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In this study subcutaneous, inter- and intramuscular fats from 12' 

Hereford steers were analyzed for their fatty acid composition using 

gas -liquid chromatography. The same tissues were analyzed from one 

pair each of identical twins of Angus and Shorthorn breeding. Muscle 

and liver lipids from these latter four animals were fractionated on 

silicic acid columns into glycerides and phospholipids prior to the 

fatty acid analysis. Feedlot performance and carcass characteristics 

data were also available on these animals. The data were analyzed 

statistically using analysis of variance techniques and simple 

correlations were calculated between all the variables studied with 

the exception of linolenic acid. 

Of the ten fatty acids quantitated, only the 17- carbon fatty acid 

and an 18- carbon branched chain acid were found to differ signifi- 

cantly between rations. Since both these acids are believed to be 

synthesized by certain rumen bacteria, these differences may reflect 

conditions in the rumen. No direct evidence is available. However, 

it is probable that this involves the availability of suitable pre- 

cursors or rumen conditions favorable to these species of organisms. 



A highly significant relationship (r = .47) was found between 

average daily gain and linoleic acid. This relationship is probably 

also influenced by conditions in the rumen. A more rapid rate of 

passage or other factors which result in less extensive hydrogenation 

of polyunsaturated acids might also be conducive to more rapid growth. 

Essential fatty acids, such as linoleic, might be expected to reduce 

growth rates when they are deficient, however, no evidence of such a 

deficiency existed. 

Backfat thickness gave highly significant negative correlations 

with both myristic (r = .life) and palmitic acid (4 = .1i6) and was 

positively related to the 17- and 18- carbon fatty acids with the 

exception of stearic. Rib -eye area /CWT and estimated cutability, 

conversely, were positively and highly significantly correlated with 

the 14- and 16- carbon fatty acids and showed a negative relationship 

with the longer chained fatty acids. These relationships may indicate 

metabolic differences between the animals which deposit more lean 

tissue with less fat and those depositing greater amounts of fat. If, 

as these data indicate, meatier animals accumulate more of the 14- and 

16- carbon fatty acids in the subcutaneous fat, a useful selection tool 

will be provided to the animal breeder. 

These 14- and 16- carbon fatty acids, in general showed a positive 

relationship between one another. When correlated with the 17- and 

18- carbon fatty acids a negative relationship was observed. These 

negative relationships were particularly pronounced in the case of 

oleic and linoleic acids. It was suggested that the substitution of 

shorter chain saturated fatty acids for the longer chain unsaturates 

is the result of an attempt by the animal to maintain physical 



homeostasis of its depot fats. This assumption is based on the 

observation that the removal of carbon atoms has the same effect on 

some of the physical properties as the addition of a double bond. The 

data obtained in this study indicated that myristic and palmitic acid 

were readily substituted for oleic acid. 

The separation of liver and muscle lipid into glyceride and 

phospholipid resulted in the detection of additional components. 

Both muscle and liver phospholipids contained large amounts of 

arachidonic and eicosatrienoic acids. These acids were detected only 

in liver glycerides. An unknown fraction was observed in both liver 

glycerides and phospholipids and in muscle phospholipid. This 

fraction may represent a fatty aldehyde since they have been 

previously reported in the liver as free aldehydes and as constituents 

of phospholipid. The only fraction showing similar trends within twin 

pairs was the muscle glycerides. The muscle phospholipids and all 

the liver fractions showed considerable variability both within and 

between twin pairs. 



THE FATTY ACID COMPOSITION OF 
CERTAIN BOVINE TISSUES 

by 

ROBERT CHARLES THOMPSON 

A THESIS 

submitted to 

OREGON STATE UNIVERSITY 

in partial fulfillment of 

the requirements for the 
degree of 

DOCTOR OF PHILOSOPHY 

June 1966 



APPROVED: 

Redacted for Privacy 

Associate Professor of Animal Science 

Redacted for Privacy 
Head rDepartment of Animal Science 

Redacted for Privacy 
Dean' of °Graduate- School 

Date thesis is presented March 18 1966 

Typed by Dorothy LeFever 



ACKNOWLEDGEMENTS 

The author wishes to express his sincere appreciation to 

Dr. David C. Church, Associate Professor of Animal Science, for his 

encouragement and council in carrying out this study. The author is 

also grateful to Dr. J. C. Miller, Head, Department of Animal Science, 

for making this study possible. 

The cooperation of the University of Wyoming in approving 

sufficient leave of absence is gratefully acknowledged. Special 

thanks are also extended to Dr, George E, Nelms, Associate Professor 

of Animal Science at the University of Wyoming for hi8 assistance in 

carrying out the statistical analysis of the data 

To my wife, Marie, for her encouragement, patience and sacrifice, 

Z am deeply appreciative. 



TABLE OF CONTENTS 

INTRODUCTION 

REVIEW OF LITERATURE 

Page 

1 

5 

METHODS OF PROCEDURE 19 

RESULTS AND. DISCUSSION 25 

Correlations Between the Various Factors Studied . 34 
Correlations Between Production and Carcass Traits. . 34 
Inter- Relationship Between Fatty Acids 42 
The Fatty Acid Composition of the Identical 

Twin Tissue 49 

SUMMARY AND CONCLUSIONS 54 

BIBLIOGRAPHY 58 

APPENDIX 64 



LIST OF FIGURES 

Figure Page 

1. A typical chromatographic separation of the fatty 
acid methyl esters of subcutaneous fat. The 
peaks are listed in their order of appearance 26 

2. Logarithmic relationship between the retention 
of long chain fatty acid methyl esters 
relative to methyl myristate 32 



LIST OF TABLES 

Table Page 

I. Summary of Feedlot Performance and Carcass 
Characteristics by Treatment 27 

II. Average Fatty Acid Composition in Weight Percent of 
the Three Tissues Studied. The Subcutaneous Sample is 
Designated SQ, the Intermuscular IM, and the Intra- 

muscular L. 28 

III. Comparison of Other Studies with the Average Fatty 
Acid Levels in Subcutaneous Fat 30 

IV. Correlations Between the Production and Carcass 
Traits 36 

V. Correlation Coefficients Between Production 
Characteristics and the Weight Percent of 
Subcutaneous Fatty Acids 37 

VI. Correlations Between the 14- and 16- carbon Fatty 
Acids in the Three Tissues Studied 43 

VII. Correlations Between the 14- and 16- carbon Fatty 
Acids and Those with 17- and 18- carbons in the 
Three Tissues Studied 44 

VIII. Correlations Between the Levels of 17- and 18- carbon 
Fatty Acids in the Three Tissues Studied 45 

Ix. Average Fatty Acid Composition of the Fractionated 
Muscle and Liver Lipids. Also Included are 
Unfractionated Muscle, Subcutaneous and Inter- 
muscular Samples From the Twin Steers 50 



LIST OF TABLES 

APPENDIX 

Table Page 

I, Fatty Acids Commonly Found in Bovine Tissue Fats . 64 

II, The Experimental Rations Fed 65 

III, Correlation Between Production Characteristics and 
Weight Percent Intermuscular Fatty Acids 66 

IV. Correlation Between Production Characteristics and 

Weight Percent Intramuscular Fatty Acids 67 



THE FATTY ACID COMPOSITION OF 
CERTAIN BOVINE TISSUES 

INTRODUCTION 

In most systems of animal husbandry, animals destined to become 

human food undergo a period of intensified feeding prior to slaughter. 

During this period the animals deposit body tissue at an accelerated 

rate. The nature of this body increase is dependent primarily upon 

the physiological age and state of the animal and upon the plane of 

nutrition. In general, well-fed animals tend to store appreciable 

amounts of fat during this period. Fat deposited in the carcass 

,wally improves the organoleptic qualities of the meat as well as 

providing a moisture barrier which aids in preventing dessication 

during storage, Excessive amounts of fat, conversely, offer no 

advantage, since most consumers of animal protein do not relish large 

amounts of fat. Thus, excess fat removed from meat animals is often 

relegated to uses other than as human food at prices considerably 

below those paid for the portion accepted for human consumption. 

Further economic losses often result from the increased feed costs 

associated with producing this excess fat. 

The physical properties of fat are determined largely by its 

fatty acid composition. Each animal species tends to deposit a 

characteristic type of fat which may be subject to some degree of 

change by dietary influences. Such changes are brought about by 

alterations in the relative amounts of the various fatty acids. The 

depot fat of ruminant species, however, remains fairly constant 
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over a wide range of dietary regimens. This stability is brought 

about by the extensive hydrogenation of unsaturated fatty acids 

within the rumen. Thus ruminai hydrogenation of dietary lipids is 

probably the major factor in the production of "hard" or high -melting 

fats characteristic of ruminant depot fats. Tissue synthesis of 

fatty acids, of course, also contributes to the ultimate composition 

of the depot fats which consist largely of palmitic, stearic and 

oleic acids. Laurie, palmitoleic, linoleic and linolenic acids are 

present in much smaller quantities. Ruminant fats also contain small 

quantities of odd numbered and branched chain fatty acid which are 

probably produced by microorganisms residing within the rumen. 

Throughout these discussions the common or trivial names will be 

used to designate the various fatty acids except in cases where no 

common name is currently in use. In these cases the systematic 

nomenclature will be employed. Appendix Table I is provided to 

correlate the two nomenclature systems and to relate these to the 

shorthand abbreviation system. This latter system employs a numerical 

designation for the number of carbons and the number of double bonds. 

Laurie and linoleic acids are designated 14:0 and 18:2, respectively, 

in this system. 

Since the rumen microorganisms markedly alter the dietery 

lipids and the diet in turn may alter the flora and fauna of the 

rumen, the problem becomes extremely complex. Many studies on the 

fatty acid composition of ruminant fats have been carried out without 

regard to the previous nutritional history of the animals involved. 

Also since much of the early work was carried out using time consuming 
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and tedious procedures the numbers involved are often quite small. 

Therefore, it appeared desirable to determine the fatty acid compo- 

sition of relatively large number of samples from animals of known 

dietary history. In addition larger numbers would provide a more 

reliable measure of the variability that might exist between animals. 

Most fat is normally deposited as an energy reserve, however, a 

certain amount of fat is utilized as structural material. In the 

case of rapidly growing animals the availability of this structural 

component may have some bearing on growth rates. While it is 

reasonable to assume that a plane of nutrition adequate to support 

rapid growth would also provide sufficient energy for fat synthesis, 

the question arises as to the ability of the animal to meet the 

requirement for structural lipids; if indeed, these are different in 

terms of fatty acid composition from the depot fats. It would 

therefore, be desirable to investigate the possible relationships 

between fatty composition and production traits such as rate and 

efficiency of gain. 

The tissues utilized in this study were obtained from animals 

employed to investigate the responses of steer calves to computer - 

formulated least cost rations. While the methods of formulation were 

perhaps somewhat unique, the ration ingredients selected by the 

computer were all materials commonly available to livestock feeders. 

Thus by utilizing these tissues it was possible to obtain a reasonably 

large number of samples from a group of animals of known dietary 

history. 



The objectives of this study were: 

1. To provide additional information on the fatty composition 

of bovine subcutaneous, inter- and intramuscular fat. 

2. To determine the variation between individual animals fed 

alike. 

3. To determine the variation between the three tissue sources 

within individual animals. 

14. To investigate possible relationships between the relative 

amounts of the individual fatty acids and various economic traits. 

5. To provide information on the fatty acid composition of the 

glycerides and phospholipids of lean red meat and liver. 

4 
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REVIEW OF LITERATURE 

Early studies on the fatty acid composition of lipids from 

ruminant animals were initiated in the second decade of this century. 

Armstrong and Allen (1924) analyzed beef and mutton tallaws from 

various parts of the world and were able to detect and quantitate 

five fatty acids. Oleic acid was the major component representing 43 

to L9 molar percent of the total acids present. In addition, these 

samples contained, in molar percent, palmitic acid, 21 to 32; 

stearic, 14.5 to 30; linoleic, 0 to 5; and myristic, 1.5 to 2.5. 

Mutton tallow contained 1.5 to 2 percent myristic, 21 to 25 percent. 

palmitic, 23 to 30 percent stearic, 43 to 47 percent oleic and 2.7 

to 5 percent linoleic. Similar results were obtained by Banks and 

Hilditch (1931) for beef tallow and by Collin, Hilditch and Lea 

(1929) for mutton tallow. 

The depot fats of ruminant animals were thus characterized as 

stearic -rich fats having high melting points by these early workers. 

Thomas, Culbertson and Bear (1934) attempted to produce a softer beef 

fat by the feeding of whole soybeans, menhaden oil, soybean oil, corn 

oil or coconut oil. These supplements were fed for a period of 260 

days at the rate of one to two pounds per day. No significant 

differences were noted in the firmness of the carcasses nor in the 

iodine numbers of fat samples. Iodine numbers were, however, lower 

in the kidney and caul fats (32 -44) than in the rib, back, and 

shoulder samples (h0 -58). It is perhaps of interest that this 

study was initiated because of buyer resistance to cattle fed whole 
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soybeans. Such cattle were alleged to produce an undesirable soft 

fat that was not desirable in the meat trade. 

The presence of two additional unsaturated fatty acids was 

first detected in ox depot fat by Hilditch and Longenecker (1937). 

These were identified as myristoleic and palmitoleic and were found to 

make up 0.5 and 2.5 weight percent of the total acids, respectively. 

In addition, a geometric isomer of linoleic was found. These authors 

concluded that palmitic acid comprises about 30±3 molar percent while 

the 18 carbon fatty acids make up 60 to 65 molar percent of the total 

mixed acids from beef depot fats. Small amounts of myristic, 

arachidic and arachidonic, and possibly lauric, were found to be 

present. In the same year Hilditch and Shorland (1937) carried out a 

study on the composition of liver fats. These samples were separated 

into glyceride and phosphatide fractions prior to determining the 

fatty acid composition. Beef liver glycerides resembled depot 

glycerides with the following exceptions: palmitoleic acid was 

increased to about 10 percent, stearic acid was decreased to about 

5 percent and appreciable amounts of 20- and 22- carbon fatty acids 

were found. Liver phosphatides contained increased amounts of stearic, 

20- and 22- carbon acids and reduced amounts of palmitoleic compared 

to liver glycerides. The molar percent of 20- and 22- carbon acids 

showed wide variation ranging from 4.6 to 21.7 and appeared to vary 

inversely with the 18 carbon unsaturated acids which were not further 

subdivided in this study. 

Fat samples obtained from cattle of Indian origin were found to 

be much more saturated than fats from the British breeds of American 
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or European origin. These samples contained only 27 to 33 percent 

unsaturated fatty acids compared to the usual 40 to 50 percent 

(Hilditch and Mufti, 1940). Whether this represents a species 

difference or an environmental difference is still not resolved. 

All naturally occurring fatty acids were once believed to have a 

straight chain with cis configuration and an even number of carbon 

atoms. From studies carried out at the Fats Research Laboratory, 

Wellington, New Zealand, largely under the direction of Hansen and 

Shorland it became evident that fatty acids having branched chains 

and odd- numbered carbons were minor constituents of the mutton 

tallows studied. These workers reported that the branched chain 

acids, 14mmethylhexadecanoic acid (Hansen, Shorland and Cooke, 1952), 

12 ..methyltetradecanoic acid and 13- methyltetradecanoic acid (Hansen, 

Shorland and Cooke, 1953), and 16mmethylheptadecanoic acid (Hansen, 

Shorland, and Cooke, 1956) were minor constituents of mutton fat. 

These samples also contained n- heptadecanoic acid and nmpentadecanoic 

(Hansen, Shorland and Cooke, 1954a, b). Ox and mutton tallow were 

found to contain 4.5 and 11.2 percent trans fatty acids, respectively 

(Hartman, Shorland and McDonald, 1954). Lipids isolated from the 

rumen contents of pasture fed sheep contained about 9 percent trans 

acids. Trace amounts of trans acids were found in the perinephric 

fat from a skim milk fed pig and none in fats from the rat, horse and 

rabbit. 

The plant lipids ingested by herbivorous species are generally 

highly unsaturated and consist largely of 16- and 18- carbon acids. 

The data reviewed by Garton (1961) and Bonner (1952) indicate that 
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pasture plant lipids contain 80 to 90 percent unsaturated fatty acids. 

Seed lipids contained a similar fatty acid pattern, however, a reduc- 

tion in the amount of linolenic acid was observed in the seed fats of 

the commonly used feed grains (Bonner, 1952). 

In an effort to explain the hard or high melting point fats 

characteristic of ruminant animals, Banks and Hilditch (1932) 

concluded that prior to storage in the depots the triglycerides were 

partially hydrogenated. Shorland (1952) suggested that dietary fat 

was "broken down" in the rumen and had no influence on the depot fat, 

which was all synesthesized in the tissues. Hilditch .(1952), however, 

pointed out that certain non -ruminant herbivore also produce hard 

fats while others, such as the horse, deposit appreciable amounts of 

linolenic acid. 

Reiser and Reddy (1956) reasoned that since these hard fats are 

fairly characteristic of ruminant animals, the rumen microflora might 

in some way be responsible. Preliminary investigations by Reiser 

(1951) had indicated a partial hydrogenation of linolenic acid during 

its in vitro incubation with rumen contents. To further test this 

hypothesis these workers fed goats alfalfa hay supplemented with 10 

percent cottonseed oil or linseed oil. These diets were fed for 11 

weeks. The animals were slaughtered six hours after the last feeding. 

The fatty acid composition of samples of backfat and the contents of 

the rumen, abomasum and cecum were compared to the feed. The results 

indicated a distinct fall in the level of unsaturation in the rumen 

with further small decreases in the remainder of the digestive tract. 

The iodine value of the cottonseed oil ration was 100.5, while rumen 
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contents from two goats fed this ration had iodine values of 47.3 and 

40.6. On the linseed oil -alfalfa rations the iodine values were 

180.6, 49.0 and 65.5 for feed and two samples of rumen contents, 

respectively. The iodine value of the backfat was slightly higher on 

the ration containing linseed oil (54.7 vs. 46.6). Ogilvie and 

McClymont (1961) were, however, able to increase the degree of 

unsaturation in sheep kidney fat by administering a linseed oil bile 

emulsion directly into the abomasum. Under these conditions the 

levels of linoleic and linolenic acids were considerably increased. 

Erwin, Sterner and Marco (1963) found that the introduction of 

safflower oil into the abomasum resulted in higher levels of linoleic 

acid in both depot fat and liver than when it was placed in the rumen. 

Following the publication by Reiser (1951), the hydrogenation of 

dietary unsaturated fatty acids was used to explain the unexpected 

presence of more saturated and less oleic acid in the depot fats of 

steers fed cottonseed oil when compared to controls (Willey et al. 

1952). 

By introducing a linseed oil emulsion through a rumen fistula 

into sheep's rumen the conversion of linolenic into linoleic was 

demonstrated (Holland, Holmberg and Sellman, 1956). Shorland and 

coworkers (1957) reported the conversion of oleic, linoleic, and 

linolenic to stearic acid when incubated with sheep rumen contents. 

In addition, the presence of trans and positional isomers of the 

unsaturated acids was reported (Shorland, 1957). Ward, Scott, and 

Dawson (1964) observed extensive hydrogenation of unsaturated fatty 

acids in the rumen. Linolenic acid U-011 was rapidly hydrogenated 
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in the artificial rumen to two types of dienoic acids, subsequently to 

a monoenoic acid and finally to stearic acid. The dienoic acid 

fraction consisted mainly of cis - cis configuration, with the double 

bonds largely at carbon 11 or 12 and at carbon 15 or 16. The 

monoenoic acids were mainly of the trans configuration with the double 

bond at carbon 13 or 14. Rapid hydrogenation of linoleic and oleic 

was also observed with the former giving rise to a trans acid 

intermediary. The trans acids formed in the rumen were almost 

completely absorbed in the ileum. 

The branched chain and odd -numbered carbon fatty acids make a 

rather small proportion of the total fatty acids in ruminant fats. 

Their presence, however, is of academic interest since their origin 

has only recently been elucidated. El- Shazly (1952) reported the 

presence of branched -chain, volatile fatty acids in rumen fluid. 

It was suggested that these acids arise from Stickland type reactions 

involving leucine, isoleucine and valine. Bentley et al. (1954) 

reported that the volatile acids, n- valeric, isovaleric, isobutyric 

and caproic acids, or their amino acid precursors stimulated cellulose 

digestion and urea nitrogen utilization by rumen organisms. Bryant 

and Doetsch (1955) showed the rumen organism, Bacteriodes succino- 

genes, to have a requirement for a branched chain acid and a five or 

six carbon straight chain acid when grown on a purified media. 

Wegner and Foster (1961) grew B. succinogenes on media containing 

either isobutyrate =1 =CTh or valerate =l=CTh. Of the labeled material 

incorporated into cells, 94 to 98 percent was recovered in an 

alcohol -ether extract. Since most of the label was percipitated with 
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cold acetone, the label was considered to be in the phospholipid 

fraction. Ruminococcus flavefacians was found to utilize isovalerate- 

1-C14 in the biosynthesis of a 15- carbon acid, a 17- carbon acid, 13- 

and 15- carbon aldehydes, and leucine (Allison et al., 1961). About 

7.5 percent of the label was recovered in a branched, 15- carbon 

aldehyde in the phospholipid fraction. Ro albus was shown to require 

branched lower fatty acids. When labelled isobutyrate was supplied 

most of the label was recovered in branched chain 14- and 16- carbon 

acids. Eleven percent of the label was present in branched chain 

aldehydes with 14 to 16 carbons. Katz and Keeney (19611) observed 

2.2 percent aldehyde in lipid obtained from mixed rumen bacteria. 

The major aldehydes present were hexadecanal and 15- carbon, branched 

chain aldehydes. Large amounts of 15- carbon branched chain unsatu- 

rated aldehydes and lesser amounts of 14- :arbors branched chain, and 

14-, 16-, and 18- carbon aldehydes have been detected in ox -liver 

lethicins and cephalins (Grey 1960). 

Although probably not an important rumen organism, Bacillus 

subtilis has been shown to produce large amounts of branched chain 

fatty acids, Kaneda (1';63a) isolated six branched chain acids and 

two straight chain acids from the lipids of this organism. The 

acids identified were 1.2- methyl etradecanoic 14- methylhexadecanoic, 

isopentadecanoic, is palmitic, palmitic, iaoheptadecanoic, isonymistic 

and myristic acids in the order cf their abundance. In this study 

15- and l7- carbon acids (isc and anteiso) made up 76 percent of the 

total fatty acids. In a later report, Kaneda (1963b) showed that 

the relative amounts of the long chain acids were influenced by the 
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short chain substrates available. Increasing the level of butyric 

acid in the media resulted in increased myristic and palmitic acid, 

while iso- butyric brought about elevated levels in isomyristic and 

isopalmitic. Enrichment of the media with isovalerate caused a rise 

in the levels of isopentadecanoic and isoheptadecanoic acids. The 

anteiso, 12- methyltetradecanoic and lit- methylhexadecanoic, were 

increased when alpha- methylbutyric was supplied. The addition of 

propionate or valerate gave rise to increased n- pentadecanoic and 

nmheptadecanoic acids. 

It would thus seem logical to assume that the rumen microflora 

are largely responsible for the production of the so called "hard" 

fat of ruminant animals. In addition, this would seem to be the 

point of origin of most of the branched chain fatty acids, the 

positional and structural isomers and the fatty acids containing an 

odd number of carbon atoms. The presence of these fatty acids in 

rumen microorganisms or in rumen contents and their subsequent 

appearance in depot fat supplies indirect evidence of their 

absorption. A possible exception to the bacterial origin of the 

branched chain acids is found in wool fat. Downing (1964) has 

suggested that the unusually high percentage of these acids may be 

synthesized by the sebaceous glands of the sheep's skin. Ward, 

Scott and Dawson (19611) have reported essentially complete absorption 

of trans acids arising in the rumen. Studies in the rat have also 

shown that trans isomers of linoleic are readily absorbed and 

oxidized to CO2. The various trans isomers appeared to be catabolized 

to CO2 at somewhat greater rates than the normal cis, cis isomer; 
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however, aside from this difference, the rat metabolizes trans fatty 

acids in a normal and efficient manner (Coats, 1964). Trans acids 

arising in the partial hydrogenation of edible oils are consumed in 

large amounts by humans. Mabrouk and Brown (1956) found margarine 

and shortening to contain 22.7 to 41.7 percent trans components. 

Livingston et al. (1957) fed small amounts of (+)-14-methylhex- 

adecanoic acid to rats on a low fat diet. About 80 percent was 

metabolized, 10 percent was stored and the remainder excreted. The 

inclusion of this fatty acid in the diet did not influence growth 

rate. Gerson et al. (1959) reported that ( +)- 12- methyltetradecanoic 

acid and 14- methylhexadecanoic acid supplements did not materially 

alter the fatty acid composition of rats. The two acids were 

deposited in the tissues in amounts roughly proportional to the 

amounts fed, thus providing some explanation for their occurrence in 

natural fats. In this study the metabolic turnover oftthese acids 

appeared to be somewhat slower than that of "normal" acids. 

The application of gas -liquid chromatography (GLC) to fatty 

acid analysis by James and Martin (1956) provided a rapid, 

simplified method for the determination of the fatty acid composition 

of various fats. Using this method Hornstein, Crowe and Heimberg 

(1961) studied the fatty acid composition of beef muscle lipids 

previously fractionated into cephalins, a mixture of lecithins and 

sphingomyelins, and two glyceride fractions. The glyceride fractions 

were composed largely of palmitic, stearic, and oleic, with smaller 

amounts of myristic, myristoleic, palmitoleic, linoleic and 

linolenic acids. Capric, lauric, tetradecadienoic, and arachidonic 
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acids were also observed. The cephalin fraction exhibited an 

increased stearic acid content and the level of arachidonic was 

increased to one -third of the total fatty acids. These increases were 

largely at the expense of oleic acid and all acids containing 16- 

carbons or less, particularly palmitic acid. The stearic acid was 

reduced and linoleic acid was increased in the lecithin plus 

sphingomyelin fraction. In the combined glyceride and combined 

phospholipid fractions, unsaturated acids containing two or more 

double bonds made up 10 and 50 percent of the total fatty acids 

respectively. Since the ratio of glyceride to phosphatide was about 

42 1, nearly equal amounts of these acids were contributed by the two 

fractions. 

Hammond (1955) suggested that local temperatures within the 

body influence the melting point of the fat deposited in various 

regions of the body. He concluded that, in all species, the sub- 

cutaneous fat is the softest and kidney fat the firmest. Callow 

(1962) found lower iodine numbers in fats from deep seated tissues 

such as kidney fat or psoas muscle than in any other portion of the 

beef carcass. In order to further evaluate this hypothesis, Ostrander 

and Dugan (1962) compared the fatty acid composition of subcutaneous, 

intramuscular and intermuscular fats obtained from pork, veal, beef, 

and lamb. Subcutaneous fat contained the highest percent oleic 

(44.9) and the lowest total saturated fatty acid content (48.8 

percent). Intramuscular fat, conversely, contained 42.6 and 59.3 

percent oleic and total saturated acids, respectively. Iodine values 

were, however, essentially equal, indicating a higher polyenoic acid 
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content in the intramuscular fats. These highly unsaturated acids 

were found to be concentrated in the phospholipid fraction. Inter- 

muscular lipids were intermediate in the percent total saturated 

acids, however, they contained the lowest percentage of oleic acid. 

Linoleic acid comprised about one percent and linolenic about 0.2 

percent of the total acids in all samples. Intramuscular fats in 

veal and lamb had considerably higher iodine numbers than did the 

remaining two lipid types from these species. This was largely a 

reflection of increased linoleic and linolenic acids in these lipids. 

The three types of pork lipids were very similar in iodine numbers 

and fatty acid distribution. 

The influence of age and diet on the fatty acid patterns in the 

tissues has not been extensively studied. It is generally accepted 

that the addition of highly unsaturated fats to the ruminant diet has 

little influence on the iodine number of the fat (Thomas, Culbertson 

and Beard, 1934). Shaw et al, (1960) observed a slight elevation in 

the iodine number of fat from steers fed flaked corn and pellet hay. 

The control animals in this study were fed chopped hay and ground 

corn. Greichus (1964) reported increased amounts of linoleic acid in 

the viceral fat from sheep fed pelleted hay when compared to fat from 

sheep fed chopped hay. The feeding of steam -flaked corn resulted in 

higher levels of palmitic acid in viceral fat than the feeding of 

whole corn. There is a paucity of information on the influence of 

age on the body fat in ruminants, however, Hammond (1955) suggested 

that the iodine number of sheep fat decreases with age. Callow 

(1962) concluded that an inverse relationship exists between the rate 
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of fat deposition and the iodine number of the fat. In the early 

maturing regions of the body fat was deposited slowly and tended to 

have higher iodine number. In the later maturing regions fat 

deposition was rapid and iodine numbers were low. Animals on a lower 

plane of nutrition had higher iodine values than younger animals 

which had received concentrates. Callow (1962) attributed this 

difference to the rate of fat deposition rather than to the different 

rations which animals were fed. 

Studies carried out by Dugan, Maroney and Petheram (1952) on 

beef brisket fats showed them to contain 0.15 to 0.84 percent 

arachidonic acids, 0.311 to 0.86 percent linolenic, 2.2 to 3,5 percent 

linoleic, 119.1 to 67.6 percent oleic and 27.6 to 147.3 percent 

saturated acids. The iodine values ranged from 54.4 to 71.4 . These 

brisket fats tended to be softer than those from other parts of the 

carcass. The outer layers contained higher iodine values and 

increased proportions of unsaturates (particularly oleic acid) when 

compared to the inner layers of brisket fat. 

Detailed studies were completed by Masters (1961a, b, and c) on 

changes in sheep lipids from the time of birth to maturity. Plasma 

fatty acid patterns in the cholesterol ester, triglyceride, free 

fatty acid and phospholipid fractions in new born lambs were similar 

to those seen in adult animals. This suggested that an equilibrium 

exists between the maternal and fetal blood. The plasma lipid 

fractions appeared to undergo a series of sequential changes in fatty 

acid composition apparently as a result of the change from maternal 

blood to milk as the fat source and the influence of active rumen 
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function. Adult fatty acid patterns were re -established at about five 

months of age (Masters 196Ia). 

In a concurrent study on tissue lipid fractions similar changes 

were seen in various body tissues (Masters 196b). The percentage of 

phospholipid decreased in plasma, liver, heart, kidney, and skeletal 

muscle shortly after birth with a subsequent rise, This was thought 

to result from the loss of the maternal blood as a phospholipid 

source and a subsequent adaption by the liver to the increased need 

by the other tissues. Liver triglyceride levels increased after 

birth probably as a result of the energy requirements of this stage 

of life. Although lambs will deposit considerable fat during this 

period, this fat was thought to have a high rate of turnover, thus 

accounting for its appearance in the liver for metabolism or 

phospholipid synthesis. The fatty acid components, in general, 

tended to become more saturated as the animal increased in age. 

Initially increases were seen in the oleic acid content of many of 

the tissues studied, however, these levels appeared to decrease at 

ages corresponding to the establishment of a functional rumen in the 

lambs. 

Tissue lipids after the establishment of rumen function were 

found to contain a wide range of fatty acids. The major components 

were, however, palmitic, stearic, oleic and linoleic acids. Phospho- 

lipids from muscle lipids contained appreciable amounts of unsaturated 

acids with more than 18 carbons. Triglycerides in the same tissue 

contained only traces of these acids. In depot fat myristic acid was 

a major component of the triglyceride fraction amounting to 17.5 



18 

percent of the mixed methyl esters. In all Masters (196hc) detected 

some 27 different fatty acids in sheep lipids. These included a 

range in carbon chain length from 12 to 22 with the exception of 

acids having 13 and 19 carbons. Saturated, unsaturated and branched 

chain acids were found at each carbon chain length from lh through 

18. In addition, two unidentified acids were seen in this study. 

In 192lß, Armstrong and Allen reported five fatty acids in beef 

and mutton tallows. Forty years later Masters (1961íc) observed 

almost 30 fatty acids in sheep fat. This illustrates not only the 

tremendous refinement in analytical methods but also the complexity 

of ruminant tissue lipids. Little is known concerning the signifi- 

cance of these various fatty acid components and their relationship 

to the host animal. Whether these unusual fatty acids (i.e. odd - 

number and branched -chain) are beneficial to the ruminant or, whether 

they are merely used in place of the other, more common, acids is 

only problematical at this time. 
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METHODS OF PROCEDURE 

Weanling steer calves with an initial weight of approximately 

525 pounds were used in this study. Included were 42 Hereford calves 

which came from one herd in the Willamette Valley and a pair, each, of 

Angus and Shorthorn twins which were assumed to be identical. Church 

et al. (1964) have previously described the methods employed to feed 

and care for the experimental animals. For purposes of clarification, 

however, a brief review of these procedures should be included. 

The calves were assigned to the various pens on the basis of 

initial weight and the treatments (rations) randomly assigned to the 

animals in each pen. The four twins were, however, fed the control 

ration (Number Li). The calves were individually fed twice daily and 

were weighed every 28 days. All weights were obtained approximately 

12 hours after the last feed intake. All calves (except the twins) 

were implanted with 15 mg. of diethylstilbestrol on days 28 and 126 of 

the trial. As the steers approached market weight the steers weighing 

at least 990 pounds were removed and slaughtered. Total weight gain 

and average daily gains were calculated using warm carcass weight 

which was assumed to equal 60 percent of the live weight. 

The rations fed in this study were formulated as follows: No. 1, 

12 percent crude protein; No. 2, 8.5 percent digestible protein; and 

No. 3, 10.5 percent digestible protein. The specifications 

established for the other ration ingredients were the same for each 

of the three rations and were as follows: estimated net energy, 

0.638 megacalories per pound; Ca, 0.7 percent; P, 0.5 percent; 
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Na minimum of 0.55 percent or equal to at least one -half of K; fiber, 

minimum of 9 percent; molasses, minimum of 5 percent, maximum of 10 

percent; alfalfa, minimum of 5 percent, maximum of 15 percent; beet 

pulp, minimum of 5 percent; and added dry vitamin A to provide 750 

I.U. per pound. Ration No. 4 was a control ration included for 

comparative purposes. The composition of the four rations is shown in 

Appendix Table II. In addition to their respective rations, all 

animals were allowed free access to trace -mineralized salt and steamed 

bone meal. 

As the animals reached the predetermined market weight they were 

removed and slaughtered in a local abbatoir. The tissue samples were 

removed approximately two days post -slaughter. The samples were 

returned to the laboratory and frozen at -10 degrees until the 

analytical procedures were carried out. 

The carcasses of all animals were evaluated by a representative 

of the USDA Meat Grading Service for quality and cutability factors 

considered by the USDA. The factors included were estimated percent 

kidney, pelvic and heart fat, degree of marbling, carcass maturity, 

texture of lean, conformation grade and USDA grade. Cutability was 

calculated using the formula developed by Murphy and coworkers (1960) 

as follows: the percent of boneless retail cuts from the round, 

loin, rib and chuck equals -5.784 (fat thickness over rib -eye 

in inches) -0.0093 (carcass weight in pounds) -.462 (percent kidney 

fat in the carcass) + .740 (area of the rib -eye in square inches). 

Backfat thickness represented the average of three measurements 

of the fat covering over the twelfth rib. Marbling scores as 
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determined by the USDA grader were assigned numerical values as 

follows: modest, 15; small, 12; and slight, 9. 

The tissue samples obtained from all animals consisted of a 

cross section of the soft tissue situated between the twelfth and 

thirteenth ribs. Samples of liver tissue were also taken from the 

four twin animals. Each rib sample was made up of subcutaneous fat, 

inter -muscular fat, longissmus dorsi and other small muscles common 

to this region. Prior to analysis, each sample was divided into three 

sub -samples based on tissue type and location. These were designated 

as subcutaneous, intermuscular, and intramuscular fats. Each sub - 

sample was drawn from the same respective area from each sample. 

The subcutaneous sample was removed from the external fat cover 

lying above the medial portion of the longissmus dorsi muscle. A 

portion of the fatty tissue adjacent to the lateral margin of the 

above muscle was removed and designated as intermuscular fat. The 

intramuscular fat was obtained from the medial portion of the 

longissmus dorsi muscle. These areas could easily be located and the 

sub -samples could readily be freed of other tissues. 

Extraction of the lipids was carried out on samples weighing 

approximately one gram in the case of the intermuscular and sub- 

cutaneous samples, while 10 grams of muscle were used. The samples 

were diced and placed in a Waring Blender together with 9 volumes of 

a 2:1 chloroform-methanol (V/V) solution as described by Folch, Lees 

and Stanley (1957). The samples were extracted for about 5 minutes 

with the blender operating at "medium" speed. The blender's contents 

were then filtered through glass wool into 125 ml. Erlenmeyer flasks 
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using additional solvent to facilitate the transfer. The lipid 

extracts were then evaporated to dryness on a steam table. Twenty 

ml, of absolute methanol containing 5 percent hydrogen chloride, 5 ml. 

of chloroform, and 1 ml. of 2 -2 dimethoxypropane were added to each 

flask. In this solution methyl esters of the fatty acids are produced 

by transesterification of the glycerides. After standing 2L hours at 

room temperature the methyl esters were extracted with pentane in the 

following manner. After transferring the above lipid -containing 

solution to screw -capped test tubes, 3 ml. of water and 5 ml, of 

pentane were added. The test tubes were capped and vigorously shaken. 

Upon standing the system separated into distinct phases. The upper 

pentane phase containing the esters was carefully removed and 

transferred to small vials. A second extraction was carried with an 

additional 5 ml. of pentane and combined with the first. The pentane 

extracts were allowed to stand at room temperature for at least 12 

hours to permit the evaporation of the excess pentane. The methyl 

esters were then stored at -10°C. until immediately prior to chroma- 

tographic analysis. 

The chromatograph used was a Beckman GC -2 with a thermal 

conductivity detector and a 1 -mv recorder. The column employed was 

a 10 -ft. X 1 /4 -in. OD coiled aluminum tube containing 15 percent 

diethyleneglycol succinate on HNDS treated Chromosorb W. The 

operating temperature was 206 degrees C. and the helium carrier gas 

flaw rate was 50 ml. per minute. The area under each peak was 

determined from the number integrator pen markings lying directly 

under the peak in question. This procedure supplied a numerical 
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value proportional to the peak area. The numerical value was then 

multiplied by a correction factor. Sample composition was determined 

by expressing the area of each peak as a percentage of the total 

corrected peak area for all components. The correction factors 

employed were calculated as the ratio of the area percentage to the 

weight percentage in samples of known composition. In cases where 

minor components were present for which no correction factors were 

available, the correction factor for the saturated, straight chain 

ester presumed to be of the same chain length was employed as 

suggested by Smith (1961). 

Lean and liver tissue samples weighing 30 grams from the four 

twin animals were extracted with the chloroform -methanol extraction 

solution as described above. These samples were prepared for 

fractionation into lipid classes on silicic acid columns as outlined 

below (Hornstein, Crowe and Heimberg, 1961). The slurry from the 

blender was filtered, mixed with 0.2 volume of water in a separatory 

funnel and allowed to stand overnight at 3 =5 degrees C. The lower 

(chloroform -methanol) phase was drained and dried over anhydrous 

sodium sulfate in rotary evaporator to a small volume. The residue 

was then dissolved in 20 ml. 20 :1 chloroform-methanol and applied to 

the silicio acid columns. Elution was carried out using successive 

200 ml. portions of chloroform-methanol 20:1, chorof orm- methanol 1 :1 

and methanol. Four fractions were collected. The first two were 

composed primarily of triglycerides, the third of cephalins and the 

fourth lecithins and sphingomyelins. These four samples were again 

dried in the rotary evaporator and methyl esters prepared as described 
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for the other samples. After storage at -10 degrees C. the samples 

were analyzed with the gas chromatograph. 

The data was treated statistically using the least squares 

method of analysis of variance (Harvey, 1960). Simple correlation 

coefficients were computed between all variables studied with the 

exception of linolenic acid. 
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RESULTS AND DISCUSSION 

A summary of the feedlot performance of the animals utilized in 

this study is presented in Table I. Since the objectives of this 

study relate primarily to the fatty acid composition of various 

tissues, only pertinent data are presented in the table. In general 

the three linear programmed (LP) rations appeared to be adequate as 

judged by the animal performance. Significant differences were 

observed for average daily gain, feed conversion, and energy con- 

version. Ration No, h contained somewhat higher estimated net energy 

levels (0653 megcal /lb.) with 8.7 percent digestible protein. The 

higher energy level of this ration probably, to a large extent, 

contributed to the increased performance observed in the animals 

consuming this ration. 

Aside from the differences in relative composition of the three 

LP rations, protein content was perhaps the major variable. Rations 

2 and 3 were formulated to contain 8.5 and 10.5 percent digestible 

protein, respectively, while Ration No. 1 contained 12 percent crude 

protein. Of these three rations, average daily gains were highest 

on Ration 2 indicating that the lower level of digestible protein may 

be more desirable. 

Tissue Fatty Acid Levels 

The results obtained from the fatty acid analysis of the three 

tissues are summarized in Table II and a typical chromatogram is shown 

in Figure 1. These data, in general, are in reasonably good agreement 

with previously published values when one considers that much of the 
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TABLE I. SUMMARY OF FEEDLOT PERFORMANCE AND CARCASS 

CHARACTERISTICS BY TREATMENT 

Ration No. 1 2 3 4 

Number of Animals 12 14 12 4 
F 

Value3 

Days on Feedl 169.8 (18.4) 168,1 (19.0) 179.2 (9.4) 164.0 (14.0) 1.44 

Gain, lb. 433.3 (34.4) 453.9 (52.3) 428.8 (27.9) 467.8 (41.5) 1.55 

ADG, lb. 2.57 (0.23) 2.71 (0.26) 2.40 (0.23) 2.86 (0.18) 5.45** 

Feed Conversion 7.03 (0.39) 7.06 (0.57) 7.45 (0.72) 5.61 (0.60) 10.20** 

Energy Consumed, megcal 1903 (182) 2000 (215) 1989 (215) 1837 (198) 1.29 

Energy Conversion 4.39 (0.25) 4.42 (0.36) 4.66 (0.45) 3.95 (0.5o) 3.80* 

Marbling Score2 12.6 (2.75) 12.1 (1.29) 12.8 (2.29) 14.5 (3.00) 1.18 

Backfat, mm, 10.8 (2.18) 9.9 (2.46) 9.0 (3.44) 10.0 (1.83) 0.86 

Ribeye /CWT. Carcass, in.2 1.94 (0.14) 1.96 (0.15) 1.99 (0.15) 1.93 (0.21) 0.25 

Est. Cutability, % 49.97 (0.56) 50.54 (0.85) 50.97 (1.01) 50.50 (1.44) 2.25 

1 Means and standard deviation in parenthesis. 

2 Marbling Score: 15 = modest, 12 = small, 9 = slight. 

3 **, * P <.01 and .05, respectively. 
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TABLE II. AVERAGE FATTY ACID COMPOSITION IN WEIGHT PERCENT OF THE 
THREE TISSUES STUDIED. THE SUBCUTANEOUS SAMPLE IS 
DESIGNATED SQ, THE INTERMUSCULAR IM, AND THE 
INTRAMUSCULAR L. 

Ration 
No. 1 2 3 4 

No. of F 
Animals 12 14 12 4 Value 

14:0 SQ1 3.91 (0.46) 4.24 (0.52) 4.05 (0.30) 4.10 (0.56) 1.12 
14:0 IM 4.19 (0.57) 4.44 (0.54) 4.04 (0.51) 4.43 (0.34) 1.42 
14:0 L 3.22 (0.27) 3.34 (0.40) 3.16 (0.31) 3.26 (0.31) o,65 
14:1 SQ 2.26 (0.26) 2.32 (0.36) 2.47 (0.32) 2.34 (0.28) 0.86 
14:1 IM 1.85 (0.26) 2.09 (0.32) 1.97 (0.27) 2.04 (0.25) 1.54 
14:1 L 1.70 (0.30) 1.59 (0.26) 1.88 (0.31) 1.53 (0.40) 2.54 
16:0 SQ 24.26(1.48) 25.83(1.59) 25.36(1.87) 24.38(1.98) 2.23 
16:0 IM 26.23(1.71) 26.81(1.15) 26.11(1.11) 26.39(0.95) 0.71 
16:0 L 25.17(1.15) 25.64(1.30) 25.21(1.13) 25.11(1.25) 0.45 
16:1 SQ 5.79 (o.77) 5.61 (0.70) 5.91 (o.59) 5.82 (0.38) o,47 
16:1 IM 4.58 (0.52) 4.45 (0.50) 4.41 (0.39) 4.86 (0.25) 1.13 
16:1 L 4.53 (0.67) 4.64 (0.38) 4.58 (0.34) 4.99 (0.39) 0,97 
17:0 SQ 2.39 (0.54) 2.29 (0.50) 2.29 (0.50) 3.06 (0.47) 2.99* 
17:0 IM 2,46 (0.58) 2.48 (0.38) 2.45 (0.22) 2.88 (0.97) 1.34 

17:0 L 2.38 (0.43) 2,40 (0.42) 2.58 (0.38) 2.71 (0.24) 1.16 
18br SQ 1,69 (0.45) 1.60 (0.31) 1.57 (0.34) 2.20 (0.16) 3.46* 

18br IM 1.16 (0.33) 1.29 (0.31) 1.30 (0.25) 1.63 (0.12) 2,56 
18br L 1.57 (0.39) 1.50 (0.30) 1.67 (0.34) 1.80 (0.28) 1.06 
18:0 SQ 12.76(1.88) 13.08(2.02) 12.08(1.40) 10.84(0,94) 2.03 
18:0 IM 16.47(2.20) 16.75(2.50) 16.12(1.75) 14.00(0.78) 1.82 
18:0 L 14.88(1.83) 15.00(1.31) 14.53(0.95) 13.01(1.18) 2.30 
18:1 SQ 40.67(1.46) 38.91(2.52) 40.26(1.14) 39.80(2.82) 1.96 
18:1 IM 37.37(1.52) 35.94(2.11) 37.42(1.64) 36.92(2.11) 1.88 
18:1 L 39.34(2.03) 39.17(1.86) 39.67(1.15) 40.57(1.31) 0.78 
18:2 SQ 4.80 (1.09) 4.70 (0.61) 4.63 (1.25) 5.87 (o.49) 1.77 
18:2 IM 4.42 (1.16) 4.51 (0.63) 4.78 (1.21) 5.40 (1.09) 1,08 
18:2 L 5.94 (1.14) 5.74 (0.86) 5.73 (1.15) 6.24 (1.12) 0.31 
18:3 SQ 1.50 (0.54) 1.31 (0.35) 1.38 (0.66) 1.60 (0.25) 0.49 
18:3 IM 1.26 (0.92) 1.25 (0.30) 1.140 (0.34) 1.45 (o.66) 0.24 
18:3 L 1.27 (0.56) 0.98 (0.59) 0.98 (0.32) 0.80 (0.21) 1.34 

Percent of 

Saturated 
Acids 

SQ 45.01 47.04 45.35 44.58 
IM 50.51 51.77 50.02 49.33 
L 47.22 47.88 47.15 45.89 

1Average with standard deviation in parenthesis. 
* PK .o5 
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existing literature is based on data obtained from solvent precipi- 

tation and fractional distillation methods. As Hilditch and 

Longenecker (1937) have indicated, these methods may tend to bias the 

quantitative estimates of certain fatty acids. Thus, unless careful 

separations were carried out, the oleic acid fraction included both 

palmitoleic and myristolei.c acids. This applies particularly to 

data collected prior to the discovery by the above authors that these 

two acids are normal constituents of beef fats. The separation of 

some of the other minor constituents could also exert considerable 

influence on the fatty acid composition as determined by fractional . 

distillation methods. In the present study the so- called minor 

acids (less than 5 percent) made up about 10 percent of the total 

fatty acids. This quantity would considerably alter the percentage 

composition if included in the fraction of one of the major acids. 

Table III provides a comparison of the data obtained in this study 

and some values selected from the literature. If the above minor 

components were not uniformly distributed it would appear that they 

were largely concentrated in the stearic fraction in the data from 

Hilditch and Longenecker (1937) and in the oleic acid fraction in the 

data from Armstrong and Allen (1929). 

A comparison of the three studies based on GLC analysis with the 

two carried out by other methods indicates the usefulness of this 

device in fatty acid analysis. Using GLC in this type of analysis, 

so many components are separated that identification becomes a 

problem. Cramer and Marchello (1962) were unable to identify three 

peaks which appeared in their chromatograms. 
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TABLE III. COMPARISON OF OTHER STUDIES WITH THE AVERAGE 
FATTY ACID LEVELS IN SUBCUTANEOUS FAT. 

Cramer 
and 

Marchello 
Lamb 1962 

Present Armstrong 
Study and 

Subcutaneous Allen 
Beef 1931 

Hilditch 
and 

Longenecker 
Beef 1937 

Cabezas 
et al. 1965 

Beef 
Subcutaneous 

12 3.19 
12:0 2.23 0.1 
14:o 4.87 4.07 2.0 2.0 6.3 
14:1 1.89 2.35 0.4 1.7 
15 1.30 
A 0.83 
16:0 23.57 24.96 32.5 26,5 32.2 
16:1 5.22 5.78 1.9 1.9 4.9 
B 0.49 
17:0 2.67 2.54 
C 1.61 1.77 (18br) 

18:0 12.54 12.19 14.5 26.5 11.0 
18 :1 35.05 39.91 48.3 39.1 41.9 
18:2 4.91 5.00 5.00 1.7 2.0 
18:3 1.18 1.45 
20.0 1.3 
20:4 0.1 
Total 
Saturated 

50.27 45.52 148.0 55.1 49.5 

ABC represent unknown components reported by Cramer and 
Marchello, 
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Identification of the major fatty acid components was carried out 

by a comparison of the retention times relative to methyl myristate 

obtained from samples of known and unknown composition. In the case 

of certain of the minor components, no similar comparisons could be 

made since a number of these fatty acids were not available in either 

qualitative or quantitative standards. Tentative identification was 

made by comparing the relative retention times to values available in 

the literature obtained under similar chromatographic conditions. The 

data of Hawke, Hansen and Shorland (1959) was particularly helpful. 

As a means of further confirmation of the identity of these minor 

components, the logarithms of the relative retention time of known 

fatty acid esters were plotted against the number of carbon atoms. 

This resulted, upon connecting the points, in a series of roughly 

parallel lines representing the five fatty acid series as shown in 

Figure 2. The log of the relative retention time of unknown com- 

ponents was then compared with this graph as a means of strengthening 

the identification. Using these methods at least tentative identifi- 

cation could be made for all major peaks observed on the 

chromatograms. The myristoleic peak contained small amounts of a 

15- carbon contaminant which was included as myristoleic acid. 

Statistical analysis of the data revealed significant differences 

in the levels of only 17:0 and 18:0 branched chain acids in the 

subcutaneous tissue. The significance of these findings is somewhat 

difficult to ascertain. The probable origin of both of these fatty 

acids in the rumen microflore (Allison et al. 1961; Wegner and 

Foster, 1961) makes some speculation possible. Since Ration No. 4 
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(Appendix Table II) differed appreciably in composition from the other 

three rations, it may have provided higher precursor levels for the 

synthesis of these two long chain acids. This hypothesis has some 

merit since the subcutaneous tissues from cattle fed this ration had 

appreciably higher levels of these components than did the same tissue 

from cattle fed the remaining rations. Another possibility would be 

that Ration !t provided a more favorable environment within the rumen 

for species which produce fatty acids with branched or odd- numbered 

carbon chains. 

The subcutaneous tissues, on the average (Table II), contained 

the highest percentage of unsaturated fatty acids. Intermuscular fat 

had the lowest percentage of unsaturates, while intramuscular was 

intermediate. Ostrander and Dugan (1962) have also reported that 

subcutaneous fat contained more unsaturated fatty acids than either 

inter- or intramuscular fats. Intramuscular fat in the above study 

was found to contain the lowest percentage of unsaturated fatty acids. 

Subcutaneous fat and intramuscular fat, however, had almost identical 

iodine numbers. Polyenoic acids in the muscle phospholipid fraction 

were found to be largely responsible for the elevated iodine number. 

As shown in Table II intermuscular fat contained the lowest percentage 

of unsaturates with compensatory increases largely in myristic, 

palmitic and stearic acids. Of the five unsaturated fatty acids 

present, myristoleic, palmitoleic and linolenic were present in 

subcutaneous fat in the greatest quantity. Linoleic acid was highest 

in intramuscular fat while oleic levels were essentially the same in 

subcutaneous and intramuscular but considerably reduced in 
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intermuscular fat. 

A comparison of fatty acid composition of the subcutaneous fat 

with the data of Cabezas et al. (1965) indicates no great divergence 

with the exception of palmitic acid and, to a lesser extent, linoleic 

acid. These authors did, however, observe palmitic acid levels as low 

as 28.5 percent which more nearly approximates the values obtained in 

this study. Linoleic acid did not exceed 2.06 percent, roughly one- 

half the value obtained by this author. Cabezas et al. (1965) also 

reported that kidney fat contained 30 percent stearic acid, a value 

approximately that of Hilditch and Longenecker (1937). The samples 

used by the latter authors were described only as beef tallows and may 

have consisted largely of kidney fats. 

Correlations Between the Various Factors Studied 

Simple correlations were calculated between all the variables 

studied with the exception of linolenic acid in the three tissues. In 

order to facilitate the presentation and discussion of this mass of 

data it will be presented in segments as outlined in the following 

pages. A 37 by 37 table of correlation coefficients is rather 

formidable and, perhaps, difficult to follow. In segmenting this mass 

of data attempts were made to do so on the basis of tissue types and 

trends within the data. 

Correlations Between Production and Carcass Traits 

These traits might well be called economic traits since they will 

influence the profits or losses incurred by the feeder, packer or 

retailer. While it is recognized that these traits have great 

importance to those in the meat industry, they will be considered here 
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only as they relate to the objectives of this study. Correlations 

between these traits are presented in Table IV. These correlations 

are of the order expected and agree reasonably well with values from 

the literature for the carcass characteristics (Woodward et al. 1951). 

The relationships between the various production traits follow well . 

established trends for growing and fattening beef animals. 

Correlations between production traits and subcutaneous fatty 

acid levels are shown in Table V. The highly significant negative 

correlation between days on feed and linoleic acid (18:2) may be 

related to the reduction in iodine number with increasing age as 

reported by Hammond (1955) in sheep and swine. Conversely, this 

correlation may merely be an artifact produced by slaughtering the 

faster gaining animals after a shorter period on feed. The levels of 

18:2 were positively correlated (P4(0.01) with average daily gain 

(ADG). Such a relationship is not unexpected since growth retardation 

is associated with linoleic acid deficiency. Although most plant 

materials commonly fed to domestic ruminants contain appreciable 

amounts of linoleic acid, little is known concerning the extent of 

hydrogenation occurring in the rumen. In studies currently underway 

at the Wyoming Experiment Station, thoracic lymph lipids from sheep 

fed high roughage and high concentrate rations were found to contain 

about 9 and 2.5 percent, respectively, of the total fatty acids as 18:2 

(Miller, 1965). These data would indicate an adequate essential fatty 

acid absorption, however, they represent only preliminary findings on 

two sheep. 

The highly significant negative correlation coefficient between 



TABLE IV. CORRELATIONS BETWEEN THE PRODUCTION AND CARCASS TRAITS. 

Variable 
No. 1 2 3 Lt 5 6 7 8 9 10 

1 Days on Feed -- .50** -.57** .26 .74*. .32* .25 .15 .10 -.13 

2 Total Gain .112** - .116** .59** - .1 O .33* .25 -.06 - . 20 

3 ADG -.72'* -.23 -.73** .0 .07 -.16 -.02 

4 Feed Conversion .42** .98** -.03 .26 .13 -.12 

5 Energy Consumed .50** .33 .5o** -.04 - . L 5 

6 Energy Conversion .02 .29 .05 -.28 

7 Marbling .33* -.26 -.113** 

8 Backfat -.11 -.73** 

9 Ribeye /CWT .59** 

10 Cutability 

* P <.05 
**P <,01 

rn 



TABLE V. CORRELATION COEFFICIENTS BETWEEN PRODUCTION CHARACTERISTICS AND 
THE WEIGHT PERCENT OF SUBCUTANEOUS FATTY ACIDS 

Fatty Acidl 14:0 14:1 16:0 16:1 17:0 l8br 18:0 18:1 18:2 

Days on Feed 0.00 0.20 0.15 0.14 -0.48** -0.16 0.05 0.21 -0.51** 

Total Gain -.12 .06 -.10 .23 - .20 .01 -.26 .36* - .05 

Average Daily Gain -.11 -.16 -.211 .06 .29 .16 -.29 .12 17** 

Feed Conversion .Ott .18 .23 .01 - .ilt - .02 .13 -.10 - .32* 

Energy Consumed -.14 .22 .05 .21 - .27 .01 -.16 .31* - .31* 

Energy Conversion -.03 .18 .17 -.00 - .11 .00 .10 -.04 - .30* 

Marbling -.15 .16 -.09 .09 .01 .06 .11 .Olt - .10 

Backfat -.44** -.oh -.46** -.05 .314* .35* -.23 .113* .20 

Ribeye /CWT .52** -.05 .39 *^ -.07 - .17 - .37* .24 -.37* - .20 

Cutability .51** -.04 .46** -.06 - .29 - .36* .30* -.48** - .17 

I The first figure indicates the number of carbons, the second the number of double bonds. 
*, ** Significant at the one and five percent level, respectively. 
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days on feed and the 17:0 acid is difficult to explain from the 

physiological point of view. Since there is not a significant 

positive correlation between this fatty acid and ADO, this would 

indicate a closer relationship to time than to rate of gain. A 

possible explaination would consist of a reduction in rumen synthesis 

of this acid and the subsequent dilution of existing tissue levels by 

other fatty acids with the passage of time. 

The negative correlation coefficients between both feed conversion 

and energy consumed and 18:2 are expected in view of the high positive 

correlation between this acid and ADG. Although individual differ- 

ences undoubtedly exist, faster gaining animals tend to be more 

efficient in converting feed into body tissue. Since oleic acid was 

positively correlated with days on feed, a simple replacement of 

linoleic acid with oleic may have occurred. This would suggest an 

attempt by the animal to conserve it's essential fatty acid for more 

vital purposes. Masters (l96Lb) observed an analogous situation 

involving stearic and oleic acids. 

The - correlation coefficients between the various fatty acid 

levels in the subcutaneous fat and the carcass characteristics studied 

offer several interesting possibilities (Table V). Backfat thickness 

tends to be negatively correlated with fatty acids possessing 16- 

carbons or less and positively correlated with those having a greater 

number of carbon atoms with the exception of stearic acid. Ribeye per 

100 pounds of carcass weight and estimated cutability are positively 

correlated with the saturated, even carbon- numbered fatty acids (1lí:0, 

16:0 and 18:0) and negatively correlated with the remainder. These 
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correlation coefficients were all significant in the case of lauric, 

palmitic, oleic and the 18 carbon branched chain acid. 

A consideration of these data would suggest that the longer chain 

acids are concentrated in the subcutaneous fat by animals that tend to 

deposit thicker layers of fat. These same animals tend to incorporate 

lesser amounts of the 1I- and 16- carbon saturated fatty acids. 

Conversely, animals that deposit less fat and tend to produce meatier 

carcasses utilize greater amounts of the shorter chained fatty acids 

in the subcutaneous fat. While the number of animals involved were 

not particularly large nor are the correlations outstandingly high, 

these results may suggest a basic difference in fat metabolism between 

these two types of animals. Currently, the production of meatier beef 

animals is a major objective of animal scientists. Should subsequent 

research substantiate these findings an additional selection tool 

would be provided to the animal breeder. Subcutaneous fat samples 

could be readily biopsied and easily analyzed by methods similar to 

those used in this study. 

An explanation of these apparent differences in fat metabolism is 

not readily available. During the growth of meat animals fat, lean, 

and bone are deposited in the carcass. Since a gross measure such as 

weight increase tells one nothing about the specific tissues that are 

increasing, it is not surprising that the only fatty acids showing a 

significant correlation with the estimates of weight increase are 

oleic and linoleic acids. While backfat thickness and either ribeye 

area /CWT or cutability are only estimates of carcass composition, the 

separation into these components exerts considerable influence on the 
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magnitude of the correlation coefficients. Laurie and palmitic acids 

have a closer relationship to increased muscle growth than to total 

weight gain (Table V). Since these acids are present in only small 

amounts in most plant lipids (Bonner 1952), they are probably of 

endogenous origin. 

Fatty acid synthesis is known to proceed via at least two 

different systems. The first involves a mitochondrial system and 

produces a preponderance of stearic acid (Wakil, McClain and Warshaw, 

1960). The second system is located in the soluble cytoplasm and 

produces fatty acids with 16 carbons or less (Wakil, Porter, and 

Gibson, 1957). These data may suggest a more active participation of 

the non ®mitochondrial system in the meatier animals. This hypothesis 

might be strengthened by considering these acids as representing the 

residual available for depot storage after the selective incorporation 

of the longer chain fatty acids into essential structural lipids. The 

data obtained by Masters (196Lc) indicated that, in general, phospho- 

lipids contain appreciably smaller amounts of fatty acids containing 

16 carbons or less than the other lipid fractions studied. Block 

(1960) implicates phospholipids with many vital functions. Among 

these are electron transport, protein synthesis, glandular secretion, 

cell permeability and mitotic activity. These factors could directly 

or indirectly influence the nature and the composition of the tissue 

increase seen in growth. 

An alternate hypothesis would be that the leaner animals actually 

synthesize less fat. This possibility again requires the selective 

use of the longer chain acids for structural purposes leaving the 
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shorter chain acids for storage in the depots merely as an energy 

reserve. Milk fat is well known to contain large amounts of short 

chain fatty acids. Popjak (1952) has suggested that the use of these 

short chain acids is necessitated by the intense secretion rate of the 

mammary gland. The possibility, therefore, exists that an analogous 

situation may exist in these lean, meatier animals; wherein, the fatty 

acids are incorporated into the triglyceride structure before the 

chain lengthening processes are completed. 

A third alternative would be a simple substitution of the shorter 

chained saturated acids for oleic and linoleic in an attempt to 

maintain a homeostasis of the physical properties of the fat as 

suggested by Tove (1960). It was observed by Mead (1957) that the 

solubility properties of fatty acids are influenced by both chain 

length and unsaturation. The presence of a double bond was equivalent 

to the removal of two carbon atoms. Thus, myristic, palmitoleic and 

linoleic acids would elute in the same fraction from liquid -- liquid 

chromatographic systems. Tove and Smith (1960) classified the major 

fatty acid components of depot into three major groups with similar 

solubilities on the basis of Mead's hypothesis (1957). When any one 

fatty acid was fed, it increased in the depot fat, however, there was 

always a concommitant decrease in one or more of the fatty acids in 

the same solubility class. While Tove and Smith (1960) studied mice, 

and recognizing that interspecies comparisons are not always valid, it 

is not improbable that similar mechanisms were functioning in the 

cattle used in this study. Assuming an attempt by the bovine to 

maintain physical homeostasis of its depot fat, the increased use of 
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14- and 16- carbon fatty acids would be expected in situations where 

a negative relationship exists with oleic and linoleic acids. In this 

study the saturated 1l- and 16- carbon acids follow this pattern while 

their monounsaturated derivatives do not. No explanation is available 

as to why this difference might have occurred. Further discussions on 

the inter- relationships between the fatty acids will be presented 

below. 

The foregoing discussion was based on the data presented in 

Table V presenting the correlation coefficients between the production 

characteristics and the fatty acid levels in the subcutaneous fat. 

Since similar trends are noted in both inter- and intra- muscular fat, 

a detailed discussion will not be necessary. These data are presented 

in Appendix Tables III and V, respectively. 

Inter -relationships Between Fatty Acids 

In Tables VI, VII and VIII are presented the correlation 

coefficients between the various fatty acids in the three tissues 

studied. In general, significant positive correlations were found 

between the three tissues with regard to any one fatty acid. For 

example, correlation coefficients of .71 and .50 were found between 

oleic levels in the subcutaneous fat and the same acid in inter- and 

intramuscular fats, respectively. It is also apparent that corre- 

lation coefficients tend to be higher between subcutaneous and 

intermuscular than between subcutaneous and intramuscular tissue 

levels of any one fatty acid. 

The grouping of fatty acids according to their solubility 

properties as suggested by Tove and Smith (1960) provides three major 



TABLE VI. CORRELATIONS BETWEEN THE 14- AND 16- CARBON FATTY ACIDS 
IN THE THREE TISSUES STUDIED. 

14:0SQ 14:0IM 14:0L 14:1SQ 14:1IM 14:1L 16:0SQ 16:0IM 16:0L 16:1SQ 16 :1IM 16 :0L 

11 12 12 14 15 16 17 18 19 20 21 22 

11 14 :0 SQ .68** .54** .54 .46** .25 .57** .59** .48** .17 .10 .19 

12 14:0 IM .67** .48** .6o* .27 .06 .54** .33* .22 .27 .20 

1 14:0 L .43** .59** .47** .12 .23 .43** .14 .33* .25 

14 14:1 SQ .62** .43** .19 .38* .27 .63** .56** .39** 

14:1 IM .44** .20 .37* .30* .21 .51** .23 

16 14:1 L .18 .18 -.04 .02 .20 .08 

1/ 16 :0 SQ .48** .43** .03 -.13 -.07 

18 16 :0 IM .40** .14 -.12 .01 

19 16:0 L .19 -.05 .02 

20 16:1 SQ .69** .62 

21 16 :1 IM .59 

22 16:1 L 

* P 
- 

** P <.01 

ee 

AM, 1111 

4.05 
w 



TABLE VII. CORRELATIONS BETWEEN THE 14- AND 16- CARBON FATTY ACIDS 
AND THOSE WITH 17- AND 18- CARBONS IN THE THREE TISSUES 
STUDIED. 

SQ 
17:0 
IM L SQ 

18iso 
IM L SQ 

18:0 
IM L SQ 

18:1 
IM L SQ 

18:2 
IM L 

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 

11 14:0 SQ -.15 -.10 -.08 -.19 .15 .14 -.03 -.15 -.11 -.60**-.51# -.37# -.20 -.06 -.07 

12 14:0 IM -.10 -.31 -.15 .11 -.01 .10 -.26 -.31* -.15 -.07 -.22 -.21 -.13 -.32* -.18 

13 14:0 L -.17 -.17 -.21 .06 .19 .05 -.10 -.24 -.06 -.08 -.19 -.32* -.26 -.17 -.39 

14 14:1 SQ -.05 -.13 -.21 .23 .21 .09 -.5o** -.44**- .46** -.19 -.16 -.02 -.06 -.02 .00 

15 14:1 IM -.05 -.02 -.02 .12 .37* .20 -.22 -.54**-.25 -.13 -.24 -.16 -.19 .02 -.17 

16 14:1 L -.15 -.09 .08 -.07 .18 .27 .11 -.05 -.05 -.04 .02 -.25 -.40**-.35# -.05 

17 16:0 SQ -.51 . 00 -.03 - . 67** . 03 .10 .29 .21 .20 - . 56**- . 63**- . 4 7** -.60** . 00 -.05 

18 16:0 IM -.13 -.25 -.12 -.30*-.27 .06 .01 .05 .09 -.35# -.45**-.38# -.31* -.51**-,12 

19 16:0 L -.28 -.06 -.46* -.21 .10 -.32* .07 .16 .16 -.42**-.62* -.38* -.20 .00 -.41** 

20 16:1 SQ -.29 -.32* -.29 .08 -.02 -.23 -.63** -.34# -.49** .09 .00 .18 .05 .08 .09 

21 16:1 IM -.05 -.06 .00 .30* .38* .08 -.58** -.7448(-.63** .15 .24 .16 .14 .26 .17 

22 16:1 L .06 .06 .06 .21 .12 .05 -.38* -.29 -.72** -.08 -.06 .14 .20 .14 .20 

* P <.05 
P <.01 



TABLE VIII. CORRELATIONS BETWEEN THE LEVELS OF 17- AND 18- CARBON 
FATTY ACIDS IN THE THREE TISSUES STUDIED. 

17:0IM 17:0L 18brSQ 18brIM 1g'brL 18:0SQ 18:0IM 18:0L 18:1SQ 18:2SQ 18:2TM 18:2L 

24 25 26 27 28 29 30 31 32 33 34 21 36 E 
23 17:0 SQ .57** .48** .56** .12 .08 -.19 -.27 -.22 -.10 .21 .10 .77** .23 .23 

24 17:0 IM .60* .25 .46** .15 .05 -.11 -.16 -.26 -.13 -.04 . 33# .39** .11 

25 17:0 L .15 .22 .39** -.03 -.24 -.21 -.07 .12 -.18 .32* .25 .50** 

26 18br SQ .11 .14 .47** .44** .46** .26 .45** .4Oii* .51** .15 .03 

27 18br IM .01 -.11 - .47**- . 28 -.09 -.06 -.10 .13 .47** .19 

28 18br L .25 -.12 -.20 -.25 .05 -.25 -.07 -.06 .34* 

29 18:0 SQ .71** .60** -.46** -:38* -.38# -.38# -.23 -.17 

30 18:0 IM .61**-.24 -.42** -.22 -.32* -.37# .22 

31 18:0 L -.10 -.28 -.43** -.35* -.23 .39** 

32 18:1 SQ .71** .50**-.06 -.20 -.02 

33 18:1 IM .55** .22 -.09 .13 

34 18:1 L .17 .02 -.22 

21 18:2 SQ .51** .37* 

36 18:2 IM 
'34# * P <,05 

** P <.01 

18:1IM 18:1L 
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classes. Linolenic, palmitoleic and myristic comprise the most 

soluble group followed by a group composed of oleic and palmitic, and 

finally the least soluble group made up of stearic acid. Such a 

classification was found to be useful by the above authors in inter- 

preting their data. They observed that the alterations of stearic 

acid were intermediate in one experiment due to the presence of a 

17- carbon unsaturated acid present as a dietary contaminant. In the 

data obtained in this study, myristoleic, a 17- carbon saturate, and an 

18- carbon branched acid were present. The solubility properties of 

the former would be greater than any in the above classification, 

while those of the latter two are, at best, ill- defined. Thus, the 

use of such a classification system would be of limited usefulness in 

attempting to interpret these data. It does, however, provide a 

basis for comparing these data with a working hypothesis which has 

some experimental verification. 

The data shown in Table VI indicates a general positive relation- 

ship between the lt, and 16- carbon fatty acids. There are, however, 

insignificant negative correlations between palmitic and palmitoleic. 

Such a preponderence of positive correlations would not be expected 

if mechanisms similar to those described by Tove and Smith (1960) were 

acting in these animals. On this basis negative relationships would 

be expected between the saturated and unsaturated members. In Table 

VII these same 14- and 16- carbon fatty acids show predominantly 

negative relationships with the fatty acids possessing 17 and 18 

carbons. These considerations may be indicative of less specificity 

for a particular fatty acid by the ruminant tissues. Thus, the 
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magnitude of the correlation coefficients would indicate that myristic 

and palmitic acids could be substituted for oleic acid with equal ease 

(r = -.60 and -.56, respectively, for subcutaneous fat). 

These correlations provide further indications of the metabolic 

differences mentioned above. Thus the expected negative relationship 

between oleic and both palmitic and myristic is more pronounced in 

subcutaneous than in intramuscular fat. This would indicate a 

stricter requirement by the muscle tissue with less substitution 

possible. This effect is more pronounced in the case of myristic 

acid. 

The negative relationships between stearic acid and palmitoleic 

acid were unexpected. Tove and Smith (1960) observed in mice that the 

feeding of stearic acid resulted in a reduction in the amount of 

palmitoleic deposited in the depot fat. Since these authors had 

determined the fatty acid composition of the diet, they were able to 

account for this factor and to remove the effects of dilution caused 

by feeding a given fatty acid. Due to the extensive alteration of 

dietary lipids in the rumen, no analysis of dietary lipids was 

attempted. 

It is obvious that in working with percentages an increase in 

any one fraction will necessitate decreases in others; this dilution 

effect may, to some extent, reduce the meaningfulness of these 

correlation coefficients and account for the preponderence of 

negative correlations, particularly among the major components. 

The correlation coefficients between the 17- and 18- carbon fatty 

acid levels in the three tissues studied are presented in Table VIII. 
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The positive correlations between the levels of 17- carbon fatty acid 

and the 18- carbon branched chain acid are noteworthy since both these 

acids may arise from similar types of rumen organisms as reported by 

Wegner and Foster (1961) and Allison et al. (1.961). The positive 

relationship between these two acids and linoleic acid should be an 

indication of conditions in the rumen since neither of the three acids 

are known to be produced in mammalian tissues. These data would 

suggest that rumen conditions favoring a microflora such as 

Ruminococcus (Allison et al., 1961), Bacteriodes succinogenes 

(Bryant and Doetsch, 1955) and probably numerous other species 

capable of producing odd- numbered and branched chain acids would also 

favor less extensive hydrogenation of dietary unsaturated fats. 

The 18- carbon branched chain acid in the subcutaneous fat shows a 

positive correlation with all the 18- carbon acids. The same acid in 

intermuscular fat is negatively correlated with stearic and oleic acid 

(Table VIII). The inverse relationship between stearic and oleic is 

probably a true difference, although the dilution effect is undoubted- 

ly a contributing factor. This becomes more probable when one 

considers the low positive relationship between stearic and palmitic. 

As stearic increases one would expect a parallel increase in one of 

the fatty acids with higher solubilities, as suggested by Tove and 

Smith (1960). These authors observed an increase in oleic acid when 

stearic levels were raised. These data would indicate that palmitic 

acid was used instead of oleic. 

These data indicate that there are trends in the inter- 

relationships between the fatty acid levels in the three tissues. 
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The mechanisms that control substitution of one fatty acid for another 

do not appear to be as specific as the data of Tove and Smith (1960) 

would indicate in the case of mice. Linoleic acid and palmitic acid 

give highly significant negative correlations within tissues 

(r = -.60, -.51 and -.141 for subcutaneous, inter- and intramuscular 

fats, respectively) as indicated in Table VII. The same correlations 

between tissues tend to be considerably lower, indicating different 

mechanisms within the different tissues. The negative relationships 

between the 114- and 16- carbon acids and those of greater chain length 

may indicate an adaptive mechanism whereby the bovine uses these 

fatty acids to "soften" the stearic rich fat produced in the rumen. 

The possible shortage of polyunsaturates due to the extensive rumen 

hydrogenation makes this suggestion plausible. The lower acids 

produced by the tissues could thus be substituted for the poly - 

unsaturates to maintain homeostasis in the depot fat and release the 

essential fatty acids for more vital roles. 

The Fatty Acid Composition of the Identical Twin Tissue. 

Lipids from liver and longismuss dorsi muscle were separated into 

two glyceride and two phospholipid fractions. The fatty acid compo- 

sition of these fractions is presented in Table IX. These data 

represent the averages of tissues obtained from the two pairs of 

identical twins. For comparative purposes the fatty acid composition 

of unfractionated lean (intramuscular), subcutaneous and intermuscular 

lipids from these same animals is included. 

Liver lipids tend to contain appreciable amounts of poly- 

unsaturated fatty acids. The glyceride fractions are particularly 



TABLE IX. AVERAGE FATTY ACID COMPOSITION OF THE FRACTIONATED MUSCLE 
AND LIVER LIPIDS. ALSO INCLUDED ARE UNFRACTIONATED MUSCLE, 
SUBCUTANEOUS AND INTERMUSCULAR SAMPLES FROM THE TWIN STEERS. 

Fatty 
Acid 

Liver Muscle 
Un- 
frac- 

tion- 
ated 

Sub - 
cutan 
eous 

Inter - 
muscu- 
lar 

Glycerides Phospholipid 

(1) (2) (3) (4) 

Glycerides Phospholipid 

(1) (2) (3) (4) 

13:0 3.21 -- 1.08 -- -- 1.11 2.64 
14:0 6.80 2.68 0.92 0.91 2.69 5.68 1.67 2.80 3.36 3.35 4.29 
14:1 2.56 1.11 0.59 0.45 1.23 3.03 -- 0.67 1.62 2.18 2.05 
15 :0 -- 1.27 0.53 0.54 -- -- -- -- 
A? 9.92 0.92 2.12 0.91 -- -- 5.37 6.20 
16:0 14.10 14.33 4.43 9.71 25.49 28.20 5.64 21.25 25.98 26.51 26.61 
16:1 6.70 5.15 -- 4.30 6.77 2.46 3.58 5.04 6.2o 5.16 
16:2 1.75 -- 1.86 -- -- -- -- -- -- -- -- 
17:0 2.59 2.91 1.17 2.05 2.67 2.39 0.94 1.90 2.82 2.39 2.82 
18iso 2.60 2.06 0.83 0.79 1.60 2.10 5.97 2.81 1.81 1.56 1.63 
18:0 5.73 11.52 26.99 22.87 16.18 10.21 26.28 4.86 13.27 10.77 14.40 
18:1 18.25 17.86 9.52 13.82 41.89 35.06 15.15 19.79 39.46 42.03 36.60 
19:0 -- 2.37 1.65 2.58 -- -- -- -- -- -- -- 
18:2 20.92 16.07 8.55 10.35 3.22 5.01 12.29 19.09 5.80 4.35 5.42 
18:3 1.27 1.98 1.43 0.83 0.70 1.57 0.93 1.31 0.87 0.66 1.03 
20:0 4.95 1.66 1.34 2.26 0.88 0.80 
20:3 7.79 13.36 24.69 3.66 3.75 -- -- -- 
20:4 10.55 14.04 17.43 17.97 10.31 OM, OM 

(1) and (2) Glyceride Fractions. 
(3) Predominantly "Cephalins 
(4) Predominantly Lecithins and Sphingomeylins. 

-- 

-- -- 

-- -- 

-- 

c!`:. 0 
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rich in linoleic acid with appreciable amounts of 20- carbon fatty 

acids containing three and four double bonds. Liver glycerides con- 

tained somewhat less stearic and palmitic acid than was found in the 

other tissues studied. Liver phospholipids, conversely, tend to 

contain considerable amounts of stearic acid. The levels of all fatty 

acids with 16 carbon atoms or less tended to be reduced in the 

phospholipid fractions. 

The unknown fraction, component A, listed in Table IX is 

particularly noteworthy. A substance with similar chromatographic 

behavior was reported by Masters (1964c) in sheep heart and kidney 

phospholipids but not in the liver (Horgan and Masters, 1963). This 

component may represent a 16- carbon branched chain acid, however, 

Masters (1964c) was able to separate and quantitate both of these 

fractions. Also in this study the unknown component was eluted 

slightly earlier than the expected emergence of the 16- carbon branched 

chain acid. While no attempts were made to identify this substance 

some logical speculation may be in order. 

Allison et al. (1962) reported the presence of 1I -, 15- and 16- 

carbon branched chain aldehydes in the phospholipids of Ruminococcus 

flavefocians and R. albus. Grey (1960a) found measurable amounts of 

these and other fatty aldehydes in the lecithin and cephalin fractions 

of various tissues from the bovine. The 15- carbon branched chain 

aldehyde was present in the largest amounts. In a subsequent study 

Grey (1960b) studied the chromatographic behavior of these long chain 

aldehydes and concluded that the aldehyde dimethyl acetals were eluted 

at approximately the same time as the analogous fatty acid methyl 
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ester. Using a polar stationary phase (which was also employed in 

this study) the dimethyl acetals were eluted slightly earlier than the 

corresponding methyl ester. 

In Table .IL the unknown Fraction A appears in the glyceride 

fraction as well as the phospholipid. This may represent free 

aldehydes which were eluted along with the first glyceride fraction. 

Grey (1960a) reported free aldehydes in the first fraction when 

employing a similar column chromatographic procedure. Since the liver 

is one of the major sources of phospholipid and since no evidence can 

be found for the incorporation of aldehydes into triglycerides, these 

substances would be expected to appear in the liver in the free form. 

This unknown fraction appears in muscle lipids only in the phospho- 

lipid fraction. It is, therefore, assumed that this fraction is a 

branched chain aldehyde with 15 or perhaps 16 carbons. 

These data, in general, are similar to those seen in the 

literature. Grey (1960a) found the lecithin fraction of ox liver was 

considerably richer in stearic acid and lower in oleic than depot fat. 

Twenty -carbon unsaturates comprised about 25 percent of the total 

fatty acids. Due to the small numbers involved direct numerical 

comparisons are perhaps not too meaningful. As was indicated by the 

data of Hilditch and Shorland (1937) the amounts of these fatty acids 

in liver phospholipid shows wide variation between individual animals. 

These authors reported a range of from 4.6 to 21.7 molar percent of 

20- and 22- carbon fatty acids. In this study arachidonic acid levels 

ranged from 6.09 to 27.03 weight percent of the total acids in the 

cephalin fraction. Stearic and oleic acid levels varied inversely 
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with arachidonic acid. 

Muscle glycerides obtained by chromatographic separation on 

silicic acid columns appear quite similar in fatty acid composition to 

that seen in the unfractionated lipid. Muscle phosphatides when 

compared to the glycerides contain appreciably more linoleic, less 

oleic, and significant amounts of ei.cosatrienoic and arachidonic acid. 

The cephalins (Fraction 3, Table IX) of muscle lipid exhibited reduced 

amounts of palmitic acid and higher levels of stearic acid. The fatty 

acid composition of the muscle lipid fractions were similar to those 

observed by Hornstein, Crowe and Heimberg (1961) with the exception 

that they reported a much higher percentage of arachidonic acid in the 

cephalin fraction. As mentioned above the level of this fatty acid 

can apparently show extreme variations. 

Since these animals were identical twins, it was anticipated that 

similar fatty acid patterns might be shown by the members of each 

pair. Similarities in fatty acid composition within pairs were found 

only in the case of the muscle glyceride fractions. The muscle 

phospholipids, conversely, showed wide variations which were reflected 

in the unfractionated muscle (intramuscular) lipids. Subcutaneous, 

intermuscular and all the liver lipid fractions also showed rather 

wide variations when comparing the two members of one twin pair. 
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SUMMARY AND CONCLUSIONS 

In this study subcutaneous, intermuscular, and intramuscular 

fats from 42 Hereford steers were analyzed for their fatty acid 

composition. The same tissues were also analyzed from one pair each 

of identical twins of Angus and Shorthorn breeding. Muscle and liver 

lipid from these latter animals was fractionated on silicic acid 

columns into glyceride and phospholipids prior to the fatty analysis. 

The data was analyzed statistically using analysis of variance 

techniques. Simple correlations were calculated between all the 

variables studied excepting linolenic acid. 

Of the ten fatty acids quantitated only the 17- carbon fatty acid 

and an 18- carbon branched chain acid were found to be significantly 

different between rations. Since these acids are believed to be 

synthesized by certain rumen bacteria, these differences probably 

reflect conditions in the rumen. This study sheds no light on what 

these conditions might be. It's probable, however, that this may 

involve the availability of suitable precursors or rumen conditions 

favorable to these types of organisms. 

A positive relationship was found between linoleic acid levels 

and average daily gain. This relationship is probably not a direct 

one, and may be mediated through the rumen. A more rapid rate of 

passage or other factors that might result, in less extensive 

hydrogenation of polyunsaturated fatty acids might also be conducive 

to more rapid growth. Essential fatty acids such as linoleic could 

be expected to reduce growth rates where they are deficient, however, 
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no evidence of such a deficiency existed. 

Backfat thickness was negatively correlated with both myristic 

and palmitic acid and positively related to the 17- and 18- carbon 

fatty acids with the exception of stearic. Rib -eye area /CWT. and 

cutability showed a reversal of this trend. Positive correlations 

were found between these two variables and the 114- and 16- carbon 

acids. The longer chained acids showed a negative relationship with 

these two variables. These relationships may indicate metabolic 

differences between the animals depositing more lean and less fat and 

those depositing greater amounts of fat. If, as these data indicate, 

meatier animals accumulate more of the 1!4- and 16- carbon fatty acids 

in the subcutaneous fat, a useful selection tool will be provided the 

animal breeder. Further research could well be spent in the further 

establishment of this relationship and the factors which mediate it. 

As would be expected from the above discussion the levels of the 

1!t- and 16- carbon acids show, in general, a positive relationship 

between one another. These fatty acids are largely of endogenous 

origin. The positive relationship between the saturated and unsatu- 

rated member is perhaps unexpected on the basis of their physical 

properties. 

When correlated with the fatty acids having 17- and 18- carbons 

these above acids show a general negative relationship. This negative 

relationship is particularly pronounced in the case of oleic and 

linoleic acids. It is suggested that this substitution of long chain 

unsaturates for shorter chain saturated acids is the result of an 

attempt by the animal to maintain physical homeostasis of its depot 
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fats. This assumption is based upon the observation that the removal 

of two carbon atom has the same effect on some of the physical 

properties as the addition of a double bond. The data obtained 

indicates that such a mechanism is operating in the animals used in 

this study. The determination of the fatty acid levels as relative 

percentages rather than as absolute values may, to some extent, reduce 

the magnitude of this relationship. 

The separation of liver and muscle into glyceride and phospho- 

lipid resulted in the detection of additional components. The most 

notable among these was a fraction of unknown nature appearing in 

liver glycerides and phospholipids and relatively large amounts in 

muscle phospholipids. It was suggested that this may be a long chain 

fatty aldehyde since they have been previously reported in the liver 

as free aldehydes and as constituents of phospholipid from numerous 

sources. Both muscle and liver phospholipid contained large amounts 

of arachidonic and eicosatrienoic acids. These same acids could be 

detected only in liver glycerides. 

In general, this study perhaps poses more questions than it 

answers. Among these are the nature of the unknown component in liver 

and muscle phospholipid. It would also be of interest to further 

establish the suggested relationship between fatty acid levels and 

carcass composition; since it was suggested that the lt- and 16- 

carbon fatty acids are substituted for the 18- carbon unsaturates in 

depot glycerides allowing the use of the latter in more vital roles. 

Since muscle and liver phospholipid contains large amounts of 20- 

carbon unsaturates, it would perhaps be well to consider these in 
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future studies. This observation takes on more significance when one 

considers that one of the 18- carbon unsaturates, linoleic acid, is one 

of the major precursors of arachidonic acid. Such a study would 

necessitate more elaborate procedures than those used in this study. 
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APPENDIX TABLE I. FATTY ACIDS COMMONLY FOUND IN BOVINE TISSUE FATS. 

Trivial Name 

Laurie acid 
Myristic acid 

Palmitic acid 
Margaric acid 
Stearic acid 

Arachidic acid 

Myristoleic acid 
Palmitoleic acid 
Oleic acid 
Linoleic acid 
Linolenic acid 

mo me ea am 

Arachidonic acid 

Isomyristic 
Isopalmitic 
Anteisopalmitic 
Isoheptadecanoic 
Isostearate 

Systematic Name 

Saturated) 
n- dodecanoic acid 
n- tetradecanoic acid 
n- pentadecanoic acid 
n- hexadecanoic acid 
n- heptadecanoic acid 
n- octadecanoic acid 

n- nonadecanoic acid 
n- eicosanoic acid 

Unsaturated2 
9- tetradecenoic acid 
9- hexadecenoic acid 
9- octadecenoic acid 
9,12 -octadecadienoic acid 
9,12,15 - octadectrienoic acid 

-eicosatrienoic acid 
eicosatetraenoic acid 

Branched Chain3 
12- methyltridecanoic acid 
14- methylbentadecanoic acid 

13- methylbentadecanoic acid 
15- methylbexadecanoic acid 
16- methylbeptadecanoic acid 

Shorthand 
Designation 

12:0 
114 :0 

15:0 
16:0 
17:0 
18:0 
19:0 
20:0 

14 :1 
16:1 
18:1 
18:2 
18:3 
20:3 
20 :1a 

l.ttbr. 

16br. 

16br. 
17br. 
18br. 

1 Trace amounts of short chain fatty acids are also present. 
2 The unsaturated acids will be of both cis and trans configuration. 
3 This list is by no means complete. It will, however, provide 
examples of this type of fatty acid. 

-- -- 

- -- 
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APPENDIX TABLE II. THE EXPERIMENTAL RATIONS FED 

Ingredient 
1 

Ration No. 
2 3 , 

Alfalfa meal, 14 %, 1/4" grind 100 100 100 200 

Barley, steam rolled 1100 

Beet pulp, shredded 100 100 100 100 

Corn, ground 401 517 209 
Wheat mill run 477 
Molasses, cane 200 200 200 100 

Cull peas, ground 340 194 584 
Common ryegrass 

screenings, 3/16" grind 756 772 . 728 
Safflower meal, 20% 53 66 31 
Dicalcium Phosphate 1 1 0.5 
Limestone 23 23.5 23 

Salt, trace mineralized 24 24.5 22.5 20 

Vitamin A premix 2 2 2 2 

Antibiotic premix 1 

The following restrictions were used for rations 1 - 3: protein, 

12% crude for ration 1; 8.5% digestible for ration 2; 10.5% 

digestible for ration 3; Estimated net energy, 0.638 megcal. /lb.; 
Ca, 0.7 %; P, 0.5 %; Na, min. 0.55% and equal to at least 1/2 of K; 
Fiber, min. 9.0 %; Molasses, min. 5 %, max. 10 %; alfalfa, min. 5 %, 
max. 15 %; beet pulp, min. 5 %; added dry vitamin A, 750 I.U. /lb. 

In addition to the feedstuffs listed, the computer had access to 
barley, milo, wheat mill run, cottonseed meal, urea, and steamed - 
bone meal. 

2/ Ration 4 is a control ration used for comparative purposes. All 
the ingredients except the rolled barley were pelleted, and it 
contained 10 g. of Zinc bacitracin per ton. 

il 

b] 

2/ 



APPENDIX TABLE III. CORRELATION BETWEEN PRODUCTION CHARACTERISTICS 
AND WEIGHT PERCENT INTERMUSCULAR FATTY ACIDS. 

14 :0 14:1 16:0 16 :1 17 :0 18br 18:0 18:1 18:2 

Days on Feed -.07 -.07 .11 -.08 -.37* -.10 .24 -.01 -.33* 

Total Gain -.10 -.12 .09 .08 -.15 .10 -.04 .19 .07 

ADG -.02 -.19 -.27 .18 .24 .21 -.28 .16 .42** 

Feed Conversion -.02 .30 .23 .02 -.08 -.03 .09 -.16 -.20 

Energy Consumed -.15 .14 .06 .08 -.21 .03 .03 .12 -.14 

Energy Conversion -,07 .27 .23 .01 -.08 -.05 .09 -.08 -.24 

Marbling -.17 -.07 .03 .13 -.06 -.00 .11 .20 -.29 

Backfat -.12 .03 -.23 .22 .07 .14 -.28 .46** .01 

Rib -eye /CWT .27 .11 .32* -.07 -.10 .17 .16 -.47** -.07 

Cutability .27 .09 .15 -.14 .07 .17 .18 -.59** .14 

*P<.05 
**P < .01 



APPENDIX TABLE IV. CORRELATION BETWEEN PRODUCTION CHARACTERISTICS 
AND WEIGHT PERCENT INTRAMUSCULAR FATTY ACIDS 

114:0 114:1 16:0 16:1 17:0 18br 18:0 18:1 18 :2 

Days on Feed .08 .22 .08 .014 -.146** -.05 -.09 .31* -.18 

Total Gain .01 -.07 .09 .01 -.12 -.26 -.08 .13 .07 

ADG .09 -.30* .01 -.05 .35* -.20 .02 -.16 .24 

Feed Conversion .19 .31* .11 .19 -.07 .114 -.10 -.03 -.18 

Energy Consumed .13 .22 .13 .16 -.18 -.12 -.19 .18 -.05 

Energy Conversion .13 .30* .06 .20 -.07 .16 -.15 .03 -.12 

Marbling -.03 .25 -.114 -.05 .02 .05 .06 .09 -.09 

Baokfat .05 .13 -.33* .14 .214 .00 -.214 .19 .15 

Rib -eye /CWT .27 .03 .33* .05 -.09 -.21 .09 -.27 .03 

Cutability .13 -.03 .35* .08 -.06 -.05 .19 -.31* -.07 

* P <.05 
** P <.01 


