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ABSTRACT

Thirty-six animals representìng six crossbreeds and two sexes

were used to investigate the'influence of crossbreed, sex and anatomical

location on the composition of cholesterol and phosphoìipids present.

These animals represented the F1 generation produced by crossing Limous'in

and Simmental bulls with Hereford, Shorthorn and Aberdeen Angus cows.

Total intramuscular lipid was extracted from the ìongissimus dorsi and

biceps femoris muscles from six crossbreeds by the chloroform-methanol

method of Blígh and Dyer. Anaìyses of variance of the percent moisture

and extractable'lip'id showed a significant'ly higher extractable lipid

content in steers than bulls. Statistical analyses for cholesterol and

phospholip'ids revealed no significant differences due to anatomical

location throughout this investigation. Significant sex differences

were observed for total, free and esterified choelsterol while crossbreed

differences were evident for total and free cholesterol fractions only.

Significant crossbreed x sex and crossbreed x muscle interact'ions were

observed for free and esterified cholesterol as well as crossbreed x sex

x muscle interactions for all fractions. A s'ignifjcant sex effect

occurred for total phosphof ipids in addition to crossbreed x muscle' sex

x muscle and crossbreed x sex x muscle interactions. Sex x muscle and

crossbreed x sex x muscle were the only significant interactions evident

for the cholesterol/lipid phosphorous ratio. Ana'lyses of variance for

the four phosphoì'ipid fract'ions studied revealed no significant differ-

ences due to sex or anatomical location althouqh a sign'ificant crossbreed

effect occurred for phosphatidyìserine + phosphatidyìinositol. Cross-

breed x sex and crossbreed x muscle interactions were evident for

sphingomyelin in additjon to crossbreed x muscle interactions for



phosphatìdy1cho1 ine and phosphatidylserine + phosphatidyì inosjtol .

A s'ignificant crossbreed x sex x muscle interactjon v¡as evident for all

the phospholipìd components jnvestigated. These results revealed that

crossbreed and sex exerted a far greater jnfluence on the ìip'id

components in the an'imals stud'ied than that of anatomical location.
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GENERAL INTRODUCTION

Lipíds have been reported to contribute to many of the organo-

l epti c and bi ochemi cal propert'ies of meat. Wh'i I e there ì s a great

deal of jnformatjon on the fatty acid composítion of bovine lipids,

relatively little is known with respect to the polar lipids of skeletal

beef tissue. Phosphoiìpids have been imp'licated in the deterioration

of flavor in both extreme'ly lean meat and freeze-dried meat during

storage as well as exerting a possible role in the flavor of processed

beef. The importance of phosphoìip'ids to meat flavor, however, ís still
obscure and can only be elucidated by identificatjon of the individual

po'lar lipids present. The jncrimination of animal fat relative to the

development of atherosclerosis and other human cardíovascular djseases

has also stimulated considerable interest in the biochemical properties

of meat animal lipids. Many studies have been pubf ished on the

cholesterol levels in human and animal t'issues while comparatively little
has been reported for bovine jntramuscular fat. It'is hoped that the

information reported in this thesìs will provide a better understanding

of those factors influencing the composition of animal 1ip'ids.

In a program to evaluate foreign cattle breeds, the Canada

Department of Agriculture Research Station in Brandon introduced into

Canada, European breeds, two of which are the Simmental and Limousin.

Bulls from these breeds were crossed with Aberdeen Angus, Hereford and

Shorthorn cows to determine whether the crossbreeds produced better

quality meat more efficient'ly than the traditional breeds. Sensory

evaluation of two muscles from bulls and steers from these crossbreeds

as well as chemical analysis of the lipid composition were carried out
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previously in this laboratory by Mclandress (1972), Gillis (1972) and

l,latts (1972) , respecti ve1y.

The folìowing study investjgated the effect of crossbreed, sex

and anatomical location on the quantity and composition of phosphoiip'ids

and cholesterol in bovine intramuscular l'ipids.



REVIEÌ,J OF LITERATURT

I NTRODUCT iON

Lipids are an integral part of muscle structure and are assoc-

iated with many of the organo'lept'ic and biochern'ical properties of meat

(Hornste'in et al., L961; TerrelI et al., 19691 Dryden and Marchello,

1970). In addition to contribut'ing to meat quality they can undergo

both ox'idative and hydrolytic deteriorative reactjons lead'ing to

characterist'ic off-flavors and off'odors. The phospholip'id fraction

in particular is extremely susceptible to ox'idation and is respons'ib1e

for undesirable flavor changes associated with stored meat (Hood and

Allen, lgTl). This fraction is also subiect io hydrolys'is leading to

deteriorat'ive changes during meat storage (0lley and Lovern, 1960;

Fishwick, 1968). The imp'ortance of dietary cholesterol and its

influence on serur,l 'lipids has been wìde'ly reported (Connor et al . ' 1969;

Los'ier, 1972). blhi le the amount of total cholesterol present 'in meat

has been extensively studied litile jnformatìon is available on the

quant'itati ve di strj but'ion of f ree and esteri f i ed chol esterol j n muscl e

ti ssues.

This review wjll attempt to discuss those factors infìuencing

both the cholesterol and phospholip'id content of animal muscles.



CHOLESTE ROL

The cholesterol content of foods has been the subiect of

concern in recent years owing to its influence on serum lìp'id patterns

(Connor et al., 1969; Hegsted et al., 1965; Losier, 1972). l,lhile

trace amounts of cholesterol have been reported in a few isolated

plant t'issues, it is foods of anjmal origin that provide the maior

sources of this sterol (Feeley et aj., 1972). The concentration of

cholesterol in animal muscle was reported by hli'lcox (1962) to be around

0.06 percent and ís presênt in the free and esterifjed forms.

Kritchevsky and Tepper (1961) reported that fish and daíry products

generally contained 55-95% of cholesterol in the free form while that

found in meats was more esterified (50-70%). This was refuted by later

investigatons (Tu et gi., 1967; Lyaskovskaya and Kelman, !967) who found

the esterified cholesterol content of animal muscles to be less than

L0% of the total cholesterol w'ith the majority beìng ìn the free form.

Cholesterol is not only located in the lipids of animals but it is a:lso

bound with the protein as a 1ìpoprote'in. [.lhile quantitatíveiy cholesterol

in the lean muscle is onìy a minor component, it nevertheless is an

active metabolite w'ith'in the cells as well as a const'ituent of cell

membranes. The role of cholesterol in the latter is still not fully

understood although l^I'illiams and Chapman (1970) suggested that it may

control in a reversible manner the fluidity of the membrane. This might

explain in part the relationship between cholesterol and the ease with

which different nutrients enter the cell suggested earlier by l.l'ilcox'



et al . ( 1962) .

The majority of stud'ies reported in the lìterature have been

concerned w'ith serum cholesterol levels in experimental animals while

comparati veìy I i ttl e has been pub'l 'i shed on mammal ì an muscl es .

Effect of Anatomical Locat'ion

Studies carried out almost forty years ago by Bloor (1936)

demonstrated a urìde range of chojesterol values for different muscles

both between species as well ås among individual animals withìn a sìng1e

species. Individual muscle types were differentiated accordìng to

the'i r chol esterol I evel s r,¡i th smooth orinvol un.tary muscl e bei ng assoc-

iated with the h'ighest levels (0.75 percent of dry weìght) and skeletal

muscle the lowest levels (0.30 percent of dry weìght). Cardiac muscle,

however, was associated wjth cholesterol levels intermedjate to those

observed for the other muscle types and accounted for around 0.55 per

cent of the dry we'ight as shown 'in Table 1.

Vecchio et al. (1955) found no significant djfference in the

levels of cholesierol in both muscle and adìpose t'issue of a number of

different grades anci cuts of meat studied. The concentration of

cholesterol in the muscle was 40-50 mg per 100 g of muscle in the adult

mammals as well as in the thigh (dark meat) of chìcken. In white meat

of chìckens, however, the amount of cholesterol content was lower at

around 30 mg per 100 g of muscìe. This study der',ronstrated that the

cholesterol content tended to be higher in the muscles of young, growing

animals compared to the mature adults of the same species, as'indicated

in Table 2.

Allen and co-workers (1967) investigated the cholesterol content



Table 1. Cholesterol eontent of Muscles (per cent of dry weight)a

Mus cl e Chol esterol

Smooth muscle
(gastrointestinal tract) 0.70

Ventri cl e
(warm blooded animaì )- 0.55

Skeletal muscl e
( v'i tal ) 0. 34

aAdapted from W. R.Bloor (1936).



Table 2. Mean Values for Concentration of Cholesterol in mg per 100 g
Musclea.

Hen (Light meat)

Hen (Dark meat)

Beef

Veal

Pork

Pig

Mutton

Lamb

30. 8

51.6

43. 3

7t.6

44.6

82.4

50. 7

60. 3

aAdapted from Vecchio et al. , 1955.
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of three porcine muscles and observed no sjgnìficant differences bett¡reen

the diaphragm, longìssimus dorsj and psoas major muscles. The mean

value of cholesterol jn the d'iaphragm, however, did appear higher than

that for the longissimus dorsi and psoas major. Terrell et al. (1969)

in their studies on six bovine muscles s'im'ilarly observed no signìficant

differences between the levels of cholesterol among the six anatomical

locations investigated. Thìs was attributed in part to the ìarge

standard deviation in addition to a 7-1,0% error in the cholesterol assay

used.

Tu et al . (lfl7) investigated the free. and esterified cholesterol

levels of animal muscles. The average free cholesterol concentration

of bovine and porcine muscles was reported to be 58 and 65 ng %, respect-

ive'ly, while that for the esterified form was 6 rng %, This differed

somewhat from that observed by Lyaskovskaya and Kelman (1967) in whìch

the free cholesterol of beef was found to be hìgher than that of pork.

However, the variability between an'imals could account for these differ-

ences as well as the method of analysis.

Differences between the cholesterol levels of bovine intra-

muscular and subcutaneous lìp'ids from the 'longissimus dorsi were reported

by Stromer e! al . (1966). The intramuscular l'ipi'd was reported to be

considerably higher in cholesterol than the correspond'ing subcutaneous

fat. Significant (P< 0.05) d'ifferences were also evident between the

externaj and internal 'layers of the. subcutaneous fat a'lthough these

were no'longer apparent after the animal had reached s'ix years of age.

Luddy et al. (1970) 'investigated the free cholesterol of porcine

muscles based on the light and dark portions. They found the mean

value for the semimembranosus (liSht) muscles was 2.3% of the total



I

lipid compared to 2.7% for the quadrìceps femoris (dark) muscle. These

values were considerably greater than that observed for the semjtend-

inosus 'lìght and dark muscle l'ip'ids which were 7,0% and I.2%, respectively.

While some of these investigators have indjcated differences in

choìesterol level between muscles, further research 'is required to

establish more fu'lly the nature of these differences.

Effect of Sex

Hood and Allen (1971) in their studies on bovine'lipids did

report a sex effect for total cholesterol. Bulls appeared signifìcant'ly

(P<0.01) higher ìn cholesterol than heifers but did not differ from

that of steers when determined as percent of muscle or percent of fat-

free muscle. l¡lhen cholesterol was expressed as mg per g of lipíd,

however, bulls were significantly (P<0.01) hìgher than both steers and

heifers in addition to being inverse'ly related to the intramuscular

lipid as'illustrated in Table 3.

Temell e! al . (i969) reported a s'ign'ifìcant (P<0.05) differ-

ence for total cholesterol in bov'ine muscles for weight groups 42A kg

and 455 kg. l.lhile no statistical differences were evident between the

total cholesterol for s'ueens and heifers, there was a tendency for steers

to be higher than heifers as shown in Table 4. Further investigations

appear to be necessary to establish more definitívely,differences 'in

cholesterol between normal and castrated animals.

Effect of Marbling and Other Factors

Fee'ley et al. (1972) in reviewing previous work stated breed

among those factors studied in relation to cholesterol. However, while

breed might be expected to exert some influence, there has been no

pub'lished informat'ion relat'ing the effect of this factor. A number of
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Table 3. Total L'ipi d
Muscle among

tholesterol Levels
Three Sex Groups.

'in Bovine Longissimus Dorsi
(Hood and Aìlen, 1971)

Sex Total I ipld
% of muscle

Total cholesterol
% of muscle % of fat-

free muscle
mg/g lipid

Bul I

Hei fer

Steer

4. 03ab

7 .zgac

s. 9gb'

0. 046b

0.057ab

0.0494

0. 048b

0.0614b

0. 0524

11.51ab

7.7g4

8.10b

ubtM.un, in each column having the same superscript are signìficantly
different (P<0.0i)
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Table 4' Mean Total cholesterol of six Bovine Muscles by sex and Live
Wejqhta. (Terrell et al., 1969)

Sex
Weight group Steer Heì fer

386 kg 80.17 75.49

420 ks 72.81 7I.49

455 kg 86.62 78.17

avalues expressed on mg per 100 g wet tìssue.
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investigators, however, have attempted to correlate the amounts of

cholesterol with fat or degree of marbfing. Stromer et _al. (1966)

observed no sjgnìficant (P< 0.05) difference 'in cholesterol content

when expressed on a tìssue weight basis accompanying a correspondìng

jncrease in marbling score. However, when expressed on a lipid content

bas'is, â signifìcant (P< 0.05) decrease in cholesterol level was found

to accompany an increase in marbling score for the three maturity groups

of bovine an'imals studied as shown in Table 5. This'indicated that

the majority of cholesterol was located in the cell membranes and'intra-

cel I ul ar structures wi th no detectabl e amounts observed í n the marb'l 'ing

fat. Confl'icting evidence was presented by Tu et al. (1967), however,

who suggested that 'i f the i ntramuscul ar marbì i ng fat contai ned neg'l 'i g'ibl e

amounts of cholesterol then the cholesterol content would decrease with

an increase in 'lipid concentratjon. These workers plotted the percent

l'ipid values against total cholesterol concentration along with a

regression line for bovine and porcine muscles. The tota.l cholesterol

content for the bovine muscle appeared to jncrease sfight'ly with jncreas-

ing percent lip'id as shown in Fig. 1. The regression line was found to

be î = 48.9 + 1.7x in which an increase of 1.7 ng % in total cholesterol

per 7% increase jn l'ipid content was estimated for bovine muscle. A

similar trend was observed for porcine muscles'in which an jncrease of

0.5 mg % in total cholesterol per I% increase in lipid content was

observed. These workers indjrectly concluded that marbl'ing fat did 'in

fact contain about the same amount of total cholesterol as the muscle

tissue. Further support for this can be found in studies carried out

on bovine muscles by Terrell et al. (1969). While the latter workers

found no significant differences for the total cholesterol between
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Table 5. Cholesterol Content of Intramuscular Lipid from Bovine
Longissimus Dorsi in the Fifth to the E'ighth Thorac'ic
Vertebrae Regìon.a (Stromer et a1., 1966)

Maturity Group

ABF
Marbl ìns Score LîFiT-rc fîEîã--Tîssue f[iT---Tìssue

Moderately abundant 4.06 0.45 4.20 0.44 II.20 0.44

Siightìy abundant 4.47 0.43 3.26 0.39 3.56 0.39

Modest 6.35 0.43 4.59 0.41 5.16 0.44

Small .6.36 0.41 5.36 0.43 4.90 0.36

Traces 1i.20 0.46 8.81 0.41 7.06 0.37

Practicaì'ly devoi d 14.52 0.46 I2.5I 0.42 11.20 0.38

a ,. ,

mg per g ¡1p'ro
A: 15 to 18 months

B: 20 to 24 months

F: Over 6 years
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nuscl es as d'i scussed earl j er, an

to accompany a slight increase

PHOSPHOLI P I D

'increase in extractable ìip'id dìd appear

'in total chol esterol .

Phosphol'ipids are essential constituents of all cell membranes

and in meat account for about l% of the total tissue weight. Their

highly unsaturated fatty acid content renders them extremely susceptible

to oxidative attack. This can result in the product'ion of rancid off-

flavors which have a deleterious effect on meat quality as observed in

stud'ies on turkey, pork and beef (Acosta et al .., 1966; Hornstejn et a!.,

1961; Younathan and Watts, 1960). As essential components of membranes

it has been suggested that phosphoiipìds are also ìnvolved'in energy

transfer, triggering mechan'isms, nerve impulse mechanisms, proteìn

synthesjs and cell adhesiveness in addition to beìng impl'icated in cancer

and atheroscl erosi s (Wi I I i ams and Chapman, 1970) .

Th'is section wil I discuss those factors 'infl uenc'ing the quantì ty

and composition of phosphoìipìds in animal muscles with particular

reference to anatomical locat'ion and sex.

To-tal Phosphol i pi d

Effect of Anatomical Locat'ion

Ear'ly 'investigat'ions on the respiratory muscles of mammals and

birds by Bloor and Snider (1934) indicated a positive correlation betr¡reen

phys'ioì ogi cal acti vi ty and the phos.phol i pi d content of muscl e. More

recent stud'ies by Masoro et al. (1964) and Shchesno (1965) on mammajian

muscl es al so showed that those muscl es. more act'ive physiol ogi caì'ly were

richer in phospho'lipids. A similar relationship between phospholip,ìds

and the phys'io'logica'l activity has since been reported for chicken and
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turkey muscle (Peng and Dugan, 1965; Marion and Miller, 1968i Neudoerffer

and Lea, 1968; l,,langen et al . , I97I). Turkki and Campbel I (1967)

suggested that the phospholipids of skeletal muscle were an jntrinsic

property of the muscle and were more closely related to the physio-

logìcal activity of the indiv'idual fiber than to s'imp'ly muscle exercise.

Evidence for this was provided by the fact that red muscles contained

more total phosphoìípid than white muscles due to the larger density of

mitochondria present. The major difference between these two fibers

'is related to their primary energy source for myofibrillar contraction

which in the case of the red fiberis aerobic oxidation while that in

white fibers js derived from anaerobjc gtycolysis (Beecher et al., 1965).

Turkki and Campbel'l (1967) aìso investigated the phosphoìip'id concentration

for the extensor carp'i rad'ialis and psoas major muscles of beef. When

expressed on a dry-weight basis no significant difference vras apparent

between the levels of phospho'lipids. However, vJhen expressed as percent

of total 'lipid the phospholip'ids in the extensor muscle were sìgnificantly

(P<0.01) hìgher than that in the psoas major muscles. The variabi'lìty

in the distribution of red and white fibers between these muscles was

thought to account for the signifìcant difference'in phospholipids

observed. 0'Keefe et al . (1968) in stud'ies on bovine lipids a'lso

reported a location effect'in which the semitendinosus was s'ignifìcantly

(P<0.05) higherin phospho'l'ip'ids than that of the longiss'imus dorsi or

triceps brachii when expressed as a, percent of the total fat. Allen et

a'|. (1967) studied the dìaphragm, ìongissimus dorsi and psoas major

muscles of porcine animals and observed the lipid phosphorous to be

s'ignifìca.ntiy (P< 0.01) h'igherin the diaphragm. Hornstein et al ,

(1967) reported that the diaphragm muscle of bovine anjmals conta'ined 60%
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more phospholìpids than the transversus abdomjnis while the psoas major

was 20% richer in phospholipids than the corresponding transversus

abdominis, long'iss'imus dorsi and semitendinosus.

Luddy and co-workers (i970) determined phospholip'id content jn

the l'ight and dark portions of the semitendinosus muscle, the semimemb-

ranosus (liSht) and the quadriceps femoris (dark) muscles. A s'ignì-

ficant (P<0.05) difference between muscles was observed due to the

quadri ceps femori s (dark ) muscl es be'ing ri cheri n phosphol i pì ds than the

semimembranosus (light) muscle (Table 6). The dark muscles in this

study were approxìmateìy 40% hlgher in total phospholip'ids than the

corresponding ìight muscles. This was in agreement w'ith earlìer studies

on chjcken and turkey muscles in which the dark meat of the th'igh muscìe

was consi derably h'igherin' phosphol i pi ds than the correspondi ng I i ght

meat of the breast muscle (Peng and Dugan, 1965; Marjon and Miller, 1968;

Acosta et al., 1966). The d'ifferences observed ìn phospholipids between

the dark and light muscles are a reflection of the differences'in physio-

logical activity and fiber content of the individual muscle tìssues.

Effect of Sex

Comparativeiy few studies have reported the effect of sex on

the phospho'l'ipids of bovine muscles. Link et al .' (1970) found steers

to be sign'ificant'ly higher (P< 0.05) than heifers when phospho'l'ipids

were based on mg per 100 g muscle. When expressed as mg per g ì'ipid,

however, steers were sìgnificant'ly higher in phosphoìipìds than hejfers

at the 1% level (P<0.01). Hood and Allen (1971) reported a signìficant

difference (P {.0.01) 'in intramuscular I ipid levels among bul ls, heífers

and steers'in the order of heifer)steer)bulls. When the phospholip'ids
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Table 6. Mean Val ues of
(t-u¿¿y et al. ,

Phosphoì'ipi d from Vari ous
1e7o)

Porcine Muscles*.

Semi membranous
(light)

Quadriceps femoris
( dark )

Semi ten d'i n os us
Lj ght Dark

19. 8t4. 3 34.3x7 .6 16. 6t1 . 8 27.4!3.0

ut*p...r.d as per cent of total 1ipid.



3g

were expressed as mg per g lipid, they were s'ign'ificantiy higher (P<0.01)

in bulls and lower in heifers when compared to steers. Both these

studies suggested that the intramuscular fat or marbling fat contajned

little or no phospho'lìpicis (Table 7). These differences r,rere consequ-

entìy attributed to the variation in the amount of intramuscular'lip'id

between the sexes. This inverse relationship between the amount of

intramuscular lipid and phospholìpìds in beef v/as reported by several

investigators (Callow,1962; Turkki and Campbeì.], 7967). Turkki and

Campbel 1 ( 1967 ) found thi s rel ati onsh'ip to be curvi I i near for ei ght

psoas major and ejght extensor carp'i muscles. 0'Keefe et al. (iS0A1

in studÍes on bovine muscles sim'i1arìy observei that an 'increase in

phospholip'ids accompanìed a decrease in total muscle fat when expressed

as percent.of total fat content. This relationship was further clarified

by Campbel'ì and llarri I I (tgZt ) who p'ì otted the I og percent of phosphol i p'i d

agai nst 'log percent of total I i p'id for four bov'ine muscl es . A strai ght

line relationship vras observed from which a s'ignificant (P<0.01)

regressìon coefficient was evìdent for these two parameters (Fjg. 2).

The phospholipid content as related to sex was aìso reported in

chicken and turkey by Maríon and Miiler (1968) and Acosta qt al. (1966),

respectìveìy. The female chicken has a higher lip'id content in the

breast, heart and liver t'issues and a lower lipid content in the thigh

compared to the male. The phosphoìipid concentrations, however, were

ratherinconsi stent between the sexes among the four ti ssues i nvesti gated,

so that no definite trends were apparent (Marion and M'iller, 1968).

Acosta et al. (i966) reported the total muscle iipid of turkey to be

higher in one-year old females than in sixteen-week old males while the

corresponding percent of phosphoiipids based on the total ìipid was
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higher in síxteen-r¿reek old males than one-year oìd females. This agreed

with that reported for bovine muscles which was related to the amount of

I ipi d present.

Chol estergl /!Iosphol i pi d Rat'io

Cholesteroì/phospholìpid ratio as an indicator of muscular

activity was suggested by Bloor and Snider (1934). These workers

demonstrated that changes in cholesterol levels also accompanied changes

in phospholipìds although those involvìng cholesterol occurred to a much

smaller degree. Consequently a lower cholesterol/phospholìpid ratio v/as

associated with a more active muscle tissue. Thjs ratio was reported

for mammal i an musc'les by Al I en et a_l . (ng ) and Terrel I ( i967)

(Table 8). Allen et al. (196i) in studies on porcine animais reported

the ratio of cholesterol/1ipid phosphorous to be significantly (P<0.05)

higher in the ìongìssimus dorsi than in the diaphragm muscle and attrib-

uted this to the greater activity associated with the diaphragm.

Investigatìons on bovine anjmals by Terrell (1967) showed that

the psoas major had a higher extractable lipid and a h'igher cholesterol/

lipid phosphorous ratio than triceps brachii. This indicated the psoas

major muscle to be a slower developing and less active muscle than the

triceps brachii which contained less extractable f ipid and a lower

cholesterol/lipid phosphorous ratio as indicated in Table B.

Ph.osphol i pi d Composi ti on

Information regarding the quantitative distribution of the

individual phospho'l'ipid fractions in fresh muscle tjssues of meat an'imals

is rather límited. Hornstein et al. (tg6i) fractionated the phospho-

I i pi ds of both beef and pork i nto phosphati dy'l choì 'ine, phosphati dyl -

ethanolamine and sphingomyelin. Phosphatidyìchoìjne and phosphat'idyì-
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Table 8. Intramuscul ar
'in Porcine and

Lìpid and Cholesterol
Bovi ne Muscl es .

to Lipid Phosphorous Ratio

Anatomi cal
Locati on

Al I en et aj . ( 1967)

Total l'ipid % Rati o

Terrel I ( 1967)

Total lrp'id % Rati o

Di aphragm

Psoas major

Longi ss'imus dors i

Tran s ve rs us
abdomi n is

Semi membranos us

Triceps brachi i

Semi tend'inosus

10. 01

3.05

4.64

1. 96

2.36

2.96

Lt.44

10. 03

9. 88

6.23

6. 05

5.97

3. 66

3. 43

3.28

3. 58

3. 04

3. 15
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ethanolamine were found to be present in sjmilar amounts of around 40

to 45% while sphingomyelin accounted for 10 to 75% of the total phospho-

lipid. Mabrouk et al. (1969) separated the intramuscular polar ì'ipids

of beef into phosphatidylchoìine,'lysophosphatìdyicholine, phosphatidyl-

ethanolamíne, phospahtidylserine and phosphatidyljnositol. This

sectjon will attempt to discuss where possible the influence of a number

of factors includìng anatomical location and sex on the phospholipíd

composition of animal muscle.

EJfect of Anatomical Location

Kuchmak and Dugan (1963) found phosphatìdyìcholine and phospha-

tidylethanolamine to be the major components present in pork muscle

accounting for 6l% and 3I% of the total phospholipids, respectìvely.

0f the remainder phosphatidylser^ine accounted for 5% and sphingomyeìin

3%. This study indicated small variatìons in the relative amounts of

each phospholipíd among bel1y, ham, loin and rib as illustrated in

Table 9. These workers found that phosphat'idyìethanolam'ine had a

tendency to be present'in greater amounts in those tissues containing

less totaì'lipid while the reverse situation appeared to be the case

for sphingomyelin. No distinct patterns however were evident for
phospahtidylcho'line and phosphatidylserine throughout this study.

Masoro e! al. (1964) compared the phospho'rípid composition of

the soleus and gastrocnemjus muscles of monkeys. The predominant

phospholipids present were phosphatjdylchol jne and phosphatidy]ethanoì-

amine which accounted for 50 and 25% of the total 'lipid phosphorous,

respectively. A comparison of these muscles from the same ieg showed

the gastrocnemíus had 55% of the lipid phosphorous present as phospha-
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Table 9. Percentage of each
Hog Muscle T'issue.

Phospholipid type in
(Kuchmak and Dugan,

the Phosphoì'ip'id of
ie63 ) .

Carcass Location

Phosphol ipìd Composi tion Be1 1y Ham Lo'in Rib

Phosphatidyl ethanol ami ne

Phosphati dyl seri ne

Phosphatì dyì chol i ne

Sph'ingomyeì in

32. I
4.7

58.6

3.9

34.2

7.8

54.7

3.3

33. 3

4.7

60.8

7.2

28.4

2.5

63. 0

6.1
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tidylchol'ine comtared to 53% for the soleus, a sma jl but sign'ificant

(P<0.05) difference. A further s'ignificant (P< 0.01) difference vras

also evident for polygìycerophosphatide which accounted for 7% in gastro-

cnemius and 9% in soleus as illustrated in Table 10.

Turkki and Campbelì (1967) in studies on the phosphoiìp'ids of

two bovi ne muscl es found that phosphati dyì choì 'ine , phosphati dy'ìethanoì -

amine and sphingomyeìin accounted for approximate'ly 62, 30 and 'less

than 10% in both extensor carpi radial'is and psoas major muscles as

shown in Table 11. l,lhile the mean values for the phosphatidy]ethanol-

amine component for the extensor and psoas major muscles were very

similar at 29.0 and 31.4%, respectively, th'is difference nevertheless

approached signìfjcance. These investigators also observed that while

the overall average for sphingomyelin in the extensor was higher than

that for the psoas, this difference was not statjstically s'ignificant.

The order of magnitude reported for the indjvidual phosphol'ipìd fractions

by these workers was in general agreement with that observed in earlier

studies on porcine and monkey muscles (Kuchmak and Dugan, 1963; Masoro

et al. , 1964).

Recent investjgations on the phospho'líp'id composition of pou'ltry

muscles showed phosphatìdyicho'line to be the major phospholìpid present

accounting for almost half of the total phospholipìds 'in turkey (ttleu-

doerffer and Lea, 1968; Wangen et a1.,7971) and in chicken (Peng and

Dugan , i965 ) . Phosphati dy1 ethanol ami ne , phosphati dyl seri ne , sph'i ngo-

mye'lin, lysoìecithin and cardiolipin accounted for the remain'ing phospho-

lipids present in the skeletal muscle of poultry. From these studies

it would appear" that there are some variations in phospho'lip'id distri-

bution between muscles although a more comprehensive investigation is
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Table 10. Percent Distribution of Ljp'id Phosphorous in Phosphof ipid
Classes in Monkey Musclesa. (Masoro'et al., 1964)

Phosphol ipid Component Gastrocnemi us Soleus

Phosphati dyl chol i ne*

Phosphati dyl ethanol ami ne

Sphi ngomyel i n

Phosphati dy'l 'inos'i tol

Phosphat'idylserine

Poì yg'lycerophos phat i de**

55

25

4

7

2

7

53

26

3

6

3

9

uM.uns expressed as relatìve percent of six phosphoìipid fractions.
* P<0.05

** P<0.01
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Table 11. Distribution of Lipid Phosphorous anong Phosphatidylchoìine,
Phosphatidylethanolamine and Sphìngomyeìin in Two Beef
Musclesa. (Turkki and Campbel 1 , 1967)

Mus cl e
Phosphol 'ipi d cl ass Extensor Psoas

Si gni f.
of di ff.

Phosphati dyl chol ine 62.3!I.47 61.610.24

Phosphatidylethanolamine 29.0t0.98 31.4t0.95 0.1> P >0.05

Sphingomyeljn 8.7!I.12 7.010.80

aPercent of the sum of the fract'ions, each value is an average for 2

determinations for each of I animals t std. deviation.
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required to deljneate more fully the nature of these differences.

Other factors

Littïe informatìon is available on the effect of sex and breed

on the phosphoìip'ids of animal nruscles. lnlangen _et al. (1971) did

report some varíations in the phospholipid compos'ition of the breast and

thigh muscles of turkey during aging. Phosphatidylethanolamine sholed

an inverse relationship w'ith age in both tissues studied. The main

phosphol ipids were phosphatidy'lcho1 ine, phosphatidyiethanolamine,

phosphatidylserine + phosphatidyì inosítol, lysophosphat'idylchol ine and

sphingomyeljn which accounted for 50,22, 10, 5 and 10% of the total

phosphol ip'ids, respectively.

As is evident from the preceeding review of the literature, the

role of anatomical location 'in determiníng cholesterol and phospholìpids

has been more thoroughl-v investigated than that of sex and breed. More

research is required to prov'ide a qreater understanding of thése factors

infiuencing ìipid composition particuìarìy in relatjonship to meat

quality.



METHOD

Sampl es

Source

Thi rty-six animal s represent'ing s'ix crossbreeds and two sexes

produced by crossing Simmental and Limousin sires w'ith Hereford, Angus

and Shorthorn cows were used in this study. Samp'les of the biceps

femoris and 'longissimus dorsi muscles were obtained from the Canada

Department of Agriculture Research Station, Brandon, Manitoba.

Spring-born male calves were weaned at' 6-6te months and half

of the males were randomly chosen for castration. Bulls and steers

were raised to 1200 pounds.weight (approximately 545t20 Kg) on a self-

fed ration of 50% barley, 30% oats, 15% beet pulp, 2,5% nolasses, 0.5%

urea and 2% of a mjxture of salt, Vitamins and mjnerals. Carcasses

were hung until the fourth day after s'laughter, then the section of the

long'iséimus dorsi adjacent to the twelfth vertebra and the entire b'iceps

femoris were excised from the rìght side, placed'in poìyethy'lene bags

and held at 3oC overnight. The followinq day the meat was wrapped in

poìyethy'lene coated freezer paper, and placed in a -400C freezer. The

frozen samples were transported from the Brandon Research Station to

this laboratory in styrofoam containers where they were stored at -370C

to -400C. After thawing for fifteen.hours at 23.SoC, the meat sampìes

were aged at 3.50C for seven days. The total ag.'ing period was ten days,

inc1uding three days on the carcass and seven days under ordinary

refri gerati on.

30
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Sampling Procedure ,enC Preparation of Samples

A 2.5 cm slice of meat was taken from the proxima'l end of the

ìongissimus dorsi and biceps femoris muscles. Cores 2.54 cn in diameter

were removed from the medial, central and lateral portions of each slice.

These cores were combined and then dried on a virtis Freeze-Mobile

Dryer (Mode'l 10-i40BA)1. The freeze-dried samples were stored until

extracted jn screw-top glass jars, under nr'trogen, at -100C.

Chemical Analysis
:

Li pi_d Extracti on

Total 'lipid extraction and separatìon was carried out by the

method of Bligh and Dyer (1959). A sample containing 5-10 g of

partialìy frozen lyophylized muscle u/as diced and homogenized in 95 ml

of chloroform-mèthanol-water (I:2:0.8 v/v/v) for three minutes at full
speed 'in a Virtis 23 homogenì r"rl. The extractjon mixture was filtered
with s'light suction through tlhatman llo. l filter paper and the residue

washed with 25 ml of chloroform and 25 ml of water. The washed

residuewasre-homogenizedtoenSuretotalfatextraction.Thefiltrate

from the two extractions was shaken with 0.1 g of sodium chlorjde jn a '
250 ml graduated cyiincier and allowed to stand overnight at room temp-

erature. The lower (chìoroform) layer was recorded and the upper

(aqueous alcoho'lic) layer removed by aspiration. The chjoroform 
:.Ì

extracts were sealed in vials with teflon lined screw caps in a nitrogen :"

atmosphere and refrigerated until analyzed.

Total Li pi d Dete-rmi nat j on

The total 'lipid content was determined by evaporating a 10 ml

a'liquot of the chloroform ìayer in a 25 ml beaker on a steam bath. .,

lvirtis 
Company, Inc., Gardiner, N.Y. 72525, U.S.A.
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After cooling to room temperature, the beaker contaìning the o'i'ly

residue was placed in the dessicator over calcium sulphate (CaS04) to

remove any residual moisture. The 'lipid content was then determined

on the dried sampìe gravÍmetrica'l'ly.

Total Cholesterol

Total cholesterol anaìyses were carried out on 2 ml a'liquots of the

lìpid-containing ch'loroform extracts by a modification of the method

of Mann (1961) described by Tu et al. (1967). The 2 ml aliquots were

transferred to pyrex tubes and the solvent in each extract evaporated

to dryness at 60oC under a stream of nitrogen in a water bath. To

each sample 4 ml of absolute ethanol and 0.5 ml of 50% KOH solution

were then added and saponification carried out in a 60oC water bath

for !'-z hours during which per"íod the sample was sw'irled at 20 minute

intervals. After cooling, 3 ml of 5% I,laCl solution and 10 ml

petroleum ether were added to each tube and mixed thoroughly for 1

minute using a vortex mixer: The mixture was then allowed to stand

at room temperature to facilítate.separat'ion of the petroleum ether

ìayer. A 3 ml aìiquot of the ether layer was then pipetted into a dried

test tube and the solvent evaporated under nitrogen in a 60oC water bath.

To each tube 4 ml of gìacial acetic acid and 2 ml of FeCI3-HZSO4 reagent

were added and mixed thoroughly. The solution was allowed to stand at

room temperature for 30 minutes and the optical density recorded at

560 nv.¡ using a Junior Spectrometerl standardized with the reagent blank.

Thelg of cholesterol present in the solution was determined from a

standard curve.

I Coleman Instruments Inc., Maywood, Ill., U.S.A.
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Free Chol esterol

Free cholesterol was .determined according to the method of

Sperry and Webb (1950) on 2 ml aliquots of each lipid extract. Free

cholesterol was precipitated by the add'ition of 0.5% digitonin solution

and the precipitate separated by centrifugation at 2400 r.p.m. for 20

minutes using International Centrifuge (¡lo¿el CS)1. The amount of

cholesterol in the precipitate was determined according to the method

of Tu et al. (rcil ) described previously.

Esterified Chol esterol

The esterified cholesterol content was estimated on the

difference between total and free cholesterol measured.

Lipid Phosphorous

Determjnation of lipid phosphorous was carried out according to

the method of Fiske and Subbarow (i925) w'ith the following mod'ifications

described by Losier (tSlZ¡, The samp'les were evaporated to dryness in

30 ml micro-Kjeldahl flasks on a steam bath. They were then charred

with 1 ml 5N sulfuric acid on the Kjeldah'l digestion apparatus. 30%

hydrogen perox'ide was added directly to the hot acid mixture to give

quicker oxidation. The relative amount of phospho'lipid in the total

lipid extract was calculated by muitipìying the amount of lipid phos-

phorous by a factor of 25.

Quantitative Analvsis-of Phosphol ípids bv Thin-La.ver Chromatoqraphy

Preparation of Plates

Thin-layer plates were prepared as described by Skipsi et al.

(tSO+). 40 g of silica ge1 H2 was slurried with 90 ml of 0.0114 NarCO,

solution and mixed at medium speed in a Virtis 23 homogenizer3 for five

llnternational Equipment Company, Boston, Mass., U.S.A.
c'E. Merck (Darmstadt), App'lied Science Laboratories Inc., Penna 16801, U.S.A.
3Vi.tis 

Company Inc., Gardiner, N.Y. 12525, U.S.A.
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minutes, and then transferreâ to an adjustable appìicatorl. The amount

of slurry was sufficient to prepare three to four plates (200 mm x 200 mm)

of 500 mu thickness. The silica qel coated plates were then allowed to

dry at room temperature for 1< - t hour and then activated at 110oC for

t hour. The plates were then stored in a dessicator prior to chromato-

graphic analysis.

Sampie Applicat'ion

Samples (35-50¡rl) of the lipid-contain'ing chloroform extracts

were applied 2.5 cm from the lower edge of the p'late and approxìmate'ly

3 cm apart using a lambda pipette.
Chromatog-raphy

A modified solvent system was used for developing the chromato-

grams from that described by Skipski et al. (1964) consisting of a

chloroform:methanol :acetic acid: water (ZS:t2.5:4: I.5; Y /Y /V/V) mixture.

The chromatopìates were developed in TLC chromatanks2 lined with

Whatman No.3 MM filter paper saturated with the solvent mixture (Skipski

et al., 1965). The solvent mixture was allowed to move approx'imately

19 - 19.5 cm from the bottom of the plate (approximately 2% hours).

Detection and Identification of Spots

The thin-1ayer pìates were sprayed with a 3% cupric acetate

solution in 8% aqueous phosphoric acid (H3P04) untjl uniformly trans-

parent (Fewster et al.,1969). The jnd'ividual spots were developed by

pìacing the pìates in a LBOoC oven for 25 minutes.

Quanti tati ve Analys'is

Quantitative anaìys'is of indjvidual phospholipids was carried

out by measuring the opticaì densities of the charred spots wíth a TLC

lCo'l.b Laboratories Inc., Chicago Heights, Ill., U.S.A.

2Colub Products, Consolidated Laboratories, Weston, 0ntario, Canada.
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densitometer (Model 530) includin_o a Light Source (Model 52-C) with TLC

stage equ'ipment, Multiplier Photometer (Mode'l 501-A) and Varicord (Model

428 
.) 

s i ngì e pen recorderl.

The amount of each of the phospholìp'id fractions identified

was determjned by measuring the indjvidual peak areas using the Polar

Planimete r (4ß6 f$2.

Stati sti ca j Anal.ys-is

Ana'lysis of variance was performed and where F values were

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

treatment means.

lPhotovolt Corp., New York 10010, U.S.A.

2Keuffej and tsser Co., Germany.



RESULTS AND DiSCUSSION

Percent Moi stur.e_ and Extractabl e Li pi d

The mean comparison of percent moisture and extractable'lipid

from the six crossbreeds studied is listed in Table 72. No signìficant

(P<0.05) differences vrere observed among the crossbreeds for these two

parameters which is in agreement with that reported for these same

crossbreeds at 452 kg liveweight by Gillis (1972). The moisture 
.

content for the thirty-s'ix animals investigated ranged from 66 to 74%.

hJhile the amount of moisture lost from these muscles on thawing was not ,l

determined in th'is study, in a similar loss of approx'imately 4-16% observed

by Mclandress (tglZ) from these crossbreeds slaughtered at 452 kg live-

wei ght mi ght al so be expected. It i s generaì'ly recogni zed that moisture

accounts for approximate'ly 75% of the raw muscle (Lawrie, 1966; I,Jooìsey

and Paul,1969; Covington et al.,1970). The crossbreeds jn this study

thus appear to follow the usual pattern for percent moisture on a raw

muscle basis.

Vari¿itions ín the percent of intramuscular lipid have been

reported between those breeds reared primari'ly for meat production '

compared to those reared for mi'lk production (Lawrie, 1966). The 
I

animals reared for beef production were found to contain higher levels

of intramuscular lipid in the'longissimus dorsi muscle at the level of

the 4th,5th and 6th lumbar vertebrae than the daìry breeds (Callow, 
.

1:

1947; Lawrie, 1961). Differences in marbling scores have also been

observed among beef cattle breeds (Kauffman et ql., 1968; Bramblett.

et al., 1971). No significant differences (P<0.05) in moisture content

wereobservedamongcrossbreedsinthisstudysothatasignificant

36
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difference jn lipid content would not be expected. Table i2 indicates

that there was a tendency among Limousin crossbreeds to conta'in more

extractabl e I i p'ttd thun S'immental crossbreeds.

significant (P<0.05) sex effect was observed for the percent

extractable lipid. Table 13 shows that steers contained signìficantly

(p<0.05) more extractable lipid than bulls in thís study. This is

consistent with the sensory pane'l evaluatjon reported on these same

animals by Mclandress and Diamant (tglZ) jn which steers were rated

greasier than bulls. No significant (P<0.05) difference was found jn

moisture content, but the mean value of bulls was higher than that of

steers. These observations are 'in agreement wjth that reported by

other researchers (Turton, 7962; Lawrie, 1966; Hood and Allen, 197I;

Field, I97I; Gillis, 1972). It is well recognized that castration

alters the amount and distribution of fat in the carcass resulting'in

bulls havjng Tess fat than steers.

No significant (P<0.05) dífferences between the longissimus

dorsi and biceps femoris were observed for percent moisture and extract-

able lipid. From Table 13, however, it is ev'ident that the biceps

femoris tended to have a higher content of extractable lipíd which js

similar to that observed by Gillis (1,972) for these same crossbreeds

siaughtered at 452 kg lìveweight. Many researchers have reported that

red muscle has a greater supply of ljpid than white muscle. It has

since been demonstrated that the main marbìing deposits are associated

with a heavy vascular network (Blumer et al., 1962). The 'longissimus

dorsi is recognized as a typical white muscle with approximately 35% of

its fibres beíng of the red fibre type (Moody and Cassens,1968), while

the biceps femoris has a larger proportion of red fibres (Allen et a!.,
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i967). The slight variat'ion in the 1ípid content observed between

these muscles can thus be attributed to the d'ifferences in fibre type

and vascular distribu¡tion as well as in the enzymatic components of the

muscle fibres.

Chol esterol

The rug of cholesterol present in each samp'le was determined by

referring to a standard curve as illustrated in Fig.3. A statjstical

analysis was carried out for total, free and esterified cholesterol.

Mean squares and F vajues used to test the main effects and interactions

are shown in Table 14.

Effect of Anatomical Location

No significant (P<0.05) d'ifferences between the'longissimus

dorsi and biceps femoris were observed for total, free cr esterified

cholesterol when expressed as mg per g of lipid or mg percent of the wet

muscle. The mean comparison of total, free and esterified cholesterol

from the two anatomical locations studied are shown'in Table 15. These

results indicate that there was a tendency for the mean value of the biceps

femoris to be slightly higher in total cholesterol than the corresponding 
l

ìong.issimusdors.iwhenexpressedasmgpercentofthewetmuscle.This
.t:

is in agreement with that reported by ear'líer workers that a more active

muscle ís assoc'iated with a h'igher content of cholesterol (Bloor and

Snider, i936). Investìgat'ions by Terrel'l et al. (tS0O; on bovjne l'ipids 
,_

also indicated no signìficant differenóes due to muscle which they :

attributed ín part to the large standard deviation obtained. Previous

studies by Allen et al. (1967).on porcine muscles similarly found no

significant difference due to anatomical location, a'lthough the mean

vaìue of cholesterol in the diaphragm did tend to be higher than thai in ;



F-
tJ)
z.
llJÕ 0.3
J
(-)

t--
ô-o

Fi g. 3.

CH0LESTER0L (¡rg)

Standard curve for cholesteroT determination.



T
ab

le
 1

4.
 A

na
ly

sl
s 

of
 V

ar
la

nc
e 

fo
r 

E
xt

ra
ct

ab
le

 L
lp

ld
, 

T
ot

al
, 

F
re

e 
an

d 
E

st
er

lfi
ed

 C
ho

le
st

er
o'

l o
f B

ov
in

e 
In

tr
am

us
cu

la
r 

Ll
pl

d

S
ou

rc
e

C
ro

ss
br

ee
d

S
ex 8x

S
A

m
on

g 
A

nf
m

al
s

H
us

cl
 e

B
xH

S
xH

B
 x

,S
 x

 M

A
 x

 M
 w

lth
ln

cr
os

sb
re

ed
 a

nd
se

x

df
E

xt
ra

ct
ab

ì 
e

Ll
pi

d
t4

s 
F

5 I 5

24

I 5 I 5

24

t.4
2

54
.4

1

3.
86

4.
01

2,
15

0.
91

0,
t2

25
.6

4

1.
08

0.
35

 
26

.s
4

13
.5

7*
 5

94
.4

4

0.
96

 
35

.4
4

29
.9

4

1.
99

 
0.

27

0.
 8

4 
36

,7
7

0.
11

 
12

,2
5

23
.7

4*
 2

60
,3

6

19
.5

4

M
S

T
ot

al
 C

ho
le

st
er

ol

*S
ig

nl
flc

an
t 

(P
<

 0
.0

5)

P
F

0.
 8

9

19
. 
85

*

1.
 1

8

0.
01

1.
 8

8

0.
63

13
. 
32

*

M
S

m
9

12
3.

39
 3

.0
3r

 1
5.

96

37
.8

0 
0.

93
 4

19
.3

4

10
.6

9 
0.

26
. 

34
. 

17

40
.7

1 
20

.8
2

10
3.

42
 3

.2
4 

0.
91

63
.1

0 
1.

98
 

20
.7

3

38
.6

5 
1.

21
 

6.
19

66
7.

53
 2

0.
91

* 
18

3.
73

31
.9

3 
11

.0
9

F
m

g/
g 

r 
tp

ld
M

S
F

F
re

e 
C

ho
ì 
es

te
ro

]

0.
77

 1
47

.1
3

20
. 
14

* 
61

.5
3

1.
64

 
97

.6
2

31
.4

5

0.
08

 
40

.3
2

1.
87

 2
05

,7
6

0.
56

 
t?

9,
34

16
.5

7*
 1

57
3.

91

38
,8

2

H
S

m
gl

4.
68

1 
3.

82

1.
96

 
9.

95

3.
10

* 
8.

33

4,
?7

1.
04

 
0.

07

5.
30

* 
13

.8
7

3.
33

 
1.

49

40
.5

4*
 4

9.
36

3.
14m

9/
g

l'1
S

E
st

er
l 

ff 
ed

 C
ho

l 
es

te
ro

l
lT

pl
d 

m
g 

Í
F

M
S

F

4Z

0.
90

 
12

.8
8

2.
33

 
19

9.
60

0.
35

 
14

9.
39

38
.0

0

0.
02

 
9,

12

4,
42

* 
15

9.
 l2

0,
47

 
3,

26

t5
.7

2t
. 

53
0.

10

28
.6

0

0.
34

5.
25

û
: ? 

o1
*

a,
32

5.
56

*

0.
11

I8
.5

3*

.-
Ë

s
îÐ



da

Table 15. Mean Compari son of
from Two Anatomical

Total, Free and Esterjfjed Cholesterol
Locati onr u 'b.

Anatomical Location

Chol esterol Longissimus Dorsi Biceps Femoris

Total (mg/g l'ipid)
(mg percent
of wet muscle)

Free (mg/g I ipid)
(mg percent
of wet muscìe)

Esteri fi ed
(mg/g I ipid)
(mg percent
of wet musc'le)

14.6610.74

49.3910.94

10.5110.56

35. 2811. 04

4.02t0. 30

14. 0310. 89

14.77t0.7 4

51. 7610. 94

10.7310.56

37. 0511. 04

3. 9610. 30

14.7510.89

uAll values are not signifícantly dífferent (P<0.05)

bM.un values from thirty-six observations.
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the longissimus dorsi and psoas major muscles. The biceps femoris,

bei ng primari'ly a i ocomoti ve muscl e , í s more acti ve than the 'l ongi ss imus

dorsi and accounts for the variation in the content of total cholesterol

observed.

The corresponding mean value for the free cholesterol in the

biceps femoris was also found to be s'lightìy higher than ín the ìongi-

ssimus dorsi (Table 15). This is to be expected s'ince the free

cholesterol accounted for approximateìy 70% of total cholesterol present

in the muscles. Luddy and co-workers (1970) determined the free

cholesterol content of porcine muscles based on the light and dark portions.

These workers found that the level of free cholesterol was always higher

in the dark portion than in the light portion as illustrated by quad-

riceps femoris (dark) and semimembranosus (ljght) muscles wh'ich contained

a mean value of 2.3% and 2.7%, respectiveìy. Luddy et al. (1970) also

confirmed the importance of fiber type in relation to muscle activity

which probabìy explains the differences observed in this study.

No sign'ificant differences were evident for esterified cholesterol

when expressed as mg percent of the wet musc'le or mg per g of f ipíd.

Effect of Sex

A significant (P<0.05) sex effect was observed for total and

free cholesterol when expressed as mg per g of lipid (Table i4). Bulls

had significant'ly (P<0.05) more total and free cholesterol than steers,

in addition to beíng inversely related, to the extractable lipid as

illustrated in Table 16. The data collected for total cholesterol is in
agreement with that reported for bovine animals by Hood and Allen (iSZt¡.

The sex effect observeã appeared to be due prímanily to the variation in

amount of extractable lipid assoc'iated with the normal ma'le compared. to
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the castrated anímal.

A signifjcant (P<0.05) sex effect was observed for esterified

cholesterol when expressed as mg percent of the wet muscle. In this

case the mean value of steers appeared to be sígnifÍcant'ly higher than

that of bulls as indicated in Table 16.

tffect of Crossbreed

S'igníficant (P<0.05) crossbreed effects were observed for

total and free cholesterol when expressed as mg percent of the wet musc'le

A division of the crossbreed main effect into sire, cow and sire x cow

effects (Table 17) illustrated that sire contributed to the s'ignificant

(P<0.05) crossbreed effect observed for total .cholesterol . A

comparison of means presented in Table 18 shows that the Simmental

crossbreeds were s i gni'ti cant'ly hi gher i n total chol esterol than the

corresponding Limousin crossbreeds. hlhile no significant cow effect

was evident, there was a tendency for the Angus crossbreeds to contain

more total cholesterol than either the Hereford or Shorthorn crossbreeds.

In the case of free cho'lestero'l , both a s'ire and sire x cow interaction

contributed to the s'ignificant (P<0.05) crossbreed effect observed.

Fig.4 illustrates the s'ignificant sire x cow jnteraction for free

cholesterol when expressed as mg percent of the wet muscle. The h'Ígh

levels'in the Sjmmental x Hereford and Simmental x Angus crossbreeds

compared to the low levels in the corresponding Limousin x Hereford and

Limousin x Angus crossbreeds togethen with the reverse situation for the

Shorthorn crossbreeds appeared to account for the interaction effect

observed.

No significant (P<0.05) crossbreed effect was evident for

esterified cholesterol whether expressed as mg per g of lipid or mg,

percent of the wet muscle. The mean comparison of esterified cholesterol



L+i

Table 17. Anaìysis of Variance for Sire, Cow and Sire x Cow for
Cholesterola with a Significant Crossbreed Effect.

Chol esterol
Source df Total Free

Si re

MSFMSF
r 207.30 5.09* 293.63 9.34*

Cow 2 71,.16 I.75 94,96 3.02

Sire x Cow 2 133.67 3.28 L26.06 4.01*

Among Animal s 24 40.71 31.45

*Si-gn'ificant (P < 0. 05) .

ôM.un, expressed as mg % of wet muscle.
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for the six bovìne crossbreeds studìed'is shown in Table 19. There

was a tendency for the Simmental crossbreeds to be higher in esterified

cholesterol than the corresponding Limousin crossbreeds, with the

exception of the Simmental x Shorthorn.

Interaction Effects

A sign'ificant crossbreed x sex x muscle 'interaction was observed

for total cholesterol when expressed as mg per g of lÍpid or mg percent 
,.

of the wet rnuscle (Table 14). Wjth the exception of Limousin x Angus,

the biceps femoris of bulls was hjgher in total cholesterol than steers, 
:

while with the exception of Simmental x Shortho.rn, the longissimus dorsi

of bulls was higher in total cholesterol than steers (Table 20). The

differences in the levels of total cholesterol between the longiss'imus

dorsÍ and biceps femoris muscles of bulls and steers wjthin the six

crossbreeds appeared to account for the triple jnteraction effect

observed. A significant crossbreed x sex x muscle interaction was also

evident when total cholesterol was expressed as mg percent of the wet

muscle. There did not appear to be any well defined pattern to explain

this interaction which appeared to be rather complex (Tabl e 2L) ,

Significant(P<0.05)crossbreedXSeX,crossbreedxmusc]e,and
lì

crossbreed x sex x muscle'interact'ions were observed for free cholesterol

when expressed as mg percent of the wet muscle. Fig. 5 illustrates that

bulls from the Hereford and Shorthorn.crossbreeds were higher in free 
,,
ll

cholesterol than steers while the reverse situation was found to be the

case for Angus crossbreeds. These differences appeared to account

for the crossbreed x sex interaction observed. The significant crossbreed

x muscle interaction is shown in Fig. 6. The biceps femoris of the,

Shorthorn and Angus crossbreeds contained higher level of free cholesterol .
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Table 20. Mean Compari son of
Two Sexes, and Two

Total Cholesterol from Six Crossbreeds,

Anatomical Locat'ionru'b'

Anatomical Location

Cros s breed
Longissimus Dorsi

Bul I Steer
Biceps Femoris

Bul I Steer

SxH

SxSH

SxA

LxH

LxSH

LxA

20.95

11.61

17. 38

t6.22

16.88

19.58

11.86

rt.97

13. 35

9.39

9. 45

17.06

19.75

17.76

17.51

t7 .40

24.52

11.37

14.48

8. 83

11.35

10.93

10.31

12.97

uM.un, expressed as mg per g lipid.

bstandard deviation 12.55.
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Table 21. Mean Comparison of
Two Sexes, and Two

Total Cholesterol from Sjx Crossbreeds,

Anatom'i cal Locat'ionru'b'

Anatomical Location

Crossbreed

Longissimus Dorsi

Bul'l Steer

Biceps Femoris

Bul I Steer

SxH

SxSH

SxA

LxH

LxSH

LxA

54. 35

36.23

51. 56

44. 58

51.09

49.79

53.27

57. 53

58.05

47.03

39. 36

49. 85

47.25

58.72

56.72

46.74

50. 20

51. 15

56.65

42.48

54.62

45.83

6?..27

48.82

uM.un, expressed as mg percent of wet muscle.

bstandard deviation 13.26.
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than the corresponding'longissimus dorsÍ whjle the reverse situat'ion was

evident for the Hereford crossbreeds. These d'ifferences probably

account for the crossbreed x muscle interaction effect observed. The

crossbreed x sex x muscle'interaction was apparent'ly due to the combined

effect of the significant crossbreed x sex and crossbreed x muscle

interaction discussed earlier. A significant crossbreed x sex x muscle

interaction was also observed for free cholesterol when expressed as mg

per g of 'lip'id. A comparison of means in Tabl e 22 showed that the amount

of free cholesterol was consistently higher in the longÍsSimus dorsi of

bulls than steers. A similar pattern was aìso apparent in the biceps

femorfs in which bulls contained higher levels of free cholesterol than

steers in five of the six crossbreeds studied.

A significant (P<0.05) crossbreed x sex, crossbreed x muscle

and crossbreed x sex x muscle interactions were observed for esterified

cholesterol when expressed as mg percent of the wet muscle. Fig. 7

illustrates that the crossbreed x sex interaction resulted from the

higher levels of esterified cholesterol in the bulls of the Angus

crossbreeds whereas steers of the Hereford and the Shorthorn crossbreeds

were higher than bulls. The crossbreed x muscle interaction was due

to the higher jevels of esterified cholesterol in.the ìong'issimus dorsi

öf Simmental x Shorthorn, Simmental x Angus and Limousin x Angus cross-

breeds than the biceps femoris, while the reverse situation was found

for Simmental x Hereford, Limousin x Hereford, Limousjn x Shorthorn

crossbreeds (Fig. 8). The combined effect of the significant inter-

actions for crossbreed x muscle and crossbreed x sex discussed earlier was

probably responsible for the triple (crossbreed x sex x muscle) interaction

observed for the esterified cholesterol
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Table 22. Mean Comparison of
Two Sexes, and Two

Free Cholesterol from Six Crossbreeds,

Anatomical Locationru'b'

Anatomical Location

Crossbreed

Longissimus Dors'i

Bul I Steer

Biceps Femoris

Bul I Steer

SxH

SxSH

SxA

LxH

LxSH

LxA

75.22

8.95

9.73

13. 25

13. 01

15. 60

10.15

7 .66

9.26

6.02

6. 81

10.43

t6.22

14.54

13.08

1,r.24

18.96

6. 59

7,73

6. 09

10.40

6. 93

6.07

r0.92

â*Means expressed as

h-Standard deviation

g of lipid.mg per

!1.92.



58

Bul I

.È+- Steer

(¡)

()
tn

+)
(u
3

(1l-

o
ès
g,

J
O
æ.
L¡J
t--
a]1
LrJ
J
O
-(_)

o
LrJ

l-L

É
LJJ
F
a,t1
td

Fig. t.

5XI.I sXSH SxA LxH LxSH L

CRO.SSBREED

Significant (P<0.05) crossbreed x sex interact.ion for
esterified cholesterol .



!Ì'fl

æ- Longi ssimus Dorsi

-*-a- Biceps Femoris22

20

18

16

t4

(u

()
tJ1
5

+)
c,

=q-
o

ès
C)

Jo
É.
tlJ
F
aJ1
L¡J
J
O
I
O
â
LrJ

u-
ú.
tJJ
F-
tJ)
l¡J

12

10

Fig. B. Significant (P< 0.05)
chol esterol .

SxA LxH

CROSSBREED

crossbreed x muscle locatíon for esterified



s0

Several significant interaction effects were also found when

esterified cholesterol was expressed as mg per g of lipid (crossbreed x

muscle; crossbreed x sex x muscie). The crossbreed x muscle ínteraction

appeared to follow a similar pattern described earlier for esterified

cholesterol based on mg percent of the wet muscle. The longissimus

dorsi of S'immental x Shorthorn, Simmental x Angus and Ljmousin x Angus

crossbreeds were higher in esterified cholesterol than the corresponding

biceps femoris with the reverse situation occuring 'in the other cross-

breeds (Fig. 9). The crossbreed x sex x muscle interaction observed

for esterified cholesterol índicated certain trends responsible for

this effect. In 'longissimus dorsi of bulls from the Simmental x

Hereford, Simmental x Angus and Ljmousin x Shorthorn crossbreeds were

higher: than the corresponding steers wh'ile the reverse situation was

evident for the remain'ing crossbreeds. In the biceps femoris, with the

exception of Simmental x Hereford and Simmental x Shorthorn crossbreeds,

bulls were all higher in esterified cholesterol than steers as shown

in Tabl e 23.

Phosphol i pi ds

Totgl Ph_osphol i pi ds

Statistical analyses were carried out for total phospholip'ids

and cholesterol/lip'id phosphorous ratio. Mean squares and F values

used to test the ma'in effects and interactions are shown in Table 24.

Effect of Anatom'ical Location

No significant (P¿0.05) difference due to anatomical location

was observed for total phosphoìip'ids whether expressed as mg per g of

lipid, percent of the wet muscle or percent of the fat-free muscle (Table 25).
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Table 23. Mean Comparison of Esterified
Two Sexes, and Two Anatomical

Cholesterol from Six Crossbreeds,

Locationru'b'

Anatomical Location

Crossbreed
Longissimus Dorsi

Bul I Steer
Biceps Femoris

Bul I Steer

SxH

SxSH

SxA

LxH

LxSH

LxA

5.72

2.66

7 .65

1. 61

3.87

3.96

1. 84

4.31

4.09

3. 37

2.48

6. 63

3. 53

2.38

4.94

5.66

5. 55

4.77

6.7 6

2.73

0.95

3.92

4.24

2.04

uMuun, expressed as

bstandard deviation

g of lipid.mg per

tI.02.
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Tabl e 25. Mean Compari son of Phospho'l í pi ds from Two Anatom'ical

Locati onsa 'b'

Phosphol i pi ds

% Fat-Free
Anatomical Location mg/g lipid % of muscle Muscle

Longissimus Dorsi 203.87110.64 0.69t0.011 0.7210.013

Biceps Femoris 195.07110.64 0.6910.011 0.7210.013

uM.un, from thirty-six observations.

bRll values are not significantly different (P<0.05).
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These results indicate little difference betureen the biceps femoris and

longissimus dorsi muscles wjth respect to the level of phospholipids.

Terrel I (196i) in studies on bovine 'líp'ids reported no s jgnÍf icant

difference for the levels of lipìd phosphorous, expressed as mg per 100 g

of the muscle between the longissimus dorsi, semitendinosus, semimembran-

osus and transversus abdominis muscles although they were significantly

lower than the psoas major or triceps brachii muscles. 0'Keefe et al.

(tO6a1, however, found the levels of phospholipids 'in semitendinosus

and longissimus dorsi to be s'imilar to that of the triceps brachii

when expressed as g per i00 g of muscle tissue. Hornstein et al. (1OOZ1

also found that the semitendinosus,'longissimus dors'i and transversus

abdominis muscles were roughly comparabìe in phospho'lipid content but

considerably less than that for the diaphragm and psoas major muscles.

When phospho'lipids were determined relative to the amount of I ip'id

present , 0'Keefe et al. (1968) found the semitendinosus to be

significantly h'igher than the 'long'issimus dorsi and triceps brachii.

This resulted primari'ly from the lower content of intramuscular fat in
semitendinosus relative to the longissimus dorsj and triceps brachìi

muscjes. The lack of sìgnificance between the longissimus dorsi and

b'iceps femoris observed in this study appeared to be due to the s'imjlarity

in the levels of fat in these muscles.

Effect of Sex

A s'ignificant (P¿0.05) sex effect was observed for total

phospho'lip'ids as indicated in Tabl e 24. The amount of phosphol ipids

present in the bulls and steers from the crossbreeds studied was

considerably h'igher than that for Angus bulls, heifers and steers

reported by Hood and Allen (1971). Steers were s'ignificantìy (P<0.05)
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higher in total phosphol'ip'ids than bul I s when expressed as percent of

the u¡et muscle or percent of the fat-free muscle (taUle 26). Although

Hood and Allen (1977) dÍd not observe a signìficant difference between

the levels of phospho'lipids between bulls and steers when expressed as

percent of the wet muscle or percent of the fat-free muscle, there was

a tendency for steers to be slight'ly higher than bulls. When expressed

as mg per g of lipid, however, bulls were significantly higher in

phospholip'ids than steens as observed in stud'ies by Hood and Allen (197i).

The latter observation further confirms that the intramuscular fat

(marbl ing) contains I ittl e phosphoìipids sjnce the phospholipid

content decreased appreciably with increasing extractable lipid as shown

in Tabl e 26.

Effect of Crossbreed

No significant (P<0.05) crossbreed effect was observed for

total phosphoiipids. The mean comparison of phospholipids from six

crossbreeds is presented in Table 27. There was a tendency for the

Limousin crossbreeds, w'ith the exception of Ljmousin x Hereford, to

contain higher levels of phospholipíds than the comesponding Simmental

crossbreeds.

Interaction Effects

- Significant (P<0.05) crossbreed x muscle, sex x muscle and

crossbreed x sex x muscle interactions were observed for phospholipids

when expressed as percent of the wet'muscle or percent of the fat-free

muscle. Fig. 10 illustrates that the crossbreed x muscle interaction

resulted from higher I evel s of phospho'lipids in the 'longissimus dorsi

of all crossbreeds with the exceptiôn of the Simmental x Shorthorn and

Simmental x Angus. The sex x muscle interaction resulted from the
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higher levels of phospho'lipíds'ín the ìongissimus dorsí of steers while

in the biceps femoris the reverse situation vJas observed as shown in

Fig. 11. A comparison of means in Table 28 did not'indicate any one

particular trend responsible for the crossbreed x sex x muscle inter-

action although certajn trends are apparent. In all of the crossbreeds

the longissìmus dorsi of steers was consistentìy h'igherin phosphol ipids

than bulls while in the biceps femoris, with the exception of Simmental

x Hereford and Simmental x Shorthorn, bulls tended to be higher than

steers. Differences 'in the levels of phospholipìds between the

'longissimus dorsi and biceps femoris muscles of bulls and steers within

the six crossbreeds probab'ly account for the interaction effect observed.

When phospholipids were expressed as percent of the fat-free muscle, a

similar pattern was evident for crossbreed x muscle, sex x muscle and

crossbreed x sex x muscle interactions described above.

A significant (p<0.05) crossbreed x sex x muscle ínteraction

was evídent for phospholipids when expressed as mg per g of lipíd. A

comparison of means are shown in Table 29 in which certain trends are

evident. In both muscle locations bulls were hiqherin phospholipids

than the corresponding steers with the except'ion of Simmental x Angus

in iongissimus dorsi. D'ifferences in the levels of phosphoiipids

between the two anatomical locations of bulls and steers within the

six crossbreeds account for the interaction effect observed.

Cholesterol/Lipid Phgsphorous Ratio

Effect of Anatomical Location, Sex and Crossbreed

No significant (P<0.05) djfferences due to the anatomical

location or sex were observed for chol'esterol/ljpid phosphorous ratio

among the s'ix crossbreeds studied. A mean comparison of cholesterol/
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Tabl e 28. Mean Comparison of
Two Sexes, and Two

Phosphol i pi ds from Six Crossbreeds ,

Anatom'icai Locationru'b'

Anatomical Location

Crossbreed

Longissimus Dorsi

Bul I Steer

Biceps Femoris

Bul I Steer

Sxll
SxSH

SxA

LxH

LxSH

LxA

0.70

0.50

0.51

0.62

0.71

0.68

0. B0

0. 6s

0.80

0. 85

0.7 4

0. 78

0.72

0.63

0.7 4

0.63

0.72

0.63

0.7 4

0.70

0.65

0.62

0. 66

0. 61

uM"un, expressed as

bstandard deviation

percent of muscle.

t0. 040.



Table 29. Mean Comparison of Phospholíp'ids from Six Crossbreeds,

Two Sexes, and Two Anatomical Locationru'b'

Anatomical Location

Longissimus Dorsi Biceps Femoris

Crossbreed Bul I Steer Bul I Steer

SxH 268.11 188.62

S x SH 157.05 134.9i

SxA 168.65 190.54

LxH 228.67 159.96

L x SH 238.83 183.25

LxA 267.?5 260.58

300. 63 186. 04 .ì

200.64 141.91

223.53 733.27

232.97 152.78

352.33 115. 66

160.81 i40.33

uMeun, expressed as mg per g of 'lipid.

bstandard deviation t36.85.
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1ipìd phosphorous ratios for longissimus dorsi and b'iceps femorís

muscles showed the'former muscle to be slightly lower than that for ihe

biceps femoris. This is attributed to the slightly higher phosphoiipid

level in longiss'imus dorsi reported earlier. Terrell (1967) reported

cholesterol/lipid phosphorous ratio for Angus breeds and also found

no signíficant differences among the six anatomical locations studjed

although the triceps brach'ii tended to have the smaller ratio. A

companison of means for bulls and steers'in Table 30 indicated that

steers tended to contain lower ratios compared to bulls. Although

there was no significant crossbreed effect observed, there was a

tendency for the Simmental crossbreeds to contain higher ratios than the

correspondìng Lìmousin crossbreeds (fa¡le 31).

Interaction Effects

Significant sex x muscle and crossbreed x sex x muscle inter-

actions were observed, It is evident from Fig. i2 that sex x muscle

interaction resulted fnom higher cholesterol/lipid phosphorous ratio

in the ìong'issimus dorsi of bul'ls compared to steers; while the opposite

situatjon was evjdent 'in the biceps femonjs. A comparison of the

means for cholestero'l/lipid phosphorous ratjo in Table 32 did not

indicate any one partìcular trend responsible for crossbreed x sex x

muscle interactíon observed. In al'l of the crossbreeds studied, with

the ex'ception of Simmental x Shorthorn, the 'longissimus dorsi of bul ls

had consistently higher ratios than steers. In the biceps femoris,

however, only bulls from the Simmental x Shorthorn, L'imousin x Hereford

and Limousin x Angus had higher ratios than the corresponding steers.

Differences in the ratios between ìongissimus dorsi and biceps femoris

muscles of bulls and steers within the six crossbreeds account for the

interaction effect observed.
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Table 30. Mean Comparison of Cholesterol /Lipld Phosphorous Ratios
from Two Sexes, and Two'Anatomical Locationsa.

Sex Anatomical Location

Bul I Steer Longissimus Dorsi Biceps Femorjs

2.00 1.85 1. 86 1.98

aAll values are not significantly d'ifferent (P< 0.05)



Table 31. Mean Comparison of Cholesteroj /Lipid Phosphorous Ratios

from Six Crossbreedsa.

Cross breed

SxH SxSH SxA LxH LxSH LxA

1. 86 2.06 2.1r 1.77 1.83 1. 88

uAll values are not significantly different (P<0. 05)
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Tabl e 32. Mean Comparison

Si x Crossbreeds,

of Cholesterol/Lipid Phosphorous Ratio from

Two Sexes, and Two Anatomical Locatíonru'

Anatomical Location

Crossbreed

Longissimus Dorsi

Bul I Steer

Biceps Femoris

Bul I Steer

SxH

SxSH

SxA

LxH

LxSH

LxA

2.20

1. 90

2.56

1.80

1. 84

1.83

I.67

?.22

1. B5

1. 51

1. 35

1. 63

1 .65

2.60

t.92

1. e9

t.7 4

2.04

1. 93

1. 56

2.1,3

1. 87

2.4r

2.02

astandard deviation t0. 18.
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Phosphol i p'id Compos j ti on

Statistjcal analyses were carried out for phospholipid

compositÍon. Mean squares and F values used to test the main effects

and interactions are shown in Table 33.

A typicaì separation obtained by thin-layer chromatggraphy

for the extracted ìipid samp'les and standard phospho'lipid mixtures 'is

shown ín Fig.13. The amount of each indiv'idual phospholipid fraction

was determined by dìrect photodensitornetry of the thin-layer p'lates and

the fol lowing chromatogram obtained (F'ig.14). Phosphat'idyl inositol

and phosphatidylserine are reported as a single unit owing to the

incompìete separation of these phosphoìip'ids, although phosphatidyl-

inositol appeared to account for the major portion of thjs fraction.

The mean comparison of the indiv'idual phospholipíds are

presented in Table 34. It is evident that phosphat'idy'lcholine and

phosphatidylethanolamine are the major components present accounting

for 41 and 31% of the totaj phosphoìipids, respectiveìy. Phosphatj-

dy'lseri¡s + phosphatisylinositol and sphingomye'ljn were found to be

present in approximateìy similar amounts of around L3% of the total

phospholipids. Since ìysophosphatidy'lcholine accounted for less than 1%

of the total phospholipids present, it was not included in this investigation.

The amount of phosphatidylcho'line observed in the crossbreeds studied

compared favourably with that reported by Hornstein et al. (1961) tor

bovine muscles but was lower than that observed by Turkki and Campbeìl

(1967) for bovine extensor carpi radialis and psoas major muscles.

The levels determined for phosphatidylethanolamine were similar to that

observed by Turkki and Campbe'll (1967) aìthough lower than that obse,rved

by Hornstein et al. (tS6t¡.
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Tabl e 34. Mean Compari son of Phosphol i pi d among Phosphati dy'l chol Í ne,

Phosphat'i dyl ethanol ami ne , Phosphat'idy'l seri ne + Phosphati -
dylinositol and Sphingomyel inab.

Phosphol i pi d Fract'i on Relative percentage

Phosphatidylcholine 41.30!0,42

Phosphatidylethanolamine 3i.9910.32

Phosphatidyl serine + I3.6Zl:0.Zs
Phosphati dyì i nos i tol

Sphingomyel in i¡. oo*0. ts

uM.uns expressed as relatí.ve percentage of four phospho'lipid fract'ions.

oM.un, from seventy-two observations.
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Little information Ís available regarding the levels of phosphatidyl-

serine + phosphatidylinositol in bovine ljpids aìthough the amounts

found in the c'r"ossbreeds studjed were h'igher than that reported in

porcine and pou'ltry muscles (Kuchmak and Dugan, 1963; Wangen et al.,
1971,). The amounl of sphingomyelin determined in thís study appeared

to come within the range reported by Hornstein et al. (1961) for

bovine animals.

The variations 'in phospho'lipid composi tíon observed are

probab'ly related to the d'ifferences in methodology in additjon to

other factors such as species, breed and age.

Effect of Anatomical Location and Sex

or sex were observed in th'is study. A mean comparison of the four

phospholipid fractions showed lìttle variation between longissimus dorsj

and biceps femoris (Table 35). This is in agreement with that reported

by Kuchmak and Dugan (1963) and rurkki and campbeì1 (r9G7) for porcine

and bovíne muscle, r"espectiveiy. These workers found that the phospho-

lipid composition remained relativeìy constant in muscles and was

independent of carcass location. Turkki and Campbell (1967) reported

the means for the cephalin fraction to be the only one approaching a

significant difference (0.1>P>0.05) between the extensor carp'i radialis

and psoas major muscles. The lack of sign'ificance in this study further

indicates that there is little variation in indivjdual phosphoìipid

fractions between muscle locations. A simiìar pattern was obtained wìth

respect to the effect of sex in which there appeared to be no significant

differences between the castrated and uncastrated animals.
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Effect of Crossbreed

A significant (P<0.05) crossbreed effect was found for the

phosphatidyìserine + phosphat'idylinositol fraction as shown in Table 33.

A division of the crossbreed main effect into sire, cow, and sire x cow

effects (Table 36) revealed that cow and sire x cow contributed to the

significant (P<0.05) crossbreed effect observed. A comparison of

means in Table 37 indicates that Angus crossbreeds were signifìcantly

higher in this fraction than the other crossbreeds with Hereford cross-

breeds being significantly lower than Shorthorn crossbreeds.

Interaction Effects

A sìgnif icant (P¿0.05) crossbreed * ,ã* interactjon was

observed for sphíngomyelin. This interactìon is a result of the lower

levels of sphìngomyelin in.bulls from the Simmental x l,ereford, Simmental

x Angus and Limousjn x Hereford crossbreeds together with the higher

levels in bulls from Simmental x Shorthorn, Lìmousin x Shorthorn and

Limousin x Angus crossbreeds (Fjg. 15).

Signr'ficant (P<0.05) crossbreed x muscle interactions were also

evident for sphingomye'lin, phosphatidylcholine and phosphatidy'lserine +

phosphatidylÍnositol fractions. The significant crossbreed x muscle

interaction for sphingomyelin resulted from the hígher levels in the

longissimus dorsi from the Simmentaj x Shorthorn, Simmental x Angus and

Limousin x Hereford crossbreeds and the lower levels in the correspondìng

Sirnmentaj x Hereford, Limousin x Shorthorn and Ljmousin x Angus cross-

breeds as illustrated in Fìg. 16. The crossbreed x muscle jnteraction

for phosphatidylcholine as shown in F'ig. 17 appears to be due to the

higher levels in the longissimus dorsi from the Simmental x Shorthorn,

Sinrnental x Angus and Limousin x Angus crossbreeds together with the

reverse situation for the other crossbreeds. The consistently higher
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Table 36. Anaìysis of Variance for Sire, Cow and Sire x Cow for
Phosphatí dyì seri ne + Phosphat'idy'l í nos i tol wi th a
Signif icant Crossbreed Effect.

Sou rce df MS

Sire

Cow 2

Sire x Cow 2

Among Animal s 24

3.92

45.79

34.04.

4. 58

0. 86

10.00*

7 .43*

*Significant (P<0.05)
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Table 37. Mean Cornparison of Phosphatidylserine + phosphatidylinositol

of the Intramuscular Lipid from Two Sires and Three Cowsa'b

c5l re ^dLOW

Simmental

13. 39

Limousin

13.86

Hereford

t2.23

Shorthorn

13. 64

Angus

15.00

uM.un, expressed as relative percentage of four phospholipid fractions.

bMêun, underscored by the same line are not significantly different (p<0.05).

cstandard 
devi at'ion t0. 97.

dstandard deviation +0.44
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levels of phosphatidylserine + phosphatÍdyìinositoì in the'longiss'imus

dorsi of all of the crossbreeds, with the exception of the Simmental x

Shorthorn, probably contributed to the crossbreed x muscle location

observed (Fig. 18).

Significant (p<0.05) crossbreed x sex x muscle interactions were

observed for sphi ngomyel i n , phosphatì dy'l chol i ne, phosphati dyl seri ne +

phosphatidylinos'itol and phosphatidylethanolamine. These tripìe inter-

actions are somewhat compiex although certain trends are obvious.

With the excpetion of S'immental x Hereford and Simmental x Angus the

'longissÍmus dorsi of bulls were higher in sphingomyelin than steers

whereas in the biceps femoris, with the exception of Limousin x Shorthorn

and LÍmousin x Angus, steers were higher than bulls as shown in Table 38.

A comparison of means for phosphatídylcholine is shown 'in

Table 39. In all the Simmental crossbreeds the longissimus dorsi of

bulls were higher than steers while the reverse situation was evident

in the corresponding biceps femoris. In the Limousin crossbreeds steers

from the Limousin x Shorthorn were higher than bulls ín both the

longissimis dorsi and biceps femoris muscles while bulls were higher than

steers in both muscles from the Limousin x Angus. In the Limousin x

Hereford crossbreeds, however, steers were higher.than bulls ín the

long'issimus dorsi whíle the reverse situation was observed in the biceps

femoris muscle. The differences jn levels of phosphatidylchoìine

between the two anatomical locations of bulls and steers with'in the six

crossbreeds studied probably contributed to the triple interaction

observed.

Certain trends were also apparent for the crossbreed x sex x

muscle interaction reported for phosphatidyìserine + phosphatidyìinositoì

as shown in Table 40. In all the Hereford crossbreeds with the exception
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Table 38. Mean Comparison of Sph'inqomyel'in from

Two Sexes and Two Anatomícal Locations

Six Crossbreeds,
ârb.

Anatomical Location

Crossbreed Bul I Steer Bul l
L.ongi ssimus Dorsi Biceps Femoris

Steer

SxH

SxSH

SxA

LxH

LxSH

LxA

72.4

14.1

10.4

L4.4

13.7

13.3

72.9

12.7

16.0

13. I
1i. 6

13.1

12.6

11. 3

72.9

12.2

13. 5

14. 5

13.9

i1.8

t3.2

1,2.9

13. 3

72.7

â-Means expressed as

h"Standard deviation

relative percentage of four phosphoì'ipid fractions.

t0.66.
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Table 39. Mean Comparison of Phosphatidy'lcholíne from Six Crossbreeds,

Two Sexes and Two Anatomical Locat'ionru'b'

Anatomical Location

Longissimus Dorsi Biceps Femoris

Crossbreed Bul I Steer Bul I Steer

SxH

SxSH

SxA

LxH

LxSH

LxA

40.6

46.2

43. 5

43. 1

37 .7

41. 3

39. B

44,6

42.0

43.5

42.0

38.7

40.97

36.7

38.6

45.s

38.7

40.0

4t.87

43.20

40.0

42.r

4r.7

38.5

uM.uns expressed as relative percentage of four phospholip'id fractions.

bstandard deviation r1.55.
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Table 40. Mean Comparison of Phosphatidylserine + Phosphatidy'linositol
from Sjx Crossbreeds, Two Sexes, and Two Anatomical Locationsa,b'

Anatomical Location

Lon.gissimus Dorsí
Cros s b reed Bul l Steer Bul I

Bíceps Femoris

Steer

SxH

SxSH

SxA

LxH

LxSH

LxA

14.1

9.9

13. 8

12.2

14.7.

74.9

13.8 14.0

10.8 16.4

i5.6 14. 1

10.6 9.5

14. 6 t4.V

18. B r4.e

11.6

13.7

12.8

1.2.t

14.2

15. 1

âMeuns expressed as relative percentage of four phospholipids.

bstandard deviation lI.32.
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of the biceps femorÍs of the Limousin x Hereford, buìls were h'igher

in phosphatidy]serine + phosphatidylinositol than steers. A similar

pattern was also found for the Shorthorn crossbreeds in which bulls were

higher than steers in all crossbreeds with the exceptìon of the

longissimus dorsi fron the Simmental x Shorthorn. In the case of the

Angus crossbreeds, however, steers were found to be h'igher than bulls

in all the crossbreeds w'ith the exception of b'iceps femoris from the

Simmental x Angus.

A comparison of means for phosphat'idyìethanolamine in Table 41

does not indicate any one particular trend responsible for the crossbreed

x sex x muscle interact'ion, aìthough certain trlnds are apparent. In

all the crossbreeds with the exception of Limousiri x Angus the biceps

femoris of bulls were higher than steers wh'ile in the longissjmus dorsi

with the exception of Simmental x Shorthorn and Limousin x Hereford

crossbreeds, a s'imilar trend was found. The differences in levels of

phosphatidylethanolamine between the two anatomical locations of bulls

and steers within the six crossbreeds probably account for the triple

effect observed.
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Table 41. Mean Comparison of Phosphatidylethanolamìne from Six
Crossbreeds, Two Sexes and Two Anatomical Locationru'b'

Anatomical Location

Lonqissimus Dorsì Biceps Femoris

Crossbreed Bul I Steer Bul I Steer

SxH

SxSH

SxA

LxH

LxSH

LxA

34. 0

29.5

32.2

30.4

33. I
30.4

33.7

31. 9

26.6

32.5

31.8

29.5

32.5

34. 9

34,4

32,5

32.8

30.9

32.4

30. 7

33. B

32.I

30. 6

33. 7

uMaun, expressed as

bstandard dev'iat'ion

relatjve percentage

lL 62.

!

of four phosphoìipíd fractions.



SUMMARY AND CONCLUSIONS

The recent introduction of European breeds of catile into

canada was carried out in order to improve the carcass qua'lity and

productivity of the existing breeds. These changes have been shown to

have a significant effect on many of the body components which affect

the quality of the meat. This program was undertaken to assess the

influence of crossbreed, sex and anatomical location on the quant'ity

and composition of phospholipids and cholesterol. The animals used in

this study were randomly selected to represent six crossbreeds from the

Canada Department of Agriculture Research Station, Brandon. Analysis

of the data indicated that crossbreed and sex had a greater influence on

the dífferences observed for the phospholipid and cholesterol components

than anatomical location. No significant differences in percent mois-

ture were observed aìthough the muscles of bulls tended to have a higher

moisture content than those of steers. Steers had a significantly

higher percent extractable lípid on a wet muscle basis than bulls.

A comparison of the levels of total, free and esterified chol-

esterol determined in this study showed no significant difference between

the longissimus dorsi and biceps femoris muscles. .A significant cross-

breed x muscle interaction was evident for free cholesterol (mg percent of

the wet muscle) and esterified cholesterol (mg per g of'lipid or mg percent

of the wet muscìe). The former resulted from biceps femoris of the Short-

horn and the Angus crossbreeds being higher in free cholesteroj than the

corresponding'longissimus dorsi with the reverse situation being the case

9$
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for the Hereford crossbneeds. The latter resulted from the higher

levels of esterified cholesterol in the longissimus dorsi of Simmental x

Shorthorn, Sirnnrentaì x A,ngus and Limousin x Angus crossbreeds than the

biceps femoris with opposite situatíon occuríng in the simmental x

Hereford, L'imousin x Hereford and Limousin x Shorthorn crossbreeds.

Definite sex effects were found for total, free (mg per g of ìipid) and

esterified cholesteroj (mg percent of the wet muscle). Bulls were

significantìy hìgher in total and free cholesterol than steers whije

the opposite relationsh'ip was apparent for esterified cholesterol.

Sign'ificant crossbreed x sex interactions were observed for free and

esterified cholesterol (mg percent of the wet muscle). The former

resulted from the higher ìevels of free cholesterol jn bulls from the

Hereford and Shorthorn crossbreeds than steers with the reverse situation

occuring in Angus crossbreeds. The significant crossbreed x sex inter-

action for esterified cholesterol resulted from the higher levels

present in steers from the Hereford and Shorthorn crossbreeds and the

lower levels in steers from the Angus crossbreeds compared to bulls.

The significant crossbreed differences observed for total and free

cholesterol (mg percent of the wet muscle) resulted from higher levels

in the Simmental crossbreeds compared to Limousin crossbreeds. In

addition the Angus crossbreeds were found to be significant'ly higher in

free cholesterol than either the Hereford or Shorthorn crossbreeds.

The sire x cow interaction for free cholesterol resulted from the higher

levels in Simmental x Hereford and Simmental x Angus crossbreeds compared

to comesponding Limousin x Hereford and Limousin x Angus crossbreeds,

while the Limousin x Shorthorn were h'igher than the corresponding

Simmental x Shorthorn crossbreeds. Three term interactions (crossbreed
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x sex x muscle) were also found for total, free and esterified cholesterol.

No differences due to crossbreed or anatomical location were observed

for total phospholipìds. The significant crossbreed x muscle inter-

actions for total phospholipids expressed as percent of the wet muscle

or percent of the fat-free muscle were attributed mainly to the higher

levels present in the'longissimus dors'i in four of the six crossbreeds

studied. Definite sex effects were evident for total phospholipids

when expressed as percent of the wet muscle, percent of the fat-free muscle

or mg per g of 'lipid. Bulls wene significantly higher in phospho'l'ipids

than steers when expressed as mg per g of lipid wh'ile the reverse

situation occured when expressed as percent of the wet muscle or percent

of the fat-free muscle. Signifjcant sex x muscle interactions were

apparent for total phosphoiipids expressed as percent of the wet muscle

or percent of the fat-free muscle. This resulted from the higher
'levels of phospholip'ids in the longissimus dorsi of steers together with

the reverse situation in the biceps femoris. The crossbreed x sex x

muscle interactions for total phosphol'ipids were attributed ín part to

the differences in levels between bulls and steers from the longiss'imus

dorsi and biceps femoris muscles. The sex x muscle interaction for

cholesterol/1ipid phosphorous ratio resulted from the higher ratio in
the longissímus dorsi of bulls than steers with the reverse situatjon

in the biceps femoris.

The phospholipid composition did not vary between muscles and

appeared to be independent of anatomical location. A crossbreed effect

was observed for the phosphatidy'lserin.e + phosphatidylinositol fraction

on'ly. This resulted from the higher levels of this fraction in Angus

crossbreeds and lower levels in Hereford crossbreeds compared to the



i.ûa

Shorthorn crossbreeds. Significant crossbreed x muscle interactíons

were observed for phosphatidy'lcholine, phosphatidy'lserine + phosphatidyl-

inositol and sphingomyelin. The interaction effect for sphingomyeìin

resulted from the higher levels in the lonqissimus dorsi from the

Simmental x Shorthorn, Simmental x Angus and Limousin x Hereford cross-

breeds and the lower levels in the long'issimus dorsi from the Simmental

x Hereford, Limousin x Shorthorn and Limousin x Angus crossbreeds. The

higher levels of phosphatidylcho'line in the longissímus dorsi from the

Símmental x Shorthorn, Simmental x Angus and Limousin x Angus crossbreeds

and the reverse s'ituation for the other crossbreeds was responsible

for the crossbreed x muscle interaction observed for this phospholipid.

The higher ìevels of phosphatidylserine + phosphatidylinositol in the

iongissimus dorsi in all of the crossbreeds studied,with the exceptÍon

of Simmental x ShorthoFrì¡ wêr€ responsíble for the crossbreed x muscle

interaction. The significant crossbreed x sex interaction for sphingo-

myelin resulted from the lower levels of this phosphoìípid in bulls from

the Simmentai x Hereford, Simmentaì x Angus and Limousin x Hereford

crossbreeds and the hjgher levels in bulls from the remaining crossbreeds.

Sign'ificant crossbreed x sex x muscle interactions were observed for

the four phospholipid fractions studied. These nesulted from differences

between bulls and steers from the two anatomical iocations among the six

crossbreeds studied.

An investigation of the pos'itional distribution of fatty acid

within the ind'ividual phospho'lipid fractions should be carried out in

order to further clarify the importance of polar lipids in relation to

meat qual ity.
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