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Preface

Dairy farming is an important component of agriculture
worldwide because of the value of milk to human nutri-
tion. However, the production of milk at the farm level
is under constant economical, societal, and environmen-
tal challenges which places constraints for dairy farmers
to meet the demands of an increasing world population
for a wholesome and economical supply of milk.
Consequently, dairy farmers must continuously modify
and adapt management of their milk production system
to meet these challenges by relying on specialists to
provide them with management guidelines.

Dairy production medicine integrates specialties of
veterinary medicine and animal science into a dairy pro-
duction system designed to produce milk in a profitable
manner. The approach to the design, implementation,
and management of this system is multidisciplinary and
includes clinical medicine, economics, epidemiology,
food safety, genetics, human resource management,
nutrition, preventive medicine, and reproduction. These
specialties must work in concert to harmonize manage-
ment of the individual dairy farm in order to obtain a
profit without neglecting animal welfare and food safety.

Our premise for this book is the recognition that a
book that integrates the above-mentioned specialties
within the context of production medicine is lacking for
dairy cattle. This book covers production medicine in
relation to the production cycle of the dairy cow and
replacement heifer. Within this context, components of
the production cycle include the nonlactating, post

partum, and breeding periods. For each component,
appropriate management for a successful outcome is
addressed.

During the last 30 years, the role of veterinarians
working with dairy cattle has changed from an emphasis
on clinical medicine to consulting, evaluation of herd
performance, and employee training. Therefore, our goal
for this book is to provide students, veterinarians, and
dairy specialists with a reference for dairy production
medicine that can be used to provide dairy herd manage-
ment services. In doing so, we recognize that a dairy herd
is composed of individual animals that must be housed
in a comfortable environment, fed to meet their nutrient
requirements according to their stage of production, and
provided with prompt treatment of disease. If at the
individual animal level these requirements are met, the
overall animal well-being of the herd improves com-
mensurate with societal expectations for the care of
food-producing animals.

Because of the breadth of expertise that is required to
write a book on dairy cattle production medicine, we
solicited the contribution of talented individuals. We are
grateful to them and acknowledge their valuable
contribution.

Carlos A. Risco
Gainesville, Florida
Pedro Melendez Retamal
Santiago, Chile
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Management Considerations from Parturition to
the End of the Voluntary Waiting Period to
Optimize Health and Reproductive Performance

Abstract

From an animal health and well-being and performance
perspective, the postpartum period is composed of an
early window where health greatly impacts production
and reproductive efficiency. Thus, appropriate manage-
ment during this period is critical to ensure a normal
state of cow health at the herd level to optimize produc-
tion and reproductive performance. This chapter dis-
cusses management considerations from parturition to
the end of the voluntary waiting period to optimize
health and reproductive performance.

Introduction

Reproductive efficiency is vital for the economic viability
of a dairy farm because it increases the likelihood of
cows remaining in the herd, increases the number of
cows that spend their productive life in profitable milk
production, increases the number of calves born per
year, and reduces involuntary culling (de Vries, 2006).
However, reproductive efficiency has decreased in lactat-
ing dairy cows worldwide as evidenced by a reduction in
conception rates (Macmillan et al., 1996; Royal et al.,
2000; Lucy, 2001; de Vries, 2006). Although causes for
this decline are multifactorial, attenuation of estrus
expression in high-producing cows (Wiltbank et al.,
2006), embryonic mortality (Santos et al., 2001), energy
metabolism during early postpartum, and its interac-
tions with immune function play a major role (Hammon
et al., 2006). Further, the trend for larger herds coupled

with labor shortage has resulted in new challenges in
compliance with health and reproductive programs.
Thus, opportunities abound for veterinarians to work
with dairy producers to implement a sound reproductive
management program to mitigate the effect of these
factors on reproductive efficiency.

Pregnancy rate (PR) determines the calving to con-
ception interval (CCI) at the end of the voluntary waiting
period (VWP). As PR increases, the CCI is reduced,
thereby increasing the amount of milk produced per day
of herd lifetime and reducing the number of cows culled
for reproductive failure, which collectively increases herd
income (Risco et al., 1998; de Vries, 2006). Thus, it is
clear that the challenge for both producers and veteri-
narians is to employ a reproductive program that attains
and maintains a herd PR commensurate with a profit-
able production of milk.

Typically, reproductive programs for dairy herds are
established with the goal of increasing PR (no. of preg-
nant animals divided by no. of cows eligible to become
pregnant in a 21-day interval) at the end of the VWP by
employing estrous synchronization protocols to increase
insemination rates. However, it is critical to convey to
producers that events that occur during parturition have
a profound effect on fertility at the end of the VWP by
predisposing cows to calving-related disorders that affect
uterine health and resumption of ovarian cyclicity. That
is, cows that do not “transition” well from parturition to
lactation have a lower risk of becoming pregnant from
the application of these synchronization protocols at the

Dairy Production Medicine, First Edition. Edited by Carlos A. Risco, Pedro Melendez Retamal.
© 2011 John Wiley & Sons, Inc. Published 2011 by John Wiley & Sons, Inc.



Transition Period End of the VWP

Strategies that optimize pregnancy
rates, early diagnosis, and re-
synchronization of nonpregnant cows

Proper management of the
transition cow, health monitoring,
and minimize cow movement
through pens I I

Calving management by
trained farm personnel

-21 0 +21 70-80

Days post partum
Figure 1.1. Management considerations from calving to the end

of the voluntary waiting period (VWP) to optimize health and
fertility.

end of the VWP. Therefore, reproductive management
of dairy cows must integrate management strategies that
optimize cow health from the time prior to parturition
until the end of the VWP, as shown in Figure 1.1.

Management of the Transition Period

The majority of diseases that affect cow health occur
during the transition period (3 weeks before and after
parturition) are a consequence of parturition and initia-
tion of lactation. These diseases include dystocia, hypo-
calcemia, ketosis, retained fetal membranes (RFMs),
uterine infections, displaced abomasum, and mastitis.
Alone or together, these diseases have been shown to
affect postpartum health by lowering subsequent milk
production and reproductive performance (Gréhn et al.,
1990)

As discussed in Chapter 2, the challenge in transition
cow nutrition is to implement feeding strategies before
calving to optimize immune function at calving by
allowing peripartal cows to recover quickly from hypo-
calcemia and negative energy balance. In many dairy
herds, attention to transition cow management occurs
after health problems have occurred. Therefore, periodic
evaluation of the management given to both pre- and
postpartum cows is recommended to control the preva-
lence of calving-related disorders. The following check-
list provides a guide to determine whether management
of transition cows is appropriate.

o Is the ration balanced for energy, fiber content (includ-
ing effective fiber), protein, minerals, and vitamins?

e What is the dietary cationic/anionic proportion of the
ration, including the potassium percentage of the
roughage source?

o Is there enough feed bunk space for prepartum cows
(at least 0.60m per cow)?

o Is there adequate shade for heat stress abatement
(4.65m’* per cow)?

¢ Are employees trained and supervised for proper calv-
ing assistance and treatment of postpartum diseases?

o Are urine pHs evaluated to ascertain compliance of
appropriate anionic diet feeding?

o Are pre- and postpartum energy status evaluated in
selected groups to determine prevalence of subclinical
ketosis?

o Are body condition scores evaluated?

Calving Management

Dairy farm employees play a major role in carrying out
reproductive and health programs. They do more than
just inseminate and milk cows. A case in point is health
monitoring to diagnose and treat diseases. In reality,
to the dairy practitioner they are “health technicians,”
similar to those employed by companion animal veteri-
narians. Consequently, training programs that define
the role of the employee, the “how to,” and the “why”
should be an integral component of dairy cattle produc-
tion medicine.

On many dairy farms, there are inadequately trained
employees who perform obstetrical procedures that
result in calving trauma. Who treats, what training have
they received, and when and how they treat calving-
related problems are important questions that veterinar-
ians should ask herd managers. Therefore, veterinarians
should work closely with producers to design a herd
health protocol that emphasizes first-aid calving assis-
tance to discourage employees from using improper
techniques for delivering calves (Chapter 3).

Moving Fresh Cows Through Pens Before and
After Calving

Cow behavior and social factors can be primary risks for
the development of ketosis, fatty liver, and displaced
abomasum. Where poorly formulated rations and inac-
curate delivery systems are considered primary risk
factors for these conditions, poorly staged pen moves
and overstocking are major risk factors (Nordlund et al.,
2008). The mechanism appears to be a disruption of dry
matter intake for vulnerable cows, leading to ketosis fol-
lowed by the cascade of diseases related to ketosis.

To simplify labor, dairy farms commonly use a group-
ing system of cows for specialized management, which
includes

o Far-off dry cows: from —60 to —21 days from calving
e Close-up dry cows: from —20 to —3 days from calving
e Maternity pen

o Fresh pen: 3-14 days after calving

e Sick pen: variable days after calving

o Various lactation and pregnant groups



In the aforementioned scenario, cows are often moved
multiple times during the transition period, a time when
cows are most vulnerable to develop subclinical ketosis.
In general, cows resident in a pen tend to maintain their
rank compared with new arrivals (Schein & Fohrman,
1955). With each movement to a new pen or group, a cow
experiences stress and must establish her rank within the
social order of the pen; feed intake is reduced. Early lacta-
tion cows are more affected by regrouping than mid-
lactation cows, and cows that are losing weight lose social
rank within a group, while those gaining weight gain
dominance. These observations suggest that too many
cow movements early postpartum impacts fresh cow
health, as the early postpartum period is a period of
significant weight loss.

Due to the daily cow entry or regrouping that occurs
in the hospital pen, Cook and Nordlund (2004) have
described this event as a state of constant “social turmoil”
as each new cow attempts to establish her rank within
the social order of the pen. In essence, this regrouping
or mixing of cows decreases feed intake as well as the
number of aggressive interactions in which the new cow
is involved (von Keyserlingk et al., 2008). In other words,
the newly moved cow is more timid and stays away from
the feed bunk. We need to ask ourselves the effect of
regrouping on a sick cow which is already off feed and
immune compromised. Therefore, producers under the
guidance of their veterinarians must use good judgment
when deciding which cow to treat and if the treatment
requires milk discard and thus cow movement to the
hospital pen. A case in point are cows with uterine infec-
tions such as metritis that require antibiotic treatment.
With the commercial availability of antibiotics labeled
for treatment of metritis, where milk discard is not
required, cows with metritis can be treated with these
antibiotics and remain in the milk herd avoiding the
negative effect of regrouping.

Postpartum Health Monitoring

A major goal for transition cow management is to main-
tain a dairy cow healthy during early postpartum (first
3 weeks after calving). In doing so, we must recognize
that the earlier a sick animal is found and treated, the
quicker her chances for returning to a normal state of
health.

Postpartum health monitoring programs have become
popular on dairy farms. Monitoring postpartum health
involves the examination of all cows during early post-
partum (first 12 days) by trained farm personnel.
Parameters that can be used to evaluate health status of
cows include rectal temperature, attitude, milk produc-
tion, uterine discharge, and urine ketones. Veterinarians

have an opportunity to expand their services to dairy
producers by implementing training programs for farm
employees to “look” for sick cows using time-effective
techniques to identify animals in the early stages of
disease and to allow for effective treatment (Chapter 4).

Strategies to Maximize PR at the End
of the VWP

The VWP is the time during early lactation that produc-
ers choose not to breed cows despite their being in estrus.
In a survey conducted in dairy herds participating in a
progeny test program, the VWP range varied from 30 to
90 days postpartum with a mean of 56 £ 0.6 days
(DeJarnette et al., 2007). In that survey, reasons for selec-
tively altering the VWP were postpartum health issues,
parity, milk production, and season.

During the VWP cows are in a negative energy balance,
are anovular, and have some degree of uterine infection,
which is detrimental to fertility. Recovery from these
conditions can be viewed as a physiological requirement
for an optimal time to pregnancy at the end of the VWP.
In the author’s opinion, extending the VWP to 75 days
postpartum is a sufficient time to allow cows to recover
from these conditions and experience multiple estrous
cycles prior to first insemination.

On many dairy farms, failure to detect cows in estrus
results in a calving to first insemination interval to
extend well beyond the established VWP. The applica-
tion of ovulation synchronization protocols that allow
for fixed time insemination with acceptable PRs has been
shown to dramatically lower the interval from calving to
first insemination. The economic value of the use of
these ovulation synchronization protocols, such as
Ovsynch, depends on the estrus detection rate of the
herd. In those herds with high estrus detection rate, the
value of Ovsynch is lower. This concept was illustrated
in a study that reported the value of a pregnancy based
on insemination at detected estrus or Ovsynch in two
herds (Tenhagen et al., 2004). One-half of each herd was
inseminated at detected estrus, the other half was insem-
inated with OvSynch. In one herd with poor estrus
detection, the cost of a pregnancy was reduced signifi-
cantly with the use of OvSynch compared with insemi-
nation at detected estrus. In the second herd, which had
higher estrus detection rates, the cost of a pregnancy was
slightly more for OvSynch, despite improved reproduc-
tive performance. The greatest costs attributed to lower
PRs from insemination at detected estrus were higher
culling rates and excessive days nonpregnant.

Potential net returns per cow were modeled by com-
paring the use of Ovsynch in winter and summer com-
pared with insemination at detected estrus (Risco et al.,



1998). The greatest impact on net returns was obtained
when Ovsynch was used during summer compared
with winter. This finding was attributed to lower estrus
detection rates observed during the summer months.
Results from these studies indicate that the use of an
ovulation synchronization protocol such as OvSynch is
an economical alternative in reproductive management
of dairy herds with poor estrus detection.

Early Diagnosis of Nonpregnant Cows

The value of early pregnancy diagnostics is finding
a nonpregnant cow earlier followed by a successful
rebreeding to reduce days not pregnant. Palpation per
rectum is effective after days 33—35 and ultrasonography
by day 28. Pregnancy-specific protein B (PSPB) is present
in cells of the developing trophoblast as early as day 21
of pregnancy in cows (Humblot et al., 1988). Detection
of this protein in blood is a good indicator of pregnancy
as early as 30 days of gestation. Because of its long
half-life, it remains in circulation for several months
after parturition. Therefore, in cows diagnosed preg-
nant that lose their pregnancy, residual PSPB can
cause a false positive result. Currently, blood samples
for cows that are greater than 90 days postpartum and
30 days postbreeding are shipped to the laboratory for
analysis (BioPRYN®; Ag Health, Sunnyside, WA, http://
www.aghealth.com). A study that compared pregnancy
diagnosis in dairy cattle by the use of a commercial
(BioPRYN) PSPB enzyme-linked immunosorbent assay
(ELISA) and palpation per rectum showed good agree-
ment between the two tests (Breed et al., 2009). Dis-
crepant results were attributable to a nonviable fetus,
embryonic loss, or fetal loss. The authors concluded
that the pregnancy diagnostic error and the delayed
return of results for the PSPB ELISA results, compared
with the diagnostic accuracy and immediacy of obtain-
ing results for palpation per rectum, are drawbacks for
the PSPB ELISA.

None of these pregnancy tests is faultless, and unac-
ceptable test sensitivity and specificity can occur. The
decision as to which “test” to use for early diagnosis of
nonpregnant cows should be based on practicality, cost,
and practitioner comfort level. Regardless of which test
is used, it is critical that veterinarians engaged in repro-
ductive management institute a program that allows for
the identification of bred cows that are not pregnant
early followed by rebreeding. Further, due to embryonic
mortality, cows diagnosed as pregnant should be recon-
firmed at a later date to identify those cows that have
aborted and are nonpregnant so that they can be rebred
in a timely manner.
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Management Considerations from Parturition to
the End of the Voluntary Waiting Period to
Optimize Health and Reproductive Performance

Abstract

From an animal health and well-being and performance
perspective, the postpartum period is composed of an
early window where health greatly impacts production
and reproductive efficiency. Thus, appropriate manage-
ment during this period is critical to ensure a normal
state of cow health at the herd level to optimize produc-
tion and reproductive performance. This chapter dis-
cusses management considerations from parturition to
the end of the voluntary waiting period to optimize
health and reproductive performance.

Introduction

Reproductive efficiency is vital for the economic viability
of a dairy farm because it increases the likelihood of
cows remaining in the herd, increases the number of
cows that spend their productive life in profitable milk
production, increases the number of calves born per
year, and reduces involuntary culling (de Vries, 2006).
However, reproductive efficiency has decreased in lactat-
ing dairy cows worldwide as evidenced by a reduction in
conception rates (Macmillan et al., 1996; Royal et al.,
2000; Lucy, 2001; de Vries, 2006). Although causes for
this decline are multifactorial, attenuation of estrus
expression in high-producing cows (Wiltbank et al.,
2006), embryonic mortality (Santos et al., 2001), energy
metabolism during early postpartum, and its interac-
tions with immune function play a major role (Hammon
et al., 2006). Further, the trend for larger herds coupled

with labor shortage has resulted in new challenges in
compliance with health and reproductive programs.
Thus, opportunities abound for veterinarians to work
with dairy producers to implement a sound reproductive
management program to mitigate the effect of these
factors on reproductive efficiency.

Pregnancy rate (PR) determines the calving to con-
ception interval (CCI) at the end of the voluntary waiting
period (VWP). As PR increases, the CCI is reduced,
thereby increasing the amount of milk produced per day
of herd lifetime and reducing the number of cows culled
for reproductive failure, which collectively increases herd
income (Risco et al., 1998; de Vries, 2006). Thus, it is
clear that the challenge for both producers and veteri-
narians is to employ a reproductive program that attains
and maintains a herd PR commensurate with a profit-
able production of milk.

Typically, reproductive programs for dairy herds are
established with the goal of increasing PR (no. of preg-
nant animals divided by no. of cows eligible to become
pregnant in a 21-day interval) at the end of the VWP by
employing estrous synchronization protocols to increase
insemination rates. However, it is critical to convey to
producers that events that occur during parturition have
a profound effect on fertility at the end of the VWP by
predisposing cows to calving-related disorders that affect
uterine health and resumption of ovarian cyclicity. That
is, cows that do not “transition” well from parturition to
lactation have a lower risk of becoming pregnant from
the application of these synchronization protocols at the
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Transition Period End of the VWP

Strategies that optimize pregnancy
rates, early diagnosis, and re-
synchronization of nonpregnant cows

Proper management of the
transition cow, health monitoring,
and minimize cow movement
through pens I I

Calving management by
trained farm personnel
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Figure 1.1. Management considerations from calving to the end

of the voluntary waiting period (VWP) to optimize health and
fertility.

end of the VWP. Therefore, reproductive management
of dairy cows must integrate management strategies that
optimize cow health from the time prior to parturition
until the end of the VWP, as shown in Figure 1.1.

Management of the Transition Period

The majority of diseases that affect cow health occur
during the transition period (3 weeks before and after
parturition) are a consequence of parturition and initia-
tion of lactation. These diseases include dystocia, hypo-
calcemia, ketosis, retained fetal membranes (RFMs),
uterine infections, displaced abomasum, and mastitis.
Alone or together, these diseases have been shown to
affect postpartum health by lowering subsequent milk
production and reproductive performance (Gréhn et al.,
1990)

As discussed in Chapter 2, the challenge in transition
cow nutrition is to implement feeding strategies before
calving to optimize immune function at calving by
allowing peripartal cows to recover quickly from hypo-
calcemia and negative energy balance. In many dairy
herds, attention to transition cow management occurs
after health problems have occurred. Therefore, periodic
evaluation of the management given to both pre- and
postpartum cows is recommended to control the preva-
lence of calving-related disorders. The following check-
list provides a guide to determine whether management
of transition cows is appropriate.

o Is the ration balanced for energy, fiber content (includ-
ing effective fiber), protein, minerals, and vitamins?

e What is the dietary cationic/anionic proportion of the
ration, including the potassium percentage of the
roughage source?

o Is there enough feed bunk space for prepartum cows
(at least 0.60m per cow)?

o Is there adequate shade for heat stress abatement
(4.65m’* per cow)?

¢ Are employees trained and supervised for proper calv-
ing assistance and treatment of postpartum diseases?

o Are urine pHs evaluated to ascertain compliance of
appropriate anionic diet feeding?

o Are pre- and postpartum energy status evaluated in
selected groups to determine prevalence of subclinical
ketosis?

o Are body condition scores evaluated?

Calving Management

Dairy farm employees play a major role in carrying out
reproductive and health programs. They do more than
just inseminate and milk cows. A case in point is health
monitoring to diagnose and treat diseases. In reality,
to the dairy practitioner they are “health technicians,”
similar to those employed by companion animal veteri-
narians. Consequently, training programs that define
the role of the employee, the “how to,” and the “why”
should be an integral component of dairy cattle produc-
tion medicine.

On many dairy farms, there are inadequately trained
employees who perform obstetrical procedures that
result in calving trauma. Who treats, what training have
they received, and when and how they treat calving-
related problems are important questions that veterinar-
ians should ask herd managers. Therefore, veterinarians
should work closely with producers to design a herd
health protocol that emphasizes first-aid calving assis-
tance to discourage employees from using improper
techniques for delivering calves (Chapter 3).

Moving Fresh Cows Through Pens Before and
After Calving

Cow behavior and social factors can be primary risks for
the development of ketosis, fatty liver, and displaced
abomasum. Where poorly formulated rations and inac-
curate delivery systems are considered primary risk
factors for these conditions, poorly staged pen moves
and overstocking are major risk factors (Nordlund et al.,
2008). The mechanism appears to be a disruption of dry
matter intake for vulnerable cows, leading to ketosis fol-
lowed by the cascade of diseases related to ketosis.

To simplify labor, dairy farms commonly use a group-
ing system of cows for specialized management, which
includes

o Far-off dry cows: from —60 to —21 days from calving
e Close-up dry cows: from —20 to —3 days from calving
e Maternity pen

o Fresh pen: 3-14 days after calving

e Sick pen: variable days after calving

o Various lactation and pregnant groups



In the aforementioned scenario, cows are often moved
multiple times during the transition period, a time when
cows are most vulnerable to develop subclinical ketosis.
In general, cows resident in a pen tend to maintain their
rank compared with new arrivals (Schein & Fohrman,
1955). With each movement to a new pen or group, a cow
experiences stress and must establish her rank within the
social order of the pen; feed intake is reduced. Early lacta-
tion cows are more affected by regrouping than mid-
lactation cows, and cows that are losing weight lose social
rank within a group, while those gaining weight gain
dominance. These observations suggest that too many
cow movements early postpartum impacts fresh cow
health, as the early postpartum period is a period of
significant weight loss.

Due to the daily cow entry or regrouping that occurs
in the hospital pen, Cook and Nordlund (2004) have
described this event as a state of constant “social turmoil”
as each new cow attempts to establish her rank within
the social order of the pen. In essence, this regrouping
or mixing of cows decreases feed intake as well as the
number of aggressive interactions in which the new cow
is involved (von Keyserlingk et al., 2008). In other words,
the newly moved cow is more timid and stays away from
the feed bunk. We need to ask ourselves the effect of
regrouping on a sick cow which is already off feed and
immune compromised. Therefore, producers under the
guidance of their veterinarians must use good judgment
when deciding which cow to treat and if the treatment
requires milk discard and thus cow movement to the
hospital pen. A case in point are cows with uterine infec-
tions such as metritis that require antibiotic treatment.
With the commercial availability of antibiotics labeled
for treatment of metritis, where milk discard is not
required, cows with metritis can be treated with these
antibiotics and remain in the milk herd avoiding the
negative effect of regrouping.

Postpartum Health Monitoring

A major goal for transition cow management is to main-
tain a dairy cow healthy during early postpartum (first
3 weeks after calving). In doing so, we must recognize
that the earlier a sick animal is found and treated, the
quicker her chances for returning to a normal state of
health.

Postpartum health monitoring programs have become
popular on dairy farms. Monitoring postpartum health
involves the examination of all cows during early post-
partum (first 12 days) by trained farm personnel.
Parameters that can be used to evaluate health status of
cows include rectal temperature, attitude, milk produc-
tion, uterine discharge, and urine ketones. Veterinarians

have an opportunity to expand their services to dairy
producers by implementing training programs for farm
employees to “look” for sick cows using time-effective
techniques to identify animals in the early stages of
disease and to allow for effective treatment (Chapter 4).

Strategies to Maximize PR at the End
of the VWP

The VWP is the time during early lactation that produc-
ers choose not to breed cows despite their being in estrus.
In a survey conducted in dairy herds participating in a
progeny test program, the VWP range varied from 30 to
90 days postpartum with a mean of 56 £ 0.6 days
(DeJarnette et al., 2007). In that survey, reasons for selec-
tively altering the VWP were postpartum health issues,
parity, milk production, and season.

During the VWP cows are in a negative energy balance,
are anovular, and have some degree of uterine infection,
which is detrimental to fertility. Recovery from these
conditions can be viewed as a physiological requirement
for an optimal time to pregnancy at the end of the VWP.
In the author’s opinion, extending the VWP to 75 days
postpartum is a sufficient time to allow cows to recover
from these conditions and experience multiple estrous
cycles prior to first insemination.

On many dairy farms, failure to detect cows in estrus
results in a calving to first insemination interval to
extend well beyond the established VWP. The applica-
tion of ovulation synchronization protocols that allow
for fixed time insemination with acceptable PRs has been
shown to dramatically lower the interval from calving to
first insemination. The economic value of the use of
these ovulation synchronization protocols, such as
Ovsynch, depends on the estrus detection rate of the
herd. In those herds with high estrus detection rate, the
value of Ovsynch is lower. This concept was illustrated
in a study that reported the value of a pregnancy based
on insemination at detected estrus or Ovsynch in two
herds (Tenhagen et al., 2004). One-half of each herd was
inseminated at detected estrus, the other half was insem-
inated with OvSynch. In one herd with poor estrus
detection, the cost of a pregnancy was reduced signifi-
cantly with the use of OvSynch compared with insemi-
nation at detected estrus. In the second herd, which had
higher estrus detection rates, the cost of a pregnancy was
slightly more for OvSynch, despite improved reproduc-
tive performance. The greatest costs attributed to lower
PRs from insemination at detected estrus were higher
culling rates and excessive days nonpregnant.

Potential net returns per cow were modeled by com-
paring the use of Ovsynch in winter and summer com-
pared with insemination at detected estrus (Risco et al.,



1998). The greatest impact on net returns was obtained
when Ovsynch was used during summer compared
with winter. This finding was attributed to lower estrus
detection rates observed during the summer months.
Results from these studies indicate that the use of an
ovulation synchronization protocol such as OvSynch is
an economical alternative in reproductive management
of dairy herds with poor estrus detection.

Early Diagnosis of Nonpregnant Cows

The value of early pregnancy diagnostics is finding
a nonpregnant cow earlier followed by a successful
rebreeding to reduce days not pregnant. Palpation per
rectum is effective after days 33—35 and ultrasonography
by day 28. Pregnancy-specific protein B (PSPB) is present
in cells of the developing trophoblast as early as day 21
of pregnancy in cows (Humblot et al., 1988). Detection
of this protein in blood is a good indicator of pregnancy
as early as 30 days of gestation. Because of its long
half-life, it remains in circulation for several months
after parturition. Therefore, in cows diagnosed preg-
nant that lose their pregnancy, residual PSPB can
cause a false positive result. Currently, blood samples
for cows that are greater than 90 days postpartum and
30 days postbreeding are shipped to the laboratory for
analysis (BioPRYN®; Ag Health, Sunnyside, WA, http://
www.aghealth.com). A study that compared pregnancy
diagnosis in dairy cattle by the use of a commercial
(BioPRYN) PSPB enzyme-linked immunosorbent assay
(ELISA) and palpation per rectum showed good agree-
ment between the two tests (Breed et al., 2009). Dis-
crepant results were attributable to a nonviable fetus,
embryonic loss, or fetal loss. The authors concluded
that the pregnancy diagnostic error and the delayed
return of results for the PSPB ELISA results, compared
with the diagnostic accuracy and immediacy of obtain-
ing results for palpation per rectum, are drawbacks for
the PSPB ELISA.

None of these pregnancy tests is faultless, and unac-
ceptable test sensitivity and specificity can occur. The
decision as to which “test” to use for early diagnosis of
nonpregnant cows should be based on practicality, cost,
and practitioner comfort level. Regardless of which test
is used, it is critical that veterinarians engaged in repro-
ductive management institute a program that allows for
the identification of bred cows that are not pregnant
early followed by rebreeding. Further, due to embryonic
mortality, cows diagnosed as pregnant should be recon-
firmed at a later date to identify those cows that have
aborted and are nonpregnant so that they can be rebred
in a timely manner.
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Nutritional Management of the Prepartum

Dairy Cow

Abstract

During the postpartum period, dairy cows are at a high
risk to develop metabolic diseases that impair milk pro-
duction and subsequent reproductive performance.
Many of these diseases are the result of improper nutri-
tional management during the dry period. Because dry
cows do not contribute to the milk check, many produc-
ers ignore these animals, and their nutritional needs are
compromised. Veterinarians must convince dairy pro-
ducers that the dry period is a preparatory phase for the
next lactation and that dry cows must be considered
an investment for the next lactation. Evaluation of the
prepartum cow program should be an important com-
ponent of any dairy herd health program. Prepartum
transition dairy cows should be managed and fed so that
at parturition and initiation of lactation, the cow is phys-
iologically prepared to make the necessary adjustments
to calcium and energy demands. If a dairy farm experi-
ences an unacceptable level of parturient paresis, retained
fetal membranes (RFMs), ketosis, or digestive disorders,
changes in prepartum transition nutrition program and
management would be prudent.

Introduction

When a dairy cow is dried off at around 7 months of
gestation, her lactational nutritional needs decrease.
After that, and while the fetus continues to grow and dry
matter intake (DMI) starts to decrease, energy balance

declines during the last 30 days of gestation. Therefore,
dry cows should be separated, managed, and fed as two
different groups. The first group of dry cows would
include cows from the day they are dried off, and the
second group would include those that are around 21
days before expected parturition. The first group is the
so-called far-off or early dry cows. Approaching 30 days
before expected parturition, the requirements of the dry
cow start to increase to a level in which nutrient density
should be intermediate compared with the far-off dry
cow and milking-cow diets. This cow is the so-called
close-up or prepartum transition dairy cow. A series of
recent studies have been conducted to investigate if the
length of the dry period could be shortened to handle
only one group of dry cows, to obtain extra milk and to
achieve more profit for the producer. Until now, results
have been scarce and inconsistent. As a result and until
more data are available, a range of 50-70 days for a dry
period is still recommended, and two groups of dry cows
(far-off and close-up) are proposed.

The Transition Period

The transition period is defined as the time from the last
3 weeks of gestation until 3 weeks postparturition.
During this period, the cow experiences remarkable
metabolic and endocrine changes to which she needs to
properly adjust in order to have a successful lactation
period. During the last weeks of gestation, DMI begins
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to decrease dramatically, with the lowest level occurring
at calving. Parturition and the onset of lactation impose
tremendous physiological challenges to calcium and
energy balance, and immunosuppression is a common
feature. This may predispose the dairy cow to disorders
such as parturient paresis, dystocia, retained fetal mem-
branes (RFMs), metritis, mastitis, and ketosis (Goff &
Horst, 1997). These disorders result in significant eco-
nomic losses to the dairy industry by reducing reproduc-
tive performance and milk yield. Proper nutrition and
feeding management play a key role in minimizing these
disorders and allow a smooth transition from late gesta-
tion to early lactation.

From a practical standpoint, four major goals must be
achieved during the prepartum period to succeed during
lactation: (1) adapt the rumen to a high-energy diet, (2)
minimize the degree of negative energy balance, (3)
minimize the degree of hypocalcemia, and (4) reduce the
degree of immunosuppression around parturition. A
brief review of the physiological and metabolic changes
that occur around this time is presented in the following
paragraphs.

Nutritional Physiology

One of the most remarkable changes during the transi-
tion period is the reduction in DMI that starts a few
weeks before parturition with the lowest level occurring
at calving. DMI decreases about 32% during the final
3 weeks of gestation, and 89% of that decline occurs at
5-7 days before calving (Drackley, 1999; Drackley et al.,
2001). Most cows rapidly increase DMI during the first
3 weeks after parturition. As a result, DMI should be
addressed strategically during the prepartum period. It
has been shown that cows that have less DMI prior to
calving experience more postpartum disorders (metritis,
fatty liver, ketosis) than cows that eat normally(Grummer
et al., 2004; Urton et al., 2005).

Fetal and placental growth occurs exponentially, with
over 60% taking place during the last 2 months of gesta-
tion. Glucose and amino acids are the major fuel supply
of the developing fetus in ruminants. Glucose is also
needed by the mammary gland for lactose synthesis, and
amino acids for milk protein synthesis. Adult dairy cattle
are not entirely dependent on dietary glucose; as a result,
they are in a constant stage of gluconeogenesis from
propionic acid produced in rumen. Gluconeogenesis
occurs in the liver, which is the key organ regulator of
glucose supply to the rest of the body. Concurrently, the
cow starts to mobilize fat from triglycerides (TGs) in the
form of nonesterified fatty acids (NEFA); its concentra-
tion starts to increase during the last week of gestation
with the maximum level reached at parturition (0.9—
1.2mEq/L), with a slow decrease after 3 days postpar-

tum. However, when extreme rates of lipid mobilization
occur, as in the case of obese animals, it may lead to
increased uptake of NEFA by the liver and increased TG
accumulation with consequent fatty liver development.
When blood glucose concentrations are high, insulin is
released, and lipogenesis predominates over lipolysis,
with suppression of NEFA release from adipose tissue.
When blood glucose levels are low, and NEFA levels are
not extremely high, transport of NEFA into the mito-
chondria in liver is favored, and ketone body formation
increases (Herdt, 2005).

Endocrine regulation of gluconeogenesis, ketogenesis,
and lipid metabolism is a complex mechanism that
involves several hormones. A summary of hormones and
other metabolic mediators is shown in Table 2.1.

DMI

Adequate management of the transition dairy cow
includes avoiding excessive depression of DMI during
the prepartum period and stimulating DMI as soon as
possible during the early postpartum period. For this
purpose, cows and heifers should be housed in two dif-

Table 2.1. Effect of hormones on carbohydrate and lipid
metabolites on dairy cattle

Effect on Effect on
Hormone carbohydrates lipids
Insulin T Glucose transport { Lipolysis
into cells T Lipogenesis
! Gluconeogenesis
T Glycogen synthesis
! Glucogenolysis
T Glycolisis
Glucagon T Gluconeogenesis T Lipolysis

T Glycogenolysis T Ketogenesis
T Glucose export

! Glycolisis

1 Glycogen synthesis
T Glycogenolysis T Lipolysis
T Gluconeogenesis

T Glucagons secretion

 Insulin secretion

Catecholamines

Growth T Blood glucose { Lipogenesis
hormone T NEFA
mobilization
Cortisol T Gluconeogenesis T Lipolysis

from proteins

Source; Herdt (2005).



ferent pens to avoid competition and excessive domi-
nance. This grouping makes possible the formulation of
two diets according to physiological differences between
heifers and adult, mature dairy cows (National Research
Council (NRC), 2001; Grummer et al., 2004).

Sufficient shade, water of good quality, feed bunk
space, and comfortable housing conditions are essential.
A total mixed ration (TMR) using the same ingredients
to be included in the lactating diet and offered at least
twice a day should be fed to both prepartum and post-
partum transition cows.

Transition cows should always have fresh feed in their
feed bunk, and refusals should constitute 2%—4% of diet
offered. Diet ingredients such as silage with the most
variable dry matter (DM) content should be evaluated
periodically to make adjustments necessary to maintain
the recommended DM content of the TMR.

Grouping Strategies

It is recommended to manage prepartum primiparous
and multiparous cows in two separate groups. By keeping
multiparous and primiparous together, they have stron-
ger social interactions, and more competition is evident.
In addition, they have different nutrient requirements
and physiological divergences. As an example, primipa-
rous cows are still growing, and multiparous cows are
more likely to develop milk fever. Consequently, when
primiparous cows are grouped separately from multipa-
rous cows, they eat longer, consume more DM, rest for
extended periods, and produce more milk.

Energy Status and Nutrition

Body condition score (BCS), NEFA in blood, and ketone
bodies in blood, urine, or milk are useful tools to evalu-
ate the energy status and nutrition of dairy cattle. During
the transition period, feed intake is decreasing at a time
when energy requirements are increasing due to growth
of the conceptus. Consequently, to maintain energy
balance, the energy density of the diet should be increased
(NRC, 2001). By doing that, energy density will stimulate
papillae growth and increase acid absorption from the
rumen, adapt the microbial population to higher starch
diets, increase blood insulin and decrease fatty acid
mobilization from adipose tissue, and increase DMI
(Grummer et al., 2004).

Because cows inevitably experience negative energy
balance close to calving and after parturition, they lose
BCS during the first 100 days of lactation. As a result, it
is important that the cow calves in an optimum BCS to
sustain milk yield without affecting potential fertility.
For this reason, BCS should be handled strategically
during the last third of lactation and eventually during
the dry period. If many cows are overconditioned during

mid-lactation, a fat cow group fed only for maintenance
should be established in late lactation. Cows should
never lose BCS during the dry period. If many cows are
underconditioned, a thin cow group fed adequate energy
to target the desired weight gain should be established.
The use of monensin during the entire dry period in
cows dried off with BCS 2.75 or less has been demon-
strated to improve BCS at calving (3.25) compared with
a control group without monensin (BCS 3.0 at calving).
The group with monensin produced more milk and had
fewer metabolic disorders than the control group after
parturition (Melendez et al., 2007).

If cows are too fat (BCS > 4.0) during the dry period,
losses of body weight should be avoided, and prevention
of fatty liver should be considered. The use of rumen-
protected choline has been demonstrated to help prevent
excessive fat mobilization and improve lactational per-
formance (Zahra et al., 2006).

As was mentioned before, cows with increased levels
of NEFA precalving experience more dystocia, RFMs,
ketosis, DA, and mastitis compared with cows with low
NEFA (Dyk et al., 1995; Melendez et al., 2009). Therefore,
monitoring blood NEFA prepartum or at calving peri-
odically (once a month) can be a useful tool to test herd
health status. New evidence on dry cow nutrition sug-
gests that overfeeding cows during the far-off period
induces higher levels of serum NEFA and ketone bodies
and losses of more body weight during the close-up
period. Nevertheless, animals that are fed a high-energy
density diet (1.70 Mcal of NE;/kg) during the close-up
period had higher plasma concentrations of glucose and
insulin and lower concentrations of NEFA 7 days before
expected parturition (BEP) compared with animals fed
a low-energy density diet (1.58 Mcal of NE;/kg).
Nonetheless, energy density of prepartum diet has a
minor influence on postpartum metabolic status of cows
compared with energy density of diets fed during the
first 3 weeks of lactation (Dann et al., 2006; Douglas
et al., 2006).

Ketosis is a metabolic disorder characterized by high
levels of ketone body production with the highest inci-
dence between 14 and 21 days postpartum. However,
ketone bodies can also be high before parturition, and
sometimes it is useful to evaluate them prior to calving.
The most common methodology is the use of a colori-
metric test to detect the presence of acetoacetate in urine.
The test is highly specific and moderately sensitive
(Carrier et al., 2004). This evaluation can be done when
urine samples are obtained for urine pH assessment in
herds using anionic diets for hypocalcemia prevention.
Result of the tests should be negative prepartum. If the
result is positive, the case should be treated immediately.
If prepartum ketosis is a problem, the entire nutrition
program of the transition cow should be evaluated.
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Gluconeogenic precursors can be used strategically
during the last 21 days of gestation and 21 days postpar-
tum to prevent ketosis. Within these precursors, propyl-
ene glycol, calcium propionate, glycerol, and ionophores
are the most popular additives used in the prepartum
nutrition program, as shown in Table 2.2.

Table 2.2. Additives used in prepartum dairy cows

Protein Nutrition

Multiparous cows should receive a diet with 12%—13%
of crude protein (CP) (35% rumen undegradable protein
[RUP]). However, primiparous cows should be fed diets
with 14%—-15% CP with a RUP of 38%—40% of the total

Rumen modifiers

Additives Mechanism of action Dose Recommendations
Direct-fed microbial
Fungal cultures Stimulation of growth of certain 1 x 10°cfu/g Feed during the entire transition

(Aspergillus oryzae,
Saccharomyces
cerevisiae)

Lactobacillus

(Lactobacillus
acidophilus,
Bifidobacterium
animalis)

lonophores
Sodium monensin
Lasalocid

Buffers

Sodium bicarbonate
Magnesium oxide
Calcium carbonate

Saponins

Yucca (Yucca schidigera)

Quillay (Quillaja
saponaria)

groups of ruminal bacteria.

Improve DMI. Decrease lactic acid

production.

Colonization of intestinal tract.
Prevention of pathogen
proliferation. Improvement of
digestion.

Decrease gram (+) bacteria.
Methane, acetate, and butyrate
are decreased. Propionate is
increased. Glucose production
may increase. Enhancement of
feed efficiency. Bloat reduction.
Ketosis and NEFA reduction.
Rumen pH stabilization.

Modulation of rumen pH.

Increase of dry matter intake,
milk yield, and milk fat yield.
Magnesium oxide supplies
magnesium, and calcium
carbonate supplies calcium
as well.

They modify microflora and rumen

fermentation, and exert
immunostimulatory effects.

Suppression of protozoa, resulting

in a reduction of ammonia

production and a more efficient

nitrogen utilization.

10-20 g/animal/day

1 x 10° cfu/g
10-20 g/animal/day

250-350 mg/animal/day
200-400 mg/animal/day

0.6%—0.8% of DMI or
130-250 g/day

6—12 g/cow/day

period.

Feed during the entire transition
period. Recommended in
calves as well.

In prepartum and fresh cows to
prevent ketosis, reduce NEFA
and prevent fatty liver.
Indirectly to prevent
displacement of abomasum.

During early lactation, with large
amount of highly fermentable
carbohydrates, when corn
silage is the major forage in
diet, when concentrates and
forages are fed separately,
when NDF, chewing activity,
and milk fat are reduced.
Feed buffers after calving.
Before parturition may impact
negatively DCAD.

Recommended in prepartum
dairy cow until 100 days
in milk.



Table 2.2. (Continued)

Rumen modifiers

Additives

Mechanism of action

Dose

Recommendations

Glucose precursors
Calcium propionate

Propylene glycol
(1,2 propanediol)

Glycerol
(1,2,3 propanediol)

Vitamins
Protected choline

Niacin

Biotin

Organic minerals
Organic selenium

Organic zinc

Chromium propionate

Miscellaneous
Anionic salts

Methionine and analogs

Source of glucose and calcium.

Absorbed in intestine. Converted in
glucose in liver.

Converted to glucose in liver.
Reduced NEFA at calving. Still
under investigation.

Participate in synthesis of
phospholipids. Improve lactation
performance. Reduced risk of
clinical and subclinical ketosis.
Reduced fatty liver.

Increased milk yield by 0.5 kg/day.
Antilipolytic. Reduce ketosis and
fatty liver.

Essential for keratinization.
Improved hoof health. Increase
milk yield in high-producing
cows.

With vitamin E improve immune
status of transition dairy cows.
Less oxidative stress. Fewer
RFMs and lower somatic cell
count (SCQ).

Improve claw integrity and keratin
synthesis. Reduce somatic cell
count and increase milk yield.

Improve action of insulin. Promote
intracellular glucose uptake and
reduce NEFA release.

Mild acidification of body. Increase
Ca bioavailability. Prevention of
milk fever.

Methyl donor. Essential amino acid.

Improve milk protein and fat.
Decrease fatty liver.

15049 as feeding rate
5009 as drench

240-400 g/day

1.5L as a drench at
calving
165 g/day as powder

15 g/animal/day

6—12 g/animal/day

20 mg/animal/day

Legal limit of selenium
0.3 ppm

40-60 ppm

500 ppb

100-300 g/animal/day

10-30g/cow/day

Feed during the entire transition
period (top dressed). As
drench mixed with 10L of
water.

Feed during the entire transition
period, top dressed. As
drench at calving in its liquid
form.

Feed during the entire transition
period as powder.

Feed pre- and postpartum
especially in obese cows.

Feed pre-and postpartum
transition cows.

Must be fed continuously to
observe positive effects in
hoof health.

Feed during prepartum and first
100 days in milk.

Feed during prepartum and first
100 days in milk.

Feed during transition period
pre- and postpartum.

Only adult prepartum cows until
parturition.

Feed during transition period
pre- and postpartum.

11
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CP. This higher amount of protein is due to their growing
stage, mammary gland development, and lower DMI
than multiparous cows. However, the end point is to
formulate for metabolizable protein (MP) (1100-1300g
of MP/cow/day) and not only for CP. Protein require-
ments are another reason to maintain and handle two
prepartum groups (heifers and cows).

Calcium Nutrition

Hypocalcemia is a common metabolic disorder affecting
dairy cattle at parturition. It may be clinical (milk fever)
or subclinical. Subclinical hypocalcemia (<7.5mg/dL)
affects about 50% of all adult dairy cattle coming from
a prepartum diet without the use of anionic salts or 30%
of cattle coming from a prepartum diet with anionic
salts (Meléndez et al., 2002). Subclinical hypocalcemia
may lead to decreased DMI after calving, increased risk
of secondary diseases, decreased milk production, and
decreased fertility.

By restricting the calcium intake below maintenance
requirements, activation of the calcium mobilization
system occurs prior to parturition. Vitamin D activation
is enhanced, and efficiency of bone calcium resorption
and gut calcium absorption are increased. Thus, at par-
turition, when the severe calcium demands of lactation
are initiated, calcium homeorhetic mechanisms are
maximized. However, restriction of calcium intake close
to recommended levels during late prepartum is not
always efficacious in reducing the incidence of milk
fever. Only when calcium intake is maintained below
20 g/day is prevention of milk fever more favorable. It is
difficult to limit calcium intake to such low levels from
the available feedstuffs used in commercial herds today.

The other most important determinant of hypocal-
cemia is the acid—base status of the animal at the time
of parturition. Diets normally fed to cattle prior to par-
turition induce an alkaline response. This metabolic
alkalosis alters the physiologic activity to maintain nor-
mocalcemia, reducing the ability of the animal to suc-
cessfully adjust to increased calcium demands (Goff,
1999). The difference in milliequivalents between cations
and anions per kilogram of dry matter (dietary cation-
anion difference [DCAD]) has a direct impact on blood
acid-base metabolism (Block, 1994). Diets causing a mild
metabolic acidosis (richer in anions compared with cat-
ions) reduce the risk of hypocalcemia. Typical diets fed
to dry cows have a DCAD of about +50 to +250 mEq/kg
of DM. In common feedstuffs, potassium is the most
variable of the ions in the DCAD equation, and it is
usually the most important determinant of DCAD (Goff,
1999). The successful supplementation of dietary anions
to prevent milk fever (MF) has suggested that diets that

are high in cations, especially Na and K, increase the
susceptibility of cows to ME Potassium should be <1.5%
of DM. Once the cation content has been reduced as
much as possible by diet selection, anions can then be
added to further reduce DCAD to the desired end point
(Goft, 1999). Commonly used anion sources are calcium
chloride, ammonium chloride, magnesium sulfate,
ammonium sulfate, and calcium sulfate. Anionic salts
can be unpalatable and are always accompanied by a
cation which, depending on its rate of absorption, will
counteract some of the effects of the anions (Goff &
Horst, 1997). Other anion sources include mineral acids
such as hydrochloric acid. Commercial preparations of
HCI mixed into common feed ingredients as a premix
could offer a safe and palatable alternative to anionic
salts (Goff & Horst, 1998). Optimal acidification gener-
ally occurs when anions are added to achieve a final
DCAD between —50 and —150mEq/kg of DM. The
strong negative relationship (r* = 0.95) between urinary
pH and net acid excretion by cows fed the diets contain-
ing anionic salts suggests that urinary pH measurement
is a useful tool to assess the degree of metabolic acidosis
that is produced by anionic salts (Vagnoni & Oetzel,
1998). An advantage of this approach is that it accounts
for inaccuracies in mineral analyses and for unexpected
changes in forage mineral content. Urinary pH can be
evaluated by obtaining urine from a group representing
about 10% of the precalving cows. Urinary pH values
below 5.5 indicate overacidification, and DCAD should
be increased. The optimal urinary pH should be between
6.0 and 6.5 for Holstein cows and between 5.8 and 6.2
for Jersey cows. A urinary pH greater than 7.0 is consid-
ered inadequate acidification and suggests that a lower
DCAD is required. In herds experiencing MF, the urine
of close-up dry cows will be very alkaline with a pH
above 8.0. Most accurate results will be obtained by col-
lecting urine samples at a standard time, preferably
within a few hours after feeding (Goff, 1999). Combining
anionic salts with oral calcium and energy supplementa-
tion at calving does not seem to improve lactational
performance beyond a successful use of anionic salts
alone (Meléndez et al., 2002).

If the herd is not able to use anionic diets, oral cal-
cium products at parturition should be considered. A
variety of oral calcium salt preparations are available
for cattle. Oral calcium supplements must be readily
soluble in water and administered at doses high enough
to reach the minimum concentration in the intestinal
lumen to allow passive transport (~6mmol/L) (Goff,
1999). Calcium chloride and calcium propionate are the
most common products used in the treatment and pre-
vention of hypocalcemia in cattle. Oral administration
of 50¢g of calcium from calcium chloride as a drench in
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250mL of water raised plasma calcium concentrations
to the same extent as 4 g of calcium as calcium chloride
administered intravenously. Conversely, 100g of cal-
cium orally from calcium propionate is equivalent to
between 8 and 10g of calcium administered intrave-
nously. Calcium propionate is effective and is less irritat-
ing to tissues than calcium chloride. It does not induce
metabolic acidosis, so larger amounts of calcium can be
given. Furthermore, it supplies the cow with a gluconeo-
genic precursor (propionate) (Goft, 1999).

Fiber, Particle Size, and Chewing Activity

Fiber is an essential nutrient for ruminants. It can be
defined as crude fiber, acid detergent fiber (ADF), neutral
detergent fiber (NDF), effective NDF, and forage NDF;
however, these are chemical characterizations of fiber
and do not describe any particular feature related to the
particle size of fiber. Methods of screening fiber particle
size have been recommended. A system of particle size
evaluation consisting of a top sieve with orifices of
19mm in diameter, a second sieve with orifices of § mm
in diameter, a third sieve with orifices of 1.18 mm in
diameter, and a bottom pan without orifices to receive
the finest particles has been recently developed and
updated from an original system of two sieves and a
bottom pan (Kononoff et al., 2003). This system is
known as the Penn State Particle Separator (PSPS). At
least 6%—8% of particles of a TMR should be >19mm.
This will stimulate a normal rumination process of at
least 8-10h/day. Considering the importance of this
methodology, the particle size of prepartum cow’s diets
should be evaluated on a weekly basis.

The accuracy of chewing time prediction increases
when the proportion of particles includes both coarse
(>19mm) and medium size (8—19 mm). Physically effec-
tive NDF should therefore be defined as the proportion
of total diet NDF corresponding to the addition of coarse
and medium fractions of the particle size separator. For
example, if the total NDF of a diet is 32% and the sum
of coarse and medium size particles is 40%, then peNDF
will be 12.8% (32% % 0.40). Based on this definition, a
value of physically effective NDF between 10% and 20%
is normal and should minimally alter rumen pH and
stimulate a normal chewing activity of 8 h/day (Kononoff
& Heinrichs, 2003; Yang & Beauchemin, 2006).

Feed Bunk Management and Cow Behavior

The importance of feed bunk management is based on
the negative effects that restricted feed intake may have
in productivity and health of dairy cows. In addition,
cow behavior related to feeding patterns is critical to

establish consistent feeding management. However, there
is a large variability between cows compared with within-
cow variability regarding feeding behavior. Furthermore,
feeding behavior is highly dependent on the stage of
lactation (days in milk) (DeVries et al., 2003).

Feed bunk attendance is consistently higher during
the day and early evening compared with the late night
and early morning hours. The greatest percentage of
cows attending the feed bunk area occurs after the deliv-
ery of fresh feed. In addition, a feed push-up between
feedings is sufficient for greatest feeding activity. Extra
feed push-up did not increase feeding activity signifi-
cantly (DeVries et al., 2003; DeVries & von Keyserlingk,
2005).

Total daily feeding time increases when feed bunk
space increases from 0.64 to 0.92 m/cow. The time spent
standing in the feeding area while not feeding and the
frequency of aggressive interactions at the feed bunk
decrease when more bunk space is provided. Further,
when the cows are provided with additional feeding
space, particularly when combined with headlocks, cows
with lower social status at the feed bunk are less likely to
be displaced by other cows from the bunk. The results
of this study indicate that providing 0.9 m/cow of feed
bunk space would be better than the 0.5m/cow that
has been recommended traditionally (DeVries & von
Keyserlingk, 2006).

Frequency of feeding is also important to consider.
Feed delivery had no effect on the daily lying time of the
cows or the daily incidence of aggressive interactions at
the feed bunk. However, subordinate cows were not dis-
placed as frequently when feed was offered more often.
In addition, the amount of sorting of the feed was
reduced by increasing the frequency of feed delivery
from 1x to 2x. These results indicate that frequent deliv-
ery of feed improves access to feed for all cows, particu-
larly during peak feeding periods when fresh feed is
provided, and reduces the amount of feed sorting
(DeVries et al., 2005). As a rule of thumb, the frequency
of feeding should be the same as the frequency of milking
in the herd, in both pre- and postpartum dairy cows. In
this sense, prepartum cows will be adapted to the same
routine they will experience postpartum.

Vitamin and Mineral Nutrition

Vitamins and minerals should be fed to dry cows accord-
ing to the NRC recommendations. However, it should be
kept in mind that the NRC requirements for dairy cows
are not well defined. A summary of the nutrient require-
ments for a prepartum heifer and cow according to the
Nutrient Requirements of Dairy Cattle (NRC, 2001) is
shown in Table 2.3.
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Table 2.3. Nutrient requirements for a prepartum heifer' and cow?® according to the NRC's (2001) Nutrient Requirements of Dairy

Cattle, 7th edition

Heifer standard Cow standard Cow anionic
Nutrient close-up diet close-up diet close-up diet
Energy NE, (Mcal/kg) 1.54-1.62 1.54-1.62 1.54-1.62
Crude protein % (RDP + RUP)® 13.5-15.0 12.0-13.0° 12.0-13.0
Minimum acid detergent fiber % 21 21 21
Minimum neutral detergent fiber % 33 33 33
Maximum nonfiber carbohydrates % 43 43 43
Calcium % 0.44 0.45 0.6-1.5°
Phosphorus % 0.3-0.4 0.3-0.4 0.3-0.4
Magnesium % 0.35-0.4 0.35-0.4 0.35-0.4
Chloride % 0.44 0.4 0.8-1.2
Potassium % 0.55* 1.35 <13
Sodium % 0.12 0.15 0.15
Sulfur % 0.2 0.2 0.3-0.4
Cobalt mg/kg 0.11 0.11 0.11
Copper mg/kg 16 13 13
lodine mg/kg 0.4 0.4 0.4
Iron mg/kg 26 13 13
Manganese mg/kg 22 18 18
Selenium mg/kg 0.3 0.3 0.3
Zinc mg/kg 30 22 22
Vitamin A (IU/day) 75,000 100,000 100,000
Vitamin D (IU/day) 20,000 25,000 25,000
Vitamin E (IU/day) 1200 1200 1200
Dietary cation-anion difference (DCAD) (Na + K) — (Cl + S), mEqg/kg 20-200 10 -75t0 0

1270 days pregnant, weighing 625 kg with conceptus, mature body weight of 680kg, consuming 10.6 kg dry matter/day, gaining
3009 body weight plus 6609 conceptus weight each day, and a current body condition score of 3.3 and nutrient densities of an

example ration that follows the recommendation guidelines.

2270 days pregnant, weighing 751kg with conceptus, mature body weight of 680kg, consuming 13.7 kg dry matter/day, and a
current body condition score of 3.3 with the nutrients supplied by the example rations that follow the recommendation guidelines.
3% Rumen undegradable protein (RUP) + % rumen degradable protein (RDP) = crude protein required only if ration is perfectly

balanced for RDP and RUP

“Goal should be to limit potassium to the requirement of the heifer to reduce udder edema. Very difficult to achieve.

>Cow requires 910 g/day of metabolizable protein.

8Utilizing the DCAD concept to prevent milk fever, diet calcium does not have to be limited.

Because of its role in prevention of REMs, vitamin E
has received much attention in recent years. Many of the
studies with vitamin E have focused on its role in con-
junction with selenium in prevention of RFMs. In most
of these studies, reduction in the incidence of RFMs was
seen after injection of 6801IU of vitamin E and 50 mg of
selenium 3 weeks prepartum. In contrast, if the selenium
content of the dry cow ration is >0.1-0.2 ppm, no ben-
efits from vitamin E and selenium injection are seen. The
reduction in RFMs after vitamin E and selenium supple-

mentation has been attributed to an improved immune
and antioxidant status of the cow at parturition. A
description of action and levels of incorporation of min-
erals and vitamins are summarized in Tables 2.4 and 2.5.

Additives

Additives are defined as inert compounds or alive micro-
organisms added to the diet to modify rumen fermenta-
tion patterns and metabolism, to improve digestion, to



Table 2.4. Fat-soluble vitamins in dairy cattle

Vitamin Functions

Deficiency symptoms

Common feed sources

A Essential for normal vision; cellular
function; and maintenance of
epitheliums (respiratory,
reproductive, and digestive tracts).

D Normal bone growth and
development; absorption of calcium
and phosphorus; mobilization of
calcium and phosphorus.

E Antioxidant; associated with selenium.

K Required for blood clotting.

Night blindness; skin
problems; blind, dead, or
weak calves; reproductive
failure.

Rickets, osteomalacia.

White muscle disease; cardiac
muscle abnormalities;
immunosuppression.

Hemorrhaging; moldy sweet
clover disease.

Carotene sources: green forages; hays;
haylages; corn silage; vitamin premix.

Sun-cured forages; synthetic premixes.

Alfalfa; germ of cereals; wheat germ oil;
cereal grains; synthetic premixes.

Green forages; normally is synthesized
in the digestive tract.

Source: University of Minnesota. www.extension.umn.edu/distribution/livestocksystems/components/DI0469t02-05.html#t04.

Table 2.5. Minerals in dairy cattle

Mineral Functions

Deficiency symptoms

Common feed sources

Calcium (Ca) Bone formation; blood clotting;
muscle contraction; 0.12%
in milk.

Phosphorus (P) Bone formation; involved in
energy metabolism; part
of DNA and RNA; 0.09%

in milk.

Sodium (Na) Acid—base balance; muscle
contraction; nerve
transmission.

Chlorine (Cl) Acid—base balance; production

of hydrochloric acid in
abomasum.

Enzyme activator; found in
skeletal tissue and bone.

Rumen microbial protein
synthesis; found in cartilage,
tendons, and amino acids.

Maintenance of electrolyte
balance; enzyme activator;
muscle and nerve function.

Magnesium (Mg)

Sulfur (S)

Potassium (K)

lodine (1) Synthesis of thyroid hormones.

Iron (Fe) Part of hemoglobin; part of
many enzymes.

Copper (Cu) Needed for production of

hemoglobin; part of several
enzymes.

Milk fever in adult cows; rickets in
young animals; slow growth
and bone development;
reduced milk yield.

Fragile bones; poor growth;
depraved appetite (pica); poor
reproductive performance.

Craving for salt; reduced appetite;
if very severe: incoordination,

weakness, shivering, and death.

Craving for salt; reduced appetite.

Irritability; tetany; increased
excitability.

Slow growth; reduced milk
production; reduced feed
efficiency.

Decreased feed intake; loss of hair
glossiness; lower blood and
milk potassium.

Goiters in calves; goitrogenic
substances may cause
deficiency.

Nutritional anemia.

Severe diarrhea; abnormal
appetite; poor growth; coarse,
graying hair coat; osteomalacia.

Alfalfa and other legumes;
limestone (calcium carbonate);
dicalcium phosphate.

Monosodium, monoammonium and
dicalcium phosphates; cereal
grains; grain by-products; oil
seed meals.

Common salt and buffer products
(sodium bicarbonate).

Common salt and commercial
supplements.

Magnesium oxide; forages, and
mineral supplements.

Elemental sulfur; sodium and
potassium sulfates; protein
supplements; legume forages.

Legume forages; oat hay; potassium
chloride; potassium sulfate.

lodized salt, trace mineralized salt,
and ethylenediamine
dihydroiodide (EDDI).

Forages; grains; and commercial
supplements.

Trace mineralized salt and
commercial supplements.

(Continued)

15
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Table 2.5. (Continued)

Mineral Functions

Deficiency symptoms

Common feed sources

Cobalt (Co) Part of vitamin B12; needed for
growth of rumen
microorganisms.

Growth; bone formation;
enzyme activator.

Enzyme activator; wound

healing.

Manganese (Mn)

Zinc (Zn)

Functions with certain
enzymes; associated with
vitamin E; maintenance of
the immune system.

Selenium (Se)

Failure of appetite; anemia;
decreased milk production;
rough hair coat.

Delayed or decreased signs of
estrus; poor conception.

Decreased weight gains; lowered
feed efficiency; skin problems;
slow healing wounds.

White muscle disease in calves;
retained fetal membranes;
improve reproductive
performance; lessen subclinical

Trace mineralized salt and
commercial supplements.

Trace mineralized salt and
commercial supplements.

Forages; trace mineralized salt,
commercial supplements, and
zinc methionine.

0il meals; alfalfa; wheat; oats; corn;
commercial supplements.

mastitis.
Molybdenum (Mo)  Part of the enzyme xanthine Loss of weight; emaciation; Widely distributed in feeds;
oxidase. diarrhea. deficiency is rarely a problem.

Source: University of Minnesota. www.extension.umn.edu/distribution/livestocksystems/components/DI0469t02-05.html#t04.

enhance level and efficiency of performance and health,
and to improve the level of production and environ-
ment. Additives are a complement to good feed manage-
ment and should not replace a poor nutrition program.
They are effective tools to harmonize and improve the
transition program. They can be classified as rumen or
metabolic modifiers. Within rumen modifiers, the fol-
lowing products are available: direct-fed microbials
(DFM), ionophores (monensin, lasalocid), buffers
(sodium bicarbonate, magnesium oxide), enzymes,
organic acids, saponins (extract of quillay and yucca),
and essential oils. Within metabolic modifiers, the fol-
lowing products are available: glucose precursors (cal-
cium propionate, ionophores, propylene glycol, glycerol),
anionic salts to prevent hypocalcemia, organic minerals
(Se, Zn, Cu, Co, Mn), vitamins (niacin, biotin, protected
choline), methyl donors (methionine hydroxyl analog),
and protected amino acids (lysine, methionine), as
shown in Table 2.2.
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Calving Management: A Team Approach

Abstract

On commercial dairy farms, nearly 50% of the heifers
and 30% of the cows require obstetrical assistance.
Frequent monitoring to detect delays in progress is
essential. Early intervention prevents calf losses and pro-
tects subsequent fertility of the dam. The veterinarian
should train personnel on the farm and provide them
with protocols and guidelines for proper calving assis-
tance procedures. This chapter provides guidelines to
allow veterinarians to design a herd health protocol that
emphasizes first-aid calving assistance to encourage pro-
ducers to use proper calf-delivering techniques.

Introduction

Calving management has traditionally been approached
in a passive manner. On large dairy farms, the attendant
veterinarian cannot personally monitor all obstetrical
problems. The 24-h-a-day, 7 days-a-week supervision
and care of the calving pen is generally delegated to
employees with varying degrees of knowledge and skills
in obstetrics. A secondary problem is that calving diffi-
culties rarely occur at a predictable or convenient time,
that is, when there is enough help. Unfortunately, both
haste and delays lead to injuries to the calf or the dam,
or both. A first line of defense is important because early
intervention not only prevents calf losses but also pro-
tects the subsequent fertility of the dam.

In a study of 7350 calvings that produced 7780 calves
on three Colorado dairy farms, it was reported that
51.2% of first calf heifers required assistance, and 29.4%
of the pluriparous cows, while the percentage of still-

born calves was 8.2% overall (Lombard et al., 2007).
The authors also showed that the risk for health and
survival of dairy calves was greater for bull calves versus
heifer calves, for twins versus singletons, and for calves
involved in a dystocia versus those born by spontaneous
delivery.

The solution on large dairy farms is to develop a
calving management program. On-farm personnel
should know what to look for and how to assess what
level of assistance might be required. It is important that
a team be trained and provided with a protocol and a
designated facility equipped with obstetrical supplies.
The aim of this chapter is to provide the veterinarian,
as coach of the team, with an outline of the highlights
of basic knowledge, procedures, and guidelines for inter-
vention in early obstetrical care, and instructions as to
when he or she should be called for advanced diagnosis
and resolution of dystocias. Pictures of the various pro-
cedures, instruments, and anatomical relationships are
shown in this chapter and can also be viewed in the
Bovine Reproduction Guide (Drost, 2000; drostproject.

org).

Calving Facilities

Ideally, cows should calve on grass in a clean pasture that
is free from standing water and that has shade. The
pasture should also be close enough to permit regular
and easy supervision. Furthermore, it must be easy to
take the cow or heifer to a calving stanchion for close
examination and assistance. This working area should
provide protection from the weather and must have
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running water and a cabinet for instruments and sup-
plies. A maternity bam with well-bedded individual pens
is a good alternative to a calving pasture, but the pens
must be cleaned thoroughly between each use. A head
gate with hinged side panels that swing away from the
back end of the cow is ideal. There must be room for the
cow to lie down plus room for the assistants to work
behind the cow.

Signs of Calving

Progressive udder development is one of the earliest
signs of the approach of calving. Early enlargement
occurs in heifers during the fourth month of pregnancy.
In cows, enlargement of the udder may not become
apparent until 2-3 weeks before calving. Just prior to the
onset of calving, the udder secretion changes from a
sticky serum-like substance to colostrum, a thick
yellowish-opaque secretion. It is common to see udder
edema in heifers that are ready to calve. The edema is
due to the accumulation of tissue fluid in front of the
udder around the navel, and at the rear attachment of
the udder. Finally, the teats become turgid and lose their
wrinkles. The lips of the vulva also become larger and
softer, and lose their wrinkles.

At the same time the ligaments that connect the
various bones of the pelvis begin to relax, giving the cow
a somewhat unsteady gait. As the pelvic ligaments relax,
the tail head appears to become slightly raised. The onset
of progressive relaxation of the ligaments coincides with
the onset of softening and dilation of the cervix.
Complete relaxation of the posterior border of the pelvic
ligaments, the so-called bands, is generally followed by
delivery within 12h.

Signs of discomfort and restlessness do not usually
appear until the cervix has dilated sufficiently to admit a
hand. Slight arching of the back is apparent at this time,
but definite straining (the abdominal press) does not
begin until the first water bag (chorioallantois) nears the
vulva. Hydrostatic pressure by the fetal fluids contained
within the intact membranes assists in complete dilation
of the cervix. Stretching of the vagina causes reflex con-
tractions of the abdominal muscles, and during one of
these contractions the first water bag ruptures. Following
rupture of this membrane, there is a temporary weaken-
ing or cessation of straining, which resumes as the second
water bag (amnion) nears the vulva. The thick, slippery,
slimy fluid contained in this bag provides lubrication for
the delivery once it ruptures. The average interval between
rupture of the first and the second water bag is about 1 h.

Once the amniotic sac has burst, regular intermittent
straining begins after a brief period of rest. As a labor
progresses, there is a gradual increase in the frequency
and duration of the abdominal contractions, and strain-

ing sometimes becomes nearly continuous during the
last few minutes before calving. The presence of the legs
also contributes to reflex straining during this stage of
labor. The greatest delay in expulsion of the calf occurs
when the head reaches the vulva. At this stage little
outward progression takes place during each series of
contractions, and the calf frequently slips back into the
vagina between bouts. This feature is most obvious in
heifers, in which stretching of the vulva takes more time.
Once the head of the calf has passed through the vulva,
the rest of the body follows rapidly. During hot and
humid weather, cows can become easily exhausted and
frequently give up. These heifers and cows require early
assistance while the birth canal is fully dilated.

Calving Problems

The most common cause of difficult calving is fetal-
maternal disproportion: a calf that is too big and/or a
pelvis that is too small. Other fetal causes are abnormal
posture of the calf (the head or a leg retained), twins,
and occasionally fetal monsters. Maternal causes include
hydrallantois, hydramnios, torsion of the uterus, and
rupture of the prepubic tendon.

Calving Assistance

The minimum supplies needed to provide assistance at
the time of calving are a ready supply of clean water, two
buckets, soap, lubricant, two obstetrical chains plus
handles, oxytocin, and 7% tincture of iodine. When
there has been no visible progress for 2 h after the appear-
ance of the membranes, the cow should be examined to
determine the cause for the delay as well as the type of
assistance she may need. Heifers are slower to dilate and
should be given more time than cows; however, there
should be evidence of progress. The calf will often live
for 8—10h in the uterus after the beginning of true labor
that begins with the rupture of the first water bag.

The golden rules of obstetrics are cleanliness and lubri-
cation. Before the cow is examined internally, the tail
should be tied to her neck, and the anus, vulva, and the
pin bones should be washed thoroughly with soap and
water. Next, the hands and arms of the person assisting
should be washed with soap and water, and lubricated.
Soap or detergents must not be used as lubricants
because they defat and remove the natural lubrication
from the walls of the birth canal. Mineral oil and Vaseline
make very good, lasting lubricants, as does Crisco oil.
They should be frequently reapplied to the arms and
hands during repeated entries into the birth canal.

It takes from 2 to 6 h for the cervix to completely dilate
in the average cow, and from 4 to 10h in the average
heifer. The actual expulsion of the calf takes from 1 to
4h in the cow and from 2 to 6h in the heifer. The fetal
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Figure 3.1. Decision tree in providing calving assistance.

membranes (afterbirth) are normally delivered from 1
to 8h. They are considered retained if not delivered
within 12h.

Examination

It is important to follow a plan for determining how to
deliver a calf (Schuijt & Ball, 1980), as shown in Figure
3.1. The first step is to thoroughly wash the cow as well
as the hands and arms of the examiner with soap and
water; the next step is to use ample lubrication. The
internal examination is aimed at determining whether
the calf is presented head first (cranial presentation) or
tail-first (caudal presentation) and whether the head and
neck and both limbs are present and fully extended. At
the same time, it is decided whether or not the calf is
alive. If the head is accessible, a swallowing or gagging
reflex can be stimulated by sticking a couple of fingers
into the mouth. Pushing the claws of one foot apart
causes the calf to pull its foot back, unless it is jammed
too tightly in the birth canal, leading to a false negative
response. Third, pushing on the eyeball makes live calves
blink. When a calf is in a caudal presentation, the claw
reflex can also be used, with the same limitations. Alter-
natively, the pulse can frequently be felt in the umbilical
cord by reaching along the belly of the calf. Finally,
inserting a finger in the anus will elicit a puckering reflex
in a live calf. If the head and neck are turned back along
the side of the calf, the abnormal posture must first be
corrected before the calf can be extracted. Abnormal
posture is most common in calves that are weak or dead,
or extremely large. Correction is generally made by
pushing the entire calf back into the abdomen of the cow
to make room for manipulation and retrieval of the
retained part. It will depend on the experience of the
operator and the degree of retention whether the help of
a veterinarian is needed at this time. There is no extreme

Figure 3.2. Calf is in anterior longitudinal presentation (head
first), dorsosacral position (right side up), and has normal posture
(both limbs and head and neck extended).

urgency to immediately pull the calf. In fact, it will save
time and reduce stress on the calf to first properly prepare
the dam. Finally, the decision must be made as to whether
there is sufficient room for the calf to be delivered.

Guidelines to Determine if There Is Room

The following guidelines are those developed at the
obstetrical clinic of Utrecht University, the Netherlands,
to determine whether or not vaginal delivery of the calf
is possible (Schuijt & Ball, 1980).

Anterior presentation (head first) is shown in Figure
3.2. The entire head resting on the knees and both feet
must be presented into the birth canal. Chains are looped
around each foot just below the dewclaws with the large
link on top so the pull comes off the dorsal surface.
There will be sufficient room to pull the calf, if one
person can pull the first leg until the pastern is 15cm
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Figure 3.3. The calf is in anterior longitudinal presentation, dor-
sosacral position, with normal posture. One leg is pulled by one
person until the pastern is 15cm outside the vulva. This means
that the point of the shoulder has passed the iliac shaft. It is held
there. If the second leg can be pulled equally far (again by one
person) outside the vulva, both shoulders will have passed the
iliac shafts of the pelvis and the narrowest portion of the birth
canal. Since the pectoral girdle is the greatest diameter of the calf,
the entire calf can now be delivered per vaginam by traction,
while rotating the calf to accommodate the hips of the calf.

outside the vulva and, next, while holding the first leg in
this position, if again one person can pull the second leg
equally far outside the vulva (Fig. 3.3). At these distances,
both shoulders of the calf will have passed the bony
entrance of the pelvis. The diameter of the calf is greatest
at the points of the shoulders.

Posterior presentation (backward) is shown in Figure
3.4. Five percent of the time, calves are born backward
(Roberts, 1986). This presents two problems: the blunt-
shaped hindquarters are less efficient in dilating the birth
canal than the cone-shaped head and neck, and the
umbilical cord becomes compressed against the pelvic

Figure 3.4. This calf is in a posterior longitudinal presentation
(backward), dorsosacral position, and normal posture (both legs
extended).

inlet while the head is still inside the dam. Again, chains
are looped around each foot below the dewclaws with
the large link at the front of the foot so the pull comes
off its dorsal surface. If, with the cow lying on her side,
it is possible for two people to pull both hocks on a
rotated calf far enough for the hocks to appear at the lips
of the vulva, then it will be possible to deliver the intact
calf by way of the vagina.

Preparation of the Cow for Pulling the Calf

While the cow is still standing, she should again be
washed with soap and water, and the degree of dilation
of the soft tissues of the birth canal should be evaluated.
With folded fingers, both well-lubricated arms are
inserted into the vulva and vagina like a wedge as shown
in Figure 3.5. Next the tissues are stretched by pushing
the elbows outward. It may take up to 20 min for some
heifers to fully dilate the vulva and the vulvo-vaginal
sphincter. The preparation will not only minimize
tearing, but it will also speed delivery once the process
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Figure 3.5. After it has been determined that there is enough
room for the calf to be delivered per vaginam, it is helpful to
stretch the lips of the vulva, especially in heifers. With the heifer
standing, the forearms are inserted halfway to the elbows. Next,
with the fingers folded, the arms are wedged apart in the direc-
tion from 11 o'clock to 5 o’clock and alternately from 7 o’clock to
1 o'clock, for 10 or more repetitions. After this the heifer is cast
and the calf is extracted.
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Figure 3.6. After it has been determined that there is enough
room for the calf to be delivered per vaginam, the cow is cast in
(preferably) right lateral recumbency. This (1) allows the hind legs
of the dam to angle forward, which enlarges the operative diam-
eter of the pelvis; (2) lets the heifer slightly spread her legs and
stretch the cartilaginous symphysis pubis; (3) aids the calf in
coming through the birth canal in a plane parallel to the ground,
versus having to rise from the bottom of the abdomen—against
the force of gravity—to enter the pelvic inlet; (4) virtually all cows
go down during the second stage of parturition, hence it is better
to cast them in a preselected location with sufficient room behind
the cow to assist her.

of extraction is started. Next the cow is cast as shown in
Figure 3.6. She can be laid down by tying her head low
to the ground to a post and by tying a long rope around
her neck with a nonslip knot and then by placing two
half hitches around her body. The first half hitch is
placed tightly just behind the front legs, the second just
in front of the hind legs and in front of the udder. By
pulling on the free end of the rope straight behind the
cow, she will be made to lie down and can then be rolled
onto her right side. The advantages of casting her are
that she can angle her pelvis more favorably by bringing
her legs forward; the people pulling can sit on the ground
and exert more pull; the calf does not have to come up
out of the abdomen against the force of gravity; and she
does not lie down unexpectedly in the middle of the
extraction process, in an awkward location.

Rotation of the Calf

A cross-section of the entrance into the bony pelvis
(pelvic inlet) of the cow is shaped like that of an egg with

Figure 3.7. The diameter of the bovine pelvis is oval whereby
the vertical diameter is greater than the horizontal diameter. In
addition, the dorsal horizontal diameter is somewhat greater than
the ventral one.

Figure 3.8. The cross section of the fetus at the level of the hips,
through the greater trochanters, is wider (horizontally) than it is tall
(vertically). This is just opposite to that of the pelvis of the cow.

the small end down (shown in Fig. 3.7). This means that
the opening is taller than it is wide, and wider near the
top than near the bottom. On cross section, the pelvis of
the calf is wider at the hip joints (which are located
below the tubera coxarum or hooks), than it is tall, as
shown in Figure 3.8. Therefore, rotation of the calf allows
its widest portion (the hips) to come through the great-
est diameter of the pelvic inlet. However, the calf must
be rotated before its hips contact the pelvic inlet, as
shown in Figures 3.9 and 3.10. The operator positions
himself or herself on his or her knees next to the rear
legs and udder of the cow. For a calf in cranial presenta-
tion, rotation is started as soon as the head is outside the
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Figure 3.9. The width of the hips of this large calf is wider than
that of the pelvic inlet. Note that the greater trochanters are

hidden laterally behind the iliac shafts.
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Figure 3.10. To prevent hiplock, the fetus should be rotated as
it enters the pelvic inlet, allowing the greater trochanters more
space.

vulva. The operator passes his or her arm nearest the cow
between the legs of the calf and above the neck. The
other hand and arm are passed completely underneath
the calf, and the fingers are locked near the base of the
neck as shown in Figure 3.11. The head can then be
pulled toward the knees of the operator, who rotates the
calf while traction is applied.

When the calf is in posterior presentation, rotation
must be started as soon as the operator has access to the
legs, that is, before the fetal hips have entered the pelvic
inlet. Again the cow is cast on her right side. Everything
should be ready before the final pulling is started because
once the umbilical cord is pinched, the oxygen supply to
the calf is shut off. Handles should be attached close to
the calf so they need not be moved when the calf is
halfway out of the cow. Once the hips of the calf have
passed the pelvic inlet, the back of the calf is rotated back
to line up with the back of the cow, and the calf is pulled
in a direction parallel to the hind legs of the cow.
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Figure 3.11. Rotation is started as soon as the head of the calf
is out. The obstetrician places one arm all the way under the calf
and inserts the other arm between the legs. The fingers are then
folded and the head is pulled toward the knees when traction is
applied in synchrony with the expulsive efforts of the cow.

B g =

All pulling is done intermittently and only while the
cow strains, upon command of the operator. This allows
the cow, the calf, and the assistants brief periods of rest
before the next maximum effort. The only exception to
this rule is when the hips of a calf that is coming back-
ward have just come through the vulva. These calves
cannot breathe because the head is still in the uterus and
the oxygen supply via the umbilical cord has been cut
off. Continuous traction is applied until such a calf has
been delivered.

Care of the Calf Immediately After Delivery

Delayed passage through the birth canal in the face of
a faltering placenta compromises oxygenation of the
calf. Although the calf is able to breathe as soon as its
nose passes the lips of the vulva, expansion of its chest
is restricted by the narrow birth canal. This situation is
made much worse when continuous forced traction is
applied. As soon as the head of the calf has passed the
lips of the vulva, traction should be interrupted, the
nostrils cleared of mucus, and cold water applied to its
head.

Again, when the calf is completely delivered, immedi-
ate attention is directed toward establishing respiration.
Mucus and fetal fluids should be expressed from the
nose and mouth by external pressure of the thumbs
along the bridge of the nose and the fingers flat under-
neath the jaws, sliding from the level of the eyes toward
the muzzle. The calf should be placed in sternal recum-
bency as in Figure 3.12. The common practice of sus-
pending the calf by the hind legs as shown in Figure 3.13



25

.-r '-:.\\ .--- . ._
Figure 3.12. As soon as the calf has been delivered, the immedi-

ate concern is that it is breathing. It is best to place the calf in
sternal recumbency to allow both sides of the chest to expand.

to “clear the lungs” must be questioned. Most of the
fluids that drain from the mouth in these calves come
from the stomach, and the weight of the intestines on
the diaphragm makes expansion of the lungs difficult.
The most effective way to clear the airways is by suction.

Respiration is stimulated by many factors, but only
ventilation of the lungs, cooling, and certain drugs allow
us to render help immediately. The best stimulus for
respiration is ventilation of the lungs. Cooling is an
important respiratory stimulus that can be achieved by
simply pouring cold water over the head of the calf. Cold
water elicits the gasp reflex that aids in the expansion of
the lungs. Brisk rubbing of the skin or tickling inside the
nostril with a piece of straw also has a favorable effect.
The phrenic nerve can be stimulated with a sharp tap on
the chest slightly above and behind where the heartbeat
can be felt.

Artificial Respiration

The calf is placed on its side and the mouth and nostrils
are cleared of mucus. An assistant holds the mouth open
and extends the tongue of the calf to allow air to pass
freely. While kneeling behind the chest of the calf, the
operator uses one hand to grasp the upper part of the
top front leg, while the fingers of the other hand are
hooked underneath the last rib. Next, the chest wall is
elevated by lifting the front leg and the edge of the rib
cage until the calf is almost lifted off the ground; this
expands the chest. During a short pause, the lungs are
given the opportunity to expand. This expansion is slow
because the lungs are still “wet,” never having been
inflated. Next, the chest walls are firmly compressed with
flat hands. These movements are repeated approximately
once every 5s, whereby the major effort is aimed at the
inspiration.

As arule, no expiratory sound will be heard until after
several resuscitative movements. Initially, very little air

Figure 3.13. While a common practice among lay people, sus-
pending the calf by the hind legs is not recommended. In doing
s0, the full weight of the viscera is on the diaphragm of the calf
and compresses the lungs. This makes it more difficult rather than
easier for the calf to breathe (expand its lungs). There is no fluid
in the lungs of the newborn calf, they are consolidated (atelec-
tatic) prior to the first breath. There is a small amount of mucus
in the trachea and the nostrils. The latter can be squeezed by
stripping the nasal passages from the eyes toward the nostrils.
Mucus seen running from the mouth and nose of the suspended
calfis actually amniotic fluid coming from the stomach. (Meconium
staining denotes intrauterine hypoxia.)

will be aspirated as the lungs begin to expand. This treat-
ment may be maintained for 15 min while other methods
to stimulate respiration are employed, such as cold water
or drugs. When spontaneous respiratory movements
occur after a few minutes, they are immediately sup-
ported, after which the rhythm of the artificial respira-
tion is resumed.

The major advantage of this prompt intervention is
that the lungs are immediately supplied with oxygen. In
addition, the heart is massaged, and a pumping action is
exerted on the large vessels of the heart, stimulating
circulation.

After the frequency and depth of spontaneous respira-
tion have reached an adequate level, the calf is briskly
rubbed dry. The calf is then placed on its chest with the
front legs extended and spread out and the hind legs in
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a dog-sitting position extended alongside the body; this
facilitates expansion of the chest. A handful of straw may
be placed in each of the armpits to keep a weak calf from
falling over.

Once respiration has been established, the umbilical
stump is disinfected and dried by submersion in a clean
cup of 7% tincture of iodine.

Care of the Dam After Delivery

After respiration has been initiated in the calf, the dam
should be examined for the presence of another calf and
for possible trauma to the birth canal, such as tears of
the cervix, the vaginal wall, and the vulva.

Colostrum

Early ingestion of colostrum is essential for the newborn
calf. The protective effects associated with the transfer of
colostral immunoglobulins (Igs) have been demon-
strated repeatedly, both in the field and experimentally.
The composition of colostrum changes rapidly to that
of normal milk during the first 3 days of lactation.

The calf should receive at least 8% of its body weight
in colostrum within 12h after birth; 2L within the first
2 h. If the calf is reluctant to nurse, the colostrum should
be given by esophageal feeder or stomach tube. Slightly

bloody colostrum can safely be fed to calves if it is oth-
erwise normal. Grossly abnormal colostrum, such as
from a cow with acute mastitis, must be discarded.
Providing adequate amounts of colostrum will not nec-
essarily prevent diarrhea, but it will aid in the prevention
of subsequent septicemia and decrease mortality. Igs are
absorbed from the intestine for only a short time after
birth, and the efficiency of absorption decreases linearly
with time. Furthermore, “shutdown” of absorption is
different for each class of Igs. IgG can be absorbed for
27h and IgA for 22 h, but IgM is absorbed for only 16h.
Thus, a calf that nurses for the first time at 10-12h of
age could still acquire high levels of IgG and IgA, but
little IgM. As a consequence, such calves are very suscep-
tible to colibacillosis.
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Monitoring Health and Looking for Sick Cows

Abstract

A major goal for transition cow management is to keep
a dairy cow healthy during early postpartum (the first 3
weeks after calving). Monitoring postpartum health
involves the examination of cows in early postpartum
by trained farm personnel using health parameters to
identify sick cows and provide treatment. Veterinarians
have an opportunity to expand their services to dairy
producers by implementing training programs for farm
employees to look for sick cows using time-effective
techniques to identify animals in the early stages of
disease and allow for routine treatment.

Introduction

An important concept in dairy herd health is the early
diagnosis and treatment of sick cows. It may even be
more important than the type of treatment adminis-
tered. A delay in treating a sick cow not only reduces her
chances for a full recovery but results in milk production
loss and may impair reproductive performance, espe-
cially if the disease occurs in early postpartum. Although
we have made strides in transition cow management, on
many dairy farms we fail to find a sick cow early in her
disease course, which leads to a delay in treatment.
Furthermore, there are different opinions on health
monitoring strategies, which health parameters to use,
and how to implement them. This chapter discusses
parameters that can be used to monitor postpartum
health and how they can be used to find sick cows.

Monitoring Postpartum Health

The premise for monitoring postpartum health in cows
is to identify any change that occurs from what is con-
sidered a normal state. These programs are implemented
on farms to identify sick cows early and provide sup-
portive therapy and improve animal well-being.
Additionally, they are implemented to prevent diseases;
a cow diagnosed with metritis and treated can help
prevent the development of ketosis and displaced
abomasum. Monitoring postpartum health involves the
evaluation of cows by trained farm personnel during the
early postpartum period (7-14 days after calving) by
evaluating health parameters to identify sick cows fol-
lowed by a physical examination to make a disease
(metritis, ketosis, displaced abomasums, and mastitis)
diagnosis and provide treatment (Upham, 1996).
Food animal veterinarians play a major role in these
programs, and their primary role on many dairy farms
is no longer to identify and treat sick cows but to develop,
implement, and supervise the application of these
programs.

Health parameters that can be used include rectal
temperature, attitude, milk production, uterine dis-
charge, and presence of ketone bodies in blood, milk,
or urine. A common problem observed on many dairy
farms, when monitoring postpartum health, is that
too much emphasis is given to one or two of these
parameters. It is important to instruct farm personnel
involved in health monitoring that the combination of
these parameters must be considered when making a
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decision as to whether or not a cow is sick and requires
treatment.

Rectal Temperature

The premise for evaluating rectal temperature postpar-
tum is that an elevated temperature indicates an abnor-
mal health status. More specifically, in postpartum dairy
cows, an elevated temperature most likely indicates a
metritis, mastitis, or pneumonia. Monitoring rectal tem-
peratures will result in a wide range of values from indi-
vidual cows. The normal rectal temperature range for
cattle is from 38.6 to 39.4°C, where a fever is diagnosed
when the temperature is >39.4°C (Smith & Risco, 2005).
The variation in rectal temperature is influenced by
factors such as health status, age, season of year, and time
of day.

Although an individual cow’s body temperature will
vary, a healthy cow maintains a narrow range. Kristula
et al. (2001) reported that cows experiencing no clinical
problems at calving or during early postpartum had an
average rectal temperature below 38.8°C for each day
during the first 10 days postpartum. However, cows with
metritis (fetid vaginal discharge and a depressed atti-
tude) may present with rectal temperatures within the
normal range and may not necessarily develop fever.
Benzaquen et al. (2007) evaluated daily rectal tempera-
ture and attitude to monitor postpartum health and
found that over half of the cows diagnosed with metritis
during the first week postpartum did not have fever,
defined as a rectal temperature >39.4°C.

Cows with an abnormal parturition had rectal tem-
peratures >39.5°C related to metritis for significantly
more days than cows that calved normally (Kristula
et al,, 2001). Furthermore, Benzaquen et al. (2007)
reported that cows with an abnormal calving had a
higher incidence of metritis when compared with cows
with a normal calving. From these studies, it can be
concluded that cows with an abnormal calving (dystocia,
retained placenta, or twins) should be monitored care-
fully early postpartum.

Several studies have shown the successful use of anti-
biotics in cattle with elevated rectal temperatures related
to metritis. Kristula et al. (2001) reported a significant
(0.5°C) drop in temperature in cattle 24 h after the initial
treatment with antibiotics. Smith et al. (1998) also
showed similar findings where cows identified with toxic
puerperal metritis and treated with antibiotics responded
with a significant decrease in temperature the following
day. From these studies, it is prudent to conclude that
dairy cows diagnosed with fever due to metritis during
early postpartum respond positively to antimicrobial
treatment.

The challenge in the employment of health monitor-
ing programs is to decide when to treat cows. The study
cited earlier (Kristula et al., 2001) found that abnormal
cows had their highest average temperatures on days 3
through 6, and 66% of all cows treated were between 2
and 5 days postpartum. Similar results were obtained by
Benzaquen et al. (2007). These findings indicate that the
majority of cows develop fever related to uterine infec-
tion within 1 week after calving. Therefore, monitoring
programs using rectal temperature should be put in
place for at least 7 days after calving.

Attitude

It is imperative that farm managers, along with their
veterinarians, identify farm employees with the interest
and ability to look for sick cows. They should be taught
to look at the eyes, ears, presence of uterine discharge,
and overall demeanor. Positioning and appearance of the
eyes within the socket to access level of dehydration or
pain can be observed and scored. A scoring system such
as 1 (minimal), 2 (mild), 3 (moderate), or 4 (severe) can
be used (Smith & Risco, 2005). A cow with a score of 1
usually will have bright eyes that are positioned normally
within the eye socket. A score of 2 will have dull eyes that
are slightly sunken (1-2mm) within the eye socket. A
score of 3 will have glazed eyes that are moderately
sunken (2—4 mm), whereas a score of 4 will have dry eyes
that are severely sunken (>5mm) within the eye socket.
The positioning of the cow’s ears is also a good indicator
of a cow’s attitude. Sick cows usually have ears that droop
down due to depression, pain, fever, or dehydration.
Healthy cows, on the other hand, appear bright and alert
and are curious about their environment. Upon being
approached, a healthy cow will often try to make contact
with its nose and tongue.

In farms that have locking stanchions, the attitude of
the cow can be observed after feeding to evaluate appe-
tite. A cow that is sick will not eat; conversely, a healthy
cow willingly eats her feed. A cow’s appetite can be evalu-
ated according to this scoring system: (1) cows that lock
and eat, (2) cows that lock, appear dull, and do not eat,
and (3) cows that do not lock to eat and appear dull or
sick (Smith & Risco, 2005). Cows that fall in categories
2 or 3 should be monitored or examined carefully.

Milk Production and Walking Activity

Daily milk production is monitored on many farms
using computerized milking machines. Milk produc-
tion values are related to the health of a cow. As men-
tioned earlier, a sick cow does not eat, and consequently,
her milk production drops. Dairy cows with a normal
postpartum period have a steady, progressive, day-to-
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day increase in milk production. Determining the devia-
tion value to identify sick cows varies between farms.
Some managers create a list of all cows that deviate
from a value equal to or more than a preset value. In
most dairies, a 5-kg drop in production is frequently
used. Trained employees will use this deviation list to
identify these cows and perform a thorough physical
examination.

Advancement in technology has made monitoring of
walking activity and milk production on dairy farms
feasible. Edwards et al. (2004) evaluated whether daily
walking activity and milk yield could be used as predic-
tors of metabolic and digestive disorders early in lacta-
tion. Walking activity and milk production were recorded
from the Special Agricultural Equipment Afikim® com-
puterized dairy management system (Kibbutz Afikim®,
Israel). Metabolic disorders were ketosis, retained fetal
membranes, and milk fever. Digestive disorders included
left displaced abomasum, indigestion, reduced feed
intake, traumatic gastritis, acidosis, and bloat. Walking
activity was generally lower among sick cows, and daily
milk yields of sick cows were approximately 15kg/day
less than milk yields of healthy cows. Milk yields started
to drop in affected cows 5-7 days prior to disorder diag-
nosis. Results from this study indicate that changes in
walking activity and daily milk yield are useful tools to
detect transition cow disorders early in the disease
process.

Uterine Discharge

Metritis is a common disease during the postpartum
period, and it is commonly identified using a health
monitoring program. Cows with metritis appear sick
and have a fetid discharge with fever (>39.4°C; Sheldon
et al., 2009). However, as previously mentioned, a study
that evaluated daily rectal temperature distinguished
cows with metritis with or without fever, indicating that
this condition may not always be accompanied by fever
(Benzaquen et al., 2007). This finding suggests that diag-
nostic and treatment consideration for metritis should
include vaginal discharge and cow attitude, not rectal
temperature alone. A discharge that is red-brown and
contains mucus that is not fetid should be considered
normal (lochia). A watery, foul-smelling discharge more
often indicates a severe form of metritis that needs
therapy as opposed to a mucoid, nonfetid discharge
which more often indicates a recovering situation.

A common method used to evaluate uterine discharge
is palpation of the uterus and visual inspection of the
vulva for a malodorous, brownish-colored discharge.
However, this method of diagnosis is often inconsistent
in its ability to produce and evaluate the discharge

outside of the cow. Consequently, the use of vaginoscopy
to visualize discharge deep in the vagina can be used.
Alternatively, insertion of a clean gloved hand into the
vagina and extension of it to the cervix to gather vaginal
content can be used to characterize discharge type after
the hand is removed from the vagina. Furthermore, a
device consisting of a stainless steel rod with a rubber
hemisphere (Metricheck™, Simcro, New Zealand) can
be introduced aseptically deep into the vagina to retrieve
and evaluate vaginal discharge.

Ketones in Milk or Urine

Ketone bodies in blood, urine, or milk can be used to
diagnose subclinical ketosis in lactating dairy cows.
Evaluation of subclinical ketosis in postpartum dairy
cows is a valuable health parameter that should be used
more frequently to diagnose sick cows. The cost of sub-
clinical ketosis per cow is estimated to be $78 (Geishauser
etal.,2001). Ketosis has been associated with an increased
risk for cows to develop metritis (Markusfeld, 1984,
1987; Reist et al., 2003), displaced abomasum (Geishauser
et al., 1997), and mastitis (Syvajarvi et al., 1986). A nega-
tive impact on milk production may also occur, and it
has been reported that cows that produce a positive milk
ketone test produce 1.0-1.4kg less milk per day for the
lactation (Geishauser et al., 1997). Identification and
treatment of cattle suffering from subclinical ketosis in
the immediate postpartum period could reduce the neg-
ative side effects of ketosis.

A value of 1400 umol/L of beta hydroxy butyrate
(BHBA) or greater in blood has been established to dif-
ferentiate cows with and without subclinical ketosis.
Several cowside diagnostic tests (dipsticks, powders,
tablets) are commercially available. These tests deter-
mine acetoacetate and, to a lesser degree, acetone in
urine (Ketostix® strip, Bayer, Leverkusen, Germany) or
BHBA in milk (e.g., Ketolac®, Biolab, Minchen,
Germany) based on the degree of color change. A study
by Carrier et al. (2004) evaluated the performance of
three cowside tests for detection of subclinical ketosis.
The tests evaluated were a commonly used powder for
detecting milk acetoacetate (Keto Check®, Great States
Animal Health, St. Joseph, MO), a urine strip detecting
ketones acetoacetate in urine (Ketostix®, Bayer
Corporation, Elkhart, IN), and a milk test strip for
ketone bodies (BHBA). The study concluded that either
the Ketostix or KetoTest® strips would provide accept-
able results for screening individual cows on commercial
dairies to detect ketosis and the KetoCheck would have
limited application. Electronic handheld blood glucose
and ketone measuring systems are commercially avail-
able to veterinarians and surpass the predictive value of
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Table 4.1. Performance of three cowside diagnostic tests for detection of subclinical ketosis defined as BHBA serum

concentrations > 1400 umol/L.

Threshold Tests Se (%) Sp (%) +PV —PV
Tests' Substrate (1400 umol/L) (n)? (Clgs) (Clgs) (Clgs) (Clgs)
Precision Xtra Blood 1400 196 100 (69—100) 100 (94-100) 100 (69-100) 100 (98-100)
Ketolac Milk 100 194 90 (56-100) 94 (90-97) 45 (23-68) 99 (97-100)
Ketostix Urine 4000 186 67 (30-93) 100 (98-100) 100 (54-100) 98 (95-100)

"Precision Xtra from Abbot Diabetes Care (Abingdon, UK); Ketostix from Bayer (Leverkusen, Germany); and Ketolac from Biolab

(Miinchen, Germany).

2Number of observations paired with a serum BHBA measurement for each cowside test.

Se = Sensitivity: proportion of diseased (subclinical ketosis) cows that test positive; Sp = specificity: proportion of nondiseased cows
that test negative; +PV = positive predictive value: proportion of cows with a positive test that are diseased; —PV = negative
predictive value: proportion of cows with a negative test that are not diseased; Clys = 95% confidence interval.

Source: Adapted from Iwersen et al. (2009).

the previously mentioned cowside tests to diagnose sub-
clinical ketosis (Iwersen et al., 2009). Performance of
cowside diagnostic tests for detection of subclinical
ketosis is shown in Table 4.1.

In the study by Iwersen et al. (2009), the authors con-
cluded that electronic handheld BHBA measuring system
using whole blood is a useful and practical tool to diag-
nose subclinical ketosis. Furthermore, they concluded
that both sensitivity and specificity are excellent for a
cowside test and higher than those in two commonly
used chemical dipsticks.

In summary, diseases such as metritis, displacement
of the abomasum, and ketosis can be evaluated by
monitoring rectal temperature, attitude, milk produc-
tion, and ketone levels in blood, milk, or urine early
postpartum. Monitoring health early postpartum assures
that all cows are examined during the time when they
are most susceptible to disease, allowing the opportunity
for early identification of cows that are sick. Employing
a postpartum health monitoring program, Benzaquen
et al. (2007) reported that early treatment of cows
with metritis resulted in pregnancy rates comparable to
those of cows without metritis, suggesting that identifi-
cation of cows with metritis and early and prompt treat-
ment may ameliorate the effects of metritis on
reproduction. The following are key points to consider
in the application of a postpartum health monitoring
program:

e Identify key farm employees who have the interest to
work with and treat sick cows. Train them on a peri-
odic basis and work with them side by side routinely.
The basic premise in looking for a sick cow is that the
cow should be evaluated as a whole, considering atti-

tude, rectal temperature, milk production, and evalu-

ation for ketone bodies.

Create Standard Operation Practices (SOPs) for

detecting sick cows, physical examination, and treat-

ment procedures for individual diseases. Review these
practices frequently.

Based on farm facilities and employee abilities, the

veterinarian and producer should decide which

program works best for the farm.

It is important that health monitoring takes place for

at least the first 2 weeks postpartum, and that days 3—7

appear to be the most critical.

o Evaluate attitude, rectal temperature, and blood,
milk, or urine sample for presence of ketone bodies
daily for 10 days postpartum.

» Examine cows for metritis, displaced abomasums,
and mastitis, if they have a rectal temperature
239.4°C or appear sick. Do not rely only on
temperature.

~ Cows with ketosis should be treated.

~ Consider an evaluation of uterine discharge on days
4,7, and 12 to make sure that cows with metritis
without fever are not missed.

+ Evaluation of changes in daily milk production for
the first 20 days postpartum is a valuable tool that
can be used effectively to evaluate health.

> Look for sick cows beyond the postpartum period.
It is important to recognize that sick cow monitor-
ing must be performed in all cows in lactation. Farm
personnel involved in moving, feeding, milking, or
breeding cows should be cognizant of the fact that
they play a major role in the identification of sick
cows. Consequently, they too should be trained in
how to look for sick cows. Milkers should also be
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well trained in how to identify cows with mastitis,
as it is an important component in good milking
procedures.
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Nutritional Management of Lactating Dairy Cows

Abstract

Nutritional management of lactating dairy cows varies
with type of production system, but an effective feeding
system allows cows to achieve maximum intake of a
properly balanced ration to optimize production, health,
and reproduction. Specific feeding strategies are used by
the different production systems, and diet formulation
and feed delivery will be completely different for cows
subjected to a grazing system compared with herds in
total confinement. As production per cow continues to
increase with genetic selection and improvements in
management, the need to provide the correct amount
of nutrients and certain dietary compounds such as
forage and fiber become more critical, particularly
during late gestation and early lactation. Dairy cows in
early lactation undergo a period of negative nutrient
balance, which can be exacerbated by diseases or external
factors that impair feed intake. Formulating diets that
maximize nutrient intake in the first weeks postpartum
not only improves yields of milk and milk components,
but also minimizes losses of body reserves and reduces
the risk of postparturient health problems. This is criti-
cal because a large component of the success of a nutri-
tional program of a dairy herd relies on feeding cows
to minimize health problems. Similarly, as production
declines with advancing lactation, so do the nutrient
needs of the cow; therefore, tailoring the diet according
to feed intake, level of production, and stage of lactation
becomes critical to optimize nutrient utilization, reduce
feed costs, and minimize the impact of production on
the environment.

Introduction

Providing nutrition for dairy cows has evolved from
simple systems with grazing and minor supplementation
to feeding totally mixed rations (TMR) to meet the
nutrient needs for high levels of milk production when
taking into account the dynamics of digestion of nutri-
ents. Dairy nutrition is the aspect of any dairy farm that
has the greatest impact on the economic success of the
enterprise. Dietary ingredients and diet mixing for lac-
tating dairy cows typically account for 45%-50% of the
income of a dairy farm. When dry cows and growing
heifers are considered, then nutrition can account for up
to 60%-70% of the income of a dairy farm. It is not
uncommon for feed costs to account for more than 60%
of the operating expenses of a dairy farm in the United
States.

Feeding Systems and Grouping Strategies
for Lactating Cows

Distinct methods of delivering feed to cattle are avail-
able, but it is a consensus that for high-producing cows
in confinement systems, the delivery of diets as TMR is
advantageous to secure adequate intake of all ingredients
of the diet and minimize the risk of digestive disorders.

In some production systems, the use of a component-
fed system in which cows receive forage separately from
the concentrates is common. This is one of the simplest
methods to feed cows, as component-fed systems do not
require mixing wagons that are needed to prepare TMR.
It also allows for individually feeding the concentrate
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Figure 5.1. Cows receiving concentrate feeds after milking in the parlor in a dairy farm in Florida. Excessive intake of highly ferment-
able feeds can result in digestive disturbances such as rumen acidosis and bloat, and cause milk fat depression.

portion of the diet according to level of production of
the cow. Therefore, cows of different production levels
and nutrient needs can be grouped together, but fed
grain during or immediately after milking according to
their nutritional needs. Although this system poses some
advantages, it also has several disadvantages: the lack of
control of forage intake, risk of excessive concentrate
intake, inadequate intake of forage fiber to maintain
proper rumen health leading to digestive disturbances,
and increased risk of milk fat depression caused by
drastic changes in rumen microflora and pH. It is known
that intake of large quantities of starchy feeds or feeds
that are highly digestible in the rumen can suppress dry
matter intake (DMI) (Allen et al., 2009) and influence
the digestibility of fiber (Fig. 5.1).

When cows are fed in electronic feeders, concentrates
can be dispensed at small quantities throughout the day,
which minimizes the need to offer large quantities of
high-starch grains for cows to consume in a short period.
Each cow carries an electronic device either in a collar,
as a pedometer, or as an ear tag/button that allows for
entrance in the automatic feeder, which will dispense the
desired amount of concentrates. Work in the late 1970s
(Frobish et al., 1978) compared feeding 24 cows in two
groups, one group individually fed their daily allowance
of concentrate during milking, one group in computer-
ized feeders to allow cows to consume the concentrate
throughout the day. Cows were fed the forage portion of
the diet as corn silage in the feed bunk. Milk production
increased approximately 0.7kg/day with automatic
feeders, while forage and concentrate intake remained
the same for both groups. Nonetheless, cows were pro-
ducing only 19kg of milk/day in the study.

Recent attention has been given to computerized
feeding systems to either improve nutrient utilization by
tailoring the diet to the needs of the cow or to allow
robotic milking systems to work properly by attracting
cows to the milking stall. In robotic milking systems,
cows must be attracted to the robot to be milked two to
three times daily, and this is possible only by offering
concentrates during milking. However, when cows are
milked more frequently in those systems, the intake of
concentrates also increases, which can create a problem
if these are rich in starch. A method to minimize the risk
of digestive disturbance or milk fat depression is to offer
nonforage fiber sources that are high in highly digestible
neutral detergent fiber (NDF), but low in starch content
in a pelletized form such as citrus pulp, beet pulp,
soybean hulls, or corn gluten feed. Studies with high-
producing cows in Israel have demonstrated that offer-
ing a portion of the concentrate in automatic feeders as
nonforage fiber sources in place of starch sources can
either maintain or even increase yields of milk and milk
components. When conventional starchy pellets were
replaced with pellets high in digestible NDF by substitut-
ing soybean hulls for ground corn and wheat bran, yields
of milk, milk fat, and protein increased in cows produc-
ing approximately 40 kg/day (Halachmi et al., 2009), but
not in a second experiment with cows producing approx-
imately 35kg/day (Halachmi et al., 2006). When milk
yield was increased, approximately 2 kg/day, in cows fed
nonforage fiber sources in place of starchy sources in the
component-fed group with computerized feeders, the
increment was not accompanied by changes in milk fat
and protein contents. Therefore, in component-fed
systems, it is advised to provide cows with concentrates
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that are somewhat high in NDF and limited in starch.
Although in such systems NDF intake may be higher and
starch intake lower than desired when considering the
total diet (forage and concentrate), this strategy mini-
mizes the risk of depression in DMI and milk fat content,
at the same time that it can improve yields of milk and
milk components.

Although component-fed systems have been popular
in small herds or in herds that cannot handle complete
rations, TMR or complete rations have become very
popular regardless of herd size because of potential
advantages. Complete rations are defined as rations
in which the forage and concentrate components are
blended and offered together and formulated to a spe-
cific nutrient concentration and offered ad libitum to
cows. When cows are fed a diet as TMR, they are
expected to consume a set amount of forage relative to
concentrates; it allows for feeding more than one forage
and to secure a more homogenous intake of the dif-
ferent forages offered. Because forage fiber intake is
more precisely known, the use of TMR is expected to
minimize the risk of digestive disorders and milk fat
depression, although neither of the two is completely
abolished. It allows for inclusion of dietary ingredients
that are less palatable (some acidogenic salts used to
prevent hypocalcemia prepartum) or those that can
pose a risk to cow health if not mixed properly, such
as nonprotein nitrogen sources, trace minerals, and
ionophores. It can also potentially improve feed effi-
ciency as it minimizes the risk of drastic fluctuations
in rumen pH, osmolarity, and microbial flora. Finally,
because of mechanization, it allows for feeding of large

groups of cows, which potentially minimizes the labor
involved. Despite its advantages, feeding TMR is an
excellent method to propagate problems of nutritional
origin when diets are not properly formulated or mixed
and delivered. For instance, there have been several
descriptions in the literature of outbreaks of nutritional
problems such as toxicities and botulism that can be
propagated in many cows in the herd because TMR
facilitates the dispersion of the toxin (Galey et al., 2000;
Urdaz et al., 2003).

Feeding TMR allows cows to consume a complete diet
that is tailored to the nutrient needs of the specific group
of cows, and this will require proper grouping of cows.
In many situations, producers opt for a single diet for all
lactating cows, and this can be justifiable when produc-
tion is very high because in such herds even the cows
with advanced lactation still maintain high milk produc-
tion. The assumption in this case is that DMI will vary
according to the level of production to accommodate the
differences in nutrient needs, and the diet is formulated
to not hinder production of the higher-producing cows.
In practical terms, the diet is typically formulated to
provide sufficient NDF to maintain rumen health and
avoid acidosis, at the same time that intake of calories,
metabolizable protein (MP), minerals, and vitamins is
compatible with yields of milk and milk components of
the more productive cows in the group. Many nutrition-
ists will formulate a diet allowing production 20% above
the average of the group assuming a certain intake of dry
matter (DM). Another strategy is to formulate rations to
meet nutrient requirements of the top third of the cows
in each group (Fig. 5.2).

Ny
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Figure 5.2. Cows receiving a diet as TMR in a dairy farm in California. Feeding TMR allows for feeding of large groups of cows a diet
that is expected to meet the nutrient needs for high levels of milk production at the same time that it minimizes the risk of digestive

disturbances.



36

In certain cases, cows are grouped based not on
factors that are associated with the nutrient require-
ments, but on management preferences such as repro-
ductive status, which makes difficult to formulate diets
based on specific caloric and protein densities. It is not
uncommon for producers to note a decline in produc-
tion when cows are moved to a new group, which also
results in concurrent diet change. In fact, regrouping
cows typically alters behavior, and cows often require
2—4 days to adapt to the new hierarchy and social status
within the new group. When the group change is associ-
ated with a diet of lower caloric and nutrient density,
then it can cause substantial decreases in nutrient intake
and milk production. Moseley et al. (1976) created
several dietary scenarios for cows fed TMR by altering
the forage-to-concentrate ratios of the diet. When early
lactation cows were switched from one group to another
and the diet changed from a 40:60 ratio of forage to
concentrate to a 60:40 ratio, it caused an abrupt decline
in DMI and milk production that was not recovered
even 3 weeks later.

A common system for grouping cows based on behav-
ior, social aspects, and nutrient needs is to segregate
primiparous from multiparous cows whenever possible.
Although the nutrient needs of primiparous cows are
not necessarily different from those of multiparous cows
with similar production, segregating cows based on
parity typically improve performance of primiparous
cows because of the differences in social behavior and
the problems of negative interactions with cows of a
higher social ranking. Cows should also be grouped
according to their health needs, as those in the first 3—4
weeks postpartum require additional care. Furthermore,
cows in the first weeks postpartum might benefit more
from certain dietary additives and supplements that are
targeted to minimize health issues that occur more com-
monly in this stage of lactation. Because of extensive
lipid mobilization in the first 3 weeks postpartum, early
lactation cows tend to experience greater declines in
DMI when fed diets containing excessive amounts of
highly fermentable carbohydrates (Allen et al., 2009). It
is thought that increased fatty acid oxidation in the liver
through ketogenesis exacerbates the hypophagic effects
of propionate when cows are fed diets high in rumen-
degradable starch. Furthermore, in early lactation,
grouping cows separately allows producers to provide
diets higher in forage NDF, which is beneficial to rumen
fill and minimizes the risk of subacute rumen acidosis
and displacement of abomasum. Finally, cows in early
lactation have substantial secretion of protein in milk
because protein content in colostrum and milk in the
first days postpartum is two- to fivefold greater than that
of milk after the first week of lactation. During this

period, DMI is usually inadequate to meet the caloric
and amino acid needs for maintenance and milk synthe-
sis. Cows can draw on body fat reserves to meet the
caloric needs, but protein reserves are more limited.
Feeding diets with additional protein content or with
protein sources of lesser ruminal degradability typically
enhance yields of milk and milk protein in early lacta-
tion, although when additional protein feeding stimu-
lates milk yield in early lactation with no change in DMI,
it can also exacerbate body fat losses in cows in negative
energy balance (Orskov et al., 1977).

It is recommended that cows remain in the early lacta-
tion group for at least 3—4 weeks. This is the period when
body weight and condition score losses are more pro-
nounced; it is when cows experience the lowest energy
balance and when cows require diets with the highest
nutrient density; and it is the period when overfeeding
starch might suppress DMI and exacerbate digestive dis-
eases that occur because of initiation of lactation and
concurrent dietary changes. Once cows leave the early
lactation pen at approximately 3—4 weeks postpartum,
two grouping and feeding strategies are typically used.
The first is to allocate cows to a group where they remain
until the date when they will be dried off. Minimizing
pen movements is now seen as beneficial to production
because it reduces turmoil in groups of cows, which typi-
cally occurs in herds with continuous cow movement.
The concept is that in a short period of time, a pen can
be filled with a group of cows, and no additional move-
ment of animals occurs for several months. Obviously,
this can be done only in large herds with several groups.
Cows in those systems would be fed the same diet as
TMR until the dry-off date. Another system is to move
cows from the so-called high-group to a low-group
when production has declined below a certain threshold.
In the latter scenario, the concept is that these lower
producing cows do not require a diet with the same
nutrient density as high-producing cows, and the excess
of nutrient intake can potentially result in cows that
become overconditioned, which may be more costly.
Working with several diets for the lactating cows is more
appropriate for herds with low production, typically
below 10,000kg/year as a large proportion of the cows
with advanced gestation will have production that does
not require diets with high nutrient density. On the other
hand, in high-producing herds with average production
per cow above 12,000 kg/year, it is not uncommon for
groups of late lactation cows to still be producing more
than 35kg/day, and these cows might either suffer pro-
duction losses or not recover body condition if fed diets
of lower nutrient density. This might be particularly
critical when high-producing herds are able to maintain
good reproductive performance and, consequently, lac-
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tations are shorter than 11 months. In those situations,
diets that restrict nutrient intake limit the ability of cows
to replenish body reserves, which can influence produc-
tion and reproduction in the subsequent lactation.

One of the implications of feeding a single group
TMR is not only the potential to overfeed calories that
result in excessive weight gain, but particularly protein
and some minerals which might have important conse-
quences for the environment. Early lactation cows and
cows with high production are typically fed diets con-
taining 16.5%—18% crude protein (CP), but as lactation
progresses and production declines, there is little evi-
dence that feeding diets with more than 16% CP influ-
ences yields of milk or milk protein. Therefore, when
lactating cows are grouped according to production and
fed diets to meet the needs for lactation and replenish-
ment of body reserves, there is an opportunity to mini-
mize the losses of nitrogen to the environment. Table 5.1
depicts potential benefits and concerns of using a single
lactating diet contrasting with multiple diets for the lac-
tating herd.

When feeding TMR, special attention is needed for the
presentation of the diet. Typically, diets fed as TMR
contain 45%—-60% DM because silages, high-moisture

grains, and wet by-product feeds are common ingredi-
ents of dairy cow rations. Feeding diets with DM content
less than 45% might suppress intake because these diets
typically contain silages with excessive concentrations of
organic acids that might have not fermented properly, or
just because of overall moisture of the ration, which
would require the cow to spend more time feeding to
compensate for the greater water content. Furthermore,
in some climates, the high water content in some TMR
can make them less stable in the feed bunk, particularly
during the summer months, which can result in spoilage
and suppression in intake. In addition to moisture
content, the particle size of the forages and some by-
products should be evaluated to avoid either excessive
concentration of very long particles, which would favor
sorting against these particles, or inadequate content of
long particles, which typically reduces the physical effec-
tiveness of the NDF, thereby reducing fiber digestibility
and increasing the risk of digestive problems and milk
fat depression. A good rule of thumb is to maintain
forage particles of a length smaller than the muzzle
of the cow. This prevents the cow from sorting against
these particles, which likely provide the bulk of the phys-
ically effective NDE. Additionally, rations should contain

Table 5.1. Some advantages and disadvantages of feeding lactating cows single or multiple diets during the lactation

Number of TMR fed to lactating cows

Single

Multiple

Convenience and
risk of errors

Feeding a one-group TMR to the entire

program of the lactating herd and
minimizes the risk of errors in diet
mixing and delivery.

Body condition score
herds in which recovery of body

reserves is critical for future lactation.

Production It usually favors higher production and

minimizes the production losses with

movement of cows from one group to

another.
Cost of feeding cows
for single-group TMR is usually
formulated to meet the needs of the
highest producing cows in the herd.

Efficiency of nutrient
utilization

It tends to decrease the efficiency of
nutrient conversion into milk and to

increase the fecal and urinary excretion

of nutrients into the environment.

lactating herd simplifies the nutritional

It can be advantageous in high-producing

It is usually more expensive, as the diet

Feeding multiple diets with different ingredients requires
additional labor for mixing of different grain mixes and
delivery of different diets. It increases the risk of errors
during preparation of diets if different ingredients are
used in the distinct lactation diets. It also increases the
risk of errors during delivery.

[t can minimize overconditioned cows in herds with low
milk production or with reproductive problems causing
extended lactation.

It can cause milk production to drop when cows are
moved to a group in which the diet differs, particularly
if forage quality decreases, fiber increases, and protein
content and quality decreases in the new diet.

It is usually cheaper, as the veterinarian or nutritionist can
formulate diets with less expensive ingredients to the
low-producing cows and offer specific protein
supplements and feed additives to groups of cows that
are more likely to benefit because of higher production.

It tends to increase the efficiency of nutrient conversion
into milk when the dietary changes are not followed
by production losses. Nutrient excretion into the
environment is minimized.
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sufficient concentration of long particles to stimulate
cud chewing and rumination.

A method to determine particle size of forages and
diets is by using the Penn State Particle Separator. Using
the separator, it is possible to determine the particle size
distribution of TMR according to three different screen
apertures and the bottom pan. The Particle Size Separator
segregates feed particles into those with lengths >19 mm,
between 8 and 19mm, between 1.18 and 8 mm, and
<1.18 mm. It has been suggested that 1.18 mm is the
critical length governing retention of feed particles in the
reticulo-rumen (Mertens, 1997), thus measurement of
particle length >1.18 mm may be useful in evaluating
mixing of diets presented to cows to maintain proper
physical effectiveness of fiber. It is suggested that the
Penn State Particle Separator be shaken at a frequency
of 66 cycles/min with a stroke length of 17 cm. Samples
of forage and TMR are sieved, and then physical effec-
tiveness of NDF is calculated after correcting for DM and
the NDF content.

Table 5.2 depicts examples of a single TMR composed
of corn silage, alfalfa hay, whole cottonseed, brewer’s
grains, ground corn, and soybean meal that was fed indi-
vidually to 37 cows and evaluated daily during a 4-day
period for its particle size distribution and concentration
of DM and NDF in the different sieves to calculate the
physically effective NDEF. The diet contained an average
of 32.4% =+ 2.5% NDF and 22.1% + 4.1% acid detergent
fiber (ADF), and the amount refused by each cow con-
tained on average 31.6% * 3.5% NDF and 21.9 + 3.4%
ADF. In this example, sorting and NDF distribution in
the different sieves and the calculated physically effective
NDF were very similar between what was offered and
refused by these cows. This indicates that diet mixing
and sorting was not an issue.

It is important that the physical effectiveness should
be determined on fresh samples, and then expressed as
a proportion of the total DM sieved. This requires DM
analysis for the original sample and the material retained
on each sieve. The correction for DM is important
because moisture content of the sample affects its physi-
cal effectiveness, and it can result in overestimation of
up to 30% when uncorrected for DM content (Kononoff
et al., 2003).

DMI

Intake of DM is the single most important determining
factor that influences milk yield and susceptibility to
diseases of the intermediary metabolism in early lacta-
tion. The shift from a nonlactating, gestating status to a
lactating and nonpregnant status as observed in the first
weeks postpartum is marked by a period of nonoptimal
DMI in dairy cows. This inadequate intake of DM often
results in the occurrence of metabolic disorders such as
fatty liver, ketosis, and displacement of abomasum.
Determining DMI is a key component in diet formu-
lation as cows require quantities of specific nutrients for
optimal production and health. Feed intake is influenced
by many interacting factors, some of a dietary nature,
but many of animal or environmental origin. In early
lactation, diseases and fever that occur after calving typi-
cally suppress intake. Furthermore, mobilization of
adipose tissue in late gestation and early lactation and
subsequent increased concentrations of nonesterified
fatty acids (NEFA) and beta-hydroxy butyrate (BHBA)
are usually associated with a drop in intake (Grummer
et al., 2004). The amount of DM consumed by dairy
cows per day is a function of meal size and intermeal
interval, which are typically controlled by physical and

Table 5.2. Particle size distribution of a TMR individually fed to lactating dairy cows and calculated physically effective NDF (NDFy)

using >1.18 mm as cutoff

Particle size, mm

>19 8-19 1.18-8 <1.18 NDFpe

Offered retained, %

As is 50+ 1.3 37.7+39 449 + 2.1 129+ 2.3

DM 52+15 344 +3.6 448 +2.4 15.7 £3.0

NDF as DM 1.7+ 0.6 11.1+1.6 145+1.2 51+ 1.1 273 +24
Refused retained, %

As is 42+1.9 36.3+5.2 484+ 4.4 11.1+3.6

DM 42+2.0 36.1+5.3 463 +4.4 13.4+4.3

NDF as DM 1.4+0.7 11.4+23 146+2.0 42+1.4 27.4+34
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neurochemical stimuli originating in the digestive tract
(Forbes, 2005).

The ability of cows to consume feed is determined by
many interacting factors, and predicting feed intake is a
critical component of formulating diets for lactating
dairy cows. Despite the challenges in predicting feed
intake, it is imperative that nutritional consultants for-
mulate diets based on the amount of nutrients con-
sumed by the cow and not necessarily the concentration
of nutrient in the ration. Although diets are typically
formulated based on their caloric content, precisely their
net energy for lactation (NE;) concentration, CP con-
centration, and mineral and vitamin concentrations, the
reality is that cows require specific amounts of nutrients
and calories to perform satisfactorily.

Allen et al. (2009) integrated ideas based on the
concept that increased oxidative activity in the hepatic
tissue signals centers in the brain to influence satiety and
hunger. Eating is controlled by the integration of periph-
eral signals in brain feeding centers. He suggested that
dairy cow diets must contain a minimal concentration
of relatively low-energy roughages for proper rumen
function because signals from ruminal distension can
suppress feed intake because of rumen fill, particularly
when the drive to eat is high such as in high-producing
cows between 2 and 5 months postpartum. On the other
hand, signals originated from metabolism of the diges-
tive tract such as the intestine and liver predominate in
controlling appetite when distension of the rumen-
reticulum is limited. This is the case of diets low in forage
and NDF in which metabolites flowing to the small
intestine and oxidative pathways in the liver signal the
central nervous system to suppress appetite by reducing
hunger or reaching satiety prematurely. Therefore, it is
expected that feed intake of cows will vary according to
their level of production and physiological state and that
dietary influences on intake will have different effects at
different stages of lactation.

Meeting the Caloric Needs of Lactation

Energy is typically measured in calories, and the caloric
content of different components of the diet differs. For
carbohydrates it is 4.2 Mcal/kg, fat is 9.4 Mcal/kg, protein
is 5.6 Mcal/kg, and ash is 0Mcal/kg. These are values
based on burning these components in a bomb calorim-
eter to measure their gross energy content. However, the
energy available to be used by the animal for mainte-
nance of cellular activities, growth, weight gain, and syn-
thesis of milk is not the gross energy of the feedstuffs
consumed. When feeds are consumed, a portion of them
is not digested, and the undigested material appearing in
feces results in fecal losses of calories. Additionally,

during the process of digestion, some calories from the
feed is not available to be transferred to the animal
because part is lost in the form of digestive gases such as
methane produced in the rumen-reticulum and in the
large intestine. After the end products of digestion are
absorbed, some of the calories contained in these sub-
strates are also lost in the urine. Finally, there is a
caloric cost for the process of digestion and absorption
of nutrients, which needs to be compensated with
calories provided by the dietary nutrients. Therefore,
from the initial gross energy concentration of feedstuffs
provided in the diet of a cow, a substantial proportion is
not available for productive processes such as milk syn-
thesis, thereby reducing the estimated energy density of
the ingredient.

The factorial system of energy flow is depicted in
Figure 5.3. It includes the shifts from gross energy to
digestible energy to metabolizable energy and, finally, to
net energy.

Although the caloric density of a diet is a function of
its composition and the ability of the cow to digest and
absorb its nutrients, it is known that for ruminant
rations, energy density is not static but a dynamic value,
as it can increase or decrease according to level of intake
and retention time in the rumen. Typically, as intake
increases, which results in shorter rumen retention
times, digestibility of feed declines. As digestibility in
the rumen declines, there is a compensatory effect of the
small and large intestines to digest a larger portion of the
total DM consumed. This influences the type of sub-
strates available for absorption by the gut of the cow. For
instance, as digestion of carbohydrates shifts from the
rumen to the intestines, overall digestibility declines,
and the end products change from volatile fatty acids
(VFAs) to more glucose and lactate. Also, as digestion of
carbohydrates shifts from the rumen to the intestines,
less microbial protein is produced, and more nitrogen is
lost in the feces. This influences the provision of calories
and amino acids to the lactating cow.

Using this concept, it is clear, then, that a cow that
consumes more DM, for instance 28kg/day, is eating a
diet with calculated energy density that is inferior to that
of a cow consuming the same diet, but only 18kg/day.
Table 5.3 depicts the change in energy density of a low
and a high forage diet fed to a group of cows with dif-
ferent DMI using the NRC (2001) software. Because of
the energy discount for losses in digestibility, the NE;
content of the low forage diet is 1.57 Mcal/kg for the cows
consuming 28 kg/day of DM. On the other hand, the same
diet fed to a cow consuming only 18kg/day results in
dietary NE; content of 1.74 Mcal/kg. Now, in the case of
the high forage diet, the change in energy density is of
lesser magnitude, from 1.55 to 1.65Mcal/kg with the
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Table 5.3. Effect of intake on energy density and protein content of diets fed to cows

with different levels of DMI

Diet
Low forage High forage
Corn silage 20.0 25.0
Alfalfa silage 11.0 10.0
Bermudagrass silage 9.0 20.0
Ground corn 28.7 18.6
Citrus pulp 15.0 10.0
Calcium salts of palm fatty acids 1.8 1.8
Soybean meal 10.0 10.0
Blood and fish meals 2.8 2.8
Minerals and vitamins 1.8 1.8
Nutrient content
Crude protein, % 16.6 16.6
Fat, % 4.8 4.6
Nonfibrous carbohydrates, % 45.7 38.0
Neutral detergent fiber, % 27.0 34.7
DMI group
High Low High Low
DMI, kg/day 28.0 18.0 28.0 18.0
NE,, Mcal/kg 1.57 1.74 1.55 1.65
Rumen degradable protein, % 9.8 10.4 9.8 10.4
Microbial protein/metabolizable protein 54.3 58.9 54.6 58.5
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change in DM from 28 to 18kg/day. This indicates that
the NE; of a diet is more severely penalized for increases
in DMI when the ration is composed by carbohydrates
of greater digestibility such as sugars, starch, and soluble
fiber, as opposed to NDFE.

In early lactation, most cows are unable to meet their
caloric needs because DMI lags behind the increase in
milk production. Furthermore, the body weight loss
experienced by the cow in early lactation results is high
concentrations of NEFA in plasma, which are extensively
transferred to milk fat. This increases the milk fat con-
centration to values greater than 4.5% in most cows in
the first 2—3 weeks postpartum, thereby further increas-
ing the energy drain caused by lactation.

Energy balance is the difference between caloric con-
sumption and energy needs of the cows. The caloric
consumption is the result of DMI times the energy
density of the diet. The energy needs by a dairy cow are
the summation of the requirements for maintenance,
milk synthesis, tissue deposition in the pregnant uterus,
and tissue deposition because of growth or weight gain.
Therefore, the calculation of energy balance can be as
follows:

Energy balance, Mcal/day =[DMI (kg/day)
xNE; (Mcal/kg)]—[Energy for maintenance (Mcal/day)
+Energy for milk (Mcal/day)+Energy for the gravid
uterus (Mcal/day)].

If cows are in positive energy balance, then there will be
a surplus of calories that can be used for body weight
gain. On the other hand, if cows are in negative energy
balance, then there will be lack of calories, and cows will
have to lose body weight to maintain the same level of
milk production. The energy needs for maintenance are
calculated as follows (NRC, 2001):

Energy for maintenance, Mcal/day = 0.08 x BW*”.

Therefore, for a cow weighing 650kg, her metabolic
weight, which is the BW to the power of 0.75, would be
128.7kg. The NE; needed for maintenance of this cow
would be 0.08 x 128.7, which is 10.3 Mcal/day.

The NE, content of milk varies with its concentrations
of fat, protein, and lactose. It can be calculated using one
of the following two formulas:

NE;, Mcal/kg =[(0.0929 x Fat%)+ (0.0563 X Protein%)
+(0.0395 x Lactose%)];

or

NE;, Mcal/kg =[(0.0929 x Fat%)+ (0.0563 X Protein%)
+0.192] (NRC, 2001).

Table 5.4 depicts the energy concentration of milk from
Holstein and Jersey cows that vary in their fat and true
protein contents. It is clear from the formulas and from
the results of the table that the fat content represents
40%-50% of the total energy concentration of milk.
Lactose typically is not variable in milk, and most cows
maintain a concentration of 4.7%-4.9% lactose. True
protein can vary, but the magnitude is much less than
that observed for milk fat.

Using the values described in the table, one can calcu-
late the energy needs of the average dairy cow of a group
using the body weight, the milk yield, and the composi-
tion of the milk. For instance, if a diet is formulated to
meet the needs of a lactating Holstein cow weighing
650kg and producing 40kg of milk with 3.80% fat and
3.30% true protein, then this cow needs to consume

0.08 x(650)"”° =10.3 Mcal/day for maintenance
40x0.728=29.12 Mcal/day for milk synthesis.

Table 5.4. Composition and energy density of milk of high and low component Holstein and Jersey cows

Holstein Jersey
Milk, % Low component High component Low component High component
Fat 3.20 3.80 3.90 4.80
Protein 3.00 3.30 3.30 3.75
Lactose 4.80 4.80 4.80 4.80
Mcal/kg
Fat 0.297 0.353 0.362 0.446
Protein 0.169 0.186 0.186 0.211
Lactose 0.189 0.189 0.189 0.189
Milk, Mcal/kg 0.656 0.728 0.738 0.847
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Assuming that there is no change in body reserves (no
gain and no loss of body weight), then the daily energy
intake should be at least 39.32 Mcal of NE,. Considering
now the DMI of this group of cows, the caloric density
of the ration per kilogram can now be determined. If
intake is 24 kg/day, then the ration should have an NE;
concentration of

39.32 Mcal/24 kg =1.64 Mcal/kg.

Any additional calorie consumed is expected to be
diverted either into additional milk or into body reserves.
In general, most lactation diets contain an estimated NE;
that ranges from 1.60 to 1.75 Mcal/kg. Diets with energy
density less than 1.60Mcal/kg have too much forage,
an excessive concentration of NDF, forages sources con-
taining high NDF and lignin, or ingredients of low
rumen digestibility. Obviously, based on the discounts
for DMI and rate of passage, when the energy density is
calculated using cows with very high intake, even a diet
with a large proportion of concentrates can have a low
calculated NE; (Table 5.3). In contrast, very seldom do
lactation diets surpass 1.75Mcal/kg because such diets
would not provide sufficient forage fiber to maintain
rumen health. Also, they would have to contain large
quantities of supplemental fat, which when fed in excess
can be detrimental to DMI and fiber digestion, thereby
suppressing cow performance.

Fiber Carbohydrates

One of the first steps in diet formulation is to make
sure that the ration provides a minimum amount of
NDF to keep rumen health and to avoid digestive distur-
bance and milk fat depression. NDF, particularly of
forage origin, is required to stimulate cud chewing and
rumination, which enhance secretion of salivary buffers
to counteract the effects of acid production in the rumen.
Fiber is also needed to stimulate rumen motility, which
is critical for the ability of VFA produced during bacte-
rial digestion in the rumen-reticulum to be absorbed. As
the rumen contracts, the VFA present in the rumen fluid
come in contact with the epithelium, and absorption
takes place.

Lactating cows do not have a set requirement for fiber
in their diets, but rations that are limiting in fiber content
predispose cows to digestive disturbances such as rumen
acidosis and diarrhea, increase the risk of displacement
of abomasum, result in milk fat depression, and limit
energy intake and microbial protein synthesis. Therefore,
it is critical that a minimum amount of dietary fiber,
preferably of forage origin, be fed in the ration of dairy
cows. As the forage-to-concentrate ratio in the diet
increases, so does eating and ruminating times, chewing

time, and salivary production. Nevertheless, when
dietary forage and NDF are excessive, rumen fill can then
limit DMI and productivity.

Forage fiber is critical to the buffering of the rumen.
It is estimated that 5Eq of VFA are produced for each
kilogram of DM consumed by dairy cows (Gébel and
Aschenbach, 2006). Allen (2000) estimated that VFA
production in the rumen is approximately 7.5Eq/kg of
organic matter fermented in the rumen. In addition, Na*
in the ruminal fluid is exchanged with H* present in the
cytoplasm of the rumen epithelial cells, and for each mol
of VFA absorbed, an equivalent 0.5mol of Na*/H*
exchange occurs. Therefore, in addition to the acid load
from VFA production, absorption of Na" results in addi-
tional H" returning to the rumen fluid that needs to be
buffered. Consider a lactating cow consuming 25kg of
DM, of which 50% is ruminally fermentable organic
matter. This diet can potentially generate 93—-125Eq of
organic acids as VFA in the rumen of the cow. An addi-
tional 20%—40% more H" can enter the rumen as sodium
absorption occurs. Therefore, the total acid load can be
as much as 140-150 Eq/day.

Salivaryflowin dairy cowsrangesfrom230to0 290 L/day,
and saliva contains 26 mEq of HPO,* and 126 mEq of
HCO;", which totals 152mEq of buffer/L of saliva.
Considering these values, the amount of acid that can be
buffered by saliva is approximately 44 Eq/day, which rep-
resents only 30% of the estimated acid load in a high-
producing cow consuming large quantities of ruminally
fermentable organic matter. The remainder of the acid
load has to be either buffered by other dietary anions
such as bicarbonate from the diet, absorbed through the
rumen epithelium, or removed from the rumen with
transit of the liquid phase. In fact, the capacity of the
rumen epithelium to absorb VFA determines the intraru-
minal pH and the risk of subacute rumen acidosis
(Penner et al., 2009). The mean ruminal pH increases
linearly as the absorptive capacity of the epithelium
increases (Penner et al., 2009). These results suggest that
cows that are more capable of absorbing VFA are
expected to have a reduced risk of subacute rumen aci-
dosis. Furthermore, because fiber stimulates rumen con-
tractions needed to move VFA close to the epithelium, it
is then pivotal to formulate diets with adequate forage
and physically effective fiber to stimulate VFA absorp-
tion and reduce their accumulation in the rumen fluid.

Most diets of lactating dairy cows should contain
between 28% and 35% of the DM as NDE and 60%-—
70% of this NDF should be of forage origin. Furthermore,
the particle size of the forage and high fibrous by-product
should be long enough to stimulate cud chewing and
rumination. It has been suggested that a minimum of
1.2mm in length is needed for particles to be retained in
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the rumen and stimulate contractions and rumination
(Mertens, 1997). However, even when NDF particles are
small, they also cause a dilution effect if replacing starch
or other readily digestible carbohydrates in the diet.
Therefore, dietary fiber not only stimulates buffering of
the rumen and counteracts the acid load, but it also
dilutes the more digestible dietary carbohydrates, thereby
minimizing the total acid production. Furthermore,
digestion of NDF and other fiber materials does not
support lactic acid-producing bacteria. It is known that
lactic acid is 10 times stronger than VFA because its dis-
sociation constant (pK) is lower. For VFA, the pK is 4.8,
whereas for lactic acid it is 3.8. This means that at a pH
of 4.8, 50% of the VFA is in its protonated form (acid
form such as acetic acid, propionic acid, and butyric
acid) and 50% in its dissociated form (acetate, propio-
nate, and butyrate). On the other hand, for lactic acid at
a pH of 3.8, 50% will be in the acid form (lactic acid)
and 50% in its dissociated form (lactate). Therefore,
lactic acid has a greater capacity to release protons at
lower pH, and the proportion of free protons will be
greater at lower pH when the solution contains lactic
acid as opposed to VFA.

Not all fiber sources are the same, and some forages
are more effective in stimulating cud chewing and rumi-
nation than others. Similarly, not all high-fibrous by-
products provide the same physical effectiveness from
their fiber. Retention of particles in the rumen is critical
for fiber to stimulate cud chewing and rumination, and
several factors influence mean retention time (Mertens,
1997; Huhtanen et al., 2006):

1. Type of forage, which is related to the plant anatomy:
Tropical grasses are retained longer than legumes
because of their plant structure, and stems are retained
longer than leaves.

2. Fiber content: Diets that provide more fiber form a
fibrous mat that facilitates retention of particles in the
middle and dorsal portions of the rumen-reticulum.

3. Particle size: Larger particles are retained longer than
smaller particles because they need to be chewed and
to lose entrapped air to sink in the rumen floor close
to the rumen-omasal orifice.

4. Critical particle sizes are: <0.2mm =no chewing
activity and immediate passage; 0.2—1.2mm = fast
passage through the rumen-reticulum; >1.2mm =
requires chewing and are retained in the rumen
longer.

5. Density: Particles that are denser tend to have a
shorter retention time. For instance, cottonseed hulls
are very high in NDF, and despite the smaller particle
size than many forages, their low density forces
them to be retained in the middle and dorsal por-

tions of the rumen, thereby preventing them from
leaving the rumen which stimulates cud chewing and
rumination.

6. Degree of hydration and buoyancy: Particles that are
drier and have air trapped inside require chewing to
disrupt their physical structure so they can become
more dense and sink in the rumen fluid close to the
omasal orifice.

7. Associative effects with other feeds: The effectiveness
of fiber in some feedstuffs can increase in the presence
of a rumen mat. In diets that provide fiber with long
particles, the formation of a mat in the rumen facili-
tates the retention of smaller particles such as fibrous
by-products, which increase the physical effectiveness
of their NDFE.

Because of these features, it is common to mix different
types of forages in most lactation diets and to include
some that have inherently greater ability to be retained
in the rumen. For instance, because of particle size and
rumen retention time, hays of wheat, oat, and subtropi-
cal grasses commonly used in dairy cow rations
(Bermudagrass, Tifton 85 Bermudagrass) favor rumina-
tion when compared with the same amount of NDF
from corn silage. Similarly, the longer particle size and
the high lignin content in the NDF of alfalfa hay improve
the physical properties of the diet when blended with
grain silages, and the blend usually improves rumination
time when compared with the silages alone.

Diets of cows in early lactation should have higher
forage and fiber contents because of the abrupt dietary
changes that come with moving from the late gestation
nonlactating state to the early lactation group. These
cows are more susceptible to digestive disorders such as
diarrhea and displacement of abomasum, and excessive
dietary starch tends to suppress intake in early lactation
cows more than in cows that are past the first 4 weeks
postpartum. Considerations for feeding of fiber and
other carbohydrates are provided in Table 5.5.

Nonfibrous Carbohydrates

Most of the calories provided by the diet of dairy cows
originates from the digestion of nonfibrous carbohy-
drates (NFCs) in the rumen and intestines. NFCs are all
of those not separated in the NDF analysis and can be
also called neutral detergent soluble carbohydrates. They
are composed of starches, sugars (glucose, fructose, and
sucrose), soluble fiber (pectin, glucans, and galactans),
fructans, and organic acids (malic and fumaric). The
different fractions of the NFC are not always chemically
analyzed because of the lack of standardized laboratory
procedures, but NFC are often calculated using the fol-
lowing formulas:
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Table 5.5. Considerations for carbohydrate feeding of lactating dairy cows

Carbohydrate fraction

% of diet DM

Manipulation of the fraction

Reduce this fraction when forage NDF and physically effective NDF of
the diet are low.

Reduce starch in the diet as its rumen degradability increases.

Reduce this fraction when forage NDF and physically effective NDF of
the diet are low.

No manipulation

Use to replace starch in diets that have limiting NDF and forage NDF.
It can also be used to replace forages when forage quality is poor
or NDF in the diet is high.

Increase as the digestibility of the nonfiber carbohydrate and starch
fractions increase, or when rumen digestion of NDF increases.

Increase as the digestibility of the nonfiber carbohydrate and starch
fractions increase, or when rumen digestion of NDF increases.

Increase as the digestibility of the nonfiber carbohydrate and starch
fractions increase, or when rumen digestion of NDF increases.

Allows for reduction of 1 percentage unit of physically effective NDF
when fed at 0.7%—1% of the diet DM.

Nonfibrous carbohydrates 35-42
Starch 20-26
Rumen-degradable starch 16-22
Sugars 5-8
Pectins and glucans 6-14
NDF 28-35
Forage NDF 16-23
Physically effective NDF >20
Noncarbohydrate compounds

that influence rumen pH

Buffers such as NaHCO; 0.7-1.0

Alkalinizing agents (MgO) 0.2-0.3

No manipulation

NFC =100- (% NDF + % crude protein + % fat + % ash)
or

NFC =100—-[(% NDF — NDF insoluble protein)
+ % crude protein + % fat+ % ash]

The first equation is the most commonly used, but the
second, which includes the CP retained in fiber, is more
accurate and corrects for protein that otherwise is
counted twice, thereby underestimating the true NFC
content.

In most lactation diets, the major component of the
NEC fraction is starch, and starch is the primary com-
ponent of dairy cattle diets used to promote increased
production. This is why optimal starch utilization is
pivotal to improving efficiency of production of lactat-
ing dairy cows. Starch is also the most variable compo-
nent of the NFC relative to ruminal and intestinal
digestibility. Sugars ferment very quickly in the rumen,
and when they are contained within plant cell walls, they
are retained in the rumen a sufficient length of time to
be extensively digested; none actually reaches the small
intestine. Similar to sugars, soluble fiber is extensively
fermented in the rumen, and the rate of digestion is
either equal to or greater than that of most starches. On
the other hand, the rate of starch fermentation in the
rumen varies with type of grain and degree of process-

ing. The major source of dietary starch for lactating cows
in most of the world is corn, but in some places, other
high-starch grains are also extensively fed to cows. In the
United States, corn, oats, barley, and wheat are fed to
lactating cows in amounts of 94%, 18%, 14%, and 7%,
respectively. Normally, starch degradability in the rumen
ranks as the following: oats > wheat > barley > corn >
sorghum. This sequence is observed when grains are
unprocessed. Nevertheless, when subjected to processing
either by dry-rolling, cracking, grinding, reconstituting,
early harvest ensiling (high moisture), popping, explod-
ing, roasting, micronizing, or steam-flaking, the grains
with the slowest rate and the least digestibility in the
rumen tend to benefit the most. Therefore, to improve
starch utilization in the rumen, grain sources are exten-
sively processed to increase both the rate and the extent
of starch fermentation and ruminal digestibility. Feeding
processed grains to dairy cows enhances the supply of
calories to the animal because of increased VFA produc-
tion, particularly propionate, which is gluconeogenic,
increases synthesis of microbial protein, and improves
nitrogen utilization because of greater recycling to the
rumen-reticulum (Theurer et al., 1999).

Starch utilization by dairy cows is markedly enhanced
by proper grain processing. Steam-flaking of corn and
sorghum grains improves the NE; concentration of the
grains approximately 8%—10% (Theurer et al., 1999).
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This response was observed because steam-flaked corn
and sorghum have greater ruminal starch digestion,
which results in increased synthesis of propionate and
microbial protein. The increased supply of gluconeo-
genic precursor and the improved supply of high-quality
amino acids enhance the mammary uptake of substrates
for milk synthesis. Shifting the site of starch digestion
from the rumen to the small intestine is of little advan-
tage to dairy cattle. The net uptake of glucose by the
portal drained viscera is very low or even negative
(Theurer et al., 1999; Reynolds, 2002), suggesting that
the glucose produced during starch digestion in the
small intestine is either used by the viscera or converted
and absorbed as lactate.

Corn is typically processed by grinding finely, preserv-
ing as high moisture, or by steam-flaking. Fine grinding
increases the surface area for microbial attachment, but
it is less effective in disrupting the protein matrix in
which the starch granules are embedded. On the other
hand, high moisture and steam-flaking maximize starch
digestion in the rumen and intestine by making starch
granules more available for microbial attachment and
enzymatic digestion. In the case of barley, the starch is
more readily degradable than corn starch because upon
cracking the pericarp after mastication or processing, the
protein matrix in barley is readily solubilized and pen-
etrated by proteolytic bacteria, whereas the corn protein
matrix is more resistant to microbial attachment and
digestion. Work in Canada has created the concept of
processing index (PI) to describe the degree of process-
ing of the grain. Processing index is the density of the
grain after processing expressed as a percentage of its
original density before processing. Barley is typically
rolled, which reduces the density of the grain. Values for
barley generally range from 60% to 80%, and the smaller
the value, the more extensively processed the grain is and
the more digestible starch will be in the rumen. The
optimum processing of corn is by steam-flaking to
reduce the grain density to 360g/L. As for barley, the
optimum processing is by steam-rolling to result in a PI
of 65%. Although processing of grains benefits dairy cow
performance, it is important to have careful consider-
ation of the total amount of dietary starch and ruminally
degradable starch as, when excessive, they suppress DMI
and predispose cows to subacute rumen acidosis (Allen,
2000), diarrhea, and milk fat depression.

Typical concentrations of NFC in rations for dairy
cows usually range from 35% to 42% (Table 5.5).
Common recommendations for dietary starch content in
diets of dairy cows range from 23% to 30% of the diet
DM, although the upper values are used restrictively and
result in greater risks of digestive problems. Surveys of
dairy herds with rolling herd average production above

12,500kg of milk per cow per year found that dietary
starch content ranged between 15% and 30% (Dann,
2010). Therefore, it is possible to achieve high production
per cows with a wide range of starch content in the diet.
However, as the dietary starch concentration declines, the
need for better quality forages and more digestible
sources of NDF increases. If forage quality is limiting, it
is unlikely that low starch diets will promote high pro-
duction. Strategies for using low starch diets include
feeding more nonforage fiber sources, such as soybean
hulls, citrus pulp, beet pulp, and almond hulls. These by-
products are high in energy and NDEF, but with NDF of
high ruminal digestibility. This allows for inclusion of
less total forage NDF when forage quality is not opti-
mum. It is also possible to replace some of the starch
with sugar sources such as molasses, which can be suc-
cessfully included in up to 7%—-8% of the diet DM (1.5—
2kg/day). Higher dietary intakes are not desirable because
fermentation of sucrose favors butyrate synthesis, which
can affect rumen epithelium health. Also, molasses is
usually high in sulfates, and excessive sulfate intake is a
risk factor for development of polioencephalomalacia.

Supplementation with Fats

Dietary supplementation with fats has long been recog-
nized as beneficial to lactation performance of dairy
cows (Palmquist & Jenkins, 1980). Fat sources are typi-
cally added to lactation rations to increase the energy
density in an attempt to improve yields of milk and milk
components because most fat sources contain 2.7-fold
more calories than grains high in starch. More recently,
attention has been given to the type of dietary fats used
and their fatty acid profile. It is well-known that mam-
malian cells cannot synthesize fatty acids that have a
double bond in the acyl chain beyond the ninth C count-
ing from the carboxyl end; these fatty acids are called
essential and have particular effects on cell metabolism,
gene expression, and immune response. These differen-
tial effects of fatty acids on cellular functions have created
renewed interest in increasing the postruminal supply of
specific fatty acids to manipulate reproduction and
health of dairy cows.

Characterization of Fat Sources

Feedstuffs that contain a high fat content (>18% of DM)
are considered important sources of dietary fat. Some
are sources of only fat (>80% fatty acids), such as yellow
grease, vegetable oils, beef and porcine tallow, poultry
fat, prilled hydrogenated fatty acids, and calcium salts of
fatty acids. Others are called commodity fats, as they
provide not only fat, but also other nutrients such as
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protein and NDF. Examples of the latter are whole and
processed oilseeds such as cottonseed, soybeans, canola,
flax, and sunflower.

Fat sources are characterized based on their origin
(animal and vegetable), concentration of total fatty acids
and other nutrients, the fatty acid profile of their fat
(saturated or unsaturated), the disposition of fatty acids
either as free or esterified to glycerol as in triacylglycerol,
and their degree of rumen inertness. All of these factors
can influence animal responses and composition of milk
and tissue fat by altering microbial activity in the rumen,
influencing fiber and carbohydrate digestion, affecting
the digestibility of fat in the small intestine, and influ-
encing appetite of dairy cows. Table 5.6 describes some
key characteristics of fat sources commonly supple-
mented in the diet of lactating dairy cows. Some fat
sources are products of the animal rendering industry,
such as beef tallow, porcine tallow, and poultry fat. These
fat sources are in the form of triacylglycerols with a small
but variable proportion of free fatty acids depending on
how they are handled. In some countries in South
America, the European Union, and Japan, animal fats
cannot be added to the diet of ruminants because of
concerns of residues containing nervous tissues that
hold a potential for the spread of bovine spongiform
encephalopathy. In the United States, as of today, the use
of animal fats, even those of ruminant origin such as
beef tallow, is considered safe, and they are allowed to be
included in ruminant diets.

Vegetable oils are commodity fats that are often incor-
porated into grain mixes prepared by feed mills or
blended with animal fats for delivery to commercial
farms. There is concern with incorporation of vegetable
oils into ruminant rations because of their fast rate of
microbial lipolysis of the triacylglycerol in the rumen,
which makes their high content of unsaturated fatty
acids susceptible to microbial biohydrogenation and to
influencing fibrolytic activity in the rumen. On the other
hand, when oilseeds are fed to dairy cows in moderate
amounts to increase the dietary fat in 1-2 percentage
units of the diet DM, their oil content usually has little
impact on rumen fermentation and diet digestibility.
The slower rate of release of the triacylglycerol into the
rumen fluid is thought to reduce the rate of lipolysis
and minimize the impact of unsaturated fatty acids on
microbial activity. This is better characterized in the case
of whole cottonseed, which has a hard seed coat and high
fiber content, thereby slowing the release of fatty acids
in the rumen and providing additional effective fiber to
the diet, which usually improves rumen health.

A third group of fat sources are those called commer-
cial fats, which were originally designed to be more
rumen inert and, more recently, to supply specific fatty
acids to the diet of dairy cows with less impact on rumen

fermentation in an attempt to influence animal responses,
primarily immune function and reproduction. In some
specific milk markets, it is desirable to reduce milk fat
concentration by dietary means that do not disturb
microbial fermentation. Some forms of calcium salts
containing mostly transmonoenoic fatty acids (C18:1
mostly trans) have the ability to moderately suppress
milk fat synthesis without altering milk production,
which allows producers in these markets to sell more
fluid milk when quotas are based on the total amount of
fat that can be produced. Commercial fat sources are
either mostly saturated fatty acids in the form of triac-
ylglycerols or free fatty acids. Most of the nutritional
value of supplemental fats is based on its digestible
energy, and digestibility of fatty acids declines when fat
sources are rich in stearic acid (C18:0) in the form of
triacylglycerol. On the other hand, fat sources rich in
unsaturated fatty acids can have a detrimental effect on
rumen microbial activity, fiber digestion, and milk com-
position. Therefore, when selecting a fat source, it is
important to consider its digestibility, which determines
the energy density in the fat source, degree of rumen
inertness to minimize impacts on rumen metabolism,
impacts on milk composition, and impacts on health
and reproduction.

Rumen Metabolism and Digestion of Fats

Most fat sources are fed in the form of triacylglycerols.
Microbial activity in the rumen is responsible for hydro-
lysis of the ester bond (lipolysis) between the fatty acid
and the glycerol backbone. Upon release in the rumen,
free fatty acids, primarily unsaturated fatty acids, are
subject to microbial action (Jenkins, 1993). Because of
extensive lipolysis and hydrogenation of unsaturated
fatty acids in the rumen, most lipids flowing to the duo-
denum for absorption in the small intestine of dairy
cows are in the form of saturated free fatty acids.
Polyunsaturated fatty acids such as the essential fatty
acids linoleic (C18:2 n6) and linolenic (C18:3 n3) acids
are extensively biohydrogenated by the rumen microbes,
and less than 20% of the intake of these fatty acids is
available for absorption in the small intestine (Doreau
& Chilliard, 1997). The rate of lipolysis is generally
higher in fat sources rich in unsaturated fatty acids,
which make them available to influence microbial enzy-
matic activity, particularly fiber digestion. Therefore,
considering rumen carbohydrate fermentation, biohy-
drogenation of unsaturated fatty acids is a favorable
process because it reduces the risk of accumulation of
compounds that are potentially toxic to rumen microbes.
However, when large quantities of unsaturated fatty
acids are fed, the rate of lipolysis might overcome the
rate of biohydrogenation, thereby resulting in accumula-



47

Table 5.6. Characteristics of different sources of fats used in diets of dairy cows

DM basis (Mcal/kg or %) % of fatty acids (FA)

Inert'  NEZ? NE? CP NDF

FA Saturated  Unsaturated C18:2n6 C18:3 n3

Animal fats
Beef tallow 2 46 5.2 0 0 89 48 52 3 <1
Porcine tallow 1-2 46 5.2 0 0 89 39 61 10 1
Poultry fat 1-2 5.1 5.4 0 0 89 28-31 69-72 12-19 <1
Vegetable oils
Canola oil 1 55 5.2 0 0 89 7 93 21 9
Corn ol 1 5.5 53 0 0 89 14 86 59 1
Cottonseed oil 1 55 53 0 0 89 27 73 50 <0.5
Linseed oil 1 55 5.2 0 0 89 33 67 16 55
Soybean oil 1 55 53 0 0 89 16 84 54 7
Yellow grease 1 55 52 0 0 89 40 60 14 1
Oilseeds
Canola 1 35 32 20-26 16-18 35-38 7 93 21 9
Cottonseed 2 1.9 1.8 19-22 4550 17-19 27 73 50 <0.5
Linseed or flax 1 3.3 3.0 2024 2428 34-36 12 88 16 55
Soybean 1 2.7 26 4042 13-17 13-18 16 84 54 7
Sunflower 1 3.3 3.0 1820 23-25 35-38 10 90 66 <0.5
Commercial fats
Ca salts of palm FA 3 49 54 0 0 84 57 43 8 <0.5
(Megalac, EnerG Il
Enertia)
Ca salts of palm and 2-3 49 56 0 0 84 30 70 32 4.5
soybean FA (Megalac R)
Ca salts of linseed FA 2-3 47 5.2 0 0 81 18 82 18 47
(FlaxTech)
Ca salts of safflower FA  2-3 48 53 0 0 82 13 87 70 13
(Prequel 21)
Ca salts of trans FA 2-3 48 53 0 0 82 30 70 1 0.5
(BridgeTR)
Energy booster 100 3 5.3 5.8 0 0 99 86 14 1.5 0
Energy booster H 3 49 53 0 0 90 88 12 1.5 0
Hydrogenated tallow 2-3 30 41 3 <1 72-90 50-87 13-50 <1 <1

(Alifet; Booster fat;
Dairy 80; Carolac)

"Degree of rumen inertness based on rate of lipolysis and degree of unsaturation, both of which affect rumen microbial activity.
1=rumen active fat; 2=moderate degree of rumen inertness; 3=mostly inert in the rumen.

2Calculated as Mcal/kg of DM at 3x the maintenance requirements of a lactating dairy cow using the NRC (2001).

3Calculated as Mcal/kg of DM at 3x the maintenance requirements of a lactating dairy cow using the CPM-Dairy version 3.0.10.

tion of unsaturated fatty acids in the rumen fluid, which
disrupts microbial activity. Furthermore, during the
steps of biohydrogenation of fatty acids, intermediate
compounds of trans configuration are produced
(Jenkins, 1993), some of which, known as conjugated

linoleic acids (CLAs), are extremely potent in suppress-
ing lipogenesis in the mammary gland. The end result is
a potential risk of milk fat suppression.

It has been suggested that a maximum amount of
unsaturated fatty acids should be fed to dairy cows to
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minimize their impact on rumen metabolism. Further-
more, increased intake of unsaturated fatty acids, even
when rumen fermentation is not disrupted, can affect
animal performance through its hypophagic effects
(Allen, 2000; Allen et al., 2009). Feed intake in dairy cows
is often suppressed when fat is supplemented in the diet,
and this effect is more pronounced in early lactation or
when cows are fed mostly unsaturated fatty acids. The
appetite in dairy cows is regulated in part by rumen fill
and by signals originated from the digestive tract (Allen,
2000; Forbes, 2005; Allen et al., 2009). Feeding fat to
cows influences the release of gut peptides such as cho-
lecystokinin, glucagon-like peptide 1, and glucose-
dependent insulinotropic peptide, which are thought to
be hypophagic (Allen et al.,, 2009). Furthermore, fat
feeding seems to suppress the release of ghrelin, a peptide
thought to stimulate appetite. These peptides may influ-
ence appetite by direct effects on hunger and satiety
centers in the brain, and also by influencing the release
of insulin, glucagon, and the firing of the vagus nerve.
When energy intake increases, such as in the case of
consumption of dietary fat, the absorbed nutrients
increase the available cellular energy (ATP) in hepato-
cytes, which influence Na*/K* channels and result in
depolarization of nerve fibers, thereby reducing the
firing rate of afferent fibers of the vagus nerve (Allen
etal., 2009). The change in neural communication of the
vagus nerve is thought to signal satiety and suppress
hunger in dairy cows. Because unsaturated fatty acids are
more likely to be oxidized by hepatocytes, it is suggested
that increased intestinal flow of these fatty acids can be
more hypophagic than other fatty acids (Allen, 2000).
Therefore, when formulating diets for dairy cows, it is
important to consider the total intake of the most abun-
dant dietary unsaturated fatty acids, namely palmitoleic
(C16:1), oleic (C18:1), linoleic (C18:2), and linolenic
(C18:3) acids. Typical dairy cattle diets result in intakes
of unsaturated fatty acids of 300g/day, when no fat is
supplemented, up to 700 g/day, when some type of sup-
plemental fat is added to the diet.

Incorporation of Supplemental Fats
in Dairy Diets

There are limits to the total amount of fat that should
be fed in lactating rations. Current feeding practices
suggest that diets of lactating dairy cows should contain
no more than 7% total ether extract, which corresponds
to approximately 6% total dietary fatty acids. This upper
limit is only suggested in diets with adequate concentra-
tions of NDF and high forage content. As the forage
content in the ration declines, the amount of total dietary
fat should also be reduced. A common rule of thumb is

that dairy cows should consume the same amount of
dietary long chain fatty acids as the total amount of fat
secreted in milk (Palmquist, 1998). For instance, a high-
yielding dairy cow producing 40kg/day of milk with
3.75% fat secretes daily 1.5kg of milk fat. If this cow is
consuming 25kg/day of DM, then the concentration of
fat in the ration should be as follows:

Dietary fat concentration =1.5 kg of milk fat/
25kg of DM intake
=6% dietary fat.

This rule should be applied only to cows past the first
3—4 weeks postpartum. In early lactation, milk fat secre-
tion can be substantial because of body weight losses and
extensive transfer of long chain fatty acids to milk fat.
Feeding high-fat diets in the first weeks postpartum can
depress feed intake and reduce microbial protein synthe-
sis. Therefore, in the first 3—4 weeks of lactation, it is
prudent to limit total dietary fat concentration to <5%.

In most lactation diets, when fat is not supplemented,
the ether extract content is approximately 3%, of which
70% (2% of the diet) are fatty acids. Supplementation
with fat is recommended to result in total dietary fatty
acid concentration of 3%-5% of the diet DM (Palmquist
& Jenkins, 1980), and for that it is important to consider
the type of fats used. Fat sources should be selected based
on cost per Mcal of net energy and other nutrients pro-
vided in the case of oilseeds (Table 5.7), and also based
on potential implications to rumen function, fiber diges-
tion, and performance (Table 5.6).

In most cases, the initial step is to increase the fatty
acid concentration of the diet in 1.5%-2% of the total
DM by adding oilseeds. They tend to be the most attrac-
tive fat sources because they provide not only fat, but also
protein and NDF. Inclusion of oilseed in the diet of lac-
tating dairy cows to increase the dietary fatty acid up to
2 percentage units (e.g., from 2% to 4% of the diet DM)
usually has little influence on intake, rumen fermenta-
tion, and diet digestibility. Nevertheless, there are asso-
ciations between fat source and forage sources. When the
diet is based mostly on corn silage and little or no grass
or legume hay or silage is present, then sources of rumen
active fat (see Table 5.6) tend to be detrimental to digest-
ibility and milk fat synthesis (Onetti & Grummer, 2004).
Therefore, the relationships between fat source and
forage level and source cannot be ignored. Cows fed
high-forage diets or diets high in alfalfa tend to be less
affected by the negative impacts of supplemental fat
rumen metabolism. Such diets offer more binding sites
for fatty acids to be adsorbed, which reduces their avail-
ability tointeract with the rumen microflora. Additionally,
high-forage diets or diets based on alfalfa hay have a
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Table 5.7. Comparative cost of different fat sources commonly used in diets of dairy cows

U.S. $'/1000kg Fatty acid, %

NE,, Mcal/kg?

us$

Other nutrients Kg of fatty acid Mcal of NE,

Ca salts of palm FA 800 84
Beef tallow 600 89
Saturated free fatty acids 950 99
Whole cottonseed 170 18
Whole soybeans 420 17
Yellow grease 550 89

4.9 7% Ca 0.952 0.163
4.6 — 0.674 0.130
53 — 0.960 0.179
1.9 20% CP and 47% NDF 0.944 0.089
2.7 41% CP and 16% NDF 2.471 0.156
5.5 — 0.618 0.100

"Based on market prices observed in the years of 2009 and 2010 in the United States.
?Calculated as Mcal/kg of DM at 3x the maintenance requirements of a lactating dairy cow using the NRC (2001).

faster rumen turnover rate of the liquid phase, which
may remove fatty acids at a faster rate from the rumen,
decreasing their availability for biohydrogenation. An
additional hypothesis is that high-forage diets or diets
based on alfalfa increase rumen buffering and prevent a
drop in pH, which seems to be important for trans fatty
acid synthesis. A method has been suggested to calculate
the amount of rumen active fat that can be included in
the diet (% of the diet DM) in order to prevent problems
with fiber digestibility and milk fat suppression:

Supplemental fat (%)= (6% % diet ADF)/%
unsaturation of the

fat supplement.

In the following example, using a diet with 20% ADF
and a supplemental fat source with 50% unsaturated
fatty acids, the total amount of supplemental fat sug-
gested would be (6 x20)/50 =2.4 percentage units.
Others have suggested that the total amount of fat fed
should be equal to the amount of fat produced in milk
(Palmquist, 1998). Regardless of the criteria used for fat
supplementation, nutritionists and veterinarians should
avoid diets with excessive fatty acid content (>6% fatty
acids or >7% ether extract). These guidelines are espe-
cially important when the supplemental fat is high in
unsaturated fatty acids and the basal diet is low in forage,
or when the forage is mostly corn silage (Onetti &
Grummer, 2004). Collectively, it is advised that lactation
diets supplemented with fat should contain adequate
concentrations of forage NDF, typically >20% of the diet
DM, and approximately 10% of the total diet should be
composed of a type of forage other than corn silage, such
as grass/legume hay or silage. When more than 2% of
supplemental fatty acids are added to the ration, then it
is important to consider fat sources that are inert in the

rumen such as calcium salts and mostly saturated
fatty acids. These sources allow for greater inclusion of
dietary fat, up to 5%—5.5% of the diet DM as fatty acids
(6%—6.5% ether extract) with minimum effect on rumen
fermentation and fiber digestion. However, such con-
centrations of dietary fat are needed in diets of high-
producing cows only past the first 3—4 weeks postpartum.
Late lactation cows and those of lower production are
less likely to respond with increased production to high-
fat diets, but they often experience improved body
weight and body condition gains. In high-fat diets, a
common guideline is that one-third of dietary fat should
originate from the basal ingredients such as forages,
grains, and protein supplements, one-third from com-
modity fat sources, and one-third from commercial fat
sources that are rumen inert.

Some fat sources are more accepted by cows than
others. Typically, palatability of animal fats, soybean
products, whole cottonseed, and saturated free fatty
acids is better than that of calcium salts, and cows readily
consume the former sources. When calcium salts are the
choice of supplemental fat, it is suggested to gradually
introduce them to the diet such that cows become accus-
tomed to their taste. Some fats, such as tallow, oils, and
yellow grease, can reduce dustiness, separation of fine
particles, and sorting of diet, which is thought to improve
ration palatability.

Some considerations are needed when fat is supple-
mented in the diet of dairy cows:

1. Select fat sources based on price, but also consider the
NE, density of the fat source, which is derived pri-
marily from the concentration and digestibility of the
fatty acids. Do not ignore potential interactions with
other components in the diet, particularly when using
rumen active fats.
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2. Introduce cows to supplemental fats gradually by
feeding a diet with moderate concentrations of total
fatty acids (3%—4%) in the first 3—4 weeks postpar-
tum, and then increasing to up to 5%-5.5% fatty
acids in the diet DM after 4 weeks postpartum. Target
fat intake at a similar amount to that secreted in milk
of cows past 4 weeks postpartum.

3. Tt is critical to provide adequate amounts of forage,
as well as to include a portion of the total forage as
either hay or silages of grasses or legumes. Dietary
forage NDF should be >20% of the diet DM, and
total forage should be >40% of the diet DM. In some
situations when the NDF in forages are high, the
total forage content might be reduced as long as
dietary NDF is maintained above 30% and forage
NDF above 20%.

4. Because unsaturated fatty acids can be saponified
with cations such as calcium and magnesium, the
latter might have reduced digestibility, particularly
magnesium, which is absorbed primarily in the
rumen. Thus, it is important to provide sufficient
amounts of these minerals in diets high in fat. For
lactation diets, calcium concentration should be
between 0.65% and 0.80% of the DM, and magne-
sium between 0.30% and 0.40% of the DM.

5. Although fat provides energy to the cow, rumen
microbes cannot utilize long chain fatty acids as
energy sources to help growth. Therefore, high-fat
diets might require additional rumen undegradable
protein (RUP) of a balanced amino acid profile and
of high intestinal digestibility. Focus on protein
sources that complement the amino acid profile of
the MP of the diet.

Impact of Supplemental Fat on Milk
Composition

It is well-known that dietary sources of fatty acids influ-
ence not only the fatty acid composition of milk fat but
also the concentration of fat and protein in milk.
Unsaturated fatty acids during the process of biohydro-
genation can generate intermediates known as CLA,
some of which are known to suppress lipogenesis and
fatty acid desaturation activity in the mammary gland.
Under certain dietary situations such as low rumen pH,
presence of ionophores, and availability of unsaturated
fatty acids, the rumen environment is altered, and a
portion of the biohydrogenation of linoleic acid (C18:2
n6) occurs through a pathway that produces not only
very bioactive intermediates, primarily trans-10, cis-12
CLA, the best-known milk fat suppressor, but also trans-
9, cis-11 CLA, and cis-10, trans-12 CLA, also known to
depress de novo synthesis of fatty acids in the mammary

gland and to depress fatty acid desaturation. A common
marker present in milk during situations of milk fat
depression is a substantial increase in trans-10 C18:1.
Although it does not suppress lipogenesis in the
mammary gland, it is easier to detect and is almost
always associated with milk fat depression.

When concentration of fat in milk is depressed by
dietary means, the fatty acids that suffer the most are
those synthesized de novo by the mammary gland,
namely the short and medium chain fatty acids. Milk fat
is composed by de novo synthesized fatty acids originated
from lipogenesis, and also by incorporation of pre-
formed fatty acids from blood NEFA and lipoproteins.
Fatty acids with <14 C (C4 to Cl14) are synthesized de
novo, whereas C16 can originate from de novo synthesis,
and also from uptake of preformed fatty acids. Those
with 18 or more C (=C18) result from uptake from
blood. During milk fat depression caused either by
feeding polyunsaturated fatty acids or by other means,
the concentrations of C4 to C14 fatty acids, those syn-
thesized de novo, and also C16 decrease, and, to a lesser
extent, those containing 18 or more C.

To avoid milk fat depression the following is advised:

1. Feed good quality forages to provide a minimum
amount of forage NDF to maintain rumen pH and
rumen health.

2. Feed processed grains to maximize rumen starch
digestion, but avoid excessive amounts that can induce
low rumen pH. It is suggested that in most diets for
lactating cows, the starch content should be between
20% and 26% of the diet DM.

3. Avoid excessive intake of polyunsaturated fatty acids
such as linoleic (C18:2 n6), linolenic (C18:3 n3) acids,
and those fatty acids present in fish oil and algae such
as eicosapentaenoic (C20:5 n3) and docosahexaenoic
(C22:6 n3) acids.

4. Avoid diets that favor acidic rumen pH such as those
with excessive rumen degradable starch. These diets
favor shifts in microbial population and intermission
in the biohydrogenation pathway.

5. Care should be taken to ensure adequate physically
effective NDF or forage fiber. Otherwise, these diets
lead to more acidic rumen pH because of reduced
buffering of the rumen by saliva, reduced rumen con-
tractions important for VFA absorption, and reduced
adsorption of fatty acids to fiber particles, making
them more available to lipolysis and biohydrogena-
tion. It is critical that both adequate forage and forage
particle size be present in diets of dairy cows to
prevent depression in milk fat.

6. Diets should include rumen buffers and alkalinizing
agents. Inclusion of buffers such as sodium bicarbon-
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ate and sesquicarbonate, and alkalinizing agents, such
as magnesium oxide, maintain a more adequate
rumen pH, which prevents the accumulation of trans
fatty acids in the rumen.

7. Avoid feeding large quantities of ionophores, particu-
larly in diets high in starch and unsaturated fats.
Ionophores shift microbial fermentation by targeting
gram-positive bacteria. In this process, they disrupt
the biohydrogenation pathway and favor the produc-
tion of trans fatty acids in the rumen.

When dealing with milk fat depression, all of the above
factors should be considered; correction of the problem
usually involves manipulation of one or more of those
components.

Adding fat to lactation diets usually lowers the con-
centration of protein in milk, particularly casein.
Although protein concentration is reduced, protein yield
is typically unchanged or even slightly increased as most
cows respond to fat supplementation with increased
milk yield (Wu & Huber, 1994). The reduction in milk
protein is typically observed in cows past peak lactation,
and this effect is observed regardless of the source of
fatty acids used (Wu & Huber, 1994). Nevertheless, fat
sources that interfere with rumen fermentation can have
a more dramatic impact on milk protein synthesis
because of reduction in organic matter digestion and
microbial protein synthesis. The decline in milk protein
concentration is typically on the order of 0.1-0.2 per-
centage units (4%—7% decline in concentration) and is
observed soon after supplemental fat is added to the diet.
It is thought that the increased efficiency of milk synthe-
sis in cows supplemented with fat limits the uptake of
amino acids by the mammary gland because of reduced
blood flow per kilogram of milk produced, thereby
reducing amino acid uptake and milk protein concentra-
tion. Fat feeding typically reduces insulin concentra-
tions, and insulin has been shown to increase milk
protein concentration in dairy cows. Therefore, it is pos-
sible that the limitation of amino acid uptake by the
mammary gland of cows fed fat might be related to
efficiency of milk synthesis as well as to hormonal modi-
fications that limit uptake of amino acids. Another pos-
sibility is that fat feeding might reduce microbial
synthesis, and microbial protein is known to have a
profile of amino acids similar to that of casein and to
favor milk protein synthesis (Santos & Huber, 2002;
Schwab & Foster, 2009).

Benefits to Health and Reproduction

The use of fat in diets of dairy cattle usually increases
the caloric density of the ration and improves lactation
and reproduction, although improvements in reproduc-

tion occur in spite of provision of calories (Santos et al.,
2008). Recent evidence suggests a positive effect of fat
feeding during late gestation and early lactation on sub-
sequent reproductive performance. Positive effects of
feeding fat on reproduction may occur through stimula-
tion of ovarian follicular growth, improved luteal func-
tion, and hastening of uterine involution. The effects of
feeding fat early in lactation on follicular population
have been observed in several studies (Santos et al.,
2008). Similarly, supplementing diets of dairy cows with
fat usually increases luteal concentrations of progester-
one, the steroid hormone critical for blastocyst elonga-
tion and maintenance of pregnancy.

Calcium salts enriched with unsaturated fatty acids,
particularly linoleic (C18:2 n6), linolenic (C18:3 n3),
eicosapentaenoic (C20:5 n3), and docosahexaenoic
(C22:6 n3) acids, have been implicated in benefits to
reproduction. Adding fat to the diet had a small positive
overall effect on fertility of dairy cows in studies sum-
marized by Santos et al. (2008). The increase in preg-
nancy per insemination was of 4 percentage units.
Nevertheless, it seems that greater potential exists to
improve fertility when specific sources of fatty acids are
used. Combinations of fatty acids of the n6 and n3 fami-
lies at distinct phases of lactation might prove beneficial
to pregnancy. When cows were fed 1.5% of the diet DM
as calcium salts enriched in n6 fatty acids during the last
weeks of gestation and first 4 weeks of lactation, and
then were switched to 1.5% of the diet as calcium salts
enriched in n3 fatty acids, the cumulative proportion of
pregnant cows in the first two postpartum inseminations
was highest (Santos et al., 2008). This benefit was
observed in part because feeding n3 fatty acids during
the breeding period reduced the risk of pregnancy loss.
Fatty acids of the n3 family, such as linolenic (C18:3 n3),
eicosapentaenoic (C20:5 n3), and docosahexaenoic
(C22:6 n3), are known to suppress the synthesis of the
eicosanoid prostaglandin (PG) F,,. It is possible that
manipulating the pulsatility of endometrial PGF,,,
among other immunomodulatory effects of n3 fatty
acids, might prove beneficial to embryonic survival in
cattle.

Fatty acids of the omega 6 family such as linoleic
acid (C18:2 n6) are the precursor for arachidonic acid
(C20:4 n6), which is the backbone of all eicosanoids,
including PGF,,. It is well-known that prostaglandins
and other inflammatory mediators are important for
recruitment of leukocytes and production of acute phase
proteins during the innate immune response. Stimula-
tion of innate immune response by dietary n6 fatty acids
has been suggested to potentially benefit uterine health
of dairy cows. In experiments summarized by Santos
et al. (2008), feeding calcium salts rich in linoleic acid
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(C18:2 n6) did not affect the risk of retained placenta
and metritis, but it reduced that of puerperal metritis
(metritis with fever), suggesting a potential benefit of
source of fatty acids to minimize the intensity of the
disease.

On deciding to supplement diets with unsaturated
fatty acids to benefit fertility, it is important not to
neglect the effect of these fatty acids on rumen fermenta-
tion, fiber digestion, appetite, and milk fat synthesis.
Polyunsaturated fatty acids can be fed in the diets of
dairy cows but in moderate amounts. Moreover, it is
important to respect the guidelines cited earlier for fat
feeding and to restrict the use of polyunsaturated fatty
acids to a source originated from oilseed or that is rumen
inert. Finally, polyunsaturated fatty acids should be fed
in moderate amounts, and when they make up most of
the supplemental fat, the total dietary fat should be
restricted to <5% of the diet DM.

Protein Nutrition

Fermentation of feedstuffs in the rumen-reticulum sup-
plies substrates for synthesis of microbial protein. These
include amino acids, peptides, ammonia nitrogen, and
carbon skeletons. Rumen microbes are composed of
55%—65% CP based on their total nitrogen content. The
concentration of CP in feedstuffs is estimated by mea-
suring their nitrogen concentration and then multiply-
ing this value by 6.25. This value comes from the fact
that for most amino acids, nitrogen represents 16% of
the molecular weight. Therefore, to convert from the
analyzed nitrogen to the CP (amino acid equivalent), the
value has to be multiplied by 6.25, which is calculated by
dividing 100 by 16 (100/16 = 6.25).

The amino acid profile of microbial protein is very
similar to that of milk protein, and the average reported
concentrations of important amino acids for milk syn-
thesis such as lysine and methionine in bacterial true
protein approximate 7.9% and 2.6%, respectively (NRC,
2001). These values far exceed the concentrations of the
same amino acids in nearly all feed proteins used in dairy
rations. In addition to microbial protein, dairy cows
utilize amino acids and peptides from the dietary protein
that escapes rumen degradation. Based on intrinsic
characteristics of the protein source, as well as animal
factors such as DMI, proteins can either be degraded
within the forestomachs or remain intact and escape
rumen degradation. Research conducted in the 1960s
demonstrated that lactating cows were able to produce
up to 4500kg of milk per lactation when fed diets con-
taining no true protein (Virtanen, 1966). This demon-
strates the importance of microbial protein in supplying
essential and nonessential amino acids to lactating dairy
cows. However, ruminal microbes do not provide enough

protein for optimal milk production in high-producing
dairy cows, and sufficient dietary protein must be fed to
avoid ruminal degradation and supply a sufficient
amount of amino acids.

Generally, dairy cattle are not efficient in converting
dietary nitrogen into milk protein. Because extensive
degradation of proteins within the rumen can increase
nitrogen wastage and decrease efficiency of nitrogen uti-
lization, strategies to formulate diets with protein sources
that are more resistant to microbial degradation have
been proposed. However, a balance between optimum
microbial protein synthesis and supply of RUP with a
balanced amino acid profile and of high intestinal digest-
ibility is important for optimizing animal performance.

Because microbial protein typically represents 50%-—
60% of the total MP available for absorption in the small
intestine of dairy cows, optimizing rumen fermentation
and microbial growth usually improves yields of milk
and milk protein. Microbial growth in the rumen-
reticulum requires energy in the form of ATP; nitrogen
in the form of NHj3, amino acids, and peptides; branched
chain fatty acids; and minerals such as phosphorus,
sulfur, and cobalt. In addition to nutrient supply, rumen
pH, osmolarity, and outflow rate influence the growth of
microbes and synthesis of microbial protein.

Energy in the form of fermentable organic matter is
the key component dictating microbial protein synthe-
sis. The NRC publication for dairy cattle (NRC, 2001)
described microbial nitrogen synthesis as related linearly
to the organic matter digestibility in the rumen and in
the total digestive tract. Therefore, diets that supply
increased concentrations of rumen-fermentable organic
matter tend to improve microbial protein synthesis.
Nevertheless, excessive amounts of rumen-fermentable
organic matter, particularly sugars and starches, can
depress rumen pH, which suppresses microbial growth,
particularly the growth of those microbes that digest
fiber.

Until recently, CP was the primary component for
protein nutrition in ration formulation for lactating
dairy cows. However, because of the increased level of
productivity and increased knowledge of feed analysis
and amino acid requirements, proteins have been frac-
tionated into different categories such as CP, soluble
protein, rumen degradable protein (RDP), RUP, and
unavailable protein. In addition to those protein mea-
surements, the amino acid profile of protein supple-
ments is also important for diet formulation. Most
ration formulation programs consider not only the CP
content of feeds but their rumen degradability, dynamic
interactions with carbohydrate sources, passage rate, and
estimated amino acid profile of the rumen undegradable
fraction. These considerations allow for better predic-
tion of the amino acid flow to the small intestine of the
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lactating cow. This is critical because, although the
rumen microflora require protein to supply nitrogen as
NHj;, amino acids, and peptides, the lactating dairy cow,
like any other mammal, has no requirements for CP, but
only for specific amino acids.

A minimum concentration of NHj; nitrogen is needed
to sustain rumen fermentation. In nonlactating animals,
a minimum of 7%—-8% CP in the diet is required for
maintenance of rumen fermentation. In dairy cattle,
based on in vitro studies, it has been estimated that a
minimum concentration of 2.5mg/dL of NH; nitrogen
is required for optimum microbial growth. However,
several studies with ruminally cannulated high-yielding
dairy cows have demonstrated that the optimum NH;
nitrogen concentration in the rumen fluid is between 10
and 20mg/dL to maximize DMI and milk yield. It is
thought that a minimum of 10%-11% of the diet DM

should be RDP to assure that adequate amounts of NH;
nitrogen, amino acids, and peptides are available to max-
imize microbial growth and carbohydrate digestion in
the rumen (Hoover & Stokes, 1991). In fact, when
soybean meal, a protein source that is mostly degradable
in the rumen, was replaced by RUP sources, the flow of
microbial protein declined (Table 5.8). Therefore, it is
critical that RUP sources in the rations of lactating dairy
cows are not incorporated at the expense of an optimum
amount of degradable protein that promotes microbial
growth.

Protein sources commonly used in dairy cow rations
are classified according to their origins (vegetable or
animal), rumen degradability, and quality, according to
their essential amino acid index and intestinal digest-
ibility. Table 5.9 depicts some features of protein sources
commonly used in lactating dairy rations.

Table 5.8. Flow of nitrogen fractions to the duodenum of cows fed soybean meal or a
high RUP supplement (Santos & Huber, 2002)

Protein Difference

[tem Soybean meal RUP g/day %
Nitrogen intake, g/day 469.1 463.6 —-6.5 -1.4
Flow to the duodenum, g/day

Microbial nitrogen 275.6 240.2 -35.4 -12.9

Feed nitrogen 201.1 248.9 47.8 23.8

Microbial and feed nitrogen 4743 486.7 12.4 2.6

Essential amino acids 1102.0 1159.0 57.0 5.2

Lysine 230.5 138.7 -91.8 -39.8

Methionine 45.1 46.5 1.4 3.2

Table 5.9. Ruminal degradability and intestinal digestibility values of protein sources

(Santos & Huber, 2002)

Rumen CP Intestinal CP
Protein source CP. % degradability, %  digestibility, %  EAA index
Rumen microbes 60 NA 80 82
Soybean meal 48-54 65 93-96 71
Alfalfa hay 18-25 70 65.7-75 65
Corn gluten meal 67 32 92-97.4 52
Distillers grains 30 48 80-84 54
Brewers grains 29 38 80-85 67
Blood meal 93 22 56.3—-80 60
Feather meal 86-92 20 65-70 34
Fish meal 68-71 30 90-96 68
Meat and bone meal ~ 45-54 48 60-78 51

! Essential amino acid. The higher the value, the better the quality of the protein source.
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Diets for lactating dairy cows usually contain 16%—
19% CP. Early lactation cows, in the first 3—4 weeks
postpartum, appear to respond positively to CP per-
centages between 18 and 19%, probably to compensate
for the lower DMI and decreased microbial protein
synthesis during the first weeks postpartum. It is inter-
esting to note that by feeding more protein to cows in
early lactation, the stimulatory effects on milk yield
results in body weight loss and negative energy balance
(Orskov et al., 1977). Therefore, the practice of supply-
ing more RUP in the diet of cows in the first 4 weeks
postpartum can stimulate milk yield and also body fat
mobilization. Nevertheless, the first months postpartum
is the period when cows respond best to supplemental
RUP sources that complement the synthesis of micro-
bial protein.

Once DMI has increased and cows have passed the
period of negative energy balance, usually after 4 weeks
postpartum, the protein content of the diet can be
decreased. In diets for high-producing cows after 4 weeks
postpartum, there is little, if any, benefit to feed diets
with more than 17.5% CP when the ration is properly
balanced and the protein sources used contain an amino
acid profile that complement that of microbial protein
(Noftsger & St-Pierre, 2003). In some cases, no addi-
tional benefit was observed to increasing the protein
content of the ration above 16.5% (Broderick, 2006).

For most lactating cow diets, microbial protein repre-
sents 50%-60% of the total MP available for absorption
in the small intestine of dairy cows. It is known that the
amino acid profile of microbial protein is somewhat
constant and resembles that of milk protein. Because of
that, ration formulation for dairy cows should optimize
the contribution of microbial protein to the total MP
needs of the cow, so less is needed from supplemental
RUP sources. Just increasing the RUP fraction of the diet
is not sufficient to improve lactation performance
(Santos et al., 1998). Using the information in Table 5.9,
it is clear that some protein sources have a better essen-
tial amino acid index than others. For instance, when
diets are low in lysine, such as those based on corn silage,
corn grain, and corn proteins, it is desirable to supple-
ment with an RUP source rich in lysine, such as blood
meal. On the other hand, when the supply of methionine
is limiting, an RUP source rich in methionine such as
corn gluten meal would be a good option. In any case,
some protein sources have a more balanced concentra-
tion of essential amino acids that resembles that of
microbial protein, such as fish meal. In fact, fish meal is
one of the few protein sources that, when used to replace
soybean meal, improves nitrogen efficiency (Broderick,
2006), and yields of milk and milk protein (Santos et al.,
1998).

Chemical and physical treatment of protein sources
can also alter their protein composition and the degree
to which they can be degraded in the rumen. Soybean
meal, which is normally highly degradable in the rumen,
when treated with different chemical substances or
extracted by extrusion or expeller-processed, can dra-
matically increase its undegradable fraction and become
an attractive RUP source for dairy diets. It typically has
an adequate concentration of lysine, but is somewhat
low in methionine. Regardless of the RUP source uti-
lized, it is critical that protein quality is considered in the
formulation based on its amino acid profile and intesti-
nal digestibility.

One option in diet formulation to optimize the flow
of microbial nitrogen is to attempt to synchronize
protein degradation with the availability of fermentable
organic matter in the rumen. Although this has been a
concept pursued by many scientists and nutritionists, it
is clear that more important than providing dietary
ingredients that are thought to be degraded at similar
rates is to provide sources of carbohydrates that are
extensively degraded in the rumen. Reducing grain par-
ticle size, extensively processing sources of starch by
finely grinding, or steam-flaking increases ruminal
starch digestion and increases microbial protein forma-
tion (Theurer et al., 1999), as long as ruminal pH is not
depressed excessively.

In addition to formulating diets to maximize micro-
bial protein synthesis and to supplement with RUP
sources of high intestinal digestibility and of good amino
acid profile, optimum concentrations of amino acids
that are limiting for productions of milk and milk
protein are often not achieved. For most diets based
on corn silage and alfalfa, methionine and lysine are
important limiting essential amino acids. On the other
hand, it is well recognized that histidine is the first limit-
ing amino acid for milk protein synthesis when grass
silage and barley and oat diets are fed, with or without
feather meal as a sole or primary source of supplemental
RUP (Kim et al., 1999, 2000, 2001). Maximum milk
protein output in lactating dairy cows is achieved when
lysine and methionine represent 7.3% and 2.5%, respec-
tively, of the total metabolizable amino acids. These
values are difficult to reach with conventional diets,
and more realistic estimates have been proposed for use
in commercial farms (Schwab & Foster, 2009). Using the
NRC (2001) software or other dynamic models such as
CPM-Dairy (version 3.0.10; http://www.cpmdairy.net)
or AMTS.Cattle (version 2.1.1; http://agmodelsystems.
com/web3/), it is suggested that the percentage of the
metabolizable amino acids as lysine and methionine
should be 6.9% and 2.3%, respectively. In most high-
producing cow rations, this can be achieved only if
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diets are high in rumen fermentable organic matter,
particularly starch; are also supplemented with high-
quality RUP sources, such as fish and blood meal; and
include additional rumen-protected methionine. When
diets are balanced for amino acids, the efficiency of
protein utilization is improved (Noftsger & St-Pierre,
2003; Schwab & Foster, 2009), and the total dietary
CP concentration can be reduced (Broderick, 2006).
A meta-analysis of the literature on supplementation
with ruminally protected methionine indicates that
both percentage and yield of milk protein is increased
(Patton, 2010). On average, milk protein concentration
increased 0.07%, and protein yield 27 g/day. The increase
in protein yield reflected an increase in both protein
concentration and milk yield.

The following are some guidelines for dietary protein
formulation in diets for lactating cows to maximize
protein utilization and yields of milk and milk protein,
and to minimize the need for feeding diets with excessive
concentrations of CP.

1. Feed good quality forage to provide a minimum
amount of forage NDF to maintain rumen pH and
rumen health.

2. Feed processed grains to maximize rumen starch
digestion. It is suggested that in most lactation diets,
starch content should be between 20% and 26% of
the diet DM.

3. In addition to starch, the remainder of the nonfi-
brous carbohydrates should be made up of by-product
sources rich in pectins, glucans, and sugars to maxi-
mize microbial protein synthesis. Approximately
5%—-8% of the diet DM should be sugars and 8%-—
12% soluble fiber.

4. Feed approximately 10%—11% of the diet as RDP to
supply adequate concentrations of NH; nitrogen,
amino acids, and peptides for microbial growth. If
needed, a small portion of the RDP can be from urea
to increase the NH; nitrogen in the rumen. Avoid
both overfeeding and underfeeding RDP. The first
will not benefit lactation and will increase energy
needs to dispose of the excess nitrogen. The latter
limits microbial growth and can depress fiber diges-
tion and DMI.

5. Supplement diets with RUP sources rich in lysine and
methionine that are of high intestinal digestibility to
reach a dietary CP content of 16.5%—17.5%. Protein
sources based on soybean meal, canola meal, blood
meal, and fish meal are the most commonly used
because of their essential amino acid content and
digestibility. When corn proteins are used, such as
distiller’s grains or corn gluten meal, the need for
supplemental lysine will increase substantially. Avoid

overfeeding RUP sources, particularly when at the
expense of RDP.

6. Supplement the diet with a source of rumen-
protected methionine or with isopropyl ester of
the hydroxylated analog of methionine (HMBI). The
latter is estimated to have 50% of the 2-hydroxy 4-
methylthiobutanoic escape rumen degradation and
be converted into methionine in peripheral tissues,
primarily the kidneys. The desired lysine and methio-
nine percentages of the MP should be 6.9 and 2.3,
respectively, to achieve a ratio of lysine to methionine
of 3:1.

7. Monitor milk urea nitrogen to assure that neither lack
nor excess of protein is fed to the lactating cows.
Samples should be taken from cows at peak DMI,
between 3 and 5 months postpartum, and desirable
target concentrations for urea nitrogen in milk should
be between 10 and 16 mg/dL.

Minerals

The contribution of minerals to the total amount of DM
consumed by dairy cows is low, and adequate mineral
concentrations in lactating cow diets are usually attained
easily when cows are fed complete rations. In fact, in
many cases, the concentrations of minerals in diets fed
to dairy cows are in excess of those needed for optimum
production and health. The NRC (2001) utilizes an
absorbable model for each mineral that takes into
account the requirements for maintenance, body weight
change, milk synthesis, fetal and uterine tissue accretion,
and endogenous fecal and urinary losses. Once the
requirements are established, the availability of the
mineral in the different dietary sources is considered by
using specific coefficients of absorption. The total
amount of each mineral to be fed can then be deter-
mined by dividing the amount required (grams or mil-
ligrams) by the respective coefficient of absorption.
Table 5.10 depicts the essential macro and trace minerals
with requirements established for lactating dairy cows,
their key metabolic role, problems associated with inad-
equate intake (deficiency and toxicity), the most common
feed sources and their concentration and bioavailability
of the mineral, and the recommended concentration in
the ration and respective normal concentrations in body
tissues.

It is important to indicate that mineral supplementa-
tion in dairy rations requires proper analysis of ingredi-
ents. Most modern laboratories utilize inductively
coupled plasma—atomic emission spectroscopy (ICP-
AES) to quantify most macro and some trace minerals,
but other methods such as atomic absorption, molecular
fluorimetry, and combustion elemental analysis are also
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used. Laboratories typically offer mineral analyses for
Ca, P, Mg, K, S, Na, Fe, Zn, Cu, Mn, Mo, and Co using
ICP-AES, and Cl ions are measured by the titration
method. Some soil laboratories offer analysis of sele-
nium in feed samples, but one seldom finds services for
iodine analysis. Avoid use of near-infrared reflectance
(NIR) spectroscopy, commonly used for analysis of
organic compounds, for analysis of minerals. NIR does
not quantify minerals directly, but measures them based
on relationships with other components.

The mineral concentration in standard concentrate
feeds (corn, barley, sorghum, canola meal, soybean meal,
cottonseed meal) usually is less variable than that of by-
products and forages. Book values for mineral concen-
trations for standard concentrates are probably useful in
ration formulation, but the same cannot be said for by-
products and forages. When formulating a mineral
premix to be incorporated into dairy rations, consider
the mineral composition of the basal diet without the
supplement; otherwise, overfeeding will occur. This is
true for all macro minerals and those trace minerals that
are routinely quantified in commercial laboratories such
as Fe, Zn, Cu, Mn, Mo, and Co. Because of lack of analy-
sis for selenium and iodine, most dairy rations are sup-
plemented with the required selenium and iodine using
either the upper legal limit of 0.3 mg/kg for selenium or
the amount needed of iodine not considering the con-
tributions from other dietary sources.

Vitamins

Vitamins are essential dietary compounds required in
small quantities for proper cellular metabolism. In rumi-
nants, vitamins are either provided by intake from the
diet or by synthesis by the rumen microbes. There are 14
recognized vitamins in mammalian nutrition, but not all
are required in the diet of ruminants, either because it is
perceived that microbial synthesis is sufficient to provide
adequate amounts to prevent deficiency or simply
because not enough research is available to support sup-
plementation in the diet.

Typically, lactating dairy diets are supplemented with
specific amounts of the fat-soluble vitamins A, D, and E.
Only for vitamins A and E have absolute requirements
been established. Vitamin D can be synthesized endog-
enously if cows are exposed to sunlight, and although
suggested amounts to be supplemented are indicated for
dairy cows, lack of supplementation might not cause
deficiency if cows are fed green forages and have access
to sunlight.

Vitamin K is part of a group of quinone molecules
that are important for the synthesis of proteins that par-
ticipate in the blood coagulation cascade. It is a fat-

soluble vitamin that is not considered essential for
ruminants because of the endogenous synthesis by the
gut microflora. Deficiency occurs only when animals
suffer from losses of microbial flora such as after inten-
sive treatment with broad spectrum antimicrobials for
extended periods of time. When cattle are fed sweet
clover, they can suffer from bleeding because of interfer-
ence with vitamin K activity. Sweet clover contains a
substance known as coumarin in varying amounts, but
when spoiled or infected with molds, the coumarin is
converted to a toxic substance called dicoumarin.
Dicoumarin is structurally similar to vitamin K, and it
binds to vitamin K-dependent enzymes such as vitamin
K reductase and vitamin K epoxide reductase, thereby
blocking the synthesis of clotting proteins. This extends
the blood clotting time and can cause internal bleeding.
In those cases, blood transfusion and injectable vitamin
K is the suggested therapy.

Of the water-soluble vitamins, none have require-
ments established for lactating dairy cows. This does not
mean that there is no role for supplemental vitamin B in
lactating cow diets. In fact, ruminal synthesis of some B
vitamins might not be sufficient for high-producing
dairy cows (Zinn et al., 1987; Santschi et al., 2005; Schwab
et al., 2006). It is interesting to note that reducing the
amount of forage and increasing the concentration of
NEC in the diet either had no effect or actually increased
the apparent ruminal synthesis of B vitamins in lactating
dairy cows (Schwab et al., 2006). Some of this effect was
caused by an increase in DMI when cows were fed less
forage and more ruminally fermentable carbohydrates.
Table 5.11 summarizes data on the ruminal synthesis
and degradation of B vitamins in cattle.

Although requirements have not been established for
some B vitamins, there is substantial evidence today that
some of these vitamins might have a role in improving
the health and performance of dairy cows. For instance,
supplementing the diet of dairy cows with 20 mg/day of
biotin has been shown to improve lactation performance
(Zimmerly & Weiss, 2001; Majee et al., 2003) and hoof
health (Fitzgerald et al., 2000; Hedges et al., 2001). The
biological role and recommended daily feeding of fat-
soluble and water-soluble vitamins for lactating dairy
cows is presented in Table 5.12.

General Guidelines for Ration Formulation

Formulating diets for lactating dairy cows goes beyond
calculations of amounts of nutrients provided in each
kilogram of ration offered. The success of nutritional
programs requires knowledge of acceptability of the
ration by the cow, feeding behavior, and the particular
needs of cows at different stages of lactation. Presentation
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Table 5.11. Ruminal synthesis of B vitamins and percentage of intake that escapes
rumen degradation. Adapted from Zinn et al. (1987), Santschi et al. (2005), and Schwab

et al. (2006)
Ruminal synthesis
Ruminal

mg/kg of total tract escape, %
B vitamin mg/day digestible organic matter intake
B1 (thiamin) 2661 83 22.2-52.3
B2 (riboflavin) 205.7-267 15.2 0.7-1.2
B3 (niacin) 892-2213 107.2 1.5-6.2
B6 (pyridoxine) 1410 29.8 5.6 59-101
Pantothenic acid NA 22 22.1
Folic acid 13.0-21 0.42 2.7-3.0
Biotin -15.5t0 -1 0.79 45.2-132.5
B12 (cobalamin) 73-102.2 4.1 10.0-37.1

of the diet is very important, mainly when it refers to
particle size of forages that are critical to maintain rumen
health. It is not uncommon for veterinarians and nutri-
tionists to face major discrepancies among the ration as
formulated by the computer software also known as
“ration in the paper,” the ration presented to the cow in
the feedbunk, and the ration actually consumed by the
cow. Implementing programs that minimize and detect
the variability of the ration from formulation to con-
sumption by the cow is, therefore, important to assure
that nutrient and ingredient intakes are achieved as orig-
inally planned.

In the process of ration formulation consider the fol-
lowing aspects:

1. Establish the nutrient requirements of the group of
cows for which the diet is to be formulated. For that,
it is important to know the stage of lactation, average
body weight, and yields of milk and milk compo-
nents by the cows.

2. Have accurate nutrient analyses of dietary ingredi-
ents, particularly forages and by-products that tend
to have high variability in nutrient composition.

3. Evaluate at least twice weekly the DM content of wet
ingredients used in the diet. This is critical as it
allows accurate measurements of the exact amount
of ingredients to be mixed in the ration.

4. Establish expectations for lactation performance.
This is important as factors other than diet formula-
tion have major impacts on DMI and yields of milk
and milk components. For instance, the same diet
formulated for cows under thermoneutral weather
conditions will result in greater intake and produc-
tion than when fed to cows under heat stress.

10.

. Establish a system to evaluate daily amounts of feed

offered and refused by the different groups of cows,
such that group DMI is known.

. Evaluate mixing and presentation of the ration such

that cows are offered a diet that is not easily prone
to sorting and ingredient selection. Use of the Penn
State Particle Separator at different points of the
feedbunk when feed is delivered (beginning and end
of delivery) as well as before removing orts to deter-
mine adequacy of mixing and feed selection.

Avoid use of low inclusion ingredients that cannot
be accurately measured in the farm. To minimize
mixing errors, prepare premixes with small inclu-
sion ingredients added to grains and dry by-prod-
ucts that can be stored for several days. This is
important particularly when these ingredients are
fed to a limited number of cows that use small daily
amounts of ingredients.

Whenever possible, tailor the diet to meet the needs
of the specific group of cows. For that consider DMI,
stage of lactation, and production parameters. Most
dairy farms should be able to handle two to three
different rations for lactating cows, a ration for the
first 3 to 4 weeks in lactation, one for the high-
producing cows, and one for the low-producing or
late lactation cows.

Formulate diets based on nutrients, but always con-
sider the ingredients that are the sources of these
nutrients. Nutrient availability and use by the cow
varies according to the source used.

Diet cost has to be considered when formulating
rations. The nutrient requirements of the lactating
cow can be met through several combinations of
feed ingredients. However, reducing cost at the



Table 5.12. Vitamins for lactating dairy cows

Problems associated with
inadequate intake and/or

Tissue and normal

Vitamin Function metabolism Daily dietary intake concentration
Fat soluble
A (retinol) Vision; gene Deficiency of vitamin A is NRC (2001) suggests Serum,

transcription; immune
function; reproduction;
bone metabolism;
epithelium integrity;
antioxidant activity

Dy (1,25 (OH),
cholecalciferol)

Calcium homeostasis;
induction of Ca
binding protein for
intracellular transport
of Ca; novel roles on
insulin and prolactin
secretion, muscle
function, cellular
differentiation of skin
and blood cells, and
immune response

E (tocopherol)  Important lipid-soluble
antioxidant; protects
cell membranes from
oxidation; important
for proper innate
immune response;
improves phagocytic
cell activity

K (quinone) Synthesis of blood

clotting proteins
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characterized by night
blindness; calves born blind;
increased cerebrospinal fluid
pressure; papilledema

Toxicity can occur when animals
are supplemented with
>10-fold the requirements.
Large doses during pregnancy
can be teratogenic.

Cows consuming green forage
and exposed to sunlight
unlikely have need for
supplemental vitamin D;

Deficiency causes a bone
disorder called rickets,
characterized by reduced
mineralization of bones
particularly in young animals;
older animals can develop
osteomalacia; inadequate
intake of vitamin D; and lack
of exposure to sunlight can
impair Ca absorption and
predispose to hypocalcemia

Hypervitaminosis D either
because of excessive
supplementation with vitamin
D; or intake of calcinogenic
plants (Solanum
malacoxylon) that increase
Ca and P absorption can
cause mineralization of soft
tissues

Inadequate intake of vitamin E
causes muscle dystrophy
(white muscle disease),
particularly in diets high in
polyunsaturated fatty acids;
increased risk of retained
placenta and uterine
diseases; increased risk of
mastitis; and impaired
neutrophil function

Deficiency can cause delayed
blood clotting and internal
bleedings

1101U/kg of body
weight. Current
literature supports the
feeding of 100,0001U/
day. Requirements
might decrease if
cows are
supplemented with
[3-carotene.

NRC (2001) suggests

0.25-9.50 ug/mL;
liver, 25-100 ug/g

Serum; concentration

20,000 1U/day of 25-OH-
cholecalciferol in
adult 0.02—
0.10 ug/mL
2,000-4,0001U/day in Blood plasma;
the first 3-4 weeks >3 ug/mL

postpartum; 1,000 IU/
day after 4 weeks
postpartum

Synthesized by rumen Limited information;

and intestinal plasma
microbes. No concentration of
requirements 0.5ng/mL in
specified. animals with no

signs of vitamin K
deficiency



Table 5.12. (Continued)

Vitamin Function

Problems associated with
inadequate intake and/or
metabolism

Tissue and normal

Daily dietary intake concentration

Water soluble
B1 (thiamin) Coenzyme in enzymatic
reactions involving
energy metabolism of
cells; synthesis of
neurotransmitters from
the metabolism of
glucose (acetylcholine,
cathecholamine,
serotonine, amino
acids); passive
transport of Na in
nerve impulses

Component of flavin
adenine dinucleotide
(FAD) and flavin
adenine
mononucleotide
(FMN); transfer of H in
cellular reactions

Coenzymes of
nicotinamide, NAD,
and NADP; role in
carbohydrate, protein,
and lipid metabolism;
causes vasodilation
and can influence
body temperature

B2 (riboflavin)

B3 (niacin)

B6 (pyridoxine)  Pyridoxal phosphate
participates in several
reactions in
carbohydrate, amino
acid, and lipid
metabolism; synthesis
of catecholamines;
incorporation of iron
into hemoglobin;
antibody production

B12 (cobalamin) Cofactor in enzyme
reactions involving
single-carbon transfer;
propionate metabolism
and incorporation into
the Krebs cycle; red
blood cell synthesis;
neural integrity

Cerebrocortical necrosis also
known as
polioencephalomalacia which
can be caused by thiamin
deficiency or, most commonly,
by destruction of thiamin in
the rumen by thiaminases or
excessive administration of
thiamin antagonists such as
amprolium for treatment of
coccidiosis

Deficiency has not been
characterized in cattle; in
monogastrics it causes
anemia, alopecia, and
inflammation of the oral
cavity

Deficiency results in dermatitis
(pellagra); diarrhea; hepatic
lipidosis

Reduced growth; dermatitis;
alopecia; anemia;
neurological symptoms;
immunosuppression

Deficiency occurs if diets are
deficient in Co or if rumen
microflora is destroyed,;
causes megaloblastic anemia;
loss of myelin in nerve cells;
poor appetite, weakness

Synthesized by rumen Limited information
and intestinal

microbes. No

requirements

specified. Suggested

supplementation at

150-300 mg/day.

Synthesized by rumen Limited information
and intestinal

microbes. No

requirements

specified. No data to

support suggested

feeding of vitamin B2.
Synthesized by rumen
and intestinal
microbes. No
requirements
specified. Because of
its effects on lipid
metabolism, it is
supplemented as a
rumen-protected form
at 6-12 g/day to
prevent hepatic
lipidosis and ketosis.
Some effect on
vasodilation and
control of body
temperature.
Synthesized by rumen
and intestinal
microbes. No
requirements
specified. No data to
support suggested
feeding of vitamin B6.

Limited information

Limited information

Synthesized by rumen Limited information
and intestinal

microbes. No

requirements

specified.

Supplemented at

500 mg/day.
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Table 5.12. (Continued)

Problems associated with
inadequate intake and/or

Tissue and normal

Vitamin Function metabolism Daily dietary intake concentration
Folic acid Cofactors and serve as Deficiency causes megaloblastic ~ Synthesized by rumen Limited information
acceptors and donors anemia; birth defects such as and intestinal
of single-carbon unit neural tube defects in microbes. No
transfers; cell division; newborns requirements
DNA methylation specified.
Supplemented at
3-6 mg/day.
Biotin Cofactor for carboxylase  Dermatitis; weakness; paralysis  Synthesized by rumen Limited information

enzymes in
intermediary
metabolism; it is
involved in the
tricarboxylic acid cycle,
gluconeogenesis, and
fat synthesis; it is
important in the
production and
deposition of keratin
in horn formation

Component of coenzyme
A; activation of fatty
acids for oxidative
metabolism in the
mitochondria

Pantothenic
acid

C (ascorbic acid) Cofactor for enzyme
activity; antioxidant;
regenerates vitamin E;
involved in the
synthesis of
extracellular matrix
important for collagen
biosynthesis;
phagocytic activity of
leukocytes; carnitine
biosynthesis; synthesis
of adrenal cortex
steroids

Synthesis of
phospholipids; cell
membrane integrity;
absorption and
transport of fatty acids
and cholesterol;
synthesis of
acetylcholine;
transmethylation
reactions

Choline

of hind legs; reduced integrity
of hoof horn tissue

Not characterized in ruminants;
impaired fatty acid
metabolism; increased
ketogenesis and metabolic
acidosis

Deficiency is rare. It can result in  Synthesized from

improper synthesis of
collagen and reduced
immune response; humans
develop a disease called
scurvy.

Hepatic lipidosis; ketosis;
weakness

Synthesized by rumen

Not a typical vitamin.

and intestinal
microbes. No
requirements
specified. Suggested
supplementation at
10-20 mg/day.

Limited information
and intestinal

microbes. No

requirements

specified. No data to

support suggested

feeding of

pantothenic acid.

Limited information
glucose by the liver.

No requirements

established. No data

to support suggested

feeding of vitamin C.

Limited information
No requirements

established. Benefits

observed when fed in

a rumen-protected

form at 15 g/day of

choline for improved

lipid metabolism and

lactation performance.
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expense of production or animal health is often
counterproductive. Therefore, it is critical to care-
fully consider the potential impact on production
and health when dietary changes are made.
Consistency in ration formulation and feeding man-
agement is often one of the key aspects of a success-
ful feeding program.

Table 5.13 depicts several considerations for formulat-
ing diets for lactating dairy cows at different stages of
lactation.

Feed Additives

There is a long list of feed additives used in the rations
of lactating dairy cows for different purposes. In general,
feed additives are typically non-nutritive compounds
added to diets to improve dietary nutrient utilization, to
enhance performance, and to minimize the risk of meta-
bolic diseases. In some cases, feed additives might be
nutritive compounds that are added to the diet to sup-
plement what the ration itself cannot provide to the
cow. Adesogan (2009) listed the proposed general ben-
efits of specific feed additives used in dairy cattle rations:

1. Minimize fluctuations in rumen pH and control
lactate concentration in the rumen fluid either by
reducing its synthesis or by increasing its removal.

2. Reduce the risk of development of enteric diseases in
neonates, such as diarrhea, and metabolic diseases in
older livestock, such as ruminal acidosis, bloat, ketosis,
and hypocalcemia.

3. Enhance rumen development in neonatal ruminants.

4. Improve the efficiency of ruminal energy utilization
by reducing methanogenesis and increasing synthesis
of milk and milk components.

5. Improve the efficiency of ruminal nitrogen utilization
by reducing proteolysis, peptidolysis, and amino acid
deamination, thus minimizing production and losses
of NH; to the environment.

6. Increase ruminal organic
digestibility.

7. Improve intermediary metabolism by reducing lipid
mobilization and improving lipid export from the
liver during periods of negative energy balance.

8. Improve Ca, P, and Mg metabolism by enhancing the
ability of cells to mobilize minerals from bones and
intestine.

9. Increase the
performance.

and fiber

matter

level and efficiency of animal

It is obvious that these benefits are dependent on the
type of additive used. It is important to indicate that
some of these additives have been extensively studied for
both their mechanism of action as well as their effect on

animal performance and health. A good example is the
ionophore monensin, which is approved for use in cattle
in most countries for the control of coccidiosis (Eimeria
zuernii, Eimeria bovis, and Eimeria auburnensis), but in
some also for control of bloat, to prevent metabolic dis-
orders, and to improve the efficiency of milk production.
Others still have limited application to dairy cow nutri-
tion and are under experimental evaluation. Table 5.14
depicts a list of additives commonly supplemented to the
diet of lactating dairy cows, their proposed mechanism
of action, feeding recommendations, and expected ben-
efits to lactation performance and health.

Feeding Frequency, Feed Bunk Management,
and Feed Availability

In most dairy farms using TMR, feed is delivered to
lactating dairy cows once or twice daily, although in
some cases producers might opt to feed cows more often.
It is critical to remove leftover feed daily so fresh feed
can be delivered with less risk of early spoiling. This is
particularly important in hot environments and when
diets have low DM content.

The single most important factor that affects DMI in
dairy cows is feed availability and access to the diet. Cows
should have access to feed for at least 22 h a day to assure
that the least dominant animals in the group are capable
of consuming the ration ad libitum. In most farms, this
is obtained by securing a 3%-5% of the amount offered
as weigh-backs 24 h later. A method that is common in
the beef industry is to score the feed bunk immediately
before the next feeding cycle to determine whether suf-
ficient amounts of DM have been offered to the cows.
This is critical because underfeeding dairy cows is a
serious error in dairy management, which restricts DMI
in the least dominant animals, favors aggressive behav-
ior, and reduces milk production. Daily feed bunk assess-
ment should be adopted. A common scoring system is
depicted as follows:

0: No feed left in the bunk, and there is an immediate
need to readjust the amount offered.

1: Scattered feed left, approximately <3% of amount
fed. The feed bunk should be monitored closely to
determine if an increase in the amount offered is
needed.

2: A thin layer of feed remains in the bunk, approxi-
mately 5%—-10% of amount fed. The feed bunk should
be monitored closely to determine if a decrease in the
amount offered is needed.

3: A layer of 4-6cm of feed left in the bunk, which
approximates to 20%-25% of the amount offered.
Amounts should be decreased in the next feeding
cycle to avoid spoiling and wasting of feed.



Table 5.13. Considerations for diet formulation for lactating dairy cows at different stages of lactation

[tem

Stage of lactation

First 4 weeks

Peak

Late (low production)

Forage content

Type of forage

Total NDF

NDF from forage

Nonforage fiber
sources

Starch content

Degradability of
starch

Sugars
Pectins and glucans

Crude protein
RDP
RUP

Limiting amino acids

Fat supplementation

Macrominerals
Trace minerals
Vitamins

Should be high, typically
between 45 and 60% of the
diet DM

Forage of slower rate of
degradation and longer
rumen retention time.
Addition of 2-3 kg/day of
dry forages such as hay is
beneficial to reduce the risk
of digestive problems.

Keep it at 30%—35% of the
diet DM

Keep it at >21% of the diet
DM. Ensure adequate
particle size to improve
rumen fill and reduce the
risk of displacement of
abomasum.

Should be used to replace
starch sources and to
increase the digestible NDF
of the diet

Moderate (20%—22% diet DM)

Moderate degradability

5%-8% of the diet DM

Should be used to replace
starch sources

17%—19% of the diet DM

10%—11% of the diet DM

Sources high in lysine and
methionine and of high
intestinal digestibility

Primarily lysine and
methionine in diets based
on corn silage, alfalfa, and
corn grain. Positive response
to supplementation.

Moderate. Keep it at <4.5%
crude fat. Limit
supplemental fatty acids to
less than 1.5% of the diet
DM. It can suppress intake.

See guidelines in Table 5.11
See guidelines in Table 5.11

Supplement vitamins A, D, and
E as suggested in Table
5.12. Choline and biotin
might be beneficial.

Should be moderate, between
40 and 50% of the diet DM

Forage of fast degradation rate
and rumen turnover. Addition
of 2-3 kg/day of dry forage
such as hay is beneficial to
reduce the risk of digestive
problems.

Usually between 28% and 31%
of the diet DM

Usually between 16 and 23%
of the diet DM. Avoid excess
of forage NDF that might
limit DMI.

Should be used to replace
lower quality forages or to
increase digestible NDF of
the diet

High (>22% diet DM)
Highly degradable

5%—8% of the diet DM

Should be used to replace
lower quality forages

16%—17.5% of the diet DM
10%—11% of the diet DM

Sources high in lysine and
methionine and of high
intestinal digestibility

Primarily lysine and methionine
in diets based on corn silage,
alfalfa, and corn grain.
Positive response to
supplementation.

Moderate to high. Keep it at
4%—6% crude fat. Use
rumen-inert sources when
supplementation elevates
dietary fat to >4.5% of the
diet DM.

See guidelines in Table 5.11
See guidelines in Table 5.11

Supplement vitamins A, D, and
E as suggested in Table 5.12.
Biotin might be beneficial.

Should be high, between 45
and 55% of the diet DM

Forage of fast degradation rate
and rumen turnover. Addition
of dry forage is not critical.

Usually >30% of the diet DM

Usually between 16 and 23%
of the diet DM

Should be used to replace
lower quality forages or to
increase digestible NDF of
the diet

Moderate to high

Highly degradable

5%—8% diet DM

Should be used to replace
lower quality forages

15%—16.5% of the diet DM

10%—11% of the diet DM

Sources high in lysine and
methionine and of high
intestinal digestibility

Unlikely to respond to amino
acid supplementation

Moderate to high. Keep it at
4%—6% crude fat. Use
rumen-inert sources when
supplementation elevates
dietary fat to >4.5% of the
diet DM.

See guidelines in Table 5.11
See guidelines in Table 5.11

Supplement vitamins A, D, and
E as suggested in Table 5.12
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4: A layer thicker than 7cm of feed left in the bunk,
which corresponds to more than 30% of the amount
offered. Amounts should be decreased in the next
feeding cycle to avoid spoiling and wasting of feed.

5: Feed untouched. Cows have not had access to the

feed.

After deciding on the appropriate amount to offer, it is
important to consider the frequency of feeding. Feeding
frequency is important, and cows react to the delivery of
new feed with feeding behavior. Increasing the frequency
of feed provision increases the time and frequency cows
spend in the feed bunk, resulting in cows having more
equal access to feed throughout the day (DeVries et al.,
2005). Feeding cows at least twice daily minimizes the
intensity of diet sorting, particularly that of NDF
(DeVries et al., 2005), which is critical for proper rumen
function. It is important to indicate that pushing of feed
did not have the same effect in stimulating cows to come
to the feed bunk as did the delivery of new feed (DeVries
et al., 2005). Therefore, although feed pushed out rou-
tinely at 2—3-h intervals assures that cows have access to
the diet, pushing does not have the same impact as deliv-
ery of new feed to stimulate DMI (DeVries et al., 2003).

It is known that feed alley attendance by dairy cows is
consistently more intense during the day until late
evening, and access to feed greatly intensifies immedi-
ately after milking and delivery of new feed (DeVries
et al., 2003). Based on these concepts and standard
behavior of dairy cows in a confinement system, it
becomes critical that cows receive feed at least twice
daily, that each feeding be consistent with the time when
cows return from milking so a fresh ration is available in
the bunk when cows have the greatest appetite, and that
feed be pushed up close to the bunk so cows do not have
to fight and display aggressive behavior in order to
consume the desired amounts of DM. Finally, feedbunks
should be cleaned once daily, before the first daily feeding
to avoid spoilage that may reduce feed intake.
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Reproductive Management in Dairy Cows

Abstract

Evaluation of the interval from calving to first service,
estrus detection, conception rate, pregnancy losses, and
culling due to infertility allows for the evaluation of
reproductive performance on dairy farms. Target repro-
ductive parameters will depend on the characteristics of
the farm related to level of production, type of manage-
ment, and breeding program (continuous or seasonal).
Ideally, each cow should receive the first service by a
specified time after calving, based on postpartum man-
agement, level of milk production, nutrition, and eco-
nomic consideration. Estrus detection aids and timed
artificial insemination enhance estrus detection and
insemination rates and can control the interval to first
service. This chapter discusses management strategies
that are available to maintain high reproductive perfor-
mance in dairy farms.

Introduction

Poor reproductive performance in lactating dairy cows
results in an increase of the average days in milk (DIM)
of the herd, reduction of the number of heifers for
replacement, and an increase in the rate of involuntary
culling due to infertility with the consequent reduction
of milk production (Weaver, 1986). Parameters such as
pregnancy rate, culling rate of adult cows, neonatal mor-
tality, culling rate of heifers, and age at first calving deter-
mine the reproductive efficiency and productivity of the
herd. The economic impact of reducing the calving
interval and culling for infertility by increasing preg-
nancy rate depends on the level of reproductive effi-

ciency, and the greatest impact is observed in herds with
poor reproductive performance (de Vries, 2006). This
chapter discusses how to identify common causes of
poor reproductive performance and how to develop a
plan to solve them.

Evaluating Reproductive Performance

Reproductive efficiency of the lactating herd can be eval-
uated using commercial software programs that calcu-
late various reproductive performance parameters. A
common parameter used is the calving interval which is
determined by the average days at first service, preg-
nancy rate for a 21-day period, and pregnancy losses.
The interval postpartum after which a cow is insemi-
nated is the voluntary waiting period (VWP) and is
selected based on management decisions, milk produc-
tion, and dry-off criteria. The target for the interval to
first service should be the VWP plus 11 days with all
cows detected in estrus and/or inseminated within the
first 21-day period as shown in Figure 6.1. The 21-day
pregnancy rate is the product of estrus detection/
insemination rate (cows inseminated/cows available
within 21 days) and conception rate (cows that conceived/
cows inseminated within 21 days). The pregnancy rate
indicates how fast in days cows become pregnant at the
end of the VWP. Pregnancy losses occur between preg-
nancy diagnosis and parturition and contribute to
extend the calving interval.

It is important to emphasize that culling rate must be
considered since voluntary culling of nonpregnant cows
could artificially increase pregnancy rate and reduce

Dairy Production Medicine, First Edition. Edited by Carlos A. Risco, Pedro Melendez Retamal.
© 2011 John Wiley & Sons, Inc. Published 2011 by John Wiley & Sons, Inc.
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Lactation Curve
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Figure 6.1. The interval from calving to first service is deter-
mined by the time of dry-off and the 21 days pregnancy rate that
can be accomplished.

calving interval. Ideally, the annual culling rate should
not be greater than 25% in dairy herds to maintain the
number of milking cows or even be able to grow or sell
heifers.

Another parameter that reflects how fast nonpregnant
cows are being reinseminated and the precision of estrus
detection is the interval between inseminations. It is
desirable that the interval between inseminations for
more than 60% of detected estrus should be between 18
and 24 days. Shorter intervals suggest inaccurate estrus
detection, and longer intervals could indicate inaccuracy
and inefficiency of estrus detection, ovarian abnormali-
ties, or early embryonic mortality (Meadows, 2005).

Target parameters to evaluate reproductive perfor-
mance should be established based on level of milk pro-
duction of the herd and management conditions
(housing, labor, etc.). Because milk production lowers
the level of circulating progesterone and estrogen, and
intensive management usually induces stress and reduces
estrus expression, reproductive efficiency is expected to
be lower in high-producing herds compared with inter-
mediate or low-producing herds. Pasture-based dairy
herds usually have seasonal breeding in order to combine
maximal milk production with maximal grass produc-
tion, and reproductive efficiency needs to be evaluated
in one or two periods of 3 months. Target reproductive
parameters for herds with continuous and seasonal
breeding programs are described in Tables 6.1 and 6.2.

Clinical examination of cows using rectal palpation
and/or ultrasonography should be part of the approach
to evaluate reproductive efficiency, especially in herds
where accurate records are not available. The list of cows
to evaluate could include cows at the end of the VWP to
determine if they are reproductively sound and should
be bred, cows for pregnancy diagnosis, those not showing
estrus by 60 or 70 DIM, previously pregnant cows that
showed estrus, cows that are approximately 220 days

Table 6.1. Targeted reproductive parameters for dairy herds
with continuous breeding programs (adapted from Risco &
Archbald, 1999)

Parameter Targeted value
Estrus detection rate 70%
Conception rate 40%
21-Day pregnancy rate 28%
Calving interval 13 months
Days open 115 days
Cows with interval between Al 18-24 days  >60%
Average days in milk (DIM) 155 days
Proportion of the herd becoming pregnant 9%—10%'
monthly
Cows open more than 150DIM <15%
Annual culling by infertility <10%
Annual culling rate <25%

For herds that interrupt breeding for 1-2 months, these

rates need to be adjusted proportionally (see Chapter 22 for
interpretation of “pregnancy hard count” and other reproductive
records).

165-70% from milking cows and 30-35% from heifers.

Table 6.2. Targeted reproductive parameters for dairy herds
with seasonal breeding programs (adapted from Cavalieri et al.,
2006)

Parameter Targeted value

Cows inseminated first 3 weeks 95%

Conception rate 50%

Subsequent estrus detection/ 80%
insemination rate

Cows pregnant first 45 days 75%

Total cows pregnant during 95%
breeding season

Cows calving first 42 days of <7%

breeding season
Annual culling by infertility
Annual culling rate

<10%
<20%

pregnant and ready for dry-off, and cows with abnormal
estrous behavior or abnormal vaginal discharge.
Cow-side evaluation of body condition score (BCS),
cow identification, facilities for handling cows, and how
cows are treated by the farm personnel are useful to
allow proper animal handling and assurance of repro-
ductive program compliance. The number of cows pre-
sented for pregnancy diagnosis, the number of cows
inseminated during the evaluated period, and the
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number of cows pregnant at ultrasonography or rectal
palpation can be used to calculate palpation pregnancy
rate, estrus detection rate, and conception rate (Barker
et al., 1994). Palpation pregnancy rate (cows pregnant
over cows presented for pregnancy diagnosis) should be
over 70% in herds with acceptable estrus detection rate.
Additionally, estrus detection and conception rate can be
calculated either for first service or subsequent services.
Rectal palpation and/or ultrasonography will also allow
for detection of reproductive abnormalities such as
abnormal vaginal discharge, inadequate uterine involu-
tion, pregnancy losses, postpartum anestrus, ovarian
cysts, endometritis, pyometra, and uterine adhesions. It
is important to consider that high number of cows with
postpartum anestrus and ovarian cysts will decrease pal-
pation pregnancy rate even in herds with acceptable
estrus detection rate since cows do not show estrus.
Increased percentages of cows with reproductive abnor-
malities may indicate that the nutrition and manage-
ment of the transition period should be evaluated and
revised. Estimated percentages for reproductive abnor-
malities are described in Table 6.3.

Developing a Reproductive Program

Poor reproductive performance in lactating cows could
be caused by extended interval to first service, low estrus
detection/insemination rate, or low conception rate.
Once the cause is identified, the factors influencing each
of them and potential solutions should be considered in
order to develop a reproductive program to improve
reproductive efficiency.

Table 6.3. Target levels of reproductive abnormalities for
confined high-producing or pasture-based low-producing dairy
herds

Confined Pasture-based
Item herds herds
Abnormal discharge or slow <5% <2%
uterine involution at the
end of VWP
Pregnancy losses between 35 <10% <5%
and 100 days
Pregnancy losses between <5% <2%
100 days and dry-off
Postpartum anestrus <2% <10%
Ovarian cysts <15% <5%
Endometritis’ <20% <10%
Pyometra <0.5% <0.5%

"Clinical endometritis between 20 and 30 days postpartum.

Controlling the Interval from Calving
to First Service

The voluntary waiting period is the time between partu-
rition and the time cows are allowed to be inseminated.
Complete uterine involution takes approximately 40
days, and cows could be inseminated after this period.
However, insemination of cows as early as possible after
parturition is not always the answer since profitability
could be reduced if high-producing cows become preg-
nant too early (de Vries, 2006). In addition, fertility
increases with DIM and reaches a maximum at approxi-
mately 75 days postpartum. Therefore, the intervals to
first service should be decided upon considering these
two factors. In herds with low levels of milk production,
the interval from calving to first service could be around
4045 days, and in herds with high levels of milk produc-
tion, around 55-60 days. In addition, first lactation cows
should be allowed an extra 10-15 days in the interval
from calving to first service. However, this strategy will
depend on management decisions relative to character-
istics of the transition period and economic factors.

Considering all these factors, we can conclude that
each cow in the herd will have an ideal time to receive
first service, and the more homogeneous the herd, the
easier it is to manage the time from calving to first
service. When the reproductive program includes estrus
detection, it is usually difficult to control the interval
from calving to first service as shown in Figure 6.2, and
cows will be inseminated early and late relative to the
ideal time for insemination considering fertility and eco-
nomic or production factors. Individual electronic iden-
tification of cows coupled with excellent estrus detection,
or protocols for timed insemination, could be solutions
to inseminate each cow at the right time.

In pasture-based dairy herds with seasonal breeding
programs, cows are inseminated during 10 weeks, and
cows that calved the first day of the calving period will
be inseminated approximately 85 days postpartum. At
the same time, there will be cows calving during the first
40 days of the breeding season, and some of these cows
will not have sufficient time for complete uterine involu-
tion and resumption of cyclicity in order to become
pregnant during the breeding season. A common man-
agement approach is to induce parturition in cows that
have not calved by the first day of the breeding season
so that these cows will have ample time for uterine invo-
lution and could become pregnant during the last 30
days of the breeding season (Garcia & Holmes, 1999).

In herds with continuous breeding programs and
low or intermediate levels of milk production, high
insemination and conception rates should be the target
during the first 21 days after the voluntary waiting
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Days in milk at first service

Figure 6.2. Typical interval from calving to first service (from DairyComp 305, Valley Agricultural Software®©, Tulare, CA) in a herd
using estrus detection for first service. Cows inseminated before 45 DIM either aborted and were not culled from the herd or have errors
in their records. Cows are being inseminated early or late relative to the ideal time for first service.

period. These herds may accomplish 70% insemination
rate and 40% conception rate and, by consequence, a
28% for 21-day pregnancy rate. Therefore, interval from
calving to first service in pasture-based dairy herds can
be controlled by optimizing estrus detection using visual
observation and estrus detection aids such as pedome-
ters, tail crayons or paints, heat mount detector devices
(Kamar® Heatmount detector patches, Kamar, Inc.,
Steamboat Springs, CO), or the HeatWatch® System
(DDx Inc., Denver, CO).

In herds with high level of milk production and inten-
sive management, the effect of DIM on fertility is higher,
and estrus detection is lower; therefore, it becomes
necessary to have a strategy to control the interval
from calving to first service. The Presynch-Ovsynch pro-
tocol (Moreira et al., 2001) includes two doses of pros-
taglandin F, alpha (PGF,,) 14 days apart, and then 12
days later cows are subjected to the Ovsynch protocol
(gonadotropin-releasing hormone [GnRH] on Day 0,
PGF,, on Day 7, GnRH 48-56h later, and time insemi-
nation 12-16h after GnRH; Pursley et al., 1995). Once
the interval from calving to first service is determined
according to management and economic factors, the day
of the first treatment with PGF,,, can be selected. Timed
insemination could also be beneficial to accomplish high
pregnancy rate the first days of the breeding season in
herds with seasonal breeding programs or herds that
interrupt breeding for a couple of months to avoid
calving during the summer. In this case, protocols such
as the Presynch-Ovsynch or those combining progester-
one and estradiol can be used. A common protocol used
in pasture-based dairy herds is administration of an
intravaginal progesterone device on Day 0 in combina-

tion with 2.5mg of estradiol benzoate, removal of pro-
gesterone device on Day 7 with a luteolytic dose of
PGF,,, 1.0 mg of estradiol benzoate on Day 8, and timed
insemination 24-36 h later. Since one of the major prob-
lems in pasture-based dairy herds is postpartum anes-
trus, administration of 400IU of equine chorionic
gonadotropin at progesterone device removal has been
shown to increase conception rate in cows with low BCS
(Souza et al., 2009).

Improving Estrus Detection/
Insemination Rate

The estrus detection/insemination rate (the number of
cows detected in estrus and inseminated or timed-
inseminated within a 21-day period) is affected by dura-
tion and intensity of estrus, anovulatory conditions
(postpartum anestrus and ovarian cysts), management
or efficiency of the estrus detection methods, and use of
timed insemination protocols (Stevenson, 2001).

Duration and intensity of estrus (number of mounts
per estrus) are affected by milk production. Since high-
producing dairy cows have lower levels of circulating
estrogen (Sangsritavong et al., 2002), they have shorter
duration of estrus and less number of standing events
(6h with 6 mounts) compared to low-producing cows
(11h with 9 standing events; Lopez et al., 2004). Other
factors related to management conditions that reduce
duration and intensity of estrus are overcrowding, unfa-
vorable flooring (concrete, hard soil, mud, etc.), and
stressful handling.

Because cows need to become pregnant during the
peak lactation, they are susceptible to negative energy
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balance and often develop postpartum or nutritional
anestrus (Butler et al., 1981). These cows will not show
estrus and will not be inseminated unless they are sub-
jected to protocols for induction of estrus. Protocols
including a progesterone device for 7 days, equine cho-
rionic gonadotropin at device removal, and estradiol at
or 24 h after device removal could induce estrus in cows
with superficial postpartum anestrus. Similarly, high-
producing dairy cows are susceptible to developing
ovarian cysts since levels of progesterone during diestrus
are low, level of stress is usually high due to intensive
management, and the positive feedback of estrogen to
release GnRH is compromised. These cows will not
ovulate, will grow follicles in the absence of proges-
terone, and will not express estrus unless they are
treated or spontaneously recover. Protocols such as the
Ovsynch including a progesterone device during the first
7 days have been successful in cows with ovarian cysts
(Bartolome et al., 2005).

Management may contribute to poor estrus detection
in both large and small dairy herds, but the cause could
be different in each case. Cows in large dairy herds are
usually under intensive management (including being
milked three times per day), have high milk production,
are usually housed on concrete floors and kept in large
groups. These conditions usually contribute to reduced
estrus expression and, therefore, reduced detection by
farm personnel. Small or pasture-based herds may also
have high milk production but usually have labor prob-
lems since fewer employees are needed to take care of
different activities such as milking, pasture management,
and calf yard tasks. In addition, these employees need to
detect estrus, sort, and inseminate cows.

Synchronization of estrus and ovulation allow for
timed insemination and avoid the need for estrus detec-
tion (Stevenson, 2001). Protocols for timed insemina-
tion include the use of GnRH, estradiol and progesterone
devices that control the length of the luteal phase,
synchronize the follicle wave, and induce ovulation.
Using timed insemination, estrus detection will not be
necessary, and insemination rate becomes 100%. This
approach can easily be implemented for first service,
either with continuous or seasonal breeding programs.
However, it is more difficult to implement for subse-
quent services since protocols take time and may delay
interval between inseminations. Therefore, timed insem-
ination could be an option for first service, but for sub-
sequent services it is necessary to combine an efficient
estrus detection program with strategies for early detec-
tion of nonpregnant cows and rapid resynchronization.
In addition, once timed insemination protocols are
implemented, it may create the impression in the per-
sonnel that estrus detection is no longer necessary, and

this may compromise reproductive performance.
Therefore, farm personnel should clearly understand
that timed insemination will complement, but not
replace estrus detection unless there is a specific program
established by management to completely eliminate
estrus detection.

Optimizing Conception Rate

Conception rate or pregnancy per service/artificial
insemination (AI) is the number of cows that conceive
among cows that are inseminated or receive natural
service and is influenced by cow fertility, semen quality,
bull fertility, and insemination procedures. There are
several factors affecting cow fertility, including nutrition
and health management of the transition period, heat
stress, level of blood/milk urea nitrogen, level of milk
production, parity, accuracy of estrus detection, time of
insemination, and infectious agents. Adequate nutri-
tional and health management of the transition period
will determine uterine health and cyclicity at the end of
the VWP. Cows that experience calving-related disorders
such as milk fever and retained fetal membranes will
have lower conception rate (Chebel et al., 2004).
Nutritional management is reflected by BCS, and there
is a clear reduction in conception when BCS is less than
2.5 (1-5 scale). Since folliculogenesis takes approxi-
mately 80 days, nutrition must be consistent and bal-
anced to accomplish the ovulation of a viable oocyte at
the time of breeding.

Cows with high milk production have lower levels of
circulating progesterone (Sangsritavong et al., 2002),
reduced negative feedback over luteinizing hormone
(LH) pulsatility resulting in persistent follicular growth,
ovulation of an aged oocyte, and reduced fertility (Mihn
et al., 1994). Multiparous cows have lower conception
rate than primiparous cows, and it could probably be
explained by the level of milk production (Chebel et al.,
2004). Synchronization of the follicular wave using
GnRH enhances the chances of ovulation of a healthy
oocyte in high-producing dairy cows and could increase
fertility. In addition, to optimize cow fertility, insemi-
nation needs to be done at the right time in relation
to ovulation. Considering 26 h from LH surge to ovula-
tion, 6-12h for sperm transport, 24-32h of sperm via-
bility, and 8—12h of ovum viability, Al is recommended
12h after the first standing event (a.M.-p.M. rule)
(Trimberger and Davis, 1943). In high-producing dairy
herds with poor estrus expression, programs including
intensive estrus detection may have reduced conception
rate due to inaccuracy in estrus detection. Errors in
estrus detection and cow identification or sorting could
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result in insemination of cows at the wrong time and
reduce conception rate.

The Society for Theriogenology has established
minimum motility and morphology parameters for
quality of fresh and frozen semen. However, bulls with
great genetic value may not have ideal semen quality or
fertility but could be available for use. Additionally,
semen from valuable bulls is usually packaged at the
minimum concentration needed for maximum fertility
of that particular bull, and this may predispose to reduce
conception rate when fertility of the cows is compro-
mised or semen handling is inadequate. Semen transport
from the AI center to the farm, semen handling during
insemination, and skills of the technician will also influ-
ence conception rate. Semen quality and the insemina-
tion procedure have to be monitored to ensure high
conception rates. All semen storage tanks should always
be monitored for adequate levels of liquid nitrogen. In
addition, insemination technicians should be properly
trained and periodically retrained. Hygiene of the storage
place and insemination tools, temperature of the water
bath and time of thawing (45-60s at 35-37°C), prepara-
tion of the insemination gun, semen straws, and sheaths
need to be constantly monitored. Adequately cleaning
the perineum and the use of sanitary vaginal sheaths can
increase the cleanliness of the insemination gun at the
level of the external cervical orifice. Catheterization of
the cervix should be fast, but gentle to reduce trauma,
and semen should be deposited in the body of the uterus.

Infectious diseases can reduce conception rate or
increase pregnancy losses and should be monitored. A
vaccination plan should be established and the vaccines
selected according to the infectious agents present in the
herd or region. Diseases that can either reduce concep-
tion rate or increase pregnancy losses are campylobacte-
riosis and trichomoniasis (natural service), infectious
bovine rhinotracheitis (IBR), bovine viral diarrhea
(BVD), brucellosis, leptospirosis, and neosporosis. There
are different plans to control and eradicate these dis-
eases, and they should be applied to insure optimal
reproductive efficiency. Another noninfectious factor
that may contribute to pregnancy losses is the inade-
quate levels of progesterone during early gestation.
Treatment with either GnRH or human chorionic
gonadotropin to induce accessory corpora lutea could be
considered to increase levels of progesterone during
early gestation in cows with very high milk production
and losing BCS.

Considerations for Herds with Natural Service

Artificial insemination is the most common method
used to breed dairy cows. However, despite the economic

advantages of Al, the use of natural service alone or in
combination with Al continues to be a common method
to breed dairy cows throughout the world (Lima et al.,
2009). Natural service may be simpler to implement for
some producers because errors in estrus detection are
avoided and therefore, the perception among producers
that use natural service is that reproductive performance
is better. A California study that compared calving to
conception intervals for cows in Al pens with cows
exposed to bulls found that cows artificially inseminated
had a higher risk for pregnancy across all DIM cohorts
(Overton & Sischo, 2005). In contrast, reproductive effi-
ciency has been shown to be similar for herds that use Al
or natural service (de Vries et al., 2005; Lima et al., 2009).
Selection, management, and breeding soundness eval-
uation of the bulls are crucial to maintain high repro-
ductive performance in herds with natural service.
Before purchasing, bulls must be subjected to a complete
breeding soundness examination including physical
exam, exam of the reproductive organs, and tests for
infectious diseases (control of brucellosis, tuberculosis,
venereal diseases, vaccination plan for viral diseases, and
control of internal and external parasites). It is impor-
tant to consider that bulls should be around 14 months
of age, of reasonable size in relation to adult cows, and
should be isolated for 40-60 days before they have
contact with the herd. Other recommendations for bull
management include considering reduction in fertility
during the summer, reduction in breeding capacity of
yearling bulls, and dangerous behavior in bulls more
than 2.5 years of age (Risco et al., 1998). Bulls should be
periodically checked for BCS and lameness since lactat-
ing cow ration can cause overconditioning and laminitis,
and they may need rest and offered dry cow ration to
recover (Risco et al., 1998). Bulls should be rotated every
14 days and used in homogeneous groups by age and
other characteristics such as the presence of horns to
avoid adverse bull interactions and bull behavior moni-
tored periodically since old females may inhibit inexpe-
rienced young bulls (Risco et al., 1998). Safety is a major
concern when using natural service, and the use of old
bulls and bulls with bad temperament should be avoided.
Also, precautions should be taken when handling or
sorting bulls. The bull to open cow ratio recommended
is approximately from 1:20 to 1:30, and reproductive
performance should be monitored frequently (every 30
days) by rectal palpation or more precisely using ultra-
sonography to estimate breeding and pregnancy dates.
Computer programs that evaluate reproductive per-
formance mentioned earlier can also be used in herds
with natural service to evaluate interval from calving to
conception, 21-day pregnancy rate (without differentiat-
ing estrus detection and conception rates), pregnancy
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losses, percentage of cows pregnant by 150 days, and
culling rate due to infertility. During evaluation of cows
either by rectal palpation or ultrasonography, the pro-
portion of cows with reproductive abnormalities such as
uterine adhesions, pyometra, anestrus, ovarian cysts, and
others can be useful to identify causes of infertility and
to treat them accordingly. Also pregnancy reconfirma-
tion can be used to estimate pregnancy losses during
different stages of gestation.

Summary

Evaluation of the interval from calving to first service,
estrus detection and conception rate, pregnancy losses,
and culling due to infertility allow estimating reproduc-
tive performance. Reproductive efficiency needs to be
coupled with low neonatal mortality, low mortality and
culling rate of adult cows and heifers, and reduced age
at first calving in order to enhance productivity of the
herd. These parameters need to be evaluated in relation
to management conditions and the level of milk produc-
tion in order to decide how much can be invested and
improved. Once the decision to revise the reproductive
program is made, the cause(s) of poor reproductive per-
formance needs to be identified. Evaluation of records
obtained by specific computer programs, of cows’ BCS,
clinical evaluation of the reproductive tract of as many
cows as possible, and of facilities and general manage-
ment may assist in the identification of the cause(s) of
poor reproductive performance. Several technologies
and management strategies are available to control the
interval to first service, to optimize estrus detection,
insemination and conception rates, reduction of preg-
nancy losses, and culling due to infertility.
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Reproductive Management of Lactating Dairy
Cows for First Postpartum Insemination

Abstract

Implementation of systematic breeding programs for
first postpartum insemination in dairy herds have
become an integral part of the reproductive manage-
ment of dairy cows, and they have allowed for increased
insemination rates without compromising fertility. It is
known that the first 3 weeks past the end of the volun-
tary waiting period corresponds to the estrous cycle
of greatest impact on reproduction of dairy herds.
Therefore, assuring high pregnancy rate in this period
is critical to optimize reproduction of dairy cows. This
is related to the economic value of a pregnancy that is
influenced by the day postpartum when the cow becomes
pregnant, the need to manage large groups of cows
without creating systems that might not be implemented
due to difficulty or lack of compliance, and the need to
address deficiencies in cow fertility such as poor estrous
expression and detection.

Introduction

Reproductive efficiency is a major component of eco-
nomic success in dairy herds. The physiological and
environmental stress of high-producing dairy cows neg-
atively affects estrous detection as well as establishment
and maintenance of pregnancy. Recently, it was esti-
mated that the average value of a pregnancy was U.S.
$278 in high-producing herds in the United States;
whereas the cost of a pregnancy loss was substantially
greater (De Vries, 2006).

There are multitudes of issues including management,
the cow’s reproductive physiology and metabolism,
nutrition, genetics, and diseases that influence reproduc-
tion in the dairy cow. Furthermore, consolidation of the
industry with larger herds poses new challenges with
implementation of reproductive programs with large
number of cows. In the past, most dairy herds used
reproductive programs that relied upon observation of
estrus up to a certain number of days in milk (DIM),
and subsequent intervention was only implemented in
cows with advanced DIM and no insemination. Typically,
interventions were based on palpation per rectum of the
reproductive tract and a decision was made based upon
detection of ovarian structures. These more traditional
reproductive programs focused on finding the problem
cow and fixing her; however, in systems based on artificial
insemination (AI), the focus should be on finding non-
pregnant cows to get them pregnant in a timely manner.
Quite often, key indicators of success of conventional
programs were based on averages, such as for DIM at
first AI, days open, and calving interval.

Nowadays, reproductive programs have taken a
slightly different approach. The goal is to be proactive
and work with groups of cows. In most cases, the focus
is to increase the rate at which eligible cows become
pregnant and, for that, use of systematic breeding pro-
tocols have become an integral portion of reproductive
management in dairy herds (Caraviello et al., 2006).
Ultimately, the goals are to minimize the variation in the
interval from calving to first Al, increase the rate at
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which eligible cows become pregnant and, consequently,
reduce the interval from calving to pregnancy in a con-
sistent manner.

Indicators of Reproductive Efficiency

Success of Al programs in dairy herds depends upon
accurate and efficient detection of estrus; however, accu-
racy and efficiency of estrous detection are variable and
it depends upon animal, environmental, and manage-
ment factors (Lucy, 2006). For the high-producing dairy
cow, the altered competence of follicles and the smaller
circulating concentrations of estradiol during proestrus
have been associated with reduced estrous detection
rates and fertility (Wiltbank et al., 2006).

Four main factors affect reproductive efficiency in
dairy herds: days postpartum at first Al, estrous detec-
tion rate, pregnancy per Al (P/AI), and pregnancy loss.
As in Chapter 22, in this chapter, the estrous detection
rate is defined as the number of eligible cows receiving
an insemination every 21 days, which is the standard
estrous cycle length for cattle. Eligible cows are those that
have passed the voluntary waiting period (VWP), are not
pregnant, and need to be inseminated. Pregnancy per Al
is defined as the number of pregnancies divided by the
number of Al, which is the typical measure of intrinsic
fertility of the cow. Finally, pregnancy loss is defined as
the proportion of pregnant cows that have experienced
either an embryonic or fetal loss. Table 7.1 depicts an
example calculation of reproductive indices for every
21-day interval past 50 DIM in a herd with 100 eligible
cows for the first 134 DIM.

Of the factors outlined, days postpartum at first
Al and estrous detection rate can be manipulated and
controlled with a certain degree of efficacy. On the
other hand, P/AI and pregnancy loss in high-producing
dairy cows are, in many instances, under little human
control and more difficult to impact. An additional
factor, culling, can bias reproductive indices without
being directly related to reproductive activities in the
dairy.

In order to maintain an adequate interval from calving
to pregnancy and a large proportion of the herd with a
calving interval <13 months, the VWP must be limited
to 60-80 days postpartum. Once insemination starts,
service rate should be 100%, first insemination P/AI
greater than 35%, and the rate of pregnancy at every
21-day estrous cycle above 20%. Manipulation of the
interval from calving to first postpartum AI impacts
reproductive efficiency in dairy cows. Extending the
interval usually increases days open when 21-day cycle
pregnancy rate (PR) is maintained. Ferguson and
Galligan (1993) indicated that PR in the first 21 days past
the end of the VWP explained 79% of the variation in
calving interval of dairy cows. Such high impact is
because all cows in the herd eligible for insemination
have to receive a first Al. Therefore, optimizing PR at the
end of the VWP is critical to improve reproductive effi-
ciency in dairy herds. In the so-called well-managed
high-producing herds, it is not uncommon to have
50%—55% of the lactating cows pregnant before 110 DIM,
resulting in a median days open of 105 days. These
numbers are usually only achieved with manipulations
of the interval from calving to first Al, and improve-
ments in service rate and P/Al

VWP and First Postpartum Insemination

Duration of the VWP is, for the most part, a manage-
ment decision that can be easily manipulated.
Traditionally, it varies from 40 to 90 days postpartum in
most dairy herds. Decisions on when to begin Al result
from physiological windows to optimize pregnancy and
economic debate as to when it is best to first inseminate
cows. There have been suggestions that the best interval
from calving to pregnancy in dairy herds is between 100
and 120 days postpartum. As production per cow
increases, particularly when associated with increased
persistence of lactation, delaying first postpartum Al
and time to pregnancy has less impact on the value of
the pregnancy and on the economics of the dairy (De
Vries, 2006).

Table 7.1. Calculation of reproductive indices at different days in milk (DIM)

DIM Eligible cows, n  Detected in estrus, n  Estrous detection, % Pregnant, n  Pregnancy per Al, % Pregnancy rate, %
51-71 100 50 50.0 20 40.0 20.0
72-92 80 50 62.5 20 40.0 25.0
93-113 60 30 50.0 10 333 16.7

114-134 50 25 50.0 9 36.0 18.0

Total 290 155 53.5 59 38.1 20.3
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Insemination early postpartum usually results in
smaller P/AI, and delaying first postpartum Al up to
90-100 days postpartum usually increases fertility
(Tenhagen et al., 2003; Stevenson, 2006). Part of the
improvement in fertility of dairy cows, as first Al is
delayed past the traditional 60-70 days postpartum,
originates from improved uterine health with comple-
tion of uterine involution. In addition, the prevalence of
anovular cows is reduced as the lactation progresses.

Delaying first postpartum insemination to 70-90
DIM increases P/AI but does not necessarily reduce days
nonpregnant or improve overall reproductive perfor-
mance of the herd. Veterinarians and dairy producers
must decide what the main objective of their reproduc-
tive program is when choosing a VWP for the herd.
Typically, for every 21-days lengthening of the VWP, P/
Al has to increase 8%—10% units to compensate for the
delay in first postpartum insemination to obtain similar
days open and proportion of cows pregnant at different
intervals postpartum. In other words, if the VWP of a
dairy herd is 60 days, and P/AI at first insemination is
35%, delaying the VWP to 81 days postpartum has to
result in an increased P/AI to 43% to maintain a similar
median and mean days open. Figure 7.1 depicts an
example of a dairy herd with a VWP of 50 days postpar-
tum and a 21-day cycle PR of 15% (P/AI of 30% and
21-day estrous detection rate of 50%). Early in lactation,
no cow has been inseminated and thus, 100% of the herd
remains nonpregnant. As days postpartum increase, the
proportion of nonpregnant cows declines. The area
above the curves represents the pregnant cows, whereas
the area below the curves represents the nonpregnant
cows. The slope of the lines represents the rate of preg-
nancy. Therefore, curves that drop more abruptly and
reduce the area below them indicate greater PRs.

90; A PR 15/15 - VWP 50
£ 80 A\ —=—PR 30/15 - VWP 50
© " ]

: ——PR40/15 - VWP 70

---&--PR 50/15 - VWP 90
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Figure 7.1. Impact of voluntary waiting period and first insemi-
nation P/Al on days nonpregnant. Legend indicates the pregnancy
rate (PR) at first and subsequent Al (30/15 = 30% at first Al, and
15% thereafter) and the voluntary waiting period of 50, 70, or
90 days postpartum.

In this example, ignoring pregnancy losses and culling
of cows, the expected median and mean (£SD) days
nonpregnant for the average herd (21-day cycle PR of
15% and P/AI of 30%: PR15/15—VWP 50 in Figure 7.1)
would be 140 and 158 =9 days, respectively. In the
example herd, if the reproductive program is altered by
increasing service rate in the first 21 days past the VWP
from 50% to 100% by manipulating the estrous cycle,
but P/AI is maintained at 30%, thereby resulting in first
AI PR of 30%, but subsequent estrous cycles are kept at
15% 21-day PR (PR 30/15—VWP 50), then median and
mean days nonpregnant change to 100 and 139 * 8 days,
respectively. When the VWP is delayed to 70 days, if P/
Al increases from 30% to 40% and all cows are insemi-
nated in the first 21 days past the VWP (PR 40/15—VWP
70), then median and mean days nonpregnant change to
120 and 143 + 8 days, respectively. Finally, if an addi-
tional delay in VWP is implemented, now to 90 days
postpartum, and P/AI increases to 50% with all cows
again inseminated in the first 21 days past the VWP (PR
50/15—VWP 90), then median and mean days nonpreg-
nant will be 100 and 156 * 8 days, respectively. Therefore,
these data illustrate that careful consideration must be
taken when deciding on what the VWP should be for a
given herd.

Although delaying the first postpartum AI might not
maximize the proportion of pregnant cows at a specific
interval postpartum, despite increased P/AI at first
insemination, inseminating cows very early in lactation
might not be attractive either. Likely, there is an optimum
time postpartum when first Al should be performed, in
which improvements in fertility and maximization of
pregnant cows with adequate days open reach a balance.
In reality, discussions on the optimum time to insemi-
nate a cow have to consider its impacts on reproductive
performance of the herd; risk for a cow to be culled or
die with more calvings in a lifetime, as calving is the
period of greatest risk for culling and death; genetic
progress of the herd, as more calvings in a lifetime results
in more replacement heifers; and milk yield per day of
calving interval, all of which impact the economics of
the decision. Generally, for cows with lactation persis-
tence past peak milk yield of <95% (decline in milk yield
of >5%/month past peak production), it is a consensus
that extending the interval from calving to pregnancy
reduces milk yield/day of calving interval. On the other
hand, for cows with high persistence of lactation, such
as primiparous, or cows with very high milk yield,
becoming pregnant early can have a negative economic
impact on the dairy (De Vries, 2006).

In order to illustrate the differences in control of
interval to first Al, Figure 7.2 depicts scatter graphs of
three different dairy herds with distinct reproductive
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Figure 7.2. Scatter graphs of days in milk (DIM) at first Al rela-
tive to current day postpartum for cows in three dairy herds (A,
B, and (). Each square represents one or more cows. Squares on
the x-axis represent cows that have not received their first insemi-
nation in the current lactation.

management programs for first postpartum Al. Each dot
represents one or more cows in the figure. Herd A has a
short VWP, but it is clear that there is little control of the
upper limit to DIM at first insemination. This is typical
of herds that rely solely on estrous detection to insemi-
nate cows. These herds usually begin inseminating cows
early to compensate for the deficiency in estrous detec-
tion and the extended interval to first Al that some cows
experience. Herd B begins to inseminate cows at approx-
imately 50 days postpartum, but almost every cow

receives the first Al no later than 80 DIM. This is typical
of herds that initially rely on estrous detection for Al,
but eventually cows not inseminated after a certain
number of DIM are subjected to some type of timed Al
program. Finally, in herd C, almost every cow receives
the first Al between 65 and 75DIM. This is typical of
herds that decide not to inseminate cows early postpar-
tum, but every cow receives the first Al following an
ovulation synchronization protocol.

The approach taken by herd A as shown in Figure 7.2
is the least effective, as a large proportion of cows receive
the first Al either too early or too late. Early insemina-
tions result in poor P/AI and might compromise milk
yield in current and future lactations. Cows that become
pregnant very early postpartum have short lactations
and may not have time to recover body condition for
subsequent lactations. The approaches taken by herds B
and C likely result in similar reproductive performance
(Chebel & Santos, 2010). Both have advantages and dis-
advantages. In herd B, expenses with labor and hor-
mones for synchronization of estrus or ovulation are
reduced, although P/AI is likely to be less for cows
inseminated early in the VWP than those inseminated at
70-80DIM (Tenhagen et al., 2003; Chebel et al., 2006;
Stevenson, 2006).

Generally, it is well accepted that the first postpartum
Al should occur anytime between 60 and 90 days post-
partum. If calving interval is to be maintained at <13
months, most herds should begin insemination some-
time after 60 days postpartum, and half of the herd
should be pregnant by 100-110 days postpartum.

Management of Anovular Cows

Every postpartum cow undergoes a period of anovula-
tion; in other words, they do not present regular ovula-
tory periods of 18-24 days. In general, this occurs
immediately after calving but, in some cows, this can
extend for the first 2-3 months postpartum. In some
instances, mid lactation cows can become anovular such
as those that develop follicular cysts.

The delay in estrous cyclicity of postpartum dairy
cows typically results in reduction in the reproductive
performance of the herd because anovular cows have less
estrous expression, reduced P/AI, and increased risk of
pregnancy loss.

One of the characteristics of anovular cows is that they
are not exposed to luteal concentrations of progesterone
in the days that precede the first postpartum Al. This
seems to alter the development of the ovulatory follicle,
the response of the endometrium to signals that trigger
the luteolytic cascade resulting in premature release of
endometrial prostaglandins (PGs), and increasing the
incidence of short luteal phases.
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Many are the risk factors for delayed estrous cyclicity
in dairy cows and, among them are the nutritional status
of the cow, body condition score (BCS), parity, season of
calving, occurrence of diseases at calving, the genetic
makeup of the cow, and the herd of origin. It is impor-
tant to indicate that within a herd or a genetic group,
lactation performance seems to have little, if any associa-
tion with the risk of delayed estrous cyclicity. Although
milk yield is associated with changes in estrous behavior
(Lopez et al., 2004), particularly a reduction in estrual
activity as production increases above 35-40kg/day,
there is no indication that higher milk production
impairs the ability of the cow to ovulate.

The therapy and strategies to manage anovular cows
depend to a great extent on the reproductive manage-
ment of the farm. Generally, the use of programs for
synchronization of ovulation and timed Al associated or
not with supplemental progesterone constitute the bases
for the hormonal therapy.

Etiology and Classification of the Anovulatory
Process in Dairy Cows

One obvious reason for lack of ovulation is the presence
of progesterone blocking the luteinizing hormone (LH)
surge by the pituitary. This progesterone can be of luteal
or adrenal origin. Although most cows with persistent
corpora lutea are pregnant and, therefore, they no longer
influence the reproductive performance of the herd,
there still is a small proportion of cows, 7%—10%, that
have persistent corpus luteum. These cows are not preg-
nant, but their corpora lutea persist beyond day 25 after
the last estrus and ovulation. This event seems to be
more common in cows that ovulate early in the postpar-
tum period (Ball & McEwan, 1998). In some cases, the
phenomenon is associated with uterine diseases such as
pyometra and the inability of the endometrium to
secrete prostaglandin F, alpha (PGF,,) in a pulsatile
fashion. These cases can be easily solved by the routine
use of exogenous PGF,, for synchronization of the
estrous cycle. In fact, one of the advantages of routine
use of PGF,, between 30 and 60 days postpartum is the
almost complete elimination of pyometra from dairy
herds, except for cows that suffer from venereal diseases
such as infections by Tritrichomonas foetus.

Wiltbank et al. (2002) characterized three basic physi-
ological patterns of follicle development in dairy cows
classified as anovular. The first included cows with “inac-
tive” ovaries which were those with impaired follicle
development and observation of a dominant follicle
with antral diameter inferior to that typically observed
in cows with a dominant follicle of ovulatory capacity.
In many instances, this is called anestrus. This is a
common phenomenon in postpartum beef cows, or in

cows that undergo extensive feed deprivation and ema-
ciation. It is thought that inadequate gonadotrophic
support, particularly LH, results in follicle development
up to 8—14mm in diameter in lactating dairy cows. In
many cases, the diameter of the largest follicle is less than
that preceding follicle dominance and ovulatory capacity
in dairy cows (Sartori et al., 2001).

In dairy cows, this pattern is more common in those
that lost excessive amounts of body fat and have a very
low BCS, particularly after periods of postpartum dis-
eases. Likely, the major underlying factor is the low LH
pulsatility that compromises the development of the
dominant follicle and acquisition of ovulatory capacity.
These follicles regress and undergo atresia. These cows
have follicles that are not capable of secreting sufficient
estradiol to increase plasma concentrations to those that
can trigger surges of gonadotropin-releasing hormone
(GnRH) and LH. It is suggested that the low concentra-
tions of follicular estradiol are sufficient to block the
pulsatility of GnRH and LH, thereby impeding the mat-
uration of the dominant follicle. Because these are cows
that lost excessive amounts of body fat, they might have
experienced releases of progesterone from adipose tissue,
which further enhances the negative feedback on the
release of GnRH and LH. Furthermore, they also have
inadequate concentrations of metabolic hormones such
as leptin, insulin, and insulin-like growth factor-1 (IGF-
1) that are critical for normal follicle development.

As the postpartum period progresses, dairy cows
move from a period of negative nutritional status to
resume a more favorable energy balance. Sometime in
the first 4-8 weeks postpartum, most lactating dairy
cows have reached positive energy and nutrient balance,
and the associated hormonal and metabolic changes that
encompass the period of positive energy status favor
ovarian activity. Cows in a more positive energy balance
have increased secretion of LH and development of fol-
licles that can reach antral diameters greater than 15 mm.
These follicles become more steroidogenic and capable
of secreting larger quantities of estradiol that induces a
GnRH/LH surge critical for ovulation (McDougall et al.,
1995; Beam & Butler, 1999).

Although some cows develop follicles to diameters
compatible with those of ovulatory follicles, many lose
their dominance and regress. This second group of
anovular cows represents the most prevalent pattern of
anovulation postpartum (Giimen et al., 2003). Follicles
from these cows reach diameters of 16-20 mm, but they
do not ovulate. It is suggested that the decoupling of
the growth hormone (GH) and IGF-1 system has a
pivotal role to reestablish follicular steroidogenesis and
the ovulatory process in dairy cows. Early lactation cows
have high concentrations of GH and low of IGF-1. As
feed intake increases and energy balance improves, the
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concentrations of insulin in plasma also increases
because of the greater flux of propionate and synthesis
of glucose by the liver. The increase in plasma concentra-
tions of insulin as energy balance improves is an impor-
tant signal to reestablish the GH receptor population in
the liver of cows (Butler et al., 2003). This increase in GH
receptor 1A in the hepatic tissue recouples the GH/IGF-1
axis causing substantial increases in plasma concentra-
tions of IGF-1 and enhancing the steroidogenic capacity
of ovarian follicles (Butler et al., 2004).

The third pattern of follicle development in anovular
cows is the cystic ovarian disease. These are cows with
follicles >18 mm in diameter, many times multiple large
follicles with some reaching 35 mm in diameter, but they
lack a corpus luteum. This is thought to be caused by
lack of positive feedback caused by estradiol on GnRH/
LH surge. Giimen and Wiltbank (2002, 2005a) demon-
strated that exposure to estradiol inducing an LH
surge without subsequent exposure to progesterone
caused the development of follicular cysts in a large
portion of the dairy cows. The same authors (Giimen &
Wiltbank, 2002, 2005a) and others (Nanda et al., 1991)
demonstrated that cystic cows do not respond to estra-
diol because of refractoriness of the hypothalamus.
These cows do not display signs of estrus or LH surge
and ovulation upon treatment with estradiol. The under-
lying mechanism is lack of estrogen receptor activity in
the hypothalamus, which can be restored upon exposure
to progesterone.

Diagnosis of Anovular Cows

The diagnosis of anovular cows is manifest in the
absence of a corpus luteum in the ovaries of cows or by
the low concentrations of progesterone in plasma or
serum. Therefore, lack of luteal activity characterizes an
anovular cow. When ultrasonography is used, it is known
that not all visualized corporal lutea reflect concentra-
tions of progesterone that are compatible with those of
cows in diestrus (Bicalho et al., 2008). Different groups
of cows have distinct ovarian morphology characteristics
such as diameter of follicles and corpora lutea. In the
case of lactating dairy cows, the diameter of the corpus
luteum that best predicted luteal concentrations of
progesterone (=1ng/mL) was equal to or greater than
23 mm. This was the cut-point for corpus luteum diam-
eter that resulted in highest combined sensitivity and
specificity for progesterone =1ng/mL (Bicalho et al,
2008).

Another option for diagnosis of anovular cows is the
sequential measurements of progesterone concentra-
tions in blood collected 7-14 days apart. This is more
difficult to accomplish in veterinary practice as it requires

either radioimmunoassay or enzyme-linked immuno-
sorbent assay (ELISA) techniques. Measurements of pro-
gesterone to characterize anovular cows are typically
done in research settings, and it has been the gold stan-
dard to define the population of cows with delayed
estrous cyclicity. For veterinarians, ultrasonography is
likely the most practical and accurate method to detect
anovular cows (McDougall, 2010). It is a cow-side test
that gives results immediately upon completion of the
exam, but it still requires two sequential scans to be sure
that the cow is truly anovular. Transrectal palpation is
discouraged because of its low sensitivity and specificity
to detect an active corpus luteum (Bicalho et al., 2008;
McDougall, 2010). Generally, use of transrectal palpa-
tion results in misdiagnosis of 40%—60% of the cows. In
other words, for every 10 known cyclic cows presented
to detect an active corpus luteum, 6 will be diagnosed
correctly, whereas 4 will be diagnosed as not having a
corpus luteum.

Because there are periods in the estrous cycle in which
cyclic cows do not have an active corpus luteum, it is
therefore important to have sequential examination to
certify that the prevalence of anovular cows is not inflated
by those animals that might be in proestrus, estrus, or
metestrus. Ideally, to minimize the number of cows in the
phases of the cycle with low progesterone or without a
visible corpus luteum, the diagnosis should be performed
twice no less than 7 and no more than 14 days apart;
otherwise, it is possible that the prevalence of anovular
cows will be overestimated. A practical approach is to
perform a single ultrasound examination at a strategic
time in the postpartum period, when the lack of a corpus
luteum or luteal activity best predicts pregnancy out-
comes. In herds subjected to estrous synchronization
with PGF,, followed by programs to synchronize ovula-
tion, the day of the first GnRH of the timed Al protocols
is the ideal moment for detection of anovular cows (Silva
et al., 2007; Bisinotto et al., 2010a). On this day, the sen-
sitivity and specificity of detecting an anovular cow with
a single ultrasound scan of the ovaries were 85.7 and
87.7%, respectively, with an accuracy of 87.3% (Silva
et al., 2007).

Prevalence of Anovular Cows in Dairy Herds

The prevalence of anovular cows in dairy herds depends
on a series of factors, one of them, perhaps the most
important, the interval postpartum when the diagnosis
is performed. The earlier postpartum the diagnosis is
performed, the greater the prevalence of anovular cows
observed. Walsh et al. (2007) evaluated the prevalence of
anovular cows in 18 Canadian dairy herds using milk
progesterone concentration at approximately 60 days
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postpartum. The authors observed that, within herds,
the prevalence ranged from 5% to 45%. Santos et al.
(2009) evaluated the prevalence of anovular cows at 65
days postpartum in four large dairy herds and observed
that from the 6393 cows sampled, 24.1% were classified
as anovular and, among herds, the prevalence varied
from 18.6% to 41.2%.

There are several risk factors for delayed estrous
cyclicity in postpartum dairy cows and, among them,
those that are important include parity, with primipa-
rous having greater risk than multiparous; cows with low
BCS; cows that have lost excessive BCS in the first weeks
postpartum; cows that had dystocia or experienced a
disease event after calving; and cows calving in the winter
months (Walsh et al., 2007; Santos et al., 2009). It is
important to indicate that, within a herd, more produc-
tive cows are not at a higher risk of having delayed post-
partum ovulation. In fact, Santos et al. (2009) observed
that lower producing cows, those with average milk yield
of 32.1kg/day in the first 3 months postpartum, were
21% less likely to have resumed ovulation by 65 days
postpartum compared with cows producing 50 kg/day in
the same period postpartum.

Ribeiro et al. (2009) characterized the prevalence of
anovulation in Holstein (n = 451), Jersey (n = 183), and
crossbred Holstein and Jersey (n = 602) cows in grazing
systems. The prevalence was greater (P < 0.001) for
Holsteins (31.7%) than for Jersey cows (17.5%) and
crossbreds (15.8%). It is likely that in grazing systems, in
which the availability of food can be limited compared
with confinement systems, those cows of larger body size
and greater maintenance requirements and potential
for milk yield might experience an extended delay in the
first postpartum ovulation.

Walsh et al. (2007) demonstrated that cows that suf-
fered from calving difficulty, twin births, retained pla-
centa, displacement of abomasum, and lameness in the
first 66 days postpartum had a 50%-130% increased
odds of delayed estrous cyclicity. This findings suggest
that the health of the postpartum cow is intimately
related with the ability to resume estrous cyclicity early
postpartum, and cows that suffer from health problems
during the periparturient period will have delayed first
postpartum ovulation, which further compromises
reproductive performance.

Impact of Delayed Estrous Cyclicity on
Reproductive Performance of Dairy Cows

Anovular cows are expected to have a delay in the first
estrus postpartum. Therefore, anovular cows likely have
a greater impact on reproductive performance in herds
in which reproduction is based primarily in estrous
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Figure 7.3. Pattern of follicle development in anovular cows
subjected to timed Al programs such as the Ovsynch.

detection for insemination. This extends the interval to
pregnancy and creates more variability in when cows
receive their first Al and become pregnant. It is known
that higher producing cows, particularly those housed
on concrete floors, have estrus of shorter duration and
of less activity (Lopez et al., 2004). Therefore, when
anovular, these cows have a profound effect on the
reproductive performance of dairy herds using primarily
insemination upon detection of estrus.

When herds use programs for ovulation synchroniza-
tion that allow for timed AI, one of the characteristics of
anovular cows is that they ovulate a follicle at Al that
originated either from the first follicular wave, or a fol-
licle that developed under low systemic concentrations
of progesterone (Bisinotto et al., 2010a; Fig. 7.3).

Anovular cows have not been exposed to progesterone
until their first ovulation. Also, their ovulatory follicles
develop under low concentrations of progesterone as
they are typically in metestrus and early diestrus when
ovulation is induced and Al is performed (Bisinotto
et al., 2010a). The development of the ovulatory follicle
under low concentrations of progesterone influences the
composition of the follicular fluid (Cerri et al., 2011a,b),
increases the responsiveness of the endometrium to
release PGF,,, which increases short estrous cycles (Cerri
et al., 2011a,b), and alter embryo quality (Rivera et al.,
2011). Finally, insemination of cows that have the ovula-
tory follicle developing under low concentrations of pro-
gesterone results in reduced P/AI (Bisinotto et al.,2010a).
It is interesting to note that anovular cows have similar
P/AI compared with estrous cyclic cows ovulating the
first wave dominant follicle, both of which develop
under low concentrations of progesterone (Bisinotto
et al., 2010a).

Anovular cows not only have reduced P/AI after the
first AI, but they also have increased risk of pregnancy
loss (Santos et al., 2004; McDougall et al., 2005),
and reduced PR (Walsh et al.,, 2007). Overall, the
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compromised reproductive performance of these cows
increases their risk to be culled from the herd.

Preventive and Therapeutic Strategies
for Management of Anovular Cows
in Dairy Herds

The management of cows during late gestation and early
lactation is critical to minimize the risk factors that are
associated with delayed estrous cyclicity. Programs that
prevent metabolic diseases in early lactation, proper care
during calving to reduce dystocia, and fresh cow proto-
cols that allow for quick identification and treatment
of sick cows are vital to improve reproduction in dairy
herds. Implementation of these measures is expected to
minimize body weight and BCS losses in early lactation
as consequence of diseases.

Gong et al. (2002) demonstrated that diets rich in
starch, also called glucogenic diets, increase the concen-
trations of insulin in early lactation, and they advance
first postpartum ovulation. Nevertheless, caution is
needed when excessive fermentable carbohydrates are
fed because propionate is a known powerful hypopha-
gic agent in ruminants (Allen et al., 2009). When early
lactation cows received a daily injection of 751U of slow
release insulin plus 30g of dextrose IV in the first 14
days postpartum, interval to first ovulation was not
altered, but expression of estrus was enhanced (Casas,
2010). Therefore, it is important that early lactation
diets promote high caloric intake, primarily from dietary
ingredients that stimulate gluconeogenesis to enhance
plasma glucose and insulin. Nevertheless, these dietary
manipulations should not be done at the expense of
appetite and intake, otherwise, the overall caloric con-
sumption by the cow might not be maximized. Probably,
the critical point is to ensure that every cow has access
to feed and is capable of consuming the largest quantity
of diet possible, at the same time that a health prevention
and treatment program is implemented to control and
treat periparturient diseases that commonly affect dairy
COWS.

One metho