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The lipid composition of swine is characteristic of the species 

and is also a reflection of their dietary history.    Other investigators 

have established that the physical properties and composition of 

swine depot fat may be altered by variation of the dietary lipid. 

Dietary regimens employing vegetable oil-bearing materials and 

their effect on meat quality has received the attention of animal 

nutritionists for a considerable period.    Less is known about the 

nutritive value of the more highly unsaturated lipids,   such as fish 

oils,   and their effect on the lipid composition of swine tissues. 

Even less is known about the fate of oxidized fish oil lipids in 

swine rations. 

This research had for its purpose the investigation of the fate 

in swine of the dietary marine lipid,  menhaden oil,   and its effect on 

composition of depot lipids.    The state of autoxidation of the oil and 

the effect of certain antioxidants on the fatty acid composition of 

swine was determined. 



Growth studies on swine were made using menhaden oil of 

various oxidation states as the dietary lipid.    The effect of antioxi- 

dants, O* -tocopherol acetate and ethoxyquin,  was also investigated. 

At the conclusion of the diet trials,   tissue samples,   representing 

the five dietary regimens,   were removed for analysis.    The fatty 

tissues   examined were outer back fat,   inner back fat,   and kidney 

fat.    Samples of liver tissue for lipid analysis were also taken.    The 

lipids from the respective tissues were extracted and interesterified 

with methanol to yield the methyl esters of the fatty acids.    Hydro- 

genation of the unsaturated methyl esters for chain length confirm- 

ation was carried out. 

Qualitative and quantitative gas-liquid chromatographic analysis 

of the unhydrogenated and hydrogenated methyl esters of the fatty 

acids were performed on diethylene glycol succinate column. 

The results of these investigations showed that a particular 

dietary fatty acid can be selectively deposited in animal tissues. 

Long chain polyunsaturated fatty acids of menhaden oil,   such as 

20:5,   22:5,   22:6 were sparsely deposited in adipose tissues.    The 

depot fat composition showed a mixture of characteristic menhaden 

oil fatty acids with the typical fat synthesized by swine. 

Fatty acid composition of tissue from swine fed oxidized men- 

haden oil with and without antioxidants showed very similar fatty 

acid composition as those fed fresh menhaden oil.    The results of 

this investigation supported the beneficial effect of vitamin E 

(cA -tocopherol acetate) and ethoxyquin as in vivo antioxidants. 



Certain fatty acids ,   as glycerides,   were found in greater 

amounts in the various depots.    Oleic acid was more prevalent in 

the outer back fats while palmitic and stearic,   the higher melting 

point acids,   were more concentrated in the more internal locations. 

The investigation confirmed the role of liver as an organ of 

intermediary metabolism of lipids. The fatty acid composition of 

liver lipids mirrored the lipid composition of the diet. 

The fatty acid composition of menhaden oil was determined 

and the results of Farquhar et al.   (32) confirmed.     The presence 

of the short chain saturated fatty acids,   8:0     10:0,   11:0 is reported 

for the first time. 
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THE FATTY ACID COMPOSITION OF TISSUE FROM SWINE FED 
FRESH AND OXIDIZED MENHADEN OIL CONTAINING 

CERTAIN ANTIOXIDANTS 

INTRODUCTION 

Marine oils and fats have long been a subject of biochemical 

and nutritional research,  particularly as sources of energy and 

of the fat soluble vitamins,   A and D,   for animal and human diets. 

Recently the role of dietary fat in affecting blood cholestesterol 

levels and its relationship to arteriosclerosis is receiving con- 

siderable scientific attention.    Marine oils with their high content 

of polyunsaturated fatty acids may be beneficial in the treatment of 

heart disease (69 ;   120). However,   because of their unstable 

nature there are often problems associated with feeding of marine 

oils.     Growth retardation due to ill-defined factors has been report- 

ed (31).    In-vivo lipid per oxidation has been found when animals 

were fed diets high in polyunsaturated fatty acids and low in vitamin 

E.    However,  most of these investigations involved linoleate, 

linolenate and not the higher unsaturated fatty acids such as those 

present in marine oils.    Mishandling of marine oils often leads to 

air   oxidation before they are used in animal feeds.    The biological 

significance of highly unsaturated oxidized oil was the topic of dis- 

cussion at a Symposium on Food held at Oregon State University in 

1961 (116,   p.   255-409). 



This investigation had for its purpose the investigation of the 

fate,   in swine,   of dietary marine lipids and their effect on depot 

lipids.    The state of autoxidation and the effect of certain antioxi- 

dants on the fatty acid composition of the body lipids was also 

determined. 



REVIEW OF LITERATURE 

Fish Oils 

Tremendous quantities of fat are produced in the world.    Of 

this quantity,   only three percent is derived from marine sources 

(28).    Fish oil,   like any true fat,   is predominantly triglyceride in 

composition (79).    Dissolved in these triglycerides are a number 

of compounds most of which are the source of the unsaponifiable 

matter of the oil.    Some common compounds contained in fish oil 

are pigments,  hydrocarbons,  waxes,  fat soluble vitamins,   free 

fatty acids,   sterols,  phosphatides and glyceryl ethers (5,   p.   46-93). 

Fish oils differ from other fats mainly because of their com- 

position.    They contain considerable quantities of unsaturated fatty 

acids yet their content of essential fatty acids:    linoleic,   linolenic 

and arachidonic is small (44,  p.   10-11).    Fish oil differs from 

land animal fat in that land forms of life generally contain fatty 

acids of chain length from 14-20 carbons with 0-4 double bonds and 

with lesser amounts of long chain highly unsaturated acids.    Marine 

oils contain larger proportion of longer chain fatty acids of higher 

unsaturation.    Approximately a third to a half of these fatty acids 

contain from 20 to 22 carbon atoms per molecule with varying de- 

grees of unsaturation.    The fatty acid composition of several fish 

oil has been reported by Deuel (23,   p.   188) and Hilditch (46,   p.   42- 

44). 



The fatty acids of fish oils differ from most vegetable oils. 

The polyunsaturated acids in vegetable oils are largely restricted to 

the Cig series but those in fish oils range from Cw to C?/ with 

the CTQ and C^o series predominating. 

Among the fish oils,  menhaden oil has been extensively in - 

vestigated and characterized.    Stoffel et al.   (126;  127; 128),   used 

the techniques of fractional crystallization,   fractional distillation, 

counter-current distribution,   column chromatography and prepara- 

tive gas-liquid chromatography to effect separation of the fatty acids 

which were alike in respect to chain length.    Those containing the 

same number of double bonds were degraded by oxidative and re- 

ductive ozonolysis.    Fragments were identified by gas-liquid 

chromatography of the carboxylic acids and as addition products of 

the aldehydes.    From these experimental data,   the structure of the 

Cig,   CTQ. and Co? unsaturated acids of menhaden body oil were 

characterized,  the double bond was found always in divinyl methane 

rhythm,   i.e.   rCH-CP^-CHr ,   and if the double bonds are numbered 

from the terminal rather than the carboxyl carbon,   it can be seen 

that most of the acids are of the three types,   oleic,   linoleic and 

linolenic. 

Factors Affecting Depot Fat Composition 

Depot fats are derived from three possible sources.(1)   exo- 

genous fat deposited without alteration (2) exogenous fat modified 

during absorption,   transport and metabolism (3) endogenous fat 



synthesized via acetate from the non-fatty constituents of the diet. 

The Relationship between Dietary Fat and Depot Fat .    Earlier work 

of Norris and Mattil (93) pointed out that the depot fat of animals 

may have both exogenous and endogenous origin.    The fat of land 

animals would be expected to vary in glyceride structure,   depending 

upon the diet of the animal and the extent to which the fat is absorbed 

or altered by interesterification,   ester interchange,   or hydrolysis 

and resynthesis during metabolism.    It has also been shown re- 

peatedly that the fat stored by each species is a comparatively con- 

stant mixture of triglycerides differing from that deposited in other 

species in the proportions of individual fatty acids (45,  p.   391-432). 

This specific character can be greatly modified by the ingestion of 

large quantity of a particular fatty acid.    There are many experi- 

ments in which dietary fatty acids of chain length greater than ten 

carbon atoms have been deposited in the body fat of animals.    Thus 

Brown in 1931 (10) observed that when a diet which included 14% of 

menhaden oil was given to pigs,  the pig body fat contained small 

but significant proportions of the unsaturated acids of the CTQ and 

CTT series which are characteristic components of the fish oil. 

Garton,   Hilditch and Meara in 1951 (38) studied the fatty acid com- 

position of the depot fats of a pig fed on a diet rich in whale oil, 

using low temperature crystallization techniques,   they found that a 

considerable proportion of the characteristic whale oil fatty acids 

had passed into the fat depots.    A similar study conducted by Garton 



and Duncan in 1953 (3 7) showed that the composition of the back 

fats of pigs fed on a diet rich in cod-liver oil and lard had a definite 

influence on the dietary fat.    Their work indicated that lard and cod- 

liver oil fatty acids were absorbed essentially unchanged and de- 

posited additively along with typical "synthesized" lard in the back 

fat. 

As early as  1931,   Ellis et al.   (30) found that dietary cotton- 

seed oil affected the composition of the body fat on hogs and rats 

and found striking changes in the fatty acid distribution.    The effect 

of high fat diet,   on body fat composition of rats was explored by 

Channon et al.   (12) few years later.    In 1954 Tove (134) investi- 

gated the effect of soybean oil and cottonseed oil on fatty acid com- 

position of rat depot fat.    In all cases there was found to be a 

correlation between the dietary fatty acid composition and the depot 

fat composition.    The effect of dietary fat on body fat of the hen was 

investigated by Feigenbaum and Fisher (33) in 1959.    More recently, 

the fatty acid composition of human depot fat was examined by 

Kingsbury et al.   (68).    Diets rich in C20 pentaenes and C22 hex- 

aenes were given to normal volunteers,   upon analysis of depot fat 

it was found the long chain polyunsaturated fatty acids were present 

to a large extent in the plasma but only sparsely deposited in the 

depot fat.    An earlier study by the same group (67) revealed that 

the fatty acid pattern does not depend on the location of human depot 

fat.    Although dietary history of these samples was not specified, 

their findings showed that human depot fat contains 42-51% oleic, 



21-30% palmitic,   5-8.5% palmitoleic and stearic,   5-8% linoleic 

and under 3% acids with more than two double bonds.    Also signifi- 

cant amounts of odd number and branched chain fatty acids,   CQ and 

Cin saturated acids,   and trienes,   pentaenes and hexaenes were pre- 

sent. 

Although animal fats may contain a variable number of fatty 

acids due to dietary influence (33; 37; 67),   six usually comprise 

more than 90% of the fatty acid composition of land animal depot 

fats (45,   p.   391-432).    As in the case of human depot fat investi- 

gated by Kingsbury et al,  the major components in animal depot fats 

are myristic acid (14:0),   palmitic acid (16:0) and stearic acid (18:0) 

of the saturated acid series,   and palmitoleic (16:1),   oleic (18:1) and 

linoleic (18:2) of the unsaturated series. 

Evidence for the Incorporation of Dietary Fat into Depot Fat.  Direct 

evidence for the incorporation of fatty acids into body fat were pro- 

vided by isotope experiments of Schoenheimer and Rittenberg (113) 

where they fed deuterium-containing,   partially hydrogenated lin- 

seed oil to mice.    Analysis of the depot fat showed that it contained 

47% of the ingested fat,   irrespective of the nutritional adequacy of 

the diet.    Further evidence was provided by the work of Stetten 

et al.   (125) who fed rats palmitic acid which had been labeled with 

deuterium.    After eight days the animals were sacrificed,   and 

several of the fatty acids were isolated from the carcass fat.    It 

was found that isolated palmitic acid contained much more isotope 
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than any of the other fatty acids examined.    One may conclude that 

a significant proportion of the dietary palmitic acid is incorporated 

into the body fat. 

Inter conversion of Fatty Acids In Vivo.    Although there is evidence 

of direct deposition of dietary fat into depot fat,   the dynamic concept 

involves the inter conversion of fatty acids in vivo.    Considering the 

fatty acids which are derived entirely from the fatty constituents of 

the diet,   workers have shown that ingested fatty acids with less than 

ten carbon atoms are deposited mainly as palmitic and stearic acids 

(29;  102;21).    It appears that these short chain acids are first 

fragmented into Co units.    Evidence for the formation of long chain 

fatty acids has recently been provided by Wakil (137). 

Inter conversion of fatty acids in vivo which included C? unit 

addition and dehydrogenation has been shown by many workers. 

Nunn and Smedley-MacLean (94) found that methyl linoleate fed to 

rats maintained on a fat-free diet gave rise to fatty acids in the 

liver yielding polybromides corresponding to those of arachidonic 

acid.    Methyl linolenate,   on the other hand,   resulted in the formation 

of acids which yielded polybromides corresponding to a mixture of 

arachidonic and docosapentaenoic acids.    A few years later the 

findings of Nunn and Smedley-MacLean were confirmed by 

Reichehoff et al.   (105).    Widmer and Holman (139) using the more 

sensitive alkaline isomerization techniques confirmed that rats fed 

a fat-free diet were capable of synthesizing arachidonic acid from 



linoleic,   and hexaenoic acid from linolenic acid,   thus suggesting 

that tetraenoic and hexaenoic acids in tissues arise from two 

different dietary sources.    Synthesis of some pentaenoic acid from 

linolenic acid was also shown.    Besides studies on rats,   inter- 

conversion in vivo was shown by the work of Reiser (103;104) in 

chicks.    More recently in an investigation to study the effect of 

unsaturated fatty acids deficiency,   Klein and Johnson (70) conducted 

an experiment in which the test animals were deprived of unsaturated 

fatty acids.    Analysis of fatty acid of the liver revealed that very 

little unsaturated fatty acids were found,  with the exception of 

trienoic acid which occurred in all fractions.    The significance of 

this accumulation of trienoic acid in liver under condition of un- 

saturated fatty acid deficiency is not yet known. 

Direct evidence of the inter conversion of fatty acids in vivo 

have been provided by isotope studies.    The evidence in general is 

based on the administration of labeled fatty acids followed by 

examination of the fats in the tissues.    Isolation of fatty acids from 

the tissue with the same label as the administered fatty acid is taken 

as evidence of the origin of the tissue fatty acids from the administer- 

ed fatty acid. 

Classic experiments using labeled fatty acids to provide evi- 

dence of inter conversion in vivo was carried out by Schoenheimer 

and Rittenberg (114;108;115),   their experiment was the first to show 

in vivo dehydrogenation,  hydrogenation and Co unit shortening.    By 

administering deuterium-labeled stearic,   oleic   and stearic 
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respectively in individual experiments,   labelled oleic,   saturated 

fatty acid and palmitic were found respectively in carcass fat. 

Stetten et al.   (125) isolated labelled stearic,  myristic,   lauric and 

oleic besides palmitic when they fed deuterium-labelled palmitic 

to rats.    This provided the most unique evidence of in vivo C2 unit 

addition,   C^ unit chain shortening and dehydrogenation. 

From Stetten's isotope data (125),   although it shows oleic 

could have had palmitic as a precurser,   the linoleic acid activity 

reported in his work was negligible and could not have arisen from 

the dietary palmitic acid.    Therefore the introduction of a second 

ethenoid group required for  the production of linoleic acid from 

oleic acid did not occur; this is in agreement with data of other 

investigators that linoleic,   linolenic,   V-linolenic and arachidonic 

acids are important in animal metabolism,   since these fatty acids 

apparently are not synthesized in animals at a rate sufficient to 

meet the needs of the body economy.    For normal growth,  mice, 

rats,   dogs and probably human beings required a dietary source of 

at least one of these compounds (25,  p.   43-46). 

Essential Fatty Acids.    Along with the classical experiment 

by Stetten showing that linoleic acid was not synthesized in vivo, 

later work by Mead et al.   (88) confirmed this point.    They used 

carboxyl-labelled acetate injected intraperitoneally into young rats, 

upon analysis of fatty acids of the organ and depot fats by crystalli- 

zation,   they found arachidonic acid had considerable activity in the 
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carboxyl carbon and almost none in the rest of the chain.    On the 

other hand isolated linoleic acid had almost no activity.    Steinberg 

et al,   (121) feeding carboxyl-labelled methyl linoleate to rats,   again 

confirmed the direct deposit of linoleate and the in vivo synthesis 

of arachidonic acid from linoleate. 

The so-called "essential fatty acids" have occupied the 

attention of many workers since Burr and Burr (11).    Of the many 

effects of "essential fatty acids" deficiency,   diminished growth and 

dermatitis have received the most emphasis (49).    When dermatitis 

is used as the criterion of deficiency in rats,   only linoleic acid and 

closely related fatty acids exhibit activity.    However,  when growth 

is used as the criterion,  many other fatty acids including linolenic 

and its related' acids show activity.    Because of its "essentiality" 

linoleic acid and its metabolism in vivo has been investigated by 

Fulco and Mead (35;36;54).    Their work confirmed the incapability 

of linoleic acid synthesis in vivo and provided evidence of stepwise 

conversion of linoleic to arachidonic acid long reported by other 

workers in the literature. 

Along with the investigation of "essential fatty acids" in re- 

cent years.  Mead et al.   have extensively studied the metabolic 

pathway of the essential fatty acids and revealed that dietary lin- 

oleic acid is the parent compound of a series of polyunsaturated 

acids with the terminal structure CH3-(CH2)4-CH= (85;88;121) 

while dietary linolenic acid gives rise to a family of polyunsaturated 

acids with the terminal structure CH3-CH2-CH: (84;122). 
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Biohydrogenation.    Hydrogenation in vivo has been shown to 

be possible by a great deal of indirect evidence (47;48).    The find- 

ing of Hilditch and Pedelty (48) that in pig back fat the outer layer is 

more unsaturated whereas the perinephric fats are higher melting 

may be due to partial hydrogenation of the major glyceride type. 

Lovern (78) has pointed out that the fatty acids of certain fish also 

are more saturated than those of their dietary sources.    This prob- 

lem of hydrogenation of fatty acids in vivo was first studied in 

greater detail by Rittenberg and Schoenheimer (108) using un- 

saturated fatty acids labelled with deuterium.    They came to the 

conclusion that the deuterium in the saturated fatty acid came from 

biohydrogenation.    However,  the deuterium content of the saturated 

acids could have had three possible sources of the precuser;   the 

body water,   the unsaturated acids by direct hydrogenation and the 

unsaturated acids by breakdown and resynthesis.     From experiments 

with animals it appears that hydrogenation is not an important 

reaction.    Mead and Howton (85) in a study using    y-linolenic acid, 

isolated the fatty acids from organ and depot fats of rat fed such 

acid.    It appeared that the stearic acid was formed by condensation 

of the active acetic acid derived by oxidation of the active    X - 

linolenic acid.    Recent experiments conducted by Mead and Nevenzel 

14 (86) showed that when rats were fed methyl palmitoleate- 1 -C      , 

very little activity found its way into the palmitic acid by hydro- 

genation of the palmitoleate.   This seems to confirm Mead's earlier 

work (85) and indicates that hydrogenation of long chain unsaturated 
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fatty acids is of very minor importance in higher animals.    The 

major route of carbon from the unsaturated to the saturated acid is 

through acetate. 

Fatty Acid Synthesis In Vivo .    In 1944,   Rittenberg and Block (106; 

13 107) found that after the administration of CD3C     OOH to mice and 

13 rats the fatty acids in the liver and carcass contained C       and D 

indicating that acetate could be converted to fat in the animal.   Zabin 

(141) showed that stearic acid isolated after incubation of rat liver 

slices with carboxyl labelled acetate,   contained almost all of the 

isotopic   carbon in the carboxyl position.    This finding demonstrated 

that chain elongation occured by the addition of two carbon atoms to 

14 the carboxyl end of palmitic acid.    Anker (3) fed isotopic 1-C 

myristic acid to rats and degraded the palmitic acid isolated from 

the carcass fats.    The distribution of isotope activity indicated that 

the palmitic acid is formed by the condensation of the carboxyl 

group of myristic acid and acetic acid.    Dauben,   et al.   (20) also 

used isotope techniques and found palmitic acid from tissues was 

labelled more or less uniformly at every alternate carbon atom 

throughout the molecule,  while stearic had more activity on the 

carboxyl carbon than the remaining alternate carbons.    This indi- 

cates that palmitic is mainly synthesized from two carbon units 

while stearic may be formed to a considerable extent from a sixteen 

carbon moiety.    Evidence from these workers show that acetate is 

an intermediate in fatty acid formation.    Wakil (137) presented 
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evidence to show that there are two distinct systems for synthesis 

of fatty acids.    The mitochondrial system which may involve some 

enzymes of the   /3-oxidation requires TPNH and DPNH.    While in 

the cytoplasm of the cell the conversion of acetyl-CoA to palmitate 

requires ATP,   Mn++,   HCO3" and TPNH.    It has been revealed by 

Wakil that main pathway for fatty acid synthesis a.ppears to be in the 

non-mitochondrial part of the cell. 

Since acetate is a necessary intermediate of fatty acid syn- 

thesis,   it is clear that,   although acetate could have had its origin 

from dietary fatty acids through oxidation,   it also could have come 

from sources other than dietary fatty acids.    Stetten and Boxer 

(123) first called attention to the quantitative significance of the 

conversion of carbohydrate to fatty acids.    It has been shown also 

that fat which has been synthesized by rats from carbohydrates is 

characterized by the presence of large amount of Ci^ fatty acids 

(74).    Evidence and mechanism of the conversion of carbohydrate to 

fatty acids have been made much clearer by the work of Popjak 

et al.   (100) using labelled compounds.    They were able to provide 

evidence for the conversion of d-glucose to fatty acid via two car- 

bon acetate,  thus providing a source of fatty acid other than dietary 

fat. 
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In Vivo Oxidation of Polyunsaturated Fatty Acids 

Oxidative Degradation .    There is ample evidence th^t unsaturated 

fatty acids are oxidized in the same way as saturated fatty acids. 

Mead and Slaton (87) used labelled stearate,   oleate and linoleate and 

found evidence for the oxidation of unsaturated fatty acids,   apparently 

independent of the number of double bonds or the essentiality of the 

acids.     The fact that the polyunsaturated acids are readily oxidized 

when presented to the organism in the normal metabolizable form 

(chylomicrons or fatty acid-albumin complex) was shown by 

Fredrickson and Gordon (34).    While these experiments were per- 

formed using unsaturated fatty acids of no more than three double 

bonds,   there is no work done using fatty acids having higher un- 

saturation like those found in marine oils.    However,   one could 

reasonably assume the higher polyunsaturated fatty acids will be 

oxidized in the same manner. 

In Vivo Peroxidation .    There is ample evidence that polyunsaturated 

fatty acids in tissue of animals can peroxidize in vivo and that their 

peroxidation can be prevented by the presence of suitable antioxi- 

dants.    Peroxidation of adipose tissue was shown by pam (19) and 

later by Moore et al.   (90).    The condition of encephalomalacia in 

chickens is believed to be due to in vivo peroxidation of polyun- 

saturated fatty acids,  Machlin and Gordon (80).    Encephalomalacia 

is a vitamin E deficiency disease characterized by degeneration in 

the cerebellum and occasionally the cerebrum.    According to 
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Machlin and Gordon,   no other tissues are affected and the chicken 

grows and behaves normally until the onset of the nervous symp- 

toms.     The disease will develop only if the diet contains linoleic 

acid or arachidonic acid (80).    However,   encephalomalacia was 

observed by Singsen et al.   (117) in chicks after feeding fish oil 

under conditions of low vitamin E.    They worked with a purified 

low-fat diet with chicks low in vitamin E and found that fish oil in- 

troduced as a stress factor would invariably produce encephalo- 

malacia and that menhaden oil gave the highest mortality.    Since 

fish oils contain polyunsaturated fatty acids other than linoleic, 

this would suggest that encephalomalacia can be induced by polyun- 

saturated fatty acids other than linoleic and arachidonic under con- 

ditions of inadequate in vivo protection with an antioxidant. 

A further step to try to correlate this incident to fatty acid 

composition of lipid-containing units in the cell such as mito- 

chondria was investigated by Marco et al.   (81).    In their experi- 

ments liver and cerebellum mitochondria were prepared from 

chickens fed a fat-free diet and with diets high in linoleic and lino- 

lenic acids.    Diets high in linoleic and linolenic acids resulted in 

greatly increased incorporation of the specific acids into mito- 

chondria of liver and cerebellum.     The incorporation of a high 

level of linoleic and arachidonic acids into the cerebellum also pre- 

cedes the incidence of encephalomalacia.    Incidence of encephalo- 

malacia under a dietary condition of high intake of polyunsaturated 

fatty acids inadequately protected against autoxidation    in vivo has 



17 

been reported in chicks by other workers (13; 14;71 ;129) and in man 

byHorwitt et al.   (50). 

Further evidence for lipid peroxidation   includes 

nutritional dystrophy in the rat (15) and peroxide hemolysis of human 

erythrocytes (51;52;53).    The mechanism of membrane breakdown 

and hemolysis in vitro has been found in the research of Tsen and 

Collier (136) who showed that hemolysis of red blood cells is 

concurrent with lipid peroxidation and that the membrane is damaged 

mainly by lipid peroxidation.    Membrane damage to the lysosome 

subcellular particles causes the release of a group of acid hydrol- 

ases which will hydrolyze cellular and tissue constituents (22,   p. 

128-154).     Lipid peroxidation damage to the membranes of other 

functional subcellular particles like mitochondria and microsomes 

would have profound effects because of the molecular proximity of 

lipid and enzymes in the membranes.    Studies of the lability of 

mitochondria and microsomes in vitro show that they both de- 

teriorate by hematin catalyzed lipid peroxidation as measured by 

oxygen absorption or thiobarbituric acid reaction (131;133).     Lipid 

peroxidation inactivates mitochondrial enzymes,   studies of the 

cytochromes of electron transport particles during in vitro lipid 

peroxidation showed that there is random damage in the electron 

transport system to cytochromes a-j,   c,   c^ and b  (130).    Lipid 

peroxidation is inhibited by vitamin E in vitro (131; 132). 
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Gas-Liquid Chromatographic Method for Analysis of Fatty Acids 

The principle of gas-liquid chromatography is similar to that 

of liquid-liquid chromatography in which one phase of an immiscible 

pair is held stationary in a column and the second phase is moved 

continuously through it.    In gas-liquid chromatography the moving 

phase is a gas.    Any mixture applied to the top of the column and 

washed through by the moving phase will separate into individual 

components provided these components possess sufficiently different 

partition coefficients in the two phases employed.    By means of a 

suitable detection system the concentration of eluate in the effluent 

gas is plotted against time.    The amount of substances to be 

separated are kept small so that the partition coefficient is  inde- 

pendent of concentration and symmetrical zones result. 

In order to reduce the working temperature,   accelerate the 

chromatograms and to improve the separation,   it is common 

practice to convert the substances to lower boiling derivatives. 

The fatty acids are usually separated as the methyl esters. 

James and Martin (60) in 1952 first reported use of gas- 

liquid chromatography in the separation of fatty acids.    They 

described the separation of acids from formic through dodecanoic 

on silicone-stearic acid columns,   and detected the eluted acids by 

titration.    One year later Cropper and Heywood (18) extended the 

gas chromatographic separation to the methyl esters of the even- 

numbered fatty acids from C jo to Co?-    They used Dow Corning 
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high vacuum silicone grease on Celite columns and employed a 

platinum-wire thermal conductivity cell as the detector.    The 

efficiency of their columns allowed only a separation based on 

differences in chain length,   and methyl oleate (18:1) and methyl 

stearate (18:0) were not separated.    A major contribution to the 

field of fatty acid separation and to gas chromatography in general 

was the invention of a gas density balance detector by Martin and 

James (82).    The high sensitivity of this device was responsible 

for improvement in the separation of methyl esters of the fatty 

acids containing from eight to 26 carbon atoms by James and 

Martin (61),   James and Wheatley (63) and Beerthuis and Keppler 

(8).    The high sensitivity allowed the use of extremely small 

samples that,   in turn,   reduced the band-spreading that results from 

overloaded columns.    Besides the non-polar stationary phase used 

by the above-mentioned workers,   a different type of stationary phase 

was reported by Lipsky and Lansdown (73) to be an extremely 

efficient stationary liquid for use in the separation of fatty acids by 

gas liquid chromatography.    By employing columns containing 

Celite 545 coated with a high molecular weight succinate polyester 

of diethylene glycol at 203   C,   it was possible to resolve the indi- 

vidual components of saturated and unsaturated acid esters extend- 

ing from C^T ^0 ^26 ^n ^proxiras-tely 38 minutes.    There are basic 

differences of the two major type of stationary phases.    With non- 

polar phases,   unsaturated and branched components emerge before 

the corresponding saturated ones,  whereas with polar phases, 
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unsaturated acids emerge after their saturated analogues.    In order 

to understand this difference,   let us consider some basic factors 

affecting separation. 

Factors Affecting Separation in Gas-Liquid Chromatography.    Two 

factors are concerned in chrorriatographic resolution:   (1) column 

efficiency,  which controls the sharpness of zones.   (2) solvent 

efficiency or separation factor.    The simplest treatment   of the 

process occurring in gas-liquid columns is the "plate" theory, 

developed originally by Martin and Synge (83).    The column is 

treated as a series of zones or plates in which the two phases and 

the solutes are in equilibrium.    Thus a column efficiency   can be 

expressed by numbers of theoretical-plates.    Column efficiency is 

controlled by many factors,   such as particle size of the support 

medium,   flow rate of carrier gas,   amount of stationary phase, 

column length and perhaps the sample size,   if the sample size is 

large enough to exceed the critical level at which the distribution 

coefficient becomes dependent on the concentration of solute. 

Solvent efficiency or separation factor depends on the distri- 

bution coefficients of the different solutes between the liquid and 

the gas phases.    It is expressed by the ratio of the retention volumes 

of two peaks.    The difference in distribution coefficient between two 

substances is controlled by the difference between the energy re- 

quired to move molecules of the two substances from one phase to 

another.    For nonpolar solvents such as saturated paraffin 
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hydrocarbon,   examples of this type are Apiezon M,   Apiezon L, 

substances dissolved in them at low concentrations are attracted 

to solvent molecules only by nonpolar London Dispersion forces 

(42).    The magnitude of these forces is dependent largely on the 

molecular weight of the solute and the configuration of the molecule 

but not directly on the presence of dipoles or polarizable bonds in 

the molecule.    On the other hand,  when the solvent molecules con- 

tain polarizable bonds such as those present in diethylene glycol 

succinate,  then other interaction forces come into play.    London 

dispersion forces still occur,   but if the solute molecule itself con- 

tains polarizable bonds or dipoles,  then these bonds interact with 

the solvent.    Therefore in the case of a polyester column,   a balance 

has to be found between the London dispersion forces,  which are 

greater with the saturated than the unsaturated compounds,  and the 

po/ar interactions,  which are greater with the unsaturated compounds, 

Besides polydiethylene glycol succinate (73),   other polyesters 

have been used are polypropylene, glycol adipate (96) and polyethylene 

glycol adipate (58).    The magnitude, of polar effect increases with 

the number of double bonds as both Lipsky and Lansdown (72), 

Stoffel et al.   (128) have shown.    However,  the position of the double 

bonds and their stearic configuration has no effect upon the retention 

volume of the monoenic acids,   so that such isomers are not resolved 

(59).    On the other hand,  a non-polar column may be able to separate 

some cis-trans unsaturated acids (57).    More^Tec'ently-since thg^use 

of^xapU-lary-cokurans^m^^ (7) 
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have claimed that isomers of fatty acid esters were able to be 

separated by capillary columns.    The choice of the stationary phase 

depends in each case on the particular separation desired.    Steti-oa^ 

ary phase and the inert support make up the column and the column 

is the heart of the chromatography set-up.    The general theory and 

practice of gas chromatographic methods is extensively treated in 

recent text books and reviews (2;32;42;57;65;66;98;109). 

Besides the column which is composed of an inert support 

and a stationary phase,   a gas-liquid chromatographic set-up also 

includes a source of carrier gas at a constant pressure,   a heating 

device for both the column and detector,   and a detector whose 

function it is to measure the concentration of vapor in each zone 

leaving the column and a recorder to present the information 

supplied by the detector. 

The carrier gases preferred in work with fatty acid esters 

have been argon,   helium,  hydrogen and nitrogen.    Argon is used in 

instruments equipped with /3 -ray argon ionization detectors, 

helium,   hydrogen and nitrogen are commonly used in instruments 

with thermal conductivity detectors,   and nitrogen is usually used 

with hydrogen flame ionization detectors. 

The Qualitative and Quantitative Aspects of Gas-Liquid Chromato- 

graphy for Separation and Identification of Fatty Acids.    The 

practical identification of components in a chromatogram is achieved 

by the use of standards.    Provided the temperature,  quantity of 
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stationary phase in the column,   and the flow rate of gas are kept 

constant,   a given acid always emerges at the same time.    In prac- 

tice^ however,  flow rate of gas may fluctuate,  quantity of stationary 

phase is by no means constant since it is constantly bleeding,   there- 

fore,   in order to obtain reproducible results,   relative retention 

time is used.    Relative retention time is a mathematical ratio based 

on an arbitary chosen peak as a standard,   usually methyl stearate. 

By this means many of the variables are cancelled out thus giving 

a more reliable parameter.    Relative retention varies with the 

temperature and in order to achieve reproducibility,   an instrument 

with a constant temperature oven is highly desirable. 

Besides relative retention time,   the concept of "carbon 

number" as presented by Woodford and VanGent is a rather new 

method of presenting qualitative data from gas-liquid chromato- 

graphy of fatty acid esters (140).    At the same time that Woodford 

and VanGent proposed the concept of "carbon number",  Miwa et al. 

(89) independently proposed a parameter called equivalent chain 

length (ECL) as a fatty acid identification constant," technically these 

two parameters are the same.    Carbon numbers represent no 

difference in principle from relative retention time but are of 

practical value because they   indicate more directly the position of 

a component in the elution pattern.    Carbon number is characteristic 

of a particular stationary phase.    It is,   like relative retention time, 

dependent on the temperature at which the column is run but 

Woodford and VanGent claimed that carbon number is sufficiently 
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constant over small temperature ranges to allow comparison with 

other runs on the same stationary phase (including those of other 

authors) made in the same temperature region. 

The quantitative aspect of gas-liquid chromatography has 

been studied by several investigators.    A se-r-ious pnorbd'emrarrtsTes 

from-the fact ,that..th.e.-d.etector.s ,do not always give a" response pro- 

p&riional io.-concentration..   The detectors most frequently used in 

the fatty acid analysis have been the gas-density balance,   the 

thermal conductivity cell,  the   /S-ionization cell and more recently 

the hydrogen flame ionization detector. 

The gas-density balance introduced by Martin and James (82) 

and faaiS^foftftn used by several investigators (55;63) has the simplest 

relationship between signal and effluent composition.    The response 

depends only on the difference in concentration and molecular weight 

between the component and the carrier gas. 

For other detectors the response is not a simple function of 

concentration and molecular weight.    Rosie and Grob (110) claim 

that the response of a thermal conductivity detector with helium is 

independent of the individual sensing unit,  the concentration,   and 

the temperature of the detector,   and depends only on the molecular 

weight and class of the compound.    However, Sj^rensen and S^ltoft 

(119) have shown that the relative response for the methyl esters of 

fatty acids varies with amount as well as with chain length and 

unsaturation when nitrogen is used as carrier gas.    Jart (64) re- 

ported similar findings and found nonlinear ity of the response,   using 
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helium. 

The   /4-ra.y argon ionization detector of Lovelock's design 

(75;76) and the flame ionization detector have a very high sensitivity. 

Linearity of response with vapor concentration is claimed for these 

detectors but the proper conditions for linearity must be ascertained 

(32;77). 

In spite of the difficulties of making quantitative measurements, 

variation between the lipid composition of similar biological samples, 

is often so great that the inaccuracies of the detector are not 

apparent to the investigator and are small compared to the biological 

comparisons to be made. 

Another question in connection with the qualitative and quanti- 

tative interpretation of the chromatogram is the stability of the 

substances inside the column.    It is well established by the findings 

of Stoffel et al.  that esters of polyunsaturated acids of the methylene- 

interrupted type are astonishingly stable at temperatures up to 

200  C (128).    Since these esters and those of the saturated and 

monoethenoid acids are the only known esters derived from most 

animal lipid fractions,   gas-liquid chromatography presumably may 

be applied to ester samples from these sources without fear of 

ambiguous results. 

With vegetable oils,  the situation is a little different since 

many vegetable oils contain acids with conjugated unsaturation, 

acetylenic bonds or functional groups containing oxygen.    Morris 

et al.   (91) in their recent research revealed that conjugated 
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trienoates undergo cis-trans isomerization and esters of some un- 

saturated hydroxy and hydroperoxy acids will undergo dehydration 

to more highly unsaturated derivatives. 

Polyester columns suffer from the fact that being esters, 

they will slowly undergo transesterification reactions with the 

sample esters at elevated temperature.    However,   because the 

residence time in the column was different for each component, 

more reaction would be expected to have occurred for peaks emerg- 

ing last,   this would have introduced a quantitative error for percent 

composition.    The data of Orr and Callen (97) bear this out and 

showed that lowering the temperature to 200  C improved the 

situation. 

In practice and as has been shown in the literature,   quantita- 

tive data are usually reported as a mean of several runs and its 

standard deviation.    For relative comparative purposes and con- 

sidering the statistical significance of the data,   gas-liquid chroma- 

tography,   although it may not be a very exact tool,  may yield 

qualitative and quantitative information otherwise impossible to 

collect. 

Use of Gas-Liquid Chronmatography in Fatty Acid Analysis.    Gas- 

liquid chromatography has been used for fatty acid analysis by many 

workers.     Besides the investigation of menhaden oil by the 

Rockefeller Institute group (128) which was most extensive, 

Beerthuis et al.   (7) using Apiezon L. also investigated menhaden oil. 
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They found that fatty acids higher than lignoceric acid (C^A) were 

not present in their sample.    Some trace components detected by 

one group were not detected by the other,  this may be the case due 

to different separation conditions.    The work of Beerthuis et al. 

gave no complete identification of all the peaks but claimed their 

provisional results are in agreement with those reported by Schlenk 

et al.   (Ill) who by means of paper chromatography,   found mono-, 

di-,   tri-,   and tetra-unsaturated C^ and Cjg acids in the component 

fatty acids of menhaden oil.    A mono- and a penta-unsaturated C20 

acid were detected in menhaden oil by Baldwin and Parks (6).    The 

presence, of docosapentaenoic acid was detected by Armstrong and 

Allan (4). 

Biological studies of fatty acid composition using gas-liquid 

chromatography technique have been widely used in recent years, 

they include the study of fatty acid composition in human milk fat to 

fatty acid of human forearm sebum,   among other metabolism and 

tissue composition studies (1;26;56;62;63;71). 

It seems that gas-liquid chromatography is a promising 

technique for preparation,   identification and quantitation.    However, 

one has to bear in mind that definite characterization of a fatty 

acid would still depend on isolation and structural determination by 

classical chemical techniques. 
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EXPERIMENTAL PROCEDURE 

Source of Samples 

Lard.     Steam    extracted lard,   a sample from the middle portion of 

one large vat,  was obtained from a local commercial source. 

Menhaden Oil.    Menhaden oil was obtained from the U.S.   Depart- 

ment of Interior,   Bureau of Commercial Fisheries,   Technological 

Laboratory,  Seattle,   Washington.    The oil was obtained by the 

conventional fish meal-oil process which consists of steam cooking 

fresh menhaden in a continuous screw press and centrifugal separa- 

tion of the oil from the water and solids.    The crude oil was stirred 

with decolorizing carbon and bleaching clay and filtered to yield a 

light colored oil of low free fatty acid content.    Controlled oxidation 

of portions of the menhaden oil for use in the diets of lots 3-5 was 

accomplished at room temperature in a closed glass system,   to 

retain volatiles,   using a slight positive oxygen pressure.    In order 

to maintain diet lipids at the desired state of oxidation,   aliquots of 

menhaden oil were weighed into No.   1 cans,   vacuum    sealed and 

quick-frozen at -18  F,   after which they were stored at 0  F. 

Tissues.    Five pair of Berkshire swine averaging 76 pounds in 

weight and ten weeks of age were penned individually and fed a basal 

diet composed of crude natural ingredients with modifications as 

D.E.   Nebergall Packing Co. ,   Albany,   Oregon 
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Extraction of lipids 

Five g of fatty tissues were finely cut up with a stainless 

steel knife,  placed in a mortar and ground with 25 g of sodium 

sulfate.    The extraction procedure is essentially that of Bhalerao, 

Endres and Kummerow (9) with slight modifications.    To the 

mixture of tissue and sodium sulfate were added approximately 20 

ml of ethanol:diethyl ether (1:1).    The mixture was extracted three 

times with the same amount of solvent.    The extract was filtered 

into a standard-taper Erlemeyer flask.    The solvent was evaporated 

under vacuum at room temperature using a laboratory rotary 

evaporator.    The residue was extracted with about 20 ml of diethyl 

ether and dried with sodium sulfate.    After, the sodium sulfate had 

been filtered off,  the extract was again evaporated.    The lipid 

residue was used directly for methanolysis. 

Extraction of the lipid from liver tissue was carried out as 

follows;   Approximately 30 g of liver tissue was finely chopped up 

with stainless steel knife.    The chopped tissue was placed in a 

Virtis blending flask with about 90 g of anhydrous sodium sulfate 

and 100 ml of ethanol-diethyl ether mixture (1:1).    The mixture 

was homogenized with the rheostat set at 65 for three minutes. 

Then another 60 g of sodium sulfate and 60 ml of ethanol-diethyl 

ether mixture (1:1) were added to the flask and the mixture homo- 

genized again for three minutes with a rheostat setting of 50.    The 

contents of the flask were then filtered (E and D Lab-Pak Folded 
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filter paper No.   512,   size  18. 5 cm) into a standard taper Erlemeyer 

flask.    The clear filtrate was evaporated off by a laboratory 

rotating evaporator,   and the residue was extracted with ether,  dried 

over sodium sulfate,  filtered and the solvent evaporated.    The 

residue was used for methanolysis. 

Pure lard and fresh menhaden oil were dissolved in diethyl 

ether and treated with methanol and sodium methoxide for pre- 

paration of ester derivatives. 

Preparation of Methyl Ester Derivatives of Fatty Acids 

The procedure for the preparation of methyl esters was 

essentially that of Bhalerao,   Endres and Kummerow (9).    Lipid 

was interesterified with methanol using sodium methoxide as a 

catalyst.    The flask was left at room temperature overnight.    The 

methyl esters were recovered by diluting the reaction mixture with 

about five volumes of water,   acidifying with dilute hydrochloric acid 

to the end point of bromcresol purple (118),  followed by extraction 

with ether.    After removing the solvent by a stream of nitrogen the 

esters were stored in vials under nitrogen at 0  F,   and used directly 

for gas chromatographic analysis. 

Hydrogenation of Methyl Esters of Fatty Acids 

About 0. 05 g of the methyl ester samples was hydrogenated 

and the hydrogenated samples chromatographed.    This is to confirm 

the unsaturated components and to show more conclusively the 
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chain length of the ester mixture.    The procedure of microhydro- 

genation was that of Farquhar et al.   (32) with the modification that 

methanol was used as solvent instead of ethanol,   since partial 

transethylation may take place (101).    After completion of hydro- 

genation,  the supernatent clear liquid was freed of catalyst by 

filtration using micro-filtration apparatus  "a" as described by 

Wiberg   (139,   p.   108).    The solvent was evaporated under reduced 

pressure with a stream of nitrogen.    The hydrogenated esters were 

dissolved in ether before being chromatographed. 

Gas Chromatographic Analysis of Methyl Esters 

Preparation of Inert Support.    Celite 545    was separated into 

various fractions by use of standard "ASTM" sieves.    Mesh sizes 

of 60-80,   80-100,   100-120,   120-140 were obtained.    These  fractions 

were treated with 1 N NaOH for  15-30 minutes with frequent stirring. 

After washing with distilled water to neutrality,   the fractions were 

treated with 1 N HC1 and stirred at intervals for 30 minutes.    Again 

they were washed until neutral.    The celites were filtered by suction 

and washed with methanol to remove water.    Finally they were dried 
o 

in an oven at about 105  C for two or three days.    After this acid- 

base treatment the celites were size-graded once again through 

standard eight inch diameter sieves in a mechanical shaker.    The 

Celite 545 consists of amorphous diatomaceous silica plus varying 
percentages of inverted microcrystalline silica,   Johns-Manville, 
U.S.A. 
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various sizes of celites obtained were stored in glass jars. 

Coating and Packing of Columns.    The choice of the most desirable 

particle size of celite is dependent on a number of factors.  There 

is theoretical basis for use of very small particles for maximum 

column efficiency (66).    The column efficiency is dependent on the 

particle size of the packing,  the smaller size yielding a greater 

efficiency,   however the time to carry out a run is longer with the 

smaller particle sizes.    After several trials it was decided that 

considering the time"and "efficiency'factor the 80-100 mesh would 

bemost suitable for" this work.    The stationary phase selected was 

diethylene-glycol-succinate (LAC-3-R-728J'1 20/100 (w/w) of 

DEGS   /Celite was chosen as the ratio of stationary phase to inert 

support.    Two g of diethylene-glycol-succinate were weighed into 

a beaker.    To this was added a minimum amount of chloroform. 

With stirring and heating over a hot plate the stationary phase was 

dissolved.    To this solution,   10 g of acid-base treated celite 545, 

80-100"mesh was gradually added with gentle stirring so as to pre- 

vent breaking up of the particles.    The chloroform was evaporated 

off in the hood by warming the mass over a hot plate and at the 

same time passing a stream of nitrogen over the solvent.    After 

the solvent had been removed,  the packing material was dried in an 

oven at a temperature of 105  C for two days.    The dry packing 

Cambridge Industries Co., Inc. ,  101 Potter Street,  Cambridge, 
Mass. 
diethylene-glycol-succinate 
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material was then cooled and weighed and packed into a ten feet 

1/8 inch O. D.   stainless steel column  using a vibration tool.    T-he 

weight of packing material prepared for the column was 4. 0462 g. 

The packed column was conditioned for 24 hours by heating at 200  C 

and flushing with nitrogen at a flow rate of 24 ml/min.    It was found 

that prolonged heating resulted in gradually decreased efficiency of 

the polyester column. 

Chromatographic Instrument.    An Aerograph "Hy-Fi" model A-600- 

B gas chromatograph,   equipped with a hydrogen flame ionization 

detector was used to establish the retention times of the methyl 

ester mixtures.    The detector was calibrated by fatty acid methyl 

esters (standard Mixture D   ).    The values in Table 2 show the 

statistical analysis of detector response as calibrated by Standard 

Mixture D.    As it is shown in Table 2,   hydrogen flame ionization 

detectqr gives quantitative detection in terms of actual weight per- 

cent to within -  1 % for some esters and "^ 6% for others for the 

range of molecular weight tested. 

Instrumental operation conditions for this investigation were 

set as follows for all samples. 

Column:    10 x 1/8 O.D.  DECS (20/100) on Celite 545 

Column Temperature:    185  C 

Injector Temperature:    220oC 

Standard Mixture D was supplied by Metabolism Study Section, 
National Institutes of Health,   Bethesda,  Maryland 
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Carrier Gas:   Nitrogen 

Flow rate of Carrier Gas:    24 ml/min 

Sample size:    0.2  /"-l 

Electrometer setting:   Input Impedance  10 ohms,   output 
sensitivity 1-x 

Column Characteristics.    The number of theoretical plates of this 

column was measured according to the following definition of a 

theoretical plate (32),    Theoretical plate  =n= I6(tr/W)      where W = 

the base width of the component (in same units as tr),   in this case 

18:0 was arbitrarily chosen as reference peak for characterization 

of the column.    Tr is uncorrected retention time  = time from sample 

injection to the midpoint of the symmetric elution curve of a com- 

ponent.    Conditions for the measurement of retention times were 

the same as the operation conditions for sample rums.    The calcu- 

lated theoretical plates in reference to 18:0 was  1936. 

This column also had HETP of 0. 16 cm,   using the definition 

of HETP (Height Equivalent to a Theoretical Plate) = column  length 

(in cm)  J_   Number of theoretical plate. 

The number of theoretical plates does not indicatehow efficient 

a column may be in separating certain compounds.    In polyester 

columns such as DEGS the separation of 18:0 and  18:1 is less easily 

achieved than in a non-polar column,  therefore the efficiency of 

separating these two compounds may be used as another index to 

measure the efficiency of a polar column.   Component resolution 

is measured by the formula   2 ^.Y/Ya + Yb (32) where   AY = 
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distance in mm between two peak maxima,   Ya and Yb = base widths 

in mm of triangles fitted to the two peaks at their points of inflect- 

ion.    A number greater than one indicates complete resolution. 

Using fatty acid methyl esters Standard mixture D the above 

mentioned quantities were measured and component resolution be- 

tween 18:0 and 18:1 was calculated to be 1.6.    This indicates the 

efficiency of the column in separating 18:0 and 18:1 when the 

column was new.    However,   it was observed that the efficiency de- 

creased gradually and constantly as the column was repeatedly used 

at this high temperature. 

Identification and Quantitation of Methyl Esters of Fatty Acids. 

Approximately 0.2/*l samples were chromatographed in triplicate. 

The identification of components were based either on comparison 

of relative retention times of known esters when known esters were 

available or tentatively identified using carbon numbers as suggest- 

ed by Woodford and VanGent (140) and from retention values report- 

ed by Farquhar et al.   on menhaden oil (32).    The following pure 

esters were obtained   :   8:0,   10:0,   12:0,   14:0,   15:0,   16:0,   17:0, 

18:0,   19:0 of the saturated series,   16:1,   18:1,   18:2.   18:3,   20:4, 

of the unsaturated series.    Higher unsaturated esters of 20:1,   20:5, 

22:6 were provided by National Institutes of Health,   Metabolism 

Study Section.    It was observed that as the column was repeatedly 

used,   the relative retention times of polyunsaturated esters changed 

Applied Science Laboratory,  State College,   Pa. 
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slightly,   therefore known esters were run frequently between sample 

runs to obtain more accurate relative retention time comparisons. 

The relative retention times and carbon numbers of the components 

of various samples were tabulated in Tables 3-9. 

Quantitation was achieved by triangulation technique which is 

a procedure used routinely by some investigators (63).    Straight 

lines were drawn by eye along the two slopes of a curve,   so as to 

contact these slopes at their points of inflection.    The area under a 

curve was calculated as  l/2 base x height.    The areas were totalled 

and the percentage of each component was calculated.    The reliance 

of this quantitative measurement is shown by the standard deviation 

of triplicate samples in Table 2.    Quantitative percentage and its 

standard deviation of each component identified were tabulated at 

Tables 3 and 10-14. 
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Table  1.    Diet Composition 

Lot 1    Basal ration'  containing lard (POV 0.0; TBA number  1) 

Lot 2    Basal ration containing fresh menhaden oil (POV 2.6; TBA 
number 35. 3) 

Lot 3    Basal ration containing oxidized menhaden oil (POV 61. 0; 
TBA number  162. 0) 

Lot 4   Lot 3 ration containing 4. 375 mg alpha-tocopherol acetate/ 
100 g diet 

Lot 5    Lot 3 ration containing 12. 5 mg ethoxyquin/100 g diet 

The basal diet composition:   Ground barley 60%,   lard or men- 
haden oil 10%,   soybean oil meal 20%,  meat meal 9%,   ground 
limestone 0. 5% and iodized salt 0. 5%.    Supplementary vitamins 
A,   D,   riboflavin,  pantothenic acid and Bio*   lysine and methionine 
were provided to meet NRC recommendations (92). 
The peroxide value (POV) and TBA number (mg malonaldehyde/ 
kg) were expressed on the lipid portion. 

Table 2.    Calibration of Detector by a Known Fatty Acid Mixture 
(Standard D) 

% of determined 
Actual Determined % composition to 

Fatty acids weight % composition actual weight 

14:0 11.82 12.55 to.4 106 

16:0 23.61 24.21 t 0.4 103 

16:1 6.84 6.48 to. 5 95 

18:0 13.08 12.51 t 0.09 99 

18:1 44.62 44. 13 t 0.24 99 



Table 3.    Relative Retention Time and Percent Composition of 
Menhaden Oil1 
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Carbon Standard Known 
Peak# Tr/Tr No. Tr/Tr Carbon No. Compound % Composition Std. Dev 

1 0.05 0.04 
* 

8:0 0.05 + 0.007 
2 0.08 0.08 10:0* 0.05 ± 0.007 
3 0.11 11.0 11.0 11:0 0.05 + 0.007 
4 0.154 0.158 12:0* 0.17 + 0.028 
5 0.205 13.0 13.0 13:0 0.06 + 0.007 
6 0.244 13.5 13.5 14:0 br 0.05 + 0.021 
7 0.287 0.288 14:0* 11.54 + 1.166 
8 0.333 14.5 14.5 14:1 0.48 + 0.176 
9 0.390 0.389 15:0* 0.82 + 0.070 

10 0.462 15.5 15.5 unknown T   
11 0.538 0.527 16:0* 19.39 t 1.074 
12 0.654 0.624 16:1* 14.63 + 0.615 
13 0.731 0.726 17:0* 1.61 + 0.127 
14 0.804 17.30 unknown 0.56   
15 0.862 17.50 17.20 16:2 2.20 + 0.318 
16 1.000 1.000 18:0* 2.85 + 0.367 
17 1.062 18.20 17.65 16:3 1.59 + 0.070 
18 1.169 1.159 18:1* 14.68 + 1.053 
19 1.436 1.452 18:2* 2.41 + 0.007 
20 1.513 19.40 19.38 unknown 0.12 + 0.042 
21 1.744 19.80 19.60 19:un 0.23 + 0.049 
22 1.849 20.00 1.811 20.00 20:0* 0.37 ±0.049 
23 1.956 1.930 18:3* 0.77 + 0.120 
24 2.077 2.113 20:1* 1.97 + 0.113 
25 2.367 20.70 20.15 18:4 3.12 + 0.162 
26 2.474 20.95 20.50 20:un** —   
27 2.590 21.20 20.73 20:2 T   
28 3.046 21.70 20.90 20:3 0.10 + 0.007 
29 3.467 3.473 20:4* 0.80 + 0.169 
30 3.754 22.40 22.05 20:un T   
31 4.087 22.55 22.05 20:uii 0.88 + 0.282 
32 4.744 4.651 20:5* 13.61 + 1.138 
33 6.287 24.00 23.42 22:4 0.13 + 0.120 
34 6.886 24.10 unknown T   
35 8.282 24.82 24.31 22:5 0.94 + 0.205 
36 9.661 9.473 22:6* 3.58 + 0.438 

As methyl esters 
Identified by comparison of Tr/Tr with known methyl esters 
Un = unsaturated as reported by Farquhar,  Insull, Rosen,  Stoffel and Ahrens    (32) 
br = branched 
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Table 4.    Relative Retention Times for Pork Fat (Lard) and 
Diet-1 Fat Depots 

Lard Outer Back Fat     Inner Back Fat 
Peak Carbon Carbon Carbon 
No.     Tr/Tr       No.       Tr/Tr       No.       Tr/Tr       No. 

Kidney Fat   Standard Known 
Carbon Carbon 

Tr/Tr        No.      Tr/Tr        No.      Compound 

1 0.075 0.08 0.082 0.066 0.082 10:0* 

2 0.148 0.15 0.147 0.140 0.152 12:0* 

3 0.281 0.28 0.281 0.265 0.285 14:0* 

4 0.355 0.381 0.386 0.366 0.392 15:0* 

5 0.532 0.526 0.529 0.500 0.522 16:0* 

6 0.629 0.626 0.627 0.576 0.601 16:1* 

7 0.723 0.716 0.718 0.708 0.746 17:0* 

8 0.839 0.845 17. 40 17. ,40 17. ,20 16:2 

9 1.000 1.000 1.000 1.000 1.000 18:0* 

10 1.145 1.148 1.150 1.121 1.122 18:1* 

11 1.419 1.412 1.424 1.377 1.386 18:2* 

12 1.871 20. 00 1.864 20. 00 1.882 20. 00 1.829 19. ,80 20. 00 20:0 

13 2.084 20. 30 2.051 20. 30 2.091 20. 30 2.233 20.40 20. 30 20:1 

14 2.542 20.93 2.568 20.93 2.568 20. 93 2.669 20.95 20.90 20:2 

As methyl esters 
Identified by comparison of Tr/Tr with known esters 
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Table  5.    Relative Retention Times for Diet-2 Fat Depots. 

Outer Back Fat        Inner Back Fat Kidney Fat Standard     Known 
Peak Carbon Carbon Carbon Carbon 
No.     Tr/Tr        No. Tr/Tr No. Tr/Tr No. Tr/Tr No. Compound 

1 0.076 0.076 0.070 0.076 10:0* 

2 0.146 0.153 0.137 0.146 12:0* 

3 0.281 0.276 0.260 0.286 14:0* 

4 0.378 0.385 0.362 0.370 15:0* 

5 0.530 0.529 0.505 0.536 16:0* 

6 0.630 0.629 0.594 0.609 16:1* 

7 0.719 0.726 0.698 0.711 17:0* 

8 0.835 17.40 0.835 17.40 0.781 17.30 17. 20 16:2 

9 1.000 1.000 1.000 1.000 18:0* 

10 1.151 1.150 1.117 1.141 18:1* 

11 1.422 1.418 1.359 1.429 18:2* 

12 1.795 19.80 1.776 19.80 1.679 19.60 19.70 18:3 

13 1.870 20.00 1.859 20.00 1.778 19.80 20.00 20:0 

14 2.022 2.029 2.066 2.063 20:1* 

IS 2.341 20.60 2.353 20.50 2.184 20.22 20.15 18:4 

16 2.505 20.80 2.521 20.65 2.435 20.60 20.73 20:2 

17 3.341 3.306 3.162 3.406 20:4* 

18 3.892 22.20 3.871 22.20 3.689 21.80 22.05 20:un 

19 4.465 4.424 4.190 4.568 20:5* 

20 7.908 24.60 7.835 24.50 7.479 24.00 24.31 22:5 

21 9.097 9.029 8.520 9.385 22:6* 

As methyl esters 
Identified by comparison of Tr/Tr with known methyl esters 
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Table 6.    Relative Retention Times for Diet-3 Fat Depots. 

Outer Back Fat        Inner Back Fat Kidney Fat Standard       Known 
Peak Carbon Carbon Carbon Carbon 
No.       Tr/Tr No. Tr/Tr No. Tr/Tr No. Tr/Tr No. Compound 

1 0.071 0.071 0.073 0.076 10:0* 

2 0.145 0.139 0.139 0.146 12:0* 

3 0.271 0.270 0.272 0.280 14:0* 

4 0.368 0.374 0.371 0.370 15:0* 

5 0.513 0.519 0.517 0.530 16:0* 

6 0.611 0.617 0.613 0.613 16:1* 

7 0.700 0.712 0.722 0.711 17:0* 

8 0.811 17. ,30 0.825 17.30 0.811 17.30 17.20 16:2 

9 1.000 1.000 1.000 1.000 18:0* 

10 1.126 1.145 1.116 1.141 
* 

18:1 

11 1.389 1.412 1.401 1.435 18:2* 

12 1.753 1.769 19.70 1.738 19.70 19.70 18:3 

13 1.821 20. 00 1.861 20.00 1.828 19.95 20.00 20:0 

14 1.974 2.042 2.073 2.060 
* 

20:1 

15 2.271 20. 40 2.332 20.65 2.219 20.40 20.15 18:4 

16 2.432 20. 70 2.926 21.30 2.530 20.80 20.90 20:2 

17 3.216 3.288 3.265 3.319 20:4* 

18 3.789 22. 20 3.864 22.20 3.781 22.20 22.05 20:un 

19 4.316 4.392 4.278 4.410 20:5* 

20 7.663 7.833 24.20 7.682 24.20 24.30 22:5 

21 8.736 8.997 8.774 8.873 22:6* 

** 

As methyl esters 
Idendified by comparison of Tr/Tr with known methyl esters 
Un = unsaturated as reported by Farquhar,  Insull,  Rosen,   Stoffel and Ahrens  (32) 
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Table  7.    Relative Retention Times for Diet-4 Fat Depots. 

Outer Back Fat        Inner Back Fat Kidney Fat Standard       Known 
Peak Carbon Carbon Carbon Carbon 
No.      Tr/Tr No. Tr/Tr No. Tr/Tr No. Tr/Tr No. Compound 

1 0.074 0.073 0.064 0.076 10:0* 

2 0.146 0.140 0.137 0.146 12:0* 

3 0.280 0.274 0.261 0.280 14:0* 

4 0.376 0.375 0.360 0.370 15:0* 

5 0.522 0.530 0.506 0.530 16:0* 

6 0.629 0.628 0.592 0.613 16:1* 

7 0.717 0.720 0.701 0.711 17:0* 

8 0.832 17. 40 0.829 17.40 0.783 17. ,22 17.20 16:2 

9 1.000 1.000 1.000 1.000 18:0* 

10 1.148 1.146 1.108 1.141 18:1* 

11 1.418 1.412 1.360 1.410 18:2* 

12 1.780 1.768 19.70 1.685 19. 60 19.70 18:3 

13 1.863 1.848 19.95 1.783 19. 80 20.00 20:0 

14 2.022 2.034 2.013 2.060 20:1* 

15 2.236 20. 40 2.207 20.40 2.191 20. .40 20.15 18:4 

16 2.505 20. 70 2.506 21.30 2.446 20.73 20:2 

17 3.319 3.305 3.172 3.319 20:4* 

18 3.890 22. 20 3.817 22.20 3.701 22.05 20:un 

19 4.456 4.396 4.204 4.410 20:5* 

20 7.890 24. 20 7.804 24.40 7.496 24.31 22:5 

21 9.087 8.951 8.547 8.873 22:6* 

1 As methyl esters 

Identified by comparison of Tr/Tr with known methyl esters 
Un= unsaturated as reported by Farquhar,  InsuU,  Rosen,  Staffel and Ahrens   (32) 
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Table 8.    Relative Retention Times for Diet-5 Fat Depots . 1 

Outer Back Fat       Inner Back Fat Kidney Fat Standard        Known 
Peak Carbon Carbon Carbon Carbon 
No.        Tr/Tr No.        Tr/Tr No. Tr/Tr No. Tr/Tr No. 

1 As methyl esters 
Identified by comparison of Tr/Tr with known methyl esters 
un = unsaturated as reported by Farquhar,  Insull,  Rosen,  Stoffel and Ahrens 

Compound 

1 0.072 0.073 0.073 0.076 10:0* 

2 0.142 0.146 0.139 0.146 12:0* 

3 0.275 0.281 0.271 0.280 14:0* 

4 0.376 0.373 0.370 0.370 15:0* 

5 0.526 0.531 0.515 0.530 16:0* 

6 0.624 0.622 0.611 0.613 16:1* 

7 0.714 0.713 0.706 0.711 17:<f 

8 0.832 17.40 0.823 17. 40 0.818 17. 30 17.20 16:2 

9 1.000 1.000 1.000 1.000 18:0* 

10 1.150 1.140 1.129 1.141 18:1* 

11 1.422 1.409 1.380 1.435 18:2* 

12 1.780 19.80 1.756 19. 80 1.729 1. 80 19.70 18:3 

13 1.879 19.95 1.841 19. 95 1.799 19. ,90 20.00 20:0 

14 2.035 2.030 2.053 2.092 20:1* 

IS 2.254 20.50 2.201 20. 40 2.152 20. 40 20.15 18:4 

16 2.532 20.85 2.494 2.528 20. 80 20.73 20:2 

17 2.936 21.30 2.933   21.30 20:3 

18 3.353 3.293 3.248 3.440 20:4* 

19 3.896 22.20 3.817 3.769 22.05 20:un 

20 4.459 4.366 4.264 4.589 20:5* 

21 7.959 24.40 7.750 7.676 24.31 22:5 

22 9.179 8.902 8.778 9.363 22:6* 



Table 9-     Relative Retention Times for   Liver Lipid' 

Diet-1 Diet-2 Diet -3 Diet :-4 Diet -5 Standard Unknown 
Peak Tr/Tr Caibon Tr/Tr Caibon Tr/Tr Carbon Tr/Tr Carbon Tr/Tr Carbon Tr/Tr Carbon 
No. No. No. No. No. No. No. Compound 

1 0.272 0.285 0.279 0.285 0.286 0.288 14:0* 
2 0.378 0.389 0.386 0.389 0.392 0.389 15:0* 
3 0.523 0.533 0.540 0.533 0.535 0.527 16:0* 
4 0.623 0.635 0.638 0.635 0.638 0.624 16:1* 
5 0.715 0.723 0.723 0.720 0.730 0.726 17:0* 
6 0.845 17.40 0.851 17.40 0.846 17.40 0.845 17.40 0.838 17.40 17.20 16:2 
7 1.000 1.000 1.000 1.000 1.000 1.000 18:0* 
8 1.158 1.154 1. 165 1. 160 1. 154 1.159 18:1* 
9 1.451 1.436 1.452 1.435 1.427 1.441 18:2* 

10 ___ 1.815 19.80 1.830 19.50 1.899 1.800 1.801 19.70 18:3* 
11 1.917 20.00 1.917 20.00 1.915 20.00 2.035 1. 881 20.00 1.930 20.00 20:0* 
12 _._   2.048 2.144 2.027 2.113 20:1* 
13       2.389 20.70 2.359 20.70 20. 15 18:4 

14 
2.549 20.80 
2.813 21.20   __. 2.987 21.40 2.681 21.10 20.90 20:2 

15 3.016 21.40 3.000 21.50 3.016 21.50   2.957 21.45 21.30 20:3 
16 3.492 3.440 3.468 3.424 3.389 3.489 20:4* 
17 4.093 4.205 22.60 4.309 22.60 3.965 22.30 3.935 22.40 22.05 20:un 
18 • r— 4.636 4.672 4.597 4.568 4.651 20:5* 
19 5.815 23.40     -_-   23.42 22:4 

20 7.384 7.641 24.40 
£i\J 

8.324 8.220 24.70 8.276 24.70 8.141 24.50 8.075 24.60 24.30 22:5 
21   9.579 9.601 9.509 9.405 9.473 22:6* 

Identified by comparison of Tr/Tr with known methyl esters 
un = unsaturated as reported by Farquhar,  Insull,  Rosen,  Stoffel and Ahrens   (32) 

1   as methyl esters 
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Table  10.    Fatty Acid Composition of Lard and Diet-1 Tissues, 
(Percent composition) 

Fatty Acids Lard Outer Back Fat Inner Back Fat Kidney Fat Liver 

10:0 

12:0 

20:2 

20:3 

20:4 

20:un 

22:4 

22:5 

T 

T 

O.'IZ't 0.035 

0.03t 0.028 

14:0 1.481 0.021 1.56+0.408 
i 

15:0 T T 

16:0        28. 38 t 1.198 24.13 t 1.251 

16:1 2.64to.038 3.60-0.418 

16:2 0.26*0.083 0.47*0.11 

17:0   0.38-0.035  0.44*0.125 

18:0   13.88*0.227  8.80^0.557 

18:1   42.69*0.605  51.12^2.223 

18:2   8.03*0.561 7.89*0.944 

20:0    0.17*0.078      T 

20:1 

0.34 to. 133 0.31*0.084 

1. 60 t 0.389  1.67^0.293 

0. 20 * 0. 079 

0.12* 0.007 

1.68 t 0.215 

0.11* 0.071 

27.34* 1.521 

3. 68 * 0. 065 

0.66* 0.131 

0.563* 0.041 

9.84* 0.327 

46.84 t 0. 607 

8.19 * 0. 704 

T 

1.34* 0.051 

0. 20 * 0. 050 

1.51*0.090  0.15*0.000 

0.11*0.007  0.20*0.035 

25.58* 1.790  13.46* 1.839 

4.25*0.210   1.49*0.233 

0.64*0.095 0.31*0.085 

0.41*0.041 1.43*0.332 

9.72*0.838  21.70*2.128 

45.67* 2.005  19.19* 1.118 

10.78*0.984  18.12*3.182 

0.60*0.117  0.82*0.396 

0.65*0.087 

0.21 * 0.031     T 

20.03* 0.156 

0.26* 0.021 

0.46 - 0.07 

2.34 - 0.21 
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Table  11.    Fatty Acid Composition of Fat Depots from Swine 
Fed Diet-2. (Percent composition) 

Fatty Acids Outer Back Fat Inner Back Fat Kidney Fat Liver 

10:0 

12:0 

14:0 

15:0 

16:0 

16:1 

16:2 

17:0 

18:0 

18:1 

18:2 

18:3 

18:4 

20:0 

20:1 

20:2 

20:4 

20:un 

20:5 

22:5 

22:6 

0.08 t 0. 057 

0. 06 t 0. 035 

2. 27 t o. 260 

0.10 t o. 027 

26. 28 t 0. 567 

6.411 o. 474 

0.411 o. 467 

1.411 0.467 

10.09 t 1.598 

42.09 t 4. 894 

4.73± 1.05 

0.48^ 0.131 

0.40 - 0. 20 

0. 55 t o. 155 

0.97 - 0.33 

0.12 t 0.057 

0.18± 0.055 

0. 58 t 0.186 

1.29 - 0.224 

1.63t 1.229 

0.68± 0.127 

0. 08 t 0.056 

0. 09 t 0.023 

3. 29 - 0.128 

0.21 - 0.038 

27.96 - 2.035 

7. 79 t 0.720 

0.68-0.444 

1.07^0.543 

14.47"^ 1.035 

30. 37 t 0.654 

0.35-0.15 

0. 29 t 0.05 

0. 70 - 0.167 

0.79-0.178 

0.08 - 0.035 

0. 27 t 0. 067 

0. 37 - 0.074 

1.52-0.293 

0. 75 t 0.032 

0. 08 t 0. 00 

0.09*0.031 

2.78*0.184  0.24*0.036 

0.36*0.361  0.18-0.041 

27.77*0.906  15.04*0.457 

7.45-0.390  2.35^0.130 

0.91-0.383  0.54^0.491 

1.11-0.186  1.92*0.135 

14.61 - 0.899  39.53^ 3,328 

31.31* 1.55   9.21 t 0.531 

7.97 * 0. 207      7. 89 t 0. 279  6. 67 * 0. 273 

0. 36 - 0.076 

0.44-0.127 

0. 76 * 0. 28 

0. 72 - 0. 236 

0.08 * 0. 000  0. 32 t 0.101 

0.22*0.099  5.28*0.568 

0.55-0.248  1.32-0.459 

1.41*0.44   8.26-0.348 

0.81*0.147  3.35*0.425 

0.47-0.117      0.69*0.25   5.19^1.096 
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Table  12.    Fatty Acid Composition of Fat Depots from Swine 
Fed Diet-3. (Percent composition) 

Fatty Acids Outer Back Fat Inner Back Fat Kidney Fat Liver 

10:0 0.11 to. 047 0.07 ±0.031 0.34-0.523 

12:0 0.05*0.025 0.04 ±0.02 0.19*0.245 

14:0 1.85*0.136 2.14*0.227 2.07*0.104 0.40*0.025 

15:0 0.14*0.07 0.11*0.052 0.35*0.305 0.40*0.059 

16:0 24.76*0.78 27.11*1.937 26.59*1.102 16.72*0.885 

16:1 6.27*0.195 6.05*0.403 7.04*0.986 3.78*0.274 

16:2 1,19^0.276 0.69*0.128 1.10*0.225 0.56*0.02 

17:0 0.97*0.166 1.34*0.566 1.62*0.661 3.28*0.262 

18:0 11.27^0.57 14.52*0.948 14,15*0.179 33.17*0.58 

18:1 43.44*1.34 37.19*1.25 35.37*1.10 14,21*0.427 

18:2 7.35*0.773 7.27-0.148 9.37*C0.997 7.44*0.066 

18:3 0.29*0.036 0.15*0.07 0.21*0.078 0.17*0.151 

18:4 0.07*0.011 0.10*0.. 007 0.38*0.065 

20:0 0.33*0.07 0.51*0.032 0.59*0.08 0.19*0.141 

20:1 0.96*0.036 1.07*0.397 0.37*0.07 T 

20:2 0.16*0.042 T T   

20:3 — 0.18*0.000        — 0.31*0.13 

20:4 0.13*0.055 0.22*0.01 0.11-0.021 5.84*0.302 

20:un 0.20*0.021 0.23*0.07 0.25*0.043 0.22*0.00 

20:5 0. 36 - 0. 027 0. 54 * 0.138 0. 29 * 0.035 7.10 * 0.072 

22:5 0.25*0.185 0.54*0.177 0.40*0.029 2.40-0.84 

22:6 0.50*0.467 0.61*0.05 0.27*0.0 3.99*1.047 
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Table  13.    Fatty Acid Composition of Fat Depots from Swine 
Fed Diet-4  (Percent composition) 

Fatty Acids Outer Back Fat Inner Back Fat Kidney Fat Liver 

10:0 0.17 to. 028 0.14 ^0. 021 0. 22 t 0. 058 — 

12:0 0.12 t 0.028 cost 0.011 0.14 t 0. 023 ... 

14:0 2.52"': 0.193 2.61 t 0.445 3. 06 t o. 45 0. 27 t 0. 025 

15:0 0.17 - 0.062 0.22 - 0.132 0. 27 t 0.106 0.19 t 0. 021 

16:0 24.79 - 0. 04 26. 63 to. 965 29.89t 1.598 14.03 - 0.98 

16:1 6.3St 2.297 6. 31 t o. 307 7.91 ±0.546 2. 88 t 0. 335 

16:2 0. 636 t o. 354 0.95 t 0.361 1.21 - 0.293 0. 58 t o. 153 

17:0 0.763t 0.139 0.75t 0.311 1.02 - 0.321 2. 67 t 0. 206 

18:0 11.27^ 1.466 12. 57 t o. 152 15. 13 "t 1.253 34.23t 1.126 

18:1 40.13 - 2.115 36. 39 t o. 179 29.64^ 1.658 10.69 t 0. 57 

18:2 6.9   t 1.498 6, 33 t 0. 384 7.32 to. 618 7.41 t 0.682 

18:3 0. 32 t o. 079 0.26-0.139 0. 27 t 0.124 0.16t 0.101 

18:4 0.25t 0.155 0.50 ±0.127 0. 45 t o. 278 O.ist 0.08 

20:0 0. 80 t 0.101 0.96± 0.303 0. 78 t 0.186 0.13 t 0.091 

20:1 0.51 t 0.347 0.96 t 0. 346 0. 45 t 0. 278 0.42t 0.00 

20:2 T T T 0.43t 0.112 

20:3 T T T — 

20:4 0. 28 t 0. 036 0.14-0.067 0.25t 0.13 7. 24 t 0. 437 

20:un 0.44^ 0.189 0.59-0.181 0.42 t 0.174 0. 29 t 0. 041 

20:5 2. 13± 0.711 2. 36 - 0. 393 3. 17 t 0.267 9.75t 0.24 

22:5 0. 76 t 0. 397 0.65t 0.182 0.64 - 0.198 2.47t 0.408 

22:6 0.57 t 0. 364 0.95-0.355 0. 79 t o. 198 6.19 t 0.486 
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Table  14.    Fatty Acid Composition of Fat Tissue from Swine 
Fed Diet-5 (Percent composition) 

Fatty Acids Outer Back Fat Inner Back Fat Kidney Fat               Liver 

10:0 0.09 ±0.035 0.09 to. 017 0.17-0.122 

12:0 0.071 0.015 0.06-0.006 0.10-0.041 

14:0 2.66-0.102 2.59^0.078 3.37-1.16 0.36-0.011 

15:0 0.19^0.09 0.21-0.02 0.26-0.154 0.28 ±0.056 

16:0 24.29 ±0.901 24.74 - 0. 122 27.19^2.061 15.21 ±0*645 

16:1 7.12 ±0.323 7.94 ±0.13 7. 21 ±0.499 2. 76 ±0.287 

16:2 1.07 ±0.323 1.24 ±0.28 0. 74 ± 0. 23 0.79 ±0.193 

17:0 1.03^0.296 1.30 ±0.154 0.11-0.011 2.49 ±0.236 

18:0 9.63±0.624 10.22±0.63 12.21±0.99 33.72±1.69 

18:1 37. 76 ±1.148 35. 34 ±1.838 31.94 ±2.644 10. 45 ± 0. 533 

18:2 8.31 ±0.586 8.26-0.131 6.74-1.50 7.06 ± 0.72 

18:3 0.25 ±0.316 0.24 ±0.077 0.33^0.133 0.39 ± 0.042 

18:4 0.26 ±0.026 0. 23 ± 0. 146 0. 86 ± 0. 263 0.07 ±0.028 

20:0 0.81 ±0.166 1.01 ±0.157 1.25 ±0.332 0. 39 ± 0. 042 

20:1 0.6S± 0.134 0. 86 ± 0. 208 0. 70 ± 0. 305 0.09 ±0.032 

20:2 0.14^0.067 0.18 ±0.012 T 0.07 ±0.00 

20:3 0.13^0.05 0.09 ±0.014 — 0.38 ± 0.131 

20:4 0.28-0.169 0.20 ±0.061 0.25 ±0.08 6.04± 0.175 

20:un 0.72 ±0.059 0.75*0.311 0.66^0.282 0.55-0.067 

20:5 2. 53 ±0.151 2. 29 ± 0. 355 2. 78 ±1.529 10. 55 ±0.58 

22:5 0.62 ±0.215 0.71 ±0.131 0. 80 ± 0. 368 2.68 ±0.384 

22:6 0.94 ± 0.108 1.23 ±0.292 1.39 ±0.504 5. 80 ± 0. 593 
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Table 15.    Relative Retention Times of Hydrogenated Oil and 
Tissue Fatty Acids 

Diet-1 Tissue Diet-2 Tissue 
Tissue Menhaden              Outer   Inner   Kidney           '    Outer   Inner   Kidney 

Peak No Oil            Lard    Fat        Fat      Fat       Liver     Fat      Fat        Fat       Liver    Compound 

1 0.250       0.255 0.245 0.269   0.273   0.270 0.256 0.277   0.274     0.253 14:0 
2 0.359        0.369 0.353 0.363   0.374   0.3810.370 0.380   0.370     0.363 15:0 
3 0.506        0.504 0.500 0.517  0.511    0.517 0.517 0.526   0.517      0.511 16:0 
4 0.722        0.716 0.712 0.724  0.719   0.7310.722 0.726   0.722     0.729 17:0 
5 1.000        1.000 1.000 1.000   1.000   1.000 1.000 1.000   1.000      1.000 18:0 
6 1.410          19:0 
7 2.022        1.965 1.956 2.028   2.058    1.986 2.00    1.985   2.015     2.01 20:0 
8 2.78        -  21:0 
9 4.015                4.048  3.971  3.942   4.084     4.000 22:0 

Table  15.   Continued 

Diet-3 Tissue Diet-4 Tissue Diet-5 Tissue 
Tissue    Outer Inner Kidney Outer Inner Kidney Outer Inner Kidney Known 

Peak No  Fat     Fsit     Fat      Liver    Fat     Fat     Fat      Liver    Fat    Fat     Fat     Liver Tr/.Tr Comppund 

1 0. 256 0. 259 0. 276 0. 271 0. 275 0. 273 0. 294 0. 259 0. 270 0. 276 0. 269 0. 281 0. 274 14:0 
2 O.37OO.37OO.370O.376 0.370O.37OO.37OO.371O.372 0.370O.37   0.392 0.375 15:0 
3 O.511O.511O.519O.5110.521O.521O.5210.526 0.518 0.517 0.52   0.518 0.52 16:0 
4 0.714 0.7110.716 0.714 0.729 0.713 0.713 0.726 0.719 0.717 0.72   0.719 0.72 17:0 
5 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 18:0 
6 —              1.350 19:0 
7 2.08   2.022 2.05   1.977 1.993 2.01    2.02    1.96    1.993 2.034 2.06    1.96    1.956 20:0 
8             2.57 21:0 
9 4.080 4.03   4.03   3.97   3,95   4.02   4.01    3.97   4.00   4.098 4.16   3.925 3.80 22:0 
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Table  16.    Fatty Acid Composition of Hydrogenated Oil and 
Tissue Fatty Acids   ( Percent composition) 

Diet-1 Tissue Diet-2 Tissue 
Fatty Menhaden Outer Inner Kidney Outer Inner Kidney 
Acid Oil Lard Fat Fat Fat Liver Fat Fat Fat Liver 

14:0 9.35 1.60 1.49 1.54 2.03 T 1.81 2. 57 1.66 T 
15:0 0.74 0.06 T T 0.18 T T T T T 
16:0 35.15 28.52 24.77 28.59 27.10 14.62 28.82 35.22 31.33 14.63 
17:0 0.70 0.81 0.80 0.89 1.12 1.12 0.62 0.96 0.88 1.50 
18:0 
19:0 
20:0 

21.09 
T 

20.27 

66.63 70.86 67.46 68.03 58.34 61.07 52.71 57.55 51.65 

2.33 2.01 1.38 1.65 21.46 4.83 6.02 5.60 16.83 
21:0 0.64           —     
22:0 12.21 ...     3.02 2.89 2.53 2.98 15.39 

Table  16.   Continued 

Diet-3 Tissue Diet-4 Tissue Diet-5 Tissue 
Fatty Outer Inner Kidney Outer Inner Kidney Outer Inner Kidney 
Acid Fat Fat Fat Liver Fat Fat Fat Liver Fat Fat Fat Liver 

14:0 2.51 1.68 1.65 0.19 2.09 2.09 2.94 T 2.25 2.41 2.52 T 
15:0 T T T 0.26 T T T T T T 0.55 T 
16:0 33.79 30.80 28.47 16.95 31.52 31.52 35.41 12.92 29.25 30.50 32.97 15.25 
17:0 1.22 0.94 1.17 2.45 0.54 0.54 0.69 1.31 0.98 0.75 0.71 1.39 
18:0 
19:0 
20:0 
21:0 
22:0 

57.48 61.64 64.52 47.15 55.04 55.04 49.84 48.56 57.56 54.55 51.61 44.53 

3.48 3.39 2.87 16.79 6.41 6.40 6.87 18.77 5.99 6.65 6.55 19.3 

1.46 1.56 1.29 16.21 4.29 4.29 4.25 18.44 3.97 5.06 5.55 19.43 
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Table  17.    Gomparison of Menhaden Oil Fatty Acid Composition de 
fined by this investigation and those reported by other 
investigators. 

Fatty Acids This Investigation Farquhar et al. Peifer 

8:0 
10:0 
11:0 
12:0 
13:0 
14:0 br 
14:0 
14:1 
15:0 
16:0 
16:1 
16:2 
16:3 
17:0 
18:0 
18:1 
18:2 
18:3 
18:4 
19:0 
19:un 
20:0 
20:1 
20:2 
20:3 
20:4 
20:5 
20:un 
2tK) 
22:4 
22:5 
22:6 

0.05 
0.05 
0.05 
0.17 
0.06 
0.05 

11.54 
0.48 
0.82 

19.39 
14.63 
2.20 
1.59 
1.61 
2.85 

14.68 
2.41 
0.77 
3.12 

0.23 
0.37 
1.97 
0.10 
0.10 
0.80 

13.61 
0.88 

0.13 
0.94 
3.58 

0.10 
0.10 
0.10 
7.20 
0.10 
0.50 

17.00 
9.80 
2.00 
1.30 
0.40 
3.10 

14.50 
2.70 
1.30 
3.20 

T 
0.40 
0.10 
2.10 
1.20 
2.00 
0.60 

12.50 
1.20 

T 

2.0 
8.9 

7.7 

25.30 
6.70 
0.50 

3.10 
15.40 

1.60 
4.00 

2.30 

1.60 

0.70 
12.90 

2.30 
14.00 

See reference (32) 
See reference (99) 
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Figure  7.     Gas Chromatogram of Methyl Esters of Fatty Acids 
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RESULTS AND DISCUSSION 

Evaluation of Gas Chrpmatographic Analysis of Fatty Acid Esters 

by a Polar Column 

The identification of components was based on a comparison 

of the relative retention time (tr/tr) with known esters when such 

known esters were available.    The following esters were identified 

by comparison of the relative retention time (tr/tr) with known 

esters:    10:0,   12:0,   14:0,   15:0,   16:0,   16:1,   17:0,   18:0,   18:1,   18:2, 

18:3,   20:0,   20:1,   20:4,   20:5,   22:6; they are indicated by the symbol 

"*" in all relative retention time tables.    It was observed that as 

the column is repeatedly used,  the relative retention time varies 

slightly for the same compound even though the column temperature 

is not changed.    This was shown clearly by the relative retention 

times of the fatty acid methyl esters of kidney fat samples as shown 

in Tables 4-9. 

The peaks numbered "12" and "13" in Figures 3-7 represent 

incomplete resolution of 18:3 and 20:0.    Although 18:3 and 20:0 

were clearly separated at the beginning of these series of sample 

runs,   as shown by the chromatogram of menhaden oil,   (Figure 2, 

peaks<>No.   22 and 23) and by known mixtures,  this situation changed 

as the column was repeatedly used.    This was apparently due to a 

change in the polar interaction between the polar bonds of 18:3 and 

the stationary phase.    Polar interaction apparently decreases as 

the column is aging.    For example,  when menhaden oil was run, 
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18:3 emerged after 20:0,   as shown by the relative retention times 

in Table 3.    For other samples that were run later  18:3 emerged 

before 20:0,   as shown by the carbon numbers tabulated in Tables 

5-9,   and the two compounds were not completely resolved. 

Peak No.   15 on Figures 3-7 was tentatively identified by 

comparison of the carbon number obtained from published relative 

retention time (32).    This carbon number is shown in Tables 5-9. 

The compound was tentatively identified as  18:4; however,   because 

of the base width,  peak No.   15 might indicate two components in- 

stead of one. 

Other esters on the chromatograms were clearly separated. 

Components that were identified by published relative retention data 

of other workers (32),   using the carbon number technique,  were 

16:2.   18:4,   20:2,   20:3,   20:un   ,   22:4,   22:5 in the tissues,   and 11:0, 

13:0,   14:brVV,   14:1,   19:un,   18:4,   20:un,   20:2,   20:3,   22:4,   22:5 in 

the menhaden oil.    Although the carbon numbers of some of the 

components deviated slightly from those obtained from the literature, 

the identifications were believed to be accurate.    Relative retention 

time deviated for the same ester run by the same column,   as 

mentioned earlier in the case of kidney fat,   is an example of the 

limitation of gas-liquid chromatographic analysis of esters using 

the polar column.    Deviation is more likely to occur when compar- 

ing relative retention times or carbon numbers of esters run by 

un = unsaturated 
br  - branched 
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two slightly different columns.    Nevertheless,   gas-liquid chromato- 

graphic analysis using polar columns is still a useful tool in lipid 

investigation.    It has revealed information not obtainable by other 

techniques such as the crystallization method or the spectroscopic 

procedure,   it enables one to use a small sample size,   and it pro- 

vides much information in a relatively short time. 

Chain Length Confirmation by Hydrogenation of Esters 

The carbon chain lengths of samples were confirmed by gas 

chromatographic analysis of the hydrogenated fatty acid methyl 

esters.    The relative retention times are shown in Table  15 and 

the quantity of each saturated ester is shown in Table  16. 

Gas liquid chromatographic analysis of the hydrogenated 

samples of fatty acid methyl esters of lard showed that the sample 

contained the following methyl esters:    14:0,   15:0,   16:0,   17:0,   18:0, 

and 20:0.    Analysis of the hydrogenated menhaden oil fatty acid 

methyl esters showed the oil to contain fatty acids of 14 to 22 car- 

bons.    Odd chain fatty acids such as 15:0,   17:0,   19:0 and 21:0 were 

present in a very small amounts.    Odd-chain fatty acids,  with the 

exception of 21:0,  were identified in the unhydrogenated sample. 

Since 21:0 fatty acid methyl ester was present in only a trace 

amounts,   this component might have been overlooked in the analysis 

of the original sample.    The chain lengths revealed from gas 

chromatographic analysis of hydrogenated methyl esters of menhaden 

oil agreed with those reported by Farquhar et al.   (32) but differed 
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from those reported by Peifer,   et al.   (99) who did not report any 

odd-chain fatty acids even though hydrogenation was carried out. 

A comparison of menhaden oil fatty acid composition with those 

reported by Farquhar et al.   and those reported by Peiffer et al.   is 

shown in Table  17. 

Hydrogenated fatty acid methyl esters from samples of tissue 

lipids showed methyl esters of 14:0.   15:0,   16:0,   17:0,   18:0,   20:0 

and 22:0.    Except for the trace amounts of 10:0 and 12:0,   the result 

agreed with the unhydrogenated samples.    The trace amounts of 

10:0 and 12:0 in the samples and the tailing caused by the high 

concentration of ether in the samples resulted in masking the two 

short chain esters.    However,   these two esters were identified by 

comparison of the relative retention times with known standards in 

the unhydrogenated samples. 

The quantity of the esters agrees fairly well between the 

hydrogenated and unhydrogenated samples except for the C22 series 

in menhaden oil and the liver lipids from swine fed menhaden oil. 

There has been experimental evidence indicating that the quantities 

of saturated COT acid increases as compared to the unsaturated Cop- 

Therefore,   one must keep in mind that there is a possibility that 

the unsaturated Co? is being underestimated in the unhydrogenated 

samples.     This underestimation might have been due to several 

factors.    First,   since the residence time of highly unsaturated Coo 

series in the column was rather long,   usually about 2 to 2 l/2 hours, 

transesterification of the ester with the column stationary phase 
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might have occurred.    The data of Orr and Callen (97) have also 

suggested the possibility of interesterification between column and 

ester samples.    Another factor that may account for this point is 

since the base width of an emerging peak is in direct proportion to 

the emerging time,   the C22 series of unsaturated fatty acid esters 

have emerged in peaks of wider base and lower peak height.    When 

the quantity of these fatty acids is small,   the fatty acid peak is 

close to the base line,   and this invariably introduces uncertainty 

when measuring the area of the triangle.    Therefore,   a quantitative 

error may have occurred.    This point was shown quite clearly from 

the reported standard deviation of these esters in the Tables.    Never- 

theless,   hydrogenation of the ester samples and a comparison of 

chromatograms before and after hydrogenation helped in establish- 

ing chain lengths of the ester mixtures. 

The Fatty Acid Compositions of Depot Fats 

Deposition of Polyunsaturated Fatty Acids of Menhaden Oil in 

Swine Depot Fats.     The results obtained from this investigation 

confirmed those reported in previous studies (10;37;38) which indi- 

cated that a particular fatty acid can be selectively deposited in 

animal tissues.    However,   long chain polyunsaturated fatty acids 

of menhaden oil were deposited in adipose tissues only sparsely. 

Using crystallization techniques,   Carton,   Hilditch and Meara (38) 

were able to identify the major fatty acids in adipose tissue as  14:0, 

16:0,   18:0,   20:0,   22:0 and the mean unsaturation, of each homolog, 
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and provided evidence of deposition of whale oil fatty acids into 

swine depot fat.    Using gas-chromatographic techniques,  the 

present investigation described the fatty acid composition in adi- 

pose tissues from swine fed menhaden oil in more detail.    Trace 

amount of short chain fatty acids  10:0 and  12:0 were detected.    Odd- 

chain fatty acids of 15:0 and 17:0 were identified in all adipose 

tissues examined.    These acids were not reported by Garton, 

Hilditch and Meara.    Although Garton et al.   reported about 1% 

C20 or C22 ^n ^ar^'  the identification was not specific.    The pre- 

sent investigation revealed there were 0. 17% 20:0,   1.6% 20:1 and 

0.34% 20:2 in lard.    These C20 acids were not reported by Bhalerao, 

Endres and Kummerow (9) in their analysis of lard by gas chroma- 

tography.     These experiments used a different detector system; 

consequently the trace amount of C^o in lard might have been over- 

looked. 

In addition to the characteristic major polyunsaturated fatty 

acid of menhaden oil,   20:5,   deposited in adipose tissues,  the other 

fatty acids presenting menhaden oil such as  18:4,   20:1.   20:4,   22:5 

and 22:6 were also deposited in all adipose tissues examined, 

regardless of location of the tissue. 

Effect of Oxidized Menhaden Oil,   with and without Antioxidants on 

the Fatty Acid Composition of Swine Depot Fat.    Diets containing 

oxidized fat supported normal growth if antioxidant was present (95) 

and the depot fatty acid composition was very similar to those fed 
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either fresh or oxidized menhaden oil alone,   Tables  11-15.    The 

slightly higher level of 20:5 acid in adipose tissues of swine fed 

Diet-4 or Diet-5 suggested that there was some in vivo antioxidant 

activity.    The effect of these stored polyunsaturated acid on the 

animal in the absence of antioxidant may be a serious problem. 

Although the ingestion of oxidized lipid depressed growth (95), 

the fatty acid composition of adipose tissues showed no significant 

difference when compared to the fatty acid composition of tissues 

taken from swine fed Diet-Z,  Diet-4 or Diet-5.    Since the biological 

pathways and adsorption of peroxide or its breakdown products are 

still ill-defined,   the damage an autoxidized fat causes as it makes 

its way through different biological pathways is still an area that is 

open for more research. 

Effect of Lipid Metabolism on the Fatty Acid Composition of Depot 

Fat.    Myristic (14:0) was present to about 12% in menhaden oil,   but 

occurred as only about Z% in depot fat,  the same amount as in the 

control.    Apparently the occurrence of this acid in depot fat was not 

influenced by the dietary fat. 

Palmitic (16:0) is the chief constituent of the saturated fatty 

acids of depot fats,   and its formation did not seem to depend entirely 

upon dietary palmitic acid.    Palmitic acid content in menhaden oil 

was  19%; in comparison,   adipose tissue lipid from swine fed men- 

haden oil contained about 27% palmitic acid. 
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The palmitoleic (16:1) acid content of menhaden oil was  14%. 

However,  this acid was present in adipose tissue lipid to the extent 

of 6 to 7% from swine fed menhaden oil,   compared to 3-4% for the 

control.    The slightly higher content of palmitoleic acid may be due 

to the greater content of palmitoleic acid in menhaden oil.    On the 

other hand,   this acid could have been formed by the breakdown of 

oleic acid or by desaturation of palmitic acid. 

Stearic (18:0) was the second most plentiful saturated fatty 

acid in depot fat.    But since it could be synthesized from two 

carton units which,   in turn,   could be derived from carbohydrate 

and protein  in the food,   the concentration of stearic acid did not 

reveal a direct relationship between dietary fat and depot fat. 

Menhaden oil contained 3% stearic; in comparison,  depot fat lipid 

from swine fed menhaden oil contains  10-15% stearic acid,  depend- 

ing on location of the adipose tissue. 

Oleic acid was the most abundant unsaturated fatty acid in 

all the adipose tissue lipids examined.    The concentration of this 

acid was not influenced by the dietary oleic acid,  which was present 

to 15% in menhaden oil.    In swine depot fats,   oleic acid was present 

to 30-40% depending on the location.    Oleic acid may be synthesized 

from saturated fatty acids. 

The linoleic acid content of menhaden oil was 2. 5%.     Linoleic 

acid in adipose tissue was 6-7%. 
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These results suggest that the fatty acid composition of swine 

depot fats result from a modification of dietary lipid to conform to 

the type usually stored.    The composition of adipose tissues from 

swine fed a menhaden oil diet was very similar to the fatty acid 

composition of lard except for minor amounts of typical menhaden 

oil polyunsaturated fatty acids deposited. 

Effect of Location of Depdt Fat on Its Fatty Acid Composition.    Re- 

sult of this investigation showed that there was more oleic acid 

(18:1) in the outer back fats than in the inner back fats or kidney 

fats.    On the other hand,  palmitic (16:0) and stearic acid (18:0) 

were found to be concentrated in fatty tissues taken from sites lo- 

cated in a more internal position.    A comparison is shown in 

Tables  10-14.    This finding confirmed the report of Garton, 

Hilditch andMeara (38),  who indicated that fat in the outer layers 

of the back adipose tissue of a pig had greater unsaturation,  which 

led to softer consistency. 

The Liver as an Organ for Intermediary Metabolism of Lipids 

The liver plays an important and unique role in the intermed- 

iary metabolism of lipids,  modifying them for use in other tissue 

(24,   p.   707-727).    The importance of liver in fat synthesis has been 

pointed out by various investigators (124; 24,  p.   707-721).    It is 

believed that the newly-absorbed fat is metabolized in the liver to 

alter the nature of its fatty acid pattern,   so that it will conform to 
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the type usually stored by the particular tissue.    The results of this 

investigation support this point. 

Although menhaden oil and lard both contained fatty acids of 

chain length less than 14 carbons,  these short chain fatty acids 

were not detected in the liver lipids examined.    Even 14:0 was pre- 

sent to only a minor amount-.    This seemed to indicate that the 

shorter chain fatty acids might be de po s it e d   in   other   tiss ue s 

or that   these   acids   were   being   metabolized   in   the 

liver. 

The synthesis of arachidonic acid in liver from swine fed a 

diet containing lard was evidenced by the fact that 20% of the fatty 

acid of the liver lipid was arachidonic acid,   and this acid was not 

detected in the dietary fat.    Furthermore,   small but significant 

amounts of 22:4 and 22:5 were also detected in liver lipid from 

swine fed lard.    These last two fatty acids may have been a further 

two carbon unit addition to the existing 20:4 and further dehydro- 

genation of the fatty acid.    Liver lipids from swine fed diets that 

contained menhaden oil had an arachidonic acid content of only 6-7%. 

There was less than 1% arachidonic acid in menhaden oil.    The 

higher content of this acid in the liver lipid suggested the possibility 

of in vivo synthesis of this acid. 

There were about 10%,   3% and 6% of 20:5,   22:5 and 22:6 

fatty acids,   respectively,   in all the liver lipids from livers of 

swine fed menhaden oil.    The concentration of these acids in the 

liver lipid were much higher than those found in depot fats. 
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Whether these highly unsaturated fatty acids were being distributed 

in tissues other than adipose tissue is not known. 
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SUMMARY AND CONCLUSIONS 

The component fatty acids of outer back fat,   inner back fat, 

kidney fat and liver lipid of swine fed lard,  menhaden oil,   oxidized 

menhaden oil and oxidized menhaden oil with added antioxidant have 

been examined by gas-chromatography. 

It had been revealed by this investigation that gas-chromato- 

graphy is a useful technique in lipid research in spite of some limi- 

tations.    As more natural occuring fatty acids are being discovered 

the problem of identification may depend to a great extent on the 

availability of more pure known fatty acid methyl esters. 

Microhydrogenation technique is useful for confirmation of 

fatty acid chain length in an unknown mixture. 

The results of this investigation showed that menhaden oil, 

although it had a fatty acid composition very much different from 

that of lard,  when fed to swine,   caused the depot fat fatty acid com- 

position of swine to show a mixture of characteristic menhaden oil 

fatty acids with the typical fat synthesized by the swine. 

Fatty acid composition of tissues from swine fed oxidized 

menhaden oil with or without antioxidant showed a very similar fatty 

acid composition compared to those animals fed unoxidized menhaden 

oil. 

The result of this investigation supported the beneficial effect 

of Vitamin E or ethoxyquin as in vivo antioxidant. 
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Characteristic fatty acids of menhaden oil have deposited 

sparsely into the depot fats.    Greater concentration of the poly-    ' 

unsaturated fatty acids of the menhaden oil such as 20:5,   22:5 and 

22:6 were present in the liver lipids examined. 

The role of liver as an organ of intermediary metabolism of 

lipids had been revealed by this investigation, fatty acid synthesis 

was observed in liver tissues. 

Location of depot fat showed more oleic acid in outer back 

fats but more plamitic acid and stearic acid in fat samples taken 

from more internal location toward the abdominal cavity or around 

the kidney. 
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