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ABSTRACT

The neutra'1, phospho'lipid and free fatty acid fractions from

the lipids of twenty-four Limousin and S'immental crossbreeds were examined

to determine the effects of breed, sex and anatomical location on the

fatty acid composition. Phosphol'ip'ids were separated from the biceps

femoris and longissimus dorsi 'lìp'id extracts using a modification of the

method of Choudhury and Arnold. A simpie quantitative procedure was

employed to partition the neutral lipids from the free fatty acìds. A

98.0% recovery of the free fatty acids from the other lipid fract'ions

was confirmed using 14C-labeled palmitate. S'ignificant (P 0.05)

differences jn fatty acid composition due to anatomical locat'ion were

observed in all fractions. The neutral and free fatty ac'id fractions

of the b'iceps femoris intramuscular and subcutaneous lipids were less

saturated than the comesponding fractions of the longiss'imus dorsi.

The percentages of C14:0, C16:0, CL6:1 and C1B:0 differed in the neutral

fraction of both biceps femoris and ìongissímus dorsi, as well as those

of C18:1 and CIBzZ jn the neutral fraction of the subcutaneous 
'l'ip'id.

The neutral and free fatty acid fractions from the exterior iayer of the

longiss'imus dorsi were less saturated than those from the interior layer.

Levels of C18:0 and Cl8:2 in the neutral fractìon of the subcutaneous

lipid were affected by crossbreed as were levels of C18:2 in the subcut-

aneous free fatty ac'id fraction. The fatty acid composit'ion of the

phospholipid extracts was jnfluenced by both crossbreed and sex. Breed

d'ifferences were observed for C18:1 and sex differences for CL8:0'



1'l

Sex x muscle, breed x sex, and breed x sex x muscle interactions also

occurred for c1B:0 in the phospholipid fraction. A sex x muscle

interaction was also observed for C18:1 in the free fatty acid fraction

of the subcutaneous lipfd.
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GENERAL INTRODUCTION

Lipid components determine many of the organoieptic and bíochemical
properties of meat; and the coror and quantity of fat on roasts and

steaks is a decisive factor in consumer meat selection. During storage,
oxidatÍve and enzymat'ic changes in the complex lipids influence flavor,
tenderness and iuiciness. The involved interrelationships between ì.ipid
and other chemical constituents of meat are not well understood, and the
exact mechanisms responsible for differences in sensory parameters need

much more elucidation. It is hoped that the informatíon reported here

on the fatty ac'id composition of bovine'ripids wi'rì contribute to a

better understanding of those factors which infruence the quality of
meat.

Animal breeders, respondìng to consumer demands for leaner beef at
reasonable prices, are continual'ly developing beef catile which convert
food to body tissue with increased efficiency. productivity may be

increased through selective breeding of superior anima]s, or by the

cross-breeding. In a program to evaluate fore-ign cattìe breeds, the

Canada Department of Agriculture imported Limousin and Simmental bulls
to crossbreed with Aberdeen Angus, Hereford and shorthorn cows.

Detailed carcass data on the hybrid male offspring have been collected
by the Canada Department of Agriculture Research Stat.ion jn Brandon.

Evaluation of the sensory parameters of two muscles from these bulls
and steers, as well as analyses of the total lipids from similar



anatomical locations were carried out in this laboratory by Mclandress

(Ig72) and Gillis (1972) respectively.

The following study was undertaken to determine the fatty acid

composition of the-neutral, phospholipid, and free fatty acid fractions

of intramuscular lipid from two muscles, two sexes, and six bovine

' crossbreeds; and to determine the fatty acid composition of the neutral

and free fatty acid fractions of associated subcutaneous ìipid.



REVIEr/'| OF LITERATURE

Introducti on

The quantìty and compositjon of bovine ljpìds have been related to

the organoleptic and biochemical propertìes of meat (Hornstein e! al.,
1961; Terrell et al., 1969b; and Dryden and Marchello, rg70). Increased

tenderness in beef has been correlated with higher lipid'levels (Dryden

and Marchello, 1970); although when factors such as age and sex were

controlled such djfferences in tenderness and flavor were no longer

apparent (Reddy et al. , 7970; I^Jaldman et al., 1968; Martin et al . , I97I).

In several of these stud'ies, there were small s'ignificant correjations

between individual fatty acids and flavor scores, but these results

followed no consistent pattern. However, an increase in the total free

fatty acid content of aged meat has proved to be a reliable indicator of

aroma change (Pearson, 1968). The susceptìbility to ox'idation of the

poìyunsaturated fatty acids from the phosphoììpid fraction appears to be

responsíble for some of the undesirable flavor changes associated with

stored meat (Hood and Allen, 1971), The relationsh'ip between lipid

composition and the factors affecting beef quality are still little
understood, and will undoubtedly receive more attention in the future.

This review will discuss the influence of anatomical location, breed

and sex on the fatty acid composition of the neutra'ì, phospholipid and

free fatty acid fractions of bovine lipids.

The Nature gj| Lip'ids

Naturally occurring lipids of animal origin cons'ist of polar and

nonpolar components. After removal of the poiar compounds, the remain-

ing neutraì fraction is main'ly composed of trjglycerides, wjth mono- and



digìycerides' together wjth free and esterified cholesterol accounting

for only about ten percent of the total. Polar lipids can themselves

be convenient'ly separated into phospholipids and free fatty acids.

A brief discussion-of the orig'in and function of these individual

components is essential to an understand'ing of the mechanisms responsìb1e

for the differences observed in animal tissues.

Trislygerjdes. Triglycerides are stored in the adipose tissue of

the animal body to provide a reserve energy suppìy. When a h'igh-

carbohydrate diet is'ingested by the animal, fatty acids for triglyceride

formation aríse from de novo b'iosynthesís. When fat is ingested, it js

hydro'lysed to free fatty acids and glyceroì ìn the intestinal tract, and

these products are absorbed by the intestinal lumen, The 'longer chain

fatty acids enter the lymphatìc system in the form of chylomicrons,

'large'ly reconstituted trigìycerides jn composition, which pass via the

thoracic duct into the blood. These chylomicrons are then transported

to adjpose tissue sites where'it appears that the trigìycerides are again

enzymatical'ly broken down to free fatty acids prior to thejr incorpor-

ation into the cell. Within the cell itself the fatty acid is converted

to fatty acyl-CoA, three molecules of wh'ich combine w'ith one of L-glycero-

phosphate to form the triglyceride molecule. It thus appears that

triglycerides are not incorporated into the cell intact, but are hydrolysed

before, or at the time of, uptake (Masoro' 1968).

The mobilizatjon of fat during fasting or in the postabsorptive state

results from the hydroìys'is of triglycerides to free fatty ac'ids and

glycero'l by hormone-sensi t'ive I i pase. The degree of mobi I i zati on 'is

determined by the relative rates of Iipolysis and triglyceride biosynthesis'

and is further control'led by the ava'ilability of plasma album'in for



transportation. Consequently, adipose tissue, once considered inert,
is now believed to undergo constant metabolic activity (Jensen, I1TI),

Phospholìpids-. phospholipids are an íntegral part of a'll

biological membranes, and are"the major lipid components of myelin, as

well as of mitochondrial and microsomal membranes. They represent a

much smal'ler proporti on of i ntramuscul ar 1 i pi d, and usual]y account for
much less than 2 percent of adipose tissue lìpids. As essential

components of membranes, it has been suggested that phospho'l.ipids are

involved in energy transfer, triggering mechanisms, nerve impulses,

protein synthesi s, and cel I adhev'iseness; and that they may be imp]i cated

in cancer and atherosclerosis (w'illiams and chapman, 1970).

Many permutations are possible in phospholip'id structure, because

of the large number of po'lar head groups whìch may associate with the

saturated or unsaturated fatty acids. The chain length of these fatty
acids generai'ly ranges from 12 - 26 carbon atoms. Branched chain fatty

acids frequently occur, a'lthough they account for only a small percentage

of the total fatty acid.

t,lilliams and chapman (tgzo) suggest that cha'in length, degree of

unsaturation, and branching are regulated in phosphoìipid formation to

permit the phospholipids present in the membrane to perform precìsely

defined roles. Chain 'length may ass'ist in maintaining the hydrophobic-

hydrophilic balance necessary for proper functioning, whiìe optimum

structural fluidíty may be achieved by adjustments in all three variables.

Shorter chain lengthsr gFêâter unsaturat'ion and increased branching, would

then result, for examp'le, 'in a reduction of dispersion forces between

chains. This would perm'it'increased d'iffusion, raising the rate of

metabol i c acti vi ty. Al though the p'l ace of specì f ì c fatty ac'ids i n



phospho'lipid organization and function has not been definedo it appears

that they each fulfil a particular function and are not interchanqeable.

Free fat-W acids. Free fatty acids provide 20-b0 percent of the

fuel for skeletal muscle during prolonged moderate exercise (Masoro, 1968).

The constant biosynthesjs and degradat'ion of triglycerides are thought

to be respons'ible for the presence of some free fatty acids in adipose

tissue, but cannot exp'lain the increased levels observed in aged meat.

Such increases in free fatty acids ìn aging beef have been attributed

to the degradation of the more complex 'l'ip'ids (Pearson, 1968; Hood and

Al len, 1971).

Factors Affectino Fattv Ac'id Composi_tion of Bovi.ne Lipid.s. A

comprehensive survey of naturally occurring fats and o'ils has been

compiled by Hilditch (1964). H'is tables indicate a wide variation in

kinds and relative percentages of fatty acids from different animal

sources. While those of aquatic origin conta'in a wide range of maìnly

unsaturated fatty ac'ids with chain lengths from C16 - C22, the majority

of the fatty acids in the depot fats of terrestrial animals consist of

fatty acids in the C16 - C18 series, with a much higher degree of

saturati on.

In a deta'i1ed comparison of the composition of beef, pork, lamb

and poultry fats, Hubbard and Pocklington (1968) found that the variation

in the relative percentages of the major fatty acìds within these

species.was generally greater than the variation between the species.

The on'ly exception to th'is was in the levels of C1B:2 in pork and

pou'ltry which were higher than those in beef and lamb although even i

this case .there was some overlapp'ing of the ranges. Thrall and Cramer,

(1971b) stressed the importance of determining the normal range of



bioìogicaì variation with'in lipid fractjons, which their studies showed

could be quìte considerable. Intramuscular lípid from twenty-sìx

Hereford bulls contained from r3.7 - 29.1 percent c1B:0. and from 0.9 -

10.1 percent C1B:2'. Because of the wide range in the relative percent-

ages of fatty acids normally presented in biologicaì ì'ipids, the numbers

of animals represented in a study must be sufficient for vajid

comparisons to be made.

Age, climate, sex, and the anatomical site of the fat depot, are

factors listed by Thrall and Cramer (1971a) .as influencing the

composition of ruminant fat. Nutrition, which may be responsible for

dramatic changes 'in the fatty acid compositjon of the fat depots in

non-rum'inants (Tove, 1960) is of minor importance in ruminants, because

rumen microorganisms can hydrogenate ingested fatty acids, convert'ing

the po'lyunsaturates to more saturated forms (Scott, 1971).

Post-mortem changes in the fatty acid composition of the neutral,

phosphof ipid and free fatty acid fractions of bovjne 'lipids were

investigated by Hood and Allen (19i1). They reported that differences

due to ag'ing were much greater in the free fatty ac'id fraction than jn

the other fractions. The amount of free fatty acids which can be

extracted from fresh meat is so much less than that of neutral or

phospho'l'ipids, that the consequences of lypo'lytic activity wou'ld

naturally be detected first in the free fatty acid fractìon.



Effect of Ana.tom'ical Location

Skeletal muscìes d'iffer in the amount of work they perform as well

as in the speed and t'ime required to carry out their specÍf.ic physio-

logical roles. SÖme require energy for brief, fast actjon, whi'le

others are involved iri more sustained movement. The latter depend on

free fatty acids to supp'ly the greater part of their high energy require-

ment, and thei r metabol'ism j s predominantly respì ratory. Typì cal ,,red,,

muscle contains concentrated capillary and mitochondrial systems which

are necessary for fatty acid oxidation. These are less abundant jn

"white" muscle, which depends more on glycogen to suppìy its energy

needs. Skeletal muscles are generaliy of mixed red and white muscle

typesn whose proportìons determine the extent to which respiratory or

gìyco'lytic metabolism predomínates (Marsh, !g7O; Masoro, 1969; Havel,

1e7o )

Neutral lipid fraction. Lipid from the semitendinosus, longissjmus

dorsi, and triceps brachii of thirteen an'imals was fractjonated into

neutral and phospholipid moieties by 0'Keefe et al (1969).

l,Jhen the fatty acid composition of the neutral fraction was ana'lysed

statisticalìy, no signifìcant differences were apparent. In a similar

investigat'ion, Terrell and Bray (1969) compared the composition of the

neutral lip'id from the triceps brach'ii, transversus abdominus and psoas

major muscles of thirty-five animals. In this study there were marked

differences in the relative percentages of eleven of the thjrteen fatty

acids reported. The most noticeable contrast was in the h'igher levels

of'long chain unsaturates present in the psoas major phospholipìds than



in those of the triceps brachií. ih. ¿iscrepancies between the results

reported by these two groups may be due'in part to the different sample

sizes involved. Ì^J'ith the smaller sample, normal bioìogicaì variation

might have been sufficient to obscure significant comparisons. The means

of the six major fatty acids from the neutral lìpjd extract of the three

muscles studied by Terrell and Bray (1969), which comprised over nìnety

percent of the total, are tabulated in Table 1. Considerable variation

existed in the amounts of individual C18 fatty acids; however a compari-

son of the total amounts of C18 fatty acids within each muscle reveals

variations of onìy t0.7 percent.

Subcutaneous fat bordering the transversus abdom'inus, sem'iten-

dinosus and triceps brachiì exhibited fewer compositional differences

than did the corresponding intramuscular neutral lipids

(Temell, 1967). 0nly C16:1, C1B:0 and C18:1 fatty acids differed

between depot sites, but changes in the proportions of these three acids

were sufficient to make the outer layers of subcutaneous fat more

unsaturated than the'inner layers at each location. In Table 2 the

values for these three major fatty acids in the inner and outer ìayers

have been compared

Phospholipid fraction. There are profound differences jn the

compos'ition of the phosphoìipid and neutral lipid fractions from

intramuscular lipid. The former contains a wider range of fatty acids,

and a much higher perccentage of unsaturates. As much as twenty percent

of the phosphoìipíd fatty ac'ids have been reported to be C20 or C22 ac'ids

(Hornstein et a1.,1961i Hornstein et al., 1,967). This contrast

between the neutral and phospholìp'id fatty acid patterns was made
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Table 1

Mean Comparison of the Six Major Fatty Acids of the Neutral Fraction
from Three Bovine Musclesl,2
(Terreìl and Bray, i969)

Fatty
Aci d

Tri ceps
Brachi i

Psoas Transversus
Maj or Abdom'inus

C14:0

C16:0

C16: 1

C1B:0

Cl8: i
ClB:2

2.754

31.984

3.924

s.774

44.244

2.4r4

3. 21b 3. 05b

n.t7b 33. 43b

2.g}b ^ --aJ"O5

14. iob rz.z6c

38.97b 41..szc

2. ogb r.gzb

1 M.un, in the same line with the same superscript are not

significant'ly different (P< 0.05)

2' Means expressed as a relative percentage of the total fatty acids

meas ured
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evident in data reported by Terrell (1967), (Table 3) in wh'ich only the

percentage of C18:0 was the same for both fractions.

The fatty acid compos'ition appears to vary less between phospho-

ìipid fractions than between neutral 1ip'id fractions from the same

muscle. This is illustrated by the fact that only six phospholipid

fatty acids in one study, and seven in another, were reported to vary

wjth respect to muscle location (0'Keefe gt al., 1968; Terrell and Bray,

1969). These results are summarized in Table 4. Differences 'in the

red and white fiber content of skeletal muscles could be responsible

for varyìng phospholipid fatty acid patterns, and for the somewhat

higher phospholipid/cholesterol ratios reported for more active muscles

(Terrell et al., 1969b).

Effect of Bl"eed

The objective of animal breeding is to produce an'imals of superior

product'iv'i ty, capabl e of transmi tti ng thei r i nheri ted characteri sti cs to

their off-spging. The heritability of one trait may be markedìy

different from that of another, although'in general the traits associated

with carcass quality and growth after weaning tend to have high herita-

bilitjes. Crossbreeding is a necessary step in develop'ing a new breed

but it js also used to produce hybrid vigor. Hybrid anjmals usually

gain more qu'ick1y and efficiently than nonhybrids, but the traits of

importance to carcass quality depend almost entire'ìy on inhe¡ited

character.istics, and are not'influenced by heterosis.

Sjnrnental and Limousin catt,le 'imported from Europe are of a larger

build than the common British breedsn the Angus, Hereford and Shorthorn.
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Comparisons of Thirteen

Fracti ons

Tabl e 3

Fatty Acids from

oï lnree óovrne

(Terre'|1 1967)

and Phosphol ipidthe Neutral

Musclaru'b

Fracti onFatty Acid

Neutral Phosphof ip'id

C8

c10

ctz

c14

C14:1

c15

c16

C16: 1

cL7

c18

C1B:1

ClB: 2

C18: 3

.4L

.15

.10

3.00

.96

.42

33.06

3.51

1 .09

L2.04

4t.57

2.t4

1.54

28.07

18. 66

3.51

t.02

.32

.24

t.87

.23

.66

30.75

1.99

.75

11.9i

a

b

Means not underl'ined are s j gni f i cantly d'if ferent (P < 0.01)

Means expressed as a relative percentage of the total fatty acids

measured
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hlhen used as a "sire" breed, they can be expected to increase the

carcass value and growth rate of their progeny. Whether these breeds

will remain terminal breeds, used to produce slaughter cattle from

purebred or hybrìd femalês, remains to be seen (Seale and Parker, 1971).

Beef animal breeding has been largely directed towards an jncrease

in the effÍciency of meat production. Factors used for breed comparison

include weìght gain per day per pound of feed, percentage dressing 1oss,

and pounds of defatted prìma1 cuts per animal (Rahnefeld et al, unpubl'ish-

ed paper). The quality characteristics of tenderness, flavor and

juiciness' have not so far pìayed an important rore in determining

breeding programs. if investigatìon shows that the quarity and

composition of beef, like pork, can be made more desi,rable through

controjled breeding, then more consideration wjll have to be qiven to

the assessment of these characterist'ics.

The effect of breed on the neutral, phosphoìipid and fatty acid

fractions of bovine lip'ids has not been reported in the literature.

However, Gillis (1972) observed that the total intramuscuìar lipid
from Limousin cnossbreeds contained significant'ly more C14:0 and C16:0

fatty acids than did that of Simmental crossbreeds. More C16:1 fattv

acid was present in the lìpid from Angus than from Shorthorn or

Hereford crossbreeds. There aìso appeared to be a trend towards lower

unsaturated/saturated ratios'in Limousin crossbreeds, but this was not

suff i ci ent'ly marked to be si gn'i f i cant.

Effect of Sex

Co'lor, flavor and tenderness of beef appear to be affected by sex

differences (field et al., 1966; Mart'in et al., 1971). However, sex

differences are not as pronounced'in younger anìmals as they are in
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older ones. Bulls, steers and heiferso 300 to 399 days old, were

rated the same for tenderness, juiciness and flavor, at 400 to 499 days

palatibility of bulls was rated lower, while after 500 days, meat

from bulls was sig;ificant'ly less tender than similar'ly treated roasts

from steers and heifers (Field et al., i966). Martin et al (1971)

found that color and shear value correlations for agìng meat from

steers and heifers operated in a different direction than correjation

values for meat from bul'ls, which increased in both darkness of color

and tenderness with aging. In youthful animals sex did not appear to

influence qual ity.

The rate of growth of different muscle groups within an animal is

sex-related, and the growth has been shown to be preferentially

stimulated by sex hormones (Lawrie, i966). The effect of sex hormones,

or a lack of them, on the animaj's enzyme system may a'lso be respons'ibie

for the observed tendency of males to have less intramuscular fat than

fema'les, and of castrated animals to have more intramuscular fat than

the comespond'ing whole male or female (Lawrie, 1966; Gillis, 1972)

Neutral lipid'fraction. The fatty acid patterns of the neutral

ìipids from heifers, bulls and steers, generaìly exhibìt only minor

variations. Compositional differences were not apparent in the neutraj

lipids from steers and heifers when animals of the same age were

compared (Link et al., 1970c). Small but sign'ificant differences were

reported by Hood and Allen (tgZi) in the levels of C16:0, C18:0, and

C18:2. Steers had more C16:0 and Ct8:2 but less C18:0 than bulls.

In the subcutaneous lipid, Terrell (196i) reported more C16:0 and C1B:0

from steers and more C18:1 from he'ifers. Fewer differences between
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steers and heifers were observed by Hood and Allen (197i), a'lthough

bulls had more C1B:0 than either heifers or steers, while heifers had

nore C1B:1 than either steers or bulls. These results were confirmed

by data presented öy Thra'll and Cramer (tgltO). fa¡le 5 summarizes the

effects of sex on the six major fatty acids present in the neutral

subcutaneous lipid fraction and in the total subcutaneous lipid.
Phospholipid fraction. No significant differences in the fatty

acid composition of the phospholipjds from heifers and steers were

reported by Terrell (1967), but Hood and Allen (I97r) in studjes with

bulìs, steers and heifers, found that heifers had more c16:0 and less

c1B:0 than either bulls or steers. Bulls had faster rates of free

fatty acid increase than the other sexes, which was attrìbuted more to

phospholìpid than triglyceride hydrolysis, because over the aging period

the relative amounts of t,he free fatty acids changed to proportions more

like that of the phosphoiípìd fraction. The higher aroma scores given

to ribs from heifers by the sensory paneì was thought to be related to

the lower rate of phosphoiipid degradation.

Free fatty acid fra.ction. The amount of free fatty acids present

in both intramuscular and subcutaneous l'ipìd after 21 days of agíng was

lower for heifers than for steers or bulls (Hood and Allen, lgll). No

differences in free fatty acid content between'inner and outer layers of

subcutaneous fat was evident, so that the increasing levels of free fatty

acids which developed with time could not be attributed to bacterial
'lfpases, but rather must have been the result of the activity of

hormone-sensitive lipase present 'in the tissues. Compos'itjonal differ-

ences due to sex when the fatty acid compositions were averaged over four
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aging periods, were few. Bulls had more c14:0 than heifers or steers,

and heifers more C18:1 and C18:2 than bulls or steers.

Aìthough there are numerous studies on the composition of total

lipid extracts froni adipose and muscle t'issue, information is scarce on

the composition of the separate fract'ions. As was evident in the

preceed'ing rev'iew of the I iterature, the role of anatomical location jn

determinÍng lipid patterns has been more thoroughìy investigated than

the roles of sex and breed. clear'ly more research is requìred'into

the nature of the indiv'idual 1ipìd components and the factors which

bring about changes in their composition.
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METHOD

Sampl es

Source

Twenty-four animals, two bulls and two steers of each of six cross-

breeds produced by crossing Simmental and Limousìn sires with Hereford,

Angus and Shorthorn cows, were used in this study. samples of the

biceps femoris and'longissimus dorsi muscles and adjacent subcutaneous

fat, were obta'ined from the Canada Department of Agricuìture Research

Station, Brandon, Manitoba.

spring-born male calves were weaned at 6-6rzmonths, and half were

randomly chosen for castration. Bulls and steers were rajsed to 1000

pounds weight (approximately 452 kg), on a self-fed ration of 50%

barìey, 30% oats, 15% beet pu1p, 2.s% nojasses, 0.s% urea and z% of a

mixture of salt, vitamins and minerals. Carcasses were hung until the

fourth day after slaughter, when the section of the longìssimus dorsi

adjacent to the twelfth vertebra and the ent'ire biceps femoris were

excised from the right side, and wìth subcutaneous fat from the same

'locations, placed in polyethylene bags and held at 3oc overnight.

The following day the meat and fat were wrapped in po'lyethylene coated

freezer paper, and placed 'in a -400c freezer. The frozen sample

material was brought from the Brandon Research station to this

laboratory in styrofoam containers, where it was stored at -370c to

-40oc. Prior to being freeze-dnied, the meat was thawed at 23.SoC for

hours, and then aged at 3.50c for seven days. The totar agìngfi fteen
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period was ten days, including three days on

under ordinary refrigeration. Subcutaneous

sampling but was not aged.

carcass and seven days

was thawed before

the

fat

Sampl ing Procedure"and Prepqlation .of Samples

Intramuscular fraction. A 2.5 cm siice of meat was taken from the

proximal end of the aged'longissimus dorsi and biceps femoris muscles.

Cores 2.54 cn in diameter were removed from the medial, central and

lateral portions of each sl'ice. These cores were combined, and then

dried on a Virtis Freeze-Mobile Freeze Dryer (Model 10-i40BA)1. The

freeze-dried samp'les were stored until extracted'in screw-top g'lass jars,

under nitrogen, at -100C.

Subcutaneous fraction. Fat from the lonqíssimus dorsi area was

separab'le into interior and exterior layers, but there were no clearly

defined layers in the fat covering from the biceps femoris area.

Samp'les of approximately 10 g were taken from each of the interior and

exterior'layers of the iongissimus dorsi and from the biceps femoris

subcutaneous fat. These were dried and stored as described above for

the intramuscular samples.

1 Vi.tis Company, Inc., Gardiner, N.Y. 12525.
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Lipid Extraction

Intramuscular"Lipid.

Chemical Analvsis

A sample containíng 6-8 g of partia'lìy

frozen lyophy'lized muscle was diced and homogenized in 95 ml of

chloroform-methanol-water (I:2:0.8 v/v/v) for three minutes at medium

speed in a Virtis 23 homogenizerl. Lipid extraction and separation

was achieved fol'low'ing the method of Bligh and Dyer (1959), by addìng

25 ml of chloroform and 25 ml of water during the filtration of the

homogenate. The washed residue, including the Whatman No.1 filter
paper, was rehomogenized, as described, to ensure complete extraction

of fat. Filtrate from the two extractions was shaken for one minute

with 0.1 g of sodium chloride in a 250 ml separatory funnel and

allowed to stand for 15-18 hours.

After separation, the lower (chloroform) ìayer was filtered

through Whatman No.2 filter paperinto a 125 ml round-bottomed flask

and evaporated to dr,vness on a Buchler Portable Flash Evaporator (Model
c

PF-100N)'. After evaporatìon the flask was placed in a des'iccator

containing concentrated sulfuric acid. Both flasks and desiccator

were thoroughly flushed with nitrogen.

Subcutqlleou_s L i pi9.. Lip'id was extracted from part'iaì1y frozen,

ìyophilized samp'les of subcutaneous fat'in the same manner as that from

1 Vi.tis Company Inc., Gardiner, N.Y. 12525

2 Buchler Instruments, Inc. , 1327 Sixteenth St., Fort Lee, N.J. 07024
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the intramuscular samples, except that the residue was not reextracted.

Li pi d Fragt'i ona_ti on

PhoSphol 'i p'id ðeparatig. Separati on of the phosphol i pi d from the

neutral and free fatty acid fractions of the intramuscular lipid was

accomplished by a modification of the method of Choudhury and Arnold

(1960), using the solvent system of Horn.ste'in et af. (1962). silicic
acid powder (100-mesh) was actívated by heating at 1200c for one half

an hour in an unstoppered flask. When removed from the oven the flask

was restoppered and the silicic acìd cooled to room temperature before

being used. 2.5 s of silicic acid was put into a 50 ml volumetric

flask and to this was added approxìmately 300 mg of extracted lipid
dissolved in 2 ml of chloroform, and 10 ml chloroform-hexane-diethyl

ether solvent (2:1:r v/v/v). The flask was stoppered and shaken for

ten minutes on a Burrell l.Jrist-Action Shakerl. The contents of the

flask were filtered through a sintered g'lass funnel, and the silicic
acid washed with 20-25 ml of chloroform-hexane-diethyl ether to extract

the neutral lipids and free fatty acids. The solvent was evaporated by

placing the flasks in a warm water bath under nitrogen.

The funnel containing silicic acid was transferred to another

Buchner flask and the phospho'lipids washed off with 25-30 ml of methanol.

The phospho'lìpids were evaporated to dryness on the fjash evaporator,

and with the neutral-free fatty acid fraction were desiccated over

1 Burreli Corporat'ion, Pittsburgh, Pa.
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concentrated sulfuric acid in a nitrogen atmosphere.

Free fatty acid separ.ation. Free fatty acjds were separated from

neutral 1ipìds by the method described by Hamilton and McDonald (1971),

aìthough in this cäse 250-275 mg of lipid material was used instead of

100-200 mg and acetone was not added to the flasks for moisture removal.

The flasks contain'ing both neutral and free fatty acid fractions were

desiccated as described earlier.

Preparation of Methyl Esters

Dried f ipid was dissolved

50 ml volumetric flask. The

the flask in a warm water bath

of Metcalfe et al. (1966) was

estersr. which were then stored

to GLC analysis.

in petroleum ether and transferred to a

petroleum ether was evaporated by placing

and fl ushi ng wi th n'itrogen. The method

used for the preparation of the methyl

in screw-top glass vials at -100C prior

Fatty Acid Determination

The fatty acid methyi esters were separated on a dual column

Aerograph (tqo¿el I740-l)i gu, chromatograph equipped with flame ioniz-

ation detectors and us'ing helium2 as a carrier gas. Sampìes were

iniected onto 2.7 m x 3.2 mm steel columns packed with 10% EGSS-Y on 100/

120 mesh Gas CHR0MQ.3 The flow rates were 36 ml/min. for the helium,

25 ml/min. for hydrogêh2, and 250 ml/m'in. for ai12. The columns were

operated isothermally at a temperature of 2000C with injector and

1 Varian Aerograph, 6358 VÍscount Rd., Maìton, 0ntario
2 l^l.lder's Suppl iers, 25 McPhj l'l ips St., t^linnipeg 3, Manitoba
3 Rpplied Science Lab. Inc., P.0.Box 440, State College, Pa. 1680i
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detector temperatures maintained at 2500c and 2300c, respectively.

The gas chromatograph was equìpped with a Var.ian Aerograph

(Model 20)1 sing'le pen recorder and a varian Aerograph (Mode'r 477)

Digita'l Integrator.2. The individual fatty acid methy] esters were

identified by comparing retention times with known fatty acid mixtures

supp'lied by the Hormel Institute and by comparing logarithmic pìots of

retention times.

Dete.r[lnation of the Relati.ve Pgrcentage R.ecovery of Fre-e Fatty Acids.

To determine the completeness of the separation of free fatty acids

from the phospholipids and neutral lipids, palmitjc-1-ci4 acid5 was added

to two samp'les containing'intramuscular lipid. These were carried

through the separation described, and the three fractions transferred to

liquid scintillation vials6. The solvent was evaporated and the residue

dissolved in toluene which contained 5.0 g of PP07 and 0.3 g p0p0p8 per

liter. A blank was prepared in a similar fashion.

1 Varian Aerograph, 6358 Viscount Rd., Malton, 0ntario
2 Varian Aerograph, 6358 Viscount Rd., Malton, Ontario
3 Hormel Institute, University of Minnesota, Aust'in, Minnesota 55912
4 Freshwater Institute of the Government of Canada, 501 Unjversity

Crescent, |lljnnipeg, Manitoba.
5 rurc-ozs Palmitic-1-C14 acid. New England Nuclear, Boston, Mass.
6 Packard Instrument Inc., Downers Grove, Ill.
7 ppO : 2-5 diphenyl ozazole. Packard Instrument Inc.
8 pOpOp z 2,2-p-pheny'lene bis (5-pheny'l ozazole). Packard instrument Inc.
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Total radíoactivity in each sampie was determined us.ing a Líquíd

scintillation spectrometerl. The efficency of the counting was

ascertained by the channels Ratio method (l^lang and l,Jillis, i965).

Stati sti cal Ana-'lysi s

Anaìysis of variance was performed and where F values were

significant Duncan's multipìe range test (1955) was used to compare

treatment means

1 Nod.l 8260 Nuclear chicago Instruments, Des praineso Illinois.
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RESULTS AND DISCUSSION

Intramuscular L'ipid

Fatty Acid ComposiJion

Typical chromatograms are illustrated in Figures 1, 2 and

3. Peaks c:x and c:Y were in'itiaily thought to be c15:1 and cr7:1, an

agreement with the identification made by Terrell (i967) and Gillis
(1972). Hood and Allen (1971), however, concluded that peaks of

similar relative retention times were branched fatty acids with 16 and

18 carbon atoms. The relative percentages of these two fatty acids in

all the lipid fractions examined by Hood and Allen (I97I) agreed closely

with the percentages observed in this study for peaks C:X and C:Y.

Branched chajn fatty acids are of widespread occurrence in phospho-

lipids (Williams and Chapman, 1970) and C:X and C:Y were present in

significant amounts only in the phospholipid extracts. Consequently,

the most probable identifications of C:X and C:Y are C16:Br and C18:Br,

respecti veìy.

The fatty acjds C14:0, CL6:0, C16:1, C18:0, C18:1, and

C18:2 accounted for over ninety percent of the total fatty acids in all

but the phospholipid fractions, where these fatty acids amounted to

approximately eighty percent of the total. These s'ix major fatty ac'ids

were analysed statistical'ly for the main effects of breed, sex and

anatomical location, as well as for interaction effects. Tables 6, 7

and 8 summarize the results of the analysis of variance for the neutrai,

phospho'lipido and free fatty acjd fractions, respectively. A 0.05 level

of significance was used throughout thjs study.
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Figure 1.

Legend

A Typical Chromatogram of
from the Neutral Fraction

the Fatty Acid Methy'l Esters

of Bov'ine Intramuscular Lìpid.
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Fìgure 2.

Legend

A Typica'l Chromatogram of

Phospholipid Fraction of

the Fatty Acid Methyl tsters from

Bovine Intramuscular Lipid.
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Figure 3.

Legend

A Typicaì Chromatogram of the

the Free Fatty Acid Fraction

Fatty Acid Methyl Esters from

of Bovine Intramuscular Lipid.
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Neutral Fraction

Effect of anatomical location: Significant differences

were observed for C14:0,

higher levels of Ci4:0,

the longissimus dorsi.

of the neutral fractíon

Mean compari sons of the

Ci6:0' C16:1 and C18:0. The biceps femoris had

C16:0, and Ci6:1, and lower levels of C18:0 than

Table 9 gives the total fatty acid composítion

of the i ntramuscul ar I i p'id at two I ocati ons .

six major acids are presented ín Table 10.

Gillis (1972) studying bu'lls and steers of the same six

crossbreeds, reported similar compositional differences for the total

intramuscular lipìd from the biceps femoris and longissimus dorsi.

Aìthough these differences were not aìways of the same magnitude as

were observed for the neutral fraction, they were cons'istent'ly in the

same direction: more C14:0, C16:0, C16:1 and C18:2 in the biceps

femoris, but more C1B:0 and C18:1 jn the longìssimus dorsi (Gillis, 1972).

The unsaturated/saturated ratio for the neutral extract from the biceps

femoris was 1.12 compared to 1.08 from the longissimus dorsi, indicating

a slightly greater degree of unsaturation ín the biceps femoris.

Comparable ratios for the total intramuscular lipids were reported by

Gillis (t972) to be 1.30 and 1.15, respectively.

Terrell and Bray (1969) suggested that the differences

in the proportions of neutral fraction fatty acids'in the tríceps brachii,

transversus abdominus, and psoas major were a result of the d'ifferent

metabolic functions of the respectjve muscles. This could also be

true for the biceps femoris and longissimus dorsi, since the former is

primari ly a locomotor muscle which engages 'in sustained activ'ity, wh j le

the latter is used for faster, less sustained movement.
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Table 9

Fatty Acid Composition of the Intramuscular Neutral Fraction from Two

Sexes and Two Anatomical Locationsa

Anatomical Location

Fatty Acid

C14:0

C14:1

C15:0

C16: 0

C16: 1

Cl7: 0

C:Y
C18:0

C18: 1

C18:2

Unsaturated/
Saturated

Biceps Femoris

4.5

1.9

1.5

27 .7

6.6

2.2

2.4

t0.7

40.6

2.9

t.r2

Longì ssimus Dorsi

3.8

1.3

i.0

26.I

4.9

2.0

1.6

13.6

41.8

2.3

1.08

u M.uns expressed as relatÍve percentages of ten fatty acids.

Bull

4.3

r.7

r.2

25.2

5"7

2.0

1.8

L2.4

40. 5

2.7

T.L2

Steer

4.0

1.5

r.2

24.I

5.8

2.2

2,1

i1.9

41,.9

2.6

1. 19
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Mean Comparison of the Six

Fraction from

Table 10

Major Fatty Acids of the Intramuscular Neutral
Two Anatomícal Locationsa

Fatty Acid

C14: 0

C16: 0

C16: 1

C1B:0

C18:1

C18: 2

Unsaturated/^
Saturated "

Anatomìcal Location

Biceps Femoris Longi ssimus Dorsi

4.5

27 .7

6.6

r0.7

40. 6

3.8

26.r

4.9

13 .6

41.8

2.9 2.3

r.l2 1.08

Means underscored by the same lìne are not significantly
di fferent ( P < 0. 05 )

Ratios based on the total fatty acid composition
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The biceps femoris has a higher "red" to "white" fiber
ratio than the ìong'issimus dorsi, a typical white muscle (Moody and

Cassens, 1968). Metabolic and functional differences between muscles

are a reflection qf their fiber composìtion. comparatively dark

musc'les, such as the b'iceps femori s , have greater cap'i ì I ary and mi to-

chondrial densìty, and are richer in oxidat'ive enzymes than lìghter

muscles whjch reìy more on gìycolysis for energy production (Beatty

and Bocek, 1970). The differences in fatty acid composition of the

neutral lipids from the b'iceps femoris and longissimus dorsi may be

related to their different degrees of dependence on oxìdative and

glycolyì i c metabol ism.

Effect of crossbreed and sex. The fatty acid composi-

t'ion of the neutral intramuscular lipid from six crossbreeds is shown

in Table 11. Similar compositional data for bulls and steers are

presented in Table 9. No significant crossbreed or sex effects were

observed. Higher ìevels of C14:0, C16:1 and C18:2 and a lower level

of ClB:L in the total'intramuscular lipid from bulls were observed by

Gillis (tglZ). However, in this study there appeared to be more C14:0

and less C1B:1 in the l'ipid extracts from bulls, but no difference in

C16:1 and C18:2 levels between the two sexes. Fractionation of the

i ntramuscul ar I i pi d 'into neutral and phospho'l 'ipi d fracti ons may have

sufficiently reduced the extent of the variations so that they no

longer appeared sígn'ificant.

The fatty acid patterns for the neutral intramuscular

lipid from steers and heifers have been reported by Link et al., (19i0c)

to be almost identical. L'ister (i970) has poìnted out that animals



38

Fatty Acid Composition of the

Bovi ne

Tabl e 11

intramuscular Neutral Fraction from Six
Crossbreedsa

Cros s b reed

Fatty Acid

C14:0

C14:1

C15: 0

C16:0

C16: I

C17:0

C:Y
C1B:0

C18r 1

C18:2

Unsatu rated/
Saturated

SxH

3.7

i.5

r.2

24.4

5.8

2.3

2.2

t2.5

41.9

2.8

t.t2

SxSH

4.5

T,7

1.5

24.0

5,7

2.t

2.t

11.9

40. 3

3.4

r.37

SxA

3.9

1.6

1?

23.2

5.5

2.2

2.t

11. 5

4t.7

1.9

1..28

LxH

4.4

1.9

1.3

24.3

5.7

2.2

2.0

13. 0

?oo

2.4

1. 18

LxSH LxA

4.1, 4.3

1.2 1. 6

0.8 1. 3

27 .3 24.7

5.6 6.4

t.7 2.r

r.4 2.0

L2.t 11.0

42.4 4i.1

2.0 3.2

1.24 1. 34

â M.uns expressed as relative percentages of ten fatty acids.
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raised primarily for their meat are general'ly sìaughtered at a

relatively young age, often before attaining fuìl sexual maturity.

The effects of hormonal differences may not be as great as they would

be in older anìmals. Data presented by Laurie (1966) on the chemical

constituents of the longissimus dorsi muscles from twelve month old

bulls and steers of the Ayrsh'ire-Red Poll breed, indicated differences

onìy in the amount of intramuscular lipid present. The steers used

in this study were castrated at six and one half months of age, and

were slaughtered at twelve to fourteen months (1000 t 20 lbs.).

A'lthough marked developmental and conformational changes result from

castration, the chemical composition of muscle and adipose tìssue appears

to be affected to a lesser degree. Compositional differences may,

however, 'increase w'ith age in a simiìar way to that observed for

sensory related d'ifferences (Field et al., 1966).

Phosphol j pi d Fractj on.

Effect of anatomi cal I ocati on : Si qn'i fi cant di fferences

were observed for Ci4:0 and C18:2. The longissimus dorsi contained

much more C18:2 and slightly larger amounts of the other long chaìn

unsaturated fatty acids than the biceps femoris, which had more C14:0.

îh..o*position of the phospho'l'ipid fraction for the two locations is

given in Table 12. Mean compapisons of the maior fatty acids are

given in Table 13.

Phospho'l 'ipi ds are essenti al to the structure of cel I ul ar

intracellular membranes (Masoro, 1968). The observed variations

phospholipid composjtion at the two muscle locations may be related

contrasting densities of intracellular membranes. Mitochondria are

and

in

to
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Fatty Acid Composition

Two Sexes

Table 12

of the Intramuscular Phospholìpid Fract.ion from
and Two Anatomìcal Locationrâ.

Anatomical LocatÍon

Fatty Aci d

C13:0

C14:0

C14: 1

C15: 0

C:X
C16:0 + C16:1

C17: 0

C:Y
C18:0

C18:1

C18: 2

C18:3

C22:0

C20:4

u Maun, expressed

Biceps Femoris

6.3

9.1

i.0

2.2

4.6

24.0

1.3

3.6

9.4

i8. 6

75.2

0.4

0.3

?1

Longissimus Dors'i

5.2

5"8

0.2

1.9

6.8

23.4

1.5

4.2

9.4

18.9

18.2

0.7

0.3

3.6

i

as relative percentages of 15 fatty acids.

Bul I

5.7

7.4

0.6

1.5

5.2

24.r

1.7

AllT.l

8.8

i8. B

16.9

0.6

0.2

2.9

Steer

5.9

7.4

0.6

2.6

6.2

23.4

1.1

J.4

10. 0

19. 1

16. 6

0.4

0.4

3.8
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Mean Comparison of
Phosphoì i p'id Fracti on

Tabl e 13

the S'ix Major Fatty
from Two Anatomical

Acids of the

Locations and

intramuscular

Two Sexes.ê

Fatty Acid Anatomi cal Locat'ion Bul I Steer

Bi ceps
Femori s

Longissimus
Dors i

C14:0

c16:0 + c16:1

ClB:0

C18:1

C18:2

9.1

24.0

5.8

23.4 24.L 23.4

7.47.4

1.51.3

18.6 18. 9

8.8

18. I
i0. 0

19. 1

L5.2 L8.2 16.9 16. 6

Means underscored by the same line are not significantìy
different (P<0.05)
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much more concentrated in red than in white fibers, while white fibers

have a more highìy developed sacroplasmic retjculum. The color of

the muscle fiber actual'ly resu'lts from these dífferences (peachey, 1970).

Phospholipid fatty-acid patterns in mitochondria and sarcopìasmic

reticulum could be responsible for the differences observed between the

biceps femoris and longissimus dorsi

The relationship between flavor characterist'ics and

bovine intramuscular lipids was investigated by Hornstein et al., (1961).

They reported a more rapid development of ranc'idity in the phospho'lipid

than the neutral extract, and attributed it to the presence of more'long

chain unsaturated fatty acids. The longissimus dorsi with'its h'igher

percentage of long chain unsaturates may be more suscept'ible to rancìd'ity

development duríng processing and storing than the bjceps femoris.

Effect of crossbreed and sex. The fatty acìd compos'i-

tion of the phospho'ìipid fraction for six crossbreeds is presented in

Table 14. A sign'ificant crossbreed effect was observed for ClB:i.

Mean comparisons shown jn Table 15 indicate that the Limous'in x Angus

crossbreed had a much lower level of Ci8:L than any of the other

crossbreeds. No simílar or contrary trend was observed in the neutral

or free fatty acid fractjons. This lower mean value in the Limousin x

Angus did not result from one or two abnormally low values, but was

rather the result of a lower range of values. Seven of the e'ight

Limousin x Angus samples examined had less C18:1 than the mean values

for any of the other crossbreeds.
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Table t4

Fatty Acid Composition of the Intramuscular Phospho'l'ipid Fraction from
Six Bovine Crossbreedsâ

Cros sbreed

Fatty Ac'id

C13: 0

C14: 0

C14: 1

C15:0

C:X
Ci6:0 + C16:1

C17: 0

C:Y

c18:0

C18: 1

C1B: 2

C18:3

C22:0

C20:4

SxH

5.2

6.7

0.1

2.4

4.2

23.8

1.6

3.4

9.3

2t.9

16.4

0.8

0.5

3.8

SxSH SxA

6.2 6.4

8.0 7 .4

0.8 0. 6

1.9 2.8

5.6 6.8

23.8 22.8

0.9 I.2

3.5 3.6

9.4 9.3

18.1 25.5

t7 .6 t3.7

0. 3 0.5

0.1 0.3

3.4 3.1

LxH

5.1

6.9

0.6

1.6

5.8

23.0

L.4

4.3

10.5

19. 0

T7 .T

0.7

0.3

3.5

LxSH LxA

5. 1 6.8

6.6 9.1

0.1 1.6

1. 6 2.0

5.5 6.3

24.4 24.5

1.7 t.7

3.5 4.5

9.8 8.2

19.3 13.3

t7 .3 t7 .9

0. 3 0.6

0.4 0.2

4.2 2.t

u 
Meuns expressed as relative persentages of i5 fatty acids.
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Significant sex differences were observed for C1g:0.

The fatty acid composition of the phospholipid fraction for bulls and

steers is tabulate! in Table 12. Mean comparisons for the major

fatty ac'ids presented in Table 13 show that bulls had signìficanily

more ClB:0 than steers

Sex-related differences in C18:0 were reported by Hood

and Allen (1971), who observed that the phospholipid extract from

heifer longissimus dorsi had more C18:0 than that of bulls or steers.

These results suggest a possìble hormonal influence on this partícular

fatty acid. Terrej1 (!967 ) found a sign'ificant sex effect only in

the levels of C14:0, which was present in slíghtly higher amounts in

the phosphoììpid extract of heifers than steers (steers 1.48%, he'ifers

1.73%).

Interaction effects. Significant sex x muscle, breed

x sex, and breed x sex x muscle interactions were observed for C18:0.

There appeared to be more CL8:0 in the biceps femoris of steers than

of bujls, but more ClB:0 in the longissimus dors'i of bulls than of

steers, which resulted in a sex x muscle interaction. The breed x

sex interaction occurred because there were lower levels of C18:0'in

bulls of the Limousin x Hereford crossbreed and higher'levels of this

fatty acid in steers of the same breed, than in the other crossbreeds.

The breed x sex x muscle interaction appeared to occur

because jn two crossbreeds, the Sìmmental x Angus and the Limousin x

Hereford, the amounts of C18:0 in the bìceps femoris of bulls was much

less than in that of steers. Levels of C18:0'in the longìss'imus dorsi

were similar for both sexes throuqhout all six crossbreeds.
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Free Fatty &'id Fraction.

lhe compositìon of the intramuscular free fatty acid

fract'ion from the biceps femonis and ìongissimus dorsi are shown in

Table 16. The comparison of means shown in Table 17 Índicates

that the longissimus dorsi had considerabìy more C18:0 than the biceps

femoris. Neutral 'lipid from the longìssimus dorsi was also higher in

C18:0, which may indicate that the two fractions are to some extent

'interdependent.

Several investigators have reported higher levels of

free fatty ac'ids in meat after ag'ing (Pearson, 1968; Hood and Al'len,

L97I). The 'increases have been attributed to lipolytic enzyme

activity stìll present 'in postmortem muscles. Both trigiycerìde

lipases and phospholipases are known to be active'in living muscle

tissue (Masoro, 1968; Jensen, 1971). Changes in free fatty acid

composition over an extended aging period have been attributed more

to phosphoìipase activity than to the hydrolysis of trig'lycerídes

(Hood and Allen, l97t). However, th'is would not explain the higher

levels of C18:0 in the'long'issimus dorsi which were observed'in this

study, since the phospho'lip'id extracts from th'is muscle were not

higher in C18:0 than those from the b'iceps femoris.

Lipases specifically hydrolyse free fatty acids at the

{posit'ion prior to those at the /positìon (Jensen, 1971), and C18:0

has been reported to be preferentiaì'ly esterified at the 4posit'ion ìn

bovine 1ìpìds (Brockerhoff, 1966). Enzymatic hydrolysis may therefore

result in a more rapid release of C18:0 than of other fatty ac'ids.
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Fatty Acid Composition of the

From Two Sexes and Two

Table 16

Intramuscular Free Fatty Acid Fraction
Anatomical Locationsa

Anatomical Location

Fatty Acid

CL4:0

C14: 1

C15:0

C16:0

C16: I

C17:0

C:Y
C18:0

C18: 1

C18: 2

C20:4

Unsaturated/
Saturated

Biceps Femoris

5.8

2.0

1.9

20.6

4.9

1.9

1.4

13.2

32.4

i1. 5

i.5

t.20

Longi ssimus Dorsi

4.5

1.7

1.5

2r.5

4.5

1.8

r.2

t7 ,7

31.4

t0.2

2.0

1.06

u M.uns expressed as relative percentages of eleven fatty acids

Bul I

5.2

2.2

1.6

2t.2

4.7

1.8

r.2

15.3

31.4

rt.2

r.7

T.T4

Steer

5.1

L.4

1.9

20. 8

4.7

1.8

1.4

15. 6

32.4

10.5

1.8

T.T2
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Mean Compari son of
Fatty Acid

Table i7

the Six Major Fatty Acids of
Fraction from Two Anatomical

the Intramuscular Free

Locati ons 
*

Fatty Acid

C14:0

C16:0

C16: 1

C18:0

C18: 1

ct9|2

Unsaturated/^
Saturated "

Anatomical Location

Biceps Femoris Longissimus Dorsi

5.8 4.5

20.6 21.5

4.9 4.5

13.2

32.4

t7 .7

31.4

11.5 r0.2

L.20 1.06

Means underscored by the same line are not significantìy
different (P<0.05)

Ratios based on the total fatty acid composition
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This wou'ld expìa'in the much higher level of c18:0 in the free fatty

acid fraction of the longissimus dorsi whose neutral fraction was richer

in C18:0 than the neutral lipid of the biceps femoris.

Effect of crossbreed and,sex. No siqnificant crossbreed

and sex effects were observed for the free fatty acid fraction. The

composition of th'is fraction for s'ix bovine crossbreeds is shown in

Table 18. The free fatty acids present jn the intramuscular lipid of

bulls and steers are presented in Table 16. Limous'in crossbreeds

tended to have higher levels of the C1B fatty acids than Simmental

crossbreeds, although no significant differences were apparent. The

lack of variation due to e'ither crossbreed or sex again suggests a

relationship with the neutral intramuscular lip'id in which no signi-

ficant crossbreed or sex effects were apparent.

The differences due to sex observed by Hood and Allen

(I97L) may have occurred because some of the meat samples used were

aged for fourteen and twenty-one days. It was reported by Hood and

Allen (lg71j tnat free fatty acid levels increased more rapidly in

bulls than in steers. In'itial differences in fatty acid compositìon

may have been 'intensified during these long storage periods.

Interaction effects. A small breed x muscle interaction

resulted from exceptional'ly high levels of C18:1 in the L'imousin x

Shorthorn biceps femoris as well as in the Simmental x Angus longissimus

dorsi, although nejther breed nor muscle locatjon were significant in

themsel ves.
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Tabl e 18

Fatty Acid Composition of the Intramuscular Free Fatty Acid Fraction from

Six Bovine Crossbreedsâ

Crossbreed

Fatty Acid

C14:0

C14:1

C15:0

C16:0

C16: 1

Ci7:0

C:Y
C18: 0

cl8a1

C18:2

C20:4

Unsaturated/
Saturated

SxH

4.2

1.8

L.2

2t.4

5.7

2.3

2.2

14.2

28.3

9.7

1.8

1.09

SxSH

4.7

2.0

1.5

20.6

?o

2.0

2.0

14.9

34.8

13. 5

1.8

r.28

SxA

5.8

2.8

1.3

20.4

5.6

2.L

2.t

14. I
27.8

7.8

0.7

1.0i

LxH

5.0

2.t

i.3

20.r

4"4

2.0

2.0

17.3

34. 6

11.4

2.6

t.2t

4.7

r.7

0.8

i9.9

4.4

1.4

1.4

L5.2

31.6

10.4

i.6

f.i8

6.4

2.2

1.3

22.7

4.2

2.0

2.0

16.4

34.2

12.2

2.0

l.l2

LxSH LxA

u Means expressed as relative percentages of 11 fatty acids.
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Subcutaneous Lipid

Fatty Acìd Composition

Fatty acids were identified as described in the intra-

muscular lipid section. Typical chromatograms of the neutral and free

fatty acid methy'l esters are shown in F'igures 4 and 5. Mean squares

and F values from the analys'is of variance for the neutral fraction are

presented in Table 19 and those for the free fatty ac'id fraction in

Table 20.

Neutral Fracti on

Effect of anatomical location. Siqníficant differences

between anatomical locat'ions were observed for all of the major fatty

acids except C18:2. The b'iceps femoris differed from both the exterior

and interior'layers of the longìssjmus dorsi in having'less C14:0, C16:0

and C18:0, and more C16:1 and ClB:1. Table 21 shows the total fatty

acid composit'ion of the neutral fraction from the biceps femoris and the

longissimus dorsi, and Table 22 gives the mean comparison of the six

major fatty acids

The unsaturated/saturated rat'io was 1.47 for the biceps

femoris, compared to the ratios of 1.18 and 1.12 for the exterior and

interior ìayers of the ìong'issimus dors'i. The correspond'ing unsatur-

ated/saturated ratios reported by Gil'lis (tglZ) for the total subcut-

aneous 'lipid were almost identical , being 1.47' l.ZI, and 1.13'

respectively. A comparison of the total amounts of C16 and C18 fatty

acids present in these fractions eliminated the variation observed

among the depot sites as illustrated in Table 23,
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Figure 4.

Legend

A Typical Chromatogram

the Neutral Fraction of

of the Fatty Acid Methyl Esters from

Bov'ine Subcutaneous Lipid
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Figure 5.

Legend

A Typical chromatogram of the Fatty Acid Methyl Esters from

the Free Fatty Acid Fraction of Bovine subcutaneous Lip.id
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Tabl e 21,

Fatty Acid Compos'ition of the Subcutaneous Neutral Fraction from Two

Sexes and Two Anatomical Locationsa

Anatomical Location

Fatty Acì d Bul I Steer Biceps Femoris Longiss'imus
Exteri or

C14:0

C14:1

C15:0

C16:0

C16: 1

C17 :0

C:Y
C18:0

C18: 1

CIB:2

Unsaturated/
Saturated

4.2

1Â

0.8

24.8

6.4

2.0

1.8

t2.r

42.1

3.8

t.22

4.1

1.6

0.8

24.5

6.7

2.I

2.0

11.6

42.7

3.3

1.27

3.8

1.8

0.8

23.5

8.0

2.0

2.3

9.2

44.4

3.6

1.47

4.2

1.6

0.8

25.2

5.9

2.0

r.7

t2.7

42.0

3.5

1.18

Dors i
I nteri or

4.3

1.5

0.8

25.3

5.7

2.0

t.7

13.6

40.8

3.6

1,.12

ô Muunt expressed as relative percentages of 10 fatty acids.



q7

Mean Comparison of the Six

Fractíon from

Table 22

Major Fatty Ac'ids of the Subcutaneous Neutral
Two Anatom'ical Locati onsa

Fatty Acid

C14:0

C16:0

C16: 1

ClB:0

C18: 1

Cl8:2

Unsaturated/^
Saturated "

Anatomical Location

Bi ceps
Femori s

Longissimus Dorsi
Exterior Interior

3.8

23.5

8.0

9.2

44.4

3.6

4.2

5.75.9

4.3

25.2 25.3

12.7

42.0

3.5

13. 6

40.8

?Â

1.47 1. 18 t.t2

Means underscored by the same line are not significantly
different (P<0.05)

b Rutios based on the total fatty acid composition
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Table 23

Mean Comparisons of the Total C16 and. Ci8 Fatty Acids of the Subcutaneous
Neutral Lipid from"the Biceps Femoris and the Exterior and Interior Layers

of the Longissimus Dors'i]

Total Biceps Femoris Longi ssimus Dorsi

Exteri or I nte ri or

c16 31. 5 31.1 31.0

c18 57.2 58.2 58. 0

1' Means expressed as a relative percentage of the total fatty ac'ids

meas ured
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The ratio of unsaturated

adipose tissue appears to be maintained

saturated fatty acids in

conversion of saturates

to unsaturates of the same chain length. Desaturase enzymes may be

responsjble for the conversion of saturated fatty acids to the more

unsaturated forms. This reaction 'is mediated in animal tissue by

enzyme systems of the m'icrosomal fractions of the cell. Monoenoic

aci ds may be desaturated to di eno'i c, al though not to I i nol e'i c aci d

(hJaki l, 1970).

Depot site has been shown to 'influence the compos-

ition of both pork and beef adipose tissues (Ostrander and Duggan,

L962;Chacko and Perkins, 1965; Terrell et al_. , 1967, 1969b). Many

reasons have been suggested for the variations encountered at

different depot sites. The importance of the particular site as

an energy source for adjacent muscle, or in provid'ing ìnsulatjon'

may'influence its compos'ition. In add'it'ion, the physiological

maturity of the animal influences the rate of fat deposìtion and

of metabolic exchange at each location (Thralj and Cramer, 197lb).

The fat covering the biceps femorìs was much less devejoped than

that over the longissimus dorsi for the animals stud'ied, probably

reflecting a different degree of depot site maturity and of meta-

bolic interchange.

Significant d'ifferences were observed for C18:0 and

ClB:1 between the exterior and'interior layers of the longìssimus

dorsi. The exterior layer was higher in C1B:1 but lower in C18:0

and therefore less saturated than the interior ìayer. These results

were in agreement with the h'igher unsaturated/saturated ratio of the

total subcutaneous lipid from the exterior layer observed by G'illis

to

by
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(tglZ). 0ther researchers have also reported a h'igher degree of

unsaturatjon in the exterior fat ìayer (Terreìj et al., 1967; Thrall

and cramer, 197la). Terrell (1967) suggested that the more unsatur-

ated external 'layeñ may be more read'i1y mobilized and more metaboli-

ca'lìy active than the internal ìayer of the subcutaneous fat.

Effect of crossbreed and sex. Siqnificant crossbreed

effects were observed for C18:0 and ClB:2. Limousin x Hereford and

Simmental x Hereford crossbreeds had significantly more ClB:0 than the

Limousin x Angus; while the Simmental x Shorthorn crossbreed had

significantly more C18:2 than the other crossbreeds with the exception

of the Limousin x Angus. The total fatty ac'id composition of the

neutral lipid from six crossbreeds is presented in Table 24. Mean

comparisons for the two fatty acids which d'iffered significantly are

shown in Table 25.

The three Simmental crossbreeds had more C18:0 than the

corresponding Limousin crossbreeds. In addition to this sire effect,

'it was apparent that there was an 'important cow effect, since both

crossbreeds with significantly higher levels of ClB:0 were Hereford

crosses. A similar sire effect was reported by Gillis (1972) for

the total subcutaneous l'ipid extracts.

The fatty acid composition of the subcutaneous neutral

fractjons of bulls and steers 'is gìven jn Tabl e 27, No sign'ificant

sex differences were evjdent, although the slight variations present

correspond with those found by Giìl'is (L972) for five of the maior

fatty acids of the subcutaneous lipid of bulls and steers. Other

stud'ies reporting the effect of sex on bovine subcutaneous'lipid have
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Fatty Acid Composition

Table 24

of the Subcutaneous Neutral Fraction from S'ix

Bovine Crossbreedsa

Cros s breed

Fatty Aci d

C14:0

C14: 1

C15:0

C16:0

C16: 1

C17 :0

C:Y
C18: 0

C18:1

C18:2

Un saturated/
Saturated

SxH

4.4

t.7

0.9

25.8

6.1

2.L

t.7

13.0

40.9

2.9

1.18

SxSH

3.8

1.5

0.7

23.5

6.6

2.0

2.0

11. 6

42.8

4.8

1. 16

SxA

3.8

1.6

0.7

24.2

6"4

2.L

2.0

1.2.1

43.8

3.0

I.20

LxH

4.5

1.7

0.5

24.7

6.3

2.L

i.9

12.9

4i .3

3.5

1. 10

LxSH

4.2

1.5

0.7

25.5

6.5

1.9

1.9

rt.2

42.8

3.3

1.11

LxA

4.2

L,7

0.8

24.2

7.2

?.0

2.8

10. 3

42.8

3.9

r.27

u Meuns expressed as relative percentages of ten fatty acids.
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usually compared bulls or steers with heifers (Link et al., 1970b;

Terrell et al., 1969a; Thrall and Cramer,(tgZta). In the one reported

comparison of the neutral subcutaneous lipìds of bulls and steers, none

of the fatty acids"differed sìgnificantly (Hood and Allen, l97I)

Free Fatty Acid Fraction

Ef fect of -ilrat.omi cal_ I ocati on : Si gni f i cant di f ferences

due to anatomical location were observed for the six major fatty acids

present. Table 26 gives the fatty acid compos'ition of the subcutaneous

free fatty acid fraction from the biceps femoris and longìssimus dorsi

muscles. ' Mean comparìsons of the maior fatty acids are presented in

Table 27.

The biceps femoris had sìgnificant'ly less C16:0 and C18:0

and more Ci6:1 than either the exterior or interior'layers of subcutan-

eous fat from the longissìmus dors'i. The levels of C14:0' C18:1 and

Cl8z2 'in the biceps femoris did not differ from those in the longissimus

dorsi exterior fat, but did djffer from those of the jnterior layer.

There were pronounced differences 'in the unsaturated/saturated ratios of

the three lipid extracts. The highest rat'io, 2.43 was observed for the

biceps femoris; and the lowest, 1.35 for the interior layer of the

longissimus dorsi. The exterior longissimus dorsi fat had an inter-

mediate rat'io of 2.03. The most striking difference observed was 'in

the levels of ClB:1. The interior l'ipid contained 43.7%, conpared with

approximately 52% in the other two extracts.

The higher unsaturated/saturated rat'io in the exterior

layer of the'longissimus dors'i as compared to that of the interior'layer,

together with the much higher ratio for the biceps femoris, correspond
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Table 26

Fatty Acid Composition of the Subcutaneous Free Fatty Acìd Fraction from

Two Sexes and Two Anatomical Locationsa

Sex Anatomical Location

Fatty Acid Bul I Steer Biceps Femoris Longìssimus DorsÌ

C14:0

C14:1

Cl5:0

C16 :0

C16: 1

C17: 0

C:Y

C18: 0

C18: 1

C18:2

Unsaturated/
Saturated

4.4

2.0

1.3

t9.7

7.7

1.0

7,4

7,6

49.4

3.7

4.1

2.2

1.6

i9. 1

8.2

r.2

1.8

7.4

49.r

3.4

3.4

2.2

l.u

t7.3

9.8

1.0

2.0

5.4

52.0

4.3

2.43

3.4

1.6

1.5

18.9

7.6

1.0

1.5

7.4

5?.r

4.t

2.03

6.0

2.6

1.9

22.0

6.4

T,2

1.3

9.7

43.7

2.4

1. 35

u M.ans expressed as relative percentages of ten fatty acjds.
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Mean Comparison of

Fatty Aci d

Table 27

the S'ix Major Fatty Acids of

Fraction from Two Anatomical

the Subcutaneous Free

Locat'i on sa

'Fatty Acid

C14: 0

C16:0

C16: 1

ClB:0

C18: 1

ct9:2

Unsaturated/..
Saturated u

B'iceps
Femori s

Anatomical Location

Longì ssimus Dors'i

Exterior Interi or

3.4 3.4

A1

6.0

22.0

6.4

9.7

43 "7

2.4

1. 35

L7.3

9.8

5.4

52.0

18. 9

7.6

7.4

52.I

4.3

2.43 2.03

Means underscored by the same line are not s'ignifìcantìy
different (P<0.05)

b Rutios based on the total fatty acid composition.
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to ratios reported for the neutral fraction. The relative percentage

composition of the tv¡o fractions was not identical, however. There

was more C18:1 but less CL8:0 and c16:0 in the free fatty acid extracts

than in the neutraí lipìd from all the depot sites.

If, as has been suggested by Hood and Allen (1971),

free fatty acids in the subcutaneous fat are derived primarììy through

the hydro'lysis of fatty acids esterified at the 4positìon, then differ-

ences between the neutral and free fatty acid'fractions would be a

consequence of enzyme specific'ity. Although enzymes specific for

particular fatty acids have not yet been identjfied in animal tissues,

a microbial'lipase specific for C18:1 has been isolated (Jensen, i971).

Microbial activity on the surface of the longissimus dorsi and biceps

femoris subcutaneous fat could account for the differences in the levels

of Ci8:1 observed in th'is study.

Effect of crossbreed and sex: The free fatty acid

composition of the subcutaneous 'lipid within six bov'ine crossbreeds

is presented in Table 28. 0nly C1B:2 appeared to vary among the

crossbreeds. Mean comparisons for this fatty ac'id are shown in

Table 29. A significantly lower amount of C1B:2 was observed'in the

S'immental x Hereford crossbreed when compared with the S'immental x

Shorthorn and Limousin x Angus crossbreeds. Since the onìy signì-

ficant breed difference in this fraction occurred for a fatty acid

which accounted for four percent or less of the total fatty acids,

this result cannot be considered of great sign'ificance.

No significant sex effects were observed for this

The free fatty acid compos'ition of the subcutaneous fatfracti on.
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Table 28

Fatty Acid Compos'i{ìon of the Subcutaneous Free Fatty Acid Fraction from

Six Bovine Crossbreedsa

Cross breed

Fatty Ac'id

C14:0

C14: 1

C15:0

C16:0

C16:1

C17:0

C:Y
CLB:0

C18: i
C18:2

Unsaturated/
Saturated

SxH

4.3

2.t

1.5

20.7

7.5

1.0

r.2

7.6

49.2

2.9

I.76

SxSH

3.8

1.9

r.2

19. 0

7.8

1.0

1.6

7.4

50.2

4.2

1.98

SxA

4.2

2.2

1.5

18.7

7.2

r.2

i.1

8.0

50. 4

3.1

t.B7

LxH

4.4

2.5

1.0

t8.7

7.9

0.7

1.4

7.7

49. 9

3.6

r.97

LxSH

4.6

2.2

1.3

19.4

8.2

1.3

1.8

7.3

48.2

3.6

1.83

LxA

4.2

2.2

i.4

19.9

8.8

1.3

1.9

6.9

47 .7

4.1

1.86

u M.unr expressed as relative percentages of ten fatty acids.
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from bulls and steers is given 'in Table 26. Higher levels of C16:0 and

C1B:0 in the free fatty acìd extract of bulls than of steers was

observed by Hood and Allen (197i). A similar trend was evident in

this study, but wa"s not large enough to be signìficant.

Interaction effects: A sex x muscle interaction was

observed for ClB:1, because levels of th'is fatty acid'in the longissjmus

dorsi were lower for bulls than for steers, while no sex differences

were evident in the biceps femoris.
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Th_e Relative Percentage Recovery of th.e

FreS Fatty Ac.i-d_Fraction as Determin.ed

by Liquid Scintillation Countinq

The palmitic-1-C14 acid which was added to two samples'of

intramuscujar lipid and a solvent blank before fractjonation, remained

almost exclusjvely'in the free fatty acid fract'ion. A tabulation of

the number of counts in each fraction of the three sampjes, and their

corresponding percentages 'is gìven 'in Table 30.

Approximateìy 98.0 percent of the pa'lmitic-l-C14 acid was

reco.vered in the free fatty acíd fract'ion of the intramuscular ìipid

samples whìle 96.4 percent was present in the correspondìng b'lank.

These results indicate that the method of separation used throughout

this study extracted free fatty acids from the other lipid fract'ions

with a high degree of accuracy.

. Several researchers have reported djfficulties in

achi evi ng c1 ean separati ons of phosphol i p'ids by s'i I i ci c aci d adsorpti on

from a chloroform solution (Kuchmak and Dugan, 1963; Hood and Allen'

1971). By increasing the polarìty of the solvent system, replacing

chloroform with a chloroform-hexane-diethyl ether (2:I:I U/Y/U) mixture,

Hornstein et al (1967) reported a complete separation of the neutral

fraction from the phospholipìds. The free fatty acids were further

removed using an anion exchange res'in, and no contam'inatjon by thÍs

fraction was found in the phospholipids. Hood and Allen (1971) used

acid-washed floris'iì to separate their 1ip'id fractions, cla'iming that

the silicjc acid could not completely remove the free fatty acids from
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the phosphoiipids.

Elution with the more polar solvent mixture 'in this study

to separate the phosphoìipids on activated silicic acid resulted'in a

clean separation of this fraction wìth only negiigib'le amounts of free

fatty ac'ids remaining. Since the free fatty acid fraction accounted

for less than one percent of the total lipid extracted, comp.ared to ten

percent or more for the phospholìpid fraction, the contaminatíon by the

free fatty acids remaining is of little consequence in the overall

ana'lys'is of the phospholipids. The method of Hamilton and McDonald

(1971) which was used to part'ition the free fatty acids and the neutral

lipids proved to be extremely sensit'ive, in spite of the small amounts

of free fatty acids present in the sample. The combination of the

methods of Hornstein et al (1967) for phospho'lipid extract'ion, and

Hamiìton and McDonald (1971) for the partitioning of free fatty acids

and neutral ìip'ids provides a rap'id, convenient and inexpensive method

of separation, elimìnating the use of acid-treated floras'il or anion

exchange resins. The latter sometimes requ'ire laborious preparation

prior to use.
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SUMMARY AND CONCLUSIONS

European breeds of cattle are being jntroduced into Canada to

improve the carcass quaf ity and productivity of existing breeds.

Factors which influence growth rates and.the depositíon of lean tissue

can also produce compositional changes which affect the quaìity of the

meat. This study was undertaken to examine the effect of anatomical

location! crossbreed and sex on the composition of the neutraì, phospho-

lipid and free fatty acid fractíons of bovine lip'ids. The animals used

in this study were randomly selected to represent s'ix crossbreeds, by the

Canada Department of Agriculture Research Station, Brandon. Determin-

ations of lipid composit'ion were carrìed out on two muscles and the

covering subcutaneous fat, from two bulls and steers of each crossbreed.

Intramuscular lìpìd from the biceps femoris and'longissimus

dorsi muscles of twenty-four bovine crossbreeds was partìt'ioned into

neutral, phospholípid and free fatty acjd fractions. A comparison of

the neutral lipid from the two muscles revealed that the bi'ceps femoris

had a h'igher unsaturated/saturated ratio and contained more C14:0' C16:0

and C16:1 but much less CL8:0 than the longissimus dorsi. The free

fatty acids extracted from the b'iceps femoris were also less saturated

and conta'ined less C18:0 than those from the 'longissimus dorsi. For

the phospho'lipid fractions, however, this relationsh'ip appeared to be

reversed. The longiss'imus dorsi contained considerably more CL8:2 and

jess C14:0 than the biceps femoris, and although unsaturated/saturated

ratios could not be calculated for this fraction, because C16:0 and C16:1
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were reported as a single value, the proportíons of the remaining fatty

acids indicated a higher degree of unsaturation in the iongissimus dorsi.

Differences between the two locations were more pronounced in

the subcutaneous ìípid. The neutral and free fatty acid fractions from

the biceps femoris were much less saturated than the corresponding fract-

ions from the longissimus dorsi, and the. exterior layer of the long'issimus

dorsi was less saturated than the interior layer. Five of the six

major fatty acids jn the neutral ì'ipids differed between the two muscles,

with the biceps femoris having h'igher percentages of C16:1 and CL8:1 but

lower percentages of the three unsaturated fatty acids. A comparison

of the longissimus dors'i neutral'lip'ids showed that the exterior ìayer

had less C18:0, more Ci8:1, and a slightly higher unsaturated/saturated

ratio than the interior'layer. All sìx major fatty acids of the

subcutaneous free fatty acid fraction varied with respect to depot site.

The biceps femoris, as was the case for the neutral'lipid, had the high-

est unsaturated/saturated ratio, more C16:1 and C18:1, and less C18:0

than the longiss'imus dorsi fractions. Unsaturation was much greater in

the exterior than in the jnterior'layer of the longissimus dorsi. The

three unsaturated fatty acids, CL6:1, C1B:L and C18:2 were present in

larger amounts in the exterjor layer while the'interior'layer had more

of the saturated fatty acids, CL4:0, C16:0 and C18:0.

Breed differences were responsible for fewer variations in

the lipid fraction composition than were expected, sjnce crossbreed has

been shown to influence the composition of the total intramuscular and

subcutaneous l'ipid. The onìy significant effect of breed on the intra-

muscular ljp'ids occurred jn the phospholipìd fraction. Lower levels of
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C18:1 were observed for the Limous'in x Angus than for the other cross-

breeds.

More d'ifferences due to crossbreed were evident in the

subcutaneous lipidS. The neutral fractions from the Limousin x Hereford

and Simmental x Hereford had more ClB:0 than LÍmousin x Angus crossbreeds,

and the three Simmental crossbreeds each had higher percentages of ClB:0

than the corresponding Limousin animals. More C18:2 was present in the

Simmental x Shorthorn subcutaneous neutral lipids than in those of other

crossbreeds with the exception of the Limousin x Angus. Simmental x

Shorthorn and Limousin x Angus subcutaneous free fatty acìds also had

higher levels of CL8:2 than the other crossbreeds, but these levels were

only significantly greater than those of the Sjmmental x Hereford.

Sex differences were respons'ible for only one composîtional

difference throughout this study. Phospho'lip'ids from bul I s had more

C18:0 than those from steers. The sex X muscle, breed X sex, and breed

x sex x muscle 'interactions which occumed for C18:0 ìn the phosphof ipid

fraction were primarily the result of an unusually high level of this

fatty acid in the bìceps femoris of steers of the Limousin x Hereford

crossbreed. Low levels of C18:0 in the bjceps femoris of buljs of the

Limousin x Hereford and Sinunental x Angus crossbreeds also contributed

to these 'interactions. A sex x muscle interaction, observed for C18:1

of the subcutaneous free fatty acid fraction, occurred because of higher

levels of C18:1 ìn the longissimus dorsi of bulls than of steers.
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