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ABSTRACT

Male and female broilers were fed a basal diet

supplemented with 3^ 13^ beef tallow, and and 13^
peanut oil. Llplds were extracted from skin, white meat,
and dark meat. The llplds were separated Into neutral

and phosphollpld fractions, and the fatty acid compositions

of the two fractions were determined using GLC for each

dietary treatment. The higher levels of dietary fat

produced a higher content of total llplds and neutral
llplds In different tissues of broilers.

The Identification of gas-llquld chromatography peaks

of methyl esters of fatty acids was done using derived
retention time systems and an additional system was devised

and named MECL (n:2w6).

Phosphollplds were generally higher In 18;0 and 20:4w6
than neutral llplds, whereas neutral llplds contained higher

amounts of I8:lw9. Phosphollplds showed characteristic fatty
acid patterns In different tissues and dietary treatments.
Each llpld fraction tended to assume the fatty acid pattern

of the dietary fat treatment with neutral llplds being

affected far more than phosphollplds. The Intermediate fatty
acids of biogenesis of the w6 family of unsaturated fatty
acids were observed (20:2w6, 20:3w6, 20:^w6, 22:^w6 and
22:5w6). for the w3 family fatty acids, 18;4w3, 20:5w3.
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22:5w3, and 22;6w6 were observed. Fatty acids, 22:2w6,

2k:yvi6, and 2^:kvr6 were occasionally observed, and these

acids are believed to be derived from 22:2w6, which was

contained In small amounts in the vegetable oil diet.

The two severely overlapped peaks which were usually

observed In the gas-llquld chromatography of neutral llplds

might contain some other compounds, other than methyl

esters of fatty acids. These facts need to be checked

further for the Importance of fatty acid analysis using

GLC.
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CHAPTER I

INTRODUCTION

After James and Martin (19, 20) devised the method

of gas-liquid chromatography (GLC), the analysis of fatty

acids has been simplified considerably. During the past

decade there have been many improvements in the analysis

of fatty acids using this technique and it has produced

extensive information in lipid research. The older

analytical methods, such as the fractional distillation

or the determination of chemical constants, are limited

to the lipids which are available in large quantities.

These methods are laborious, time consuming, and in

accurate as compared to the method of GLC.

It is generally believed that the lipid composition

of a diet influences the fatty acid patterns of adipose

tissues of animal. Although much work has been done on

the depot fats, the influence of a fat diet on tissue

lipids has not been studied to the same extent.

The lipids from the thigh and breast muscle, and the

skin of broilers contain different amounts of total lipids

and classes of lipids, and show different patterns of

fatty acids. The phospholipid fraction contains more

polyunsaturated and longer carbon chain length fatty acids

than the neutral lipid fraction.



The determination of the fatty acid composition of

tissue llplds Is Important to the study of flavor deterio

ration of meat which Is believed to be caused mainly by

the highly unsaturated long chain fatty acids. There

Is recent evidence showing the presence of highly un

saturated long chain fatty acids with ̂  to 6 double bonds

and more than 20 carbon atoms. They can undergo autoxl-

datlon very easily, and are mainly located In the phospho-

llpld fraction of tissue llplds.

The greater part of the work on the effect of

dietary fat on chicken has been done by either using

laying hens and their eggs or the whole chicken. Little

attention has been paid to the Influence of dietary

fats on the fatty acid composition of different classes

of llplds from skeletal muscles and skin of broilers. The

purpose of this study was to determine the fatty acid

composition of skin, dark and white meat of broilers

and their relation to the dietary fats of the rations. A

method of Identification of fatty acids from GLC peaks

was devised.



CHAPTER II

REVIEW OF LITERATURE

The Effect of Dietary Fats

There Is extensive evidence that dietary fat in

fluences the fatty acid composition of chicken tissue.

The work of Crulckshank (10) showed that only small

differences existed in the iodine number of depot fats

from different tissues of laying hens. She also showed

that the ingestlon of unsaturated fatty acids resulted

in rapid increase in unsaturation of depot fat and in-

gestion of saturated fatty increased the degree of

saturation.

Dansky and Hill (11) reported that chickens which

were fed high energy ration deposited much more fat than

those fed lower energy ration. The fat content of bone,

leg musle, gizzard and skin varied directly with the fat

content of the total carcass, each tissue showing a

characteristic fat content relative to the others.

Breast muscle contained very little fat, regardless of

dietary treatment.

Reiser (^2, 43) studied the interconversion of un

saturated fatty acids (USFA) using laying hens and their

eggs. He reported that the addition of linoleic (dienoic)



acid in the diet resulted in the deposition of dienoic,

detraenoic, and pentaenoic acids in eggs, Trienoic and

hexenoic acid were not increased. The addition of lenolenic

acid (trienoic) resulted in an increase in all polyun-

saturated fatty acids (PUSFA) having from 2 to 6 double

bonds. The total lipids or different classes of lipids

were unaffected by the kind or amount of fatty acids in

the ration. Reiser used a spectrophotometric method to

determine the number of double bonds and was mable to

determine the chain length of the fatty acids. This method

for determination of double bonds is not considered very

accurate due to the presence of over lapping absorption

spectra,

Murty et al, (37) injected hens intraperitoneally

with Carbon-1^ labelled acetate and fo\md that the laying

hens did not synthesize linoleic acid. Any of this nutri

ent which occurred in the egg must be present in the diet.

This is contrary to the conclusion of their previous

studies based on the presence of small amoxmts of linoleic

acid in hens' eggs after hens received a fat-free diet

for one year.

Head (31) demonstrated by a tracer study in rats that

methylene interrupted PUSFA could be synthesized from

palmitoleic (l6:lw7)^» oleic (18tlw9)» linoleic (I8:2w6),

^See Appendix A, page 1031 (D
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and linolenlc (18:3w3). This study showed that double bonds

were added from the carboxyl end rather than methyl end of

the acid. As a consequences, the carboxyl end, and not the

methyl end, changed. From oleic acid 5i8|ll~eicosatrienoic

acid (20i3w9) was produced as an end product. The latter

acid acctimulated in the tissues of fat deficient animals.

7,10,13-eicosatrienoic acid (20!3w7) and 5»8,ll,l^-eicosa-

tetraenoic acid (20:4w6) were produced from palmitoleic and

linoleic acid, respectively. Linolenic acid (18:3w3) led

to the formation of 7,10,13,16,19-docosapentaenoic acid

(22i5w3) and J4',7,10,13,l6,19-docosahexaenoic acid (22i6w3),

Machlin and Gordon (23) showed that linoleic acid, but

not linolenic acid, was needed for the growth of chickens

(essential fatty acids) and linoleic acid could be converted

to arachidonic acid (20;^w6), which also could function as

an essential fatty acid. They suggested that w6 configuratin

of a fatty acid was essential for the growth of a chicken.

Analysis of fatty acids in tissues of chickens revealed

that linoleic acid-free diets resulted in the increase of

eicosatrienoic acid, while the linoleic and arachidonic

acid contents are very low. Addition of linoleic acid

resulted in the decrease of eicosatrienoic acid and an

increase in linoleic and arachidonic acid in all tissues

analyzed.

Machlin et al. (24) studied the fat metabolism of

^ ̂ i Y"--:" > i
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laying hens using hydrogenated coconut oil and safflower

oil. He concluded that the fatty acid composition of

nonadipose as well as adipose tissue and eggs would reflect

the fatty acid composition of the diet. Adult hens are

not sensitive to deficiencies in essential fatty acids as

a result of large amounts of reserve linoleic acid in

adipose tissue and the slow rate of depletion of arachidonic

acid.

Marion and Woodroof (25» 26) reported that GLC

analysis of lipids from skin, abdominal adipose tissue,

breast and thigh muscle of broilers showed that 14-, 16-, 18-,

and 20-carbon fatty acids were present in all tissues.

Breast muscle contained more than 10^ and thigh muscle less

than 10^ 20:3, 20:4, 20:5, 22:5, 22:6, 24:2, 24:4, and 24:6

fatty acids. Skin and adipose tissue contained less than

1% these fatty acids. The above long chain fatty acids

were mainly located in the phospholipid fraction. Each of

the tissues tended to assume the fatty acid composition of

dietary fats vrhen the chickens were fed 6^ corn oil, beef

tallow, or mixture of menhaden oil with the former two.

Marion (28) studied the influence of dietary fat on

the lipids of chicken muscle. Total lipid and phospholipid

(PL) levels in breast and thigh muscle were not significant

ly influenced by dietary fat, but each were lowered

significantly with the increasing age of the chicken. PL
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were generally higher in amo\mt of stearic acid and long

chain fatty acids than neutral lipids, whereas neutral

lipids (NL) contained higher quantities of oleic and

linoleic acids. Each lipid fraction tended to assume the

fatty acid pattern of the dietary fat with NL being

affected far more than PL. 20t3f 20:^, 20:5» 20j1, 2i|-:2,

22:5 and 22:6 fatty acids were present in the PL fraction

of breast and thigh muscle at about the 20^ level. The

NL fraction of these muscles contained about 1% 20:3,

20:4, and 20:5 fatty acids.

The work of Isaacks e^ al. (18) showed that the

triglyceride fraction of both the blood plasma and

adipose tissue of chickens more closely reflected dietary

fatty acid composition than did the corresponding PL

fraction.

The Effect of Menhaden Oil

Menhaden oil has been used to study the lipid meta

bolism in chickens as a source of long-chain PUSFA.

Edward gnd Marion (12) observed that the deficiency

of essential fatty acids was characterised by the formation

of eicosatrienoic acid in liver lipids of chickens. The

feeding of corn oil caused an increase in the eicosa-

tetraenoic acid and decrease in the eicosatrienoic acid in

liver lipids, while menhaden oil did not change the

content of eicosatetraenoic acid. When menhaden oil was
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added to the diet, significant amounts of eicosapentaenoic

acid, docosapentaenoic acid and docosahexaenoic acid were

present in the liver lipids. They suggested that the

presence of the long-chain fatty acids of menhaden oil

inhibited the synthesis of eicosatrienoic acid from oleic

acid.

Miller at al. (32) studied the lipid metabolism in

broilers with purified menhaden oil which contained large

amounts of higher members of the linolenic acid (w3)

family. They found that the conversion of linoleic to

arachidonic acid was inhibited by the effect of the

linolenic (w3) family total content. The deposition of

the linolenic family fatty acids in the muscle was pro

portionate to their content in the diet. The major fatty

acid member of the w3 family in muscle lipid was 20:5

which was accompanied by somewhat less of 22:6 and

considerably less of 22:5. The 20:4w3, isomer of

arachidonic (20:4w6) was first found in the broiler

muscle proportionate to the fatty acid in a diet.

Miller ̂  al. (33) studied the flavor and fatty acid

composition of broiler flesh after the broiler was fed

moleculary distilled menhaden fatty acids. The flavor-

contributing components in the menhaden oil apparently

resided in the fatty acids regardless of whether the

preparations were fed as the triglyceride or as the ethyl
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ester. Four marine fatty acids (18:4w3, 20:^w3, 20;5w3, and

22:5^3) deposited in the flesh of the broilers, were highly

correlated with the occurence of the xinacceptable flavor.

The Effect of Protein on Fat Metabolism

The increased demand of the processor for broilers of

uniform size and composition has stimulated the interest In

the formulation of rations to give specific weights and

body composition at the time of marketing.

Summer et a^. (46) reported that carcass protein was

increased and carcass fat was decreased in a linear manner

with increasing level of dietary protein. Conversely,

increasing level of dietary energy results in decreased

carcass protein and increased carcass fat. While little or

no improvement in weight gain was achieved by increasing

the protein level beyond 20^; whereas marked changes In

carcass composition were noted. Raising the protein

content of the diet exerted a greater effect in lowering

the fat and increasing the protein content of the female

than male carcass.

Essary and Dawson (14) have demonstrated further that

changes in fat deposition in the chicken are primarily in

skin and adipose tissues with less marked changes occuring

in muscle tissues.

Marion and Woodroof (29) showed that the chicken fed
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different levels of protein and different fats were signifi

cantly different In the fatty acid composition. Feeding

different fats resulted In an Increased carcass deposition

of the major fatty acids present In each diet. Also,

birds fed high protein diets deposited less olelc and more

llnolelc acid In their carcass.

Marlon et aj.. (30) studied the effect of dietary fats

and proteins on llpld composition In chicken white muscle.

There were significant differences between the low {16^)

and high protein {2^%) diets In the deposition of fatty

acids In the NL and PL fractions of muscle. The con

tent of saturated fatty acids (16:0 and 18jO) In the

NL were not changed markedly by the level of protein

In the diet. The deposition of USFA (16:1 and 18:1)

were significantly different between the protein levels.

The higher content of the above USFA were noticed In low

protein diet, while the fatty acid composition of each

sample was influenced by different dietary fats. In

the PL fractions, the marked difference In long chain fatty

acids due to the dietary fat was In the substitution of

20:5» 22:5f and 22:6 fatty acids when nenhaden oil was fed

as compared to the fats of coconut oil, beef tallow, and

safflower oil. No marked difference was noticed In the

fatty acid composition of PL due to the level of protein

except 22:6 fatty acid which showed higher deposition In
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low protein diet than higher one.

The Effect of Cholesterol on Lipid Metabolism

Cholesterol has been known to influence the lipid

metabolism in animal. The influence of it in lipid meta

bolism has been studied extensively with the connection of

atherosclerosis.

Machlin and Gordon (23) added cholesterol along with

a mixture of methyl myristate and laurate to purified diets

free of unsaturated fatty acids. The diet depressed the

growth of chicken further than the diet without the

cholesterol. These growth-depressing effects were largely

overcome by addition of a source of linoleic acid.

Chung ̂  al. (8) reported that the iodine number of

egg yolk and liver lipids of chicken was increased when

cholesterol was consumed.

The recent work of Chung et (9) showed that the

fatty acid composition of thigh and abdominal lipids of

chickens were unaffected by the addition of cholesterol

on different fat diets. Cholesterol when fed with corn

oil decreased the proportions of stearic and palmitic

acids and increased the proportions of oleic and linoleic

in egg yolk lipids as compared to the diet of corn

oil alone.

Fatty Acid Composition in Skeletal Muscle

A spectrophotometric method was used to determine the
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number of double bonds In a fatty acid with a limited

success.

Reiser (^2, ̂ ■3) and Chang and Watts (6) reported the

presence of fatty acids containing 5 and 6 double bonds

in the egg yolk and meat tissue of chicken using a

spectronic method.

The analysis of fatty acids in skeletal muscle has

been done with considerable success using GLC.

Marion and Woodroof (26) showed that the majority of

the fatty acids found in skin, breast, and thigh muscle of

broilers were in the l6- and 18-carbon series. The fatty

acids of 20-, 22-, and 2^-carbon series with various

unsaturation (2 to 6) were found in the breast muscle at

the level of more than 12^ and in the thigh muscle at less

than 10^. The skin contained less than the fatty acids

of 20-carbon series containing 3 to 5 double bonds. They

did not, however, identify the methyl end group (w) of the

individual fatty acids.

Miller ^ al. (32, 33) determined the fatty acid
composition of muscle lipids of broilers fed different

dietary fats. They demonstrated that the fatty acid

composition could be changed by different dietary fats.

The content of USFA of the w3 series in broiler muscle

lipids was changed from less than one per cent for a

basal diet to more than 30^ for purified menhaden oil
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supplement. These w3 series of fatty acids are 18:3,

18:4, 20:^, 20:5. 22:^, and 22:6. They also reported the

presence of 20:1, 20:2, 20:3, 22:3, and 22:4 fatty acids

in minor quantities.

Katz et (21) determined the fatty acid composition

of NL and PL from four tissues (dark and white muscle,

skin and depot fat) of broilers. They observed that

muscle tissue contained relatively larger amounts of PL

than did skin and depot fats. Some 22 different fatty

acids were found in the PL compared to 18 fatty acids in

the NL. Approximately 95% "the NL consisted of l6:0, 16:1,

18:0, 18:1, and 18:2 fatty acids? whereas, the PL

fraction contained about 6^% these fatty acids. The PL

fraction of the meat tissues contained about 28^ long

chain fatty acids (20-, 22-, and 24-carbon series with 1

through 6 double bonds), while the NL contained about 1%

these fatty acids. Arachidonio acid was found to be one

of the major fatty acids in the PL fraction.

Marion (28) studied the effect of dietary fat on the

lipids of chicken muscle. He noticed that the total lipids

of breast muscle were about 1% while 0.5^ were PL. The

thigh muscle contained about 2% of the total lipids of which

0.5^ were PL. Neither the amount nor the type of dietary

fat significantly influenced the content of total lipids

PL in breast and thigh muscles. In general agreement
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with Katz ̂  al. (21), he observed that PL contained higher

levels of stearic acid and long-chain PUSFA, and lower

levels of oleic and linoleic acids than NL. Each dietary-

fat with NL being affected far more than PL.

Peng and Dugan (39) determined the composition and

structure of PL in chicken muscle tissues. They used

silicic acid column chromatography to separate individual

PL. They observed that the PL content of thigh muscle

was higher than that of the breast muscle. Phosphatidyl

choline and phosphatidyl ethanolamine were found in

relatively greater amounts than phosphatidyl serine and

sphingomyelines. The PUSFA are located primarily at the

-position and the saturated fatty acids at -position.

Marion ̂  (30) demonstrated that cephalin and

lecithin fatty acids from the white muscle of broilers

could be changed by the dietary fatty acids. A 5% menhaden

oil diet showed marked dectease in the arachidonic acid

content and increase of 22:5 and 22:6 fatty acid in the

cephalin and lecithin fatty acids compared to the diets

of 5% coconut, beef tallow, and safflower oil diets.

Flavor Deterioration by Autoxidation of Lipids

The autoxidation of lipids produces volatile compounds

such as ketones, aldehydes, alcohols, and some other

compounds. These volatile compounds contribute to the off-

flavor of food products. It has been known that PUSFA
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undergo oxidation faster than monounsaturated fatty acids

(^^).

The presence of 5 and 6 double bonds fatty acids were

reported by Chang and Watts (6) in poultry meat by a

spectrometric method. They suggested that these fatty

acids might be the cause of flavor deterioration of poultry

meat upon storage. The presence of these PUSFA were later

confirmed by GLC in total llpids from chicken muscle (26,

32), and in NL and PL fractions (21, 28, 39, 30).

Lea and Swaboda (22) showed that the odor of oxidation

products of fatty acids was much easier to detect in water

than in an oil medium. This suggests that although the

total lipid level in muscle tissue may be low in comparison

to skin and adipose tissue, the degree of fatty acid oxi

dation in muscle tissue may be quite important in deter

mining the quality of broiler meat,

Younathan and Watts (^9) reported that the PL rather

than NL fraction of pork was responsible for the rancidity

when heating muscle tissue.

Hornstein ^ al. (16) showed that the PL fraction

of pork and beef meat underwent autoxidation faster than

the neutral fraction. The cephalin fractions from both

of the samples produced strong fish odors.

Marion and Woodroof (25) reported that the development

of rancidity in broiler tissues during storage, as measured
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by a 2-thlobarblturlc acid (TBA) method was not influenced

by dietary fat treatments. Also no appreciable change in

fatty acid distribution diiring the development of rancidity

could be detected by GLC.

El-Gharbawl and Dugan (13) studied the stability of

lipids during storage of freeze-dried raw beef and showed

that PL oxidized first, and the neutral lipid oxidized

later. They, in disagreement with Marion and Woodroof

(25), noticed that there was about a 10^ loss of arach-

idonic acid in the PL fraction after six months of storage

at room temperature under nitrogen gas, whereas the USPA

disappeared more gradually in the NL of dried beef.

In reversing his previous findings (25)# Marion and

Woodroof (29) observed that TBA values could be influenced

by the dietary treatments. They determined the TBA values

on breast muscle and skin after storage of carcasses for

12 days at 2°C. The values were significantly higher in

carcasses from high protein or menhaden oil diets. Diets

containing coconut oil or beef tallow produced carcasses

with lower TBA values.

Marion ̂  al. (30) demonstrated that the 22-carbon

series fatty acids with ̂  or 5 double bonds in cephalin

and lecithin, and linoleic acid in neutral lipids and

lecithin in vihite muscle of broilers were positively

correlated with TBA values. They also noticed that the

^ ; if, . 'I I i
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TEA values measuring oxidative rancidity In meats were

fairly reliable since It was positively related to the

concentration of the tinsaturated fatty acids in meat

tissues llplds.

Miller et a].. (33) observed the deposition of four

marine fatty acids (18!^w3# 20:^w3t 20:5w3» and 22:5w3)

In the flesh of broilers when fed refined menhaden oil

at a 5^ level. These fatty acids were highly correlated

with the occurrence of the unacceptable flavor.

Qmntltatlve Analysis of Fatty Acids by GLC.

The work of James and Martin (19) showed that It was

possible to analyze the volatile fatty acids using GLC,

They improved this technique considerably by methylatlng

the fatty acids and by using a more sensitive detector

system for the gas emerging from the column (20). They

were the first to show that plotting logarithm of reten-
2

tlon volume (or relative retention volume) against the

niunber of carbon atoms in the molecule for the members

of a homologous series fatty acids produced a straight

line. In this way it was possible to Identify an acid

on the basis of time emergence alone.

Farquhar et al. (15) Introduced the relative re

tention time (relative to 18:0)^. They published the

^See Appendix A, page 103. (2)
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RRT for various fatty acids, and also reported that the

logarithm of the RRT showed a straight line relationship

with the number of carbon atoms in the fatty acid chain.

The only difference between the retention time and re

tention volume is that the former is expressed in time to

elute a sample, and the latter is expressed as the volume

of a carrier gas. These two values showed almost identi

cal results when to identify unknown fatty acids.

Woodford and van Cent (^4-8) introduced the carbon

niimber system to express the retention times of fatty

acids and based the system on the retention times of

straight-chain satiirated fatty acids. The retention

times of the satirrated straight-chain esters, at least

four of which are usually present in natural mixtures,

were plotted against the chain length on a semilogarithmic

paper and the best straight line Joining them was con

structed. A value corresponding to the retention time

of any other peak can then be read off from the abscissa

of the graph. This value would give the chain length of

the hypothetical saturated straight-chain esters which

would be eluded at that point. The carbon number was

a characteristic of the particular esters on a particular

stationary phase.

Miwa et a^. (35) introduced the equivalent chain

length (ECL) system which had the same principle as the
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former authors' carbon number system. They stated that this

ECL value was Independent of operating conditions such as

column temperature, carrier gas flow rate, proportion of

stationary phase, and coliunn dimentions. The slopes of

the curve varied with changes in column temperature, but

the ECL value remained constant. This value was dependent

on the kind of stationary phase and carrier gas. They

stated that a combination of two values, one for the polar

and the other for non-polar stationary phase, were siifficient

to characterize most of fatty acids.

Miwa (36) reviewed the method of identification of

peaks in GLC for fatty acids. He reported that the ECL

values were accurate only in regions of the curve where a

linear relationship existed between the logarithm of

retention time and the number of carbon atoms in the

homologous series.

Ackman (1) reported that the identification of peaks

in GLC appeared needlessly complex. The basic mis

apprehension was that the USFA could be structurally

correlated through the corresponding saturated acids, the

number of double bonds, and their position relative to the

carboxyl group. He showed that there was a satisfactory

relationship among the USFA themselves, independent of the

saturated fatty acids. The relationships were based on the

chain length, the niimber of double bonds, and the position
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of the latter relative to the terminal methyl group. He

showed that when USFA were grouped according to the number

of double bonds and the same end carbon chains, it was

possible to draw a straight line between the carbon number

of fatty acids and logarithm of RRT (relative to oleic

acid). The lines representing the each group (the same

number of double bonds and the same w values with varying

chain length) were parallel to the line joining mono-

unsaturated fatty acids with a same w9 value. Thus he

suggested that line representing the n;lw9 was better than

the straight chain saturated fatty acids (35) to determine

ECL values of PUSFA. He named this system modified ECL

(MECL).

Ackman (2) showed that it was possible to use the

separation factors (15) derived from the modified ECL

system as a means tentative identification of USFA. When

the acid structures were appropriately grouped by the end

carbon chain, it was feasible to identify unknowns or

predict retention times either between acids of one chain

length and different numbers of double bonds, or between

acids of one chain length and the same number of double

bonds in different positions.

Ackman and Burger (3) stated that the MECL system, or

separation factor procedures could be applied to the

provisional identification of structurally normal PUSFA.

Oleic, linoleic, linolenic, and the normal saturated fatty
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acids were used as a primary standard. These standard acids

did not give satisfactory starting points for the identifi

cation of longer-chain PUSFA. He suggested the use of cod

liver oil as a secondary reference standard for the pro

visional identification of long-chain PUSFA. He reported

that the composition of the major components of cod liver

oil was sufficiently constant so that the components in

question might he recognized visually in most instances.

The presence of I6-, 18-, 20-, and 22-carbon monounsatvirat-

ed fatty acids provided a good base line for the linear

logartithmic plot. The presence of the 5»8,11,14,17-

eicosapentaenoic acid, 7»10,13»l6,19-docosapentaenoic, and

4,7,10,13,16,19-docosahexaenolc acid provided good start

ing points for the application of the separation factors

in these series of acids.

Hofstetter et al. (1?) determined the ECL values on

79 methyl esters of USFA and on 7 ethyl esters by GLC.

His observations were in general agreement with Ackman (1).
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^ ^ CHAPTEB III

MATERIALS AND METHODS

Dietary Treatments

Cross-bred (Vantress X Arbor Acre 50) broiler type

male and female broilers were used in this experiment. The

broilers were fed four different dietary fats for 8 weeks.

The composition of the diets are shown in Table I. The

starter diets BR45 and BR^6 contained 3^ beef tallow and

3^ peanut oil, respectively. The finisher diets BF12 and

BF13 consisted of 13^ beef tallow and 13^ peanut oil,
respectively. All the other feed components were kept

constant.

In treatment one, the broilers were fed the BR45 diet

for 8 weeks, ajid in treatment two they were fed the BR^6
diet for 8 weeks. In treatment three they were fed the

BR^5 diet for 5 weeks followed by the finisher diet BF12

to 8 weeks. The fourth treatment consisted of feeding the

BR46 diet for 5 weeks and the finisher diet BF13 for the

remaining 3 weeks.

These broilers were raised by Shash, B. M. (^5)» He

reported that during the seventh week of age, the birds

were attacked by a disease, Avian nephritis-nephrosls

(Gumboro). He showed that dietary fat affected the
characteristics of the body fat as measured by the melting

point, saponiflcation number, peroxide value, and iodine
22
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TABLE I

COMPOSITION OF DIETS BY WEIGHT

Ingredients Starter Diets Finisher Diets

br45 BR46 BF12 BFI3

1, Yellow corn 51.95 51.95 51.95 51.95
2. Alfalfa meal 2.50 2.50 2.50 2.50
3. Fish meal anchovie 5.00 5.00 5.00 5.00
4. Corn gluten meal 3.00 3.00 3.00 3.00
5. Animal fat 3.00 13.00
6, Ground limestone 1.20 1.20 1.20 1.20

7, Defl. rock phosphate 1.00 1.00 1.00 1.00

8. Salt 0.48 0.48 0.48 0.48

9. Manganese sulfate 0.02 0.02 0.02 0.02

10. Vitamin mix 0.6 0.6 0.6 0.6
11. Coccidiostat 0.05 0.05 0.05 0.05
12. DL-methionine 0.40 0.40 0.40 0.40
13. L-lysine 0.80 0.80 0.80 0.80
14. Peanut meal, 50^ 30.00 30.00 30.00 30.00

15. Peanut oil 3.00 13.00

Total 100.00 100.00 110.00 110.00

Calculated and
determined analysis:

Crude protein % 26.0 26.0 23.6 23.6
(determined)

Productive energy 1007*0 1007.0 1179.0 1179.0
cal./lt). (calciliated)

C:P ratio 38.88 38.88 50.08 50.08

Source: Shah, B. M. I965. Growth and quality of broilers
from peanut oil~peanut meal diets. M. S, Thesis. The
University of Tennessee.



number. He did not observed any significant differences

between treatment values for flavor and tenderness of either

roasted white or dark meat by triangle taste test.

Sampling for Llpld Extraction

At 8 weeks of age the birds were slaughtered and

dressed, and stored at -20OC. Three broilers were picked

from each dietary treatment and sex. Samples of skin,

breast and thigh muscles were excised from each bird. The

samples from the three birds were put together and mixed

well. If they were not used Immediately, they were put

Into a plastic bag and stored at -ZO°C. for later llpld

extraction.

Moisture Determination

Three portions of 3-5 S« of each sample were placed In

weighed aluminum moisture pans. The weight of wet sample

was determined by the Increment of weight after the

transfer of the sample on an analytical balance.

The pans were placed In a drying oven at 100-3®C. for
18 hours. After removal from the oven, the pans were cooled

for one hour In a desiccator and weighed. Moisture content

was expressed as per cent of the original sample weight.

Llplds Extraction Procedure

The duplicate llpld extractions of each samples were

carried out by the method of Ostrander and Dugan, Jr. (38).
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A sample of approximately 50 g. for meat or 25 g. for skin

was weighed in a piece of aluminum foil on an analytical

balance. The sample was transferred to a blender. The

weight of the sample was determined by subtracting the

weight of the aluminum foil from the total. About four

square inches of filter paper were added with the sample

to aid in filtration.

The sample was blended with I30 ml. of absolute

methanol for five minutes after the head space of the

bottle vxas flushed with nitrogen gas.

Sixty-five milliliters of reagent grade chloroform

was added and the mixture blended for 5 minutes. After

the addition of 65 ml. of 2.3^ zinc acetate, blending was

continued for 10 seconds. The head space of the bottle

was flushed with nitrogen gas each time.

The extraction mixture was poured into a Buchner

funnel and filtered with suction. The residue and the

filter paper were transferred to the blender bottle and

the funnel was wiped with a piece of filter paper. One

hundred ml. of chloroform was added to the residue and

filter paper said the mixture was blended for 3 minutes.

The mixture was transferred to the funnel into which a

new filter paper had been placed and filtered again.

Fifty milliliters of chloroform were used for rinsing the

blender bottle and washing the solids into the funnel.
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The head space of the blender bottle was flushed with

nitrogen gas each time.

The filtrate was transferred with a small amount of

chloroform to a 500 ml. separatory funnel, and two distinct

layers were formed. The upper layer contained the methanol-

water mixture and the bottom layer contained the chloroform

which contained the lipid.

The chloroform layer was separated from the methanol-

water mixture, and the volume was recorded. After thorough

mixing, two 10 ml. aliquots were taken and put into weighed

50 ml. beakers to determine the total lipid content of

each sample. Most of the solvent was allowed to evaporate

at 70®C. in the oven. The samples were dried further to

constant weight under reduced pressure in a vacuum

desiccator. The per cent of total lipids in each samples

was calculated.

The lipid containing chloroform from the duplicate

samples was pooled, and the solvent was evaporated using a

rotary evaporator. The extracted lipids were transferred

with chloroform to a 50 ml. Erlenmeyer flask, after which

the flask was flushed with nitrogen, stoppered, and stored

at -20°C. untill the sample was ready for fractionation.

Fractionatlon of Extracted Lipids

Fractionation was carried out by the slurry method
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described by Murty et a^, (37)« Duplicate fractionations

were carried out for each sample.

The total lipids from the duplicate samples were

diluted with chloroform in a 100 ml. graduated cylinder

to a volume of about 60 ml. The volume was adjusted so

that 25 ml. would contain at least 0.1 g. of PL fraction

from each sample for the analysis of fatty acids by GLC.

The volume of the mixture was recorded. Two portions of

2 ml. aliquots of sample were pipetted to preweighed

50 ml. beakers, evaporated, and weighed for the calculation

of the weight of sample.

The 25 ml. aliquot was transferred to 50 g. silicic

acid in a 500 ml. glass stoppered Erlenmeyer flask and

150 ml. of reagent grade chloroform was added. The

flasks were shook on a wrist-action shaker for 10 minutes

after the head space of the flask was flushed with

nitrogen gas. Siiicic acid, Mallinckrodt AR 100 mesh

was activated by heating at 110°C. for 20 hours and was

cooled for one hour in a desiccator prior to use.

The slurry was transferred quantitatively to a

sintered glass funnel and filtered with suction. Foxir

50 ml. portions of chloroform were used for washing the

silicic acid in the funnel. During each washing the

suction was released and the silicic acid and chloroform

were stirred well. The volume of the filterate, contain-
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Ing the nonphosphorous llplds, was recorded and two 25 ml.

allquots were transferred to weighed 50 ml. beakers.

Solvent was evaporated from these subsamples and their

weights were calculated from the weight of the NL fraction.

The filtrate was transferred quantitatively to a

1000 ml. round bottom flask and the solvent evaporated on

a rotary evaporator under reduced pressure. The recovered

NL was stored In a 50 ml. beaker at -20°C. after being

flushed with nitrogen and covered with aluminum foil for

later methylatlon.

The silicic acid mixture remaining In the funnel was

transferred back to the 500 ml. flask with 150 ml. of

absolute methanol and the head space of the flask was

flushed with nitrogen gas. The mixture was shaken on

a wrist action shaker for 10 minutes. The slurry was

filtered Into a clean flask and 150 ml. of methanol

In two portions were used for washing. The filtrate,

containing PL, was transferred Into a 1000 ml. round

bottom flask and the solvent was evaporated on a rotary

evaporator. The recovered PL was transferred quantita

tively with the aid of redistilled petroleum ether

(about 50 ml.) to a 100 ml. cylinder to measure the

volume.

Two 10 ml. allquots were pipetted Into weighed 50 ml.

beakers to determine the PL fraction. The calciaatlon
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of the yield was the same as for the neutral llpld fraction.

The extracts were transfered into 50 ml. beakers, flushed

with nitrogen, covered, and stored at -20°C. for later

methylation of fatty acids. The yields of the PL and

NL were calculated as a per cent of total lipids recovered,

Methylation of Fatty Acids

It is common practice to lower the boiling .point of

fatty acids by methylation for analysis using GLG, The

methylation was done in 2 to 3^ of sulfuric acid in

methanol (vjv), Methylation was carried out on each NL

and PL fraction from the previous step. This resulted

in duplication fatty acid analysis for each sample.

Approximately 0,1 g. of NL was transferred from the stored

stock to a 20 ml, test tube and 3 ml, of 2-3J& sulfuric

acid in methanol solution was added.

Petroleum ether was evaporated from the remaining

PL fraction by a stream of nitrogen gas in a test tube

containing the sample. To the same test tube, 3 ml, of

2 to sulfuric acid in methanol solution was added. Three

small glass beads were added to each test tube to prevent

bumping. The test tubes were placed in a water bath at

75-5°C, The test tubes were shaken occasionally to mix

the methanol and lipids. There were losses of methanol

by evaporation and absolute methanol was added whenever
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It was needed to keep the volume constant. The completion

of the methylatlon was observed when the oil droplets had

disappeared and a clear solution resulted after shaking.

Six milliliters of petroleum ether and 3 ml. of distilled

water were added in each test tube and they were mixed

thoroughly. The top petroleum ether layer which contained

methylated fatty acids was transferred to a 5 ml* bottle

with a screw cap. The petroleum ether was evaporated by a

stream of nitrogen gas and the sample was stored at -20°C.

for GLC.

Gas Liquid Chromatography

The GLC instrument used was Perkin-Elmer model 810,

dual columns equipped with flame ioni2:ation detectors.

Twelve per cent DEGS was coated on 100-80 mesh chromosorb

and packed in a glass tube (6 mm. I.D. x 6 feet). The

average operating column temperature was 185°C. The

temperature of the injection port and detector was 220°C.

and 225°C., respectively. A slightly higher temperature

was used in the detector than the injection port to prevent

any possible condensation in the detector. The column

temperature was raised to 220®C. after completion of each

run to flush out any remaining high boiling compound in

the column.

In previous work a column temperattire of 185°C. showed

the most satisfactory resolution on this sample system. A
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coXumn tempsraturo of 160®C» was suitable for fatty acids

under l8-carbons, but showed poor peak formation with the

higher acids. More than two hours was required to complete

a chromatogram at l60^C. A column temperature of 220 C.,

on the other hand, produced better peak formation with the

higher PUSFA, but this temperature produced severe over

lapping with shorter chain fatty acids. Programmed

temperature was tried, but this procedure made the quant1-

tatlon and Identification of each peak difficult especially

with higher chain length acids. It has been reported that

the DEGS polar stationary phase showed the best resolution

In separating the PUSFA, and that this stationary phase

was very stable up to 225°C. The carrier gas used was

purified Argon gas.

The Identification of GLC Peaks

The provisional Identification of GLC peaks was done

"by the comparison of logarithms of retention time of the

methyl esters of the fatty acid and their derived values.

The derived values used were the ECL values of Mlwa et al.

(35), MECL values of Ackman (1), Linear logarithmic plot
(1), and separation factors (2). The MECL system was

modified by the author and named the MECL (n:2w6). All

of the above methods were used to Identify the GLC peaks

of methyl ester of fatty acid.

A " * .

•I
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The measxirement of retention times of GLC peaks may be

accomplished one of seversil ways. The most common one is

to measure the peak top. The measurement of the half

width of a peak produced almost the same results as did

the peak top method. The meas\irement of the frontal tangent

of a peak produced less errors, especially in the higher

PUSFA, which tended to have flatter peaks with isothermal

column temperatures. The peak top measurement of a

retention time was used to obtain ECL values to compare

with the ECL values reported by Hofstetter and Holman (1?)#

who used the peak top method. For the MECL values, the

frontal tangent method was used to measure the retention

times. Ackman (1) reported that the Frontal tangent

method gave a better linear logarithmic plot.

All the retention times were adjusted (substracted)

from the initial solvent peak, which was approximately the

void volume (or time) of a coliomn. These adjusted retention

times (ART) gave better linear logarithmic plots (1). The

ART was used to express the retention time of peaks thgough-

out this study.

The primary standard of methyl esters of fatty acids

was purchased from the Hormel Institute, the University of

Minnesota. The standard consisted of l6:0, 16j1w7, 18:0,

I8:lw9, I8:2w6, I8:3w3. 20:lw9, 20:itw6, and 22:lw9 methyl

ester of fatty acids. The primary standard was run every-
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day to locate the above acids in sample GLC. The peaks of

I8:3w3 and 20;lw9, and 20;4w6 and 22;lw9, were overlapping.

It was easy to locate the peaks of l6:0, l6:lw7» 18:0,

18:lw9, 18:2w6, I8:3w3, and 20:4w6 in sample GLC by

referring to the primary standard.

1. Equivalent Chain Length (ECL) System

The ECL system was first proposed by Miwa ̂  a^. (3^)#

and was essentially the same as the Carbon Number system

of Woodford and van Cent (^8).

The ECL values were determined by the following method.

The ART of the saturated fatty acids was plotted against the

chain length on semilogarithmic paper and a straight line

Joining them was constructed. A value corresponding to the

retention time of any other peak could then be read off

from the abscissa of the graph. This value gave the chain

length of the hypothetical saturated esters which could be

eluted at that point.

Since the primary standard was run everyday, it was

easy to locate the peaks of the l6:0 and 18:0 acids. The

20:0 acid was located by the linear logarithmic plot.

Frequently when the ART of l6:0, 18:0, and 20:0 from the

same GLC was used for the linear logarithmic plot, some

of the ART of l6:0 would not fit on the line Joining 18:0

and 20:0. In this case the line representing 18:0 and

20:0 was used to read the ECL values. More accurate ECL
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values were produced when the saturated acid base line was

constructed using the ART values from within a sample GLC,

rather than using the ART values of primary standard, or

the mean values obtained from several similar sample GLC

runs made on the same day or different days. The conditions

of each run were never the same, and consequently produced

a slight difference in ART for each run. The difference

in ART was so great from one run to the other that it was

not possible to obtain accurate ECL values from the mean

values of several sample GLC runs. All the ECL values were

obtained using a self standard of saturated acids within

a sample GLC. The ECL values so obtained were compared

with the ECL values reported by Hofstetter and Holman (17)«

They reported ECL values obtained on four stationary

phases, including DEGS. They used various pure methyl

esters of USFA.

2* Linear Logarithmic Plot

The logariths of retention times of methyl esters of

saturated acids were known to form a straight line when

they were plotted on semilogarithmic paper against the

number of carbon atoms in the fatty acids (1). The in

corporation of the logarithm of retention time of the

USFA to the line saturated acids was not very successful.

The main reason was due to the use of the nomenclature

of organic acids, which count the double bond position
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from the carboxyl end of an acid. Fatty acids were

classified according to the number of double bonds, and

their position counting from carboxyl end. For example,

palmitoleic (9-hexadecenoic) and oleic (9-octadecenoic)

acids all belong to one family. The author noted that

it was impossible to draw parallel straight lines with

saturated acids when the USFA were classified according to

the nomenclature of organic acids.

Ackman (1) reported that there was a basic mis-

apprehention that the USFA could be structurally correlated

through the corresponding saturated acids, the number of

double bonds, and their position relative to the carboxyl

group. He showed that there was satisfactory relationship

among the USFA themselves. He classified the USFA in

several families which were defined by the same number of

double bonds and the same end carbon chain counting from

the last double bond with varying numbers of carbon atoms

in fatty acids. For example, I8:lw9» 20:lw9» and 22ilw9

belong to the family of n:lw9. and they produced a straight

line on the linear logarithmic plot. The line representing

each USFA family was parallel to each other. The line

representing the saturated acids was not parallel with the

lines of the USFA. The basic theory behind this linear

logarithmic plot was the influence of the end carbon chain

on the boiling point of the acid. Shorter end carbon chain
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acids had higher boiling points when they had the same

number of double bonds and chain length (Figure 1),

With this linear logarithmic plot, it was possible to

predict the retention time of other acids within the same

family of acids. This linear logarithmic plot also

served to confirm the peaks identified through an ECL

or MECL (n:2w6) system.

3* Separation Factors

Separation factors were devised at the same time as

the MECL system by Ackman (2). The basic theory for this

system is based on the linear logarithmic plot. The

separation factors were the ratios of retention times of

different unsaturated acids after they were classified by

the number of double bonds and w (omega) values. Ackman

classified the separation factors into the several types.

Type X included the same chain length acids with the SEune

w values, varying only with the number of double bonds.

Type II included the esters of fatty acids of the same

chain length with varying number of double bonds and

different end carbon chains (w values). Type III included

acids of the same chain length, same number of double

bonds, and different end carbon chains. Another separation

factor used included the acids with the same number of

doable bonds and same w values, but different carbon atoms
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In the fatty acids. All these separation factors were

shown to be influenced by the GLC column temperature (1),

and possibly by the different kinds of polar stationary

phases•

The separation factors obtained from various sample

GLC runs showed some differences. Thus the separation

factors that were needed for a linear logarithmic plot

were calculated from within a sample GLC run rather than

using the values from other sources, such as the values

from the primary steuidard or an average values of the

everyday runs.

if. Modified Equivalent Chain Length (KECL) System

The MECL system was proposed by Ackman (1), The basis

of MECL are the formation of straight parallel lines in

the linear logarithmic plot among the USFA families when the

acids were grouped according to the number of double bonds

and end carbon chain. Ackman showed that the saturated

acid line was not parallel with the USFA family lines and

the change of the slopes of saturated and USFA lines were

not the same as the GLC column temperature changes. A

different set of ECL values was produced as the column

temperature was changed.

Ackman (1) suggested using the line of n:lw9 to read

off retention time of other acids, and he named this system

the modified equivalent chain length (MECL) system. Theo-
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retlcally this MECL system should give better results than

fiui ECL system, because the lines representing USFA families

parallel each other. In practice, It was difficult to get

the retention time of 20:lw9 and 22:lw9 which were needed

to produce a straight line of the n:lw9 acids family for

the MECL system. The peaks of 20:lw9 and 22:lw9 were

overlapping with the I8:3w3 and 20;4w6, respectively. As

stated before. It was sound practice to get the retention

time of acids within a sample GLC to obtain the derived

retention values. The ART of 20:lw9 and 22:lw9 could not

be determined accurately, because It was not possible to

get the separated peaks of 20:lw9 and 22:lw9 from 18:3w3

and 20jJ^w6, respectively. Approximate, but not accurate,

ART of these acids, however, could be obtained from the

I8:3w3 and 20:4w6 by calculating the ratio of the two

overlapping peaks. The base line of the n:lw9 acid family

for MECL was drawn referring to the points of l6:lw7»

I8:lw9, I8;3w3, and 20:4w6. The n:lw9 line obtained was

used with considerable success, but It required lots of

experience with this technique.

Since an accurate n:lw9 line was difficult to obtain,

another system was devised using the line of n:2w6, and

this system Is defined In the next section.
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5, Modified Equivalent Chain Length (n!2w6) System

The ECL of fatty acids can be Influenced by GLC column

temperatures, and by kind of polar stationary phase. KECL

values have a sounder theoretical basis, but this system

Is more difficult to use in a single GLC run due to the

overlapping peaks of 20;lw9 and 22:lw9 with 18:3w3 and

20;4w6, respectively. Thus a good base line of n:lw9 could

not be obtained. The difficulties with the n;lw9 line

prompted the author to use the line of the n:2w6 acid family,

I8:2w6 was present in every sample, and 20:2w6 was observed

in at least half of the sample GLC runs. These two acids

belong to the family of n:2w6 acids and by using these two

points to give a straight line, it was possible to read

off the ART of other acids. When 20:2w6 was not present or

did not form a good peak, it was possible to locate the ART

of 20:2w6 through the separation factor. It was found

that the separation factors should come from the same w value

USFA groups within a sample GLC run. For example, 20:4w6

and Z2:hvj6 were present in every sample in good peak

formation, and the separation factors between them were

calculated, this value was used to get the ART of 20:2w6

from 18:2w6.

A linear logarithmic plot was constructed using RHT

published by Ackman (3) from cod liver oil. The line

representing n:lw9 acids did not parallel with lines of



 

. ...J •;

in
\

w6, and ■w3 acid families. However, the w6 and w3 acid
family lines were parallel among themselves. Ackman

reported that 20:lw9, and 22:lw9 might be contaminated

with some other acids. The formation of unparallel lines

between n:lw9 and other PUSFA should be checked further

with pure compounds, because most of the derived retention

times for the provisional identification of methyl ester

of fatty acids are based on the sound linear logarithmic

plot.

The difference between the MECL and MECL (ni2w6) system

is the former, used the base line of n;lw9 and the latter

used the base line of n;2w6. The procedure to obtain MECL

(ni2w6) values is the same as the ECL procedure except

each procedure used a different base line to read off the

ART of other acids. The linear logarithmic plot showed

that 20;2w6 are closer to the lines of higher PUSFA than

the lines of n:lw9 and saturated acids. This would provide

more accurate derived ART for higher PUSFA than the other

methods. MECL (n:2w6) values, however, might be less

accurate on the fatty acids having less than l8-carbon

atoms.

v' J;- • ^ \i ■■
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CHAPTER IV

EXPERIMENTAL RESULTS

Fatty Acid Composition of Dietary Fats

Table II shows the fatty acid composition of beef

tallow (BT) and peanut oil (PO). The major differences

in individual fatty acids are found in l6:0, 18:0, and

18:2w6. The 22:2w6 and 20;5w3 fatty acids are present

as minor fatty acids in PO and BT, respectively. PO

contains approximately 13;^ saturated acids while BT

contains ̂ 5^ saturated acids. The percentages of saturated

acids of PO and BT provide good referrence points. PO

contained about 30^ I8;2w6 while the BT contained

approximately 5^* The difference in I8:2w6 content may

provide an indication of linoleic acid family metabolism.

The 18:lw9 and I8:3w3 percentages are about the same

in both BT and PO, and therefore metabolism of n:lw9 and

n;3w3 acids could not be compared using these fatty acids.

22:2w6 is found in PO, but not in BT, and this fact is

important in following the metabolism of 22:2w6.

The Effect of Different Dietary Fat on Moisture Content.

Total Lipids, Neutral and Phospholipids

Table III, IV and V show the per cent composition of

moisture content, total lipids, NL, and PL of the skin, '

white, and dark meat of broilers.
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TABLE II

THE FATTY ACID COMPOSITION OF BEEF TALLOW AND PEANUT OIL

Fatty Acid Beef Tallow Peanut Oil

14j0 2.10^
15 «0 tr —

I6i0 25.42 10.69
I6ilw7 3.36, tr

I6t2w7 tri/
18 lO 19.36 1.84
18 jlw9 ^0,28 49.51
18j2w6 5.26 29.55
20t0 tr 0.94
18j3w3 1.38 1.63
20 j 2w6 0.27 —

20:3w6 -- 3.6?
20j4w6 0.27 tr

22:2w6 . mm mm 1.87
20:5w3i/ 1.15
22 t 3w6 0.50 —

22 J kvi6 --

22j5w6 mm mm —

22!5w3 — mm mm

22:6w3 0,2k 0.50

Total Saturated kk,Qk 13.50

Total Unsaturated 55.16 86.50

\/ May contain other fatty acid,

^ tr means less than 0.10^.
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The skin contained on the average about 73;^ total

llplds (dry weight basis), with 9Q% of the total llplds

as NL and the remaining 2% as PL. The skin of female

broilers contained more total llplds than the skin of the

male. In all treatments. Higher levels of total llplds

were detected In the skin when the broilers were fed

higher dietary fats.

The white meat contained on the average about 1.5^

total llplds (dry weight basis), and the total llpld content

Increased slightly when the broilers were given higher

levels of dietary fats. The total llplds of white meat

consisted of about 51/^ NL and ̂ 9% PL.

The dark meat contained on the average about 3,5%

total llplds (dry weight basis), with 80% of the total

llplds as NL and 20% as PL. The total llpld content of

the dark meat Increased when the amount of fat was

Increased In the diet.

In comparing the effects of added dietary fats on

the llpld composition of the skin, white, and dark meat

of male and female broilers, there appeared to be some

difference In the NL and PI content with dietary fat

treatments. This study showed the content of NL In the

skeletal muscles could be Increased by the higher level of

dietary fat, consequently decreasing the proportion of PL.

This Is contradictory to the findings of Marlon (28) who

reported the dietary fat could not change the proportion of
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NL and PL In skeletal muscles.

The Sample GLC Peaks, Type I and Type II

The sample GLC runs were grouped into two types,

namely. Type I and Type II. A representative sample GLC

of Type I is shown in Figure 2. Type I showed very good

separation among the fatty acids, and showed four very

distinctive peaks of 22:4w6, 22:5w6, 22:5w3, and 22:6*3.

The 20:5w3 peak was overlapped with the 22:2w6 peak and

these peaks were present in some samples of Type I sample

GLC runs. The overlapping of 20:5w3 and 22:2w6 produced

and unsymmetrical peak, and this peak sometimes included

22:3w6 when a smaller amount of it was present, otherwise

22:3w6 showed a separated peak. Most of the Type I GLC

runs were observed in samples of PL fractions, while none

of the NL fractions showed a GLC Type I run. The differ

ences between Type I and Type II sample GLC runs were.

Type I has very good separation of PUSFA including the four

distinctive peaks of 22:4w6, 22;5w6, 22:5w3» 22:6w3, and

Type II showed none of the four distinctive peaks observed

in Type I. The Type II runs showed two overlapping peaks.

The first overlapping peak (peak I) contained 20:5w3t

22:2w6, and 22:3w6. When 22:4w6 was present in small

quantities, it was included in the first peak, and produced

a skewed peak with considerable tailing. 22:5w6 peaks were
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not present in most of the Type II runs. The second over

lapped peak (peak II) contained 22:5^3. 22:6v73. and

possibly 2^;3w6, with the 22;6vr3 peak usually the dominating

peak. The 24;i|'w6 peak was observed after the second over

lapping peak, and was completely separated from this second

peak. The first and second overlapping peaks, usually

showed flat and skewed peaks, thus it was not practical to

separate the individual fatty acids in each overlapping

peak. For this reason, the individual PUSFA contained in

each of the two overlapping peaks were not separated, but

the per cent composition of the combined PUSFA in each over

lapping peak was reported. There were many Type II sample

GLC rvins which showed distinctive pealcs within the tv;o over

lapping peaks. Thus the possible identity of the acids

contained in these two peaks could be ascertained. The ART

and their MECL (n;2w6) from Type II sample GLC runs are

reported later in this thesis. A representative Type II

sample GLC run is shovjn in Figure 3. The overlapped peaks

are separated by a dotted line to show the individual peaks.

The Identification of G^ Peaks of Methyl Ester of Fatty

Acids

Table VI shows the ART of Type I sample GLC runs. The

ART was measured by the peak top method. All of the samples

are from the PL fractions. Table VII shows the ECL values
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56

of the corresponding samples from Table VI. The ECL values

were determined by the self standard. They show relatively

accurate ECL values. For Type I sample GLC runs, the ECL

system was employed successfully, providing that the ART

of the saturated acids came from within the same GLC run.

Table VIII shows the ART measured by the frontal

tangent method using the same samples as in Table VI,

page Table IX shows the MECL (n:2w6) value obtained from

the ART of corresponding samples in Table VIII. The MECL

(n»2w6) values show more accurately the values of the fatty

acids of 18-carbon or more.

The sample numbers used in Table VI, VII, VIII, and IX,

page 55f 57« and 58, respectively, indicate the following
source of the samplesi 1 and 2 represent the dark meat

of male broilers on a 13^ peanut oil (PO) diet, 3 and

represent the white meat of male broilers on a 13:^ FO diet,

5 and 6 represent the skin of female broilers on a PO

diet, 7 and 8 represent the white meat of female broilers

on a 3% PO diet, 9 represents the dark meat of male broilers

on a 3% beef tallow (BT) diet, and 10 represents the white

meat of male broilers on a 3% BT diet. The ART of the

above samples was chosen using the best peak formation of

20j2w6 found in the sample GLC runs. The ART of 20j2w6 is

needed to draw a straight line of n!2w6 along with the ART

of I8:2w6 to read off the MECL (n:2w6) values for other acids.
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The 20j2w6 was usually present In small amounts (about

0.5%) t and these quantities did not give a sharp enough peak

to obtain an accurate measurement of retention time for the

fatty acid. The addition of a small amomt of 20i2w6 to an

unknown sample would provide a good peak for 20i2w6. I8:2w6

is usually present in good quantities in all biological

samples, thus, the ART of I8s2w6 and 20:2w6 should give a

good line of n:2w6 to read off the MfiCL (nt2w6) values for

the unknown peaks. The best standard MECL (ni2w6) values can

be obtained using a sample of known composition, such as cod

liver oil as suggested by Ackman (3)» and run at the same

GLC conditions as the unknown sample. The MECL (ni2w6) values

reported in Table IX, page 58, for the Type I sample runs

showed very satisfactory results, especially on the higher

PUSFA.

Table X shows the ART from the Type II sample runs.

The Type II samples for Table X were chosen using the sample

inins having the best peak formation of 20i2w6 for MECL (n:2w6)

values, and some shoulder formations in the overlapped peaks

I and II. The individxaal fatty acids within each of the

overlapped peaks was determined manually. The overlapped

peak I contained 20:5w3, 2282w6, and 22i3w6. The overlapped

peak II contained 22!5w3, 22j6w3, and possibly 2^s3w6. The

overlapped peaks were separated manually into individual

fatty acids, and their ART reported in Table X. Table XI

shows the MECL (n:2w6) values obtained using the correspond-
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Ing ART values In Table X, page 60. The ECL system was

tried on the Type II sample GLC runs, but showed very poor

results.

The Type II samples used in Table X and XI, page 60

and 61, respectively, are from the following samples. The

sample numbers used in the above two Tables indicate the

following source of the samples: 1 represents the NL from

the dark meat of male broilers on a PO diet, 2 and 3

the dark meat, and ̂  white meat, 5 represents the ML from

the dark meat of female broilers on a 3^ PO diet, 6 repre

sents the PL from the dark meat of female broilers on a 13:^

PO diet, 7 and 8 represent the PL from the skin and the

white meat of male broilers on a 13i^ BT diet, respectively,

and 9 and 10 represent the NL from the white meat of male

broilers on a 3^ BT diet.

Table XII is the summary of GLC peaks identification

procediare used. The mean values of ART measured by the

peak top method (Table VI, page 5^) and by the frontal

tangent method (Table VIII, page 57) are compared. This

shows the difference in ART obtained by the two methods,

especially of the higher PUSFA. The relative retention

time (18:lw9) of cod liver oil fatty acids as reported by

Ackman (3) are compared with the RRT (I8tlw9) derive from

Table VIII, page 57. This comparison RRT shows that there

are great differences in RRT (18:lw9) of higher PUSFA. The



T
A
B
L
E
 
X
I
I

T
H
E
 
C
O
M
P
A
R
I
S
O
N
 
O
F
 A
D
J
U
S
T
E
D
 
R
E
T
E
N
T
I
O
N
 
T
I
M
E
S
 
A
N
D
 
T
H
E
I
R
 
D
E
R
I
V
E
D
 
V
A
L
U
E
S
 
O
F

M
E
T
H
Y
L
 
E
S
T
E
R
S
 
O
F
 
F
A
T
T
Y
 
A
C
I
D
S
 
I
N
 
G
L
C

F
a
t
t
y
 
A
c
i
d

A
R
T
1
/

R
R
T
(
1
8
!l

w9
) ̂

EC
L 
-2

/
I'I
EC

L(
n:

2w
6)

 ̂
F
T

F
T

S
f
d

S
a
m
c
l
e
S
f
d

S
a
m
p
l
e

S
t
'
 d

T
y
p
e
 
I
T
y
p
e
 
I
I

1
^
:
0

0
.
9
1

0
.
7
^

0
.
2
3

0.
2^
4-

1
3
.
9
1

1
2
.
5
4

1
2
.
0
6

1
2
.
4
3

1
5
:
0

1
.
3
8

1
.
2
8

0
.
3
2

0
.
^
2

1
5
.
3
5

1
3
.
6
2

1
3
.
9
3

1
4
.
0
2

1
^
:
0

1
.
6
2

1
.
^
2

0
.
^
5

0
.
^
8

1
6
.
0
0

1
4
.
7
0

1
4
.
5
4

1
4
.
4
9

I
6
;
l
w
7

1
.
8
2

1
.
8
1

0
.
5
5

0
.
5
9

1
6
.
5
5

1
6
.
5
7

1
5
.
3
4

1
5
.
2
4

1
5
.
1
7

I
6
;
2
w
7

2
.
^
0

2
.
2
7

0
.
6
6

0
.
7
^

1
7
.
5
0

1
7
.
4
1

1
5
.
9
3

1
6
.
0
5

1
6
.
0
0

1
8
:
0

2
.
8
3

2
.
6
^

0
.
8
6

0
.
8
^

1
8
.
0
0

1
8
.
0
0

1
6
.
7
7

1
6
.
5
8

1
6
.
5
8

1
8
:
l
w
9

3
.
3
0

3
.
0
3

1
.
0
0

1
.
0
0

1
3
.
5
1

1
8
.
5
3

1
7
.
2
4

1
7
.
1
6

1
7
.
1
3

1
3
:
 2
v
:
6

i^
.l

A
3
.
9
0

1
.
2
7

1
.
2
7

1
9
.
3
0

1
9
.
3
5

1
8
.
0
0

1
8
.
0
0

1
8
.
0
0

2
0
;
0

k
.
Q
3

1^
.6

7
1
.
6
3

1
.
5
2

2
0
.
0
0

2
0
.
0
0

1
8
.
8
0

1
8
.
6
4

1
8
.
6
2

1
3
:
3
w
3

5
.
6
^

5
.
3
0

1
.
7
3

1
.
7
2

2
0
.
4
0

4
0
.
4
6

1
9
.
0
0

1
9
.
0
9

1
9
.
0
7

20
:2

-%
'6

7
.
1
^

6
.
7
9

2
.
3
7

2
.
2
0

2
1
.
3
6

2
1
.
3
4

2
0
.
0
0

2
0
.
0
0

2
0
.
0
0

2
0
:
3
w
6

8
.
3
9

7
.
9
2

2
.
8
0

2
.
5
7

2
2
.
1
3

2
1
.
9
0

2
0
.
6
4

2
0
.
5
4

2
0
.
6
5

2
0
;
4
w
6

9
.
5
8

9
.
0
8

3
.
1
9

2
.
9
5

2
2
.
4
3

2
2
.
3
7

2
0
.
6
9

2
1
.
0
4

2
1
.
0
6

2
0
;
5
w
3

1
2
.
5
8

1
1
.
1
^

^
.
3
7

3
.
7
0

2
3
.
4
5

2
3
.
3
3

2
1
.
9
6

2
1
.
3
9

2
1
.
3
2

2
2
;
2
w
6

—
 
—

—
 
—

—
 
—

2
1
.
0
0

—
2
1
.
0
2

2
2
 ;
 3>

r6
li
^-
.l
B

1
3
.
1
^

5
.
1
8

^
.
2
7

2
3
.
9
4

2
3
.
9
6

2
2
.
4
3

2
2
.
 3
9

2
2
.
4
5

2
2
 :

1
6
.
7
5

1
5
.
8
5

5
.
9
3

5
.
1
5

2
4
.
5
8

2
4
.
3
5

2
2
.
9
6

2
3
.
0
6

2
2
.
9
6

2
2
:
5
w
6

1
9
.
1
8

1
3
.
3
6

6
.
9
0

5
.
9
6

2
4
.
9
7

2
4
.
8
5

2
3
.
4
4

2
3
.
5
9

2
3
.
5
0

2
2
:
5
w
3

2
2
.
1
5

2
1
.
3
2

8
.
1
0

6
.
9
2

2
5
.
3
8

2
5
.
3
8

2
3
.
9
3

2
4
.
1
4

2
4
.
0
3

2
2
!
6
w
3

2
5
.
 6
^

2
U
-
,
2
2

9
.
^
6

7
.
8
6

2
6
.
0
3

2
5
.
9
0

2
4
.
4
2

2
4
.
5
8

2
4
.
4
0

2^
1-
; A
w
6

—
 
—

m
m
m
m

•
•

•
•
 ■

"
2

6
.5

0
2

5
.0

6
2

5
.2

9

O
N

V
jJ



T
A
B
L
E
 
X
I
I
 (
c
o
n
t
i
n
u
e
d
)

1
/
 A
R
T
 m
e
a
n
s
 a
d
j
u
s
t
e
d
 r
e
t
e
n
t
i
o
n
 t
i
m
e
.
 
P
T
 m
e
a
n
s
 t
h
e
 r
e
t
e
n
t
i
o
n
 t
i
m
e
s
 w
e
r
e

m
e
a
s
u
r
e
d
 
b
y
 
t
h
e
 
p
e
a
k
 
t
o
p
 
m
e
t
h
o
d
,
 a
n
d
 
F
T
 
b
y
 
t
h
e
 
f
r
o
n
t
a
l
 t
a
n
g
e
n
t
,
 
P
T
 
i
s
 
t
h
e
 
m
e
a
n

v
a
l
u
e
 f
r
o
m
 T
a
b
l
e
 V
I
,
 
p
a
g
e
 

a
n
d
 F
T
 
i
s
 t
h
e
 
m
e
a
n
 
v
a
l
u
e
 f
r
o
m
 T
a
b
l
e
 V
I
I
I
,
 p
a
g
e
 5
7
.

 y'
R
R
T
 m
e
a
n
s
 r
e
l
a
t
i
v
e
 r
e
t
e
n
t
i
o
n
 
t
i
m
e
 (
I
8
:
l
w
9
)
.
 
S
t
a
n
d
a
r
d
 R
RT

 a
r
e
 f
r
o
m
 A
c
k
m
a
n

(
3
)
»
 
a
n
d
 
s
a
m
p
l
e
 R
R
T
 a
r
e
 t
h
e
 
m
e
a
n
 
v
a
l
u
e
s
 f
r
o
m
 T
a
b
l
e
 V
I
I
I
,
 
p
a
g
e
 5
7
.

y
 T
h
e
 s
ta

nd
ar

d 
E
C
L
 v
a
l
u
e
s
 a
r
e
 f
r
o
m
 t
h
e
 d
at
a 
o
f
 H
of
st
et
te
r 
a
n
d
 H
ol

ma
n 
(
1
7
)
,

a
n
d
 
s
a
m
p
l
e
 
E
C
L
 v
a
l
u
e
s
 a
r
e
 
t
h
e
 
m
e
a
n
 
v
a
l
u
e
s
 f
r
o
m
 T
a
b
l
e
 
I
X
,
 
p
a
g
e
 5
8
,

y
 T
h
e
 s
ta

nd
ar

d 
ME

CL
 (
n
:
2
w
6
)
 v
a
l
u
e
s
 w

er
e 
de
te
rm
in
ed
 u
si
ng
 t
he

 d
at

e 
o
f
 A
ck

ma
n

(
3
)
.
 
T
h
e
 
sa
mp
le
 (
T
y
p
e
 I
 )
 M
E
C
L
 (
n
:
2
w
6
)
 a
r
e
 t
h
e
 m
ea

n 
v
a
l
u
e
s
 f
ro

m 
T
a
b
l
e
 I
X
,
 p
ag

e 
5
8
,

a
n
d
 s
a
m
p
l
e
 (
T
y
p
e
 
I
I
)
 a
r
e
 t
h
e
 m
e
a
n
 
v
a
l
u
e
s
 f
r
o
m
 T
a
b
l
e
 X
I
,
 p
a
g
e
 6
l
.

O
S

-f
r



65

feasibility of using RRT (I8ilw9) Is questioned, since the

RRT does not give any Idea of the peak Identification In

GLC, Reporting ART rather than the RRT might save time,

and unnecessary rounding off of the RRT values. The ECL

values from the data of Hofstetter and Holman (1?) are

referred to as the standard ECL values. The mean ECL values

reported In Table VII, page 63, are compared with the

standard ECL values. It has been found that using a self

standard of saturated acids within a GLC run Increases the

accuracy of the ECL values, rather than using the ART of

saturated acids from the primary standard or the average

ART values of several GLC runs. The principle of using the

self standard was extended to the MECL (n:2w6) system. The

reliability of the ECL values was very good In Type I

samples, however, they were useless In Type II samples.

Since the ECL values could not be used for Type II sample

GLC runs, another method, namely the MECL (n:2w6), was

devised. This system proved very satisfactory on PUSFA.

The MECL (ns2w6) values reported In Table XII, page 63, were

determined using RRT (18j1w9) values reported by Ackman (3),

using a linear logarithmic plot. In Table XII, page 63, the

standard MECL (nt2w6) values are reported, along with the

mean values of MECL (nj2w6) for Type I sample GLC from

Table IX, page 58, and for Type II sample GLC from Table XII,

page 63, show very conslstant values among the Indlvldml
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fatty acids, and on the fatty acids of l8-carbon atoms or

higher. The RRT (I8ilw9) values reported by Ackman (3)

were obtained using a 20% DEGS stationary phase, and a

column temperature of 170°C. The ECL values reported by

Hofstetter and Holman (1?) were obtained using a 20% DEGS

stationary phase, and a column temperature of 226®C, Even

though the operating conditions for the standard values of

RRT (18j1w9) and ECL of fatty acids were different from the

sample GLC runs, the derived retention times showed very

good agreement between standard and the sample values.

Table XIII shows the separation factors obtained using

the ART of Table VIII, page 57. Ackman (1) showed that the

separation factors could be changed by operational conditions

such as column temperature. It has been found by the author

that more acctirate separation factors could be obtained

using ART values within a GLC run rather than from the

primary standard or the average ART values of several GLC

runs. The separation factors obtained using ART values can

serve as a secondary check to confirm the eel and MECL

(nt2w6) values.

The Fatty Acid Composition of Neutral Lipids

Tables XIV, XV, and XVI show the per cent fatty acid

composition of NL from different tissues of skin, dark meat,

and white meat of every dietary fat treatment.

The fatty acid compositions of skin NL are reported in
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TABLE XIII

1/SEPARATION FACTORS FROM THE ART DATA OF TABLE Vni"-'

Type of SF^/
and Sample n\imbers2/

^ 6 7 8 9 10

Type I SF

22,6w3
22,5w3 1.13 1.1^ 1.12 1.13 1.1^ 1.1^ 1.15 1.10 1.15 1.16

22j5w6
22! hvf6 1.15 l.l'^' 1.15 1.16 1.16 1.15 1.15 1.17 1.16 1.17

22i4w6
22:3w6 1.15 1.19 1.16 1.17 — -

2 01Uw6
20i3w6 1.1^ 1.15 1.15 1.15 1.15 1.1^ 1.1^ 1.15 1.1^ 1.16

20j3w6
20:2w6 1.18 1.17 1.17 1.17 1.16 1.17 1.18 1.16 1.16 1.15

Type II SP

22; 6w3
22j5w6 1.33 1.33 1.32 1.32 1.3^ 1.31 1.3^ 1.28 1.32 1.32

22«5w3
22;^w6 1.36 1.33 1.36 1.36 1.36 1.33 1.3^ 1.36 1.33 1.33

20«5w3
20:4w6 1.3^ 1.32 1.3^ 1.34 — — — 1.21^ — 1.3^

18»3w3
18:2w6 1.37 1.35 1.35 — 1.36 1.37 1.35 1.37 1.38 1.36

18,3w3
18:lw9 1.73 ,1.71,1.71 1.72,1.7i»' 1.72 1.7. 1.73 1.7^ 1.71

18j2w6
181lw9 1.26 1.27 1.27 1,26 1.26 1.27 1.27 1.26 1.27 1.26
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TABLE XIII (continued)

Type of Sf2/
and Sample numbers^
Source 1 2 3 5 6 7 8 9 10

Type III SF

22s5w3
22:5w6 1.18 1.17 1.17 1.17 1.18 1.15 1.16 1.16 1.15 1.14

Other SF

20j0
18»0 1.76 1.76 1.78 1.78 1.77 1.78

18:0
16:0 1.7^ 1.76 1.77 1.77 1.76 1.76 1.77 1.77 1.77 1.79

22:^w6
2 0:^w6 1.72 1.76 1.7^ 1.73 1.75 1.75 1.73 1.76 1.75 1.76

22:5w3
20:5w3 1.7^ 1.78 1.75 1.75 -- — — 1.73 -- 1.75

20:2w6
I8:2w6 1.72 1.72 1.72 1.7^ 1.76 1.76 1.72 1.76 1.78 1.75

y Table VIII, page 57.

y SF stands for separation factors.

y Sample numbers are correspond to Table VIII, page
57.
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Table XIV, page 69. The PO diet shows lower levels of 18»0,

and higher levels of I8j2w6 and total w3 and w6 fatty acids.

The I8tlw9 contents were about the same {^0%) in every

dietary treatment. The effect of fatty acid composition of

dietary fats are reflected in the skin NL. Statistical

analysis did not show any effects between the sexes.

Table XV, page 70, shows the fatty acid composition of

dark meat NL of different dietary fat treatments. The

effects of the dietary fats (on the dark meat NL) are about

same as in skin NL.

Table XVI, page 71, shows the effect of the fatty acid

composition of white meat NL on different dietary treatments.

Compared to the BT diet, the content of 16:0 and 18tO

decreased, and the content of I8:2w6 increased. The total

saturated fatty acid content was lowered and the total USFA

and total w3 and w6 acids were increased by the PO diet.

The fatty acid composition of skin, dark meat, and

white meat NL reflect the effects of dietary fatty acids.

The higher levels of BT diet showed higher levels of 18:0

in the NL of different tissues, and the higher levels of PO

diet showed higher levels of 18:2w6 in the NL fraction of

different tissues. Total USFA and total w3 and w6 fatty

acid content in the NL fractions of the three tissues was

increased by the PO diet, while the total USFA were decreased

by the PO diet. The AF contained about saturated fatty



acids of which half were I8s0, but the NL fractions from

the tissues of the broiler fed higher BT dietary treatment

contained less than lOi of 18:0 acid. This may suggest a

certain selectivity of fatty acids In the llplds of broilers.

The 22:2w6 fatty acids (about 2i) which were present In

PO showed In the dark and white meat NL. The 2^;3w6 and

2^iJ^w6, which are presumed to be derived from 22t2w6, were

occasionally observed In the meat llplds.

The Fatty Acid Composition of Phosphollplds

The effect of different dietary treatments on the fatty

acid composition of PL from skin, dark meat, and white meat

are reported on Table XVII, XVIII and XIX, respectively. The

fatty acid patterns In PL are quite different from those of

the NL. The PL contained higher levels of I81O, 20j4w6,

22;i|'w6, 22i5w6, 22i5w3, and 22 s 6w3 fatty acids than the NL,

and showed more variety of fatty acids In sample GLC runs

than the NL. The 18!lw9 were lowered significantly In the

PL. The statistical analysis shows that dietary fatty acids

Influence the fatty acid composition of PL of skin and dark

meat. The higher PUSFA reported In the PL could have

originated from the lower acids such as 18j2w6 and I8>3w3.

The siunmary of the three groups of fatty acids, total

saturated, total unsaturated, and w3 and w6 families of

fatty acids from three tissues and different dietary treat

ments Is reported In Table XX and XXI for NL and PL, re

spectively.
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V

Analysis of Variance

Analysis of variance (ANOVAR) was carried out on total

lipid content and PL content for each sample source (skin,

dark meat, and white meat). The results of ANOVAR are re

ported on Table XXII and XXIII, in Appendix B, for the total

lipid content, and for the NL content in the different

tissues. ANOVAR was done only on the NL content, because

the NL and PL together eqmled 100^. The results of the

ANOVAR on the total lipid and NL content showed that diet,

sex, and the combination of diet and sex showed a signifi

cant difference in every tissue analyzed. This means the

higher levels of dietary fats resulted in the deposition of

more total lipid and a greater proportion of NL fraction

than lower levels of dietary fat treatments. The females

showed higher levels of total lipid than the males.

Due to the complexity of fatty acid composition in the

NL and PL, the effect of dietary fat, on individual fatty

acid compositions were not analyzed statistically. The

individual fatty acids were grouped into the total saturated

(14:0, 15iO, 16;0, 18:0, and 20:0), total \insaturated acid

(100/^-total saturated acid), and total w3 and w6 families of

fatty acids for the convenience of ANOVAR.

ANOVAR was then carried out for the per cent fatty acid

composition on each of the above three groups, BT and PC

diets showed three major differences in the fatty acid

composition: BT showed a higher level of total saturated
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fatty acid and a lower level of total USFA, PC contained

higher levels of I8:2w6 and w6 family fatty acids. These

facts led to the grouping of individual fatty acid compo

sitions into the three groups for the ANOVAR. Since the

higher n:2w6 family of fatty acids could he synthesized

from I8:2w6, the grouping of w6 family fatty acids was

justified. The same reason could he applied for the w3

fatty acid family.

All the ANOVAR were carried out on a ̂  x 2 x 2 (or

factorial design, diet x sex x replications, of two way

classification. The results of ANOVAR are reported in

Appendix B,

Tahle XXIV and XXV, in Appendix B, show the results of

ANOVAR on the three groups of fatty acids for skin NL, and

white meat NL, respectively. This shows the dietary fat

affected the fatty acid composition of NL^

The ANOVAR was carried out for the fatty acid compo

sition of PL of every treatment, after the individual fatty

acids were grouped into total saturated, total USFA, and

total w3 and w6 fatty acids. The results of the ANOVAR are

reported in Tahle XXVI, XXVII, and XXVIII, in Appendix B,

for the fatty acid composition of the PL of the skin, dark

meat, and white meat respectively of the different treat

ments.

The ANOVAR shows that the total saturated, total USFA,
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and total w3 and w6 fatty acid In the skin and dark meat PL

are influenced by the dietary treatment.
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CHAPTER V

DISCUSSION

Identification of GLC Peaks of Methyl Esters of Fatty Acids

The Identification of Individual fatty acids was done

only in a \2.% DSGS stationary phase, and no other secondary

methods, such as a hydrogenatlon, or an ozondlysls, was

used to Identify the acids further. A non-polar stationary

phase such as aplezon L was not used to Identify the in

dividual fatty acids further because the long chain PUSFA

frequently overlapped each other, and this made It difficult

to Identify those acids In the non-polar stationary phase.

The ECL or MECL (n!2w6) contained two principal com

ponents; one contributed by London force due mainly to the

hydrocarbon moiety, and another caused by polar attraction

of double bonds and ester groups to the liquid stationary

phase. In the polar phase, these effects are additive.

Another possible effect Is shape of the molecule when it

dissolves In the polar phase. A satiirated acid would be

expected to have a globular shape because the surrounding

polar phase will reject the non-polar hydrocarbon moiety

and force them to Interact to produce a globular shape.

This shape may play an Important role In the determination

of retention times because a globular shape may make it

82
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easier for the molecule to get in and out of the polar

stationary phase, Ackman (1) showed that the end carbon

chain (w value) plays an important role in the determina

tion of the boiling points of fatty acids. Furthermore it

is generally believed that of two fatty acids having the

same carbon chain and the same number of double bonds, the

one with the smallest w value will have the longest reten

tion time, Ackman (1) also showed when the logrithms of

retention time of each family of fatty acids, the USPA

gave straight, parallel lines. The ratios of the logarithms

of the retention time among the USFA lines were constant

enough to get a separation factor. It was found that the

separation factors were constant within a certain limit.

More accurate results could be obtained when the separation

factors obtained from a sample GLC rvam were used only for

that GLC run. The retention time of the individual fatty

acids showed some deviation when the sample contained many

fatty acids or a relatively large amount of a certain fatty

acid compared to the retention times obtained with a few

standard fatty acids. This could be due to a difference in

partitioning between a dilute and concentrated sample on

the stationary phase. Due to the above errors, the RRT

reported by Ackman (3) using cod liver oil would be more

practical.
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The ECL values published by Hoffstteter and Holman (1?)

had two inherent errors. They express the retention times

by measuring the peak top rather than the frontal tangent.

The former could be influenced by the relative amount of a

sample, while the latter will not change. Ackman (1) report

ed that the linear logarithm plots of saturated and USFA

were not parallel to each other. This suggested that the

expression of the retention values of PUSFA in terms of

saturated acids were not on a sound basis. The slops of

saturated and unsaturated acid lines in the linear logarithmic

plot were not constant, rather they varied with experimental

conditions. So the expression of retention times of PUSFA

in terms of saturated acids on the linear logarithmic plots

is not Justifiable in theory. Since the retention times of

USFA are influenced by the chain length, number of double

bonds, and the end carbon chain of the acids, it would be

a logical choice to use an USFA line of one fatty acid

family which satisfies the above three factors.

The MECL system (1) which uses the line representing

ntlw9 family fatty acids could not be used for the ex

pression of the retention times of other USFA because it

was fovtnd that the MECL system using the retention time

of 20!lw9 and 22:lw9 had points which overlapped with other

acids in the polar stationary phase. The line representing

the n;2w6 family was chosen for the expression of other
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USFA, because the points required to make the nj2w6 line,

namely I8;2w6 and 20!2w6, are relatively free from over

lapping by other acids. Using the line of nj2w6, the

MECL (n:2w6) system was found to be very satisfactory

especially on higher PUSFA, Occasionally some of the

retention times of fatty acids in a single GLC run did

not fit on a linear logarithmic plot very well. This

could be due to the changing column temperature. The

column temperature was raised after each run to 220®C

to flush out any possible high boiling compoiaids, and re

turned to 185°C. The thermometer which is supposed to

read the colupi temperature apparently did not function

properly, because the retention time was changing all

the time even with the same sample. The other possible

source of error was oxidation, especially in the PUSFA,

Marion (2^) has reported no change of fatty acid com

position even though the USFA underwent autoxidationj

however, El-Gharbawi and Dugan (13) showed that PUSFA com

position could be changed by autoxidation of PUSFA, The

present experiments were based on Marion's (2^^-) previous

article, and rigid control of autoxidation was not carried

out, even though all the samples were flushed with N2 gas

and stored under -20°C, During the extraction of lipids

and consequent fractionation, the smaples were exposed to

air and could have undergone free radical autoxidation.
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This would be expected to be more pronounced in PL. PUSFA

undergo autoxidatlon more easily than the less USPA, and

the PL seem to have a faster rate. This may be due to the

fact that the PL contain more PUSFA, and also to structural

difference in the triglycerides. No evidence of this as

sumption has been presented in this paper.

The overlapped peak I and II observed in the Type II

sample GLG runs could be some altered USFA or some other

compounds. No further attempt has been made to identify

any unusual compoimds in the overlapped peak I and peak II.

X

Blo-enesis of Polyunsaturated Fatty Acids

The complexity of the description of the fatty acid

composition of broiler liplds, especially PL, can be simpli

fied if the USFA are grouped according to the end carbon

chain length (w value), counting from the last double bond.

The normal USFA of animal origin can be classified into

our families by their w values:

palmitoleic w7

oleic ■w9

linoleic w6

linolenic w3

The biogenesis of higher PUSFA can be achieved by an

elongation of chain length and the addition of double

bonds in each family of fatty acids. The interconversion

of each family of USFA does not take place in animals.

Palmitoleic (vr?) and oleic (w9) families of fatty acids

can be synthesized in animal from acetate but the linoleic
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(w3) families of fatty acids are not synthesized in animals.

Because of the inability of the body to synthesize w6 and

w3 families of PUSFA, these acids are usually termed the

essential fatty acids. The details of biogenesis of PUSFA

in rats was reported by Mead (31) using tracer techniques.

He reported that methylene interrupted PUSFA can be syn

thesized from palmitoleic, oleic, linoleic and linolenic

acids. This study showed that double bonds were added

from the carboryl end rather than methyl end of the syn

thesized acid. As a consequence, the carboxyl end, not

the methyl end, changes. The classification of fatty

acids by the end carbon chain length (w value) has sound

basis in the understanding of the metabolic biogenesis

of PUSFA. The classification of USFA according to their

w values, for the IfflCL system and the linear logarithmic

plot by Ackman is an interesting coincidence when compared

with the biogenesis of PUSFA classified according to their

w values.

Palmitaleic acid can produce the following PUSFAs

I6ilw7

^ \
I6:2w7 I8:lw7

\ ^ ,: ■/
I8l2w7 , .

i
1813w7

I :
20i3w7
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Olelc acid can lead to the following PUSFAi

18:lw9

I
18j2w9

20j3w9

20«3w9 acid was observed in the essential fatty acid de

ficient animals.

Linoleic acid can produce the following PUSFAi

. 18i2w6 /

18i3w6

20j3w6

20i^w6

i V 
22 t4w6 ' .<

i r-v •
22t5w6

Linolenic acid can lead to the following PUSFAi

1813w3

181^w3

20t^w3

20:5w3
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22:5w3

i
22:6w3

The Fatty Acid Com-posltlon of Neutral Llpids

16:0 and 18:0 are the major saturated fatty acids in

the NL of broilers. ANOVAR showed that the percentages

of total saturated fatty acids were significantly lower

in the PC diet than in BT diet. The percentages of

16:0 and 18:0 were higher in the BT diet than in the PC

diet. This is a reflection of the dietary fat treatments.

The BT diet contained higher levels of I6:lw7 than did

the PC diet, and this is reflected in the I6:lw7 and

l6:2w7 content in NL.

Neutral lipids of broilers show about of I8:lw9i

which strongly reflects the content of 18:lw9 in the

dietary treatment. Some of the NL samples contained high

levels of overlapped peak I and peak II in sample GLC

runs, and these overlapped peaks reduced the content of

I8:lw9. The biogenesis products of 18:lw9» 20:3w9f is

occasionally observed in trace amomts. This is a con

firmation of the findings of Kachlin and Gordon (23),

who observed the disappearance of 20:3w9 when the w6

family of fatty acids were added to the diet of broilers,

20:3w9 was observed in the fatty acid composition of

animals fed a diet deficient in the essential fatty acids.
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The contents of the total w6 family of fatty acids was

pooled together with the total w3 family of fatty acids

for the ANOVAR. The result of the ANOVAH for the total

w3 and w6 families of fatty acids shows that there is a

significant difference between the BT and PO dietary treat

ments. The PO diet contained about 30^ 18:2w6, while the

PO diet contained only about of 18;2w6. The content

of I8j2w6 is largely reflected in the NL fraction of

broilers on PO dietary treatments. Because of the differ

ence in the content of 18j2w6 and constant amount of

18j3w3 in the BT and PO dietary fats, the results of the

ANOVAR for the total w3 and w6 families can be interpreted

as being due to the w6 family of USFA. The biogenesis

products of PUSFA from I8!2w6 can not be clearly defined

in NL due to the frequent formation of the overlapped

peak I and peak II of sample GLC runs. Peak I and II,

however, contain the following w6 PUSFAi 22j2w6, 22j3w6,

22s4w6, 22:5w6, 2^:3w6, and 2^1-1 Aw6. The 2^ carbon chain

fatty acids were reported by Marion and co-workers (25,

26, 28, 29, 30) and Katz ̂  (21), They, however, did

not report w values for these acids. The w values for

these 2^ carbon series of fatty acids are provisionally

identified as w6 values, and found to be preferentially

deposited in the neutral lipids, with a few exceptions

deposited in PL. Miller and co-workers (32, 33) did not
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report any findings of 2h carbon series of USFA,

The overlapped peak I and II of sample GLC runs was

observed to be larger in the white meat neutral lipid

fraction that in the skin neutral lipid fraction. It is

clearly shown that 18:2w6 acid is preferentially deposited

in the neutral lipid fraction of broilers even with BT

diets which contained lower levels of I8:2w6.

The content of 18:3w3 is about the same in the BT

and PO diets (approximately 1,5;^)» and about the same

level of I8:3w3 is deposited in the NL fraction regard

less of the dietary treatment. The biogenesis products

of I8s3w3 are observed as 20!5w3 in overlapped peak I,

and 22j5w3 and 22!6w3 in overlapped peak II in sample

GLC runs. The higher levels of the above PUSFA are ob

served in the white meat NL fraction. As stated before,

the overlapped peak I and II in sample GLC runs might

contain some other unknown impurities. This assumption

is based on the formation of severely skewed peaks in

overlapped peak I and II in Type II samples.

Fatty Acid Composition of Phospholipids

The results of ANOVAR show that the total saturated

fatty acid content of PL in the skin and dark meat, but

not in the white meat, is significantly influenced by

the dietary treatments of broilers. The PL fraction

contains a considerably higher amount of 18:0 saturated
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acid than is found in the NL fraction. The levels of

16jO are generally slightly higher in the PL fraction

than in the NL fraction. The higher content of 18lO is

perhaps due to the requirement of this satiirated acid

in the PL in alpha positions.

The content of the w? family of USFA is considerably

increased in PL fraction. Almost no l6:2w7 was observed

in the NL fraction while the PL fraction contained about

1,5% of this acid. I6i2w7 is preferentially deposited

in the PL fraction, and this fact is a very interesting

point concerning the w7 family acid metabolism.
\

. The content of 18:lw9 in the PL fraction is decreased

compared to the NL fraction. The lower levels of I8jlw9

may be due to the selectiveness of PL to form ester link

ages with fatty acids.

All the biogenesis intermediate PUSFA of the w6

family of fatty acids were observed in the PL fraction.

They are 18:2w6, 20:2w6, 20:3w6, 20»4w6, 22j^w6, and

22:5w6. Most of the total w3 and w6 reported in Table

XXI is of the w6 family of PUSFA. The requirement for

the w6 PUsfa (essential fatty acids) was reflected by the

large amount of w6 family of PUSFA in the PL fraction.

Machlin and Gordon (23) suggested the w6 value of fatty

acids is the part which plays an essential role. The PL
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fraction contained more than 10^ 18i2w6, and less than

10^ 20j^w6, The increment of 20«4w6 in the PL fraction

was significantly higher compared with the NL fraction.

The content of 18i3w3 is generally less than 1% in

the PL fraction, and 22j5w3 and 22;6w3 are observed in

almost constant amounts as end products of the w3

family acid biogenesis. As intermediate compounds of

w3 PUSFA biogenesis, 18:Aw3 was occasionally seen in

trace amounts, and 20j5w3 usually existed in small

quantities. There are a few samples, however, which

show higher levels of 20:5w3. These samples show a

similarity to the Type II samples observed in the NL

fraction,

Marion and co-workers (25-30) have published many

papers concerning the metabolism of fatty acids in

broilersj however, they never stated the w values for

the individual fatty acids. Since the biogenesis of

PUSFA followes the w value of USFA, all the USFA should

be classified according to their w values. Miller and

co-workers (32, 33) reported w values for the w3 type

of acids. They used the purified w3 series of fatty

acids in menhaden oil for the study of flavor deterio

ration of broiler muscles 20j5w3i 22:5w3, and 22i6w3

were reported by Miller and his group (32, 33), but the

j.ahfe. -
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22»4w6 and 22s5w6 found In this study was not reported

by them. There is some possibility that some of the

fatty acids reported by them could be 22s4w6 and 22i5w6.

Since they did not report any retention times for the

individual fatty acids, the validity of the above as

sumption can not be checked by the MECL (n;2w6) system.

The Effects of Dietary Fats on Total Lipid. and the

Content of Neutral and Phospholipids

The results of ANOVAR for the contents of total

lipids, neutral and PL in different tissues show that

dietary treatments, sex, and the combination of sex and

diet are significantly different within the 1^ pro

bability level for different tissues. This observation

is in disagreement with the observation of Reiser (42,43)

and Marion (28). The content of NL in skeletal muscle

lipids is increased by the higher levels of the dietary

fat treatment which makes it appear that the PL content

has decreased compared with the NL content. Since PL

are considered a structural component of the cell, they

should be standaridized against the total nitrogen con

tent of a sample rather than the total lipid content.
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1. The first number indicates the chain length of

carbons; the second indicates the number of double bonds.

The number following w (omega) indicates the position of

the first double bond, coimting from the terminal methyl

group according to the system used by Mohrhauer and Holman

(3^^). This system aids in identifying the family relationship

of the fatty acids and their different isomers. In this

system double bonds were assumed to be cis form unless

otherwise noted. If one double bond was trans form the ge-

metry of all double bonds were indicated. Thus trans-9-

cis-12-octadecadienoic acid became I8:2w6c, 9t.

n;lw7 Palmltoleic family

n:lw9 Oleic Acid family

n:2w6 Linoleic Acid family

n;3w3 Linolenic Acid family

w3 Three end carbon chain length

w6 Six end carbon chain length

w7 Seven end carbon chain length

w9 Nine end carbonchain length

2. Relative retention time or relative retention

volume was calculated using the following formular:

relative retention ̂  retention time of an unknown
time retention time of a standard

To determine the above values of a series of compounds,

the internal standard should be chosen approximately midway

in the series in elution time or volume.
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THE LIST OF ABBREVIATIONS

ANOVAR

ART

BT

DEGS

ECL

GLC

MECL

MECL (n:2w6)

NL

PL

PUSFA

PO

USFA

w Value

Analysis of Variance

Adjusted Retention Times

Beef Tallow

Dlethylene Glycol Succlnate

Equivalent Chain Length

Gas-Llquld Chromatography

Modified Equivalent Chain Length

Modified Equivalent Chain Length using the

line of n:2w6

Neutral Llpld

Phosphollpld *

Polyunsaturated Fatty Acid

Peanut Oil

Unsaturated Fatty Acid

Omega value, end carbon chain length

coxuitlng from the last double bond In a

fatty acid.
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