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Summary. Objective: To evaluate the capability of Lactobacillus plantarum to grow and convert polyunsatu-
rated free fatty acids, i.e. linoleic acid (LA) into bioactive and less toxic conjugated fatty acids. Method: Six
L. plantarum strains were grown in MRS medium containing LA from 1% to 10% (w/v), and the LA me-
tabolites formed in the medium were identified and quantitated by GC-MS. Resu/t: In respect to the identi-
fied LA metabolites, a total of 4 metabolites were detected including linoelaidic acid, 9,12-octadecadienoic
acid (Z, Z), 9,12-Octadecadienoic acid, methyl ester, and trans,trans-9,12-octadecadienoic acid, propyl ester.
Among all the six L. plantarum strains, the best one was L. plantarum 2-3 which showed maximum growth

and conversion of linoleic acid to different metabolites from 1% to 10 % (w/v) of LA supplied, while L. plan-

tarum 12-5 showed maximum growth and conversion at higher concentration of LA supplied and showed

minimal growth and conversion at lower concentration of LA. Conclusion: Among all the six L. plantarum
strains, the best one was L. plantarum 2-3 which showed maximum growth and conversion of LA to different

metabolites.
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Introduction

Linoleic acid (c18:2 n-6) (LA) is an essential fatty
acid, and it is a key constituent of low-density lipopro-
teins (1). LA cannot be synthesized endogenously in
animals, and hence it’s only source is through dietary
intake (7). Plants and algae contain sufficient amounts
of the A12- and A15-desaturase enzymes, and as a re-
sult LA and a-linolenic acid are the two most wide-
spread fatty acids found in plant tissues and oils. As
a polyunsaturated fatty acid, LA can be oxidized by
endogenous enzymes and reactive oxygen species in
the circulation. Derivatives of LA are formed as a re-
sult of oxidation by the action of endogenous enzymes.
LA and its byproducts are known to employ different
biological effects, and they are involved in metabolic
disorders and cancer (2-6).

Lactic acid bacteria (LAB) are the most common
and important starter cultures used in fermented dairy
products, and they may originate from the microflora
of raw milks (e.g., bovine, ovine, caprine), but more
frequently are inoculated intentionally during prod-
uct manufacture. LAB are generally regarded as safe
(GRAS) microorganisms that have been traditionally
used in food fermentation for a long history. Tradi-
tional fermented dairy products are considered as key
sources of functional microorganisms, e.g. LAB, and
ingredients (8). Many LAB strains are capable of pro-
ducing different bacteriocins, exopolysaccharides, fatty
acids, etc., employing their useful health effects. Many
LAB strains have shown various promising bioactivi-
ties on human health, including antimicrobial activity,
prevention and treatment of diarrhea, relief of symp-
toms caused by lactose intolerance, anti-mutagenic
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and anti-carcinogenic activities, and stimulation of the
immune system (9). However, the uncertainties of in-
fluence from these LAB strains on the quality of func-
tional foods and their bioactivity-keeping in the food
matrix frequently hamper their application in modern
food industry (10).

Lactobacilli are among the first bacteria to be
described as probiotics. Strains of several Lactobacil-
lus species have been confirmed to exercise a range of
health promoting activities such as immunomodula-
tion, enhancement of resistance against pathogens, re-
duction of blood cholesterol levels and others (11-14).
One of the most extensively used LAB species is L.
plantarum, which is homofermentative with capability
of converting growth-inhibiting free polyunsaturated
fatty acids, e.g. LA at a fairly higher concentration,
into bioactive conjugated LA (CLA) and other less
toxic free saturated fatty acids (15), though LA is also
a vital growth constituent for the growth of fastidious
bacteria such as L. plantarum.

Production of different isomers of CLA from
LA or polyunsaturated fat was previously reported
in numerous different microorganisms such as Propi-
onibacterium freudenreichii (16), Butyrivibrio and LAB
strains including lactobacilli, lactococci and strepto-
cocci (17-28). There were fatty acid isomerases which
concertedly converted LA into a bioactive isomer of
CLA, but only three bacterial linoleate isomerases de-
rived from Butyrivibrio fibrisolvens (29), Clostridium
sporogenes (30) and Propionibacteruim acnes (31) were
biochemically categorized. The Propionibacterium ac-
nes isomerase was structurally characterized as a FAD
dependent protein catalyzing production of 10-trans-
12-cis-CLA (31-32).

L. plantarum was also shown to bio-hydrogenate
LA and other polyunsaturated fatty acids to produce
different fatty acids species, e.g. hydroxy fatty acids,
oxo fatty acids, conjugated fatty acids and somewhat
saturated trans fatty acids, as the intermediates to fi-
nally produce saturated monoenes (OA and trans-vac-
cenic acid). These numerous reactions were catalyzed
by numerous enzymes such as hydratase (CLA HY),
dehydrogenase (CLA DH), decarboxylase (CLA-DC)
and enoate reductase (CLA —ER) (20, 32-33). This
saturation metabolism yields characteristic fatty acids,
e.g. conjugated fatty acids and trans-fatty acids, which

were known to be present in ruminant-derived foods
with different physiological properties (34)

In this study, six probiotic strains of L. plantarum
1-2, 2-3, 3-2, 4-5, 12-4 and 12-5 were studied for
production of different LA metabolites in the growth
medium supplemented with different concentrations
of LA. The production of LA metabolites was qualita-
tively and quantitatively studied by gas chromatogra-
phy and mass spectrometry (GC-MS) analysis.

Materials and Methods

Microorganism and growth medium

Six strains of L. plantarum 1-2, 2-3, 3-2, 4-5,
12-4 and 12-5 were maintained in the culture bank of
Dairy Laboratory in Beijing Technology and Business
University of China. They were activated by subcul-
turing for 3 times at 37°C in MRS medium contain-
ing 1.0% meat extract, 1.0% tryptone, 2.0% glucose,
0.1% Tween 80, 0.5% yeast extract, 0.5% sodium
acetate, 0.2% K,HPO,, 0.2% diammonium citrate,
0.02% MgSO.-7H;O and 0.005% MnSO,-H20. The
distilled water was used as solvent for dissolving the
medium components, and the medium was adjusted
to pH 5.5 and sterilized at 121°C for 15 minutes. Dif-
ferent concentrations of LA were added to fresh MRS
medium, which as inoculated with 1% of the activated
culture of L. plantarum strains for growth and produc-
tion of LA metabolites at 37°C.

Growth of L. plantarum 1-2, 2-3, 3-2, 4-5, 12-4 and
12-5 for production of LA metabolites

L. plantarum strains were cultured in the MRS
medium containing 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%
9% and 10% (w/v) of LA. Growth of the strains was
analyzed at OD 600 for the growth pattern, and 1ml
sample was spread on plate count agar to determine
viable counts as expressed by colony forming units
(CFU) per mL. For rapid spectrophotometric deter-
mination of LA metabolites, the culture samples were
analyzed at 0, 8, 16, 24, 36 and 48 h as described by
the method below.
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Spectrophotometric determination of LA metabolites

The culture samples were centrifuged (13,000 xg
for 5 min at 4°C), and 1 mL of the supernatant was
mixed with 2 mL of isopropanol. After addition of 1.5
mL of hexane, the mixture was thoroughly vortexed in
order to extract the lipids and then allowed to stand for
5 min. The hexane layer was collected and the absorb-
ance was measured at 233 nm. The LA metabolites
were extracted by using hexane/isopropanol (2:1, v/v)
solution at room temperature, and the extracts were
washed with distilled water and then dehydrated with
anhydrous sodium sulfate (37).

Preparation of fatty acid methyl esters

For analysis by GC, the culture samples were cen-
trifuged at 1900 rpm for 5 minutes at 4°C to remove
the cells. An internal standard (C17:0, heptadecanoic
acid, 98% pure; Macklin) was added to 5 ml of the su-
pernatant fluid to give a final concentration of 0.15 g/
ml. Then 5 mL of isopropanol was added and vortexed
for 30 s. Subsequently 2 mL of isopropanol was added
and vortexed for 30 s. Finally, 5 mL of n-hexane was
added to this mixture, vortexed for 3 min, incubated
for 30 min, and centrifuged at 1900 rpm for 5 min. The
upper hexane layer containing fatty acid methyl esters
(FAME) was collected and it was dried under a steam
of liquid nitrogen (34).

GC-MS analysis

GC-MS analysis was done by using Shimadzu
GC-2010 instrument coupled with a Dual Stage
TMP (Ultra) mass spectrometer. The FAME sample
of 2 pL was injected in a split mode, set at 10:1 split
ratio at 250°C. The carrier gas was helium at a constant
flow rate of 1 mL/min. The separation was conducted
on a highly polar (TR-Wax MS, 30 m length x 0.25
mm i.d. x 0.25pm thickness) fused silica capillary col-
umn (Thermo Fisher Scientific). The initial oven tem-
perature was held at 170°C for 1 min, then increased at
0.8°C/min to 200°C. The temperature of line transfer
was at 250 °C, and the ion source was controlled at
200°C. The MS detector was operated in an electron
ionization (EI) voltage of 70 ¢V under a mass scan
range of 33-450 amu (m/z).

Qualification and quantitation of LA metabolites

Chemical identification was conducted by com-
parison of the mass spectra (MS) of the peaks with
those found in the National Institute of Standard and
Technology library (NIST, 2014). Quantitative analy-
sis was conducted by their ratio peak area (RPA) to
the total peak areas of total ion chromatogram. All the
samples were analyzed in triplicate.

Statistical analysis

Data were statistically analyzed by ANOVA.
Evaluation of the significance of differences between
groups was performed with one-way ANOVA as not-
ed in figure legends.

Result and discussion

Growth pattern of L. plantarum strains with dif-
ferent concentration of LA provided L. plantarum
strains exhibited dissimilar growth pattern of lag, sta-
tionary and declining phases at the concentrations of
LA from 1% (w/v) to 10% (w/v) as shown in Figure
1A, B, C, D, E and F. For all the concentrations of
LA, it was observed that all six strains grew up to 24
h, subsequently entered stationary phase till 36 h, and
then the growth decreased till 48 h. There was slightly
increase in the growth of the strains 1-2, 3-2 and 4-5
with the increase of the LA concentration, but with
higher concentration above 6% (w/v) the growth was
inhibited with significant decrease in viable count. L.
plantarum 4-5 exhibited the least tolerance toward dif-
ferent concentration of LA among the six strains as
shown in Figure 1D.

The O.D. values at 600 nm ranged from 0.501
at 0 h to 0.891 at 36 h. L. plantarum 2-3 showed the
maximum and uniform growth at all concentration of
LA (Figure 1B). Increase in LA concentration did not
affect the growth significantly as shown by the OD
value (2.337) at 24 h on 1% (w/v) LA was and that
(2.996) on 10% (w/v) LA. On the other hand, strain
12-5 demonstrated opposite growth pattern as shown
in Figure 1E. At lower concentration of LA, the strain
did not grow well, but it displayed the maximum OD
values (1.117 at 1% LA, 2.556 at 10% LA) at higher

concentration.
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Figure 1. A, B, C, D, E, F representing the OD values of all the six strains Lactobacillus Plantarum at 600 nm absorbance at different
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Many other LAB strains were reported to be in-
hibited to different extent by LA, and their tolerance
to LA varied. Among five L. plantarum strains (Ip10,
Ip15, 1p19, Ip26, and 1p34), strain 1p15 showed the
highest tolerance upon increased levels of LA in the
medium, i.e., up to 600 pg/ml (37). Among 31 Bifido-
bacterium strains screened, 3 strains belonging to the
species B. coryneforme, B. gallinarum, and B. saeculare
were unable to grow in the presence of LA, but the re-
maining Bifidobacterium strains grew achieving ODgy
ranging between 1.1 and 5.7 after 24 h of growth (35).
Five L. reuteri strains were able to grow in the presence
of LA up to 1.0 mg/ml, but when addition of LA was
increased to 3.0 mg/ml, growth of L. reuteri NCIMB
701359 and NCIMB 702656 was inhibited (22). Ear-
lier studies also showed that even lower LA levels (25
pg/ml) could inhibit bacterial growth (16, 21, 36).

The preliminary results for capacity of different L.
plantarum strains to convert LA to different metabo-
lites were validated by taking supernatant of cultures in
MRS medium containing LA, and the UV absorbance
for conjugated double bonds was measured at A = 233
nm (4233). The six strains of L. plantarum were found
to produce different LA metabolites. Figure 2 showed
that production of total LA metabolites gradually in-
creased with the increase of LA concentration from
1% to 10% (w/v) as indicated by the increased absorp-
tion at the wavelength of 233 nm. This indicated that
strains of L. plantarum exhibited high tolerance to LA
by converting LA to less toxic LA metabolites except
strain 3-2 that did not produce as compared to the
rest. Variable results were observed and the range of
absorbance was between 0.287 to 1.62 a.u.

Previous researcher also suggested that conver-
sion of free LA to LA metabolites might function as
a detoxification mechanism in bacteria, and a strong-
er LA tolerance indicated a higher productivity of
LA metabolites (16, 22, 27-28). Furthermore, more
LA metabolites were produced during the stationary
phase of growth of all six strains, and the production
reduced when the death phase started. Similar findings
were also reported with other microbial producers of
LA metabolites (17; 24). Significantly, it should be
highlighted that the spectrophotometric method did
not differentiate between isomers of CLA, since it was
based on measurement of the conjugated double bond
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Figure 2. Representing values of the six strains Lactobacillus
Plantarum extract isolated from MRS-LA at 233nm absorb-
ance at concentration of LA.

in the fatty acid (37). Thus these results were further
confirmed by GC-MS.

GC-MS quantification of LA metabolites produced by six
L. plantarum strains

The LA metabolites produced by six strains of L.
plantarum (1-2, 2-3, 3-2, 4-5, 12-4 and 12-5) at dif-
ferent concentrations of LA were quantitatively and
qualitatively evaluated by GC-MS (Table 1). A total of
4 LA metabolites were produced including linoelaidic
acid, 9,12-octadecadienoic acid (7, Z), 9,12-Octa-
decadienoic acid, methyl ester, and trans,trans-9,12-
octadecadienoic acid, propyl ester.

L. plantarum 1-2 produced linoelaidic acid at 1
% (w/v) of LA, while, beyond this concentration no
linoelaidic acid was produced. Besides, the same strain
produced the isomer of trans, trans-9,12-octadecadie-
noic acid, propyl ester with LA at 1 %, 5 % and 10 %
(w/v), in which the peak area (PA) for the identified
isomer increased with increasing the concentration of
added LA as shown in Table 1 and Figure 3A.

L. plantarum 2-3 showed better ability to produce
two metabolites of LA including trans, trans-9,12-
octadecadienoic acid, propyl ester, and linoelaidic acid.
The former isomer was produced with peak areas of
1135140, 3254404, and 5801121 at LA concentration
of 1%, 5 % and 10 % (w/v), respectively, indicating in-
creased production with increasing LA concentration,
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while the latter isomer was only produced at 5 % and
10 % (w/v) of added LA (Table 1 and Figure 3B).

L. plantarum 3-2 showed ability to produce trans,
trans-9,12-octadecadienoic acid, propyl ester, whose
production was enhanced with increasing concentra-
tion of added LA, where the PA at 10 % (w/v) of add-
ed LA was 3-fold higher than its PA at 1% (w/v) LA
(Table 1 and Figure 3).

L. plantarum 4-5 also produced the isomer of
trans, trans-9,12-octadecadienoic acid, propyl ester, in
which, its PA was high at low concentration (1%) of
LA added, and decreased with increasing the amount
of added LA, as well as the unique ability to produce
the mentioned isomer at higher PA as showed in Ta-
ble 1 and Figure 3D.

L. plantarum 12-4 produced three LA metabo-
lites. Of them 9,12-octadecadienoic acid, methyl ester
was only produced by this strain with present LA at 1
and 5 % (w/v) as listed in Table 1. On the other hand,
the other two metabolites were mostly produced under
different concentration of LA as shown in Table 1 and
Figure 3E.

Finally, L. plantarum 12-5 showed ability like the

other strains to produce two metabolites of LA in-
cluding trans, trans-9,12-octadecadienoic acid, propyl
ester, and linoelaidic acid. The PA of both the metabo-
lites increased with the increase in added LA concen-
tration from 1% to 10% (w/v) as listed in Table 1 and
Figure 3F.

Figure 4 shows all the metabolites produced by
the six strains of L. plantarum. Strains 1-2, 2-3 and
12-5 had the ability to produce linoledic acid and
trans,trans 9,12 octadecadienoic acid propyl ester,
while strain 4-5 could produce 9,12 octadecadiecnoic
acid and linolelaidic acid. Strain 12-4 had the ability to
produce linolelaidic acid, trans,trans 9,12 octadecadi-
enoic acid propyl ester and 9,12 octadecadienoic acid
methyl ester.

Conclusion

Among all the six L. plantarum strains, the best
one was L. plantarum 2-3 which showed maximum
growth and conversion of LA to different metabolites,
i.e. trans, trans-9,12-octadecadienoic acid, propyl es-

Table 1. The peak area (mean + S.D) for the produced LA metabolites by six different strains

LA Metabolites/Con. of added LA

1% 5% 10%

L. plantarum 1-2

trans, trans-9,12-Octadecadienoic acid, propyl ester

15.64

2067133+16.8 38773751 9.24656091+23.4

Linoelaidic acid

31.77

6069992+31.9 + +

L. plantarum 2-3

trans, trans-9, 12-Octadecadienoic acid, propyl ester 15.78 1135140+13.6  3254404+27.1  5801121+35.3
Linoelaidic acid 32.22 + 2763112+19.01  5971775+37.5
L plantarum 3-2

trans, trans-9,12-Octadecadienoic acid, propyl ester 15.64 2104096+17.8  6470555+41.4  8249803+49.3

L. plantarum 4-5
trans, trans-9,12-Octadecadienoic acid, propyl ester 15.42 1837608+15.4 1867643+17.7 740970+1 1.5
9, 12-Octadecadienoic aci d (Z,7) 32.29 905105869+44.8 941496248+47.3 +

L. plantarum 12-4
trans, trans-9,12-Octadecadienoic acid, propyl ester 15.74 + 2275489+19.7  11526558+16.8
Linoelaidic acid 31.88 759959+26.2 + 16875722+23.5
9,12-Octadecadienoic acid, methyl ester 32.21 + 833754+12.9 +

L. plantarum 12-5
trans, trans-9, 12-Octadecadienoic acid, propyl ester 15.65 1828362+20.3 7169026+29.8  9882038+37.1
Linoelaidic acid 31.72 1885530+23.7  19559154+27.5 30808579+36.6

+ not detected
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0
\Ok/\/\/\/\/\//\/\/\ Lactobacillus Plantarum

Strain 12-4

9,12-Octadecadienoic acid methyl ester
Chemical Formula: C4gH340,

(©21:2)

q Lactobacillus Plantarum 0]
Strain 1-2, 2-3,3-2, 4-5 W
! PNV NN
. 124 and 12-5 ~"o NN

trans,trans-9,12-Octadecadienoic acid propyl ester
Chemical Formula: C4H350;
(€21:2)

[0}
HOJMMM

Chemical Formula: C1gH3,02
Linoleic acid (Z,2)

0
Hok/\N\/\/\//\/\/\

9,12-Octadecadienoic acid (Z,Z) B
Chemical Formula: C1gHg0; Lact_obacwHus Plantarum
Strain 4-5

HOJ\/\/V\/\/\//\/\/\

Linoelaidic acid
Chemical Formula: CygH350,

Lactobacillus Plantarum
Strain 1-2, 2-3,12-4
and 12-6

Figure 4. Showing all the metabolites produced by the six strains of Lactobacillus Plantarum.

ter and linoelaidic acid, with 1% to 10 % (w/v) of LA
supplied. In contrast, L. plantarum 12-5 showed maxi-
mum growth and conversion at higher concentration
of LA supplied, and it showed minimal growth and
conversion at lower concentration of LA.

L. plantarum 1-2, 3-2, 4-5 and 12-4 showed ex-
cellent growth pattern at minimum concentration of
LA supplied as compared to L. plantarum 2-3 and 12-
5. These results evidenced the probiotic potential of
the L. plantarum strains and their efficiency to be used
in the production of novel functional foods. However,
further 77 vivo study is needed in order to confirm the
role of these potential probiotic strains for promoting
human health.
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