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SUMMARY

(A% potE)

[. Title

Evaluation for functionalities of Makgeolli and its lactic acid bacteria (LAB) and

development of new functional Makgeolli

I. Background and purpose

Makgeolli is a Korea's unique grain fermented alcoholic beverage with great domestic
interest, but there is little scientific data available and more research must be done
regarding the beverage. Lactic acid bacteria and the lactic fermentation it carries out, has a
direct effect on fermentation, yeast, and production of draft makgeolli; however, research
about lactic acid bacteria is significantly lacking. Even though there have been few
scientific reports about lactic acid bacteria in nuruk, which is used for the production of
draft makgeolli, there is no reports about lactic acid bacteria in domestically produced draft
makgeolli. This research is aimed at developing and commercializing a new type of
probiotics & prebiotics draft makgeolli using lactic acid bacteria. These lactic acid bacteria
were chosen from commercially available makgeolli products and selected for their superior
sensory evaluation results and functions. Finally, this research also serves to improve
makgeolli’s product value and market competition by identifying functional activities of

makgeolli and the newly developed product.

M. Content and scope of research and development

We evaluated lactic acid bacteria’s function as probiotics regarding its anti-bacterial
activity, acid and bile tolerance, adhesion rate to intestines, and more. Lactic acid bacteria
were selected from those in nuruk and makgeolli, then separated using 16s rRNA
PCR-RFLP method. Moreover, GABA production and EPS function evaluations were done
among the selected lactic acid bacteria. Two new types of lactic acid bacteria fortified
makgeolli were developed by choosing lactic acid bacteria with superior sensory evaluation
results and functions, then applying lactic acid bacteria fermentation regulation technique
during the production process. Fundamental research required for commercialization was
carried out by evaluating and confirming the functions of makgeolli and the new product.
Additionally, potential application was tested by confirming the effect of the new makgeolli

on skin whitening and wrinkle reduction process.



IV. Results and discussion

After evaluating 20 commercially available draft makgeolli and the types and number of
lactic acid bacteria (LAB) in the makgeolli, most of the makgeolli contained over 10°
cfu/mL of LAB, which were analyzed based on type of nuruk and yeast product used to
make the makgeolli. In majority of the makgeolli products, Lactobacillus plantarum, L. casei
and L. paracasei were dominantly present, while some other products had L. brevis as the
dominant strain. Analysis of organic acid composition of makgeolli revealed that it
contained LAB's metabolite lactic acid and organic acid composition varied depending on
the product. Functional physiological effects of makgeolli were tested using commercially
available makgeolli. Through freeze-dried makgeolli's CAM assay, it was confirmed
angiogenesis was suppressed depending on the concentration. After analyzing makgeolli’s
anti—obesity effect by using fat cells known as 3T1T3-L1, makgeolli suppressed the growth
of fat cells when compared to the controls.

Differentiation of fat cells were suppressed at levels of 40~70% at concentration of
100ug/mL of makgeolli. Makgeolli’s effect on tumor was tested out by carrying out tests
on MMP-2, which is closely related to cancer metastasis. Invasion assay and zymography
& western blotting were used on breast cancer cell, MDA-MB-231, to test the suppression
of MMP-9. using 80% methanol extraction, metastatic & invasive activities were
suppressed based on concentration, expression of MMP-2 and MMP-9, both of which are
closely related to cancer metastasis, were also reduced. In conclusion, makgeolli can inhibit
angiogenesis, obesity and cancer. This capability is attributed possibly by second
metabolites from nuruk and other microorganism in makgeolli.

During the initial step of creating this new makgeolli, high concentration of LAB and
nuruk{wheat bran) are used. LAB are chosen from makgeolli and chosen for their dominant
growth. LAB were cultured using 2% sucrose while nuruk powder were cultured using 39%.
The initial fermentation is carried out until lactic acid from LAB becomes saturated, then
additional rice and yeast are added for secondary fermentation. finally, a technique has
been developed to effectively suppress alcoholic fermentation. Based on this technique,
recipe has been created using Weissella cibaria KSD-914, which is a LAB from makgeolli
with high production rate of EPS (exopolysaccharide) for prebiotics and high resistance to
acid and bile. Makgeolli was created at large scale pilot plant with level of alcohol at 6%
and high level of W. cibaria KSD-914. The newly developed product, compared to other
commercially available makgeolli, significantly reduced differentiation of fat cells and
genetic expression involving lipid cells based on tests involving adipocyte differentiation
and reverse transcription & realtime PCR. The product has been, based on NO assay,
proven to increase immune system as well. This is due to enhanced activity of macrophage
caused by stimulation of AP-1 signaling pathway from stronger phospholyation at p38 by
W. cibaria KSD-914 compared to other LAB.

New functional Makgeolli with level of alcohol at 7% was developed. The product

involved combining Pediococcus pentosaceus K5 and P. acidilactici K5, both of which have

_6_



been confirmed to have high tolerance to acid and bile with high adhesion rate to the
intestine, with W. cibaria KSD-914. concentration of nuruk was increased to enhance the
taste through natural fermentation. The new functional makgeolli, which was created using
large scale pilot plant, was proven to have better stability compared to other commercial
products based on shelf-life test expiration days came into 14 days (safety factor 0.7)
when stored at 10C. The new makgeolli also had higher capability to increase
immunization, skin whitening, and wrinkle reduction process compared at other draft

makgeolli products.
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A1 A

ATkl - Akt B 7T Aol Ak wrd e AlsE N -(F)AF

1owHde ik 290 Ba 24}

Ly L& Al microflora &l F4¢ oA @A Wao #BASE FAkte] #
g 2AME FAE AT A S H o
g EAA(AFSF, A9, 3l Ald &
of BtA Hitd 0.85% A ATE Aol 1AIZE
HAALE 24 A (Cycloheximide, Sigma) % 94 Al °FH(Bromphenol blue, Merck)o] 7}
MRS agar medium(Difco)& ©]&3}9 plate & 20-200 colony 7} S %2 Ags] 3Aste] =
AatR o, mx] Ao Al & colonyE HEl 2 BPBell ¢gk A4 sfelg Fal holA <l WY

o2 wHatel 2439

=

I

L 1
WA, Aol Bul B AN fFaESE Ao L ARE Table 13 2} ¥
A3 g FREeo] Ao Fakrto] AE=HUoH, Htdow 1g W 924 (2834) cfu 7} A+
Ao tepst

Table 1. AlFol A fujgl Aol A9 ke A= £4 A3
AE A B C D E F H I J
LBA (cfu/g) | 53 17 105 302 107 87 62 135 23 33

== 10C —0—15C anc

LAB (log cfu/mL)

o2 4 6 8 10 12 14 165 18 2 & 2
0O NZHhr)

Fig 1. Av] Al &%= 8 Azbe] wh& falatse] W)
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Az B Al o= Are] fakte] HAEHE AL 3 &
uEbA] A Al Tl ERE AREste] ®AE] HEE 1Y
o2 e

3 AZHAHC & ] AHE wrE
3 Ao o2 n@dor & A

wAe wE A v gESE dfee $as] €%
oA Ame AeE kA W, B 9
A U2 ALEsE FEA o

Aol BR AHAFH F 14-
Xq U 10 1350mLE ¥ 31 10%9] BR(CHE o) B5TAX ”n AR LEE 8

Gk 19 whrel A & oowk Bl 1w gire) onje] sFale 4 2000ge LT B
2 Fre ¥ WRE 20ge] & 2700mL§ Yol 25T, 69Uzt LR T4 Wyl oF
oo AS fn]%}x} olUsta =x Wiy =g whHor o @ wasE 8ot
(Table 4).

Table 4. Composition of ingredients for Makgeolli preparation

Z A @59 (Steamed Rice Method) | 54 @& % (Raw Rice Method)

1% 2t Total 1% 2t Total
& 1,000g 2,000g 3,000g 1,000g 2,000g 3,000g
U5 10g 20g 30g 10g 20g 30g
a%w 10g - 10g 10g - 10g
= 1,350mL 2,700mL 4,050mL 1,350mL 2,700mL 4,050mL

dy wa F oolslsl B4 1Y Ao HAEY o, %E =8-S AMEFH st filter
paper(Hyundai Micro No. 20, Korea)® o3} 3t 5 A3, 22 4L oo} 10mLo
&3} x] A °F(bromothymol blue 0.2g, neutral red 0.lg, absolute ethanol 300mL)S 2-3W-& 7}
gk 5 0.IN NaOH(F=1.000+0.005, at 20C)= HE2o] Yeld w74x] AA Al7]=dH L85 &
mL 2 Anz FA39 Y. 9IRS, reducing sugars)S o 33 A =S
Lane-Eynon *H % Bertrand ‘¢ ®W& AM&ste] SAS YT ¢32& 75 842 4A4AH
ZlEdTa FaaA arAUlel o Aste] AR 100mLel FZFY FRTFE F7FS
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19 4 DMA4500 B % =A7](Anton Parr, Austria)E ©] &3] =5
=A3Ach Oa F9 ZESFE YA A (Chloramphenicol, Sigam)7b H7h€ YPD agar
medium(Difco) & ©] &3} Plate 3 20-200712] colony’} UL =5 A3 gAsle] =433
th Akt 5 MRS BPB agarE ©]-&3te] A7) i #dstA SA4sT. Be /é%é
e 33 whg A7 Adolw, A Y48 AAES A p<0.05 EE p<0.0l FEolA
SRS R

ﬂlﬁ

FD:

o A gE Al Akl e o]gshmAE 4 4
B A frd oE wrAe] a suloA] Ak wE o]s % u A&
7} Table 5, Table 63 Zt}.

£

4 W 7

Table 5. Changes of alcohol, acidity, RS and microflora during the makgeolli fermentation
by steamed rice method

Fgrmentation Alcohol Acidity RS Yeast LAB Rof
Time(Days) (%) (mg/mL) (cfu/mL) (cfu/mL) '
0.0 - 1.2 25.3 4.1x10° 9.5x10° | After 1st stage
1.0 54 4.3 782 2.1x10° 81x10* | Before 2nd stage
1.2 2.1 17 26.3 3.2x10° 5.6x10° | After 2nd stage
19 58 35 50.3 1.9x10° 2.0x10"
2.8 115 38 35.3 9.8x10" 3.0x10"
39 146 40 25.3 3.2x10" 5.8x10*
5.0 159 4.1 126 2.3x10" 3.5x10"
6.1 17.3 40 21.9 9.0x10° 2.1x10"
7.0 17.9 43 35.3 3.8x10° 8.9x10°

Table 6. Changes of alcohol, acidity, RS and microflora during the makgeolli fermentation

by raw rice methods

Fgrmentation Alcohol Acidity RS Yeast LAB Rof
Time(Days) (%) (mg/mL) (cfu/mL) (cfu/mL) '
0.0 - 15 14.4 4.2x10° 2.0x10" | After 1st stage
1.0 9.1 5.6 2.2 1.6x10° 2.5x10° | Before 2nd stage
1.2 46 2.2 6.1 3.7x10° 1.9x10" | After 2nd stage
19 6.9 25 12 1.4x10° 6.0x10*
2.8 12.3 40 2.4 8.3x10" 1.0x10°
3.9 16.3 5.0 40 9.1x10" 85x10°
5.0 172 49 78 1.1x10° 3.5x10°
6.1 18.1 48 15.8 1.4x10° 1.4x10°
7.0 185 5.0 23.4 55x10° 8.1x10*
T AT A 2 o] Qlo] A ¢dms whE wElS JEerdvh wAe] wrae] =
AojdlE B9t A A9 Autdow & A f59 AAglo] anE ¥R xuld =
< TR EAG 2§ HAA AAsE dES nygon fAkte] 4 wE SHkA S
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Table 7. Analysis of alcohol, pH, acidity reducing sugar and dextorse in marketed

Makgeolli.
Alcohol (%) pH Acidity R.S.* Dextrose Type**
A 6.04£0.04 4.03+0.01 2.05+0.01 1.50+0.12 0.45+0.03 Pasteurized
B 6.02+0.02 3.63+0.01 2.75+0.01 2.6240.15 1.17+0.03 Pasteurized
G 6.05£0.05 3.60+£0.02 3.5040.08 30.33+1.53 14.73+2.29 Pasteurized
D 7.46+0.10 4.17+£0.04 2.49+0.01 0.17£0.29 0.08+£0.05 Pasteurized
E 7.01+0.02 3.88+0.02 2.60+0.00 0.00+£0.00 0.03+0.04 Pasteurized
I 5.99+0.02 3.74+0.01 2.2540.03 0.00+0.00 0.024£0.02 Pasteurized
G 6.08+0.17 3.40+0.05 2.89+0.10 0484033 0.09+0.13 Draft
H 6.09£0.16 3.52+0.04 2.42+0.10 1.47+0.76 0.1240.10 Draft
1 6.02+0.02 3.77+0.03 2.5140.01 0.82+0.40 0.10+0.17 Drafi
J 6.05£0.09 3.77+0.01 2.50+0.00 0.48+028 0.00£0.01 Drafi
K 6.01+£0.02 3.59+£0.05 4.72+0.03 0.17£0.29 0.01£0.01 Draft
L 6.01+0.02 3.68+0.00 2.7540.03 0.00+£0.00 0.04+0.02 Draft
M 6.07£0.07 3.7540.01 4.2040.04 0.00£0.00 0.004+0.00 Draft

Unit of R.S. and dextrose: mg/mL

*R.S., reducing sugars

** Type: Makgeolli was divided two types, unpasteurized (draft) and pasteurized type.

General Analysis in Makgeolli was measured using HPLC. Each data represents the meantSD of three independent experiments.

HAE AFEY f714bs HPLCE 2418 A& table 85 2t f7)4F RFEAZ A& S
tartaric acid % pyruvic acid, malic acid, lactic acid, acetic acid, citric acid % fumaric acid
ol A lactic acid, acetic acid, citric acidy= = Arprebze] 2 njadad oA HAE5 S
U}, tartaric acid, pyruvic acid, malic acid, fumaric acidy A|Z°| uz} A= Oﬂ—rﬂ ﬂr.
Aatebd el o] A citric acid7b 249 - 503 mg/mLe] sEE 7HE @Ron, 1 vgoRE
lactic acid, acetic acid®] ¥ =7} 727 0.74 - 2.87 mg/mL, 0.21-1.09 mg/mL A= @k},

v A ez 2] o] A-$ lactic acid’} 0.96 - 570 mg/mLe] vE2A AwrA oz 713 Zokow,
citric acid, acetic acid®] v =7} 27t 1.28 - 498 mg/mL, 041 - 152 mg/mLe A2 Et
v Aterd e ep vjAderde] & /A Wit v R A7 753 meg/mL, 7.44 mg/mLE Y]
S AIRE, [F714ke] A vES AR ’E}O]%}‘Rﬁgtﬁ] £3] lactic acid®] - A=A o]
vla] vjdaardeleA o & vRE HAEFEHAT F AT 1 594 Aole glon o=
vl A e A el ER B fibte] oF wart vAsiAveE e Aol 7]l
Aoz Fadrt =Ag @EolA malo-lactic fermentation (MLF)S ¢3S waE %
Lactobacillus sp.®} Leuconostoc sp. ¥ 2& 54 fibatel] Y& dojus L 24 o=
218te] U E A malic acid’} lactic acid® AZHT}h wrzde] wrEo Aol MLE7F Ads] o] F
oA 4] AR FHo FEggd YJolN =AAE F3E AEAA FH lactic acid7t
FofP oz wrE & Fude] e MBS FoAFE SAHAN BHE AFste 9Es ¢
thoo] MLF+= 2.8 A5H eflolA A 2 A7t o] Fo A ar vt

Tartaric acid®} pyruvic acide= g5 AFodAE HEHA Fgom 2tdt
Ay et AAYe] A7 0.25-0.73 mg/mL, 0.04-021 mg/mLe ==&
acid= "= A=HAY Ad AE=HA EUv}h A, malic acide ArE
mg/mLe T2 EE AFolA HEHAAT, vddeAde]e] 4§
WA A FolAE AEHA st o) vt FEHE E
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o F Abike] Zab WF(malo-lactic fermentation)E YO.7]= fAbtel 2)&] malic acid7}
50 lactic acidz AAHY7] Wroz @Atk dEwAe o #7130 F lactic
acid/malic acid®| ratior= 2.35+1.18%1 WkHol| w2 =2 g F malic acid’} HE=H Aol A 2

lactic acid/malic acid®] ratiot= 3.40£0.800.% v etZA o] A9 ratio’} A H2S B F
AT olw MawErAe vl At v A 02 lactic acid7l E=A dERE A
F-ghatu), wmak - e Z e AEol A malic acid7t AESE A$E B ¢ Adsd, ol
% A F 2% wE malo-lactic fermentation A3 HE9 zfo ]E o, & vt
DHde B4 A B fede AFY A 22 SRR Qe oo e fAkee] A5l
A A = o malo-lactic fermentation ©] T4 A H 02 H malic acid7} FE3HA @ Aoz 3
gAY, v EEe] 5% 34 F AlE Wl Al malo-lactic fermentation©] Yx¥rd o= HIW
A dojd A % #AH F AF U malic acide] A 2 A £ F wiretze
o & 713 ANEE 8% F Id& Ao= AdHArt ®3F malo-lactic fermentationo] ¥

o.
g 2R E}% vl 2t erde] AlE WelA el malo-lactic
Z 2 o=z dodnh
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N
)
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o
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Table 8. Analysis for composition of organic acids in marketed Makgeolli

Organic acid

Makgeolli
Tartrate Pyruvate Malate Lactate Acetate Citrate Fumarate
A 0.33+0.02 0.07£0.00 0.72+0.00 0.87+0.00 0.37+0.00 3.55+0.07 ND
B ND ND 0.37+0.02 1.55+0.02 0.70+0.00 2.49+0.23 ND
& 0.25+0.00 0.05+0.00 0.89+0.02 2.87+0.02 0.21+0.02 4.64+0.00 0.004+0.00
D 0.67+0.01 0.21£0.00 1.16+£0.00 2.75+0.03 1.09£0.01 4.8310.05 0.006+0.05
E 0.73+0.00 0.12+0.00 1.35+0.00 1.66+0.01 0.94+0.01 5.03+0.02 0.005+0.00
I 0.33+0.01 0.04+0.00 0.40+0.00 0.74+0.01 0.47+0.01 2.70+0.01 ND
G ND ND 0.27+£0.03 0.96:0.07 0.54+0.14 1.28+0.06 ND
H 0.40+0.00 0.15£0.00 ND 1.08+0.01 0.97+0.01 2.00+0.01 0.003+0.00
1 ND ND 1.44+0.53 3.66+0.77 1.52+0.02 2.54+0.57 ND
J ND ND 1.04+0.02 428046 0.73+£0.06 235+0.14 ND
K 0.61+0.01 0.15£0.00 ND 5.70£0.00 0.41+0.00 2.54+0.04 0.002+0.00
L 0.53+0.03 0.03+0.00 ND 1.77+0.01 0.56+0.01 2.15+0.03 0.002+0.00
M 0.64+0.00 0.07+£0.00 ND 5.3240.02 0.81+0.01 4.98+0.05 0.004+0.00
Unit: mg/mL

ND: not detected
Composition of organic acids in Makgeolli was measured using HPLC. Each data represents the meantSD of three independent experiments.

4. wrA e fraf Akl widxd 48

E4G mAES €83 & AFES UE W udd AES AFEHA ARREA] RS AT
A= HiAE PR A 98 WA e A EHVIERE Ao o dioh & AFEA Rl A
= owjok mAAEL A o] fo]dtA| 4t scale-up ©A Y plant TR A E EE Au7) viEE
of YA 22 g vigd v AES Y ElA MRS 7 ofg e Wiyl Bk webA] T e
FrAbES o] g3k WA AFE LS fe WA & ge 9 2E A Ay FYE ¢ dE 9
5 AE AEFRVERZ Y FAk g wiA 2 2d AARS S AE S5
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Al DA oA 2o ¥IER AEFHYE Lactobacillus plantarum = 313 TF Seedy dEird
MRS broth 50mLE 100mL 42} Sz Hadt 5 HEste] 37C 2447 AA] 8] &slo
AbEEEATE HAEFS 5% (v/v) B E oW L plantarum ¢ B# L Adiuj ek w2 2= MRS

agar medium< AHE-3}A T}

FAE WFe 9% dade Aol 9o} faki vige] YA oR AHEHE MRS
Aol va) AHAel At GA TR S 9len e A 4w SA6l el 4% it
& e FAhE S s QR AuWsuA St B g ARzE WE, AR
WE WEE PRz Agsgon, v 7t 9ue zawd #3e wyste SUstA o
=2 Sk M A g% HREC Y 8Fc] A W 5 YRR WLy WrE, 4o B
H Hl A o

= yeast extract(Difco)Z 3tk RE A& Fo 4 ;|
2%(w/v)Z sFATh #lA 9] pHE ¥WZ= ZAEFFA &y fAkt w2 8lx] 100mLE
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Table 9. Comparison of various nitrogen sources on the cell culture with L. plantarum

Total N N-Conc. Hnex Cell Conc.
(%, w/w) (8/L) (hr ™) pH (cfu/mL)
Yeast extract 9.2 5.0 0.43 251 32 x 10°
7] 150 3.1 0.15 428 53 x 10°
o 148 3.2 0.34 3.33 2.7 x 10°
BTV 72 5.9 0.27 221 89 x 10°

UrESs AdAo® S9s W A v A HAE vRE AAstaA HA3s AAE
o 27 HAE F5F 03% T 10%2 Agstdor ©@ade Y=Y 2% (w/v)E 3R o
it A maillard reactions WA|SFaLAL zhzy ddt § A o2 E3bste] ARESFSITh )
28 A7 A LA shlon A AAE Fig 29 2k TS sX7F 3%Y o



A #4 =9 6.1 x 107 cfu/mL gor, 71 H} =& 5% % 39S W 2 2ol
2 HolAE &urh wabA] Ak v A dAagor "y v 3%E AR Th

1.OE+10

1.0E+09
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Fig 2. Profile of LAB cell concentration on the various wheat bran nuruk concentration
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iAol 2%9] vrE ¥egd A's HUbstd ?ﬂ}_:} 3 37C HAEste] 27TA 7 wlekal gl o
o 2A1ZF 2FA 0.2 growth cycles SASAT. FAH 2y 29 31, A" 322 & X}O]
S-S At A AdE fAbire] g4 o848 gt 48351y 1><V4°
gador HAes dAsr|= sttt 99 AA vRE At A5-E FdsAT dAa
e HEE 3% (w/VE St A HAE s 1-10%(w/v)E sttt A3 dae=
Fig. 33 Zvh A3 A3 1-2% 55 ALs 1 o|ie FrolMes w57t S71E+= fAtb

e I
% &Rk wEwA Aol @A

=

1.0E+10
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Fig 3. Profile of LAB cell concentration on the various sucrose concentration
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6. Akt =Ag s g A 1A

He -7 SHAA Akt TAE AlE Jigel do] Huh thekdk WiejelA fAbet
DAl 488 F v At dE S vheAdS dobry] fske] Al AT Eel A
T E T2 fFf fAwEe] e ¥E 54 %W de S E A5E FRE. gAY
5 fAabrrowE WAy | FREFo R wEHA Lactobacillus plantarum K3, L. brevis K7, L.
casei K19} 1 & FAto 2 L reuteri K1, L rhamnosus K1 & AAsA . =3 2k g o
Aol A& NEE =X &AAY V54 SHE 183 rFHRAA 28¥ Weissella cibaria
KSD-914 & o] &ate] ikt 2E sl 9 & g A 438 HE fEs vustedon v
o g AxE Akt el e deAl SFHAANY VEEE HUbskalt

2kt seed H]%S MRS(Difco. co) broth 50mL-2 100mL Az}~ Yol Wy
310 37C incubatoroll Al 2441 3F A A v &Fste] ALt HEFLS 5%(v/v)E 3}
o, Zb 5o tigk 1 2 Aldiel g s X 2= MRS agar mediumS A& Th fabar

of HEL AT o wjdFe AAadoR WFEF 3% w/vE oy, gadors A

3!

N =3 Tt
AHt seed Bl AS HEHF 5% V/V)IE 3 seed HlFH vz7ER 2 37°C incubatorol A 244]
b A wf ko] AREEESIT

frabdt HEE % 9w dAgE ARl A AYe oz 3kt 5, & 1,000g
S ARl B2 A3 14-15T9) B0 1A &t A} & B& W F @55 1,350mL9}
S =AM 7| E Aol 5L EHepAE WEx ¥ H (F)medelA] Axd HrEE 30g3 74k
o G ¥ike] 100mLE ®ol ¥5 ¥ fikite] $&=7F dv7d & & hemocytometer= 4
Al 2.0~4.0 x 10° cell/mL 7} I == Atk & E= 37T incubatorol A A& slgl o, A3kl

Table 11. Results of Lactic acid bacteria fermentation by the raw rice methods at 37C

LAB 232 Acidity Dextrose Lactate LAB

(g/L) (g/L) (cfu/mL)
L. plantarum K3 19.5 15.3 5.88 1.8E+ 09
L. brevis K7 20.2 10.5 6.01 3.1E+ 09
L. casei K1 15.3 25.3 3.27 9.8E+ 08
L. reuteri K1 8.5 40.2 2.23 5.8E+ 08
L. rhamnosus K1 7.8 45.5 2.11 3.4E+ 08
W. cibaria KSD-914 18.5 10.3 5.55 2.1E+09
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Table 13. Final results of makgeolli fermentation by various Lactic acid bacteria

LAB %% Alcohal Acidity Dextrose YEAST LAB
(%, v/v) (g/L) (cfu/mL) (cfu/mL)
Control 185 55 20.2 13 X 10° 29 X 10
L. plantarum K3 17.8 10.7 32.6 39 X 10° 8.3 X 10"
L. brevis K7 172 102 26.3 12 X 10° 79 X 10
L. casei K1 16.8 9.5 38.2 88 X 10° 74 X 10
L. reuteri Kl 145 6.2 55.0 58 X 10° 42 X 10°
L. rhamnosus K1 15.7 75 455 3.3 X 10° 37 X 10°
W. cibaria KSD-914 175 7.3 15.0 45 X 10 5.3 X 10
g fAb FRE ey 3 54 37t
DAy wE §F Hug AR 248 F 80mesh sieveZ A § dI3E 6%=2 34
gto] z} Al ek 3 ghe] gk S HuFS AU ET AL, el el S
A= 20thol A S0tH7EA e dHE e R Fgon, SuAte AEe JAd ool 77
A7%9}F 53%°1glom, 8o 20t 7F 13%, 307} 60%, 407t 20%, 50t 7F 7% o] th. B

Hrlol i3 A= Fig. 6, Fig. 73 2k
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Fig. 6. The symbolic characteristic of various Lactic acid bacteria Makgeolli
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Table 14. Final results of LAB Makgeolli by the time of LAB fermentation
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O
=

W gE fAbr S Seed= 3}04 frAaber BE ge0d) 9 2aE g o9d ax ¢
g YREE A3 2 F5S JAsA. o] o AEd %% Al ¥] = Table 173 2u) 1¢
G A S B EE #@u A4S B3 hemocytometer® A Al 2.0 x 10° cel/mLo] HE
2 Yo 2vk & Al ERE 50 x 107 cel/mL HEE ]/ﬂ’%}o:] Fdstanh e 9=
2 AR A2 199 298] v Eo] 28 o] HEE sioy (F)madolA Axd drF
S 72 A 95 v 3%(w/w)E 3t A dEm o= &9 ‘jr Ak wHdels 2 x
o] 7153k Jacket type2] 200L pilot tankE ©]&3}9] working volumes ¥ volume thH]

80% FroZ AT GuTFY 2EE 7 2B x4 713 o=z F#HFte] A3 Th
1@ Bg &5 2488 37C A circulatorE o] £33 o 27 98 SToA= ©E A
2R o AR AFEH7] wiide] BEe &FE AMES) ] &3l 5~6TC Y244 7l-s3)

o] 2B5+05CE FAHEE 39}

Table 17. 200L Pilot Tankol Al W. cibaria KSD-914 2k 22 el 23S 93 ¢ A3
2t

o 1=

A= (frakat s) (¥zE& 2Hg)

w2 14.0kg 56.0kg
A 0.7kg -
o= 0.42kg 1.68kg
3 = - 0.82kg
okt kol 0.07L -
= 18.9L 75.6L
R R 32.9L 164.5L

Pilot scaled] Aol ¥& Al7to| wWE W. cibaria KSD-914
Table 183} 7t} Wi A3t APAdlA APat dx Ass} 7o)
o g3mes 2w g A% F43%4 SUkslgrr 2E 5YFHE g oj
175%2 A=A $E 45s B F 1593 18302 Huz Egurs) 2v g7 A% 8
A oo F st Z71et w2 wa 5YRE o ol %

Aol 7.001 HAk LE T vAEE ERo A$dE fAb HE Z7) 13 x 10° cfu/mL ¥
w2 AEIQed ol WrE fe) and Acw BAYAY. ELE %7}8% 2%k w4
F 65 x 10" cfu/mLelA 2 Tl W 29t 2.3 x 10° cfu/mL 2 2 =gty o

Vrl

=

H A AAaste] B 7959 E 32 x 107 cfu/mLE H . §AES %/‘Jﬁ' wra Al 23 x
107 cfu/mLZ A= =iyl B2z 4 S0k 10° cfu/ml S0z dAFA FAHo

& 7929 67 x 10° cfu/mL 7} =9l
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Table 18. Change of temp., alcohol, acidity, RS and microflora during the 200L W. cibaria
KSD-914 makgeolli fermentation

Time Temp. Alcohol Acidity Dextrose Yeast LAB

(Day) () (%, v/v) (g/L) (cfu/mL) (cfu/mL)
0 36,5 0.0 0.3 12 13 x 10* 3.3 x 10°
15 @ A7) 37.2 0.1 183 21.1 47 x 10° 2.3 x 10°
15 Q% &%) 24.6 0.0 3.8 58 65 x 10 46 x 10°
2 25.3 89 5.3 24 2.3 x 10° 9.2 x 10°
3 25.2 135 5.7 45 21 x 10° 75 x 10°
4 25.1 152 6.5 73 86 x 10 52 x 10°
5 25.0 17.1 7.0 10.1 6.6 x 10 6.2 x 10°
6 24.9 17.3 6.9 104 43 x 10° 54 x 10°
7 245 175 7.0 158 32 x 10" 6.7 x 10°

Pilot plant scale 94 Wa & a3 of & oJH TS Aoy, Fikt HE A B8 25
5 TCE FA3h= AL g5 &30 ALTSE i oy Fio] 2 o= dddr. ¢
= OE Aolle TE A BAstE BE whgo o] Yo R FiE] 25CTE FAY 7
A=, Ak FRAA = ¥F At T2 2 f7)AE EEe o wd wkgo] ot
o AAE VCEERZ A FASE AL &8 AN A S8AZE F e HEY
Za](Utility) glol& old& A& fdEHE v FFols Hrp 9o oA 4k HEas
g g YRS 20s FAEor & AoE AR dT

(4) &vA 7|85 HAF
W. cibaria KSD-914 -4k 92

Q.
o
s
oo %2 o

ool §2 rlo Mo rlr SN R 8o kY

(Fig. 15). Axkd A AES o] &3to] st} g Gy

A 20tfel A 50t A ] FUE o R sqon, Swxte] e gt oo
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of e A= Fig. 169 2vh. dvkd o= stah oA 440 SHS AATh ol
HAFG8%) T AlFS F(G5%)e EAoR HA HrtE At sl A= 218H65%)3 7t
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Fig. 16. The symbolic characteristics of trial manufactured W. cibaria KSD-914 Makgeolli
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Table 19. Results of Lactic acid bacteria fermentation by the raw rice methods at 37C, 1 days

b 5 oy | Dogpe | L | LT odr
Lb. fermentum K2 85 45.3 2.34 8.5E+08 2.9£0.3
Lb. crustorum K4 10.2 32.7 3.01 1.7E+09 2.1£0.6
Lb. cuvatus Kl 9.3 335 2.85 9.4E+08 2.5+0.4
Lb. rossiae Kl 11.7 30.6 3.53 1.1E+09 2.3x0.1
Pediococcus pentosaceus K5 13.2 26.8 3.98 2.1E+09 3.3x05
Pediococcus acidilactici Kb 14.1 195 421 2.5E+09 3.510.2
RE fAE RN A me AR 8 gie) BRol Flss 4FE myo
B AmEs old] wE FAEFS FAES fitel TR we Hosen.
Pediococcus sp. A€ol 71 =& AIEE BYow fASF FI =gtk 7PF e RS
T 85%lew wAle B P w2 daE Wil @

HolE AL Lb. fermentum K2= 4t )
SAo R FEvE vw PG A3 Lb, crustorum KA} Lb. rossiae K1, Lb. cuvatus K12 7]
Agt Aol thah A=A AJF3E o] A HIPrE vbe HolQu, Lb. fermentum K29 73
$ AU 5 FAAQ0 olFHE U ZAAW £ Fm vbA] ol EAo] gl Pediococcus

sp.v FEHE AY = e A 5K
37C, 193F 4kt 2EE 8 2 Hrhsk & 2v @e Y5 E FYsta R o &
& A E AYsgn wHe wE HE 7ol ug ol ¥ uAyE 74, #E HUt
A= Table 208 2t Pediococcus sp.9l 74-% H7F WAl Lactobacillus sp.©l vl3le] &
S UE S A =gal 3R SYARH 2T 457 AAEEAT o) 1' A
T R A IE AT Fof RS AHo] AR % HoeE dATHY I Ak ot
A AA e AeRE BT Ao wAlFE Ak & A ¥lste] A4 FrbshA] il
A APEE = AS WA oy Pediococcus sp.2l Aol e f4beto| H|3le] WE &THl
ol thE fFAkerol HEle] &

2 10~100 A% =L 107 cfu 202 Yol A,
J o]

]
oFalF ot MAF Ash oFk AAR Aol ola tRE WoAHA,

Table 20. Final results of makgeolli fermentation by various Lactic acid bacteria

LAB 7% Aleohol | Acidity | PGS | T T (RO | 55
Lb. fermentum K2 17.57 7.7 33.5 431 36 x 10° 2.8£0.2
Lb. crustorum K4 17.89 8.4 35.2 2.99 47 x 10° 2.3£0.1
Lb. cuvatus K1 17.66 8.4 33.5 3.12 84 x 10° 2.6£0.2
Lb. rossiae K1 17.13 87 35.7 3.35 9.3 x 10° 2.4£0.2
Pediococcus pentosaceus Kb 16.38 10.3 38.2 534 23 x 107 3.1+0.3
Pediococcus acidilactici K5 16.53 10.5 44.0 521 26 x 10 3.3x0.1
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22pA X ALE W. cibaria KSD-9149} v sld Aj=2o] @z o] &% Pediococcus

sp.i IAHsAT7IHe] 75 AFE vRoE yaikg, digsd 2 4 FFAdo] £a WY
T a2 VS AE M e Aem Ilyglon, 223 HYdF R TS A
Ui o] #sdoer v ek vl wE Al W. cibaria KSD-91409] 1]&}e] A7) o}
2 oA AFE Al At S 98l ¥E ARE A BREEA olyH HE F TR
£ Folw= 5 oo g dAy M 2 22hd R A AEd fAT RE Ao Veg ne

=
dlof & ool = Aem AdHAY

. =
7154 A3 dAdde B fakro® AlEE W, cibaria KSD-914, P. pentosaceus K5, P.
acidilactici K5 37}A] Akt -2t B & starter® AFE3H7] 98] H Ao vtz AS AA
staral A5 T okt WA starter= A 2] fAbit s @R o ® wfekst

o] AFg3F ¢ utility v]-& 2 A

=
)
a2
)

i

2 Q2 3l7] W&ol scale-up Al AR ABE 7}
z7)ol &3l wigd ¢ = W

A% & Qrk oldl Zze) FATE Cogers w5
A B NG w5 e ohs ASut #Ee FEuedc 45l o) v
PN WHT F8F AR APl E FelhA 8T F Q) we] gl 7t

__]Z,.
W. cibaria KSD-914% sucrose®E &2 902 A28 W dextran® & ¥& 7 EPSE 44
il A E EPS7F 4kt prebiotics® 24 & 7] Wil thE fabatel tidk F2le
243 A2 4 Qo gEbA W, cibaria KSD-9149} P. pentosaceus K5, P. acidilactici KbE
HiF g o gAhdoR 22hdEet YA sucrose 2%(w/v)E AMEEN A AAhdo=m
1575% 3% (w/v)e AF&3v. fAbet w2 W. cibaria KSD-914, Pediococcus
. T SR fabet S5 ik 37EAI R s Akt wieE wiA] 100mLE 200mL AHAE
datgk 5 ARE e, 37C MY 2o E 3641k AA wiekstdt 27 A
d oA 3%(v/v)7E S E= shsivh s eF A3k Table 213 2t}

Table 21. Comparison of LAB culture type, single or mixed culture

Culture Time 12hr 24hr 36hr

LAB LAB LAB
LAB pH (cfu/mL) pH (cfu/mL) pH (cfu/mL)
W. cibaria KSD-914 3.8 35 x 10° 37 15 x 10° 3.7 2.7 x 10°

P. pentosaceus Kb

8 3 9
+ P, acidilactici K5 | >0 15 x 10 35 | 98 x 10 33 | 21x 10

Mixed Culture 3.7 58 x 10° 3.6 2.1 x 10° 35 3.0 x 10°

FrabTs Wi A 36X A A EHH o2 FAbS FFekl o, plyE WolA = e
S HAY. o] Wl W. cibaria KSD-9149 P. pentosaceus K5, P. acidilactici KbE 3314
A Wk 3647 0 30 x 10° ciw/ml 2 714 = 74 52 mgow 7 rjgo

2 W. cibaria KSD-914% @=o0 2 wjekgls Wt Pediococcus sp.2l A-$ollE 2.1 x 10°

o o
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o7 v WHollar, pHE 7HE wrekth. P pentosaceus K5,
S AW} W. cibaria KSD-9149} 7o) wjok3ls -4 7}** =

cfu/mL t& A& o] ujE|
acidilactici Ko9¥r& v] %319

2 FAE B, o= 4

o2

=3} nle} o]l W. cibaria KSD-914Z 58 A5 EPSe| 2]s|
Pediococcus sp.8l A+ 2 FR57) i Aoz Almdrt | EFste] mdI S
49 vk A FAbTF BEEXEE MRS-BPB agar plate Aol A colony HE|E nvigto & 7lo]
B 73 v}, Weissella sp.x= ©F 43%, Pediococcus sp.x= °F 57% = e oh(Fig. 17).

2

(@) W. cibaria KSD-914 (b) P. pentosaceus Ko  (c) P. acidilactici K5  (d) Mixed culture colony

ﬁediococcﬁs_s}:_. R . ‘
e \ -G & gt .
" V. .‘ f; w CibariaKSD-914

B / \

(e) Mixed culture (optical microscope)
Fig. 17 A8 ¥ {419 colony 743 &3 vk £ colony A ¥ dn|4 A

W. cibaria KSD-914 §2tt W& Al sucrose H7HYRE TF ] 5%) F-5° ©WE EPS
AR FEE dy dE 6@ abad A Zesty] 93] High performance anion exchang
chromatography 2 #2413 A3} sucroseE H718tAS w 23 &9 oA disccharide<t
Oligosaccharide”} 7 &% -5 &A319 tH(Fig. 18). %22 W& 7l AP 4= EPS7F HAA 4

2 t)

He Ae #le F ol WFH U o] detdie] ogk #3 wiiel o= &

s
32
rir

@ v} (data not shown).
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Table 22. Composition of ingredients for new functional Makgeolli by steamed rice methods
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23l fakgt v %kS mechanically stirred 100-Liter fermenterE o] €39 ow wjxx4 2
W 2718 2xd =t e whHo Rz HAEST Ak 3F thdh Seedi= A E A A
HjFetlom Z47he] HE v s 3%(v/v)A et F 9% (v/v)7E A skt

DAY YdEE AEEHE A 15T 22 29 AlF3a 241 9 FAX S F 1A
g5 g Fof FAVE AFESFY 60%F st ARSI 40% ¢ HFE 59 $o BTAEE
Wzksto] ARgsiivh dEAlE wAE i A ARESEE A FLI KAl A vEE TRERE
WE2(1,800sp)S AFE3FSTE 200L pilot tank BEolA e 7154 A3 4k DAy @A

i table 279} Zom 25C 7o F 88Uz LEE A3t

Table 27. Composition of ingredients for Lactic acid bacteria Makgeolli by steamed

rice methods.

T}
o) & 1 1% & U2‘<;1—::,V_Q_ H| 37
e Gt ) | R =
Z RN
gl A (FH 140 kg 56.0 kg
qE 0.7 kg -
DEE 2.8 kg 112 kg | a4 2= 1,800 sp
5 n - 054 kg | 5.0 x 107 cell/ml., Paste
Bt Ak m okl 0025 L - 120 x 10° cell/mL
= 154 L 616 L
g5 A% &% 365 L 1806 L
i ey 39 59

() AE F5 2 A
100L fermenterE ©]4& Nk A3} lab scale Xt} A =& 30 x 10
cfu/mL X9 §ATHe o H 3.2, At= 3 23]l t}. pilot tankol] Al 2] W& A
Hol wE 7)eA st fakt s e] wE 24 A= Table 2839 7ol wE Ay} Aga
g FEQt. HE dHLLe aRE AF £ UdF

T 5YEY AAE doju WE 38U Abel 16.78% =
e | 29274 A] = 196 HRFo 2 &

=
AE ATt ole "HFEFo]| EAske
=]

.
2 Ho
>,
= 3
=

do
2
=
(27
kol

~

= =

(RS)ES WE7|ZF B9 e ¥Ea §X5gon HEHOZ 108
W 4YAbe] 17 x 10° cfu/mLe ¥ E2 =

8 el 7.8 x 107 cfu/mL® ATk b fabdt whE 99l E 39 3.
cfu/mL 52 Hi =Jgvrt X9 vpzrx =
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Table 28. Change of temp., alcohol, acidity, RS and microflora during the 200L new
functional makgeolli fermentation

Time Temp. Alcohol Acidity RS Yeast LAB
(Days) (T) (%, v/v) (g/L) (cfu/mL) (cfu/mL)
0 24.8 - - - 57 x 100 2.9 x 10°
1 24.8 0.12 9.8 188 22 x 10" 2.1 x 10’
2 24.8 0.66 18.2 177 7.6 x 107 3.4 x 10°
3 (2% A=) 24.8 5.17 23.3 96 1.2 x 10° 3.6 x 10
3 (2" A%) 23.7 1.04 4.7 23 9.3 x 10" 1.1 x 10’
4 24.9 9.31 9.1 142 1.7 x 10° 8.3 x 10°
5 24.9 13.07 9.7 117 1.6 x 10° 1.9 x 10°
6 24.9 14.91 10.6 102 1.4 x 10® 1.1 x 10®
7 24.8 16.01 10.8 105 1.0 x 10° 9.8 x 10’
8 24.8 16.78 10.8 102 7.8 x 107 1.1 x 10°
wavl 2y €8S BHUE o] &3] EH3 T Twist screend ©]-&3Fe] 80meshe =
712 #d3s 5 5T G A= AdTL T%E A

750mL PETel| A& 7 %— Al A ES SIS 7%, A5
45, RS 42 g/L A2 > b3 x 107 cfust 6 x 107 cfu o]t}
(Fig. 23). A8 A4k Eoly ] A HrtE Faskalh

Fig. 23 A Abel AJAIE2

(2) Self Life Test 43}

Alg A A AEE U eRE 78 7]8E kst st s AlES A
AEZoZ 10C WA €5 AIFolnzg $E7]3 Hrle o] HAE 225 10CE ¥
A
SR

32 ob

i
2T ot 2 jo & ®

Kol
5C, 25T ()2 dAsto AAst FEL o]Fed Nugm daed Adn
o, MAEEA AEEE mL 9 & frabt 7, v e R s A EE ST
A B AL da8e -05% T #7) Elﬂ%f +1.09%° 0.2 AAIHO i, FARL
TAMez akste] 05%(w/v)old, WS ‘BRES R AAR AAHY 9}4. A
AE AP gholl A4k AS(0.0064g) = H o}oﬂ 2bEE o= ‘FA 05% ol E Al
W 83 olstoltt. of7]e e AR dYERAT HAES AT A S HREE A
oy Fa oz Mgt #Aed iy d7a ddA F FEd dE
Azt H7b A EEJER st on AETA AAAEY 53 AR F 3% oo
e 1HIY AFE WY 4 vy =¥ £2 A ¥ WsE Table 29, 30, 313 2o,
10CA e Hrbe Akt SEE 28311 e gt ¢ hLoM H 7L v 5ol Al
AFS BT Aol B# 21Y 5ot ojgstdor ojgy &S o, & FHol AT
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o] k7t AEsEHAom AgroA vha "ol 292 HuE At vpR kAR o|3lerF o7 o)
A FES gl dxT2 ARRE dukeEe] o] Aok 10T B A olgd AEE g
o AT EFHe HEUF AAEe] WvE] v wmEI Bt 7Y o]FREH vl AsHA At A&
A&7 AZsATE 25T B AloEs #5doRE B 7dxte] A, 72d Auto s 2ls)
ol 212 HrtEgon H#A 21Y7A = AEE olgE A @gtor) g FEAE K
12¢ 2ol 8.01%= 1.01% Fs5o] 14 olgHilrt 7 va 25 FAZ4S ngoz vy

o= Hkhg
£% K7he GAR AFdGov, 04 WSHOE FE/FL WA 6l 10T WF BB A
09% BAFUY. ol A AF 07¢ A8ske] A A AFol ulF e 14
Rz AR olo] wa] QwrehAel= 10T A BARRE von §57]
u, 8 WrhEglon $Asl ol AS 07¢ A ek 6] Ak

Table 29. A A& 5C B3 A F2 X F #H3}

771 7¢ Alcohol Acidity Yeast LAB s

(Days) (%, v/v) (cfu/mL) (cfu/mL) (5% HEW)
0 7.01 4.5 3.3 x 10° 5.8 x 10° 4.8
2 7.03 4.5 2.7 x 107 5.5 x 107 4.7
4 7.02 4.6 3.8 x 107 7.2 x 107 4.7
7 7.05 4.5 1.6 x 107 6.3 x 107 4.8
10 7.08 4.6 2.5 x 107 7.2 x 107 4.7
12 7.05 4.5 3.4 x 107 9.0 x 107 4.6
14 7.12 4.6 2.7 x 107 8.0 x 107 4.5
17 7.13 4.7 2.4 x 107 9.0 x 107 4.6
21 7.15 4.8 1.3 x 107 9.6 x 107 3.8

Table 30-1. A/ A& 10C B A F2 % H3I

7717k Alcohol Acidity Yeast LAB IE

(Days) (%, v/v) (cfu/mL) (cfu/mL) (57 HEW)
0 7.01 4.5 3.3 x 10° 5.8 x 10° 4.8
2 7.03 4.6 4.2 x 107 6.4 x 10° 4.9
4 7.02 4.6 5.3 x 107 7.0 x 107 4.5
7 7.09 4.7 3.5 x 107 7.8 x 107 3.8
10 7.15 4.8 2.6 x 107 8.6 x 107 3.5
12 7.19 4.8 2.1 x 107 9.4 x 107 3.3
14 7.23 4.9 1.3 x 107 9.8 x 107 3.2
17 7.21 5.1 7.8 x 10° 1.1 x 10® 2.9
21 7.25 5.2 5.9 x 10° 1.3 x 10° 2.8

Table 30-2. dwkebAg] 10C Bt A £4 N FE W3}

771 7¢ Alcohol Acidity Yeast LAB &E

(Days) (%, v/v) (cfu/mL) (cfu/mL) (57 HEW)
0 7.03 1.9 5.6 x 107 3.5 x 10° 4.8
2 7.01 1.9 4.2 x 107 7.5 x 10° 4.3
4 7.05 2.1 5.3 x 107 1.4 x 10° 3.9
7 7.12 2.1 3.5 x 107 6.5 x 10° 3.2
10 7.15 2.5 2.6 x 107 2.3 x 107 2.7
12 7.13 2.7 2.1 x 107 5.2 x 107 2.6
14 7.17 2.9 1.3 x 107 8.7 x 107 2.5
17 7.33 3.2 7.8 x 10° 9.1 x 107 2.4
21 7.42 3.4 1.5 x 10° 2.3 x 10° 1.9
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Table 31. AAE 25C B3 A 2 A% A3
771 7¢ Alcohol Acidity Yeast LAB EUES
(Days) %%, v/v) (cfu/mL) (cfu/mL) (A HxW)
0 7.01 4.5 3.3 x 10’ 5.8 x 10’ 4.8
2 7.05 4.6 6.3 x 107 2.7 x 107 4.5
4 7.08 4.8 7.7 x 107 3.3 x 107 3.2
7 7.53 5.3 8.6 x 107 2.1 x 10° 2.1
10 7.72 5.5 9.8 x 107 5.3 x 10° 0.0
12 8.01 6.1 1.1 x 10° 7.7 x 10 0.0
14 8.43 6.2 7.9 x 107 6.1 x 10° 0.0
17 8.52 6.5 1.2 x 107 4.5 x 10° 0.0
21 8.66 7.0 5.9 x 10° 4.3 x 10" 0.0

(3) &vAt 7E e x4}
=S o] &3te] nhat 3 il A Vel WE #e HUHE s
¥ F7HAE BTE o 20dielA] 507 o) HUE o R shlow, o5
el e JGAa ojAo] ZH7k 63%, 37% o™ e 20thrl 18%, 30tH7F 45%, 40th7)
25%, 50t 7} 12% 9tk ¥ Hztol g dipi= Fig. 249 2} &oll tigh HutelA F4 4
A

QD MAMZ= ofE MEsbd A AbSed & A SAYelEtal k@ oy, A Hol A=
RAN v AlFstE SR B Holdduh R BeiM s dRER A v X =
20, 30th o] A-f-ell= F=37F S )a v AFFe] AL S5E wkHe] 40-50tH =
TRl Fate] Tre SHol Btk rE el #dalAE A AatE i ghell A= dnt
IAIEE vha 2ES v gto] A olghs Sol matew, dF HollA vt =7]% sho]
vt sgvh AekAQl Vs k= 57H 5 34" (09%)e] ‘Frb, i Fohetar Suekalar,
1778(29%)7F &-&3k7]el Tttt H7FE vk gdd 7ol sabde 2835k 7idd
AFoz gdee et 7HAE =Y ¢ d= 718E A F e Aoz Alrdy

MERTE
a0 |
i
FEH =y 40 |
o= -
€ WS+ r | > 0E
| 7
| E
R o -
| T —T
il St
(a) Odor (b) Taste (c) Overall acceptance

Fig. 24. The symbolic characteristics of trial manufactured new functional Makgeolli

product.

vk 7152 AbEE Akt ] A AL
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7} 9 Ao 7HA & wol7] 9t wW B FFIUNd &

S s A 9y AAEESE vFE Axs duesd B
DMSOe°] =ojA o]E A& AAZ ste] wwEIA A (Tyrosinase inhibition assay,
Melanogenesis inhibition assay)$} FE7/1A&H4A S AA 8t 87538 H7sH T

(1) v Wga Frf

Tyrosineo| ™3 tyrosinase inhibition assay+= U3 #Zo] =333 tH6E]. 0.1M potassium
phosphate buffer(pH 6.8) 770, &%= 70u0, mushroom -3 tyrosinase(1500~2000 U/mL)
70¢0, 1.5 mM L-tyrosine 1400E Z33le] 37ColA 15 mingt ¥H-&A171 % 490 nmeolA &%
=2 =439t} Tyrosinase inhibition ratioy 2H(1DEF-E AAEom o]o thsl thx1=
tyrosinase inhibitor$! Kojic acidE AF-&3}9t}.

Tyrosinase inhibition ratio(%) = [1-(Exp.-Blank)/Control] x 100 (1)

Tyrosinase Cu” ¢ Ads &
polyphenol oxidase® #zbd A 3
GAE YEdE BahouH7]. olHd &4E& A
tyrosinase A8 &S =43 Ay Fig. 259 Zo] vetwth @Ad %59 tyrosinedl
3l tyrosinase &4 A &3 EFEEAZ AFR3 kojic acid®t 7o) ¥E gFEH o
AAZE Ve sz AEE A AESAS JElE kojic acidBthE Y
A oe A A48 Bt

off do Hie BN
o 7 mo o o
2 & &£ o ol

H

100.00

90.00

80.00

70.00

60.00

50.00
40.00
30.00
2000 -
1000 - I
000 |
100 500 1000 5000 10 50 100

New Functional Makaqeolli Kojic acid

Inhibition of Tyrosinase (%)

Fig. 25 In vitro Tyrosinase inhibition assay of new functional Makgeolli concentrate.

B16F10 melanoma cellel ™3 melanogensis inhibition assay: the-3F 7o) A 3916,
melanoma cell& 10% FBS7} &% DMEM 1A 2 3-well platee] well @ 1x10°71& &3t
5% COq 37TollA ME7} well veboll ©F 80% ol F-2d wj71x] wj et v &
WA E A7 S 5 PBS buffer2 AHsta, A3 g A5 A A pellets 99
th o] AX pellet2 60TColA A3 $ 10% DMSO7F FHH IN NaOH £ o] Hoir
ELISA readerZ 490nmeolA EFEE SAHAY. wHE2] AAEFQ 552 melanoma celloll
) 3+ melanin 9 A &= Fig. 26 Yeby vl
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o
o

-
w

[
(=]

Inhibition of melanin contents (%)
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Fig. 26 Inhibitory effect of new functional Makgeolli on melanin accumulation in cultured

B16F10 melanoma cells.

Z f932< AAE JERen, 200ug/mLe %Al melanin

[e)
S 219% ANSAE F olwEs Age] ARE FFHA @Y AAE $HEe) VN
]

o] 7} Eoj7kol] wal Aeds] WA= A =3 (intrinsic aging, WSl x=3})
of ¢J&t H:3}Hphothoaging) = & 4 St} IF-7} =3t upe}
oAe] 7FA| A} do] At AE S "ojxivh, g a0 FA I Zekae] AAL o
Fo] dojp= AAE A w32 FAECHK] Ed drE A Ae)d &2 ZHd 2
Z~91 MMP (Matrix metalloproteinase)®] #tbst Wtd F7F 5o A4 WslEo] Yehy 15
7F Az A 539, A9 Fe 724 2olE ¢l g@EAdE Aoy HAHor FFo|
oy Z A FAvH9l wEkA o#] A 5 MMP &4 A A4 &3= zymography® FE714
F%S W7retelvh HaCaT cellsS 60mm cell culture dishell 1 x 10° cells/mL = #F3ko] 24
17F wjksk 5, mAE AAst AE AAE APl 48A7 o] A v X E FA 5}
o Y E  FIsATh Bradforde  ol&ste]  wwlAe] kS AHEFste]  10%
SDS-PAGE(1 mg/mL gelatin $H)olAl A719F 3 5, 0.1% triton-XZ= 304 29 A&
3l t} 2 developing buffer® 2o} 30T A 18A7F &< WHEA] 7] 3L coomassie bluez 43}
o ##3to] MMP-2 8 MMP-9 7|2 &4 AT vE 3 Ad =20-1: AA
%5 Alcohol 7%, 1-2: A/ A 9tz 2] A, Alcohol 16.7%)2 X725 A3 wAg] 2F(A,
B)o.z Aeste] Hrisilow L A= Fig. 273 Zvh
B7E A sd wEeY A aAe A X UVHel H]ste] MMP-29 MMP-9¢]
244 S4s Ascke AoE HEY F5 e SAAS BaE FE AR ddH gl

N
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Fig. 27 Inhibitory effect of new functional Makgeolli on MMP-2 and MMP-9 activity
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19 AAEF AAY By S Sy AE 20101008
o O s
PrEFEA
20 ALk 2w e T A &5 20101012

=) Al Tl AErE e Y] fA " A7) 9eA, 4 AES A
¢l 0.8% NaCl & &3l dAA oz gAg g HE MRS (de Man, Rogosa and
Sharpe) LA ¥ X2} YM (Yeast Malt Broth) LA wjx]o] Z=&dle] 30ColA 24~48 A7+
HiFstaitt, MRS atAl viA| = fAbds Adsty] 913k YM aAviAl = ERE Adstr] 9
3 v x|}l o]u] MRS A #jA|ol] 0.01% nystating H7}ate] A7 298 WA

7} 8 vl IAE 1A A9 colony = ©]&3e] CFU (Colony-Forming Unit)
£ ALbstar Aurde] o] Akt ERE Y 5 Flst i tHFig. 1.

= o
s

A) (B)

10 10

Log (CFU)
Log (CFU)

A BCDETFGHTIJKLMNOTPQ QRS ST ABCDEGHTIKLMNOPQRST

Fig. 1 =ul A=tde] AFd fabd (Ao &% (B) =

U FEHE Aude 20FA4 faTe A GAFS AYT ZE AFe] 10° cfu/mL
oo MAE #& Uuwth o =u AwAe] FHE fikwe] FHHAvkE AL |
g s A E4sts 2R £+ o 10794 10° cfw/ml IEvict AR
Frgte] 7 #EH A0l

GAES A Az A7} o2 AES 713 g9 488 P89S g5 v Az

bt et GAlE Alxg]atbd 2elE 1 )
Z8he Aoz Flw

fl
&N
N

t}. PCR-RFLP (Restriction Fragment Length Polymorphism)& ©]-&3%F Autz ¢ o] f-4
Autdo] EAgkE fiatel FFE £ PCR-RFLPWW S AR&3sivh o) m ALg-¢

°7<4?<}—E nAE el 7 @o] AREEE 16S tRNA A gene)E ©] &3F2ATH11L. 16S
RNA A= Altge] 449 #d4 S4S 2t Ae aded A 249 & =

T2 W olv12].
Zhzte] AetAe] g 0.01% nystatine] $H+¥ MRS wiA] o mste] 34 colony 10071 =
dojz MAEYY. A colonyE colony PCR WS o] &34 165 rRNA F A A F-E&
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&gt fel ekl vth(Fig. 2)[13].

2000 bp
1600 bp

1500 bp

Fig. 2 A9rd el f28 f2kte9] 16S rRNA 44 PCR 3% 43

Colony PCR A3}, Z+7te] colonyoll A 34z oF 1.5 kb9l 16S rRNA A4tk T
ARTh AFHoz FTEF 16S rRNA FHAE Alul. Hhal, Sau3Al 37}X A
(restriction endonuclease)E ©]-&3t] A3t tH14]. tt& mABE 9 A5 279 AgE
A7 A2 Bito] thE7] Wi, thE A7]e] DNA ©Hol & Ao|th Alga AT A
H DNA *=7} 31818 agarose gel A7) G5 HE o] &3l E7315tHFig. 3).

(A)

(B)

1000 bp
700 bp

1000 bp 1000 bp

700 bp 700 bp
600 bp 600bp 600 bp
500 bp 500bp 500bp

400 bp
400bp 400 bp

300 bp
300bp 300 bp

200 bp

200 bp 200 bp

100 bp
100 bp 100 bp

M 1 2 3 4 5 6 M

M 1 2 3 4 5 6 M

Fig. 3 165 rRNA PCR-RFLP 67F4 ¥ : Alul (A), Hhal (B), Sau3AI (C)

2059 Audeels Feld T 1,249 7ol wFFelA 2 16S tRNA #dAE Alul
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Hhal, Sau3AT1 37} Adta sz Aelstd-& d, Fig. 3¢ Zo] Z+7+e] Ag 245 vtk £ 6
71A19) HE oz 77 = AT 15].
SEEFE nAE] £5 FQste] Zzbo] AutA e EA s Akre] Bx 9] Aol

8131t (Table 2).

Table 2. PCR-RFLP ¥l &7 = %3 =+ Aozl o] fAkt B X

Frequency
of
occurrence

(%)

PCR- Rice wine samples No. of

RFLP the

patem A B C D E F G H I J K L M N O P Q R S T iolates

1 17 44 27 52 87 4 30 8 44 72 24 13 1 8 17 2 33 471 37.71

2 3 40 21 37 3 4 2 6 33 33 8 62 38 9 33 32 35 12 72 483 38.67

3 43 88 4 48 1 184 14.81

4 40 61 4 1 1 107 8.49

Autde] F5ol e 279 A9 Holvt ddon, dA Auhz
o] 76.38%= 714 we TEAFTH oj#d AnE 1
of Wilsa gl AuAYd 7hg dy] BEIThE A
H, I, OS] 3 AFolAE= 3 FfElo] 71 wo] #zo]
o] fAkire] FRFoE e Hsa} = A7 =ddA A
AArE AlFolr) w3 Ax FUE Fe A7 =
o] fabgte] BxE AR A G 9g AL AL
22 Ao AEd H, I Jo 4% He [ 39 1]
o] A¢E 2L FAA U2 AFo|AW B

eSS Beb T
o] Tl A<= B A o) o= M= Ax3AE Boss, 922 Az o]g5H= A
o] Apo] H R £ Fol o7 Aofztal Az E U

A, T, N, SellA 49 sfge] o] wli=d], o]z 471¢] w2 E Aatd w Y=ro] ofd
2 Ao Alxd 7R oA TR E AP dae AR UE AEE2 43 HdY
of WAHA %L AR Mol FFHE o]t Alxd AAg o= FolgQl Fabwte] &
Ade FAeE = AA

t}. 16S rRNA 4 2} =

PCR-RFLPE o] &3te] 78 wHE WAES 16S tRNA fFHAe] 47 Ad 248 F
gk, 7] A& National Center for Biotechnology Information (NCBI,
http://www.nchi.nlm.nih.gov) oA A& BLAST @7]#4 2233 GenBank database
& o] g3l a3kt PCR-RFLP o€ 16S rRNA 34 47184 A oh&a 2ok
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Table 3. PCR-RFLP #{€1¥ 16S rRNA 2 &2 A}

GenBank  accession

Pattern Species-identification Identity(%) No.

Lactobacillus plantarum 99 CP002222.1

Lactobacillus plantarum 99 AB362755.1

Lactobacillus plantarum 99 AB362768.1

Lactobacillus plantarum 99 FJ386491.1

Lactobacillus plantarum 99 EU621849.1

: Lactobacillus plantarum 99 AB362652.1
Lactobacillus plantarum 99 GUS552552.1

Lactobacillus plantarum 99 FJ386491.1

Lactobacillus pentosus 99 AB362758.1

Lactobacillus pentosus 99 FJ386571.1

Lactobacillus casei 99 FM177140.1

Lactobacillus casei 99 CP001084.1

Lactobacillus casei 99 AY091596.1

Lactobacillus casei 99 HQ293086.1

2 Lactobacillus casei 99 AB008204.1
Lactobacillus casei 99 GQ395613.1

Lactobacillus paracasei 99 AB362761.1

Lactobacillus paracasei 99 DQ462440.1

Lactobacillus rhamnosus 99 EU184020.1

Lactobacillus crustorum 99 AM285454.1

3 Lactobacillus crustorum 99 AM285453.1
Lactobacillus crustorum 98 F1645924.1

Lactobacillus brevis 99 AB362619.1

4 Lactobacillus brevis 99 AB362618.1
Lactobacillus brevis 99 CP000416.1

Lactobacillus brevis 99 AY974809.1

5 Lactobacillus rossiae 99 AM920330.1
Lactobacillus fermentum 99 AB362626.1

¢ Lactobacillus fermentum 97 AP008937.1

16S rRNA 7] 4 ZA} ZA7e S|¥EL Lactobacillus  plantarum/pentosus,
Lactobacillus casei/paracasei/rhamnosus, Lactobacillus crustorum, Lactobacillus brevis,
Lactobacillus rossiae, Lactobacillus fermentum= T+ = A t}H16].

Lactobacillus plantarum/pentosus® 739 17712 AlZoA &3t 2 IAPE 2kt
o] &9 #AE Y Fig. 49 2}
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e
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11

1

53

44

actobacillus pentosus

23

Lactobaciilus plnatarum ATCC 14917(T)
=

Fig. 4 A% 22 AE¥ 9 Lactobacillus plantarum/pentosus A&

Zy AFHZ Lactobacillus plantarum 5 Lactobacillus pentosus FF 2 U¥E AL
gelstatt. 9% #5FE NCBI databased] <=A13}lE type strain 75 2 whole genome
sequencing®] ¢EH 2] 16S rRNA @744y sl & FAE A3} &&

A FEL 7)Eo] 4E A type strain 2 whole genome sequencing®] ¢4 H FFotE SAF o
A BHA gethe As St By ope 7 Al Aol SR wFe] AdsAel A
Aoz yetwr) o= 7 A wAgeitr e Fo] EAFAN 1 FELS o7t EATE 9
v gk},

HZ23k 29 AR vEeld B9EO, A9 D, G} ], Q9 Co A K93 3ALE wadte)
. B8 O AXAGLS ZANE A g2y o 9] AlFES AXx 3AF 8 A4E X go]
B Ao FAAHIIY o= A At wE wAES] EX9 o] AL Aow A4Y
o] it}

Lactobacillus casei/paracasei/rhamnosus®] 74-% 16719 A& EA%-S AT = Ay
(Fig. 5). A%4 B4 B3 AEd #F9 E¥X 5 W L plantarum/pentosus 9 vhzk
3}

THAZ sds o AEvig 2 E v Eo] kst subspecies® EA1SE AS e

AEG 4 A3}, Lactobacillus casei/paracasei/rhamnosus® 4% J, Q, C, N, A, R O%

D, K, P, B, M5, S¢ E 57, L, H 72 YHgHY. ZE AFS L casel type
strain¥ = ¢ WA 7} ‘QOV% U AR YR ¥ E 47 AEe] mAE vk Aol
UARE o] = AL o] FAMSE FABA T EAS = AOE YERT
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Lactobacillus paracasei subsp. paracasei 8700:2

C

1 Lactobacillus rhamnosus GG

L
=]

1

@

T T - T R - T R P

Lactobacillus casei ATCC 334 (T)

Fig. 5 928 AE¥ 39 Lactobacillus casei/paracasei/rhamnosus 7& 5

HE 3 Lactobacillus crustorumS.% 5740] HAT. & 57 AFolA WAool Hglow,
H, I, OAF9 $xz2o=z 9 At} Type strain¢! Lactobacillus crustorum LMG 236999
16S rRNA 97]¢} J&/d2 v Fig. 63 Zt)

29 P

30

M

Lactobacillus crustorum LMG 23600(T)

H

Fig. 6 A9d e AEH 58 Lactobacillus crustorum #&5

TFE 5 type straindi= AlE4 zkelrh lew, 7bE wo] wdd AE H, 1 OdA

o) L. crustorum@® x}ol7} &A8-& ged 4 g}
el 4= 5719 AFelA AN S Lactobacillus breuzsi 4
218 39, type strain® 7= 2 A, F, M 3 P, S22 F 752 FidvsE A4S & F
. P&} SolA ERE AES FYS P So A¢ Ed nAE=E =
\ Aoz vetwth PoF S& Ak e x i)
AutAdez o] Ay wdh m &0l X]Q“% 2 B Abel] FEs WA et ASs & FUL

¥ 24 ¥ X
o e fLoAo
i
)

N
B
rlo
>
o
T
rir
o
(o,

o
o
ol
N
=
>
g,
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CL F

M
Lactobacillus brevis ATCC 361(T)

IiP
wol ¢

Fig. 7 228 A3 F Lactobacillus brevis A%

Ao A AdAg oA EA3tE ikt 5 7H 92 Hl&8 A s A=
Lactobacillus rossiae$}t Lactobacillus fermentum2.% PCR-RFLP ¥l 58} 602 &2l %A}
o] HIAEEL 3] EF AFolA @& v&E #EHAT

70 Q
100 P

Lactobacillus fermentum ATCC 14931(T)
Lactobacillus rossiae DSM 13814(T)
K

Fig. 8 A=A d AE¥ 73 Lactobaciilus rossiae} Lactobacillus fermentum?| &<

U A E = 2089 At el e] fAbkit B, Ak Y o EE FR1g A3, A BE
AEo] 10° ol el ddats FA TS Fhata Yk dEEe AlE o) “V@%
Lactobacillus plantarum/pentosus, Lactobaczllus casel/paracasel/rThamnosus©] X
JoS A F Y. B 2 AFELS Lactobacillus crustorum Y Lactobacillus

brevis7} 3 Fo 2 EA%S 89l3

H fo X4

51

AatAdg oA ®2et fakire] & gAd-S FlE K] A3 4 79 Gram (19 5 F
Z 9 E79 indicator FFE AFE3StHTable 4).

Table 4. Indicator strain used in antibacterial activity test

Indicator strain

Staphylococcus aureus subsp. aureus (G—) KCTC 1621

Escherichia coli (G—) KCTC 1039

Pseudomonas aeruginosa (G—) KCTC 2004

Salmonella enterica subsp. enterica (G—) KCTC 2515

Vibrio para—haemolyticus(G—)

Bacillus cereus (G+) KCTC 1012

Listeria monocytogenes (G+)KCTC 3569

Leuconostoc  mesenteroides subsp. mesenteroides (G+) KCTC 3100
Bacillus subtillis subsp. subtillis (G+) KCTC 1021
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& & 3
Fst7] olwle Aol wrh wF I
e

olz}al gy,

o]g AQAE LolH ). LR,

AdE P58 HiQkele] pHE T o2 A olR Aol A= A2 widede pH
of 9]gk J&ko] ofeliz AHeoliL, o]i= vl bacteriocin® Z2 FyrE o] 23k JFoz
F2d F Ut

o FerdAdel = AlE= protease K HPE 9T
s k=]

dofl o]3t gt FAHL Wl AS E& 5= protease K X7 A
5
=4

#hqjo] e,

A fE fAre] A dFEe AZo] pHE FAHLoE 2AEIAUS u, diF9
indicator strain® A 3ot &/do] YERUA] kT Listeria monocytogenesol Al 2 2 A4kt

AES T49 2hAME Pt o] YEET ol o] A&ESS protease K A& 31
oA S Lolu ¢kt Table 5). Table 362 -4kt A =9] indicator strain®] YWEIE &
)=]
B,

g4 9] clear zone (indicator strain®] AHeFA] & HFi)o] A &S vehd Aol

A

O

il

Table 5. Results of Listeria sp. antibacterial activity test

Indicator R R
strain Listeria monocytogenes KCTC 3569
Supernatant
Supernatant (Treatment Supernatant  pHT.0
LAB Cultured Washed cell Supernatant oH 7.0 of (Treatment of
proteinaseK) proteinasek)

A + 5 mm + 6 mm - -
B-1 + 4 mm + 4 mm - -
B-2 + 6 mm + 5 mm - -
B-3 - - - -

E + 6 mm + 4 mm + 2 mm - -

F + 7 mm + 9 mm - -
K-1 + 8 mm + 8 mm + 2 mm -
K-2 + 6 mm + 7 mm + 1 mm -
M-1 + 5 mm + 6 mm + 2 mm -
M-2 + 9 mm + 9 mm + 2 mm -

P + 7 mm + 7 mm - -
Q-1 + 14 mm + 6 mm + 3 mm -

Q-2 + 5 mm + 5 mm - -

R-1 + 10 mm + 10 mm + 3 mm + 2 mm - -
R-2 + 10 mm + 12 mm + 2 mm + 1 mm - -

S + 12 mm + 12 mm + 3 mm + 2 mm - -
I-1 + 5 mm + 4 mm - -

-2 + 5 mm - - -
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Listeria monocytogenes®l| &+t -4 o]
do] yEld &S protease K A g] A] &t &4 o g}
8 FAbtE o] Listeria monocytogenesd| Eo]&<l &t &4-8 YERN= bacteriocin 5=
bacteriocin-like =28 ALHeHS F2let 4 AQATh AR 2 & AL 7T ezl

Auhs HojubA el

t}. gamma-Aminobutyric acid A4t %’\Jﬁ

T AurAg oA F 1,006 FFY FHl FAbTE FHEAT ol FHA A
GABA7} A2ke] o] RE 3kQ) 0}7] —AOH, GABA2] ATA2 glutamic acid’} H7Fg vix] ol Hj
st Avh PiSE FAFES thin-layer chromatographyE £3te] GABAS Al o F[17]1E 3
<l kAT (Fig. 9).

o

GABA3— “~
MSG—»

MG1 2 3456 7 8 91011

Fig. 9 TLC analysis of isolation of GABA production LAB.
Lane M : monosodiume glutamate (MSG); lane G : GABA; Lane 1~11 : lactic acid

bacteria samples

frabt &9 GABA ‘3“"%% AA3FA| Ut F 1,006 F7Y AxE A F 17979
r W Akt el F X5 Lactobacillus plantarum©] 90 &5
2 71 ggew, ¥ 97H-C4 AFE il G2l A HE HSdY. 2 HE%  Lactobacillus
RAARE, o] © 27FA] AlFolAMR HE wHAvh. Lactobacillus casei®l = %
A H At o2 Lactobacillus brevis

S A H AR, S 8] e AlEelM A=
Hup vk AFoA EA4%e ¢ A Table 6)[18, 19]

_63_



Table 6. Produced GABA from lactic acid bacteria in rice wine samples

Sample ID Lb. brevis Lb. plantarum Lb. casei

A 11

B 4 2
E 14
F 49

K 8 5
G 18

M 8 1
P 7 2
Q 9 3
R 2 1
S 34 1

olF GABAS] Aol £ W2 Lactobacillus brevis® GABA AA[20]e] #3F -4
Abell gk A5 skl

A E-E glutamate decaboxylase &40 9 &fA] AFA < glutamic acid®] EEHAF ¥F-&-
o] &| A y-aminobutyic acid (GABA)Z ¥ 3alA dv) ojo] A=tz y F3 f4kolA 7}
=2 GABA W3st&o] U2 Lactobacillus brevis® GAD dAZ cloning 3] &£49 &
S YolH it

PCRE %3l AaAoz GAD F4AE HAudoz FE39Y. 29 FHAE NCBI
(www.nchinlm.nih.gov)ol| A A&3t= BLAST program® = F43%Y. 5Z2H F72A9
amino acid A€ Lactobacillus plantarum 3 GADSI= 849, Enterococcus faecium3t=
72969 FE/do] YrERRLTH21].

ZZH GAD FHAAE pET vector system®| construction 3ttt pET vector system--
IPTG induction ZA] HA-E Fdte] oA dstes @S &4 Fo=z 48 F 9
= system©]t}.

FHXH—WL*Q o] &3 pET ¥d system= O] 3] L. brevis w3 GAD E4AE A3y o=z 1

oA Y. HdEH GAD E4FE Ni-NTA 234 chromatographyE E3te] &5
TF/] A A 84 tHFigure 10).

75kDa —=>

i

SOkDﬂ%-

- L5 53.5kDa

37kDa ——>

e
Lé

. 4 5
it
-

B R T

Fig. 10 SDS-PAGE of purified enzymes. M ; Protein marker, 1 ; LBgad crude enzyme
without IPTG induction, 2 ; LBgad crude enzyme with 0.4 mM IPTG, 3 ; Purified
recombinant LBgad elute enzyme
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AA A GAD 3a49 7|24 EBEAE ¢olry] {4, 43t pH buffer<}
pyridoxal-phosphate (PLP) 7} f%of u& A W3zl s Lolrgivt Ax23 GAD &4
© %2 pHOlA %2 GABA dgk&o] yerwmvH22] PLP= 4% 349 WAEAG
(prosthetic group)?] &g 3y, Gz o] tAlo| A o}u]=4Ee] deamination, transamination,
transulfuration®t GABA A4 HAodsteE Aor ddF;. AR GADE AR
glutamic acidE GABA=Z A3k uf 10 mM PLPE #H7[8stH GABAo] thdl A3Eo] 5453}
A F7te = As Fdd F A A (Fig. 11).

RSy

sl

.

; 1% MSG

: 1% GABA

; Sodum acetate(SA) pH 4.0
; SA pH 4.0 with 10 mM PLP
(SApH S0

; SApH 5.0 with 10mM PLP
: Sodm citrate(SC) pH 5.0
;SCpH 5.0 with 10 mM PLP
;SCpH 60

; SCpH 6.0 with 10 mM PLP

=]

-~ O Lh e Lad B =

e

11

@
10

Sodmm phospate(5F) pH 6.0
SPpH 6.0 with 10mM PLP

;SPpH 7.0

12 SP pH 7.0 with 10 mM PLP
pete| 13 gad buffer pH 40
o WFRE 14 - gad buffer pH 5.0
15 : gad buffer pH 6.0

Fig. 11 pH effect determination of LBgad enzyme

Az GAD EAE sodium acetate pH 4.0 HH A 25~45T W= WS-8l H4 a4
g S5 FJdtdrt. Ax3 GADe HA4 &4 2EFE 0T yvEstow, o= 10 mM
PLPE H7lstod = ®WohA| f*dthFig. 12). HA @A &5 pHelA Az GAD B4E v
S92 w, 20 mg/ml MSGE 18 mg/ml GABA®Z 23}t

120

I pH 4.0 60 min
[ pH 4.0 10 mM PLP 60 min

100 =

80 - -

60

RA(%)

40

20| ! !

25 30 35 40 45

Temp(°C)

Fig. 12. LBgad enzyme's optimum pH and temperature revealed relative activity
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GABA A2bso] "ol Lactobacillus brevisE o]&3Fe] wzg A xo] o] g3iuid,
GABAE @138k wtde] Ax7F 7 Aolth & Lactobaciilus brevis 8l GAD &49 &
Aol #3 A7+ GABAZE $Hrd faber AR E AT W f&5HA AFEE ¢ e 72
AT Az Qo] EHol & 740]‘:}

o} Autael f@ EPS At frabit e

207 wAeNA frafek Akt B,
H 21 Q1 MRS ®lA] o] 5% sucrose® #H7b3taivt. =HA g
Aol streaking s 33l 30TOIA 48 A7t W] %ES}S
7F A7k WA oA colonyE BAE W, colony FHo| &
> A

o Hm
ey
)
€]
>
2
)

UTh Aol 2 A=
f & sucrose F7F MRS i
PSE A4l Akt sucrose

= 513 zqydgg 3 A 5}

= AeE dERu B b $ o ehube] et d

A7l B A3t Weissella cibaria® 245 Qo™, W. cibaria
KSD-9142 =i 3 vH23]. H Fdol A Weissella cibaria ©| glucansucrase A7} &)
3= Aol HaHE Y. Glucansucrase™ AX o2 FW| ¥ = &49|H, sucroseE o] £33}
glucan®| 2+ EA2] glucose polymerE A evd. fF4kt 2 glucansucrase’} A4 3=
AEA glucane HE a-glucan Fej= 5+ 23 @73 F5ol mEkA, a-(1,6)-glycosidic 2
Fow H  dextran, Y+  a-(1,3)-glycosidicZFo® AZH  mutan, a(1,6)-3} a
—(1,3)-glycosidicZgre] wtfz A9 Fefo] alternan®] U3, a-(14)-glycosidicZ2Fo 2 A

¥ reuteran®] $lt}.

Weissella cibaria KSD-9147} 843k EPSe ETFE &3 w7 93, Weissella cibaria
KSD-9147} A3 glucans d&E& FHAWE o]&st] HAd 9 E3rt #8%9 glucans
dextrnase & @ E 3dlo], AlFo] Y= dextran®} TLC ¥ HPLCE AH=-S ¥43u}

(Fig. 14, 15).
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G1
G2

8

Fig. 14 Detection of hydrolyzed EPS using
TLC analysis. S ; G1~G7 std, 1 ; EPS
(no add dextranase), 2 ; 19 dextran
(dextranase treatment 1/10), 3 ; EPS
(dextranase treatment 1/10)

* EPS from Weissella sp.

ege €

09
om ‘

or

06 ]

Vet

os |

04 |
1
S

1% dextran (Control}

. ’] iil 2 EPS isolated fromLAB Fig. 15 Detection of Hydrolyzed EPS

- | i'i.l using HPLC analysis. 1 ; 1% dextran

a04- } V o, . e (dextranase treatment 1/10), 2 ; EPS
Mg bt i YRt e Y Ve (dextranase treatment 1/10)

Dextranase &4 X2 2t=S ¥4 A3 Weissella cibaria KSD-9147} A4 &= glucan¥}
Azl oy = dextran¥t ] 3] 4Ab=o] Y 3 Ao=E AZFEHJUTE Hd Hto| Hald
W. cibaria CMU®| glucansucrase® dextransucrase® & 3lth olo] wA oA Ea4d
Weissella cibaria KSD-9147} A1/ 8k EPSE dextransucrase®l] 93] F4d ¥ dextrano.= F&
o F Ut

Weissella cibaria KSD-9147} AAbeli= dextrano] w3 &7] {8, Weissella cibaria
KSD-914¢] A3} dextansucrase A AHE cloning 39t %3k genomic DNAS 7]
P28 3ol AZE primer (WDS-F, WDS-R)E A}g3le] PCRS F33slgiom L Ay}
44 kb #7]9 PCR productE agarose gel electrophoresisE £3] ¢l ivt. A7)84 2
olE FHR= 4,377 bpel open reading frame (ORF)Z 1,4587§2] o}n] A4S coding 3}l

ol 4 gdvk. AR oz WeDS9 =7]= 160 kDa, ol &3¢ pl gt 478% 7
t}.
weds genes AT A W] 98] pET-21(a)+ vector®: Wd wWEHZ ALE3S]

R

oo

32 o
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pET-WeDSE A28kt WeDSE IPTG 22 d e 53
culture brotholl 4] A4 ¥ WeDSE 100 mM sucroseZE 7] 2@ 3 wH-8-31& uwf 2 &4 3

2 SA4FAY. AAE gl gL AAE AL 10% SDS-PAGEE F3 &34
3 A opr| Ak AL A Adkd xR dAIskE oF 150 kDa Fto] Aol A &
##ld WeDS &49 bandE 213 4 A tH(Fig. 16).

Ir o

250 kDa
150 kDa == — -
100 kDa
75 kD —
50 kDa
-

37 kDa

M 1 2 3

Fig. 16 SDS-PAGE analysis of expression and purification of pET-WeDS using affinity
chromatography.

DSase®™ °F 160 kDa®] iL#-A}%¢]
HE7) o § w2 Ao ZAEoR = =
RNA polymerase promoter® AF&3E pET vector A|~Ele] A$ A20dS F3) =23
Aol MHAETE FkE Havl glon, E dAqeaR: x| wE
15ColA AddAS A= B8 16TolA 18 A2F &9
2 8 A|Zkell A 16 AIZF 9 WiellA 2 A3 @92 & 2L
A vl 14 AZE Foll 71 =2 248 e AL, o] Fodle §438 @4do
el st v (Fig. 17).

Unit (micromole/min™mi)
(5]
I

B ) 10 12 14 16 18

Time (hr)

Fig. 17 Time profile of WeDS expression in E. coli BL21(DE3)Star.
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AAE WeDS &40 #HA whgxds +71 s 4 H(DNS method) 2.2 &
28438 FAAT(Figure 18). 4 WeDSe HALXEE 13l A vhgdt 2%(20, 25,
30, 35, 40, 45C)olA &S SHAHEALH o w 1 mM CaCl:& ¥&3 40 mM sodium
acetate buffer AF&3L93th A3 WeDS¥E 35TColA 713 =& @48 verdnh H4 pH ¥
bufferE ZA3t7] $3te] 1 mM CaClbe ¥3Hsk 100 mMe sodium acetate (pH 4.0~5.0),
sodium citrate (pH 5.0~6.0), sodium phosphate (pH 6.0~7.0), tris-HCl (pH 7.0~9.0),
glycine-NaOH (pH 9.0~10.0)Z A}-&3}o] 35ColA] vk&3Fl o 1 A3} sodium citrate (pH
5.00& AHRES W 7P 2 4ol SAHSIY ol 7|Edd dvtd o ARHA e L
mesenteroides & DSase? ®H& #HZA pH9F HAFSE gholvh. X3 Weissella cibaria
KSD-9140 A 213t DSase? #Z pH, buffer @ Y& %7} Z}7} pH 5.2, sodium acetate,
0TS 7€ A7 ARE aHAES W ofke] Aol7t U= Zioi ekt A X223 WeDS+
pH #2 AU AFE89 4 buffer’ 20 A 98 5= 7|0 ZAMH W. cibaria
KSD-914 2 DSase®.tlh 5C =%t

120

100 4
i 80 1
et
=
E 80
=
E
o 404

20 A

:] T T T T T T
15 20 25 20 a5 40 45 50
Temperature (T)
120
B —&— Sodium acetates
{: ) —0— Sodium citrate
100 4 —¥— Sodium phos phates
—&— Tris-HCI
—— Glycine-NaOH
= 80
-
Y
E o4
5]
(o]
=
2
m
@
(i 20
0
-20 T T T

Fig. 18 Optimum temperature (a) and pH (b) of purified WeDS.
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Fig. 19. Thermal stability of purified WeDS was performed at 30C, 35T, and 40T
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(a) (b)

Fructose

Fig. 20 TLC analysis of WeDS reaction product.

Fde] &Aool &A= dextransucrasel24] &AL JIAIL A= Weissella  cibaria
KSD-914& o] &3t =taeg] Alzxe] o]&stehd, =g wao Ty = 98 o] &3t =2
¥ % isomaltooligosaccharide®] ¥4 7[5 Ao|t}. Isomaltooligosaccharide= 4kt
218 =9 FE prebioticO. ZMA o] AL probiotic®t prebioticS: T Ao EAEE 7)HAd 9
Ze] Aot} Weissella cibaria KSD-914 2 DSase &49 EAd #3 A=
prebiotic7} $Hr¥ AT TR E AxS W &4 AHEE F e V2RI AR
9] gl& Aolrh
2}. Weissella cibaria KSD-914 whole genomic sequence
wrAglo| A Beld Weissella cibaria KSD-9142] AAG7|AL-S #4317 93l 50 ml]
Wi Fet A ZEFH genomic DNAE FE319 T AA L7 /‘1%‘4 A dEXLe Macrogen?]
454-Pyrosequencing 7| H-S AF-£3}% T} Z‘ixﬂ Weissella cibaria KSD-9149] genome Z7]3=
°F 2.39 Mb9] ZL7|Z GC contenti 45.1% % &<l H Yt} ol+= 7€ B.id Weissella sp.2
genome ol =77} A YR Weissella confusa (228 Mb) Y Weissella cibaria
(241 Mb) Xt} & genomic DNAE 7}X| 3L o] Y& Weissella €0 1|3 t}Fsk
AAE FU7H4eE ¢ Hfsta & Aoldt odddnt. ®EdE genomic DNA o] 9fo| =
Weissella cibaria KSD-9143= °F 51 kb ¥} 30 kb ¢ ¥ &7 plasmidE 7} 9= A &
gk Felg & AAHFig 21).
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= Bl «—— Genomic DNA
«— Plasmid-T (30 kb)

<«— Plasmid-1I (5.1 kb)

{ fCeuea

Fig 21. Genomic DNA in Weissella cibaria KSD-914

H2 Weissella cibaria KSD-9142] genome DNATE #4 Fo Qom FH*xo 12 7o
o] Fo] A genomic DNA scaffolds += PCRS o] 8319 gap fillings Ma3 Ax} dA 720,873
bp (Scaffolds A), 1,593,552 bp (Scaffolds B), 77,698 bp (Scaffolds C) ©]2 A 37§19] scaffolds
2 d4e ¢usATh Genome ©VIAEY FAMEE FlsH] st AAAVIALEE
BLASTN (http://blast.nchi.nlm.nih.gov) 48 %3to] s Ay z}zte] Scaffold &2
7)€ Hag v 9 ou #FE F Weissella thailandensis fsh4-2, Weissella koreensis
KACC 155109 7} 7V7he rd @A 7 e Ao E #40] HAH(Table 7).

Table 7. Homology analysis of genome in Weissella cibaria KSD-914

Scaffold Length Strains Identity
Weissella thailandensis fsh4-2 7%
Scaffold-A 720,873 bb  Weissella koreensis KACC 15510 7%
Pediococcus claussenii ATCC BAA-344 2%
Weissella koreensis KACC 15510 4%
Scaffold-B 1,593,552 bp ) 5
Pediococcus claussenii ATCC BAA-344 2%
Weissella thailandensis fsh4-2 119
Scaffold-C 77,698 bp Weissella koreensis KACC 15510 49§
Lactobacillus salivarius CECT 5713 1%
A e 10% U]”Jﬂ FEeAoer Hol 7|Ee Huy Weissella sp.aTFE3E A7199 A
T=7F o g sk}, tjF-2 2] 5Y species ol A= #FE Fe A O] 50~90% A=
= ‘«}E}Ur\:‘r Aol B uw] Weissella cibaria KSD-9142] 4%+ genome Q7|4 do] th&

[t

Weissella 9} o] tr2tE AS & 71 Av}. Weissella cibaria KSD-914 Wl &4 3=
22k metabolic pathway & #213}7]9]8te] o] ol mg~ 22 &l Glimmer 3.0,
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FgenesB, GeneMarkSE ©]&3lo] {42 AFE oFE sten 1 Aa o 5 o <
2,38001 718l A7 EAE Aom o] HAW. EI olF Yntez KEGG (Kyoto
Encyclopedia of Genes and Genomes) H|o|EH|o]AE 7|¥lo 2 3o Metaholic pathway S
228 Ayl A2 Q) heterofermentative TFHE  Weissella cibaria KSD-914 <ol &=
glucoseZ5-H lactic acid, acetic acid & Zg3le] oz f77]4HS A3t pathway 7t A
3ttt 53] D-form ¥ L-form lactic acidE& A3t FAA7F 5 EA18te] pyruvate=

RH % 71A) forme) lactic acid® A4 5 A& Aol «SH).

3. A9 A 8 Akt e] probiotic %]
Zb At e Akt e Ao ad

Hzoe dAAxEe] & g &3 i S A8 A8o] Ao 8% V|voR F
B il 9ty 53] gAMEE 5579 WAgnkge] ojA Fo3 2E-S st MEEMA nitric
oxide(NO) e} 22 4l < "l fEol=E vt 59 Wos REHoRE A
sk 4= Q) olo] 7T Al =AY AxVF bedt AW -3 Lactobacillus brevis, Weissella
sp. KSD1¢F Al = =z gl of A =
K5& o] &3t W St B8 E<lstal th(Fig. 22).

Nitric oxide production €7d-& H7}3}7] #1314 macrophage?] RAW 264.7 cell& A3}
o] NO assayZE 33tk RAW 264.7(1 x 10°cells)S 96wellell Al E8] 9k plating3Fal 10~
12 A zF wjeksr & =2 2 A EE fetal bovine serum(FBS)7} 2£3%Hg v A& A7)t
3. Pediococcus acidilactici K5, Pediococcus pentosaceus KoE sl s EHZ X33}
24X Wl &, X E 38 Griess reactions =3 T ©] ¥ spectrometerE o] -3
540nm el A FFEE Fo] o] nitric oxide®] & A =FHATh

NO production (Tukey HSD)

Pediococcus acidilactici K59+ Pediococcus pentosaceus

30
d
25 | - g
T
= 20 4
3
g c
'g 15 4 b bc
k%) T =
Z 40 A
5
a
U T T T T T T
A B C D E F

Fig 22. A=A Fal f4kre] 93 g2 A¥2 NO production. (A):Negative control
(B):peptidoglycan, (C):Lactobacillus brevis, (D):Weissella cibaria, (E):Pediococcus acidilactici
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Kb, (F):Pediococcus pentosaseus

NO+ Lipopolysaccaride(LPS), lymphokines, interferin® 728 Edo| ol AAH =4,
o]Fo| A LPSYE IHSAAT FZ9 upAdgREedd, E Ao AlEd AT BRE
kR Al o]l B2 positive control A peptidoglycans &7 3k ok

BEE A ES NOS AAdsd e, ol fAakered 9] WHe #A = U2 Ax7
A7 HAes Yuigit. 2 SAZIAE ANOVA test®= A A st
Pediococcus pentosaseus’} 71 =& NO A #FH(22.81+1.17uM)S YERNSI L ©]= positive
control?l peptidoglycan3 2] 4 =}o]7} vELH] %Q}E‘r Weissella sp. KSD1<2 15.67£0.05
uM-E RBA AT, Pediococcus acidilactici K58 7A-$% Pediococcus pentosaseus ©l W] & A

e Feol NOZF A4 (13.24+0.24 uM) ¥ ]L Lactobacillus brevis®.t} (11.93£1.17 1
) & NOS At rh25].

= rlr

v A f8d AR Uibd 2 UieEsA
ikt o]l probiotics 24 B3E 7 7 JEE 7] siA T vhdd o] FErofof
=d 7 23 AL fFAbato] A%y & 8 Foll AHFFH Yol REE NS A%

3
pHoll Aropofof dhal, AolA| el medtle wl= w5t

o =
=0 U hACk @ olo] AuE 47}R 9] farEe] YA e Seleg
&

probiotic ® & <%1¥ Lactobacillus rhamnosus GGE control 7= ©| &3} ¢},

AR A ee A 9S 34 23] A A3 1ml PBS buffer(pH 7.2)% thA] #AS =
ol F A@yel 100pS FF3ch of 7)o zkzt pH 259 pH 3.0 PBS buffer 2ml¥ o]+
3 Z 4o ETh30TC w7l el A AXZE EQF miE & fgAas J#E ERlskth

Viable bacteria (logl0 CFU ml™)
pH 2.5 (acid tolerant)

0 hr 4 hr Log reduction
Lactobacillus rhamnosus GG 152 x 10° 1.13 x 10 213
Lactobacillus brevis 6.90 =10 3.52 %10 5.29
Weissella cibaria KSD-914 3.22x10" - 751
Pediococcus acidilacti 111 = 10° 750 % 10° 217
Pediococcus pentosaceus Kb 2.06 x 10° 158 x 10° 312
Lactobacillus brevis®t Weissella cibaria KSD-914 5 % pH 259 AR Z A Al 44
kA skE W, 548 Ut Hades & 7 7 Ik oo Wk Pediococcus
acidilactici® Pediococcus pentosaceus Ko & A ZAA w59 74aZol AR &
Sktd. E3) Pediococcus acidilactici Kb+ probiotic® 9¥ 2 Lactobacillus rhamnosus GG+
Az A fASE o A F o] YETH26]. o]A S ®E Hol Pediococcus 7 w7t
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probiotici2/ o] g &  vial AlrdTh old 7 wFe WHSAHE At Table

‘ﬂ%%* & wjokdl -2 0.3% Oxgall (Sigma Co.)& FH7F8Fe] pH 8.0% A3 MRS #
5k & 30T oA 447F w3k o8 FFAFH A FH o 7 A== A FE A5

Viable bacteria (logl0 CFU ml™")

H 8. il |
pH 8.0 (bile salt) The ratio of

0 hr 4 hr Log reduction survival (%)
Lactobacillus rhamnosusGG 1.20 x 10 2.32 x 10° -0.28 195.53
Pediococcus acidilactici K5 408 x 10 633 x 10" -0.19 154.97
Pediococcus pentosaceus K5 558 x 10° 751 x 10" -0.13 134,57

Probioticq! Lactobacillus rhamnosus GG % gEAdA w529 F4a7F YehbA] &
ki, 288 wFE7F S-S & & b Ak e gAdS 7K A 9l Pediococcus
acidilactici K5¢t Pediococcus pentosaceus Kbo% 7} AR &5l 5718k Ao w H

e
=

, B
o} AkA o] 2 M E]= Pediococcus F+ i EF WESESAE Yoy AL & F7F A

o Aty fd gAY A A

frabato] Aol mAsle] F2lst ™ e M Xol| ¢E3A F-AZz]ojob st} thekdt 2%
B FEAA g Ao WA didsAdel @3 A o dFY Badnl, fAiker
of ol FAME ARE AIT F e & FAA B A= VL] Caco-2 cellss &
G2 sto] AgHolgith s HdE AE AA A HAEE FAbTS FEske AT
frabet el Ui d 3 Ug54d, Caco-2 cells 5-2%, 3t 58 EUZ fits 5433 9]
ow 3% probiotics®A  ZH&ghvbar wFe|ar gtk ofo] UiAbA I diEEA ol Hold
Pediococcus acidilactici K59t Pediococcus pentosaceus K59 7 F-Z41-8 3913519 tH(Fig.

22, Table 10).
Caco-2 cells®l] ™3

Fo5 Alele- Alglqt 0.2 Pediococcus acidilactici K5, Pediococcus
pentosaceus KHE ARE3S

2

g9t Caco-2 cell monolayer= Caco-2 cells & 10% fetal calf
serum¥ 20 ul/mle] genamicine #7}3F Dulbecco’'s Modified Eagle’s Medium(DMEM)el
1.2X10°%cells/ml % HE 0}*’ six-sell tissue culture plate(Becton, Dickinson and
Company, USA) well & 1nl 53] 793 v]¢s $ Phosphate buffered saline(PBS, pH
72002 23] AH s} xiuo} E} ANdd A EE 272 MRS 10 s 94783l #AS 3
43}3L PBS buffer2 23 A 23k the 1m¢ PBSol A&A®st: DMEMe] 1X10° cfu/mls =
sl sto] AT EE WL 37T, 5% C02 H F7|o A AABEH o APt MRS ¥
duj A A A E S el dE F-2AES vhea 2ol Ak aith

Caco-2 cells F&4(%) = (5§

b
)

7] Ag+t4) X 100

~
B

BN
T



(A)

Caco2 cell Pre washing

(B)

Fig. 23. Adhesion to Caco-2 cell. (A) : Pediococcus acidilactici K5 (

B) : Pediococcus pentosaceus

K5
Table 10. Caco-2 cells o]&3F & H25
Viable bacteria(logl0 CFU ml-1)
Bacteria strain
The number of The number of Adhesion
initial bacteria total attached bacteria rate(%)
, S . 1.83 x 10° 19.0
Pediococcus acidilactici K5 9.60 x 10 o
425 x 10 43.4
, . 470 x 10° 17
Pediococcus pentosaceus Kb 270 x 10 .
3.02 x 10 3.8

Pediococcus acidilactici K5 2} Pediococcus pentosaceus Kb
FAES BT V19 mabde] A FAALLR 26~144%=
acidilactici K59 7-¢ 7]1&0 ¢HA YWl FAFET P o=
Atk wetA Pediococcus acidilactici K5 WA 3 W54 8y

19~44%, 1.7~8.8%¢]

Z_]
A “jr Pediococcus
o

ofue A §2y woa

U} probiotics® AWE 53 A4S Z==AF)3L Y3l Pediococcus pentosaceus Ko
ol %

Pediococcus acidilactici K5el 9|3 E= Agjdoz e # Hakg

H7F Holupar 7)Ee] dEF fAbr Y A F2AAd 3 fAkekE, uiat
w0 o] =3k probioticE &% fAkrolstal & 4 vh(27,28]

& oA, WeE &
b el Hlojih



A 34

A2 -saA - e A vied /e - Adadistal 34 E

013}7] 8l CAM assayE F 339 vh.
I A7 A Al Q= AlFold, et
2 mEIA ufste] AbEEATE 7 oA
=S A o] dimethyl sulfoxide (DMSO)°l =o] A&
of AF&3tTh A E F4 e S 70% o= Holr & 37TColA st 35¢Y
F AR dFEYS 3w FEFI F windowE Wal 45d0] HE Y ARE FTRE=
chorioallantoic membrane (CAM)el|l A &3l th 65Y9 4, FA &2 CAMY intraliposeE A £
W HAAS BRI
AAE =2E B, C, D, F 1, Jo 2345 A d 98] 50% o] dAAAE
w4y B, C, I, J& ¥4 thx+9¢l retinoic acid®t 5% oA ayE #
FAHE dos9 dErF fgaste], oz Q& dAdHeE FER A9
.

3 =] - °
B s d3EE 5 AT ol w2y sddxEol AA WA diiAed Ak

o ald
o,
o
_l |
0,
ol
ol
N

-
%

Table 1. Effects of Makgeolli on angiogenic activity

. .. % Relativel
Makgeolli Fmtal . No.of No. of positive "% u T
concentration viable eggs eggs activity'
DMSO Il 10/10 0 0
R?é?(‘i’lc I uM 1/11 7 63.6
A 50 g 8/11 3 375
B 50 g 10/12 8 80.0
C 50 g /11 6 66.7
D 50 g 10/12 6 60.0
E 50 g 10/11 4 40.0
F 50 g 8/9 4 50.0
G 50 g 1/11 4 36.4
H 50 g 11/12 4 455
I 50 g 12/12 8 66.7
] 50 g 10/10 7 70.0
K 50 g 10/10 4 40.0
L 50 g 9/10 4 444
M 50 g 8/10 3 375

Each assay employed about 9 - 12 eggs per sample. Relative activity (%) = (number of

positive eggs/number of viable eggs) x 10096
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15 | I i -

AT A A E(preadipocyte) ol A A WhA E(adipocyte) 2] £33+ AAAAH T B 325
o wataR oFA Wkl HY) Tl el mEE F A AAEe] A= AL
Rorz ) FIFHol B o, AUAE AEH8] Aty fste] AWAEFe FIH7F dof
WA Ak 2 Aghs 2y 2= Aot vk e A A AEQ] 3T3-L1 A%
o AWM xR Fsle HA = FFS Frhsk Ay, Be Ao A AHAE 73 AEd S
UERATHTable 3). tizxwrel vz =22 A & 1171 AF<e =28 100 pg/mLel A
40-70% A &3k 3L, 50 pg/mLelA 10-50% AEe] A& &4 Ho WA XWAaie &
3} A Z = ALEH = lipid droplet®] B4E Aslste S &3 AWAlE #£3E Asfste A
& #1E & S (Table 2).

Table 2. Effects of Makgeolli on adipocyte differentiation analyzed by Oil red O staining

and extraction method

Percentage of Differentiation Rate"
50 pg'mL 100 pg/mL
100

Makgeolli .
10 png/mlL

Positive control

A
B
C
D
F
F
G
H

1
J
K
L.

M

106.71£4.10
97.32+2 .84
96.71+1.92

[ 00.86+0.64
85.38+£6.06%

109.06+5.31

107.45+3.91
93.78+7.54
83,168 57+
75.22+4 61+
109.6342.35
[04.9843.17
81.14£5.81**

09.89+5.58
86.0+:6.49
72.3244 63*%*
83.65+4.22
61.134£7 42%*
99.18+8.53
03.44+1.77
72,99+6,11**
55.834£9 49**
51,95£5.27**
04.47+4.71
91,92+7.29
64.15£6.91**

52277 37
40.08+4 . 67**
43.8046.78**
55.46£2.39%*
43.36£6.68%*
67.40£8.29%*
48001679+
51.64+6.52**
33.86:£0.72%*
36,137, 74%*
59.52£11.33%*
80.32+6.71%*
384544, 75%*

YPercentage of Differentiation Rate: relative percentage of positive

wniml

'Each value represents the meantSD, n=3, *p<0.03, **p

de‘fu ent from the control value.

= (o}
(1) & Ho] A &4 &A1
o] Aol Al ASE obd g
e Aoz AT 3
Z213l= AL o] (metastasis)#hal v}, &
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7h FAE o] EFd A
ok Aol oAl &AS Hrtshyl fEA A7 e Al XF MDA-MB-2310] ARg-3fo
wound healing assayE S84 tHFigure 1). & AXF (2 x 10°cells/mL)E 24-well A ZH)
% ZHOlE seedingdlal 10~12 AZF vl & A== A& A EXES yellow-tips AFE3H
o ¥ #Wo| woundE WHEI PBSE 2¥, ¥84 wixz2 3H A3t FBS7F ¥8hd
A& H7bekal whd e 80% WES FEEQIMME)E 93t s A2 gt} 2443k v
o B Hu|FoR 7 AXE AolAAS 49 paraformaldehyde® A7l 3 #2319 o).
A F#l Y AXFU MDA-MB-2319014 =22 80% wlehe F%E(80MME)S
[e]

T o)l o o]FA oA A4S e

80MME [pg/ml]
0 10 25 50
Figure 1. Anti-metastatic activities of the makgeolli 8096 methaol extract on the human
breast cancer cell line, MDA-MB-231

F AFA AA 245 H@Ush] fsiA At Y AEFQ MDA-MB-2310] AR&3}t
o] invasion assayE T3 H(Figure 2). ¢4 H% W& matrigelZ2 ¥ 3 insertol] & Al
EF (5 x 10%ells)E seedingdl 10~12 A FBS7F 235 A &L #jx]& H7}
atar wZe] 80% WEE FEE@MME)-S d3te s=dE A2tk o] u chemoattractant®
10% FBSE AF&3laitl. 24413F vl & SIWHe] M¥XE cotton swablZ A AR 4%
paraformaldehyde © % 314 hematoxylin—eosin®. % A3k & invasive cellS 23133t
AL el Y AEFQ MDA-MB-23104 =22 80% wWgre FF=(80MME)2 ¥
L ogEdor ¢ AT A €4S HERAT.

o
=
ol 5
3
o

80MME [pg/ml]

Figure 2. Anti-invasive activities of the makgeolli 80% methanol extract(S0OMME) on the
human breast cancer cell line, MDA-MB-231
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(th MMP oA &4

U] 80% WEE FEES MMP &4 a3E Hristy] a1tk f§9
MDA-MB-231-8 AF&3}l9] zymographyE 3319t (Figure 3-1). & A XF
cells/mL)E 100 * 20mm AM¥E Y = o|E seedingdtal 10~12 A|7F vjF & A=z At
A EE FBS7F 2349 A& #H7istar #H2e 80% WEeE FHEQBIMME)S d3le 5%

4 AUYNG AT NS F, AT £ S0 aervlamide gelol 2719 F315)

O

t} o] ¥ 37TCelAl 1847 <t developing ¥, Coomassie brilliant blue® @2 3s ¥ &89
t}.

AZF Al FE Y MEFQ MDA-MB-231014 w2 2] 80% wWee F=&E(B0MME)2 &
T gEdow MMP-99 €48 AT

8O0MME [g/ml]
0 10 25 50
(M.W)
100 *
75 -

Figure 3-1. Decrease of MMP-9 activities from the human breast cancer cell line,
MDA-MB-231 by the makgeolli 809 methanol extract

MMP-9%  MMP-29]  #u] oA g3s Hrisr] s Az Fuyg AxF<
MDA-MB-231¢] A}&3}e] western blottingS 538t tHFigure 3-2). ¢ A¥F (2 x 10°
cells/mDE 100 * 20mm A X8| Z#o|E seedingdlal 10~12 A7 8] & A== A
A2l FBS7F 23Hd m A& H7bsta @A 80% wWes FEEQIMME)S U3hs
H2 X3tk 2447 W% -, A E FHEe w53t MMP-29F MMP-
blotting& =34 3} %4 T}

AT e g AlEFS MDA-MB-23101 4 =2 e 80% Wehs F+E%E(B0MME)E &
T oEHg oz MMP-92] Ul E A3 v MMP-22] Eulols A& v x| &9k

g
@
©
<
o
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8OMME [g/mi]
0 10 25 50

MMP-2 T0kDa

Figure 3-2. Effect of the makgeolli 80% methaol extract on MMP-9 and MMP-2 secretion
from the human breast cancer cell line, MDA-MB-231

o

MMP-9¥ MMP-2¢] g oA zadE Hristrl & <) FooAESFES
MDA-MB-2319] A}#3}¢] western blotting-S 33t tHFigure 3-3). & AXF (2 x 10
cells/mL)E 100 * 20mm AM¥E Y = o|E seedingdtal 10~12 A|7F vjF & A=z At
MEEo FBS7| ¥3td HjA & H7lsta w4de 80% WEE FZ=E(ROMME)S Hd3e %
Ha2 A3t 2447 vl F PROPREPS- ©]&3] lysateE extractd & MMP-2¢+
MMP-9¢] 3t western blottingS 33l th &3 80% wWEHS FEHE(80MME) AlZFE =
27 8lo] FAK, Akt, NF-kBel 3 western blotting= <38 8} 3t}

A H4d AXFI MDA-MB-231914 =22 80% wEE FEFEROMME)S

3

i

[e]
¢

[=2]

25mg/mL, 50mg/mL$ A8 39S W MMP-93% MMP-2¢] @& o] 7439tk
80MME [pg/ml]
0 10 25 50

MMP-2 { l l l J 70kDa

Figure 3-3. Effect of the makgeolli 80% methaol extract on MMP-9 and MMP-2

expression from the human breast cancer cell line, MDA-MB-231

MDA-MB-231¢] 50mg/mL®] @22 80% Hee FHE(B0MME)S AzhdEz 22 sel
&, gAE Hold] wolsts WA FAKS] A7} 9|3 o2 4adea, 53] 1208
3t 5] 7+ 439 tH(Figure 3-4).

X
i
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8OMME [50 pg/mi]
0 10 20 30 45 60 90 120 (min)

phosph-Akt 60 kDa
Total Akt 60 kDa
FAK 125 kDa

Figure 3-4. Effect of the makgeolli 80% methanol extract on phosph-Akt, total Akt and
FAK expression from the human breast cancer cell line, MDA-MB-231

v NF-kB+ 22 2] 809% HlehE =5 (B0MME)] o3 480i ol A <7133l th(Figure 3-5).

8OMME [50 pg/ml]
0 30 60 90 120 240 360 480 (min)

Figure 3-5. Effect of the makgeolli 80% methaol extract on NF-KB expression from the

human breast cancer cell line, MDA-MB-231

(2) g A4 A 24

AA U dRAAge 2 dEd §-A4E9 choricallantoic membrane (CAM) assay S ©]-83)
o AU AFd FAEE FAvel 2 (Yongin, Korea)oll Al st} 2% 37°C, 5%
70%9] FFF7) oA 39 F<l 5

39 Eot FEARY. frA e R 7S ol FAIE &
& U7k 9 £ 70% dFHEE 2% F was o
& EAT ST Y obel gl T Ao R AA

TEE wekvh AL wFeA 719 159

N L =, AEEE 1 mLE
Thermanox coverslip (Nunc, Naperville, IL, USA)ol A& 3te] 247F ot @& vhs AT
of wreE AR E3 ‘—%Q CAM 9ol ¢glar thA] Felde]iZzz2 S 9kt ol &

CAM® QFzof F¢iste] 35 a“lﬁoi AN BIE AFESEATH
Negative control¢]l 0.19% DMSOZE ImlL/egg &3-S wf 60%2 Al At
7} YERsEaL positive control?] retinoic acidE ImM/egg X S w 80% A= oA
BE vEpdlleh w13 g2 100% WEs &= (100MME)S 50mg/ml/egg A 28t -&
retinoic acid$} H]$=23F 80% A w9 AP AA AL Felstqrt. o= WA 100% H &
FZL&E (100MME)°] antiangiogenic €74 °] )& AlAFSoH(Figure 4 & Table 3).

A7 19 F<F A7l F 10% fat emulsion (Intralipid, Green Cross, Suwon, Korea)=-

44 oA

MO B
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DMSO Retinoic acid

25
100% MME[pg/mL]

Figure 4. Effect of makgeolli 10096 methanol extract on angiogenesis in the CAM assay

Table 3. Anti—angiogenic effect of 100MME

concl(:rll??ition Employed Viable Positive /mlzl{l(le{l)?‘;c(l;;ly
(mg/mL) ceEs eees CEES activity'
0.19% DMSO” 1 5 5 3 60
Retinoic acid” 1 5 5 4 80
10 10 9 3 33
100MME %5 10 3 9 67
50 10 6 5 83

1) Each assay employed 20 eggs per sample. Relative activity (26) = (number of positive
eggs/number of viable eggs) x 100%

2) Unit of 0.126 DMSO: mL

3) Unit of retinoic acid: mM

L T R S - 3
(1) AALME T3 A &4
AA A EE F8tag s A AAAA (adipogenesis) ©] 0101‘1:“3} F3g AWAEE Ay
droplets Z3Hetal glow AHAAHe F7ke vwha Addrt, AXA £ 3T3-L1 4l ot
AZE Avedyd SUa BH oz eBIAA 4 x 10%cells/well] FEZ 48-well plated] =<
U, &A% confluent AEi7EA] BlFSESIv o2 5B, 29 Fo] E3FE =4S 0.25mM
DEX, 0.5 mM IBMX, insulin (10 mg/mL)¢| 3 v} A dEZAE 374 X2 dted 3d &
oF wjokaldvl. o1 7]e] insulin (1 mg/mL)%F ¥£5 Hix| & v}A] Ho] 2 Fob vk & 2%

rN

o, wd o

S T,
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of sHA DMEMS M E wpito] Fo] AWM ¥R 4As) 3 A AH}h 3T3-L1 A2 £33+
AgdAn|doz AEste] AE U v Ao e AHyge] Aol A= Aow Il

-]

3, Mxe] &3t A=E Ol red O @AEe] A8 Oil red O stock solution (609
triethyl-phosphate 100 mLell 500 mg Oil red 0)& ¢ o343t & o 12 mLS F3lal <
710l 8 mLe TFFE H7bste] A ol &atdrt Axujd 84 F F3d AEE #Ed
38l 4% formaldehyde 2] ¥ 30 A7 &9 mAA A PBSZ F W Al&&993 1 mL Oil
red O 4L XT3t 1A &k dZxAA AAEAT. 40% isopropanol® 3H A & 3t
1009 isopropanol® F%3F A7 48 Fo} microplate reader (Silicon Valley, CA, USA)S- o]

&3] 510 nmel A FHE=E SAsAT

AAGA O ] FEES FRUE A 2y v &4 ANAdAAY HaTE o
Bty 53], dE =ES 50, 100mg/mLzZ AHels A= iz st oF 40%
o] AAMA el ZAE W (Figure b).

au)
N o

o

120

100

80

60

40

20 I I
(t]

DMSO

Differentiation
(% of control)

MME(ug/ml)

Figure 5. effect of makgeolli 1009 methanol extract on adipogenesis

3 AAIEL o AE 7egd F7HHA YA A &)
7h AARAE #3F oAA 24

AALH E= 23 A 5ot 2 Z A (adipogenesis)©] Aoty E3ld A ¥i= =4
droplet-S- 33} al th A Ao F7hE vy AdAY, AXHAEQ] 3T3-L1 Ao}

N0 Bl
AZE Avedyd SUa BH oz eBIAA 4 x 10%cells/well] FEZ 48-well plated] =<
U, &A% confluent AEi7EA] BlFSESIv o2 5B, 29 Fo] E3FE =4S 0.25mM
DEX, 0.5 mM IBMX, insulin (10 mg/mL)°] Stf% wix| ¢} A E&E2AS 3
oF wjkalitt. o37]o] insulin (I mg/mL)%F ¥3td A Z thA] Wo] 29 FoF v 3 2%
of 34 DMEMS A& npHo] Fof AwA¥z ¢hds] Bl 7t 3T3-L1 Axe] #84=
v oz wEste] AX W ¥ o] 22 AWt e gAo] AVle Aom sk
i, AEY 3 A%+ Oil red O2 A3t A3
triethyl-phosphate 100 mLel| 500 mg Oil red O)& =
7loll 8 mLe] FFFE H7bste] Aol o]&3paurt. Alxw
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38l 4% formaldehyde 2] ¥ 30 A7 &9 mAA A PBSZ F W Al&&993 1 mL Oil
red O &2 Hgsto] 1A &t dhxxdolA AAskdvt. 40% isopropanolz 3% A3 3}aL
1009 isopropanol® F=3F A& 48 %o} microplate reader (Silicon Valley, CA, USA)-S 9]

&3] 510 nmel A FHE=E SAsAT
AAGA A AAFE 19 F5E S0ug/mle A 5 dixas vast da Ad449 7
o2 vHAE svhal ¢ w5 FEE v ashy

E S
AlAEe] 18 A FAAT ZAE B ATHFigure 6).

Control PAc

Figure 6. Effects of prototype product 1 extract and Nuruk extract on 3T3-L1 preadipocyte.
differentiation. (PAc= prototype product 1 extract, RAc = Nuruk extract)

2 =
adiponetin, Steroyl-CoA desaturase-1(SCD1)2] mRNAY & o] <8 &<l3}3it).

o]} 72 mRNA expression #-¥] 914 &3E Hrlslr] Y8 AAHWA¥EQ] 3T3-L1 A+
£ AF83}9 reverse transcription{RT) PCRS 383 th. o] AXHAE &5 &
Ag W om Ald sto] EIAIA A AlEE0 FBS7F 234 8ix & HUbetal F5FEE
NAE 1 FE2ES 50ug/mLE A stttk 244 7F vk & TRIzol Reagent(Gibco BRL)E 4
o] A ZAFY] protocols Wl mRNAE Ao RT-PCRS 83t} AAE1Y FEE3 +5

E& A 2 olE gened] HAE FAsHa FF FEE HFTET AAFLY
E A aolA Bk dA g A s Fels A

o3
o
>,
He

VEH PAc RAc

Figure 7. Expression of adipogenic genes (PPARY, adiponectin, SCD1) was measured by
RT-PCR using specific primers



th ZHAE HepG2E o] &3 T4 A% /dol #xdd mRNAS &4

AbEe] ke Y Ve T FAAY, ZHE2HE, AWA 3447 uptaked] B E = 9
sto] glt}, o]o] SREBPs (sterol regulatory element binding proteins)o] % <Jgt
3l glo o= 3714 isoforms®] (SREBPla, SREBPlc, SREBP2) &=4j3%tt}. o] v} &
isoforms % SREBPlci A|HgAde] SAdAd oa gsta 9gJor=z  SREBPIc® mRNA ¥
A levels st

4. Akt -2 Exopolysaccharide(EPS) ] &9t €4 &4

A
7ho b Hol A &g &4

shupel Ar)el A AR ok FEE AREe] Al wEl =@ AE I A P =5
e xAoE AUzt ol#A Tl M AT A oZRY tE 408 HA U}
23 AL 7o) (metastasis)ZFal g}, HE3F metalloproteinase (MMP)+= ¢ Zojof] T2
g s st Ao® wadold gk wEbA oF Aol oAl @A4S HUtsky] Al T4
o] 54 (cell motility)s} MMPe] & &4 A& Zas FlsAdv}
(1) AZ digk EPSS =4 &4

MTTassay

Cell viability
{% of control)
=~ o o ;
(=] (=] (=] o

L
o

1 MDA-MB-231 cell

EPS (pg/ml) - 25 50 100 200 400 800

Figure 8. Cell viability of MDA-MB-231 cell at the EPS treatment

(2) GAHE olsA A &4 &4

% Aol A &AE Hristr] A A Y AEFQ MDA-MB-231& AR&3
wound healing assay & 33} th(Figure 9). & A2+ (2 x ells/mL)E 24-well Al E4)
% ZiolE seedingdlil 10~12 A7k sk —?, TJr%‘EE Ak AEES yellow-tipe AH&3}+
o MEEH woundE 9HE Il PBSE 2W, A2 shH A A T FBS7 23 w)
A A7bstal ikt il EPSE ke F iy & duA oz 7

—
U1
@]

¥E do) A XS 4% paraformaldehyde® A A 71 & 7z
AZF 73 Y MEF MDA-MB-2319A] 4kt -3 EPSY & o&4<Ql ¢ o)
Aol thsk A g8 w3k,
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| ohr

24 hr

= 100 200 400 800

Figure 9. Anti-metastatic activities of Exopolysaccharide on the human breast cancer cell
line, MDA-MB-231(3) MMP <A €4

b frEl EPSe] MMP #4 s Hokstyl flal b e AES
MDA-MB-231% AM&3}9 zymography® F33tdtHFigure 10). ¢ AZF (2 x 10°
cells/mDE 100 * 20mm A ZHF ZHo)E seedingdlal 10~12 AlZF 8l & A= A
AEEol FBS7F 289 wjA & H7bstal Akt F9 EPS& 3k 2

AP A 5, A E RS w559 acrylamide gelel A7)
A 7F5 et developing ¥, Coomassie brilliant blue® 943t 5 &3} )
g EPSel o8 MMP &Aoo Aafs x| &gkl Aw7tA9 Z3dE T3 T2 FURT
EPSE &3 4342l 432 ofd Aoz gls i}

1= Ol'ﬂ
off
=L

EPS (pg/ml)

0 100 200 400 800

100 -

s MMP—-2

Figure 10. Decrease of MMP activities from the human breast cancer cell line,
MDA-MB-231 by Exopolysaccharide(EPS)
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WA= e WAAZE AT AY AF A 02 GAEE A8 dAlEe B
2 e Ax2e AFE HES F At 5, AAEe A4S "HaFHolgte onE A=
T oer, o Y EE REFYH 5oy HAEE AR FHY odquEs 2R 7 9
th o] & o] &3l I e e g VsAs FEE 7 ds Aolg Bl
7F g2 M2 U mRNA 23 8 &9l

A M el e A A 2+ NK-kB, AP-1 signaling pathwayso] 23|

TNF-a, COX-2¢ & gene?] TS| WA AA7A BWe Hia glow o]of ujgh
gl gels Tl EPSe WY S wol e vbedE e & vk Macrophage
HE RAW 264.7 cell lines AH$3}9] Real-time reverse transcription(RT) PCR-S <=2 3}%
t}. RAW 264.7(5x10%ells)S 6cm plated] A EH]<F platingdt 3 10~12 A7+ wj<kst & 342
=2 A AXEE FBS7F ¥3td vjAE H7}8al controlZ LPS (1pg/ml), EPSE x4
2 A 3A. 6413 91 3 TRIzol Reagent(Gibco BRL)E Y o] A ZAFe] protocoldl] whz}
mRNAE 9o} SYBRY protocols ©]-&3F9] Realtime-PCRS =38 33 U}

(A) (B)

12 5
16 4
14 4
12 4

1.0 4

0E 4 2
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. ol = mom wom I
" 200 400 80O

EPS{pgiml) - EPS(pg/ml) -+ 200 400 300

COX-2 gene exprassion
THF - gane axpression
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i8 .
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g'lla
g 124
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¥ oz
LYY
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% 0t
2 ..

00

+ 200

EPS(pg/mi) -

Figure 11. Expression of inflammatory genes(COX-2, TNF-a, IL-10) was measured by
Realtime-PCR using specific primers. (A) COX-2, (B) TNF-a, (C) IL-10 gene expression

levels were compared with negative control.

I A A AES &4 A YEl}E mRNA WaEo] E% EPS A€
Z7tetE AL Fstgdr. o)E 4 B ko] EPSE Hul AsHA thAAEE
J <!
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6. el wAe o Fabtel ek 754
7}. Nitric oxide H] i

Nitric oxide(NO)¥= XA W} F 23 biological messenger®A FE2 Azl wh
thekek ks shar dvkar delA dvk EA o ® A A2 24 0}74] o oy %é‘e
”}Coi W H NO 4] L 59 shube] A gz AMgH o] vk 5 NO9 24 Axs= s
o &8 AEE e ¥ 5 )

gt

kel g

i

A AEZY] g4 ARE v FrFsh7] YelA macrophagedl Al ¥ RAW 264.7 cell
lines AFE3}o] NO assayE 333 tHTFigure 12). RAW 264. 7(1 x 10°cells)S 96wellell A
Zu %k platingdlal 10~12 Al7F wikst 3 sz gk A XS FBSYF £849 A Z A
7bstar #eld =AY fd fAt (W cibaria KSD—914)JJr olof th3dt control FAH
(Lactobacillus plantarum, Lactobacillus brevis)e U3l ¥ 2 Al 2443F sk
%, WA E FHEF] Griess reactions +XE3FTE ©] = SpectrometerE ©| &2l 540nm %

o4 FHEE dof o] NOO| F& A et

0.D value at 600nm

60
I vi.c o
L.B
G |
= B Lr
E 0.3
= 40 —_
2 g
=
B =
§ o @ . - w.e
- < —- LB
° - LP
= 0.1
10
0 " 0.0
- I1LPSmIIZI.TE 156 3.13 625 12.5 (x104CFU/mI) 0.78 158 3.13 6.25 12.5 25 (x104CFU/mI)
wg/mi) W.C = Weissella cibaria W.C = Weissella cibaria

LB= Lactoba(_illus brevis LB = Lactobacillus brevis
LP = Lactobacillus plantarum LP = Lactobacillus plantarum

Fig 12. Compared NO production of W. cibaria KSD-914 with different lactic acid bacteria
at RAW?264.7 cells.

NO production level e 2213 A3t W. cibaria KSD-914 (WC) f4hte] 49 A
2 Al L plantarum(LP)3} L. brevis(LB) f4ktol nl&] €53 F=uh= I
thoofo] thgk A7l Fabwrel e oxEA AT AL el Fof 4
OD #s AT 23 ke OD kel Afol7} vA|RE LB LPE B v 313l v A7
FEAle ODY Aol & FaFs LA e o= HIT

. A Y E B8 WY S 2 GAE S gA6 #HE cytokineES &<l

2439 A A EE FEE cytokines WH|SEe], WARNES ST A, A A0 E 3
2% 9FAE "ol AASE AS g} o] EAQ cytokine o Ei= TNF-a8t #&
=4do] 9t} TNF-a (Tumor necrosis factor)¥ tumorigenesist} viral replicatione A A7l
tan gl vt =, dAAREe @A4S S o|H g cytokinedl 93] ¢AES] HFHE A

ANAZIAY s A A F Q7] diidel olHd HAFEE 78St ‘jr ol f3 RAW
s)& 96welloll Al EH]9F platingd}al 10~12 A7 vkl & sl ez 21 A
XS5 FBS7F ¥3td wixE AUt A=z AAdd [k (W, cibaria KSD-914)3 ool tj
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3l control -4t (Lactobacillus plantarum, Lactobacillus brevis) S Q3= v=E=Z X s
tl. 6417 wiek &F R&D system ELISA assay kit® protocols wWet F3, o] &

Spectrometer® ©] &3] 450nm WA oA THEE o] o] 7o) %S A=k vl

TNF-a ELISA assay

th
o

s
o
-

[ 2]
o

[
o

TNF-o. production(pg/ml)
-
(=]
.

LIPS WC LB  LP (125x10:CFUmI)
(1 ug/miy

Fig 13. TNF-a production levels of three different groups that treated different lactic acid

bacteria.
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WY,

o] F-o] A=l Afol  oe] A AEzel fAdo] WAEH oe] B cytokines(GM-CSF,
iNOS, TNF-qa, IFN-B &5)o] @Agtt} o] 3t cytokineE2 tE 2 M ¥ NK cell-s &4

st Al71a, By Ttet G Ao AAkS A=5S 8 dAAMAEe 5 4% 58 gEne
e ¢ JnF A, Futole s, oF A DEel] Fag dEs vt oy o|fE, T
Aol 83 AMELE fAkate] WS Ael @S F+= GM-CSF, INOS, TNF-q, IFN-B8
mRNAo| o] st §gE F=A st gl& AT

Macrophage @l RAW 264.7 cell lines A3} reverse transcription(RT) PCRS
&3} tH(Figure 15). RAW 264.7(5x10°%ells)S 6cm plated] A Z 8] platingdt 3 10~12 A 7F

|

ek & AEnRE AP AEEe] FBS7E 23E wiAE HUbsta ME FEE fAkE (W
cibaria KSD-914)3} o]l t3$t control -2t (Lactobacillus plantarum, Lactobacillus brevis)
S 12x10° CFU/mL s=4¥=Z e st9dt). 6417 Wk & TRIzol Reagent(Gibco BRL)E 2
A ZAFS] protocold] ™WEF mRNAE Ao RT-PCRS 43839t}

WC A& LB, LP Aol uld] GM-CSF mRNA Td o] =& Aoz AHS,
LB AHgwo] vs] =% 953 w3 dsS weow A cytokinesS LP A3 FALSH

TAEGS A T AT

O
d

>
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12 5x10%ells in Gecm plate
Pretreatment time : 30 min
Treatment time : 6 hr

mRNA expression level

6 hr
(12.5 x10* CFU/mI) - LPS WC LB LP

iINOS
TNF-a
IFN-B
GAPDH

Figure 14. Expression of inflammatory genes(GM-CSF, iNOS, TNF-a, IFN-B) was

measured by RT-PCR using specific primers.

dojzl AAEE EUZ G2 7 fAbHEY W97 552 74 Aoz gy
THEE 234 b2 @4 ARE VX ' AS Aol 2 F AwsE AgAe W.C
ARl Afw e AT ERT €58 A5 35S Holv AR o= 7|EY f{Ak
T XU} probioticsA 2] FFQ Ao R HIU}

7. Azl £el| =AY Fd abetel i WS wWAYS 7=
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NO assay at Raw 264.7 cells Sonication : 90T, 2min
40 1
Bl scnication -
D Non-sonication T
g 30
= =
c
3
o 20
=
=
2
[=%
g 10 1
-
W. Cibaria (CFU/mI) - 1.56 313 6.25 12.5 (x 104

Figure 15. Compared NO production of W. cibaria KSD-914 and sonicated W. cibaria
KSD-914 at RAW264.7 cells.
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Figure 16. Compared NO production of W. cibaria KSD-914 with PGN in inhibitors treated
condition at RAW?264.7 cells.
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Figure 17. Effect of the W. cibaria KSD-914 on NF-kB, AP-1 signaling pathway,
(A)Nuclear fraction of Raw 264.7 cells induced by LPS(1 pg/mL), PGN (10 ng/mL), W.
cibaria KSD-914 (125 x 10 CFU/mL), (B) whole lysate of RAW 264.7 cells treated by
PGN (10 mg/mL), W.C (125 x 10" CFU/mL)
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Figure 18. Translocation of AP-1 down-stream molecules in treated—p38 inhibitor condition
with W. cibaria KSD-914, Inhibitor was one hour pretreated before treating W. cibaria

KSD-914

W. cibaria KSD-914 4kate]l t2Axzel &dsle] #3sk p38 Atks; z2h§o] Fa3ithe
Ae  &3t7] 98]l p38 inhibitorE ©]83Fo]  AP-1 signaling pathway®} #HHE
p382] <AAkst= 213 nucleardl 2 translocation
¥+ c-Foso| 42 &ds] o= Skl 3}9l 3, INKol|l &J& =2 translocation® o U=
c-Jungl ¢ WHIHE Ho|x &grt aHBE W. cibaria KSD-914 -4kt thak p38 <14t
st A A2 8] Aol Fad /AR AFEE F e Tleds st

molecules(c-Jun, c-Fos)& &<l3k 737} T=

W. cibaria

I
v

p-TAK1

/

p-38

e

c-Fos

\Aml _ A

8

12

0

o
0%

Figure 19. The mechanism of induced AP-1 signaling pathway in Raw264.7 cells by W. cibaria
KSD-914
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Figure 20. Compared NO production of W. cibaria KSD-914 Makgeolli with other
Makgeollil W.C-A| Al 351, #1 & #2 A& A9Zd])
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Fig 21. TNF-a production levels of three different groups that treated different Makgeolli
(800 pg/mL) at 6hr
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Figure 22. Expression of inflammatory genes(GM-CSF, iNOS, TNF-a, IFN-B) was
measured by RT-PCR using specific primers in treated—Makgeolli at Raw 264.7 cells
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Figure 23. Compared NO and TNF-a production of Pediococcus sp. with other Makgeolli
(PC-AAIE2, #1 & #£2-4F F% T2)
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Figure 24. Expression of inflammatory genes(GM-CSF, iNOS, TNF-a, IFN-B) was
measured by RT-PCR using specific primers in treated—Makgeolli at Raw 264.7 cells
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