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SUMMARY

I. Project Title
Development of a new technique for highly functional semi-dried sausage process

using by functional microorganism

II. Objectives and Significance

Intake of excessive fat and sodium can result in obesity, hardening of artery, and
high blood pressure. Since fermented sausage is produced through fermentation
process while drying, it has the shortcomings of higher fat and sodium content in
comparison with other meat and diary products. Due to this reason, while efforts are
being spent to lower the fat content of the fermented sausage itself, the probiotic
effects of lactic bacteria have been attracting a special attention as a starter culture
to enhance the benefit of taking meat products through the fermented sausage.
Kimchi is traditional Korean vegetable food made through fermentation by lactic
bacteria, which has been studied extensively as an excellent pool of lactic bacteria.
We demonstrated in our previous work Kimchi’'s characteristic as a potential probiotics
by separation of lactic bacteria from Kimchi. The purpose of the present research
work 1s to separate from the Kimchi the bacteria strain that is suitable for meat
fermentation while having a superior property of lowering cholesterol, and obtain the
probiotic starter culture with a potential of lowering cholesterol. L. Sake; NR28 Strain
separated from it has been proven to be the most outstanding in terms of activation
and regeneration within 24 hours within the range of the ordinary manufacturing
condition (temperature, salinity, and pH, etc.) for the fermented sausage, and its
cholesterol lowing capability was additionally proven through in vivo. Moreover, we
demonstrated functionality of L. saker NR28 that intestinal adhesion activity,

antimicrobial activity, and anti—obesity effect for values. fermented sausage.

III. Scope and Contents of the Study
Part 1. Manufacturing the fermented sausage and their functionality
1. Production of fermented sausage
(1) Meat material selection
(2) Processing materials
(3) Cutting, filling, and adding starter culture
(4) Smoking and fermentation

(5) Ripening and drying

2. Monitoring the Physico—-chemical change during meat fermentation



(1) pH
(2) Water activity (Aw) reduction
(3) Binding capacity

(4) Microorganisms

3. Investigation the functionality
(1) In vivo cholesterol lowering effect test
(2) Antioxidant activity (DPPH assay)

4. Sensory evaluation
(1) Flavor evaluation

(2) Color evaluation

5. Selling the fermented sausage
(1) Trade naming
(2) Marketing by media

(3) Sampling for major supermarket

Part 2. Selection of functional microorganism from traditional fermented foods
1. Isolation and selection of starter culture for fermented sausage
(1) Isolation of lactic acid bacteria from kimchi and mongolian diary food
(2) investigation of GI tract adaptation (acid tolerance and bile tolerance)
(3) Identification the isolated lactic acid bacteria
(4) 16s rDNA sequencing

2. Functionality of the isolated microorganisms
(1) Cholesterol lowering effects: BSH test, cholesterol assimilation
(2) Anti-oxidative effect (DPPH assay)
(3) Antimicrobial activity

(4) Intestinal cell adhesion activity

3. Selection of the functional probiotics starter
(1) Growth properties and acid production
(2) salt concentration, temperature, and pH condition
(3) CO, production
(4) Catalase activity, proteolytic and lipolytic activity

Part 3. Manufacturing the long-term storage fermented sausage using cuttlefish and
fermented citrus peel

1. Anti—pathogenicity effect of fermented citrus peel extract

_7_



(1) Antimicrobial activity

(2) Inhibition of B. subtilis endospore

2. Safety of fermented citrus peel
(1) Genotoxicity (Comet assay)
(2) Cytotoxicity (MTT assay)

3. Production of the fermented sausage with fermented citrus peel and cuttlefish
(1) Storage periods
(2) Stability

IV. Results

Isolated and selected lactic acid bacteria are twelve strains from kimchi and Massai
milk which are traditional fermented food of Korea and Mongolia, respectively. Among
them, the representative species are Lactobaciilus plantarum, Lactobacillus saker,
Lactobacillus casei. In acid-tolerance and bile salt tolerance tests, all selected strains
had good survival rate as probiotics. As a result of suitability test of them as starter
culture for fermented sausage, L. sakei NRZS strain had a potential as probiotics and
selected as starter culture.

From antibiotic resistance and biogenic amine production test, we proved that there
were no problem of safety in all twelve strains. And they had no proteolytic and
lipolytic activity. L. sakei NR28 strain had cholesterol-lowering effect /n wvivo as well
as in wvitro studies. In metagenomic study of murine gut microbiota, the strain had
anti-obesity effect, too. L. saker NR28 strain showed anti-oxidative effect as general
level in DPPH test. In adrerence assay, the strain had two-times higher ability of
adherence to intestinal cells than that of L. rhamnosus GG as positive control.

In conclusion, selected L. saker NR28 strain from kimchi i1s proper to be a starter of
fermented sausage and has properties of functional probiotics such as high adherence
ability to intestinal cells, cholesterol-lowering effect, anti-obesity effect and
antimicrobial effect. Using this strain for starter of fermeted sausage contributes to
functionality and competitiveness in the world market.

Based on the selected starter culture, we established a manufacture technique of
fermented sausage. The color of sausage was changing during fermentation as a result
of lactic acid production, moisture evaporation and nitrite effect. The water
activity(Aw) decreased from 7 days of fermentation, it showed the lowest level in 21
days, from 0.881 to 0.885. The pH level of the sausage declined until 7 days of
fermentation, and then showed stable level gradually as time passes. Cutting strength
and hardness of the sausage highly increased during the fermentation. In all
experimental groups, they had negative to pathogenic bacteria such as £E. col,

Salmonella spp. and L. monocytogenes.



Extract from dried citrus peel showed antimicrobial effect to pathogens and
spore—forming bacteria, not to probiotics. Using this character of extract present to
replace the use of chemical adcitives for antimicrobial effect. Before applying the
extract to food, cytotoxicity and genotoxicity were examined in MTT and COMET
assay. The extract did not have toxic effect to cells at concentration of 20mg/ml and
10mg/ml in liver and intestine cells, respectively. When the extracts and squid mixture
were added to ferment sausage, the mixture promoted antimicrobial effect and assign
the functionality of extract. It can provide beneficial aspect in cost reduction.

However, safety of goods did not show dramatic results.

V. Use of the research result

1. Excavation of functional probiotics starter culture
We have worked that isolation and selection the probiotics meat starter culture
from korean traditional food kimchi. In Korea, although the meat starter market is
depending on imports, but the value of our own functional probiotics starter will
grow gradually by expansion of the market and boosting domestic demand.

2. Secure global competitiveness
Fermented citrus peel extract bring product stability and functionality by
antimicrobial and anti—oxidative activity. Like this, natural additives will give
competitiveness of Korean fermented sausage in the world market. Fermented
citrus peel extract will be good example.

3. Intensification of meat processing products
There are many meat processing products in Korea, but it has the shortcomings
of higher fat and sodium content. This contents are major cause of adult
illnesses such as obesity, hyper-cholesterolemia, and atherosclerosis. So,
consumers avoid this products increasingly. However, consumers also already
knew about “the beneficial effects of lactic acid bacteria” and they believe diary
food brands absolutely. Therefore the probiotic effects of lactic bacteria have
been attracting a special attention as a starter culture to enhance the benefit of
taking meat products through the fermented sausage. It means that we make a
new area for meat processing products.

4. Create added value by sales
The functional fermented sausage made by this work, have health benefits and

stability so it is possible to sale for domestic and abroad market.
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MRS broth ©| durham tubeE Y3 72 1% HE3Fo] 24h v YA 713 durham tubeol] 7]
7F A AR gl

1
—_— 1

o
e

m1o
1:1
Py _Fﬂ

olr

2. WAHd 2 HEEAE AA

WA & Tto] flollA dmbika A A=TE s B test2A] pH25739] 9Atol A
o] 4 o oo 9Jits FHsl] Fog ol & 5 vk WA test pH 3 oA A&
T3 el vl 2 %7t Aol FRkErtE SAsts o ® CFUS survival rateg Al4bst
of 2¥E ASTY WHSFAY teste ol HEAtdl dAnivtg Adoiud = VS g
HE testZA] o] wj, @Faty e #AS AFsr] $5H9 03% oxgalZ broths B F 1
GEabo] duli} tolerancedtA S F2lslr] 93] 3x1xte] AR OD S =Aste] growth
curves LT AT S A=Y @A AFHGR S W A H’\}O bl TS = R G I R
A WFE F oAl FFS FHstY 1w Ee w@EolA 2ALt AE Foe
FoZ ol FetAl Hrh frAkaro]l o FAlgh 37 of A %0}”0} Fog Zold F glojor &
of gefo] sFoAl F& FdS 7IAA Hol probioticsEA O] AETE T QUTh webA
2 AYelAeE $7 AARSY AHolAFhHEA A Hl=g xR AYEs HAT
SSDP(Simulated stomach duodenum passage) % (Haberer & 2002) 2.2 4kt 2] WAakA
WeE5Ad Aestd et MRS brothel]l HCIS Y3 pH3S 2 9WaE$ [21%oA 16%7F H g},

NaHCO5(6.4g/1), KC1(0.239g/1), NaCl(1.28¢/1)S DDWol =o]a HCIE o] £3to] pH7.LH=E g9
5 ¢t rsle] Synthetic duodenum juice® AM&3h FARTFS 184 7H5 ¢ MRS brotholl

x s
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A ZITE 1ml o] Akt S e-tubedl Wol HAlEEd $, PBSE 2H AojFth PBSE

AAS & HHdHA FAHS pH3 MRS broth 1mlel] =91 % ml-‘ﬂ pHS MRS brothel] ¥

voltexing ¢ttt 1 & 1Imls WA A& A 3ste] MRS #iA|o] =23k & 37T, 24A|3F A &Fsto

Ag HF:H FAre 5 AT yUwA 9mlS 37Tl A 'J AlZE vl &, 17mle

Synthetic duodenum juiceZ Y3 4ml¢] oxgal solutions ¥olFth 37T, 2A1%F v F AL

8|43t MRS HiAel =gk $ 37T, 24A1%F v Fsto] Aol fabd & Adth A5 A
Z

FH FAATE Sok 3T F Aobdolls AT £F vlwste] %= ek

v}, 16s rDNA sequencing

A t=9] 16S rDNA+ Escherichia coli®] 16S rDNA 4 &2l 8-273} 1511-1491¢] *] o 2+
2y 2453k T/ primer, &, 16S seqfw (5'-AGA GTT TGA TCM TGG CTC AG-3') 3}
16S segrev (5'-GGN TAC CTT GTT ACG ACT TC-3')E& At&3sle] PCRZ S33kt). PCR
82 rep-PCROIA 7|&=¥ vle} o] wbgo3tES F£A5to] 35 cycle (94TolA 13, 56T
oA 18, 72TCoA 28)& 233t PCR ¥FHEEL quantum prep-PCR clean column
(Biorad, Germany)® A Asl™ GATC Biotech (GATC, Konstanz, Germany)olA] <dko &

o] -
21 -

AR %, 9%, pH &4

184131 & MRS brothell 1% HZ &tk 4, 15, 25, 30, 37, 45CIA 747 wj <
A7IH, 124007 02 0D Sgstel SRS g At me JgEns ST RA
A2 s WES

MRS brothell NaClS F%X=W® (0%, 2.5%, 5%, 7.5%, 10%)= Yo "Harstr}h 18417 v gA] 7l
FAHES MRS brothell 1% JFgh 1243004 02 ODgks S48t A5 9 Ak
e AAErs SAFoEAN AHAEE AT

MRS broth®] A¥ T dextrosetr= WEitA] L9 ]/\1 pHE ®W3A|717] wjioll fructose
sucrose® thAlsle] wjx]E wHETH vix o] 1M HCIE Yo7l pHE 6, 5, 4, 3, 2& %@& 5
Hytekt), 18AIF vl A7l FAkE S MRS brotholl 1% FHEgkch 12417 (H4 22 OD#HS =
Aot AU B Ao BE AAEEE SAHFOEA AFpHE A 3‘3}-

_l

AL Proteolytic and Lypolytic test

7S MRS brotholl Al 18417t vi3lt}. skim milk agar(1%skim milk powder, 0.5% vyeast
extract, 1.5% agar)E FH|gF § TS =23t} 37CoA 2474841 3F vk 5 2 Y FH o
UElY = clearzone . & Proteolytic activityS =4 gt}

TS MRS brotholl A 184 7F vl <k3tt}. tributrin agarE autodr & 80C = 233 tributrins
1%%7F % agar plategs e & ¥ st F2Y F9d YElYE clearzone o ®
Lypolytic testE =74 st}

of. I AA N4 % Biogenic amine(BA) A4 HXZE
A A (Erythromycin, Gentamicin, Ampicillin, Tetracyclin, Chlorampheniol, Streptomycin,

Ciprofloxacin, Penicillin G)< 2] g4 ¥ o2 0.025764ug/mle =2 ¥ MRS agar plateE
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FETH 18AIZF wieke fARES 100 /spoto]l FEE  platee] HE TR 24748A17F 37T
incubatorol] A vl ¥ FH XA FE=(MIC)S =H 3}

ot =2k A FA((L-Tyrosine disodium salt , L-Histidine monohydrochloride monohydrate,
L-Ornithine monohydrochloride, and L-Lysine monohydrochloride)Z 0.1% 3% 7}8F MRS broth
E wETE 18AIZF kS fAT S 1% H TS F 5710wt vl ksl decarboxylase EAE
A 3kA 71t} Sara Bover-Cid and Wilhelm Holzapfel(1999)e] ¢]a] 112t¥  decarboxylase
media®l &4 A TS =T 37TCAlA 24748A1%F vl & Hepow WIS Fof
o] BAAA & FH3T} decarboxylase mediagol] 9+ bromocresol purple pH 5.201 A
CEAS gxvk pH68E 2etZd4E Hpdo g Wit weld BA AR s pHYF &
g W BHepAal o2 Wk ZE o] &ste] BAMA S S+ AUk

A}. Cell surface hydrophobicity and adhesion test

frabete]l  cell wall®] hydrophobicityE -&3dte] thdelA = F e
hyrophobicity assay Doyle®} Rosenberg®#(1995) ule} =33t}

of 37CollA 18hAIZF ®HiAAIZI 5wkl 3mlS 10,000g,5mindCol A PAEE & 3 pellet
PBS &9oz 2% washsf£th. PBSol @EAIZIF 580nmelA OD-1gt& A&k 1.5ml
2kl 1.5ml N-hexadecaneS Yo]#3%F 28 %<t vortexingdl &) 3085 <¢F SHAA 1%
S S 580nmell 4] OD-2=A gt} Hydrophobicity 72 (OD1-OD2 / OD1) X 100 & 3

A=A testdho}
A& MRS broth

_ﬂ ox 10 flo

Sch1lhnger-4 R (2005)S Wk AT g FE sEE S43AT HT 29 cells 12 Well
platee]l 7 X 10* cellZ HF3slo] 219 &<t wiksle] 2 3 Mz whEo] Fu} 18h ¢
f4bt-S DMEMel Overnight #l%F £ fAEglste] DMEMOo.2 S Aol Frf, o]
MRS A8 Ao = 3}o] viable cell counting $Fth. Imle] DMEMSol| ol e 4kt (
1 X 10%< tissue culture plateol] 7z} wellol] 93 945 (ZOOOg, 2*) stk CO, 10%9] A E)
o A 1A]ZF incubationdt $-of s A& MRS ILA| %] =
HT29 cell& triton x100(0.05% solution)&. 2 &34 MRS LA HHZ]E s SA43
Abetol A A YA Aol Sl Xs

5
& oA A 5T AlolN WmF Aow ¥

::‘

é
2
>4
o
i
o F
2
>
rii
4

s
&
|
o

Z}. Antimicrobial and AI-2 inhibition test

B A v gl oA Akl 1S zAbely] ¢)6te] #AS 2 7EbE Direct method<b

A5 lS o] 83} agar well diffusion method® =4 3t}

Direct method: MRS brothol| A overnight cultureE 3+ F+2F+S MRS agar plateo] 1ul 3

F3F 24417 30T oA wiFsieh 2 9ol 0.7% soft MRS agarel WA vAES 712 A

T3 F, FArS vl plateo] overlaydl=th 30Tl Al 18A1724A1 3 vl Fste] A5 A A
sé =

O

Agar well diffusion method: MRS brotholl A overnight culture® 3 A4S U4+
(10000g,4C,156min)3te] 343 A5 HS pH 72 533 t}2 membrane filter(0.45um pore
size)Z Al dTh MRS agaret WY vAES HFsto st wd & ddd AA
6mm<e] cork borer® wellS #< 3 ZF wellol] 40402 A5 AS FUsth 30T A 184
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24N el A% AANe] B FTE B

R
rol
i)

Autoinducer bioassay: Bassler So ola] ot W (1998)2 uwhgl Autoinducer-2¢ o3k
activity G A &35 st A ). positive 5% Vibrio harveyi BB152 & AB mediumx
ol 4 30C, 120rpm, overnight Bl %¥3+t}. reporter w521 Vibrio harveyr BB170 i<} BB152
5 AB mediumolA  30C, 120rpm, 16A|%F wiSto}. V. harveyr BB152 5+
centrifuge(15,000rpm, 47T, 5¥)o=Z AeHE&E Ao, 0.20um pore-size-filter(Ministart,
sartorius stedim)® filtering3le] A& 3t} Vibrio harveyi BB170 i3+ ODgloptical
density)E 0.1 %3 3 1:2000 H]&E AB mediad] 3438t1, 96-Well microtiter white
plate (Whatman 7701-3350)¢l] ¢]ellA] 3824 BB170 v 90ule} 4 e] CFSM< 1:9 H|-&
2 4 1A &k wjket B col(ATCC  43894) w5 10uE 2o

Ao

)

[e)
luminometer(GloMax® 96 Microplate Luminometer, Promega) & 347} o] 35§ 30+
2 43

7}. DPPH assay

2002 Akt o] cell lysate A& 800x02] DPPH solution(200uM in methanol)oll 433l 24]
7 ot Aedks A7l 3 517nm 3Fo A Optical densityE A 3cH(Ju 5 2011). =44
el AArA e trew Zth DPPH radical scavenging activity(%) = (1-[absorbance of

sample at 517nm/absorbance of control at 517nm])*100.

3}, BSH and Cholesterol assimilation test

G52t B8l 24E AAste Akl €% FUisHES A

S vt o R FabrS 18A17F Bk Al wiA o wjFsih fAbTS 05% (v/v) sodium salt
of taurodeoxycholic acid(TDCA) (Sigma, St. Louis, U.S.A)3 0.37g/1
CaCly(Sigma,St.Louis,U.S.A)S X33l = MRS 24 Hlx fo] =S 6mm filter
disk(Whatman, England)ell H&gth HEH wixE F71H 02 37Tl A 72A17F 5 v st
T gaa F96d d4d JAd 89S S

05% (w/v) TDCASt 0.1g 84 FdzeHlEo] ¥ MRS wiAo & ajgsta 1 vjet
Fs NS do] Mathara 59 WH(2008)= wel | ~HEFe & SAHSH

El. Cholesterol lowering effect - In vivo

2lo]= %3] hypercholesterolemias %471 C57BL/6 mice=4%E | ~dHE 2 3d|vk
715438 ZASHTE o} AbA eF total cholesterol, T4 A%, HDL =48 kitE AFE39t) 459
o] C57BL/6E 253F AASIAIZl Fol, 31 ZFH~HEEF % 2ol(HCD)E Fodth 2o
M= 1% FUx"HEY 1 FFE FFA 7] sodium cholic acid’} 0.25% #7hd vl =
Research dietAt] D12336 A|#S AF&3tt}h chow dietE A3 91 3F= Normal Diet (ND)ZL
&, D12336<% Aol sl= HCD 1%, D12336% +4F#S 10°5CFU/day = A olo] 4o Hola)
= Akt 2Fe 2 77 U] 6573 5ol th(n=8). ControlZ AF&¥ LGG+ dHbq A o=
A

gl == o] 43 Probiotics® & &HA JARE 20100 EiEE =i (Ying et. al. The
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probiotic  Lactobacillus  acidophilus reduces cholesterol  absorption through the
down-regulation of Niemann-Pick Cl-like 1 in Caco-2 cells. British Journal of Nutrition)®l
A Alald o2 ALgH LGG7F NPCIL1 down regulationo] el o= 3Ho]dle] FHd2HE
Aetads 7hvar Baso] A oMo ALy FAl FelzElEe #3754

Hlu "o 24 2 Ade HEsdnt. 1Y 2dHEd 3o 7HA+= 444 Aol dF LDLY
FER gelst = gl tE mludtol] Bld] NR28S At F7F 7HA = dF g 2dHE a9 = 3
olsit}, AwkAolE Fosl= %%1‘* ouse medeldl] WS AFFosly, kA3 7| HE et

x 3
o&i
Lo
=
El
Ll
oft
%

el E ASwWs 9@ 7k H A Ek

3}, Murine gut microbiota profiling

primer®} probe A2 Firmicutes, Bacteroidetes, Clostridia, Bacilli Erysipelotrichi,
Lactobacillie ¥4 oz2 T+ 4 Sl primeret probeE Al12gth. Multiple Sequence
AlignmentE AF&3Fe] RDP-II9] S A5 o] 2+ 16s tTRNAZE ClustalW2 program .= A 23}
o dXet= F7IAMEES Fdeta primeret probeo] A3 <2l L RT-PCRS &3 T3%9
FE g3 %, 99 awdd Fohve vES TARE AddYse] DNAE &
primer®} probed Eo]A< gHelsit}

In vivo test: 4% BALB/c HE Aot st 253 A4 oleh F4k+(10%cell/mD) S
el A Tt AFoR, ¢ 1% T 8ukgH L}—"r 257 AT L, AR A 2F
7ve] fecal AZ¥ 357 AHF F fecal AES EEs Hlust itk k7]
E AL 5579 7 FF 15 Y ey FA WEket Aolgs AT 4 He AF
npA ko g REte] 2SS AES g 20mle] 1xPBSE 419] homogenizedt &, Iml® &
Foto] -80Cel Huetdtt. Wyt Aold AE3 v AETA S DNAS 5% 5, primeret
probeE A}-83}9] real-time PCRZ 43} th(Holzapfel & 2011, Osborn & 2009).

Z]

RN

o
2

RS
hus
fS

o

-

hic

_,_4

=

4. A4 23
VAR Sl s
1:} 7

1}, Catalase test, gram staining, morphology and gas production.
welE ke A ddehr] Sk ddsel duE ool Table 1, 22 A8kt
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catalase | gram morphology gas origin
B6al = + rod - Hf == 2K (O A])
B6a2 - + COCCUS = By 3= Z A (ORI AD
B6a3 = + rod + B == ZIX| (L OFLA])
B6ad s + rod - B == Z K| (R OF AT
T e + ovoid + B A A (7P E =R A
2 — + Ovoid + B = 2K (ZPEE A 2 K]
13 = + Ovoid + B = 2R (FHEHE =H 2 A
4 o + small ovoid ) i X (ZHEE =H XD
15 e + ovoid + Bl A (ZPEE A Z2AD)
6 — + ovoid + B =X (FHEHE +=H 2R
7 = + small thin rod + Bl = X (THETE +=H A
18 = + big thick rod : = 2K (ZHEE =R XD
NR5 - + ovoid + Hi=ZACHEE = HZA)
NR7 - + ovoid Bl =2 AZHPEE =®HZED
NR11 = + rod - Hi=ZXZPEE =R XD
NR21-1 + yeast Bl = A(FHEE =R AA])
MR21-2 + yeast Hi =X (ZPEE =X ZAD)
MNR22-1 + yeast Bl = A AP E =R/ A
NR22-2 + yeast Bl = A FHEE =H A
MNR23-1 + yeast B = X (FHEHE +H 2 XD
MR23-2 + yeast B = A7 E A ZA])
NR24 - + short small rod - Bl = A (ZHEE =H D)
NR25 = E short small rod - B = A (7R E H 2 K]
MNR26 = + short small rod - Bl = X (FPEE =H ZAD
MR27 - + short small rod - Bl = A (HEE =H A
NR28 - + short small rod - B =2 A (2R E M 2 K]
NR29 = + short small rod - B A (FPEE +H 2 AD
NR61 - + chain ovoid + ZE7|CHEE =M EAD
MNRG2 . + thin rod + LET1(7HEE =HZAD
MNR63 - + chain ovoid + = FNFHEE =/ A XD
MNRG4 - + chain ovoid + ZEZ|(HEE =HEAD
NR65 - + thick chain rod - Bi=ZXCHEE =HEA)
MNR74 - + small kimchi - EAX(ZHEE =M ZED

Table 1. AXF8 TFE9Y catalase, mprphology,

_20_
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catalase | gram morphology gas origin

= = + coccus + (B=Y= 8| E)Byaslag
2 _ + rod (B=Y =S¥ Z)Byaslag
3 = + rod + (B¢ =2 &E)Byaslag
c4 = + coccus ) (=4 =8H=)Byaslag
C5 _ + rod + (B=Y = Q¥ Z)Byaslag
C6 _ + rod + (B=Y =S¥ Z)Byaslag
C7 = + rod + (=Y =2 E)Byaslag
cs 2 + rod + (5= L4 =8H=)Byaslag
C10 . + coceus - (B=Y =5 H E)Byaslag
C11 — + coceus - (BE=Y =5 H E)Byaslag
c12 = + rod  + [(BE=Y=gHE)Byaslag
C13 - + rod +  |[(BEY= /A S)Byaslag
c14 - + rod|  + [(BEZYZFHNE)Byaslag
C15 - + rod + [(BEY=8HE)Byaslag
C16 = + rod + (224 =L =)Byaslag
C17 - + rod +  |[(BEZ= /A S)Byaslag
c18 - + rod + [(BEY=8HE)Byaslag
c21 - + coccus - (5= L =LHS)Airg
A40 = + Coccus + (8= U= LM Z)Aig
A42 = + coccus + (S=L=FHE)Aig
A43 = + coccus + (s=L =M S)Aig
Add - + coccus + (S=L=gHS)Aig
A4S = + coccus + (B4 =88 3)Aig
A46 = + coccus - (S=L=FHE)Aig
A47 = + Coccus + (=L = 8HE)AIg
A48 - + CoCcus (S=L=FHE)Aig
A49 = + coccus (BE=Y =88 3)Airg
A5D = + coccus - (S=L=FHE)Aig
AS51 = + CoCCus (E=E=8HE)AIg
AS52 - + CoCcus (S=L=FHE)Aig
A54 = + coccus + (=L = §HE)Aig
AB5S = + coccus - (S=L=FHE)Aig
AS6 = + Coccus + (E=E=FH=)Aig
AS7 - + Coccus + (S=L=FHS)Aig
A58 = + COCCus + (=L = FHF)Aig
A59 = + coccus + (S=L=FHE)Aig
ABO = + Coccus - (=22 FH=)Aig
AB4 - + rod + (S=L=FHE)Aig
ABS - + rod (SESLEFHE)Aig
AGB s ¥ rod (22452 HE)Airg
A70 _ + coccus - (B=Y=FH E)Aig
AT71 _ + coccus - (=Y EFHE)Aig
A73 = + coccus - (SZYEFH E)Aig
ATS = + coccus + (S=Y=FHE)Aig
AT7 _ + coccus - (=Y =FH E)Aig
AT7S — + rod (SELE M E)Airg
A70 = ¥ rod (2= =98 =)Airg
ASD-1 e + rod - (22452 H E)Airg
AS1 — + rod + (SE2LEGHE)Aig
H1 _ + coccus - (B=YEgH S)Aaruul
H2 = + coccus - (82 EgH Z)Aaruul
¥21 = + coccus - (B=Y =g HB)Tarag
Table 2. SSLEFAF I TFTFESY catalase, mprphology, gas

production &4

_21_




droputotth, Melw 12744 +F

2% 4
A 5 Q9

Initial mean After 3h Survival

counts
Strains pH 3.0
(log .
CFU/ml) (log (6)
CFU/ml)
L .sakei Bb6ad 55 0.66 109
I8 4.5 0.36 8.0
NRI11 55 0.39 7.1
NR24 4.5 0.75 16.7
NR25 3.0 0.033 1.1
NR26 3.25 0.03 09
NR27 2.4 0.06 2.5
NR28 2.8 0 0
NR29 2.2 0.039 1.8
NR65 3.0 0.42 14.0
1°'M3 35 0.033 09
L. plantarum
NR74 3.7 6 162

o
{ oA el A= %%% A 2N AR AR ¥ Fow olEdt
"ot frabito] old SAT A dopdol Fom Soj = glojof Fel EekEol %5
ANA F2 FE= 7IAA Hol probioticsz=A o] A&ES & 5 Ut wEbA HASE BE FA
Fomyy £, Addd ftdEe Ak A mEete] SFedA 2 %S E
= Aelet U, 25 wa SA S ~EE z_gﬂ HEE o] Wi wae oyt 3
= Z

2}. BSH & Cholesterol assimilation

ZU2HES ASAI7IE EHE Lol 7] 93 in vitro 2 ¥ o2 BSH testE 4334
cholesterol assimilation 734 dolel e} A Bttt BE 5ol BSH activity+
ooz FastA Yel o™ cholesterol assimilation®] 74-%- B6a4, NR28, NR74 W52
2oz AFEE LGGRT Hold Zel2HE A3t 2348 E)A‘Z]‘(Table 4).
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Cholesterol

assimilation in the presence

, BSHx of
Strains o
activity Taurodeoxycholic acid
9% assimilation

L. saker B6a4 + 40.7£16.4
NR11 + 60.6£13.6

NR24 + 61.2£114

NR25 + 52.2+x14.1

NR26 + 54.8+14.1

NR27 + 59.9+15.1

NR28 + 43.5%20.1

NR29 + 59.2+18.8

NR65 + 59.3£19.5

1stM3 + 58.5%10.1

L. plantarum NR74 + 478+14.2
L. rhamnosus GG + 48.0+21.0

Table 4. ¥8 %

T+ E 9 Bile salt hydrolase ¥ Cholesterol assimilation

g4

u, AFAE "l & o] EA(16S rDNA sequencing)
Wakd W %%*é S FHe dAdE dFES AR dACA T8I HTable 5). #H Al A
AP 117MA #5 1070 Lactobaciilus sakei = 573 ¥9aL, 3 Mol #+& Lactobacillus
plantarum®. % 53 ¥ A

No. Identification Similarity(%)

forward Reverse

B6ad Lactobacillus  sakei subsp.sakei23K 97 98

18 Lactobacillus  sakei subsp.sakei23K 97 98

NR11 Lactobacillus  sakei subsp.sakei23K, 98 98

NR24 Lactobacillus  sakei subsp.sakei23K 99 97

NR25 Lactobacillus  sakei subsp.sakei23K 99 97

NR26 Lactobacillus  sakei subsp.sakei23K 99 98

NR27 Lactobacillus  sakei subsp.sakei23K 98 99

NR28 Lactobacillus  sakei subsp.sakei23K 97 99

NR29 Lactobacillus  sakei subsp.sakei23K, 98 99

NR65 Lactobacillus  sakei subsp.sakei23K, 98 97

NR74 Lactobacillus plantarum Jpmi(Forward) 100

Lactobacillus plantarum. ATcC 14917(Reverse) 99
Table 5. # X F vA=<9 16S rRNA sequence

T TIFAFANA wElE A S-S Lactococcus, Weissella, Leuconostoc, Lactobacillus
soll Hote= #Fd Aew FAHHAHTable 6). = TEFAFAA Zdd Fids T 7
25 AASA gE A 80-1% s, o]AS 16S rDNAZ  sequencingdt A}
Lactobacillus casei= &7 ¥ 3t}
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Table 6. ¥F TEFAF 3 vAE9 16S rRNA sequence

Strains 16SrRNA sequence comparative in NCBI Similarity (%)
C11-2, A50, A 60 Lactococcus lactis subsp. lactis strain Douzhil09 99%
ASS. A 81-1 Lactococcus lactis CICC6030 or Lactococcus lactis 99%
Homofermentative cocci ’ SCCA3K °
A46 Lactococcus lactis subsp. lactis strain TA-6 99%
H1 Enterococcus  feacalis 99%
Heterofermentative rods C6, C16, A65-1 Weissella viridescence 99%
C12, A48 Leuconostoc mesenteroides 99%
Heterofermentative cocci .
A54 Leuconostoc mesenteroides or confusa 99%
Homofermentative
A 80-1 Lactobacillus casei 99%

rods

o BESAFLZRY MG AT fAF Al
Cholesterol assimilation®] 2328 Fd2HE At 37 Fdd oz w2 [ sakel i
= Adste] HEaAX HEZEAQ 25% NaCl, 22504 442 SAS 2y B 9ok (Figure 1).
LS-1& g8om BWAE starter2A] tETOoR AEHAUT 279 Ay HAEF Bad,
NR25, NR26, NR28 % alld Zz7dd Ao AF5E4d2 NR28o] 7} £2 o= UEhda LS-1

W ARk Eol Tk

2E+00 -
1E+09 -
1E+09 -
_ LE+08 - #LS-1
= SE+08 - mNR2S
© 6E+08 - el
#NR23
4E+08 - :
% NE26
2E+08 -
DE+0) 4 = :
0 8 16
Incubation time (hours)

Figure 1. A¥H L. sakei ¥F 5 LSEAAA FaZANAY ASEA
H] 2
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G17-2, G17-3, G27-1, G27-2) °o|& &7 3 tH(Table 7).

117-1 lacfobacdillus sakej
G17-1 Laciobacdillus curvalus sirain CT5PL4
G17-2 lacfobadillus sakef sfrain BMG 148
G17-3 lacfobadillus penfosus strain 124-2
G27-1 lacfobadillus penfosus sfrain 124-2
G27-2 lacfobadillus sakef

Table 7. ZTESAEFE T AHSA AF v AEL 16S rRNA sequence

g SAFAA 7 SASEA AR §2dt F Lactobacillus sakei7b A oA EeE] A
A =US garg A3 3 Sequencing BA1S Edto] E¢1E Ay WHESAEor B
g8 FabtE L17-1, G17-2, G27-27} L. sakeiZ 574 % A tH(Table 8). ©| L. sakei7} 1A=
FE e ddd wdx Felsly] Yot gHg A¥S Fsled vue Ay AAZREH F
gAY L. sakeir NR28¥} Fd3 gt pattern% 2o webd G27-29 NR289]

=
sequecing ©] YX|3Fi=A] Eelsle] FUSHS ¥

Carbohydrates fermented

]
B2 o
= =
£ E a g
£ Tl =l ] t= i} o o o] i
A EE ©§ B F @9 £ 8 ©m @ @ w B B
g O m g=] o = L~ L e - T
a e '] L= = a = O = 5] [=] o i) = =
A e ¥ m Wom e = = ooe B om & H g
g £ B E 83 32 83§ & 558 8 5 3
o = 34 £ £ O W F OZF o £ o2 E @ m
L sokei :
DL - + +
B&ad +)
MR11 oo GE RER 9 o + + + + + * - - #
MR24 + o+ L + o+ ¥ + + + + + * + + ([#
ME25 + + L = = + + + + + + + + + |.+:|
MR2E + o+ L - + + + + + + + + x ik + [+
MR27 + o+ L + - + + + + * + + [#
MNE28 + + L = [+) + ¥ + + + + + + 3
MR29 + + L - + =+ =+ # + + + =+ * + + +
MNRES = G L E i ok & 3 X + [+
L. plantarum + o+ +
. + - DL =+ + + + + + + + + + i
MR74

Table 8. A¥H FATEL FEE 54
AL. Proteolytic, lipolytic test

SFAFAN T fAbdel A2l M Bad Pl FEI),
2 Rl GYLoR AT £ e
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positive control® AF8¥  Staphylococcus aureus ATCC 29213 skim milk agar(proteolytic
g4 Adu)A])e} tributyrin agar(lipolytic &4 ’ﬂ%ﬂﬂxl)oﬂfﬂ 22U FYo FHIS AT
oA @udn AHdL BT + de 89S Ad Aol FJAHJAAT, AA=FE HAHE
A Losaker NR282 oW iAol M= Fgks wolx] o}, dujdst Ads 3
AE T glv oz A,

o

&

of, I3 AA WA ZA ¥ Biogenic amine A ZFA}

2 Aol HAEE Lactobacillus  sakei NR282  Scientific Committee for Animal
Nutrition(SCAN  2002)3} European Food Safety Authority(EFSA 2008) oA  A|<t3th
Breakpointol| A1 Erythromycin, Ampicillin, Tetracyclin, Chlorampheniol, Ciprofloxacin,
Penicillin G A Aol tiallA WdS 2EA] & UdA9E Gentamicin ¥} streptomycinol] 4] ¢F3He]
WS Btk AW Danielsen and Wind7} A€kl breakpointoll A& WA o2 AHE %] ¢
k=t ol ®We Lactobacilliol 4]  aminoglycosides#l el A A WAHAS Ha, o=
intrinsic WA S 2 A WAdolA ¢ol¥e HAFAAE & Flintel ot Ld o)l A
A9 F dv A= #AVF gl AeE FHE U H(Table 9).

Em Gm | Am | Te | Ch Sm Ci PG
Lactobacillus sakei NR28 | <0.25 | 32 1 4 1 >64 4 <0.25

SCAN 4 1 | 2 |16|16] 16 | 4 4
Breakpoints | Dapjelsen

for L.sakei | and Wind
EFSA 1 | 16| 4| 8|4 60| - | -

1 128 | 4 8 | 16 | >256 | >32 4

Table 9. Lactobacillus sakei NR28¢ pg ml' H= FAA tiad HALdAs=
(MIC) Em: Erythromycin; Gm: Gentamicin; Am: Ampicillin; Te: Tetracyclin; Ch: Chlorampheniol; Sm:
Streptomycin; Ci: Ciprofloxacin; PG: Penicillin G; SCAN: Scientific Committee for Animal Nutrition(2002) ; EFSA:
European Food Safety Authority(2008) ; Danielsen and Wind; Danielsen, M., Wind, A. A., 2003. Susceptibility of

Lactobacillus spp. toantimicrobialagents.International JournalofFoodMicrobiology82,1-11.

Enterococcus faecalis ATCC29212 + biogenic amine(tyrosine) & 2 4E tyramines R4 sFo

2 pH7F &b vix 7 Bepo g wEk v MW E L sakei NR28S 4717 opw] =2k A
A (Tyrosine, Ornithine, Lysine, Histidine)ol A o™ biogenic amine® HA3tA &t} E3
Tyramine® A& F&3, o] #dHo] e o= e, & HAdA ddg

At old e m Y HHFto] S E A

A}, Antimicrobial test

1‘
off X
%

fols

=|

il

Paper disk methodZ ©]-&3 anAgE A& stols| ¥ A3 Listeria innocua$t
Listeria monocytogenesd| A FE213 A< WAL, Bacillus cereus, Staphylococcus
aureuso| A = ¢k A| wF A A &S WA (Table 10).
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Presumptive

Paper disk method H20:  bacteriocin
Strains
production
L.i. L.m. B. S.a. E. S.T P. L.i. W.
L. sakei NR28 ++ ++ + + - - - - + -
Table 10. L. sakei NR289] H YA o] 3 784
+++: strong positive( diameter >2mm), ++ (diameter >1.5mm), + (diameter>1), -: negative

L.i.: Listeria innocua KACC 3586; L.m. : Listeria monocytogenes KCCM 40307; B.: Bacillus cereus ATCC 08715;
S.a: Staphylococcus aureus KCCM 11335; E.: Escherichia coli ATCC 25922; S.T: Salmonella Typhimurium

ATCC 14028; P.: Pseudomonas aeruginosa ATCC 27853; W.: Weissella koreensis KACC 11853

Z}. AI-2 inhibition

Autoinducer-2(AI-2)& A ES] AZAGEARAM F 7] AT E wrjsts Aoz ddA Jut
(Saloomeh & 2009). &84 gt E. coli O157H7 (ATCC 43894)2] 7§~ adhesion¥} ¥
%l virulence factorg¢] o] o] Al-29] €4z s #AAZE vk Aol &elA] AHKim &
2008). 8+ AI-2 Asfo] o3k st AdA aytEA 7P @e A3t olFoX L. acidophilus
La-55 YANETOZ st E coli O157:H7 (ATCC 43894) 2] AI-2 activityel] thdk NR28
HjFalo]l A asS Folaf B thFigure 2). WAl vz A Al-2 activityS Ho|A] &Fd

=]

—_

La-5v 7P =& Asiadts 1o 043’1 Oﬂ?ﬁﬂr I A sh= As F<l ’3} Atk TEL THEA]
ks ﬂwﬂxli NR28 Al =2 Adls dom, v HAgAREY Boks w La-b59 e
Al sS 717 Aoz FdE o] quorum sensing A 3ol o]dk HAMTF = ]EJJrOﬂ FAA T
qs Xﬂ Al FAtt. gHA, Probiotics7F AJAbsh= AEAC ©]d EHECS A5Ast7 Al-2
activityel s = F JoBE o F WsE I SAHst] 1 gs AEs ®mkoy A

AuAel fo29l de F AR i 5 WEE YUTHGMRS: MRS WA WS Hed o=,
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Samples

Figure 2. #4td WS A 5 A E. coli O157:H7 AI-2 activity
A8k &3, (+xx, P<0.001)

7}. DPPH 4138k

DPPH 2}t]# 27502 ela
o7 AMEH L. casei iF9F WS
ot (Figure 3). Bl 0 & A}
= UE AT

1

ook
2

stayte] g A NR28 59 cell lysate= Wz
S Ho 5d3 gdst isanE RAFA = &

yeast extract®] A% 10mg/ml XA 70%2 AA

o

oo
ey

Amntioxidant effect (%)
P T P e S B
= e e e e 2 oo 9
1 1 1 1 1 1 1 1

B N

Y east Extract L. casei NR28
Cell-free extract samples

=
1

Figure 3. L. sakei NR28¢] DPPH &d3A A7 %. (%, P<0.05)

3}, Cholesterol lowering effect - In vivo
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HEhyl {FE 27 HIE (%)
(=] L

11l

NE28

Figure 6. A5 9] txF 9 74 H&

160 7

140 -

120 -

100 A

80 -

60 -

40

20

0

NR 28
Figure 7. 8% SAAY T=
657te] Fo 7I1ZF o AAR g nFHsHE Aol(HCD)Y %3 1 7Fsd xsd =
2" EZ9 4SS S5t AAA< Heo dF FdU2"HE o dwlsle S 35 F
d2HE 39 v&S Akt 23 HCDWS Wl &9 vl f4hS &4 Ak A3
9] Frol freld oz Fth(Figure 8). ol 2 ¥ ZFHHES HYdE FATS H
= a

FozH FY2"HEY AU FFE UFT }E g F de5S vt gs
Probiotics® 2 &4# X L. rhamnosus GGILGG)e] ®]8] NR28¢] &37} ¢ =& Ao =w e
Pie=
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0.12

0.1 4 ®

Choles terol uptake ratio
=
=
=3

HCD NE28 LGG

Figure 8. A8 Zd2HEY &3 Y W ZH2HE 5= 571
] Ml & .(+, P<0.05)

serum®l| 4] total cholesterol, TG, HDLE Z743d}i o|& EUlZ LDLY =& A4st 23}
NDel vle] nZe~HEdS §5 1559 FZU28E 559 LDL 50 ngdsow

71] ety nEZysdHEE S & sl 5 A (Figure 9, 10). HCD L%
gulsto A faEe Wel 1Ee) 4% FEAsHE vE} feldon v Uege
3 NR28715F 9 d75 Zez=Ha dFFe] 7b v/ vetwth £33 a2 Ed359
7} ¥= LDLO % Al NR287L5o] HCDel tiH|a] frejd o= vrA e
A@Edel A NRBe| Zelsvge] 4% BHFL udsdedse dyds
]

in vivo A=
Bt stAwk HDLS 749 HCDZLgw ol Fé4oz A yetsth(Figure 11).

HAA A%

140 -

120 4

100 -

80 -

a0 -

LDL (mg/d¥)

40 -

20 4

ND HCD NE23

Figure 9. % LDLY & X=. (xP<0.05, **P<0.01)
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Figure 10. 8% FZd 28 & g3F. (xP<0.05 *+P<0.01)

70 -

HDL (mg/de)
L -
e =

...
(=]
|

ND HCD NE28 LGG

Figure 11. 8% HDLY FX H| . (xP<0.05, #*P<0.01, *#*P<0.001)

E}l. Antiobesity effect — In vivo

Ho g KE A% FuUlitFe| Firmicuts: Bacteroidetes W& W3l= fojdo=z & o)7t
Ve erton, F wgedlA = NR28% LGGE Fo¢ 1HolA #aste Aoz Yy

th. 2ol A= Firmicuts: Bacteroidetes ¥l & W37 UYERE =0, NR28% LGGE wolgt 1w
oMl N Firmicuts®] v]5o] 7FAsttHFigure 12). T3 A A F 9o ZA WH3lo A= NR28O]
L2 AVE A FS GERN QAT A 2ol 9 d v epididymal A o] FAE
NR28¥} LGG7F NDo Hl&] Fod oz vtA Yelyth(Figure 13). o8 st A4S Ley
(2006)°] Br&l wie} o] Foj¥l fAkdtol] o Gl wstel 1o wE ninke] A
o} dxlet= Aot fEo] vwat #HAH Acetyl-CoA carboxylase, Fatty Acid Synthase,
Stearoyl-CoA desaturasem A #Fe] & &S real-time PCRZ #2413 23} oAl NDoll H] 3
bt s Joe aFdA fFoHd ez vintdd fRAES wdAFo] it oz yEhy
4 S

il
Fulstgo] 2o o3t wiwk A a7t dles B

oot

)

o] A tH(Figure 14).
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Figure 13. F 9 F5FA € A#F W3} (%, P<0.05)
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Figure 14. # 9 7 2=3x J uv|or#H {FHAY 2dAG 9.
ACC, Acetyl-CoA carboxylase; FAS, Fatty Acid Synthase ;
SCD-1, Stearoyl-CoA desaturase. (¢, P<0.05, ** P<0.01)
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Sl HE HEAEQ A T= TE FAFAATYH &, dgd fatk
4| +  Lactobaciilus plantarum, Lactobacillus sakel,
Lactobacillus casei7t % FAHANOH o5 dF= 7| TEAAA ] starter culture®
gol olgH FEEelt el o FFEY UMY 2 UHEY SHS AvE A
Probiotics® °]-8-€ = ‘Rl—t— T2 AESES B3 wEA v F o] w#EF
WESAFANE A
At el el 715 7 7lrﬂ?§%
24 1 FsAs B A At @ 5 A B os &
N A SAGA A AT E AR B, AW A
7] sistel 49 %, pH, 4% WAE S F LEEAF
Fetet. 1 A#R=EA L. sakei NR28 57} Probiotics®A41¢] 7}
aAA 9 starter2A A AT £ KAFE FAbdol e
REgd, g o Qi Bwds) sahel JFROoE AS
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e =

o]
proteolytic, lipolytic test& &) S
LR A kbl @k ok A wAZE H A ek starter® A 3sH7] 98 A
AL} biogenic amine A4 st Ay} L. saker NR28 ¥qF ol g} %i%?ﬂé—
Ao = A7 g Aoz Yebyrt mtxato g MW E Starter 5729 probiotics %]
S Foke], HaSsAEd A8d 7S FUIE Welaat et FHl &HE At &,
gejek a3, kst &3 3 vAdE 23, 4 FF sEs fFE dAaE gl 249, In

> 5ol ¥ lar, MetagenomicsES ©| &3 %
Loto] o)zl AnE Aoy, &4kst
[e]

et
2o o XN
= et ¥o
X ox I

H:l

-
ox & NS N ooft > gl oo pZ ot X D

N
olr

= 5
Wit E Wstel] wE gHnt g s HES Al
g7+ DPPH testow WAl FFo R e
Hlsl] 28] 7} =& FEo = YEY E S gzdHeotel s T3 AS<
A &7 A= Ao=E YyEREo U EHECoﬂ 3k quorum sensing autoinducer-2 signal
molecule®] ™3t A 28-S elsfe Ay A A3 A4 ALel L. acidophilus La-59 ¥ <=

g ®IHE Kol L. sakei NR28°] EHEC® A&os d&FS wAA Fouv EHECY
LuxS-mediated virulence vactore] 33t dAg3E 712 ZAow 7|gEAe. A4 o=
2 AFE T8 AEE L. sakei NR28 g A A A 9] starterZA] A ek FE 2l B A o

WA B2 5H1e [ rhamnosus GGOll

~ AN
rlr
fl

Aolyt 4 A5 FelsEE As @ gulw wY, FHFEINE /b 1754 Probiotics
24, 0% Fa AxE BER2AA /54 L AAY Fae] ¥ JdE T £ A Ao
= @rhar
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s Hold I F&Asd, FHzHE A 9 FRw 2y, FdaRsE vk a7 A
Probiotics® ¥38]%l @24 ol& AL&dl| #Alxd 4etv|= 75 SHAA T FAMF
I 2pdstE = Holgt & & JAT 53] FHAFEYG s U AQAES BREE N
stal, Solgil s s WAt U AR H HIlEES AFES F5te] Sdl&au|Ae] Vs
58 Ul s5AEAG 7o staat skadth g AlEFS s deEaAEd A 2
TS Arrek AgmoA F& T AEQtAAe]l =RG o 53 @AM Mg E YA
FE4] et E F2 HAFE UEHY. 5 Bt A & HAeE e 4
grE RSty 1 7sAS Ad A" S FAE A adle EE AY7EA A H
483 F As Aot

3. AT
7 2EAAAY AE

Aa7le FPESEANA B 9 /e A4Sk, PSE S0 §le =85S B F 484
ol Z¥l of pHS.8B =S Ftty AH F99 sARS AS5HAGmE AEF AEF
(Trichinella spiralis)S E243t A17]17] 935te] -20CYF oA 157 5Z2AZ & AFE3EA
T}, starter culture® AF&H 5= FeAFGANA A9} FF HE FAFAA E2E5H
St Lactobacillus sakel NR27S F =& EEsto] b A] Aol AL&3Aom, Ag2
WAl % 99.9%9] AAAE AHE SR, WA= 2193 AN S aHste] AA
Aad obHAFA 9 (95% 1 5%)H| & ® Eete] ARESIH. A7 s kY] W A bR o A kA
stE Al fste]l Vit-CE Ab&stlon, Fiue 71240 55, vt gd Aty
A ES AH83std e, 7ﬂ o] A& A7 38mme %7]4 Fibrous casingS 30C~40TC 9 &
Fol A oF 303 FAI & xH BV E AASA ALEsEAT
U, FEAAA Y Ax
(1) A4
B AAAY AR = 1 19 2o 52% 9555 CuttingZrd o] §ols AH7F ¥ =
= dFAI (%W 2/3 21) Slient Cutterol A &0l H7ME 3 A ES FA(2EFE A
Q1 Lactobacillus sakei NR.275 T =] 0.02%)s}te] Cutting 192 d=5Ho] Yx=27|7F 3

~5mmAE 2 u7tx] Ad 2 E5te] AASS dAFF e, Cuttingd & 2%+ 4CH
EE FAs9 Y. Td sk njgno) Tﬂzﬁl A 1, 22 Uiro] Axsta tE9t starter

2
cultures FJatA] o A 1, 28 Iy AzFAHS Lo} A ZHo wel Fu
ARk th=2 A T4} Silent cutteroﬂfﬂ«l Ad 2 73 F4 FHo IS A= 59
75“—9—6]’ TAHOR JAEF 2%, FAF 2%, Ad 7o e, AEHEe A Aldex

ol HF AFe FAo FFE vAEE P} ddAS FABoF dh 53] 2
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Table 1. Formular of the Salami containing Starter Culture

I . Testing(%)
ngedients

Content(%) Control Experiment 1 Experiment 2
Lean meat 75 75 75
Fat 25 25 25
Salt 2.5 2.5 2.5
Nitrite 0.03 0.03 0.03
Garlic Powder 0.1 0.1 0.1
Black Pepper 0.3 0.3 0.3
Coriander Powder 0.05 0.05 0.05
Ascorbic Acid 0.1 0.1 0.1
Sugar 0.5 0.5 0.5
Soybean - 0.3 -
Paste Powder
Kimchi Paste Powder - - 0.3
Starter Culture - 10%/¢g 10%/g

* Based on the Salami was determined where vacuum
materials

* unpublished data
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Table. 2 Formular of the Salami controled temperature and humidity.
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Table 3. Experiment design for the effect of the sausage quality.

Product
Experiment 1

storage(day)

Experiment 2

Control
storage(day)

storage(day)

20

10

20

10

20

10

T
T

H
o

H

objective color

b

texture(Compression)
Aw(water activity)

(1) pH &3

o
Hi

iod

=

T A8 pH meter(704 pH Meter ,Metrohm)=

F AT

9

7

A 7] (HUMIDITYIC, Novasima, swiss)® 25Tl A

=

(2) +E &8 =(Aw, water activity)

Aw

=
=
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(3) M= AA}
g 8-A4|3% M= Colorimeter(SPR0, Denshoku Co. Japan)E o] &8t Was A¥Fo ddHS
33] =Hsle] 1 H S L(¥7], lightness), a(¥ 2% redness), b(34 % yellowness) a2

2 et

(4) E4 A

g & AE9 EA7HAE Rheo Meter(CR-100DX, Sun scientific Co. Japan)S o] -&3to] #
@2l (Cutting Strength)?} 7 =(Hardness)E 33 Z43std 2 HdAE %A 390 24 &
AFE 913 =712 Table 49 Tt

i)

Table 4. Experiment design for the effect of the sausage quality.

T Agy 54 x4 AEFY =1
A8 A7) 20mm () X 20mm (&) X 10mm (1) A7 40mm X 10mm (2)
40mmA| 52| Zdo]& 20mm A 52 P o] &
Adaptor — “
(&FulH A A) (&dFulg AA)
Table speed 60cm/m 60cm/m
Load Cell 10kg 10kg

uk. WA E AHAL

A 10gS 90mle] Bt A dset EFstel #FAZ thg 109 SAPoe R A5t ALE 3§
Ak At DCLAMIA], t&t 3M-Fi
HE I 37CAA 48X 75 wikAlA =A 39t

WA (Salmonella, Listeria mono)S w333 A3 wrge AnE HE
Mini-Vidas& AH&ate] A=, A A AE AAeaL A= log cfu/go® FASAT. At
WA S] starter culture® AE¥ 5= L. sakei NR28E W& AR 9] starter® g3}
el = HE CellsE 10°CFU/gdto] A A E A o A& 3t

—_

S F7beE ARES 28kgo® Al S5 &R 8%l MEE SUbe Al THAEE
o] 7bed FiE2 A Ao AFem dAAe YFEol s fEstn den ‘09dE
S TESAE FAEFS AFvrE oF 63F0 FAEHATsFANE Fx). W S
As FF Sl A Ak Aol slEste] g o= ARy oF 10M oY Ak
gid Az AdS tulsr] AAs EaaAH e FEE £H7F Bt dEdke Al A
AA Zvjabe] Az, 7154, oA 25t 5 AAE SAE A FHS AE § A
= A4S Aot olF Rt A & dEds dde] deHTtlA 30 ol AFE 2=
5 uks Badn g, AAEAd, ¥EtAe gA4ste] Axriers fdsa gagl =
IFAE T AFLNAE ] FEFEAE SHIEH I3 of 102 AFAALS 913 A
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Table 5. Scheme of experimental development
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4. A+ 2% R 1@
&

7h 71544 2EAAAY ARV F o5t Wt

(1) PH¥ 3}
B Ao E 2197 & F5S fAG L AR E BAEAN 2 48x BEEAS HU)
stk AFEY EAo wat 1A W At 9 A7 9 A (p<0.05) A5 A

I A
o] EAlstE 5EAES Ed ALY A5 pHE ¢F 54~558 YEMUU(Hwang et al,
2004), %7Fs AFel pHe AFe S e 2 Oﬂ?"ﬂ/ﬂ &=
&3 SAIA] =S 2T7)e fraket

o= 4=

Z
&

st Ag Ao vls] F94(p<o05)eE =2 #H
|

578~5.85 FFolR o}y 7dxto| - FZA A pHA.8FF7HA] Z:”\ 0}0319‘“%, 14 o] % 718
of oF pH 50~53Fw 2R 3Ry E Zox veyth ga 219 A dE A A A=
RE AFolA pH7F #HAste AES Btk o] A3+ A7 T pH #ae vAEY A
Zo w2 ZAF Aol Aytel= Hal(Langlosis®t Kemp, 1974)¢} L x]3F Ayt= a2 5L,
gt AlFe] pH7F AR Fdo| & 93-S vHte AMEES 181E o pH Wt A4
o7 AL Akt T AAIATE FAE "ol O b A oleE A (P A SR AJALEH

(2) A =3}

*3 %o] MO oxymyoglobin¥} metmyoglobinath# 1] &3} Aejo] wz} g}t (Seideman et

, 1984). 2155 *7] <ol 4AFsh(blooming) A A S W WEFZ=glole] 43t 7o) F& M

/]74] =), 71e 7% myoglobin, oxymyoglobin®} methmyoglobin A4+ Z4S el

Y= globin ferrlhemochrornegr st o] AL 2%} pHel wel &ekl th(Gasperlin et al.,

2000). dRH o ® 7y SAFS HUbEe] FFet 7tgel ofs IAE A T o) A4

tHOsbun¥} Keeton, 1994). A% %W S (Hunter g0l 4% 32 %= (Hunter b*)b o) =2}
oF

Fr Akt 7‘“7}?-7} A717E b 993 (p<0.05) B AES HolA eFstedl, Ak HIHL
G713k dol BEFS AR Fes HolErh
Eisl HﬂéﬂE(Hunter Lo AdTolA 271 794 (<0050 = A wskedl, ol 74k
ol Z7lo S wHveE AR A HAT AG7IHY] A== A7kl e A
Aog Fa(p<0.05)3tArk o] Ads HEE dvAoR AV T FaIdve v)ES
Ba(e] A 5, 2002; Park %, 1997; Kim %5, 2000)¢} & ZA3E Bt A A% (Hunter a*)
o] A= txTFolA 27 FoA(p<0.05)o R =S S HYgort AA 7)zre] A} Ho|
el bt S A oA e FAE B

(3) Cutting strength$ Hardness

AFY Me puAE] AgelA AF A8 A HE WA Wi FA SHOZ Y Fad
A2 A ok AW 4F A 2 AFel @ AUE & Age) T AL BEE
Holth. 7Ad KAFY 2AGS AFY FHARYR M F GFS wop 2HL JF
e ZHom AAY WY 2 AEs 4548 dho] HEA AN FFL MATE
5,200, B ATl Ae H470W BEAANAE 10 mmew Awete] T A



compression 312 Wl Z# 9] cutting strength$} hardness =4 A 3= A 7|7+ Alolol=
9] A (p<0.05) FHFJAZE AHstdth A AL 1D)d+= FAiE 353 A7 794
[e]

5 2 (p<0.05)% 2 cutting strength at= H Itk AAH oz o
A AL B A o] FUbgith= o= djAlE 4 vl Hardness H7bol A% faker

%3
A7kt AA7IZE EQt FEAES BHAdsd, AT A7 sk 53 94 (p<0.05)
7 2o A 2199 thERol HlA /594 (p<0.05)°. 2 ¥ hardnessE H T}
Hardness A7} compressiono| Al A A 7FgdA] dojA&= 249 AY=E dF wdst
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Table 6. Least square means, significance level for the effect of interaction between the
lactic acid bacteria content and storage time on pH, objective color, texture and sensory

characteristics of pork salami

Product (%)

Control Experiment 1 Experiment 2
Storage days
1 2 7 14 21 1 2 7 14 21 1 2 7 14 21
pH 585 598 490 494 525 580 586 480 50 535 578 58 478 494 532

Hunter b* 114 102 94 82 78 110 101 95 86 79 108 99 91 8.4 79

Cutting
Strength - 120.1 200.3 480.5 650.4 - 2202 3105 614.2 7605 - 170.2 2405 550.3 700.2
(g/cm?)
Hardness

> - 180.5 480.5 12504 1720.4 - 4703 8004 1700.4 2450.1 - 2752 7604 1340.1 2100.4
(g/cm’)
Aw 0.992 0.984 0.898 0.890 0.8%5 0.993 0983 0.897 0.883 0.881 0992 0982 0.896 0.886 0.883

Hunter L* 524 51 49 433 374 534 521 481 428 358 531 522 485 423 354

Hunera* 491 75 83 88 91 45 77 86 90 93 42 78 85 8.9 9.2
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Table 7. The label of lactic acid bacteria.
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HA = AA= TE
o g a9 0.2% 0.4% 0.8%
g Bl 0.25% 0.5% 1.0%
2l ok T-AA 0.035% 0.07% 0.14%
& 7+ Ql 0.035% 0.07% 0.14%

T2 A bls 7N ZA A5 e iy
AR 2.8 3.0 2.7 2.6 277
e s 2.2 2.7 2.5 2.2 2.4
A 2.8 2.9 2.8 2.7 2.8
Aotz Y 2.0 1.8 19 1.4 1.77
Hloj 2] B 1.6 15 1.2 15 1.45
Abz Rt 15 1.7 13 12 1.42
o 2.5 2.6 2.7 2.9 2.67
EEL] 1.3 1.2 1.1 1.0 1.15
7he} g o] 14 1.1 1.0 15 1.25
A 1.1 1.0 1.0 1.0 1.02
(2) FEEAA AFE #5H7 2
W EAAA S = s 5%

4 = 5

] TR7b w8 HUbme HUbe RS Al

b ANADR AF FYstel wshe AFEAA, xEE, Ao ot FE(s

2 , EYs A, sy

5 Ak, ojg et Aen)s HlaLstel ¥R TbE A dhgler o sk Table 10, 11,

12, 13.9F o] A7 Jidd A detv ot dddeinrt AlgolA drjss FAAEFR
'—BL‘ s

o Amer A, =5 2
Aol QoA QAL AF@ERRN, BAAD B S5 BAE B Ae PA
s gl o RG]l WG4 Aeue] xzAd Ageltin WA ofg
o sAaen AF BRI} % g 9
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Table. 10. 12} &3

7H2011. 7.14)

A% AR | AN WAY bl Az | HA
A A 3. 3.2 1.7 14 2.0 2.26
e 3.2 2.3 3.1 2.7 2.6 2.78
A=A ket 3.0 3.1 2.7 2.4 3.0 2.84
¥ ket 3.0 3.2 2.9 2.7 3.2 3.0

Table. 11. 22} #5% 7H(2011. 9.21)

A& ARG | A AN bl A% | B
Abgju] olmpF = (AHQ) | 29 2.6 2.3 2.3 2.8 2.58
g% I (29) 3.0 2.4 2.5 2.7 2.8 2.68
AA et 3.0 2.8 2.6 2.7 3.0 2.82
w3 ke 3.2 3.0 2.8 2.9 3.2 3.02

Table. 12. 32+ #5% 7H2011. 11.16)

A& AR | A% W AR ot A% | B
H a2y ket 2.8 2.6 2.8 2.9 2.8 2.78
o ol gt AkHA]E 3.0 2.4 2.6 2.7 2.8 2.7
121 R B e =t ] 2.9 2.6 1.9 2.2 2.6 2.44
A Akt 2.9 2.9 2.5 2.8 3.0 2.82
g At 3.0 3.0 2.8 3.0 3.0 2.96

Table. 13. 42 ¥+ 7H2011. 12.21)

Al # T8 ARk | A AAY bl 2z | Bt
23y Ak 2.6 2.7 2.2 2.5 2.1 2.42
ojgrE]t Akeiw 2.1 2.4 1.8 19 2.0 2.04
121 R B R =t ] 2.5 2.2 1.9 2.4 2.5 2.3
A A Aretw] 2.8 2.9 2.7 2.8 2.9 2.82
w3 ke 3.0 2.8 2.8 2.9 2.9 2.88
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& AAE AN % FE
(1) #E3 As

g AAA] AFESE 98l vl @ e](Table 1), AFAA WA (Table 20, 21) Z71 4 (Table 22, 23)
1 #ERskE AAstel BEEst A3 3002 tehont WAFANg ) o}
F(Table 17, 18), Al&olxd, Av|F2(Table 15, 16, 19) 52 THHE 24

3
o] A=A wkvhal F7F F A

S A -;g].

"y i
T £ Zo £ Fa
T FUF 12.6ton 59¢ 6.3ton 394
2009 7 3t s 260kg 980%+¢l 170kg 550+
THE | AaE 80kg 3400t ¢ T0kg 180%H-¢l
T A5 50 7M. S7F A ok 1009 47kA A

) 2000¢ 69 LESAE MY $F} s A (FENEY FHFAANSY, dStTEE )

Table 149 = A 2 Aehv] A4 @8 2% 49< 2w 20093 Aehn FAFLE 63
o AW oF 8I9A(SF VE) FEow A =
Agol B Zow BAHL FF 1009 550 ARt F4HE Adel B4 5 4

ol ol Ao} @t AR W,

(2) TE2AA AAAEH HE
= T A A & G A=l o7 wAe do] o

o
ot

==

MELAAE QAT A

ol AAdnFas AES 43 *aa}ul% 4 1055 A7) 918 Table 15, 16, 137 29
Zol oF 2495 oF 12909, A 1297e)o] 2aF= AR UEht dik AP

24% ¢lo] wAystaL ofAHlg 129 9(5%01 A 71%) A8Al AlFE ke °F 3,0009 (&kekv] Al
F AEA7F F 20,0009 /kg 71EA oF 15% FE)o] A7l e Adem 4 HdTh

Table 15. 15 (10ton/€, 8707/, 7] s, e E E3)

T 208 WA (m) ZAn (M) H] 31
HA7VE Za 10 ]7
455 A 30 261
= 0 i A ww
Kol
=ad 20 174 298z
/A (F-+F) 15 130
EA 10 ]7
FAACH, o) 30 261

2 A 135 1,174
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Table 16. A4F4 1] (10ton/€)

Au T ZeF (k) H] a1
Hroldl 7hE] 1 300 TH7HE A
R 1 350 Fu7he4
yEA7] 4 450 Fad
BRI 1 10 =H7HE A
Ez 20 43 7] et
9 20 16 7] e}
AA S 5 5 Al

E 52 1,179

(3) ERALAA AR7HE R A EAEH

LEAAA FH7E R sty AvirbE AR 3 A3 (Table. 17) 2ekvl o] A-¢ oF 47,000
/kgelw ol & Wizt oA Azt oF 100,0009/kg T E WEFHTE Ul G A ol A
Arbste] dvid F9- AlxzA7k= oF 200009 /kg FEol 2 Aor AWty sty o] 99

olHj Y SOl FEHE vUd e Aore FdGANA Eetola Tor AEAW
= A7 B8 Aow FAE &S o] Aekn] AFo] BZF 5 FHE o9kl &
ot #viste A9 BE Ao AlRHET FEdAe] Aetrle] gk A VRS,
AEH 5 ARE F38le] B Table 18,7 2] Q.oFs 4= 9l
Table 17. =t A3l 2 Aretn] 744
T 7 s A | A A | AT Aeb]

=01 7] B Y7t 283004 /kg 99,0004 /kg 47,0009 /kg

el Rz B ) R B e e i el D o 35,0009 /kg 180,000 /kg | 100,000 /kg

Ul GA o [ FHT A3t 30,000¢ /kg 20,000 /kg

U ST EA BESAE VERh R AEEA dgs AR A dEEY S 9A
T HELAA SAE AT AR A e B Aol AsEA g2 A
of gk Fgow AR A AYA Fol &7 HAEWAGS AU A& ERss & 24
ARl Jrj7E o] FoAA A ¢hal gl= AA ol

HEAAA A A Fl tE 9 AEE AEE Tl B SRR SAE i ARt 2
7hA FEsE EHE S e star Al AFAbel tid AlzdrbEss areske] Ao
Aol of 1009tz sy nAFAe 4542 A" S FXstolop & Ao A,
ST ERANATE ST ES @ Fol Hol wwliAtel] ojupxstal F7bE Al H-7F7EA]
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o B2 Yoty FyEAtd e AAsgon wrdsl=dy 7lodstd 7]t
Table 18. =W 7oA LHESAE 7|<AE 9 A8
75 A T UE H] 31
SH {5 [} =] SH
Cr AT O A} Abgbn] AR A3 e
O @754 A3 A=, 20099)3ke]
O dE2 A7 A spdeks
20 3 (2001 L& ZEulsl 7R 27U 4
- A& TYA 717t wETha sgkete] gAatee) B
O 542 @r|dzxzsd A W fAak daatetu] s
(20019 vA@FE 7)EAE 23)
04 F&F | E5 } )
O 2003 PILOTA A 22k Aakste] )
~ A& 50kg/Y, AEtn 200kg/ 4 AgArslR ou dAAF ek
O 542 & @7 dxz54 A8 A% gAkay
o AFT - F3HCoppa) : % 10kg/€ W2
- Z Z4FE (Prosciutto) © ‘08.10¥, 50kg/Q, 2} A&
o O 2008 A7 AAkAld )
T O b pEdE AT 9 el
I O A3 4 Aghu] A AA7ls 9 AS0E o5 0 2006
T - AR AHAA A B F
T3 s AF(EENEY FERAHTY A1 THE D)
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(h) EFFAN 43
AEIE s e wg

A X (Table 22, 23)= tt&3} o] /p
ul A Fol date] At A

1 72 ], W
sheith.

Table 22. &%

=% Al 58 e Az A= | BOXZ % | BOXS
A
=N = B 100g VAT 12785 2.0kg 2070
SASE el A A T4 HE S CR
At A5 PE 170 % 190mm 65
At AEA PE 80 x 90mm 3=
Al ] B/B= | 300 X 200 X 80mm
63941 np 57 = 2l 104 x 100mm
63942 ]S A= RS 110 x 300m
63955 OPP PAPE OPPFY | 0.04 X 50 X 1000
Al

Table 23. A& Ea %

e Al 578 e Az A#FIE | BOXE% | BOXT%
Asts
L7V R 100g L7V 12786 | 2.0kg 207)
FEHS AN ! T S| 28 | A
2t HES R PE 170X 190mm 65
Al ~E| A PE 80 x 90mm 3=
2t uk A B/B¥ | 300 X 200 X 80mm
63941 Sl AT ) 104 x 100mm
63942 EIEASEIRCE 110 x 300m
63955 OPP PAPE  |OPP%% | 0.04 X 50 X 1000
7
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mziﬂﬂ ZIAgE Sl dEdasddey], dedada ey dddEs w4
i AedAEd, AeUE12-174) @ A3k Table 24, 259 o] vepyth 7154
oM 2EstE fd HEE B A FHAEEY oF 10% WA 245 AT

A& A= A4 H] 31
dF 408.68 Kal 100g & 4=
sl E 10.74 g/100g
e =4=E
AE vy O 29.69 g/100g =+ 1.59
o A v 27.44 g/100g + 0.01
el SE3}A) 1) 10.8 g/100g
EWAA"r ==
FHAHE 183.26 mg/100g
UE& 1,360.01 mg/100g * 11.74
F) BAA  ASRE Q20 EA2012. 319, AU E12-174)
Table 25. A& EadA4ein L8 EA%
A A gE A4 H| a1
dF 419.85 Kal 100g & 4%
sl E 6.10 g/100g
I 1S
AT vy O 29.00 g/100g + 0.00
A A A Hk 31.05 g/100g + 0.00
ety SE3}A) ) 12.2 g/100g
EWdAA =H=E
FHAHE 223.21 mg/100g
UHE&H 1,406.94 mg/100g + 7.18
F) A AR E ARAINEA012 319, B F12-175)
5. 48
71 HESAEe] AxTAHS FHst AEstelr] 918t L. sakeir NR282S starter
culture(Cells% 10°CFU/g) & AFg3te] AgnAES A xdte] A+E =3 3. o

%EE

sHI =ZH2EE As 2 @

AE AZA ©B7)%A el obAA

mE

2 K
on o2 Ed AxH LFEAANAE 1 75X
L E S 2

SATHAANA AT dEFEA TEAAAY starterA] A
g
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dA g o5 filtrationste] I HEHR WAES AASH JAAdES A filtration®
b FEHS 60CoA Fds=soh dye T ag= 50ge AXAEE powder HFHE
=3, 500mle] 3A¢} 5% sucroseE ¥ o] autoclave Al Z1th. L. plantarum (KACC3103)3}
S. cerevisiae (A1-69)2 Z+ZF 1%% HE3st1L, 3% glucoseEs FH7bsle] 37C 7| A H oA
7TA v R RSt wEavt 29 AIREE 8000golA 303 AR thE 02mE

Ko}
filtrationdte] 3} B {2 A A filtration® FHI FEAS 60CoNA s 53}

G gzeA A

7 Zzmel WAoo
agar diffusion® & AH&3FAth
af AlFol A AmfEaL = 8
71 =#9). Hdd "AE gAY a"gYgAds el BF 65 (Listeria

monocytogenes, Staphylococcus aureus, Bacillus cereus, FEscherichia coli, Pseudomonas

st gt fAbere] dish S dolrr] fd] Paper disc
© U 5A4S Hogg HHZHOV] %

aeuroginosa, Salmonella typhimurium)< A%t FsAT. FAE T F L.
plantarum(KACC3103), L. johnsonii BFE6154), L. rhamnosus(BFE 5263)0] A}-&% <) E} el X]
9} agar= Tryptic soy brothE 7]2°=2 &l njgglorn, fFAikite MRS wjx|olA AdS

Tttt 2 HAA PAAES brothol]l HFeke] 37TColA 2443 vl 2 Al vl g %H
23t A7l 5 Ha Aol = HJFsto] discot AlEE A eshal 24-48A17F v et clear

zonesS 23} ,\E}.

o IR TY ASFYHA xA}
Bacillus subtilis 59 "AEELS dotdl oA ABE37] Y& A EA(endospore) S A

gt o= QR4 s wi A ARHS A ARk o ® 120TolA 20+ o] 7Fds
A o APEEA etk Oy A Eel LdE o] AHE o] 2AHY 545 A5
Al A E o] MAstez 7tES 314 2= TE SAEFS Agdd Ao A dgarvt
2 o7 odnh WhdAgd el & s EHs vHA e 2aarr 2R e s AT S
ZEA =2 1 715 diEl gotry] S8 2 ARS TS B osubtilise MnSO47F

50ug/mle] F%=2 FH7F¥ Nutrient SHHB]X o] HF st 30TCAA HA 7A3F vjYFste] 90%
ol o] IAPYANS =T F A7 33 TFFU PBS buffer2 ZAE wo] W T 4000g0]
Al 20 FQF 9AEE 0}04 ¥AE Bet) o] ¥AE A% volumel Z HE Rt v
2 24191 BHI brothel HEF3le] 70Tl 303 71dste] @43} Alzlvh 37Tl A 2441 7F Hj
Foto] FEE *@vﬂr%}%g =3 5, 8000rpmoll Al 204 FoF AR FeugFdS 1
L pellets U3 a8 o7 23] PBS washingS 33t} 7]2Lo] A7 pellete] PBS

=
k=3 Els
2 do] 283 Zo]lx & 600nmolA FHEZS =AH3}

|

om

da3a e AAA FAL
E=EAAHA (MTT assay)
Mosmann®] W (1983)e s, G roll Ao =4S &lstr] sl 72 HT-29, HepG2

7]
AEZE 96-wellol 5X10° cells/ml AEF2 Wil 24748413 ¢t 8 vl & FayFEE5S
TEEE HUbstal thA] 24748A13HE vk et MTT Smg/mls 20ul® il 4413 §kg-A171
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TS Bgal DMSOE Yo A2 2087 w3A 7ttt &3 %=+ ELISA reader®
590nm ZFFol A ZA3t EFFEE cell viability® $4F8te] ICsat<

@54

A5 A A (Comet assay)
A 254

of & d3FH %7 DNAel izt =4S sty #18) single cell gel
electrophoresis (Comet assay)E 33} tHWenjuan 5 2009). 3T3-L1 cellS 6 well plated|
90% confluancedtAl HIYAIZl & WX FEES sE2HZ Yo &4 vl A7 tH60min,
37C, 5% C0O2). 50mM9 H,0,°] TE= Cello] 30%7F AHg3te] DNAo 42 43It}
Proteinase K 100iE A gste] A EE Wl 1mle media®t &7 centrigugationdt %, 100
wel mediadl HEAA 20ulE comet assay©ll ©]83t}h. Frosted microscope slide® 0.5%
NMPA (normal melting pointrose) 35ulE precoating @ %3+ % 7540 NMPAS =¥3F
cover glass® Yo AX3T cover glassE Wold & 07% LMPA(low melting point
agarose) 7509} cell 20l E A olF % slido] =EZ3Fal cover glassE 9 5 AxA 7t t
Al cover glassE Wi, Yo 75u LMPAS =¥3}3l cover glass® @Ol AZFAZIth
o] Z Z9 slide cover glassE #|AF lysis solutiono A 1A 75 4T A cellg lysis Al 7]
% slideE electrophoresis (25V, 300mA, 20min)Al %! %, nuetrition bufferol 4l F3}A1Z1 & 75
W2 YoYo-1& E=X3 F o] F2 oA M35t Fluorescent microcopeo Al A E < DNAEZ

zd
SAE A=z /\1 7}% 2 ZUl = *“ﬂﬂﬁlow %HM}% l‘i—*&%% A&t om, -2 Foll A
A& T} controlZA] EFstE Az o Wy SAES Azt wlusth 7k 21Y
asA o ddawe deer HAE Fa FuloFE Sl g A2olA 7] B
st Fgolo YA FFE AFEIATH

ol Aol A th & clear zoneo] T F AH Figure 1). T3k Awk
e

=3
& g F 9l (Figure2).

E. coli | S. aureus | S. typhimurium | P. aeuroginosa | L. monocytogenes | B. cereus
Omg/ml + + + + + +
32mg/ml + + + + T T
63mg/ml + + + + + +
125mg/ml - (+) (+) (+) - -
250mg/ml - - - - - -

Table 1. B 44T A3 2EAY FE2EY HrAHYFE
3 el o 6709 MAA wF gl Rl A 50ul o] e] EFol
P. aeuroginosa, S. typ]ﬂmunum B. cereus®] 75 dAHo=

Gt g s HeEpd o Azke) Aol wheh(48A13F 3t o] & B Al clear zone©] AReRA]
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Tablelol “FERY

MIC 2=

ki3

off i
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=

] A

i

5

o

i

S. aureus

P aeuroginosa

L. monocytogenes

B. cereus

S. typhimurium

Figure 1. A vAE o

3 53}
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1
e
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& Holw I
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(Figure 4).
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L. plantarum L. johnsonii L. rhamnosus

i

L. plantarum L. johnsonii ) L. rhamnosus

Figure 3. At ol tig 2a3y FEE9 FTdaH

Hr g F1) 2] = L H B. subtilis endospore Y| = 10}
3 p—
s F
E
& 2 |
2
& s
=
E |
g
G B_s =
0 — I @ e
0 32 54 125 250 500
Concentration{mg/ml)
Figure 4. 2383y F&E9 X4 B. subtilis endospore?]

et Mx5A 28 Ay 10mg/ml =74 AE5AAS A3 e

= 238 F7HA7171% skslvt ICse= 77mg/mle] A
r Ao AP mp7kAE 10mg/mle] HEx s F
© DNA 7o) A=A g dth(Figure 5). (FAEF gk Alxsde] &l 2,
F = AlEEA ] Aol YEIUYA ko IC5ae 70mg/ml F% W o] dbel A
el ot (Figure 6).
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Figure 5. 833 9] HT-29°] th& COMET assay 2. 9% =4 C: AA
Mol DNA, P: H.0:01 ]3] DNA®| &8 942 M2, 100 10mg/mls=2 FCP A
Z, 5 bmg/ml %2 FCP A% 20 2mg/ml 552 FCP A= 1. lmg/ml %9
FCP A=,

140

=
*
4 #*
a0
20+
100 S0 B 3o 20 10

sample concentration (mg/mil)

2 8 B

cell viability (%)
)

Figure 6. #3339 FZ&E9 HepG29 W3 MTT assay
2 3} (P<0.05).

ooBEAS R el sk WE SAE AF A
GDL #7h wlg3t Bl 05%2] HRANE H7he Aebns GDL A7hsh FA72 e
of Witsl wskth(Figure 7). GDLE A7be Wl HESE R
AE7} controlst W stglon] dume] A P4 4w 94 Aolsk §eirh e} GDL
2 A7bekA gre e wale] dojubx g Azl o@ FEFE BAHA ko,
WA AR BRge] A%Y 94 YYHA Wb FA3t Aol o ek B w3

5

i

K

=)

> rir

A >

= P )
N

e
o
;sz
0?~
flo rok

:
F7t WAl AFORAY 2AES FEAX Roh Ao W ol g |

GDL %37kl 4%, 94018 F7h2 A7He AxAPNAE S5 vebder. $33 A
of AsHA EAAT A=A A FAYol vpehbA gtk AW GDLE A7AE Aol
= controld} W%E FHE welFATh thtk ool Wrbel A%, v AvwelN o

_60_



of etz qae 9

A

ﬁ%}-/g]oﬂ 0]
- B -

Sl

ﬁﬂﬂﬂﬂ
) -, RN
il
R
% o X
0o KW oy K
i7iziz |
N N R bt
I A N - m
| =0
Mwﬁoﬁ%aﬂma O
W B X
n_AIﬂMT‘Eﬂﬂ/l
Wmﬂ%%%@
Njo 4
R
zfﬂwﬁ_@mﬁh
Mﬂﬂ;lhDu,.X_.o&M
N ™ =y - R
Mooy R
Ltﬂﬂoﬂu ~
o T X BT ME
T N ]:.LOC,HEI
o] o o
o#%ﬁaﬂAMau c©
S OO 3
of ® ™ g ® <«
%gﬂﬂ1ﬂw%
— XX
EREwx
R
T o T T
= ol T Ro
e ®x
or o ) - .
TR LT TN
_AOX] ;Oﬂ_/_ﬂox_ =)
o B & ©
E:l‘UILUU .ﬂl ©)
ﬂua‘ﬂlﬂeoT
= o= £)
o ol LS T
C = _z
o - M o
TR B ooy W
%.%ﬂuﬁMﬂLT -y
T W T e oo A S
wmoo P L oa 3 o R © o+
Y B i of b ®
T W R E oo o K& " b

48

5.




MTT %
COMET assay 2 }oll A

i

0]
yul

171 4

S

g

=
-_—1—X

=
=

‘: mOm T
2 T 5 o T X
X :.L T = N o7 = = = oF J%E eyt
X % = e ° il ol T
- g o W ogo o N s D
% o Do = MI N o= N ' X0 o
[aze) N o o '~ J_I Eo oy
mﬁ:TﬂmﬂﬁaﬂuwﬁmﬂjﬁuTﬁﬂn o
a] e S S _ )|
s ¢M%4_:}Mﬂﬁoo RILED
P__.oTx%Ezl7 @Hﬂﬂuﬂ
aﬁo%w@ﬂﬂnﬁ@ﬂm%ﬂ %wfo
T o I R -
M:TW;OLU%%_EQ%%W7A_Z€Wa,mﬁ
w%g%ﬂq%amicaégmv
= N o e b z0 2
HJ@Q@o%dﬂD%%Wﬂﬂ%%%
ﬂmﬂﬁamumeGé% 1M__ *
oF al RN = o o ' o - =
muﬁzﬁww%ggwwﬂwg%ﬂy
o 4 = = ! e
BeEEiieriioiiatg
3 ﬂﬁunoﬁuT%ﬁ mﬂPoﬂ,_ullu
~ B o K Si ! = LC X Zo Oﬁ N L
o — ﬂ‘._ 5 N =) ‘N_ﬂ EW e _fo,._
— i) ;& EME EO mo..e UT - @) = Or! ) 0 OR o} H%l
E o I *k 7z T X R e
ST o o 28 = A
=) o :.L M o) BX = <V oy o.f o/ X EE
S oF e < D~ R N _é W "
— ol ] =~ B A o0 E %o ) o= 53
— X : %Go%@%}ﬂﬂoﬁ%
£ %M%ﬁ Lo X %Wﬂﬂo%%
AR o il
£ o oo o LY S e N
Sy T o oo XX ek SR 90 O
oA 0 o Lf X JH XH
N o% 2y TE o o = S
Zl . K O il o ZT ZT OL L
ﬂﬁﬂr%noJﬂm_,zﬂwﬁﬁo @%@?W
X )
.HmMﬂ%mO_L%ﬂﬂﬂﬁ%%ﬂ_%J
o 5% q rv o 1_,A_l 1~_/I T o JXI‘_ 1%! O—H X
mﬁfﬂﬂowwﬁy%@ﬂ.@%ﬂ.wﬂ
I Y ® o] TN ol o Mu_l w T T ™o
HOE Emﬂﬂ_ﬂ%ﬂ.xluumo ﬂ,VﬂﬁﬂﬂEAll
<o Hi Oﬁr. M X° ° o 5 oo =0 ~O B < }/l
o o= T e R T B
0 _-LL Mﬂ 1_l1_ MH ﬂU Z.L o O,._
ﬂ.%m# ol B )
~ o] B N o 0 ~ T ol ol oy
~ T RN ~ 3 TN el
o @ oo Y oHe X TR o i} "
R O
N ﬂl =

- 62 -



4 =F

1

o

2 A7AReRE 544 7)

o
b

J

o

o

=

=1

p==%
[}

53
100

100

100

100
100

b 1719

o

QLA

2 7}

=
=

]

S

=

AT R A7 WS

st e 2319

o

F4357ke] R
dERE
Foo w3

™

o

2~E}H

=N

=13
=

oA
™

Al

3L

o

‘.EII‘

of Ji B oAz

CIEN

3T
™
pu
o

& S
E9] 7]

1

I

SR
W LR S

(¢}
o
=

= AN

|
'l
2

Ao 7t
g

- =214 21 Probiotics
-

. gk
=
. O
~1

W =5 1o

RTOF Nlo

o W = °F

RN g0 o

al
=

1o

3

1)

B

pA

1

o] =& AA

3
SERCE:

S
3

b;
T
i

O]
p 8

of 2

vl
=

thell 7]

o 3

3

&l 2] &= A

(e}

S

=
g

9

=

(¢

i

mK

0

X

L
Ho
_

of
H

ol
;QL

Gl

=2 A3

A 7z A o

‘?_

100

_63_




)

040
oill
)
<0
ok
™
<0

Tl

TN

-

o

K0

M 5

7b =W ARl BA8E S

;01_
N

o| w}

N

2

ZHA el 2]

3|

%
=

atal ot ol 7HA o

3
5

1

)
8

H

7hEad el =l BAY Astel 7]

-
it

e
l
=

dya e 7hed A AAE A 7
8 7149

b0

=

A

Hlgol =4 Wk wEkd =29 vl e A

&t
=13
=)

9]

FAHIHA AR

ki3

A&

A=A =W FFHs7t

A

3

=9
5

bl

<]

1

A9 FF4EL o

]

zl

174 7}

-

Fg

=

=)
o

o S FS5E7F 2 SRR A AAY Akl 1o

.

£l

G
el

258 o

M A5

T

A 3L7]

3 el A 7ol 74

9

b & 7%

°©

of lermz Al dvjsti= 2F

o] A AFelA ZHzHES A

o
A

B

;O,._
Hr
KR
o
O

_64_



M6 & Al oM &t sielisti|sd8E

1.

o 3 O Ol

Bioprotective and probiotic meat starter cultures for the fermentation of dry
sausages, Susanna Erkkil (2001)

. Starter cultures for making fermented sausages, Wedliny  Domowe

(http://www.wedlinydomowe.com)

. Principles of preservation of shelf—stable dried meat products, FSRE Shelf—Stable

(2005)

. Fermented Meat Products: Production and Consumption, Herbert W. Ockerman and

Lopa Basu

Starter cultures, Gewurzmuller

Fermented foods and healthy digestive functions, Danone

Prospects of Asian Fermented Foods in Global Markets, Jyoti Prakash Tamang
Probiotic bacterial molecules and their use in methods to treat/prevent infection
by harmful bacterial and to provide nutritional health, US 20110262400A1
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