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bstract

A quantitative GC method for conjugated linoleic acid (CLA) isomers of physiological significance (cis-9, trans-11 CLA and trans-10, cis-12
LA) as non-esterified fatty acids (NEFA) or triacylglycerols (TAG) was developed. Furthermore, the effect of the internal standard addition
oint (sample or fat extract) was studied. Response linearity, recovery and precision assays, detection and quantification limits were determined.
inearity was demonstrated over a range from 0.1 to 10 �g/mL. When CLA isomers were present as NEFA, the recovery significantly decreased
P ≤ 0.05) from 76% to 27.1% (cis-9, trans-11 CLA) and 28.5% (trans-10, cis-12 CLA) when the standards were added to the fat extract or to
he initial tissue, respectively. As an application, liver samples from hamsters fed a diet supplemented with both CLA isomers were analyzed. The
LA isomers in liver samples were detected with reasonable reproducibility.
2007 Elsevier B.V. All rights reserved.

(
m
1
e
g
a
t
a
h

r
t

eywords: Quantitative method; GC; CLA analysis; Liver

. Introduction

Conjugated linoleic acid (CLA) refers to a group of positional
nd geometric isomers of octadecadienoic acid first described
y Dr Pariza’s group in the 1980s [1]. These isomers possess
onjugated double bonds (from 2, 4 – 18:2 to 15, 17 – 18:2)
nstead of the typical methylene interrupted configuration. The
osition of double bonds and the isomeric configuration (cis or
rans) make numerous CLA isomers possible [2]. However, only
few are naturally found in foods such as ruminant meats, dairy
roducts and processed cheeses, the cis-9, trans-11 CLA being
he predominant isomer [3], and even fewer are commercially

vailable.

In order to establish the complete isomeric distribution
t is essential to use a combination of analytical methods
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Ag+-HPLC, GC/MS) [4–6]. However, in physiological and
echanistic studies only cis-9, trans-11 and trans-10, cis-

2 CLA isomers are important at present, since beneficial
ffects including anticarcinogenic, antiatherogenic, antidiabeto-
enic, antiobesity and immunomodulatory activities have been
ttributed to them [7,8]. Therefore, Kramer et al. [9] suggested
hat a good GC analysis might be sufficient for their quantitative
nalysis when the study is applied to monogastric animals or
umans.

Thus, considerable efforts have been made to supply data
elated to CLA isomer content in biological samples, most of
hem, however, being related as percentage of total fat [10–12]
sually making it difficult to reach metabolic conclusions. This
s because these isomers are always in limited amounts, which
re linked to changes in the profile of the major fatty acids when
hey are expressed as normalized area. Nevertheless, when quan-

itative data are provided another doubt is raised, since a review
f the literature shows that there is a lack of consistency concern-
ng the addition point of the internal standard, it being applied
ither to the fat extract [13,14] or to the initial tissue [15,16].

mailto:alfredo.fernandez@ehu.es
dx.doi.org/10.1016/j.jchromb.2007.04.041
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As a consequence, due to the potential health benefits of
he cis-9, trans-11 and trans-10, cis-12 CLA isomers reported
n the literature, accurate quantification of these fatty acids in
iological samples is crucial in order to establish the biochemi-
al mechanism(s) of the physiologically relevant CLA isomers,
ncluding their incorporation to the fat depots, and to definitively
erify CLA-related response [17–19].

Therefore, the aim of this work was to describe a method that
ould provide accurate data of the CLA isomers of physiologi-

al significance (cis-9, trans-11 CLA and trans-10, cis-12 CLA)
n liver as non-esterified fatty acids (NEFA), or in the main stor-
ge form, esterified as triacylglycerols (TAG), focusing on the
ncidence of the internal standard addition point.

. Material and methods

.1. Animals, diets and experimental design

Sixteen male Syrian Golden hamsters (105 + 1 g) purchased
rom Harlan Ibérica (Barcelona, Spain) were individually
oused in polycarbonate metabolic cages (Techniplast Gazzada,
uguggiate, Italy) following procedures in accordance with the

nstitution’s guide for the care and use of laboratory animals.
nimals were randomly assigned to two groups (n = 8) and fed

emi-purified atherogenic diets supplemented with 0.5 g/100 g
iet of cis-9, trans-11 (Diet A) or trans-10, cis-12 CLA (Diet
) in free fatty acid form, respectively. At the end of the exper-

mental period, animals were killed under anaesthesia (diethyl
ther) with cardiac puncture. Liver was dissected, weighed and
mmediately dropped in liquid nitrogen. Samples were stored at

80 ◦C until analysis.

.2. Chemicals and gases

All reagents were of analytical grade (Merck, Sigma–
ldrich, Panreac). 99% purity standards of triacylglycerol and

ree fatty acid were purchased from Sigma–Aldrich except for
LA isomers which were acquired from Matreya (Matreya Inc.,
leasant GAP, PA, USA). Gases used were of 99.999% purity
Alphagaz, Air-Liquide, Spain).

.3. Sampling and lipid extraction

Samples of 0.5–1 g of liver were accurately weighed in
crew-capped glass tubes and, at this point, 1 mg of n-
onadecanoic acid (19:0) and 1 mg of trinonadecanoylglycerol
ere added as internal standards in dry form. After flush-

ng the tubes with nitrogen, lipid extraction was carried out
ith trichloromethane:methanol (2:1, v/v) and the sealed tubes
ere incubated for 30 min at room temperature (20 ◦C) follow-

ng the method described by Folch et al. [20]. Samples were
ushed with nitrogen until dry and were dissolved in 1 mL of

richloromethane.
.4. Separation

TAG and NEFA were separated by TLC on pre-coated silica
lates (DC-Platten Kiesegel 60 F254, Merck, Frankfurt, Ger-
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any) with n-hexane:diethyl ether:glacial acetic acid 70:30:1
v/v/v) for NEFA. The solvent mixture used for TAG was
richloromethane:n-hexane:glacial acetic acid 65:35:1 (v/v/v) to
void migration problems. The lipids were visualised with Rho-
amine 0.05% in absolute ethanol and bands were identified
y using standards for TAG, trioleylglycerol, and NEFA, capric
10:0), palmitic (16:0) and arachidonic (20:4) acids to deter-
ine the RF, scraped off, dissolved in trichloromethane and
ltered, first through a glass wool and then through a syringe
lter (Millipore, PVDF 0.22 �m 13 mm diameter). The sam-
le obtained was dried under nitrogen and redissolved in 1 mL
richloromethane.

.5. Methylation

Methylation of TAG: 500 �L of sodium methoxide in
ethanol (0.5 M) (Sigma–Aldrich, Steinheim, Germany) was

dded to lipid extracts in a screw-capped test tube to prepare
he fatty acid methyl esters (FAMEs). The mixture was heated
t 50 ◦C for 10 min and the reaction was stopped with 100 �L
f glacial acetic acid. Water (5 mL) was added, vortexed and
he required esters were extracted twice with n-hexane (5 mL).
he n-hexane layer was dried over anhydrous sodium sulphate

Merck, Frankfurt, Germany) and filtered with a Whatman filter
aper (#1). The solvent was removed under reduced pressure on
rotary evaporator (20 ◦C) and dissolved in 500 �L of n-heptane
ontaining 50 ppm of butylated hydroxytoluene (BHT) as sta-
ilizer [21]. Completion of methylation was checked by TLC
ith n-hexane:diethyl ether:glacial acetic acid 70:30:1 (v/v/v).
inally, samples were transferred into vials and stored at −80 ◦C
ntil analysis.

Methylation of NEFA: 400 �L of (Trimethylsilyl)diazom-
thane (TMS-DM) in n-hexane (2 M) (Sigma–Aldrich) was
dded to lipid extracts. After 30 min at room temperature, the
eaction was stopped with glacial acetic acid added dropwise
5–10 drops) until the yellow colour had gone. The solvent was
vaporated under a gentle nitrogen stream, and samples recon-
tituted in 500 �L of n-heptane containing 50 ppm of BHT, and
tored in capped vials at −80 ◦C [22]. Despite TMS-DM is a
afer alternative source of diazomethane, the whole process was
arried out in a fume-hood. Completion of methylation was also
hecked by TLC at the aforementioned conditions.

.6. Analytical conditions

Samples were analyzed by GC using a Hewlett Packard
P6890 gas chromatograph (Hewlett Packard, Palo Alto,
A, USA) equipped with a flame ionization detector (FID),

plit/splitless injection port, HP7673 autosampler (Hewlett
ackard). The analytical column was a fused silica capillary
P-2380 column (100 m, 0.32 mm i.d., 0.20 �m film thickness)
rom Supelco (Bellafonte, PA, USA). The oven temperature
as initially programmed at 150 ◦C (hold 4 min) and raised to

20 ◦C at a 4 ◦C/min rate (hold 25 min). Injection (1 �L) was
un in split (40:1) mode. Helium was the carrier gas at constant
ow (1 mL/min) and make-up gas for the FID. The injector was
aintained at 200 ◦C and detector at 250 ◦C. Chromatographic
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ata were evaluated with the HP Chemstation software data
ystem.

FAMEs in liver samples were identified by comparison of
imilar peak retention times using pure fatty acid standards.

.7. Quantification

Quantification procedure was based on peak areas using 19:0
nd trinonadecanoylglycerol as internal standards for NEFA
nd TAG, respectively. Each TAG and NEFA standard was
erivatized with methanolic sodium methoxide or TMS-DM as
escribed above, and injected (1 �L) six times in order to obtain
he response factors. The relative response factor (RRF) of each
AME was determined by the formula:

RFc = Ais

Ac
× nc

nis

here Ac and Ais were the peak areas of studied compound and
f the internal standard, respectively; nc and nis were the moles
f studied compound and of the internal standard, respectively.

Method validation procedure included detector response
inearity, recovery and precision assays, detection and quantifi-
ation limits [23]. Linearity was determined by injecting three
imes quantities between 0.1 and 10 �g of selected fatty acid
tandards. Recovery trials were carried out for some fatty acids
y adding different amounts of selected pure NEFA and TAG to
he liver. The standards added to the samples were: palmitic
16:0), stearic (18:0) and docosahexahexaenoic (22:6 (cis-

,7,10,13,16,19)) acids, trilaurylglycerol, tripalmitoylglycerol,
ristearoylglycerol, trioleylglycerol, trilinoleylglycerol and trili-
olenoylglycerol. Each sample was analyzed four times. Further,
CLA recovery assay was performed. Two different mixtures

3

m

ig. 1. GC chromatogram of a mix of FAME standards. Chromatographic conditio
emperature was initially programmed at 150 ◦C (hold 4 min) and raised to 220 ◦C at
as helium at constant flow (1 mL/min). The injector and detector temperatures were

S: internal standard.
r. B 855 (2007) 152–158

f CLA isomers (NEFA) containing 90% of cis-9, trans-11, and
5% of trans-10, cis-12 CLA, as the main CLA isomers, respec-
ively, as well as, two more mixtures of CLA isomers (TAG)
ontaining 84% of cis-9, trans-11 and 84% of trans-10, cis-12
LA were added both to the initial tissue (liver) and to the fat
xtract from the same sample obtained after the Folch method.

Chromatographic and analytical method intra-assay preci-
ion (assay repeatability) was evaluated. For chromatographic
ethod, six injections were done in a blank vial. Analytical
ethod repeatability was checked and five complete analyses

or each sample were done.
The limit of detection (LOD) and limit of quantification

LOQ) were determined by measuring noise based on area
alues. The average noise value was determined by analysing
ix blanks. Therefore, LOD for the chromatographic peaks
as established by multiplying the average noise area by 2 and
OQ by 5.

.8. Statistical analysis

The SPSS statistical package, version 14.0 (SPSS Inc.
hicago, IL, USA) was used for the statistical analysis. Linear

egression analysis was applied to fit the increase of absolute
eak area with standard concentration. Student’s t-test was used
o evaluate the significance of the differences (P ≤ 0.05) in fatty
cid composition of hepatic non-esterified fatty acids between
amsters fed experimental diets.
. Results and discussion

This paper focuses on validation aspects of the quantification
ethod for fatty acid composition in liver, mainly in the internal

ns: SP-2380 column (100 m, 0.32 mm i.d., 0.20 �m film thickness). The oven
a rate of 4 ◦C/min (hold 25 min). The carrier gas and make-up gas for the FID
maintained at 200 and 250 ◦C, respectively. For peak identification see Table 1.
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Table 2
Mean values of relative response factor (RRF) for fatty acids esterified in triacyl-
glycerols (FA-TAG) pure standards (internal standard: trinonadecanoylglycerol)

FA-TAG RRF RSD%

C12:0 0.75 7.57
C14:0 1.27 8.94
C16:0 1.01 6.47
C16:1 (cis-9) 1.18 2.58
C18:0 1.01 0.75
C18:1 (cis-9) 0.79 7.32
C18:1 (trans-9) 0.79 4.43
C18:2 (cis-9,12) 1.31 9.91
C18:3 (cis-9,12,15) 0.91 0.21
C20:0 0.98 9.08
C20:4 (cis-5,8,11,14) 1.11 2.10
C22:0 1.21 9.71
C22:1 (cis-11) 1.48 5.47
trans-10, cis-12 CLA 0.95 4.08
c

R

d
a
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tandard addition point and the recovery of the method. This
ssue is especially relevant when very small amounts of fatty
cids are measured, as occurs with CLA isomers in biological
issues. Quantitative data are achievable mainly by means of an
nternal standard. The internal standard choice in our study was
9:0 and trinonadecanoylglycerol instead of that more used in
he literature: n-heptadecanoic (17:0) acid. Kramer et al. [24]
uggest 17:0 as internal standard for tissue lipids analysis due
o the lack of resolution between 19:0 with oleic (18:1 (cis-
)) and �-linoleic (18:2 (cis-9,12)) acids. However, we found
mall amounts of 17:0 in biological samples (i.e. liver and mus-
le) [25,26]. This fact makes 17:0 inappropriate for studies
elated to lipid metabolism reporting quantitative data. More-
ver, in our experimental conditions relative retention (α) values
ere 0.98 between trans-vaccenic acid (18:1 (trans-11)) and
9:0 FAMEs, and 0.96 for 19:0 and 18:2 (cis-9,12) FAMEs
Fig. 1).

Internal standard quantitative procedure is based on the rela-
ionship between the responses factors of each fatty acid and that
f the internal standard (RRF). Therefore, RRF for each fatty
cid was determined both for NEFA and TAG (Tables 1 and 2).
ean of RRF values were close to 1.0 except for docosate-

raenoic acid (22:4 (cis-7,10,13,16)) (1.60) and trans-9, trans-11

LA (2.29). The relative standard deviation was, in general,

ower than 9%, with a value of 12.2% for eicosapentaenoic acid
20:5 (cis-5,8,11,14,17)).

able 1
ean values of relative response factor (RRF) for non-esterified fatty acid

NEFA) pure standards (internal standard: 19:0)

eak # Fatty acid standard RRF RSD%

1 C12:0 1.04 6.26
2 C14:0 0.67 6.98
3 C14:1 (cis-9) 1.03 3.17
4 C15:0 0.97 8.51
5 C15:1 (cis-10) 1.73 4.70
6 C16:0 0.90 2.74
7 C16:1 (cis-9) 0.73 2.48
8 C17:0 1.04 3.85
9 C18:0 0.95 3.39
0 C18:1 (trans-11) 0.94 5.10
1 C18:1 (cis-9) 0.88 0.40
2 C18:1 (cis-11) 0.78 1.24
3 C18:2 (cis-9,12) 0.86 4.40
4 C18:3 (cis-9,12,15) 0.86 2.06
5 cis-9, trans-11 CLA 1.14 1.03
6 C21:0 1.00 4.27
7 trans-10, cis-12 CLA 1.30 8.65
8 trans-9, trans-11 CLA 2.29 3.22
9 cis-9, cis-11 CLA 1.97 0.82
0 C20:2 (cis-13,16) 1.33 2.50
1 C22:0 0.87 6.32
2 C20:3 (cis-11,14,17) 1.18 4.76
3 C20:4 (cis-5,8,11,14) 0.81 3.83
4 C22:2 (cis-13,16) 1.37 6.34
5 C20:5 (cis-5,8,11,14,17) 0.75 12.16
6 C24:1 (cis-15) 1.01 2.38
7 C22:4 (cis-7,10,13,16) 1.60 5.38
8 C22:6 (cis-4,7,10,13,16,19) 1.13 7.82

SD: relative standard deviation.
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is-9, trans-11 CLA 0.99 7.46

SD: relative standard deviation.

Linearity values are presented in Table 3. The coefficient of
etermination (R2) values was higher than 0.994 for the fatty
cids studied. The slopes of the regression lines were similar for
ll the fatty acids, however, that of the fatty acids in TAG form
howed less response, and consequently lower slopes than those
f NEFA, probably due to differences in the molecular weight of
AG as compared to NEFA. The response–concentration ratio
f the two CLA isomers was also determined, showing relative
tandard deviation (RSD) values of ∼4.40% and ∼3.47% for cis-
, trans-11 and trans-10, cis-12 CLA isomer, when considered
s NEFA, and ∼4.67% and ∼1.98% for cis-9, trans-11 CLA and
rans-10, cis-12 CLA in TAG form.

Results of LOD and LOQ were calculated from the mean
oise (0.0275 pA s). Detectable peaks were considered from
.055 pA s, and quantifiable peaks from 0.1375 pA s. These val-
es were obtained in the case of CLA isomers either in NEFA or
n TAG form. Thus, LOD values were 0.06 and 0.07 �g for the
is-9, trans-11 and trans-10, cis-12 CLA NEFA, respectively,
nd when TAG were considered, both isomers showed the same
OD (0.05 �g). LOQ values were as follows: 0.16 and 0.18 �g
or the cis-9, trans-11 and trans-10, cis-12 CLA, respectively,
nd 0.14 and 0.13 �g for cis-9, trans-11 and trans-10, cis-12
LA isomers in TAG form.

able 3
stimated regression parameters for some non-esterified fatty acids (NEFA) and

atty acids esterified in triacylglycerols (FA-TAG) standards in the linearity study

Equation R2

EFA
19:0 A = 444.6c + 6.02 0.994
trans-10, cis-12 CLA A = 532.46c − 33.87 0.999
cis-9, trans-11 CLA A = 396.65c − 9.83 0.999

A-TAG
18:1 cis-9 A = 283.28c + 79.86 0.997
trans-10, cis-12 CLA A = 260.58c − 28.25 0.999
cis-9, trans-11 CLA A = 237.46c − 2.47 0.998

2, coefficient of determination; A, area; c, amount (�g).
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Table 4
Mean percentages of non-esterified fatty acids (NEFA) recovery in liver samples
from repeated analysis of the same sample (n = 4)

Mean RSD%

C12:0 69.97 7.40
C16:0 95.61 4.22
C18:0 99.53 8.38
C19:0 (IS) 87.54 19.71
C18:1 (cis-9) 77.80 20.37
C18:2 (cis-9,12) 58.93 0.70
C18:3 (cis-9,12,15) 79.39 7.82
C22:6 (cis-4,7,10,13,16,19) 73.67 9.20

RSD: relative standard deviation; IS: internal standard.

Table 5
Mean percentages of fatty acids esterified in triacylglycerols (FA-TAG) recovery
in liver samples from repeated analysis of the same sample (n = 4)

Recovery (%) RSD%

Trilaurylglycerol 70.37 7.47
Tripalmitoylglycerol 94.26 6.83
Tristearoylglycerol 96.29 5.32
Trinonadecanoylglycerol (IS) 88.93 9.39
Trioleylglycerol 71.88 6.14
Trilinoleylglycerol 89.24 4.97
T
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rilinolenoylglycerol 87.68 6.36

SD: relative standard deviation; IS: internal standard.

Recovery trials were performed by adding different amounts
f pure NEFA and TAG to the liver (Tables 4 and 5). The recov-
ry data of the internal standard was close to 90% either in NEFA

orm or in TAG form. In general, NEFA produced poorer recov-
ries than TAG. The lower value was approximately 59% for
8:2 (cis-9,12) as NEFA, the mean recovery value being 83%
or the rest of NEFA. For TAG, recovery values ranged from 88%

m
e
a
a

ig. 2. Mean recovery data (%) and standard deviation of cis-9, trans-11 and trans-1
ars) or to the initial tissue (grey bars) as non-esterified fatty acid (NEFA) or as tria
ifferent letters are statistically different (P ≤ 0.05).
r. B 855 (2007) 152–158

o 96% except for trilaurylglycerol (70.4%) and trioleylglycerol
71.9%).

On the other hand, recovery of the analytes is of pivotal impor-
ance for all the fatty acids, but those with conjugated double
ounds or other labile fatty acids can be more susceptible to
ome losses in the quantitative procedure. A review of the liter-
ture brings up the fact that the internal standard is added to the
at extract [13,14] instead of to the initial tissue [15,16,23]. This
ould lead to some mistakes, especially if the extraction yield is
ot assessed. Thus, in order to assay CLA recovery two differ-
nt experiments were performed, and CLA isomers, as NEFA
r TAG form, were added both to the initial tissue (liver) and to
he fat extract.

The recovery observed in both experiments (with the stan-
ard added either to the tissue or to the fat extract) was about
0–95% for the CLA isomers in TAG form showing no statis-
ical differences (P > 0.05). Nevertheless, when CLA isomers
ere present as NEFA, the recovery was about 76% when the

tandard was added to the fat extract, and the recovery sig-
ificantly decreased to 27.1% and 28.5% (P ≤ 0.05) for cis-9,
rans-11 and trans-10, cis-12 CLA, when the standard was
dded to the initial tissue (Fig. 2). This remarkable decrease
n CLA recovery must be taken into account in order to make
n accurate quantification of CLAs as NEFA in biological
issues.

In order to measure the precision of the chromatographic
ethod, liver from hamsters fed atherogenic diets supple-
ented with 0.5 g/100 g diet of 18:2 (cis-9,12), cis-9, trans-11 or

rans-10, cis-12 CLA, were analyzed (Figs. 3 and 4). The intra-
ssay precision (repeatability) of the chromatographic method
howed a mean RSD ∼1.34%, and that for the analytical

ethod was ≤10% for each fatty acid. Considering the long

xperimental procedure employed and the lack of uniformity
ttached to biological matrices, these values can be considered
cceptable.

0, cis-12 CLA isomers from liver when they are added to the fat extract (white
cylglycerol (TAG). Chromatographic conditions are as Fig. 1. (a,b) Bars with
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Fig. 3. GC chromatogram of FAMEs of non-esterified fatty acids in liver obtained from hamsters fed semi-purified atherogenic diets supplemented with 0.5 g/100 g
diet of trans-10, cis-12 CLA. Chromatographic conditions are as Fig. 1. Solutes (mg/g tissue): 1: C12:0 (0.008); 2: C14:0 (0.015); 3: C14:1 (cis-9) (0.036); 4:
C15:0 (0.022); 6: C16:0 (0.101); 7: C16:1 (cis-9) (0.048); 8: C17:0 (0.064); 9: C18:0 (0.079); 11: C18:1 (cis-9) (0.070); IS: internal standard; 13: C18:2 (cis-9,12)
( trans
1 0:4 (c
(

a
(
t
C
a
i
d

t
a
m

F
w
6
C

0.029); 14: C18:3 (cis-9,12,15) (0.042); 15: cis-9, trans-11 CLA (0.001); 17:
1 CLA (0.019); 21: C22:0 (0.010); 22: C20:3 (cis-11,14,17) (0.018); 23: C2
0.103).

NEFA profile in liver is shown in Table 6. The more
bundant fatty acids in liver were 18:1 (cis-9), 16:0, 22:6
cis-4,7,10,13,16,19), 18:2 (cis-9,12) and 18:0. With regard
o CLAs, the present results show a different pattern of

LA isomer incorporation, consisting of a greater appear-
nce of the trans-10, cis-12 isomer, with similar amounts
ndependently of the proportion of this isomer in the
iet.

i
o
i
e

ig. 4. GC chromatogram of FAMEs of fatty acids esterified in triacylglycerols in li
ith 0.5 g/100 g diet of trans-10, cis-12 CLA. Chromatographic conditions are as Fig.
: C16:0 (1.148); 7: C16:1 (cis-9) (0.310); 8: C17:0 (0.008); 9: C18:0 (0.164); 11:
18:3 (cis-9,12,15) (0.006); 15: cis-9, trans-11 CLA (0.010); 17: trans-10, cis-12 CL
-10, cis-12 CLA (0.011); 18: trans-9, trans-11 CLA (traces); 19: cis-9, trans-
is-5,8,11,14) (0.013); 26: C24:1 (cis-15) (0.021); 27: C22:4 (cis-7,10,13,16)

In conclusion, this analytical method provides valuable data
o quantify TAG and NEFA in liver for a broad variety of fatty
cids, including cis-9, trans-11 and trans-10, cis-12 CLA iso-
ers. Taking into account the low recovery of CLA isomers
n the non-esterified fatty acid fraction, when quantitative data
f these CLA isomers as NEFA are required it is of pivotal
mportance the addition of the internal standard before the lipid
xtraction procedure.

ver obtained from hamsters fed semi-purified atherogenic diets supplemented
1. Solutes (mg/g tissue): 1: C12:0 (traces); 2: C14:0 (0.083); 4: C15:0 (0.007);

C18:1 (cis-9) (1.804); IS: internal standard; 13: C18:2 (cis-9,12) (0.750); 14:
A (0.015); 22: C20:3 (cis-11,14,17) (0.033).
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Table 6
Fatty acid composition (mg/g tissue) of hepatic non-esterified fatty acids (NEFA)
of hamsters fed experimental diets supplemented with 0.5 g/100 g diet of cis-9,
trans-11 (Diet A) or trans-10, cis-12 CLA (Diet B) for 6 weeks

Diet A Diet B

14:0 0.022 + 0.004 0.023 + 0.002
16:0 0.14 + 0.019 0.13 + 0.017
16:1 (cis-9) 0.018 + 0.003 0.023 + 0.005
17:0 0.017 + 0.002 0.010 + 0.001
18:0 0.07 + 0.007 0.06 + 0.005
18:1 (cis-9) 0.16 + 0.022 0.18 + 0.019
18:1 (cis-11) 0.005 + 0.001 0.005 + 0.000
18:2 (cis-9,12) 0.07 + 0.009 0.06 + 0.007
18:3 (cis-9,12,15) 0.009 + 0.001 0.009 + 0.001
20:0 tr tr
20:3 (cis-5,8,11) 0.016 + 0.003 0.017 + 0.001
20:4 (cis-5,8,11,14) 0.004 + 0.001 0.004 + 0.001
22:0 0.008 + 0.002 0.008 + 0.001
22:4 (cis-7,10,13,16) 0.10 + 0.018 0.10 + 0.011
cis-9, trans-11 CLA 0.015 + 0.001a 0.004 + 0.001b

trans-10, cis-12 CLA 0.029 + 0.001b 0.032 + 0.001a

M
w

A

C
E

R

[

[

[

[
[
[
[
[

[

[

[
[
[

[

[
103 (2001) 594.
ean values ± standard deviation. tr: Traces; (a,b) mean values within columns
ithout a common superscript are significantly different (P ≤ 0.05).
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