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Abstract

Conjugated linoleic acids (CLAs), an isomerization product of linoleic acid (LA), have been 
found to provide beneficial physiological effects for health. Lactobacillus plantarum GSI 303, 
a strain, selected for its potential in CLAs synthesis, was studied to understand the conditions 
that may enhance CLA production. The maximum concentration of CLA was 6.0 mg/g fat 
obtained from the optimum conditions for culturing in de Mann Rogosa Sharp (MRS) broth 
and skim milk media contain 2 mg/mL LA, initial pH 6.5, and incubation at 37oC for 24 h. By 
performing either in aerobic or anaerobic conditions, CLA production was not significantly 
different and prolonging incubation time from 24 to 48 h did not enhance CLA formation 
(p>0.05). Incubation at 37oC, CLA content was higher than at 43oC and 15oC. In addition, L. 
plantarum GSI 303 produced CLA in skim milk media higher than did L. reuteri ATCC 55739 
which was used as a positive bacterial control for CLA production. 

Introduction

Conjugated linoleic acids (CLAs, isomerization 
product of linoleics acid (LA; c9,c12-C18:2), have 
been shown to provide some beneficial physiological 
effects such as antioxidative, cancer inhibition, 
cholesterol lowering agents and growth promoting 
factors (Bhattacharya et al., 2006; Benjamin and 
Spener, 2009). The main biologically active isomers 
are c9,t11-CLA and t10,c12-CLA (Pariza, 2004; 
Collomb et al., 2006), with c9,t11-CLA being the 
predominant isomer in the diet (≈90% of dietary 
CLA is c9,t11-CLA and <10% is t10,c12-CLA) 
(Chin et al., 1992). Normally, CLAs are found in 
ruminant foodstuff such as dairy and meat products; 
however, the concentrations of CLA isomers are 
present at relatively low levels (4–6 mg/g fat). 
Consequently, large quantities of these foods are 
must  be consumed in order to obtain any beneficial 
effects (Hwang et al., 2012). Typical dietary intake 
of CLA in humans has been determined for several 
different countries which range from 400-800 mg/d 
(Wahle et al, 2004). For beneficial effects on body 
weight or atherosclerosis in humans, daily doses of 3 
to 4 g CLA are thought to be effective (Tricon et al., 

2005; Bhattacharya et al., 2006). Many researchers 
are looking for incorporation of bacterial strains 
to be able to produce CLA in processed foods in 
order to increase CLA for the human consumption. 
Moreover, there are some information demonstrating 
several strains of lactic acid bacteria (LAB) isolated 
from human and animal intestines are able to convert 
LA to CLA (Lin et al., 2005; Puniya et al., 2008; 
Zeng et al., 2009; Maldonado et al., 2011; Li et al., 
2013). For example, L. plantarum has been identified 
as a CLA producer with hydroxy fatty acids (HFA) 
as intermediates (Kishino et al., 2002; Ogawa et 
al., 2005). The mechanism of CLA production 
has been proposed to be the hydration of LA to 
10-hydroxy-18:1 with subsequent dehydration of this 
HFA to CLA via a multicomponent enzyme system 
(Kishino et al., 2011a, 2011b). The LAB strains 
capable of producing CLA from LA were the most 
inhibited strain by LA whereas a CLA mixture had no 
inhibitory effect on growth. Many strains were found 
to produce CLA in the media after cultures reached 
stationary phase. Together, this suggests that fatty 
acid isomerization has a detoxifying effect for LAB 
(Gorissen et al., 2011).

Using LAB as starter cultures, adjunct cultures 
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or health-promoting ingredients in food has recently 
drawn much interest. This research evaluated, the 
potential of L. plantarum GSI 303 to serve as a CLA 
producing bacteria in foods such as fermented milk 
products. This strain was isolated from the small 
intestine of a goat and found to exhibit good probiotic 
properties. Therefore, CLA-enriched dairy products 
may not only increase the amount of CLA consumed 
but may also help in modifying the gut flora.

Concerning LAB species, several strains have 
been described that are able to produce CLA via 
isomerase activity. For instance,  Lactococcus 
lactis subsp. lactis, L. acidophilus, L. plantarum, 
L. reuteri, L. delbrueckii subsp. bulgaricus, L. 
paracasei, L. pentosus, L. brevis  and  L. rhamnosus 
(Jiang et al., 1998; Kishino et al., 2002; Ogawa et 
al., 2005; Gholami and Khosravi-Darani, 2014; 
Yang et al., 2014; Gorissen et al., 2015). There are 
differences among different strains and in the effects 
of cultured conditions affecting CLA production, 
including culture media, initial LA concentration, 
atmospheric conditions, initial pH, incubation time 
and temperature (Van Nieuwenhove et al., 2007; 
Zeng et al., 2009; Gorissen et al., 2011; Yang et 
al., 2014). Consequently, in order to apply CLA-
producing bacteria effectively in commercial 
food products, the incubation conditions must be 
optimized. LAB production of CLA using oxidation 
and biohydrogenation is also a posibility. CLA 
density increases through rapid formation of the 
free radicals of LA followed by isomerization of the 
double bond and formation of conjugated double 
bonds. While the CLA content in the rumen fluid of 
ruminants is also affected by certain variables. CLA 
content of a dairy product is affected by the origin 
of milk, seasonal variation and time of ripening. 
General comparison of the results revealed that an 
increase of CLA through biotechnological methods 
is quite competitive and replaceable by the livestock 
production of CLA (Gholami and Khosravi-Darani, 
2014). The production of CLA by LAB during 
cultivation may be affected by different factors, 
such as the concentration of added LA and the pH 
and temperature of the incubations, as well as by 
the cultivation medium (Gorissen et al., 2015). 
Therefore, the purpose of this study was to optimize 
the production of CLA (c9,t11-CLA and t10,c12-
CLA) by varying various incubation conditions 
of a L. plantarum GSI 303 and to evaluate the 
possibility of using this strain as an adjunct culture 
for production of fermented milk. This could offer 
novel opportunities for developing health-promoting 
functional dairy products with multiple benefits of 
CLA and probiotic activity.

Materials and Methods

Microbial strains and incubation conditions 
For preparation of inoculums, L. plantarum GSI 

303, selected from previous study, and L. reuteri 
ATCC 55739 from stock culture were transferred to 10 
mL of MRS broth pH 6.5 (Difco, Becton, Dickenson 
and company, USA), anaerobically incubated in an 
anaerobic chamber (Coy Laboratory Products Inc., 
Michigan, USA) at 37°C for 18 h under 85% N2, 
10% H2, and 5% CO2 without shaking. Next, 5% of 
the cultured cell were transferred to 100 mL of MRS 
broth in flask and incubated for 18 h as the starter 
culture for further study. Cell growth was monitored 
by measuring an increase in optical density at 600 nm 
after washing the cells twice in a saline solution (0.9% 
NaCl) using a Beckman DU 640 spectrophotometer 
(Beckman Instrument, Inc., Fullerton, Calif., USA.). 
Total viable cell count (TVC) was determined by 
plating out serial dilutions of suspension on MRS 
agar to measure the cell growth and calculated as log 
CFU/m. The pH of the cultured broth was measured 
by pH meter (Mettler-Toledo, LLC, OH, USA).

Effect of free LA concentration
 L. plantarum GSI 303 was grown under the 

following conditions: 5% of 24-h-grown inoculum 
was prepared using 1% (w/v) Tween-80 and 0.5, 1.0, 
2.0, 3.0 or 4.0 mg/ml LA in 100 ml MRS broth pH 6.5, 
anaerobic incubation at 37ºC and sampled for CLA 
content after 24 h fermentation. The media without 
LA addition was used as the control treatment. For 
initial cell culture, an optical density at 600 nm of 
0.05 corresponding to a cell density of 4-5 log CFU/
ml.

Effect of atmospheric incubation condition 
L. plantarum GSI 303 was grown under the 

following conditions: 5% of a 24-h-grown inoculum 
was prepared using 1% (w/v) Tween-80 and 2 mg/ml 
of LA in MRS broth, and aerobic or anaerobic static 
incubation at 37oC. CLA content was determined after 
24 h of incubation. The above conditions without LA 
addition were used as the control treatment.

Effect of initial pH of culture broth 
 L. plantarum GSI 303 was grown under the 

following conditions: 5% of 24-h-grown inoculum 
was prepared in 1% (w/v) Tween-80; grown medium 
of 2.0 mg/ml LA in MRS broth different initial pH 
values (4.0, 4.5, 5.0, 5.5, 6.0, 6.5 and 7.0); anaerobic 
incubation at 37oC. CLA content was determined after 
24 h of incubation. The above conditions without LA 
addition were used as the control treatment.
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Use of L. plantarum GSI 303 for CLA production
Potential use of L. plantarum GSI 303 as a milk 

culture was studied in two conditions, i.e., time 
and temperature of fermentation as following: For 
the study of fermentation time, a 5% 24-h-grown 
inoculum of L. plantarum GSI 303 was prepared in 
1% (w/v) Tween-80 and 2.0 mg/ml of LA in MRS 
broth and 12% (w/v) skim milk media containing 
0.25% (w/v) of yeast extract (Difco), adjusted pH 
at 6.5, incubated at 37oC and sampled for TVC and 
CLA content after incubation for every 6 h for up to 
48 h. The above conditions without LA addition were 
used as the control treatment.

For the study of fermentation temperature, a 
5% 24-h-grown inoculum of L. plantarum GSI 303 
or L. reuteri ATCC 55739 were prepared under the 
same media conditions as above. The medium was 
incubated at 15, 37 and 43oC and CLA content 
determined after 24 h. The media without LA addition 
were used as the control treatments.

Analysis of microbial CLA production
A stock solution of LA was prepared by mixing 

30 mg/ml in 1% (v⁄v) Tween 80 (polyoxyethylene 
sorbitan monooleate) (Merck, Darmstadt, Germany) 
to improve its solubility. The bacterial strain was 
cultured in MRS broth and/or skim milk media 
supplemented with 0.5 mg/ml of free LA (97% purity; 
VWR) in 1% (v⁄v) Tween 80 (Merck, Germany), and 
incubated at 37°C for 24 hr. The fat was extracted 
from the fermentation broth by adding 2 ml 
isopropanol (99% purity; Alkem Chemicals, Cork, 
Ireland),followed by Vortex mixing for 30 s. Hexane 
(1.5 ml; 99% purity; Lab Scan, Dublin, Ireland) was 
added, mixed and another 3 ml of hexane was added, 
mixed and centrifuged at 2500 x g for 5 min. The 
hexane layer containing the lipid was collected in a 
glass tube and the hexane was evaporated under a 
gentle stream of nitrogen gas (Coakley et al., 2003).

To a lipid sample in a screw-capped glass test 
tube, 4.0 ml of anhydrous methanolic HCl was 
added, and the mixture was heated at 80°C for 
1 h in a boiling water bath. After cooling, 2 ml of 
water was added, and then fatty acid methyl esters 
(FAMEs) were extracted with 2 ml of hexane 
(Ichihara and Fukubayashi, 2010). Heptadecanoic 
acid (C17:0; 99% pure; Sigma) and tricosanoic acid 
methyl ester (C23:0; 99% pure; Sigma, St. Louise, 
USA.) were used for internal standard. The FAMEs 
were analyzed by using a GC equipped with an FID 
and a SP2560 capillary column (100 m x 0.25 mm 
i.d.x 0.20 µm film; with 1 m of a 0.25 mm i.d. polar 
deactivated guard column; Sigma-Aldrich) with 
43.5 psi He, and constant pressure. The injector and 

detector temperatures were set at 280oC and 250oC, 
respectively. The oven temperature was programed 
from 60oC for 1 min, increased to 170°C at a rate of 
10oC/min, maintained at 170oC for 10 min, increased 
to 224ºC at a rate of 4oC/min, and maintained at 
224oC for 25 min. CLA methyl ester was identified 
by comparing peak retention times of samples with 
those of a commercial standard containing c9,t11-
CLA and t10,c12-CLA and t9,t12-CLA (Sigma-
Aldrich, St. Louise, MO, USA).

Statistical analysis
Statistical analyses were performed using SPSS 

software (SPSS Inc., Chicago, IL, USA). Significant 
differences among treatments were tested by ANOVA 
followed by Duncan’s test with a level of significance 
at p≤ 0.05. All experiments were performed in 
duplicate with three analyses.  

Results and Discussion 

Effect of free LA concentration
Unsaturated fatty acids, including LA, are 

generally toxic to a wide spectrum of bacteria 
(Kepler et al., 1970; Maczulak et al., 1981; Khaskheli 
et al., 2013). However, it has been reported that 
bioconversion of linoleic acid to CLA might be a key 
step for fatty acid detoxicification in bacteria (Jiang 
et al., 1998; Maia et al., 2010).

The reason why LA is toxic could be explained 
by the presence of double bonds, which alter the 
shape of the molecule. Incorporation of unsaturated 
fatty acids in the cell membrane can disrupt the 
lipid bilayer structure. Another possibility is that 
diffusion of fatty acids across the membrane causes 
chemiosmotic difficulties, disturbs the membrane 
potential, or disconnects intramembrane pathways 
(Maia et al., 2010). Accordingly, LA concentration 
is one factor that could impact the production rate of 
CLA. Although many LAB strains are able to convert 
LA to CLA, the products are highly variable among 
species. In addition, different production levels were 
obtained when the substrate concentrations were 
supplemented differently. For example, Lactobacillus 
acidophilus F0221 produced the highest c9,t11-CLA 
in MRS broth supplemented with 0.5 mg/ml of LA 
(Li et al., 2013). Supplementation of 0.02% LA in 
the medium was most effective in promoting c9,t11-
CLA production by L. acidophilus L1 (Alonso et 
al., 2003). L. acidophilus CCRC 14079 produced 
relatively large amounts of c9,t11-CLA after the 
addition of 1.0 mg/mL of LA to the medium (Lin 
et al., 1999). Additionally, Kishino et al. (2002) 
showed that in the presence of 0.06% LA, the highest 
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CLA conversion rate (33%, including 38% c9,t11-
CLA and 62% c9,t11-CLA) was obtained from L. 
plantarum AKU 1009  while the optimal c9,t11-CLA 
production from L. reuteri ATCC 55739 was obtained 
by supplementing 20 mg/ml of LA to the medium 
(Hernandez-Mendoza et al., 2009). In the present 
study, the LA concentration between 0.0-4.0 mg/
ml was studied (Figure 1). The result indicated that 
TVC of L. plantarum GSI 303 and CLA production 
in MRS broth were dependent on the amounts of LA 
added. After 24 h, the initial TVC (4.98 log CFU/
ml) increased to 11.13 log CFU/ml in control sample 
which not contain LA while TVCs were significantly 
lower increase  in the treatments containing LA over 
3.0 mg/ml (9.88 log CFU/ml) and higher LA (p < 
0.05).

On the other hand, LA was effective in enhancing 
CLA production, with the maximum content of the 
total CLA isomers being 5.94 mg/g fat in the media 
when supplemented with 2.0 mg/ml of LA. There 
was no higher CLA contents found with an increase 
of LA addition although higher microbial reduction 
was observed with higher amounts of LA were added. 
Therefore, it was unnecessary to supplement more 
than 2.0 mg/ml LA in broth in order to obtain higher 
CLA production from L. plantarum GSI 303. From 
here forward, we used 2.0 mg/ml LA as the base 
supplementation and optimized other parameters.

     
Effect of atmospheric incubation conditions 

To investigate the effect of atmospheric conditions 
on CLA production, L. plantarum GSI 303 was 
incubated under both aerobic and anaerobic conditions 
(Table 1). After 24 h incubation, the results showed 
that there were not significantly different in c9,t11-
CLA isomer and total CLA production although the 

concentrations of t10,c12-CLA isomer were higher 
in aerobic condition than in anaerobic condition (p < 
0.05). This was in agreement with previous reports 
that showed L. reuteri ATCC 55739 and Butyrivibrio 
fibrisolvens A38 produced more c9,t11-CLA under 
aerobic versus anaerobic conditions (Wallace et 
al., 2007; Hernandez-Mendoza et al., 2009). In 
contrast, the CLA production of B. breve LMC 520 
produced more c9,t11-CLA concentration under 
anaerobic conditions (Park et al., 2009). In addition, 
the TVC in both conditions was not different which 
indicated that the microbial growth and yield of total 
CLA produced by L. plantarum GSI 303 were not 
dependent on atmospheric incubation conditions. 
Consequently, CLA can be produced and accumulate 
under either aerobic or anaerobic conditions.

Regarding biohydrogenation of lactic acid 
bacteria, many researchers have demonstrated that 
bacterial growth and complete biohydrogenation of 
unsaturated fatty acids require anaerobic conditions, 
yet isomerization, the first step in the biohydrogenation 
process, is not inhibited by aerobiosis (Kim, 2003; 
Li et al., 2013) and anaerobic conditions are not 
required for isomerisation (Gorissen et al., 2015). The 
restriction of oxygen did not increase the CLA yield, 
but instead it favored the formation of trans,trans 
isomers (Macouzet et al., 2009). 

Effect of initial pH of culture broth
L. plantarum GSI 303 was incubated in MRS 

broth supplemented with 2.0 mg/ml of LA at different 
initial pH levels and CLA production was analyzed 
after 24 h of incubation. The results demonstrated 
that production of the c9,t11-CLA isomer decreased 
as a result of low initial pH while production of 
the t10,c12-CLA was not affected (Figure 2). The 
maximum content of the total CLA isomers (c9,t11-
CLA and t10,c12-CLA) in media in which the 

Table 1. Conjugated linoleic acid (CLA) production 
in MRS broth supplemented with 2.0 mg/ml LA by 

L. plantarum GSI 303 at 37°C for 24 h in aerobic and 
anaerobic conditions

Note: Values in the same column with different superscript 
letters are significantly different (p< 0.05).

Figure 1. Effect of linoleic acid (LA) concentrations 
on the growth of L. plantarum GSI 303 and conjugated 
linoleic acid (CLA) production in MRS broth incubated at 
37°C for 24 h in anaerobic condition. TVC with different 
capital letters, and CLA production with different lower-
case letters are significantly different (p < 0.05)
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initial pH 6.5 was 6.46 mg/g fat, greater amounts 
of c9,t11-CLA was produced when the initial pH 
was in the range of 6.5-7.0. Although total CLA 
concentration was not different in a lower pH media 
but CLA production was slightly reduced. This was 
in agreement with previous report that the amount of 
CLA produced by L. plantarum was maximal at pH 
5.5 (Khaskheli et al., 2013). The pH above 5 during 
lactic acid fermentation improved CLA synthesis by 
Lactococcus lactis (Kim and Liu, 2002). In addition, 
the pH affected the growth rate and the fatty acid 
profile (Nikkila et al., 1996). Difference of CLA 
production at different pH levels may be related to 
the activity of LA isomerase (Kepler and Tove, 1967; 
Choi et al., 2005; Gorissen et al., 2011; Wang et al., 
2011; Yang et al., 2014). From these results, it was 
postulated that activity of L. plantarum GSI 303 
for CLA production may have been more active at 
neutral pH than lower pH.

Effect of incubation time 
Changes in pH, TVC and CLA produced by 

L. plantarum GSI 303 at 37oC for 48 h in MRS 
broth and skim milk media supplemented with 2.0 
mg/ml of LA are shown in Figure 3. Comparison 
among incubation times, pH decreased while TVC 
increased and were rather constant after 24 h of 
incubation. Total CLA concentration increased and 
slightly decreased after 30 h incubation although the 
maximum content of total CLA between 24 to 36 h 
incubation was not different. Otherwise, the CLA 
concentration was slightly reduced after incubation 
longer than 42 h. This suggested that an incubation 
time longer than 24 h was unnecessary for promoting 
CLA produced by L. plantarum GSI 303. In addition, 
CLA was formed after the cultures reached stationary 
phase (Alonso et al., 2003). L. plantarum GSI 303 
reached a stationary phase after 18 h. Therefore, 24 

h incubation was obviously appropriate for CLA 
productivity of this strain. According to the report 
of Gorissen et al. (2015), prolonged incubation or 
higher LA concentrations do not result in higher CLA 
formation by Bu. fibrisolvens A38, indicating that the 
LA isomerase does not recycle as a common enzyme 
to catalyze more substrate.

Effect of temperature on CLA production at different 
mediums

 The effect of temperatures (15, 37 or 43oC) on 
CLA production in MRS broth and skim milk media 
supplemented with 2.0 mg/ml of LA is shown in table 
2. In MRS broth, a maximum concentration of CLA 
was 6.36 mg/g fat which gained more from cultured 
broth incubated at 37oC rather than at 43oC and 15oC. 
In skim milk media, the maximum concentration of 
CLA was 5.31 mg/g fat which also gained more from 
cultured broth incubated at 37oC rather than at 15oC, 
but not different from 43oC (5.00 mg/g fat). This 

Table 2. CLA production by L. plantarum GSI 303 and L. 
reuteri ATCC 55739 at 15 37 and 43oC for 24 h in MRS 

broth and skim milk media supplemented with 2.0 mg/ml 
LA (initial pH 6.5)

Figure 2. Effect of initial pH on c9,t11-CLA and t10,c12-
CLA production by L. plantarum GSI 303 at 37oC for 24 
h in MRS broth supplemented with 2.0 mg/ml LA. CLA 
production with different capital letters, and different 
lower-case letters are significantly (p < 0.05) different

Figure 3. Change of pH, TVC and CLA production by L. 
plantarum GSI 303 at 37oC for 48 h in MRS broth and 
skim milk media (SM) supplemented with 2.0 mg/ml LA 
initial pH 6.5
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result was in accordance with Gorissen et al. (2011) 
and Soto (2013). The lower levels of CLA at 15oC 
indicated that not only lower temperatures would 
allow a small amount of growth of L. plantarum GSI 
303 but also it showed the ability to produce a low 
amount of CLA. 

Although CLA concentration in skim milk media 
was lower than in MRS broth, it was interesting that 
L. plantarum GSI 303 grew and produced CLA in 
skim milk media indicating that the possibility of 
this bacterial strain to be used for adjunct cultures in 
fermented milk products. This was probably due to 
the neutralization of the inhibitory effect of fatty acids 
by milk protein (Boyaval et al., 1995) and protection 
of CLA oxidation by the milk protein, especially 
sodium caseinate and low molecular weight whey 
proteins in the skim milk (Shantha and Decker, 1993). 
The capacity of lactic acid cultures to produce CLA 
in LA-added skim milk after incubation was further 
confirmed by linoleic isomerase studies (Lin et al., 
1999; Lin et al., 2002; Gorissen et al., 2011; Kishino 
et al., 2011). L. plantarum GSI 303 was capable 
of producing CLA in milk, corresponding with an 
explanation why some fermented dairy products 
had higher levels of CLA than unfermented milk as 
previously described (Jiang et al., 1998; Kim and 
Liu, 2002; Lin, 2003; Prandini et al., 2007).

CLA production in skim milk media and MRS 
broth could be enhanced by L. reuteri ATCC 55739, a 
certain type of lactic acid bacteria which has linoleic 
acid isomerase activity (Hernandez-Mendoza et al., 
2009; Abd El-Salam et al., 2010). At the same culture 
condition, L. reuteri ATCC 55739 produced CLA 
(7.68±0.30 mg/g fat higher than L. plantarum GSI 
303 (6.36±0.29 mg/g fat) in MRS broth. On the other 
hand, it was interesting that L. plantarum GSI 303 
produced higher CLA (5.31±0.38 mg/g fat) than did 
L. reuteri ATCC 55739 (3.19±0.14 mg/g fat) in skim 
milk media. However, the optimum production of 
CLA by L. reuteri ATCC 55739 exhibited variations 
with regard to cultured conditions, including culture 
media and the fermentation conditions used. For 
example, CLA were produced 0.45 mg/ml in MRS 
broth pH 9.5, supplemented with 0.9 mg/ml LA at 
37oC (Lee et al., 2003), 0.11 mg/ml in MRS broth 
pH 6.5, supplemented with 20 mg/ml LA at 10oC 
(Hernandez-Mendoza et al., 2009) and 65.5 µg/ml 
in MRS broth pH 7.0, supplemented with 150 µg/ml 
LA at 37oC at (Roman-Nunez et al., 2007). In this 
study, the use of L. plantarum GSI 303 exhibits more 
interesting since not only having probiotic properties 
but also ability to producing CLA represents one of 
the technology options for manufacturing new dairy 
functional food.

Conclusions

The optimum culturing of L. plantarum GSI 303 
for CLA production in MRS broth and skim milk 
media contained 2.0 mg/mL LA, initial pH 6.5 and 
incubation at 37oC for 24 h. Aerobic and anaerobic 
incubation conditions were not significantly different 
in CLA production. Culturing in MRS broth or skim 
milk media at 37oC resulted in higher CLA content 
than that at 43oC and 15oC. In skim milk media, 
L. plantarum GSI 303 produced more CLA than 
L. reuteri ATCC 55739, a positive control CLA-
producing bacteria. Therefore, this bacterial strain 
could be used as an adjunct culture to increase the 
CLA concentration in fermented dairy products.

Acknowledgements

This research was supported by the National 
Science and Technology Development Agency 
(NSTDA), Ministry of Science and Technology 
and the Grant-in-aid for dissertation from Graduate 
School, Prince of Songkla University, Thailand. 

References

Abd El-Salam, M. H., El-Shafei, K., Sharaf, O. M, Effat, 
B. A., Asem, F. M. and El-Aasar, M. 2010. Screening 
of some potentially probiotic lactic acid bacteria for 
their ability to synthesis conjugated linoleic acid. 
International Journal of Dairy Technology 63: 62-69.

Alonso, L., Cuesta, P. and Gilliland, S. E. 2003. Production 
of free conjugated linoleic acid by Lactobacillus 
acidophilus and Lactobacillus casei of human 
intestinal origin. Journal of Dairy Science 86: 1941-
1946.

Benjamin, S. and Spener, F. 2009. Conjugated linoleics as 
functional food: an insight into their health benefits. 
Nutrition and Metabolism. 6: 36–48.

Bhattacharya, A., Banu, J., Rahman, M., Causey, J. and 
Fernandes, G. 2006. Biological effects of conjugated 
linoleic acids in health and disease: A review. Journal 
of Nutritional Biochemistry 17: 789–810.

Boyaval, P., Corre, C., Dupuis, C. and Roussel, E. 1995. 
Effects of free acids on propionic acid bacteria. Lait 
75: 17-29. 

Chin, S., Liu, W., Storkson, J., Ha, Y. and Pariza, 
M. 1992. Dietary sources of conjugated dienoic 
isomers of linoleic acid, a newly recognized class of 
anticarcinogens. Journal of Food Composition and 
Analysis 5: 185–197.

Choi, N. J., Imm, J. Y., Oh, S., Kim, B. C., Hwang, H. 
J. and Kim, H. J. 2005. Effect of pH and oxygen on 
conjugated linoleic acid (CLA) production by mixed 
rumen bacteria from cows fed high concentrate 
and high forage diets. Animal Feed Science and 
Technology. 123: 643–653.



 Suteebut et al./IFRJ 23(4): 1739-1746 1745

Coakley, M., Ross, R. P., Nordgren, M., Fitzgerald, G., 
Devery, R. and Stanton, C. 2003. Conjugated linoleic 
acid biosynthesis by human-derived Bifidobacterium 
species. Journal of Applied Microbiology 94: 138–
145.

Collomb, M. Schmid, A. Sieber, R. Wechsler, D. and 
Ryhänen, E. L. 2006. Conjugated linoleic acids in milk 
fat: Variation and physiological effects. International 
Dairy Journal 16: 1347–1361.

Gholami, Z. and Khosravi-Darani, K. 2014. An Overview 
of Conjugated Linoleic Acid: Microbial Production 
and Application. Mini reviews in medicinal chemistry 
14: 734-746.

Gorissen, L., Weckx S., Vlaeminck, B., Raes, K., De 
Vuyst, L., De Smet, S. and Leroy, F. 2011. Linoleate 
isomerase activity occurs in lactic acid bacteria strains 
and is affected by pH and temperature. Journal of 
Applied Microbiology 111: 593–606.

Gorissen, L., Leroy, F., De Vuyst, L., De Smet, S. and 
Raes, K. 2015. Bacterial Production of Conjugated 
Linoleic and Linolenic Acid in Foods: A Technological 
Challenge. Critical reviews in food science and 
nutrition 55: 1561-1574.

Hernandez-Mendoza, A., Lopez-Hernandez, A., Hill, C. 
G. and Garcia, H. S. 2009. Bioconversion of linoleic 
acid to conjugated LA by Lactobacillus reuteri under 
different growth conditions. Journal of Chemical 
Technology and Biotechnology 84: 180–185.

Hwang, S. W., Kim, N., Kim, J. M., Huh, C. S., Ahn, Y. T., 
Park, S. H., Shin, C. M., Park, J. H., Lee, M. K., Nam, 
R. H., Lee, H. S., Kim, J. S., Jung, H. C. and Song, I. S. 
2012. Probiotic suppression of the H. pylori-induced 
responses by conjugated linoleic acids in a gastric 
epithelial cell line. Prostaglandins, Leukotrienes and 
Essential Fatty Acids 86: 225–231.

Ichihara, K. and Fukubayashi, Y. 2010. Preparation of fatty 
acid methyl esters for gas-liquid chromatography. 
Journal of Lipid Research 51: 635-640.

Jiang, J., Björck, L. and Fondén, R. 1998. Production 
of conjugated linoleic acid by dairy starter cultures. 
Journal of Apply. Microbiology 85: 95-102.

Kepler, C. R. and Tove, S. B. 1967. Biohydrogenation of 
unsaturated fatty acids. III. Purification and properties 
of a linoleate Δ12-cis, Δ11-trans-isomerase from 
Butyrivibrio fibrisolvens. The Journal of Biological 
Chemistry 242: 5686-5692.

Kepler, C. R., Tucker, W. P. and Tove, S. B. 1970. 
Biohydrogenation of unsaturated fatty acids. IV. 
Substrate specificity and inhibition of linoleate 
Δ12-cis, Δ11-trans-isomerase from Butyrivibrio 
fibrisolvens. The Journal of Biological Chemistry 245: 
3612–3620.

Khaskheli, A. A., Talpur, F. N., Demir, A. S., Cebeci, 
A. and Jawaid, S. 2013. A highly selective whole 
cell biocatalysis method for the production of two 
major bioactive conjugated linoleic acid isomers. 
Biocatalysis and Agricultural Biotechnology 2: 328-
332.

Kim, Y. J. and Liu, R. H. 2002. Increase of conjugated 
linoleic acid content in milk by fermentation with 

lactic acid bacteria. Journal of Food Science 67: 1731-
1737.

Kim, Y. J. 2003. Partial inhibition of biohydrogenation of 
linoleic acid can increase the conjugated linoleic acid 
production of Butyrivibrio fibrisolvens A38. Journal 
of Agricultural Food Chemistry 51: 4258–4262.

Kishino, S., Ogawa, J., Omura, Y., Matsumura, K. and 
Shimizu, S. 2002. Conjugated linoleic acid production 
from LA by lactic acid bacteria. Journal of the 
American Chemical Society 79: 159- 163.

Kishino, S., Ogawa, J., Ando, A., Yokozeki, K. and 
Shimizu, S. 2011a. Linoleic Acid Isomerase in 
Lactobacillus plantarum AKU1009a proved to 
be a multi-component enzyme system requiring 
oxidoreduction cofactors. Bioscience, Biotechnology, 
and Biochemistry 75: 318–322.

Kishino, S., Park, S.-B., Takeuchi, M., Yokozeki, K., 
Shimizu, S. and Ogawa, J. 2011b. Novel Multi-
component Enzyme Machinery in Lactic Acid Bacteria 
Catalyzing C=C double Bond Migration Useful for 
Conjugated Fatty Acid Synthesis. Biochemical and 
biophysical research communications 416: 188–193.

Lee, S. O., Kim, C. S., Cho, S. K., Choi, H. J., Ji, G. E. and 
Oh, D. K. 2003. Bioconversion of linoleic acid into 
conjugated linoleic acid during fermentation and by 
washed cells of Lactobacillus reuteri. Biotechnology 
Letters 25: 935–938.

Li, J., Zhang, L., Han, X., Yi, H., Guo, C., Zhang, Y., Luo, 
X., Zhang, Y. and Shan, Y. 2013. Effect of incubation 
conditions and possible intestinal nutrients on cis-
9, trans-11 conjugated linoleic acid production by 
Lactobacillus acidophilus F0221. International Dairy 
Journal 29: 93-98.

Lin, T. Y., Lin, C. W. and Lee, C. H. 1999. Conjugated 
linoleic acid concentration as affected by lactic 
cultures and added linoleic acid. Food Chemistry 67: 
1-5.

Lin, T. Y., Lin, C. W. and Wang, Y. J. 2002. Linoleic 
acid isomerase activity in enzyme extracts from 
Lactobacillus Acidophilus and Propionibacterium 
Freudenreichii ssp. Shermanii. Journal of Food 
Science 67: 1502-1505. 

Lin, T. Y. 2003. Influence of lactic cultures, linoleic acid 
and fructooligosaccharides on conjugated linoleic 
acid concentration in non-fat set yogurt. Australian 
Journal of Dairy Technology 58: 11-14.

Lin, T. Y., Hung, T. H. and Cheng, T. S. J. 2005. 
Conjugated linoleic acid production by immobilized 
cell of Lactobacillus delbrueckii ssp. bulgaricus and 
Lactobacillus acidophilus. Food Chemistry 92: 23-28.

Macouzet, M., Lee, B. H. and Robert, N. 2009. Production 
of conjugated linoleic acid by probiotic Lactobacillus 
acidophilus La-5, Journal of Applied Microbiology 
106: 1886–1891.

Maczulak, A., EDehority, B. A. and Palmquist. D. L. 1981. 
Effects of long-chain fatty acids on growth of rumen 
bacteria. Apply and Environmental Microbiology 42: 
856–862.

Maia, M. R., Chaudhary, L. C., Bestwick, C. S., 
Richardson, A. J., McKain, N., Larson, T. R., Graham, 



1746  Suteebut et al./IFRJ 23(4): 1739-1746

I. A. and Wallace, R. J. 2010. Toxicity of unsaturated 
fatty acids to the biohydrogenating ruminal bacterium, 
Butyrivibrio fibrisolvens. BMC Microbiology 10: 52.  

Maldonado, N. C., de Ruiz, C. S., Otero, M. C., Sesma, F. 
and Nader-Macías, M. E. 2011. Lactic acid bacteria 
isolated from young calves - Characterization and 
potential as probiotics. Research in Veterinary Science 
92: 342-349.

NikkilÄ, P., Johnsson, T., Rosenqvist, H. and Toivonen, 
L. 1996. Effect of pH on growth and fatty acid 
composition of Lactobacillus büchneri and 
Lactobacillus fermentum. Applied Biochemistry and 
Biotechnology 59: 245–257.

Ogawa, J., Kishino, S., Ando, A., Sugimoto, S., Mihara, K. 
and Shimizu, S. 2005. Production of conjugated fatty 
acids by lactic acid bacteria. Journal of Bioscience and 
Bioengineering 100: 355-364.

Pariza, M. W. 2004. Perspective on the safety and 
effectiveness of conjugated linoleic acid. The 
American Journal of Clinical Nutrition 79: 1132S– 
1336S.

Park, H. G., Cho, S. D., Kim, J. H., Lee, H., Chung, S. H., 
Kim, S. B., Kim, S. H., Kim, T., Choi, N. J. and Kim, 
Y. G. 2009. Characterization of conjugated linoleic 
acid production by Bifidobacterium breve LMC 520. 
Journal of Agricultural and Food Chemistry 57: 7571-
7575. 

Prandini, A., Sigolo, S., Tansini, G., Brogna, N. and Piva, 
G. 2007. Different level of conjugated linoleic acid 
(CLA) in dairy products from Italy. Journal of Food 
Composition and Analysis 20: 472–479.

Puniya, A. K., Chaitanya, S., Tyagi, A. K., De, S. and 
Singh, K. 2008. Conjugated linoleic acid producing 
potential of lactobacilli isolated from the rumen 
of cattle. Journal of Industrial Microbiology and 
Biotechnology 35: 1223–1228.

Roman-Nunez, M., Cuesta-Alonso, E. P. and Gilland, 
S. E. 2007. Influence of sodium Glycocholate on 
Production of Conjugated Linoleic Acid by Cells of 
Lactobacillus reuteri ATCC 55739. Journal of Food 
Science 72: 140-143.

Shantha, N. C., and Decker, E. A. 1993. Conjugated 
linoleic acid concentrations in processed cheese 
containing hydrogen donors, iron and dairy-based 
additives. Food Chemistry 47: 257-261.

Soto, C. 2013. Lactobacillus plantarum as source of 
conjugated linoleic acid: Effect of pH, incubation 
temperature and inulin incorporation. Journal 
Biochemical Technology 5: 649-653.

Tricon, S., Burdge, G. C.,Williams, C. M., Calder, P. 
C. and Yaqoob, P. 2005. The effects of conjugated 
linoleic acid on human health-related outcomes. The 
Proceedings of the Nutrition Society 64:171–182.

Van Nieuwenhove, C. P., Oliszewski, R., Gonza´ lez, S. N. 
and Pe´ rez Chaia, A. B. 2007. Conjugated linoleic acid 
conversion by dairy bacteria cultured in MRS broth 
and buffalo milk. Letters in Applied Microbiology 44: 
467–474.

Wahle, K. W., Heys, S. D. and Rotondo, D. 2004. 
Conjugated linoleic acids: are they beneficial or 

detrimental to health? Progress in lipid research 43: 
553-587. 

Wallace, R. J., McKain, N., Shingfield, K. J. and Devillard, 
E. 2007. Isomers of conjugated linoleic acids are 
synthesized via different mechanisms in ruminal 
digesta and bacteria. Journal of Lipid Research 48: 
2247–2254.

Wang, X-M., Wang, Q-H., Wang, X-Q. and Ma, H.-Z. 
2011. Effect of different fermentation parameters 
on lactic acid production from kitchen waste by 
Lactobacillus TY50. Chemical and Biochemical 
Engineering Quarterly 25:  433–438.

Yang, B., Chen, H., Gu, Z., Tian, F., Ross, R., Stanton, P. C., 
Chen, Y. Q., Chen, W. and Zhang, H. 2014. Synthesis 
of conjugated linoleic acid by the linoleate isomerase 
complex in food-derived lactobacilli. Journal of Apply  
Microbiology 117: 430-439.

Zeng, Z., Lin, J. and Gong, D. 2009. Identification of 
lactic ad bacterial strains with high conjugated 
linoleic acid producing ability from natural sauerkraut 
fermentations. Journal of Food Science 74: M154-
158.


