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Abstract

More than 200 Bifidobacterium sp. originated from human intestine were investigated for their ability to
produce conjugated linoleic acid (CLA). Of the Bifidobacteria tested, 1 of culture type strain and 12 isolated
strains from Korean infants showed CLA producing ability. cis-9, trans-11 octadecadienoic acid presented
more than 90% of the total CLA isomers produced by the Bifidobacteria. CLA content in fermented milk by
Bifidobacterium sp. KHU 141 increased by 39.6 mg/100 g, which showed the potential use for producing
fermented milk containing high content of CLA. In fermented milk, little changes showed in lauric acid, myristric
acid, palmitic acid, oleic acid, and linolenic acid contents, whereas the content of linoleic acid (LA) decreased
and the content of CLA increased. Bifidobacterium sp. KHU 141 converted 86.0% and 84.8% of LA consumed
to CLA for 24 hr and 48 hr fermentation, respectively. Prolonging incubation from 24 to 48 hours did not appear
to enhance CLA formation and CLA producing ability was stable whether bottle, test tube, or fermenter was
used for making fermented milk by Bifidobacterium sp. KHU 141.
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Conjugated linoleic acid(CLA)E " =x|4F4ta] linoleic
acid(cis-9, cis-12-octadecadienoic acid, LA)2] ¢12] & 7]
8t o)A A S FA 8= A2 CLAY o] o) A F QA A
"EE]%M’O‘ v}ehf o] active form S 2 1A H 3 Q1 & cis-9,
trans-11 ¥ trans-10, cis-12 linoleic acidS 5% 2¥th(1).
LAS] o] Ale &A= o ¥y G g2 CLAM
7,12-dimethylbenz(a)anthracene®l] 2J& F2% moused)
skin carcinogenesisg oAl gttt A ) Ha 5(2)l &8l
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tum %2} rumen bacteria’} 2 42l A gk 1}1(9,10), H
£ Propionibacterium freudenreichii ssp. shermanii(11),
Lactococcus lactic ssp. lactis(12), Bifidobacterium sp.(13)
5% dairy starter "] AE2] 47} CLA A#-5o] 9= A
02 33583 ek Fuel 4]l w A E-oll &7 CLA B4kl
¥ AF2 5 Ham 5(14)9) Fol=2%8 2% Lactoba-
cillus fermentumel} 23+ CLA AJAbol] 2§ B me} B o7
AHE(15)0] 883 A& dairy starter?] CLA AAlsel &
gk 77t it eyt Lactobacillus fermentumel) &
FAE SoA9 CLA AAbe2 olA & 4 o, A4
dairy starterel] 23 D& oA CLA A4lx W Ef &8
Al CLAS] A=l&8A 35 7|37 o &= o9 22 okolsd
o}, wrebA] dairy starter2 AMHSE 5= 9l VA ES] A Y
WA A A o] et A7 CLAS Al g £5-& 7))
& 4 gle AR ik wW$ Foddn A"

2 Qe e A SATE R FAE 5 Al
3t 7l5& 2 ol AR Az de] o] 4H 1 9l
Bifidobacterium 4 FFE5& A2 2 CLA A4S 24}
sl FFF Al o, AR 455 A3t AR
& Alzslg o HE R CLA &3Fe] A7 S - 24
A B g o E ol o] Axpio) vi$ =2 CLA &3] $71
E Hyrld o] & Hasle ujeldh
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Bifidobacteria 7t32| CLA Mi&

Bifidobacteria -7+ MRS broth(Difco Lab. Co., USA)
A 24417, 23] ATy wieFsie] 82433417 F- 500 ug/mL
LAE %718k MRS brotholl 4] A o7 v b8 19 A F3l1
37°C incubatoroll A 24417} F<F A 2] wefsldct. 2 45
9] CLA AAbs-S wioko o] Aut-g F&3le] B4 -2 AL}
At

UEF M=

CLA QA5 gy Aoz vehgd #52 His Ax
AEE AR $fr(fat 1.8%)5 AHEstgh $Fol LAE
90 mg/100 g #7}3}% homogenizer(UTRA-TURRAX TZ25,
JAKNE&KUNKEL, IKA-Labortechnik, Germany)® &3
3+ ¥ 250 mL serum bottleel] 200 mL #-5-38}o] AbFst4 o}
MRS brothell Al 24A17x4 23] Al wfokgt A=l 459
& 1% A Z3}ed 37°C incubatorel] A =) ull oFs}4ic}, Fer-
menter(7 L; working volume 6 L)& A}-&-3lo] & 55 )

2% WAE 2 PO WAE Az siFetaic,

ANUFEE Y XA Ethylation

MRS broth ® WA fellAe] CLA #£4¢ 93 A2
2 Bligh®} Dyer®] #4(16) A 8ho] A A8ttt MRS
brothi= #4722 7] o] vk} 5 ml, chloroform-methanol
(1:1,v/v) g4 60 mL 2 0.88% KCl 49 10 mLE
7}&} 12 homogenizer 2 &3+3F & chloroform -8 343143
v}, Bifidobacteria @452 A 23 WA= £ N2 7] z}
Al & 10 mL, chloroform-methanol(1 : 1, v/v) &g+ 120
mL % 0.88% KCl %9 20 mL2S 7}8) 4 £33t % chio-
roform 3-& 3| 3te] A& FZsdv)h. 553 7} chlo-
roform #3&-2- 50°Cel| 4} evaporator® 7+t %3} chlo-
roform-& AA& F t}A| chloroform% A8 7}ate] 2-&
34319 2.1, ©] & teflon tubed] 2 4715 AXA ¥
Kim 5-(17)¢] ¥y of) wie} 2ahate) ool 28 & A 23}
gas chromatography #4]¢] A}-&-3sl4c).

Gas chromatography &4

7+ AREHFE FE3)0] Az Auite] "o A E
gas chromatography(Varian CP 3800 GC)Z& o] &3} £
3t} GC column<- Supelco wax-10 fused silica capillary
column(0.25 id X 30 m, 0.25 um film thickness; Supelco, Inc.,
Bellefonte, PA, USA)S A}-£-3}4] 21| flame ionization de-
tector(injector temp., 240°C; detector temp., 260°C; column
oven temp., 190°C to 240°C, 45°C/min)E Ab-&-314ich. CLA
&} 71e} R ulAbe] A gkell= heptadecanoic acid(Cizo, Nu-
Check-Prep, Inc., MN, USA)Z W *%£%5 (internal stan-
dard)Z AH&-314 2, CLASH EFEA ALY ool 2F
(Sigma Chemical Co., St. Louis, Mo, USA)®] retention time
£ vl 7t peakS A&

Zn} o o
= 270t 72l Bifidobacteria #FE2| CLA MMs
Bifidobacteria % Q1 A8 Aol A FA7 #+52 <=4 B,

adolescentis, B. bifidum, B. breve, B. infantis, B. longum
% 5%, 7719 Bifidobacterium < A 732 Ul ol =3
Bl ¥2]3}o] Bifidobacterium %22 &4l 200 #F-&
o2 LAE 7|A R H71ste] CLA Aibs& ZAbska
FAF A 25 F FA TN = B. breve ATCC 15701
TFo} Feldg FelAe 127) 571 7142 AHokg LA
Z CLAR AF A 7] & 7 22 eyl (Table 1). CLA A4}
%ol gl= TF F ¥4 Bifidobacterium KHU 032, 097
a5+ CLA #3t5°] 10~50 ng/mLE 4] 4 starter 3
CLA A#5o] 9l FF L5153 2L 32 £F0)8 1, F
Al FF4]l B breve ATCC 157013} Bifidobacterium KHU
021, 037, 044, 045, 117 TF+ 50~100 ng/mL2} CLAE A




1350 o A Wdel - A& - 7 -

Table 1. Screening of Bifidobacteria for their ability to produce CLA from free linoleic acid (500 ng/mL) in MRS broth at

37°C for 24 hr

Strains cLA® Strains CcLAY
B. adolescentis ATCC 15703 - Bifidobacterium sp. KHU 037 ++
B. bifidum ATCC 11863 - Bifidobacterium sp. KHU 044 ++
B. breve ATCC 15700 - Bifidobacterium sp. KHU 045 ++
B. breve ATCC 15701 ++ Bifidobacterium sp. KHU 052 ++
B. infantis ATCC 15697 - Bifidobacterium sp. KHU 065 T+
B. infantis ATCC 25962 - Bifidobacterium sp. KHU 097 +
B. longum ATCC 15707 - Bifidobacterium sp. KHU 117 ++
Bifidobacterium sp. KHU 017 T+ Bifidobacterium sp. KHU 129 4+
Bifidobacterium sp. KHU 021 ++ Bifidobacterium sp. KHU 141 ottt
Bifidobacterium sp. KHU 032 + Other bifidobacteria sp. isolated -

(KHU 001 - KHU 207)

Y1: Fomation of 9/11-CLA was 10~50 ug/mL, ++: 50~ 100 ng/mL, +++: 100~200 gg/mL, ++++: 200 ~500 1g/mL, and ~: not detected

(<5 pg/mL).

A¥&}9d a1, Bifidobacterium KHU 017, 052, 065, 129 d-F+
100~200 pg/mLZ ¥] 23X =& $F2] CLA 3455 v
W<l 3, Bifidobacterium KHU 141 75+ 200 pg/mL o)A
o] %k CLA A4b5& Byt 53] #2195 Bifidobac-
terium KHU 141 #5%& 713 LA9] 60% ©j4-& CLAZ
Agkstgl =, ol AA7EA 3 - & ol A B3 dairy sta-
rterel] © ¥k CLA A4tel 3 A 3o} vl w & o of-9- -3
FF2] CLA A4telgt & 4 9lrh(11,12).

Bifidobacteium 32| CLA isomer A4t ZHE

Fig. 1+ LA7} & 7}15l MRS broth, &A1#F4l B. breve
ATCC 15701 w52} ] f-ololl A 22|37 Bifidobacterium
sp. KHU 141 &5 wllofoll 9] x|ukak-g- B43t gas chro-
matograme]th. MRS brothel]l 7]A 2 A 7}3F LA(peak No.
HERE A#E CLAE ¥ £F79 Bifidobacterium 557}
90% o}Ato] cis-9, trans-11 CLA (retention time=11.2 min)
olglom, o}& CLA ojA A= A9 AAHA 2dgkS(not
detectable)& & = 3lt}. o]21 3} A= B 7] CLA A4t
Bifidobacteria 254 72 <kit& M9l v(data not
shown), }8rgtAd ol 2] g CLA A4t A] 3] o)A A7 §A
A4k £ 713} Kishino $-(18)0] B. 318 Lactobacillus aci-
dophilus®) 213 CLA AAF A] cis-9, trans-11 CLA~7} 38%,
trans-9, trans~11 CLA isomer7} 62% A4+ 7 79} w) wd
) Bifidobacteriaol ¢]3F CLA AArL 1+ % cis-9, trans-
11 CLA A4ke] 7bsslthe AL XoFe 232 A7)

Bifidobacterium 3 && 0|88 WER2| CLA &2t
57}

CLA AAbgo] 9= Bzfzdobacterzum T 5 MR
brothel 4] vl A %2 CLA 452 2 5‘—7—‘5‘% Al
b E 24X 3 F urE 9] CLA ?é}%*% Table 2] vFef
k. FAHF T B. breve ATCC 15701l &8k w8 <]
CLA 322142 mg/100 g(7.5+0.94 mg/g fat) 2 54| tj 2
TR} BE 100 g F 75 mg®] CLA &9 718 24
o0, ¥ FF Bifidobacterium sp. KHU 021, 037, 044, 097

w

1004 A

754

mVolts

=
o

mVolts

cis-9, tran-11 CLA

.....

754

mVolts

cis-9, tran-11 CLA

-1 T T T T —
Mirztes

Fig. 1. Gas chromatogram of fatty acid ethyl esters of media
(A), cultured media of B. breve ATCC 15701 (B), and cul-
tured media of Bifidobacterium sp. KHU 141 (C).

Media: MRS broth supplemented with 500 ug/mL of linoleic acid.
Incubation at 37°C for 24 hr.

The numbers of the peaks represent the following fatty acids:
1 palmitic acid, 2 internal standard, 3 oleic acid, and 4 linoleic
acid.
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Table 2. CLA formation in milk by fermentation with Bifidobacteria at 37°C for 24 hr

Strains Lipid basis (mg/g fat) Sample basis (mg/100 g sample) Conversion rate (%)
Control” 35+067 6.7 -
B. breve ATCC 15701 751+0.94 14.2 8.3
Bifidobacterium sp. KHU 017 16.1£0.81 304 26.3
Bifidobacterium sp. KHU 021 7.9x0.76 15.0 9.2
Bifidobacterium sp. KHU 037 86032 16.3 10.7
Bifidobacterium sp. KHU 044 6.3+0.69 11.9 58
Bifidobacterium sp. KHU 045 17.2+0.71 325 28.7
Bifidobacterium sp. KHU 052 13.5+0.68 25.6 21.0
Bifidobacterium sp. KHU 097 6.81+0.53 129 6.9
Bifidobacterium sp. KHU 117 8040091 15.2 9.4
Bifidobacterium sp. KHU 129 1540.82 29.1 249
Bifidobacterium sp. KHU 141 24.5%0.65 46.3 440

DMilk (fat 1.8%) 100 mL+linoleic acid 90 mg.

9 117 FF7} o] 9} 8] 5= 59 52~96 mge] CLA &=k
Z7Ve Bgiv} B35 Bifidobacterium sp. KHU 017, 045,
052 % 129 #F = dZ2THRo dEH 100 g 2 189~258
mg?} CLA &%°] £71E %520, KHU 141 #3) &3 %
FA-2] CLA %2 46.3 mg/100 g(245£0.65 mg/g fat)>
2A d2FH o E 5 100 g @ 396 mge) CLAYY 2713}
). 71- 2 H71E LA®) CLARS A8 B breve
ATCC 15701, Bifidobacterium sp. KHU 021, 037, 044, 097
9 117 #5771 5.8~10.7%%1 2.1, Bifidobacterium sp. KHU
017, 045, 052 = 129 #F~= 21.0~28.7%, KHU 141 #F2]
7ol 44.0%% )

o] Ake] A3}= Alonso 5(19)2] Lactobacillus acidophilus
8} L. casei 5-& A&t BEA foll A 5.15~11.65 mg/100
g9 CLAE $7HA12) Zsst vlud v, B. breve ATCC
15701, Bifidobacterium sp. KHU 021, 037, 044, 097 2 117
T2 A= & 2ol7t 92, Bifidobacterium sp. KHU
017, 045, 052, 129 % KHU 141 FF9] A%l % 52
ZF71eko) ). B3] Bifidobacterium sp. KHU 141 #-32] 4
ol e HA7AA] T - 9] Ak Soll &g L Efoll A9
CLA Akl #7h A Harel wjwid of CLA AJ4kago] 7}
A ol CLA 3 28§ A28 starter #7229 o] & 7}
FAol vt =& ZloE Az

FermenterdllM el Bifidobacterium sp. KHU 141 &
ol o5t CLA A

HEA Az 7 =& CLA AAteks Aghge 1wal
Bifidobacterium sp. KHU 141 #F35 A} 2.2 fermenter
oA 48A] 7} 5ot wl kA 2447k F 48417 Fo] L E
2] CLA @4 $f2 78 24t
Table 3ol vhebi ol et vl of A Zbel| v 8 A ukAl §Fake] x}o)
= T2 LA% CLACA vebt o], $-F-9] o}2 2 =4
AFel lauric acid, myristric acid, palmitic acid, oleic acid %
linolenic acid 7<) & W3+ ¢l w2bA Bifidobac-
terium sp. KHU 141 5= LAS AFA & CLAZ A4S}
4% 4 F 9o, LA 332 7] 1.30 mg/galA 24

FFe 25

Table 3. Fatty acid composition of fermented milk by Bifi-
dobacterium sp. KHU 141 (Unit: mg/g sample)

Fatty acid 0 hr 24 hr 48 hr
C 12:0 0.56 053 054
C 14:0 1.67 1.62 1.60
C 16:0 4.80 4.69 458
C 180 2.06 2.03 1.98
C 181 3.95 361 3.54
C 182 1.30 0.87 0.84
C 183 0.02 0.02 0.02
c9,t11-CLA 0.09 0.46 0.48

Fermentation was carried out at 37°C in 7 L fermenter (working
volume 6 L).

A7k 2 4841 7F Fofl 47t 0.87 mg/g 2 0.84 mg/g o2 Zha
st ol ol e} CLAE 247 0.37 mg/g 2 0.39 mg/g &2
F7kated 24417 U 48412k F, 77t 26| " LAS] 86.0%
84.8%7} CLAZ ¥ =}

Al of A 7ol up 2 CLA AAbsES- v ok 244 7k3) 48
A7k Abeldl] & Apolrt §ldded, o] & A= Lacto-
bacillus acidophilus$} L. delbrueckii subsp. bulgaricus 5
< Agste] HEEF fol A vhehd Lin 5(12)9) B39}
FAHgF Aot} w3 fermenters o] £3F i eF(working
volume: 6 L)l A= Bifidobacterium sp. KHU 141 #3¢}
CLA A4bso] bottleo)} Al A4S o] 4-5}ed a3 ¢
vlsLated = ZpAER] oA kg e 2 {2 = g} ek
B gl 2% CLA 4+ Hafo dizk wieke 754S
& 702 Holr ol&e CLAS A& 535 7|9
F = HEF dg AXE 938t B Bifidobacterium
sp. KHU 141 #5%} Lactobacillus acidophilus\t Strep-
tococcus thermophilus 5, A A F o] dutxd o2 x4
%= dairy starter cultures}2} E3haljof Sof #3 A7}
Ao & Zlog Azhslc)

(=} ok
i -

ol Al 2] At A FN7F 2009 Bifidobacteria T5E o
Ao CLA A4tsg AR A, FAEF 159 19
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frob2 e Rejdt 127) 57} 7142 A7H LA CLA
2 At o, 7t CLA AA FF-Fl 21§ CLA o] Al
= 90% o} AFol cis-9, trans-11 CLA°] %t} CLA A4k}

A 3Hgo] A =L Bifidobacterium sp. KHU 141 #3&
AbgEte] MARE AXSAE o, LAY CLA &2 o
Z7-3th 396 mg/100 g F71eke] CLAS A= 84 E+4E
71N & 5= Ql= HER2 kel AHEE 5 9le T TE Ve
v}, Bifidobacterium sp. KHU 141 2]%} fermenterel 4]
o) w+F-§ A Z A lauric acid, myristric acid, palmitic acid,
oleic acid ¥ linolenic acid §3-& & W3E Rolx| ¢dgke
v LA $3-2 7432 CLA 352 £7)38le] wjof 24414
2 48417 Fofl 77t 4u)H LA 86.0% ¥ 84.8%7F CLA
2 A3E o). Bifidobacterium sp. KHU 1419 &) CLA
AL vl ok 24X 73} 48A]7F Ate]ol] & Aol gladow,
fermenterel 41 2] CLA AAFSE bottleo] vt Al #A-S o] &
sl WRF 99} zro] kAR {FA =K.
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