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a  b  s  t  r  a  c  t

The  production  of conjugated  linoleic  acid  (CLA)  by  four  strains  of  lactic  acid  bacteria  isolated  from  fish,
i.e., Leuconostoc  mesenteroides  H20,  Leuconostoc  mesenteroides  H22,  Leuconostoc  lactis  H24 and  Lactobacil-
lus  pentosus  H16,  was  evaluated  in  MRS  broth  and  on  MRS agar.  The  bioconversion  and  production  of
CLA  by  resting  cells  were  also  assessed.  Linoleic  acid was  detected  in  cultures  grown  on agar  at  per-
centages  of up to  18.3%  (w/w)  of  total  fatty  acid,  and  conjugated  isomers  were  found  in  the  fatty  acid
profiles  of Lactobacillus  pentosus  H16.  The percentage  of CLA  relative  to  total  fatty  acid  increased  from
5.68  ±  1.65%  to 23.69  ±  0.79%  when  resting  cells  were  removed  from  agar  plates  and  incubated  with-
out  the addition  of exogenous  linoleic  acid as  a substrate.  When  Lactobacillus  pentosus  H16  cells  were
incubated  with  linoleic  acid,  cyclization  and  changes  in  monounsaturated  fatty  acid  percentages  were
observed  instead  of  conjugation.  These  results  show  that  growth  on  a solid  support  is  required  for  CLA
production.  More  significantly,  an  increase  in the  CLA  content  could  be  achieved  by  incubating  resting
cells  without  exogenous  substrate.

©  2014  Elsevier  Ltd. All  rights  reserved.

1. Introduction

Conjugated linoleic acid (CLA) is a mixture of isomers of linoleic
acid (cis, cis-9,12-octadecadienoic acid; c9,c12 18:2, Fig. 1-I) with
well-known health benefits, such as anticarcinogenic, antiobesity,
antidiabetic, antihypertensive, antiatherogenic, immunomodula-
tory and osteosynthetic properties [1,2]. While the double bonds
of linoleic acid (LA) are separated by a non-conjugated methylene
group ( CH2 ), the double bonds of the conjugated isomers are
contiguous, thus allowing overlapping of p-orbitals (Fig. 1-II, III
and IV). Approximately 28 different isomers, which differ in double
bond geometry and position, have been identified in nature [2]. The
most abundant isomer in food is c9,t11 (rumenic acid, Fig. 1-II), and
the isomer t10,c12 is found in minor proportions (Fig. 1-III). CLA
is naturally present in dairy products, meat and vegetable oils at
low percentages. Due to its beneficial properties for human health,
many efforts have been made to increase dietary CLA content. One

∗ Corresponding author. Tel.: +54 291 4595100; fax: +54 291 4595160.
E-mail addresses: svela@uns.edu.ar, msvelagurovic@gmail.com

(M.S. Vela Gurovic), agentili@uns.edu.ar (A.R. Gentili), olivera@cenpat.edu.ar
(N.L. Olivera), mrodri@uns.edu.ar (M.S. Rodríguez).

approach consists of the addition of CLA as a functional food addi-
tive [3]. Commercially available CLA is chemically synthesized from
vegetable oils rich in linoleic acid and consist mainly of a mixture
of c9,t11 and t10,c12 isomers [4]. Another approach for increas-
ing CLA intake in humans focuses on the use of probiotics capable
of producing CLA from linoleic acid. The ability to produce CLA is
considered a desirable property of starter cultures and probiotic
strains. These studies are based on the bioconversion of linoleic
acid and other exogenous substrates. Furthermore, some evidence
of bacterial CLA production without the addition of linoleic acid has
been found in the literature [5–8].

Although CLA bioconversion has been intensively studied in the
last years, further efforts are needed for a better understanding
of the microbial processes involved in CLA biosynthesis to find or
improve biological systems that could increase the CLA food sup-
ply for humans [2]. The search for new systems that may  be able to
produce a blend similar to that found in natural sources has been
extended from bacteria to yeast and fungi. Among them, lactic acid
bacteria commonly found in dairy products, rumen and human
intestine, play a major role in the metabolic processes that sup-
ply conjugated linoleic acid isomers for human intake. Fig. 1 shows
the mechanisms of the isomerization process by which lactic acid
bacteria (LAB) and other microorganisms conjugate linoleic acid

http://dx.doi.org/10.1016/j.procbio.2014.04.004
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Fig. 1. Microbial conjugation of linoleic acid. L. plantarum = Lactobacillus plantarum; L. acidophillus = Lactobacillus acidophillus; P. acnes = Propionibacterium acnes; C. sporo-
genes  = Clostridium sporogenes. LAI refers to the enzyme linoleic acid isomerase.

(LA). Conjugation of LA by the linoleic acid isomerase (LAI) from
Lactobacillus plantarum involves the synthesis of a hydroxylated
intermediate [9]. This multicomponent enzyme also catalyzes the
conversion of this intermediate into c9,t11 (CLA 1) and t9,t11 iso-
mers. Propionibacterium acnes converts LA into the t10,c12 isomer
(CLA 2) by the action of a soluble isomerase [10]. The isomerase
from Clostridium sporogenes is a membrane-associated enzyme that
converts LA into the CLA 1 isomer [11]. The latter is also produced
from t-vaccenic acid by �9  desaturase, which is present in the
mammary glands of humans and cattle and in filamentous fungi
[12]. The linoleate isomerase of Lactobacillus acidophilus is a soluble
enzyme that converts linoleic acid into CLA 1 and CLA 2 and other
isomers [13]. Lastly, bacteria in the human gut [14] and anaerobic
bacteria in the rumen [15] hydrogenate linoleic acid to t-vaccenic
acid after conjugation of its double bonds.

Lactic acid bacteria are also found in the fish gut. Contrasting
with the predominance of anaerobic bacteria in the lower intestine
of humans, the fish gut microbiota is mainly composed by aerobic
or facultative anaerobic bacteria [16]. Although CLA has not been
reported as a typical component of fish meat or oil [17], linoleic acid
was found in the muscle tissue of some fish species at percentages
that varied from 4 to 30% of the total fatty acids depending on the
fatty acid composition of the diet [18]. To the best of our knowl-
edge, the potential of LAB isolated from the fish gut has not been
investigated.

Other authors reported high yields of CLA by the bioconversion
of LA [2,15,19]. In these previous studies, the production of CLA by
LAB has been achieved by the addition of linoleic and other fatty
acids as substrates. However, this imposes a limit to bacterial CLA
production due to poor LA solubility, potential LA toxicity and high
production costs [2]. Some studies suggest that LAB already con-
tain LA in their cell membranes [20,21]; therefore, the use of strains
that are able to produce the endogenous substrate needed for fur-
ther bioconversion into CLA would present advantages over LA- or
substrate-dependent strains.

The aim of the present study was to explore the properties of
LAB isolated from the fish gut for the production of CLA. For that
purpose, we evaluated whether the cells contained preexisting LA

and CLA isomers in their membranes or whether the addition of
exogenous linoleic acid was  needed for their bioconversion into
CLA.

2. Materials and methods

2.1. Chemicals

Linoleic acid and fatty acid methyl ester standards were pur-
chased from Sigma–Aldrich Chemical Co. (St. Louis, MO,  USA).
Synthetic De Man, Rogosa and Sharpe broth (MRS) and bacteriolog-
ical agar were purchased from Laboratorios Britania S.R.L. (Buenos
Aires, Argentina). Agar was added at 1.5% (w/v) for the preparation
of solid media.

2.2. Bacterial strains, cultivation and preparation of resting cells

The strains Leuconostoc mesenteroides H20, Leuconostoc mesen-
teroides H22 and Leuconostoc lactis H24 were isolated from
the intestinal tract of rainbow trout (Oncorhynchus mykiss), as
explained in a previous work [22]. Lactobacillus pentosus H16
from the CENPAT microbial collection was previously isolated
from the gut of hake (Merluccius hubbsi). After incubation, indi-
vidual colonies were selected from plates containing less than 300
colonies based on differences in form, size, colour, elevation, bor-
der and Gram reaction [23]. The selected colonies were purified by
repeated streaking on MRS  agar and stored at −80 ◦C in MRS broth
supplemented with 20% (v/v) glycerol (Anedra, 99.0%, Buenos Aires,
Argentina). Lactococcus lactis CNRZ481 isolated from dairy prod-
ucts [24] was  kindly provided by Dr. J.-C. Piard (Institut Micalis,
INRA, France) and used as a control due to its ability to conjugate
linoleic acid [2]. Strains were activated in MRS  broth at 25 ◦C for
48 h and further incubated in broth for 24 h without agitation. All
experiments were run in triplicate.

Bacterial cells grown on MRS  broth were pelleted at 4300 rpm
for 20 min  at room temperature (Luguimac LC-20, maximum cen-
trifugal force 2500 × g, Buenos Aires, Argentina) and washed twice
with 0.85% NaCl (w/v) solution. To construct the growth curve of



Author's personal copy

M.S. Vela Gurovic et al. / Process Biochemistry 49 (2014) 1071–1077 1073

Lactobacillus pentosus H16 that is shown in Fig. 4, aliquots were
taken at different time points and subjected to plate viable count-
ing. The optical density of each aliquot was measured at 600 nm
using a UV–visible spectrophotometer (UV-1603, Shimadzu).

To analyze the bacterial cells grown on MRS  agar, the plates were
inoculated according to the quadrant streak technique described in
the Microbial Identification System protocol (MIS Operating Man-
ual 3.1, 1999) produced by Microbial ID (MIDI, Newark, DE 19713,
USA). Colonies from confluent zones (quadrants 1 and 2) were
removed from the Petri dishes (20–40 mg)  for fatty acid analyses.

For free cell analysis, colonies were picked from the same zones
after incubation for 48 h at 25 ◦C. A solution containing 20 mg/mL
Tween 80 (used as a solubilizing agent, Biopack, polyoxyethylene-
20-sorbitan monooleate, 99–100%, Buenos Aires, Argentina) and
4.4 mg/mL  linoleic acid in potassium phosphate buffer 0.1 M,  pH
6.5 was sterilized with a 0.22-�m filter and added to the biomass
at a final LA concentration of 1.8 mg  LA/mL. This concentration was
selected according to a previous report [25]. Anhydrous monobasic
potassium phosphate and dibasic potassium phosphate were from
Anedra (98.0%, Buenos Aires, Argentina). Cells were incubated at
25 ◦C without agitation. Aliquots of the cell suspension were taken
at 0, 12 and 24 h for fatty acid analyses. Control cells were sus-
pended in potassium phosphate buffer 0.1 M, pH 6.5 without LA.
The cell density was kept at 200 mg  wet biomass per mL (20% wet
cell, w/v) for all treatments.

2.3. 16S rRNA sequencing

The strains Leuconostoc mesenteroides H20, Leuconostoc mesen-
teroides H22 and Leuconostoc lactis H24 were identified by 16S
rRNA sequencing. Sequences were PCR amplified as described
previously [22] using the DNA thermal cycler Multigene Gradi-
ent (Labnet International Inc., Woodbridge, NJ). Sequencing of
both strands of the amplified fragments was performed using the
dideoxy chain termination method by the commercial services of
CENPAT Molecular Biology Laboratory (Argentina). The 16S rRNA
gene sequences were compared to the EzTaxon-extended database
[26]. The sequences generated in this study were deposited into
the GenBank database under the accession numbers KC937069,
KC937070 and KC937071 for strains H20, H22 and H24, respec-
tively, and KC921993 for strain H16.

2.4. Fatty acid analyses

Lipid extraction and reaction conditions were previously
described [19]. Briefly, fatty acids were extracted with 1.5 mL  of
chloroform/methanol (1:2, v/v). The organic phase was collected,
washed once with 1 mL  of 0.85% NaCl (w/v) and dried over anhy-
drous sodium sulfate. The clear organic phase was  poured into a
clean glass tube, and 1 mL  of 10% methanolic HCl (v/v) was  added
[19]. This solution was prepared with 37% HCl (w/v) (for analysis,
Merck, Buenos Aires, Argentina) and anhydrous methanol (Biopack,
≥99.8%, Buenos Aires, Argentina). The reaction was held at 50 ◦C for
20 min. These mild conditions were selected to avoid the disrup-
tion of fragile fatty acids, as previously reported [5]. After cooling
the samples to room temperature, fatty acid methyl esters were
extracted with 1 mL  of n-hexane (chromatographic grade, U.V.E.
Dorwil, Buenos Aires, Argentina). Samples were immediately dried
before chromatographic analysis or stored under a nitrogen atmo-
sphere.

2.5. Gas chromatography–mass spectrometry analysis

Fatty acid methyl esters were analyzed by GC–MS with a HP6890
chromatograph equipped with a mass spectrometer HP5972A. The
ionization energy was 70 eV. Samples (1 �L) were injected into a

HP-5 capillary column (30 m × 0.25 mm i.d. × 0.25-�m film thick-
ness). The temperature was programmed from 85 ◦C to 250 ◦C at a
rate of 4 ◦C/min and held at the final temperature for 15 min. The
temperature of the injector and detector was 280 ◦C; and the carrier
gas was  helium at a flow rate of 1 mL/min and a split ratio of 20:1.
The fatty acid compositions were expressed as relative percentages
(w/w).

Fatty acids were identified by comparing their retention times
and mass fragmentation patterns with those of the standards. CLA1
refers to c9,t11-octadecadienoic acid; CLA2 refers to t10,c12; and
CLA3 is a mixture of other isomers, including t9,t11. Cyclic fatty acid
methyl esters were identified by comparison of their mass spectra
with data from the literature [27] and from the database of the
chromatograph.

2.6. Statistical analysis

The relative percentages are expressed as the mean and
standard error of the mean. Significant differences were tested
using a two-tailed, paired t-test. p values less than 0.05 were con-
sidered significant. The data of Table 1 was analyzed using two-way
ANOVA, and a post test was  performed using the Bonferroni method
with p < 0.001 for multiple comparisons between treatments [28].

3. Results and discussion

3.1. 16S rRNA sequencing

The closest match of the 16S rRNA sequences (∼1400 bp) of iso-
lates H20 and H22 was  to that of Leuconostoc mesenteroides subsp.
dextranicum NRIC 1539T (99.77 and 99.85% homology, respec-
tively), while 100% homology was obtained when comparing the
16S rRNA sequences of isolate H24 and Leuconostoc lactis KCTC
3528T.

3.2. Fatty acid profile of LAB isolated from the fish gut in MRS
broth vs. MRS  agar

The fatty acid composition of cells grown in culture broth com-
prised primarily saturated fatty acids except 20–25%, which was
oleic acid (Fig. 2). Cells of these strains removed from agar cultures
displayed a more miscellaneous pattern. Lactococcus lactis CNRZ481
was previously isolated from dairy products. The fatty acid profile
of this strain when grown in broth contained saturated and oleic
acids and vaccenic and cyclic fatty acids (Fig. 2). The results for this
strain agree with those reported for Lactococcus strains [29].

The membranes of the strains Leuconostoc mesenteroides H22,
Leuconostoc lactis H24 and Lactobacillus pentosus H16 contained
between 15 and 18% linoleic acid when grown on MRS agar. There
is evidence that linoleic acid is present in the membranes of lac-
tic acid bacteria under certain conditions [8,30,31] and in MRS
broth in small amounts: 0.1 �g LA/mL MRS  broth, representing 0.1%
of the total fatty acid [7]. In the present study, linoleic acid was
not detected as a component of the utilized medium, supporting
the idea that these strains could have produced linoleic acid. The
cell membranes of Lactococcus lactis, a strain isolated from sources
other than fish, did not contain this fatty acid when grown under
the same conditions (Fig. 2).

Linoleic acid was  found at percentages of up to 20% in mem-
branes of a Lactobacillus acidophilus strain at 25 ◦C in MRS  broth,
and it was  suggested that the production of this fatty acid, which
decreased at higher temperatures, would be essential for adap-
tation to freeze-thaw stress [20]. In contrast, a thermotolerant
Lactobacillus helveticus strain increased its linoleic acid to 10% of its
cellular lipids at superoptimal temperatures combined with low pH
values [30]. Other authors found that LAB produced linoleic acid as
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Table 1
Fatty acid profile of Lactobacillus pentosus H16 free cell suspension incubated with linoleic acid vs. untreated cells.

Free cells + LA Free cells

Incubation time (h) 0 12 24 24

19Cyc 9/11 (CYC) n.d.a 4.44 ± 0.51a 11.42 ± 0.92b n.d.a

C16:1 �9  (PA) 3.53 ± 0.39a 1.37 ± 0.59a 0.83 ± 0.12a n.d.a

C18:1 �9  (OLE) 67.83 ± 1.16b 11.01 ± 1.89a 8.14 ± 1.94a 12.31 ± 2.11a

C18:1 �11 (VA) 8.14 ± 0.09a 18.04 ± 2.17b 24.34 ± 0.98c n.d.d

C18:2 c9,c12 (LA) 11.79 ± 0.19b 1.57 ± 0.49a n.d.a n.d.a

C18:2 c9,t11/t10,c12 (CLA) n.d.a 1.36 ± 0.68a n.d.a 23.69 ± 0.79b

C14 0.84 ± 0.79a 6.39 ± 0.58a 2.19 ± 0.37a 3.47 ± 1.52a

C16 3.93 ± 0.29a 32.63 ± 0.56b 32.22 ± 1.72b 29.52 ± 1.70b

C18 1.53 ± 0.04a 23.52 ± 1.91b 20.28 ± 0.55b 26.13 ± 3.16b

Values are mean ± SEM. n.d.: not detected. Different superscript letters within a row means significant differences (p < 0.001).

a response to desiccation [21]. In all of the aforementioned cases,
an increase in linoleic acid content seemed to be linked to stress
conditions. In addition, some processes in LAB, such as bacteriocin
production, occurred in a constitutive manner on solid, but not in
liquid media [32,33].

The production of linoleic acid on agar plates that is shown in
the present study could be the consequence of several factors that
affect lipid unsaturation and develop differently in liquid media
with respect to solid supports, such as the growth rate [34,35].
These previous studies revealed that Lactococcus lactis cells grow-
ing in liquid media show different growth rates than those growing
on solid supports. Additionally, the low growth rates are associated
with changes in the lipid unsaturation of the cell membranes.

CLA isomers were only detected in Lactobacillus pentosus H16
cells growing on MRS  agar at low percentages of 5.68 ± 1.35 (Fig. 3).
Further studies on liquid cultures of this strain showed that the
cellular fatty acid composition remained relatively constant (the
means of each fatty acid at different time points were not signifi-
cantly different, p > 0.05), while neither linoleic acid nor CLA were
detected at any growth stage (Fig. 4). These results confirmed that
linoleic acid and CLA isomers were only observed in Lactobacillus
pentosus H16 when grown on MRS  agar.

3.3. The addition of exogenous LA to resting cells of Lactobacillus
pentosus H16

The presence of LA and CLA isomers in the membranes of Lac-
tobacillus pentosus H16 cells grown on MRS  agar led us to test the

bioconversion of exogenous LA by this strain. Resting cells that were
removed from agar plates were incubated with linoleic acid, and
the fatty acid profiles were obtained at different incubation times
(Table 1). The fatty acid profile of untreated cells was also analyzed.

The percentage of oleic acid was significantly higher at the
beginning of incubation due to oleic acid being supplemented by
Tween 80, which is the solubilizing agent of linoleic acid. Notewor-
thy, the percentage of oleic acid decreased after 24 h of incubation,
showing that the resting cells consumed oleic acid. Saturated fatty
acids did not display significant differences, with the exception of
values observed at the beginning of the incubation. The high per-
centage of oleic acid from the solubilizing agent accounts for the
low percentages of saturated fatty acids that were observed at time
0.

The following cyclic fatty acids were detected after 12
and 24 h of incubation with LA (Fig. 5A): dihydrosterculic
(9,10-methyleneoctadecanoic acid, 19cyc9) and lactobacillic acid
(11,12-methyleneoctadecanoic acid, 19cyc11). Neither controls
(untreated cells) nor cells at an incubation time of 0 h showed
cyclic fatty acids, but percentages shown at 24 h of incubation with
LA were significantly higher (p < 0.001). No significant differences
were found for palmitoleic acid between treatments. The percent-
age of vaccenic acid was significantly different between treatments,
increasing after incubation with LA.

Linoleic acid decreased during the incubation period and was
not detectable at 24 h. This fatty acid was  also not detected in
control cells (Fig. 5B). The desirable conjugated product was not
detected or was  detected at low percentages after treatment with

Fig. 2. Relative percentages of cellular fatty acids of LAB grown on MRS agar vs. those obtained from liquid culture in MRS  broth. Fatty acid percentages relative to the total
fatty  acid of lactic acid bacteria isolated from fish cultured on MRS  agar (above) vs. the fatty acid profile displayed by MRS  liquid cultures (below). Cyc = cyclic fatty acids;
OLE  = oleic acid; VA = vaccenic acid; LA = linoleic acid; CLA = conjugated linoleic acid. C18 = stearic acid. The strains were incubated for 24 h at 25 ◦C.
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Fig. 3. Fatty acid profiles of Lactobacillus pentosus H16 grown on MRS  agar vs. those of cells grown in broth. A section of the overlapped chromatograms showing the cellular
fatty  acid profile of strain H16 grown in MRS  broth (highlighted in dark grey, solid line) and that obtained after cultivation on agar (light grey, solid line). The peak of the
LA  standard appears in light grey (dashed line). All results were obtained after a 24 h incubation at 25 ◦C. CLA 1 = c9,t11 C18:2 methyl ester (ME); CLA 2 = t10,c12 C18:2 ME;
LA  = linoleic acid ME;  VA = �11 octadecenoic acid ME  (vaccenic acid); OLE = oleic acid ME;  C18 = stearic acid ME;  n.i. = not identified.

linoleic acid. In contrast, the controls displayed the highest per-
centage of the conjugated isomers. The CLA percentages found for
resting cells of Lactobacillus pentosus H16 without the addition of
exogenous LA comprised 10.46 ± 0.51% of c9,t11 CLA, 13.24 ± 0.27%
of t10,c12 CLA and less than 1% of a mixture of t,t and other isomers
(Fig. 5B).

The results shown in the present study suggest that LAB produce
linoleic acid when grown on solid medium (Fig. 2), which may  serve
as the substrate for further conversion into its conjugated isomers
(Fig. 5B). These results are in agreement with previous reports that
showed CLA production by lactobacilli at small percentages ranging
from 2.7 to 3.4% [8]. Other authors found up to 5% CLA in lyophilized
LAB [5]. However, a deeper insight into the literature revealed that
MRS  broth also contains small quantities of CLA. Percentages of
CLA of 1.2 �g/mL MRS  broth (1.8%) and 17 �g/mL MRS  broth (6.4%)
have been found, [7,8]. These values are even higher than those
detected in cultures. This fact raised the question of whether these
small relative percentages of CLA are truly due to bacterial activ-
ity. In the present study, the percentage of CLA that was detected
in control cells released from medium (Table 1) was  significantly
different (p < 0.001) from that found in the MRS  broth used in this

study (1.27 ± 0.35%), which supports the hypothesis that Lactobacil-
lus pentosus H16 produces CLA from internal precursors rather than
from the medium.

Growth on solid medium was shown to be a critical factor for
increasing the linoleic acid content in Leuconostoc strains (H22 and
H24) and Lactobacillus pentosus H16 (Fig. 2), which are native gut
bacteria from wild rainbow trout and hake, respectively.

The addition of exogenous LA to Lactobacillus pentosus H16 free
cells picked from agar plates led to an increase in the percentage of
cyclic fatty acids (19Cyc 9/11) and changes in the ratio of vaccenic to
oleic acid from 0.1 to 3.0 after 24 h of incubation (Table 1). Neither
linoleic acid nor its conjugated isomers were detected after 24 h
(Fig. 5A). When the cells were released from media and further
incubated, linoleic acid was nearly absent, while the percentages
of CLA increased (Table 1, Fig. 5B), which supports the idea that
conjugated isomers result from the conjugation of preexisting LA
in cells. The main outcome of this study is the evidence showing
that the CLA content in the cell membranes can be significantly
different from that found in MRS  and that this bioconversion does
not consume exogenous linoleic acid as a substrate. These findings
are of great value for dairy science and aquaculture as well as for

Fig. 4. Cellular fatty acid profiles of Lactobacillus pentosus H16 liquid cultures. The growth and fatty acid profiles of L. pentosus H16 in MRS  broth at 25 ◦C without agitation
were  monitored at several time points. Left: Growth was  measured as the logarithm of the number of colony forming units per mL  (CFU/mL) on the left Y-axis (light line).
Optical density at 600 nm was registered on the right Y-axis (dark line). Right: Fatty acid percentages comprised of saturated C14 (myristic acid); C16 (palmitic acid); C18
(stearic acid); and unsaturated C18:1 �9 (oleic acid).
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Fig. 5. Fatty acid profiles of Lactobacillus pentosus H16 free cells after incubation at 25 ◦C. (A) A section of the chromatogram obtained from free cells grown on MRS  agar and
further  incubated with 1.8 mg  LA/mL for 12 h (dark grey) and 24 h (light grey) vs. the LA methyl ester standard (CLAME, dashed line). The chromatogram in (B) shows the
fatty  acid profile of cells previously grown on MRS  agar and further incubated in buffer without the addition of LA vs. the overlapping chromatogram of the CLAME standard.
Cyc  1 = dihydrosterculic acid ME  (C19cyc9); Cyc 2 = lactobacillic acid ME (C19cyc11); CLA 1 = c9,t11 C18:2 ME;  CLA 2 = t10,c12 C18:2 ME;  CLA 3 = mixture of t9,t11 C18:2 ME
and  other isomers; OLE = oleic acid ME;  VA = vaccenic acid ME; C18 = stearic acid ME;  LA = linoleic acid ME.

the industrial production of CLA by bio-catalysis. The use of strains
that are able to produce linoleic acid and convert it into CLA could
help to reduce the production costs of industrial processes.
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