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ABSTRACT

Genetic variation in fatty acid composition of 7 different cattle breeds was examined

in experiments using non-lactating cows, yearling steers, yearling heifers and

*e"ner calves. Breed differences were found in the muscle and adipose tissues

when phospholipid and triacylglycerol fractions were analysed separately regardless

of the iatness oi the cattle. Differences in age, sex, season and anatomical site were

also significant.

It was demonstrated that as the animals aged, the propoftions of total saturates

decreased and total monounsaturates increased in the triacylglycerol fraction of

adipose tissue, ln the phospholipid fraction of muscle tissues, palmitate, stearate

and oleate decreased, whereas total polyunsaturates increased with age. Sex

differences consistently revealed that heifers were fatter, contained higher
proportions of total monounsaturates and had greater desaturation indices than

steers. Anatomical site of sampling was irrelevant in regards to fatty acid variation in

the adipose tissue, but significant differences were observed between the M.

tongissimus dorsi and M. triceps brachiimuscle phospholipids.

Experiments were also conducted with young (9 - 10 months old) purebred Jersey,
puiebred Limousin and their reciprocal F, crosses. Age, season and site of sampling

were uniform and the mode of inheritance of fatty acids examined. lt was

demonstrated that in the triacylglycerol fraction of adipose tissue, there were

dominance effects on the proportions of palmitate and stearate, and on the

desaturation and elongation' indices. Significant additive genetic effects on the

proportions of myristãte, palmitate and total saturates also existed. ln the

phospholipid fraction of muscle tissue, significant additive genetic effects were also

ävident on the propoftions of palmitate, stearate, total saturates and indices of

desaturation and elongation, Thus, the mode of inheritance experiment indicated

that fatty acids are heritable and heterosis can be exploited by us.ing.crossbreeding

as an improvement strategy in the proportions of desirable fatty acids in beef.

To determine the heritability and genetic correlations of triacylglycerol fatty acids at

weaning and slaughter, another experiment was conducted utilising samples from

824 prõgeny of Héreford dams crossed to Angus, Belgian Blue, Hereford, Jersey,

Limolsiñ, S-outh Devon and Wagyu sires. At wéaning, Íatty acids had a low h' (0 -

0.31). h2 estimates at slaughter were generally higher than at weaning: Stearate,

oleaie and total monounsaturates had h' estimates of 0.43, 0.37 and 0'40,

respectively. Other carcass traits; melting point and marbling score, had h'estimates
of il.Zg and 0.52 respectively. Strong, positive genetic correlations (ranging from

0.72-0.98) existed between the fatty acids at weaning and slaughter.

The thesis concludes that breed differences in fatty acid composition are related to

fatness and stage of maturity such that early-maturing cattle are fatter, contain higher

proportions of unsaturates, and have softer fats with low melting points than lean, late-

maiuring cattle. past studies on fatty acid composition that examined total lipids and

found si-gnificant breed variation may have reflected differences in fat content only.

Therefore, from this study, it is recommended that total lipids should be separated into

triacylglycerol and phospholipid fractions and analysed separately. Furthermore, a

Oesáturätion index for the conversion of saturates to unsaturates could be used as a

biochemical marker for selection decisions by beef breeders. Estimates of genetic

parameters presented herein, are valuable for future development of selection indices

ior fatty acid's in carcass quality assessment by the Australian beef industry.
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CHAPTER ONE

INTRODUCTION1.0

Subcutaneous, intramuscular and intermuscular fat can contribute a sign

proportion of fresh beef. Depending on the breed, age and diet, this fat can make up

to 15% of the net weight of beef (Parrett et a1.,1989). Trends in beef merchandising

are toward trimming a percentage of the fatty tissues prior to retail sale

(Brackebusch ef at., 1991). Domestic consumer demand for leaner meat cuts has

had a major influence on the marketing of lean beef in Australia over the last decade

(Lewis etal.,19g3; AMLC, 1993). This is largely because fat, particularly saturated

fat, is implicated in coronary heart disease, obesity and hypertension as reported by

many researchers (cliff , 1987; Gouldbert, 1987; oliver, 1987 and Kuba and Brewer,

1 e8e).

Beef fat usually contains 2S-gO% of the 16-carbon fatty acid (palmitate) (Marmer ef

al.,1gg4),which has a hypercholesterolemic effect in humans (Mattson and Grundy,

1gg5). On the other hand, neither of the 18-carbon fatty acids (stearate nor oleate)

increases serum cholesterol (Grundy et al., 1988). This has prompted attempts to

modify the fatty acid composition of beef, increasing the 18-carbon fatty acids at the

expense of palmitate.

Fatty acid composition in bovine tissues can be changed by altering diet (Sumida et

at., 1972; Westerling and Hedrick, 1979; Marmer et a1.,1984, Eichorn et al., 1986).

However, St. John et al. (1987) reported only small changes for palmitate and

stearate in bovine Longissimus dorsimuscle or subcutaneous adipose tissue when

the animals were fed a high oleate.rapeseed diet'

1



Another approach to modifying fatty acid composition is selective breeding (st' John

et a1.,1991 ; Scott and Ashes, 1993). Fatty acid profiles in cattle may be manipulated

by selecting for individuals or breed types capable of transmitting to their progeny

the ability to accumulate adipose tissues with less palmitate and/or more oleate

and/or stearate (Huerta-Leidenz et al', 1993)' However, there can be no breed

improvement without genetic variation. Limousin and Jersey cattle are ideal models

for studying breed differences in fatty acid composition due to their large genetic

variation in fat (Cundiff et al., 1988).

sinclair and o,Dea (1gg7) repofted that "there is a paucity of data on the lipid levels

and fatty acid composition of meat produced in Australia". Therefore, little is known

about the genetic variation in fatty acid composition of Australian cattle breeds' The

first hypothesis of this thesis is that the lipid levels and fatty acid composition of

meat produced in Australia may vary between cattle genotypes' ages' sexes'

seasons and anatomical sites of sampling, A second hypothesis is that genetic

variation may be sufficiently large to warrant selective crossbreeding of dams to

different sire genotypes as an improvement strategy in the proportion of

monounsaturated fatty acids in beef.

Many past studies on fatty acid composition have examined total lipids, such that

genotype variation in fatty acid composition may have reflected differences in fat

content only. A comparison of triacylglycerol and phospholipid fatty acid

compositions of the subcutaneous adipose tissue, eye muscle (Longissimus dorsî)

and shoulder muscle (M. triceps brachii) has not been repofted' Therefore' a third

hypothesis of this thesis is that genotype differences in bovine tissues may exist

when phospholipid and triacylglycerol fractions of total lipids are analysed

separately, regardless of fatness of the cattle'

2



St. John et al. (1991) reported that "little is known about the tissue distribution and

(or) the biochemical pathways that convefl saturated fatty acids to stearate or oleate

in the bovine species". A fourth hypothesis of the present study is that the

biochemical conversion of saturated fatty acids to monounsaturated fatty acids is

primarily a function of the activity of Ân-desaturase enzyme. Fufthermore, genotype

variation in Ân-desaturation index may exist between cattle such that the potential

use of this index in marker-assisted selection is possible.

After weaning, beef cattle in Australia are often fattened in the feedlot for about

three months or more before slaughter. Certain cuts of the carcasses are then

subjectively scored for marbling in the abbatoirs as an indication of intramuscular fat

content. The fifth hypothesis being put forward by my research is that marbling

score ranking of carcasses across genotypes may not accurately match the

intramuscular fat content.

Nothing is known about the heritability and mode of inheritance of fatty acids in

cattle. ln attempting to address this, a sixth hypothesis is that fatty acid composition

in cattle may be heritable. Fufthermore, additive, maternal and dominance effects

may exist in cattle genotypes and could be used in selecting for desirable, or against

undesirable, fatty acids in cattle.

In order to address these hypotheses, this thesis has the following objectives:

To study seasonal variations in the fatty acid composition of triacylglycerols

and phospholipids of Jersey and Limousin cows'

1
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2 To compare the phospholipid fatty acids of the eye muscle

(Longissimus dorsi) and shoulder muscle (M.triceps brachiÌ) in Jersey and

Limousin heifers to establish anatomical site differences.

3. To assess the variation in fatty acid composition with respect to age based on

subcutaneous adipose and muscle biopsies of Jersey and Limousin yearling

steers, yearling heifers and non-lactating cows.

To evaluate Jersey, Limousin and Jersey x Limousin cattle to determine the

mode of inheritance of fatty acids.

To determine breed and sex variations in triacylglycerol and phospholipid

fatty acids in Wagyu, Hereford, Angus, Jersey, Limousin, South Devon and

Belgian Blue crossbred cattle at weaning and slaughter'

6. To estimate genetic parameters for triacylglycerol fatty acids at weaning and

slaughter.

4
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CHAPTER TWO

2.O LITERATURE REVIEW

lntroduction

Humans ingest fatty acids mainly as triacylglycerols which contribute about 35-40%

of the energy consumed in the daily diet of individuals in the Western world (Fischer,

l ggg), Triacylglycerols consist of saturated, monounsaturated and polyunsaturated

fatty acids, with a chain length from 6 lo 22 carbons.

ln addition to use as fuel for energy production, fatty acids can also occur as two

types of fat in the body: storage fat, located mostly in adipose tissue rich in

triacylglycerols with a slow turnover (Beynen et al., 1980), and structural fat,

consisting of phospholipids and cholesterol esters. The structural fatty acids are

integral parts of biomembranes and are often polyunsaturated. A review of the

literature on fatty acid biochemistry and factors affecting fatty acid composition in

beef cattle is the major focus of this chapter.

2.1 LIPIDS, FATS AND FATTY ACIDS

To understand the concept of fatty acid composition, it is worth defining some of the

most commonlY used terms:

2.1.1 Fat: Allen et at. (1976) defined fat as the collection of adipose cells suspended

in a layer of connective tissue matrix, that are distended with cytoplasmic lipids,

water and other constituents, lipids being the major component'

2.1.2 Lipids are agroup of substances found in plant and animal tissues, insoluble

in water but soluble in common organic solvents such as benzene, ether and

5



chloroform. They act as energy reserves, components of biological membranes and

substrate carriers in enzyme reactions (McDonald et a|.,1988). This loose definition

of the term lipid as a group of compounds which have in common an insolubility in

water and a ready solubility in organic solvents, encompasses steroids, carotenoids,

terpenes and bile acids in addition to fatty acids and glycerolipids. Christie (1989) on

criticised this concept of a lipid as unnecessarily broad and proposed the definition:

"Lipids are fatty acids and their derivatives and substances related biosynthetically

or functionally to these compounds".

Lipids may be subdivided into two broad categories - simple and complex. Simple

lipids are those which upon saponification yield at most, two types of primary

hydrolysis products per mole (for example, triacylglycerols and cholesterol esters).

Complex lipids on the other hand, yield three or more hydrolysis products per mole

(for example, phospholipids and glycolipids) (Christie, 1982).

2.1.3 Triacylglycerols are described as fats when solid and as oils when liquid.

When hydrolysed, they give mixtures of long chain fatty acids and glycerol. Fats are

therefore, esters of fatty acids with the trihydric alcohol glycerol. When all three

alcohol groups are esterified with fatty acids, triacylglycerol is formed as indicated

below:

cHroH
I

cH,oH
I

cH,oH
Glycerol

RCOOH
Fatty acid

R = methyl group

cH,ocoR
I

cHocoR
I

cH,ocoR
Triacylglycerol

+ +

6



2.1.4 phospholipids are white, waxy solids which turn brown when exposed to the

air due to oxidation and subsequent polymerisation. They are esters of glycerol in

which only two of the alcohol groups are esterified by fatty acids and the third by

phosphoric acid (Holz et al., 1983).

The role of phospholipids is primarily as constituents of the lipoprotein complexes of

biological membranes. The phospholipids contain phosphorus in addition to carbon,

hydrogen and oxygen. They are widely distributed, and are particularly abundant in

the heart, kidneys and nervous tissues. Phospholipids include phosphoglycerides,

lecithins, cephalins and sphingomyelins (Padley et a|.,1986)' The parent compound

of the phosphoglycerides is thus phosphatidic acid, which may be regarded as the

simplest phospholipid as shown below:

cH,ocoR
I

cHocoRto
il

cH,oPoH
I

OH
Phosphoglyceride

2.1.5 Fatty acids: Most of the naturally occurring fatty acids of plant and animal

origin contain even numbers of carbon atoms in straight chains with a terminal

carboxyl group. They may be saturated or unsaturated, The saturated acids contain

a single bond betweeen the carbon atoms and have the general formula

CH3.(CH2)n.COOH. The unsaturated acids on the other hand, contain either one

double bond (monoenoic), two (dienoic), three (trienoic) or many (polyenoic) double

bonds. They possess different physical properties from the saturated acids in that

they are more chemically reactive and generally, have lower melting points'
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The carbon atoms of fatty acids are numbered from the carboxyl group and the

position of each double bond is shown by the number of the carbon atom at its

carboxyl end. The presence of a double bond in a fatty acid molecule means that

the acid can exist in two forms depending on the spatial arrangements of the

hydrogen atoms attached to the carbon atoms of the double bond' where the

hydrogen atoms lie on opposite sides of the double bond, the acid is said to be in

transform and when they lie on the same side, it is said to be in the cis form.

Differences in triacytgtycerol and phospholipid compositions

Differences in fats are a function of their fatty acid composition since glycerol is

common to all fats (McDonald et a1.,1988). The logical method of following changes

in fats, therefore, is to measure their fatty acid composition, Within individual

animals, subcutaneous fats contain a higher proportion of unsaturated acids and

tend to be softer than deeP fats.

Analysis of the fatty acids from the triacylglycerol and phospholipid fractions of

bovine Longissimus dorsi muscle showed that there were major differences in fatty

acid composition between the two fractions - the triacylglycerols were rich in

saturated and monounsaturated fatty acids whereas the phospholipids were rich in

polyunsaturated fatty acids and fatty aldehyde dimethyl acetals (o16DMA and

CI6DMA) (Sinclair and O'Dea, 1g87). The results also demonstrated that while the

level of triacylglycerols was proportional to the total lipid level, the level of muscle

phospholipid was relatively constant and independent of lipid content. Thus for

samples rich in lipid, the fatty acid composition reflects that of triacylglycerols, while

for samples with low lipid level, the fatty acid composition is more unsaturated and

reflects the phospholipid composition.
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2.1.6 Physical and chemical properties of lipids

a. Hydrolysis:

When boiled with alkalis, lipids are hydrolysed to produce glycerol and soap:

o

o.co.R

.CO.R + 3KOH

o.co.R

CH2OH
I{> FHoH + 3R.cooK
I SoaP
CH2OH
GlycerolFat

Such a hydrolysis is known as saponification since it produces soaps, which are

sodium or potassium salts of fatty acids, The process may take place in vivo under

the influence of enzymes collectively known as the lipases.

b. Oxidation:

Unsaturated fatty acids readily undergo oxidation, the site of action being the carbon

atom adjacent to the double bond. Hydroperoxides are formed:

-CHz-CH=CH-CHz-CHz-
îOz

J

-CH-CH=CH-CHz-CHz
I
ooH

These break down to give shofter chain products including free radicals which then

attack other fatty acids much more readily than the original oxygen. The products of

oxidation include shofter chain fatty acids, fatty acid polymers, aldehydes and

ketones. The acids and aldehydes are major contributors to the smells and flavours

associated with oxidised fat which significantly affects its palatability (Gunstone,

I



1975). oxidation of saturated fatty acids results in the development of a sweet,

heavy taste and smell commonly known as ketonic rancidity (Gurr and James'

1g71). This is due to the presence of methyl ketones as a result of oxidation, which

may be represented as follows:

+O -)
C=O

Jr,
Caproic acid

Pentanone

c. Hydrogenation:

Hydrogenation refers to the process whereby hydrogen is added to the double

bonds of the unsaturated acids of a fat, converting them to their saturated

analogues (Gunstone et al., 1986). Oleic acid for example, yields stearic acid as

shown below

l6

+

ü

t

(

ï
H

+

( (

I

Oleic acid Stearic acid
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Dietary fats consumed by ruminants first undergo hydrolysis in the rumen and this is

followed by progressive hydrogenation of the unsaturated free fatty acids (mainly

18:2 and 18:3 )to stearic acid.

d. Solubility:

Fatty acids with more than six carbon atoms, though only slightly soluble in water,

are more soluble than their corresponding hydrocarbons owing to the hydrophilic

nature of the carboxyl group (Gunstone, 1975). Solubility decreases with increasing

chain length. In organic solvents, the reverse trend is observed. Solubility seems to

be greatest in chloroform and least in nitroethane and acetonitrile. A detailed table of

the solubility of fatty acids is given by Gunstone ef a/ (1986).

e. Melting and boiling Points:

The melting points of long chain acids and their methyl esters are related to the

arrangement of molecules within the crystal, while those of unsaturated acids

depend on the nature of the unsaturated group, configuration, number and relative

position of the double bond (Litchfield , 1972). Thus, a series of fatty acids of the

same chain length melt in the order: cis-olefinic acid <

acetylenic acid < saturated acid. The melting point decreases as the double bond

moves from either end to the centre of the chain. Hydrogenation is also

accompanied by an increase in melting point. ln general, boiling point increases with

molecular weight. Melting points of some fatty acids from Gurr and Hanryood (1991)

are tabulated below:

ü
W

,i

I
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14:0 Myristate

Palmitate16:0

16:1 Palmitoleate

70

1

18:0 Stearate

18:1n-9 Oleate 16

18:1n-7 Vaccenate 15

18:3n-3 AlPha-linolenate -1 1

2.2FACTORS AFFECTING FATTY ACID COMPOSITION

Various factors can affect the fatty acid composition of adipose and muscle tissues

These include diet, age, sex, anatomical location and genotype.

2.2.1 Diet

The type of diet fed to animals affects fatty acid composition. Forage-fed beef has

been considered to be less acceptable than grain-fed beef primarily because of less

desirable flavours (Reagan et al., 1977) and yellow fat colour (Walker et al', 1992;

Strachan et al., 1993 and Zhou et al., 1993). While some investigators have

attributed lesser palatability to lower fat content (Moody, 1976; Harrison et al,,

1g7g), others have looked at the composition of the fat and have related lesser

palatability to overall unsaturation (Rumsey ef at., 1972; Brown et al., 1979) or to the

presence or absence of specific fatty acids (Melton et a1.,1982)'

52

61
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Many studies have been conducted which show that the fatty acid composition of

bovine tissues is affected by dietary regimen. The results of a study on the influence

of widely diverse finishing regimens on beef cattle depot fat composition were

reported by Rumsey et at. (1972). Alfalfa and timothy all-forage diets were

associated with typically saturated depot fat, whereas an all-concentrate diet

increased the total unsaturated acids by 20% over all forage diets, and most of the

increase was in oleic acid (18:1n-9).

Sumida et al. (1972) studied the effect of breed type and feeding regime on fatty

acid composition of bovine tissues. lt was found that the feeding regime had a

significant effect on the fatty acid profiles with the level of myristic acid higher in the

Longissimus dorsimuscles of feedlot steers, and the level of stearic acid higher in

the pasture-fed steers. Palmitoleic and oleic acid levels were not affected by the

feeding regime.

The influence of feeding hay and barley diets on the depot fatty acids of Aberdeen

Angus and Friesian cattle was studied by Leat (1977). His results showed that

barley-fed animals gained weight more rapidly and fattened quickly than hay-fed

animals. The percentage of stearic acid (C18:0) in subcutaneous fat decreased with

age and was replaced by octadecenoic (C18:1) and hexadecenoic (C16:1); these

changes being more rapid in barley-fed than hay-fed animals. Westerling and

Hedrick (1g7g) determined the fatty acid composition of bovine intramuscular and

subcutaneous lipids from fat samples obtained from steers and heifers that received

dietary treatments consisting of fescue grass and grain. They reported that both

intramuscular and subcutaneous fat from grass-fed animals contained more

saturated fatty acids (palmitic and stearic), and less unsaturated fatty acids,

primarily oleic, than did fat from animals that received a grain diet'

13



A study on the variation in fatty acid composition of bovine tissue as a function of

dietary regimen - forage versus grain - was also reported by Marmer et al. (1984)'

Their results showed that tissues from forage-fed beef had higher percentages of

saturated fatty acids than did their grain-fed counterparts. Tissues of grain-fed beef

provided greater quantities of the essential polyunsaturated fatty acids (including

linoleate) than did the forage-fed counterparts. Further more, fatty acids of tissue of

forage-fed beef had greater percentages of oxidation-prone nondienoic polyenes

(including linolenate) than those of grain-fed beef'

Sinclair and O'Dea (1987) reported that the meat from grain-fed animals showed a

substantial increase in the ratio of 18:2(n-6) to 18:3(n3) compared to the grass-fed

beef confirming the findings of Marmer et a/. (1984). This is presumably due to the

ditference in fatty acid composition between grass/pasture and grain' Most grasses

have more 18:3(n-3) than 18:2(n-6), whereas the reverse is true for grain lipids

(Hitchcock and Nichols, 1971).

These studies did not determine whether the differences in fatty acid composition

observed between forage and grain-fed cattle were due to differences in fat content

or independent of fatness. lt is possible that some of the differences in fatty acid

composition could have been a reflection of the level of fatness because Reneiri et

at. (1994) reported that c14:0, c17:0, c16:1 and c18:1 fatty acids are positively

correlated with intramuscular fat in Chianina cattle. Therefore, it is necessary to

investigate breed differences independent of fatness by analysing triacylglycerol and

phospholipid fractions separately.

¡
I
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2.2.2 Age

young animals contain adipose tissue with more water and less extract¡ble lipids

when compared to mature ones (Allen et al., 1976). During growth, protein accretion

eventually plateaus and fat deposition exceeds lean tissue deposition ( Allen et al.,

1967; West etal.,1gg4). With increasing maturity, the cells become distended with

neutral triacylglycerols and the fatty acid composition changes' This is primarily

because the quantity of phospholipids that contain more unsaturated fatty acids

remains reasonably constant as saturated fatty acids increase in triacylglycerols

(Allen et al., 1976).

Early studies by Lawrie and Kirton (1956) showed that young animals had less

marbling than would be expected for a specific level of fatness, while Zinn et al'

(1g70) observed rapid deposition of intramuscular fat in cattle during the latter

stages of the fattening period. Lawrie (1961) noted that beef breeds began to

deposit intramuscular fat rapidly at 10 to 12 months of age, while dairy cattle

gradually marbled without a period of rapid deposition. cramer et al. (1973)

collected muscle biopsy samples from the biceps femoris of Hereford, Angus and

Holstein steers and heifers every 56 days from 28 days of age to slaughter. Fat

content of biopsy samples was determined and results plotted as a function of

growth. Herefords and Holsteins began to deposit intramuscular fat at an

accelerated rate of about 15 months, whereas Angus increased the rate of

deposition at about 9 months. The interrelationships among diet, age, fat deposition

and lipid metabolism in growing steers was studied by smith et al. (1984)' They

repofted that fatty acid synthesis and several lipogenic enzyme activities increased

with age and then declined markedly by the time of terminal biopsy (235 days)'
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The pattern of fatty acid compositional changes during growth and fattening differs

in monogastrics and ruminants. For instance, in pigs and other monogastric animals,

the fatty acid composition of fat tissue triacylglycerols can be changed by increasing

the concentration of dietary fatty acids which are absorbed intact from the small

intestine and incorporated directly into fat tissue (Wood, 1978). This incorporation

does not occur to the same extent in ruminants since unsaturated fatty acids such

as linoleic and linolenic are hydrogenated in the rumen to stearic and oleic, such

that the fatty acids absorbed are more saturated than those consumed.

Duncan and Garton (1966), Moody et al. (1978) and Wood et al. (1983) reported

that in pigs fed low fat diets, the concentrations of both C16 fatty acids fell between

birth and 184 days of age. However, palmitoleic decreased more than palmitic,

leading to an increase in saturation during the period. Unlike pigs, most of the

studies with cattle and sheep, pafticularly cattle, have shown that the concentration

of saturated fatty acids in fat tissue lipid decreases with age and body fat content

and that of unsaturated fatty acids increases (Wood, 1983). Leat (1975) found that

from 3 lo 12 months of age, Jersey steers recorded an increase in the ratios of

palmitic to palmitoleic, stearic to oleic and stearic to linoleic acids in their

subcutaneous fat.

2.2.3 Sex

Castration of bulls and rams increases fat deposition. At the same age, bulls have

been reported to have wetter fat than steers (Wood, 1983). These differences are

greater than those observed in different cattle breeds of the same age (Truscott,

1gg0) and might be a sex effect independent of fatness. Differences in fatty acid

composition between the sexes in cattle have usually been found to be small and

those observed can be explained by differences in overall fat content (Robefts,
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1966; Thrall and Cramer, 1971; Hood and Allen,1971). However, this does not

appear to be the case in sheep where a specific problem of soft oily fat is found in

ram lambs fed high concentrate diets. Crouse et al (1972) found that ram lambs

were leaner than wethers but had soft fat; at the same concentration of lipid in the

carcass, rams had approximately 20mg/g less stearic acid. Lower concentrations of

stearic acid in subcutaneous fat from rams than wethers were also found by

Tichenor et at. (1970), Kemp et al. (1981) and Busboom et al. (1981)'

The influence of sex on the fatty acid composition of bovine lipids was studied by

Westerling and Hedrick (1g7g). They found that fat from steer carcasses contained

more linoleic and arachidonic acids than fat from heifer carcasses' However, no

differences were observed between the two sexes in total percentages of saturated

and unsaturated fatty acids. Waldman et al. (1968) found that fat deposits of steers

were higher in palmitic and stearic and lower in oleic acids than those of heifers.

2.2.4 Anatom ical location

The concentrations of individual fatty acids vary with the site of fat deposition in the

body (Wood, 1983). Research findings by Duncan and Garton (1967), Christie et al.

(1972) and Leat (1977) have shown that in general, there is a progressive increase

in saturation of fatty acids from peripheral through intermuscular and intramuscular

to deep body sites in cattle, sheep and pigs.

It has also been suggested that temperature differences between the sites may be

compensated for by differences in fatty acid composition, since a low environmental

temperature is correlated with the reduced melting point of subcutaneous lipid and

increased iodine number in sheep (Marchello et a1.,1967) and more unsaturated fat

in pigs (McGrath et al., 1968). However, temperature alone is not the only factor.
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Other factors such as the preferential deposition of absorbed fatty acids in internal

sites in ruminants are also important (Duncan and Garton, 1967).

Within the subcutaneous tissue, the portion located at the base of the pelvic limb

contains less extractible lipid than the cells located over the back. Also, the outer

and inner layers of subcutaneous fat vary in fatty acid composition, with the outer

layer containing greater proportions of unsaturated fatty acids than the inner layer

(Allen et a1.,1976). Perirenal adipose tissue contains more saturated fatty acids than

subcutaneous tissue. Certain organs as compared to subcutaneous tissue, contain

lipids possessing different proportions of fatty acids. For example, bovine

subcutaneous fat contains over 4OYo oleic acid and less lhan 2OT" stearic acid,

whereas the bovine kidney contains only 30% oleic acid and more than 33% stearic

acid (Allen et al., 1976).

2.2.5 Genotype

Chromosomal combinations can significantly alter adipose tissue composition and

total quantity of lipids deposited (Allen et al., 1976). Since species and breeds are

the direct result of genetic variance, major differences are obseruable. For example,

doubled muscled cattle do not deposit fat as readily as non-double muscled cattle

(Westerling and Hedrick, 1979), while some breeds of sheep accumulate greater

quantities of fat over the tail than others (Lough et a1.,1994, West et al., 1994)'

Breed differences in fat deposition patterns during growth reported in studies

conducted by Lawrie (1961), Berg and Butterfield (1968) and Schwartz (1972) all

point to the fact that at about 273 kg, Herefords begin to deposit fat rapidly and then

tape off at 455 kg, whereas Holsteins do not make extensive fat deposits until they

are over 364 kg.
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Diverse studies of breed influence on fatty acid composition in cattle have been

reported. Huerta-Leidenz et al. (1993) compared the fatty acid composition of

subcutaneous adipose tissues of Brahman and Hereford cows. Their results showed

that in addition to greater overall subcutaneous fat thickness, Hereford cows

contained 59 more lipid per 10Og of fresh adipose tissue than Brahman cows'

Subcutaneous adipose tissues from Hereford cows was higher in total saturated fatty

acids and lower in mono- and poly-unsaturated fatty acids than those from Brahman

cows. Their findings suggested a genetic basis for the differences in fatty acid

composition of Brahman and Hereford cows. Again, they did not shed any light on

how much of this difference was independent of fatness.

Depot fatty acid profiles of Aberdeen Angus and Friesian cattle were determined by

Leat (1 g77). He reported that at the same degree of fatness, the depot fats of

Friesians were more unsaturated than those of the Angus, and in both breeds, the

fatter the animal, the more the unsaturated its depot fat. Friesian cattle had higher

C1B:O/C16:1 ratios than Aberdeen Angus despite the lower fat content of Friesians;

but both had values lower than those recorded for the Jersey breed in an earlier

study reported by Leat (1975).

The effect of breed type on fatty acid composition of straightbred and crossbred

Hereford steers was studied by Sumida et al. (1972'). Significant breed differences

were found in the composition of palmitoleic acid of the outer and inner

subcutaneous depot fats. Eichorn et al. (1986) determined the fatty acid composition

and cholesterol content of muscle and adipose tissue of cows representing 15

breeds and their crosses. They reported that breed type effects on fatty acid

composition were more pronounced in adipose tissue than muscle tissue. However,

breed type effects on cholesterol content of muscle tissue were non-significant, a
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finding confirmed by the work of Wheeler et al. (1987). Eichorn et al. (1986)

concluded from their study that changes in fatty acid composition of bovine tissues

can be made genetically by an NAD-limited aldehyde dehydrogenase'

previous to these studies, Carlow and Searle (1957) attributed the high iodine value

of depot fat from Jersey cows to a breed effect. Leat (1977\ on this basis, noted this

would tend to suggest that there were possible breed differences in the activity of

desaturase enzymes which determine the ratio of monounsaturated to saturated

acids

2.4 Heritability of fatty acids in beef cattle

Genetic parameter estimates for beef cattle traits have been reviewed several times

(preston and Willis , 1974i Woldehawariat et al. 1977: Barlow 1978; Mohiuddin 1993,

Davis 1993, Koots et al. 1994a and Koots et al. 1994b). However, none of these

reviews had any heritability (h') estimates on fatty acid composition' Thus, this study

is probably the first attempt to estimate the heritability of fatty acids in beef cattle.

The only repods on fatty acid heritability have been in pigs (Schworer et al. 1990;

Bout et al. 1991;Cameron and Enser, 1991). h'estimates of 0.65 and 0.25 have

been reported for 18:1n-9 and 18:0, respectively, in the backfat of Large White and

French Landrace pigs (Bout et al., 1991). Cameron and Enser (1991) found h'

estimates for fatty acid concentrations in intramuscular fat that ranged from 0.24 to

0.73 in Duroc and British Landrace pigs.
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2.4 THE BIOCHEMISTRY OF FATTY ACIDS

2.4.1 Fal metabolism in ruminants

Metabolism is the term given to the sequence or succession of chemical processes

that take place in the living organism (McDonald et al., 1988). some of the

processes have to do with the synthesis of complex compounds from simpler

substances (anabolism), while others have to do with the degradation of complex

substances to simpler ones (catabolism).

ln ruminants, the substances produced by the digestion of food in the rumen are the

starting point of metabolism. The chemical breakdown of food in the reticulo-rumen

is brought about by enzymes secreted by anaerobic bacteria and protozoa.

Fermentation follows to yield principally volatile fatty acids, microbial cells and the

gases methane and carbon dioxide. The microbial cells together with undegraded

food components, pass to the abomasum and small intestine, where they are

digested by host enzymes and the products absorbed (o'Mary and Dyer, 1978).

Unlike their short-chain counterparts, long-chain fatty acids are not absorbed directly

from the rumen. They are to a large extent, hydrolysed in the rumen by bacterial

lipases. Once released from ester combination, the unsaturated fatty acids are

hydrogenated by bacteria, yielding first, a monoenoic acid. lt has been shown that

the formation of micelles in the gut of the ruminant and hence the absorption of

long-chain fatty acids, is dependent on the phospholipids present in bile (McDonald

et a1.,1988; Larick and Turner, 1989 and st. John et al., 1991).

Fats after digestion are present in the small intestine in the form of mixed micelles.

The lipid components of these micelles are absorbed into the mucosal cells by

passive diffusion (o'Mary and Dyer, 1978). Following absorbtion, there is a
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resynthesis of triacylglycerols into chylomicrons (minute fat droplets), which then

pass into the lacteals of the villi and join the general circulation (McDonald et al.,

1e88).

2.4.2 Biosynthesis of saturated and unsaturated fatty acids

After digestion and absorption, fatty acid synthesis, modification and degradation

follow. These processes are described in more detail below:

a. Fatty acid synthesis: Two important and distinct pathways for fatty acid

synthesis are widely recognised (Gunstone et al., 1986). One is a cytoplasmic

system which leads directly from 2-carbon unit precursors to long chain fatty acids

and results finally in the production of palmitic acid from acetyl coenzyme A. The

other is a mitochondrial system which involves the elongation of a preformed fatty

acid by a c2 unit addition, again by means of acetyl coenzyme A.

Acetyl coenzyme A is produced in the mitochondria by:

a) oxidative decarboxylation of pyruvate,

r"' Pyruvate dehydrog. comPlex

+ HSCoA

T"
+ COZ

coo-
Pyruvate

NAD+ 'NADH 
COS.CoA

Acetyl CoA
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b) oxidative degradation of amino acids, or

c) ß-oxidation of long chain fatty acids.

The acetyl coenzyme A is changed to citrate in a reaction with oxaloacetate, and

this diffuses into the cytoplasm where the acetyl coA is regenerated:

Citrate + CoA+ Acetyl CoA + Oxaloacetate

ln ruminant animals, acetate becomes available by direct absorption from the gut,

and may form acetyl-coA in the presence of acetyl-coA synthetase, the energy being

supplied by the hydrolysis of ATP to AMP. This is the major source of acetyl-coA in

ruminants (St. John et al., 1991).

i. The cytoplasmic (de novo) synthesis of fatty acids

The non-mitochondrial pathway for fatty acid biosynthesis is widely distributed in

animals, plants and microorganisms (Gunstone, 1975), The system is active in the

liver, kidney, brain, mammary gland and adipose tissue of mammals (Christie, 1982

and McDonald etal., 1988). Enzymes located in the cytoplasm of the cell catalyse

the conversion of acetyl-coA to long chain acids, especially palmitate in the

presence of Mn2+, ATP, NADPH and carbon dioxide.

The first stage is the transformation of acetyl-coA to malonyl-coA by the enzyme

acetyl-coA carboxylase. Acetyl-coA carboxylase has been purified from chicken

liver, rat liver and the mammary glands of rabbits and rats (Wakil et al., 1983).

Owing to the key role of this enzyme in controlling overall fatty acid synthesis, the

regulation of mammalian acetyl-coA carboxylase has been well studied (Hanruood,

1978). Malonyl-coA is more reactive than acetyl-coA, and the subsequent

decarboxylation helps to drive the reaction in a fonruard direction'
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The malonyl-coA then reacts with acyl carrier protein (ACP) in the presence of

malonyl transferase to give the malonyl-ACP complex. Acetyl-coenzyme A is then

coupled with ACP in the presence of acetyl transferase and this reacts with the

malonyl-AçP. This reaction leads, via a series of intermediates, to butyryl-AOP, the

chain length being increased by two carbon atoms. The reactions involved are

depicted below:

COOH.CHzCOS.ACP + CHS.COS.ACP

Malonyl-ACP Acetyl-ACP

ß-ketoacyl-AOP synthase I
CHs.CO.CHe.COS.ACP

Acetoacetyl-ACP

Iß-ketoacyl-AOP reductase NADPH (+H+)

NADP+

CHs.CHOH.CHz.COS.ACP

ß-Hydroxybutyryl ACP

H20

CHs.CH.CH.COS.ACP

Crotonyl ACP

crotonyl-AO P hyd ratase
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I
CHs.CHz.CHe'COS.ACP

Butyryl-ACP

The butyryl complex may then react with malonyl-AOP complex with further

elongation of the chain by two carbon atoms to give capryol-AOP. Chain elongation

takes place by successive reactions with malonyl-coA until the palmityl complex is

produced, when it ceases. This pathway furnishes palmitic acid mainly,

accompanied by smaller amounts of lauric, myristic or stearic acid. The overall

reaction can be written as follows:

CHg.COS.CoA + 7COOH.(CHz)COS.CoA + l4NADPH +

Acetyl-coA MalonYl-coA

CHg.(CHZ)t+.COO- +7COZ+ 14NADP+ + 6H2O + 8HS'CoA

Palmitate CoenzYme A

It is important to note that in this pathway to palmitic acid, 14 carbon atoms came

from acetate via malonate and only 2-C(15) and C(16) came directly from acetate.

This acetate molecule is termed the primer and can be replaced by other enzyme-

bound acyl groups under appropriate enzymic conditions. The main products are

Enoyl-ACP reductase

then:

Acetyl-coA

Propionyl-coA

iso-Butyryl-coA

2-Methylbutyryl-coA

Fluoroacetyl-coA

NADPH(+H+)

-) Palmitic acid (16:0)

r Heptadecanoic acid (17:0)

+ iso-Octadecanoic acid (18:0)

+ anteiso-Heptadecanoicacid(17:0)

+ 16-FluoroPalmitic acid (F16:0)
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Acids longer than these are formed by subsequent chain extension by the

elongation process which involves the intermediate steps of condensation,

reduction, dehydration and hydrogenation under appropriate enzymic conditions.

ii. The mitochondrial synthesis of fatty acids

This involves the elongation of fatty acids of long or intermediate chain length by two

carbon atoms, a reaction brought about by enzymes present in the mitochondria.

Thus, the major route to stearic acid involves the chain extension of palmitic acid,

produced by de novo synthesis (McDonald et a1.,1988). The system requires ATP,

reduced NADH+ and reduced NADPH+. lt involves the incorporation of acetyl

coenzyme A into medium and long chain fatty acids. The fatty acid, as its coenzyme

A ester, reacts with acetyl- CoA in the presence of NADH+ and NADPH+ in a four

stage enzyme process, The pathway is illustrated below:

R.CHz.COO-

ATP

AMP + PPi

Acetyl-coA

Coenzyme A

Fatty acid

J Coenzyme-A

R.CHz.COS.CoA

Fatty acyl coenzyme-A

ü

R.CHz.CO.CHzCOS.CoA

Keto-acyl coenzyme-A

Acyl-coA acetyl transferase

NADH (+H+)
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NAD+ H

I
yd roxyacyl-coA dehyd rogen ase

R.CHz.CHOH.CHz.COS.CoA

Hyd roxyacyl coenzyme-A

Hzo Enoyl-coA hydratase

R.CHZ.CH:CH.COS.CoA

Unsaturated fatty acYl coenzYme A

NADPH (+H+) Acyl-coA dehydrogenase

NADP

R. C Hz. C H z.CHz.COS.CoA

Fatty acyl coenzYme A

The products of this system are saturated acids with 18, 20, 22 and 24 carbon

atoms produced from palmitic acid synthesised in the cytoplasmic system.

b. Fatty acid modification

Elongation of both long chain saturated and unsaturated fatty acids may also take

place in the endoplasmic reticulum, with malonyl-coA seruing as the source of the

two carbon fragments. Unsaturated acids with one double bond may be synthesised

in the body from saturated acids of the same chain length. Thus, palmitoleic and

oleic acids are formed from palmitic and stearic acids respectively as illustrated

below:
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NADP+

NADPH(+H+)

CHs. (CHz)o.C He.C H z.QHù o.coo-

Palmitate

CHs. (CHe)6.CH :CH. (CHz)o.COO-

Palmitoleate

I
C H s. (C Hz )z .CHz.CHz. QHz)z .cOo-

Stearate

NADP+

NADPH(+H+)

CHs. (CHz)z.CH :CH.(CHz)z.COO-

Oleate

Elongation, desaturation and oxidation will be covered in more detail below

(Sections 2.4.3 and 2.4.4).

2.4.3 Enzymes of chain elongation and desaturation

a. Elongation systems

The enzymatic processes responsible for both the elongation and desaturation of

fatty acids are located in the microsomal fraction, mainly of the liver (Fischer, 1989).

The elongation of fatty acids is generally carried out by Type lll fatty acids

synthetases which use malonyl coA as the source of two carbon units for addition

(Gunstone et al., 1986). The end product of Type lll fatty acid synthetase is
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palmitoyl-Aop (Stumpf, 1980) which then serves as the substrate for the elongation

system (palmitate elongase)'

Elongation of stearate leads to the formation of very long chain fatty acids which are

important components of the lipids of mammalian brain' Their synthesis has been

studied and the key features appear to be the use of acyl-coA substrates, of NADPH

for reduction, of malonyl-coA as the addition unit and the membranous nature of the

elongation systems (Bourre et al., 1975).

Fatty acids can also be elongated by a mitochondrial system which uses acetyl-coA

as the unit for two carbon addition and NADPH for reduction. ln general, the

mitochondrial system elongates fatty acids in the range CIO to C14 whereas the

microsomal system uses c16 and longer acids (Gunstone et al., 1986)' The

mitochondrial elongation system may operate by a reversal of the ß-oxidation'

st. John et al. (1gg1) studied the fatty acid elongation and desaturation enzyme

activities of bovine liver and subcutaneous adipose tissue microsomes. They

reported that the elongation activity of bovine subcutaneous adipose tissue

microsome was the same as that obserued in rat liver microsomes'

b. Desaturases

Unsaturated fatty acids can be produced by both anaerobic and aerobic pathways -

the latter being the most common mechanism. Aerobic desaturation involves the

steriospecific removal of two hydrogen atoms from an acyl chain. Along with

reducing equivalents from NADPH, the hydrogen atoms are used to reduce

molecular oxygen to water. The desaturases are membrane-bound multienzYme

complexes with the exception of the stearoyl-AOP desaturase (Gurr, 1974)'
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Stearoyl-coA Â'desaturase has been purified from rat liver (Strittmatter et a1.,1974).

Desaturase activity requires NADPH, stearoyl-coA, oxygen, lipid and three proteins:

cytochrome b5 reductase, cytochrome b5 and the desaturase enzyme. The first

double bond insefted in an acyl chain is usualty between the 9'n and 10'n carbon

atoms. Details of the pathway have been provided by Harwood and Russel (1984).

While working with bovine subcutaneous adipose tissue and rat liver, St. John et al.

(1991) found that the microsomal Â'desaturase activity was similar in both.

However, no desaturase activity was detected in bovine liver microsomes. This

indicates that the liver is not a major site of oleate synthesis in cattle.

Polyunsaturated fatty acids in animals are obtained in the diet and can be

subsequently modified by desaturase enzymes (Gurr, 1974; Stymne and Appleqvist,

1978). ln contrast to the stearate desaturases, the enzymes forming linoleate and

alpha-linoleate probably use complex lipids as their substrates.

2.4.4 Degradation of fatty acids

Depending on the position of oxidation and the nature of the substrate, fatty acids

can be degraded in 3 ways: alpha-, beta- or gamma- oxidation.

a. a-oxidation

The removal of a single carbon atom from the carbonyl end of a fatty acid is carried

out by alpha oxidation. The mechanism of alpha oxidation is illustrated below:

RCHzCOOH + RCH(OOH)COOH+RCH(OH)COOH

J

RCHO

il
r{&

I

I
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Essentially, the fatty acid substrate is non-esterified and is usually CIZ ' Cl8' lt is

attacked by molecular oxygen to generate an unstable 2-hydroperoxy intermediate

which decomposes to an aldehyde with the release of COZ'The aldehyde is

oxidised in the presence of a source of reducing power (pyridine nucleotide or

flavoprotein) to give a fatty acid one carbon atom shofter than the original fatty acid'

The removal of a single carbon may be important when degradation of a fatty acid

by ß-oxidation is blocked by the presence of a methyl branch. Alpha oxidation is

also important for tissues which accumulate large amounts of fatty acids since they

almost invariably contain significant amounts of odd-chain-length fatty acids

(Gunstone et al., 1 986).

b. ß-oxidation

The pathway of beta oxidation is complex and has been dealt with in detail by Gurr

and James (1g80). Key steps in the pathway are the activation of the fatty acid to a

coenzyme A thioester, the ß-dehydrogenation of the acyl-coA, the hydration of the

resultant double bond, oxidation of the ß-hydroxy acyl-coA and the thiolytic cleavage

of the ß-ketoacYl-coA.

Oxidation of saturated straight chain fatty acids proceeds smoothly using a series of

enzymes in the already mentioned key steps, but there are problems in the

breakdown of other fatty acids. For example, odd chain acids finally liberate

propionyl coA which is converted to malonyl coA for further metabolism.

Unsaturated fatty acids must also be modified because their double bonds may be

in the wrong position for normal catabolism (Fischer, 1989). Greville and Tubbs

(196g) and Bressler (1970) have shown that epimerase and isomerase enzymes are

present to cope with these problems.

31



c. rù-oxidation

çoxidation is impoftant for the further metabolism of fatty acids which are di-

substituted in the 2- or 3-positions as well as the catabolism of various xenobiotics

which have alkyl chains (Lenk, 1972). Microsomal preparations from many tissues

can oxidise fatty acids in the oposition. An crhydroxy fatty acid is formed first and

this can be oxidised by NAD+ and cytoplasmic enzymes to yield a dicarboxylic acid

which can be further attacked by ß-oxidation (Greville and Tubbs, 1968)' The

enzymes responsible for the oxidation of the ohydroxy fatty acids have not been

studied in any detail. Gunstone et at. (1986) suggested that there may be an ú>

hydroxy acid dehydrogenase, although liver alcohol dehydrogenase can conveft

such acids to semi-aldehyde derivatives.

From the above review of factors affecting fatty acid composition, a key question still

remains unanswered, and that is: How linked are fat content and fatty acid

composition? Most of the fatty acid data in the literature are confounded because

the cattle were on diverse diets, at different ages and sexes. Because most of these

studies reported differences based on total lipid without separation of triacylglycerol

from phospholipid fraction, the differences might have reflected fatness only.

Nothing is known about the mode of inheritance of fatty acids in cattle. Fufthermore,

heritability estimates of bovine fatty acids are not available. To address these

issues, the thesis hypothesises that breed differences in fatty acid composition are

related to fatness and stage of maturity. To eliminate the confounding effect of

fatness and ensure an unbiased breed comparison, total lipid were separated into

triacylglycerol and phospholipid fractions. Young (9-10 months old), weaners,

yearlings and non-lactating cattle were utilised to quantify the effect of age on fatty

acid composition.
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CHAPTER THREE

3.1 Experimental design, animals and management

This thesis used research herds from two projects: - J.S. Davies Cattle Gene

Mapping Project and the Southern Crossbreeding Project located in the mid-North

(Martindale) and South-East (Struan) of South Australia, respectively. The Gene

Mapping Project comprises a backcross design based on Jersey and Limousin

breeds. This thesis utilised the parental generation in Phase I comprising of

purebred Jersey, Limousin cows and calves as well as reciprocal F, crosses. At

Struan, Hereford dams were crossed to Angus, Belgian Blue, Hereford, Jersey,

Limousin, South Devon and Wagyu sires. ln both projects, steers and heifers were

weaned at 300 days of age at which time subcutaneous fat and muscle biopsies

were collected. Thereafter, they were lot-fed on high density diet (65% barley) for a

period of between 90 (heifers) or 180 days (steers). They were grown out to 500

days before slaughter. The resulting carcasses were sampled for intramuscular fat

content, melting point and fatty acid composition.

3.2 Sample collection using biopsy technique

lndividual animals were restrained in a crush and the hair around the shoulder

muscle (M. triceps brachiî) or eye muscle (Longissimus dorsî¡ clipped. The clipped

area was disinfected with a betadine scrub solution and Sml lignocaine anaesthetic

(Lyppard South Australia Pty Vet. Supplies, Adelaide) was injected subcutaneously

at the site of sampling. An intramuscular injection (10m1) of terramycin LA antibiotic

(Lyppard South Australia Pty Vet. Supplies, Adelaide) was given to prevent infection,

A 10cm long incision was made through the hide with a scalpel blade (No. 13).

Using a pair of sterile forceps to hold the incised skin, a subcutaneous fat sample of

approximately 39 was taken. The incision was closed using metal staples after

antiseptic cream and antibiotic powder were applied as wound dressing to prevent

33



I

infection. The incision site was coated with tar to prevent contact with dust and flies.

The fat samples were weighed and cut in triplicates of approximately 1g each before

snap-freezing in liquid nitrogen. These sub-samples were then flushed with N2 gas

and transported to the laboratory and stored at -20oC until the samples were

analysed for fatty acid composition. After surgery, the animals were checked daily

for about one week during which time the wounds healed.

3.3 LaboratorYProcedures

3.3.1 Total LiPid extraction

Approximately O.1g of the subcutaneous fat or muscle sample was frozen in liquid

nitrogen, ptaced in a stainless steel mortar and pulverised with a stainless steel

pestle into finely ground powder. The powder was quickly transferred to a 20ml

screw-capped culture tube with a irozen spatula. Total lipids were extracted with

chloroform-methanol (2:1, vol/vol) using the method of Christie (1989). The

chloroform contained O.OO5% Butylated hydroxy toluene (BHT) crystals as an anti

oxidant. Methanol (3ml) was first added to the pulverised tissue and voftexed for

one minute. This was followed by the addition of 6ml of chloroform and 1.5m1 of

water, and placed on a shaker for 15 minutes. After centrifuging for 5 minutes at 800

x g, the lower chloroform layer was transferred to a clean screw capped tube. The

aqueous layer was re-extracted with a further Sml of chloroform. The combined

extracts were then dried at 40oC in a heating block under a stream of nitrogen gas

in a fume hood.

g.s.2Triacylglycerol and phospholipid separation

The extracted lipids were reconstituted in 100¡rl of hexane and spot sampled by thin

layer chromatography (TLC) on silica gel G plates (100 x 20 x O.25mm) with a small

34



cap¡llar tube. The TLC plate was then developed in an acetone/petroleum ether (1/3

v/v) solvent system in a tank containing a few crystals of BHT to prevent oxidation'

Triacylglycerols and free fatty acids move up the plate while phospholipids remain at

the origin band. Areas corresponding to the triacylglycerols and phospholipids were

scraped off the plate and transferred to clean screw capped test tubes for

methylation.

3.3.3 MethYlation

Base- and acid-catalysed methylation procedures were utilised for the biopsies from

the Gene Mapping and southern crossbreeding herds, respectively. with the base

methylation procedure, the silica gel scrapings from the TLC were dissolved in 100¡tl

of o.SM sodium methoxide in methanol. These were vortexed and allowed to stand

for 5 minutes before adding 5pl of glacial acetic acid and 1g of anhydrous calcium

chloride (as a drying agent). The mixture was allowed to stand for one hour' The

drying agent was precipitated by centrifugation at 800 x g for 3 minutes after which

the supernatant was transferred to a clean screw-capped test tube and 3ml of water

added to remove the acetic acid. The mixture was voftexed, centrifuged and the

upper layer transferred to another clean test tube. The acid methylation procedure

was used later as it was considered more reliable. ln this case, silica gel scrapings

were placed in a culture tube and 1.5m1 of acidified (H,SOJ methanol (1%) added'

The tube (firmly capped) was heated at IOOoC for 45 minutes in an oven' The

methyl esters formed in this reaction were extracted twice with Sml petroleum ether

(40-60"c bpt) after 3ml of water was added. The petroleum ether extracts were

removed and dried at 40oC in a heating block under a stream of nitrogen gas. The

dried fatty acid methyl esters were reconstituted in either 400¡rl (for triacylglycerols)
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or 100¡rl (for phospholipids) of trimethyl pentane (iso-octane) in vials ready for

chromatograPhic analYsis.

3.3.4 Fatty acid analYsis

Fatty acid concentration was determined by gas chromatography as described by

christie (1989) using two different chromatographs. The first was a Hewlett Packard

Model 58904 Series ll gas chromatograph. The instrument was equipped with a

25m x 0.32mm (i.d.) fused silica capillary column (BPX70, sGE Melbourne,

Australia). Fatty acid methyl ester preparations were injected (0.1¡tl) into the

instrument using the cold on-column technique. The carrier gas was helium (head

pressure 3Okpa) and the column was programmed from an initial temperature of

150oC (0 min) to a final temperature of 21OoC (5 min) at the rate of 2oClmin'

Chromatograms were recorded with a computing integrator (Hewlett Packard Model

3396 series ll). The second chromatograph was equipped with a 50m x 0.32mm

(i.d.) fused silica capillary column (BP2O, S.G.E. Melbourne, Australia) using a split

injection system. The carrier gas was hydrogen at a column head pressure of

30kpa. The programme comprised an initial temperature of 160oC (3 mins)' a rate

of increase of 3oC/min and final temperature ol 22OoC (4 min)' Standard FAME

mixtures were used to calibrate both gas chromatographic systems using reference

standards GLC-6g-8, Nu-Check Prep. ldentification of sample fatty acids was made

by comparing the relative retention times of peaks from samples with those of

standards. These were calculated as normalised area percentages of fatty acid' The

names and numeric symbols of the individual fatty acids are shown on page v.
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3.3.5 lntramuscular fat extraction

Approximately 100g o1 L. dorsimuscle samples were thoroughly homogenised into a

paste using a hand-held Ronson homogeniser and stored in vials at -20"c until

analysed in the laboratory. The procedure of Folch et al' (1957) as modified by

christie (1989) was used. samples (2g) weretaken afterthawing the stock material

and were homogenised in 1 1ml of chloroform/methanol solvent (2:1 vlv) and filtered'

This procedure was repeated on the residue. A saline solution of 0.88%KCl (la oÍ

the volume) was added to the combined filtrates and shaken to extract non-lipid

components. The upper layer was removed under vacuum using a water pump and

the clear lipid layer evaporated in a fume hood. The residue was reconstituted in

11ml of chloroform/methanol solvent, transfered to a clean, weighed test tube and

evaporated on a heating block under a stream of nitrogen gas' The test tube was

placed in a dessicator overnight to ensure absolute dryness before weighing' The

difference in weight was considered the chemical fat content of the beef muscle' lt

was expressed as a percentage of the weight of sample'

3.3.6 Melting point determination

Approximately 1g of fat was placed in a small flat-bottomed bottle (sml) and heated

in the oven at 100"C for 30 min until it melted. About 10pl of the melted fat was

drawn into an gcm capillary tube. The tube was cooled at 4'C overnight to uniformly

solidify the fat. The level of the solidified fat was marked on the tube the tubes were

transferred to wells of a DNA thermal cycler machine (Perkin Elmer Cetus Pty

Australia Ltd). Each of the wells in the machine was filled with purified water at room

temperature. A programme used in the machine allowed the block to be heated

incrementally at the rate of 1"C per minute from 25C to 50"C after a S-minute

equilibration period at 25"c. The capillary tubes were briefly checked at each 1"c
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rise until the fat melted and ,,slipped" from the marked spot. The block temperature

was taken as the melting Point.

3.4 Marbling scores

After slaughter, the chilled carcasses were scored by accredited AUS-MEAT

assessors in accordance with chiller assessment standards (AUS-MEAT, 1995). The

marbling score was determined by visual comparison of the distribution and

abundance of intramuscular fat in lhe Longissimus dorsimuscle with standardised

photographs. All carcasses were scored at the 12th-13th rib interface'

3.S Calculations of fatty acid ratios and indices of desaturation and

elongation

The ratio of unsaturated to saturated fatty acids is often expressed as an index of

unsaturation. For instance, and represent ratios of the conversion of

palmitate to palmitoleate and stearate to oleate respectively. Leat (1977) went a
l6:1+ 18:1

stepfurthertocalculateratiosorffaSanindexofunsaturation.Usingthis

index, Huerta-Leidenz et al. (19g3) observed that Brahman cows had higher indices

of unsaturation than Herefords. Leat (1977) also obserued that in hay-fed cattle, the

J6'! r."1¡o of subcutaneous fat biopsies remained low until 12 months of age, and
l8:0

then increased in the period 12-24 months of age.

Desaturation index

The process of the conversion of saturated to unsaturated fatty acids is catalysed by

enzymes. A flaw associated with the ratios of Leat (1977) is that they do not quantify

the activity of the enzymes involved in the conversion and they are unitless. An

alternative is to express the quantity of product of a reaction as a percentage of the

substrate that was available to be converted. An example is to express the A'-

desaturation index in C16 fatty acids as:

16:1

16:0

l8:1

l8:0
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( 16:1
desaturation ¡ndex (C16) = 16:0+ 16:l ) x 100

This index calculates the proportion of palmitate (16:0) that is convefted to

palmitoleate (16:1)when a double bond is inserted between the 9'n and 10'n carbon

atoms from the carboxyl end of the fatty acid chain by Âe-desaturase enzyme'

similarly, desaturation index in c18 fatty acids would be:

desaturation index (C18) =

This index therefore calculates the proportion of stearate (18:0) that is converted to

oleate (1g:1) when a double bond is inserted by Â'-desaturase enzyme. Linoleate

(18:2) and linolenate (18:3) are excluded from this equation because both are

essential fatty acids that cannot be synthesised by the animals. Trans vaccenate

(1g:1n-7) was also excluded because it is produced from linoleate by

biohydrogenation in the rumen. similarly, octadecatetraenoate (18:4) was excluded

as it is converted from alpha-linolenate (18:3).

Elongation index

Fatty acids can be elongated by a microsomal system which uses acetyl-coA as the

unit for two carbon addition (Cook, 1985). ln general, the mitochondrial system

elongates fatty acids in the range C10 to C14, whereas the microsomal system uses

C16 and longer acids (Gunstone et al, 1986). Elongation of fatty acids (> C16) is

carried out by the microsomal fatty acid elongase. Therefore, an elongation index for

the chain lengthening of C16 to C18 fatty acids is:

Elonsation index = (#)-loo

This index uses all the non-essential C18 fatty acids as a proportion of both C16 and

C1g fatty acids expressed as a percentage. The basic assumption associated with

the desaturation and elongation indices is that there is no fat mobilisation occurring

in the animals due to weight loss.
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3.6 Statistical analyses

All data were analysed by least squares analysis of variance using PROC GLM

(sAS,1ggg). The specific fixed effects and covariates fitted in the models are given

in detail in subsequent chapters of this thesis, Estimates of heritabilities at weaning

and slaughter were computed by restricted maximum likelihood (REML) procedure

using a univariate analysis and a sire model as outlined in PROC MIXED (SAS'

lggg). At slaughter, multivariate analyses were used with a sire model to estimate

heritabilities using HARVEY (1g90) and AsREML (Gilmour et al., 1998). Genetic and

phenotypic correlations were calculated by obtaining variance and covariance

components from HARVEY (1990) and using these in a bivariate analysis in

ASREML (Gilmour et al., 1998), Residual correlations between traits were computed

by PROC CORR (SAS, 1989) after adjusting for differences in breed, sex and

location for instance. Additional computations such as total saturated,

monounsaturated and polyunsaturated fatty acids, their ratios, fatty acid chain length

and indices of desaturation and elongation are covered in more detail in Ghapter 5'
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CHAPTER FOUR: SEASON AND ANATOMICAL SITE VARIATIONS

4.0 preamble: Experiments with animals from the parental generation of the J.S'

Davies Cattle Gene Mapping Project were designed to answer two fundamental

questions:

1. Are there seasonal variations in the fatty acid composition of lipid extracted from

adipose and muscle tissue biopsies from cows? 30 Jersey and Limousin non-

lactating, non-pregnant cows sampled in November and April were used for the

seasonal experiment.

2. Are there differences in fatty acid composition between anatomical sites:

shoulder muscle (M. triceps brachii¡ and eye muscle (Longissimus dorsi)?

Therefore, 16 Jersey and Limousin yearling heifers were utilised for the anatomical

site experiment.
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4.1 SEASONAL VARIATION IN FATTY AC¡D COMPOSITION

4.1.1 TRIACYLGLYCEROLS IN SUBCUTANEOUS ADIPOSE TISSUE

lntroduction

The mediteranean climate is characterised by hot, dry summers and cool, wet

winters, Forage availability, quantity and quality in these two seasons differ greatly,

and forage in summers must often be supplemented with grains. Lipids from forages

are ¡ch in linolenate (18:3n-3) (Doreau and Ferlay, 1994), while cereal grains are

¡ch in linoleate (1g:2) (Scott and Ashes, 1993). Given that both of these fatty acids

are essential components of the diet in cattle since they cannot be derived

metabolically, forages and grains are the sources of different essential fatty acids.

Thus, in management systems that rely on pasture and hay feeding, seasonal

variation is worth investigating to determine its effect on fatty acid composition.

Fatty acid composition studies in the past (Leat,1977; Bauchart et al., 1984; Huefta-

Leidenz et al., 1993; Ashes et al., 1993) had examined total lipids; comprising of

both triacylglycerols and phospholipids. Roberts, (1966), Garcia et al. (1979)'

Zembayashi et al. (1995) and Siebert et al. (1996) have demonstrated thatthe fatty

acid composition of depot fat is affected by body fat content, and there are large

differences in fat deposition between breed types and sexes (Zembayashi, 1993)'

Thus, in fattened cattle, the total lipid fatty acid composition would reflect mainly

triacylglycerols because the contribution of phospholipids is almost negligible

(Sinclair and O'Dea, 1987). Similarly, in lean animals, the fatty acid composition

would reflect that of phospholipids. Therefore, it is necessary to analyse

triacylglycerol and phospholipid fractions separately in fatty acid analyses to

eliminate the confounding caused by body fat content.
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In this experiment, adipose tissue biopsies were taken from the same cows in April

(after 6 months of dry pasture and hay) and November (after 6 months of green

pasture). Fatty acid composition of the triacylglycerol fraction was determined with

the main objective of quantifying seasonal and breed differences.

Materials and methods

Jersey (15) and Limousin (15) non-lactating, non-pregnant cows were used for this

experiment. The cows were a part of the J.S. Davies Cattle Gene Mapping Herd

maintained at Maftindale, South Australia. They were randomly chosen from 220

animals representing over 70 sire lines in each breed. All cows were under the same

management and grazed on the same pastures with some supplement of hay.

Subcutaneous adipose samples were biopsied from the area between the 12* and 13'n

ribs using the technique described in Chapter 3. The samples were immediately snap-

lrozen in liquid nitrogen, flushed with nitrogen gas and taken to the laboratory for fatty

acid analysis. Detailed descriptions of the lipid extraction, methylation and

chromatographic procedures have been presented in Chapter 3.

Least squares analysis of variance was carried out using PROC GLM of Statistical

Analysis System (SAS, 1989). The model included the fixed effects of breed, season

and the interaction between breed and season (Table 4.1). Least squares means

and differences between means were computed by breed (Table 4.2), season (Table

4.3) and breed by season interaction (Table 4.a).

Results and discussion

Breed differences

The cows used in this experiment were under the same management and their

subcutaneous adipose tissues were sampled at the same time and from the same
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anatomical site. Despite the identical conditions, proportions of 14:1 (myristoleate),

16:0 (palmitate), 18:1n-7 (vaccenate), and 18:3n-3 (o-linolenate) significantly

differed between breeds (Table 4.1). specifically, Limousin cows had higher

proportions of 1 4:1 (2.Ovs 1.5%), 18:1n-7 (4.1 vs 3.1%) and 18:3n-3 (0'8 vs 0'6%)

and less 16:0 (28.4 vs 29.5%) than Jersey cows (Table 4.2).

other investigators have also reported differences in cows from other breeds of

cattle. Huefta-Leidenz et al. (1993), in their comparison of the fatty acid composition

of subcutaneous adipose tissue from Brahman and Hereford cows, reported higher

percentages of 14:1,16:1 (palmitoleate) and 18:1n-9 (oleate) in Brahmans than in

Herefords. sturdivant et ar. (1992) and May et al, (1993) in their investigation of the

fatty acid profile of subcutaneous adipose tissue reported that 18:1n-9 was as high

as s7o/oin purebred Japanese Black cattle with a monounsaturated to saturated fatty

acid ratio (usR) ol 2.57. However, Angus cattle contained only 45'/" 18:1n-9 in their

subcutaneous adipose tissue with a usR of 1'17. These results indicate that the

differences were geneticaily based and not the resurt of differences in animal

management practices since the animals were raised in identical conditions'

Seasonal differences

The season immediately following winter (November) is one in which green pasture

is plentiful in contrast to April when cattle depend on hay supplements due to the

prevailing dry conditions. significant seasonal differences in the fatty acid

composition of subcutaneous adipose tissue were obserued in all fatty acids, their

summations and ratios except for 16:0 and 18:1n-9 (Table 4.1). During the "green"

season (November), adipose tissues had higher proportions of 14:0 (myristate)'

141,16:1, 18:1n-7, 18:3n-3, 18:3n-6 (1-linolenate), MUFA and PUFA than those

sampled in APril (Table 4.3).
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Forages are usuaily rower in fat than most grains used in concentrate diets for cattle

(Scott and Ashes, 1993). Moreover, forage lipids consist of greater proportions of

16:0 and 18:3 (linolenate), and lower proportions of 18:1 and 18:2 (linoleate) (Rule

et al., 1995). Results of several studies that measured fatty acid composition of

adipose tissue lipids in both sheep and cattle consistently reveal that forage-fed

animals had greaterorequivalent 16:0, greater 18:0 and 18:3, and lower 18:1 and

18:2 than grain-fed animals (Miller et al., 1967; Clarke et al', 1977; Westerling and

Hedrick, 1979; Marmer et al., 1984, Miller et al., 1986; Rule et al', 1991; Field et al''

1992). The values of 18:3n-3 and 18:3n-6 in the present experiment indicate a

similar trend

It is worth noting that both alpha and gamma linolenate (18:3n-3 and 18:3n-6,

respectively) and 18.2 are not metabolically derived in cattle and other ruminants

and it is essential that they are supplied in the diet. The proportions of both 18:3

fatty acids were higher in November than in April since green grass contains

relatively more percentages of linolenate than hay' Bauchaft et al' (1984)

investigated the proportions of long-chain fatty acids in cows fed fresh ryegrass from

springto autumn. They reported thatthe 18:3 fatty acid content of ryegrass was at

its highest during the primary grass growth but declined during the stem growth

stages, and the intestinal absorption of fatty acids increasing from 59.3 to 89'9%' lt

is probable that in the present experiment, the proportions and intestinal absorptions

of linolenate were higher preceding the November sampling than April'

Myristate (14:0), myristoleate (14:1), palmitate (16:0), palmitoleate (16:1), vaccenate

(18:1n-7) and oleate (18:1n-9) are all synthesised de novo. Myristate is chain-

elongated to palmitate by elongase enzymes, while myristoleate, palmitoleate,

vaccenate and oleate are metabolically derived from saturated fatty acids by the
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introduction of a double bond by desaturase enzymes. The significant differences

between seasons obtained in 14:1,16:1 and 18:1n-7 (Table 4.3) might indicate that

enzymatic and rumen microbial activities in the cows varied with season'

Breed by season interaction

Despite the fact that both palmitate and oleate constitute the highest propottions of

saturated and monounsaturated fatty acids, respectively, their percentages did not

differ between seasons (Tables 4.1 and 4.3). However, significant breed by season

interactions were observed in their proportions (Table 4.4). This implies that the

difference in the percentages of both fatty acids between Jersey and Limousin cows

was not consistent on green and dry pasture. Specifically, Limousin cows had higher

percentages of 16:0 in November than in April (29'4 vs 27'3%) and lower

percentages of 18:1n-9 in November than in April (38.8 vs 42.4"/"). The exact

opposite was the case in Jersey cows for 16:0 (28.6 vs 30'3%), while 18:1n-9

remained the same in both seasons.

Summary and conclusion

Adipose tissues were sampled in Jersey and Limousin non-lactating cows in two

different seasons (April and November) to determine seasonal variation in fatty acid

composition. Results demonstrated significant breed differences in triacylglycerol

fatty acids in the adipose tissue. Limousin cows had more 14:1,18:1n-7 and 18:3n-

3, and less 16:0 than Jersey cows. Seasonal variations in all fatty acids and their

summations were significant except for 16:0, 17:0 and 18:1n-9. Adipose tissues after

6monthsof greenpasture(November) hadhigherpercentagesof 14:0' 14:1' 16:1'

1g:1n-7, 1g:3n-3, 18:3n-6, total monounsaturates (MUFA) and polyunsaturates

(PUFA) than samples taken in April (after 6 months of dry pasture)' Breed by season

interaction was also significant for 16:0, 18:1n-9, total saturates (sFA) and MUFA:
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Limousins had a higher percentage of 16:0 and MUFA in November than in April

whereas Jerseys were the opposite. Limousins had more 18:1n-9 in April than in

November. Thus, season of sampling atfects the fatty acid composition of

triacylglycerols in the adipose tissue of grazing cattle.
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4.l.zPHoSPHoLlPlDslNLongissimusdorsiMUscLE

lntroduction

The role of phospholipids is primarily as constituents of the lipoprotein complexes of

muscle and biological cell membranes. They also play a role in growth since they

affect animal metabolism and cell anabolic processes (scott and Ashes, 1993)'

ln beef semitendinosus, tongissimus and triceps brachiimuscles, 9 to 14% of total

lipids consists of phospholipids and from 82 to 90% as neutral lipids (o'Keefe et al',

1968). similar proportions of lipids were observed by Romans et al' (1974) lor

Longissimus dorsimuscle: 14% phospholipids and 82"/o triacylglycerols. Up to 20%

of lipids in beef muscle trimmed of depot fat consist of phospholipids in pork muscle

(Hornstein et al., 1961), whereas Miller et al' (1986) reported from 117o muscle

phospholipids in feedlot steers lo 46"/" muscle phospholipids in game animals' Thus'

phospholipids represent a greater proportion of the total lipids in muscle than they

do in adipose tissue (Rule et al., 1995).

Sinclair and O'Dea (1gg7) and Siebert et al. (1996) demonstrated that the level of

muscle phospholipid was relatively constant and independent of lipid content,

whereas the level of triacylglycerols was propoftional to the total lipid level. Thus, for

samples ¡ch in lipid, the fatty acid composition would reflect that of triacylglycerols,

while for samples with low lipid levels, the fatty acid composition would be more

unsaturated and reflect the phospholipid composition. ln this experiment, the fatty

acid composition of the phospholipid fraction of the Longissimus dorsimuscle was

determined in the same cows sampled in April (dry pasture) and November (green

pasture). The aim was to investigate seasonal and breed influences on phospholipid

fatty acid comPosition.
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Materials and methods

The same non-lactating cows described for the triacylglycerol experiment in Section

4.1.1 were utilised forthis experiment, except that in this case, Longissimus dorsi

muscle tissues were obtained by biopsy. The biopsy technique, laboratory

procedures and statistical analyses were as described in Section 4.1.1. Separation

of the phospholipid from the triacylglycerol fraction was by thin layer

chromatography as described in Chapter 3.

Results and discussion

Breed differences

The fatty acid composition of muscle phospholipids differed between breeds (Table

4.5). Jersey cows had higher proportions of 16:1 (3.9 vs 2.9"/"), 18:1n-9 (31.6 vs

26.5"/"), MUFA (41.4 vs 33.7%) and less 18:2 (4.7 vs 7.5%), 20:4 (4.1 vs 5.7"/"),24:1

(0.2 vs 0.7%) and PUFA (16.5 vs 22.5%) than Limousin cows (Table 4.6).

Palmitoleate (16:1) and oleate (18:1n-9) are monounsaturated fatty acids produced

by the introduction of a double bond between the 9'n and 10'n carbon atoms on the

fatty acid chain by Â'-desaturase. Since both are synthesised de novo, it seems

likely that Jersey cows have higher desaturation index or accumulate more

monounsaturates over a lifetime than Limousin cows as portrayed by their higher

proportions of palmitoleate, oleate and total MUFA.

Onthe otherhand, linoleate (18:2) is an essential fatty acid that is derived from the

diet since it cannot be synthesised by mammals. lt also serves as a metabolite or

primary substrate for the synthesis of arachidonate (20:4) since both belong to the

n-6 series of polyunsaturated fatty acids. Limousin cows had higher proportions of

18:2, 2O'.4 and total PUFA than Jersey cows, indicating a greater consumption of

forage per unit weight, nutrient utilisation or absorption rates.
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I

Other researchers (Miller et a1.1981; Melton et al. 1982, Marmer et al. 1984; Miller et

al. 1986; Larick et al. 1987; sweeten et al. 1990) have also reported breed

ditferences in the fatty acid composition of phospholipids in bovine muscles. ln

contrast to the results herein, Larick and Turner (1989) did not observe breed

differences in the muscle phospholipid composition of Angus and Angus x Hereford

steers. This could perhaps be due to the different muscle examined as they

investigated the pectoralis majoras opposedlo Longissimus dorsiin this study.

Seasonal differences

Significant seasonal differences were obserued in all phospholipid fatty acids except

1g:3n-3, 20:2,22:1(gondoate) and total SFA (Table 4.5). Muscle tissues sampled in

November had higher proportions of 14:0, 16:0, 16:1 17:0 (margarate), 18:1n-9,

18:1n-7, 18:3n-6, 22:5 (clupadonate), 22:6 (docosahexanoale), 24] (nervonate)

and MUFA than those sampled in April (Table 4.7). Most of these differences might

be attributable to the variation in the availability of forage during the two seasons as

well as microbial and enzymatic activities. Westerling and Hedrick (1979) reported

that the phospholipids of Longissimus dorsiof grass-fed cattle contained more 16:0,

18:0, 18:2 and 18:3, but less 18:1n-9 than those fed on grain' Larick and Turner

(1ggg) observed that the polar lipid fraction of muscle from cattle on grass contained

more 18:2, 18:3, 20:3 (di-homo-gamma-linolenate), 2O:4, and 22l.5 (clupadonate)

but less 22:4 (docosatetraenoate) than their counterparts fed corn'

ln this study, proportions of most polyunsaturated fatty acids were higher in April

than in November (Table 4.7).Previous research (Hornstein et al. 1961;O'Keefe et

al. 1968; Hood and Allen,1971; siebert et al. 1996) has shown that phospholipids

contained the majority of the PUFA associated with muscle. PUFAs are extremely

reactive, and through thermal (Herz and Chang 1970; Divivedi 1975; Wasserman
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1979; selke et al. 1980) and autoxidative ( Younathan and watts 1960; Pearson et

al. 1977) degradation give rise to a number of carbonyt compounds that greatly

influence flavour. This seems to imply that muscles sampled in April are more likely

to have their flavour altered due to the high levels of polyunsaturated fatty acids.

The underlying point is that season of sampling affects the fatty acid composition of

muscle phospholiPids.

Breed by season interaction

Significant breed by season interaction was observed in the proportions of 18:2,

1g:3n-3, 2O:4 andtotal PUFA (Table 4.5). Limousin cows had higher proportions of

18:2 and total PUFA, but less 18:3n-3 in April and November than Jersey cows

(Table 4.8). while differences between Limousin and Jersey cows were all

significant in April, the exact opposite was the case in November except lor 18:2'

This implies that significant breed by season interactions occur in the fatty acid

profiles of phospholipids; even more in April than in November.

Summary and conclusion

Muscle biopsy samples from the Longissimus dorsiwere obtained from 30 Jersey

and Limousin non-lactating cows in two seasons and the fatty acid composition of

the phospholipid fraction determined. Results demonstrated that compared to

Limousin, Jersey cows had higher proportions of 16:1 , 18:1n-9 and total

monounsaturates, and a lower proportion of 18:2, 2O'4, 24:1 and total

polyunsaturates.

Observed breed by season interactions in 18.2, 18:3n-3, 2O:4 and 24:1 lally acids

demonstrated that there were different seasonal influences in these two breeds. ln
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other words, fatty acid composition on green pasture is quite different from that on

dry pasturelhay even within the same cows. Therefore, adipose and muscle biopsies

from both Jersey and Limousin cattle should be taken in the same season for

unbiased breed comparison of fatty acid composition. Fufthermore, breed

differences observed on one diet may not hold on another diet due to significant

breed by season interactions. This experiment has also shown that there are

significant seasonal effects on the fatty acid composition of both triacylgtycerol and

phospholipid fractions in the adipose and muscle tissues, respectively, of non-

lactating cows.

i

d
rili

i'

r

I
I

52



Table 4.1: Levels of significance for triacylglycerol fatty acids in the adipose
tissues of 30 non-lactating cows from analysis of variance

Fattv acid
14:0
14:1n-5
16:0
16:1n-7
17:0
18:0
18:1n-9
18:1n-7
18:2n-6
18:3n-3
18:2cla
SFA
MUFA
PUFA
USR
PSR

Breed x Season
0.49
0.84
0.01*"
0.90
0.98
0.73
0.02*
0.52
0.37
0.45
0.45
0.03*
0.04*
0.42
0.03*
o.25

Breed
0.59
0.01**
0.04*
0.16
0.13
0.56
0.56
0.01**
0.57
0.05*
0.06
0.17
0.24
0.21
0.26
0.24

Season
0.01**
0.01**
0.74
0.01**
o.12
0.01**
0.06
0.01**
0.01**
0.01**
0.01"*
0.01**
0.01**
0.01**
0.01**
0.01**

* P<0.05
** P<0.01
SFA=Saturated fatty acids
MU FA=Monounsaturated fatty acids
P U FA=Polyunsatu rated fatty acids
USR=Unsaturated to saturated fatty acid ratio
PSR=Polyunsaturated to saturated fatty acid ratio

Table 4.2: Breed differences in triacylglycerol fatty acids (LSM % total fatty
acids) in the adipose tissusof 30 non-lactating cowso

i Fatty acid

14:1n-5
16:0
18:1n-7
18:3n-3

Breed
Jersey (n=15)

1.5
29.5
3.1
0.6

Limousin (n=15)
2.O
28.4
4.1
0.8

Significances.e.
0.13
0.36
0.26
0.05

**
*
**
*

t
I

;

oonly fatty acids that significantly differ presented (higher values in bold)
* P<0.05
"* P<0.01

t
I

t
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Table 4.3: Seasonal differences in triacylglycerol fatty acids (LSM % total fatty
acids) in the adipose tissue of 30 non-lactating cowso

Fatty acid Season

14:0
14:1n-5
16:1n-7
18:0
18:1n-7
18:2n-6
18:3n-3
18:2cla
SFA
MUFA
PUFA
USR
PSR

6.3
13.1
2.9
1.1
0.2
0.1

46.6
51.6
1.8
1.17
0.04

s.e.
0.16
0.13
0.35
0.58
o.26
0.09
0.05
0.04
0.77
0.75
0.13
0.04

0.003

ificancegnSi
**
**
**
**
**
t*

**
**
**
**
**
**
**

April (n=39)
3.7
1.2

November (n=39¡
4.5
2.3
8.1
8.2
4.4
0.8
1.2
0.9

42.8
54.3
2.9
1.35
0.07

oAs ¡n Table 4.2

Table 4.4: Breed x season interaction LSM (% total fatty acids) of
triacylglycerols in the adipose tissue of 30 non-lactating cowso

Fatty acid April November
Jersey Limousin

29.60 29.4'
40.4" 38.8b
42.4^ 43.3"
54.8" 53.9"
1.37' 1.32^

16:0
18:1n-9
SFA
MUFA
USR

Jersey
30.3"
40.0"
44.7^
53.3"
1.26"

Limousin
27.30
42.40
49.70
49.gb
1.Ogo

s.e.
0.52
0.82
1.08
1.05
0.05

oAs ¡n Table 4.2
", 0 Row means within each season with different superscripts significantly differ
(P<0.05) (higher values in bold)
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Table 4.5: Levels of significance for phospholipid fatty acids in the muscle
tissue of 3O-non-lactating'cows from analysis of varianceo

Fattv acid
14:0
14:1n-5
16DMA
16:0
16:1n-7
17:O
18DMA
18:0
18:1n-9
18:1n-7
18:2n-6
18:3n-3
18,,2cla
20:0
20:1n-9
20:2n-9
20:3n-9
20:4n-6
20:5n-3
22:O
22:1n-9
22:5n-3
24:O
22:6n-3
24:1n-9
SFA
MUFA
PUFA
USR
PSR

Breed x Season
0.38
0.43
0.95
0.45
0.38
0.80
0.33
0.11
0.67
0.08
0.02.
0.04*
0.77
0.34
0.34
0.57
0.72
0.01*"
0.08
0.15
0.10
0.85
0.53
0.91
0.06
0.16
0.20
0.04.
0.11
0,04*

Breed
0.49
0.10
0.02*
0.53
0.01**
0.27
0.34
o.44
0.01**
0.19
0.01"*
0.07
0.96
0.34
0.34
0.56
0.32
0.01**
0.13
0.15
0.91
0.79
0.33
0.90
0.01**
0.26
0.01**
0.01**
0.18
o.o2*

Season
0.01**
0.70
0.01**
0.01**
0.01**
0.01**
0.01**
0.03*
0.01"*
0.01**
0.01"*
0.94
0.01**
0.01**
0.01**
0.61
0.03*
0.01**
0.01**
0.01**
0.06
0.01**
0.01"*
0.01**
0.01**
0.23
0.01**
0.01**
0.18
0.02*

oD MA=Di-methyl-acetal
All other abbreviations as in Table 4.1
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Table 4.6: Breed differences in phospholipid fatty acids (LSM % total fatty

acids) in the muscle i¡ssue of 30 non-iactating cowso

Fatty acid Breed
Jersey (n=15)

3.7
3.9
31.6
4.7
4.1
0.2
41.4
16.5
0.40

Limousin (n=15)
4.8
2.9
26.5
7.5
5.7
0.7
33.7
22.5
0.52

16DMA
16:1n-7
18:1n-9
18:2n-6
20:4
24:1n-9
MUFA
PUFA
PSR

s.e.
0.35
0.20
1.02
o.32
0.39
0.14
1.14
1.36
0.04

Significance
*
**
**
**
**
**
**
**
*

oAs 
¡n Table 4.2

Table 4.7: Seasonal differences in phospholipid fatty acids (LS.M % totalfatty
acids) in the muscle tissue of 30 non-lactating cowso

Fatty acid Season
April (n=30) November (n=39¡

0.4 2.6
6.7 1.8
18.5 22.5
2.7 4.1

0.5 1.7
3.0 0.8
11.2 10.0
26.7 31.4
1.6 3.0
8.2 3.9
0.2 2.9
1.5 0.8
7.3 2.5
3.1 1.8
0.1 1.3
3.7 1.6
0.1 1.2
0.1 0.8
33.5 41.5
22.6 16.4
0.5 0.4

14:0
16DMA
16:0
16:1n-7
17:O
18DMA
18:0
18:1n-9
18:1n-7
18:2n-6
18:3n-3
20:3
20'.4n-6
20:5n-3
22:5n-3
24:O
22:6n-3
24:1n-9
MUFA
PUFA
PSR

s.e.
o.22
0.35
0.35
0.20
o.20
0.25
0.37
1.02
0.29
0.32
0.30
0.21
0.39
0.27
0.22
0.31
0.22
0.14
1.13
1.36
0.04

cegnificanS¡
**
**
**
**
**
**
*
**
**
**
**
*
**
**
**
**
**
**
**
**
*

oAs in Table 4.2
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Table 4.8: Breed x season interaction LSM (% total fatty acids) of
phospholipids in the muscle tissue of 30 non-lactating cows^

Fatty acid

18:2n-6
18:3n-3
20:4n-6
PUFA
PSR

April
Jersey
O..t
0.9"
5.9"
17.5'
o.4^

Limousin
10.10
2.2'
g.go

27.6b
0.60

November
Jersey Limousin
3.1" 4.80
1.6" 1.5"
2.5^ 2.5"
15.5" 17.4^
0.4" 0.4"

s.e.
0.45
0.33
0.54
1.92
0.05

oAs in Table 4.2
", 

0 Row means within each season with different superscripts significantly differ

(P<0.05) (higher values in bold)
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4.2 ANATOMICAL SITE VAR¡ATION

lntroduction

phospholipids are structural lipids found within cell membranes. The eye muscle

(Longissimus dorsì) is the most frequently sampled anatomical site for meat quality

traits such as tenderness, flavour and fat content in cattle. This is chiefly due to the

high price premium placed on the L. dorsi and easy accessibility for carcass

sampling. Total lipid extracted from this muscle or subcutaneous fat from the same

site has been used to examine the fatty acid profiles of different breeds (Pyle et al.

lg77 and Sinclair and O'Dea 1987). The fatty acid composition of intramuscular fat

varies between breeds. This may not be due to intrinsic differences in deposited

triacylglycerols, but because breeds differ in the quantity of fat deposited

intramuscularly (Siebert et at. 1996). These same authors observed that lean

animals had fatty acids resembling their membrane phospholipids, whereas fat

animals had fatty acids resembling their triacylglycerols. They also reported breed

differences in phospholipids extracted from the L. dorsiof crossbred cattle raised in

a feedlot. The consistency of muscle phospholipid composition is yet to be

demonstrated in pure breeds of cattle'

ln this study, comparisons were made between purebred Jersey and Limousin cattle

grazing the same pasture under the same management system. A question that

also remains unanswered is whether the fatty acid composition at the L. dorsi is

representative of the muscle composition. Therefore, the shoulder muscle (M.

brachiî) was compared with the L. dorsi. The aim was to investigate the effects of

breed, anatomical site and their interactions on the fatty acid composition of muscle

phospholipids.
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Materials and methods

Eight Limousin and eight Jersey yearling heifers from the J.S. Davies Cattle Gene

Mapping Herd were used. Biopsy samples of the L. dorsi and M. brachii muscles

were obtained by a technique described in detail in Chapter 3. The samples were

immediately frozen in liquid nitrogen and transported to the laboratory where they

were stored at -20"C until analysed for fatty acid composition. A detailed description

of the phospholipid separation and methylation techniques utilised for the fatty acid

analysis has been reported (Siebert et a\.1996). For gas liquid chromatography, a

BP20 capillary column (50m, 0.32 mm 1.D., SGE, Melbourne) with hydrogen as the

carrier gas (65 kPa head presssure) was used. Fatty acid composition for each

sample was determined as the normalised percentage area means from duplicate

measures. Least squares analysis of variance was carried out using PROC GLM

(SAS lg8g). The statistical model included the fixed effects of breed, anatomical site

and the interaction between breed and anatomical site. The model accounted for 3

degrees of freedom (df) leaving 28 df for testing significance.

Results and discussion

ln the adipose tissue, results revealed that there were no differences between

anatomical sites, indicating that any sampling site can be used for comparison,

hence the results were not tabulated. ln the muscle tissue, however, significant

differences were evident (Tables 4.9 and 4.10).

Effect of breed

Differences between Limousin and Jersey breeds in most of the individual fatty acids

were not significant except for 18DMA and 18:2 (Table 4.9). The intramuscular

phospholipid compositions of the breeds were similar in terms of total saturated

(SFA), monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA). Long-
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chained polyunsaturated fatty acids (PUFA) constituted a substantial proportion (up

lo28o/") of muscle phospholipids (Table 4.10).

Since 1B:2 cannot be synthesised by the animals (it is an essential fatty acid), its

origin must be dietary, Hence differences between the Limousin and Jersey (Table

4.10) are most likely due to differential amounts of feed consumed, absorbed or

utilised. Even though 18:2 is the most abundant of all polyunsaturated fatty acids in

the muscle, the percentage of total PUFA was not affected by breed in pasture-fed

cattle (p = 0.83, Table 4.9). This is in contrast to the breed difference of 5'2"/"

reported by Siebert et al. (1996) in total PUFA values between Jersey x Hereford

and Charolais x (Simmental x Hereford) cattle fed on grain in the feedlot. The

disparity is apparently due to the fact that these crossbred animals were fattened in

the feedlot and consumed far greater quantities of 18:2 than animals on pasture in

this study, and in the previous section (4.1.1), significant breed x season (diet)

interactions were demonstrated.

Effect of anatomical site

Westerling and Hedrick (1g7g) compared intramuscular and subcutaneous lipids in

Hereford heifers to ascertain the effect of anatomical site. They reported significant

differences in which subcutaneous fat contained more 16:0 (palmitate) and 18:1

(oleate) and less 18:2 (linoleate) and 2O:4 (arachidonate) than intramuscular fat. lt is

imperative to point out that these differences were for total lipid fatty acids since they

did not separate the triacylglycerols from phospholipid fractions. The differences

they observed might have reflected variation in fatness only.

ln lean muscle tissue, the fatty acid profile is largely due to phospholipids. Our data

shows that there were anatomical site differences between the phospholipid
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proportion of 18:0 (stearate) was significantly more in the M. brachii (14.5%) than

the L. dorsi (12.2%) while the level ol 22:5 (clupadonate) was significantly more in

the L. dorsi(2.6%) than the M. brachii (2.1%). Jurie et at. (1995) reported significant

differences in biochemical and biological characteristics between lhe longissimus

and semitendinosusmuscles. Stearate (18:O) is a major saturated fatty acid that is

synthesised de novofrom palmitate (16:0) by chain elongation. lt would imply that

the activity of elongase enzyme in the two muscles differs significantly.

Effect of breed x site interaction

Significant interactions between breed and anatomical site were observed in the

individual fatty acids 16:0, 18DMA, 18:0, 18:2 and 20:5 (Table 4'10)' lt was evident

thatthe M. brachiimuscle of the Limousins contained more 16:0 (a saturated fatty

acid) and less 1B:2 and 20:5 (both polyunsaturated fatty acids) than the Jerseys.

With regard to 18:0, however, the M. brachiiof the Limousins contained less than

the Jerseys. Since the de novo synthesis of unsaturated fatty acids is a function of

the desaturation enzyme, the implication is that levels and activities of this enzyme

varied in the samples of the two breeds studied (section 4.1).

Summary and conclusion

phospholipid data from the Longissimus dorsi(eye muscle) and M. brachii(shoulder

muscle) of Jersey and Limousin yearling heifers were used to study the effects of

breed, anatomical site and their interactions on fatty acid composition. Results

indicated that phospholipids of the two muscles did not differ in total saturated,

monounsaturated and polyunsaturated fatty acids. However, they differed in specific

fatty acids 1g:O and 2Z:5. Breed was a significant source of variation for the

individual fatty acids 1B:2 and 18-di-methyl-acetal (18DMA). Significant breed by

anatomical site interactions were obserued in the levels of 18DMA, 18:0, 18:2 and
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anatom¡cal site interactions were observed in the levels of 18DMA, 18:0, 18:2 and

20:5 fatty acids

Therefore, it can be stated that although the fatty acid composition of phospholipids

from biopsy samples of the L. dorsiand M. brachiimuscles were similar, there were

significant differences in some individual fatty acids. Consequently, attention should

be paid to breed by anatomical site interactions that can exist in some individual

muscle phospholipid fatty acids. ln the adipose tissue, however, anatomical site of

sampling was irrelevant in causing fatty acid variation, hence any sampling site can

be used for comparisons.
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Table 4.9 Least squares analysis of variance and levels of significance for muscle
phospholipids of yearling heifers

Breed Anatomical site Breed x site
0.68 0.06 0.08
0.10 0.46 0.11

0.92 0.12 0.93
0.01** 0.07 0.13
0.64 0.01** 0.02*
0.09 0.27 0.29
o.o5* 0.o7 0.01**
0.90 0.39 0.12
o.o7 0.97 0.51

0.82 0.24 0.02*
0.20 0.01** 0.38
0.63 0.89 0.23
0.62 0.19 0.24
0.83 0.49 0.06

Fatty acido
16DMA
16:0
16:1n-7
18DMA
18:0
18:1n-9
18:2n-6
18:3n-3
20:4n-6
20:5n-3
22:5n-3
SFA
MUFA
PUFA

*P<0.05and**P<0.01
oAs ¡n Table 4.1, DMA=Di-methyl-acetal
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Table 4.10. Breed x site interaction least squares means and s.e. of muscle

phospholipids (%) of yearling heifers

L. dorsi M. brachíi
I imnr in .lersav limnusin S-E

16DMA
16:0
16:1n-7
18DMA
18:0
18:1n-9
18:2n-6
18:3n-3
20:4n-6
20:5n-3
22:5n-3
SFA
MUFA
PUFA

11.6
20.4^
2.5

6.9"
11.6"
18.7
9.9"
2.O
6.6
2.9"0"
2.5"
51.2
23.9
24.9

9.2
20.4"
2.4
5.gb
12.9""
20.9
10.5"
2.6
7.2
3.5"
2.9^
48.7
23.4
27.9

7.6
17.6'
1.9
9.6'

15.4b
18.7
12.6b
3.0
6.3
3.3"0
2.1'

49.6
21.8
28.6

9.1
21.5^

1.9
5.go

13.7""
19.2
g.g"

2.3

1.0
1.2
0.3
0.5
0.6
0.8
0.5
0.4
0.6
0.3
0.2
1.5
0.8
1.2

7.6
2.5"
2.1b

50.7
23.2
26.1

oAs in Table 4.1
",0," Means in the same row with different superscripts differ significantly
(P<0.05)
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CHAPTER FIVE: BREED, AGE AND SEX VARIATIONS ON TRIACYLGLYCEROL

FATTY ACIDS

5.0 Preamble:

Fatty acids can be maintained either as storage fats mainly located in the

triacylglycerol fraction of adipose tissue or as structural fat consisting of

phospholipids which are integral parts of cell membranes. In Chapler 4, preliminary

trials showed that there were significant seasonal and anatomical site (muscle tissue

only) differences in the fatty acid composition of adipose and muscle tissues. Only

16-30 animals were utilised in that investigation. ln this Chapter, the results of a

more comprehensive experiment utilising adipose tissues oÍ 78 non-lactating Jersey

and Limousin cows and yearlings, 94 Jersey, Limousin and F' Jersey x Limousin

young calves,324 crossbred weaners and 310 carcases across 7 breeds are

presented. The aim was to investigate age, sex and breed variations in

triacylglycerol fatty acids, marbling score, melting point and intramuscular fat

content. Within each group of animals, diet, anatomical site of sampling and

management conditions were uniform to eliminate environmental variation. The

Chapter also reports the mode of inheritance, residual correlations, estimates of

heritability and genetic and phenotypic correlations of triacylglycerol fatty acids.
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5.1 BREED AND AGE VARIATIONS

lntroduction

Genetic improvement in beef production can be achieved if favourable breed

differences occur between cattle breeds. Limousin and Jersey cattle vary in terms of

size, meat yield and intramuscular fat (marbling). As fat deposition and fatty acid

composition are related to meat yield, it is important to investigate their saturated,

monounsaturated and polyunsaturated fatty acid profiles and determine if there are

breed differences. of similar importance is any changes in fatty acid composition

associated with age. Therefore, an assessment of genetic variation in fatty acid

composition with age based on subcutaneous adipose biopsies of Jersey and

Limousin yearling steers, yearling heifers and non-lactating cows, was the main

objective of this exPeriment.

Materials and methods

Animals and management

The animals used in this study were part of the parental generation of the J.S.

Davies Cattle Gene Mapping Herd. They included 78 Jersey and Limousin non-

lactating, non-pregnant cows, yearling heifers and steers in total (Table 5.1)'

Limousin cows, heifers and steers were heavier than their Jersey counterpafts.

Limousin cows were also on the average, slightly older than the Jersey cows, but

the heifers and steers were the same age (yearlings). cows were sampled in

January and yearling heifers and steers sampled in April, 1994. sample collection

using biopsy technique and laboratory procedures of total lipid extraction, separation

of triacylglycerols from phospholipids, methylation and fatty acid analyses have been

described in ChaPter 3.

Statistical analYses

All data were analysed by least squares analysis of variance using PROC GLM Type

1 Sums of Squares (SAS,1989). The model for the cow data included the fixed

effects of breed, the partial regression on age and the interaction between age and

breed (Table 5.2). lnitial analysis included weight as a covariate, but this was
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dropped from the model because it was not a significant source of variation. Breed

and age effects were partially confounded since Limousin cows were on the average

11 months older than the Jersey cows, therefore Type 1 Sums of Squares was used

instead of Type 3. However, there was a large range of ages within each breed

(Table 5.1), hence breed and age were only partially confounded. The model used

for the yearling data included the fixed etfects of sex and breed, and the two-way

interaction between sex and breed.

Results

lndividual fatty acids (C14-C18) from the triacylglycerol fraction of shoulder

subcutaneous adipose tissue were measured in purebred Jersey and Limousin

yearlings and dry cows.

Cow data

For cows, breed was a highly significant source of variation in all the traits except

17:1, total C14, C16, C17 and C18 fatty acids (Table 5.2). Percentages of 14:1,

16:1n-7, 17.0, 18:1 n-9, 18:1n-7, 18:2, 18:3n-3 and 1 8:2cla fatty acids in Jersey were

higher than those of Limousin cows (Table 5.3). On the other hand, percentages of

14:0 and 18:O were lower in Jersey cows than Limousin (Table 5.3). Oleate (18:1n-

9) was the most abundant of all the fatty acids, totalling 37.5% and 39.5% in Jersey

and Limousin cows, respectively.

ln general, as animals aged, their fat became less saturated. Specifically,

proportions 18:0 and total saturated fatty acids (SFA) decreased with increasing

age (Figure 5.1).Proportions of 141, 16:1, 17:1, 18:3n-3, 18:2cla, total

monounsaturated fatty acids (MUFA) and the ratio of total monounsaturated to total

saturated fatty acids increased with age. The respective regression equations on

age for the Jersey and Limousin were SFA=51.5 - 0.093a9e and SFA=56.5 -

0.O66age (R2 = O.4O), with the standard error of the difference in intercepts being
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2.0 and slopes being 0.041. The effect of age was different in the two breeds as

portrayed by significant breed by age interaction for the individual fatty acids 14:0,

16:0, 16:1, 17'.0, 18:O and 18:2. Moreover, the interaction was significant for MUFA'

total C1 4, C16, C17 and C18 fatty acids. ln the Jersey, MUFA level increased with

age, but in the Limousin, it remained almost constant (Figure 5.1). The respective

regression equations on age for the Jersey and Limousin were MUFA=44.5 +

O.113age and MUFA=43.8 + 0.025age (n2 - 0.27), with the standard error of the

difference in intercepts being 2.2 and slopes being 0,045. Within the yearling data

there was a very narrow range of ages (less than 8 weeks) and age was not

significant for any fatty acid.

Yeaúng data

ln the yearling data, almost all of the differences due to sex and sex by breed

interactions were not significant (Table 5.2). Sex was a significant source of variation

for 17:1 only. Sex by breed interaction significantly affected 17:1, polyunsaturated

fatty acids (PUFA) and the elongase enzyme activity index. Hence, least squares

means for steers and heifers were pooled together and computed on the basis of

breed (Table 5.3).

Breed differences were significant for 17:1 in which Limousin yearlings had 1.2"/"

and Jersey had O.9Yo (Table 5.3). Oleate (18:1n-9) was also the most abundant fatty

acid in the yearlings, the percentages being 32.1o/o and 34.6% in the Jersey and

Limousin, respectively.

Obseruation of the cow and yearling data revealed an interesting trend in which the

percentages of myristate (1a:0) and palmitate (16:0) were higher in yearlings than

cows. However, oleate (18:1n-9) was higher in cows than yearlings' The essential

fatty acids, linoleate (18:2) and linolenate (18:3n-3) did not present a well defined

pattern, except that in the cows, Jersey had 1.3% more linoleate and 1.0% less

linolenate than Limousin.
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"1.

Degree of saturation

Breed differences were large for degree of saturation in the cows. Limousin cows

had higher percentages of SFA (52.9%) than Jersey (47'5%) (Table 5'3)' ln

contrast, Jersey cows exhibited higher levels of MUFA (49.3 vs' 45'3%) and PUFA

(3.2 vs. 1.g"/") than Limousin cows (Table 5.3). Breed ditferences in the degree of

saturation in the yearlings were not significant (Table 5.2).

As expected from the results with individual fatty acids, all ratios reflecting

differences in the degree of saturation were higher in Jersey cows than Limousin

(Table S.3). Jersey cows had significantly higher ratios of total unsaturated to

saturated fatty acids and total polyunsaturated to saturated fatty acids than

Limousin. Jersey cows also had much higher ratios of the conversion of palmitate to

palmitoleate, stearate to oleate and stearate to palmitoleate and oleate than

Limousin. Again, breed differences were not apparent when the animals were

yearlings,

ln order to better define the involvement of specific enzymes in the fatty acid

composition, indices of desaturation and elongation were calculated. The 
^'-

desaturase enzyme inserls a double bond at the ninth carbon atom of the fatty acid

chain, thus converting saturated to monounsaturated fatty acids' The elongase

enzyme adds two carbon units to the fatty acid chain, and thus, elongates c16 to

C18 fatty acids.

Calculated enzyme indices paralleled the fatty acid ratios. Large breed differences

existed in the calculated desaturation indices (Tabte 5.3). lt was also evident that the

desaturation index was far greater for C18 fatty acids than for C16 fatty acids'

Jersey cows exhibited higher indices than Limousin (16.8% vs' 12.5% for 16-carbon

chain fatty acids and73.5"/o vs. 68.4% for 1$-carbon fatty acids, respectively)'

Observation of the cow and yearling data showed that desaturation indices were

higher in Jersey cows than yearlings. ln the Limousin, they did not increase with age

I

i

I
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to the same extent. The difference was more pronounced in desaturation index for

C18 fatty acids than C16 fatty acids.

Chain length

When the fatty acids were classified on the basis of carbon chain length (Table 5.3),

1B-carbon fatty acids (C18) were the most abundant, accounting for over 507" of the

total fatty acids, while C17 fatty acids were the least common of those measured

(about Z%). C17 fatty acids are odd-chained and are not normally synthesised in

mammals. Hence, they presumably arise from rumen microbial fatty acid synthesis.

There were no breed differences in percentages of C1 4, C16, C17 and C18 fatty

acids in cows (Table 5.3). However, Jersey yearlings had higher percentages of C14

and C16, and lower percentages of C17 and C18 fatty acids than Limousin.

Observation of the cow and yearling data showed that the percentages C14 and

C16 were lower and C18 was higher in Jersey cows than the Jersey yearlings.

Unlike the Jersev, no differences were obserued between cows and yearlings in the

Limousin.

In cows, Jersey had a higher elongation index than Limousin (60.9% vs. 58.9%)'

whereas in yearlings, Jersey had a lower index (55.2% vs. 60.9%) (Table 5.3). Note

that the elongation index did not change with increasing maturity in the Limousin,

whereas in the Jersey, there was an increase from 55.2"/" tn yearlings to 60.9% in

COWS.

Discussion

Breed differences in most of the triacylglycerol fatty acids in yearlings were not

detected. However, in the cows, differences were obserued in all but one fatty acid

(Table 5.2). clearly, fatty acid composition in the Jersey changed as the animals

aged. The decrease in myristate (14:0), palmitate (16:0) and stearate (18:0) andthe

concomitant increase in oleate (18:1n-9) observed between yearlings and mature

dry cows seems to suggest that saturated fatty acids are convefted into unsaturated

fatty acids. Leat (1975) showed that the saturation of depot fats of Jersey cattle

I
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increased after one year post partum and then decreased with age. He concluded

that the saturated fatty acids deposited in adipose tissue during the first year of life

were progressively diluted with fatty acids of higher unsaturation. This is supported

bythe data herein (Figure 5.1) showing thatthe proportion of saturated fats in both

Jersey and Limousin breeds decreased with age. ln addition, yearling data showed

that the percentages of 14:0, 16:0 and 18:O were higher in yearlings than cows' lt

may also be possible that differences observed between the cows and yearlings

could have been due to climatic and pasture differences in January and April when

they were samPled.

Degree of saturation

ln highly fattened crossbred cattle, Siebert et al. (1996) found no significant

difference in the saturated (mean 44%) and monounsaturated (mean 54%) tally

acids in adipose tissue between the Jersey x Hereford and European x Hereford

cattle. ln contrast, Huefta-Leidenz et at. (1993) obserued highly significant breed

differences in the percentages of saturated and unsaturated fatty acids in

subcutaneous adipose tissues from purebred Brahman and Hereford cows. They

reported that subcutaneous adipose tissue from Hereford cows was higher in total

saturated fatty acids (38.8 vs. 34.5%) and lower in monounsaturated (59.5 vs.

6g.4%) and polyunsaturated (1.8 vs. 2.4"/"',¡ lhan Brahman cows. Leat (1977)

reported similarly marked differences between Angus and Friesian breeds of cattle.

The data herein shows that even larger differences existed between Jersey and

Limousin cows (Table 5.3). The magnitudes were 5.4% less saturated, 4.0I" more

monounsaturated and 1 .4o/o more polyunsaturated fatty acids in the Jersey than

Limousin. Huerta-Leidenz et al. (1993) obserued that Brahman cows had higher

indices of unsaturation than Herefords. Leat (1977) observed that in hay-fed cattle,

16:1

the 18:0 ratio of subcutaneous fat biopsies remained low until 12 months of age,

and then increased in the period 12-24 months of age'

smith et al, (1gg4) in their investigation of the interrelationships among age, fat

deposition and lipid metabolism in growing cattle, repofted that fatty acid synthesis

I
I
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and several lipogenic enzyme activities increased with age. The data herein

indicated that there was a general increase in enzyme indices as animals aged, and

the increase was most pronounced in desaturation index in C18 fatty acids' The

proportion of unsaturated fatty acids increased with age. Fatty acid percentages

across the appropriate range of cow ages (see Table 5.1) within the two breeds

were predicted from the fitted regression equations (Figure 5.1). Limousin

triacylglycerol was more saturated than in the Jersey. More interesting is the fact

that there was the same trend of decreasing levels of SFA in the two breeds with

increasing age. Note that the yearling values are as expected based on the age

trends for cows.

The regression of monounsaturated fatty acids (MUFA) on age showed that Jersey

cows contained more MUFA than the Limousin (Figure 5.1). For Limousin cows, the

MUFA percentage remained almost constant with increasing age. ln contrast, MUFA

increased with age in the Jersey. This obseruation further reinforces the point that a

major breed difference exists between the Jersey and Limousin'

Leat (1 g77) reported marked differences in growth rate, fat content and fatty acid

chain length between Angus and Friesian steers and heifers. However, at two years

of age, results indicated no breed differences in their fat compositions and chain

lengths. The lower percentages of C14 and C16 in cows than yearlings observed in

the Jersey breed implies that the process of chain lengthening by the successive

addition of two carbon units accumulates with age. This was partly reflected by an

increase in the percentage of C18 as well as elongation index, and this increase was

more pronounced in the Jersey than the Limousin breed.

Finally, there were significant breed differences in the cow PUFAs linoleate (18:2)

and linolenate (1g:3n-3). These PUFAs are essential fatty acids that cannot be

synthesised by the animals. Thus, the cause of the breed differences in these

essential fatty acids may be due to differences in feed consumption per unit weight,

in the degree of saturation within the rumen, in absorption or in utilisation. Whatever
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the cause, since both breeds were on the same pasture, the differences must have

a genetic basis.

Summary and conclusion

The fatty acid composition of the triacylglycerol fraction of shoulder fat from

Limousin and Jersey yearling heifers, yearling steers and non-lactating cows was

investigated. Significant breed differences in the degree of fatty acid saturation were

apparent between Jersey and Limousin cows, but were not obserued in the

yearlings. Jersey cows had less saturated fatty acids than the Limousin cows'

Jersey cows showed an increased percentage of monounsaturated fatty acids

compared to the Jersey yearlings. ln contrast, the level of monounsaturated fatty

acids in the Limousin cows was the same as the Limousin yearlings.

Calculated enzyme indices also differed between the breeds. Jersey cows had

higher indices of desaturation and elongation than Limousin. This was reflected by

differences in the ratios of total unsaturated and polyunsaturated to saturated fatty

acids.

Breed differences were observed in the triacylglycerol fatty acid chain length. ln this

case, however, yearlings showed significant breed differences that were not

detected in the cows. Limousin yearlings had more long chain fatty acids (C16 and

C1B) than the Jersey yearlings. Limousin yearlings also had a higher elongation

index than their Jersey counterparts. Thus, breed and age affect the fatty acid

composition in these cattle.

ln conclusion, this study has clearly demonstrated that the fatty acid composition of

the triacylglycerols of subcutaneous shoulder fat in Jersey and Limousin differed.

The Limousin cows had a greater proportion of saturated fatty acids than Jersey

cows. yearling calves did not exhibit breed differences in the degree of saturation,

but did have differences in chain length. Since the cattle groups used in the study

were fed on pasture only and under the same management conditions, our results
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suggest a strong genetic basis for the differences in triacylglycerol fatty acid

composition of Limousin and Jersey cattle.
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Table 5.1: Average characteristics of the 78 cows and yearlings sampled

(+ s.e.)

Animals No. Wt (kg) Age(months)

Jersey
Limousin

Jersey
Limousin

Jersey
Limousin

30
24

7
7

5
5

Cows
356+ 7
536+ I

Yearling heifers
142 x24 12
236+14 12

Yearling steers
233 + 15 12
291 +24 12

39+3(range:20-68)
51 +4(range:29-96)
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Table 5.2: Levels of significance for factors fitted for least squares analysis
ol78 cows and Yearlings
Abbreviations of traits explained in Table 5.3

Trait Cow data

Breed Age Breed x age

Yearling data

Sex Breed Sex x Breed

14:0
14:1n-5
16:0
16:1n-7
17:O
17:1n-8
18:0
18:1n-9
18:1n-7
18:2n-6
19:0
18:3n-3
18:2cla
SFA
MUFA
PUFA
USRatio
PSRatio
Total C14
Total C16
Total C17
Total C18
RC1 6
RC1 I
USI
Desat. (C16)
Desat. (C18)
Elongation index

***
*
**
*
*

NS
*

**
t*

*

*
*

**
**
**

ns
NS

ns
NS

NS
**

NS
**
**
**

NS
*

ns
NS
*

*
**
**

**

NS

NS

NS
*
**
**
**

*
**
*

NS
**

NS
**

ns
t*

**

ns
NS

NS

NS
**
*
**
**

NS
**

NS
**
**
*
**
**
**
**
**
**
**

NS

NS

NS

NS
*

NS

ns
NS

ns
NS

NS

NS

NS

NS

NS

NS

ns
NS

ns
ns
NS

ns

NS

ns
NS

ns
NS

NS

NS

NS

NS

NS
**

NS

NS

NS

ns
NS

ns
NS

ns
NS

NS

NS

NS
*

*
*

*

NS

NS

NS

NS

NS
*

ns
ns
NS

NS

NS
*

NS

ns
NS

NS

NS

NS

NS

NS

NS
*

NS

ns
NS

NS
**
**
**
**

**
**

*
*

NS

ns
ns
NS

NS

NS

NS

ns
NS

ns
NS
*

* P<0.05;
** P<0.01;
n.s., Not significant.
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Table 5.3: Least squares means + s.e. of fatty acids in the triacylglycerol component

of fat (% total fatty acids) in 78 cows and yearlings'

Fatty acid Cows Yearlings

Jersey Limousin Jersey Limousin

14:O

14'.1n-5
16:0
16:1n-7
17.O

17:1n-8
18:0
18:1n-9
18:1n-7
18.2n-6
19:0
18:3n-3
18'.2cla
SFA
MUFA
PUFA
Desat. (C16)

Desat. (C18)

Total C14
Total C16
Total C17
Total C18

3.8:0.1
1.310.1

28.2+O.3
5.510.2
1.2!O.1
0.910.1

14.3r0.5
39.511.5

2.1+O.1
1.7+O.4
0.7+0.1
0.410.1
0.4+0.0

47.5yO.6
49.3t0.6

3.2+0.5

16 810.7

73.510.8
5.1yo.2

34.0+0.9
2.1y.0.1

58.8+1.5

4.610.1
1.010.1

39.r10.4
4.5+0.3
1.0r0.1
1.010.1

17.1+O.6
37.511.3

1.310.1
o.4yo.4
1.010.3
o.2+o.1
0.2+0.0

52.9yo.7
45.3¡O.7

1.8+0.6

6.'10.6
1.7+O.2

32.5¡1.o
5.7+0.6
1.^!o.2
0.9+0.1

17.2+3.6
32.1+3.6
0.'10.1
1.010.1
0.5+0.1
0.2!o.1
0.6+0.1

57.1+4.2
40.674.2
2.310.2

15.1+1 6

63.3+7.5
7.9¡-O.7

38.2+1.O
2.2!o.2

51.7+1.4
55.2+1.3

5.0t0.7
1.3+0.3

30.'J1.3
4.6j0.8
1.610.3
1 .^10.1

19.1+4.7
34.614.6
o.2!o.2
1.2+O.1
0.4r0.1
0.'10.1
oA1o.2

55.915.4
41.9¡5.4
2.2+O.3

13.1+2.1

63.519.7
6.310.9

34.8+1.4
2.6¡.0.1

56.3+1.8
60.0+1.7

*
*

**
*

*

*

*

**
**

*

**
**
**
**

**

**

*

12.5yo 7

68.4+0.9
5.4¡_O.2

35.7t0.9
1.7¡.o.4

57.2+1.3

*

*

*
*

*
Elonoation 60.9+0.4 * 58. 9+0 5

Test for differences between breeds 
*P'0.05, **P.o.o1

SFA=Saturated fatty acids, MUFA=Monounsaturated fatty acids

PU FA=Polyunsaturated fatty acids

Desat. (C16) = Desaturation index in C16 fatty acids = 100 I
l6:l

)
6:0(

(

+ 6:I 1

Desat. (C18) = Desaturation index in C18 fatty acids =100

Total C14=14:O+14:1, Total C16=16:0+16:1, Total C17=17:O+17:1

Total C1 8=1 8:0+1 8:1 n-9+1 8:1n-7 +18:2n4+18:3n-3+1 8:2cla
Elongation index in the chain-lengthening of C16-C18 fatty acids

, l8:0+18:ln-9 \

=1oo(ffi)
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5.2 MODE OF INHERITANCE

lntroduction

The mating of closely related animals has long been known to lead to "inbreeding

depression" as a result of loss of fitness in the offspring. on the other hand,

crossbreeding animals results in increased hybrid vigour since the offspring

generally, perform better than the average of the parental breeds. This is termed

heterosis, and is an important animal breeding tool for the improvement of traits like

growth, musculature and sulival.

It has not yet been established if crossbreeding cattle that have high propoftions of

the undesirable saturated fatty acids in their adipose tissue with those with high

proportions of desirable monounsaturated fatty acids would lead to an improvement

in the crossbreds. Therefore, the hypothesis tested was that there are breed

differences between the Jersey and Limousin such that a significant heterosis effect

could be exploited for genetic improvement.

The initial step in genetic improvement is the establishment of breed differences for

the traits of interest. Next, is the question of how heritable the traits are. Traits that

show significant additive genetic effects are considered heritable while significant

dominance indicates heterosis effect. The aim of this experiment was to investigate

sex and breed differences between purebred and crossbred calves at a single age,

and to estimate the mode of inheritance of triacylglycerol fatty acids'
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Materials and methods

Subcutaneous adipose tissues were biopsied from the area between the 12'n and 13*

ribs in G7 Jersey, Limousin and F., Jersey x Limousin calves at 9-10 months of age.

The calves were all pasture-fed and maintained in a single management group at the

J,S. Davies Bovine Gene Mapping herd, Martindale, South Australia. Triacylglycerol

fatty acids were extracted, methylated and analysed by gas-liquid chromatography as

described in Chapter 3.

The normalised values of fatty acid percentages were statistically analysed using

PROC GLM (SAS, 1989). The first model included the fixed effects of sex and breed,

and their interaction. Least squares means were computed to test for significant

differences between sexes and breeds. The second model for the estimation of mode

of inheritance included the fixed effects of sex and then breed was separated into sire

and dam breeds and their interaction. Sire breed accounted for the additive genetic

effect while dam breed accounted for the combined additive and maternal effects' lf

dam effect was different from sire effect, it was concluded that the difference was due

to maternal effect. Heterosis (that is, dominance) was estimated by the interaction

between sire and dam breeds. Thus, heterosis for a given fatty acid was computed as

the mean deviation between the crossbred and parental breeds. Similarly, additive

genetic effect was computed as the mean deviation between Jersey and Limousin sire

breeds, while the deviation between the dam breeds respectively, was the combined

additive and maternal effects,
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Results

Adipose tissues were biopsied in purebred Jersey, purebred Limousin and Jersey x

Limousin crossbred calves atthe age of g-10 months, Triacylglycerol fatty acids were

extracted and analysed for sex and breed differences. Factors were fitted in the model

and tests of significance used to analyse the fatty acid data (Table 5.4).

Sex differences were significant in the proportions of the individual fatty acids

palmitoleate (16:1) and stearate (18:O). summations of the saturated fatty acids

(sFA) and monounsaturated fatty acids (MUFA) as well as the ratio of unsaturated

to saturated fatty acids (usR) differed between the sexes. Furthermore, sex was a

significant source of variation in the calculated indices of desaturation (Table 5.4)'

Heifers had higher percentages of 16:1 (6.9 vs 5.0%), MUFA (46.1 vs 41.9%)' usR

(0.98 vs 0.85) and desaturation indices in c16 (17.7 vs 13.0%) and c18 (72'8 vs

67.6%) fatty acids than steer calves (Table 5.5).

Breed differences between purebred Jersey, purebred Limousin and crossbred

Jersey x Limousin calves were significant in the proportions of the individual fatty

acids palmitate (16:0) and heptadecanoleate (17:1) (Table 5.4)' summations of sFA

and MUFA, USR, desaturation and elongation indices also differed between the

breeds (Table S.4). Limousin calves had the highest proportions of 16:0 (37.1%) and

SFA (58.8%), while Jersey calves contained the most 16:1 (7'1%) and desaturation

index in C18 fatty acids (74'1%) (Table 5.6)'

Proportions of stearate (18:0), desaturation index in c16 fatty acids and elongation

index in the crossbreds (F,) were higher than the average of Jersey and Limousin

purebreds (Table 5.6). On the other hand, proportions of 16:0, 16:1, oleate (18:1n-
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9), SFA, MUFA, desaturation index in C18 fatty acids and USR were below the

mean of the purebred calves. The proportions of 16:0, SFA, MUFA, desaturation

index in C16 fatty acids and USR were the same in both F, and Jersey calves (Table

5.6). Similarly, percentages of 16:1, 18:0 and desaturation index in C18 fatty acids

were the same in both F, and Limousin calves. lnterestingly too, is the obseruation

that the proportion of the most abundant individual fatty acid in the adipose tissue,

oleate (18:1n-9), was the same in all the breeds (Table 5.6).

Estimates of genetic effects (Table 5.7) portray significant effects of sire breed on

14:0, 16:0, 1B:1n-7 (vaccenate) and SFA, an indication of direct additive genetic

variance. Dam breed was significant for 14:1, 16:0, 18:0, SFA, MUFA, desaturation

indices in C16 and C1g fatty acids (Table 5.7), an indication of significant combined

effects of maternal and additive genetic variance. Specifically, 14:0, 14:1,18:0 and

desaturation index in C1B fatty acids were due to maternal component of dam effect,

whereas 16:0, SFA, MUFA and desaturation index in C16 fatty acids were due to

additive effect. Significant effect of heterosis was observed in the proportions of

16:0, 1B:0, desaturation index in C18 fatty acids and elongation index (Table 5.7)'

an indication of dominance.

Discussion

An ideal model to study heterosis (hybrid vigour) in fatty acids is one that utilises two

diverse breeds of cattle to produce reciprocal F, crossbreds. Thus, the Jersey and

Limousin breeds noted for their extreme variation in fat deposition were mated to

produce crossbreds. To eliminate age differences, purebred Jersey and Limousin

calves of the same age as the F, calves (9-10 months), were produced for

comparison. Since the progeny comprised of both heifer and steer calves, sex was
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fitted as a fixed effect in the model in addition to breed. Sex and breed differences

as well as estimates of genetic effects were computed'

Sex differences

There were significant differences between the sexes in two individual fatty acids;

16:1 and 18:0 in which heifers contained higher proportions of 16:1 and lower 18:0

than steer calves (Table 5.5). A negative relationship exists between the proportion

of unsaturated fatty acids and melting point such that one decreases as the other

increases. Litchfield (1972) reported that the melting points of long-chain fatty acids

and their methyl esters are related to the arrangement of the molecules within the

crystal, the number and relative positions of the double bonds. Therefore, the higher

the proportion of unsaturated fatty acids, the lower the melting point and the softer

the fat

Palmitoleate (16:1) is a monounsaturated fatty acid produced from palmitate (16:0)

by the introduction of a double bond by the desaturation enzyme. lt has a low

melting point of 1oC, thus contributing to the softness of fat. lt would therefore,

appear that the fat from heifer calves is expected to be softer than that from steer

calves. Heifers mature earlier than steers and this is in line with maturity, fattening

and age effects in the previous section.

As expected, heifer calves had higher proportions of total monounsaturated fatty

acids (MUFA) than steer calves (Table 5.5). This indicates that the activity of

desaturation enzyme in converting saturated to unsaturated fatty acids is higher in

heifer than steer calves. This is in turn, supported by the higher ratio of unsaturated
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to saturated fatty acid (USR) and indices of desaturation in the heifer than steer

calves

Stearate (18:O) is an important saturated fatty acid (the next most abundant fatty

acid to 16:0) in the adipose tissue. lt is synthesised de novo by the elongation of

16:0 through two carbon-unit addition by elongation enzyme. Heifer calves had a

lower proportion of 18:0 than steer calves (Table 5.5). Again, this suggests that the

fat from steer calves would be harder than that from heifers. This obseruation might

also imply that the activity of elongase in chain-elongating 16:0 to 18:0 is higher in

steer than heifer calves.

It is important to note that the relative accumulation of 18:0 in the adipose tissue

should not be too much of a health concern related to cardiovascular diseases as

18:0 is not considered as cholesterol-raising in humans. The bulk of 18:0

synthesised de novo is converted by the desaturation enzyme into oleate (18:1n-9)'

the most abundant monounsaturated fatty acid (4O"/"). This is in contrast to 16:0

where only a small proportion (5-7%) of 16:1 results from its conversion.

Sex by breed interaction was not a significant source of variation in fatty acid

composition. This suggests that differences obserued between heifer and steer

calves followed the same pattern in the Limousin and Jersey breeds. Physiological

differences between heifer and steer calves exist. For instance, heifer calves reach

physiological maturity earlier than steer calves. Also, due to hormonal differences

between the sexes (prior et al. 1983), it is possible that enzyme activities are

affected such that females accumulate higher proportions of monounsaturated fatty

acids than the males'
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Breed differences

Previously, breed differences between Jersey and Limousin calves were not

detected in most of the individual fatty acids except 17:1 (heptadecanoleate)

(Section 5.1).4 similar trend is evident here as significant breed differences

between Jersey, Limousin and F, Jersey x Limousin calves were observed in the

proportions of the individualfatty acids 17:1 and 16:0 only (Table 5.4).

Palmitate (16:0) is the most abundant saturated fatty acid constituting up to 37o/o ol

the total fatty acids in the adipose tissue (Table 5.6). lt has been reported to be an

undesirable fatty acid in human health studies because it raises cholesterol levels

(Mattson and Grundy, 1985), even though the levels reported here are lower than

the high risk level of 55%. Palmitate is also synthesised de novo by the elongation of

myristate (1a:0) via two-carbon unit addition. Limousin calves contained the most

16:0 and total saturated fatty acids (SFA) compared to Jersey and F' calves (Table

5.6). This is consistent with the previous observation (Section 5.1) where it was

demonstrated that the adipose tissue of Limousin cows was more saturated than

that of Jersey cows, although this difference was not obvious in yearlings. Calves

showed a difference apparently due to milk fat consumption.

It is obvious that crossing the Jersey and Limousin breeds resulted in a decrease in

the proportion of 16:0 (Table 5.6). lt is quite significant that a 6% reduction in this

deleterious fatty acid could be achieved by crossbreeding. lt may be possible to

even reduce the level further if selection is incorporated into the crossbreeding

programme. lt is very likely that the F., progeny are exhibiting negative heterosis for

16:0 (percentages less than the average of the parentals), which from the human

dietary perspect¡ve is beneficial.
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Mode of inheritance

When different breeds of cattle are crossed, the resulting F, progeny generally show

an increased hybrid vigour in ceftain characteristics compared to the parental

breeds. The amount of heterosis is expressed as the difference between the

crossbred and parental breed means (Falconer, 1993). From a fat deposition and

fatty acid composition perspective, Jersey and Limousin breeds differ, since the

Jerseys are early maturing, deposit more intramuscular fat and contain less

saturated fatty acids than the Limousins. Furthermore, their desaturation and

elongation indices differ (Section 5.1).

F, progeny resulting from crossbreeding Jersey and Limousin cattle had significantly

higher means than the average of the purebreds in the proportions of 18:0,

desaturation index in C16 fatty acids and elongation index (Tables 5.6 and 5.7). This

is a clear evidence of heterosis, which is in turn, a demonstration of the dominance

of a gene (or genes) in one breed over the other for these traits.

It is pertinent to stress that heterosis is not always positive because it is also

possible to have negative heterosis for other traits. The latter situation is evident in

that propoftions of 1 6:0, 1 6:1 , SFA, MUFA, desaturation index in C18 fatty acids and

usR of the F, progeny were below the means of the purebreds (Table 5.6). The

negative heterosis in 16:0 and SFA are indeed, beneficial from the human health

perspective of fat consumption since it is a direct counter-measure to cholesterol

accumulation.

percentages of 16:1, 18:O and desaturation index in C18 fatty acids were the same

in both Limousin and F, calves (Table 5.6), an indication of the dominance of
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Limousin overthe breeds. On the other hand, the proportions of 16:0, SFA, MUFA'

desaturation in C16 fatty acids and USR were the same in both Jersey and F'

calves. While it is difficult to say the number of genes involved, the dominant effects

observed in the proportions of 16:0, 18:0, desaturation index in C18 fatty acids and

elongation index were highly significant.

Additive genetic effect is of interest in the estimation of breeding values and

heritability of traits in selection programmes. lt is an important measure of genetic

variance because it is the chief cause of resemblance between relatives and

therefore, the major heritable component. Significant additive genetic variance was

obserued in the proportions of 14:0, 16:0, 18:1n-7 and SFA (Table 5.7).The

implication is that the superiority of sires over their contemporaries for these traits,

would on average, be passed to the offspring in the next generation. ln other words,

these fatty acids are heritable. Therefore, by preventing sires containing high

proportions of 14:0, 16:0 and SFA from becoming parents of the next generation,

beef cattle breeders can genetically select against these deleterious fatty acids.

The dam contributes half of her genes to the offspring during gamete formation and

is therefore, of significance too. However, maternal effects confound the heritable

component since between and within breeds, some dams have better mothering

ability than others. Therefore, the dam breed estimates a combination of both

additive and maternal effects, and these were significant in the proportions of 14:1,

16:0, 18:0, SFA, MUFA and desaturation enzyme indices (Table 5.7). lt is difficult to

accurately separate the additive from maternal effects in this experimental design of

a single crossing. A crude option is to compute the difference between sire and dam

breeds, since the sire would account for additive component only, while the dam
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would account for a combination of both additive and maternal components. A

backcross experimental design would ensure complete segregation of the genes

and hence, a better separation of both components. Suffice it to say however, that

even from the experimental design used in this study, it is possible to infer which

fatty acids are heritable. How strongly heritable can only be established by the

actual computation of the heritability estimates from half sib variance components, a

task to be addressed in the next chapters of the thesis.

Summary and conclusion

Genetic effects of heterosis, additive and maternal variances were estimated to

investigate the mode of inheritance of fatty acids. All calves were pasture-fed in a

single management group and biopsied from the same anatomical site. Heifer

calves had significantly higher proportions of palmitoleate, total monounsaturated

fatty acids, desaturation index and lower stearate than steer calves. Significant

breed differences were obserued in only two individual fatty acids. Limousin calves

had the highest proportions of palmitate and also total saturated fatty acids, but less

desaturation index than Jersey calves. Dominance effects were evident in the

proporlions of palmitate, stearate, desaturation and elongation enzyme indices due

to the observed highly significant heterosis effect. Myristate, palmitate and total

saturated fatty acids are heritable since they had highly significant additive genetic

effects

ln conclusion, the hypothesis that there are significant differences between the

Jersey and Limousin breeds such that heterosis could be exploited for genetic

improvement should be accepted. The heterosis effect could be used specifically in

crossbreeding programmes to increase total unsaturated fatty acids. Furthermore,
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saturated fatty acids are heritable and can be selected against in both pure and

cross breeding programmes. Thus, breeding can be used to alter the physical and

chemical characteristics of cattle fat and consequently, its physiological health

effects in humans.
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Table 5.4: Levels of significance for triacylglycerol fatty acids in the adipose tissue of
Jersey, Limousin and F, young calveso

Fatty acid
14:O
14:1n-5
16:0
16:1n-7
17:O
17:1n-8
18:0
18:1n-9
18:1n-7
18:2n-6
18:3n-3
18:2cla
SFA
MUFA
PUFA
USR
PSR
Desat. (C16)
Desat. (C18)
Elongation index

u
0.91
0.33
0.16
0.01**
0.59
0.30
0.01**
0.10
0.06
0.71
0.71
0.23
0.01"*
0.01**
0.82
0.01**
0.99
0.01**
0.01**
0.23

Breed
0.17
0.07
0.01**
0.08
0.80
0.01**
0.11
o.71
0.17
0.93
0.85
0.32
0.01**
0.02*
0.76
0.01**
0.56
0.02*
0.05*
0.02*

Sex x Breed
0.94
0.69
0.66
0.97
0.19
o.12
0.70
0.68
o.82
o.76
0.12
0.40
0.87
0.58
0.45
o.71
0.51
0.97
0.69
o.74

oAbbreviations of traits and tests of significance as in Tables 5.2 and 5.3

Table 5.5: Sex differences in triacylglycerol fatty acids (LSM + s.e.) in young
calves (% total fatty acids)o.

Heifer calves (n=34) SionificanceFatty acid

16:1n-7
18:0
SFA
MUFA
USR
Desat. (C16)
Desat. (C18)
Elongation index

6.9 + 0.4
13.0 r 0.7
51.3 r 1.0
46.1 r 0.9
0.98 r 0.04
17.7 + 1 .O

72.8 + 1.0
54.7 ! 0.8

Steer calves
(n=33)

5.0 r 0.4
15.9 + 0.7
55.0 r 1.0
41.9 + 0.9
0.85 r 0.04
13.0 r 1.0
67.6 + 1.1

56.2 + 0.8

**
**
**
t*

**
**
**

NS

oAbbreviations of traits and tests of significance as in Tables 5.2 and 5.3
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Table 5.6: Breed ditferences in triacylglycerol fatty acids (LSM t s.e.) in

young calves (% totalfatty acids)A

1

Fatty acid
16:0
16:1n-7
18:0
18:1n-9
SFA
MUFA
Desat. (C16)
Desat. (C18)
Elongation index
USR

Limousin (n=17)
37.1 + 1.Ob

5.3 + O.6b

14.5 + 1.0b

33.5 + 0.9'
59.8 + 1.3b

41.7 + 1.2b

12.3 t 1.3b

69.8 + 1.50

53.1 + 1.1"
0.8 + o.o5o

Jersev (¡=17)
32.8 + 1.0"

7.1 t 0.6"
12.3 + 1.0"
34.5 t 1.0"
50.3 + 1.4"
46.9 + 1.2"
17.7 t',|.4^
74.1 !1.5"
54.0 + 1.2"

1.0 + 0.05"

F.,JxL(n=33)
31 .2 + O.7^

5.9 + O.4b

14.6 + 0.6b

33.5 t 0.6"
51.9 + 0.9"
44.0 + 0.8"
15.7 + 0.9"
69.9 + 1.Ob

56.4 + O.8b

0.9 + 0.03"

"'o Row means with ditferent superscripts significantly differ (P<0.05)
oAbbreviations of traits and tests of significance as in Tables 5.2 and 5.3

Table 5.7: Estimates of genetic effects (Additive, Maternal and Dominance) in

triacylglycerol fatty acids expressed as deviations between means(%)
#
q

'i Fatty acid

14:0
14:1n-5
16:0
18:0
18:1n-7
18:1n-9
SFA
MUFA
Desat. (C16)
Desat. (C18)
Elongation index

Sire breedo
(Additive)
-1.9"
0.0
-3.3*
0.6
0.9*
0.2
-4.4**
1.9
2.4
-0.5
2.1

Dam breedt
(Maternal + additive)
-0.1
0.8*"

-1 .3**
-2.7*
-0.0
0.7

-4.1**
3.0*
2.9*
4.7*
-1.2

Heterosisc
lDominance)
-0.6
0.3

-4.3"*
2.3"
o.4

-0.6
-2.7
-0.6
0.6
-3.7*
3.9**

Only traits that significantly differed tabulated * P<0.05, ** P<0.01

Abbreviations of traits as in Tables 5.2 and 5.3
A 

= (Jersey sire - Limousin sire)
B 

= (Jersey dam - Limousin dam)
c 

= (Crossbred - Parental)

I
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5.3 VARIATION AT WEANING

lntroduction

Crossbreeding has long been recognised in beef cattle breeding as a tool for

introducing new genetic material. The Southern Crossbreeding Project at the Struan

Research Centre was designed to cross Hereford dams with a variety of sire breeds to

investigate the genetics of lipid metabolism and meat quality traits. Siebert et al.

(1996) have reported breed differences in fatty acid composition between early and

late maturing cattle raised in the feedlot. However, there are no data on the variation

in triacylglycerol fatty acid composition between young pasture-fed cattle and this

experiment aims to address this issue.

Thus far, it has been demonstrated that breed differences are smaller in young

animals than older animals (Sections 5.1 and 5.2). The hypothesis being tested here

is that breed and sex variations exist at weaning and crossbreeding Hereford dams to

different sire breeds would lead to positive heterosis for some fatty acids. For this

experiment, a larger data set comprising of 324 F' crossbred cattle across seven

breeds at weaning were investigated for sex and breed variation. To eliminate

confounding by maternal variation, all the dams used in the crossbreeding programme

were of the same breed (Hereford).

Materials and methods

Animals and management

Adipose tissues were biopsied trom 324 weaner progeny ol26 sires (Angus 3, Belgian

Blue 4, Hereford 3, Jersey 4, Limousin 4, South Devon 4 and Wagyu 4) crossed to

Hereford dams (Table S.B). The animals were part of the Southern Crossbreeding

project raised on pasture on two propefties in the South-Eastern part of South

Australia. The herdls location and management practices have been described in

ri
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detail (Chapter 3). Subcutaneous adipose tissues from the weaners were biopsied by

a technique described earlier (Chapter 3). Laboratory procedures of lipid extraction,

fraction separation, methylation and gas chromatography are also described in

Chapter 3.

Statistical analyses

Least squares analysis of variance was carried out using PROC GLM (SAS 1989) and

the model included the fixed effects of sex, location, breed, sire nested within breed

and the interactions between them (Table 5.9). All the interactions were later dropped

from the model because they were not significant sources of variation. The effect of

breed was tested against sire nested within breed, while all other effects were tested

against the residual (error term).

Results and discussion

Sex differences

Weaner heifers significantly differed from steers in all the major fatty acids except 16:0

(palmitate) and PUFA (Table 5.9). Heifers had slightly more 16:1(palmitoleate) and

MUFA, but less 18:0 and SFA than steers (Table 5.10). This observation is consistent

with that reported herein (Sections 4, 5.1 and 5.2). lt also agrees with those of

Waldman et al. (1968) and Terrell et at. (1969) on the influence of sex on bovine

lipids. This could either be due to: 1) a fatness effect as a result of heifers being fatter

than steers of the same age or 2) hormonal differences between heifers and steers'

Prior et al. (1983) reported that the manipulation of hormone status of cattle

influenced lipid metabolism in the adipose tissue which in turn influences their

enzymatic systems. Since heifers had more MUFA than steers, the desaturation

enzyme presumably has higher activity in female cattle as indicated by the calculated

index (Table 5.10).
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Breed differences

Least squares analysis of variance showed that there were significant breed

differences in palmitoleate (16:1), stearate (18:0), oleate (18:1n-9), total saturated

(SFA) and monounsaturated (MUFA) fatty acids (Tables 5.9 and 5.10). Jersey

crosses had the highest 16:1 content of 6.5% and Limousin crosses the least (4.9%).

Since the melting points of the MUFAs 16:1(1"C) and 18:1n-9 (16"C) are low relative

to SFAs (>62"C), the fat of Jersey x Hereford crosses would be expected to be softer

than the other breeds.

1B:0 is the second most abundant saturated fatty acid after palmitate (16:0) in the

adipose tissue accounting for 13-15% of the total fatty acids (Table 5.10). lt is

converted to 18:1n-9 through the introduction of a double bond by Àn-desaturase

enzyme. A calculated index of this enzyme showed that Wagyu and Limousin had the

highest and lowest activities (74.6 vs 68.6%), respectively. Wagyu crosses had the

most 18:1n-9 (35.1%) and South Devon crosses the least (32.2%). Monounsaturated

fatty acids are highly desirable in human diets because they lower cholesterol levels

(Grundy et at. 1988). The MUFA levels in this study however, were not as high as

those reported by Siebert et at. (1996) where the animals spent 300 days in the

feedlot and thus were older and fatter.

Limousin x Hereford had the most SFA (52.5%) and Wagyu x Hereford the least

(48.3%), while MUFA was highest in the Wagyu x Hereford (48.1%) and least in the

Limousin x Hereford (43.7%). Since the adipose tissue of Limousin raised on pasture

was more saturated than that of Jersey (Sections 4.1,4'2,5.1 and 5.2), this is

consistent with fatness effects. Jersey, Wagyu and Angus crosses are fatter, hence

have more MUFAs than South Devon, Limousin and Belgian Blue crosses which are

T
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lean. There were significant sire nested within breed variations in the proportions of

18:1n-9, total MUFA, desaturation and elongation indices as well (Table 5.9).

Summary and conclusion

This experiment compared the fatty acid composition of triacylglycerols from

subcutaneous adipose tissue of crossbred weaner progeny from 7 sire breeds

(Angus, Belgian BIue, Hereford, South Devon, Wagyu, Jersey and Limousin) mated to

Hereford dams. The aim was to investigate sire breed and sex differences in

triacylglycerol fatty acids in a pasture-fed management system. Results indicated that

sire breed and sex were significant sources of variation in individual fatty acids and

summations of their propoftions, while the effects of sire breed by sex interaction and

sire nested within sire breed were not significant. Limousin crosses had the highest

proportion of 18:0 and total saturated fatty acids, but the lowest proportion of 16:1 and

total monounsaturated fatty acids. Jersey crosses had the highest percentage of

16:1, while wagyu crosses had the highest proportions of 18:1n-9 and total

monounsaturated fatty acids. Total polyunsaturated fatty acids did not differ between

breeds. Heifers contained higher 16:1, 18:1n-9 and total monounsaturated fatty acids

than steers, but lower propofiions of 18:0 and total saturated fatty acids.

In conclusion, a wide variation in fatty acid composition between crossbred cattle has

been demonstrated, thus providing a useful tool for selective breeding. Wagyu

crosses had higher monounsaturated fatty acids than all the other breeds studied'

Therefore, heterosis can be fully exploited to improve the MUFA proportions using

Wagyu x Hereford crosses. The fact that nesting sire within breeds did not produce

significant va¡ation in most fatty acids might indicate that the heritability of these fatty

acids at weaning is generally low. However, MUFA and enzyme indices are likely to
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be the exception since their proportions were significantly affected by nesting sire

within breeds.
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Table 5.g. Distributions of cattle sampled by breed and their average weaning

weights (kg) at 300 daYs

Breed No. of sires No. of progeny Weaning wt

Angus x Hereford
Belgian Blue x Hereford
Hereford
Jersey x Hereford
Limousin x Hereford
South Devon x Hereford

38
56
39
50
48
38
55

3
4
3
4
4
4
4

260
270
260
240
250
270
238,Waovlr l.larcford

97



Table 5.g: Levels of significance for triacylglycerol fatty acids in crossbred weaners

from analYsis of variance

Sex Location Breed Sire(Breed)

14:0
14:1
16:0
16:1
17:0
17:1
18:0
18:1n-9
18:1n-7
18',2
18:3n-3 ¡ 4

tr8-:3ñr6\\ ,' o^.;

18:4 ' ,'i'"1'
SFA
MUFA **

PUFA NS

USRatio **

PSRatio *

Desat. (C16) *

Desat. (C18) **

Elongation index ns

ns
NS

ns
*

ns
NS
**
**

NS

NS

NS

NS
*

NS

NS

NS

ns
NS
**
**

ns
**
**

NS

NS
*

NS

NS
*

ns
NS

NS
**

ns
**

NS

ns
NS

ns
NS

NS
**

NS

NS

NS

NS
*

*

**

**
**

NS

NS

ns
**

ns
**

**
*

NS
**
*
**

NS

ns
NS

NS
**
**

NS

ns
NS
**
**
*i

. P<0.05, ** P<0.01, n's. Not significant.
Abbreviations of traits as in Tables 5.2 and 5.3
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Table 5.10. Sex and breed variation in triacylglycerol fatty acids of crossbred

weaners (LSM t s.e. % total fatty acids)

16:0 16:1 18:0 18:1n-9 SFA MUFA PUFA Desat

u
Heifers
(n=152)
Steers
(n=172)
sig.

Breed
Angus
(n=38)
Belgian
(n=56)
Hereford
(n=39)

Jersey
(n=50)

Limousin
(n=48)
Sth Devon
(n=38)

Wagyu
(n=55)

sig.

30.0 5.7
+ 0.2 + 0.1
30.3 5.4

+ 0.2 r 0.1

0.29ns 0.02*

12.5 33.7
+ 0.3 + 0.3
13.5 32.5

+ 0.2 + 0.2
0.01** 0.01**

3.8 73.0
+ 0.2 + 0.4
3.6 70.8

+ 0.1 t 0.4
0.28ns 0.01**

49.7
+ 0.3
51.3

+ 0.3
0.01**

46.5
r 0.3
44.9

+ 0.3
0.01*"

30.6 5.2
!0.4 + 0.2
29.9 5.9

+ 0.4 + 0.2
30.6 5.4

+ 0.4 + 0.2
30.6 6.5

+ 0.4 !o.2
30.2 4.9

+ 0,4 + 0.2
29.7 5.4

+ 0.5 + 0.2
29.2 5.6
f 0.4 + 0.2
0.07ns 0.01**

13.3
r 0.5
12.5

+ 0.4
13.7
t 0.5
11.5

!0.4
15.2

+ 0.4
13.0

+ 0.5
11.9

+ 0.4
0.01**

32.9
+ 0.5
33.4

+ 0.4
32.5

+ 0.5
33.2

+ 0.4
32.4

+ 0.4
32.2
r 0.5
35.1

+ 0.4
0.01**

51.5
+ 0.6
49.7

+ 0.5
51.9
r 0.6
49.5

+ 0.5
52.5

+ 0.5
50.5

+ 0.6
48.3

+ 0.5
0.01**

45.2
r 0.6
46.4

r 0.5
44.3

r 0.5
46.6

+ 0.5
43.7

+ 0.5
45,6

+ 0.6
48.1

+ 0.5
0.01**

3.3
+ 0.3

3.9
r 0.3

3.8
+ 0.3

3.9
+ 0.3

3.8
r 0.3

3.9
+ 0.3

3.6
+ 0.3
0.84ns

71.3
+ 0.8
72.9

+ 0.7
70.4

+ 0.8
74.3
! o.7
68.6

+ 0.7
71.4

+ 0.8
74.6

+ 0.7
0.01*"

AOnly the major fatty acids shown, "P<0.05, *"P<0.01, hs=ñot significant

Highest values in bold.
SFA= 14:0+16:0+18:0, MUFA= 14:1+16:1+1 8:1 n-9+1 8:1 n-7

PUFA= 1 8:2n-6+1 8:3n-3+1 8:3n-6+1 8:4n-3
Desat. , desaturation index in C18 fatty acids=(18:1n-9)/(18:0+18:1n-9) x 100
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5.4 VARIATION AT SLAUGHTER
lntroduction

Fat accumulates between muscle fibres as intramuscular (marbling) fat (Wood'

1gB3). Despite the current trend of lean beef production, there are still certain

markets for which a premium price can be obtained for well marbled beef. Marbling

is also a major factor in the determination of beef quality grades in several countries

(Zembayashi and Lunt, 1995).

Thornton et al, (1974\ stated that meat with a high degree of marbling can be

produced in any breed of cattle merely by feeding a high-energy ration for a

prolonged period. However, this practice is usually economically unsound (Howes et

al., 1g72) and leads to the deposition of excess subcutaneous fat (Johnson et al.,

1972). From a meat-eating quality perspective, higher levels of marbling have been

associated with improved tenderness, juiciness and flavour (McBee and Wiles,

1g67; Smith et al., 1987; Wulf et al. 1996), an indication that selection for marbling

might lead to simultaneous improvement in these meat quality traits.

The melting point of fat determines its hardness or softness. Thus, in the beef

industry, melting point can be of importance in meat processing because most

abattoirs bone out chilled carcasses with solidified fats. ln this regard, carcasses

with soft fat are easier to bone out and process. Melting point may also affect

marbling score independent of fat content because carcasses are often chilled

overnight before being assessed The objective of this section was to investigate

breed differences and the relationships between intramuscular fat, marbling score

and melting point of carcasses.
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Materials and methods c
The 6g purebred Limousin and Jersey and Limousin x Jersey steers and heifers

used in this analysis originated from the Gene Mapping Project herd. An addition

312 Angus, Belgian Blue, Hereford, South Devon, Wagyu, Limousin and Je

crossed steers and heifers were obtained from the Southern Crossbreeding Pro

herd. Allthe animals from both herds were transfered to the feedlot and grown out to

about S00 days of age. Heifers were fed for 90 days and the steers for 180 days on

a ration containing a minimum of 60% grain and a maximum of 13% protein. They

were slaughtered in commercial abattoirs and the adipose tissue from their

carcasses between the 12th and 13th ribs were scored for marbling and sampled for

intramuscular fat content and melting point (Table 5,11). Details of the laboratory

procedures have been described (Chapter 3).

The Gene Mapping Project and Southern Crossbreeding Project data were analysed

separately. Least squares analysis was done by PROC GLM (SAS, 1989) using

Type lll Sums of Squares. The model for the Gene Mapping data set included the

effects of sex, breed and sex by breed interaction. The initial model for the Southern

Crossbreeding project data set included fixed effects of breed, sex, location and sire

nested within breeds. However, location and interactions between these effects

were later dropped from the model because they were not significant sources of

variation. Significance was defined as P < 0.05. A simple linear regression of

intramuscular fat on marbling score was carried out and a prediction equation

developed. Residual correlations after adjusting for breed and sex differences were

computed between the traits using PROC CORR (SAS' 1989)'

OF
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Results

Least squares means of intramuscular fat content, marbling score and melting point

across breeds were determined (Table 5.12). Wagyu crosses had the highest

intramuscular fat and lowest melting point. Limousin crosses had the highest melting

point. Jersey crosses had the highest marbling scores and Limousin and South

Devon crosses the least (Table 5.12 and Figure 5.2). Breed differences were

significant (p<0,01)forall traits. ln contrast, location was not a significant source of

variation

A simple linear regression of intramuscular fat on marbling score (Figure 5.3) shows

that about ZO"/. oÍ the variation is accounted for by this equation: lntramuscular fat =

0.93+1.78Marbling score. A moderate but highly significant (P<0.001) residual

correlation of 0.34 was obtained between the two traits (Table 5.13), while melting

point was negatively correlated with both intramuscular fat content (-0.68) and

marbling score (-0.48).
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Figure 5.2. Breed differences in intramuscular fat content and marbling score (LSM)
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Figure 5.3. Relationship between intramuscular fat and marbling scores
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There were significant sex differences in all traits (Table 5.13). In both herds, heifers

contained higher intramuscular fats, had higher marbling scores and lower melting

points than steers, despite the fact that steers were fed for a longer duration than

heifers.

Discussion

A knowledge of the fat content in carcass musculature and its composition is

important, both for a better understanding of the growth processes and of the

nutritional value of meat and its associated quality (Garcia et al., 1986). Thus, in

beef carcass grading systems in Australia, the United States and other countries, an

evaluation of the amount of visual intramuscular fat at the 12th-13th rib interface of

the L. dorsimuscle is given considerable attention (Cameron et al. 1994, Harris et

al. 1995).

A study of the distribution of different fatty tissues among and between breeds is

essential as the breeding progress is dependent upon genetic variability (Garcia et

al., 1986). The present study compared purebred and crossbred lot-fed steers and

heifers for breed differences in marbling score, intramuscular fat and melting point.

Among purebreds, Herefords had the highest intramuscular fat and marbling scores,

closely followed by the Jerseys. Limousins had the lowest intramuscular fat and

marbling scores (Figure 5.2). This large breed variation in intramuscular fat content

is in agreement with the findings of Thornton et al. (1974) who worked with

Herefords and Santa Gertrudis. They had observed that even at the same level of

intramuscular fat, Santa Gertrudis still had lower fat thickness than Herefords.

Charles and Johnson (1976) also demonstrated large breed differences in carcass

dissectible fat percentage between Herefords, Angus and Charolais.
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Among crossbreds, Wagyu sired progeny had the highest percentage of

intramuscular fat (5.5%) while Limousin crosses had the least (Table 5.12 and

Figure 5.2). The Wagyu value agrees closely to the 5.1% corresponding to the

Japanese beef marbling score of 1 reported by Cameron et al. (1994). Angus and

Jersey crosses were very similar in intramuscular tat (4.7 and 4.8"/" respectively).

Johnson (1987) in a study of marbling in beef, reported that the early maturing

Angus and Hereford had more intramuscular fat than the late maturing Charolais x

lllawarra cattle. This study has demonstrated that South Devon and Belgian Blue

crosses (late-maturing breeds) had lower intramuscular fat in their carcasses than

their Angus and Jersey counterpafts.

ln an investigation of effects of nutritional planes and breeds on intramuscular lipid

deposition, Zembayashi (1994) reported that the intramuscular lipids of Japanese

Black (Wagyu) and their backcrosses were higher than those of Japanese

Shorthorns and Charolais crosses. In our study, similar breed differences were

obserued in that Wagyu crosses had the highest intramuscular fat. An interesting

obseruation was that Jersey x Limousin F, crosses had an intramuscular fat

percentage that was higher than the average of purebred Jersey and Limousin

(Figure 5.2). This indicates hybrid vigour (heterosis).

Marbling scores in the crossbreds did not exactly follow the expected pattern of

Wagyu topping the list as the case was with intramuscular fat. lnstead, Jersey and

Angus crosses were the most marbled (Figure 5.2). An explanation for this

discrepancy could be that being a subjective score, marbling scores are proned to

errors. For example, Blumer et al. (1962) obserued that ether-extract value for

intramuscular fat was not that expected given the assessment of marbling. This was
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thought to be due to either changes in the pattern of fat deposition beneath the cut

surface of the sample, or to the microscopic fat deposits within the sample. Another

possible reason could be that since the distribution of intramuscular lipid throughout

the L. dorsi muscle is not uniform (Zembayashi and Lunt, 1995) and sample

variation within a breed could be another source of error. More recently, Baud et al.

(1ggg) reported that the considerable variation in intramuscular fat within any

marbling score plus the subjective nature of the marbling scoring system causes a

considerable error in marbling scores, hence the reduced correlation with

intramuscular fat percentage.

After adjusting for breed differences, a positive, highly significant (P<0.01) residual

correlation of 0.34 was obtained between intramuscular fat and marbling score. This

indicates a relationship in which an increase in one of these traits leads to a

simultaneous increase in the other. Just how strong this relationship is in predicting

intramuscular fat from marbling score was tested in a simple linear regression

analysis (Figure 5.3), lt shows a good distribution in marbling scores ranging from 1

to 3. The prediction equation explained about 70"/" of the variation, implying that the

relationship between the two traits is strong, Melting point was negatively correlated

with both intramuscular fat (-0.68) and marbling score (-0.48)'

From a biochemical point of view, differences in melting points of fats between the

cattle genotypes affect marbling scores. Fats with low melting points would be softer

and could be easily visible by marble scoring assessors, while hard fats with high

melting points would be scored down for marbling. For instance, Wagyu and Jersey

breeds have low melting points of 33.7 and34.7 oC, respectively (Table 5.12) and

hence, have soft fat. Since carcasses are normally left overnight in the chiller prior to
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scor¡ng them for marbling, the fats with low melting points wouldn't have crystalised,

and can be visually picked by the scorers. On the other hand, breeds with hard fat

(eg Limousin,43.1oC and South Devon,40.8'C) would have crystallised and no

marbling is visible.

Sex differences were evident between steers and heifers in both herds (Table 5.13).

Heifers reach physiological maturity earlier than steers and begin to deposit

intramuscular fat earlier. Their fats are also softer than those of steers due to lower

melting points. Apart from stage of maturity, there are hormonal differences between

the sexes and this has a bearing on fat deposition. Despite the longer duration of

feeding steers than heifers on high density diets, heifers were still fatter, a further

demonstration of definite sex differences.

Summary and conclusion

lntramuscular fat, marbling score and fat melting point data of progeny sired by

Angus, Belgian Blue, Hereford, Jersey, Limousin, South Devon and Wagyu from

Hereford dams, Jersey, Limousin and reciprocal F, Jersey x Limousin were analysed

at slaughter. Results showed that there were highly significant breed differences.

Wagyu crosses had the highest intramuscular fat, while pure Limousins had the

least. Jersey and Angus crosses had the highest marbling scores, while Belgian

Blue crosses and pure Limousins had the lowest. Pure Limousins had the highest

melting point and Wagyu crosses the lowest (33'7'C).

F, crosses between purebred Jersey and Limousin exhibited heterosis in both

intramuscular fat and marbling scores. A simple regression equation to predict

intramuscular fat from marbling score explained about 707" of the variation. Melting
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po¡nt was negat¡vely correlated with both intramuscular fat (-0.68) and marbling

score (-0.48). Heifers were more marbled and had softer fats than steers.

This study has demonstrated that large breed differences exist in marbling score,

intramuscular fat content and melting point. Fufthermore, intramuscular fat and

marbling score were positively correlated, while melting point was negatively

correlated with both intramuscular fat and marbling score.Therefore, depending on

which market specification, selection for or against intramuscular fat and selection

for or against soft fat, could be achieved between these breeds'
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Table 5.11: Summary statistics for intramuscular (lM) fat content, marbling score

and melting point in steers and heifers by breed

Breed

lM Fat (%)

Heifers SteersMin Max

Marbling Score Melting Pt. ("C)

s.d. Min Max s.d.Min Max s.d

Angus x H

Belgian Blue x H

Hereford

Jersey x H

Limousin x H

South Devon x H

Wagyu x H

Jersey

Limousin

Limousin x Jersey

17

27

13

28

24

14

27

I
I
I

22

28

21

21

23

23

24

7

15

19

2.5

1.5

3.5

3.4

1.9

2.5

3.4

2.5

1.5

2.0

8.9

4.3

7.5

7.5

5.0

7.8

12.0

8.4

3.0

5.9

3.0

1.0

3.0

3.0

2.O

3.0

3.0

2.0

1.0

2.0

0.7

0.0

0.7

0.7

0.3

0.6

0.6

0.4

0.0

0.4

33.0

38.0

33.0

30.0

38.0

36.0

30.0

31.0

40.0

33.0

43.0

48.0

46.0

40.0

52.O

49.0

41.0

36.0

49.0

48.0

4.1

4.8

4.4

3.4

3.7

4.7

4.4

4.8

4.2

5.0

1.7 1.0

1.3 1,0

1.3 1.0

1.2 1.0

0.9 1.0

1.6 1.0

2.3 1.0

1.8 1.0

0.5 1.0

1.0 1.0
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Table 5.12. Least squares means * s.e. for intramuscular fal (/o), marbling score

and melting point ("C) in different breeds

Breed Intramuscular fat Marbling Score Melting Point

Angus x H

Belgian Blue x H

Hereford

Jersey x H

Limousin x H

South Devon x H

Wagyu x H

Jersey

Limousin

4.7 !0.4

3.5 + 0.3

4.8 tO.4

4.8 r 0.3

3.0 r 0.3

4.0 + 0.5

5.5 r 0.3

3.9 + 0.5

2.2 + 0.5

1.6 + 0.1

1.0 r 0.1

1.4 + 0.2

1.7 + 0.1

1.1 + 0.1

'1.1 + o.2

1.6 + 0.1

1.3 + 0.1

1.0 + 0.1

1.2+ 0.1

35.4 r 0.4

39.0 r 0.5

34.8 + 0.7

34.4 + 0.5

40.8 r 0.5

40.4 + 0.7

33.7 + 0.5

34.7 + 0.9

43.1 + 0.8

39.5 + 0.8Jersey x Limousin 3.4 t 0.6

Highest and lowest values are highlighted in bold
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Table 5.13. sex differences in intramuscular fat, IMF (%), marbling score, MS

and melting Point, MP ('C)

Gene Mapping Proiect
IMF MS MP

Southern Crossbreeding Proiect
IMF MS MP

I

Heifers 3.4 + 0.6 1.3 + 0.6 gg.2+ 0.7 4.3 + 0.1 1.4 + 0.0 38.0 t 0.3

Steers 2.0+0.7 1.0t0.7 41.6t0.7 3'3+0'2 1.2+0'0 40'3+0'3
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5.5 ESTIMATES OF GENETIC PARAMETERS
lntroduction

Genetic parameters are essential population attributes in the design and application

of selection programmes in animal breeding. These parameters include estimates of

heritabilities and genetic and phenotypic correlations of the traits of interest.

Extraneous factors which have been shown to atfect genetic parameter estimates

include data origin (Wright et al., 1987), method of estimation (Nelsen et al., 1986),

data size (Koots et al., 1994a), feeding management (Tess et al., 1984)' breed

(DeRose et al., 1988) and sex (Koch et al., 1973).

Within a given population or herd, certain individuals exhibit superior performance

over and above the herd average. For the purpose of genetic improvement and on

the basis of recorded information, such high performing parents are selected to be

parents of the next generation.

Progeny testing in cattle is time-consuming and costly because of the long

generation interval. Fufthermore, the cattle are slaughtered to enable progeny

testing for meat quality traits. lt is therefore desirable for breeders to make an early

decision while the cattle are still weaners to save time and costs associated with

progeny testing. The key questions this section attempts to answer are:

1. What is the relationship between triacylglycerol fatty acids from the adipose tissue

of cattle at weaning and at slaughter?

2. Can fatty acid composition at slaughter be predicted from weaner fatty acid data?

3. How heritable are fattY acids?

Thus, the objectives of this section are firstly, to investigate genetic and non-genetic

sources of variation in triacylglycerol fatty acid composition of adipose tissue within

the same cattle, at weaning and at slaughter. Secondly, to estimate genetic and
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phenotypic correlations between fatty acids and enzyme indices at weaning and

slaughter. Thirdly, to predict carcass fatty acids and enzyme indices from biopsy

data at weaning, and lastly, to estimate heritabilities of fatty acids and enzyme

indices at weaning and slaughter.

Materials and methods

Steers and heifers from the Southern Crossbreeding Project, Struan Research

Centre, located in the South-East of South Australia were sampled in 1994. They

were progeny from Hereford dams crossed to Angus, Belgian Blue, Hereford,

Jersey, Limousin, South Devon and Wagyu sires. 324 cattle were sampled at

weaning and 310 at slaughterfrom 26 sires (Table 5.14). The animals were raised

on pasture in two locations: Struan and Wandilo, and weaned at 300 days of age at

which time subcutaneous fat tissue was biopsied between the 12'n and 13'n ribs by a

technique already described (Chapter 3). They were lot-fed on high density diet

(65% barley and 13% crude protein) for a period of 90 days (heifers) and 180 days

(steers). They were grain-fed from 300 days of age. Adipose tissues at the 12'n-13'n

rib interface from the resulting carcasses were sampled for intramuscular fat

content, melting point and fatty acid composition. Marbling scores were done by

accredited assessors according to standard AUS-MEAT (1995) procedure. Melting

point of fat was determined by the AOAC (1984) procedure and the intramuscular fat

content was measured by the solvent-extraction method (AOAC, 1984) as described

previously (Chapter 3). Fatty acid composition was measured by gas-liquid

chromatography. The equipment, total lipid extraction, methylation, separation of

triacylglycerol from phospholipid fractions and normalisation procedures have been

described in detail (Section 3).
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General linear models procedure (PROC GLM) of SAS (1989) was used in

analysing the data. Factors fitted in the models for biopsy (weaning) and carcass

(slaughter) data included location, sex, breed and sire nested within breed (Table

5.15). First and second order interactions were dropped from the model because

they were either not significant or inestimable due to confounding. Only the major

individual fatty acids palmitate (16:0), palmitoleate (16:1), stearate (18:0) and oleate

(18:1n-9) which constitute about 90% of the total fatty acids were tabulated (Table

5.15). Variance and covariance components were generated from mixed model

least-squares and maximum likelihood programme (HARVEY, 1990) using a sire

model. These components were used in computing heritability estimates and genetic

and phenotypic correlations by restricted maximum likelihood (REML) using

ASREML (Gilmour et al., 1998). To be able to make comparisons between software

packages, heritability estimates from PROC MIXED (SAS, 1989), HARVEY and

ASREML were computed using a sire model with the same set of fixed effects in all

cases. SAS estimates were from a univariate analysis, while multivariate analyses

were performed for HARVEY and ASREML.

Results

Location of the cattle was a significant source of variation in the propoftion of only

one individual fatty acid: stearate (18:O), at weaning and slaughter (Table 5.15). At

both stages, the adipose tissues of cattle born at Struan had higher proportions of

18:0 than their counterpafts at Wandilo: 13.4 vs 12.2o/o at weaning and 13.9 vs

13.3"/o at slaughter (Table 5.16). Total polyunsaturated fatty acids (PUFA) and

desaturation index in C18 fatty acids (^'-C18) at weaning also significantly differed

between locations (Table 5.15). Wandilo biopsies had higher propottions of PUFA

and desaturation enzyme index (4,0 vs 3.4% and 73.3 vs 71,17o, respectively) than

ü
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those in Struan (Table 5.16). At slaughter, all the differences due to location were

not detected except for 18:0 as mentioned earlier.

Proportions of 16:1, 18:1n-9, total monounsaturated fatty acids (MUFA) and

desaturation index significantly differed between the sexes at weaning (Table 5.15).

ln all traits, heifers had higher proportions of 16:1 (5.7 vs 5.4%), 18:1n-9 (33.8 vs

g2.41o), MUFA (46.7 vs 45.3%) and 
^'-c18 

(73.2 vs 71 .2%) lhan steers (Table

5.17). At slaughter, sex differences were apparent in almost all the traits except

1B:1n-9 and total saturated fatty acids (SFA) (Table 5.15). Heifers had higher

proportions of 18:0 (15.0 vs 12.2"/"), PUFA (3.1 vs 1.7"/"), elongation index (63.3 vs

59.7"/"), marbling score (1.4 vs 1.2), intramuscular tat (4.3 vs 3.3%) and less 16:0,

1G:1, MUFA, desaturation indices and melting point than steers (Table 5.17).

Breed differences at weaning were apparent in the proportions of 16:0, 16:1, 18:0,

SFA, MUFA and desaturation indices (Table 5.15). Angus crosses had the most

16:0 (30.7%) and Wagyu crosses the least (28.7"/") (Table 5.18). Jersey crosses

had the highest proportion of 16:1 (6.6%) and Limousin crosses the least (4.9%)'

Limousin crosses also contained the least proportions of MUFA (44.1"/.),

desaturation indices in C1 6 (14.2"/") and C18 (69.2%) fatty acids, and the most

proportions of 18:0 (15.0%) and SFA (52.3%) (Table 5.18). Wagyu crosses

contained the highest proportions of MUFA (49.0%) and expectedly, the lowest SFA

(47.4%).

At slaughter, Wagyu crosses had the highest C18 desaturation index of 76.0"/",

while Jersey crosses had the highest proportions of 16:1 (5.3%), 
^n-C16 

(15.0%)

and the lowest elongation index of 59.8% (Table 5.18). Purebred Herefords had the

lowest A'-C1B enzyme index ol 73.7% and Limousin crosses the lowest 
^'g-C16 

of
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1Z¡%. Sire nested within breed was a significant source of variation in the

proportions of 18:1n-9, total MUFA, 
^n-C18 

and elongation indices at weaning

(Table S.1S). At slaughter, similar significant effects were observed in the

proportions of 18:0, 18:1n-9, SFA, MUFA anO ¡'-Ct8 and elongation indices.

There were strong and positive genetic correlations (rn) between triacylglycerol fatty

acids and enzyme indices at weaning and slaughter (Table 5.19). The highest rn of

0.g8 was obtained for 18:1n-9, while the lowest rn of 0.11 was for elongation index.

lndividual fatty acids 16:1 and 18:0 at weaning and slaughter were also highly

positively correlated (0.88 for 16:1 and 0.75 for 18:0, respectively). On the other

hand, 16:0 the most abundant saturated fatty acid, was poorly correlated (0.15) at

weaning and slaughter.

For the most paft, phenotypic correlations (ro) were very low, ranging from 0.04 in

16:1 to O.44in total SFA (Table 5.19). Simple regression equations for predicting

carcass fatty acids at slaughter from biopsy data at weaning were derived (Table

S.20, Figures 5.4 - 5.8). The highest coefficient of determination (R') value of O'74

was obtained from the prediction of 18:0, while the lowest R'values of 0.06 were

from the predictions of 16:0 and total PUFA.
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Predictlon of corcoss l8:ln-9 from biopsy doto
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Figure 5.7 Relationsh¡p between biopsy and carcass elongation index
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Prediction of desoturolion index from biopsy doto
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Figure 5.8 Relationsh¡p between biopsy and carcass desaturat¡on index

Estimates of heritability (h') for triacylglycerol fatty acids at weaning and slaughter

were calculated (Table 5.21\. At weaning, individual fatty acids 16:0, 16:1, 18:0 and

18:1n-9 had h'values of 0.13, 0.12, O.10 and 0.26, respectively. A summation of

total SFA, MUFA and MUFA portrayed h" values of 0.15, 0.31 and 0'03,

respectively. Calculated enzyme indices had h'values of 0.06, 0.25 and 0.21 for Â'-

C16, 
^'-C1B 

and elongase, respectively (Table 5.21). ln general, the results show

that triacylglycerol fatty acids in the adipose tissue of weaner cattle have a low to

moderately low heritability. Heritability estimates were generally higher at slaughter

than at weaning for most traits (Table 5.21). SAS h' estimates at slaughter for 16:0,

16:1, 18:0 and 18:1n-9 were 0.10, 0.16, 0.43 and 0.28, respectively' With the

exception of 16:1, HARVEY h' estimates were similar (0.17, 0.06, 0.37 and 0.30 for

16:0, 16:1, 1B:0 and 18:1n-9, respectively) with SAS estimates. ASREML estimates
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were however, generally lower than both SAS and HARVEY estimates (Table 5.21\,

indicating that it is a more conservative estimation than SAS and HARVEY.

Summations of saturated, monounsaturated and polyunsaturated fatty acids

portrayed significant increases in h' estimates at slaughter, regardless of the

analytical software used (Table 5.21). SFA, MUFA and PUFA had h' estimates of

0.21,0.40 and 0.18 (SAS),0.22,0.40 and O.Og (HARVEY) and 0.30, 0.20 and 0.05

(ASREML), respectively. lt is obvious that total MUFA, which are highly desirable in

human diets in view of their cholesterol-lowering ability, are moderate to highly

heritable at slaughter. Of equal importance too, are the individual fatty acids 18:0

and 18:1n-9 with moderate to high heritabilities of 0.37-0.43 and 0.28-0.30'

respectively.

Calculated enzyme indices of desaturation and elongation had low to moderately

high h'values at slaughter, ranging from O.O4 (A'-C16) to 0'44 (^'g-C18) (Table

S.21). Also, SAS and HARVEY estimates were similar, while ASREML estimates

were lower than both. Marbling scores of the carcasses at slaughter had a

heritability estimate of 0.52 (SAS), O.4O (HARVEY) and 0.15 (ASREML), while

intramuscular fat content had a zero heritability regardless of the analytical software

used (Table 5.21). Melting point of the fat had a low heritability of 0.08 to 0.20.

Discussion

Excess fat production (Smith et al., 1991) and inconsistent tenderness of meat

(Morgan et al., 1g91;Savell and Shackelford, 1992) have been identified as major

concerns to the beef industry. Beef breeders are faced with the challenge of using

diverse resources to produce cattle and meat products that are in demand by

consumers. To accomplish these goals, breeders need information on breed
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differences and genetic parameters for a wide spectrum of traits to develop effective

breeding schemes (Marshall, 1994). In this section, location, sex and breed

differences in fatty acid composition at weaning and slaughter are presented.

Furthermore, heritabilities, genetic and phenotypic correlations of fatty acids and

enzyme indices are rePofted.

Location differences

The cattle used in this study were maintained on two properties (and three

management groups) at Struan and Wandilo. Struan is located on flat plains while

Wandilo is more of a sandy terrain. Even though the cattle grazed on pasture in both

locations at weaning, the adipose tissues of cattle located at Wandilo had higher

proportions of total polyunsaturated fatty acids and desaturation enzyme indices and

less 18:O than those at Struan (Table 5.16). This observation seems to reflect

differences in management practices relating to pasture quality. lt is interesting that

after rearing in the feedlot post-weaning, location differences in fatty acid

composition were not detected, the only exception being 18:0. There doesn't seem

to be a satisfactory explanation for this because 18:0 does not have a dietary origin

since it is synthesised de novo from the elongation of 16:0 (palmitate) by the

elongase enzyme. The fact that there was no difference in elongation enzyme index

between the two locations at weaning and slaughter rules out possible differences in

de novo synthesis.

Sex differences

Sex differences were consistent with previous results (Sections 5'1 , 5.2,5.3 and

5.4). Heifers had higher proportions of 16:1, 18:1n-9, total MUFA and desaturation

enzyme index than steers at weaning. Heifers also had higher marbling scores,

intramuscular fat content and elongation enzyme index than steers at slaughter
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(Table 5.17). An explanation lies in differences in fatness and maturity between

heifers and steers. Heifers reach physiological maturity and begin to deposit

intramuscular fat earlier than steers. Zembayashi et al. (1995) and Huerta-Leidenz

et al. (1996) demonstrated that changes in fatty acid composition were related to

fatness and rate of fat deposition such that fatter animals contain higher proportions

of monounsaturated fatty acids than lean animals. This is supported by the results

herein showing that at the same age at weaning, heifers had more MUFA and

a higher desaturation index than steers.

It was demonstrated earlier (Section 5.1) that with increasing age, there is an

increase in the proportion of monounsaturated fatty acids and a corresponding

decrease in saturated fatty acids. From weaning to slaughter, it was evident that the

proportions of MUFA increased and SFA decreased in both sexes (Table 5.17).

Despite the fact that steers were fed for 90 days longer than the heifers in the

feedlot, heifers still had higher intramuscular fat content and marbling scores than

steers. This is a further evidence of sex variation, regardless of age differences

between heifers and steers at slaughter.

Breed differences

At both weaning and slaughter, breed differences in fatty acid composition and

enzyme indices were obserued. The early-maturing breeds (Jersey, Wagyu and

Angus) contained higher proportions of unsaturated fatty acids and higher

desaturation enzyme indices than the late-maturing Limousin, South Devon and

Belgian Blue. Differences in maturity patterns have significant influences on fat

deposition, desaturation and elongation enzyme indices. The Wagyu breed for

example, is renowned for depositing extremely high amounts of intramuscular fat

(Lunt et al., 1g92). Sturdivant et al. (1992) was of the opinion that elevated stearoyl-
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coA desaturation enzyme activity was responsible for the high proportions of

monounsaturated fatty acids in the adipose tissue of Wagyu cattle. May et al. (1993)

reported that fat from Wagyu cattle had higher proportions of 16:1 and 18:1n-9 and

lower 16:0 and 18:0 than Angus raised under the same conditions, although it was

not clear if this difference was solely due to breed or partly due to fatness levels.

However, Zembayashi et al. (1995) answered this question by reporting that at the

same degree of fatness, the Wagyu breed had proportions of 16:0, 16:1 and 18:1n-9

that were significantly different from those of other breeds. Herein, the early

maturing breeds (Jersey and Wagyu crosses) had higher proportions of unsaturated

fatty acids and desaturation indices than the late-maturing breeds, and thus, the

results agree with the ones cited above'

ln other earlier studies on breed differences in fatty acid composition, Gillis et al.

(1g73) using progeny from Limousin and Simmental bulls crossed with three dam

breeds, reported significant breed differences in 14:0, 16:0, 16:1, and 18:0 in the

adipose tissue. More recently, Perry et al. (1998) found significant sirebreed

differences in the fatty acid composition and melting point of fat in Hereford,

Brahman x Hereford, Simmental x Hereford and Friesian x Hereford cattle. They

reported that breed differences in fatty acid composition at the same age are

associated with variation in stage of maturity at slaughter as reflected by differences

in percentage fat.

There was a large variation between sires within breed because the effect of sire

nested within breed was significant for total saturated, monounsaturated fatty acids,

and enzyme indices (Table 5.15). This indirectly suggests that the contribution of

direct additive genetic variance from sires to progeny within breeds was significant.

Given that additive variance is a heritable component, the implication is that these
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fatty acids are heritable. The strength of this heritability has been quantified by

actual estimation using restricted maximum likelihood procedure (Table 5.21).

Genetic and phenotypic correlations

There is strong evidence that a relationship exists between triacylglycerol fatty acids

from the adipose tissue of cattle at weaning and slaughter (Table 5.19)' Genetic

correlations were strong and positive for almost all individual fatty acids and their

summations, as well as the desaturation and elongation enzyme indices (Table

5.19). This implies that the additive genetic variance component contributes more to

the association of these fatty acids than the environmental component. The

exceptions were 16:0, SFA and elongation enzyme index which were poorly

genetically correlated (0.15, 0.21 and 0.11, respectively).

The two 18-carbon fatty acids: 18:O and 18:1n-9, as well as total MUFA were

strongly and positively correlated (0.75,0.98 and 0.86, respectively) (Table 5.19).

This offers hope to beef breeders that selection for these fatty acids could be made

early when the cattle are weaned. Also, if the desaturation index is used in selection

programmes by beef breeders, an early decision could be made at weaning, given

the strong, positive correlations of 0.72 and 0.76 for ¡n-C16 and 
^'-C18 

desaturation

respectively, at weaning and slaughter. Based on the prediction equations

developed in this study, 61o/o,74o/o and 68% of the variation in carcass 16:1, 18:0

and An-C18 desaturation, respectively, can be explained using biopsy fatty acid data

at weaning (Table 5.20 and Figures 5,4-5.8). The accuracy and precision of

prediction could possibly be higher if selection for these fatty acids is carried out.

Generally, phenotypic correlations between individual fatty acids, their summations

and enzyme indices at weaning and slaughter were very poor (Table 5.19). This
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observation seems to agree with the report of Koots et al. (1994b) who estimated

phenotypic and genetic correlations among beef cattle traits. They demonstrated

that phenotypic correlation estimates for many carcass quality traits as well as

among reproductive traits were very poor.

Heritabi Iity estimates

lndividual fatty acids, their summations as well as desaturation and elongation

enzyme indices generally had low heritabilities at weaning, ranging from 0.03 to 0.31

(Table 5.21). This indicates that genetic progress at weaning would be slow.

However, total monounsaturated fatty acids could be singled out as the exception

because they had the highest h' value of 0.31, implying moderate genetic gain. The

results at weaning also stress the importance of paying attention to environmental

factors such as the feeding regime and management of weaner calves since the

environment contributes more to the phenotype than the genetic component at this

age.

Heritability estimates at slaughter were higher than at weaning (Table 5.21). This

might have been partly due to differences between the breeds of cattle in maturity

pattern as age increased, and not the slightly lower numbers of cattle at slaughter,

because the standard errors were very similar to those at weaning. Individual fatty

acids 18:O and 18:1n-9 had reasonably high h'estimates of 0.43 and 0.28

respectively, implying that significant genetic progress could be made by selecting

for these fatty acids. High h'estimates of 0.65 and 0.25 have been repofted for

18:1n-g and 18:0, respectively, in the backfat of Large White and French Landrace

pigs (Bout et al., 1991). Cameron and Enser (1991) found h' estimates for fatty acid

concentrations in intramuscular fat that ranged Írom 0.24 to 0.73 in Duroc and

British Landrace pigs. From the results of the present study in cattle, the implication
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is that selecting individuals with high proportions of 18-carbon fatty acids and MUFA

to sire progeny would lead to moderate to high genetic gains. Also, this decision

could be made at weaning because of the high genetic correlation between weaner

and slaughter fatty acid compositions. ln selection programmes, the use of

desaturation enzyme index appears to offer a potentially reliable tool given its

moderate to high heritability of 0.25 lo 0.44 (Table 5.21).

Other traits of interest at slaughter examined herein included marbling score,

intramuscular fat and melting point of fat. Marbling score was moderate to highly

heritable (0.15 to 0.52). Previous studies on marbling score reported h'zestimates of

0.52 (O'Connor et al., 1997), 0.47 (Benyshek et al., 1981), 0.43 (Van Vleck et al.,

1992),0,40 (Koch et al., 1982),0.35 (Arnold et al., 1991 and Marshall, 1994) and

0.23 (Woodward et at., 1992). Marbling is currently an important factor used by the

Australian beef industry to assign carcass quality of expofted beef. The high

heritability suggests that breeders can make genetic gains by selecting sires with

high marbling scores if they intend to meet the export market demands.

Lunt et al. (1993) reported that the Wagyu breed deposits extremely high amounts

of intramuscular fat. Results from this study suggest that regardless of the method

used for estimation, intramuscular fat content was not heritable (Table 5.21). An

explanation could be that the variation between sires within breeds was not

sufficiently large, hence the additive genetic variance component was zero. This

implies that selecting directly for this trait would not lead to any significant genetic

gains. Management factors such as energy content of grains used in feeding and

the duration of feedlotting are key to improving intramuscular fat content. However,

selection programmes based on marbling scores are expected to lead to a
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simultaneous improvement in intramuscular fat content because the two traits are

positively correlated, 0.68 (Section 5.4) and 0,51 (Baud et al., 1998).

It was hoped that the heritability estimates of intramuscular fat content and marbling

scores would be similar given their positive correlation, but that was not the case

(Table 5.21). lt was demonstrated that marbling scores did not accurately match

intramascularfat content (Section 5.4). Blumer et al. (1962) obserued that in some

cases, ether-extract value for intramuscular fat was not that expected given the

assessment of marbling. This was thought to be due to either changes in the pattern

of fat deposition beneath the cut sudace of the sample, or to the presence of

microscopic fat deposits within the sample. More recently, Baud et al. (1998)

reported that even though marbling score and intramuscular fat were found to be

moderately correlated, there was a considerable variation in intramuscular fat within

any marbling score. They concluded that the variation plus the subjective nature of

the marbling scoring system causes a considerable error in marbling scores and a

reduced correlation with intramuscular fat percentage. However, the most likely

cause of the difference between the estimates was that there was much less data

available for intramuscular fat (none for 1994 drop steers) than marbling.

Melting point of fat was low to moderately heritable (0.08-0.20) (Table 5.21). Melting

point is an objective measurement which indicates the hardness or softness of fat.

Its moderate heritability indicates that in the beef industry where chilled carcasses

are boned and hard fat is of concern in meat processing, moderate genetic gains

could be made by selecting for softer fat. This would in turn, mean more proportions

of unsaturated fatty acids as they are negatively correlated with melting point.
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Summary and conclusion

The fatty acid composition of the triacylglycerol fraction was measured in animals

sampled at weaning and slaughter. The animals were progeny from Hereford dams

sired by Angus, Belgian Blue, Hereford, Jersey, Limousin, South Devon and Wagyu

Estimates of heritability and genetic and phenotypic were computed by restricted

maximum likelihood using a sire model in both univariate and multivariate analyses.

Results indicated that generally, there were strong, positive genetic correlations

between fatty acids at weaning and slaughter (as high as 0.98). Phenotypic

correlations were however, low and poor (0.04 - 0.44\. Heritability (h') estimates at

weaning were low to moderate, ranging from 0 - 0.31. However, at slaughter, h'

estimates were generally higher than at weaning. Stearate, oleate and total

monounsaturates had h' estimates of 0.43, 0.37 and 0.40, respectively. Other

carcass fat traits such as marbling score and melting point had h' estimates of 0.20

and 0.52, respectively, Significant breed, sex and location differences in fatty acid

composition were also observed at weaning and slaughter.

ln conclusion, fatty acids in the triacylglycerol fraction of bovine adipose tissue have

a low to moderate heritability at weaning and moderate to high heritability at

slaughter. Beef breeders can make early selection decisions for the highly desirable

18-carbon fatty acids, total monounsaturates and desaturation indices because

these traits at weaning and slaughter have strong, positive genetic correlations'

Since genetic correlations were high for key fatty acids, producers may be able to

select for fatty acid composition in carcasses by selecting on biopsy data collected

at 300 days of age.
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Table 5.14: Distributions of cattle sampled at weaning and slaughter

Breed

Angus x Hereford 3
Belg.Blue x Hereford 4
Hereford 3
Jersey x Hereford 4
Limousin x Hereford 4
SthDevon x Hereford 4
Wagyu 4

Number of sires Number of Progeny
Weaning Slaughter

38
55
34
48
47
36
52

39
56
39
50
48
38
54

Total 26 324 310
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Table 5.15: Levels of significance for triacylglycerols (TAGs) at weaning and

slaughter from analysis of variance

Trait
16:0
16:1
18:0
18:1n-9
SFA
MUFA
PUFA

^'(c16)
^'(c18)Elongase

Sire(Brd)
0,66
0.15
0.19
0.02*
0.98
0.01**
0.37
0.28
0.02.
0,05*

Sire(Brd)
0.26
0.29
0.01*"
0.02"
0.04.
0.01*"
0.19
o.32
0.01""
0.02.

Weaning (Biopsy data)
Location Sex Breed
0.37 0]8 0.04*
0.69 0.05. 0.01""
0.01** 0.13 0.01**
0.32 0.01** 0.60
0.08 0.06 0.01**
0.39 0.01** 0.05.
0.03* 0.51 0.87
o.37 0.10 0.01"*
0.01** 0.01** 0.04*
0.68 0.41 0.19

Slaughter (Carcass data)
Location Sex Breed
0.75 0.01"* o.25
0.82 0.01** 0.05*
0.05* 0.01** 0.50
0.99 0.86 0.39
0.54 0.82 0.47
0.66 0.01** 0.47
0.50 0.01** 0.95
o.77 0.01** 0.04.
0.07 0.01** 0.46
0.91 0.01** 0.01"*

.P < 0.05
"*P < 0.01
TAGs = Triacylglycerols
SFA = Total saturated fatty acids
MUFA = Total monounsaturated fatty acids
PUFA = Total polyunsaturated fatty acids

^'g(C16) 
= Desaturation index in C16 fatty acids

^'(C18) 
= Desaturation index in C18 fatty acids

Elongase = Elongation index in chain-lengthening C16-C18 fatty acids
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Table S.16: Location variation (% total fatty acids) in TAGs (LSM + s.e.) at weaning
and slaughte/

Fatty acid
Weaning (Biopsy data)
Struan Wandilo
(n=172) (n=152)
30.2+ 0.2 29.9 + 0.3
5.5 + 0,1 5.6 + 0.1

13.4 t 0.3 12.2tO.3
32.8 + 0.3 33.3 t 0.4
50.6 r 0.3 50.0 + 0.4
46.0 t 0.4 46.0 + 0.4

3.4 + O.2 4.0 + 0.3
15.5 r 0.2 15.8 + 0.3
71.1 + 0.5 73.3 + 0.6
56.4 + 0.3 56.2+ 0.4

Slaughter (Carcass data)
Struan Wandilo
(n=168) (n=152)
29.5 + 0.2 29.4 + 0.3
4.6 + 0.2 4.5 + 0.2

13,9 + 0.2 13.3 + 0.3
40.8 + 0.3 40.8 t 0.3
47 .8 ! O.3 47 .5 + 0.4
49.9 + 0.3 50.1 + 0.4

2.3 + 0.1 2.4 + O.2

13.2 + 0.3 13.3 + 0.4
74.7 + 0.4 75.5 !0.4
61.5 + 0.3 61.4 + 0.3

sig.

NS

NS
**

NS
**

NS

sig

NS

NS
*

16:0
16:1

18:0
18:1n-9
SFA
MUFA
PUFA

^'(c16)A'(c18)
Elongase

NS

ns
NS
*

NS

NS

NS

ns
NS

NS

NS

oAbbreviation of traits as in Table 5.15. P<0.05
** P < 0.01
LSM = Least squares means
SFA = 14:0+16:0+17:0+18:0
MUFA = 14'.1+16:1 +17:1+18:1n-9+18:1n-7
PUFA =18:2+18:3n-3+18:3n-6+18:4

^'(C16) 
= 1oo[(16:1)/(16:o+16:1)]

A'g(C18) = 100[(18:0)/(18:0+18:1n-9)]
Elongase = 1 0O[(1 8:0+1 8:1 n-9)/(1 6:0+1 6:1 +1 8:0+1 8:1 n-9)]
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Table 5.17: Sex variation (% total fatty acids) in TAGs (LSM + s.e.) at weaning and

slaughter

Fatty acid
Weaning (Biopsy data)
Steers Heifers
(n=174) (n=150)
30.1 + 0.3 30.0 + 0.3

5.4 r 0.1 5.7 + 0.1

13.1 + 0.3 12.5 + 0.3
32.4 + 0.4 33.8 t 0.4
50.9 + 0,4 49.5 + 0.4
45.3 + 0.4 46.7 + 0.4

3.8 r 0.2 3.8 + 0.2
15.4!0.2 15.9 + 0.3
71.2+ 0.6 73.2+ 0.6
56.1 + 0.4 56.4 + 0.4

Slaughter (Carcass data)
Steers Heifers
(n=172) (n=138)
30.7 + O.2 28.3 + 0.2
5.2 + 0.1 3.9 t 0.1

12.2t0.3 15.0 + 0.3
40.9 + 0.3 40.8 + 0.3
47.7 + 0.3 47.6 + 0.3
50.6 + 0.3 49.3 + 0.3

1.7 + 0.2 3.1 + 0.2
14.5 + 0.3 12.0 + 0.3
77.0 + 0.4 73.2 + 0.4
59.7 + 0.3 63.3 È 0.3
1.2 +0.01 1.4 +0.01

3.3+0.18 4.3 + 0.14
40.3+ 0.30 39.0+ 0.30

sig.

NS

NS

NS
**

NS

sig.
tl

16:0
16:1

18:0
18:1n-9
SFA
MUFA
PUFA
A'(c16)

^'(c18)Elongase
Marbling
lM Fat

Melting Pt.

**
**
**

*

ns
**

NS
**

NS

NS
**
**
**
**
**
**
**
**

oAbbreviation of traits as in Table 5,15. P<0.05
*" P < 0.01
rìs = rìot significant
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Table 5,18: Sirebreed variation (%total fatty acids) in TAGs (LSM + s.e.) at weaning
and slaughter

Angus BBlue Hereford Jersey Limousin S.Devon Waovu

Weanino
16:0 30.710.5 3O.O+0.4 30.510.5 30.610.5 30.210.5 29.510.5 28.7fr.4

16:1

18:0

18:1n-9

SFA

MUFA

PUFA

^'(c16)

^'g(c18)

5.310.2 5.9+0.2 5.4+0.2 6.6t0.2 4.9t0.2 5.4+0.2 5.6+0'2

13.110.6 12.4+0.5 13.7+0.6 11.1+0.5 15.010.5 12.8+0.6 11.5+0.5

32.9+0.8 33.3+0.7 32.6+0.8 33.3+0.7 32.7+0.7 32.310.8 34.2+0.7

51.4+0.7 49.7+0,6 51.7+0.7 49.110.6 52.3f).6 50.2+0.7 47.4+0.6

45.3+0.9 46.5+0.7 44.4+0.9 47.2tj0.8 44.1+().8 45.9+0.8 49.010.8

3.3+0.3 3.810.3 3.9+0.4 3.710.3 3.6È0.3 3.9+0.3 3'6+0.3

14.6+0.5 16.5+0.4 15.0+0.5 17.7fr.5 14.2fr.4 15.3+0.5 16.4+0.4

71.7+1.9 73.0+1.1 70.6+1.3 75.0+1.2 69.!+1.1 71.9+1.2 73.8+1.1

Elongase 56.1+0.8 56.0+0.7 56.4+0.8 54.6+0.7 57.4+0.7 56'4+0.8 56.9+0.7

r¡
iô

I

Slaughter

16:0

16:1

18:0

18:1 n-9

SFA

MUFA

PUFA

^'(c16)

^'(c18)
Elongase

28.9+0.2

4.4+0.3

13.7+0.2

41.4+0.7

47.2+0.7

50.7+0.7

2.1+0.3

13.1+0.6

75.2!0.8

62.3+0.5

28.9+0.4

4.4+0.2

13.9+0.5

41.3 0.6

47.3+0.6

50.3r0.6

2.4XO.3

13.1+0.6

75.1+0.7

62.4+0.5

29.9+0.5

4.2+0.3

14.2+0.6

39.6+0.7

49.2+0.7

48.5r0.8

2.3+0.3

12.3t0.7

73.7r0.9

61.1+0.6

30.0+0.4

5.3r0.3

12.9+0.5

40.2+0.6

47.5+0.6

50.1r0.7

2.4+0.3

15.0r0.6

75.9+0.8

59.8+0.5

29j+0.4

4.110.3

14.2+0.5

41.2!0.6

47.8+0.6

49.7+O.7

2.5r0,3

12.110.6

74.4t:0.8

62.7+0.5

29.510.5

4.5+0.3

13.3+0.6

40.5+0.7

47.4+O.7

50.4+0.7

2.2+0.3

13.1+0.6

75.4+0.8

60.8+0.6

29.9+0.4

5.1+0.3

13.2r0.5

41.4+0.6

47.3+0.6

50.3r0.7

2.4+0.3

13.9+0.6

76.0+0.8

61.2+0.5

I

I

T
I

I

ì

Figures in bold depict the highest and lowest values
oAbbreviation of traits as in Table 5.15
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Table S.19: Genetic (rn) and phenotypic (ro) correlations between TAG fatty acids

at weaning and slaughter

Trait fo In

16:0
16:1

18:0
18:1n-9
SFA
MUFA
PUFA

^'(c16)
^'(c18)Elongase

0.11 + 0.04
0.04 + 0.02
0.10 + 0.03
0.10 + 0.04
0.44 + O.O4

0.21 + 0.04
0.08 + 0.03
0.07 + 0.04
0.13 + 0.03
0.16 + 0.04

0.15 r 0.33
0.88 r 0.42
0.75 + 0.52
0.98 r 0.80
0.21 r 0.43
0.86 + 0.50
0.67 + 0.42
o.72 + 0.56
0.76 + 0.36
0.11 r 0.59

oAbbreviation of traits as in Table 5.15

ü
.l

I

r
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Table 5.20: Simple regression equations for the prediction of carcass fatty acids

at slaughter (Y) from biopsy data at weaning (x)

Trait Prediction equation R'

16:0
16:1
18:0
18:1n-9
SFA
MUFA
PUFA

^'g(c18)Elongase

Y=34.45-0.17x
Y= 0.91 +0.66x
Y= 9.38+0.33x
Y=23.98+0.51x
Y=37.81 +0.20x
Y =40.41 +0.21x
Y= 1.74+0.16x
Y=50.30+0.34x
Y=18.87+0.76x

0.06
0.61
0.74
0.20
0.23
0.24
0.06
0.68
o.41

oAbbreviation of traits as in Table 5.15
R2 = coêfficient of determination

ü
rù

i

I

r
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Table 5.21: Heritability (h') estimates + s.e. of TAG fatty acids

Fatty acids Weaning
(sAs)

Slaughter
(sAS)

Slaughter
(HARVEY)

Slaughter
(ASREML)

16:0 0.13 + 0.10
16:1 0.12+ 0.07
18:0 0.10 + 0.16
18:1n-9 0.26 t 0.20
sFA 0.1510.12
MUFA 0.31 r 0.1 I
PUFA 0.03 + 0.10

^'(c16) 
0.06 + 0.07

^'g(c18) 
0.25 + O.21

Elongase 0.21 + 0.20
Marbling
lntramuscular fat -
Melting point

0.10 + 0.10
0.16 + 0.06
0.43 + 0.18
0.28 + 0.15
0.21 + 0.17
0.40 r 0.15
0.18 r 0.09
0.10 + 0.06
0.44 + 0.15
0.29 + 0.07
0.52 + 0.08
0.00 + 0.04
0.08 r 0.04

0.17 + 0.09
0.06 + 0.08
0.37 + 0.20
0.30 r 0.15
0.22 + 0.16
0.40 + 0.20
0.0910.07
0.04 + 0.06
0.40 r 0.20
0.29 + 0.09
0.40 + 0.10
0.02 r 0.03
0.19 + 0.10

0.13 r 0.08
0.02 + 0.09
0.12 + 0.08
0.09 + 0.07
0.30 + 0.06
0.20 + 0.05
0.05 + 0.08
0.06 + 0.08
0.25 + 0.06
0.14 r 0,07
0.15 + 0.09
0.00 + 0.02
0.20 r 0.09

oAbbreviation of traits as in Table 5.15

I

I
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CHAPTER SIX

BREED, AGE AND SEX
VARIATIONS IN MUSCLE
PHOSPHOLIPID FATTY
ACIDS



6.1 BREED, AGE AND SEX VARIATIONS IN MUSCLE PHOSPHOLIPIDS

lntroduction

Fatty acids of phospholipids are of interest because they have a significant effect on

animal metabolism and growth. Phospholipid fatty acids may play a role in the

differential growth between breeds. They are also involved in reproductive and

skeletal muscle tissues (Simopoulos, 1994), are known to affect cell and anabolic

processes (scott and Ashes, 1993), and are required for brain and retinal

development and function (Van Oeckel et al., 1996)'

It may be possible to modify the fatty acid composition of bovine muscle using

selective breeding. There is evidence of genetic variation in the fatty acid

composition of triacylglycerols in the adipose tissue of Brahman and Hereford

(Huerta-Leidenz et al., 1993), Holsteins and Japanese Black (Zembayashi et al.,

1g95) and Jersey and Limousin (Section 5.1) cattle. Published reports on breed

comparisons of bovine muscle phospholipids, on the other hand, are scanty and not

definitive in terms of age and diet. Therefore, muscle phospholipids in two breeds of

pasture-fed cattle were compared to quantify the effects of breed, age and sex on

fatty acid composition.

Materials and methods

The animals used in this study were part of the parental generation of the J.S.

Davies Cattle Gene Mapping Project Herd held at Ma¡tindale, a property located

about 1S0 km north of Adelaide, South Australia. They included 119 Jersey and

Limousin non-lactating, non-pregnant cows, yearling heifers and steers (Table 6.1).

Limousin cows, heifers and steers were heavier than their Jersey counterparts.

Limousin cows were also, on the average, older (43 months) than the Jersey cows

(37 months), but the heifers and steers were yearlings. They were all fed on pasture
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to eliminate dietary variation, and maintained in the same herd under the same

routine management. Details of muscle sampling procedures, lipid extraction,

phospholipid separation, methylation and fatty acid analysis have been described in

Chapter 3.

Statistical analyses

All data were analyzed by least squares analysis of variance using PROC GLM Type

1 Sums of Squares (SAS, 1989). The model for the cow data included the fixed

effects of breed, the partial regression on age and the interaction between age and

breed (Table 6.2). lnitial analysis included weight as a covariate, but this was

dropped from the model because it was not a significant source of variation. The

model used for the yearling data included the fixed effects of sex and breed, and the

two-way interaction between sex and breed. Desaturation and elongation indices

were calculated (Table 6.3) using formulae described previously (Chapter 3). Least

squares means and breed differences between means were computed and

significance was defined as P<0.05.

Results

lndividual fatty acids (C14 to C24) from the phospholipid fraction of the shoulder

muscle were measured in purebred Jersey and Limousin yearlings and non-lactating

cows. The data were analysed by fitting statistical models and testing for significant

differences (Tables 6.2 - 6.4).

Cow data

phospholipids of Limousin cows significantly differed in fatty acid composition from

those of Jersey cows (Table 6.2). The percentages of 16:0 (palmitate), 18:1(n-7)
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(vaccenate), 20:3 (di-homo-gamma-linolenate) and 20:4 (arachidonate) were higher

in Limousin than Jersey cows (Table 6.3). on the other hand, Limousin had lower

percentages of 17:0 (margarate), 18:3(n-6) (gamma-linolenate), 18:4 (octadeca-

tetraenoate), 2O:5 (eicosapentanoate) and 24:O (lignocerate)' Limousin cows also

had lower indices of desaturation (c16) and elongation than Jersey cows (Table

6.3). However, breed was not a significant source of variation in total saturated

(sFA), monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids. In both

breeds, 18:1(n-9) (oleate) was the most abundant fatty acid totalling 18'3% and

16.9% in Limousin and Jersey cows, respectively (Table 6.3).

Age was a significant source of variation in the percentages of 16:0, 18:0 (stearate),

18:1(n-9), 18:3(n-6) (gamma-linolenate), 20:0 (arachidate), 20:1 (gondoate), 2O:5,

22:0 (behenate), 24:0, and 24:1(neruonate) (Table 6.2). since palmitate, stearate

and oleate made up 46.4o/o and 49.8% of the total fatty acids in Jersey and Limousin

cows, respectively (Table 6.3), a regression of these three fatty acids across the

appropriate range of ages was carried out (Figures 6.1- 6.3). lt was evident that as

age increased, the percentages of 16:0, 18:O and 18:1(n-9) decreased (Figures 6'1-

6.3). ln contrast, the percentage of total PUFA increased with age (Figure 6.4). The

regression equations were:

Jersey 1 6:0=1 6.9-0.0649e and

Limousin 16:0=1g.6-0.05Age (R'=0.03) with the standard error of the difference in

intercepts being 1.4 and slopes being 0.03.

For stearate, Jersey 18:0=16'2-0.0749e and

Limousin 1g:0=15.0-O.O4Age (R'=0.09) with intercept and slope standard

errors ol 1.2 and 0.02 respectively.
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For oleate, Jersey 18:1 (n-9)=17.4-O.48Age and

Limousin=20.8-O.O8Age (R'z=0.09) with intercept and slope standard

errors of 1.6 and 0.03 respectively.

Finally, Jersey PUFA=21 .5+0.0949e and

Limousin PUFA=24.8-0.034ge (R'=0.05) with intercept and slope standard

errors oÍ 2.2 and 0.04 respectively.

R'values (coefficient of determination) were all very low, an indication that the

regression equations would be poor predictors of fatty acid percentages'
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The effect of age was different in the two breeds as poilrayed by significant breed

by age interaction in the percentages of 2O:3, 225 (clupadonate) and total PUFA

(Table 6.2). All the other major fatty acids were, however, unaffected by this

interaction. ln general, as animals aged, the proportions of 18DMA (di-methyl

acetals), 18:2 (linoleate), 18:3(n-3), 2O.0,204 and total PUFA increased (Table 6'3).

fn contrast, 16:0, 18:0, 18:1(n-9), 221, total SFA and MUFA decreased with

increasing age.

Yearling data

The most abundant saturated fatty acids in muscle phospholipids are 16:0 and 18:0

(Table 6.8). Yearlings had more 16:0 and 18:O than the cows (19.7 and 15.5% for

the Limousin and 20.3"/" and 17.8% for the Jersey, respectively). Also, 18:1(n-9),

22:1 andtotal MUFA were higher in the yearlings than the cows. On the other hand,

yearlings had less 18:2,18:3(n-3), 20:4 and total PUFA than cows (Table 6'3).

Sex and breed differences were significant among yearlings (Table 6.2). Steers had

more 14:0 (myristate), 16:1 (palmitoleate), 18:0, 18:1(n-9), 18:1(n-7), 22:1 (erucale)

and total MUFA than heifers. On the other hand, heifers had more 16DMA, 18DMA,

18:2 (linoleate), 2O:4,20:5, total PUFA, n-3 PUFA, n-6 PUFA and a higher ratio of

PUFAto SFAthan steers (Table 6.4). Limousin yearlings had more 14:0, 16DMA,

201i,22:1, desaturation (C18) index and less 18:0, 20:5 and 24:1 than their Jersey

counterparts (Table 6.3).

Sex by breed interaction was not a significant source of variation for most of the fatty

acids except 14:O, 16:0,22:1, total SFA and elongation ¡nOex (Table 6.2). Limousin

heifers had more 16:0 (217%vs 16.9%), while steers had less (18.8% vs22.5"/.1
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than their Jersey counterparts. There were no clearly defined patterns in the levels

of 14:0 and 22:1. ln contrast, Limousin heifers had more SFA than Jersey heifers

(51.9% vs47.1%), whereas Limousin steers had less (42.7o/" vs 48.5%) SFA than

Jersey steers.

Discussion

To be able to make unbiased comparisons, it is essential that the breeds are treated

similarly in terms of nutritional regimen, management and environment.

Unfortunately, most bovine fatty acid composition data in the literature originates

from breeds on diverse diets (Huerta-Leidenz et al., 1991), ages (Clemens et al.,

1973), sexes (Zembayashi et al., 1995) and anatomical sites (Westerling and

Hedrick, 1979). This makes it difficult to extrapolate the results and compare breeds

universally because of the confounding effects of the plane of nutrition, â9e, fatness,

liveweight, developmental traits and other factors that affect lipid metabolism

(Huerta-Leidenz et al., 1996). ln this study, all the animals were purebred, fed on

pasture only under the same management conditions, and the muscle samples were

taken from the same anatomical site. Having eliminated most of these obvious

phenotypic sources of variation, the breeds were compared for differences in fatty

acid composition of the phospholipid fraction of the muscle.

Breed differences

The notable breed differences in phospholipid composition between the Jersey and

Limousin complement our previous comparison of their triacylglycerol fractions from

the adipose tissue (Section 5.1). Limousin cows had more palmitate (17.8%) than

Jersey cows (15.5%) in their muscle phospholipid fractions (Table 6.3) compared to

gO.2% and 28.2"/o in their adipose tissues, respectively. Regardless of the tissue, it
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is clear that the two breeds differ in palmitate content. ln purebred Japanese Black

and Holstein cattle, significant breed differences of 12.4 and 14.0% respectively, in

phospholipid palmitate were reported (Zembayashi et al., 1995). In the present

study, a breed difference oÍ 2.3"/" was obtained between Jersey and Limousin cows.

Other individual fatty acids [vaccenate (18:1(n-7), margerate (17:0)' gamma-

linolenate [18:3(n-6)], octadecatetraenoate (18:4), di-homogamma-linolenate (20:3)'

eicosapentanoate (20:5) and lignocerate (2a:O)l also varied between breeds, but the

proportions were small in absolute terms (Table 6.3). Arachidonate (204) is a

metabolite of the essential fatty acid linoleate (18:2) which cannot be synthesised by

mammals and must be of dietary origin. Limousin cows had more arachidonate than

Jersey cows (Table 6.3). However, this difference in 204 is unlikely to be dietary

because there was no difference in 18:2. This suggests a truly genetic difference

due to either lower Au desaturase activity (responsible for the conversion of 20:3 to

2O:4) or lower elongase activity as a result of the relative accumulation of 18:3(n-6)

in the Jersey breed. Other researchers (Tanaka, 1985; Eichorn et al., 1986; Siebert

et al., 1996) have also reported such differences in other breeds of cattle raised in

the feedlot.

Breed differences were not only limited to the cows. The yearling data also revealed

significant breed differences. However, such differences were detected in fewer fatty

acids compared to the cow data (Table 6.3). lt was demonstrated previously

(Section 5.1) that there were no breed differences detected in most of the

triacylglycerol fatty acids in Jersey and Limousin yearlings. A similar trend seems to

be the case in muscle phospholipids. This is supported by a repoft (Zembayashi et

â1., lgg5) in which only iso-16:0 and 16:0 fatty acids in the intramuscular
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phospholipids of Japanese Black, Holsteins and their F, crossbred steers were

found to be significantly different. ln the present study, Limousin yearlings still had

significantly different percentages of myristate (14:0), 16-dimethyl-acetal (16DMA),

stearate (18:0), 20:3, 2O:5 and 241 trom Jersey yearlings (Table 6.3).

Of interest too, are the calculated indices of desaturation and elongation. Myristate,

palmitate and stearate are converted to their n-9 corresponding monounsaturated

fatty acids bythe Â'-desaturase enzyme (Zembayashi et al., 1995), while palmitate

is converted to stearate through chain elongation by the enzyme elongase (Huerta-

Leidenz et al., 1996). The activities of elongase and Â'-desaturase enzymes have

been detected in bovine subcutaneous adipose tissue (St. John et a1.,1991; Chang

et al., 1992) and mathematical indices for calculating desaturation and elongation

have been described (Chapter 3). This study showed that Jersey cows had higher

indices of desaturation in C16 fatty acids and elongation than Limousin cows, while

Jersey yearlings had lower desaturation index in C18 fatty acids than Limousin

yearlings (Table 6.3). After a similar obseruation (Sturdivant et al., 1992), it was

postulated that elevated stearoyl-CoA desaturase enzyme activity could be

responsible for the elevated percentage of 18:1(n-9) in Wagyu cattle adipose tissue.

Jersey cattle are more marbled than Limousin (Section 5.4) and contain higher

proportions of unsaturated fatty acids than Limousin cattle. This is consistent with

the obseruation that increased marbling is associated with decreased saturation,

and seems to be the case for muscle phospholipid fatty acids as well.

Sex differences

Differences in phospholipid fatty acid concentrations between steers and heifers

were observed (Table 6.2). Generally, heifers had higher proportions of
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polyunsaturated fatty acids than steers (Table 6.4). Hormonal differences between

steers and heifers may have resulted in most of the sex differences observed in this

study. Prior et al. (1983) reported that the manipulation of sex hormone status of

cat¡e influenced lipid metabolism in the adipose tissue and that sex differences are

known to be associated with hormonal changes and their possible influence on

enzymatic systems. The present study seems to indicate that this is not limited to

the adipose tissue, but the muscle tissue as well. However, cellular mechanisms for

this relationship are not fully understood, especially in ruminants (Vernon, 1986).

Reports of sex differences in fatty acid composition in the literature are not

consistent. For instance, some studies in pigs (Allen et al., 1967) and cattle (Terrel

et al., 196g) showed that sex effects were totally associated with the neutral fraction

rather than the phospholipid fraction fatty acids. ln contrast, reports that peicentages

of 14:0, 14:1,16:1 and 20:5 of intramuscular phospholipids are higher in heifers than

in steers have been published (Hornstein et â1., 1961; Larick et al., 1989;

zembayashi et al., 1995). ln other repofts, heifers were found to have higher

percentages of 18:1(n-9) and lower percentages of 14:0, 16:0 and 18:0 than steers

(waldman et al., 1968; Terrel et al., 1969; Marchello et al., 1970).

Age differences

ln cattle, an association between fatty acid composition and age exists. The data

herein showed that as with triacylglycerols (section 5.1), percentages of

phospholipid 16:0, 18:0 and 18:1(n-9) decreased with age (Figures 6.1-6.3)' while

total polyunsaturated fatty acids increased (Figure 6'4)'
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The decrease in palmitate (16:0) and stearate (18:0) with age suggests that these

saturated fatty acids were progressively substituted with fatty acids of higher

unsaturation. Unlike the adipose tissue where MUFAs increased with age (Section

S.1), the present data showed that this increase in unsaturation was obserued in

pUFAs which are in high proportions in the muscle tissue. This indirectly suggests

that the desaturase enzymes which convert saturated to unsaturated fatty acids

selectively favour the introduction of more than one double bond in the fatty acid

chain. Thus, the possibility of Âu and Au desaturase enzymes becoming more active

than Âe desaturase in the conversion of saturated to unsaturated fatty acids seems

likely. other researchers have demonstrated that 12:0, 14:0 and 18:O decreased

with growth and age in Angus, Hereford and Brahman cattle (Hecker et al" 1975;

Huerta-Leidenz et al., 1996).

Summary and conclusion

The fatty acid composition of phospholipid fraction of the shoulder muscle (M'

triceps brachiî¡ from Jersey and Limousin yearling steers, yearling heifers and non-

lactating cows was investigated. The aim was to study breed, sex and age

differences. ln some individual fatty acids, significant breed differences were

apparent between Jersey and Limousin cows. Limousin cows had more palmitate,

vaccenate, arachidonate and less gamma-linolenate and eicosapentanoate than

Jersey cows. significant age differences also occurred: proportions of palmitate,

stearate and oleate decreased and linoleate, arachidonate and total polyunsaturates

increased with age. However, most of the interactions between breed and age were

not significant. Also, the phospholipids of Jersey and Limousin cows did not differ in

total saturated, monounsaturated and polyunsaturated fatty acids'
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yearling data revealed significant sex differences in most of the fatty acids including

total monounsaturates and polyunsaturates. Yearling steers had more myristate,

palmitoleate, stearate, total monounsaturates and less linoleate, arachidonate,

eicosapentanoate and total polyunsaturates than heifers. Breed differences were

also significant: Limousin yearlings had more di-homogamma-linolenate, erucate

and less eicosapentanoate and neruonate than their Jersey counterparts. Sex x

breed interaction, however, was not significant in most of the fatty acids' These

results imply that breed, age and sex are impoftant factors that influence the fatty

acid composition of muscle phospholipids in cattle'
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Table G.1: Average characteristics and numbers of animals sampled (+ s.d.) for
muscle PhosPholiPid analYsis

Animals No. Weight (kg) Age (months)

Cows
Jersey
Limousin

334+ 9
449 + 11

57
32

37 +3 (range 20-68)
43+4(range29-96)

Yearling heifers
Jersey 10
Limousin 10

Yearlino steers
Jersey 5
Limousin 5

13+3(range11-15)
19+3(range12-20')

13+6(range11-16)
12+6(range9-13)

190 + 17
265 + 17

244 + 28
282 + 28
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Table 6.2: Statistical modets and factors fitted for least squares analysis of phospholipid fatty

acids

Trait Cow data Yearling data

Breed Age Breed.Age Sex Breed Sex.Breed

ns
ns
NS
*

ns
*

ns
NS

ns
ns
NS

NS
**
**
*

ns
NS

NS
*
**
**

NS

ns
NS
*

NS

NS

NS

ns
NS

ns
ns
NS

NS

ns
NS
**

ns
ns
NS

ns
**
**

NS

NS
**

NS

NS
**
*

ns
NS

ns
**
**

ns
ns
**

NS
**

NS

ns
ns
NS

NS

ns

NS

ns
NS

NS

ns
NS

NS

NS

NS

NS

NS

NS

NS

NS

ns
NS

ns
NS
**

NS

ns
NS

NS
*

**

NS
**

ns
**

NS

ns
**
**
**
**
**
*
**

ns
NS

ns
NS

NS
**
**

NS
**

NS

ns
NS

NS

ns
**
**
*t

**

NS
**

NS

ns
*

ns
ns
ns
NS

NS

NS

ns
NS

ns
*

NS
*

**

ns
NS
**

ns
NS

NS

ns
NS

NS

NS

NS

NS

ns
NS

NS

ns
ns
NS

ns
NS

NS
**

NS

NS

NS

NS
*

**
14:0
14:1n-5
16DMA
16:0
16:1n-7
17:0
17:1n-8
18DMA
18:0
18:1n-9
18:1n-7
18:2n-6
19:0
18:3n-3
18:2cla
20:0
20:1n-9
20:2n-9
20:3n-9
20:4n-6
20:5n-3
22:O
22:1n-9
22:5n-3
24:0
22:6n-3
24:1n-9
SFA
Total MUFA
Total PUFA
n-3 PUFA
n-6 PUFA
USRatio
PSRatio
Desat. (C16)
Desat. (C18)
Elongation

NS

NS

NS

ns
ns
**

NS
**

NS
**

NS

NS

NS

NS

ns
*

NS

NS

ns
ns
NS

NS

ns
ns
NS

NS

ns
*
**

NS

NS

ns
NS

NS

NS

NS

ns
*

NS
*

NS
*

ns
NS

NS

ns
NS

NS

NS

ns
ns

ns

NS
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significant

ns

Test for significance * P<0.05 ** P<0.01, ñs = rìot

DMA = Di-methyl-acetal
Abbreviations of traits explained in Table 6.3



Table 6.3: Least squares means j s.e. of mus le phospholipid fatty acid composition (% total

fatty acids)

Fatty acid Cows Yearlings

Jersey Limousin Jersey Limousin

14:O

14:1n-5
16DMA
16;0
16:1n-7
17:O
17:1n-8
18DMA
18:0
18:1n-9
18:1n-7
18:2n4
19:0
18:3(n-3)
18:2cla
20:O
20:1n-9
20:2n-9
20:3n-6
20:4n-6
20:5n-3
22.0
22'.1n-9
22:5n-3
24:O
22:6n-3
24'.1n-9
SFA

0.6 I 0.1
0.7 r 0.3
6.9 + O.7

15.5 t 0.5 **

2.1 ! 0.2
1.4 + O.2 *

1.7 ! O.2

5.4 + 0.5
14.O ! 0.5
16.9 + 0.6

1.4 + 0.3 *

8.4 ! O.4

2.1 x O.2

1.6 I 0.3 *-

0.6 + o.2 *

2.5 ! O.4

0.3 + o.2
0.6 + o.2
1.4 + O.2 *

5.0 + 0.3 #
2.1 ! O.2 **

1.9 I 0.3
1.1 ! 0.3
1.0 + 0.3
1.S t 0.3 **

0.2 t o.2
3.1 + O.4

49.7 + 1.1

0.9
1.0
0.5
0.7
0.9 *

o.7
0.6 *

0.04

o.4 + 0.1

0.5 + 0.3
7.8 ! 0.9

17.8 + 0.6

0.1
0.6
4.O

19.7

0.1
0.3
o.7
1.0

o.7
o.4
0.1

o.7
o.7
5.1

20.3
1.9
0.5
1.2
3.6

16.2
24.2

1.1
6.3
1.0
0.1

+ 0.1
r 0.3
+ o.7
+ 1.0
+ o.2
+ o.2
+ 0.3
t 0.8
+ 0.8

1.2
+ 0.3
I 0.9
+ o.4
+ 0.1
+ o.2
+ 0.5
+ 0.1
+ 0.5
+ 0.5
+ 0.9
+ o.4
+ 0.6r o.7
+ o.4
+ 0.1
+ 0.3
+ 1.1

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

4.O
1.2
0.4
5.5
1.0
0.1
0.3
0.5

*

*

1.6 +
o.7 t
1.8 r
5.0 +

13.7 t
18.3 +
2.3 t
8.1 r
2.3 t
0.1 r
0.1 +
1.5 t
0.3 I
0.8 +
2.O !
6.4 t
1.3 +
1.6 I
1.7 +
1.0 I
0.8 +

ü
¡Í

I

o.2
o.2
0.3

0.7
0.6
o.7
0.4
0.5
0.3
o.4
o.2
0.5
o.2
o.2
0.3
0.4
o.2
o.4
o.4
0.3
0.3

2.2
o.7
1.0

o.2
o.2
0.3
0.8
0.8
1.2
0.3
0.9
o.4
0.1
o.2
0.5
0.1
0.5
0.5
0.9
o.4
0.6

3.3
19.0
22.1

1.3
7.7
1.3
0.3
o.4
0.5
0.3
0.8
o.7
3.5
2.4
o.4
2.O
1.5
0.1
0.5
3.6

47.8
33.1

*

0.1
0.4
0.1
0.9
2.1*

O.2 r O.2

1.7 ! 0.6
49.3 + 1.4

*0.3
1.1

1.5
1.8

*

29.4 + 1.2
22.3 x 1.2
6.3 r 0.7

MUFA 27.
PUFA 23.
n-3 PUFA 7.

n-6 PUFA 16.

Desat (C16) 8.

Desat (C18) 54.
Elongation 63.
USR 1.

3t
0f
6+
4+
6+
7+
7+
0+

16.6 + 0.9
5.9 + 1.1

57.2 + O.8

62.3 + O.T

1.0 + 0.04
0.5 r 0.03

19.1 + 1.7
6.0 + 0.9

47.3 + 1.5
35.2 + 1.8
17.5 + 1.7

3.6 + 0.9
12.5 + 1.5
7.9 + 1.1

59.9 + 1.3
64.5 + 1.4

'l.1 + 0.07
0.4 + 0.04

12.3 +
8.5 I

53.8 r
65.2 +

1.1 +
o.4 +

1.5
1.1

1.3
1.4
o.o7
0.05PSR 0.5 r 0.03

Test for differences between breeds *P . 0.05,
*P . o.o1

I

SFA=Saturated fatty acids
MUFA=Monounsaturated fatty acids
PU FA=Polyunsaturated fatty acids
USR=Unsaturated to saturated fatty acid ratio

PSR=Polyunsaturated to saturated fatty acid ratio
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ÌI

i:,

n-3 P U FA= 1 8: 3n-3+2O:5+22:5+22:6
n€ P U FA - 1 8:2+ 1 g'.2ç1¿+20:3+20:4

Desat (C16): index of desaturation in C16 fatty acids=

100(16:1/16:0+16:1)
Desat (C18): index of desaturation in C18 fatty acids =

1 00[(1 8: 1 n-9/1 8:0+1 8: 1 n-9)]
Elongation: Inderof elongation in the chain lengthening of

C16-C18 fattY acids

= 100[(1810+18:1 n-9)/(1$;Q+16:1 +18:0+18:1 n-9)]

I

I

¡

i
I

i
!,

T,
I

I

t
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Table 6.4: Least squares means 1s.e. of muscle phospholipid fatty acids Uy set' 1ø¡

Heifers Steers Siqnificance1l

14:O

16DMA
161n-7
18DMA
18:0
18:1n-9
18.1n-7
18:2n-6
20.4n-6
20:5n-3
22'.1n-9
MUFA
PUFA
n-3 PUFA
nS PUFA
PSR
Elongation

0.1
7.3
1.6
5.7

14.8
19.8
o.4
9.8
5.8
3.1
o.2

25.1
26.4
8.2

17.4 ! 1.8
0.54 + 0.03
62.5 + 1.0

o.7
1.8
2.5
1.3

20.4
26.5

2.O
4.2
1.7

+ 0.1
+ 0.8
r 0.3
t o.7
+ 0.9
+ 1.5
+ o.4
+ 1.1
r 1.1
+ 0.5

7.2 x 0.8
42.8 + 2.2
11.6 + 2.1

3.3 t 0.1

7.3 + 1.0
o.27 + 0.06
66.8 + 1.6

0.5

+ 0.1
+ 0.5
+ o.2
+ 0.6
+ 0.6
+ 0.9
+ 0.2
r o.7
+ 0.6
+ 0.3
+ 0.1
+ 1.3
+ 1.2
+ 0.6

*
**
*
**
*
**
#

*
*
*
*
*
*
*
**
**
*

#
rd¡

f

Test for differences between sexes *P . 0.05, 
*P . O.O1

o Only fatty acids that significantly differed shown.

Abbreviations as in Table 6.3

I
r!

I

r
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6.2 MODE OF INHER¡TANCE OF MUSCLE PHOSPHOLIPID FATTY AC¡DS

lntroduction

It was demonstrated that additive, maternal and dominance effects were significant

for fatty acids in the triacylglycerol fraction of the adipose tissue (Section 5.2). lt is

not yet clear if fatty acids of the phospholipid fraction of muscle tissues also exhibit

the same or a different mode of inheritance. The aim of this section was to estimate

the genetic effects of heterosis, additive and maternal variances in addition to

investigating sex and breed differences in phospholipid fatty acids of Longissimus

dorsimuscles.

Material and methods

Longissimus dorsimuscle tissue was biopsied from the area between the 12'n and 13'n

ribs in 96Jersey, Limousin and reciprocal F, Jerseyx Limousin calves at 9-10 months

of age. All the calves grazed pasture and were maintained in a single management

group as part of the J.S. Davies Bovine Gene Mapping herd, Martindale. Phospholipid

fatty acids were extracted, methylated and analysed by gas-liquid chromatography as

described in Chapter 3. Fatty acid retention times were compared with known Nu-

Chek standards for identification of individual C14-C24 fatty acids.

The normalised values of fatty acid percentages were statistically analysed using

PROC GLM (SAS, 1989). The first model included the fixed effects of sex and

breed, and their interaction. Least squares means were computed to test for

significant differences between sexes and breeds. The second model for the

estimation of mode of inheritance included the fixed effects of sire and dam breeds

and their interaction. Sire breed accounted for the additive genetic effect while dam

breed accounted for the combined additive and maternal effects. Additive genetic
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effect was computed as the mean deviation between Jersey and Limousin sire

breeds, while the deviation between the dam breeds respectively, was the combined

additive and maternal effects. Heterosis, that is non-additive genetic effect attributed

to dominance, was estimated by the interaction between sire and dam breeds. Thus,

heterosis for a given fatty acid was computed as the mean deviation between the

crossbred and parental breeds.

Results

f ndividuaf fatty acids (C14 - C24) trom the Longis simus dorsimuscle were measured

in young Jersey, Limousin and F' Jersey x Limousin calves. Sex differences were

significant in the proportions of individual fatty acids myristate (14:0), myristoleate

(14:1), 16-di-methyl-acetal (16DMA), linoleate (18:2) and di-homo-gamma linolenate

(20:3) (Table 6.5). Steer calves had higher proportions of 14:0 (3.7 vs2.6"/"), 14:1

(0.9 vs 0.6%), 18:2 (11.2 vs 10.7"/.),20:3 (0.4 vs 0.1"/") and less 16DMA (3.4 vs

4.9%) than heifer calves (Table 6.6). However, summations of saturated,

monounsaturated and polyunsaturated fatty acids, desaturation and elongation

indices and ratios did not differ between sexes.

Breed differences were significant in the proportions of palmitate (16:0), stearate

(18:O) and lignocerate Qa:Q. Summations of total saturated (SFA) and

polyunsaturated (PUFA) fatty acids, ratios of unsaturated to saturated (USR),

polyunsaturated to saturated (PSR) and elongation index significantly differed

between the breeds (Table 6.5).

Limousin calves had the highest proportions of 16:0 (22.6%), 24O (1.6%) and SFA

(45.8%), while Jersey x Limousin calves had the highest proportions of 18:0 (12.4"/")

and elongation index (62.a%) (Table 6.7), Sex by breed interaction was a significant
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source of variation in the propottions of the individual fatty acid 2O:4, total SFA, PSR

and elongation index (Table 6.5). Proportions of 18:0 and elongation index in the

crossbreds (F,) were higher than the average of Jersey and Limousin purebreds

(Table 6.7). On the other hand, proportions of 16:0 and SFA were below the means

of the purebred calves. The USR and PSR ratios were the same in the F, and

Jersey calves (Table 6.7).

Estimates of genetic effects (Table 6.8) indicated a significant effect of sire breed on

16:0, 1B:0, 1B:1n-9, SFA and desaturation and elongation indices. This implies a

direct additive genetic variance effect. Dam breed was significant lor 18;2, 20:3,

2O;4, 24.0, SFA and elongation index (Table 6.8), an indication of combined

maternal and additive genetic variance. Significant effect of heterosis was observed

in the proportions of 16:0, 18:0, SFA and elongation index.

Discussion

Jersey and Limousin cattle represent the two extremes in intramuscular fat

deposition and fatty acid composition (Section 5). The mating of these two breeds to

produce reciprocal F' calves presents an ideal model for studying the mode of

inheritance of fatty acids. In order to eliminate age variation, purebred Jersey and

Limousin calves of the same age (9-10 months), within the same herd as the F,s

were produced for making comparisons.

Sex differences

There were significant differences between the sexes. Steer calves had higher

proportions of 14:0, 1 4:1, 18:2,20.3 and less 16DMA than heifer calves (Table 6.6).

Fatty acids can be elongated by a mitochondrial system which uses acetyl-coA as

the unit for two-carbon addition and NADPH for reduction. In general, the
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mitochondrial system elongates fatty acids in the range C10 to C14, whereas the

microsomal system uses C16 and longerfatty acids (Gunstone et al., 1986). Thus,

14:0 (myristate) and 14:1 (myristoleate) are both synthesised de novo by enzymatic

processes of chain elongation and desaturation, respectively, in the liver of

mammals (Fischer, 1989). Polyunsaturated fatty acids (18:2 and 20:3) are not

synthesised de novo. As pointed out in preceding chapters (4 and 5), 18:2 is an

essential fatty acid that has a dietary origin and is a metabolite for another long-

chain polyunsaturated fatty acid - arachidonate (20:4). Di-homo-gamma linolenate

(20:3) is also a precursor for the synthesis of 2O:4 and this conversion is brought

about by Au-desaturase enzyme.

The results suggest that the differences between steer and heifer calves in 14:0 and

14:1 are linked to enzymatic processes in which hormonal influences are evident.

The major source of hormonal variation between the sexes would, of course, be the

sex hormones, oestrogen and testosterone. However, the differences in 18:2 and

20:3 between steers and heifers are more likely to be associated with variation in

dietary consumption, absorption and utilisation of feeds. Also, steer calves could

have a higher activity of the Âu-desaturase enzyme than heifer calves, or its activity

in the muscle tissue continues longer in steers than heifers.

The sex differences observed in this study are consistent with other repofts in the

literature (Waldman et al., 1968, Terrel et al., 1969, Marchello et al., 1970)' but

contrast to those that found percentages of 14;0, 14:1, 16:1 and 2O:5 of

intramuscular phospholipids being higher in heifers than steers (Hornstein et al',

1961, Larick et al., 1989, Zembayashi et al., 1995). lt was pointed out earlier

(Section 6.1)that reports of sex differences in fatty acid composition in the literature

are not consistent largely due to the confounding effects of age, dietary regimen and
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anatomical site of sampling. However, the results herein are consistent across

experiments (Sections 6.1 and 6.2).

Breed differences

Even at a young age of 9-10 months, significant differences in the fatty acid

composition of muscle phospholipids were detected between Jersey, Limousin and

reciprocal F, Jersey x Limousin calves (Table 6.5). Limousin calves contained the

highest proportions of individual saturated fatty acids 16:0, 24:0 and total SFA

(Table 6.7). This observation agrees with previous results (Sections 5.1, 5.2, 5.3,

6.1) in triacylglycerols and phospholipids that demonstrated that Limousin cattle

contain more saturated fatty acids than Jersey cattle of the same age.

There is evidence to suggest that different breeds of cattle begin to deposit

intramuscular fat at different rates due to variation in maturity patterns. For instance,

Cramer et al. (1973) collected muscle biopsy samples from the biceps femoris

muscles of Hereford, Angus and Holstein steers and heifers every 56 days from 28

days of age to slaughter (24 months). Fat content of biopsy samples was

determined and results plotted as a function of growth. Herefords and Holsteins

begin to deposit intramuscular fat at an accelerated rate of 15 months, whereas

Angus increased the rate of deposition at about 9 months. ln this study, Jersey

breeds are early-maturing, while Limousins are late-maturing. Jerseys deposit

intramuscular fat earlier than Limousins (Cundiff et al., 1988), hence a dilution of

their saturated fatty acids by unsaturates would occur earlier than in Limousins.

Thus, at the same age, Jerseys would still have less saturates than Limousins. The

differences obse¡ved in 20:4, SFA, PSR and elongation index between the breeds

was not consistent in steers and heifers since the interaction between sex and breed

was significant (Table 6.5).
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genes for these traits to their offspring in the next generation since they are

considered heritable. Thus, by avoiding sires with high propottions of 16:0 and total

saturated fatty acids, beef cattle breeders can genetically select against these fatty

acids with regard to physiological significance of metabolic processes associated

with growth and reproductive functions in cell membranes. The amount of

phospholipids consumed in meat is so low that it is unlikely to have human health

implications.

During gamete formation, sires and dams contribute fifty percent each of their genes

to offspring, hence the maternal etfect is of genetic significance. The effect of dam

estimates a combination of both additive and maternal etfects, and these were

significant in the proportions of 18;2, 20:3, 2O:4, SFA and elongation index (Table

6.8). lt is not easy to accurately separate the additive from maternal etfeets in this

experimental design of a single crossing. A backcross experimental design would

ensure complete segregation of the genes, hence a better separation of both

components. However, even from the experimental design used in this study, it is

possible to infer which fatty acids are heritable.

It is interesting that the individual fatty acids with significant combined effects of

maternal and additive effects are all long-chain polyunsaturated fatty acids (Table

6.8). The fact that sire effect on these fatty acids (18:2,20:3 and 2O:4) was not

significant almost exclusively attributes the ditference to maternal effect since the

additive component is negligible. Given the dietary origin of 18:2 (which in turn

serves as a metabolite for the synthesis ol 2O:4), the implication is that the

mothering abilities between dams significantly differed. The key point is that

polyunsaturated fatty acids in the muscle tissue would have a low heritability since

the contribution of additive genetic variance is negligible.
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Summary and conclusion

Fatty acids of the phospholipid fraction from purebred Jersey, purebred Limousin

and Jersey x Limousin crossbred calves were extracted and analysed for sex and

breed differences. Genetic etfects of heterosis, additive and maternal variances

were estimated to investigate the mode of inheritance of phospholipid fatty acids. All

calves grazed pasture in a single management group and biopsied from the same

anatomical site.

Significant sex and breed variations were observed in fatty acids of muscle

phospholipids at nine months of age. Steer calves had significantly higher

proportions of the 14:0, 141,18:2,20.3 fatty acids and less of the 16-di-methyl-

acetal than heifer calves. Limousin calves had the highest proportions of 16;0,24:0

and SFA, while Jersey x Limousin calves had the highest 18:0 and elongation index.

Dominant effects were evident in the proportions of 16:0, 18:0, SFA and elongation

index. Additive genetic effects were significant in the proportions of 16:0, 18:0,

18:1n-g, total SFA and desaturation and elongation indices. Combined maternal and

additive effects were significant for long chain polyunsaturated fatty acids 18:2,2O:3

and 20:4. Hence, individual fatty acids 16:0, 18:0, 18:1n-9 and desaturation and

elongation indices are likely to be heritable, while polyunsaturated fatty acids 18:2,

20:3 and 20:4 are not.

Finally, heterosis was observed and can be exploited as a tool for genetically

lowering the propoilion of 16:0 and total saturated fatty acids. This may be of

physiological significance in the phospholipids of cell membranes and metabolic

processes associated with growth and reproductive functions.
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Finally, heterosis was observed and can be exploited as a tool for genetically

lowering the proportion of 16:0 and total saturated fatty acids. This may be of

physiological significance in the phospholipids of cell membranes and metabolic

processes associated with growth and reproductive functions.
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Table 6.5 :Tests of significance for factors fitted in the model for least
squares analYsis

Fattv acid
14:0
14:1n-5
16DMA
16:0
16:1n-7
17:O

17:1n-8
18DMA
18:0
18:1n-9
18:1n-7
18:2n-6
19:0
18:3n-3
20:1n-9
20:2n-9
20:3n-9
20:4n-6
20:5n-3
22:O
22:1n-9
22:5n-3
24:O
22:6n-3
24:1n-9
SFA
MUFA
PUFA
USR
PSR
Desat. (C16)
Desat. (C18)
Elongation index

Ss
0.04*
0.04"
0.01**
0.83
0.08
0.57
0.52
0.35
0.s6
0.08
0.91
0.05*
0.41
0.17
0.42
0.13
0.01**
0.65
0.29
0.84
0.14
0.70
0.18
0.69
0.10
0.44
0.93
0.09
0.15
0.09
0.09
0.37
o.32

Breed
0.67
0.42
0.49
0.01**
0.21
0.15
0.95
o.72
0.02*
0.38
0.52
0.27
0.18
0.48
0.62
0.37
0.21
0.08
0.77
0.19
0.80
0.42
0.05*
o.73
0.62
0.01**
0.54
0.41
0.04*
0.05*
0.81
0.06
0.01**

Sex x Breed
0.48
0.59
0.28
0.09
0.19
0.63
0.70
0.71
0.72
0.64
0.78
0.09
0,56
0.44
0.76
o.52
0.13
0.04*
0.50
0.84
0.33
0.31
0.74
0.85
0.38
0.05*
0.41
0.15
0.09
0.05*
0.71
0.53
0.04*

Values in Table are F-probabilities
* P<0.05
** P < 0.01
Abbreviations as in Table 6.3
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Table 6.6: Sex differences in phospholipid fatty acids (LSM + s.e.) in young
calves (% total fattY acids)€.

Fatty acid
14:0
14:1n-5
16DMA
18:2n-6
20:3n-9

Heifer calves (n=38)
2.6 r 0.5
0.6 r 0.2
4.9 r 0.5

10.7 + 0.4
0.1 r 0.1

Steer calves (n=58)
3.7 !0.4
0.9 r 0.2
3.4 + 0.5

11.2 + 0.3
0.4 + 0.1

"Only fatty acids that significantly differed presented
* P<0.05
** P < 0.01

Table 6.7: Breed ditferences in phospholipid fatty acids (LSM + s.e.) in
young calves (% total fatty acids)A

Fatty acid
16:0
18:0
24:0
SFA
USR
PSR
Elongation index

Jersev (¡=18)
20.2 + 1 îb
11.2t0.4^
0.5 + 0.3"

41.8 t 1.3"
1.4 + 0.07"
0.7 + 0.05"

61.2+ 1.2'

Limousin (n=26)
22.6 + 1 .0^

11.9 + 0.4"b

1.6 + O.3o

45.9 + 1.3b

1.3 + O.O7b

0.6 t o.osb
57.7 + 1.2b

F.JxL(n=52)
1g.g + o.6b

12.4 + O.2b

1.2+ O.zb

42.1 + 0.8'
1.4 + 0.05"
o.7 + 0.03"

62.4 tO.7^

o Row means with ditferent superscripts significantly differ (P<0.05)

Table 6.8: Estimates of genetic effects in muscle phospholipid fatty acids
expressed ás deviation between means (%)"

Fatty acid

16:0
18:0
18:1n-9
18:2n-6
20:3n-9
20:4n-6
24:O
SFA
Desat. (C18)
Elongation index

Sire breedA
(Additive)
- 2.6*
- 0.6*

1.7*
- 0.5

0.1
0.1

- 0.5
- \t.I

2.7**
3.9**

Dam breedt
(Maternal + additive)
- 0.8
- 0.1

0.1
0.9*

- 0.4**
0.9**

Heterosisc
lDominance)
- 3.4**

0.9*
- 0.2

0.3
0.1
0.3
0.2

- 2.7*
- 1.7

4.3**

- 0.7*
- 1.7*
- 0.1

1.1*

' Only traits that significantly differed presented. Abbreviations as in Table 6.3
* P<0.05
** P < 0.01
o 

= (Jersey sire - Limousin sire)/ (Limousin sire)) x 100
B 

= ((Jersey dam - Limousin dam)/ (Limousin dam)) x 100
c 

= ((Crossbred - Parental)/(Parental)) x 100
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6.3 VARIATION ¡N MUSCLE PHOSPHOLIPID FATTY ACIDS AT WEANING

lntroduction

Thus far, it has been demonstrated that breed differences exist in the phospholipid

composition of purebred cows and yearlings (Section 6.1). lt is still not known if

sirebreed differences exist between crossbreds. Fufthermore, it has not yet been

established if crossbreeding purebred dams to different sirebreeds would lead to

heterosis in fatty acid composition of the muscle tissue. Therefore, to address these

questions, this experiment investigated sex and sirebreed differences in the fatty

acid composition of phospholipids in the Longissimus dorsi muscles of crossbred

weaners.

Materials and methods

The animals comprised of 117 weaner progeny of 26 sires (Angus, Belgian Blue,

Hereford, Jersey, Limousin, South Devon and Wagyu) crossed to Hereford dams

(Table 6.10). They were all raised on grass on two properties at the Struan

Research Centre. The location and management practices have been described in

Chapter 3. Longissimus dorsimuscle tissues from the weaners were biopsied and

analysed in the laboratory as described previously (Chapter 3).

Statistical analyses

Least squares analysis of variance was carried out using the general linear models

procedure (PROC GLM, SAS 1989) and the model (Table 6.9) included the fixed

effects of sex, location, breed, sire nested within breed and the interactions between

them. All interactions were later dropped from the model because they were not

significant sources of variation. The effect of breed was tested against sire nested
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within breed mean square, while all other effects were tested against the residual

mean square

Results and Discussion

Sex differences

Weaner heifers differed from steers in the percentages of 18:1n-9, total MUFA and

desaturation index (Table 6.9). Heifers had higher percentages than steers in all

cases. This finding agrees with that reported in the adipose tissue of these same

weaners (Section 5.3). lt has been reported that hormonal differences between the

sexes influence lipid metabolism and enzymatic systems in cattle (Prior et a\.1983).

Heifers reach physiological maturity earlier than steers, hence intramuscular fat

deposition occurs earlier. Therefore, differences in fatness are expected to be

reflected between heifers and steers and their fatty acid composition. lt is worth

mentioning that sex differences in the fatty acids were more apparent in the

triacylglycerols of adipose (Section 5.3) than in muscle tissues.

Sirebreed differences

In crossbred weaner cattle, (Table 6,9), significant sirebreed differences occurred in

phospholipid fatty acid proportions of 18:1n-9 (oleate), 18:3n-3 (alpha-linolenate)

and total monounsaturated fatty acids (MUFA). Oleate is the most abundant of all

the fatty acids in beef muscle tissue accounting for up lo 25"/o of the total fatty acids

(Table 6.10), lt is a product of the desaturation of stearate (18:0) when the Â'g-

desaturase enzyme introduces a double bond between the ninth and tenth carbon

atoms in the fatty acid chain.

Wagyu and Belgian Blue crosses had the highest proportion of 18:1n-9 (25.5%)

while purebred Herefords had the lowest (19.2"/"'). Wagyu crosses also had the
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highest desaturation index of 65.8% compared to that ol 55.2'/" in Herefords (Table

6.10).

Alpha-linolenate (18:3n-3) also significantly varied between breeds (Table 6.9). lt is

a fatty acid that abounds in green forage. lt is also an essential fatty acid that needs

to be provided in the diet since it cannot be synthesised by the mammals. Purebred

Hereford and Jersey crossbred weaners had the most 18:3n-3 (3.9%) and Belgian

Blue crosses the least (1 .7%) (Table 6.10). Given the dietary source of 18:3n-3, this

difference might reflect a variation in feed consumption per unit weight or the

efficiency of ruminal saturation of fatty acids (Doreau and Ferlay 1994). The fact that

nesting sire within sirebreed was mainly non-significant for all the fatty acids except

16:0 and 16:1, indicates that sire variation within sirebreed was generally not

significant. This was not surprising given the small number of progeny per sire

(range 1 - 3) that were measured for phospholipid fatty acid composition. lt might

also indicate that the heritability of most fatty acids in the muscle would be low.

Summary and conclusion

Phospholipid data from the Longissimus dorsi (eye muscle) of weaners across 7

cattle breeds were analysed. The aim was to investigate sex and breed differences

in fatty acid composition of muscle phospholipids in an entirely grass-fed

management situation. Results showed that sex was a significant source of variation

in the levels of 18:1n-9, totat monounsaturated fatty acids (fr¡Ûfn) and calculated

desaturation index. Heifers had higher percentages in all cases than steers. Thus,

heifers contained higher proportions of unsaturated fatty acids than steers at

weaning presumably due to their higher intramuscular fat deposition.
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Significant breed differences were apparent in 18:1n-9, 18:3n-3, MUFA and

desaturation index. Wagyu and Belgian Blue crosses had the highest proportion of

18:1n-9 and Hereford the lowest. Jersey crosses and Hereford breeds had the

highest 18:3n-3 levels and Belgian Blue the lowest while the desaturation index was

highest in the Wagyu crosses. There were no other breed differences detected in all

the other individual fatty acids and their summations. However, overall, the Wagyu

and Jersey crosses had higher proportions of monounsaturated fatty acids than all

the other breeds studied. Also, crossbreeding led lo a7"/o increase in total MUFAs of

the phospholipid fraction, which could be of physiological importance in cell

membranes.

This study suggests that in weaners, the fatty acid composition of muscle lipids

differs between breeds and sexes. The magnitude of the differences is,

neveftheless, more reflected in the adipose tissue than in the muscle phospholipids'
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Table 6.9: Tests of significance for factors fitted for muscle phospholipid (PL) fatty acids
from least squares analysis in crossbred weaners

Sex Location Breed Sire(Breed)

14:O
14:1n-5
16:0
16:1n-7
17:0
17:1n-8
18:0
18:1n-9
18:1n-7
18:2n-6
19:0
18:3n-6
20:0
20:1n-9
20:2n-9
20:3n-9
20:4n-6
20:5n-3
22:O
22:1n-9
22:5n-3
24:O
22:6n-3
24:1n-9
SFA
MUFA
PUFA
USRatio
PSRatio
Desat. (C16)
Desat. (C18)
Elongation index

ns
ns
ns
ns
NS
*

NS
*

NS

NS

ns
ns
NS

NS

NS

NS

NS

NS

ns
ns
NS

NS

NS

NS
*

NS

NS

NS

NS
*

ns

ns

ns
NS

ns
NS

NS

NS

NS
t*

*

ns
NS

ns
NS

NS

ns
*

ns

NS

NS
**

NS

NS
*

NS

ns
NS

NS

NS

NS

NS

NS

ns
ns
NS

NS
*

NS

NS

ns
ns
**

ns
NS

ns
NS

NS

NS

ns
NS

ns
ns
NS

ns
NS

NS
*

NS
*

ns
NS

NS

NS

ns
NS

ns
*

NS

ns
NS

NS

ns
ns
NS

NS

ns
NS

NS

NS

NS

NS

NS

NS

ns
ns nsNS

NS
**

ns
*

NS

NS

NS

NS

NS

NS

* P<0.05, ** P<0.01, n.s. Not significant
Abbreviations as in Table 6.3
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Table 6.10. Sex and sire breed ditferences in phospholipid fatty acids (LSM+
s.e.% total fatty acids)'

18:1n-9 18:3n-3 SFA MUFA PUFA Desat. (C18)

u
Heifers (57)

Steers (60)

Significance

Sire breed
Angus (16)

BelBlue (16)

Hereford (16)

Jersey (16)

Limousin (16)

S.Devon (15)

Wagyu (22)

Significance

41.4

r 1.5

42.1

+ 1.4

0.92ns

43.9
+ 2.4
41.9

!2.3
42.4
+ 2.3

38.0
+ 2.7
46.8

+ 2.5

39.7
+ 2.5
40.2
+ 2.3
0.21ns

21.2
+1.5

23.2

!1.4
0.23ns

23.9

t2.5
19.6

!2.4
26.5

+ 2.4
21.8

+ 2.8
18.1

+ 2.6
24.6

+ 2.6
21.6

!2.4
0.24ns

24.2
+ 1.1

21.6
+ 1.1

0.02*

19.7
+ 1.9

25.5

r 1.8

19.2
+ 1.8

23.9
+ 2.1

21.8
+ 1.9
24.9

+ 1.9

25.5
+ 1.8
0.04*

2.9
+ 0.4

2.8

r 0.4
0.77ns

3.2
+ 0.6

1.7

r 0.6
3.9

+ 0.6
3.9

+ 0.7
2.1

+ 0.7
2.9

+ o.7
2.3

+ 0.6
0.05*

37.4
r 1.1

34.6
+ 1.0

0.05*

61.2

11.5
57.6

!1.4
0.03*

32.2
+ 1.7

38.5
+ 1.7

31.1
+ 1.6
40.2

r 1.9
35.1

r 1.8

36.7
+ 1.8

38.2

! 1.7

0.01**

55.3
+ 2.4
60.5

+ 2.3
55.2

+ 2.3
60.7

+ 2.7
56.2

t2.5
62.1

+ 2.5
65.8

+ 2.5

0.02*

'Figures in brackets are number of animals. Figures in bold are the highest and
lowest values. Only the major fatty acids are shown
"P<0.05, **P<0.01, îS=rìot significant
SFA= 1 4: 0+ 1 6dma+ 1 6 : 0+ 1 7: 0+ 1 Sdma+1 8:0+20:0+22:0+24:0
M U FA= 1 4: 1 + 1 6: 1 + 1 7 :1 +18: 1 n-9+ 1 8:1 n-7 +20;1 +22:1 +24:1
P U FA= 1 8 : 2 n -6+ 1 I : 3 n-3+ 1 8:2cla+2Ù:2+20 :3+20 : 4+2 0 : 5+ 22:5 +22:6
Desat. (C1 8) index=(l8:1n-9)/(18:0+18:1 n-9) x 100
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CHAPTER SEVEN

GENERAL DISCUSSION
AND CONCLUSION



7.O General Discussion and Gonclusion

Adipose and muscle tissues are composed mostly of lipid, protein and water in

differing proportions. Muscle consists of mainly water and protein with litile lipid,

while adipose tissue, is composed mainly of stored lipid. The most abundant lipid

class is fatty acids, which consist of alíphatic carboxylic acids.

The proportion of lipid as free fatty acids in the adipose and muscle tissue is very

small (<3%) (Rule et al., 1995). Rather, fatty acids are bound to other molecules or

associated with proteins for transport or storage. ln adipose tissue, 97o/o of lipids in

pigs (McCluer et al., 1989), 87o/o tn cattle and94o/o in sheep (Christie, 1981) are

triacylglycerols. The remainder is phospholipid and cholesterol. Phospholipids

represent a greater proportion of total lipids in muscle than they do in adipose

tissue. Values for muscle are the most variable because intramuscular adipose

tissue contributes to the total lipid content and being an adipose tissue depot,

dilutes the true phospholipid content of the muscle. Because adipose tissue

functions as triacylglycerol storage, phospholipids are diluted in this tissue and

triacylglycerols are the prevalent lipid. Therefore, it is important to analyse the fatty

acid composition of triacylglycerols and phospholipid fractions separately to

eliminate confounding by the level of fatness.

Key questions that were addressed by the series of studies reported in this thesis

include:

1. Are there breed differences in the fatty acid composition of cattle?

2. lf there are, does age (or stage of maturity) of the cattle contribute to these

differences?

3. How correlated are marbling score, intramuscular fat, melting point and fatty acid

composition?
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4. Can the fatty acid composition of cattle at slaughter be predicted from their

biopsy fatty acid profiles at weaning?

5. How heritable is fatty acid composition?

This thesis, therefore, investigated the variation that occurs in fatty acid

composition due to season, anatomical site, breed, age and sex. lt also estimated

genetic parameters (heritability and genetic correlations) for fatty acids and

marbling, intramuscular fat and melting point. A general discussion of these results

follows.

Seasonal variation - Triacylglycerols (TAGs)

Season influenced the fatty acid composition of forage-fed cattle (Section 4.1). In

the triacylglycerol fraction of adipose tissue, samples taken in November contained

higher propottions of 14:0,14:1, 16:1, 18:1n'7, 18:3n-3, 18:3n-6, and also total

MUFA and PUFAthan those in April (Section 4.1.1). An explanation lies in the fact

that November in South Australia is just after winter, hence green forage is plentiful.

Consequently, grazing cows could have higher proportions of the long-chain

polyunsaturated fatty acids since forage lipids are rich in both linoleate (18:2n-6)

alpha linolenate (18:3n-3) despite saturation of these to a large extent in the rumen

(Scott and McDonald, 1977i Ashes et â1., 1992; Doreau and Ferlay, 1994)'

Fu¡thermore, proportions of oleate (18:1n-9) and linolenate (18:2) in forage are

lowerthan in grain (Rule et. al., 1995).

ln addition to the availability and quantity of lipids consumed from the diet, the

intestinal absorption of these lipids from the gastro-intestinal tract following

digestion is important. Bauchaft et al. (1984) reported that the intestinal absorption

of 18:3 fatty acid of ryegrass increased during the grazing season from 59.3 to

Bg.g% reaching the peak during the primary growth of the plants, but declining
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during the stemmy growth stage. April in South Australia is when the break of

season (beginning of rain) usually occurs following a period of dry conditions.

During this time, cattle depend on hay supplements. Compared to green forage,

hay is less succulent and more fibrous. Enzymatic activities of microbes in

degrading these food sources is expected to vary with the seasons, and this

variation seems to also reflect on the digestion, absorption , de novo synthesis and

utilisation of fatty acids (Doreau and Ferlay, 1994).

Seasonal variation - Phospholipids (PLs)

Interestingly, seasonal variation was not limited to the triacylglycerol fraction only.

Phospholipid fatty acids in the muscle tissue also reflected seasonal differences.

Muscle tissues sampled in November contained higher proportions of 14:0, 16:0,

16:1, 17:0, 18:1n-9, 18:1n-7, 22:5,22:6,24:1 and MUFA than those sampled in

April (Section 4.1.2). There are reports that lhe Longr'ssmus dorsi of forage-fed

cattle contains more 16:0, 18:0, 18;2, 18:3 and 22:5 than those fed on grain

(Westerling and Hedrick, 1979; Larick and Turner, 1989). However, these repoñs

were on the total lipids of the L. dorsimuscle as opposed to the separate analysis

of the phospholipid fraction in this study.

Having demonstrated that there were significant seasonal effects on the fatty acid

composition of both triacylglycerol and phospholipid fractions, the implication is that

adipose and muscle tissue biopsies should be sampled within the same season for

unbiased comparison of fatty acid profiles in cattle. However, this raised another

question: After adjusting for season, would the fatty acid composition vary between

anatomical sites?

#r*
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Anatomical site variation - TAGs

There were no differences between anatomical sites in fatty acid composition of

triacylglycerols in the adipose tissue (Section 4.2). The reason for this obseruation

may lie in the mechanism of glycerolipid biosynthesis in the adipose tissue. ln

ruminant adipose tissue, fatty acid biosynthesis occurs largely from acetate as

opposed to glucose in monogastrics. The acetate carbons enter the fatty acid

biosynthesis pathway via malonyl-CoA production through the acetyl-CoA

carboxylase reaction, and then palmitate production follows through the fatty acid

synthase. After palmitate is synthesised, stearate is produced by a single two-

carbon elongation. Oleate is then generated by the desaturation of stearate at the

ninth carbon atom. Further elongation and desaturation toward the methyl end of

the fatty acid chain is not possible in veftebrates because the necessary enzyme is

not present (Rule et al., 1995). Evidence from the work of Pothoven et al. (1974)

revealed that when acetate conversion to long-chain fatty acids was measured by

short-term incubation of bovine adipose tissue in vitro, the composition of the newly

synthesised fatty acids closely resembled that of lipids extracted from the adipose

tissue of animals from which incubated samples were obtained. Thus, adipose

tissue fatty acid composition is largely indicative oÍ de novo synthesis.

Chacko and Perkins (1965) reported the composition of fatty acids in several

adipose tissue depots of cattle, sheep and pigs for total triacylglycerols and

positional distribution of fatty acids on the triacylglycerol molecule. They found that

within the bovine subcutaneous adipose tissue, the fatty acid distribution was

similar. This suppofts our finding that there were no anatomical site differences in

subcutaneous adipose tissue fatty acid profile reported in this study (Section 4.2).
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Anatomical site variation - PLs

ln the muscle tissues (Longissimus dorsi vs M. triceps brachil¡, the phospholipid

fraction differed in two fatty acids: 18:0 and 225 and there were significant

genotype by site interactions (Section 4.2).The obserued differences in the muscle

tissue phospholipids (Section 4.2) is in agreement with the reports of Wulf et al.

(1994) and Rule et al, (1995) that muscle location affects fatty acid composition in

cattle, wlth the Spinalis dorsi containing higher proportions of 18:1 and lower

proportions of 18:2 than the Longissimus dorsi. However, both muscles had similar

proportions of 16:0, 18:0, 18:1 and 18:2. ln our work, although there were

significant differences in 18:0 and 22:.5, the L. dorsi and M. brachii had similar

proportions of total SFA, MUFA and PUFA.

Sweeten et al. (1990) investigated the fatty acid compositions of cytoplasmic and

membrane lipids of several muscles at different sites. Their study revealed

differences in the sub-cellular distribution of fatty acids between muscles and sites.

Alasnier et al. (1996) established differences in phospholipid fatty acids between

oxidative and glycolytic muscles in which the former contained more long-chain

PUFA of n-3 and n-6 series than those of glycolytic ones. More recently, Alasnier

and Gandemer (1998) demonstrated that the fatty acid and aldehyde composition

of individual phospholipid classes in the muscle is related to the metabolic type of

the fibre, one possible reason why oxidative muscles are more sensitive to

oxidation than glycolytic ones (Wilson et al., 1976).

Sex variation - TAGs and PLs

Significant differences obserued between heifers and steers in fatty acid

composition indicate that sex is an impoftant source of variation (Chapters 4, 5 and

6). ln their triacylglycerol fraction of adipose tissue at 9 months of age, heifer calves
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had higher proportions of palmitate (16:1), total MUFA, desaturation index and

lower stearate (18:0) than steer calves (Section 5.2). At weaning (Section 5.3),

heifers still contained higher proportions of 16:1, 18:1n-9, total MUFA and lower

18:0 and total SFA in their adipose tissues than the steers.

ln the muscle tissue, phospholipid fatty acids of yearling steers had more myristate,

palmitoleate, stearate, total MUFA and less linoleate, arachidonate,

eicosapentanoate and total PUFA than yearling heifers (Section 6.1). This supports

similar effects of sex on fatty acid composition in which rams had greater

proportions of 18:1 and 18:0 in lhe Longissmus dorsi muscle (Solomon et al.,

1992), and greater proportions of 18:2 and 18:3 in the adipose tissue than ewes

(Crouse et al., 1972a and 1972b).ln cattle, Clemens et al. (1973) reported greater

proportions of 16:0 in steer than in bull subcutaneous (but not intramuscular)

adipose tissue. The obseruation in this thesis was that steers had greater

proportions of 16:0 and 18:0 than heifers in subcutaneous adipose tissue.

An explanation for the sex variation in fatty acids could lie in the differences in

maturity pattern between heifers and steers. Females reach physiological maturity

earlier than steers due to hormonal differences since progesterone and oestrogen

are sex-limited to the heifers, and testosterone to the males. Being early-maturing,

the heifers begin to deposit fat earlier than steers such that at the same age, the

heifers are fatter. Prior et al. (1983) reported that the sex hormone status of cattle

influences lipid metabolism, hence sex differences are associated with hormonal

changes and their possible influence on enzymatic changes.

Torii et al. (1996) demonstrated that the development of intramuscular fat in Wagyu

cattle depends on adipogenic or anti-adipogenic substances present in the serum.
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The same authors concluded that retinol level in blood duríng the fattening period

may influence intramuscular fat deposition of beef cattle through its anti-adipogenic

action on preadipocytes present in muscle tissues.

It was clearly evident herein that heifers had higher marbling scores and

intramuscular fat content than steers at the same age after feedlotting (Section

5.4). lt therefore, can be hypothesised that in addition to hormones in heifers being

involved in early maturation and fat deposition, female sex hormones increase Â'-

desaturase enzyme activity and hence, desaturation of saturated fatty acids. This

leads to the accumulation of monounsaturated fatty acids obserued in greater

proporîions in heifers than in steers.

Age variation - TAGs

Apart from differences in enzyme activity, the role of age, as defined by the stage of

maturity and level of fatness, may also explain the obserued breed differences in

fatty acid composition. lt was obserued that breed differences in triacylglycerol fatty

acids in Jersey and Limousin yearlings were not detectable, but differences were

observed in cows for all but one fatty acid (Section 5.1). This was the initial

indication of an association between fatty acid composition and age. A relationship

in which proportions of saturated fatty acids in both Jersey and Limousin breeds

decreased, while monounsaturated fatty acids increased with age was shown

conclusively (Figure 5.1). The increase in MUFA was higher in Jersey than

Limousin.

This then raises the question: Are there breed differences attributable to level of

fatness independent of age? This question was answered in the study where the

ages of biopsy, weaning and feedlot entry were constant (Section 5.4).
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lntramuscular fat percentages, marbling scores and fatty acid compositions

revealed significant breed differences. Jersey, Wagyu, Angus and Hereford sired

progeny were fatter and marbled better than progeny sired by Limousin, South

Devon and Belgian Blue. This obseruation can be explained in the light of early-

versus late-maturing breed type variation, even at a constant age. Johnson (1987)

classified Angus and Hereford as early-maturing breeds. Cundiff et al. (1988)

described the Jerseys as early and Limousins as late-maturing breeds.

Zembayashi (1993) in his comparison of growth and distribution of carcass tissue

described the Wagyu as an early-maturing breed.

It can be hypothesised from our results that the Jersey reaches physiological

maturity earlier than the Limousin (Sections 5.1 - 5.4). Therefore, at the same age,

the Jerseys begin to deposit fat earlier than the Limousins. This is because during

growth, protein accretion eventually plateaus and fat deposition exceeds lean tissue

deposition (West et al., 1994).

Ztn el al. (1970) observed rapid deposition of intramuscular fat in cattle during the

latter stages of the fattening period. The Wagyu breed in particular, has been

reported to deposit extremely high amounts of intramuscular fat (Lunt et al., 1992),

and it has been demonstrated that totally trimmed M. longissimus lumborum of

Wagyu cattle fed in Japan contained as much as 20% extractable lipid

(Zembayashi et al., 1988). Lawrie (1961) noted that beef breeds began to deposit

intramuscular fat rapidly at 10 to 12 months of age, while dairy cattle gradually

marbled without a period of rapid deposition. Johnson (1987) observed that early-

maturing Angus and Herefords had more intramuscular fat at lower levels of

fatness than the late-maturing Friesian and Charolais x lllawarra. However, as

fattening increased, intramuscular fat was deposited at a much greater rate in the
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late-maturing types until ât, and beyond, about 27% total dissected fat, all

genotypes had similar levels of marbling fat'

The early-maturing, fat-depositing breeds had significantly higher proportions of

monounsaturated fatty acids than the late-maturing breeds (section 5'4)'

Therefore, their fats were softer, due to lower melting points, than those of the late-

maturing breeds. Hence, wagyus had the lowest melting point followed by Jerseys'

Angus and Herefords. The late-maturing Limousins and south Devons, on the

other hand, had the highest melting point and therefore, the harder fats composed

of higher proportions of saturated fatty acids. Notably, intramuscular fat content

was positively correlated with monounsaturated fatty acids, and the early-maturing

breeds had higher proportions of MUFA than the late-maturing types'

correspondingly, the melting point data shows that the higher the fat content, the

lower the melting Point.

Age variation - PLs

Age variation in fatty acid composition of adipose tissue (Sections 5'1 and 6'1) lend

support to the findings of Hecker et al. (1975) who demonstrated that 12:.0, 14:0

and 18:0 decreased with age in Hereford and Angus intramuscular and

subcutaneous adipose tissues. The association between age and fatty acid

composition herein was not limited though to the adipose tissue' Muscle

phospholipid fatty acid composition indicated that age was a significant source of

variation (Section 6.1). Specifically, it was evident that as age increased' the

proportions of 16:0, 18:0 and 18:1n-9 decreased and total PUFA increased

(Figures 6.2 - 6.4).
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This conclusively demonstrates that saturated fatty acids were progressively diluted

with fatty acids of higher unsaturation. Unlike the adipose tissue where the increase

in unsaturation with age was associated with monounsaturated fatty acids, the

increase in unsaturation was in polyunsaturated fatty acids which occur in high

proportions in the muscle tissue. lt therefore, seems likely that Âs and À'-desaturase

enzymes are more active in the muscle tissue than the At-desaturase, because

they favour the introduction of more than one double bond in the fatty acid chain.

However, a pos1pe association between 18:1 and chronoligical age in the skeletal

muscles of steers was reported by Link et al, (1967) and Rule and Beitz (1986).

Breed variation - TAGs

So far, the discussion has centred on non-genetic sources of variation in fatty acid

composition (season, anatomical site, sex and age).To be able to make unbiased

breed comparisons, it is necessary that the cattle are raised under similar

management conditions.

Using such conditions, significant breed differences were observed between the

Jersey and Limousin cattle in triacylglycerol fatty acid composition in the adipose

tissue (Sections 5.1 and 5.2). ln almost all cases, Jersey contained higher

proportions of monounsaturated fatty acids (16:1, 18:1n-9) and lower saturated

fatty acids (16:0, 18:0) than the Limousin breed, An insight into the role of ruminal

microbial and enzyme activities could partly explain this breed difference.

After fatty acids and glycerol-3-phosphate become available for esterification,

microsomal enzymes of glycerolipid biosynthesis catalyse reactions needed for

triacylglycerol synthesis (Rule et al., 1995). Harfoot (1981) reported that in

ruminants, numerous strains of ruminal microorganisms produce lipases that
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hydrolyse fatty acids before the esters arrive in the abomasum. After hydrolysis of

the fatty acids, many of those fatty acids that contain carbon-carbon double bonds

are hydrogenated or saturated in reactions catalysed by rumen microbial enzymes.

Enzymes therefore, play a key role in fatty acid synthesis. The enzyme 
^'-

desaturase, is the primary one involved in the conversion of saturated to

unsaturated fatty acids (detailed description of mechanism in Chapter 3). An index

of this desaturation was almost always higher in the Jersey than Limousin

(Chapters 5 ). This indicates that at a given age, more unsaturated fatty acids are

synthesised in the Jersey than Limousin breed. There were indications too, that the

elongase appeared to be more active in the Limousin than Jersey breed. Limousin

breed had higher proportions of 16:0 and 18:0 than the Jersey. This observation

lends support to the repofts of St. John et al. (1991) and Chang et al. (1992) that

elongase and At-desaturase enzymes are active in bovine subcutaneous adipose

tissue as opposed to earlier hypotheses that they were limited to the liver.

Breed differences were also evident between crossbred cattle sired by Angus,

Belgian Blue, Hereford, Jersey, Limousin, South Devon and Wagyu (Section 5.3).

In Wagyu breed, Sturdivant et al. (1992) was of the opinion that elevated stearoyl-

CoA desaturase enzyme activity was responsible for the elevated percentage of

18:1n-9.

Breed variation - PLs

Breed differences in desaturation and elongation indices of muscle phospholipids

were also demonstrated (Section 6.1). Limousins contained higher propottions of

2O:4 (arachidonate) than Jersey (Section 6.1). This difference is unlikely to be

dietary because there was no difference in 18:2, and 2O4 is a metabolite of 18:2
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which cannot be synthesised by ruminants. This suggests a truly genetic difference

due to lower Âu-desaturase activity (responsible for the conversion of 20:3 to 2O:4)

or lower elongase activity resulting in the relative accumulation of 18:3n-6 in the

Jersey breed.

Thus far, this thesis has established that independent of body fat (through the

separation of total lipids into triacylglycerol and phospholipid fractions), the fatty

acid compositions of beef muscle and fat adipose tissues vary between cattle

genotypes, ages, sexes, seasons and anatomical sites of sampling. lt is possible

that past studies on fatty acid composition utilising total lipids in which breed

variations were reported might have reflected differences in fat content only. lt has

been shown herein, that large differences exist in intramuscular fat deposition

between cattle breeds and this is correlated to fatty acid composition. Notably,

marbling score rankings of carcasses done subjectively in the abattoirs does not

accurately match intramuscular fat content, primarily due to differences in the

melting points of fats between breeds.

It has also been shown that an index of desaturation, which quantifies the

biochemical conversion of saturated fatty acids to monounsaturated fatty acids,

significantly varies between breeds. This implies that there is potential to use this

enzyme in selection for the highly desirable MUFAs in beef cattle.

Establishing breed differences in fatty acid composition is only one step in the

direction of genetic improvement. lt is also important to know if selection of

individuals to be parents of the next generation (based on superiority over their

contemporaries) can also be passed unto their progeny. ln other words, how

heritable is fatty acid composition? What is the mode of inheritance? How
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genetically correlated aÍe fatty acids at weaning with carcass fatty acids at

slaughter? How genetically correlated are fatty acids with marbling score,

intramuscular fat and melting point? Answers to these questions are discussed

below.

Estimates of genetic Parameters

Estimates of genetic parameters are essential in the design of selection

programmes in animal breeding. ln beef cattle, estimates of genetic parameters

have been reported in several reviews (Preston and Willis , 1974; Woldehawariat et

al. 1977, Barlow 1978; Mohiuddin 1993; Davis 1993, Koots et al. 1994a; Koots et

al. 1gg4b). Despite the availability of these rich sources of information, there are no

estimates of genetic parameters for fatty acid composition in beef cattle. This thesis

fills in the gap by investigating firstly, the mode of inheritance of triacylglycerol and

phospholipid fatty acids in the adipose and muscle tissues respectively, of cattle.

Secondly, it estimates heritability, genetic and phenotypic correlations among and

between fatty acids at weaning and slaughter.

Mode of inheritance - TAGs

There were significant dominance effects on the proportions of palmitate (16:0)'

stearate (18:O) and desaturation and elongation index in TAG fatty acids from

adipose tissue (Section 5.2). This implies that there were significant heterosis

effects or hybrid vigour, which in turn, was a demonstration of the dominance of a

gene or genes in one breed over the other for these traits. F., progeny resulting

from crossbreeding Jersey and Limousin cattle had higher means than the average

of the purebreds in the proportions of stearate and indices of desaturation and

elongation (Section 5.2). They also had lower means than the average of the

purebreds in the proportions of palmitate and total saturated fatty acids (SFA). The
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latter obseruation is beneficial from the human health perspective of fat

consumption since it is a direct counter-measure to cholesterol accumulation. For

beef breeders, a clear message is that crossbreeding Limousin and Jersey cattle

has the potential to reduce the proportions of palmitate and SFA in the adipose

tissue. As a result, an increase in the proportions of monounsaturated fatty acids

and desaturation index is expected in the crossbreds.

Additive genetic effect is the chief cause of resemblance between relatives and the

major heritable component. Significant additive genetic variance was observed in

the proportions of myristate (14:0), palmitate (16:0), vaccenate (18:1n-7) and also

SFA in the triacylglycerol fraction of adipose tissue (Section 5.2). The implication is

that these fatty acids are heritable. Therefore, by preventing sires containing high

proportions of 14:0, 16:0 and SFA from becoming parents of the next generation,

beef cattle breeders can genetically select against these deleterious fatty acids.

Dams are also important contributors to offspring genotype because they contribute

half of their genes during gamete formation. However, between and within breeds,

some dams have better mothering ability than others. Therefore, dam breed

contributes a combination of both maternal and additive genetic effects. There were

significant combined effects of maternal and additive genetic variance in the

proportions of myristoleate (14:1), palmitate, stearate, SFA, total monounsaturated

fatty acids (MUFA) and desaturation index (Section 5.2). Wh¡le it is difficult to

accurately separate the additive from maternal effects in the experimental design

used in this study, it is easy to infer which fatty acids are heritable. The general

indication from the mode of inheritance of inheritance experiment was that

triacylglycerol fatty acids are heritable.
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Mode of inheritance - PLs

Crossbreeding Limousin and Jersey cattle resulted in a decrease in the propoftions

of 16:0, SFA and an increase in the proportions of 18:0 and elongation index in the

phospholipid fraction of muscle tissue in the F., progeny (Section 6.2). This was yet

another demonstration of the significant effect of heterosis in phospholipid fatty

acids consistent with previous obseruations in the adipose tissue (Section 5.2).

While the reduction in the proportions of 16:0 and SFA is not of any health

significance given the negligible amount of phospholipids consumed, the

observation is in line with increased fatness as a result of higher proportions of

unsaturated fatty acids.

Significant additive genetic effects were observed in the proportions of 16:0, 18:0,

1B:1n-g and also SFA and indices of desaturation and elongation (Section 6.2).

Also, combined additive and maternal effects were observed in mainly long-chain

polyunsaturated fatty acids (PUFA) in the phospholipid fraction of muscle tissue.

Sire effect on these PUFAs (linoleate (18:2), di-hommo-gamma linolenate (20:3)

and arachidonate) was not significant. This almost exclusively attributes the

obserued difference to maternal effect since the additive component is negligible.

Thus, it is expected that polyunsaturated fatty acids in the phospholipid fraction of

muscle tissue would have a low heritability.

H e ritabi lity e sti m ates

Heritability estimates of fatty acid composition and other fat carcass traits at

weaning were generally low (Section 5.5). This indicates that genetic progress at

weaning would be slow, the only exception being total monounsaturated fatty acids

(h'= 0.31) where moderate genetic gains are expected. The results at weaning

stress the importance of beef cattle breeders paying attention to environmental
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factors such as feeding regime and management of weaner calves because the

environment contributes more to the phenotype than the genetic component at this

age.

At slaughter, heritability estimates were higher than at weaning (Section 5.5). This

is more likely to be due to differences between breeds of cattle in maturity pattern

as age increased than the slightly lower numbers of cattle at slaughter because the

standard errors were very similar to those at weaning. Reasonably high heritability

estimates of 0.43 and 0.37 were obtained for 18:0 and 18:1n-9 respectively.

Desaturation and elongation indices were also moderate to reasonably highly

heritable (h' of 0.44 and 0.29, respectively), and the highest heritabilty estimate of

0.52 was obtained for marbling (Section 5.5).

Melting point had a moderate heritability estimate of 0.20. This implies that

moderately high genetic progress could be made by selecting for these traits. In

general, it can be said that selecting individuals with high proportions of 18-carbon

fatty acids and total MUFA to sire progeny would lead to moderate to high genetic

gains when the progeny reach slaughter.

Genetic and phenotypic correlations

There were strong correlations among and between individual fatty acids, their

summations, desaturation indices, marbling and melting point (Section 5.5).

Generally, genetic correlations were stronger than phenotypic correlations. This

observation agrees with the report of Koots et al. (199aa) which demonstrated that

phenotypic correlation estimates for many carcass traits as well as among

reproductive traits were Poor.
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The positive genetic correlations between melting point and stearate and SFA

followed the expected trend because stearate has a melting point of 70"C and

palmitate 61"C (Gurr and Harwood, 1991). Both fatty acids constitute the majority

of total SFA in the adipose tissue. Thus, the higher their proportions in the adipose

tissue, the harder the fat. This implies that selecting against these saturated fatty

acids would indirectly lead to softer fats with higher proportions of unsaturated fatty

acids. The strong negative correlation of (-0.93) between melting point and

desaturation index in C16 fatty acids (Section 5.5) implies that selecting against

hard fats would automatically lead to increased desaturation of saturated to

monounsaturated fatty acids. However, the strength of this relationship between

melting point and desaturation in C18 fatty acids is weak (Section 5.5). This could

possibly be due to the fact that 18:0, the primary substrate that gets desaturated to

18:1n-9 has a higher melting point than 16:0 (71"C vs 61'C).

Marbling score was strongly but negatively correlated (-0.71) with stearate (Section

5.S). This implies that animals with high proportions of stearate in their adipose

tissue would have lower marbling scores than their counterparts with low stearate

concentrations. This is a very strong evidence for the relationship between fatness

(marbling), melting point and fatty acid composition as hypothesised throughout this

thesis. Since marbling score and intramuscular fat content are positively correlated

(Baud et al., l996), it is expected that such animals with low proportions of stearate

are likely to be fatter. The positive but medium genetic correlation of 0.38 between

marbling and oleate (Section S.S) indicates that highly marbled tissues are likely to

also have high proportions of oleate and total MUFA' This point is further

buttressed by the highly positive genetic correlation (0.60) between marbling and

desaturation indices (Section 5.5).
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To be able to assist beef breeders in making early selection decisions on carcass

fatty acid composition using biopsy data at 300 days of age, genetic and phenotypic

correlations at weaning and slaughter were also computed. Results indicated that

there is a relationship between triacylglycerol fatty acids from the adipose tissue of

cattle at weaning and slaughter (Section 5.5). Genetic correlations were strong and

positive for almost all individual fatty acids and their summations, as well as

desaturation and etongation enzyme indices. This implies that the additive genetic

variance component contributes more to the association of these fatty acids than

the environmental component. The exceptions were 16:0, SFA and elongation

enzyme index which were poorly genetically correlated (0.15, 0.21 and 0.11,

respectively).

The two 18-carbon fatty acids 18:0 and 18:1n-9 as well as total MUFA, which are

highly desirable in terms of their cholesterol-lowering ability in human diets, were

strongly and positively correlated (0.75, 0.98 and 0.86, respectively) (Section 5.5).

This offers hope to beef breeders that selection for these fatty acids could be made

early when the cattle are weaned. Also, if a desaturation index is used in selection

programmes by beef breeders, an early decision could be made at weaning, given

the strong, positive correlations of 0.72 and 0.76 for 
^n-C16 

and 
^n-C18

respectively, at weaning and slaughter.
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Conclusions and recommendations

From the series of studies in this thesis, the following conclusions and

recommendations can be drawn:

The fatty acid composition of adipose and muscle tissues varies between cattle

ages, sexes, seasons and anatomical sites of sampling (muscle tissue only). lt is

therefore, recommended that fatty acid data be adjusted for these factors for

unbiased breed comparisons.

There are significant ditferences in bovine tissues when phospholipid and

triacylglycerol fractions of total lipids are analysed separately, regardless of fatness

of the cattle. Past studies that examined total lipids and found significant breed

variation may have reflected differences in fat content only. lt is recommended that

phospholipids and triacylglycerols should be analysed separately to eliminate

confounding caused by fatness.

Breed differences in fatty acid composition are related to fatness. Fatter cattle,

contain higher proport¡ons of unsaturates, have softer fats with low melting points

than lean, late-maturing cattle. To the Australian beef industry where chilled

carcasses are boned, it is recommended that the problem of hard fat caused by

high proportions of saturated fatty acids can be minimised by selective

crossbreeding. By so doing, the proportions of saturates are reduced and

monounsaturates increased in beef.

An index of desaturation responsible for the conversion of saturates to unsaturates

developed herein varies between cattle breeds. lts potential use as a biochemical

marker in selection programmes by beef breeders is recommended.
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The mode of inheritance experiment reveals significant additive, dominance and

maternal effects on fatty acid compositions of the adipose and muscle tissues. This

implies that cattle breeds can be selected for desirable, or against undesirable fatty

acids.

Fatty acid proportions have a low heritability at weaning and moderately high

heritability at slaughter. There are strong, positive, genetic correlations between

fatty acids at weaning and slaughter. Therefore, it is recommended that selection

decisions on key fatty acids at slaughter can be made early by using biopsy fatty

acid data collected at 300 days old.

Finally, future work needs to be carried out by the Australian beef industry to

improve the accuracy with which subjectively determined marbling scores match

objectively measured intramuscular fat content in the laboratory. Furthermore, the

development of selection indices using the estimates of genetic parameters for fatty

acid composition herein is needed for carcass quality assessment by the beef

industry.
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ABSTRACT: We investigated the fatty acid compo-
sition of the phospholipid fraction of the shoulder
muscle (triceps brachii) from Jersey and Limousin
yearling steers, yearling heifers, and nonlactating
cows. The aim was to study breed, sex, and age
differences. Significant breed differences in some
individual fatty acids were apparent between Jersey
and Limousin cows. Limousin cows had more palmi-
tate, vaccenate, arachidonate, and less gamma-
linolenate and eicosapentanoate than Jersey cows.
Age differences were significant: proportions of palmi-
tate, stearate, and oleate decreased and linoleate,
arachidonate, and total polyunsaturates increased
with age. Most of the breed x age interactions were not
significant. Also, phospholipids of Jersey and Limou-
sin cows did not differ in total saturated, monounsatu-

rated, and polyunsaturated fatty acids. Yearling data
revealed significant sex differences in most of the fatty
acids, including total monounsaturates and polyun-
saturates. Yearling steers had more myristate,
palmitoleate, stearate, and total monounsaturates and
less linoleate, arachidonate, eicosapentanoate, and
total polyunsaturates than heifers. Breed differences
were also significant: Limousin yearlings had more di-
homogamma-linolenate and erucate and less ei-
cosapentanoate and nervonate than their Jersey
counterparts. The sex x breed interaction was not
significant for most of the fatty acids. These results
imply that breed, age, and sex are important factors
that influence the fatty acid corhposition of muscle
phospholipids in cattle.

Key Words: Breeds, Muscle, Phospholipids, Fatty Acids, Limousin, Jersey
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Introduction

The fatty acid composition of intramuscular fats is
of major interest because 1) those from triacylglycer-
ols can have a significant effect on human health, and
2) fatty acids of phospholipid can have a significant
effect on animal metabolism and growth. Phospholipid
fatty acids may well be part of the cause of differential
growth between genotypes. They have been shown to
play significant roles in reproductive and skeletal
muscle tissues (Simopoulos, 1994), are known to
affect cell and anabolic processes (Scott and Ashes,
1993), and are required for brain and retinal develop-
ment and function (Van Oeckel et al., 1996).

lThis study was funded by the J.S. Davles Bequest Fund to the
University of Adelaide, the South Australian Cattle Compensation
Trust Fund, and the Australian Development Cooperation Scholar-
ship from AUsAID for A.E.O. Malau-Adult.
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Accepted October 9, 1997.
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It may be possible to modify the fatty acid
composition of bovine muscle using selective breeding,
However, for any selection program to be effective, the
breeds must vary. There is evidence of genetic
variation in the fatty acid composition of triacylglycer-
ols in the adipose tissue of Jersey and Limousin
(Malau-Aduli et al., 1997), Brahman and Hereford
(Huerta-Leidenz et al., 1993), and Holstein and
Japanese Black (Zembayashi et al., 1995) cattle.
Published reports on breed comparisons of bovine
muscle phospholipids are scarce. Possible breed differ-
ences in muscle phospholipid fatty acid composition
should be evaluated, especially in purebred cattle.
Therefore, we compared muscle phospholipids in
purebred, pasture-fed cattle to ascertain the effects of
breed, age, and sex on fatty acid composition.

Materials and Methods

Animals and Managemenf. The animals used in this
study were part of the parental generation of the J.S.
Davies Cattle Gene Mapping Project Herd held at
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Table l. Average characteristics and numbers
of animals sampled (l SE) for muscle

phospholipid analysis

Antmals No. Wetght, kg Age, mo

Cows

Jersey
37f3

(range 2f68)
43r4

(range 29-96)

l3
l9

13f6
l2r6

Martindale, a property located about 150 km north of
Adelaide, South Australia. They included 1lg Jersey
and Limousin nonlactating, nonpregnant cows and
yearling heifers and steers as shown in Table l.
Limousin cows, heifers, and steers were heavier than
their Jersey counterparts. Limousin cows (43 mo)
were also, on the average, older than the Jersey cows
(37 mo), but the heifers and steers were yearlings.
They were all fed on pasture only to eliminate dietary
variation. They were all maintained in the same herd
under the same routine management.

Sampling of Muscle Biopsies. The animals were
gently restrained in a crush, and the hair around the
shoulder muscle (triceps brachii) was clipped. A local
anesthetic was injected at the sampling site before 3 g
of muscle was taken. Antibiotics were administered to
prevent secondary infection. The muscle samples were
snap-frozen in liquid nitrogen, flushed with nitrogen
gas, transported to the laboratory, and stored at -20oCuntil the samples were analyzed for fatty acid
composition. The incision was closed using metal
staples after antiseptic cream and powder were
applied as wound dressing to prevent infection. The
incision site was coated with tar to prevent contact
with dust and flies. After surgery, the animals were
checked daily during the time the wounds healed.

Lipid Extractron. Approximately .1 g of the muscle
sample was frozen in liquid nitrogen, placed in a
mortar, and pulverized with a pestle into finely
ground powder. Total lipids were extracted using
chloroform-methanol (2:1, volivol) containing
butylated hydroxytoluene ( BHT) crystals as an
antioxidant as recommended by Christie (1989).

Phospholipid Separation The extracted lipids were
separated into classes by TLC using 100 pL of the
lipid extract reconstituted in hexane. The extract was
spotted onto silica gel G plates (200 x 200 x .25 mm)
with a micropipette. The TLC plate was developed in
an acetone/petroleum ether (1:3 vol/vol) solvent
system in a tank containing a few crystals of BHT to
prevent oxidation. Triacylglycerols and free fatty acids

767

migrated while phospholipids remained at the origin
of the plate. The areas corresponding to the phãs_
pholipids were scraped off the plate and transferred to
clean screw-capped test tubes for methylation.

Methylation The silica gel scrapings from TLC were
dissolved in 100 ¡tL of .5 M sodium methoxide in
methanol. This was vortexed and allowed to stand for
5 min before adding 5 ¡rL of glacial acetic acid and 1 g
of anhydrous calcium chloride as a drying agent. Thi¡
mixture was allowed to stand for I h. The drying
agent was precipitated by centrifugation at 800 x g for
3 min, after which the supernatant was transferred to
a clean screw-capped test tube and 3 mL of water was
added to remove the acetic acid. The mixture was
vortexed and centrifuged, and the upper layer was
transferred to another clean test tube. The organic
extract was then dried at 40'C in a heating block
under a thin stream of nitrogen gas. The dried fatty
acid methyl esters were reconstituted in 100 pL of
trimethyl pentane in vials ready for chromatographic
analysis.

Fatty Acid Analysis. Fatty acid concentration was
determined with gas-liquid chromatography using a
Hewlett Packard Model 58904 Series II gas chromato-
graph. The instrument was equipped with a
25-m x .32-mm (i.d.) fused silica capillary column
(BPX70, SGE Pty Ltd, Melbourne, Australia). Fatty
acid methyl ester ( FAME) preparations were injected
(.1 ¡rL) into the instrument using the cold on-column
technique. The carrier gas was helium (head pressure
30 kPa), and the column was programmed from an
initial temperature of 150'C (0 min) to a final
temperature of 210"C (5 min) at the rate of ZoClmin.
Chromatograms were recorded with a computing
integrator (Hewlett Packard Model 3396 Series II).
Standard FAME mixtures were used to calibrate the
gas chromatograph system using reference standards
GLC-68-8, Nu-Check Prep (Elysian, MN). Identifica-
tion of sample fatty acids was made by comparing the
relative retention times of FAME peaks from samples
with those of standards. These were calculated as
normalized area percentages of fatty acid.

Statistical Analyses. All data were analyzed with
least squares analysis of variance using PROC GLM
Type 1 Sums of Squares (SAS, 1989). The model for
the cow data included the fixed effects of breed, the
partial regression on age, and the age x breed
interaction (Table 2). Initial analysis included weight
as a covariate, but this was dropped from the model
because it was not a significant source of variation.
The model used for the yearling data included the
fixed effects of sex and breed, and the sex x breed
interaction. The indices of A9-desaturase and elongase
enzymes were calculated using formulas described
previously (Malau-Aduli et al., 1997) and described in
Table 3. Least squares means and breed differences
between means were computed and significance was
definedasP<.05.

BREED COMPARISON OF BOVINE PHOSPHOLIPIDS

Limousin
Yearllng helfers
Jersey
Limousin

Yearling steers
Jersey
Limousln

334r9

449 ì ll

190 r 17

265 + t7

57

32

l0
l0

t3
f3

5

5

28
28

t
t

244
282
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Table 2. Statistical models and factors fÌtted for least squares analysis

Cow data Yearllng data

TratF Breed Age Breed x age Sex Breed Sex x breed

l4:0
l4: I
I6DMAb
l6:0
l6:l
l7:0
17:l
ISDMA
l8:0
l8:l (¡¡9)
l8: I (n-7)
l8:2
l8:3(n-6)
l8:3(r¡ 3)
l8:4
2O:O

2O:l
2O:2

2O:3
20:4
2O:5

22:0
22:l
22:5
24:O
22:6
24:l
Total SFA
Total MUFA
Total PUFA
( ¡r3)PUFA
( ¡¡6)PUFA
Ratio of unsaturated:
saturated
Ratio of polyunsatu-
rated:saturated
Ae-desat(l 6)
Ae-desat(l 8)
Elongase

NS
NS
NS

NS

NS
NS
NS
NS
NS
NS

NS
NS
NS

I

NS
NS
NS

NS
NS
NS
NS
NS
NS
NS

NS

NS

NS

NS
NS
NS

NS
NS
NS
NS

NS
NS

NS
NS

NS
NS
NS

NS
NS

NS

NS
NS
NS
NS
NS

NS

NS
NS
NS
NS

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS

NS
NS
NS
NS
NS

NS
NS

NS

NS
NS
NS
NS

NS

NS

NS
NS

NS
NS
NS
NS
NS

NS

NS
NS
NS
NS
NS

NS

NS
NS

NS

NS
NS
NS
NS
NS

NS
NS
NS
NS
NS
NS
NS
NS
NS

a

NS

NS

NS
NS
NS
NS
NS
NS
NS
NS
NS

NS

NS

NS
NS

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS

NS
NS
NS
NS

NS

NS
NS
NS

NS

aAbbreviations of traits are explained in Table 3.
bDMA = dl-methyl-acetals (Sinclair and O'Dea, 1987)
cNS = not statistically signiflcant.
tP < .05.rrP < .01.

Results

Cow Data. Phospholipids of Limousin cows differed
in fatty acid composition from those of Jersey cows
(Table 2). The percentages of 16:0 (palmitate), 18:

L (n-7) (vaccenate), 20:3 (di-homo-gamma-
linolenate), and 20:4 (arachidonate) were higher in
Limousin than in Jersey cows. However, Limousin had
lower percentages of 17:0 (margerate), 18:3(r¡6)
(gamma-linolenate), 18:4(octadecatetraenoate), 20:5
(eicosapentanoate), 24:0 (lignocerate), and indices of
A9-desaturase (Cl6) and elongase activities than
Jersey cows (Table 3). However, breed was not a
significant source of variation in total saturated
(SFA), monounsaturated (MUFA), and polyunsatu-
rated ( PUFA) fatty acids. In both breeds, 18:

1(rr9) (oleate) was the most abundant fatty acid,
totaling 18.3 and 16.9% in Limousin and Jersey cows,
respectively (Table 3).

Age was a significant source of variation in the
percentages of 16:0, l8:0 (stearate), l8:1(n-9), l8:
3(n-6) (gamma-linolenate), 20:0 (arachidate), 20:1
(gondoate), 2O:5, 22:0 (behenate), 24:0, and 24:I
(nervonate) (Table 2). Because palmitate, stearate,
and oleate made up 46.4 and 49.8o/o of the total fatty
acids in Jersey and Limousin cows, respectively
(Table 3), a regression of these three fatty acids
across the appropriate range of ages was carried out
(Figures I to 3). As age increased, the percentages of
16:0, 18:0, and 18:1(n-9) decreased (Figures 1 to 3).
In contrast, the percentage of total PUFA increased
with age (Figure 4). The R2 values for all of the
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Figure l. Relationship between muscle phospholipid
palmitate and age. The unjoined data points represent
yearling figures, and the joined poins are calculated
cow data points at the minimum and maximum age
ranges. ¡ = Jersey (palmitate = 16.9 - .06Age). o =
Limousin (palmitate = 18.6 - .05Age). R2 = .03. Standard
error of the difference w¿ìs 1.4 for intercepts and .03 for
slopes.

Figure 3. Relationship between muscle phospholipid
oleate and age. The unjoined data points represent
yearling fìgures, and the joined points are calculated
cow data points at the minimum and maximum age
ranges. A = Jersey (oleate = L7.4- .48Age). . = Limousin
(oleate = 20.8 - .08Age). R2 = .09. Standard error of the
difference was 1.6 for intercepts and .03 for slopes.
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Figure 2. Relationship between muscle phospholipid
stearate and age. The unjoined data points represent
yearling fìgures, and the joined points are calculated
cow data points at the minimum and maximum age
ranges. ¡ = Jersey (stearate = 16.2 -.07Age). r =
Limousin (stearate = 15.0 - .04Age). R2 = .09. Standard
error of the difference was L.2 for intercepts and .02 for
slopes.

Figure 4. Relationship between muscle phospholipid
PUFA and age. The unjoined data points represent
yearling fìgures, and the joined points are calculated
cow data points at the minimum and maximum age
ranges. ¡ = Jersey (PUFA = 21.5 + .09Age). o =
Limousin (PUFA = 24.8 - .03Age). R2 = .05. Standard
error of the difference was 2.2 for intercepts and .04 for
slopes.
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Table 3. Least squares means i SE of muscle phospholipid composition
(o/o of total fatty acids)

Fatty acid

Cows Yearllngs

Jersey Limousln Jersey Limousin

l4:0
l4: I
I6DMAA
l6:0
l6:l
l7:0
17:l
ISDMA
l8:0
l8: I (r¡9)
l8:l (n7)
l8:2
l8:3(+3)
l8:3(n-6)
l8:4
20:0
2O:l
2O:2

2O:3

2O:4

2O:5

22:O
22:l
22:5
24:O
22:6
24:l
SFAb
MUFAC
PUFAd
( ¡¡3)PUFAe
(n-6)PUFAT
Ae-desat(l 6)B

As-desat(l 8)h
Elongasei
Ratio of unsaturated:saturated
Ratio of polyunsaturated:saturated

6.9
15.5
2.1
t.4
t.7
5.4

14.0
16.9

1.4
8.4
2.t
1.6

.6
2.5

.3

.7

.7

5.1
20.3

1.9
.5

t.2
3.6

16.2
24.2

3.6
47.8
33. l
l9.l
6.0

12.3
8.5

53.8
65.2
l.l
.4

l.ltr
1.5
1.8
r.7
.9*
1.5
l.l
l.3r*
t.4
.o7
.05

35.2
t7.5
3.6

t2.5
7.0

59.9
64.5
l.l

.4

.6r
1.4 +
5.0 i
2.t t
1.9 r
l.l r
1.0 r
1.5 r
.2t

3.1 r
49.7 r
27.3 t
23.0 t
7.6 r

16.4 r
8.6 I

54.7 t
63.7 r

1.0 r
.5r

.l

.3

.7

.5r I

.2

.24
,2
.5

.5

.6

.3t

.4

.2

.3r r

.2'

.4

.2

.2

.2|

.3r r

.2t+

.3

.3

.3
,3**
,2

,4

l.l
.9

1.0
.5
.7

.9+

.7

.6r

.04

.03

.6

.7
f
Í
t
t
t
f
t
t
t
t
t
+
+
t
t
t
t

.4+.1

.5r.3
7.8 r .9

17.8 r .6
1.6 r .2

.7L.2
1.8 r .3
5.0 i .7

13.7 r .6
18.3 + .7

2.3 t .4
8.1 I .5
2.3 t .3
.l+.4
.lt.2

1.5 r .5
.31.2
.8t.2

2.0 r, .3
6.4 i .4

t.3 t .2
1.6 f .4
t.7 t .4
1.0 r .3
.8+.3
.2t.2

1.7 r .6

49.3 r 1.4
28.4 t t.2
22.3 t t.2
6.3 + .7

16.6 r .9
5.9 + l.l

57.2 t ,8

62.3 t .7
1.0 + .04
.5 Í .03

.l t.lr

.6r.3
4.0 t .7r

19.7 r 1.0
2.2 t .2
.7t.2

l.o i .3
3.3 r .8

19.0 t .8r
22.r t t.2

1.3 r .3
7.7 r, .9
1.3 r .4
.3r.1
.4t.2
.5r.5
.3È.1
.8r.5
.7 i .5r

3.5 r .9
2.4 t .4r+
.4r.6

t
t
t
t
t
*
t
+
t
+
t
t
t
t
t
t
t
f
t
f
t
t
I
t
+
j
t
t
t
i
t
t
i
+
+
i
+

l.l
6.3
1.0
.l
.l
.4
.l
.9

2.1
4.0
t.2

.4

5.5
1.0
.l
.3
.5

47.3

.l

.3

.7
1.0
.2
.2
.3
.8
.8
t.2
.3
.9

,4

.l

.2

.5

.l

.5

.5

.9

.4

.6

.7

.4

.l

.3
l.l
1.5
1.8

t.7
.9
1.5
l.l
1.3
1.4
.o7

.04

7r+20 +
t
+
i
f
t
f
t
È
t
t
t
t
+
t

.4

.l

.3

t5
I
5

aDMA = di-methyl-acetals (Sinclair and O'Dea, 1987).
bSFA = saturated fatry acids.
GMUFA = monourìsaturated fatty aclds.
dPUFe = polyunsaturated fatty-acids.

6.

activity in C16 fatty acids = 100(16:l/16:0+16:l).
activiry in cl8 farty acids = 100[(18:l(n-9)/18:0+18:

I (n-s))1.
lElongase: Index of elongase enzyme activity in the chain lengthening of C I 6-C l8 fatty acids = I 00[(l 8:

0+ I I : I (n-9))/(l 6:0+ I 6: l+ I 8:0+ I 8: I (¡¡ 9)) l.rP < .05.
**P < .01.

equations were low, which indicates that the regres-
sion equations would be poor predictors of fatty acid
percentages.

The effect of age was different in the two breeds, as
indicated by significant breed x age interactions in the
percentages of 20:3, 22:5 (clupadonate), and total
PUFA (Table 2). All the other major fatty acids were
unaffected by this interaction. In general, as animals
aged, the proportions of ISDMA (di-methyl acetals),
L8:2 (linoleate), 18:3(n-3), 20:0, 2O:4, and total

PUFA increased (Table 3). In contrast, 16:0, 18:0, 18:
1(n-9) , 22:1, total SFA, and MUFA decreased with
increasing age.

Yearling Data. Sex and breed differences were
significant among yearlings (Table 2). Steers had
more 14:0 (myristate), 16:1 (palmitoleate), 18:0, 18:
1(n 9), 18:1(n-T), 22:l (erucate), and total MUFA
than heifers. Heifers had more 16DMA, 18DMA, 18:2
(linoleate) ,20:4,20:5, total PUFA, (n-3) PUFA, and
( n-6) PUFA and a higher ratio of PUFA to SFA than
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sleers (Table 3). Limousin yearlings had more l4:0,
I6DMA, 20:3, and ZZ:1, and a g.eãte. Ae-desaturase(Cl8) enzyme index, and less l8:0, 20:5, and 24:l

less (18.8 vs 22.5o/o) than their Jersey counterparts.
There were no clearly defined patterns in the levels of
l4;0 and 22:l.In contrast, Limousin heifers and steers

Jersey, respectively). Also, l8:l(n-g), ZZ:L, and total
MUFA were higher in the yearlings than in the cows.
Yearlings had less l8:2, 1g:3(o1), ZO,q, and total
PUFA than cows (Table 3).
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palmitate content; the magnitude of the difference was

proportions were small in absolute terms.
Arachidonate (20:4) is a metabolite of linoleate (lg:
2), which has a dietary origin because it cannot be
synthesized by the mammals. Limousin cows had
more arachidonate than Jersey cows. This difference

3(n-6) in the Jersey breed. Other researchers
(Tanaka, 1985; Eichorn et al., lgg6; Siebert et al.,
1996) have also reported such differences in other
breeds of cattle raised in feedlots.

Breed differences were not only limited to the cows.
The yearling data also revealed significant breed
differences. However, such differenceJ were detected
in fewer fatty acids compared to the cow data. We had
demonstrated previously (Malau-Aduli et al., 1gg7)
that there were no breed differences detected in mostof the triacylglycerol fatty acids in Jersey and
Limousin yearlings. A similar trend seems to be the

bovine subcutaneous adipose tissue (St. John et
aI,,1991; Chang et al., lgg2), and mathematical
indices for calculating the activities of the two

Discussion

Selection of cattle for desirable traits can only be
effective if the breeds differ. To be able to make
unbiased comparisons, it is essential that the breeds
be treated similarly in terms of nutritional regimen,
management, and environment. Unfortunately, most
bovine fatty acid composition data in the htêrature

samples were taken from the same anatomical site.
ost of these obvious phenotypic
the breeds were compared for
acid composition of the phos-
the muscle,

Breed Di[ferences. The notable breed differences in
n Jerseys and Limou-

:li'::"ï;""',,:lä
ousin cows had more

ralmitate (17.8o/o) than Jersey cows (l S.So/o) in their
nuscle phospholipid fractions (present study) com_
¡ared with 30.2 and ZB.Zo/o in their adipose tissues
Malau-Aduli et al., lggT), respectively. Regardless of
he tissue, it is clear that the two breedi differ in



772 MALAU-ADULI ET AL.

Fatty acld

Table 4. Least squares means t SE of muscle
phospholipids by sex" (7o)

than in steers have
1961; Larick et al.,
Similarly, heifers
I (n-9) and lower p
than steers (Waldman et al., lg68: Terrel et al., 196g:
Marchello et al., 1970).

Age Differences. In cattle, an association between
fatty acid composition and age exists. Our data
showed that percentages of phospholipid 16:0, lg:0,
and l8:l(n-9) decreased with age, and total polyun_
saturated fatty acids increased. We had reportèd a
decrease in the total saturated fatty acid content and
a concomitant increase in the percentage of total
monounsaturated fatty acids in the adipose tissue in
Limousin and Jersey cattle with increasing age
(Malau-Aduli et al., 1997).

The decrease in palmitate and stearate with age
suggests that these saturated fatty acids were progres_
sively diluted with fatty acids of higher unsaturation.
Unlike the adipose tissue, in which MUFA increased
with age, (Malau-Aduli et al., lggZ), the presenr data
showed that this increase in unsaturation was ob_
served in P proportions in
the muscle gests that the
desaturase turated to un-
saturated fatty acids, selectively favor the introduc_
tion of more than one double bond in the fatty acid
chain. Thus, the possibility of Â5 and A6 desaiurase
becoming more active than A9 desaturase in the
conversion of saturated to unsaturated fatty acids
seems likely. Other researchers have demonstrated
that l2:0, 14:0, and 18:0 decreased with growth and
age in Angus, Hereford, and Brahman cattle (Hecker
et al., 1975; Huerta-Leidenz et al., lgg6).

Heifers Steers Slgnlflcance

l4:0
I6DMAb
l6: I
ISDMA
l8:0
l8:l (rr9)
I 8: I (n-7)
l8:2
2O:4

2O:5

22:l
MUFA
PUFA
( n-3)PUFA
(n-6)PUFA
Ratio of polJrunsaturated:
saturated
Elongase

.lt
7.3 t
1.6 r
5.7 f

14.8 r
19.8 r

.4r
9.8 r
5.8 +
3.1 r
.2t

25.t t
26.4 t
8.2 t

t7.4 t

.t

.5

.2

.6

.6

.9

.2
,7
.6
.3

.l
t.3
t.2
.6,
1.8

r.t
r.8
r.3
*, .7
f.9
r 1.5
i.4
r l.l
r l.l
t.5
r.8
t 2.2
t 2.t
r.l
r 1.0

.7

1.8

2.5
1.3

20.4
26.5

2.0
4.2
t.7

.5

72
428

.6

.3

.3

3

.54 r .03 .27 t
62.5 r 1.0 66.8 r

.06
1.6

pll_y fatty acids that signifìcantly differed are shown.DDMA = di-methyl-acetaÈ (Sinclair and O'Dea. l9g7).rP < .05.trP < .01.

had less A9-desaturase index in Cl8 fatty acids than
did Limousin yearlings. After a similar observation
(Sturdivant et al., lgg2), it was postulated that

Specifically, steers had more 14:0, l6:1, lg:0, 1g:
1(n-9), 18:1(n-T),22:1, and MUFA, less l8:2,20:4,
20:5, total PUFA, (n-3) pUFA, and (n_6) pUFA, and
a lower ratio of PUFA to SFA than heifers (Table 4).
We postulate that hormonal differences between
steers and heifers resulted in most of the sex
differences observed in our study. It has been reported
(Prior et al., lg83) that the manipulatio., óf s"*
hormone status of living cattle influenced lipid
metabolism in the adipose tissue and that sex
differences are known to be associated with hormonal
changes and their possible influence on enzymatic
systems. Our study seems to indicate that this is not
limited to the adipose tissue, but applies to the muscle
tissue as well. However, cellular mechanisms for this
relationship are not fully understood, especially in
ruminants (Vernon, 1986).

Reports of sex differences in fatty acid composition
in the literature are not consistent. For instance,
studies with pigs (Allen et al., l967) and caule
(Terrel et al., 1968) showed that sex effects were
rsociated with the neutral fraction rather than the
rhospholipid fraction fatty acids. In contrast, reports
:hat percentages of l4:0, 14:1, 16:1, and 20:5 of
ntramuscular phospholipids are higher in heifers

Implications

. 
*, and age
scle phos-

P tudy were
u ur results
suggest a genetic basis for the differences in the fatty
acid composition of muscle phospholipids in Limousiñ
and Jersey cattle.
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