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SUMMARY

I. Title
Development of Immune-enhancing, Odor-reducing and Allergy-reducing Products with

Sarcotesta of Ginkgo biloba

II. Purpose and necessity of the R&D

Ginkgo has recently been attracting keen attention for its therapeutic effects on asthma,
cerebral infarction, and cerebral ischemia. The global yield of ginkgo nuts is expected to
exceed 200,000 tons by 2020, and the domestic product of ginkgo nuts, 1,760 tons as of
2000, has been continuously increasing (Korean Farmers’ Almanac 2004).

In the process of obtaining ginkgo nuts, however, a problem is raised by the high
waste rate of the sarcotesta constituting the pulp of ginkgo fruit. Although the sarcotesta
contains various functional materials such as polyphenols, it is discarded on account of its
malodor and allergens.

Against this background, this research team conducted a study to recycle the waste of
sarcotesta as a novel food material with a high value added by overcoming its major

drawback employing a complex fermentation process.

[I. Content and scope of the R&D

1. Development of the technology reducing the malodor and allergens of ginkgo sarcotesta

o Reduction via thermal treatment for increasing volatility

- In review: hot-air drying, hot-wet processing

> Reduction via microorganism

- Isolation of strains reducing the butyric acid responsible for the malodor

- In review: isolation of strains synthesizing volatile compounds and those producing
organic acids for using and masking malodor

- Isolation of strains decomposing allergens in the sarcotesta from those used for
malodor reduction

o Reduction via fermentation process diversification

- Development of a fermentation process sequential change system with aerobic and

anaerobic cultures



2. Development of a process for immunity boosting of ginkgo sarcotesta
> Development of fermentation process using strains efficacious in immunity-boosting
- Liquid state fermentation of immunity boosting strains in liquid culture media using
strains for malodor and allergen reduction
- Solid state culture using mushroom strains with superior immunity after the hot-air
drying of liquid culture media for the strains for malodor and allergen reduction
o Evaluation of functionality activation such as cytokine production, immunity-related

substance of the fermented material

IV. Results

In order to develop fermentation strains, we first analyzed the butyric acid contents
of the culture media of lactic acid strains (60 species), yeast strains (40 species), and
mushroom strains (11 species) isolated from foods to determine the change in malodor
of sarcotesta. Then we investigated the viability of the strains in the culture media
added with urushiol to verify the reduction of allergen urushiol. As a result, we selected
the strains Lactobacillus brevis, Saccharomyces cerevisiae, and oyster mushroom strains,
which reduced butyric acid content efficiently and demonstrated a high resistance to
urushiol, and developed a multi-step complex fermentation process.

The material developed as the final product of fermentation achieved using the
complex fermentation process established in this study was found to reduce the butyric
acid content to the 1/60 level of the raw material and the urushiol-induced allergic

reactions to the 1/50 level of the raw material.

V. Achievements and application plans
1. Future plans for applying the study achievements
The “ginkgo sarcotesta fermentation material production technology” developed by our
research team is expected to greatly contribute to reducing the amount of ginkgo
sarcotesta waste and enhancing the byproduct recycling.
The results of this study will serve as basic data for deriving methods for reducing
malodor and allergens of ginkgo sarcotesta, a byproduct of edible ginkgo nut harvesting
which is currently discarded as waste. Commercialization of ginkgo sarcotesta rich in

polyphenols and various nutrients will greatly improve the economy of farm households



committed.

Lactobacillus brevis, the lactic acid strain species used for the fermentation process of
ginkgo sarcotesta, is a highly valuable microbial resource useful not only as
fermentation food strains, but also as probiotics.

Furthermore, the fermentation-based malodor reduction technology developed in this
study will be used for improving the value added of malodor waste resources by

finding a variety of applications other than reducing the malodor of ginkgo sarcotesta.
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HPLC instrument

Aminex HPX-87H (300 x 7.8 mm)
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0.008 N H2SOy4
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0.6 mL/min
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UV 210 nm
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Sarcotesta of Gingko biloba

Acetone

Acetone Soluble Acetone Insoluble
(Urushiol, Oil) (acetone powder)

Concentration under
vacuum condition

Acetone Extract

Hexane
Centrifugation 14,000xg, 10 min, 4°C

Hexane Soluble Hexane Insoluble

Concentration under
vacuum condition

Acetonitrile

Centrifugation 14,000xg, 10 min, 4°C

Acetonitrile Acetonitrile
Soluble Insoluble

Concentration under
vacuum condition

85% Methanol

Urushiols

(19 4) £BIEI Y SENLFH FEHY BAE



(2) g8 27 Y(urushiols) AFA EA

Oh $FAEF AT s A HPLC £424 &4
FFAZTE AN FAH ¥ okl nrh AU A4S st AR A

FAl& T A H

J# I (HPLOE o83t EAs8kia, Aol o] 8d XFEHS  urushiol 151
(C21H3402), urushiol 15:2 (C21H3202), urushiol 15:3 (C21Hz002) 3

o|THE 3).

A FRe SRAS

3 3) ETEAR ARET SRAIETF

urushiol (15:1)

Molecular formula | CoiH340s "
Ho. — CH
3
Molecular weight | 318.50 g/mol
urushiol (15:2)
Molecular formula | CyHspOs ™
‘o L . CH,
Molecular weight | 316.49 g/mol
urushiol (15:3)
Molecular formula | CyHzOo il
HO Pk

Molecular weight | 314.47 g/mol

SN SF AFRAC) AGH LAY $HRALY FEL PA AT AR
SEAL FEUYI PHIY 4). Y 49 2 PP FEF LBIF $TAL
F2 oleleh we BAxANA ABEA AT 4).
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Jasco (PU2089, CO2060, AS2051, UV2075)

C18, 250x4.8 mm, 5um
eluent A : H-O
eluent B : CH30H

gradient
1.2 mL/min

UV 220 nm
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Detector

Oven temperature
Injection volume
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i
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stk AZFEA 7S AREste]l ek ddoiA A WA e BAEAS 1A Stst
= HoR, B A= H7|EFo]23}H (electrospray ionization, ESDE ©o]-&35}o] 4
AT 7 g 2R AEs F A #S 82 F C, H, 0 59 dau& 9% o #
A& ekl

FFAZES LC/MS #4212 b9 & 69 Zom, Aegisu sAPs 357714

# 5)FFAEF LC/MS #4 & 9% =4

(a) LC parameter

instrument Conditions

Insturument A Thermo Scientific Q Exactive  Hybrid Quadrupole-Orbitrap

Imtakt  Unison UK-CI18 , ser#KCO08A1Z , 100x2mm, 3um

Column
Prod#UK024
Elution eluent A : 0.1% formic acid DW
eluent B : 0.196 formic acid methanol
gradient
Time (min) eluent A eluent B
0 15 85
30 15 85
Flow rate 200 pl/min
Injection volume 10 0
Running time 30 min
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9
pud

enrichment culture

1

°
R

Hybrid Quadrupole—Orbitrap

o|-&

Conditions

3} t}. Enrichment cultureol] AR&

F enrichment culture
[e)

bz

°©

ik}

0.001 min
il

A Thermo Scientific Q Exactive
0.02 min

320C
3.5 kV
30 units
5 units

instrument
Fo] butyric acid & #F= A

°©

(1) AFNAEALCEESE, AA, 2)s o8
°o]&

7}. F-El 24 butyric acid) ®SH#F

(b) MS parameter
Insturument
Temperature
Ion source voltage
Sheath gas
Aux gas
scan time
change polarity time

=

=

To

il

Hr
ol

J-

o] AEIAZA <4 A Fo| 2ol WF A(starter culture)e] d=o|t} &=L

ol

=
-

R

=,
el kA

°©

Aol 3 Bk
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(19 5) A En A=A}

ohilet 2ol

Eyl.

1-nH
o -

g 7

(1% 6) A& A==t

12 g, A

w1

s

24, MR F5Eo] vtk ol

Fol 100 g €% 128 keal,

g
il

s
S

’

=]
T

3%, 4

eH=3lE 145 g,

4.1 g,

ATt
]

%

2 A

}o] enrichment

7}

10% A

TS BESE

FH A=A}

= X
= =
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H ol 71A
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culture 3+ a1, butyric acidoll A &Aool A= #+F= TSA, MRS, PDA 59| ujx|E o]&3}
of Bt Bue 45 A 284 10°~107 CFU/ge] ¥ 52 #Hvtste] wa s 73

stlaL, deF Agstel adrt e #5E AEssith

rlo

(2) butylate J7}IIX] & ©]83 butyric acid AddF A

2| EN] A EZ o A FEe]sk 8 ofuE} B Ao HESS WA f AAdS
o] &3}o] butyric acidell A &Aool v dFE BAstax} sttt BEFE Ao FAS
o

8kl MRS broth ¥WiA|E o]&38te] Swul¥= 8H3aL, butyric acidg 37
agar WjAo] ZdE wlFAS HHste] butyric acidel A&dHo] Y FFE AEIIUL
Ao AFEE FaE B AgddA 2 AXdA fue Zide ddew 91353

.

-~
_OL
)
r\j
uly
=
=
wm

U, &2 sa=2r) Azst FRau

(1) $FA=7F A7} enrichment culture

= AF TR SALFTI FFASS Hbste] dHEY] FHEdS Eelcte 4T E
Astaat sl SdqolA EashA e 2 AAR FASF e BEs] avbelr] ww
of AAA] FHES st FFAE AEe] FRE 2 AAS Az HIbsho
enrichment cultured}$13l, TSA, MRS, PDA 59| WA & o] &3dlo] §-FA|S EaldTE5 A
Hak AT,
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oy e ¢ L=y A3

58 A5l Aol ARV AGste] eqsIFI ] BoHsh Fe2y] fuRAe] AusnE
golstuzt stk e EANE whaste] DAY W 1le] HEs Egagch Ew

(2) 2aEY 7178 FeH 24

717 E AQF T SqLFT e UM A2 Aedistn s8I gE7]719 (NICEM,
Korea)oll <9F3ste] A5ttt F7]12HE4S fste] Alas HE=2o 10 H5) 3]4]38}o]
3,000x<gol A 1083 YA E2$ ¥ 0.22 im membrane filterE ©]-&3te] o33t HPLC
(Ultimate3000, Dionex, USA) #49] A|52 ARE83ivh. o w A3 HPLCO AR
Aminex 87H column (300X7.8 mm)E AF&3l o 2%+ 40CT=E ]8} Atk o5
0.01 N HzSO4 & ©l&3te] 0.5 mL/minZ ZelH Ut A5 13] FAFE 10 ul ©]3d
o detector:= Rl (Shodex RI-101, Japan), UV (210 nm)E AF&3fe] 30%3F v‘i'—’ﬁﬁ}?i‘:}.

S|

(3) HEEY MABTHEN
WEEEEEIELE PEESES

ME U 2Rl Has AF2Pe$y A8 T 30TA 0, 2, 67043 2ET AR
37kA1 8] Alme] mAE SRS AAE Y. 92T EAets 7S oy A

+

mL
A

S
e

B2 FElete] 7FS AT Alse Wt olA 100 (0.85% NaCl 225
Alg 25 g) X35k & ~EulF(speed level 5, 1 min)Z ﬁz’ﬁ} stk o & Fof, A

o= WHlstaA Zzke] AdenjA|o] mEek & wjFeith e
A& 9ste] tryptic soy agar (TSA)E AR&sISiTh Hgk & Akt 415 98t pHE
b5Z Z4A3% Lactobacilli MRS agar (MRS agar)& AM83Flt). ZAk&e] AREAo=z

(@)

Modified Lactobacillus selection agar medium (m-LBS, Lactobacillus species),
KF-streptococcus (Enterococcus, pediococcus species) 2 phenylethyl alcohol with
2% sucrose agar (PES, Leuconostoc species)E& A&ttt} olyte] @& 9 F3go] £4]
< $3l9 tartaric acid=Z pHE Z43%F potato dextrose afar (PDA)E AFE3IST. ZF Al
2 2 ufFe A et 2 vAEY TH(colony)FH O wet Urlar, fATEe] A
(population size)E &H2l3}3I T}
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(4}) 16r RNA Full Sequencing

Aeujxo] o&) FelH 107] ¥ vk 2Ale] 9 Fste] 16S rRNA PCRES A8kt
e dF2HE genomic DNAE FE3t9 16S rRNA F%AE PCR (polymerase
chain reaction)& ©]&3le] FTZ3}th 16S rRNA A7 EEM S $18te] 27F (forward
primer, 5 -AgAgTTTgATCMTGGCTCAg-3"), 1492R (reverse primer,
5'-TACggYTACCTTgTTACgACTT-3") 2719 primerE A3l PCRE 33813t}

(th) Next Generation Sequencing (NGS)7|4¥t HI|BETLHATZ £

g8 9] F T 2] microbial community #2412 &3 3 (Chunlab, Korea)dll <& 3s}e] 713
ittt A= MAETHTES 48] Hdte] Mg dE3E § genomic DNAE
=3tk dig+ 16S rRNA2Q] V1, V2, V3 t¥d 9 A8t fusion forward primers
| ZH3ke] A3t DNA SEL 9a 20 wl tubeo] 1 0 template DNA, 2 pl 2z}
primer (20 pmol), 1 ¢ dNTP (Z 100 mM), 5 0 10xPCR buffer, 0.25x0 Taqg
polymerase (Roche, Germany), 40.7 w0 Hy0¢ WS AJekS- Y11 thermal cycler
(PTC-200, Peltier Thermal Cyclerm, PharmaTech & GeneAmp PCR system 9700,
Applied Biosytems)el4] PCRS a3sk3lth. PCR ¥h&2 94C 5+, 94C 30%, 55T 45
Z, 72T 1#30%% 30 cycle®] z=dolA F3hat3lth. QlAquick8 PCR Purification
Kit(QIAGEN, Cat. No. 28106)& °]-&3ll4 AAs PCR AHE> 454GS Junior system(ref)

2 pyrosequencings %183}t

2

(D) Next Generation Sequencing (NGS)714t Al AEFHTE 4 24§44

Barcode sorting®l wz} #2ld 2} AEE9A primer ¥ linkerE W & Uz AL
Zol7F 300 bp ©]8}el AEL B4 A|l¢] @i, UCHIME programe ©]£3] chimera 9
7] 443} 16S rRNAZ} obd MAEE A At EzTaxon extended databaseZ ©]-83}
o] BLASTN ®&A AeiAz= zke 49 thalz)e] hitsE U o2 pair-wise alignment®
AP F DL similarityE 7102 EFTH 4 TP Pyrosequencings 538}
o] dojxl ANMLEL @AM AFets FHEHZ2a3A Clcommunity 'S ]88}
of A3 3% MY BEAA 5 7]Fo2 CD-HIT programS o]&3le] A& ol &
A &= operational taxonomic unit (OTU) & F3tAth. &A 42> MOTHUR program
S A}g3@lA] rarefraction curve, abundance-based coverage estimator (ACE) Chaol
richness index (Choa 1), Shannon % Simpson diversity indices (Simpson)E¥ Good’s
coverage index (coverage)E A8t & TS Hluwskdth. 2H7te] A5+ Phylum,
class, genus, species FwolA PAES A3 tH(taxonomic composition). HgF Al&
el FAVAE st fstd 72 Alm Abolo] F A AfolE EAlSkE beta

A

diversity (Fast Unifrac Analysis)® CLcommunity "2 &1 o] &3> Heat mapd}
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Freeman et al.2] WS &3t TSB A 9
HFste] sl AdSAIA A ARESRgItE w3t Feo] FRE X3S}

o]
F MRS AFS] WA R 5L 2] SA8) TSA X% TSA A

o,
2
re
-
2
X
%,
)
(i,
=)
o)
(i
—
(@]
ofN
o
\]
NG
=y
=

offl
e

K
)
=
N
Ll
2
BN
o

o 5% &
(sucrose, maltose, rhamnose, lactose)= 7}l Hsh WX E WHEATLE o] A A A
B ARt TSA wiA] FAEEE Sl 8alste] 121°TC, 156 ZldgataL, zhztel |

e}

3 SF5| D(sucrose, maltose, rhamnose, lactose)S £33 &

o Fste] TSA wijA] &Aool HF =7t 5% HEE H7lekqlth o] 5 ujx]§-<

gk $ Herd agar plated] =3 HIAE Axsiiar, it HE AE 2 mmo
woodstickell A vigAE A4 F ZHzke] wiHel] HaL 30T, 48A1%F w ekl

Aeif Aol wE A 18FS control HIX(TSA ®ixDe} & H71sE TSA Hixlo] 43}

=
of B¢k A, SRCEEF-er G, 7] adal dds AR Elsielnh AdE A4

N

[¢]
o= %—aﬂolzg— 7Ie9E W 52 A9 ++++, woodsticke® FUS W AT AH¢
20+, 4480 999 BE A0 = A

(2) AEAFY &3

S e]FyoA] E2lsk 18F2] = 16S rDNAY] A7 ES Z2As7] fste] (vl =4l
I} (FHEAE 23] 16S rDNAS] 7] 9S 3193 NCBIQ| blast search® E3}e] &
skl

(1) 9357 25%7IE T A8 £H
2o A e #F F 187 #F b AYATE S
Ao ARHE Fd A E o] At 75 57HXE AEET AEE AT 53 S
TSB #1212} 5%2] sucroseE F7FsH TSBHIA]| o] 7
A122(10,000xg, 4T, 108380 3 wjgds st T MY
o 95% olRhES FH7beko] 4TolA 24A13F H A A
108)3le] A& exopolysaccharide (EPS)3} A o¥

=] %
Axzste] & Al ARgeRith

_>.:
\)
o~
>
L
offt
S
o|N
=4
sy
gt
0>~
b
>,
0

(2) AZAEE SHWMTT assay)
AE AEELS MTT (3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide)
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ol

(Sigma-Aldrich Co.) A4S = #4183tk Raw 264.7 cell A|32E& 96 well plateol] 2
10° cells/mL X2 B33 24 A7F vleksl 5§ 500 pg/mLO2 A Zd = AR
7} 50 pg/mL F=HZ A v, 20 A wlYsEith. well 9 medias B AlAS H
5 mg/mL F%9 MTT A< serum free DMEM3} £§3F 5 well & 200 plL¥® 253}

4N 7 Zo) uﬂcﬂ:o}oﬂu} ik 3 A5 NS A7 38tal Dimehtyl sulfoxide (DMSO)E A7}

X
Z¥

m[m

sto] AEZE &SAIZl & MTT 2o 93] Ade Z=2v-ES microplate reader (infinite
M200 Pro, Tecan, Japan)& ©]83}%] 540 nmolA SHEE AT

(3) Atstd A BAFEF FAQANO assay)

Hj kool Aol NO 4343 NO9| AbshE<]l ofdAte] SA4& &3l ®7laekditt. Griess w4
o] &3l o Raw 264.7 cell AXE 96 well plated] 2 x 10° cells/mL =& &
okl 24 AJF AgSt H, Raw 264.7 celloll 500 pg/mLo2 Az 52 A5 % 175
Z}7} 50 pg/mL s=® A2t ohg, 20 AZF w sl Wik 5 A 100 pLE A=
96-well plateo] %71 ¥ griess reagent (Sigma-Aldrich Co.)¢t 1:12 E3ste] Y1
shakerol] A 10% &<t WFS-A|Z] % microplate readers ©]&3l%] 540 nmolA FFE=

=43}t standard curve® sodium nitriteS ©] 83} =A &t

= A% AEs WSt A el ARER ARk 2

(2) AX AE=ESAHAMTT assay)

MY AEEL MTT (3-(4,5-dimethylthiazol-2y1)-2,5-diphenyl tetrazolium bromide)
(Sigma-Aldrich Co.) S#H oz FEA3th Raw 264.7 cell AlXE 96 well plateo] 2 x
10° cells/mL F%= #5383l 24 A7F wjeks 5 LPS 1 pg/mLet 500 pg/mLO = A %3]
T AEE 27 50 pg/mL s=EE APg v, 20 AIF wj etk well 9 media®
25 AAG H 5 mg/mL 5% MTT Al%fS serum free DMEM¥} £33 5 well &
200 pLA EFskal 4A7F FF vkl Wi $ e S Al7ska Dimehtyl sulfoxide
(DMSO)E #H7Fst] MEE &alA1Z] & MTT el o3& ¥ EErzEES microplate

reader® ©]8€3}% 540 nmolA FHEE SAHSIS
(3) Atstd 4 A FJANO assay)

Hj o o] NO A NO2 4FstERl ofdske]l A4S F3 H71skslth. Griess &4
WS o] 8319 o1 Raw 264.7 cell A|EE 96 well plated] 2 x 10° cells/mL L2 &
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3ta1 24 /\]7P kst ¥ LPS 1 pg/mLeF Raw 264.7 cellell 500 pg/mLo.2 A|Z3 =&
= F 50 ng/mL &= A v, 20 AIRF wiFedeh. wig & s 100 uLE
i% 96-well plateoﬂ w1 ¥ griess reagent (Sigma-Aldrich Co.)¢} 1:112 =3}sto] ¥
shakero|A] 10% &9F WH&A]Zl ¥ microplate readerE ©]-83}4] 540 nmolA S¥ =

4319t} standard curve+ts sodium nitriteS ©]-&3}o] S35t

N
Rl

B2 >
m[m

Ll

o AE FEE 9957 2% 97

(1) AE9 F£H]
2ol "7 dAdHTA 2t = AIRE sEEE
olstA Yt MHEHE A8 G7, suc G5, suc G16 Al 7}7<1 o|t},

(2) AEAESMTT assay)

A AEEL MTT (3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide)
(Sigma-Aldrich Co.) A o2 #2353tk Raw 264.7 cell MXE 96 well plated] 2 x
10° cells/mL FE& 55k 24 AF wge 7 500 pg/mLe® Az & AR (G7,
sucrose G5, sucrose G16)E 717} 6.25, 12.5, 25 ¥ 50 pg/mL F=H=Z A &e &, 20
AlZE vistg T well 9 medias 5 AAS F 5 mg/mL %2 MTT A %S serum
free DMEMZ} &3¢ 5 well & 200 uLA #5313 417 F3F widsgich, wid & 45
NS A AS Dimehtyl sulfoxide (DMSO)E #H7bsted MEE &3|AIZ1 & MTT g9

olal ¥ XE2wlHE microplate readerg ©]&3F9] 540 nmolA FFEE SA3I3AT

(3) AstdA BAZFY FANO assay)

HjeFeol A o] NO A2 NO9 4bsh&E<l ofxitel 5485 S8 H7haekdtt. Griess 4
IS o] gkl en Raw 264.7 cell AIZE 96 well plateo] 2 x 10° cells/mL s%== #
Folal 24 AIZF AlgSE F, Raw 264.7 cello] A AR 3F(G7, sucrose G5, sucrose
G16)= 500 pg/mLo=2 A|Z3sFe] Z+2F 6.25, 12.5, 256 % 50 ng/mL s=H =2 A3 v,
20 AIZF wjoEEtA T vl F Abs e 100 uLE M2 96-well plated] %71 & griess
reagent (Sigma-Aldrich Co.)¢} 1:12 &3tsle] YWl shakerolA 10% B9t WAl &
microplate reader (infinite M200 Pro, Tecan, Japan)Z ©]&3}o] 540 nmolA T3 ==

=43} t} standard curvet™ sodium nitriteE ©]83}e] FA 3T}

(4) 29 THAPE Fl(Western blot)
ol Al g3 Raw 264.7 cello]l Phosphate buffer saline (PBS) 1 mLS #7}ste] =3
%3, BSA AHFS =38 30 ng AL 100TCoA 587 HAS FE3% . WAool 98

ol
?
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Gl d e 10% SDS-PAGE geloll A 719502 M/NAFA L, 90 &< 80 V H7w-g7]

& 283t membranel® %71 H, 5% skim milk®E H]Eo]4d wMAS AAAATE 132}

P2 INOSE 4TCollA 8A kst ¥-a-A171 F AlH38F31a, HRP-conjugated secondary

antibodyS ZAgA|7l F, ECL system®Z WFSA|FHT}E ©]5 Chmi-docs o83 INOS
=

(5) Cytokine ¥5% 37}

P Fuo A FHF HFE © )
oA e o7 F 187%A, aF AYSA @AHIFMTT assay, NO assay)ell A
a7 e AEE FEHEE s4sle] WY = AEE Al5E G7, suc
G5, suc G16 Al 7FAolt}, A5 A& 3§ Raw 264.7 cell M dsoFS 100E 3+
Mouse cytokine/ Chemokine magnetic bead panel kitt#MCYTOMAG-70K, MILLIPLEX®
MAG, Millipore co. Darmstadt, Germany)& AF&3}eo] IL-1B, IL-6, IL-12 (p40), TNFa
o] F=5 SASA

o 1-=

Wt sk Lol

%
_O|£
£
rg
2 1@
N
olX
)
=Y
N
il
rx

6. MBS o] 8T FoFH A3
7h AEAEEA A R /714 A FF e

(1) Enrichment culture 3] FEAED T 4714 A #F A 2 2354 4
MAE(20129, 13hA%) el A butyric acid MSFFE A@stax}, 2F0]A
, AA, ") 2deFHE 10% H7Fske] enrichment cultureE 3383t +5,
i
10

=
Az, &S Ao R enrichment cultureE 2AA3 A3, & 1709 +

(19 8) 23T Fagk nAE 17529 e (colony shape)
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(D 28599 Feq Axds A HFa7EHAT 2 a8)9 A
B oATde] nEGA Y AFRF F ANTI ERE oz cAsENe FoAs
AzkEE 4 Qe wEE Awelnd At ¥ AT ALH FFE ANE 6059 AR
40F, F 100F°ltH(E 6, 7)
(F 6) 2 A7) AHed 24T 6059 o F #el
No. Strain TTFHs e
1 | Bifidobacterium bifidum KFRI 743 -
2 | Bifidobacterium breve KFRI 744 Intestine of infant
3 | Enterococcus faecalis KCTC 3195 -
4 | Enterococcus faecalis var. liquefaciens KFRI 685 -
o | Enterococcus faecium KFRI 826 Kimchi
6 | Enterococcus faecium KFRI 823 Kimchi
[ | Enterococcus faecium KFRI 822 -
8 | Enterococcus feacalis var. liquefaciens KFRI 685 -
9 | Enterococcus feacium KFRI 1182 | Fermaenting apple juice
10 | Eubacterium limosum KFRI 753 -
11 | Lactobacillus amylophilus KFRI 238 -
Fermenting Sevillano
12 | Lactobacillus brevis KCTC 3102 ) )
variety olives
13 | Lactobacillus brevis KCTC 3498 human feces
14 | Lactobacillus brevis KFRI 146 -
15 | Lactobacillus brevis KFRI 812 Kimchi
16 | Lactobacillus brevis KFRI 805 Kimchi
17 | Lactobacillus casei KFRI 228 -
18 | Lactobacillus corniformis subsp. corniformis KCTC 3505 Fermentating olives
19 | Lactobacillus curvatus KFRI 654 Milk
20 | Lactobacillus fermentans KFRI 145 Fermented beets
21 | Lactobacillus hilgardii KFRI 229 -
22 | Lactobacillus honohiechii KFRI 234 -
23 | Lactobacillus lactis KCTC 2181 -
24 | Lactobacillus pentosus KFRI 1183 -
25 | Lactobacillus pentosus KFRI 481
26 | Lactobacillus plantarum KCTC3099 -
27 | Lactobacillus plantarum KFRI 464 Pickled cabbage
28 | Lactobacillus plantarum KFRI 144 -
29 | Lactobacillus plantarum KFRI 814 Kimchi
30 | Lactobacillus plantarum KFRI 813 Kimchi
31 | Lactobacillus plantarum KFRI 660 Pickled cabbage
32 | Lactobacillus plantarum KFRI 471 -
33 | Lactobacillus plantarum KFRI 470 -
34 | Lactobacillus plantarum KFRI 464 Pickled cabbage
35 | Lactobacillus sake KFRI 815 Kimchi
36 | Lactococcu lactic sp. lactis KFRI 669 -
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37 | Lactococcu lactic sp. lactis KFRI 670 -
38 | Lactococcu lactic sp. lactis KFRI 671 -
39 | Lactococcus plantarum KFRI 1186 Frozen peas
40 | Lactococcus plantarum KCTC 1048 -
41 | Leuconostoc carnosum KCTC 3252 Soil
42 | Leuconostoc lacits KFRI 232 -
43 | Leuconostoc mesenteroides sp. mesenteroides KCTC 3505 Fermentating olives
44 | Leuconostoc carnosum KCTC 3524 -
Vakuum-packaged
45 | Leuconostoc carnosum KCTC 3525
meats
46 | Leuconostoc lactis KCTC 3528 Milk
47 | Leuconostoc mesenteroides KCTC 3530 -
48 | Leuconostoc mesenteroides KCTC 3505 Fermentating olives
49 | Leuconostoc mesenteroides sp. mesenteroides KFRI 145 Fermented beets
50 | Leuconostoc creoris KFRI 241 -
51 | Leuconostoc menseteroides KFRI 818 -
52 | Leuconostoc menseteroides sp. menseteroides KFRI 819 Kimchi
53 | Leuconostoc menseteroides sp. menseteroides KFRI 820 Kimchi
54 | Leuconostoc menseteroides sp. menseteroides KFRI 821 Kimchi
99 | Pediococcus cerevisiae KCTC 3101 -
Dried American beer
56 | Pediococcus pentosaceus KCTC 3507
yeast
57 | Pediococcus pentosaceus KFRI 832 -
58 | Pediococcus pentosaceus KFRI 833 Kimchi
59 | Pediococcus pentosaceus KFRI 834 Kimchi
60 | Weissella confusa KFRI 1184 -
(E7) 2 A A8 25 40T o5 w4
No. Strain TS Sk
1 | Saccharomycopsis fibuligera KFRI 00106 Ragi
2 | Candida edax KFRI 00113 Fermaented swine manure
3 | Candidaintermedia KFRI 00115 Feces
4 | Kluyveromyces marxianus var. KFRI 00137 Whey fermentation
5 | Rhodotorula glutinis KFRI 00172 -
6 | Candida tropicalis KFRI 00178 -
1 | Schizosaccharomyces pombe KFRI 00259 Rum
8 | Saccharomyces cerevisiae KFRI 00265 -
9 | Saccharomyces heterogenicus KFRI 00270 -
10 | Rhodosporidium toruloides KFRI 00316 -
11 | Saccharomycopsis fibuligera KFRI 00441 Ragi
12 | Crytococcus albidus KFRI 00457 soil
13 | Torulaspora fermentati KFRI 00550 Sherry
14 | Saccharomycodes ludwigii KFRI 00551 -
15 | Rhodosporidium toruloides KFRI 00552 -
16 | Filobasidium capsuligenum KFRI 00555 -
17 | Candida rugosa KFRI 00557 -
18 | Torulaspora hansenii KFRI 00560 -
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19 | Hansenula sp. KFRI 00588 -
20 | Candida sp. KFRI 00589 -
21 | Citeromyces sp. KFRI 00590 -
22 | Cantharellus cibarius KFRI 00597 -
23 | Pleurotus sajorcaju KFRI 00600 -
24 | Hericium erinaceus KFRI 00606 -
25 | Saccharomyces cerevisiae KFRI 00631 Wine
26 | Schizosaccharomyces pombe KFRI 00635 -
217 | Rhodotorula gracillis KFRI 00636 -
28 | Sporobolomyces holsaticus KFRI 00637 -
29 | Sporobolomyces holsaticus KFRI 00638 -
30 | Torulopsis candida KFRI 00639 -
31 | Saccharomyces cerevisiae KFRI 00795 -
32 | Candida lipolytica KFRI 00909 -
33 | Candida pseudotropicalis KFRI 00910 Yogurt
34 | Saccharomyces cerevisiae KFRI 00920 -
35 | Saccharomyces lactis KFRI 00922 Gassy cheese
36 | Saccharomyces rosei KFRI 00926 -
37 | Saccharomyces cerevisiae KFRI 00937 -
38 | Schizosaccharomyces pombe KFRI 00938 Rum
39 | Saccharomyces cerevisiae KFRI 01013 Wine
40 | Saccharomyces cerevisiae KFRI 01019 -

N

(2) Aerd AFATE 01%3}01 4ag daEe o 4
ooz YU doFHE butyric acidZ7}F T2 o|F 1 YO HE butyric acidE =7
Hog FBASHI, & v 23 A w2l hexanoic acid °o]-&3} 3 T

=
Butyric acid® ¥ o0& Eo| gk &3es A Qlo] A Bo] m= A4S 2t )

i

o
X
M
it
2

o, dFE, JdEHZE, WA, olHE L fF7] Sujd H= AHES zta Qe EAE WAZE
st A WAE F7IH, AFgo] AdXE & = HATAFE7F 0.000019 ppmo =
G o HEAR Fo| &4, IR 4oy s, A5 2 587 &4 FiAT = 73

ot = A
n-caproic acid = o8& 7HA AL Atk oFFHE 7R FA e QAR Eole gl 54
2 5 frl&mel & e ddo®Es WE, of, B 59
Ao w :L‘ﬂ/‘ﬂﬂ o FHE ATt
webA 23Ty AMFHTFE o8 HWaES FeF Wl butyric acidét
hexanoic acid®] dSEFEA o=z 3Feldldr). L3 dFyo o x AES butyric acid9t
S yEAdH g 2uE 19 (HPLC, High performance liquid
goto] EAsIlaL, FA A ofdiel BT 8). FA ol o] && A
S TaES 4,000 rpm, 4T, 1023 9AEgste] 348k g Ao = HPLCE methanol

o 1:9 (w:v)9 H|E&=E 3A3 Z 0.2 mm syringe filter (PVDF, Whatman, Brentford,
UK)Z o3 3ste] o] 8-3}3itt.

[e]
hexanoic acid®] %4
o]

chromatography)%

_50_



(3% 8) butyric acid®} hexanoic acid #41& 93 HPLC #% =4

HPLC instrument Conditions

Insturument Waters, E2695

Column Aminex HPX-87H (300 x 7.8 mm)

Elution 0.008 N H»SO,4

Flow rate 0.6 mL/min

Detector UV 210 nm

Oven temperature 50T

Injection volume 20 ul

Q) Ay AEHLAFE o] &3t WHad HaE vpAH)(masking) 2 HAE

Ao HE AASE WS TAAFLFHYD) AAe] A AAR o]Fo] AFE QJon)
AoHE AF AAsIE dale] Wake] Ast 242 FoFHE vpAHstE WHE o]&HT
U deFe AP deFH AU AAA 7|ZsteJof S Aoy, F5o] LAFHA
H PoAAG TS v Wy o] A Estolol st A% Q. v e dEl= o
2 Weko] sl A2 doHAES HAHoE QASHA X sl FdeFHdEs € )
A k= Aot

2 AFolA= HE ntAFAE HIbeHA] &a, vAEY 2aE F3 AAHEHE Tast
o o3t nAF gE FRlstax; . AdtE AFE o835t Syl y waES
Azsta, HEaES BEAEe] o HAES butyric acid®t hexanoic acid’} ofd thE 3wt

=

Joy o
ro
ol
o
38,

el
Aol ¥FEZAEE acetic acid, formic acid & #E=7%o] 150TC o]st= Hln A Y 4
oA Fdatr] AR 71k ol &sklth. A FUIAe B4 SN A IR eE L]
A 2 ofgel BHGE 6). Aol o] &3 AE«= R
glsto] 34k AR Aoz HPLCE methanold] 1:9
, 0.2 mm syringe filter (PVDF, Whatman, Brentford, UK)Z o3}

S
& 4,000xg 4T, 1027 AAE
(wiv)e] Hj&= 343

she] ol g9l v,

e
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A

(£ 9) STVt £4e A7

zA

-

HPLC #-&

HPLC instrument

Conditions

Insturument Waters, E2695

Column Aminex HPX-87H (300 x 7.8 mm)
Elution 0.008 N H2S0q4

Flow rate 0.6 mL/min

Detector UV 210 nm

Oven temperature 50T

Injection volume 20 ul

7. @HE7] AR g5 HEAH HE

7} SRAEH AANANAL ASHE

(D) deAAZHE 47 2 23959 Fd 4579 $FAES JA7F AR N ASHE

oA AAMAE Fate] AFE RIS A e AA AN AFHES AT A A
A go A ASS B8 FFE Aok 10502 uA Al A S-S e
Tolth. 2T Trytic soy broth(TSB)E ©]&3193 TSBY £5% v5% 0.1, 1%,
Sy FY 0.5, 5, 1025 FH7bstel del27]de] 7t AAuiAE Axkqt. 2442ho] o
AuA el = A A ] YGHEANA AL 107 F5+5 27195 10" °CFU/mLo] %=
HEAIL 24413F, 48A1ZE R o] AdFE RISt AT 542 TSA #jA]
By or SAHEUAH
8. ¥ F3 #F 2 YaEY VTN HE

b 233LF9 2A Y FaH} HE

(D) A&

Afe 239 TAFE AAS 239Fy FiE 100 g& T7T9 1112 4o 25F3she
ARESFI T ZEeh ZAH e AAEE(4,000xg 4T, 1083k NS e A
sARZso] 2 Adde] ARSIt
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(2) AE=437}

ME 54 Hr7b= MTT  (3-(4,5-dimethylthiazol-2y1)-2,5-diphenyl tetrazolium
bromide) (Sigma-Aldrich Co.) S#d o= FA3S T Raw 264.7 cell AIXE 96 well
plate®] 2 x 10° cells/ml. ¥ 333 24 A|7F #)eket 5 500 pg/mLoZ A Z3F =
L A EE 12.5, 25, 50, 100, 200 pg/mLe] HE = e d ths, 20 Az sjFsldtt. well

9] medias EF AAS T 5 mg/mL %9 MTT A& serum free DMEM¥} £33t
o owell & 200 pl® EF5kal 4A13F Qb wiYgEkdlth wlg & A S AlAS A
Dimethyl sulfoxide (DMSO)E #7lsle] MEE &3lA171 & MTT 9o o& AHdE

Z0ulS microplate reader (infinite M200 Pro, Tecan, Japan)S ©]-&3F% 540 nmol A

|

FYEs 24

(3) A 2NO) BAH <l

aj g Ae] sbstd A A AbstA Ao ARstEQ] oldAbel S 3 HUbskdTh
Griess ¥4 WS o]&39 o Raw 264.7 cell A¥Z 96 well plate] 2 x 10°
cells/mL == E5331 24 A2 vl¥st 5, Raw 264.7 celle] 500 pg/mLo@ | Z3f
S ARE 125, 25, 50, 100, 200 pg/mLe] == g g thg, 20 A7t wjekatict. b

r>~

o{n

O

b B Aol 100 pLE =S 96-well plateo] %71 & griess reagent (Sigma-Aldrich

Co.¢t 1:1% &3sle] Yl shakerol A 10% &<k ¥F2A)17]1 & microplate readerE ©

_

ol OfO

3te] 540 nmol A SFE=E =AY} standard curves sodium nitriteE 0|83t =

391,

(1) 2x9 & AEFF9 growth rate &<l
1, 220d% AAnsE Mde oF ZAE 45 &5 159 growth rateE 2137 ¢

sto] FREBWS ol 3 FRUAFE Ak

b 459 AF

A 58S 10°7 log CFU/mLE @A43tst & t)z7<l tryptic soy broth(TSB)#
23T E 10% H7HE TSBMA ol AEstoleh. #5E X714 10° log CFU/mLo]
A F=rE v Aol AEFeAn. HFol o] &g AT v iF 103 2
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Bifidobacterium longum
Enterococcus feacium
Lactobacillus brevis
Lactobacillus sake
Saccharomyces cerevisiae
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[e)
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=
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axe] sk
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=
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v}
=

(th) vjFEe] 4 &% growth curve
h /AR A S o]

o 4%

H

.

F71ell ol

ATHE 11).

3

A Z

o) %3] LA

ol uR A

Z

155 o]&3le 1

A

s}

;on_

FFE

Lactobacillus

Al

=

feacium(GB2),

[e)
fermentans(GB3), Lactobacillus sake(GB4), Saccharomyces cerevisiae(GB5) 57 9]

T

=
R

SERE!
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(32 11) 233953 aAA ] Az

No. HjA] 2243 T (%)
1 2 FyE=1:1(w/v) 80%

2 2P o]0 ==1:2(w/v) 90%

3 L) F ] E=1:1:2(w/wW/V) 80%

4 o3y E=1:1:4(w/w/v) 90%

(W) A E3dg 478 o83 23T 9 U3 UQ] ?ﬂ]?r_
SRR FIE ZA mhH st J—Xﬂﬂ

Aol 122 ZAd3pA|7] gh=ete] WA 40 =

F wieke &, "darAgE AAISHS ‘ﬂr. A gk ot E}F/l‘ﬂ“ Lsgﬂ*o—‘* g

brevis ¢+ S. cerevisiaegs Z}7} HJEsto] 2714 H

:
o 54% B 4P AHAT,

3t fr
F7IAEA Sl AlgEE SHST 1OHH 3] A1sle] 3,000 rpmol Al 1083 4525t
0.22 tm membrane filterg o]&sto] of3}aste] HPLC(Ultimate3000, Dionex, USA)E
A5k, ol ARE3F HPLC A=S Aminex 87 H column(300X7.8 mm)E AF&3}% S
SEE 40CE FATh o542 0.0IN H2S04%5 o]&3te] 0.5 mL/min®® &K
o AR 13 FYH2 10 wol e detector= RI(Shodex RI-101, Japan), UV 210
Ab&-3te] 301t AT

o
1

=
8
mlm

() ALAFE o83 LaEY =i

Al:.¢] total phenol content(FEZHHAETFEA)S AEsta AP AT 577
(NICEM, Korea)ol 2|Z|3le] At Al5el AAe]S 9ste] 80% wWehs
A3t #4333 & 2087t sonication 3+ TF. Whatman 2% filter paper® o33 & 100%
Heke2 ofe] W AlFetaL, P2 solid cake® HHA] 3 W FES P FEAS 2
o} rotary evaporator® H{ZAIZl 3, 100% vlgHgo] =9
sttt FEYA=EFY 548 skl 0.5 mL S/l 125 we] AA s A=<}
25 ¥ % Folin-Ciocalteu(ZFAMA)E 125 s €, 1
1.25 mL¥3, S/FFT2 3 mLs ZFAG. =04 90w7F WA $ 760 nmell A total
o} XA B gallic acidE A3 T

phenol content 3 E=%5 =43}
= SERAM S 9)3le] kaempferol, quercetin, isorhamnetin

EL 23] Fe EdtE o= 3
A A AR Behrwolt P ST LTS 4 BIEFE7] 7] A(NICEM,

Korea).

_55_



g
>,
fru
iu
il
e
k)
9,
[m
=
(9
o
o,
(m oo
et
rlo
og\:g
to
ofN
£l
lo
A
o

1%
Jo
=
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&
rlo
Og‘:,"
to,
o\
&
uf
)
o
RS
ol
~N
L

W= butyric acid®] W3t
Z 47kAolH 3 120 heERY
OJEH|H Yo AMZE ThE &

F Wshe sk

rO

of

rlo

O_?‘:,“

|

= 2

=)

& =

(o oo

- l"ﬂ
S,
i
o
L
e

Noad
o
o

° i

(£ 12) 47FA F79) dglelE vd(A, B, C, D)
Aol Enjd A Ao EN|Y B dglo)EN|Y C Aol EN)E D
=) (A ) (3] )

FH agit defol=

=i
F7: 0.07 mm

Wb #7144 2 geHEN

PR AFH S 2PeFa fUt B Attty FAEIe 357719 (NICEM,
Korea)ol <#ste] g3ttt f7]4HEA S 98t Al8% wwge] 10 w) 343}
3,000 goll A 10%-7F Y4123 ¥ 0.22 mm membrane filterE ©]&3&}o] o]u}sle] HPLC
(Ultimate3000, Dionex, USA) #241¢] A|Z= ARE&tith. o] o ARES HPLCY AR
Aminex 87H column (300X7.8 mm)E AFEst¥ o &%= 40C=E FA 83t o] 542
0.01 N HeSO4 & ©]83te] 0.5 mL/min® Z#EUHATE A5 13] FYHFS 10 ub o3
o detector+ RI (Shodex RI-101, Japan), UV (210 nm)E A}g3sto] 3087 221389
c}.

_I_E[-'__
.25, 0.5%, T®AHEE 0.05,
s+

A7 a3E st HrtEe S TebAE 0.025, 0
0.5, 1%, FEAIER 0.05, 0.5, 1%= UFolA doFH e WMsls Fdesglnt



(W F713 2 ded 4

ZIZPER A FHE S Fy o] fr)i B2 Aeustn FAEIst 3571719 (NICEM,
Korea)oll 9#|ste] zldstsict. f7]1MHE S flste] Al8E HeEego] 10 w] 343}
3,000 goll A 1057 YAIEE s & 0.22 tm membrane filterE ©]&3}e] o] ¥}3le] HPLC
(Ultimate3000, Dionex, USA) #49] Alg=& AM&3IATE o] wl AFE3 HPLCSY AHL
Aminex 87H column (300X7.8 mm)E AFEst¥ o 2%= 40CE FA8st. o] 542
0.01 N HoSO4 & ©]83Fe] 0.5 mL/minZ R A5 13] FUFL 10 ub ©]
o1 detectori= RI (Shodex RI-101, Japan), UV (210 nm)E A}F&3te] 30837 41343
=

)

=2

b4

(4) 23)F9 J7Me F59 2axd B4
Oh &£3Fy F59 Ax

o2y WA A AFgol ot BFE ANE] 98 AAATE QAo 4 AL
é X

FHo] T TF % SANFY FFL WA, FH Azl DG FRCL, W, 4n
o, W)l el 24zt Arkstel eq9FY F5S Az

W Ame] 4%, He FASEL 3AF B AN e B oW @ 5, 121C0
15

A 1587 119t Attt o]= 50 g® Cell culture dishol] @i &89y shaF 9 A
30%2] STy} FFo| MAATE HFse 25T wFA A

1597 vjokstgch Aol HEE 25T PDB(Potato Dextrose Broth) Mediumell A %!
[e) ﬂ_ =

s Nt SE Waring Blender® Low levelol A oF 20%7F #33 3o <
AP 7)ol Hol 3,000<g, 10 min, 4CT=2 A& star, d4 &gk 53] do &
T Hela FAdEe Wiwdh 0.85% NaCl @Ehsle] 7F He]te] 10* CFU/mIY A&
shelth B9, FRE, "WrE 71dE o9 e Wy o R Axsglt

(W} BHAZF 3

2P olFy TF A8 1 g"él A A4 99 mLs H7Fste] Waring BlenderZ Low
levelol Al 40%27F 2438t 107 31418l PDA(Potato Dextrose Agar) Medium®| 5
ER ME5T, 04, 109 1699 F ol AwAlFs Arstaith
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il
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S3ielFy T5 A8 10 g AYAATF 40 mLES H71sle] Waring Blender® Low

F , A EYE 870 Ho} 3,000<Xg, 10 min, 4TC=E YA E7 3}

3l AN S FHole aAEAE EAARRE AFESIIY @382 soluble starchE 0.5%7}
3

,5—dinitrosalicylic acid(DNS) H*moﬂ osle] FAsAT. =, 71H8A
[e)
=

< Medea sAEst gE571719 (NICEM,
Korea)ol|l 2] 3} 11630}03\:} Tr7] S flste] Al dgbEe] 10 W 3)A st
3,000x gl A 1023 9428 3 0.22 um membrane filterE ©]&3te] o #sle] HPLC
(Ultimate3000, Dionex, USA) #249] A|g2 A3t o] w] AF&3F HPLCS AL
Aminex 87H column (300X7.8 mm)E AF&3tom 2%+ 40CE FASHH. o] 5742
0.01 N HzSO4 & ©ol&3te] 0.5 mL/minZ SHEHATH A5l 13 FUF 10 w oI
o™ detectore= RI (Shodex RI-101, Japan), UV (210 nm)& AF&3sto] 301t &4138kS]
}.

(b YR 24

Al=9] total phenol content (FEE|HEd=FiA)S AU AP Y5771
(NICEM, Korea)el ¢l=ste] asiitt. Alme] A S skl 80% wEhs
AMelal #A3e & 205-7F sonication 3% TF. Whatman 2W filter paper® 3 & 100%
Wk 2 ofe] W AlFEtaL, P2 solid cake® WA 3 W FES P FEAS 2
o} rotary evaporator® AZAIZ1 & 100% wWleb2o] o] AF83 vt -4ColstolA] W
sttt FZYAlEF 4L sl 0.5 mL S/l 125 we] A3k A g} T4
852 Y& 3% Folin-Ciocalteu(MADNE 125 WS 2P, 71 3 7% carbonate &NE
1.25 mL¥3l, S/HFTE 3 mLe @3, 204 90&3F WX & 760 nmelA total
phenol content &3 EE =AUt TFABE gallic acidE AFEsFPTE T3 S8R
ol=iFe] BAS $18F9 kaempferol, isorhamnetin, quercetin 37}4] ®(FAIEE AFE3IA

1 FENER 24 UG HoR B4S st

_58_



10. €= A3 s4¢4s

7h 239Fy dHET|d AT HF AE 2 2ETH F9
H

3de] ATANE FPYOR BAste] RPUEWPL At R WA AHEQ
29 Ee) YOAE FRAI] Aistel AAATe] weh 26) Fuje) B Hrkstel A%
Aeshe ¥4 NS = .

boloh Aol nhEu 1047 A5A S s Aol MY B |
o AgEnE vepdo, 2449 Su 95 Aeld LYEAEG W

we) A2 A3,

A FAS A 2T E WAZ S, L. brevis & HEsto] Hast Akt
a&53 S cerevisiaes FES AR HaE, WEEEHA S HF3 HA da s 1x 5

]:H H RS /}_1
LML G E L. brevise 22k FES HA-AL HEIE g EI Sr-elgHA g
B S cerevisiaes 27} JES HA-gFH A H3t g

At

Whgo] A8 7520 L. brevis®t S. cerevisiaer= ¥ Ao i 9 BTl A
T3 aEFS AFESH Y. AaktQl L. brevis dE Sou|AEREAEY g5t 8
M3 KFCC11585PS H-ofwiekal, @+l S. cerevisiae 75+ KFCC1158P & F-ojwqt
oh Eeh, SegEWA fAAE SRR EAEHO A gFE S dRel ARSIt
(KCTC 26072; Pleurotus sapidus). 212t 30TCoA], RS 25T XA &3}
g 5 Axd SFAFy A Ao 1%9] HFske], 48A1ZEF wi gttt AT =S

HATAMA S &4 88kl waring blenderol] Eafate] A A e 1%7F ¥ =% 3 Fek30aL,
253t AtAAE Wl Fetinh. A2t R E o] AR Al 130 YER AT

(F 1325y Faes] Ax

No. HEAdT w2 %=(C) | 7] 7H(day)
FG1 | Saccharomyces cerevisiae 30 2

FG2 | Lactobacillus brevis 25 2

FG3 | St=ete| Al AL 25 14

FG4 | Br=©elg]H A+ S cerevisiae 25 14+ 2
FG5 | Br=e}2|H A+ L. brevis 25, 30 14+ 2

FG1& L. breviss AEste] 247 Ba3st9 3, FG2+= S cerevisiaeES FE3te] 297

TEatdlal, FG32 Bt=ete|MAl AN S AEete] 1497 Ha s At FG4, FG5
o A% 2vtA e LaHAS A HERES AU g FAAE 1497 9
&k F AAA(65T, 307 7S shar, thA AAktd aRS A Este] 297 HEE
A A3 T
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doF 2 <d=r)d Aad o wAEF
KR

(D) Ax BEE S3

AXE AESES MTT (3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide)
(Sigma-Aldrich Co.) =4 o2 EX3&9ct Raw 264.7 cell AIEE 96 well plated] 2 x
10°cells/mLE =2 #5303 24 AIzF wjekd 5 500 pg/mLo® 239y LHEES 50
ng/mLe s=2 A3 thg, 20 AIRE wlFsi well o media® E5 AAG FH 5
mg/mlL 5% MTT A ¢S serum free DMEM¥# £33t 5 well & 200 plLl® EF3ta
4AZE ES wgskdth MY § e S A7sal Dimehtyl sulfoxide (DMSO)E
A7tslel MEE E3fA17] = MTT 3ol s AAHE E2uP4S microplate reader®

o] &3} 540 nmolA FFE=E SR

(2) NO A= g2l

HjeFolo Aol Absta A AL AbstE o] AFstESl ol S-S F8 Btk
Griess #24 HWHHS o] 839 o Raw 264.7 cell AEE 96 well plated] 2 x
10°cells/mLsE& #53ka 24 A7k st 57, Raw 264.7 celldl A¥H A8E 500
pg/mLO 2 A|Zdte] 50 pg/mLe] == Ad v, 20 AIZF wieith g 5 sl
50 pLE M=EE 96-well plated] =71 ¥ griess reagent (Sigma-Aldrich Co.)¢} 1:1%
E3tsto] ¥l shakeroll A 10% 59 ¥FSA|Z1 3 microplate reader (infinite M200 Pro,

Tecan, Japan)E ©]&3to] 540 nmolA TFE=E =AY UL standard curve: sodium

nitrites o] &3le] A3}
1}, cytokine A 59 7|sAEAAH7}

(1) Cytokines ¥4

Raw 264.7 cells®] #lY sqS FHshol cytokines 4] kits?l MILLIPLEX MAP
Mouse Panel I -4 Plex (Merck Millipore Corp., St. Charles, USA)E A}-&3}o] MAGPIX
(Luminex, Austin, TX, USA) 7]7]2 =43s}9lon, Adojx MFI(Median Fluorescence
Intensity) k2.2 IL-1B, IL-6, IL-12, TNF-a9] s=& 3433t}
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HEe HA ek =, 3
Sht g B3 gl B FgEo S cerevisizeE 23 AEd WA-FR BIAFE
Z 57HA 9 Bt ag B S A Xt

(G 135y da=o Ax
A

No. AT A 2= () Hj 71 3Hday)
FG1 | Saccharomyces cerevisiae 30 2

FG2 | Lactobacillus brevis 25 2

FG3 | St=eteu Al ALA) 25 14
FG4 | Wr=elgl¥HAl+ S cerevisiae 25 14+ 2
FG5 | Wr=©elglWAl+ L. brevis 25, 30 14+ 2

)
D)
\]
uly
W
8
N
N
@
3
)
i
X
I
ol
2
[\l
S,
N
N,

FG12 L. brevise 3 &3] 2¢3F Tasiola,
FG32 sh=gtem Al ﬁ*}iﬂe HEate] 1447 Ha 5 A8kl FG4, FG5

—?* 2‘%} A FaAFS A TaES AXsUT sl dAAE 1493 1)
et & AA(65T, 30 7}“)7% shar, oAl AA ) aRAS HEse] 291 wa

i)
1:01-
Oll
w

U 2L ES YL

(1) #4938 ZFHUE FE(pilot plant scale) o] &3PJF3 LTaE9 A=

A R Feha3 wd(flask scale culture) o2 AZEFlE 2395 T] HagEo]
HFAdEAS HESH] st dSEAE ﬁLEoﬂ/ﬂ PojFu] LaEES AxsHA,

fm} 1__ =

P HEATE A o}Oﬂu} 0 L §%sl WRZE cl§s] YRES ATAYu
‘J 3
=
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O gE =z FH]

2
s Ak wEA ESkaa wgelA] d2 Zis EdE wax 2AXRPE A
et A9S Fdalth Baxs 121CHA 1583 ashabr shlaL, At § 74t
AN A @gskaL, Aetet wMiA S 2LV (e FY] ndE FF 30 BE LT
sttt EA o] &% AR 50 LE&Fe Az 30 LE 2dRIE FAsAH
EE SR QIe wiA Y] s =] fEA SarlE e FEEld dAste ¥ %
o FEFEFS TIIHRE FAst] HaEE FHEUAY

(W) st=gguRld9 ¥

A3t A7 wrelg WA =5 waring blendero] E2|3Fe] #1013 &3] 2] £ 3] v %] o]
5%(vol.%) 2 q=3te] 180-200 rpm¥} 25CE FA % ‘%-LEZ:OH
At 149§ Sr=s AT T A7 (autolysis) &
60CelA 30&3T A24teto] 194 Bas FAAZTH

(oh) A 2 avd9 24 HF
Ao Asl AN EES wa o Wi, vg £H3 L. brevis®t S, cerevisiaeE
7} 3%(vol.%)% | Z 3}

% o] 22 g E AASAY. L. breviss 30ToA, S cerevisiaer=
25TCoNA 297 wgxoA vttt Haxo d&AH(mpeller)e] £E+ 180-200
S}

=
rpmO. = A8k}

£ e @
fol
PN
=2
~
=
off
0%
>
ot
3
fr
o
o,
Mz
DY
ml
do
o
)
)
jam
£l
A
4o
o
[rtt
2
o
off
oj
o
-l {
ro,
ol
38

h EaEe pH £4

SgolFy HFgE] By A}y T AAH SR YEhe pH WSk pH meters ©]-8-3}o]
A3 Z438t

) ZEEY #5573

HaEe] #FSALS wa A F AANAeE wdES AFste] 10X s]4e & PDA9}
TSAwjA o] FAw=ate] AAletqlth. 12} WAl og Wa &2 waring blenderdl] 4
&to] PDAC] Hax=dsle] 42 3 & TSAe] wjAlol] a2
sto] #5 Elssitt

r ]
_OL
9%
‘H
o
>
4
)
kol'
F#J
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(th) 2aEo FE=24 st 2l
g gl FEEA gHste e Alset vRRVIA R a&dA g 2alE 1 9 (HPLC,
High performance liquid chromatography)& ©|-&3le] #AsH Y. Ex2A1Le dA 7+

sk ¥ 5 9]r 2o}, B0 o] g3 Alg= WEES 4,000 rpm, 4T, 1087 A4 E2]31e] 3]
T3 AR Ao R HPLCE methanole]l 1:9 (wiv)e HE&EZ 343 & 0.2 mm syringe

filter (PVDF, Whatman, Brentford, UK)® o] ¥}3}o] o] -&3}3it).

< ZH ‘ﬁﬂﬂﬂe A A O}Oﬂ‘ﬂr et %74?_ ‘B\LhE‘rﬂ‘ﬂﬁ %8&4@*3’4 “LEEC’H L. brevis
S. cerevisiaes Z}7} AEsto] retg|WMA 2 ALt (L. brevis)dt SFElEHA Y g

(S, cerevisiae) ALY Fy TaES AP AFH HaEL 05 cm o FA
2 kAl HA] 2424759 30T e AFAZRV|ANA AXE Adee. Ax7F Ey 39
Fy o= 5% ZHE H7FEe] 3 AES AFsF o AR S 2FIS A xFH

mlo ru o
2
BN
QL
2
o

el A9} AHe7] gold 2E3 A”YE

(2) 8% BaLES A=
vha @ e EAE 109 Hrhetel eRAFAAS Axsn FFE WES] TAAR
oh Az YT WEAS o1§F HANEY FALRS AXE AAA BAR &

71 2AE S8kl 2qeTY Ea e frike AxAs3ih
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(24 1D 2335y dags Axs AT 7714e =4

Samples Organic acid Contents
Tartaric acid 340.0

Lactic acid 186.3

Control

Acetic acid 4981.5

Citric acid 1329

Oxalic acid 28.2

Tartaric acid 340.0

Lactic acid 186.3

Grape vinegar ) .

Acetic acid 5305.6

Citric acid 1414

Succinic acid 21.9

Oxalic acid 64.8

Tartaric acid 383

Malic acid 4271

Apple vinegar Lactic acid 412
Acetic acid 4601.7

Citric acid 89.9

Succinic acid 67.8

Acetic aCld 4233.0

Tartaric acid 473

Lactic acid 32.6

Persimmon vinegar . .

Citric acid 20.5

Fumaric acid 0.6

[S-galacturonic acid 290.0

Gl =EgE of & A4 v Ax &8 /Y, s¥FAAAES A EaA, 2001)

=, S0 dEA 109 Tz Yol A
A= 9 gHrlgtESo s Mdisla 9Pz EHOoR HAE AASAT. 97 9
TAY, Astela, 082 w9 HAAY, ofto=m grieiglitt. Aol FAIAEE= SPSS
S AFgEE o, A FEFE 5RolA EAFEA(ANOVA: analysis of variance)Z
=

version 11
1= H(DMART: Duncan’s multiple range test)2. 2 F2A1S A A3t

sho] B2

(3 eBEs wazys Az
e Alstel 3AFER AAAYN F BE AAS%IL B#d ¥ R4S oqslFIS
30% Arkekel eqeFd WE/AS AzAAL o F Az LY o)

Aspergillus oryzae, Aspergillus niger, Rhizupus oryzae = 74%F3&to] 25T w2l oA
154 7F wjeksdtt. 3ol 7459 w2 PDB(Potato Dextrose Broth) MediumolA
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20%7F 33k %o 3,000 rpm, 10 min, 4 TC=

ok
o}

3lo] Waring Blender®

S

5 o

o) 3% T T o 1 AR oW
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A2d. dg24% 2 uF
1 22AYe] % FoH & dé2r) A AT
7t BeR BANY %9

() 91839 Bed) wAas

o>
o
4L

z+ ‘1,% 05394—'—-4(2011% 109 $&He F7 238k chromatogram> “L¥ 7941 K

= = =l =
upel al, F o3 A< butyric acid7b 7HE W2 HES AAEtal AdeS FQlET EE
=22 A3t butyric acid?} hexanoic acids hexanoic acid= 3L FTI oA T FoFH=E
A=HA Fdon, SHE dod] BAYHEE olfste BE AlRY FoF #4s AAG
At

butyric acid®] ¥ °F 5.53 mg/g= U2 {74 AR ED

[e]
= 11 ful
R= W, ?ﬂiﬂ %7]’?} @ o] °F 80~90%% Z}Xlé}l‘: °k°]°4‘:‘r. W}F/Pﬂ Aol A
9 EId

Butyric acid

—_—
=
b
—
-
=
&5

200000

(29 12) &= F7|4F &= HPLC chromatogram
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o
K
B

N+

BR

)
B
No

o
ol

ass

0
pul

(HA27A5 %, Threshold)®] 2}

|

o %

M gdn} Abgol

1
s

‘ZH
Aol Al WAl E =AY AAE e F

B!

Aol 224 2ol & Ueh

HA4 Ak WAle] (odor level)S 7}

-
s

AA

o
o

—_—

Aﬂn
XO

10°8) o] o=

A&l 5.53 mg/g® 1/10°¢] 5.53 ug/gl & FA Y

o

-
T

g Hod

=
[}

3]

o} &3¢

[ sl

°©

ofg] 7HA Az
}

FILX

=i}
=

[

°

55%0]

2l

sto] AEA %

e}

delE7lde AZs A1717] 4

7l
=X
b3}

=

=

il

o

59 goH
=

=

[e}
243k ¢

[

<]

[e)

T

e}
T

#E 14)0l HEpATE &=

AR FRTFS (

13)ell YEFHATE 100°C ol 4]

~

g

—_—
fite)

water content
(%)
70.25
50.95
46.44
46.64
49.34

Time
10217+
8A
64
5A]

[e]
D-con
D-1
D-2
D-3

-

i

o

=

29
., 70T

}o]

T

[e)
Treatment

ol H]

o
i

control,

Al

=

pu

b ot o
No.

-
st

=
j=
S

(

N

D-4

, 90T

N

R

al

B

51.32
50.83

4A]

D-5
D-6

51.41
51.47

0

D=7

0

D-8

3.21

—

0

D-9

10
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% : 285 4p
B g — M
of M - T g SN
L @ § B 2w <D
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A B x w M TGS
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el m T ..W.mﬁ MW m WO o W oo &
1= [ — & (=3 .
T H oy MM m.“nm.ﬂ_n, o8 ._nmm.w Ho T iy
g BEEE-YS o oo W oo B R
F E A EE28 L3 T wog 4w
of = W SHEE 25§ 2% M
@uﬂﬂn = .wm‘mylﬁac,_A
BL 5 & B o o ny
M o E Mz o
o 2 WS MR
Mﬂo)ﬂ Eq_/w_e]»__o of o.wa
o iy ) fAI ~ : y Z_T
- Yo e RS
w e I A Rt
) o U,._ o o
3 N 0 N — f
™ g W T o, RN
N8 # G R
T 3 N A 0
Vo N 7 N ww
° 3 3 owog TR
=
M ” P e R
2 =) ! : e ]
2 g g T oyw Y
3 5 N m BR T T ok
Mg - B Hm . T
cle TR T o
o oy ﬂ T T ooy R
N 2 N oo or BN

retention time
(min)
18.42
18.42
18.48
18.46
18.43
18.42
18.40
18.44
18.44
18.44

Quantity (ppm)
43,687
33,458
31,670
27,596
30,665
35,305
41,859
37,569
37,357
15,724

T
_70_

Z, 80C/6X 7+
]_

4 2] <]

AFAx, 60T/104]1F

, 710°C/8A
, 90C/5A]

control, <

g3z, 100T/4A]7E

P AZ 28+2C /2

FFTAx, 265+82C/14

adEAZE, 25+2C/3Y
sAAZ -70~-80TC/2¢

butyric acid®]

=

Sample name

Z
=7

15) Azl w

No.
10

(




o a2saAEd g% 2PeFo9 deH A

() $9A7 200 He A3 Bode 242
cqslEle] FoAS ALAYNY] Getel LYAEANG 100CAA 674 EANA A
498 AARG, sl e AAA0E TEel T 160 el

=

R 16) AR mE FEAHE A7

No. A5 S Eds
1 S—control -
2 S-1 30 min
3 S-2 1h
4 S-3 2 h
5) S-4 3 h
6 S-5 4 h
7 S-6 10 h
sl mE butyric acid®] FFW = vhmd 2uh FEAEE Tote] deFHE A
Slol= WekS mhE sz}t SFQlITh Control] A A 22 289 9 vBlusISlS wf, WA Al

(3 17) LA gl w2 butyric acid®] 3= 3}

retention time

No. Sample name Al ZF Quantity (ppm) -

(min)
1 S-control - 45,285 18.48
2 S-1 30 min 21,832 18.35
3 S-2 1h 19,915 18.42
4 S-3 2h 19,142 18.48
5 S-4 3h 17,670 18.47
6 S-5 4 h 15,326 18.46
7 S-6 10 h 13,943 18.35
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) €58 Zdo wWE L3Py doFo A4y
2ol Ty e deAg = AA F /M 2F R Yol [t A WAl 1FS &
gojzuel o] EINES 128 DAL Zol= NS dElsle] HElsga, I A8

W AYAEES ok o] E 18 WERHAT

(G 18) Aol mh A2 AIZE

No. Sample name time 2= (w/v)

1 W-control - 1:2

2 W-1 30 min 1:2

3 W-2 1h 1:2

4 W-3 2 h 1:2

5 W-4 3 h 1:2

6 W-5H 4 h 1:2

7 W-6 10 h 1:2
A2 AlZbel WE butyric acid®] W3l X 199 YERIG. EF5AE = FEA T
o] AJRto]l ol H4S butyric acid®] o] EojFS el 4 AT A2 AR 104774
Al AlZRe] Soiubd Solg R Fhasks e UERTE 53] 10A13F Bt A E g

1

(3 19) &2 AIZHH butyric acid®] sHEFH s}

retention time

No. Sample name time Quantity (ppm) ,
(min)
1 W-control - 50,571 18.30
2 W-1 30 min 9,502 18.30
3 W-2 1h 8,195 18.31
4 W-3 2 h 7,714 18.30
) W-4 3 h 7,130 18.31
6 W-5 4 h 6,150 18.32
7 W-6 10 h 1,853 18.31
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T oA Ay 2FS AYAS 1Ko R nAetn egeEdd B8 FHleke M
o Gyt deaAds At 23Tt 2o T E (w2 E 2000 HERAL
t}.

(GE 20) Al=9] dFAY Al ST 2o P&
No. A A7 == (w/v)
1 W2-control - -
2 W2-1 1h 1:0
3 W2-2 1h 1:1
4 W2-3 1h 1:2
5) W2-4 1h 1:3
6 W2-5 1h 1:4
7 W2-6 1h 1:10

2P T e} Fo 23ME -3 AR 9] butyric acid & WHIE F 219 YERAIT
AFAY S 1A ZS &P YFT 9 butyric acid TFS 30,571 ppmI H] W EPS W, AT
S A7reA ki APE AEE 11,032 ppm= 28] o] HAFATE AT o] A= =
o HlES ¥ =9 ARRUE 92 HAES et 239y AR &9 HES E
ox TdETE o B 49 butyric acide] A4S & & AAQ 10v]e] EE H7lsA
drAYE & A5 1 FAZE 2 i 1900 vERd 1043 eE SR E sk e A H|
<o AAaES Bl 1 FEdste £ 219 YEyl
(G 21) GAe A 2P Fy et Eo] EgH &l IWE butyric acid $HFHI}

No. A == (w/v) Quantity (ppm) retentio'n time

(min)
1 W2-control - 50,571 18.30
2 W2-1 1:0 18,249 1831
3 W2-2 1:1 12,248 18.32
4 W2-3 1:2 8,006 18.32
5 W2-4 1:3 5,110 18.32
6 W2-5 1:4 3,980 18.32
7 W2-6 1:10 2,184 18.31

_73_



2 eyelFue del=ld By

e
1
i)

) 4 AYsAE 2PIF ] $-FASHF TLC =

oX,
-1 U
r o
o
1

Oh AZ 2738 239F9 Y SFASF TLCEA
WS sl 289 E T Al Zo A urushiolS FZ3te] TLCE E3lo] A

sd Dcon D1 D2 D3 D4 D5 D6 D7 D8 D9 st

o9 eqolEn Aue] TLCE B3 $5A8e] 24

=

o

(1% 15) Az

oo
o

140 #A|A1¥ ¥Fe} 2t} ControlS ¥ 3 109] A ZojA =
-1¢]] H]3te] D-59] spot Abol=E= H]Zsiut Mol dolXes
Al Ax 2R SUMEFE FFAEY o] dAE Fol=
YUAARE miujatA] o150 3S & F ATk 283 Urushiol®] RfA= 0.79%13L, 9709
e A oH, AaygATFet FAEE Urushiol®] Rf2(0.82)5 7+ 4 AT &)

sl AR AR olE w02 3% HPLC A3

A/
o

of
P
BN

ol

AIRE TLCS) 57878 A887h= 7t
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h #9A8 228 LYIFIY $FALFHF TLC #4)
GAAD A e LYl ET ] $FALF B

3 A5 9] o]Z& E 169 AABFA T

std s-con s-1 s-2 s-3 s-4
(1% 16) FEAYE g 2q9Ty A5 TLCE &8 FA=9 4]
Urushiol®] RfA] & 0.84%13L, 6719 spot EF H|S=8E x|l omM ®HFE
ok FARRE 0.825 T2 4 AT Controls E A
HQdrh, 9o R 71 spot?] A7} A ol 2 BolEy] oy e HER H|LE A7)9) MG

Yehulel Ase wmay] 5.

h G5AE 228 LPYFTY $FALF TLC B4

std Ww-can w-1 Ww-2 Ww-3 w-4 w-5 W-6

(28 17) A AE dEd 23Ty A= TLCE 3 F-FA129 &4
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ooz ael Bo] TFPHES 128 FAIL Hole AITHS dElste A Algel o

< 3 209 Tk 2 A9l control#t 771 AEAM BT $-FAERIE S HATHL

17). Spot] Atol=u} MG S uf w-1914 w-67}A1¢] W37} AASA HolA = YA
< |

ol Ag & & AW, ol ol Aol UojAFH &

o L = A s
Ho
=
o
fru
s
o
2
2
o

N
Al&9o] o] Zolue S ¢ 4 AT EFF Urushiol®] RfAX& 0.77°1 3L, 67]9] spot
()

B gk Ao, daATel fAFSE Urushiol®] RfX|(0.82)8 78 4 At

std Ww2-con w2-1 w2-2 w2-3 w2-4 w2-5 wW2-6

(2% 17) €A 29 H&S 289 FT A5 TLCE &% FAIL9 4]

AYAZE AR RS AL 2o FTd E5 HUtele HlE&ES "dElste] T As
olw Ao W& ¥ 20, 213 £}

2 Ao A controld XgEH 779 MIFolA EF FAISHIE EAEHJTHIH 17).
ControlS X33k 6719 AMZoA EF FA o] BT S0 =2 T spotd] A7|L A
2ol & Flsh7] olHe AR v A7k A vEho] A3E vusty] FEAT ®
g+ Urushiol®] Rfx|= 0.79°]%13L, 77H¢] spot R5F Hlsgh Fx|51om, A9k fFAFSH
Urushiol®] Rf%](0.82)2 78 4= Utk

AAIRE A

1:ru
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(2) Zr AgsAE 2P9F99 $FASF HPLCEA 23
b AzHE SFASFY FFas)

o] 7H4 AR AEs 239F 9 RS F53}
&9 FHl wet FEFHsE 47 St AxHE TS 3]
=2 (15:1)-9-FA129] dFFe 3147 ppm, (15:2)-$-FAL<] gk 1,3
FA L9 S 15,184 ppm, & TFAILF RS 19,639 ppm ©|Ath EAAZXAEE 3 A
g AQstar giFie AgzgelA dixTe vlet s Uehiith AR Alse A9
(15:D)-9-FA&9 o2 1,128 ppm= thzTtol Hlsto] oF 2.7v) FAskqiar, (15:2)-¢FA&2
Sk 1,293 ppm=z M|k 28 FA8HTE (15:3)-9FA &2 52 8,477 ppm= °F 1.84]

7L5\_5—}C}>j\_ﬂ = © E}\]Q 5

&
U oo
o o
o (g
ol b
g

e

oX

ol

37

o

o

|

>,

s AR F92 10,898 ppmo. = oF 1.8 7FAEgl).

FFA=F s (ppm)

No A 151 15:2 15:3 total
1 control, 5q 9= 3.147 1308 15.184  19.639
2 A%, 60C/10A 3.010 1288 12498 16.796
3 AEAZ, 70T/34 7 3.035 1229  12.603  16.867
4 dEAZ, 80C/6A 7 2.901 1276 12.866  17.043
5 GEAZ, 90C/5A 7 2.943 1270 12552  16.765
6 524 %, 100°C/4A 7 2.923 1288 12514 16725
7 g Az, 28+27/29 3.935 1209 12332 16.776
8 LEAZ, 2542C/12 3.138 1279 12761  17.178
9 QL AZ 25427/32 2.912 1.269 12,929  17.110
10 EAAZ 70~ -80°C/2Y 1,128 1,293 8477 10,898

D) L2F&AYE o8 S-FAISTY FFHs
SReF e ded 9 dH=r)ds AR flste] 23S IE 100TAA 6714 ZelA
e AYe AA g 1o mE SRAIERO sk 149 2ok g7 15 D-9FAE
o] g2 3,147 ppm, (15:2)-9-FA1&2] &2 1,308 ppm, (15:3)-9-FA|22] =2 15,184
ppm, & TFAEHF S 19,639 ppm oAtk (15:1)-FFA&9 g7 (15:2)-FFA1&9
sk AARS dEjstele A zpol7h U] ekskt) (15:3)-F-FA1&2] 49 307 A=

Ekl

of o
o

i

& ARG W oF 24M $A82) Fol PaBUN, AU TR A2 Wk FAE
GERRRLE 7P el $7A%e) o] Rad ARE 104715 LYAENE AL T S-

o=
Alzol F SFAEF] S A2l A 19,639 ppmollA] 9,056 ppme = ¢F 2 H R4S

2R

urushiols quantity (ppm)

15:1 15:2 15:3 total

1 S-control - 3,147 1,308 15,184 19,639
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2 S-1 30 min 3,121 1,284 6,235 10,640
3 S-2 1h 3,016 1,288 5,833 10,137
4 S-3 2h 3,101 1,266 5,838 10,205
5) S-4 3h 3,046 1,289 5,260 10,495
6 S-5 4 h 2,967 1,276 5,931 10,174
7 S-6 10 h 2,224 1,305 2527 9,056

(h AL EE o] &3 S-FAIEFY FFHs

2g9Fue dFAes A T/ 2FoR UrolA stk A WAl a5 239l
B EFMES 128 ngstal #ole A7k 2t Aol 7 WA

AE IARROR agstal 29T =& Hrlelke HlES dydte]l deads AAEith 4
FAE F 7t ARY $-FALF] depdshe ¥ 159 eItk tilzTe] (165:1)-9-FA120] &
ZFe 1,549 ppm, (15:2)-F-FA&9] 33 805 ppm, (15:3)-F-FA1&9] 2 5,527 ppm, & -
FAEH T2 7,881 ppm oIk EFAYE @ AR AS FAILY] ST A YEhd
A ko). 7HE ol $FAIEe] o] had Alm= 2ufe] BS HUbeka 10A17F Bt Eele 34

o W-g ARG et haTo washde ) use £

(G 24) E5AEHE SFAISFY RSt

No A /\].ﬂ o= . urushio.ls quantity '(ppm)

(min) (w/v) 15:1 15:2 15:3 total
1 W-control - 1:2 1,549 805 5,527 7,881
2 W-1 30 min 1:2 1,559 818 5,012 7,389
3 W-2 1h 1:2 1,596 735 5,004 7,335
4 W-3 2 h 1:2 1,537 737 5,579 7,853
5 W-4 3 h 1:2 1,448 753 5,782 7,983
6 W-5 4 h 1:2 1,435 799 4,860 7,094
7 W-6 10 h 1:2 1,310 760 5,012 7,082
8 W2-1 1h 1:0 1,545 852 5,346 7,743
9 W2-2 1h 1:1 1,354 871 4,964 7,189
10 W2-3 1h 1:2 1,329 783 5,134 7,246
11 W2-4 1h 1:3 1,376 774 5,079 7,229
12 W2-5 1h 1:4 1,254 738 5,312 7,304
13 W2-6 1h 1:10 1,279 717 5,301 7,297
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(3) 23T 9 -FAIEF LC/MSMSEA A3}

Oh) $FAEFY LCRY AR

2P FH o SFANSF FEES 1 dAARvETNYR FA3 Ayjpo|ti( 1
18). Ao AME3 HFER(GE 4), 37HA SFAEH7E BAAE] peakdl A FHE Fitol
A7 s, Bk Be Fo] dEA A %S peak@ 13t AAHA $FEASHE AFD
T RAAJA(E3], RT 9.483 11.079] Z peak®} FEF 9] peak’} AAEHA ). ot ¢

e
Y

1

# 25% 10-11€¥0 5% 238959 ¢FA A&7 FEE25 243 A=2vE 190
] L =]

oy - T

NL: 2.01E3
Base Peak F:
FTMS - p ESI Full

ms

[00.00-10800.00]

WS

U_t0month_ 214030
TO33523

Standard A peak

Relative Abundance
W g
s ]

(=3
£

=

(19 1)9AE 2T 74

(3 25)2>3 38 FFAS TTF

Standard A: urushiol (15:1)

Molecular formula CorHz100 "

HO.

— CHs
Molecular weight 318.50 g/mol

Standard B: urushiol (15:2)

Molecular formula CoHz00 ™
HO o _ CHa
T 1049 ool \@/\/\/W/\_/\/

Standard C: urushiol (15:3)

Molecular formula CorHz002
HO. o _ /CHz
Molecular weight 314.47 g/mol
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=2
- =]
ootk mEbA 1984d AS AvlE
100,000 Da o]de] wA=s 2 S, @9, w3 59 22 A
= 7P sad ¥y Fo shivh HY. ERE o

¥
hiEd $83 5 gk mep] $RALRY 2

Il g A =4 BEAS o
o] tp&star gk HuAd 284S A6y Ageitha AR E AT
LC/MS #4112 Al5dA EAFHLS} LCxA To2 E34& S8ty SA4S 2A% 3t
°& o] Zdo| o= FANA FAsE otk wbA AlmolA LC/MSHF S st o
A4(100,000 7HE oo ExEF vA5 FE5tY] V|AX R BEAAS fFsth
£3], high resolution LC Ay o2& A3t #A=F 3t& 945 4 Q7] "o C, H, O
o dan[Edd o o FAAE FFE O AJT ol WA o R AgFEHE= A
of tJgk MSMS Ag o2 1 549 fragmentE ¥o] ¥ moietyE 7FA3L A=A FA4 3}
o EATFZEE dSehe & 4 A, olyg A¥E vigo R FAE EAAE ALSEA
o 2 AR S vhe] £ 269 2
(£ 26)P 599 FAIEF LA ALt
moiety | #CinR | #DoubleB | #C | #H | #0 | MW H adduct | negative
positive 10n 10n
Cs0O:2H5 15 2 21 32 2 316.2397 317.2475 315.2319
15 3 21 30 2 314.224 315.2319 313.2162
16 0 22 38 2 334.2866 335.2945 333.2788
17 1 23 38 2 346.2866 347.2945 345.2788
17 2 23 36 2 344.271 345.2788 343.2632
17 3 23 34 2 342.2553 343.2632 314.2475
18 0 24 42 2 362.3179 363.3258 361.3101
18 1 24 40 2 360.3023 361.3101 359.2945
19 3 25 38 2 370.2866 371.2945 369.2788
20 1 26 44 2 388.3336 389.3414 387.3258
20 2 26 42 2 386.3179 387.3258 385.3101
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oA Aozl EAHF FoA FFAIEH BAFT FAREE ZS 2ok, Al LC/MSH A
peak extractions &}l o] EAEo| z2rS ¢ Qe oA BAAS AL, o] ExpgRo] digh
MSMS A#E 131 19 e ATt

LC/MS®EAS &3t 8719 FFAI&Fo FAE 9aE skl shARE, o8] A
AAQD $-FAETF A5 AT 5 gl dAdart A SAA F%eH, LC/MSE
gheldt T3] SFASHE FAT B ARvEIRN el vadAe] IS
Absted FEriglen, 74 936 digk Watet Ao wek oy Rlth. 53], A 29
FAEF gt AFRaE v EASARE —8—63%}%4194 GFALE T g A=
o AAoRE £ o SgolFae] gy ETY IS fste] HE ALHER] 2T
b

= U(:)] R84
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2. MIAEE ol deF R dEEY] ARs AT

7}, F-E]2 Ak (butyric acid) BEFF A

1) AEBERAFS, X, 94)S o] &3 enrichment culture
Butyric acid $135 A¥stazt &3eF o] AEFvAA=AYLS H718te]  enrichment
culture® A AR T5, A=A, 94S O E enrichment cultureE AASFE L F 17719

J

e s el
a9 260 LhEbaL, 2
& % F AAwel 2717

M
&
rlr

T AP H(colony)E Fetste] AM=Z T colonyE w8 3FSlaL
2 AT A71E Flste] i 27¢l dERAATE Ee e
5 A ddste] 239 F3] daEA x| o] &33ith

ry
e

(L9 26) =BFy oA #e %] 3 Bl (colony shape)

(3 27) A5V A =AY Enrichment cultureol| A &2k 522 7N AT = 7](population size)

No. | #FW  weq Zligﬂf;z ]) No. | #FwW  wae } 'lg“;:;i ;

1 GD-1 “4-TSA <10° 10 | GK-5  Z=X-PDA <10
2 GD-2 ¥ 4-PES <10 11 | GK-6  #A-PDA <10°
3 GD-3 @ %-PES <10° 12 | GN-1  ¥2-TSA <10°
4 GD-4 ©4-MRS <10° 13 | GN-2  ¥=-TSA <10°
5 GD-5 ©4-PDA <10° 14 | GN-3  F=-TSA <10°
6 GK-1 AA-TSA <10° 15 | GN-4  *¥Z-MRS <10°
7 GK-2 A -TSA <10’ 16 | GN-5  F%-PDA <10°
8 GK-3 HAA-TSA <10° 17 | GN-6  *¥%-PDA <10°
9 GK-4 A X -MRS <10
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(2) butylate 7| X]E ©]8-3} butyric acid AZ+F XE

Butyric acidell A&l U= dFE EHste] Q)T Wgo| o8 #FE AEsta
ZF MRS agarol| butyric acidE F7}ste] A& A 23T} butyric acid™ 0.001, 0.01, 0.1, 1%
o] v 7HAZE Yo AFSFA T 0.001%2] butyric acidE % 7}sF MRS HI A= control HjA|
%l MRS agar®} H]w ekl S w 5Ug S GEFAAL, 1% butyric acidE F7FgE v #] <]
B9 Agd o] &g F BT ApA] ko rm = (1Y 27), 0.01, 0.1% FH7FgH MRS HjA[ 4
A AFshe dFE AESIGT 1R AFA Y QX Fo] Aaks AEESAL, 2abd &

PS

of Hr} B #FE iAo F/MRS AT 2ahdwe] Aubs g8 6. vAE
[e;

(L3 28) 1% butyric acidE #7}3F MRS v x|ol| A o] 2 A2 A4
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. 23eFue LHEY) Axs A7

(1) $FA&5F 7} enrichment culture

ogo]Eye] 3 BElgon i TSAHIA S} $FALS FH3 2 WAL
enrichment culture &} T vl T i FH(colony)BAl o W& 5 °
o} Ak 79 colony FEl= 18 299 YERAIL, 1
280l HERH AT

_T“_]L‘_
AR e dA AR AEv ARG S wjckete] e W 239
2

= %9 o #
Fob e WHOoR WEA o 8% dgoln, FF oAU FTALHE AunG £ 9
= @7 Adets A o gatux dh

o3 Fo] 25 H7}ste] enrichment culture 3F & Eg3F 14 #F

(3£ 28) 2X19 Enrichment cultureol| A 2]t 52| 7NA- 7] (population size)

ol
Noo| @mEd  waw ‘lg“f;i /; ]) No. | #F®  2ela ;'lg“f;i ;
1 GU-1 TSA 1.2x10° 8 GU-5 PDA 5.1x10*

2 GU-2 TSA 2.5x10" 9 GU-6 PDA 2.4x10°
3 GU-3 TSA 3.2x10° 10 | GU-1 PDA 3.4x10°
4 GU-4 TSA 1.8x10° 11 | GU-2 PDA 1.4x10°
5 GU-5 TSA 2.4x107 12 | GU-3 PDA 2.5x10°
6 GU-1 TSA 1.8x107 13 | GU-4 PDA 1.6x10°
7 GU-2 MRS 2.2x10 14 | GU-5 PDA 2.7x10°
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3. AFS o] 8T YTy FeoF H LH=Y] A3}
7F B3-S o83 29T deF R LH=EY] Ans

(1) 845 o83 2P9F9 Y FeoF ¢ gd=7] As
SR T FoFHE AA77] et 2T E BFI EFot] 23
= Axssleh Az 245y @Fs AR o 2529 7t 5
H2F 2 butyric acid®] JEWHIE AT 18 302 HPLCE ©| 83t
<9 @7 F71AF 24 el AEntEadoln o] 29Fy ¥4
g = &

< butyric acido] 7HF W& n]&2 AAEa Q) o1&t T},

e o}"_,

KeX
=

12,0 14.0 16.0 18.0
Retention Time [min]

(29 30) oPFy A F7]2S HPLCE o] &3&to] BA% g=nlE 13
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STy @A vy 2% W 7|7ke]l Ao upg} W3Sk butyric acidd] %=
T 29904 YeERATh @ FH o FAEQ butyric acide HEE 10TCoA wHast 4
4 % 3.05 mg/g, 47H &2 i 2.8 mg/g, 67/1Y ¥ 2.63 mg/g®E TaZ7]9 HeHake

N

N

(3% 29) ez Ao HF2x 9 7|7 Aol wE butyric acide] X W3}
71ZF (71 4) butyric acid (mg/g)
=X (1) 0 2 4 6
10T 3.51 3.05 2.88 2.63
20C 3.51 2.04 1.48 1.34
30C 3.51 2.05 1.35 1.09
50T 3.51 3.00 2.81 2.63

(2) 8F& o€ 2P F 9 MAE LA}

7h €42 LFy Fd M= £

o 2] 7HA] ’\*FJJHHZ]*E‘ o]-g3ste] e dFv WAET(colony) FEo wel 73
o Y 7FE T 6 ZHAVIE Eelg 5, ntaEAdd et sAS AT
(3 30). TSAu|R|o| A #-2|st <= Bacillus amyloliquefaciens, Bacillus licheniformis,
Bacillus subtilis subsp. ©|Y. B. amyloliquefaciens® w5+ AAS 8.12 CFU/mL, B A
5 8.39 CFU/mL, CAl® 7.92 CFU/mL< YWEeR AL, Bacillus subtilis subsp. © AA]
7.01CFU/mL, BAl= 7.81CFU/mL, CAl& 7.98 CFU/mL< YEtAT 7 #5 257 7]
Wl g syt A YEhUA] o vl gt S BT B licheniformist
A& 5.40 CFU/mL, BAl& 5.50 CFU/mL, CAl& 5.01 CFU/mLZ o] #&3tF %3+ 7]
of W& WIE YElA oy, FAHSZ B amyloliquefaciens®y Bacillus subtilis
subsp. Ht} AL Fo wHAE IFYAVIE EY. MRS PES HjA|dAE B
amyloliquefacienss WAL 7|ZHEE H]S2gk #5291 ¢F 7.0 CFU/mLe #5& YEH
YAt PDABIAIE o]838to] Bacillus subtilis 55 T8t A . B. subtilis w5 SA] 7]
ol whe dHstE el A g v 2@ dE FAe

N

o



3 30) AlEelA Zeg 7o Aok A

Population  size (log

Source CFU/mL) Identification Identify
(medium) A B C (Strain) (%)
TSA 8.12 8.39 7.92 Bacillus amyloliquefaciens 99
TSA 5.40 5.50 5.01 Bacillus licheniformis 99
TSA 7.01 7.81 7.98 Bacillus subtilis subsp. 99
MRS 7.94 7.45 6.66 Bacillus amyloliquefaciens 99
PES 7.70 7.94 7.02 Bacillus amyloliquefaciens 99
PDA 7.97 8.29 7.59 Bacillus subtilis 99

A, B, and C samples were obtained at the initial stage of fermentation, after 6

months fermentation, and after 12 months fermentation, respectively.

(H) NGS £A& o83t E4T 33 F9 e vAETH TId4d

NGSE o] &3te] A& A, B, Co mAETY thdAds A8kt 2ozl 7L
reads2} CLcommunity>~ 21302 FA3 OTUsw= 3% 313 &l Al AE 6,909 read,
118 OTUs, 154.05 ACE, 162 Chao 1, 2.37 Shannon, 0.24 Simpson, 1.00 converage=
FAE. A& BE 19,150 read, 231 OTUs, 333.62 ACE, 290 Chao 1, 2.41
Shannon, 0.28 Simpson, 1.00 coverage, A& Ci+= 6,697 read, 128 OTUs, 168.47 ACE,
172 Chao 2.32 Shannon, 0.30 Simpson, 0.99 coverage® FA3I3tt. 7} Al5=Z45H #
ZE OTUs® <£AZ, sequenced ol vl stE Z7lrdo 2 783 18322 rarefraction
curvex= 1§ 31 #oh T FHEE FAF A FA= AR B7F 7P =1L AlE A9

Ce Hx3 52 B3l
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¥ 31)16S rRNA 3=} grelB g gle ogt AJd 2 4

Sample Toul OTUs ACE Chaol Shannon Simpson Coverage
reads
Sample A 6,909 118 154.05 162 2.37 0.24 1.00
Sample B 19,150 231 333.62 290 241 0.28 1.00
Sample C 6,697 128 168.47 172 2.32 0.30 0.99

observed diversity richness (OTUs), Abundance—based converage estimator (ACE),
estimated OUT richness (Choa 1), diversity index (Shannon), Simpsom diversity
indices (Simpson) were calculated with MOTHUR at the 3% distance level. Values in
brackets represent 95% confidence intervals (A: initial storage of sample, B: middle

storage (2 months), C: final storage (6 months)).

300 -

250 - e

- 200 - =
z L
L 1ye- <
_z -----  month
- — — 2 months
— 6 months
0 3000 10000 15000 20000 25000

Number of sequencing reads

(19 31) AI7FA &delFy 11549 pyrosequencing 7]Weol 93} rarefraction curve
Rarefaction curves were constructed at a 97% sequence similarity cut off value(A, B,
and C samples were obtained at the initial stage of fermentation, after 6 months

fermentation, and after 12 months fermentation, respectively).

N

}) Z£4:F(Species leve))?] ALY 9|F v o] nAETFEA]

T nAELIYRIE 279 Alget vluste] 3l THE 32). AA =S $
HEL Staphylococcus gallinarum (67.87%) = 74 e FES AX5%th BAR

62.85%, CAlE 67.03%% H|=3t =S F-X 3t Staphylococcus gallinarum TFSS

Bacillus mojavensis, Bacillus siamensis, Bacillus subtilis, bacillus atrophaeus,
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LHER AT
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mAaE

7}t
o wart FYHE

Al
&l

< ¥a
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(3% 32) 2339y HAA nAE Lo W3

2o

% of total sequence

Division Bacterial species*
A B C

Bacteria Staphylococcus  gallinarum 70.63 66.25 71.81
Bacillus  mojavensis 9.36 10.17 7.82
Bacillus  siamensis 4.96 6.65 5.29
Bacillus  subtilis 2.88 4.03 2.60
Bacillus  atrophaeus 1.71 1.98 2.46
Tetragenococcus  halophilus 2.89 1.83 1.57
Bacillus  sonorensis 1.40 1.72 1.55
Bacillus  tequilensis 1.04 1.39 0.99
ETC(<1.0%) 5.11 5.98 591

* The species was selected on the basis of high rank in the percentage of total sequences in each
sample A, B, and C (A, B, and C samples were obtained at the initial stage of fermentation,

after 2 months fermentation, and after 6 months fermentation, respectively).

o wFFE o4 ePAFTe] BoH 2 Fu=s] AR

ST FoHE A7V st SqQAFTIE nFFY E3ste] 23 LF
TFALS Azt Axd LdgEy uFHAS AR E L9 7)7F ok HFgE g
ato] HQF9 butyric acid®] EWEES sHelslity. I8 328 HPLCS o] §8to] B3 &
oy uFFol F714 BAS el azvtEao|t) o] &39Fy] aFHo] g3
F714F F butyric acide] 7H4 e &S A &AL S-S Felan
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14.0 16.0
Retention Time [min]

2P olFy mFHe] wg 2% 9 7|7ke] Aol whet WSk butyric acide] %= W3}
2 ¥ 3394 YErth doF o FAEQ butyrlc acid®] FE=+E 10CoA A&3 25 2
MY 3 1.93 mg/g, 47N1¥ ¥ 1.52 mg/g, 671¥ £ 1.35 mg/g® AF=7]9 butyric acid
o] kel 1.91 mg/gsﬂr 1] 1.3} 3

m
Ae uw 6701Y %9 butyric acid o] Fl.4n] HE A
e A= A 671€ F 1.21 mg/gE AFZ7]19 wlast
atlom, 30CelA x1 }ok 79 xVS* 671947 = 0.75 mg/g= °F 2.6

(% 33) 2YFy 1F4e] Fagx 9 7|7F Ao wE butyric acid®] = W}
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17F (14) butyric acid (mg/g)

=% (1) 0 2 4 6
10C 1.91 1.93 1.52 1.35
20T 1.91 1.93 1.43 1.21
30T 1.91 1.63 1.23 0.74
50T 1.91 1.93 1.55 1.38

243 DFFE ol getel eqFIY BoH Aue A ATE AAHUL, A}

S A = R
th F 6719 wEld e darizbdE Z47te] A7 (population size)E 1AL
(fig. 1), vt =240l =l A4S AASIATHEE 34). TSAwA| A &8 Bacillus sp.
= A& AolA 7.23 CFU/g, Al& B& 5.70 cfu/g, A& C& 4.60 cfu/g &2 HA #Aas)
Stk PDACNA  &8]8r  Bacillus amyloliquetfaciens, MRSOIA &8¢+ Bacillus
amyloliquefaciens, PESOI A ®8]3 Bacillus sp. | <3 7]7ro] AojAd] ue} 7HA4sh=
Aoz Yebyth TSAOAM 83t Bacillus pumilus® 745 A5 Bt Coll YebA] &gkt
80CAA 7tEdst Alm+= A, B, C EFolA vl5=gk X1 7.74, 7.30, 7.81 CFU/g& UE}
Wi
(& 3p)2P sy 154 vAAE LHEH

Source Population  size (log CFU/mL) Identification Identify
_ A B C _
(medium) (Strain) (%)
TSA 7.23 5.70 4.60 Bacillus sp. 99
TSA 6.60 - - Bacillus pumilus 99
PDA 5.70 5.11 4.45 Bacillus amyloliquefaciens 1 99
MRS 7.74 6.24 3.48 Bacillus amyloliquefaciens 2 100
PES 7.29 5.15 4.60 Bacillus sp. 99
TSA-heating 7.74 7.30 7.81 Bacillus subtilis subsp. 99
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(W) NGS A4S o|&ste EA4F 1BETH TFA

NGSE o]&3ste] A& A, B, Co © A skt fojxl 7ML
reads ¢} ClLcommunityZ 2102 FA3 OTUsE 3 34 #th A8 AE 2473 read,
372 OTUs, Chao 1, 4.61 Shannon = FAHAUC. A5 B 4982 read, 96 OTUs,
134.75 Chao 1, 2.06 Shannon, A& C% 826 read, 27 OTUs, 41 Chao 1, 2.05
Shannon® F743tth. A8 Wl EAet= 5ol2Ql T &5 FAHI A3, Als A7 7}
% 3 Als B, A8 C ¢22 YERTH

o
N
ro
(ﬁ{:t‘
Yo
ol
el
(o]
o

o
it
=
i)
iv)
od
oX,
o

(3% 34) 16S rRNA glolB g gol] 23t A|@2EA

Sample Total reads OTUs Chao 1 Shannon
A 2473 372 575.12 4.61
B 4982 96 134.75 2.06
C 826 27 41 2.05

Observed diversity richness (OTUs), Abundance-based coeverage estimator (ACE),
estimated OUT richness (Choa 1), diversity index (Shannon), Simpsom diversity
indices (Simpson) were calculated with MOTHUR at the 3% distance level. Values in
brackets represent 95% confidence intervals (A initial storage of sample, B: middle

storage (6 months), C: final storage (12 months)).

(t}) £5=(Species leve))?] 1538 2|F v o nYETHEA
FEdA MAE LRSS vkl glEdth (i 31D, AR A $HFTL Bacilus

siamensis (16.30%) = 7P BS FES AAS8Y. O Y-S 2= staphylococcus

o[-)J

gallinarum (7.16%), Weissella fabalis (4.97%), Enterobacter cowanii (4.25%), Pantoea
agglomerans (4.12%), Tetragenococcus halophilus (4.08%), Pantoea vagans (2.47%),
Klebsiella — michiganensis  (1.98%),  Serratia  rubidaca (1.90%), Leuconostoc
pseudomesenteroides (1.58%), Pantoea deleyi (1.21%) 2% FAHJY. Bacillus
siamensis A& AdlA 8.35%°] HES AAFARE 4 671 A F AR Sl BelA
80.22%= AA Tt tAl 4 1271€ A9 AR C 58.60%% THA] ZAshs 4
= Btk 2 99 w5 A7) SUbskel wet B fHAekes 43S JERdTh

ZF AlmARY] ] v S vlaetr] 9] F e A A3E PCoAE o838t 2%
g ZE A2 36). Ml 7FA A8+ Bacillus siamensi 9] WA StE v algh
. AIZEA AlE7F AR vE #RE UERAL o, Als ARY AR B, C7F B
S A= Ao s BerE

o 4y e
%2
52

M
o
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(19" 35) AI7FA] &dlelEu 11339 pyrosequencing 7)ol 93 rarefraction curve

(£ 36) 295y nFFolA vy Ty et

Domain Bacterial species* % of total sequence
A B C
Bacteria Bacillus  siamensis 16.30 80.27 58.60
Staphylococcus  gallinarum 7.16 0.00 0.00
Weissella  fabalis 4.97 0.00 0.00
Enterobacter  cowanii 4.25 0.02 0.00
Pantoea  agglomerans 4.12 0.00 0.00
Tetragenococcus  halophilus 4.08 0.00 0.00
Pantoea  vagans 2.47 0.00 0.00
Klebsiella  michiganensis 1.98 0.00 0.00
Serratia  rubidaea 1.90 0.00 0.00
Leuconostoc  pseudomesenteroides 1.58 0.00 0.00
Pantoea  deleyi 1.21 0.00 0.00
ETC(<1.0%) 49.97 19.71 41.41

*The species were selected on the basis of high rank in the percentage of total sequences in each

sample (A: initial storage of sample, B: middle storage (6 months), C: final storage (12 months)).

A& o] gate] el 7] TAHANE BT Bacillus £22 FAR4EAY. 154
Alm Ul A wigs 3 vAE SEWHORE Bacillus 099 thE & EEs] o
olfr= Bacillus 40 $-338ta 7] Wil ASo® AlmEth Park 9 Aol thegt
Agujxs  olgste uFFe wHAE ®E 2 FAINNeY ®HId u1F%



W A &2 Bacillus  amyloquefaciens, Bacillus pumilus, Baciluus subtilis & Bcaillus
Low sAE Aot FAtetth. 1Y A= I Lee T ATlA Bacilus 7}
ARG TG 56~70%, AW F7Fe] 38~50%2 wXEE YWENAL Bacillus subtilit 7}
A ufgtolebar skt gk o] AL I A9 pyrosequencing JJro] ¥ 36 A Bacillus
ol A g WA 7 B HES AAFTE Adet vlue] & ouf, gE Foll v
ApA o g we A pacilus sp. 7t LHIFHLEES %_1,7;,4 w kst A e A o A =
FASHA YEUe Ao 2 Adn

7)
golst A3N(E 36)5 HW $HEFQ Bacillus siamensis &
S7betaieh. 60Y A3 F 80.22%, 12709 A3
58.60% % g x7|Hu Alg W H|Fo] S7tek AS & & Sy o] wrol|X Bacillus
atrophaeus ©] v]&o] Tar|ite] Zoje ugt F7f
A o EAste o2 5 F 1 71918 Ao = F54Enh 2hkared
Weissela fabalis, % 9%, A7 5o 2FdA ¥ = 5948 A Tetragenococcus
halophilus Tetragenococcus halophilus % I1F3NA FHlgt Aoz ALRHW 9]
TTFE 7|kl gl whet vl go] Akl
FHA A ¥&S Uebd Staphyiococcus gallinarum+ ArEo A= WAool flonyt
SHAAolgt L dHA Ut o] & Aol AFHET Sy mWelM FeH
Aoz wolty, wdl Gy F F2 AEA QoM E8 %= Enterobacter cowanii,

ANEAEAHY LYy B ¥ = Pantoea <9l Pantoea afflomerans, Pantoea vagans,

St T Bacillus siamensis & ™,

=

Pantoea deleyi , ¥& I} SN ®E = Serratia rubidaea < Staphylococcus
gallinarum ¢+ vF7HA 2 2393y Wy HSdA FHE AR F5HEY. o=
23y FH 52> daxrle HAEJoY, wgr|te]l gt wEl v &o] 0% =

N

ol ¥l Bacillus siamensis & A|&|g F-Eo Fo| Blgo] war|ito] Fupghe] whet
st AL 7 AR e Boldoz EAse T Ut fraske Adad 25)¢
A X gk}

o)A = 579 gauky ofF, dYEY] fEEdS xdetal glo] uid W 4ol
AakeEar glot o] &shA]l Ratal #H 7 Ea dvk webd 2 dAats 2y dEde W
StA|7] A} m S Zplo] TR s ol &ato] whalE 2o Hy|ete] EYdES Alx
sttt MAETR BAEY, 25 X3dE AT st 2397y feHo A=
To]l i F WHatE = S el B AdFE LaE olgst B ¥4 flo] &
oyl e} o) Egvtow 2o nAE FHolrt o]Fo] F& FlEgion o
g 7INte R 3 A2y 23y Baes AxzE Vgt
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PC1 (92.57%)
(b)
C
B
A
| | I |
I I I I
0.03 0.02 0.01 0.00

7t 485 2895y Fd 259 4384
B A= 23 L]F o= butyric acid ¥ urushiols®l] A= o] 2
Ae Aowm FHste] 2Po|Fylo] AAAor EAcs AT st

. FASHG T2 FHeo11d 108 ~119 S=3hHat 233 2011 10€] AH AH
T EA)SAS o] &ste] SALFTY e v Fd A HI%%Q % (colony)
Fejoll Wt & 18Fo® 7S WrEAL(TH 37), 4 #FE ]

sted 3 370 YERHSATH
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(¥ 37) 2P )T A £

[—
o0

9] 3 & H(colony shape)

¥

(3 37) &=y E&3 nAE 18F9 7§A++ = 7]|(population size)

No. | 53 ;ij iﬁ; No. | #7% ;]ljl iﬁ/ﬁ) No. | &% (712? ii;
1 Gl 2.1x10° 2 G2 2.7x10° 3 G3 2.5x10°
4 G4 3.1x10° 5 G5 3.3x10° 6 G6 2.6x10°
7 G7 2.7x10° 8 G8 2.7x10° 9 G9 2.1x10°
10 | GIlo 3.2x10° 11 | GI11 4.8x10° 12 | G12 5.1x10°
13 | GI13 2.9x10° 14 | Gl4 4.2x10° 15 | G15 2.7x10°
16 | G16 6.2x10° 17 | G17 3.7x10° 18 | GI18 6.2x10°
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(2 AEAFY T4

cqs)EIo) M G 1859 FFE 168 DNAS A71HLS AR 9)ste] (Fyvka
Ak (F)EAEA I35 165 DNA] G714 LS TEFAL NCBI®] blast searchs 3}
o] TASFT. 1 AFE thS-9 ¥ 399 YERY AT

(3E 39) A LTI N4 FH3 7 18F] 447

Name Description Match Pct(%)
Gl Pantoea ananatisL MG20103 1448 99
G2 Bacillus subtilis subsp. subtilis strain 14770 99
G3 Candida railenensis 602 99
G4 Moraxella osloensis 1444 99
Gb Bacillus sp. N6;AB04385 1449 99
G6 Candida railenensis 609 9
G7 Paenibacillus amylolyticus 1457 98
G8 Pantoea ananatis LMG20103 1439 9
GY Pantoea ananatis LMG20103 1431 99
G10 Pantoea ananatis LMG20103 1429 99
G11 Pantoea ananatis LMGZ20103 1447 99
G12 Bacillus amyloliquefaciens strain 1465 99
G13 Pantoea ananatis LMG20103 1427 99
Gl14 Staphylococcus sp. 1467 100
G15 Bacillussubtilis strain 1474 99
G16 Staphylococcus sp. 1475 100
G17 Bacillus licheniformis 1364 98
G18 Bacillus licheniformis strain 1461 98
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(2) NO A ZF g4

LPS A& tiH] A59 NO AAdHS 13 399 Zt}. G5, GI15, sucrose G5, sucrose G7
2 sucrose G16 A=A 80% ©]/de] NO AAAZFS YEldou, AX AEES 18T o
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o A8 FEE HYSZ 2587t

1) AE ASE 394
MTT assayS &3l AX =4S g2l dyt= 283 2 G7 ¥ sucrose G5 A|=2] 50 p
gmL FEE A&t tiZa (none)? Bl ESS W HAdo] YERFA] YT IFE 42).

180
160 -
140
120
100

80

60
40
20

Relative Cell Viability (%)

(1™ 42) =8 ANsAeE] AEe 54 H7h
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(2) NO A% gA23
sEEE ARE A

o] Z7}atol o} 50 pg/mLe AEEAE AXE E=X oz 2 o] o= AL
WAt} sucrose G5 AlEoAE AEEQl 625 2 125 ngmle XA HmA =& gtk
YERAIL e 255 2438900 sucrose Gl6 AR E F% o4 A4S 1
WA Al 7 Alma AAE vaskgle W AEiolA =L E4dE 2el sucrose G5 A

of B9 meol e Aow dekdn.

|
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Nitrite (%)
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(= . T & SN, - S o,
il E: VR T S
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| e e ARE g At o9 s o) Lps AT ot

=
oFEHo R FUlel oy 50 ngmLe] FEoAM = AT AL, sucrose G5

= 6.25, 12.5 pg/mLe] sl A Z+2F 63,78%2] HHAFE=E YEMN AT sucrose Gl16 Al &
vl 7] & B 15% vghe] we i &S e AT

(1 pg/mb) G7 (pg/mb) Suc G5 [pg/ml) Suc G16 {pg/mL)
none LPS 625 125 25 50 625 125 25 50 625 125 25 50

|NOS% —— - - — O g—  —

e e bk ———

iNOS protein expression (% of actin protein)
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(4) Cytokine 5 =23}
g efFaoA FE dF= F I8, 2T WY EAdH7HMTT assay, NO assay)
oA EaW7t Jd= AERE FE = < st AdE Alse

G7, suc G5, suc G16 A 7}A] o]tk

Kl
N
=

(E 40) W Z3 R ALg% LA Fw Fo) #79] EPS

No. Ala kil B e
1 Gb5 TSB

2 G7 TSB

3 Gl14 TSB

4 G15 TSB

5 G16 TSB

50 pg/mL

6 suc Gb TSB+5% sucrose

7 suc G7 TSB+5% sucrose

8 suc G14 TSB+5% sucrose

9 suc G15 TSB+5% sucrose

10 suc G16 TSB+5% sucrose

oo F T 3% (G7, Suc G5, Suc Gl6)S AWato] Fw(6.25, 12.5, 25 2 50
ppm) cytokines 578g A¥= 19 459 Z

1945, (A) IL-12(p40)oll A= EE AlBolA o4 =}o]7})
45, (B) IL-1B9] 4% GIARAAE & FoAE HolX]
125 2 50 ppmol A & F FEHt A4 YERE o™, Suc Gl
9stal F& o|FEA R A YEwth 19 45 (C) IL-69 49 G7 % Suc G16/\1 N =
T gEHoR FUIsE AEES KA, Suc G5 AlEE 125 ppmoll A 50 ppmZtA] F-2] 4
¢l ZpolE Holx goyt Y FRolA HE F AREY & S JEhEth L6
macrophage®] ZA 32 AAE O] T-cell?} Bcell A3 S AEA WA B4 7]oJss=
Aoz A vl 1™ 45, (D) TNF-a9 A% Alad 92 sz {4 jo]s Ko

o @ g

2]
A ekekth. 2 elFy] FHHF 3F (G7, Suc G5, Suc Gle)l tisid &%

Raw 264.7 celld]l SUC G52 A& 6.25 plo] H& FxolA% NO 243t a%50] F
Ao, A ¥ 5 50 po LEEolA AR AE AlE @t e e FlH)
U AZESF7F Hol ol & IL-18, IL-6, IL-12(p40), TNF-a2] cytokines #H]&= =& 30| &
A &) o] Macrophage &4 3} 9} &7 cytokines A T7F= o]ojA] o] & AA| oAl AA <
me g fas Aoz JdEAgrk E3 Suc Gl6 7F AN E NO FET
cytokines 5 oA FE oJEA AyE e HddiFoE AL 54

by F= 390l e Aoz viddn.

T "
off
H
o
rhN
X
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(A) IL-12(p40)
(B) IL-1B

e
(©) IL-6
(D) TNF-a

L] (=] (%] ] [w] (=]
in “q " ol Gl

|
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=

(G7, Suc G35, Suc G16)2] cytokine
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6. PIYES o] & &

7h FEAEEE A8 2 U1 A8 25

PEE

s

“

3}

A

(1) Enrichment culture 2 344 ED E= F7)4F AL oF AL € 284 AE
SR AT E AFAAEALA HIbeto] vk & AEE 17 EEeEdla, 1T E
g ol W& 10709 T/‘ﬂ TE Adste] g eFudae] A3 o]&stlnh. 1078 5
o] 8- 33@'“-4 a2 T8 FFHAYL butyric acid®] FHFWIIE SRASATHIE 41).
HAol A g 5 190] 7HE 2 butyric acid FFHstE YEFHAL(IERT tH] 12%), &
% o] #F9 16S rRNA T4 H F7 wazxde] gk AAx & stz gvh dA 2 +45
£ o] &35t HrtES dEd daesAdd te adE A 1A T A
(3£ 41) 23959 T aE9] butyric acid $HFH 3}
No. T =79 Quantity (ppm) reterl(t;()irrll)tlme
1 GD-1 H4-TSA 2,810.91 18.29
2 GD-3 H4-PES 3,076.61 18.28
3 GD-4 H&-MRS 3,294.51 18.29
4 GD-5 ¥7%-PDA 3,134.06 18.29
5 GK-3 A -TSA 2,983.55 18.28
6 GK-4 A A -MRS 3,158.60 18.30
7 GK-5 2] -PDA 3,302.35 18.26
8 GN-3 FE5-TSA 3,314.16 18.27
9 GN-4 TE5-MRS 3,354.00 18.26
10 GN-5 F5-PDA 2,860.19 18.27
Con control 23 9] F 23,493.83 18.30
. 7€ AF dFE o8& JoF AR o459 A
(1) AL AFAFE o83t LaF LaE oFH &4 € n&F 594 HAE
A el T 1005 (Rt 60, A5 40)°l AT S 10%= H7FSE A A A 55}
Il 48 AIF F AAES deF E4F AWARIIEAS AAEn 1 A3 (R 42)%
2o 23T E ke wiAdd 7FE HATet o AEs AdFetar A f714k
= BHU Wol] AAste #FE Be AS BHoE sl BAZE ST u o deHA
%1 butyric acid®} hexanoic acid®] FFo] Fo]& T2 Bifidobacterium bifidum(KFRI 743)



Enterococcus feacium(KFRI 1182), Lactobacillus brevis(KFRI 145), Lactobacillus sake(KFRI 815),
Weissella confusa(KFRI 1184), Saccharomyces cerevisiae(KFRI 01019) & oA 7| 455 A3}
At

59 AFom w2 ads gstr] flste] 337714kl acetic acid®} formic acid ]
S SASIS T acetic acid®] $HFo| RTRU #S 5% Bifidobacterium bifidum(KFRI
743), Enterococcus feacium(KFRI 1182), Lactobacillus brevis(KFRI 145), Lactobacillus sake(KFRI
815), Weissella confusa(KFRI 1184), Candidaintermedia(KFRI 00115), Pleurotus sajorcaju(KFRI
00600),  Saccharomyces cerevisiae(KFRI ~ 00795),  Saccharomyces cerevisiae(KFRI  00920),
Saccharomyces lactis(KFRL  00922), Saccharomyces cerevisiae(KFRI 00937), Saccharomyces
cerevisiae(KFRI 01013), Saccharomyces cerevisiae(KFRI 01019) 137H$13L, formic acid &&Fo] <
7Vek dFul =S Lactobacillus  brevis(KFRI 145), Lactobacillus  plantarum(KFRI  144),
Lactobacillus plantarum(KFRI 464), Lactobacillus sake(KFRI 815), Leuconostoc lacits(KFRI 232),
Saccharomyces cerevisiae(KFRI 01019) 67l ©|t}. ©] < acetic acid®} formic acid ¥&Fo] EF

Z7V8b = Lactobacillus brevis, Lactobacillus sake, Saccharomyces cerevisiae I 37} o]

(GE 42) e AFETet SgoFy daEe] deq] 9 W[ FFdst
do3 9 AR B

No. Strain P buts'fric hexar.10i ace.tic forr.nic
acid ¢ acid acid acid

(ppm) | (ppm) | (ppm) | (ppm)

1 | control (10%-23} <] < 3 1] =]) - 54,199 | 17,045 1,211 1,381
2 | Bifidobacterium bifidum KFRI 743 39,432 9,651 3,221 1,311
3 | Bifidobacterium breve KFRI 744 50,218 15426 1,242 1,320
4 Enterococcus faecalis KCTC 3195 | 54,162 15,452 1,324 1,351
5 Enterococcus faecalis var. liquefaciens KFRI 685 51,357 17,065 1,240 1,384
6 Enterococcus faecium KFRI 826 52,394 16,532 1,242 1,320
7 | Enterococcus faecium KFRI 823 41,469 | 16,523 1,652 1,302
8 Enterococcus faecium KFRI 822 48,253 12,354 1,452 1,375
9 Enterococcus feacalis var. liquefaciens KFRI 685 51,558 17,263 1,320 1,304
10 | Enterococcus feacium KFRI 1182 | 31,362 7,292 2,248 1,329
11 | EFubacterium Ilimosum KFRI 753 41,734 16,267 1,246 1,276
12 | Lactobacillus amylophilus KFRI 238 48,437 16,826 1,652 1,324
13 | Lactobacillus brevis KCTC 3102 | 52,203 | 19,562 1,685 1,210
14 | Lactobacillus brevis KCTC 3498 | 37472 | 15,362 1,642 1,342
15 | Lactobacillus brevis KFRI 146 49,290 16,428 1,520 1,324
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16 | Lactobacillus brevis KFRI 812 55,859 12,375 1,652 1,375
17 | Lactobacillus brevis KFRI 805 54,943 16,845 1,423 1,365
18 | Lactobacillus casei KFRI 228 47,125 14,562 1,652 1,354
g | Factobacilis corniformis Subsp. KCTC 3505 | 40768 | 16542 | 1667 | 1324
corniformis
20 | Lactobacillus curvatus KFRI 654 54,732 14,521 1,542 1,395
21 | Lactobacillus brevis KFRI 145 36,881 6,054 2,432 3,241
22 | Lactobacillus hilgardii KFRI 229 43,228 10,324 1,272 1,327
23 | Lactobacillus honohiechii KFRI 234 46,672 16,247 1,264 1,248
24 | Lactobacillus lactis KCTC 2181 | 51,202 12,522 1,320 1,249
25 | Lactobacillus pentosus KFRI 1183 | 38,864 16,592 1,624 1,375
26 | Lactobacillus pentosus KFRI 481 42,157 11,246 1,726 1,392
27 | Lactobacillus plantarum KCTC3099 | 54,218 16,275 1,246 1,346
28 | Lactobacillus plantarum KFRI 464 37,181 15,894 1,325 1,270
29 | Lactobacillus plantarum KFRI 144 44,678 15,782 1,342 3,200
30 | Lactobacillus plantarum KFRI 814 51,120 15,410 1,279 1,276
31 | Lactobacillus plantarum KFRI 813 46,984 | 16,242 1,360 1,138
32 | Lactobacillus plantarum KFRI 660 54,123 | 10,325 1,249 1,356
33 | Lactobacillus plantarum KFRI 471 54,621 12,024 1,247 1,301
34 | Lactobacillus plantarum KFRI 470 41,785 12,530 1,368 1,395
35 | Lactobacillus plantarum KFRI 464 49523 12,062 1,369 3,642
36 | Lactobacillus sake KFRI 815 32,245 7,501 2,032 2,039
37 | Lactococcu lactic sp. lactis KFRI 669 56,782 12,071 1,652 1,207
38 | Lactococcu lactic sp. lactis KFRI 670 43582 12,620 1,624 1,295
39 | Lactococcu lactic sp. lactis KFRI 671 49,503 12,842 1,579 1,348
40 | Lactococcus plantarum KFRI 1186 | 48,265 13,265 1,326 1,369
41 | Lactococcus plantarum KCTC 1048 | 48,325 13,225 1,346 1,302
42 | Leuconostoc carnosum KCTC 3252 | 39,237 16,220 1,262 1,327
43 | Leuconostoc lacits KFRI 232 39,546 12,207 1,276 2,290
gy | Leuconostoc mesenteroides sp. KCTC 3505 | 38324 | 14208 | 1620 | 1246
mesenteroides
45 | Leuconostoc carnosum KCTC 3524 | 42,651 10,325 1,462 1,203
46 | Leuconostoc carnosum KCTC 3525 | 43,628 10,426 1,552 1,276
47 | Leuconostoc lactis KCTC 3528 | 52,012 | 11,652 1,324 1,320
48 | Leuconostoc mesenteroides KCTC 3530 | 46,823 10,328 1,320 1,267
49 | Leuconostoc mesenteroides KCTC 3505 | 44,125 13,207 1,326 1,203
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Leuconostoc mesenteroides sp.

50 . KFRI 145 41,032 12,039 1,342 1,380
mesenteroides
51 | Leuconostoc creoris KFRI 241 40,326 11,032 1,624 1,271
52 | Leuconostoc menseteroides KFRI 818 38,230 16,121 1,607 1,235
Leuconostoc menseteroides sp.
53 . KFRI 819 37,210 15,421 1,362 1,276
menseteroides
Leuconostoc menseteroides sp.
54 . KFRI 820 41,265 11,451 1,380 1,320
menseteroides
Leuconostoc menseteroides sp.
55 . KFRI 821 42,562 16,520 1,427 1,346
menseteroides
56 | Pediococcus cerevisiae KCTC 3101 | 50,232 12,842 1,271 1,390
57 | Pediococcus pentosaceus KCTC 3507 | 49,213 10,301 1,427 1,357
58 | Pediococcus pentosaceus KFRI 832 44,032 9,984 1,268 1,304
59 | Pediococcus pentosaceus KFRI 833 34,921 12,201 1,491 1,290
60 | Pediococcus pentosaceus KFRI 834 46,366 11,065 1,274 1,302
61 Weissella confiisa KFRI 1184 | 32,210 9,881 3,104 1,371
62 | Saccharomycopsis fibuligera KFRI 00106 | 36,219 11,012 1,274 1,620
63 | Candida edax KFRI 00113 | 42,689 10,482 1,650 1,652
64 | Candidaintermedia KFRI 00115 | 46,865 10,113 2,111 1,384
65 | Kluyveromyces marxianus var. KFRI 00137 | 53,265 13,024 1,241 1,271
66 | Rhodotorula glutinis KFRI 00172 | 51,035 10,325 1,234 1,249
67 | Candida tropicalis KFRI 00178 | 43,253 11,039 1,032 1,230
68 | Schizosaccharomyces pombe KFRI 00259 | 47,856 12,745 1,652 1,901
69 | Saccharomyces cerevisiae KFRI 00265 | 47,965 8,452 1,745 1,320
70 | Saccharomyces heterogenicus KFRI 00270 | 50,368 10,128 1,248 1,384
71 | Rhodosporidium toruloides KFRI 00316 | 46,823 14,712 1,352 1,368
72 | Saccharomycopsis fibuligera KFRI 00441 | 39,236 15,520 1,492 1,342
73 | Crytococcus albidus KFRI 00457 | 39,520 14,403 1,614 1,420
74 | Torulaspora fermentati KFRI 00550 | 38,652 16,210 1,268 1,562
75 | Saccharomycodes Iludwigii KFRI 00551 | 39,626 14,149 1,241 1,421
76 | Rhodosporidium toruloides KFRI 00552 | 34,685 15,170 1,354 1,074
77 | Filobasidium capsuligenum KFRI 00555 | 41,652 11,032 1,657 1,203
78 | Candida rugosa KFRI 00557 | 45,469 12,071 1,492 1,273
79 | Torulaspora hansenii KFRI 00560 | 51,253 11,682 1,542 1,032
80 | Hansenula sp. KFRI 00588 | 42,656 12,302 1,642 1,024
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81 | Candida sp. KFRI 00589 | 52,315 | 12,212 1,426 1,065
82 | Citeromyces sp. KFRI 00590 | 42,352 11,087 1,234 1,420
83 | Cantharellus cibarius KFRI 00597 | 49,562 | 10,071 1,625 1,243
84 | Pleurotus sajorcaju KFRI 00600 | 48,522 11,802 2,034 1,652
85 | Hericium erinaceus KFRI 00606 | 47,326 13,260 1,121 1,275
86 | Saccharomyces cerevisiae KFRI 00631 | 46,523 8,940 1,652 1,359
87 | Schizosaccharomyces pombe KFRI 00635 | 48,216 13,301 1,349 1,243
88 | Rhodotorula gracillis KFRI 00636 | 47,326 12,032 1,362 1,652
89 | Sporobolomyces holsaticus KFRI 00637 | 43,956 | 11,072 1,592 1,460
90 | Sporobolomyces holsaticus KFRI 00638 | 38,962 13,017 1,397 1,246
91 Torulopsis candida KFRI 00639 | 41,356 11,420 1,032 1,320
92 | Saccharomyces cerevisiae KFRI 00795 | 43,579 9,052 3,626 1,324
93 | Candida lipoiytica KFRI 00909 | 43,692 | 11,073 1,624 1,320
94 | Candida pseudotropicalis KFRI 00910 | 44,326 | 12,469 1,846 1,652
95 | Saccharomyces cerevisiae KFRI 00920 | 33,261 12,920 2,487 1,485
96 | Saccharomyces lactis KFRI 00922 | 42,953 13,402 2,610 1,320
97 | Saccharomyces rosei KFRI 00926 | 43,625 12,321 1,231 1,623
98 | Saccharomyces cerevisiae KFRI 00937 | 43,262 12,709 3,210 1,462
99 | Schizosaccharomyces pombe KFRI 00938 | 49,562 10,478 1,624 1,954
100 | Saccharomyces cerevisiae KFRI 01013 | 48,623 9,548 2,340 1,452
101 | Saccharomyces cerevisiae KFRI 01019 | 31,742 8,221 4,120 2,641
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7. g2y A #F 4844 BB

7h Addd e 2YeFyA EaY HE

) A A3 45 2 23T 7 4579 FFAE H7F AR M BHHE
oA AR & A FFALS A6 ol LY AFFATF 1005(A4T 60F, TR 405)F AdE012d)0l] Feld S F

-

3 frdfl 2EEF 18F, HATT 9% T ¢FAIS AR de #FE AEst] et ¢FAIS H7F aAA s HE AYdS A
ettt - FAES diAlske], SFASF7E TEHO s g aet 2T E 4] wiHel s R HTteto] viAE Alxs3laL,
o AFolFet TRYAV(FEY AFY A7), @9 mm)E FHAM FFAEF Aol U= dFE ALSATGE 43).

Aol o] &R #FE T 127dF0|H, L T 28 92 HA7EE wjA oA 2 At #5105 WA EF 3T
S st AerE 5% Bifidobacterium  bifidum(KFRI 743),  Enterococcus feacium(KFRI 1182), Lactobacillus brevis(KFRI 146),
Lactobacillus fermentans(KFRI1 145), Lactobacillus lactistKCTC 2181), Lactobacillus sake(KFRI 815), Leuconostoc mesenteroides(KCTC 3530),
Leuconostoc menseteroides sp. menseteroides(KFRI 820), Pediococcus cerevisiae(KCTC3101), Weissella confusa(KFRI 1184), Z7174 A WA (IUM
4919), SH-El2] A (IUM 4386), -EF&]H A (IUM 4367)°] Tt}

of
o
i
3
)
o
=
N
i)
rlo
Og(::
1o
o\
}]_r‘

(F 43) 1€ AFEF 2 Q0T F9 3R SRAL D 2ARANA ASHE
(<]: mm)
Hl| A 2= 4]
i TTH3 . - .

Ne. Strain TEE T control 2 T [ edezd | eA9% | ea9%
(TSA) 0.1% % 7k 1%3 7k 1%3 7} 10% 3 7} 50% % 7t

1 Bifidobacterium bifidum KFRI 743 15 15 10 12 3 3

2 Bifidobacterium breve KFRI 744 30 0 0 0 0 0

3 Enterococcus faecalis KCTC 3195 8 0 0 0 0 0

4 Enterococcus faecalis var. liquefaciens KFRI 685 30 0 0 0 0 0
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5 Enterococcus faecium KFRI 826 18 20 3 0 0 0
6 Enterococcus faecium KFRI 823 5 50 1 0 0 0
7 Enterococcus faecium KFRI 822 6 0 0 0 0 0
3 Enterococcus feacalis var. liquefaciens KFRI 685 18 8 0 0 0 0
9 Enterococcus feacium KFRI 1182 22 16 9 19 3 0
10 Eubacterium limosum KFRI 753 11 0 0 0 0 0
11 Lactobacillus amylophilus KFRI 238 25 11 0 4 2 2
12 Lactobacillus brevis KCTC 3102 33 22 0 0 0 0
13 Lactobacillus brevis KCTC 3498 19 6 0 0 0 0
14 Lactobacillus brevis KFRI 146 8 6 4 1 1 1
15 Lactobacillus brevis KFRI 812 8 0 0 1 1 1
16 Lactobacillus brevis KFRI 805 7 3 0 1 2 1
17 Lactobacillus casei KFRI 228 8 6 0 1 2 1
18 Lactobacillus corniformis subsp. corniformis KCTC 3505 15 2 2 2 1 1
19 Lactobacillus curvatus KFRI 654 10 0 0 0 0 0
20 Lactobacillus fermentans KFRI 145 19 11 11 3 2 1
21 Lactobacillus hilgardii KFRI 229 26 26 1 0 0 0
22 Lactobacillus honohiechii KFRI 234 14 3 2 0 0 0
23 Lactobacillus lactis KCTC 2181 39 30 23 20 20 1
24 Lactobacillus pentosus KFRI 1183 14 1 0 0 0 0
25 Lactobacillus pentosus KFRI 481 10 0 0 0 0 0
26 Lactobacillus plantarum KCTC3099 22 10 0 5 0 0
27 Lactobacillus plantarum KFRI 464 11 1 0 0 0 0
28 Lactobacillus plantarum KFRI 144 22 0 0 0 0 0
29 Lactobacillus plantarum KFRI 814 20 3 0 0 0 0
30 Lactobacillus plantarum KFRI 813 4 2 0 0 0 0
31 Lactobacillus plantarum KFRI 660 4 4 2 0 0 0
32 Lactobacillus plantarum KFRI 471 4 2 0 0 0 0
33 Lactobacillus plantarum KFRI 470 4 2 0 0 0 0
34 Lactobacillus plantarum KFRI 464 4 0 0 0 0 0
35 Lactobacillus sake KFRI 815 15 15 12 15 3 1
36 Lactococcu lactic sp. lactis KFRI 669 4 2 0 0 0 0
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37 Lactococcu lactic sp. lactis KFRI 670 5 0 0 0 0 0
38 Lactococcu lactic sp. lactis KFRI 671 23 11 0 0 0 0
39 Lactococcus plantarum KFRI 1186 23 1 0 0 0 0
40 Lactococcus plantarum KCTC 1048 4 3 0 0 0 0
41 Leuconostoc carnosum KCTC 3252 28 0 0 0 0 0
42 Leuconostoc lacits KFRI 232 5 2 0 0 0 0
43 Leuconostoc mesenteroides sp. mesenteroides KCTC 3505 5 1 0 0 0 0
44 Leuconostoc carnosum KCTC 3524 27 11 0 0 0 0
45 Leuconostoc carnosum KCTC 3525 7 3 0 0 0 0
46 Leuconostoc lactis KCTC 3528 13 3 0 3 1 1
47 Leuconostoc mesenteroides KCTC 3530 3 3 1 1 1 1
48 Leuconostoc mesenteroides KCTC 3505 7 3 0 0 0 0
49 Leuconostoc mesenteroides sp. mesenteroides KFRI 145 24 3 0 0 0 0
50 Leuconostoc creoris KFRI 241 4 3 0 1 1 1
51 Leuconostoc menseteroides KFRI 818 23 2 0 0 0 0
52 Leuconostoc menseteroides sp. menseteroides KFRI 819 23 8 0 0 0 0
53 Leuconostoc menseteroides sp. menseteroides KFRI 820 19 6 1 19 19 1
54 Leuconostoc menseteroides sp. menseteroides KFRI 821 4 5 0 3 0 0
55 Pediococcus cerevisiae KCTC 3101 7 6 1 1 1 1
56 Pediococcus pentosaceus KCTC 3507 11 5 0 2 1 1
57 Pediococcus pentosaceus KFRI 832 21 5 1 2 1 1
58 Pediococcus pentosaceus KFRI 833 6 5 0 2 1 1
59 Pediococcus pentosaceus KFRI 834 6 0 0 0 0 0
60 Weissella confusa KFRI 1184 12 10 0 8 6 3
61 Saccharomycopsis fibuligera KFRI 00106 30 0 0 0 0 0
62 Candida edax KFRI 00113 5 0 0 0 0 0
63 Candidaintermedia KFRI 00115 8 0 0 0 0 0
64 Kluyveromyces marxianus var. KFRI 00137 16 0 0 5 0 0
65 Rhodotorula glutinis KFRI 00172 5 0 0 0 0 0
66 Candida tropicalis KFRI 00178 27 0 0 0 0 0
67 Schizosaccharomyces pombe KFRI 00259 8 0 0 0 0 0
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68 Saccharomyces cerevisiae KFRI 00265 9 0 0 0 0 0
69 Saccharomyces heterogenicus KFRI 00270 14 0 0 0 0 0
70 Rhodosporidium toruloides KFRI 00316 7 0 0 0 0 0
71 Saccharomycopsis fibuligera KFRI 00441 5 0 0 0 0 0
72 Crytococcus albidus KFRI 00457 6 0 0 0 0 0
73 Torulaspora fermentati KFRI 00550 5 0 0 0 0 0
74 Saccharomycodes ludwigii KFRI 00551 4 0 0 0 0 0
75 Rhodosporidium toruloides KFRI 00552 7 0 0 0 0 0
76 Filobasidium capsuligenum KFRI 00555 8 0 0 0 0 0
77 Candida rugosa KFRI 00557 3 0 0 0 0 0
78 Torulaspora hansenii KFRI 00560 16 0 0 0 0 0
79 Hansenula sp. KFRI 00588 9 0 0 0 0 0
80 Candida sp. KFRI 00589 7 0 0 0 0 0
81 Citeromyces sp. KFRI 00590 11 0 0 0 0 0
82 Cantharellus cibarius KFRI 00597 10 0 0 0 0 0
33 Pleurotus sajorcaju KFRI 00600 20 0 0 0 0 0
84 Hericium erinaceus KFRI 00606 18 0 0 0 0 0
85 Saccharomyces cerevisiae KFRI 00631 0 0 0 0 0
86 Schizosaccharomyces pombe KFRI 00635 0 0 0 0 0
87 Rhodotorula gracillis KFRI 00636 0 0 0 0 0
88 Sporobolomyces holsaticus KFRI 00637 3.5 0 0 2 0 0
89 Sporobolomyces holsaticus KFRI 00638 11 0 0 0 0 0
90 Torulopsis candida KFRI 00639 0 0 0 0 0
91 Saccharomyces cerevisiae KFRI 00795 0 0 0 0 0
92 Candida lipolytica KFRI 00909 21 0 0 0 0 0
93 Candida pseudotropicalis KFRI 00910 0 0 0 0 0
94 Saccharomyces cerevisiae KFRI 00920 0 0 0 0 0
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95 Saccharomyces lactis KFRI 00922 11 0 0 7 2 0
96 Saccharomyces rosei KFRI 00926 13 0 0 6 3 0
97 Saccharomyces cerevisiae KFRI 00937 5 0 0 0 0 0
98 Schizosaccharomyces pombe KFRI 00938 8.5 0 0 0 0 0
99 Saccharomyces cerevisiae KFRI 01013 10 0 0 0 0 0
100 | Saccharomyces cerevisiae KFRI 01019 9 0 0 5 2 0
101 Pantoea ananatis LMG20103 23 9)F3]-G01 5 1 1 3 2 0
102 Bacillus subtilis subsp. subtilis 23 9] F 3] -G02 6 1 0 1 0 0
103 Candida railenensis 23 9)F9]-G03 6 0 0 1 0 0
104 Moraxella osloensis 23 21F9]-G4 6 1 0 2 0 0
105 Bacillus sp. 289159 -G05 30 1 0 5 0 0
106 Candida railenensis 23 9]F9]-G06 10 2 0 2 0 0
107 Paenibacillus amylolyticus 23 219 -G07 10 1 0 1 0 0
108 Pantoea ananatis LMG20103 23)9]F9]-G08 8 2 0 1 0 0
109 Pantoea ananatis LMG20103 23 9] F3]-G09 16 3 0 2 0 0
110 Pantoea ananatis LMG20103 23)9]E9]-G10 5 3 0 1 0 0
111 Pantoea ananatis LMG20103 238 9)F3]-G11 5 3 0 1 0 0
112 Bacillus amyloliquefaciens 238 9)F3]-G12 10 4 0 2 0 0
113 Pantoea ananatis LMG20103 238 9)E9]-G13 8 2 0 1 0 0
114 Staphylococcus sp. 23)9)F9]-Gl4 7 1 0 2 0 0
115 Bacillussubtilis sp. 23 9| F3]-Gl5 10 2 0 2 0 0
116 Staphylococcus sp. 28 21F3-G16 7 2 0 1 0 0
117 Bacillus licheniformis 23 91F9-G17 14 1 0 2 0 0
118 Bacillus licheniformis 23 9159-G18 15 1 0 2 0 0
119 ZNEAHA IUM 4919 52 175 14.5 30 36.5 0
120 I Al IUM 1897 30 0 0 0 0 0
121 SHARA IUM 4412 775 23 0 31 0 0
122 S Al TUM 4808 315 0 0 0 0 0
123 XA TUM 4320 30 0 0 0 0 0
124 o] Al IUM 4972 73 0 0 0 0 0
125 G AW Al IUM 47 80 0 0 0 0 0
126 gteh g Al IUM 4386 575 36.5 17 22.5 40 0
127 =ehg Al TUM 4367 61 26.5 245 215 325 0
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o

@ A%d FoAARS 25 2 LT fu 25 $RAL A7 AANANA AGAE

FFAEFE H7Fst aAmMA Y WS P A s 107] - Bifidobacterium bifidum(KFR1 743), Enterococcus feacium(KFRI 1182),
Lactobacillus brevis(KFRI 146), Lactobacillus fermentans(KFRI 145), Lactobacillus lactis(KCTC 2181), Lactobacillus sake(KFRI 815), Leuconostoc
mesenteroides(KCTC 3530), Leuconostoc menseteroides sp. menseteroides(KFRI 820), Pediococcus cerevisiae(KCTC3101), Weissella confusa(KFRI

8H)E FOE FFALHE A7hE QA PN A% P AP,

HE =
204

A EUNTA GRE AL AN IS ATH] 9D SRALHS V1T AAAAS 3RS A, A 44T 2
F7h A AST S JeA RS Helshs A8S A Aotk AR F 2443k 48A7Eo2 234 kol FEE SHFA T,
o AVE B9 ¥ 44, 4590 el

T 44 AR FEe] 2N Wo} AAMANA 2447 W F AES T

S Fy | LT | 2T

control %2 0.1% 2 1% 0500 sog L0%
No. Strain Figelet

Log Log Log Log Log Log

(CFU/ml) | (CFU/ml) | (CFU/ml) | (CFU/ml) | (CFU/ml) | (CFU/ml)
1 Bifidobacterium bifidum KFRI 743 9.34 9.31 8.95 8.80 8.75 8.67
2 Enterococcus feacium KFRI 1182 9.14 9.14 8.87 9.04 8.97 8.74
3 Lactobacillus fermentans KFRI 146 759 5.68 5.71 4.49 451 3.38
4 Lactobacillus brevis KFRI 145 9.14 8.50 7.69 8.76 8.78 8.67
5 Lactobacillus lactis KCTC 2181 8.14 <10’ <10’ 3.85 3.62 3.41
6 Lactobacillus sake KFRI 815 3.80 3.76 8.70 8.63 8.59 8.51
7 Leuconostoc mesenteroides KCTC 3530 7.80 7.78 6.48 8.96 4.82 451
8 Leuconostoc menseteroides sp menseteroides KFRI 820 875 6.88 6.84 4.65 4.24 <10°
9 Pediococcus cerevisiae KCTC3101 8.93 891 8.72 4.35 <10° <10°
10 Weissella confiisa KFRI 1184 8.97 8.09 7.77 6.05 5.95 5.56
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3 45) AE 79 SFAE A7E AR A ol A 48412 Wi = At Z9l
control 2 01% 2 1% S Fy | 2P FY | 2WLYFT
0.5% 5% 10%
No. Strain i
Log Log Log Log Log Log
(CFU/ml) | (CFU/ml) | (CFU/ml | (CFU/mD | (CFU/ml | (CFU/ml)
1 Bifidobacterium bifidum KFRI 743 9.84 9.82 9.60 9.88 9.76 9.58
10 Enterococcus feacium KFRI 1182 9.83 9.83 9.58 9.79 9.71 9.44
15 Lactobacillus fermentans KFRI 146 8.83 5.75 5.81 4.99 4.62 <10°
21 Lactobacillus brevis KFRI 145 9.83 9.18 8.55 9.54 9.71 9.83
24 Lactobacillus lactis KCTC 2181 8.74 3.00 <10° 5.78 5.60 4.19
36 Lactobacillus sake KFRI 815 9.16 9.01 9.10 8.81 3.92 8.72
48 Leuconostoc mesenteroides KCTC 3530 9.05 7.80 6.90 9.15 4.88 <10°
54 Leuconostoc menseteroides sp menseteroides KFRI 820 8.51 6.90 6.89 6.32 6.00 <10°
56 | Pediococcus cerevisiae KCTC3101 9.53 9.25 7.67 <10’ <10’ <10’
62 Weissella confiisa KFRI 1184 9.68 8.31 7.7 6.35 6.00 5.96

% Bifidobacterium  bifidum, Enterococcus feacium, Lactobacillus fermentans, Lactobacillus sake 47V =+ tiZ&=7-¢F v 2l
le W, e Aol 2 AolE Holx Fal -8 AES UERAU 244 7EqE wi SR AR R T 4843k E o viket Alse] A
7F 3ol ¥ weol AgkgS Ik 539 7MY =2 oS WERA Bifodobaterium  bifidum™ 37 Q) ETY 5 log 9.84 CFU/ml
olal, Zdxel 2do|FIE HIISH Alg 5T 9F log 9 CFU/mL o9 #HA7IE YERdL. t& 6719 #5xt Add 4] o+
Bifidobacterium bifidum, Enterococcus feacium, Lactobacillus brevis, Lactobacillus sake?7} Bt} =2 ASAHAEE YERYITE E3 4
Aol doFHERA AFol A butyric acid®} hexanoic acide] #HAE S &3l 53| Lactobacillus brevis, Lactobacillus sake T 7 5% vl

AEI}E hEE FFol.

- 127 -




A 2.3 U] butyric acid®} hexanoic acid®] TFWSIE & 460 YEINAT. 5 v Ysl7]
el ool Fuu]=] AHA <] butyric acid®] ¥ 54,199 ppm©| il hexanoic acid-o/] Sl
17,045 ppm®] AT}, Butyric acid®] W S= Bifidobacterium bifidum, Enterococcus feacium,
Lactobacillus brevis, Lactobacillus sake 755 Z7}eRS o, 72} 39,432 ppm, 31,362 ppm
36,881 ppm 32,245 ppmo. = °F 1.58) ZAsgith ey WA T T2 49 butyric acid®] ¥
FHsl= A9 YEelRA  @Uth. Hexanoic acid®] S Bifidobacterium bifidum,
Enterococcus feacium, Lactobacillus brevis, Lactobacillus sake, “=E}&|HA HT5 HIET33=

] 9,651 ppm, 7,292 ppm, 6,554 ppm, 7,501 ppm, 8,077 ppmS. = °F 28] FAAhst= Aow L}
Elgth 75 233 FI o] HE3F butyric acid®} hexanoic acidE& AHE T A+ &
Hexanoic acid®] &% Bifidobacterium bifidum, Enterococcus feacium, Lactobacillus brevis,
Lactobacillus sake, =E}2|HA 5 5 7IAZ &F¢ B A4F&5 o] &3 da&o] AxATE A

Pargich AA B #FE2 ol gdte] FoANS AL A2e VEFAS BAFoI, F

¥ 46) ¥ F Y2 butyric acid®} hexanoic acid®] FHEFHA S}

) _ butyric acid hexanoic acid
No. Strain TTFHE _ _
o (ppm) < (ppm)
1 | &5 537 23959~ - 54,199 17,045
2 Bifidobacterium bifidum KFRI 743 39,432 9,651
3 Enterococcus feacium KFRI 1182 31,362 7,292
4 Lactobacillus brevis KFRI 145 36,881 6,554
5 Lactobacillus sake KFRI 815 32,245 7,501
6 Mg AmA 1IUM 4919 53,821 13,678
7 gk =gl W Al UM 4386 51,364 12,183
8 e A IUM 4367 51,577 8,077
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T4 skl % A28

‘:p(‘

(1) &x=9} 24T Fo 2 AddF9 growth rate &<l
2 v

e A4 wapFe AvH 20w Eude A4 WIEAL 5] ek A
= 7

2 08 259 AR & AT ANA 48A1FF FoF widS AAssiY. 4zt H#ge
growth curveg ol 1¥leo] E5F e ST

B. longum® 725, @71 & 213 30CelA 7 w=A sttt 59 7|2 HtE
d71x100A o & S ke AS Fdsila, g7zl 30T, 4823 74-A] wi ks
A &5kdS W ¢F 10 log CFU/mL w5 UetH(Z® 40, 41). o] & ¥z &
YOI FIE 10%% H7FE TSBHIA A = H]S23 S B3

E. feacium, L. brevis, L. saker= @7/ FFA3 7Sz EFodA # Agrom,
30-35TC 9 wY2EoA 2 RS YeJoH(zd 42, 43, 44, 45, 46, 47). S
cerevisiaes F71ZANA= ta W2 #5E HEAT S712HA o w2 AEES
el eH, 7Hg Aol w25l B 2 25ToA wldete 2o ATHLE 48, 49).
7y A AT e O3 49-589F ® 47 =x=E YEA T

(£ 47) 4 458 2T A HHuId=

B 5= () g71/=27]
B. longum 30-35 7]
E. feacium 30-35 g71/27]
L. brevis 30-35 HA71/27)
L. sakei 30-35 g71/27]
S. cerevisiae 25 371
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@ Bifidobacterium longum

Bifidobacterium longum-TSA

212
£
"é 10
o —+— 257,
by 8
f —m— 757

&
'E —i— 30°C,
= 4
= —— 307,
8 > ol
P ——35°C
= A ——35°C,

0 132 24 48
time (hours)

=7\
ERk iy
=7|EE
Rl b
=7\

Rl b

(718 49) AR 2 259 AR & AxFFFdo A9 TSBo HE3 B

A3

longum®]

A

Bifidobacterium longum-G.biloba

12
—

£
10
5 /"_;f' ——25°C, 27|
=] a8 ?__#..a-'i
= ; —— 25, & 7|2k
-E —a— 30, S| HI2
2 g
= ——30°C, H7 | Y
8 _
g = -/ ——35°C, S7|H|O}
|
£ 0 —8—35°C, E7 ||

o 12 2d 48
time (hours)

(19 50) Mz v 2meh AR bE AaggxiddAe 10% =394F3s Hrhe

TSBell H%3 B Jlongum® 7=+
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©@ Enterococcus feacium

Enterococcus feacium-TSA

12

10

——25C, = 7|82

—8— 25°C, @ 7| U2

) // ——30°C, = 7|6l

——30"C, = 7|82

viable cell number log CFUfmL
Ti

Z ——35, S| HjE
0 —e— 35, T 7| Uy
0 12 24 48
time (hours)
(18 51) A& 2 259 AR g2 MrgFzddre TSBe HE3d E feacium®

&

u| ]
:

A

i)

Enterococcus feacium-G.biloba

12

10

——25%, T 7|H{2F

—=—25°C, = 7| H| ¥

—a—30°C, Z7|HE

viable cell number log CFU/mL
i)

4 -
——30C, E7 (WY
: ——35°C, S7|H|
o —e—35°C, HI|H|H
0 12 24 48
time (hours)

(19 52) Az g £xd Az Ui ArTgxdore 10% SHFIE H7e
TSBell %3+ E feacium® A=+
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® Lactobacillus brevis

Lactobacillus brevis-TSA

12

10

——25°C, T 7| b2

—8—25°C, 7|2

—4—307C, Z7|HF

—+—30°C, = 7|l
—¥—35°C, = 7| Hf2E

0 —e—35°C, S 7| Hj %
0 12 24 48

time (hours)

viable cell number log CFU/mL
Ti

(28 53) A2 o2 exs Az o2 AAFTFERAAAY 10% 2AEAS Hrts
TSBell HE3F L. brevis®] A=A

Lactobacillus brevis-G.biloba

12

10 ‘/A

——25C, = 7|Hj| 2F

——25°C, @ 7|

——30°C, E7|HE

viable cell number bog CFU/mL
o

; i 30°C, O 7| U 2
2 ——35°C, S 7|H| Y
o —8—35°C, 7| H}j 2k
(4] 12 24 48
time (hours)

(19 54) AR & £59 M2 & ArFIF2ANAY 10% SPddFasS H7Le
TSBo =38t L. previse] A&2rA
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@ Lactobacillus sakei

Lactobacillus sakei-TSA

12

10

——25°%C, T 7| Ui

——25°C, = 7| U2k

——30°C, = 7|Hj ¥

viable cell number log CFU/mL
()}

: — 30°C, T 7| 2F
2 —— 357, S 7|Hj ¥
0 —e—35°C, 7|
o 12 24 48
time (hours)

(18 55) AR & £T9 A2 & AAFFERA0AY 10% SqgE9E Hrtsk
TSBell BE3t L. sakerd Ad=4

Lactobacillus sakei-G.biloba

12

10

——25°C, T 7|Hj| 2

——25°C, 7| Hj ¥

—a—307C, =7|HjF

viable cell number log CFU/mL
T

i —30°C, T 7| 2
: ——357C, S7|HjQ
0 —e—35°C, T8
0 12 24 48
time (hours)

(19 56) N2 e 2Ee AR b Aaggzddde 10% Lds)Eds dstw
TSBoll A&3+ L. brevise] A=
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® Saccharomyces cerevisiae

Saccharomyces cerevisiae-TSA

12

10

——25°C, T 7|Hj 2

—i— 25, = 7|2

——30°C, = 7|uje

viable cell number log CFU/mL
()}

: —— 30", = 7| U2
2 ——357, S 7|Hj ¢
0 —e— 35, T7|H| Y
0 12 24 48
time (hours)

(19 57) A= ohE eEsh AR thE AAFFEANMY 10% SAFAE Ao
TSBell 3&3t S cerevisiae®] &=

Saccharomyces cerevisiae-G.biloba

12

P

10
3 / ——25°C, T 7|Hj ¥

——25°C, o 7| U ¥

——307C, Z7|HY

viable cell number log CFU/mL
T

: ——30°C, H7|HiD
2 ——357, S7| U
o —e—357C, 7| Y
0 12 24 a8
time (hours)

(238 58) A2 tE 259l A2 tE AATIFRAAY 10% 23EF9E H7}sk

TSBel H&E3s S cerevisiaed] 734
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O gEzAe] GusEENg 5

(1) Ao LAY
O A/ a R

HEFY TF A

23] F g Eo
2ol 2o Fulo] H]

T =
brevis$} S. cerevisiaeE HELFAES W= 2402 A

butyric acid

No. Al &g AT R A1)
(ppm)

1 control 1 Ta 36745.41
2 1-GB1 B. longum 29745.21

1-GB2 E. feacium 21933.14
i 1—2133 I~ brevis =LY 16223.96
5 1-GB4 L. sakei 16362.20
6 1-GB5 S. cerevisiae 17455.89
7 control 2 TE 15264.24
8 2-GB1 B. longum 8388.58
9 2-GB2 E. feacium 9720.88

: 23 E=1:2(w/v)

10 2-GB3 L. brevis 8703.83
11 2-GB4 L. sakei 9275.94
12 2-GB5 S. cerevisiae 7481.08
13 control 3 TE 8417.54
14 3-GB1 B. longum 6054.22
15 3-GB2 E. feacium =i E 4679.43
16 3-GB3 L. brevis =1:1:1(w/v) 5869.12
17 3-GB4 L. sakei 5864.08
18 3-GB5 S. cerevisiae 4637.92
19 control 4 kg 4478.57
20 4-GB1 B. longum 1850.93
21 4-GB2 E. feacium >y E 1501.05
22 4-GB3 L. brevis =1:1:2(w/v) 1785.93
23 4-GB4 L. saker 1563.95
24 4-GB5 S. cerevisiae 1473.03
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(W) oA 53La FFE o8 YTy Lasd Ax

L. brevis®t S. cereviae, 7181l 22pd Eof Adsl WAl S S-S HE 2

kA o] 37HA] TS 01%3}04 E3hta st %f‘%lﬂ%ﬁ%ﬂ PoFHM3E F 499 VERASL

TS AR 2T R olH|
AA=(53,745 ppm)thH] < SOHH(l 990 ppm)® FLHE A3 SWLFTIE o] st W
gol o]&ak3itt.

(3 49) v HEadFE ol &3 2Py Ta=e F7I 2 doF 4

A malic lactic shikimic Fumaric butyric

e acid acid acid acid acid

(ppm) (ppm) (ppm) (ppm) (ppm)

YL FI(EFAH Y F) 143,516 26,660 658,810 7,740 1,990

L. brevis &% 289,869 42,020 953,710 15,000 1,060

S. cereviae ¥ a % 11,484 n/a 42,900 590 1,280
el WtgE 25,231 n/a 60,720 1,120 1,800
w-eld+ L. brevis HEE 43,084 11,360 110,610 2,860 889
ur-Elg]+ S, cereviae WaE 51,525 n/a 131,770 3,330 957

e
Aol A ed SqLFy] tin] oF 2v) o] FeF HA1/2FH)S %“33}
] =3 el ek valske o oF 60M] o] deF #HAa(1/60
of Wl Aolth. Bt=gg|WH A S cereviae HFEFEE Eg butyric acid T

LA iy o 60uie] s YERASIT
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butyric acid ¢ ¥FS S8

v Al A 7% E<t butyric acid 7} FHa
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F7HA = A

L=,

=

3} v}
Hd Dol A

&

30Co] A #3

B AgTo A butyric acid o] A

ko3
T

Hd 2 30T A 6 /1L A%

oo

3

3}

Quantity
(ppm)
49,683
38,500
36,291
27,467
39,178
31,353
31,426
36,417
31,634
21,823
40,213
31,157
28,302
39,664
27,396
26,827

A, B, CHIEY ¢ &

A7

(months)

6

4

2

=

pu—

!

R

YAl 5 2] butyric acid $HEH

4

XO

—

=
()
10
10
10
20
20
20
30
30
30
10
10
10
20
20
20

H'd type

=

AN R
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A F-714F  butyric  acid

HO
"

control
A-1-1
A-1-2
A-1-3
A-2-1
A-2-2
A-2-3
A-3-1
A-3-2
A-3-3
B-1-1
B-1-2
B-1-3
B-2-1
B-2-2
B-2-3

50) A2 t}

Ay

No.

1

10
11
12
13
14
15
16

AL

(
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17 B-3-1 >3 B 30 2 37,760
18 B-3-2 >3 B 30 4 34,852
19 B-3-3 T3 B 30 6 29,358
20 C-1-1 &3 C 10 2 32,371
21 C-1-2 T C 10 4 20,846
22 C-1-3 = C 10 6 15,530
23 C-2-1 T3 C 20 2 39,205
24 C-2-2 T3 C 20 4 23,780
25 C-2-3 &3 C 20 6 23,976
26 C-3-1 Rl C 30 2 37,401
27 C-3-2 T3 C 30 4 32,637
28 C-3-3 T3 C 30 6 23,958
29 D-1-1 T3 D 10 2 27,348
30 D-1-2 T3 D 10 4 19,315
31 D-1-3 T3 D 10 6 14,880
32 D-2-1 T3 D 20 2 21,502
33 D-2-2 T3 D 20 + 13,679
34 D-2-3 T3 D 20 6 12,197
35 D-3-1 T3 D 30 2 19,968
36 D-3-2 T3 D 30 + 11,246
37 D-3-3 T3 D 30 6 7,684

(% 51) A= t&

rlo
e
5
me

gholE Hldo] A npaet 239739 butyric acid FHEFw s}

No. R P EAAR=S Hld type e %712 | Quantity

(C) (months) (ppm)
1 control vl 23y 2] v}y A - 0 46,467
2 a-1-1 nlay 23y e] v}y A 10 2 24,439
3 a-1-2 ula) 23 <] 7} A 10 4 16,807
4 a-1-3 ulaf 28 2] v}y A 10 6 15,821
5 a-2-1 vk &8 2] 7}y A 20 2 29,064
6 a-2-2 nlaf 2 ] 7}y A 20 4 24,993
7 a-2-3 nlay 23y 9] v}y A 20 6 22,893
8 a-3-1 nlay 23y 9] v}y A 30 2 24,439
9 a-3-2 nhaf 23y <]y A 30 4 16,807
10 a-3-3 nlaf 28 2] v}y A 30 6 15,821
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11 b-1-1 ula) 23 <] 7} B 10 2 18,284
12 b-1-2 nlay 23y 9] v}y B 10 4 15,363
13 b-1-3 vk &8 2] 7}y B 10 6 13,197
14 b-2-1 nlaf 28 <]}y B 20 2 22,409
15 b-2-2 vl 28 <]}y B 20 4 15,610
16 b-2-3 ulaf 2 <] 7} B 20 6 14,172
17 b-3-1 ula) 23 <] 7} B 30 2 20,964
18 b-3-2 nlay 23y e] v}y B 30 4 18,991
19 b-3-3 vk &8 2] 7}y B 30 6 13,709
20 c-1-1 vl 28 <]}y C 10 2 19,758
21 c-1-2 vlaf 28 <]}y C 10 4 14,593
22 c-1-3 ula) 2 <] 7}y C 10 6 12,977
23 c-2-1 ulaj 23 <] 7} C 20 2 22,292
24 c-2-2 nlaj 23y e] v}y C 20 4 16,758
25 c-2-3 ol 23 9] 3}y C 20 6 15,333
26 c-3-1 nlaf 28 <] v}y C 30 2 17,003
27 c-3-2 vl 28 <]}y C 30 4 15,609
28 c-3-3 nlaf 23y e] v}y C 30 6 14,788
29 d-1-1 ulaj 2 <] 7} D 10 2 14,508
30 d-1-2 ulaj 23y e] v}y D 10 4 12,638
31 d-1-3 nlaf 23y e] v}y D 10 6 11,474
32 d-2-1 nlaf 28 2] v}y D 20 2 15,700
33 d-2-2 nha) 23y e] v}y D 20 4 13,369
34 d-2-3 nlaf 23 e] v}y D 20 6 11,330
35 d-3-1 nhaf 23y e] v}y D 30 2 13,955
36 d-3-2 nlay 23y e] v}y D 30 4 11,385
37 d-3-3 ohay 23 9] 7}y D 30 6 10,226
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60,000
E
S 40,000
= —— A
£ s
£ 20,000 .
& ——C
_ —ie >
0 2 4 6
Storage time (months)
(17 59) 10CAA Axgst F28o] defo]EN| I butyric acid &
=% 20°C
60,000
E
o 40000
o, \ A
£ i
S 20000 Gas D - -
8’ P 4 C
- *D
0 2 4 6
Storage time (manths)
(29 60) 20TColA At T3 defol]ENIH butyric acid &=
=39 30°C
60,000
E
S 40,000
= ——
= -
S 20000 ,\ B
S} P _7\< —.i.—C
_ —D
0 2 4 6

Storage time (months)

(13 61) 30TCoA AAet T3 defo]EN|YE butyric acid T
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60,000
40,000

20,000

Quantity {ppm)

Ordf 22 10°C

e

- b

—dr—C

——e ]

2 4 5]

Storage time (manths)

(138 62) 10TColA A7st vl 23]yl dgtolE H|d¥H butyric acid $HEF

60,000
40,000

20,000

Quantity (ppm)

O 23 20°C

Storage time (months)

(1% 63) 20TColA A7gst vpaf 2deu]e] defo]E HIdW butyric acid $H&

60,000
40,000

20,0600

Quantity (ppm)

Op2f 23 30°C

—=—b

—lir—C

5 4 & —&d

Storage time (maonths)

(28 64) 30TColA A7t vhaf] 23)<fyy]e] dgto]E v butyric acid g
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(£ 52) A7HES st 23395y HaEo 7} butyric acid FFH s}
. butyric acid

A | 2

No. AT x4 A7 E SheFeel
(%) | (CFU/mD)
(ppm)
1 A7) - 10.17 39,432
2 CaCOg 0.03 10.03 13,650
3 CaCOs 0.25 10.26 8,176
4 bifidobacterium o3 CaCOs 0.5 10.43 7,909
5 N KHCOs 0.05 8.24 8,176
6 bifidurm 10% KHCO; 0.5 8.56 7,025
7 (KFRI 743) A7} KHCO3 1 8.28 7,136
8 NaHCO3 0.05 10.09 12,807
9 NaHCO; 0.5 10.57 13,679
10 NaHCOj; 1 10.72 13,526
11 =R - 9.67 31,362
12 CaCOs 0.03 9.98 12,450
13 CaCOs 0.25 10.14 8,054
14 Enterococcus - CaCOs 0.5 10.38 7,309
15 o =3 KHCO; 0.05 8.26 8,521
6 10% KHCO; 0.5 8.38 7,016
7 (KFRI 1182) KHCOs 1 8.53 7,361
8 NaHCO3 0.05 10.54 12,790
9 NaHCOs; 0.5 10.57 12,689
10 NaHCOs 1 10.47 13,101
1 =R - 10.55 36,881
2 CaCOs 0.03 9.71 7,688
3 CaCOs 0.25 10.23 7,126
4 Lactobacillus - CaCOs 0.5 9.98 6,957
5 . =3 KHCOs 0.05 8.32 11,424
brevis
6 10% KHCO; 0.5 8.26 12,516
7 (KFRI 145) KHCO;4 1 8.33 10,479
8 NaHCO; 0.05 10.64 13,237
9 NaHCOs 0.5 10.46 12,487
10 NaHCOs 1 9.94 12,364
1 LA} - 10.49 32,245
2 CaCOs 0.03 10.02 10,781
3 CaCOs 0.25 9.89 9,971
4 CaCOs 0.5 9.92 9,824
5 | Lactobacillus sake | <3 KHCOs 0.05 8.18 11,224
6 KHCOs 0.5 8.55 10,249
(KFRI 815) 10%

7 KHCO; 1 8.46 10,684
8 NaHCOs 0.05 10.26 12,457
9 NalCO; 0.5 10.12 12,540
10 NaHCOs4 1 10.91 12,321
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=
493 7, Y, 2HE, 27]8)E o]835to] Cell culture dishell 50g
| AXt5(F1: Rhizopus oryzae, F2: Aspergillus oryzae, F3: Aspergillus niger)s
F3to] 25T wikAol A 1547 wigFs 3 0, 4, 10, 153 A AFASFFATHLH 65). ©]9} H
T 75 Azxs ARBATE 8] THE e F2 2Ty T
(30%)°ll wet EF 2T ES FFE, T, 2R, @St EFste] 2 Wyew
1547 vkt 3 0, 4, 10, 15U 2ol A 2SI THLH 66).
F1(R. oryzae) @9 745, 23 HRZ oA 4LdxFH H24 ¥xx7F FJHdf o S}
D7l M= dAA e Aol AR ET7E 10935 A2 2247F fde]r] A
= AF 15darel A2 2A7F 9de] HYS AS 3¢l &
S1FIE TR Alme AW 10492 E H24 A7 HUglen 158t 230 F )
= SEHRT Aol xxle Fdel Axv)
F2(4. oryzae) 5] A5, Wrl2& A &, $9 22 z;_woﬂxa 442HE = )
o Fagon WL s FAAL el ARHTA 1003TE A
AE A <

of = EAsL A HEYe 2

A5
oo wlwste] LAIFIEG EFE Art B3 FAANA 4AATE HAZATL 238 A7
uA ARE A 1sAAbeE edelENE EFeA G ARsh 2ol %4 xR} 43
A A4S HA T 5 Ak
F3(4. niger) 759 %, W1 &oA 49308 G £} APGon] w24
=gt el QAT 1093 Fes LAk Hgely] Adsle] 15Aate] Pe
8 EA7 3 FYQa, FUAAE 15U P Eae] Age] A o] Foln AL
9l @ 5 Q9 ol9) vlaste] LTINS EFF Ant Pu} BI Ll 10dAY
B Aed Xt fgelr] g %

of 15dxbell ¢hd3] FR AL, 2y} SEA] wAA e A
3 Folz

AZ &Q & 5 AATH
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(19 65) TFetsdS 28 7 71dE 75 Ax (1593
Name F1 F2 F3
iy

Name

off
=

EERERE
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(h BEAZF 53

Waring Blender= 2|3t A28 52| A% PDA(Potato Dextrose Agar) HJ A& A}-&3}
o] HEFWIFROR 0, 10, 159204 54 2AE FASYUTHE 53). FHe] AWEF
(F1:Rhizopus oryzae, F2:Aspergillus oryzae, F3:Aspergillus niger) &S SIA| %< samples A<
star Z7] AT 4.7~53 log(CFU/mDOlA 102 ZFolE 6.0~7.0 log(cfum)®, 15% F-of=
7.10 log(cfu/ml)7}A] S 718 sampleo] #&EAEH AT Fl I HAE Al oA Aol =& 2357 7|
A2E= Fdollon, oA = T UVE, F3olA= Ad due v)do] A Aol &
o Aoz AAEQT}
(E HFF /19 et eR9F A7} wRe) AGse TRl 0 YRAF 54
sample log(CFU/ml)
P 0 day 10 day 15 day
gy <2.00 3.64 5.39
A&+ F1 5.18 6.54 6.63
&+ F2 5.30 6.77 6.81
2+ F3 4.70 7.04 7.10
23 30%+ F & <2.00 2.93 3.19
2330%+ &+ F1 5.18 6.13 6.39
2330%+ &+ F2 5.30 6.62 6.48
2330%+ 2+ F3 4.70 6.76 6.81
samole log(CFU/ml)
P 0 day 10 day 15 day
KR! <2.00 <2.00 <2.00
&L+ F1 5.18 6.93 6.94
AEE+F2 5.30 6.84 6.86
AEE+F3 4.70 6.71 6.71
23Y30%+ H &L <2.00 4.36 5.44
2330%+ H-&E+F1 5.18 6.55 6.90
2P 30%+ H T L+ F2 5.30 6.23 6.89
2>3P30%+ H &L+ F3 4.70 5.98 6.53
sample log(CFU/ml)
P 0 day 10 day 15 day
A7) & <2.00 <2.00 <2.00
A 7]1&+F1 5.18 6.54 6.56
A 7)&+F2 5.30 6.61 6.78
A 7]&+F3 4.70 6.08 6.74
2P30%+ F L 7] & <2.00 <2.00 <2.00
2330%+ H U7+ F1 5.18 6.51 6.56
23 30%+ F L7 &+ F2 5.30 6.80 6.82
2>3P30%+ HH 7]+ F3 4.70 6.03 6.78
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log(CFU/ml)

sample

0 day 10 day 15 day

KRR <2.00 <2.00 <2.00
HAHEK+F1 5.18 6.59 6.64
NARE+F2 5.30 6.82 6.79
AR+ F3 4.70 6.97 7.02
=330%+ N HH 2 <2.00 5.04 5.82
SP30%+ WA K2+ F1 5.18 5.20 5.30
ZP30%+ WA KT+ F2 5.30 6.58 6.69
B 30%+ WA K2+ F3 4.70 6.76 7.11

VF1: Rhizopus oryzae ? F2: Aspergillus oryzae ¥ F3: Aspergillus niger

2 712 S 01%5} d-5- F3(dspergillus niger) 75 [T W 109 2kl A 1.99% (72
+F3), 1.85% (+AE+F)E 7M=L 399 ke Yehlida, ol 15Ul 7zt
2,04, 1.87 %= SH=E ATt &2 7122 Fl(Rhizopus oryzae) 5 E
A 1.88% (RED+F]D), 127% (SH+RELD+FDHE 7P & 393 =S VJeuggla, oj:=
15d2poll A Zhz} 1.86, 1.29 %= TS AL BHe] 712 E F3(dspergillus niger) ¥+% 53}
AS w 109 2ol 0.94% (RAEEE+F3), 0.93% (LF+RA AR Z+F)E 7HE =& 3k 3
FS YAz, ol 154l A7 1.09, 1.04 %ZE FoEHATE "Wl 71Ee
F2(4spergillus oryzae) w75 HEsIAS W 109 =FellA 0.84% (HE7]E+F2), 0.63% (=q+%
D7E+F2)= 7 H& AT FFS HEAAL, o= 159 At A ZH2F 0.88, 0.64 %E ST
= A}

Het Atz & 7)Aol F3(dspergillus niger) 1% 5-
o g Ao, AT SAH wet dARA FAdo]l Hold sampled A ST ko]
W= HER A

flo e O

u}r ok
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(£ 54) 2T Agele FetedS HES F7/ 7129 71d 3dd &§F 54
sample 10 day 15 day
RS(mol) RS(mol)
control 0.60%0.00 0.60%x0.00
Gilky 0.75£0.00 0.93%+0.01
A&+ F1 0.89£0.00 0.89£0.10
A2+ F2 1.18+0.00 1.22£0.00
224+ F3 1.994+0.23 2.04£0.00
i 1.06+0.00 1.06+0.00
2+ A 1.07£0.02 0.98+0.00
2P+ A&+ F1 0.84£0.02 0.82%+0.00
2P+ A+ F2 1.15£0.02 1.17+0.00
2>+ 72+ F3 1.85£0.02 1.87£0.06
sample 10 day 15 day
RS(mol) RS(mol)
control 0.60£0.00 0.60£0.00
A5 0.62£0.00 0.64%0.01
A& U+F1 1.88+0.00 1.86+0.00
&L+ F2 1.84+0.03 1.86+0.00
A& U+F3 1.27+£0.01 1.27+£0.02
=3 1.06£0.00 1.06£0.00
P+ T 1.09£0.00 1.05£0.05
2P+ HFE+F1 1.27£0.01 1.29+0.03
2P+ W FE+F2 1.02+0.01 1.08%+0.01
2P+ AW FU+F3 0.92%0.00 0.92+0.01
sample 10 day 15 day
RS(mol) RS(mol)
control 0.60%£0.00 0.60%0.00
KARERnRE 0.63%£0.01 0.62%0.01
AR +F1 0.62%0.00 0.61£0.00
AH B2+ F2 0.90+0.01 0.93£0.01
AR +F3 0.94%0.01 1.09£0.00
=3 1.06£0.00 1.06+0.00
>3+ N HEH 2 1.26+0.05 1.29£0.00
2P+ N PR+ F1 0.64%+0.01 0.64%0.00
>+ W@ H 2+ F2 0.71£0.01 1.02%0.01
23+ A @K e+ F3 0.93+0.01 1.04%0.01
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sample 10 day 15 day
P RS(mol) RS(mol)
control 0.60£0.00 0.60£0.00
A7) & 0.69£0.02 0.70£0.00
A7)+ F1 0.83+0.00 0.78£0.07
A7)+ F2 0.84%+0.02 0.88£0.02
A7+ F3 0.68+0.01 0.88£0.02
234 1.06+0.00 1.06%£0.00
2P+ AL 7] & 0.7140.00 0.7040.03
g+ AU+ F1 0.63%+0.00 0.64%0.00
g+ A U7 &+ F2 0.63%+0.01 0.64%0.02
2+ U7 &+ F3 0.61+0.00 0.63%£0.00
VF1: Rhizopus oryzae
2D E2: Aspergillus oryzae
3 F3: Aspergillus niger
500 500
= 400 gm
?3‘}0 E 300
3 3
‘gzm i 200
= B 10day E et B 10day
. 1 5 1 el
o3 AT & & 0 @
Q"é'@»%f‘wqgfﬁ'@f@ 95’?’%@@ @@pﬁ%p@@;a & Q%% j%@ 5%"3 “%ﬁ%ﬁ%"z" ﬁ%"}&
% % % % %
sample sample
500 500
;E"mo ;E"m
3 300 g 300
.%:IDD B W 10day -‘%:IDD W 10day
5 W 15day & N 15day
N K x{\r x{’a &) Q} 3’5 )3'} ,S?J % #\ x{\v x{’; ﬁp % 1,("- )3'\( ™
R SRl G R S P S "\%\%\%%"\\?@\%\%8
& &1@"1& N ﬁjﬁ@i&i&% **5%%@9\ S8, ﬁz}j@"@ ﬁoé’%ﬁeé‘
sample sample
(¥ 67) 2P L]F o A&ste TS HES F7 712 7|HE AT FdFH st

@ 5284 = 534

=7 714 3 7|z dEEslas 245 &
AZFE<E 1umol®] a-amylaseE AJAFs= a4
F3(Aspergillus niger) 5 HE3AS # 10¥
A 7HE =L &5 B3t 2 71d2 A
S o 10gAtl A J4 EAdo] HluA Eko

55, 19 68 YEMHATE Unit(U)S] @+ 1

°]-&-%t

Fom Aok B

W, 15L9AHE Ak
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7]—74—

O = F3(Aspergillus niger)
ZAREH 02 F2(Aspergillus oryzae)
71 dol mlE] gagAol

ok
Et3lE 0] a-amylase®] 7|do] Ho] a4 A4
g
73

A BAo] wolA= Aow FAh mheA
mel &7k st H o] a-amylase &A=
B 712 F3(Aspergillus niger)
22.30£0.02, 21.30:0.00 unitlg .= R3]

=
Rini=y

rlo

e

(3 55) A qFH ) Aot G adS AT F7 7129 7] aAgE 54
2
day 0 10 15
sample Enzyme activity(U)
control 0.00£0.00 0.00£0.00 0.00+0.00
Gy 0.17+0.00 0.90£0.00 2.10£0.02
A&+ F1 0.17£0.01 11.27£0.02 0.17%+0.09
A&+ F2 0.17£0.01 8.99+0.35 11.57£0.00
A&+ F3 0.17£0.01 7.38%+0.04 22.30+0.02
=3 0.00£0.00 0.00£0.01 0.00+0.02
2>+ 2 0.17£0.02 0.20%0.01 2.33£0.00
2P+ W&+ F1 0.17£0.02 1.38%+0.00 0.33£0.00
23+ A&+ F2 0.17£0.02 1.57%+0.03 8.33+0.01
2>+ R &+ F3 0.17£0.02 2.65+0.09 21.30%£0.00
Y
day 0 10 15
sample Enzyme activity(U)

control 0.00£0.00 0.00£0.00 0.00%+0.00
& 0.17£0.00 0.23%£0.01 1.63%+0.03
A& U+ F1 0.17£0.01 10.58+0.00 9.57+0.01
HEH+F2 0.17£0.01 4.04£0.03 9.72+0.07
&L+ F3 0.17£0.01 9.58+0.00 0.47£0.03
23 0.00£0.00 0.00£0.01 0.00£0.02
=P+ R Fd 0.17£0.02 0.50%0.01 0.40£0.03
P+ R FL+F1 0.17£0.02 3.25£0.00 6.47+0.03
23+ % FH+F2 0.17£0.02 1.49+0.01 7.87+0.00
>3+ 25+ F3 0.17£0.02 17.68+0.15 3.43+0.02
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2R

day 0 10 15
sample Enzyme activity(U)
control 0.00%0.00 0.00£0.00 0.00£0.00
KARERREY 0.17£0.00 0.03£0.00 1.10£0.04
HARE+F1 0.17£0.01 0.83+0.01 0.07£0.04
AR +F2 0.17+0.01 5.00+0.01 0.03£0.00
AR E+F3 0.17£0.01 11.93+0.02 7.37£0.00
=3 0.00£0.00 0.00£0.01 1.40£0.02
SR+ A EH 0.17£0.02 0.10£0.01 1.17£0.00
P+ NPE R+ F1 0.17£0.02 0.63+0.02 0.13+£0.01
>+ HH B2+ F2 0.17+0.02 1.32+0.00 2.601£0.01
=P+ A HEH 2+ F3 0.17+0.02 1.67+0.00 3.47£0.00
D7
day 0 10 15
sample Enzyme activity(U)

control 0.00£0.00 0.00£0.00 0.85+0.00
A7) = 0.17£0.00 0.02£0.00 2.8210.01
AE7]&+F1 0.17£0.01 0.58+0.02 1.20£0.01
A7 &+ F2 0.17£0.01 3.55%0.00 1.22+0.02
AE7]&+F3 0.17£0.01 0.07£0.01 1.40£0.01
=3 0.00£0.00 0.00£0.01 0.00£0.05
P+ AET & 0.17£0.02 0.18+0.02 2.57+0.11
P+ L7+ F1 0.174+0.02 0.37£0.03 2.07£0.02
P+ AL 7S+ F2 0.17£0.02 3.33%0.02 1.73£0.01
=3+ D7)+ F3 0.17£0.02 0.37£0.00 1.10£0.03

UFT:
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(3£ 56) =3 ]F ] A TS TS F7 7149 71 /771 3 53
2
10day 15day
sample butyric acid mg/L
Rk n.a. n.a.
A+ F1 n.a. n.a.
A&+ F2 n.a. n.a.
A2+ F3 n.a. n.a.
23 459.09+11.44 459.09+11.44
2>+ A 137.93+0.03 104.79%0.06
2+ A&+ F1 116.91£0.20 116.62+0.31
2+ A2+ F2 100.48+0.01 89.69+0.20
2+ 724+ F3 41.16x0.13 39.66+0.17
4
10day 15day
sample butyric acid mg/L
& n.a. n.a.
AEE+F1 n.a. n.a.
&L+ F2 n.a. n.a.
HEH+F3 n.a. n.a.
23 459.09x11.44 459.09x+11.44
2+ R 124.16+0.06 99.61+0.13
2+ TL+F1 71.03£0.03 59.31+0.27
2+ A FU+F2 5.54%0.00 2.96£0.11
2+ A5 U+ F3 32.53+£0.01 15.59£0.04
EERoR=)
10day 1bday
sample butyric acid mg/L
Kie e R n.a. n.a.
AR E+F1 n.a. n.a.
AHH 2+ F2 n.a. n.a.
AHAHE+F3 n.a. n.a.
23 459.09+11.44 459.09+11.44
>+ A E R 150.86+0.01 99.63%+0.23
2+ A AR+ F1 87.90+0.02 220.91£4.51
2+ AR+ F2 3.81x0.02 n.a.
2+ A AR 2]+ F3 104.65+0.01 139.07+0.03
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A7) &

10day 15day

sample butyric acid mg/L
A7) & n.a. n.a.
A7+ F1 n.a. n.a.
AU 7)&+F2 n.a. n.a.
A 7]+ F3 n.a. n.a.
23 459.09+11.44 459.09+11.44
>+ A 7] 32.38%£0.06 9.25+0.17
2+ U7 &+ F1 14.53%£0.10 6.28+0.06
2+ A 7&+F2 15.59+0.54 n.a.
2+ R A 7] &+F3 26.02x0.04 20.92+0.04

500 500
= 400 o 400
3 H
:: 300 = 300
fe 2 200
£ 200 E
.E N 10day 2100 N 10day
me _. I i B 15day B 15day
I H
o
R AL - & AT
PR FE S S IR R P ST IR
LA VA % £ & & & & AN VA %j?‘/
% % % L %
sample sample
500 500
E E
g 300 g 300
.; 200 .; 200
- -
2 100 —~  m10day 2 100 o 10day
% B 15day & B 15day
‘?3). /&,8» Q}g» Q}{@ %ﬁ, @? Q,\ép ?’\Q Q,\’gnj ﬂ\% %;;\. %‘(\, %‘q’; %@, q\% o %’g\, %ga
5 W B B N N G AN AT N
& & & &Y ¥ F RO AR R
LASIE A % KRR R LM A CARE A A
% % % % % %
sample sample

(b Es=Fe 24
O FEYA= FZFEH
ePgelF rRo T FYvE FFES ® 57, 17 700] dEhdAch B Ao AxelA
&8 Ao EEldliE ol 1154 mgo R Fol MAHo® 2d& 30% FHUME ZHzte] A&,
T, 2R, Wrle V1A rEAA FA7F 23ejEy rE vlalste] F& %FA Az IF
g

=
o] A= AS 5. 53], STy FTHo| F2(dspergillus oryzae)S HEoFH S
A

;Fé
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(& 57) LA ETA) A FHEFS AFH TH 7140 1 FE L 54
s
10day 15day
sample polyphenol mg/g(GAE)

Gl 0.08+0.01 1.89+0.12
A2+ F1 0.37£0.09 0.41£0.17
A&+ F2 2.56+0.24 4.27+0.47
A&+ F3 0.86+0.03 2.08+1.37

23 11.54%£2.98 11.54+2.98
>+ WA 3.2210.48 5.06+1.14

2P+ W2+ F1 0.34£0.05 3.17+0.05
2+ R A+ F2 7.90+0.53 9.87%+2.00
2P+ A+ F3 5.86+3.25 3.47+0.35
4
10day 15day
sample polyphenol mg/g(GAE)

& 2.03+0.04 2.78+0.17
&L+ F1 3.56+0.02 2.74%+0.18
AEE+F2 3.78+0.04 3.79+0.05
AEE+F3 2.07+£0.47 2.42+0.44

23 11.54£2.98 11.54£2.98
2+ 5d 5.44%+0.19 4.02+0.11
>3P+ A FHU+F1 4.26x0.07 4.7940.40
23+ % FH+F2 7.74+0.94 2.94+0.08
2+ H T U+ F3 5.40%+0.39 5.47+0.02
AR

10day 15day

sample polyphenol mg/g(GAE)

A B g 1.64£0.22 1.12+0.01
AR Z+F1 1.79£0.10 1.65+0.10
AR+ F2 4.2%+0.06 5.13+0.16
AAHE+F3 1.80£0.08 2.64+0.13

Al 11.54£2.98 11.54%2.98

S+ A E B 7.53+2.53 4.06%0.75
2P+ N EHZ+F1 8.00+4.42 4.03+0.62
2+ NP H 2+ F2 6.51+0.88 9.26+2.81
23+ WP H P+ F3 4.08+1.12 3.21+0.42
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a7]e

10day 15day
sample polyphenol mg/g(GAE)

A7) & 2.66x0.17 1.34%+0.03
A 7] €+ F1 2.40£0.03 2.01£0.06
A7) &+ F2 2.27+0.00 1.13+0.02
A 7]&+F3 2.49%0.02 1.43+0.04

=3y 11.54+2.98 11.54£2.98
S+ U7 & 4.66+0.42 5.70£0.24
S+ U7+ F1 5.00£2.20 4.09£0.25
=g+ AE 7] &+ F2 15.39+£1.70 2.10£0.40
P+ D7) &+ F3 4.29%£0.06 4.43%£0.54
VF1: Rhizopus oryzae ? F2: Aspergillus oryzae * F3: Aspergillus niger

palyphenol

_I__i

"- ;:l‘

&
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16 -
o 14
812
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g 6
i illl
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< | B
©? & @ c@ o & & &
qb
PR S %ﬁ%ﬁ%ﬁﬁ% %ﬁ«”
sample

B 10day
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polyphenol mg/g{GAE)
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@ PR xo|=e £4

=P Fy F59] flavonoid FHFS F 58 HEHUTE 2 A9 A= A3 L
71 &l F2(dspergillus oryzae)ys HE e P+ 2+F2 oF 2P+0-SU+F2E Al Qg 28257
52 flavonoid o] AEZHA &sk=dl, ol= 23 AAll S U= flavonoid HES +F

of #o]l WaHM AYFeuA o5 LA Aom FgHET

I

(£ 58) A FH | Aot GIsdS AT 57 7149 7|1 flavonoid ¥F 574

2
10day 15day
sample flavonoid mg/kg

A 0.00 0.00

AP 0.00 0.00

A4 P 0.00 0.00

A AL F3 0.00 0.00

o 0.00 0.00

oo+ 0.00 0.00

o5+ M+l 0.00 0.00

o5+ 7B+ F2 2.84 0.00

O g+ g8+ F3 0.00 0.00

T
10day 15day
sample polyphenol mg/g(GAE)

T 0.00 0.00
AEU+F] 0.00 0.00
AED+F2 0.00 0.00
AEL+F3 0.00 0.00
o 0.00 0.00
o+ A5y 0.00 0.00
o+ MED+F] 0.00 0.00
S+ A EF U+ F2 2.53 0-00
o3+ MEL+F3 0.00 0.00

VF1: Rhizopus oryzae ® F2: Aspergillus oryzae ¥ F3: Aspergillus niger
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o
1
bl
b

RS
o) % At
(X1) x1/10 x1 x10 xX25 x50
= 33 ++++ - - + ++ ++
57
( ) 0.51+0.07 | 0.32£0.03 | 0.53£0.08 | 0.39%+0.18 | 0.48+0.21 | 0.42+0.11
mm
5
) 0.12+0.02 | 0.06£0.01 | 0.08£0.01 | 0.08+0.01 | 0.09+£0.02 | 0.11+0.04
g
olgfe] % 56, 57, 582 Ur=El WA T aE3 Srelg|HA+ L. brevis HFLEE, Ur=E}
ﬂlﬂ/‘*ﬁLS cerevisiae {3 G &0 I HEANH Sl A g o] dijo|t}, A7IA| AR EF, @E
FozeEnc fRnasdel A e g AL AstATh dage $EASHE
5007H4] 55& 3 ARE AHEg dFTdAE yFiade] A4H Fe HJEo ST Ho,

oF 508 o] gel AL

(F 61) wr=eteW s ol gste] Tgst 23Ty Lagie] $FASHF w2 IJFER
23}
o z= AT
(X1) %1/10 x1 *10 <25 =50
5 a4 +4+++ - - - - +
757
() 0.52£0.21 | 0.294+0.23 | 0.43£0.22 | 0.42+0.02 | 0.45%£0.13 | 0.46£0.5
mm
7157
(@) 0.11£0.01 | 0.04£0.01 | 0.04£0.01 | 0.05%£0.01 | 0.07£0.01 | 0.11£0.01
g
(& 62) el HA T L. brevise ©|&ste] Hdast 2doFy Yo SFAESF
oh2 SREE Az
eIty b
(X1) x1/10 <1 <10 xX25 x50
= A +4+++ - - - - +
757
() 0.51£0.08 | 0.32+0.06 | 0.49£0.11 | 0.5+0.07 | 0.53%£0.01 | 0.54£0.03
mm
75
@) 0.13£0.01 | 0.05£0.01 | 0.05£0.01 | 0.07£0.01 | 0.05£0.01 | 0.07£0.01
g
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(F 63) vt S cerevisiaes ©]-&dto] Hdas 2Ty Ta o FFA
SR vhes MnEE A
o) 2= AT
(X1) %1/10 x1 =10 <25 x50
= 33 ++++ - - - - +
7157
0.54£0.03 | 0.36%£0.16 | 0.43£0.11 | 0.76+0.21 | 0.65+0.02 | 0.23£0.2
(mm)
715
- 0.12+0.02 | 0.04£0.01 | 0.05£0.01 | 0.07£0.01 | 0.06+0.03 | 0.05+0.01
g

(2" 71 2¥YejFy] Tas dH=

vEE, BAETTES

e
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17} 25 FEES A3 Raw 264.7 cells WY 259 cytokines =%
a9 753 2t} Cytokines & IL-1B+ macrophage®t T-cellS &4 3}5}o]
SA WY, AlxAd Wy AAg dee] WA duts A4 A= Ve
I ek 28 75(A) oA YERG wiep o] giAZ2 dtg d 7] H] 3|
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(3 64) MTT &4 A3}

Relative Cell  Viability

OD 540 maen SD %) maen SD

none 3.799 2571 | 3.185 | 0.614 | 1000 119.3  80.7 | 100.0 | 19.3

LPS [ 2.636 3438 3.343 | 3.139 | 0438 | 828 1080 1050 | 98.6 | 138

1 | coN1 [3605 3516 3413 [ 3511 | 0096 | 1132 1104 107.2 | 110.3 | 3.0
2 | G1-1  |2584 3444 3330 | 3.120 | 0467 | 812 108.2 104.6 | 98.0 | 147
3 | Glo-1 [3577 3632 3485 | 3.565 | 0.074 | 1123 1141 1094 | 1119 [ 23
4 | Gei-1 [3.736 3333 3717 | 3595 | 0.227 [ 1173  104.6 1167 | 1129 | 7.1
5 | G36-1 [1.937 1922 2012 | 1957 | 0048 | 608 604 632 | 614 | 15
6 | Yiolo-1 [3.254 2983 3.160 | 3.132 | 0.137 | 102.2 937  99.2 | 983 | 4.3
7 | conwrol 1 [3.680 3.586 3.340 | 3.535 | 0.176 | 1155 1126 1049 | 1110 | 55
8 | 1-GB1 |[2.067 2991 3736 | 2.931 | 0836 | 649 939 117.3 | 1056 | 16,5
o | 1-GB2 [3794 3646 3.016 | 3486 | 0.413 | 1191 1145 947 | 1094 | 13.0
10 [ 1-GB3 [3602 3.632 3.109 | 3448 | 0.204 | 1131 1141 976 | 1083 | 9.2
11 | 1-GB4 [ 2473 2794 3.454 | 2907 | 0501 | 77.6 877 1085 | 913 | 157
12 | 1-GB5 3535 3688 3575 | 3.600 | 0.080 | 111.0 1158 112.3 | 113.0 | 25
13 | control 2 | 2200 3.730 3.704 | 3.241 | 0.824 | 719 1171 1163 | 116.7 | 0.6
14 | 2-GB1 2098 2345 2489 | 2.311 | 0.198 | 659 736 782 | 72.6 | 6.2
15 | 2-GBz [3565 2838 3.310 | 3238 | 0.369 | 111.9  89.1 1039 | 1017 | 116
16 | 2-GB3 [3324 3.676 3.652 | 3551 | 0.197 | 1044 1154 1147 | 1115 | 6.2
17 | 2-GB4 [3507 3.807 2.621 | 3311 | 0617 | 110.1 1195 823 | 104.0 | 194
18 | 2-GB5 | 3.672 3651 3338 | 3554 | 0.187 | 1153 114.6  104.8 | 111.6 | 5.
19 | control 3 [3.773 3676  3.720 | 3.723 | 0.049 | 1185 1154 1168 | 116.9 | L5
20 | 3-GBL | 3.738 3.616 3.563 | 3.639 | 0.090 | 1174 1135 1119 | 1143 | 2.8
21 | 3-GBz | 2241 2313 3.328 | 2627 | 0.608 | 704 726 1045 | 825 | 19.1
22 | 3-GB3 | 3.619 3.632 3.631 | 3627 | 0.007 | 113.6 1140 114.0 | 1139 | 0.2
23 | 3-GB4 |3437 3.265 3.365 | 3.356 | 0.086 | 107.9 1025 1057 | 1054 | 2.7
24 | 3-GB5 | 3.651 3.687 3585 | 3641 | 0052 | 1146 1158 112.6 | 1143 | 1.6
25 | control 4 | 3.696 3.549 3.645 | 3.630 | 0.074 | 1160 1115 1144 | 114.0 | 2.3
26 | 4-GBL | 3.700 3.674 3.527 | 3.634 | 0.093 | 1162 1154 1108 | 114.1 | 2.9
27 | 4-GB2 | 2480 3524 3494 | 3166 | 0595 | 77.9 1107 109.7 | 110.2 | 0.7
28 | 4-GB3 | 3.624 3722 3498 | 3615 | 0.112 | 113.8 1169 109.8 | 1135 | 35
20 | 4-GB4 |3.393 3.689 3.229 | 3437 | 0.233 | 1065 1159 1014 | 107.9 | 7.3
30 | 4-GB5 |[3.516 =2.646  3.153 | 3.105 | 0437 [ 1104 831  99.0 | 975 | 137

- 166 -




1120.0

T

T T

_Im

i

X
- : W
-
T E———
-
o 2 = o 9 2
= 5 (35) d8uNN § = =

A3}

=
[}

(13 74) NO AA

- 167 -



(3 65) NO A5 A7

OD 3540 maen SD NO maen SD A (%) maen SD

none 0.236 0.220 0.240 0.232 0.011 21.10 19.60 21.48 20.72 1.00 62.6 58.2 63.7 61.5 3.0

LPS 0.389 0.354 0.376 0.373 0.017 35.15 31.97 33.97 33.70 1.60 104.3 94.9 100.8 100.0 4.8

7 control 1 0.214 0.200 0.222 0.212 0.011 19.07 17.76 19.84 18.89 1.05 56.6 52.7 58.9 56.1 3.1
8 1-GB1 0.346 0.329 0.333 0.336 0.009 31.17 29.64 30.02 30.28 0.80 92.5 88.0 89.1 89.9 2.4
9 1-GB2 0.258 0.285 0.277 0.273 0.014 23.10 25.58 24.89 24.52 1.28 68.6 75.9 73.9 72.8 3.8
10 1-GB3 0.230 0.249 0.247 0.242 0.010 20.54 22.27 22.11 21.64 0.95 61.0 66.1 65.6 64.2 2.8
11 1-GB4 0.254 0.248 0.267 0.257 0.010 22.78 22.24 23.97 23.00 0.89 67.6 66.0 71.1 68.2 2.6
12 1-GBb5 0.203 0.190 0.207 0.200 0.009 18.06 16.84 18.48 17.80 0.85 53.6 50.0 54.8 52.8 2.5
13 control 2 0.223 0.210 0.217 0.217 0.006 19.92 18.74 19.39 19.35 0.59 59.1 55.6 57.5 57.4 1.7
14 2-GB1 0.266 0.258 0.266 0.264 0.005 23.90 23.09 23.89 23.63 0.46 70.9 68.5 70.9 70.1 1.4
15 2-GB2 0.272 0.266 0.268 0.268 0.003 24.37 23.82 24.03 24.07 0.28 72.3 70.7 71.3 71.4 0.8
16 2-GB3 0.211 0.226 0.233 0.223 0.011 18.83 20.14 20.83 19.93 1.02 55.9 59.8 61.8 59.1 3.0
17 2-GB4 0.247 0.257 0.277 0.260 0.015 22.12 23.02 24.83 23.32 1.38 65.6 68.3 73.7 69.2 4.1
18 2-GB5 0.227 0.237 0.238 0.234 0.006 20.25 21.19 21.27 20.90 0.57 60.1 62.9 63.1 62.0 1.7
19 control 3 0.265 0.281 0.292 0.279 0.013 23.76 25.23 26.22 25.07 1.24 70.5 74.9 77.8 74.4 3.7
20 3-GB1 0.324 0.349 0.340 0.338 0.013 29.14 31.48 30.63 30.42 1.18 86.5 93.4 90.9 90.3 3.5
21 3-GB2 0.345 0.351 0.359 0.352 0.007 31.12 31.68 32.39 31.73 0.63 92.3 94.0 96.1 54.2 1.9
22 3-GB3 0.213 0.215 0.221 0.216 0.004 18.95 19.22 19.76 19.31 0.41 56.2 57.0 58.6 57.3 1.2
23 3-GB4 0.289 0.300 0.324 0.304 0.018 25.96 26.99 29.20 27.39 1.65 77.0 80.1 86.7 81.3 4.9
24 3-GBb5 0.197 0.192 0.207 0.199 0.008 17.56 17.09 18.45 17.70 0.69 52.1 50.7 54.8 52.5 2.0
25 control 4 0.251 0.254 0.271 0.259 0.011 22.50 22.76 24.34 23.20 0.99 66.8 67.5 72.2 68.9 2.9
26 4-GB1 0.402 0.396 0.384 0.394 0.009 36.36 35.83 34.71 35.63 0.84 107.9 106.3 103.0 105.7 2.5
27 4-GB2 0.334 0.349 0.355 0.346 0.011 30.11 31.44 31.99 31.18 0.97 89.4 93.3 94.9 62.5 2.9
28 4-GB3 0.226 0.222 0.235 0.227 0.006 20.14 19.83 20.98 20.32 0.59 59.8 58.9 62.3 60.3 1.8
29 4-GB4 0.335 0.315 0.345 0.332 0.015 30.21 28.39 31.11 29.90 1.39 89.7 84.2 92.3 88.7 4.1
30 4-GB5 0.288 0.302 0.330 0.307 0.022 25.86 27.16 29.75 27.59 1.98 76.7 80.6 88.3 81.9 5.9
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3% 66) Cytokine &4 Az}
(A) IL-1B
none 3.20 4.00 3.20 4.00 3.60 0.46
LPS 16.59 19.96 12.96 16.59 16.53 2.86
control 1 3.20 3.20 3.20 4.00 3.40 0.40
1-GB1 12.96 8.91 8.91 8.91 9.92 2.03
control 3 3.20 4.00 3.20 4.00 3.60 0.46
3-GB1 3.20 4.00 4.00 4.00 3.80 0.40
3-GB4 4.00 4.00 8.91 4.00 5.23 2.46
control 4 3.20 3.20 3.20 4.00 3.40 0.40
4-GB1 12.96 12.96 4.00 8.91 9.71 4.26
4-GB4 19.96 16.59 16.59 8.91 15.51 4.68
4-GB5 4.00 4.00 4.00 4.00 4.00 0.00
(B) IL-6
IL-6 mean SD
none 20.92 22.73 13.86 16.96 18.6 3.983101
LPS 1547.95 2032.08 1222.35 1522.95 1581.3 334.9451
control 1 24.72 20.15 22.82 21.78 22.4 1.914983
1-GB1 1858.25 1731.09 1465.44 1623.42 1669.6 166.517
control 3 330.32 294.17 402.28 507.12 383.5 93.88388
3-GB1 571.71 620.61 548.25 548.85 572.4 33.97301
3-GB4 1652.03 1306.76 1169.37 1000.85 1282.3 276.4452
control 4 90.14 93.23 100.39 82.29 91.5 7.498846
4-GB1 1971.13 1942.92 1916.29 1902.9 1933.3 30.2057
4-GB4 3517.92 3185.55 3227.53 3120.15 3262.8 175.7335
4-GB5 492.65 63.85 389.75 123.59 267.5 206.4146
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(C) IL-12(p40)

IL-12(p40) mean SD
none 0.00 0.00 0.00 0.00 0.00 0.00
LPS 1.73 1.73 1.73 1.73 1.73 0.00

control 1 0.00 0.00 0.00 0.00 0.00 0.00
1-GB1 0.00 0.00 0.00 0.00 0.00 0.00

control 3 0.00 0.00 0.00 0.00 0.00 0.00

3-GB1 0.00 0.00 0.00 0.00 0.00 0.00
3-GB4 0.92 0.92 0.92 0.92 0.92 0.00
control 4 0.00 0.00 0.00 0.00 0.00 0.00
4-GB1 0.00 0.00 0.00 0.00 0.00 0.00
4-GB4 0.00 0.00 0.00 0.00 0.00 0.00
4-GB5b5 0.09 0.09 0.09 0.09 0.09 0.00
(D) TNF-a
TNF-a mean SD
none 691.02 657.05 574.28 761.55 671.0 77.78059
LPS 2837.27 4445.26 18985.41 9702.37 8992.6 7278.425

control 1 913.45 964.26 906.3 928.65 928.2 25.805
1-GB1 >32957.59 11772.3 3051.58 >32957.59 7411.9 6166.48

control 3 2095.14 1713.17 3685.96 3796.01 2822.6 1072.839

3-GB1 12589.59 7522.29 2419.69 8989.05 7880.2 4217.154
3-GB4 32957.59 2662.04 3386.79 7744.11 11687.6 14356.51
control 4 1190.57 2415.98 2367.05 1885.68 1964.8 568.9348
4-GB1 2613.02 3286.58 2751.53 3791.07 3110.6 538.6791
4-GB4 4348.86 4502.57 3406.1 8989.05 5311.6 2499.064
4-GB5b5 >32957.59 1097.96 >32957.59 3709.27 2403.6 1846.475
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(2 7D 2P| F9daste] As7]se HAb

A+ A4kt WA+ g W
Sample _ o
(L. brevis) (S. cerevisiae)
b 3.67+1.21 3.92+1.18
ok 6.78%x1.25 6.15£0.94
&3k 3.44%+1.08 4.38+1.22
L3 3.15+1.35 3.13+1.43
ok 6.58£0.93 6.72+1.13
&0k 4.924+1.44 5.54+1.09
gereh (A7) 7.45+0.81 7.824+1.60
=34 73 % 7.19%£1.10 6.49+1.68

p——

(28 78) wW-el WA+ RAANE(L. brevis) B (IH 77) B=gRE|WMA+ @R (S cerevisiae) W
A2 eFy] g3k AegelFy] Last

(2) 2P9Fy] $agw9 Ax

oflt

A Z3k YU|7}A9] Control, Grape vinegar, Apple vinegar, Persimmon vinegar ¥}22]%
Oflol A 20MS thato 7 SaidF Algk 228 Saul AUk 2w Hudzl wog
9J NEwE % 8744 P2 gete APstden Ave ew griad 79). »8—8360
23TFe controloll A 2.272 7FE AA el oy Y] e3e]Fy] wtg sz H

= 3.18~3.61 Atele] WS yrto] 2T aLaEe] /A ¥ controldt Hlﬂ%ﬂ*ﬂ
= 2 Aol7h flE Ao® vehwth AlRFol = Ak 27t 3.18+1.40% 7HE Al vERR
o}

ﬂ
Fl[‘
0o

=

= >{E X

. AlgEY Alake] A 9o = Controlo] 78 =4 YElhor ¥ E2Axo] A9} Algky) Aluk
o] 7b WA YErwTh 5o A= Z Aol7t gl oy EE A ZoA 4.2841.43 = 1A

S e S & 5 AT 28uke] 499l Control®

_

Mg dgren gzl 39 by
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P etk Bdge) A9 s AMYEE Y FEdA =gom AAHY ) EE
4% Contrrolel 714 vigtor] EmAzel 71587t 7P wgeh eq9Ey] Bagol
4 AEFAAE FHx9 J1ERS 4 ) debgth Sisge EEst ARE Bl &
PG ol gl NP FELEE A% AL A butyric acidIA MFEHE 2P
3 2 Control] 1 fol 2% 7] LEbA v SEol vk S 29 FI
% Hzxo] Ag Age] gaRI Bl thaTol wste] e

(% 72) SBIEAN A7t AN 2Y BEGRS BEIEE @A}
Sample Control Grape Apple Persimmon
=3k 2.27x1.21 3.61x2.07 3.18%1.40 3.55+1.86
Al &F 8.05+1.54 7.62+1.21 7.88%£1.69 7.57£1.40
& 5.15+1.86 4.284+1.43 5.01£1.22 5.43%+1.56
=gk 2.55%+2.05 3.16+£1.81 3.44+1.38 3.92+2.07
Al 7.84%£1.33 7.39£0.94 7.18£1.04 6.82£0.92
&k 4.57+0.81 4.29+1.38 4.01£1.08 4.48+1.84
=94 4.97£1.19 6.73£1.40 6.45+1.35 5.91£1.69
Z4 7|3 e 6.82+1.25 7.73+1.60 7.45£1.60 7.01+1.13
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M4 SEZHE T ZEE0H2] 7]0i=

I'-III

2 AFE ot FEEAY ¥ AZaHAI}L e, FFASFA AdHe] ¢
S8Ry J¥E dF  Lactobacillus brevis, Saccharomyces

daFTdozr HAdsgion, o5 o]&3 vddA 53
EdLa IS ol&sto AxF FHFLE AFHEQ
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