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Abstract

In confined dairy production units, reproductive ef-
ficiency is a major concern for the attending veterinarian.
Many parameters influence reproductive performance of
lactating dairy cows. While attending veterinarians do
not necessarily formulate dry cow, transition, and lactat-
ing cow diets, they could influence how these diets are
formulated and fed. With increasing costs of commodity
grains and traditional starch sources, producers are seek-
ing economical means to supply dairy production animals
with dietary energy. Indirect fat supplementation, in the
form of grain and oil seeds, and some forages such as
corn silage, are usual sources of dietary fat. In addition
to these common feed sources of lipid-based energy, the
dairy practitioner has alternatives to provide free fatty
acids to a dairy production animal diet. Dairy veterinar-
ians must understand how provision of free fatty acids
can influence reproductive performance and health.

Key words: dairy cows, free fatty acids, linoleic to
linolenic acid ratio, retained placenta, ketosis, body
condition

Résumé

Dans les fermes laitiéres a stabulation entravée,
l'efficacité reproductive est un sujet d'inquiétude impor-
tant pour le vétérinaire traitant. Plusieurs parametres
influencent la performance reproductive chez les vaches
laitieres en lactation. Bien que les vétérinaires traitants
ne formulent pas nécessairement le régime alimen-
taire des vaches taries, en transition ou en lactation,
ils peuvent influencer la formulation et la distribution
de 'alimentation. En considérant les coiits accrus des
denrées a base de grains et de sources traditionnelles
d’amidon, les producteurs recherchent des moyens
économiques de fournir de I’énergie alimentaire aux
vaches laitieres. Le supplément indirect en gras, par
I'entremise de grains et de graines oléagineuses, de

méme que par certains fourrages comme 'ensilage de
mais sont des sources bien connues de gras alimentaire.
En plus de ces sources habituelles d’énergie lipidique
associées au fourrage, le producteur laitier a aussi accés
a des alternatives afin d’ajouter des acides gras libres
dans le régime alimentaire des animaux de production
laitiére. Le vétérinaire praticien doit comprendre com-
ment 'apport en acides gras libres peut influencer la
performance reproductive et la santé.

Introduction

This review examines the basic biochemistry as-
sociated with the biological concept of providing an
alternative fat source to dairy cattle, other than that
provided by grains, grain by-products, and oil seeds.
Energy is a limiting factor in lactating dairy cow diets.
Dietary fat can provide 2.25 times the energy as an equal
amount of carbohydrate. The metabolism and digestion
of dietary fat are different from that of carbohydrates,
providing a biochemical pathway of energy production
that does not interfere with carbohydrate digestion or
metabolism. Fat provides an additional energy source
without the complications of lactic acid production that
can occur when additional carbohydrates are incorpo-
rated into the diet. All fats are not created equal, and
come from different sources and cause different effects
and outcomes for cows consuming them.

Fat Classifications

Fats are classified as fully saturated (SAT) if all
four covalent bonds on each carbon atom are occupied
with a single carbon-to-carbon bond, hydrogen, or some
other compound such as a methyl or carboxyl unit (Fig-
ure 1). Fats are classified as unsaturated (UNS) if at
least two carbon-to-carbon double covalent bonds occur.
If more than one of these double carbon-to-carbon cova-
lent bonds is present in a fat molecule, it is referred to
as a polyunsaturated fatty acid (PUFA; Figure 2).
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Nomenclature of Fatty Acid Families

There are different families of fatty acids (FA) in
food and feed items. Biochemists and nutritionists refer
to these groups as 1) omega-3; 2) omega-6; 3) omega-7;
and 4) omega-9 FAs. A fat molecule is made up of a
series of carbon-to-carbon bonds with a methyl group
on one end and a carboxyl group on the other end. Al-
though fats are not soluble in water, the carboxyl end is
slightly polar, and somewhat soluble in water. Most FAs
are in the form of triglycerides (TGs), a series of three
individual FAs bonded to a glycerol molecule (Figures 3
and 4). This TG bonding must be broken before a free
fatty acid (FFA) is available for absorption from the
small intestine. Highly saturated TGs have high melting
points which can reduce their digestibility by 50%™ since
they are poorly hydrolyzed in the rumen.® Similarly in
another study,” a mostly saturated TG had 26% lower
digestibility than a similar degree of saturated FFA
source. Greasiness of TG, such as lard or tallow, can
reduce dry matter intake (DMI) most when applied last
or on the forage portion? of a total mixed ration.

The omega family classification system numbers
carbon atoms in sequence, starting from the methyl
end. The omega-7 family of FAs is synthesized from
palmitic acid, a fully saturated FA identified as C16:0.
The omega-9 FAs are synthesized from stearic acid,
C18:0, via oleic acid (C18:1). These two families are
not considered essential FAs for the diets of dairy cattle.

The omega-3 and omega-6 FAs are essential since
they are not synthesized in vivo by metabolic pathways.
Linoleic acid (C18:2) belongs to the omega-6 family, while
linolenic acid (C18:3) belongs to the omega-3 family.
Since chemists describe the formula of a FA starting from
the methyl end, the location of the first double carbon-
to-carbon bond determines the group classification.
Linoleic acid has two double carbon-to-carbon bonds,
and the first double bond occurs between carbons 6 and

7. Linoleic acid is classified as a PUFA of the omega-6
family. Since the first double carbon-to-carbon bond in
linolenic acid occurs between carbons 3 and 4, linole-
nic acid is classified as a PUFA of the omega-3 family
(Figure 5). Feeding more linolenic acid to dairy cows
has resulted in milk production with higher levels of
omega-3 FAs.*

Published information demonstrates that dairy
cows fed supplemental fat may experience improved
energy balance and begin to cycle earlier than unsup-
plemented cows. This is postulated to be the result of
enhanced follicular growth and development.3°

Reproductive Physiology Relative to Fatty Acids

It is also necessary to understand basic reproduc-
tive physiology when determining what types and how
much supplemental fat to feed pre- and postpartum
dairy cows. A thorough evaluation of the reproductive

Saturated fats
Formula Common name Melting point
CH,(CH,),,CO,H lauric acid 45°C
CH,(CH,) ,COH myristic acid 55°C
CH,(CH,),,CO,H palmitic acid 63°C
CH,(CH,) ,COH stearic acid 69°C
CH,(CH,),,COH arachidic acid 76°C

Figure 1. Common saturated free fatty acids. (Adapted
from Gunstone FD, Harwood JL, Dijkstra DdJ: The Lipid
Handbook, ed 3. New York, Chapman and Hall, 2007
and Lewkowltsch J: Chemical Technology and Analysis
of Oils, Fats, and Waxes, ed 6, (3 volumes). London,
Macmillion, 1922.)

Unsaturated fats
Formula Common name Melting point
CH,(CH,),CH=CH(CH,),CO,H palmitoleic acid 0°C
CH,(CH,),CH=CH(CH,),CO,H oleic acid 13°C
CH,(CH,),CH=CHCH,CH=CH(CH,),CO,H linoleic acid -5°C
CH,CH,CH=CHCH,CH=CHCH,CH=CH(CH,),CO H linolenic acid -11°C
CH,(CH,),(CH=CHCH,),(CH,),CO,H arachidonic acid -49°C

Figure 2. Common unsaturated and polyunsaturated free fatty acids. (Adapted from Gunstone FD, Harwood JL,
Dijkstra DJ: The Lipid Handbook, ed 3. New York, Chapman and Hall, 2007 and Lewkowltsch J: Chemical Technol-
ogy and Analysis of Oils, Fats, and Waxes, ed 6, (3 volumes). London, Macmillion, 1922.)
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physiology related to feeding specific FAs to dairy cows
has been published.!1213

Prostaglandins synthesized from dietary fats
are key hormonal components of animal reproductive
physiology. Arachidonic acid (C20:4) is an omega-6
FA. Although arachidonic acid is considered essential,
it can be synthesized by the process of acylation and
deacylation from linoleic acid.® Arachidonic acid is in-
corporated into the phospholipid cell walls of cells lining
the uterus, and is utilized by these cells to manufacture
prostaglandin F2 (PGF2)). PGF2_ is the primary re-
productive prostaglandin whose function is to cause the
destruction or lysis of the cells of the corpus luteum. The
corpus luteum produces large amounts of progesterone,
the hormone that maintains pregnancy. When cells of
the corpus luteum are lysed or destroyed, progesterone
levels drop, and the reproductive cycle begins again.
If too much PGF2_ is produced or if not enough pro-
gesterone is produced, pregnancy cannot continue, the
embryo dies, and the dairy cow absorbs this pregnancy
and begins another reproductive cycle. If embryo loss
occurs, the lactating dairy cow loses another 21 days of
potential pregnancy.

By contrast, linolenic acid (C18:3) is metabolized
into eicosapentaenoic acid (EPA; C20:5n-3), which along
with docosahexaenoic acid (DHA; C22:6n-3) leads to re-
duced use of the similarly structured arachidonic acid.®
Linolenic acid, EPA, and DHA produce prostaglandins of
the three series, which are reproductively inactive. This
competitive inhibition of arachidonic acid leads to lower
levels of reproductively active PGF2_ being produced by
the uterine cells, which could help in the maintenance
of pregnancy (Figures 6 and 7).

Diets rich in linoleic acid (C18:2) will increase ara-
chidonic acid concentration in the cell walls of uterine
cells, which in turn can lead to more PGF2, production
by these cells. By contrast, diets rich in linolenic acid
(C18:3), EPA, and DHA will lead to competitive inhibi-
tion of arachidonic acid, and less PGF2  production. 0445
This information has led to much interest in the linoleic

to linolenic acid ratio in dairy cattle diets, which is ba-
sically an omega-6 to omega-3 ratio. A low linoleic to
linolenic acid ratio should decrease PGF2, production,
as described by Bauman and Griinari.® In a review of
25 published studies with duodenal FA flow measure-
ments,* only in a few cases did “rumen protection” by
calcium salts or FA amides appreciably decrease ruminal
biohydrogenation below 82% for linoleic and below 86%
for linolenic and oleic FAs, as compared to “unprotected”
sources of these FAs. This illustrates the difficulty of
bypassing dietary unsaturated (UNS) FAs to the small
intestine for absorption, and of quantitatively knowing
what amount of these dietary UNS FAs survive ruminal
biohydrogenation.

Dietary Polyunsaturated Fatty Acid (PUFA)
Sources and Impact

The EPA and DHA are found in fish oil and fish
meal, but fish oil is unpalatable and may considerably
decrease DMI. Cows fed fish oil could have increased
incidence of displaced abomasum due to a decrease in
DMI when first introduced immediately following calv-
ing.!t1213 Tmproved protection of EPA and DHA in the
rumen to allow feeding of fish meal or fish oil containing

Figure 3. Trilinoleic ester of glycerol—three-dimen-
sional chemical diagram. (www.brevardbiodiesel.org/
iv.html, used with permission)

ch:_o—ﬁ—-cng CH;CH; CH; CH,CH, CHy—CH=CH-CH;-CH=CH—CH, CHCH; CHy CH;

HC :——D—ﬁ—cﬁg CH;CH;CH; CHCH; CH—~-CH=CH-CH-CH=CH-CH; CH,CH; CH CH>

H:U—D—-ﬁ—ﬁﬂzmzCHgCHg CH,CH; CH;—CH=CH-CH;-CH=CH-CH; CH;CH; CH; CH;

Figure 4. Trilinoleic ester of glycerol—two-dimensional chemical diagram. (www.brevardbiodiesel.org/iv.html, used

with permission)
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Alpha-Linolenic acid (omega 3)

6

Linoleic acid (omega 6)

Figure 5. Chemical structure differences between
linolenic and linoleic acids. (www.siberiantigernaturals.
com/omega3.htm)

Omega-6 fatty acids: Linoleic acid (C 18:2)
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Figure 6. Enzyme action on dietary fats: production
of arachidonic acid from omega-6 fatty acids; omega-3
fatty acids yield, instead, eicosapentaenoic acid (EPA),
which is further metabolized to form docosahexaenoic
acid (DHA). (from Dharmamanda S: Reducing Inflam-
mation with Diet and Supplements. www.itmonline.org/
arts.lox.htm, 2003, p 1, used with permission.)

EPA and DHA in sufficient amounts to prevent reduc-
tion in DMI, but still have the benefit of reduced PGF2_
production, is needed.'»1213 Feeding calcium salts of
fish oil offered no protection against ruminal biohydro-
genation of EPA and DHA beyond that observed with
unprotected fish oil.!8

Feeding flaxseed, an oilseed relatively high in
linolenic acid, is an alternative since linolenic acid can
be synthesized by biochemical pathways into EPA.
However, no practical method is available for protecting
linolenic acid in flaxseed from rumen microorganisms
that biohydrogenate linolenic acid into another more
saturated FA. If a method were discovered to protect
linolenic acid in the rumen and this method would al-
low delivery of unchanged linolenic acid to the small
intestine, linolenic acid could be converted to EPA. This

Omega-8 Enzyme Omega-3
Linoleic acid Alpha-linol enic
(C 18:2) acid[C 18:3)
l A 6-Desaturase l
Gamma-linol enic
acid(C 18:3) C 184
Elongase l
Dihomogamma
linolenic acid C 204
(C 20:3)
l A 5-Desaturase l
Arachidonic acid Eicosapentaenoic
(C 20:4) acid[C 20:5)
l Elongase l
Cez4 . C 22:5
l A 4-Desaturase l
. Docosahexaenoic
s acid (C 22:6)

Figure 7. The basic dietary omega-6 fatty acid (linoleic
acid) and its product arachidonic acid; the basic plant-
based omega-3 fatty acid (linolenic acid) and its product
of metabolism, docosahexaenoic acid (DHA), which,
like eicosapentaenoic acid (EPA), is obtained directly
from fish oil. The molecules are labeled according to the
number of carbons and number of double bonds in the
chain. (from Dharmamanda S: Reducing Inflammation
with Diet and Supplements. www.itmonline.org/arts.
lox.htm, 2003, p 1, used with permission.)

would decrease PGF2, production at critical times of
reproductive necessity.

A recent literature review conducted by Ambrose
and Kastelic® has demonstrated and summarized the
potential effects of PUFAs on dairy cattle reproduction.
Five key points were highlighted:

1. PUFAs such as linoleic (omega-6) (C:18:2n-6),
o-linolenic (omega-3) (C:18:3n-3), eicosapentaenoic
(omega-3) (C:20:5n-3), and docosahexaenoic (omega-3)
(C:22:6n-3) acids can affect reproduction and fertility.

2. Linoleic acid is found mainly in oilseeds, whereas
linolenic acid is found predominantly in forages and in
some oilseeds (flaxseed); EPA and DHA are high in fish
oils.
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3. Dairy cows fed diets high in EPA and DHA
(supplementation with menhaden fish meal) or linole-
nic acid (supplementation with flaxseed) during early
pregnancy had reduced PGF2_ production and increased
pregnancy rates.

4. Feeding diets high in linolenic acid during the
dry period may increase the incidence of placental reten-
tion due to inhibition of PGF2_production.*

5. Dietary supplementation of select PUFAs during
the postpartum period can potentially improve fertility
in dairy cows, but more research is essential.

Metabolism and Impact of trans Fatty Acids

Another important aspect of incorporating dietary
fat into lactating cow diets is the effect of trans FAs.
Cis and trans isomers of the same chemical organic
compound refers to the actual geometric shape of a
particular organic chemical compound. This geometric
shape can greatly alter the biochemical function and
action of a specific isomer. Fatty acid isomers are no
different. Trans FAs refer to isomeric UNS FAs contain-
ing one or more double carbon-to-carbon bonds in the
trans configuration.®? Similar changes to PUFAs occur
in the rumen and in industrial processes, both yielding
higher levels of trans fatty acids.*66! Since most FAs in
plants are in the cis form, they must first be converted
to the trans form through a progression of isomerase-
and hydrolyase-mediated steps before ruminal biohy-
drogenation can occur (Figure 8). The term cis refers
to hydrogen atoms being on the same side of a double
bond, while ¢rans refers to hydrogen atoms being on the
opposite side of a double bond.

Vaccenic acid (C:18:1 Al-trans) is the major product
of rumen action to produce ¢rans FAs. It is the trans-10

Unsaturated

H+

v

Saturated FA

Figure 8. Initial steps of isomerastion and hydrolyation
before ruminal biohydrogenation. (Created by Dr. Adam
Lock, Michigan State University, used with permission.)

cis-12 C18:2 isomer that appears to cause the most milk
fat depression.?

Feeding high levels of grain-based FAs high in
linoleic acid results in considerable production of trans
FAs within the rumen, which in turn reduces milk fat
production by a complex biochemical pathway. This
has contributed to milk fat depression in dairies utiliz-
ing high levels of distiller’s grains, a byproduct of the
ethanol production industry, or in combination with
other dietary UNS FA sources.*? Distiller’s grains are
high in corn oil and linoleic acid. Feeding fats already
in a trans configuration does not mean PUFAs will not
be further altered by rumen microorganisms and modify
their biochemical and/or physiological effects. It has
been demonstrated that nearly all PUFAs are altered by
biohydrogenation to some extent in the rumen (Figure
8).#1 The only way to prevent this process is to feed a
higher level of already-saturated free fatty acids (SF-
FAs).%6 Milk fat depression caused by trans-10 cis-12
C18:2 formation in the rumen is reported in the litera-
ture. As little as 3 grams of this isomer formed daily in
the rumen is sufficient to reduce milk fat production by
25% or more.?%4752 This is a more minor side pathway
as shown in Figure 9.

Although SFFAs may undergo some biochemical
alterations in the rumen, a recent study with ileum-
cannulated cows indicated that SFFAs are not converted
into unsaturated fats, nor are they converted into trans
FAs.*” Another study has demonstrated that plasma
prostaglandin metabolite concentration was greater in
multiparous cows fed a trans FA supplemented diet than
those receiving an isocaloric control diet enriched with
a saturated fat.®® In primiparous cows, no difference in
prostaglandin metabolites was discovered. Although
increased levels of -prostaglandin metabolites may
benefit a multiparous cow by stimulating more motil-
ity and increased inflammatory response in the uterus
post-calving, it would not benefit the dairy cow that is
recently bred and attempting embryo implantation.
Trans FAs in excess are not beneficial and excess linoleic
acid in the postpartum cow could lead to increased levels
of PGF2  and reduced reproductive efficiency, as well as
increased amounts of rumen alteration to trans FAs.6¢
The linoleic to linolenic FA ratio in a dairy cow diet is
important to lactating dairy cow health.*

Three Major Transition Cow Health Events

Hypocalcemia, ketosis, and retained fetal mem-
branes are clinical challenges for veterinarians providing
professional services to modern dairy production units.
These three major health-altering events may be con-
trolled in some respects by having influence over the diet
fed to the dairy cow during the dry cow period and the
first 150 days of lactation. The practicing veterinarian
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linoleic acid
(cis-9, cis-12 Cyg.,) ™~
.
Sa
conjugated linoleic acid conjugated linoleic acid
(cis-9, trans-11 CLA) trans-10, cis-12 CLA
v
trans-11 C,g. trans-10 C,.,

¢

stearic acid (Cyg.0) stearic acid (C,g.q)

trans-10, ¢cis-12 CLA |—  trans-10 18:1 i

Linoleic(18:2)
NORMAL \

cis-9, trans-11CLA \——;

Steasic
18:0 )

e
trans-11 18:1 /

Figure 9. Major and minor pathways of ruminal
biohydrogenation of linoleic acid. (top figure: from
Bauman DL, Griinari JM: Regulation and nutritional
manipulation of milk fat: low-fat syndrome. Liv Prod
Sci 70:15-29, 2001. bottom figure: from Jenkins TC,
Klein CM, Mechor GD: Managing milk fat depression:
interactions of ionophores, fat supplements, and other
risk factors. FL Ruminant Nutr Conf, Gainesville, pp
1-11, 2009, used with permission.)

may not have control over the nutritional management
of these production periods, but he or she should influ-
ence the dietary management of the dairy cow to prevent
nutritionally related disease conditions.

The dairy cow has a complex endocrine system
designed to maintain and nurture a fetus. Progester-
one is produced by the ovarian corpus luteum. This
hormone feeds back on the entire endocrine system to
prevent routine reproductive cycling, the production of
PGF2, and the loss of pregnancy. It is understood that
progesterone is immunosuppressive.2333435535 Tmmu-
nosuppression is necessary to prevent overreaction of the
maternal immune system, which in turn may recognize
the different genetic structure of the fetus as foreign.
This recognition could result in rejection of the fetus
and subsequent abortion prior to full-term development.

While progesterone immunosuppression is recog-
nized as normal and beneficial, the resulting immuno-
suppression appears to be greatest during the last two
months of pregnancy in the dairy cow. If this period of
production is coupled with increased stress and avoid-
able stressor events, increased levels of cortisol, another
immunosuppressive hormone released from the adrenal
cortex, will add to the immunosuppressive activity of
progesterone. The resulting severe immunosuppres-
sion can in turn lead to increased incidence of retained
placenta, hypocalcemia (milk fever), and metabolic
imbalances such as ketosis. It has also been demon-
strated that lactation itself is a stressor, especially in
high producing dairy cows.?” An association has been
developed between metabolic disease and subsequent
development of reproductive disorders.”2"5660.70.76 Tpn
Israeli dairies studied,’” there was a very strong asso-
ciation between parturient hypocalcemia and retained
placenta. For instance, the odds ratio (multiplicative
increases in occurrence) found that a milk fever cow was
3.2 times more likely to retain her placenta than a cow
that had not had milk fever. Hypocalcemia also greatly
increased the risk of mastitis.?! Strong links between hy-
pocalcemia and the increased incidence of endometritis
have also been demonstrated.®’ A large scale Swedish
study? involving 772 herds found the risk of ovulatory
dysfunction was increased in cows that had suffered
ketosis. Another study conducted in 1985% reported that
80% of cows with ketonuria developed metritis. These
studies suggest metabolic diseases impair immune func-
tion, predisposing the dairy cow to uterine infection and
mastitis. Retained placenta has been identified as a risk
factor for development of ketosis.?52"5!

Managing Cow Comfort and Stress

Cow comfort is a major management issue in to-
day’s confinement dairy operations. Most veterinarians
recognize the essential nature of individual lactating
cow comfort, and its importance for maximizing milk
production and reproductive efficiency. It is just as
important to manage individual cow comfort in the dry
cow pen, and extremely important to manage individual
cow comfort in the up-close and postpartum pens. For
optimal reproductive management, practitioners should
ensure their dairy clients are properly managing transi-
tion cows, which in turn can improve breeding manage-
ment programs.®

The usual chain of events for a dairy cow nearing
the end of the dry period produces stress. The fetus is
experiencing very rapid growth in the last 60 days of
gestation. The mammary gland is growing, repairing,
and preparing for lactation, producing large amounts of
colostrum. These normal functions require considerable
protein and energy. Unfortunately, at this time, DMI
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can decrease as much as 20-30%. These stressful events
cause the cow’s adrenal cortex glands to produce higher
levels of cortisol, the stress hormone, which along with
high blood levels of progesterone can cause severe im-
munosuppression. If dry cows are mismanaged at this
period by overcrowding, under-feeding, exposing them
to heat stress, or by making excessive pen or group
changes, the stress response is exacerbated, resulting
in weight loss, fat mobilization, and ketosis. Over-
conditioned cows are at a much higher risk for ketosis.
Thus, in addition to the ketogenic effects of increasing
levels of cortisol, a metabolic risk has been created.

A direct link between blood cortisol levels, keto-
sis, and the increased incidence of retained placenta
has been determined in some studies,® with retained
placenta being directly related to immune status before
calving. Additionally, immunity can be negatively af-
fected by decreases in energy intake.?®?” Conversely,
cows experiencing calving difficulty, hypocalcemia, twin-
ning, or retained placenta have higher risks for ketosis
and uterine infection after calving.?’

Studies suggest retained fetal membranes are
caused by an impaired immune response,’! and that
neutrophil function determines whether or not a cow will
develop retained placenta.*® At parturition, the immune
system must recognize fetal membranes as foreign tis-
sue and mount an immune response to have normal or
natural release of the placental tissues from maternal
tissues. Cows that are stressed, nutritionally misman-
aged, and improperly handled will have a depressed
immune function, and are at risk for retained fetal
membranes. Cows that develop retained placenta have
reduced levels of antioxidants in their blood.!” Veterinar-
ians recognize that a storm of retained placentas needs
immediate medical attention and possible nutritional
management intervention. Selenium and vitamin E
levels, the calcium to phosphorus ratio in dry cow and
fresh cow diets, as well as the total calcium and phos-
phorus levels must be fully evaluated by the attending
veterinarian.®!67082 A]] fresh dairy cows are likely in a
negative protein and energy balance shortly after calv-
ing. It is common for a fresh cow to lose 30 to 50 1b (14
to 23 kg) of body protein during the first two weeks of
lactation, which has been shown to support amino acid
and glucose requirements for milk production.!#!4.59.65

Managing Ketosis and Energy Needs During
The Transition Period

The ketogenic effects of abrupt fat mobilization to
meet additional energy needs associated with reduced
DMI at calving, and negative energy balances associated
with early lactation, is detrimental to not only hepatic
function (fatty liver syndrome), but also immune system
and specific immune cell functions.’® Recent research

has discovered that neutrophil activity in fresh cows was
significantly reduced, and this reduced activity was evi-
dent the day of calving, even before lactation and before
bacterial exposure to the uterus.?? This may explain why
20 to 30% of fresh cows will develop clinical metritis.*
Endometritis is actually present in 40 to 50% of cows
examined four weeks post-calving.*® Leukocytes from
cows with endometritis are significantly less phagocytic
than those from cows without endometritis.*

This information should lead a practitioner to
becoming intimately involved in the nutritional and
animal husbandry management of the dry cow and
the early lactation cow. To be successful at attaining a
reasonable goal for reproductive efficiency and to avoid
metabolic disorders in a modern dairy, veterinarians
must be focused on reducing stress at critical points
when immunosuppression is known to exist. The chal-
lenges are to improve feed intake, to improve energy
balance, and to make a high energy diet palatable,
especially when supplemented with fat. At the critical
period around calving, veterinarians must help ensure
palatable and properly balanced rations are provided,
and must promote animal husbandry practices to ensure
clean maternity pens, clean obstetrical equipment, clean
housing and stalls, and cool, uncrowded feeding areas
with at least 30 linear inches (76 cm) of bunk space per
cow. This approach involves the following areas:

Provide for high energy diets in lower volumes con-
sumed at, near, and following calving by adding SFFAs
to the diet for consumption at a rate of 0.5 to 11b (0.23 to
0.45 kg) per cow per day. This process should commence
at least two weeks prior to calving and should extend
through the first 150 days of lactation when cows are
in negative energy balance and proceeding to replenish
body condition.

Reduce dietary potassium intake in dry cow rations
and insure that dietary magnesium levels are at least
0.4%.% Since dietary potassium levels are not always
known, use higher magnesium levels since potassium
decreases magnesium absorption.™

Use anionic-based ration management to control
the incidence and severity of hypocalcemia, while moni-
toring the calcium to phosphorus ratios!® and levels in
the dry cow and early lactation diets. This is also directly
related to dietary potassium and magnesium levels, as
noted in 2 above.

Closely monitor the linoleic to linolenic acid ratios
in both dry cow and early lactation rations, but especially
for dry cow and close-up rations.*

Maintain adequate effective fiber in dry cow and
fresh cow rations fed to prevent displaced abomasums.™

Avoid overfeeding dry cows as fat cows develop
ketosis much faster, have a higher incidence of ketosis,
and develop a greater incidence of ketosis that is non-
responsive or poorly responsive to treatment.%
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All of these practices are necessary to prevent
severe immunosuppression in dairy cows at the critical
time of late dry cow and early lactation management.

Types and Characteristics of Major
Fat Supplements

Several types of fat supplements are available for
feeding to dairy cows: triglycerides (T'Gs) which can
be liquid, dependent on melting point; calcium salts of
fatty acids (CSFA), typically comprised of palm fatty acid
distillate which has about 50% UNS FAs and contains
about 82% fat; and mostly saturated free fatty acids (SF-
FAs) which are about 85% saturated and contain 98%
fat. The latter provide the dairy cow with a net energy
of lactation that is 20% greater than CSFA simply based
on fat content. The level of UNS FAs has been shown
to be directly related to DMI decrease.? This informa-
tion was incorporated into a linear relationship by the
2001 Dairy NRC,® which established that for each one
percentage unit that CSFAs were incorporated into a
diet, DMI was reduced by 2.5%. Feeding higher levels
of corn silage or distiller’s grains, or other grain-based
products high in linoleic acid would exacerbate the DMI
decrease. Feeding SFFAs can provide many of the ben-
efits of feeding higher levels of omega-3 FAs without the
DMI suppression associated with fish oils.

Limitations of Feeding Whole Cottonseed

Cottonseed is extensively utilized in diets for lac-
tating dairy cows as a source of protein, fat, and fiber.
Attempting to obtain fat energy from whole cottonseed
has a possible detrimental effect.!5738 Cottonseed
contains gossypol, a potentially toxic polyphenolic com-
pound produced by the pigment glands of the cotton
plant. Cows fed diets with significant levels of gossypol
experienced reduced conception rates and experienced
greater fetal losses.!96772® When more energy is re-
quired to maximize production, it is tempting for dairy
producers to simply increase the cottonseed content of
the lactating cow diet. When lactating dairy cow recipi-
ents received embryos from heifers fed 12 g per day of
free gossypol, the embryos produced reduced pregnancy
rates at 28 and 42 days of gestation.?® Lactating dairy
cows fed diets high in free gossypol exhibited increases
in measured plasma gossypol, reduced conception rates,
and increased pregnancy losses.”? Gossypol can also
cause bulls to become sterile.'>!® This is an important
issue for herds commingling bulls with lactating cows.

The fat contained in whole cottonseed is in the form
of cottonseed oil. Unsaturated FAs are the predominate
FAs found in cottonseed oil. Although the oil fat is in
a TG chemical configuration, the TGs must first be hy-
drolyzed in the rumen, and the resulting UNS FAs are

further biohydrogenated by rumen organisms. Fifty
percent of FFAs released by TG hydrolysis are linoleic
acid, making whole cottonseed a significant contributor
to the total linoleic acid contained in the diet of dairy
cows. The linoleic acid released from TG hydrolysis con-
tributes very significant amounts of linoleic acid to the
linoleic side of the linoleic to linolenic acid ratio in the
diet of the dairy cow.” Gossypol’s effect on reproductive
parameters in the dairy cow are significant enough that
researchers have questioned the use of whole cottonseed
as an energy source in early lactation cow diets and in
donor cow diets.™

Effects of Supplemental Fatty Acids in
Free Form or as Calcium Salts

Saturated FFAs do not contain gossypol, and can
be recommended to increase energy levels in the late
dry cow diet and early lactation diet without any of the
detrimental effects associated with PUFAs or whole cot-
tonseed intake. Palm FA distillate is also much higher in
linoleic acid than are SFFAs, which can lead to greater
production of prostaglandin F2_ and possible negative
effects on pregnancy, as discussed previously.

Calcium salts of FAs of palm distillate are known
to depress DMI when supplied in the diet of dairy cattle,
which should be avoided in the late dry period and early
lactation period.?? These two periods of production are
already plagued with DMI limitations. Adding CSFAs
could exacerbate this problem at a very critical time.
SFFAs are palatable, adding a dense source of energy at
a time of stress and endocrine-induced depressed DMI,
without negatively influencing DMI itself. Michigan
State University scientists®¢3’” demonstrated that as
dietary UNS FA levels increase relative to SFFAs , cows
decreased DMI through the mechanism of greater cho-
lecystokinin (CCK) plasma levels leading to decreased
rumination and meal size,® increased non-essential FA
(NEFA) levels from body condition mobilization in an
attempt to maintain milk production, and decreased
milk fat due to incomplete ruminal biohydrogenation
of PUFAs. This resulted in more trans-10 cis-12 C18:2
production and significantly decreased C18:3 duodenal
flow, even though dietary intake of C18:3 significantly
increased with increased levels of dietary PUFAs. About
30% PUFAs were contained in the CSFA product which
is intended to deliver more PUFA to the small intestine
(but the opposite actually occurred), and to consequently
enhance reproduction. Fat sources incorporating more
PUFAs will further decrease DMI and milk fat than
more conventional CSFA sources. It is critical that
supplemental fat sources do not decrease DMI even
in a low volume, high-energy ration commonly fed to
dairy cattle during the late dry period. When utilizing
unpalatable anionic sources in the late dry cow diet to
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control hypocalcemia, the practitioner will want to use
a highly palatable fat source like SFFAs to provide the
additional energy needed, without the detrimental DMI
depression associated with CSFAs, and without adding
any appreciable amount of linoleic acid to the dry cow
diet. While it is commonly assumed that supplemental
fat reduces DMI in early lactation, most studies have
been done with CSFA which do reduce DMI because of
their UNS FA content, as already noted.

Early lactation studies with a treated tallow,®
which may have had reduced digestibility depending
on the degree of saturated TGs and high melting point,
and a SFFA supplemental fat source® did not reduce
DMI compared to non-fat-supplemented control diets.
Over a 15-week period in the latter trial, cows aver-
aged 52 1b (23.6 kg) DMI and 99 1b (45 kg) milk on the
fat-supplemented treatment with 60% forage, and 54
1b (24.5 kg) DMI and 107 1b (48.6 kg) milk on the fat-
supplemented treatment with 40% forage.

Impact of SFFA Supplementation on
Fat Soluble Vitamins

Some veterinarians and nutritionists may be
concerned about fat soluble vitamin availability and
absorption in diets containing SFFAs. Recent research
has determined that vitamin E absorption and status is
unaffected by adding a fat supplement of SFFAs to the
diets of transition cows.®

Conclusions

Veterinarians typically do not formulate dry cow
and early lactation diets, but they can influence ration
composition when health and reproductive efficiency is
critical. Two very recent studies define the importance
of body condition for postpartum dairy cows, the signifi-
cance and importance of maintaining body condition, and
the effect loss of body condition may have on health and
welfare of lactating dairy cows under the supervision of
food animal veterinarians.!®”

These studies point out a direct correlation between
postpartum body condition of dairy cows and increased
somatic cell counts and lameness scores. Feeding a fat
supplement to up-close dairy cows and early lactation
cows is an important tool for the veterinarian to consider
to provide additional dietary energy to keep body condi-
tion from being lost too quickly after calving, which may
impact the health of the early lactation cow. Although
there are many sources of dietary fat to consider, careful
study of the literature and practical applications on the
dairy farm readily illustrate the medical and nutraceuti-
cal benefits of adding SFFAs to the diets of dry and early
lactation dairy cows.
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