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ABSTRACT

Research conducted for this dissertation had three goals; 1) determine if 

CLA can induce milk fat depression immediately postpartum, 2) determine if CLA 

can alter energy availability, 3) determine the mechanism behind the mammary 

gland’s decreased sensitivity to CLA immediately postpartum. The first study 

provides strong evidence indicating CLA can decrease milk fat synthesis 

immediately postpartum, but the dose required is approximately 3x greater than 

in established lactation.  This trial also provided evidence that CLA can alter 

energy status, as CLA decreased days to EBAL nadir by nearly 5 days.  This is 

relevant as recovery of EBAL from its lowest point provides an important signal 

for initiating ovarian activity and days to nadir is highly correlated with days to 

first ovulation.  Study two was designed to determine if CLA induced milk fat 

depression could improve energy status during heat stress.  Rumen-inert CLA 

reduced milk fat synthesis, and was able to improve energy availability, but did 

not increase milk yield or yield of other milk components.  Although production 

was unchanged in this study, the study did provide further evidence that rumen-

inert CLA can alter energy availability.  Study three utilized intravenous infusion 

of CLA in cows in mid and early lactation to determine the mechanism for the 

mammary gland’s decreased sensitivity in early lactation.  It is postulated that 

increased fatty acid oxidation and subsequent enhanced levels of circulating 

NEFA present during the transition period competitively prevent adequate CLA 

uptake by the mammary gland.  In the current study, trans-10, cis-12 CLA 
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concentration in milk was not different between early and established lactation, 

while milk fat yield was drastically reduced on d 4 and 5 of trans-10, cis-12 CLA 

infusion in mid lactation cows, but unaltered in early lactation.  Further, NEFA 

levels were nearly 3 fold higher in early lactation than in mid lactation, providing 

further evidence that increased circulating NEFAs in early lactation are unlikely to 

be the source of the mammary gland’s decreased sensitivity during this time. Do 

to the variation in gene expression observed in this trial, we were unable to make 

any definitive conclusions as to the sensitivity of the expression of genes 

involved in milk lipid synthesis to CLA in early vs. mid lactation.
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CHAPTER 1

LITERATURE REVIEW

MILK FAT SYNTHESIS

A thorough description of milk fat synthesis can be found in reviews by 

Bauman and Davis (1974) and Moore and Christie (1979).  Milk fat is secreted 

from mammary epithelial cells as fat globules, which are primarily (97-98%) 

composed of a triglyceride globule surrounded by a continuous unit membrane 

(Moore and Christie, 1979).  Milk triglycerides are synthesized within the 

mammary epithelial cells from free fatty acids, which are derived from de novo 

synthesis (within the gland) or taken up from circulating plasma lipids (preformed 

fatty acids; Moore and Christie, 1979).  A more thorough description of milk fat 

synthesis will follow.

De Novo Fatty Acid Synthesis

De novo fatty acid synthesis produces fatty acids with carbon chains 4:0 to 

14:0 and approximately half of the 16 carbon length fatty acids (Bauman and 

Davis, 1974).  De novo fatty acid synthesis in the bovine accounts for 

approximately 40% by weight or 60% of fatty acids on a molar basis (Bauman 

and Davis, 1974).  

De novo synthesis of fatty acids occurs in the cytoplasm of the mammary 

epithelial cell and requires short carbon chains from acetyl-CoA or β-

hydroxybutyrate and reducing equivalents.  Monogastric animals primarily use 

glucose as the carbon source for milk fat synthesis. Ruminants, however, use 
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almost exclusively acetate and β-hydroxybutyrate for de novo fatty acid synthesis 

(Moore and Christie, 1979).  Ruminal fermentation of dietary carbohydrates 

provides little or no glucose from the small intestine and as a result, ruminants 

depend almost exclusively on hepatic gluconeogenesis as the source of 

circulating glucose (Akers, 2002).  Fermentation of carbohydrates in the rumen 

produces large quantities of acetate and butyrate.  Because of the low levels of 

glucose and high amounts of acetate and butyrate created during rumen 

fermentation, the ruminant utilizes acetate and butyrate as its carbon source for 

fatty acid synthesis, sparing glucose for other organs in the body.  Butyrate is 

converted to β-hydroxybutyrate in the rumen wall and both β-hydroxybutyrate 

and acetate are taken up into the mammary epithelial cells from the circulation 

and utilized as carbon sources for milk fatty acid synthesis (Fahey and Berger, 

1988).

Two key enzymes are involved in the synthesis of fatty acids in the 

mammary gland, acetyl-CoA carboxylase (ACC) and fatty acid synthetase (FAS).  

Acetyl-CoA carboxylase is a key enzyme in fatty acid synthesis as it catalyzes 

the first committed step in the biosynthesis of fatty acids and is considered the 

rate-limiting enzyme (Bauman and Davis, 1974).  The activity of ACC increases 

during lactogenesis, which begins approximately two weeks prior to calving and a 

close relationship exists between mammary fatty acid synthesis and ACC activity 

during lactogenesis and lactation (Bauman and Davis, 1974).  The first step in 

fatty acid synthesis is the formation of acetyl-CoA from malonyl-CoA which is 
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catalyzed by ACC.  Malonyl-CoA is then condensed with acetyl-CoA by FAS, to 

produce the first 4-carbonyl acyl unit, butyrate, this is in addition to β-

hydroxybutyrate, which can also serve as a source of the first four carbons.  Fatty 

acid synthetase is a large complex, containing many enzymes responsible for 

fatty acid elongation.  Additional malonyl-CoAs (produced by ACC) are 

condensed by FAS with the growing acyl chain to produce longer chain fatty 

acids.  Each additional malonyl-CoA adds an additional 2 carbons to the fatty 

acid chain and this continues until the elongation is terminated leaving a fatty 

acid of 4 to16 carbons (Bauman and Davis, 1974).  The mechanisms regulating 

chain length termination are not clearly understood but it is known that an 

enzyme present in mammary tissue, acyl-thioesterase hydrolase, cleaves fatty 

acids of different chain lengths from the FAS complex (Moore and Christie, 

1979). Acetyl CoA and β-hydroxybutyrate contribute almost equally to the first 

four carbons of a fatty acid chain; however acetate is the primary carbon source 

for chain elongation (Bauman and Davis, 1974).  Palmquist et al. (1969) 

estimated that β -hydroxybutyrate contributed approximately 8% of the total 

carbon in milk fatty acids.  

Reducing equivalents for fatty acid synthesis come from NADPH, and a 

readily available supply of NADPH is needed in the cytosol for active fatty acid 

synthesis.  Since NADPH cannot pass through the mitochondrial membrane, it is 

essential that it is generated in the cytosol (Moore and Christie, 1979).  

Ruminants produce NADPH from two pathways: the pentose phosphate cycle 
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and the NADP-isocitrate deydrogenase cycle (Bauman and Davis, 1974).  The 

NADP-isocitrate deydrogenase cycle enables acetate to supply a portion of the 

cytosol NADPH, which is consistent with the ruminant’s ability to synthesize fatty 

acids in the absence of glucose (Bauman and Davis, 1974).

Preformed Fatty Acids

The remaining 16:0 and 16:1, and almost all other longer chain fatty acids 

are thought to be derived from preformed fatty acids circulating in the blood 

(Bauman and Davis, 1974).  Circulating fatty acids originate either from dietary 

lipids or lipids mobilized from adipose tissue.  These circulating fatty acids are 

transported to the mammary gland by chylomicrons or very low density 

lipoproteins (VLDL) that are synthesized in the intestine and liver, respectively.  

Triglycerides in the VLDL and chylomicrons are hydrolyzed in the mammary 

capillaries by lipoprotein lipase (Moore and Christie, 1979).  During this process, 

the sn-1 position of the triglyceride is the first to be cleaved leaving a diglyceride 

and a free fatty acid.  The remaining diglycerides can be further hydrolyzed to 

create another free fatty acid and a monoglyceride, or completely hydrolyzed to 

glycerol and two free fatty acids (Moore and Christie, 1979).  The fatty acids, 

monoglycerides and a portion of the glycerol enter the mammary epithelial cell 

and are reesterified into a triglyceride (Moore and Christie, 1979).

Factors Influencing Milk Fat Composition

Stage of lactation can have marked effects on milk fat composition, due to 

the mobilization of large amounts of adipose tissue from subcutaneous, internal 
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and intramuscular adipose depots during early lactation as compared to mid and 

late lactation.  Mobilization of these long chain fatty acids favors their 

incorporation into milk fat, while at the same time inhibiting de novo synthesis, 

resulting in a much higher proportion of long chain fatty acids during early 

lactation (i.e. < 8 weeks in lactation; Palmquist et al., 1993).  As lactation 

progresses, and energy balance improves, fatty acid mobilization from adipose 

tissue decreases, resulting in an increase in the proportion of short chain fatty 

acids.  A similar pattern of increased proportion of long chain fatty acids is 

observed when dietary long chain fatty acids are supplemented (Grummer et al., 

1991).  

CONJUGATED LINOLEIC ACID

Conjugated linoleic acids (CLA) are a group of linoleic acid isomers 

containing conjugated double bonds, and are primarily found in ruminant food 

products (Bauman et al., 2001).  Theoretically, a number of CLA isomers are 

possible that differ in the positions of the double bond pairs (e.g. 7-9, 8-10, 9-11, 

10-12 etc.).  Additional differences can exist in the geometric configuration of the 

double bond so that cis-trans, trans-cis, cis-cis or trans-trans configurations are 

possible.  Fatty acids with conjugated double bonds were first demonstrated in 

ruminant food products over 65 years ago and later shown to consist of primarily 

cis-9, trans-11 octadecadienoic acid over 25 years ago (Bauman et al., 2000).  

The occurrence of CLA in ruminant fat is a result of rumen biohydrogenation of 
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dietary polyunsaturated fatty acids and as a consequence fat from monogastric 

animals contains little, if any, CLA (see reviews by Bauman et al., 2000; 2001).

This family of fatty acids alleviates or improves symptoms or parameters of many 

common human diseases in animal models, ranging from atherosclerosis to 

cancer (see reviews by Whigham et al., 2000; Belury, 2002).  In addition, dietary 

CLA reduces carcass fat content in many rodent species and pigs (Thiel-Cooper 

et al., 2001; Terpstra et al., 2002).  

Because of these benefits, it was thought that value may be added to 

dairy products if the CLA content could be increased.  Studies attempting to 

increase milk fat CLA content in lactating dairy cows demonstrated that CLA 

administration dramatically decreased milk fat yield and content (Chouinard et 

al., 1999a; Loor and Herbein, 1998). Subsequent studies confirmed that 

abomasal infusion of  a supplemental CLA mixture significantly reduced milk fat 

yield (Chouinard et al., 1999b, Kraft et al., 2000; Mackle et al., 2003; Loor and 

Herbein, 2003; de Veth et al., 2004). The effects of abomasal infusion of CLA 

supplements on milk fat synthesis in lactating dairy cows are summarized in 

Table 1.1.  
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Table 1.1: Summary of results obtained from abomasal infusion of mixed isomers 
of conjugated linoleic acid (CLA)

CLA Duration Milk Yield Milk Fat Milk Protein
g/d Days kg/d % g/d % g/d Reference
0 1 16.0 3.31a 540a 3.15a 790 Loor and Herbein, 1998

100 15.0 2.66b 400b 2.99b 760

0 5 21.5 2.81a 599a 3.31 696 Chouinard et al., 1999a
30.6 20.4 1.43b 290b 3.37 675
60.2 20.9 1.38b 295b 3.53 717
91.8 18.3 1.23b 222b 3.46 627

0 3 26.9 3.34a 883a 3.14 831 Chouinard et al., 1999b
17.5 29.4 2.36b 691b 3.04 882
29.1 26.8 2.43b 633b 3.15 829
14.7 27.5 2.40b 655b 3.03 826

0 4 19.7 3.97a 784a 3.05 598 Mackle et al., 2002
20 21.2 2.50b 534b 2.96 624
40 21.9 2.28b 501c 2.97 650
80 20.3 1.53c 313c 2.99 602

0 (CTL1) 11 24.2a 2.38a 560a 3.06a 700ab Bell and Kennelly, 2003
0 (TALL2) 23.0a 2.62a 590a 2.99a 660a

0 (SAFF3) 26.6a 2.37a 630a 3.16a 830b

90 15.0b 1.78b 240b 4.42b 610a

0 5 21.6 3.55a 770a 2.97 630 de Veth et al., 2004
8.41 (ME4) 22.0 2.18b 480b 3.02 650
8.41 (FFA5) 20.6 2.27b 470b 3.17 640

0 5 33.1 3.19a 1057a 2.65 875 Perfield et al., 2004
10.4 (t8, c10) 33.5 3.12a 1027a 2.66 879
9.5 (c11, t13)6 32.4 2.07b 676b 2.64 853
4.4 (t10, c12) 35.8 1.95b 687b 2.64 935

a,b,c Superscripts within a row indicate significant differences (P < 0.05) within a study
1Control (no lipid infusion)
2 Tallow
3 Safflower oil 
4 Methyl esters
5 Free fatty acids
6 Treatment contained 4.2 g/d of t10, c12 CLA and 3.8 g/d of c11, t13 CLA
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Rumen-inert CLA (Ca++ salts) also decreases milk fat when fed to cows 

consuming either a total mixed ration (TMR; Giesy et al., 2002) or rotationally 

grazed (Medeiros et al., 2000).  In addition, a dietary supplement of CLA has 

been reported to decrease milk fat content in lactating pigs (Harrell et al., 2000; 

Poulos et al., 2000) and nursing women (Masters et al., 2002).  

The CLA supplements used in the aforementioned studies contained a 

mixture of isomers.  Based on the increase in milk fat content of trans-10 C18:1

observed with diet-induced milk fat depression (MFD; Griinari et al., 1997), it was 

hypothesized that CLA isomers containing a trans-10 double bond were the 

cause of the milk fat reduction and Baumgard et al., (2000; 2002a) examined this 

by abomasally infusing relatively pure CLA isomers (Figure 1.1; Table 1.2).  After 

4 days of infusion, the trans-10, cis-12 CLA isomer resulted in over a 40 % 

reduction in milk fat percentage and yield whereas cis-9, trans-11 CLA had no 

effect (Baumgard et al., 2000).   This same group extended this work and 

observed a curvilinear relationship between the increase in trans-10, cis-12 CLA 

dose and the reduction in milk fat yield (Baumgard et al., 2001).  
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 trans-10, cis-12 CLA is a very potent inhibitor of milk fat synthesis with a 

dose of 2.5 g/d eliciting a 17% reduction in milk fat yield (Peterson et al., 2002).  

More recently, the infusion of trans-8, cis-10 CLA had no effect on milk fat 

synthesis and the infusion of a mixture of trans-10, cis-12 CLA and cis-11, trans-

13 CLA had no greater affect than an equal portion of trans-10, cis-12 CLA alone 

(Perfield et al., 2004b), while 4.4 g/d of trans-10, cis-12 CLA reduced milk fat 

synthesis by 35%, which is consistent with other data reported for pure trans-10, 

cis-12 CLA (Table 1.2).   The aforementioned studies utilized abomasal infusion, 

Figure 1.1:Temporal pattern of milk fat content during abomasal infusion of 
conjugated linoleic acid (CLA) isomers.  Infusions were 10 g/d of cis-9, trans-
11 CLA or trans-10, cis-12 CLA.  Adapted from Baumgard et al., (2002b).
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a very labor-intensive procedure, as a method of bypassing the rumen, to 

prevent biohydrogenation of the CLA.  More recently, intravenous infusion of 

trans-10, cis-12 CLA has been demonstrated to be a convenient and effective 

experimental method of initiating MFD (Viswanadha et al., 2003).  This method of 

infusing CLA induced MFD similarly to that seen with abomasal infusions and 

provides a much simpler method for researchers (see Figure 1.2; Table 1.2).  

The mechanism by which trans-10, cis-12 CLA reduces milk fat synthesis during 

established lactation includes reduced mRNA expression of genes encoding 

enzymes involved in fatty acid uptake, intracellular fatty acid transport and de 

novo fatty acid synthesis.  It has been suggested that these genes are 

coordinately regulated by reduced SREBP-1 proteolytic activation (Baumgard et 

al., 2002a; Peterson et al., 2003, 2004).



23

Table 1.2: Summary of results obtained from abomasal or intravenous infusion of 
pure isomers of conjugated linoleic acid (CLA)

CLA Duration Milk Yield Milk Fat Milk Protein
g/d Days kg/d % g/d % g/d Reference
01 4 35.2 3.04a 1068a 2.74a 965 Baumgard et al., 2000b

10 (c9, t11) 36.9 2.94a 1086a 2.73a 1008
10 (t10, c12) 36.2 1.92b 696b 2.57b 930

01 5 26.4 3.00a 772a 3.02 799 Baumgard et al., 2001
3.5 (t10, c12) 26.5 2.28b 579b 3.00 801
7.0 (t10, c12) 25.8 1.90c 515b 3.10 795
14 (t10, c12) 23.5 1.61d 383c 3.12 720

01 5 19.9 3.13a 618a 3.20 639 Baumgard et al., 2002b
13.6 (t10, c12) 17.1 1.80b 320b 3.36 536

01 5 31.8 3.22a 1033a 2.95 930 Baumgard et al., 2002a
10 (c9, t11) 32.0 3.44a 1106a 2.91 929
10 (t10, c12) 30.9 2.36b 741b 2.95 908

01 5 31.3 3.12a 970a 2.66 830 Peterson et al., 2002
1.25 (t10, c12) 31.4 2.91ab 900a 2.62 820
2.50 (t10, c12) 31.5 2.60bc 810ab 2.62 810
5.00 (t10, c12) 28.9 2.40c 690b 2.75 780

02 5 25.3 4.17 1055 3.32 836 Viswanadha et al., 2003
2 (t10, c12) 34.6 3.53 1215 3.32 1177
4 (t10, c12) 28.0 3.29 893 3.26 905
6 (t10, c12) 28.6 2.92 842 3.20 918

15 (c9, t11)1 2 30.1 3.38 1020a 3.02 910 Loor and Herbein, 2003
15 (t10, c12) 29.8 2.58 770b 2.98 890

a,b,c Superscripts within a row indicate significant differences (P < 0.05) within a study
1 Abomasal infusion
2 Intravenous infusion
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Intravenous vs. abomasal infusion of cis -10, trans -12 CLA
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Rumen-inert CLA

Long-term experiments utilizing rumen-inert (RI) CLA supplements (Ca++ 

salts) indicate CLA also decreases milk fat when fed to cows consuming either a 

TMR (Giesy et al., 2002; Perfield et al., 2002) or rotationally grazed (Medeiros et 

al., 2000; Table 1.3).  In general, depending upon amount fed, RI-CLA 

supplements decrease milk fat content and yield by 15 to 50% (Table 1.3).  A 

dose response with RI-CLA showed a similar curvilinear response to those 

observed with abomasal infusions, but a much higher dose of CLA was required 

when supplied in the diet as RI-CLA (i.e. 100 g/d RI-CLA for 34% MFD vs. 30.6 

g/d abomasally infused CLA for 50% MFD; Chouinard et al., 1999a; Giesy et al., 

2002; Tables 1.1 and 1.3).  RI-CLA may be a tool that could be used to govern 

Figure 1.2: Relationships between decreased milk fat yield and dose of trans-10, 
cis-12 conjugated linoleic acid (CLA) delivered either by abomasal or intravenous 
infusion in lactating dairy cows.  Data from Baumgard et al., (2000b) and 
Viswanadha et al., (2003). 
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milk fat synthesis at times when energy required to produce milk fat could be 

utilized for the synthesis of additional milk or alternative milk components (i.e. 

protein and lactose) or to support a different physiological state (i.e. 

reproduction).

Table 1.3: Summary of results obtained from feed supplementation of rumen-inert 
conjugated linoleic acid (CLA)

CLA Duration Milk Yield Milk Fat Milk Protein
g/d Days kg/d % g/d % g/d Reference
03 35 16.6 2.80a 458a 2.79a 457a Medeiros et al., 2000
90 17.0 2.11b 361b 3.07b 517b

03 140 34.5 3.64a 1235a 3.03 1031 Perfield et al., 2002
30.4 35.9 2.82b 1009b 3.01 1079

0 7 40.5 3.23a 1272a 2.55 1001a Perfield et al., 2004a
21.7 (AP1) 42.6 3.37b 1004b 2.51 1063b

20 (LE2) 42.7 2.34b 992b 2.58 1086b

03 5 42.3 3.45 NR4 3.17 NR Giesy et al., 2002
12.5 43.5 2.97 NR 3.17 NR
25 47.9 2.96 NR 3.17 NR
50 44.0 2.46 NR 3.15 NR
100 43.1 2.29 NR 3.24 NR

03 140 44.3 3.60a 1570 2.77 1214 Bernal-Santos et al., 2003
40 47.1 3.15b 1452 2.74 1264

0 776 40.3 3.49a 1380 2.89 1140 Selberg et al., 2004
150 41.5 2.99b 1190 2.82 1150
05 42.5 3.46a 1390 2.81 1120

a,b,c Superscripts within a row indicate significant differences (P < 0.05) within a study
1 Amide-protected
2 Lipid-encapsulated
3 Calcium salts
4 Not reported
5 Treatment contained 150 g/d of mixed trans c-18:1 isomers
6 Treatment initiated 28 d prior to calving through 49 d postpartum
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Early Lactation

The aforementioned dairy cattle studies have utilized cows in mid to late 

lactation.  Studies conducted in early lactation indicate feeding RI-CLA at levels 

effective in mid lactation (i.e. 12.5 to 100 g/d; Giesy et al., 1999; Bernal-Santos et 

al., 2003) are ineffective at reducing milk fat synthesis immediately postpartum.  

Therefore, it appears the mammary gland is either insensitive or less sensitive to 

CLA immediately post-partum (1 to 21 DIM).  

CLA as a Management Tool

The effects of CLA on milk fat are rapid and apparent within 1 d (Figure 

1.1).  Equally important is that milk fat production returns to normal levels within 3 

to 4 days after CLA removal.  Effects also appear to be specific for the fat 

component of milk, unless administered via abomasal infusion at extremely high 

doses (i.e. 90 g/d), which is associated with a reduction in milk yield (Bell and 

Kennelly, 2003; Table 1.1).  Most CLA studies have utilized cows in mid to late 

lactation and in these trials milk and protein yield, and dry matter intake (DMI)

have generally been unchanged (Baumgard et al., 2000; 2001; Chouinard et al., 

1999b; Loor and Herbein, 1998; 2003).  However, a decrease in milk fat 

secretion without a reduction in feed intake would theoretically cause a more 

positive net energy balance.  CLA could have many benefits on production and 

animal well being by improving whole animal energy status during specific stages 

of lactation and at certain times of the year.  These benefits may include 
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increased milk yield, increased synthesis of other milk components, decreased 

metabolic disorders and improved reproductive efficiency. 

Production of low fat milk can be easily accomplished by a number of 

dietary situations including low fiber/high concentrate diets, small fiber particle 

size and the inclusion of oils high in polyunsaturated fatty acids (Griinari et al., 

1998).  However, often a deleterious side effect of diet induced MFD is the 

increased risk of metabolic disorders including rumen acidosis, ketosis, displaced 

abomasums and lameness.  Therefore, utilizing CLA to reduce milk fat synthesis 

while maintaining animal well-being and production offers the potential of an 

exciting new management tool for dairy producers. 

Peak milk yield usually occurs approximately 40 to 60 DIM.  Prior to and 

during this stage of lactation animals are in a negative energy balance, and as a 

consequence, milk synthesis in high producing dairy cows may be limited by 

energy availability.  This is especially pertinent during peak milk synthesis.  

Alleviating the energy balance crisis by reducing milk fat synthesis during this 

stage of lactation may cause an increase in production of milk and milk protein 

and thus allow the animal to achieve its genetic potential.  In the limited studies 

to-date utilizing RI-CLA, cows treated in early lactation responded with at least a 

numerical increase in milk and protein yield (Table 1.3; Bernal-Santos et al., 

2003; Chouinard et al., 1999a; Medeiros et al., 2000) whereas no increases were 

observed in cows treated during established lactation (Table 1.3; Perfield et al., 

2002).
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To illustrate the bioenergetic potential, consider a cow producing 45 kg/d 

of milk with 3.5% milk fat (normal composition).  Feeding CLA during peak yield 

(40-60 DIM) and inhibiting milk fat synthesis by 50% would reduce energy 

requirements by 7.5 Mcal, potentially providing enough energy to produce an 

extra 11 kg of milk.  Assuming energy was limiting genetic potential for milk 

production and 100% of additional energy was utilized for milk synthesis, this 

would result in a peak milk yield of 56.1 kg/d (Baumgard et al., 2002b).  This is 

particularly significant because each kg increase in peak milk yield equates to an 

increase in total lactation milk yield of approximately 127 kg (Dr. B. Everett, 

Cornell University; Personal Communication; Figure 1.3). Hypothetically, in this 

example, using CLA to reduce milk fat synthesis during peak milk yield would 

result in an increase in total lactation yield of 1,400 kg (normal composition).  It is 

presumed the value of the extra milk (normal composition) would be more than 

the loss of money due to the production of low fat milk during CLA feeding (40-60 

DIM). 

Decreasing milk fat reduces the energy requirement for milk synthesis and 

as a consequence dietary CLA could increase milk protein yield if protein 

synthesis was limited by energy availability.  This situation frequently occurs in 

grazing dairy cows, and Medeiros et al. (2000) demonstrated milk protein 

percentage and yield were increased 10 and 13%, respectively, when grazing 

cows received 90 g/d of a rumen protected CLA supplement (Table 1.3). 
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Hypothetical Lactation Curve
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As the economic value of milk fat continues to decrease, relative to that of 

milk protein, there is greater interest in discovering methods of regulating milk 

composition and in particular milk fat synthesis.  For example, Canada and 

several European countries have quotas for the quantity of saleable milk fat, and 

these economies may favor milk production with a higher protein and lower fat 

content.  Therefore, depending upon marketing regulations, in some instances, a 

reduction in milk fat yield would be of economic value to producers.  

ENERGY BALANCE

Whole animal energy status is the balance between energy consumed 

and energy used for maintenance and production.  Unfortunately, exactly 

Figure 1.3: Hypothetical lactation curve using conjugated linoleic acid (CLA) to 
reduce milk fat synthesis during peak milk yield.  Assuming 100% of additional 
energy was utilized for milk synthesis and that every kg increase in peak milk 
yield equates to an increase in total lactation milk yield of approximately 127 
kg over the lactation
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measuring energy balance (EBAL) is expensive, when using either direct or 

indirect calorimetry; therefore methods of estimation have been developed to 

predict EBAL (NRC, 2001).  Estimation accuracy depends on how precisely the 

energy for consumed feed, milk produced and energy required for maintenance 

are calculated (Vicini et al., 2002).  The calculation for determining energy 

consumed relies on accurately determining feed intake and precisely determining 

the energy value of the consumed feed.  The accuracy of determining feed intake 

is primarily dependent on facilities, for example, individual intakes is much more 

accurate than pen intakes, while pen total mixed ration intakes is more accurate 

than determining intakes on pasture fed cows.  The current method of calculating 

the feed energy (NRC, 2001) is based on first estimating digestible energy 

concentration of the feed when fed at maintenance levels.  These values are 

then adjusted for intake, to account for the increased passage rate as intake 

increases.  The adjusted digestible energy values are then converted to 

metabolizable energy, which is used to calculate net energy for lactation (Weiss 

et al., 2002).  This system is an improvement on the 1989 NRC system, which 

was inaccurate if DMI exceeded 3X maintenance, and the average Holstein in 

the U.S. currently consumes feed at approximately 3.5X maintenance (Weiss et 

al., 2002).  Because of this discrepancy, the 1989 NRC frequently predicted a 

higher energy intake than was correct (Weiss et al., 2002).  The net energy for 

lactation (Mcal/d) content of milk can be very accurately calculated (net energy 

for lactation = ((0.0929 x fat %) + (0.0547 x crude protein %) + (0.0395 x lactose 
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%) x milk production; NRC, 2001) assuming the concentrations of fat, protein and 

lactose are all known (Weiss et al., 2002).  Energy required for maintenance is 

based on an equation (net energy for maintenance = 0.08 x body weight0.75) that 

has remained unchanged for several years and is considered to be relatively 

accurate (Vicini et al., 2002). 

Transition Period Energy Balance

“The nutrient needs of the mammary gland are of such magnitude relative to 

total metabolism in a high producing dairy cow that the cow should be considered 

an appendage on the udder rather than the reverse” (Bauman and Currie, 1980).  

This high nutrient demand by the mammary gland is partially responsible for the 

metabolic challenges a dairy cow experiences during the transition period.  The 

transition period is characterized by the period of time when a dairy cow 

transitions from a non-lactating state in late pregnancy to early lactation, 

generally from 3 wk prepartum to 3 wk postpartum (Grummer et al., 1995).   

Characteristically, cows in this stage of lactation are synthesizing and secreting 

more energy than they can consume (Drackley, 1999) and as a result, animals 

experience a severe (i.e. 15 Mcal/d) negative EBAL (NEBAL) and this is 

associated with an increased risk of metabolic disorders, health problems (Goff 

and Horst, 1997; Drackley, 1999) and reduced reproductive performance (Lucy 

et al., 1992; Beam and Butler, 1999).  During the transition from non-lactating to 

early lactation, a cow must make the homeorhetic changes necessary to support 
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lactation as quickly as possible in order to minimize the magnitude of NEBAL as 

well as the deleterious side affects associated with NEBAL. 

The NEBAL associated with the transition period can be attributed to two 

factors; a reduction in available nutrients primarily due to limited DMI as well as 

the increase in energy requirements of the rapidly growing fetus prior to calving 

and milk synthesis following calving.  A decrease in DMI of approximately 30% is 

typical for the final week prepartum for both cows and heifers when compared to 

the first 50 days of the dry period (Bertics et al., 1992; Vazquez-Anon et al., 

1994; Grummer et al., 1995).  Causes for the decrease in DMI prepartum are 

unknown, but are most likely related to endocrine events associated with the 

prepartum period, such as an increase in placental derived estrogen prepartum 

and a decrease in progesterone postpartum (Grummer et al., 1995).  Another 

factor that may lead to a decrease in nutrient availability during the transition 

period is related to the switch from a low energy/high fiber diet fed during the dry 

period to a high energy/low fiber diet that is typically fed postpartum.  The low 

energy/high fiber diet fed during the dry period has two deleterious effects on 

nutrient uptake during the transition period; first, a shift to an inefficient microbial 

population and secondly a decrease in the absorptive capacity of the rumen (Goff 

and Horst, 1997).  The low energy/high fiber diet promotes growth of cellulytic 

and methane-producing bacteria, which are inefficient at converting feedstuffs to 

useable energy due to the loss of carbon in the form of methane (Johnson and 

Johnson, 1995).  This shift in microflora also reduces the number of bacteria 
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capable of converting lactate to acetate and propionate, causing further problems 

by reducing the rumen pH when cows are returned to a high energy/low fiber 

diet.  Following calving, a dairy cow is immediately fed a high energy/low fiber 

diet which favors lactate producing bacteria and their population increases 

rapidly whereas the population of bacteria that converts lactate to acetate and 

propionate increases much slower.  As a consequence, lactate accumulates and 

decreases rumen pH, resulting in acidosis, further impeding DMI and increasing 

the severity of NEBAL.  

The low energy/high fiber diet fed during the dry period is also responsible for 

decreasing the absorptive area of rumen papillae and reducing volatile fatty acids 

(VFA) absorption capacity across the rumen wall (Goff and Horst, 1997).  A 

decrease in VFA absorption causes acid accumulation, which exacerbates the 

acidosis by further decreasing rumen pH.  To help alleviate the problem of ration 

changes, dairies generally feed higher levels of concentrate during the last 2 to 3 

weeks of the dry period to increase rumen papillae absorptive area as well as 

restore the bacterial population to those which can effectively digest the high 

energy/low fiber diet fed to high producing cows.  Ruminant animals generally 

need 4 to 5 weeks to fully adapt to diet changes, so the 2 to 3 weeks of 

increased concentrates is frequently not enough time for the rumen to fully adapt 

and therefore the aforementioned problems are common during the transition 

period (Goff and Horst, 1997).  The decrease in energy availability discussed to 

this point is severe enough by itself to promote metabolic problems such as 
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ketosis and fatty liver, but when coupled with an increase in energy requirements 

occurring at the same time, the problem becomes significantly amplified.  

The energy requirements of a dairy cow quickly increase during the transition 

period due both to a rapidly growing fetus and the demands of early stage 

lactogenesis.  As a cow approaches the end of pregnancy, nutrient requirements 

are 75% greater than in a nonpregnant animal of the same weight, and this is 

occurring at a time when energy intake is decreasing towards its nadir (Bauman 

and Currie, 1980).  The requirements of this period include not only the 

developing fetus, but also, growth of fetal membranes, gravid uterus, and the 

developing mammary gland.  This increase in nutrient demands as well as the 

decrease in prepartum nutrient intake can put a cow in NEBAL as early as 3 wks 

prior to calving, depending on the energy content of the prepartum ration as well 

as the method of calculating energy balance (Grummer, 1995).  

Following calving, the energy requirements of the dairy cow increase 

dramatically to support the energetically expensive process of lactation.  During 

the final weeks of gestation, the fetus requires approximately 0.82 Mcal/day of 

energy until parturition, and simultaneously energy must also be partitioned for 

colostrum production.  The energy required to produce 10 kg of colostrum is 

approximately 11 Mcal, which is a 13 fold increase in energy output from just 24 

h earlier when the cow was already in NEBAL (Goff and Horst, 1997).  This 

energy output continues to increase rapidly during the first couple weeks 

following calving as production quickly increases towards peak.  Feed intake is 
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also increasing during this time, but at a slower rate than the increase in energy 

output.  In fact, the transitioning dairy cow does not generally reach energy 

balance nadir until 7 to 12 d postpartum, after which the rate of increase in 

nutrient intake starts to exceed the increasing rate of milk energy output (Canfield 

and Butler, 1990; Staples and Thatcher, 1990; Beam and Butler, 1999).

Unfortunately, a management practice that will prevent or at least alleviate 

NEBAL associated with the transition period is not currently available, therefore 

understanding NEBAL and its associated problems, can help minimize 

production loss.  The first step in understanding NEBAL and the problems 

associated with it is to understand the metabolic adaptations that occur during 

the transition period.

Metabolic Adaptations and the Transition Period

The period of a dairy cow’s life in which the ability to coordinate nutrient 

partitioning is the most important is probably the transition period and in order to 

successfully coordinate these changes, she must undergo rapid metabolic 

adaptations.  During this period the dairy cow must be able to quickly and 

efficiently make these metabolic shifts in order to promote lactation without 

negatively affecting other bodily functions.  The primary metabolic changes 

associated with the transition period include but are not limited to; lipid, protein 

and mineral metabolism (Bauman and Currie, 1980; Table 1.4). 
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Table 1.4: List of metabolic adaptations associated  with the transition period in 
ruminants (adapted from Bauman and Currie, 1980)

Physiological Function Metabolic Change -Tissues Involved

Milk Synthesis -Increased use of 
nutrients

-Mammary gland

Lipid Metabolism -Increased lipolysis

-Decrease lipogenesis

-Adipose tissue

Glucose Metabolism -Increased 
gluconeogenesis

-Increased 
glycogenolysis

-Decreased use of 
glucose and increased 
use of lipid as energy 
source

-Liver

-Body tissue in general

Protein Metabolism -Mobilization of protein 
reserves

-Muscle and other body 
tissue

Mineral Metabolism -Increased absorption 
and mobilization of 
calcium

-Kidney, liver, gut and 
bone

It is well accepted that dairy cattle transition through a state of severe energy 

deficiency at a time when milk yield is rapidly increasing.  In order to meet the 

energy requirements to sustain the increased milk yield a cow must employ many 

homeorhetic adaptations.  The first process involved in meeting these energy 

requirements is the mobilization of nonesterified fatty acids (NEFA) from white 

adipose tissue, which is a major energy store for the transitioning dairy cow.  In 

fact, dairy cattle are typically fed excess energy in late lactation in order to store 

energy for the following transition from late gestation to early lactation (Vicini et 
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al., 2002).  NEFA mobilization from adipose tissue is made possible by two 

processes, a decrease in adipogenesis and an increase in lipolysis, and this is 

thought to be coordinated by the decrease in glucose and insulin levels during 

NEBAL (Herdt, 2000).  In addition to the decrease in circulating insulin, adipose 

tissue becomes less sensitive to insulin (decreasing lipogenesis) and more 

sensitive to catecholamines (increasing lipolysis; Bauman 2000) during early 

lactation.  This increase in NEFA provides fatty acids that can be used by the 

liver and skeletal muscle as an energy source, hepatically reesterified into 

triglycerides (TG), or as a source of milk fat for the lactating mammary gland 

(Drackley, 1999; Figure 1.4).  When the rate of hepatic fatty acid uptake and 

esterification exceeds the rate of fatty acid depletion (either through oxidation or 

export as TG within VLDL), fatty liver can occur (Drackley, 1999).  Fatty liver is a 

situation that will be discussed further in the metabolic disorder section of this 

paper.  The liver also has a limited capacity for fatty acid oxidation (Grummer, 

1993).  Fatty acids are catabolized to acetate in the mitochondria through the 

process of β-oxidation.  Acetate entry into the TCA cycle may overcome the 

ability of the TCA cycle to oxidize it.  Once the TCA cycle has become saturated 

with acetate, excess acetate is converted to ketones in the liver and exported to 

the blood (Grummer, 1993).  

The ruminant animal acquires very little dietary glucose, due to fermentation 

of dietary carbohydrates to VFAs in the rumen.  As a result, the liver is 

responsible for meeting the majority of the ruminant’s glucose demands.  During 
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the transition period, the increase demand for glucose must be met by increasing 

hepatic gluconeogenesis to support lactation.  The mammary gland requires 

glucose for lactose production, reducing equivalents and glycerol and the 

glucose demand is so extreme that a high producing cow can use up to 80% of 

the total glucose turnover for milk production (Bauman and Currie, 1980). 

Figure 1.4: Fates of mobilized fat from the adipose tissue of the dairy cow 
(adapted from Drackley, 1999)

Energy Balance and Metabolic Disorders

There are many metabolic disorders that potentially can occur during the 

transition period; acidosis, hypocalcemia, displaced abomasum, ketosis, and 

fatty liver just to name a few.  These metabolic disorders are all directly and 

indirectly related to each other and the occurrence of one increases the 
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probability of one or all of the others occuring (Goff and Horst, 1997).  Metabolic 

problems occurring within the first weeks of lactation can eliminate or greatly 

diminish the entire profit potential for an individual cow, by decreasing production 

while increasing costs associated with treatment (Drackley, 1999).  The two 

primary metabolic disorders associated directly with energy balance are fatty liver 

and ketosis.  Fatty liver and ketosis are very tightly linked and both are 

associated with fat mobilization and the liver’s inability to deal with excess lipid.  

Fatty liver is an excess accumulation of hepatocyte lipids, but the definitive cause 

of fatty liver disease is unknown, but multiple hypotheses have been proposed.  

One hypothesis for the accumulation of TG in the bovine liver is due to ruminants 

low rate of synthesis and export of TG in the form of VLDL (Grummer, 1993).  

There is also evidence to suggest that apolipoprotein B synthesis may be 

impeded in cows with fatty liver (Marcos et al., 1990), resulting in decreased 

secretion of VLDL by the liver (Grummer, 1993).  The low rate of TG export limits 

the fate of these fats to either being oxidized or simply accumulating in the liver, 

with the later frequently occurring (Bauchart, 1993).  

The transport of fatty acids into the mitochondria by carnitine 

palmitoyltransferase I (CPT-1) for β-oxidation may be another rate limiting step 

that allows for the build up of fatty acids in the ruminant liver.  As the percentage 

of total available fatty acids being oxidized decreases, the buildup of fatty acids in 

the liver increases; thus, adding more strain on the insufficient ability to export 

these fats in the form of VLDL.  It is not clearly understood what affects the rate 
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of CPT-1 transfer of fatty acids into the mitochondria in the ruminant liver.  One 

candidate for CPT-1 regulation is malonyl-CoA, the rate-limiting enzyme in fatty 

acid synthesis and a known inhibitor of CPT-1, but until recently this was not 

considered a likely candidate in the ruminant liver because of the low rate of 

hepatic lipogenesis (Grummer, 1993).  The role of malonyl-CoA in regulating 

CPT-1 may play a larger role than initially thought, due to an increased sensitivity 

of CPT-1 to malonyl-CoA in the ruminant liver (Brindle et al., 1985; Jesse et al., 

1986).  Whether malonyl-CoA plays a role in regulating CPT-1 during the 

transition period is not currently known, but it has been shown that insulin and 

glucagon can increase and decrease the concentration of malonyl-CoA, 

respectively, which suggests endocrine factors may be indirectly regulating lipid 

oxidation during the transition period through malonyl-CoA (Brindle et al., 1985).  

There is evidence suggesting that fatty liver may impede hepatic 

gluconeogenesis, which would decrease circulating glucose levels and increase 

lipolysis.  The net effect of increased lipolysis would be an increase in NEFA 

concentrations and an eventual increased severity of fatty liver, creating a vicious 

cycle (Grummer, 1993).

Ketosis occurs when acetyl-CoA derived from β-oxidation exceeds what the 

TCA cycle can effectively utilize (Goff and Horst, 1997).  This excess acetyl-CoA 

is then converted to acetoacetate, which leaves the mitochondria and enters the 

cytosol, and a percentage of this is converted to β-hydroxybutyrate, at which 

point it leaves the liver and enters systemic circulation (Herdt, 2000).  The 
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appearance of ketones in the blood, milk and urine is a clinical sign of ketosis, 

and is typically apparent at 10 to 21 d postpartum (Goff and Horst, 1997).  

Accumulation of blood ketones can impair gluconeogensis, which will result in 

hypoglycemia, further depressing DMI (Goff and Horst, 1997), starting a vicious 

cycle that will ultimately end in death if not diagnosed and treated.

Energy Balance and Reproduction

The ability of a dairy cow to become pregnant in a relatively short interval 

following calving is very important to profitable dairying, and EBAL seems to play 

a large role in determining the length of this interval (Canfield and Butler, 1990).  

The extent of NEBAL during the first few weeks postpartum negatively influences 

ovarian activity and largely determines the interval of anestrus.  Recovery of 

energy balance from its most negative level in early lactation toward a more 

positive balance provides an important signal for initiation of ovarian activity. 

(Lucy et al., 1992; Beam and Butler, 1999).  Days to EBAL nadir and cumulative 

NEBAL to nadir, are highly correlated with days to first ovulation (Canfield and 

Butler, 1990; de Vries and Veerkamp, 2000).  The interval to first ovulation is also 

highly correlated with an increase in luteinizing hormone pulsatility, which is 

controlled by gonadotropin releasing hormone pulsatility (Canfield and Butler, 

1990).  Conception rates are also affected by EBAL and this is demonstrated by 

the fact that the number of estrous cycles prior to first breeding has an influence 

on conception rates of that breeding (Lucy et al., 1992).

Transition Period Summary
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The transition period is the most important and difficult portion of a cow’s 

life to manage, and a large part of this difficulty is associated with the NEBAL that 

high producing cows experience.  The severity of NEBAL can directly affect 

profitability by increasing veterinary and treatment costs incurred each time a 

cow experiences a NEBAL-induced metabolic disorder.  Severe NEBAL can also 

increase costs by increasing culling rates associated with reproduction, which will 

eventually increase replacement costs.   Although a management tool to 

eliminate NEBAL in high producing cows has not yet been discovered, it is 

without a doubt a very important area of research.  Most research to this point 

has focused on increasing energy consumption by the cow by either feeding 

higher energy feeds during this period or by trying to increase DMI, but 

unfortunately these methods have had little success in improving EBAL 

(Schingoethe and Casper, 1991; Grummer et al., 1995).  Another approach to

improve EBAL may be to decrease the energy output of the cow and therefore 

decrease the requirements of the transitioning cow, rather than trying to increase 

the inputs.

The period immediately prior to and following calving, is associated with 

extensive metabolic adaptations.  Characteristically, cows in this transition phase 

need more energy for milk synthesis and maintenance than they can consume 

(Drackley, 1999).  As a consequence, animals experience a substantial NEBAL, 

which is associated with an increased risk of metabolic disorders and health 

problems (Goff and Horst, 1997; Drackley, 1999) as well as reduced reproductive 
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performance (Lucy et al., 1992; Beam and Butler, 1999).  For decades the 

primary management method utilized to alleviate the magnitude of NEBAL was 

feeding additional energy in the form of either increased concentrates or fats 

(Schingoethe and Casper, 1991; Grummer et al., 1995).  Unfortunately, the 

incidence and severity of NEBAL continues to be the primary issue surrounding 

transition period failures (Beam and Butler, 1999; Drackley, 1999).

HEAT STRESS

Stress, is an environmental condition that is adverse to the well-being of an 

animal (Stott, 1981).  The stress may be climatic, such as extreme hot or cold; 

nutrition, due to feed deprivation or nutrient imbalance; or internal due to some 

physiological disorder (Stott, 1981).  Heat stress is defined as any combination of 

environmental conditions in which the effective temperature of the environment is 

higher than the temperature range of the animal’s thermoneutral zone (Buffington 

et al., 1977).  The thermoneutral zone is the range of ambient temperatures 

where metabolic rate is normal and thermoregulation is achieved by 

nonevaporative physical processes (Bligh and Johnson, 1973).  Within the 

thermoneutral zone, no additional energy above maintenance is required to heat 

or cool the body and maximum production is achieved (West, 2003). 

Thermoregulation is the means by which an animal maintains its body 

temperature and involves a balance between heat gain and heat loss (Fuquay, 

1981).  Sources of heat gain include environmental heat and metabolic heat.  

Environmental heat is transferred to an animal by solar radiation and by 
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conduction and convection when the air temperature or the temperature of a 

surface the animal contacts is higher than skin temperature (Fuquay, 1981).  

Metabolic heat includes heat produced from maintenance plus increments for 

production such as growth, lactation and gestation, and high production results in 

more heat gain than low production (Fuquay, 1981).  Routes of heat loss are 

similar to those of heat gain and can be divided into elimination of the products of 

metabolism and heat lost to the environment.  There are four routes of heat loss 

to the environment and these can be grouped into sensible and insensible forms 

of heat loss (Fuquay, 1981).  Sensible forms of heat loss include radiation, 

conduction and convection, and these routes of heat loss require a temperature 

gradient, but no energy expenditure from the cow (Collier and Beede, 1985).  

Evaporation is considered an insensible form of heat loss, and this occurs when 

the dew point temperature of the air is lower than that of the animal’s skin and 

respiratory passages.  When an animal needs to utilize evaporation, which 

requires energy, as a means of thermal regulation, they are no longer within the 

thermoneutral or comfort zone (Brody, 1945). Predicting the precise combination 

of environmental conditions (ambient temperature, humidity, wind speed, solar 

radiation, etc.) at which heat stress begins, even for a specific species, is almost 

impossible, due to variation as a result of breed, sex, age, stage of lactation, 

acclimation, etc. (Buffington et al., 1977).  Although precise conditions at which 

the effects of heat stress begin are difficult to predict, several indices combining 
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temperature and humidity effects have been developed and used to predict 

comfort levels of environmental conditions (Buffington et al., 1977).   

Temperature-Humidity Index

Temperature-humidity index (THI) was developed to express the

combination of temperature and humidity as single index values, which can be 

related to physiological comfort (Kibler, 1964).  There are many variations of this 

equation utilizing different indicators of temperature and humidity (Table 1.5).  

Conditions leading to THI values less than 70 are considered thermoneutral, 75 

to 78 is considered stressful, and THI greater than 78 invoke extreme stress in 

lactating cows, as they are unable to maintain normal body temperature 

(Kadzere et al., 2002). Physiological responses to heat stress in dairy cattle such 

as decreased DMI, increased maintenance requirements and decreased milk 

production start to occur at a THI of 72 (Armstrong, 1994).  Further research by 

Holter et al., (1996) suggests that a maximum daily THI of 72 will decrease DMI 

in dairy cattle, and a minimum THI of 56 is more closely correlated with the 

initiation of decreases in DMI.
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Table 1.5: Variations of the temperature-humidity index 

THI Equation  Reference

THI = 0.55 Td + 0.2 Tdp + 17.5 Cargill and Stewart, 1966

THI = 0.4 (Td + Tw) + 15 Kibler, 1964

THI = Td + 0.36 Tdp + 41.5 Buffington et al., 1981

THI = 0.72(Td + Tw) + 40.6 Kadzere et al., 2002

Td = Dry bulb temperature

Tw = Wet bulb temperature

Tdp = Dew point temperature

Physiological Responses to Heat Stress

Heat stress negatively impacts milk synthesis and impairs reproductive 

performance (West, 2003).  As a consequence, heat stress is a significant 

financial burden in many dairy-producing areas of the United States and the 

world.  The bioenergetic mechanism by which heat stress impacts production 

and reproduction is partly explained by reduced feed intake, but also includes an 

altered endocrine status, reduced rumination, reduced nutrient absorption and 

increased maintenance requirements (Collier and Beede, 1985; Collier et al., 

2004) with the net effect of decreased nutrient/energy availability for production.  

Temperatures above the thermal neutral zone in cattle are widely accepted to 

reduce voluntary feed intake and as a result decrease productivity (Collier and 

Beede, 1985).  This decline in voluntary intake starts to occur at 25 to 27°C and 

at 40°C intake is generally reduced by 40% (NRC, 1981).  Forage levels in the 
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diet are negatively correlated to feed intake, as reduction in feed intake is 

primarily due to reduced forage consumption (NRC, 1981).  Forage quality is also 

related to DMI during heat stress, and as forage quality decreases, the intakes of 

that forage decrease during heat stress (Collier and Beede, 1985).  The 

reduction in feed intake is due to many factors such as; attempting to reduce 

heat of fermentation, increased respiration rates impeding intakes, reduced gut 

motility and rumination leading to greater gut fill and reduced passage rates 

(Collier and Beede, 1985).  Reduced passage rates lead to increased digestibility 

of feedstuffs, but this increase in digestibility is not great enough to offset the 

reduction in DMI.  Even when a decline in feed intake due to high temperatures is 

prevented by force feeding, production is not restored to levels achieved during 

thermoneutrality, and this is a result of increased maintenance costs.  Increased 

maintenance requirements (7 to 25%; Figure 1.5, NRC, 1981) are a result of 

energy expended in increasing respiration rates and other activities used to rid 

the body of the excess heat load (Fuquay, 1981).  Increased maintenance 

requirements compounds the problem of limited energy supply by utilizing more 

energy for maintenance and as a result leaving less energy for production.  This 

increase in maintenance requirements abolishes the effect of increased digestion 

even further and results in a decrease in the efficiency of utilization of energy for 

milk production of 30 to 50% (McDowell et al., 1969).   
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Management Practices to Minimize Heat Stress Effects

The decreased feed intake results in a reduction in energy availability, similar 

to, but not to the extent observed in early lactation.  There are two options that 

can be used to help alleviate the effects of heat stress on production:  change the 

cow’s environment to increase feed intake or increase the energy density of the 

diet.  

Shade structures decrease solar radiation, the primary source of external 

heat, and therefore are the first step in any successful cooling system (Wiersma 

and Armstrong, 1989). Shades offer the most immediate and cost-effective 

method for improving production during heat stress (Beede and Collier, 1986), 

but are unable to restore production to levels during thermal neutrality (Wiersma 

Figure 1.5: Percentage of basal maintenance requirements at 
20ºC with changing ambient temperature.
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and Armstrong, 1989).  Dairies located in arid regions, such as Arizona, can rely 

on evaporative cooling to improve production during heat stress (Armstrong, 

1994).  Shades with evaporative cooling can improve milk production, 

reproduction and weight retention over shades alone (Armstrong and Wiersma, 

1986), although, evaporative cooling is unable to eliminate all of the deleterious 

effects of heat stress.

Formulating diets for heat stressed lactating dairy cattle requires some extra 

considerations: reformulation to offset reduced DMI, greater nutrient 

requirements due to increased maintenance cost, lower dietary heat increment 

and avoiding nutrient excesses (West, 2003).  Increased production also 

increases heat production which is a major liability during heat stress, therefore, 

developing diets which have lower heat increments, by adding fat or decreasing 

forage, can help offset the increased production (West, 2003).  The high 

efficiency of fat use for energy as well as its low heat increment suggests that 

fats are under valued by feed evaluation systems during heat stress (Coppock, 

1985; Drackley et al., 2003).  However, excess fat supplementation may 

decrease DMI further than heat stress alone, thus eliminating any benefits of the 

increased efficiency of utilization (Drackley et al., 2003).  Actual results of feeding 

supplemental fat during heat stress have been mixed, and this may be due to 

differing sources of fatty acids, and their variable effects on DMI (Huber et al., 

1994).  Another method of increasing the energy density of the diet is to 

decrease the forage to concentrate ratio.  Decreasing the amount of forage in the 
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diet not only increases the energy density, but it also lowers the heat increment 

of the diet, and promotes increased DMI (West, 1994; 2003).  Cummins (1992) 

suggests that reducing ADF from 20% to 14% reduces ruminal heat production, 

increases DMI, and increases milk yield during high environmental temperatures.  

Although, decreasing ADF during heat stress can be detrimental, as cows have 

an increased susceptibility to acidosis during heat stress, due to a reduction in 

buffing capacity during this time (Collier et al., 1982).  West et al., (1999) 

observed a 7% increase in milk production with an increase in NDF from 30.2 to 

37.7.  This suggested that the lower NDF diet initiated a slight acidosis, which 

was corrected with the increased NDF, improving ruminal efficiency and 

digestion.  In addition to limited energy, heat stressed dairy cattle are often in a 

state of negative N balance because of reduced DMI, thus protein concentrations 

must be increased to sustain production (Huber et al., 1994).  Just as when 

supplementing fat or grain, supplementing excess protein should be avoided, as 

this excess protein must be deaminated at an energy cost of synthesizing and 

excreting urea (7.3 Kcal/g of urea), but this can be prevented by not exceeding 

NRC recommendations for crude protein by more than 10 to 15% (Huber et al., 

1994).
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CHAPTER 2

INCREASING AMOUNTS OF CONJUGATED LINOLEIC ACID (CLA) 

PROGRESSIVELY REDUCE MILK FAT SYNTHESIS IMMEDIATELY 

POSPARTUM

ABSTRACT

Mixed conjugated linoleic acid (CLA) isomers decrease milk fat synthesis 

during established lactation, but their ability to cause milk fat depression (MFD) 

immediately postpartum remains unclear.  Multiparous Holstein cows (n = 19) 

were randomly assigned to one of four doses of rumen-inert (RI) CLA 

supplements (0, 200, 400 and 600 g/d) with each dose providing equal amounts 

of fatty acids by replacing and balancing treatments with a RI supplement of palm 

fatty acid distillate.  Doses provided a total of 468 g fatty acids/d and either 0, 62, 

125 or 187 g of mixed CLA isomers/d, respectively.  The CLA supplement 

contained a variety of CLA isomers: 5.4% trans-8, cis-10; 6.3% cis-9, trans-11; 

7.9% trans-10, cis-12; and 8.2% cis-11, trans-13 CLA.  Each group received 

treatments from approximately –10 to 21 d relative to calving. To improve 

palatability and ensure complete consumption, doses were mixed with equal 

amounts of steam-flaked corn and dried molasses and half the supplement was 

fed at 0600 and the remaining at 1800 h.  Milk yield and individual feed intake 

were recorded daily, and milk samples obtained from each cow every second 

day (at both milkings) starting on d 1 postpartum.  There were no differences in 

dry matter intake (17.1 kg/d), milk yield (34.2 kg/d), protein content (3.74%), 
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lactose content (4.61%) or yield of milk protein or lactose.  CLA supplementation 

decreased overall milk fat content in a dose responsive manner (4.57, 3.97, 3.32 

and 3.10, respectively) and milk fat yield displayed the same progressive decline.  

The dose dependent decrease in milk fat content was evident during wk 1 and 

became highly significant during wks 2 and 3.  The milk fat yield response pattern 

was similar and by d 21 the highest RI-CLA supplement decreased milk fat 

content and yield by 49 and 56%, respectively.  These data clearly indicate RI-

CLA can markedly (40-50%) induce MFD immediately postpartum without 

negatively affecting other production parameters.

INTRODUCTION

Studies attempting to increase the content of conjugated linoleic acid 

(CLA) in milk fat from lactating dairy cows serendipitously demonstrated that CLA 

administration dramatically decreased milk fat yield and content (Loor and 

Herbein, 1998; Chouinard et al., 1999a).  Subsequent short-term studies 

confirmed that abomasally infusing supplemental CLA caused milk fat depression 

(MFD; Chouinard et al., 1999b; Kraft et al., 2000; Mackle et al., 2003) and 

identified trans-10, cis-12 as a responsible CLA isomer (Baumgard et al., 2000).  

Long-term experiments utilizing rumen-inert (RI) CLA supplements (Ca ++ salts) 

indicate CLA also decreases milk fat when fed to cows consuming either a TMR 

or rotationally grazed (Medeiros et al., 2000; Giesy et al., 2002; Perfield et al., 

2002).  In addition, dietary CLA has been reported to decrease milk fat synthesis 
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in lactating pigs (Harrell et al., 2000; Poulos et al., 2000) and nursing women 

(Masters et al., 2002).  

The aforementioned cattle studies have utilized cows in mid to late 

lactation.  Studies conducted in early lactation indicate feeding RI-CLA at levels 

effective in established lactation (i.e. 12.5 to 100 g/d; Giesy et al., 1999; Bernal-

Santos et al., 2003) are ineffective at reducing milk fat synthesis during the first 

few weeks postpartum.  Therefore, it appears the mammary gland is either 

insensitive or less sensitive to CLA immediately post-partum (1-21 DIM).  We 

hypothesized milk fat synthesis could be reduced immediately postpartum, but 

would require a much larger CLA dose.

The period immediately prior to and following calving, is associated with 

extensive metabolic adaptations.  Characteristically, cows in this transition phase 

are secreting more energy than they consume (Drackley, 1999).  As a 

consequence, animals experience a substantial negative energy balance 

(NEBAL), which is associated with an increased risk of metabolic disorders and 

health problems (Goff and Horst, 1997; Drackley, 1999) as well as reduced 

reproductive performance (Lucy et al., 1992; Beam and Butler, 1999).  For 

decades the primary management method utilized to alleviate the magnitude of 

NEBAL has been feeding additional energy in the form of either increased 

concentrates or fats (Schingoethe and Casper, 1991; Grummer et al., 1995).  

Unfortunately, the incidence and severity of NEBAL continues to be the primary 
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issue surrounding transition period failures (Beam and Butler, 1999; Drackley, 

1999).

An alternative approach to improving NEBAL is to reduce milk energy 

secretion.  Reducing the nutrient demand of milk synthesis via initiating MFD 

should alleviate the magnitude of NEBAL and also reduce DIM to energy balance 

(EBAL) nadir.  Alleviating the severity of NEBAL immediately after parturition may 

allow for increased production, decreased incidence of metabolic disorders (i.e. 

ketosis, fatty liver, etc.) and improved reproduction.  The objective of this study 

was to determine the quantity of a dietary RI-CLA supplement required to 

achieve extensive MFD during lactogenesis and the early phase of 

galactopoiesis, and thus alleviate or reduce the severity of NEBAL during the 

transition period.

MATERIALS AND METHODS

Design, Animals and Treatments

The University of Arizona Institutional Animal Care and Use Committee 

approved all procedures involving animals.  Multiparous Holstein cows (n = 19) 

were blocked by predicted calving date and randomly assigned to one of four 

RP-CLA supplement doses (0, 200, 400 and 600 g/d; Bioproducts Inc., Fairlawn, 

OH) with each dose providing equal amounts of total fatty acids by replacing and 

balancing treatments with EnerGII (a RP supplement of palm fatty acid distilla; 

Bioproducts Inc., Fairlawn, OH).  Doses provided a total of 468 g fatty acids/d 

and either 0, 62, 125 or 187 g CLA/d, respectively.  The CLA supplement 
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contained a variety of CLA isomers (5.4% trans-8, cis-10; 6.3% cis-9, trans-11; 

7.9% trans-10, cis-12; and 8.2% cis-11, trans-13 CLA; Table 1).  Each group 

received treatments from approximately -10 to 21 d relative to calving.  To 

improve palatability and ensure complete consumption, doses were mixed with 

equal amounts of steam-flaked corn and dried molasses.  Feed was removed 

and half the supplement was provided at 0600 and the other half at 1800 h daily; 

feed was returned (~15 min) to the cows after the entire supplement was 

consumed.  Cows were housed in the Agricultural Research Complex and 

maintained in tie stalls in an environmentally controlled room with artificial 

ventilation and 24-h lighting.  Cows were fed a TMR formulated to meet or 

exceed the predicted requirements (NRC, 2001) of energy, protein, minerals and 

vitamins, using CPM-Dairy (Table 2).  Alfalfa hay was the main forage source 

and steam-flaked corn was the primary concentrate.  The TMR was sampled 

weekly, composited and analyzed by wet chemistry methods (Dairy One 

Cooperative Inc., Ithaca, NY).  Cows consumed feed ad libitum with equal 

portions of fresh feed given twice daily at 0600 and 1800 h, and orts were 

weighed and recorded daily at 0530 h.  Water was available at all times.

Cows were milked at 0600 and 1800 h, yield was recorded daily, averaged 

by week for statistical analysis, and milk samples were obtained from each cow 

on d 1, 3, 5, 7, 9, 11, 13, 15, 17, 19 and 21 (both milkings).  One aliquot from 

each sampling was stored at 4°C with a preservative (bronopol tablet; D&F 

Control System, San Ramon, CA) and component content analyzed at the 
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Arizona DHIA (Tempe, AZ) using AOAC (2000) approved infrared analysis 

equipment and procedures.  A second aliquot was stored at -20°C until analyzed 

for fatty acid composition.  Blood samples were obtained from each cow on the 

same days that milk was sampled.  Samples were kept on ice until centrifuged at 

3000 x g for 15 min.  Plasma was split into two aliquots that were immediately 

frozen at -20°C and later analyzed for NEFA and glucose concentrations.  

Plasma NEFA and glucose concentrations were determined enzymatically using 

commercially available kits validated for use in our laboratory (NEFA C kit; Wako 

Chemicals USA, Richmond, VA, Lot # 21P2-1; Autokit Glucose C2; Wako 

Chemicals USA, Inc., Lot # TH214).  These procedures were scaled down and 

conducted in 96-well microplates (Rainin Instrument, LLC., Oakland, CA) and 

read using a microplate photometer (Multiskan Ascent, Thermo Electron 

Corporation, Vantaa, Finland).  The inter-and intra-assay coefficients for the 

NEFA and glucose assay were 8.11, 2.85, 3.84 and 3.21%, respectively.

Body weight was recorded on the day of treatment initiation (≈ d -10), day 

of calving and on d 7, 14 and 21 DIM.  An independent observer blindly 

evaluated BCS using a 5-point scale on the day of treatment initiation (≈ d -10) 

and again on 7 and 21 DIM.  Net energy balance was calculated using the 

following equation; EBAL = net energy intake – (net energy of maintenance + net 

energy of lactation).  Net energy intake was calculated by multiplying the daily 

DMI by the net energy of the diet plus the net energy value of the supplement 

(calculated using 2001 NRC energy values for steam flaked corn, molasses and 
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calcium soaps of fat).  Digestibility and absorbability was assumed to be similar 

between the two fat supplements.  Net energy of maintenance was calculated 

according to NRC (2001) using the following equation; net energy of 

maintenance = 0.08 x body weight0.75.  Net energy of lactation was calculated 

according to NRC (2001) by the following equation; net energy of lactation = 

((0.0929 x fat %) + (0.0547 x crude protein %) + (0.0395 x lactose %)) x milk 

production.  Daily EBAL values were subjected to a third-order polynomial 

regression analysis to minimize variation and predicted daily energy values from 

these equations were used in the statistical analysis as previously described 

(Lucy et al., 1991).  Days to EBAL nadir were identified as the day at which the 

lowest predicted EBAL value occurred.

Fatty Acid Analysis

Milk fat from samples collected on d 1, 7, 15 and 21 were extracted 

according to Hara and Radin (1978) and fatty acid methyl esters were prepared 

by the transmethylation procedure described by Christie (1982) with 

modifications (Chouinard et al., 1999a).  Fatty acid methyl esters were quantified 

using a gas chromatograph (Hewlett Packard GC system 6890; Wilmington, DE) 

equipped with a flame ionization detector and a CP-7420 fused silica capillary 

column (100 m x 0.25 mm i.d. with 0.2 µm film thickness; Varian, Walnut Creek, 

CA).  Initial oven temperature (50°C) was held for 1 min then ramped at 5°C/min 

to 160°C, where it was held for 42 min, and then ramped at 5°C/min to 190°C 

and held for 22 min.  Inlet and detector temperatures were maintained at 250°C 
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and the split ratio was 100:1.  Hydrogen carrier gas flow rate through the column 

was 1 ml/min.  Hydrogen flow to the detector was 30 ml/min, airflow was 400 

ml/min and the nitrogen make-up gas flow was 25 ml/min.  Peaks in the 

chromatogram were identified and quantified using pure methyl ester standards 

(GLC60; Nuchek Prep, Elysian, MN; Matreya, Inc., Pleasant Gap, PA, anhydrous 

milk fat; R.T. Corporation, Laramie, WY) and the CLA profile identified as 

previously described (Roach et al., 2002).  A butter oil reference standard 

(anhydrous milk fat; R.T. Corporation, Laramie, WY) was used to determine 

recoveries and correction factors for individual fatty acids (Baumgard et al., 

2000). 

Statistical Analysis

Milk yield, milk components, plasma NEFA and glucose, EBAL and feed 

intake were all analyzed with the repeated measures PROC MIXED procedure of 

SAS (2001) with week of treatment as the repeated effect.  The model contained 

week of treatment, treatment and week of treatment by treatment interactions.  

Fatty acid profile was analyzed by repeated measures with the PROC MIXED 

procedure of SAS (2001) with day of treatment as the repeated effect.  The 

model contained day of treatment, treatment and day of treatment by treatment 

interactions.  Orthogonal contrasts were used to test for linear, quadratic and 

cubic effect of treatment.
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RESULTS

There were no differences in DMI (17.1 kg/d), milk yield (34.2 kg/d), 

protein content (3.74), lactose percentage (4.61) or yields of protein or lactose 

(Table 2.3).  CLA supplementation decreased overall milk fat content in a dose 

responsive manner (4.57, 3.97, 3.32 and 3.10%, respectively; P < 0.02) and milk 

fat yield showed the same progressive decline (P < 0.02). The dose dependent 

decrease in milk fat content was evident during wk 1 (P = 0.15) and became 

highly significant (P < 0.01) during wks 2 and 3 (4.51, 3.79, 3.20, 2.86% and 

3.86, 3.14, 2.55, 2.27% for wk and dose, respectively; Figure 2.1).  The milk fat 

yield response pattern was similar with the highest CLA supplement decreasing 

fat yield by 44% in wk 3.

Body weight and BCS at calving were similar among all four treatments 

and the loss of body weight and decrease in BCS during the 21 d trial were also 

similar across treatments (Table 2.4).  Days to EBAL nadir were decreased (P = 

0.03) by CLA supplementation (7.3, 5.8, 4.8 and 2.6 d for 0, 200, 400 and 600 

g/d dose, respectively).  Although there was a large numerical increase in EBAL 

in wk 2 and 3 with the two highest CLA supplements, overall mean EBAL during 

the first 21 days of lactation was not affected by treatment (Figure 2.2; Table 

2.4).  There was no overall effect of treatment on plasma NEFA or glucose levels 

(Table 2.4) and no differences in temporal pattern of these metabolites during the 

21 d treatment period (data not shown).
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Concentration of most short and medium chain fatty acids in milk fat was 

reduced in cows receiving either the 400 or 600 g/d CLA supplement (Table 2.5).  

This resulted in an overall decrease (P  = 0.04) in the concentration of de novo

(<C16) fatty acids and an increase (P < 0.01) in preformed (≥C17) fatty acids in 

milk fat from cows supplemented with increasing amounts of CLA.  On a molar 

basis, the yield of all fatty acids was reduced with CLA supplementation, but the 

reduction in de novo synthesized fatty acids was more severe at the two larger 

CLA doses (Figure 2.3).  The reduction in fatty acid yield was more evenly 

distributed between de novo and preformed fatty acids in the 200 g/d CLA dose.  

Dietary CLA supplementation linearly increased (P < 0.01) total CLA content in 

milk fat, with the highest dose increasing CLA levels more than 5-fold (Table 2.5).  

The total and specific CLA isomer content (mg/g) in milk fat was dose dependent 

and was consistent throughout the trial and is illustrated by the temporal 

appearance of trans-10, cis-12 CLA in milk fat (Figure 2.4).  There was no 

detectable effect of CLA dose on specific ∆9-desaturase pairs or the ∆9-

desaturase index (Table 2.5).

DISCUSSION

Transitioning physiological states, from gestation to lactation, requires 

extensive metabolic adaptations and many cows do not successfully (due to 

health, reproduction or production problems) complete the transition.  It is

thought the magnitude and duration of NEBAL mediates or at least is strongly 

associated with transition failures (Goff and Horst, 1997; Drackley, 1999).  In 
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addition, reduced reproductive performance has been strongly linked not only 

with the extent, but also the timing of NEBAL nadir (Lucy et al., 1992; Beam and 

Butler, 1999).  To capture most of the metabolic changes and large fluctuations 

in production variables we initiated CLA feeding 10 d prior to anticipated 

parturition and continued until 21 DIM.

Abomasal infusion (Loor and Herbein, 1998; Chouinard et al., 1999; Kraft 

et al., 2000) and feeding RI-CLA supplements (Giesy et al., 2002; Perfield et al., 

2002) decreases milk fat synthesis during established lactation, but similar 

amounts of RI-CLA supplements had little or no effect at decreasing milk fat 

immediately following parturition (Giesy et. al., 1999; Selberg et al., 2002; Bernal-

Santos et al., 2003).  Our hypothesis was that the early lactating mammary gland 

is less sensitive to CLA.  Reasons for the insensitivity are not clear, but it is 

possible that genes responsible for milk fat synthesis are resistant (for 

evolutionary purposes) to manipulation at this time.  Alternatively, the binding and 

cellular incorporation of NEFA (extensively mobilized from fat reserves, which 

results in a greater proportion of long-chain fatty acids in early lactation milk fat) 

competitively prevents adequate epithelial CLA uptake.  Therefore, due to the 

aforementioned possibilities or an unknown mechanism, we theorized that a 

larger CLA dose is required to achieve milk fat reductions similar to those 

observed in established lactation.  In the current study, we demonstrated that RI-

CLA supplements can reduce milk fat content and yield; effects were apparent at 

d 1 of lactation, significantly different by 5 DIM, and became more pronounced as 
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DIM increased (Table 2.3; Figure 2.1).  During the first 21 d of lactation, RI-CLA 

supplements decreased milk fat in a curvilinear manner with the two highest 

doses reducing overall milk fat content by 27 and 32% and milk fat yield by 22 

and 33%, respectively.  By the end of the trial (21 DIM) the highest CLA dose 

decreased milk fat (content and yield) by approximately 50% (Figure 2.1).  

The yield and content of milk components other than milk fat were unaltered 

in this trial, which is similar to results reported in other CLA studies (Chouinard et 

al., 1999, 1999b; Baumgard et. al., 2000, 2001; Giesy et al., 2002; Perfield et al., 

2002; Peterson et al., 2002).  However, we have hypothesized that reducing milk 

fat synthesis in early lactation, a time when nutrient availability may limit 

production, may allow for energy partitioning to support increased protein and 

milk synthesis (Bauman et al., 2001; Baumgard et al., 2002b).  This phenomenon 

has been observed from cows in pasture during established lactation (Medeiros 

et al., 2000; Mackle et al., 2003).  Nevertheless, no effects on the yield of milk or 

milk protein were observed in the current study.  Our inability to detect an effect 

may in part be due to our study containing a small number of animals, 

additionally this study was conducted during the rapid incline phase of milk yield 

and it is possible an effect would not be detected until milk production plateaus.

In agreement with previous CLA trials (Loor and Herbein, 1998, 2003; 

Chouinard et al., 1999a, 1999b; Baumgard et al., 2000, 2002a; Perfield et al., 

2002; Mackle et al., 2003) the percentage of most short and medium chain fatty 

acids decreased and the content of a few long chain fatty acids (primarily 
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stearate) increased (Table 2.5) when cattle were fed CLA.  When evaluated on a 

molar basis, yield of all fatty acids decreased, but the reduction in de novo (≤
C16:1) derived fatty acids (especially as lactation progressed) on d 21 explained 

65% of the reduction in the 200 g/d CLA supplement, 77% of the reduction in the 

400 g/d CLA supplement and 84% of the reduction in the highest CLA dose.  We 

have shown that trans-10, cis-12 CLA decreases the expression of genes 

involved with de novo fatty acid synthesis (acetyl CoA carboxylase and fatty acid 

synthetase) in established lactation (Baumgard et al., 2002a) and it appears that 

a CLA mixture, if provided in a high enough dose, may have the same effect in 

early lactation.  Although not to the same extent, preformed fatty acid uptake was 

decreased by all CLA doses (Figure 2.3), presumably due to reduced lipoprotein 

lipase expression, as we have shown that mammary lipoprotein lipase mRNA 

was decreased by trans-10, cis-12 CLA in established lactation (Baumgard et al., 

2002a).

Our failure to detect an effect of CLA on specific ∆9-desaturase pairs and the 

∆9-desaturase index (Table 2.5) was surprising as most CLA infusion 

experiments demonstrating extensive (> 25%) MFD report a decrease in the ∆9-

desaturase system (Chouinard et al., 1999a, 1999b; Baumgard et al., 2000, 

2002a; Peterson et al., 2002; Loor and Herbein, 2003).  In addition, Perfield and 

colleagues (2002) indicate that RI-CLA also decreases the ∆9-desaturase 

system.  However, a lack of CLA effect on the ∆9-desaturase system in the 

present study is consistent with results indicating a reduction in desaturation 
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capability is not necessary for mild MFD (10-25%; Baumgard et al., 2001; 

Peterson et al., 2002).  The ∆9-desaturase enzyme plays a critical role in 

regulating cellular membrane and milk fat triglyceride fluidity by introducing a cis-

9 double bond (thus lowering the melting point) in fatty acids (Parodi, 1982).  This 

desaturase system is inhibited by a CLA mixture (Chouinard et al., 1999a, 

1999b) and specifically trans-10, cis-12 CLA (Park et al., 2000; Baumgard et al., 

2000, 2002a).  However, the quantitative contribution of the ∆9-desaturase 

enzyme would likely not be as prominent immediately postpartum as a larger 

proportion of milk unsaturated fatty acids containing a cis-9 double bond are 

derived from the circulating fatty acid pool.  Therefore, a reduction in the ∆9-

desaturase system may not be required for extensive MFD in early lactation.  

Furthermore, we hypothesized that adipose derived fatty acids (which are 

markedly increased following parturition) saturate the mammary epithelial cell 

fatty acid transport system and thus interfere with and reduce CLA uptake.  

However, even though reductions in milk fat content and yield became more 

pronounced as lactation progressed (Figure 2.1), total milk fat CLA (data not 

shown) and specific trans-10, cis-12 CLA content (Figure 2.4) were consistent 

throughout the treatment period.

Although milk fat synthesis was markedly decreased in the early stages of 

lactation (Table 2.3, Figure 2.1) and there was a numerical improvement (≥ 4 

Mcal/d) in EBAL during the 2nd and 3rd wk, overall net EBAL was unaffected by 

CLA dose (Table 2.4; Figure 2.2).  This was surprising as milk yield, DMI and 
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other milk components (Table 2.3) were unaltered by treatment, but this is 

probably explained by the small number of animals receiving each dose (n = 4 or 

5) and the large variation typically observed in calculated EBAL (Vicini et al., 

2002).  We would expect significant improvements in EBAL in a study utilizing a 

larger number of animals in which EBAL was the primary measurement in 

question.

Although overall EBAL was not statistically different, CLA did decrease (P  = 

0.03) days to EBAL nadir compared to controls by 3.2 and 4.7 d for the two 

highest doses, respectively (Table 2.4).  This is relevant as recovery of EBAL 

from its nadir in early lactation provides an important signal for initiating ovarian 

activity (Lucy et al., 1992; Beam and Butler, 1999) and days to nadir is highly 

correlated with days to first ovulation (Butler, 2001).  This provides evidence 

suggesting that feeding RI-CLA supplements during the transition period may 

positively impact reproduction.

The lack of an affect of CLA on plasma NEFA concentrations was unexpected 

(Table 2.4), as we hypothesized that utilizing CLA to cause extensive MFD would 

reduce the extent of adipose tissue mobilization.  The temporal pattern (which is 

consistent with the literature; data not shown) and overall NEFA levels provide no 

evidence for a reduction in fat mobilization, which is consistent with previous CLA 

research (Baumgard et al., 2000; Bernal-Santos, 2003).  It may be that the signal 

to mobilize adipose tissue in early lactation is independent of both EBAL and the 

mammary gland’s fatty acid requirements, but instead more reflects the oxidation 
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needs of extra-mammary tissues in a homeorhetic effort to spare glucose 

(required for mammary lactose synthesis).  The temporal pattern (data not 

shown) and overall plasma glucose levels were comparable with cows in this 

stage of lactation and were not altered by CLA dose (Table 2.4).

Using the milk fat yield of trans-10, cis-12 CLA we calculated an overall 

transfer efficiency (from the supplement to milk fat) of 6.7%, which was dose and 

DIM independent (P > 0.35; data not reported).  This is in contrast to the 22% 

transfer efficiency we observed during abomasal infusions of pure trans-10, cis-

12 CLA (Baumgard et al., 2000, 2001, 2002a; Peterson et al., 2002), but higher 

than reported in a previous RI-CLA trial (3.4%, Perfield et al., 2002).  

Nonetheless, it is clear a majority of the CLA calcium salts were not inert and 

thus metabolized in the rumen.    

CONCLUSION

The present study demonstrates that dietary CLA supplements cause a 

reduction in milk fat at the onset of lactation, but the CLA dose required is much 

greater than is necessary to cause a similar reduction in milk fat synthesis during 

established lactation.  Additional studies are required to determine if RI-CLA can 

be utilized as a management tool to manipulate EBAL and thus improve 

production, enhance animal well-being and increase reproductive parameters 

during the transition period.
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Table 2.1: Fatty acid composition of lipid supplements 1.
Fatty Acid Control CLA

% of Fatty Acids
12:0
14:0
15:0
16:0
16:1 cis-9 
18:0
18:1 cis-9 
18:2 cis-9, cis-12
18:2 trans-8, cis-10 CLA
18:2 cis-9, trans-11 CLA
18:2 trans-10, cis-12 CLA
18:2 cis-11, trans-13 CLA
Other CLA
18:3 cis-9, cis-12, cis-15
20:0
Unknown

Total CLA

0.24
1.13
0.06
       47.61
0.16
4.48

  35.53
 7.66
        <0.01
        <0.01
        <0.01
        <0.01
        <0.01
 0.26
 0.33
 2.54

        <0.01

0.15
0.37
0.02
       15.38
0.14
2.24
       34.87
3.81
5.38
6.34
7.88
8.19
       12.19
0.07
0.52
2.45

       39.98
1Cows were fed a dietary rumen protected supplement containing 468 
g fatty acids/d from approximately –10 d pre-calving to 21 d post-
calving.
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Table 2.2: Ingredients and chemical composition of diets 1.

Composition Prepartum Postpartum

Ingredient, % of DM
  Alfalfa hay 68.1 60.5
  Bermuda hay   3.9
  Whole cotton seed   3.9   5.7
  Distillers grain   3.0
  Fat bran 15% tallow   5.7
  Molasses   2.8
  Citrus pulp   7.7 5.7
  Steam flaked corn 11.6 12.3
  Mineral and vitamin mix2,3   4.8   4.3

Chemical analysis, % of DM

  CP 18.8 17.6
  NDF 42.8 36.5
  ADF 26.9 27.1

NEL Mcal/kg DM     1.58     1.63
1Values represent an average of samples collected and composited 
throughout the trial. Dry matter averaged 93% and 92% for the prepartum 
and postpartum diets, respectively.
2The prepartum supplement contained 9.5% Ca, 3.1% P, 3.0% Mg, 3.0% 
S, 1364 mg/kg of Zn, 1223 mg/kg of Mn, 928 mg/kg of Fe, 452 mg/kg of 
Cu, 49 mg/kg of Co, 9 mg/kg Se, 435 IU/g of vitamin A, 43 IU/g of vitamin 
D and 21.5 IU/g of vitamin E.
3The postpartum supplement contained 3.25% Ca, 3.5% P, 3.5% Mg, 
1.0% S, 1688 mg/kg of Zn, 1464 mg/kg of Mn, 1568 mg/kg of Fe, 428 
mg/kg of Cu, 48 mg/kg of Co, 9 mg/kg Se, 244 IU/g of vitamin A, 24 IU/g 
of vitamin D and 1 IU/g of vitamin E.
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Table 2.3: The effects of increasing doses of conjugated linoleic acid (CLA) supplement on 
production variables in lactating dairy cows 2.

CLA Supplement, g/d1

Parameter 0 200 400 600 SEM P
DMI, kg/d     17.9     16.4     18.2     16.0     2.1 0.81
Milk yield, kg/d     33.4     33.7     35.5     34.3     2.5 0.94
Milk fat
       %       4.57a       3.97a,b       3.32b       3.10b     0.30 0.02
       g/d 1465a 1288a,b 1146a,b 1026b   89 0.02
Milk protein
       %       4.02       3.49       3.76       3.68     0.17 0.24
       g/d 1208 1191 1234 1218 102 0.99
Milk lactose
       %       4.67       4.53       4.64       4.60     0.10 0.79
       g/d 1580 1540 1644 1588 126 0.95
Milk SNF
       %       9.56       8.89       9.28       9.18     0.25 0.36
       g/d 3083 2986 3194 3117 235 0.93
a,bDifferent superscripts within a row indicates a P-value <0.05.
1Represent amount of calcium salts of CLA, actual amounts of dietary CLA were 0, 62, 125 and 
187g/d, respectively.
2Data in this table represents weekly means from the entire postpartum period (21 d).
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Table 2.4: Body weight parameters and metabolic indices associated with the transition 
period from cows fed increasing amounts of conjugated linoleic acid (CLA) supplement 1.

CLA Supplement, g/d
Variable 0 200 400 600 SEM P
BW at calving, kg 647 685  635 625 29 0.49
BW loss2, kg  64 56    39 57  15 0.73
BCS at calving     2.6      2.9     3.0   2.7   0.2 0.45
BCS loss3        0.19       0.60      0.69    0.50    0.2 0.39
EBAL4, Mcal -8.82 -9.78 -5.15 -6.15    2.6 0.54
EBAL5 nadir, d      7.3a       5.8a      4.8a,b    2.6b    1.0 0.03
NEFA6, µeq/L   362   498   381 465  82.3 0.61
Glucose6, mg/dL    63.1     60.7   66.8  55.6   4.7 0.41
a,bDifferent superscripts within a row indicates a P-value <0.05.
1Represents amount of calcium salts of CLA, actual amounts of dietary CLA were 0, 62, 
125 and 187g/d, respectively.
2Calculated as body weight change from calving to 21 DIM.
3Calculated as the difference in body condition score from calving to 21 DIM.
4EBAL = net energy balance calculated according to NRC (2001) and represents an 
average of the 21 d treatment period.
5Calculated using a 3rd order polynomial regression.
6Values represent an average of samples obtained during the 21 d treatment period.
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Table 2.5: Fatty acid composition of milk fat from cows fed increasing amounts of a conjugated linoleic acid (CLA) 
supplement 1. 

CLA Supplement, g/d
Variable 0 200 400 600 SEM P
Fatty acid mg/g of fatty acids2

4:0   80.8 101.5   78.3   62.2 11.7   0.14
6:0   19.4a   16.4a,b   13.7b   13.6b   1.2   0.01
8:0     6.9a     5.1b     4.3b     4.5b   0.5 <0.01
10:0   11.8 a     8.3a,b     7.3b     7.9b   0.9   0.02
12:0   13.6 a     9.9a,b     9.3b     9.8a,b   1.0   0.04
14:0   58.4 a   42.8b   43.2a,b   43.3b   3.9   0.03
14:1 cis-9     3.7 a     2.5a,b     2.1a,b     2.0 b   0.4   0.04
15:0     5.7     4.9     5.4     5.4   0.3   0.38
16:0 283.3 253.8 265.2 253.3 10.5   0.21
16:1 cis-9   12.0   12.6   11.0   11.5   1.5   0.89
17:0     6.7     7.0     7.2     7.3   0.2   0.17
18:0 133.0a 136.1a 156.3a,b 165.8b   7.7   0.02
18:1 trans-6-8     4.1a     4.4a,b     4.6a,b     5.2b   0.3   0.05
18:1 trans-9     3.4     3.5     3.7     3.9   0.2   0.27
18:1 trans-10     6.0     6.3     6.8     7.0   0.4   0.28
18:1 trans-11   13.1   11.1   11.1   10.4   0.8   0.17
18:1 trans-12     4.9 4.5     5.1     5.3   0.3   0.20
18:1 cis-9 238.2 266.0 253.1 259.5 13.8   0.56
18:2 cis-9, cis-12   36.6   40.5   39.6   40.2   1.4   0.25
18:2 trans-8, cis-10 CLA   <0.1a     0.4a,b     0.9b     1.6c   0.1 <0.01
18:2 cis-9, trans-11 CLA     3.4     3.1     3.5     4.2   0.3   0.09
18:2 trans-10, cis-12 CLA   <0.1a     0.8a,b     1.6b,c     2.5c   0.3 <0.01
18:2 cis-11, trans-13 CLA   <0.1a     0.8a     1.8b     3.0c   0.2 <0.01
Other CLA     1.5a     5.6a,b     9.3b   15.7c   1.5 <0.01
18:3 cis-9, cis-12, cis-15     1.1a,b     1.1a     1.3a,b     1.3b   0.1   0.03
20:0     3.8     4.1     4.1     4.2   0.4   0.86
Unknown   48.6   47.8   52.0   49.6   4.5   0.92

Total CLA      5.1a   10.8a,b   17.0b   26.9c   2.2 <0.01
Total 18:1 trans    31.5   29.7   31.3   31.8   1.7   0.81

∆9 Ratios
    14:1/14:0      0.06     0.06     0.05     0.05 <0.01   0.64
    16:1/16:0      0.04     0.05     0.04     0.05 <0.01   0.67
    18:1/18:0      1.91     1.99     1.65     1.63   0.17   0.34
    c9,t11 CLA/18:1 t11      0.28a     0.29a     0.32a     0.41b   0.01 <0.01
∆9 Desaturase index3    35.0   39.0   37.0   37.0   2.0   0.42

Fatty acid origin
 De novo4 200.3a 190.9a,b 162.5a,b 148.5b 13.3 0.04
 16:0 & 16:1 295.3 266.5 276.3 264.8 11.0   0.24
 Preformed5 455.8a 495.1a,b 509.3b 537.1b 11.9 <0.01
a,b,cDifferent superscripts within a row indicates a P-value <0.05.
1Represents amount of calcium salts of CLA, actual amounts of dietary CLA were 0, 62, 125 and 187 g/d, respectively.
2Values represent an average of samples obtained during the 21 d treatment period.
3∆9 Desaturase index calculated by: 100*((C14:1 + C16:1 + C18:1)/ (C14:1 + C16:1 + C18:1 + C14:0 + C16:0 + C18:0))
4<C16:0
5>C16:1
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Figure 2.1: Temporal pattern of milk fat content (A) and milk fat yield (B) from cows fed 
increasing doses of a rumen protected conjugated linoleic acid (CLA) supplement during 
early lactation.  Values are means, n = 4 for the 0 g/d CLA dose and n = 5 for the 
remaining CLA doses; SEM averaged 0.37 and ranged fro 0.36 to 0.41 percent and 
averaged 123 and ranged from 119 to 134 g/d for milk fat content and yield, 
respectively.
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Figure 2.2: Temporal pattern of calculated net energy balance for cows fed increasing 
doses of a rumen protected conjugated linoleic acid (CLA) supplement during early 
lactation.  Values are means, n = 4 for the CLA 0 g/d dose and n = 5 for the remaining 
CLA doses; SEM averaged 2.6 and ranged from 2.5 to 2.8 Mcal/d.
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Figure 2.3: Reduction in milk fatty acids from cows compared to control (0 g/d CLA) on 
1, 7, 15 and 21 days in milk (DIM) following supplementation of increasing doses of 
rumen protected conjugated linoleic acid (CLA).  The proportional reduction in fatty 
acids (mmol/d) is partitioned by origin: de novo (<C16:0); de novo and preformed (C16:0 
and C16:1); preformed (≥C17:0).
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CHAPTER 3

EFFECT OF SUPPLEMENTAL CONJUGATED LINOLEIC ACID ON HEAT 

STRESSED BROWN SWISS AND HOLSTEIN COWS

ABSTRACT

Heat stressed dairy cattle are bioenergetically similar to early lactation cows 

in that dietary energy may be inadequate to support maximum milk and milk 

component synthesis.  Study objectives were to evaluate whether conjugated 

linoleic acid (CLA) induced milk fat depression (MFD) during heat stress would 

allow for increased milk and milk component synthesis.  In addition, CLA effects 

on production variables and its ability to induce MFD were compared between 

Holstein and Brown Swiss cows.  Multiparous cows (n = 8, Holstein; n = 5, Brown 

Swiss) averaging 97 ± 17 DIM were used in a crossover design during the 

summer (mean temperature humidity index = 75.7). Treatment periods were 21 d 

with a 7 d adaptation period prior to and between periods.  During adaptation 

periods all cows received a supplement of palm fatty acid distillate.  Dietary 

treatment consisted of either 250 g/d CLA supplement (78.9 g/d CLA) or 242 g/d 

of palm fatty acid distillate to provide equal amounts of fatty acids.  The CLA 

supplement contained a variety of CLA isomers (3.0% trans-8, cis-10; 3.4% cis-9, 

trans-11; 4.5% trans-10, cis-12; and 4.8% cis-11, trans-13 CLA).  Treatments 

were applied 2x/d with half of the supplement top dressed at 0600 h and the 

remaining at 1800 h.  There was no overall treatment effect on DMI (23.9 kg/d), 
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milk yield (40.0 kg/d), SCC (305,000), protein (2.86%) or lactose content (4.51%) 

or yields of these milk components.  CLA supplementation decreased overall milk 

fat content and yield by 26 and 30%, irrespective of breed.  The reduction of milk 

fat content and yield was greatest on d 21 (28 and 37%, respectively).   Energy 

availability predicted by energy balance, was improved by 3.4 Mcal/d with CLA 

supplementation compared with controls (3.7 vs. 7.1 Mcal/d, respectively). 

Respiration rate (78 breaths/min) and skin temperature (35.4°C) during maximum 

heat load were not affected by treatment.  The CLA supplemented group had 

higher total milk fat CLA concentration (9.3 vs. 4.9 mg/g).  CLA supplementation 

induced MFD and altered milk fat composition similarly between breeds and 

improved calculated energy balance during heat stress, but had no effect on 

production parameters under these conditions.

INTRODUCTION

Conjugated linoleic acids (CLA) are a group of linoleic acid isomers 

containing conjugated double bonds, and are primarily found in ruminant food 

products (Bauman et al., 2001).  This family of fatty acids alleviates or improves 

symptoms or parameters of many common human diseases in animal models, 

ranging from atherosclerosis to cancer (see reviews by Whigham et al., 2000; 

Belury, 2002).  In addition, dietary CLA reduces carcass fat content in many 

rodent species and pigs (Thiel-Cooper et al., 2001; Terpstra et al., 2002) and 

CLA supplementation dramatically decreases milk fat synthesis in rodents, pigs, 

cattle, and women (see review by Bauman et al., 2001).  Many studies confirmed 
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that abomasally infused CLA caused milk fat depression (MFD; Loor and 

Herbein, 1998; Chouinard et al., 1999; Mackle et al., 2003) in lactating dairy 

cows and identified trans-10, cis-12 as a responsible CLA isomer (Baumgard et 

al., 2000; 2002a).  Research utilizing rumen-inert (RI) CLA supplements (Ca ++ 

salts) indicates RI-CLA also decreases milk fat when fed to cows consuming 

either a TMR or rotationally grazed (Giesy et al., 2002; Perfield et al., 2002; Kay 

et al., 2004b; Moore et al., 2004).  RI-CLA may be a tool that could be used to 

govern milk fat synthesis at times when energy required to produce milk fat could 

be utilized for the synthesis of additional milk or alternative milk components or to 

support a different physiological state (i.e. reproduction).

Heat stress negatively impacts milk synthesis and impairs reproductive 

performance (West, 2003).  As a consequence, heat stress is a significant 

financial burden in many dairy-producing areas of the United States and the 

world.  The bioenergetic mechanism by which heat stress impacts production 

and reproduction is partly explained by reduced feed intake, but also includes an 

altered endocrine status, a reduction in rumination and nutrient absorption and 

increased maintenance requirements (Collier and Beede, 1985; Collier et al., 

2004) resulting in a net decrease in nutrient/energy availability for production.  

This decrease in energy results in a reduction in energy balance (EBAL), and 

explains why cows lose significant amounts of body weight when heat-stressed.  

Dietary strategies to alleviate this energy deficit traditionally include increasing 

the energy density of the diet with concentrates or fat supplements (Knapp and 
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Grummer, 1991; Chan et al., 1997; Drackley et al., 2003).  An alternative method 

of improving EBAL during heat stress is to reduce milk fat synthesis as this may 

attenuate or eliminate the deleterious effects of environmental heat on production 

and reproduction.  Reducing the energy requirement for milk fat synthesis may 

allow for the increased synthesis of milk or other milk components and could also 

provide a signal to allow for improved reproduction.  We hypothesized that 

reducing milk fat synthesis during heat stress, a time when nutrient availability 

may limit production, may allow for energy partitioning to support increased 

synthesis of milk and milk protein (Bauman et al., 2001; Baumgard et al., 2002b, 

Collier et al., 2004) as observed from cows on pasture in established lactation 

(Medeiros et al., 2000; Mackle et al., 2003).  In addition to enhancing milk yield, 

inhibiting milk fat synthesis and thus improving EBAL may improve animal well-

being and reproductive success.  Furthermore, this study was designed to 

characterize the effects of heat stress and CLA-induced MFD on Brown Swiss 

compared to Holstein cattle.

MATERIALS AND METHODS

Design, Animals and Treatments

The University of Arizona Institutional Animal Care and Use Committee 

approved all procedures involving animals.  Thirteen multiparous cows (n = 8, 

Holstein and n = 5, Brown Swiss) averaging 97 ± 17 DIM and 730 ± 14 kg BW 

were used in a crossover design between July 24th and September 24th 2003, a 
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time of the year when the temperature-humidity index (THI) is traditionally at its 

maximum in Tucson, AZ.  Treatment periods (n = 2) were 21 d with a 7 d 

adaptation prior to the first treatment period as well as between the two treatment 

periods.  During the 7 d adaptation periods all cows received EnerGII (a RI 

supplement of palm fatty acid distillate; Bioproducts Inc., Fairlawn, OH; Table 

3.1).  Cows were maintained in a dry lot pen and individually fed using the Calan 

Broadbent Feeding System (American Calan, Inc., Northwood, NH) for 

monitoring daily individual animal feed intake and application of different dietary 

treatments to cows housed in the same pen.  The pen contained a corrugated 

sheet metal shade structure oriented north/south with an oscillating fan 

evaporative cooling system (Advanced Dairy System, Phoenix, AZ). Cows were 

moved to the pen, assigned to a Calan feeding door and allowed to acclimate to 

this feeding system for 10 d prior to trial initiation.  Cows were individually fed a 

TMR twice daily (0600 and 1800 h) ad libitum, and orts were collected and 

recorded daily just prior to a.m. feeding.  The TMR was formulated to meet or 

exceed the predicted requirements (NRC, 2001) of energy, protein, minerals and 

vitamins, using CPM-Dairy (Table 3.2).  Alfalfa hay was the main forage source 

and steam-flaked corn was the primary concentrate.  The TMR was sampled 

weekly, composited by period and analyzed by wet chemistry methods for CP, 

ADF, NDF, NEL and minerals (Dairy One Cooperative Inc., Ithaca, NY).  Dietary 

treatments consisted of either 250 g/d of RI-CLA (82% lipid of which ~38% was 

mixed isomers of CLA; Bioproducts Inc., Fairlawn, OH) or 242 g/d EnerGII (85% 
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lipid) to provide equal amount of lipid (205 g/d).  The CLA supplement contained 

a variety of CLA isomers (Table 3.1).  Treatment was applied twice daily with half 

of the supplement top dressed at 0600 and the remainder at 1800 h.

Cows were milked at 0600 and 1800 h, yield was recorded at each 

milking, condensed by week for statistical analysis, and milk samples were 

obtained from each cow on d 1, 3, 5, 7, 9, 14 and 21 (both milkings) during each 

of the 21 d treatment periods.  One aliquot from each sampling was stored at 4°C 

with a preservative (bronopol tablet; D&F Control System, San Ramon, CA) and 

component content analyzed at the Arizona DHIA (Tempe, AZ) using AOAC 

(2000) approved infrared analysis equipment and procedures.  A second aliquot 

was stored at -20°C until analyzed for fatty acid composition.

Body weight was recorded weekly.  Net EBAL was calculated using the 

following equation; EBAL = net energy intake – (net energy for maintenance + 

net energy for lactation).  Net energy intake was calculated by multiplying the 

daily DMI by the net energy of the diet plus the net energy value of the 

supplement (calculated using NRC (2001) energy values for calcium soaps of 

fat).  Digestibility and absorbability were assumed to be similar between the two 

fat supplements.  Net energy for maintenance was calculated according to NRC 

(2001) using the following equation; net energy for maintenance = (0.08 x body 

weight0.75) x 1.2 to account for increased maintenance due to heat stress (NRC, 

1981).  Net energy for lactation was calculated according to NRC (2001) by the 

following equation; NEL = ((0.0929 x fat %) + (0.0547 x crude protein %) + 
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(0.0395 x lactose %)) x milk production.  Solids corrected milk was calculated

according to Tyrrell and Reid (1965), while production efficiency was calculated 

according to Drackley et al. (2003).

The Arizona Meteorological Network recorded weather data daily and this 

information was used to calculate THI.  The maximum, minimum, and mean THI 

were calculated (THI = (Dry Bulb Temperature °C) + ((0.36 * Dew Point 

Temperature °C) + 41.2)); Buffington et al., 1981) each day as well as the THI at 

1600 h.  Respiration rates were determined each day at 1600 h by counting the 

number of breaths in a 15 s period and multiplying this by four to determine 

breaths per minute (BPM).  Surface temperatures were recorded daily at 1600 h 

at the point of the left paralumbar fossa with a Raynger MX infrared 

thermometer (Raytek RAYMX4PU, Santa Cruz, CA).

Fatty Acid Analysis

Milk fat from samples collected on d 1, 3, 5, 14 and 21 were extracted 

according to Hara and Radin (1978) and fatty acid methyl esters were prepared 

by the transmethylation procedure described by Christie (1982) with 

modifications (Chouinard et al., 1999a).  Fatty acid methyl esters were quantified 

using a gas chromatograph (Hewlett Packard GC system 6890; Wilmington, DE) 

equipped with a flame ionization detector and a CP-7420 fused silica capillary 

column (100 m x  0.25 mm i.d. with 0.2 µm film thickness; Varian, Walnut Creek, 

CA).  Initial oven temperature (50°C) was held for 1 min then ramped at 5°C/min 

to 160°C, where it was held for 42 min, and then ramped at 5°C/min to 190°C 
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and held for 22 min.  Inlet and detector temperatures were maintained at 250ºC 

and the split ratio was 100:1.  Hydrogen carrier gas flow rate through the column 

was 1 ml/min.  Hydrogen flow to the detector was 30 ml/min, airflow was 400 

ml/min and the nitrogen make-up gas flow was 25 ml/min.  Peaks in the 

chromatogram were identified and quantified using pure methyl ester standards 

(GLC60; Nuchek Prep, Elysian, MN; Matreya, Inc., Pleasant Gap, PA, anhydrous 

milk fat; R.T. Corporation, Laramie, WY) and the CLA profile identified as 

previously described (Roach et al., 2002).  A butter oil reference standard 

(anhydrous milk fat; R.T. Corporation, Laramie, WY) was used to determine 

recoveries and correction factors for individual fatty acids (Baumgard et al., 

2000). 

Statistical Analysis

Milk yield, DMI, and EBAL were all analyzed with the repeated measures 

PROC MIXED procedure of SAS (2001) with week of treatment as the repeated 

effect.  The model contained period, breed, treatment, week of treatment, and all 

possible interactions.  Milk components and fatty acid profile, were also analyzed 

with the repeated measures PROC MIXED procedure of SAS (2001) with day of 

treatment as the repeated effect.  The model contained period, breed, treatment, 

day, and all possible interactions.  Both models utilized the autoregressive of 

order one covariance structure.  
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RESULTS

The maximum (83.6), mean (76.2) and 1600h THI (81.7; the time of 

respiration rate and skin temperature measurements) did not differ for the two 

treatment periods (Figure 3.1).  Minimum THI was decreased (P < 0.02) in the 

second treatment period compared to the first treatment period (70.2 vs. 67.6).  

Respiration rate (78 BPM) and skin temperature (35.4(C) were not affected by 

treatment (Table 3.3).  Respiration rate was increased (P < 0.01) in Brown Swiss 

compared to Holsteins (81 vs. 75 BPM), but there was no effect of breed on skin 

temperature.  

There was no treatment effect on DMI (23.9 kg/d), milk yield (40.0 kg/d), SCC 

(305,000), protein (2.86%) or lactose content (4.51%) or yield of these milk 

components (Table 3.3).  CLA supplementation decreased (P < 0.01) overall milk 

fat content and yield by 26 and 30%, irrespective of breed (Table 3.3).  

Reductions in milk fat content and yield were greater on d 21 (28 and 37%, 

respectively; Figure 3.2).   There were no breed differences for DMI, milk fat 

content (2.91%) or yield (1168 g/d), lactose content, or SCC.  Holsteins produced 

more milk than Brown Swiss (42.8 vs. 37.3 kg/d, respectively), more milk lactose 

(1970 vs. 1665 g/d) and milk solids non-fat (3496 vs. 3101 g/d; Table 3.3).  

Protein content was increased in Brown Swiss compared to Holsteins (3.04 vs. 

2.67), but protein yield did not differ between breeds (Table 3.3).  CLA 

supplementation improved energy availability as predicted by calculated EBAL (P 
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< 0.03) by 3.4 Mcal/d compared to the control group (7.1 vs. 3.7 Mcal/d, 

respectively) over the course of the 21 d trial period.  

On a content basis, CLA supplementation decreased overall milk fatty acids 

from de novo synthesis (P  < 0.02; 180.4 vs. 198.9 mg/g; Table 3.4) and 

increased preformed fatty acids (P < 0.01; 470.5 vs. 439.7 mg/g).  Total milk fat 

CLA content was increased 73% in the CLA supplemented cows (9.3 vs. 4.9 

mg/g).  The concentration of the specific CLA isomers, trans-10, cis-12 and cis-

11, trans-13 were also increased by CLA supplementation (P < 0.01), and there 

was a trend (P < 0.07) for an increase in cis-9, trans-11 CLA content.  These 

effects of RI-CLA on fatty acid composition were independent of breed (Table 

3.4). Milk fat from Brown Swiss had increased cis-9, trans-11 CLA (P < 0.01; 5.4 

vs. 4.2 mg/g) and total CLA (P <0.01; 8.0 vs. 6.2 mg/g) compared to Holsteins. 

DISCUSSION

Physiological responses to heat stress in dairy cattle such as decreased DMI, 

increased maintenance requirements and decreased milk production start to 

occur at a THI of 72 (Armstrong, 1994).  Further research by Holter et al., (1996) 

suggests that a maximum daily THI of 72 will decrease DMI in dairy cattle, and a 

minimum THI of 56 is more closely correlated with the initiation of decreases in 

DMI.  In the current study, the maximum THI, averaged 83.6 during the treatment 

periods while minimum THI averaged 68.9 (Figure 3.1), which suggests the THI, 

while the cows were not under the shade structure and oscillating fans, was well 

above the minimum needed to induce heat stress.  Furthermore, respiration 
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averaged 78 BPM a parameter typical of heat stressed lactating dairy cattle 

(Kibler, 1964) and the surface skin averaged 35.3°C, which is also characteristic 

of heat stressed dairy cattle (Collier et al., 2003). 

In agreement with other trials feeding RI-CLA to mid and late lactating cows 

(Medeiros et al., 2000; Giesy et al., 2002; Perfield et al., 2002), milk fat content 

and yield were decreased (26 and 30%, respectively).  We hypothesized that 

reducing milk fat during periods of heat stress, a time when nutrient availability 

may be limiting (due to decreased DMI), would allow for spared energy to be 

partitioned for increased production of milk or other milk components (Bauman et 

al., 2001; Baumgard et al., 2002b; Collier et al., 2004).  An increase in milk 

production and protein content has been observed on pasture fed CLA 

supplemented dairy cows, which are frequently limited by nutrient (especially 

energy) availability (Medeiros et al., 2000; Mackle et al., 2003; Kay et al., 2004b).  

CLA supplementation did not affect protein or total milk synthesis under the heat 

stress conditions during this trial (Table 3.3), even though approximately 3.5 Mcal 

of additional energy was available due to the CLA-induced MFD.  This trial was 

not designed to determine the effects of CLA on reproduction, but it is 

conceivable that improving EBAL could alleviate some of the poor reproductive 

performance associated with heat stress.

Holstein cows produced more milk (4 kg/d; Table 3.3) and solids corrected 

milk (1.7 kg/d; Table 3.3) than the Brown Swiss.  This increase in milk yield was 

independent of DMI, resulting in Holsteins producing milk more efficiently (solids 
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corrected milk/NEL intake (kg/Mcal)).   The decreased efficiency of Brown Swiss 

can at least partially be attributed to the fact that they were on average 45 kg 

heavier (P < 0.04; data not shown) than the Holsteins, resulting in increased 

energetic cost for maintenance of approximately 1.2 Mcal/d.  This increased 

maintenance cost accounts for approximately 50% of the increased energy 

output in milk by Holsteins and also helps explain why Brown Swiss had a similar 

EBAL compared to Holsteins even though they produced less milk while 

consuming a similar amount of feed (Table 3.3).

RI-CLA increased the milk fat content of total CLA by 90%, and tended to 

increase cis-9, trans-11 CLA (P < 0.07; Table 3.4).  The changes in total and 

specific CLA content were independent of breed, although Brown Swiss had 29% 

greater cis-9, trans-11 CLA content then Holsteins independent of treatment.  

This is in contrast to previous data from this same herd that indicated Holsteins 

have a slightly higher cis-9, trans-11 CLA content than the Brown Swiss (Kelsey

et al., 2003).  Reasons for the discrepancies in these two data sets are not clear, 

but most likely are due to methods of collecting data.  The present study used 

repeated measurements of milk fat composition (n = 8) on each cow, where as 

the previous trial (Kelsey et al., 2003) was from a single sample taken on a single 

day.  Cis-9, trans-11 CLA is predominantly synthesized through endogenous 

conversion of trans-11 18:1 via ∆9-desaturase (Corl et al., 2001; Kay et al., 

2004a).  In the present study, we did not detect an effect of breed on the ∆9-

desaturase system (based on the overall ∆9-desaturase index; table 3.4).  
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However, Brown Swiss had a higher milk fat trans-11 18:1 and lower 18:0 

content, indicating the increased cis-9, trans-11 CLA levels in Brown Swiss milk 

fat is probably due to biohydrogenation differences resulting in an increased 

supply of trans-11 18:1 (the cis-9, trans-11 CLA precursor) to the mammary 

gland as experimentally increasing the supply of trans-11 18:1 increases the 

amount of cis-9, trans-11 CLA (Corl et al., 2001).

The effects of RI-CLA on milk fat synthesis, yield and fatty acid profile were 

similar to results reported by others (Giesy et al., 2002; Perfield et al., 2002; 

Moore et al., 2004) and followed expected patterns indicating no breed effect on 

response to CLA-induced MFD.  The decrease in milk fat did not allow for a 

subsequent increase in milk yield or yield of other milk components as we 

hypothesized.  Although cows in this study were experiencing significant heat 

stress, the magnitude of heat stress may not have been extensive enough to 

induce severe NEBAL (i.e. –10 to –15 Mcal/d).  Controls in this experiment had 

an estimated NEBAL of 3.7 Mcal/d (Table 3.3) and therefore milk and milk 

component synthesis may not have been limited by energy availability, or limited 

enough to detect/measure improvements in production.  

Estimating EBAL during heat stress introduces two problems independent of 

those that are inherent to normal EBAL estimations (Vicini et al., 2002).  First, 

considerable evidence suggest increased maintenance costs are associated with 

heat stress (7 to 25%; NRC, 1981), however due to complexities involved in 

predicting upper critical temperatures, no universal equation is available to adjust 
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for this increase in maintenance (Fox and Tylutki, 1998) when calculating EBAL 

in heat stressed animals.  Not incorporating a heat stress correction factor results 

in overestimating EBAL and inaccurate prediction of energy status.  In this paper, 

we used data provided by the NRC (1981), which suggests an increased 

maintenance requirement of 20% for cows experiencing 35°C or greater for more 

than 6 hrs/d.  Secondly, a proportionate decrease in milk yield causes calculated 

EBAL to remain slightly positive and thus appears adequate because of adjusted 

level of production.  However, despite the calculated positive EBAL, irrespective 

of treatment, cows lost approximately 18 kg of BW during this trial (data not 

shown).  In agreement, cows in established lactation from semi arid 

environments (i.e. Arizona, Middle East, etc.) will typically lose approximately 20 

kg of body weight during the course of a summer (Dennis Armstrong, personal 

communication).  The loss of body weight indicates cows in this trial were in 

NEBAL and illustrates the difficulty in accurately estimating EBAL during heat 

stress.  

We believe it is likely that these cows were limited by energy availability to 

produce milk to their genetic potential.  Furthermore, cows were already heat 

stressed at trial initiation and it is possible the deleterious effects of heat stress 

were too severe for CLA to overcome.  It is of interest to determine if CLA-

induced MFD could prevent (in contrast to remedying) the negative effects of 

heat stress, if provided to thermal neutral animals prior to heat stress initiation.
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CONCLUSION

Cows in this trial were heat stressed as indicated by THI, respiration rates 

and skin temperatures.  Feeding RI-CLA during heat stress, to induce MFD, 

alleviated estimated EBAL, but had no effect on milk yield or yield of other 

components.  RI-CLA inhibits milk fat synthesis similarly in Brown Swiss and 

Holstein cows, while Brown Swiss had higher cis-9, trans-11 and total CLA 

content than Holstein cows.
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Table 3.1: Fatty acid composition of lipid supplements 1. 
Fatty Acid Control CLA

% of Fatty Acids
12:0
14:0
15:0
16:0
16:1
18:0
18:1 cis-9 
18:2 cis-9, cis-12
18:2 cis-9, trans-11 CLA
18:2 trans-8, cis-10 CLA
18:2 cis-11, trans-13 CLA
18:2 trans-10, cis-12 CLA
Other CLA
18:3 cis-9, cis-12, cis-15
20:0
Unknown

Total CLA

0.24
1.13
0.06

      47.61
0.16
4.48

      35.53
   7.66

      <0.01
      <0.01
      <0.01
      <0.01
      <0.01

  0.26
 0.33
 2.54

       <0.01

0.18
0.55
0.02

    23.63
0.20
3.50

    36.71
3.27
3.44
2.99
4.82
4.52

    12.59
0.70
0.11
2.79

    38.36
1Cows were fed a dietary rumen protected supplement containing 205 
g fatty acids/d in a crossover treatment design.
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Table 3.2: Ingredients and chemical composition of diets 1.

Composition Content
Ingredient, % of DM
  Alfalfa hay 58.2
  Amino Plus   1.3
  Whole cottonseed   6.9
EnerGII  1.6

  Molasses  4.2
  Citrus pulp   8.3
  Steam flaked corn 15.9
  Mineral and vitamin mix2   3.5

Chemical analysis, % of DM

  CP 20.7
  NDF 34.4
  ADF 24.0

NEL Mcal/kg DM3     1.71
1Values represent an average of samples collected and 
composited throughout the trial. 44.5% water was added to 
feed mix and therefore dry matter averaged 48% for the diet.
2The supplement contained 3.25% Ca, 3.5% P, 3.5% Mg, 0.5% 
S, 1688 mg/kg of Zn, 1465 mg/kg of Mn, 1569 mg/kg of Fe, 428 
mg/kg of Cu, 48 mg/kg of Co, 9 mg/kg Se, 244 IU/g of vitamin 
A, 24 IU/g of vitamin D and 1 IU/g of vitamin E.
3Predicted based on individual ingredient chemical analysis.
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Table 3.3: The effects of conjugated linoleic acid (CLA) induced milk fat depression on production and 
heat stress variables in lactating Brown Swiss (BS) and Holstein (H) cattle during heat stress 1.

Treatment Breed P-value
Control CLA H BS SEM Trt Brd Trt*Brd

Production
   Milk Yield (kg/d) 39.2 37.8 40.3 36.6 1.2 0.41 0.04 0.88

   SCM (kg/d)2 35.9 31.2 35.3 31.9 0.8 <0.01 <0.01 0.14

   DMI (kg/d) 24.4 23.7 23.7 24.3 0.7 0.49 0.53 0.84

   Prod. Eff. (Kg/Mcal)3 0.97 0.84 0.95 0.87 0.02 <0.01 <0.01 0.25

   EBAL (Mcal/d)4 3.7 7.1 4.8 6.0 1.0 0.03 0.39 0.78

Components

   Milk Fat

             % 3.35 2.46 2.84 2.98 0.08 <0.01 0.25 0.44

             g/d 1376 961 1209 1128 39 <0.01 0.15 0.21

   Milk Protein

             % 2.85 2.87 2.67 3.04 0.06 0.85 <0.01 0.92

             g/d 1151 1131 1158 1124 33 0.69 0.48 0.18

   Milk Lactose

             % 4.53 4.50 4.54 4.49 0.04 0.65 0.45 0.70

             g/d 1845 1789 1970 1665 54 0.48 <0.01 0.22

   Milk SNF5

             % 8.22 8.21 8.06 8.37 0.10 0.98 0.05 0.79

             g/d 3338 3258 3496 3100 93 0.55 <0.01 0.19

   SCC6 317 318 254 381 88 0.99 0.32 0.48

Heat Stress Parameters

   Skin Temp°C 35.4 35.3 35.3 35.4 0.3 0.64 0.80 0.87

   Resp. Rate7 78 78 75 81 2 0.87 <0.01 0.38
1 Data in this table represent means from the entire (21 d) trial period.
2 Solids corrected milk  (Tyrrell and Reid, 1965)
3 Production efficiency (Solids Corrected Milk/NEL Intake (Kg/Mcal))
4EBAL = net energy balance calculated according to NRC (2001) and represents an average of the 21 d

  treatment period.
5 Milk solids non fat
6 Somatic cell count (X 1000)
7 Respiration rat in breathes/min
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Table 3.4: Fatty acid composition of cows comparing treatment (control vs. conjugated linoleic acid (CLA)) and breed 
(Holstein (H) vs. Brown Swiss (BS)).

Treatment Breed P-value
Control CLA H BS SEM Trt Brd

Fatty Acid mg/g Fatty Acids1

4:0 25.5 23.7 23.6 25.5 0.8 0.11 0.10
6:0 21.5 18.9 19.4 21.0 0.8 0.03 0.18
8:0 10.8 9.0 9.4 10.4 0.5 0.02 0.14
10:0 20.5 16.4 17.7 19.2 1.0 0.01 0.30
12:0 22.2 19.3 20.0 21.4 1.0 0.05 0.34
14:0 84.3 78.9 81.3 82.0 2.4 0.12 0.83
14:1 c-9 5.8 5.4 5.3 5.9 0.3 0.45 0.18
15:0 8.4 8.8 8.9 8.3 0.2 0.12 0.02
16:0 321.6 309.4 319.9 311.1 5.0 0.10 0.22
16:1 c-9 10.9 10.9 10.5 11.3 0.5 0.96 0.30
17:0 5.3 5.8 5.8 5.4 0.1 <0.01 <0.01
18:0 109.3 121.7 119.8 111.2 2.5 <0.01 0.02
18:1 t-6-8 3.8 3.9 4.0 3.8 0.1 0.36 0.20
18:1 t-9 2.9 3.3 3.1 3.1 0.1 <0.01 0.93
18:1 t-10 4.8 5.0 4.9 4.9 0.1 0.15 0.64
18:1 t-11 10.7 10.2 9.2 11.7 0.4 0.30 <0.01
18:1 t-12 5.7 5.7 5.8 5.5 0.2 0.88 0.19
18:1 c-9 241.0 249.8 241.9 248.9 8.0 0.44 0.54
18:2 c-9, c-12 36.1 37.9 38.0 36.0 1.7 0.44 0.40
18:2 c-9, t-11 CLA 4.6 5.0 4.2 5.4 0.1 0.07 <0.01
18:2 c-11, t-13 CLA <0.1 0.8 0.3 0.4 0.1 <0.01 0.14
18:2 t-10, c-12 CLA <0.1 0.6 0.3 0.3 <0.1 <0.01 0.20
Other CLA 0.3 2.9 1.5 1.8 0.2 <0.01 0.34
18:3 c-9, c-12, c-15 12.5 15.5 14.5 13.5 4.0 0.59 0.87
20:0 2.7 2.3 2.6 2.5 0.7 0.66 0.96
Unknown 28.9 28.8 28.5 29.2 0.5 0.91 0.29

Total CLA 4.9 9.3 6.2 8.0 0.4 <0.01 <0.01
Total 18:1 trans 27.9 28.1 27.1 28.9 0.5 0.81 0.02

∆9 Ratios
14:1/14:0 0.07 0.07 0.06 0.07 <0.01 0.93 0.19
16:1/16:0 0.03 0.04 0.03 0.04 <0.01 0.63 0.18
18:1/18:0 2.23 2.10 2.04 2.28 0.10 0.37 0.06
c9,t11 CLA/18:1 t11 0.43 0.50 0.46 0.47 0.01 <0.01 0.51
∆9  Index2 0.33 0.34 0.33 0.35 0.01 0.50 0.28

198.9 180.4 185.4 193.9 5.2 0.02 0.25
16:0 & 16:1 332.5 320.3 330.4 322.4 5.0 0.10 0.26
Preformed 439.7 470.5 455.7 454.5 8.0 0.01 0.92
1 Data in this table represent means from d 3, 5, 14 and 21
2 ∆9 Desaturase index calculated by: ((C14:1 + C16:1 + C18:1)/ (C14:1 + C16:1 + C18:1 + C14:0 + C16:0 + C18:0))
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Figure 3.2: Temporal pattern of milk fat content (A) and milk fat yield (B) from cows fed 
either a control diet with 242 g/d EnerGII or control diet plus 250 g/d conjugated linoleic 
acid (CLA) supplement during heat stress.  Values are means, n = 13 both treatment 
groups; SEM averaged 0.16 and ranged from 0.159 to 0.164 percent and averaged 72 
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CHAPTER 4

EFFECTS OF CONJUGATED LINOLEIC ACID ON EXPRESSION OF GENES 

INVOLVED IN MILK LIPID SYNTHESIS IN EARLY VS. MID LACTATION 

COWS

ABSTRACT

Abomasal and intravenous (IV) infusion of mixed CLA isomers reduces 

milk fat synthesis in established lactation.  Long-term experiments utilizing 

rumen-inert (RI) CLA supplements indicate CLA induces  milk fat depression

(MFD) when fed to TMR or pasture fed cows during established lactation.  

However, similar amounts of RI-CLA appear ineffective at inducing MFD during 

the periparturient period and therefore it appears the mammary gland is 

insensitive to CLA until approximately the 3rd to 4th week of lactation.  We have 

recently demonstrated that large quantities of RI-CLA decrease milk fat synthesis 

immediately postpartum in both TMR and pasture fed cows.  We intravenously 

infused 7 g/d of purified trans-10, cis-12 CLA to investigate the differences in 

mammary sensitivity to CLA between established lactation and immediately 

postpartum. Transitioning multiparous Holstein cows (n = 8) fitted with indwelling 

jugular catheters were blocked by predicted calving date and randomly assigned 

to either IV CLA or control infusion (Intralipid) for the first 5 d of lactation. 

Transition cows were simultaneously pair infused with mid lactation cows (n=8; 

102 ± 25 DIM), and infusions started the day transition cows calved. In 

established lactation, CLA infusion did not alter DMI but tended to decrease 
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(14%) milk yield and neither of these parameters were affected by CLA in early 

lactation. CLA infusion had little or no effect on milk protein or lactose variables in 

either established or early lactation. In established lactation, CLA decreased milk 

fat content and yield (34 and 45%, respectively), but in early lactation CLA did 

not alter these parameters. Compared with controls, milk fat trans-10, cis-12 CLA 

content increased during infusion but levels were similar (1.85 mg/g) between 

stages of lactation. In established lactation, CLA decreased (26%) and increased 

(24%) the milk fat content of de novo and preformed derived fatty acids, 

respectively. CLA did not alter the milk fatty acid origin in early lactation. 

Following 5 d of infusion of 7 g/d trans-10, cis-12 CLA a statistically significant (P 

> 0.05) change in expression of any of the genes involved in milk lipid synthesis

was undetectable.  Even though there were no significant differences detected, 

there was a numerical decrease in mRNA abundance for all genes measured in 

those cows treated with CLA in mid lactation, with a strong trend (P<0.09) for 

decreased fatty acid binding protein mRNA abundance. The mammary glands fat 

synthesizing machinery is less sensitive to trans-10, cis-12 CLA immediately 

postpartum.

INTRODUCTION

Studies attempting to increase conjugated linoleic acid (CLA) levels in milk 

fat from dairy cows serendipitously demonstrated that CLA administration 

dramatically decreased milk fat yield and content (Loor and Herbein, 1998; 

Chouinard et al., 1999a).  Subsequent short-term studies confirmed that 
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abomasally infusing supplemental CLA caused milk fat depression (MFD; 

Chouinard et al., 1999b; Kraft et al., 2000; Mackle et al., 2003) and identified 

trans-10, cis-12 as a responsible CLA isomer (Baumgard et al., 2000). We 

subsequently confirmed that cows receiving trans-10, cis-12 CLA had over a 

40% reduction in milk fat content and yield whereas similar amounts of cis-9, 

trans-11 CLA, trans-8, cis-10 CLA and cis-11, trans-13 CLA had no effect 

(Baumgard et al., 2002a; Perfield et al., 2004b). More recently, intravenously 

infusing trans-10, cis-12 CLA has been demonstrated to be a convenient and 

effective experimental method of initiating MFD (Viswanadha et al., 2003).  

 Long-term experiments utilizing rumen-inert (RI) CLA supplements 

indicate CLA induces MFD when fed to TMR or pasture fed cows during 

established lactation (Medeiros et al., 2000; Giesy et al., 2002; Perfield et al., 

2002).  However, similar amounts of CLA are ineffective at inducing MFD during 

the periparturient period and results indicate the mammary gland is less sensitive 

to CLA until approximately the 3rd to 4th week of lactation (Bernal-Santos et al., 

2003; Castaneda-Gutierrez et al., 2005; Selberg et al., 2002).  We hypothesized 

the mammary gland was responsive to CLA during the transition period, but a 

larger CLA dose was required.  We have now demonstrated that large quantities 

of CLA (i.e. 3x that required in established lactation) decrease milk fat synthesis 

in a dose-dependent manner immediately postpartum in both TMR and pasture 

fed cows (Moore et al., 2004; Kay et al., 2004b). 
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The mechanism by which trans-10, cis-12 CLA reduces milk fat synthesis 

during established lactation includes reduced mRNA expression of genes 

encoding enzymes involved in fatty acid uptake, intracellular fatty acid transport 

and de novo fatty acid synthesis and it is thought reduced SREBP-1 proteolytic 

activation regulates these effects (Baumgard et al., 2002a; Peterson et al., 2003, 

2004).  The mechanism by which the sensitivity of the mammary gland to CLA is 

decreased immediately postpartum is unknown.  We originally hypothesized the 

binding and cellular incorporation of NEFA (extensively mobilized immediately 

postpartum) prevented adequate CLA uptake but have recently demonstrated 

that milk fat CLA concentrations do not increase from 1 to 28 DIM (Kay et al., 

2004b; Moore et al., 2004), even though CLA supplements progressively induce 

MFD during this time.  It was also thought that because CLA primarily decreases 

de novo fatty acid synthesis (Chouinard et al., 1999a; Baumgard et al., 2000; 

2001), CLA effectiveness would be diluted in early lactation because de novo 

fatty acid synthesis contributes less to the total milk fatty acid pool (Palmquist et 

al., 1993).  However, although de novo synthesized fatty acids make up 

considerably less of the total milk fat secreted in early lactation, fatty acid origin 

(preformed vs. de novo) doesn’t appreciably change during the 1st 3 to 4 weeks 

of lactation, although CLA progressively decreases milk fat synthesis during this 

time (Moore et al., 2004).  We have previously hypothesized the reduced 

sensitivity to CLA immediately postpartum was due to CLA inability to reduce the 

expression of key lipogenic enzymes (Moore et al., 2004). The effect of CLA 
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during the transition period on key enzymes involved in milk fat synthesis has not 

been examined.  

Study objectives were to investigate CLA induced gene expression 

changes in transition compared to mid-lactation dairy cows to determine possible 

biological mechanisms behind the decreased sensitivity to CLA supplementation 

during the transition period. 

MATERIALS AND METHODS

Design, Animals and Treatment

The University of Arizona Institutional Animal Care and Use Committee 

approved all procedures involving animals.  Transitioning multiparous Holstein 

cows (n = 8) fitted with indwelling jugular catheters were blocked by predicted 

calving date and randomly assigned to either IV infusion of CLA supplement or a 

control infusion. CLA infusion consisted of 7 g/d of CLA supplement containing 

93.3% trans-10, cis-12 CLA (3.8 % cis-9, trans-11 CLA, 2.3 % other CLA and 0.6 

% cis-9 18:1) suspended in 70 g of 10% Intralipid IV fat emulsion (Baxter 

Healthcare Corporation; Deerfield, IL) and brought to 90 ml with 0.9% saline.  

Control infusion consisted of 70 g of 10% Intralipid brought to 90 ml with 0.9% 

saline (Viswanadha et al., 2003).  Daily infusion volumes were divided into six 

equal 15 ml infusions and delivered every 4h.  Following infusion, the catheter 

was flushed with 2 ml of 100% ethanol followed by 2 ml of 0.9% heparinized 

saline to ensure 100% of the infusion was delivered and to prevent catheter 

clogging.  The infusion period lasted 5 d and mammary biopsies were taken 120h
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following infusion initiation.  Transition cows were pair infused with mid lactation 

cows (n=8; 102 ± 25 DIM) to minimize effects of environment or time of infusion, 

and infusions started on the day the transition cow calved.  The infusion period 

for the transition group started immediately following first milking.  Cows were 

housed at the University of Arizona dairy and maintained in individual stalls.  

Cows were fed a TMR formulated to meet or exceed the predicted requirements 

(Table 4.1; NRC, 2001) of energy, protein, minerals, and vitamins by Dairy 

Nutrition Services (Chandler, AZ).  The TMR was sampled throughout the trial, 

composited, and analyzed by wet chemistry methods (Chandler Analytical 

Laboratories, Chandler, AZ).  Cows consumed feed ad libitum with equal portions 

of fresh feed provided twice daily at 0430 and 1630 h; orts were weighed and 

recorded daily at 0400 h.  Water was available at all times.  

Cows were milked at 0800 and 2000 h, yield was recorded daily, and milk 

samples were obtained from each cow at each milking.  One aliquot from each 

sampling was stored at 4°C with a preservative (bronopol tablet; D&F Control 

System, San Ramon, CA) and component content analyzed at the Arizona DHIA 

(Tempe, AZ) using AOAC (2000) approved infrared analysis equipment and 

procedures.  A second aliquot was stored at -20°C until analyzed for fatty acid 

composition.  Blood samples were obtained from each cow every d at 0800 h 

immediately prior to infusion.  Samples were kept on ice until centrifuged at 3000 

x g for 15 min.  Plasma was split into two aliquots that were immediately frozen at 

-20°C and later analyzed for NEFA concentrations.
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Following the biopsy at 120h, cows were allowed 4h to recover prior to 

start of an epinephrine challenge.  Epinephrine HCL (1 mg/ml; Vedco, Inc., St. 

Joseph, MO) was administered via the jugular catheter (1.4 µg/kg BW) and 

immediately chased with 10 mL of sterile saline as previously described 

(Baumgard et al., 2002c).  Blood samples were collected at –30, -20, -10, 0, 2.5, 

5, 7.5, 10, 15, 20, 30, 45, and 60 min relative to epinephrine administration.  

Blood samples (10 ml) were collected by the jugular catheter into sodium 

heparinized tubes (100 IU/ml), and placed on ice immediately following 

collection. Samples were kept on ice until centrifuged at 3000 x g for 15 min.  

Plasma was split into two aliquots that were immediately frozen at -20°C and 

later analyzed for NEFA concentrations.  Plasma NEFA concentrations were 

determined enzymatically using commercially available kits validated for use in 

our laboratory (NEFA C kit; Wako Chemicals USA, Richmond, VA, Lot # 21P2-1).  

These procedures were scaled down and conducted in 96-well microplates 

(Rainin Instrument, LLC., Oakland, CA) and read using a microplate photometer 

(Multiskan Ascent, Thermo Electron Corporation, Vantaa, Finland).  The inter-

and intra-assay coefficients for the NEFA assays were 9.3 and 9.5%, 

respectively.

Mammary Gland Biopsies

Mammary gland biopsies were performed at 120 h after treatment 

initiation according to the method of Farr et al., (1996) with modifications 

(Baumgard et al., 2002c).  In the present study, mammary gland biopsies were 
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performed immediately after milking, tissue (~400 mg) was split into two aliquots, 

immediately frozen in liquid nitrogen and stored at -80°C until RNA isolation.

Analysis of Gene Expression

Total RNA was extracted using the Trizol reagent according to the 

manufacturer’s protocol (Invitrogen; Carlsbad, CA).  Total RNA was Dnase 

treated (Rnase-Free DNase set, Qiagen Inc., Valencia, CA) and purified by 

affinity chromatography (RNeasy, Qiagen Inc.) to remove potential genomic 

DNA contamination. The concentration of total RNA was determined by 

absorbance at 260 nm, and its quality was verified using the Agilent 2100 

Bioanalyzer (Agilent Technologies).  Total RNA was stored at -80°C until gene 

expression analysis. 

Total RNA (2 µg) was reverse transcribed using the SuperScript First 

Strand Synthesis System for reverse transcriptase-polymerase chain reaction 

(RT-PCR) (Invitrogen).  Primer sets for bovine acetyl-CoA carboxylase (ACC), 

fatty acid binding protein (FABP), fatty acid synthetase (FAS), ∆9-desaturase, 

lipoprotein lipase (LPL), acylglycerol phosphate acyltransferase (AGPAT) and 

18S were designed using Primer Express Software (Applied Biosystems) based 

on published bovine nucleotide sequences (accession numbers presented in 

Table 4.2).  Twenty-five µl reactions were prepared according to the 

manufacturer’s instructions using the iQ™ SYBR Green Supermix (Bio-rad), 

100 pM of each forward and reverse primer, and 10 ng of cDNA.  PCR 
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quantification of each sample was performed in triplicate and SYBR Green 

fluorescence was quantified with the ABI PRISM® 7700 Sequence Detector 

(Applied Biosystems).  Each assay plate contained negative controls and a 

standard curve (five serial dilutions of a pooled cDNA sample) to determine 

amplification efficiency of the respective primer pair, and all samples for each 

gene were ran on a single plate.  For each assay 40 PCR cycles were run, with 

each cycle consisting of two stages (95°C for 15s and 60°C for 60s).  Analyses of 

amplification plots were performed with the Sequence Detection Software 

(Applied Biosystems).

The amplification efficiencies of all six assays (ACC, FABP, FAS, ∆9-

desaturase, LPL and 18S) were calculated using the equation: efficiency = 10(-

1/slope), where slope is the slope of a linear plot of CT versus log copies (dose in 

ng).  An efficiency of two copies per cycle represents 100% efficiency (i.e., each 

cycle doubles the amount of PCR product).  The efficiencies ranged from 1.82 to 

2.08.  The actual efficiency value for each assay was used to calculate the fold 

differences. 

Fatty Acid Analysis

Milk fat samples were extracted according to Hara and Radin (1978) and 

fatty acid methyl esters were prepared by the transmethylation procedure 

described by Christie (1982) with modifications (Chouinard et al., 1999a).  Fatty 

acid methyl esters were quantified using a gas chromatograph (Hewlett Packard 

GC system 6890; Wilmington, DE) equipped with a flame ionization detector and 
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a CP-7420 fused silica capillary column (100 m x 0.25 mm i.d. with 0.2 µm film 

thickness; Varian, Walnut Creek, CA).  Initial oven temperature (50°C) was held 

for 1 min then ramped at 5°C/min to 160°C, where it was held for 42 min, and 

then ramped at 5°C/min to 190°C and held for 22 min.  Inlet and detector 

temperatures were maintained at 250°C and the split ratio was 100:1.  Hydrogen 

carrier gas flow rate through the column was 1 ml/min.  Hydrogen flow to the 

detector was 30 ml/min, airflow was 400 ml/min and the nitrogen make-up gas 

flow was 25 ml/min.  Peaks in the chromatogram were identified and quantified 

using pure methyl ester standards (GLC60; Nuchek Prep, Elysian, MN; Matreya, 

Inc., Pleasant Gap, PA, anhydrous milk fat; R.T. Corporation, Laramie, WY) and 

the CLA profile identified as previously described (Roach et al., 2002).  A butter 

oil reference standard (anhydrous milk fat; R.T. Corporation, Laramie, WY) was 

used to determine recoveries and correction factors for individual fatty acids 

(Baumgard et al., 2000). 

Statistical Analysis

Milk yield, DMI, milk components and fatty acid profile from d 4 and 5 of 

treatment were all analyzed with the PROC MIXED procedure of SAS (2001).  

The model contained stage of lactation, treatment, day of treatment, and all 

possible interactions.  Response to epinephrine challenge was calculated as 

area under the curve by calculating a linear trapezoidal summation between 

successive pairs of NEFA concentrations and time coordinates after correcting 

for basal concentrations (Baumgard et al., 2002c).  Response to epinephrine 
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challenge was calculated up to 30 min following epinephrine infusion, to allow 

NEFA levels to return to basal levels.

RESULTS

There was no treatment effect on DMI (21.4 kg/d), SCC linear score (2.4), 

protein (3.30%) or lactose content (4.66%), yield of these milk components or 

yield of milk solids non fat (3,282 g/d; Table 4.3).  Milk yield was unaltered by 

stage of lactation, while CLA supplementation tended to decrease milk yield (P < 

0.06; Table 4.3; Figure 4.2).  CLA supplementation decreased (P < 0.01) overall 

milk fat content and yield by 21 and 27%, although the majority of this reduction 

was due to mid lactation cows.  In established lactation, CLA decreased milk fat 

content and yield (34 and 45%, respectively), but in early lactation CLA did not 

alter these parameters (Table 4.3; Figure 4.1).   Milk protein and fat content and 

yield were lower in established lactation as compared to milk from cows in early 

lactation (P < 0.01; Table 4.3).

Compared with controls, milk fat trans-10, cis-12 CLA content increased 

during infusion but levels were similar (1.85 mg/g) between stages of lactation 

(Table 4.4; Figure 4.3). cis-9, trans-11 CLA content was unaltered by CLA 

infusion, but increased (57%, 2.7 vs. 4.3 mg/g) from early to mid lactation.  There 

was little or no treatment effect on the ∆9-desaturase index, but 14:1/14:0, 18:1 

c9/18:0, and c9, t11 CLA/18:1 t-11 were increased (P < 0.05) by 44, 48 and 60% 

respectively, in established vs. early lactation.  In established lactation, CLA 

decreased (26%) and increased (24%) the milk fat content of de novo and 
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preformed derived fatty acids, respectively (Table 4.4), but did not alter the milk 

fatty acid origin in early lactation.

We utilized real-time PCR to quantify mRNA abundance of genes involved 

in fatty acid uptake, intracellular fatty acid transport, de novo fatty acid synthesis 

and milk triglyceride synthesis.  Following 5 d of infusion of 7 g/d trans-10, cis-12 

CLA a statistically significant (P > 0.05) change in expression of these genes was 

undetectable.  The variation encountered in this analysis was too large to allow 

for detection of significant differences (Table 4.5).  Even though there were no 

significant differences detected, there was a numerical decrease in mRNA 

abundance for all genes measured in those cows treated with CLA in mid 

lactation, with a strong trend (P<0.09) for decreased FABP mRNA abundance. 

There was no overall treatment effect on basal NEFA levels but a 

treatment by stage of lactation interaction was detected (P<0.01).  This indicates 

CLA reduced (37%) basal NEFA levels in early lactation but increased (89 vs. 

159 µeq/L) them in mid lactation (Table 4.3).  There was no treatment effect on 

the NEFA response to the epinephrine challenge.  Cows in early lactation had

higher basal NEFA levels (295 vs. 123 µeq/L; Table 4.3) as well as an increased 

(>300%) response to an epinephrine challenge (632 vs. 2,601 µeq/L*min; Table 

4.3)

DISCUSSION

CLA’s ability to reduce milk fat in mid to late lactation, even at very low 

doses, is well characterized, but the decreased sensitivity of the mammary gland 
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to CLA during early lactation is not understood.  In the United States where milk 

fat quotas are not currently an issue, CLA may have little application in mid to 

late lactation, but in early lactation when energy is limiting, reducing milk fat with 

CLA supplementation could be a valuable tool to improve whole animal net EBAL 

(Moore et al., 2004) and consequently improve reproductive success and 

decrease metabolic disorders.  

We recently demonstrated CLA can induce MFD immediately postpartum, 

but a much higher dose (3x) is required compared to established lactation.  The 

dose for this study (7 g trans-10, cis-12 CLA/d) was selected based upon 

predictions that it would induce substantial MFD in established lactation 

(Baumgard et al., 2001; Viswanadha et al., 2003; de Veth et al., 2004), but have 

minimal effects on early lactation.  As anticipated, milk fat yield and content was 

reduced by 45 and 35%, respectively, in established lactation and neither 

parameter was altered immediately postpartum.  The reduction in milk fat 

synthesis in established lactation was comparable to results achieved by others 

utilizing both abomasal and IV infusion (Baumgard et al., 2001; Viswanadha et 

al., 2003; Figure 4.6).

The biological explanation by which CLA is ineffective in early lactation 

isn’t clear but we postulated that during the transition period, the numerous 

hormonal changes (sudden loss of progesterone and estrogen and spike in 

prostaglandin and cortisol etc.) that occur may govern CLA ability to regulate fat 

synthesizing machinery.  Additionally, increased fatty acid mobilization and 
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subsequent enhanced circulating NEFA levels present during this transition 

period may be partially responsible for the decreased milk fat response to CLA 

supplementation.  The theory behind this hypothesis suggests that increased 

concentrations of circulating NEFAs competitively prevent adequate epithelial 

CLA uptake (Moore et al., 2004).  We have previously suggested that this is 

unlikely as the concentration of trans-10, cis-12 CLA in milk fat does not change 

from 1 to 21 DIM during RI-CLA supplementation, a time when the mammary 

glands response to CLA is gradually increasing (Moore et al., 2004).   In the 

current study, trans-10, cis-12 CLA concentration in milk was not different 

between early and established lactation, while milk fat yield was drastically 

reduced on d 4 and 5 of trans-10, cis-12 CLA infusion in mid lactation cows, but 

unaltered in early lactation.  Further, NEFA levels were nearly 3 fold higher in 

early lactation than in mid lactation (Table 4.3).  This provides further evidence 

that increased circulating NEFAs in early lactation is unlikely to be the source of 

the mammary gland’s decreased sensitivity.  

In a previous trial utilizing IV trans-10, cis-12 CLA infusion in lactating 

dairy cattle Viswanadha et al., (2003) showed a linear increase in basal NEFA 

levels with increasing doses of trans-10, cis-12 CLA from 0 to 6 g/d with the 

highest dose increasing circulating NEFA levels ~317%.  This is in contrast to 

Baumgard et al., (2002c) who reported little or no change in circulating basal 

NEFA levels with abomasal infusion of trans-10, cis-12 CLA from 0 to 14 g/d.  

We also observed no overall increase in basal levels of circulating NEFA while 
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infusing 7 g/d of trans-10, cis-12 CLA with a similar experimental protocol as 

those used by Viswanadha et al., (2003).  In fact, we observed a 37% decrease 

in basal NEFA levels in the early lactation cows treated with CLA (Table 4.3).  

This decrease may reflect an improved EBAL in this group as milk fat yield was 

numerically decreased 11%, which may have improved EBAL to the extent that 

adipose mobilization was reduced.  Adipose tissue is mobilized in the form of 

NEFA and these are the primary body derived energy products utilized/oxidized 

by cows during periods of NEBAL.  Blood NEFA levels (more than other 

metabolites/hormones; Reist et al., 2003) are thought to closely reflect calculated 

EBAL in lactating cows and goats (Bauman et al., 1988, Pullen et al., 1989; 

Dunshea et al., 1990).  The inability of several laboratories to detect a CLA-

induced decrease on basal NEFA levels in mid lactation cows, is probably 

because cows are likely in positive EBAL; thus a change in NEFA levels would 

not be expected.  Blood samples in the current study were collected immediately 

prior to treatment infusion to allow time for maximum removal of previous 

treatment administration (i.e. Intralipid and CLA product delivered 4h earlier).  

Sample collection time in the previous trial is not stated, but NEFA levels in the 

control group are much higher (3x) than would be expected for a cow 125 DIM 

and in positive EBAL.  If these blood samples were taken too close to the time of 

infusion, the lipid infusion alone could have accounted for a large portion of the 

NEFA differences, and would help to explain why these results are considerably 

different than obtained in this trial and by Baumgard et al., (2002c).
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NEFA response to an epinephrine challenge can be used as a 

proxy/indicator of adipose tissue sensitivity to β-adrenergic stimulated lipolysis 

(Ostrowska et al., 2002).  The sensitivity of adipose tissue to a β-adrenergic 

agonist is generally increased during the onset of lactation as well as during 

under feeding or negative EBAL (Lanna et al., 1995) and this is an expected 

homeorhetic mechanism to ensure bioenergetic harmony.  In the current study 

we saw a marked decrease in lipolysis due to epinephrine in mid lactation cows

compared to early lactation cows, as would be expected due to the decreased 

sensitivity of adipose tissue as a result of improved EBAL (Lanna et al., 1995).  In 

rodents and pigs, CLA increases the sensitivity of adipose tissue to lipolysis and 

is thought to play a role in CLA’s ability to decrease fat accretion in growing 

animals (Pariza et al., 1997; Ostrowska et al., 2002), while in lactating animals 

CLA decreases the response to an epinephrine challenge (Baumgard et al., 

2002c).  Baumgard et al., (2002c) suggest the decreased response to 

epinephrine is a result of CLA induced MFD, and subsequent improved EBAL.  In 

the current study, there was no overall decrease in response to an epinephrine 

challenge.  However, in the mid lactation group, the response to epinephrine 

challenge was decreased ~70% as a result of CLA treatment and is similar to 

results obtained by Baumgard et al., (2002c) and this is most likely a result of the 

improved whole animal net EBAL. 

Content of milk fatty acids derived from de novo fatty acid synthesis did 

not increase from early to mid lactation as would be expected (Palmquist et al., 
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1993) and it appears that this is a result of CLA reducing de novo synthesis in 

mid lactation, while having no effect in early lactation (Table 4.4).   The significant 

interaction between stage of lactation and treatment supports this, and when 

control animals are compared alone, fatty acids derived from de novo fatty acid 

synthesis increase by 17% as lactation progresses.  In contrast, preformed fatty 

acids would be expected to decrease in mid lactation, but again this is 

confounded by the concentration of preformed fatty acids increasing with CLA 

treatment in the mid lactation cows.  This is once again supported by the stage of 

lactation by treatment interaction (Table 4.4).

ACC is the rate limiting enzyme for de novo fatty acid synthesis and FAS 

is the enzyme responsible for elongation of de novo synthesized fatty acids.  CLA 

dramatically reduces synthesis of de novo mammary derived fatty acids and this 

is due to a reduction of ACC and FAS mRNA abundance (Baumgard et al., 

2002a; Peterson et al., 2003) and these effects are similar to diet induced MFD 

(Piperova et al., 2000).  Similar reduction in mRNA abundance of ACC has been 

shown in growing mice supplemented with dietary CLA (Tsuboyama-Kasaoka et 

al, 2000).  CLA treatment also reduces milk fat derived from circulating fatty acids 

due to a reduction in transcription of LPL and FABP, genes responsible for 

triglyceride hydrolysis and lipid uptake, respectively (Baumgard et al., 2002a, 

Peterson et al., 2003).  CLA also reduces mRNA abundance of ∆9-desaturase, 

an enzyme responsible for fatty acid desaturation as well as AGPAT, a 

triglyceride synthesizing enzyme in lactating dairy cows (Baumgard et al., 2002a; 
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Peterson et al., 2003).  CLA also decreases mRNA abundance of ∆9-desaturase

in the mammary gland of lactating mice (Lin et al., 2004), in mice adipocytes 

(Choi et al., 2000), and in mice hepatocytes (Lee et al., 1998).  The inhibition of 

milk fat synthesis by CLA occurs at all levels as can be seen by the vast number 

of genes affected by its supplementation, but the effect of CLA on these genes in 

early lactation has not been investigated.  

The purpose of the present study was to determine the mechanism involved 

in the decreased sensitivity of the mammary gland to CLA in early lactation, by IV

infusing purified trans-10, cis-12 CLA into mid lactation cows as well as cows 

immediately postpartum.  We hypothesized that the CLA would reduce milk fat 

synthesis in mid lactation with a similar decrease in mRNA abundance of genes 

involved in milk lipid synthesis.  In contrast, we anticipated milk fat synthesis in 

the early lactation cows to be unaffected by CLA infusion, and genes involved in 

milk lipid synthesis to either be unaltered or reduced to a much lesser degree 

than the mid lactation group.  Milk fat synthesis was reduced in mid lactation and 

unaltered in early lactation as we anticipated, and mRNA abundance of all 

analyzed genes were reduced numerically by CLA treatment in mid lactation, but 

this effect was not significant due to the extreme variation (Table 4.5).  We are 

confident that this variation is due either to cow to cow variation or biopsy 

variation, as opposed to realtime-PCR methods as our coefficient of variation for 

our realtime-PCR did not exceed 1.5% (data not reported).  Many studies 

(Piperova et al., 2000; Baumgard et al., 2002a; Peterson et al., 2003) comparing 
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gene expression utilize a cross-over design, which removes cow-to-cow variation 

allowing for treatment-induced changes to be more easily detected.  This 

experiment did not allow for a crossover design due to the rapidly changing 

sensitivity to CLA in early lactation (Giesy et al., 1999; Bernal-Santos et al., 2003; 

Moore et al., 2004), which may have prevented detection of significant changes.  

Other sources of variation may be attributed to composition of the biopsy 

obtained from each cow (i.e. content of secretory vs. connective tissue).

The results of this trial suggest animal/biopsy numbers may have been too 

small to detect treatment differences.  To determine if animal numbers were too 

small, we conducted a power test, with α = 0.05 and β = 0.2.  Results of the 

power test indicate that for the current study design, animal numbers were in fact 

too low, with as few as 5 animals per treatment being required to detect 

treatment differences for FABP and as many as 33 animals per treatment being 

required for detection of differences for AGPAT.  

CONCLUSION

The results of many prior studies suggest the sensitivity of the mammary 

gland to CLA is dramatically reduced immediately postpartum when compared to 

established lactation, although this direct comparison has never been conducted.  

Vast variation in products (i.e. CLA supplements etc.) used in these different 

experiments provided a level of uncertainty of whether there was truly a dramatic 

difference in sensitivity or was the differences due to experimental design.  This 
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was the first trial to directly compare early and mid lactation cows in an effort to 

determine the extent of the sensitivity difference as well as determine the 

mechanism behind the sensitivity difference.  The decreased sensitivity was 

thought to be due to the high levels of NEFA in early lactation competitively 

inhibiting the uptake of CLA into the mammary gland epithelial cells, but results 

from this trial suggest that uptake of CLA is not prevented by high circulating 

NEFA levels.  Do to the variation in gene expression observed in this trial, we 

were unable to make any definitive conclusions as to the sensitivity of the 

expression of genes involved in milk lipid synthesis to CLA in early vs. mid 

lactation.
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Table 4.1: Ingredients and chemical composition of diets 1.

Composition Content
Ingredient, % of DM
  Alfalfa hay 57.4
  Amino Plus   6.8
  Whole cottonseed   3.5
EnerGII  2.4

  Molasses  4.3
  Citrus pulp 8.5
  Steam flaked corn 14.8
  Mineral and vitamin mix2   2.3

Chemical analysis, % of DM

  CP 18.8
  NDF 35.3
  ADF 25.8

NEL Mcal/kg DM3     1.72
1Values represent an average of samples collected and 
composited throughout the trial. 45.1% water was added to 
feed mix and therefore dry matter averaged 48% for the diet.
2The supplement contained 3.25% Ca, 3.5% P, 3.5% Mg, 0.5% 
S, 1688 mg/kg of Zn, 1465 mg/kg of Mn, 1569 mg/kg of Fe, 428 
mg/kg of Cu, 48 mg/kg of Co, 9 mg/kg Se, 244 IU/g of vitamin 
A, 24 IU/g of vitamin D and 1 IU/g of vitamin E.
3Predicted based on individual ingredient chemical analysis.
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Table 4.2: Primer sequence, product length, accession numbers of primers used 
for real-time PCR .
Gene Primer Sequence 5’ → 3’ Product Length Accession #

ACC1 F GGGAAGGAAGAAGGACTTGG 166 NM_174224
R CGACCTGGATGGTTCTCTGT

FABP2 F ATTTCCTTCAAATTGGGCCAG 176 X89244

R TTCATGACACATTCCAGCACC

FAS3 F GGAGGACGCTTTCCGTTACA 52 AF285607

R TGACCACTTTGCCGATGTGT

SCD4 F ACAATTCCCGACGTGGCTT 254 NM_173959

R GGCATAACGGAATAAGGTGGC

LPL5 F GAACTGGATGGCGGATGAAT 71 M16966

R GGGCCCAAGGCTGTATC

18S6 F CCTTCCGCGAGGATCCATTG 118 AF176811

R CGCTCCCAAGATCCAACTAC
1Acetyl CoA carboxylase
2Fatty acid binding protein
3Fatty acid synthetase
4 ∆9-desaturase
5Lipoprotein lipase
618S ribosomal RNA for normalization
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Table 4.3: The effects of intravenous infusion of conjugated linoleic acid (CLA) on production 
parameters in early and mid lactation cattle 1.

Early Mid P-value
Control CLA Control CLA SEM TRT SOL SOL*TRT

Milk Yield (kg/d) 36.9 36.1 40.8 34.7 1.67 0.06 0.48 0.14

DMI (kg/d) 20.6 20.9 23.5 20.4 1.9 0.50 0.54 0.42

Milk Fat

% 4.63 4.12 3.27 2.15 0.32 0.03 <0.01 0.37

g/d 1677 1488 1363 747 109 <0.01 <0.01 0.07

Milk Protein

% 3.85 3.95 2.60 2.78 0.10 0.19 <0.01 0.71

g/d 1410 1423 1059 960 56 0.45 <0.01 0.34

Milk Lactose

% 4.39 4.72 4.74 4.79 0.11 0.11 0.38 0.50

g/d 1633 1704 1930 1662 103 0.36 0.24 0.13

Milk SNF2

% 9.08 9.59 8.24 8.53 0.17 0.04 <0.01 0.52

g/d 3357 3463 3353 2954 174 0.42 0.17 0.17

Linear Score3 4.6 2.1 0.6 2.1 0.8 0.55 0.03 0.03

NEFA

Basal4 362 228 89 159 27 0.25 <0.01 <0.01

Response5 5019 4476 1940 597 959 0.31 <0.01 0.67
1 Data in this table represents means from day 4 and 5 of the trial.
2 Milk Solids Non Fat
3 Somatic Cell Count Linear Score
4 Average nonesterified fatty acid (NEFA) concentrations (µeq/L) determined on samples obtained prior 
to epinephrine challenge
5 Lipolytic response to epinephrine challenge (1.4 µg/kg BW) following 120 hr of treatment.  Values 
represent area for the change in plasma NEFA (µeq/L*min)  over the interval of 0 to 30 min following 
epinephrine infusion.
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Table 4.4: The effect of CLA induced milk fat depression on milk fatty acid composition in early and mid lactation 
Holstein cattle.

Early Mid P-value
Control CLA Control CLA SEM TRT SOL SOL*TRT

Fatty Acid mg/g fatty acids
4:0 25.2 28.5 24.3 21.8 1.5 0.78 0.03 0.08

6:0 19.8a,b 23.0b 23.2b 15.3a 2.1 0.27 0.31 0.02

8:0 9.2a,b 10.8a,b 11.4b 6.8a 1.4 0.28 0.53 0.04

10:0 18.9 22.7 24.5 14.2 3.4 0.36 0.69 0.06

12:0 20.8 24.7 24.7 17.8 3.6 0.52 0.87 0.11

14:0 72.9a 92.2a,b 98.3b 76.5a,b 8.5 0.88 0.58 0.03

14:1 c-9 3.1 3.9 7.0 5.3 1.0 0.65 0.02 0.25

15:0 6.1 6.7 9.0 8.1 0.3 0.71 <0.01 0.06

16:0 315.6a,c 324.8b,c 354.5b 312.9a 9.7 0.12 0.19 0.02

16:1 c-9 11.5 9.7 11.3 11.5 1.6 0.61 0.65 0.53

17:0 7.4 7.0 4.9 6.0 0.6 0.55 0.01 0.23

18:0 143.7 139.1 88.9 117.6 11.2 0.31 <0.01 0.16

18:1 t-6-8 3.9 4.0 3.4 4.7 0.6 0.24 0.87 0.33

18:1 t-9 1.9a 1.8a 2.3b 2.6c 0.1 0.25 <0.01 0.05

18:1 t-10 3.1 3.5 4.7 4.5 0.3 0.71 <0.01 0.38

18:1 t-11 10.2 10.4 8.2 12.2 1.0 0.06 0.92 0.09

18:1 t-12 3.8 3.9 4.7 4.5 0.4 0.94 0.06 0.74

18:1 c-9 239.3a,b 202.1a 210.8a,b 258.6b 16.6 0.76 0.42 0.02

18:2 c-9, c-12 43.3b 39.4a 39.8a 48.9c 1.1 0.04 0.02 <0.01

18:2 c-9, t-11 CLA 2.7 2.7 3.9 4.6 0.2 0.15 <0.01 0.12

18:2 t-10, c-12 CLA <0.01 1.8 <0.01 1.9 0.1 <0.01 0.62 0.62

18:3 c-9, c-12, c-15 6.9 7.6 7.2 7.8 0.4 0.1 0.50 0.99
20:0 1.0 1.1 0.9 1.0 0.1 0.4 0.37 0.86
Unknown 30.9 28.8 30.5 34.8 2.8 0.7 0.33 0.27
Total CLA 2.7 4.5 3.9 6.5 0.2 <0.01 <0.01 0.09
Total 18:1 trans 22.8 23.5 23.2 28.5 1.68 0.10 0.13 0.19
∆9 Ratios
14:1/14:0 0.05 0.04 0.07 0.06 0.01 0.69 0.04 0.83
16:1/16:0 0.04 0.03 0.03 0.04 <0.01 0.86 0.86 0.26
18:1/18:0 1.67 1.48 2.41 2.26 0.19 0.37 <0.01 0.91
c9,t11 CLA/18:1 t11 0.28 0.27 0.48 0.40 0.30 0.15 <0.01 0.24
∆9  Index2 0.32a,b 0.28a 0.30a,b 0.35b 0.31 0.75 0.19 0.02

De novo 176.0a,b 212.3a,b 224.1b 165.9a 19.0 0.57 0.97 0.03
16:0 & 16:1 327.2a 334.6a 365.7b 324.4a 10.2 0.12 0.19 0.03
Preformed 498.5b 453.1a,b 410.1a 509.8b 25.1 0.30 0.54 0.01
a,b,c Different superscripts within a row indicates a P-value <0.05
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Table 4.5: Summary of analysis of gene expression of genes involved in milk 
lipid synthesis following either 5 d of CLA infusion or control during early and mid 
lactation.

Early Mid
Gene Control CLA SEM P Control CLA SEM P
ACC1 29.8 38.1 13.2 0.67 26.6 13.0 11.6 0.44
FABP2 11.7 18.1 6.8 0.53 17.5 7.9 2.7 0.09
FAS3 37.0 23.6 11.4 0.44 26.4 14.0 13.0 0.52
SCD4 10.1 19.4 5.9 0.30 37.7 18.0 17.9 0.47
LPL5 139.4 581.1 279.6 0.31 140.9 45.9 55.5 0.27
AGPAT6 8.7 10.7 2.65 0.62 8.5 5.4 3.5 0.56
1Acetyl CoA carboxylase
2Fatty acid binding protein
3Fatty acid synthetase
4 ∆9-desaturase
5Lipoprotein lipase
6Acylglycerol phosphate acyltransferase
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Figure 4.1: Temporal pattern of milk fat content (A) and milk fat yield (B) 
from cows fed intravenously infused with conjugated linoleic acid (CLA) 
or control during early and mid lactation.  SEM for milk fat content 
averaged 0.37 %; SEM for milk fat yield averaged 145 g/d.
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Figure 4.2: Temporal pattern of milk yield from cows fed 
intravenously infused with conjugated linoleic acid (CLA) or control 
during early and mid lactation. SEM for milk yield average 2.5 kg/d.
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Figure 4.3: Temporal appearance of trans-10, cis-12 CLA (mg/g) in milk 
fat from cows intravenously infused with either purified -10, cis-12 CLA or 
control in early and mid lactation. SEM for trans-10, cis-12 CLA content in 
milk fat averaged 0.12 and ranged from 0.09 to 0.15 mg/g. 
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Figure 4.4: Relationships between previous data for decreased milk 
fat yield and dose of trans-10, cis-12 conjugated linoleic acid (CLA) 
delivered either by abomasal or intravenous infusion in lactating dairy 
cows and data from this trial.  Data from Baumgard et al., (2000b) and 
Viswanadha et al., (2003).
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Figure 4.5: Plasma concentrations of nonesterified fatty acids (NEFA) after an 
intravenous challenge of epinephrine (1.4 µg/kg BW) in lactating dairy cattle
intravenously infused with either purified trans-10, cis-12 CLA or control 
infusion in early and mid lactation.  SEM average 83 and ranged from 69 to 97 
µEq/L.
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CHAPTER 5

SUMMARY

Research conducted to fulfill the requirements of this dissertation had 

three primary goals; 1) determine if CLA can induce milk fat depression 

immediately postpartum and if so at what dose, 2) determine if CLA can improve 

energy status during times of limited energy availability, 3) determine the 

mechanism behind the decreased sensitivity of the mammary gland to CLA 

immediately postpartum.

In the United States where milk fat quotas are not currently an issue, CLA 

has little application for day-to-day use on commercial dairy farms, but may 

potentially be used as a method of improving energy status by decreasing energy 

secretion in milk fat.  The primary time when energy is probably limiting 

production variables is immediately postpartum, therefore, in order for CLA to be 

of value for dairy producers (especially in the United States), it must be able to 

reduce milk fat synthesis immediately postpartum.  Studies conducted in early 

lactation indicate feeding RI-CLA at levels effective in established lactation (i.e. 

12.5 to 100 g/d; Giesy et al., 1999; Bernal-Santos et al., 2003; Selberg et al., 

2002) are ineffective at reducing milk fat synthesis during the first few weeks 

postpartum.  Therefore, it appears the mammary gland is either insensitive or 

less sensitive to CLA immediately post-partum (1-21 DIM).  We hypothesized 
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milk fat synthesis could be reduced immediately postpartum, but would require a 

much larger CLA dose. The first study presented in this dissertation (Moore et al., 

2004) was designed to determine if a high dose of rumen inert CLA could reduce 

milk fat synthesis in early lactation.  This study provides strong evidence 

indicating CLA can decrease milk fat synthesis immediately postpartum, but the 

dose required is approximately 3x greater than that required in established 

lactation.  A dose of 600 g CLA/d dramatically reduced milk fat content by 5 DIM, 

providing evidence that CLA could potentially be used in early lactation to ease 

transition problems by improving EBAL.  In addition to reducing milk fat synthesis 

immediately postpartum, this trial also provided evidence that CLA can be used 

to alter energy status.  Although overall EBAL was not statistically different, CLA 

did decrease days to EBAL nadir compared to controls by nearly 5 days.  This is 

relevant as recovery of EBAL from its lowest point in early lactation provides an 

important signal for initiating ovarian activity (Lucy et al., 1992; Beam and Butler, 

1999) and days to nadir is highly correlated with days to first ovulation (Butler, 

2001).  This provides evidence suggesting that feeding RI-CLA supplements 

during the transition period may positively impact reproduction.

Heat stress is associated with a decrease in production and reproductive 

efficiencies in the dairy industry.  The mechanism by which heat stress impacts 

production and reproduction is partly explained by reduced feed intake, but also 

includes an altered endocrine status, a reduction in rumination and nutrient 

absorption and increased maintenance requirements (Collier and Beede, 1985; 
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Collier et al., 2004) resulting in a net decrease in nutrient/energy availability for 

production.  This decrease in energy results in a reduction in EBAL, and explains 

why cows lose significant amounts of body weight when heat-stressed.  Dietary 

strategies to alleviate this energy deficit traditionally include increasing the 

energy density of the diet with concentrates or fat supplements (Knapp and 

Grummer, 1991; Chan et al., 1997; Drackley et al., 2003).  An alternative method 

of improving EBAL during heat stress is to reduce milk fat synthesis as this may 

attenuate or eliminate the deleterious effects of environmental heat on production 

and reproduction.  Reducing the energy requirement for milk fat synthesis may 

allow for the increased synthesis of milk or other milk components and could also 

provide a signal to allow for improved reproduction.  Study two was designed to 

determine if CLA could be used to improve energy status during periods of heat 

stress (Moore et al., 2005a).  Rumen inert CLA reduced milk fat synthesis similar 

to results reported by others (Giesy et al., 2002; Perfield et al., 2002), although, 

the decrease in milk fat did not allow for a subsequent increase in milk yield or 

yield of other milk components as we hypothesized.  Although cows in this study 

were experiencing significant heat stress, the magnitude of heat stress may not 

have been extensive enough to induce severe negative EBAL (i.e. –10 to –15 

Mcal/d).  Controls in this experiment had an estimated negative EBAL of 3.7 

Mcal/d (Table 3) and therefore milk and milk component synthesis may not have 

been limited by energy availability, or limited enough to detect/measure 

improvements in production.  Although production was unchanged in this study, 
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the study did provide further evidence that rumen inert CLA can be used to alter 

energy availability.

Abomasal and intravenous infusion of mixed CLA isomers reduces milk fat 

synthesis in established lactation.  Long-term experiments utilizing rumen-inert 

CLA supplements indicate CLA induces MFD when fed to TMR or pasture fed 

cows during established lactation.  However, similar amounts of RI-CLA appear 

ineffective at inducing MFD during the periparturient period and the mammary 

gland is insensitive to CLA until approximately the 3 to 4th week of lactation.  We 

have recently demonstrated that large quantities of RI CLA decrease milk fat 

synthesis immediately postpartum in both TMR and pasture fed cows.  It is 

postulated that during the transition period, the numerous hormonal changes that 

occur may play a role in lipid metabolism regulation and subsequently alter CLA 

induced inhibition of milk fat synthesis. Additionally, increased fatty acid oxidation 

and subsequent enhanced levels of circulating non-esterified fatty acids present 

during this transition period may be partially responsible for the decreased milk 

fat response to CLA supplementation.  The theory behind this hypothesis 

suggests that increased concentrations of circulating NEFA competitively prevent 

adequate epithelial CLA uptake (Moore et al., 2004).  We have previously 

suggested that this is unlikely as the concentration of trans-10, cis-12 CLA in milk 

fat does not change from 1 to 21 DIM, a time when the mammary glands 

response to CLA is gradually increasing (Moore et al., 2004).   In the current 

study, trans-10, cis-12 CLA concentration in milk was not different between early 
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and established lactation, while milk fat yield was drastically reduced on d 4 and 

5 of trans-10, cis-12 CLA infusion in mid lactation cows, but unaltered in early 

lactation (Moore et al., 2005b).  Further, NEFA levels were nearly 3 fold higher in 

early lactation than in mid lactation (295 vs. 123 ± 19 µeq/L).  This provides 

further evidence that increased circulating NEFAs in early lactation are unlikely to 

be the source of the mammary gland’s decreased sensitivity during this time.  
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CHAPTER 6

ECONOMIC ANALYSIS OF FEEDING CONJUGATED LINOLEIC ACID TO 

DAIRY CATTLE DURING THE TRANSITION PERIOD

Research conducted in our laboratory suggests that conjugated linoleic 

acid (CLA) may improve parameters associated with the transition period, such 

as EBAL, milk yield, and potentially reproduction (based on its relationship with 

EBAL).  Further research is needed in order to determine the actual CLA induced 

responses on commercial operations during the transition period.  However, our 

research indicates that days to EBAL nadir can be decreased by nearly five days 

(Moore et al., 2004).  This is relevant as recovery of EBAL from its nadir in early 

lactation provides an important signal for initiating ovarian activity (Lucy et al., 

1992; Beam and Butler, 1999) and days to EBAL nadir are highly correlated with 

days to first ovulation (Butler, 2001).  This provides evidence suggesting that 

feeding RI-CLA supplements during the transition period may positively impact 

reproduction.  Further research conducted utilizing larger animal numbers is 

necessary to determine the actual effects, if any, on reproduction.  

Our lab was the first to demonstrate a marked CLA induced decrease in 

milk fat synthesis in the early stages of lactation and there was a numerical 

improvement (≥ 4 Mcal/d) in EBAL during the 2nd and 3rd wk, however, overall 

postpartum net EBAL was not changed.  This was surprising as milk yield, DMI 

and other milk components were unaltered by treatment, but this may be 

explained by the small number of animals that received each dose (n = 4 or 5) 
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and the large variation typically observed in calculated EBAL (Vicini et al., 2002).  

We would expect significant improvements in EBAL in a study utilizing a larger 

number of animals in which EBAL was the primary measurement in question.

Additional research conducted by our group (Kay et al., submitted), 

demonstrates an increase in milk yield for cows treated with CLA during the 

transition period. This study confirmed that a high dietary CLA dose reduced milk 

fat synthesis immediately postpartum and also caused a positive response in 

milk yield (1.8 kg/d), however as lactation progressed (20 DIM) and MFD became 

more severe (>35%), the positive milk yield response diminished.  This suggests 

that during a time of energy deficiency (i.e. the transition period), moderate 

inhibition of milk fat synthesis may spare energy that is then partitioned for 

increased milk yield, however severe MFD may adversely affect cellular 

mechanisms involved in milk synthesis and/or secretion.  The response in milk 

yield is similar to a CLA dose response trial which demonstrated an increase in 

milk yield with moderate CLA-induced MFD, but no milk yield response with a 

high CLA dose, an amount that caused severe MFD in pasture-fed dairy cows 

(Mackle et al., 2003).  Similarly, in a CLA dose trial using TMR-fed cows, high 

CLA doses that resulted in severe MFD, reduced milk yield by almost 3 kg/d 

(Chouinard et al., 1999a). Furthermore, Bell and Kennelly (2003) reduced milk 

yield by almost 40% when they abomasally infused a CLA dose 4-fold higher 

than necessary to evoke 40% MFD (Baumgard et al., 2001).  Therefore, although 

the CLA dose did not change during the present study (Kay et al., submitted), the 
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milk yield response followed a predicted pattern, based upon the aforementioned 

trials and the increasing severity of MFD.  This suggests that a milk yield 

response may be sustained if the CLA dose were reduced as sensitivity of the 

mammary gland increases.

The two transition period studies conducted thus far by our group 

suggests that EBAL can be improved by feeding CLA during early lactation, but 

the long term benefits of this improved EBAL are currently unknown.  We have 

also generated data suggesting milk yield can be increased for the first 20 d 

postpartum, but hypothesize that this increased milk yield could be sustained 

during established lactation.  Because of the unanswered questions involved with 

CLA transition period research, the following economic analysis was based on 

potential benefits achieved feeding CLA and will thus cover a wide range of milk 

yield responses and reproductive effects.

It is well accepted that reproductive performance has a significant effect 

on dairy profitability, and the reproductive performance of a herd is often 

measured by average days open or average days to conception (de Vries et al., 

2004).  For this reason, average days open is used in this analysis to determine 

the economic potential for CLA with regards to improving reproduction.  

Estimating the cost of an extra day open, ranges from $0.42 to $4.95 and are 

highly affected by increasing days in milk (French and Nebel, 2003), due to the 

increased likelihood of an animal getting culled for low production.  Average days 

open as reported by Arizona DHIA in December 2004 is 160 and at this DIM the 
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average cost of an extra day open is $3.12.  For the economic analysis a benefit 

of $2.12, $3.12 and $4.12 was used to estimate the benefits of decreasing days 

open over a range of costs.  The improvement in days open as a result of CLA 

treatment is unknown, but there is a strong correlation between days to EBAL 

nadir and days to first ovulation (Canfield and Butler, 1990), and the number of 

estrous cycles preceding AI influences conception rates (Beam and Butler, 1999) 

suggesting CLA could improve reproduction.  Our research suggests CLA can 

decrease days to EBAL nadir by 5 days and this will be used as the starting point 

for improving average days open.  To obtain a range of possible affects I will 

utilize an improvement of 0, 5 and 15 average days open for the analysis.

The increased milk yield observed by Kay et al., suggests an increase of 

1.8 kg/d and this analysis uses the assumption that this is an achievable increase 

in milk yield.  In the trial performed by Kay et al.,, the improvement lasted for 20 

days, but we hypothesize this response will be sustained if the dose is decreased 

as the mammary gland becomes more sensitive.  For this analysis, 20, 45, and 

90 days were considered for the length of time that the milk yield response is 

sustained.

Bioproducts, Inc. is one of the leading fat supplement providers to the 

dairy industry in the US and they provided the CLA utilized for the studies 

conducted for this dissertation.  The below economic examples assume that 

Bioproducts, Inc. would be the most likely to produce and market a CLA product, 

and would price it at $1.98/kg, which is equal to the price of EnerGI Transition 
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Formula, a trans fatty acid product that they are currently selling to help cows 

through the transition period (http://dairy1to1.com/offer/enerGpl.asp).  Other 

assumptions made in this analysis include the price of corn at $0.13/kg and a 

price of milk of $0.30/kg.  Also, the lost income due to decreased milk fat was not 

considered in this analysis due to the variation in milk component pricing from 

region to region, as a well as the actual level of MFD required is still unknown.  

The results of this economic analysis are presented in Tables 6.1, 6.2 and 

6.3 at the end of this chapter.  Results of the analysis predict a total investment 

of $10.80 for feeding 600 g CLA/d for the first ten days postpartum, followed by 

200 g CLA/d for the following 30 days postpartum.  The CLA product will directly 

replace corn, with a direct cost savings of $1.56 for replacing 600 g corn/d for the 

first 10 days and 200 g corn/d for the remaining 30 days.  Increased income due 

to increased milk yield ranged from $10.80 to $21.60 depending on whether the 

milk yield response of 1.8 kg/d was sustained for 20 or 40 days, respectively.  

Savings due to decreasing average days open ranges from $10.60 to $31.80 as 

the reduction in days open increases from 5 to 15 days and the cost of a day 

open increases from $2.12 to $4.12.  In total, increased returns ranged from 

$1.56 to $74.16 and this equated to a return on investment from 14 to 687%.

This analysis suggests the feasibility of CLA use during the transition 

period to improve profitability on a dairy farm.  In order to determine the likelihood 

of this analysis being correct, trials with large numbers of cows will need to be 

conducted to verify that the responses used in this analysis are obtainable in the 
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field.  Another factor affecting the profitability of using CLA during the transition 

period would be the long-term effects of improving EBAL (i.e. decreased 

metabolic problems) and its effect on cost and profit.  Finally, if a new delivery 

system (i.e. formaldehyde protection) could allow smaller doses to be fed, the 

likelihood of feeding CLA having a positive impact could increase dramatically.
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Table 6.1: Economic analysis of potential application of rumen-inert conjugated 
linoleic acid (CLA) during the transition period in dairy cattle.  Cost per day open 
fixed at $2.12.

CLA Investment 
Cost DIM 1-101 $5.40 $5.40 $5.40 $5.40 $5.40 $5.40
Cost DIM 11-402 $5.40 $5.40 $5.40 $5.40 $5.40 $5.40
Total Cost3 $10.80 $10.80 $10.80 $10.80 $10.80 $10.80

Feed Savings
Savings DIM 1-104 $0.78 $0.78 $0.78 $0.78 $0.78 $0.78
Savings DIM 11- $0.78 $0.78 $0.78 $0.78 $0.78 $0.78
Total Feed $1.56 $1.56 $1.56 $1.56 $1.56 $1.56

Increased milk 
Milk yield7 1.8 1.8 1.8 1.8 1.8 1.8
Days in milk8 20 40 20 40 20 40
Milk price9 $0.30 $0.30 $0.30 $0.30 $0.30 $0.30
Total milk income $10.80 $21.60 $10.80 $21.60 $10.80 $21.60

Reproduction
Days open10 0 0 5 5 15 15
Cost/day open11 $2.12 $2.12 $2.12 $2.12 $2.12 $2.12
Savings12 $0.00 $0.00 $10.60 $10.60 $31.80 $31.80

Return/cow13 $1.56 $12.36 $12.16 $22.96 $33.36 $44.16
ROI14 14% 114% 113% 213% 309% 409%
1 Total cost of feeding 600 g CLA/d for DIM 1-10 @ $1.98/kg
2 Total cost of feeding 200 g CLA/d for DIM 11-40 @ $1.98/kg
3 Total cost of feeding CLA for 40 DIM
4 Total savings of removing 600g corn/day for DIM 1-10 @ $0.13/kg
5 Total savings of removing 200g corn/day for DIM 11-40 @ $0.13/kg
6 Total savings of removing a portion of corn for DIM 1-40
7 Increased milk yield due to CLA supplementation (kg/d)
8 Days in milk that increased milk yield is sustained
9 Price of milk $0.30/kg
10 Decrease in days open due to CLA supplementation
11 Cost of an average extra day open
12 Total savings due to an improvement in reproduction
13 Total return for feeding CLA/cow
14 Return on investment (return/total cost)
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Table 6.2: Economic analysis of potential application of rumen- inert conjugated 
linoleic acid (CLA) during the transition period in dairy cattle.  Cost per day open 
fixed at $3.12.

CLA Investment 
Cost DIM 1-101 $5.40 $5.40 $5.40 $5.40 $5.40 $5.40
Cost DIM 11-402 $5.40 $5.40 $5.40 $5.40 $5.40 $5.40
Total Cost3 $10.80 $10.80 $10.80 $10.80 $10.80 $10.80

Feed Savings
Savings DIM 1-104 $0.78 $0.78 $0.78 $0.78 $0.78 $0.78
Savings DIM 11- $0.78 $0.78 $0.78 $0.78 $0.78 $0.78
Total Feed $1.56 $1.56 $1.56 $1.56 $1.56 $1.56

Increased milk 
Milk yield7 1.8 1.8 1.8 1.8 1.8 1.8
Days in milk8 20 40 20 40 20 40
Milk price9 $0.30 $0.30 $0.30 $0.30 $0.30 $0.30
Total milk income $10.80 $21.60 $10.80 $21.60 $10.80 $21.60

Reproduction
Days open10 0 0 5 5 15 15
Cost/day open11 $3.12 $3.12 $3.12 $3.12 $3.12 $3.12
Savings12 $0.00 $0.00 $10.60 $10.60 $31.80 $31.80

Return/cow13 $1.56 $12.36 $17.16 $27.96 $48.36 $59.16
ROI14 14% 114% 159% 259% 448% 548%
1 Total cost of feeding 600 g CLA/d for DIM 1-10 @ $1.98/kg
2 Total cost of feeding 200 g CLA/d for DIM 11-40 @ $1.98/kg
3 Total cost of feeding CLA for 40 DIM
4 Total savings of removing 600g corn/day for DIM 1-10 @ $0.13/kg
5 Total savings of removing 200g corn/day for DIM 11-40 @ $0.13/kg
6 Total savings of removing a portion of corn for DIM 1-40
7 Increased milk yield due to CLA supplementation (kg/d)
8 Days in milk that increased milk yield is sustained
9 Price of milk $0.30/kg
10 Decrease in days open due to CLA supplementation
11 Cost of an average extra day open
12 Total savings due to an improvement in reproduction
13 Total return for feeding CLA/cow
14 Return on investment (return/total cost)
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Table 6.3: Economic analysis of potential application of rumen- inert conjugated 
linoleic acid (CLA) during the transition period in dairy cattle.  Cost per day open 
fixed at $4.12.

CLA Investment 
Cost DIM 1-101 $5.40 $5.40 $5.40 $5.40 $5.40 $5.40
Cost DIM 11-402 $5.40 $5.40 $5.40 $5.40 $5.40 $5.40
Total Cost3 $10.80 $10.80 $10.80 $10.80 $10.80 $10.80

Feed Savings
Savings DIM 1-104 $0.78 $0.78 $0.78 $0.78 $0.78 $0.78
Savings DIM 11- $0.78 $0.78 $0.78 $0.78 $0.78 $0.78
Total Feed $1.56 $1.56 $1.56 $1.56 $1.56 $1.56

Increased milk 
Milk yield7 1.8 1.8 1.8 1.8 1.8 1.8
Days in milk8 20 40 20 40 20 40
Milk price9 $0.30 $0.30 $0.30 $0.30 $0.30 $0.30
Total milk income $10.80 $21.60 $10.80 $21.60 $10.80 $21.60

Reproduction
Days open10 0 0 5 5 15 15
Cost/day open11 $4.12 $4.12 $4.12 $4.12 $4.12 $4.12
Savings12 $0.00 $0.00 $10.60 $10.60 $31.80 $31.80

Return/cow13 $1.56 $12.36 $22.16 $32.96 $63.36 $74.16
ROI14 14% 114% 205% 305% 587% 687%
1 Total cost of feeding 600 g CLA/d for DIM 1-10 @ $1.98/kg
2 Total cost of feeding 200 g CLA/d for DIM 11-40 @ $1.98/kg
3 Total cost of feeding CLA for 40 DIM
4 Total savings of removing 600g corn/day for DIM 1-10 @ $0.13/kg
5 Total savings of removing 200g corn/day for DIM 11-40 @ $0.13/kg
6 Total savings of removing a portion of corn for DIM 1-40
7 Increased milk yield due to CLA supplementation (kg/d)
8 Days in milk that increased milk yield is sustained
9 Price of milk $0.30/kg
10 Decrease in days open due to CLA supplementation
11 Cost of an average extra day open
12 Total savings due to an improvement in reproduction
13 Total return for feeding CLA/cow
14 Return on investment (return/total cost)



142

REFERENCES

Akers, R. M. 2002. Lactation and the mammary gland.  Iowa State Press, A 
Blackwell Publishing Company, Ames. IA.

Armstrong, D. V. and F. Wiersma. 1986. An update on cooling methods in the 
West. Paper No. 86-4034, Am. Soc. Agric. Eng., St. Joseph, MI.

Armstrong, D. V. 1994. Heat stress interaction with shade and cooling. J. Dairy 
Sci. 77:2044-2050.

Association of Official Analytical Chemists, International. 2000. Official Methods 
of Analysis. 17th Ed. AOAC, Arlington, VA.

Bauchart, D. 1993.  Lipid absorption and transport in ruminants. J. Dairy Sci. 
76:3864-81.

Bauman, D. E. 2000. Regulation of nutrient partitioning during lactation: 
homeostasis and homeorhesis revisited. In: Ruminant Physiology: Digestion, 
Metabolism, Growth and Reproduction, P. J. Cronje, ed., pp. 311-327. CAB 
Publishing, New York, NY.

Bauman, D. E., D. M. Barbano, D. A. Dwyer, and J. M. Griinari. 2000.  Technical 
note: production of butter with enhanced conjugated linoleic acid for use in 
biomedical studies with animal models.  J. Dairy Sci. 83:2422-2425.

Bauman, D. E., B. A. Corl, L. H. Baumgard, and J. M. Griinari.  2001.  
Conjugated linoleic acid (CLA) and the dairy cow.  In: Recent Advances in 
Animal Nutrition, P. C. Garnsworthy and J. Wiseman (ed). Nottingham University 
Press, Nottingham, UK. pp 221-250.

Bauman, D. E. and W. B. Currie. 1980. Partitioning of nutrients during pregnancy 
and lactation: A review of mechanisms involving homeostasis and homeorhesis. 
J. Dairy Sci. 63:1514-1529.

Bauman, D. E. and C. L. Davis.  1974.  Biosynthesis of Milk Fat. In: B. L. Larson 
and V. R. Smith (Ed.) Lactation: A Comprehensive Treatise, Vol. 2. pp 31-75. 
Academic Press, New York.

Bauman, D.E., C.J. Peel, W.D. Steinhour, P.J. Reynolds, H.F. Tyrrell, C.Brown, 
and G.L. Harland. 1988.  Effect of bovine somatotropin on metabolism of 
lactating dairy cows: influence on rates of irreversible loss and oxidation of 
glucose and nonesterified fatty acids.  J. Nutr. 118:1031-1040.



143

Baumgard, L. H., B. A. Corl, D. A. Dwyer, A. Saebo, and D. E.  Bauman. 2000. 
Identification of the conjugated linoleic acid isomer that inhibits milk fat synthesis.  
Am. J. Physiol. 278:R179-R184.

Baumgard, L. H., J. K. Sangster, and D. E. Bauman. 2001. Milk fat synthesis in 
dairy cows is progressively reduced by increasing supplemental amounts of 
trans-10, cis-12 conjugated linoleic acid (CLA). J. Nutr. 131:1764-1769.

Baumgard, L. H., E. Matitashvili, B. A. Corl, D. A. Dwyer, and D. E. Bauman. 
2002a. trans-10,cis -12 conjugated linoleic acid decreases lipogenic rates and 
expression of genes involved in milk lipid synthesis in dairy cows. J. Dairy Sci. 
85:2155-2163.

Baumgard, L. H., C. E. Moore, and D. E. Bauman. 2002b. Potential application of 
conjugated linoleic acids in nutrient partitioning. Proc. Southwest Nutr. Conf. 127-
141. http://animal.cals.arizona.edu/swnmc/2002/index.php

Baumgard, L. H., B. A. Corl, D. A. Dwyer, and D. E. Bauman. 2002c. Effects of 
conjugated linoleic acids (CLA) on tissue response to homeostatic signals and 
plasma variables associated with lipid metabolism in lactating dairy cows. J. 
Dairy Sci. 80:1285-1293.

Beam, S. W., and W. R Butler. 1999. Effects of energy balance on follicular 
development and first ovulation in postpartum dairy cows. J. Reprod. Fertility 
54:411-424.

Beede, D. K. and R. J. Collier. 1986. Potential nutritional strategies for intensively 
managed cattle during thermal stress. J. Anim. Sci.  62:543-554.

Bell, J. A. and J. J. Kennelly. 2003. Postruminal infusion of conjugated linoleic 
acids negatively impacts milk synthesis in Holstein cows. J. Dairy Sci. 86:1321-
1324.

Belury, M.A. 2002. Dietary conjugated linoleic acid in health: Physiological effects 
and mechanisms of action. Ann. Rev. Nutr. 22:505-531.

Bernal-Santos, G., J. W. Perfield II, D. M. Barbano, D. E. Bauman, and T. R. 
Overton. 2003. Production responses of dairy cows to dietary supplementation 
with conjugated linoleic acid (CLA) during the transition period and early 
lactation. J. Dairy Sci. 86:3218-28.

Bertics, S. J., R. R. Grummer, C. Cadorniga-Valino and E. E. Stoddard. 1992.  
Effect of prepartum dry matter intake on liver triglyceride concentration and early 
lactation. J. Dairy Sci. 75:1914-1922.



144

Bligh, J., and K. G. Johnson. 1973. Glossary of terms for thermal physiology. J. 
Appl. Phys. 35(6):941-961.

Brindle, P. J., V. A. Zammit and C. I. Pogson. 1985. Regulation of carnitine 
palmitoyltransferase activity by malonyl-CoA in mitochondria from sheep liver, a 
tissue with low capacity for fatty acid synthesis.  Biochm. J. 232:177.

Brody, S. 1945. Bioenergetics and growth.  Reinhold Publishing Co., New York.

Buffington, D. E., A. Collazo-Arocho, G. H. Canton, D. Pitt, W. W. Thatcher, and 
R. J. Collier. 1977. Black globe-humidity comfort index for dairy cows.  Trans. 
ASAE Paper No. 77-4517 pp 1-18.

Buffington, D. E., A. Collazo-Arocho, G. H. Canton, D. Pitt, W. W. Thatcher, and 
R. J. Collier. 1981.  Black Globe-Humidity Index (BGHI) as Comfort Equation for 
Dairy Cows. Trans. ASAE 24:711-714.

Butler, W. R. 2001.  Nutritional effects on resumption of ovarian cyclicity and 
conception rate in postpartum dairy cows. Anim. Sci. Occas. Publ. 26:133-145.

Canfield, R. W., and W. R. Butler. 1990.  Energy balance and pulsatile luteinizing 
hormone secretion in early postpartum reproduction and energy balance in dairy 
cattle. J. Dairy Sci. 73:2342-2349.

Cargill, B. F. and R. E. Stewart.  1966. Effect of humidity on total heat and total 
vapor dissipation of Holstein cows. Trans. ASAE 9:702-707.

Castaneda-Gutierrez, E., T. R. Overton, W. R. Butler, and D. E. Bauman. 2005. 
Dietary supplements of two doses of calcium salts of conjugated linoleic acid 
during the transition period and early lactation. J. Dairy Sci. 88:1078-1089.

Chan, S. C., J. T. Huber, K. H. Chen, J. M. Simas, and Z. Wu. 1997. Effects of 
ruminally inert fat and evaporative cooling on dairy cows in hot environmental 
temperatures. J. Dairy Sci. 80:1172-1178.

Choi, Y, Y. C. Kim, Y. B. Han, Y. Park, M. W. Pariza, and J. M. Ntambi. 2000. the 
trans-10, cis- 12 isomer of conjugated linoleic acid downregulates stearoyl-CoA 
desaturase 1 gene expression in 3T3-L1 adipocytes. J. Nutr. 130:1920-1924.

Chouinard, P. Y., L. Corneau, D. M. Barbano, L. E. Metzger, and D. E. Bauman.  
1999a. Conjugated linoleic acids alter milk fatty acid composition and inhibit milk 
fat secretion in dairy cows. J. Nutr. 129:1579-1584.



145

Chouinard, P. Y., L. Corneau, A. Saebo, and D. E. Bauman.  1999b.  Milk yield 
and composition during abomasal infusion of conjugated linoleic acids in dairy 
cows. J. Dairy Sci. 82:2737-2745.

Christie, W. W. 1982. A simple procedure for rapid transmethylation of 
glycerolipids and cholesteryl esters. J. Lipid Res. 23:1072-1075.

Collier, R. J., D. K. Beede, W. W. Thatcher, L. A. Israel, and C. J. Wilcox. 1982.  
Influences of environment and its modification on dairy animal health and 
production. J. Diary Sci. 65:2213-2227.

Collier, R. J., and D. K. Beede. 1985. Thermal stress as a factor associated with 
nutrient requirements and interrelationships. In Nutrition of Grazing Ruminants. 
(ed) by L. McDowell. Academic Press, New York, NY. pp 59-71.

Collier, R. J., E. L. Annen, D. E. Armstrong, and A. L. Wolfgram. 2003. 
Evaluation of two evaporative cooling systems for dairy cattle under semi-arid 
conditions. J. Dairy Sci. 86 (Suppl. 1):18 (Abst.).

Collier, R. J., L. H. Baumgard, A. L. Lock, and D. E. Bauman. 2004. Physiological
Limitations: nutrient partitioning. In: Yields of farmed Species: constraints and 
opportunities in the 21st  Century. Proceedings: 61st Easter School. Nottingham, 
England. J. Wiseman and R. Bradley, eds. Nottingham University Press, 
Nottingham, U.K. (In Press).

Coppock, C. E. 1985. Energy nutrition and metabolism of the lactating dairy cow. 
J. Dairy Sci. 68:3403-3414.

Corl, B. A., L. H. Baumgard, D. A. Dwyer, J. M. Griinari, B. S. Phillips, and D. E. 
Bauman.  2001.  The role of ∆9-desaturase in the production of cis-9, trans-11 
CLA.  J. Nutr. Biochem. 12:622-630.

Cummins, K. A. 1992. Effect of dietary acid detergent fiber on responses to high 
environmental temperature. J. Dairy Sci. 75:1465-1471.

de Veth, M. J., J. M. Griinari, A. M. Pfeiffer, and D. E. Bauman. 2004. Effect of 
CLA on milk fat synthesis in dairy cows: comparison of inhibition by methyl esters 
and free fatty acids, and relationships among studies. Lipids. 39:365-372.

de Vries, M. J., R. F. Veerkamp. 2000. Energy balance of dairy cattle in relation 
to milk production variables and fertility. J. Dairy Sci. 83:62-69.

de Vries, A. 2004. Trends in reproductive performance in dairy cows: What do 
the numbers tell us? Proc. Florida Dairy Reproduction Show. pp 1-8.



146

Drackley, J. K. 1999.  Biology of dairy cows during the transition period: the final 
frontier? J. Dairy Sci. 82:2259-2273.

Drackley, J. K., T. M. Cicela, and D. W. LaCount. 2003. Responses of 
primiparous and multiparous Holstein cows to additional energy from fat or 
concentrate during summer. J. Dairy Sci. 86:1306-1314.

Dunshea, F.R., A.W. Bell and T.E. Trigg. 1990. Non-esterified fatty acid and 
glycerol kinetics and fatty acid re-esterification in goats during early lactation. Br. 
J. Nutr. 64:133-145.

Fahey, G. C. Jr., and L. L. Berger. 1988.  Carbohydrate nutrition of ruminants. In
The Ruminant Animal, Digestive Physiology and Nutrition (ed) by D. C. Church. 
Waveland Press Inc., Prospect Heights, IL. pp.269-298. 

Farr, V. C., K. Stelwegen, L. R. Cate, A. J. Molenaar, T. B. McFadden, and S. R. 
Davis. 1996. An improved method for the routine biopsy of bovine mammary 
tissue. J. Dairy Sci. 79:543-549.

Fox, D. G., and T. P. Tylutki. 1998. Accounting for the effects of environment on 
the nutrient requirements of dairy cattle. J. Dairy Sci. 81:3085-3095.

French, P. D. and R. L. Nebel. 2003. The simulated economic cost of extended 
calving intervals in dairy herds and comparison of reproductive management 
programs. J. Dairy Sci. 86 (Suppl. 1):54 (abst.).

Fuquay, J. W. 1981. Heat stress as it affects animal production. J. Anim. Sci.
52:164-174.

Giesy, J. G., S. Viswanadha, T. W. Hanson, L. R. Falen, M. A. McGuire, C. H. 
Skarie, and A. Vinci. 1999. Effects of calcium salts of conjugated linoleic acid 
(CLA) on estimated energy balance in Holstein cows early in lactation.  J. Dairy 
Sci. 82 (Suppl. 1):74 (Abst.).

Giesy, J. G., M. A. McGuire, B. Shafii, and T. W. Hanson. 2002.  Effect of dose of 
calcium salts of conjugated linoleic acid (CLA) on percentage and fatty acid 
content of milk fat in midlactation Holstein cows. J. Dairy Sci. 85:2023-2029.

Goff, J. P., and R. L. Horst. 1997. Physiological changes at parturition and their 
relationship to metabolic disorders. J. Dairy Sci. 80:1260-1268.



147

Griinari, J. M., M. A. McGuire, D. A. Dwyer D. E. Bauman and D. L. Palmquist.  
1997.  Role of insulin in the regulation of milk fat synthesis in dairy cows.  J. 
Dairy Sci. 80:1076-1084.

Griinari, J. M., D. A. Dwyer, M. A. McGuire, D. E. Bauman, D. L. Palmquist, and 
K. V. V. Nurmela. 1998. Trans-octadecenoic acid and milk fat depression in 
lactating dairy cows. J. Dairy Sci. 81:1251-1261.

Grummer, R. R. 1991.  Effect of feed on the composition of milk fat. J. Dairy Sci. 
74:3244-3258.

Grummer, R. R. 1993.  Etiology of Lipid-Related Metabolic Disorders in 
Periparturient Dairy Cows.  J. Dairy Sci. 76:3882-3896.

Grummer, R. R., P. C. Hoffman, M. L. Luck, and S. J. Bertics. 1995. Effect of 
prepartum and postpartum dietary energy on growth and lactation of primiparous 
cows. J. Dairy Sci. 78:172–180.

Hara, A., and N. S. Radin. 1978. Lipid extraction of tissues with a low-toxicity 
solvent. Anal. Biochem. 90:420-426.

Harrell, R. J., O. Phillips, D. L. Jerome, R. D. Boyd, D. A. Dwyer, and D. E. 
Bauman. 2000. Effects of conjugated linoleic acid on milk composition and baby 
pig growth in lactating sows.  J. Anim. Sci. 78 (Suppl. 1):137-138 (Abst.).

Herdt, T. H. 2000. Ruminant adaptation to negative energy balance: influences 
on the etiology of ketosis and fatty liver.  In: Metabolic Disoroders of Ruminants. 
16:215-230.

Holter, J. B., J. W. West, M. L. McGilliard, and A. N. Pell. 1996. Predicting ad 
libitum dry matter intake and yields of Jersey cows. J. Dairy Sci. 79:912-921.

Huber, J. T., G. Higginbotham, R. A. Gomez-Alarcon, R. B. Taylor, K. H. Chen, 
S. C. Chan, and Z. Wu. 1994.  Heat stress interactions with protein, 
supplemental fat, and fungal cultures. J. Dairy Sci. 77:2080-2090.

Jesse, B. W., R. S. Emery, and J. W. Thomas. 1986. Control of bovine hepatic 
fatty acid oxidation. J. Dairy Sci. 69:2290-2297.

Johnson, K. A., and D. E. Johnson. 1995. Methane emissions from cattle. J. 
Anim. Sci. 73:2483-2492.

Kadzere, C. T., M. R. Murphy, N. Silanikove, and E. Maltz. 2002.  Heat stress in 
lactating dairy cows: a review.  Livest. Prod. Sci. 77:59-91.



148

Kay, J.K., T.R. Mackle, M.J. Auldist, N.A. Thomson, and D.E. Bauman. 2004a. 
Endogenous synthesis of cis-9, trans-11 CLA in dairy cows fed fresh pasture. J. 
Dairy Sci. 87:369-378.

Kay, J. K., J. R. Roche, and L. H. Baumgard.  2004b.  Effects of dietary CLA on 
production parameters in pasture-fed transition dairy cows.  J. Dairy Sci. 87 
(Suppl. 1):73 (Abst.).

Kelsey, J. A., B. A. Corl, R. J. Collier, and D. E. Bauman. 2003. The effect of 
breed, parity, and stage of lactation on conjugated linoleic acid (CLA) in milk fat 
from dairy cows. J. Dairy Sci. 86:2588-2597.

Kibler, H. H. 1964. Environmental physiology and shelter engineering with 
special references to domestic animals. LXVII. Thermal effects of various 
temperature-humidity combinations on Holstein cattle as measured by eight 
physiological responses. Missouri Agr. Exp. Sta. Res. Bul. 862. Columbia.

Knapp, D. M., and R. R. Grummer. 1991. Response of lactating dairy cows to fat 
supplementation during heat stress. J. Dairy Sci. 74:2573-2579.

Kraft, J., P. Lebzien, P. Mockel, and G. Jahreis. 2000. Duodenal infusion of 
conjugated linoleic acid mixture influences milk fat synthesis and milk CLA 
content in dairy cows. In: Milk Composition. R. E. Agnew, A. K. Agnew and A. M. 
Fearon (ed). Occasional Publication No. 25, Br. Soc. Anim. Sci. pp 143-147.

Lanna, D. P. D., K. L. Houseknecht, D. M. Harris, and D. E. Bauman. 1995. 
Effect of somatotropin treatment on lipogenesis, lipolysis, and related cellular 
mechanisms in adipose tissue of lactating cows. J. Dairy Sci. 78:1703-1712.

Lee, K. N., M. W. Pariza, and J. M. Ntambi. 1998. Conjugated linoleic acid 
decreases hepatic stearoyl-CoA desaturase mRNA expression. Biochem. 
Biophys. Res. Commun. 248:817-821.

Lin, X, J. J. Loor, and J. H. Herbein. 2004. Trans10, cis12-18:2 is a more potent 
inhibitor of de novo fatty acid synthesis and desaturation than cis9, trans11-18:2 
in the mammary gland of lactating mice. J. Nutr. 134:1362-1368.

Loor, J. J., and J. H. Herbein. 1998. Exogenous conjugated linoleic acid isomers 
reduce bovine milk fat concentration and yield by inhibiting de novo fatty acids 
synthesis. J. Nutr. 128:2411-2419.



149

Loor, J. J., and J. H. Herbein. 2003. Reduced fatty acid synthesis and 
desaturation due to exogenous trans10, cis12-CLA in cows fed oleic or linoleic 
oil. J. Dairy Sci. 86:1354-1369.

Lucy, M. C., C. R. Staples, F. M. Michel, and W. W. Thatcher. 1991. Energy 
balance and size and number of ovarian follicles detected by ultrasonography in 
early postpartum dairy cows. J. Dairy Sci. 74:473-482.

Lucy, M. C., C. R. Staples, W. W. Thatcher, P. S. Erickson, R. M. Cleale, J. L. 
Firkins, J. H. Clark, M. R. Murphy, and B. O. Brodie. 1992. Influence of diet 
composition, dry matter intake, milk production and energy balance on time of 
postpartum ovulation and fertility in dairy cows. Anim. Prod. 54:323-331.

Mackle, T. R., J. K. Kay, M. J. Auldist, A. K. H. McGibbon, B. A. Philpott, L. H. 
Baumgard, and D. E. Bauman.  2003.  Effects of abomasal infusion of 
conjugated linoleic acid on milk fat concentration and yield form pasture-fed dairy 
cows. J. Dairy Sci. 86:644-652.

Marcos, E., A. Mazur, P. Cardot, and Y. Rayssiguier. 1990. Serum 
apolipoproteins B and A-I and naturally occurring fatty liver in dairy cows. Lipids. 
25:575-577.

Masters, N., M. A. McGuire, K. A. Beerman, N. Dasgupta, and M. K. McGuire. 
2002. Maternal supplementation with CLA decreases milk fat in humans. Lipids 
37:133-138.

McDowell, R. E., E. G. Moody, P. J. Van Soest, R. P. Lehman, and G. L. Ford. 
1969.  Effect of heat stress on energy and water utilization of lactating cows. J. 
Dairy Sci. 52:188.

Medeiros, S. R., D. E. Oliveira, L. J. M. Aroeira, M. A. McGuire, D. E. Bauman, 
and D. P. D. Lanna. 2000. The effect of long-term supplementation of conjugated 
linoleic acid (CLA) to dairy cows grazing tropical pasture.  J. Dairy Sci. 83 (Suppl. 
1):169 (Abst.).

Moore, J. H. and W. W. Christie.  1979.  Lipid metabolism in the mammary gland 
of ruminant animals.  Prog. Lipid Res. 17:347-395.

Moore, C. E., H. C. Hafliger, III, O. B. Mendivil, S. R. Sanders, D. E. Bauman, 
and L. H. Baumgard. 2004. Increasing amounts of conjugated linoleic acid (CLA) 
progressively reduces milk fat synthesis immediately postpartum. J. Dairy Sci. 
87:1886-1895.



150

Moore, C.E., J.K. Kay, M.J. VanBaale, R.J. Collier and L.H. Baumgard. 2005a 
Effect of conjugated linoleic acid on heat stressed Brown Swiss and Holstein 
cattle. J. Dairy Sci. (in press)

Moore, C. E., J.K. Kay, R. P. Rhoads and L. H. Baumgard. 2005b  A comparison 
of trans-10, cis-12 CLA effectiveness at reducing milk fat synthesis in early vs. 
established lactation. J. Dairy Sci (in press) (Abst).

National Research Council. 1981. Effects of environment on nutrient 
requirements of domestic animals. Nat. Acad. Press, Washington, DC.

National Research Council. 2001. Nutrient Requirements of Dairy Cattle, 7th rev. 
ed. Nat. Acad. Press, Washington, DC.

Ostrowska, E., R. F. Cross, M. Muralitharan, D. E. Bauman, and F. R. Dunshea. 
2002. Effects of dietary fat and conjugated linoleic acid on plasma metabolite 
concentrations and metabolic responses to homeostatic signals in pigs. Br. J. 
Nutr. 88:625-634.

Palmquist, D. L., D. Beaulieu, and D. M. Barbano. 1993. Feed and animal factors 
influencing milk fat composition. J. Dairy Sci. 76:1753-1771.

Palmquist, D. L., C. L. Davis, R. E. Brown and D. S. Sachan.  1969.  Availability 
and metabolism of various substrates in ruminants. V. Entry rate into the body 
and incorporation into milk fat of D(-)β-hydroxybutyrate.  J. Dairy Sci. 52:633-638.

Pariza, M. , Y. Park, S. Kim, K. Sugimoto, K. Albright, W. Liu, J. Storkson, and M. 
Cook. 1997. Mechanism of body fat reduction by conjugated linoleic acid. FASEB 
J. 11:A139 (Abstr.).

Park. Y, J. M. Storkson, J. M. Ntambi, M.E. Cook, C. J. Sih, and M. W.  Pariza. 
2000. Inhibition of hepatic stearoyl-CoA desaturase activity by trans-10, cis-12 
conjugated linoleic acid and its derivatives Biochim Biophys Acta. 1486:285-92.

Parodi, P. W.  1982.  Positional distribution of fatty acids in the triglyceride 
classes of milk fat.  J. Dairy Res. 49:73-80.

Perfield II, J. W., G. Bernal-Santos, T. R. Overton, and D. E. Bauman. 2002. 
Effects of dietary supplementation of rumen-inert conjugated linoleic acid in dairy 
cows during established lactation. J. Dairy Sci. 85:2609-2617.

Perfield II, J. W., A. L. Lock, A. M. Pfeiffer, and D. E. Bauman. 2004a. Effects of 
amide-protected and lipid-encapsulated conjugated linoleic acid supplements on 
milk fat synthesis. J. Dairy Sci. 2004. 87:3010-3016.



151

Perfield II, J. W. A. Saebo, and D. E. Bauman. 2004b. Use of conjugated linoleic 
acid (CLA) enrichments to examine the effects of trans-8, cis-10 CLA, and cis-11, 
trans-13 CLA on milk- fat synthesis. J. Dairy Sci. 87:1196-1202.

Peterson, D. G., L. H. Baumgard, and D. E. Bauman.  2002.  Short 
Communication: Milk fat response to low doses of trans-10, cis-12 conjugated 
linoleic acid (CLA). J. Dairy Sci. 85:1764-1766.

Peterson, D.G., E.A. Matitashvili, and D.E. Bauman. 2003 Diet-induced milk fat 
depression in dairy cows results in increased trans-10, cis- 12 CLA in milk fat and 
coordinate suppression of mRNA abundance for mammary enzymes involved in 
milk fat synthesis. J. Nutr. 133:3098-3102

Peterson, D.G., E.A. Matitashvili, and D.E. Bauman. 2004. The inhibitory effect of 
trans-10, cis-12 CLA on lipid synthesis in bovine mammary epithelial cells 
involves reduced proteolytic activation of the transcription factor SREBP-1. J. 
Nutr. 134:2523-2527.

Piperova, L. S., B. B. Teter, I. Bruckental, J. Sampugna, S. E. Mills, M. P. 
Yurawecz, J. Fritsche, K. Ku, and R. A. Erdman. 2000. Mammary lipogenic 
enzyme activity, trans fatty acids and conjugated linoleic acids are altered in 
lactating dairy cows fed a milk fat-depressing diet. J. Nutr.130:2568-2574.

Poulos, S. P., M. J. Azain, and G. J. Hausman. 2000. In utero dietary conjugated 
linoleic acid (CLA) alters body composition and growth rate in newborn pigs. J. 
Dairy Sci. 83 (Suppl. 1):137 (Abst.).

Pullen, D.L., D.L Pamquist and R.S. Emery. 1989. Effect of days of lactation and 
methionine hydroxy analog on incorporation of plasma fatty acids into plasma 
triglycerides. J. Dairy Sci. 72:49-58.

Reist, M., D. Erdin, D. von Euw, K. Tschuemperlin, H. Leuenberger, C. Delavaud, 
Y. Chilliard, H. M. Hammon, N. Kuenzi and J. W. Blum. 2003.  Concentrate 
feeding strategy in lactating dairy cows: metabolic and endocrine changes with 
emphasis on leptin. 86:1690-1706.

Roach, J. A. G., M. M. Mossoba, M. P. Yurawecz, and J. K. G. Kramer. 2002. 
Chromatographic separation and identification of conjugated linoleic acid 
isomers. Anal. Chimica Acta 465:207–226.

SAS. 2001. SAS/STAT Users Guide (Release 8.0) SAS Inst., Inc., Cary, NC.



152

Schingoethe, D. J., and D. P. Casper. 1991. Total lactational response to added 
fat during early lactation. J. Dairy Sci. 74:2617-2622.

Selberg, K. T., A. C. Lowe, C. R. Staples, N. D. Luchini and L. Badinga. 2004. 
Production and metabolic responses of periparturient Holstein cows to dietary 
conjugated linoleic acid and trans-octadecenoic acids. J. Dairy Sci. 87:158-168.

Staples, C. R. and W. W. Thatcher. 1990. Relationship between ovarian activity 
and energy status during the early postpartum period of high producing dairy 
cows. J Dairy Sci. 73:938-947.

Stott, G. H. 1981. What is animal stress and how is it measured? J. Anim. Sci. 
52:150-153.

Terpstra, A. H. M., A. C. Beynen, H. Everts, S. Kocsis, M. B. Katan, and P. L. 
Zock. 2002. The decrease in body fat in mice fed conjugated linoleic acid is due 
to increases in energy expenditure and energy loss in the excreta.  J. Nutr. 
132:940-945.

Thiel-Cooper, R. L., F. C. Parish jr., J. C. Sparks, B. R. Weigand, and R. C. 
Ewan. 2001. Conjugated linoleic acid changes swine performance carcass 
composition. J. Anim. Sci. 79:1821-1828.

Tsuboyama-Kasaoka, N., M. Takahashi, K. Tanemura, H. J. Kim, T. Tange, H. 
Okuyama, M. Kasai, S. Ikemoto, and O. Ezaki. 2000. Conjugated linoleic acid 
supplementation reduces adipose tissue by apoptosis and develops 
lipodystrophy in mice. Diabetes. 49:1534-1542.

Tyrrell, H. F., and J. T. Reid. 1965. Prediction of the energy value of cow’s milk. 
J. Dairy Sci. 48:1215-1223.

Vazquez-Anon, M., S. Bertics, M. Luck and R. R. Grummer. 1994. Peripartum 
liver triglyceride and plasma metabolites in dairy cows.  J. Dairy Sci. 77:1521-
1528.

Vicini, J. L., B. A. Crooker, and M. A. McGuire. 2002. Energy balance in early 
lactation dairy cows. Cal. Anim. Nutr. Conf. pp 1-8.

Viswanadaha, S., J. G. Giesy, T. W. Hanson, and M. A. McGuire. 2003. Dose 
response of milk fat to intravenous administration of the trans-10, cis- 12 isomer 
of conjugated linoleic acid.  J. Dairy Sci. 86:3229-3236.

Weiss, W. P. 2002. Overview and application of the 2001 NRC energy system. 
Proc. 13th Annual Florida Ruminant Nutrition Symposium. pp. 1-15.



153

West, J. W. 1994. Interactions of energy and bovine somatotropin with heat 
stress. J. Dairy Sci. 77:2091-2102.

West, J. W., G. M. Hill, J. M. Fernandez, P. Mandebvu, and B. G. Mullinix. 1999. 
Effects of dietary fiber on intake, milk yield, and digestion by lactating dairy cows 
during cool or hot, humid weather. J. Dairy Sci. 82:2455-2465.

West, J. W. 2003. Effects of heat-stress on production in dairy cattle. J. Dairy Sci. 
86:2131-2144.

Whigham, L. D., M. E. Cook, and R. L. Atkinson. 2000. Conjugated linoleic acid: 
Implications for human health. Pharm. Res. 42:503-510.

Wiersma, F. and D. V. Armstrong. 1989. Microclimate modification to improve 
milk production in hot arid climates. In: Agriculture Engineering. Proceedings: 
11th International Congress on Agricultural Engineers. Dublin, Ireland. V. Dodd 
and P. Grace, eds. 


