative cooling and
low relative humidity in Phoenix, AZ, the percentage
of hours within the thermoneutral zone could be
greater than 65 percent. Research shows that,
regardless of location, LPCV buildings increased the
annual number of hours the housing environment
measured within a cow’s thermoneutral zone by 17
percent. 
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Figure 7:  Percentage of Annual Ambient Hours in
the Thermoneutral Zone of Dairy Cows

Figure 8:  Impact of LPCV Freestall Housing on
Percentage of Annual Hours in the Thermoneutral
Zone

Summary
LPCV facilities are able to minimize fluctuations in
core body temperature by providing an environment
which closely resembles a cow’s thermoneutral zone.

• Heat stress and cold stress significantly decrease
income over feed cost. Limiting environmental
stress throughout the year increases feed
efficiency.

• Temperatures inside a LPCV building with
evaporative cooling are 8-15∞F cooler than
ambient temperatures during afternoon hours.

• Temperatures inside a LPCV building during the
winter months are 15-30∞F warmer than ambient
temperatures, depending on the air exchange
rate. 

• Improving a cow’s environment greatly reduces
the impact of heat stress on present and future
milk production.
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Introduction
Heat stress negatively impacts a variety of dairy and
beef parameters including milk yield, growth and
reproduction and therefore is a significant financial
burden (~$900 million/year for dairy and > $300
million/year in beef in the U.S.; St. Pierre et al., 2003).
Advances in management (i.e. cooling systems;
Armstrong, 1994) and nutritional strategies (West,
2003) have alleviated some of the negative impact of
thermal stress on cattle, but production continues to
decrease during the summer.  Accurately identifying
heat-stressed cattle and understanding the biological
mechanism(s) by which thermal stress reduces milk
synthesis, growth and reproductive indices is critical
for developing novel approaches (i.e. genetic,
managerial and nutritional) to maintain production
or minimize losses during stressful summer months.

Biological Consequence of Heat Stress
The biological mechanism by which heat stress
impacts production and reproduction is partly
explained by reduced feed intake, but also includes
altered endocrine status, reduction in rumination and
nutrient absorption, and increased maintenance
requirements (Collier and Beede, 1985; Collier et al.,
2005) resulting in a net decrease in nutrient/energy
available for production.  This decrease in energy
results in a reduction in energy balance (EBAL), and
partially explains (reduced gut fill also contributes)
why dairy cattle lose significant amounts of body
weight when subjected to unabated heat stress.  

Dairy
Reductions in energy intake during heat stress result
in a majority of dairy cows entering into negative
energy balance (NEBAL), regardless of the stage of
lactation.  Essentially, because of reduced feed and
energy intake the heat-stressed cow enters a
bioenergetic state, similar (but not to the same extent)
to the NEBAL observed in early lactation. The
NEBAL associated with the early postpartum period
is coupled with increased risk of metabolic disorders
and health problems (Goff and Horst, 1997; Drackley,
1999), decreased milk yield and reduced reproductive
performance (Lucy et al., 1992; Beam and Butler,
1999; Baumgard et al., 2002, 2006).  It is likely that
many of the negative effects of heat stress on
production, animal health and reproduction indices
are mediated by the reduction in EBAL (similar to the
transition period).  However, it is not clear how much
of the reduction in performance (yield, daily gain and

reproduction) can be attributed or accounted for by
the biological parameters affected by heat stress (i.e.
reduced feed intake vs. increased maintenance costs). 

Beef
In general, heat stress-induced production losses for
beef cattle are not as severe as those for the dairy
industry.  It is not entirely clear why growing cattle
tolerate higher THI conditions and exhibit a greater
heat strain threshold than lactating dairy cows, but
may involve: 1) reduced surface area to mass ratio, 2)
reduced rumen heat production (because of the
mostly grain diet), and 3) reduced overall metabolic
heat production (on a body weight basis).  In
addition, beef cattle will often experience
compensatory gain after mild or short periods of heat
stress (Mitlöhner et al., 2001).  The combination of
these factors translate into heat-related reduced gain
that is typically less than 10 kg, which amounts to ~7
extra days in the feed lot (St-Pierre et al., 2003).
Furthermore, the impact of heat stress on
reproductive indices is typically not as severe in beef
cattle due to the seasonal nature of breeding
programs (often occurring during the spring in the
U.S.).

Metabolic Adaptations to Reduced Feed
Intake
A prerequisite to understanding the metabolic
adaptations which occur with heat stress, is an
appreciation of the physiological and metabolic
adjustments to thermal-neutral NEBAL (i.e.
underfeeding or during the transition period).  There
is much less known about the metabolic and
physiological effects of hyperthermia in beef cattle as
compared to dairy cows, probably because the
economic impact on the industry is less severe.
Consequently, the changes in heat-related metabolism
will be compared and contrasted primarily to the
better-known changes in lactating dairy cows.

Early lactation dairy cattle enter a unique
physiological state during which they are unable to
consume enough nutrients to meet maintenance and
milk production costs and animals typically enter
NEBAL (Moore et al., 2005a).  Negative energy
balance is associated with a variety of metabolic
changes that are implemented to support the
dominant physiological condition of lactation
(Bauman and Currie, 1980).  Marked alterations in
both carbohydrate and lipid metabolism ensure
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partitioning of dietary and tissue derived nutrients
towards the mammary gland, and not surprisingly
many of these changes are mediated by endogenous
somatotropin which naturally increases during
periods of NEBAL (Bauman and Currie, 1980).  One
classic response is a reduction in circulating insulin
coupled with a reduction in systemic insulin
sensitivity.  The reduction in insulin action allows for
adipose lipolysis and mobilization of non-esterified
fatty acids (NEFA; Bauman and Currie, 1980).
Increased circulating NEFA are typical in
“transitioning” cows and represent (along with NEFA
derived ketones) a significant source of energy (and
are precursors for milk fat synthesis) for cows in
NEBAL.  Post-absorptive carbohydrate metabolism is
also altered by the reduced insulin action during
NEBAL with the net effect being reduced glucose
uptake by systemic tissues (i.e. muscle and adipose).
The reduced nutrient uptake coupled with the net
release of nutrients (i.e. amino acids and NEFA) by
systemic tissues are key homeorhetic (an acclimated
response vs. an acute/homeostatic response)
mechanisms implemented by cows in NEBAL to
support lactation (Bauman and Currie, 1980). The
thermal-neutral cow in NEBAL is metabolically
flexible, in that she can depend upon alternative fuels
(NEFA and ketones) to spare glucose, which can be
utilized by the mammary gland to copiously produce
milk.

Heat Stress and Production Variables
Dairy
Heat stress reduces feed intake and both daily gain in
beef cattle and milk yield in dairy cattle.  The decline
in nutrient intake has been identified as a major cause
of reduced production (Fuquay, 1981; West, 2002,
2003).  However, the exact contribution of declining
feed intake to the overall reduced milk yield or
average daily gain remains unknown.  To evaluate
this question in both dairy and beef cattle we
designed experiments involving a group of thermal
neutral pair-fed animals to eliminate the confounding
effects of dissimilar nutrient intake.  First we used
lactating Holstein cows in mid-lactation that were
either cyclically heat-stressed (THI = ~80 for 16
hrs/d) for 9 days or remained in constant thermal-
neutral conditions (THI = ~ 64 for 24 hrs/d), but pair-
fed with heat stressed cows to maintain similar
nutrient intake (Rhoads et al., 2009).  Cows were
housed at the University of Arizona’s ARC facility
and individually fed ad libitum a TMR consisting
primarily of alfalfa hay and steam flaked corn to
meet or exceed nutrient requirements (NRC, 2001).
Heat-stressed cows had an average rectal
temperature of 40.6°C (~105.1°F) during the
afternoons (maximum THI) of the treatment period.
Heat-stressed cows had an immediate reduction (~5
kg/d) in dry matter intake (DMI) with the decrease

reaching nadir at ~ day 4 and remaining stable
thereafter (Figure 1).  As expected and by design,
thermal-neutral pair-fed cows had a feed intake
pattern similar to heat-stressed cows (Figure 1).  Heat
stress reduced milk yield by ~14 kg/d with
production steadily declining for the first 7 days and
then reaching a plateau (Figure 2).  Thermal neutral
pair-fed cows also had a reduction in milk yield of
approximately 6 kg/d, but milk production reached
its nadir at day 2 and remained relatively stable
thereafter (Figure 2).  This indicates the reduction in
DMI can only account for ~40-50% of the decrease in
production when cows are heat-stressed and that
~50-60% can be explained by other hyperthermia-
induced changes.  We have repeated this experiment
multiple times and the effects on DMI and milk yield
are remarkably consistent (Wheelock et al., 2006;
Baumgard & Rhoads, unpublished)

Beef
To evaluate the differential effects of heat stress vs.
reduced nutrient intake in beef cattle we studied
growing Holstein beef bulls (n=12, 4-5 months of age,
136-182 kg BW; O’Brien et al., 2008).  Bulls were
either cyclically heat-stressed (29.4 to 40ºC, 25-40%
humidity, and 12 hours of light [conditions slightly
warmer than during our dairy experiments]) or were
maintained in thermal-neutral conditions (18 to 20ºC,
12 hours of light), but pair-fed (86% concentrate, 14%
protein, 2x/d) with heat-stressed bulls to maintain
similar nutrient intake.  Heat-stressed bulls had an
average rectal temperature of ~ 40.6°C (105.1°F)
during the afternoons (peak ambient THI).  Heat
stress reduced DMI by ~12% (data not presented) and
as expected (and by design) thermal-neutral pair-fed
bulls had a feed intake pattern similar to heat-
stressed cows (O’Brien et al., 2008).  Heat stress
eliminated body weight gain and thermal neutral
pair-fed animals had a similar reduction in
performance (Figure 3; O’Brien et al., 2008).  

Figure 1.  Effects of heat stress and underfeeding
(pair-feeding) thermal-neutral lactating Holstein cows
on dry matter intake (Rhoads et al., 2009).
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Figure 2.  Effects of heat stress and underfeeding
(pair-feeding) thermal neutral conditions on milk
yield in lactating Holstein cows (Rhoads et al., 2009)

Figure 3.  Effect of heat stress (HS) and underfeeding
(UF; pair-feeding) during thermal neutral conditions
on body weight gain (slopes of raw data) in growing
Holstein beef bulls (O’Brien et al., 2008). 

Dairy vs. Beef
Despite being exposed to a slightly greater heat load,
heat stress does not reduce DMI to the same extent in
growing beef cattle as it does in lactating dairy cows
(12 vs. 30%).  In addition, the reduction in feed intake
accounts for only ~50% of the decrease in milk yield
(Figure 2), but appears to explain most (if not all) of
the reduction in growth (Figure 3).  Gaining a better
appreciation for the biological reasons underlying the
aforementioned discrepancy between beef and dairy
may theoretically provide insight on how to prevent
or ameliorate the exaggerated decrease in milk
synthesis during hyperthermia.

Heat and Maintenance Costs
Estimating EBAL during heat stress (for both dairy
and beef cattle) introduces problems independent of
those that are inherent to normal EBAL estimations
(Vicini et al., 2002).  Considerable evidence suggest
increased maintenance costs are associated with heat
stress (7 to 25%; NRC, 2001), however due to
complexities involved in predicting upper critical
temperatures, no universal equation is available to

adjust for this increase in maintenance (Fox and
Tylutki, 1998).  Maintenance requirements are
thought to increase, as there is presumably a large
energetic cost of dissipating stored heat.  Not
incorporating a heat stress correction factor results in
overestimating EBAL and thus inaccurately
predicting energy status.

In the beef study, the pair-fed thermal-neutral
controls did not gain or lose body weight (Figure 3),
suggesting nutrient and energy intake satisfied
maintenance requirements.  The heat-stressed bulls
consumed similar quantities of the exact ration fed to
the pair-fed thermal-neutral control animals and also
had static body weight.  This latter observation may
indicate that, at least in growing bulls, heat stress
does not increase overall maintenance requirements.
If heat stress were to increase maintenance costs as
reported (Fox and Tylutki, 1998; NRC, 2001) then the
energy requirements of heat-stressed bulls should
have exceed their pair-fed thermal-neutral
counterparts.  In turn, the heat-stressed bulls would
have been consuming inadequate energy/nutrients
and should have (by definition) lost body weight.
However, this was not the case and heat-stressed
bulls did not lose body weight (Figure 3), indicating
that maintenance costs may not have been increased.
Further research is necessary to evaluate the effects of
heat on maintenance requirements and to determine
if physiological state (growth vs. lactation) influences
energy partitioning during thermal challenges.

Metabolic Adaptations to Heat Stress
Dairy
Due to the reductions in feed intake and presumed
increased maintenance costs, and despite the decrease
in milk yield heat stressed cows enter into a state of
NEBAL (Moore et al., 2005b).  In a similar dairy trial
to the one described above, heat-stressed cows
entered into and remained in NEBAL (~4-5 Mcal/d)
for the entire duration of heat stress (Figure 4;
Wheelock et al., 2006).  However, unlike NEBAL in
thermal-neutral conditions, heat-stressed induced
NEBAL doesn’t result in elevated plasma NEFA
(Figure 5).  This was surprising as circulating NEFA
are thought to closely reflect calculated EBAL
(Bauman et al., 1988).  In addition, using an IV
glucose tolerance test, we demonstrated that glucose
disposal (rate of cellular glucose entry) is greater in
heat-stressed compared to thermal neutral pair-fed
cows.  Furthermore, heat-stressed cows have a much
greater insulin response to a glucose challenge when
compared to underfed cows (data not presented).
Both the aforementioned changes in plasma NEFA
and metabolic/hormonal adjustments in response to
a glucose challenge can be explained by increased
insulin effectiveness.  Insulin is a potent anti-lipolytic
signal (blocks fat break down) and the primary driver
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of cellular glucose entry.  The apparent increased
insulin action causes the heat-stressed cow to be
metabolically inflexible, in that she does not have the
option to oxidize fatty acids and ketones.  As a
consequence, the heat-stressed cow becomes
increasingly dependant on glucose for her energetic
needs and therefore less glucose is directed towards
the mammary gland.  

Beef
Although both the heat-stressed and pair-fed controls
quit growing, neither mobilized adipose tissue
(plasma NEFA remained <100 µEq/L), which is
agreement with a lack of body weight loss (O’Brien et
al., 2008).  However, despite similar changes in
production and post-absorptive lipid variables, there
were heat stress-induced changes in post-absorptive
carbohydrate metabolism.  Similar to lactating dairy
cows, heat-stressed growing bulls appear to have an
increase in glucose disposal rates and have a much
greater insulin response to a glucose challenge
(Figure 6, O’Brien et al., 2008). 

Figure 4. Effects of heat stress and underfeeding
(pair-feeding) thermal-neutral conditions on
calculated net energy balance in lactating Holstein
cows (adapted from Wheelock et al., 2006.)

Figure 5.  Effects of heat stress and underfeeding
(pair-feeding) thermal-neutral conditions on
circulating non-esterified fatty acids (NEFA) in
lactating Holstein cows (adapted from Wheelock et
al., 2006).

Figure 6.  Effects of heat stress (HS) and underfeeding
(UF; pair-feeding) in thermal-neutral conditions on
plasma insulin response to a glucose challenge in
growing beef cattle (O’Brien et al., unpublished).

Theoretical Reasons for Altered
Metabolism
Well-fed ruminants primarily oxidize (burn) acetate
(a rumen produced VFA) as their principal energy
source.  However, during NEBAL cattle also largely
depend on NEFA for energy.  Therefore, it appears
the post-absorptive metabolism of heat-stressed cattle
markedly differs from that of thermal-neutral cattle,
even though they are in a similar negative energetic
state.  The apparent switch in metabolism and the
increase in insulin sensitivity is probably a
mechanism by which cattle decrease metabolic heat
production, as oxidizing glucose is more efficient
(Baldwin et al., 1980).  In vivo glucose oxidation
yields 38 ATP (assuming the DG of ATP hydrolysis is
-12.3 kcal/mole under cellular conditions; Berg et al.,
2007) or 472.3 kcal of energy (compared to 637.1 kcal
in a bomb calorimeter) and in vivo fatty acid
oxidation (i.e. stearic acid) generates 146 ATP or 1814
kcal of energy (compared to 2697 kcal in a bomb
calorimeter).  Despite having a much greater  energy
content, due to differences in the efficiencies of
capturing ATP, oxidizing fatty acids generates more
metabolic heat (~2 kcal/g or 13% on an energetic
basis) compared to glucose.  Therefore, during heat
stress, preventing or blocking adipose
mobilization/breakdown and increasing glucose
“burning” is presumably a strategy to minimize
metabolic heat production (Baumgard and Rhoads,
2007).

For dairy cattle, the mammary gland requires glucose
to synthesize milk lactose and lactose is the primary
osmoregulator and thus determinant of milk volume.
However, in an attempt to generate less metabolic
heat, the body (primarily skeletal muscle) appears to
utilize glucose at an increased rate.  As a
consequence, the mammary gland may not receive
adequate amounts of glucose and thus mammary
lactose production and subsequent milk yield is
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reduced.  This may be the primary mechanism which
accounts for the additional reductions in milk yield
beyond the portion explained by decreased feed
intake (Figures 1 and 2).

Heat-stressed cattle require special attention with
regards to heat abatement and other dietary
considerations (i.e. concentrate:forage ratio, HCO3-
etc; Baumgard et al., 2007).  In addition they may also
have an extra requirement for dietary or rumen-
derived glucose precursors.  Of the three main
rumen-produced VFA’s, propionate is the VFA
primarily converted into glucose by the liver.  One
option to increase rumen propionate production is by
feeding highly fermentable starches.  However, this
strategy may be risky as heat-stressed cattle are
already susceptible to rumen acidosis.  Further
research is needed to identify safe methods of
increasing dietary or rumen derived glucose
precursors during heat stress conditions.

Summary
Clearly heat-stressed cattle implement a variety of
post-absorptive changes in both carbohydrate and
lipid metabolism (i.e. increased insulin action) that
would not be predicted based upon their energetic
state.  The primary end result of this altered
metabolic condition is that heat-stressed cattle have
an extra need for glucose (theoretically due to its
preferential oxidization in order to reduce metabolic
heat).  Therefore, any dietary component that
increases propionate production (the primary
precursor to hepatic glucose production), without
reducing rumen pH, will probably increase
production.    

Note: This article has been partially adapted from a
paper first published by the authors in the
Proceedings in the 2007 University of Arizona
Southwest Nutrition Conference and 2008 Florida
Nutrition Conference.
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Introduction
Large fluctuations in milk and supplemental feed
prices create anxiety and uncertainties.  Profit margin
may shrink rapidly when milk price goes down and
supplemental feed prices go up. Thus, it is important
that correct decisions are made to maximize return on
supplemental feed expenses. The change in prices
and milk production response to feed supplements
are especially important because they impact directly
the profitability of dairy farms. Supplements might
represent the largest portion of expenses and milk is
by far the most important revenue generator in a
dairy enterprise. Usually, more than 90% of dairy
farm revenue comes from the milk check and more
than 40% of the expenses are used on purchased
feeds. Analyses from surface responses to income
over feed cost for different crude protein (CP) levels
have been studied in the past (Roffler et al., 1986), but
the distinction between rumen undegradable protein
(RUP) protein and rumen degradable protein (RDP)
creates a need to further fine-tune the formulation of
supplements for maximum income over feed cost.
Volatile market conditions that are greatly impacting
feeds and milk prices require the ability to make
strategic ration formulation adjustments promptly
and efficiently to maintain dairy margins and remain
economically competitive. An interactive simulation
model may be beneficial in exploring those strategic
decisions in response to fluctuating milk and feed
prices.

Justification
Traditional diet formulation is based on finding the
least cost ration that provides the minimum level of
required nutrients for a desired level of milk
production (Tozer, 2000; Howard et al., 1968).
Typically, diet formulation does not consider changes
in milk production due to changes in CP, RUP and
RDP that could be fine-tuned to maximize income
over feed supplement costs. Rotz et al. (1999) found
that profitability of dairy farms could be improved by
decreasing CP intake and adjusting RUP and RDP
through a better selection of fed ingredients, which
vary according to market prices of feed stuffs. This
previous study also found that lower CP diets
decrease N excretion and consequently
environmental impacts, which has been confirmed by
a number of recent publications (Broderick, 2003;
Wattiaux and Karg, 2004). Rotz et al. (1999)

developed the dairy farm model (DAFOSYM)
capable to estimate the income over supplement
costs, which nowadays has evolved to the integrated
farm system model (IFSM) (Rotz et al., 2007). The
IFSM, although very complete, is complex and serves
the scientific community more than field-based end-
users. In addition, the IFSM model does not perform
optimization, but rather simulation of scenarios. This
paper main purpose is therefore to present a simple
formulation to optimize income over feed
supplement costs (IOFSC), implement the
formulation in a user-friendly spreadsheet, and
perform some case studies. 

Maximum IOFSC
As it is usual in many dairy farms, forages produced
either on-farm or that are locally available can be
considered a fixed proportion in the diet, at least in
the short-run. Consequently, the optimization
problem can be simplified by discounting the dry
matter (DM) and CP provided by fixed amounts of
forages from the total needs. The problem to solve
then becomes that of optimizing the income over feed
supplement costs (IOFSC) given feed supplement
costs, milk price and cow's milk production response
to dietary CP.

Thus, the objective function is to maximize the IOFSC
of a diet formulation:

max(MV – ∑ SVi) [1]

where MV is the milk value calculated as the milk
price (Mp) times the milk production (MP), SVi is the
value of the i supplement defined as the price of the
supplement (Spi) times the quantity of such
supplement (SQi) when there are N available
supplements in the diet, which need to provide the
expected DM or dry matter intake (DMI) under the
constraint of an upper limit for RUP, RDP, and CP;
Therefore,

∑=DMI [2]

RUP≤max RUP, RDP≤max RDP, CP≤max CP [3]

and the DMI is calculated following NRC (2001, Eq.
1-2),
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DMI = (0.372*FCM+0.0968*BW0.75)*(1-e(-0.192*((WOL+3.67))) [4]

where FCM is fat corrected milk, BW is body weight
and WOL is week on lactation. An initial target MP is
defined to calculate FCM and from it DMI, however,
depending on the selection of supplements, the
expected MP will change. Therefore final MP is
calculated using NRC (2001, Pg. 50),

MP=–55.61+1.15*DMI+8.79*RDP–0.36*RDP2+1.85*RUP
[5]

The formulation must include a maximum limit of
feed supplements, which are defined by upper
maximum levels. The concept of upper levels allow
the exclusion of some non-available ingredients
(upper limit set at zero) or to put nutritional and
biological limits to some ingredients. Therefore,

SQi≤max SQi for i-1 to N for i=1 to N [6]

Supplements can be grouped as those that provide
more energy than protein (e.g., corn grain) and those
that provide more protein than energy (e.g., soy bean
meal). Both type of supplements need to be defined
according to their composition of RUP, RDP and CP.
Whereas CP is the sum of RUP and RDP, RUP and
RDP are influenced by degradability and ruminal
disappearance of protein through two simultaneous
processes, degradation and passage (NRC, 2001). A
fraction "A" is assumed to be instantly degraded, a
fraction "C" is assumed to be completely
undegradable, and a fraction "B" is assumed to be
degradable overtime at a rate of degradation (Kd).
Therefore, knowing a constant rate of degradation
(Kd) and a rate of passage (Kp), it is possible to
calculate the RUP and RDP content of feed stuffs.
Research has shown that the rate of passage Kp is
dependent on the DMI, BW, feed characteristics, and
proportions of forage and supplements in diet. Table
1 provides an example of calculated protein
composition for forages and supplements along with
their calculated RUP and RDP values. 

Table 1. Calculated protein availability of feed stuffs
as rumen undegradable protein (RUP), rumen
degradable protein (RDP) and crude protein (CP)
based on standard values of some forages, energy
supplements, and protein supplements.

Calculated
Feed Stuff A B C Kd Kp RUP RDP CP

(%) (%) (%) (%) (%) (%)
Forages
35-Corn

silage 51.00 5.62 8.80 4.40 5.93 3.15 5.62 8.80
74-Mixed

silage 58.10 34.20 7.70 10.40 5.93 3.82 15.18 19.00
83-Alfalfa

silage 57.30 35.30 7.40 12.20 5.93 4.15 17.75 21.90
Energy Supplements
27-Corn

grain 23.90 72.5 3.60 4.90 8.34 4.63 4.77 9.40
8-Barley

grain 30.20 61.20 8.60 22.70 8.34 3.11 9.29 12.40
Protein Supplements
106-Soybean

meal 22.50 76.80 0.70 9.40 8.34 18.37 31.53 49.90
25-Corn gluten

meal 3.90 90.90 5.20 2.30 8.34 49.69 15.31 65.00
23-Corn distiller

grains 28.50 63.30 8.20 3.60 8.34 15.57 14.13 29.70
104-Soybean meal

expellers 8.70 91.30 0.00 2.40 8.34 32.83 13.47 46.30

Source: Adapted from NRC (2001, Table 15-1). Code
numbers preceding the feed name correspond to
NRC codes. Calculated values are based on DMI of
29.26 kg/d for a 625-kg BW cow with an estimated
milk production of 50 kg/d.

A Case Study
Consider this situation for a group of Holstein cows
with an average of 100 days in lactation producing
36.4 kg (80 lb) milk per day. According to the
National Research Council equations, these cows
should be consuming on average 24.4 kg (53.66 lb) of
DM per day. We can safely assume that 50% of the
DMI is provided through forage, which is composed
of equal parts of corn silage and alfalfa silage.
Therefore, these cows are already receiving 7.7% of
CP (1.8% RUP and 5.9% RDP) from the forages. If the
target protein in diet is 18% (6.5% RUP and 11.5%
RDP), then, the supplements could provide the
difference: up to 9.2% CP (4.8% RUP and 5.6% RDP).
As previously discussed, supplement sources have
different compositions of CP, RUP, and RDP, which
not only complete the protein requirements, but also
impact milk production. After setting the proportion
of forage in the diet to a fixed value, the goal is then
to find the combination of supplements that will
maximize the IOFSC.

Let's suppose that the group of cows described above
currently receives 9.5 kg (20.9 lb) of corn grain and
2.7 (6.0 lb) of soybean meal as supplemental feeds.
Under this diet, each cow in this group would have
on average $5.20 a day IOFSC using Wisconsin
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February 2009 feed and milk prices: $0.207/kg
($9.4/cwt) milk, $0.14/kg ($3.54/bu) corn and
$0.33/kg ($300/ton) soybean meal. However, under
the same price structure, the IOFSC could be as much
as $5.54 a day if the sources and proportions of
supplemental feeds are fine-tuned. A $0.34 per cow
per day additional IOFSC could be realized if the
supplements are 8 kg (17.6 lb) of corn grain, 1.91 kg
(4.2 lb) of soybean meal, and 2.27 kg (5 lb) of corn
distiller grains at $0.154/kg ($140/ton). 

User-Defined Analyses
The actual combination of supplement will vary
substantially depending on the availability and costs
of feed supplements, and price received for milk.
Every situation is different and because of that we
have created a user-friendly computerized (PC-
based) tool that could help with this task. The IOFSC
along with a fact sheet and instructions are freely
available at the University of Wisconsin Extension
Dairy Management website:
http://www.uwex.edu/ces/dairymgt/ under
"Management Tools" with title "Income Over Feed
Supplement Costs." This Excel spreadsheet tool
(Figure 1) uses linear programming to maximize the
IOFSC for user-defined parameters (Equations 1
through 6) of cow productive characteristics,
availability of supplements, economic parameters,
NRC (2001, Table 15-1) nutrient composition of feeds,
and calculated RUP, RDP and CP. After finding the
optimal IOFSC, the tool could still further assist the
user to determine whether a decrease in CP studied
by substituting supplements is justified under
defined conditions. For convenience, the spreadsheet
is divided in 10 successive sections that follow a
logical order to understand, analyze, optimize the
IOFSC, and substitute feed supplements. User
defined data is entered in yellow marked cells and
results are seen in blue marked cells, figures and
tables. The user selects whether to work on metric or
English units, which will be consistent across the
spreadsheet. 

In section 1, the user enters milk production (MP),
body weight (BW) and days in milk (DIM) as inputs
to calculate dry matter intake (DMI). Example: The
DMI of a milking cow producing 41 kg milk/day (90
lb milk/day), weighting 636 kg (1,400 lb), and 180
days in lactation is calculated at 26.3 kg/day (57.9
lb/day). Further, if the user finds that this calculated
amount does reflect known conditions, a "spin
button" is provided to adjust the calculated amount
to desired or known level.

Section 2 lets the user select the sources and
proportion of forages in the diet. The application then
uses the NRC feed composition table values to
calculate CP, RDP, and RUP provided by the forage

sources. Example:  A diet containing 50% of forage, of
which 50% is corn silage and 50% is alfalfa silage will
provide 2.0 kg of CP (4.4 lb) or 7.7% CP of the diet
(1.8% RUP and 5.9% RDP). 

In sections 3 & 4, the user defines up to 3
supplemental energy feed stuffs: corn, barley, and
wheat; and up to 8 supplemental protein feed stuffs:
soybean meal, corn gluten meal, corn gluten feed,
corn distiller, whole soybeans, soybean meal
expellers, blood meal, and urea. Furthermore, the
user needs to define the price and the upper limit
(maximum per day per cow) for each one of the feed
supplements. Supplements can be excluded from the
optimization by either entering zero or leaving a
blank in the corresponding upper limit cell. The user
can enter the amounts of supplements in the current
diet as an option. If this is done, the spreadsheet will
provide a comparison of the IOFSC for the current
diet to the optimized one. Example: As shown the
user can set the price ($/bu) and the upper limit (lb)
of the energy supplements to: corn (4 & 15) and
wheat (7.4 & 10); the price ($/ton) and the upper
limit (lb) of  the protein supplements to: soybean
meal (250 & 15), corn gluten meal (550 & 2), corn
gluten feed (160 & 10), corn distiller grains (200 & 10),
soybean meal expellers (402 & 15), blood meal ring
dried (900 & 1), and urea (635 & 1). Optionally, the
user can set up the amount of these ingredients
currently in the diet such as (lb): corn grain (10),
wheat (1.5), soybean meal (5), corn gluten feed (5)
and corn distiller grains (5).

Table 2. Exemplified prices, upper limits and current
amounts used to perform analyses with the Income
Over Feed Supplement Costs application.

Upper Current
Feed Stuff Price Limit in Diet
Energy Supplements $/kg $/bu kg lb kg lb
27-Corn grain 0.16 4.0 6.81 15 4.54 10
Wheat grain 0.27 7.4 4.54 10 0.68 1.5

Protein Supplements $/kg $/ton kg lb kg lb
106-Soybean meal 0.28 250 6.81 15 2.27 5
25-Corn gluten meal 0.61 550 0.91 2
24-Corn gluten feed 0.18 160 4.54 10 2.27 5
23-Corn distiller grains 0.22 200 4.54 10 2.27 5
104-Soybean meal expellers 0.20 402 6.81 15
14-Blood meal ring dried 0.99 900 0.45 1
Urea 0.70 635 0.45 1

In section 5, the user sets an upper limit for dietary
RUP and RDP and enters an appropriate milk price.
Example: The upper limit for RUP and RDP are set to
6.5 and 11.5%, respectively, and the price of milk to
$16/cwt. 

Section 6 is where the user performs the optimization
analysis by just clicking the "Maximize IOFSC"
button (Figure 1) to perform a maximization that will
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calculate the amount of each selected supplemental
feed to maximize IOFSC. Example: The maximum
IOFSC for the working case is $11.64/cow/day
producing 40.0 kg (88.32 lb) of milk/day using 5.22
kg (11.5 lb) of corn, 0.17 kg (0.38 lb) of corn gluten
meal, 3.2 kg (7.0 lb) of corn gluten feed, and 4.54 kg
(10 lb) of corn distiller grains. Using the current diet,
the IOFSC is calculated to be $11.06/cow/day ($0.58
lower than optimal), producing 38.25 kg (84.26 lb) of
milk/day.

Once the user has the optimized quantities of
supplemented feed, the spreadsheet in sections 7 to 10
allows analyzing the impacts of substituting feed
supplements and performing sensitivity analyses of
price change. Before performing a substitution
analysis though, additional information is needed. 

Figure 1. Income Over Feed Supplement Cost
(IOFSC) application. Sections pertaining to
maximization of the IOFSC.

The user needs to define in section 7 the two feed
supplements to be dynamically substituted and a
potential price range of change of the energy
supplement, the protein supplement, or the milk. 

Figure 2. Figure 1. Income Over Feed Supplement
Cost (IOFSC) application. Sections pertaining to
perform substitution analyses.

Once these are defined, the substitution analysis can
be performed by just clicking the "Perform
Substitution" button (Figure 2). Results are displayed
as figures and a table in sections 8 to 10. Example:
Graph in section 8 (Figure 2) displays the sensitivity
of milk production and IOFSC in response to a
change in dietary CP (DM basis) as a result of
substituting corn grain ($4/bu) for corn gluten feed
($160/ton) when milk price is $16/cwt. This graph
shows that milk production continues to increase as
dietary CP increases above 17.5%, while the IOFSC
reaches a plateau and even decreases. 

The example discussed shows that feeding more than
17.5% CP may result in higher milk yield, but
without additional net income. Graph in section 9
(Figure 2) displays the sensitivity of IOFSC in
response to a change in dietary CP (DM basis) as a
result of substituting corn grain for corn gluten feed
when corn gluten feed price is $240/ton (50% above
regular price, upper price) and when corn gluten feed
price is $80/ton (50% below regular price, lower
price). Compared with graph in section 8, the IOFSC
in response to the substitution of corn grain for corn
gluten feed reaches a plateau earlier when corn
gluten feed price is high ($240/ton) and later when
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corn gluten feed price is low ($120/ton).
Consequently, lower CP levels may be justified when
the price of corn gluten feed is high.  Section 10 (not
shown in Figure 2) displays the tabular data of
graphs presented in sections 8 and 9.
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Appendix: Fact Sheet and Instructions of Use for Income
Over Feed Supplement Costs (IOFSC)

The Income Over Feed Supplement Cost (IOFSC) is an
Excel application (PC-based) that needs to be installed in a
user local machine:

1. Install the IOFSC application

1.1. Prepare Excel 
Open a clean copy of Excel on your computer
Excel 2003: a) Tools/Macro/Security... Select Low

Security level
b) Tools/Add-Ins... if not checked, check
Solver Add-in, then OK 
c) Tools/Solver (make sure solver opens in
your spreadsheet)
d) close Solver. Your Excel 2003 is ready.

Excel 2007: a) Ribbon (upper left corner)/Excel options 
b) Trust Center/Trust Center Settings/Macro
Settings/ 
c) Select Enable all macros, then OK
d) Add-Ins/ Manage: Excel Add-Ins Go...
e) If not checked, check Solver Add-in, then
OK
f) Add-Ins/Solver (make sure solver opens in
your spreadsheet)
g) Close Solver. Your Excel 2007 is ready.

1.2. Download and extract the application from the Dairy
Management Website
a) Open a Web browser and visit the dairy management

website at: http://www.uwex.edu/ces/dairymgt/.
b) Select Management Tools on the left menu
c) Under the title Income Over Feed Supplement Cost,
click on IOFSC.exe File
d) Save the executable file in a known location in the local
machine
e) Double click in the file IOFSC.exe saved, select Run
f) In the WinZip Self Extractor window, the driver "C:" will
appear as default, but the user could click on the Browse
button to save the files in any other directory. Click Unzip
and a message will appear: "4 files were extracted
successfully." Click OK. 
g) Locate the folder where the files were extracted. Open
folder and open the file with name: IOFSC.xls. 
h) For Excel 2003 users: In the event that a Security
Warning window appears asking to Disable or Enable
Macros, select to Enable Macros. 
i) For Excel 2007 users: In the event that a Security
Warning appears in the top of the spreadsheet, click on the
Options... button provided by this warning, select Enable
this content and click OK.
j) Congratulations: the application is ready to be used,
continue below.

2. Work with the IOFSC

2.1. General recommendations
a) Notice that the spreadsheet is divided in 10 sections
b) In each section, cells marked in yellow are input data
that can be overwritten as desired. Drop box menus and
option button selections are also for personal choice. Cells
in blue are output data where results are displayed, but
the user is not allowed to change because they may
include formulae.
c) The large blue button in Section 6 labeled "Maximize
IOFSC" and the large red button in Section 7 labeled
“Perform a Substitution” are “action∏ buttons that will
perform the analysis after data entry is completed.
e) At the end of each printable page there is a gray button
labeled "Print this Page." By clicking on them the user will
prompt the printing of the specified page. Each page is
formatted to print in a letter size (8" x 11") paper of sheet.
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Introduction
As with any parameter to be monitored on dairy
farms, the analysis of values must be kept in context
with the farm’s management goals and objectives.
This is true for reproduction, milk production and
components, as well as parlor performance and
milking management. When considering milking
management, first, we will assume that the basic
principles of sound milking procedures and quality
milk production are followed.  So, the primary goal
for all dairy operations should be to have their
milking teams apply the claws to clean, dry teats on
well-stimulated cows.  Additionally, we will assume
that once the claw has been attached, it should be
balanced for efficient milk out and removed at a
relatively consistent threshold for low milk flow
(whether done manually or through automation).
Unfortunately, there will always be some producers
for which these assumptions do not hold true.  So, for
the sake of this discussion, we will disregard this
minority.    

On many large dairies milking three times per day,
parlor size limits the maximum number of cows that
can be milked in a 24-hour period.  Separate hospital
parlors have helped reduce the pressure on the main
parlor, but all parlors need to have sufficient
downtime for cleaning and disinfection.  In these
milking systems, monitoring parlor throughput is
critical.  Stewart, et al., 1999, discussed many
essential parameters to monitor including milk/cow,
milk/hour, cows/hour, milk/stall/hour, average
flow rates and average duration.  They discussed
ways to improve parlor efficiency by decreasing unit
on-time and minimizing unit idle-time.  On many
smaller dairy operations, parlor size is not the
limiting bottleneck.  On these farms, the milking
parlor may sit idle a significant portion of the day.
Parlor throughput, while important for efficient use
of labor, is not as critical.  On these operations,
milking teams facing a 20-30 minute delay or
interruption can still complete the milking and
cleaning process in time for the next milking.
Without the pressure of continuous cow flow,
milk/hour, cows/hour and milk/stall/hour are not
as useful.  Both types of farms can utilize information
currently being presented in Flow Rate Reports.  

This paper will not provide recommendations for
proper milking procedures, the ultimate take-off
settings, or the ideal flow rates.  Additionally, this
paper will not evaluate the different types of milk
meters and other measurement tools.  We will
assume that the data obtained from the milking
systems outputs are relatively accurate, or at least the
information is better than no data at all.  The
questions this paper will pursue are how to utilize
data from computerized milking management
systems and how can statistical process control
analysis of the data help monitor procedural drift in
the milking process.  While the equipment function
and settings can have an impact on overall
performance the human factor can be the most
significant.  The ultimate goal is improved parlor
performance, udder health and milk quality.

Definitions of Terms
The state-of-the art in milking parlor automation
relies on the data collected from automatic detachers
that may, or may not be equipped with milk meters
and individual cow identification.  The
BouMatic/Valley Ag Software effort initiated in 1998
pushed the envelope of parlor performance
monitoring.  This effort made use of existing data
collection capabilities but provided more detailed
analysis and reporting than other companies were
doing at the time.  Most other companies have
incorporated many of these features in their
hardware and software.  Stewart, Eicker and
Rapnicki, 2001, proposed standardized definitions for
automated collection of parlor performance data.
Their definitions provided logical and practical terms
for use in parlor performance monitoring.  They
warned that not all manufacturers provide every
measurement described and that some manufacturers
may be reporting the information using different
definitions or different precisions than noted in their
proposal.  Therefore, they caution consultants when
comparing across manufacturers or even within a
given manufacturer with different software and
hardware versions. Below is a summary of their
recommendations (for their complete definitions with
explanations and caveats, the reader is encouraged to
review the entire paper).
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General Individual Cow Measurements/Calculations

Total Milk Weight:  Total weight of milk produced by
cow each time she entered the parlor (kg or lb).
However, the smallest resolution that most meters
can measure is the size of one dump chamber
(usually between 150 and 300 ml or .3 to .6 lbs), so
this apparent precision can be misleading. If re-
attachments have occurred, this measure should
reflect the total milk from all attaches during the
same parlor turn. 

Duration:  Length of time from claw-vacuum on to
claw-vacuum off (0.1 minute). The goal is to
accurately measure the length of time that the teat
ends are exposed to the milking unit. The length of
time from claw vacuum on to claw vacuum off is
both acceptable and practical for measuring milking
duration. 

Parlor Stall:  Unique numeric identifier for the parlor
stall in which the cow was milked. 

Attach Time-of-Day:  Time-of-day that vacuum was
applied to claw before attach (to the nearest 1-3
seconds).

ID Time-of-Day:  Time of day cow was identified (to
the nearest 1-3 seconds).

Individual Cow Milk Flow Pattern Measurements

Capture of milk weights during certain discreet time
intervals can be converted to flow rates when time
stamps are applied. The time intervals listed below
have served well for on-farm management. 

Average Flow Rate:  Total milk weight/total duration
for individual cow (0.1 kg/min or 01. lb/min) The
calculation of overall average flow rate is useful in
monitoring both udder preparation and machine
settings. 

Peak Flow Rate:  Total milk produced in second
minute post-attach (60-120 seconds).  Peak flow rate
is useful in monitoring udder preparation and
machine settings. 

Early Flow Rates:  Flow rates in discrete intervals
post-attachment (0.1 kg/min or 01. lb/min) Flow
rates early in the milking are potentially useful as
monitors of milk letdown and udder preparation.
Care must be taken to avoid over interpretation of
individual cow values due to milk meter function.
The following intervals have been found to be useful:

Flow in first 15 seconds: Delay from attach to first
flow 

Flow 15-30, or flow 30-60 seconds:  First flow to peak
flow 

Flow 60-120 seconds:  Peak flow 

Low Flow Time: Calculated time from a lower flow
threshold (1.0 kg/min or 2.2 lb/min) to detach.
Reporting time spent in low flow is potentially useful
to monitor presence of over-milking (manual
settings), poor letdown, overly “dry” take-off
settings, or other abnormalities of flow. 

Unit Removals and Reattachment Data

For best parlor performance, units should remain on
the cows until milk-out is completed and then
promptly removed. The number of cows requiring re-
attachment should be minimal.  Data can be collected
to monitor the following: premature unit removal,
prolonged over-milking, appropriate re-attachment,
and inappropriate re-attachment.  Some
manufacturers provide times and production
amounts for all attaches and re-attaches. Other
manufacturers provide more limited data.  

Manual Override of Automatic Take-Offs 

Most manufacturers allow the user to manually
override the automatic take-off settings and remove
the unit prior to the level set by the sensor. In certain
cases, this can be a source of abuse while in other
cases it may be an appropriate human intervention. It
can arise when workers are rushing the milking, can
be a sign of over-milking, or be a symptom of
improperly functioning equipment. Some
manufacturers have a flag available to indicate
whether the manual override option has been
invoked for an individual animal. The required data
for examination would include the flag itself,
duration, and time of day when option was used. 

Disabling Automatic Take-Offs to Allow Longer Unit On-
Times

In many parlors, the most conscientious workers will
disable the automatic take-offs (set take-offs to
manual), either because of past mechanical
malfunctions or the desire to be absolutely certain
every cow is completely milked out. To monitor if
this is occurring, a flag can be set to indicate that the
automatic take-off was disabled.

Method of Evaluation and Analysis
We need a consistent system to monitor changes in
the milking process over time.  Most consultants can
look at daily milking system values and compare
them to “ideal” specifications, but daily variation can
have significant impact on many of these values.
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How much deviation from the “ideal” specifications
can be tolerated?  How long can these deviations be
tolerated?  

Rasmussen, 1993, concluded that the milking unit
could be detached at a milk flow rate of 400 instead
of 200 g/min without having a negative influence on
milk yield. Machine-on time was shortened and teat
condition improved and udder health did not seem
to be affected.  In this study, the human use of the
technology was not evaluated.  This paper stimulated
interest in the manipulation of ACR settings.
Subsequently, Reid and Stewart, 1997, looked at the
effects on parlor performance by varying detacher
settings.  Parlor data was imported into Dairy Comp
305 to evaluate the changes in detacher settings on
two case farms.  On both farms, flow threshold was
significantly increased, the detach delay was
considerably decreased.  The results of the
manipulations were a reduction in average unit on
time by one minute in both parlors.  Additionally, the
managers reported less stepping and kicking.  

Stewart, et al., 1999, showed the effects of gradually
increasing take-off settings on a 900-cow dairy
milking 3X by monitoring milk produced per cow per
milking, flow rates and unit on-time.  Subsequent
weekly values were compared to baseline values
from an initial date.  Flow rates increased (0.6
lbs/min), duration decreased slightly (19.2 sec), and
milk production increased (1.6 lb/cow/milking).  The
authors assume that the additional 20 seconds per
cow translated to an additional 20 minutes per
milking and the extra time would be used wisely to
improve milk quality. Without additional data and
statistical modeling, it is difficult to attribute the
increased milk volume to the altered take-off settings.
There are too many other variables that can impact
milk production. 

Stewart and Godden, etal, 2002, evaluated the effects
of switch point setting changes for automatic cluster
remover units on average milking duration, milk
flow and milk yield in a crossover study on five
commercial dairy farms.  Milk flow was significantly
increased at higher switch point settings for all five
herds. Higher automatic cluster remover switch point
settings did not have a negative effect on milk yield
in any of the herds studied and were associated with
increased milk yield in two of the five herds. They
concluded that decreasing milking duration while
either maintaining or increasing the volume of milk
harvested should ultimately lead to improved
milking efficiency and parlor performance.  

Eicker and Stewart, 1998, theorized that
computerized parlor data could be used to monitor
how milkers used the equipment in the parlor.  They

bemoaned the need for viable, efficient evaluation
techniques.  They indicated that most methods of
monitoring parlor efficiency either have been very
short term (timing during a portion of a single
milking) or very time consuming (viewing video
tapes).  Using data captured from milk metering
devices offers methods of more routine, more rapid
monitoring of parlor efficiency.

Statistical process control (SPC) has been promoted as
a way to monitor milk quality data from on-farm
measurements (Reneau, 2000, Fuhrman, 2002).  Data
generally suitable for SPC applications are those that
are easy and practical to collect, those that are
collected on a frequent basis (daily), those that have
economic significance and those that, as directly as is
possible, reflects process behavior.  The principles of
SPC are proven and have been used in
manufacturing businesses and the food processing
industry for over 70 years.  Although the milking
process is a unique biological system and has more
variability SPC can be applied.  If SPC is to be useful
as a part of a production system, the idea of
continuous improvement must be embraced.
Experience has shown that application of SPC
without commitment to the continuous improvement
concept will not be a very productive or satisfying
experience. Once data is collected from automated
milking systems, SPC is ideally suited to evaluate the
performance of the equipment and the milking
process.  

Statistical Process Control is a set of several analytical
tools of which the control charts are an important
one. Control charts are helpful in signaling that a true
change has occurred in a process such as milking
parlor performance. The fundamental concept of
control charts is to distinguish between inherent
random variation and real changes in output, quality,
or measured performance. Properly applied control
charts can prevent the misinterpretation of inherent
random variation due to “common causes” of
variation. More importantly they provide a timely
signaling of real change due to “special cause”
variation. Common causes affecting all data, are
chronic, stable, and predictable within limits. Special
causes affecting some data, are sporadic, unstable,
and unpredictable. SPC methods can be used to
signal emerging problems, evaluate the positive or
negative impact of a change in a management
practice or the implementation of a new product.  

Accumulating the appropriate data for SPC charting
has proven problematic.  Most computerized milking
systems are very effective at providing “snap shot”
data of the most recent milking.  Alternately, some
systems will allow the user to scroll back in time and
view previous snap shots of milking performance.
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With quite a bit of computer manipulation of
individual reports some control charts are presented
to demonstrate the power and limitations of SPC
charting to monitor milking management systems.

Parlor performance data from the Dairy Cattle
Research Unit at the University of Illinois will be
presented.  There were 156 cows milked three times
per day in two different lots.  Lot 1 holds 60 mature
Holstein cows and Lot 3 holds 96 cows and is mostly
first calf Holstein heifers and Jerseys (10-12 of the
total 96).   The cows are milked in a parallel parlor
with Metatron P21 WestfaliaSurge equipment and
DairyPlan 5.2 software.  Data was saved from
October 31 through Dec 10.  The cows are fed a TMR
at an outdoor feed bunk with headlocks.  There was a
significant snowstorm on December 1 PM and
December 2 AM.

The data was extracted from DairyPlan pulled into
PCDART for reporting.  Each day, the PCDART 819
Milking Report – Flow Rate by Group (Figure 1) was
saved in a text file then merged into a spreadsheet to
create a time series for SPC analysis.  Figures 2-4
demonstrate the SPC charts that can help identify
procedural drift in the milking process.  Just looking
at averages can be misleading.  Averaging can blunt
true changes in the process.  One AM milker had
decided that nearly all cows in Lot 1 needed to be set
to manual take-off to get them completely milked
out.  This practice was stopped on December 4.
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Figure 1.  Example Flow Rate Report from PCDART with data generated by WestfaliaSurge Metatron P21 parlor.



Figure 2. Average Duration for Lot 1 cows at first
milking.  Notice long unit on-times, wide variation
from day to day (process out of control) and
moderation after corrective action implemented on
December 4.

Figure 3. Average Flow Rate for Lot 1 cows at first
milking.  Wide variation and low flow rate for mature
high producing Holstein cows.  Process shows
improvement after December 4.

Figure 4.  Average Milk Production for Lot 1 cows at
first milking.  Manipulating take-offs by forcing cows
on manual did not increase milk production and may
impact teat health.

125



Introduction
Sand is being used more frequently for bedding free
stalls as producers continue to recognize the
advantages of sand. Cow health and comfort are two
common reasons sited for bedding free stalls with
sand. The common drawback with sand is handling
of sand laden manure.  Smaller Kansas’ dairies with a
scrape system opted to install a concrete basin that
separated the sand and manure from the liquid
(Harner, et al. 2003, 1997). These basins prevented
sand barges in the holding pond or lagoon and
enable the solid portion of the waste stream to be
handled with conventional box spreaders.  Dairies
tended to switch to flush systems as herd size
expanded.  Additionally, research and field studies at
Michigan State University lead to the development of
a unit to reclaim sand from the flush stream.  More
by accident than sponsored research, gravity sand
separation systems were utilized on California
dairies.  However, the basic fundamentals of the
gravity systems in California are similar to those
reported by Wedel and Bickert (1998, 1996, and 1994).
Three common gravity sand separation systems
currently include sand lanes, sand traps and sand
beaches. The cleanliness of the sand is dependent on
the quality of water being recycled from the lagoon. 

Research of Reclaimed Sand Quality
Bernard and Bray (2002) found fresh and recycled
sand had similar dry matter (fresh sand 0.6% and
recycled sand 1.2%) and organic matter contents
(fresh sand 96.2 % and recycled sand 95.4 %). They
found minor differences in bacterial populations of
sand collected from freestalls bedded with fresh and
recycled sand.  The bacteria populations in the sand
samples were different than those cultured from milk
samples.  It has been suggested recycled sand should
contain no more than 3% organic matter to minimize
the potential exposure to pathogens that cause
mastitis.  Sand samples collected average 1.2 %
organic matter (Benard and Bray 2002).  Bernard et al
(2003) found difference in bacteria concentrations
between recycled and fresh sand was dependent on
time of year. There was more variability with bacteria
concentrations in recycled sand than with fresh sand.
LeJune (Anon, 2005) reported the prevalence of E.
coli:O157:H7 was 1.4 % on dairies bedding with sand
and 3.1 % with sawdust.  Pruna and Wenz (2003)
reported bacteria counts in recycled sand bedding

remained constant the first 24 hrs after bedding
(5.23E6) and peaked at 72 hrs (9.05E6).  The peak
bacteria counts did not correlate to increases in
organic matter or moisture content. Their conclusion
was bedding with recycled sand at 48 hr intervals
might reduce the teat end exposure to bacteria.
Bacteria concentrations above 107 cfu/g of bedding
are thought to potentially cause mastitis (Bramley,
1985). Hogan et al (1989) reported rates of clinical
mastitis caused by environmental organisms are
related to bacteria concentrations in freestall bedding.
Fulhage (2003) reported new sand generally exhibits
bacteria concentrations less than 105 cfu/ml and
residual levels in recycled sand of 106 cfu/ml.  The
bacteria level in samples taken from stalls bedded
with new and recycled sand had similar
concentrations of 107 cfu/ml after 7 to 10 days.
Bacteria concentrations were not influenced by sand
type after 7 to 10 days. 

Harner and Brouk (2007) randomly sampled
stockpiles of sand located on six dairies during
winter months when there was less drying of the
reclaimed sand. Samples were taken prior to bedding
freestall so the samples may not have represented the
sand quality entering the freestalls. There was
numerical and statistical difference for the
concentrations between fresh and reclaimed sand
(Table 1). Bacteria concentrations on Farms C and D
exceeded 2.5 E6 cfu/ml. The remainder of the farms
had bacteria concentrations less than the 1E6 cfu/g
threshold.  There were statistical differences for
coliforms and Staph species between Farms C and D
and the remainder of the farms.  The fresh sand
sample on Farm C had numerically higher coliform
counts than fresh sand samples taken at the other
farms. Numerical difference in bacteria
concentrations of other species was not observed in
the fresh sand. The data does suggest that bacteria
population counts may reach a level in reclaimed
sand such that bedding with new sand should be a
priority. It is important to monitor new and reclaimed
sand quality to avoid the potential of mastitis due to
elevated concentrations of bacteria.  During the
winter months, longer conditioning or drying periods
may be required when recycling sand.
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Table 1 Average bacterial contamination of fresh and
reclaimed sand samples from dairies 

Sample Coliforms* Strep Staph Bacillus Total*
Farm Type Species

------------------------------- cfu/ml ------------------------------- 
A Fresh 6,122a 256 628a 558 7,567a

Reclaim 3,694a 308,333 37,017a 151,417 500,461a

B Fresh 4,114a 2,597 1,414a 3,853 11,978a

Reclaim 186,917a 433,306 3,661a 87,139 711,022a

C Fresh 208a 228 8a 72 517a

Reclaim 1,650,336c 372,678 461,694a 72,778 2,557,486b

D Fresh 3,467a 792 122a 208 4,589a

Reclaim 838,889b 302,778 1,559,167b 59,778 2,760,611b

E Fresh 1,500a 25,500 24,667a 0 51,667a

Reclaim 118,722a 473,222 5,200a 4,083 601,228a

F Fresh 44a 131 89a 22 286a

Reclaim 159,342a 663,944 86,925a 25,778 935,989a

Std
Error 132,547 234,057 363,384 52,584 335,314
*Means within the same column with unlike
superscripts differ (P<0.01).

Kristula et al (2005) sample freestalls on commercial
dairies using recycled sand and clean sand for
bedding. Clean sand (CS) and recycled sand (RS) had
similar bacterial counts at given sampling periods.
There was a significant increase in bacterial counts
from day 0 to 1 for gram-negative bacteria, coliforms,
and Streptococcus spp. in both winter and summer.
However, no additional increases in counts were
significant from day 1 to 7 during the summer or
winter. Coliform counts were lower on day 1 during
the summer than from day 5 to 7. Klebsiella spp.
counts were higher from day 3 to 7 when compared
to day 1. The number of Streptococcus spp. was high
in both CS and RS during the sampling periods. The
number of coliform and Klebsiella spp. in both CS
and RS was below the threshold thought to cause
mastitis during the sampling times.  This study saw
no difference in bacterial counts between recycled
and clean sand the week following freestall bedding. 

Handling Sand Laden Manure
Several dairies are using gravity with a scrape - flush
flume handling system.  Therefore, guidelines
discussed are applicable to a flush flume and several
have been installed in the upper Midwest.  If a dairy
is scraping and desiring to recover sand for reuse as
bedding, then the mechanical system and the flush
flume are options.  There are many dairies using sand
bedding and settling the sand and solids from the
waste stream in a settling basin to avoid this material
entering a storage but are currently not recycling
sand. Recycling sand requires additional water that
must be pumped on to cropland, additional labor and
depending on size and terrain potentially a
significant investment. In some cases, purchasing
sand is actually more profitable than recycling sand
therefore, the economics must be carefully
considered. 

This paper presents thoughts on the three methods
that are actually installed and operating on dairies.
However, producers must remember the thoughts
presented are based strictly on field experience and
installations and thus models, published papers, etc
are not available. Sand quality diminishes as the
percent solids increases in the flush water.  With
gravity systems it is fairly simple – DIRTER WATER –
DIRTER SAND. Cleaner water is obtained by either
removal of solids, clean water dilution or a
combination. 

The main goal with gravity separation is to dissipate
the energy of the flush wave and reduce the waste
stream velocity of the flush wave after it exits the
transfer system to 1 to 1.5 feet per second (fps).
Reducing the wave velocity to less than 1 fps results
in settling of the manure solids based on experiences
with municipalities. Following is a brief discussion of
sand lanes, sand traps and sand beaches with some
general recommendations.

Sand Lanes
The early system observed in California is commonly
referred to as a sand lane. The sand lane is a long
narrow flume designed to slow flush water velocity
so sand settles out of the moving stream while
organic solids remain suspended and exit the lane.
Clean sand is removed from sand lane every 1 to 2
days and stacked on a drying pad. Normally, at least
30 days are allowed for drying.  Any dirty sand
observed in the sand lane, is redistributed near the
headwater of the lane at a shallower depth where it
rewashes when the next flush occurs.  Field sampling
of recovered sand indicates the organic matter is less
than 2 percent.  Organic matter may be reduced to
less than 0.5 percent if the equipment operator
redistributes “dirty” sand in the lane rather than
stock piling. Water quality will also influence the
organic matter in the recycled sand. 

The design criteria developed is based upon storm
sewer design procedures developed for
municipalities.  Engineers design the system to
maintain velocities above 2 feet per second (fps) to
prevent the grit (inorganic material such as sand)
from settling in the pipes (Wedel and Bickert 1998,
1996, 1994).  Other research has shown if the stream
velocity drops below 1 fps then organic material
settles as well. Currently, sand lanes are design based
on trying to maintain the water velocity through the
lane above 1 fps (to prevent organic matter from
settling) but less than 2 fps to settle sand.  The
targeted flow velocity is 1.25 to 1.5 fps. Other factors
that influence sand settling include particle density
and shape. 
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The flow velocity is controlled by lane width and
slope and the sand settling is controlled by lane
length. Smaller particles require more time to settle
than larger ones. The main challenge of the sand lane
is selecting length and slope. Based on the author’s
experience, lanes having a 0.25 to 0.5 percent slope
need to be wider, than lanes with a slope of 0.2
percent or less assuming the same flow volume.
Current thought is to use 12 ft wide lanes at 0.25 to
0.2 percent slope if the flush stream volume is less
than 2,500 gpm or a pump system.  A 16 to 20 ft lane
at 1/4 percent slope is commonly used when the
flush stream entering the basin is flowing at 5,000
gpm or more. Recent installations have changed the
slope to 0.15 % the last 1/3 of the lane length.  The
goal is slow the wave further and settle finer sand
particles. If the flush wave is entering the sand lane
by a transfer pipe or narrow channel, the energy of
the flush wave should be dissipated near the entrance
to the sand lane. A concrete block or stem wall may
be used as energy adapter.  The objective is to
dissipate the energy quickly and spread the flow over
the lane width allowing the flush wave to flow at 1 to
1.5 fps for the total length of the sand lane.  

The open channel of the sand lane avoids using pipes
which can plug with sand.  After the sand settles, the
manure stream may enter a pipe and be transferred
to a solid separator or the holding pond.   Another
advantage of the sand lane is simplicity of
construction resulting in an economical recovery
system.  A broom finish is used on most sand lanes. If
a flush flume is used, then the cost of the sand lane
increases due to the side wall heights of the lane.
Normally, the top of the wall is at ground level and
the bottom is 6 inches below the bottom elevation of
the flume.  

Lack of manure storage when alleys must be scraped
due to malfunctions of the flush system is the main
disadvantage to the sand lane. Finer particles are
more difficult to settle unless the length is increased
or the slope changed.  Most use Manning’s open flow
channel equation to estimate the velocity of the water
moving through the channel.  Since the flush wave
moves through the sand lane rather rapidly, dairies in
colder climates have not experienced many problems.
The sand will be wetter and thus the drying time will
increase.  Generally, a dairy stops flushing due to ice
accumulation in cow traffic areas not ice
accumulation in the sand lane.  The settled sand may
freeze in clumps but this may be avoided by
increasing the frequency of cleaning or placing the
sand on stack pad with surface drainage that allows
the moisture in the interior of the pile to drain.

The general guidelines are:
Lane width – 12 ft 
Lane curbs – minimum of 12 inches
Lane slope – 0.25 to 0.2 percent with 0.25 the most
common.
Lane length – generally at least 150 ft but varies –
longer is better

Sand Traps
The second generation of gravity separation systems
is referred to as sand traps. Sand traps are located 30
to 40 feet past the lower end of the free stall building.
This distance between the building and sand trap is
necessary to allow bedding equipment easy access
into the alleys. At the entrance to the sand trap, water
flows over the edge and drops 2 to 4 feet. The basin is
the width of the free stall housing area (outside wall
to feed line) and has a 24 foot long flat bottom. A
ramp slopes up to ground level. As the flush wave
exits the alley at the lower end of the building, the
wave spreads and then overflows into the sand trap
like a water fall.  The turbulence of the water as it
flows over the wall maintains the organic matter in
suspension but allows the sand to settle into the trap.
The water and organic matter drain away through
either one 18 inch pipe or two 12 inch pipes.  The
advantage of a sand trap is 1 to 2 weeks of sand may
accumulate before removal. Also, the trap may be
used to hold 1 to 3 days of scraped manure storage
when the flush system doesn’t function.  The
disadvantage to the sand trap is the sand appears
dirty and wetter than sand recovered from a sand
lane.  Probably 60 days of drying time are needed
before reusing as bedding. Sampling of the sand
removed from a trap indicates the organic matter
ranges from 1 to 3 percent.  The critical design
component is the detention time in the basin. This
controls the rate the water and organic matter drains
from the trap. If the detention time or discharge from
the basin is too slow, organic matter settles out along
the edges of the residing water. Rapid discharge or a
decrease in the detention time may result in
inadequate time for the sand to settle out.  It appears
based on several that have been installed, the
optimum discharge time is 2 to 3 minutes assuming
an average head pressure of 1.5 ft.  Normal pipe flow
equations may be used to estimate the discharge
time. Sand traps handling water from a flush system
releasing 7,500 or more gpm need a minimum of 250
square inches of pipe cross-sectional area. This is
equivalent to one 18 inch diameter pipe or two 12
inch diameter pipes.  A 12 inch pipe on each side (2
pipes) is probably preferred since water may
discharge at two different locations.  If small sand
barges form in the sand trap some times water is
trapped when using one pipe.  
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The general guidelines for sand traps are:

Width 40 to 48 ft
Depth  2 to 4 feet
Flat Bottom Length 24 ft (min)
Total Volume 2 times the volume of flush

water for cow and feed alleys
Detention Time 2 to 3 minutes drain down based

on 12 inches of head pressure

Sand Beach
The latest type of gravity separation system is known
as the sand beach. As of the publication date of this
article, the author is aware of only two sand beach
systems in the United States. The best way to
visualize a sand beach is to think of a beach along the
ocean where the waves wash up the beach and then
recede leaving a deposit on the beach.  The sand
beach is similar to a sand lane with a 12 ft wide level
bottom that has a gradual slope to the solid
separation. The difference is the 12 inch curb opposite
of the flush wave entrance is replaced with a 50 foot
inclined on a 3 percent slope.  It is the author’s
opinion that a 4 to 6 % might be better. This is based
on the fact that the flush wave is exiting an 18 inch
diameter pipe at a high velocity actually flows up the
incline for more than 50 ft  (note: this was resolved by
using a sand dike at the top to control water flow).
The flush water must enter the sand beach
perpendicular to the basin such that water is forced
up the incline. The flush wave goes up the incline
leaving a sand deposit and then back washes organic
matter deposited on the sand as the water recedes.
The receding wave exits the basin through the 12 ft
lane. The existing basin uses the area between the
pipe entrances for stock piling and drying sand.   

The flush system utilized on the dairy with the sand
beach has a release rate of more than 8,000 gpm using
tower tanks with manual valves.  The water exits the
lanes and collects in a 4 foot deep sloping drop box.
The water exits the box through an 18 inch drain
pipe. This high release rate results in a rapid change
of velocities as the water exits the pipe. The incline
dissipates the remaining wave energy with the wave
approaching 0 fps before receding.  Because the wave
recedes, the organic matter that settles is re-
suspended in the wave before discharging. Once the
water flows back into the 12 ft lane, the designed
velocity of the water should be maintained at 1 to 1 ?
fps.  Based on purchased sand volume at one dairy,
the manager feels they are recovering more than 90
percent of the sand with organic content less than 1
percent. 

Based on one known field installation; critical design
components appear to be:

Inclined slope 3 to 6 percent, maybe more
Flat bottom width 12 feet
Flat bottom slope 0.15 to 0.25 percent
Incline length 50 feet, probably 75 ft if using 3

% slope.

Other Considerations
Separation of SLM from a waste stream requires
additional water added to the system even if recycled
water is utilized. The amount of water added to the
system is a function of solids removed and desired
solid content in the recycled water. Based on current
manufacturer recommendations, the recommended
solid content in the recycled water varies from 1 and
3 % for adequate sand and solid separation. Table 2
shows the additional water on a per cow per day
basis that must be added to the system in order to
maintain the desired solids level in the recycled
water. This water may come from the parlor wash
water, extraneous drainage such as roof or driveway
runoff, surface rainwater, etc.  The volume ranges
from 204 gallons per day per cow (g/d/c) if there is
no solid separator and the desired solids content is 1
% to 8 g/d/c if 60 % of the solids are removed and
the recycled water contents 5 %.   In general, a dairy
should plan an additional 50 g/d/c if a sand
recovery system is installed. Table 3 shows the
volume of manure and water entering a containment
structure that annually must be pumped for a 500
cow dairy depending on the solids content in the
recycled water and separator efficiency.  Sand quality
declines as the total solids in the flush water
increases. Many mechanical systems use some
recycled water as well as fresh/clean sand at the final
stage of the separation process.

Table 1 The influence of separator efficiency on the
gallons of clean water per cow that must be added
daily in order to maintain a desired lagoon solids
concentration 

Desired Solids Separator Efficiency
Content in (Percent Total Solids Removed/
Recycled Moisture Content of Solids)

Water 0 30/60 60/80
1 % 204 139 78
2 % 95 63 34
3 % 58 37 20
4 % 40 25 12
5 % 29 17 8
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Table 2 Comparison of the quantity of material
handled from a lagoon on a 500 cow dairy assuming
140 lbs of manure per day per cow and various
separator efficiencies and desired solids content in
the lagoon. 

Desired Solids Separator Efficiency
Content in (Percent Total Solids Removed/
Recycled Moisture Content of Solids)

Water 0 30/60 60/80
Manure in Lagoon 3,100,000 gal 2,800,000 gal 1,900,000 gal

Material from
Separator 0 310,000 gal 1,200,000 gal

1 % 40,500,000 gal 28,100,000 gal 16,100,00 gal
2 % 20,600,000 gal 14,200,000 gal 8,000,000 gal
3 % 13,900,000 gal 9,500,000 gal 5,500,000 gal
4 % 10,600,000 gal 7,300,000 gal 4,000,000 gal
5 % 8,600,000 gal 5,800,000 gal 3,300,000 gal

There are many gravity separation systems being
used across the United States.  Random sampling
indicates the organic matter ranges from ? to 3 %
depending on the system and operational protocol.
Most dairymen with these systems feel they are
recovery at least 80 % of the sand and many feel 90 %
or more.   It does appear that dairies reclaiming sand
for bedding purposes do a better job of stall
grooming and bed the stalls more frequently. 

Employees understand the importance of following
protocol and standard operating procedures. Most
often these become routine in the milk parlor or feed
center. There are economic risks associated when
protocols are not followed. Many dairies agreed in
principle to follow the protocol and operational
procedures with the SLM system during the design,
however, once operational, the commitment begins to
decline.  Most agree additional water is necessary to
reclaim sand and are committed to this principle in
the design phase.  However, an easy way to reduce
manure handling cost, particularly with custom
applicators, is to reduce the waste volume. Assume a
500 cow dairy spends $0.01 per gallon of material
pumped, if the dairy decides to reduce daily water
added to the system by 10 g/d/c, then the annual
savings is over $18,000 or $36 savings per cow.  This
reduction in additional water will affect the success
of the SLM system. 

Handling SLM requires commitment once the
decision is made to bed freestalls with sand.  Long
range objectives need to be clearly defined. If a long
range objective is to flush, then the building must be
constructed on a slope which allows flushing to be
added.  Another example is source of sand.  One of
the short and long range objectives should be to
clearly define the source and type of sand being used
for bedding the freestalls.  All suppliers of equipment
for the SLM system should be made aware of the
source of sand and characteristics. The system must

be designed around the source of sand. A common
mistake is, when the system is not successful, to
change the source of sand.  When this happens, the
daily variable cost per cwt of milk is increased
because normally the sand is more expensive and
hauling cost greater. Other objectives may include
frequency of bedding or grooming or desired sand
recovery level. It is not realistic to assume 100 % sand
recovery from any system. The abrasiveness of the
concrete and cow traffic on the sand particles results
in particle size reduction. Table 3 shows the relation
between percent sand recovery and the amount
remaining after the sand has been recycled multiple
times.  If 100 lbs of purchased sand is placed in
freestalls and the sand separation unit has a recovery
efficiency of 95 %, then only 60 lbs remains after 10
passes through the separation process for bedding.
Clear objectives need to be outlined if expansion or
adding of additional cows is planned.  Often a few
cows are added to the herd without any expansion of
the SLM system or increase in water usage. When
this occurs, the system may become out of balance
resulting in a decline in performance.  Commitment
to long range planning means when a certain number
of cows are added, then additional capacity to the
SLM system is operational when these cows come
into the herd. 

Summary
Many dairies are successfully handling sand laden
manure using a variety of systems.  A review of an
unpublished survey from Kansas found some dairies
had been using sand for more than 25 years. These
producers feel there is an economic advantage with
the utilization of sand in freestall beds.  Successful
handling SLM requires more than a financial
commitment, success requires an operational
commitment as well as system design approach. 
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How strange it is that sometimes we fail to maximize
comfort for the animals that need it most.  It is not by
choice of course, but usually occurs as a failure to
recognize what cows need when their health is
compromised by disease or injury. Just like it is for
us humans, everything requires more effort when the
body isn’t functioning at 100%.  Therefore, it is only
logical that we make some extra effort to provide
additional creature comforts on dairies in the hospital
and foot care areas.  This is the right thing to do, not
only from a performance standpoint, but also from a
welfare perspective.  

In the following the focus is on design of facilities for
foot care areas.  However, some of these ideas would
apply to hospital areas as well.  Since it’s not only the
facilities that matter, we begin with a discussion of
cattle handling.  

Basics in Cattle Handling  
It is important that personnel working with cattle in
any capacity have a basic understanding of their
behavior.  There’s generally a very good reason why
cattle don’t do as we would like in certain
circumstances.  Taking a moment to look at these
situations from the cow’s perspective often provides
the explanation and a solution.  Cattle respond best
to gentle persuasion and worst to aggressive force.
Patience is essential to success in cattle handling.  

Proper selection of personnel. First of all, owners and/or
supervisors of personnel on dairies should
understand that not all persons are “cow people”.  In
other words, some people are better suited for
positions that require close or frequent contact with
animals.  Furthermore, it is important to understand
that cows like people, have distinct personalities and
each is shaped by their genetic makeup and life

experiences.  They also have good days and bad
days.  For reasons unknown to their handlers,
animals may have feelings of fear or anxiousness that
make them more difficult, if not dangerous to work
with at times.  It’s during these moments that
handlers must be particularly sensitive to behavioral
responses in order to avoid possible injury to
themselves or the animal.  Finally, all animals are
unpredictable.  One should expect that conditions
which induce fear or anxiety are also likely to
predispose to erratic or unanticipated behavioral
responses.    

The expression “the fastest way to work cattle is
slow” says a lot about how we should approach
cattle handling.  Cattle are basically very gentle
creatures.  When we use what we know about their
natural behavior and the way in which they perceive
their environment we make cattle handling safer,
more efficient and enjoyable.  

Application of Proper Handling
Techniques with Lame Cows
Trimmers normally charge for their services on per
cow basis.  Therefore, the more cows they are able to
trim or treat, the more money they will be able to
make.  It doesn’t take a rocket scientist to see that the
way to maximize profit in the trimming business is to
trim and/or treat more cows. Couple the need to
work quickly with an animal that is uncomfortable
due to a painful lameness disorder and the result is a
frustrated trimmer and an anxious lame cow.  

Cows have good memories of bad experiences.  Thus,
they’re not likely to race into the chute as soon as it’s
vacated.  The method for encouraging their
movement in the desired direction usually involves
the use of electric prods or other goading devices.
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Undisciplined use of these devices further
complicates things by re-enforcing in the cow’s mind
that the trim chute is a place where bad things
happen to her.  Indeed, the misery of getting into the
chute is often worse than anything that occurs while
they are there.  

Patience is a virtue that is hard to come by in today’s
modern dairy systems.  It is severely complicated by
poor facility design that requires people to “break all
the rules” with respect to appropriate cattle handling.
Facilities designed to utilize natural cow behavior
ease cattle handling, improve efficiency and prevent
mistreatment of cows.  

Cow Friendly Facilities for Maximizing
Safety and Efficiency   

Foot care working areas (See Figure 1.) have a few
basic requirements: 1) provide sufficient space for
animals that have been isolated for foot care work, 2)
provide for both safe and efficient movement of cattle
to and from the foot care chute, 3) holding areas
should have drinking water and possibly hay or feed
available, 4) soft non-slippery flooring in holding
pens, crowd pens and alleyways, 5) holding pens,
crowd pens and alleyways equipped with shade, fans
and sprinklers, misters, or foggers for cooling, 6)
provisions for manure management in the chute area
and holding pens, etc. via flush or other system, 7)
shade and fans for the trimmer and cow in the trim
chute area, 8) water at the trim chute for cleaning
feet, 9)  electricity with appropriate outlets for the
safe and convenient operation of power tools, 10) a
trimmer’s table for equipment and supplies while
working, 11) a storage cabinet for maintenance of foot
care supplies near the trim chute, and a 12) holding
area for cows that exit the trim chute after trimming
or treatment has been completed.    

Holding Pens.  Size and/or capacity of holding areas
is one of the primary concerns in proper design of the
foot care pen holding area.  If one assumes that
somewhere in the range of 30 to 60 cows may be
trimmed or treated per day, holding area capacity
should be large enough to accommodate 20 to 30
cows (assumes 30 cows worked in the morning and
30 in the afternoon).  A 30-cow holding area, however
is a large pen and may be difficult for 1 person to sort
cows from alone.  Therefore, large pens may be
subdivided into 2 smaller pens for easier sorting of
cows.  When 2 holding pens are available, at least one
should lead to a crowd pen where cows may be
directed to the alleyway and eventually to the trim
chute area.  Each holding pen should have shade
(with fans, sprinklers or misters as required to
manage heat stress), access to water and feed and a
soft non-slippery flooring surface.  Efforts to make

this area as comfortable as possible are advised since
it is assumed that often times these animals are lame
and may be required to be there for a period of time
before being examined and treated.  

Cattle leaving the trim chute may enter a holding pen
where they may be redirected back to their pen of
origin or to the hospital area for additional treatment.
Provisions for this pen are the same as for those
suggested above.      

Crowd Pens. The crowd pen is designed to funnel
cows from the holding pen to the alleyway which
leads to the trim chute.  Crowd pens should be
designed to hold a maximum of 3 cows.  When
designed with straight panels or fences, one side of
the crowd pen should remain straight, while the
other approaches the alleyway at a 30 degree angle.
A solid-sided sweep gate is useful and prevents cows
from escaping past the handler.  When crowd pens
are properly designed, one person can safely move
animals to the alleyway without the need for
prodding.    

The Alleyway leading to the Trim Chute.  Cattle
generally move from a crowd pen to the trim chute
through an alleyway.  The alleyway to the trim chute
should be approximately 20 feet in length which will
comfortably accommodate 2 to 3 cows.  Solid-sided
alleyways have advantages but are rarely needed
unless animals are unusually excitable.  On the other
hand, a solid-curved alleyway prevents cattle from
seeing the chute until they are within a few feet of
entering.  Since cattle tend to move from dark to light
areas, light coming through the head catch into a trim
chute with solid sides is sufficient alone to encourage
most cows to enter. However, it is important to point
out that when alleyways are designed with solid
sides, cows will balk if there are shadows in the alley
way due improper positioning of lights. Uniformity
of lighting in the alley way is critical.  Finally, proper
orientation of the head catch and trim chute are
important considerations, since cattle will tend to shy
away from direct sunlight pouring through a head-
catch.  

Trim Chute and Trimming Station.  In large herds
where trimmers may spend as much as 6 to 8 hours
or more at the trim chute, a few “trimmer comforts”
are in order.  In summer conditions, the trimming
station needs access to shade and a fan for the benefit
of the trimmer as well as the cow restrained in the
trim chute.  Fans should be located so that fresh air is
moved from the backside to the front-side of the
trimmer.  When air is moved in the opposite direction
the trimmer is forced to breathe dust and cow hair
throughout the trimming process.  Another option is
to move air from side to side (i.e. from left to right).
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Properly positioned this fan will move air across both
the cow and trimmer for improved comfort.     

In winter, there should be a wind block and
supplemental heat as conditions require.  Also, since
trimmers may spend several hours standing at the
trim chute each day, a soft flooring surface
(rubberized) is advised.  Trimming stations also need
a source of water for cleaning feet and cleansing
lesions for proper examination and treatment
procedures.  Thus, the trim area should have a water
hose and nozzle as well as a floor design that will
permit drainage.  

The trim area also needs a source of electricity for use
of power tools and supplementary lighting in areas
where natural light may be limited.  For trimmer and
cow safety’s sake, electrical connections should be
ground fault protected and located so that they do
not readily come in contact with water (as from the
water hose).  Proper lighting is essential for good
corrective trimming work.  Ineffective lighting often
leads to corrective trimming errors and the failure to
detect early lesions.  Visualization of lesions at trim
chutes is often times obscured by the orientation of
the chute with the sun or light source.  For example,
with sunlight behind the operator, the trimmer’s
shadow often obscures the view of lesions, whereas
when the trimmer is forced to look toward sunlight
(or into the direction of a light source), light is often
to dim to permit good observation of lesions.      

On-farm trimmers need a secure place for their
equipment both while they are working and during
off-hours.  A 3 X 6 table is ideal for this purpose.  It
provides space for grinders, knives, blocks and
adhesives, cloths for cleaning, topical medications or
other treatments, sharpening devices, etc.  Likewise, a
lockable storage cabinet provides for secure storage
of equipment during off-hours.  

General Location of Trimming Areas on Farms. With
respect to location of trimming facilities, the ideal
location is one that is relatively close to the hospital
area.  In this way cows that may need treatment
beyond trimming alone can be relocated to the
hospital area and segregated according to treatment
and residue avoidance risks.  For lame cows, housing
within close proximity to milking facilities has major
advantages.  If milk is saleable a lot or pen close to
the milking parlor is best.  If cows have been treated
and milk is not saleable, cows should be maintained
in lots or pens within close proximity to the hospital
milking parlor. All of the creature comforts as
described above need to be included in these areas.   

Summary
Every dairy has, or will have; sick or lame cows and
it should be every operation’s objective to maximize
their comfort.  This is necessary for reasons of
performance and profit, but also because we owe to
them from a welfare perspective.  Caring and
compassionate personnel who like cows and
understand their behavior make the best caregivers.
This is especially true for animals that are ill or lame.
Designing facilities with the cow and her
compromised state in mind helps us better utilize the
cow’s natural behavior making cattle handling safer,
easier and more efficient.  
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Figure 1.  
Above is a suggested layout for foot care area on a
dairy.  Note that the hoof trimming table is within
close proximity of the veterinary supply area for
convenient access to equipment or other materials as
needed (Joe Harner, KSU).
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Introduction
Over the last few years, my colleagues in the Food Animal Production Medicine group at the University of
Wisconsin-Madison have used our clinical experiences troubleshooting fresh cow health problems on farms,
research conducted by other groups and our own research findings, to formulate a plan for designing transition
cow barns which results in optimal health and performance. In this article, I will summarize the planning process
we have devised and used successfully to create these new facilities.

Where to start?

The planning process starts with one simple question: 

‘How am I going to manage my cows at the point of calving?’

In order to limit the risk for dystocia and stillbirth, and avoid movement and social upheaval within the critical
period of 2-7 days before calving, there are only two possible strategies:

1. Move cows from a prefresh pen with freestalls to an individual or group calving pen at the point of calving –
refereed to as ‘Just-in-time-calving’.

2. Manage socially stable group pens throughout the prefresh period and calve in the prefresh pen, which in this
scenario is a bedded pack.

Each strategy has some advantages and disadvantages laid out in the table below that should be discussed before
continuing with the plan. 

Table 1. Comparison of two strategies for managing the cow at the point of calving

Just-in-time-calving Parameter Socially Stable
Prefresh/Calving Group Pen

Freestalls and individual or Type of Housing A series of group bedded packs
group bedded pack
15% less roof space required, but Space Requirement 15% more roof space required,
more concrete and stall construction and Cost of Construction but less concrete and stall
costs construction costs
Limited to stall bedding and bedding Bedding Costs High due to the use of multiple 
for individual or group calving penbedded packs
Need to check prefresh pen hourly 24/7 Need for supervision Less need for constant supervision
Elevated if workers move cows too early Risk for dystocia Decreased, as cows do not have 

to be moved when they are in labor
Good, provided excellent bedding Disease control More difficult and may require
management in the calving pen(s) separate pens for Johne’s cows
Excellent control Passive Immunity Transfer Depending on level of supervision, 

opportunity for calves to suck
the wrong dam first

Each strategy has different keys for success.
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For the Just-in-time-calving approach the keys to success are:

1. Control social structure in the prefresh pen by limiting new additions to a once per week cycle.
2. Locate the calving pens close to the prefresh pen and away from heavy traffic areas
3. Train maternity pen workers to identify the stages of labor and monitor what stage of labor the cow is in

when she is moved, the time that she is moved to the calving pen, the time when she calves, whether the
calving was assisted or not and when the calf received colostrum. Risk for stillbirth will increase if cows are
moved to the pen too early (before the water bag shows), the cow is continually disturbed once moved and
when workers are too eager to assist. Target stillbirth rate for the herd is 4%.

4. Fresh dry bedding arrives with the cow and leaves with the cow to maintain hygiene in the calving pen
5. Utilize a correctly designed pen, such as the one shown below in figure 1.

Figure 1. An ideal maternity pen layout, with a concrete apron against the feed bunk in the fore-ground, a bedded
area with sand and straw on top in the rear half of the pen, and a head gate in the far corner. The water trough is
located in the near right corner, away from the bedded area.

For the socially stable prefresh/calving group pen, the following is required:

1. A series of bedded pack pens with sufficient numbers to accommodate a weekly group of cows moving
from far-dry to prefresh. Therefore, for a 21 day prefresh period, a minimum of three separate pens are
required (figure 2).

2. No further animals are added until all of the animals in the pen calve (this is ideal, but in practice a few
straggler cows may have to be moved between pens so that the flow can continue from week to week).

3. Each pen is sized to provide a minimum of 100 square feet of bedded area per cow at maximum fill.
4. Each pen is bedded fresh daily, and the whole bed removed once the last cow calves.
5. Sufficient supervision is still required to make sure that there is adequate control of colostrum feeding.

Figure 2. A series of bedded pack pre-fresh pens designed for a 1000 cow dairy. Each pen provides 2940 square feet
of bedded area, with a maximum stocking rate of 30 cows per pen. A total of three pens provide capacity to cope
with 140% of the weekly average calving rate, with a 3 week pen stay duration. Pens are filled in series – filling pen
1 first to a maximum of 30 cows, then pen 2 and so on. Once the maximum stocking density is reached, no new
cows are added. Cows may calve in the pen or in an adjacent calving pen and proceed to the post-fresh group.
Once the pen is empty, it is cleaned out and re-bedded and the filling cycle repeats.



137

Once a decision has been made on a strategy for managing the cow at calving time, the planning process can
proceed in 5 easy steps:

1. Size groups to accommodate the 90th percentile of the weekly calving rate
2. Provide 30 inches of bunk space 21 days before and after calving
3. Create a socially stable grouping structure – minimizing pen moves within the period 2-10 days before

calving
4. Provide sand bedded stalls sized to accommodate the size of the cows using them
5. Provide at least one stall per cow (or at least 100 square feet of bedded pack per cow)

Step 1. Sizing the pens correctly

The actual duration of stay within any given transition cow pen (which includes the far-dry, prefresh, maternity,
calving, colostrum and postfresh management groups) is determined by two factors; the rate of calving and the
target duration of stay in the pen. 

Recommendations for pen sizes are typically based on the average flow of cows through the transition facility and
do not take into account farm management decisions which vary time spent in the pen. For that reason, many
transition cow pens are built that fail to accommodate the normal ebb and flow of calving rate over time. We
recommend that a facility would be best constructed to accommodate the surges in calving rate, without
compromise to stocking density within the pen. In essence we will be over building to some degree. 

We have constructed a plan for sizing transition cow pens that allows us to accommodate cows in pens sized to
cope with the normal increase in stocking density for 90% of the time. For 5 weeks a year (10% of the time), the
farm will need to modify days spent in the pen to maintain the targets for stocking rate or disease screening will
need to compensate for a lapse in prevention. The procedure is as follows:

1. Calculate the weekly rate of freshenings for the herd.

For herds that are remodeling we can graph this in programs like DC305 and file out the data into Excel. For new
herds, we can estimate the number of calvings to be 104% of the rolling average number of cows in the herd, and
the weekly rate will be this number divided by 52.

For example, a 1000 cow dairy will freshen 20 cows and heifers per week on average.

2. Calculate the 90th percentile of the weekly calving rate.
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Below (Figure 3) is an example of the weekly calving rate for a 1200 cow dairy. The dotted line is the 90th percentile
threshold (32), below which 90% of the cows calve and above which only 10% of the cows calve. The solid line is
the average (24). Note that by definition, if we build to accommodate the average, the facility will be overstocked
half the time.

Figure 3. Calving rate by week for a 1200 cow dairy with average (solid line) and 90th percentile (dotted line)
calculated.

For new facilities and for expansion herds, we need to use an estimate of the 90th percentile. Using data from 73
large herds we have estimated that 140% of the average weekly calving rate is a reasonable estimate of the 90th
percentile.

For example, a 1000 cow dairy would freshen 28 cows and heifers per week for 140% of average (1.4 x 20).

3. Determine the target duration of stay in each transition cow pen.

Factors such as target dry days, time of return of heifers to the close-up or far-dry pens, days in prefresh, time in
the calving or maternity pen, and days in postfresh need to be decided. These are management decisions that will
be farm dependent.

4. Calculate the number of cows in each group.

For example, a 1000 cow dairy wishing to accommodate 28 cows and heifers per week in a postfresh pen sized to
accommodate these cows to 21 DIM would need 28/7 x 21 = 84 stalls.

We have brought these ideas together in a pen size calculator for use on farm available at
http://www.vetmed.wisc.edu/dms/fapm/fapmtools/5house/TransitionCowpenSizeCalculator.xls

The calculator is shown below for a 1000 cow dairy with a 60 day dry period and 21 days spent in the pre- and
post-fresh pens.
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Once we know the inventory in each group that we need to build for, we can proceed with the rest of the building
design.

Step 2. Provide adequate bunk space pre- and post-fresh.

Using the above requirements we know from the predicted inventory how many cows are in each pen and we can
calculate the feed bunk length of each pen knowing that we need to provide 30 inches of bunk space per cow in the
pre- and post-fresh pens, and 24 inches in the far dry pen.

For example, a 1000 cow dairy would need a 21 day prefresh pen feed bunk that was 84 x 2.5 feet = 210 feet long.

To accommodate our requirement for bunk space, transition cow pens should be built with only 2 rows of stalls –
either tail to tail or head to tail or head to head. 

For ease of cow identification, head to tail is preferred for farms where pen workers need to check cows for signs of
labor every hour. Pens of around 30 stalls split with a 26 foot crossover with a water trough in the middle provide
flexibility to cope with changing numbers of cows in each group over time.

Step 3. Minimize pen moves 2-10 days before calving

This will depend on the answer to the first question regarding whether Just-in-time-calving will be used, or a
prefresh/calving pen. Different solutions have been found for different farms.

For example, the farm in Figure 4 opted for Just-in-time-calving in individual calving pens. In this strategy the
prefresh pen is loaded with cows once a week in order to reduce social turmoil in the last week before calving.

Figure 4. Once weekly loading of 2-row head to tail prefresh pen in an 800 cow dairy with individual calving pens
and a 3-row far dry pen.

In the farm shown in Figure 5, while they retained individual calving pens, they decided to create socially stable
mature cow pens throughout the dry period with the provision of 5 x 25 cow pens. The pens are loaded at dry off,
locked at 25 cows maximum and allowed to empty before refilling. Heifers are managed in a separate group pen.
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Figure 5. Socially stable mature cow dry pens (5 x 2-row pens) with individual calving pens and a separate heifer
pen.

Finally, the farm in Figure 6 created socially stable bedded packs in which prefresh cattle calve where heifers may
be grouped separate from cows.

Figure 6. Socially stable prefresh group bedded packs (6) with calving in the same pen, a hospital are and 2-row
freestall pen for fresh cows.
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Step 4. Sand bedded stalls sized to accommodate the cow

Sand is the optimal bedded surface for the dairy cow and provides cushion, traction and support at the time when
the cow most needs it. Prefresh cows are the heaviest widest cows on the farm and require the largest stalls. Mature
Holstein prefresh cows should have stalls at least 50 inches wide, preferably 52-54 inches. This creates problems in
mixed age groups with heifers grouped in the same prefresh pen. However, I believe it is foolish to punish 2/3 of
herd in order to make sure that the stalls are small enough for heifers to stay clean. Most farms choose to
compromise with a 50 inch wide stall and remove manure from the rear of the stalls more frequently. Ideally,
strategies that provide different size stalls for separate mature cow (52-54 inches) and heifer groups (48 inches) can
be utilized.

Post-fresh stalls for mature Holsteins are usually sized at 50 inches wide.

Step 5. Provide sufficient stalls and bedded pack space

For prefresh cows and maternity cows, bedded packs should provide 120 square feet per cow minimum. Because
the bedded area should not be deeper than 35 feet, this usually results in ample bunk space and typically the area
occupied by the pack is 15% larger than the area occupied by an equivalent freestall layout. Waterers should be
located in the bedded area, but shielded so that the cow must drink from the concrete feed alley side (Figure 7).

Figure 7. Bedded pack layout with ideal waterer location.

Prefresh cows decrease lying times by around 3h/d in the last week before calving compared to far dry cows. At
this time, they do not need to be competing for a stall, so we recommend at least one stall per cow throughout the
transition period.

Conclusions and Economics

A 1000 cow facility built to accommodate the 90th percentile of average weekly calving rate, would require 61 more
stalls than a facility built to accommodate the average. At $3,500 per stall, this equates to $213,500 or $214 per cow.

For us to convince the farm (or the banker) to build this barn, you would need to believe that a facility built to
accommodate 90% of the ebb and flow of calving rates would provide 1337 lb more milk per cow than a facility that
is overstocked 50% of the time, to pay back the extra cost in one year. Of course – the deal is even better than that,
because we can pay off the barn over 5 years, making the required increase in milk only 280lb per cow. 

We have the opinion that when it comes to transition cows you either pay at the beginning – to build the facility
that encourages health and productivity, or you pay at the end, with broken cows and elevated culling rates. The
choice is easy from our perspective and that of many Wisconsin dairy farmers that have already acted on our
recommendations.



Introduction
There is a tremendous and growing interest in
automatic milking systems (AMS) throughout the
Midwest.  Dairy producers using AMS in the United
States and Canada indicated that the major reasons
they installed robots were to allow a more flexible
work schedule and a reduction in the cost of hired
labor (de jong et. al, 2003).  Although relatively
uncommon in the United States, world wide there
were over 8000 milking units on over 2400 farms in
2008 (Reinmann, 2008).  We are only beginning to
understand the key factors to making AMS
successful.  This paper will summarize published
research along with the author’s interviews of Lely
and Delaval AMS field representatives, a Minnesota
Farm Business Management instructor, several dairy
producers in Wisconsin and Minnesota with AMS
and nutritionists that have worked with AMS. 

Overview
In the upper Midwest we are transforming from
managing cows individually in tie stall barns to
group housing in free stall barns.  With the use of
AMS it allows us again to manage cows individually
with the assistance of technology. AMS have the
ability to collect milk production, milk conductivity,
milk clarity, cow activity and even individual cow
rumination data.  This can be used by the herd
manager to make management decisions.

There are generally two types of AMS barn designs.
These are free flow and guided flow.  In a free flow
system cows are allowed to travel anywhere in the
barn unimpeded and have free access to feeding,
resting and/or milking at all times.  In a guided
traffic system, a series of one way gates “guide” cows
through the robot when they want access to the
feeding or resting areas.  Another option with guided
traffic is when there are pre-selection gates that sort
out cows that are ready for milking and allowing the
remaining cows to proceed to the feeding area
without passing through the robot. 

Just like a milking parlor, AMS have an ideal
throughput per day. Below is a range of some of the
parameters to expect when an AMS is operating at
peak efficiency (per robot):

• 140-190 attaches (milkings) per 24 hour period. 
• Average of 2.4-3.0 milkings/cow/day. However,

dairy producers are able to dictate milkings/cow
for each cow every day.

• 4000-5500 lbs of milk/AMS/day.  This number
can be widely variable depending on milk
production per cow and other factors.  Several of
these will be discussed below. 

Like any successful dairy, the entire management
system must be considered if maximum performance
is desired.  Unlike a parlor system where cows are
herded to the milking center and milked whether
they like it or not, AMS must facilitate cows having a
good milking experience every time so she
voluntarily returns to be milked again.  Barn design,
cow handling and manure systems must all focus on
making it easy and a good experience for cows to be
milked by the robot.  

Nutrition and Feeding Management
One of the most important factors in making AMS
successful is ration balancing/nutrition management.
A commonly misunderstood concept is that cows
come to get milked when they feel pressure in their
udders.  In reality, cows are enticed to visit the robot
because of feed.  Therefore, it is very important that
feed presented in the AMS be very palatable so that
cows want to visit the robot.  This presents a mind set
change for many nutritionists.  In North America
traditionally we try and feed all the nutrients through
a total mixed ration (TMR).  With AMS the main
bunk contains a partially mixed ration (PMR) with
the remaining nutrients being fed through the robot.
A survey of 25 AMS herds in North America
indicated that they fed an average of 65% forage in
the diet.  Eleven of the 25 fed a forage percentage
between 48-60% in the TMR (de jong et. al, 2003).

My interviews confirmed the research that indicated
the importance of high quality feed through the AMS.
All except one of the dairy producers I interviewed
fed a pelleted concentrate mix through the robot.
The other dairy producer used a combination of 1⁄2
roasted soybeans and 1⁄2 whole shelled corn.  Farms
averaged feeding 6-7.5 lbs per cow through the AMS.
All farms fed a minimum of 4 lbs/cow and two farms
fed as high as 12 lbs/cow through the robots with
other farms being slightly lower.  A survey showed
similar results with 88% feeding a pelleted
concentrate (de jong et. al, 2003).  

Do not feed any unpalatable ingredients such as
tallow, feather meal, blood meal or meat and bone
meal through the AMS.  Feeds that nutritionists and
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AMS company representatives felt worked well
included oats, roasted beans, molasses, corn gluten,
distillers grains, soybean meal, soyhulls and other
sources of digestible fiber.  

Table one shows the results of a case study in Ontario
that demonstrated the importance of high quality
feed on visits to the AMS (Rodenburg, 2002). The
dairy switched from a low quality, low palatability
pellet to a high quality, high palatability pellet.  The
low quality pellet had considerable fines and
contained ingredients such as fat.  The high quality
pellet had minimal fines and contained more
palatable ingredients such as molasses.  During my
interviews when I asked for keys to success, all AMS
users mentioned feed management as one major key
to success.  Producers were very sensitive to quality
of feed fed through the robot.  One producer
commented that one batch of feed he received had a
similar formulation as previous batches, but had
increased fines, and he immediately noticed a
decrease in visits to the AMS and an increase in the
number of cows needing to be fetched.

Table 1. Selected observations when switching from a
low quality pellet to a high quality pellet1.

Item Low Quality Pellet High Quality Pellet
Voluntary visits/cow/day 3.40 4.04
Voluntary milkings/cow/day 1.72 2.06
Percent fetched 16.0 7.1
Pounds milk/cow/day 54.5 55.6
1Rodenberg, 2002

A challenge is balancing the energy fed through the
TMR with the concentrate through the AMS.  There
was a steep learning curve for both nutritionists and
dairy producers I interviewed.  Feeding too much
energy and grain in the TMR caused a decrease in the
visits/cow through the robot.  However, not feeding
high enough energy in the TMR may have a limiting
effect on milk production.  High energy TMR’s (>0.75
Mcal/lb) may increase the number of cows that must
be fetched for milking (Rodenburg, 2008).
Nutritionists I visited with were very cognizant and
focused in maintaining diets that maintained cow
rumen health.  Their observation is that anything that
caused sub-acute rumen acidosis or other digestive
upsets affected cows behavior and AMS visits.
Producers and nutritionists monitored AMS
visits/cow, cows fetched and milk production as they
made changes to the feeding program.

Milk Production
With the increase milking frequency over 2
times/day milking, there will be a slight increase in
milk yield per cow.  However, because the milking
interval is not consistent, the full benefit may not be

realized.  A summary of research estimates that with
average milking frequencies of 2.4 to 2.7 times per
day, the expected milk response will be 3-5% higher
than 2x milking and 6 to 9 % lower than 3x milking
on 8 hour intervals (Rodenburg, 2008).  

Cow Health and Comfort
Producers emphasized the importance of maintaining
cow health and comfort.  Regular hoof trimming and
avoiding acidosis or other digestive disorders are
important to consistent AMS visits.  Lame and even
slightly lame cows had fewer AMS visits than cows
with normal gaits (Borderas et. al, 2008).  All
producers I interviewed stressed that providing
maximum cow comfort to minimize lameness and
injuries improved visits to the robot.  

Fetch Rate
One of the biggest concerns producers had before
installing AMS was fetching cows that do not visit
the robot.  They were pleasantly surprised at the
minimal time it takes to fetch non cooperative cows.
All producers I interviewed indicated it took 5-15
minutes per robot to fetch cows.  This was usually
accomplished while they were in the pens scraping
stalls.  Fetch rates are significantly lower with guided
traffic compared to free flow systems on a similar diet
(Bach et. al., 2008).  The survey showed the fetch rate
of 35 herds with a free flow system averaged 16.2% ±
10.8% and in guided traffic systems averaged 8.52% ±
5.9% (Rodenburg, 2008).  Fetch rates are highly
variable and can range from virtually 0% up to over
40% for some herds (Rodenburg, 2008).  As
mentioned earlier, feed management is the key to
achieving consistently low fetch rates.  Producers
interviewed with a free flow system had fetch rates of
3-6 cows per robot.  Late lactation, older cows or
cows with health problems, especially lameness, have
higher fetch rates.  A cow that typically attends the
AMS voluntarily and now needs to be fetched can
assist with early diagnosis of health problems
(Rodenburg, 2008).  One producer I interviewed had
a guided flow system with a separate pen for
fresh/lame cows and indicated that on most days
there were no fetch cows.  Robot owners in Canada
(Rodenburg, 2008) and producers I interviewed
indicated that fetch rates are lower and traffic
through the AMS increases when humans are in the
pens less.  The goal is to not disturb the cows’ normal
day. Fetching should be a last resort because it can
teach cows bad habits (Rodenburg, 2008).

Training New Cows 
Immediately after moving into the barn, all cows
must be pushed through the robots 3 times per day
for 1-2 weeks.  After the initial training, producers are
pleasantly surprised how fast new cows learned to
use the robot.  However, it is quite variable between
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cows.  Most cows are trained by 7 days in milk.
However some cows took as long as 45 days to adjust
to the robot.  After going through a dry period most
cows needed no training the following lactation.   

Culling Rate
A few cows in most herds will need to be culled
because of udder conformation or they do not adapt
to the robot.  However, this rate is very low with the
new generation of robots.  This will typically be 0-3%
of cows (Rodenburg, 2002).  This is in agreement with
interviews with dairy producers in Wisconsin and
Minnesota.  Udder conformations that create
challenges are udders with a deep crease between the
halves along with rear teats that cross or touch.  The
other challenge is cows with extreme reverse tilt
where the rear teats are much higher than the front
teats.  Very few cows must be culled because they just
refuse to adapt to the robot.  Producers commented
that they believe heifers adapted faster and were less
kicky with AMS than when milked in a parlor.

Cow Management and Handling
Cows tend to become very calm and easy to handle
when milking with AMS.  All farms I interviewed use
headlocks for routine management intervention.
During activities such as herd check, they fed the
cows their PMR and 70-80% of the cows self locked.
None of the producers indicated that catching cows
for routine management interventions was a
challenge.  One producer had a sort pen with feed
and water available and sorted cows to the pen for
herd check.  He set the computer to sort cows for 12
hours before herd check and indicated that 80-90% of
the needed cows were sorted within that time.

The key monitors that producers use when managing
their herd were (Helgren and Reinemann, 2006):

• Deviation in milk yield
• Milking interval since last successful milking
• Milk conductivity

Milk Quality
Helgren and Reinemann (2006) studied milk quality
of 12 AMS farms.  The somatic cell count averaged
268,000 cells/mL.  This was not different than a
cohort of farms with conventional milking systems.
Bacteria counts were lower than conventional farms.
Somatic cell counts and bacterial counts decreased as
the amount of time a farm used AMS increased
(Helgren and Reinemann, 2006).

Barn Design
Many factors must be considered in barn design.
Since cows need to be coerced into milking, anything
that makes visiting the AMS easier will improve
performance.  Here are some considerations in barn
design:

• Consider a manure system that minimizes time in
the pens.  Most producers install automatic
scrapers or slats to eliminate having to go in the
pen to scrape.  However, one dairy producer I
interviewed installed AMS in an existing scrape
free stall barn.  He indicated that it took very little
extra time to scrape alleys compared to when he
milked in a parlor.

• AMS have been successful with all types of barns
including: sand bedded free stalls, mattress
bedded free stall and loose housing.

• Minimize walking distance to the AMS. 
• Highly visible well lit areas around the robot are

preferred.    
• Providing comfortable amenities in the holding

pen near the AMS are very important.  One
producer has extra fans to provide cooling in the
holding pen for the AMS.

• Provide protection for submissive cows from
more dominant cows.  This is especially true
around the AMS.  Boss cows may try and control
the AMS because of the palatable feed available.
Provide protection like holding pens at the
entrance of the AMS.  Provide an exit lane or
consider a Y to allow cows two routes of exit
from the AMS.  Adding extra crossovers, wider
alleys and more watering space will allow
submissive cows easier access to the AMS.

• Do not move cows between pens.  This requires
social adjustment and cows will decrease visits
after moving.

• Consider designing a barn where all robots are
positioned so the cows enter them on their left or
right side.  Another alternative is to have both
right and left entrance robots in the same pen.
One study showed that 10% of cows had a
difficult time adjusting to entering on the
opposite side entry (Rodenburg, 2007).  

• Consider a smaller freestall or bedded pack pen
near the AMS for fresh and lame cows.

Labor vs. Capital Investment vs. Lifestyle
Like many decisions on dairy farms, the decision to
install AMS needs to be based on family goals with
trade off’s between labor, capital investment and
lifestyle desired.  The “typical” producer adopting
AMS is a smaller dairy that does not desire to expand
to several hundred cows.  Many producers are
looking to expand to between 100 and 200 cows and
need or desire a new milking system.  When making
the decision on a milking system, the choice has
typically been either to build a modern labor efficient
parlor and use it only a few hours each day or to
build a smaller, lower cost, less labor efficient
parlor.  Some of these producers are opting to select
AMS as a method to minimize hired labor, increase
labor flexibility while expanding their herd.
Robotic milking permits many farms to milk
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120-180 cows without hiring non-family labor
(Rodenburg, 2008).  

As with any system, the capital investment with AMS
is widely variable depending on automation selected
and facilities required.  When asked about the cost
comparison of AMS compared to a parlor, the real
question is, “What system are you comparing the
AMS to?”  Compared to a very low cost swing parlor
installed in an existing barn, AMS will be very
expensive, but the cost could be similar to a new
parlor in a new milking complex.

Reinemann (2009) compared the cost of milking 120
cows in a double 8 parlor (D8) with 2 AMS.  He
estimated that total labor and facilities costs to be
$5.26 vs. $6.03 for the D8 and AMS respectively.
When comparing the cost of milking 240 cows with a
D8 with 4 AMS, the costs were $4.04 and $4.86
respectively.  

An alternative is to use a partial budget to compare
labor saved with AMS payments.  Using a D8, most
producers have one person in the pit and one
scraping.  With 3.5 turns per hour and milking 120
cows, milking time will be 2.1 hours.  With cleanup
time, total milking time per day will be 2.1 + 2.1 + 0.5
x 2 times per day.  This is about 9-10 hours total labor
per day.  Based on my interviews with producers,
they estimated they spent about 0.5-1 hour per robot
on milking type activities.  This would equate to
saving approximately 7-9 hours of labor per day. If
labor is valued at $12-$15/hour (including taxes,
insurance and benefits) labor saved by the robots will
be between $30,000 and $49,000.  The payments for 2
AMS will be approximately $60,000 – 70,000
depending on terms and automation.  This should
include the maintenance contract cost.  However this
does not include any cost for the D8 milking system
or facilities to house the robot.  This leaves $11,000 to
$40,000 for annual payments on the D8 parlor and
associated facilities to have similar costs.  

Using 7.5% interest amortized over 10 years the
$11,000 to $40,000 will make payments on
approximately $77,000 to $280,000 worth of debt that
might be associated with setting up the D8 facilities.  

This is a wide range but conceptually this is one way
to compare the two milking systems.  AMS will
require much higher capital outlays than almost
every other milking system available.  Therefore,
careful financial planning with realistic expectations
of labor savings and milk production is required.  

Other ideas to think about when making decisions
include:

• Future wage increases.

• Available family and non-family labor on the
farm. 

• Ease of finding replacement help when planning
extended time away such as vacations.

• Flexibility of labor.
• Skills and abilities of owner/operators.
• Potential future expansion – AMS barns must be

expanded in increments of 50-60 cows.  In
addition, every 60 cows will require a major
investment in a robot.

• Human health benefits such as carpal tunnel,
shoulder and knee wear.

• Animal welfare concerns.
• Immigrant labor reform.
• Societal views of farm size and technology.

Conclusion
AMS clearly have demonstrated they have the ability
to harvest high quality milk successfully.  It has the
opportunity, especially for smaller herds, to reduce
labor, milk more frequently and provide flexibility of
hours of labor.  Surveys of producers show AMS
users tend to be satisfied to very satisfied with their
decision and flexibility of their time (de Jong et. al,
2003).  As with any system, it takes excellent
management for success.  With AMS particular
attention must be paid to nutrition management and
cow health.  It is important on all farms to figure
what numbers, assumptions and concepts are realistic
and helpful to use in analyzing the financial aspects
of this decision in the context of personal and
business needs, priorities and goals.
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Dairy heifer calves have traditionally been raised in
small group pens or individual stalls or hutches.
They have been individually fed milk or milk
replacer until post weaning. These methods, while
very successful, are also very labor intensive.

Computer controlled automatic calf feeding systems
are attracting increasing interest here in the Midwest
because of the labor saving benefits. Developed in
Europe due to animal welfare issues as well as labor
efficiency, they are now available in the US. 

Automatic calf feeders consist of a self-contained unit
which heats the water, dispenses a programmed
amount of milk replacer, mixes the milk replacer and
water in a container from which the calf can suck it
out via a nipple feeding station. A single
programmable feeding unit with two nipple feeding
stations will cost approximately $18 – 20,000. An
optional computer and program for more feeding
options and capabilities will cost an additional $4,000.
Individual calf starter feeding stations which
dispense and monitor calf starter consumption will
run approximately $5,000 per station.

What is the payback for such a system? For this case
scenario, let us assume we have a feeder with
computer program and two nipple feeding stations
for a total of $22,000 and that the building, office,
water, electrical and site work is independent of the
way we are feeding the calves, whether it is with
bottles and buckets or the computer feeder. Very
likely the investment would be higher with
individual pens but less with outside hutches over a
five year period.

A system of this type would provide the capability of
feeding two pens of 25 calves per pen for up to 10

weeks. With automatic calf feeders, it is necessary to
feed calves by bottle for the first 7-10 days in
individual pens to get them started. Adaptation to
the nipple feeding station after ten days of age goes
fairly well in most cases. It has been observed that
calves will spend 30 – 50 minutes/day at the feeding
station.(Table 1,2,3 ) Typically calves will not
consume much if any for about six hours during the
night which also affects the number of animals per
feeding station. If we expect to move calves after 70
days of age and they come in at 7-10 days of age,
they will spend an average of 60 days in the feeding
pen. We would start weaning at 49 days and wean by
day 56 with calf starter consumption of two to three
pounds per day. This would allow six groups of 25
calves /pen/ year with two pens for a total of 300
calves on the feeder per year.

$22,000 / 5 year depreciation = $4,400/ year

$4,400/ 300 calves per year = $14.66/ head feeder cost

Building cost is a separate item and would be
required for the feeding system. In a loose housing
system, calves require 30 – 35 sq.ft. per head. A
building with a ten year life will currently run about
$40-$45 per calf/year.  Hutches, on the other hand
with an initial cost of $350 and a five year life would
cost $17.50 per calf per year. While labor time and
cost is reduced with the automatic feeding system, it
is not eliminated. Feeders need to be checked daily,
be kept from freezing, pens bedded, calves checked
and the feeding system refilled with milk replacer or
additional milk supplied.

Management decisions for feeding calves by
computer feeder are similar to feeding by bottle and
buckets. This would include the amount fed per day,
the choice of milk or milk replacer as well as age at
weaning. Feeding by computer feeder more easily
allows increased number of feedings per day and
amount fed per day compared to feeding
individually. The number of feedings per day (4-8) as
well as the amount fed per day was investigated by
Danish researcher M.B. Jensen. (Table 3) He found it
was better to reduce the number of feedings per day
rather than the amount per feeding. This feeding
strategy resulted in a greater amount of starter
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consumed before weaning and less total time spent in
the feeding station.

Jensen also compared the amount fed per feeding
and the number of feedings per day for the whole
feeding period calves were on milk. When a
computer controlled automatic feeding system is
used, usually calves are fed .5 – 2.0 L per feeding
over four to eight feedings per day. There is usually a
lag time of 1 -2 hours between feedings. Unrewarded
visits are visits by calves to the feeding nipple where
they cannot receive any milk. A higher number of
unrewarded visits have been found in several studies
where calves were offered many small portions,
indicating a lack of satiety achieved by calves. An
increasing number of visits also increased the total
amount of time calves occupied the milk feeding
stations and increased the amount of observed cross-
sucking done by calves. This problem is further
exasperated by an increasing number of calves per
feeding station. Given a higher total daily intake of
solids and a volume of eight liters versus four/day;
calves were satisfied with five to six feedings/ day.
This strategy reduced the number of unrewarded
visits per day by one half. Jensen concluded that the

appropriate number of portions fed per day may
depend on the total volume fed per calf per day. 

Individual feeding of calves in a single pen or hutch
allows for easier observation of calf health and milk
consumption. There is a concern of disease detection
in group raised calves. Automatic computer
controlled feeders can easily monitor milk intake of
individual calves and provide alarm lists for calves
that fall outside set parameters. Additionally, the
automatic feeder can monitor the number of visits,
number of unrewarded and rewarded visits as well
as the rate of milk consumption. Svensson and Jensen
(Table 4) found the most reliable indicator of calf
health to be the number of unrewarded visits to the
feeding station and was more sensitive than the
amount consumed per day and consumption rate.
More visits tend to indicate a more active calf.

Automated calf feeders offer the opportunity to raise
pre-weaned dairy calves with less manual labor than
traditional systems while still providing full growth
potential. Payback on calf feeding systems depends
on number of animals to be fed per year as well as
labor costs and availability.
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Table 1. Main effect of number of calves per feeder on variables collected via the computer-controlled milk feeder. 

Calves per milk feeder
12 24 F P
——— Mean ± SE ———

Duration (min/24 h)
All visits 36.50 ± 1.33 30.43 ± 1.34 F1, 23.8 = 10.08 =0.004
Rewarded visits 22.84 ± 0.73 18.51 ± 0.71 F1, 20.9 = 17.50 <0.001
Milk ingestion 18.40 ± 0.75 13.03 ± 0.79 F1, 12.7 = 23.08 <0.001
After milk ingestion 3.58 ± 0.46 5.05 ± 0.69 NS
Unrewarded visits 6.67 ± 1.12 7.96 ± 1.53 NS
With access, no milk 3.46 ± 0.55 2.35 ± 0.50 NS
Rate of ingestion (L/min) 0.301 ± 0.017 0.397 ± 0.022 F1, 13.6 = 11.70 =0.004
Number (frequency per 24 h)
Rewarded visits 6.45 ± 0.36 5.86 ± 0.48 NS
Unrewarded visits 6.67 ± 1.12 7.96 ± 1.53 NS
With access, no milk 5.58 ± 0.95 4.31 ± 0.87 NS

Table 2. Main effect of number of calves per feeder on variables collected via video. 

Calves per feeder 
12 24 F P

——— Mean ±SE ———
Duration (min/24 h)

Total occupation of the feeder 41.25 ± 3.38 26.70 ± 3.46 F1, 14.2 = 8.70 =0.01
Occupying the feeder alone 35.61 ± 3.61 12.62 ± 4.85 F1, 10.8 = 14.42 =0.003
Waiting for access to the feeder 5.70 ± 1.92 21.36 ± 4.97 F1, 12.1 = 10.10 =0.006

Number (frequency per 24 h)
Attempts to access occupied feeder 1.82 ± 0.42 4.05 ± 0.78 F1, 16.5 = 7.05 =0.02
Displacing calf from occupied feeder 1.40 ± 0.28 2.45 ± 0.36 F1, 18.1 = 5.39 =0.03
Entering the feeder as soon as free 2.13 ± 0.41 4.05 ± 0.73 F1, 11.2 = 5.80 =0.03
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Table 3. Main effect of number of milk portions on variables collected via the computer-controlled milk feeder. 

Milk portions per 24 h 
4 8 F P

——— Mean ± SE ———
Duration (min/24 h)

All visits 30.27 ± 1.22 36.69 ± 1.35 F1, 167 = 12.95 <.001
Rewarded visits 18.28 ± 0.66 23.10 ± 0.73 F1, 168 = 24.82 <.001
Milk ingestion 15.03 ± 0.64 16.18 ± 0.66 NS
After milk ingestion 2.86 ± 0.39 6.00 ± 0.57 F1, 161 = 35.71 <.001
Unrewarded visits 7.00 ± 1.09 7.62 ± 1.12 NS
With access, no milk 2.72 ± 0.38 2.98 ± 0.42 NS
Rate of ingestion 0.372 ± 0.016 0.326 ± 0.016 F1, 163 = 7.80 =.06

Number (frequency per 24 h)
Rewarded visits 5.02 ± 0.31 7.45 ± 0.38 F1, 164 = 85.61 <.001
Unrewarded visits 7.00 ± 1.09 7.62 ± 1.12 NS
With access, no milk 4.81 ± 0.77 5.00 ± 0.81 NS

Table 4. Main effect of clinical status (healthy or diseased) on feeding behavior data retrieved from the milk feeder
unit in 68 preweaned dairy calves 

Healthy Diseased
Item Mean SEM Mean SEM F P
Unrewarded visits, frequency, 24-h 19.80 2.14 15.84 1.99 F1. 787 = 8.81 < 0.01
Drinking rate, L/min 0.662 0.024 0.653 0.023 NS
Rewarded visits, frequency, 24-h 7.12 0.41 6.88 0.42 NS
Rewarded visits,1 frequency, 24-h F1. 696 = 3.52 < 0.10

Danish farm 4.25 0.67 4.40 0.71
Swedish farm 9.98 0.46 9.37 0.45

1Interaction between clinical status and farm.
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