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SUMMARY

I. Subject

Studies on the multi-functional lactic acid bacterial starter for farm-style
fermented mitk
(Sub-project ~ “Development of culture systems to extend the shelf-life of

fermented milk” )

II. Objective and Significance

Securing very good lactic acid bacterial strain resistant to low pH and bile,
which possess good cholesterol-precipitating activity, and development of
lactic acid bacterial starter for farm~style yogurt are the objectives of this
study. To achieve these objectives, many lactic acid bacteria have been
isolated from the fecal samples of healthy Korean, fermented milk, and
probiotic capsules on the market. These lactic acid bacterial isolates have
been examined for the resistance to low pH and bile and for the growth in
the milk. The propionic acid bacteria and lactic acid bacteria from . fermented
sausage have been studied for the bacteriocin as well,

Hypocholesterolemic effects of fermented milk and lactic acid bacteria have
been well publis‘hed, but the studies on hypocholesterolemic activity of’ lactic
acid bacteria and yogurt are not very well documented in Korea. Furthermore
the mechanism of hypocholesterolemic activity of lactic acid bacteria is not
clarified yet. Lactic acid bacteria are known to be host specific for their
normal habitats. It is reasonable trying to isolate the acid-resistant as well
as bile-resistant lactic acid bacterial strain, which is the good remover of
cholesterol from the intestinal tracts. If such a super lactic acid bacterium
could be utilized in making homemade or farm style yogurt, it will be the

super yogurt in which the super lactic acid bacteria survive long in the



yogurt, in acidic stomach environment, and in hostile small intestinal tract
where bile is excreted in large quantities. They block the absorption of bile
acids and cholesterol, and inhibit the growth of the cancer cells. Furthermore
the super lactic acid bacteria isolated from healthy Korean are expected to
perform best in the intestinal environment of Korean.

Consumption of fruit yogurt in Korea is fairly large in volume, which are
marketed or delivered in plastic cups or bottles stored cold, and their
shelf-life is around one week which are vulnerable to deterioration usually by
veasts or molds. To extend the shelf-life and secure the safety of these
vogurts, bacteriocin—producing lactic acid bacteria have been suggested to
suppress the Gram-negatives as well as the yeats or molds.

It will be very significant that our lactic acid bacteria isolated from the
healthy Korean will survive the intestinal environments, promote the health
of many Korean, and provide the better nutrition, while many dairy farmer's

cooperative using these lactic acid bacteria would bring more money to them.

III. Contents and Scope of Research

To obtain the good lactic acid bacterial strains for the farm-style yogurt,
the fecal samples from healthy Korean adults, many fermented milk products,
and probiotic capsules on the market have been collected and the lactic acid
bacteria grown on the MRS agar were selected based upon their resistance
to low pH and bile. Selected lactic acid bacteria were identified and studied
on the capability of precipitation of cholesterol in the medium and the growth
in milk. The growth of the selected lactic acid bacterial strains in milk has
been optimized by the fermentation temperature, nutrient supplementation, and
heat treatment of milk. Pediocin preparation was tested in our fermented milk
expecting longer shelf-life.

Bacteriocin produced by a lactic acid bacterial strain from fermented



sausage was proved to be useful and its antimicrobial activity was examined
in the yogurt. Propionic acid bacteria- inhibiting Grém negative bacteria as
well as molds and yeasts were studied. In mixed culture of lactic acid
bacterial isolates with propionic acid bacteria, the production of organic acid
was studied and the bacteriocin was purified by RP-HPLC and then
characterized. The production of the bacteriocin was studied for the

commercial production medium.

IV. Results and Recommendation

1. 101 strains of lactic acid bacteria were isolated from the fecal samples and
29 strains from fermented milks and probiotic capsules. Lactic acid bacterial
isolates were selected based upon the resistance to low pH and bile and then
cholesterol precipitating activity was tested. Lactic acid bacterial isolates
having strong cholesterol precipitating activity expressed high deconjugating
activity of bile salts. 12 strains were selected as the possible candidates: as
yogurt starter bacteria. They identified two of them as Lactobacillus
acidophilus strains and 10 as FEnterococcus strains. L. acidophilus HF0401
and L. acidophilus HF0404 isolated from human feces were found to be the
most tolerant to low pH and bile acids and had high deconjugating activity
of bile salts.

2. Salts in MRS broth increased slightly the precipitation of cholesterol from
the medium but tween 80 suppressed strongly the precipitation of cholesterol.
Cholesterol did not seemed to be assimilated but the lactic acid bacteria
deconjugated the conjugated-bile acids into free bile acids using their bile
salt hydrolase, which seemed to be coprecipitated with cholesterol in the
medium. pH 5.0~55 seemed to be the optimum pH for bile salt hydrolase of

two L. acidophilus strains.

3. Optimum growth temperature of selected lactic acid bacteria was found to



be 40C, and supplementation with yeast extract and peptone improved
greatly the growth of them in skim milk heated at 110C for 30 minutes, and
the highest total solid content of skim milk supporting the growth of the
lactic acid bacterial isolates was 25% w/w. As heating temperature raised,
skim milk needed to be supplemented more with peptone or yeast extracts
for the proper growth. They grew better in skim milk than in raw milk. The
skim milk for good farm-style yogurt has to be heated at 91 or 92C for
30min for good quality of yogurt. When pediocin preparation(lO2 AU/ml) was
added to yogurt manufactured, the shelf-life of the yogurt was extended up

to 9 days at 5C with the good flavor and preference.

4. This farm-style yogurt made using our new lactic acid bacterial strains
would be the good dairy product, which could be made easily in a small
factory with the minimum input of the capital and the technicians, and
promote the income of the dairy farmers as well as the health of the people.
This farm-style yogurt could help the competitive power of Korean dairy
farmers on this global market and to increase the consumption of fermented

milk products.

5. Four strains of bacteriocinogenic lactic acid bacteria isolated from various
fermented foods were tentatively identified as Lactobacillus plantarum,
Pediococcus acidilactici, Lactobacillus paracasei subsp. paracasei based upon
morphology, catalase, oxidase, and API 50CHL. Among them, Pediococcus
acidilactici(Ped M) strain produced a bacteriocin of wide antimicrobial
spectrum. Mixed culture study of Ped M and two propionibacteria(P5 and
P126) revealed that they are not antagonistic each other, rather they are on
commensalistic interaction. Of particular interest, antagonistic effect of the

mixed culture system(Ped M + P5) was higher than that of single culture.

_10_



6. Bacteriocin, designated as Pediocin AcM, produced by P. acidilactici was
purified by pH dependent adsorption/desorption and RP-HPLC. The molecular
weight of Pediocin AcM was determined to be 4,617 Da by LC-Mass.
Production of acetic acid reached its maximum after 90 hr in Ped M and P5
coculture. While, production of propionic acid reached maximum after 90 hr in
Ped M and P126 coculture. The optimum pH for the production of Pediocin
AcM was pH 55 and from which the highest AU(4 X 10* AU/ml) was
obtained. Prese;‘vation of Ped M at -170C with 15% glycerol as a
cryoprotectant evidenced the highest viability. Pediocin having a wide
antimicrobial spectrum could be used as a food biopreservative to prevent
yeast and mould deteriorating fermented "milk during storage, also,

psychrotrophs able to grow at refrigerator and pathogens.
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3L Tesrdel 43t 713 ARE ¥ F e FAE

& $2317] g8l 204 o|4fe] gl 51 L2 e WARE &Il
HFEH ARE o]L&sle] WL xJ#3T v} 0.02% sodium azide(NaN;) 7} 7}
= MRS A7} ©2] 15 me APl Y AFdH IS E ol &3t HE2
Y% FES el Ya 37ColA 244 wigstalrh 24x7 algedE 0.02%
sodium azides} #7}El MRS A wiz|of WFo|§ o] &3t HFY F 37ToA
24217t ujodstadch. th& 0.02% sodium azideZ} H7FE MRS gHufx|o] wiFo]

iy

2 =u W2 TR 3TCHA o 207t Wl ThE MRS T iAol P
S70 Feg WolT 2Agstel MRS Aol B Thi 37TIA 24
A7 wjestTh o A3t dold FFEEE WAL (7,000 rpn, 15min)ste] 4
Sag WEY 20¢ GG AVt WH(-70T) BB APl A&

e

Fste] HAFFE st ot 2 YU YE(-10C) AN AH
of AH&-3talrt.

2. Cholesterol H4 AT $43tn Wi f Azl AUY AFFe

A

7}, RAarge] B3 gh=alconjugated bile acid) #3l(deconjugation)

W Ay

ZAarFe] B3l wrEab Es]: Dashkevicz®} Feighner(1989)2] agar plate
assayZ JNA8te] zbzhe] E3F ©hEArg MRS wlzle] 0.5% FIiste] R7HEE A

FAo] RHEQ 628 FEarF, A LES AFolA 2" AdEFE, 23
22 o)A e o 10158 HakdFol thsl A@ s

Oxgall® Difco(Detroit, U.S.A.)EHE|, Bile extract(porcine), Bile
(bovine), TCA(taurocholic acid), TCDCA(taurochenodeoxycholic acid),

TDCA( taurodeoxycholic acid) GCDCA(glycochenodeoxycholic acid) 123l
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Aol Abgsld o, Algte] £, HAAAE 2 FAA Zeld it
Eof ol bile extractE o]&3lo] HYUeEFA TE NPT Aol A3
E3dGEFA 5ol 71 A w#FE Agsirh

*
2

Abge] 2 Uy
E2 ¥ 101%2] F-Fol ths] hot loop AlEH(F, 1988)2 AlE-3lo] gas 34

< Agsisch

t}. njgexo] mE FadFo] A A U

Bile extract deconjugationZ} hot loop A& oA AU 67F(UAolA £
B 62F, AdAFelA 2l 5F)e RAIFFES 37T} 42ToA W visible
spectrophotometer(Shimadzu Co. Japan)& o|-&3le] AAAH S 3}4c).

EY 8% YA folA FAZFEY ARE AP W= ASE A
UHF H 2L starter2AH 2] FH3PAG S AHsIolc

3. Ay Ao T3

2AfollA UER Az HYUY A=E JEse ALEF 12F0] s
Bergey’s Manual(1986)¢] A 3}le] ¥n|F '?ﬂ'ié}, A= AlE, pH 9.6 W
6.5% NaClolA] A%, catalase 73 Al Zejaz Fogulirlel A &EAH, Wol
24 =g Ausieds HZHOT API kit 50 CHLZ} API kit 20 STREP(API,
bioMérieux, France)Z o]&3}o] EAstgc).

4, A RAAF39] bile acid deconjugation

Aw AVFFFAN FFel 9BY BUEFol o3l Dashkeviezs)
Reighner(1989)%] plate assayES 7]4g wWHoe g AAFF9] taurocholic
acid, taurochenodeoxycholic acid, taurodeoxycholic acid, glycocholic acid,
glycochenodeoxycholic acid W glycodeoxycholic acid®] deconjugation® W]

Al stgich
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5. Ak AT ibd 4 gEEat U

Al FaaFe] @& Ut uiddE fAER dokEddA e
Lactobacillus acidophilus, Lactobacillus casei 12|3l Enterococcus faecium
2} vz Al@stedch ©@&ab AL Gilliland 5(1984)2] & 7l s}
0.2% sodium thioglycollate’} 2 7}¥ MRS brothol] Oxgall(Difco)& 0.3% L=
0.5%2 H7}gt F 37ColA wjgshHA] UV visible spectrophotometer(Shimadzu
Co. Japan)E ©|-&sto] A& AIE FHAsHAch

NEFFEL] UAatd2 Berrada 5(1991)2] WHE /MAMste] Zzbe] AdEF
52 0.2% sodium thioglycollateZ} 37} MRS Thio brotholA] 24A]7F ajjokst
F 1.25 N HCIZ ujloJ pHE 2,022 Y31 THA] 37TCollA] vjeshaxA 308
Ao g ANRE Astdet. A2 AlgEE WA 8.5 mle] 0.1% peptonez} 0.5
mé2] 0.5 N NaOH §ofellA Z3} 34T F 9 mlo] 0.1% peptone oA A%
A ste] Bato] = HESI wjat F BEF-E Aot
6. At A2 in vitro cholesterol A A

Ha] Ad® ZxFFE2] cholesterol FAS SAEI ooEola Ee|H
Lactobacillus acidophilus, Lactobacillus casei 18|3l Enterococcus faecium
2} vl Al siich

Gilliland  5(1985)2] cholesterol assimilation ®IHE& st plate
assayo]|A] bile acid deconjugation @A}o] LJEl 0.2% bile extract(sigma)&

A 7}8tod uA]ofl A cholesterol AL AlF3s}gict

7}. L. acidophilus®] cholesterol E-87d%le] n|x&= Q9

ChZEAt, Tween 80, HEQ H7lo] 23t FAArd2] cholesterol E-823to]
X o3& Al¥s}A} bile extract, Tween 80, 2|3 salts(ammonium
citrate, sodium acetate, MgS0s - 7H:0, MnS04 - 4H;0, diphotassium phosphate
27y A7 e wa wR]E AR5l cholesterol F7IgH T 7} d-Fujjokdy

i R |
& AE3dto] w3t g ZE cholesterol & Fsl] Algsialch
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1}, cholesterol® L. acidophilus MW T
10, 50, 100 m€2] MRS brothojlr] 24A1xt uw|eFst L. acidophilus 4FE5&
12,000 x g, 4CollA 2087 AE2E ¥ 0.1 M sodium phosphate buffer(pH
6.4)5 217 5, 10, 15 mo] FAFZF vhd AAH2[(121C, 16 min)stal T}A] €4

m¥ ¥

Hajel A& vlEgt = FHE 5 nle] MRS Thio broth(0.2% bile extract
7hell EAlste] ©F 100 wg/ml?] cholesterolo] ¥§¥ 9 mge] MRS Thio
broth(0.2% bile extract E7t)o] FF, 24AIZ 37TolA wigyr F+ =&

cholesterol ¢} & 3lo] M Eof] E=2tH cholesterol 2 A|HEs}IC]

7. Bile salt hydrolase 3 A8
0.2% sodium thioglycollateZ} #71H MRS 8l=]&} 0.3% bile extract?} 0.2%

sodium thioglycollateZ} 2 7}E 200 mg MRS vR|of Ald-3Fo] wjordl e 1%

o

HEE

8ty 37CollA 3Y T wiket F Z}7hE 10,000 X g, 5T, 1087

dgl

=3
(Supra 25K, Hanil, Korea)d}olth QAlie] ¥ A5 tia] 0.45 /m filter
E o] &3t 3 F HIEH FEel S W BUSIAA Ao A1&3g
2 $3H FAE sodium acetate $E2L-oM(50 mM, pH 4.0, 20 ml)2.8 T W
M sl 10,000 X g, 5T, 1087 YA EE 3} sodium acetate &2 (50
m, pH 5.4)o] TiAl FAAMA HF FIE 0mE RHEI F MEvpE
Ultrasonic processor{VCX-400 Watt, Sonics & Materials Inc., USA)E o]&3}
o 5Celx MEZE uiistolch. A=Zzbaf F cia] 7,000 rpm, 5C, 2087 94
22813 0.45 m filter o] §3to] oy F @ BBSHA Aol A8}
%t

Bile salts hydrolase B4 X|¥-& plate assay?} agar diffusion
method(Tramer2} Fowler, 1964)& 7]X3lo] Aj3sle] BalgtEalr Ea) g Az}

UEhd B A B Hgstel Aldstart,

8. Ao fRolAe] 4%
7t HA BF 2=
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Ai7l7he &5t a YA dAEE 85T 3083 110T 30ELE Lheol
Agstgch MRS wiAlolA F oA A wjg® FF wgdE @Af(12%)0l
0.02% FE3to] 447t DALE FYFE FHSAC

fiiny

U Y4

B F2o] ouyx]yel glucose, yeast extract, 2|3 TR FF

dz
e

proteose peptoned AJtsl W4 ds 9T7E APt HIHFE glucose
1.5%, yeast extract 0.3%, proteose peptone 2%% Z}&F H7}stgdtt. ©A-72
gl 85C 30%3} 10T 308 Uiro] A@stden 12% ¥x|fo] I+F
ajodel & 0.02% FE3to] 40ToA wigstsich

. ABE {Y

TamineZ} Robinson(1985)¢8] #PH o8 ZF/ o HXERE 8
Vo] £3jA]71 ¥ 85C 308, 110T 30% dHestz, &7 wigdE 0.02%
HF ¥ 40TColA vigstadct

Azlo] A3lEle PR Tk U] I8 8, 12, 14, 16, 20, 24, 26, 28,
32, 40%0) A HE DEI 7o) FF P E AF 3ol 1243 F4 ol
W38 zAsech €ASE 85TolA 308 B¢ dAEsisch

, 12, 16, 20s6=

gt Az

AGe ©AGE AL AP AFAHUY 63T 3083 GaleslootI}
Hassing(1969)0] ATt LEFAZE I8t #He] dxjelel 8T 30&, 120T
308, g3 UHT gzl F 239 43S A¥sidch

1) HFe] dAe 2= A3

63, 85, 90, 92, 93, 95 110TolA 308 S dxz|3 F FF wjgdg
0.02% AE3l Ari71re EAsle] HH 2 YAL Holk AN 2EE 1%
steict,

2) @Azlol &% vl A3t
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gehdel Wil A/Pd5S 53 ST WIEEL Leemnli o]
whal AAEETE AHEH AlEE 903} 95TolA 302 F¢ AAsIE, dF
£ A 271958 skl A fuude WiE Fdsihen, d¥E YR
o] 0.1 N HC1& H7}38le] pHE 4.6 F filter(vhatman. No.1)Z HaA
SR el HIE Ar|gdBEsle] st Laemnli gelA2A], £2] geld
12% acrylamide®} 2.7% bisacrylamideE, stacking gel 7% acrylamide®} 2. 7%
bisacrylanide® Zsle] Az3stgch HARE A71Y5H el ANEE F
A ol g o (10% sucrose 2ol bromophenol blueE 1%E H¢)3} 1118 Eg3te]
A8 FATNLS AAGFY wels PN U FATAY 5=

£ a8 AR FHIRYS 2112 EYSIYCH

9. yogurt A& @ pediocin 7}
Z7} Aoy Y £ Qe o BFYE ABY F
2 yogurtE A2 Alg3tchFig. 1).

qc
9
]
o
=
[l
o
[0

AU 2P E 12% LAFE Fulslod 91~ 92CE 3027 EFch Tz
MRS wix]ollA] S Achufed3t L. acidophilus HF0401 52} S. thermophilus
2, 2YE 12% @x|8E 110CoA 30827t A3}l 0.3% yeast extractE 3
748t the Alh wizlo)l 1:18 2% FE31a ol F vhA] 2%E 12% EA|foll H71st

ajA AT WY=L 40CTE STt 12217 sigste] pH 4.1~4.20] =
sl Z2] 5CE YA ZHaL o7 o) 10% sucrose, 10% FF4, 0.05% Fo|E
g Zzgsto] Hupstodrh. AMZE yogurt %2 3 £0]93 sucrosedt FFHTE

st} AHE-stalrt.

2
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L. acidophilus,
2] -5-(12%) S. thermophilus
Zujer (MRS)
l !
Z 7 or
- oY
R R ot
. . (12% skim milk + 0.3% yeast
(90~92°C 30 min)
extract)
) Vs
Lactobacillus acidophilus,
Streptococcus thermophilus
1:1 2% Inoculation
4
9~12 A7t u]e¥(40TC) 10% d8 + 10% & + 0.05%
-
to pH(4.1~4.5) Iols
i

AZ(5C)

Figl. 87 2E A232Ax%,

7}. pediocin@ 7}
Pediococcusoll ] £2]¥ bacteriocing] pediocing AH|ZH yogurto] 3 7}3}e]
5Col AFsEA AE n[PE $E AP HFHE7} 10, 10° 10° AU/me

o] Fl & A ZH yogurto] pediocing 3 7}s}4icl.

U, #5AE
pediocin A7Heo] 71Z o] ol dae mALA ZA} Algsan). Az
yogurts Agoiati wAt) S W chsialA 1889 BAALo) 2lsto]

AArHtriangle test)E o] &3t xjo]AH A AM(discriminative test)®} 7[&F

o M

A AH consumer preference test)7} o}Fo] At}
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(o

0.02% NaNa7} 3 7F MRS F3hfA| & o] 83l Hu@dHo2RE of 101%F2]

=
=
FabwFE Felstglen, UT ot YYARTE 29%2 AagFE Eelsly

2. cholesterol HF4 AAEN7T 5351 LA A Ro] A3t ArFgF
o)
7t. Bagte] 53t & ab(conjugated bile acid) 3| (deconjugation)

5
#7H8% ATl RBFY 632 i@l  ufs]  Dashkeviczoh

Z}= Table 13} Zc},

Table Tof X HEo| bile acide] ZFol mje} Barze] ¥y Wz da) 2
E7F e Zle = urtgrh £ AztE FE Fo] A o] Ui
Fob EFEE Ay Wy dete] Uehve F90t glrt. ERdd 2y o
A =2 TDCASL GDCAS] F3] oMt Lfeh}sr o)2jdt @A Dashkevicz
2} Feighner(1989)¢] agar plate assayol] A= BTatE|olc) ‘

3HH, bile extractollA] HetE4l Esi84 & vehd tfRe] FFE0] 7
2

A wf Aoz Abg JHsT Zo yelylth

o

SUESFA sl E3EE S Urhl BdEEAt £elggo) ke F7E

Z7ke) NHFFEL] VRS wiAlolA e Az B

e,
N
>
1o
Slis
:Ol_"’
rlr
s
(901
[y
=3
(0]
(g%}

=
of Bo{z:l 2lch Plate assayolld] THEE njWEo] 203 Bygh=al 23
@42 bile salts hydrolase #d o] &2, uj=]e] w2 pHoll &5 Llejiim,
di-, trihydroxy taurine-conjugated bile acids®] pK. Z}2} HA 7} Qlct.

TE&HolA taurine HA L] pler= pH 1.90] 3 u] B3 ehFate] pk. tfed pH

o
<o
2o
sl
kit
2
o,
o]

jaim}
=2
>
R:3

EUEEFLE GAE o] FAHEIL taurine BEA =

ool Al Hch ®E, glycine H3A)2) pka ik



Table 1. Deconjugation of bile salts by lactic acid bacteria under

anaercbhic condition

Deconjugation Strain

of 150 CG1 Li11 PD1 651 471
Oxgall - - - - -° -
Bile extract + 4 + ++4+ + +++
Bile (bovine) + + + + - +
TCDCA ++ ++ + + - +
TCA + + + + - +
TDCA _a _a 40 W0 _ _a
GCDCA - + - + - +
GDCA +ad ++4 =€ 4P +° 447

? ! Opaque granular white colonies
P : Precipitate halos around colonies and of opaque granular white colonies
¢ : Cell growth inhibited
- ! No precipitate halos around colonies
+ ! Moderate precipitate halos around colonies
++ ! Big precipitate halos around colonies
+++ ! Very big precipitate halos around colonies
150 : Lactobacillus acidophilus LDIM 4356
L111 : Lactobacillus acidophilus LDTM 4962
CGl : Lactobacillus fermentum LDTM CGl
651 : Lactobacillus brevis ATCC 14869
471 : Lactobacillus plantarum ATCC 10012

PD1 : Lactococcus lactis lactis LDIM PD1

818 Gilliland®} Speck(1977)2 lactobacilli¥  glycocholate ¥
taurocholate S(bile acids)& deconjugationdln] o o] Ealsixle e 4

Aol glom pH 62] FIINENA o] 7ol 7HF Fisiairial sty
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Figure 2.

Alteration of conjugated bile salts by lactic acid bacteria,

L. acidophilus LDTM 4962, 2: L. brevis LDTM 14869

.. L. plantarum ATCC 10012, 4: L. lactis lactis LDTM PD1

MRS égar
MRS agar containing 0.5% bile extract(precipitate halos around
colonies)
MRS agar containing 0.5% taurodeoxycholic acid(opaque granular

white colonies)
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Table 2= Z7] AJefollA] Hatdo] 23t E3F whFale] EsiE Ajder 23
@EA B8 "ol o4stA uEelden, Gilliland®}  Speck(1977)& L.

acidophilus®] B EEFAE o= w2 Atz - A7} Lo sirlar shedct

Table 2. Deconjugation of bile acids by lactic acid bacteria under aerobic

condition

Deconjugation of Strain

150 CG1 L111 651 471
Oxgall - - _ - - -
Bile extract - ++ - - +4
TCDCA - - - - -
TCA - - - - -
GCDCA -2 - -2 -f ++

® : Cell growth inhibited

- : No precipitate halos around colonies

+ . Moderate precipitate halos around colonies
++ ! Big precipitate halos around colonies

+++ . Very big precipitate halos around colonies
150 : Lactobacillus acidophilus LDTM 4356

L111 : Lactobacillus acidophilus LDTM 4962

CGl : Lactobacillus fermentum LDTM CG1

651 : Lactobacillus brevis ATCC 14869

471 : Lactobacillus plantarum ATCC 10012

U, $esaa S8yl e AnFe] au
=

3L
B EHezRy Feld Fia Aw Fd IS AFE, 2 FRFA
H

Ba) AYe AAstgon, 1 Az Table 3, o4 B uls} ).

101%2] Eels B4 ZolA 3650l 2o Folo] ©EA ¥A Bo] Uen}
2] QAU o] (30%) BRIl A tauro-
B glycodeoxycholic acids] 28] 73} R BEWG WA Felo] U}

b ergron}) Hajglo] AstA uUEelt IFE Fol bile extract 3| A3} F

)Elgt}. Bile extract7} 7}

34

o = =
FUe H 04 294 PYsHe FFEE Ak
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Table 3. Bile salts deconjugating of lactic bacterial isolates from human

feces
Samples
Deconjugation of bile salts - + ++ +Ht
No. of isolates 36 3 9 53

: No precipitate halos around colonies
+ © Moderate precipitate halos around colonies
++ ! Big precipitate halos around colonies

+++ ! Very big precipitate halos around colonies

BHES AEI ZEARYE 2eld FEe A AHedAE 13%2 4571

o] 7817 VielgttHTable 4).

Table 4. Bile salts deconjugation of lactic bacterial isolates from

fermented milk and probiotic capsules

Deconjugation of bile salts

- + ++ +H+

No. of isolates 8 - 8 13

- ¢ No precipitate halos around colonies
+ ! Moderate precipitate halos around colonies
++ ! Big precipitate halos around colonies

+++ : Very big precipitate halos around colonies

6639 ANZEC AF Fol gas AYSA Yk o WYl TuYe
TEY PIYOET of§Ft o HANUon UmA BF FAFEL
gasE WAHELEA Y LES = 2O UBD gas 4P FF

Table 33} 50llA] Alghe] Hojx Eel® FF Foal 2&1io] bile extract

deconjugation A& vERIen IR YR E slodch
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Table 5. Number of gas-producing lactic acid bacterial isolates from human

feces
Gas produced
Gas not produced
+ ++ +++
No. of isolates 66 11 17 7

+ ! Moderate Production of gas
++ 1 Big Production of gas

+++ : Very big Production of gas

gl wigexe] o A dAFolA 2 BF

AT} 54FL 37ColA] Hr} 42CollA wiEA gAstgden 1252 Ao
zlol7} glglom whx] 1Eure] Aol 3l Zlog AL

gre] ©x|fold HaFEe AFE AEY A} 12F°] YRR A=E
starter24 AP A=E PAgsiglen 432 P ol wo} AP
lolt} 13]3 15628 AT PAdo] meksldon, 36%-2 ©x|RolA A=A

oxch.

80

8

3. Ay AdFe 53

wg e Ao Fsitin YREE= 12F2] ARG FF 252 Lactobacillus
acidophilus®. 10&& Enterococcus® W= 2Tl gy -.%’-21]%_.,} 751%2-]] oﬂ}\-]
Ea"l ZBAFFEE £ bile acid deconjugation o] Pt RHit

Lactobacillus acidophilus$} Enterococcus® ZFEE lch,
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HzAog Eyut=i Hiso] I URFAR %1%}t Lactobacillus
acidophilus HF04013} Lactobacillus acidophilus HF0404 2HF& A5 o]
Bt Apzos Pustgon ol ABH 542 A¥Y ATt Tble 6,

7oA R upel Hrh

Table 6. Characteristics of lactic acid bacterial isclates

Lactobacillus acidophilus Lactobacillus acidophilus

Characteristics

HF0401 HF0404
Morphology Rod Rod
Growth at 45TC + +

Growth at 15T - -
Gas from glucose - ' -
Catalase -

production
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Table 7, Carbohydrates fermentation of lactic acid bacterjal isolates

Carbohydrates

.. acidophi lus HF0401

L. acidophilus HF0404

Glycerol
Erythritol
D-Arabinose
L-Arabinose
Ribose

D-Xylose
L-Xylose
Adonitol

£ Methyl-xyloside
Galactose
D-Glucose
D-Fructose
D-Mannose
L-Sorbose
Rhamnose
Dulcitol
Inositol
Mannitol
Sorbitol

a Methyl-D-mannoside
a Methyl-D-glucoside
N Acethyl glucosamine
Amygdaline
Arbutine
Esculine
Salicine
Cellobiose

Mal tose

Lactose
Melibiose
Sucrose
Trehalose
Inuline
Melezitose
D-Raffincse
Amidon

Glycogene
Xylitol

B Gentiobiose
D-Turanose
D-Lyxose
D-Tagatose
D-Fucose
L-Fucose
D-Arabitol
L-Arabitol
Gluconate

2 keto-gluconate
5 keto-gluconate
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4. A AAFF 2] bile acid deconjugation

A AN Table 8), MYUH L. acidophilus HFO4013} L, acidophi]us HF0404
X bile acid deconjugation &&o] 943}9 3 glycochenodeoxycholic acid®}
glycodeoxycholic acidol - = 0.05% %9 79 bile acid deconjugationo] 3
=t

Table 8. Hydrolysis of conjugated bile acid by lactic acid bacterial

isolates on MRS agar

. E. faecium
. , L. casej
L. acidophilus L. acidophilus (isolated from
Bile salts (isolated from
HF0401 HF0404 . probiotic
fermented milk)
capsules)
TCA 444 +++ - ++
TCDCA + ++ - ++
TDCA + +4? - +
GCA ++ 4+ - ++
GCDCA -° -° -° -
GDCA b o 0 +4?

® ¢ Precipitate halos around colonies and of opaque granular white colonies

¢ Cell growth inhibited

- ¢ No pi"ecipitate halos around colonies

b

+ ! Moderate precipitate halos around colonies
+ ! Big precipitate halos around colonies

+++ ! Very big precipitate halos around colonies

5. At AAaFFo @EA Ud 9 gy

AE BArFE2oA] URS starterEA] A8 L. acidophilus HFO401 =}
L. acidophilus HF04042] ©&A W8S FAIEz FAA A 28 AagF
E Dela ¥ 53Ut #lS Lactobacillus casei} vlal A8 3stdcHFig. 3,
4

~—

Alg A3t iAo @EAE IHAIIEZHN L acidophilus(UEF A E oA
1), L. acidophilus HF0401, 18|31l L. acidophilus HF04042] th4=237]o)
P o] AdEE AoE AF DAY FFAF Ujgdo] gl HoE vy

e
Q
3 —

o, QAoJA BEalH L, acidophilus HF04013} L. acidophilus HFQ4047} L E-&
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2

ZojM Be® L acidophilusEtt ©FA vdo] o $438l8ith. L casei=
&

thzate] o]3) Aol A ol WA AT UEIRIL 0.5% oxgall
o shea wiRlolAlE ulor 10417 FHE ARyl AFch b, BBA A
A Bel® E faecium® TR ©EA A2 TolM Al AT AFE UE
U ©E4 Ugel 7HE 4% 2R ek
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Optical density at 620 nm

Figure 3.

" 2 .
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¢ mn—E=1
D
B
b "
ol ./
AR
o /’ Pl
M Y
‘f/’/ o //v/
o //V/
a v
=Y
|
T T T i T
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Time
Growth of lactic acid bacteria in MRS Thio broth containing 0.3%

oxgall.
-@- L
-l- L
-A- L,
-Vv- L
-- E

casei(isolated

acidophilus(isolated from fermented milk)
acidophilus HF0401
acidophilus HF0404

from fermented milk)

faecium(isolated from probiotic capsules)
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Figure 4. Growth of lactic acid bacteria in MRS Thio broth containing 0. 5%

oxgall.
-@- L. acidophilus(isolated from fermented milk)

-B- L. acidophilus HF0401
-A- L acidophilus HF0404
-¥- [, casei{isolated from fermented milk)

-@- E faecium(isolated from probiotic capsules)
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Berrada 5(1991)

.3
%
to
N

9] Nd3te] AU L acidophilus®] VAd&
E3 YorEelA FEeld A s wla AES ZAx Ee Aud L

—

acidophilus @&°] m]-¢ 43 U E 713 Zo = EFlE[QdcH(Fig. 5).

pH 2.02] MRS Thio brothol|A L. acidophilus HFQ4012} L. acidophilus HF0404
E A3 o2y FAAFESR 30F FPE BEFFIT FEEA Bastdct
53], L caseiv THE AP #F5ol vld) AEFT 2ol uf¢ A e}

L} 90& Folle AL AEsHA] FIch

olAre] Al¥Azl Bal AUE L. acidophilus HF04012} L. acidophilus

HFOA04E WES AZG starter Aol Fargo] ZtEolo} ¥ 71g F2T
549 BEN U4 Uae 2248 323 233 gl Fu AEYe] B

=3
staL #3 (RS T3 W 27)58E L stel e} kAl

_37_



1010
109
108 ]
107 -
106 —

105 J

104 |

Viable cells number/m/

103 -
102

101 —

100 I  E—— | T

Figure 5. Survival of lactic acid bacteria in MRS Thio broth adjusted to
pH 2.0 with 1,25 N HCIL.
-@- L. acidophilus(isolated from fermented milk)

-M- L. acidophilus HF0401
- A- L. acidophilus HF0404
-¥- L casei(isolated from fermented milk)

-@- E faecium(isolated from probiotic capsules)



6. A AAFF2] in vitro-cholesterol ¥4

Bile salt deconjugation A[@oflx] 7] E AMZ-H bile extract(sigma)E uj
#oll HItste] 3atde] cholesterol B-§AEE AJPsidch =T wiAEES
o] cholesterol®] E&/d3lo] o3l 20L& %tz MRS ujA|AA
lipoprotein?l Tween 80, 2.2|3 salts(ammonium citrate, sodium acetate,
MgS0s - 7H;0, MnSOs - 4H:0, diphotassium phosphate)& Z}Z} w3 wz] & =) =235}
of Algslglen 1 Az} Table 9, 10, 11, 2|3 1264 K= n}e} ).

Table 9. Effect of media on cholesterol reduction of L. acidophilus HF0401
in MRS Thio broth containing 0.2% bile extract and 0.2% sodium

thioglycollate
Cholesterol precipitated
Media pH :
(%)

Control

4.17 0
(MRS broth without 0,2% bile extract)
MRS broth 4.75 27.76
MRS broth without Salts 4.63 24.75
MRS broth without Tween 80 4.96 _ 49,84
MRS broth without Salts and Tween 80 5.08 47.49

Table 10. Effect of media on cholesterol reduction of L. acidophilus
HF0404 -in MRS Thio broth containing 0.2% bile extract and 0. 2%
sodium thioglycollate

Cholesterol precipitated

Media pH
(%)

Control

. 4.04 0
(MRS broth without 0.2% bile extract)
MRS broth 4.7 25.26
MRS broth without Salts 4.62 30.04
MRS broth without Tween 80 4,95 49.49
MRS broth without Salts and Tween 80 5.16 ] 41.64
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Table 11. Effect of media on cholesterol reduction of L. acidophilus
ATCC43121 in MRS Thio broth containing 0.2% bile extract and

0.2% sodium thioglycollate

Cholesterol precipitated

Media pH
(%)

Control

i 4.30 0.88
(MRS broth without 0.2% bile extract)
MRS broth 4.43 25.95
MRS broth without Salts 4.30 25.95
MRS broth without Tween 80 4,53 55.63
MRS broth without Salts and Tween 80 4.47 53.63

Table 12. Effect of media on cholesterol reduction of L. acidophilus
isolated from fermented milk in MRS Thio broth containing 0.2%

bile extract and 0.2% sodium thioglycollate

Cholesterol precipitated

Media pH
(%)

Control

4.11 0.44
(MRS broth without 0.2% bile extract)
MRS broth ’ - 4.28 26.74
MRS broth without Salts 4,37 19.05
MRS broth without Tween 80 4,50 52.02
MRS broth without Salts and Tween 80 4.58 43.95

¢ NE Aol BHFES bile extractE HIsHA] o2 vhxy-E A
=

hEato]l H7E BE wiAlofM &3iEle] 9l cholesterol ¥RE IAA Y=
Rog BEHGon, olx ZHardd ¥ &ilEle] At cholesterol T3}

(assimilation)RrUle= F2 AibFe] Balokz=al Bajof 23] HAA4H fel €5
il

803} @5 APARANN Hargo] ¥ cholesterol s}t EF1te] FAo) nf
9 2 gL nxE Zoz Ueiyton, dytHo g AHBIAR Tween 800]

o wixlo]A ™E cholesterol o] HLd oA AHBEAU Tween

g0o] BATe) BT ool o5l AT fe] YF4H cholesterolo] A

_40_



4& UehiEs 2 deld Qe otz o2t ZelF 43 &S
A 718t wjR]ojlA] ZE cholesterol 9Fo] Thi Zb4A3 Aoz zmividic] o]g¥t
A2 GHEAE EBOIHA 2 uixlo] AAld S ZFsto] vt wiAlY] HE

cholesterol %-& A3 Azl x FHalg gt}

Table 13, 14, 15, 12|31 162 278 L. acidophilus 589 ZAE 9A
2|3t & AJFPoJA cholesterol F2E AJ¥3 Az A ZFA L7 2718

48 &3} cholesterolo¥o] Zrasts= Zol Tase] FA7p 7tel
cholesterol & S&5}x|qt 33 cholesterol & Ao] AitZHo] 2Jgt o] o}

& HojFi gt gt o g pHrl Y2 ujdol FESH= cholesterol &
o] & Ao Uelton, o] AL Table 9, 10, 11, el 12¢] AzjolA 1}
wEA 2

LS

Elyto] F2 L acidophilus FF5o] BASAA B3t By

220) Pl we} Uehle @4os e,

Me
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Table 13. Effect of L, acidophilus HF0401 cell material on the removal of

cholesterol

Removal of Cholesterol (%)

Cell preparation

% pH
Cells from 10m¢ of culture
1.07 6.74
with heat treatment
Cells from 10mf of culture
. 43.73 4.98
without heat treatment
Cells from 50mé¢ of culture
5.02 6.79
with heat treatment
Cells from 50mf¢ of culture
. 41.58 -~ 5,23
without heat treatment
Cells from 100m¢ of culture
. 5.74 6.78
with heat treatment
Cells from 100m¢ of culture
: 37.28 5.2

without heat treatment

Table 14. Effect of L. acidophilus HF0404 cell material on the removal of

cholesterol

Removal of Cholesterol (%)

Cell preparation

% pH
Cells from 10mf of culture
. 1.12 7.11
with heat treatment
Cells from 10mé of culture
46.07 4,57
without heat treatment
Cells from 50m¢ of culture
1.5 7.07
with heat treatment
Cells from 50m¢ of culture
49.44 4.25
without heat treatment
Cells from 100m¢ of culture
3.37 7.06
with heat treatment
Cells from 100mé of culture
50.19 4.22

without heat treatment
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Table 15. Effect of L. acidophilus ATCC43121 cell material on the removal

of cholesterol

Removal of Cholesterol (%)

Cell preparation

% pH
Cells from 10mf of culture
0.98 6.92
with heat treatment
Cells from 10mf¢ of culture
. 33.12 5.86
without heat treatment
Cells from 50m¢ of culture
4,92 6.92
with heat treatment
Cells from 50m¢ of culture
: 51.98 4.05
without heat treatment
Cells from 100mé of culture
. 10.17 6.94
with heat treatment
Cells from 100m¢ of culture
. 48,52 4,02

without heat treatment

Table 16. Effect of L. acidophilus cell material isolated from fermented

milk on the removal of cholesterol

Removal of Cholesterol (%)

Cell preparation

% pH
Cells from 10m¢ of culture
: 0.0 6.91
with heat treatment
Cells from 10mf¢ of culture
49,64 4.3
without heat treatment
Cells from 50mé of culture
5.76 6.90
with heat treatment
Cells from 50mé of culture
50, 37 4,25
without heat treatment
Cells from 100mf¢ of culture
9,00 6.91
with heat treatment
Cells from 100mé of culture
48.21 4.14

without heat treatment
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e dg7] wollA #che] deconjugation activityE LIElWITL EFE oju] |
2] cholesterol assimilationg L}ElWiTiT 3}eit).

8171, Hosono2} Tono-0ka(1995)% R Aibd Lol ]38t cholesterol &g A|E

n%

8t A3} Lo, lactis subsp. lactis biovar, diacetylactis?} &< cholesterol
Easdg 23 olen olk Zeld @il Mzwz weel o FE
peptidoglycang M E¥ FAGES T sh= Gram U TF-Eol Gram &4 Fof 1]

8| £ cholesterol F25HE 23 rkn st w3t ol eyt Beld H3

=]
e gol2Eel &3] AAHctx stk

7. Bile salt hydrolase #A]

AEA3HTable 17, Fig. 6), L. acidophilus &38] bile salt hydrolase &
8 pH 5.0~5.40A ¢ &2 Ao% veht & 24 pHe 5.0~5.4 F
¢! Ao gietsEcl Grill 5(1995)& Bifidobacterium {ongum BB536.0. % H-
Bl BAE SYEEA BslEe] 29 pHi= 5.5~6.52k7 3telem, Gilliland
9} Speck(1977)& L. acidophilus NCFM] resting cells(FA143Z)2] bile salt
hydrolase®] % pHi= 6.0%Zol2lsl 3}gich

BYTEA 2o Gak A s3] Zajsts weelolold UAY HAT
Lactobacillus sp. strain 100-100, Bif'/'dobactel‘l'Lllll longum  BB536,

Clostridium perfringens MC\815, Bacteroides fragilis ssp. fragilisola] £

of

TEEFA BlEasE £ FAEgden, o] AAEL glycined} taurine -3}

fia

i)
H
a

— =
Fatol sl BEE uElWlen, dF FaE taurine HYUTHFAIET

glycine H3gt&ate] thsf o] £& S LEhulc



Table 17. Activity of bile salts hydrolase of L. acidophilus isolates

L. acidophilus L. acidophilus
Cell HF0401 HF0404
preparation pH pH
45 50 54 60 7.0 45 50 54 60 7.0
1 - - - - - - - - - -
2 + ++ +++ W - + ++ +++ ++ -
3 + + + - - + + + - -
4 + ++ ++4+ w - + + ++ - -
5 + ++ +++ w - ++ +44 +4+ ++ -

1: Sodium acetate buffer(50 mM, pH 5.4)

Cells from MRS Thio broth

Spent broth from MRS Thio broth

Cells from MRS Thio broth with 0.3% bile extract

g AR W

Spent broth MRS Thio broth with 0.3% bile extract
+: precipitate halos < 2.0 cm, ++: 2,0 em < precipitate halos < 2.5 cm

+++: precipitate halos = 2.5 cm

Table 1704 B.Eo] §F FFztoll EUEFAL Zoli A9
L}eluit}, Bile extract& =
ByldFa Bjase] 24 ]%Mq.?H”bﬂeemmag-;ﬂilgﬂﬂg
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H:l
lJ ¥
RC)
bt
=
o%
2
2
_Z:
ol
-
ni
o
o]
K
2
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£
[\4

acidophilus HF0404E wioFelold XFHFAE &8 T2 FPo] mi¢ =o}
]
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Figure 6. Precipitation halo formed by L. acidophilus isolates at pH 5.4.
A: L. acidophilus HF0401
B: L. acidophilus HF0404
1: Sodium acetate buffer(50 mM, pH 5.4)

Cells from MRS Thio broth

Spent broth from MRS Thio broth

Cells from MRS Thio broth with 0.3% bile extract

(52 B = IS B ]

Spent broth MRS Thio broth with 0.3% bile extract
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Figure 7. Generation time of L,
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= Fig. 7, 83 2.
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Temperature(°C)

acidophilus HF0401 and 0404 at several

temperatures(37, 40, 42C) in milk treated at 85T for 30 min.
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Figure 8. Generation time of L. acidophilus HF0401 and 0404 at several
temperatures(37, 40, 427C) in milk treated at 110°C for 30 min.
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e} Aolsh 23 ViehtA] ghalth EY glucose WIS A2l W37} A
9 g 28 & 4 Al $FolM L. acidophilus HF04012} 04040 A %Lézﬂ
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Figure 9. Effect of glucose, yeast extract, peptone on the growth of L,
acidophilus HF0401 in milk treated at 85C for 30 min,
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Figure 10. Effect of glucose, yeast extract, peptone on the growth of L,
acidophilus HF0404 in milk treated at 85C for 30 min.
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Figure 11, Effect of glucose, yeast extract, peptone on the growth of L,
acidophilus HF0401 in milk treated at 110C for 30 min.
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Figure 12. Effect of glucose, yeast extract, peptone on the growth of L,
acidophilus HF0404 in milk treated at 110T for 30 min,
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Figure 13. pH changes of the cultured milk at different SNF contents,
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Figure 14. Growth of L. acidophilus HF0401 in skim milk heated at

different temperatures for 30 min,
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Figure 15, Growth of L. acidophilus HF0404 in skim milk heated at

different temperatures for 30 min,
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Figure 16. Growth of L. acidophilus HF0401 in raw milk heated at.different

temperatures for 30 min,
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Figure 17. Growth of L. acidophilus HF0404 in raw milk heated at different

temperatures for 30 min.
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Figure 18, Generation time of L. acidophilus HF0401 in heat treated milk

at different temperatures for 30 min.
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Figure 19. Generation time of L, acidophilus HF0404 in heat treated milk

at different temperatures for 30 min,

Fig. 183} 1964 Ei= ule} Zro] 93~95T oAl Axitde] Mcjr|zte] F4%
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Figure 20. Growth of L. acidophilus HF0401 in skim milk heated at 907C
and 35C for 30 min,
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Figure 21. Growth of L. acidophilus HF0404 in skim milk heated at 90T
and 95C for 30 min.
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<—felacto
- globulin
<—g-lact
 albumin

Fig. 22. Electrophoretogram of skim milk(12%) and whey proteins.
1, 3 skim milk proteins heated at 90T for 30 min.
2, 4 skim milk proteins heated at 95 for 30 min.
5, 7 whey proteins heated at 90C for 30 min.
6, 8 whey proteins heated at 95 for 30 min.

Fig. 22¢] fshid F7] d5AAelA BE ule} o] 90T 95C EA A
of fehazle] WS ulzy Ao 1, 2, 3 4= FUYF IAAE EHT A
ol 5, 6, 7, 82 pH 4.628 AFAA casein AAES Fjux FYIYL
gt EM Rojrh, fhld ANE EMUL w, 902} 95CY M= rhE @A
2 & T YA QoA casein?} RYTYA o] T o] § oA U= €
Az ¥ pHE pH 4.628 2Bl caseing AAY F FHEHAT EH3R
& woj: bovine-albumin, @-lactalbumin, A -lactoglobulin F¢] ko] H
A Aozt AUl RAe & 4 Ak wehd 91 Ex 92TA 02T EA
glshe Zlo] yogurt?] @A) wWhge2 FHEY AeE At



9. Yogurt A|Z W pediocin A7}

7}. pediocin B}

HZH yogurtoll pediocing H7}sle] 5ColA AASIHA Fitd4o] HMIE
MRS Biz]olA|, Zd4F plate count agar HfX]ollA ujegste] AHF n|FE

w318 A Y5t cHFig. 23, 24).
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Time(day)
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— - 10° Akl of pediiocin is added

Figure 23. Survival of lactic acid bacteria of yogurt at 5C.
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Figure 24. Survival of total bacteria of yogurt at 5TC.
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u #AFAE
HzH  yogurtd] A ANtriangle test)E  o]&3t  xjo]AlWAx}
(discriminative test)®} J7]ZXEZ A consumer preference test)?] ZAZ}=

Table 18, 1904 ¥i= vle} zit).

Table 18. Triangle test with p0, pl, p2, p3 yogurt

Yogurt p0:p0:pl p0:p0:p2 p0:p0:p3 pl:pi:p2 plipl:p3 p2:p2:p3
Correct Answer 10 8 9 11 12 13

Degree ¥ x R RRR

0.94 0.89 1 1 1.22 1.28

of Difference

Yogurt plipl:p0 p2:p2:p0 p3:p3:p0 p2:p2:pl p3:p3:pl p3:p3:p2
Correct Answer 4 7 6 7 6 12

Degree

0.33 0.83 0.56 0.72 0.61 1.39"

of Difference

* significant within 0,05%

¥%  significant within 0,01%

#ux significant within 0.001%

PO: Yogurt to which pediocin is not added

P1: Yogurt to which 10' AU/ml of pediocin is added
P2: Yogurt to which 10° AU/ml of pediocin is added
P3: Yogurt to which 10° AlU/ml of pediocin is added

Table 182 AHZH yogurtZte] xjolalEzate] AzE pl3t p2u} p0 p2e
AT fle 222 ety p2of p3, pl3t p3ofME Rt B2 Ao
UElRtth 53] p29} p3& 0.01% E-2 0.001%0]u ol S-2x}7} 9l Aoz U}
Bl BsFez Aozt Wrle ZE o 4 gldrh AHBEE plipl:ip3,

p2:p2:p3, p3:p3:p2ollA EA Usich
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Table 19. Descriptive analysis with the yogurt in which pediocin is added

Yogurt Flavor Texture Sour taste Preference
p0 5.00x2,06 4,56%1.65 527%2.21 4.67+2,14
pl 5.39:£2.57 4.67+1,78 5.72%2.37 5.00+2.22
p2 5.44+1.91 5.00£1.46 5.39%1.81 5.89+2.45
p3 5.22%+2.24 4,78+1.63 5.22%2 .41 5.11x2.25

712 % ZAAIE duncan method® Edto] & A3 & A3 0. 05%0] ¢
He 99xt7t gl ot sour tasted] A& pl yogurtZd b &3 UM Jo]

U 7135 p2 yogurtZt 7HE &2 7

o2 Ueh} Table 183} 192] AzE

Z3s) 2 o yogurt?] ARAE BFA717] 918k EUMEE pediocin &

102 AU H 717} et How

sl

T
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gt Zolm ¥ZE cholesterold W57] AT o7 Yol A=FI glont
of WEAE wol M33tEEA ¥F cholesterol +&E AL 4 Sithe
o] EHelga glojx] FAsZe] 83 dyatezA Wilol HFE

olch.

H

W

2 Agdal, B @ WA, @F cholesterol A8t 5o AZZFARH
2 yehdch, T 2R 435002 AAeld KUt RAaTol
A Ueld 3% shsaol wuh wleld el HolA Rt ANTL AE
st MEY WAHE H2T A9 B3N Z0Fe) §LEINE IrizA
4 itk

W Jaxtse o) wWES XX Fabde] 28t F cholesterol A3IHE
e FEsaA s =Bl AAHIPAT VAN RAarFl T F
cholesterol A3tEzte] 7] e WateiA AWHAAT Al ATk TeL} of

AFAI}et 7R ATES FEHE o 2 AMAL FY 2EFLE 2
35l ojuml AR /2] ©EAe] cholesterolz} 7 £8744 JAPES ¥dsl
& 3l ol A cholesterol F4& AAst EI @FAe] Faol AT
BeBE AR|Blo] ol cholesterolo] ©FAIO R HAL whE A slo &

% cholesterol& A 3}sl= ZloE zighHCH

utetd] BitetFate] EalEde] &2 AMAEFE o8 WARAFTS A3
gtiH 3 cholesterol AIIEANE & + A& AL ki)

o] QdFo @olF L. acidophilus HFO40132} L. acidophilus HF0404: LjAt
33 @A vdo]l 43l Bt FAl Balgo] 3R &Y &
A zo) AMEIHE AP FI7EA] H 2ol H 4 glom, olE 213l yogurt
Az o] &AAY HFUE A AFE T A o3 T2 FE0 =HEh

{ru
\at
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2y HERAZE 98] FALFI FIARAS UHY F UARE oA AV)
BEstA  =wglFolol dla, AHRFHo] wheHEFolof Frh Aw® L
acidophilus HF04012} L. acidophilus HF0404E 1 F - 8AZof o] L5}7] £]3 %

A BHARTPL ofelet 2t

1. 12% &x]-52] dAg] X 91 &= 92ToA 3027 dAE

2. IAYPE ¥ 25% ols}

3. vig2x 9 AjZ: 40TolA 9~124] 2

4, AZFek 2% mother culture

5. Growth factor: 0.3% yeast extract, 2% proteose peptone

6. Starter culture BJR]ZA: 12% skim milk®2} 0.3% yeast extract
7. Z¥FX]: L. acidophilus®} S, thermophilusZ 1:18 u|%}
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A1d A &

Ya FAHEY AT AFE elste] Ad AEREAZA FHabF(LaB)o]

o
A x¥s}= bacteriocing] Abgo] Z7}8}al glth. Bacteriocing] 9Z<Q nising
19884 m] 2] FDAolA FstA s @x] 487]FoA HIHE AFe] REAZ A}
SE 3 olch e A4, izt g AEARGA oMz ol FAe] %A
bacteriocing A4tste ZHANEE 2 F starter® ARESIALL o]Fo] Aitdt=
A ES wWE o H7lshe whdel A= Zloln uleld oA o &
AA 2 BEFH bacteriocing & 1 #F37F F Zloln oo ulet &Y Fod
d

37} A= Folch, gy} Aibdo] AA4lstE bacteriocing L

N

o

[o]

oZ

FH9I 7 Gram Yol FUEI Gram SFF3 AR & YEfe Habdol
AF8lE bacteriocino]l &3 A=A oberth whebd LERL] ARF7IHE A
317] $lsiAs EAFe] bacteriocinglo] EILEL] AA4etio] HWastAHLL

Propionic acid bacteria(PAB)- R LS ElAH T o]£3}o](commensalistic

o

o

interaction)T}3¥2] propionic acidd XAt Aol o]Eo] A4ilsle=
propionic acid @ bacteriocin®] 9%4¢l propionicin F4lF2] bacteriocin
o] =5}A] Bl Gram T W AFFE AAI3ch whebA bacteriocing
Marsh= Aabgt T2 2abFe] Eghjgd g o] gshl FELT FAAMEFR
ZA 2 o]&o] J15E Zolth. AAR Microgarde B|F2] FDAMA FAT A
BEAZ 17 "€xfo] Z234 Este] AL Ay EUAES

cottage cheesel} yogurtolr] EA7} == F%o] AAE <Iste] AHEI 9l

bt o

& Aw3to] bacteriocin®] E2|3}
3 wjorste] o WRAES HE

o
=2
fol AP Y W BF AEREAZ o] 8517] AT AFolth



A 2d d7UE

1. AFA=
Bacteriocin At RAxrFFo] B2 & $i3lo] AMEH A EARE 7Ixbn] A8,
o og AAx]olr), WELAIA|E AP AoA A

AR, 2AA .
zstgon sixbn] Alsle AEolA FUsIEI HAFE 7oA ARY A&
Algstgct, T2y F3 = KCOM, KCTC, ¥HAlel, Iowa State University B

ATCCR K E] 9] B E2|37= stadcl.

IIO
)
32
3
»
i)
g
=
®
=]
=4
=
[¢]
=
)]
[0]
1]
[v]
et
£

2. Bacteriocin34lt AAFF2] Hé

HEFAIE 100 g & AT QJATSEE-2(pH 6.5) 400 mé3} 7] Stomacher®. Z
mpafslo] 3|3 ¥ agar 355YLE bacteriocing A ANFRE B
sl & k]i 0.1 m¢E 5 m¢2] MRS agar(48°C)oll Y3l petri disho] Ho] &
3] 3 7)o 5 mée] MRS soft agar(0.75%)& £33 H.0.8] HEXE wjAIst7] 213}
o] Anaerobic - Jar(BBL)ollA] #e¥(37C, 24 h)stgr}. Indicator® AME-EH
Lactobacillus plantarum NCDO 955= MRS brotholl4] overnight njorgt & ujjok
ol 10 s£(9} 5 X 10° cfu)& 5 me2] MRS soft agaro] Wil @ Z3s}o] mjg
BjrE 2 39 agaroll Hof 37TColA 24AIt wilgstgict. 3552 stFeolr A
SHARE HA colonyE Ee|st7] #1381 agarE ¥lFolA S50l =EHES
¥ F 2428A colonyE MRS agare]l 1 wjdste] 5dH colonyE Felst
At

3. Bacteriocing] ¢l

e A el (proteinaceous in nature)Ql bacteriocing] #HelL thRAEI|F A
2 3 BEAAR] £AHHE BHSte] HYTh & bacteriocin FAF 2R
B2d F5F5 MRS agaro] HE3to] 24217 iyt ¥ 7o Pronase (1 mg/mé
phosphate buffer, pH 6.5) 100 «& A3}8}e] 37CollA 2A]17+ wjersledct,
Indicator soft agar® $}¢] ¥PHOE overlayyl ¥ AM2dx$o] AAEH 2

A%} bacteriocingl Z o2& ThA zjolt).
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4. Bacteriocin AMAF2] 53
API 50CHL kitZE o] &3t #5¢] A& EA, catalase Y oxidase test, &

e, Gram staining 5& FY3I +FF FF 3ot

5. Emmental cheese® Y E| X I ¥|2it72] Ea

Emmental cheeseZ Q1A Z- o3} 37| w}xldlo] 348 F modified sodium
lactate agar(pancreatic digestion of casein 10 g, sodium lactate 10 g,
yeast extract 10 g, KH:PO4 0.25 g, MnSOs 0.05 g, tween 80 0.5 mé, cysteine

0.5 g, agar 15 g)of 3t oF3lo] anaerobic jarolA] wjorslaict

6. Gram X3¢ W ARE ofAste T2y A
yele] FFREV|IZ, tldt 2 Emmental cheeseTHE] #IH IFE
modified sodium lactate agaro]l spotting®}o] anaerobic jarollA] 24x]Zt ufj}
5 27te HA wxolA
o mewesge] A
#8 the) Agel A8

¥
b{:
b

gt F ojrlo] AlgstaA} St Gram 8T
overnight wjoFsle] wiete] 10 & soft agare] 3
agarol overlaydtgit}. Faigt AL AP S HAE F

stelch.

7. RAxdFe] e

Bacteriocin

e
%,
>

Fl'['.‘
X,
w
EN

lo
2(:’

4
nE
.{

2l ] EFE st A (deferred
methad)o] A= gt} & ZAAIFFE MRS agaro spottingﬁ‘}@] anaerobic jar
ol A 24A1Z7+ T F of7lo] APt

garel B2 overlaydlel, FRY AGAATE 9 AUTFE 44T

bacteriocinol] RiZHE FF2 AR SIATH

iy

que Aestad. FuErel ZeYeAFIE 47 RS

agar & modified sodium lactate agarol] stabbingdte] ¥7]& ZZolA] 2447
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vlokstaint. of 7o) A@staAstE FAtAS TR 24HFo] vidH spoto] =

2UAFL FaFol mYH spoto] RAHLSE soft agarol] FEItA

overlaydle] 87]d o2 ujoksialrt. 24A17 F F FF systemrlo] 2] AYAA
=

£ A{ATE Bt PGt

9. &F system?] FIYUS
= FZ gystemo] BF I Aol mediumd %7l 21381 MRS broth, Sodium
lactate broth, @ YEG mediumel|A] ufe¥3t A2} YEG medium(tryptone 10 g,
glucose 20 g, KH.PO; 0.25 g, tween 80 0.5 m¢, MnSO; 0.05 g, cysteine 0.5 g,
yeast extract 10 g, 254 1,000 m¢, pH 6.5)0] /1% 9435lo] 3FLo] Mo
A}L8t9t}l.  Pediococcus —acidilactici  Mybsu]o¥e(Ped M), Ped Mz}
Propionibacterium acidipropionici P5(P5)2] &3+ wjoFe§(M5), Ped Mz}
o Eghioral
(M126)& Z+Z} YEG agarol] 1 loop EHEEF stabdlo] 37|13 o2 (GasPak jar,
BBL) ®io¥(24 h, 37TC)% F oj7]eo] indicator soft agar(0.75%)Z pour plate

3te mjeksleirt. Indicators Z}z} 2 F 2] ujx|ollA] overnight wje¥3le 5 mé

Propionibacterium thoenii THEujo¥el(P126) W Ped Mz} P1263}

o] soft agar ¢ 10° cfuF T =& ZA3s}gtl. Bacteriocind] sensitivedt
indicatory EA31A AAH halod] ZJE &Aste] mE EASHleH halo

o] ZAA7 BAsA] ¢ AL D(diffused) & EAS}HACL

10. &5 system?] 373

YEG brothe]l inoculum sizeZ} 1% % E| 22 HE3lo] T3hulet 7], 2447
48X]17}, 72A17¢ A2} F lactic acid, acetic acid, propionic acid®] ZAx|Z¥
312 HPLCE EAsiych B4 273 2 ARE AVl gt ZHrh
Instrument: Jasco PU-980 pump, UV-975 detector, C€0-965 Column oven;
Column: Aminex column. HPX-87H, 300 X 7.8 mm:; Solvent: 0,008 N sulfuric
acidi Flow rate: 0.6 mé/min; Injection volume: 20 s£., Wave length: 210

nm,
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11. &5 systen®] 71212 &4

29 g71are] ) AakA7], wjR], FF systenS A7) 915 Ped M &
E P5 TS, Ped M 3} P5 &3}, Ped M3} P126 E3 5 4714 FF systend 7}
7}e] inoculum size® 1%E S}o] YEG broth, SGY broth(skim milk + 1% glucose
+ 1% yeast extract), SSY broth(skim milk + 1 % sucrose + 1% yeast extract)
o] AZ3lel FrH L2 37TolA 250417 wlegs T A acetic acid, propionic
acid, lactic acid?] ZAAAHINE  FFslodcth, ol AMEH  Gas
Chr‘omatogr‘aphy}_Z‘l\_ &3} Zr}. Model, Varian 3300; ©o]&“%, Helium: flow
rate, 30 mé/min: column, Carbograph 1 DA; detector, FIDo|H 2%+= column,
180°C; injector, 190°C: detector, 200°C<]lT}

12. E3ujts <ol 24

x712] 47] F3 system@ YEG brotho] FEslo] 16047 BUH LR wjj o5t
mA pH @ glucose?] ZAAZHIE FH3HAct. & £42 Jasco Preparative
HPLCE A}gslgdon A% /1% 9@ 27 olzfel Zrh: column, carbohydrate
column(3.9 X 300 mm, Waters); detector, RI detector(Jasco RI 930);

solvent, acetonitrile : water = 75 : 25(v/v): flow rate, 1.4 mé/min.

13. ujorel © T HE| Bacteriocin®] #2]

Pediococcus acidilactici(Ped M) 1.8 £2} MRS brothollA] 12A]2F BXuj
sted 70CHlA 30 minEQt 7Hdste] M E2} proteaseE BE/JESIATE WL
o] pHE 4 M NaOHZ pH 6.022 ZFsle] Ao|d oF 0% AHolFEA
bacteriocino] MZe] RAEEE stgdch. o] wgAE 30ET LiEE
(10,000 X g, 47C)3}d MELE $AT ¥ 5 M8 phosphate buffer(pH 6.0)=
23] Aot} MEo] H2% bacteriocing desorptiond}r] £ls cellS 100 mM
NaClo] suspension¥t ¥ 5% phosphoric acid& A8 7Fste] pH 2.002 24
staith. o] g 4TolA 1247 AojE F PALe(18,000 X g, 4T)3}o]
cellg A AT ¥ supernatant fluidE 0.22 m2] membrane filter& EAA

A2H cell AP E& AAsA 23 ﬁﬂ"g?l]-% Spectra / Por
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7(Spectrum, Houston, TX, USA) dialysis membrane(M. W.C.0, 1,000)o] Y3 At
2% 2R 4THA AR FHserl. FHAE FAAR Sl thEe

Age] A&t

14. RP-HPLCo] 2]38} bacteriocin®] =)

Reverse phase HPLCol A}&¥ 771& t}&= Zcl. Vaters 501, 510
analytical system(Millipore, MA, USA), automated gradient controller, UV
detector(280 mm), Waters 710 autosampler, Millipore integrator(Waters 745
B), analytical column(Vydac C18, 256 X 1.0 cm, 10 im). Flow rates= 1.5 mé/
min ©]1 solvent:= A(0.1% TFA in water) 2} B(0.1% TFA in acetonitrile)o]?}
r}, o]*o] semi-preparative HPLC column{Vydac C18, 25 X 1.0cm, 10 m)E&E
AF28to] solvent Aol tiZt B gradient elution 272 th&3} Zcl Flow
rate 1.5 mé/min, 0~5 min 75% solvent A and 25% solvent B; 5-35 min, 45%
solvent A and 55% solvent B: 35-36 min, 100% sclvent B: 36-46 min, 100%
solvent A, BIE protein peak= manual & %o}A] vacuum evaporationd}o] olw
peak7} bacteriocin activity® Hol&3| assaystdrth. 2tz peak®] purity:=
sample 10 1g& o =olx Cl8 Vydac columnoi injectiond}o] analytical
RP-HPLCE.  BEA3lgch  o]ste] Al¥olA  bicassayE $]%t  indicatore

Lactobacillus plantarum NCDO 9555 A1-g3}eict
15. Protein % &3
Bacteriocin®] AAI2}FZF AHAE proteing] Tt BCA(bicin-chroninic
acid) micro assay W og Alsls}alc],
16. Mass Spectrometry

HAH bacteriocing] ¥X}3E electrospray mass spectrometer® 223519

THVG Biotech. Platform I1 Micromass, Manchester, U.K.).

17. cjget wiAoAN 2583
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47Fx] ThE wiA]ollA] Ped M, PS5, PI26FFE H71% 2 F7|Fog njodsie]
2} d5+2] cfu/me, pH, bacteriocin titer(AU/m¢)E uw]ZslAT) AU/meL 29)3)
AYe AE ASAABE B HnIgol4e] A2 skl mY BHoz
FAIst Tt ojuf AL&H indicator= Lactobacillus plantarum NCD09557} A}-&-

F olrt.

18. Bacteriocin titerofl u]x]:= pH2] g3t

[e]
v ok (TGE broth)2] pHE fermentorE A}&3Sto] pH 5.0%E] 7.0 7}#] 0.5%t

o

2 o] FAH O = bacteriocin titer W cfu/mee] W3}E FFHslgc) AL
g+ fermenteri= Bioflo(New Brunswick)o]m culture volume2 1.5 £o]glt}.
AU/mé2 L. plantarum NCD0O955& indicator® A}&3}0] well diffusion assay®

&Astoirh pH AL 0.5 N HC1L Ab&3}eich

19. Frozen stock?] 7|

T3 B7] AZE 9% cryoprotectant®] S f)3te] Y] A18H W
siutx]Al= &3t ). glycerol 15%, skim milk 15%, skim milk 10% +
adonitol 1%, sucrose 8% + skim milk 5%, gelatin 1.5%, lactose 8% + skim
milk 5% + gelatin 1.5% o]ife] Jasyx|=lo] 4F& HEIste] -170Te} -20C
olA 30U T AL F 27] u]BE £ vlast] AELE 2 Uehigl

th
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A3d a7 d3 4 23

1. 59 53
% 12359 bacteriocin AAr@FF7} x|, WFAAM=], Z[xm] AE) 24
Balglgch. ol FFEFE syt €e 4FFE 53T AR

Lactobacillus plantarum, Pediococcus acidilactici, Lactobacillus paracasei

subsp. paracasei® Z-AE 9tHTable 1).

4332 FASE Table 20 Ulepiiglch R LAAolA 2[$ NFS #4,

NFS #6-6 @ Ped M2 Zhz} 5 7, 1872 FF & A sldon AlsjzrRg Hi

AV

2 S #32 12 HFE JdAslgrt. E3] Ped MEFE= Gram 24 7-¢l Aeromonas

hydrophilag A|s}olct

3. 2232442 Grand4d 2 F o U3 oA
FFRENT 9 ¥Ry FUY FF2 Gramdd U TRo| of
] =2

HlE Table 3o uehligich olF

£

o
EN

>~
23| 223 Pseudomonas

aeruginesa®} Cryptococcus albiduss &A|5}eic),

. A 22yt A¥AA
4352 AL T2 2AAE Aol Z¥AATL ¢lo] F FF systend

o] R-3to]] EA|7} ¢lodt} (data not shown).

5. Emmental cheeseof|A] 2]l @ y]-Lrtgo] 9]
2 -39 Z 23] &AMFo] Emmental cheeseZ2HE F2|E oo o]E2] Gram
ST T FERo Er FHYE &R A o5 Pseudomonas aeruginosa

252 utg oA 3}%icl{data not shown),
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Table 1, Physiological and  morphological characteristics of
bacteriocinogenic lactic acid bacteria isolated from
fermented foods -

Strains
T\ NFS #4-3  NFS #6-6 Ped M S #3-7

est —

Catalase - -~ - -
Oxidase - - - -

coccei,
Morphology rod rod tetrads red

Gram staining + + + +

D-Xylose - - + -

Adoni tol - A
Galactose

+
'D-Glucose +

D-Fructose +
D-Mannose +
L-Sorbose _
Rhamnose -
Dulcitol -
Mannitol -
Sorbitol -
N-Acetylglucosamine +
Amygdaline +
Arbutine
Esculine
Salicine
Cellobiose
Maltose
Saccharose

" Trehalose ’
Inuline - L -
Melezitose + - _
D-Raffinose - + -
Glycogene - - - Z
B -Gentiobiose + + +
D-Turanose - + - +
D-Tagatose + - + -
D-Fucose - . _ -
D-Arabitol - + - _
Gluconate - + - +
2 keto-gluconate - - - -

' Lb.

+ 4+ + o+
+ o+
+ o

|
+

+ |
+ 4+ 4+ o+ o+ L

Lo+ 4+ 4+ *

L S T N N T T e
I 1

+ + 4+ 4+ o+

+

, Pediococcus
oot paracasei Lb. sy , Lb,
Identification acidilactic
ss, paracas plantarum . plantarum
i

el
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Table 2. Antimicrobial spectra and strength® of bacteriocinogenic lactic

acid bacteria isolated from foods

\ pI'Oduce‘"S NFS #4-3 NFS #6-6 Ped M Sik #3-7

indicators

Le, diacetylactis 185 - - - -

Lb, acidophilus 507 - - - 11
Lb, brevis 353 - - - -
Lb, confusus 653 9 - 11 8
Lb. plantarum 464 - - - -
Lb, plantarum NCDO 955 - 17 22 20
Lb, reuteri 661 - 12 15 -
Lb, sake 816 9 - 11 8
Lb, sake 166 10 11 23 10
Lb. bulgaricus 425 - - - 11
Lb, casei 196 - - - -
Lb. delbrueckii 149 - - 11 -
Lb. fermentum 164 - - 11 -
Lb, gasseri 658 - - - 14
Lb, helveticus 659 - - 12 -
Lb, pentosus 481 - - - -
Ped. pentosaceus 167 - - 16 8
Ped, acidilactici 443 - 8 - 8
Ped, cerevisiae 438 - - 12 -
Leu, mesenteroides 817 - - 24 -

Pro. freudenreichii 668 - - - -

B. cereus 437 . - - - -

B, coagulans 841 7 - 24 -
M, luteus 454 10 16 22 18
Ent, faecalis 354 - ~ 12 11
Cl, perfringens 752 - - 11 -
Lis, monocytogenes 229 - 10 15 -
Staph, aureus 219 - 9 11 -
Sal, typhimurium 191 - - - -
A. hydrophila 461 - - 9 13
# of sensitive microorganisms 5 7 18 12

a: number in the cell indicate the diameter(mm) of halo.
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Table 3. Antimicrobial spectra and strength® of propionibacteria (PAB)

against Gram negative bacteria and yeasts

PAB Propioni. Propioni. Propioni, Propioni, Propioni., Propioni, Propioni,
freudenre jensenii freudenrei acidiprop freudenreic thoenii thoeni i
Indicator ichii 668 1062 chii 6207 ionici P5 hii P104 P126 P127

E coli 272 - - - - - - -

P, - 13 12 14 - 15 -
aeruginosa
252

P, fragi 462 - - - - - 16 17

P, fluorescens - - - - - - -
194 :

Salmonel la
typhimurium - - - - - - -
191

Aeromonas - - - - - _ _
hydrophila 461

Shigella - - - - - - -
flexneri 445

Apitotrichum - - - - - S - -
curvatum 632

C. boidini 110 - - - - - _ _
C. famata 103 - - - - - _ _

Candida
pseudotropicalis - - - - - - -
910

Kluyveromyces - - - - - -
marxianus 137

C, albicans 432 - - - - - - ‘ -

Cryptococcus - 10 7 6 22 20 25
albidus 457

Hansenula - - - - -
capsulata 114

Debaryomyces - - - - -
hansenii 912

Rhodotorula - - - - - -
glutinis 172

Saccharomyces
carlsbergensis - - - - -
120

a: Number in the cell indicate the diameter(mm) of halo.
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6. 34 g

o
=11
ATl

o

171 718 WS HArdF(Ped M8} ZE3|241FF] Z3jRE 7]

4

>

(acetic, lactic, propionic acid) W pHe] ZAA|ZW3l= Fig 1-49} Zc}.
A7 7V W2 BArdF(Pediococcus acidilactici)®} = 23|24k T-F2]
A

ZY Y3 acetic acid®} propionic acid: Z7}3}¢l3 lactic acid: z

ol
-

= BAYE Ho| F T3 systemo] A E commensalistic interaction& 3}3 9
<& BRo{F9r}
7. &% system?] &3 34}

Ped M3 ( Pediococcus acidilactici)2} P5(Propionibacterium

acidopropionici)& YEG brothe] &3 wjasle] Ar=S  Pseudomonas
fluorescens®| assay 3t Z3} halo?] size(diameter)7} P5EHE-S assay 3}9-&

Z-FRrh oF 1.854], Ped M F3 wrEu]}BEC} o 3 16u) Z7}s}

rr

synergistic
effectE HojFo] FF system?] 8o 2 HWE HojFor}. Deferred
assayo] 23t 47] FF system?] FFHL Table 4o] UEeRjgitt. Wi
sausageo| A ZE|E[o] P, acidilactici® EFI F3(Ped Myel 2 F3F&
Propionibacterium spp.+ Pseudomonas fluorescens, Ps, aeruginosa, Ps,
fragi 5 Gram negative@d& A3}lgz wEO T ujFelS uwl Xt} halo?
size Blalo] 2|¥t o] YAEL & 4 lrh Eoldt AR}E Ped M F=
= =5 ¥AFYU Propionibacterium acneE A5l om 490 Sulag
st 3Tl BF AAAES BTl E o] 2RE BUNW YIUNE 8

olFo] ¥F bacteriocing] AFH/AE sdo] ¥ Folrt 2748

Propionibacterium spp. = Gram negative W t)REe] ZRE oxsidon tl
Sulgul Tt Ped M2} £33 #]A] halo size w]ao] )3t R o] Zststg
th e} o]E 2] halo: diffused® TAE FE3 sizel= EAY 4= ¢loic)






Table 4. Antimicrobial spectrum of mixed culture systems

— v
' roducer cells PedM P5 M5 P126 M126
Indicator

Pseudomonas fluorescens 194 15 13 17 18 18
Pseudomonas aeruginosa 252 22 14 34 15 30
Pseudomonas fragi 462 22 23 25 22 22
Aeromonas hydrophila 461 11 13 17 11 20
E. coli 272 - - - - -
Salmonella typhimurium 191 17 16 17 D 15
Shigella flexneri 445 - - - - -
Pro, freudenreichii 668 D - - - -
Pro. Jjensenii 1062 D

Pro, freudenreichii 6207

Pro, acidipropionici P5 - - - - -

1
|
|
{
|

Pro, freudenreichii P104 - - - . - -
Pro. thoenii P126 - - - - ~
Pro, thoenii P127 - - - - -
Propionibacterium acne 11 NT NT NT
Apitotrichum curvatum 632 - 18 D D
Candida boidini 110 - - D - D
Candida famata 103 D D 8 D
Candida pseudotropicalis 910 - - D D
Kluyveromyces marxianus 137 - - - - =
Candida albicans 432 -
Cryptococcus albidus 457 D
Hansenula capsulata 114 -
Debaryomyces hansenii 912 -
Rhodotorula glutinis 172 -
Sacch, carlsbergensis 120 -

o S s N wv B s
O v oo

|
¥
1
1

Streptococcus agalactiae 885 9
Streptococcus mutans 1171 7
9

5335

5335
=]
=

Enterococcus faecalis 675
Lb, delbrueckii 11357 - . D

Lactobacillus confusus 653 11 - - - -
Lactobacillus plantarum 464 - - - - -
Lactobacillus sake 816 1 - - - -

Leuconostoc mesenteroides 817 24 - - - -
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(continued)

Producer cells
Indicator\ Pedd PS5 M5 P126  M126

—.

Lactobacillus brevis 353 - - - - -
Lactobacillus acidophillus 507 - - - - -
Lactobacillus bulgaricus 425 D - - - -
Lactobacillus casei 196 - - - - -
Lactobacillus delbrueckii 149 - - - - -
Lactobacillus fermentum 164 11 - - - -
Lactobacillus gasseri 658 - - - - -
Lactobacillus helveticus 659 12 - - - -

Lactobacillus pentosus 481 - - - - .

Lactococetis diacetylactis 185 D - - - -
Micrococcus luteus 454 22 - - - -
Pediococcus pentosaceus 167 16 - - - -
Enterococcus faecalis 354 12 - - - -
Pediococcus acidilactici 443 8 - - - -
Pediococcus cerevisiae 438 12 - - - =

Bacillus cereus 437 - - - - _

Bacillus coagulans 841 24 - - - -
Clostridium perfringens 752 - - - - -
Listeria monocytogenes 229 D - - - -
Staphylococcus aureus 219 8 - - - -
Lactobacillus plantarum NCDO 955 22 - - - -

Lactobacillus curvatus 166 23 - - - -




8. thosl vi=jollA] FF system?] F7[4tAA

Propionic acid®] ZrjAlAd(ca. 5.2 mM)-2 Ped M + P126 systemZ SSY broth
oAl 90 h v]FgE ull €o]&H I acetic acide= Ped M + P126 systemZ 120 hr
Wi FRE wf HcjdAre(ca. 80 mM)& HTHFig 5-7). wlAE {7]4re] A
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Fig. 5. Changes of organic acids during culture of different culture
systems in YEG broth.
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Fig. 6. Changes of organic acids during culture of different culture
systems in skim milk + 1% glucose + 1% yeast extract.
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10. Bacteriocin®] &2 @ FA

pH 2% 2E%F crude bacteriocing reverse phase-HPLCE EHa|¥
bacteriocin peak chromatogram Fig. 9ol LIEM|Qlt}. Bacteriocin®] A3}
% total activity, specific activity 5 ZAz}= Table 50 LIt}
Bacteriocing& Le[sl7] #3] & A¥o] L3 pH adsorption/desorption
method= bacteriocin® 7]{&2] <} =¥ (alcohol precipitation, ammonijum
precipitation, etc)BT} 4143l t]ake] sampled Ha|at 4 9l whgoz

Atgdh

Table 5. Summary of Pediocin AcM purification

Total Specific
Volume Protein Activity . . Yield Purification
Step (n2) (mg/ml)  (AU/m) activity activity (%) (fold)
mé. h :
" (AU) (AU/mg)
Cul ture 1,800  2.83 100 180, 000 35 100 1
pH 2 extract 40 0.34 6, 400 256, 000 18,823 142 532

HPLC fraction 5.2 0.156 - 14,000 72,000 - 89,744 40.4 2,540
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Fig. 9, Comparative chromatograms of Pediocin AcM isolation
from pH 2 crude extract by linear gradien-t RP-HPLC (a) and
step-wise gradient RP-HPLC (b). The amows in each Figure
indicate the pediocin peaks. In linear gradient analytical RP-HPLC.
method (a), the flow-rate is 1.0 ml/min and gradient was from.
100%, solvent A (0.1% TFA in water): 0%, solvent B (0.1% TFA
in acetonitrile) to 0%, solvent A: 100% solvent B over a period of
0-30 min. In step-wise semi-preparative method (b), using solvent.
B (60% acetonitrile with 0.1% TFA) and solvent A {water with
0.1% TFA) at a flow rate of 1.5 ml/min, gradient was as follows:
0-3 min, 70% solvent A and 30% solvent B: 5~30 min, 30%
solvent A and 70% solvent B: 40-50 min, 100% solvent B; 50-60
min, 100% solvent A. Numbers beside the pediocin peak are
retention time, |



11. Bacteriocin®] g4
@11]% bacteriocin® 121ColA] 1587t autoclaving 3% ¢ 60%2]
activity7} @o} 9laltHData not shown), O|HE Ped Mo] Aitst=

bacteriocing @A 2|7t $ulEE AE/IRel ALY 4 gl AOoE W),

12. Bacteriocin®] 2 pH
BAE bacteriocin AFZ(5 wg/ml)olr A pH: pH 1~90/¢len
bacteriocing] B2 & o]H(250 wxg/ml) halod] size’} ©] AA LIelytor
4 e 1~12704 Spgsiglch oi¥Ee] AEe 24 Yol Ba g S 4
4 pHE 7HAAL ot EZF AEe] JEFEF Aoy dr1A et $ubE s
gttt uleld Ped Mo] AJ4lst= bacteriocing 2 X7

ch

=
2 Aow uiuky

~

o
i

13. Bacteriocin®] =}

fle

LC-Massol] 2]%} Pediocin AcM2] RA#3t Bzl

% pediocinz} |13 A2 Arh.

4,617 DaS 2 (Fig. 10) B2
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Fig.
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10.

iz (Dale)

Electrospray mass of Pediocin AcM for  molecular ‘weight:
determination.

The upper-right number(46179.1UNO.27) represents the molecular
weight of pediocin AcM.



14, 448 wix A%

4712 & Rl @713 W ZT71H o2 wlgyt 335 (Ped M, P5, P126)2]
cfu/mé, pH, AU/meof tizgl Z2}E Table 6o Liehjolch. Ped M 38 FH-¢
TGE broth oA & Faje] ZA] wWolAj= MRS broth7} TGE brothR T} & 2ujA =

EA UEl L} bacteriocin titer: ZoItl. TGE brothi= MRS brothol u]3]

T Fo] Zixlsln 8] 3F A 718 8FFE Ped M &5 2 bacteriocing] cf ekl
AHE 1% AhAEA HEAE Zle=® sikdcl

Table 6. . Cfu/mé, pH;, AU/pl of bacteria in 4 different media and

atmospheric conditions

cfu/mé pH AU/mé
Media Strains

Aerobic Anaerobic Aerobic Anaerchic Aerobic Anaerobic

P5 1.1x10° 5.1x10¢° 576 567 - -

Medium 1 P 126  9.6X10° 5,7x10' 5.85 5.76 - -

Ped M 7.1x10° 3.3x10° 5,48 5,22 - -

P5 6.1x10° 2.6x10°  3.92 3.0 - -

Medium 2 P 126  4.3x10° 1.3x10° 3.83  3.83 - -
Ped M  3.4%x10° 7.5%x10° 4.14 4.08  2.0x10° 2,0%x10°

P5 9.3x10° 4,4x10° 3.68 3.66 - -

TGE P 126 1.5x10" 8.3x10°  3.61 3.59  2.0x10° -
Ped M  2.1x10° 1.3x10" 4,03 4,01 8.0x10° 8.0x10°

PS5 9.9x10° 8,5x10° 4,27 4,13 - -

MRS P 126 2.8x10" 1.6x10" 4,02 3.99 - -
Ped M 4.6x10° 2.6x10°  4.54 4.3 8.0x10° 8.0x10°

#* Medium 1: skim milk 10%, glucose 2%, yeast extract 5g/L, MgS0; 0, 1g/L
Medium 2: isolated soy protein 5%, glucose 2%, yeast extract 5g/L, MgS0, 0.1g/L
TGE: trypticase 1%, glucose 1%, yeast extract 1%, Tween-80 0.2%, MnSO,
0. 033wl, MgS0, 0. 02mM
% Indicator :
P 5, P 126: Apiotrichum curvatum KFR1 632, Ped M: Lactobacillus plantarum NCDO
955
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15. pHoll w}2 bacteriocin titer?] W3}

T}orst pH(pH 5.0~7.0)014 Ped M #32] bacteriocin titer?] ZA]F w3}
L pH 8% walck(Fig. 11). pd 6.0 @ 6.504E SUT FFo2 vjd 204
Zrol #Hrixel Au/me(4 X 10°)& BAFA oL wigge] Faiylel wiet FH3)

A3E HojFgom pH 7.00)4& bacteriocino] A2 AJatE]=] Qbgirt. R

pH 5.50] A= vl ® o2 AJZrel ule} 16A]4E] bacteriocino] AJArE] 7] A]

) nﬁ‘-

Z3to] pH 6.0 & 6.5 B9} 2 AU/mE Ho] Folon) Azto] Fzdte]
w2 AU/me2] A s BEER] Qkgkt). o] A& pediocin®] post-translational
modificationo] Toisl= T A 2] optimal pHr} 4Hd g dolets Bl dxstal

1=
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Fig. 11. Cfu/mf and AU/mf of Ped M strain in TGE broth at different pHs,
-e- CFU/m¢, -0- AU/t

_99__



16. Ped M HF

2] frozen stock7||

57121 BUAA F Ped M2] BE&o] /1 £ AL glycerol 15% o]g o
M ZEE -170T7 -20CHT} £ S B F3rHTable 7).
Table 7. Effects of five different cryoprotectants at two different
storage temperatures on survival (%) of strains
survival rate at 2 storage
cryoprotectants temperatures
. awmt Wt
15% glycerol 61 1.4
10% skim milk 25 9
10% skim milk + 1% adonitol 23 7
8% sucrose + 5% skim milk + 1.5% gelatin 36.4 6
8% lactose + 5% skim milk + 1,5% gelatin 32 7
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o] iy UAAEO R FE bacteriocin BitdF7t ZelE i H3H
O % lactobacillus plantarum, Pediococcus acidilactici, < Lactobacillus

paracasei subsp. paracasei® EAE|drl. ol F AL A WL 45

i

(Ped M)2} 27F2] PAB(P5, P126)& &3t wjosto] Atz =2 wjate] HAlF
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.
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BE3 bacteriocin EAIFS FFY 4 Qgirh. Ped M FF7} S}

bacteriocing 7|€} pediocin family2} -8-A}8t bacteriocin® B vh3 AT},

rr

Ped M H@37} A4Fs}=. bacteriocin 2] titer& &0]7] ¢35t} pHE 5.0 H-E
7.07}2] 2A3l] T2 M3} g9 bacteriocin titerS &% A2} pH 5.57}
N 2o $xE BJEr). o] RE cell UHoA bacteriocin®] processing
o o, %— posttranslational modification ¥ w], AFd pHZ} optimum pHel H
e} dX]stgel. Ped M, F-F= 43 pHE 713 AE UlolA bacteriocing 7}

AR
4 gol, A4 WEE WS WARTH A pHUS ZAY o v TFol
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