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ABSTRACT
Aims: Dietary intake of conjugated linoleic acid (CLA) by human is insufficient to exhibit properties of anti-cancer, antiinflammatory, anti-atherosclerosis, anti-obesity and enhancing immune system. Thus, enrichment of CLA in chicken by
bacteria is a suggestion to solve the problem. It would be an advantage to have bacteria capable of producing CLA and
has probiotic potential in chicken. Thus, probiotic properties of CLA-producing bacteria were accessed in this study.
Methodology and results: In this study, 47 lactic acid bacteria (LAB) isolated from gastrointestinal tract of chickens
were screened for conjugated linoleic acid (CLA) production. Lactobacillus salivarius strain P2, Enterococcus faecium
strain P1 and Lactobacillus agilis strain P3 were shown to produce 21.97, 23.35 and 31.08 µg/mL of CLA in MRS broth
containing free linoleic acid (0.5 mg/mL) and 2% (w/v) Tween 80, respectively. Lactobacillus salivarius strain P2, E.
faecium strain P1 and L. agilis strain P3 were found to be able to tolerate 0.3% oxgall (Difco, France) and pH 2.5.
Lactobacillus agilis strain P3 and L. salivarius strain P2 showed better acid tolerance compared to E. faecium strain P1.
Besides that, L. agilis strain P3 and L. salivarius strain P2 were resistant to two out of eight types of antibiotics tested,
able to produce 220.04 mM lactic acid and 200.17 mM of lactic acid, respectively. Enterococcus faecium strain P1 was
resistant to five out of eight types of antibiotic tested, produced 90.39 mM lactic acid and showed hemolytic activity.
Only L. agilis strain P3 can produce acetic acid at a concentration of 2.71 mM.
Conclusion, significance and impact of study: These results showed that the CLA-producing L. salivarius strain P2
and L. agilis strain P3 could be potential probiotic bacteria for chickens, which may eventually lead to production of
chicken with better meat quality.
Keywords: conjugated linoleic acid, probiotic, lactic acid bacteria, chicken

INTRODUCTION

leading to an improvement in the production of meat and
egg (Chaucheyras-Durand and Durand, 2010). The
beneficial effects of probiotics have prompted the
screening of potential probiotic bacteria from various
sources. The main criteria in which these strains should at
least fulfil are their tolerance toward low gastrointestinal
pH and bile, antibiotic resistant and antibacterial activity
(Holzapfel and Schillinger, 2002). To date, many probiotic
strains with these characteristics have been reported.
Apart from these basic requirements, it would be an
advantage if these strains could harbour additional
capability such as production of conjugated linoleic acid.
Conjugated linoleic acid (CLA) is a group of fatty acid
isomers of octadecadienoate (C18:2) with double
conjugated bonds in different positional and geometric
configurations. CLA has been proven in several cell
culture systems and animal models to have potential

Chickens are known to be the most consumed meat in
the world. The world chicken consumption for year 2013
was reported to be about 94 million tonnes
(http://www.thepoultrysite.com/articles/2929). This trend is
predicted to increase year by year. In order to increase
the current level of chicken production and to meet the
huge demand, it is essential that the production runs in a
healthy, steady and sustainable manner. In recent years,
consumers prefer high quality and safe-to-eat food
products. The production of chickens has slowly shifted
towards the application of natural supplement such as
probiotics to enhance the growth performance of the birds
(Dhama et al., 2011).
Probiotic functions to protect the host from pathogens
and diseases, as well as increase their feed efficiency,
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properties in anti-cancer, anti-inflammatory, antiatherosclerosis, anti-obesity and modulation of immune
system (Oh et al., 2003). Currently, CLA is recognized as
a nutritional supplement due to its functional properties.
CLA are normally found in ruminant meats and dairy
products but at lower degree in chickens and eggs (Chin
et al., 1992). Since chickens and eggs are the most
popular protein sources being consumed worldwide,
enrichment of CLA in chicken would definitely be a
feasible approach to increase dietary CLA in human.
Many studies have been carried out to produce CLA
enriched meat and eggs. CLA enriched chicken can be
accomplished by manipulation of diet which involves
supplementation of linoleic acid, linolenic acid and
synthetic CLA (Khanal and Olson, 2004) or introducing
CLA-producing bacteria into chicken in diet. Although
chemically synthesized CLA are available, chemical
synthesis of CLA may produce different isomers of CLA
which would exert different cell signaling pathway in
human that leads to different effects on cell functions
(Wahle et al., 2004). The purity of CLA isomers is crucial
for human health to exhibit biological function in human.
Researchers believe that c9, t11 CLA, which is referred to
as rumenic acid and t10, c12 CLA are the most
biologically active forms and have been reported to
exhibit beneficial effects (Kennedy et al., 2010). In this
aspect, biological production by bacteria has been
reported to produce desired isomers (Ogawa et al., 2005).
Previous
studies
showed
that
CLA-producing
Bifidobacterium breve and Lactobacillus rhamnosus could
produce high concentration of cis-9, trans-11 CLA (c9, t11
CLA) (Wall et al., 2009) and trans-10, cis-12 CLA (t10,
c12 CLA) (Lee et al., 2006; Lee et al., 2007) in animal
tissues, respectively.
By far, to the best of our knowledge, bacteria sourced
from animals that have been reported to produce CLA are
such as Lactobacillus (Pariza and Yang, 1999; Puniya et
al., 2008; Romero-Pérez et al., 2013), Propionibacterium
acnes (Wallace et al., 2007), Bifidobacterium
pseudolongum (Gorissen et al., 2010) and Clostridium
proteoclasticum (Wallace et al., 2007), Megasphaera
elsdenii (Kim et al., 2002), Butyrivibrio fibrisolvens (Polan
et al.,1964; Kepler et al., 1966; Asanuma et al., 2001;
Fukuda et al., 2005), Pseudobutyrivibrio (Cepeljnik et al.,
2003; Koppová et al., 2006) and Eubacterium lentum
(Eyssen
and
Verhulst,
1984).
Bifidobacterium
pseudolongum subsp. Pseudolongum LMG 11595 was
the only CLA-producing bacteria isolated from chicken
faeces (Gorissen et al., 2010). Only three studies on CLAproducing lactic acid bacteria from animals were reported
and the bacteria were isolated from cow milk (RomeroPérez et al., 2013), rumen of cattle (Puniya et al., 2008)
and intestinal tract of rat (Pariza and Yang, 1999). As it is
believed that probiotic strains which were isolated from
the intended host would have higher survival rate during
application, the present study was initiated to screen for
potential CLA-producing probiotic strains from chickens.
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MATERIALS AND METHODS
Source of bacteria
A total of 47 lactic acid bacteria isolated from
gastrointestinal tract of chickens were obtained from
Laboratory of Vaccines and Immunotherapeutics, Institute
of Bioscience, Universiti Putra Malaysia. All the cultures
were subcultured three times (1%, v/v, inoculum) in MRS
broth (Merck, Germany) prior to use. The cultures were
incubated at 37 °C for 1 day in an anaerobic jar with gas
packs (Anaerocult A, Merck, Germany) to create an
anaerobic condition.
Screening of CLA-producing-bacteria
Screening of CLA-producing LAB was carried out as
described by Barret et al. (2007). One percent (v/v) of the
bacteria was incubated anaerobically in MRS broth
containing free linoleic acid (0.5 mg/mL) and 2% (w/v)
Tween 80 at 37 °C for 48 h to determine the ability of
strains to convert linoleic acid to CLA. Following
incubation, extraction of lipid from culture media was
performed as described by Rodríguez-Alcalá et al. (2011).
The upper hexane layers were used for the screening of
CLA production by UV spectrophotometer and for CLA
isomers determination by gas chromatography (GC). CLA
amount in the hexane layer were measured
spectrophotometrically at the wavelength of 233 nm. The
concentration of CLA was determined from a standard
curve that showed the relationship between concentration
of CLA (cis-9, trans-11 CLA) and absorbance value
(Rodríguez-Alcalá et al., 2011).
Analysis of CLA by GC
Gas chromatography analysis of CLA was carried out to
determine concentration and isomers of CLA produced by
CLA-producing bacteria. Before GC analysis, methyl
esters of CLA were prepared by the modified method of
Zakaria et al. (2007). After the lipid was extracted from
samples (Rodríguez-Alcalá et al., 2011), 100 µL of 4
mg/mL heneicosanoic acid (C21:0) (Sigma, UK) was
added to the hexane layer as internal standard (IS) and
the hexane layer was dried at 40 °C under a nitrogen
flow. Two milliliters of 0.66 N KOH in methanol was added
to the teflon-capped tube and incubated at 70 °C for 10
min and the tube was shaken occasionally. Then, 2 mL
15% boron trifluoride was added to the test tube and
incubated at 70 °C for 20 min. Four millilitres of distilled
deionized water and 4 mL of petroleum ether were added,
mixed for 1 min, and centrifuged for 3000 x g for 10 min
for phase separation. The top petroleum ether layer
containing methylated fatty acids was transferred to a
new test tube containing about 0.5 g anhydrous sodium
sulphate and kept in GC vial for gas chromatographic
analysis.Methyl esters of CLA were analyzed using a GC
(6890; Wilmington, DE, USA) equipped with a flameionization detector (7673 FID), autosampler (7683),
automatic injector (7683), split injection port and a flexible
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silica capillary column (SP2560; 100 m × 0.25 mm, i.d.;
Supelco,
Inc.,
Bellefonte,
PA)
coated
with
poly(biscyanopropyl siloxane). Helium was used as the
carrier gas (2.1 mL/min). Operating conditions of GC were
set according to Macouzet et al. (2009) except helium
was used instead of hydrogen as carrier gas. Peaks were
identified according to pure methyl ester CLA standard
(O5632, Sigma, UK).
16S rRNA gene identification of CLA-producing
bacteria

Acid tolerance test of bacteria
The acid tolerance test was carried out according to the
method described by Gaudana et al. (2010). The number
of viable bacteria was determined at 0 h and 2 h after
incubation of cultures in acidic buffer with pH 2.0, pH 2.5
and pH 3.0. The survival rate at each pH was calculated
as the percentage of number of LAB colonies grown on
MRS agar after 2 h incubation in comparison to initial
bacterial number.
Bile tolerance test of bacteria

Conjugated linoleic acid-producing bacteria were
incubated in MRS broth at 37 °C for 24 h, and centrifuged
at 8500 x g for 20 min. Approximately 0.2 g of the
bacterial pellet was placed in a 1.5 mL microcentrifuge
®
tube. A DNeasy Blood and Tissue Kit (Qiagen Gmbh,
Hilden, Germany) was used to extract bacterial genomic
DNA following the manufacturer’s instructions. The
extracted DNA was electrophoresed in 0.8% agarose gel
and visualised using Alpha Imager 1200 documentation
and analysis system (Alpha Innotech, USA).
Polymerase chain reaction (PCR) amplification of 16S
rRNA gene was performed using a Bio-Rad MyCycler
thermal cycler (Bio-Rad, Hercules, CA, USA). Each of the
reaction mixtures (20 μL) contained 200 μM dNTPs
(Finnzymes, Finland), 0.2 μM (each) forward primer 27F
(5’-AGA GTT TGA TCM TGG CTC AG-3’ ) and reverse
primer 1492R (5’-TAC GGY TAC CTT GTT ACG ACT T3’), 1 U of DyNAzyme II DNA polymerase (Finnzymes,
Finland), 1 × PCR buffer (10 mM Tris-HCl, pH 8.8; 1.5
mM MgCl2; 50 mM KCl; 0.1% Triton X-100), 1 μL of about
200 ng template DNA, and the volume was adjusted with
deionized water. Initial denaturation was carried out at 94
°C for 4 min, followed by 30 cycles of 95 °C for 1 min, 55
°C for 30 sec, 72 °C for 2 min and final extension at 72 °C
for 5 min. Reaction mixtures were subsequently cooled to
4 °C. The PCR products were analyzed by agarose gel
electrophoresis with 1% agarose with ethidium bromide
staining. Purified PCR products were then cloned using
TOPO TA Cloning Kit (Invitrogen Ltd, Carlsbad, CA USA)
for sequencing.
The sequenced data were analysed and aligned using
alignment editor, BioEdit (Hall, 1999). The sequences
were compared with the sequences available in the
GenBank (National Center of Biotechnology Information,
NIH, Bethesda, Maryland) using the Basic Local
Alignment Search Tool (BLAST). All sequences were
aligned using CLUSTAR W. The results are presented in
a similarity matrix. The 16S rRNA gene sequence
similarity values were calculated by pairwise comparison
of the sequences within the alignment. Identification was
based on the highest percentage of similarity above 97%.
Characterization of CLA-producing bacteria
Characterization of CLA-producing bacteria were assayed
in at least triplicate with the following tests.
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The method for the determination of bile tolerance was as
described by Oh et al. (2000). The number of viable
bacteria was determined at 0 h, 2 h and 24 h after
incubation of cultures in MRS broth containing 0.3%
oxgall (Difco, France). The survival rate was calculated as
the percentage of number of LAB colonies grown on MRS
agar after 2 h and 24 h incubation time compared to the
number of LAB colonies at 0 h.
Antibiotic susceptibility test
Antibiotic susceptibility testing was carried out by disk
diffusion test (CLSI, 2012). Inoculum suspensions of CLAproducing LAB were swabbed onto Mueller-Hinton agar
(Oxoid, USA) supplemented with 10% (v/v) MRS
dehydrated broth and adjusted to pH 6.7 (RodríguezAlonso et al., 2009). Antibiotic discs (Oxoid, USA) from
antibiotic group I (30 µg vancomycin, 10 µg ampicillin and
10 units penicillin G), antibiotic group II (30 µg
tetracycline, 10 µg gentamicin and 10 µg streptomycin)
and antibiotic group III (30 µg chloramphenicol and 15 µg
erythromycin) were placed on Mueller-Hinton agar
(Oxoid) supplemented with 10% (v/v) MRS dehydrated
broth by disc dispenser (Oxoid, USA). The plates were
then incubated anaerobically at 37 °C for 48 h. Antibiotic
group I are inhibitors of cell-wall synthesis whereas
antibiotic group II are inhibitors of bacterial synthesis on
the 30S ribosomal subunit. Antibiotic group III are
inhibitors of the bacterial synthesis on the 50S ribosomal
subunit. Upon 48 h incubation at 37 °C, a measurement
of the diameter of the zone of inhibition in millimeters was
made, and its size was compared to Performance
Standards for Antimicrobial Disk Susceptibility Tests,
Approved Standard-Eleventh Edition (M02-A11) and
Twenty-Second Informational Supplement (M100-S22)
(CLSI, 2012).
Antibacterial activity test
An overlay method was used to determine the ability of
cultures to inhibit the growth of pathogens. The indicator
bacteria used in the study were Klebsiella pneumonia
K36, Serratia marcescens S913, Salmonella Enteriditis
IMR S1003/07, Salmonella typhimurium S1000,
Enterobacter aerogenes ATCC 13048, Escherichia coli
0157:H7, Proteus mirabilis P184, P. vulgaris P147,
methicillin-resistant Staphylococcus aureus (MRSA) IMR
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S1228/07B, S. aureus S244, S. aureus IMR S1351, S.
epidermidis S168, E. feacalis E227 and Listeria
monocytogenes L55. After incubation, the plates were
examined for presence of > 2 mm clear zones of inhibition
around the cultures streaks.

performed in triplicate and the values were expressed as
the mean ± standard deviation.
RESULTS
Screening
bacteria

Lactic acid and acetic acid production

and

identification

of

CLA-producing

A total of 3 out of 47 isolates showed the ability to
produce CLA. Based on the GC analysis, three isolates,
CCB1, CCL6 and P1 were able to produce 21.97, 31.08
and 23.35 µg/mL of CLA in the reaction mixture,
respectively. The c9, t11 CLA isomer was the major
isomer generated by isolate CCB1, CCL6 and P1 with
60.65%, 66.90% and 49.77%, respectively. While the t10,
c12 CLA isomer accounted for 39.35%, 33.10% and
50.23% for isolate CCB1, CCL6 and P1, respectively.
Based on 16S rRNA gene sequences, isolate CCB1,
CCL6 and P1 were identified as Lactobacillus salivarius,
L. agilis and Enterococcus faecium, respectively. The 16S
rRNA gene sequences of isolate CCB1, CCL6 and P1
were deposited in NCBI gene bank with accession
number
JQ837457,
JQ837458
and
JQ837456,
respectively and renamed as L. salivarius strain P2, L.
agilis strain P3 and E. faecium strain P1, respectively.

Production of lactic acid and acetic acid by cultures was
analyzed by GC. One percent inoculum from an overnight
MRS culture was inoculated into MRS broth (pH 6.2) and
incubated anaerobically at 37 °C for 24 h. Concentration
of lactic acid and acetic acid in the cell free-supernatants
were quantified using Agilent 6890 Series Gas
Chromatograph fitted with a FID. The pH values of the
supernatants were also measured. Conditions of GC used
in this study were as described by Jin et al. (1996) except
that DB-FFAP column (30 m × 0.25 µm × 0.25 µm; Agilent
Technologies) was used to analyze CLA isomers and
concentration produced by CLA-producing bacteria. All
tests were performed in triplicate.
Hemolytic activity of bacteria
Hemolysis was evaluated with blood agar plates prepared
from blood agar base (Merck, Germany) and 5% (v/v)
sterile defibrinated horse blood. The cultures were
streaked on the blood agar plates. Staphylococcus
aureus S244 was used as positive control. The plates
were incubated anaerobically at 37 °C for 48 h.

Acid tolerance of bacteria
The acid tolerance of the bacteria at pH 2.0, 2.5 and 3.0
after 2 h is as shown in Table 1. Generally, all selected
isolates could not survive at pH 2.0 for 2 h. At pH 2.5,
22.98% and 53.82% of L. salivarius strain P2 and L. agilis
strain P3 were found to survive under this experiment
condition. The two isolates also showed high survival rate
(83.08-87.95%) at pH 3.0. Only 0.01% and 0.25% of E.
faecium strain P1 was found to survive for 2 h at pH 2.5
and 3.0, respectively.

Statistical analysis

One way analysis of variance (ANOVA) was performed
using SAS 9.3 to analyze the results obtained from acid
tolerance test, bile tolerance test, lactic acid and acetic
acid production. Tukey test at the 5% significance level
was applied to experimental data to assess statistically
significant differences among results. All tests were
Table 1: Bacteria population and survival rate of bacteria strains under acidic conditions.
Acid tolerance
Strain

E. faecium
strain P1
L. salivarius
strain P2
L. agilis strain
P3

pH 3.0
Bacteria
population
(log10 CFU/mL)
Mean ± SD

pH 2.5
Survival
rate (%)

Bacteria population
(log10 CFU/mL)
Mean ± SD

b

4.02 ± 0.07

0.25

6.73 ± 0.13

83.08

6.69 ± 0.02

87.95

Survival
rate (%)
c

2.88 ± 0.27

0.01

a

6.11 ± 0.1

22.98

a

6.69 ± 0.06

53.82

pH 2.0
Bacteria
population
(log10 CFU/mL)
Mean ± SD

Survival
rate (%)

ND

ND

b

ND

ND

a

1.85 ± 0.39

1.29 x 10

-3a

ND, non-detectable. n = 9
a,b,c
Mean with different superscripts within a column are significantly different (P<0.05)
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Bile tolerance of bacteria

agilis strain P3 showed weaker tolerance in which only
45.12-46.38% and 0.52-7.59% of cells survived after 2 h
and 24 h incubation, respectively. E. faecium strain P1
exhibited better tolerance with 92.13% and 186.61%
survival rate at 2 h and 24 h, respectively.

The isolates showed different ability to tolerate bile (Table
2). Among the three isolates, L. salivarius strain P2 and L.

Table 2: Bacteria population and survival rate of bacteria strains in the presence of 0.3% oxgall.

0h
Bacteria population
(log10
CFU /mL)
Mean ± SD

Strain

E. faecium
strain P1
L. salivarius
strain P2
L. agilis
strain P3

Survival
rate (%)

Bile tolerance 0.3% (w/v)
2h
Bacteria
population (log10 Survival
CFU /mL)
rate (%)
Mean ± SD

24 h
Bacteria
population (log10
CFU /mL)
Mean ± SD

Survival
rate (%)

6.93 ± 0.03

100.00

6.89 ± 0.04

92.13

a

7.20 ± 0.02

186.61

7.00 ± 0.03

100.00

6.64 ± 0.10

45.12

b

5.88 ± 0.25

7.59

b

7.00 ± 0.12

100.00

6.67 ± 0.08

46.38

b

4.71 ± 0.11

0.52

c

a

ND, non-detectable. n = 9.
a,b,c
Mean with different superscripts within a column are significantly different (P<0.05).

Antibiotic susceptibility test of bacteria
The antibacterial action of the isolates was found not to
be contributed by bacteriocin as this compound was not
detected in the isolates. However, the isolates, especially
L. salivarius strain P2 and L. agilis strain P3 produced
high amount of lactic acid (200.17 mM and 220.04 mM,
respectively). Enterococcus faecium strain P1 produced
only 90.39 mM of lactic acid. Low concentration of acetic
acid, 2.71 mM was detected in L. agilis strain P3 (Table
4).

The results obtained for antibiotic susceptibility test of
bacteria are presented in Table 3. Of the 8 antibiotics
tested, E. faecium strain P1 was resistant to all except
vancomycin and chloramphenicol (susceptible) and
erythromycin (intermediate reaction). Lactobacillus
salivarius strain P2 showed resistance to vancomycin and
streptomycin, intermediate reaction to erythromycin and
susceptible to the others. Lactobacillus agilis strain P3
was susceptible to all the tested antibiotics except
vancomycin and streptomycin (resistant).

Hemolytic activity of bacteria

Antibacterial activity of bacteria

Lactobacillus salivarius strain P2 and L. agilis strain P3
were tested negative for hemolytic test but E. faecium
strain P1 displayed -hemolysis on horse blood agar
under anaerobic condition after 48 h incubation at 37 °C.

The isolates showed a broad antibacterial action in which
all the isolates produced inhibition zones of >2 mm
against all the tested indicator bacteria (Data not shown).
Table 3: Antibiotic susceptibility of cultures.
Antibiotic

E. faecium strain P1

Strain
L. salivarius strain P2

L. agilis strain P3

S
R
R

R
S
S

R
S
S

R
R
R

S
S
R

S
S
R

S
I

S
I

S
S

Antibiotic group I
Vancomycin
Ampicillin
Penicillin G
Antibiotic group II
Tetracycline
Gentamicin
Streptomycin
Antibiotic group III
Chloramphenicol
Erythromycin
R, Resistant; I, Intermediate; S, Susceptible
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Table 4: Concentration of lactic acid and acetic acid (mM; mean ± SD) and pH of the supernatants obtained from MRS
with cultures.
Strain
E. faecium strain P1
L. salivarius strain P2
L. agilis strain P3

pH
4.52
3.84
3.82

Lactic acid (mM)

Acetic acid (mM)

c

90.39 ± 4.24
b
200.17 ± 12.25
a
220.04 ± 4.98

ND
ND
a
2.71 ±0.53

ND, non-detectable. The initial pH values of MRS broth were 5.67. n=9.
a,b,c
Mean with different superscripts within a column are significantly different (P<0.05).

DISCUSSION
In the present study, three isolates of LAB (L. salivarius
strain P2, L. agilis strain P3 and E. faecium strain P1)
were found to produce CLA under the experimental
condition. Lactobacillus salivarius strain P2, L. agilis strain
P3 and E. faecium strain P1 produced 21.97, 31.08 and
23.35 µg/mL of CLA in the reaction mixture, respectively.
Puniya et al. (2008) showed that 4 out of 15 isolates
which were isolated from rumen of cattle can produce
CLA at concentration of 1.83-10.53 mg/g fat in skim milk
after 12 h incubation with 2.5 mg/mL of sunflower oil.
Bifidobacterium pseudolongum subsp. pseudolongum
LMG 11595 isolated from chicken feces were shown to
produce CLA at 211 µg/mL after 72 h incubation in
cysteine-MRS broth containing 0.5 mg/mL LA which
(Gorissen et al., 2010). The studies of the ability of
bacteria isolated from food, human and other sources to
produce CLA were also reported. Previous study showed
that six out of twenty two potential probiotic bacteria
isolated from commercial fermented milks and other
culture collections produced 3.89 to 7.12 µg/mL of CLA
after 24 h incubation in M17 or MRS broth supplemented
with 1 mg/mL of LA (Rodríguez-Alcalá et al., 2011).
Barrett et al. (2007) showed that 88 out of 870 isolates
isolated from infants and adults had the ability to produce
13 to 380 µg/mL of CLA after 48 h incubation in MRS
broth supplemented with 0.5 mg/mL of LA. The
production of CLA by the isolates in the present study
was ranged between 21.97 to 31.08 µg/mL of reaction
mixture, was higher or within the range of the previous
reports. However, Kishino et al. (2002) reported that 18
out of 250 strains from culture collections could produce
70-341 µg/mL of CLA in potassium phosphate buffer with
4 mg/mL LA within 24-72 h. The production of CLA can
be affected by intrinsic characteristics of the bacteria such
as linoleate isomerase enzyme activity. Different reaction
conditions such as type of substrate, concentration of
substrate and incubation time could also affect the
production of CLA (Pariza and Yang, 1999). As reported
by Kishino et al. (2002), the production of CLA could be
further enhanced by different physical factors such as the
presence of oxygen, pH and temperature. In addition to
the concentration of CLA, the type of isomers produced is
also important. The main CLA isomers, c9, t11 CLA and
t10, c12 CLA are important in exhibiting beneficial
functions to the host (Ogawa et al., 2005). In this study,
the isolates produced CLA from LA and they were
converted mainly into c9, t11 CLA and lesser amounts of
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t10, c12 CLA. The CLA profile was similar to many
studies whereby these two main isomers were produced
by LAB (Xu et al., 2004; Ogawa et al., 2005; Lee et al.,
2006; Gorissen et al., 2011; Rodríguez-Alcalá et al.,
2011).
Isomer of CLA, c9, t11 was responsible for anticarcinogenesis (Wang et al., 2006) while t10, c12 CLA
was main isomer responsible for obesity treatment (Park
et al., 1999). Both isomers have properties of antiatherosclerotic (Mitchell et al., 2005) and immune system
modulation (Albers et al., 2003). As LAB are commonly
used as probiotics, the basic probiotic characteristics of
these isolates were determined. The first important
criteria is the ability of the strains to tolerate acidic
condition. In the gastrointestinal (GIT), the bacteria are
required to withstand acidic conditions. For instance, it
takes about 2.5 h for food to pass through the alimentary
tract of chicken (Duke, 1977). Among the three isolates,
L. salivarius strain P2 and L. agilis strain P3 showed
better tolerance to low pH in comparison to E. faecium
strain P1. About 22.98-53.82% of L. salivarius strain P2
and L. agilis strain P3 survived at pH 2.5 for 2 h and
83.08-87.95% of L. salivarius strain P2 and L. agilis strain
P3 survived at pH 3.0 for 2 h. Only 0.25% of E. faecium
strain P1 survived at pH 3.0 for 2 h. The pH tolerance of
L. salivarius strain P2 and L. agilis strain P3 were found to
be a superior characteristic. Gaudana et al., (2010)
reported that the survival percentage of Lactobacillus in
acidic buffer pH 2.5 was ranged only from 0.80% to
6.90%. Other reports showed that survival rate of
Lactobacillus in pH 2.5 were not more than 0.2% (Kim et
al., 2007; Perelmuter, 2008).
Apart from pH tolerance, it is also essential that the
bacteria to be tolerant towards bile. Gotcheva et al.,
(2002) demonstrated that 0.3% bile is considered to be a
critical bile concentration for screening. In the duodenum,
bile salts could destruct cell membranes which consist of
lipids and fatty acids (Jin et al., 1998). About 45% of L.
salivarius strain P2 and L. agilis strain P3 could tolerate
0.3% bile for 2 h. However, further exposure to bile affect
both isolates negatively as only 0.52-7.59% was found to
survive after 24 h incubation. Unlike L. salivarius strain P2
and L. agilis strain P3, E. faecium strain P1 not only
survived but propagated in the presence of bile in MRS
broth. After 24 h, the survival rate was found to be
186.61%. This could be E. faecium strain P1 can
assimilate oxgall and used for propagation.
In many cases, microorganisms which were fed to the
animals would eventually be excreted to the environment.
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Transfer of undesired genes such as antibiotic resistance
genes within the microbial population in the environment
may occur (Saylers et al., 2004). Therefore, the isolates
were tested against 8 commonly used antibiotics in
humans and animals. Results showed that L. salivarius
strain P2 and L. agilis strain P3 were resistant to two
types of antibiotics tested but E. faecium strain P1
showed resistance to 5 types of antibiotics. In most
cases, antibiotic resistance genes, with the exception of
vancomycin, are harboured in extrachromosomal
materials (DeLisle et al., 2003). Instability of plasmids
may lead to horizontal transfer of the gene. In the case of
probiotics application, this is an undesirable trait and the
risk should be reduced.
Probiotics have often been reported to be able to
provide protection to the host against infections. In the
present study, L. agilis strain P3, L. salivarius strain P2
and E. faecium strain P1 showed antibacterial activity
against to Klebsiella pneumonia K36, Serratia
marcescens S913, Salmonella Enteriditis IMR S1003/07,
Salmonella typhimurium S1000, Enterobacter aerogenes
ATCC 13048, Escherichia coli 0157:H7, Proteus mirabilis
P184, P. vulgaris P147, MRSA IMR S1228/07B,
Staphylococcus aureus S244, S. aureus IMR S1351, S.
epidermidis S168, E. feacalis E227 and Listeria
monocytogenes L55. Application of probiotics with
antibacterial action could limit growth of pathogen and
therefore reduce the risk of food contamination
(Chaucheyras-Durand and Durand, 2010).
In general, the antibacterial action of LAB is normally
due to the production of bacteriocin or organic acids.
However, all the three isolates did not show bacteriocin
production (data not shown). Nevertheless, the isolates
were observed to produce lactic acid (L. salivarius strain
P2, 200.17 mM; L. agilis strain P3, 220.04 mM; E.
faecium strain P1, 90.39 mM of lactic acid). Lactic acid
has been reported to have the ability to lower the internal
pH of the cell which would lead to the collapse of
electrochemical proton gradient in certain pathogen (Pan
et al., 2009). Martín et al. (2006) reported that the LAB in
their study produced 71.27 to 131.66 mM lactic acid in
MRS broth. Not all lactic acid bacteria can produce acetic
acid during fermentation. Low amount of acetic acid, 2.71
mM was detected in L. agilis strain P3. Martín et al.
(2006) reported that L. salivarius CECT 5713 produced
11.32 mM acetic acid and L. rhamnosus GG with 9 mM
acetic acid while Lactobacillus johnsonii LA1 and L. casei
imunitass did not produce any acetic acid. The production
of lactic acid or acetic acid in GIT of monogastric can help
to create an environment which discourage the growth of
pathogen and promote the growth of resident microbiota
(Chaucheyras-Durand and Duran, 2010).
At the same time, for the purpose of application, the
probiotics should also not cause any negative effects on
the host. In the present study, E. faecium strain P1
showed -hemolysis and this indicated that it might be a
pathogenic bacterium. The hemolytic activity is strain
dependant. Hemolytic activity was not observed in E.
faecium RM11 (Thirabunyanon et al., 2009). But Ryan
and Ray (2004) reported that E. faecium are either alpha-
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hemolytic or with no haemolytic activity. Beta-hemolytic E.
faecium are rarely found (Vancanneyt et al., 2002).
Hemolysis activity is undesirable because it would cause
bacteremia and endocarditis to host (Malani et al., 2002).
In conclusion, based on the results of the present study,
L. salivarius strain P2 and L. agilis strain P3 were found to
be suitable candidates for further evaluation. The ability of
the strains to produce CLA, survived in low pH and bile,
possess antibacterial activity and did not cause hemolysis
made them potential probiotic candidates. However, the
CLA production efficiency of the isolates should be
optimised and in vivo study should be conducted to
determine its efficiency.
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