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On behalf of Chr. Hansen and our employees, we
welcome you to the Pre-Conference of the 4-State
Dairy Nutrition Conference.  Chr. Hansen is a global
supplier of bioscience based ingredients to the food,
health, pharmaceutical and agricultural industries.
We are pleased to sponsor this pre-conference
focused around feed efficiency for dairy cows.  

Feed efficiency has been a major metric used in
measuring production and profitability of poultry,
swine, and feedlot cattle.  Recently, feed efficiency
has become a more important measurement in dairy
production as feed prices increased from historical
levels and with more focus on environmental
implications with limited land bases.  Dr. Mike
Hutjens has spoken to this point for many years at
this conference as well as other venues.  Dr. Hutjens
has used an optimal range of 1.4-1.8 lbs. FCM/lb. of
dry matter intake as optimal.  However, there are
many other metrics which can be used that may more
closely relate to a specific desired outcome. 

Gross feed efficiency is some ratio of feed required to
produce a certain amount of milk.  How we define
milk outputs and feed inputs leads to many different
definitions of feed efficiency.  Milk output can be
defined in terms of yield (milk, fat, and/or protein),
cheese yield, milk energy, and milk dollars.  Feed
inputs can be defined as gross, digestible,
metabolizable, or net energy; dollars; and other
methods.  Our panel of consultants will explore these
various metrics as well as other non-traditional
measurements.

Measuring feed efficiency in an economic form is
challenging and not constant.  It involves fluctuating
market conditions, biological issues related to feed
production, and manipulating cattle biology and herd
structure.  

In this conference we will explore and identify
biological tools to improve feed digestibility, animal
performance and improve feed quality and
preservation. Feed additives and silage inoculants are
tools to increase dairy feed efficiency.   As earlier
mentioned, our panel of consultants will provide
insight into putting feed efficiency to work on the
dairy operation.  Criteria such as collecting and
measuring data, interpreting data, and
implementation of measures to improve feed
efficiency are addressed.

Changes in feed efficiency should be monitored to
evaluate the impact of feeding and management
changes on a dairy operation.  However, comparisons
between herds should be done very carefully.   

On behalf of Chr. Hansen we thank you for
participating in these pre-conference presentations.
The use of dairy feed efficiency as a management
decision tool will continue to evolve as a key metric
for modern dairy production.

Pre-Symposium
Improving Feed Efficiency in Dairy Cattle

Bill Braman, PhD, PAS
C. R. Hansen, Inc.
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Even though we’ve been at it for over 150 years, we

keep finding out new things about the rumen, the

cow, and feed that affect how animals perform.  Some

of this information can be useful for better

formulation of rations, though it may take a while to

fully understand what exactly we are working with.

Over the years, occasionally reports would come in

from nutritionists that increasing protein over

recommended levels gave better milk responses than

predicted, or that excessive protein caused what

looked like ruminal acidosis.  The cows are always

right, but what was going on?  Was the protein in

feed less available than usual or being used as an

energy source?  Even in the research literature,

protein effects that look like what we usually think of

as carbohydrate or energy effects have been reported,

but often with little explanation.  In this paper, we’ll

explore a relationship between ruminally degradable

protein (RDP) and carbohydrates that are rapidly

assimilated by rumen microbes.  We may be able to

use this information to improve feed efficiency and

manipulate the nutrient supply to better meet the

animal’s needs.

Rumen Function

Figure 1. Digestion and fermentation of

carbohydrates in cows.  OA = organic acids, CO2 =

carbon dioxide, CH4 = methane.

Carbohydrate is fermented in the rumen to produce

organic acids (acetate, propionate, butyrate, lactate,

valerate), gases (carbon dioxide and methane), and

the energy to drive production of microbial cells

(Figure 1).  Availability of carbon skeletons and

energy from fermentable carbohydrate are important

to allow conversion of nonprotein nitrogen to

microbial protein (Dellow et al., 1988).  Microbes also

incorporate carbohydrates into their cells as

carbohydrate or for the synthesis of other molecules.

The extent to which carbohydrate ferments in the

rumen, or passes out unfermented is determined by

competing rates of fermentation and passage.

Carbohydrate fermentation can be depressed If RDP

is limiting (Heldt et al., 1999), but no other ruminal

effects of RDP on carbohydrate are typically

discussed.  Fermentation of carbohydrates in the

rumen is perceived to be the main determinant of

ruminal organic acid production.

Protein Effects on Carbohydrate

Fermentations: In Vitro

Protein can affect formation of microbial products

from carbohydrates in ways that may differ from our

usual thinking.  Increasing the supply of amino acids

and peptides increased microbial yield of ruminal

microbes linearly at each amount of carbohydrate

tested (Figure 2; Argyle and Baldwin, 1989).  How

was it that the nitrogen sources were limiting to

microbial cell synthesis at the lower amounts of

protein, but still able to generate increasing yield

responses as more carbohydrate was supplied?  The

study focused on protein effects, but begs the

question of what was happening with the

carbohydrate as microbial yields changed. 

Protein and Carbohydrate
Interactions in the Rumen
(Protein Does WHAT?!?!)

Mary Beth Hall
U. S. Dairy Forage Research Center, USDA-Agricultural Research Service, Madison, WI USA

marybeth.hall@ars.usda.gov

6



Figure 2. Microbial yields (as micrograms of

RNA/mg of carbohydrate added) for mixed ruminal

microbes after 6 hours of fermentation. The “mg/L”

values are for the amount of amino acids + peptides

added; media for all treatments contained 3.6

millimolar ammonia. (Argyle and Baldwin, 1989).

Glycogen is a microbial product that is often left out

of discussion on carbohydrate fates, but it could help

to explain a protein effect.  For rapidly available

carbohydrates such as glucose, fructose, sucrose,

starch, and fructan (a water-soluble carbohydrate in

cool season grasses), but not for lactose, rumen

microbial products include:

Organic Acids + Gas + Microbial Cells +

Glycogen (+ other microbial products like

biofilms?)

Glycogen is a carbohydrate synthesized by bacteria

and protozoa to store carbohydrate they’ve

sequestered but have not yet fermented; it has

essentially the same structure as starch.  Glycogen

storage increases with the amount of rapidly

available carbohydrate present (Prins and Van

Hoven, 1977), but decreases as dietary protein is

increased (McAllan and Smith, 1974).  Through an

effect on glycogen accumulation, protein has

potential to alter ruminal concentrations of organic

acids by changing whether the carbohydrate is

fermented immediately, or is stored and fermented

more slowly (Figure 3).  Protein supplementation has

also been shown to increase lactic acid production

(Malestein et al., 1984), possibly by increasing the flux

of carbohydrate through glycolysis (Counotte and

Prins, 1981) (Figure 3).  When not produced in

excessive quantities, lactic acid is not a problem per

se.  It is normally transient in the rumen, and is

fermented to acetate and propionate.

Figure 3. Proposed scheme describing factors

affecting carbohydrate fates in the rumen.  Solid lines

indicate direction of reactions from substrate to

product.  Dashed lines designate effects on formation

of products with “+” indicating an effect that

increases and “-” indicating an effect that decreases

product formation.  The effect of RDP, amino acids

and nonprotein nitrogen on glycolysis is assumed

based on the negative effect of these sources of N on

glycogen synthesis and positive effect on lactic acid

production.  (PO43- = orthophosphate, Glc-6-P =

glucose-6-phosphate). (M.B. Hall, unpublished).

A B

C

Figure 4A-C. Effect of

amount and type of

protein source on A)

microbial growth

(nitrogen accumulation),

B) glycogen

accumulation, and C)

organic acid production in vitro with mixed ruminal

microbes (Hall, 2012a).  The LoN treatment contained

ammonia and amino acids and peptides, but had

12.5% less N than the HiN treatments.  The HiN

treatments had added urea (HiNU) or amino acids

and peptides (HiNT). Organic acids are presented as

the amount of carbon in the acids.
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In an experiment to investigate how protein amount

and type affected the fate of a rapidly assimilated

sugar (glucose), we found that offering mixed rumen

microbes more urea or amino acids + peptides did

result in less glycogen accumulation and in more

microbial cell nitrogen (cell growth), at some time

points (Figures 4A-C; Hall, 2012a).  The response in

cell growth depended on what time point was

evaluated, with low nitrogen culture (LoN) having

less growth at 2 h, but surpassing the greater nitrogen

culture supplemented with urea (HiNU) at 3 hours.

Organic acid production differed among the

treatments in the very early time points, but not by

the end of the fermentation, even though there was

no difference in the rate of glucose disappearance.

The organic acid response differs from results of the

cow studies.  It raises the question as to what other

products microbes were making with the

carbohydrate.

Protein Effects on Carbohydrate

Fermentations: In Cows

For this alleged protein effect on carbohydrate to

matter at all on the farm, does glycogen production

by rumen microbes happen in cows?  Measurements

made on lactating dairy cows fed grass-clover silage

and various supplements showed a net ruminal

synthesis of “starch” that passed to the small

intestine of 0.6 + 0.3 lb/day (value differed from zero,

P=0.14; Larsen et al., 2009).  That “starch” is microbial

glycogen that would have been produced from other

dietary carbohydrates.  Accordingly, it is possible for

cows to have something that digests like starch be

produced in the rumen and flow to their small

intestine, even if there was no starch in their diets.

Research studies with lactating cows have shown

protein effects on what are usually considered

carbohydrate-driven responses.  Take for example a

study in which cows given fresh-cut grass that had

been fertilized with urea to give higher or lower

nitrogen (N) contents (Table 1), and were or were not

drenched 4 times daily with a 50:50 mix of dextrose

and cornflour (starch) in water (Carruthers and Neil,

1997).  The cows gave the expected ruminal ammonia

responses:  cows receiving the higher N grass or no

carbohydrate supplement had greater ammonia

concentrations than the opposing treatments (Table

2).  This response was expected because ruminal

degradation of a feed with greater protein content

should give rise to greater production of ammonia,

whereas increased amounts of available carbohydrate

like that in sugar and starch allow microbes to

capture the ammonia as microbial mass.

Unexpectedly, the volatile fatty acid concentrations

were greater on average, and 13 to 14 millimolar

greater in later hours on the high N than low N grass

(P<0.001), whereas carbohydrate supplementation

only increased the concentration by 5 millimolar in

later hours (P<0.05) (Table 2).  There is potential for

increased N fertilization of grasses to increase fiber

digestibility, but the difference in organic acid

concentrations found in this study is beyond what

would be expected.

In another study investigating RDP by carbohydrate

interactions, lactating cows were offered total mixed

rations with greater or lesser concentrations of RDP

and with more rapidly (high moisture corn) or more

slowly (ground ear corn) available carbohydrate

(Aldrich et al., 1993).  Rumen pH of cows fed diets

with high moisture corn were lower (6.28) when fed

more RDP 

Table 1. Chemical composition (% of dry matter unless 

stated) of high (HN) and low (LN) nitrogen grasses 

(Carruthers and Neal, 1997).

HN LN

Dry matter (% of fresh weight) 15.7 17.6

Organic matter 90.4 90.8

Crude protein 17.6 13.2

Soluble protein N 0.15 0.12

Soluble non-protein N 0.66 0.51

Neutral detergent fiber 46.0 45.7

Water-soluble carbohydrate 22.0 27.1
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Table 2. Average ruminal ammonia-N, pH, and total

volatile fatty acid concentrations of dairy cows offered fresh

cut grass of high (HN) and low (LN) nitrogen content with

(+NSC) and without (-NSC) non-structural carbohydrate

supplementation (Carruthers and Neal, 1997).
HN LN p-values

+NSC -NSC +NSC -NSC SED N      NSC NxNSC

NH3-N, mmol/L 13.2 17.6 5.4 7.5 0.60 <0.001 <0.001 <0.05

pH 6.05 6.19 6.11 6.17 0.022 NS <0.001 <0.05

Total VFA, mmol/L 136 132 126 125 2.1 <0.001 NS NS

As compared to less RDP (pH = 6.28 vs. 6.39,

respectively, P<0.01).  Cows fed more RDP also

tended to have greater ruminal concentrations of

organic acids (145.8 vs 137.1 mmol/L; P<0.08).  In

this study, there was no difference among protein

treatments in organic matter digested ruminally, a

change which could have altered organic acid

production.  In another lactating cow study,

increasing dietary RDP gave greater average ruminal

lactate concentrations, and tended to increase

maximal lactate concentrations (Hall, 2012b).

Why Would This Happen?

Why would protein affect carbohydrate fates in the

rumen?  Protein may be having an effect by changing

microbial energy demands (Figures 3 and 6).  When

added amino acids and protein increased microbial

growth (Argyle and Baldwin, 1989; Figure 2), the

total energy demands of the microbes also increased

to support that growth.  The microbes would shut

down unnecessary processes that use ATP

(Adenosine TriPhosphate, a major energy transfer

molecule) to shunt the energy towards growth.  

Storage of glycogen or energy spilling qualify as

unnecessary processes when cell growth has higher

priority.  Storage of carbohydrate as glycogen costs 1

ATP per hexose (Stouthamer, 1973), which is 25 to

50% of the total ATP that bacteria may derive from

the fermentation of a hexose (Russell and Wallace,

1988).  Glycogen storage decreases with increased

concentrations of breakdown products of ATP, which

signal decreased energy status of the cell (Ball and

Morell, 2003) and increased cellular demand for ATP.

Energy spilling is the dissipation of “excess” ATP as

heat; increased protein availability decreases energy

spilling (Russell, 1993).  

Figure 6. Effects of degradable protein or amino acids

and peptide supplementation on ATP usage related

to glycogen synthesis, flux of hexose through

glycolysis, cell growth, and energy spilling.  Nitrogen

source effects on processes are designated as “+”

(increase) or “-“ (decrease).  The effect on glycolysis is

assumed based on the negative effect of N sources on

glycogen synthesis and positive effect on lactic acid

production. (Glc-6-P = glucose-6-phosphate). (M.B.

Hall, unpublished).

When energy is not limiting, glycogen production or

energy spilling utilize available ATP.  These processes

are apparently responsive to factors that affect energy

status of the cell.  Fundamentally, if cells have

immediate need for energy, hexose is fermented and

not stored as glycogen, if they do not, the storage of

glycogen allows them to sequester substrate

internally for future usage.  

By shifting ATP use to production of microbial cells

from glycogen synthesis or energy spilling, the

efficiency of microbial growth per unit of

carbohydrate fermented should be increased.  An

increase in the proportion of energy derived from

carbohydrate that is used for growth would explain

how the yield of microbes per unit of carbohydrate

increased as more protein was provided (Argyle and

Baldwin, 1989).  To translate this increased microbial

efficiency to increased amounts of microbial protein

delivered to the cow, passage from the rumen would

have to be such that more microbes flowed the small

intestine than died and recycled in the rumen.

Thoughts On Application

The effect of ruminally degradable protein on fates of

rapidly available carbohydrate seems to be a place

where synchrony between protein and carbohydrate

sources may give effects we can detect in cows.  It

also has potential to let us refine what we are doing
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with diet formulation to improve feed efficiency and

manipulate the nutrient supply to better meet the

animal’s needs.  However, there’s more that needs to

be sorted out regarding practical application of this

concept.  In the meantime, some thoughts to

consider:

•  Don’t overfeed total protein.  If it’s the rapidly

available carbohydrates that are affected, you

should only need rapidly available protein relative

to the amount of that carbohydrate.

•  Does it need to be nonprotein nitrogen or amino

acids + peptides?  We don’t know, yet.  

•  Do you want glycogen, or organic acids +

microbial protein?  Hypothetically, if a herd is in a

position where the corn has been in the silo all

winter, the starch is fermenting more rapidly, and

veering toward creating ruminal problems, would

feeding less degradable protein help to slow down

acid production in the rumen?  It looks like it

should; feeding some more NDF and/or effective

fiber will also gain some margin of safety.

Alternatively, greater efficiency of microbial

growth with appropriately increasing the

degradable protein could gain more microbial

protein for the cow, given that passage rates

supported that harvest.

•  Rate of passage will decide whether the greater

glycogen or microbial yield in the rumen ferments

or recycles ruminally, or passes on to the small

intestine where the cow can digest it and use the

released glucose and amino acids.  What are the

options for changing rate of passage?

•  No matter what you try, pay attention to the basics

of good diet formulation.
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INTRODUCTION 

Research, publications and farm level management

related to the topic of calves and calf management

over the last 40 years traditionally involved dry cow

management, colostrum, diarrhea, rumen

development and early weaning. In the last ten years,

the concept of “intensified feeding or accelerated

growth” has become a topic of interest among calf

raisers and researchers and is being applied on farms

in various management systems.  The various

management approaches involve differences in to

best manage and deliver nutrition and nutrient intake

for the pre-weaned calf to optimize the specific farm

management capability.  There are teleological

arguments for providing a greater supply of nutrients

from milk or milk replacer, e.g. what would the dam

provide, and there are also arguments for improving

the welfare status of calves by following that concept

(Jasper and Weary, 2002; de Paula Vieira et al., 2008).

Further, data generated over the last ten years has

documented positive responses in productivity of

calves as adult cattle when fed greater nutrient intake

from milk or milk replacer prior to weaning. The

implications of this productivity will be discussed. 

EARLY DEVELOPMENT AND PRODUCTIVITY 

Lactocrine Hypothesis

It has been well recognized that the phenotypic

expression of an individual is affected by both genetic

composition as well as environment.  The

environment contains multiple external signals that

affect the development and expression of the genetic

composition of an animal.  While in the womb, the

mother controls the environment in which the fetus is

developing, influencing in this way the expression of

the genetic material. The effect and extent of maternal

influence in the offspring’s development does not

end at parturition, but continues throughout the first

weeks of life through the effect of milk-born factors,

including colostrum in this definition, which have an

impact in the physiological development of tissues

and functions in the offspring. This concept has been

recently described as the “lactocrine hypothesis”

(Bartol et al., 2008). Conceptually, this topic is not

new but the terminology is useful and the ability of

several groups to make a direct connection from a

factor in milk to a developmental function at the

tissue or behavior level is significant (Nusser and

Frawley, 1997; Hinde and Capitanio, 2010). Data

relating to this topic has been described and

discussed by others in neonatal pigs (Donovan and

Odle, 1994; Burrin et al., 1997) and calves

(Baumrucker and Blum, 1993; Blum and Hammon,

2000; Rauprich et al. 2000). The implication of this

hypothesis and these observations are that the

neonate can be programmed maternally and post-

natally to alter development of a particular process. 

Colostrum’s role

Colostrum, in comparison with milk, is known to

be rich in immunoglobulins (60x cow), as well as

hormones and growth factors such as relaxin (>19x

pig), prolactin (18x cow), insulin (65x cow), IGF-1

(155x cow), IGF-2 (7x cow), and leptin (90x humans)

(Odle et al., 1996; Blum and Hammon, 2000; Wolinski

et al., 2005; Bartol et al., 2008) among many other

factors that have biological activity in the neonate.

For a long period of time, colostrum has been known

to have a major effect on the development of the

gastrointestinal tract, but the exact mechanisms are

still not well understood. During the first few days of

life in neonatal piglets, a notable increase in the

length, mass, DNA content, and enzymatic activities

of certain enzymes (lactase) occurs in the small

intestine for neonates fed colostrum/milk versus a

control of water (Widdowson et al. 1976, Burrin et al.,

1994). This was originally thought to be mediated by

differences in nutrient intake between milk and water

(Burrin et al. 1992). However, other studies have

demonstrated differences between animals fed

colostrum that is rich in growth factors, versus milk

with comparable energy values (Burrin et al., 1995).

To maximize calf survival and growth, plasma

immunoglobulin (Ig) status and thus colostrum

management is of utmost importance. This is

Early Life Nutrition and Management and the
Impact on Lifetime Productivity of Calves

M. E. Van Amburgh, and F. Soberon
Department of Animal Science
Cornell University, Ithaca, NY
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obviously not a new concept and there are hundreds

of papers describing the management and biology

surrounding colostrum quality, yield and Ig

absorption by the calf although some recent research

in colostrum handling and management suggest we

can still make improvements (Godden, 2008).  Until

recently, the primary reason colostrum has been of

interest in neonatal ruminants is due to the

importance of supplying Ig’s to calves born without

any and lacking a mature immune system (Weaver et

al., 2000). Thus, without sufficient levels of Ig’s,

morbidity and mortality rates are increased. While

Ig’s are important, colostrum provides the newborn

calf with much more than Ig’s. There is an abundance

of literature describing some of these other factors in

colostrum and the role these compounds can have in

the development of the calf. Given that calves over

time can produce their own Ig’s through exposure to

bacteria and viruses, maternal antibodies from

colostrum are transient and an argument could be

made that they are not absolutely necessary.

Minimizing the bacterial load of colostrum is

probably one of the major management concerns

with many farms and is usually a factor not

considered or analyzed for. Data demonstrate that the

presence of bacteria in the gut prior to colostrum

ingestion or in the colostrum reduces the uptake of

Ig, thus increasing the incidence of failure of passive

transfer (James et al. 1981, Godden, 2008). Thus

excellent udder health and proper post-harvest

colostrum handling is as important, or even more

important than vaccination programs to minimize

neonatal and post weaned calf diseases and death

loss. 

Of interest are the studies that have described

decreased growth rate and increased morbidity of

calves with low serum immunoglobulin status

(Nocek, et al., 1984; Robinson et al., 1988) and some

have even indicated that milk yield during first

lactation can be affected (DeNise et al., 1989).

Robinson et al. (1988) demonstrated that calves with

higher Ig status were able to inactivate pathogens

prior to mounting a full immune response which

allows them to maintain energy and nutrient

utilization for growth, whereas calves with low Ig

status must mount an immune response which

causes nutrients to be diverted to defense

mechanisms. How severe is this difference or for how

long does it persist? The data of DeNise et al., (1989)

demonstrated that for each unit of serum IgG

concentration, measured at 24 to 48 hr after

colostrum feeding, above 12 mg/mL, there was an

18.6 lb increase in mature equivalent milk. The

implication was that calves with lower IgG

concentration in serum were more susceptible to

immune challenges which impacted long term

performance. As with all longitudinal and

epidemiological studies there are inconsistencies.

Donovan et al. (1998) found indirect effects of

colostrum status on growth and performance of

calves, but concluded it was caused by increased

morbidity and not a direct effect. The calculations of

growth and feed efficiency should in many cases

include the calves that were lost to study, thus

providing a more applicable value.  

Work from Faber et al. (2005) using Brown Swiss

calves demonstrated that the amount of colostrum

provided to calves at birth significantly influenced

pre-pubertal growth rate by over 0.45 lb per day and

the calves receiving greater colostrum showed a trend

for an additional 2,263 lb of milk throughout the

second lactation. The growth rate observation was

not unique to this study, but begs the question if the

response was due to greater feed intake or better feed

conversion efficiency, which was not measured in the

study.   Further, Jones et al. (2004) examined the

differences between maternal colostrum and serum-

derived colostrum replacement. In that study, two

sets of calves were fed either maternal colostrum or

serum-derived colostrum replacement with

nutritional components balanced. The serum-derived

colostrum replacer was developed to provide

essential IgG’s to a neonatal calf; however the

colostrum replacer does not generally contain the

other bioactive factors native to colostrum. These two

groups were then further separated into calves fed

milk-replacer with or without animal plasma,

yielding four different groups. The results

demonstrated that calves fed maternal colostrum had

significantly higher feed efficiency compared to

calves fed serum-derived colostrum replacement. The

IgG status of the calves on both treatments were

nearly identical, suggesting that other factors in

colostrum other than IgG’s were important in

contributing to the differences. 

Some of the other components in colostrum, such as

insulin, IGF-I, relaxin and other growth factors and

hormones, might be important factors in

developmental processes; likewise, a lack or shortage

of them in early life might alter developmental

functions, leading to a change in nutrient utilization

and efficiency. To examine this concept, Soberon and

Van Amburgh (2011) examined the effect of colostrum

37



status on pre-weaning ADG and also examined the

effects of varying milk replacer intake after colostrum

ingestion. Calves were fed either high levels (4 liters)

or low levels (2 liters) of colostrum, and then calves

from these two groups were subdivided into two

more groups being fed milk replacer at limited

amounts or ad libitum. In this study, none of the

calves exhibited failure of passive transfer.

Comparing calves fed 4 liters of colostrum and ad

libitum intake of milk replacer versus 2 liters of

colostrum and ad libitum intake of milk replacer,

calves fed the 4 liters of colostrum demonstrated an

8.5% increase in milk replacer intake, an 18% increase

in pre-weaning ADG, a 12% increase in post-weaning

feed intake, and a 25% increase in post-weaning ADG

through 80 days of life, indicating that colostrum

potentially affects appetite regulation, which

enhances growth and possibly feed efficiency (Table

1).  Therefore, it can be logically concluded that if

colostrum induces changes in feed efficiency, then the

first feeding can also potentially affect future milk

production.

Table 1. Effect of high (4+2 L) or low (2L) colostrum and ad-lib (H)

or restricted (L) milk replacer intake on feed efficiency and feed

intake in pre and post-weaned calves (Soberon and Van Amburgh,

2011).    

Treatment HH1 HL LH LL 

Mean Mean Mean Mean SD

ADG birth to 80 d, lb 1.72a 1.30bc 1.45b 1.17c 0.07 

Hip height gain, birth
to 80 d, cm/d 0.214a 0.157b 0.184c 0.148b 0.008 

Total milk replacer
intake, lb DM 97.8a 44.5b 90.1c 44b 2.4 

Grain intake pre-weaning,
lb 4.8a 26.4b 4.6a 21.3b 3.3 

ADG/DMI, pre-weaning 0.60 0.61 0.67 0.61 0.042

ADG post-weaning, lb 2.4a 2.1ab 1.76b 2.02b 0.13 

DMI post-weaning, lb/d 6.4ab 2.0a 5.7c 5.3bc 0.23 

ADG/DMI post-weaning 0.359 0.345 0.335 0.358 0.020 
1HH = high colostrum, high feeding level, HL = High colostrum,

low feeding level, LH = Low colostrum, high feeding level,LL =

Low colostrum, low feeding level.  Rows with different

superscripts differ P < 0.05.

Nutrient status 

There are several published studies and studies in

progress that have both directly and indirectly

allowed us to evaluate milk yield from cattle that

were allowed more nutrients up to eight weeks of age

(Table 2). The earliest of these studies investigated

either the effect of suckling versus controlled intakes

or ad-libitum feeding of calves from birth to 42 or 56

days of life (Foldager and Krohn, 1994; Bar-Peled et

al, 1997; Foldager et al, 1997).  In each of these

studies, increased nutrient intake prior to 56 days of

life resulted in increased milk yield during the first

lactation that ranged from 1,000 to 3,000 additional

pounds compared to more restricted fed calves

during the same period (Table 2). Although they are

suckling studies, milk is most likely not the factor of

interest, but nutrient intake in general and this is

demonstrated in the more recent data.  

A meta-analysis was conducted to evaluate the data

presented in Table 2 using Comprehensive Meta-

Analysis software (CMA, v2.2.064, Biostat,

Englewood, NJ; Borenstein et al., 2005).  In the first

analysis, the treatment calves, or those calves that

received more nutrients from milk or milk replacer

prior to weaning, were estimated to produce 429 ±

106 lb more milk in first lactation (P < 0.001)

compared to control calves.  This analysis did not

include ADG or any other predictor and was simply

an evaluation of treatment effect.   It should be

immediately recognized that within these data sets,

starter intake was not well described and any starter

intake or additional nutrient intake would enhance

the outcome, but is difficult to quantify.  In the paper

by Soberon et al. (2012) the role of starter intake was

discussed and based on recent studies investigating

starter intake and growth rates, it would be very

difficult for calves to achieve the nutrient intakes and

associated growth rates in the first 4 to 6 wk of life

necessary to realize the milk yield outcome identified

in this analysis.   Equally important was the odds

ratio from this analysis of 2.09 (P = 0.001) which

indicated that a calf receiving more nutrients during

the pre-weaning period was two times more likely to

produce more milk that a calf that is restricted during

the same period.  
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Table 2. Milk production differences as adults among treatments

where calves were allowed to consume approximately 50% more

nutrients than the standard feeding rate prior to weaning from

either milk or milk replacer.

Study Milk yield, lb 

Foldager and Krohn, 1991 3,092s

Bar-Peled et al., 1998 998t 

Foldager et al., 1997 1,143t

Ballard et al., 2005 (@ 200 DIM) 1,543s 

Shamay et al., 2005 2,162s

Rincker et al., 2006 (proj. 305@ 150 DIM) 1,100ns 

Drackley et al., 2007 1,841s

Raith-Knight et al., 2009 1,582ns 

Terre et al., 2009 1,375 ns

Morrison et al., 2009  0ns 

Moallem et al., 2010 1,600s

Soberon et al., 2011 1,216s

Milk response is the difference between treatment milk yield

minus controls P < 0.05, t P < 0.1, ns P > 0.1

Each study offered different quantities and qualities

of nutrients to treatment groups, thus to help

evaluate the outcome of milk yield, ADG was

included in the analysis to account for the effect of

nutrient intake and nutrient quality. In order to

evaluate the effect of ADG on first lactation milk

yield, ADG was included in the analyses as a

predictor variable and analyzed by meta-regression.

In that analyses, a prediction equation was generated

where first lactation milk yield = -106 lb + 1,551.4 (±

637) lb*ADG (Low limit 301 lb, upper limit 2,801 lb; Z

value 2.41; P = 0.01), where ADG is lb pre-weaning

average daily gain.  This means that for every kg of

pre-weaning ADG, calves produced 1,551 lb more

milk during their first lactation (Soberon and Van

Amburgh, 2013).  This was a higher but consistent

response to what was observed among two herds of

850 lb and 1,113 lb per lb of ADG (Soberon et al.,

2012) indicating that the response to pre-weaning

nutrient intake is not constant among herd and most

likely varies with the management and environment

of the herd along with the herd genetic potential for

milk yield.  

Figure 1. Meta regression of the ADG effect on milk

yield response from calves offered more nutrients

pre-weaning. Regression equation: Difference in milk

yield means = -106 lb + 1,551.4 lb*ADG (P = 0.01)

(From Soberon and Van Amburgh, J. Anim. Sci. 2013)

The responses in the studies of Shamay et al. (2005)

and Moallem et al. (2010) are significant, specifically

because they suggest that milk replacer quality is

important to achieve the milk response, as is protein

status of the animal post weaning.  In that study, the

calves were fed a 23% CP, 12% fat milk replacer

containing some soy protein or whole milk. Further,

post-weaning the calves were fed similarly until 150

days of gain, and the diets were protein deficient

(~13.5% CP). Starting at 150 days calves from both

pre-weaning treatments were supplemented with 2%

fish meal from 150 to 300 days of life. The calves

allowed to consume the whole milk (ad libitum for 60

minutes) and supplemented with the additional

protein produced approximately 1,613 lb more milk

in the first lactation indicating that the early life

response could be muted by inadequate protein

intake post-weaning.  

Finally the data of Drackley et al. (2007) again

demonstrate a positive response of early life nutrition

on first lactation milk yield. In this study, calves were

fed either a conventional milk replacer (22:20; i.e. 22%

protein, 20% fat) at 1.25% of the body weight (BW) or

a 28:20 milk replacer fed at 2% of the BW for week

one of treatment and then 2.5% of the BW from week

2 to 5 and then systematically weaned by dropping

the milk replacer intake to 1.25% of the BW for 6 days

and then no milk replacer. All calves were weaned by

7 weeks of age and after weaning all calves were

managed as a single group and bred according to

observed heats. The heifers calved between 24 and 26

months of age with no significant difference among

treatments. Calving BW were also not different and

averaged 1,278 lb. Milk yield on average was 1,841 lb

greater for calves fed the higher level of milk replacer

prior to weaning. 
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The Cornell University Dairy Herd started feeding

for greater pre-weaning BW gains many years ago

and we have over 1,200 weaning weights and 3+

lactations with which to make evaluations outside of

our ongoing study. What makes our approach to this

unique is the application of a Test Day Model (TDM)

(Everett and Schmitz. 1994; Van Amburgh et al., 1997)

for the analyses of the data.  This approach allows us

to statistically control for factors not associated with

the variables of interest and is the same approach that

has been used to conduct sire summaries and

daughter evaluations and develop heritabilities for

genetic traits.  Thus, the outcome is mathematically

more robust and allows us to look within a herd over

time with less bias and to look at herd responses

independent of formal treatments. The resulting

residuals are standardized which makes them

additive over the life of the animal and they can be

calculated for individual test days or over the

lactation.  The power of this type of analyses is much

more significant compared to comparing daily milk

or even ME305 milk and helps us partition out

variance not associated with the variables of interest.

We analyzed the lactation data of the 1,244 heifers

with completed lactations using the TDM approach

and statistically analyzed several factors related to

early life performance and the TDM milk yield

residuals (Soberon et al. 2012). The factors analyzed

were birth weight, weaning weight, height at

weaning, BW at 4 weeks of age and several other

related and farm measurable factors. From a

management perspective the most interesting

observation was the relationship among two factors,

growth rate prior to weaning and intake over

maintenance and first lactation milk yield.  In these

analyses, the strongest relationship associated with

first lactation milk production was growth rate prior

to weaning and the findings are consistent with the

data presented in Table 4.  In our data set, for every

2.2 lb of average daily gain (ADG) prior to weaning

(or at least 42 to 56 days of age), the heifers produced

approximately 1,216 lb more milk (P < 0.01). The

range in pre-weaning growth rates among the 1,244

animals were 0.53 to 2.76 lb per day which, when

analyzed against other farm level data is consistent

but was puzzling to us. Our feeding program at the

research farm is straightforward: 1.5% BW dry matter

from day 2 to 7 and then 2% of BW dry matter from

day 8 to 42 of a 28:15 or 28:20 milk replacer mixed at

15% solids.  Free choice water is offered year around

and starter is offered from day 8 onward.   At that

feeding rate, we are offering twice the industry

standard amount and had assumed it was enough for

overcoming the maintenance requirement and

provide adequate nutrients for growth, even in the

winter.  However, when we analyzed the TDM

residuals by temperature at birth, a very significant

observation was made (Figure 2).

These data very much suggest that although we are

meeting the maintenance requirements of the calves

from a strict requirement calculation, we are not

providing enough nutrients above maintenance to

optimize first lactation milk production. We need to

remember that the thermoneutral zone for calves is

20° to 28° C and that when the temperature drops

below that level, intake energy will be used to

generate heat instead of growth. In addition, when

we analyzed the data by lactation, the response

increased as the animals matured (Table 3).

Figure 2. Test Day Model residuals in kg of milk,

averaged by temperature at time of birth with mean

temperature in Celsius. Columns with different

superscripts differ (P < 0.05).

Taken together, these data demonstrate there are

development or programming events being affected

in early life that have a lifetime impact on

productivity.  When the data were evaluated for the

450 animals that had completed a third lactation, we

found a lifetime milk effect of pre-weaning average

daily gain of over 2,279 lb of milk depending on pre-

weaning growth rates.   Further, 22% of the variation

in first lactation milk production could be explained

by growth rate prior to weaning. This suggests that

colostrum status and nutrient intake and or pre-

weaning growth rate have a greater effect on lifetime

milk yield and account for more variation in milk

yield of the calf than genetic selection.  Generally,

milk yield will increase 150 to 300 lb per lactation due

to selection whereas the effect of management is three

to five times that of genetic selection
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Health effects:   In the Cornell herd, the effect of

diarrhea or antibiotic treatment on ADG was not

significant and ADG differed by approximately 30

g/d for calves that had either event in their records

(P > 0.1). However, for calves that had both events

recorded, ADG was lower by approximately 50 g/d

(P < 0.01). Over the eight year period, approximately

59% of all of the calves had at least one of the

recorded events.      In the data from the Cornell herd,

first lactation milk yield was not significantly affected

by reported cases of diarrhea.  Antibiotic treatment

had a significant effect on TDM residual milk and

calves that were treated with antibiotics produced

493 lb less milk in the first lactation (P > 0.01) than

calves with no record of being treated.

Table 3. Predicted differences by TDM residual milk (lb) for 1st,

2nd, and 3rd lactation as well as cumulative milk from 1st through

3rd lactation as a function of pre-weaning average daily gain and

energy intake over predicted maintenance for the Cornell herd.

Predicted difference
in milk for each

Predicted additional
difference in milk Mcal intake
pre lb of pre- energy above

weaning ADG, lb maintenance,
Lactation            n P valu   lb P value

1st 1244 850 < 0.01 235 < 0.01 

2nd 826 888 < 0.01 108 0.26 

3rd 450 48 0.91 351 < 0.01

1st - 3nd 450 2,279 0.01 902 < 0.01 

Regardless of antibiotic treatment, the effect of ADG

on first lactation milk yield was significant in all

calves (P < 0.05). Calves that were treated with

antibiotics produced 623 lb more milk per lb of pre-

weaning ADG while calves that did not receive

antibiotics produced 1,407 lb more milk per kg of pre-

weaning ADG.  The effect of increased nutrient intake

from milk replacer was still apparent in the calves

that were treated, but the lactation milk response was

most likely attenuated due to factors associated with

sickness responses and nutrient partitioning away

from growth functions (Johnson, 1998; Dantzer, 2006). 

An analysis of all the lactation data and the pre-

weaning growth rates, when controlled for study,

suggests that to achieve these milk yield responses

from early life nutrition, calves must double their

birth weight or grow at a rate that would allow them

to double their birth weight by weaning (56 days).

This further suggests that milk or milk replacer

intake must be greater than traditional programs for

the first 3 to 4 weeks of life in order to achieve this

response. 

What changes in the animal are allowing for these

differences? There is no one answer to that question

but investigations are looking for several factors.

Although mammary development as previously

measured is probably not the appropriate factor

(Meyer et al., 2006a, 2006b), it is intriguing to look at

very specific cells within the mammary gland.  There

are a couple sets of data that demonstrate increased

mammary cell growth based on early life nutrient

intake. Brown et al. (2005) observed a 32 to 47%

increase in mammary DNA content of calves fed

approximately 1 versus 0.5 kg of milk replacer

powder per day through weaning. Just like the milk

production increases discussed earlier, this mammary

effect only occurred prior to weaning. In fact, this

increase in mammary development was not observed

once the calves were weaned, indicating the calf is

more sensitive to level of nutrition prior to weaning

and that the enhancement mammary development

cannot be “recovered” once we wean the animal. 

Meyer et al. (2006a) observed a similar effect in

mammary cell proliferation in calves fed in a similar

manner. The calves on their study demonstrated a

40% increase in mammary cell proliferation when

allowed to consume at least twice as much milk

replacer as the control group before weaning (Meyer

et al., 2006a). Sejrsen et al (2000) observed no negative

effect on mammary development in calves allowed to

consume close to ad libitum intakes. A more specific

attempt to look at stem cell proliferation did not find

increased stem cells in calves fed higher levels of

nutrient intake (Daniels et al., 2008) and it was

hypothesized that the stem cell proliferation might

lead to greater secretory cells once the animal

becomes pregnant. 

SUMMARY

Early life events appear to have long-term effects on

the performance of the calf. Our management

approaches and systems need to recognize these

effects and capitalize on them. We have much to learn

about the consistency of the response and the

mechanisms that are being affected. Given the

amount of variation accounted for in first and

subsequent lactation milk yield, there are

opportunities to enhance the response once we know

and understand those factors.  The bottom line is

there appears to be a positive economic outcome to

improving the management of our calf and heifer

programs starting at birth.  
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Introduction

The number of organic dairy producers in Minnesota

and the Upper Midwest continues to grow.  Over an

eight-year period from 2000 to 2008, the number of

organic farms in Minnesota grew by 42 percent.

Currently, there are over 750 organic dairy farms in

the Upper Midwest.  Between 2000 and 2005, the

number of organic milk cows in the United States

increased from 38,000 to more than 86,000 cows (ERS,

2012; McBride and Greene, 2009), thus slowing the

decline of smaller dairy operations in the Upper

Midwest. Despite the slow-moving economy over the

past several years, consumers continue to purchase

organic dairy products. Organic milk can cost

considerably more than conventional milk; the

national price premium for organic milk averages

$2.50 per gallon.  Interest in organic dairying is on

the increase because of the growing organic market,

premium prices for organic milk, and a preference by

consumers and some farmers for a less intensive

production system.  To maintain the viability of

organic dairy operations, best management practices

and a consistent season-long supply of high quality

forage need to be provided to ensure animal health

and milk production.

Organic Dairy Production

Many people may be confused about the use of the

term “organic”.  Organic, unlike “natural” is defined

by federal law and regulated through a certification

process.  According to the National Organic Program

(NOP) of the USDA (NOP, 2013), organic is a

production system that is managed to respond to site-

specific conditions by integrating cultural, biological

and mechanical practices that foster cycling of

resources, promote ecological balance, and conserve

biodiversity.  To sell milk as organic, a farm must be

certified and inspected annually to verify that an

organic plan is followed.  Rules are incorporated in

the NOP with oversight provided by a certification

agency (Riddle and Gulbranson, 2010).  

For dairy operations, organic certification requires an

Organic Livestock Plan, outdoor access for livestock,

pasture for all dairy animals over 6 months of age

during the grazing season (at least 30% of dry matter

intake from pasture for at least 120 days), no

antibiotics, growth hormones or GMOs, 100% organic

feed, and no rotation of animals between organic and

conventional management.   Furthermore, dairy cows

are to have had one year of organic management

prior to production of organic milk, and manure

must be managed to prevent contamination of crops,

water, and soil, and to optimize recycling of

nutrients.  According to the NOP rules, it is forbidden

to withhold medical treatment from a sick animal in

order to keep it organic (NOP, 2012; NOP, 2013).

Organic livestock must consume organic feed, and

therefore, rules apply to certified organic crop acres

and pastures.  Fields and pastures must have three

years with no application of synthetic fertilizers or

pesticides prior to the first harvest of organic crops or

pasture.  A producer must use organic seeds and an

organic systems plan must be followed to include

proactive soil fertility, and weed and pest

management.  Land transition begins at the date of

the last application of a prohibited substance, and

there must be a buffer zone between organic and

conventional land.  Organic crop and dairy producers

must be certified, and annul certification is an

evaluation system that validates the authenticity of

products sold as organic (NOP, 2013).  

Organic milk price is the biggest incentive for

producers to transition from conventional to organic

production.  Based on spring 2012 prices,

conventional milk base price was about $16 versus

$26/cwt. for organic milk.  Therefore, organic dairy

production is very attractive to producers when the

milk price spread is high.  During the summer of

2011, the milk price spread between conventional and

organic ranged from $3 to $5/cwt. making organic

production not that attractive.  However, supply

management and a sustainable and persistent milk
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price for dairy producers are two incentives for

producers to consider organic production.  

For 2013, Midwest pay price data from CROPP

cooperative (aka Organic Valley, www.farmers.coop)

reports a base component price of $26.55/cwt., which

is, based on 3.5% fat, 3.05% protein, and 5.65% other

solids.  Organic processors also pay significant

premiums for somatic cell count, standard plate

count (SPC), preliminary incubation count (PI), and

lab pasteurization count (LPC).  For somatic cell

count, there is an adjustment of $0.48 cents per

100,000 cells.  The limit for somatic cell count is

350,000.  The deduction is $0.48 per 100,000 over

350,000 cells.  The organic payment information for

all regions of the United States is available at the

Organic Valley website at

http://www.farmers.coop/producer-pools/dairy-

pool/pay-price/.  Finally, organic processors

incorporate a seasonal pay price premium to provide

an incentive for persistent milk production across the

year.  For Organic Valley, there is a $3/cwt. increase

for milk produced during the months of December,

January, and February.   Typically, most organic

producers calve animals in the spring, and therefore,

this incentive is in place for more production during

the winter months.

Organic Grain Prices

Currently, in 2013, the biggest factor affecting the

profit and bottom line of organic dairy herds in the

United States is the high price of organic grains.

During 2010, organic corn prices hovered around

$6/bushel.  However, in 2011, organic corn and

soybean price rapidly climbed to $14/bushel and

early 2013 prices indicate that organic corn will be

high.  Speculation is that most of the organic corn is

going to the western United States for organic

poultry production.  Figure 1 and 2 are from the May

1, 2013 National Organic Grain and Feedstuffs report

of the USDA (AMS, 2013).  Additionally, the report

stated that organic soybean meal averaged $1,150 per

ton, which is not economical to feed to organic dairy

cattle.

Supplementing Diets on Pasture

Feed costs are a high proportion of the total

production costs on dairy farms. With grain prices

expected to increase in the future, dairy farms will

feel pressure to increase the feeding of high quality,

but low cost forages. Pastures and perennial forages

that can be preserved for winter feeding will be a

good source of high quality forage on many farms. 

Supplementation of feeds is designed to complement

pasture forage at a reasonable cost (Hamilton et al.,

2012). Table 1 shows that grasses and legumes benefit

from different supplement formulations. Neither

grass nor legume pasture will meet the energy

requirement of the high producing dairy cow. Levels

of Neutral Detergent Fiber (NDF), especially in

grasses, will limit the ability of the cow to maximize

dry matter intake. High quality legumes or grasses

provide adequate levels of protein, although

requirements for rumen undregradable protein (RUP)

may not be met.

Table 1.  Nutrient recommendations for cows in early

lactation and nutrient composition of pastures.

Nutrient Recommendation Grass Grass-Legume Legume

NEL, Mcal/lb 0.70 0.65-0.70 0.66-0.72 0.68-0.74

Crude protein,% of DM 16.1 27 19 26.5

Bypass protein (RUP) 6.4 4.3-4.6 4.2-5.7 4.6-5.0

NDF, % of DM (min) 25-33 46 45 33

NFC, % of DM 36-44 15-20 15-20 20-25

1989 and 2001 National Research Council

Recommendations (NRC, 2001)

There remain unanswered questions on appropriate

supplementation for grazing cows.  Cows on all

forage diets should respond to supplementation with

high-energy feeds.  Unfortunately, grains replace

forage in the diet.  A typical energy supplement

consists of 10 to 16 lb of finely ground shelled corn

with salt and minerals.  That works out to 1 lb of

supplement for every 4 to 5 lb of milk produced each

day (Hoffman, 2000).  Stored forage or additional

Figure 1.  National Organic
Corn Price 2011 - 2013

Figure 2.  National Organic
Soybean Price 2011 - 2013
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grain may be provided to adjust for seasonal changes

in pasture performance.  Therefore, during the

summer of 2012, we conducted a study that would

develop practical strategies for organic dairy

producers to enhance the profitability of their farm

by evaluating organic grain supplementation levels,

and its effect on economics, behavior, and pest

management of organic dairy cows.    

Organic Grain Supplementation 

Organic dairy cows at the University of Minnesota’s

West Central Research and Outreach Center

(WCROC), Morris, MN, that calved during fall 2011

and spring 2012 calving seasons were used to

evaluate production, reproduction, grazing behavior,

and pest management of organic dairy cattle

supplemented with three levels (none, low, and high)

of organic grain.  Cows were assigned to one of three

supplementation levels and were blocked by lactation

number, breed, and previous lactation milk

production.  Breed groups of cows included pure

Holsteins and various crossbreds of Jersey,

Normande, Holstein, Montbéliarde, and

Scandinavian Red.

During the 2012 grazing season, 96 lactating Holstein

and crossbred organic dairy cattle were randomly

assigned to a grain supplementation treatment (no

grain, low grain, and high grain).  Cows were fed the

following dietary supplementation levels, 1) no grain

supplementation (100% pasture, GRS), 2) low grain

(6 lb of grain supplementation per day, LOW), or 3)

high grain (12 lb per day, HI).  Supplement was fed

with a total mixed ration of an organic grain mix

(corn and minerals).  The TMR was 25 lb of organic

corn silage, 20 lb of organic alfalfa silage, and 1.5 lb

of organic minerals.  Furthermore, at least 30% of

their diet consisted of high-quality organic pasture

during the grazing season.  All feed consumption

was recorded daily with Feed Supervisor software

utilized by the WCROC dairy.  Supplemented cows

were fed TMR in a compost barn after the morning

milking and were allowed to graze during the

afternoon and evening.  The GRS cows were

continually on pasture except during milking.

Pasture herbage production was assessed for each

group of supplemented cows during the grazing

season with an electronic rising plate meter.  Pasture

herbage samples were analyzed for dry matter, ash,

crude protein, neutral detergent fiber, acid detergent

fiber, starch, and minerals using wet chemistry by

Dairyland Laboratories, Inc. (St. Cloud, MN).  

For statistical analysis of production, body weight,

and body condition score, independent variables

were fixed effects of days in milk, season of calving,

lactation number, breed group, and supplementation

group, and cow within breed was a random effect.

For pasture herbage mass and fatty acids, the fixed

effect was supplementation group and collection date

was a random effect. The MIXED procedure of SAS

(SAS Institute, 2012) was used to obtain solutions and

conduct the ANOVA.  All treatment results are

reported as least squares means and significance was

declared at P < 0.05.

The distribution of cows by breed group and

supplementation group is in Table 2. Breed groups of

cows were Holsteins (n = 32) maintained at 1964

breed average level, Holstein-sired crossbreds (n =

27), Jersey-sired crossbreds (n = 26), and

Scandinavian Red-sired crossbreds (n = 11). 

Table 2. Distribution of organic dairy cows by breed group

and supplementation group.

Grass    Low Supplement   High Supplement

Breed group                (N) (N) (N)

1964 Holstein 10 11 11

Holstein-sired
crossbreds 10 8 9

Jersey-sired 
crossbreds 9 9 8

Scandinavian Red-
sired crossbreds 3 4 4

Total cows 32 32 32

The GRS cows had (P < 0.05) lower milk, fat, and

protein production than the LOW and HI cows (Table

3).  However, LOW and HI cows were not different

for milk, fat, and protein production.  Surprisingly,

there were no differences in production between the

two supplemented groups of organic cows, but the

HI cows may have been partitioning the extra 6 lbs.

of grain into body condition, and these results are

presented in Table 5.
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Table 3. Means of production by supplementation

group during the grazing season for organic dairy

cows. 

Low High

Grass Supplement     Supplement

Measurement Mean SE      Mean      SE Mean SE

Milk (lb) 32.2a 2.1 40.4b 1.9 39.4b 1.9

Fat (lb) 1.23a 0.1 1.53b 0.1 1.33a,b 0.1

Fat (%) 3.82a 0.2 3.78a,b 0.2 3.38b 0.2

Protein (lb) 1.03a 0.1 1.31b 0.1 1.26b 0.1

Protein (%) 3.20a 0.1 3.24a 0.1 3.20a 0.1

Somatic cell score 3.66 0.32 3.26 0.27 3.03 0.27

Milk urea nitrogen 
(mg/dl) 14.25a 0.3 10.06b 0.2 7.33c 0.3

Energy-corrected 
milk(lb) 32.2a 1.2 37.2b 1.1 36.3b 1.1

a,b,c = Means within a row without common superscripts are

different at P < 0.05

As expected, the GRS cows had higher milk urea

nitrogen (MUN) than the LOW and HI groups of

cows.  The concentration of MUN in milk provides an

idea of how cows utilize crude protein from the

feedstuffs they consume.  Typical dairy cow MUN

ranges from 10 to 12 mg/dl, but values are higher

when excess rumen degradable and undegradable

protein is fed.  The interpretation of MUN values

may be influenced by many different variables, i.e.

season, breed, level of production, and feedstuffs.

When correcting for the fat and protein content in

milk, the difference between the GRS and LOW and

HI cows was reduced, but the GRS cow were still

lower for energy-corrected milk.

Means for body weight for cows by 14-d period and

across the grazing season are in Table 4.  Across the

grazing season, there were no differences for body

weight for the GRS (1,079 lb), LOW (1,080 lb), and HI

(1,089 lb) organic cows.  The GRS cows had greater

body weight change (+109 lb) compared to the LOW

(+80 lb) and HI (+86 lb) cows.  

Table 4. Means of body weight by supplementation

group during the grazing season for organic dairy

cows.

Grass Low Supplement      High Supplement

Measurement for 14-d 
period Mean SE      Mean      SE Mean       SE

1 1,022 27.3 1,043 26.4 1,050 26.1

2 1,093 27.2 1,062 26.4 1,064 26.1

3 1,043 27.2 1,071 26.4 1,087 26.0

4 1,074 27.2 1,059 26.4 1,066 26.1

5 1,067 27.2 1,090 26.5 1,081 26.1

6 1,071 27.2 1,078 26.5 1,095 26.1

7 1,116 27.2 1,105 26.5 1,116 26.1

8 1,093 27.5 1,092 26.6 1,105 26.3

9 1,131 27.7 1,123 26.8 1,136 26.4

Mean of 14-d 
periods 1,079 26.6 1,080 25.8 1,089 25.5

Body weights for groups were not different for specific 14-d

periods (P < 0.05)

For BCS across the grazing season, the GRS (2.98)

cows had lower body condition scores than the LO

(3.09) and HI (3.15) cows (Table 5).  During the early

period of the grazing season (May), GRS cows were

not different from the supplemented cows for body

condition score.  These results may be attributed to

fact that there was an adjustment period for the GRS

cows moving from TMR to 100% pasture.  However,

during the latter period of the grazing season, the

GRS cows were (P < 0.05) lower for body condition

score than the LO and HI cows.  Although not

significantly different, the HI cows had numerical

higher body condition scores than the LO cows.
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Table 5. Means of body condition score by supplementation group

during the grazing season for organic dairy cows.

Grass Low Supplement      High Supplement

Measurement for 14-d 
period Mean SE      Mean      SE Mean       SE

1 3.12 0.08 3.12 0.07 3.23 0.07

2 3.28 0.07 3.25 0.07 3.20 0.07

3 3.14a 0.07 3.34b 0.07 3.37b 0.07

4 2.86a 0.07 3.00a,b 0.07 3.06b 0.07

5 2.86a 0.07 2.97a,b 0.07 3.06b 0.07

6 2.86a 0.07 2.97a,b 0.07 3.07b 0.07

7 2.91a 0.08 3.12b 0.07 3.12b 0.07

8 2.87 a 0.08 2.98 a,b 0.08 3.04 b 0.08

9 2.90a 0.08 3.03a,b 0.08 3.17b 0.08

Mean of 14-d 
periods 2.98a 0.06 3.09a,b 0.06 3.15b 0.06

a,b,c = Means within a row without common superscripts are

different at P < 0.05

Potentially, the LOW and HI cows in this study

devoted more of the energy they consumed to

maintain and restore BCS compared than GRS cows

and this, in turn, may have resulted in the enhanced

reproductive cyclicity of the LOW and HI cows. 

Pasture herbage mass results (Table 6) for cows found

the GRS (562 lb) cows consumed more dry matter

intake per acre per day than the LO (465 lb) or HI

(472) cows on pasture, as expected.  The GRS cows

may have had higher dry matter intake on pasture, if

the digestibility of the grass would have remained

constant throughout the grazing season.  The NDF

digestibility was high during May and June,

decreased during July and August, and was the

lowest in September even though crude protein was

constant from June to September.  The GRS cows

were simply not consuming enough quality dry

matter intake from pasture during the latter part of

the grazing season, and this may be one of the

reasons for the lower milk production that was

observed for the GRS cows compared to the LO and

HI cows

Table 6. Means of pasture herbage mass by supplementation group

during the grazing season for organic dairy cows.

Grass Low Supplement      High Supplement

Grazing 
measurement  Mean Mean Mean

Pre-grazing herbage mass
(lb/DM/acre) 3,389a 3,377b 3,426b

Post-grazing herbage mass
(lb/DM/acre) 2,140a 2,329b 2,374b

Forage intake

(lb/DM/acre) 1,252a 1,080b 1,091b

Dry matter/acre/day 562a 465b 472b

a,b,c = Means within a row without common superscripts are

different at P < 0.05

The results for fatty acid profile analysis across the

grazing season are in Table 7.  The most beneficial

fatty acids to human health are Stearic (18:0), Oleic

(18:1), Linoleic (18:2), and Linolenic (18:3), and those

fatty acids were all (P < 0.05) higher in milk from the

GRS cows compared to milk from the LOW or HI

cows.  Furthermore, the GRS cows had milk than was

lower in Lauric (12:0), Myristic (14:0), and Palmitic

(16:0) acid than the LOW and HI cows.  Lauric,

Myristic, and Palmitic acid have been shown to be of

greater risk to human health (Daley et al, 2010).

Additionally, the GRS cows had milk that was (P <

0.05) higher for mono-unsaturated fat and Omega-3

fatty acid than milk from LOW and HI cows.  No

difference was found for supplementation groups for

Omega-6 fatty acid.  

Total mixed ration cost were lower ($0.00 versus $3.18

versus $4.21), pasture cost were higher ($1.02 versus

$0.86 versus $0.87), and production revenue from

milk were lower ($5.02 versus $6.35 versus $5.53) for

GRS, LOW, and HI cows, respectively.  Although the

LOW cows consumed lower amounts of concentrate,

they had similar production to the HI cows.  Income

over feeds costs ($/cow/day) was higher for the GRS

and LOW cows compared to the HI cows ($3.61

versus $2.20 versus $0.38, respectively).  For

profitability, grain costs were substantially higher for

the HI cows, and therefore, resulted in a reduced

income over feed cost for HI cows.  The higher cost of

production for the HI cows is due to the extremely

high value of organic corn ($13.21/bushel, April

2013).  The GRS cows had the highest income over

feed costs compared to the other supplementation

groups because of lower feed costs, mainly pasture.

Therefore, a low grain ration may reduce feed costs

without sacrificing profit in an organic dairy system.
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Table 7. Means of specific fatty acids by supplementation group

during the grazing season for organic dairy cows.

Low High

Grass            Supplement      Supplement

Measurement Mean SE      Mean        SE Mean SE

------------- ( %) weight of total fat ---------------

C12:0 Lauric 2.28a 0.2 3.15b 0.2 3.43b 0.2

C14:0 Myristic 8.78a 0.4 10.70b 0.4 11.00b 0.4

C16:0 Palmitic 24.83a 0.8 29.18b 0.8 29.08b 0.8

C18:0 Stearic 13.63a 0.6 12.23b 0.6 11.85b 0.6

C18:1 Oleic 24.48a 1.0 21.58b 1.0 21.60b 1.0

C18:1T Elaidic 6.58a 0.3 4.03b 0.3 3.93b 0.3

C18:2 Linoleic 1.48a 0.09 1.63a,b 0.09 1.83b 0.09

C18:2T Linoelaidic 1.35a 0.1 1.13a,b 0.1 0.95b 0.1

C18:3 Linolenic   0.90a 0.07 0.73a,b 0.07 0.65b 0.07

------------------------ ( %) in sample of milk ------------------------

cis-Monounsaturated 
Fat        1.14a 0.07 0.94b 0.07 0.93b 0.07

cis-Polyunsaturated 
Fat        0.12 0.01 0.11 0.01 0.12 0.01

Omega 3 Fat          0.05a 0.0 0.04b 0.0 0.03b 0.0

Omega 6 Fat 0.08 0.0 0.07 0.0 0.08 0.0

Saturated Fat 2.61 0.2 2.61 0.2 2.63 0.2

Total Fat 
Triglycerides        4.46 0.2 4.07 0.2 4.10 0.2

trans Fat         0.37a 0.02 0.21b 0.02 0.22b 0.02
a,b,c = Means within a row without common superscripts are

different at P < 0.05

Table 8. Means of profitability by supplementation group during

the grazing season for organic dairy cows. 

Low High

Grass            Supplement      Supplement

Measurement Mean SE      Mean        SE Mean SE

TMR cost ($) 0.0a 0.06 3.18b 0.06 4.21c 0.06

Pasture cost ($) 1.02a 0.03 0.87b 0.03 0.86b 0.03

Production 
revenue ($) 5.02a 0.3 6.35b 0.3 5.53c 0.3

Income over feed 
cost ($) 3.61a 0.3 2.20b 0.3 0.38c 0.3
1 = All revenue and costs are in dollars per cow per day
a,b,c = Means within a row without common superscripts are

different at P < 0.05

Conclusions

The dairy segment of the organic food industry is

rapidly growing.  More consumers are choosing

organic dairy products and organic dairy

consumption is on the increase.  For organic dairy

production, feed must be 100% organic, antibiotics

and hormones are not allowed, pasture is mandated,

and extensive records must be maintained on feed

and animal health.  There are many challenges

associated with organic dairy production and

extensive planning is needed for producers

considering a transition to organic dairy production.

Some challenges include fewer health products

allowed, higher costs of feed, less research

information available on organic dairy production,

high costs of certification ($500 to $1,500 per year),

and the extensive paperwork and records that must

be maintained on all aspects of the farm. 

Pasture can be a cost effective source of feed and

housing for dairy animals.  The pastures should

utilize productive and high quality legumes and

grazes organized in paddocks that are intensively

grazed with rest periods of three to four weeks before

being grazed again.  Animals should be monitored

regularly to determine the need for supplementation

and general health.  During the first year of our

organic grain supplementation project, cows that

consumed 100% pasture had lower milk production,

lower body condition scores, but had milk that was

higher in beneficial fatty acids.  This information can

be significant to organic dairy producers, as well as

conventional producers, who are looking to reduce

input costs during high grain prices.  Producers who

have a handle on their feed costs in an organic dairy

production system can make informed decisions that

reduce financial loss.  The most important point for

reducing inputs and increasing profits in organic

dairy systems is to produce high quality forages and

maximize dry matter intake on pasture.
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TAKE HOME MESSAGE

•  Cows that received controlled energy (CE) diets
during the last 4 weeks (wk) prepartum had
higher hazard ratio for difference in days to
pregnancy (DTP).  Such a finding may be
explained by the increased net energy for lactation
intake (NELI) in the first 4 wk postpartum, lower

incidence of diseases (DISE), and lower incidence
of multiple diseases (MDISE).

•  Lower body condition score (BCS) loss in the first
6 wk and slightly greater glucose concentrations at
wk 3 may have contributed to improved
reproductive performance. Energy-limited cows
had lower liver triglyceride (TG) concentrations at
wk −2, which led to fewer DTP. 

•  Cows that received CE diets during the dry period
yielded the same amount of milk as cows that
received high energy (HE) diets. 

•  Cows fed HE during the close-up (CU) period had
higher milk fat and milk protein during early
lactation. 

•  Cows fed HE during the far-off (FO) period lost
more body weight (BW) in the first 6 wk after
calving, which might be related to higher MUN
concentration in wk 3 for those cows. 

•  Cows fed CE during the dry period had less odds
for developing displacement of abomasum (DA) or
clinical ketosis (KET).

INTRODUCTION

During the transition period from late gestation
through early lactation, the dairy cow undergoes
tremendous metabolic adaptations (Bell, 1995). The
endocrine changes during the transition period are
necessary to prepare the dairy cow for parturition
and lactogenesis. As peak milk yield increases, the
transition period for dairy cows becomes much more
challenging with most infectious diseases and
metabolic disorders occurring during this time
(Drackley, 1999; Grummer, 1995). Decreased dry
matter intake (DMI) during late gestation influences
metabolism leading to fat mobilization from adipose
tissue and glycogen from liver.

Nutrient demand for milk synthesis is increased in
early lactation; if no compensatory intake of nutrients
is achieved to cope with the requirement,
reproductive functions (i.e., synthesis and secretion of

hormones, follicle ovulation, and embryo
development) may be depressed. Milk production
increases faster than energy intake in the first 4 to 6
wk after calving, and thus high yielding cows will
experience negative energy balance (NEB).

Therefore, strategies that stimulate DMI around
parturition are of grant advantage for the dairy cow.
Based on previous reports (Kunz et al., 1985) and on
field observations from experienced professionals
such as Dr. Gordie Jones, Drackley’s group at the
University of Illinois was motivated to better
understand the possible effects of controlled energy
feeding during the transition period.
Controlling energy with high fiber rations seems to
improve DMI after parturition, thereby avoiding
excessive adipose tissue lipid mobilization. One can
hypothesize that the benefits of the controlled energy
diet prepartum could have a positive effect on cows’
fertility. In order to best evaluate pregnancy risk to
assess fertility of dairy cows, statistical inferences
should be based on survival analysis.

NUTRITION

Common dietary recommendations for close-up cows
following publication of the NRC (2001) include
feeding diets containing relatively high (36 to 44%)
concentrations of nonfiber carbohydrate (NFC) to
promote DMI during the peripartum period in an
attempt to increase dietary energy intake and thus
decrease the cow’s reliance on NEFA. However,
compared with diets lower in NFC content, excessive
concentrations of starch-based NFC (>40%) in the
prepartum diet may result in a greater decrease in
DMI immediately before calving (Rabelo et al., 2005)
and could potentially be detrimental to postpartum
health and performance. 

In a review, Grummer (1995) suggested that
prepartum DMI was positively correlated with
postpartum DMI and that prepartum DMI should be
maximized to improve postpartum performance and
health. This author also suggested that increasing the
nutrient density of the diet could increase DMI and
thus nutrient intake.
Cows that were overfed during the entire dry period
had higher serum insulin concentration and lower
basal lipolytic rates in adipose tissue during the last
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week prepartum than cows that were feed restricted
(Rukkwamsuk et al., 1998). Conversely, VandeHaar
et al. (1999) increased dietary protein and energy
density during the prepartum period and observed a
reduction in liver TG concentration (2.4 vs. 1.5%, wet
basis) on day 1. 

Dann et al. (2006) concluded that during the first 10
days in milk (DIM), far-off treatments had significant
carryover effects on DMI, energy balance, serum
NEFA concentration, and serum BHBA
concentration. Cows with the lower energy balance
during the far-off period had higher DMI and energy
balance and lower serum NEFA and BHBA during
the first 10 DIM. There were no effects of close-up
diet and no interactions of far-off and close-up
treatments.

Drackley (1999) suggested that dietary fat or elevated
NEFA from decreased nutrient intake in the studies
of Grum et al. (1996) and Douglas et al. (1998) may
have increased expression and action of peroxisome
proliferator-activated receptor, leading to increased
hepatic oxidation and decreased esterification of FA
observed in liver tissue. Both starvation and
increased dietary fat intake lead to increases of acyl-
CoA concentrations in rat liver (Ney et al., 1989).
Increases in NEFA during the last few days before
calving may contribute to decreased DMI due to
hepatic oxidation of NEFA and neural signaling from
the liver via the vagus nerve (Allen et al., 2005).
Hayirli et al. (1998) observed that over-conditioned
cows experienced a gradual decline in DMI during
the transition period; whereas, thin cows maintained
DMI longer prior to experiencing a more abrupt
decrease in DMI shortly before parturition. 

CONTROLLED ENERGY

Feeding diets with 1.30 Mcal NEL/kg of DM
accommodates energy requirements for maintenance,
pregnancy, and mammary growth in mature cows
during the dry period (NRC, 2001). Usually at dry-
off, cows are fed high forage diets containing high
fiber compared to the lactation diet. The diet change
affects bacterial population, the absorptive capacity
and size of the rumen papillae, and therefore the
capacity for absorption of volatile fatty acids in the
rumen (Goff and Horst, 1997). During the close-up
period (usually 3 wk before parturition) rations of
higher energy and nutrient density are fed (“steam-
up” diets) with the objective to adapt the rumen
microbial population and papillae to the high-energy
content of the lactation diet just after calving
(Grummer, 1995). However, there is evidence that
cows can over consume energy relative to their
energy requirement independent of diet adjustments
(Dann et al., 2006, Janovick and Drackley, 2010). Even
though steam-up diets are frequently used in dairy

farms, research had not demonstrated that they
improved milk production, body condition, or the
immune status of the cow during the transition
period.

Based on previous reports (Kunz et al., 1985) and on
field observations from experienced professionals
such as Dr. Gordie Jones, Drackley’s group at the
University of Illinois was motivated to better
understand the possible effects of controlled energy
feeding during the transition period. The strategy
developed was to formulate and feed rations with
relatively low energy density (1.30 to 1.39 Mcal
NEL/kg of DM) during the entire dry period. The
incorporation of low energy ingredients (straw or
low quality grass hays) allows cows to consume ad
libitum without exceeding their daily energy
requirements (Janovick and Drackley, 2010).
Controlling energy with high fiber rations seems to
improve DMI after parturition, avoiding excessive
adipose tissue mobilization (Douglas et al., 2006).
Milk production appears to be similar when
compared to higher energy close-up programs
(Douglas et al., 2006, Janovick and Drackley, 2010). 
Benefits of feeding controlled energy (CE) diets
prepartum to dairy cows have been reported (Dann
et al., 2006; Douglas et al., 2006; Janovick and
Drackley, 2010). Recently, Janovick et al. (2011)
suggested that cows fed CE during the dry period
had fewer diseases and disorders than cows fed high-
energy (HE) diets. Also, Beever (2006) stated that
farmers have repeatedly observed easier calving and
greater DMI around parturition when energy intake
is controlled prepartum. Excess energy consumption
prepartum also seems to result in a larger decline in
DMI prepartum compared with cows having
controlled intake prepartum (Janovick et al., 2011).
Such steep changes in DMI prepartum have been
associated with increased deposition of lipid in liver
postpartum (Drackley et al., 2005).  From a practical
standpoint, the CE approach may simplify dry cow
management by avoiding social stress due to group
changes (Cook and Nordlund, 2009) and allowing a
single group feeding instead of the two-group
approach (Dann et al., 2006). 

REPRODUCTION AND NUTRITION

Nutrient demands for milk synthesis are increased in
early lactation, and if no compensatory intake of
nutrients is achieved to cope with requirements
reproductive functions (i.e., synthesis and secretion of
hormones, follicle ovulation, and embryo
development) may be depressed. The incidence of
diseases and disorders can be high during this time
period and have a negative impact on reproductive
performance. The risk of pregnancy was reduced if
cows had retained placenta (RP; i.e., presence of fetal
membranes 12 hours or more following parturition –
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Radostitis et al., 2007) or lost one body condition
score (BCS) unit (Goshen and Shpigel, 2006; Santos et
al., 2008).

Milk production increases faster than energy intake
in the first 4 to 6 wk after calving. High yielding cows
will experience NEB where blood concentrations of
NEFA increase, while concentrations of insulin-like
growth factor-I (IGF-I), glucose, and insulin are low.
If extreme, these changes in blood metabolites and
hormones may compromise ovarian function and
fertility. In addition, energy balance and DMI can
decrease plasma concentrations of progesterone
(Vasconcelos et al., 2003; Villa-Godoy et al., 1988),
possibly interfering with follicle development and
pregnancy maintenance. 
Improved management of herds and genetic selection
during the last decades have increased milk
production of dairy cows, at the same time that
fertility has decreased (Butler, 2003). Selection for
increased milk yield in the dairy cow has changed
endocrine profiles of those animals, including
increased blood concentrations of bovine
somatotropin and prolactin and decreased insulin
(Bonczeck et al., 1988). The difference in the
metabolite and hormonal profile together with
increased nutrient demands for milk production
might have a negative impact on reproduction of the
dairy cow. Nevertheless, good management and
adequate nutrition have been shown to alleviate the
depression of fertility on herds with average milk
production exceeding 12,000 kg/cow annually (Nebel
and MacGilliard, 1993; Jordan and Fourdraine, 1993).
Different nutritional strategies have been proposed to
improve reproduction of the dairy cow with no
detrimental effect on lactation performance. Feeding
high quality forages, increasing the
concentrate:forage ratio, or adding supplemental fat
to diets are some of the most common ways to
improve energy intake in cows. Reproduction of
dairy cattle may be benefited by maximizing DMI
during the transition period, minimizing the
incidence of periparturient problems, and promoting
increased concentrations of insulin in early lactation.

UTERINE HEALTH AND FERTILITY

A large number of epidemiological studies have
demonstrated strong relationships between diseases
postpartum and subsequent reproductive
performance in dairy cattle. Cows identified with
clinical hypocalcemia were 3.2 times more likely to
experience RP than cows that did not have clinical
hypocalcemia (Curtis et al., 1983). Whiteford and
Sheldon (2005) also found an association between
hypocalcemia and occurrence of uterine disease in
lactating dairy cows. Markusfeld (1985) suggested
that 80% of cows with ketonuria developed metritis
(i.e., cows with abnormally enlarged uterus and a

purulent uterine discharge detectable in the vagina,
within 21 d postpartum – Sheldon et al., 2006).

Usually, cows with RP have increased risk of
developing metritis compared with cows without RP.
Both metritis and RP double the risk of cows
remaining with uterine inflammation at the time of
first postpartum insemination (Rutigliano et al.,
2008).  Both RP and metritis have a negative impact
on reproductive success in lactating dairy cows, with
reduced conception rates and extended intervals to
pregnancy (Goshen and Shpiegel, 2006).
Furthermore, not only does the clinical disease
negatively affect fertility, but subclinical
endometritis, a disease characterized by increased
proportion of neutrophils in uterine cytology without
the presence of clinical signs of inflammation of the
uterus, has deleterious effects on conception rates of
lactating dairy cows at first postpartum insemination
(Sheldon et al., 2006).

Feed intake and feeding behavior around parturition
might mediate some of the increased risk for uterine
diseases in dairy cattle (Hammon et al., 2006; Huzzey
et al., 2007; Urton et al., 2005). Hammon et al. (2006)
observed that cows developing uterine disease
postpartum experienced reduced DMI beginning 1
wk before parturition. In concordance, cows
diagnosed with severe metritis after calving were
already consuming less DMI 2 wk prior to calving
(Huzzey et al., 2007). In the same study, cows that
subsequently developed mild metritis had reduced
DMI 1 wk before calving compared with cows with
healthy uterus. Urton et al. (2005) observed that cows
subsequently developing metritis spent significantly
less time eating before and after calving than cows
that did not develop metritis. Therefore, diminished
intake of nutrients or alterations in feeding behavior
prior to calving may be major risk factors for
development of metritis postpartum. 

Since intake of nutrients influences energy status and
immune function of dairy cows, both being related to
the risk of uterine diseases, one could suggest that
nutritional and management strategies that optimize
nutrient intake around parturition should improve
uterine health and subsequent fertility of dairy cows.
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NUTRITIONAL REGIMEN, METABOLIC

DISORDERS, REPRODUCTION, AND

PRODUCTION IN DAIRY COWS DURING THE

TRANSITION PERIOD

Negative energy balance (NEB) during the first
weeks postpartum is associated with reduced
reproductive performance in dairy cows. A meta-
analysis approach was conducted to investigate the
association between prepartum energy feeding
regimen and reproductive performance. Days to
pregnancy (DTP) was used as the dependent variable
to assess reproductive performance. The database
was developed from 7 experiments completed in our
group from 1993 to 2010. Individual data for 408
cows (354 multiparous and 54 primiparous) were
included in the analysis. The net energy for lactation
(NEL) intake was determined from each cow’s
average DMI and calculated dietary NEL density.
Treatments were applied prepartum and were
classified as either controlled energy (CE; median
NELI = 13.7 Mcal/d) or high energy (HE; median

NELI = 22.1 Mcal/d) diets fed during the far-off (FO)

or close-up (CU) dry periods.  Cow was the
experimental unit.  

The Cox proportional hazard model revealed a
significant difference in DTP between HE and CE
during the CU period (median = 167 and 157 d;
hazard ratio (HR) = 0.696; Figure 1). Cows fed HE
diets during the last 4 wk prepartum lost more BCS
in the first 6 wk postpartum than those fed CE (−0.43
and −0.30, respectively). Cows with 3 or more
lactations lost more BCS than cows with one or two
lactations (−0.42 and −0.33, respectively). Cows fed
CE during the FO period had lower nonesterified
fatty acids (NEFA) concentrations in wk 1, 2, and 3 of
lactation compared with cows fed HE. Higher NEFA
concentration in wk 1 postpartum was associated
with a greater probability of diseases (n = 251; OR =
1.176). 

Cows on the CE regimen during the FO period had
greater plasma glucose concentrations during wk 1
and 3 after calving than cows fed the HE regimen.
Higher plasma glucose (HG) concentration compared
with lower glucose (LG) in wk 3 (HG n = 154; LG n =
206) and wk 4 (HG n = 71; LG n = 254) after calving
was associated with greater HR for DTP (wk 3:
median = 151 and 171 d for HG and LG, HR = 1.334;
wk 4: median = 148 and 167 d, HR = 1.394). In the
first 2 wk after calving, cows that received HE in the
FO period had higher concentrations of total lipids
and triglyceride and greater ratio of triglyceride to
glycogen in liver than did CE. In conclusion, cows
fed CE during the CU period had greater HR for
DTP, meaning a shorter interval between parturition
and conception. The positive effect of CE may be

explained by increased NEL intake during the first 4
wk postpartum and lower incidence of peripartal
diseases. In addition, lower BCS loss during the first
6 wk postpartum and slightly higher glucose
concentration at wk 3 likely contributed to improved
reproductive performance.

Figure 1. Survival function curves for days to pregnancy

(DTP) for 332 Holstein cows fed either controlled energy

(CE = blue) or high energy (HE = red) during the last four

weeks before calving. Blue and red lines represent median

values for DTC when 50% of the cows were pregnant.

Additionally, to investigate the association between
prepartum energy feeding regimen and productive
performance and health, the same dataset was
analyzed.  Milk production, milk components, BW,
cholesterol, displacement of abomasum (DA), and
ketosis (KET) were the variables used to assess
productive performance and health status. The net
energy for lactation (NEL) intake (NELI) was

calculated from the cow’s respective dietary NEL
density and average DMI. 
There was no statistical difference for milk
production in the first 4 wk postpartum between
cows fed CE or HE prepartum. Cows fed HE during
CU had greater milk fat concentration in wk 2, 3 and
4 than cows fed CE. Cows fed HE during CU had
higher protein concentration during wk 3 and 4 then
cows fed CE. Cows that were fed HE during CU lost
more BW either as absolute amounts (kilograms) or
as percentage loss during the first 6 wk postpartum
(38.5 vs 19.7 kg, SEM 8.9, and 5.6 vs 2.9 %, SEM = 1.2,
respectively). In addition, cows that were fed HE
during the dry period had greater odds of
experiencing DA or KET when compared to cows
that received CE.
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Take Home Message:  Use of forage substitutes in
low starch / high byproduct diets can maintain good
milk production and components in late lactation
cows.  Intakes increased, and feed efficiency and
income over feed costs were lower than on a high
forage/higher starch TMR.  Dietary phosphorus
contents were also greater than with the high forage
TMR because of the byproducts used.  There was a
suggestion that feeding the highest amount of wheat
straw may have increased mobilization of body
tissues, so body condition should be watched
carefully with these types of rations.

The drought has made 2012 a challenging year.  Feed
prices were high and forage was limited in both
quality and quantity in some areas.  So, what are our
options for feeding cows?  We know that dairy cows
need fermentable and physically effective feeds to
provide nutrients and maintain good rumen function.
Common forage substitutes such as sugar beet pulp
or straw provide either very fermentable or very
physically effective fiber sources, respectively.  In
dealing with high feed prices, replacement of
purchased corn grain or soybean meal with less
expensive by-product feeds could reduce cost of the
ration.  However, a challenge is that formulating
rations based largely on forage substitutes and
byproducts has not been well explored.  Do they
need more effective fiber to keep byproduct fiber in
the rumen to be digested?  We ran an experiment to
test some of the possibilities.

The objective of the feeding trial was to evaluate
performance of lactating dairy cows offered different
combinations of forage substitutes (wheat straw =
more effective fiber, and sugar beet pulp = more
fermentable) in diets that were relatively low in
forage and supplemented solely with byproducts (no
corn, no soy).  Forty-eight late lactation cows,
including 8 that were ruminally cannulated were
used; cows averaged 1.3 lactations, 71 lb milk, 1442 lb
body weight, and 280 days in milk at the start of the
trial.  Cows were offered a high forage TMR
(covariate diet) in the first 2 weeks of the study, and
then switched to 1 of 4 experimental diets for 4
straight weeks of feeding (Table 1).  The experimental
diets contained only 40% true forage (corn & alfalfa
silages), and differed in the amount of chopped

wheat straw or sugar beet pulp pellets they
contained, ranging from 0% straw + 12% beet pulp to
9% straw + 3% beet pulp.  All other ingredients were
kept in the same proportions in all diets.  Molasses
was included to bind the rations together and reduce
sorting.  Diets contained monensin.

When analyzing the results, the cow responses from
the initial 2 week feeding period on a common TMR
was used to adjust the responses on the experimental
diets so that results took into account the relative
change in performance of individual cows.  One of
the cannulated cows was omitted from the
performance evaluations because of low milk
production (12 lb / day) and she was used only for
rumen and fecal pH measures.

Results
Compared to the “normal” higher forage/higher
starch TMR, the experimental rations contained a
lower proportion of NDF from forage (NDF from
corn & alfalfa silages, and chopped wheat straw).
Ranges of 0.8 to 0.95 of bodyweight as forage NDF
have been recommended; the experimental diets
were below and above these values.  Starch content
of the experimental diets was less than half as much
as is commonly included in lactating dairy cow diets
in the Midwest and two-thirds higher in phosphorus
(Table 1).

Dry matter intake was 9 lb greater overall on the high
byproduct/low forage diets as compared to the high
forage TMR (57.4 vs 48.4 lb, respectively, simple
averages).  Intake declined as straw replaced sugar
beet pulp (Table 2).  Milk production tended to
decline, but the total decrease was 3 lb of milk as
straw increased from 0 to 9%.  Butterfat % tended to
decline and then increased as straw increased; milk
protein % did not change across diets.  With the
changes in milk and component production, fat yield
did not change across diets, whereas milk protein
yield declined.  Milk urea nitrogen rose as straw
increased; the MUN at 9% straw was or tended to be
greater than the responses at lesser amounts of straw.
Despite the slight increase at 3% straw, 3.5% fat- and
protein-corrected 
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Table 1. Feed and chemical compositions of study diets
(% of dry matter).
Covariate   ---Chopped Wheat Straw %---

Feed Diet 0 3 6 9
Corn Silage 28.6 20 20 20 20
Alfalfa Silage 32.4 20 20 20 20
Chopped wheat straw --- 0 3 6 9
Sugar beet pulp --- 12 9 6 3
Distillers grains 4.0 8 8 8 8
Corn gluten feed --- 25.5 25.5 25.5 25.5
Whole cottonseed --- 5 5 5 5
Vitamin & Minerals 2.4 2.5 2.5 2.5 2.5
Molasses 80:20 cane:whey --- 7 7 7 7
High moisture corn 20.7 --- --- --- ---
Roasted soy beans 7.9 --- --- --- ---
High protein soybean meal 3.7 --- --- --- ---
Sodium bicarbonate 0.25 --- --- --- ---
Salt 0.13 --- --- --- ---

Diet dry matter, % 45.8 52.6 54.8 53.8 54.0
As % of diet dry matter
Crude protein 16.4 16.9 16.6 16.4 16.2
NDF 30.4 33.1 34.4 35.6 36.9
Starch 27.8 10.7 10.8 10.8 10.8
Nonfiber carbohydrate 41.5 33.1 31.8 30.6 29.3
Ca 1.06 0.98 0.95 0.92 0.90
P 0.38 0.60 0.60 0.60 0.60
K 1.72 1.63 1.67 1.70 1.73
Mg 0.44 0.46 0.45 0.45 0.44
S 0.24 0.36 0.35 0.34 0.34
Forage 61 40 43 46 49
Forage NDF/Diet NDF, % 80 51 56 61 66
Forage NDF % of BW 0.85 0.66 0.72 0.84 0.98
NDF = neutral detergent fiber analyzed with sulfite and amylase,
BW = body weight

Table 2. Production performance and efficiency
on experimental diets.

------Chopped Wheat Straw %------- P-values
Measure 0 3 6 9    SED linear  quadratic
Dry matter

intake, lb 59.4 57.1 57.1 56.1 1.4 0.03 0.51
Dry matter

intake, % BW 3.96 3.83 3.88 3.80 0.09 0.12 0.70
Milk, lb 70.9 72.0 69.4 68.0 1.95 0.08 0.37
Fat, % 4.26 4.17 4.19 4.53 0.16 0.11 0.06
Protein, % 3.31 3.27 3.27 3.27 0.05 0.44 0.65
3.5% FPCM, lb 78.7 79.2 76.3 75.7 2.9 0.20 0.79
MUN, mg/dl 10.0 10.9 10.6 12.0 0.46 <0.01 0.48
Fat, lb 3.04 3.04 2.91 3.02 0.14 0.67 0.58
Protein, lb 2.34 2.36 2.28 2.16 0.07 0.02 0.18
3.5% FPCM/DMI 1.34 1.41 1.34 1.35 0.052 0.83 0.48

Milk N/Intake N 0.23 0.24 0.24 0.23 0.008 0.97 0.08

Body weight
change, lb 70 59 55 55 14 0.27 0.56

3.5% FPCM = 3.5% fat- and protein- corrected milk, DMI = dry

matter intake, N = nitrogen, SED = standard error of the difference.

milk production efficiency did not differ across
experimental diets.  Milk nitrogen efficiency tended
to increase and then decrease with increasing wheat
straw.  Body weight increased on all diets, but we
don’t know to what extent this was due to increased
gut fill.  No major, obvious condition score changes
were noted, but body condition was not monitored in
this study.

Cows were fed the covariate and forage
substitute/high byproduct diets a month apart, so
the change in DIM had to be taken into account, but,
even so, 3.5% fat- and protein-corrected milk did not
differ between them (75.3 vs 76.2 lb, least squares
means, P=0.48).  Because of the large difference in
dry matter intake, the efficiency of production for
3.5% fat- and protein-corrected milk (1.50 vs. 1.28,
P<0.01) and milk N/feed N (0.27 vs 0.23, least
squares means, P=0.02) were greater for cows on the
higher forage covariate diet.

Figure 1. Minutes per day that cows spent
ruminating or eating. 

Figure 2. Rumen pH (average of 0 and 4 hour
sampling times; these did not differ from each other).

Speaking to the influence of effective fiber sources,
the amount of time cows spent ruminating and eating
increased as the amount of straw increased (linear
increase in both, P<0.01; Figure 1).  
Increased rumination/ chewing would deliver more
saliva and buffer to the rumen.  That affected ruminal
pH (Figure 2), where the pH of the 0% straw diet was
lower or tended to be lower than for the other diets
(diet effect P<0.01; 0% straw different from other
diets, P<0.02).  What was strange was that rumen pH
did not change between right before and 4 hours
after feeding on the experimental diets (P=0.73).  This
is different than what we normally see with diets that

60



are higher in starch; rumen pH declines after feeding
and usually hits its low point within 6 hours.  The
low pH noted on the 0% straw diet would likely slow
down but not stop rate of fiber digestion.  Fecal pH
did not differ by diet (P>0.24) suggesting that
ruminal escape of carbohydrates that ferment
appreciably in the hindgut were not an issue and not
different among diets (6.39, 6.52, 6.43, and 6.48 for 0,
3, 6, and 9% straw, respectively; 6.51 for covariate
diet).

Income over feed costs increased as straw inclusion
increased: cows largely maintained production and
intakes declined, and wheat straw is less expensive
than sugar beet pulp.  Although the 9% straw diet
gave a $0.49 advantage over the 6% straw diet,
caution is urged; the increase in butterfat % and
MUN as intake declined on the 9% diet may suggest
body condition mobilization greater than 

Table 3. Income over feed costs for study diets.  
Item 0% straw 3% straw 6% straw 9% straw Covariate

DM Intake, lb 59.4 57.1 57.1 56.1 48.4
Ration DM $/cwt 14.44 14.14 13.84 13.54 14.57
Ration Cost, $ 8.58 8.07 7.90 7.60 7.05
Milk, $/cwt 19.59 19.28 19.32 20.00 19.50
Milk value 13.89 13.88 13.41 13.60 14.08
Income/Feed 5.31 5.81 5.51 6.00 7.03

As fed feed prices/ton: corn silage, $60; alfalfa silage,
$85; chopped wheat straw, $115; distillers grains with
solubles, $287; sugar beet pulp, $293; corn gluten
feed, $245; whole cottonseed, $359; molasses 80:20
cane:whey blend, $295; high moisture shell corn,
$202; roasted soy, $530; high protein soybean meal,
492; vitamin and mineral mix, $900; salt, $98; sodium
bicarbonate, $315.

Milk prices per hundredweight calculated on
milkpay.com using milkfat and protein percentages
from each treatment and Midwest area prices.
with the other diets.  That could be a problem if done
over an extended period of time.  Verification of what
was actually happening with the 9% straw diets is
needed to understand whether the diet formulation
needs to change to support late lactation production,
reproduction, and maintenance or increase in body
stores.  Although the high forage covariate diet had
the greatest ration cost per hundredweight, the milk
production similar to cows on the forage
substitute/high byproduct diets and lower intakes
combined to give the highest income over feed costs.

Summary
Late lactation cows maintained performance on the
low forage, low starch diets based on byproduct
feeds.  Using up to 6% wheat straw gave good
performance without noticeable body weight
loss/condition change.  If such diets are tried, cows
should be carefully observed to assure that body
weight is maintained.  The high phosphorus content
of the byproducts elevated phosphorus content in the
diet; not desirable long term for nutrient
management issues and impact on the environment.
On the 60% forage “more standard” lactating cow
diet, cows gave similar milk production performance,
had lower intakes, more efficient production, and
better income over feed costs than cows on the
experimental diets.  However, the forage
substitute/high byproduct diets are viable substitutes
to feed lactating dairy cows when other more
traditional feeds are in short supply.

Additional Information
Additional feed analyses are being done to provide
data needed to evaluate these rations with the
CNCPS and NRC models. Forage and TMR particle
size data are also available. 
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Introduction

Heat stress negatively impacts a variety of dairy

parameters including milk yield, milk quality and

composition, rumen health, growth and reproduction

and therefore is a significant financial burden (~$900

million/year for dairy in the U.S.; St. Pierre et al.,

2003; Baumgard and Rhoads, 2013).  Advances in

management (i.e. cooling systems; VanBaale et al.,

2006) and nutritional strategies (West, 2003) have

alleviated some of the negative impact of heat stress

on cattle, but productivity continues to decline

during the summer.

The entire 2011 summer was particularly warm and

78% of the summer days in Champaign IL had an

average THI greater than 68 (Table 1); 68 is the THI

threshold for modern dairy cows (Zimbleman et al.,

2009).  July 2011 was the 4th hottest July on record

and the national average was 2.67°F warmer than the

1901-2000 average (Ripley et al., 2011). There were

8,926 daily heat records broken in July 2011 in the

continental USA and only 31% of these were for daily

maximums while 69% were record daily minimum

temperatures (i.e. nighttime temperatures; National

Weather Service: www.noaa.gov). The mid-July heat

wave which blanketed the upper-Midwest was

especially hard on animal agriculture and the dairy

industry in particular. The combination of heat and

humidity a few days before and after July 20th was

dubbed the “Dome of Doom” by the popular press

(Ripley, 2011). Interestingly, the daily high ambient

temperatures during July 18th-23rd were not

noteworthy compared to the rest of the summer. For

example, in Minneapolis the departure from the

normal temperature was 10°F less during the July

20th heat wave compared to the early June heat wave

(Figure 2). This is also easily observed when

evaluating the maximum hourly temperature

humidity index (THI) in Ames IA, Champaign IL, St.

Paul MN and Madison WI (Figure 1A-D). In other

words, neither the maximum daily ambient

temperature nor the maximum hourly THI were

unusually remarkable during the July 20th heat

wave. 

The environmental characteristic of the July 20th heat

wave that severely affected the upper-Midwest dairy

industry was the lack of night-time cooling coupled

with high relative humidity. On July 17th and 18th,

the dew-point was 80 and 83°F in Green Bay WI and

Rochester MN, respectfully (Ripley et al., 2011).  The

minimum hourly THI on July 20th was 73, 75, 74 and

72 for Ames IA, St. Paul MN, Champaign IL and

Madison WI, respectively (Figure 1A-D).  This lack of

night-time cooling (not daytime highs) was

associated with the severe decreases in milk

production that accompanied the July 20th heat

wave.  This agrees with recent environmentally-

controlled experiments indicating that the daily

minimum THI is closely associated with decreased

milk yield (Zimbleman et al., 2009). 

Milk yield almost certainly decreased in every dairy

in the four-state area during the July 20th heat wave,

but considerable variation apparently existed within

the industry (personal communication with

dairymen, university extension personnel,

nutritionists, and consultants). Not only did the acute

milk yield response vary, the “recovery” or long term

effects of the heat wave also markedly differed

amongst producers.  Presumably, much of the

variation can be explained by differences in facilities,

barn design and the utilization of heat stress

abatement strategies (i.e. fans, soakers, etc.).

However, there are a variety of non-facility

management decisions that likely influence a herd’s

immediate and long-term response to a heat wave.

Therefore, objectives of our project were to identify

management practices (nutritional, heat abatement

strategies, cow comfort indices etc.) associated with

the heat stress response.   Although admittedly not

causal, these correlations may help identify

management approaches to help mitigate future heat

stress events. 

Material and Methods

A full data set of 590 direct patrons of First District

Association (FDA), Litchfield, Minnesota was

analyzed from July and August, 2011.   Average milk

received by FDA from the patrons during four

distinct time periods were utilized:  (A) average milk
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received from July 1st through 4th represented the

baseline milk yield prior to the heat wave;  (B)

average milk received during July 20th through 23rd

represented the acute milk production response

during the heat event; (C) average milk received

during July 28th through 31st represented milk yield

after the heat wave as the first phase of recovery; and

(D) milk received during August 28th through 31st

represents milk received five-weeks after the heat

wave as long-term recovery of milk production.

Patron data with extreme decreases or increases in

total milk sold during the heat event were eliminated

from this analysis as the data could reflect changes

due to herd expansion/reduction or seasonal calving.

Nine herds that dropped more than 40% and 42

herds that increased more than 10% during periods A

to B were removed.

Individual patron data was assigned into milk drop

categories of high (H) or low (L) and subsequent milk

recovery categories of (H) or (L).  Percentage of milk

drop from (period B compared to period A) was used

to assign the milk drop treatment.  Herds with

greater than 10.0% milk drop were assigned to a drop

treatment of H and those with less than 10.0% milk

drop were assigned to a drop treatment of L.  Herds

that were on the cusp of the H or L milk drop

treatment assignment (had a drop of greater than 8.5

% and less than 12.5%) were eliminated from the data

set.  

Milk recovery assignments were calculated as the

change from period D compared to period A.  Herds

recovering to 95.0% or more of their baseline milk

during this period were assigned to high recovery

treatment (H).  Herds that recovered less than 95.0%

of their baseline were assigned to a low milk

recovery treatment (L).  Herds that were on the cusp

of the H or L milk recovery treatment assignment

(had a recovery within 92.5 to 96.5% of their baseline

milk) were eliminated from the data set.  In addition,

herd data indicating an increase of more than 20.0%

from the period of A to D were eliminated to account

for herds that may have increased production due to

seasonal calving.

From the treatment assignments, there were 365

patrons eligible for the survey data and were

assigned into H or L drop and H or L recovery (Table

2).  From this set, 206 herds were randomly surveyed

by trained personnel with no knowledge of the

herd’s previous production history.  A survey

pertaining to heat abatement, facilities, nutrition, and

management practices were presented to the

owner/managers.  Questions were presented orally

to the herd manager by personnel trained to ask

consistent questions.  Survey questions were

presented to the patron herd managers during the

months of June and July, 2012.

The survey consisted of questions regarding housing

type and relevant, commonly practiced heat

abatement and nutritional management strategies.

Along with lactating and dry cow housing type, these

six main areas of concern were addressed based on

the Form-A-Feed (FAF) Dairy Heat Stress Risk

Snapshot©² (Kohls and Baumgard, 2012):  1)

monitoring systems,  2) drinking water,  3) air and

ventilation,  4) evaporative cooling,  5) shade and

cow comfort and  6) nutritional and metabolic

management practices.   Results were compiled and

analyzed utilizing two distinct statistical models to

evaluate the use (or nonuse) of each questioned heat

abatement practice for milk drop to the acute heat

stress event and subsequent milk recovery, each as an

independent variable.

From this set, 108 herds agreed to share their

reproduction and culling data from records obtained

from Minnesota Dairy Herd Improvement

Association (MNDHIA), Buffalo, MN (Table 2).  Herd

data was downloaded and analyzed for reproduction

and culling event data.

Chi-Square analysis was utilized to test for

differences in responses to the questions (category’s

H or L) using the Proc Freq function of SAS.

Responses were also evaluated by analysis of

variance (ANOVA) using the Proc Mixed procedure

of SAS. Monthly reproductive, culling and death data

were analyzed as repeated measures (month was the

repeated variable) using Proc Mixed procedure of

SAS. Results are considered significant if P < 0.10 and

considered a trend from P < 0.20.

RESULTS

Regardless of facility design, management practices

etc., the average FDA patron had a 20.2% decrease in

milk production during July 20th to 23rd (compared

to July 1st benchmark; Figure 3). By August 31st, the

average patron’s milk production was still 5.1% less

than it was on July 1st. Lactation barn type did not

influence the acute response to heat stress, but the

open-lot grazing producers had a much lower

persistency (the milk production at the end of August

compared to the beginning of July) compared to the

others and this is especially true for the bedded-pack
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and free-stall farms (Table 3).  From a recovery

standpoint, free-stall barns tended to be in the high

recovery category much more than the tie-stall barns

(Table 3).

Acute Response to heat stress: July 1-4 milk

production

Dairy producers that invested in monitoring systems

(bulk tank changes, body temperature indices, etc.)

generally had or tended to have (P < 0.20) less of a

decrease (15.5 vs. 18.7%)  in milk yield during the

acute response to heat stress (Table 4).  Surprisingly,

there were no differences in any of the drinking

water quality/availability responses (Table 4). The

only variable in the Shade and Comfort section that

tended to differ (P = 0.13) was the stocking density

that indicated overstocking was associated with a

more severe decrease (17.4 vs. 12.0%) in the acute

response to heat stress (Table 4). Ensuring wind-

speed over the resting/loafing areas was associated

with small but significant improvement in the acute

response (15.9 vs. 18.8%; P < 0.05). Not surprisingly,

utilizing evaporative cooling strategies ameliorated

(P < 0.05; 17.4 vs. 13.4%) the acute milk yield

response to heat stress.  The location of the

soakers/sprinklers also tended (P < 0.20) to influence

the acute response, as having them in the feed lane

and holding pen benefited milk production (11.9 vs.

16.5%; Table 4).  The only question in the Feed and

Nutrition section associated with an improved (P <

0.05; 17.3 vs. 12.4%) acute response was the feeding

of Sweet Energy (Table 4).  Sweet Energy/Sweet

Dairy Liquid Blends are liquid sources of sugar and

macrominerals derived from cheese whey

byproducts.

Short Term Recovery: Percentage of milk

production increases one week following the heat

wave

In contrast to the acute response, none of the

Monitoring Systems variables were associated with

the short term recovery (P > 0.29; Table 5). Similar to

the acute response, no Drinking Water

quality/quantity was associated with the short term

recovery (P > 0.40; Table 5). Fly control and surface

grooming tended (P < 0.20) to differ in No and Yes

responders, but stocking density was no longer (P >

0.82) affiliated with the short term recovery (Table 5).

Having the sidewalls completely open decreased the

short term recovery by over 2 fold (5.9 vs. 13.0%; P <

0.06) and was the only influencer in the Air-

Quality/Quantity category (Table 5). Interestingly,

there were no questions from the Evaporative Cooling

section associated with an improved short term

recovery (Table 5). Having rations balanced by a

professional nutritionist improved the short term

recovery (P < 0.10; 9.3 vs. 13.8%; in other words,

herds utilizing a nutritionist produced 13.8% more

milk following the heat wave than they did during

the heat wave) and feeding Hydro-Lac® prior to and

following the heat wave tended (P < 0.20) to improve

(17%) the short term recovery (Table 5). Hydro-Lac®

is a product designed to provide essential nutrients

necessary to maintain homeostasis and performance

in cattle during periods of stress.

Long Term Recovery: Percentage of milk

production increase five weeks following the heat

wave.  

Monitoring environmental conditions was actually

associated with a reduced long term recovery (15.3

vs. 11.1%: P<0.05; Table 6) but this is likely due to the

fact that producers who did not monitor THI had a

more severe decrease in milk production during the

heat wave and thus had mathematically more

production opportunity for an increase.  Testing

water quality within the last 2 years tended (P< 0.20)

to be associated with an increase in the long term

response. Providing access to shade tended to

increase (P <0.20 14.0 vs. 5.9%) the long term

recovery (Table 6). Having a thermostat and setting it

to start at 68°F was affiliated with an increase in long

term recovery (10.0 vs.14.9%; P < 0.10; Table 6).

Utilizing evaporative cooling in the holding pen

tended to be correlated with a reduced recovery, but

this is also probably due to the same issue as

monitoring environmental conditions (mentioned

above). Producers utilizing rbST (Posilac ®) also had

increased long term recovery (12.8 vs. 18.5%; P < 0.05;

Table 6).  Again, utilizing a professional nutritionist

tended to be associated with an improved long term

recovery (8.2 vs. 14.2%; P = 0.11) and feeding a

rumen modifier was also correlated with an

improved long term recovery response (11.4 vs.

15.0%; P = 0.11; Table 6).
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Persistency: Percentage decrease in milk

production at the end of August compared to July

1st. 

Similar to the acute response, improved persistency

was associated with a variety of monitoring systems

associated with DMI, milk yield and water intake

(Table 7). There were little or no differences in

Drinking Water variables other than producers who

had their water quality tested were to be more

persistent (-7.0 vs. -3.3%; P < 0.05; Table 7). Having a

thermostat on the fans, and locating fans above the

resting area and ensuring that the fans provided at

least 5+ mph were all associated (P < 0.10) with an

improved persistency (Table 7) following the heat

wave. Utilizing evaporative cooling strategies like

soakers and sprinklers was affiliated with an

improved persistency (P<0.10: -6.4 vs. -2.4%; Table 7).

Herds on rbST also had improved (P < 0.10)

persistency (-6.5 vs. -2.5%; Table 7). Feeding Sweet

Energy, utilizing rumen modifiers and incorporating

HydroLac® were all associated with or tended to be

affiliated with improved persistency (Table 7). 

Reproduction, Culling and Death

As expected, both conception rate and pregnancy rate

were markedly affected by month and the severity of

the summer was most pronounced during July

(Figure 4 A & B).  Interesting, culling was not

influenced by month, but death percentage was

doubled during July compared to the rest of the year

(Figure 4 C &D).

Summary

This project attempted to identify management

characteristics associated with an improved herd-

level response to heat stress.  It is important to

remember that the responses (yes or no) are simply

affiliated with a response and not necessarily causal.

However, there are some areas that clearly highly

associated with good heat stress management.  It is

interesting to note that several more factors were

positively correlated with milk persistency than with

acute loss or recovery. From a barn type perspective,

the acute response to the heat wave was fairly similar

amongst barn types, but grazing dairies did not have

near the persistency as compared to the others and

this is especially true when compared to free-stall

barns.  Clearly, utilizing intensive heat stress

abatement strategies was associated with an

improved response during the acute heat wave and

markedly affiliated with long term recovery and

persistency.  Avoiding over-stocking was also

associated with an improved acute heat stress

response and long term response.  From a nutrition

perspective, clearly the producers who employ

professional nutritionist fared better at almost all of

the parameters measured.  Further, producers who

fed Sweet Energy had multiple improved production

variables during and following the heat wave. In

addition, utilizing rumen modifiers and HydroLac®

was associated with an improved recovery and

persistence following the heat wave.  
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Table 1. Temperature humidity index (THI) indices during June, July and August of 2011

City # days Avg THI was >68 % days Avg THI > 68 

Ames IA 67 72.8%

Champaign IL 72 78.3%

Madison WI 57 62.0%

St. Paul MN 58 63.0%

Table 2.  Number of herds eligible, surveyed, and providing reproduction and cull data within milk drop and

recovery treatment assignments.

Herd Classification

Variable HH HL LH LL

Total Patrons Eligible 19 167 62 17

Herds Surveyed 74 86 40 6

Repro/Cull records 45 39 21 3

HH: High drop and High recovery

HL: High drop and Low recovery

LH: Low drop and High recovery

LL: Low drop and Low recovery

Table 3: Milk production categories based upon lactation barn design.

Lactation Barn Type Herds (n) Avg Drop Persistency High Drop Low Drop High Recovery Low Recovery

Bedded Pack-Compost 13 -13.67% -3.68% n=8 (62%) n=5 (38%) n=8 (62%) n=5 (38%)

Freestall 37 -15.19% -3.94% n=27 (73%) n=10 (27%) n=27 (73%) n=10 (27%)

Open Lot-Grazing 10 -12.71% -12.98% n=5 (50%) n=5 (50%) n=5 (50%) n=5 (50%)

Tie Stall 146 -17.78% -6.00% n=120 (82%) n=26 (18%) n=74 (51%) n=72 (49%)*

Totals 160 (78%) 46 (22%) 114 (55%) 92 (45%)
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Table 4, Acute Decrease in Milk Yield (percentage) on July 20-23 compared to July 1-4

Response

Question Obs No Yes SEM P

Monitoring Systems % Decrease

Utilize thermometer, humidity or measure THI in the facility? 206 -17.4 -15.8 0.9 0.20

Were rectal temperatures, respiration rates, or skin temperatures measured? 206 -17.5 -15.4 0.9 0.11

Was day-to-day variation in dry matter intake measured? 206 -17.3 -15.6 0.9 0.21

Were day-to-day changes in bulk tank milk yield measured? 206 -24.1 -16.6 2.0 0.03

Was water intake measured on a daily basis? 206 -17.0 -14.2 1.4 0.20

Drinking Water

Was a drinking water quality test conducted in the last 2 years? 206 -17.1 -16.1 0.9 0.45

Was there a 10+ gal/minute flow rate at all drinking waterers? 206 -16.2 -16.9 1.3 0.71

Was there at least 1.5”/hd water space for all milking cows? 206 -13.6 -17.0 1.7 0.22

Were water troughs/cups checked daily for fill and contamination? 206 -17.1 -16.7 1.1 0.81

Were water troughs/cups cleaned at least once per week? 206 -16.7 -16.9 0.9 0.90

Shade and Comfort

Did livestock have access to shade during daylight hours? 206 -15.2 -16.9 2.1 0.66

Did 100% of the livestock fit in shaded areas at any given time? 206 -16.8 -16.8 1.8 0.99

Were cattle bedded at least twice weekly? 204 -15.0 -17.0 1.6 0.44

Did you have a fly control program? 206 -16.8 -16.8 1.2 0.98

Were surfaces groomed daily to provide dry, easily accessed resting areas? 203 -13.5 -17.0 2.1 0.34

Were freestalls stocked < 110% of stalls? Bedded pack barns >80’/hd? 203 -17.4 -12.0 1.4 0.13

Air-Quality-Quantity

Natural Ventilation – Did A-frame buildings have an open ridge-vent? 52 -18.2 -14.6 3.1 0.47

Sidewall - Were sidewalls completely open with operable curtains? 48 -14.6 -10.4 2.3 0.22

Were fans or mechanical air equipment used to improve air movement? 206 -13.9 -17.0 1.7 0.27

Were Thermostats/Humidistats set to start fans at 68⁰F or less? 195 -17.2 -16.9 1.1 0.89

Were circulating fans operating over the resting area? 206 -17.6 -16.5 0.9 0.42

Was wind-speed over the resting /loafing areas 5+ mph? 206 -18.8 -15.9 0.9 0.03

Evaporative Cooling

Were Sprinklers or Soakers used to enhance evaporative cooling? 206 -17.4 -13.6 1.1 0.03

Were sprinklers/soakers used with fans or mechanical air movement? 206 -17.3 -13.3 1.2 0.04

Were High Pressure Misters or “Cool Cells” used in power ventilated barns? 9 -9.9 -5.3 6.3 0.63

Were water and timing systems for evaporative cooling maintained regularly? 33 -15.3 -13.2 2.6 0.58

Location of Sprinklers or Soakers: 

Feed Lanes 33 -14.5 -13.5 2.5 0.78

Holding Pens 33 -16.2 -11.3 2.3 0.15

Parlor Exit 33 -13.7 -18.3 5.7 0.64

Loafing/Resting Areas 33 -18.2 -12.4 2.6 0.15

Did your dairy use rBST on lactating cows at that time? 206 -16.8 -16.9 1.1 0.94

Feed and Nutrition

Did you have your rations balanced by a professional nutritionist? 206 -14.9 -17.0 1.4 0.37

Did you alter feeding schedule and/or amounts during summer months? 206 -16.6 -17.0 0.9 0.79

Were preservatives used on either wet feeds or TMRs to increase stability? 206 -17.0 -16.5 0.9 0.71

Did you feed Sweet Energy or a Sweet Energy/Sweet Dairy Liquid Blend? 206 -17.3 -12.4 1.3 0.02

Did your nutritionist use Buffers/DCAD buffering in lactation rations? 206 -17.1 -16.7 1.0 0.82

Did you feed a live DFM, yeast culture, ionophores or other rumen modulator? 205 -17.5 -16.5 0.9 0.46

Did you feed Hydro-Lac® at any time during July or August 2011? 206 -17.3 -15.6 0.9 0.21

Prior to July 20th, 2011? 206 -17.2 -16.1 0.9 0.40

After July 20th, 2011? 206 -17.3 -15.6 1.0 0.24

67



Table 5, Short Term Recovery: percentage recovery on July 28-31 from the milk production of July 20-23

Response

Question Obs No Yes SEM P

Monitoring Systems % Increase

Utilize thermometer, humidity or measure THI in the facility? 206 13.7 13.1 1.1 0.67

Were rectal temperatures, respiration rates, or skin temperatures measured? 206 14.0 12.3 1.1 0.29

Was day-to-day variation in dry matter intake measured? 206 13.3 14.0 1.4 0.65

Were day-to-day changes in bulk tank milk yield measured? 206 13.4 13.5 2.4 0.98

Was water intake measured on a daily basis? 206 13.5 12.8 1.7 0.79

Drinking Water

Was a drinking water quality test conducted in the last 2 years? 206 13.5 13.3 1.1 0.90

Was there a 10+ gal/minute flow rate at all drinking waterers? 206 12.3 13.6 1.6 0.58

Was there at least 1.5”/hd water space for all milking cows? 206 14.7 13.4 2.0 0.71

Were water troughs/cups checked daily for fill and contamination? 206 12.1 13.8 1.3 0.40

Were water troughs/cups cleaned at least once per week? 206 14.0 13.3 1.1 0.66

Shade and Comfort

Did livestock have access to shade during daylight hours? 206 8.0 13.6 2.6 0.21

Did 100% of the livestock fit in shaded areas at any given time? 206 11.6 13.6 2.2 0.59

Were cattle bedded at least twice weekly? 205 11.2 13.6 1.9 0.44

Did you have a fly control program? 206 15.9 13.1 1.4 0.19

Were surfaces groomed daily to provide dry, easily accessed resting areas? 203 5.1 13.8 2.6 0.06

Were freestalls stocked < 110% of stalls? Bedded pack barns >80’/hd? 203 13.5 14.1 1.7 0.82

Air-Quality-Quantity

Natural Ventilation – Did A-frame buildings have an open ridge-vent? 52 11.6 12.6 3.7 0.87

Sidewall - Were sidewalls completely open with operable curtains? 48 13.0 5.9 2.4 0.06

Were fans or mechanical air equipment used to improve air movement? 206 12.5 13.5 2.0 0.77

Were Thermostats/Humidistats set to start fans at 68⁰F or less? 195 14.9 13.2 1.3 0.42

Were circulating fans operating over the resting area? 206 12.8 13.8 1.1 0.57

Was wind-speed over the resting /loafing areas 5+ mph? 206 14.6 12.9 1.1 0.30

Evaporative Cooling

Were sprinklers or soakers used to enhance evaporative cooling? 206 13.6 12.6 1.4 0.60

Were sprinklers/soakers used with fans or mechanical air movement? 206 13.7 11.7 1.5 0.38

Were High Pressure Misters or “Cool Cells” used in power ventilated barns? 9 13.0 11.0 5.6 0.81

Were water and timing systems for evaporative cooling maintained regularly? 33 14.0 11.8 3.2 0.64

Location of Sprinklers or Soakers: 

Feed Lanes 33 12.8 12.3 3.1 0.91

Holding Pens 33 15.0 9.8 2.9 0.22

Parlor Exit 33 12.0 25.7 7.0 0.27

Loafing/Resting Areas 33 14.2 11.9 3.4 0.64

Did your dairy use rBST? 206 13.1 15.1 1.3 0.34

Feed and Nutrition

Did you have your rations balanced by a professional nutritionist? 206 9.3 13.8 1.7 0.10

Did you alter feeding schedule and/or amounts during summer months? 206 13.3 13.6 1.1 0.83

Were preservatives used on either wet feeds or TMRs to increase stability? 206 13.3 13.9 1.1 0.67

Did you feed Sweet Energy or a Sweet Energy/Sweet Dairy Liquid Blend? 206 13.5 13.0 1.2 0.83

Did your nutritionist use Buffers/DCAD buffering in lactation rations? 206 14.1 13.3 1.3 0.65

Did you feed a live DFM, yeast culture, ionophores or other rumen modulator? 205 13.0 13.8 1.1 0.63

Did you feed Hydro-Lac® at any time during July or August 2011? 206 12.8 14.9 1.1 0.21

Prior to July 20th, 2011? 206 12.7 14.9 1.1 0.17

After July 20th, 2011? 206 12.9 15.1 1.2 0.19
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Table 6, Long Term Recovery:  Recovery on August 28-31 from milk production on July 20-23 (percentage increase)

Response

Question Obs No Yes SEM P

Monitoring Systems % Increase

Utilize thermometer, humidity or measure THI in the facility? 206 15.3 11.1 1.4 0.04

Were rectal temperatures, respiration rates, or skin temperatures measured? 206 14.2 12.9 1.5 0.54

Was day-to-day variation in dry matter intake measured? 206 13.1 15.3 1.5 0.32

Were day-to-day changes in bulk tank milk yield measured? 206 15.1 13.7 3.3 0.81

Was water intake measured on a daily basis? 206 13.5 16.8 2.3 0.38

Drinking Water

Was a drinking water quality test conducted in the last 2 years? 206 12.8 15.9 1.5 0.14

Was there a 10+ gal/minute flow rate at all drinking waterers? 206 15.9 13.5 2.1 0.48

Was there at least 1.5”/hd water space for all milking cows? 206 15.7 13.7 2.7 0.66

Were water troughs/cups checked daily for fill and contamination? 206 12.1 14.2 1.7 0.42

Were water troughs/cups cleaned at least once per week? 206 14.7 13.4 1.5 0.56

Shade and Comfort

Did livestock have access to shade during daylight hours? 206 5.9 14.0 3.5 0.18

Did 100% of the livestock fit in shaded areas at any given time? 206 11.7 13.9 2.9 0.66

Were cattle bedded at least twice weekly? 205 11.3 14.1 2.5 0.51

Did you have a fly control program? 206 12.5 14.0 1.9 0.60

Were surfaces groomed daily to provide dry, easily accessed resting areas? 203 0.8 14.1 3.5 0.27

Were freestalls stocked < 110% of stalls? Bedded pack barns >80’/hd? 203 13.3 17.7 2.2 0.23

Air-Quality-Quantity

Natural Ventilation – Did A-frame buildings have an open ridge-vent? 52 16.2 12.5 4.2 0.59

Sidewall - Were sidewalls completely open with operable curtains? 48 12.3 8.2 3.1 0.38

Were fans or mechanical air equipment used to improve air movement? 206 8.8 14.0 2.7 0.24

Were Thermostats/Humidistats set to start fans at 68⁰F or less? 195 10.0 14.9 1.8 0.07

Were circulating fans operating over the resting area? 206 12.0 14.5 1.5 0.26

Was wind-speed over the resting /loafing areas 5+ mph? 206 13.2 14.0 1.5 0.69

Evaporative Cooling

Were Sprinklers or Soakers used to enhance evaporative cooling? 206 13.7 13.9 1.8 0.94

Were sprinklers/soakers used with fans or mechanical air movement? 206 14.0 12.0 2.0 0.53

Were High Pressure Misters or “Cool Cells” used in power ventilated barns? 9 12.8 9.5 7.0 0.75

Were water and timing systems for evaporative cooling maintained regularly? 33 10.0 14.9 3.8 0.37

Location of Sprinklers or Soakers: Feed Lanes

Feed Lanes 33 14.6 12.8 3.7 0.72

Holding Pens 33 16.7 10.0 3.5 0.18

Parlor Exit 33 13.2 21.2 8.5 0.59

Loafing/Resting Areas 33 14.3 13.2 4.0 0.86

Did your dairy use rBST on lactating cows at that time? 206 12.8 18.5 1.7 0.03

Feed and Nutrition

Did you have your rations balanced by a professional nutritionist? 206 8.2 14.2 2.3 0.11

Did you alter feeding schedule and/or amounts during summer months? 206 12.6 14.8 1.4 0.30

Were preservatives used on either wet feeds or TMRs to increase stability? 206 13.9 13.5 1.5 0.84

Did you feed Sweet Energy or a Sweet Energy/Sweet Dairy Liquid Blend? 206 13.4 16.9 2.1 0.30

Did your nutritionist use Buffers/DCAD buffering in lactation rations? 206 12.6 14.1 1.7 0.55

Did you feed a live DFM, yeast culture, ionophores or other rumen modulator? 205 11.4 15.0 1.5 0.11

Did you feed Hydro-Lac® at any time during July or August 2011? 206 13.0 15.5 1.5 0.26

Prior to July 20th, 2011? 206 13.0 15.2 1.5 0.31

After July 20th, 2011? 206 13.1 15.6 1.5 0.26
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Table 7, Persistency: Percentage difference of milk production on August 28-31 compared to July 1-4

Response

Question Obs No Yes SEM P

Monitoring Systems % difference

Utilize thermometer, humidity or measure THI in the facility? 206 -5.3 -6.7 1.2 0.42

Were rectal temperatures, respiration rates, or skin temperatures measured? 206 -6.2 -5.0 1.3 0.50

Was day-to-day variation in dry matter intake measured? 206 -6.8 -3.3 1.3 0.06

Were day-to-day changes in bulk tank milk yield measured? 206 -13.0 -5.6 2.7 0.11

Was water intake measured on a daily basis? 206 -6.3 -1.0 1.9 0.09

Drinking Water

Was a drinking water quality test conducted in the last 2 years? 206 -7.0 -3.3 1.2 0.04

Was there a 10+ gal/minute flow rate at all drinking waterers? 206 -3.5 -6.1 1.7 0.35

Was there at least 1.5”/hd water space for all milking cows? 206 -1.1 -6.1 2.2 0.18

Were water troughs/cups checked daily for fill and contamination? 206 -7.6 -5.4 1.4 0.32

Were water troughs/cups cleaned at least once per week? 206 -5.1 -6.1 1.3 0.58

Shade and Comfort

Did livestock have access to shade during daylight hours? 206 -10.0 -5.7 2.9 0.39

Did 100% of the livestock fit in shaded areas at any given time? 206 -7.5 -5.8 2.5 0.68

Were cattle bedded at least twice weekly? 205 -6.3 -5.7 2.1 0.87

Did you have a fly control program? 206 -7.3 -5.6 1.6 0.46

Were surfaces groomed daily to provide dry, easily accessed resting areas? 203 -12.6 -5.7 2.9 0.17

Were freestalls stocked < 110% of stalls? Bedded pack barns >80’/hd? 203 -6.7 2.0 1.8 <0.01

Air-Quality-Quantity

Natural Ventilation – Did A-frame buildings have an open ridge-vent? 52 -5.2 -4.6 3.4 0.91

Sidewall - Were sidewalls completely open with operable curtains? 48 -4.7 -3.8 2.4 0.81

Were fans or mechanical air equipment used to improve air movement? 206 -6.7 -5.8 2.2 0.80

Were Thermostats/Humidistats set to start fans at 68⁰F or less? 195 -9.3 -5.0 1.5 0.06

Were circulating fans operating over the resting area? 206 -8.3 -4.8 1.3 0.06

Was wind-speed over the resting /loafing areas 5+ mph? 206 -8.5 -4.6 1.2 0.03

Evaporative Cooling

Were Sprinklers or Soakers used to enhance evaporative cooling? 206 -6.4 -2.4 1.5 0.08

Were sprinklers/soakers used with fans or mechanical air movement? 206 -6.1 -3.6 1.7 0.33

Were High Pressure Misters or “Cool Cells” used in power ventilated barns? 9 0.1 2.8 1.8 0.33

Were water and timing systems for evaporative cooling maintained regularly? 33 -7.4 -1.2 2.5 0.09

Location of Sprinklers or Soakers:

Feed Lanes 33 -2.7 -3.3 2.5 0.86

Holding Pens 33 -2.9 -3.2 2.4 0.94

Parlor Exit 33 -3.1 -1.0 5.8 0.83

Loafing/Resting Areas 33 -6.8 -1.9 2.6 0.22

Did your dairy use rBST on lactating cows at that time? 206 -6.5 -2.5 1.5 0.07

Feed and Nutrition

Did you have your rations balanced by a professional nutritionist? 206 -7.8 -5.7 1.9 0.50

Did you alter feeding schedule and/or amounts during summer months? 206 -6.6 -5.2 1.2 0.41

Were preservatives used on either wet feeds or TMRs to increase stability? 206 -5.9 -5.7 1.3 0.92

Did you feed Sweet Energy or a Sweet Energy/Sweet Dairy Liquid Blend? 206 -6.6 1.3 1.7 <0.01

Did your nutritionist use Buffers/DCAD buffering in lactation rations? 206 -7.1 -5.5 1.4 0.44

Did you feed a live DFM, yeast culture, ionophores or other rumen modulator? 205 -8.5 -4.6 1.3 0.03

Did you feed Hydro-Lac® at any time during July or August 2011? 206 -6.9 -3.4 1.3 0.05

Prior to July 20th, 2011? 206 -6.8 -4.0 1.2 0.12

After July 20th, 2011? 206 -6.8 -3.4 1.3 0.07

70



 

!!

&
e08+.%&BT&e:+.&5"<&A:Y018&"Y%."8%&,%A7%.",+.%&M+A050,<&015%j&6!NO9&:P&gM"A7"081(&Oh&6)9(&G,T&I"+$(&2F&
6`9(&)A%/(&O)&6g9(&"15&2"50/:1(&XO&6-9T&G,.%//&,M.%/M:$5(&A:5%.",%&/,.%//&,M.%/M:$5(&"15&/%Y%.%&/,.%//&
,M.%/M:$5&".%&/M:Z1&#<&M:.0L:1,"$&5"/M%5&$01%/&",&RV(&S=(&"15&V>&!NO(&.%/7%*,0Y%$<T&

U>&

UU&

R>&

RU&

S>&

SU&

V>&

VU&

W>&
B?
;+
1&

S?
;+
1&

B@
?;+

1&
BW
?;+

1&
=U
?;+

1&
B?
;+
$&

S?
;+
$&

B@
?;+

$&
BW
?;+

$&
=U
?;+

$&
@B
?;+

$&
R?
)+

8&
B=
?)
+8
&

BV
?)
+8
&

='
?)
+8
&

@>
?)
+8
&

"#$! %&'()'*+,-!$.! /

U>&

UU&

R>&

RU&

S>&

SU&

V>&

VU&

W>&

B?
;+
1&

S?
;+
1&

B@
?;+

1&
BW
?;+

1&
=U
?;+

1&
B?
;+
$&

S?
;+
$&

B@
?;+

$&
BW
?;+

$&
=U
?;+

$&
@B
?;+

$&
R?
)+

8&
B=
?)
+8
&

BV
?)
+8
&

='
?)
+8
&

@>
?)
+8
&

"#$! 012!3'45-!67! 8

U>&

UU&

R>&

RU&

S>&

SU&

V>&

VU&

W>&

B?
;+
1&

S?
;+
1&

B@
?;+

1&
BW
?;+

1&
=U
?;+

1&
B?
;+
$&

S?
;+
$&

B@
?;+

$&
BW
?;+

$&
=U
?;+

$&
@B
?;+

$&
R?
)+

8&
B=
?)
+8
&

BV
?)
+8
&

='
?)
+8
&

@>
?)
+8
&

"#$! /(9:-!$/! %

U>&

UU&

R>&

RU&

S>&

SU&

V>&

VU&

W>&

B?
;+
1&

S?
;+
1&

B@
?;+

1&
BW
?;+

1&
=U
?;+

1&
B?
;+
$&

S?
;+
$&

B@
?;+

$&
BW
?;+

$&
=U
?;+

$&
@B
?;+

$&
R?
)+

8&
B=
?)
+8
&

BV
?)
+8
&

='
?)
+8
&

@>
?)
+8
&

"#$! 6';*:<,-!=$! >

71



 
 
Figure 2. Deviation of daily temperatures compared to historical average. 
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Figure 3. Milk received at First District Association for the months of July and August 2011 
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Figure 4. Monthly reproductive indices (A & B) and culling rate (C) and death 
percentage (D) for dairies completing the questionnaire. 
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Troubleshooting a problem on a dairy is a multi-

faceted endeavor.  Usually not one specific area will

tell the whole story and most of the time the problem

started weeks ago.  Since feed continues to consume

roughly 70 percent of total gross revenue on the dairy

and because it’s linked to many different issues that

arise it becomes the target of many troubleshooting

schemes. Every aspect of day to day feed

management should be closely monitored.  

Mixer wagons and the employees that operate them

are the heart of any total mixed ration (TMR).

Mixing equipment (wagon, tractor, loader) can cost in

excess of $250,000.  This equipment is critical to the

success of the dairy.  There are many different brands

of wagons and each has their own specific

engineering details.  As consultants and dairyman,

we should strive to properly educate the employees

in every area involved with proper feed

management.  The area of feed management that

receives the least attention, but should require the

most: is constant analysis of the mixer wagon and

feeder. 

Mixer Wagon Analysis

Look inside.  Make a habit of looking in the mixer

wagon prior to the first load of the day.  The feeder

needs a basic understanding of what the components

(knives/kicker plate) look like and how they

function.  He should be aware of how many knives

there should be on each auger and what they look

like when they need to be replaced.  By checking

often enough the feeder can establish maintenance

guidelines on the equipment.  Notice how the wagon

cleaned out the last load of the day.  Is there a lot of

feed left around the edges?  Is there feed clinging to

the augers?  If the wagon doesn’t clean out well there

could be a couple of issues happening.  First examine

the kicker plate and the leading edge of the auger.

The leading edge of the auger should be very close to

the side wall.  This leading edge coupled with the

kicker plate is very critical for feed movement up the

auger.  It is also very important during clean out at

the end of every load.  Since there is a lot of pressure

placed on the bottom of the augers from weight and

cutting pressure, the kicker plate, leading edge, and

any knives along the bottom will wear out quicker

than knives at the top of the auger.  

Look inside, again. Safely climb up the manufactures

ladder/platform to visually appraise the inside of the

mixer box when mixing a TMR.  The most obvious

thing to look for is “dead spots”, meaning feed that is

not moving.  Specifically look at areas around the

discharge door(s). If the door area is worn out it will

create a depression for feed to get caught and will

stop feed from being picked up by the kicker plates

and augers.  Pay careful attention to ALL discharge

doors.  It’s harder to see, but watch the back of the

wagon if there is a discharge door there.  Examining

the load from start to finish will allow you to

pinpoint where the dead spot is forming since feed

moves around differently as more weight is added.

Usually when the mixer is one-quarter full, feed will

still flow around in a circular motion from front to

back: back to front.  As more weight is added the

movement shifts from circular to a “boiling” motion.

The auger’s purpose is to bring feed from the bottom

to the top and boil over back down the wall of the

wagon.  All the while shifting feed from front to back

and back again.  It’s a must to look inside at different

time points during mixing, since a dead spot might

not be apparent until sufficient weight is added.  If a

dead spot is apparent first make sure the tractor

RPM’s are high enough.  In the past couple of years

since budgets have tightened drastically on the dairy,

the idea of saving fuel has forced a decrease in the

RPM’s while mixing.  This practice will dramatically

affect the mixing capability of the augers.  Simply

increase tractor RPM by 500 and inspect the

difference in feed agitation.  Remember to keep air

filters clean when running higher RPMs.  Establish a

visual of how your mixer is working when all the

components are new.  .  

Monitor loading technique.  The best way to see how

the load is mixing is by watching it from start to

finish.  Many times feeders get in a hurry to load the

mixer.  There also have been situations of feeders that

load the mixer with all ingredients before turning the

Troubleshooting Mixed Rations:
Observations From the Field About What

Can Go Wrong and What to Look For
Dr. Jeff Weyers, Global Technical Specialist – Dairy

Vi-COR
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PTO on.  The explanation was “to prevent over-

mixing” or “to prolong the life of the components”.

Even when the load gets 10 minutes of mixing after

stratifying the feed, it does not mix properly.

Therefore, it is highly recommended to keep the

mixer turning while loading the ration.   When

loading wet ingredients or ingredients with small

inclusion rates, it’s best to load down the side wall of

the wagon instead of dumping the ingredient directly

over the augers.  Ingredients have a tendency tol

stick to the augers and if you follow a wet ingredient

with a fine meal feed it will tend to stick to that wet

auger.  If this is a small load (i.e. Pre-fresh diet) it will

be a problem since the wagon will never get full

enough to work feed over the entire auger.  Always

have some sort of spreader bar for loading liquid

ingredients and allow at least 3-5 minutes of mixing

time after the last ingredient.  There isn’t a “perfect

time” to mix every ration.  Careful monitoring while

mixing and the cows at the feed bunk will tell the

proper mixing time.

Choosing a mixer wagon. The most popular question

I get when visiting a dairy is “what is the best mixer

wagon”?   This is not a simple answer.  I’ve compiled

a list of questions to aid management in making this

decision.  When determining what mixer will work

best for your dairy, use this simple checklist:

1) Where is the closest dealer? If you don’t have a

dealer close by for parts and repairs or for

allowing you to demo the machine, I have a

hard time recommending that mixer.  A

dealership that has a replacement mixer in case

of a major breakdown is a huge asset.  

2) How much dry hay is in your ration? This will

determine the need for a vertical mixer or a

horizontal.  Horizontal wagons still do an

excellent job of mixing feed when low inclusion

rates of dry hay are used.

3) Is there a brand that you are
familiar/comfortable with? It’s human nature

to wonder why your neighbor uses a specific

brand.  The more familiar you are with a brand

the quicker you will recognize problems and

keep the equipment running more efficiently.

4) How often do you service your equipment?

Let’s be honest with this question.  All mixer

wagons work as intended when they are new.

There is a tremendous amount of feed that goes

through your mixer every day.  For example, a

1000 cow dairy will run approximately 6-8

loads of feed/day.  Assuming a 15,000 lb batch

size, (8 loads*15,000 lbs = 120,000 lbs TMR

daily).  Therefore, in 6 months’ time, roughly

432 semi-truck loads of feed are going through

the box.  The internal components will wear out

and require periodic servicing or replacement.

Bottom line: after 6 months, don’t expect the

wagon to perform like the day it arrived to the

dairy.

Feed bunk management.  As a nutritionist , I was

always concerned with how much feed was left in the

bunks at a certain point in time, when was the next

feeding, what did it smell and look like, how often

was it being pushed to the cows, etc.  Teaching the

feeder the critical art of feed bunk management will

ensure that you are getting consistent dry matter

intake.  There are many different scenarios as to how

well a TMR unloads from the wagon.  What I

recommend to the feeders is to find the most efficient

method to unload.  This includes proper tractor RPM

to keep the feed moving in the mixer.  Feed is in

constant motion from front to back and tractor RPM

is important for proper clean out at the end of the

load.  Feeders need to monitor speed and proper

discharge- door control to provide a consistent flow

of feed to the feed bunk.  Teach the feeder to never

drive over the TMR.  With a narrow feed lane and

trying to feed everything once per day or before the

last load can be eaten down, this essentially decreases

the amount of drivable space in the feed lane and it’s

very difficult not to drive over feed, especially when

backing up.  The feeder also needs to understand

proper feed distribution.  He will soon learn where

the majority of the feed needs to be placed in order to

minimize left-over or stale feed.   Amount of feed,

feed distribution and timing of feeding is critical to

managing the feed bunk.

Silage management.  Silage management gets a lot of

attention and rightfully so.  The dairy is spending

large sums of money to get many tons of feed

properly grown, chopped, packed, and covered for a

consistent product throughout the entire year.  After

all of this hard work, it’s disturbing to see improper

handling of the silage during feed out.  Silage facing

and uncovering the pile is very important.  Whether
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you have silage facing equipment or shave the pile

with the loader, use a technique that allows moving

across the face of the pile in three days or less.  Don’t

allow the feeder to jab and dig from the bottom to

loosen the silage.  This produces jagged edges that

allow for maximum oxygen infiltration and

subsequent heating and mold growth.  

Commodity management.  Just as important as silage

management, we should be concerned with and try

to measure the amount of commodity shrink that is

taking place at the dairy.  Preliminary results

(personal research) are indicating anywhere from 3-

10% shrink loss with ground corn kept in a

traditional commodity bay.  Having the feeder be

conscious about pushing feed to the back of the bays

and minimizing spillage from full buckets will help

put more feed to the cows and ultimately save the

dairy money.

Conclusions.  Staying ahead of the game in terms of

feed management is critical to the success of a dairy.

When we are confident and comfortable that the

mixer wagon is being maintained properly and that

the feeder understands his importance to the entire

scheme, troubleshooting problems when they occur

will happen more quickly and efficiently.  As in most

corporate structures, training sessions happen all the

time. Training and retraining employees should be a

part of every management system.  A solid employee

training structure and excellent communication

between employees and the owner will almost

always lead to a successful business.  This along with

maintaining a tightly managed feed operation should

be top on the list of priorities.
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Dairy heifers represent a large expense of resources

including feed, buildings, and labor; yet return no

money to the dairy farm until they calve.  Thus our

overall objective must be to minimize costs while

maximizing the returns on those costs incurred.  Our

overall management of these heifers must be handled

in a manner that yields the best quality heifer, with

the highest potential to be productive, profitable,

with a minimal cost to the farm and the environment.  

Feed represents the largest component to the cost of

heifer production and is such a large proportion that

it clearly represents the major way to control heifer

costs.  We are often reminded of the importance of

feed efficiency (lb milk/lb feed) for lactating dairy

cows; yet the concept is seldom mentioned for the

growing heifer.  However, dairy animals spend over

half of their life on most farms as a calf or heifer,

which means that their feed efficiency is critical as

well.  There are many factors that can impact feed

efficiency in the dairy heifer, including: genetics,

forage quality (fiber and dry matter digestibility),

feed intake level, growth rate or stage of growth,

body condition or change in body composition,

gestation, heat or cold stress (environmental stresses),

and exercise level.  Precision feeding heifers is really

only about feed efficiency and utilizing the principles

of feed efficiency to grow heifers at the rates that we

need and desire.

Diet type and amount fed can be large factors that

affect feed efficiency and are the major aspects that

we use in precision feeding heifers. Forage and ration

digestibility are also obviously important.  The more

digestible the feedstuffs used in the ration, the more

efficient the heifer will be.  In addition, the greater

the dry matter intake fed as a percent of body weight,

the lower will be the feed efficiency. 

There has been a great deal of research done about

precision feeding heifers, and virtually all since 2000.

Much of the research has been done looking at

precision feeding highly digestible diets to dairy

heifers for improving feed efficiency and reducing

nutrient waste. Feeding dairy heifers a balanced diet

is always important. In the case of precision feeding,

no additional free choice forages are fed, and the

balanced diet is likely fed in the form of a TMR or

mixture of forage and grain, fed once daily. Based on

current published research for precision-fed dairy

heifers, nutrient specifications as currently

understood are as follows: 

Protein: Balance primarily for crude and soluble

protein.

•  14 to 15% CP for pre-pubertal heifers based on

2.15% BW DMI/d.

•  13 to 14% CP for post pubertal heifers based on

1.65% BW DMI/d.

•  Maintain at least 30 to 35% soluble CP in the

rations at all times.

•  Rumen undegradable CP levels in excess of 25 to

30% are not required; use only standard feed

sources based on price and availability and not

feeds specifically designed for high bypass

protein.

Heifers require a specific amount of crude protein

daily, and for heifers total protein has been shown to

be equally as important as the various protein

fractions. Research has shown that added rumen

undegradable protein (RUP) is of limited value to the

heifer beyond what is found in common feedstuffs. In

situations where high RUP feedstuffs are more

economical than lower RUP feeds, they may be used;

however they should not be used for the added RUP.

Soluble (SP) and rumen degradable crude protein

(RDP) are efficiently utilized by dairy heifers. In

studies with SP added as urea, improved nitrogen

retention in rations with SP approaching 40% has

been observed. It appears that nitrogen utilization in

the precision-fed dairy heifer is efficient, allowing for

efficient rumen microbial protein production

throughout the day despite feed access being limited

to a few hours. In various published research trials,

maximum protein efficiency has been demonstrated

when heifers are fed diets containing 14 to 14.5% CP.  

Precision Feeding Dairy Heifers
Jud Heinrichs

Professor of Dairy Science
Penn State
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Energy: The energy requirement of the heifer will be

influenced by the size, growth rate, and environment

of the heifer. There are two feeding strategies to meet

the energy requirements of growing dairy heifers.

First, diets can be formulated at variable energy

densities and fed ad-libitum to allow the heifer to

select her energy consumption. In the second

strategy, heifers’ diets can be formulated at a fixed

(generally higher) energy content and precision-fed

to specifically meet the heifers’ energy requirement.

Regardless of feeding strategy, heifers should be fed

energy to allow 1.75 to 2.00 pounds of average daily

gain or approximately 130 kcal of metabolizable

energy per pound of metabolic body weight

(BW0.75).

Fiber (NDF or ADF): The current NRC levels for

fiber for dairy heifers may not be warranted based on

recent precision-feeding experiments. Traditionally,

high levels of fiber or low quality forage are fed to

dairy heifers to control dietary energy; however

precision feeding high concentrate, low fiber diets

effectively accomplishes the same goal.  Economics

and the mix of forages available to a farm usually

drive the forage level to feed.  Much of our recent

precision feeding work has been done with 70 to 90%

forage diets.

Vitamins and minerals: In precision feeding systems

balance for current NRC specifications. At present

there are no data to suggest vitamin and mineral

requirements are altered when heifers are precision-

fed diets.

Monitor Heifer Weight

Weighing heifers is a relatively simple means to

monitor animal performance, and this practice is a

must for precision feeding dairy heifers successfully.

Weighing heifers is increasingly important when

precision feeding dairy heifers since an inappropriate

level of diet restriction can lead to rapid gains and fat

heifers or gains lower than desired. Electronic scales

can be placed in alleys or some other easy to handle

location to make heifer weighing less of a chore.

Basically any time a heifer is handled, she should be

weighed. With a precision feeding system heifers

must be weighed to allow you know what amount of

feeding is required, while maintaining the growth

rates needed for breeding at a given age or for

calving at a given body weight. 

Recommendations:

•  Weigh heifers at the same time of day (relative to

feeding), otherwise alterations in gut fill can

impact ADG calculations.

•  Weighing heifers once per month is best, but once

your system is stable, less frequent weights can

work as long as you at least observe body

condition.

•  It is best to weigh all heifers; however, on some

farms it may not be realistic, as heifer numbers

may be labor prohibitive. In this case, weighing a

representative group of heifers in a pen each time

will suffice. It is important to be sure that this

group is representative of the entire group and

that the same heifers are weighed each time.

•  Monitor individual heifer and group gains

against benchmark weights, and alter

management, specifically feed intake strategies,

as needed. 

Group Sizes

In any group-housed heifer facility minimizing

variation in size and age of heifers in each group is

important, and it remains important in precision

feeding system management. Typically, beyond 4

months of age, heifers should be housed with other

heifers as close to the same age as possible and

always in groups with less than 200 pounds (90 kg)

of weight variation within the group. Often this

means having groups with 2 to 4 months of age

variation at the most. Post breeding, this number can

be increased to 300 pounds (136 kg) weight spread

between animals within a group.

Feed Bunk Space

In precision feeding systems, heifers will need 14 to

24 inches of feed bunk space per heifer as they

progress from 4 months of age to pre-calving or 22

months of age.  

Precision-fed heifers will not have access to feed at all

times of day, thus all heifers in a pen must have

access to the feed bunk. Overly aggressive and timid

heifers are very susceptible to over- or under-

nutrition when feed bunk space is limited. 

There are three strategies that can be used when feed

bunk space is limited. The first is clearly grouping

animals with peers having similar body weight. The

second strategy is to have impediments to free

motion at the feed bunk, such as headlocks or closely

placed divider posts. This will likely be effective to

some degree, but not completely. The third is to feed
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twice daily at close intervals. For example, feed two-

thirds of the daily allotment at 7 a.m. and the

remaining third at 9 a.m.; in this way the larger

animals can eat more freely at the early feeding and

the more timid animals at the second feeding.

Hungry, But Growing 

At the initial implementation of the precision feeding

protocol, the heifers will likely vocalize immediately

prior to feeding, with the frequency and magnitude

increasing toward the next feeding. Research

experiences are that this behavior will diminish and

virtually disappear by between 10 and 14 days after

the implementation of the precision feeding strategy.

This is due to a moderate reduction in rumen and gut

size needed to accommodate a reduced digestive

load, which is one of the reasons for the improved

efficiency in precision-fed heifers. 

The transition to precision feeding requires time and

commitment in a manner similar to the time it takes

to increase gut capacity after calving. As long as the

heifers are growing according to the ADG goals of

your operation and receiving a correctly balanced

ration, they are adequately fed. 

Transition to Pre-freshening and Post-freshening

Diets 

Precision feeding should be discontinued and heifers

adapted to normal pre-freshening diets 30 to 45 days

before calving. Precision feeding heifers until 30 to 45

days before calving has had no adverse effects on calf

birth weight, dystocia, metabolic problems, early

lactation intakes, or first lactation milk production, as

has been reported in several peer-reviewed journal

publications. Changes in rumen and gut volume have

been shown to occur rapidly and do not limit

postpartum dry matter intake.

Nutrient Specifications

Listed below are some of the nutrient

recommendations that have been determined under

experimental and practical situations. It should be

noted that both high forage and high concentrate

rations contributed to these recommendations, both

types of diets were precision-fed to produce a level of

growth to meet ADG objectives. Precision feeding

highly digestible, high concentrate diets is still under

development for dairy heifers, and knowledge is still

incomplete. But this information can serve as a

starting point for those interested in precision feeding

dairy heifers. The final determination for the success

of a precision feeding program is the animal herself,

and careful and frequent monitoring of heifer

progress is the key to successful application of this

nutritional approach.

A strategy for practical ration balancing is to

formulate a least-cost diet based on the feeds

available, meeting the required specifications, and

then feed an amount of dry matter to meet the

nutrient requirements. That is, assuming energy is

most limiting for growth, determine the ME required

by a heifer for a specific rate of gain (from the NRC,

for instance) and divide the requirement by the

formulated ration energy density (Mcal/d ÷

Mcal/pound DMI).  

Table 1.  Nutrient recommendations for precision-

feeding dairy heifers. 

Values are for Holstein heifers growing 1.9 pounds

per day. These are starting values based on precision

feeding experiments; actual performance should be

monitored and dietary alterations should be made

accordingly.

Age, Body Weight, DMI, ME, CP, NDF,

mo pounds pounds/d Mcal/d pounds/d %

4 250 5.72 7.8 0.9 23

6 350 7.45 10.1 1.1 24

7 450 9.07 12.2 1.4 26

9 550 10.62 14.1 1.6 27

11 650 12.11 16.0 1.8 28

13 750 13.55 17.9 2.0 29

14 850 14.95 19.6 2.2 30

16 950 16.32 21.3 2.4 30

18 1050 17.65 23.0 2.6 31

20 1150 18.96 24.6 2.8 32

21 1250 20.24 26.2 2.9 32

23 1350 21.51 27.7 3.1 33

Feed efficiency in the dairy heifer can therefore be

optimized by selecting animals that have the genetic

propensity for high dry matter intake in first lactation

and have the ability to grow at uniform rates to meet

the body size requirements for calving at 22 to 24

months of age.  Maintaining optimal body size

during the growing phase is important to minimize

heifer maintenance requirements.  Finally, feeding

precise amounts of highly digestible and perhaps

higher concentrate rations will minimize energy and

protein requirements of the heifer as the heifer will

efficiently digest and utilize the feeds that she is fed.
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Introduction
The availability of affordable sexed semen since
the fall of 2005 and improvements in
reproductive efficiency in the last decade have
led to an abundance of dairy heifers on many
farms in 2013.  Historically, most dairy farmers
have raised all their heifer calves to replace
culled cows.  The ability to create more dairy
heifers than are needed for culling and herd
expansion has many dairy farmers wondering
how many dairy heifer calves are needed.  Many
options need to be considered, such as
increasing the cull rate of cows to make room for
the extra heifers, limiting the number of heifers
entering the herd through sales of surplus dairy
calves or surplus heifers, or limiting the number
of heifer calves born through breeding decisions
such as reduced use of sexed semen, the use of
beef semen, or delaying or not breeding certain
animals at all.  The best policy could be a
combination of these options.  These options
have both consequences for breeding decisions
of animals that are kept, and selling decisions
for cows and (surplus) heifers.  These decisions
are interdependent when maximizing herd
profitability.

The other new technology that became
commercially available to dairy farmers in 2009
was genomic testing.  Genomic testing allows
dairy farmers to more accurately identify
generically superior females (and males) shortly
after birth.  For a relatively small fee (about $40
for the low density test per animal) we can
better identify the superior females for the traits
we desire.  Genomic testing helps to make better
informed breeding and culling decisions, but
questions remain about which animals to test
and the expected profitability of the best use of
the test.   

The objective of this paper is twofold.  First,
we’ll describe (optimal) genomic testing policies

for heifers including which animal to test and
which not, and the expected genetic progress if
the bottom portion of all heifers is sold.  The
genetic value of the kept heifers depends on
how many animals are sold vs. born.  Second,
we’ll explore in a whole-farm cost-benefit
analysis how many dairy calves the herd should
create in order to allow for the sale of surplus
dairy calves and capture genetic progress from
the kept dairy calves.  For example, increasing
the use of sexed semen creates more dairy calves
but also affects fertility, culling, and breeding
cost. Several scenarios will be presented.  Other
uses of genomic testing have value, for example
to find elite animals as embryo donors, but these
are not considered in this paper.

Genomic testing principles
Genomic testing implies that money is spent on
a test to learn something about the animal.  Such
an expense makes only sense if it affects what
we do with the animal.  If genetic testing does
not lead to alternate breeding or culling
decisions, then there is no value in the test.  In
the analysis that follows, we’ll assume that the
dairy farmer is interested in ranking heifer
calves for genetic merit.  The farmer will sell the
lowest ranked animals if they are not needed to
be kept on the farm.  Genomic testing alters
(improves) the ranking and therefore makes a
difference in the decision which animals to keep
and which ones to sell.

A genomic test measures single-nucleotide
polymorphism (SNPs) in the DNA of animals.
This DNA is made available through for
example a sample of blood or hair.  One SNP
implies that a single nucleotide (A, T, C or G) in
the 3 billion possible nucleotides of dairy
animals differs between animals.  Biologically,
one SNP, or a more likely a number of SNPs,
may lead to a different biological performance,
such as higher milk yield or lower fertility.  The
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current low density genomic tests measure
approximately 8,000 known SNP locations.  Each
tested animal’s SNP pattern then is compared
with the SNP patterns in the predictor
population of dairy animals and the associated
estimated breeding values for various traits.
Each genomic test therefore gives insight into
the actual DNA of an animal and its associated
breeding values.  The collective breeding values
of traits of interest are referred to as genetic
merit.

Genetic progress in a group of selected animals
depends on natural genetic variation in a
population, the reliability of the ranking for
genetic merit of the trait of interest, and the
fraction animals that are selected (= kept).  The
natural genetic variation is basically given and is
not easily changed.  A greater reliability means
that we are better at ranking animals for their
true genetic merit, based on their predicted
genetic merit.  That means that the selected
group of animals is more likely to consist of the
genetically truly best animals in the population.
Finally, the average genetic progress of the
selected group is greater when fewer animals are
selected then when more animals are selected. 

The key equation that captures this idea is
where  is the additive genetic standard deviation
(natural genetic variation),  is the accuracy of the
prediction calculated as the square root of the
reliability, and  is the selection intensity factor
which depends on the fraction of animals that
are selected (Van Vleck et al.,1987). 

Genomic testing improves the reliability of the
estimate of genetic merit of individual animals.
That means that we are more sure that the
estimate is close to the true genetic merit of the
animals. In a population, genomic testing
improves the accuracy of the prediction and
therefore genetic merit of the selected (best)
animals.  For example, the reliability for the
predicted transmitting ability (PTA) milk
increases from about 42% with just parent
average information, to about a 65-70%
reliability for animals that have been
genomically tested with the a low density SNP
test. 

For example, in a herd with only sire
identification, we might have a standard
deviation (a measure of the variation) of $350
lifetime Net Merit dollars (NM$) and a reliability
of NM$ of only 20% because only the sire is
identified.  The low reliability means that the
ranking of the animals for genetic merit is not
very good, so the selected animals may or may
not be the truly genetically best animals. It is
convenient to work with NM$ because this
selection index represents the increases in profit
in an adult cow’s lifetime, which is
approximately 3 years. The current NM$
includes 10 traits such as milk fat, protein, and
yield, daughter pregnancy rate, productive life,
somatic cell score, feed and legs etc. (Cole et al.,
2009). So an increase in NM$ of $120 means that
the average profit per cow per year is expected
to be increased by approximately $40 due to a
combination of altered fertility, milk
components, feed and legs composite, etc.

Using the key equation with the above
assumptions, if the best 10% of the animals are
selected, the average NM$ of this group of
animals is $275 better than the population
average of $0.  If the best 90% of the animals are
selected, their average is only $31 better than the
population average.  The best 90% of the
animals consists of all animals in the population,
except the ones that are predicted to be the
worst 10%.  If the reliability increases say from
20% to 60%, for example because all animals are
genomically tested, the average of the predicted
best 90% increases from $31 to $53. The reason is
that we now identified the genetically truly best
animals with more accuracy.  Table 1 shows
increase in NM$ for various reliabilities and
selection intensities calculated from the key
equation. 

The NM$ is the expected increase in profit
during a lifetime, but a genetically better female
is expected to also have better daughters, grant
daughters etc.  Therefore, the NM$ is probably
an underestimate of the value of a genetically
improved animal.  On the other hand, the
expected gain in NM$ from a breeding decision
today is not realized until the calf born starts
lactating and later has offspring of her own.
This future profitability should be discounted
into today’s dollars.  Collectively, the value of
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+$1 greater NM$ of the decision to keep a better
heifer calf is about $1.40 in net present value of
all profit resulting from the higher genetic merit
realized in the future.  The 1.4 is referred to as
the number of discounted expressions.  Further
assuming a cost of $40 per genomic test and that
an animal is tested only once in her lifetime,
Table 2 shows the increase in the net present

value of this cumulative profit for various
reliabilities and selection intensities.  It turns out
that genomic testing is very often profitable if no
prior information is available.  At 60% reliability,
if fewer than 95% of the best animals are kept,
the net present value starts to be positive.  The
only exception is when very few animals are
selected but all animals are tested.

Table 1. Increase in lifetime Net Merit dollars (NM$) for various reliabilities and selection intensities
calculated from the key equation assuming an additive genetic standard deviation of $350.

Reliability
% Best animals selected 20% 40% 60% 80% 100%
100% 0 0 0 0 0
90% 31 43 53 61 68
80% 55 77 95 110 122
60% 101 143 175 202 225
40% 151 214 262 302 338
20% 219 310 380 438 490
1% 417 590 723 834 933

Table 2. Increase in net present value per selected animal for various reliabilities and selection intensities
assuming an additive genetic standard deviation for lifetime Net Merit of $350, 1.4 discounted
expressions, and $40 cost per genomic test.  All animals are tested, either selected or not.

Reliability
% Best animals selected 20% 40% 60% 80% 100%
100% -40 -40 -40 -40 -40
90% -1 16 $30 41 51 
80% 27 58 $83 104 121 
60% 75 134 $178 216 248 
40% 111 200 $267 323 373 
20% 107 234 $332 413 486 
1% -3416 -3174 -2988 -2832 -2694

Which animals to test
Genomic testing with a low density test is likely
profitable if nothing is known about the animals.
However, the value of the genomic testing is less
when animals can already be pre-ranked by
other means, for example by parent average.  If
we know the PTAs for NM$ for the sire and
dam, for example, we already have some idea
about an animal’s own genetic merit for NM$.
A genomic test will change the value and
improve the reliability of that NM$ estimate, but
less than when nothing is known.

Secondly, if animals can be pre-ranked, there is
often no need to test all animals with a genomic
test.  For example, when most of the animals
need to be selected, it is often economically to
test only the lower pre-ranked animals.  The
animals with the highest parent averages do not
need to be genomically tested because they most
likely will be selected anyway.  The advantage of
genomic testing is the greatest when animals
cannot be pre-ranked and when a small fraction
of animals is selected, provided we use a smart
testing policy. 
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Weigel et al. (2012) studied the economic
feasibility of genomic testing for various
reliabilities of pre-ranking and depending on
whether all animals, the pre-ranked top 50%, the
pre-ranked middle 50%, or the pre-ranked
bottom 50% were tested.  Testing all animals was
most cost-effective if ancestry of the animals was
not known and when fewer animals were
selected.  Selective testing of pre-ranked animals
was most profitable when animals could be pre-
ranked and a relatively small proportion of
animals were to be selected of culled.  They
concluded that routine genotyping of heifer
calves or yearling heifers could be cost-effective
strategy for enhancing the genetic level of
replacement females on commercial farms.

We also explored the concept of selective testing
of animals based on pre-ranking information (De
Vries et al., 2011).  Compared to Weigel et al.
(2012), who studied testing all animals and 3
variations of testing 50% of the candidates, we
varied the fraction of animals to test in 10%
increments. For example, we compared testing
the middle 30%-80% range of pre-ranked
animals (thus not testing the top 30% and not
testing the bottom 20%).  The number of
discounted expressions was set to 1.4 and cost
per genomic test was $40.

A SAS macro was created which simulated
36,000 scenarios varying in pre-ranking
reliability, genomic test reliability, bottom
fraction of animals genomically tested, upper
fraction of animals genomically tested, and a
standard deviation of $350 NM$. Calculation of
the gain in NM$ through genomic testing was
performed by conditional normal distributions.
Each scenario was evaluated 1 million times
with different random numbers.  

Figure 1 shows the value of a genomic test with
60% reliability and no pre-ranking of animals.
Five testing policies are shown, in addition to
not using any genomic testing.  The values are
directly comparable to table 2.  Testing all
animals was the optimal policy for all selection
intensities, except when very few or very many
animals were selected.  When 90% or 10% of
animals were selected, the optimal policy was to
test about 50% of the animals. There is a much
value in genomic testing all animals when about
half of the animals are to be selected.

Figure 2 shows the value of a genomic test with
60% reliability and 20% reliability when pre-
ranking all animals.  The value of the various
genomic testing policies is very close, except
when few animals are selected.  Figure 3 shows
the best policy.  When many animals are
selected, the bottom third of pre-ranked animals
should be tested.  When few animals are tested,
the top third of pre-ranked animals should be
tested.  Otherwise, pre-ranked animals in the
middle should be tested. When the pre-ranking
reliability is 40%, the value of selection is shown
in figure 4.  The best policy is similar to the one
for a 20% pre-ranking reliability (figure 3), but
the bottom and top bands move closer together
so fewer animals should be tested.  

The difference between the best policy and the
policy with no genomic testing becomes smaller
when the pre-ranking reliability increases, as can
be seen in figures 1, 2, and 4.  For example,
when the top 70% of animals are selected, the
expected value of the best genomic testing
policy is $131, $36, and $14 per selected animals,
given a pre-ranking reliability of 0%, 20%, and
40%, respectively.

Figure 1.  Value of selection with a genomic test
with 60% reliability and no pre-ranking of
animals. Genomic test cost was $40 per animal.
Five testing policies are shown. 
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Figure 2.  Value of selection with a genomic test
with 60% reliability and all animals are pre-
ranked with 20% reliability. Genomic test cost
was $40 per animal. Five testing policies are
shown in addition to selection without a
genomic test. 

Figure 3. Best genomic testing policy with 60%
reliability and 20% reliability when pre-ranking
all animals.  Genomic test cost was $40 per
animal.  The non-smooth lines are caused by
random sampling error.  For example, when 60%
of all animals are selected, the best genomic
testing policy is to test all animals except the top
30% and the bottom 10%.

Figure 4.  Value of selection with a genomic test
with 60% reliability and all animals are pre-
ranked with 40% reliability. Genomic test cost
was $40 per animal. Five testing policies are
shown in addition to selection without a
genomic test. 

It is convenient to capture the value of the best
testing policies in simple regression equations.
Table 3 shows the regression coefficients from
simple linear regressions fit on the value of the
best testing policy per selected animals for 50%
to 100% of animals selected.  For example, when
the pre-ranking reliability is 20% and the
genomic test reliability is 60% with a cost per
test of $40, then the value per selected animal is
469.6 – 463.5 * animals selected %.  If the top
80% of the animals are selected after the best
testing policy, then the increase in value per
selected animal is 469.6 – 463.5 * 0.8 = $99
during her lifetime and her offspring through
discounted expressions.  This is compared to
selecting animals randomly which yields no
genetic progress.
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Table 3. Simple linear regression equations that capture the value of the best testing policy from 50% to

100% of all animals selected. Net value of selection per selected animal = b0 + b1 * animals selected%1

Pre-ranking reliability Genomic test reliability Genomic test cost b1 b0
0% 40% $40 -340.4 335.7
20% 40% $40 -403.1 408.0
0% 60% $40 -452.5 448.1
20% 60% $40 -463.5 469.6
40% 60% $40 -532.2 538.5
0% 80% $40 -546.1 542.5
20% 80% $40 -536.5 542.6
40% 80% $40 -573.6 581.2
60% 80% $40 -620.4 629.6
1At 100% animals selected, the theoretical value of selection is $0.  A regression equation with quadratic
terms gave a slightly better fit in the order of at most a few dollars.

The analysis above assumes that the value of the
best genomic testing policy is expressed through
an increase in NM$ of the animals that are kept
for the herd, for example through higher milk
production, greater daughter pregnancy rate,
and/or better feed and legs.  It is also assumed
that the not selected animals are sold and that
their sale price is independent of the testing
policy.  One can imagine that the sale price
might decrease if it is known that the animals
for sale are in the bottom half for genetic merit. 

Genomic testing generally has value when
surplus heifer calves can be sold.  One question
therefore is how many more heifer calves should
be created (by using sexed semen or reduced
culling) than are needed to replace culled cows.
The use of sexed semen and keeping non-
pregnant cows longer typically comes at a cost
to the herd, but that loss could be offset by the
increased genetic value of the kept heifer calves
because selection intensity is high. 

Further, better knowledge of the genetic merit of
heifers and cows might lead to additional gain
through altered breeding polices, for example by
deciding which dams should be bred (with
conventional or sexed semen) to become the
mothers of the next generation of heifer calves.
In some markets, it could be advantageous to
breed the bottom end of heifers and cows with
beef semen and sell the crossbred calves.  This
policy would decrease the number of dairy
heifer calves born and consequently reduce the

value of selection, but extra value would be
captured from selling crossbred calves.  These
combined options of genomic testing policy,
breeding policy, and culling policy should be
considered simultaneously.  This is a non-trivial
problem, however, and probably best analyzed
with simulation.   

We used a comprehensive linear program model
to evaluate a few of the possible strategies.
Briefly, there are 10 parities (heifers and 9 cow
parities) in the model.  For open heifers there are
4 breeding opportunities where for open cows
there are at most 15 breeding opportunities.
Pregnant animals are always kept and not
subject to decision making although a risk of
forced culling is included.  The timing between
the breeding opportunities depends on the 21-
day service rates set by the user.  At each
breeding opportunity, the animal can be culled,
not inseminated, or inseminated with (if not
restricted) 3 types of semen: conventional dairy,
sexed dairy, or conventional beef.  The model
also decides for every breeding if the dairy
heifer calf that may be born should be kept or
sold.  Seven levels of NM$ breeding values are
assumed for all animals which represent genetic
diversity and affect the value of their calves and
hence breeding decisions.  The NM$ also
declines with age.   Among cows, an additional
7 levels of milk production are considered.  The
model has approximately 40,000 decision states.
The model further has transition probabilities
between levels of milk yield and NM$. Animals
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are subject to risks of involuntary culling
anytime.  Many other relevant inputs are
modeled such as functions for feed dry matter
intake, milk production, body weights,
probabilities of conception, as well as prices for
milk, feed, inseminations, calves, cull cows, and
other variable and fixed costs. 

The key advantages of this model are that herd
demographics of a herd with groups of cows
and heifers can be generated while allowing
enough flexibility for optimizing breeding,
culling, and calf keeping decisions for reach
group.  The linear program makes it possible to
apply constraints, such as for example that
enough heifer calves are kept to keep a constant
herd size.  Another constraint option is to
require the model to generate a certain number
of surplus heifer calves.  The model than
optimizes all decisions to generate the requested
number of surplus heifer calves, while
optimizing profit per cow (or per milking slot)
per year. 

In our scenarios shown below, we optimized
breeding, culling, and calf keeping decisions
while maximizing (pre)profit per milking cow
per year.  The maximum number of milking
cows was set at 1000. In addition to let the
model decide on the number of heifer calves to
sell, we also forced the model to sell 0, 150, 300,
450, 525, or 600 heifer calves per year.  These
heifer calves to sell plus the heifer calves to keep
determined the selection intensity.  The income
per heifer calf sold was $150, regardless of
selection intensity.  The value per kept heifer calf
depended on the genetics of her dam, but did
not include the value of the best genomic testing
and selection policy as described above.  This
value was added separately.  Therefore, the
value of selection as outlined above was
converted to an annual value per milking cow
and added to the (pre-)profit per milking cow
per year to obtain the bottom line profit per
milking cow per year.  We assumed that sexed
semen cost $10 more than conventional semen
and reduced the conventional probability of
conception by 20%.  Beef semen and
conventional dairy semen had the same cost and
fertility.  Dairy bull calves were sold at $50 per
head and crossbred calves at $175 per head.  The
model included many other inputs and costs

with the intention to represent an average herd
in the US, but these inputs are not described
here.
Table 4 shows some key statistics for the default
inputs when only conventional and sexed semen
were allowed as breeding choices.  The results
show a herd with 1000 milking cows and a
slightly variable numbers of dry cows and
heifers.  The optimal, unconstrained, number of
heifer calves sold per year was 68.  More sexed
semen was used when more heifer calves had to
be created.  An attempt to generate 600 dairy
heifer calves for sale per year was not feasible,
even with 100% sexed semen use and as little
culling as possible.

As expected, the (pre)profit per milking cow per
year decreased from $648 when other than 68
dairy heifer calves were sold.  When 68 dairy
heifer calves were sold (11% of the total number
born), the added genetic value per kept heifer
calf was $36 from the regression equation with
20% pre-ranking reliability and 60% genomic
test reliability.  This was the equivalent of $10
per milking cow per year for a bottom line profit
of $648 + $10 = $658.  Judging the bottom line,
the optimal number of heifer calves to sell was
approximately 150 for a profit of $663.
Therefore, it was beneficial to create a larger
surplus of dairy heifer calves to capture the
value of genetic selection through the increased
selection intensity.  On the other hand, selling
more than 150 dairy heifer calves cost more than
was captured by increased genetic progress of
the kept dairy calves.

Table 5 shows results when conventional, sexed,
and beef semen all were allowed as breeding
choices. Again a pre-ranking reliability of 20%
was assumed with 60% reliability from genomic
testing.  The value of crossbred calves ($175 per
head) was enough to trigger the use of beef
semen, even when 150 dairy heifer calves had to
be sold.  Under these assumptions it was not
profitable to create a surplus of dairy heifer
calves.

Tables 4 and 5 also show annual cull rate for
cows and the fraction inseminations with either
conventional, sexed, or beef semen. When more
heifer calves were sold and beef semen was not
an option, the annual cull rate generally
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decreased which implied that cows were kept
longer.  Also, more sexed semen was used.
Within the herd, sexed semen was used
primarily in heifers and early lactation cows
with high genetic levels.  The breeding policy is
a balance between the probability to generate a
high valuable (heifer) calf and the need to keep
a high producing cow in the herd.  These
complex optimal policies are not easily captured
in simple guidelines. 

In summary, genomic testing with a low density

test at $40 per test was generally valuable when
fewer than about 95% of the dairy heifer calves
were kept. Generally only the bottom third to
half of all heifer calves needed to be tested when
animals can be pre-ranked, for example by
parent average, and when the majority of the
animals need to be kept.  A whole herd analysis
showed that that it was valuable to use sexed
semen to create a greater surplus of heifer calves
to capture extra genetic progress from the kept
heifers.  This may not be valuable if a market for
crossbred calves exist.  The results showed that

Table 4. Effect of variations in the number of heifer calves sold on herd statistics including profitability
and the value of genetic progress from selection among heifer calves. Only conventional and sexed
semen were allowed as breeding choices.

Heifer calves sold (N/yr)
Herd statistic 0 Optimal 150 300 450 525
Milking cows present (N) 1000 1000 1000 1000 1000 1000
Dry cows present (N) 124 126 126 124 120 123
Dairy heifer calves kept (N/yr) 602 563 550 557 554 404
Dairy heifer calves sold (N/yr) 0 68 150 300 450 525
Dairy bull calves born (N/yr) 649 596 513 338 161 127
Crossbred calves born (N/yr) 0 0 0 0 0 0
Heifers present (N) 1167 1093 1069 1087 1077 783
Conv. semen breedings (%) 99% 91% 74% 40% 4% 0%
Sexed semen breedings (%) 1% 9% 26% 60% 96% 100%
Beef semen breedings (%) 0% 0% 0% 0% 0% 0%
Annual cull rate (%) 47% 44% 42% 42% 41% 29%
Pregnancy rate (%) 19% 19% 18% 17% 15% 15%
(Pre)profit ($/milking cow/yr) 643 648 644 625 591 521
From best calf selection policy:

Heifer calves kept (%) 100% 89% 79% 65% 55% 43%
Added value ($/selected calf) 0 56 105 168 214 268

Added value ($/milking cow/yr) 0 10 19 31 40 36
Bottom line ($/milking cow/yr) 643 658 663 656 631 557
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genomic testing, breeding, culling, and calf
keeping decisions for cows and heifers are
interdependent and not easily summarized in
easy rules.
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Heifers present (N) 1071 1071 1080 1087 1077 783
Conv. semen breedings (%) 24% 24% 23% 40% 4% 0%
Sexed semen breedings (%) 40% 40% 55% 60% 96% 100%
Beef semen breedings (%) 36% 36% 22% 0% 0% 0%
Annual cull rate (%) 42% 42% 42% 42% 41% 29%
Pregnancy rate (%) 18% 18% 17% 17% 15% 15%
(Pre)profit ($/milking cow/yr) 670 670 649 625 591 521
From best calf selection policy:

Heifer calves kept (%) 100% 100% 79% 65% 55% 43%
Added value ($/selected calf) 0 0 105 168 213 268

Added value ($/milking cow/yr) 0 0 19 31 40 36
Bottom line ($/milking cow/yr) 670 670 668 656 631 557
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Dairy heifers are the future revenue generating units

on a dairy operation.  However, during their pre-

productive period they represent a significant cost

center on every dairy farm business.  For about 24

months, from birth until first calving when milk

production begins, heifers are not income generating

units on the farm.  It has been shown that the total

costs of raising dairy heifers are the second largest

contributor to the annual operating expenses of dairy

farms in Pennsylvania. The costs of raising dairy

heifers have been shown to represent 15 to 20% of the

total annual expenses of a dairy farm.  However,

because the annual expenses of raising heifers are

included in various other expense categories such as

feed, labor and vet, little information has been

collected on what the actual costs of raising a

replacement is on most dairy farms. Furthermore,

few operations fully recognize that the management

and care of their dairy heifers throughout this pre-

productive period directly influences the productivity

and income generating potential of these animals

during their first and subsequent lactations.  Optimal

rates of gain as well as ages and weights at calving

are well documented and allow the producer to set

appropriate production goals.  Daily management

decisions relating to an operation’s dairy heifers can

compound to have great impacts on current and

future farm profitability in the form of hidden

expenses and lost future productivity.  

Data from the Dairy Metrics benchmarking web site

housed at DRMS in Raleigh, NC indicates an average

age at first calving for Pennsylvania Holstein herds

over 18,000 pounds of annual milk production is 25.3

months, compared to an industry benchmark of 22 to

24 months.  The impact of the extra time needed to

bring an animal into the milking string is significant

as it requires farms to raise 5 to 15% more heifers, at

identical cull rates, than those farms that hit the

industry benchmarks.  That same data base also

indicates a tremendous range in peak milk levels,

which set the stage for milk produced over the

animal’s lactation, achieved by dairy heifers during

their first lactation, with most herds falling in a range

of 63 to 82 pounds. 

Despite the fact that acquiring healthy replacement

heifers that calve between 22 and 24 months of age

represents a major expense to dairy operations, there

is limited information available to dairy producers

and consultants on the factors that create a farming

operation that raises profitable dairy heifers.  Due to

the nature of replacement heifer management, a dairy

operation must invest feed, labor, and capital for a

period of 22 to 24 months without receiving any

realized benefits.  Consequently, minimizing or

optimizing heifer rearing investments while

maintaining the productive integrity of the

replacement heifers should be a primary objective of

replacement heifer management.

Age at first calving

Age at calving and herd replacement rates are the

largest factors influencing heifer costs. These factors

affect the number of heifers that must be raised to

maintain a profitable milking herd size as shown in

Table 1.

Table 1. Heifer herd size for a 100-cow herd with a

10% heifer cull rate.

Cull Rate (%) Age at First Calving (months)

22 24 26 28 30

26 53 58 63 67 72

30 61 66 72 78 83

34 69 76 82 88 94

38 77 84 92 99 106

42 86 93 101 109 117

When age at calving increases, so does the need for

heifer housing, feed, labor, and management. This

increase in input variables can be as much as 50% or

more in extreme situations. An example of this

magnitude of increase would be comparing a farm

with a 26% herd turnover rate and 22 month calving

age with another having a 38% herd turnover rate

and a 30 month calving age. The first farm would

Heifer Costs
Jud Heinrichs

Professor of Dairy Science
Penn State
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need 53 heifers in the replacement herd, while the

second would require 106, or twice as many heifers,

just to maintain a constant 100-cow herd size. The

costs to raise these extra heifers can be tremendous

and make a major difference in the profit potential of

each farm.

Table 2 gives a typical breakdown of heifer expenses,

both ownership and operating, from birth to

prefreshening. The table shows the results from a

spreadsheet that calculates the costs to raise a

replacement heifer. Aspects that need to be included

when calculating the cost to raise a heifer are feed,

labor, breeding, bedding, health, buildings,

equipment, mortality, and interest.

Feed costs usually constitute 60% of the total overall

expense to raise heifers. The most expensive age

period in feed cost per heifer is birth to weaning. This

is due to the large labor and feed costs per animal.

Labor costs calculate the time required raising a

heifer. Every aspect has some cost associated with it,

in this instance, the cost of time. Labor costs are the

second highest expense in raising a heifer, around

13% of the total cost.  Table 2 below shows average

costs to raise heifers in PA based on a recent study

done on 45 dairy farms of various sizes in 2011.

Average age at calving was 24.9 mos and average

weight of pre-fresh heifers was 1264 lbs.

Table 2. Operating costs of raising replacement dairy

heifers.

Birth Weaning 6 mo Bred

until until until until

Weaning 6 mo 1st Bred Prefresh Totals

Feed $125 $172 $475 $546 $1318
Labor $59 $34 $57 $53 $203
Breeding $50 $50
Bedding $12 $20 $33 $25 $90
Health $6 $2 $4 $5 $17
Totals $1808

There are some aspects of calf and heifer raising that

can be more efficient than others. Many farms can

benefit by reducing some cost components in their

replacement program without reduction in heifer

quality. The following is a listing of some areas that

should be considered as potential cost saving areas

for heifer raising on most farms.

1.  Wean by 6 weeks of age and watch liquid feed

costs.

2.  Feed high quality, palatable concentrates to

younger animals.

3.  Analyze forages and run ration formulations for

all major groups.

4.  Monitor growth so that you can breed heifers soon

after they reach appropriate size.

5.  Monitor group size and age/weight variation

within groups.

6.  Use proven feed additives to improve growth and

feed efficiency.

7.  Keep weight gains steady at 1.8 pounds per day

before nine months of age and 2.0+ pounds per

day after nine months of age to reach 85% of herd

mature body weight one week after calving.
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Summary

The rising demand for calcium during the transition

from pregnancy to lactation places extreme pressures

on calcium homeostatic mechanisms.  The inability of

the animal to maintain adequate circulating calcium

concentrations can cause subclinical or clinical

hypocalcemia (milk fever) in several mammalian

species, particularly the dairy cow.  Cows that

succumb to periparturient hypocalcemia have

decreased feed intake and milk production, and have

a higher risk of developing additional transition

related disorders, therefore negatively impacting

their productive and reproductive performance.

Several feeding strategies during the dry period have

been developed, such as feeding low calcium diets

and manipulating the dietary cation-anion difference,

in order to prevent milk fever.  Different oral and

intravenous calcium supplementations strategies

have been applied to treat hypocalcemic cows,

however, they are not implemented until the animal

is noticeably ill.  Bone resorption is the primary

contributor of calcium in the milk during lactation.

Mammary secretion of parathyroid hormone related

protein (PTHrP) is responsible for mobilizing of

maternal bone calcium at the onset of lactation.

Additionally, serotonin (5-HT) has been identified as

a homeostatic regulator of lactation and bone

turnover.  Our research in rodents has shown that 5-

HT is responsible for the induction of PTHrP in the

mammary gland, and therefore results in stimulation

of calcium mobilization from bone.  In addition, we

have shown that 5-HT serum concentrations on day 1

of lactation is positively correlated with PTHrP and

ionized calcium concentration, and negatively

correlated with milk fever incidence and severity of

ketosis in multiparous Holstein cows.  A greater

understanding and characterization of this

physiological 5-HT/ PTHrP axis could be a

promising therapeutic target to explore for the

prevention of subclinical and clinical hypocalcemia in

dairy cows.  This promising novel strategy could help

alleviate the complications associated with present

preventive treatment strategies for hypocalcemia in

transition cows.

Calcium homeostasis and Hypocalcemia

The transition period, 3 weeks pre-calving through 3

weeks post-calving, is an extremely critical time

period in the life of a dairy cow.  At this time, the

animals are highly susceptible to a variety of

disorders that negatively impact their health, and

hence their overall production (Erb et al., 1984).  Of

particular concern during this time is the inability of

the animal to maintain adequate blood calcium

concentrations due to increased demand for calcium

by the mammary gland at the onset of lactation.

Normally, blood calcium is tightly regulated and

maintained within a narrow range (2.0–2.5 mmol/L).

On the day of parturition a dairy cow will produce 10

liters or more of colostrum containing at least 23 g of

calcium (Goff, 2008) and the loss of calcium into milk

can exceed 50 g per day during early lactation

(DeGaris and Lean, 2009).  This sudden shift of

calcium requirements to the mammary gland to

support adequate milk synthesis challenges the cow’s

ability to maintain blood calcium concentrations

within an adequate range, drastically altering the

mineral metabolism of the animal.  This drastic

decrease in circulating calcium concentrations can

lead to the development of periparturient

hypocalcemia (milk fever), a complex metabolic

disorder that typically occurs shortly after

parturition.

Periparturient hypocalcemia is one of the most

common metabolic diseases of dairy cattle (Oetzel,

1988).  Due to inadequate blood calcium

concentrations at the onset of lactation, animals

experience a range of clinical symptoms, depending

on the extent of the decreased calcium levels (Adams

et al., 1996).  Clinical hypocalcemia is defined as a

total blood calcium concentration of less than 1.4

mmol/L, and subclinical hypocalcemia defined as

total blood calcium concentration of 1.4 to 2.0

mmol/L (DeGaris and Lean, 2009).  Approximately

25% of primiparous and 50% of mulitparous cows

will succumb to subclinical hypocalcemia and

between 5 to 10% of animals will develop clinical

hypocalcemia (Goff 2008; Reinhardt et al., 2011).  

Serotonin (5-HT) and Its Potential Role in the
Transition Period of Dairy Cattle

Jimena Laporta, Spencer A. E. Moore and Laura L. Hernandez
University of Wisconsin-Madison

Department of Dairy Science
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Older cows have greater risk of developing

hypocalcemia associated with a decrease in their

capacity to mobilize calcium from the bone.  In fact,

the risk for milk fever increases by 9% per lactation

(Lean et al., 2006).  Unfortunately, the early

symptoms (stage I) of milk fever often go undetected

because they are short-lived.  Identification of cows

with subclinical hypocalcemia is not practical because

the cows do not display evident clinical signs (Oetzel

and Miller, 2012).  Not until the animal begins to

exhibit decreases in body temperature, incoordination

when walking, and muscle trembling (stage II) do the

signs of milk fever become increasingly noticeable to

the producer (Adams et al., 1996). 

Incidences of subclinical and clinical hypocalcemia

are long known to result in a variety of other

disorders in dairy cattle during the transition period

(Goff, 2008; Reinhardt et al., 2011).  Particularly, cows

with subclinical hypocalcemia have a higher risk of

developing fever, metritis, retained fetal membranes,

displaced abomasum, dystocia, ketosis, and to

develop infectious diseases (Oetzel, 1988, Kimura et

al., 2006; Goff, 2008).  Furthermore cows with

subclinical hypocalcemia also exhibit reduced feed

intake and pregnancy rates, as well as longer

intervals to pregnancy compared with normocalcemic

cows (Martinez et al., 2012).  The prevalence of milk

fever and subclinical hypocalcemia is more common

in older cows, which are less efficient in mobilizing

calcium, and in Jersey cattle, likely due to their

higher milk production per unit body weight, as well

as increased calcium content of milk (Oetzel, 1988).

On average, treatment of each incidence of clinical

and subclinical hypocalcemia costs approximately

$300 and $125, respectively (Guard, 1996).  This

estimate includes the direct cost of treating the

animal, along with production losses, which are

estimated to be approximately 14%.  

Milk fever prevention strategies

Current practices for the prevention of periparturient

hypocalcemia focus primarily on dietary

manipulations during the end of the dry period.  The

two major feeding strategies utilized are the

manipulation of the dietary anion-cation difference

(DCAD) and the feeding of low calcium diets (LCD).

The main focus of the DCAD strategy is to increase

the number of absorbable dietary anions and

decrease the number of absorbable dietary cations in

the diet through feeding of anionic salts (Goff, 2008).

This strategy has shown to be effective for preventing

milk fever (Charbonneau et al. 2006; Beede et al.

1992) but it presents two important issues.  First,

being that anionic salts are very expensive, increasing

feed costs of animals during this time period, and

second they are highly unpalatable leading to

reductions in dry matter intake predisposing animals

to other common metabolic disorders that occur

during the transition period (Bethard and Smith,

1998).  Feeding LCD has been shown to induce

calcium mobilization from the bone and increase

calcium absorption from the small intestine to ensure

these processes are stimulated at parturition (Bethard

and Smith, 1998). Daily calcium needs are

approximately 40 g calcium/day.  Ideally a diet of 8 -

10 g of calcium/day has the best effect on the

prevention of milk fever (Horst et al., 1997), but diets

with this little calcium are difficult to achieve, mainly

because alfalfa, which is the primary forage of choice

in diets, is high in calcium.  

Several other methods have been attempted to

prevent periparturient hypocalcemia including

administration of vitamin D3 or metabolites and oral

calcium administration, however none of these

treatments have been entirely effective in preventing

milk fever and have shown to be highly dependent

on the timing of administration in relation to calving

(Martín-Tereso and Verstegen, 2011).  A better

understanding of the physiological pathways

involved in regulation of calcium homeostasis in the

periparturient cow is needed to allow development

of management practices to prevent the incidence of

clinical and subclinical hypocalcemia would alleviate

the dietary issues associated with current practices,

and potentially reduce costs for dairy producers. 

Bone and parathyroid hormone related protein 

Several redundant pathways exist to protect the

lactating mother against hypocalcemia. Intestinal

calcitrol increases calcium absorption from the diet

and renal mechanisms decrease calcium elimination.

However, since 99 % of calcium body reserves are in

the bone, the main homeostatic mechanism in the

lactating dam is bone calcium mobilization.

Therefore, bone resorption is the primary contributor

of calcium in the milk of mammals (Kovacs, 2011).

Calcium mobilization from bone during lactation is

stimulated by mammary secretion of parathyroid

hormone-related protein (PTHrP) (Kovacks, 2011;

Wysolmerski, 2012), which is present in human, rat,

goat, and bovine milk and in the serum of the

lactating mother.  Rat mammary PTHrP transcript

(mRNA) and protein concentrations are induced by

suckling and rise over the first few days postpartum
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(Rakopoulos et al., 1992).  Initially, PTHrP was

discovered as a factor responsible for the clinical

syndrome humoral hypercalcemia of malignancy, a

common metabolic complication that occurs in

metastatic epithelial cancers that are osteolytic in

nature (Fiaschi-Taesch and Stewart, 2003; Stewart,

2005).  Other than in instances of malignancy, PTHrP

is only detectable in the systemic circulation during

lactation (Wysolmerksi, 2010).  Mammary secretion of

PTHrP has been described as the molecule

responsible for mobilizing of maternal calcium from

bone that occurs at the onset of lactation in mammals

(VanHouten, 2004; Wysolmerski, 2010).   

The skeletal system consists of two cell types,

osteoblasts (OB), which are responsible for bone

formation and osteoclasts (OC), which are

responsible for bone resorption. Communication

between these cells is crucial for calcium

mobilization.   Specifically, PTHrP signals to decrease

OB cell proliferation, and up-regulate genes

responsible for OC differentiation.  In OB, PTHrP

increases gene expression of receptor-activated

nuclear factor kappa-B ligand (RANKL), matrix

metalloproteinase 13 (MMP13), macrophage-colony

stimulating factor (M-CSF), interleukin-6 (IL-6), and

monocyte chemotactic protein-1 (MCP1), which are

known factors that activate OC differentiation

(Matsuso and Irie, 2008; Datta and Abou-Samra,

2009).  These factors produced by OB cells are then

responsible for the induction of numerous genes

including: metalloproteinase (MMP9), receptor-

activated nuclear factor kappa-B (RANK), cathepsin

K, and tartrate-resistant alkaline phosphatase (TRAP)

in OC (Datta and Abou-Samra, 2009).  These genes

are then responsible for the physical degradation of

the bone.  In rodent models, it has been demonstrated

that mammary-specific depletion of PTHrP results in

decreased bone turnover markers (VanHouten et al.,

2003).  

Serotonin

Serotonin (5-hydroxytryptamine, 5-HT) is well

known to act as a neurotransmitter mediating a wide

range of central nervous system functions (ie, mood,

behavior, sleep, and thermoregulation) (Berger, 2009).

In addition, 5-HT is synthesized and secreted in

different tissues throughout the body (Roth et al.,

1998; Berger, 2009).  Serotonin is synthesized from the

amino acid L-tryptophan into 5-hydroxy-L-

tryptophan (5-HTP) by the rate-limiting enzyme

tryptophan hydroxylase-1 (TPH1), which is found in

non-neuronal tissues, whereas TPH2 is found in

neuronal tissues exclusively. These two different rate-

limiting enzymes in 5-HT synthesis define two

distinct serotonergic systems, one in the brain and the

other in the peripheral tissues.  5-hydroxy-L-

tryptophan is then converted to 5-HT by aromatic

amino acid decarboxylase.  Serotonin exerts its

actions physiologically by signaling through

approximately 15 different receptors throughout the

body (Hannon et al., 2008).  

5-HT is a known homeostatic regulator of the

mammary gland.  Several studies have demonstrated

its role in milk protein gene expression, as well as the

disassembly of tight junctions that occurs during the

involution process (Matsuda et al., 2004; Stull et al.,

2007; Hernandez et al., 2008; Pai and Horseman,

2008).  In addition to 5-HT functions in the mammary

gland several studies have shown that 5-HT regulates

bone mass, is involved in the induction of bone-

regulating factors, maintenance of bone density, and

initiation of bone remodeling (Bliziotes et al., 2001;

Yadav et al., 2008; Modder et al., 2010; Wysolmerski,

2010; Ducy, 2010; Hernandez et al., 2012).  Osteoclasts

within the bone express the 5-HT reuptake

transporter and various 5-HT receptor subtypes

(Bliziotes et al., 2001; Collet et al., 2008).  It has been

shown that 5-HT deficiency rodents reduce

mammary and circulating PTHrP concentrations

(Hernandez et al., 2012).  Conversely, 5-HT treatment

of lactogen-treated mammary epithelial cells induced

PTHrP expression (Hernandez et al., 2012).  

Manipulation of serotonergic axis as a plausible

treatment for hypocalcemia  

The long-term goal of our research is to identify

molecular mechanisms that protect the lactating

mother from hypocalcemia (subclinical and clinical),

particularly in dairy species that are prone to

hypocalcemia during lactation.  We recently

demonstrate the plausibility of supplementing a 5-HT

precursor during the transition period using a less-

expensive animal model to investigate serotonergic

regulation of calcium recruitment in lactating

mothers (Laporta et al., 2013a) in order to draw

conclusions in which we can pursue this work in

dairy cattle.  Additionally, we also showed novel

correlations in dairy cows that encourage us to

perform further experiments using the cow as a

model. 

Evidence in Rodents. Our group recently demonstrated

that 5-HT is intimately involved in mammary gland

PTHrP induction and bone turn-over for calcium
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mobilization during lactation in rodents (Laporta et

al., 2013a).  In short, transition rats were fed either a

control growth diet (CON) or a diet supplemented

with the 5-HT precursor, 5-HTP (0.2% of total growth

diet) from day 13 of pregnancy through day 9 of

lactation.  Blood and milk samples (days 1 and 9 of

lactation) were collected.  On day 9 of lactation rats

were euthanized and mammary gland and bone

tissue was harvested.  Diets supplemented with 5-

HTP increased maternal circulating concentrations

and mammary gland production of 5-HT and PTHrP

(Figure 1 A-D), and increased maternal circulating

serum calcium (d1) and milk calcium concentrations

(d9) compared to control rats, only fed growth diet

(Figure 1 E,F).

Different transporters exist within the mammary

epithelium to transport calcium into milk, which is

the major calcium rich fluid. The mammary gland

has adapted a powerful transport system to ensure

calcium enters the milk effectively (i.e. NCX1,

sodium-calcium exchanger-1; SERCA2,

sarco(endo)plasmic reticulum calcium ATPase-2;

SPCA1, secretory pathway calcium ATPase-1; SPCA2,

secretory pathway calcium ATPase-2; PMCA2,

plasma membrane calciumATPase-2). Interestingly,

supplementation of 5-HTP resulted in increased

mammary gland mRNA expression of all the

maternal calcium transporters mentioned above

(Figure 2A). These various pumps are critical to

maintaining adequate calcium concentrations in the

milk, as well as adequate calcium levels inside the

mammary epithelial to take part in other biochemical

processes.

We demonstrated that dams fed a diet enriched in 5-

HTP had greater 5-HT and PTHrP circulating

concentrations on d9 of lactation, also had enhanced

femoral bone resorption and therefore increased

calcium mobilization, indicated by increased

osteoclast number and diameter as well as mRNA

expression of the classical markers of bone resorption

previously described above (Figure 2B-F). The OC

quantification in femurs collected from dams on day

9 of lactation was performed by counting TRAP-

positive multinucleated cells, and their resorptive

activity was determined indirectly from their cell

size.  Giant multinucleated regions undergoing

resorption, greater in size and number, were evident

in the dams consuming the 5-HTP enriched diet.

This indicates that the calcium was primarily coming

from bone resorption.

In addition to 5-HT being involved in calcium

metabolism, we also showed that 5-HT is involved in

glucose and energy homeostasis (Laporta et al.,

2013b), as previously suggested by other authors

(Moore et al., 2005; Watanabe et al., 2011).  We

showed (Laporta et al.,  2013b) that increasing 5-HT

production during the transition from pregnancy to

lactation increases mRNA expression of enzymes

involved in glucose metabolism in the liver, and

mRNA abundance and distribution of glucose

transporters within the mammary gland (Figure 3A,

B). Finally, phosphorylated AMP-activated protein

kinase (pAMPK), a known regulator of intracellular

energy status, was elevated in mammary glands of 5-

HTP fed dams (Figure 3C, D).  Upon activation,

AMPK is responsible for decreasing activity or

expression of catalytic proteins, which conserves ATP

by switching off biosynthetic pathways (McFadden

and Corl, 2009; Hardie et al., 2010).  Additionally,

AMPK also regulates metabolic energy balance at the

whole body level and regulates uptake and

metabolism of glucose and fatty acids (Hardie et al.,

2010).   Interestingly, AMPK promotes glucose uptake

into cells that express GLUT-1 (McFadden and Corl,

2009). These data highlight the potential use of 5-HT

in the treatment of ketosis, another major metabolic

disorder in transition dairy cows.

To date, our group is performing studies using

genetically modified mouse models to delineate the

molecular signaling mechanism(s) through which 5-

HT induces PTHrP-mediated mobilization of calcium

from bone during lactation.  Additionally, we are

investigating the role of supplementing 5-HTP during

the transition period in dairy cattle as a potential role

for regulating bone resorption.

Evidence in Dairy Cattle. To our knowledge no studies

have evaluated the relationship between circulating

5-HT concentrations on day 1 of lactation with other

circulating variables and transition related disorders

in commercial dairy herds.  Therefore, we set out to

determine if circulating 5-HT concentrations on day 1

post-partum were correlated with circulating ionized

calcium, PTHrP, and glucose concentrations, as well

as to assess the relationship between circulating 5-HT

and the incidence of milk fever (postpartum d 1 /

onset of lactation) and incidence and severity of

ketosis (during the first 10 d post-partum) in

multiparous Holstein cows.  Serum 5-HT on day 1 of

lactation was positively correlated with ionized

calcium concentrations (r = 0.51, P = 0.0008) as well

as with plasma PTHrP concentrations (r = 0.37, P =

0.034) on the same day (Figure 4A,B), and was
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negatively correlated milk fever incidence (r = - 0.33,

P = 0.039) as well as with cow’s most severe ketosis

grade during the first 10 days post-partum (r = - 0.69,

P = 0.0007, Figure 4C,D).  These data suggest that 5-

HT plays a role in regulating calcium and glucose

homeostasis during the transition period in cattle,

which we previously demonstrated in rodents

(Laporta et al., 2013 a,b).  According to these results,

it is plausible that increasing circulating levels of 5-

HT could have a positive impact on milk fever

incidence at the onset of lactation and ketosis severity

in dairy cows.

Determining circulating and milk concentration of

5-HT, PTHrP and calcium in Holstein and Jersey

cattle throughout their pregnancy / lactation cycle

The evidence in the rodent studies and our initial

investigation in dairy cattle substantiates the

potential that the serotonergic pathway could be

instrumental in the management of hypocalcaemia in

dairy cattle.  We believe that the use of supplemental

5-HTP during the late pregnancy / early lactation

period in dairy cattle could potentially be a

management tool for improving calcium mobilization

from bone and, thereby, preventing subclinical and

clinical hypocalcaemia events during lactation.  There

is currently a limited understanding of the role of 5-

HT and PTHrP during the early pregnancy /

lactation cycle of dairy cattle.  In order to effectively

evaluate and design experimentation of 5-HTP

supplementation during the late pregnancy / early

lactation period, we must first delineate the 5-HT /

PTHrP axis in dairy cattle to discern what is

occurring naturally in these animals.  

The study we are currently conducting employs 25

Jersey and 25 Holstein multiparous cows to elucidate

the contribution of mammary synthesized 5-HT to

regulation of calcium mobilization during the

transition period.  The comparison of Holsteins and

Jerseys should prove interesting, as the Jersey breed

has been shown to be more susceptible to

hypocalcaemia due to its greater milk calcium

concentration and calcium demand per unit of body

weight compared to their Holstein counterparts

(Oetzel, 1988).  The study looks at these 50 animals

over 5 days pre-parturition through an entire 305-day

lactation cycle.  Blood and milk samples are collected

on d -5 through d+10, d+30, d +60, d+90, d+150, and

d+300 relative to parturition.  All samples will be

evaluated for circulating concentrations of 5-HT,

PTHrP, glucose, ionized calcium, C-telopeptide (CTx)

fragments of collagen type I and BHBA, as well as

levels of 5-HT and calcium in milk.  

This study will provide us with the knowledge of

how the 5-HT / PTHrP axis fluctuates throughout the

transition period and the entirety of a 305-day

lactation cycle.  In addition, herd records will be

collected and the relationship between the

parameters measured and disease incidence during

early lactation will be analyzed.  We expect that

Jersey cows will have lower levels of 5-HT, PTHrP, as

well as C-telopeptide (CTx) fragments of collagen

type I, due to decreased bone turnover.  This

experiment will provide us a snapshot of not only

how the 5-HT / PTHrP axis fluctuates over the

course of lactation, but it will provide us with the

knowledge of the best ways to manipulate the system

to prevent metabolic disorders during the transition

period.

As we look to gain a greater understanding of the

serotonergic pathway, in future experiments we will

be using molecular biology and cell culture to

determine which 5-HT receptor is responsible for the

induction of PTHrP production.  Finally, we aim to

characterize the possibility of using 5-HTP to

manipulate calcium and glucose homeostasis during

the 
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Figure 1.  Serum 5-HT and plasma PTHrP

concentrations on day 1 and day 9 of lactation (A,B),

mammary gland 5-HT and PTHrP protein

concentration on day 9 lactation (C,D) and calcium

concentrations on day 1 (E) and day 9 of lactation (F)

in serum and milk of Sprague-Dawley rats fed

control diet (n = 15) and diet enriched with 5-HTP

(0.2%; n = 15). Data are represented as mean ± SEM.

*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. 5-

HT, serotonin; PTHrP, parathyroid hormone related-

protein; TPH1, tryptophan hydroxylase-1.

Figure 2. Supplemental 5-HTP influences maternal

mammary gland calcium transport and bone

resorption on day 9 of lactation. Maternal mRNA

expression of mammary gland calcium transporters

(A) and bone mRNA expression of markers of femur

bone resorption (B), tartrate-resistant acid

phosphatase staining of bone femurs (day 9 of

lactation) as a histochemical marker for skeletal

resorbing osteoclasts (black arrows) in control rats (n

= 15) and rats fed 5-HTP (0.2%; n = 15). Inset contains

a negative control. Osteoclast number (E) and size (F)

per treatment. Data are represented as mean ± SEM.

*P < 0.05, **P < 0.01.                                                                     

OC, osteoclast; 5-HTP, 5-hydroxytryptophan; NCX1,

sodium-calcium exchanger-1; SERCA2,

sarco(endo)plasmic reticulum calcium ATPase-2;

SPCA1, secretory pathway calcium ATPase-1; SPCA2,

secretory pathway calcium ATPase-2; PMCA2,

plasma membrane calciumATPase-2; tartrate-

resistant acid phosphatase, TRAP; cathepsin K,

CTSK; receptor activator of nuclear factor Kb, RANK,

RANK ligand, RANK-L.
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Figure 3. Liver mRNA expression of gluconeogenic

enzymes pyruvate carboxylase (PC),

phosphoenolpyruvate carboxykinase-1 (PCK1) and

pyruvate dehydrogenase kinase, isozyme 4

(PDK4)(A), mammary gland mRNA expression of

glucose transporters 1 and 8 (GLUT-1 and GLUT-8)

(B), western blot analysis of mammary glands for

phosphorylated AMP-activated protein kinase

(pAMPK), total AMPK and b-actin (n = 8 per group;

(C)) from in control rats (n = 15) and rats fed 5-HTP

(0.2%; n = 15)  collected on day 9 of lactation. *P <

0.05, **P < 0.01.

Figure 4. Spearman correlations between serum

circulating serotonin (5-HT) concentrations on d 1 of

lactation with: (A) milk fever incidence (on d 1 of

lactation), (B) serum ionized calcium (on d 1 of

lactation), and (C) plasma parathyroid hormone

related-protein (PTHrP, on d 1 of lactation) in

Holstein cattle (n=42).  Correlation between serum

calcium and milk fever incidence on d 1 of lactation

is shown in (D).  Milk fever incidence (yes / no) was

determined subjectively (i.e. subnormal body

temperature, cold extremities, dry nose, ataxia and

recumbence).  
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Choline has been shown to be a required nutrient for

many animals including rats, mice, dogs, pigs, guinea

pigs, chickens, and trout.  Choline is often referred to

as a vitamin, however, it doesn’t fit any of the

classical definitions for a vitamin.  It is not a co-factor

in enzymatic reactions, it can be synthesized

endogenously, and it is required in larger amounts

than vitamins.  The ability to synthesize choline

endogenously does not mean it is a dispensable or

non-essential nutrient.  Deficiency symptoms include

suppressed growth rates, renal dysfunction, and

development of fatty liver.  Choline is crucial for

normal function of all cells.  The most common form

of choline in biological systems is

phosphatidylcholine (PC), a phospholipid that is a

component of all cell membranes and lipoproteins

that function to transport lipids through the

circulatory system.  Choline is a source of methyl

groups, therefore, it can spare methionine and have

interactions with other nutrients involved in one-

carbon metabolism (e.g. folate).  Choline is also a

component of acetylcholine, an important

neurotransmitter. 

The NRC (2001) wrote: “The establishment of a

choline requirement, either for the lactating dairy

cow, or a transition cow in the late dry period and in

early lactation, will require more extensive feeding

experiments than available at the time of this

publication.”  It has now been 12 years since

publication of the last NRC and at this time there has

not been an announcement for the formation of a

new committee to author the next NRC.  That means

it will probably be at least 2016 until publication of

the 8th revised edition.  Since publication of the last

NRC, numerous studies have been conducted to

examine the effects of feeding ruminally protected

choline to dairy cows, particularly as they transition

from the dry period to early lactation.  In light of new

research and because a revised NRC is not on the

immediate horizon, it seems appropriate to initiate

discussion on whether choline should be considered

a required nutrient in dairy diets. 

TRANSITION COW AND CHOLINE BIOLOGY

Several studies have shown 50 to 60% of transition

cows experience moderate to severe fatty liver (Bobe

et al., 2004).  These studies have been conducted in

numerous countries across different genetic lines of

cattle and varying management systems and the data

do not represent problem cows or herds .  The

consistency amongst these studies suggests that

development of fatty liver is a “normal” part of the

cow’s biology.   Because fatty liver is a classic

deficiency symptom for choline, it is reasonable to

question if transition cows are typically deficient in

choline.  

At calving there are hormonal changes that trigger an

intense period of lipid mobilization from adipose

tissue and as a result, blood nonesterified fatty acid

(NEFA) concentrations typically increase 5- to 10-fold

(Grummer, 1993).  NEFA remain elevated, although

to a lesser extent, during early lactation when cows

experience negative energy balance.  Blood flow to

the liver doubles as a cow transitions from the dry

period to lactation (Reynolds et al., 2003).  NEFA

concentration and blood flow are the two biggest

factors affecting how much NEFA is taken up by the

liver.  As a result, daily fatty acid uptake by the liver

increases 13-fold at calving, from approximately 100

to 1300 g/day (Reynolds et al., 2003).  Not all of the

fatty acids taken up by the liver will be stored and

contribute to fatty liver.  However, Drackely (2001)

estimated that during peak blood NEFA

concentration, approximately 600 g might be

deposited in 24 hours which would correspond to an

increase in liver fat of 6-7% by weight.  As a

reference, fat above 5% in the liver (wet basis) is

considered by the veterinary community to be

moderate to severe fatty liver.  It is important to

understand that this dramatic increase in NEFA

uptake by the liver is part of the normal biology of

transition cows and is not restricted to fat cows,

poorly fed cows, or cows housed in suboptimal

environments. 

Choline: A Limiting Nutrient for
Transition Dairy Cows

R. R. Grummer

Balchem Corporation, New Hampton, New York
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The most desirable fate of fatty acids entering the

liver would be complete oxidation to provide energy

to the liver or reesterification and export as

triglyceride from the liver as part of a very low

density lipoprotein (VLDL).  Hepatic oxidation

increases approximately 20% during the transition

period (Drackley et al., 2001).  This increase does not

represent a strategic move by the cow’s liver to cope

with the sudden surge of NEFA uptake at calving.  It

occurs because the liver becomes metabolically more

active.  Unfortunately, the increase in oxidation is not

sufficient to cope with the increased load of fatty acid

being presented to the liver.  Research conducted 25

years ago at the University of Wisconsin (Kleppe et

al., 1988) and Michigan State University (Pullen et al.,

1990) revealed that ruminants have a low capacity to

export triglyceride from the liver as very low density

lipoprotein (VLDL) as compared to nonruminants.

This and the inability to markedly increase fatty acid

oxidation is why transition dairy cattle develop fatty

liver when experiencing elevated blood NEFA. 

It is now apparent that choline deficiency is a limiting

factor for VLDL triglyceride export from the liver.  It

has been shown in many species, using a wide

variety of experimental approaches, that rate of

VLDL export is highly related to the rate of hepatic

PC synthesis (Cole et al., 2011).  Models include

monograstrics fed choline deficient diets, isolated

hepatocytes cultured in choline and methionine

deficient media, and knock out mice for genes

involved in PC synthesis (Cole et al., 2011).

Interestingly, there is no evidence that synthesis of

any other phospholipid is required for hepatic VLDL

assembly and secretion.  In addition to direct PC

synthesis from dietary choline, there is endogenous

hepatic synthesis of PC via methylation of phospho-

tidylethanolamine (PE).  Sharma and Erdman (1988)

demonstrated dietary choline is extensively degraded

in the rumen of dairy cows and very little is available

to the small intestine for absorption.  Choline flow to

the duodenum increased less than 2 g/day, even

when free choline intake was increased to more than

300 g/d.  Therefore, ruminants are more highly

dependent than nonruminants on endogenous

synthesis of PC from PE.  Is endogenous synthesis of

PC from PE sufficient during the transition period or

do cows require choline supplementation? The high

proportion of transition cows developing moderate to

severe fatty liver during the transition period

suggests that endogenous synthesis is not sufficient

in many cows. 

EVIDENCE FOR A CHOLINE DEFICIENCY IN

TRANSITION DAIRY COWS

The first piece of evidence that transition cows are

deficient in choline is the development of fatty liver

during the periparturient period (Grummer, 1993;

Bobe et al., 2004).  More compelling evidence is the

alleviation of fatty liver when supplying cows with

choline that is protected from ruminal degradation

(Cooke et al., 2007; Zom et al., 2011).  Dutch

researchers (Goselink et al., 2012) recently

demonstrated greater gene expression for microsomal

triglyceride transfer protein (MTTP) in liver of

transition cows supplemented with rumen-protected

choline (RPC).  MTTP is an important protein

required for hepatic VLDL synthesis.  This provided

solid evidence that choline limitation is a causative

factor for inadequate fat export out of the liver. 

The reduction in liver fat content when feeding

transition cows RPC is accompanied by improved

health and production.  Lima et al. (2011) observed

reduced incidences of clinical ketosis, mastitis, and

morbidity when feeding RPC from 25 days

prepartum to 80 days postpartum.  It has been

known for years that elevated fat in the liver is

associated with poor reproductive performance (Bobe

et al., 2004).  First service conception rate was

increased by feeding RPC in one study (Oelrichs et

al., 2004) but not another (Lima et al., 2011).  We

(Grummer and Crump, unpublished) recently

completed a meta-analysis for 13 studies that fed

RPC to transition cows. Feed stability or evidence of

bioavailability of choline source was not a criterion

for study selection.  Studies were not screened for

“soundness” of research.  Treatment means and

sample size (standard error of the mean) had to be

available for the analysis.  Ten of the thirteen trials

were published in peer-reviewed journals. For

studies to be included in this analysis, RPC had to be

fed prior to calving.  Time when RPC

supplementation was started varied between 28 to 7

days prior to expected calving.   RPC

supplementation was terminated anywhere from the

day of calving (one study) to 120 days in milk.

Response variables included DMI, milk yield, energy

corrected milk yield, fat %, protein %, and fat and

protein yield.  Insufficient data was available for

analysis of liver fat or energy-related blood

parameters.  Analysis revealed a significant increase

of 4.9 lb milk/day and 1.6 lb of dry matter

intake/day (Table 2; Figure 1).  Milk fat and protein

yield percentage were not significantly affected by
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treatment but yields were (Table 2).  These studies

were conducted in several countries under a variety

of management conditions and they did not target

problem herds or cows. This implies that benefits to

supplementing protected choline can be realized by a

wide variety of herds.  Alleviating a choline

deficiency not only reduces liver fat but also

improves parameters that are economically important

to dairy producers. 

CAN PROTECTED METHIONINE SUBSTITUTE

FOR PROTECTED CHOLINE?

Protected methionine has often been suggested as a

possible alternative to protected choline for

supplementation to transition dairy cows.  Methionine

and choline both serve as methyl donors.  Methionine

methyl groups can be used for endogenous synthesis

of PC from PE.  Therefore, there is a conceptual basis

for methionine substitution for choline.  Additionally,

as an amino acid, methionine is needed for the

synthesis of apolipoproteins. 

Five feeding trials have been conducted to examine

the effects of feeding methionine analogs or protected

methionine on liver fat content.  Feeding 13 g/d of 2-

hydroxy-4-(methylthio)-butanoic acid (HMB; also

referred to methionine-hyrdoxy-analog or MHA) did

not reduce triglyceride accumulation in the liver of

feed restricted dry cows (Bertics et al., 1997). Feeding

0, .13, .20% of dry matter as HMB from 21 days

prepartum to 84 days postpartum did not affect liver

triglyceride at 1 day postpartum and resulted in a

tendency (P < 0.15) for a quadratic increase in liver

triglyceride at 21 day postpartum (Piepenbrink et al.,

2004).  They also observed a quadratic effect of HMB

for increased fat-corrected milk yield providing

further indication that the cows were responsive to

treatment.  The amount of HMB absorbed from the

gastro-intestinal tract and converted to methionine by

the liver has not been well established. 

Cows fed 0 or 10.5 g methionine/day as Smartamine

from 14 days precalving to 105 days postcalving had

similar liver total lipid postcalving (Socha, 1994).

Liver triglyceride was not measured.  Milk protein

percentage was increased by treatment indicating

that supplementation delivered more methionine to

the blood stream.  Feeding 9 g Mepron/day

precalving and 18 g Mepron/day postcalving

increased liver triglyceride (P=0.02) but the means

from 4 liver biopsies taken over 16 weeks were small

and the increase was small (Preynat et al., 2010).

Milk protein percentage was increased by feeding

Mepron which indicated an improved methionine

status.  Feeding MetaSmart (.18% of DM) or

Smartamine (.07% of DM) from 21 days prepartum

until 20 days postpartum did not affect total lipid

and triglyceride concentrations in the liver (Osorio et

al., 2001a).  The researchers indicated that the slope of

liver total lipid between day 7 and 21 postpartum

was different (P < .04) for cows fed MetaSmart and

Smartamine implying that methionine prevented

increased lipid accumulation during that time.   The

justification for this method of analyzing the data

was not obvious because the researchers did not

indicate that there was a significant time of sampling

x treatment interaction.  Dry matter intake, milk

yield, and fat percentage were increased by

methionine supplementation indicating that

methionine status was improved (Osorio et al.,

2011b).  Further examination of the data must wait

until a full length report becomes available in a peer-

reviewed publication.  Considering the five studies

conducted to date, there is insufficient evidence to

suggest that feeding methionine analogs or protected

methionine can replace protected choline for the

prevention of fatty liver.  

CONCLUSIONS

The time between NRC publications is increasing and

when (or if) the next publication will occur is not

known.  Consequently, discussions outlined in this

article become important for providing nutritionists

with updates regarding nutrient requirements.  Since

the last NRC (2001) publication, a significant body of

evidence has accumulated to support choline being a

required but limiting nutrient in transition cow diets.

An analogous situation occurred when the last NRC

(2001) committee included a supplemental vitamin E

recommendation to improve mammary health and

reproduction.  The recommendation was made

despite the lack of titration trials, knowing the

amount of vitamin E in the basal diet would seldom

be known, and realizing there could be numerous

interactions with other antioxidants.  Similarly, our

knowledge of availability of choline from rumen-

protected sources is incomplete as is our knowledge

of interactions between choline and other nutrients

involved with one-carbon metabolism.  Nevertheless,

there is overwhelming evidence that feeding

transition dairy cows 15 g choline/day in a form that

is protected from ruminal degradation will alleviate

choline’s classic deficiency symptom and lead to

improvements in health and performance.  
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