
ABSTRACT: Pigs were fed a commercial conjugated linoleic
acid (CLA) mixture, prepared by alkali isomerization of sun-
flower oil, at 2% of the basal diet, from 61.5 to 106 kg live
weight, and were compared to pigs fed the same basal diet with
2% added sunflower oil. The total lipids from liver, heart, inner
back fat, and omental fat of pigs fed the CLA diet were analyzed
for the incorporation of CLA isomers into all the tissue lipid
classes. A total of 10 lipid classes were isolated by three-direc-
tional thin-layer chromatography and analyzed by gas chroma-
tography (GC) on long capillary columns and by silver-ion high-
performance liquid chromatography (Ag+-HPLC); cholesterol
was determined spectrophotometrically. Only trace amounts
(<0.1%; by GC) of the 9,11-18:2 cis/trans and trans,trans iso-
mers were observed in pigs fed the control diet. Ten and twelve
CLA isomers in the diet and in pig tissue lipids were separated
by GC and Ag+- HPLC, respectively. The relative concentration
of all the CLA isomers in the different lipid classes ranged from
1 to 6% of the total fatty acids. The four major cis/trans isomers
(18.9% 11 cis,13 trans-18:2; 26.3% 10 trans,12 cis-18:2; 20.4%
9 cis,11 trans-18:2; and 16.1% 8 trans,10 cis-18:2) constituted
82% of the total CLA isomers in the dietary CLA mixture, and
smaller amounts of the corresponding cis,cis (7.4%) and
trans,trans (10.1%) isomers were present. The distribution of
CLA isomers in inner back fat and in omental fat of the pigs was
similar to that found in the diet. The liver triacylglycerols (TAG),
free fatty acids (FFA), and cholesteryl esters showed a similar

pattern to that found in the diet. The major liver phospholipids
showed a marked increase of 9 cis,11 trans-18:2, ranging from
36 to 54%, compared to that present in the diet. However, liver
diphosphatidylglycerol (DPG) showed a high incorporation of
the 11 cis,13 trans-18:2 isomer (43%). All heart lipid classes,
except TAG, showed a high content of 11 cis,13 trans-18:2,
which was in marked contrast to results in the liver. The rela-
tive proportion of 11 cis,13 trans-18:2 ranged from 30% in the
FFA to 77% in DPG. The second major isomer in all heart lipids
was 9 cis,11 trans-18:2. In both liver and heart lipids the rela-
tive proportions of both 10 trans,12 cis-18:2 and 8 trans,10 cis-
18:2 were significantly lower compared to that found in the
diet. The FFA in liver and heart showed the highest content of
trans,trans isomers (31 to 36%) among all the lipid classes. The
preferential accumulation of the 11 cis,13 trans-18:2 into car-
diac lipids, and in particular the major phospholipid in the inner
mitochondrial membrane, DPG, in both heart and liver, appears
unique and may be of concern. The levels of 11 cis,13 trans-
18:2 naturally found in foods have not been established.
Lipids 33, 549–558 (1998).

Interest in conjugated linoleic acid (CLA) has increased in
the past decade as a result of reports of several health benefits
related to its consumption. CLA has been reported to protect
against cancer (1–8) and atherosclerosis (9,10). In addition,
CLA has been reported to decrease body fat while increasing
muscle (11,12) and bone mass (13). However, commercial
CLA preparations are mixtures of several positional and geo-
metric isomers of conjugated octadecadienoic (18:2) acid.
Not all the isomers in these mixtures have been resolved chro-
matographically, and the active isomer(s) has (have) not been
identified. It has been assumed that 9 cis,11 trans-18:2 is the
active isomer, because it is the major isomer present in milk,
dairy products and meats (14–18). A recent epidemiological
study in Finland, which appears to support this assumption,
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found a significant inverse gradient between milk intake 
and incidence of breast cancer in 4,697 initially cancer-free
women over a 25-yr follow-up period (19).

A number of studies reported the presence of CLA isomers
in human adipose tissue (20,21), bile (22), blood (15,23–25),
and milk (15). CLA isomers were incorporated into both tis-
sue total neutral lipids (5,7,26,27) and total phospholipids
(1,2,5,7,26–28), as well as cancer tissue (2) of animals fed
CLA diets. Only one recent study presented the content of
CLA isomers in the different liver phospholipids of rats fed
CLA (28). An accurate assessment of CLA content has so far
been prevented, firstly, because acid-catalyzed methylation
procedures, which may isomerize the conjugated cis/trans to
trans,trans 18:2 isomers (29), were used in the analysis of
CLA isomers (1,2,5,7,16,18,20,26,28); secondly, by the lack
of chromatographic methods to separate all the individual
CLA isomers. We have just reported a silver-ion high-perfor-
mance liquid chromatography (Ag+-HPLC) method which
clearly separated for the first time four isomers—11 cis,13
trans-18:2, 8 trans,10 cis-18:2, 9 cis,11 trans-18:2, and 10
trans,12 cis-18:2—that were found in a commercial CLA
preparation, plus the corresponding four cis,cis and four
trans,trans isomers (30, and references cited therein).

In the present communication, we report for the first time
the distribution of CLA isomers in the tissues of pigs fed a
commercial CLA mixture at 2% of the diet. The CLA isomers
were separated by both gas chromatography (GC) and Ag+-
HPLC as their fatty acid methyl esters (FAME). The identity
of major CLA isomers was confirmed by GC-direct deposi-
tion (DD)-Fourier transform infrared (FTIR) spectroscopy
and GC-electron ionization mass spectrometry (EIMS). Adi-
pose lipids generally showed the same distribution of the iso-
mers fed. Liver phospholipids showed an increase of 9 cis,11
trans-18:2 isomer, while in heart phospholipids an increase
of 11 cis,13 trans-18:2 isomer was found. Diphosphatidyl-
glycerol (DPG) in both liver and heart lipids showed a
uniquely characteristic incorporation of 11 cis,13 trans-18:2.

MATERIALS AND METHODS

Animals and tissues. Pigs (Landrace boar by Landrace ×
Large White sow) were fed a basal diet (barley, wheat, soy-
bean meal, and canola meal) supplemented with either 2%
added sunflower oil or a CLA mixture (Natural Lipids Ltd.,
Hovdebygda, Norway), from 61.5 to 106 kg live weight, as
described elsewhere (12). The CLA content of the commer-
cial product was 55.4% of the total FAME, and the distribu-
tion of CLA isomers is included in Table 2 (see below). The
total fat content of the diet, which included the 2% added test
oil, was 3.2% on a dry matter basis. Eight pigs from each diet
were selected for total lipid analysis. At time of slaughter,
liver, heart, inner back fat, and omental fat were removed, and
portions were immediately frozen and maintained at −70°C
until analyzed. 

Separation of lipid classes and preparation of FAME.
Liver and heart tissues were pulverized at dry ice temperature

(31), and the total lipids were extracted with chloroform/
methanol (1:1, vol/vol). All the lipid classes were separated
on thin-layer plates by three-directional thin-layer chroma-
tography (TLC) using silica gel H plates (32). For each tis-
sue, two TLC plates were used to separate 3-mg portions of
total lipids each, to ensure sufficient material was available
for analysis of the minor lipid classes. To each isolated lipid
class (combined from the two TLC plates), a known amount
of methyl heptadecanoate (17:0) was added as an internal
standard to permit quantitation of the lipids. The lipid classes,
in the presence of silica gel, were methylated using sodium
methoxide (Supelco, Inc., Bellefonte, PA) for 15 min at 50°C
to avoid isomerization of CLA isomers (29), except free fatty
acids (FFA) and sphingomyelin (SM); FFA were methylated
with diazomethane (33) and SM (because of N-acyl fatty
acids) with 5% anhydrous HCl/methanol (w/w) for 1 h at
80°C (34). The resultant FAME were purified by TLC using
hexane/diethyl ether/acetic acid (85:15:1, by vol) before
analysis by GC and Ag+-HPLC. Back fat and omental fat
were methylated directly with sodium methoxide, and the re-
sultant FAME were purified by TLC. Cholesterol was deter-
mined spectrophotometrically as described previously (35).

GC. The total FAME of each individual lipid class from
the pig tissues investigated were analyzed by GC (model
5890; Hewlett-Packard, Palo Alto, CA), equipped with a
flame-ionization detector. A CP-Sil 88 fused-silica capillary
column (100 m × 0.25 mm i.d. × 0.2 µm film thickness;
Chrompack, Bridgewater, NJ) was used, and H2 was the car-
rier gas at a split ratio of 1:15 (29). The column was operated
at 150°C for 2 min, then temperature-programmed at 1°C/min
to 200°C, followed by a second temperature program at
5°C/min to 215°C, and finally held for 20 min at 215°C; the
total run time was 75 min.

HPLC. The total FAME mixtures were separated on a
ChromSpher 5 Lipids (4.6 mm i.d. × 25 cm stainless steel; 5-
µm particle size) silver-impregnated column (Chrompack),
as described recently (30). The mobile phase was 0.1% ace-
tonitrile in hexane, prepared fresh each day. The column was
operated isocratically at room temperature for 1 h prior to the
initial injection of the day. The flow rate of the mobile phase
was 1.1 mL/min, and detection was by ultraviolet at 233 nm.
If the HPLC column required regeneration, it was flushed
with 1% acetonitrile for 4 h, followed by 1 h with 0.1% ace-
tonitrile. The FAME of each lipid class from all eight pigs
were combined for the HPLC analyses. Duplicate HPLC
analyses were performed but they were identical, and there-
fore, no standard errors were calculated. The limited data de-
rived in this study suggest that the response of the different
CLA isomers measured at 233 nm was accurate relative to
one another. There was generally good agreement in the rela-
tive distribution of CLA isomers between GC and Ag+-HPLC
results.

Derivatives of 4,4-dimethyloxazoline (DMOX). Total tis-
sue FAME were hydrolyzed to their FFA using 1 N KOH in
95% ethanol (33). The FFA were placed into a 1-mL screw
cap reaction tube with a Teflon liner, and a threefold excess
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of 2-amino-2-methyl-1-propanol was added. After purging
with argon, the reaction vial was heated for 0.5 h at 170°C.
The DMOX derivative was then partitioned into petroleum
ether as described previously (36). The reaction product was
finally taken up in a minimal amount of isooctane for subse-
quent GC-EIMS and GC-DD-FTIR analyses.

GC-EIMS and GC-DD-FTIR. The equipment and operat-
ing conditions used for the GC-EIMS (37) and GC-DD-FTIR
(30,38) are given elsewhere. For GC-EIMS, a 100-m CP-Sil
88 column was used, whereas a 50-m CP-Sil 88 column was
used for the GC-DD-FTIR work.

RESULTS

Lipid class composition. The inclusion of CLA in the diet of
pigs, fed from 61.5 to 106 kg live weight, did not significantly
alter the liver and heart lipid class composition, except for
cardiac triacylglycerol (TAG) (Table 1). Heart TAG in pigs
fed CLA showed a decrease which was not significant be-
cause of the large animal-to-animal variation. Characteristic
differences evident between liver and heart lipids were related
to the content of phosphatidylcholine (PC), diphosphatidyl-
glycerol (DPG), FFA, and cholesteryl ester (CE). PC, FFA,
and CE were lower, and DPG was higher in heart compared
to liver lipids (Table 1). There were no diet effects on the total
free cholesterol and CE content in liver and heart lipids. The
heart contained less free and esterified cholesterol compared
to the liver (Table 1).

Separation of CLA isomers by GC. The fatty acid compo-
sition of liver, heart, inner back fat, and omental fat lipids was
determined by GC using a long capillary column (100 m)
with a polar liquid phase (CP-Sil 88), as demonstrated previ-
ously for milk analysis (29). The CLA region of the GC chro-

matogram that is bracketed between linoleic (18:2n-6) and ar-
achidonic (20:4n-6) acids is presented (Figs. 1 and 2) in order
to show the position of CLA isomers in relation to neighbor-
ing FAME present in tissue lipids. The CLA diet (Fig. 1A)
and selected tissue lipid classes of pigs fed CLA (Fig. 1B–D
and Fig. 2A–D) are shown. On this GC column, all the CLA
isomers eluted between linolenic acid (18:3n-3) and 20:2n-6,
a relatively clear region in the GC chromatogram of tissue
FAME, with two exceptions. A small (<0.1%) unidentified
peak marked “x” (Figs. 1A and 2A) was observed in the GC
chromatograms of all lipid classes of pigs fed the control
diets, and was also found in the dietary commercial CLA oil.
Therefore, minor peak “x” was presumably a combination of
an unknown non-CLA and CLA isomer; peak “x” was not in-
cluded in Table 2. In addition, 21:0, found only in SM,
coeluted with the 8 cis,10 cis-18:2 peak. The GC column was
used to separate the cis/trans CLA isomers into four peaks in
the order: 9 cis,11 trans-18:2 plus 8 trans,10 cis-18:2 (tailing
peak); a minor component tentatively identified as 9 trans,11
cis-18:2; 11 cis,13 trans-18:2; and 10 trans,12 cis-18:2. The
three major cis/trans peaks were identified by GC-DD-FTIR
and GC-EIMS as their DMOX derivatives. The minor
cis/trans peak was identified as 9 trans,11 cis-18:2 based on
comparison with the 9 cis,11 trans-18:2 commercial standard
mixture from Matraya Inc. (Pleasant Gap, PA), which con-
tained trace amounts the 9 trans,11 cis-18:2 isomer (21). The
cis,cis CLA isomers also separated into four peaks (Figs. 1
and 2). The cis,cis configuration was established by GC-DD-
FTIR, and the molecular weight was established by GC-
EIMS as the DMOX derivative. The elution order of the po-
sitional cis,cis CLA isomers by GC (8,10; 9,11; 10,12; and
11,13) was determined by comparison with Ag+-HPLC re-
sults (vide infra) and found to be the opposite of the latter.
The trans,trans CLA isomers separated into two peaks: 11
trans,13 trans-18:2; and 8 trans,10 trans-18:2, 9 trans,11
trans-18:2 plus 10 trans,12 trans-18:2. The trans,trans con-
figuration was confirmed by GC-DD-FTIR and the molecular
weight and double-bond positions by GC-EIMS.

Separation of CLA isomers by Ag+-HPLC. The Ag+-HPLC
method, just developed (30), was applied to the separation of
FAME CLA isomers in the diet (Fig. 1A’) and pig tissue lipid
classes (Fig. 1B’–D’, and Fig. 2A’–D’). Ultraviolet detection
at 233 nm selectively identified FAME with a conjugated
double-bond system. Ag+-HPLC was used to separate the
cis/trans CLA isomers into four major peaks in the order: 11
cis,13 trans-18:2, 10 trans,12 cis-18:2, 9 cis,11 trans-18:2,
and 8 trans,10 cis-18:2; see Figures 1 and 2. The structures
of all four cis/trans CLA isomers were identified by GC-DD-
FTIR and GC-EIMS as their DMOX derivatives, and by com-
parison with known standards (30). The trans,trans CLA iso-
mers eluted first from the silver ion column. The structures of
four trans,trans isomers were established by comparison to
known and/or standard mixtures of CLA isomers (30); see
Figures 1 and 2. Based on the absorption at 233 nm, there
were another four unidentified peaks of FAME in this region,
including the shoulder on 8 trans,10 trans-18:2. Infrared and
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TABLE 1
Composition (% of total lipids) of Liver and Heart Lipid Classes 
of Pigs Fed Control or CLA Diets as Determined by GCa

Lipid Liver Heart

class Control CLA SDb Control CLA SD

PC 46.9c 50.5 5.3 39.8 40.5 4.5
PE 24.2 23.7 1.4 22.4 24.4 3.3
PS 4.4 4.4 0.5 3.9 3.7 0.7
PI 7.5 7.3 0.9 5.8 5.8 0.7
DPG 3.2 3.2 0.6 14.6 15.3 2.0
SM 2.9 2.7 1.0 2.4 3.0 0.7
TAG 4.7 4.9 1.2 10.4 6.6 6.0
FFA 3.4 2.0 1.0 0.8 0.6 0.3
CE 1.6 1.3 0.3 <0.1 <0.1

Cholesterold 3.60 3.70 1.05 2.20 2.02 0.58
aCLA, conjugated linoleic acid; PC, phosphatidylcholine; PE, phospha-
tidylethanolamine; PS, phosphatidylserine; PI, phosphatidylinositol; DPG,
diphosphatidylglycerol (cardiolipin); SM, sphingomyelin; TAG, triacylglyc-
erol; FFA, free fatty acid; CE, cholesteryl ester; GC, gas chromatography.
bPooled standard deviation (SD).
cMean of six pigs/diet.
dCholesterol expressed as µg/g wet weight.



mass spectral confirmation of these isomers is in progress. In
the cis,cis region four peaks were separated which eluted in
the same order as those of the trans,trans and cis/trans CLA
isomers (30) (Figs. 1 and 2).

There may be slight differences in the distribution of CLA
isomers between the GC and the Ag+-HPLC chromatograms
in Figures 1 and 2. There were two reasons for this difference.
(i) One of eight available GC chromatograms was selected for
display (Figs. 1 and 2) and may not reflect the average distri-
bution, whereas for the Ag+-HPLC, only a single chromato-

gram was available after the FAME for the same lipid class
from all eight pigs on the CLA diet were combined. (ii) Other
still unidentified minor components or metabolites of these
complex mixtures may also be eluting in the CLA region of
the Ag+-HPLC chromatogram.

CLA content in pig tissues fed the control diet. Pigs fed the
control diet showed relatively small peaks (<0.1%) corre-
sponding in retention time to 9 cis,11 trans-18:2, 9 trans,11
trans-18:2, and unknown “x” on the GC chromatogram (chro-
matogram not shown). CLA isomers in tissues from control
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FIG. 1. Partial profiles obtained by gas chromatography (GC) (A to D) and silver-ion high-per-
formance liquid chromatography (Ag+-HPLC) (A’ to D’) of the conjugated linoleic acid (CLA)
mixture fed to pigs (A,A’), and of CLA isomers found in selected tissues of pigs fed the CLA
diet: omental fat (B,B’), liver triacylglycerols (TAG) (C,C’), and heart TAG (D,D’). The GC re-
gion selected was between linoleic (18:2n-6) and arachidonic (20:4n-6) acids. All known fatty
acids and CLA isomers were labeled; “x” is an unknown in the GC chromatogram which was
also found in the chromatograms of both the dietary CLA mixture and the tissues of pigs fed
the control and CLA diets. The letters c and t refer to the cis and trans CLA isomers. The elu-
tion order of the cis,cis CLA isomers is: 8,10-, 9,11-, 10,12-, and 11,13-18:2.



animals were only confirmed by their relative retention time
on GC. The concentrations of the CLA isomers in the lipids
of pigs fed the control diet were too low under our experi-
mental conditions to be detected by ultraviolet at 233 nm after
Ag+-HPLC separation.

CLA isomeric distribution in the diet and adipose tissue.
The CLA preparation, included at 2% by weight in the diet,
contained 81.7% cis/trans CLA isomers, based on Ag+-HPLC
analyses. The reported values are expressed as percentages of
total CLA content. The relative concentrations of the four
cis/trans CLA isomers were found by Ag+-HPLC to be:
18.9% 11 cis,13 trans-18:2; 26.3% 10 trans,12 cis-18:2;
20.4% 9 cis,11 trans-18:2; and 16.1% 8 trans,10 cis-18:2.
The GC results of the diet are included in Table 2. The total

trans,trans and cis,cis CLA contents were 10.1 and 7.4%, re-
spectively. The inner back fat and omental fat (Figs. 1B and
1B’) showed a similar distribution of CLA isomers as that
found in the dietary CLA oil.

Total CLA content in tissue lipid classes. The total CLA
content in all the tissue lipid classes is shown in Table 2 (last
column). The total CLA content was highest in liver TAG
(6%) and lowest in liver SM (1%). Back fat showed a higher
accumulation of total CLA than omental fat (Table 2). The
major phospholipids, PC and PE (phosphatidylethanolamine),
incorporated between 2.8 and 5.8% of total CLA. The re-
maining phospholipids incorporated between 1.5 and 4% of
total CLA. DPG, which is a major phospholipid in inner mi-
tochondrial membranes of liver and heart, accumulated about
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FIG. 2. Partial GC (A to D) and Ag+-HPLC (A’ to D’) chromatograms of selected liver and heart
lipid classes of pigs fed the CLA diet: liver phosphatidylcholine (PC) (A,A’), heart PC (B,B’),
heart diphosphatidylglycerol (DPG) (C,C’), and liver free fatty acids (FFA) (D,D’). For other ab-
breviations see Figure 1.



2% of total CLA. The highest relative content of trans,trans
CLA isomers was found in the FFA fraction (Table 2); see
liver FFA chromatogram (Figs. 2D and 2D’).

Relative CLA isomeric distribution in liver lipids. The dis-
tribution and standard deviation (SD) data for CLA isomers
determined by GC are presented in Table 2. The relative com-
position of CLA isomers in liver lipids is summarized graphi-
cally in Figure 3 in order to compare it to that present in the
dietary CLA oil used. The sum of 9 cis,11 trans-18:2 and 8
trans,10 cis-18:2 was increased in liver PC and PE and de-
creased in DPG, SM, and FFA. The neutral lipids (TAG and
CE) and the minor phospholipids (phosphatidylserine and
phosphatidylinositol) showed no selectivity in the incorpora-
tion of these two CLA isomers compared to the diet. No fur-
ther conclusions could be made on these data because these
two CLA isomers were not separated by GC. To evaluate the
effects of each of these two individual isomers, see the Ag+-
HPLC results (Fig. 4). On the other hand, 11 cis,13 trans-18:2
accumulated in DPG, where its relative concentration in-
creased to 40%, compared to about 20% in the CLA oil. The
10 trans,12 cis-18:2 isomer was relatively low in all liver
lipids compared to its level in the diet. The content of the four
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TABLE 2
Relative Composition (%) Determined by GC of CLA Isomersa in Diet, Liver, and Heart Lipid Classes, and Inner Back Fat 
and Omental Fat of Pigs Fed a CLA Diet

CLA isomers

Tissues 10t,12t
Diet 9c,11t 9t,11t Total

Classesb 8t,10c 9t,11c 11c,13t 10t,12c 8c,10c 9c,11c 10c,12c 11c,13c 11t,13t 8t,10t CLA (%)c

Diet 35.3 0.8 19.9 24.9 1.2 2.7 3.5 1.6 1.5 8.7 32.9

Liver
TAG 33.2 ± 1.2d 1.6 ± 0.3 21.6 ± 1.4 16.0 ± 1.2 2.5 ± 0.6 3.8 ± 0.7 2.1 ± 0.2 2.1 ± 0.1 4.4 ± 0.3 11.7 ± 1.1 6.0 ± 0.4
PC 48.7 ± 1.4 1.6 ± 0.4 16.1 ± 1.0 15.2 ± 1.0 1.4 ± 0.2 4.3 ± 0.5 0.9 ± 0.2 1.9 ± 0.2 4.1 ± 0.5 4.8 ± 0.4 3.2 ± 0.2
PE 53.9 ± 2.7 1.4 ± 0.4 15.5 ± 1.2 9.4 ± 0.7 1.7 ± 0.2 1.8 ± 0.3 1.0 ± 0.3 1.8 ± 0.3 5.4 ± 0.8 6.4 ± 0.5 2.8 ± 0.2
PS 39.9 ± 3.0 1.1 ± 0.6 11.9 ± 1.0 9.7 ± 1.3 1.3 ± 0.9 3.4 ± 1.4 0.6 ± 0.2 1.7 ± 0.7 11.4 ± 2.5 10.2 ± 0.8 1.6 ± 0.2
PI 38.3 ± 4.2 4.0 ± 1.2 12.1 ± 1.1 8.2 ± 0.9 3.4 ± 1.0 5.1 ± 1.1 1.3 ± 0.3 2.6 ± 0.4 6.2 ± 1.0 15.0 ± 1.9 1.9 ± 0.2
DPG 17.9 ± 1.2 1.2 ± 0.9 36.9 ± 5.8 8.1 ± 2.3 1.7 ± 1.1 3.9 ± 1.1 0.9 ± 0.7 3.5 ± 1.1 6.2 ± 1.3 11.5 ± 3.4 1.5 ± 0.2
SM 25.3 ± 2.9 5.0 ± 0.8 10.4 ± 1.1 10.4 ± 1.1 —e 1.2 ± 0.6 1.7 ± 0.4 3.6 ± 0.7 9.8 ± 0.2 31.1 ± 3.4 1.0 ± 0.1
FFA 19.0 ± 2.7 3.4 ± 0.7 11.1 ± 1.6 14.5 ± 1.1 2.7 ± 0.7 4.3 ± 0.4 2.3 ± 0.5 3.8 ± 0.5 7.7 ± 0.8 23.1 ± 2.5 2.9 ± 0.2
CE 31.1 ± 2.2 3.3 ± 1.4 15.4 ± 1.1 13.7 ± 1.5 1.8 ± 0.9 3.8 ± 1.8 1.4 ± 0.7 2.0 ± 0.9 6.7 ± 2.4 17.9 ± 3.2 3.5 ± 0.4

Heart
TAG 26.5 ± 3.5 2.1 ± 0.7 25.7 ± 4.3 12.1 ± 0.6 1.5 ± 0.4 4.8 ± 0.5 2.1 ± 0.1 4.0 ± 0.5 7.0 ± 1.0 12.6 ± 1.8 3.6 ± 0.4
PC 25.1 ± 2.1 0.7 ± 0.2 55.5 ± 4.3 6.2 ± 0.3 0.4 ± 0.2 1.4 ± 0.3 0.7 ± 0.1 3.7 ± 0.5 3.3 ± 0.9 2.5 ± 1.1 5.8 ± 0.4
PE 29.7 ± 2.4 0.8 ± 0.3 42.2 ± 3.8 6.8 ± 0.8 1.0 ± 0.3 1.3 ± 0.3 0.8 ± 0.2 3.0 ± 1.1 6.9 ± 1.1 5.0 ± 1.0 2.8 ± 0.2
PS 24.1 ± 4.5 0.7 ± 0.3 34.3 ± 3.1 6.5 ± 1.3 2.4 ± 1.3 3.5 ± 0.7 0.5 ± 0.2 4.6 ± 0.7 10.2 ± 0.9 8.5 ± 1.0 4.1 ± 0.5
PI 18.7 ± 2.4 1.6 ± 0.5 40.0 ± 3.6 8.3 ± 2.4 2.3 ± 0.4 3.1 ± 0.4 1.1 ± 0.3 4.7 ± 0.5 9.5 ± 2.7 9.3 ± 1.4 3.6 ± 0.3
DPG 7.2 ± 1.4 1.1 ± 0.5 65.1 ± 4.8 4.5 ± 1.0 0.1 ± 0.1 2.0 ± 0.4 0.3 ± 0.02 4.8 ± 0.4 9.6 ± 1.1 4.4 ± 2.2 1.9 ± 0.2
SM 14.8 ± 5.5 <0.05 38.3 ± 9.3 6.1 ± 2.1 —e 1.7 ± 0.6 <0.05 4.0 ± 1.1 15.8 ± 5.7 19.3 ± 8.0 1.8 ± 0.5
FFA 10.9 ± 1.4 2.0 ± 1.2 25.1 ± 3.0 10.7 ± 1.1 0.6 ± 0.3 4.9 ± 0.4 0.9 ± 0.5 6.8 ± 0.7 13.4 ± 1.4 17.8 ± 3.6 3.2 ± 0.2

Back fat 38.7 ± 5.2 1.9 ± 0.3 20.5 ± 3.4 17.1 ± 3.2 1.2 ± 0.3 3.1 ± 0.5 2.5 ± 0.5 1.7 ± 0.3 2.0 ± 0.4 10.7 ± 1.5 4.7 ± 0.4

Omental 
fat 36.1 ± 1.4 1.8 ± 0.7 20.7 ± 3.6 17.9 ± 3.2 1.1 ± 0.6 3.5 ± 0.4 2.8 ± 0.4 1.8 ± 0.4 2.1 ± 0.3 11.6 ± 1.8 2.9 ± 0.5

aThe identification of the major CLA isomers was confirmed by spectroscopic analyses and comparison with Ag+-HPLC. The peak between 11c,13c-18:2 and
11t,13t-18:2, labeled “x” in Figures 1A and 2A, was not included because it was also present in controls.
bFor abbreviations see Table 1.
cPercentage of total CLA isomers in the total fatty acid methyl ester composition of each lipid class.
dValues are means ± SD (n = 8).
eThe concentration of 8c,10c-18:2 could not be quantitated in the SM fraction using this GC column because this CLA isomer coeluted with 21:0 present in SM.

FIG. 3. Quantitative comparison of CLA isomeric distributions deter-
mined by GC for the different liver lipid classes that had been previ-
ously isolated by thin-layer chromatography (TLC). Relative amounts (y
axis) are expressed as percentages of total CLA. The CLA isomers are
shown (x axis) in the GC elution sequence. Total cc represents the total
of four minor cis,cis CLA isomers. The distribution of the CLA isomers
in the diet is included for comparison. PE, phosphatidylethanolamine;
PS, phosphatidylserine; PI, phosphatidylinositol; SM, sphingomyelin;
CE, cholesteryl ester. For other abbreviations see Figures 1 and 2.



cis,cis CLA isomers was low in liver lipids. Their total con-
centrations were combined for presentation in Figure 3. The
trans,trans isomers appeared to accumulate in liver lipids: 11
trans,13 trans-18:2 into phosphatidylserine and SM, and the
mixture of the three trans,trans CLA (10,12-, 9,11-, and 8,10-
18:2) isomers into SM, FFA, and CE (Fig. 3). The increase of
trans,trans CLA isomers in SM was due to the acid
(HCl/methanol) methylation (29) required to hydrolyze the
N-acyl fatty acids.

The distribution of the major cis/trans CLA isomers in all
the liver lipid classes, identified by Ag+-HPLC, is presented
in Figure 4. The results indicate that 9 cis,11 trans-18:2 was
the major isomer in all liver lipids, except DPG, which
showed a marked increase in 11 cis,13 trans-18:2. Further-
more, most liver lipid classes showed markedly lower levels
of 8 trans,10 cis-18:2, and in some lipid classes lower levels
10 trans, 12 cis-18:2 compared to the distribution found in
the CLA diet.

Relative CLA isomeric distribution in heart lipids. Con-
trary to the liver lipids, the heart showed a high content of
the 11 cis,13 trans-18:2 CLA isomer in all lipid classes, ex-
cept TAG, as determined by both GC (Fig. 5) and Ag+-HPLC
(Fig. 6). The accumulation was highest in cardiac DPG, in
which the relative concentration of the 11 cis,13 trans-18:2
isomer reached 77% of the total CLA (HPLC results). The
second major isomer in heart lipids was 9 cis,11 trans-18:2.
The heart lipids showed much lower levels of 8 trans,10 cis-
18:2 and 10 trans,12 cis-18:2 compared to those found in the
CLA diet (Fig. 6). The content of the cis,cis CLA isomers
was not increased in the heart (Fig. 5), whereas the
trans,trans CLA isomers appeared to accumulate relative to
the CLA diet, especially in heart FFA (Fig. 5). Again the
trans,trans content in the SM fractions should be viewed
with caution because SM had to be methylated with
HCl/methanol (29).

DISCUSSION

Improved separation of CLA isomers. By using optimal con-
ditions, the long polar GC capillary column (100 m SP-Sil 88)
separated 10 peaks attributed to CLA (Figs. 1 and 2). Some
isomers coeluted, and their complete assignments were not
possible, even using GC-DD-FTIR and GC-EIMS. However,
identification of the CLA isomers became possible after the
development of a new Ag+-HPLC method (30). Ag+-HPLC
was used to separate trans,trans, cis/trans, and cis,cis CLA
positional isomers found in the diet and pig tissues (Figs. 1
and 2). The CLA isomers were identified by comparison to
known CLA mixtures and by GC-DD-FTIR and GC-EIMS as
their DMOX derivatives (30). Some GC assignments were
also confirmed by spiking the samples with known CLA stan-
dards. A systematic comparison of the relative intensities of
the CLA isomers in the Ag+-HPLC and GC chromatograms
permitted the identification of the isomers resolved by GC. A
good example was the one for heart lipids in which the
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FIG. 4. Quantitative comparison of the four major cis/trans CLA isomers
in the different liver lipid classes and the diet determined by Ag+-HPLC.
Relative amounts (y axis) are expressed as percentage of total cis/trans
CLA isomers. The distribution of the cis/trans CLA isomers in the diet
are included for comparison. For abbreviations see Figures 1–3.

FIG. 5. Quantitative comparison of CLA isomeric distribution deter-
mined by GC for the different heart lipid classes that were previously
isolated by TLC. For abbreviations see Figures 1–3.

FIG. 6. Quantitative comparison of the four major cis/trans CLA isomers
in the different heart lipid classes and the diet determined by Ag+-HPLC.
For abbreviations see Figures 1–3.



trans,trans, cis/trans, and cis,cis 11,13-18:2 were the major
CLA isomers in both the Ag+-HPLC (Fig. 2B’) and GC (Fig.
2B) chromatograms. 

Previous studies reporting the CLA content in animal tis-
sues have not adequately resolved the CLA isomers, which is
now possible using the Ag+-HPLC method (30). The litera-
ture results were presented as 9 cis,11 trans-18:2 (1,2), total
CLA (5,39), or total CLA in total neutral lipids and total
phospholipids without (7,26) or with (27,28) some isomer
identification. In one study the distribution of CLA isomers
in the liver lipid classes was reported (28). Furthermore, in
many studies, acid-catalyzed methylation procedures were
used (1,2,5,7,13,16,18,20,26,28) to prepare FAME for GC
analysis, which generally increased the content of trans,trans
CLA isomers due to double-bond isomerization (29). That
left much of the data on CLA incorporation difficult to inter-
pret other than a general knowledge of total CLA levels. For
example, Sugano et al. (28), who recently reported the CLA
distribution in liver lipid classes of rats fed a 1% CLA prepa-
ration for 2 wk, methylated the isolated lipid classes with
BF3/methanol, which significantly increased the trans,trans
CLA content in all lipid classes. Therefore, the reported CLA
composition likely included artifacts: (i) the trans,trans iso-
mers were reported as the major isomer in DPG (or cardi-
olipin), phosphatidylserine, phosphatidylinositol,  and PE
(28), and (ii) we suspect that one CLA isomer, 9 cis,11 cis-
18:2, was mislabeled in liver DPG (Ref. 28, Fig. 2E). Based
on our data (Fig. 2 C and C’), it is presumably 11 cis,13 trans-
18:2. However, as noted earlier, the incorporation of total
CLA isomers into hepatic phospholipids, which in their study
ranged from 0.8 to 4.5% (28), was generally similar in mag-
nitude to that found in pig liver phospholipids (1.0 to 3.2%,
Table 2).

Distributions of CLA isomers into pig tissue lipids. This is
the first report showing the accurate separation of CLA iso-
mers found in individual tissue lipid classes from test animals
fed CLA. Work is still in progress on the identification of
CLA metabolites in pig tissues, and hence was not included
in this publication. The total CLA content in pig tissue lipids
ranged from 1 to 6%, depending on the tissue and lipid class
(Table 2). Generally, the CLA content was higher in the neu-
tral lipids such as TAG, CE, and FFA (3–6%) than in phos-
pholipids such as SM and DPG (1–2%). However, the
changes in tissue CLA incorporation appeared to have had no
effect on the quantitative lipid class composition in the liver
and heart of pigs fed this CLA mixture, except possibly car-
diac TAG (Table 1).

Our results indicate that the relative absorption of all the
CLA isomers was similar, since there was generally no dif-
ference between the distribution of CLA isomers in the com-
mercial CLA preparation fed to pigs and in inner back fat,
omental fat, liver TAG, and heart TAG. Sugano et al. (28)
measured the lymphatic recovery and CLA isomeric compo-
sition of the lymph fluid in the rat and found that total CLA
was absorbed less (~55%) than linoleic acid (70–80%). How-
ever, the composition data included a high trans,trans con-

tent, presumably generated during methylation with
BF3/methanol. By ignoring their trans,trans content in the di-
etary emulsion and the lymph fluid, the relative distribution
of the remaining CLA isomers was similar before and after
absorption, which is consistent with our results. The feeding
of CLA was reported to decrease subcutaneous fat and in-
crease lean meat (11,12). However, this physiological change
was not accompanied by any change in the distribution of
CLA isomers in the inner back fat (subcutaneous fat).

Liver and heart each showed a uniquely characteristic dis-
tribution of CLA isomers even though both tissues received a
generally similar CLA distribution, as evidenced by their re-
spective TAG composition. The reason for the observed dif-
ferences in relative accumulation of the different CLA iso-
mers in the tissues lipid classes is not clear. The tissue fatty
acid composition is a dynamic system constantly receiving,
metabolizing, oxidizing, and incorporating dietary fatty acids.
The accumulation of 11 cis,13 trans-18:2 could be due to
slower metabolism of this isomer or preferential incorpora-
tion. On the other hand, the low content of both 10 trans,12
cis-18:2 and 8 trans,10 cis-18:2 could be due to rapid metab-
olism or selective discrimination. Metabolites of CLA iso-
mers were shown to occur in animal tissues (40,41). In fact,
Sébédio et al. (42) found that 10,12-18:2 was metabolized to
8,12,14-20:3 and 5,8,12,14-20:4 in essential fatty acid-defi-
cient rats. This would indicate that 10 trans,12 cis-18:2 was
metabolized.

The contents of FFA in both liver and heart lipids were less
than 3 and 1%, respectively (Table 1). However, in the FFA
fractions, the relative concentrations of the trans,trans CLA
isomers were more than 30% of the total CLA isomers (Fig.
2D’) compared to 10% in the diet. These results suggest that
the trans,trans CLA isomers were metabolized more slowly
than the corresponding cis/trans CLA isomers. This result is
similar to that observed when rats were fed a diet rich in eru-
cic acid, which accumulated in the cardiac FFA fraction (31).
This was partially due to the slower rate of metabolism of eru-
cic acid compared to other fatty acids (43).

Significance of the unique distribution of CLA isomers into
pig tissue lipids. The information available to date does not
permit drawing a definitive conclusion regarding the favorable
or adverse biological activity of any of the CLA isomers. To
our knowledge, there are no studies in which individual syn-
thetic CLA isomers have been evaluated in biological systems.
The only study in which a natural extract (from fried ground
beef) was used exhibited anticarcinogenic properties (44).

If 9 cis,11 trans-18:2 is assumed to be the active CLA iso-
mer, then the incorporation/accumulation of the 11 cis,13
trans-18:2 CLA isomer into heart phospholipids, and particu-
larly DPG in both heart and liver, could be viewed with con-
cern. DPG is found principally in the inner mitochondrial
membrane and is intrinsically involved in many of the en-
zymes of bioenergetics of mitochondria; see reviews (45,46).
The incorporation of 11 cis,13 trans-18:2 into mitochondrial
DPG could adversely affect the activity of key enzymes in
mitochondrial energetics, because DPG is firmly imbedded in
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many of these enzymes (45). A marked decrease in the
linoleic acid content of inner mitochondrial DPG could also
affect enzyme activity. In fact, Sugano et al. (28) showed that
feeding CLA to rats produced a significant decrease of
linoleic acid from 69.6 to 54.7% in liver DPG. However, we
did not find a change in the content of linoleic acid in pig liver
(control 75% vs. CLA 73%) or heart (control 85% vs. CLA
86%) DPG fed the CLA diet (the complete fatty acid compo-
sition will be published elsewhere). We also did not find any
gross pathological abnormalities in this pig study (12). It
should be noted that specific mitochondrial functions have
not yet been evaluated.

The large epidemiological study conducted in Finland (19)
indirectly supports the conclusion that 9 cis,11 trans-18:2 is
the active isomer, because this is the major CLA isomer in
milk. We have reexamined milk and dairy products using the
new Ag+-HPLC method (30) and confirmed that 9 cis,11
trans-18:2 is the major CLA isomer in milk (Sehat, N., pri-
vate communication). Based on this assumption, it might be
prudent to revise commercial CLA preparations to exclude
the 11 cis,13 trans-18:2 CLA isomer as a major component.

On the other hand, if we assume that 9 cis,11 trans-18:2 is
not the only active isomer in CLA preparations, then the in-
corporation of 11 cis,13 trans-18:2 into cardiac and DPG
lipids (this study), and/or the desaturation and elongation of
10 trans,12 cis-18:2 in essential fatty acid-deficient rats (42),
could be viewed as beneficial. Certainly many of the feeding
trials, which included several CLA isomers, have also shown
anticarcinogenic (1–8) and other beneficial responses (9–13).
Pariza et al. (47) reported that 9 cis,11 trans-18:2 was metab-
olized to 11 cis,13 trans-20:2, and the latter exhibited similar
biological activity to that of CLA isomeric mixtures. This is
most interesting, since the configuration of 11 cis,13 trans-
20:2 from the carboxyl group to the conjugated system is
identical to that of 11 cis,13 trans-18:2. 

There is a definite need for further feeding studies using
pure CLA isomers to clarify these issues. 

ACKNOWLEDGMENTS

The authors acknowledge the technical assistance of Robert C.
Fouchard, Anthony Martyres, and David J.H. Kramer at Agriculture
and Agri-Food Canada, Ottawa. We also thank Sigrid Windsor,
Lavern Holt-Klimec, David Best, Fran Costello, Ivy Larsen, and
Rhona Thacker at the Lacombe Research Center for handling and
feeding the pigs and for collecting biological materials. The feeding
study was supported by the Alberta Pork Producers Development
Corporation, and the Agriculture and Agri-Food Research Branch
Matching Investment Initiative. Contribution number S004 from the
Southern Crop Protection & Food Research Center.

REFERENCES

1. Ha, Y.L., Storkson, J., and Pariza, M.W. (1990) Inhibition of
Benzo(a)pyrene-induced Mouse Forestomach Neoplasia by
Conjugated Dienoic Derivatives of Linoleic Acid, Can. Res. 50,
1097–1101.

2. Ip, C., Chin, S.F., Scimeca, J.A., and Pariza, M.W. (1991) Mam-
mary Cancer Prevention by Conjugated Dienoic Derivative of
Linoleic Acid, Can. Res. 51, 6118–6124.

3. Shultz, T.D., Chew, B.P., and Seaman, W.R. (1992) Differential
Stimulatory and Inhibitory Responses of Human MCF-7 Breast
Cancer Cells to Linoleic Acid and Conjugated Linoleic acid in
Culture, Anticancer Res. 12, 2143–2146.

4. Ip, C., Singh, M., Thompson, H.J., and Scimeca, J.A. (1994)
Conjugated Linoleic Acid Suppresses Mammary Carcinogene-
sis and Proliferative Activity of the Mammary Gland in the Rat,
Cancer Res. 54, 1212–1215.

5. Liew, C., Schut, H.A.J., Chin, S.F., Pariza, M.W., and
Dashwood, R.H. (1995) Protection of Conjugated Linoleic
Acids Against 2-Amino-3-methylimidazo[4,5-f]quinoline-In-
duced Colon Carcinogenesis in the F344 Rat: A Study of In-
hibitory Mechanisms, Carcinogenesis 16, 3037–3043.

6. Chew, B.P., Wong, T.S., Shultz, T.D., and Magnuson, N.S.
(1997) Effects of Conjugated Dienoic Derivatives of Linoleic
Acid and β-Carotene in Modulating Lymphocyte and
Macrophage Function, Anticancer Res. 17, 1099–1106.

7. Ip, C., Jiang, C., Thompson, H.J., and Scimeca, J.A. (1997) Re-
tention of Conjugated Linoleic Acid in the Mammary Gland Is
Associated with Tumor Inhibition During the Post-Initiation
Phase of Carcinogenesis, Carcinogenesis 18, 755–759.

8. Visonneau, S., Cesano, A., Tepper, S.A., Scimeca, J.A., Santoli,
D., and Kritchevsky, D. (1997) Conjugated Linoleic Acid Sup-
presses the Growth of Human Breast Adenocarcinoma Cells in
SCID Mice, Anticancer Res. 17, 969–974.

9. Nicolosi, R.J., Rogers, E.J., Kritchevsky, D., Scimeca, J.A., and
Huth, P.J. (1997) Dietary Conjugated Linoleic Acid Reduces
Plasma Lipoproteins and Early Aortic Atherosclerosis in Hyper-
cholesterolemic Hamsters, Artery 22, 266–277.

10. Lee, K.N., Kritchevsky, D., and Pariza, M.W. (1994) Conju-
gated Linoleic Acid and Atherosclerosis in Rabbits, Atheroscle-
rosis 108, 19–25.

11. Park, Y., Albright, K.J., Liu, W., Storkson, J.M., Cook, M.E.,
and Pariza, M.W. (1997) Effect of Conjugated Linoleic Acid on
Body Composition in Mice, Lipids 32, 853–858. 

12. Dugan, M.E.R., Aalhus, J.L., Schaefer, A.L., and Kramer,
J.K.G. (1997) The Effects of Conjugated Linoleic Acid on Fat
to Lean Repartitioning and Feed Conversion in Pigs, Can. J.
Anim. Sci. 77, 723–725.

13. Li, Y., and Watkins, B.A. (1998) Conjugated Linoleic Acids
Alter Bone Fatty Acid Composition and Reduce ex vivo Bone
Prostaglandin E2 Biosynthesis in Rats Fed n-6 or n-3 Fatty
Acids, Lipids 33, 417–425.

14. Parodi, P.W. (1977) Conjugated Octadecadienoic Acids of Milk
Fat, J. Dairy Sci. 60, 1550–1553.

15. Fogerty, A.C., Ford, G.L., and Svoronos, D. (1988) Octa-
deca-9,11-dienoic Acid in Foodstuffs and in the Lipids of
Human Blood and Breast Milk, Nutr. Rep. Internat. 38,
937–944.

16. Chin, S.F., Liu, W., Storkson, J.M., Ha, Y.L., and Pariza, M.W.
(1992) Dietary Sources of Conjugated Dienoic Isomers of
Linoleic Acid, a Newly Recognized Class of Anticarcinogens,
J. Food Comp. Anal. 5, 185–197.

17. Shantha, N.C., Crum, A.D., and Decker, E.A. (1994) Evaluation
of Conjugated Linoleic Acid Concentrations in Cooked Beef, J.
Agric. Food Chem. 42, 1757–1760.

18. Lin, H., Boylston, T.D., Chang, M.J., Luedecke, L.O., and
Shultz, T.D. (1995) Survey of the Conjugated Linoleic Acid
Contents of Dairy Products, J. Dairy Sci. 78, 2358–2365.

19. Knekt, P., Järvinen, R., Seppänen, R., Pukkala, E., and Aromaa,
A. (1996) Intake of Dairy Products and the Risk of Breast Can-
cer, Br. J. Cancer 73, 687–691.

20. Ackman, R.G., Eaton, C.A., Sipos, J.C., and Crewe, N.F. (1981)
Origin of cis-9,trans-11- and trans-9,trans-11-Octadecadienoic
Acids in the Depot Fat of Primates Fed a Diet Rich in Lard and
Corn Oil and Implications for the Human Diet, Can. Inst. Food
Sci. Technol. J. 14, 103–107.

DISTRIBUTION OF CLA ISOMERS IN PIG TISSUE LIPIDS 557

Lipids, Vol. 33, no. 6 (1998)



21. Fritsche, J., Mossoba, M.M., Yurawecz, M.P., Roach, J.A.G.,
Sehat, N., Ku, Y., and Steinhart, H. (1997) Conjugated Linoleic
Acid (CLA) Isomers in Human Adipose Tissue, Z. Lebensm.
Unters. Forsch. A 205, 415–418.

22. Smith, G.N., Taj, M., and Braganza, J.M. (1991) On the Identi-
fication of a Conjugated Diene Component of Duodenal Bile as
9Z,11E-Octadecadienoic Acid, Free Radical Biol. Med. 10,
13–21.

23. Iversen, S.A., Cawood, P., and Dormandy, T.L. (1985) A
Method for the Measurement of a Diene-Conjugated Derivative
of Linoleic Acid, 18:2(9,11), in Serum Phospholipid, and Possi-
ble Origins, Ann. Clin. Biochem. 22, 137–140.

24. Britton, M., Fong, C., Wickens, D., and Yudkin, J. (1992) Diet
as a Source of Phospholipid Esterified 9,11-Octadecadienoic
Acid in Humans, Clin. Sci. 83, 97–101.

25. Huang, Y.-C., Luedecke, L.O., and Shultz, T.D. (1994) Effect
of Cheddar Cheese Consumption on Plasma Conjugated
Linoleic Acid Concentrations in Men, Nutr. Res. 14, 373–386.

26. Ip, C., Briggs, S.P., Haegele, A.D., Thompson, H.J., Storkson,
J., and Scimeca, J.A. (1996) The Efficacy of Conjugated
Linoleic Acid in Mammary Cancer Prevention Is Independent
of the Level or Type of Fat in the Diet, Carcinogenesis 17,
1045–1050.

27. Belury, M.A., and Kempa-Steczko, A. (1997) Conjugated
Linoleic Acid Modulates Hepatic Lipid Composition in Mice,
Lipids 32, 199–204.

28. Sugano, M., Tsujita, A., Yamasaki, M., Yamada, K., Ikeda, I.,
and Kritchevsky, D. (1997) Lymphatic Recovery, Tissue Distri-
bution, and Metabolic Effects of Conjugated Linoleic Acid in
Rats, J. Nutr. Biochem. 8, 38–43.

29. Kramer, J.K.G., Fellner, V., Dugan, M.E.R., Sauer, F.D.,
Mossoba, M.M., and Yurawecz, M.P. (1997) Evaluating Acid
and Base Catalysts in the Methylation of Milk and Rumen Fatty
Acids with Special Emphasis on Conjugated Dienes and Total
trans Fatty Acids, Lipids 32, 1219–1228.

30. Sehat, N., Yurawecz, M.P., Roach, J.A.G., Mossoba, M.M.,
Kramer, J.K.G., and Ku, Y. (1998) Silver Ion High-Performance
Liquid Chromatographic Separation and Identification of Con-
jugated Linoleic Acid Isomers, Lipids 33, 217–221.

31. Kramer, J.K.G., and Hulan, H.W. (1978) A Comparison of Pro-
cedures to Determine Free Fatty Acids in Rat Heart, J. Lipid
Res. 19, 103–106.

32. Kramer, J.K.G., Fouchard, R.C., and Farnworth, E.R. (1983) A
Complete Separation of Lipids by Three-Directional Thin-Layer
Chromatography, Lipids 18, 896–899.

33. Christie, W.W. (1982) Lipid Analysis, 2nd edn., Pergamon
Press, Oxford.

34. Stoffel, W., Chu, F., and Ahrens, E.H. (1959) Analysis of Long-
Chain Fatty Acids by Gas–Liquid Chromatography. Mi-
cromethod for Preparation of Methyl Esters, Anal. Chem. 31,
307–308.

35. Kates, M. (1986) Techniques of Lipidology, in Laboratory

Techniques in Biochemistry and Molecular Biology (Burdon,
R.H., and van Knippenberg, P.H., eds.), Vol. 3, Part 2, pp.
122–123, Elsevier, Amsterdam.

36. Yurawecz, M.P., Hood, J.K., Roach, J.A.G., Mossoba, M.M.,
Daniels, D.H., Ku, Y, Pariza, M.W., and Chin, S.F. (1994) Con-
version of Allylic Hydroxy Oleate to Conjugated Linoleic Acid
and Methoxy Oleate by Acid-Catalyzed Methylation Proce-
dures, J. Am. Oil Chem. Soc. 71, 1149–1155.

37. Mossoba, M.M. (1993) Application of Capillary GC-FTIR, IN-
FORM 4, 854–858.

38. Yurawecz, M.P., Sehat, N., Mossoba, M.M., Roach, J.A.G., and
Ku, Y. (1997) Oxidation Products of Conjugated Linoleic Acid
and Furan Fatty Acids, in New Techniques and Applications in
Lipid Analysis (McDonald, R.E., and Mossoba, M.M., eds.), pp.
183–215, AOCS Press, Champaign.

39. Belury, M.A., Moya-Camarena, S.Y., Liu, K.-L., and Vanden
Heuvel, J.P. (1997) Dietary Conjugated Linoleic Acid Induces
Peroxisome-Specific Enzyme Accumulation and Ornithine De-
carboxylase Activity in Mouse Liver, J. Nutr. Biochem. 8,
579–584.

40. Banni, S., Day, B.W., Evans, R.W., Corongiu, F.P., and Lom-
bardi, B. (1995) Detection of Conjugated Diene Isomers of
Linoleic Acid in Liver Lipids of Rats Fed a Choline-Devoid Diet
Indicates That the Diet Does Not Cause Lipoperoxidation, J.
Nutr. Biochem. 6, 281–289.

41. Banni, S., Carta, G., Contini, M.S., Angioni, E., Deiana, M.,
Dessì, M.A., Melis, M.P., and Corongiu, F.P. (1996) Character-
ization of Conjugated Diene Fatty Acids in Milk, Dairy Prod-
ucts, and Lamb Tissues, J. Nutr. Biochem. 7, 150–155.

42. Sébédio, J.L., Juanéda, P., Dobson, G., Ramilison, I., Martin,
J.C., Chardigny, J.M., and Christie, W.W. (1997) Metabolites
of Conjugated Isomers of Linoleic Acid (CLA) in the Rat,
Biochim. Biophys. Acta 1345, 5–10.

43. Norseth, J. (1979) The Effect of Feeding Rats Partially Hydro-
genated Marine Oil or Rapeseed Oil on the Chain Shortening of
Erucic Acid in Perfused Hearts, Biochim. Biophys. Acta 575,
1–9.

44. Ha, Y.L., Grimm, N.K., and Pariza, M.W. (1987) Anticarcino-
gens from Fried Ground Beef: Heat-Altered Derivatives of
Linoleic Acid, Carcinogenesis 8, 1881–1887.

45. Hoch, F.L. (1992) Cardiolipins and Biomembrane Function,
Biochim. Biophys. Acta 1113, 71–133.

46. Shigenaga, M.K., Hagen, T.M., and Ames, B.N. (1994) Oxida-
tive Damage and Mitochondrial Decay in Aging, Proc. Natl.
Acad. Sci. USA 91, 10771–10778.

47. Pariza, M.W., Park, Y., Albright, K.-J., Liu, W., Storkson, J.M.,
and Cook, M.E. (1998) Synthesis and Biological Activity of
Conjugated Eicosadienoic Acid, Abstracts, 89th American Oil
Chemists’ Society Annual Meeting, May 10–13, Chicago, p. 21.

[Received February 13, 1998, and in final revised form and accepted
April 30, 1998]

558 J.K.G. KRAMER ET AL.

Lipids, Vol. 33, no. 6 (1998)


