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SUMMARY

I. Title

Screening of Dairy Starter Culture for CLA Production and Development of

Functional Fermented Milk by the Starter Culture

II. Objective and Significance

Conjugated linoleic acid (CLA), an octadecadienoic acid with conjugated
double bonds, has a variety of positional and geometric isomers. Of the
various isomers of CLA, the cis—9, trans—11 isomer has been considered to be
the most effective in terms of biological activity. Dairy products from
ruminants are among the major dietary source of CLA, of which cis—9,
trans—-11 isomer is the main CLA. The content of CLA, however, is so little
in the dairy products. The commercially available CLA products synthesized
by alkaline isomerization of linoleic acid were used for the beneficial
physiological effects of CLA in US, Europe, and Japan etc.

The objective of this study were as follows: screening of CLA producing
Bifidobacterium sp. for the use of dairy starter culture, production of
functional fermented milk containing CLA, and development of process for

mass production of CLA producing Bifidobacterium sp.

III. Major Results and Recommendation

Among the screened bifidobacteria from human origin, 10 strains showed
CLA producing capacity in skim milk medium. Bifidobacterium breve LMC
017 and LMC 220 showed highest CLA producing ability at the level of 1.54



mM and 1.37 mM 911-CLA, respectively, from 2mM linoleic acid in MRS
broth. When the two B. breve strains were incubated with linoleic acid,
monolinolein, dilinolein, and 50% and 90% monoglyceride of safflower oil,
respectively, the higher conversion of linoleic aicd to CLA was observed with
monolinolein and 90% monoglyceride of safflower oil. Aerobic culture
condition showed almost same CLA production with anaerobic condition by
the B. breve strains in MRS media.

When B. breve LMC 017 was incubated with Streptococcus thermophillus
and Lactobacillus acidophillus, commercial dairy starter cultures, 61.4 mg/100
ml of 911-CLA was produced in yoghurt for 9 hr fermentation and 12 hr
storage with 0.5%6 monoglyceride of safflower oil. In the case of B. breve
LMC 220 incubated with Streptococcus thermophillus and Lactobacillus
acidophillus, the production of 9,11-CLA showed 95.0 mg/100 ml in yoghurt
for 9 hr fermentation and 12 hr storage with 0.5% monoglyceride of safflower
oil.

When the harvested cells of B. breve LMC 017 and 220 were reacted with
free linoleic acid in buffer system, respectively, the highest conversion of
linoleic acid to CLA was observed at pH 5.5. and the higher production of
9,11-CLA was observed with monolinolein. Freeze dried cells harvested from
culture media containing lactose 30g, peptone 5g, casitone 20g, yeast extract
Bg, monopotasssium phosphate 1g, dipotasssium phosphate 2g, ammonium
citrate 2g, calcium carbonate 1g, L-cystein - HClI 0.5g, and Tween 80 1lg per
1 L showed high CLA producing ability.
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TH(EFEEm =4, 483} GC B4 W (column F#F, GC &4 =31,

A ¥ A ethylation =+ methylation 5) 55 2@ 3l A &3

do
QL
£
A
A m.m.
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column< Supelcowax-10 fused capillary column (30 m x 0.32 mm, 0.25 1

m film thickness)©] &l t}.

o}, CLA A #39 CLA isomer A AF pattern
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oko] AF Ao A K - A3l bifidobacteria *TFES FAHF7] Y5
oy bifidobacteria A1 8 8] A (BS medium)ol]l ®i 3 HFAu] A o] A2 colony?
54, #A9 dndAd JduE 2A8R oW, bifidobacteria®l AR ANM F L
3l key enzyme?l fructose-6-phosphate phosphoketolase A] &S 4 A3} T},
o]o] A API 50CHL kit (bioMérieux, France)E Alg&3to] d 7 WHasAIdS
g3l o Bifidobacterium % primers #|Z3le] PCReol| ¢ 3&to] A S 3
atth. 16S rRNA 415 flste] 4 #FE& L-Al~=H< - HCIS 0.06% #H
7hgk MRS Ml Aol A 24 A 3F v Fst 5 QAR ste] AxE 3]s Al
T A Ader AHE F dAFE DNA FE8 [FF buffer(100
mM tris-HCI, 40 mM EDTA, pH 9.0) 250 ul, 10% SDS 50 ul, benzyl
chloride 150 ul] 450 ulell &g A]7]o] 50Tl A 303+ X &u) sttt
DNA<= isopropanols 7tstol HAAIA 2 48k3l e, o]& 165 rRNA
$1 %+ template DNAZ AF83}1 . Bifidobacterium 42 16S rRNA

o
o

Mo
>
o

1

Kol
=

)l A Table 19 species—specific B+ group-specific primer= 4]

Mo

T. Matsuki 5 (T. Matsuki et al. 1998. FEMS Microbiology Letters 167:
113-121)3 D. Roy % (D. Roy and S. Sirois. 2000. FEMS Microbiology
Letters 191, 17-24)°l ¢&}o] A¢tH primerE A Z sl 2™, o] primers}
okoll 4 Fw| g Bifidobacterium 52 template DNAZS ZASA A FZ A
th. o] PCR €}EZFEH 92 FZAELS 1% agarose gel 17195 Wy o
2 ey, dEyg-BRutel= @A 8 UV AL & 1 475
St At

L
o

3. Bifidobacterium breve @3¢ CLA A E4

7F v A FH{ol wE B breve W59 A&7 CLA A2t

B. breve LMC 017 o] 93 @Hafo AZXE 95t 10% EA =+,
AAY 7 (ARTF 2%), AAY ol EAF 5%=5 7FgE EFuA9 3
F 2 wiA el lonoleic acid 0.05% & #7Fstal MRS Hi Aol A 24 A+ aj &
3 w5 oA 2%E HEEel CLA A% S XAsY oew, B, breve

LMC 220 59 Aol AW 2% fFol EAF 3%, sucrose 1%E &
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Table. 1. Bifidobacterium species— and group-specific primers based

on 16S rRNA sequences

i ) Length . | Product Aimed human
Primer Sequence® (5’ to 3') Target site’| . . . . )
(bp) size (bp)|intestinal bifidobacteria
Phi F1 CCGGAATAGCTCC 13 144-156 " .
914 |Bifidobacterium spp.
Phi R2  |GACCATGCACCACCTGTGAA 20 | 1058-1040
BiADO-1 |CTCCAGTTGGATGCATGTC 19 182-200 .
279 |B. adolescentis
BiADO-2 |CGAAGCCTTGCTCCCAGT 18 476-442
BiANG-1 [CAGTCCATCGCATGGTGGT 19 185-203
275 |B. angulatum
BIANG-2 |GAAGGCTTGCTCCCCAAC 18 476-441
iBIF- "GAT GTGATTG | 21 184-203 -
BiBIF-1 |CCACATGATCGCATGTGATTG 278 |B. bifidum
BiBIF-2 [CCGAAGGCTTGCTCCCAAA 19 478-442
BiBRE-1 |[CCGGATGCTCCATCACAC 18 175-192
288 |B. breve
BiBRE-2 |ACAAAGTGCCTTGCTCCCT 19 477-444
BiCATg-1|[CGGATGCTCCGACTCCT 17 176-192 989 B. catenulatum
BiCATg-2 |[CGAAGCCTTGCTCCCGAT 18 476-442 B. pseudocatenulatum
BiLONg-1 [TTCCAGTTGATCGCATGGTC 20 182-201 o B. longum
BiLONg-2 |TCSCGCTTGCTCCCCGAT 18 478-441 B. infantis
S = G:C = 1:1.

bNumbering corresponds to the structure model of E. coli 16S RNA.
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ghgk Al lonoleic acidE 0.05% #H7Fg $ MRS wjA el A 24 A|zF wj <
& 7 el 2068 HEabel TN 4847 B MFFUA AF4
Wl pHel W3, CLA #%2 2439

. CLA A2t B. breve 59 714 o] &4

B. breve LMC 017 % 220 @59 CLA A2b& 91 7d2A gt
(linoleic acid), % =] 9l (monolinolein), the] 2] ¢l (1,3-dilinolein), 50%
2 =28 Al g o] = (monoglyceride) 3} =3}, 90% g Agel=
(monoglyceride)s} %3t+5 0.05% o= H7g $F& Ads & o5
ol 2965 HEske] 37T A 18A1%F F<t wide & CLA =5s FA3}
Atk o714 71E T REegEdde EeFyAgtel= ¥
AA SR ke 2 e glEdddake] 99% o]l As webH, 50%
2 90% EreFd Aol =3 T3f 100% triglyceride T+%9 375 Ab
of RiFElAgel= ghaFo]l Zhzh 50% 2 90% ool H=F A S
= w

Agakel 2L FA AHER A T3l AWNA =4

th 71d "7t W& B. breve w2 CLA A2lbs
B. breve LMC 017 % 220 5] 9|3 @72 E g

A3 7124 =AM linoleic acid ® 90% Zx=Z@Algtol =3 3 H2 QF=2E
Azxg 712 A H7F s=5 gt ALEsit. oW, T EE Ax
£ A5 E AW 35%9 75 TAHEF 7] (cream seperater)E A&
stol AW FS 2%2 dstdoew, dAl FldAA IHLTEE A FA
Abgalal e AEwiEgu S e ste] Table 29 & QT 2E 7|2 wjA S
A zxsto] HAste & datste] AF&ESITE B, breve LMC 017 % 220 5
= 247 L-cystein - HCl& 0.05% 3 7Fg MRS (mMRS) o Al uf A o] A 18]
wj fste] S F ey 2% 5 2 vl A o 5

)

4, T g gF A FEE AR
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Table 2. Basal medium for yoghurt fermentation

Ingredients Content
Low fat milk (2% fat) B g
skim milk 375 g
sucrose 125 ¢
yeast extract 0.125 ¢
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7F 4] & Ak starter A

9ol HAF  starter A XAPREFE O A TS A S staterE A
Lactobacillus % 39 w(L. acidophilus 19 =, L. casei 13 T, L.
gasseri 2 W3, L. helveticus 1 i3, L. paracasei 1 I3, L. rhamnosus 3
T F)9 Streptococcus thermophilus 25 #+2 Ao ® 3o CLA T &
TE2E AiES 9ete] 2 AFdA] AEg CLA A +<A B. breve LMC
017 ¥ 220 ¢ &33d A& 4 Q&= TFEF screening 3T o &
913te] linoleic aciddl Wgr WA S Z2te #FE

9 CLA A4t B. breve

5 7t7he] A

N
ﬂllﬂl
flot

QL'
=
o2
ol
S

v =Yg 2313 CLA §fF 87 2E Ax

& startert CLA AJ%F B. breve®] &3tulgeo] o3t @ F2E 2§ A
3714 oA wE s E 2AEHY] 98t B, breve W E @
Al Wi gxz (N2:COxHz = 80:15:5 @7l 7b~ X3 = 0.05% cystei
n-HCl #7H3 37140 =30l ztz) wigstd A o] A3 CLA A4k
= ZAbeE T

E3 CLA &f 872E Aiks flste] CLA A2 B breve #F9 ¥4
4 S. thermophilus, L. acidophilusS E3a] st A WA 7 54 A 7Ho
g CLA B4d% % 7149 9% 55 A8t CLA 3 & 7=2E Ax

e ATsdr.

5. CLA A A} Bifidobacterium breve 59 &

Al AAZAZE v g B breve MEHS dAEY & H, AdE AAE QL
ATk o] #AE 085% A AT AL A AR et Al A e}

AS 33 AAFAC. M A= buffero] AEAIZH oW, buffere
pHol w2} acetate buffer (pH 4.0~5.5), phosphate buffer (pH 6.0~7.0),
Tris buffer (pH 75~85) % carbonate buffer (pH 9.0~10.0)Z A}-&3} 4t}

lr
1%
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A 9g CLA A2 buffer 5 mLel 7] 2 (linoleic acid, monolinolein,
1.3-dilinolein, Safflower oil @ Sunflower oil) 2.5 mg= 7}35to] e S =t
E1 7)o AEEZ T A2 3 B breve A 04 g& H7Fste] 20T

A A A RS A A

r

B. breve A 93 CLA A 24 99 ¥t&Z Ao A buffere pH
of W2 CLA &A=, #59 T/ w2 CLA Aits, 59 culture age
o W& CLA AA#, 714 7ol wE CLA Ai® 55 43t xAs)
ATt

. Bifidobacterium breve A A& uj x|

CLA A4b B. breve w59 e A g wix 24E& 2487 $8)
o] peptone bg/L, yeast extract 5g/L, monopotasssium phosphate 1g/L,
dipotasssium phosphate 2g/L, ammonium citrate 2g/L, L-cystein + HCI
05g/L % Tween 80 lg/LE &%3te] 7] WA= A&kt o] 712
Ao lactose 20~50 g/L, casitone 0~20 g/ % calcium carbonate 0~ 1g/L
= 4 Hketel AR Z; Aol A 9o 7 dEFE 24 A wEe &

T A3 pH S FAsto] Fo] o] 7HE =2 wixE AdA A

th. B. breved] wAAx A 23 CLA A4t

B. breve LMC 017 w#F¢ LMC 220 w+E 77 A A& ¥jA
(lactose 30g, peptone bg, casitone 20g, yeast extract bg, monopotasssium
phosphate 1g, dipotasssium phosphate 2g, ammonium citrate 2g, calcium
carbonate 1g, L-cystein - HCl 0.5g, Tween 80 1lg /L) 5Lo| ®] %3} ). HY
& 7L jar fermentero]l A 24 A7t st o, ARt A= IS
o 35 d A= oA A 10% skim milk 30 mloll @EA7]aL, SA] -
70CAAM 23 5 freeze drierol X #ZdsAd XAt sZ20xd *A
S CLA AAE 71d=24 90% BEx==gAgel=7F 01%, 0.2%, 0.3%,
04% % 05% A 3FHd LF2E AxE 7|2 wiA 1L 75 mg E+= 150

mg ¥ HEFe 37ColA 9 AF HFAA QFEES A xstn CLA 3%

4
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A 2d ATy yE 2 Ay
1. CLA 4 z1d9 A3l 2 A59 CLA §F 4

7b. CLA #Az79 A 3}
Conjugated linoleic acidi= linoleic acid®] 7|3} % XA AE FAH s+
g, CLA®] F& F94FA ¢, $&f, A=, FAFd= o5 CLAY o

?] o] A A F cis-9, trans-11 CLA7} & 50 vt B dFoAs= ¢

2 g fol dfso] ALY starter FAETl 2dte] A E CLAZ
O S A"Fetr] st FEUHGEEW =24, A

23 GC 4 W¥H(column F7F, GC &4 =%

e

2efsto] Aldsinh

op ol

A, AWAF ethylation &+

L 22)% FAsel FE 8ol H&S CHCl @ CH;OH : 0.8%
KCl = 3: 3 1% 3tdon, Alge Fiol e} Az dg FE8u9 &
S S 2 BEFe AfoleE AR 10g(EE 10 mDol FEEv 120 ml,
MRS ®jde] A= A5 10 mld FF& 60 mlE AF&3t= Ao &
Ao}, Aike] GC 412 Kim 59 WX (In-Hwan Kim et al. 2002. J.
AOCS, 78:547-551)° utg} A WAFS ethylationste] EA33 S wf <oFA A<l
EAAMNE Btk GC columny GC SHZHAE A5 EF/d vzt 49

s
Abgets Aol AAtel 2 R Al wdsdd. =, ARV 54, A

Ho

#, wEFeol HA$E Supelcowax-10 fused capillary column (Supelco, 30 m
x 032 mm, 025 um film thickness)& A}&3}¢] injector &% 250T,
detector =% 260C, column oven< %7] 190ColA 45C/min® 240TC 7}
FeAF o, ol F 1583 fFAs AT, AlE7F MRS w4l 4 5ol = SP
2560 capillary column (Supelco, 30 m x 0.32 mm, 0.25 um film thickness)
S A3+ injector &% 230C, detector &% 250C, column oveng %7]
140CelA 4C/min® 220C7HA AsAZHow, olF 103 A 383t
Carrier gas™ helium(l mL/min)S AF&3F% 3 split ratio= 50:1, flame

ionization detectorZ A}-& 3} o).
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olare]l BEXZALS AFEsl B3I 10% © A iAo A Bifidobacterium
oo st AAkE CLA 2 7]eF A WAke] &4 A3 E Fig. 19 MRS
Hj z ol A o] BXA¥E Fig. 20 YeEF AT

frob Hafeo CLA 83 =Ae A, $

5 mg/100 mlel A & A 4.2 mg/100 ml

FrielA e S HATHTable 3). 24 AlFe] 24

of oste] ke WA g CLA & AANES-F71

7FESHE 31~463 mge® ¢ & CLA 3

o2 YEYt 2F2ERF 911-CLA

2 ~ 0.4 mg/100 mlE "¢ %<& e ®H

dom 2 ¢ QFEZEHFE Hi 148 mg/100 mldlA HA 41 mg/100

ml ©]thH(Table 4). & F2E°] A% 7} AF G mAE Ak

olste] FAet AW g CLA F#H2 23 ~ 544 mgoe =2 §Frt 3F
zpol 7b A A vERETE

i

2. CLA A 4tdF screening

7F. =12l -9 Bifidobacterium 3 9 ¥ A Bifidobacterium 52
F¥ CLA A4 screening

WE FAE AEHRE AT ABA FLE P BARE 542 4R
=

g AYA 7es zZe mAEcojof drhe Aotk ol FwelA
AT FolHA, A Fds 715S UElUl= Bifidobacterium %°]
o o e AFHIL o, B AFAAE JAAdA FHT TF F
CLA A m A E9 screeninge & Bifidobacterium 45 Ao g %
o},

T Efobet A Adele] #WoewR¥ 3 Bifidobacterium %
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Fig. 1. Gas chromatograms of fatty acid ethyl esters in 10% skim milk
media containing 0.1% linoleic acid (A), fatty acid ethyl esters in cultured
media by CLA producing Bifidobacterium sp. (B), and ethyl esters of
standard CLA mixtures of 9, 11 and 10, 12 isomers
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IS : Internal standard
- QA : Qeicacid
| l LA : Lindleic acid
QA : ¢s9 trans-11 QLA
| aa  OLAS : Other QLATsomer

Fig. 2. Gas chromatogram of fatty acid ethyl esters of media
A MRS broth spiked with 0.196 linoleic acid
B : Cultured MRS broth by Bifidobacterium breve LMC 220 for 24 hr

at 37C
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Table 3. CLA contents in fluid milk products

Sample Lipid content'  CLA® content
(%) (mg/100g)

Regular milk
Brand 1 -y 11.3

OO U WD
m—w

—

[\]

Low fat milk
Brand 1

—_
—
= O1TO NN NOONDNOY DN

Gl WD

Processed milk
Brand 1

R AW e
CoOOONO Ccougo OO
o

YU W
—
Lo
OO N W= U1 00 O

})Lipid content labeled on package by the manufactures
?9,11-CLA isomer
YNot labeled
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Table 4. CLA contents in Yogurt products

Sample Lipid content'  CLA® content
(%) (mg/100g)

70% < Whole milk < 87%
Brand 3)

[y

OO~ U= WD~
—— — ——

._.
—
SPXNEPIRE OO0 NOROOONOXROLONNOXDL o

CWOOoOON~NUTuTuao

35% < Whole milk < 70%
Brand 1 -
- 1

—
L
=l N0 0N~ 0000 NONDIOVWH I OO

WD D ==

. 10

3
8
0
0
0
5
5
7
0 .
25% < Whole milk < 35%, 50% < Skim milk < 65%

Brand 1 - 5.3
2 - 5.2

35% < Skim milk < 50%

Brand 1 - 0.2
2 - 0.4
3 - 0.2
4 - 0.3
5 - 0.2
6 - 0.2

1)Lipid content labeled on the package by the manufactures
?9.11-CLA isomer
“Not labeled
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2500 wFoF T dFEY
TE UG Le=Z linoleic acidE 7182 #H7Isto] CLA A3 5& A
A Y *F T Ef FRekERFEH Ed3E 10 #57F 71EE ke
linoleic acid& CLAZ H$A7]= 2oz ety thH(Table 5). ¢l T &9
T LMC 044 5+ CLA AHA3Fo] 10~20 pg/mlz AL starters
CLA H& 5ol A& #F5Y 22 ¥ FFola, LMC 129, 117, 065,
037, 032 5+ 20~50 pg/mle] CLA H¥5<S, LMC 052¢F 021 &5+ 5
0~100 pg/mle= Hluwd =2 H3sS, LMC 2209 017 ¥+ 100 pg/ml
o]l E& CLA A3tsS HEIY. o5 Bifidobacterium sp. LMC 220 %
017 ¥+ 10% skim milk ®j A A cis-9, tarns-11 CLA isomers F=
(80% ©] ) AAFstStt.

O
i
i
2
>
Shs
o2
=
rlo
o3
=
Q.
o)
S
Q
9
Q
Q
]
<
3
o
o
>
A

e

°

A S dairy starter25% 8 CLA A Abi+ screening

o8 FAHChr. Hansen, Wiesby, Vivolac, Texel, Culture system, THT
SIRYEH AFwol ALEI AL starter 5 (Lactobacillus % 39%
Streptococcus thermophilus 25%, Bifidobacterium < 17%) % L.
acidophilus 2%, L. casei 1%, Streptococcus thermophilus 3%&°] 7|d &2
7F&E linoleic acid® CLAZ HE#&A7]= ez yebsth(Table 6). 224
CLA A4t52 H7Fg 500 pg/mle linoleic acidZ+%H 10~20 pg/ml(= 1~2
mg/100 ml) FF o= YERY vl S ok

t}. CLA A4t Bifidobacterium sp. 759 A

Ste] A AFedA CLA Atss H &4 7
bifidobacteria A #H A (BS medium)ol w ¥sle] dA¥ HgoziE #&
sl dAn Ao w2 B=3 A3 2T bifidobacteria®l A A B 3
HE moom o & CLA A4tsol &2 Bifidobacterium LMC 017 59
dAnl7d AR S Fig. 3o Yet Ao 8 bifidobacteria® & AoA F L3k
key enzyme@¢l fructose -6-phosphate phosphoketolase A& oA %= CLA A

A FFEESL BE G4 wee e ol4e] #F S| Bifidobacterium
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Table 5. Screening of bifidobacteria for their capacity to
produce CLA from free linoleic acid (500 pg/ml) in 10% skim milk

Strain Formation of CLAY Source?’

B bifidum ATCC 11863 - A
B bifidum KFRI 894 - K
B. breve ATCC 15700 - A
B. breve ATCC 15701 - A
B. infantis ATCC 15697 - A
B. infantis ATCC 25962 - A
B. longum ATCC 15707 - A
B. longum KFRI 747 - K
Bifidobacterium sp.LMC 220 et 1
Bi fidobacterium sp.IMC 129 ++ 1
Bifidobacterium sp.IMC 117 ++ 1
Bifidobacterium sp.LMC 065 ++ 1
Bi fidobacterium sp.1MC 052 +t+ 1
Bi fidobacterium sp.LMC 044 + 1
Bifidobacterium sp.LMC 037 ++ 1
Bi fidobacterium sp.LMC 032 ++ 1
Bi fidobacterium sp.LMC 021 +++ 1
Bifidobacterium sp.LMC 017 et 1

1

Other bifidobacteria screened -

Y4+ Formation of 911-CLA was 10 ~ 20 pg/ml; ++ 20 ~ 50 ug/ml;
+++ 50 ~ 100 ug/ml;, ++++ >100 pg/ml; - Not detected ( < 5 pg/ml)
ISource: A, Korean Collection for Type Culture; K, Korea Food
Research Institute; I, Isolate from Korean breast fed infants and men
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Table 6. Screening of commercial lactic starter for their capacity to

produce CLA from free linoleic acid (500 pg/ml) in MRS broth

Strain Numbers of Numbers of CLA Formation of CLA
test strain producible strain by CLA producible
strain

Lactobacillus spp.

L. acidophilus 19 2 +
L. casei 13 1 +
L. gasseri 2 0 -
L. helveticus 1 0 -
L., paracasei 1 0 -
L. rhamnosus 3 0 -
Streptococcus spp.

S. thermophilus 25 3 +
Bifidobacterium spp.

B. bifidum 5 0 -
B. breve 1 0 -
B. infantis 7 0 -
B. longum 4 0 -

Y+ Formation of 9,11-CLA was 10 ~ 20 pg/ml; - Not detected ( < 5 pg/ml)
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Fig. 3. Cellular morphology of Bifidobacterium LMC 017

,31,



olof Al o] EEFFEC wiske]l API 50CHL kit (bioMérieux, France)&
Abg3t FRRgEAY A7 BF L(+)-arabinose®t D(+)-xylose ¥ 38 5 9]
Sl o™ D(+)-mannose, Salicin, D(-)-mannitol, @ D(-)-sorbitolS %3 3}
= 5 Ad A Bifidobacterium breved EA4S BYgow FATF B
breve ATCC 157009 &35 2 F A A3 melezitose 2 threhaloseol A 2+
2polE HolE= M EE Bifidobacterium breve #5US & 4 92tk (Table
7).

T3t Bifidobacterium  species—specific H+  group-specific primer
(Matsuki, T. et al. 1998. FEMS Letters. 167: 113-121)% Al &t3sto] 2 A| g
16S tRNA EX A3 o= o]de 10 5 EF B. breve? species—specific
primer2} ¢ X 3}+= PCR productE YEFWATEH o] F B. breve LMC220
¢ PCR #4 Z3E Fig. 49 dBauidtt. =, A719 %5 Aol et o
B. breve LMC220 FolA FZ3 template DNASF 7z Z o] el o] PCR
of 9] bandi Bifidobacterium 49 &% XgolHZ A& Phi¢l B.
breve?] species— specific primerZ A} 3 BiBre9 + FF < primerd] 9
ARt ety ol 5ol et degHow FEHE s & F dMew, 1
A% ZF TEAE 4 sizedl 914bp H 288bpell s P Th wEbA E
Aol e EfolziE El® CLA Adss 2t #3752 BF
Bifidobacterium breve?l Z o2 2l & 4 At

ol#3dt Axe Htol AdA ;WA bifidobacteria 5 % CLAE Ats

= #F7F R E  Bifidobacterium breveo| 3= T FEtE B (M.

3. CLA A4 # 59 CLA isomer A4l pattern

Linoleic acid 2 mM (0.056%¢°l sl &)< 3 7Fs MRS wi#]el A CLA A4k
o] =& bifidobacteria % (B. breve LMC 017, LMC 021, LMC 052
2 LMC 220)o 23 CLA isomer AAF patterng ZAF3te] Table 8 e}
Ao, AerE  bifidobacteria W52 MRS HIX| oA 24 AIZF Fo] F
CLA A2taFe 5ol wgk 1.02~1.69 mMZA #7F3g linoleic acid®] 51.
0% ~845%7F CLAZ AZE Ao CLA isomer % cis—9, trans—-11 CLA¢]
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Table 7. Fermentative characteristics of CLA producing Bifidobacterium

breve isolated and Bifidobacterium breve ATCC 15700

B. breve strains isolated B. breve ATCC 15700

Glycerol - Glycerol -
Erythritol - Erythritol -
D-Arabinose - D-Arabinose -
L-Arabinose - L-Arabinose -
Ribose + Ribose +
D-Xylose - D-Xylose -
L-Xylose - L-Xylose -
Adonitol - Adonitol -
B-Methy! xyloside - B-Methy! xyloside

Galactose + Galactose +
D-Glucose + D-Glucose +
D-Fructose + D-Fructose +
D-Mannose + D-Mannose +
L-Sorbose - L-Sorbose -
Rhamnose - Rhamnose -
Dulcitol - Dulcitol -
Inositol - Inositol -
Mannitol + Mannitol +
Sorbitol + Sorbitol +
a-Methy| D-mannoside - a-Methy| D-mannoside -
a-Methy D-glucoside + a-Methy D-glucoside +
N acetyl glucosamine + N acetyl glucosamine +
Amygdal ine + Amygdal ine +
Arbutine + Arbutine +
Esculine + Esculine +
Salicine + Salicine +
Cellobiose + Cel lobiose +
Maltose + Mal tose +
Lactose + Lactose +
Melibiose + Melibiose +
Saccharose + Saccharose +
Threhalose + Threhalose -
Inulin - Inulin -
Melezitose + Melezitose

D-Raffinose + D-Raffinose +
Starch + Starch +
Glycogen + Glycogen +
Xylitol + Xylitol +
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M Phbi BiADO BIANG BiBIF BIiBRE BiCATg BiLONg M
Fig. 4. PCR products for B. breve LMC 220 with Bifidobacterium

species— and group-soecific primers
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Table 8. Contents of CLA isomers produced from 2 mM of linoleic acid

in MRS broth by screened bifidobacteria for 24 hr at 37C

mM (%)
CLA isomers strains
LMC 220 LMC 052 LMC 021 LMC 017
9,11-CLA 1.37 (825) 0.92 (90.2) 0.85 (81.0) 1.54 (91.1)
10,12-CLA 0.03 ( 1.8) 0.02 (20) 001 ( 1.0) 0.04 ( 2.4)
other CLAs 0.26 (157 0.08 ( 7.8) 0.19 (181) 0.11 ( 65)
Sum of CLAs 1.66 1.02 1.05 1.69
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H & & 81.0%~91.1% 9 t}. CLA isomer % trans-10, cis-12 CLAE 0.01~
0.03 mM=z ¢ Aol AAHASH tE F7 CLA isomer’t & CLA
o] 65~181% % th. wekA] 2 AFolAl F& 3 bifidobacteria i+ linoleic
acidZ2F 8 F =2 cis-9, trans-11 CLAS AAste Aoz ey gon oF
B. breve LMC 017 % 220 w59 49 % CLA AAib=Fo] 1.69 % 1.66 mM
o] I cis-9, trans-11 CLAS H] & %X o} o] & TTFE 2 A9 Ad o

g #FE Adskg

4

4. Bifidobacterium breve @3¢ CLA Al E4

7h WA FFel @& B. breve LMC 017 ® LMC 220 ¢ CLA Azlts

=]

B
10% G A+, AAY SFAAFTF 2%), AAF Sl
B H 5%E 713 £t A 9 3%2F 9 wA 9 lonoleic acid 0.05%E 7}
5 JFo] CLA ABiss A A tHFig. 5). 2 wAoA &

Fol o CLA Aatae da 24M 3744 S7tshe 43S mala o
9

32.0, 85.2, 90.2 pg/ml o]} &
g/ml oA}t meta B FFo o g CLA it $#9 gxEfFo &3
A el A 74 = gk

StH B. breve LMC 220 #+% AW 2%° - EAF 3%, sucrose
1%%E &3 A9l lonoleic acid 0.05%E 3 7Fst wjxo A LMC 017 i
Bt 2719 CLA Atso] =2 A#dE Bv. F, CLAY AiEds ¥=
9A Zkkell 205 pg/mL= AikeFeo]l 438 F7Fstalal 184 3tell &= 298 ng/mL
o] CLAE @4d3dte] olF vl FaEAA 22 F5& FAAH(Fig. 6).
E3 B. breve LMC 220 5 & 2441 7buloll 10°/mL ol 4e] Wit 52 e
of HEF AxA ¢T3 AE&ss e orE AAHAY. HER pHE

g Z71e 6.29914 v gF A ghel whel AskE o] vl 4841 XEA] 4.96°] Atk
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(Table 9).

2E AxA @

kol
>
)
o
un)
A
>
i)
>
%o,
aly
L

1. CLA A4t B. breved] 714 7l W& CLA A5
CLA &f 87 =2E Aid e 99 23 A9 B breve LMC 2207} #&
A ol frEld ez yEyth wEkA B breve LMC
220 w5 Ol e® CLA Aol Ags 71715 AT o] & 939
= =g =], tgelglsdl?d, 50% R Aetel =
FH Aol =8 F3FE 0.05% FEoR HE $H
HEete] 37CAA 18A17F &<k mfjdst & CLA $4s
tow, 71 A¥%E Fig. 7 WdERWSlTh B, breve LMC 220 #59] 7]

o

Ll

=473
Ao & CLA AAits2 gdsddats AFET 4% 282 mg/100 mL, 2=
=g els AR F$+= 406 mg/100 mLE24 CLA #1348 7|22 Ex
Z=des d8ste 49 CLA Aitsol 9 534

St B. breve LMC 220 w59 23 CLA At tolg =72 A& A

85 mg/100 mLZ tholg]Edde CLAZ st Fgo] g wtth, 1
A 50% R Aol =8t Fakt AFEAlol= 245 mg/100 mLe] H] a4
ES CLA RS Bl 90% Ri=ggAetel=3t &8 A& s
= RxegEdedl A A9 Bl5:d 386 mg/100 mLe CLA A2bsFe e
Wtk B. breve LMC 017 #5F9 Ao = B. breve LMC 220 ol A

1
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Fig. 5. Production of CLA depending on media containing of 0.05%
linoleic acid by Bifidobacterium breve LMC 017 at 37T

Milk: low fat milk (2% fat)

Skim milk: 10% skim milk

Milk + skim milk: low fat milk + skim milk (5%5)
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Fig. 6. Production of CLA in yoghurt media containing of 0.05%
linoleic acid by Bifidobacterium breve LMC 220 at 37T
Yoghurt media: Milk(fat 2%) + Skim milk 3% + Sucrose 1%
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Table 9. Viable counts and pH of cultures by Bifidobacterium breve

LMC 220

Time (hr) 0 3

9 18 24 48

Viable counts 6 7

pH 6.29 6.28

7.0x10"7  53x10°  1.1x10°  2.2x10°

6.22 5.47 5.26 4.96
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CLA (mg/100 mL

LA ML DL 50%MG  90%MG

Fig 7. CLA production in yoghurt depending on substrates by
Bifidobacterium breve LMC 220

LA linoleic acid

ML: monlinolein

DL: dilinolein

50% MG: 50% monoglyceride of safflower oil

90% MG: 90% monoglyceride of safflower oil
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o} 71 & H7bEo wE B. breved CLA AS3 CLA A4k

1) mMRS wjAol Ao 7]d H7b&el wE B. breve LMC 017 #F9 AF
7 CLA A2t
CLA A2te fste] 71" 2 AF€3 linoleic acidel tid A2 =2 CLA
o] AL S 7MA FFo Ae AAw BHFE @ F=2E CLA %S 9

He wEo FAAEH YoIA WS FAF JFOR AT B o

ra

A5 S ztE= Bifidobacterium sp. T ES WHEE linoleic
acidell WAle] & Aoz veEryt. B, breve LMC 017 59 A5, < A
52 CLAS A4S $1dtol mMRS #iA ol A 7FgE linoleic acid®] 3 7k ol
= 7S HAAT linoleic acid®] &% 0.28%7tA = i<
%% 39 tH(Fig. 8). 3+A linoleic acid H 7} @& CLA A4k
Z7Fgel wel F7Fsted mMRS #l Ao 0.28% linoleic acid
FAl 767 mg/100 mle] AAHS HAomw HA3E& L linoleic acid H7F=
o] Skl whEl 78.2%l A 27.4%E AT tH(Table 10).

et
N

2) LT Z2E AxA 7| HILZF w2 B. breve w59 CLA A4t

B Ao Aut®El B breve LMC 017 2 2200 93 @4=2& wgi
714 A7kl mE CLA ABbas xAbst7] $lstel 7142 90% &3t
monoglycerideE 0.05~0.5% 3 7}ste] 37Tl A 9AIZF g sto] Azt 7+
27 2E° 911-CLA &% pHE Table 11°] YEUST 872 E A x|
T 8TEE 7|2 uAE AFEstl e, a e 2 747 2LE &t
B. breve LMC 220°] ¢Jg a7=2Edwrg $ 911-CLA A& H7td
714 s=7F S7hgel mek Frkstel 714 0.05, 0.1, 0.2, 0.3, 0.4, 0.5% 7t
Alell ZyZy 21.2, 52.2, 60.6, 99.8, 116.7, 124.3 mg/100 ml °] 1t} 218} CLA
2o Ags 7HEE 01% H7bstds W HE =3 ol % HIubel Fbe
of wet ZAdtE AFEFES Bt wEkA B, breve LMC 220 @5 g o] 74

5, 90% Fsr Ex=2EAgelE 71EE 0.3%, 04% H 05% FH7sko]of
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Fig. 8. Growth of Bifidobacterium breve LMC 017 in mMRS broth
supplemented with different amounts of free linoleic acid
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Table 10. Formation of CLA by Bifidobacterium breve LMC 017
in mMRS broth supplemented with different amounts of free
linoleic acid

Linoleic acid 9,11-CLA Conversion rate
(mg/100 ml) (mg/100 ml) (%)

0 2.1 -

28 21.9 78.2

56 37.6 67.1

112 51.5 46.0

280 46.7 16.7
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Fell wet ket AFS Bon, CLAR A& asiith
9,11-CLA Ar=e 714 0.05, 0.1, 0.2, 0.3, 0.4, 05% HA7Alel 27+ 21.9,
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ohowebA 90% S8t RS EAetel & 71 EE AREste] 911-CLA gHEol
0.1% ©°]4 8F2EES Axstadd 9 Al B 31 HgAgke] Ha3d A
o2 e

>‘1—4

Ay

°]%4e]l B. breve LMC 017 % 2209 &t @ 7F=2E°] 7|4 H7bo] wa
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05% H7HAel ztzt 659, 751, 1168, 1374 2 1442 mg/100 ml °] ¥}, w
24 F CLAC Wdk 911-CLA® v & 7+7F 79.29%, 80.7%, 85.4%, 84.9%
2 86.2%2 eyt W B. breve LMC 017 5o 23 % CLA A2+
< 714 01, 02, 0.3, 0.4, 05% H7kA el 27+ 386, 50.2, 73.1, 80.6 2 105.6
mg/100 ml o]tk WA F CLA W3k 911-CLA H &S Z+7F 77.5%,
78.3%, 82.4%, 83.0% % 83.4%% L}Ebutr},

w2l & CLA®l w3 9,11-CLAS M&L 97 2E Hr7tsHE 7149

Fol F7hael uwel F7tetgev, B. breve LMC 017 E.thE LMC 22000
o8 WE G 1 H Ko o ATFS WY

5. Euj %o 93 CLA 38 S T2E AZR

7b A48 starterZ2FE T3 w75 A

FAH QT EE AQAE EA Faki statere] ©@EEj o] 957 = dhA g
-2l Ao F FFH ol FAH starterd] ETgmjko] ola| A o] Foll
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Table 11. CLA production and pH depending on substrate concentration

by Bifidobacterium breve strains

Substrate B. breve LMC 220 B. breve LMC 017
concentration 911-CLA 911-CLA
®O  (mg/100mL) PH (mg/100mL) PH
0.05 21.2 497 21.9 4.82
0.1 52.2 5.05 29.9 4.92
0.2 60.6 5.02 37.3 5.13
0.3 99.8 5.07 60.2 5.10
04 116.7 5.10 66.9 5.31
0.5 124.3 512 88.1 5.45
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Table 12. Fatty acid composition of yoghurt by Bifidobacterium breve LMC

220
(mg/ml)
Fatty acid Monoglyceride (90%) added
0.1% 0.2% 0.3% 0.4% 0.5%
C 16:0 4738+0.008 4.341+0.172 4.645+0.028 4.502+0.060 4.506+0.054
C 1611 0.199+£0.001 0.183+0.006 0.193+0.001 0.184+0.003 0.186+0.003
C 180 2.640+0.041 2.658+0.125 2.770+0.028 2.728+0.078  2.713+0.034
C 181 4905+0.113 4.877+0.106 5.252+0.036 5.186+0.125 5.176+0.121
C 182 0.646+0.006 0.606+0.021 0.945+0.006 1.857+0.043 1.463+0.031
911-CLA 0.522£0.004 0.606£0.037 0.998+0.007 1.167+0.043 1.243+0.010
CLA isomers 0.136£0.009 0.146+0.019 0.170+0.004 0.207+£0.002 0.199+0.001
Total CLA 0.659+£0.004 0.751+£0.057 1.168+0.003 1.374+0.045 1.442+0.012

Fermentation was carried out for 9 hr at 37C.
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Table 13. Fatty acid composition of yoghurt by Bifidobacterium breve LMC

017
(mg/ml)
Fatty acid Monoglyceride (90%) added
0.1% 0.2% 0.3% 0.4% 0.5%
C 16:0 2.839+0.007 3.385+0.009 3.584+0.118 3.682+0.009 4.641+0.083
C 161 0.120+0.000  0.142+£0.000 0.147+0.003  0.150+0.001  0.191+0.005
C 180 1.723+0.004  2.093+0.024 2.146+0.041 2.133+0.001 2.592+0.058
C 181 3.192+0.007 3.871+£0.033 4.023+0.059 4.137+0.001 4.975+0.082
C 182 0.535+0.001 0.634+0.006 1.053+0.059 1.952+0.015 2.027+0.031
911-CLA 0.299+0.000  0.393+£0.008 0.602+0.012 0.669+0.005 0.881+0.025
CLA isomers 0.087£0.000 0.108+0.003 0.130+0.005 0.137+0.001 0.175+0.003
Total CLA 0.386+0.000 0.502+0.010 0.731+0.018 0.806+0.006 1.056+0.027

Fermentation was carried out for 9 hr at 37C.
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Fig. 9. pH changes during yoghurt fermentation by linoeic acid tolerant
strains from cormercial starter cultures
Cultivations were carried out in 20 ml of 109 skim milk supplemented with

4 mM lonoleic acid at 37TC.
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Fig. 10. Growth of Bifidobacterium breve LMC 017 at different

culture conditions
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Fig. 11. CLA production by Bifidobacterium breve LMC 017
depending on culture condition
Media was milk supplemnted with 0.196 monoglyceride of Safflower oil.
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Fig. 12. CLA production depending on culture type

Cultures were used yoghurt basal medium supplemented with

0.5% monoglyceride of safflower oil.

B: Bifidobacterium breve LMC 220 only

A: Lactobacillus acidophillus only

T: Streptococcus thermophillus only

AT: Lactobacillus acidophillus + Streptococcus thermophillus

BT: Bifidobacterium breve LMC 220 + Streptococcus thermophillus

AB: Lactobacillus acidophillus + Bifidobacterium breve LMC 220

ABT: Lactobacillus acidophillus + Bifidobacterium breve LMC 220 +
Streptococcus thermophillus
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9,11-CLA (mg/100 ml

Fermentation Storage 12 hr Storage 1 day Storage 2 day Storage 3 day Storage 4 day Storage 5 day

Fig. 13. CLA content of yoghurt by Bifidobacterium breve LMC 017, S.
thermophillus, and L. acidophillus

Fermentation was carried out for 9 hours at 37C and stored at 4C.
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Table 14. CLA content and pH of yoghurt fermented by
B. breve LMC 017, S. thermophillus, and L. acidophillus

Substrate _Fermentation for 9 hr Storage for 12 hr
€9 mgooml) P (mg/ooml)  PH
0.1 34.8 4.35 33.9 4.46
0.2 36.9 4.33 37.0 4.42
0.3 48.6 4.31 50.1 4.38
04 55.4 4.31 574 4.40
05 57.7 4.27 61.4 4.29

Fermentation was carried out for 9 hours at 37C. and stored at 4C.
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Table 15. CLA content and pH of yoghurt fermented by
B. breve LMC 220, S. thermophillus, and L. acidophillus

Substrate _Fermentation for 9 hr Storage for 12 hr
€ goonl) PP aghooml  PH
0.1 47.3 4.46 47.1 452
0.2 49.2 4.39 51.8 4.49
0.3 71.8 4.40 83.6 453
04 334 444 924 451
0.5 87.6 4.27 95.0 4.35

Fermentation was carried out for 9 hours at 37C. and stored at 4C.
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Table 16. Fatty acid composition of yoghurt by Bifidobacterium breve LMC
220, S. thermophillus, and L. acidophillus

A. Fermentaton for 9 hr (mg/ml)

Fatty acid Monoglyceride (90%) added
0.1% 0.2% 0.3% 0.4% 0.5%

C 16:0 4.349+0.110 4.453+0.137 3.968+0.052 4.654+0.064 4.644+0.073
C 1611 0.182+0.003 0.187+0.004 0.166+0.003 0.191+£0.004 0.190+0.005
C 180 2.717+0.039  2.669+0.097 2.449+0.020 2.725+0.050 2.673+0.020
C 181 5.006+£0.055 4.902+0.197 4.561+£0.038 5.174+0.069 5.037+0.021
C 182 0.741£0.008 0.657+0.017 0.971£0.020 2.164+0.026 1.591+0.006
911-CLA 0.473+0.006  0.492+0.017 0.718+0.018 0.834+0.017 0.876+0.009
CLA isomers 0.153+0.009 0.148+0.003 0.154+0.009 0.196+0.009 0.189+0.005
Total CLA 0.626+0.004 0.640+0.013 0.873+0.027 1.030+0.026 1.064+0.014

Fermentation was carried out at 37C.

B. Stored for 12 hr after fermentation (mg/ml)

Monoglyceride (90%) added
Fatty acid
0.1% 0.2% 0.3% 0.4% 0.5%

C 16:0 4.408+0.011 4.385+£0.060 4.626+£0.039 4.855+0.088 4.526+0.116
C 1611 0.184+0.001 0.186£0.005 0.192+0.002 0.196+£0.004 0.186+0.005
C 180 2.629+0.006 2.715+0.024 2.647+0.005 2.852+0.035 2.684+0.064
C 181 4840+0.075  4.994+0.035 4.937+0.006 5.604+0.052 5.081+0.102
C 182 0.843+0.023 0.664+0.006 1.203+0.001 3.839+0.032 1.925+0.034
911-CLA 0.471+0.0056 0.518+0.006 0.836+0.002 0.924+0.015 0.950+0.029
CLA isomers 0.149+0.001 0.141+£0.002 0.171+0.009 0.207+0.000 0.181+0.009
Total CLA 0.620£0.003  0.699+£0.008 1.007+£0.010 1.131+0.014 1.131+0.039

Storage was carried out at 4°C.
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Table 17. Fatty acid composition of yoghurt by Bifidobacterium breve LMC
017, S. thermophillus, and L. acidophillus

A. Fermentaton for 9 hr (mg/ml)

Fatty acid Monoglyceride (90%) added
0.1% 0.2% 0.3% 0.4% 0.5%

C 160 4.511+0.051 4.745+0.009 4.715+£0.038 4.614+0.045 4.610+0.017
C 161 0.186+0.003 0.201+0.001 0.194+0.002 0.190+0.004 0.192+0.001
C 180 2.508+0.031 2.751+0.004 2.713+0.023 2.638+0.007 2.603+0.003
C 181 4.735+0.058 5.061+0.002 5.175+0.033 5.003£0.007 5.069+0.004
C 182 0.822+0.017 1.070£0.001 2.527+0.016 2.009+0.002 2.039+0.003
9,11-CLA 0.348+0.005 0.369+0.000 0.486+0.006 0.554+0.002 0.577+0.001
CLA isomers 0.133+0.003 0.155+0.000 0.172+0.003 0.172+£0.002 0.165+0.001
Total CLA 0.480+0.008 0.524+0.000 0.658+0.009 0.725+£0.004 0.742+0.002

Fermentation was carried out at 37C.

B. Stored for 12 hr after fermentation (mg/ml)

Monoglyceride (90%) added
Fatty acid
0.1% 0.2% 0.3% 0.4% 0.5%

C 160 4.465+0.025 4.348+0.003 4.422+0.099 4.381£0.051 4.427+0.008
C 161 0.188+0.002 0.182+0.001  0.182+£0.002 0.178+0.003  0.181+0.001
C 180 2475£0.023  2.521+0.003 2.705+0.025 2.607+0.018 2.567+0.004
C 181 4632+0.121  4.601+0.007 5.089+0.038 5.030£0.024 4.828+0.010
C 182 0.991+0.037 0.809+0.001 2.456+0.016 3.239+£0.013  1.920+0.005
9,11-CLA 0.339+0.000 0.370+0.001  0.501+0.003 0.574+£0.004 0.614+0.002
CLA isomers 0.135+0.001 0.143+0.000 0.158+0.001  0.184+0.002 0.170+0.000
Total CLA 0.475+0.002 0.513+0.001  0.659+0.004 0.757+£0.006 0.784+0.001

Storage was carried out at 4C.
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Fig. 14. CLA production by cells of Bifidobacterium breve depending
on pH

In 5 ml of buffer contained 0.05% linoleic acid and 0.4g of Bifidobacterium
breve cells. Reactions were carried out for 3 hr at 20C.
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= XA tH(Fig. 15).
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Fig. 15. CLA production by Bifidobacterium breve LMC 220 depending
on different substrates

In 5 ml of buffer (pH 55) contained each substrate and 0.4g of
Bifidobacterium breve LMC 220 cells. The substrates are linoleic acid (LA),
monolinolein (ML), dilinolein (DL), sunflower oil (Su), and safflower oil (Sa).
The concentrations of each substrate are equivalent to 0.05% free linoleic
acid.
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Fig 16. CLA production by washed cells of Bifidobacterium breve LMC
220 harvested at different culture time

The cells were incubated in 7L jar fermenter and the working volume was
6L. The cells were harvested by -centrifugation(5700rpm, 15min, at 4TC),
washed with 0.85% NaCl, and centrifuged again. The reaction was carried out
with 4mM of linoleic acid per ml as substrate for lhr at 20C with shaking
water bath(100rpm).
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Table 18. Fatty acids composition of reaction mixture by washed cells
of B. breve LMC 220

(mg/ml)
Fatty acid Culture age (hr)
24 48 72

C 180 0.007+0.001  0.008+0.003  0.008+0.011
C 181 0.057+0.002  0.074+0.004  0.107+0.010
C 182 0.089+0.003  0.067+0.003  0.133+0.016
9,11-CLA 1.086+0.044  1.072+0.011  0.976+0.129
CLA isomers 0.056+£0.001  0.077+0.002  0.103+0.026

The cells were incubated in 7L jar fermenter and the working volume was
6L. The cells were harvested by centrifugation(5700rpm, 15min, at 47C),
washed with 0.85%6 NaCl, and centrifuged again. The reaction was carried out
with 4mM of linoleic acid per m{ as substrate for lhr at 20C with shaking
water bath(100rpm).
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Table 19. Growth and pH decrease in media by Bifidobacterium breve

Additional ingredients (g/L) B. breve LMC 017 B. breve LMC 220
Lactose Casitone CaCl, Absorbance  ApH Absorbance  ApH
20 0 0 0.18 1.26 0.06 0.63
20 0 1 1.62 1.48 1.34 1.52
20 5 0 0.25 1.49 0.37 1.50
20 5 1 2.45 1.87 2.26 1.80
20 10 0 0.62 1.80 0.80 1.84
20 10 1 2.96 2.02 2.87 2.02
20 15 0 1.77 2.01 1.62 2.03
20 15 1 3.57 2.16 3.37 2.17
20 20 0 1.87 2.00 2.26 2.10
20 20 1 3.99 2.26 3.88 2.22
30 0 0 0.11 0.96 0.05 0.79
30 0 1 1.63 1.54 2.23 1.65
30 5 0 0.17 1.23 0.13 1.16
30 5 1 2.06 1.82 1.89 1.68
30 10 0 0.45 1.70 0.89 1.83
30 10 1 2.43 1.98 1.78 1.85
30 15 0 1.32 1.91 1.26 1.93
30 15 1 2.83 2.11 3.09 2.07
30 20 0 2.01 2.02 2.22 2.07
30 20 1 4.24 2.23 3.97 2.25
40 0 0 0.18 1.23 0.17 1.33
40 0 1 1.58 1.46 1.05 1.29
40 5 0 0.40 1.63 0.13 1.07
40 5 1 2.38 1.85 1.85 1.64
40 10 0 0.91 1.73 1.17 1.88
40 10 1 2.44 1.93 2.62 1.91
40 15 0 1.16 1.86 1.31 1.89
40 15 1 2.95 2.05 2.95 2.04
40 20 0 1.90 1.83 2.21 2.05
40 20 1 3.96 2.17 3.86 2.15
50 0 0 0.23 1.25 0.10 1.56
50 0 1 1.49 1.36 1.15 1.32
50 5 0 0.45 1.63 0.24 1.35
50 5 1 2.24 1.86 2.21 1.68
50 10 0 0.95 1.86 1.09 1.70
50 10 1 2.81 1.95 2.83 1.94
50 15 0 1.21 1.86 1.87 1.99
50 15 1 2.92 2.08 3.36 2.03
50 20 0 1.63 1.92 2.16 2.02
50 20 1 3.98 1.96 3.78 2.13
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Table 20. 9,11-CLA production in yoghurt by freeze dried cells of
Bifdobacterium breve LMC 017 and 220

Monoglyceride added (%)

Freeze dried cell

0.1 0.2 0.3 0.4 0.5
5 mg 280 28.6 457 52.3 62.8
B. breve LMC 017
100 mg 295 31.3 52.9 60.7 68.4
50 mg 406 44.0 77.3 81.6 90.3
B. breve LMC 220
100 mg  42.0 50.9 6.7 99.1 103.4
N 4 & 2 ZFH
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