
A gas chromatography (GC) procedure is assayed for analysis of
conjugated linoleic acid (CLA) isomers cis-9, trans-11-
octadecadienoic (c9t11); trans-10, 12 cis-octadecadienoic
(t10c12); and trans-9, trans-11-octadecadienoic (t9t11) in culture
broth by GC using NaOH–BF3 in methanol for methylating and a
long capillary (100 m) high-polarity column. Repeatability of the
method is assessed; the coefficient of variation for CLA isomers
ranges from 4.62 for c9t11 to 8.19 for t9t11. Recovery ranges
between 88.01 and 89.76, with a mean value of 89.06 for all CLA
isomers studied. This method may be considered advantageous for
analysis of CLA isomers in probiotics cultures samples.

Introduction

Conjugated linoleic acid (CLA) is a generic name for a mixture
of isomers of linoleic acid with conjugated double bonds. The
configuration of the double bonds may exhibit several possible
positions and different geometric isomers (cis or trans). Double
bounds of CLA are mainly found at positions 9 and 11 or 10 and
12 (1), whereas isomers having double bonds at other positions
have also been reported (2). CLA has gained considerable atten-
tion in recent years because of its many beneficial effects,
including anticarcenogenic activity (3,4), antiatherogenic activity
(5,6), the ability to reduce the catabolic effects of immune stimu-
lation (7,8), and the ability to reduce body fat (6). Of the individual
isomers of CLA, c9t11-octadecadienoic acid has been implicated
as the most biologically active because it is the predominant
isomer incorporated into the phospholipids of cell membranes
(9). The c9t11-CLA isomer is also the predominant isomer found
in the diet.

Food products from ruminants, particularly dairy products, are

themajor dietary source of CLA for humans. CLAs are intermedi-
ates in the biohydrogenation of linoleic acid, and it is generally
accepted that CLAs in ruminants originate from the incomplete
biohydrogenation of unsaturated fatty acid by rumen bacteria
(10). However, it has been demonstrated that cows can also syn-
thesize CLA from trans-11-octadeceno acid, another interme-
diate in the rumen biohydrogenation process (11). Dietary
sources of CLA include milk fat, natural and processed cheeses,
meat products, and plant oil (12,13). Animal sources are richer in
CLA than plant sources, and, in general, foods from ruminants
contain more CLA than foods from nonruminants, and consider-
able research has been conducted on the CLA content and isomer
distribution in cow’s milk. A number of factors have been shown
to influence CLA concentration in bovine milk fat, including lac-
tation number (14), dietary restriction (15), and feed allowance
(15,16). Dairy products are one of the major dietary sources of
CLA. Among the different isomers of CLA, c9t11-octadecadienoic
representsmore than 90% of the total CLA inmilk fat. In general,
the analysis for CLA isomers requires their conversion to
derivates that can be separated from the other fatty acids using
gas chromatography (GC) (17,18), silver-ion high-performance
liquid chromatography (HPLC) (19,20), or Fourier transform IR
spectroscopy for measuring total CLA isomers (21,22). Thus, it is
important to have standardizedmethodologies for separating and
quantitating individual CLA isomers in complexmixtures such as
foods, biological materials, and manufactures products. The aim
of this work describes a GC method for the determination of CLA
isomers (c9t11, t10c12, and t9t11) inMRS brothwith the purpose
of studying the capacity of different probiotics lactic acid bacterias
to produce CLA. The repeatability and recovery of the analytical
procedure were also assessed.

Experimental

Standards and reagents
Heptadecadienoic acid, Tween 80, and 14% boron trifluoride in
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methanol were supplied by Sigma Chemical Co. (St. Louis, MO).
Conjugated high purity (> 98%) linoleic acid standards (c9t11,
t10c12, and t9t11) and linoleic acid were purchased fromMatreya
(State College, PA). All reagents and organics solvents used were
analytical grade.

MRS broth
MRS broth (Difco Laboratories, Detroit, MI) supplemented

with different concentrations of CLA isomers (10, 25, 100, and
250 µg/mL) and linoleic acid (0.2%) was added as aqueous solu-
tion in 1% (v/v) Tween 80 and was incubated at 37ºC for 24 h.

Lipid extraction
Following incubation, the samples were centrifuged at 23,500×

g for 10 min at 5ºC, after centrifugation the pellet was discarded,
and 6 mL of supernatant was taken for lipid extraction. The cul-
ture mediumwasmixed with 60 µL heptadecanoic (64.4 mg hep-
tadecadienoic–10 mL hexane) and 12 mL of isopropanol by
vigorously shaking; 9 mL of hexane was then added, and the mix-
ture was shaken for 3 min before being centrifuged at 4000 rpm
for 5 min at 5ºC. The upper layer was then collected and filtered
through sodium sulphate in a filter paper. After filtration, the
filter was also washed with 7 mL of hexane. The lipid fraction of
the sample was collected in a 25-mL pear-shaped flask and dried
under nitrogen gas at 70ºC in a Zymartk Turbo Vap LV evaporator
(Hopkinton, MA).

Preparation of fatty acid methyl ester
Methanolic sodium hydroxide (1N) (100 µL) was added to the

lipid fraction, and the mixture was stirred for 1 min and left at
70ºC in a water bath for 15 min. The free fatty acids were next
methylated with 200 µL of 14% boron trifluoride in methanol at
room temperature for 30 min. Then, 0.2 mL hexane and 0.1 mL
water were added, samples were vortexed thoroughly, and cen-
trifuged at 1000 rpm for 5 min. The organic layer was stored in a
vial at –20ºC for further quantitation by gas–liquid chromatog-
raphy (GLC).

GC analysis
CLA methyl esters were analyzed on a Hewlett-Packard 5890

(Palo Alto, CA) equipped with a flame ionization detector.
Analyses were performed with a CP Sil 88 column (100-m × 0.25-
mm i.d.) containing 100% cyanopropyl siloxane stationary phase
(0.20-µm film thickness) (Chrompack, Varian, Walnut Creek, CA)
for the separation of the CLA isomers. The conditions used were
190ºC isothermal temperature, 250ºC injector temperature, and
250ºC detector temperature. The split ratio was 1:50, and the car-
rier gas was helium with a head pressure of 28 psi. The injection
volume was 1 µL, and the CLA peaks were identified by compar-
ison with the retention times of the reference standards. The
areas of CLA peaks were calculated as µg CLA/mL culture using
heptadecanoic acid as the internal standard for determining the
content of the CLA isomers.

Results and Discussion

The GLC technique using long capillary columns has been suc-
cessful in quantitating total CLAs as fatty acid methyl esters
(FAME). This method separated, with a good resolution, CLA iso-
mers, cis/trans, and trans/trans isomers based on the chain length
and number of double bonds. The advantages of methylating CLA
are that the FAMEderivates allow forGLC identification and quan-
titation of individual CLA isomers. The FAME including the CLA
can be quantitated by GLC by adding an internal standard such as
heptadecanoic acid (C17:0) into the lipidmixture beforemethyla-
tion (23). The methylation procedure chosen will depend on the
type and chemical composition of material to be methylated. In
our study, we used two stages for methylation, first an alkali-
catalyzed hydrolysis using NaOH–methanol for esterified CLA
isomers, followed by BF3–methanol-catalyzed methylation for
free CLA isomers, which appears to have the advantage formethy-
lating CLA isomers. It did not isomerize conjugated double bonds
(24,25). Figure 1 shows a chromatogram of CLA FAME of a mix-
ture of CLA standards in broth media, and Figure 2 shows the
geometrical and positional conjugated linoleic acid isomers
c9t11, t10c12, and t9t11.

Heptadecanoic acid, which is not present in the sample, is well
defined as the internal standard and does not interfere with a cor-
rect quantitation of the different CLA isomers. The response fac-
tors were calculated in a mixture of c9t11, t10c12, and t9t11 with
a ratio of 1:1 (w/w) with respect to the internal standard heptade-
canoic acid. The response factors were 0.96, 0.94, and 0.91,
respectively.

Figure 1. Representative GC chromatogram of CLA isomer (c9t11, t10c12,
and t9t11) in MRS broth. Peak identifications: (1) C16:0, (2) C17:0, (3) C18:0,
(4) C18:1, (5) C18:2, (6) c9t11, (7) t10c12, and (8) t9t11.

Figure 2.Geometrical and positional CLA isomers: (A) c9t11, (B) t10c12, and
(C) t9t11.
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The repeatability of the analytical method for CLA isomers
(c9t11, t10c12, and t9t11) was tested in a media broth using hep-
tadecanoic acid as the internal standard. Table I shows the indi-
vidual mean values and standard deviations of five replicate
analyses of media broth for the determination of CLA. Under our
conditions, the method offered a good repeatability with coeffi-
cient of variation (CV) ranges from 4.62 for c9t11 to 8.19 for
t9t11. For recovery analysis, known amounts of the individual
CLA isomers were added to a culture broth sample in which indi-
vidual CLA had been determined previously using heptadecanoic
acid as the internal standard, substracting the initial amounts of
each individual CLA isomers (c9t1, t10c12, and t9t11) present in
the sample (0.8, 0.5, and 0.4 µg of CLA/mL of MRS, respectively).
Experiments were conducted in triplicate. Table II shows the ini-
tial CLA as determined by the proposed method and the per-
centage recovery values. The overall mean recovery calculated
was in the range 88.01–89.76%; the recoveries were good being
higher than 89%. The values found in our study were slightly
higher than those reported by Kin et al. (11) using KOH–ethanol
and HCl as the methylation reagent. They found 83% recovery of
CLA and had a CV 6.6 for repeatability using a capillary GLC anal-
ysis. However, similar results were reported by Jiang et al. (26).
The recovery of the CLA for the analytical procedure was 89.4%,
and the coefficient of variation for the overall reproducibility of
the CLA quatitation method was 3.6% using KOH–ethanol and
HCl as the reagent for methylation with HPLC–GLC analysis. It
was, therefore, that under the given conditions the GLC method
assayed in our study does not appreciably understimate for indi-
vidual CLA-octadecanoic isomers. In conclusion, the GLC

method assayed in this work using NaOH–BF3 in methanol as
methylation reagents with a long capillary column offer a good
repeatability and recovery for determining individual CLA-
ctadecadienoic isomers (c9t11, t10c12, and t10t12) in culture
media and may be considered advantageous for analysis of CLA
isomers in probiotics cultures samples.
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