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Supplementation of a rumen-protected conjugated lialeic acid mixture
(cis-9,trans-11; trans-10,cis-12) to early lactation dairy cows — effects on

feed intake and performance

Conjugated linoleic acids (CLA) are geometric amsipponal isomers of linoleic acid
with conjugated double bond€is-9, trans-11 andtrans-10, cis-12 CLA are the two most
intensively studied isomers. Tles-9, trans-11 isomer has been mainly studied with respect
to improved human diet and health issues, wherte@$es consideringrans-10, cis-12 CLA
have mainly investigated the effects on ruminantithon because of its dose-dependent milk
fat depressing properties. Most studies have bedormqmed in the United States of America;
however, all of them were time-limited, and did iollow the effects of a restricted CLA
feeding period throughout lactation. This has leame main objective of this thesis, which
includes a study where a rumen-protected mixed €auérce (3.22 g/d and 3.36 dfans-10,
cis-12 CLA andcis9, trans-11 CLA, respectively) was fed for a) 80 d and B) U starting 6
d after parturition. The total observation perioésw240 d. Furthermore, a study was
performed investigating the effects of supplemeéonatvith 4.96 g/d each dfans-10, cis-12
CLA andcis9, trans-11 CLA as a rumen-protected mixed CLA producttstgrduring the
transition period and early lactation (d 18 a.pd ®0 p.p.). Performance in milk was observed
for 100 days.

The results reveal a tendency for depressed milkdatent across the entire lactation
period in the long term (100 d) by transition fewgdwith CLA. The milk yield tended to
increase with CLA feeding across the lactation qeeridepending on the duration of
supplementation. These results, however, are aalig ¥or multiparous cows. It seems as if
primiparous cows react differently upon CLA-inducadk fat depression. No effects on milk
fat were visible in this case. Dairy cows fed CLAridg the transition period showed a
quicker reduction in milk fat content after partiom than if feeding started after parturition.
It seems as if the period of lactation at which @igA supplementation is terminated has an
influence on the recovery of milk fat content. Téreergy balance could have an effect, since
animals in positive energy balance mobilize faityda that were retained beforehand. No
differences between the American studies and tesepit study could be found. No effects of
CLA product supplementation were detected on thewsrnof energy corrected milk yield,

dry matter intake, live weight, energy balancepkest indices.



Verabreichung einer pansengeschiitzen Zulage von kpgierten
Linolsauren (cis-9, trans-11; trans-10, cis-12) an frihlaktierende Milchkihe

— Auswirkungen auf Futteraufnahme und Leistung

Konjugierte Linolsduren (CLA) sind geometrische updsitionelle Isomere der
Linolsaure, bei denen die Doppelbindungen konjagigrd. Den am haufigsten untersuchten
Isomerencis-9, trans-11 CLA und trans-10, ciss12 CLA werden verschiedene Effekte
zugewiesen. Wahremds-9, trans-11 CLA hauptséchlich in Bezug auf die Humanernagru
und —gesundheit untersucht wird, erlangbns-10, ciss12 CLA Bedeutung in der
Wiederkauerernahrung durch die Dosis abhangigehtéttgehalt absenkende Wirkung. Die
meisten Studien zu dessen Wirkungsweise wurderebishden USA durchgeftihrt. Diese
waren jedoch zeitlich begrenzt, weshalb in deriggdnden Thesis eine Studie prasentiert
wird, die die Effekte einer Verfutterung von pansabilen CLA-Produkt (jeweils 3.22 g/d
bis 3.36 g/drans-10, cis-12 CLA undcis-9, trans-11 CLA) beginnend nach dem Abkalben
fur jeweils 80 oder 120 Tage, Uber die Supplemantigsdauer (240 Tage insgesamt) hinaus
untersucht wird. Eine weitere Studie befasste mighder Verabreichung von CLA-Produkt
(4.96 g/dtrans-10, cis-12 CLA sowiecis-9, trans-11 CLA) in der Transitphase (-18 bis 80
Tage in Bezug auf das Kalbedatum) und mégliche tdokgede zu US Literaturdaten.

Die Ergebnisse zeigen, dass durch eine Verabreichuon CLA-Produkt bei
TransitfUtterung oder Uber 120 Laktationstage, WNichfettgehalt tendenziell tber die
Laktationsdauer absenkt werden kann, wahrend diehiienge in der Tendenz Uber die
Laktationsleistung, abhangig von der Supplementigsdauer, gesteigert ist. Diese
Ergebnisse gelten nur fir mehrkalbige Kuhe. Farsagieren anders auf eine CLA induzierte
Milchfettdepression, denn der Milchfettgehalt wair runzul&nglich abgesenkt. Es waren
keine Effekte Uber die Laktationsdauer zu erkenféere, die wahrend der Transitphase
CLA-Produkt erhielten, reagierten nach Laktatiomgiwe schneller mit einer
Milchfettdepression, als Tiere die erst mit dert{adg CLA erhielten. Der Absetzzeitpunkt
des CLA Produktes wirkt sich auf die Dauer der Regation des Milchfettgehaltes aus. Der
Energiestatus der Tiere kdonnte hierauf einen Essflnaben, da bei negativer Energiebilanz
CLA aus retenierten Korperreserven freigesetzt wihaterschiede zwischen US Studien und
der vorliegenden Studie konnten nicht ermittelt deer Die CLA-Supplementierungen
wirken sich nicht auf die Menge an energiekorrigierMilch, Trockenmasseaufnahme,
Lebendmasse, Energiebilanz, Ketosevariablen unBrdiehtbarkeit der Tiere aus.
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1 INTRODUCTION
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Scientific interest in conjugated linoleic acid (@Lhas grown steadily over the past
two decades and various studies have been publisttederse fields of expertise. Generally,
two isomers are addressed with respect to CLA¢I#8, trans-11 CLA and thdrans-10, cis-

12 CLA. However, a broad number of other CLA isosnekist, but the various beneficial
physiological and health-promoting effects havenbassigned to the two isomers mentioned
above. These issues reach from human health amdiongl benefits to profits in animal
performance and health. These actions iater alia enforced by the anti-atherogenic
properties (McLeod et al., 2004; Terpestra, 20@4)j-carcinogenic activities for a wide
range of cancer types (Banni et al., 1999; Ip ¢t28l00; Majumeder et al., 2002; Field and
Shley, 2004; Lock et al., 2004) and lipid syntheamdifying effects in the body (Park et al.,
1997; DelLany et al., 1999; Ostrowska et al., 1998ain et al., 2000; Brown et al., 2004;
Terpestra, 2004; Chung et al., 2005) and spediigalmammary tissues (Chouinard et al.,
1999; Baumgard et al., 200Beneficial effects to the immune (O’'Shea et2004; Tricon et
al., 2004) and the reproductive systems (Castaediirez et al., 2007, de Veth et al.,
2009) have further been stated, mainly by the amalgf animal models dealing with rats,

mice and rabbits, but also in livestock feedinglsi

In human nutrition, CLA is primarily promoted assamming agent with beneficial
effects on health maintenance and disease prewveritierefore, efforts have been made to
enhance the CLA content in milk fatty acids. Thammeatural CLA present in milk fat s
9, trans-11 CLA, comprising 75-90% of the total CLA (Baumand Grinarii, 2003; Parodi,
2003); it is attributed to the anti-carcinogenicdaanti-atherogenic activities of CLA.
Strategies enhancing the levelsad-9, trans-11 CLA in milk fat elevate the nutraceutical
value of milk and have to follow the rule that ieasing amounts dfans-11 C18:1 in the
rumen outflow is transformed by9-destaurase tois-9, trans-11 CLA. To increase rumen
trans-11 C18:1 outflow, polyunsaturated fatty acids hawee be available for rumen
biohydrogenation. Anti-obesity effects have bednatted to therans-10, cis-12 isomer of
CLA, but it never represents more than 1 to 2%hef tbtal CLA in milk fat. Food derived
from ruminants cannot provide sufficient amountshié isomer to have biological effects on
body fat.

Within the last decade, the supplementation of GhAlivestock markets has been
encouraged. Different outcomes are supported bgleogenting animals with CLA products.
In non-ruminant nutrition, CLA is mainly promoted an agent to increase lean muscle mass,
whereas in ruminants it is considered as a poteatniemt repartitioning agent with benefits to
health and fertility. A milk fat depressing effeat trans-10, cis-12 CLA has been verified
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(Chouinard et al., 1999; Baumgard et al., 2001wdisadha et al., 2003), and supplementing
this isomer as a nutrient repartitioning agent myarly lactation has become of interest in
countries where the milk market is ruled by quotsteams. However, in those markets ruled
by a quota system, like the European Union and @anacould further be an instrument to
optimize the quota in terms of short shipping theduota by reducing the milk fat content.
However, the viability of this strategy is mainlgmendent on the actual price paid for milk.
Newer studies have provided information tlrains-10, cis-12 CLA carries the additional
benefit of providing a further increase in the farfa profit. In some studies (Odens et al.
2007; Liermann et al., 2008), a positive influelo¢enixed CLA products on energy balance
in early lactation dairy cows has been observedcesreproductive performance is highly
linked to the extent and the timing of the negagvergy balance nadir (Lucy et al., 1992;
Beam and Butler, 1999), benefits in this trait cdouybossibly be linked to CLA
supplementation; these claims have been suppoyt€ahstafieda-Gutiérrez et al. (2007).

Several studies have been performed to analyzentlvence oftrans-10, cis-12 CLA

on milk production in dairy cows by abomasal infus{Chouinard et al., 1999; Baumgard et
al., 2001, 2002; Bell and Kennelly, 2003; Seebgl.et2@05; Harvatine and Bauman, 2011)
and oral supplementation (Perfield et al., 2002rnBeSantos et al., 2003; Gervais et al.,
2005; Moallem et al., 2010; Sigl et al., 2010; Hhinson et al., 2011). Earlier studies (1999 to
2005 as reported above) were mostly conductedws curing established and late lactation
and ended with the termination of CLA supplementatWith the exception of Hutchinson et
al., 2011, recent studies (2010 to 2011 as repatede) were conducted in early lactation
dairy cows and the observation of CLA’s influen@mtmued with the cessation of CLA
supplementation. Thus two studies were designemhvestigate the development of milk
composition and variables influencing the energlaae in cows fed a rumen-inert CLA
product, containingis-9, trans-11 CLA andtrans-10, cis-12 CLA, during early lactation and
beyond the period of CLA supplementation. The faziuthe first study was to investigate the
impact of variable duration of supplementation watlfCLA product on mammary synthesis
after the cessation of supplementation. Supplerientaffects were further studied in terms
of energy balance, dry matter intake and healtwealkas fertility performance. The focus of
the second study was to investigate how the samables responded when a CLA product
was fed throughout the transition period and eadyation, following animals up to the 100
day in milk. A further objective of this study was determine if the impact of a mixed CLA
product fed to dairy cows ingesting a typical CahEuropean ration generates comparable

effects as those found in the literature from Armemi studies.
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Chemistry of conjugated linoleic acid

The category of geometric and positional isomerfinmfleic acid is called conjugated
linoleic acid CLA). Linoleic acid is a single molecule and an octadgene acid with twois
double bonds, which are positioned, counting fromdarboxy group, at carbon atoms 9 and
12. This makes the linoleic acid amega-6 fatty acid. Figure 1A provides the structure of
this molecule. The conjugation of double bondsimoleic acids is achieved by relocation,
with the result that the double bonds only are s#pd by a single (methylene) bond. In the
majority of cases, conjugated double bonds ardiposd at carbon atoms 8 and 10, 9 and 11,
10 and 12 or 11 and 13 (Larsen et al., 2008 andtrans formation adds further diversity to
CLA molecules and provides a great variety of males defined as CLA. The structures of
two important CLA molecules;is-9, trans-11 CLA andtrans-10, cis-12 CLA, are shown in

Figures 1B and 1C.

0
A 12 9 JJ\O
- - H

O

Figure 1. Structural formula of linoleic acid (Akis-9, trans-11 CLA (B) andtrans-10, cis-
12 CLA (C).

CLA in ruminant products

Ruminants synthesize a variety of CLA isomers eedogsly from polyunsaturated
fatty acids PUFA). Becausérans-fatty acids naturally occur through the ruminatpmocess
(Arab, 2003), ruminant products are a main dietaage for human CLA intake. The CLA
synthesis of ruminants is based on two origins. &uimnohydrogenation of PUFA represents
the first pathway, whereas the second is basedssnoet CLA synthesis with the help of
bovine stearoyl-CoA desaturasedD) (Griinari and Baumann, 1999). These pathways have
been shown by Chilliard and Ferlay (2004) to yié&Po of total CLA synthesis. A further

way to increase the amount of single CLA isomers riiminant products is the



Literature review 11

supplementation of specific rumen-inert CLA isomerdis is a practicable method to
increase the content tfans-10, cis-12 CLA in ruminant products, but it is a poor at®io
influence the concentration ofs-9, trans-11 CLA in milk and meat, because its endogenous

synthesis is great with respect to the intestibabgption rate.
Endogenous rumen CLA synthesis

Rumen microbial lipid metabolism is characterizedtbe lipolysis of dietary lipids.
Free fatty acidsHFA) are released, followed by biohydrogenation, whgchlso affected by
rumen micro-organisms (Harfoot and Hazlewood, 19BKhydrogenation of dietary PUFA
results in the accumulation of CLA or its precuss@elly, 2001) in the rumen. Free PUFA
in rumen fluid are preferentially biohydrogenatedlacteria, while protozoa have a minor
role in this process (Harfoot and Hazlewood, 199V )series of bacterial species possess
hydrating activities on PUFA. Kemp and Lander (1984ided them into two groups,
depending on the steps of biohydrogenation catdlizgethem and the resulting end products.
Group A bacteria are capable of isomerizing andhyaoogenating linoleic and-linolenic
acid. The major end product of this processass-11 C18:1 (Ward et al., 1964). This is the
substrate for the bacteria of group B, which thehydrogenate the substrate further to the
end product, stearic acid (C18:0). Figure 2 givesoaerview of the biohydrogenation

pathways of different bacterial groups in the rumen

Mammary Gland' Tissue Rumen

cig-9, cigl2 C18:2 |

&

cis-9, cig-12 C18:2

Y
cig-9, frans-11 CLA > Cir

&

cig-9, trans-11 CLA oup A

A9 desaturase

b J
frans-11 C18:1

trans-11 C18:1
L Group B

\
C1&:0 A

&

cig-3 C18:1 +—— C18:0
AO-desaturase

Figure 2. Endogenous synthesis of conjugated linoleic acil tdurumen biohydrogenation
of dietary linoleic acid and to desaturation irstis. Adapted from Bauman et al.
(2000).
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Rumen biohydrogenation of linoleic acid

The sequence of linoleic acid biohydrogenatiomisiated by the isomerization of its
cis-12 double bond. This is a very unusual processaus®e action in the middle of a molecule
is uncommon, especially because no co-factors leeroactivating functional groups are
required by the enzymes (Kepler and Tove, 1967¢. §pecific enzyme transforming this-

12 double bond into tans-11 double bond is called linoleatisomeraséd2-cis, A114rans
isomerase. It is bound to the bacterial cell membrand reacts specifically ans-9, cis-12
dienes with a free carboxy group. The quick attammimof a proton to carbon atom 13
initiates the isomerisation of thees-12 double bond. As soon as only one double bond is
the geometridrans-form or the double bond is relocated to one cardom, the activity of
Al12<cis All4rans isomerase ceases (Kepler et al., 1970). The folipwstep in
biohydrogenation is the reduction a@fs-9, transs11 CLA to trans-11 C18:1. Because
biohydrogenation otrans-11 C18:1 occurs more slowly than the previous ,stegns-11
C18:1 accumulates (Singh and Hawke, 1979), regultin greater flow into the
gastrointestinal tract. Fellner et al. (1995) shauveanin vitro study thatrans-isomers other
thantrans-11 C18:1 also originate from biohydrogenationniost cases, these wedrans-9
andtrans-7 fatty acids. In addition tvans-11 C18:1trans-10 C18:1 has been detected in the
milk of dairy cows (Griinari et al. 1998). A micarganism was isolated by Verhulst et al.
(1987) that converts linoleic acid taans-10, cis-12 CLA, so it is likely, by analogy tvans-

11 C18:1, thattrans-10 C18:1 may be formed in the rumen via microbiatabolism.
However, the biohydrogenation of this-12 bond cannot be reversed, because mammals do
not possess Al2-desaturase in tissue. This means thatrats-10, cis-12 CLA reported in
ruminant tissues and milk originates solely framans-10, cis-12 CLA absorbed in the
gastrointestinal tract (Lawson et @&001). The general amount ofs-9, trans-11 CLA is
higher in ruminant products tharans-10, cis-12 CLA because SCD is present in dairy cows

tissues; this enzyme inserts a double bond intaith@ position oftrans-11 C18:1.

Dietary unsaturated fatty acids are almost comiyidi®mhydrogenated in the rumen.
The biohydrogenation of linoleic acid averages 80%der normal conditions. If the
proportion of concentrate in total diet exceeds 70% rate of hydrogenation averages only
50% (Doreau and Ferlay, 1995). If the capacity ydrhtion and lipolysis is exceeded by
dietary lipid ingestion, the rate of biohydrogenpatiis reduced and more unsaturated fatty
acids reach the duodenum (Demeyer, 1973). Theitidntof SCD by high concentrations of

linoleic and a-linolenic acid was reported by Kepler and Tove6@P Increased rumen
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concentrations of CLA antrans-C18:1 fatty acids indicate an inhibition of theduetase
enzymes that convert CLA toans-C18:1 acid and the latter to stearic acid.

Ruminal biohydrogenation of e-linolenic acid

The process of biohydrogenation is initiatedAdy2-cis, A11-frans isomerase, which
transformsa-linolenic acid into acis-9, trans-11, cis-15 octadecatriene. This action is
followed by hydration of theis-9 double bond followed by hydration of tiees-15 double
bond. Hence, it has been noted thatdilsed, trans-11 molecule is not an intermediate in the
biohydrogenation ofi-linolenic acid. Howeverfrans-11 C18:1, but alse@is-15 C18:1 and
trans-15 C18:1, accumulate in the rumen (Harfoot andléveaod, 1997)Biohydrogenation
of y-linolenic acid enrichegans-11 C18:1 in the rumen fluid as well.

Alteration of rumen biohydrogenation

Substrate supply and the extent of biohydrogenadifect the types of intermediates

and end-products of biohydrogenation, thus inflimgm¢he CLA content of ruminant milk
(Kelly et al., 1998; Dhiman et al., 1999). Hende ingested amount of long chain fatty acids
(LCFA) is crucial for the prospective amount of CLA iovime milk fat, since they are either
already CLA molecules or CLA is synthesized fronenth Supplementing vegetable oil to
bovine rations can substantially increase the amolU@LA in milk fat (Dhiman et al., 2000;
Chouinard et al.,, 2001). High dietary oleic acicholeic acid and linolenic acid intakes
increasdrans-11 C18:1 uptake by tissues and hence the endogeayothesis ofis-9, trans-
11 CLA (AbuGhazaleh et al., 2003). Particularlyctéas exhibiting negative action on B-
group bacterial activity increase the amount of Cdynthesized from dietary lipids (Figure
2). Factors influencing rumen microbial activitjkd ruminal pH, rumen turnover and the
amount of soluble carbohydrates in the rumen, laawveffect on the CLA content in milk fat
(Kalscheur et al., 1997a, 1997b; Beam et al., 28G0tin and Jenkins, 2002).

PUFA hydrating rumen bacteria are basically of Buk#ytic nature (Latham et al.,
1972, Harfoot and Hazlewood, 1997). A drop in rurpéhinhibits the activity of bacteria and
the lipase enzyme responsible for lipid breakdoWms explains, in part, the low degree of
saturation in rumen and duodenal lipids of aninfidsconcentrated diets. Martin and Jenkins
(2002) observed significantly lower rates of PUFaHydrogenationn vitro when the pH
decreased from 6.7 to 5.5, also leading to redsgethesis otrans-C18:1. This effect was
followed by increased digesta passage rates. Isiaggamounts ofrans-10, cis-12 CLA and
trans-10 C18:1 are synthesized in the rumen when higbuats of soluble carbohydrates are
provided by low pH and a high passage rate (Mantith Jenkins, 2002). Griinari et al. (1998)
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observed similar effects by feeding a ration thavdred the rumen pH and provided
unsaturated lipidslrans-10 C18:1 became the dominant isomer when the p$raduced by
the ration, whereas the total amountrahs-C18:1 fatty acids was not affected by rumen pH.
The same phenomenon was shown by feeding a ratwoml fiber and rich in fat (Griinari et
al., 1998). Figure 3 shows the pathways of rumehymrogenation in an altered rumen

environment.

Linoleic acid  _ _
(cis-9, cis12 C182) ~ ~=~~o_ high passage rate

L.

~~o. lowpH value

Hl—.“-
II-'l--.
-

T=a
Conjugated linoleic acid Conjugated linoleic acid
(ris-9, trans11 C1EZ) (trans-10, cis-12 C18:2)

| |

Vaccenic acid

(trans-11 C18:1) trans-10 C18:1
Stearic acid stearic acid

Figure 3. Pathways of linoleic acid biohydrogenation. Adapbexn Griinari and Bauman
(1999). The dashed line describes the shift thetcates with lowered rumen pH
and higher passage rates. In conditions of diatdad milk fat depression, this

part is increased.

Unsaturated fatty acids fundamentally inhibit thetihaty of Al2-<cis All{rans
isomerase in the rumen environment (Kepler etl&70). High dietary amounts of PUFA
reduce the rate of biohydrogenation and, consetylehe levels of CLA precursors. PUFA
are more potent inhibitors than monounsaturateyg &xids MMUFA ). Fatty acids with a chain
length greater than 16 carbon atoms and with alddadnd somewhere between the third and
twelfth carbon atom are more potent than mediuninctadty acids MCFA). The closer the
double bond is positioned to the carboxy-end offéitey acid, the greater the inhibiting effect
(Kepler et al., 1970).
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CLA in ruminant tissues

Chouinard et al. (1999a) reported that there agp®abe some selectivity in uptake or
incorporation of theeis-9, trans-11 CLA isomer compared witttans-10, cis-12 CLA in the
tissues of dairy cows. There are differences baiwbe isomers in the efficiency of the
transfer of CLA to milk fat. Only about 10 g of 1@0dietary supplementddans-10, cis-12
CLA was transferred into milk fat, whereas the 8, trans-10 CLA, cis-9, trans-11 CLA and
cis-11, trans-13 CLA isomers are transferred into milk fat withore than double the
efficiency (22.0-26.0 g/100 g dietary supplemefrt)anin vivo study, Mosley et al. (2006)
infusedtrans-11 C18:1 into the abomasum of lactating cows aldutated the endogenous
synthesis oftis-9, trans-11 CLA. They observed that about 83%0c$-9, trans-11 CLA in
milk fat was derived frontrans-11 C18:1 through desaturation by SCD. This equalddily
amount of 4.3 ¢is9, trans-11 CLA in milk fat. A study by Corl et al. (200Xpund a
transformation rate of 78%. In grazing cows, 91%thw cis-9, trans-11 C18:2 originated
from endogenous desaturation; this equals an anafihd gcis-9, trans-11 CLA in milk fat
per day (Kay et al., 2004). The main activitiestbé SCD enzyme complex are in the
mammary gland (McDonald and Kinsella, 1973; Most¢yal.,, 2006) and in adipose tissue
(St. John et al., 1991; Page et 8897).

Bovine milk composition

The three main components of bovine milk are lagtpsotein and fat. The composition
of these components is influenced by many factbhese include nutrition, parity, stage of
lactation and breed (Carroll et al., 2006). In joattr, the lipid and N-fraction of milk can be
modified, hence the milk lipid faction is the mdraction altered by diet. A major factor that
impacts the concentration of milk fat and proteimilk yield. In ruminants, phenotypic and
genetic correlations among fat and protein conegéintr and milk yield are negative (Emery,
1988). Genetic correlations between milk yield d@sdconcentration of fat and protein are
greater than environmental factors. The reductiomilk fat and protein content as milk yield
increases is well-known. The amount of lactose lhsuzcreases to the same extent as milk
yield, as it is an osmotic factor. Fat and prosnthesis generally increases at a slower rate
(Emery, 1988).

DePeters and Cant (1992) pointed out that it isomamt to distinguish between
responses that affect protein content versus reggomffecting protein yield. Dietary
treatments with positive effects on milk and protgield often happen to cause negative
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effects on the protein content. Hence, the purposafluencing milk composition in most
cases is to increase the protein or fat contentevamaintaining or increasing milk yields. On
the other hand, it is possible that a severe remtuat milk fat content can be overruled by an

increased milk yield.
Alteration of milk components

An alteration in milk components could have greandfit in optimizing human
nutrition, but a greater benefit could be seen he tegulation of dairy cows’ energy
expenditure during times of negative energy balafi¢tee demand for low-fat products in
human nutrition has increased recently. Consequethtis trend has been followed by the
dairy industry, which has moved towards more peabbped products. While milk protein is a
very valuable component (i.e. for its cheese makirgperties), milk fat is becoming more

and more redundant, which is partly expressed apgimg prices for milk components.

For the dairy cow herself, alterations in milk campnts may play a major role during
periods of negative energy balan&Bj. Reduced yields of milk fat could help to over@am
these situations more easily and with a reducek afsdeveloping a metabolic disorder,
especially since milk fat is the component thattams the most energy and is also the most
variable. Different influences provoke changes itkmomposition. Genetics and nutrition
play a major role; parity and the stage of lactahave an effect on milk composition as well,

but they are dependent variables.
Genetics

Different breeds have different potential for miamponent synthesis. Table 1 shows
the differences between the most common breedsdilk Germany. Jerseys are the breed
with the lowest protein-to-fat ratio, but with theghest contents of milk fat and protein, while

lactose is lower than in the classical dairy coeelols mentioned in Table 1.
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Table 1. Milk yield and milk contents of different cattle d@ds common in Germany
(Landeskuratorium der Erzeugerringe in der Rindanzin Bayern, 2008).

Breed Milk yield, kg Fat, % Protein, % Protein/FatLactose, %
German Holstein* 24.27 4.24 3.50 0.83 4.73
Brown Swiss 21.12 4.23 3.68 0.87 4.75
Simmental 16.76 4.01 3.51 0.88 4.78
Jersey 19.02 5.42 3.95 0.73 4.66

* German Holstein = Friesian Holstein and Red Haist

The choice of breed has an impact on milk fat costifpm (Table 1). The early work of
Krukovsky (1961) showed that the milk fat of Aymshicows had the highest iodine value,
while milk fat from Jersey cows had the lowest,hwitolstein and Brown Swiss cows at
intermediate levels. These results suggest thate tlaee differences in the fatty acid
composition of milk fat between different dairy cdweeds. Stull and Brown (1964) later
reported that the milk fat from Holstein cows isvey in C10:0, C12:0 and C16:0 and higher
in C18:1 compared to the milk fat from either Jgree Guernsey cows. The studies of White
et al. (2001) and Carroll et al. (2006) showed thatmilk of Holsteins is higher in C16:1 and
C18:1 and lower in C6:0, C8:0, C10:0, C12:0 and:C1Hhan the milk of Jerseys. Carroll et
al. (2006) also reported that the milk of Brown Ssvihave the highest proportion of
monounsaturatedrans-fatty acids in milk. Additionally, Jersey milk hathe highest
proportion of C4:0, C5:0, C6:0 and C7:0, regardlelsthe level of dietary fat. This implies
increasedle novo synthesis of fatty acids in Jersey cows, sincey fatids consisting of14

C-atoms are typically synthesizddnovo by the mammary gland (Storry, 1972).

Mele et al. (2009) demonstrated in a broad studi Walian Holstein cows that it is
possible to improve milk fatty acid composition dgggnetic selection. By genetic selection for
the bioactive isometis-9, trans-11 CLA, the content of pro-thrombotic and atheragdatty
acids (C14:0 and C16:0) was decreased at the sameedue to a negative correlation.

Selection for C16:0 would improve overall milk faeld, due to a positive correlation. Since
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the correlation otis-9, trans-11 CLA to C16:0 is negative, a decrease in thij@omer is

implied if the milk fat yield is maximized.

Other important properties of milk fat are the piogial arrangements of fatty acids
esterified to milk triglyceridesT@G). In the gastrointestinal tract, dietary TG is fofgzed,
resulting in FFA and sn-3 monoacylglycerols (Ben@st, 1964). The higher proportion of
C18:3 in the sn-2 position of milk TG in HolsteincdaJersey cows compared to Brown Swiss
is important, since fatty acids esterified in thissition are characterized by higher levels of

intestinal absorption in humans (Innis et al., 130dnnedy et al., 1999).

The milk fat globule size may be directly relatedthe fatty acid composition; small
globules have been shown to contain 5.9% less SQEA,% less C18:0 and 4.6% more
C18:1in TG, compared to large globules (Timmen Ratton, 1988). It has also been shown
that fat globules tend to be larger in milk withheggher fat content (Wiking et al2003).
Wiking et al. (2004) observed that the yield of krit was positively correlated with the
diameter of the milk fat globule membrane, suppgrtan increase in milk fat globule size
with increasing dietary fat, since milk fat yiekllinearly increased with increasing dietary fat
(Carroll et al., 2006). The milk fat globule sizasvarger in Jersey compared to Holstein and
Brown Swiss (Banks et al., 1986; Carroll et al0@0

These results indicate that alterations in milk position and the production of more
favorable milk are possible by genetic selectioet, jenetic selection is tame intensive
method and requires short-term alterations for lquieactions on varying demands.
Alterations in diet composition and supplementatioin feed additives can meet these

demands.
Dietary milk ingredient alteration

A sufficient supply of nutrients provided by feegimlairy cows with well-balanced
rations leads to a high milk fat content. An adequavailability of milk fat precursors,
acetate and butyrate, fale novo milk fat synthesis is of importance. Propionates za
negative impact on milk fat content. This clarifiedy factors altering rumen microbial
processes and thereby the ratio of volatile fatigsa(VFA) have an influence on the milk fat
content. Factors included are the supply of strattfiber, the forage-concentrate ratio, the

dietary crude lipid concentration and the levelesfd intake.

Different kinds of dietary carbohydrates alter runfiermentation and therefore the VFA
profile. Cellulose and hemicellulose, for instanaeg mainly degraded to acetate, whereas

starch and sugar increase the production of prepgoand butyrate. As fatty acids in the



Literature review 19

mammary gland are synthesized mainly from aceta®yfficient dietary supply of fiber is
necessary to keep the milk fat content at a higklldHence, fiber has a positive effect on
maintaining a steady rumen pH and creating bemfioonditions for cellulolytic rumen
bacteria. Sugar increases the milk fat content &l since its main fermentative product is
butyrate. However, an excess application of sugarth be avoided, because of its negative
effect on the rumen environment. High dietary g$tamtake accelerates the synthesis of
propionate and lowers the amounts of acetate, tnreguh low milk fat contents. Greater
intake of soluble carbohydrates results in rumeadoss, leading to drastic declines in milk
fat synthesis. However, this method should not thech for lowering the milk fat content,
since acidosis leads to a severe anticlimax in Dtdke and decreases the health status of the

Ccow.

The conclusion of the abovementioned observatisrthat a high intake of feed and
above average milk production with a high milk fercentage can be achieved if rations
contain 50 to 60% concentrate and 40 to 50% roughageview by Sawal and Kurar (1998)
gives a detailed overview of different ways by whiarying the concentrate-forage ratio
influences milk yield and composition, especiallyknfat. However, feeding high concentrate
rations often induces the phenomenon of diet-indun#ék fat depressionMFD), which is a
result of altered rumen microbial fermentation &uwnerization patterns. The mechanisms of

diet-induced MFD are discussed below (page 25).

The amount of dietary fat in a ration has a gregtact on milk fat secretion. Under
normal conditions, dietary ether extracts makeags than 3% of the ruminant diet and arise
from forage, grains or seeds that are rich in &mobr linolenic acids (Palmquist and Jenkins,
1980). A non-milk fat depressing ration should exteed 4% unsaturated fatty acids and 6%
total fatty acid in DM (Eastridge, 2006). Higherrgentages of crude lipid intake have
negative effects on rumen microbial activity withremluced overall digestibility of organic
matter (Doreau et al., 1997). Digestibility of flt@mponents, but not of starch components,
is lowered by high dietary CL intake (Zinn, 198%he competition between fat and bacteria
to adsorb to particles reduces rumen fiber digdiggibo a small extent (Harfoot et all974).
This explains why greater amounts of forage redheenteraction between bacteria and fatty

acids, and thereby minimize the digestibility reidgceffects.

The greatest negative effect of dietary lipids omen digestibility is due to the direct
influence of lipids on the microbial ecosystem le tumen.ln vitro studies have validated

this statement by showing direct negative effe€tépads on rumen bacterial growth. At the
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same time, the VFA ratio in the rumen is modified/ard elevated amounts of propionate and
lower amounts of acetate and butyrate with reduoethane production. All nutritional
modifications on microbial activity appear at tteare time and are dependent on the amount
and nature of lipids fed (Palmquist and Jenkin8019enkins, 1993), the general components
of the diet (Ben Salem, 1993) and how much ruméub$® Ca is available, since @Gaduces
the negative effects of lipids on carbohydrate shigdity (White et al., 1958; Galbraith et al.,
1971; Maczulak et al., 1981). Palmquist et al. @)98ave suggested that PUFA and Ca could
form salts, thus reducing the negative effect oFRUThe negative effect of dietary PUFA
on cellulolytic bacteria is greater than that otusated fatty acids SFA). PUFA have
negative effects on protozoa as well. A nearly deteprumen defaunation is achieved by
supplementing linseed oil, which is high in linaleacid. Doreau and Ferlay (1995) gave a
detailed overview of published studies, showing @@ncentrations of 4.5% linseed oil in

total added fat can severely decrease the contientif rumen protozoa.

In contrast to the abovementioned ways to influetice milk fat content, the
supplementation of rumen-indrans-10, cis-12 CLA is a safe and elegant way to reduce the
milk fat content in a dose-dependent manner witiaaimum of about a 50% reduction in the
milk fat content (Baumgard et al., 2001). Therefdhe discussed negative effects of dietary
lipid supplementation and other possible methodaamg milk fat content are avoided.

Milk fat synthesis

Intensive fat synthesis takes place in the mamrgkmyd, meaning that up to 1.5 kg of
fat are synthesized per day. For the synthesisildf 5, the precursors, acyl-CoA bound
fatty acids and glycerolphosphate, have to be abi@l The esterification of fatty acids to TG
takes place at the surface of the endoplasmicutatit. A peculiarity of ruminants is that,C
and G fatty acids, synthesized within the mammary efidhecell, are nearly entirely
synthesized into the sn-3 position of the glyc¢Breckenridge and Kuskis, 1969). Oleic acid
producedin situ by microsomal desaturation of stearic acid derifredh the blood shares a
preference for this third position (Kinsella, 1973)though some may esterify to the sn-2
position (Bickerstaffe and Annison, 1970). The atigih of the sn-3 position seems to
regulate the synthesis of milk TG (Askew et al.719Bickerstaffe, 1971; Kinsella, 1972),
but it cannot be the ultimate control point. It mbe regulatory through feedback to prevent
excessive formation of diglycerides. The acylatioh diglycerides in order to form
triglycerides contributes for this reason to thgutation of milk fat secretion, but only in

cooperation with and not to the exclusion of ott@mtrols.
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Around 50 to 60% of the glycerophosphate used fGr dynthesis in ruminants is
generated in the mammary gland from glucose thraugksephosphate by glycolysis and
through the pentose phosphate pathway. The faittg ased for milk TG have two origins. In
ruminants, the majority is synthesizde novo using the substrates acetate and betahydroxy
butyric acid BHBA). The rest is originated from very low densityolgroteins YLDL ) and
chylomicrons. The uptake of non-esterified fattydaoNEFA) from blood plasma into the
mammary gland is dependent on their plasma corat@niy which correlates very closely
with the mobilization of adipose tissue (Chilliaeti al., 1984). The amounts of NEFA from
adipose tissue mobilization varies and is dependerthe stage of lactation, milk yield and
many other factors (Palmquist and Mattos, 1978nt@ner, 1991).

The pool of fatty acids originating frode novo synthesis, direct uptake or desaturation
comprises 97 to 98% of total milk fat. The rest@nprised of mono- or diacylglycerides.
The physical properties of milk lipids are deteredrthrough the anomalous distribution of
fatty acids at the glycerol molecule and throug¥ofad occupation of the sn-3 position by
SCFA or oleic acid (Palmquist et al., 1993).

Lipid transfer between blood and mammocytes

About 50% of the fatty acids in milk originate frolpids transported in the blood
(Baldwin and Smith, 1971; Bickerstaffe, 1971). &a$t 80% of blood TG is completely
hydrolyzed during uptake by the mammary gland (W&esdl., 1972). As in adipocytes, the
TG of plasma lipoproteins are hydrolyzed by lipdpho lipase (PL) in mammocytes.
VLDL is believed to be the primary source for mamynaPL in ruminants. Their action
increases the fatty acid concentration in the tapifluid, ready for uptake by the mammary
gland. Enzyme activity is high in lactating rumitan(Chilliard et al., 1986). With the
initiation of lactation, the activity of mammary LRncreases eight-fold, while LPL activity
in adipose tissue simultaneously decreases (Shalegl., 1971). This is why mammary
uptake of fatty acids is tightly correlated witrethlasma concentration of LPL (Gaglistro et
al., 1991). A limiting factor of mammocyte fattyidaiptake is the activity of LPL, which is
inadequate if the TG concentration in plasma isesxely high, i.e. greater than 0.4 mM
(Baldwin et al., 1980). Certain peptides act inirambitory fashion on LPL, while others are
required cofactors for the hydrolysis of TG by tezyme (Brown and Baginsky, 1972).
Cholesterol esters and phospholipids also stimutatanhibit LPL, depending on their
concentration (Brumby, 1971). Thus, the activityL&L can be modulated by the proportion
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of lipids and the type of protein in its lipoprotesubstrate. These modulating factors are
affected by diet and hormones.

The specificity between lipoprotein peptides and. fRm specific organs provides a
mechanism for the diversion of blood lipids betwessmmary and adipose tissues. This has
been proven by separating lipoproteins with a pesfee for adipose LPL from those with a
preference for mammary LPL by flotation from blosdrum (Emery et al., 1972). The
specificity of LPL for certain lipoproteins impliedifferences in enzymes native in different
organs, and possible differences in the hormonatrebof LPL among organs. Prolactin
stimulates the formation or activation and releasd.PL from explants of rat or bovine
mammary tissue incubated for 4 hours in the presehmsulin (Emery, 1973). Prolactin has
little or no effect on adipose tissue, but the L&dtivity of adipose tissue is dependent on

insulin during 24 hours of culture.
Mammary de novo synthesis of fatty acids

About 40% of fatty acids in milk fat TG originateom de novo synthesis. Acetate and
BHBA circulate in the plasma and are substratesiéarovo synthesis in the cytoplasm. The
preferred chain initiator for fatty acid synthesismammary tissue is BHBA. Although some
BHBA is converted to acetate, which can be oxidipedused for chain elongation, this
amount does not readily equilibrate with acetarévdd from the blood. The precursor BHBA
delivers about 15% of the carbon necessarydéonovo synthesized fatty acids; the rest is
delivered by acetate. Nearly all fatty acids withhain length of C4 to C14 and 60% of the
C16 fatty acid originate fronde novo synthesis (Waghorn and Baldwin, 1984). In general
mammary gland tissue is not able to elongate C18618®, with the one exception of bovine

mammary gland tissue (Moore and Christie, 1981).

Two key enzymes are essential flernovo synthesis of fatty acids. The first enzyme is
acetyl-CoA carboxylaseACC) that catalyzes the synthesis of malonyl-CoA fraoetate.
The second enzyme fatty acid synthaBAS) catalyzes the condensation of malonyl-CoA
with acetyl-CoA or butyryl-CoA originating from thacetate and BHBA pool in the cytosol
(Barberet al., 1997; Figure 4). The termination of chain lengthttee medium length fatty
acids in most animal tissues is catalyzed by thensic thioesterase activity of FAS
(Knudsen and Grunnet, 1982). More cellular and md&e factors affecting the relationship
between the different fatty acids to each othemsé® exist, but they have not yet been
identified.
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Plasma Mammary gland
LCC
Aretate » Acetate —» Acetyl-Col —* Ialonyl-Cod
BHEA » EHEA —»BHBA-Cod | FAS
Thioesterase 1
of F&35

Triacylglyceride «— Acyl-Col «+— FFA

Figure 4. Schematic overview ofle novo synthesis of fatty acid and their esterification t

triglycerides in the mammary gla8arber et al., 1997).

De novo synthesis is depressed by fat-supplemented dikeis leads to a decrease in the
secretion and proportion of short and medium-cHtity acids in milk. This is primarily due
to the usual fat-induced increase in the proportibpropionate in the rumen at the expense
of acetate and butyrate, and secondarily due tantméition of the synthesis of short- and
especially medium-chain fatty acids by long-chaattyf acids (Chilliard et al., 1991), in
particular by those with @ans-structure (Banks et al., 1984; Wonsil et al., 1994)

Milk fatty acid pattern

Moate et al. (2007) recently gave an overview efdkneral fatty acid composition of
milk fat, provided in Table 2. They found dietanfluences upon the fatty acid distribution
between pasture- and total mixed ratidiMR )-based diets. Concentrations of total fatty
acids, totalde novo fatty acids, total C16 and total preformed fattyda were numerically
higher in milk of cows fed pasture-based diets, thatdifferences were not significant (P >
0.05). The concentration of C15, C17 and tdtains-C18:1 fatty acids, however, was
increased (P < 0.05) in cows fed pasture-baseohsatOn average, the concentratiomiefo,
trans-11 CLA was not different between the dietary groupghe study by Moate et al.
(2007). This was a bit surprising in light of thesults of other researchers. However, it could
have been that the concentrations of fatty acicceotrations in the TMR-based diets were

overestimated due to supplemented fish oil (Moatd.e2007).
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Table 2. The proportion of 26 individual fatty acids in tbtailk fatty acids (mg/g) from
milks described in 28 publications (adapted fromaléoet al., 2007).

Fatty acid" N 2 Mean SD
4:0 95 31.3 6.8
6:0 111 194 5.2
8:0 111 11.7 3.5
10:0 111 24.8 7.3
12:0 111 29.9 8.5
14:0 111 103.8 17.1
14:1c9 101 10.8 3.6
15:0 88 10.5 3.3
16:0 120 285.1 49.8
16:1c9 109 17.3 6.3
17:0 78 7.3 3.5
18:0 120 105.1 35.9
18:1t6-8 33 4.6 2.1
18:1t9 37 4.4 2
18:1t10 30 13.1 15.2
18:1t11 90 33.3 21.8
18:1t12 19 6.5 3.6
18:1c9 120 205 53.5
18:2c9,c12 120 31.3 21.1
18:29t11 76 10.2 6
18:210,c12 35 0.4 0.3
18:2c11,t13 6 0.4 0.3
OCLA 25 15 1.4
18:3 114 59 3.6
20:0 30 15 0.6
20:5 39 1 1.1
22:6 31 0.7 0.7
Others 120 75.1 56.2
Total CLA 82 10.3 6.6
Total 18:1trans 94 42.5 26.3
Total de novo 120 232.6 42.4
Total C16 120 300.9 52.7
Total preformed 120 466.5 75.8

! ¢ =cis; t = trans; OCLA = other conjugated linoleic acids; CLA = cogited linoleic acids, total
18:1trans= sum of 186-8, 18:19, 18:110, 18:111 and 18:f12 isomers, totadle novo = sum of 4:0
to 15:0 fatty acids, total C16 = sum of 16:0 andll6otal preformed = sum of all milk fatty acids
with more than 17 carbon atoms

2N = total number of dietary treatments contribgtio each mean
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The pattern of fatty acids incorporated into migit TG has a crucial influence on the
physical properties of milk lipids. Unsaturatedtyatcids and SCFA make soft lipids.
However, increasing amounts of double bonds incatpd into TG decrease the oxidative
stability of the lipids. Hence, most fatty acidaecking the ruminant mammary gland are, to a
great extent, LCFA with high melting points duertominal biohydrogenation. Ruminants
have developed different methods of reducing thdtimgepoint of milk TG to stabilize
fluidity at body temperature. In this procedures thammary gland tissue plays a central role,
but it also occurs in adipose tissue. The differmathanisms were summed up by Chillard et
al. (2000):

a) desaturation of LCFA by SCD (intestinal tissoegmmary gland tissue and

adipose tissue);

b) synthesis of short and medium chain fatty acids;
C) the incapability of fatty acid elongation abdve6;
d) the irregular esterification patterns of thefafiént fatty acid molecules into

milk TG in the secretory mammary gland cells.

PUFA lower the melting point as well. In the mamyngltand, double bonds are only
inserted by SCD, indicating the low rate of mammBFA synthesis. Typically, PUFA
reach the mammary gland by lipoprotein transfenc&iPUFA originate from dietary fatty
acids, the PUFA content in milk can be increasedrdrjucing their biohydrogenation in

rumen.
Fatty acid desaturation in mammary tissue

The activity of SCD, introducing €s-9 double bond into LCFA, is high in mammary
gland tissue. In fatty acids containing fewer thEh carbon atoms, its activity is low;
nevertheless, a small amount of C14 and C16 fatiysais desaturated by the enzyme to
C14:1 and C16:1 (Figure 5). Around 40% of mammaegarsc acid is transformed into oleic
acid €is-9 C18:1), meaning that about 50% of secreted @leid in milk TG originates from
desaturase activity (Bickerstaffe et al., 1974;atbgrt et al., 1998)Trans-11 C18:1, the
second fatty acid desaturated to a great exte®Qiy, is desaturated tws-9, trans-11 CLA,
the preferentially secreted CLA isomer in milk (&@riinari and Baumann, 1999). A study by
Lock and Garnsworthy (2002) demonstrated that nioea 80% ofcis-9, trans-11 C18:2 in
milk lipids originate from endogenous synthesist there seem to be differences in SCD

activity between individual cows. Besides SCD, #meymesA-5 and A-6 desaturase are
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found in animal tissues. They are membrane-bouddresertcis double bonds to form PUFA
(Nakamura and Nara, 2004). The overall productioris9, trans-11 CLA can be augmented
by increasing the activity of SCD in the mammargngl rather than by increasimgs-9,

trans-11 CLA production in the rumen or the overall keaof this isomer (Yang et al., 1999).

BLOOD CAFILLARREY MAMWMARY EPFITHELIAL CELL
Glucose
O Glut 1
Glgmeml — || | 3-glycerol-F
) Glycerol
Chl or
LFL
VLDL
Y
Albumine-FA « » FA p Acyl-Cod —» TG —_|
Acetate Cacie| FAS
ACT

BHBA »CD

Figure 5. Milk fat synthesis and secretion in ruminants (@dnidl et al., 2000)

ACC = Acetyl-CoA carboxylase; CM = Chylomicron; SGbDelta-9-desaturase; FA = Fatty acid;
FAS = Fatty acid synthase; Glut 1 = Glucose trartepd; LPL = Lipoprotein lipase; MFG = Milk fat
globule; TG = Triglyceride; VLDL = Very low densitipoprotein.

Milk fat depression

Diet-induced low milk fat syndrome, also known a6 was first described about 150
years ago. It is characterized by a reduction itk fat synthesis by up to 50%, with no
changes in milk yield or the yield of other milkmeponents (Bauman and Griinari, 2001).
During the past two decades, research in this laasaincreased and is currently an active
research area. Various theories trying to explai@ depression in milk fat have been
proposed, from reduced rumen acetate and butyratugtion (Emery, 1988; Sutton, 1989)
to the “glucogenic-insulin” andtfans-fatty acid” theories (McClymont and Vallance, 1962
Jenny et al, 1974; Annison, 1976; Davis and Bro¥@v,0; Astrup et al., 1976; Banks et al.,
1984; Wonsil et al.,, 1994), to the most recent theaf biohydrogenation proposed by
Bauman and Griinari (2001).
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Historically, MFD due to dairy cow diet has beewided into two groups: the first
group includes diets providing large amount of igaférmentable carbohydrates and low
amounts of fiber, and the second group includets dispplementing large amounts of oils
high in PUFA (Davis and Brown, 1970). The recemwpoint is that these two groups are not
independent of each other in inducing MFD. Furth@enit has been shown that diets rich in
concentrate and low in fiber increase the contémtams-10, cis-12 CLA andtrans-10 C18:1
fatty acids in milk. On the other hand, the milk éantent is not always reduced when plant
oils are fed due to a simultaneous high roughatmkén (Brown et al., 1962). Thus, two
dietary conditions are required for MFD to occu): dn alteration in rumen microbial
processes and 2) the presence of sufficient amoointS18-PUFA in the diet. Rumen
microbial processes can be altered by high grainfiber diets, feeding forage with reduced
particle size, the use of marine oil supplements lanadding anti-methanogenic compounds
to the feed. The presence of C18-PUFA from feedstde in a sufficient amount in order to
deliver precursors for the formation of factorsttiesult in MFD (Baldwin et al., 1969;
Sutton et al., 1988; Palmquist and Schanbached,)199

The trans-fatty acid theory proposes thtains-fatty acids are formed as intermediates
during rumen biohydrogenation of unsaturated faityds. Harfoot and Hazlewood (1997)
have shown that a complex mixture &fans-fatty acids is formed during rumen
biohydrogenation. A majortrans-fatty acid in milk fat, resulting from rumen
biohydrogenation, is the isomtians-11 C18:1 (Molkentin and Precht, 1995), but it has
been proven whether this isomer or the overalhs-C18:1 isomer level is responsible for
MFD. Griinari et al. (1998) suggested that the amiaf trans-10 C18:1 is accountable for
the action on milk fat synthesis, and Bauman arnich&t (2003) observed that an increase in

trans-10 C18:1 in milk fat is typical for diets causing-ia.
Theroleof CLA in MFD

The ‘“trans-fatty acid theory” was vitiated by Lock et al. (ZQ0who could not induce
MFD by abomasal infusion of 42.6 g tfans-10 C18:1/d into dairy cows; subsequently,
Bauman and Grinarii (2001) proposed the “biohydrnagen theory”. This theory is based on
the concept that, under dietary conditions induciNgrD, the pathways of rumen
biohydrogenation are altered to produce uniquey fattid intermediates that are potent
inhibitors of milk fat synthesis. Under normal cdrmahs, Wallace et al. (2007) found that
linoleic acid was biohydrogenated to different Cishmers of whichcis-9, trans-11 CLA,

trans-9, trans-11 CLA andtrans-10, cis-12 CLA were the major intermediates. Furthermore,
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traces oftrans-9, cis-11 CLA, cis-9, cis-11 CLA andcis-10, ciss12 CLA were found in the

rumen digesta.

An alteration of biohydrogenation due to changeshen environmental conditions is
possible. The mechanisms would depend on an atteriat rumen microbial processes and a
sufficient supply of unsaturated fatty acids. Untlese conditiongrans-10 C18:1 and its
intermediates can be synthesized in the rumeradtdeen suggested that a decline in rumen
pH provokes a shift in the biohydrogenation pathwéyinoleic acid, as shown in Figure 3.
The strainMegasphera elsdenii YJ-4 has been shown to producans-10, cis-12 CLA (Kim
et al., 2000). Kim et al. (2002) showed that ssahMegasphera elsdenii can differ greatly
in their ability to produce th&ans-10, cis-12 CLA isomer and that CLA production is not a
phylogenetically conserved trait. Counotte et 808(1)observed that grain feeding promotes
the growth of Megasphera elsdenii, which is consistent with the observations on diet
inducing MFD.Propionibacteria isolated from the mouse cecum have been foundotupe
trans-10, cis-12 CLA when cultured in the presence of linoleteda(Verhulst et al., 1987).
Wallace et al. (2007) usd®l agnes to producerans-10, cis-12 CLA from linoleic acid in an
in vitro rumen culture. Furthet,actobacillus rhamnosus was reported to produdeans-10,
cis-12 CLA (Leeet al.,2006), whereasactobacillus acidophilus and L. casei synthesized
only minor amounts ofrans-10, cis-12 CLA during linoleic acid metabolism (Alonso ait,
2003).

A dramatic reduction in milk fat content was caubgdoost-ruminal infusion afrans-
10, cis-12 CLA (Loor and Herbein, 1998; Chouinard et #4899a, 1999b, Lock et al., 2007).
Baumgard et a2000) were the first to identify the role whns-10, cis-12 CLA in MFD by
utilizing post-ruminal infusions of pure CLA isonse(Figure 6). They observed thas-9,
trans-11 CLA had no effect on milk fat content, wheréass-10, cis-12 CLA induced MFD.
Trans-10, cis-12 was until recently the only fatty acid showreqguivocally to inhibit milk fat
synthesis. Recently, two additional CLA isomers evesolated, inducing the inhibition of
milk fat synthesis after abomasal infusion. Pedfiet al. (2007) specified one tans-9, cis-
11 CLA, whereas Saebg et al. (2005a) identifiedother ascis-10,trans-12 CLA. However,
the effect oftrans-9, cis-11 C18:2 was less than thattodins-10, cis-12 CLA, whereasis-10,
trans-12 CLA seems to have similar effectsteans-10, cis-12 CLA. Other CLA isomers,
including trans-8, cis-10 CLA, cis-9, trans-11 CLA andcis-11, trans-13 CLA, have been
tested and no effects on milk fat concentrationeevedserved (Baumgard et al., 2000, 2002a;
Loor and Herbein, 2003; Perfield et &2004a). Likewisefrans-10, trans-12 CLA has no

effect on the rate of milk fat secretion (Perfieldal.,2004b; Saebg et al., 2005a) as well as
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the levels of conjugated dienes C18i86, trans-10, cis-12 andcis-6, trans-8, cis-12 C18:3
(Seebg et al., 2005b). Yet, small changes withinfaéltty acid structure can lead to striking
results with respect to action and potency. Fongta, trans-10, trans-12 CLA andtrans-9,
trans-11 CLA does not reduce milk fat synthesis, buthee both potent inhibitors of SCD
(Harvatine et al., 2009; Perfield et al., 2006).
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Figure 6. Development of milk fat content during abomasabgndn of conjugated linoleic
acid (CLA) supplements.

Dotted lines imply a 4 day infusion period of tmants, which were controla), 9,11 CLA
supplement {(; 10 g/day), and 10,12 CLA supplemei# (O g/day). Values represent means from
3 cows; the SE for milk fat percentage ranged fo@®3 to 0.300. From Baumgard et al. (2000)

Effect of trans-10, cis-12 CLA on milk fat synthesis (post-ruminally infused)

The milk fat depressing action treins-10, cis-12 CLA was validated by several studies
in whichtrans-10, cis-12 CLA was infused post-ruminally, covering a rarigpm 1.25 to 14
g/day (Baumgard et al2000, 2001, 2002a, 2002b; Peterson et al., 2008r &nd Herbein
2003; Perfield et al2004a; de Veth et al., 2004). Based on these thetajynamics in CLA-
induced MFD has been shown to occur in a dose-digmeémmanner. As shown in Figure 7, a

maximum reduction of milk fat yield (50%) is readhat a dose of approximately 15 g of
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trans-10, cis-12 CLA per day. The mechanisms involved in MFD sttewn by the alterations

in milk fatty acid composition.
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Figure 7. Dose dependency between the decrease in milk é&d windtrans-10, cis-12

conjugated linoleic acid (CLA) infused abomasatitoilactating dairy cows.

Triangle symbols represent the values from Peteetonl. (2002), circles represent values from
Baumgard et al. (2001) and the square represems faan Baumgard et al. (2000). All values
represent the mean (n = 4) on d 5 of infusion. FRaterson et al. (2002).

Effects of trans-10, cis-12 CLA on milk fat composition

Post-ruminally infusedrans-10, cis-12 CLA alters the fatty acid composition of milk
fat. The pattern of milk fatty acid composition pides information on the mechanisms by
which milk fat synthesis is inhibited. (The section milk fat synthesis (page 19) provides
further information about the fatty acid compositiof milk). In general, fatty acids up to
carbon atom 14 are completely synthesidedhovo, and fatty acids greater than or equal to
C18 are solely derived from plasma lipoproteinsui@an et al., 1970; Brumby and Welch,
1978; Moore and Christie, 1979). Fatty acids wiéhchrbon atoms are derived from blood
plasma TG and are synthesized within the gland. Jéreentage otle novo synthesized
palmitate has been estimated at 60% (Palmquidt, et%9), 63% (Bickerstaffe et al., 1974)
55% (Glascock and Welch, 1974) and 65% (Peeteral.et1979). Odd (C15 and C17)
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branched-chain fatty acids in milk fat are largdlrived from bacteria leaving the rumen
(Vlaeminck et al., 2006).

Peterson et al(2002) infused 1.25, 2.5 and 5 giichns-10, cis-12 CLA into the
abomasum of dairy cows, which induced a reductiodeinovo synthesized and preformed
fatty acids. Both effects contributed similarly (armolar basis) to a curvilinear reduction in
milk fat yield across all doses tfans-10, cis-12 CLA. The observations of Baumgard et al.
(2001) were similar with an infusion of 3.5 g/dtodns-10, cis-12 CLA, but they found more
pronounced effects ate novo synthesis at higher doses (7, 10, 14 g/d). In exidiPeterson
et al.(2002) found no effects afans-10, cis-12 CLA on the ratios of fatty acids representing
product/substrate pairs for SCD. The lower doses ¢&d) used by Baumgard et al. (2001)
showed no effects either, whereas higher dosesd714 g/d) altered the ratios in a manner
indicating that this CLA isomer reduces SCD acjivit

The desaturase index is represented by the substraroduct ratios of C14:0/C14:1,
C18:0/C18:1 andrans-11 C18:1¢is-9, trans-11 C18:2 and serve as a proxy for SCD activity.
With abomasal infusion dfans-10, cis-12 CLA, a reduction in mammary expression and/or
activity of SCD occurred, whereass-9, trans-11 CLA had no effect on milk fat composition
(Baumgard et al., 2000). The study of Baumgard.gR802b) showed that an infusion of 10
g trans-10, cis-12 CLA decreased the desaturase index. Howewvegrldoses ofrans-10,
cis12 CLA exhibited lower but significant inhibitioof milk fat synthesis, without any
changes in the SCD index (Baumgard et al. 200ErBat et al. 2002).

The effects of trans-10, cis-12 CLA on milk fat yield and content

The milk fat reducing potency dfans-10, cis-12 CLA is supported by the fact that
there is a dose-response relationship relatedetasttmer content in milk fat (Figure 8). A
curvilinear relationship exists between post-rurttynafusedtrans-10, cis-12 CLA and milk
fat reduction. Infusing large amounts of a CLA rapet (150 g/d, with 31.7%is-9, trans-11
C18:2 (= 47.6 g) and 30.4%ans-10, cis-12 C18:2 (= 45.6 g) after the rumen lowered the fa
content and yield during a period of 11 days byual®5% and 57%, respectively (Bell and
Kennelly, 2003). Different studies have indicatedeglining marginal gain farans-10, cis-

12 CLA on depressing the milk fat yield and cont@mor and Herbein, 1998; Chouinard et
al., 1999a; 1999b; Gervais et al., 1999; Figuref)wever, most of these studies included a
very short period afrans-10, cis-12 CLA abomasal infusion (48 h, Loor and Herb&®908; 5

d, Chouinard et al., 1999a; 3 d, Chouinard et1899b; 5 d, Baumgard et al., 2001; 5 d,
Baumgard et al. 2002b; 11 d, Bell and Kennelly,200Dd, Mackle et al., 2003; 5 d, Gervais
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et al., 2009). The question is if the nadir in MEDreached by this time and at which point
milk yield is affected byrans-10, cis-12 CLA abomasal infusion. Increases in milk yiahe
able to overrule the depression in milk fat yieléiking a closer look at the studies of Loor
and Herbein (1998), Baumgard et al. (2002b) andkidaet al. (2003) showed that MFD was
not at its nadir when infusion stopped. Possibfeatf on milk yield were not observed in
these short periods tfans-10, cis-12 CLA abomasal infusion.
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Figure 8. Relationship between thians-10, ciss12 C18:2 (CLA) dose and the relative
reduction in milk fat yield (R= 0.99; P < 0.001).

Triangle symbols characterize values from Baumearml. (2001), diamond symbols represent values
from Peterson et al. (2002) and square symbolesept values from Baumgard et al. (2000). All
values represent the mean (n=4) of day 5 of infudtoom Peterson et al. (2003).

There seems to be a divergence in the reductiomilih fat yield depending on the
method oftrans-10, cis-12 CLA supplementation. Abomasal infusions seenmtuce less
severe MFD than if MFD is diet-induced (Figure Bgterson et a(2003) suggested that the
higher reductions in milk fat yield during diet-inced MFD were due to additional fatty acid
intermediates inhibiting milk fat synthesis. A shifi biohydrogenation could result in the
synthesis of the milk fat depressing isomigess-9, cis-12 CLA andcis-10, trans-12 CLA
(Perfield et al., 2007; Seebg et @005a). However, another explanation for the diffiees
between studies could be the different duratio@loA supplementation, with a mean (n = 4)
infusion time of 5 d. In contrast, the data cokecby Peterson et al. (2003) used a mean (n =
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3) feeding time of 19 d with milk fat depressingAisomers. In feeding studies, animals had
a longer period of time to adjust tians-10, cis-12 CLA, which might indicate that the nadir

in infusion studies was not reached by the timepdasnwere collected.

The study of Maxin et al. (2011) showed that thiea$ of rumen infused propionate
and acetate, and propionate anahs-10, ciss12 CLA on milk fat secretion were additive.
This explains that propionate could contribute toknfat reductions unaccounted for by
trans-10, cis-12 CLA during MFD induced by high concentrate slieBince these diets

increase ruminal production of propionate.
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Figure 9. Relationship betweerirans-10, cis-12 CLA appearing in milk fat and the
reduction in milk fat yield comparing the effect§ diet-induced MFD with

abomasally infused CLA.

Data indicated by, m and A represent values of diet-induced MFD, while thealcesponse curve
(o) represents values of abomasally infusads-10, cis-12 CLA. From Peterson et al. (2003).

Post-ruminal infusion studies

An evaluation of the literature on supplementingns-10, cis-12 CLA post-ruminally
(Table 3) shows an eminent effect of this isomenulk fat synthesis. Supplementation with
a low amount, ~4 grans-10,cis-12 CLA per day, provokes an effect on milk fatlgias well
as on milk fat content.
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Table 3. Literature overview showing effects of different @mts of trans-10, cis-12
conjugated linoleic acid (CLA) supplemented postinally upon milk and milk

components in dairy cows compared to the respectwé&ol (%).

Unit CLA,g MFY? MFC* MPY? MPC MY 2
Authors?
Baumgard et al.,, 20C 10 -44 -42 -3 - -
Baumgard et al., 2001 3.5 -25 -24 -- -- -
7 -33 -37 - - -
14 -50 -46 -- -- -
Baumgard et al., 2002a 3.5 -25 -- -- -
7 -33 -- -- --
10 -28 27 - - -
14 -50 -42 -- -- -
Baumgard et al., 2002b  13.6 -48 -42 -16 -- -14
Bell and Kennelly, 2003 45.6 -43 -25 -13 +31 8 -3
Chouinard et al., 1999b  10.6 -52 -49 -- -- --
21.1 -51 -51 -- - -
31.7 -62 -56 -- -- -15
Gervais et al., 2009 10 -38 -46 - -- -
Mackle et al., 2003 5.9 -32 -36 -- -- --
11.9 -36 -43 -- -- --
23.8 -60 -62 -- -- +11
Perfield et al., 2004b 4 -35 -39 -- - -
Viswanadha et al., 2003 2 -13 -15 -- -- +27
-15 -21 -- -- +10
6 -20 -30 -- -- +11

! All studies were conducted on cows in establishethte lactation. Periods ranged from 80 days to
286 days post partum. Milk samples were collectgtimvthe period of 4 to 11 days after the start of
the trial. Values represent the difference betwdencontrol and treatment group (%) of the least
square means collected on the last day of thepeiabd.

2MFC= Milk fat content in %, MFY= Milk fat yield irkg, MPC= Milk protein content in %, MPY=
Milk protein yield in kg, MY= Milk yield in kg.

® _- no significant differences noted.
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A dose-response relationship for MFD was noticeakleveen studies. Milk fat content
and yield were reduced by about 60% when high amsoahtrans-10, cis-12 CLA were
supplemented (Table 3). However, the degree of MiE&B not consistent for similar amounts

of trans-10, cis-12 CLA between studies.

Only two studies (Baumgard et al., 2002b; Bell &mthnelly, 2003) observed an effect
on milk protein synthesis. The milk protein yieldsweduced in both studies by around 15%,
whereas milk protein content was affected (podyivén the study by Bell and Kennelly
(2003). The amount of supplementedns-10, cis-12 CLA (45.6 g/d) used in the study of
Bell and Kennelly (2003) was on the high side. Tinsl a significant effect in reducing the
milk yield in treated cows. The effect whns-10, cis-12 on milk yield was inconsistent.

Five out of the ten studies noted an effect of Cark milk yield, and the highest
supplementation rate of these studies resulted@s@onse. However, the effect on milk yield
was inconsistent between studies. Three of thewathoeductions and two studies registered
increases in milk yield. With the exception of Vemadha et al. (2003), only high inclusion
rates oftrans-10, cis-12 CLA (> 13.5 g/d) resulted in a milk yield respse. The positive
response of milk yield to CLA supplementation bysWanadha et al. (2003) has to be
carefully compared to the results of other studsiace the isomer was intravenously
administered, whereas it was abomasally infuse¢darother studies.

Baumgard et al. (2002a) and Mackle et al. (200¥ehauggested thatans-10, cis-12
CLA could be a tool to reduce the energy requiredléctation. This is possible if CLA
supplementation only resulted in a transformatibrmdk fat synthesis and all other milk
variables stayed constant, or if increases in midtd would energetically not exceed the
energy conserved by MFD.

Feeding studies

The results shown in Table 3 were generated oy fpost-ruminal infusion studies,
and did not consider the influence of this intestcompartment upon the effectstrdns-10,
ciss12 CLA. The effect of supplementing a rumen-ingstirce of the milk fat depressing
isomer to the diet of dairy cows was investigatgdéveral studies. These had to be divided
into two groups according to the stage of lactat&ince differences were observed in the
action oftrans-10, cis-12 CLA on milk variables in cows in early lactati@and those in
established lactation.
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Established lactation

The MFD effect oftrans-10, ciss12 CLA was uniformly significant in all studies
selected for the evaluation of the response inytblel and content of milk fat (Table 4). De
Veth et al. (2006) did not collect data for thekrdt content. Similar amounts of the milk fat
depressing CLA isomer did not necessarily leadgioak reductions in the milk fat content
and yield as was found in the infusion studies sbs reasons might be found in the varying

duration of supplementation (7 to 140 d).

Table 4. Literature overview of diet-induced milk fat depses in established lactation
dairy cows, showing effects upon milk yield and kreslbmposition compared to

the respective control (%).

Unit N DIM Duration CLA MFC MFY MPC MPY MY

Author of suppl.
De Veth et al., 2005 3 202+¢ 7 1C 28 42 -t -- --
10 -35 -44 -- -- --
De Veth et al., 2006 48 11245 16 12 -21 +2.2.6+
Gervais et al., 2005 240 171 42 0.7 -13 -11 - - -
42 14 -22 -20 - -- -
42 28 -28 -28 - -- --
Kay et al., 2007 12 204+7 10 9 -43 44 +7 +6- -
Moore et al., 2005 13 97+17 21 38 -26 -30 - -- -
Perfield et al., 2002 23 227 140 88 -23 -23- -- --
Perfield et al., 2004b 3 7813 7 10 27 -21-- +6 --
7 10 28 -22 - +8 -
Peterson et al., 2003 3 111+121 Diet -25 -27 -- -- --

N = number, DIM = days in milk, CLA #rans-10, cis-12 CLA in g, Diet = Diet induced by ration,
MFC = Milk fat content in %, MFY = Milk fat yieldn kg, MPC = Milk protein content in %, MPY =
Milk protein yield in kg, MY = Milk yield in kg.

! - no significant differences noted

Three out of the eight studies observed signifigarsitive effects on milk protein yield.
These studies fed high amount® (g) of the milk fat depressing isomer. In theltbhg De
Veth et al. (2005), 10 g dfans-10, cis-12 CLA was not able to stimulate milk protein yield
whereas Kay et al. (2007) found a positive impdcteeding 9 gtrans-10, cis-12 CLA on
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milk protein content and yield. Perfield et al. Q20 observed increasing amounts of milk
protein yield with comparable CLA amounts. The gttitht fed the highest amount (12 g) of
trans-10, cis-12 CLA (De Veth et al., 2006) was the only onebserve significant increases
in milk yield. These results indicated that highemounts otrans-10, cis-12 CLA were able

to affect milk fat synthesis as well as milk prateynthesis and milk yield.

Kay et al. (2007) and Moore et al. (2005) testeel hiypothesis that supplementing
trans-10, cis-12 CLA in the diet of dairy cows will improve emgrbalance. In both studies,
the supplementation did not reach 10 g/d, and fblereéhe studies did not show any effects

on milk protein synthesis and milk yield.
Early lactation

The milk fat depressing action tfans-10, cis-12 CLA was verified in several studies
for dairy cows in early lactation, both for milktfaontent and yield (Table 5). Castafieda-
Gutiérrez et al. (2007) and Sigl et al. (2010) wad find any significant response in milk fat
yield. Sigl et al. (2010) had problems with cowgasting all the CLA and in both studies the
CLA supplementation started after parturition, whall the other studies mentioned in Table

5 fed the milk fat depressing CLA isomer during tfasition period.

The problems in evaluating a possible dose responsglFD were based on the fact
that some studies surveyed the least square memansafspecific lactation day, while others
evaluated the data obtained during the entire pealod. Since most studies (Bernal-Santos et
al., 2003; Moore et al., 2004; Selberg et al., 2@Estafieda-Gutiérrez et al., 2007; Odens et
al., 2007; von Soosten et al., 2011) observed aydel the CLA response of milk fat
synthesis with the onset of lactation, the dospaese in MFD is not consistent during this
period. A dose response in MFD within trials wapaent, yet similar doses between trials

showed differences.

No effect oftrans-10, cis-12 CLA was observed on milk protein yield and et and
only the trials by Bernal-Santos et al. (2003) dMwhllem et al. (2009) resulted in significant
milk yields. The data in Table 5 indicated that @ementation withtrans-10, cis-12 CLA
during the transition period and early lactatiorgintihave some benefits on the animals’

energy balance, since in most cases only milkyfiathesis was affected, but not milk yield.
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Table 5. Literature overview of diet-induced milk fat depsEs in early lactation cows,

effects on milk yield and milk composition compatedespective control (%).

Unit N Duration of CL MF MF MP MP MY

Author supplementatio A C Y C Y
Berna-Santoseta 203 3 14 a.p-140 p.p -13 -8 -t -- +8
Castaneda-Gutiérrez et al4 14 a.p.-63 p.p. 9 -10 -11 - -- --
200t 18 19 21 - - -
Castafieda-Gutiérrez et al4 20 p.p.-57p.p. 24 -6 - -- -- -
2007 71 -14 - -- - -
Moallem et al., 2009 4 21p.p-100p.p. 4.7 -1259  -- - +4,
Moore et al., 2004 1 10a.p.-21 p.p. 5 -13 -12 - - -

10 =27 22 - - -
15 32 30 - - -

Odens et al., 2007 3 9a.p.-40 p.p. 3.2 -18 -17 -—- - -
9.7 -26 -23 - -- --
Selberget al., 2004 3 28a.p.-49 p.p. 12 -14 14 -- - --
Sigl et al., 2010 1 14 a.p.-28 p.p. 10 -- -- - - - -
Von Soosten et al., 2011 2 1p.p.-105 p.p. 6 588 -- -- --

N = number, CLA =trans-10,cis-12 CLA, MFC = Milk fat content in %, MFY = Milk fayield in kg,
MPC = Milk protein content in %, MPY = Milk proteiyield in kg, MY = Milk yield in kg, a.p. = ante
partum, p.p. = post partum

! - no significant differences noted

The effects ofrans-10, cis-12 CLA on milk yield and components shown in TalBeto
5 demonstrated that the response of dairy cowsngst@thers, was dependent on the method
and duration of CLA supplementation and on the estafj lactation. Almost all studies
evaluating the effects dfans-10, cis-12 CLA during early lactation fed about 10 g oisth
isomer. Furthermore, it was evident that rumentipevducts providing around 10 g inans-
10, cis-12 CLA had a significant effect in reducing mil&tfsynthesis even in established
lactation. It can therefore be concluded that #msount is sufficient to induce MFD in
lactating dairy cows. The suggestions of severahas (Bernal-Santos et al., 2003;
Castafieda-Gutiérrez et al., 2005; Moore et al.,520(y et al., 2007) could motivate
producers to induce MFD through the diets of daioys with the aim of modulating the
energy required for milk synthesis. Saving enemgyfi specific interest in early lactation,

since this is the period during which most cowsianmgegative energy balance. A specific and
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quick reduction in milk fat synthesis with the onhsaf lactation would impair the
enhancement in energy balance by lowering the tetargy output. However, the
inconsistent findings in milk yield and the milkgbein response twans-10, cis-12 CLA only
allow vague predictions of actual energy savingdusher limitation in the calculation of
energy savings during early lactation results friiva fact that milk fat synthesis is first
reduced a few weeks after the onset of lactation.
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The first of the following studies was conductect@luate the effects of supplementing
a source containing 10 g each of rumen-imest9, trans-11 andtrans-10, cis-12 CLA to
early lactation dairy cows. Many studies have regggban influence ofrans-10, cis-12 CLA
on milk fat synthesis during different stages ottdion. However, no studies have
investigated supplementation with the milk fat @esing CLA isomer starting at the onset of
lactation for different periods (80 d and 120 d), farther evaluated the effects of
supplementation not only during the feeding permd also beyond the supplementation
period for nearly an entire lactation (240 d). Datre collected to estimate the influence of
the mixed CLA supplement on the progression of makiables and energy balance during
and beyond supplementation. These data shouldagiserers beyond the depression of milk
fat synthesis, meaning the development of milk gneutput and energy balance throughout
the trial period. Because primi- and multiparousveocare metabolically different at the
beginning of lactation, the first study includedttbdactation groups to evaluate how
supplementation with CLA impacts milk variables d@he energy balance of both groups.

The second study was performed in order to evalingeffect of a mixed CLA source
containing 10 g o€is-9, trans-11 CLA and 10 g ofrans-10, cis-12 CLA on the performance
of cows fed the product during the transition pgr@amd during early lactation. Animals were
fed 80 d into lactation with the CLA product; milkariables and energy balance were
followed until lactation day 100. Data of thesedsts were obtained to be compared to
literature data and evaluate different feedingtstii@s of CLA product in early lactation dairy

COWwWS.

Because MFD was inconsistent when supplementingesiamounts ofrans-10, cis-12
CLA, and since these differences might have regddittm the diet, cows in both studies were
fed the same ration. Most studies conducted on M¥§FBupplementingrans-10, cis-12 CLA
have been performed in North America with ratioymdal for that region. The generation of
data evaluating MFD in early lactation cows fedhwmaitions typical for grass-based dairy
regions could provide information on how the endnglance and milk variables are affected
by these dietevhen feedingrans-10,cis-12 CLA.
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4 STUDY ONE

How does a variable duration of supplementationaofmixed CLA source during early
lactation influence milk traits and performance i@hbles in dairy cows across an entire

lactation period?
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ABSTRACT

The objective of this study was to evaluate thdalzmn effects of a rumen-inert
conjugated linoleic acid (CLA) product containingual amounts ois-9, trans-11 CLA and
trans-10, cis-12 CLA isomers. The CLA product was fed duringly#actation (6 + 3.3 DIM
(SD)) to German Holstein cows (n = 74). The obd#waperiod of lactation variables was
240 d. Cows were assigned to one of three treasmantrial start; either fed a) without
(control) or with a source of rumen-protected CLégimning at the start of the trial until b)
80 d (CLA80) or c) 120 d (CLA120) of the trial. TH&LA product was pelleted into a
concentrate and fed by automatic concentrate fee#f@rage was fed once daily as a basal
ration based on grass (45%) and corn silage (3B¥y).matter intake, milk yield and body
weight were registered on a daily basis, wheredk oumponents were measured every
second week. Milk acetone was measured on trial @, 14, 28 and 56, whereas milk fat
analysis was performed three times (control) or toues (CLA80 and CLA120) throughout
the trial. Serum free fatty acids apéhydroxybutyrate were analyzed on trial d 7, 14 28d
Analysis of variance showed parity effects betwées treatment groups. The maximum
decrease in the milk fat content resulting from C&épplement was 14.5% and 20% for
CLA80 and CLA120, respectively, in multiparous cowse effect of the CLA product on
the milk fat content was delayed at the onset ofat'on and after discontinuing CLA
supplementation. The milk fat content reverted kacgontrol levels in late lactation after the
cessation of CLA supplementation. A trend for imsed milk yields across the 240 d
observation period occurred in the multiparous Gtgfatment groups with higher persistence
in milk yields after discontinuing CLA supplememtst. No effects upon milk fat, protein or
lactose yield or their contents were found, and ¢nmergy-corrected milk yield, energy
balance, health and fertility variables were ungfeahfor multiparous cows during the 240 d
of the trial. Milk fat content was inconsistentlgmtessed during CLA supplementation with
significant increases after the cessation of CLAdpct delivery in primiparous cows. During
CLA treatment, a trend for increased milk yield vadiserved without any carry-over effects
after terminating CLA supplementation. No effectsaiher variables were observed. These
data imply that the CLA product provokes differefifiects in the secretion pathways of the
mammary gland in primi- and multiparous cows, withtavoring the energy balance during

early lactation.

Keywords: conjugated linoleic acid, milk fat depression, rgyebalance, lactation

performance
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INTRODUCTION

Diet-induced milk fat depressioMED) has been observed in dairy cows for many
decades. Van Soest (1963) and Davis and Brown [18v{®wed the role of substrate supply
limitation. Bauman and Griinari (2001) were thesfito propose the biohydrogenation theory
of MFD, based on the premise that certain dietarydiions alter rumen biohydrogenation
pathways, shifting the synthesis of particular agated linoleic acidsGLA). Martin and
Jenkins (2002) showed that alterations in biohyenagjon result from high intake of soluble
carbohydrates and polyunsaturated fatty aclldHA), low ruminal pH and high rumen
passage rates. Several studies (Baumgard et 80, Zvrl et al., 2000; Seebg and Bauman,
2000) demonstrated that theans-10, cis-12 CLA isomer is a potent inhibitor of milk fat
synthesis. Following this observatiomany trials have been conducted investigating the
effect oftrans-10, ciss12 CLA on milk component synthesis. Baumgard et(2000) and
Peterson et al. (2002) showed a dose-dependetibnslaip on milk fat yield in abomasally
infused dairy cows with no effects on milk yield @ther milk components. Similar effects
were observed for cows in established to late tactded with a rumen-inettans-10, cis-12
CLA isomer (Perfield et al., 2002; De Veth et @&005; Moore et al., 2005), exhibiting an

effect on milk fat content and yield shortly aftke initiation of treatment.

Trans-10, cis-12 CLA fed to cows during the transition periode(Bal-Santos et al.,
2003; Selberg et al., 2004; Odens et al., 2007)eanky lactation (Castafieda-Gutiérrez et al.,
2007) induced MFD, but not until several weeks rafiterturition. At this point, MFD fully
developed and trends for elevated milk yield (BeB&ntos et al. 2003) and beneficial effects
on energy balancé&B; Liermann et al., 2008) were observed. Recentietuelvaluating the
effect of trans-10, cis-12 CLA in lactating dairy cows considered only th#ects during
supplementation period. Pappritz et al. (2011) chemed the effects of CLA supplementation
during early lactation and during a depletion perafter CLA termination, on lactation
performance and energy status. While Pappritz.€R@all1) evaluated the effect of different
trans-10, ciss12 CLA concentrations, the present study investidjathe effects of two
different supplementation periods (80 and 120 djindua 240 d lactation period in

primiparous and multiparous cows.
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MATERIALS AND METHODS

Animals, treatments and design

Early lactation German Holstein cows from the RedeaCentre “Haus Riswick”,
Landwitschaftskammer North Rhine Westphalia, Geymavere blocked according to
parturition day, parity and 305 d mature-equivalemik production. They were allotted to
one of three treatments in a completely randomtdedk design: 1xontrol (without CLA
supplementation), 2ZLLA80, 10 g/d each ofrans-10, cis-12 CLA andcis-9, trans-11 CLA
fed during the first 80 d and 8)LA120 10 g/d each afrans-10,cis-12 CLA andcis-9, trans-

11 CLA fed during the first 120 d of the trial. Btenents started at 6 £ 3.3 DIM (SD), and the
lactation performance and energy status of dairwscavere observed for 240 d. All
procedures involving dairy cows were conducted ating to the regulations of the German
law on animal welfare (Anonymous, 2010).

All animals were housed together in a free-stathbaith ad libitum access to a basal
ration that was fed once daily into weighing trosigbcated in front of self-locking gates.
Each visit was monitored by a transponder locatedaoneck collar. Two concentrates,
differing only in fatty acid composition, were supmented individually by concentrate
feeders. The basal ration provided nutrients fok@®f energy-corrected milECM) yield.
The forage ratio in the basal ration was 58% gsdage to 42% corn silage on a DM basis
with temporary tolerated deviations of 10 perceatagits for both components. Table 6

provides information in the components and chendoatposition of the basal ration.
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Table 6. Components and chemical composition of the basiahrh

Component composition, % of DM

Grass silage (40% DM; 6.0 MJ NEL/kg DM) 44.6
Corn silage (35% DM, 6.8 MJ NEL/kg DM) 31.9
Sugar beet pulp, pressed, ensiled (22% DM, 1N\EL/kg DM) 4.6
Concentrate (18/3) 7.2
Protein supplement 10.5
Straw 0.9
Mineral mixture 0.3

Chemical composition, % of DM

Crude protein 14.9
Utilizable crude protein 14.7
RNB 0.5
Crude lipid 3.2
NDF 37.1
ADF 22.5
NEL, MJ/ kg DM 6.61

Values represent averages of samples obtained therindividual stocks prior to feeding or at
delivery.

DM: Dry matter, RNB: Ruminal nitrogen balance, NElet energy lactation

Concentrates fed additionally with the basal mixation were formulated to be
isocaloric and isonitrogenous, differing only irethpid source (Table 7). The lipid source in
the concentrate delivered to control cows was gagra rumen-inert fat source of palmitic
acid Ca salts (Bergafat, Berg und Schmidt GmbH, blaxgpn, Germany), and in CLA fed
cows, this was delivered as Lutrell (BASF SE, Lugstiafen, Germany) containing 10% each
of cis-9, trans-11 CLA andtrans-10, ciss12 CLA. All cows were fed with 3 kg of the
concentrate respective to their trial group frora beginning of the trial. If this amount did
not meet individual nutrient requirements calcudalbg the recommendations of GfE (2001),
all animals were fed with additional control grogpncentrate. The maximum overall

concentrate supplementation was 10 kg.
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Table 7.

(Control) and treatment (CLA) groups.

Components and chemical composition of concentréées to the control

Control CLA
Component composition, % of DM
Wheat 26 26
Corn grains 14 14
Soybean meal (protected) 11.5 115
Soybean meal 12.8 12.8
Rapeseed meal 8.9 8.9
Molasses pulp 18.8 18
Bergafat(Berg und Schmidt GmbH, Hamburg) 2.5
Lutrell (BASF SE, Ludwigshafen) 3.3
Rest 5.5 5.5
Chemical analysis, % of DM
Crude protein 23.2 23.4
Utilizable crude protein 17.5 17.5
RNB 3 3
NDF 19.1 18.8
ADF 9.5 9.3
Crude lipid 4.2 4.2
NEL, MJ/ kg DM 8.1 8

! Values are averages of samples collected at theedeof each batch (n = 3)
DM = Dry matter, RNB = Ruminal nitrogen balance,INENet energy lactation

Sampling

Chemical composition. Samples of forages were collected weekly from tindase of
each silage stock and stored at -20°C. A cumulaaraple for each stock was added up for
analyses. DM was estimated from samples collectad the basal mixed ration. They were
gathered five days a week and analyzed immediaBdycentrate samples were taken from
each batch at delivery and stored at -20°C untllyais for the chemical composition and

energy value. Collective samples of three batcHeth@ control concentrate and protein
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supplement were analyzed. Batches of the CLA cdratenwere always analyzed as single
samples. A second aliquot of CLA concentrates waed at -20°C before analysis for the
content of CLA isomers. The first three samplesenstored for two months before analysis;

all subsequent samples were analyzed within a \&éekdelivery.

Milk. All cows were milked twice daily in a 14 parloarcousel (Westfalia Surge
GmbH, Bdnen, Germany) and milk production was réedrelectronically. Every second
week, milk performance monitoring was performedagmooled sample, collected as a cross-
section from the evening and morning milking pesiodlhe sample was stored at 4°C with a
preservative (bronopol) until analysis. On trialld7, 14, 28 and 56, milk samples were
collected for subsequent acetone analysis. Theg stered in an airtight bottle at 4°C in the
presence of a conservation agent (bronopol) umdlysis. The fatty acid pattern was
analyzed from milk samples collected from a limitedmber of cows. Control (n = 8)
samples were taken on trial d 1, 84 and 124, whitee CLA8O group (n = 7), samples were
taken on trial d 1, 78, 84 and 124. Samples fothA120 group (n = 6) were taken on trial d
1, 84, 118 and 124. Samples were pooled from thmimp and evening milking periods and
stored in a freezer at -28°C with no antidegradaialed.

Blood. Samples were taken on trial days 7, 14 and 28 astaygeal venipuncture and
collected into tubes to harvest serum. The tuba® wentrifuged immediately after sample
collection at 5000 rpm for 15 min at room tempemturhe supernatant was stored in
Eppendorf tubes at -28°C until analysis at the Nedey University of Hanover/Germany for
BHBA and FFA. Blood was collected from seven coasdomly assigned from the control
groups and from 14 cows randomly assigned from WOMA treated groups without
differentiation between CLA80 and CLA120, as th&asatments were identical during the

early lactation stage.

Body condition. All cows were weighed twice a day by electronicakording BW.
Back fat thicknessBFT) was measured monthly on each cow starting ateuption with
an ultrasonic device (Personal Ultrasound-400; ifraxmedizinische Gerate GmbH, Berlin,
Germany) with a 5 MHz linear sonic head. The stwad was placed on alcohol-wetted skin.
The point of measurement was in the conduit betwt®n dorsal part of théuber
ischiadicum and the upper part of thieuber coxae at the end of th€rista sacrales and the
beginning of the coccyx, following the method oa&enbiel (1992). All measurements were

performed by the same person.
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Analysis

Chemical composition. Analysis of the chemical composition was done bg th
Landwirtschaftliche Untersuchungs- und ForschungsdinNRW (Minster, Germany). All

components of the basal ration were analyzed iddally.

All methods for analyzing forage components arecdiesd in the book of methods
published by Verband Deutscher Landwirtschaftlichetntersuchungs- und
ForschungsanstalteWVDLUFA ), volume Ill, from Naumann et al. (2004). The DM o
forages was estimated by oven-drying at 103°C fbodrs (VDLUFA method 3.1). Ash was
determined by ashing in a muffle furnace at 550%€roight (16 h) (VDLUFA method 8.1).
NDF (VDLUFA method 6.5.1) and ADF (VDLUFA method562) were determined by
boiling the sample for 1 h with neutral or acidedgent, respectively. Crude lipi€l() was
analyzed by treating the sample with benzene (VDAURethod 5.1.1/A), while CP was
analyzed by the Kjeldahl method (VDLUFA method &)1 The concentrates were analyzed
by the same institute that analyzed the forages.(WDLUFA method 3.1) was estimated by
oven-drying at 103°C for 4 h. Ash (VDLUFA methodlBwas determined by ashing in a
muffle furnace at 550°C overnight (16h). CP was lymel by the Kjeldahl method
(VDLUFA method 4.1.1). These methods have beenriest in detail by Naumann et al.
(2004). The CL content was analyzed after acid dlydis (“Amtsblatt” of EG L 257/23-25
1998/ procedure B).

The analytics for CLA isomers were done by BASF (BEdwigshafen, Germany) to
determine the total CLA content and the contenf€bA-ME isomers by HPLC according to
the method AM/00887/0le. Botltis-9, trans-11 CLA andtrans-10, ciss12 CLA were
evaluated. In addition, the sum @§, trans CLA-ME isomersrans, trans CLA-ME isomers

andcis, cis CLA-ME isomers were evaluated according to theofaing principle.

CLA-Ca" salt was initially reacted with acetic acid torfo€ELA. CLA and/or CLA-ME
were extracted with cyclohexane and quantified By-8 (wavelength: 233nm, C-18 column)
against an external standard. The total CLA contexrst obtained by adding up the individual
CLA and CLA-ME contents. To identify the CLA-ME iseers, part of the extracting
solutions were evaporated to dryness under a stofamirogen and the CLA obtained was
esterified with hydrogen chloride in methanol teelgi CLA-ME; this was subsequently
extracted with cyclohexane. The isomers of CLA-MErev separated by HPLC on a

ChromSpher 5 lipid column and then subjected to dé¢¥ection at a wavelength of 233 nm.
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Based on the area percentages of the individual-BIEAisomers in the total CLA-ME area,
their contents were established by multiplyingvthkie by the total CLA content.

Milk. Milk lactose, protein and fat content, as welltias somatic cell count and urea
content were analyzed by Landeskontrollverband NRMVefeld, Germany) using a
MILCOSCAN (Foss Electric, Hillerad, Denmark). Aceto was measured by infrared
analysis (Landeskontrollverband Rhineland-Palaginasing a MILCOSCAN (Foss Electric,
Hillerad, Denmark). The milk fatty acid pattern wasalyzed by gas chromatography by
MUVA Kempten (Bavaria, Germany) using the method WAJMET412. Samples were
prepared by mixing the milk with a blend of sodisulfate and sea sand. The fat was
extracted from this powder using a blend of petirodl acetone (2:1). Thereafter, the solvent
was evaporated at 40°C (Rotavapor) and the samgéedned at 102°C. Next, 0.1 g of fat
was solubilized in 4.9 ml of t-butyl-methyl-etherda0.5 ml of this mixture was injected into
a GC-sampler after it was blended with trimethyflmulumhydroxide and heated in a closed
sampler for 15 min at 100°C. The sampler conterd wsed for the gas chromatographic
analysis, which was done by the Agilent 6890 ga®rolatograph with an autosampler. A
CP7420 FAME (Fa Varian) column (100 m x 0.25 mm.250um) was used with helium as
the carrier gas. A 1 pl aliquot of the sample wajeated in a split ratio of 45:1 at a
temperature of 250°C. Devices were steered by theor@elon system (Fa Dionex).
Calibration was done using a mixture of fatty acidthyl esters which were singly derived

from pure substances. CLAI$9, trans-11) was a part of the calibration standard.

Blood. The BHBA content of serum samples was analyzedrbgreymatic procedure
based on the oxidation of 3-D-hydroxybutyrate tetaacetate. 75 pl of the sample were
reacted with 500 ml of a buffer enzyme solutiontaoring 100 mmol/l Tris buffer (pH 8.5),
2 mmol/l EDTA, 20 mmol/l oxalic acid, 2.5 mmol/l NX and 0.12 U/ml 3-D-
hydroxybutyrate dehydrogenase. Serum was incubfmed0 seconds at 37°C and then
analyzed at a wavelength of 340 nm in a 1 cm lggtth cuvette against a reagent blank.

The serum NEFA content was measured using the ACSD method, ann vitro
test to determine the quantity of free FA in ser@®.ul of the sample were incubated with
1000 pul of color reagent A at 37°C for exactly 1 pfollowed by a 10 min incubation with
color reagent B at 37°C. Samples were analyzedmvaivalength of 550 nm in a 1 cm cuvette.



Study one 66

Statistics and calculations

The energy content of forages was calculated aBlELJ(NEL (MJ) = 0.6[1 + 0.004 (g-
57)] * ME (MJ); GfE, 2001).The utilizable crude pein at the duodenuruCP = [187.7 —
(115.4 (UDP/CP))] DOS + 1.03 UDP) and the rumindtogen balance (RNB = [(CP —
uCP)/6.25] were determined by formulae providedGff (2001). In the concentrate, the
nitrogen-free extracts were calculated accordintpéoWeende analysis (DM - ash - CP - CF
- CL). The ECM was calculated by a GfE (2001) reocmnded formula: Milk yield * [(milk
fat content * 0.38) + (milk protein content * 0.24)1.05] / 3.28.

The normal distribution of the data on milk comptse DMI, EB, BFT, BW, blood and
milk metabolites and fertility variables was testeyl the Kolmogorov-Smirnov test before
analysis of variance. Here, the MIXED procedure&S/&S (2001) was used for a completely
randomized design with repeated measures. The modeided the effects of treatment,
parity and season, and the interactions betweaty @erd treatment; the random variable was

the cow.

Y=H+G+p+vk+ Gm

Y = value of the observation

| = total mean

Gi = treatment (i = 1, 2, 3; 1 = control, 2 = CLA&+ CLA120)
Bj= parity (j =1, 2; 1 = primiparous, 2 = multipag)u

vk = season (k = 1 — 18 months of the trial)

&jkm = residual error

Significance was declared at P < 0.05 and tren&s<&.10. Least square meah$SM)

and standard erroBE) are reported throughout.
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Data on the fatty acid distribution in milk fat veeanalyzed by the MIXED procedure in
SAS (2001). The model included the effects of treait and sampling day, with the cow as

the random factor.

Y=p+G+p+§g

Y = value of the observation

K = total mean

Gi=group (i=1, 2, 3; 1 =control, 2 = CLA 80, 3tA 120)
Bj= sampling day (k = 1, 78, 84,188, 124)

e; = residual error

RESULTS

Daily intake of CLA isomers

The daily CLA intake during the treatment periodanimals treated with the CLA

product is provided in Table 8, and representsriteke oftrans-10, cis-12 CLA andcis-9,

trans-11 CLA per d and animal, respectively, calculabgdconsidering the total recovery of

CLA isomers from the feed concentrate.

Table 8. Average daily intake ofrans-10, cis-12 CLA andcis-9, trans-11 CLA in grams

during the treatment period for primi- and multipas cows.

CLA80 CLA120
Multiparous cows 3.29 3.22
Primiparous cows 3.31 3.36

CLAB8O0 = CLA supplement fed for 80 d, starting afparturition
CLA120 = CLA supplement fed for 120 d, startingeafparturition
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Production variables

Parity effects (P < 0.05) were observed for milklgj milk component yield, ECM
yield, DMI and BW (Table 9). No parity effects wedetected for milk fat, milk protein
content or EB. In multiparous cows over the enswpplementation period, milk yield was
affected (P = 0.09) by supplementation in bothtinesmt groups, while the milk fat content
was reduced (P = 0.07) solely in CLA120. No differes over the entire supplementation
period were observed in milk fat yield, milk protebr lactose yield and content in
multiparous cows. Neither were ECM, EB, DMI, BWBFT of multiparous cows affected.
Reductions in milk protein content across the erdupplementation period were observed for
primiparous cows in CLA80 (Table 9) with respecttmtrol (P = 0.05) and to CLA120 (P =
0.02). No treatment effects across the 240 d p&lod were registered for the remaining
milk components of primiparous cows. DMI, BW, BFhdaEB were not affected by
treatment across the entire trial period in primrgpg cows (Table 9). Treatment parity

interactions were not detectable.

During the CLA treatment period, the milk fat camtebut not the milk fat yield,
decreased progressively with CLA supplementatiomuitiparous cows (Table 9). About a
month (4 to 5 weeks) after the trial started, dédfees in both treatment groups became
significant compared to control. The nadir of nfidgit content was reached during trial wk 11
(3.13%) and wk 15 (3.05 %) for CLA80 and CLA120spectively, with maximum
reductions of 14.5% (CLA80) and 20% (CLA120). Afterminating CLA supplementation,
the milk fat content in both groups treated wite @LA supplement progressively returned to
the control level. Regeneration from low milk favéls occurred within two and four weeks
for CLA80 and CLA120, respectively (Figure 10). §mss in multiparous cow milk yield
(Figure 11) revealed a trend for increases aftetateon was established. Yields persisted
throughout lactation as a tendency for elevated yiglds, even if the CLA treatment was

discontinued (Figure 11).
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Table 9. Least square means for performance measuremeatsvsffed with or without conjugated linoleic aci@_A) across a trial period of
240 d starting on the sixth (2.5) d of lactation.

Multiparous cows Primiparous cows
Treatment SEM Treatmerit SEM P-value

Variable Control CLA80 CLA120 Control CLA80 CLA120 TRT Parity TRT*Parity
Milk yield, kg/d  32.9 35.% 35.% 2.64 28.1 26.0 28.4 1.61-2.23 0.41 <0.01 0.41
Milk fat

% 4.04 3.86yp 3.8% 0.115 3.84 3.63 3.73 0.114-0.163 0.34 770. 041

kg/d 1.27 1.32 0.085 1.03 0.90 051. 0.060-0.091 0.77 <0.01 0.71
Milk protein

% 3.31 3.30 3.22 0.091 337 3.1% 3.3& 0.068-0.089 0.30 0.12 0.65

kg/d 1.06 1.14 1.11 0.061 0.93 30.8 0.94 0.053-0.067 0.59 <0.01 0.71
Milk lactose

% 4.67 4.66 4.63 0.036 4.79 471 4.78 0.048-0.052 0.61 0.03 0.35

kg/d 1.56 1.69 1.66 0.128 1.34 61.2 1.37 0.077-0.104 0.37 <0.01 0.97
ECM? yield, 32.0 34.0 33.3 2174 26.9 24.1 27.2 1.57-2.150.59 <0.01 0.82

kg/d
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Multiparous cows Primiparous cows

Treatment SEM Treatmerit SEM P-value
Variable Control CLA80 CLA120 Control CLA80 CLA120 TRT Parity TRT*Parity
Energy variables
DMI, kg/d 20.1 20.6 19.9 0.54 16.6 154 16.5 0.72-0.95 0.88 <0.01 0.41
BW,? kg 678 680 678 12.0 620 604 606 17.2-24.4 890 <0.01 0.85
BFT mm 10.0 8.9 7.6 0.71 11.0 211 9.1 1.32-1.85 0.10 0.06 0.98
EB,> MJ NEL/d -2.5 9.1 -6.1 5.67 91. -7.9 -4.2 2.61-3.69 0.45 0.87 0.96

ap Values within rows and parities differ at P < 0.1

ap Values within rows and parities differ at P < 0.05

! Cows received 1) control (Ca salts of palmiticdcR) CLA8O (3.29 g (multiparous) and 3.31 g (pparous) oftrans-10, cis-12 CLA andcis-9, trans-11,
respectively, in the first 80 days plus Ca saltpaimitic acid) and 3) CLA120 (3.22 g (multiparoas)d 3.36 g (primiparousjans-10, cis-12 CLA andcis-9,

trans-11 respectively in the first 120 days plus Cassaltpalmitic acid)

% Energy corrected milk (ECM) yield was calculatedéd on GfE (2001); ECM = Milk yield (kg/d) * ((@8* (fat %) + 0.21 * (protein %)) + 1.05) / 3.28)

*Body weight (BW) was measured daily
* Measurement of back fat thickness (BFT) was peréal once a month for all cows in the trial on thme date

® Energy balance (EB) was calculated by subtradtirgenergy requirement for lactation and mainteadrmn energy intake
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Figure 10. Milk fat content of multiparous cows during theatment
and post-treatment periods from cows fed 1) Ca paien
(CON), 2) 3.31 g/drans-10, cis-12 CLA for 80 days and
3) 3.36 g/drans-10,cis-12 CLA for 120 days (CLA120).

The values shown are treatment by week LSM; the &iMnilk fat content
averaged 0.11%. Over the entire trial period, thealBe for the treatment
effect was 0.34 and 0.41 for the treatment by wetdkaction. The P-value
for the treatment effect for CLA80 at wk 11 of slgpentation was 0.51
and was 0.20 for CLA120 at wk 17 of supplementation
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Figure 11. Milk production by multiparous cows during the tireant
and post-treatment periods from cows fed 1) Ca paien
(CON), 2) 3.29 g/drans-10, cis-12 CLA for 80 days and
3) 3.22 g/drans-10,cis-12 CLA for 120 days (CLA120).

The values shown are treatment by week LSM; the S&Mmilk yield
averaged 2.64 kg. Over the entire trial period,Rhealue for the treatment
effect was 0.41 and 0.41 for the treatment by wetskaction. The P-value
for the treatment effect for CLA80 at wk 11 of slgpentation was 0.05
and was 0.01 for CLA120 at wk 17 of supplementation
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The changes in milk protein content showed a tfendiscontinuous reductions during
CLA treatment in CLA120. Differences were reverdsd numerical elevations after the
cessation of CLA supplementation in CLA120. No @iéinces in milk protein and milk
lactose yields were observed between the multigan@atment groups. The changes in milk
lactose content were similar to the changes in ryighd in all three multiparous treatment

groups.

The milk fat content in CLA treated primiparous &wwrogressively decreased and
revealed reduced contents (p < 0.05) in the CLAté® groups by trial wk 6 compared to
control (Figure 12). The development of CLA-induddBD was different between both CLA
treated primiparous groups and was more pronouimc€@lA80 as in CLA120. Increases in
milk fat content occurred in CLA80 before stoppi@§A supplementation. Following the
termination of CLA supplementation, milk fat contem CLA80 was maintained throughout
the rest of the trial at a similar level as con{féibure 12). MFD in primiparous CLA120 was
not as pronounced as in CLA80 and quickly returteedelow control levels before the
termination of CLA supplementation. Following trigk 20, significant increases in milk fat
content occurred, which were maintained at a scantly elevated level compared with
control throughout the rest of trial (Figure 12helTchanges in the protein content in milk
from primiparous cows (Figure 13) was similar bedweontrol and CLA120 throughout the
entire trial, whereas that of CLA80 showed loweluea than the two other treatment groups
following wk 5. The milk yield in primiparous cowsas similar during the first 7 weeks of
the trial (Figure 14). By trial wk 8, milk yieldd € LA80 and CLA120 were elevated by 3.3
kg and 3.2 kg, respectively, compared with contréfter the cessation of CLA
administration, the differences between control @80 disappeared within two weeks,
and milk yields in CLA80 were numerically below ¢ai (Figure 14). The milk yield in
primiparous CLA120 cows decreased from high lewslse week prior to the termination of
CLA to levels similar to control; these levels wenaintained throughout the remaining trial

period (Figure 14).
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Milk fat content of primiparous cows during theatment

and post-treatment periods

(CON), 2) 3.31 g/drans-10, cis-12 CLA for 80 days and
3) 3.36 g/drans-10, cis-12 CLA for 120 days (CLA120).

from cows fed 1) Ca paien

The values shown are treatment by week LSM; the $&thilk fat content

averaged from 0.114 to 0.163%. Over the entir¢ pesiod, the P-value for
the treatment effect was 0.34 and 0.41 for thernreat by week interaction.
The P-value for the treatment effect for CLA80 &t Il of supplementation

was 0.51 and was 0.20 for CLA120 at wk 17 of suppletation.
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Figure 13. Milk protein content of primiparous cows during the
treatment and post-treatment periods from cowsljeGa
palmitate (CON), 2) 3.31 gftans-10, cis-12 CLA for 80
days and 3) 3.36 g/ttans-10, cis-12 CLA for 120 days
(CLA120).

The values shown are treatment by week LSM; the S&Mmilk protein

content averaged from 0.068 to 0.089%. Over thgeetrial period, the P-

value for the treatment effect was 0.30 and 0.85He treatment by week

interaction. The P-value for the treatment effemt €LA80 at wk 11 of

supplementation was 0.11 and was 0.12 for CLA120what 17 of
supplementation.
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Figure 14. Milk yield of primiparous cows during the treatmeand
post-treatment periods from cows fed 1) Ca palmitat
(CON), 2) 3.31 g/drans-10, cis-12 CLA for 80 days and
3) 3.36 g/drans-10, cis-12 CLA for 120 days (CLA120).
The values shown are treatment by week LSM; the SBMmilk yield
averaged from 1.61 to 2.23 kg. Over the entiré peaiod, the P-value for the
treatment effect was 0.41 and 0.41 for the treatrngnveek interaction. The

P-value for the treatment effect for CLA80 at wk dfilsupplementation was
0.74 and was 0.47 for CLA120 at wk 17 of suppleaigor.



Study one 75

The results of fatty acid analysis revealed notmneat differences in milk fatty acid
composition on the sampling day, with the excepbbthe milk fat content ofrans-10, cis-
12 CLA. This isomer was significantly (P < 0.01¢wdted in CLA80 and CLA120 on trial d
78 compared with control. On trial d 118 (P < 0.4yl 124 (P = 0.05)tans-10, cis-12 CLA
was significantly elevated in CLA120 compared wibntrol and CLA80. An effect of
lactation week on milk fatty acid composition wasurid. On trial d 7, milk fat had a
significant lower content of short chain fatty agi€€16:0 fatty acid ands-9, trans-11 CLA
than on trial d 78, 84, 118 and 124. On d 78, t@ent of SCFA, C16:0 ands-9, trans-11
CLA was significant lower than on trial d 118 ar#41The long chain fatty acids, PUFA and
MUFA content decreased significantly (P < 0.05)nitk fat from trial d 7 to trial d 78. From
trial d 78, a significant decline (P < 0.05) in L&FPUFA and MUFA occurred in milk fat for

all treatment groups.

In early lactation, serum concentrations of BHBAI&MEFA revealed no differences
between the CLA treated and control groups (Talfly tomparing both the results of
sampling day and the results across the samplingpcdpeln multiparous cows, the
concentration of Immol BHBA in serum indicates #okie state of metabolism. The control
values were just above this range and the valu€3Liu treated cows were just below this
range. The BHBA serum concentration in primipar@osvs in all treatment groups was
constantly below the state of ketosis, which isidatéd in primiparous cows at a serum
concentration of 0.6 mmol/l NEFA. The serum valdasng early lactation did not show any
significant fat mobilization (>600 pmol/l) in the utiparous trial groups. The range for
pathophysiological fat mobilization in primiparocsws was >300 pmol/l, and both treatment
groups exceeded this range on trial d 7, whereggatittogenic mobilization nor significant

treatment effects were observed on trial d 14 ahioh 2he primiparous treatment groups.

The milk acetone content did not differ accordingtteatment or parity (Table 10)
within the first 56 days of the trial. On a samgliday basis, these values were not different
from each other and did not indicate subclinicaldesis, with the exception of the
multiparous control on trial d 1. Acetone levelghis group indicated subclinical acidosis on

this day, whereas the CLA group stayed signifigabpdlow the cutoff value.
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Table 10. Least square means of serum metabolites and mékoae in early lactation
multi- and primiparous cows fed with (CLA) or witlito (CON) conjugated

linoleic acid.

Treatment

Multiparous Primiparous P-value

Variable CON CLA SEM CON CLA SEM TRT PAR TRT*
PAR

BHBA?, 1.08 0.66 0.273- 0.46 0.40 0.172-0.40 0.13 0.53

mmol/l 0.384 0.274

NEFA?, 505 442 53.8- 331 391 83.7- 099 0.23 0.51

umolfl 83.5 1315

Milk 041  0.09 0019- 007 005 0.026-055 011 0.95
acetond, 0.026 0.035

mol/Il

! Cows received 1) Ca salts of palmitate, 2) 3.26tgids-10, cis-12 andcis-9, trans-11 CLA and 3)
3.34 g/dtrans-10, cis-12 andcis-9, trans-11 CLA

? Least squares means representing values collent&@l days 7, 14 and 28
® Least squares means representing values collenttél days 7, 14, 28 and 56
BHBA = beta-hydroxybutyrate; NEFA = Non-esterifiiadty acids; TRT = Treatment; PAR= Parity

CLA treatment did not affect the services per cptioa (SPC), but a significant parity
effect was noticeable (Table 11) for this variallee same result could be observed for the
fertility variable days openDO). However, no parity or treatment effects couldobserved
for the variable days to first servideKS; Table 11).
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Table 11. Least square means of fertility variables in coed ¢onjugated linoleic acid for
80 days (CLA80) or 120 days (CLA120) or a contriet CON).

Treatment

Multiparous Primiparous P-value

Variable CON CLA80 CLA12C CON CLA80 CLA120 T PA  T*PA

SPC 2.1 2.6 2.3 1.6 20 1.3 0.44 0.04 0.84
DO day 128.2 154.9 128.6 116.6 92.6 84.0 0.57 0.0410
DFS', 75.1 81.4 77.0 80.6 66.4 67.3 0.75 0.33 0.41
day

! Cows received 1) control (Ca salts of palmitic ic®) CLA80 (3.29 g (multiparous) and 3.31 g
(primiparous)trans-10, cis-12 CLA andcis-9, trans-11, respectively, in the first 80 days plus Cassal
of palmitic acid) and 3) CLA120 (3.22 g (multipas)and 3.36 g (primiparousjans-10, cis-12 CLA
andcis-9, trans-11, respectively, in the first 120 days plus Aéssa palmitic acid)

2 Values represent LSM of services per conception
® Values represent LSM of days open

* Values represent LSM of days to first service

T = Treatment, PA = Parity
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DISCUSSION

Lactogenesis and subsequent lactation are chamsderby shifting metabolic
challenges in dairy cows. Many studies (Perfielcalet 2002, 2004; Bernal-Santos et al.,
2003; Moore et al., 2004, 2005; Selberg et al. 2@xktafieda-Gutiérrez et al., 2005, 2007;
Odens et al., 2007) have evaluated the influend@Léf products containingrans-10, cis-12
CLA in early lactation cows, but the present stuefyresents the first to feed CLA products
starting soon after parturition until establishedctation considering two different
supplementation periods; moreover, the treatmefectsf were evaluated beyond the
supplementation period throughout nearly an emdicgation period. A similar study carried
out by Pappritz et al. (2011) investigated the @ffeof two differenttrans-10, cis-12 CLA
supplement concentrations fed to dairy cows duegdy lactation and monitored their effects
during the depletion period.

The aim of the present study was to feed a dailguarhof 10 g each dfans-10, cis-12
CLA andcis-9, trans-11 CLA to each animal. However, the mean recovaty of total CLA
isomers in the pelleted concentrate was only 398 svistandard deviation of 0.20, indicating
considerable differences in CLA concentrations leetwsingle concentrate deliveries. Yang
et al. (2000), Lee et al. (2003) and Moon et(2008) have stated that CLA is extremely
unstable in air and decomposes rapidly. The highperature and pressure during the
pelleting process segregates the methylester bohdSLA as well, explaining the low
recovery rates. The pelleting process was optimézgthg the trial by reducing the pressure
and temperature, resulting in a maximum total Ceéowery rate of 58%. Presumably, losses
of protected CLA molecules have to be taken intwoaant if the product is fed as a pelleted
concentrate. Top dressing the ration with the Cltddpct has less impact on the product’'s
rumen stability, but it is harder to ensure theuaacy of intake recordings.

The low amount ofrans-10, cis-12 intake, approximately 3.2 g/d for each triabugy,
has to be considered if discussing the effectsietad) CLA supplementation on lactation
variables. The present intakes tfns-10, ciss12 CLA are somewhat comparable to
treatments in studies by Moore et al. (2004), Cesta-Gutiérrez et aj2007) and Odens et
al. (2007). The trial design of Castafieda-Gutiégtal.(2007) was the most similar of the
three to the present study, because others suppiedine CLA product during the transition
period. The most comparable trial design was aeldidoy Pappritz et al. (2011) as mentioned
earlier, they fed 6 and 12tgans-10, cis-12 CLA per d. Significant effects of theAproduct

on reducingde novo synthesized fatty acids in milk fat were obserwedransition trials
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(Bernal-Santos et al., 2003; Odens et al., 2007%) rmt in trials that initiated CLA
supplementation (Castafieda-Gutiérrez et al., 200i;Soosten et al., 2011; Pappritz et al.,
2011; present study) during early lactation. It Imige concluded that the period of lactation
during which CLA supplementation commences hasftatteon the mammary response to
CLA-induced nutrient repartitioning. As a resultFM was more rapid and severe in studies
in which CLA supplementation was started during tifa@sition period (Bernal-Santos et al.,
2003; Selberg et al., 2004; Castafieda-Gutiérrak,e2005; Odens et al., 2007). However, the
mechanisms responsible for these reactions arguite clear, because the uptaketrains-
10,cis-12 CLA into mammary tissue is consistent in alemthroughout the treatment period
in the literature (Bernal-Santos et al., 2003). &det al. (2007) showed that by tripling the
amount of CLA fed to transition cows, MFD was aeiei@ within five days after parturition.
MFD induced by CLA supplementation had no effects tbe plasma concentrations of
metabolites, including glucose, NEFA and BHBA, ar metabolic hormones, including
insulin, IGF-1 and leptin during short- (< 1 wk) dadong-term (up to 20 wk) treatment
(Baumgard et al., 2000, 2002; Perfield et al., 2@@stafieda-Gutiérrez et al., 2005; de Veth
et al., 2006; von Soosten et al., 2011; Papprit.e2011; Schlegel et al., 2012). However,
Bernal-Santos et al. (2003) speculated that thaydel the response of mammary synthesis
during early lactation is due to missing mRNA foeykenzymes responsible for lipid
synthesis, or that essential cellular signalingesys are attenuated in such a way thats-

10, cis’12 CLA cannot provoke a coordinated reduction he gene expression of key
lipogenic enzymes. Baumann et al. (2011) explaimedheir review, that a coordinated
regulation of enzymes for lipid synthesis was pk®w bytrans-10, cis-12 CLA and diet
induced MFD. This happened by a decreased expressitipid synthesis enzymes which
means an MRNA abundance for FAS, ACC, lipoprotgiase, SCD, FA-CoA- ligase,

glycerol-phosphate-acyl-transferase, and acyl-gblgghosphate-acyl-transferase.

The dissimilarities in the time of milk fat conterécovery after terminating CLA
supplementation between both CLA treated groupsnuitiparous cows could be due to
differences in energy status at the terminatiompdihe changes in EB in multiparous cow
observed in the present study were in accordante tiwe findings of Coffey et al. (2002,
2004). They determined that EB generally returnpdsitive values between lactation d 70
and 90 depending on parity, with increasing timeiheareasing parity. During positive EB,
lipogenesis is greater than lipolysis and fattyla@re incorporated into adipose tissue. This is
also true for CLA isomers (Wang et al., 2008), sarpipg the suggestion thatans-10, cis-12

CLA is released for a longer period under positt® Furthermore, adipose tissue turnover
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depends on the animal’s energy status (Chilliardl.e2003), i.e. slower fatty acid release is
found in more established lactation. In our case tieans that CLA120 cows incorporated
trans-10, ciss12 CLA into the adipose tissue from about lactatiday 80, when they
recovered to positive EB, until the cessation & @LA product. Due to the natural adipose
tissue turnover, which slows down with the progi@s®f lactationtrans-10, cis-12 CLA is
released again, and becomes available for mamnp@akel Fatty acid analysis in milk fat
asserts these explanations, because the cont&ainsfl0, cis-12 CLA was still significantly
elevated 4 days after terminating supplementatiainé CLA120 group compared to control.
In contrast, no differences in mitkans-10, cis-12 CLA content were registered 4 days after
the cessation of CLA product delivery between CLASB@ control. The monetary interest in
CLA-induced MFD can be optimized by prolonging Clsipplementation until animals
recover from negative EB. This will only be the edfslow milk fat content is desired by the

dairy.

CLA-induced MFD correlates negatively with the seyeof EB, regardless of parity.
The regression line in Figure 15 clearly indicadesegative relationship between milk fat
content and EB in primi- and in multiparous cowd tee CLA product. This supports the
assumption that, under conditions of high adipassué mobilization, NEFA and CLA
iIsomers compete for receptors, reducing CLA-indUudéd in the case that NEFA is present
in great amounts. High amountstodins-10, cis-12 CLA are then required to reduce the milk

fat content.

5.5- = Milk fat, %

—— -0.032 (0.0017) x+ 2.856 (0.039)
R2=0.86

5.01

4.5+

4.0

Milk fat %

3.51

3.01

2.5-

I I I
60 55 50 -4 40 -35 -30 -25 -20 -15 -10 -5 0 5
Energy balance; MJ NEL

Figure 15. Relationship between energy balance and milk fahtesd during the
supplementation period of the CLA product to ealfgtation primi- and

multiparous cows; CLA supplementation was initigbedt-partum.
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Nutrients spared from CLA-induced MFD were repamtied to other sites of mammary
synthesis. Both CLA treated multiparous groups aéacek a trend for increased milk yields
after lactation was established. This trend wasigknt throughout the entire trial period in
both CLA fed groups, suggesting that, during ekatyation, stimulated milk lactose secretion
is not reversed by terminating CLA supplementatidowever, Pappritz et al. (2011) reported
no prolonged effects of SLA supplementation on retmilk yield after cessation of CLA
product for each treatment group. It is not cle&rywhe progression of natural milk yield

differs between the two studies.

The evaluation of the ideal duration of CLA suppégrtation for primiparous cows was
more difficult, because these animals seemed i thierently to CLA-induced MFD than
multiparous cows. Different changes were obserwvetthé milk fat content 1) in comparison
to multiparous cows and 2) within primiparous tneant groups. The indifferent findings in
terms of changes in the milk fat content betweenttwto CLA treated primiparous groups was
attributed to the low number (n = 5) of animalsGhA80. The results of the primiparous
CLA8O group are, for this reason, generally notsidered for discussion in this study.
Because MFD in the primiparous CLA120 group wasliabed prior to the termination of
CLA supplementation, and as the cessation of CL&dpect delivery was followed by a
significant elevation in milk fat content, it is ggested that mammary synthesis in
primiparous cows is regulated differently than imltiparous cows. Whates et al. (2007)
suggested that nutrient repartitioning in primipegr@ows between body tissue and milk yield
Is less steered than in multiparous cows, becdwesenetabolic challenge in early lactation is
greater due to body growth. The considered prinopsicows calved at an average age of 27
months; Coffey et al. (2006) analyzed the grow#jettories of dairy heifers from birth until
the end of their third lactation, although growtttess slowed once the animal reached about
450 days of lactation. The demands of the mammiaydgduring the initiation of lactation
are superimposed on the requirements for growtighéti insulin and IGF-1 levels, which
have positive growth-promoting effects with the i@iddal effects of stimulating protein
synthesis and inhibiting protein degradation (Bttrer 1982), were found by Whates et al.
(2007) in young lactating animals regardless oirthember of lactation periods. However, it
might be hypothesized that mammary metabolism imiparous cows adapts to CLA-
induced nutrient repartitioning if CLA is fed dugrearly lactation. Their metabolism is
confronted with lactogenesis for the first time,damight therefore be susceptible to
alterations. Reist et al. (2003) observed that iparbus cows successfully adapted to higher

metabolic and nutritional challenges, which migidicate that primiparous cows could react
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similarly. Further studies evaluating the effedt<CaA products on mammary metabolism in
primiparous cows must be conducted in order to gaformation on the mechanisms

influencing mammary adaptations to CLA-induced ieutrrepartitioning.

In the study of von Soosten et al. (2011) the msgion of milk fat content in dairy
heifers fedtrans-10, cis-12 CLA from 21 d prior to parturition to 105 d milk was
comparable to expectation for multiparous cowsvduld be interesting to know why these
cows reacted differently from the primiparous cowms the present study. Could the
differences be contributed to the CLA applicatiamidg transition period, or that they were
fed 12 g instead of approximately 3 g in the preseurdy? Another interesting question is the
role of growth, because these animals were youridesir average parturition age was 23 +
0.2 month.

Differences in the development of BFT throughowd thal period were not observed
between parities. BFT could have explained posdilfferences occurring due to adipose
tissue-related hormonal control (leptin) of lipicetabolism. Although leptin is an endocrine
product of adipose tissue (Zang et al., 1994)sitlso expressed in several other tissues
including, apparently, the mammary gland (Chilliatdal., 2000). Mammary adipocytes and
fat are present during lactation (Janke et al. 26@atsu et al. 2003), and leptin secreted
from mammary fat has a clear role in the regulatbmilk synthesis in the bovine mammary
gland (Feuermann et al., 2006). Leptin and pratactieract to alter milk synthesis in the
bovine mammary gland (Feuermann et al., 2004), taagt plasma levels are significantly
increased during the fourth and sixth months dfak&en (Accorsi et al., 2005). Feuermann et
al. (2004) noted upregulated leptin mMRNA expressiolactating cows compared with heifer
mammary glands. It should be examined if thereparéy effects on hormonal milk secretion

control, which could explain the differences betwearities in CLA-induced MFD.

The CLA product did not seem to influence the treatriables of animals under the
high metabolic stress of early lactation, regasiigisparity. This was validated by equivalent
concentrations of milk acetone, serum BHBA and NEB&ween the control and CLA
treated groups. As a result, the CLA product isasstumed to have benefits for the health of
dairy cows during early lactation. This is undeztinby the fact that CLA treatment did not
alter the EB. These results are supported by titinfys of Castafieda-Gutiérrez et al. (2007).
Sigl et al. (2010) and Pappritz et al. (2011) obséra more negative EB in CLA treated cows
during early lactation and no effect during esti#d lactation. A decrease in DMI was the

trigger for the differences in EB. However, Liermaat al. (2008) and Hutchinson et al.
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(2011) found a positive effect of a CLA suppleméntaon EB in early lactation cows. It
remains to be specified how the genetic ability faitk production is related to nutrient
repartitioning oftrans-10, cis-12 CLA since published studies have investigated Effects

in different dairy cow breeds.

High metabolic turnover induces infertility, whicha metabolic response rather than a
pathological failing (Knight et al. 1999). It seems if CLA isomers provided in doses less
than 10 g/d each afans-10, cis-12 CLA andcis-9, trans-11 CLA have a beneficial effect on
reproduction (Bernal-Santos et al., 2003; Castafiad&errez et al., 2005). Fertility is
measured by earlier postpartum ovulation and is@@gregnancy rates. The present CLA
treated primiparous cows followed, as a tendery résults of other studies (Bernal-Santos
et al.,, 2003; Castafieda-Gutierrez et al., 2005).ItiMwous cows, however, reacted
differently. No tendency or numerical trend could boted in decreasing the days open.
Interestingly, primiparous cows conceived earl@though they remained in negative EB for
a longer period than multiparous cows. This is amtrast to the findings of Knight et al.
(1999), who stated that high metabolic turnovewuges infertility. Hutchinson et al. (2011),
did not differentiate between primi- and multi-pasocows, but reported no effect of CLA

treatment on fertility variables with the exceptiaina trend of lesser services per conception.

CONCLUSION

Postpartum supplementation wans-10, cis-12 CLA andcis-9, trans-11 CLA led to
progressively reduced milk fat contents in multques cows. The nadir was reached several
weeks after treatment was started. A long recopenod of milk fat content was found after
terminating CLA product delivery when animals reted back to positive EB. This was due
to trans-10, cis-12 CLA release that had previously been incorgarahto adipose tissue.
Differences in the nutrient repartitioning pathwayere found in animals in first parity and at
higher parities. In multiparous cows, nutrientsdtéa be repartitioned, leading to elevated
milk yields, starting in early lactation and petisig throughout the entire lactation period
regardless of the point of CLA product cessatian.plimiparous cows, a tendency for
increased milk yield occurred during MFD as wellit bhese differences diminished after
stopping CLA supplementation. In the post-treatmpatiod, the milk fat content was
significantly increased in first parity animalsateng to the suggestion that CLA provokes
different metabolic reactions in different parities
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5 STUDY TWO

Influences of typical Central European grass-bas¢idns on milk fat depression in dairy

cows fed a source of mixed conjugated linoleic s.ddring the transition period



Study two 90

ABSTRACT

Multiparous German Holstein cows were treated entithout (CON) or with a rumen-
inert CLA product (TCLA), providing 4.96 g/d eachas-9, trans-11 CLA andtrans-10, cis-
12 CLA throughout the periparturient period. Treatmstarted 18 d prior to parturition and
continued until lactation d 80. Progress of perfange variables and energy status were
obtained from the beginning of the trial until laodbn d 100. During the transition period,
animals were fed a total mixed ration based onsgaasl corn silage (42:58) providing 140 g
CP/kg DM and 6.55 MJ NEL/kg DM. During lactationpasal ration with a ratio of 66:34
grass to corn silage providing 150 g CP /kg DM &rdMJ NEL /kg DM was fed. The basal
ration was supplemented with a concentrate progi@®2 g/kg DM CP and 8.1 MJ MEL/kg
DM depending on the demands based on energy cedreatk yields. The CLA product was
pressed into a concentrate that was isonitrogeaadsisocaloric to the concentrate fed to

control animals.

The objective of the present study was to evalifdtee milk fat depressing ability of a
CLA product could be reproduced by feeding ratioasamon in Central European regions,
because the majority of studies researching thehamsms of CLA effects have been
conducted in America. Animals fed with the CLA puotl showed a significant reduction in
the milk fat content three weeks after parturitidmends were observed for reduced milk
protein content in early lactation and increasetk miield until lactation d 100 with CLA
treatment. No effect on yields in milk fat, proteamd lactose were observed because
elevations in milk yield balanced the depressiomitk fat and protein content, resulting in
equal yields of energy corrected milk. CLA supplatagion did not benefit energy balance
and no differences in dry matter intake and bodyghtewere recorded. These results are
similar to those recorded by studies conducted wsidalar trial designs in the United States

of America.

Keywords: conjugated linoleic acid, transition period, diemposition, energy balance
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INTRODUCTION

Conjugated linoleic acid<CLA) are geometric and positional isomers of linokzotd
containing conjugated double bon@3s-9, trans-11 CLA andtrans-10, cis-12 CLA are the
two most frequently studied isomers with respectlaoy cow nutrition. It has been shown
that trans-10, cis-12 CLA is a potent inhibitor of milk fat synthestkiring late lactation
(Baumgard et al., 2000, 2001, 2002; Viswanadhd.ef@03) in a dose-dependent manner
(Baumgard et al., 2001; Viswanadha et al., 2008 iSomer acts by inhibitinde novo milk
fat synthesis and the uptake of fatty acids in® mlammary gland (Piperova et al., 2000;
Baumgard et al., 2001; Peterson et al., 2002; Hiaev&t al., 2006; Perfield et al., 2006) and
further by interacting with the gene receptors elmg for key enzymes in milk fat synthesis
(Piperova et al., 2000; Baumgard et al., 2002; Eitame et al., 2008).

The effects of rumen-protected mixed CLA isomemitainingtrans-10, cis-12 CLA,
were determined in various studies concerning fimctavariables in dairy cows. Many studies
have shown the milk fat depressing ability todins-10, cis-12 CLA (Bernal-Santos et al.,
2003; Selberg et al., 2004; De Veth et al., 2008y Kt al., 2007; Odens et al., 2007), but the
effects on milk yield were variable between studigernal-Santos et al. (2003) speculated
that energy balancéEB) could be positively influenced by feeding mixed ACisomers
during the transition period and early lactatiowdaese of spared energy from reduced milk
fat secretion. These results were supported byriaen et al. (2008), Hutchinson et al. (2011)
and Schlegel et al. (2012), who found significaahdfits on EB when CLA was fed during
early lactation. However, other studies did notpsup these findings (Moore et al., 2004;
Castafieda-Gutiérrez et al., 2005, 2007, von Soastah 2011), and even registered negative
effects during early lactation (Pappritz et al.12pD

The majority of studies evaluating CLA-induced mii#it depressionMFD) have been
conducted in America. These rations differ in cosifion to those fed in Central Europe. The
objective of the present study was to determirnkdfresults from those feed trials with mixed
CLA products could be repeated. The focus of thiglys was on changes in lactation

variables, EB and fertility.
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MATERIALS AND METHODS

Animals, treatments and design

Seventeen multiparous German Holstein cows wenepga according to the criteria of
expected parturition day, prior 305 d mature-edeiviamilk production and parity into a
block design of two treatments: 1) fed without @ieA product CON) and 2) fed with 100
g/d of the CLA product (Lutrell; BASF SE, Ludwiggba, Germany) starting at 18.5 d (£1.4
SD) prior to parturition until lactation d 80TrCLA). The CLA supplement provided,
considering the recovery rate in the concentralietpd.96 g/d each dfans-10, cis-12 CLA
andcis-9, trans-11 CLA. All animals started the transition periad18 d antepartuma(p.),
and data on animal performance were collected w@@id postpartunp(p.). The trial started
in January 2007 and continued until July 2007. ilkgrivariables were recorded as they
accrued. All procedures involving dairy cows weoaducted according to the regulations of

the German law on animal welfare (Anonymous, 2010).

Transition Period. Animals were housed respective to the treatmenuiia straw
bedded free stalls. They calved in these stalls siaged there for the first two days of
lactation. Transition cows were fed a total mixatian (TMR) forad libitum intake without
the possibility of measuring daily feed intake 8ingle animals. The ration was fed every
third day and, in order to decelerate fermentattbe, TMR was preserved with potassium
sorbate (80 g/1000 kg FM TMRThe composition of TMR was nearly identical between
both treatment groups, except that 3 kg of a canaencontaining 100 g Lutrell (BASF SE,
Ludwigshafen, Germany) was blended into the TMEhefTCLA group. The concentrate fed
to the CON group was isoenergetic and isonitrogecontaining 2.5% of a rumen-inert
palmitic fatty acid source (Bergafat, Berg und SatirmbH, Hamburg, Germany). Detailed
information on the composition of concentrates &aMR is provided in Table 12 and Table
13, respectively.
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Table 12. Components and chemical composition of concentfatt$o control (CON) and

the group fed with conjugated linoleic acid (TCLA)

Concentrate composition CON

Component, % of DM

Wheat 26
Corn grains 14
Soybean meal (protected) 11.5
Soybean meal 12.8
Rapeseed 8.9
Molasses pulp 18.8

Protected fat, (Bergafat, Berg und Schmidt, HampGeymany) 2.5
Lutrell (BASF SE, Ludwigshafen, Germany)
Rest 5.5

Chemical analysis, % of DM

Crude protein 23.2
Utilizable crude protein at the duodenum 17.5
RNB 3
NDF 17.1
ADF 8.9
Crude lipid 4.2
NEL, MJ/ kg DM 8.1

TCLA

26
14
11.5
12.8

18

3.3
5.5

23.4
17.5

16.9
8.7
4.2

! Values are averages of samples collected at esdisleny

DM = Dry matter, RNB = Ruminal nitrogen balance,INENet energy lactation
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Table 13. Components and chemical composition of the totatechiration (TMR) fed
during the transition periot.

Diet composition TMR

Component, %

Grass silage 33.8
Corn silage 35.8
Concentrate (Bergafat/Lutrell) 20.8
Straw 7.9
Glycerin 1.3
Mineral mixture 0.4

Chemical analysis, % of DM

Crude protein 14.0
Utilizable crude protein at the duodenum 14.1
RNB 0
Crude lipid 3.4
NDF 39.5
ADF 23.1
NEL, MJ/ kg DM 6.55

Values represent averages of samples obtained tiherrindividual stocks prior to feeding or at
delivery.

DM = Dry matter, CLA = Conjugated linoleic acid, BN= Ruminal nitrogen balance, NEL = Net
energy lactation

The forage ratio of TMR was 49% grass silage to ®idize silage on the base of DML

Lactation period. Two days after parturition, cows were grouped mfioee barn system
including 48 single beds covered with rubber materéd with shavings twice a day. The
beds were arranged on both sides of a crevice alleymatically scraped by a chain-drawn
slider. A basal ration, providing nutrients for R% of ECM yield and formulated by utilizing
the recommendations of GfE (2001), was fed intoan@dghing troughs located in front of
self-locking doors. The ratio of grass to corn gglavas 66% to 34%. The basal ration
provided 6.5 MJ NEL/kg DM and 152 g CP/kg DM (Tali). All cows had access to all
troughs and fresh matteFN1) intake was monitored by a transponder locatedaareck

collar. Five times a week, the DM of the basalaomtivas determined as a basis for DMI
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calculations. Cows of the TCLA group were fed 3okghe concentrate containing 3.3% CLA
product (Lutrell, BASF SE, Ludwigshafen, Germanyble 12) until 80 d in lactation,
providing 4.96 g/d each @fans-10, cis-12 CLA andcis-9, trans-11 CLA; this was fed before
parturition as well. Additional nutrient needs ks energy corrected milk yieldECM)
were met by an isoenergetic and isonitrogenic aumate (Table 12) containing 2.5% of a
rumen-inert palmitic acid fat source (Bergafat, @eund Schmidt GmbH, Hamburg,

Germany).

Table 14. Component and chemical composition of upgraded dnraéio fed from the start

of lactation®

Diet composition Basal ration

Component %
Grass silage 47.8
Corn silage 24.8
Sugar beet pulp, pressed, ensiled (22% DM, 715NEL/kg DM) 6.5

Protein supplement 18.6
Straw 2.0
Mineral mixture 0.3

Chemical analysis % of DM

Crude protein 15.2
Utilizable crude protein in the duodenum 14.5
RNB 1.1
Crude lipid 3.3
NDF 41.7
ADF 24.6
NEL, MJ/ kg DM 6.50

Values represent averages of samples obtained tiherrindividual stocks prior to feeding or at
delivery

DM = Dry matter, RNB = Ruminal nitrogen balance,INENet energy lactation

The maximum concentrate intake per day was 10 lg/Gows of the CON group were

fed an isoenergetic and isonitrogenic concentrtaetirsg with 3 kg after parturition and
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increasing continuously throughout lactation to axmnum intake of 10 kg. Animals of the

TCLA group were fed identically to the CON groupeafstopping the CLA supplementation.
The daily concentrate intake was computer regigtdvilking was performed twice a day, at
5:30 am and 3:30 pm, in a Westfalia Surge (Bonamnfany) carousel with 14 parlors. Since
only 17 animals were included in the trial, the chause was filled with non-experimental
cows, treated as the CON group, in order to dirhisigstematic errors.

Sampling and analysis

Feeds. Analysis of the chemical composition and energyeaf feedstuffs was done
by Landwirtschaftliche Untersuchungs- und Forsclsangtalt NRW; Munster/Germany. All
components of the basal ration were analyzed iddally. Samples of forages were collected
weekly from the surface of each silage stock andedtat -20°C. A cumulative sample was

added up for each stock, which was analyzed further

All methods for analysis of forage components ascdbed in the book of methods by
Verband Deutscher Landwirtschaftlicher Untersuclsungund Forschungsanstalten
(VDLUFA) volume IIl (Naumann et al., 2004). The DM of fges was estimated by oven-
drying at 103°C for 4 h (VDLUFA method 3.1). Ash svdetermined by ashing in a muffle
furnace at 550°C overnight (16 h) (VDLUFA method)8.NDF (VDLUFA method 6.5.1)
and ADF (VDLUFA method 6.5.2) were determined byilibhg the sample for 1 h with
neutral or acetic detergent, respectively. Crugiel {CL) was analyzed by treating the sample
with benzene (VDLUFA method 5.1.1/A), whereas CR waalyzed by the Kjeldahl method
(VDLUFA method 4.1.1).

Samples of fed concentrates were taken during elgliand stored at -20°C until
analysis for the chemical composition and energlueraSamples of the concentrates
containing CLA were analyzed individually, whileréle individual samples of the concentrate
containing the palmitic fat source were pooled befanalysis. The concentrates were
analyzed by LUFA NRW, Munster/Germany. DM (VDLUFAethod 3.1) was estimated by
oven-drying at 103°C for 4 h. Ash (VDLUFA methodlBwas determined by ashing in a
muffle furnace at 550°C overnight (16 h). CF watedwrined by maceration with a boiling
sulfuric acid and potassium hydroxide solution (moet 6.1.1) and CP was analyzed by the
Kjeldahl method (method 4.1.1); these methods ascribed in the method book of the
VDLUFA, volume Ill (Naumann et al., 2004). The Clortent was analyzed after acid
hydrolysis (“Amtsblatt” of EG L 257/23-25 1998/ mexdure B).
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Milk. Every second week, milk performance monitoring afrecow was carried out.
For this reason, a pooled milk sample was colledtelividually during the evening and
morning milking periods. The analysis of milk las#o protein and fat content, as well as the
somatic cell count and urea content was perforniéigealandeskontrollverein,KV ) NRW,
Krefeld, Germany using a MILCOSCAN (Foss Electhidlerad, Denmark). Additional milk
samples were collected on lactation day 1, 7, B4a2d 56 during the morning milking
period, giving an average across this milking pkribhese samples were hereafter stored in
an airtight bottle at 4°C in the presence of a eoration agent (Bronopol) until analysis for
the content of fat, true protein, lactose, urea &€ by infrared analysis (LKV Rhineland-
Palatinate) using a MILCOSCAN (Foss Electric, Hild, Denmark). The milk acetone

content was further analyzed using the same atliti

Blood. From each cow, blood samples were taken beforeatiad parturition. Samples
taken a.p. were collected as cows entered theiticangeriod and three days prior to
parturition. More samples were gathered on parturiand on d 7, 14, 28 and 56 p.p. Blood
samples were taken via coccygeal venipuncture alhected into tubes to harvest serum. The
tubes were centrifuged immediately after sampléectbn at 5000 rpm for 15 min at room
temperature. The supernatant was stored in Eppetuii@s at -28°C until analysis. Contents
of FFA, BHBA and glucose were analyzed at the \e&y University in
Hannover/Germany. The BHBA content of serum samplas analyzed by an enzymatic
procedure, based on the oxidation of 3-D-hydorxytaié to acetoacetate. 75 pl of the sample
were reacted with 500 ml of a buffer enzyme solutiontaining 100 mmol/l Tris buffer (pH
8.5), 2 mmol/l EDTA, 20 mmol/l oxalic acid, 2.5 miioNAD"* and 0.12 U/ml 3-D-
hydoxybutyrate dehydrogenase. Serum was incubaiedb@ seconds at 37°C and then
analyzed at a wavelength of 340nm in a 1 cm liglthguvette against a reagent blank. The
serum NEFA content was measured using the ACS-AGfddhod, anin vitro test to
determine the quantity of free FA in serum. 50 filh@ sample were incubated with 1000 pl
of color reagent A at 37°C for exactly 10 min, émlled by a 10 min incubation with color
reagent B at 37°C. Samples were analyzed at a syl of 550 nm in a 1 cm cuvette.
Serum glucose was analyzed by the phoshorylatiogloéose with ATP to glucose-6-
phosphate which was then transformed by NADP toaglate-6-P. The synthesized NADPH
was then measured. 10 pl of serum were incubatdd000 pl of reactive solution at 20 to

25°C and analyzed at a wavelength of 334 nm irtien Tuvette.

Dale E. Bauman at Cornell University (Ithaca, NYSA) analyzed serum samples for
IGF-1 by determining the circulating levels of IGFy RIA (Butler et al., 2004). The first



Study two 98

step was an extraction with ethanol:acetone:acstid (60:30:10) to remove all binding

proteins, as described by Enright et al. (1989)ng@lete removal of all binding proteins was
verified by Western blot. The primary antibody (@mGF-1 (rabbit) #AFP 4892898) was

sourced from Dr. A. F. Parlow (National Hormone &weptide Program) and the hormone for
iodination and standards (lot#AAG-CO1) were obtdirem GROPEP, Adelaide, Australia.

Body condition. BW data were recorded automatically as cows werghed twice
daily after milking. The back fat thicknedBKT) of each cow in the trial was measured using
a PERSONAL ULTRASOUND-400 ultrasonic device (Proaimedizinische Gerate GmbH,
Berlin, Germany) with a 5 MHz linear sonic head.eTdonic head was placed on alcohol-
wetted skin. The point of measurement was in thedot between the dorsal part of the
Tuber ischiadicum and the upper part of tAeiber coxae at the end of th€rista sacrales and
the beginning of the coccyx, following the methddStaufenbiel (1992). The measurement
was performed once a month without regard for tdupdéion day by the same person
throughout the entire trial. The BFT measuremetaded two months prior to the calculated

parturition day.

CLA isomers. Individual samples of all delivered CLA concentra@ches were taken
and stored at -20°C before being sent out for amalyf CLA isomers by HPLC at BASF SE
(Ludwigshafen/Germany). They were analyzed withmegk of sample collection in order to
prevent storage losses of CLA methylest&€EA-ME ). The analytics determined the total
CLA content and content of CLA-ME isomers by HPLGing BASF SE method
AM/00887/01e. Bothcis-9, trans-11 CLA andtrans-10, cis-12 CLA were evaluated. In
addition, the sum ofis, trans CLA-ME isomers,trans, trans CLA-ME isomers andis, cis

CLA-ME isomers were evaluated according to theofsihg principle.

CLA-Ca'"" salt was initially reacted with acetic acid torfo€ELA. CLA and/or CLA-ME
were extracted with cyclohexane and quantified By-8 (wavelength: 233nm, C-18 column)
against an external standard. The total CLA contexrs obtained by adding up the individual
CLA and CLA-ME contents. To identify the CLA-ME iseers, part of the extracting
solutions were evaporated to dryness under a stodamiirogen and the CLA obtained was
esterified with hydrogen chloride in methanol teelgi CLA-ME; this was subsequently
extracted with cyclohexane. The isomers of CLA-MErev separated by HPLC on a
ChromSpher 5 lipid column and then subjected to dé¢¥ection at a wavelength of 233 nm.
Based on the area percentages of the individual-®IEAisomers in the total CLA-ME area,

their contents were established by multiplyingvthkie by the total CLA content.
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Statistics and calculations

Feeds. The energy content of forages was calculated inNB#L (NEL (MJ) = 0.6[1 +
0.004 (g-57)] * ME (MJ); GfE, 2001)the available proteifuCP = [187.7 — (115.4
(UDP/CP))] DOS + 1.03 UDP) and the ruminal nitrogeatance (RNB = [(CP — uCP)/6.25]
were determined by formulas provided by GfE (2001)e energy content of concentrates
was calculated as follows: NEL (MJ) = 0.6 [1 + 0(@4— 57)] * ME (MJ) and nitrogen-free
extracts were calculated by Weende analysis (Dsh-&P - CF — CL; GfE, 2001).

Energy balance. The EB was calculated as the difference betweerggmetake through
feed intake on a DM basis and the energy requiréfoemmilk production and maintenance.
Energy requirements for maintenance were calculatedrding to Kirchgessner (1997), who
stated that the metabolic rate of grown mammalkspigroximately 297 KJ NEL per kg of
metabolic live weight. Using this calculation, ttegjuired energy for maintenance is between
the suggestions of ARC (1980) and Chwaligbog (200®)e energy output of milk was
calculated by multiplying the ECM vyield by 3.28 MIEL/kg ECM (GfE, 2001). The energy

requirement for fetal development and growth wasmduded.

Energy corrected milk yield. The following formula (GfE, 2001) was used to cdéde
ECM: (Milk yield * ((milk fat content * 0.38) + (nk protein content * 0.21) + 1.05) / 3.28).

Satistics. The data obtained for DMI, EB, BFT, BW, blooddamilk metabolites and
fertility variables were tested for normal distrilon by the Kolmogorov-Smirnov test before
analysis of variance was conducted. The MIXED pdoce in SAS (2001) was used for a
completely randomized design with repeated measdies model included the effects of
treatment, parity and season, as well as intersctietween parity and treatment with the
random variable as the cow. Significance was dedlat P < 0.05 and trends at P < 0.10.

Least square means§M) and standard erro6E) are reported throughout.

RESULTS

Production variables

The dietary CLA intake was calculated to be 4.96eagch otrans-10, cis-12 andcis-9,
trans-11 CLA, considering the recovery rate in the conticge. No effect of treatment was
noted on DMI, ECM yield, BW, BFT or EB (Table 1%youghout the first 100 d of lactation
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including a 20 d post-treatment period. Yields dfknfat, protein and lactose as well as
lactose content were not statistically altered myrihe same period. Milk fat content, as
expected, was significantly reduced (P < 0.001)16%0 during the observation period and
milk protein content showed a tendency for redurcti® = 0.09; 3.7%). Furthermore, a trend
(P = 0.08) for elevated milk yield was observedha CLA treated group, which corresponds
to 4.2 kg/d. During the treatment period, the réiducin milk fat content was 16.3%, and a

maximum reduction of 20% was reached during lambatik 4.

The development of milk fat content (Figure 16)idgrthe first weeks in lactation was
identical between the treatment groups. By wk 4, tleatments showed different changes.
The milk fat content in TCLA decreased by approxeha3%, whereas the milk fat content
increased in CON. In the post-treatment period, dtiterences between treatments were
annulled three weeks after ending the CLA suppleatiem. Hereafter, the fat content in both
treatment groups changed equally (Figure 16). Miétd in TCLA changed by lactation wk
6, as a tendency, to a level higher than in CONyui@ 17). After terminating CLA
supplementation, yields approached those of CONagkevertheless, numerical elevations

were recognized throughout the entire observatesiog for TCLA (Figure 17).

Alterations in milk protein content during the fithree weeks in lactation showed no
differences between treatments (Figure 18). Howeterprotein content in TCLA showed a
trend for lower levels during the CLA treatmentipdrthan CON. In lactation wk 11, the
milk protein content of TCLA was reduced by 0.18gamtage points compared to CON.
These differences were diminished in the post+tneat period, but levels in TCLA did not
reach those of CON within the observation periddisTchange explains the trend of overall
protein content reduction in TCLA across the obagon period (Table 15). The EB (Figure
19) developed similarly in both treatment groupsirdy early lactation. Animals of both
treatment groups returned inconsistently back teitpe values during lactation wk 10.
Changes in DMI, BW, BFT and ECM yield showed ndeaté#nces between treatments, thus
explaining the lack of an effect on EB during thservation period.
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Table 15. Least square means (LSM) and standard error (SReddrmance variables for
the first 100 days of lactation in control (CON)dam the group fed 4.96 g/d
conjugated linoleic acids (TCLA).

Treatments P-value
CON TCLA SEM TRT. TRT*WO
Lactation variables
Milk, kg 38.1 42.3 1.61-1.70 0.08 <0.001
Milk fat
% 3.84 3.27 0.125 <0.001 <0.001
kg 1.44 1.36 0.093 0.53 <0.001
Milk protein
% 3.26 3.14 0.058 0.09 0.003
Kg 1.23 1.32 0.043 0.20 <0.001
Milk lactose
% 4.81 4.74 0.041 0.28 <0.001
Kg 1.79 1.96 0.088 0.14 0.01
ECM, kg 36.8 37.7 1.86-1.91 0.73 <0.001
Energy variables
DM intake, kg 20.2 20.9 0.89-0.93 0.62 2170
EB, MJ NEL -13.4 -12.8 4.31-4.50 0.86 <0.001
BFT, mm 8.3 9.0 0.92 0.63
BW, kg 649 660 17.7-18.9 0.53 0.002

" Conjugated linoleic acid was fed during the triosi period (-18 days) and the first 80 days of
lactation in relation to parturition.

ECM = energy corrected milk yield; EB = energy lngke DM = Dry matter; BFT = Back fat
thickness; BW = Body weight
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with 4.96 g/dtrans-10, ciss12 CLA andcis9, trans-11
CLA starting 18.5 d prior to parturition.

Values shown are treatment by week LSM; the SEMniidk fat content
averaged 0.12%. Over the entire trial period, thealBe for the treatment
effect was <0.001 and <0.001 for the treatment bgknnteraction.
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Figure 17. Development of milk yield during the treatment goubt-
treatment periods in cows fed without (CON) andhwit
4.96 g/dtrans-10, cis-12 CLA andcis9, trans-11 CLA
starting 18.5 d prior to parturition.

Values shown are treatment by week LSM; the SEMrfitk yield averaged
from 1.61 to 1.70 kg. Over the entire trial periade P-value for the
treatment effect was 0.08 and <0.001 for the treatrhy week interaction.
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effect was 0.09 and 0.003 for the treatment by vietekaction. for the treatment effect was <0.86 and <0.001 far treatment by week

interaction.
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Health and fertility variables

Changes in serum and milk variables mirrored thathestatus of dairy cows during the
transition period and in early lactation (Table.16he serum variable BHBA and the milk
acetone content map ketotic states. Both variadilesved no significant differences between
treatments during early lactation. However, nunaricicreases in the BHBA serum
concentration for TCLA were registered on lactatiay 1. Both treatment groups reached the
range indicating a ketotic state (1 mmol/l) on &icin days 7 and 14. Milk acetone contents
did not indicate any subclinical states of ketosikich is indicated at a concentration of 0.2
mmol/l. Fatty acid mobilization was significantlieeated(P = 0.004in TCLA on parturition
day and thereby surpassed the range (600 umoldicating pathophysiological fat
mobilization (Table 16).

The glucose concentration in serum showed numsribagher values in CON than in
TCLA throughout the observation period. Differendeghe glucose concentration between
treatments were significant on parturition day amdd 14 p.p. Reductions in the serum
glucose concentration occurred in TCLA earlier pipan in CON, and fell below the
optimum range (3.0 to 3.3 mmol/l during lactatiam lactation d 14. Differences between
treatments were significant (P = 0.05) for the @e@nncluding the transition phase and the
first 56 d in lactation. The changes in the IFGahcentration in serum did not show any

differences between treatments and levels weredyfor the studied period of lactation.
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Table 16. Development of serum and milk variables duringtthesition period in cows fed
with (TCLA) or without (CON) 4.96 g/d each &fans-10, cis-12 CLA andcis-9,
trans-11 CLA.

Day relative to parturition Ip|
Variable -18 -3 1 7 14 28 56 SEM TRT
BHBA®, mmol/l
CON 0.918 0.673 0.753 1.044 1.023 0.795 0.689 7410 0.62
TCLA 0.788 0.723 0.961 0.969 1.163 0.882 0.762 6660
FFAL, pmol/l
CON 102.1 246.4 5008 4749 6015 197.3 1721 4122 0.97

TCLA 102.8 155.1 834%2 3826 4439 1655 1954 38.82
GLUCOSE, mmol/l

CON 3.65 3.91 493 3.15 3.2% 341 3.17 0.097 0.05
TCLA 3.53 3.62 3.55 3.11 2.8% 322 3.08 0.091
IGF-1*, ng/ml

CON 152.3 116.7 63.0 51.6 65.5 80.3 85.5.508 0.92

TCLA 1476 124.1 41.8 S57.7 66.1 81.7 94.68.02

MILK ACETONE?, mmol/l
CON - - 0.011 0.120 0.040 0.035 0.0160191 0.86

TCLA - - 0.011 0.0385 0.111 0.017 0.00&80187

! variable measured in serum
2 variable measured in milk

a,b Different letters indicate significant (P <®).@reatment effects on a specific observation fday
the measured variable.

Signs of heat were registered and insemination wata evaluated throughout the trial.
No significant differences were observed in thitadaith respect to services per conception,

days to first service and days open as shown iteTBh
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Table 17. Least square means (LSM) and standard error (SE)bfgervational variables of
fertility in cows fed without (CON) and with 4.96cdgeach otrans-10, cis-12 and
cis9, trans-11 CLA during the transition period and first 88yd of lactation

(TCLA).
CON TCLA
Variable LSM SE LSM SE P-value
SPC 2.75 0.46 2.22 0.43 0.41
DFS, day  133.3 18.9 107.3 17.8 0.33
DO?, day 83.3 11.5 64.2 10.8 0.25

! Values represent LSM of services per conception
2 Values represent LSM of days to first service
% Values represent LSM of days open

DISCUSSION

As in the present study, several other studiesn@e®antos et al., 2003; Moore et al.,
2004; Selberg et al., 2004; Castafieda-Gutiérredt.eP005; Odens et al., 2007; Sigl et al.,
2010; von Soosten et al., 2011; Schlegel et all2p@®ed mixed CLA products including
trans-10, cis-12 CLA during the transition period and early ldcta Between studies,
differences in the duration of the treatment peribe amount ofrans-10, cis-12 CLA fed
and the composition of rations fed occurred. Howeak studies started between 28 and 9 d
a.p. and were conducted until 21 and 140 d p.p.féth@mount (4.96 g/d) afans-10, cis-12
CLA in the present study was at the bottom of #rege, which varied between studies from
3.8 to 18 g/d and showed dose-dependent MFD effébis low rate of total CLA recovery
from the concentrate was the main reason why suolwamount oftrans-10, cis-12 CLA
was fed in the present study. Yang et al. (2008¢ &t al. (2003) and Moon et al. (2008) have
suggested that CLA as a whole is extremely unstabdé and decomposes rapidly. The high
temperature and pressure during the pelleting peoderther reduced the amount of CLA
methylesters analyzed in concentrate, reducingnitially calculated daily intake of 10 g/d
trans-10,cis-12 CLA to less than half.

General differences in the type of ration fed webserved between the present study
and the aforementioned studies. The ration in tkegnt study was based on grass and corn

silage, upgraded with additional concentrate amdepn sources (soybean meal and rapeseed
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meal). These are diets common for the grass-baaieg @bw regions in Central Europe. The
rations fed in most of the aforementioned studiessvbased on components typical for crops
grown in regions in the USA. These diets includ#dlfa hay, corn silage, legume silage,
corn (meal, steam flaked), citrus pulp, soybeanlraed cotton seed. Because alfalfa hay is
highly digestible and corn silage in the USA is ocoomly fed in higher amounts than in
Europe, the rumen environment and nutrient degi@uat the digestive tract are likely to be
different between studies. As CLA supplements nyaame fed as Ca salts, which dissociate
in environments with a low pH, the type of ratiayutd have an effect on CLA-induced MFD

if the rumen stability of the product is not given.

In the study of Moore et al. (2004), 5 gféns-10, cis-12 CLA was equivalent with a
13% reduction of milk fat content from wk 1 to 3lattation. Schlegel et al. (2012) showed
that 3.8 g/drans-10, cis-12 CLA induces during week 5 of lactation a 14%uation of milk
fat content, indicating that lower amountsticins-10, cis-12 influenced mammary synthesis.
Reductions in milk fat yield amounted to 9.7% ie hresent study and 12% in Moore et al.
(2004) during the first three weeks of the triathiegel et al. (2012) reported a 12.5%
reduction of milk fat yield during week 5 of ladtat. This indicates similar effects of CLA
supplementation on milk fat synthesis regardlesh@efdiet during the start of lactation. With
progressing lactation however, milk yields elevated CLA and reductions in milk fat yield
were nullified. The alterations in milk yield due €LA supplement observed in the present
study are not supported by the studies of Moorealet(2004), Selberg et al. (2004),
Castafeda-Gutiérrez et al. (2005) ; Odens et @d7Rand von Soosten et al. (2011). Schlegel
et al. (2012) observed a positive alteration irkmgield in week 14 of lactation. The duration
of treatment with the CLA product in early lactatioows seemed to have an influence on
alterations in natural milk yield. Bernal-Santosakt(2003) observed trends for elevated milk
yields as well. Animals in that study were fed wiitle CLA product throughout the transition
period until they reached balanced energy statesndB-Santos et al. (2003) observed a 3
kg/d increase in natural milk yield during the fi0 wk of lactation and a decrease in milk
fat percentage of 12% (similar to the present studylk fat yield was only reduced by about
7.5%, which is similar to the 9% registered durihg treatment period in the present study. It
can be speculated that ingested nutrients mighten€e elevations in milk yield. The energy
density of the rations seems to be without inflgena nutrient repartitioning toward milk
yield, because Odens et al. (2007) fed a ratiog oahtaining 5.6 MJ NEL/kg DM a.p. and
5.8 MJ NEL/kg DM p.p., whereas the diets fed byb8ej et al. (2004) had an energy content
of 6.45 MJ NEL/kg DM and 6.9 MJ NEL/kg DM p.p.; tieer study indicated a trend for
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increased milk yields. However, they stopped CLAm@eamentation before lactation d 50, a
stage at which animals still are in negative EBff@oet al. 2002, 2004; Banos et al. 2005),
suggesting that nutrient repartitioning toward ated milk yields was not implemented yet.

The mechanisms responsible for inducing nutrigpartgioning have yet to be identified.

Variations occurred in the CP content in rationd dering the transition period in the
literature studies (12.1 to 18.8%) and in the preseudy (14.1%). During lactation, the CP
content in the rations amounted to 17.5% in preserty, and 16.4 to 19% in the literature.
Differences in nitrogen supply could have influeshcéhe availability of precursors for
microbial protein and mammary protein synthesis amay have influenced 1) nutrient
digestion and degradation and 2) milk componenth&gis. De Veth et al. (2006) altered
dietary protein but found no effect on milk yielddamilk fat protein content and yield in
CLA fed dairy cows. On the other hand, Kay et aD(Q7) provided information that CLA
supplements may be an alternative for enhancintgipreynthesis and improving the milk
protein to fat ratio and calculated net EB in cayrazing in pasture. In the present study,
TCLA showed a trend for reduced milk protein comtdout milk protein yield was equal

between treatments, due to elevated milk yielddifting the milk protein content.

EB seems to play an important role in mechanismsCafA-induced nutrient
repartitioning. During the first four weeks of latibn, adipose tissue mobilization overrules
the MFD action of CLA, resulting in a lag in thesppnse. These effects are due, according to
Harvatine et al. (2008), to a reduced sensitivitg@ene receptors encoding for key enzymes
during this stage of lactation. The closer EB apphes a balanced state, the less these
receptors for milk fat synthesis in the mammaryndlare blocked. Because increases in milk
yield were apparent following wk 5, this led to theggestion that when the metabolism
overcomes severe stress due to negative EB andetissobilization, nutrients are
repartitioned into milk yield, resulting in equaBBbetween treatments. Liermann et al. (2008)
reported the beneficial effects of CLA-induced MBD EB in early lactation cows. However,
animals in that trial yielded less milk while inggeag the same amount of DM, suggesting that
cows were under less metabolic stress. Then theyemspared from MFD could have been
retained in adipose tissue and improved the EBle§eh et al. (2012) reported positive
effects on EB starting in wk 5 of lactation. Reas@an be found in a trend to higher DMI,
while increases in milk yield first became sigraint by week 14 of lactation. Harvatine et al.
(2009) reported that CLA doses that decreased failigield by 38% and milk fat content by
34% led to an increased expression of lipid symshesgulating enzymes in adipose tissue.

Von Soosten et al. (2011) found no effects of CLA the weights of liver, omental,
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mesenteric, or s.c. adipose depots. But they stegjes CLA induced deceleration of
mobilization of the retroperioneal adipose depairdythe first 42 DIM. Hepatic expression
of gene involved in dairy cows lipid metabolism aw influenced by a mixed CLA product
(Schlegel et al., 2012). Further studies are neddedvaluate the mechanisms of CLA-
induced nutrient repartitioning and to identify tiaetors that influence different pathways of

nutrient redirection.

Reproductive performance has been highly linketh&o extent and timing of the EB
nadir (Lucy et al.,, 1992; Beam and Butler et aB99). Because no differences in the
development of EB were observed, no effects orilifgrivere expected. This theory is
supported by the equal levels of serum IGF-I cotraéion between treatments in the present
study. However, Castafieda-Gutiérrez et al. (200@jeaed greater plasma IGF-I
concentrations by top dressing 7.1 g/dtra@ins-10, cis-12 andcis-9, trans-11 CLA to cows
between lactation d 20 and d 57, but they did rideove differences in EB and plasma
NEFA. Taylor et al. (2004) reported that cows wei@e likely to conceive with greater IGF-
| plasma concentrations during the first 12 wk gl@an with lower levels. The review of
Bauman et al. (2011) reported that IGF-1 was ndluemced by CLA. Comparing the
biological observations of animals between treatsxd@n the present study, these data
revealed interesting numerical differences betwesstments. CLA fed cows had fewer days
to first service than CON. The same was observethiodays open, resulting in numerically
fewer services per conception needed in the TClduigr Previous studies by Bernal-Santos
et al. (2003) and Castafieda-Gutiérrez ef{2005) support these findings. An explanation
might be found in a report by Harvatine et al. @00vho noted that dairy cattle adipose
tissue is stimulated for lipid synthesis togns-10, cis-12 CLA supplements. Because adipose
tissue is an important site for the hormonal cdnafdertility variables, interactions between

adipose tissue, fertility variables ammdns-10, cis-12 CLA have to be clarified in the future.

The metabolic health of dairy cows in early lacmtiis a subject of great interest
regarding overall lactation productivity. Howevegarly lactation dairy cows react very
sensitively to variations in nutrition and metabdiress. Serum concentration of BHBA and
FFA are indicators of the status of metabolism. FR& concentration in serum is a reliable
index of the magnitude of adipose tissue mobila{iBaumann et al., 1988). In the present
study, no differences were observed in adiposadissobilization and ketone bodies in serum
prior to parturition. This is consistent with earlistudy by Bauman et al. (2011). On
parturition day, however, adipose tissue mobil@atincreased significantly in CLA fed

animals, supporting the findings of Selberg et (2D04), thus suggesting that the CLA
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product might influence lipolysis with the onsetlactation. During the following weeks, the
serum FFA level in TCLA stayed below that of COMgdicating reduced adipose tissue
mobilization. The BFT of TCLA showed numericallyegter fat layers, which is supported by
the findings of Harvatine et al. (2009) who showleat adipose tissue is stimulated to deposit
fat in lactating dairy cows if they are féihns-10, cis-12 CLA. Studies observing the health
of dairy cows in detail during early lactation areeded to provide insight into the alterations
of fat metabolism under the influencetoéns-10, cis-12 CLA around the parturition period,

and may lead to more profound conclusions abouthéiath status of dairy cows.

Significant reductions in the serum glucose conedion after parturition were
observed in CLA treated cows up to lactation dBfis could indicate higher tissue nutrient
uptake or a higher nutrient turnover. However, ¢higsdings are in contrast to the findings of
Moore et al. (2004); Castafieda-Gutiérrez et al0%2@nd Selberg et al. (2005). Increased
glucose concentrations were observed by Odens. €2@07). Since this variable is very
sensitive to the nutritional status of animals,didifferences at sample collection between
studies could have had an influence.

CONCLUSION

No differences in the mode of CLA action were folretween the present study and the
literature data from American studies. However, esal questions arose regarding the
influence of EB on the severity of CLA-induced MFREDd the resulting metabolic changes.
Numerical changes in improved fertility and BFT mag an indicator that nutrient
repartitioning in CLA supplemented rations had otkkéects beyond improved milk yield. It
remains to be examined under which conditions entsi are repartitioned to which site of

metabolism.
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The studies in the present thesis were conductéteatesearch centre “Haus Riswick”
in North Rhine Westfalia, Germany in order to efiate how dietary supplements containing
the two conjugated linoleic acidCLA) isomerscis-9, trans-11 CLA andtrans-10, cis-12
CLA, the latter of which is a milk fat depressingKD) agent (Baumgard et al., 2001, 2000;
Baumann et al., 2000, 2001, 2003), act in ratigmscal for Central European diets. The
rations fed in the two experiments described is thesis were comparable with each other.
Literature data evaluating the effect of CLA suppdmts on milk yield and milk components
have mostly been performed by American authorsifgediets typical of that part of the
world (Bernal-Santos et al., 2003; Moore et alQ£0Castafieda-Gutiérrez et al. 2005, 2007;
De Veth et al. 2005). Studies evaluating the eféédtans-10, cis-12 CLA as an MFD agent
were mainly conducted in dairy cows for a limitegtipd, either in late lactation (Perfield et
al., 2002, 2004; Peterson et al., 2003; De Vetld.eR005, 2006; Gervais et al., 2005; Moore
et al., 2005; Kay et al., 2007) or during the titdms period and early lactation (Bernal-Santos
et al. 2003; Moore et al., 2004; Selberg et alQ&2Castafieda-Gutiérrez et al., 2005; Odens
et al., 2007; von Soosten et al., 2011; Schlegal.e2012). Castafieda-Gutiérrez et al., (2007)
and Pappritz et al., (2011) monitored the progmfssnammary effects by starting CLA
supplementation after parturition. One of the pnestudies was the first to investigate the
influence of varying CLA product supplementationripds in early lactation upon the
progress of milk yield and components during theattiment and post-treatment periods
throughout the preceding lactation with the aim pobviding information on the ideal
supplementation period and for practical applicatio The other study compared the
nutritional effects of typical grass-based ratiémsnd in Central Europe with the results from

North American studies.

Multiparous cows fed the CLA product during thens#ion period showed significant
MFD (p <0.05) sooner (3 wk after parturition) thamultiparous cows fed the CLA product
starting after the initiation of lactation (wk 4 $oafter the start of the trial). The lag in the
response during early lactation was not duetrtms-10, ciss12 CLA not reaching the
mammary gland, as shown by the results of milkyfattid analysis and confirmed by the
results of Bernal-Santos et al. (2003). Cows fed@hA product during the transition period
showed a trend for decreased milk fat content aeld yluring very early lactation. This was
not apparent in cows fed the CLA product startingaturition. Moore et al. (2004) showed
that the insensitivity of the mammary gland duriearly lactation can be overcome by
increasing the amount tfans-10, cis-12 CLA supplemented during the transition periad a

early lactation. Greater amounts are assumed tmdye effective, since it is hypothesized
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that CLA isomers compete with NEFA for epitheligtake. Furthermore, CLA is believed to
alter essential cellular signaling systems duriadydactation, wherebtrans-10, cis-12 CLA

is unable to reduce the expression of mMRNA encoftingey enzymes involved in mammary
fat synthesis. Moore et al. (2004) observed thiéiémrinces in MFD were apparent from the
first day in milk ©OIM ) and became significant different by 5 DIM, if &l trans-10, cis-12
CLA was supplemented. Sigl et al., (2010), who f&d@5 gtrans-10, cis-12 CLA two weeks
prior to parturition and 10 gans-10, cis-12 CLA four weeks after parturition, observed no
effects on milk fat secretion at all, indicatingtl8.75 girans-10, cis-12 CLA was too low to
inflict an early effect. The early reductions of Me et al. (2004) could not be confirmed by
Selberg et al. (2004) and Castafieda-Gutiérrez .e{2805). They observed significant
reductions in the milk fat content first after thmurth week or during the third week of
lactation, respectively (supplementing 12 g/d aBdyMtrans-10,cis-12 CLA, respectively,
during the transition period and early lactatidgimilar amounts of the CLA product fed in
both experiments induced comparable maximum MFDiwithe multiparous CLA treated
groups. However, if the CLA product was fed durthg transition period, the nadir was
reached around lactation wk 6, while it took coed the CLA product starting at parturition
13 weeks to reach the nadir. Animals treated fod&@s with the CLA product starting at
parturition did not reach the minimum nadir. Thigpgorts the hypothesis that reduced
sensitivity of CLA receptors in the mammary glandidg lactogenesis can be overcome by
supplementing CLA products during the transitionquk

The withdrawal of the CLA product during establidHactation results in a lag in the
return of milk fat contents to values seen in thdtiparous control. Cows fed CLA for 80
days starting after parturition showed a lag irowecy of one week, while animals fed for 120
d after parturition or during the transition periadd the first 80 days of lactation showed
prolonged (2 weeks longer) reduced milk fat contenthe case of the 120 d feeding interval,
the prolonged period of recovery was due to thegnéalance EB) returning back to
positive values before stopping CLA supplementatioonsequently, milk fat depressing
isomers were incorporated in greater amounts idipose tissue and circulated after the
cessation of CLA product delivery due to lipid tover for a longer period of time in plasma,
also impacting the mammary gland. In the experimenvhich the CLA product was fed
during the transition period, EB in the treatmerdups was balanced sooner than the group
of multiparous cows fed the CLA product startindaatation for 120 d. Especially thieans-
10,cis-12 isomer is concentrated in the subcutaneoussfate (Mir et al., 2004) in ruminants.

Clement et al. (2002) showed in mice that the gisapance of CLA in the neutral lipid
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fraction of the mammary tissue after discontinu@igA reached basal values 4 weeks later.
This indicates that isomers are removed from fgtotke set up prior to discontinuing CLA

supplementation.

The ability of CLA products containing theans-10, cis-12 isomer in inducing MFD is
well-described and was confirmed by the preserttietu Beyond the validation of the effect
on MFD, the present studies were conducted in dadewvestigate the possible effects of the
CLA product on EB and animal health during earlgtdéion. The data in the literature
provide evidence that CLA-induced MFD could pogtyinfluence the EB due to decreased
energy output with milk (Bernal-Santos et al., 200®ore et al., 2005; Odens et al., 2007;
Liermann et al., 2008; Schlegel et al.,, 2012). Hmve the present studies provided no
evidence for a beneficial effect of CLA-induced Mie EB in early lactation cows, similar
to the findings of Moore et al. (2004) and von Seo<et al., (2011). Pappritz et al., (2011)
observed a more severe negative EB in CLA fed ahwig early lactation due to decreases
in dry matter intake@MI ). No differences were observed in terms of thetahinitiation for
CLA supplementation on EB. Since EB is the diffeefetween energy intake and energy
expenditure for maintenance and performance, aedsjn in milk fat content can be
overcome by increased energy requirements duedmabns in the synthesis of other milk
components. Both present studies revealed (in pautius cows) no difference between
animals treated with or without the CLA productenms of the yield of milk fat, milk protein
and milk lactose (Table 18), resulting in equal ante of energy corrected millECM)
yield. Since DMI was equal within the respectivéalsr for the treatment groups, no
differences in EB could be expected. Castafiedae@et et al. (2007) found similar results in
cows started on CLA treatment during early lactati@he question that remains to be
answered is why some dairy cows supplemented withDMCLA products show a

repartitioning of nutrients leading to elevatedkmiields, and why others do not.

The beneficial effects of CLA-induced MFD on EBearly lactation cows depend on
the enhancement of animal productivity, since nataldisorders such as fatty liver disease
and ketosis often accompany a negative EB (Grumb®&3). The EB results were confirmed
by the non-existent differences in the milk acetegoacentration and beta-hydroxybutyrate
(BHBA) concentration in serum, indicating no influenée€CaA product supplementation on
ketosis during different early lactation periodsiethis consistent with the report of Bauman
et al., (2011). However, fat mobilization in cowedfCLA during the transition period was
significantly increased (p<0.05) on parturition dalasma non-esterified fatty aciddEFA),

but these animals showed decreased fat mobilizatiantly before parturition and between
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lactation d 7 and 14. The latter results may bdagxed by the findings of Harvatine et al.
(2009) that lipogenesis in lactating dairy cowsisreased due to short-tetmans-10, cis-12
CLA-induced MFD. Selberg et al. (2004) investigatiee development of plasma BHBA and
NEFA and found, for both variables, significantrie&ses on parturition day if 12 giéns-
10,cis-12 CLA was fed starting in the transition period.

Table 18. Least square means and standard error (SE) ofandkenergy variables during
the first 100 trial days in multiparous cows treateith (TCLA, CLAS8O,
CLA120) or without (CON, control) conjugated linm@eacid supplement either
starting during the transition period or startingridg early lactation in the
transition period and in the main experiment (npaltous).

Transition period Early lactation

Treatment Treatment

CON TCLA SE Control CLA80CLA120 SE

Milk variable
Milk, kg/d 38.1 42.3 1.61-1.7 39.1 41.7 41.0 1.4
Fat, % 3.84 3.27 0.12 4.06 3.99 3.66 0.21
Fat, kg/d 1.44 1.36 0.09 1.57 1.62 1.47 0.08
Protein, % 3.26 3.14 0.05 3.14a 3.07ab 2.97b 0.05
Protein, kg/d 1.23 1.32 0.04 1.22 1.26 1.21 0.04
Lactose, % 4.81 4.74 0.04 4.77 4.75 4.71 0.04
Lactose, kg/d 1.79 1.96 0.0¢ 1.87 1.99 1.94 0.07
ECM, kg/d 36.8 37.7 1.8-1.¢ 384 40.1 37.9 1.4
Energy variables
DMI, kg/d 20.2 20.9 0.8-0.¢ 19.3 18.6 18.6 1.0
LW, kg 649 660 17-18 662 683 669 13.6-14.1

EB, MINEL -13.4 -12.8 4.3-4.5 -24.7 -35.2 -28.3 8.5-8.7

a,b different letters within a row and experimenbow differences between treatment groups of an
experiment

DMI= Dry matter intake; LW= Live weight; EB= Enerdpalance; NEL= Net energy lactation
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Other studies in early or late lactation have maiven any differences in NEFA caused
by treatment with CLA (Bernal-Santos et al., 200®jore et al., 2004; Castafieda-Gutiérrez
et al., 2005, 2007; Kay et al., 2007). Odens e28l07), however, observed general decrease
in concentrations of plasma NEFA in CLA treated up® while glucose was increased,
corresponding to simultaneously beneficial effemsEB. It remains to be clarified if these
effects depend on the amount of CLA, the poinihdfating CLA supplementation or if other
dietary or genetic effects are responsible foredéhces in repartitioning and the metabolic

response.

The response of primiparous cows fed the CLA prodtarting after parturition were
not comparable to that of multiparous cows treatethe same way, nor with multiparous
cows fed the CLA product during the transition pdriThese responses differed with respect
to the synthesis of milk fat and milk yield. Itm®t clear which mechanisms are responsible
for these actions, but suggestions have been mhae the sensitivity of regulatory
mechanisms in nutrient repartitioning is differenanimals experiencing lactogenesis for the
first time than in multiparous cows. On the contravon Soosten et al., (2011), used only
primiparous cows in their trial and reported CLAeefs on milk fat secretion as expected for

multiparous cows.

It might be suggested that increasing the amoutiteoMFD CLA isomer supplemented
during the periparturient period would have ancften EB and therefore alter the health and
possibly also fertility variables in multiparousws Moore et al. (2004) observed that
increasing amounts dfans-10, ciss12 CLA fed during the transition period progrestyv
reduced the milk fat content immediately postpartémmounts of 10 and 15 g d¢fans-10,
ciss12 CLA per day decreased milk fat synthesis wippaaent effects at d 1 of lactation,
while significant differences occurred by 5 DIM abécame more pronounced as DIM
increased. EB in these two groups was not as mnegatid returned back to positive values
earlier than in the group fed 5 g néns-10, cis-12 CLA or the control group. A low dosage
of 3.75 g fed by Sigl et al., (2010) two weeks ptm parturition did not elucidate any effects
on milk fat secretion in early lactation. In ligbt these findings, it could be speculated that
supplementing 10 to 15 g dfans-10, cis12 CLA during the transition period could
overcome the health issues brought on by lactogereesd should proceed for three weeks of
lactation at a reduced amount (5 g) of the MFD Q&émer. However, the results on MFD
generated by Moore et al. (2004) could not be supgao the same extent by Castafieda-
Gutiérrez et al. (2005). They observed a signifiadifference (p < 0.05) by lactation wk 3
between the group fed 18 g whns-10, cis-12 CLA and the control group. However, the
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response in terms of milk fat synthesis was dogew@ent and occurred for both milk fat
content and yield, implying benefits on EB. Prommglincreased amounts tbns-10, cis-12

CLA during the transition period could be followby beneficial effects on EB, followed by
reduced problems in both health and fertility, sinbey rely on EB (Grummer, 1993;
Macmillan et al., 1996; Beam and Butler, 1999). ther studies evaluating the factors
influencing the response of cows in the peripagnirperiod on CLA-induced MFD and milk
yield have to be conducted in order to predictlibaefits of CLA supplementation. If these
problems are overcome, CLA supplementation could ol to influence health and fertility

in fresh lactation dairy cows.

In addition to the issues discussed above, a fudime of the study was to evaluate if
supplementation of mixed CLA isomers could be zgiti as a quota optimization tool by
reducing the milk fat content. The results shownTable 18 were used to calculate the
potential for optimization. Based on a fictionalo¢g of 1,000,000 kg milk with 4% fat, it was
calculated that, in the transition trial, the fabtp would be sub-delivered with 1600 kg of fat
in the control group equaling 28,800 | of milk ugithe Hansa-Milch AG (Upahl, Germany)
correction factor of 0.18. In TCLA group the fatag@a would be sub-delivered with 7300 kg
of fat equaling 131,400 | of milk. But the raisenmlk yield over-compensated the fat benefit.
The statement is confirmed by the development oMBEfeld respectively. Results of the
long term study undermine the statement that aagaptimization is not reached by mixed

CLA supplementation. Following conclusions can bech by the statements above:

* Feeding mixed CLA to early lactation cow’s resutisa milk fat depression.
However, the reduction occurs with a lag in timempared to literature data on

cows in established gestation.

* The milk fat depression occurs faster in cows fedrhixed CLA product during

late gestation than if the product is fed with drefdactation

* The improvement in CLA supplementation lies in trend for increased daily
milk production with greater persistence through@dtation. With a greater

increase if the product was fed during late gestati

* A monetary validation of the long term study regdalat the improvement of 2.8
kg of milk per day in CLA-fed multiparous cows (Tal®) amounts to 854 kg
for a 305 day lactation period (suggesting that pleesistence in milk yield
increase is held throughout 305 d of lactation)isThelds €290.00 more per
cow per lactation if the milk price is €0.34 pdeli averaging 2011 in Lower
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Saxony. The effectivity is further improved by alueed need of nearly 8 cows
in a herd of 100 cows (10,000 liters per cow paryé¢o fulfill a milk quota of
1,000,000 kg. Money is saved by 8.5% lower feedtsgosince DMI was
identical between the trial groups; simultaneouslysts decrease for housing

and the replacement of cows.

e Last but not least, it was shown that, while fegdime CLA product during the
transition period, milk yield was improved. Thisdioates a monetary benefit
when investing in early supplementation with a Ch/duct, particularly since
fertility was numerically improved. The number oseminations needed for a
successful pregnancy was decreased by 0.5 inseomgsafThis led to a 26 d
shorter interval between parturition and new gestatSupplementation with
mixed CLA makes the cows more efficient and prosidelditional value
through improved fertility. The latter has to benfioned in cows fed with a

mixed CLA product starting after parturition.

CONCLUSION

It has been shown that supplementation with a Ctg&lpct during the transition period
results in earlier milk fat content reductions wah earlier approach to the nadir in fresh
lactating cows, as seen in cows fed the CLA prodimh parturition day. Less energy is
repartitioned in cow milk fat synthesis in this gpo However, no benefits to EB were
observed in these trials as spared nutrients vegrartitioned into increased milk yields with
better persistence throughout lactation. The cessat CLA supplementation was followed
by a lag in the milk fat content response, whicheteled on the energetic status prior to CLA
cessation. The amount of theans-10, ciss12 CLA isomer incorporated into adipose tissue
prior to withdrawal of the CLA product explainsgHag time. The benefits of CLA product
supplementation during the transition period orilfigr variables remain to be verified in

further trials.
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