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Summary 

The amount and type of fat in the diet has a major impact on human health. 
High consumption of total fat and saturated fatty acids has been linked to the 
development of cancer, obesity, coronary heart disease and other pathological 
states, whilst unsaturated fatty acids posses a number of beneficial health 
properties. Ruminant meats are particularly high in saturated fat but the fatty 
acid composition cannot be easily manipulated by dietary means. Therefore, 
there is increasing interest in developing strategies which allow for the 
production of meat with a healthier fatty acid composition. This study 
investigated the mechanisms regulating fatty acid composition in muscle and 
subcutaneous adipose tissue of five genetically diverse breeds of cattle, with 
particular focus on stearoyl-CoA desaturase (SCD), the enzyme that catalyses 
tissue biosynthesis of monounsaturated fatty acids (MUFA) and cis-9, trans-11 
conjugated linoleic acid (CLA). 

This is the first study to demonstrate breed- and tissue- specific regulation of 
SCD protein expression in beef cattle. The changes in SCD protein expression 
in subcutaneous adipose tissue (but not in muscle) were accompanied by the 
same breed-specific trend in the content of the individual MUFA, 16: 1, but not 
cis-9, trans-11 CLA. The results suggest that breed-specific variations in SCD 
protein expression in subcutaneous adipose tissue are more likely to contribute 
to the regulation of tissue MUFA content rather than cis-9, trans-11 CLA level. 

This study identified a number of novel breed- and tissue- specific functional 
single nucleotide polymorphisms (SNPs) in the SCD coding region of cattle with 
varying cis-9, trans-11 CLA levels. 

Furthermore, the effects of n-3 PUFA and n-6 PUFA supplemented diets on 
fatty acid composition and SCD protein expression were studied, and a lower 
SCD expression level was observed in the muscle tissue of bulls fed an 18: 3n-3 
supplemented diet compared to those fed an 18: 2n-6 supplemented diet. 

Finally, this study compared two CLA isomer derivatisation methods as the first 
step towards the harmonisation of exisiting methodologies for CLA isomer 
analysis. The two derivatisation procedures compared demonstrated a high 
degree of agreement between the CLA isomer spectra as detected by Ag+- 
HPLC analysis. 

This study significantly contributes to the current knowledge on the genetic and 
molecular control of meat quality in cattle. 
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Chapter 1. General Introduction 

The demand for healthier food products in the human diet has increased 

throughout recent decades. One of the most important characteristics of food 

healthiness is the total amount of fat and fatty acid composition of the food. A 

high total fat intake and a high consumption of saturated fatty acids (SFAs) has 

been linked to the development of heart disease, high blood pressure, cancer 

and other pathological states (Kato et al., 1973; Hu et al., 1999; Kontogianni et 

al., 2008; Anand et al., 2008). In contrast to this, a diet rich in monounsaturated 

and certain polyunsaturated fatty acids (MUFAs and PUFAs) can actually 

benefit human health (Simopoulos, 1991; Galli et al., 1994; Lichtenstein et al., 

1998). 

During recent years consumers' attention has been drawn to ruminant meat. 

Although ruminant meat is higher in SFA when compared to pork and poultry, it 

also has a number of advantages. The main advantages of red meat in the diet 

are already recognised, such as, as a great source of iron and readily available 

protein. There is also growing interest in another potentially health-beneficial 

compound, which is found in high levels in ruminant meat, namely: conjugated 
linoleic acid (CLA) (Keating et al., 2006). CLA is the collective name for a group 

of geometric and positional isomers of the polyunsaturated fatty acid linoleic 

acid (Tanaka, 2005). CLA isomers are believed to possess a range of beneficial 

properties, including anti-atherosclerotic (Kritchevsky et al., 2000), immune 

system enhancement (Tricon et al. 2004), total body fat reduction (DeLany et 

al., 1999), and anti-diabetic properties (Belury et al., 1999). The cis-9, trans-11 

CLA isomer in particular, has been demonstrated to possess anti-carcinogenic 

properties in animal studies and in human cell culture experiments (Ha et al., 

1987; Wang et al., 2008). A particular interest in CLA is related to the fact that it 

is the only naturally occurring anti-carcinogen present in food products derived 

from animal sources (Pariza, 1997), and that it is also stable during meat 

processing, manufacturing and storage (Shantha et al., 1994). The cis-9, trans- 

11 isomer can be produced in two ways: (i) during biohydrogenation in the 

rumen, and then transported to tissues; (ii) by endogenous synthesis in the 

tissues themselves from a precursor, trans-vaccenic acid (trans-11 18: 1 n-7) in 

the reaction catalysed by the lipogenic enzyme stearoyl-CoA desaturase (SCD), 
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also known as t9- desaturase. Tissue biosynthesis has been shown to 

contribute to approximately 78% of the total cis-9, trans-11 CLA in milk fat 

(Griinari et al., 2000). However, the contribution of each pathway to cis-9, trans- 

11 CLA levels in ruminant meat is still not fully understood. 

In order to potentially benefit human health, a daily consumption of CLA of 

approximately 3500mg1day has been suggested by Ha et al., 1989. However, 

regardless of the difference in estimated health-beneficial doses of CLA, the 

current CLA levels in beef are far lower than even the lowest recommended 

values. Therefore there is a need to significantly increase the CLA content of 

beef in order to meet the target level for human consumption. In principle, the 

level of cis-9, trans-11 CLA can be manipulated by dietary means (Wood et al., 

1999, Scollan et al. 2001, Dhiman et al., 2005). However, the major problem 

with this approach is the biohydrogenation of the majority of dietary PUFAs, 

including CLA, to SFAs (Wood and Enser, 1997). A partial solution to this 

problem can be the supplementation of the animal diets with extra PUFAs or 

even the "protection" of PUFAs against biohydrogenation (Scott et al., 1971; 

Scollan et al., 2001; Scollan et al., 2003). However, a major disadvantage of 

this approach is that it proves to be highly costly. Moreover, the mechanism for 

the regulation of fatty acid composition by dietary PUFAs in ruminants is not 

well understood. 

Therefore developing an alternative approach for enhancing CLA level in 

ruminants (and the cis-9, trans-11 isomer in particular) is highly desirable. One 

alternative approach could be to increase the tissue CLA level of beef via 

enhancement of its tissue biosynthesis. As previously stated, cis-9, trans-11 

CLA can be produced endogenously in a reaction catalysed by SCD (Griinari et 

al., 2000). SCD is also involved in the biosynthesis of another group of health 

beneficial fatty acids, MUFAs (Choi et al., 2002; White et al., 2002). Enhancing 

SCD activity may be a means to increasing both cis-9, trans-11 CLA and MUFA 

biosynthesis in cattle tissues, and hence, increase the nutritional value of beef. 

SCD activity depends on many factors, the most important of which are the 

level of its expression and/or functional DNA polymorphisms in the gene(s) 

encoding for SCD. It is important to point out the mechanisms regulating SCD 
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activity in ruminants are not well understood and there are indications that they 

may be breed- and tissue- specific. 
Therefore, the aims of the current study were i) to investigate the effect of breed 

on the expression and activity of SCD protein in beef cattle muscle and 

subcutaneous adipose tissue, ii) to investigate the relationship between SCD 

protein expression/activity, cis-9, trans-11 CLA level and MUFA content in five 

traditional cattle breeds, iii) to identify breed- and tissue- specific polymorphisms 
in the SCD coding region and determine the relationship between these 

polymorphisms and cis-9, trans-11 CLA levels, and iv) to investigate the effect 

of diets enriched with either n-3 or n-6 PUFA on fatty acid composition and SCD 

expression. 

It is important to point out that currently there is more than one procedure used 
for fatty acid extraction and analysis. This may be one of the factors contributing 
to inconsistencies between the data of the literature on fatty acid quantification. 
Therefore, this study also aimed to compare two different derivatisation 

methods for CLA isomer analysis as a first step towards the development of a 
harmonised procedure for CLA isomer detection and quantification. 

The results of this study could be used for the development of strategies for the 
manipulation of beef fatty acid composition. Such strategies include 
identification of animals with a predisposition to high cis-9, trans-11 CLA 

accumulation, and the use of these animals in selective breeding programs. 
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Chapter 2. Literature Review 

This chapter will provide an overview of the role of fatty acids in relation to meat 

quality and human health, and in particular, will focus on the importance of 

conjugated linoleic acid (CLA), and will describe the various approaches taken 

to manipulate the fatty acid composition of meat in order increase the benefit to 

human health. 

2.1. Fatty acids 

Fatty acids are important compounds of human, animal and plant cells. This 

section gives an overview of the main classes of fatty acids and their 
biosynthesis within animal tissues. 

2.1.1. Fatty acid classification 

Structure 

All fatty acids consist of a chain of carbon atoms with a carboxyl group (COOH) 

attached at one end and a methyl group (CH3) attached to the opposite end. 
The most common fatty acids contain between 12 and 22 carbons in their 

carbon chain although fatty acids with as few as 2 and as many as 35 carbons 
do exist. There are three major classes of fatty acids: saturated fatty acids 
(SFA), monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids 
(PUFA) (Raven and Johnson, 2002). Examples and structure of representative 
SFAs, MUFAs and PUFAs are given in Figure 1. Fatty acids are designated to 
one of the three classes depending on the degree of unsaturation in the carbon 
chain. The degree of unsaturation increases as the number of double bond(s) 

along the carbon chain increases. No double bonds exist along the carbon 
chain of SFAs, while one double bond can be found in MUFAs. PUFAs have 

multiple double bonds arranged along their carbon chain in a methylene- 
interrupted pattern. This is where each of the double bonds is separated by a 
single methylene (CH2) group. 
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Figure 1. Examples and structure of a) a saturated fatty acid, b) a 

monounsaturated fatty acid and c) a polyunsaturated fatty acid (adapted from 

Harper and Jacobson, 2001). 

a) Palmitic acid (16: 0): 

HHHHHHHHHHHHHHHO 

H-C C-C-C-C-C-C- C-C-C- C -C-C-C-C C 
IIIIIIIIIIIII' 

HHHHHHHHHHHHHHH OH 

At. t 

Methyl group Carboxyl group 

b) Palmitoleic acid (16: 1 n-7): 

HHHHHHHHHHHHHHHO 

111111111111111 
H-C-C-C-C-C-C C=C C-C-C-C-C-C-C-C 

HHHHHHHHHHHHH OH 

1 

Double bond 

c) Linoleic acid (18: 2n-6): 

HHHHHHHHHHHHHHHHHO 

IIIIIIIIIIIII 
H-C-C-C-C-C C=C-C-C-C C-C-C-C-C-C-C -C 

HHHHH IH 11 HHHHHHH 

II 

Multiple double bonds 

A double bond can exist in one of two forms: cis or trans, and this is known as 
cis-trans isomerism. These terms describe the orientation of the functional 

groups that exist on either end of the double bond in relation to each other 
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(Clark, 2000). The cis form denotes the two functional group being orientated in 

the same direction, whilst in trans form they are positioned in opposite 
directions (Figure 2). 

Figure 2. Structure of a) cis and b) trans configurations (adapted from Clark, 

2000). 

a) b) 

HHHHHHH 

-C- CC C- -C -CC C- 

HHHHH 

In terms of the nature of the different classes of fatty acids, the more 
unsaturated the carbon chain is then the more "fluid" the consistency of a 
compound that is composed of mainly that fatty acid type. This accounts for 
there being mostly MUFAs in a variety of vegetable oils such as olive oil, canola 
oil and peanut oil (approximately 74 %, 59 % and 46 % of total fatty acids 
respectively) (Alonso et al., 2005). PUFAs are present in a range of products 
containing "soft" fat such as fish and margarine (Harper and Jacobson, 2001). 
In contrast to this, high amounts of SFAs are present in relatively solid fats such 
as animal fats including butter and lard (British Nutrition Foundation, 2004). See 
Table 1 for a list of the most common fatty acids. A further division within the 
MUFAs and PUFAs is based on the position of the double bond(s) along the 

carbon chain. For example, 18: 2n-6 signifies a fatty acid with an 18 carbon long 

chain length with 2 double bonds where the first double bond is located on the 
6th carbon, counting from the methyl end of the chain. In this way, PUFAs in 

particular, can be subdivided into n-3, n-6, n-7, n-9 and n-12 classes, and each 
n-x family has unique properties (the most important of which are described in 
the following section). 
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Table 1. Common fatty acids and nomenclature (adapted from Moss, 2004). 

Systematic name Trivial name Nomenclature 

SFA: Dodecanoic acid Lauric acid 12: 0 

Tetradecanoic acid Myristic acid 14: 0 

Hexadecanoic acid Palmitic acid 16: 0 

Octadecanoic acid Stearic acid 18: 0 

MUFA: Cis-9-tetradecenoic acid Myristoleic acid 14: 1 (n-5) 

Cis-9-hexadecenoic acid Palmitoleic acid 16: 1 (n-7) 

Cis-9-octadecenoic acid Oleic acid 18: 1 (n-9) 

Trans-1 1-octadecenoic acid Vaccenic acid 11t-18: 1 

PUFA: Octadecatrienoic acid Linoleic acid 18: 2 (n-6) 

- Alpha-linolenic acid 18: 3 (n-3) 

Eicosatetraenoic acid Arachidonic acid 20: 4 (n-6) 

Eicosapentaenoic acid Timnodonic acid 20: 5 (n-3) 

(EPA) 

Docosahexaenoic acid - 22: 6 (n-3) 

(DHA) 

SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; PUFA = 
polyunsaturated fatty acid. 

Non-essential and essential fatty acids 

Fatty acids can also be divided by another principle: non-essential and essential 
fatty acids. Non-essential fatty acids can be synthesised by animal tissues 

whilst essential fatty acids cannot be synthesised by animal tissues and must 

be supplied in the diet. The key essential fatty acids are alpha-linolenic acid 
(18: 3n-3) and linoleic acid (18: 2n-6) (Singh, 2005). These fatty acids are of 

great importance as they are substrates for the tissue biosynthesis of both long 

chain fatty acids (LCFAs) such as eicosapentaenoic acid (EPA, 20: 5n-3) and 
docosahexaenoic acid (DHA, 22: 6n-3) (Singh, 2005), and conjugated linoleic 

acid (CLA) (Hur et al., 2006). The pathways for tissue fatty acid biosynthesis will 
be described in 2.1.4. Both the n-3 and n-6 fatty acid families are the most 
thoroughly investigated due to their effects (both potentially beneficial and/or 
detrimental) on human health. Long chain PUFAs, such as DHA and EPA, are 
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crucial for normal brain and retina development. Up to 40 % and 60 % of total 

PUFAs in the brain and retina respectively consist of DHA (Singh, 2005). High 

levels of DHA have also been found in the testis and sperm (Tinoco, 1982). A 

reduced level of DHA has been connected to infertility in humans while a high 

level of DHA has been positively correlated to sperm motility in humans (Aksoy 

et al., 2006; Zalata et al., 1998). A deficit of DHA has been linked to Alzheimer's 

disease development and high DHA levels were shown to inhibit colon 

carcinomas in mice (Calon et al., 2004; Reddy, 1994). The ability of EPA to 

lower inflammation was clearly demonstrated in a study by La Guardia of al. 

(2005). The effect of EPA was mediated via reduction of the production of 

inflammatory cytokines which can cause rheumatoid arthritis. It has also been 

suggested that EPA is effective in decreasing depression and reducing the risk 

of suicide (Huan et al., 2004). In a study by Huan et al. (2004) the lowest 

concentration of EPA in red blood cells (RBCs) was associated with an 8-fold 

increase in suicide attempt risk compared to the highest RBC EPA levels when 

assessing 100 suicide-attempt patients and 100 control patients. The authors 

suggested that this correlation may be attributed to the low EPA level causing 

dysfunction of the serotonergic system which was indicated in a previous study 
by Mann et al. (2003) as playing a major role in the risk of suicide. 

In parallel to long chain n-3 PUFAs, long chain n-6 PUFAs also play an 
important role in the regulation of cell functions. Arachidonic acid (20: 4n-6) 

which is produced in a series of elongation and desaturation reactions 

originating from linoleic acid (18: 2n-6), is essential for development and efficient 

membrane functioning. It constitutes between 5-15 % of total fatty acids in 

tissue phospholipids (Neuringer et al., 1988). Arachidonic acid, like EPA, is also 
the precursor of a variety of prostaglandins and it has been demonstrated to 

prevent learning deficiencies caused by Alzheimer's disease (Hashimoto et al., 
2002). 

Since tissue production of EPA, DHA and Arachidonic acid rely solely on the 

supply of their precursors (alpha-linolenic and linoleic acid), these fatty acids 
have also been defined as essential fatty acids (Spector, 1999). The best 

sources of the n-3 essential fatty acids are meat, fish, fish oils and eggs 
(Gebauer of al., 2006). Fish and fish oils contain the highest levels of n-3 fatty 
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acids however, consumption of these products in the western diet is low. 

Therefore increasing attention has been paid to meat and to improving its fatty 

acid composition, in particular, by increasing its n-3 fatty acid level (Scollan et 

al., 2001; Williams and Burdge, 2006). 

Interestingly, animals of the cat family lack the enzyme required for the 

biosynthesis of LCFAs from linoleic acid and alpha-linoleic acid, namely L 6- 

desaturase. Therefore for these animals, LCFAs are considered to be essential 
fatty acids and they are obtained from dietary sources only (Rivers et al., 1975). 

2.1.2. Lipids 

Fatty acids can exist as free fatty acids, or in the form of a lipid. There are three 

major lipid groups that carry out the fundamental functions of fat: triacylglycerols 

for storage, phospholipids for cell membrane structure and functioning, and 

eicosanoids for metabolic processes. Brief descriptions of each lipid group are 

presented here. 

Triacyiglycerols and phospholipids 

Triacylglycerols are the most abundant naturally occurring lipids and almost 
solely constitute the most common fats and oils. A triacylglycerol consists of a 
glycerol "backbone" to which three fatty acids are attached at three positions by 

means of esterification (Warriss 2000; Figure 3 (a)). Triacylglycerols are 
synthesised by enzyme systems that determine which particular fatty acid is 

attached at each position on the glycerol backbone. The patterns in which the 
fatty acids are attached to the glycerol moeity are asymmetrical around position 
2 (Brockerhoff et al., 1966). In animal fats, SFAs are usually found in position 1 

with PUFAs in position 2, and a randomly assigned fatty acid in position 3. In 

mammals, position 3 tends to exhibit a PUFA (Brockerhoff et al., 1966). 
Triacylglycerols are mainly stored in adipocytes and their key function is as an 
energy store. Triacylglycerols are stored when the energy expenditure is lower 
than the energy being supplied in the diet. The fatty acids from the glycerol 

9 



molecule can then be hydrolysed (cleaved) by lipases and transported to 

tissues in response to the body's demand for more energy than is being 

supplied through the diet (Raven and Johnson, 2002). 

Figure 3. Structure of a) triacyiglycerol and b) phospholipid (King 2009). 
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RI, R2, R3 = three different types of fatty acid. 
X= organic molecule. 

The term "phospholipid" generally refers to the phosphoglycerides which, in 

conjunction with proteins, glycolipids and cholesterol form the "fluid mosaic 

model" of the phospholipid bilayer of external and internal cellular membranes 

of the cell and organelles (Raven and Johnson, 2002). A phospoholipid consists 

of a hydrophilic phosphate head, two hydrophobic fatty acid tails and a simple 

organic molecule (Figure 3 (b)). The amphipathic (polar) nature of phospholipid 

molecules defines the bilayer structure of cell membranes with the negatively 

charged, hydrophilic phosphate heads facing outwards towards the cytosol, and 

the cells' external environment; and the hydrophobic tails facing inwards (Figure 

4). Phospholipids are synthesised in the cytosol of cells in close proximity to the 

endoplasmic reticulum which contains the necessary enzymes such as GPAT 

and LPAAT acyl transferases, phosphatase and choline phosphotransferase 
(Lodish et al., 2008). Once synthesised, phospholipids are transported to the 

cellular membrane in the form of vesicles either on the external or internal 

surface of the membrane (depending on whether they are to be presented on 
the cytoplasmic or the exoplasmic surface of the membrane; Lodish et al., 
2008). Once incorporated into the cellular membrane, phospholipids have a 
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relatively high turnover rate and even specific parts of the phospholipid 

molecule, such as the fatty acid tails, can change individually (Wahle, 1990). 

Some phospholipids, sphingomyelins and cerebrosides are associated with 

nerve tissue but these will not be discussed here. 

Figure 4. Structure of phospholipid bilayer (adapted from Raven and Johnson, 

2002). 
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The eicosanoids are a group of potently bio-active lipids that are produced from 

LCFAs (containing 20 carbons) including EPA (20: 5n-3), arachidonic acid 
(20: 4n-6) and dihomo-y-linoleic acid (20: 3n-6) (Figure 5). Eicosanoids include 

prostaglandins, leukotrienes and thromboxanes, which are deemed to be bio- 

active lipids and carry out various functions involved with pain, fever, and 
inflammatory responses (Funk, 2001). Eicosanoids are effective in minor 
(nanomolar) quantities (Funk, 2001). 



Figure S. Production of eicosanoids from EPA (Christie, 2009). 
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Triacylglycerols and phospholipids are the main constituents of the fat within the 

muscles, or intramuscular fat (IMF). IMF is of particular importance in farm 

animals, such as cattle and pigs, as according to many authors it has a positive 

impact on the eating quality of meat (Fernandez et al., 1999; Warriss, 2000). 

The triacylglycerol content of IMF is largely dependent on the fatness, the 

muscle type and the breed of the animal, and when attempts are made to alter 
the fatty acid content of ruminant meat by dietary means, there is relatively little 

effect of the diet on the phospholipid content whilst the triacylglycerol levels are 

greatly affected (Scollan et al., 2006). 

2.1.3. Conjugated linoleic acid (CLA) 

CLA is the collective name for a group of positional (cis-8, cis-9, cis-10 etc. ) and 

geometric (cis, cis; cis, trans; trans, trans) isomers of the dienoic, eighteen carbon 
fatty acid, linoleic acid (18: 2n-6) (Hur et al., 2006). Although linoleic acid is an n- 
6 fatty acid, in its conjugated forms it becomes n-7. The structure of linoleic acid 

and examples of two major CLA isomers are given in Figure 6. The name 

conjugated linoleic acid arises from the isomers having a chain length identical 

to that of linoleic acid, however the double bonds present within the carbon 

chains of the isomers are conjugated rather than methylene separated 
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(Mulvihill, 2001) (Figure 6). Linoleic acid includes two cis bonds whilst both cis 

and trans bonds occur in CLA. Twenty eight CLA isomers could potentially exist 

(see section 2.1.4 for details), but not all isomer configurations have been 

identified at present, and the data from the literature indicate a species-specific 
distribution of different numbers of CLA isomers. In a review by Dhiman et a/. 

(2005), the authors stated that 17 CLA isomers had been identified as naturally 

occurring in both ruminant products, and human milk and fat. However, other 

studies indicate that 19 CLA isomers have in fact been identified in dairy 

products alone (Sehat et al., 1998), while around 15 CLA isomers have been 

identified in human milk (Luna et al., 2007) and 14 in beef (Fritsche et al., 

2000). The predominant CLA isomer is cis-9, trans-11 and this isomer, along 

with trans-10, cis-12 which is also thought to posses health beneficial 

properties, has been extensively investigated (Fritsche and Fritsche, 1998; 

Pariza et al., 2001). The primary natural sources of CLA are milk and meat 

derived from ruminant species such as cattle and sheep (Dannenberger et al., 

2005). The predominant isomer in ruminant products (meat and milk) is, as 

stated previously, the cis-9, trans-11 isomer (Dhiman, 2005). The cis-9, trans-11 

CLA isomer has been found to account for 75 to 90 % of total CLA in milk by 

Parodi (2003) while it was reported to account for over 90 % of total CLA in milk 
by Fritsche & Fritsche, (1998). With regards to meat, while still high, cis-9, 
trans-11 CLA has been reported to account for a lower proportion of the total 
CLA content compared to milk, at values of over 75% by Chin et al. (1992). Due 

to cis-9, trans-11 CLA being the most predominant isomer in the 

aforementioned ruminant products, it has also been termed "rumenic acid" by 

some researchers (Kramer et a!., 1998). The cis-9, trans-11 isomer can be 

produced in two ways: (i) during biohydrogenation of dietary fatty acids in the 

rumen, and then transported to tissues; (ii) by endogenous biosynthesis in the 

tissues themselves from a precursor, trans-vaccenic acid in a reaction catalysed 
by the lipogenic enzyme stearoyl-CoA desaturase (SCD), also known as 19- 

desaturase (Tanaka, 2005). These pathways for cis-9, trans-11 CLA production 

are described in detail in section 2.1.4. 
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Figure 6. Structure of linoleic acid and the two predominantly investiged CLA 

isomers cis-9, trans-11 and trans-10, cis-12 (Wahle et al., 2004). 
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2.1.4. Fatty acid biosynthesis 

The different classes of fatty acids described in section 2.1.1 can be obtained 
from a variety of dietary sources. However, fatty acids, excluding the essential 
fatty acids, can also be produced endogenously. This process is termed "de 

novo lipogenesis". In general, fatty acid biosynthesis occurs primarily in the liver 

and adipose tissue of mammals, and also, in the case of the lactating mammal, 

the mammary glands (Ingle et al., 1972; Towle, 1995; Lock and Bauman, 2004). 

Lipogenesis can also occur in other organs, such as the brain, pancreas, heart 

and spinal cord but the extent of their involvement is species dependent (Zhang 

et al., 1999). 
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Saturated fatty acid (SFA) biosynthesis 

As described in section 2.1.1, SFAs contain no double bonds along their carbon 

chain and the most common SFAs in animal and plant tissues are myristic acid 
(14: 0), palmitic acid (16: 0) and stearic acid (18: 0) (Warriss, 2000). Acetic acid 
(CH3CO2H) more commonly known as ethanoic acid, acts as a precursor 

molecule for SFA biosynthesis and it must be in the form of a coenzyme-A ester 
before any metabolic processes can occur. Acetyl-CoA is produced in the 

mitochondria from pyruvate in the reaction catalysed by pyruvate 
dehydrogenase (Diwan, 2009). The next step is the formation of citric acid in the 

condensation reaction between oxoloacetate and acetyl-CoA. Citric acid can 
then enter the cytosol where it is converted into cystolic acetyl-CoA and 

oxoloacetate by ATP-citrate lyase. A second important precursor molecule for 

SFA is malonyl-CoA which results from the action of acetyl-CoA carboxylase 
(ACC) on acetyl-CoA. Biotin (also known as vitamin B7) is the prosthetic group 

of the ACC enzyme which transfers carbon dioxide to the acetyl-CoA molecule 
to produce malonyl-CoA (Diwan, 2009; Figure 7). 

Figure 7. Conversion of acetyl-CoA to malonyl-CoA (adapted from Diwan, 
2009). 
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Following the production of malonyl-CoA, the fatty acid synthase (FAS) enzyme 
catalyses a chain of reactions, which consecutively add further malonyl-CoA 
molecules to the original acetyl-CoA moeity. This process involves the 
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attachment of the primary acetyl-CoA and the extension malonyl-CoA 

molecules to an acyl-carrier protein (ACP), of which biotin is the prosthetic 

group (Chirala and Wakil, 2004). The fatty acid chain can be extended in a 

series of reduction and dehydration reactions catalysed by a number of 

enzymes, resulting in butanoic acid, followed by the attachment of a further six 

additional malonyl-CoA molecules to the butanioc acid to form palmityl-ACP 
(Figure 8) which then undergoes hydrolysis to ACP and palmitic acid in the 

reaction catalysed by thioesterase (Figure 8; Diwan, 2009). To prevent lysis of 

the cell membrane, the resultant palmitic acid is esterified to Palmitoyl-CoA. The 

latter can then enter the endoplasmic reticulum and be utilised in various 

biosynthesis pathways to create specific fatty acids with longer carbon chain 
lengths (Wallis et al., 2002). 
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Figure 8. Saturated fatty acid biosynthesis pathway (Christie, 2009). 
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SFAs, particularly palmitic and stearic acid, in addition to their intrinsic functions 

related to their saturated nature, also subsequently function as substrates for 

the biosynthesis of MUFAs (Ntambi, 1995). 
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Monounsaturated fatty acid (MUFA) biosynthesis 

MUFAs are synthesised by the introduction of one double bond along the 

carbon chain of an SFA (see Figure 9). The reaction requires: (i) molecular 

oxygen which acts as a co-factor; and (ii) three specific proteins that act 
together to form a complex: NAD(P)H-cytochrome b5 reductase, cytochrome b5 

and SCD (for details see section 2.4) (Enoch et al., 1976). This enzyme system 
is membrane bound and it is present in the endoplasmic reticulum of cells. The 

active site of this complex, which consists of two iron atoms, is exposed to the 

cytosol (Prasad et al., 1980; Man et al., 2006). The two preferable substrates for 

the SCD complex are palmitic (16: 0) and stearic (18: 0) acid. The enzyme 

system introduces a double bond at positions n-7 and n-9 of palmitic and stearic 

acid respectively. This is achieved by the removal of hydrogen atoms from the 

carbon atoms at positions 9 and 10 (from the carboxyl end of the fatty acid 

chain) of palmitic and stearic acid to create palmitoleic acid (16: 1 n-7) and oleic 

acid (181n-9). The resulting palmitoleic and oleic acids can then be utilised as 

precursors for biosynthesis of LCFAs of the n-7 and n-9 families via elongation 
reactions (Christie, 2009). Shorter chain MUFAs can also be synthesised via 
alpha- and beta- oxidation processes (Wallis et al., 2002). The most significant 
product of the elongation chain for the n-9 MUFAs is 5,8,11-eicosatrienoic acid 
(20: 3n-9) which is also commonly known as "mead" and which, as a result of a 
significant essential fatty acid deficiency, will accumulate in the tissues (Fulco 
and Mead, 1959). 
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Figure 9. Monounsaturated fatty acid (MUFA) biosynthesis pathway by 

stearoyl-CoA desaturase catalysed reaction (adapted from Ntambi, 1999). 
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As stated previously, linoleic and alpha-linolenic acid must be obtained from the 

diet as they cannot be synthesised in animal tissues. Unlike animal tissues, 

plant tissues do have the ability to endogenously biosynthesise both linoleic and 

alpha-linolenic acid via the action of the enzymes, X12-desaturase and A15- 

desaturase, which introduce double bonds at the 12th and 15th carbon 

positions (from the carboxyl end) respectively, of the MUFA, oleic acid (Christie, 

2009). Both linoleic and alpha-linolenic acid are found in abundance in seed oils 

and nuts with linoleic acid being the most abundant in safflower oil, grape seed 

oil and sunflower oil (74 %, 78 % and 57 % respectively) (Beare-Rogers et al., 
2001). Alpha-linolenic acid constitutes up to 10 % of total fatty acids in rapeseed 

and soybean oil (Burdge and Calder, 2005). Linoleic acid is also the most 

abundant PUFA in mammal tissues accounting for 15-25 % of the total fatty 

acid content, compared to generally less than 1% of alpha-linolenic acid 
(Christie, 2009). However, in the adipose tissue of non-ruminant species that 

graze on forage, such as horses and geese, the alpha-linolenic content can be 

as high as 10 % (Christie, 2009). Once linoleic and alpha-Iinoleic acid are 
acquired, they undergo a series of elongation and desaturation reactions to 
produce longer chain fatty acids of the n-6 and n-3 families respectively (Figure 
10). Similarly to the MUFAs, shorter chain n-6 and n-3 PUFAs can also be 
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produced from these essential fatty acids via alpha- and beta- oxidation 
(Nakamura and Nara, 2003). 
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Figure 10. Metabolic pathways for the conversion of n-6 and n-3 essential fatty 

acids into longer chain fatty acids (adapted from Nakamura and Nara, 2003). 
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The whole chain of reactions involved in PUFA synthesis, with the exception of 

ß-oxidation, occurs in the endoplasmic reticulum (Wallis et al., 2002). The liver 

and adipose tissue have been defined as the main organs of fatty acid 

biosynthesis in a number of species including the rat and the mouse (Gandemer 

et al., 1982; Hems et al., 1975; Jansen et al., 1966; Pearce, 1983). The ß- 

oxidation takes place in the peroxisomes (Wallis et al., 2002). In animal tissues, 

fatty acids which are present as lipid structures, cannot be directly utilised in the 

above pathways. They must first be converted to acyl-CoA esters (Christie, 

2009). 

Arachidonic acid is the main end-product of the n-6 pathway and EPA, DHA and 

Docosapentaenoic acid (DPA) are those of the n-3 pathway (Burdge and 

Calder, 2005). However, despite EPA, DHA and DPA being the most 

abundantly produced LCFAs from the n-3 pathway, in humans the conversion 

rate of alpha-linolenic acid to these LCFAs is very low (< 10 %; Burdge and 
Calder, 2005). Therefore there is the need for a majority of these LCFAs to be 

obtained from the diet from sources such as fish, meat and milk (Gebauer et al., 
2006). 

As stated in section 2.1, linoleic acid is not only the precursor of the n-6 LCFAs, 

but it is also the precursor of cis-9, trans-11 CLA biosynthesis in ruminant 

species (Kepler et al., 1966). The pathways of cis-9, trans-11 CLA biosynthesis 

are explained in detail in the next section. 

cis-9, trans-11 CLA biosynthesis 

PUFAs containing conjugated bonds were first reported in 1935 by Booth et al. 
in a study looking at the effect of seasonal variation on the fatty acid content of 
butter fat. They reported an increase in absorption in the UV range (230 nm) of 
the fatty acid content of the cows' milk in cows being turned out to pasture over 
the spring months. Then, in 1977, Parodi successfully extracted the cis-9, trans- 
11 CLA isomer from milk fat. The term conjugated linoleic acid (CLA) 

collectively refers to a group of positional and geometrical isomers of linoleic 

acid (18: 2n-6). Conjugated isomers are named as such due to the lack of 
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methylene separation between the two double bonds along the carbon chain 

(Mulvihill, 2001). The pairs of double bonds that exist in CLA isomers range 

from positions 6 and 8 to positions 12 and 14, and can be orientated as cis, cis; 

trans, trans; cis, trans or trans, cis (Hur et a/., 2006). Therefore, theoretically 28 

isomers could exist (Banni, 2002). However, currently only 17 isomers of CLA 

have been reported from a range of studies involving ruminant meat and milk; 

and human milk and adipose tissue (Dhiman et al., 2005), with 14 being 

specifically identified in beef (Fritsche et al., 2000). 

In 1977 Parodi analysed the CLA isomer content of milk fat and discovered that 

the CLA isomers with double bonds in the form of, cis, trans and trans, cis were 

more abundant than trans, trans and cis, cis. More importantly, he found that 

the cis-9, trans-11 isomer appeared to be the most abundant isomer. Follow-on 

studies have demonstrated that the cis-9, trans-11 isomer actually accounts for 

75-90 % of the total CLA content found in ruminant products, while the second 

most abundant isomer, trans-7, cis-9 only accounts for 3-16 % (Tanaka, 2005). 

Two CLA isomers in particular, namely cis-9, trans-11, and trans-10, cis-12, 
have been extensively studied because of their potential health benefits (Belury 

et al., 1999; Kritchevsky et al., 2000; Agatha et al., 2004; DeLany et al., 1999; 

Tricon et al., 2004). Interestingly, the trans-10, cis-12 isomer only accounts for a 

minor proportion of total CLA in ruminant meat and milk (<1 %) (Dannenberger 

et al., 2005; Kraft at al., 2003). There are two pathways leading to cis-9, trans- 

11 CLA production in ruminants: (i) incomplete biohydrogenation of linoleic acid 
in the rumen or (ii) endogenous biosythesis in the tissues using trans-vaccenic 

acid (trans-11,18: 1) (TVA) as a substrate. The second reaction is catalysed by 

SCD (Figure 11). It is important to emphasise that whilst ruminal 
biohydrogenation results in production of a number of CLA isomers, the tissue 
biosynthesis via SCD results in the production of cis-9, trans-11 CLA only. The 
first step in both pathways is the initial hydrolysis of dietary fat which involves 

the ester bonds being broken by microbial lipases, and the free fatty acids being 

separated from the glycerol moiety (Dhiman et al., 2005). This step is then 
followed by the biohydrogenation of PUFAs to saturated products (Dhiman at 
al., 2005). Linoleic and alpha-linolenic acids account for the majority of dietary 
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PUFAs in the ruminant diet and these are biohydrogenated in a series of steps 

to the end product, stearic acid (18: 0). This process is presented in Figure 11. 

The cis-9, trans-11 CLA isomer is produced as an intermediate of the 

biohydrogenation of linoleic acid but not alpha-linolenic acid (Harfoot and 
Hazlewood, 1988). The first reaction involved in the biohydrogenation of linoleic 

acid is that of isomerisation, where the cis-9, cis-12 structure of linoleic acid is 

converted to cis-9, trans-11. This was first reported in 1966 (Kepler et al. ). One 

year later it was discovered that this process involved the anaerobic ruminal 
bacterium Butyrivibrio fibrisolvens, which produces the enzyme linoleate 

isomerase (Kepler and Tove, 1967). A proportion of the cis-9, trans-11 CLA is 

then hydrogenated in further steps, to TVA and finally to stearic acid (18: 0) 

(Dhiman et al., 2005). Although a majority of species of bacteria in the rumen 
have been reported to have the ability of hydrogenating linoleic acid to TVA, 

there are relatively few that can hydrogenate linoleic acid and TVA completely 
to stearic acid (Griinari and Bauman, 1999). For example, the most common 

ruminal bacterium, Butyrivibrio fibrisolvens, was demonstrated to be capable of 
hydrogenating linoleic acid to oleic acid but not to stearic acid, indicating that a 
two part system was involved in the biohydrogenation of linoleic to stearic acid. 
In such a system, linoleic acid is firstly converted to oleic acid, followed by the 

subsequent conversion of oleic acid to stearic acid (Polan et al., 1964). The 

pathway, whereby cis-9, trans-11 CLA is produced as a bi-product of 
biohydrogenation processes, was originally believed to be the main source of 

cis-9, trans-11 CLA in ruminant products (Dhiman et al., 2005). It was thought 
that a certain amount of the cis-9, trans-11 CLA escaped further 
biohydrogenation and escaped from the rumen and entered the tissues via the 

circulatory system (Tanaka, 2005). It is true that a proportion of cis-9, trans-11 
CLA does escape further biohydrogenation and gets absorbed into the tissues, 
however, a number of studies have demonstrated that this does not appear to 
be the major pathway of cis-9, trans-11 CLA production (Yang et al., 1999; 
Griinari et al., 2000; Cori et al., 2001). It was also highlighted that endogenous 
biosynthesis of cis-9, trans-11 CLA from the substrate TVA in a SCD catalysed 
reaction might play the key role in regulation of tissue cis-9, trans-11 CLA level 
(Cori et al., 1999; Cori et al., 2001). 
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Figure 11. CLA production pathways in ruminants (Tanaka, 2005). 
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Milk and moat 

The involvement of SCD in cis-9, trans-11 CLA biosynthesis was first reported 

by Mahfouz et al. in 1980 in a study on rat liver microsomes where it was 

identified that desaturation occurred between the carbons at positions 9 and 10 

of trans 18: 1, indicating SCD activity. In 1997 Jahreis et al. investigated the 

effect of different animal production systems on the cis-9, trans-11 CLA level in 

milk fat and demonstrated that there was a high correlation between cis-9, 

trans-11 CLA content and TVA, irrespective of the animal production system. 

This finding was supported by Solomon et al., (2000) who also found a close 
linear relationship between TVA and cis-9, trans-11 CLA content of milk fat over 

a range of diets. Griinari et al (2000) found that infusing the abomasum of 

lactating dairy cows with 12.5 g of TVA per day for 3 days, lead to an increase 
in the milk fat cis-9, trans-11 CLA by 31 %. As the TVA was infused into the 

abomasum, thereby avoiding ruminal biohydrogenation, this indicated that the 
TVA could act as a substrate for tissue cis-9, trans-11 CLA production. 

25 



Furthermore, one study also found that the cis-9, trans-11 CLA content of milk 

fat significantly increased in response to a diet supplemented with alpha- 

linolenic acid alone (Dhiman et al., 2000). As stated previously, cis-9, trans-11 

CLA is not a by-product of biohydrogenation of alpha-linolenic acid however 

TVA is. The authors concluded therefore that the increase of milk fat cis-9, 
trans-11 CLA must have been due to an increase in TVA level. Tissue cis-9, 

trans-11 CLA biosynthesis takes place not only in dairy, but also in beef cattle. 
For example, the conversion of TVA into cis-9, trans-11 CLA accounted for over 
80 % of the total cis-9, trans-11 CLA content in the subcutaneous adipose 
tissue of Angus steers (Pavan and Duckett, 2007). 

Further evidence supporting the importance of tissue biosynthesis of cis-9, 
trans-11 CLA content was obtained by Corl et al. (2001). They demonstrated 

that inhibition of SCD activity by a specific inhibitor, sterculic oil (containing 

cyclopropene fatty acids) resulted in reduction of cis-9, trans-11 CLA in cows' 

milk by 60-65 %. In the same study, when partially hydrogenated vegetable oil, 

which acts as a source of NA, was abomasally infused, cis-9, trans-11 CLA in 

milk fat increased by 17 %. The authors calculated that endogenous 
biosynthesis catalysed by SCD in the mammary tissue contributed to 

approximately 78 % of the total cis-9, trans-11 CLA in milk fat. 

In addition, techniques using chemical tracers (trans-11 vaccenic -1-13C acid) 
have been employed to elucidate the contribution of TVA to cis-9, trans-11 CLA 

level in milk, one of which showed that approximately 80 % of cis-9, trans-11 
CLA in the milk fat of Holstein cows originated from the abomasally infused TVA 
(Mosley et a1., 2006). The primary site for highest SCD activity and hence, 

endogenous production of cis-9, trans-11 CLA, is believed to be the mammary 
tissue in dairy cattle (Kinsella, 1972). Regarding beef cattle, this process has 
been extensively studied and reported in subcutaneous adipose tissue (St John 

et al., 1991; Martin et al., 1999; Yang et al., 1999). The role of other ruminant 
tissues in CLA biosynthesis remains unclear. 

Endogenous biosynthesis of cis-9, trans-11 CLA via an SCD catalysed reaction 
can occur in most mammalian tissues and in addition to cattle, it has been 

reported in a variety of species, including human (Turpeinen et al., 2002). 
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However the rate of tissue cis-9, trans-11 CLA biosynthesis in a majority of 

species is much lower than that in ruminants. In 2002, Turpeinen et al. showed 

a 19 % increase in human serum cis-9, trans-11 CLA following NA 

supplementation to the diets. Four years later, Mosley et al. (2006) in a study 

using 13C-labelled TVA, demonstrated that about 10 % of cis-9, trans-11 CLA in 

human milk was produced from TVA endogenously. However, in spite of the 

above evidence, the general view in the literature, is that more research is 

needed in order to clarify the exact contribution of endogenous biosynthesis of 

cis-9, trans-11 CLA in humans and to understand the regulation of this process. 

It is important to note, that although tissue biosynthesis in cattle has been 

studied more extensively than in humans, a majority of studies were performed 

on dairy breeds. Therefore the production of cis-9, trans-11 CLA in milk fat is far 

better understood than that in the actual bovine tissues. The few studies that 

have investigated cis-9, trans-11 CLA production in beef cattle tissues have 

looked mainly at adipose tissue. The mechanisms regulating cis-9, trans-11 

CLA deposition in other tissues, muscle in particular, is poorly understood. 
Understanding the processes controlling cis-9, trans-11 CLA and other fatty 

acid levels in the muscle of beef cattle is important for the regulation of the 

quantity and quality of IMF. This, in turn, is directly related to the eating quality 

of beef and to human health. 
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2.2. Fatty acids and meat quality 

Both the intrinsic quality of sensory appeal and the extrinsic quality of 

healthiness are two major factors in determining the overall quality of meat. 

Both factors are associated, to a large extent, with the fatty acid composition of 

the meat. 

2.2.1. Fatty acids and sensory characteristics 

Sensory appeal is judged on a variety of aspects, the most important of which, 

as deemed by various consumer panels, being tenderness, juiciness and 

flavour (Carpenter et al., 2001; Robbins et al., 2003). The fatty acid composition 

of meat has been found to affect these characteristics. For example, it has been 

demonstrated in a study on Hereford X Angus steers that ribeye steaks from 

animals fed steam flaked corn with or without tallow produced an off-flavour 

compared to those fed steam-flaked corn with ground flaxseed (fat source) 
(LaBrune et al., 2007). In another study by Wistuba et al. (2006) on Angus cross 

steers, the effects of either a diet containing 75 % corn, 11 % soybean meal and 
10 % cottonseed, or the same diet but with 3% of the corn replaced by fish oil 

as a source of n-3 PUFAs was investigated. A sensory panel found that the 

supplementation of fish oil resulted in a decrease in cooked-beef aroma and in 

an increase in a "fishy" aroma in Langissimus steaks. The steaks from the fish 

oil-supplemented group were also less tender than those from the control 

group. Higher "fishy" flavour scores and lower "overall liking" scores were also 
reported by Vatansever et al. (2000) for steaks and burgers from Charolais 

cross steers fed a diet supplemented with fish oil compared to those from steers 
fed diets with either linseed or linseed/fish supplementation. Vatansever et al. 

also reported that the meat from animals fed linseed supplementation had the 
highest "overall liking" score. 

The effect of fatty acid composition on flavour was also reported in lamb. Thus 
in a study on loin chops from lambs reared by different production systems, 
Fisher et al. (2000) found that overall liking and lamb flavour scores were 
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highest for Welsh Mountain lamb reared on upland flora, and Suffoiks reared on 

lowland grass when compared to Soays reared on lowland grass, and Suffolks 

reared on concentrate. The loin chops from the Welsh Mountain and Suffolk 

(grass-fed) breeds contained higher levels of alpha-linolenic acid (18: 3n-3) and 

EPA (20: 5n-3) compared to those from the Suffolk-concentrate breed. Also, the 

loin chops from the Soay breed, in addition to having high levels of n-3 PUFAs, 

were also rich in n-6 PUFAs. The taste panel scores for metallic, bitter, rancid, 

stale and abnormal lamb flavour were highest for loin chops from the Suffolk- 

concentrate and Soay breeds. 

In parallel with ruminants, the effects of dietary fats on meat quality have been 

studied in monogastric animals. A study on Duroc-cross pigs by Kouba et al. 

(2003) reported negative effects of a diet supplemented with whole crushed 

linseed (source of alpha-linolenic acid; 18: 3n-3) on sensory traits such as higher 

scores for abnormal pork odour and abnormal pork flavour. Pork from animals 

fed the linseed supplemented diet was richer in both alpha-linolenic acid (1 8: 3n- 

3) and EPA. Furthermore, Oliver et al. (1997) conducted a study investigating 

the effect of dietary manipulation on a range of attributes, including sensory 

characteristics, of rabbit meat. A trained sensory panel rated loin meat from 

rabbits fed a diet containing animal fat as more "livery" compared to that of 

rabbits fed diets containing vegetable fat or no supplemented fat (control). 

However, the authors suggested that as this is a common descriptor of meat 

flavour in general, this was a neutral effect. The authors also suggested that 

what may be more important to the consumer was the stronger aniseed flavour 

of the loin meat from the vegetable fat and control groups compared to that of 

the animal fat group. In addition, both the animal fat and vegetable fat diets 

increased the juiciness of the meat compared to the control group which may 
have been as a result of the higher fat content in these groups. In contrast to 

these results, Sheard et al. (2000) found that dietary supplementation with 
linseed oil, did not have a significant effect on sensory traits of grilled loin 

chops, sausages or bacon in spite of the fact that the level of 18: 3n-3 in these 

animals was higher than that in the control group. The authors suggested that 

the lack of detection of abnormal flavour may have been related to the fact that 
TBA (thiobarbituric acid) level, which contributes to abnormal flavour, was below 
the threshold at which abnormal flavour can be detected by consumers. 

University of Bristol 
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2.2.2. Fatty acids and shelf life 

Fatty acid composition has a significant effect on the shelf life of meat. The 

main factors that constitute shelf life are lipid and pigment oxidation, which give 

rise to rancidity and the deterioration of the colour of the meat over time (Liu et 

al., 1995; Gray et al., 1996). PUFAs oxidise readily and it is well known that a 

high PUFA content in meat can significantly reduce its shelf life (Vatansever et 

al., 2000). It has been found that rancidity occurs when the 18: 3n-3 content of 

meat rises to the 3% level of total fatty acids while in parallel, the red 

oxymyoglobin oxidises to brown metmyoglobin over time causing colour 
deterioration (Wood et al., 2003). 

In a study carried out by LaBrune (2007), the inclusion of ground flaxseed in the 

steers' steam flaked corn diet was found to increase the n-3 PUFA content, 

particularly alpha-linolenic acid, of the ribeye steaks compared to those from 

steers fed diets without flaxseed or with tallow. As a result, the desirable colour 

of the steaks from the steam flaked corn and flaxseed fed animals did not last 

as long as that of steaks from steers fed steam flaked corn alone. Lipid 

oxidation and shelf life also differ for sirloin steaks and burgers from Charolais 

cross steers fed a grass silage and concentrate diet supplemented with either 
fish oil or linseed oil (Vatansever et al., 2000). Fish oil is known to be high in 

EPA and DHA, and linseed oil has a high level of alpha-linolenic acid (Gebauer 

et al., 2006). A significant increase in both lipid oxidation and colour oxidation 

was observed for the burgers and steaks from the fish oil-fed group when 
compared to the linseed-fed group. 

Overall, the data of the literature show that the inclusion of various PUFAs in 

cattle diets results in an increased rate of lipid oxidation and hence, decreased 

shelf life. The effect of PUFAs on shelf life varies depending on which particular 
PUFAs have been included in the animals' diet. However, on the other hand an 
increased level of PUFAs (in particular n-3 PUFAs) in beef is beneficial for 
human health. Therefore the meat industry faces the challenge: how to increase 
PUFA level and at the same time not decrease the shelf life. A number of 
approaches have been used, including modifications of procedures for meat 
packaging. For example, using modified atmosphere packaging prolongs the 
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shelf life of beef by 8 days (Vatansever et al., 2000). Another way to prolong the 

shelf life of beef is the supplementation of antioxidants to the meat. Vitamin E, 

also known as alpha-tocopherol, is one example of an antioxidant that has been 

found to reduce lipid and colour oxidation (Liu et al., 1995; Wood et al., 2004). 

For example, a 7-10 day extension in colour shelf life of beef steaks was 

achieved when concentrate diets were supplemented with 2500 mg of Vitamin 

E per day for 40 consecutive days in a study by Taylor et al., 1994. The lipid 

and colour stability of ground sirloin beef was also improved when Faustman et 

al. (1989) supplemented the diets of Holstein steers with 370 lU of vitamin E per 
day for 43 weeks. 

2.2.3. Fatty acids and human health 

SFAs, MUFAs and PUFAs 

Worldwide, the consumption of meat has increased by approximately 10 % over 
the past 50 years (Valsta et al., 2005). One of the main meat quality concerns, 

with emphasis on ruminant meat, is healthiness. It is well documented that beef 

is an important source of vitamins (thiamin, riboflavin, folate, niacin, B6, B12, D, 

E), minerals (iron, selenium, zinc, magnesium, phosphorus) and readily bio- 

available protein (Williamson et al., 2005). However, there has been growing 

concern in recent years over the perceived high fat content of ruminant meat, in 

particular, high SFA content and its links with high cholesterol levels and 
increased risk of coronary heart disease (Hu et al., 1997; Kontogianni et al., 
2008). In 2003 the World Health Organisation published guidelines for the 
healthy consumption of particular fatty acid classes within the diet, and the 

recommended intake is given in Table 2. Despite the fat content of lean beef 
being relatively low, with IMF at 2-5 % compared to approximately 50 % in 

chicken skin, it does contain a higher proportion of SFAs compared to that of 
monogastric animals such as pigs and poultry (Scollan et al., 2006; Valsta of al., 
2005). This is due to biohydrogenation of dietary PUFAs to more saturated 
products in the rumen (as described in detail in section 2.1.4). The average 
SFA, MUFA and PUFA content of IMF in beef is 0.45-0.48,0.35-0.45 and 0.05 

of total fatty acids respectively (Scollan et al., 2006). The most predominant 
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SFAs in meat are stearic acid (18: 0) and palmitic acid (16: 0), with the former 

accounting for up to one third of saturated fat in beef. Interestingly, studies have 

shown that stearic acid has no effect on cholesterol levels in the blood, neither 
is it a thrombotic risk factor (Bonanome and Grundy, 1988; Kelly et al., 2001). 

Also, Ulbricht and Southgate (1991) demonstrated that compared to palmitic 

acid, myristic acid (14: 0) had up to 4 times the potential to raise cholesterol, 
however, the myristic acid content of meat is minor (Kerry and Ledward, 2002). 

With regards to MUFAs, about 27 % of these fatty acids in the human diet come 
from meat, with MUFAs accounting for approximately 40 % of total fat in meat 
(Kerry and Ledward, 2002). Oleic acid (18: 1 n-9) is the most abundant MUFA in 

meat and is believed to benefit human health in a variety of ways including 

memory enhancement (Rizzo et al., 1986). The PUFA class includes a wide 

range of fatty acids found to benefit human health and thereby enhance meat 

quality including the essential fatty acids, alpha-linolenic acid and linoleic acid, 
the n-3 PUFAs and CLA (described in detail further on in this section). However, 

as stated previously, the content of PUFAs in ruminant meat is relatively low 

due to ruminal biohydrogenation. 
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Table 2. Fatty acid intake guidelines (World Health Organisation (WHO), 2003). 

Dietary fat Recommended intake (%of total energy) 

Total fat < 15 - 30 

SFA <10 

n-6PUFAs <5-8 

n-3 PUFAs <1-2 

Trans fatty acids <1 

SFA = saturated fatty acids; PUFA = polyunsaturated fatty acid 

Fatty acid ratios 

In 1994 the Department of Health recommended that the nutritional index of the 

PUFA to SFA (P: S ratio generally calculated as: (18: 2n-6 + 18: 3n-3) / (14: 0 

+16: 0 +18: 0)) in foods, must be around 0.45 in order to be deemed healthy 

(Scollan et al., 2003). Due to biohydrogenation occurring in the rumen, the P: S 

ratio of ruminant meat is relatively low: 0.11 and 0.15 for beef and lamb 

respectively, compared to 0.58 for pork (Enser et al., 1996). Biohydrogenation 

also significantly contributes to the fact that it is much harder to manipulate the 

P: S ratio by dietary means in ruminants compared to monogastric animals. 
Another important meat quality index is the n-6: n-3 ratio (generally calculated 

as: (18: 2n-6 + 20: 3n-6 + 20: 4n-6 + 22: 4n-6) / (18: 3n-3 + 20: 5n-3 + 22: 5n-3 + 
22: 6n-3). It was recommended that this index should be below 4.0 (Department 

of Health, 1994). Ruminant meat, in spite of having a low P: S ratio, actually has 

a more favourable n-6: n-3 ratio when compared to pork: 2.11,1.32 and 7.22 for 

beef, lamb and pork respectively (Enser et al., 1996). This is largely due to the 

relatively high content of the essential fatty acid, alpha-linolenic acid (1 8: 3n-3) in 

grass, which is the major food source of ruminants. Although the majority of 
18: 3n-3 undergoes hydrogenation to stearic acid (18: 0) in the rumen, a 
significant amount of 18: 3n-3 reaches the small intestine and is absorbed into 

ruminant tissue. 
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Conjugated linoleic acid (CLA) 

Conjugated linoleic acid (CLA) isomers were discovered approximately 50 years 

ago (Pariza, 1997), but over the last few decades much research has been 

carried out into investigating the specific properties of the CLA isomers. As a 

result, a range of potential benefits of CLA isomers on human health have been 

identified. These studies have been carried out on a number of mammal 

species including mice, rats and pigs (Park et al., 1997; Ip et al., 1994; Bee, 

2000 respectively), and in human cell culture experiments (Wang et al., 2008). It 

has been demonstrated that CLA isomers display an array of beneficial effects, 

including anti-diabetic (Belury et al., 1999), anti-atherosclerotic (Kritchevsky et 

al., 2000), anti-carcinogenic (Agatha et al., 2004) properties; contributing to 

body fat reduction (DeLany et al., 1999) and immune system enhancement 

(Tricon et al., 2004). However, it is important to note that a majority of studies 

on CLA properties have been conducted on animal models or in in vitro 

experiments. The relevance of these results to the human organism requires 

further investigation. Individual isomers are believed to be responsible for 

different properties, although they can also work synergistically or in opposition 

(Pariza, 2004). The current study focuses on the cis-9, trans-11 CLA isomer 

which is believed to be mainly accountable for the anti-carcinogenic qualities of 

CLA (Ip et al., 1999). 

Anti-atherosclerotic effects 

Relatively few studies have been carried out in the area of the anti- 

atherosclerotic effect of a CLA isomer mixture. Lee et al. (1994) found that 

feeding rabbits a diet supplemented with a commercial mixture of CLA isomers 

at 0.5 g per animal per day significantly decreased the low density lipoprotein 

(LDL) cholesterol which is believed to increase the risk of atherosclerosis. This 

study also demonstrated a 12 % decrease in the aortic lesion area in the CLA- 

supplemented individuals as well as a lower number of severe atherosclerotic 

cases when compared to a control group. Interestingly, in another study also 

using a rabbit model, the authors concluded that not only did a commercial 

mixture of CLA isomers (43.29 % cis-9, trans-11 and 44.07 % trans-10, cis-12; 

34 



1.46 % cis-9, cis-12; 0.96 % trans-9, trans-11 and trans-10, trans-12; and other 
fatty acids) supplemented at levels as low as 0.1 % in the diet appear to 

effectively inhibit atherogenesis, but at a1% supplementation level, apparently 

also reduced the severity of cases already established (Kritchevsky et al., 
2000). 

Anti-diabetic effects 

It is still unclear at present as to how exactly individual CLA isomers or a 

mixture of CLA isomers decrease the incidence of diabetes. Due to the 

association of increased visceral adiposity with increased insulin resistance it 

has been suggested that CLA isomer mixture works to decrease this type of 

adiposity and hence decrease levels of insulin resistance and increase glucose 
tolerance (Wahle et al., 2004). A decrease in visceral fat has been observed in 

abdominally obese men fed supplements of a CLA isomer mixture (37.0 % 

trans-10, cis-12; 36.9 % cis-9, trans-11; 1.4 % trans-9, trans-11 & trans-10, 

trans-12; 1.3 % cis-9, cis-11; 0.9 % cis-10, cis-12; and other fatty acids) at 4.2 g 

per day compared to those receiving a placebo (Riserus et al., 2001). Another 

suggested mechanism, which has been corroborated in studies on Zucker rats, 
non-diabetic mice and type-2 diabetic humans (Belury et al., 1999; Belury et al., 
2003), is that a mixture of CLA isomers could act via reduction of the plasma 
levels of adipocyte-secreted leptin, which is one of the main hormones involved 
in diabetes by regulating food-intake. 

Immune system enhancement 

Albers et al. (2003) investigated the immune response to hepatitis B in a group 
of human subjects fed a diet supplemented with mixtures of CLA isomers (50 % 

cis-9, trans-11 and 50 % trans-10, cis-1 2 CLA, or 80 % cis-9, trans-11 and 20 % 
trans-10, cis-12 CLA), and found that CLA supplements at the 50: 50 isomer 

ratio doubled the number of individuals who expressed an essential level of 
hepatitis-B specific antibody. However, there have been conflicting results from 
alternative human studies that have shown no effect of CLA mixtures on 
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immune function. For example, Kelley et al. (2001) demonstrated that 

supplementation with a mixture of CLA isomers (22.6 % trans-10, cis-12; 23.6 % 

cis-11, trans-13; 17.6 % cis-9, trans-11; 16.6 % trans-8, cis-10; 19.6 % other 

isomers) did not affect immune function indicators in women, including serum 

antibody titres. Nugent et al. (2005) found positive effects of 50: 50 cis-9, trans- 

11: trans-10, cis-12 blend or a 80: 20 cis-9, trans-11: trans-10, cis-12 blend, on 

the markers of immune function namely, increasing tumour necrosis factor X 

and decreasing basal interleukin (IL-2) secretion. However, the authors reported 

that the above effects were no different to those observed on standard linoleic 

acid supplementation. The controversy of the data from the literature may be 

partially explained by i) differences in the proportions of various CLA isomers in 

the experimental mixture, or ii) by the use of different test subjects (for example, 

men vs. women). 

Reduction of total body fat 

Reduction of body fat is the most extensive area of research in relation to the 

physiological effects of CLA. The main isomer responsible for body fat reduction 
is trans-10, cis-12 CLA (Park et al., 1999). It has been established that an 
increasing supplementation of trans-10, cis-12 CLA (1.25,2.5,5.0,7.5,10.0 

g/kg of feed) resulted in a linear decrease of body fat without affecting total 

body mass in pigs (Ostrowska et al., 1999). A number of mechanisms have 

been suggested to explain how CLA reduces total body fat. These include 

reducing lipoprotein lipase activity and hence decreasing the amount of lipid 

entering adipocytes, causing apoptosis of adipocytes, reducing adipocyte size 
(expulsion of lipid from adipocytes) and inhibition of one of the major lipogenic 

enzymes, SCD (Pariza et al., 2001). These effects have also been investigated 
in relation to the effect of a commercial mixture of CLA isomers on skeletal 
muscle in mice, where it has been found to increase the proportion of lean and 
decrease the level of IMF (Park et al., 1997). In addition, the effect of a mixture 
of CLA isomers (predominantly cis-9, trans-11 and trans-10, cis-12 CLA) on 
3T3-L1 preadipocytes in mice has been shown to be the inhibition of 
preadipocyte proliferation in conjunction with increased de novo lipogenesis and 
lipid filling (Satory et al., 1999; Belury of al., 1999). 
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Effects on bone mass 

A CLA isomer mixture (predominantly cis-9, trans-11 and trans-10, cis-12 
isomers in equal amounts) has been demonstrated to influence bone mass via 

the following mechanism. The endocrine control of bone mass and 

mineralisation can be greatly affected by the parathyroid gland. It has been 

shown in animal experiments that a constantly raised level of parathyroid 
hormone (PTH) decreases bone mass, whereas alternating high and low levels 

of PTH increase bone mass (Schmitt et al. 2005). An increase in CLA level in 

the blood is associated with a decrease in both linoleic and arachidonic acid (Li 

et al. 1998). Arachidonic acid is essential for prostaglandin production which 

affects bone mass via cell signalling pathways and the parathyroid gland, and 
therefore an increase/decrease in the blood content of arachidonic acid can 

affect bone mass (Li et al., 1998). This was further confirmed by Weiler et a1. 
(2008) who demonstrated that supplementation of male rats' diet with 0.5 % cis- 
9, trans-11 CLA resulted in decreased levels of PTH. This effect of cis-9, trans- 

11 CLA was found to be sex-specific. 

Anticarcinogenic properties 

The role of CLA in the prevention and treatment of cancer was first reported by 

Ha et al. (1987) in experiments on mice that had been treated with 7,12- 
dimethylbenz[a]anthracene (DMBA) to induce epidermal neoplasia (skin 

tumours). Two years earlier ground beef was reported to contain a mutagenesis 
modulator (Pariza et al., 1985) and application of ground beef extracts onto the 

skin of DMBA-treated mice reduced the incidence of skin tumours. Ha et al. 
(1987) identified the mutagenesis modulator to be CLA. However, the authors 
could not narrow down their findings to one particular isomer due to CLA isomer 

separation difficulties. Following this report, many studies have investigated the 

effect of CLA on various types of cancer including that of the lung (Schonberg et 
al., 1995), skin (Liu et al., 1998), prostate (Cesano et al., 1998), colon (O'Shea 

et al., 1999) and breast (Ip et al., 1999). To the present day no studies have 
investigated the effects of either a mixture of, or individual CLA isomers 

supplemented in the diet on the risk of cancer in human subjects (Kelley et al. 
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2007). However, on the basis of the numerous CLA and cancer studies that 

have been published using animal subjects, it is now believed that CLA is the 

most powerful type of fatty acid in controlling cancer development. What is 

unique is that this fatty acid is in fact the only naturally occurring anticarcinogen 

derived from animal products (Pariza, 1997). What has also become clear from 

these studies and what answered the question which Ha et al. (1987) were 

unable to clarify, is that the anticarcinogenic properties are mostly attributed to 

the cis-9, trans-11 CLA isomer. Following a study on mammary gland 

morphogenesis and cancer risk in rats fed various mixtures of CLA, it was 

concluded that the cis-9, trans-11 isomer was at least as effective as a mixture 

of CLA isomers (Ip et al., 1999). In this study, feeding a diet containing 0.8 % 

CLA, containing mainly cis-9, trans-11, reduced tumour incidence when 

compared to rats fed a diet containing 0.1 % CLA (45 % against 92 %; Ip et al., 

1999). In addition, there was also selective uptake of the cis-9, trans-11 isomer 

over trans-10, cis-12 in the liver, mammary fat pad, peritoneal fat and plasma 

tissues (Ip et al., 1999). However, in 2002, Ip et al. discovered that despite the 

disparity in the uptake of these two isomers into the tissues, the effect they each 

had on reducing premalignant lesions and carcinomas in methylnitrosourea- 
treated rats was similar when administered at 0.5 %. This result was supported 

a year later by a study that found that both the cis-9, trans-11 and trans-10, cis- 
12 isomers inhibited carcinomas in the forestomach of benzo(a)pyrene-treated 

mice, when they were supplemented individually in the diet at 98 % purity. In 

addition, the trans-10, cis-12 isomer at 98 % purity was shown to actually be 

more effective than the cis-9, trans-11 isomer of 75 % purity (Chen et al., 2003). 

However, not all the data of the literature support anticarcinogenic properties of 
CLA. Relatively recently the trans-10, cis-12 isomer (supplemented at 0.5 %) 

was in fact found to encourage mammary tumour development in mice, and 
decreased the average tumour latency to 168 days compared to 256 days (Ip et 

al., 2007). The same authors demonstrated that the cis-9, trans-11 CLA isomer 

had no effect on the occurrence or latency of mammary tumours in mice. 
Although the cis-9, trans-11 isomer had no inhibitory effect on tumour growth in 

this study, the strain of mice used had over-expressed erbB2 in their mammary 
tissue. ErbB2 is found in 20-30 % of breast cancers, and is not involved in most 
other cases of cancer. Therefore, the results of Ip et al. (2007) can only be 
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applied to this particular type of tumour and do not exclude the anti- 

carcinogenic properties of cis-9, trans-11 CLA in other tumours. 

The mechanisms behind the anti-carcinogenic effects of CLA have not yet been 

determined. One explanation is that CLA alters eicosanoid production (Miller et 

al., 2001). The eicosanoid, prostaglandin, which is a metabolite of arachidonic 

acid, has been related to activation of tumour growth. The cis-9, trans-11 CLA 

isomer was found to decrease the uptake of arachidonic acid into the 

phospholipid cell membranes of both human breast cancer cells (MCF-7) and 

human colon cancer cells (SW480), thereby diminishing prostaglandin 

production (Miller et al., 2001). In contrast, the trans-10, cis-12 CLA isomer was 

actually found to increase arachidonic acid uptake into the phospholipid bilayer 

of the SW480 cells (Miller et al., 2001). Agatha et al (2004) demonstrated a 

growth suppressing effect of cis-9, trans-11 but not cis-9, cis-11 CLA in CCRF- 

CEM, REH and U937 leukaemia cell lines. These effects were mediated via 

inhibition of the 06-desaturase enzyme and thereby altering the fatty acid 

composition of the cancer cells. The authors also found that low levels (<60 NM) 

of cis-9, trans-11 CLA and cis-9, cis-11 CLA did not impair the proliferation of 

the cancerous cells but anti-proliferation effects occurred at CLA concentrations 

above 60 pM for both CLA isomers. The authors suggested that by inhibiting the 

06-desaturase enzyme, cellular biosynthesis of LCFAs such as arachidonic 

acid would be reduced thereby reducing prostaglandin production. A second 

suggestion made by the authors was that the CLA could form conjugated 

PUFAs which could compete with the regular PUFAs. This would lead to a 

reduction in content of LCFAs such as arachidonic acid following the 

displacement of LCFAs by conjugated PUFAs. Another theory that has been put 

forward is that CLA can act as a suppressor of the growth of tumour cells by 

altering the cell cycle and proliferation, and even via increasing the incidence of 

apoptosis. This has been demonstrated for the trans-10, cis-12 CLA isomer in 

studies on both a prostate cancer cell line (DU-145) and a colon cancer cell line 

(HT-29) (Kim et al., 2006; Cho at al., 2006). In these cases, gene expression of 

the tumour suppressive protein, p21, was increased causing cell cycle arrest. 
Although the cis-9, trans-11 CLA isomer was found to have no effect in the 

above studies, it was demonstrated to alter the expression of genes involved in 

cell growth in the MCF-7 breast cancer cell line, resulting in reduced tumour cell 
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growth and enhanced apoptosis (Kemp et al., 2003). However, the cis-9, trans- 

11 CLA isomer was shown not to be as effective as the trans-10, cis-12 CLA 

isomer. 

It has been suggested that CLA isomers may act differently depending on the 

cancer cell type. The progression of cancer is very complex and involves four 

important stages: initiation, promotion, progression and metastasis (Rainer et 

al., 2004). CLA, either as a mixture of isomers or as a specific CLA isomer, 

could have an effect at any one or more of these stages (reviewed in Belury, 

2002). 

For a human to actually benefit from the potential anti-carcinogenic properties of 
CLA, a minimum defined level of cis-9, trans-11 CLA must be included in the 

diet. The minimum cis-9, trans-11 CLA level that was recommended by Ha et al. 
in 1989 was 3500 mg/day. The present research study focuses on beef as a 

source of cis-9, trans-11 CLA. A range of data has been produced on the 

average cis-9, trans-11 CLA content of beef which depends on the breed and 
the diet of the animal as well as other factors, all of which are described in detail 

in section 2.3 (Table 3) However, despite the range of cis-9, trans-11 CLA 

levels that have been calculated in beef, it is quite clear that the current level is 

way below that recommended for human intake. For example, Enser et al. 
(1999) reported that the cis-9, trans-11 CLA content in the Longissimus muscle 

of Charolais steers was 36 mg/100 g of muscle. The weight of the average 

serving size of beef for a meal has been quoted as 90 g (Food Standards 

Agency, 2009). Therefore, on the basis of the figures reported above for the cis- 
9, trans-11 CLA content of beef and the recommended cis-9, trans-11 CLA daily 

intake, calculations illustrate that cis-9, trans-11 CLA intake is approximately 
100-fold lower than that required to impart any beneficial effects on health. An 
increase in the cis-9, trans-11 CLA content of beef is therefore required in order 
to achieve the target level for human consumption. If this was achieved, this 

would further improve the status of beef as a "functional food". 
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Table 3. Concentration of cis-9, trans-11 CLA (mg/100 g fresh muscle) in 

Longissimus muscle of different beef genotypes (Scollan et al., 2006). 

Breed Diet CLA References 

cis-9, trans-11 

Wagyu steers Sunflower oil 134 Mir et al. (2002) 

Wagyu x Limousin Sunflower oil 76 Mir et al. (2004) 

Limousin steers Sunflower oil 59 Mir et al. (2004) 

Charolais steers Grass silage 36 Enser et al. (1999) 

whole linseed 

Crossbred steers Grass silage 35 Steen & Parter (2003) 

German Holstein Pasture 17 Dannenberger et al. 
bulls (2005) 

German Simmental Pasture 12 Dannenberger et al. 
bulls (2005) 

Double muscled Crushed 4.3 Raes et al. (2004) 
Belgian Blue bulls linseed 

Double muscled Extruded 4.2 Raes et al. (2004) 
Belgian Blue bulls linseed 
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2.3. Regulation of fatty acid composition and fat content 

As explained in section 2.2.3, two important ratios are used to describe 

particular aspects of the fatty acid composition of meat which are relevant to 

human health. They are the ratio of PUFAs to SFAs (P: S ratio) which as a rule 

is calculated as (18: 2n-6 + 18: 3n-3) / (14: 0 + 16: 0 + 18: 0), and the ratio of the 

sum of n-6 fatty acids to the sum of n-3 fatty acids (n-6: n-3) (Scollan et al., 

2003). The recommended P: S ratio is approximately 0.45 and above 

(Department of Health, 1994) but beef has a relatively low P: S ratio 

(approximately 0.1) (French et al., 2000). This is due to the fact that a majority 

of the PUFAs ingested in the diet undergo biohydrogenation in the rumen, and 

are thereby converted into more saturated products. However, the n-6: n-3 ratio 

of beef is beneficially low, and it is below 3 (Choi et al., 2000). This is even 

lower than the recommended n-6: n-3 ratio (which is 4.0) (Department of Health, 

1994). In particular, high amounts of 18: 3n-3, DHA and EPA are present in 

beef. 

There is a substantial interest in developing strategies that can be employed to 

manipulate the fatty acid composition of beef, particularly the IMF composition. 
The incentive for this focus on IMF is related to the fact that IMF has been 

reported to be negatively correlated to the proportions of total PUFAs and n-3 
PUFAs (Enser, 1984) but positively correlated to cis-9, trans-11 CLA content 
(Scollan of al., 2006). 

It has been recommended that fat intake should constitute less than 35 % of the 
total daily energy intake in the human diet, and that saturated fat should 

constitute less than 10 % (Department of Health, 1994). The current n-6: n-3 

ratio in the Western world is also thought to be approximately 10 times higher 

than that of the hunter-gatherer (11: 1 to 15: 1 vs 1: 1; reviewed by Simopoulos, 

2001 and Eaton of a!., 1996). Therefore, the main aim of a majority of studies 
investigating the manipulation of fatty acid composition is to increase the 

proportion of PUFAs in meat, and especially the n-3 PUFAs, in relation to SFAs 

and n-6 PUFAs. A variety of strategies investigated are explained in this 

section. 
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2.3.1. Diet 

A majority of dietary manipulation studies have been aimed at improving the 

fatty acid composition of beef via (i) increasing either short chain- or long chain- 
PUFAs and MUFAs in animal diets, or (ii) feeding diets comprised of different 

ratios of SFAs, MUFAs and PUFAs or containing different n-6: n-3 ratios. This 

section describes the various methods that have been used to achieve this 

result. 

Diets with different fatty acid compositions 

Plants, both terrestrial and marine, are the primary source of n -3 fatty acids and 

can synthesise de novo the entire family of n-3 fatty acids including DHA and 
EPA (Christie, 2009). Grass is a major component of a ruminants' diet. It is rich 
in alpha-linolenic acid, 18: 3n-3 and hence the n-3 fatty acids in beef can be 

manipulated by altering the grass intake. However, due to the process of 
biohydrogenation occurring in the rumen, the transfer of the dietary n-3 fatty 

acids into cattle tissues is relatively low (<0.05 of total n-3 fatty acids; Dewhurst 

et al., 2003). In principle, two strategies for improving the n-6: n-3 and P: S ratios 

can be used: (i) increasing the 18: 3n-3 content of forage and/or increasing the 

relative proportion of forage in the animals' diet, or, (ii) the biohydrogenation 

process in the rumen could be targeted and reduced (Scollan of al., 2006). With 

regards to the first strategy, a number of studies have investigated the effects of 

various relative proportions of forage in the diet and compared this to a 
concentrate diet. Marmer of al. (1984) compared the fatty acid composition of 
Brangus x Hereford x Angus steers fed on either a high-grain diet (79 % corn; 
rich source of 18: 2n-6) or a forage based diet (predominantly winter wheat; rich 
source of 18: 3n-3). They found that there were higher proportions of n-3 fatty 

acids in the tissues of the forage-fed steers compared to those from the grain- 
fed steers which contained a relatively higher proportion of n-6 fatty acids. 
Varela et al (2004) investigated the fatty acid composition of the Longissimus 

muscle of steers of the Spanish beef breed Rubia Gallega. They compared 
those that were finished on pasture (spring grass; low n-6: n-3 ratio) to those 
finished indoors which were fed maize silage ad libitum and 4 kg of concentrate 
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per head per day (high n-6: n-3 ratio). Their results showed that there was 

minimal difference in the sensory qualities of the meat. However, the n-6: n-3 

and C18: 2n-6: C18: 3n-3 ratios were more favourable in the IMF of pasture-fed 

steers (n-6: n-3 was 1.82 and 2.85; C18: 2n-6: C18: 3n-3 was 4.06 and 2.67 for 

pasture-fed and maize/concentrate-fed respectively). 

It has also been established that it is not only the amount of pasture in the diet 

that is important for a beneficial fatty acid composition but also, the actual 
length of time the cattle are fed on pasture for. Significant linear relationships 

were found between both the n-6: n-3 and P: S ratio and time spent on pasture 
before slaughter, for crossbred Charolais heifers (Noci of al., 2005). As the 

heifers were fed on pasture for either 0,40,99 or 158 days, the n-6: n-3 ratio of 
the neutral lipids decreased as 2.04,1.80,1.61 and 1.43 respectively, and the 

P: S ratio increased as 0.06,0.07,0.07 and 0.09 respectively. 

In conjunction with changes to the overall composition of the lipid classes 
(SFAs, MUFAs, PUFAs), diet can also affect the CLA content, specifically, the 

cis-9, trans-11 CLA content of ruminant products. French et al. (2000) 

investigated the effect of diets comprised of varying levels of grass as a source 
of 18: 3n-3 and concentrate as a source of 18: 2n-6 and found a linear increase 

in the cis-9, trans-11 CLA content of the IMF with decreasing concentrate in the 
diet (0.37,0.54,0.66 and 1.08/100 g of CLA for 8,5,2.5 and 0 kg of added 

concentrate). The dietary content of 18: 2n-6 remained constant across all by 

addition of silage with the reduction of concentrate. The authors suggested that 
the sugar and fibre from the increasing grass content created a ruminal 
environment that favoured higher CLA production by Butyrivibrio fibrisolvens. 
Furthermore, following 150 days of experimentation, the Semimembranosus 

muscle of pasture-fed steers contained higher levels of cis-9, trans-11 CLA (7.4 

mg/g of fat) compared to steers fed on pasture and cracked corn (5.1 mg/g of 
fat) (Shantha et al., 1995). 

Dannenberger et al. (2005) demonstrated that the different fatty acid 
composition of a concentrate-based diet, rich in 18: 2n-6, and a pasture-based 
diet, rich in 18: 3n-3, altered the overall CLA isomer profile of several tissues of 
two beef cattle breeds: German Holstein and German Simmental. An interesting 
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finding was that although the cis-9, trans-11 isomer was the most abundant 

isomer in all tissues analysed (including the Longissimus and the 

Semitendinosus muscles, subcutaneous adipose tissue, the heart, and the 

liver), the second most abundant isomer appeared to be trans-7, cis-9 in all 

tissues of bulls fed a concentrate diet. However, bulls fed on pasture showed 

the trans-11, cis-13 isomer as the second most abundant isomer in the same 

tissues. 

Diets supplemented with short chain polyunsaturated fatty acids (PUFAs) 

Fatty acid composition can be manipulated to some extent by supplementing 

particular lipids directly to the diet. This is because despite ruminal 

biohydrogenation, a certain proportion of dietary PUFAs do escape 

biohydrogenation and get absorbed into the blood stream from the intestine 

(Wood and Enser, 1997). However, the scope for this process is limited. This is 

related to the supplementation of too many ruminally-available fatty acids 

causing abnormal functioning of the rumen via reduction of microbial activity 

and a depressed ability to digest cellulose (Gulati of al., 1997). Therefore the 

limit for fatty acid supplementation is approximately 60 g/kg dry matter (Scollan 

et al., 2006). Significant changes to the fatty acid composition can be observed 

even when fatty acids are supplemented at a lower concentration. 

Linseed/linseed oil (source of 18: 3n-3) and sunflower seed/sunflower oil (source 

of 18: 2n-6) supplementation can cause an increase in the tissue content of 

18: 3n-3, and 18: 2n-6 respectively (Garcia et al., 2003; Mach et al., 2006). 

However, while an increase in 18: 3n-3 leads to an improved n-6: n-3 ratio in the 

tissues, an increase in 18: 2n-6 has the opposite affect. Additionally, Scollan et 

al. (2001) reported that following the inclusion of 18: 3n-3 (in the form of linseed 

oil), which is a substrate for biosynthesis of long-chain fatty acids, in the diets of 
Charolais steers, the tissue content of the LCFA EPA increased but the level of 
DHA remained unchanged. It has been suggested that the reason for this may 
be due to the competitive exclusion of DHA from the phospholipid fraction by 

18: 3n-3 and EPA caused by too high a level of 18: 3n-3 supplementation in the 

trial diet (Enser of al., 2000). 
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With respect to cis-9, trans-11 CLA, several studies have discovered that the 

supplementation of certain oils to the diet have either no effect, very little effect 

or even a negative effect on the cis-9, trans-11 CLA content of ruminant 

products. In particular, the addition of soybean oil as the source of linoleic acid 
(18: 2n-6), did not have any effect on the cis-9, trans-11 CLA content in any of 
the tissues of Angus steers (Beaulieu et al. 2002). In 2002, Madron et al. fed 

crossbred Angus steers one of three diets: (i) a control diet of which the main 

constituents were cracked corn and corn silage; (ii) a diet including low extruded 
full-fat soybeans (12.7 %) and (iii) a diet containing high extruded full-fat 

soybeans (25.6 %). The result was a very small effect (increase) of the soybean 

on cis-9, trans-11 CLA. In contrast to these results, Griswold et al. (2003) found 

that although increasing the proportion of forage (improved n-6: n-3 ratio) in the 

diet increased the cis-9, trans-11 CLA content of the tissues of Angus x 
Hereford steers, inclusion of soybean oil (source of 18: 2n-6) significantly 

reduced cis-9, trans-11 CLA content. The authors suggested that this reduction 
in cis-9, trans-11 CLA content was due to the increase in trans-10, cis-12 CLA 

level in the rumen, which had previously been shown to result from soybean 
inclusion in the diet (Beaulieu et al., 2002), and which caused the inhibition of 
SCD activity thereby reducing the endogenous biosynthesis of the cis-9, trans- 
11 CLA isomer. However, despite these negative effects of soybean on cis-9, 
trans-11 CLA level, some authors have observed positive effects of other oils 

supplemented in the diet on the cis-9, trans-11 CLA content of beef. For 

example, corn oil (source of 18: 2n-6) supplementation has been found to not 

only increase the cis-9, trans-11 CLA content of the Longissimus muscle and 
subcutaneous adipose tissue, but also the TVA content of the tissues, when 
supplied as 0.75 or 1.5 g/kg of body weight of Angus steers (Pavan and 
Duckett, 2007). The same study demonstrated further increases in cis-9, trans- 
11 CLA content in Angus steers following increases in the level of corn oil 
supplementation. In addition, sunflower oil (source of 18: 2n-6), when 
supplemented to the diets of Holstein cows, has resulted in a 5-fold increase 
(approximately) in the milk cis-9, trans-11 CLA content (Kelly et al., 1998), and 
whole linseed (source of 18: 3n-3) supplementation to the diets of Holstein bulls 
less than 12 months of age also resulted in an increase in cis-9, trans-11 CLA 
level in the Langissimus muscle, compared to those fed a canola oil (source of 
18: 2n-6) supplemented diet (Mach et al., 2006). 
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It must be taken into account that when animals are fed on pasture vs 

concentrate, they gain far less body fat. Therefore it has been suggested that a 

grain-based diet with an oil supplement may actually provide better yields of cis- 

9, trans-11 CLA content in ruminant tissues than feeding pasture alone (Dhiman 

et al., 2005). 

Diets supplemented with levels of long chain fatty acids (LCFAs) 

Fish oils 

Fish oil supplementation to the diet provides a rich source of LCFAs, 

particularly, EPA (20: 5n-3) and DHA (22: 6n-3), the benefits of which were 

described in section 2.1.1. High quantities of LCFAs are found predominantly in 

the phospholipids when compared to the triacylglycerides (Ashes et al. 1992). 

Therefore, dietary manipulation with LCFAs mainly affects the fatty acids in the 

phospholipid fraction. Scollan et al (2001) found supplementation of fish oil to a 

grass-silage diet of Charolais steers resulted in a 2-fold increase in the levels of 

20: 5n-3 and 22: 6n-3 in the Longissumus muscle phospholipids. 

Another study investigated the effect of dietary supplementation with different 

levels of fish oil and over different amounts of time. Mandell et al. (1997) found 

that both EPA and DHA along with all other n-3 fatty acids increased in the 

Longissimus muscle of Charolais steers with 5% fish meal supplementation 

while arachdonic acid (20: 4n-6) concentration decreased. When fish meal was 

supplemented at 10 % the EPA and DHA levels increased further and all n-6 

fatty acid concentrations decreased. In addition, as the duration of feeding fish 

meal increased (56,112, or 168 days), the n-3 fatty acid content also increased. 

As previously stated, biohydrogenation impedes dietary regulation of the fatty 

acid composition of ruminant tissues by saturating dietary unsaturated fatty 

acids. For example, the conversion of linoleic and alpha-linolenic acid by 

ruminal hydrogenation ranges between 0.70-0.95 and 0.85-1.0 respectively 
(Dewhurst, 2003). Therefore by only increasing the amount of these essential 
fatty acids in the animals' diet, it does no contribute ar large a proportion of 
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PUFAs in the tissues as it should. Attempts have been made to reduce the 

ruminal biohydrogentation by either protecting dietary lipids, or supplementing 
diets with particular compounds that affect the micro-organisms in the rumen. 

Factors influencing ruminal biohydrogenation 

Red clover 

The inclusion of red clover into a pasture-based diet has been found to reduce 
the biohydrogenation of PUFAs in the rumen. Red clover produces an enzyme. 

polyphenol oxidase (PPO), which causes the browning at the ends of cut red 

clover leaves (Lee of al., 2004), and it is this enzyme that is believed to be 

responsible for the prevention of lipolysis in the rumen, thereby slowing down 

the ruminal biohydrogenation of PUFAs. For example, it has been demonstrated 

that supplementation of red clover to the diet of beef cattle reduces the 

biohydrogenation of 18: 3n-3 and increases its resultant flow to the duodenum 

(Lee et al., 2006). 

Algae 

Another supplement that has been tested and found to alter ruminal 
biohydrogenation is that of algae. Algae is a rich source of the LCFA DHA. Or- 

Rashid et al. (2008) demonstrated that the inclusion of algal meal in the diet of 
Holstein cows, doubled the cis-9, trans-11 CLA content in the rumen compared 
to control animals. In response to an increased amount of algal 
supplementation, cis-9, trans-11 CLA was decreased but levels of trans-18: 1 
fatty acids were actually increased. This was due to the inhibitory effect of DHA 

on biohydrogenation of the trans-18: 1 fatty acid to 18: 0. The authors speculated 
that algal meal could therefore be used to encourage the trans-18: 1 content of 
the rumen which in turn would contribute to endogenous biosynthesis of cis-9, 
trans-11 CLA. 
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pH 

The microflora of the rumen can be affected by manipulating rumen pH, which 

can be achieved by altering the diet. High concentrate, low fibre diets have 

been shown to alter the trans-18: 1 profile of milk fat in such a way whereby the 

predominant 18: 1 fatty acid, trans-vaccenic acid (trans-11,18: 1) is replaced by 

trans-10 18: 1 (Griinari et al., 1998). This was thought to be caused by a 

decrease in the ruminal pH in response to the high grain, low fibre diet, which 

altered the bacterial populations and therefore alternate bi-products were 

produced from the biohydrogenation processes. 

Protected lipids 

The coats of some oilseeds can provide a certain degree of natural protection 
from biohydrogenation, however, the degree of this protection is limited 

(Demeyer and Doreau, 1999). Therefore synthetic protection (physical and 

chemical) is required. Feeding a ruminally protected lipid supplement (PLS: 0.7 

soyabean, 0.22 linseed, 0.08 sunflower-seed) to Charolais steers for example, 

resulted in a decrease in total fat, a lower content of saturated fat, and 
increased levels of 18: 2n-6 and 18: 3n-3 in the Longissimus muscle when 

compared to that in animals fed diets supplemented with Megalac which is a 

source of palmitic acid (16: 0) (Scollan et al., 2003). This also led to a 2.5 

increase in the P: S ratio (from 0.08 with Megalac to 0.28 with a ruminally 

protected lipid supplement rich in PUFA) improving the meat quality from a 
health perspective. 

Rumen-protected lipids have not had such a profound effect on the cis-9, trans- 
11 CLA content of ruminant tissues. There were only minor differences in cis-9, 
trans-11 CLA and TVA level in adipose tissue of Angus x Hereford steers 
following dietary supplementation of rumen-protected CLA salt, (0.672 % of total 
fatty acids in experimental group vs. 0.599 % of total fatty acids for control 
group; Gillis et al., 2004). 
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Using protected feed improves fatty acid composition to some extent but this 

effect is not as large as that which is desired. Moreover, the protected feed 

approach is costly. Therefore, increasing attention is being paid to the 

modification of fatty acid composition at the tissue level via regulation of fatty 

acid biosynthesis pathways. The enzyme involved in the biosynthesis of cis-9, 
trans-11 CLA is SCD and a review of this enzyme and its regulation is 

described in the following chapter (2.4). 
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2.3.2. Genetics 

In addition to dietary factors, genetics also play an important role in the 

regulation of fatty acid composition. It is well known that fatty acid composition 

and fat content differ between breeds and between individual animals within a 

breed (Piedrafita et al., 2003). For example, the shoulder muscle of Limousin 

cows has been found to contain more palmitic, vaccenic and arachidonic acid 

(17.8,18.3 and 6.4 % of total fatty acids respectively) than that of Jersey cows 

(15.5,16.9 and 5.0 % respectively; Malau-Aduli et al., 1998). Fatty acid 

composition differences were also demonstrated between Japanese Black and 

Holstein cattle, and crosses between Japanese Black, Holstein, Japanese 

Brown and Charolais with regards to palmitic (16: 0), palmitoleic (16: 1) and oleic 

(18: 1) acids (Zembayashi et al., 1995). Out of all the breeds analysed, the 

highest level of palmitic acid was found in Holstein, the highest level of 

palmitoleic acid was found in Japanese Black, and the highest level of oleic acid 

was found in the offspring of a Japanese Black crossed with the progeny of a 

Japanese Black bull and a Holstein cow. The lowest level of palmitic acid was 

found for the Japanese Black, and the lowest levels of both palmitoleic acid and 

oleic acid were found for the Holstein breed. The breed specific differences in 

fatty acid composition may be related to variations in activities of key lipogenic 

enzymes. Changes in enzyme activities in turn, could be related to a number of 

factors, including (i) changes in mRNA and/or protein expression; and (ii) 

functional DNA polymorphisms. 

In general, beef cattle breeds have a higher dissectable: IMF ratio compared to 

dairy breeds (Demeyer and Doreau, 1999) but breed differences in fat and fatty 

acid composition can also be observed amongst breeds reared for the same 

purpose. When the subcutaneous adipose tissue from Brahman and Hereford 

cows fed on the same diet were compared, the Hereford breed was found to 

have 5g more fatty acids per 100 g of fat tissue than Brahman. The SFA 

concentration was also higher in the Hereford while that of MUFA and PUFA 

was lower (Huerta-Leidenz et al., 1993). 

The cis-9, trans-11 CLA content of milk has also been found to be affected by 
breed, with higher levels being measured in the milk fat of cows from the 
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Montbeliarde breed (18.3 mg/g) than in that of Dutch and Irish Holstein-Friesian 

(14.7 and 17.0 mg/g respectively) and Normande (15.3 mg/g) breeds reared on 

the same pasture (Lawless of a/., 1999). The breed effect on the overall CLA 

isomer profile of several tissues was demonstrated by Dannenberger et al. 

(2005) in a study on German Holstein and German Simmental bulls reared via 

either an indoor system (concentrate feed) or exposed to periods of pasture 

feeding (followed by concentrate with added linseed as a source of 18: 3n-3). 

For the Longissimus muscle, breed was a contributing factor (along with diet) 

for differences in all 12 CLA isomers measured. Moreover, breed was the sole 

factor contributing to the differences in the trans-10, trans-12 CLA, trans-8, 

trans-10 CLA, cis-9, trans-11 CLA, trans-8, cis-10 CLA and trans-7, cis-9 CLA 

isomers. For cis-9, trans-11 CLA, the higher concentration was detected in the 

muscle of German Holstein compared to German Simmental fed pasture (14.4 

vs. 8 mg/100 g for German Holstein and German Simmental respectively) and 

concentrate (11.7 vs. 6.5 mg/100 g for German Holstein and German 

Simmental respectively). These same two breeds were used in a study by Shen 

et al. (2007) which also demonstrated a breed effect on the cis-9, trans-11 CLA 

isomer content of the Longissimus muscle, with higher levels of this isomer in 

German Holstein compared to the German Simmental breed fed pasture (17.34 

vs. 11.51 mg/100 g for German Holstein and German Simmental respectively) 

or concentrate (17.12 vs. 13.32 mg/100 g for German Holstein and German 

Simmental respectively). 

In principle, the fatty acid composition can be modulated via regulation of 

processes controlling fatty acid biosynthesis in the animals' tissues, i. e. via 

regulation of the activity or expression of lipogenic enzymes. The aim of this 

PhD was to investigate the mechanisms underlying the regulation of the cis-9, 
trans-11 Cl-A content of beef. The key enzyme catalysing cis-9, trans-11 CLA 

formation in tissues is SCD (described in section 2.1.3). Therefore the next 

chapter will focus on a review of the structure, function and regulation of this 

enzyme. 
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2.4. Stearoyl-CoA desaturase (SCD) 

2.4.1. Structure 

The SCD enzyme was first discovered in 1974 by Strittmatter et al. in rat liver 

microsomes. The SCD protein is a membrane bound lipogenic enzyme which 

resides on the endoplasmic reticulum of cells (Heinemann and Ozols, 2003). 

The SCD polypeptide exhibits four membrane spanning regions (see Figure 

12). The molecular weight of the polypeptide is approximately 37 kDa. SCD 

functions as the rate-limiting step in the biosynthesis of MUFAs from SFAs by 

introducing the first cis double bond at the delta-9 position (between carbons 9 

and 10) (Dhiman et al., 2005). The SCD amino acid sequence contains 3 

segments high in histidine molecules that are responsible for the catalytic 

function of the enzyme (Heinemann and Ozols, 2003). The oxidative reaction 
involves a3 component enzyme body comprised of SCD, cytochrome b5, 

NADH (P)-cytochrome b5 reductase and molecular oxygen (Enoch et al., 1976) 

and uses a range of acyl-CoA substrates with the favoured being palmitoyl-CoA 

and stearoyl-CoA which are converted to palmitoleoyl-CoA and oleoyl-CoA 

respectively (Ntambi, 1995; Jeffcoat, 1979). In addition to MUFA biosynthesis, 

SCD is the sole enzyme responsible for the endogenous production of cis-9, 
trans-11 CLA within the tissues of animal species (Tanaka, 2005; see section 
2.1.4. for details). 
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Figure 12. Diagram presenting the orientation of the stearoyl-CoA desaturase 

(SCD) protein and the additional components involved in the desaturation 

reaction carried out by SCD (adapted from Heinemann and Ozols, 2003). 

Cytoplasmic side of 
*-, membrane 

l: ýI) bS; 

id -N 

FAD = NADH (P)-cytochrome b5 reductase; b5 = cytochrome b5; SCD = 
stearoyl-CoA desaturase; C= carboxyl terminus and N= amino terminus. 

2.4.2. SCD isoforms 

A number of SCD isoforms have been discovered in various species. The first 

SCD cDNA sequence was reported in 1986 by Thiede et al. for the rat liver. 
This was followd by sequencing of the mouse SCD gene two years later 

(Ntambi et al., 1988). At present, the following SCD isoforms have been 

identified: SCD1, SCD2, SCD3 and SCD4 in the mouse (the genes encoding for 

these isoforms are located on chromosome 19), SCD1 and SCD2 in the rat 
(chromosome 1); SCD1 on chromosome 22 in the sheep and chromosome 26 

in the goat; SCD1, SCD2 and SCD3 in the hamster (Falvella et al., 2002; 

Mihara, 1990; Bernard et al., 2001; Ward et al., 1998; Wang et al., 2008); and 
SCD1 and SCD5 on chromosomes 26 and 6 respectively, in cattle, and 

chromosomes 10 and 17 respectively in humans (Lengi and Cori, 2007; Zhang 

et al., 1999). The SCD5 isoform has also been discovered in chimpanzees and 
orangutangs (Wang et al., 2005). In addition, Lengi & Cori (2008) identified 
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homologues of the SCD5 isoform in the pig, sheep and chicken, with the latter 

being of particular importance as it is the first non-mammalian species to 

display an SCD5 homologue. In spite of the existence of a variety of SCD 

isoforms, there is much similarity between species in relation to individual SCD 

isoforms as well as between the isoforms themselves (Figure 13). The SCD1 

cDNA sequence is highly homologous between the mouse, rat and human at 

both the nucleotide and the amino acid level, and consists of 6 exons and 5 

introns in all three species (Bene et al., 2001). A high degree of homology (89- 

93 %) was also found between the human, the sheep and the hamster amino 

acid sequences of SCD1 (Heinemann and Ozols, 2003). With regards to the 

different isoforms, the SCD1 and SCD2 genes investigated in mice have been 

reported to encode for two separate proteins (355 and 358 amino acids 

respectively) but have over 80 % homology in their amino acid sequence (Tabor 

et al., 1997). It has also been found that one SCD gene isoform is capable of 

producing two SCD proteins. The human SCD1 gene has been found to 

produce two mRNA species (3.9kb and 5.2kb) that result in two active SCD 

proteins (Zhang et al., 1999). Another SCD locus has been identified on 

chromosome 17 in humans but this has been labelled as a pseudogene 
because no active product was recorded (Zhang of al., 1999). The SCD gene 
has also been cloned from yeast, drosophila and the much studied nematode 
Caenorhabditis elegans (Ntambi and Miyazaki, 2003) although these have not 
been as extensively investigated as the SCD isoforms in the aforementioned 

species. 
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Figure 13. Phylogenetic tree of mammalian SCD isoforms (adapted from Wang 

et al., 2005) 
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Physiological importance of isoforms 

According to several studies the expression and activity of the various known 

SCD isoforms appears to be tissue specific. Different isoforms are expressed at 
different levels in different tissues, and expression of these isoforms is 

dependent on a range of factors, including dietary compounds. SCDI mRNA 

was discovered in various tissues of human. However, the adipose tissue and 
liver were the main sites of SCD1 expression while the brain and pancreas were 
the main sites for SCD5 expression (Wang et al., 2005). Relatively high levels 

of SCD1 mRNA were also found in the adult brain, spinal cord and the adult and 
foetal liver. Lower levels of SCD1 mRNA were reported in the human lung, 

heart, skin, cerebellum and the foetal brain, followed by skeletal muscle, 
trachea, pancreas and kidney (Zhang et al., 1999). 
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Each of the four SCD isoforms that have been discovered in mice also appear 

to function at different sites. SCD1 is the isoform predominantly expressed in 

the liver and adipose tissue, while SCD2 is predominantly expressed in the 

brain, SCD3 is solely expressed in the sebaceous gland in the skin and SCD 4 

is expressed in the heart (Miyazaki et al., 2003). Various SCD isoforms differ in 

their preference to a particular substrate. The mouse SCD1, SCD2 and SCD4 

desaturate both palmitoyl-CoA and stearoyl-CoA but SCD3 is only specific 

towards Palmitoyl-CoA (Miyazaki of al., 2006). 

In order to gain further insight into the functions of the SCD enzyme at the 

molecular level, it is important to understand the various factors that can 

regulate the expression and activity of this enzyme. At present, the mechanisms 

regulating tissue-specific expression of the SCD isoforms are not very well 

understood. Even less is known about the expression and activity of SCD in 

ruminant species in particular. However, the research that has been carried out 
in order to investigate SCD1 expression and activity in cattle has mainly 
focused on the mammary and subcutaneous adipose tissue in dairy and beef 

breeds respectively (Kinsella, 1972; St John et al., 1991; Chang et al., 1992). 

The question regarding regulation of SCD expression in cattle muscle tissues 

remains open. 

2.4.3. Regulation of SCD expression and activity 

It has been shown that SCD activity is influenced by a number of factors. These 
changes in enzyme activity are associated with variations in levels of products 
of SCD catalysed reactions, namely, cis-9, trans-11 CLA and MUFAs. However, 
the question is: what is the mechanism that regulates enzyme activity? 

There are at least three possibilities to be considered: 1) the direct modification 
of enzyme activity by various factors, 2) changes in SCD protein and/or mRNA 
expression, and 3) functional mutation(s) in the coding region of the SCD gene. 
All these possibilities will be reviewed. 

57 



Direct regulation of SCD enzyme activity by various factors 

Many different individual dietary factors that regulate SCD activity have been 

identified. Studies have found that ß-carotene, when metabolised to vitamin A, 

directly decreases SCD activity in animal tissues (Alam et al., 1984). For 

example, in rat liver microsomes a reduced SCD activity has been found in rats 

fed ß-carotene supplemented diets compared to those fed diets containing no 

supplementation (Alam et al., 1984). The results of a study by Gorocica-Buenfil 

et al. (2008) also indicated that SCD enzyme activity was decreased in Angus 

steers that were fed a diet with high vitamin A content compared to steers fed a 

diet containing no vitamin A component. However, not all studies demonstrate 

this negative correlation between vitamin A and SCD activity. A higher SCD 

activity was found in the adipose tissue of Jersey cattle compared to Limousin 

cattle in a study by Siebert et al. (2003). The Jersey cattle had a higher level of 
ß-carotene in their adipose tissue when compared to that of the Limousin. The 

authors suggested that this positive relationship may be related to the fact that 

certain breeds of cattle have a lower ability to metabolise ß-carotene to vitamin 
A. 

SCD activity has also been shown to be reduced by cottonseed. Yang et al. 
(1999) found that feeding whole cottonseed or rumen-protected cottonseed oil 

to Angus-cross cattle significantly reduced SCD activity in the adipose tissue. 
However, the authors were unsure whether it was the presence of 
cyclopropenoic acid in the cottonseed, or the higher contents of 18: 2n-6 that 

affected SCD activity. 

When SCD activity is affected this has a direct effect on the fatty acid 
composition. However, the fatty acid composition itself can also affect SCD 

activity. The most investigated fatty acids known to affect SCD activity are the 
PUFAs. In a study on rats, Jeffcoat and James (1978) showed that 

supplementation of the diet with linoleic acid decreased the SCD activity by 60 
% in the liver. In addition, feeding Simmental calves a diet supplemented with 
20 % oleate sunflower seed was found to increase SCD activity in muscle when 
compared to animals fed on a standard corn diet (Chang et al, 1992). Also, 
Jones et al. (1996) were the first to identify, in a study on Zucker rats, that 
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feeding a diet consisting mainly of PUFAs decreased the SCD activity in 

another fat depot, namely, adipose tissue. 

It is now known that PUFAs of both n-3 and n-6 families can have an inhibitory 

affect on SCD activity and in addition, the degree of repression of SCD activity 

increases with the increase of desaturation of PUFAs (Ntambi, 1999). 

A variety of studies have investigated the effect of CLA isomers on SCD activity, 

with specific focus on the cis-9, trans-11 and trans-10, cis-1 2 CLA isomers. The 

trans-10, cis-12 isomer has been shown to repress the SCD activity in dairy 

cattle mammary cells, pig adipose tissue and the human HepG2 cell line 

(Peterson et al., 2004; Smith et al., 2002; Choi et al., 2001). The cis-9, trans-11 

isomer, in contrast to trans-10, cis-12, has been found to have no effect on SCD 

activity (Peterson et al., 2004). An important detail of the study by Choi et al. 

(2001) on human HepG2 cells is that the down regulation of SCD activity by 

trans-10, cis-12 CLA took place at a post-translational level. The trans-10, cis- 

12 isomer did not appear to affect the expression of the SCD gene nor its 

transcription and translation but both the SCD activity and MUFA levels were 

decreased. 

Changes in protein and/or mRNA expression 

Diet 

In addition to the aforementioned studies that identified factors directly affecting 
SCD activity, other studies have investigated a variety of factors that affect SCD 

activity via regulation of SCD expression, at the level of either transcription 

(mRNA expression), or translation (protein expression) or both. Ntambi et al. 
(1992) demonstrated that mice fed a predominantly PUFA based diet displayed 

a significant suppression of SCD 1 expression in the liver compared to mice fed 

either a diet consisting primarily of MUFA or a fat-free diet. This in vivo result 

was mimicked by an in vitro experiment where cultured rat hepatocytes 

displayed a decrease in SCD 1 expression when unsaturated fatty acids were 

added, with the decrease in expression becoming more pronounced with the 
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higher the degree of unsaturation (Landschulz et al. 1994). It is believed that the 

regulation of SCD gene expression by PUFAs is mediated via the transcription 

factor, sterol-regulatory-element-binding-protein (SREBP). SREBP is a 

membrane bound protein which is located on the endoplasmic reticulum. It 

consists of approximately 1000 amino acids, which constitute 3 major domains, 

and is inactive when it resides in the membrane (Heinemann and Ozols, 2003). 

One of the domains, namely the N-terminal domain, of the SREBP has a DNA 

binding region. This section of the SREBP is cleaved from the remaining protein 

in response to depleted levels of PUFA (Heinemann and Ozols, 2003). Once 

cleaved, this section of the SREBP migrates to the cell nucleus and binds onto 

the sterol-response-element in the promoter region of the SCD gene, which 

activates the transcription of SCD (Brown and Goldstein, 1997). SREBPs also 

act as transcription factors for a number of fatty acid acids (Heinemann and 

Ozols, 2003). 

SCD mRNA levels can also be decreased by Vitamin A, and its major 

metabolite retinoic acid, as demonstrated in a study on mice liver (Zolfaghari & 

Ross, 2003). The authors concluded that the mechanism involved in this down 

regulation of SCD also involves SREBP. 

Conserved PUFA response regions containing binding sites for SREBP, among 

other transcription factors, have been found in the promoter of mouse, chicken, 
human and bovine SCD genes (Keating et al., 2006). This may suggest 

common mechanisms regulating SCD expression across species. In contrast to 

other species, there has been only limited investigation into SREBPs in bovine 

tissues. 

It has been suggested that the mechanisms regulating SCD expression are 
tissue-specific, which may be related to tissue-specific distribution of SCD 

isoforms. 

The expression of the SCD1 and SCD2 isoforms in the mouse and the rat have 

been demonstrated to respond to altered diets: under standard dietary 

conditions SCD1 mRNA is predominantly expressed in the adipose tissue with 

relatively low levels expressed in the kidney, lung, liver, heart and spleen. 
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However, when the animals were fed a fat-free, high carbohydrate diet following 

a period of fasting, the SCD1 mRNA was markedly increased in the liver, but it 

remained relatively low in the spleen, kidney, heart and lungs (reviewed by Kim 

and Ntambi, 1999). The SCD2 gene was not expressed in the liver under either 

of the aforementioned dietary conditions, but it was induced by a high 

carbohydrate diet in the lungs, spleen, kidney and adipose tissue (Ntambi, 

1995). 

Breed 

Relatively few studies have investigated the effect of breed on SCD activity or 

expression. The levels of SCD mRNA in muscle and subcutaneous adipose 

tissue were investigated in Japanese Black and Holstein steers and their 

crosses, and a significantly higher SCD mRNA level was found in Japanese 

Black steers (Taniguchi et al., 2004a). Also, more recently Chung et al. (2007) 

reported a 20 % and 70 % higher SCD activity and mRNA level respectively in 

the adipose tissue of Wagyu steers compared to that of Angus. 

Age 

Similarly to breed-effect, not many studies have investigated the effect of age 

on SCD activity or expression. To the best of the author's knowledge, there is 

only one study that has demonstrated an age-effect on SCD mRNA expression 

and it showed an increase in SCD mRNA expression in the Langissimus muscle 

of Hanwoo steers from 6 to 12 months of age, followed by a subsequent 
decrease between 18 to 30 months of age (Lee et al., 2005). 

Studies on other species demonstrated that not only the total SCD content, but 

also the SCD isoform spectrum, can be altered depending on the animals' stage 
of development. SCD2 mRNA is expressed predominantly in B-cells in the 

mouse and rat but its production significantly increases and decreases in the 
brain during the periods of neonatal myelination and lymphocyte development 

respectively (Kim and Ntambi, 1999). 

61 



Hormones 

A range of hormones have been found to affect SCD enzyme activity in a 

variety of species. Jeffcoat et al. (1979) showed that by removing insulin from 

the medium of rat hepatocyte cultures, the SCD activity can be reduced by up to 

80 %. More recently, Daniel et al. (2004) found that cultured cells from omental, 

perirenal and subcutaneous adipose tissues of sheep had increased SCD 

mRNA levels in the presence of insulin, and decreased SCD mRNA levels in 

response to dexamethasone. When these hormones were administered 

together, the effect of insulin dominated. 

Another demonstration of hormonal regulation of SCD activity was presented in 

a study by Cohen et al. (2002) who demonstrated how SCD deficiency in ob/ob 

mice (which are leptin deficient) prevented the obese phenotype. The SCD 

mRNA levels and activities in the liver were found to be down regulated by the 

hormone leptin (Cohen et al., 2002). 

Factors listed in Table 4 have been demonstrated to affect SCD expression at 
the transcriptional level (i. e. via mRNA expression). The table also shows 

whether changes in SCD gene expression result in changes in SCD activity. 
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Table 4. Regulators of stearoyl-CoA desaturase (SCD) gene expression 

(Ntambi & Miyazaki, 2004). 

Dietary Factors Hormones Other 

*TGlucose linsulin TPeroxisome 

TFructose A TGrowth Hormone Temperature 

TVitamin A TEstrogen Tlron 

TCholesterol TAndrogen T Live r-X-receptor 

agonist 

IVitamin D ILeptin TTGF-ß 

, 
Polyunsaturated FAs lGlucagon Light 

TIAlcohol , 
Thyroid hormone Tp-Amyloid 

TIConjugated linoleic T Dehydroepiandrosterone IThiazolidinediones 

acid 
', Cadmium 

, STN F-a 

*Arrow indicates whether factor up-regulates or down-regulates SCD activity 

There is a substantial amount of data demonstrating the effect of mutations in 

the coding region of the SCD gene and effect on SCD activity and meat quality, 

therefore this will be discussed extensively in the next section. 

2.4.4. SCD polymorphisms and food quality 

DNA mutations can occur in: 1) coding region, 2) 5'-flanking region, and 3) 5'- 

and/or 3'- UTR (untranslated region). Mutations of the SCD gene in cattle have 

been mainly identified in the coding region and will be discussed here. 

The coding region resides downstream of the gene promoter and is comprised 

of a set of segments (exons) of nucleotides that are transcribed by RNA 

polymerase. Mutations in the coding region can be either non-functional or 
functional. Non-functional DNA mutations do not affect protein amino acid 

sequences and have no effect on protein properties. Functional mutations 
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introduce a stop codon or result in a change in amino acid sequence 

consequently affecting protein properties. 

A number of single nucleotide polymorphisms (SNPs) in the SCD1 coding 

region have been reported in various species. A majority of the SCD SNPs that 

have been identified in humans have been linked to obesity and insulin 

resistance (Warensjo et al., 2007). 

In ruminant species SCD SNPs have been investigated in relation to milk and 

beef quality. Tanigichi et al. (2004) reported a substitution of thymine (T) to 

cytosine (C) at the position 878 bp which resulted in substitution of valine to 

alanine at the 293 position of the amino acid sequence for SCD1 in Japanese 

black cattle. This SNP was associated with a higher MUFA content in IMF. 

Furthermore, in a study on Canadian Holstein and Jersey cows by Kgwatalala 

et al. (2007) the authors found four SCD genetic variants in Holstein cattle, two 

of which also occurred in the Jersey breed. The genetic variants of the SCD1 

gene had SNPs (substitutions) at the positions 702 bp (adenine (A) to guanine 
(G)), 762 bp (T to C), 878 bp (C to T) and one that was unique to Holstein 

cattle, at the position 435 bp (G to A). Reminiscent of the study by Taniguchi et 

al. (2004b), the authors found the SNP at position 878 bp resulted in 

substitution of valine by alanine. The authors suggested that further work was 

required to investigate the possible relationship between the SCD genetic 

variants identified in the study, and the levels of MUFA and cis-9, trans-11 CLA 

in milk that had been observed between the two breeds. In relation to the 

valine/alanine substitution resulting from the SNP at position 878 bp, Macciotta 

et al. (2007) demonstrated this to be a functional mutation, in a study on Italian 

Holstein cows, where animals with the homozygous valine genotype produced a 

greater milk yield compared to those with the homozygous alanine genotype. In 

addition to the above studies, Milanesi et al. (2008) investigated 11 Italian cattle 
breeds (5 beef breeds, 5 milk breeds and 1 duel-purpose breed). They 

concluded from the study that selection pressures and breeding towards 

specific goals (beef or milk breeds) resulted in the high variability of the SCD1 
DNA sequence at position 878 bp with similar sequences between breeds bred 
for similar purposes. 
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The above data indicate that SNPs in the coding region of the SCD1 gene 

appear to have a significant impact on the quality of both meat and milk of 

ruminant species. The SCD gene is now suggested as a major candidate gene 
for manipulation of the SFA: PUFA ratio in milk (Schennink et al., 2008). On this 

basis, it is plausible to suggest that in the future it may be possible to test for 

particular characteristics of meat/milk quality, such as cis-9, trans-11 CLA and 
MUFA content, by the use of genetic tests based on SCD coding region SNPs. 

Such SNPs could also be used for selective breeding towards desirable meat 

quality characteristics. However, before this objective can be achieved, 

comprehensive research is required to understand the relationship between the 

SNPs and meat quality traits. Moreover, the evaluation of SNPs should be 

performed on genetically diverse breeds. 

Conclusion 
The data of the literature clearly demonstrate that SCD is involved in the 

regulation of cis-9, trans-11 CLA and MUFA content in ruminants. However, the 

mechanism behind the SCD involvement remains unclear. More importantly, 
SCD contribution to fatty acid composition control in different breeds is not 

understood and information on this subject is fragmental. Therefore, there is a 

need to investigate (i) the breed-specific mechanisms regulating SCD activity, 
and (ii) the relationship between SCD and cis-9, trans-11 CLA and MUFA 
formation. 
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Chapter 3. Materials and Methods 

Two different types of experiment were performed in this study, the aims of 

which were i) to investigate the effect of breed on the fatty acid composition of 

muscle and subcutaneous adipose tissue, and to determine whether the breed- 

effect is related to changes in stearoyl-CoA desaturase (SCD) enzyme 

expression, activity and/or DNA polymorphisms, and ii) to investigate the effect 

of diet on the fatty acid composition and SCD expression in the muscle of one 

breed of cattle. In addition, a fatty acid derivatisation method comparison trial 

was conducted for the detection and quantification of CLA isomers. The basis 

for the derivatisation method comparison trial was the controversy regarding 

CLA isomer spectra which may be at least partially related to the use of different 

derivatisation and detection procedures. Both the dietary and derivatisation 

method comparison trials were conducted in collaboration with the Research 

Institute for the Biology of Farm Animals (FBN), Dummerstorf, Germany. 

Animals and diets varied depending on the type of the experiment. All 

experiments involving animals were conducted in compliance with UK 

regulations for humane care and slaughter. 

3.1 Animals and diet 

The effect of breed on fatty acid composition, SCD expression and activity was 
investigated in steers from five beef cattle breeds: Longhorn (purebred; n=11), 
Charolais cross (with Holstein-Friesian; 50: 50; n=9), Hereford (purebred; n=5), 
Belted Galloway (purebred; n=9) and Beef Shorthorn (purebred; n=8). DNA 

polymorphisms were investigated in the Semimembranosus muscle and 

subcutaneous adipose tissue of Longhorn animals with high and low CLA 

content. This breed was chosen because it displayed one of the largest 

differences in cis-9, trans-11 CLA level between individuals within a breed. DNA 

polymorphisms were also investigated in the Semimembranosus muscle of 
Longhorn and Charolais cross animals (all low cis-9, trans-11 CLA level). The 
Longhorn and the Charolais cross animals were reared on Craddocks Farm, 
Babcary, UK; the Belted Galloway and Beef Shorthorn animals were reared on 
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Ingleborough common (Natural Englands' Farm), Strathairlie, Cumbria, UK and 

the Hereford animals were reared on Cliffe Farm (Home Farm), Devizes, UK. 

The cattle were all raised under similar conditions and dietary regime: grazed in 

spring, summer and autumn on unimproved, bio-diverse (>50 species) pastures 

and were kept indoors over the winter and early spring months (Nov, Dec, Jan, 

Feb, March). During this period they were fed silage. No supplementary feed 

was given to any of the animals. At approximately 28 months of age (range: 25- 

29 month) all animals were transferred to the University of Bristol and 

slaughtered at an EU-approved experimental abattoir. 

The effect of diets rich in n-3 or n-6 PUFAs on fatty acid composition and SCD 

expression was investigated on 13 German Holstein bulls. The animals were 

randomly assigned to one of two dietary treatments: 1) maize silage with 

soybean-based concentrate, which was defined as the "n-6 group" and provided 

approximately 1.4-fold higher content of linoleic acid (C18: 2n-6) compared to 

the "n-3 group", and 2) grass silage and a concentrate supplemented with 
linseed oil and rapeseed cake which was defined as the "n-3 group" and 

provided a 4-fold higher content of a-linolenic acid (C18: 3n-3) compared to the 

"n-6 group". The animals were fed semi-ad libitum in both groups. Throughout 

the entire fattening period, the bulls were kept indoors and fed a total mixed 
ration (see Tables 5 and 6 for details). The animals were reared and 

slaughtered at the FBN institute, Germany, to an average live weight of 621 kg 

(± 11.5 kg) for the "n-6 group" and 628 kg (± 9.8 kg) for the "n-3 group". The 

samples of Langissimus muscle were collected as described in 3.2 and 
transported to the University of Bristol on dry ice. 
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Table 5. Composition of the concentrate component of the diets (% of total 

weight). 

n-6 n-3 
Component 

Crushed wheat 40 58 
Crushed maize 10 20 

Soybean meal 41 - 
Rapeseed cake - 12 

Minerals 2 4.7 

Linseed oil - 3 
Molasses 2 2 

Feed chalk (contained Vit. E) - 0.3 

Straw 5 - 

Table 6. Chemical and fatty acid composition (g/100 g) of total mixed ratio. 

n-6 n-3 

Chemical composition 
Crude protein 15.3 14.9 
Crude fat 3.1 4.0 
Crude ash 7.0 12.3 
Fatty acid composition 
C12: 0 0.2 0.2 
C14: 0 0.8 0.4 
C16: 0 20.5 16.7 
C18: 0 2.6 2.6 
C 18: 1 cis9 19.1 15.7 
C18: 2n-6 40.0 21.5 
C 18: 3n-3 10.8 35.5 
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3.2. Sample Collection 

Animals for the first trial (effect of breed) were transferred from the farms to the 

abattoir located at the University of Bristol at the School of Clinical Veterinary 

Science, Langford, Bristol, UK. Animals were slaughtered over the period from 

25th July 2006 to the 21St November 2006 and the slaughter of animals of each 

breed was evenly distributed over the four months. The method of slaughter 

was captive bolt stunning followed by exsanguination. 

The animals used for the second trial (effect of diet) were slaughtered at the 

abattoir located at the FBN, Dummerstorf, Germany. The method of slaughter 

was captive bolt stunning followed by exsanguination. All animals for both trials 

were slaughtered in accordance with EU regulations. 

Samples for the first trial were collected within 15 min post slaughter. Samples 

weighing approximately 20 g were taken from the Semimembranosus muscle 

and subcutaneous adipose tissue (from the mid region of the back), 

immediately frozen in liquid nitrogen, and subsequently stored at -80 °C until 

analysed for fatty acid composition, SCD enzyme expression and SCD enzyme 

activity. The same samples were used for cloning experiments. 

The samples for the second trial were collected within 30 min post slaughter. 

Samples of Longissimus muscle, approximately 10 g in weight, were collected 

from the right side of the carcass (between the 13th and 14th rib) and were 

frozen in liquid nitrogen. The samples were stored at -70 °C and were used for 

analysis of fatty acid composition and SCD enzyme expression. 

The storage of samples under these conditions has previously been 

demonstrated to have no effect on lipogenic enzyme expression, activity or 

RNA expression (Doran et al., 2006). 
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3.3. Analytical methods 

3.3.1. Fatty acid analyses 

Saponification and extraction of fatty acids from muscle 

Approximately 10 g of frozen muscle tissue was thawed in cold water for 10-15 

min. Once thawed, the sample was trimmed of any remnant fat and connective 

tissue before being blended thoroughly, taking care not to raise the temperature 

of the sample. 1g of blended muscle tissue was weighed directly into a 30 ml 

sovirel tube and 6 ml of 5M KOH in aqueous methanol (1: 1, v/v) containing 

hydroquinone (1 g/L) was added to the tissue. The above procedure was 

performed in duplicate per sample. 100 pl of a known concentration of C21: 0 

standard (Sigma, Dorset, UK) was added to each tube. On average, a 

concentration of 15 mg/ml of C21: 0 standard was added. The amount of the 

standard varied between the sets of samples but the exact amount of standard 

per sample set was known, and was taken into account during calculation. 
After adding the standard, the samples were heated in a 60 °C waterbath for 2 

h. When specifically analysing CLA isomers, 50 pl of C19: 0 (approximately 15 

mg/ml; Sigma, Dorset, UK) was added to each sample in place of C21: 0 

standard. The tubes were shaken every 5 min for the initial 30 min, then every 
20 min for the remaining time. The samples were left to cool at room 
temperature and stored at 4 °C overnight. 

The saponified samples were initially left to acclimatise to room temperature. 12 

ml of distilled water and 5 ml of petroleum ether (boiling range: 40-60 °C) was 

added to each sample, which were then shaken vigorously for 1 min and 

centrifuged for 3 min. 3-5 drops of absolute ethanol were added to break up the 

resultant emulsification that formed in the top petroleum ether layer of non- 

saponifiables, which was then removed and discarded using a Pasteur pipette. 
5 ml of petroleum ether was added to each sample and the process repeated 
twice again. On removal of the third petroleum ether layer, 3 ml of 10 N H2SO4 

was added to each sample along with 5 ml of petroleum ether and then shaken 
for 1 min and centrifuged for 3 min. The upper petroleum ether layer containing 
fatty acids was removed and placed into a 25 ml saponification tube. 5 ml of 
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petroleum ether was again added to each original sample and the process 

repeated twice again, until approximately 15 ml of fatty acid extract had been 

collected in the saponification tube. To neutralise the fatty acid extracts a small 

spatula of NaHCO3 was added, with more being added to any sample in which 

effervescence occurred. One large spatula of anhydrous Na2SO4 was then 

added to dry the fatty acid extracts, with more being added to any sample in 

which the powder had solidified. All samples were shaken briefly and left for 10 

min. Litmus paper was added to the original sample to ensure the correct pH 

(pH = 1). The fatty acid extracts were centrifuged for 3 min and the resultant 

solution poured into a new saponification tube taking care not to transfer any of 

the powder. The samples were then stored under oxygen-free-nitrogen (OFN) 

at -18 °C until methylated. 

Saponification and extraction of fatty acids from subcutaneous adipose tissue 

A scalpel blade was used to cut a cube of adipose tissue approximately 1g in 

weight, ensuring all layers throughout the fat were sampled. The sample was 

roughly chopped using a scalpel and placed into a 30 ml sovirel tube. 10 ml of 
CHCI3 and 100 pl of butylated hydroxytoluene (BHT) in CHCI3 (1 %) was added 
to each sample. Each sample was homogenised using a polytron followed by 

the addition of 3g of anhydrous Na2SO4. The samples were shaken well and left 

overnight at 4 °C. 

The samples were filtered into clean 30 ml sovirel tubes using 7 cm GF/A filter 

paper under vacuum suction, rinsing with CHCI3, followed by reduction to 8 ml 

under OFN. The resultant 8 ml was transferred to a 10 ml volumetric flask, 

made up to 10 ml with CHCI3, and transferred into a clean 25 ml saponification 
tube and mixed well. 100 pl aliquots were removed from each sample and 
transferred into new saponification tubes and 50 pl of C21: 0 standard 
(approximately 15 mg/ml; Sigma, Dorset, UK) was added. When specifically 
analysing CLA isomers 50 pl of C19: 0 (approximately 15 mg/ml; Sigma, Dorset, 
UK) was added to each sample in place of the C21: 0 standard. All solvent was 
blown off using OFN, 2 ml of 2M KOH solution added and the samples were 
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left to saponify for 1h in a 60 °C waterbath. The samples were stored at 4 °C 

until alkaline and acid extraction which was carried out within two weeks. 

To each sample 7 ml of distilled water and 3 ml of petroleum ether was added 

and shaken vigorously for 1 min and centrifuged for 3 min. Absolute ethanol (3- 

5 drops) was added to break up the resultant emulsification that formed in the 

top petroleum ether layer of non-saponifiables, which was then removed and 
discarded using a Pasteur pipette. 3 ml of petroleum ether was added to each 

sample and the process repeated twice again. Once the third petroleum ether 
layer was discarded, 0.5 ml of 10 N H2SO4 and 3 ml of petroleum ether were 

added to each sample. The samples were shaken vigorously and centrifuged 
for 3 min. The upper petroleum ether layer containing fatty acids was removed 

and placed into a 25 ml saponification tube. 3 ml of petroleum ether was again 

added to each original sample and the process repeated twice again, until 

approximately 9 ml of fatty acid extract had been collected in the saponification 
tube. Litmus paper was added to the original tubes to ensure that the pH value 
was 1. To neutralise the fatty acid extracts a small spatula of NaHCO3 was 
added, with more being added to any sample in which effervescence occurred. 
One large spatula of anhydrous Na2SO4 was then added to dry the fatty acid 
extracts, with more being added to any sample in which the powder had 

solidified. The tubes were shaken briefly and left for 10 min then centrifuged for 
3 min. The resultant solution was poured into a new saponification tube taking 

care not to transfer any of the powder. The samples were then stored under 
OFN at -18 °C until methylated. 

Methylation 

On the day of methylation, the fatty acid extracts were left to reach room 
temperature, inverted a few times, and approximately one third of the extracts 
was poured into a clean saponification tube. The remaining two thirds of the 
extracts were stored at -18 °C. Within a class A fume cupboard each sample 
was blown to dryness under OFN in a 60 °C waterbath and 0.5 ml of petroleum 
ether was used to wash down the sides of the tubes. The samples were 
removed from the waterbath, set up in a rack inside the fume cupboard, and 
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methyl esters were formed by adding diazomethane in diethyl ether drop-wise 

to each sample until the appearance of the saturated yellow colour of the 

diazomethne. The samples were left for 20 min, then transferred to the 60 °C 

waterbath and left there until all the diazomethane solution had evaporated. 

OFN was used briefly to dry the samples and 1 ml of n-hexane was added and 

the tubes capped. The methyl esters were mixed well in the n-hexane, 

centrifuged for 2 min and 200 pl of the solution was transferred to a glass vial, 

capped and stored at 4 °C until analysed by high resolution gas 

chromatography (HRGC). If HRGC analysis was not performed on the same 

day, the samples were transferred to -18 °C for longer-term storage. 

HRGC was carried out on a CP Sil88 FAME WCOT capillary column, 60 mx 

0.25 mm internal diameter (Chrompack UK Ltd, UK) with a flame ionisation 

detector, helium as the carrier gas and a split/splitless injector with a set split of 

50: 1. The retention times of fatty acid standards purchased from Sigma, Dorset, 

UK, were used to identify individual fatty acids and the C21: 0 standard was 

used to quantify the fatty acids. 

CLA isomer derivatisation method comparison study 

One of the objectives of the present study was to compare two derivatisation 

procedures commonly used for fatty acid analysis: (i) base-catalysed method 
followed by acid-catalysed method (BF3 in methanol at 60 °C) and (ii) base 

hydrolysis followed by methylation with "in-house" produced diazomethane in 

diethyl ether, further referred to as methods A and B. The methylated fatty acids 

resulting from both procedures were analysed using silver ion high-performance 
liquid chromatography (Ag+-HPLC). 

For analysis by method A, fatty acids were extracted from the subcutaneous 

adipose tissue of the same 25 samples which were used for the previously 
described methylation procedure using diazomethane in diethyl ether (method 
B). The initial steps for both, methods A and B, were similar up to the stage 
where CHCI3 was added to make the filtrate up to 10 ml in the volumetric flask 
for saponification and extraction. At this stage, for method A 100 pl of the 
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subcutaneous adipose tissue filtrate and 50 PI of C19: 0 standard (approximately 

15 mg/ml; Sigma, Dorset, UK) were added to a new saponification tube. All the 

solvent was blown off under OFN and 300 pl of toluene was added immediately 

after this. 2 ml of 0.5 M sodium methoxide (CH3ONa) in methanol was added to 

all the samples and the samples were placed in a 60 °C waterbath for 10 min. 

The samples were regularly shaken. After this, 1 ml of 14 % boron trifluoride 

(BF3) in methanol (Sigma, Dorset, UK) was added to the samples, and the 

samples were further incubated in a waterbath at 60 °C for a further 10 min and 

shaken regularly. Following the incubation, 2 ml of saturated NaHCO3 and 2 ml 

of n-hexane were added to each sample to extract the fatty acid methyl esters 

(FAMEs). The samples were shaken for 1 min, centrifuged for 3 min and the 

FAMEs removed using a Pasteur pipette and placed into a new saponification 

tube. 2 ml of n-hexane was added and the process was repeated. 

For both methods A and B, the solvent containing the FAMEs was reduced to 
dryness under OFN and the FAMEs were re-suspended in 120 pl of n-hexane 

and stored at -18 °C until analysed by Ag+-HPLC. The analyses were carried 

out in duplicate for each sample (50 analyses in total). 

Analysis of the fatty acid methyl esters was performed by Ag+-HPLC (LC-1 OAD, 

Shimadzu, Kyoto, Japan) consisting of four ChromSpher 5 Lipids analytical 

silver-impregnated columns (4.6 mm ID x 250 mm stainless steel, 5 pm particle 

size; Varian, USA). The columns were maintained at a stable temperature of 20 

°C within an oven. Before use, the columns were equilibrated to the solvent for 

30 min. Every other day a fresh 0.1 % acetonitrile in n-hexane solution was 

prepared and was utilised by the HPLC which functioned with a flow rate of 1.0 

ml/min (isocratic mobile phase). All conjugated compounds were detected at 
233 nm using a photodiode array detector (SPD-MlOAvp, Shimadzu, Kyoto, 
Japan) with an injection volume of 30 pl. Individual conjugated linoleic acid 
isomers were identified by the retention times of CLA standards (methyl esters 
of C18: 2 cis-9, trans-11, C18: 2 trans-9, trans-11, C18: 2 trans-10, cis-12 and cis- 
9, cis-1 1; see Figure 14 for example of Ag+-HPLC chromatogram) as well as the 

elution order of the isomers, and the typical UV spectra of CLA isomers from the 

photodiode detector. External calibration plots were constructed as described 
by Dannenberger of a/. (2005) and Nuernberg et al. (2007) (Figure 15). 
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Figure 14. Ag+-HPLC chromatogram displaying CLA isomer peaks detected in 

the subcutaneous adipose tissue of one animal. 
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Figure 15. Calibration plot for cis-9, trans-11 CLA isomer for Ag+-HPLC 

analysis. Increasing amounts (pg/ml) of the cis-9, trans-11 CLA isomer were 

analysed by Ag+-HPLC and the areas under the resultant peaks were 

measured and plotted against the corresponding amounts. The equation for the 

line of best fit is displayed on the graph. 
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3.3.2. Isolation of microsomes 

Isolation of microsomes for analysis of SCD expression 

For analysis of SCD expression, samples of muscle and subcutaneous adipose 
tissue that had been stored at -80 °C were thawed. Following the removal of 
any remnant connective and adipose tissue from muscle, and any connective 
tissue from subcutaneous adipose tissue using a scalpel blade, the samples 
were either minced using a blender (muscle), or roughly chopped using a 
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scalpel blade (subcutaneous adipose tissue), and approximately 10 g of muscle 

or subcutaneous adipose tissue was weighed into a glass beaker and placed on 

ice. Approximately 20 ml of ice cold Tris-sucrose buffer (250 mM sucrose, 10 

mM Tris, pH 7.4) was added to each sample and the samples were 

homogenised using a polytron homogeniser. Homogenising was performed in 

two cycles for each sample for no longer than 15 sec per cycle so as to prevent 

the homogenisation tube with a sample heating up. The homogenite then 

underwent differential centrifugation in the presence of CaC12 in order to 

separate the microsomes from the unbroken cells and other cellular organelles. 

This was achieved by splitting the homogenised mixtures into two 35 ml 

polycarbonate tubes (Oakridge, USA) and centrifuging at 12,000 g at 4 °C for 

10 min (Beckman model J2-21). The resultant supernatant was collected in a 

separate 35 ml polycarbonate tube and CaC12 was added at the final 

concentration of 8 mM in order to facilitate microsome sedimentation. The 

mixture was centrifuged at 20,000 g (4 °C) for 50 min. The Ca 2+ method for 

isolation of microsomes has previously been described by Schenkman and 

Cinty (1978). The resulting microsomal pellet was re-suspended in 60 NI of Tris- 

KCI buffer (150 mM KCI, 10 mM Tris, pH 7.4) containing proteolytic enzyme 

inhibitors: antipain hydrochloride, pepstatin A, and leupeptin hydrochloride at 

final concentrations 1.5 NM, 1.5 pM and 2pM respectively. The re-suspended 

pellet was then stored in a 1.5 ml eppendorf tube at -80 °C until Western 

Blotting analysis which was carried out within two weeks. These storage 

conditions did not affect SCD protein expression (Doran et al., 2006). 

Isolation of microsomes for analysis of SCD activity 

Microsomes from subcutaneous adipose tissue were isolated as described by 

Smith et al. (2002). In the case of muscle, SCD activity was analysed as 
described by Kouba et al. (1999). A brief description of the procedures is 

provided below. 

Approximately 5g of muscle or subcutaneous adipose tissue was roughly 
chopped using a scalpel blade and homogenised in 30 ml of isolation buffer 
(0.25 M sucrose, 10 mM Tris, 1 mM dithiothreitol, pH 7.4) in a Teflon-glass 
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homogenising tube using a polytron. The homogenate was split into two 35 ml 

polycarbonate tubes (Oakridge, USA) and centrifuged at 12,000 g at 4 °C for 15 

min. At this point for muscle, 1 ml of the supernatant was transferred to a 1.5 ml 

eppendorf tube and stored on ice, ready for analysis. The supernatant from 

adipose tissue was transferred into new polycarbonate tubes, mixed with 8 mM 

CaCI2 and centrifuged at 20,000 g at 4 °C for 40 min. The resultant microsomal 

pellet was re-suspended in 100 NI of POä buffer using a Pasteur pipette and 

stored in a 1.5 ml eppendorf tube ready for analysis. 

3.3.3. Protein analysis 

Analysis of microsomal protein was performed by Bradford method (Bradford, 

1976). The Bradford reagent was made by dissolving 100 mg of Coomassie 

Blue G-250 (Fisher, UK) in 50 ml, 95 % ethanol. This was added to 500 ml of 

water in a plastic beaker followed by the addition of 100 ml of 85 % (w/v) 

H3PO4. Water was added to make the solution up to 1 L, mixed for 35-40 min, 

and then filtered into a large Wincester bottle. The principle of the Bradford 

method is that the Coomassie blue dye binds to the hydrophobic amino acids 

within the microsomal solution. The intensity of Coomassie dye is directly 

proportional to the amount of protein present in a probe and can be measured 

at 595 nm. 

Protein Calibration 

A calibration curve was produced using bovine serum albumin, fraction V (BSA, 

2: 96 %; Sigma, Dorset, UK) as a standard. BSA stock solution 1 mg/ml was 

prepared in water. A range of protein concentrations from 1 to 8 pg was added 

to cuvettes. The volume in each cuvette was made up to 100 pl with water. A 

control cuvette contained 100 pl of water. See Table 7 for details. 1 ml of 
Bradford reagent was added to each cuvette. The contents of the cuvette were 

mixed and were left for 10-15 min at room temperature. The light absorbance 
for each cuvette was measured at 595 nm. The absorbance in the control probe 
(without any added protein) was defined as "0". All the points of the calibration 

78 



curve were repeated in duplicate. Average values for each concentration of 

protein were calculated from the duplicates and a calibration plot was produced 
(Figure 16). 

Table 7. Calibration for protein. 

Protein Spectrophotometer 

Tube (BSA) Protein (BSA) H2O reading at 1595nm 

concentration volume (pl) added (p1) Xi X2 Mean 
(fag) to the cuvette 

1 0 0 100 0 0 0 

2 1 1 99 0.058 0.053 0.056 

3 2 2 98 0.106 0.094 0.100 

4 4 4 96 0.195 0.184 0.190 
5 6 6 94 0.272 0.265 0.269 
6 8 8 92 0.333 0.330 0.332 

BSA = Bovine Serum Albumin 
X, - reading 1 of the duplicate 
X2 - reading 2 of the duplicate 
Mean - average of X, and X2 
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Figure 16. Protein calibration graph. Each point is an average of measurements 

of two independent cuvettes (duplicates) with the same protein concentration at 

595 nm. The relationship between protein concentration and the absorbance 

can be described by the equation y=0.0415x + 0.0124, r2 = 0.9937. The 

cuvette with 1 pg of protein had an absorbance of 0.05. 
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Determining protein concentration in microsomes 

The isolated microsomal fractions were thawed on ice and diluted 50-times in 

distilled water (490 pl H2O + 10 pl microsomes). The mixture was vortexed for 

10 sec and 20 pl of diluted microsomes were mixed with 80 pi of water in a 

cuvette. A control cuvette was set up with 100 pl of distilled water only. 1 ml of 
Bradford reagent was added to each cuvette, left for 10-15 min and the 

absorbance was measured on the spectrophotometer (Cecil Model CE 1020, 
Cecil Instruments Ltd, Cambridge, UK) at 595 nm. All the analyses were 
performed in duplicate and average values were calculated for each microsome 
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preparation. The final protein concentration of each microsomal sample was 

calculated as described below: 

Example of calculation of microsomal protein. 

a) Absorption values X1 = 0.06, X2 = 0.08, Mean = 0.07. 

- absorption value for 1 pg of protein = 0.05 (determined by protein calibration 

graph). 

- 0.07 x1=1.4 pg of microsomal protein in 20 pl of the diluted microsomes. 

0.05 

b) Expression of the protein as pg/ml: 

1.4 pg x 1000 ul = 70 pg/ml 

20 pI 

c) Taking into account the dilution (x50): 

70 x 50 = 3500 pg/ml = 3.5 mQ/mI - concentration of protein in isolated 

microsomes. 

3.3.4. Analysis of SCD protein expression by Western Blotting 

The Western blot method was used to determine the expression of SCD protein 
in isolated microsomes. The procedure consisted of the following steps: (i) 

separation of microsomal proteins by sodium dodecyl sulphate polyacrylamide 

gel electrophoresis (SDS-PAGE); (ii) transfer of the proteins onto a 

nitrocellulose membrane; (iii) incubation with primary and secondary antibodies; 
(iv) visualisation and quantification of the bands of interest. An additional 

experiment was conducted to determine the optimum concentration of 

microsomal protein required for Western Blot. 
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Separation of proteins by SDS-PAGE 

The microsomal proteins were separated on a 12 % polyacrylamide gel. The 

separating gel consisted of 5 ml of de-ionised H2O, 6 ml of acrylamide mix (30 

%), 3.8 ml of Tris-buffer (stock solution: 1.5 M, pH 8.8), 150 pl of SDS (stock 

solution: 10 %), 150 pl of (NH4)2S208 (stock solution: 10 %), 6 pl of 

tetramethylethylenediamine (TEMED). The concentrating gel (i. e. the top gel 

used to concentrate the loaded samples into a thin band) consisted of 5.8 ml of 

de-ionised H2O, 1.6 ml of acrylamide mix (stock solution: 30 %), 2.5 ml of Tris- 

buffer (stock solution: 1.5 M, pH 6.8), 0.1 ml of SIDS (stock solution: 10 %), 0.1 

ml of (NH4)2S208 (stock solution: 10 %), 20 pl of TEMED. The microsomal 

samples containing 8 pg of protein were mixed with a loading buffer in the ratio 

of 1: 0.5 (v/v). This was an optimum amount of protein required for analysis. The 

optimum amount was determined experimentally as described further on in this 

chapter. The loading buffer consisted of 10 mg Bromophenol blue dissolved in a 

solution containing 12.5 ml of Tris-HCI (stock 0.5 M, pH 6.8), 70 ml SDS (stock 

10 %) and 17.5 ml glycerol. 2 pl of mercaptoethanol was added to the loading 

buffer just before the analysis. The presence of mercaptoethanol allowed 
denaturing of the proteins, and their separation on the basis of molecular 

weight. The mixture of microsomal proteins with the loading buffer was loaded 

onto SDS-PAGE and the proteins were separated in an electrical field for 10 

min at 100 V (to allow the proteins to migrate through the concentrating gel), 
followed by 50 min of separation at 120 V. The electrophoresis was conducted 
in a buffer consisting of 5g SIDS, 15 g Tris-base and 72 g glycine dissolved in 1 

L of de-ionised H20 which was then further diluted with de-ionised H2O by a 
factor X 5. On each gel, 5 pl of All Blue Precision Plus Protein Standards 

(BioRad, UK) was added to identify the molecular weights of the separated 
proteins. 

Transfer of proteins to nitrocellulose membrane 

The gels with separated proteins were transferred to a Mini-Trans-Blot transfer 

cell unit (BioRad, UK) and were electroblotted onto a nitrocellulose membrane 
(0.45 pm pores; Amersham Biosciences, Buckinghamshire, UK) for 1h at 100 V 
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in chilled blotting buffer (28.6 g glycine and 6.06 g Tris-base dissolved in 400 ml 

methanol (stock solution: 0.05 M) and 1600 ml of de-ionised H20). The 

effectiveness of protein transfer was checked using ponceau solution. The 

membrane was washed in 25 ml of 10 mM phosphate-buffered saline Tween 

(PBST) and incubated for 20 min on a rocker (set to speed 4) with 25 ml of milk 

solution (1 g/ml milk powder in PBST) to block potential non-specific binding of 

antibodies to the membrane surface. Following incubation with the milk, the blot 

was rinsed with 25 ml PBST 3 times for 5 min. The membrane was stored 

overnight at -20 °C in a petri dish sealed with parafilm. 

Incubation with antibodies 

The membrane was thawed and incubated for 30 min with 25 ml milk (1 g/ml) on 

a rocker. This was followed by washing with PBST (3 x5 min). The SCD 

primary antibody (rabbit anti-bovine adipose tissue SCD, custom made, 
University of Bristol) was diluted 1: 1000 in PBST. The primary antibody was 

previously demonstrated to cross-react with bovine muscle and subcutaneous 

adipose tissue SCD and to produce an immonoreactive band of 37 kDa (Doran 

et al., 2006). This is consistent with the molecular weight of SCD protein 

reported for other species (Kim et al., 2000; Ren of al., 2004; Vasta of al., 
2009). The blot was incubated with the primary antibody for 1.5 h and washed 3 

times with 25 ml of PBST for 5 min each time. The blots were then incubated for 

1h on a rocker (speed 4) with commercial secondary antibodies which were 

anti-rabbit polyclonal, horseradish peroxidise-linked (Amersham Biosciences, 

Buckinghamshire, UK) in the dilution 1: 10000. Following incubation the blot was 

rinsed 3 times with 25 ml PBST for 5 min each time. 

Visualisation of SCD immuno-reactive bands 

The visualisation of the SCD protein bands on the membrane was achieved 
using Enhanced Chemiluminescence Reagent (ECL; Amersham Biosciences, 
Buckinghamshire, UK), and following the manufacturer's instructions. The 

membrane was incubated with 5 ml of the reagents at room temperature. After 
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this the blots were wrapped in Saranfilm and placed into a light-proof Kodak 

developing cassette. The luminescence from the SCD protein bands was 

caught on a light-sensitive Kodak film (Hyperfilm MP, UK). Bands of 

approximately 37 kDa were detected in muscle and subcutaneous adipose 

tissue. Examples of the blots are given in Figure 17. 

Figure 17. Examples of SCD blots from Semimembranosus muscle and 

subcutaneous adipose tissue of cattle. Bands labelled 1 and 2 represent 

samples from different animals. 
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In the case of subcutaneous adipose tissue we observed two closely positioned 
immuno-reactive bands which may indicate the presence of two SCD isoforms 
in this tissue. This is discussed further in the "results" and "discussion" chapters. 

Quantification of SCD immuno-reactive bands 

The blots were scanned and the intensity of SCD immuno-reactive bands was 
analysed using Imag Quant software (Molecular Dynamics, Sunnyvale, CA, 
USA). Microsomal preparations of muscle and subcutaneous adipose tissue of 
one particular animal were always present on every muscle or subcutaneous 
adipose tissue blot respectively (the reference sample). The intensity of the 
SCD signal of the reference sample was taken as 100 arbitrary units, and the 
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intensity of other signals on the same blot were expressed as a fraction of the 

reference sample. 

Determination of optimum amount of protein for Western Blot 

To determine the optimum amount of microsomal protein required for Western 

Blot, the relationship between the amount of microsomal protein and the 

intensity of the SCD signal was investigated. The microsomal protein was mixed 

with half the volume of loading buffer (as described in section "Separation of 

proteins by SDS-PAGE'), and loaded on SDS-PAGE at the concentrations 2,4, 

6,8,10,12,16,20,25 pg. The Western Blot analysis was performed as 
described above and the intensity of SCD immuno-reactive bands was 
determined. Figure 18 shows that a linear relationship was observed between 

the intensity of the SCD signal and the amount of microsomal protein in muscle 
tissue, when up to 12 pg protein was used. 8 pg of microsomal protein was 

used in consequent experiments. 
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Figure 18. Calibration curve for SCD protein expression. A) Scan of the 

Western Blot signals. B) The relationship between the amount of microsomal 

protein loaded on the gel and the intensity of the SCD immuno-reactive band. 

Each point represents the mean of duplicate measurements taken for one 

animal. The duplicates varied by no more than 10 %. 
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3.3.5. Analysis of SCD protein activity 

Enzyme activity assay 

SCD protein activity was determined by measuring the conversion rate of [1- 
14C]-labelled SFA into labelled MUFA. 15 ml saponification tubes were set up in 

a rack and the following solutions were added to the tubes in the specified 

order: 800 pl of 50 M PO4 buffer, 40 pl of 5 mM MgCI2,40 pl of 0.5 mM ß- 

NADH (made in POI buffer), 80 pl of 7.2 mM ATP (made in P04 buffer) and 20 

pl of 44 pM [1-14C] palmitoyl CoA (with specific activity 0.1 pCi) as a substrate. 
The assay tubes, containing a total of 980 pl of assay medium, were placed into 

a shaking waterbath at 37 °C and allowed to equilibrate for 1 min. 20 pl of 

microsomes (prepared as described in section 3.3.2) were added to the assay 

medium. The tubes were briefly mixed on a vortex and then placed back in the 

shaking water bath for 5 min at 37 °C. 2 ml of 10 % KOH in methanol (with 

added 0.1 % quinol) were added to terminate the reaction. The content of the 

tubes was mixed and the tubes were placed on ice. Each sample was tested in 

triplicate. For the control probe, the microsomes were added to the tube after 
the addition of 10 % KOH. Once all tubes were transferred to ice, 0.15 mg of 
each of the carrier fatty acids C14: 0 and C14: 1 (unlabelled substrate and 
product) were added to each tube to make the fatty acid stains on the TLC 

plates larger to enable them to be visualised more easily. 

Saponification and extraction of fatty acids from the assay mixture 

Following the addition of the carrier fatty acids the assay mixture was saponified 
at 60 °C in a waterbath for 1 h, shaking frequently. 6 ml of distilled water and 
0.5 ml of 10 N H2SO4 was added to the assay mixture followed by 3 ml of 
petroleum ether (boiling range 40-60 °C). The sample was shaken thoroughly 
for 1 min, centrifuged for 3 min and the upper petrol layer removed using a 
Pasteur pipette and transferred into a new saponification tube. Another 3 ml of 
petroleum ether was added to the assay mixture and the process repeated 
twice again until 9 ml of petroleum ether had been collected in the new 
saponification tube. The solvent was evaporated to approximately 0.5 ml under 
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OFN at 60 °C and FAMEs were prepared using diazomethane in diethyl ether, 

which was added to the remaining solvent in drops until the fatty acid extracts 

were methylated as described in section 3.3.1. Once samples had been blown 

dry, 200 pl of redistilled hexane was added and the samples were stored at -20 
°C until thin-layer chromatography (TLC) separation. 

Thin-layer chromatography (TLC) 

TLC was used to separate out the saturated and the unsaturated fatty acids in 

the samples in order to quantify the conversion of the labelled substrate [1-14C] 

palmitoyl CoA, into the product of the SCD catalysed reaction. A glass 

chromatography tank containing 150 ml of solvent (hexane: diethyl ether, 9: 1 

v/v) and lined with Whatman No. 1 filter paper was set up in a class A fume 

cupboard. A3% silver nitrate (AgNO3) solution was made on the day of use 

and poured into a shallow tray. A polygram Sil G plastic plate (Macherey-Nagel, 

Gutenberg, Germany) was carefully lowered into the tray and impregnated with 
the AgNO3 solution for 30 sec. The plates were drained of excess liquid, allowed 
to dry for 10 min in the dark and were then activated in a bench oven at 110 °C 

for 30 min. 25 pl of FAMEs from each sample were spotted onto the plate using 
the Linomat IV plate spotter. The plate was developed in the chromatography 
tank for approximately 40 min, after which it was removed and allowed to dry in 

the fume cupboard. Once dry, a 0.1 % rhodamine 6G (BDH, Poole, UK) solution 

was sprayed onto the plate until the migration marks of the FAME spots, which 

resulted in two upstream rows of fatty acid marks (saturated and 

monounsaturated fatty acids) could be visualised. The saturated and 

monounsaturated fatty acid marks were cut from the plate using UV light to 

enhance the visualisation of the spots. The excised spots were placed into 
Wheaton scintillation vials (Fisher, UK). 1 ml of distilled water and 10 ml of 
scintillation fluid (Fisher, UK) were added to the vials and the vials were shaken 
for 5 sec at room temperature. The radioactivity of the samples was counted 
using an LKB Rack-Beta liquid scintillation counter (Wallac, Turku, Finland). 
SCD enzyme activity was determined by calculating the ratio of the radioactivity 
in MUFA to that in SFA+MUFA and multiplying this ratio by the amount of 
substrate initially present in the assay mixture (44 NM). The values for SCD 
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activity were presented as nmol palmitoleic acid produced per mg of 

microsomal protein per hour. 

3.3.6. Statistical analysis 

All results, with the exception of those obtained in experiments comparing two 

different derivatisation procedures for fatty acid analysis, were analysed using 
the general linear models (unbalanced data) with breed as a factor. Tukey- 

Kramer analysis was carried out as a post hoc test and P<0.05 was 

considered statistically significant. The standard error of the difference (SED) 

for each breed for each analysis was calculated. All statistical analysis was 

performed using the Minitab Release 14.0 program (Minitab, PA, USA). 

The statistical analysis of CLA isomers of the samples used for the fatty acid 
derivatisation procedures comparison study was performed using a paired t-test 

with a significance level of 0.05. The two replicate measurements of each 

sample for each method were performed and the coefficient of repeatability 0 

was determined using the following formula: 8= CF=sample/ (Q sample + Q'error), where 
a is the standard deviation. The above calculations were performed for each 
CLA isomer and the sum of all CLA isomers was subsequently calculated. The 
VARCOMP of SAS® (SAS Institute Inc., USA) procedure was used to estimate 
the variance components a2sample and Q'e«or. The correlation coefficients between 
both methods were calculated for each isomer as a measure of agreement. 
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3.4. Cloning and sequencing of bovine SCD coding region 

Cloning and sequencing experiments were performed using 4 

Semimembranosus muscle and 4 subcutaneous adipose tissue samples from 

animals of the Longhorn (L) breed (2 with high and 2 with low cis-9, trans-11 

CLA level), and 4 Semimembranosus muscle samples from animals of the 

Charolais cross (CX) breed (all with low levels of cis-9, trans-11 CLA level). 

3.4.1. RNA isolation 

Total ribonucleic acid (RNA) was isolated from cattle muscle and subcutaneous 

adipose tissue using Tri-reagent (Sigma, Dorset, UK). 1-2 cm2 of frozen muscle 
or subcutaneous adipose tissue (samples collected for breed trial) was ground 

using a pestle and mortar in liquid nitrogen. Approximately 100 g of ground 
tissue was collected in a 1.5 ml eppendorf tube and 1 ml of Tri-reagent was 

added to the sample. The mixture was shaken and left at room temperature for 

10 min. The sample was then centrifuged at 12,000 g for 10 min at 4 °C. The 

supernatant was removed and placed in a new 1.5 ml eppendorf tube, 0.2 ml of 

chloroform was added and the mixture was shaken for 15 sec and left at room 
temperature for 15 min. The sample was centrifuged at 12,000 g for 15 min at 4 

°C and three layers formed: a bottom pink layer containing organic protein, an 
interphase containing DNA and a clear upper aqueous layer containing RNA. 

The upper aqueous layer was removed and placed into a new 1.5 ml eppendorf 
tube. 0.5 ml of isopropanol (Sigma, Dorset, UK) was added to the supernatant, 

mixed gently and left at room temperature for 10 min before centrifuging at 
12,000 g for 10 min at 4 °C. The resulting supernatant was discarded using a 
pipette and 1.5 ml of 75 % ethanol was added to the pellet. This was then 

shaken on a vortex and then centrifuged at 7,500 g for 5 min at 4 °C. The 

ethanol was removed using a pipette and the pellet was allowed to dry at room 
temperature for approximately 30 min (until translucent). 30 ml of molecular 
grade water was used to re-suspend the pellet by continuous pipetting over the 

pellet for 3 min. The re-suspended pellet was then transferred to a 0.5 ml 
eppendorf tube and stored at -80 °C until analysis the following day. 
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3.4.2. Determination of RNA concentration and purity 

The purity and concentration of isolated RNA was determined 

spectrophotometrically (Cecil Model CE 1020, Cecil Instruments Ltd, 

Cambridge, UK). 4 pl of RNA solution was added to 996pl of water and the 

absorbance of the mixture was measured at 260 nm and 280 nm. The 

concentration of RNA (pg/ml) was calculated by multiplying the reading at 260 

nm by 10. The average RNA concentration for muscle and subcutaneous 

adipose tissue was 0.6 and 0.8 pg/ml respectively. The purity of the RNA 

preparation was determined by calculating the ratio A260/A280 (A = absorbance). 

The ratio 1.2/1 or above was considered to be satisfactory and only RNA with 

this ratio was used for further work. The average ratio for muscle and 

subcutaneous adipose tissue was 1.86 and 1.73 respectively. 

3.4.3. Reverse transcription and production of cDNA 

The commercial RETROscript® kit (Ambion Inc., Huntingdon, USA) was used to 

perform reverse transcription to produce SCD cDNA. Using total RNA isolated 

as described in 3.4.1 the procedure was performed following the manufacturer's 

protocol. A sterile 0.5 ml eppendorf tube was kept on ice and 2.5 mg of muscle 
RNA or I mg of subcutaneous adipose tissue RNA was added to the tube along 

with 2 pl of oligo (dt) primer and was made up to the total volume of 12 pl using 
the nuclease-free water (provided in the kit). The contents of the tube were 

mixed gently and the tube was placed in a PCR machine for 3 min at 80 °C. 

Following this heat-shock the tube was immediately placed on ice and cooled 
before adding 2 pl of 10x reverse transcription buffer, 4 pl of dNTP mix, I pl of 
RNAse inhibitors and 1 pl of reverse transcriptase. The final volume of the 

mixture was 20 pl. The mixture was transferred to the PCR machine and 
incubated for 1h at 42 °C followed by 10 min at 92 °C which terminated the 

reaction. The mixture containing cDNA was cooled at 4 °C and then stored at - 
20 °C until use for the PCR reaction. 
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3.4.4. Primer design for polymerase chain reaction (PCR) 

The sequence of Bos taurus stearoyl-CoA desaturase cDNA is available in the 

NCBI database (accession number: NM_173959). This sequence was used to 

design primers to clone the SCD coding region from the muscle and 

subcutaneous adipose tissue of animals of the Longhorn breed, and from the 

muscle of animals of the Charolais cross breed. Since the SCD coding region 

consists of 1080 bp, and an effective sequencing is only possible for up to 500- 

600 bp in a single attempt, two pairs of primers were designed in order to 

perform two sets of cloning and sequencing, each of which covered one half of 

the SCD cDNA.. This allowed us to clone two overlapping parts of SCD cDNA. 

Two forward primers (F1, F2) and two reverse primers (R1, R2) were designed 

at the University of Bristol and custom-made by MWG-Biotech, Ebersber, 

Germany. The F1 and F2 primers started at the nucleotides 72 and 4 

respectively, upstream from the start codon (ATG) of the SCD coding region. 

The R1 and R2 primers started at the nucleotides 18 and 153 respectively, 
downstream from the stop codon (TGA) of the coding region (see Figure 19). 

The forward and reverse primers covered the entire SCD coding region of the 

1080 bp: 

Primer sequences 

Fl: 5'-GCT CAG GAA CTA GTC TAC ACT C-3' 

F2: 5'-GTG ATC CCA GTG TCT GAG AGC-3' 

RI: 5'-GCC CAG ATG GCT TTT GGA AAA GG-3' 

R2: 5'-GCA TCA TAA AGG CAG AGT TGT TGG C-3' 
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Figure 19. Coding region of the SCD gene (nucleotides 145 - 1225; NCBI 

database, accession number: NM_173959). Fl and F2 denote the position of 

the forward primers and R1 and R2 denote the position of the reverse primers. 

ATG is the start codon. TGA is the stop codon. 

1 TGCAGCGGAA GGTCCCGAGC GCAGCGCTGC GGA'ICCCCAC 

61 TAGTCTACAC TC GITPGGA CTGCCCCGAA CTCCGCTCCG 

/'ý, START CODON 
1211 ATCCCAGT GTCTGAGAGC CCAG I CG GCCCACTTGC 

181ICCTACACAA CCACCACCAC CATCACAGCA CCTCCTTCCA 

241 GGCAAATT G AGAAGACTCC CCTATACTTG GAAGAAGACA 

301 GACA7CTA1 ACCCAACTTA CCAGGATAAG GAGGGCCCAA 

361 TGGAGAAACA TCATCCTCAT GTCTCTGTTA CACTPGGGAG 

421 ATCCCCACCT GCAAGATATA CACCTATATC TGGG7GTTAT 

481 CTGGGCATCA CAGCAGGGGC CCATCGCCTG TGGAGICACC 

541 CCTCTGCGGG TCTPCCTGAT CATTGGCAAC ACCAZGGCGT 

601 TGGTCCCGAG A'ICACCG'IC. C CCACCACAAG TU LLAGAAA 
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3.4.5. Amplification of DNA by PCR 

The cDNA produced by reverse transcription as described in 3.4.3 was used as 

templates for PCR. The forward primers F1 and F2 corresponding to the 

nucleotides 51 to 72 and 120 to 140 respectively, and the reverse primers R1 

and R2 corresponding to the nucleotides 1243 to 1266 and 1378 to 1402 

respectively were used in the PCR reaction. The PCR reaction was performed 

using the GeneAmp® High Fidelity PCR System (Ambion Inc., Huntingdon, 

USA). Each primer was made as a stock solution (1 pg/pl) in water and diluted 

10-times for PCR. Four 0.25 ml eppendorf tubes were set up with the following 

primer combinations for each tissue (muscle or subcutaneous adipose tissue): 

Tube 1: Fl + R1 

Tube 2: F2 + R2 

Tube 3: F1 + R2 

Tube 4: F2 + R1 

1 pl of cDNA was added to each primer combination. This was performed 

separately for muscle and subcutaneous adipose tissue. The mixture of the 

primers and cDNA was added to 46 pl of "master mix" which contained 

compounds required for the PCR reaction. The master mix solution was 

prepared in a separate tube and contained: 25 pl of 10x PCR buffer (containing 

MgCI2; from the kit), 5 pl of dNTPs (final concentration 1mM, stock 

concentration of each dNTP 10 mM) and 200 pl of water. After mixing master 

mix with primers, 1 pl of Taq DNA Polymerase enzyme (from the kit) was added 
to initiate the reaction. The four tubes were then transferred to a PCR machine 

and run on the following program. The steps marked "b" were run for 35 cycles: 

94°C for 3 min - Initial DNA denaturing step 
*940C for 30 sec - DNA denaturing 

*580C for 30 sec - Annealing of primers 
*720C for I min - Extension (DNA synthesis) 
72°C for 7 min - Final extension (DNA synthesis) 
Hold at 4°C until the tubes were removed from the PCR machine. 
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3.4.6. Verification of the size of PCR product and DNA extraction 

Following PCR, the tubes were transferred to ice and 4 pi of loading dye was 

added to each tube. In order to verify the PCR product the contents of each 

tube were run on a 1% agarose gel (with 2 pl ethidium bromide per 100 ml gel) 

at 100 V for 30 - 45 min in the presence of Tris-Acetate-EDTA buffer (TAE 

buffer). 5 pl of DNA Molecular Weight Marker XIV (100-1500bp; Roche 

Diagnostics GmbH, Germany) was used to determine the size of the PCR 

products. 

The commercial QlAquick Gel Extraction Kit (Qiagen, Crawley, UK) was used to 

extract the DNA from the agarose gel. The agarose gel was placed under UV 

light to detect the presence of DNA band(s). In the present study a DNA band of 

100 bp was expected, which is the size of the bovine SCD coding region. The 

DNA fragment from each sample was then excised from the gel using a scalpel 

and weighed in a2 ml eppendorf tube. Three volumes of QG buffer per one 

volume of gel was added to the tube and the gel left to dissolve at 50 °C in an 

incubator. After this, one volume, equal to that of the gel, of isopropanol was 

added to the tube to increase the yield of DNA. This mixture was transferred to 

a QlAquick column and centrifuged for 1 min at 12,000 g and the flow through 

was discarded. The DNA was bound to the column and to remove the 

remaining traces of agarose, 500 pl of QG buffer was added to the column 

which was then centrifuged for 1 min at 12,000 g and the flow through was 
discarded. The column was washed using 750 pl buffer PE with added ethanol 

and left to stand for 2-5 min before centrifuging for 1 min at 12,000 g. The flow 

through was discarded and the column was re-centrifuged using the same 

conditions to remove traces of the PE buffer. The column was placed in a new 
1.5 ml eppendorf tube and 30 pl of molecular grade water was added to extract 
the bound cDNA. The column was left for 1 min before centrifuging for 1 min at 
12,000 g to elute the SCD cDNA. 
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3.4.7. PCR product ligation into pGEM®-T-easy vector system 

The commercial pGEM®-T Easy Vector System (Promega, Southampton, UK) 

was used and the manufacturer's instructions followed to ligate the cDNA into a 

plasmid vector. A 0.5 ml eppendorf tube was placed on ice and the following 

added: 5 pl of cDNA extract, 5 pI of 2x ligation buffer, 1 pl of pGEM-T-easy 

vector and 1 pl of T4 DNA ligase enzyme. The ligation mixture was gently mixed 

and left overnight at 4 °C. 

3.4.8. Preparation of competent E. coli XL-blue cells 

To prepare competent Ecoli XL-Blue cells 10 mg/ml of tetracycline along with a 

single E. coli XL-Blue colony were added to 5 ml of Lysogeny broth and shaken 

in a 37 °C incubator overnight. The following morning, 1 ml of the incubated cell 

culture was added to 100 ml of lysogeny broth (containing 10 mg/ml 

tetracycline). The culture/broth mixture was then incubated at 37 °C (and 

shaken regularly) until achieving an optimum optical density of 0.4 - 0.6 at 600 

nm. The culture was then poured into a 50 ml centrifugation tube and left on ice 

to cool for 10 min followed by centrifugation for 10 min at 1000 g. The 

supernatant was removed and 10 ml of ice-cold, sterile 100 mM CaCl2 was 

used to re-suspend the resultant pellet. The cell suspension was then left on 

ice for 40 min followed by centrifugation for 10 min at 440 g and 1.3 ml of sterile 
100 mM CaCl2 / 15 % (v/v) glycerol solution (ice-cold) was used to re-suspend 
the pellet. The competent cells were then left on ice for 30 min after which time 

250 pl aliquots were transferred to 1.5 ml cryogenic tubes. The tubes were 
immediately snap-frozen in liquid nitrogen and kept at -80 °C until use. 

3.4.9. Transformation of competent E. coli XLI Blue with pGEM®-T-easy 

vector 

Competent Escherichia coli (E. coli) XL-Blue cells were used to amplify the PCR 

products. A 0.5 ml eppendorf tube was placed on ice and 200 pl of E. coli added 
along with 5 pl of the ligation made as described in 3.4.7. This mixture was held 
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on ice for 20 min before being placed briefly into a PCR machine to undergo 

heat shock treatment at 42 °C for approximately 45-50 sec. The mixture was 

then cooled on ice for 2-5 min. The mixture was then transferred into a sterile 

1.5 ml eppendorf tube containing 800 pI of Luria Bertani (LB) broth (Maitland 

Formulae). The tube containing LB broth and ligation mixture was incubated at 

37 °C for 1h 45 min and constantly shaken at 180 rpm. Following incubation, 

100 pl of the ligation mixture was spread onto one sterile agar plate containing 

100 ml of 1.6 % LB broth, 100 pl of ampicillin (50 mg/ml water), 500 pl of 

isopropyl-ß-D-1-thiogalactopyranoside (IPTG) (100 mM stock solution in water) 

and 160 pl of 5-bromo-4-chloro-3-indolyl-beta-D-galactopyranoside X-Gal (50 

mg/ml stock solution in NN-dimethylformatides), and allowed to dry at room 

temperature. The remaining ligation mixture was centrifuged at 12,000 g for 1 

min, the supernatant was discarded and the remaining bacterial pellet re- 

suspended in 100 pI of LB broth and spread onto a separate agar plate. The 

agar plates were left at room temperature for approximately 30 min and then 

transferred into an incubator where they were kept at 37 °C overnight. 

3.4.10. Selecting colonies 

The plasmid vector that was inserted into the bacterial cells possessed 

antibiotic resistance genes. This ensured that only bacterial colonies that had 

taken up the plasmid vector (i. e. were transformed) would be able to grow on 

the antibiotic-containing agar plates. The plasmid vector also possessed the 

LacZ gene which encodes for the enzyme ß-galactosidase. This enzyme splits 
X-Gal (also contained in the agar medium) resulting in the insoluble compound 
5-bromo-4-chloro-indigo which is blue in colour. The IPTG that was present in 

the agar stimulates the LacZ gene and hence induces enzyme production. 
Following incubation, the agar plates contained bacterial colonies that appeared 

either white or blue. The blue colour appeared in bacterial colonies that 

contained plasmids with fully functioning LacZ genes. However, when the 

coding region of the SCD gene (insert) was ligated into the plasma vector, 

which was then successfully taken up by the E. coli cells, the LacZ gene was 
disrupted and no ß-galactosidase enzyme could be produced. This resulted in 
bacterial colonies which were white in colour (no splitting of X-Gal). Hence the 
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blue colonies contained the vector without the insert and the white colonies 

contained the vector with the insert. When colonies were picked, 200 pl of 

ampicillin (50 mg/mI in water) and 250 pl of tetracyclin (10 mg/ml water) was 

added to 100 ml LB broth in a glass bottle which was inverted several times and 

split into 6x5 ml aliquots in 30 ml plastic tubes. The addition of these antibiotics 

was to encourage growth of the transformed colonies only. To each tube one 

white colony was picked from the plates and submerged into the broth taking 

care not to pick blue colonies or satellites. The tubes were then incubated at 37 

°C in a shaking incubator set at 150 rpm for 16-18 h. 

3.4.11. Purification and digestion of plasmid DNA 

The QlAprep Spin Miniprep Kit (Qiagen, Crawley, UK) was used to purify 
bacterial clones from the white colonies. For each colony picked, 1.5 ml of 
bacteria was added to a 1.5 ml eppendorf tube, centrifuged at 12,000 g for 1 

min and, the supernatant was discarded. The procedure was repeated twice. To 

the resultant bacterial pellet 250 pI of P1 buffer with RNAse was added and 

mixed on a vortex until the pellet was re-suspended. Within 5 min 250 pl of P2 

buffer was added and the tube inverted 4-6 times followed by the addition of 
350 pl of N3 buffer and inverted again 4-6 times. The mixture was centrifuged at 
12,000 g for 10 min and the resulting supernatant was added to the column 

provided in the kit. The column was centrifuged for 1 min at 12,000 g and the 

flow through was discarded. The plasmid DNA residing in the column was 

washed with 750 pl PE buffer before centrifuging for 1 min at 12,000 g. The flow 

through was discarded and the column was centrifuged again at the same 
setting to remove the residues of the PE buffer. The column was then placed 
into a sterile 1.5 ml eppendorf tube and 50 pl of nuclease-free water was added. 
The column was left at room temperature for 2 min before centrifuging once 
again for 1 min at 12,000 g. The flow through containing purified plasmid DNA 

was stored at -20 °C. 

The presence of the insert (DNA of interest) in the purified plasmids was verified 
by restrictive digestion using EcoRl enzyme (Roche, UK). The restriction 
enzyme (2 NI) was added to 2 pl of the plasmid DNA with 2 pl of 10X Buffer H, 
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and made up to 20 pI with 14 pl of nuclease-free water. A separate sterile tube 

was made up in parallel but with no restriction enzyme and 16 pl of nuclease- 

free water (control tube). The restriction digest preparations were left at 37 °C in 

a non shaking incubator for 1h 30 min. Following incubation the digests 

containing DNA fragments were run on an agarose gel at 100 V for 20-40 min. 

The DNA molecular weight marker XVI was run in parallel in the last well on the 

gel in order to determine the size of DNA fragments. The bands on the gel were 

analysed under UV light and samples containing 2 bands that were 

representative of the plasmid and the insert DNA were identified. These 

samples were selected for sequencing. 

3.4.12. DNA preparation to send for sequencing 

For each PCR product 2-3 clones were sequenced. The minipreps were initially 

split into two to allow both forward and reverse sequencing for each clone to 

ensure the entire 1080 bp SCD coding sequence was covered. The miniprep 

was mixed with 25 pl molecular grade water, 150 pl absolute ethanol and 5 NI 
10 mM ammonium acetate. The tubes were then frozen at -20 °C for 10 min. 
The samples were then centrifuged for 10 min at 12,000 g to precipitate out the 

pellet containing DNA. The supernatant was then removed and the pellet left to 

dry. The tubes with DNA pellets were then sent to MWG-Biotech (Ebersber, 

Germany) for the DNA to be sequenced. 

3.4.13. DNA sequence analysis 

The DNASTAR Lasergene® v8.0 software (DNASTAR, Inc., WI, USA) was 
used to analyse the SCD DNA coding region sequences and detect DNA 

polymorphisms. The SCD coding region DNA sequences were compared 
between animals with high and low cis-9, trans-11 CLA levels within one breed 
for both muscle and subcutaneous adipose tissue, and between animals of two 
breeds, all with low cis-9, trans-11 CLA level, for muscle only. The sequence 
comparison analysis was performed using the alignment tool from the 
DNASTAR MegAlign® software (DNASTAR, Inc., WI, USA). 
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Chapter 4. Results 

4.1. Effect of breed on fatty acid composition 

The aim of this section was to investigate whether the fatty acid composition of 

Semimembranosus muscle and subcutaneous adipose tissue differ significantly 

between five genetically diverse beef cattle breeds: Longhorn (L), Charolais 

Cross (CX), Hereford (H), Belted Galloway (BG) and Beef Shorthorn (BS). 

Particular emphasis was placed on cis-9, trans-11 CLA and MUFA level 

because (i) tissue formation of MUFA and cis-9, trans-11 CLA is catalysed by 

the same enzyme, SCD, and (ii) both cis-9, trans-11 CLA and MUFA are of 

particular benefit to human health. 

4.1.1. Semimembranosus muscle 

The average intramuscular fat (IMF) content for the Semimembranosus muscle 

of each breed is presented in Figure 20. The analysis for each animal was 

carried out in duplicate and an average value for each duplicate was taken. The 

average values for IMF varied from 1009.13 to 1303.06 mg/100g with the lowest 

and highest values for H and BG respectively. There was no significant 
difference in the IMF content between the five cattle breeds. Within each breed, 

the largest variation in IMF occurred in the BG breed (from 690.30 to 2661.89 

mg/100g tissue), while the smallest degree of variation occurred in the CX 

breed (from 826.72 to 1420.59 mg/100g tissue). The range of variation 
observed for L, H and BS breeds was 672.07 to 1552.97,417.49 to 1344.81 

and 728.42 to 1695.85 mg/100g respectively. 
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Figure 20. Intramuscular fat (IMF) content of Semimembranosus muscle of five 

beef cattle breeds (mg/100g). 
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L= Longhorn, CX = Charolais cross, H= Hereford, BG = Belted Galloway, BS = 
Beef Shorthorn. 
Bars represent mean values for 11,9,5,9, and 8 animals for L, CX, H, BG and 
BS respectively. 
Error bars represent standard errors of means. 
Measurements for each animal were carried out in duplicate. The duplicates did 
not vary by more than 5 %. 

The fatty acid composition (mg/100g) of the Semimembranosus muscle for 

each cattle breed is shown in Table 8. No significant differences were observed 
for either total or individual SFAs and MUFAs between breeds. In the case of 

PUFAs, the sum of PUFA in the Semimembranosus muscle was not affected by 

breed however there were significant between-breed differences in the levels of 

some individual n-3 and n-6 PUFAs and total n-3 PUFAs. For n-3 PUFAs, the 

level of 18: 3n-3 did not differ between L, CX, BG and BS. Animals of H breed 

had significantly lower levels of 18: 3n-3 when compared to L (P < 0.01), but 
there was a similar level of this fatty acid in CX, BG and BS. There was no 
difference in 20: 5n-3 level between L, BG and BS. Animals of CX and H breeds 
had significantly lower levels of 20: 5n-3 compared to L and BG (P < 0.001) but 
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there was no difference in the level of this fatty acid between CX, H and BS. 

The level of 22: 5n-3 did not differ between L and BG but the level of this fatty 

acid was significantly higher in BG compared to CX, H and BS breeds (P < 

0.01). The only n-6 PUFA level that was found to differ between the breeds was 

that of 22: 4n-6. There was no difference in 22: 4n-6 level between CX and BS 

but the level of this fatty acid was significantly higher in BS compared to L, H 

and BG breeds (P < 0.001). The level of 22: 4n-6 did not differ between CX, L, H 

and BG. 

There was no difference in cis-9, trans-11 CLA level between the L, BG and BS, 

or between CX, H, BG and BS breeds. However, L had a significantly higher 

level of this CLA isomer compared to CX and H (P<0.05) 

There was no difference in total n-6 PUFA level between the breeds. For total n- 

3 PUFA, a significantly higher level was found for L and BG breeds compared to 

H (P < 0.01). There was no difference in total n-3 PUFA level between L, CX, 

BG and BS, or CX, H, and BS. 

In terms of the ratios, the P: S ratio did not differ between the breeds. However, 
there was a significant difference in n6: n3 ratio with CX, H and BS having 

significantly higher n6: n3 ratios compared to L and BG (P<0.001). 
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Table 8. Fatty acid composition of Semimembranosus muscle of five cattle 

breeds (mg/100g). 

Fatty acid L CX 

Breed 

H BG BS SED Sigt 

C12: 0 0.36 0.26 0.49 0.35 0.30 0.12 NS 

C14: 0 14.71 11.22 18.17 16.85 16.85 5.38 NS 

C16: 0 218.92 192.90 220.18 250.74 221.83 56.67 NS 

C16: 1 34.08 31.00 27.43 32.57 26.84 7.03 NS 

C18: 0 146.79 131.23 132.62 184.50 142.73 34.02 NS 

C18: 1 trans-11 26.54 14.53 10.62 26.18 23.13 6.83 NS 

C18: 1 cis-9 313.26 304.90 274.96 369.79 266.47 76.99 NS 

C18: 2c9, tll(CLA) 6.75a 3.29b 2.93b 5.09ab 4.01 ab 1.36 * 
C18: 2 n6 79.62 73.58 68.3 79.66 78.43 9.00 NS 

C18: 3 n-3 30.88a 24.32ab 19.93b 27.03ab 23.88 ab 3.16 ** 

C20: 3 n-6 8.42 7.72 9.97 10.25 9.18 1.24 NS 

C20: 4 n-6 32.83 35.75 32.33 38.22 39.51 4.71 NS 

C20: 5 n-3 21.66a 15.83b 12.72b 21.45a 17.27 ab 2.23 *** 

C22: 4 n-6 1.85b 2.42 ab 1.73b 2.15b 2.96a 0.30 *** 
C22: 5 n-3 24.90ab 20.67b 18.36b 28.63a 20.45b 2.23 ** 
C22: 6 n-3 2.74 2.24 2.14 3.14 3.94 0.95 NS 
>SFA 395.13 348.11 384.20 466.50 392.82 97.88 NS 
IMUFA 409.89 381.07 343.24 465.55 347.48 95.26 NS 
2: n-3 PUFA 80.18a 63.05ab 53.15b 80.26a 65.54ab 7.90 ** 

Yn-6 PUFA 122.72 119.46 112.33 130.28 130.08 13.92 NS 
>PUFA 209.64 185.80 168.42 215.63 199.63 21.66 NS 
P: S 0.31 0.32 0.28 0.29 0.30 0.100 NS 

n-6: n-3 1.55a 1.90b 2.07b 1.63a 2.02b 0.023 *** 
L= Longhorn; CX = Charolais cross; H= Hereford; BG = Belted Galloway; BS = 
Beef Shorthorn. 
SED = standard error of difference of means 
ZSFA = sum of saturated fatty acids 
>MUFA = sum of monounsaturated fatty acids 
JPUFA = sum of polyunsaturated fatty acids 
P: S = ratio calculated as (18: 2n-6 + 18: 3n-3)/(12: 0 + 14: 0 + 16: 0 + 18: 0) 
n-6: n-3 = ratio calculated as (18: 2n-6 + 20: 3n-6 + 20: 4n-6 + 22: 4n-6)1(18: 3n-3 + 20: 5n-3 + 22: 5n-3 + 22: 6n-3) 
ab breed values with unlike superscript letters differ significantly tNS: not significant, *: P<0.05; **: P<0.01; ***: P<0.001 
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Table 9 presents the results of Semimembranosus muscle fatty acid 

composition calculated as the percentages of total fatty acids. The reason for 

presenting the results in this way is to take into account the fatness of the 

individual animals within each breed. 

Significant between-breed differences were found for only four individual fatty 

acids, 12: 0,18: 1 trans-11,18: 2 cis-9, trans-11 CLA and 22: 4n-6. There was no 

difference in the level of 12: 0 between L, H and BS. H had a significantly higher 

level of 12: 0 compared to CX and BG (P < 0.01) but there was no difference in 

the level of this fatty acid between L, CX, BG and BS breeds. For 18: 1 trans-11, 

the level did not differ between L, BG and BS breeds, and all had significantly 

higher levels of this fatty acid compared to CX and H (P < 0.001). There was no 

difference in the 18: 1 trans-11 level between CX and H breeds. 

The cis-9, trans-11 CLA level was significantly higher in L compared to CX, H, 

BG and BS breeds (P < 0.001). The cis-9, trans-11 CLA level did not differ 

between the CX, H, BG and BS breeds. 

The only long chain fatty acid which differed between the breeds in this case 

was 22: 4n-6. The level of this fatty acid was found to be significantly higher in 

BS compared to L and BG (P < 0.05). The content of 22: 4n-6 did not differ 

between L, CX, H and BG, or, between CX, H and BS. 

When comparing tables 8 and 9 it is clear that the pattern of between-breed 

differences in fatty acids in the Semimembranosus muscle were not the same 

when the results were expressed as mg/100g or as % of total fatty acids. For 

individual PUFAs, 18: 3n-3,20: 5n-3 and 22: 5n-3, significant between-breed 

differences were found for mg/100g but not for percentage. For the individual 

SFA 12: 0, and MUFA 18: 1 trans-11, significant between-breed differences were 
found for % but not for mg/100g. The only similar patterns were observed for 

cis-9, trans-11 CLA and 22: 4n-6. These fatty acids significantly differed between 

the breeds when expressed as both mg/100g and percentage. 
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Table 9. Fatty acid content of Semimembranosus muscle of five cattle breeds 

(% of total fatty acids). 

Breed 

Fatty acid L CX H BG BS SED Sigt 

C12: 0 0.031ab 0.024 b 0.046a 0.024 b 0ab 0.006129 ** 

C14: 0 1.201 1.027 1.673 1.155 1.449 0.249 NS 

C16: 0 18.35 17.99 21.13 18.44 19.93 1.551 NS 

C16: 1 2.86 2.85 2.66 2.45 2.44 0.24 NS 

C18: 0 12.55 12.44 12.87 13.64 13.3 0.8498 NS 

C18: 1 trans-11 2.21a 1.38b 0.97b 1.80a 2.15a 0.2449 *** 

C18: 1 cis-9 26.18 28.23 26.52 27.46 23.97 2.107 NS 

C 18: 2c9, tl l (CLA) 0.56a 0.31 b 0.27b 0.37b 0.37b 0.06 *** 

C18: 2 n6 7.11 7.31 7.22 6.76 7.70 1.17 NS 

C 18: 3 n-3 2.72 2.42 2.16 2.25 2.38 0.3954 NS 

C20: 3 n-6 0.77 0.77 1.05 0.88 0.92 0.1746 NS 

C20: 4 n-6 3.01 3.56 3.51 3.35 3.99 0.7514 NS 

C20: 5 n-3 1.95 1.57 1.42 1.89 1.74 0.3738 NS 

C22: 4 n-6 0.17b 0.24 ab 0.1 gab 0.18b 0.30a 0.0445 

C22: 5 n-3 2.24 2.06 2.03 2.47 2.02 0.46 NS 

C22: 6 n-3 0.25 0.22 0.24 0.28 0.38 0.09 NS 

L= Longhorn; CX = Charolais cross; H= Hereford; BG = Belted Galloway; BS = 
Beef Shorthorn. SED = standard error of difference of means 
as breed values with unlike superscript letters differ significantly 
tNS: not significant, *: P<0.05; **: P<0.01; ***: P<0.001 

This study aimed to evaluate not only between-breed variations, but also, 

between-individual variations within each breed, for fatty acids specifically 
formed by SCD-catalysed reactions, namely, cis-9, trans-11 CLA and MUFA. 

Figure 21 represents the data for the cis-9, frans-11 CLA level in 

Semimembranosus muscle for the individual animals within each of the five 

breeds investigated. 

A high level of variation in cis-9, trans-11 CLA levels was observed within each 
breed. These variations were as follows: 2.07 to 10.59,1.85 to 5.23,0.80 to 
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5.92,2.23 to 13.52,2.35 to 6.31 mg/100g for L, CX, H, BG and BS respectively. 

The largest range of cis-9, trans-11 CLA level variation was observed for H with 

a 7.4-fold difference between individual animals, whilst the smallest range of 

cis-9, trans-11 CLA level variation was observed for BS with a 2.7-fold 

difference between individual animals. 

Figure 21. cis-9, trans-11 CLA level (mg/100g) of Semimembranosus muscle of 

individual animals in five cattle breeds. 
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L= Longhorn; CX = Charolais cross; H= Hereford; BG = Belted Galloway; BS = 
Beef Shorthorn. 
Each bar represents an individual animal. Measurements for each animal were 
carried out in duplicate. The duplicates did not vary by more than 5 %. 

Figure 22 displays the data for between-individual variations in MUFA level 
(mg/100g) in five cattle breeds. In contrast to cis-9, trans-11 CLA level, the 

variation in MUFA level of Semimembranosus muscle for each breed was 
relatively small: 26.8 to 42.5,27.3 to 41.2,28.5 to 37.9,25.7 to 39.8 and 26.0 to 
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36.4 mg/100g for L, CX, H, BG and BS respectively, and so the smallest range 

of MUFA variations was observed for H and the largest for L breed. 

Figure 22. MUFA level (mg/100g) of Semimembranosus muscle of individual 

animals in five cattle breeds. 
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L= Longhorn; CX = Charolais cross; H= Hereford; BG = Belted Galloway; BS = 
Beef Shorthorn. 
Each bar represents an individual animal. Measurements for each animal were 
carried out in duplicate. The duplicates did not vary by more than 5 %. 
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4.1.2. Subcutaneous adipose tissue 

The averages for total fatty acid content for subcutaneous adipose tissue of 

each breed are presented in Figure 23. The average values for total fatty acids 

of the five cattle breeds investigated varied from 57366.85 to 79184.53 mg/100g 
for BS and H respectively. In contrast to Semimembranosus muscle, significant 
between-breed differences were observed for total fatty acid content of 

subcutaneous adipose tissue, which was higher in L and H when compared to 
BS (P < 0.05). No difference in total fatty acid content was observed between L, 

CX, H and BG, or between CX, BG and BS. The greatest range of variation for 

total fatty acid content was found in the BG breed (from 23396.28 to 80923.02 

mg/100g). The lowest degree of variation for total fatty acid content was found 
in the H breed (from 77095.94 to 80602.7 mg/100g). The range of variation 

observed for L, CX and BS breeds was 70698.44 to 84541.76,32740.18 to 
79315.81 and 30451.41 to 72208.97 mg/100g respectively. 
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Figure 23. Total fatty acid content of subcutaneous adipose tissue of five beef 

cattle breeds (mg/100g). 
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L= Longhorn, CX = Charolais cross, H= Hereford, BG = Belted Galloway, BS = 
Beef Shorthorn. Bars represent mean values for 11,9,5,9, and 8 animals for L, 
CX, H, BG and BS respectively. Error bars represent standard errors of means. 
ab Values with unlike superscript letters differ significantly (P < 0.05; Tukey- 
Kramer test). 
Measurements for each animal were carried out in duplicate. The duplicates did 
not vary by more than 5 %. 

The fatty acid composition (mg/100g) of subcutaneous adipose tissue for each 

cattle breed is shown in Table 10. In contrast to muscle tissue, there were 

significant breed-differences for all individual as well as total SFAs, MUFAs and 
PUFAs respectively, with the exception of 18: 0. 

The total SFA content was significantly higher in H compared to BS (P < 0.05), 
but there was no difference in total SFA level between L, CX, H and BG. There 

was also no difference in total SFA level between L, CX, BG and BS. In terms of 
individual SFAs, no differences were found in 12: 0 level between L and H, but 
both breeds had significantly higher levels of this fatty acid when compared to 
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CX, BG and BS breeds (P < 0.001). For 14: 0 level there was no difference 

between L, H, BG and BS, or between CX, BG and BS. However, L and H had 

significantly higher levels of 14: 0 compared to CX (P < 0.01). The H breed had 

a significantly higher level of 16: 0 compared to BS (P < 0.05) but there was no 

difference in the level of this fatty acid between L, CX, H and BG, or between L, 

CX, BG and BS. 

The total MUFA content did not differ between L, CX, H and BG, or between 

CX, BG and BS breeds. However, the total MUFA content of L and H breeds 

was significantly higher than that of the BS breed (P < 0.05). Regarding 

individuals MUFAs, the level of 16: 1 was significantly higher in the L breed 

compared to the BS breed (P < 0.05) but there was no difference in the level of 

this fatty acid between BS, CX, H and BG, or between L, CX, H and BG. The L, 

BG and BS breeds did not differ in their 18: 1 trans-11 level however, L had a 

significantly higher level of this fatty acid compared to CX and H (P < 0.01). The 

18: 1 trans-11 level did not differ between CX, H, BG and BS breeds. There was 

no difference in the level of 18: 1 cis-9 between L, CX, H and BG, or between 

BS and CX breeds. However, L, H and BG had significantly higher levels of this 

fatty acid compared to BS (P < 0.01). 

The L breed had a significantly higher total PUFA content compared to CX, BG 

and BS breeds (P < 0.001) but there was no difference in total PUFA level 

between L and H, or, CX, H, BG and BS. The 18: 2n-6 level did not differ 

between L, CX and H breeds and all three breeds had significantly higher levels 

of 18: 2n-6 compared to BG and BS breeds (P < 0.001). There was no 
difference in 18: 2n-6 level between BG and BS. For 18: 3n-3 level, H had a 

significantly higher level of this fatty acid compared to CX, BG and BS (P < 
0.001). There was no difference in 18: 3n-3 level between L and H. The CX 

breed had a significantly higher level of 18: 3n-3 than BS (P < 0.001) but had 

similar levels of this fatty acid to BG and L. There was no difference between 

BG and BS in 18: 3n-3 level. 

The cis-9, trans-11 CLA level was significantly higher in L compared to CX, H, 
BG and BS breeds (P < 0.001) but there was no difference in the level of this 
fatty acid between CX, H, BG and BS. 
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In contrast to Semimembranosus muscle, there were significant between-breed 

differences in subcutaneous adipose tissue total n-3 PUFAs and total n-6 

PUFAs. For total n-6 PUFAs, the L, CX and H breeds had significantly higher 

levels compared to the BG and BS breeds (P < 0.001). There was no difference 

in total n-6 PUFA level between L, CX and H and there was also no difference 

in total n-6 PUFA level between BG and BS. A significantly higher level of total 

n-3 PUFAs was found for the L and H breeds compared to the BG and BS 

breeds (P < 0.001) but there was no difference in this level between L, CX and 

H. The CX and BG breeds did not differ in total n-3 PUFA level however, that of 

CX was significantly higher than that of BS (P < 0.001). The BG and BS breeds 

did not differ in total n-3 PUFA level. 

Unlike the findings for Semimembranosus muscle, the P: S ratio of 

subcutaneous adipose tissue was found to differ between the breeds with 

significantly higher values for L, CX and H breeds compared to BG and BS 

breeds (P < 0.001). The P: S ratios were similar between L, CX and H breeds, 

and similar between BG and BS breeds. The n-6: n-3 ratio in the subcutaneous 

adipose tissue however did not differ between the breeds. 
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Table 10. Fatty acid composition of subcutaneous adipose tissue (mg/100g) of 

five cattle breeds. 

Fatty acid L CX 

Breed 

H BG BS SED Sic 

C12: 0 76. Oa 49.8b 75.4a 48.3 43.5 6.84 *** 

C14: 0 2875.1a 2023.8b 3047.9a 2542.2ab 2188.2ab 309.1 ** 

C16: 0 19626. Oab 16931.3 ab 21526.2a 18303.7 ab 15371.0b 1903 * 

C16: 1 4335.39a 3696.57 ab 3663.35ab 3465.23 ab 2948.38b 522.5 * 

C18: 0 9226.0 9326.9 11556.2 10046.5 8063.2 1362 NS 

C18: 1 

trans-11 3612.5a 2304.9b 2140.7b 3129.4 ab 3503.0ab 540.8 ** 

C18: 1 cis-9 22984.5a 21832.0ab 25566.8a 22822.3a 16600.3b 2536 ** 
C18: 2 

C9, t11(CLA) 1210.7a 651.4b 584.7b 796.1 b 808.5b 139 *** 
C 18: 2 n-6 812.8a 715.0a 867.6a 471.6b 429.2b 69.22 *** 

C18: 3 n-3 539.8ab 439.5b 595.4a 347.1 b` 295.0 54.45 *** 

YSFA 33662.2 ab 29970.2ab 38029.26a 32158.06ab 26817.33b 3328 * 

EMUFA 31723.48a 28535.94 ab 32156.54a 30170.83ab 23587.35b 3310 * 

Yn-3 PUFA 635.22a 505.32 ab 619.35a 380.26bß 307.10c 62.06 *** 

2: n-6 PUFA 850.05a 752.67a 902.61a 502.71b 441.82b 72.04 *** 

EPUFA 2695.95a 1909.40b 2106.61 ab 1679.07b 1557.43b 240.0 *** 

P: S 0.043a 0.041a 0.041' 0.027b 0.028b 0.098 *** 

n-6: n-3 1.369 1.491 1.468 1.371 1.459 0.019 NS 
L= Longhorn; CX = Charolais cross; H= Hereford; BG = Belted Galloway; BS = 
Beef Shorthorn. 
SED = standard error of difference of means 
2: SFA = sum of saturated fatty acids 
7MUFA = sum of monounsaturated fatty acids 
ZPUFA = sum of polyunsaturated fatty acids 
P: S = ratio calculated as (18: 2n-6 + 18: 3n-3)/(12: 0 + 14: 0 + 16: 0 + 18: 0) 
n-6: n-3 = ratio calculated as (18: 2n-6 + 20: 3n-6 + 20: 4n-6 + 22: 4n-6)/(18: 3n-3 + 
20: 5n-3 + 22: 5n-3 + 22: 6n-3) 
ab breed values with unlike superscript letters differ significantly tNS: not significant, *: P<0.05; **: P<0.01; ***: P<0.001 
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The fatty acid composition of subcutaneous adipose tissue expressed as a 

percentage of total fatty acid content is presented in Table 11. As explained 

previously, fatty acids described as percentages of the total fatty acid content 

takes into account the fatness of the individual animals within each breed, 

whereas on a nutritional basis it is useful to present results as mg/100g. 
There were significant breed-differences for all individual fatty acids except for 

16: 0,18: 0, and 16: 1. 

A significantly higher level of 12: 0 was found in L and H compared to CX, BG 

and BS (P < 0.001). There was no difference in 12: 0 levels between L and H, or 
between CX, BG and BS. The level of 14: 0 was significantly lower in the CX 

breed compared to L, H, BG and BS breeds (P < 0.001) and there was no 
difference in the level of this fatty acid between L, H, BG and BS. 

The BS breed had a similar level of 18: 1 trans-11 as L but had a significantly 
higher level of this fatty acid compared to CX, H and BG (P < 0.001). There was 

no difference in the 18: 1 trans-11 level between L and BG and both had levels 

of this fatty acid that were significantly higher than those found for CX and H 

breeds. The CX, H and BG breeds had similar levels of the 18: 1 cis-9 fatty acid 
to L but had significantly higher levels of this fatty acid compared to BS (P < 
0.01). There was no difference in 18: 1 cis-9 level between L and BS. 

The level of 18: 2n-6 did not differ between L, CX and H breeds or between 

breeds BG and BS. The 18: 2n-6 level was significantly higher in the L, CX and 
H breeds compared to BG and BS (P < 0.001). The 18: 3n-3 level did not differ 
between L, CX and H breeds and this fatty acid level also did not differ between 
CX, BG and BS breeds. The L and H breeds had a significantly higher level of 
18: 3n-3 compared to BG and BS (P < 0.001). 

A significantly higher level of cis-9, trans-11 CLA was found for L compared to 
CX, H and BG (P < 0.001) but L had a similar level of this fatty acid to BS. The 
level of cis-9, trans-11 CLA did not differ between CX, BG and BS breeds but 
BG and BS had significantly higher levels of this fatty acid compared to H (P < 
0.001). There was no difference in cis-9, trans-11 CLA level between CX and H. 
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The significant between-breed differences for individual fatty acids in the 

subcutaneous adipose tissue were similar for mg/100g and percent. The results 

were only found to differ between mg/100g and percent for the SFA 16: 0, and 

the PUFA 16: 1 which were significantly different between the breeds when 

expressed as mg/100g but not when expressed as percent. 

Table 11. Fatty acid composition of subcutaneous adipose tissue (% of total 

fatty acids) of five cattle breeds. 

Fatty acid L CX 

Breed 

H BG BS SED Sigt 

C12: 0 0.1a 0.07 0.1a 0.07 0.0811 0.0069 **" 

C14: 0 3.77a 3.02b 3.85a 3.62a 3.78a 0.2209 *** 

C16: 0 25.75 25.28 27.18 26.25 26.94 0.7972 NS 

C16: 1 5.68 5.52 4.63 4.92 5.16 0.49 NS 
C18: 0 12.11 13.89 14.57 14.62 14.9 1.366 NS 

C18: 1 

trans-11 4.75 ab 3.41' 2.71' 4.46b 6.05a 0.5798 *** 

C18: 1 cis-9 30.14ab 32.46a 32.29a 32.65a 28.99b 1.246 ** 

C18: 2 

C9, tl 1(CLA) 1.59a 0.96b` 0.74` 1.13b 1.40ab 0.1378 *** 
C18: 2 n-6 1.07a 1.06a 1.1a 0.69b 0.75b 0.05432 *** 

C 18: 3 n-3 0.71 a 0.66 ab 0.75a 0.5b 0.52b 0.05945 *** 

L= Longhorn; CX = Charolais cross; H= Hereford; BG = Belted Galloway; BS = 
Beef Shorthorn. 
SED = standard error of difference of means 
ab breed values with unlike superscript letters differ significantly 
tNS: not significant, *: P<0.05; **: P<0.01; ***: P<0.001 

Figure 24 represents the data for the cis-9, trans-11 CLA level in subcutaneous 
adipose tissue of the individual animals of the five breeds investigated. 
Variations in cis-9, trans-11 CLA level were observed within each breed, but the 
degree of this variation was different for different breeds, as follows: 1001 to 
1465,308 to 1223,291 to 839,202 to 1217 and 395 to 1098 mg/100g for L, CX, 
H, BG and BS respectively. The largest degree of variation was observed for 
BG with a 6-fold difference between animals while the lowest degree of 
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variation was observed for L with a maximum of a 1.5-fold difference between 

individual animals in subcutaneous adipose tissue. 

Figure 24. cis-9, trans-11 CLA level (mg/100g) of subcutaneous adipose tissue 

of individual animals belonging to each of the five cattle breeds. 
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L= Longhorn; CX = Charolais cross; H= Hereford; BG = Belted Galloway; BS = 
Beef Shorthorn 
Each bar represents an individual animal. Measurements for each animal were 
carried out in duplicate. The duplicates did not vary by more than 5 %. 

Figure 25 displays the data for the subcutaneous adipose tissue MUFA level 

(mg/100g) in individual animals of the five cattle breeds. Despite a lower degree 

of variation in MUFA level compared to that of cis-9, trans-11 CLA, a higher 

degree of variation was observed for the subcutaneous adipose tissue MUFA 

level within each breed compared to that observed in Semimembranosus 

muscle: 29263 to 35094,14615 to 37744,30482 to 33142,9710 to 36681 and 
12593 to 30678 mg/100g for L, CX, H, BG and BS respectively. Therefore the 
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smallest range of variations was observed in H with a 1.1-fold difference 

between individual animals, and the largest range of variations was observed in 

BG with a 3.8-fold difference between individual animals. 

Figure 25. MUFA level (mg/100g) of subcutaneous adipose tissue of individual 

animals belonging to each of the five cattle breeds. 
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L= Longhorn; CX = Charolais cross; H= Hereford; BG = Belted Galloway; BS = 
Beef Shorthorn 
Each bar represents an individual animal. Measurements for each animal were 
carried out in duplicate. The duplicates did not vary by more than 5 %. 
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4.2. Effect of breed on CLA isomers 

In addition to analysing the overall fatty acid composition of Semimembranosus 

muscle and subcutaneous adipose tissue, the CLA isomer profile of both 

tissues, for each breed, was also determined. 

4.2.1. Semimembranosus muscle 

The CLA isomer profile of the Semimembranosus muscle of the five cattle 

breeds is presented in Table 12. Certain groups of isomers elute together on 

the gas chromatography (GC) machine and therefore form a single peak on the 

GC trace and so are listed together. Significant between-breed differences were 

only found for the cis-9, trans-11 + trans-7, cis-9 + trans-8, cis-10 group of 

isomers, and the trans-9, trans-11 + trans-7, trans-9 + trans-8, trans-10 + trans- 

10, trans-12 group, for both mg/100g and percent. 

When expressed as mg/100g, the level of the cis-9, trans-11 + trans-7, cis-9 + 

trans-8, cis-10 isomer group was significantly higher in the L breed compared to 

the CX and H breeds (P < 0.05) but there was no difference in the content of 
this CLA isomer group between CX, H, BG and BS, or between L, BG and BS. 

The L breed also had a significantly higher level of trans-9, trans-11 + trans-7, 

trans-9 + trans-8, trans-10 + trans-10, trans-12 compared to BS (P < 0.05). 

There was no difference in the level of the trans-9, trans-11 + trans-7, trans-9 + 
trans-8, trans-10 + trans-10, trans-12 isomer group between L, CX, H and BG, 

and no difference between CX, H, BS and BS. 

The CLA isomer profile in muscle was also presented as percentages of total 
CLA content (Table 5). This was to account for variations in fatness between 

the individual animals. The percentage of the cis-9, trans-11 + trans-7, cis-9 + 
trans-8, cis-10 group was significantly higher in L compared to CX, H and BG (P 

< 0.01) but there was no difference in the level of this CLA isomer group 
between L and BS, or between CX, H, BG and BS breeds. The highest 

percentage of the trans-9, trans-11 + trans-7, trans-9 + trans-8, trans-10 + 
trans-10, trans-12 isomer group was observed in the L and CX breeds when 
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compared to BS (P < 0.001). There was no difference in the percentage of the 

trans-9, trans-11 + trans-7, trans-9 + trans-8, trans-10 + trans-10, trans-12 

isomer group between L, CX, H and BG breeds, or between H, BG and BS 

breeds. 

Table 12. CLA isomer distribution in the Semimembranosus muscle of five 

cattle breeds expressed as mg/100g of tissue or as % of total CLA. 

CLA Isomer 

Breed 

L CX H BG BS SED Sigt 

mg/100g 
9c1 lt + 

7t9c + 8t10c 7. lla 3.77b 3.59b 509ab 4.79ab 1.302 

11 c13t 0.949 0.691 0.626 0.776 0.667 0.138 ns 

11t13c + 9c11c 1.19 0.81 0.64 0.98 1.01 0.214 ns 
11 c13c 0.238 0.078 0.104 0.116 0.098 0.088 ns 
11t13t+ 

12t14t+13t15t 0.258 0.226 0.130 0.222 0.188 0.045 ns 
9t11 t+ 7t9t + 

8t1 Ot +1 Otl2t 0.596a 0.509ab 0.436ab 0.515 ab 0.382b 0.082 * 

9c1lt 

7t9c+ 8t1 Oc 0.603a 0.361 b 0.340b 0.405b 0.442ab 0.084 ** 

11 c13t 0.081 0.068 0.064 0.066 0.063 0.011 ns 
llt13c+ 9cllc 0.100 0.079 0.063 0.080 0.096 0.014 ns 
11 c13c 0.023 0.008 0.011 0.010 0.011 0.009 ns 
11 t13t + 12t14t 

+13t15t 0.022 0.022 0.014 0.018 0.018 0.004 ns 
9t11 t+ 7t9t + 
8t10t+10t12t 0.051a 0.048a 0.045ab 0.042ab 0.036b 0.004 '`** 
L= Longhorn; CX = Charolais cross; H= Hereford; BG = Belted Galloway; BS = 
Beef Shorthorn. 
c= cis; t= trans. 
SED = standard error of difference of means. 
ab breed values with unlike superscript letters differ significantly. 1NS: not 
significant, *: P<0.05; **: P<0.01; ***: P<0.001. 
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4.2.2. Subcutaneous adipose tissue 

In contrast to Semimembranosus muscle, more between-breed differences in 

the CLA isomer spectrum (both mg/100g and %) were observed in 

subcutaneous adipose tissue (Table 13). 

When expressed as mg/100g, between-breed differences were observed for all 

the CLA isomer groups with the exception of the cis-11, trans-13 isomer. The 

highest level of the cis-9, trans-11 + trans-7, cis-9 + trans-8, cis-10 isomer 

group was found for the L breed compared to CX, H, BG and BS (P < 0.001) 

and no difference in the level of this isomer group was observed between CX, 

H, BG and BS. The level of the trans-11, cis-13 + cis-9, cis-11 isomer group 

was also significantly higher in L compared to CX, H, BG and BS (P < 0.001) 

with there being no difference in the level of these isomers between the CX, H, 

BG and BS breeds. The L, CX and H breeds had a significantly higher level of 
the trans-11, trans-13 + trans-12, trans-14 + trans-13, trans-15 isomer group 

compared to the BS breed (P < 0.01). There were no differences in the levels of 
the trans-11, trans-13 + trans-12, trans-14 + trans-13, trans-15 isomer group 
between the L, CX, H and BG breeds, or between the BG and BS breeds. 

There was no difference in the level of the trans-9, trans-11 + trans-7, trans-9 + 
trans-8, trans-10 + trans-10, trans-12 CLA isomer group between CX, H, BG 

and BS breeds but the level of this isomer group was significantly lower in BS 

compared to the L breed (P < 0.01). There was also no difference in the level of 
the trans-9, trans-11 + trans-7, trans-9 + trans-8, trans-10 CLA isomer group 
between L, CX, H and BG breeds. 

Between-breed differences were also found for the percentages of the CLA 
isomer groups in subcutaneous adipose tissue. The L and BS breeds had a 
significantly higher percentage of the cis-9, trans-11 + trans-7, cis-9 + trans-8, 

cis-10 isomer group compared to the CX, H and BG breeds (P < 0.001) while 
there was no between-breed difference between L and BS, or between CX, H 

and BG breeds. A significantly higher percentage of the trans-11, cis-13 + cis-9, 
cis-11 isomer group was found in the L breed compared to the CX, H and BG 
breeds (P < 0.001). No difference in percentage of the trans-11, cis-13 + cis-9, 
cis-11 isomer group were observed between the L and BS breeds, or between 
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the CX, H, BG and BS breeds. The CX breed had a significantly higher 

percentage of the trans-11, trans-13 + trans-12, trans-14 + trans-13, trans-15 

isomer group compared to the BG and BS breeds (P < 0.05) but there was no 

difference in the percentage of this isomer group between L, CX and H, or 

between L, H, BG and BS. 

In contrast to muscle tissue, the between-breed differences, found in the CLA 

isomer spectrum in subcutaneous adipose tissue, differed when expressed as 

mg/100g or as percentage of total CLA. For the cis-9, trans-11 + trans-7, cis-9 + 

trans-8, cis-10 isomer group, the trans-11, cis-13 + cis-9, cis-11 isomer group, 

and the trans-11, trans-13 + trans-12, trans-14 + trans-13, trans-15 isomer 

group, between-breed differences were found for both mg/100g and 

percentage. However, the trend of the CLA isomer levels between the breeds 

was not in the exact same order for mg/100g and percent. The level of the 

trans-9, trans-11 + trans-7, trans-9 + trans-8, trans-10 + trans-10, trans-12 CLA 

isomer group was different between the breeds for mg/100g but not for percent. 
The cis-11, trans-13 CLA isomer level was found to be similar between breeds 

for both mg/100 and percentage. 
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Table 13. CLA isomer distribution in the subcutaneous adipose tissue of five 

cattle breeds expressed as mg/100g of tissue or as % of total CLA. 

Breed 

CLA Isomer L CX H BG BS SED Sigt 

mg/100g 
9c1 lt + 

7t9c + 8t1 0c 1154.1 a 630.6b 598. Ob 747.9b 795.9b 140.7 *** 

11 cl 3t 5.58 7.42 6.94 5.87 7.28 3.135 ns 

11 t13c + 9c11 c 146.39a 85.18b 84.75b 85.31 b 87.17b 18.47 *** 

11 t13t + 12t14t 

+1305t 31.16a 30.61a 30.71a 22.68ab 17.88b 4.419 ** 

9t1 1t + 
7t9t + 8t1 0t + 

1Otl2t 26.59a 21.73 ab 20.70ab 19.72 ab 16.76b 3.175 ** 

9c1 lt + 

7t9c + 800c 1.516a 0.939b 0.785b 1.056b 1.413a 0.145 *** 

11cl3t 0.007 0.010 0.009 0.008 0.013 0.004 Ns 

11 t13c + 9c11 c 0.192a 0.126b 0.111 b 0.120b 0.156ab 0.021 *** 

11t13t + 
1204t +13t15t 0.041 ab 0.045a 0.04 ab 0.033b 0.032b 0.005 * 

9t11 it + 

7t9t + 8t1Ot + 

1Otl2t 0.035 0.033 0.027 0.029 0.030 0.003 Ns 

L= Longhorn; CX = Charolais cross; H= Hereford; BG = Belted Galloway; BS = 
Beef Shorthorn. 
c= cis; t= trans. 
SED = standard error of difference of means 
ab breed values with unlike superscript letters differ sign ificantly 
tNS: not significant, *: P<0.05; **: P<0.01; ***: P<0.001 
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4.3. Comparison of two derivatisation methods for conjugated 

linoleic acid isomer analysis 

As described previously, different CLA isomers have been found to be related to 

a variety of health benefits only at certain levels or concentrations. Therefore 

the precise quantification of CLA isomers in ruminant meat and milk is of 

particular importance. Procedures used to analyse CLA isomer profiles in meat 

are based on lipid extraction followed by methylation to produce fatty acid 

methyl-esters (FAMEs). There have been many publications reporting CLA 

levels in meat but the results depend on the techniques used (Nuernberg et a/., 

2007). Differences between methylation procedures can also cause variations 
in results. It was therefore of interest to compare two different derivatisation 

methods in the same experiment in order to ascertain whether they affect CLA 

isoform spectrums. 
Two widely used methods of producing FAMEs were investigated: base- 

catalysed method followed by acid-catalysed method using boron trifluoride 

(BF3) in methanol, and base hydrolysis followed by methylation of the resulting 
free fatty acids with diazomethane in diethyl ether. The reason for the 

comparison of these two techniques in particular was based on past and future 

collaborative projects on fatty acid analysis that have built up between the two 
institutes involved in the analysis, each of which uses one of the two 
derivatisation techniques described here. 

Quantitative analyses of individual CLA isomers in the subcutaneous adipose 
tissue of beef steers were compared between two derivatisation procedures 
using Ag+-HPLC of a total of 100 analyses (25 samples in duplicate per 
method). The concentration of 12 CLA isomers in subcutaneous adipose tissue 

was analysed and calculated as absolute (mg/100g) and relative (%, proportion 
of the total of 12 isomers) and the results for each derivatisation procedure are 
displayed in Table 14. UV-spectra (photodiode array detector from 190 nm to 
360 nm) typical of CLA isomers were not presented on the Ag+-HPLC 

chromatograms by peaks detected in the cis, cis CLA region so therefore were 
not identified as CLA cis, cis isomers. 
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Concentrations of trans-1 1, trans- 13, trans- 10, trans-1 2, trans-9, trans-11, trans- 

8, trans-10, and total frans/traps isomers were significantly higher in the case of 

the NaOCH3/BF3 method compared to that of diazomethane. However, 

concentrations of cis-11, trans-13, cis-9, trans-11 and sum of total CLA isomers 

were significantly lower in the case of the NaOCH3/BF3 method compared to 

the diazomethane method. No differences in the concentrations of trans- 

12, trans-14, trans-7, trans-9, cis-12, trans-14, trans-11, cis-13, trans-10, cis-12 

and trans-7, cis-9 were found between the two methods. 

When relative proportions of individual CLA isomers (%) are calculated fewer 

significant differences were found between the two methods. While the same 

significant differences for individual and total trans/traps isomers were found 

between the two methods for both percent and for mg/100g, and in the same 

direction, there were no statistically significant percentage differences between 

the two methods observed for any cis/trans and trans/cis CLA isomers. 
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Table 14. Absolute (mg/100 g fresh tissue) and relative concentrations (%) of 

CLA isomers in adipose tissue of beef steers, derivatisied by either base- 

catalysed followed by acid-catalysed method (NaOCH3/BF3) or base-hydrolysis 

followed by methylation (diazomethane). 

NaOCH3/BF3 

mg/100 g fresh 

tissue 

n= 25 

Meanso 

Diazo- 

methane 
mg/100 g fresh 

tissue 
n= 25 

Meanso 

NaOCH3/BF3 

(%) 
n=25 

Meanso 

Diazo- 

methane 
(%) 

n= 25 

Meanso 

trans, trans 
CLA t-12, t-14 6.683.1 7.584.4 0.760.4 0.820.4 

CLA t-11, t 13 12.613.8a 11.255.0b 1.500.7a 1.250.6b 

CLA t-10, t-12 3.921.9' 2.321.2b 0.450.2a 0.250.1b 

CLA t-9, t-1 1 11.844. Oa 10.473. ßb 1.310.4a 1.130.4b 

CLA t-8, t-10 1.860.7a 1.370.7b 0.220.1a 0.160.1b 

CLA t-7, t-9 6.042.4 6.332.2 0.670.3 0.720.4 

Sum of total 

trans, trans CLA 
isomers 42.9612.7a 38.9715.0b 4.91.8' 4.31.8b 

cis, trans; 
trans, cis 
CLA c-12, t-145 10.477.9 9.853.7 1.010.6 1.040.3 

CLA t-11, c-13 90.7746.6 90.9342.7 9.081.9 8.911.8 

CLA c-11, t-1 3 7.873.5a 8.992.8b 0.850.3 0.930.2 

CLA t-10, c-125 4.931.9 4.551.4 0.580.3 0.510.2 
CLA c-9, t-1151 749.27300.6a 781.20305.8b 77.433.0 78.183.4 

CLA t-7, c-95 56.7119.0 56.7620.7 6.131.5 6.102.1 

Sum of total 
CLA isomers 962.99374.3a 994.26369.1b 100 100 

g isomers are the sum of both geometrical isomers, T trans-8, cis-10 included in 
this peak, + significant differences (P: 50.05) 
SD = standard deviation 
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The coefficient of repeatability 9 was calculated for the absolute concentration 

(mg/100g) in order to evaluate the two replicate measurements of each 

derivatisation procedure (Figure 26). A value of the parameter 0>0.8 

represents a high reliability of the method. A high value of repeatability was 

found for the NaOCH3/BF3 method for 8 isomers (cis-11, trans-13, cis-12, trans- 

14, cis-9, trans-11, trans-11, cis-13, trans-12, trans-14, trans-7, cis-9, trans- 

7, trans-9 and trans-9, trans-11) out of the 12 investigated (all > 0.8). A high 

value of repeatability was found for 7 isomers (cis-11, trans-13, cis-9, trans-11, 

trans-11, cis-13, trans-11, trans-13, trans-1 2, trans- 14, trans-7, trans-9 and trans- 

9, trans-11, all > 0.8) out of the 12 for the diazomethane method. For both of the 

derivatisation procedures, the two most abundant CLA isomers, cis-9, trans-1 1, 

and trans-11, cis-13 both showed the highest value of repeatability (both > 0.9). 

A relatively low repeatability value was observed for the trans-8, trans-10 isomer 

for both methods (both < 0.65). The difference between the two methods was 

found to be largest for the cis-12, trans-14 and trans-7, cis-9 isomers where a 
higher value of repeatability was observed for the NaOCH3/BF3 method 

compared to that of diazomethane (0 > 0.95 compared to 0.4, and 9 >0.8 

compared to 0.42, for cis-12, trans-14 and trans-7, cis-9 respectively), and for the 

trans-11, trans-13 isomer where a higher repeatability value was found when 

using the diazomethane method compared to that of NaOCH3/BF3 (0 >0.8 

compared to 0.6). 
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Figure 26. Repeatability 9 for 12 CLA isomer concentrations, including sum of 

all 12, in total n=25 samples in duplicates. 
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The individual mean measurements of the most abundant CLA isomers (cis-9, 

trans-11 and trans-11, cis-13) for each of the 25 samples analysed, were plotted 

for each method (X=Y) to demonstrate the high degree of agreement between 

the two derivatisation procedures (Figures 27 and 28). For cis-9, trans-11 and 
trans-11, cis-13 the correlation coefficients (r) were 0.99 and 0.97 respectively 
(mg/100g, Table 9). The repeatability and correlation coefficients of the isomers 

that were present in much lower levels (trans-10, trans-12, trans-8, trans-10 and 
trans-10, cis-12) were also relatively small at 0.09,0.37, and 0.2 respectively 
(Table 15). 
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Table 15. Correlation coefficients between base-catalysed followed by acid- 

catalysed method (NaOCH3/BF3) or base-hydrolysis followed by methylation 

(diazomethane). 

mg/100g % 

frans, trans r r 
CLA trans-12, trans-14 0.80+ 0.82+ 

CLA trans-11, trans-13 0.74+ 0.85+ 

CLA trans-10, trans-12 0.09 0.12 

CLA trans-9, trans-1 1 0.88+ 0.86+ 

CLA trans-8, trans-10 0.37+ 0.66k 

CLA trans-7, trans-9 0.48+ 0.69+ 

cis, trans; trans, cis 
CLA cis-12, trans-145 0.67+ 0.18 

CLA trans-11, cis-13 0.97+ 0.93+ 
CLA cis-1 1, trans-1 3 0.64+ 0.33 

CLA trans-10, cis-125 0.15 0.56+ 
CLA cis-9, trans- 11 0.99+ 0.76+ 
CLA trans-7, cis-95 0.68+ 0.48+ 

r= correlation coefficient, 9 isomers are the sum of both geometrical isomers, 
trans-8, cis-10 included in this peak, + significant (P<_0.05). 
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Figure 27. Comparison of cis-9, trans-11 CLA isomer measurements (mg/100g) 

by Ag+-HPLC following base-catalysed followed by acid-catalysed method 

(NaOCH3/BF3) or base-hydrolysis followed by methylation (diazomethane). 
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Figure 28. Comparison of trans-11, cis-13 CLA isomer measurements 

(mg/100g) by Ag+-HPLC following base-catalysed followed by acid-catalysed 

method (NaOCH3/BF3) or base-hydrolysis followed by methylation 

(diazomethane). 
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To summarise the results of this methodology study, overall, there is a high 

degree of agreement between the results concerning the most abundant 
individual CLA isomers produced by either of the two derivatisation procedures 
investigated here. However, the NaOCH3/BF3 method appears to give slightly 
higher results for four trans/frans isomers compared to diazomethane while the 
diazomethane method identifies a slightly higher concentration of the most 
abundant CLA isomer, cis-9, trans-11. Therefore, further investigation of other 
ruminant tissues is required to clarify the differences between these two 

procedures. 
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4.4. Effect of breed on stearoyl-CoA desaturase enzyme 

expression 

As described in previous sections, breed-specific and/or tissue-specific 

variations in fatty acid composition and in particular, cis-9, trans-11 CLA and 

MUFA levels were observed. Therefore it was of interest to investigate whether 

these variations were related (i) to changes in the expression and/or activity of 

the SCD enzyme that catalyses the cis-9, trans-11 CLA and MUFA tissue 

biosynthesis, and (ii) to functional polymorphisms in the coding region of SCD 

DNA. 

4.4.1. Tissue-specific SCD protein expression 

The presence of SCD immuno-reactive bands was observed in both 

Semimembranosus muscle and subcutaneous adipose tissue. The size of the 

band was 37kDa. In the case of subcutaneous adipose tissue two closely 

positioned bands were observed and in the case of Semimembranosus muscle 

only one band was found (Figure 29). 
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Figure 29. Representative blots for SCD immuno-reactive protein for (A) 

Semimembranosus muscle and (B) subcutaneous adipose tissue from beef 

cattle. 
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Each immuno-reactive band represents a microsomal preparation from one 
animal. Analyses for each animal were carried out in duplicate and average 
values were calculated. Duplicates did not vary by more than 10%. 

4.4.2. Breed-specific SCD protein expression 

Semimembranosus muscle 

Figure 30 shows representative bands for SCD protein expression in 

Semimembranosus muscle of five cattle breeds (A) and the mean values for 

SCD protein expression within each breed (B). Although average SCD 

expression values were highest in the BG and BS breeds, no significant 
between-breed differences were observed. The lack of significant differences 

between the breeds may be related to the large between-individual variation in 

three of the breeds for SCD protein expression: 38.8 to 132.5,62.1 to 156.0 and 
59.1 to 127.55 arbitrary units for L, BG and BS respectively. Fewer between- 
individual variations were observed within the CX and H breeds (57.6 to 82.7 

and 67.4 to 78.8 arbitrary units respectively). It is important to point out that the 

large variations between individual animals within L, BG and BS breeds were 

not experimental errors. The analysis for each animal was carried out in 

duplicate and the duplicates did not differ by more than 10 %. 
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Figure 30. Stearoyl-CoA desaturase (SCD) protein expression in 

Semimembranosus muscle of five cattle breeds: (A) representative blots of SCD 

protein immuno-reactive bands for each breed. Each immuno-reactive band 

represents a microsomal protein sample of one animal, and (B) average SCD 

protein expression for each breed. 
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L= Longhorn, CX = Charolais cross, H= Hereford, BG = Belted Galloway, BS = 
Beef Shorthorn. 
Bars represent mean values for 11,9,5,9, and 8 animals for L, CX, H, BG and 
BS respectively. 
Error bars represent standard errors of means. 
Measurements for each animal were carried out in duplicate. The duplicates did 
not vary by more than 10 %. 
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Subcutaneous adipose tissue 

Figure 31 shows the mean values for SCD protein expression in the 

subcutaneous adipose tissue of five cattle breeds. In contrast to muscle, there 

were significant between-breed differences. The expression of SCD was 

significantly higher in the L breed compared to the BG and BS breeds (P < 

0.05) but there was no difference in SCD expression between L, CX and H 

breeds, or between, CX, H, BG and BS breeds. There was more than a 4-fold 

difference in SCD expression between L and BS breeds. 

The largest between-individual differences in SCD enzyme expression were 

observed in the H breed, and they were in the range of 0.4 to 64.8 arbitrary 

units. In contrast to Semimembranosus muscle (where large between-individual 

variations were observed only in three breeds), a high degree of variation in 

SCD expression was observed within each of the five breeds for subcutaneous 

adipose tissue (12.9 to 114.6,18.35 to 125.6,0.4 to 64.8,4.65 to 47.45 and 

5.65 to 27.0 arbitrary units for L, CX, H, BG and BS respectively). The highest 

degree of variation was observed in H and the lowest in BS. 
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Figure 31. Stearoyl-CoA desaturase (SCD) protein expression in subcutaneous 

adipose tissue of five cattle breeds: (A) representative blots of SCD protein 

immuno-reactive bands for each breed, each immuno-reactive band 

representing a microsomal protein sample of one animal, and (B) average SCD 

protein expression for each breed. 
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L= Longhorn, CX = Charolais cross, H= Hereford, BG = Belted Galloway, BS = 
Beef Shorthorn. 
Bars represent mean values for 11,9,5,9, and 8 animals for L, CX, H, BG and 
BS respectively. 
Error bars represent standard errors of means. ab Values with unlike superscript 
letters differ significantly, P<0.05. Measurements for each animal were carried 
out in duplicate. The duplicates did not vary by more than 10 %. 
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In contrast to muscle where one immune-reactive band was observed, 

subcutaneous adipose tissue presented two closely positioned bands in all the 

breeds investigated. The intensity of the top band was always higher than the 

intensity of the bottom band. However, the difference between the intensities of 

the two bands was the most pronounced in L and the least pronounced in BG. 
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4.5. Effect of breed on stearoyl-CoA desaturase enzyme activity 

The analysis of SCD protein expression in section 4.4 demonstrated breed- 

differences in subcutaneous adipose tissue but not in Semimembranosus 

muscle. Hence, it was interesting to determine whether these changes resulted 

in modifications of SCD activity. SCD activity was therefore determined for both 

tissues for all five breeds and the results of this study are described in this 

section. 

Semimembranosus muscle 

The SCD enzyme activity in Semimembranosus muscle of five cattle breeds are 

presented in Figure 32. No significant between-breed differences were found 

although average values for BS and BG were almost double the values for L, 

CX and H. All measurements were carried out in triplicate and the triplicates did 

not differ by more than 10 %, therefore the lack of significance between breeds 

cannot be explained by experimental error but is possibly related to the high 

degree of variation that occurred within each breed. The largest between- 

individual variations were observed within the BS breed (with a 13-fold 

difference from 0.14 to 1.96 nmoles C14-1/mg/h). Interestingly, in spite of the 

lack of significance, the actual pattern for the average SCD activities between 

breeds was the same as that for SCD protein expression in muscle (Figure 30). 

it is anticipated that the results for breed-differences in SCD activity would be 

significant if more animals were used in the experiments. However, it was not 

possible to increase the number of animals in the present study because of 

time-limitations and the high cost of the analysis. 
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Figure 32. Stearoyl-CoA desaturase (SCD) enzyme activity in 

Semimembranosus muscle of five cattle breeds. 
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L= Longhorn, CX = Charolais cross, H= Hereford, BG = Belted Galloway, BS = 
Beef Shorthorn. 
Bars represent mean values for 11,9,5,9, and 8 animals for L, CX, H, BG and 
BS respectively. 
Error bars represent standard errors of means. 
Measurements for each animal were taken in triplicate and did not differ by 
more than 10 %. 

Subcutaneous adipose tissue 

The mean values for SCD enzyme activity in subcutaneous adipose tissue for 

each breed are presented in Figure 33. Overall there was a higher rate of SCD 

enzyme activity in adipose tissue compared to that in Semimembranosus 

muscle with values ranging from 0.67 to 42.96 compared to 0.10 to 1.96 for 

adipose tissue and muscle respectively. No significant differences were found 
for SCD enzyme activity in subcutaneous adipose tissue between the five cattle 
breeds. Similarly to muscle, there was a high degree of variation between 
individual animals within each breed. The highest degree of variation was 
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observed within BG with a 38-fold difference between animals, ranging from 

1.08 to 39.08 nmoles C14-1/mg/h. As explained previously, triplicate 

measurements of SCD activities for each animal within each breed were carried 

out. The triplicates were reproducible and did not differ by more than 10 %. 

Therefore the variations within each breed are true between-individual 

variations and they are not experimental errors. The between-breed trend in 

values for mean SCD enzyme activities in subcutaneous adipose tissue 

followed the same pattern as that of mean SCD enzyme expression (Figure 31), 

with the exception of BG. 

Figure 33. Stearoyl-CoA desaturase (SCD) enzyme activity in subcutaneous 

adipose tissue of five cattle breeds. 

25 

' 20 

15 

ö 
E 
c 

10 

U 
tß 

5 

0 

Breed 

L= Longhorn, CX = Charolais cross, H= Hereford, BG = Belted Galloway, BS = 
Beef Shorthorn. 
Bars represent mean values for 11,9,5,9, and 8 animals for L, CX, H, BG and 
BS respectively. 
Error bars represent standard errors of means. 
Measurements for each animal were taken in triplicate and did not differ by 
more than 10 %. 
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To conclude, the results for SCD activity in both tissues for each breed display 

trends which are similar to those of SCD expression. For example, the highest 

and lowest values in Semimembranosus muscle were observed for BG and CX 

respectively for both SCD enzyme activity and expression. However, no 

between-breed differences for SCD activity were significant which may possibly 

be accounted for by the very high degree of variation within each breed. For 

each animal in each breed, all analyses for SCD enzyme activity were 

performed in triplicate and these triplicate values did not vary by more than 

10%. Therefore this between-individual variation was likely to be caused by 

natural variations between individuals. In addition, enzyme activity is not solely 

determined by enzyme expression but has more finely regulated mechanisms 

which can be influenced by a number of alternative factors (including hormonal 

regulation). 
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4.6. Effect of diet on fatty acid composition and stearoyl-CoA 

desaturase enzyme expression in Longissimus muscle 

As described in the literature review, fatty acid composition, including cis-9, 

trans-11 CLA and MUFA level, can be regulated by diet but it is not clear 

whether this regulation is related to SCD protein expression. However, in 

certain species it is known that SCD protein expression is affected by the fatty 

acid composition of the diet, and mainly PUFAs. Therefore it was of interest to 

investigate whether or not increases of either dietary n-6 or n-3 PUFAs would 

affect the fatty acid composition and SCD protein expression in the Longissimus 

muscle tissue of beef cattle, and to investigate the contribution of the lipogenic 

enzyme SCD on the fatty acid composition under these conditions. 

In this study two diets were used, one of which contained a higher concentration 

of n-6 PUFAs provided by linoleic acid (18: 2n-6). This diet will further be 

referred to as the "n-6 diet". The other diet contained a higher concentration of 

n-3 PUFAs provided by alpha-linolenic acid (18: 3n-3), further referred to as the 

"n-3 diet". A majority of studies investigating the manipulation of the fatty acid 

content of beef focus mainly on IMF and the need to increase the muscle PUFA 

content. Therefore in the present study the effect of the diets on muscle tissue 

was investigated only. 

4.6.1. Fatty acid composition 

The n-6 dietary group displayed significantly higher levels of IMF (calculated as 
the sum of fatty acids) for the Longissimus muscle compared to the n-3 dietary 

group (1319.00 vs. 1085.96 mg/100g; P<0.05). The fatty acid composition 
(expressed as mg/100g) of the Longissimus muscle is presented in Table 16. 
The n-6 group had a significantly higher level of total SFA compared to the n-3 
group (by 29 %, P<0.05). This was due to the significantly higher levels of 
C12: 0, C14: 0 and C16: 0 by 85 %, 92 % and 46 % (P < 0.05 in all cases) in the 
n-6 group compared to the n-3 group. However, no significant difference 
between the two dietary groups was found for another major SFA, Cl 8: 0. 
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The total MUFA content was also significantly higher in the n-6 group compared 

to the n-3 group (by 59 %, P<0.01). This was due to the significantly higher 

levels of the major individual MUFAs C16: 1 and C18: 1cis-9 by 79 % (P < 0.05) 

and 63 % (P < 0.01) respectively. There was no difference between the two 

groups however in the level of C18: 1 trans-11. 

In contrast to total SFA and MUFA, the level of total PUFA was significantly 

higher in the n-3 group (by 16 %) when compared to the n-6 group (P < 0.05). 

This was due to the significantly higher level of total n-3 PUFAs (by 119 %; P< 

0.001) and individual n-3 PUFAs, such as C18: 3n-3,20: 5n-3,22: 5n-3 and 

22: 6n-3 by 277 % (P < 0.001), 101 % (P < 0.001), 40 % (P < 0.01) and 40 % (P 

< 0.05) respectively. In contrast to n-3 PUFA, total n-6 PUFA did not differ 

between the groups. There were no differences in the levels of the individual n- 

6 fatty acids C18: 2n-6 and C20: 4n-6 and only a slight increase of 26 % in the 

level of C20: 3n-6 (P < 0.05) in the n-6 group compared to the n-3 group. There 

was also no difference in the level of cis-9, trans-11 CLA between the two 

dietary groups. 

A significantly and beneficially lower n-6: n-3 ratio was observed for the n-3 

group compared to the n-6 group (2.67 vs. 5.92; P<0.001). This was due to the 

previously mentioned higher levels of total and individual n-3 PUFAs in the n-3 

group, which also resulted in a significantly higher P: S ratio in the n-3 group (P 

< 0.01) compared to the n-6 group. The higher P: S can also be considered as a 
beneficial change with regards to human health. 
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Table 16. Fatty acid composition (mg/100g) of Longissimus muscle from 

animals fed 18: 3n-3 or 18: 2n-6 supplemented diets. 

Dietary Group 

Fatty Acid n-3 n-6 SigT 

C12: 0 0.20 0.37 

C14: 0 10.09 19.36 

C16: 0 186.31 272.35 

C16: 1 25.21 45.05 

C18: 0 150.01 155.85 NS 

C18: 1 trans 10.22 11.40 NS 

Cis9 C18: 1 248.50 404.59 ** 

Cis9transll C18: 2 2.50 3.00 NS 
C18: 2 n6 141.65 136.55 NS 

C18: 3 n3 37.22 9.87 *** 
C20: 3 n6 9.56 12.08 

C20: 4 n6 46.46 48.32 NS 

C20: 5 n3 12.98 6.45 *** 
C22: 5 n3$ 23.42 16.70 ** 
C22: 6 n3 2.08 1.49 * 

ZSFA 359.83 464.41 
2MU FA 304.37 484.95 ** 

Zn-3 PUFA 75.70 34.51 *** 

In-6 PUFA 201.85 203.82 NS 
JPUFA 280.05 241.32 

JFA (IMF) 1085.96 1319.00 

P: S 0.54 0.34 ** 

n6: n3 2.67 5.92 *** 

n-3 rich: diet enriched with 18: 3n-3; n-6 rich: diet enriched with 18: 2n-6. 
Two sample T-test assuming equal variance with diet as a factor used. 
ISFA = sum of saturated fatty acids; IMF = intramuscular fat; EMUFA = sum of 
monounsaturated fatty acids; JPUFA = sum of polyunsaturated fatty acids; Z FA = sum of total fatty acids; P: S = ratio calculated as 
(18: 2+18: 3)/(12: 0+14: 0+16: 0+18: 0); n6: n3 = ratio calculated as (18: 2+20: 3+20: 4+22: 4)1(18: 3+20: 5+22: 5+22: 6). 
TNS: not significant; * P<0.05; ** P<0.01; *** P<0.001 
Two sample t-test assuming unequal variances used 
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4.6.2. SCD enzyme expression 

As shown in Table 16 the largest changes under dietary manipulation were 

observed in total MUFA content (59 % difference between the n-3 and n-6 

dietary groups). It was of interest therefore to investigate whether the dietary 

effect on MUFA content was mediated via regulation of SCD expression. 

Representative blots for SCD protein expression for 4 randomly chosen animals 

(2 from n-3 group and 2 from n-6 group) are given in Figure 34. The mean 

values for SCD expression of each dietary group are presented in Figure 35. It 

can be observed from both Figure 34 and Figure 35 that the n-6 group 
displayed a significantly higher level (by 42 %) of SCD protein compared to that 

of the experimental group (P<0.001). 

Figure 34. Representative blot for SCD protein expression in Longissimus 

muscle of cattle fed 18: 3n-3 or 18: 2n-6 supplemented diets. 

Sample: 1234 

37 kDa 40000 

Samples 1&3= animals from n-6 dietary group; samples 2&4= animals from 
n-3 dietary group. 
Each band represents SCD immuno-reactive protein in microsomal protein 
preparation from an individual animal. Microsomal protein for each animal was 
run on a blot in duplicate and an average value calculated from the duplicates. 
Duplicate values did not vary by more than 10%. 
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Figure 35. Stearoyl-CoA desaturase (SCD) protein expression in Longissimus 

muscle of cattle fed 18: 3n-3 or 18: 2n-6 supplemented diets. 

140 

C-1 zu 
100 

L 

s 80 
C 

v 60 
aý 

40 
0 U 
uý 20 

v 

n-3 
Dietary Group 

n-6 

Bars represent averages for 6 animals from the n-3 dietary group and for 7 
animals from the n-6 dietary group. Error bars represent standard errors of 
means. Measurements for each animal were carried out in duplicate. The 
duplicates did not vary by more than 10 %. 

It can be observed from Figure 36 that a clear distinction in SCD expression 
levels occurred for the individuals within each dietary group, with consistently 
lower levels expressed in the muscle of the animals from the n-3 group. The 

range of values for SCD protein expression was 54.5 to 81.8 and 73.0 to 144.4 

arbitrary units for the n-3 and n-6 groups respectively. 
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Figure 36. Stearoyl-CoA desaturase (SCD) protein expression in Longissimus 

muscle of individual animals fed 18: 3n-3 or 18: 2n-6 supplemented diets. 
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Each bar represents an individual animal. Analyses for each animal were 
carried out in duplicate and averages were calculated. The duplicates did not 
differ by more than 10 %. 
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4.7. Comparison of SCD coding region of animals with high and 

low CLA level 

Throughout the present study large between-individual variations in cis-9, trans- 

11 CLA level were observed within breeds. Certain variations may be explained 

by changes in SCD expression. However, in some cases no relationship was 

found between SCD expression and cis-9, trans-11 CLA level, therefore another 

possible explanation could be the presence of functional polymorphisms in the 

SCD gene. It was therefore of interest to compare i) DNA sequences from 

animals of the same breed with high and low cis-9, trans-11 CLA contents in 

order to identify polymorphisms which could explain within-breed cis-9, trans-11 

CLA variations; and ii) DNA sequences from animals of genetically diverse 

breeds in order to identify any functional polymorphisms that may be related to 

between-breed variations in cis-9, trans-11 CLA content. This was achieved by 

the amplification of 1080 bp of the SCD coding region (which is the full coding 

region; see Figure 37) using two pairs of primers (as described in chapter 3). 

To achieve the first aim (identification of within-breed polymorphisms), cloning 

and sequencing was performed on 4 Semimembranosus muscle and 4 

subcutaneous adipose tissue samples from animals of the Longhorn (L) breed 

(2 with high and 2 with low cis-9, trans-11 CLA level). To achieve the second 

aim (identification of between-breed polymorphisms) SCD cDNA sequences 

were compared for Semimembranosus muscle samples from 4 animals of the 

Charolais cross (CX) breed and 2 animals of the Longhorn (L) breed (all with 
low levels of cis-9, trans-11 CLA level). 

For L muscle, animals with cis-9, trans-11 CLA levels of 2.07 and 5.26 mg/100 
g were classed as "low CLA" animals and those with cis-9, trans-11 CLA levels 

of 10.52 and 10.59 mg/100 g were classed as "high CLA" animals. For L 

subcutaneous adipose tissue, animals with cis-9, trans-11 CLA levels of 1015 

and 1035 mg/100 g were classed as "low CLA" animals and those with cis-9, 
trans-11 CLA levels of 1254 and 1275 mg/100 g were classed as "high CLA" 

animals. For muscle from CX animals, all samples were classed "low CLA" and 
had cis-9, trans-11 CLA levels of 2.28,2.99,4.67 and 5.23 mg/100 g. For each 
animal, 2 clones were taken for sequencing. 
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Figure 37. Coding region of the SCD gene in Bos taurus (nucleotides 145 - 

1225; NCBI database, accession number: NM_173959) indicating the positions 

of identified SNPs. 

1 TGCAGCGGAA GGTCCCGAGC GCAGCGC'IGC GGATCCCCAC 

61 TAGTCTACAC TC GTTMGA CTGCCCCGAA CTCCGCTCCG 

ýý START C. OPOl1 
121 TGATCCCAGT GTCTGAGA C CCAGQ1TGiCCG GCCCACTTGC 

1817CCTACACAA CCACCACCAC CATCACAGCA CcTcCTTCCA 

241GGCAAATTGG AGAAGACTCC CCTATACTTG 

301 GACATCTATG ACCCAACTTA CCAGGATAAG 

361 'IGGAGAAACA TCATCCTCAT GTCTCTGTTA 

421 ATCCCCACCT GCAAGATATA 

481 CTGGGCATCA ICAGCAGGGGC 

541 CCTCTGCGGG TCTTCCTr--A T 

601 TGGPCCCGAG jA'ICACCG7 C 
t1 

661 TCCCGACGTG GCTrrrLCTT 

721 GTCAAAGAAA AGGGTICCAC GCTAAATTTA 

781 TPCCAGAGGA GGTACTACAA 

841 GTGCCA! PGG ) ATC7G'1GGGA 

901 CGTTATJC CC TMGGC TCA A 

961 TACCGCCCTT ATGACAAGAC 

1021 CC GGTGAGG GC7MCACAA 

CACCTATATC 

GAAGA AGACA 

GAGGGCCCAA 

C ACTýG GA G 

TGGG IGTTA T 

CCATCGCCTG TGGAGTCACC 

CATTGGCAAC ACCA'IGGCGT 

CCACCACAAG T'ITR AGAAA 

CTCTCACGTG GGT1 GC1GC 

GCTAAATTTA TGCi, -YACCTAA 

ACCTGGTGTC CTGTI'GTTGT ACCTGGTGTC 

F! 
GCAAAAGCAG 

IGCTCAGGAAC 

CAGTCTCAGC CCCGAGAAAC 
f? 

TGCAAGAGGA GATCTtTAGC 

GGd*CTGCA GAA'IGGAGGG 

TCCGCCCTGA AATGAGAGAT 

AGCCCAAGCT 7GAGTATGTT 

CCCTATATGG GA'ICACATPG 

TCTACTATCT GATGGGTGCC 

GAACCTACAA AGCTCGGCTG 

TCCAGAA1 A C'iG1ITITPGAA 

CGGA1GCCGA CCCCCACAAT 

TTGTGCGCAA ACACCCAGCT 

C+ÄvCCGAGAA GCTGGTGATG 

GCT'PCATCCT GCCCACACTC 

'PGAAA7CGTTT CAAAACAGCC TGTF1TrI C CACCTTATI 

CGTCACCTGG C'IGG1 AATA 

CATCAACCCC CGAGAGAATA 

CTACCACCAC ACCTfltCTT 

1081 TACCGCTGGC ACATCAACTT TACCACGTIC TPCATR ATT 

1141 GCTTATGACC GGAAGAAAGT 

1241 GAGGAAAGCT IÄCAAk kGTGG 

1261 CTGGGC GAG GTTTAATGTT 

1321 GAT ACGTTA ACCCATTACA ( 

ATCCAAGGCT GCCATC7 G 

ý^ý S TOP G00OI/ 
C[PGA»1TI T GGTCCCTPGG 

CTGT1TATrA ACTAC'IGAAT 

3TAC AGTATT C TTTA AAATT 
`-- R? 

1381 AACAACTCIG CCTTTATGAT GC AAGCTCA 'IGT1tTTATT 

1441 CTTCTGTTCC CATTA'ICCTT CCCTTTGTTT TG71CCCTGTC 

1501 TCATPGCCCC CCAGGCAAGC AGGTGGTCAG 

GIGCTGCCCA TATGTA11 GA 

TTC'IGGTITC CCTGGGAGCT 

ATGACTACTC AGCCAGTGjAG 

GCA'IGGCTGC CATCGGICTG 

CCAGGATAAA AAGAACTGGA 

GTICCTTTrC CAAAAGCCAT 

AA7GCTACCA GGATGCTAAA 

TPCTITTTAA ATI'GAA GCC 

1CT'ICTCCTA TCTPCTTICT 

ACCTICCTIT CICCTPCT C 

F1 and F2 denote the position of the forward primers and R1 and R2 denote the 
position of the reverse primers. ATG is the start codon. TGA is the stop codon. 
23 SNPs were identified in total and these are circled in green. 
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4.7.1. Identification of between-individual SCD polymorphisms in 

Longhorn animals with high and low cis-9, trans-11 CLA 

For the purposes of ease, throughout this section, the cis-9, trans-11 CLA 

isomer will be referred to as "CLA" and nucleotide position will be referred to as 

"nt". In addition, where the nucleotide position is stated, the number refers to the 

number of bases along, counted from the beginning of the start codon. 

Semimembranosus muscle 

The DNA sequences of the SCD coding region of L cattle with high and low cis- 

9, trans-11 CLA contents were compared and seven SNPs were identified in the 

Semimembranosus muscle tissue which are presented in Table 17. Examples 

of DNA sequence alignments are given in Appendix A(i). Two SNPs, at nt. 69 (T 

to C) and nt. 1071 (G to A) were non-functional and did not result in an amino 

acid substitutions, while the remaining five SNPs were functional and led to 

amino acid substitutions. 

SNPs at nt. 256 (G to A) and nt. 415 (A to G) which resulted in amino acid 

substitutions of alanine to threonine and isoleucine to valine respectively, were 
both found in the same, single animal that had a low cis-9, trans-11 CLA 

content but not in the other low cis-9, trans-11 CLA animal, or either of the 

animals with high cis-9, trans-11 CLA contents. Furthermore, both SNPs (nt. 

256 and nt. 415) were found in all clones of the low cis-9, trans-11 CLA animal 
analysed. 

SNPs at nt. 251 (T to C) and nt. 706 (T to C) were both found in the same, one 
animal with a high cis-9, trans-11 CLA content but not in the other high cis-9, 
trans-11 CLA animal, or either of the animals with low cis-9, trans-11 CLA 

contents. The SNPs found at nt. 251 and nt. 706 resulted in amino acid 
substitutions of leucine to serine and tyrosine to histidine respectively and were 
each only found in one clone (the same clone for both SNPs). 
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One SNP, at nt. 223 (G to A), was identified in animals with both high and low 

cis-9, trans-11 CLA contents. This SNP resulted in an amino acid substitution of 

aspartic acid to asparagine and occurred in both clones for one animal with a 
low cis-9, trans-11 CLA content, both clones for one animal with a high cis-9, 
trans-11 CLA content, and one clone for the other animal with a high cis-9, 
trans-11 CLA content. 

Table 17. Single nucleotide polymorphisms (SNPs) in the cDNA from the 

Semimembranosus muscle of animals with high and low cis-9, trans-11 CLA 

contents. 

Animal Nucleotide Nucleotide Amino-acid CLA level SNP found 

Number position substitution t substitution Y (mg/100g) in 1 or 2 
(nt. ) clones 

40 69 T to C None 10.59 2 

42 69 T to C None 10.52 1 

33 223 G to A Asp to Asn (75) 2.07 2 
40 223 G to A Asp to Asn (75) 10.59 2 
42 223 G to A Asp to Asn (75) 10.52 1 
42 251 T to C Leu to Ser (84) 10.52 1 

33 256 G to A Ala to Thr (86) 2.07 2 

33 415 A to G Ile to Val (139) 2.07 2 
42 706 T to C Tyr to His (236) 10.52 1 
32 1071 G to A None 5.26 1 

t: A= adenine; T= thymine; G= guanine; C= cytosine. 
y: Asp = aspartic acid; Asn = asparagine; Leu = leucine; Ser = serine; Ala 
alanine; Thr = threonine; lie = isoleucine; Val = valine; Tyr = tyrosine; His 
histidine. 
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Subcutaneous adipose tissue 

In comparison to Semimembranosus muscle, over double the number of SNPs 

were identified in the subcutaneous adipose tissue of L cattle (Table 18, 

Appendix A(ii)). A total of fifteen SNPs were identified of which eleven were 

functional (resulted in an amino acid substitution) and four non-functional (nt. 

250, T to C; nt. 609, C to T; nt. 702, A to G; nt. 762 T to C). 

SNPs that were identified in the animals with low cis-9, trans-11 CLA contents, 

but not in the animals with high cis-9, trans-11 CLA contents resided at the 

following positions: nt. 134 (A to G), nt. 256 (G to A), nt. 347 (C to T), nt. 415 (A 

to G), nt. 721 (A to G) and nt. 1067 (A to G). These SNPs resulted in amino acid 

substitutions as follows: aspartic acid to glycine (nt. 134), alanine to threonine 

(nt. 256), threonine to isoleucine (nt. 347), isoleucine to valine (nt. 415) and 

tyrosine to cysteine (nt. 1067). The SNP at position 256 was found in both the 

low cis-9, trans-11 CIA animals analysed and occurred in one clone for each 

animal. 

A group of SNPs were also only identified in animals with high cis-9, trans-11 

CLA levels in their subcutaneous adipose tissue and not in the low cis-9, trans- 

11 CLA animals. These SNPs resided at positions nt. 436 (T to C), nt. 448 (G to 

C), nt. 467 (A to G), nt. 878 (C to T) and nt. 934 (A to G). These SNPs resulted 
in the following amino acid substitutions: phenylalanine to leucine (nt. 436), 

valine to leucine (nt. 448), aspartic acid to glycine (nt. 467), alanine to valine (nt. 

878) and lysine to glutamic acid (nt. 934). The SNP at nt. 934 was identified in 

both high cis-9, trans-11 CLA animals analysed and in both clones of each 

animal. All other SNPs were only identified in one clone of one high cis-9, trans- 
11 CLA animal. For these high cis-9, trans-11 CLA animals analysed double the 

amount of SNPs were identified in animal 40 compared to animal 32. 

In contrast to Semimembranosus muscle, no SNPs were identified in both high 

and low cis-9, trans-11 CLA animals for subcutaneous adipose tissue. 
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Table 18. Single nucleotide polymorphisms (SNPs) in the cDNA from the 

subcutaneous adipose tissue of animals with high and low cis-9, trans-11 CLA 

contents. 

Animal 

Number 

Nucleotide 

position 
(nt. ) 

Nucleotide 

substitution t 
Amino-acid 

substitution Y 
CLA level 

(mg/100g) 

SNP found 

in 1 or all 

clones 

45 134 A to G Asp to Gly (77) 1035.247 1 

32 250 T to C None 1275.436 1 

43 256 G to A Ala to Thr (118) 1015.882 1 

45 256 G to A Ala to Thr (118) 1035.247 1 

45 347 C to T Thr to He (148) 1035.247 1 

45 415 A to G Ile to Val (171) 1035.247 1 
40 436 T to C Phe to Leu (178) 1254.372 1 

40 448 G to C Val to Leu (182) 1254.372 1 

32 467 A to G Asp to Gly (188) 1275.436 1 

32 609 C to T None 1275.436 1 

40 702 A to G None 1254.372 1 

43 721 A to G Thr to Ala (273) 1015.882 1 
40 762 T to C None 1254.372 1 

40 878 C to T Ala to Val (325) 1254.372 1 
32 934 A to G Lys to Glu (344) 1275.436 1 

40 934 A to G Lys to Glu (344) 1254.372 2 

43 1067 A to G Tyr to Cys (388) 1015.882 1 
t: A= adenine; T= thymine; G= guanine; C= cytosine. 
y: Asp = aspartic acid; Gly = glycine; Ala = alanine; Thr = threonine; lie = 
isoleucine; Vat = valine; Phe = phenylalanine; Leu = leucine; Lys = lysine; Glu = 
glutamic acid; Tyr = tyrosine; Cys = cysteine. 
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4.7.2. Identification of between-breed SCD polymorphisms in Longhorn 

and Charolais cross animals with low cis-9, trans-I l CLA 

In addition to comparing the SCD cDNA coding region sequence of animals with 

high or low cis-9, trans-I I CLA contents, the SCD coding regions between two 

breeds, namely L and CX were compared. All animals included in this 

comparison had low cis-9, trans-11 CLA levels. The SCD cDNA sequences 

from Semimembranosus muscles of 2L and 4 CX animals were compared. 

A total of eleven SNPs were identified in the SCD coding region in this study 

(Table 19, Appendix A(iii)). Five SNPs were non-functional and four of these 

were found for CX only and were located at positions nt. 69 (T to C), nt. 618 (A 

to G), nt. 702 (G to A) and nt. 762 (C to T), while one was found only in the L 

breed at nt. 1071 (G to A). The remaining six SNPs were all functional. 

Three SNPs at nt. 80, nt. 338 and nt. 878 (all T to C) were identified in CX 

animals only and resulted in the following amino acid substitutions: valine to 

alanine (nt. 80), leucine to proline (nt. 338) and valine to alanine (nt. 878). The 

SNP at nt. 80 was found in both clones for only one animal, the SNP at nt. 338 

was found in only one clone in one animal, and the SNP at nt. 878 was found in 

both clones of two animals. No SNPs were found in all four of the CX animals 

analysed. 

No functional SNPs were identified for the L breed alone however three 
functional SNPs were identified in both L and CX breeds. At nt. 223 A was 
substituted by G resulting in the substitution of asparagine with aspartic acid. 
This SNP was found in both clones of one L animal and in both clones of one 
CX animal. The two other SNPs identified in both breeds were at nt. 256 (G to 
A) and nt. 415 (A to G) and resulted in the amino acid substitutions alanine to 
threonine and isoleucine to valine respectively. The SNPs at nt. 256 and nt. 415 

were both found in the same individual animals (33 L and 37 CX) in both clones 
of one L animal and one clone of one CX animal. 
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Table 19. Single nucleotide polymorphisms in the Semimembranosus muscle of 

animals from Longhorn and Charolais cross breeds. 

Animal 

Number* 

Nucleotide 

position 
(nt. ) 

Nucleotide 

substitution t 
Amino-acid 

substitution Y 
CLA level 

(mg/100g) 

SNP found 

in 1 or all 

clones 

37 CX 69 T to C None 5.23 1 

79 CX 80 T to C Val to Ala (27) 2.28 2 

32 L 223 A to G Asn to Asp (75) 5.26 2 

80 CX 223 A to G Asn to Asp (75) 4.67 2 

33 L 256 G to A Ala to Thr (86) 2.07 2 
37 CX 256 G to A Ala to Thr (86) 5.23 1 

37 CX 338 T to C Leu to Pro (113) 5.23 1 

33 L 415 A to G Ile to Val (139) 2.07 2 

37 CX 415 A to G Ile to Val (139) 5.23 1 
79 CX 618 A to G None 2.28 2 

50 CX 702 G to A None 2.99 2 
79 CX 702 G to A None 2.28 2 

50 CX 762 C to T None 2.99 2 

79 CX 762 C to T None 2.28 2 
50 CX 878 T to C Val to Ala (293) 2.99 2 
79 CX 878 T to C Val to Ala (293) 2.28 2 

32 L 1071 G to A None 5.26 1 

* CX = Charolais cross; L= Longhorn 
t: A= adenine; T= thymine; G= guanine; C= cytosine. 
Y. Val = valine; Ala = alanine; Asn = asparagine; Asp = aspartic acid; Thr = 
threonine; Leu = leucine; Pro = proline; Ile = isoleucine. 
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Due to the time constraints of the PhD, and the fact that the procedure of 

cloning and sequencing is time consuming, the work presented here was 

conducted on a limited number of animals and was planned as a pilot study. 

However, even with the limited number of animals used for the study it is clear 

that (i) a number of functional SNPs are present in animals which differ in cis-9, 

trans-11 CLA level within a breed, and (ii) a number of functional SNPs are 

present in animals of the CX breed when compared to those of the L breed 

(animals in both breeds had similar CLA levels). The above SNPs could form 

the basis for a future investigation in a larger population. 
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Chapter 5. Discussion 

This PhD addressed certain aspects of the genetic control of meat quality in 

beef, in particular, fatty acid content, composition and distribution. Changes in 

fatty acid composition, particularly MUFA and cis-9, trans-11 CLA content, may 

be attributed to different mechanisms controlling the activity of the key lipogenic 

enzyme SCD. The main aim of this study was therefore to investigate whether 

changes in MUFA and cis-9, trans-11 CLA content in the Semimembranosus 

muscle and subcutaneous adipose tissue of cattle were related to changes in 

the input of SCD. The effects of breed and diet on SCD expression/activity and 
fatty acid content and composition have been investigated. 

This PhD has also addressed some methodological issues by investigating the 

effect of the derivatisation method on total CLA content and on the CLA isomer 

spectrum in beef subcutaneous adipose tissue. 

5.1. Effect of breed on fatty acid composition 

There is an increasing amount of evidence in various species that fat 

partitioning may be regulated by different mechanisms in different tissues (Kim 

and Freake, 1996; Choi et al. 2004; Wood et al., 2004; Doran et al., 2006). 
However information about tissue specific fat deposition in ruminants is limited 

and therefore this study was conducted on two different tissues: 
Semimembranosus muscle and subcutaneous adipose tissue. 

There was no effect of breed on the IMF content of the Semimembranosus 

muscle in the present study. This is consistent with the findings of Laborde et al. 
(2001) who investigated the effect of breed (Simmental and Red Angus cattle) 
on the fatty acid composition of the Langissumus muscle and found no 
difference in IMF content. 
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In contrast to muscle the present study found a significant breed effect on the 

total fatty acid content of subcutaneous adipose tissue. This finding is in 

agreement with the results of a study carried out by Wachira et al. (2002) who 

investigated the effects of breed and dietary fat source on the composition of 

muscle and adipose tissue of another ruminant species, sheep. The above 

study compared the Suffolk, Soay and Friesland sheep breeds. The authors 

found that while breed did not affect the total fat content of the Longissimus 

muscle it played a significant role in altering the total fat content of the adipose 

tissue, with clear between-breed differences displayed irrespective of the 

dietary regime. Effect of breed and diet on tissue-specific fat deposition and 

eating quality has also been studied in the monogastric animal, the pig (Duroc, 

Large White, Berkshire, and Tamworth breeds). The results of this pig study 

were consistent with the results obtained on cattle in the present study. The pig 

breed was found to have a significant effect on the total fat content of 

subcutaneous adipose tissue but not on that of the Langissimus muscle (Wood 

of al., 2004). However, the results of the present study are not consistent with 
the report by Choi et al. (2004). Choi at al. compared Holstein-Friesian and 
Welsh Black cattle and found a significant breed effect on the total fatty acid 

content of the neutral lipid of the Longissimus muscle and no breed effect for 

the total fatty acid content of the subcutaneous adipose tissue. The 

inconsistencies between the results of the present study and the Choi et al. 

study may be related to the fact that the present study was conducted on beef 

cattle only, whereas Choi et al. compared a beef breed and a dairy breed. 

Another reason for the inconsistency may be the fact that the total fatty acid 

content of the muscle was analysed in the present study, while Choi et al. 

analysed neutral- and phospho- lipid fractions separately. It is important to note 
that Choi of al. did not find a significant breed difference in the total fat content 
of the phospholipid fraction of the Langissimus muscle. 

When the sums of the three fatty acid classes, SFA, MUFA and PUFA were 
investigated in the present study, no breed effect was found in muscle. This is 

consistent with the findings of Malau-Aduli et al. (1998) who investigated the 

effect of breed on the fatty acid composition of the shoulder muscle (triceps 
brachii) of Jersey and Limousin cows, and found no breed-difference in the total 
level of SFA, MUFA or PUFA. With regards to individual fatty acids, a breed 
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effect for 12: 0, trans-11 18: 1 and 20: 4n-6 was observed when expressed as the 

percentage of total fatty acids. This is partly consistent with the Malau-Aduli 

study where a higher percentage of trans-11 18: 1 and 20: 4n-6 was found in 

Limousin compared to Jersey cows, but no breed effect was apparent for 12: 0. 

However, it is important to state that Malau-Aduli et al. analysed the 

phospholipid fraction of the muscle tissue whereas in the present study total 

fatty acids were measured. When the individual fatty acids were calculated as 

mg/100g of tissue in the Semimembranosus muscle, there was no effect of 

breed on any of the individual SFAs or MUFAs. However, breed did affect a 

selection of individual PUFAs including the long chain fatty acids 20: 5n-3, 

22: 4n-6 and 22: 5n-3. There being no breed-effect on individual SFAs is 

consistent with the results of Laborde et al. (2001) who investigated the effect of 

breed (Simmental and Red Angus) on fatty acid composition of the Longissimus 

muscle. However, in contrast to the present study Laborde et al. (2001) did not 

find breed differences in individual PUFA with the exception of 20: 5n-3 which 

was higher in the Simmental cattle. Laborde et al. (2001) also reported a breed 

effect for three individual MUFAs (14: 1,16: 1 and 18: 1 trans-11) which was not 
the case for the present study. One possible reason for these inconsistencies 

could be that the different muscle types were analysed in each study 
(Semimembranosus in the present study and Longissimus in the Laborde et al. 

study). It is well known that metabolic processes largely depend on muscle 
type. Another reason could be the differences in the breeds used. 

In contrast to muscle, a breed effect was found for total and a majority of 
individual SFA, MUFA and PUFA in subcutaneous adipose tissue. This is 

consistent with the finding of Eichhorn et al. (2006) who investigated the effect 
of 15 cow breeds and crosses on the fatty acid composition of both triceps 
brachii and Longissimus muscle, and subcutaneous and perinephric adipose 
tissue. Eichhorn et al. found that the breed effect on fatty acid composition was 
more pronounced in adipose tissue compared to muscle tissue. Eichhorn et al. 
observed significant breed-differences in all individual subcutaneous adipose 
tissue SFAs, MUFAs and PUFAs, with the exception of 18: 2n-6. 

In the present study it was also established that total n-3 but not total n-6 PUFA 
differ between breeds in the Semimembranosus muscle. This finding is 
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consistent with the finding of Laborde et al. (2001) who did not find a breed- 

effect on the total n-6 PUFAs, but observed significantly higher total n-3 PUFA 

in the Longissimus muscle of the Red Angus compared to that of the Simmental 

breed. 

A significant breed effect was observed for cis-9, trans-11 CLA in both 

Semimembranosus muscle and subcutaneous adipose tissue in the present 

study. This differs from the results of a study by Dannenberger et al. (2005) who 

investigated the effect of breed and diet on the CLA isomer distribution in 

different tissue lipids of German Simmental and German Holstein cattle breeds. 

While Dannenberger et al. 's study demonstrated a breed effect on the cis-9, 

trans-11 CLA level in the Langissimus muscle with approximately double the 

amount of cis-9, trans-11 CLA in the German Holstein compared to the German 

Simmental, no breed effect was found for that in the subcutaneous adipose 

tissue. This inconsistency may be attributed to the fact that the breeds of cattle 

analysed by Dannenberger et al. differed to those used in the present study. 

The breed-related differences in cis-9, trans-11 CLA level in the present study 
followed a similar pattern for both muscle and subcutaneous adipose tissue 

(H<CX<BS<BG<L). Interestingly for subcutaneous adipose tissue, significant 
breed differences in cis-9, trans-11 CLA content were accompanied by 

significant changes, in the same direction, in the content of trans-vaccenic acid 
(TVA) which is a substrate for cis-9, trans-11 CLA tissue biosynthesis. However, 

the TVA content did not significantly differ between breeds in the 

Semimembranosus muscle in spite of variations in muscle cis-9, trans-11 CLA. 

Tissue- and breed-specific responses of TVA and cis-9, trans-11 CLA in 

pasture- or concentrate- fed cattle have also been reported previously by Schen 

et al. (2007). The results of the present study suggest that the majority of cis-9, 
trans-11 CLA in subcutaneous adipose tissue may be derived from tissue CLA 

biosynthesis from TVA. However, in the case of Semimembranosus muscle, the 

increase in cis-9, trans-11 CLA is not related to an increase of tissue 

concentration of the substrate for this reaction (TVA). It may be possible that in 

Semimembranosus muscle, in contrast to subcutaneous adipose tissue, the 

majority of cis-9, trans-11 CLA is derived from ruminal biohydrogenation. The 
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above results suggest tissue-specific mechanisms regulating cis-9, trans-11 

CLA deposition in cattle. 

In addition to measuring of the cis-9, trans-11 CLA content, the complete CLA 

isomer profile of both tissues was also analysed in the present study. A breed 

effect was observed for a greater number of isomer groups in the subcutaneous 

adipose tissue (4 groups: (cis-9, trans-11 + trans-7, cis-9 + trans-8, cis-10) and 
(trans-11, cis-13 + cis-9, cis-11) and (trans-11, trans-13 + trans-12, trans-14 + 
trans-13, trans-15) and (trans-9, trans-11 + trans-7, trans-9 + trans-8, trans-10 

+ trans-10, trans-12)) compared to the Semimembranosus muscle (2 groups: 
(cis-9, trans-11 + trans-7, cis-9 + trans-8, cis-1 0) and (trans-9, trans-11 + trans- 
7, trans-9 + trans-8, trans-10 + trans-10, trans-12)). This breed-effect on CLA 

isomer profile is consistent with studies by Dannenberger et al. (2005) and 
Shen et al. (2007) on the Longissimus muscle of German Holstein and German 
Simmental bulls. However, the aforementioned Dannenberger et al. reported 
significant differences in individual CLA isomer levels in both muscle and fat 
tissues. In contrast to the present study they discovered a greater number of 
individual CLA isomers were affected by breed in the Longissimus muscle (13 
isomers) than in the subcutaneous adipose tissue (10 isomers). The 
discrepancy between the results of the present study and those of the 
Dannenberger et al. study may be attributed to the different muscle types 
analysed. In the present study the Semimembranosus muscle was used, whilst 
Dannenberger et al. worked on the Longissimus muscle. Such an explanation is 

reinforced by the fact that Dannenberger et al., in parallel with Longissimus, 

also analysed the Semitendinosus muscle and established that only one isomer 
was affected by breed. 

Another difference between the present study and Dannenberger et al. 's study 
is that in the former, the CLA isomers were eluted on the GC column, not 
individually but in groups of isomers. In the case of the Dannenberger et al. 
study, the CLA isomers were eluted individually. 

To summarise, in respect to CLA, the present study established that breed has 
a significant effect on not only the cis-9, trans-11 CLA isomer content of both 
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Semimembranosus muscle and subcutaneous adipose tissue, but also on the 

CLA isomer spectrum in both tissues. This suggests a potential to exploit these 

naturally occurring differences between breeds to increase the CLA level by 

selective breeding. 

An effect of breed on the P: S ratio in Semimembranosus muscle was not 

observed in the present study, which is consistent with the Laborde et al. study 

(2001) where no difference in the P: S ratio was found in the Longissimus 

muscle between Simmental and Red Angus breeds. This was also similar to the 

results of the Malau-Aduli of al. study (1998) who did not find breed differences 

in P: S ratio in the triceps brachii muscle of Limousin and Jersey cows. 

In contrast to muscle a significant effect of breed on the P: S ratio was 

established in subcutaneous adipose tissue in the present study. This was the 

result of a breed-effect on the total SFAs, MUFAs and PUFAs in this tissue. 

Huerta-Leidenz et al. (1993) also reported an effect of breed (Hereford and 
Brahman cows) on P: S ratio, which was lower in the Hereford breed compared 
to the Brahman breed because of a lower MUFA and PUFA content and a 
higher SFA level. Unlike the P: S ratio, the Semimembranosus muscle of 
different breeds in the present study differed in the n-6: n-3 ratio. The n-6: n-3 

ratio was beneficially low (< 4) for all breeds investigated. However, the L and 
BG breeds had a significantly lower n-6: n-3 ratio than CX, H and BS breeds. 

This indicates that there is the potential for using these breeds with "healthier" 

n-6: n-3 ratios for future selective breeding 
. 

Similarly to Semimembranosus muscle, the n-6: n-3 ratio was beneficially low 

(<4) in subcutaneous adipose tissue for all breeds investigated. However, unlike 
for muscle, there was no breed effect for this ratio in subcutaneous adipose 
tissue. These results are different from that reported by Demirel of al. (2004) on 
another ruminant species, namely lambs. Demirel of al. reported a breed effect 
on the n-6: n-3 ratio in both the Semimembranosus muscle and subcutaneous 
adipose tissue of Suffolk x Lleyn and Scottish Blackface lamb. This 
inconsistency may indicate either (i) species-specific effects, or (ii) a reflection 
of different approaches to calculate the n-6: n-3 ratio. In the present study the n- 
6: n-3 ratio was calculated as (18: 2n-6 + 20: 3n-6 + 20: 4n-6 + 22: 4n-6)/(18: 3n-3 
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+ 20: 5n-3 + 22: 5n-3 + 22: 6n-3) while Demirel et al. calculated it as (18: 2n- 

6)/(18: 3n-3). 
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5.2. Comparison of two derivatisation methods for conjugated 

linoleic acid isomer analysis 

As described previously, there have been numerous studies reporting CLA to 

posses a wide range of beneficial health properties including anti-diabetic 

(Belury et al., 1999), anti-atherosclerotic properties (Kritchevsky et al., 2000); 

body fat reduction (DeLany et a!., 1999), immune system enhancement (Tricon 

et al. 2004) and the much researched anti-carcinogenic properties (Agatha et 

a!., 2004). These benefits however, have only been found at particular levels of 

each CLA isomer or in certain CLA isomer combinations. Ruminant products 

are the main natural source of CLA in the human diet and it is therefore 

important to have a method which enables accurate quantification of individual 

isomers in ruminant products. At the present time there is no harmonised 

method for CLA isomer analysis. Moreover, CLA isomer analysis may be 

affected by extraction procedures. 

In this study the impact of two derivatisation methods on CLA isomer analysis 

was investigated. The methylation procedure used to form fatty acid methyl 

esters (FAMEs) from extracted fatty acids can cause problems when attempting 
to quantify the CLA isomer content following separation of the collection of 

geometric and positional CLA isomers using Ag+-HPLC columns. When 

conclusions are drawn about the CLA isomer distribution in particular food 

products based on results from a variety of studies it is essential that results 

produced via different procedures are comparable. This was clearly 
demonstrated by Nuernberg et al. (2007) who investigated the CLA isomer 

profile results of muscle and subcutaneous adipose tissue from bulls following 
four different derivatisation procedures: base-catalysed method followed by 

acid-catalysed method at 60°C or at room temperature, base catalysed method 
alone and base-hydrolysis followed by acid-catalysed method. The base- 

catalysed method followed by acid-catalysed method at 60°C rendered results 
with the highest repeatability, recovery with lowest degree of variation and the 
highest concentration detected for the most abundant isomers. Higher 

concentrations of each individual isomer were also detected when using 
combined base- and acid- catalysed methods rather than base-catalysed only. 
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This investigation was the first to compare a base-catalysed method followed by 

an acid-catalysed method (NaOCH3/BF3) with a base-hydrolysis followed by 

methylation (diazomethane in diethyl ether prepared "in-house") to analyse the 

CLA isomer content of subcutaneous adipose tissue from beef cattle. This is 

important considering that not only does the form of the fatty acid being 

analysed influence the accuracy of the results but also the type of substrate 

from which the CLA isomer profile is to be analysed from also has an influence. 

Significant differences were found between the two methods for trans/trans 

isomers only, with higher levels in the case of the NaOCH3/BF3 method (for both 

results expressed as mg/100g and as %). The peaks that were detected in the 

present study, that resided in the cis/cis retention time region, did not present 

UV-spectra that were typical of cis/cis CLA isomers following Ag+-HPLC 

calculations. For this reason, the peaks were therefore not identified as cis/cis in 

the present study and hence cis/cis differences between the two methods could 

not be detected. This is inconsistent with a study by Jouany et a/. (2007) who 

reported cis/cis CLA isomer differences during rumen metabolism of C18: 3n-3 

and C18: 2n-6. One reason for this inconsistency may be the use of different 

analysing equipment as Jouany of al. used gas-liquid chromatography as 

opposed to Ag+-HPLC. Also, the use of rumenal fluid as a substrate by Jouany 

et al., in contrast to subcutaneous adipose tissue in the present study, could 
have contributed to this discrepancy. 

Both the cis-9, trans-11 and trans-10, cis-12 isomers are the main focus of a 

majority of current studies. The present study demonstrated that the relative 

proportions of these two particular isomers, obtained from both NaOCH3/BF3 

and diazomethane in diethyl ether, were not statistically different and 
furthermore, both methods were in a high level of agreement and had high 

repeatability for the most abundant isomer. A large number of collaborative 
projects involving fatty acid analysis have built up between the two institutes 
involved in this investigative research (University of Bristol, Langford, UK and 
FBN, Dummerstorf, Germany). Each of these institutes uses only one of the two 
techniques tested here. Therefore, the results of the present study 
demonstrating this high degree of agreement between the two methods, is an 
important finding. 
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To summarise, the results of a comparative study of two derivatisation methods 

for CLA isomers demonstrated a high degree, of detection similarity when 

expressed as a percentage of total CLA content. However, when the results 

were expressed as mg/100g of tissue, higher levels of certain trans/trans 

isomers and a lower level of cis-9, trans-11 CLA were detected in the case of 

NaOCH3/BF3 methylation when compared to diazomethane in diethyl ether 

methylation. Large-scale analyses on a range of ruminant tissues are required 

to investigate further differences between these two procedures. 
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5.3. Effect of breed on stearoyl-CoA desaturase enzyme 

expression 

The biosynthesis of MUFAs from SFAs is catalysed by the SCD enzyme. In the 

present study the effect of breed on total MUFA content as well as on individual 

MUFAs such as palmitoleic (16: 1), oleic (18: 1) was established in subcutaneous 

adipose tissue but not in Semimembranosus muscle. Moreover, a breed-effect 

was observed for cis-9, trans-11 CLA, the other major product of an SCD- 

catalysed reaction, in both tissues. 

One of the possible reasons for breed- and tissue- specific variations in cis-9, 

trans-11 CLA and MUFA content may be changes in the functioning of one of 

the key lipogenic enzymes, SCD. This enzyme has previously been reported to 

have input in tissue-specific fat deposition and MUFA formation in pigs (Doran 

et a/., 2006). Therefore in this study the potential input of SCD activity and 

protein expression was investigated in breed-specific and tissue-specific 

variations in MUFAs and cis-9, trans-11 CLA. Tissue-specific variations in SCD 

activity within one breed have previously been demonstrated by St John of al. 
(1991) in the liver and adipose tissue of Angus steers, and Chang et al. (1992) 

in the muscle, liver, adipose tissue and intestine of Simmental calves. 

It is well known that more than one isoform of SCD exists in different species 

with four SCD isoforms (SCD1, SCD2, SCD3 and SCD4) having been reported 
in mice, one isoform (SCD1) in the sheep and goat, two isoforms (SCD1 and 
SCD2) in the rat, three isoforms (SCD1, SCD2, SCD3) in the hamster, and two 
isoforms (SCD1, SCD5) in cattle and humans (Ntambi et al., 1988; Falvella et 
al., 2002; Mihara, 1990; Bernard et al., 2001; Ward et al., 1998; Wang et al., 
2008 Kaestner et al., 1989; Zheng et al., 2001; Miyazaki et al., 2003). 

The distribution of these isoforms has been found to be breed- and tissue- 

specific. Therefore, different patterns of SCD expression in muscle and fat of 
different breeds observed in this study may be related to different distributions 

of SCD isoforms in cattle tissues. Two SCD isoforms, with tissue-specific 

expression, have already been identified in cattle: SCD1 which is predominantly 
expressed in subcutaneous adipose tissue in beef breeds and mammary tissue 
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in dairy breeds (St John et al., 1991; Martin et al., 1999; Yang et al., 1999), and 

SCD5 which is predominantly expressed in the bovine brain (Lengi & Corl, 

2007). However, this does not exclude the existence of other isoforms. In fact, 

SCD isoform spectra of ruminant tissues have been poorly characterised. An 

interesting finding of the present study was the detection of two SOD immuno- 

reactive bands in the microsomes of subcutaneous adipose tissue, and only 

one SCD immuno-reactive band in the microsomes of Semimembranosus 

muscle, as detected by Western blotting. The two subcutaneous adipose tissue 

bands were closely positioned and had molecular weights of 37 kDa. Given that 

both tissues were analysed by the same methodology this result may indirectly 

indicate the possibility of there being more than one SCD isoform present in the 

subcutaneous adipose tissue, which could be one of the reasons for tissue- 

specific SCD isomer distribution and regulation in cattle. The molecular weight 

of the immuno-reactive bands in both cattle tissues is consistent with the 

molecular weight of SCD isoforms reported for a variety of species, including 

cattle (Choi et al., 2000; Heinemann et al., 2003; Moreau et al., 2006; Ward et 

al., 2010). 

In addition to tissue-specific SCD expression, the present study established a 

breed-effect for SCD protein expression in subcutaneous adipose tissue but not 
in Semimembranosus muscle. The results of the present study on SCD protein 

expression are consistent with the breed differences found for SCD mRNA 

expression by Chung et al. (2007), who investigated lipogenesis, SCD 

expression and activity in the adipose tissue of Angus and Wagyu steers, and 
found a breed-effect for SCD expression in the subcutaneous adipose tissue. 

A study by Taniguchi et al. (2004a) also investigated the effect of breed 

(Japanese Black and Holstein cattle) on SCD mRNA expression. However, in 

contrast to Chung et al. (2007), Taniguchi et al. (2004a) demonstrated the effect 

of breed on SCD mRNA expression in both muscle and subcutaneous adipose 
tissue. However, Taniguchi et al. (2004a) found that the expression of SCD 

mRNA in the subcutaneous adipose tissue was much higher when compared to 

muscle in all breeds investigated. This is consistent with the finding of the 

present study where SCD protein expression was higher in the subcutaneous 
adipose tissue when compared to the Semimembranosus muscle for each 
breed used. Tissue- specific differences in expression of the SCD protein have 
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also been observed in pigs in response to dietary manipulation (Doran et al. 

2006). 

Another interesting result of the present study is that the breed-specific pattern 

of SCD expression in subcutaneous adipose tissue was consistent with the 

breed-specific pattern of one of the products of an SCD-catalysed reaction, 
C16: 1. However, there was no similarity between the breed-specific SCD 

expression pattern and the pattern of the other product of an SCD-catalysed 

reaction, cis-9, trans-11 CLA. Thus, subcutaneous adipose tissue SCD 

expression and C16: 1 were changing in the direction BS<BG<H<CX<L, 

whereas cis-9, trans-11 CLA level was changing in the direction 

H<CX<BS<BG<L. The only similarity between these patterns was that the L 

breed had the highest level of all three compounds. These findings suggest that 

despite there being breed-specific variations in SCD protein expression in 

subcutaneous adipose tissue, it is likely that these variations contribute more to 

the regulation of tissue MUFA content rather than the regulation of cis-9, trans- 
11 CLA level. 

To the author's knowledge, this is the first study to demonstrate a breed-effect 

on SCD protein expression in the subcutaneous adipose tissue of beef cattle. In 
fact, there has been very little study on bovine SCD protein expression. The 

majority of SCD studies have focused on gene expression, determined by the 

measurement of SCD mRNA level (Taniguchi et al., 2004a; Chung et al., 2007). 
However, analysis of mRNA only provides information about regulation at the 
transcriptional level, which may not necessarily affect protein level and enzyme 
activity. Therefore detection of SCD protein provides information about the 

status of later stages of genetic information flow. 

SCD protein expression does not necessarily mirror SCD mRNA expression. 
This could be due to different mechanisms regulating transcription and 
translation stages (Raven and Johnson, 2002). 
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5.4. Effect of breed on stearoyl-CoA desaturase activity 

SCD enzyme activity can be regulated either directly by various factors 

(inhibitors or activators), or it can be influenced by changes in protein and/or 

mRNA expression, or by polymorphisms in the SCD gene. Following the 

identification of between-breed differences in SCD protein expression in 

subcutaneous adipose tissue, the next step in this study was to determine 

whether these differences resulted in between-breed variations of SCD activity. 

No significant breed effects on SCD activity were observed in the present study 

in either Semimembranosus muscle tissue or subcutaneous adipose tissue in 

beef cattle. This is not consistent with the results of other studies that have 

reported breed-differences in SCD activity. For example, Siebert et al. (2003) 

observed a higher SCD activity in the subcutaneous adipose tissue of Jersey 

cattle compared to that of the Limousin breed. In addition, Chung et al (2007) 

demonstrated significantly different SCD activities in the subcutaneous adipose 
tissue between Wagyu and Angus steers. However, in contrast to this, Cameron 

et al. (1994) did not find a breed-effect on SCD activity in the subcutaneous 

adipose tissue of Angus or Wagyu steers. Chung et al. suggested that the 

above discrepancy could be due to the difference in the animals' ages in the 
Cameron et al. study (over 32 months for Wagyu but only 26 months for Angus) 

therefore SCD may have started to decline in the Wagyu animals. 

It is possible that lack of significant differences in SCD activity between the 
breeds in the current study is related to the high degree of variation between 
individual animals within each breed. For example, within the BS breed there 

was a 13-fold variation between the individuals in Semimembranosus muscle. 
An even larger degree of variation (38-fold difference) was observed in the 

subcutaneous adipose tissue of the BG breed. The use of a larger number of 
animals per breed may reduce the degree of within-breed SCD activity 
variation. However, it was not possible to use a larger number of animals in the 

present study due to time-constraints and the high cost associated with this 

analysis. 
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It is important to point out that in this study the measurements of SCD activity 

were performed in triplicate for each animal and that the triplicates did not differ 

by more than 10 %. Therefore, the large between-individual variations in SCD 

activity cannot be accounted for by experimental errors, and can only be 

attributed to the natural variation between the individuals within each of the 

breeds studied. 

Despite the lack of significant breed differences in SCD activity, the breed- 

specific trend observed for Semimembranosus muscle was the same as that for 

SCD protein expression in the same tissue. The breed-specific trend for SCD 

activity in subcutaneous adipose tissue was also similar to that found for SCD 

protein expression (with the exception of the BG breed). Further investigation of 
SCD activity in larger animal populations may provide more accurate 
information regarding the relationship between the expression and activity of the 

SCD protein. 
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5.5. Comparison of DNA sequences of the SCD coding region 

between high and low CLA animals of one breed, and between 

animals with similar CLA content of different breeds 

The large between-individual variations in cis-9, trans-11 CLA level observed in 

the present study could be related, at least partially, to changes in SCD 

expression. However, no clear relationship was identified between SCD protein 

expression and cis-9, trans-11 CLA level. Therefore another possible 

explanation was considered, namely, the possibility of functional polymorphisms 

in the SCD coding region. Both (i) SCD cDNA sequences from animals of the 

same breed with high and low cis-9, trans-11 CLA contents, and (ii) SCD DNA 

sequences from animals of two different breeds with the same cis-9, trans-11 

CLA level were compared in order to identify any functional single nucleotide 

polymorphisms (SNPs). 

In the first set of experiments SCD cDNA of the Semimembranosus muscle and 

the adipose tissue of animals of the L breed, with high (10.52 and 10.59 

mg/100g for muscle, and 1275.436 and 1254.372 mg/100g for subcutaneous 

adipose tissue) and low (2.07 and 5.26 mg/100g for muscle, and 1035.247 and 
1015.882 mg/100g for subcutaneous adipose tissue) CLA content was 

analysed. 

There was no identification of functional SNPs observed in either both animals 

with low cis-9, trans-11 CLA only, or both animals with high cis-9, trans-11 CLA 

only in the Semimembranosus muscle. In relation to subcutaneous adipose 
tissue, one functional SNP was identified that was present in both animals with 
high cis-9, trans-11 CLA, but not in either of the animals with low cis-9, trans-11 

CLA, and one functional SNP was observed in both animals with low CLA and 

not in those with high CLA. 

In the second set of experiments the effect of breed on SCD cDNA 
polymorphisms was investigated. Semimembranosus muscle was analysed 
from L and CX breeds, both with low cis-9, trans-11 CLA level. Three functional 
SNPs were identified in CX only but none were detected in L only. However, 
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only one of the three SNPs identified in the CX breed was observed in both 

clones of two CX animals analysed as opposed to only one CX animal. 

Only one functional SCD SNP identified in the present study has been 

previously reported in cattle, namely, a SNP at nucleotide 878 (T to C) that 

causes a valine/alanine substitution. This SNP was present in the SCD gene of 

(i) subcutaneous adipose tissue in one of the clones of a high cis-9, trans-11 

CLA animal of the L breed, and also (ii) in the Semimembranosus muscle of two 

animals of the CX breed with low cis-9, trans-11 CLA content. This amino acid 

substitution is consistent with the results of Tanigichi et al. (2004) who reported 

that in Japanese Black Cattle, a substitution of T to C at the nucleotide position 
878 resulted in the replacement of valine to alanine at the 293 position of the 

SCD1 amino acid sequence. 

Breed-specific SCD SNPs found in the present study are consistent with the 

data of the literature investigating breed variations in SCD1 DNA sequences. 
For example, a study on Canadian Holstein and Jersey cows by Kgwatalala et 

al. (2007) demonstrated SCD1 genetic variants in Holstein cattle one of which 
was specific for this breed. The above genetic variants of the SCD1 gene had 
SNPs at the positions 702 bp (A to G), 762 bp (T to C), 878 bp (C to T) and 435 
bp (G to A). It is important to state that not all the SNPs identified by Kgwatalala 

et al. were functional. In particular, the SNPs at positions 702 and 762 did not 

result in amino acid changes. Interestingly, non-functional SNPs were also 
identified at the nucleotide positions 702 and 762 in the CX breed in the present 
study. 

Following identification of SCD SNPs, the attention of researchers was drawn to 
investigation of associations of these SNPs with total fat content, MUFA level 

and cis-9, trans-11 CLA level. The functional SNP at position 878 identified by 
Kgwatalala et al. was also reported by Taniguchi et al. (2004) who 
demonstrated that this SNP was associated with a high MUFA content in IMF of 
Japanese Black cattle. In addition, Macciotta et al. (2007) demonstrated in a 

study on Italian Holstein cows, that animals with the homozygous valine 
genotype produced a greater milk yield compared to those with the 

homozygous alanine genotype at amino acid position 293 (nt. 878). 
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In the present study, although a number of SCD SNPs have been identified, 

their association with cis-9, trans-11 CLA and also MUFA content (which was 

not analysed in the present study) needs to be tested further on a large cattle 

population. Furthermore, on comparison of the L and CX breeds, a functional 

SNP at nt. 878 was identified. This SNP was also identified in the subcutaneous 

adipose tissue (but not the muscle) of the L breed. Further testing of this SNP 

on a larger number of breeds is an issue to address for the follow-on study. 

As mentioned above, only one of the functional SCD SNPs (nt. 878) has 

previously been reported in cattle. The other SNPs identified in this study, to the 

best of the author's knowledge, have not previously been reported. Therefore 

this is the first study to highlight the potential importance of new SNPs in the 

SCD gene in relation to cis-9, trans-11 CLA content in ruminants. 
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5.6. Effect of diet on fatty acid composition and SCD protein 

expression in Longissimus muscle 

At the present time increasing attention is being paid to the regulation of the 

healthiness of beef via modulation of the dietary n-3 and/or n-6 levels. However, 

the effect of n-3 and n-6 fatty acids on the expression of lipogenic enzymes, and 

SCD in particular, is not well understood in ruminants. 

SCD protein expression can be regulated by a number of factors, including 

particular types of fatty acids that are present or included in an animals' diet 

(Ntambi et al., 1992; Landschulz et al. 1994). It was therefore of interest to 

investigate whether increases of either dietary n-6 or n-3 PUFAs would affect 

the fatty acid composition and SCD protein expression in the Longissimus 

muscle of beef cattle. For this purpose the effect of diets supplemented with 

either linoleic acid (18: 2n-6) or alpha-linolenic acid (18: 3n-3) as sources of n-6 

and n-3 PUFAs respectively, was investigated. 

As was anticipated, a higher content of total and individual n-3 PUFAs was 
found in the muscle in response to the n-3 supplemented diet. This is consistent 

with previous reports on increasing n-3 PUFAs in the Longissimus muscle of 
Charolais steers under 18: 3n-3 supplementation in the form of bruised whole 
linseed (Scollan et al., 2001). 

In contrast to the n-3 diet, the n-6 diet did not result in significant changes in the 

tissue n-6 PUFA in the current study. This is not consistent with the finding of 
Garcia et al. (2003) who reported increases in both 18: 2n-6 and cis-9, trans-11 

CLA (product of 18: 2n-6 biohydrogenation) in the Langissimus muscle of Angus 

X Brahman X Hereford heifers when whole sunflower seed (source of 18: 2n-6) 

was supplemented to the diet. However, it should be pointed out that the 

animals used by Garcia et al. were not only of a different breed to those used in 

the present study, but that they were also slaughtered at an earlier age (at 11 

months compared to 28 months in the present study). To the author's 
knowledge, no studies have examined the effect of age on fatty acid 
metabolism in cattle tissues. However, age has been proven to affect the SCD 

mRNA expression in the muscle of cattle (Lee et al., 2005) which may indicate 
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that processes involved in fatty acid biosynthesis and utilisation may differ 

depending on age. 

Analysis of SCD protein expression demonstrated lower levels of SCD protein 

in the muscle under the n-3 supplemented diet when compared to the n-6 diet. 

To the best of the author's knowledge there are no publications which compare 

n-3 and n-6 diets in terms their effects on SCD. The literature, as a rule, 

discusses the combined effects of n-3 and n-6 PUFAs (Ntambi et al., 1991; 

Jeffcoat and James, 1978; Clarke and Jump, 1994), or the effect of only one 

type of PUFA (n-6 or n-3) in isolation on SCD expression, without the other for 

comparison. For example, in a study by Sessler et al. (1996) on mouse 3T3-L1 

adipocytes, both 18: 2n-6 and 18: 3n-3 supplemented together was found to 

significantly suppress SCD (mRNA) expression when compared to control 

animals. Also, Jones et al. (1996) when investigating the adipose tissue of 

Zucker rats, found that on dietary supplementation of 18: 2n-6 (48 % corn oil) 

SCD mRNA expression was found to be significantly suppressed compared to 

control animals (12 % corn oil). Landschultz et al. (1994) also found that on 

feeding mice a high-carbohydrate, fat-free diet supplemented with 10 % 

safflower oil (73 % 18: 2n-6), significant suppression of SCD mRNA expression 

was observed, compared to controls fed a fat-free diet without supplementation 

or supplemented with MUFA. 

In the present study however, the ratio of n-3 supplementation in the n-3 rich 
diet compared to the n-6 rich diet was 4: 1, while the ratio of n-6 

supplementation was far lower at 1.4: 1 for the n-6 rich compared to n-3 rich 
diet. The difference in SCD protein expression level between the two groups 
therefore may be explained, at least partially, by the larger PUFA 

supplementation in the n-3 rich group in comparison to that of the n-6 rich 

group, rather than due to specific effects of the individual PUFAs. 
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Chapter 6. Concluding remarks 

The main aim of the present work was to investigate the molecular and genetic 

mechanisms controlling fatty acid composition, with emphasis on cis-9, trans-11 

CLA content, in beef cattle tissues. Particular focus was on stearoyl-CoA 

desaturase (SCD), the enzyme controlling the endogenous biosynthesis of cis- 

9, trans-11 CLA and MUFA. Breed-specific aspects and dietary effects were 

also investigated. In addition, a comparative study of two CLA derivatisation 

methods was conducted as a step towards the harmonisation of fatty acid 

analysis methods. 

The key findings of the present study are: 

1. Breed-specific variations in total fatty acid content and fatty acid 

composition of subcutaneous adipose tissue but not of the intramuscular 

fat content of Semimembranosus muscle, suggesting tissue-specific 

mechanisms regulating fat deposition. 

2. Breed-specific variations in the CLA isomer spectrum, and in cis-9, trans- 

11 CLA in particular, in both Semimembranosus muscle and 

subcutaneous adipose tissue. 

3. The breed-specific variations in cis-9, trans-11 CLA in subcutaneous 
adipose tissue (but not in muscle) were accompanied by variations in a 

similar direction of trans-vaccenic acid (NA), which is the substrate for 

cis-9, trans-11 CLA tissue biosynthesis, suggesting a tissue-specific 

mechanism for cis-9, trans-11 CLA deposition. 

4. Two derivatisation methods for CLA isomer analysis were compared, 

namely (i) base-catalysed method followed by an acid-catalysed method 
(NaOCH3/BF3), and (ii) a base-hydrolysis procedure followed by 

methylation with diazomethane in diethyl ether. It was established that 

the proportions of the predominantly researched CLA isomers, cis-9, 
trans-11 and trans-10, cis-12, as well as all other individual 
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cis, trans/trans, cis CLA isomers detected by Ag+-HPLC, displayed a high 

degree of agreement between these two methods. 

5. This is the first study to demonstrate a breed-effect on SCD protein 

expression. The breed-effect was established in subcutaneous adipose 

tissue but not Semimembranosus muscle of beef cattle. The breed- 

specific pattern of SCD expression in subcutaneous adipose tissue was 

accompanied by the same breed-specific trend in the content of the 

individual MUFA, 16: 1 but not cis-9, trans-11 CLA. This suggests that 

breed-specific variations in SCD protein expression in subcutaneous 

adipose tissue may contribute more to the regulation of tissue MUFA 

content rather than the regulation of cis-9, trans-11 CLA level. 

6. Two SCD immuno-reactive bands of approximately 37 kDa were 
identified in the subcutaneous adipose tissue and one SCD immuno- 

reactive band was identified for Semimembranosus muscle by Western 

blotting. This may be an indirect indication of the presence of two SCD 

isoforms in subcutaneous adipose tissue and therefore, tissue-specific 

SCD isomer distribution and regulation in cattle. 

7. Averages of SCD activity followed a similar breed-specific pattern to SCD 

protein expression in both Semimembranosus muscle and subcutaneous 

adipose tissue. However, the results for SCD activity were not 

statistically significant, possibly due to the limited number of animals per 

breed, and large variations in SCD activity between individual animals 

within each breed. 

8. SCD DNA coding regions were compared for muscle and subcutaneous 

adipose tissue of the Longhorn (L) cattle breed with high and low cis-9, 

trans-11 CLA content. Five and eleven functional SNPs were identified in 

muscle and subcutaneous adipose tissue respectively. Only one of these 

functional SNPs (nt. 878) has been previously reported. The relationship 
between the SNPs and cis-9, trans-11 CLA content has to be tested 

further on larger cattle populations. 
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9. On comparison of the SCD coding region in muscle tissue between 

breeds (Charolais cross (CX) and Longhorn (L)) three breed specific 

functional SNPs were identified. Further investigation of these breed- 

specific SNPs in a larger population is required. 

10. Effects of diets supplemented with either linoleic acid (18: 2n-6) or alpha- 

linolenic acid (18: 3n-3) were investigated on the fatty acid composition 

and SCD protein expression in the Langissumus dorsi muscle of 

German-Holstein bulls. SCD protein expression was lower in the dietary 

group supplemented with 18: 3n-3 PUFA compared to that of 18: 2n-6 

supplementation. To the author's knowledge, this is the first study to 

demonstrate an inhibitory effect of n-3 PUFA on SCD expression in beef 

cattle tissues. 

11. Dietary supplementation of 18: 3n-3 increased the content of all 
individual n-3 PUFAs, as well as total n-3 PUFAs, resulting in a 

significant increase in P: S ratio and a significant decrease in n-6: n-3 ratio 
in the muscle tissue, which is beneficial for human health. 

In conclusion, the present study significantly contributes to the current 
knowledge on the genetic and molecular control of meat quality in cattle. The 

study also identified a number of novel SNPs in the SCD gene. These SNPs, 

following testing on larger populations, may form a basis for a genetic test for 

cis-9, trans-11 CLA content. 

The results produced throughout the duration of this PhD research resulted in 

two published papers in peer-reviewed scientific journals (Appendix B) and two 

abstracts in the proceedings of national and international conferences 
(Appendix C). Two more papers are in preparation. 
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Chapter 8. Appendices 

Appendix A: Alignments 

(i) Alignment of SCD cDNA sequences from the Semimembranosus muscle of animals 

of the Longhorn breed with high and low cis-9, trans-11 CLA content. Animals 32 and 
33 had low CLA content (5.26 and 2.07 mg/100g respectively). Animals 40 and 42 had 

high CLA content (10.59 and 10.52mg/100g respectively). For each animal 2 clones 

were sequenced. Sequences for both clones were identical for animals 40 and 33 

therefore only one sequence is presented for each of these animals on the alignment. 
Sequences for 2 clones for animals 32 and 41 differed and therefore both sequences 

are presented on the alignment. Red circle indicates the start codon; blue circles 
indicate SNPs; green circle indicates the stop codon. 

TTGCTCAOOAACTAGTCTACACTCAGTTTGGACTGCCCCGAACTCCGCTCCGCAGTCTCAGCCCCGAGAT 

1 20 A4 SO 4 70 

Lwq orn]21-, dams !? OCTCAOGAACTAOTCTACACTCAGTTTGGACTGCCCCGAACTCCGCTCCGCAGTCTCAGCCCCGAGAA 70 

Le. Oorn32L-, darr TTOCTCAOOAACTAGTCTACACTCAGTTTGGACTGCCCCGAACTCCGCTCCGCAGTCTCAGCCCCGIIGAA 70 

Lonyhorn40L-Vti : --------------------------------------------------------------------AT 2 

Lonyhorn42L-ptlaet TTSCTCAOOAACTAGTCTACACTGºOTTTOOACTOCCCCOAACTCCGCTCCGCAGTCTCAGCCCCGAGAA 70 

Ler4rorn42L-priwsr ---------------------------------------------------------------------T 1 

LongAorn]]L-1tp. tº--- -----------------------------------------------------------------Ti 

Loegocn32L-pcL AOTOATCCCAOTOTCTOAOAGCCCAGATOCCGOCCCACTTGCTGCAAGAGGAGATCTCTAGCTCCTACAC 140 

Lanowcnl2L-prime AOTGATCCCAOTOTCTOAGAOCCCAGATOCCOOCCCACTTGCTOCAAGAQGAGATCTCTAGCTCCTACAC 140 
ton otrAOL-ptlrc TOTGATCCCAOTOTCTGAGAOCCCAOATOCCOOCCCACTTOCTOCAAGAOGAGATCTCTAGCTCCTACAC 72 
Longhora42L-prºmrAOTGATCCCAOTOTCTOAGAOCCCAGATGCCOOCCCACTTGCTGCAAGAGGAGATCTCTAGCTCCTACAC 140 
Los4oto42L-prim[ TGTGATCCCAOTOTCTGAGAGCCCAGATOCCGGCCCACTTGCTGCA. GkGGAGATCTCTAGCTCCTACAC 71 

LonOorn])L-11a. t1 TGTGATCCCAOTOTCTGAGAGCCCAGATGCCGGCCCACTTGCTGCAAGAGGAGATCTCTAGCTCCTACAC 71 

Lenqhwrn32L-primer AACCACCACCACCATCACAGCACCTCCTTCCAOGGTCCTGCAGAATGGAGGGGGCAAATTGGAGAAGACT 210 
Lonalwrn32L-prim AACCACCACCACCATCACACCACCTCCTTCCAGOOTCCTOCAGAATGGAGGGGGCAAATTGGAGAAGACT 210 
Lone orn4OL-prtrt AACCACCACCACCATCACAGCACCCCCTTCCAGOOTCCTGCAGAATGGAGGGGGCAAATTGGAGAAGACT 142 
Longoral2L-prla. t AACCACCACCACCATCACAOCACCTCCTTCCAGOGTCCTOCAGAATGGAGGGOGCAAATTGGAGAAGACT 210 

. cnqoc 42L-prlrt AACCACCACCACCATCACAOCACCCCCTTCCAGGGTCCTOCAGAATGOAGGGGGCAAATTGGAGAAGACT 141 
Longhorn3lL-1tgt AAr(7ArCACCACCATCACAGCACCTCCTTCCAGGGTCCTGCAGAATGGAGGGGGCAAATTGGAGAAGACT 141 

ýl('TATACTTGGAAGAAGACATCCGCCCTGAAATGGAGATGACATCTATGACCCAACTTA, CCAGGATA 

230 210 210 240 210 2 
TO 

2 
TO 

Lenalwrn]: L prtaýr CCCCTATACCTCCOCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 280 
Laº4Aorn72L-prlmc CCCCTATACTTOGAAGAAGACATCCGCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 280 
L. n ornýOL-Pi1rr CCCCTATACTTOOAAGAAGACATCCGCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 212 
Li Aorr12L-Orimt CCCCTATACTTGG AGAAGACATCCGCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 260 
te, oI. rn42L-prtmr CCCCTATACTTGGAAGAAGACATCCGCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 211 
Langhorn]]L-1ly. tf CCCCTATACTTOGAAGAAGACATCCGCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 211 

LY. ghorR12L-prlýr AGGAGOOCCCAAAOCCCAAGCTTGAGTATGTTTGGAGAGACATCATCCTCATGTCTCTGTTACACTTGGG 350 
Loogeen132L-prlýr AGGAOGOCCCAAAGCCCAAGCTTGAGTATGTTTGGAGAGACATCATCCTCATGTCTCTGTTACACTTGGG 350 
Langbo m40L-priors AGGAGOOCCCAAAGCCCAAGCTTGAGTATGTTTGGAGAAACATCATCCTCATGTCTCTGTTACACTTGGG 282 
L«l orn42L-prlýr AGGAGOGCCCAAAGCCCAAGCTTGAGTATGTTTGGAGAGACATCATCCTCATGTCTCTGTTACACTTGGG 350 
Laegiorn42L-pEUwr AGGAGGGCCCAAAGCCCAAGCTTGAGTATGTTTGGAGAAACATCATCCTCATGTCTCTGTTACACTCGGG 281 
LoeOi*rn33L-11q. tI AOOAGOOCCCAAAGCCCAAGCTTGAGTATGTTTGGAGAAACATCATCCTCATGTCTCTGTTACACTTGGG 281 
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310 03 
10 3 40 4 60 4 10 410 

Long orn32L-primr AO CCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 420 

Loßgborn32L-primr AGCCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 420 

Lang orn40L-primr AGCCCTATATGGGATCACATTGATCCCCACCTGCAA. GATATACACCTATATCTGGGTGTTATTCTACTAT 352 

Longhorn42L-prL r AOCCCTATATGGGATCACATTGATCCCCACCTGGWGATATACACCTATATCTGGGTGTTATTCTACTAT 420 

Long orn42L-priawr AGCCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 351 

Lcoghorn33L-1igati AACCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 351 

CTGATGGGTGCCCTGGGCATCACAGCAGGGGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

410 410 410 4 ZO 410 460 440 

Lco orn22L-prlaer CTGATG"TOCCCTOGOCATCACAGCAGGGGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

La orn22L-pricer CTGATGGdTOCCCTOGGCATCACAGCAGGGGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

Longhozn4oL-pri t CTGATGGGTOCCCTOGOCATCACAGCAGGGGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

Lao9hrn42L-prlmr CTGATGGGTOCCCTGGOCATCACAGCAGC-CACCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

Langhorn42L-prLost CTGATGGGTGCCCTGGGCATCACAGCAGGGGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

Longborn33L-11QatI CT GATGGGTGCCCTGGGCAj, ý&CAGCAGGGGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

490 

490 
422 

490 

421 

421 

Longhorn32L-pryer TGCCTCTGCGGGTCTTCCTGATCATTGGCAACACCATG4CGTTCCAGAATGACGTTTTTGAATGGTCCCG 560 

Longborn32L-prlmr TGCCTCTOCGGGTCTTCCTGATCATTGGCAACACCATGGCGTTCCAGAATGACGTTTTTGAATGGTCCCG 560 

Laeqborn40L-pr Last TOCCTCTGCGOOTCTTCCTO+ATCATTSOCAACACCATOOCGTTCCAGAATGACGTTTTTGAATGGTCCCG 492 

Looghorn42L-prlmr TGCCTCTGCGGOTCTTCCTGATCATTGGCAACACCATGGCGTTCCAGAATGACGTTTTTGAATGGTCCCG 560 

Loughorn42L-ptLmg TGCCTCTGCGGGTCTTCCTGATCATTGGCAACACCATGOCGTTCCAGAATGACGTTTTTGAATGGTCCCG 491 

Leragforn3JL-1igat1 TGCCTCTGCGGGTCTTCCTGOTCATTGGCAACACCATGGCGTTCCAGAATGACGTTTTTGAATGGTCCCG 491 

AGATCACCGTGCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 

00 540 660 610 610 
do 

Longhorn32L-prl.. r AGATCACCOTOCCCACCACAAGTTTTCAGAAACOGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 630 

LonOorn32L-prl.. r AGATCACCOTOCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 630 

Lon horn4OL-pr1 r1GATCA000TOCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 562 

Lr horn42L-pcLmwr AG ATCACCOTOCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 630 

IA. IIarn42L-prta. r AGATCACCOTOCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 561 

Longhorn33L-1ig. ti AGATCACCGTGCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 561 

Lcogborn32L-pr1Mr TTCTCTCACGT"GTTGOCTOCTTGTOCOCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 700 

LCaghorn32L-Pt1Mt TTCTCTCACGTOOGTTGOCTOCTTOTOCOCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 700 

Lonaorn40L-Ptht TTCTCTCACGTG40TT000TGCTTGTGCGCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 632 
Lcnahorn42L-pr/apt TTCTCTCACGTGOOTTOOCTOCTTGTGCGCAAACACCCAGCTGTCA"GAAAAGGGTTCCACGCTAAATT 700 
Langhoco42L-Otlawt TTCTCTCACGTGGGTTGOCTOCTTGTGCGCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 631 
Langhoni33L-l10atl TTCTCTCACGTYOOTTOOCTGCTTGTGCGCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 631 

Alignment of SCD cDNA sequences from the Semimembranosus muscle of animals of 
the Longhorn breed with high and low cis-9, trans-11 CLA content continued. 
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AT__GACCTMGAýr`=GAGMGCTGGTGATGTTCCAGAGGAGGTACTACAAACCTGGTGTCCTGTTGTT 

70 710 710 740 710 -79o 710 

LcngbOr122L-ptimt TATCCGACCTAAG. OCCOAOAAGCTGGTGATGTTCCAGAGGAOGTACTACAAACCTGGTGTCCTGTTGTT 770 

LcnOotn3ZL-ptist TATCC ACCTAAGAGCCOAGAAOCTGGTGATGTTCCAGAGGAGCTACTACAAACCTGGTGTCCTGTTGTT 770 

1. agbotn4OL-prier TATCCGACCTA. GAOCCGAOAAOCTOGTGATGTTCCAGAGGAGGTACTACAAACCTGGTGTCCTGTTGTT 702 

Longborn42L-ptirt TATCCGACCTAAGIGCCGAQAAOCTOOTGATGTTCCAGAGWIGGTACTACAAACCTGGTGTCCTGTTGTT 770 

Lao tn4ZL-primt TATCCGACCTAAGAGCCGAWIAGCTOGTGATGTTCCAGAGGAGGTACTACAAACCTGGTGTCCTGTTGTT 701 

fmOorn33L-1i0. ti TATCCGACCTAAGAGCCGAGAAGCTG4TGATGTTCCAGAGGAGGTACTACAAACCTGGTGTCCTGTTGTT 701 

tmjbo=321-pssrs OTOCrnATCCTGCCCACACTCGTGCCGTGGTATCTGTGGGATGAAACGTT? CAAAACAGCCTGTTTTTT 140 

LmO rn32L-primr OTOCTTCATCCTOCCCACACTCGTGCCGTGGTATCTGTGGGATGAAACGTTTCAAAACAGCCTGTTTTTT 810 

Looghorn4OL-prtnr OTOCTTCATCCTOCCCACACTCGTOCCOTGGTATCTGTGGGATGAAACGTTTCAAAACAGCCTGTTTTTT 772 

Lor*Wrs42L-, stmt OTOCTTCATCCTYCCCACACTCOTYCCOTOOCATCTOTGOGATGAAACGTTTCAAAACAGCCTGTTTTTT 140 

Lcui ore42L-prt r OTOCTTCATCCTOCCCACACTCGTGCCGTGOTATCTGTGGGATGAAACGTTTCAAAACAGCCTGTTTTTT 771 

Longborn2)L-119stl GTGCTTCATCCTOCCCACACTCGTGCCGTGGTATCTGTGGGATGAAACGTTTCAAAACAGCCTGTTTTTT 771 

', 'A- TTATT'. TTACGCCCTTGGGCTCMCGTCACCTGGCTGGTGAATAGTGCTGCCCATATGTATG 

9 140 810 1o1 960 910 

LaeOo 32L-prt t OCCACCTTATTCCOTTACOCCCTTOOGCTCAACOTCACCTGGCTGGTGAATAGTGCTGCCCATATGTATG 910 

Lan9born72L-prlrt OCCACCTTATTCCOTTACOCCCTT040CTCAACGTCACCTGGCTGGTGAATAGTGCTGCCCATATGTATG 910 

Lary orn90L-prim[ OCCACCTIATTCCOTTACOCCCTTOGGCTCAACOTCACCTOOCTOOTGAATAGTGCTOCCCATATGTATG 042 
Longhorn42L-prtinrOCCACCTTATTCCOTTACOCCCTTGOOC? CAACGTCACCTGOCTGGTGAATAGTGCTGCCCATATGTATG 910 

Loepborn42L-prtmr OCCACCTTATTCCGTTACGCCCTTGOOCTCAACOTCACCTOOCTGGTGAATAGTGCTGCCCATATGTATG 941 

LWkjhoM33L-llptl GCCACCTTATTCCOTTACGCCCTTGGGCTCAACOTCACCTOOCTORTGAATAGTOCTGCCCATATGTATG 141 

GATACCOCCCTTATGACAAGACCATCAACCCCCGAGAGAATATTCTGGTTTCCCTGGGAGCTGTGGGTGA 

910 930 940 90 910 9090 

Long orn)2L-prLýt aATACCGCCCTTATGACAAGACCATCAACCCCCGAGAGAATATTCTGGTTTCCCTGGGAGCTGTGGGTGA 9tO 
Lanylwrn)2L-ptt i GATACCOCCCTTATGACAAGACCATCAACCCCCGAGAGAATATTCTGGTTTCCCTGGGAGCTGTGGGTGA 900 
Lonoore4OL-prt r GATACCGCCCTTATGACAAGACCATCAACCCCCGAGAGAATATTCTGOTTTCCCTOOGAGCTGTGGGTGA 912 
Lr 'Aorn42L-yriant GATACCGCCCTTATGACAAGACCATCAACCCCCGAGAGAATATTCTGGTTTCCCTGGGAGCTGTGGGTGA 900 
L4 Otwrn42L-pt r CATACCGCCCTTATGACAAGACCATCAACCCCCGAGAGAATATTCTGGTTTCCCTGGGAGCTGTGGGTGA 911 
Lot4tornl)L-1lgatl GATACCCCCCTTATGACAAGACCATCAACCCCCGAGAGAATATTCTGGTTTCCCTGGGAGCTGTGGGTGA 911 

GGGCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAGTACCGCTGGCACATCAAC 

t0 1000 1010 1020 1030 1040 IA O 

Lon0Aern)2L-pr1 r OOOCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAGTACCGCTGGCACATCAAC 1050 
LanIºocnl2L-pgi , OOOCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAGTACCGCTGOCACATCAAC 1050 
LsglwrnlOL-Orlsr OGOCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAGTACCOCTGGCACATCAAC 9$2 
LanOMMl2L-Prim[ OOOCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAGTACCGCTGGCACATCAAC 1050 
LOnoorn42L-ºgL g OGSCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAGTACCGCTGGCACATCAAC 901 
LOe* 33L-11q. t! GOSCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAGTACCOCTGGCACATCAAC 901 

Alignment of SCD cDNA sequences from the Semimembranosus muscle of animals of the Longhorn breed with high and low cis-9, trans-11 CLA content continued. 
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TTA--A--GT'_T_ATTOATTGCATGGCTGCCATCGGTCTGGCTTATGACCGGMGAAAGTATCCIIAG'G 

1 060 1076 1050 1090 1100 1110 1120 

Longhorn32L-prim TTTACCACOTTCTTCATTOATTOCATOGCTGCCATCGGTCTGGCTTATGACCCGAAGAAAGTATCCAAGG 1120 

Lce iorn32L-prfaar TTTACCACGTTCTTCATTYATTW-ATOGCTGCCATCGGTCTGGCTTATGACCroGAAGAAAGTATCCAAGG 1120 

Lmqtborn40L-priaar TTTACCACGTTCTTCATTOATTOCATOOC2: CCATCOCTCTGOCTTATGACCGGAAGAAAGTATCCAAGG 1052 

Loogborn42L-yrlaat TTTACCACGTTCTTCATTGATTGCATGGCTGCCATCGGTCTGGCTTATGACCGGAAGAAAGTATCCAAGG 1120 

Lon9brn42L-yrlarr TTTACCACGTTCTTCATTWTTGCATQGCTGCCATCGGTCTGGCTTATGACCGGAAGAAAGTATCCAAGG 1051 

Loaghorn))L-lfaatt TTTACCACGTTCTTCATTGATTGCATGGCTGCCATCGGTCTGGCTTATGACCGGAAGAAAGTATCCAAGG 1051 

LoeqboZ832L-primr CTOCCATCTTGOCCAGGATAAAAAOAACTGGAGAGGAAAGCTACAAGAGTGGCTGAATTTGTGGTCCCTT 1190 

LngbomJ2L-prL z CTOCCATCTTf. OCCAGGATAAAAAGAACTG AGAGGAAAGCTACAAAAGTGGCTGAATTTGTGGTCCCTT 1190 

Longtotn4OL-prt r CTOCCATCTTGGCCAGGATAAAAAGAACTGGAGAGGAAAGCTACAAGAGTGGCTGAATTTGTGGTCCCTT 1122 

Lo-Oote121rptfatr CTOCCATCTTQOCCAGOATAAAAAWMCTGOAGAGGAAAGCTACAAGAGTfiGCTGAATTTGTGGTCCCTT 1190 

Loo9hocn42L-prlsr CTOCCATCTTOOCCAGGATAAAAAGAACTGOAGAGGAAAGCTACAAGAGTGGCTGAATTTOTGGTCCCTT 1121 

Longhorn)]L-llattt CTOCCATCTT0GCCAGGATPAAAAGAACTGGAGAGGAAAGCTACAAGAGTGGCTGAATTTGTGGTCCCTT 1121 

G4GTT' rTTTTrrAikAA: CrATCTG000MT 

1::, I-C 

LenOormUL-prt r OOOTTCCTTTTCCW. AOCCATCTQGGCAAT 
Lon orn)lL-pta t OOOTTCCTTTTCCAMAOCCATCTOGOCAAT 

t.. y rn4OL-pzLmr 000TTCCTTTTCCAAAAOCCATCTOOOGWT 
Loo*arn42L-p, t c OOOTTCCTTTTCCAAAAGCCATCTOG"AAT 
ImoocaUL-ttlýt 004TTCCTTTTCCA . AAOCCATCT004CAAT 
Lonowrn73L-110. t1 OOOTTCCTTTTCCAAAAGCCA? CT000CAAT 

Alignment of SCD cDNA sequences from the Semimembranosus muscle of animals of the Longhorn breed with high and low cis-9, trans-11 CLA content. 

202 



(ii) Alignment of SCD cDNA sequences from the subcutaneous adipose tissue of 
animals of the Longhorn breed with high and low cis-9, trans-11 CLA content. Animals 
43 and 45 had low CLA content (1015.88 and 1035.25 mg/100g respectively). Animals 
32 and 40 had high CLA content (1275.44 and 1254.37 mg/100g respectively). For 
each animal 2 clones were sequenced. Sequences for 2 clones for all animals differed 
and therefore both sequences are presented on the alignment for each animal. Red 
circle indicates the start codon, blue circles indicate SNPs; green circle indicates the 
stop codon. 

---------------------------------------------------------------------T 
1sa 410 so 0 70 

Longborn32AT-ligat ---------------------------------------------------------------------T 1 

Long2ºotn32AT-liq. t ---------------------------------------------------------------------T 
1 

Longborn40AT-ligrt TTOCTCAGGAACTAGTCTACACTCAGTTTGGACTGCCCCGAACTCCGCTCCGCAGTCTCAGCCCCGAGAA 70 

lAngbocn40AT-ligat TTOCTCA GAACTAOTCTACACTCAGTTTGGACTOCCCCGAACTCCGCTCCGCAGTCTCAGCCCCGAGAA 70 

43AT 2.5-000LLT! ---------------------------------------------------------------------T 1 

43AT 4.1-CaKPLITL ---------------------------------------------------------------------T 
1 

4SAT 2.3 CCK7LETE ----------_________________________---_------------------------------T 
1 

4SAT 1. S-CQIPLm ----------------------------------------------_-_-___----------------T 1 

Langhorn72AT-11q"t TGTGATCCCAGTGTCTGAGAGCCCAGATGCCGGCCCACTTGCTGCAAGAGGAGATCTCTAGCTCCTACAC 71 

Longhorn32AT-11q. t TGTGATCCCAOTGTCTGAGAGCCCAGATGCCGGCCCACTTGCTGCAAGAGGAGATCTCTAGCTCCTACAC 71 

LonOorn4OAT-1Lq. t AGTOATCCCAOTOTCTGAGAGCCCAGATGCCOOCCCACTTGCTGCAAGAGGAGATCTCTAGCTCCTACAC 140 

L*nq orn40AT-11get AGTGATCCCAGTGTCTGAGAGCCCAGATGCCGGCCCACTTGCTGCAAGAGGAGATCTCTAGCTCCTACAC 140 

41A- '. S-CQVLiTI TGTGATCCCAGTGTCTGAGAOCCCAGATGCCGGCCCACTTGCTGCAAGAGGAGATCTCTAGCTCCTACAC 71 

43A. ". 1-000LM TGTGATCCCAGTGTCTGAGAOCCCAGATGCCOGCCCACTTGCTGCAAGAGGAGATCTCTAGCTCCTACAC 71 

4SAT 2.3-CCML['R TGTGATCCCAGTGTCTGAGAGCCCAGATGCCGGCCCACTTGCTGCAAGAGGAGATCTCTAGCTCCTACAC 71 
45AT 4.1-C010)LrT[ TGTGATCCCAGTGTCTGAGAGCCCAGATGCCGGCCCACTTGCTGCAAGAGGAGATCTCTAGCTCCTACAC 71 

Lwbjmzm)2AT-llq. t AA CCACCACCACCATCACAOCACCTCCTTCCAGOOTCCTOCAGAATGGAGGGGGCAAATTGGAGAAGACT 141 
1enOorn32AT-1lq. t AACCACCACCACCATCACAOCACCTCCTTCCAGOGTCCTGCAGAATGGAGGGGGCAAATTGGAGAAGACT 141 
Lo. q orn40AT-ltq. t ACCACCACCACCATCACAOCACCTCCTTCCAGGGTCCTGCAGAATGGAGGGGGCAAATTGGAGAAGACT 210 
1. ongAorn40AT-llq. t AACCACCAC---CATCACAGCACCTCCTTCCAGOGTCCTGCAGAATGGAGGGGGCAAATTGGAGAAGACT 207 
43AT 2.0-CCIU%M AACCACCACCACCATCACAGCACCTCCTTCCAGOGTCCTGCAGAATGGAGGGGGCAAATTGGAGAAGACT 141 
4IAT 4.1-COIPLITI AACCACCACCACCATCACAGCACCTCCTTCCAGGGTCCTGCAGAATGGAGGGGGCAAATTGGAGAAGACT 141 
43AT 2.3 -Ca PL*Tt AACCACCACCACCATCACAGCACCTCCTTCCAGGGTCCTGCAGAATGGAGGGGGCAAATTGGAGAAGACT 141 
43AT 4.1-COIIYLSTt AACCACCACCArfATCACAGCACCTCCTTCCAGGGTCCTGCAGAATGGAGGGGGCAAATTGGAGAAGACT 141 

Longhorn72AT-1Igat CCCCTATACTTGGAAGAAGACATCCGCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 211 
LongAorn32AT-1igit CCCCTATACTTGGAAGAAGACATCCGCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 211 
Lm4orn40AT-11ont000CTATACTTGGAAGAAOACATCCGCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 280 
LonOorn4CAT-11a. t CCCCTATACTTGGAAGAAGACATCCOCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 277 
43AT 2.5-CCHYLBT{ CCCCTATACTTGGAAGAAGACATCCGCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 211 
43AT 4.1-CO 7LrrI CCCCTATACTTGGAAGMGACATCCGCCCTGAAATGAGAGATGACATCTA? GACCCAACTTACCAGGATA 211 
4SAT 2.3-CO(ºLlTI CCCCTATACTTGGAAGAAGOCATCCGCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 211 
4SAT 4. I-CCMPLZTL CCCCTATACTTGGAAGAAGACATCCGCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCy. (BATA 211 

Lcn Aoin32AT-1igat AGGAGGGCCCAAAGCCCAAGCTTGAGTATGTTTGGAGAAACATCATCCTCATGTCTCTGTTACACCTGGG 281 
La'O rn72AT-11oat AGGAGGGCCCAAAGCCCAAGCTTGAGTATGTTTGGAGAAACATCATCCTCATGTCTCTGTTACACTTGGG 281 
Lm orn4OAt-Itgat AGGAGGGCCCAAAGCCCAAGCTTGAGTATGTTTGGAGAAACATCATCCTCATGTCTCTGTTACACTTGGG 350 

Lwboom80AT-11q tAGGAGGGCCCAAAGCCCAAGCTTGAGTATGTTTGGAGAAACATCATCCTCATGTCTCTGTTACACTTGGG 347 
4IAT 2. S-C01Ot1TS AG. AGSGCCCAAAGCCCAAGCTTGAGTATGTTTGGAGAAACATCATCCTCATGTCTCTGTTACACTTGGG 281 

43AT 4.1-000LM AGGAOGGCCCAAAGCCCAAGCTTGAGTATGTTTGGAGAAACATCATCCTCATGTCTCTGTTACACTTGGG 281 

LSAT 2.3-COVLrr AGGAGGGCCCAAAGCCCAAGCTTGAGTATGTTTGGAGAAACATCATCCTCATGTCTCTGTTACACTTGGG 281 

4SAT 8.8-CCKVLI7'{ AGGAGGGCCCAAAGCCCAAGCTTGAGTATGTTTGGAGAAACATCATCCTCATGTCTCTGTTACACTTGGG 281 
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Lcnghozn32AT-ligat AGCCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 

Lcnghorn32AT-ligat AGCCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 

Long orn40AT-ligat AGCCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 

L*ngoorn40AT-ligat AaCCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 

43AT 2.5-000LIT* AOCCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 

43AT 4.1-CQ PLlTL AA CCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTA, TTCTACTAT 

4SAT 2.3-COQLZTI AGCCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 

45AT 4. S-CCKPS. rrz AACCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 

Lwiglwrn32AT-11gat CTGATGGGTGCCCTGGGCATCACAGCAGGGGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

Loagtwrn32AT-1ig. t CTGATGGGTGCCCTQ4OCATCACAGCAGGGGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

Longborn40AT-ligat CTGATGOOTGCCCTOGGCATCACAGCAGGOGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

Low. gwcn40AT-1iq. t CTGATGGGTGCCCTOOOCATCACAGCAGGGGCCCATCGCCTGTQGAGTCACCGAACCTACAAAGCTCGGC 

43k? 2. S-CCI(PLLTl CTGATO4GT000CTGGGCATCACAGCAGGGGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 
43A 

.. 
1-COQLLTL CTOATG"TOCCCTGC*CATCACAGGºGGGGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

CWT 2.7-CCKPLM CTGATOGOTGCCCTGGGCATCACAGCAGGGGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

45AT 4.1-CQIPLrTR CTGATGOGTGCCCTGGGCATCATAGCAGOGOCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

LonOorn32AT-11Q. t TGCCTCTGCGGGTCTTCCTGATCATTGGCAACACCATGGCGTTCCAGAATGACGTTTTTGAATGGTCCCG 

Lon¢ºorn32AT-1ig. t TOCCTCTGCGGGTCTTCCTGATCATTGGCAACACCATGGCGTTCCAGAATGACGTTTTTGAATGGTCCCG 

Lqg orn40AT-ligot TOCCTCTGCGOOTCTTCCTGATCATTGGCAACACCATGGCGCTCCAGAATGACCTTTTTGAATGGTCCCG 
Longhorn40AT-ligst TOCCTCTOCGOGTCTTCCTGATCATTGGCAACACCATGGCGTTCCAGAATGACGTTTTTGAATGGTCCCG 

42AT 2. S-CQIPLZT{ TOCCTCTGCGOGTCTTCCTGATCATTGGCAACACCATGGCGTTCCAGAATGACGTTTTTGAATGGTCCCG 
42AT 4.1-Ca PLlTt TOCCTCTOCOOOTCTTCCTGATCATTOOCAACACCATGGCOTTCCAGAATGACGTTTTTGAATGGTCCCG 

43AT 2.1-CO PLLTI TGCCTCTGCOGGTCTTCCTGATCATTGGCAACACCATGGCGTTCCAGAATGACGTTTTTGAATGGTCCCG 
4SAT 4. I-COtPLSTL TGCCTCTGCOGGTCTTCCTGOTCATTGGCAACACCATOGCGTTCCAGAATGACGTTTTTGAATGGTCCCG 

351 

351 

420 
417 
3S1 

351 

351 

351 

421 

421 
490 

487 

421 

421 

421 

421 

491 

491 
560 

557 

491 

491 

491 
491 

Loop orn32AT-1tgat AGATCACCOTOCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 561 
La gborn32AT-11O. t AGOTCACCOTOCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 561 
Longhorn40AT-11aat AGATCACCOTGCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 630 
Lcnoorn OAT-11pat AG ATCACCOTOCCCACCACAAGTTTTCAGAAACGGATGCCOACCCCCACAATTCCCGACGTGGCTTTTTC 627 
43AT 2.5-COOLSTz AGATCACCOTOCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 561 
43AT 4.1-CO(ILLTZ AGATCACCGTOCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 561 
15AT 2.3-COIIPLETt AG ATCACCOTOCCCACCACAAOTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 561 
6SAT 4.6 C014PLBn AGATCACCOTOCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 561 

TTCTCTCACGTGGGTTGGCTGCTTGTGCGCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 

60 640 640 00 60 640 760 

LaMoW[A32AT-1l0. t TTCTCTCACOTGGOTTGOCTGCTTGTGCGCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 631 
Longorn32AT-1tg. t TTCTCTCACGTGGGTTGGCTGCTTGTGCGCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 631 
Lonoorn40AT-119at TTCTCTCACOTGGOTTGOCTGCTTGTGCGCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 700 
Longhorn40AT-1Lq. t TTCTCTCACGTGO}GTTGGCTGCTTGTGCOC) ACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 697 
43AT 2. S-COCPLITI TTCTCTCACGTGOOTTGGCTGCTTGTGCGCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 631 
43AT 4.1-CCUPLSTt TTCTCTCACGTGOOTTGGCTGCTTGTGCGCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 631 
4SAT 2.3-CCMPLtTtTTCTCTCACOTGGGTTGGCTGCTTGTGCGCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 

631 
4 AT 4. S-CCMQ1dT{ TTCTCTCACGTGGGTTGGCTGCTTGTGCGCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 631 

Alignment of SCD cDNA sequences from the subcutaneous adipose tissue of animals 
of the Longhorn breed with high and low cis-9, trans-I l CLA content continued. 
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770 

bongborn32AT-llgat TATCTGACC-AAGAGCCGAGAAGCTGGTGATGTTCCAGAGGAGGTACTACAAACCTGGTGTCCTGTTGTT 

Loogborn32AT-ligat TATCCGACCTAAGAGCCGAGAAGCTGGTGATGTTCCAGAGGAGGTACTACAAACCTGGTGTCCTGTTGTT 

Longhorn10AT-liq. t TATCCGACCTAAGAGCCGAGAAGCTGGTGJºTGTTCCAGAGGAGOTACTACAAACCTGGTGTCCTGTTGTT 

Longborn40AT-1igat TATCCGACCTAAGAKCGAGAAGCTGGTWTGTTCCAGAGGAGGTACTACAAACCTGGTGTCCTGTTGTT 

43AT 2. S-CCHFi1TL TATCC6ACCTAAGA000GAGAAGCTGGT"TOTTCCAGAGGAGGTACTACAAACCTGGTGTCCTGTTGTT 

43AT 4.1-COOLiTh TATCCGACCTAAGAKCGAGAAGCTGGTGATGTTCCAGAGGAGGTACTACAAACCTGGTGTCCTGTTGTT 

4SAT 2.3-CCHPL TE TATCCGACCTAAGAGCCGAGAAGCTGGTGATGTTCCAGAGGAGGTACTACAAACCTGGTGTCCTGTTGTT 

ISAT 4. S-CCNPLM TATCCGACCTAAGAGCCGAGAAGCTGGTGATGTTCCAGAGGAGGTACTACAAACCTGGTGTCCTGTTGTT 

Long ozn32AT-ligat GTGCTTCATCCTGCCCACACTCGTGCCATGGTATCTGTGGGA? GAAACGTTTCAAAACAGCCTGTTTTTT 

yongborn32AT-liq. t GTGCTTCATCCTGCCCACACTCGTGCCATGGTATCTGTGGGATGAAACGTTTCAAAACAGCCTGTTTTTT 

Lcmghocn4GAT-ltgat GTGCTTCATCCTGCCCACACTCGTGCCOTGGTATCTGTGGGATGAAACGTTTCAAAACAGCCTGTTTTTT 

L4ngborn40AT-11gat GTGCTTCATCCTGCCCACACTCGTGCCATGGTATCTGTGGGATGAAACGTTTCAAAACAGCCTGTTTTTT 

41A* 2. S-COQI2M GTGCTTCATCCTGCCCACACTCGTGCCATGGTATCTGTGGGATGAAGCGTTTCAAAACAGCCTGTTTTTT 

43? .. 1-CO PLLTI GTGCTTCATCCTGCCCACACTCGTGCCATGGTATCTGTGGGATGAAACGTTTCAAAACAGCCTGTTTTTT 

4SAT 2.3-COQ1iTI GTOCTTCATCCTGCCCACACTCGTGCCATGGTATCTGTGGGATGAAACGTTTCAAAACAGCCTGTTTTTT 

4SAT 4.9-C IP1JTt GTGCTTCATCCTGCCCACACTCGTGCCATGGTATCTGTGGGATGAAACGTTTCAAAACAGCCTGTTTTTT 

Longhornl2AT-llpt OCCACCTTATTCCGTTATGCCCTTGOGCTCAACGTCACCTGGCTGGTCAATAGTGCTGCCCATATGTATG 

Longhorn IzAT-liq. t OCCACCTTATTCCGTTATaCCCTTGGGCTCAACGTCACCTGGCTGGTGAATAGTGCTGCCCATATGTATG 

Lot orn4OAT-liq. t GCCACCTTATTCCGTTACGCCCTTGGGCTCAACGTCACCTGGCTGGTGAATAGTGCTGCCCATATGTATG 

Longborn40AT-11"t OCCACCTTATTCCGTTATOCCCTTOOOCTCAACGTCACCTGGCTGGTGAATAGTGCTGCCCATATGTATG 
43AT 2. S-CCNFLLTL GCCACCTTATTCCGTTATGCCCTTGGGCTCAACGTCACCTGGCTGGTGAATAGTGCTGCCCATATGTATG 
43A? 4.1-COW1. ST1 OCCACCTTATTCCGTTATGCCCTTOOOCTCAACG? CACCTGGCTGGTGAATAGTGCTGCCCATATGTATG 
4SAT 2.3-COVLtTt OCCACCTTATTCCGTTATOCCCT? GGOCTCAACGTCACCTOOC? OGTGAATAGTGCTGCCCATATGTATG 

LSAT 4.9-C WL&1Z GCCACCTTIITTCCGTTATGCCCTTGGGCTCAACGTCACCTGOCTGGTGAATAGTGC? GCCCATATGTATG 

701 
701 
770 

767 
701 

701 
701 
701 

771 

771 

S40 

B37 

771 

771 

771 

771 

811 

841 

910 

907 

041 

841 

841 
841 

LonOocn32A? -lipt GATACCOCCCT? ATOACAAGACCATCAACCCCCGAGAGAATATTCTGOT? TCCCTGGGAGCTGCGGGTGA 
1. ongtorn32AT-11pt GATACCOCCCTTATGACAAGACCATCAACCCCCGAGAGAATATTCTGGTTTCCCTGGGAGCTGCGGGTGA 
Longborn40AT-ligat GATACCGCCCTTATGACAAGACCATCAACCCCCGAGAGAATATTCTGGTTTCCCTGGGAGCTGTGGGTGA 
Langlwtn40AT-1194t GATACCGCCCTTATOACAAGACCATCAACCCCCGAGAGAATATTCTGGTT? CCCTGGGAGCTGCGGGTGA 
43AT 2.3-CQf1Ltlt GATACCGCCCTTATGACAAGACCATCAACCCCCGAGAGAATATTCTGGTTTCCCTGGGAGCTGCGGGTGA 
OAT 4.1-COIPLRL GATACCOCCCTTATGACAAGACCATCAACCCCCGAGAGAATATTC? GGTTTCCCTGGGAGCTGCGGGTGA 
4 SAT 2.7-C PL<Tt GATACCSCCCTTATGACAAAACCATCAACCCCCOAGAGAATATTCTGGTTTCCCTGGGAGCTGCGGGTGA 
4SAT 4. S-COOL*Tt . ATACCGCCCTTATGACAAGACCATCAACCCCCGAGAGAATATTCTGGTTTCCCTGGGAGCTGCGGGTGA 

Longborn3ZAT-11Oat GOOCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAGTACCGCTGGCACATCAAC 
L. nOose72AT-11pt OOGCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTAAGTACCGCTGGCACATCAAC 
Lapbotn4OAT-119st GOOCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAGTACCGCTGGCACATCAAC 
Longlwtn4oAT-119. t GOOCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAGTACCGCTGGCACATCAAC 
4 3AT 2.5-CCDDIX t GOGCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTAAGTACCGCTGGCACATCAAC 
43AT 4.1-C44LlM GOOCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTAAGTACCGCTGGCACATCAAC 
45AT 2")-COVUTt GOOCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTAAGTACCGCTGGCACATCAAC 
43AT 4.8-C CMWM OGOCTTCCACAATACCACCACJICCTTTCCTTATGACTACTCAGCCAGTAAGTACCGCTGGCACATCAAC 

911 

911 

990 

917 

911 

911 

911 

911 

961 

961 

1050 

1047 

981 
961 

961 

981 

Alignment of SCD cDNA sequences from the subcutaneous adipose tissue of animals 
of the Longhorn breed with high and low cis-9, trans-11 CLA content continued. 
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T: A7cAC1, TTCTTCATT: ATTGCATGGCTGCCATCGGTCTGGCTTATGACCGGAAGAAAGTATCCAAGG 

1060 1070 10,80 1090 11,00 11,10 1120 

Lcs orn32M-liq. t TTTACCACOTTCTTCATTGATTGCATSOCTOCCATCGGTCTGGCTTATGACCGGAAGAAAGTATCCAAGG 1051 

LongIozn32AT-liq. t TTTACCACOTTCTTCATTGATTGCATGOCTGCCATCGGTCTGGCTTATGACCGGA? GAAAGTATCCAAGG 1051 

Longborn40AT-liq. t TTTACCACOTTCTTCATTGATTGCATGGCTGCCATCGGTCTGGCTTATGACCGGAAGAAAGTATCCAAGG 1120 

Longborn40AT-llgat TTTACCACGTTCTTCATTGATTGCATGGCTGCCATCGGTCTGGCTTATGACCGGAAWºAAGTATCCAAGG 1117 

43AT 2. S-CCNFLSTL TTTACCACGTTCTTCATTGATTGCATGGCTGCCATCOGTCTGGCTTATGACCGGAAGAAAGTATCCAAGG 1051 

43AT 4.1-COQLITZ TTTACCACOTTCTTCATTGATTGCATOOCTGCCATCGGTCTGGCTTATGACCGGAAGAAAGTATCCAAGG 1051 

4SAT 2.3-CC1VLZTL TTTACCACGTTCTTCATTGATTGCATGOCTGCCATCGGTCTGGCTTATGACCGGAAGAAAGTATCCAAGG 1051 

45AT 1. q-CCNPLrrz TTTACCACGTTCTTCATTGATTGCATGGCTGCCATCGGTCTG TTATGACCGGAAGAAAGTATCCAAGG 1051 

i wnº72AT-ltgat CTGCCATCTTOaCCAOGATAAAAAGAACTGAGAGGAAAGCTACAAGAGTGGCTGAATTTGTGGTCCCTT 1121 

Lw orn3ZAT-liq. t CTOCCATCTTOOCCAGGATAAAAAGAACTOGAGAGGAAAGCTACAAGAGTGGCTGAATTTGTGGTCCCTT 1121 

Longborn40AT-1iq. t CTGCCATCTTOGCCAGGATAAAAAGAACTOGAGAGGAAAGCTACAAGAGTGGCTGAATTTGTGGTCCCTT 1190 

Long orn4OAT-ltg. t CTOCCATCTTGGCCAMGATAAAAAGAACTOGAGAGGAAAGCTACAAGAGTGGCTGAATTTGTGGTCCCTT 1187 
SOA'2. S-CCMPLsTt CTGCCATCTTGGCCAOOATAAAAAGAACTGGAGAGGAAAGCTGCAAGAGTGGCTGAATTTGTGGTCCCTT 1121 

43A .. 1-COIPLZTI CTOCCATCTTGGCCAGOATAAAAAGAACTGGAGAGGAAAGCTACAAGAGTGGCTGAATTTGTGGTCCCTT 1121 

ISAT 2.7-CO1C/LIT{ CTOCCATCTTGGCCAGr*ATAAAAAGAACTGOAGAGGAAAGCTACAAGAGTGGCTGAATTTGTGGTCCCTT 1121 

4SAT 1.9-CalPL! 'R CTGCCATCTTGGCCAGGATAAAAAGAACTGGAGAGGAAAGCTACAAGAGTGGCTGAATTTGTGGTCCCTT 1121 

GGGTTrCTTTTCCAAAGCCATCTGGOC 

1200 1210 

Lon4Aorn)2AT-ltgat OOOTTCCTTTTCCAAAAGCCATCTGGGC 
Lcnq orn32AT-1igat OOOTTCCTTTTCCAAAAGCCATCTGGGC 

LonOAorn40AT-lljst 000TTCCTTTTCCAAAAGCCATCTOGOC 
Langhorn4OAT-lia. t OGOTTCCTTTTCCAAAAGCCATCTGGOC 
43AT 2. S-COIPL$TI GOOTTCCTTTTCCAAAAGCCATCTOGGC 

43AT 4.1-CCMLST{ OOOTTCCTTTTCCAAAAGCCATCTOOOC 
4SAT 2.3-CCNPLZTI 000TTCCTTTTCCAAAAGCCATCTOOOC 
45AT 4. S-CgVLii G"TTCCTTTTCCAAAAOCCATCTOGOC 

Alignment of SCD cDNA sequences from the subcutaneous adipose tissue of animals 
of the Longhorn breed with high and low cis-9, trans-11 CLA content continued. 
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(iii) Alignment of SCD cDNA sequences from the Semimembranosus muscle of 
animals of the Longhorn and Charolais cross breeds with low cis-9, trans-11 CLA 
content (2.26,2.07.5.23.2.99.2.28 and 4.67 mg/100g for animals 32,33,37,50,79 
and 80 respectively). For each animal 2 clones were sequenced. Sequences for both 
clones were identical for animals 33,79.80 and 50 therefore only one sequence is 
presented on the alignment for these animals. Sequences for 2 clones for animals 32 
and 37 differed and therefore both sequences for these animals are presented on the 
alignment. Red circle indicates the start colon; blue circles indicate SNPs; green circle 
indicates the stop codon. 

TTGCTCAGGAACTAGTCTACACTCAGTTTGGACTGCCCCGAACTCCGCTCCGCAGTCTCAGCCCCGAGAT 

10 20 l0 10 SO 60 70 

Longhotn32L-pL t TTOCTCAOWIACTAGTCTACACTCAGTTTGGACTOCCCCGAACTCCGCTCCGCAGTCTCAGCCCCGAGAA 70 

Laoghotn32L-pti r TTOCTCAG "CTAGTCTACACTCAGTTTGGACTOCCCCGIIACTCCGCTCCGCAGTCTCAGCCCCGAGAA 70 

Long ornM-11pt1 ---------------------------------------------------------------------T 1 

CMto1.1. X711.. n-1--------------------------------------------------------------------- T1 

c . rel. l. xIol.. s-1 TTaC? CAOGAACTACTCTACACTCAamOGACTOCCCCGA'CTCCGCTCCGCAGTCTCAGCCCCGAGAA 70 

Ch. tol. l. xSOl.. n-1 TTOCTCAGOAACTACTCTACACTCAamGGACTGCCCCGAACTCCGCTCCGCAGTCTCAGCCCCGAGAA 70 

Ch. tol8t. lt171. an-1 ---------------------------------------------------------------------T 
1 

CAatol. f. xl7l.. n-1 ---------------------------------------------------------------------T 
1 

TGTOATCCCAGTQ? C 

Longhotn321. -pzt r AQTGATCCCAGTGTCTGAGAGCCCAGATGCCGGCCCACTTGCTGCAAGAGGAGATCTCTAGCTCCTACAC 140 

LongAorn)2L-ptiýr AGTGATCCCAGTOTCTGAOAGCCCAGATGCCGGCCCACTTGCTGCAAGAGGAGATCTCTAGCTCCTACAC 140 

i. aMlwrn33L-1& . tl TGTOATCCCAOTOTCTOAOAOCCCAGATGCCOOCCCACTTGCTOCAAGAGGAGATCTCTAGCTCCTACAC 11 

CUiroli sX711o. n-1 TOTGATCCCAOTOTCTOAOAOCCCAGATGCCGOCCCACTTGCTOCAAGAGGAGATCTCTAGCTCCTACAC 71 

C8r '1.1. XSO1Nn-I OTOATCCCAOTGTCTOAOAOCCCAOATGCCGGCCCACTTOCTGCAAGAGGAGATCTCTAGCTCCTACAC 140 
C1a-itstsXl039on-1 AGTGATCCCAOTOTCTGAGAOCCCAGATOCCOOCCCACTTGCTGCAAGAGGAGATCTCTAGCTCCTACAC 140 

CAorolaill 71. sn-1 TGTOATCCCAGTGTCTGAGAGCCCAGATGCCGGCCCACTTGCTGCAAGAGGAGATCTCTAGCTCCTACAC 71 

Qb. rolal. %171o&n-1 TGTGATCCCAGTGTCTGAGAGCCCAaATGCCGGCCCACTTOCTGCAAGAOGAGATCTCTAGCTCCTACAC 71 

LOnghorn)21, -prlrt AACCACCACCACCATCACAOCACCTCCTTCCAGGOTCCTGCAGAATGGAGOGGGCAAATTGGAGAAGACT 210 

Lor4orn)2L-prLANE AACCACCACCACCATCACAOCACCTCCTTCCAGGOTCCTGCAGAATGGAGGGGGCAAATTGGAGAAGACT 210 
LOngbotn))L-110at1 MCCACCACCACCATCACAOCACCTCCTTCCAOGOTCCTOCAGAATGGAGOGGGCAAATTGGAGAAGACT 141 
Chars1aL. X7tl, ý-1 AACCACCACCACCATCACAOCACCTCCTTCCAOGOCCCTGCAGAATGGAGGGGGCAAATTGGAGAAGACT 141 
cbatolal. %S01.. -1 AA CCACCACCACCATCACAOCACCTCCTTCCAOOOTCCTGCAGAATGGAGGGGGCAAATTGGAGAAGACT 210 
C aroloioxso1.. -1 AA CCACCACCACCATCACAOCACCTCCTTCCAGGOTCCTGCAGAATGGAGGGGGCAAATTGGAGAAGACT 210 
C11aro1.1e7I371. s. -1 AACCACCACCACCATCACAOCACCCCCTTCCAGOOTCCTGCAGAATGGAGGG"CAAATTGGAGAAGACT 141 
CAmrolrtrx)71"an I AArCACCACCACCATCACAOCACCTCCTTCCAGOOTCCTGCAGAATGOAGGGGGCAAATTGGAGAAGACT 141 

Longhorn72L-Prlint CCCCTATACTTOOAAGAAGACATCCOCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 280 
Longhorn72L-pr Wt CCCCTATACTTGOJUIQAAGACATCCOCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 280 
L4ngAotn71L-11ptl CCCCTATACTTOOAAOAAGACATCCOCCCTOAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 211 
CMto1aIaX71loan-1 CCCCTATACTTGGAAGAAGACATCCOCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 211 
ClY[o1a1. XS01oan-1000CTATACT? GGAAGAAGACATCCOCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 210 
C1urolal. XS0loan- 1 CCCCTATACTTGGAAGAAGACATCCGCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 290 
CharolalsX171. an-1 CCCCTATACTTOGAAGAAGACATCCOCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 211 
Charolalsx)71. an-1 CCCCTATACTTGGAAOAAGACATCCGCCCTGAAATGAGAGATGACATCTATGACCCAACTTACCAGGATA 211 

Lonalwrn72L-p&L i AOOAGOOCCCAAAGCC GUºGCTTGAGTATGTTTGGAGAGACATCATCCTCATGTCTCTGTTACACTTGGG 350 
Ln iorn32L-pzt 1 AGGAGGGCCCAAAGCCCAAGCTTGAGTATGTTTGGAGAGACATCATCCTCATGTCTCTGTTACACTTGGG 350 
Lae orn33L-119att AGGAGGOCCCAAAGCCCAAGCTTGAGTATGTTTGGAGAAACATCATCCTCATGTCTCTGTTACACTTGGG 281 

Cisre1818i111Na-IAOGAGGGCCCAAAOCCCAAGCTTGAGTATGTTTGGAGAAACATCATCCTCATGTCTCTGTTACACTTGGG 281 

CbSCO1.1. X801Nn-1 AGGAOOOCCCAAAGCCCAAGCTTGAGTATGTTTGGAGAGACATCATCCTCATGTCTCTGTTACACTTGGG 350 

C1Mro181. X501. nn-1 AGGAOOGCCCAAAGCCCAAGCTTGAGTATGTTTGGAGAAACATCATCCTCATGTCTCTGTTACACTTGGG 350 

Clurol. i. X311. ne-1 AGGAGGOCCCAAAGCCCAAGCTTGAGTATGTTTGGAGAAACATCATCCTCATGTCTCTGTTACACTTGGG 281 

Cbarela1. x331un-1 AGGAGOOCCcAAA*CCCAAGCTTGAGTATGTTTGGAGAAACATCATCCTCATGTCTCTGTTACACTTGGG 281 
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Longborn32L-pclasr AGCCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 

Longborn32L-ptlasi AGCCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 

Lon ocn33L-llpatl AACCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 

CharolaiaX791. an-1 AGCCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 

Ch atolsisXSOl. an-1 AGCCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 

CLarolaf. XSOlNa-1 AGCCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 

CAarolaisX37loan- 1 AGCCCTATATGGGATCACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 

CharolaisX37loan- 1 AACCCTATATGG$$AICACATTGATCCCCACCTGCAAGATATACACCTATATCTGGGTGTTATTCTACTAT 

Loogborn32L-primr CTGATGGGTGCCCTCGGCATCACAOCAGGGGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

Longhorn32L-primr CTGATGGGTGCCCTGGGCATCACAGCAGGGGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

Longhorn33L-llq. ii CTGATGGGTGCCCTGGGCATCACAGCAGGGGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

Charold. X791.. n-1 CTGATGGGTGCCCTGGGCATCACAGCAG; GGGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

Ch. -o1. i. XIOl.. n-1 CTGAT6a6T000CTGGGCATCACAGCAGGGGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

Ch. . 1XisXSO1.. n-1 CTGATGGGTGCCCTGGGCATCACAGCAGGGGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

ChorolXtsX)7loan- 1 CTGATOOOTOCCCTO4GCATCACAGCAGGOGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

Ch. rolai. Xl71oan-1 CTGATGGGTGCCCCGGGCAT_Q&CAGCAGGGGCCCATCGCCTGTGGAGTCACCGAACCTACAAAGCTCGGC 

420 
420 

351 

351 

420 

420 

351 
351 

490 

490 

421 

421 

490 

490 
421 

421 

Lonahorn32L-prlaar TGCCTCTGCGGGTCTTCCTGATCATTGGCAACACCATGGCGTTCCAGAATG)CGTTTTTGAATGGTCCCG 

Lonphorn32L-prlmt TGCCTCTGCGOOTCTTCCTGATCATTGGCAACACCATGGCGTTCCAGAATGACGTTTTTGAATGGTCCCG 

Lo ghorn))L-llpatl TGCCTCTOCOGOTCTTCCTGGTCATTGGCAACACCATGGCGTTCCAGAATGACGTTTTTGAATGGTCCCG 

CMrol4faX791oan-1 TOCCTCTGCGGGTCTTCCTGATCATTGGCAACACCATGGCGTTCCAGAATGACGTTTTTGAATGGTCCCG 

Charolal. X$01oan-1 TGCCTCTGCOGGTCTTCCTGATCATTOCCAACACCATGGCGTTCCAGAATGIICGTTTTTGAATGGTCCCG 

Chatolal. X901oan-1 TGCCTCTOCGGGTCTTCCTGATCATTGGCAACACCATGGCGTTCCAGAATGACGTTTTTWWTGGTCCCG 

Charolal. X)71oan-1 TO, CCTCTOCOOGTCTTCCTGATCATTGGCAACACCATGGCGTTCCAGAATGACGTTTTTGAATGGTCCCG 

CharolaliX)71aan-1 TGCCTCTGCGGGTCTTCCTGGTCATTGGCAACIICCATGGCGTTCCIIGAATGACGTTTTTGAJºTGGTCCCG 

560 

560 

491 

491 
560 

560 

491 
491 

AGATCACCGTGCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACOTGGCTTTTTC 

540 S0 S40 do do 610 610 

Loo4horn32L-prt r AGATCACCOTOCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 630 

Lonq orn32L-prL r AGATCACCOTGCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 630 
LongNorn33L-lipid AGATCACCGTGCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 561 
CAuto1.1. X7f1.. n-1 AGATCACCGTGCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 561 
Charol. l. XS01. sn-1 AGATCACCOTGCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 630 
C}MrolalaX5oleao-1 AGATCACCOTGCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 630 
CAarol. faX371. in-1 AGATCACCGTGCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 561 
Charo1.1sX371. sn-1 AGATCACCGTGCCCACCACAAGTTTTCAGAAACGGATGCCGACCCCCACAATTCCCGACGTGGCTTTTTC 561 

Lc ghorn32L-ptisat TTC? CTCACGTGGGTTGOCTGCTTGTGCGCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 700 
Leegt%or32L-prla. c TTCTCTCACGTGGGT? GGCTOCTTGTGCGCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 700 
Loaghorn33L-llaitt TTCTCTCACGTGGGTTGGCTGCTTGTGCGCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 631 
Chato1a1. X791. sn-1 TTCTCTCACGTGGGTTGGCTGCTTGTGCGCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 631 
Chato1.1. X$Oloan- 1 TTCTCTCACGTGGGTTGGCTGCTTGTGCGCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 700 
CA mcol. isX$Oloae-1 TTCTCTCACGTGGGTTGGCTGCTTGTGCGCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 700 
CAaio1a1BX37loan- 1 TTCTCTCACGTGGG? TGGCTGCTTGTGCGCAAACACCCAGCTGTCAAAGAAAAGGGTTCCACGCTAAATT 631 
Chaxo1X16X371e&n-1 TTCTCTCACGTGGGTTGGCTGCTTGTGCGCAAACACCCAGCTGTCA AGAAAAGGGTTCCACGCTAAATT 631 

Alignment of SCD cDNA sequences from the Semimembranosus muscle of animals of the Longhorn and Charolais cross breeds with low cis-9, trans-11 CLA content 
continued. 

208 

4o4 40 4 90 4 90 0040 440 



Lon¢orn32L-ptimt TATCCGACCTAAGAGCCGAGAAGCTGGTGATGTTCCAGAGGAGGTACTACAAACCTGGTGTCCTGTTGTT 

L-' 'rn32L-ptiast TATCCGACCTMGAGCCGAGAAGCTGGTGATGTTCCAGAGGAGGTACTACAAACCTGGTGTCCTGTTGTT 

Longhora311-ltgst1 TATCCGACCTAAGAGCCGAOAAGCTOOTWITGTTCCAGAGGAGGTACTACAAACCTGGTGTCCTGTTGTT 

CDarolslsX791san-1 TATCCGACCTAAGGGCCGAGAAGCTGGTGATGTTCCAGAGGAGGTACTACAAACCTGGTGTCCTGTTGTT 

CDarolalsX001sso-1TATCCGACCTAAGAOCCGAGAAGCTOGTGATGTTCCAGAG6AGGTACTACAAACCTGGTGTCCTGTTGTT 

CMte1a. tsXSOlsse-1 TATCCGACCTAAGAGCCGAGAAGCTGGTGATGTTCCAGAGGAGGTACTACAAACCTGGTGTCCTGTTGTT 

CDmto1. i. X37loan- 1 TATCCGACCTAAGAGCCGAGAAGCTGGTGATGTTCCAGAGGAGGTACTACAAACCTGGTGTCCTGTTGTT 

CAsrolafsX171. a- 1 TATCCGACCTAAGAGCCGAGAAGCT, 9~TGTTCCAGAGGAGGTACTACAAACCTGGTGTCCTGTTGTT 

t ore)21-Orts[ GTOCTTCATCCTGCCCACACTCGTGCCGTOGTATCTGTGGGATGAAACGTTTCAAAACAGCCTGTTTTTT 

Langboxn)2L-prlmt GTGCTTCATCCTGCCCACACTCOTOCCGTOGTATCTGTGGGATGAAACGTTTCAAAACAGCCTGTTTTTT 

LOOq orrt))L-110at1 GTOCTTCATCCTGCCCACACTCGTGCCGTOGTATCTGTGGGATGAAACGTTTCAAAACAGCCTGTTTTTT 

CAacolaf. X791. an-1 GTGCTTCATCCTGCCCACACTCOTGCCATGGTATCTGTGGGATGAAACGTTTCAAAACAGCCTGTTTTTT 

C" aeolal. XSO1. so-1 OTGCTTCATCCTGCCCACACTCGTGCCGTGGTATCTGTGGGATGAAACGTTTCAAAACAGCCTGTTTTTT 
Ca . 1alsxSOlaan-1 GTGCTTCATCCTOCCCACACTCGTGCCATGGTATCTGTGGGATGWCGTTTCAAAACAGCCTGTTTTTT 

Cbarolal/X)71ean-1 GTGCTTCATCCTGCCCACACTCOTGCCGTOGTATCTGTGGGATGAJACGTTTCAAAACAGCCTGTTTTTT 
Ca arolai*X)71aan-1 GTGCTTCATCCTGCCSM&CTCGTGCCGTOGTATCTGTGGGATGAAACGTTTCAAAACAGCCTGTTTTTT 

Langlwtn32L-prLmr OCCACCTTATTCCOTTACGCCCTTOOOCTCAACOTCACCTGGCTGGTGAATAGTGCTGCCCATATGTATG 

LonoorDf2L-pri r OCCACCTTATTCCOTTACOCCCTTOOOCTCAACGTCACCTGOCTGGTGAATAGTGCTGCCCATATGTATG 

LanOhorn))L-1loati OCCACCTTATTCCOTTACOCCCTTOOOCTCAACOTCACCTGGCTGOTGAATAGTGCTGCCCATATGTATG 

CMto1iNX711.. n-1 OCCACCTTATTCCGTTATOCCCTTGOOCTCAACGTCACCTGGCTGGTGAATAGTGCTGCCCATATGTATG 
C ato1. lsX201Ne-1 OCCACCTTATTCCOTTACOCCCTTOOOCTCAACOTCACCTOGCTGGTGAATAGTOCTGCCCATATGTATG 

CMro1N9XSOloan- 1 OCCACCTTATTCCOTTATOCCCTTOOOC? CAACOTCACCTOGCTGGTGAATAGTGCTGCCCATATGTATG 

CMrola1. II)71. sn-1 OCCACCTTATTCCOTTACOCCCTTGGOCTCAACGTCACCTGGCTGGTGAATAGTGCTGCCCATATGTATG 

CA. to1itsX)71. an-1 GCCACCTTATTCCGTTACGCCCTTGOGCTCAACGTCACCTOGCTGGTGAATAGTGCTGCCCATATGTATG 

770 
770 
701 
701 
770 
770 

701 
701 

840 

840 

771 
771 
840 
940 
771 
771 

910 

910 

841 

841 

910 

910 

841 
041 

Loni orn)2L-prtfrr GATACCOCCCTTATOACAAGACCATCAACCCCCGAGAGAATATTCTGGTTTCCCTGGGAGCTGTGGGTGA 980 

Londcotnl2L-yrlawr OATACCOCCCTTATOACAAGACCATCAACCCCCQAGAGAATATTCTGGTTTCCCTGGGAGCTGTGGGTGA 980 
Looplwrn33L-II getI GATACCOCCCTTATOACAAGACCATCAACCCCCGAGAGAATATTCTGGTTTCCCTGGGAGCTGTGGGTGA 911 
Chatoia1. X791.. n-1 GATACCOCCCTTATOACAAGACCATCAACCCCCOAGAGAATATTCTGGTTTCCCTGGGAGCTGCGGGTGA 911 
Chato1.1. XIOloon-1 GATACCOCCCTTATGACAAGACCATCAACCCCCGAGAGAATATTCTGGTTTCCCTGGGAGCTGTGGGTGA 960 
CAarolalsxSOiNn-1 GATACCGCCCTTATGACAAGACCATCAACCCCCGAGAGAATATTCTGGTTTCCCTGGGAGCTGCGGGTGA 980 
C)wrol. lsX37lo. n-1 GATACCGCCr? TATGACAAGACCATCAACCCCCGAGAGAATATTCTGGTTTCCCTGGGAGCTGTGGGTGA 911 
C)urol. lsal71.. n 1 GATACCOCCCTTATOACAAGACCATCAACCCCCGAGAGAATATTCTGGTTTCCCTGGGAGCTGTGGGTGA 911 

OOOCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAGTACCGCTGGCACATCAAC 

940 14,00 1010 10,20 1030 1040 1050 

Laghorn))L-pt Lovr OOOCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAGTACCGCTGGCACATCAAC 1050 
LonOora)ZL-yrlmr OGOCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAGTACCGCTGGCACATCAAC 1050 
Lengboca3JL-1LgMt1 GOOCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAOTACCGCTGGCACATCAAC 901 
ClwrolaLOX7910AR-1 SOOCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAGTACCGCTGGCACATCAAC 911 
CA&ff*l4lXGOIoM-1 GOOCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAGTACCGCTGGCACATCAAC 1050 
CMroloLoX501o&n-1 GOOCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAGTACCGCTGGCACATCAAC 1050 
Cl wrolsLU)71eaa-1 OGOCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAGTACCGCTGGCACATCAAC 991 
Clwrol. lsXI71osw-1I OCTTCCACAACTACCACCACACCTTTCCTTATGACTACTCAGCCAGTGAGTACCOCTGGCACATCAAC 981 

Alignment of SCD cDNA sequences from the Semimembranosus muscle of animals of the Longhorn and Charolais cross breeds with low cis-9, trans-11 CLA content continued. 
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T TT AC CAC GTT C TTCATTGATT GCATGGC TGC CATCGGTCTGGC TTATGACCGGAAGAAAGTATC CAAGG 

1060 Id , 70 1050 1 090 11,00 11,10 1120 

Longhotn32L-ptimt TTTACCACGTTCTTCATTG; ATTGCATGGCTOCCATCGGTCTGGCTTATGACCGGAAGAAAGTATCCAAGG 

Lm omM. -prim[ TTTACCACOTTCTTCATTGATTGCATGOCTGCCATCGGTCTGGCTTATGACCGGAAGAAAGTATCCAAGG 

Lmghorn33L-llq. t1 TTTACCACGTTCTTCATTGJkTTGCATGGCTGCCATCGGTCTGGCT? ATGACCGGAAGAAAGTATCCAAGG 

Qutol. isX791.. n-1 TTTACCACGTTCTTCATTGATTGCATGGCTGCCATCOGTCTGGCTTATGACCGGAAGAAAGTATCCAAGG 

C1 azol. i. XSOl"an-1 TTTACCACGTTCTTCATTGATTGCATGGCTGCCATCGGTCTGGCTTATGACCGGAAGAAAGTATCCAAGG 

Cb.. rolaisX501.. n-1 TTTACCACOTTCTTCATTGATTOCATGGCTGCCATCGGTCTGGCTTATGACCGGAAGAAAGTATCCAAGG 

Cbaro1ai. X371. sn-1 TTTACCACGTTCTTCATTGATTOCATGGCTOCCATCGGTCTGGCTTATGACCGGAAGAAAGTATCCAAGG 

charolli. X)71.. 0-1 TTTACCACGTTCTTCATTGATTGCATGGCTGCCATCGGTCTGGCfTATGACCGGAAGAAAGTATCCAAGG 

LonOorn32L-prtmr CTOCCATCTTGGCCAGGATAAAAAGAACTGGAGAGGAAAGCTACAAGAGTGGCTGAATTTGTGGTCCCTT 

Lonqborn32L-primr CTOCCATCTTGGCCAGGATAAAAAGAACTGGAGAGGAAAGCTACAAA&GTGGCTGAATTTGTGGTCCCTT 

Longhorn3H -lLgati CTOCCATCTTGGCCAGGATAAAAAGAACTGGAGAGGAAAGCTACAAGXGTGGCTGAATTTGTGGTCCCTT 

CharolalsX791. -1 CTOCCATCTTGOCCAGGATAAAAAGAACTGGAGAGGAAAGCTACAAGAGTGGCTGAATTTGTGGTCCCTT 

CbarolaisX601. an-I CTOCCATCTTGOCCAGGATAAAAAGAACTGGAGAGGAAAGCTACAAGAGTGGCTGAATTTGTGGTCCCTT 

Ca lalaX901.. n-1 CTOCCATCTTOOCCAGGATAAAAAGAACTGGAGAGGAAAGCTACAAGAGTGGCTGAATTTGTGGTCCCTT 

Charolal*X37loan- 1 CTOCCATCTTOGCCAGGATAAAAAGAACTGGAGAGGAAAGCTACAAGAGTGGCTGAATTTGTGGTCCCTT 

Cü. rolai. K37l. -1 CTGCCATCT? GOCCAGGATAAAAAGAACTOGAGAGGAAAGCTACAAGAGTGGCTGAATTTGTGGTCCCTT 

GGOTTCCTTTTCCMAAGCCATCTGGG 

1iOo 1210 

L n4hota)IL-ptfaet 
Lcs *ocn72L-pr£ r GOOTTCCTTTTCCAAAAQCCATCTOGO 
Lanphorn73L-iLO. tl 000TTCCTTTTCCMA110CCATCTOGO 
CA. co1.1, X791.. n-1 OOOTTCCTTTTCCkAAAGCCATCTO00 

ClutolsieXSOloan- 1G GTTCCTTTTCCAAAAGCCATCTO00 
CL arol. i"XSOlws-1 OOOTTCCTTTTCCAAAAOCCATCT000 

Charola1. X)71.. n-1 OOOT? CCTTTTCCIIAAAGCCATCT000 
Charol. tsX)71.0º-1 OOOTTCCTTTTCCMAAGCCATCTOOG 

1120 

1120 

1051 

1051 

1120 

1120 

1051 

1051 

1190 

1190 

1121 

1121 

1190 

1190 

1121 

1121 

Alignment of SCD cDNA sequences from the Semimembranosus muscle of animals of the Longhorn and Charolais cross breeds with low cis-9, trans-11 CLA content continued. 
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Appendix B. Publications 

(i) Publication in Livestock Science (2009) 125,291-297. 

UvefA Sc r't e 12S 2004 291 217 

ý cone«+es Mb . r. +, a.. c sc. no. oi.. cs 

Livestock Science 
journal homeplvs' M*M eIssvIsc com loCit" Iuvaco 

Effect of breed on fatty acid composition and stearoyl-CoA desaturase 
protein expression in the Semimembranosus muscle and subcutaneous 
adipose tissue of cattle 
I. J. L. Dances. K. R. MJt thews b. 0. Doran c-* 
" ouM+ýw N( wwýMeý frwwre uýA+ýA N tlril (a (M t /Sr0 foul ur 
" MEN uwwd. 1n ... 1 now s w+w _. wem ovum am l4 IR 
' sd. + of LO 1bß.. U wr+er 4w Wm if nowt P. isp c wt. Cw0wom j... boot 9514 'Qt u* 

ARTICLIIM/O ABSTRACT 

AnkIr wo t The peu. R study hi , stigated (i) the efknt of breed on the expression of steaoy4COA Lwvhvt t] Po p W- disatllfa. (SCD) prs e$n and ktty add composition in Semimrntlrmnste musck and 
Im MW JOB* rt*cManam adipose flaw of beef cattle and (it) the tebtiondup between SCD expýrssion. » Aca"d Un ION 

cf-t tra s-it cvn$ated ündek add (fU) eonlent. and mo. wunsaoaated fatty acid (KNA) 
kwi The study was conducted on the ldiowind breeds Longhorn (U Charolais crass with ý. 

o 
Ho1Mr*-frvMan (CX). Hererd (H). Belted Galloway (BC) and Beef Shorthorn (IS). 

mind 
iipMutM Owed dNMettnrs to the total fatty acid content. saturated fatty acid (SFA) kveL 

-mp ay a___ft" M(A and n) RFA contem were obetved in suEcvwnews adipose tissue bu not in muscle. 
l1F&W4&v4vWý M the can of CIA the bead differences were observed in both muscle and subcutaneous 

adlpw d ow. with the highest Ievel In L and the lower keel In H. In the eise of subcutaneous 
adque twee. the breed with the highest CiA mntettt (L) also had the highest SCD protein 
- opm oft& The breed-specific pattern of SCD expession in s. acvtanems adipose tissue was 
similar to the brad-spedfk pattern d one of the products of an SM-catalysed react 016: 1 
(RS- RC- H- CX- L) It has been concluded that (I) the mecfianisms regulating SCD pm Vein 
esp. esion and CIA level In beef cattle are flume-speriflc: (i) breed-speak variations in SCD 
for ýýwn wAOM contribute to breed variations in MUFA and M content in subcutaneous 
adipee Huret but not in Sednwn*. wosm musde- 

C 2009 Elsevier B. V. Al nights tesetved. 

1. IN cUse 

Over the port decade them has been an Increasing demand 
for healthier bad products due to concerns over the health 
probkim caused or aided by an unhealthy diet. A high intake 
of sat urated btty acids (SFA) has been deemed a mW risk 
boor in heart disease, high blood pressure, cancer and other 
pathological states' development (Korittigianits et &L 2008; 
Maid et A. 200$). In contrast. diets high in certain 
polyunsaturated and tronoumaturaled tatty acids (PUFAs 
and 1MLRAs) are believed to be beneficial for human heakh 
(Lichtenstein et &L. 1998). Ruminant mwts am of particular 

' CWº"PumdW4 w/M lot " 44 117 )A 01 0-. 117 3n 2101 
a -iGNwr 4wAm@wp* ALab (Q Ds 

*71 " MMS -w ho -O 2000 ß+M LV. N1sr wt 
rt IO q* 1 t200LOS40$ 

consumer concern because of the high level of SFAS when 
cotnpared to polt and Poultry. However, on the other hand 
ruminant meat holds great potential in becoming a -func- 
tional food'. This is related to the presence of conjugated 
önokrc acid (CIA) isomers (Keating et al. 2006), which are 
believed to posses a Lange of beneficial properties including 
immune system enhancement (Tricon et al- 2004). total body 
(at reduction (Delany et aL. 1999), anti-atherosclerotic 
properties (Krkchevsky et al., 2000). and anti-diabetic 
properties (Belury and Kempasteczko. 1997). The cis-9. 
trans-11 CLA isomer in particular, has demonstrated anti- 
carcinogenic properties in animal studies and in human cell 
culture experiments (Ha et al, 1987: Wang et al_ 2008). 
The cis-9. trans-11 isomer in ruminants can be produced in 
two ways: i) in the rumen via biohydrogenation and ii) in the 

211 



tissue from a reaction catalysed by stearoyl loA desatrrase 
(XD) (Griinan et al_ 2 )00). According to Gnman et at 
(2000). the tissue biosynthesis of CIA contributes apprmo- 
mately 712 of the total CIA in mit fat: however. the con- 
tribution of each pathway to tissue CIA levels in nreinaot 
meat Is not fully understood. 

NtAough the CIA level in beef depends on the treed and 
diet (Scollan et aL 2006) it remains generally low. and it is far 
below the vales recommended br human intake in order to 
pin the benefits (Na et aL 1949). Therefore the M content in 
beef would need to be siptif caity N[ased N older to nuke 
a manor aontrösinon t+oards the tar level for human 
consumption, In pflndpk, CIA level in the tissues can be 
Increased byfeedigtheanimalsaCIA-enrir teddiet(Dhiman 
et al_ 2005). However. the m irity of the dietary PI*As. 
Including CIA undergo rurn nal biotsydrogmation and aua 
converted to saturated fatty acids (Wood and Enser. 1997). 
This problem can be partially overcome by suppiementation of 
the arwnal diets wich extra t1JFAs or even 'protected'PUMs 
(Scott et al.. 1971: Scollan et aL. 2001. Scotian et aL 20031 
However. a major draw bock of this approach is its high cost. 

Another potrnöai approach for the increase of CIA level is 

the enhancement of its tissue biosynthesis. As mentioned 
above cis-9. trans, 11 CIA can be produced via «Woynous 
synthesis In the tissues in a traction catalysed by SCD using 
trans-vaccenk acid as a suborale (Griffnah et al_ 2000). The 
SCD etttytne is also involved in the biosynthesis of the other 
health beneficial fatty acids, MUFAs (Choi et aL. 2002 ). 
Therefore increasing the SCD expression and/or activity 
might be one way to enhance both cis-9. trans, 11 M and 
MUFA biosynthesis In cattle tnwet and hence. increase the 
nutritional value and eating quality of beet 

It is known that the MOFA and CIA congeal diR« betwert 
bleeds and Individual animals (Jun= et aL 1996: White et aL 
2002). However, whether this is related to vaAadons Ni 9CD 
expression remains unknown. Moreowr. the tissue-dlstribttion 
of SCD in twdnatw is not clear. 

The aims of the present research were: (I) to investigate 
the effect of breed on the expression and distribution of 5(1) 
protein In cattle muck and subcutaneous adipose tissue. (ii) 
to Investigate the relationship between 5(D protein expres 
sinn, cis 9, trans- 11 CIA level and MUFA content in Ave 
commercial breeds of cattle. 

2. Materials and methods 

21. A, wnd, and wrnpk cdkaloe 

seers from Ave beef cattle breeds were used in this 
experiment: Longhorn (L a =11). Charolais cross (with 
Holstein Friesian) (CX n-9). Hereford (H. n=5L Belted 
Calbway (! G. is - 9) and beef Shorthorn (8$. is - 9). At the 
time of slaughter. aN animals wee approximately 28 months 
of age (range: 2S-29 months). The animals were slaughtered 
over a four month period (25'07/06-22/11/06). and the 
animals of each breed were evenly distributed over the 
4 monde All the animals had been reared on unimproved 
blo-diverse (" SO species) pasture during sprint. summer and 
autumn. and sdsye over winter. No supplementary feed was 
Siven to any of the awls. Samples of Semhnembronmus 
musrk and subcutaneous adipose tissue were obtained from 

the and region of the beck wid n 15 min post slaughter. 
immediately frozen in liquid nitrogen and stored at -80 C 
and analysed. 

Z2. Fury aid malysis 

lipid extraction from Semimen, rom sus muscle samples 
was carried out as descried previously (Doran et al. 2006). 
Dia: omet cane in diethyl ether was used to produce methyl 
esters from the extracted lipid and the fatty acid methyl esters 
(FAMES) were analysed by gas chromatography (helium 
carrier. split ratio 50: 1). Identthation of individual fatty 
adds was achieved by comparison to standards purchased 
from Sitma (Poole. UK). 

lipids from subcutaneous adipose tissue were extracted 
into chimbrm containing butylated hydroxytoluene (BHT) 
and anhydrous sodium sulphate. After filtration. analysis of 
fatty acid composition was performed for each sample in 
duplicate Wowing the same procedure as [Dr muscle. 

23. bolocfon of miausomes 

Microsomes from muscle and subcutaneous adipose tissue 
were isolated by differential centrifugation as described 
previously (Daran et al, 2006). For both tissues. samples 
were thawed and remnant connective and adipose tissue was 
removed. Approximately 10 g of tissue was homogenised in a 
Tris-sucrose buffer (10 mM Tris. 250 mM sucrose. pH 7.4) and 
then centrifuged at 12.000 gat 4'C (Beckman model J2-21) 
for 10 min. CaC1i (final concentration 8 mM) was added to 
supernatant or infranatant (for muscle and subcutaneous 
adipose tissue respectively). This was followed by centrifuga- 
tion at 20000 a (4'C) for 50 min. The resulting microsomal 
pellet was re-suspended in Tris-KCI buffer (10 mM Tris. 
150 mM XCI, pH 7A) containing inhibitors of proteolytic 
enzymes (anti pain hydrochloride. pepstatin A. and leupeptin 
hydrochloride at final concentrations 13 IN. 13 pM and 2Si 
respectively). The relative purity of the microsomal prepara- 
tions was estimated by measuring the level of a specific 
endoplasmic reticulum marker. calreticulin. as described 
previously (Nicolau Solano et aL. 2006). 

Protein concentration in microsomal fractions was deter- 
mined by the Bradford method (Stoschedc. 1990). 

24. XD protrn expression 

The expression of the SCD protein was determined by 

The mit osomal proteins were separated by SDS-PAGE The 
separated proteins were transferred to a nitrocellulose mem- 
brane. incubated with a primary antibody (rabbit polyclonal 
amk-borine adipose tissue SCD I&G. custom made. University of 
Bristol) fotbwed by incubation with a secondary antibody 
(anti-rabbit peioxidase-labelled IgG, Arnersham. Bucks. UK). 
The primary antibody was demortstralyd to cross-react with the 
bovine muscle and subcutaneous adipose tissue SCD and to 
produce an immunaeaaive band of 37 kDa. This is consistent 
with the molecular weight of 5CD protein reported for other 
spebes (Kim et aL. 2000: Ren et A. 2004: Vasta et al_ 2009). 
The blots were developed using ECL reagent (Amersham. Bucks. 
1K) and the Intensity of the SCD signals was quantified using 
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the Imay Qar* proaam (Molra ar Dynamics, Sunnyvale. n CA 
USA). A linear r atiotnlfip was observed bdvern the intnyty 
of the 9CD 9VW and the amour of micmwrnal p urvi in both 
town. when up to 12 mg protein was used and 8K of mioo- 
sorntl p uMn was used in d the stbscquent experinrnts 
Example; d the Dots fa muscle and adpose tissue are prep in 
Fis I. One mkrasomal prWaraöan iun the same animal 
(whicti was randomly chosen) was pit w on all the blots, 
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as 100 artstrary units (i fnenee sample). The Iite+sity of 
sigah of otter samples on the sane Dbts was acp. ed as a 
paartop of the rekience sample 
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The data were a aIysed u MM Vrneral linear nwxdds 
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was camel out as a post hoc best and P<0.05 was considered 
stzKaIy signOcant. 

I Nrsdcs 

3.1. Effect of bred on /any acid composition and total fat 
content 

The amount of intiamuscular fat (calculated as a sum of 
tatty acids in munde) did not diner signi icandy between 
breeds investigated (RE. 2A). Muscle fatty acid composition is 
pies" in Table L No significant between-breed difer- 
enars wen' found in the level of total and individual muscle 
SH1 and MUFTI The between-breed differences in muscles 
were observed for cis4 trans-11 CIA and n-3 PUFA. The CIA 
content was highest for L Wowed by BG. BS. CX with the 
lowest value in H (P<OD5. Table 1). In the case of n-3 PUFA. 
the caKe t of C18: 3 n-3. C20: 5 n-3 and C22: 5 n-3 were 
the highest in L and BC. and the lowest in H (P<OD1. P<Q001 
and P< 001 respectively. Table 1). 

In contrast to musdes. there were significant between- 
breed differences in the total fatty acid content in subcuta- 
neous adipose tissue (Fig 2B). Both the L and the H breeds 

i 
n... a 

/o, 2 Yrrawwrulr (. (IMI) crosnw d Smdwlto lrýlousde (A) and sotal (spy xW aoatcat Of suhstaraus abpae tissue (6) of five beef aale breeds (4% 100 g) I lun*trwrs CX (%Now$ C-s H Ikreiard, NC = 411ed C4k, l 9S = BW 9mcdmiL Urs nepresml mwn values fQ 11.9. S. 9. and I anlwdk b I. CX. N. IC Md SS r Wft*vo1y. brp bms fr. ON sUndrd asºas 1w iwows. 'bHahass with ud1w s ilbry4lt~ i. w 
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CIS, I trim 2654 1453 1062 26.18 23.13 683 P6 
9cd1S I 31126 30490 27496 369.79 26647 76.99 P6 

C1$: 2®111(CU) 67V 329' 293' S00' 4D1' 136 
CS 2s -6 79.62 7358 663 79.66 7143 9.00 P6 
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C20: 3a-6 942 7.72 997 10.25 9.18 124 P6 

C20,. 4 i -6 32.13 3175 32.33 38.22 39.51 471 NS 

020.5 -3 2166' 15131 12.72' 21.45" 1727' 223 
072: 5 A-3 2490' 20.67' 13366 22.63" 2045' 223 
C22,6. -3 174 224 234 3.14 394 a95 P6 
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had the highest total fatty acid concert whist the BS had the 
lowest level Analysis of individual fatty acids in the 
subcutaneom adipose tissue demonstrated significant breed 
diffetencrs in the level of all the tatty acids, except for CIS0 
(Table 2). The highest level of SFA (C12: 0, C14: 0 and 016: 0) 
was observed in L and H. AN other breeds had significantly 
lower consent of C12: 0 (P- 0.001). The lowest level of C14: 0 
was observed in CX (P, 0.01) and the lowest content of C 16: 0 
was observed in IS (P- 0.05). With respect to bUF& the level 
of C16: 1 did not differ significantly between L CX H and BC 
cattle (P -0ß5) but it was significantly, lower in BS when 
compared to L (P- OAS). The level of C18: 1 trans was the 
highest in L and the lowest in H: it did not differ significantly 
between L SG and IS. The level of C18: 1 cis did not differ 
significantly between L CX H and BC but it was significantly 
lower in BS when compaed to LH and BG (P- OA1). In the 
case of PUF& the consent of C18: 2n-6 did not differ sig- 
nificantly between L CX and H. but it was significantly lower 
in BG and BS (P"0.001) The level of C18: 3n-3 was the 
highest in L and H. followed by CX and SG. with the lowest 
values far IS (P- 0.001). 

32. Effect of breed on SCD protein expression 

Expression of SCD protein was observed in both cattle 
muscle and subcutaneous adipose tissue. There were no 
significant breed differences in SO protein expression in 
muscle (fig. 3A). In contrast to moste. breed differences were 
observed in the expression of subcutaneous adipose tissue 
XD (Fig. 38). The highest SCD level was observed in adipose 
tissue of L. followed by CX and H. However. the differences 
between these three breeds were not significant, possibly due 
to large between-indmdual variations within each breed. BG 
and $S had significantly lower 5CD expression when com- 
pared to 1. CX and H. The largest between-breed differences 
(more than 4-fold) were observed between L and 85. 

4. Discussion 

The present study established significant between-breed 
differences in ds-9, trans-11 CIA content in muscle and 
subcutaneous adipose tissue of five breeds of cattle with the 
highest values in Land with the lowest in H. In the literature 

TaMr 2 
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some between breed diferenoes Ni CIA eatternt have been 
repo kd br dairy arte but they refer mainly to the M 
content of mi k For example. White et al. (2002) found 
Holstein Frisian cattle paned on pasture to have 0.57% t3A 
content in milk fit compared to a tower percencaje 40.46 for 
the kriey breed led the same diet 

The dmectbns of the breed rrlatrd CiA charips in the 
present study went simlar for muscle and subcutaneous 
adipose thaue (H - CX" 85.8C L) MterestrtOr in the oseof 
subcutaneous adipose tissue. sipNltcant breed differences in 
CLA content wrre accompaMed by a simian pattern of 
significant dunges in the trans soccadc add (NA) content. 
whkh is the uMt rate fat tissue CtA hlosyrwhesn At the same 
tune. TVA level did not äkt significantly in muscles These 
resoles are consistent with a study by Schen et al. (2007) who 
reported tissue and breed specMc respon es in terms of TVA 
and CIA in cattle led either a pasture or concentrate diet. A 
possible exptsutlon d ote results could be that at least a part 
of the adipose tissue (but not muscle) CIA was derived fron 
tissue bbsyntttesls from NA in the reaction catalysed by 5CD. 
The reason why there are breed Mated differences in NA 
content in subcutaneous adipose tissue but not in muscle are 
not dear. This mfht be related to tissue specl k functioning 
of the system transporting TVA to the tissues. 

An increase in substrate level might be sufficient in Itself for 
increasing tissue CU biosynthesis without a change in SCD 
expression. On the other had. increase of the tissue biosynth 
esis might also be related to an increase in SCD expression. To 
investigate the possible importance of SCD expression in the 
observed breed differences in CIA content. SCD protein level 
was analysed. Indeed. breed specific variations in adipose 
tissue (but not muscle) XD protein level were found. These 
breed -specific SCD variations were accompanied by a similar 
breed-related pattern of one of the products of an SCD- 
cataFysed reaction. C16: 1. These results are consistent with 
findings of Taniguchi et aL (2004) who reported both, breed- 
and tissue-specific differences in expression of SCD1 mRNA in 
Japanese Made and Holstein cattle. Taniguchi et aL (2004) also 
demonstrated that higher SCD mRNA expression was positively 
related to MOFA content and concluded that SCD expression 
may contribute to the differences in subcutaneous adipose 
tissue fatty acid composition between Japanese Black and 
Holstein breeds Breed differences in SCD expression were also 
reported by Ohsab et aL (2007) who demonstrated the higher 
5CD1 mRNA level in the penrenal adipose tissue of the Japanese 
Black oxnpaied to dim of the Holstein breed 

In our study breed-specific variations in 5C1) protein 
expression were observed in adipose tissue but not in muscle. 
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Moreover. we have observed only one SM innonoreactire 
band in the muxk. but two closely positimed mmmwr- 
eaCNC bands en a cuum S ad4w fish. Tb nugM be 

related to breed and tissue- specific distrit>uvon and regula- 
tion of 5(D iiobrmf. blow than one 5m isofotm has been 
idrntifkd in ddhii u species. Thus four 5CD isotatms (SCD1. 
SCD2. SCU3 and 9CD4) have been reported in mice (ºtambi 
et at. 1988. Kaestner et at. f9ä1: Zheng et al_ 2001: Miyazaki 

et al. 2003). To dann two SCE) nobrms have bwnrepo. 
In human and cmk (reviewed in Schennink et at. 20081 
In dairy and beef cattle. SCD t is predominantly expressed in 
the manna tissue and adipose assur. whereas brain tissue 
is the make sited expression for SCD5 (Clams et A. 2000: 
Lengi and Cort 20071 The isdorm spectrum of cattle muscles 

M interesting Mtding of our study is that the breed- 
sp"c pattern of subcutaneous adipose tissue SCD exptes 
sinn and C 16: 1 content was not the same as the breed spec 
pattern of CLA kvet. Thus. adipose tissue SCD expression and 
C16: 1 were changing in the dlrecrion OS- eG" H <CX" L 
whist CLA was changing in the direction H" CX " 15 - SG -L 

The only similarity between these patterns was that the 
highest level of Al three compounds was observed in L breed. 
These resorts suggest that although there is breed specific 
variation of subcutaneous adipose taue SCD. these variations 
might conaitsute more to the rege a ion of the tissue NINA 
rather than CIA content 

At present. endogenous synthesis via 9CD is believed to 
be the main pathway conWbutlrt; to the ruminant meat 
and milk content of cis-9. trans-lt CIA level (approxLnately 
782 conganed to the CIA produced in the rumen as an 
intermediate of blohydrogenation) (Gnirnri et al. 200o- 
Dhlman et al.. 2005). However other studies have shown that 
this may not be the full story due to disparity between the 
activity levels of the enzyme responsible (SCD) and the 
resulting fatty acid profile of the species investigated 
(Aahibeque et al.. 2005). The results of the present starch 
air consistent with those of the tatter studies. 

In conctusiort the present work demonstrated that there 
are breed specific and tissue specific variations in CIA MUM. 
total fat content and 9CD expression in beef cattle. The 
variations in SCD protein expression might conts to the 
breed specific variations In tuUFAcontent and to some extend 
the CIA content. The variations in subcutaneous fat CIA 
content are likely to be mainly related to breed dl ferences in 
the tissue concentration of the substrate br the 5CD- 
aulysed reaction. The resuks suoest that mechanisms 
reiuWu+t M deposition vary between muscle and sub- 
cutaneous adipose tissue. 
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Research Paper 

Comparison of two derivatisation methods for conjugated 
linoleic acid isomer analysis by Ag' -HPLC/DAD in beef fat 

Lrn+d»y J. E. O. nw'. Obre Dwsn'. Katl+p H~'. Dirt CarwwnK14 1, ßsid Nusnb q' and 
Karin Nuwv*O W 

DgVwl nwt of abftd vow& -- V& nos. UdrwWty tot AI-A. Lr+01ad. Briod. INC 

' kr11MM d a, -I Ticlyd *. Unkvrv hd Yr YMw1 of En s d. A' AUK 
'PM d% Urre Made 8 gl end (iroolk Rv Md Mtlwq kw On B'idogy of Form A *n. . 

Dimnersb#. 

Clog --ro 
' PA*md UnM Owwbm and B asin%y PAr d hrtlhM for IM BIdo r of Fwm Hirns. DumwsbA. 

(iatiN 

No dYf a nl pnncalun+ fix the mcth i toe of con ugsord hnokic acid nomcn (CLA) v6vm compamJ 
by iiva rat (Ag')-NP1 A: '11e harr-walyscd method folk. wed by an aadistolywd method (Na(X: H/ 
Bi'J, and t Ayd oly k JowW by med"Iallon whh diazomedrnc in dkttl)i cthcr (diazomct inc) 
wete used to peeprv fatty acid medal tow ts f%m Ilpi& present in PAKuta mw adipose tissue from beef 

weep. The epestal my id e of ttw two eerirobaaöon met od was high (x0.9) fc r the maim CL A bKvners 
*. 9J,. - II wad tnas-I IA*-13 A agnWicsiv difference between the methods was kund for the four 
Inwnen rimer II . naaº13. raw- I O, hi u-12, trenn-9, mtwr 11, and tnou-S nnm-10 and for the sum of taal 
N In Irwner+ fee Mlh mhwrlutc (mgJl 00 g) and reblive (%), which were higher with the Na(X: H, / 
KP S medad Kit the main axonn csr-9, sr s- II and the sum of lod CL A isomers, a higher concen"itm 
was kfentrfi d with Ihr dbnrmethane method ('%1,2 mg/ 10 g vs. 749.3 mg/ IM g and 991.59 vs. 962.99, 
rk. rcoj%vjv ) 

K rwwds Air 441LC /A-a YNk omit/ CorsgwO bý01MC sm im w/ Okuomwww / waNwoon pmCso /M 

Amel 
. 
DANA 9.200W. Wooled . kdy 28.2000 

00110 t0OVu 2OOY00062 

I Introduction 

In the {. u fcw "s thcnc has hcen a growing mrcncst in the 
ratay at dw hoardn of con cd Irw 4& add (Cl A). This Is 
Mitod to to fact dw0A Isom rhwa numher of health 
beaefia. It his been detttntmtntcd aw dlfätent Isomers are 
toMm IIk ftw unl-mthmodc atk pn+cthcs. Immune g1fl 
wAmkvmcnt. wed t*, dy [n rv ct on and anö-dialax effects 
11 -41 II4. wm% r. reran human intenvendnn studtc+ hw 

w id can. w. srah r. eaft to r,. eio ,d Fom ArOmb WI- 
M. l9WLM.. 2. ISIS a. 1011«. OA. Owni. y 

Fm - 4&3@20540W 

MI LU nC LA. ocoompNd rn1. C soft Ofl& oR *.. nlbo- 
OW 

C 2010 waFwvw w. lp (b I& Co. KOftk w l**m 

reported inconsistent effects 13,5-71. The most predominant 
CIA isomer present in ruminant tissues is cis-9, uum-I I, 
%fuct is kncn+n to exhibit anti-carcmo nie properties in ani- 
mal experiments and in studies on human cell lines 17,91. 
Reornt studies suggest that the effects of CIA may be isomer 
dependent and that cis-9. tmm-I I CI 

.A and trans- I O, cis- 12 
CIA have different effects on blond lipids and on metabolism 
in adipoeytcs 13.71. In relation to this, it is therefore impotent 
to have reliable and precise tediniqucs for identification and 
quantification of particular CIA isomers in food. 

In the Western wo id. the main natural sources of CIA in 
the human diet we ruminant meat and milk (20-25% of total 
CIA intake) [91; therefore, specifk quantification of the CL A 
content of these products is of particular interest Currently, 
there are several procedures that can be used to quantify the 
CIA isomers in various foods. A majority of the procedures 
follow the basic principle of lipid extraction from the food 
pr duct, foil med by methyladon to convert the complex 

Mte! SCIeIKe' 
www. q corn 
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rawo of fatty acids boo -d., coos I 101 It is the awdryle- 
tion p uadure fiat pmrtln rnpnrwd +e{unuon of the ori- 
fanl cuss 'o i by the aeaooo Of as id and now. 
polar de. -Skive If 11. and A in the ditcsei betwoen the 

rarinr moth, k+n procedures used that can case 
in the rcwdd Theft are ap{woarref, 400 Rnorn fair adi, 
and no iInglr me4tnd can res t than a1 rnvttanan»ly 
II 11. The effectiveness of aI Ii Tatinn procedures depend- 

ent on a nunhn of faLian mLka n dir dwsue Ynenisated 

and the main 1pf äsctxm to he metlqlaid. The l+ne-Cata- 
- awdtnd W& J by atld-caalyned method utg Kant 

trdlucwide (RF, ) in nkdWta i the procedure nw widely 
used to piepere fatty acid me" earn of lipid extracts and 
can be used colic. a man temperature. ntudi regains a keg 

teaatinn period. or at higher - tig.. I.. . equaw. a dwrler 

feactmn period 1131. tlowatu. 13F, o awdienol I. the ds- 

adrantaoes of a short she(-11<e. the pna a h1n of a iefa U at 
high tni evinxea or k#n. rK MwWr reacbnn tints 1131. 

and. Simko with ather acid-i yud Mcda"IL the dictation of 
(I A i. mrr dbnw+utMm and the fonttmk. u of afyüc metfroet- 
ide from CIA 1121 An alternative method used by a number 
of WwwaMAe+ is that of base hydrolysis homed by tnrdeyla- 
(Ion of the resulting free fatty adele wich dlazometfrne in dl- 

elhyl ether Ad meirantape of thn nefrd is that diezonvethane 
must he peepon: . n4wnac MI a dntasuon Ixnoedure. which 
nah esarting precautions, and ße4 i rnnnlSorW& H(rraver, 
da method is easy to use. does not pxvotict artefacts 1121 and. 
a. a I. not acidic. aka, twit rr" In CI A womerirtmon Another 
procedure a nolvWi a 10% rdut" at trhnrth lMlytdi zn- 
atetlane (EMS-DAM). which can be ubtarted on the machet. 
can ab be used Ib ewer, 'TMS-I)AM is toxic. In addotiork. 
when tnMtg pe ducirrum4paphy. we have fwewrhwnly Idenöfk+d 
contw u atYtg {hab in the CIA area with the use A the wlu- 
tknn. with one peak he ng as large as that of the cis-9drw -l I 
peak 'Ilicref e. we decided to we the in-home-prepared dia- 
wmcthane nklh d for this «wi wn studs. 'flit rationale 
for cot wlson of these two nk x1aln ea 1+ hard on past and 
Raure c. 4ahocathr peulecb on (arty acki anah'si that have 
Kath up between the ran litltules Mn Mush. cads of which uses 
one of Ibe two derlraöwatlne teedinI es. 

'Ute aim of dw present thuds was tu Iv e and sum- 
pars the CIA banner profiles d adt{wne tissue net fites from 
harf caul.. andy. eJ by Ay' -N N1 E. Sher derih $Ydi m using 
the bar-cataty. ed ist of Ininwed by add-catalysed method 
(Na(X CII 1W1) or the how hydra lywi foLvwca by mc"- 
tfnn with 1n-hcw. c"pnrfuted dlu. xmth ne in diethyl ether 
(thsawncthanc) 

2 Mat. rlab snd m thods 

21 OonermI 

Merry fhe het f stem weft wca ftw,. mnporbon in thb study 
AN w*nab wit m"wrotcly ZK marls o( age %bcn 

411010WILt1RVCH% Q"*"aCe KG... VOmww 

is tvd (range- 25-29 mcn d) and hod been reared on 
biodivasc, und Feom. Samples of wbatdneow fat 

obtowd from the aid region of the bait were coIcani within 
15 mit post daughter, nniodwately' frozen in liquid nitrogen 
and stored t -$(rC Srnpks war dwoved to room tetnpera- 
ture and nonmed of a0 com, et. ne Cswc and tvsidual musde. 
I j+i h wetr then extracted from Ig adj- tiuue fb&-ing 

the prnixdure de, c icd in Detnird et aL j141. The ljºid 

exvscv Mete dhcn nic"imted using two tbffemmm tedmiqun 
(descr*wd be ow) and axwertod UMo fatty acid meth 1 esters 
(FAMI": ) 

21 qugants 

Al mtitn'Iau. m dwm3cah wrrc purdhasni from Sigma. UK. 
The 14% RF. tmctfrnol sohmon has a ndatrmly shoe shelf-life 
and was dwreorr only purdnoW from Sigma. UK in smaY 
quuttsms. The diwAnwdune in diethyl ether was produced 
`rn-h . e" at the Umnenity of Bristd. Individual C! A iso- 

mm of methyl estcn: 18: 2 cis-9, amw 11,18: 2 rums-9, tmin- 
I1.18: 2 nwes-10. ds-12.18: 2 cu-94is-11 and free 18: 2 cis- 
I Isom-13 (meth)iatcd using. odoum nwdwmkk followed by 
Nw Rl 1/Mc OI I procedure and usaf for I1P1. C calibration - not 
shnw-n) wrrc purchased from Alatrcya (P1casint Gap. USA). 

2.2.1 Beimm-catdys. d m. lhod folow. d by acid- 
c. talys. d rr»thod at IO C 

Iff ed extra t% m CIICI, wett reduced to dryness under oxy- 
gcn-fnc nimmer (O N) and re-dissolved in 300 N1, of 
toluene: 2 mi. 0.5 M sodium met aside in methanol was 
added to the may, which were shaken in a WC water loth 
for 10 min. 131', (I mi.. 14% in methanol) was then added and 
the mixture shaken for a further 10 min at 60 C, 2 mi. satu- 
rated Nall('O% was then added and the FAMES were extract- 
ed three turn in 2 mi. n-hexane. The solvent containing the 
FAME. was reduced to dryness under OFN and the FAMES 
were rc-%usrcnded in 1211 t; 1. n-hcxanc and stored at -19 C., 

2.22 Bas. -hydrolysis foIowed by m. thylstion with 
diazom. harn in die W stf. 

A solution of diazomc ans in dinhy l ether was made using an 
adaptation of the method of Vogel 1151. lipid extracts in 
C110% were reduced to dryness under 01N and hydrolysed 
in the pmencc of 2M KOH/1. in mcthanol: watcr (1: 1) con- 
tinning hydroquinonc as an antioxidant, shaking in a 60'C: 
water bath for I h. 'I"he mixtures were then acidified and the 
fatty acids were ca rated three times in petroleum ether (40- 
60°C). '11w s lutiau were methylated by addition of diazo- 
methane in a fume hood, incubated at room temperature for 
20 min and placed in a 6(PC; water bath for approximately 
5 min to remove diazomethanc and solvents by evaporation. 
'l hy were reduced to dryness under OFN and re-suspended 
in 1211 NI. mhcxanc and stored at -19-C:. 
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oooo-wa Eu JL !a 7rJ+mal 2via. 77I. 

23 Ag " -HPLC 

The IIPI '. I' .-I OAD. mau. KyuW )open) used In 

amlix the FAME for cacti s nlik a+trsaaed of kv Ow"M- 
Sph- 5 k<, iy urimal slue, -...,,. e,.. * J calunr (4.6 mm 
id " 250 nrn su1ik rod; 5 ym as1 star. Vino. USA). 

whica env nrttaimd i .n coven aait eraase of 20 C 
Hefere aye, the Mumm were apiiw cd to the ., Kumt fir 
30 min. A01% soewnitric e m4mone mkttion was {., Iwe J 

f csh eve" other day IMwtgtcwtt ýttýlyýe and w utimed for 

the HII A :. wltidt wm sA to a Atm rile of 1.0 m11mn (wo- 

cra c mot+ic phnc). A phnlodinde a my ddemw 
OAls 1% Slarttadu. Kyoto. }pin) detested r a+t**Ncd 

comp wxti at 23 mm and the w*t. i iv ame was wt as 
30 VI.. The retention tsne, of CIA wodrdt (meth 1 atcn 
of 18: 2 cL-91neu- I I. 18: 2 airy-91mm-11.18: 2 do u-10sas- 
12 and cL-9, cts-11) were used to iik, * fy owW%I r imiam+ 

dkxq with the Isonwf ck*im order 116. I'j and the tnwaal 
UV spectra of CIA banes trenn the phnaod odc detector. 
F. xten i wI*'r Mi n P6 0b war art awned a dna*'ed by 
n. enrnlxryr e at. (181 and Nuanbe. p e al. 1131 The 

eater nl cr walk- m plot of area cy pS wm {. ecp red with a 
ntandud mistdry o( mettryl a+1CYº of 19: 2 w-9. ffi s-11,181 
tram-9 jwtr 11,18: 2 hw- IOp-12.18: 2 äi-9. -11 and 
18: 2 tip- II inns. 13. The ea*Rxa*m of 18: 2 awes-9. truws-11 
was used for the other CIA rroneraa `owner.. the cdkwumm 
of 19 2 cis-9. nuws- II wir used kw 1 8.2 hw-'7. a, -9. 

2.4 9UMobcd evolueb n 

I'nr both medu b (hc mean and SD o((bc d suk*r wd rdative 
4. vnwm of 1z CI Ai wncn wem ak* rd over all 25 %*- 
cvt. nmxw la( wnpks A paled Hot was used to caxnlwc 
both mcth aM (dpMßwkx level 1=0.05). lb cwl t1c the two 
replicate mawlremetw of ! u*h methods, the reps ahihty o 
(° _ ^'...,. 1 (f, 1.., 6 . n,..,. ) for cash (I A. wner and the 
am of A lumen were cikvlated. ºKir used prone VAR- 
COMP of SAS' to csunwKc the vwiwxv componcnb n',.. 6 
und n'w.. ) 'fir corrcl. bnn 4. cwfTk*nu hwtweca 1%4h methods 
weis c ct Med kx cwt Insna aa n- wre of oanuxdmece. 

3 Results 

The ywntnunw . n. lyx+ of individual Cl A momcn in the 
. dip" sc tissue of hvCf movers went ctrrtlwcd I+d vu the ti 
dc"votl m {+nxedxa using A1' . 111'1. (: of 100 anely .s 
(25 +rmplcs in duplicate per maivif) i he ui ntntkm of 
12 Cl A rnnrn (ndudI tr prrnetrxal i*ners A cwtrum; 
fM kü) was wwd)wd and calculated in absolute (m`/100 j) 
and rd c (% prnptwt nn due to the sum d 12 bomcn) 
Lunlem of fresh sub taneom afilawe imuc. 'ilrc pc 
detected in the rep in of the cWtG CIA t+owntn of the AS' - iwi : clrtnrtnttVnrtr did not show UY upcun (pM odi ie 

lýýut. '. aa ý-ýa: rý S ^scr.;: -ýerý's' 

array deKaor from 190 to 360 nm) t)Tical of (JA isottws 

and were not identified as CIA cia/as isomers. 
Table I eins the mean and SD of concentration data 

(tag/ 100 g) and the relative proportion (%) for each CIA 
lamer determined using both mct Tation procedures. 
Higher inntters aoncertamcxts for trans-I I, tracts-13, trans- 
10, nmw 12, bwsi-9jrax*-11, tram-8, tna6-10 and the sum of 
totsl tnets/r, -n Cl A isomers were found following the 
NsOX: H5/RF, meth d compared to that of diazonxthane, 

ihcreas . is- I 11wu-13, cis-9,1rans- II and the sum of total 
CIA isomers were tignificandy lower following the Na()CH t/ 
BI-', method than for the diazomethanc method (Fahle 1). 
Less signticant differences between the two methods can be 

otnerved for the individual CIA miners when relative pro- 
portions are cakvlated. Significantly higher values for 
Na(x: H, /BF4 method compared to diazomcthanc method 
were spun sown. AO other dsInnavis and numis CIA nomen 
"htwred no statistically significant differences for relative 
avnpasitim between te two derivatisadon methods. 

To evaluate the two replicate measurements for both pro- 
ccdurcs, the coefiicicnt of repeatability 0 was calculated for 
the ehechice concentration (mg(100 g; we statistical evalua- 
tion) A value of the parameter 11 >0.8 represents a high rclia- 
biüt) of the method (1'ig. 1). Overall, 8 out of ttfe 12 isomers 
lwe red (sir-II. trans-13, ä-12irans-14, cis-9, trans-11, 
trans-Iltis-13, nuns-I2, trmts-14. num-7, is-9, tnms-7, tnins- 
9 and trwu-9, trans-11) showed a high value of repeatability 
with the NaOCHJBF, method (all >0.8). For the diazo- 
mctltane method, 7 out of the 12 omcra were found to have a 
high value of repeatability (als-11. tnnu-13, cis-9,1rans-11, 
mau-114s-13. nwu-II. tmns-13, trwu-12jmns-14, nuns- 
7. fnms-9 and trans9, trans-1 I, all >0.8). 'iltc two isomers that 
showed the highest repeatability for both the NaOCHJI±F, 

and dnizo, ncthane methods were the major CIA isomer ciu- 
9, nwu-I I, and the Bruns-I 1, as-13 isomer (both >0.9). The 
Brews-1knuws-10 isomer displayed a krw value of repeatability 
fin both methods (both <0.65). The higgest differences he- 
tweett the two methods were found for cis-121ram-14 and 
torus-7. a, -9 where the repeatability value w"a+ much higher for 
the Ns(x: H, BF, method compared to that of diazomethane 
in both cases (0 >0.95 compared to 0.4. and 11 >0.8 compared 
to 0.42, for cis-I 21nvu-14 and maws-7, ds-9, respectively), and 
for the isomer tram-Ii. trum-13 where the diazomcthanc 
method produced a higher value of repeatability compared to 
the Na(Cl I JHI:, method (0 >0.8 compared to 0.6). 

kit the two moat abundant isomers (cu-9, ttuns-1I and 
is -1 bell-13) all 25 individual mean measurements of dia- 
sotnethane and NaOCIIJIWF, method were plotted (X=Y) to 
demonstrate visually the degree of agreement between the two 
methods (lags. 2 and 3). The correlation coefficient was 
r_099 for cis-9, mms-1 I CIA and x_0.97 for nmu-l t, cis-13 
(11tg/I0) S. Table 2). For the low level isomers (nuns-10, truxs- 
12, cross-8, nwr10 and trans- I0, ais-12) repeatability and the 
correlation coefficients (0.09,0-37.0.2, respectively) between 
the methods were also relatively small ('1LPIc 2). 
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Table 1. Absokite M4r100 G fresh tixue) and rotative corwertrabons (%) of CLA learners in adipose time of beef steers, denvatisied by 

ei her bass-catMNsb followed by acidCahy$ed met od As 3) or base-hydrolysis followed by meäylation (diazom thane). 

Na/X: H, RF, 

n=2c 
ýiean, n 

Duzo n duw 

n=2c 
Mean, n 

NaOCHv1F, 

n=25 
"1eaný 

13U7A thane 

n=25 
Iýicanýi, 

traw. trms 
C3 Atnmr121nwr14 6.68 , 

7.58. 0.760, 0.11214 

QA t, *. 4I jrw r13 12.611, 11.25y0° I. 500; 1 25, )6` 
CIA s . -Io. rw-12 3.92,, 2.32, = 0.450. ' 0.2501 

0A trmu-9, n Lvs-11 1114,,, 10.47,, b 1.31". 1.13, ß411 
C1At a -S+. v to IAuk ' 1.37a " 0.22.. 0.16""° 

C1A 2, w-' mtxs-9 6.0434 6.332, 0.6701 0.7204 

Sum of tnul ,, wir, auwi CL A sinne 42.9612, * 39.32, � 4.9, i 4.31 ab 
cis. W $: try ci+ 
QA v-12d nu-I4S 10.47,. 9.851, 1.01os 1.040 

ClA tu II. 2, -13 90.77.,. 90.934- 9.08 8.9111 

CI A cir ll , rrour 13 7.9715 8.9921° O. SSo., 0.9302 

CIA rnw. -I0.:. -126 4.93,9 4.351,1 0.5804 0.5 1,2 

CIA al-9Jnui-1I, * 749.27mß 751.20,., i 77.431� 79. IS1 . 
CIA rnawa7, rn-9' 56.71,.. 5 56.76yo. 6.13,, 6.10Z1 

Sum i( weal (: 1 A wxnen 962.99�4 i 991. i9y, ' 
ö 100 100 

somen are the sum cd Mth gromdricd iaomeT. 
' narrr947s-1 o Uwtudcd in this peak. 
+ . igmfa ant difkmncc+ jP ZO. n51 

sum 

can I 
0. e 

tallo 1 0.4 
i 

0.4 

t7t9 
0.2 

`. o" 

t7c9 

t12t14 

t11N3 

cl1t13 

c12t14 

c9t11 

i 

tlOcl2 

tlOtl2 

t11c13 

(191. 'fite CL A level can be altered to a certain extent by feed- 
ing different diets to the animals 1201 and also by exploiting 
existing natural breed differences 1211. It is therefore important 
to have a method for accurately quantifying the total content of 
each individual isomer in a specific ruminant product. Both the 
geometric and positional CIA isomers can be separated using 
Ag' -UPI. C columns, which also detect relatively low levels of 
e; lA isomers, but problems in quantifying the individual iso- 

mer content occur due to the methylation procedure used to 
produce the FAME that are to be run on the HPI. C. When the 
CIA isomer content of different foods is determined and eon- 
clusions about CIA isomer distribution are drawn from var- 
ious studies, it is essential to find comparable results with dif- 
ferent methodologies. One study by Nuem" et al. 1131 
demonstrated this by analysing CIA isomers in muscle and 
adipose tissue of bulls using four diflerent methylation meth- 
ods. 'T'heir findings suggested that the repeatability, the rccov- 
ery with low variation and the highest concentration detected 
for the most abundant isomers resulted from the basc-catalysed 
method followed by acid-catalyse method at 60°C when com- 
pared to that at room temperature, base catalysed method alone 
or base-hydrolysis followed by acid-catalysed method. Also, 
overall, combined base- and acid-catalysed methods produced 
higher concentrations of individual isomers compared to base- 
catalysed only. It is also important to note that the deriv-atisation 
procedure used is dependent on both the tissue being tested 
and the form of the fatty acids (esterified in triacylglycerol, 
catcnfied in phosphohpids, free CIA, esterifed CIA, ere. ) to 

-BF3 - -Dfazo 

Rpun 1. RspwtabiYty a for 12 CLA isomer concentrations. 
nc$udinp sm of ad 12, In n. 25. pes in duplicates. 

4 Discussion 

(TA vv the collective name for a group of geometric and posi- 
tional isomers of the prlyvnsaturatcd fatty acid Iknoktic acid 
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I j 
low 

2. I 

I 
IM 

2m 

FW" 2. Co no. rhon of cm4fr ns-1I CLA . ama ms rs- 

mwAa"IWgi wAg'-HVLC+olo»bwe-, C dl0k 

w . no-c 1m mad ft=4W F, ) or D Md O" 106- 
W Cl by nal+onra a. "O 

TWO L CawlMon rm Mr I nWlwwn bw-wfrlld to, - 
by mo0'sod POsOCI4 W or b . -hy ov I 

wW100B s" 

now. rrrww r r 
(: ] A mmw l ldp 11 0U0 6 8: 
UAmmrIIJrr-u 074 oils' 

(aAr . IO. wwº12 0.09 012 
(IA� 4j, -II o. U' 0116' 
QA nr.. 6Jwv. 1n 017 o 66' 
CIA nr. sr.... v o. a' 0 6v' 

(]A/º12imw. 10 OAT* 0.15 
CJAm tia iI o9r or 
(3A m- tl jpw11 0.64' 0.33 
(3Anrw. toarl2( 0.15 0.36' 
CJ A ... A. nr.. 11 " 0 M' 0 '6' 
QAaw ýýfºV 0 bll' 0 411 

I-,. - -n dir +w of IrAh ptawrbtr rrnam 
Nwr4lsw10 ndrdhd n Ihr pwlt. 

" rpufkam IP o (151 

be iinvK pad 122.23). 'llib is the lint paper to coml+sre . 
ti . -c AYwd mdhnd r4Mvwcd by an ac*d- dyed nwftid 
(N. cx :Il. rlu°. ) Mph a n. K-b Jn yus (t, oosd by mcthyb- 
*kin (-In-Iw, wc- preps d da. s., n khan in dk4h51 edw) to 

l)x Use c: l A immer cam of wibcvunenws adIpo tY- 
wtt Irrem beef coak, 

{Iiwrevtº. the net propnctk+n C1iNe 1) thow thw 
the only +1 n1&. nt differences to exit bt occn the two 
medwo we fi+und for maufl u iiomen. In ach ease, the 

C 7010 W UY-VCM vb*. y Os 06 4 Co. IOM. WM Awo , 

Z, ý, &ý tatýý 

2I 

Figur" 3. Campsrieon of bans-1I. c -13 CLA ieomeº "wasuo- 
rrwds mgf100 o by Aq*-FPLC folowhq b C@Wj d folowed 

by aad cd*sod m od (NOOCFy j or bwfiydroysi+ $04- 
ed M ^eM ^ (Cho e4. 

Na(X: H JlF t method rendered higher keveh. 11 is higher 

percentage of detectable tn nuns r isomers conform to the 
higher concentration (mg/100 g) of these tram/tram isomers 
(Iahe 1). The cbkfs *omen could not be detected by the 
Ag' -I IPI C. Despite a recent study by )ouany a al. (241. who 
identified differences in the formation of ciskis CIA isomers 
during rumen metatw4ism of 18: 3 a-3 and 18: 2 n-G using gas 
chromatography, according to our Ag'-HPL(; measure- 
ments, the peaks detected in the region oft the retention time of 
the colco (: IA isomers did not show UV spectra that were 
typical of cfslcis CIA isomers and, die Wore, were not idcnti- 
(lcd as such in this study. Research of CIA mainly focuses on 
a couple of major isomers: cu-9, trws-I I and tram- I0, c6-12. 
'Ilse current study found that with regard to relative propor- 
tam , both NaOCII, /1 F, and diazome tanc in diethyl after 
gase results for these two isomer that were not statistically 
different, although for the absolute concentration (mg/ 100 g) 
a difference was found for the cis-9, truns-I I isomer, with a 
higher k-M following nietfniation with diazomethanc 
CIL le 1) 

.A 
high level of agreement hcmven the two methods 

can he oMcrvod for the cis-9, mnu- II isomer (Fig. 2, Table 2). 
Ilse correlation coefficient was high (x_0.99). 

The repeatability of cacti method for the abundant iso- 
men was high. Two isomers (cu-12, truns-14 and aunt-7, as- 
9) displayed relatively large differences in the repeatability of 
each method with Na(X: II sl 1l-'% showing a much higher 
repeatability value. As pre iously mentioned, the most ahun- 
dant isomer is cis-9, tnw. *-I1 for which Fig. I axwºs a high 
repeatability value; however. both methods have low rcpeat- 
aMity (hut similar) values and low correlations for the tnnts- 

0, cis-12. "Iltis isomer attracts great interest with regards to its 
potential health effects, which include decreasing proliferation 
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Appendix C: Abstracts 

(i) Abstract for the 59th Annual Meeting of the European Association for Animal 
Production (EAAP) 2008 

Effect of breed on expression of stearoyl-CoA desaturase protein in muscle and 
subcutaneous adipose tissue of beef cattle 

L. J. E. Dance and 0. Doran, Department of Clinical Veterinary Science, University of 
Bristol, Langford, Bristol, BS40 5DU, UK. 

Stearoyl-CoA desaturase (SCD) is a major lipogenic enzyme. It catalyses two types of 
reaction: the tissue biosynthesis of health beneficial monounsaturated fatty acids 
(MUFA) and 9-cis, 11-trans conjugated linoleic acid (CLA). SCD distribution in cattle 
tissues remains unclear and it is unknown whether this distribution is breed specific. 
The aim of the present study was to investigate expression of the SCD protein in 
muscle and adipose tissue in five breeds of beef cattle: Longhorn, Beef Shorthorn, 
Charolais cross, Belted Galloway and Hereford. The animals were fed the same diet 
and slaughtered at the age of 28-29 months. SCD protein expression was analysed by 
Western blotting in the semimembranosus muscle and subcutaneous adipose tissue. 
The major findings of the study are: (i) there was a clear breed effect on SCD protein 
expression in adipose tissue. The highest enzyme expression was observed in the 
Longhorn breed, followed by Charolais cross, Hereford, Belted Galloway, with the 
lowest expression in Beef Shorthorn. (ii) The breed specific expression of the SCD 
protein in muscle followed the opposite pattern to that in adipose tissue. (iii) The effect 
of breed on SCD protein expression in muscle was less pronounced when compared to 
SCD expression in adipose tissue. The results suggest that the mechanism regulating 
SCD protein expression is tissue and breed specific. 
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(ii) Abstract for the 1St Bio-sensing Technology Conference 2009 

Developing a Genetic Test for Conjugated Linoleic Acid Content in Cattle 

L. J. E. Dance", K. Matthews2 and 0. Doran3 

'Department of Clinical Veterinary Science, University of Bristol, Langford, Bristol, 
BS40 5DU, UK 
2EBLEX Limited, Vnterhill House, Snowdon Drive, Milton Keynes, MK6 1AX, UK 
3School of Life Sciences, University of the West of England, Coldharbour Lane, Bristol, 
BS16 10Y, UK 
* Corresponding authors: Lyndsey Dance, e-mail: Lyndsey. dance@bristol. ac. uk 

9-cis, 11 trans conjugated linoleic acid (CLA) is a naturally occurring anti-carcinogen 
which is present in meat and milk of ruminants. In order to be of benefit to human 
health the CLA level in ruminant tissues needs to be significantly increased. CLA can 
be produced either in the rumen by bacterial fermentation or endogenously in the 
tissues in the reaction catalysed by stearoyl CoA-desaturase (SCD). The SCD activity 
and hence, the rate of CLA production largely depend on SOD expression level and/or 
polymorphisms in the SCD gene. The aim of this study was to investigate the 
relationship between CLA content, SCD protein expression and SCD polymorphisms in 
muscle and subcutaneous adipose tissue of 5 beef cattle breeds. Significant between- 
breed differences in CLA content were established in both tissues investigated. The 
breed-differences in CLA content in adipose tissue (but not in muscle) positively 
correlated with SCD protein expression. In the case of muscle, it was established that 
the animals with high CLA content had a number of single nucleotide polymorphisms 
(SNPs) in the SCD coding region. About 60% if the SNPs were functional (i. e. resulted 
in amino-acid substitution). It has been concluded that CLA deposition in cattle muscle 
and subcutaneous adipose tissue are regulated by different mechanisms. CLA content 
in adipose tissue mainly depends on SCD protein expression, whilst CLA level in 
muscles is associated with the presence SNPs. The results of this study contribute to 
the development of a genetic test for CLA content in cattle. 
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