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Screening of conjugated linoleic acid (CLA) producing Lactobacillus
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ABSTRACT: In this study, a total of 16 conjugated linoleic acid (CLA) producing lactic acid bacteria (LAB) were isolated from fermented
foods. Among those strains, the S48 and P1201 strains were capable of producing higher CLA contents than other LABs. The two strains
were classified as Lactobacillus plantarumbased on morphological, physiological, chemotaxonomic, and molecular-genetic properties.
The survival rates of these strain appeared to be 59.57% and 62.22% under artificial gastric conditions after 4 h at pH 2.5, respectively.
These strains produced the cis-9, trans-11, and trans-10, cis-12 CLA isomers from 8% skim milk medium supplemented with the
different free LA concentration at 37°C for 48 h and the production of two CLA isomers constantly increased in the growth until 48 h of
incubation. After 48 h of fermentation, the levels of CLA appeared highest in steamed soy-powder milk than fresh and roasted
soy-powder milks. In particular, the CLA contents were produced 183.57 ug/ml and 198.72 ug/ml from steamed soy-powder milk after
fermentation (48 h) with S48 and P1201 strains, respectively.
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Table 1. Production of conjugated linoleic acid contents by lactic acid bacteria isolated in MRS and skim milk broths supplemented with 0.02% of linoleic
acids after 48 h of incubation at 37°C

Isolates

S48
S52
S56
S64
S65
P1201
K23
K24
D56
D58
LABI13
LAB14
LABI15
LAB29
LAB41
LAB104

Viable cell numbers

Concentration (ug/ml)*

(log CFU/ml)

MRS Skim milk
9.48+0.57ab 9.23+0.55bc
9.54+0.57ab 9.57+0.55a
9.43+0.57ab 9.33+0.57b
9.72+0.58a 9.64+0.56a
9.30+0.56b 9.18+0.58¢
9.52+0.57ab 9.46+0.55ab
9.31+0.56b 9.26+0.57b
9.60+0.58a 9.42+0.56ab
9.54+0.57ab 9.58+0.57a
9.46+0.57ab 9.39+0.57b
9.62+0.58a 9.55+0.56ab
8.51+0.51d 8.4440.57d
9.36+0.56b 9.28+0.51b
9.14+0.55¢ 9.07+0.54¢
9.44+0.57ab 9.32+0.56b
9.34+0.56b 9.16+0.55¢

MRS

Skim milk

cis9,trans11
27.3242.04a
12.93+0.49cd
14.90+£0.57c
17.72+0.67bc
23.42+0.93b
28.59+1.92a
21.66+1.84b
14.16+0.52¢
21.33+0.74b
22.46+0.81b
6.84+0.27¢
15.41+0.61¢c
10.03+0.37de
8.21+0.31d
12.96+0.48cd
16.63+0.62¢

trans10,cis12
3.41+0.80b
1.31+0.02f
1.49+0.08¢
1.56+0.12¢
2.26+0.83cd
3.03+0.61bc
2.514+0.09¢
0.96+0.05fg
1.83+0.08de
2.28+0.08cd
0.62+0.02g
1.68+0.01e
1.06+0.09fg
0.54£0.01f
1.23+0.07f
1.78+0.08de

Total
30.73+1.84bc
14.24+0.85¢
16.39+0.98d
19.28+1.16¢d
25.68+1.54¢
31.62+1.90bc
24.17+1.45¢
15.12+£0.91e
23.16+1.39¢
24.74+1.48¢
7.46+0.45¢
17.09+1.03d
11.09+0.67f
8.75+0.53g
14.19+0.85¢
18.41+1.10d

cis9,trans11
34.88+1.29a
17.2540.61bc
20.95+0.74b
25.53+0.92ab
26.05+0.94ab
36.15+1.34a
26.77+0.98ab
20.83+0.74b
25.63+0.96ab
26.11+0.97ab
12.5740.48cd
15.72+0.69¢
14.24+0.55¢
12.82+40.52cd
16.56+0.66bc
22.05+0.83ab

trans10,cis12
3.71+0.81a
1.88+0.05¢
2.06+0.24d
2.66+0.17¢
2.61+0.18¢
4.06+0.84a

3.02+0.11bc
2.01+0.15d
2.60+0.24¢
2.74+0.26¢
1.29+0.05f
1.59+0.05¢
1.59+0.04e
1.41+0.03e
1.72+0.04e

2.2440.06¢d

Total
38.59+2.32a
19.13+1.15¢d
23.01x1.38¢c
28.19+1.69bc
28.66+1.72bc
40.21+2.41a
29.79+1.79bc
22.84+1.37cd
28.23+1.69bc
28.85+1.73bc
13.86+0.83¢
17.31+1.04d
15.83+0.95de
14.23+0.85¢
18.28+1.10d
24.29+1.46¢

“All Values are mean+SD (n=3). Means with the different letters within a row are significantly different (P<0.05) by Duncan's multiple range test.
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Table 2. Phenotypic characteristics of L. plantarum S48 and P1201
Reaction Reaction
Characteristics Strains Characteristics Strains
S48 P1201* S48 P1201°

Morphology Ribose + +
Shape Rod Rod D-Xylose - -
Gram stain + + L-Xylose - -
Cell dimension 2-8 um 2.2-8 um Adonitol - -
Physiological properties [3-Methyl-xyloside - -
Aerobic growth + + Galactose + +
Growth at D-Glucose + +
10°C + w D-Fructose + +
20°C + + D-Mannose + +
25°C + + L-sorbose - -
30°C + + Rhamnose - -
35°C + + Dulcitol - -
40°C + + Inositol - -
50°C - - Mannitol + +
Growth in NaCl Sorbitol + +
0% + + a Methyl-D-mannoside + -
2% + + a Methyl-D-glucoside - -
4% A w N Acetyl glucosamine + +
6% - - Amygdaline + +
8% - - Arbutine + +
10% - - Esculine + +
pH Salicine + +
3 - Cellobiose + +
5 \ + Maltose + +
7 + + Lactose + +
9 w w Melibiose + +
11 w w Saccharose + +
Carbohydrates Trehalose + +
Control - - Inuline + +
Glycerol - - Melezitose + +
Ertythritol - - D-Raffionse - -
D-Arabinose - - Amidon - -
L-Arabinose - + Glycogene - -
Xylitol - - L-Fucose - -
3 Gentiobiose + D-Arabitol - -
D-Turanose + L-Arabitol - -
D-Lyxose - - Gluconate + +
D-Tagatose - - 2 ceto-gluconate - -
D-Fucose - - 5 ceto-gluconate - -

*Hwang et al. (2014) previously reported the potential probiotic L. plantarum P1201.

b, .. . . . .
Symbol: +, positive reaction; -, negative reaction; w, weak reaction.
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Table 3. Cellular fatty acid profiles of L. plantarum S48 and P1201 140
g 120 | A
Fatty acids ‘g 1:: |
S48 P1201° K
Saturated fatty acids s *
C10:0 0.06 - a
C12:0 0.15 0.17 % J .
C14:0 4.68 2.67 ° ah
C15:0ISO 0.19 - pH 2.0 pH 2.5 PH 3.0
C16:0 31.52 37.81 o B
CI8:0 223 241 R 1204 2 a
C19:01S0 1.39 0.92 £ 1
Unsaturated fatty acids 7: 801
C17:1 w8c - 0.09 % 0
C18:1 w9¢ 23.86 17.50 s w c
C18:1 wic 4.84 8.22 20 J I
C19:11S0 - 0.23 - ah ah
Summed features® pH 2.0 pH 2.5 pH 3.0
3 2.83 2.90 Incubation time (hr)
7 28.25 27.08

Fig. 2. Survival rates of L plantarum S48 (A) and P1201 (B) under

"Hwang et al. (2014) previously reported the potential probiotic L. plantarum P1201.

"Summed features represent of two or three fatty acids that could not be separated by
GC with the Microbial Identification (MIDI). Summed feature 3 contained one or
more of following fatty acids: C15:0 ISO 20H/C16:1w7¢. Summed feature 7
contained one or more of following fatty acids: C19:0 CYCLO w10¢/C19w6.

artificial gastric acidic conditions after2 and 4 h of incubation. Each strains
S48 and P1201 were tested in triplicate for its tolerance in artificial gastric
acidified MRS broths. Means with the different letters above the bars are
significantly different (P<0.05) by Duncan's multiple range test.
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Z jlus ATCC 4356 (M58802)
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DSM 20533 (M58806)

744

100

ATCC 14931 (M58819)

Lactobacillus vaginalis NCTC 12197 X61136.txt
Lactobacillus pontis LTH 2587 X76329.txt
Lactobacillus reuteri DSM 20016" (X76328)

Strain S48 (In this study)

Lactobacillus plantarum WCFS1 (AL935263)
|Lactobacillus plantarum JCM 1149 (D79210)
Strain P1201 (Hwang et al,, 2014)

Lactobacillus pentosus JCM 1558 (D79211)

“Lactobacillus plantarum NCDO 1752 (X52653)

Lactobacillus kimchif AP1077 (AF183558)
4@ Lactobacillus farciminis ATCC 29644 (M58817)
Lactobacillus alimentarius DSM 20249 (M58804)

JCM 1123 (AB005893)

" Lactobacillus brevis ATCC 14869 (M58810)
Elactobac///us buchneri DSM 20057 (M58811)

Lactobacillus h//gard// DSM 20176 (M58821)

a) nciscensis DSM 20451 (M58830)
Lactobacillus fructivorans KCTC 3543 (X76330)

ped Lactobacillus agilis DSM 20509 (M58803)
%Lacwb‘aa/ﬂ/& ruminis DSM 20403 (M58828)
Lactobacillus animalis DSM 20602 (M58807)

—————Lactobacillus sakei DSM 20017 (M58829)

obaci ihoti OND 32 (AF000162)
I: Lactobacillus casei JCM 1136 (D16552)
1 Lactobacillus casei ATCC 334 (D86517)

Lactobacillu: DSM 20505 (M58831)

Fig. 1. Phylogenetic relationships of L. plantarum S48 and P1201
Number above each node is confidence levels (%) generated from
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Lactobacillus bi DSM 20003 (M58809)

I:Leuconostoc mesenteroides NCFB 523 (AB023242)
00—/ euconostoc lactis KCTC 3528 (AB023968)

and other lactic acid bacteria (LAB) closely related bacterial based on 16S rRNA gene.
1,000 bootrap trees. The scale bar is in fixed substitutions per sequences position.
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Table 4. Change of conjugated linoleic acid contents by L. plantarum S48 and P1201 in the 8% skim milk broths supplemented with different linoleic acid
concentrations at 35°C for 48 h

Sy, CLA Concentration (ug/ml)*
LA concentration Contents Incubation time (h)
(Hg/ml) 0 12 24 36 48
S48
cis9,trans11 nd® 20.57+1.23¢ 39.83+2.39a 39.95+2.40a 40.46+2.43a
250 trans10,cis12 nd 2.12+0.13¢ 4.28+0.26ab 4.39+0.26a 4.51+0.27a
Total nd 22.69+1.36b 44.1142.65ab 44.34+2.66ab 44.97+2.70ab
cis9,trans11 nd 47.85+2.87¢ 75.39+4.52ab 78.34+4.70a 81.22+4.87a
500 trans10,cis12 nd 5.26+0.32¢ 8.07+0.48a 8.41+0.50a 8.67+0.52a
Total nd 53.11+3.19¢ 83.46+5.01ab 86.75+5.21ab 89.89+5.39a
cis9,trans11 nd 52.9943.18¢ 79.29+4.76ab 82.14+4.93a 84.43+5.07a
1000 trans10,cis12 nd 5.69+0.34¢ 8.57+0.51ab 9.08+0.54 9.23+0.55a
Total nd 58.68+3.52¢ 87.86+5.27ab 91.22+5.47ab 93.66+5.62a
P1201
cis9,trans11 nd 37.99+2.28b 42.73+2.56a 43.00+2.58a 43.57+2.61a
250 trans10,cis12 nd 4.11£0.25b 4.59+0.28a 4.63+0.28a 4.79+0.29a
Total nd 42.1+2.53b 47.32+2.84a 47.63+2.86a 48.36+2.90a
cis9,trans11 nd 69.29+4.16b 81.12+4.87a 81.20+4.87a 81.57+4.89a
500 trans10,cis12 nd 7.51+0.45b 8.78+0.53a 8.86+0.53a 8.94+0.54a
Total nd 76.80+4.61b 89.90+5.39a 90.06+5.40a 90.51+5.43a
cis9,trans11 nd 72.99+4.38b 83.26+5.00a 85.68+5.14a 86.49+5.19a
1000 trans10,cis12 nd 7.92+0.48b 9.97+0.60a 9.45+0.57a 9.53+0.57a
Total nd 80.91+4.85b 93.23+5.59a 95.13+5.71a 96.02+5.76a

“All values are mean+SD (n=3). Means with the different letters within a row are significantly different (P<0.05) by Duncan's multiple range test.
b
nd, not detected.

Li 5(2012)-> MRS v x]o]| ] sju}2}7] 55 1.2 mg/ml 34 2 A HARS oHEE 580] Halk o] ¢ltKBurton and Brim,
718132 A] 48.70 ug/ml &) CLAE L. plantarum o557} 2343
-{5_]_1:]_ o 3]_% o 1:::] O]E— o _04 —fjﬁ, o7 = 7]_3}% 2 :ILQ']' L‘:;l; :s ()Cy(fglop;n:lies'c;n of fatty acid compositions in fresh, steamed, and
% Ak Aukgich. wek @714 Ml ZARES linoleate
isomerase S 7FA| 3L Q)] T 71| 0]/4te] CLA o] &A1& A Fatty acif]i/o §0ntentsa — S"Syt;;:’:jer —
AFeE 4= gl O m(Jiang et al., 1998; Ogawa ef al., 2001), L. Saturated fatty acid
plantarum©] 7} A= thE 8 A A2 8(Kishino ef al., 2011) 7] C140 o 0.08£0.00g  0.08:0.00g
2t CLA A2 et i ax(Lee et al., 2007) 7k o ohE 2 C16:0 1024:0.51c  10.84£0.54c  10.89+0.54c
CLA /o] 7Hs3t Ao 2 At Erh C18:0 3.5140.18¢  3.68:0.18¢  3.69+0.18¢
C20:0 0.0340.00h 0.23+0.01f 0.23+0.01f
ME, BXE H £33 Xt = €22:0 0.03£0.00h  0.34£0.02f  0.340.02f
i . C24:0 0.1120.01g  0.120.01g  0.11+0.01g
B, A B Fas T A4k e A At Unsaturatod fatty acid
= Table 59 STt 328 AY4to 2= LA (C18:206)F 7} Cl16:107 tr 0.0740.00g  0.07+0.00g
3 wol gretal glow A 2 55.83%, SAE 2 C18:109 225241136 16.16£0.81bc  16.25+0.81bc
59.52% W H-5F 2 59.41%= 50% o4 w325kl aL, Tt C18:206 558342792 59.52+2.98a  59.41+2.97a
20 2 oleic acid (C18:109)-2 AF, A5 U B2 Hbof C18:303 7.05£0.35d  0.28+0.01f  0.28+0.01f
A 237} 22.52%, 16.16% 9 16.25%2] v]S-2 VERJ T C20:109 0.03+0.00h 7.78+0.39d 7.73+£0.39d
(Tabl e 5). aA'll \'/alues are .mean:tSD (n=3). Means with the d}fferent letters within a row are
significantly different (P<0.05) by Duncan's multiple range test.
O] A HFAke T2k 20% W @lo]m 7+523-24% AL & = tr, trace (<0.01%).
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1981; Lietal., 2012). Yoon ‘5(1984)-2linoleic acid (C18:2) >
oleic acid (C18:1) > palmitic acid (C16:0) > linolenic acid
(C18:3) > stearic acid (C18:0) <=0 2 X 11514 © ™, Shin 5
(2012)2 53+3-2 L33 1852 Fofl A APike 243 4

¢

I} B E Z=20] A linoleic acid7} 2F 50% o)A} 2}A| st} a1 &}
of 1 A AT}eh g ARFL.
M2, ZXIZ U £32 2L SR0IM CLA MKS

-

AT, T4 D F33 28 FHollA CLA A5 &<l
1 A 7}= Table 63} ZFQITh S48 w5220 7 -0- 48 A1 7HA) A2
A 9 B35 w2l oA 2424 127.81 ug/ml, 183.57 ug/
ml 9 167.72 pg/ml AAFEQIL, P1201 HF3pof|A= Zhzh
130.41 pg/ml, 198.72 ug/ml 2 180.62 pg/ml A4 =] ) cH(Table
6). T ARG B ol A 7P 522 CLA $-& eyt
t}. o= A F ko] 79 vhd 24 A7 3} A] gel B0 R
A2 7 &5 gagrdo] dgshA] gt AatE =A%

ot

olN

I, RS B A9 LA BEE SA1 Biko] SABIEC
B X7 F 3.80] oJ3k AAR] Akale] ©]5e] CLA Al
Kepol A 70 BerE gk, Z, FAE B A9 A A

glof| w2 A 2| utof| A S| x| HFake] LA Shefo] =8 Ao
2 ApzEof ool et CLA 44| 22 202 24l
o] A3} 2 & uf CLA A4te] A ghet Fro) Ee] 4 He| 242
Za) Hapol 71 o 2 ghohegiet,
Serafeimidou 5(2012)2 $-& 9 ok &
uFE A] A7) 2142 7] yogurt Wk CLA Ao
L Ao F B3, cis-9, trans-11 CLA FE|7} F8 o)A
Aok Rk ol Al gheE AU Tek)
CLA A7 BAIE AAIsHAAL A 2 o= C18:1 H C18:2 §F
o] %2 A| 2ol 4 CLA A eo] ek 2 751 5iek. Ancia
51(1990)3} Jiang 5(1998) = LA $}eFo] wet CLAZ} B &4
0.2 AVJEITIRL S19LT, Ak BH] S ulAlE
520] of3] CLA 43 go] 271kt b itsto] 2 ol 23}
2 AR $HA, Li 5(2012)2 659) L. plantarum -5+

18] 37 Greek yogurt

A E T Harsto] 2 4R = }%% qdEe M‘Ctﬂ o]

ol
o
s
>
n{ El
O
U
E .
_r&
0
=
>
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o,
o
2

ﬁl—xl—xﬂa-]
plantarum S48 L L. plantarum P1201 5=
s = AR ST AT H E5S o)
o4 CLA A45-S A2 A3} 547 24 5404
7V CLA B8 9l 2 Al e o] LAR R
CLA A/d50] 7FsdtH &% ol 5o tiet 7157 d4ol 2
Q3 A 07 AR HT

B Aol e WEAEORRE 1650 FolelEat
(CLA) A ZA-S Bel5t9ith o] 5 #-5 5, S48 2 P1201
e e Akt E R H 52 CLAS AT =
o e, Alelehd, seh 9 BALg st 540 of
2} Lactobacillus plantarum 2 53} T} pH 2.0 Q-2 A

ol 4AIZE B} o] S B0 AEEL 217 59.57%
6.22% LR ALk, o5 @2 37°CO 4 48417t 5k 4)
ofgk Ak 2)elA ol B Elo] i 8% TG X
A cis-9, trans-11 Y trans-10, cis-12 CLA ©]3A| 7} A A =]
9131, &= CLA 0|4 %= 48 A 7+ v OF E0F x| &2 0 2 =7}3}
e}, HUHE 48A|7F B, ZA}E- B =0 0] CLA 3Hke 2
W RS F- R Ffol A Mohee M Rt 5915
ARg- T F7-9] CLA 32 2421 S48 9l P1201 +#5=0f| A
183.57 ug/ml 2 198.72 ug/ml A4 =] it

LAtel ot

B AT S ENEH FEATAIEAS: PI0OT1133

Table 6. Production of conjugated linoleic acid contents in 10% fresh, steamed, and roasted soy-powder milk by L. plantarum S48 and P1201 after 48 h of

incubation at 37°C
CLA concentration (pg/ml)*
Strains Fresh soy-powder milk Steamed soy-powder milk Roasted soy-powder milk
cis9trans11  trans10,cis12 Total cisOtrans11  trans10,cis12 Total cisOtrans11  trans10,cis12 Total

S48 115.57+6.93¢ 12.24+0.73¢ 127.81+7.67d
P1201 117.54+£7.05c 12.87+0.77¢ 130.41+7.82d

165.34+9.92ab 18.23+1.09ab 183.57+11.01b
178.95+10.74a 19.77+1.19a 198.72+11.92a 162.73+9.76ab 17.89+1.07ab 180.62+10.84b

151.08+9.06b  16.64+1.00b 167.72+10.06¢

* All values are mean+SD (n=3). Means with the different letters within a row are significantly different (P<0.05) by Duncan's multiple range test.
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