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SUMMARY

I . Title

Development of an additive for manufacturing functional makgeolli using lactic acid
bacteria producing 1,4-dihydroxy-2-naphthoic acid (DHNA)

IT. Objective and Significance

This study is aiming at development of an additive for manufacturing DHNA-enriched

makgeolli using lactic acid bacteria producing DHNA.

Although DHNA was proven to have functional properties, only a Japanese dairy
company is commercially producing DHNA. In Korea, the co-operative principal
investigator in this study is solely investigating DHNA from lactic acid bacteria. If DHNA
is highlighted as a functional food ingredient in near future, we should import DHNA
expensively from the Japanese company. At present the company produces DHNA from a
Propionibacterium  freudenreichii strain and focuses on the study for improved oxidative
stability.

In this study, we will apply Weissella paramesenteroides CJNU 0480 strain (Kor. pat.
pending: 10-2010-0028177) to makgeolli manufacture and would like to produce
DHNA-enriched makgeolli products which could be exported to Japan.

IMl. Contents and Scope

1. Characteristics of W. paramesenteroides CJNU 0480 strain for production of DHNA
W. paramesenteroides CJNU 0480 strain is investigated for ethanol resistance and DHNA

production when inoculated in sterilized makgeolli product.

2. Preparation of makgeolli products with W. paramesenteroides CJNU 0480 strain and
analysis of their DHNA contents

Makgeolli products, where W. paramesenteroides CJNU 0480 strain is inoculated at different
preparation steps, are produced and their DHNA contents are analyzed by HPLC (high
performance liquid chromatography). Briefly two volume of methanol is mixed with
makgeolli sample and centrifuged (3,500 rpm, 10 min). The supernatant is taken and
filtered (0.45 um, syringe filter) and used for HPLC analysis. HPLC conditions are as
follows.

Column (Agilent HC-C18): C18; matrix diameter: 5um; width: 4.6 mm; length: 150 mm



Mobile phase: Acetonitrile: Methanol: Water: Acetic acid = 15: 25: 225: 0.1 (adjust pH 5.5
by 5% ammonium hydroxide)

Column temperature: 45C

Flow rate: 1TmL/min

Detection wavelength: 254nm

3. Quality analysis of makgeolli product with W. paramesenteroides CJNU 0480 strain

Effects of DHNA and W. paramesenteroides CJINU 0480 strain on the growth of Acetobacter
aceti strain are analyzed and microbiological and physio-chemical properties (pH, acidity,
reducing sugar content) of makgeolli products with W. paramesenteroides CJNU 0480 strain

are compared with a negative control where the strain is not added.

4. Verification of functionality of DHNA-enriched makgeolli
Bifidogenic growth stimulator (BGS) activity of DHNA-enriched makgeolli is compared

with those of general makgeolli products.

5. Preparation of cell powder product of W. paramesenteroides CJNU 0480 strain and
application to commercial makgeolli production
Freeze-dried cell powder of W. paramesenteroides CJNU 0480 strain is prepared in a

commercial company and applied to commercial makgeolli production.

6. Sensory evaluation
Twenty-thirty of adults are selected and perform sensory evaluation (color, taste, etc,;
score: 5) for DHNA-enriched makgeolli and the values are compared with those of a

negative control where DHNA producing lactic acid bacteria are not added.

IV. Results

1. Characteristics of W. paramesenteroides CJNU 0480 strain for production of DHNA

W. paramesenteroides CJNU 0480 strain was resistance to ethanol until 9% and DHNA
content of sterilized makgeolli with W. paramesenteroides CJNU 0480 strain was increased
twice when compared with sterilized makgeolli without addition of W. paramesenteroides
CJNU 0480 strain.

2. Preparation of makgeolli products with W. paramesenteroides CJNU 0480 strain and
analysis of their DHNA contents

DHNA contents from makgeolli products where W. paramesenteroides CJNU 0480 strain was
inoculated at different makgeolli preparation steps were investigated and compared with
each other. To tract an added W. paramesenteroides CJNU 0480 strain, the strain was

transformed with a recombinant DNA pCW4 harboring an erythromycin resistance gene. In
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our laboratory, makgeolli was prepared 4 times and W. paramesenteroides CJNU 0480 strain
was applied to steps for starter preparation, 1st fermentation, and 2nd fermentation. From
DHNA analysis, there was no difference between W. paramesenteroides CJNU 0480 strain
added makgeolli products and no added makgeolli products. To solve the problem,
additional two lactic acid bacteria LP1 and LP2 were selected as DHNA producers. They
were identified Lactobacillus casei and Lactobacillus plantarum, respectively. Unlike W.
paramesenteroides CJNU 0480 strain, DHNA contents of makgeolli products where L. casei
LP1 and L. plantarum LP2 strain were applied to 1st and 2nd fermentation steps were
higher than that of makgeolli product without addition of the strains. Nevertheless the
strains were applied to final makgeolli products where ethanol content reaches 6-7% for
survivability and their DHNA contents were increased when compared with no added

makgeolli products.

3. Quality analysis of makgeolli product with W. paramesenteroides CJNU 0480 strain

DHNA and W. paramesenteroides CJNU 0480 strain did not inhibit the grwoth of Acetobacter
aceti KCTC 1010 by an agar diffusion method. However, L. casei LP1 and L. plantarum LP2
strain mix slightly inhibited the growth of A. aceti KCTC 1010 strain.

Physio-chemical properties of makgeolli products prepared with W. paramesenteroides CJNU
0480, L. casei LP1, and L. plantarum LP2 strain combinations were not significantly different

with each other.

4. Verification of functionality of DHNA-enriched makgeolli

To wverify the functionality of DHNA-enriched makgeolli product, bifidogenic growth
stimulator (BGS) activity was investigated. From the results, the BGS activity of
DHNA-enriched makgeolli product was higher than those of general makgeolli products

where DHNA contents were low.

5. Preparation of cell powder product of W. paramesenteroides CJNU 0480 strain and
application to commercial makgeolli production

W. paramesenteroides CJNU 0480 cells were massively freeze-dried in a commercial company
for processing of lactic acid bacteria. The freeze-dried powder of W. paramesenteroides CJNU
0480 cells was applied to manufacturing commercial makgeolli products alone and with L.
casei LP1 and L. plantarum LP2 strain. From the results, DHNA contents from makgeolli
products, where L. casei LP1 and L. plantarum LP2 strain mix were applied, were increased

when compared with negative controls where DHNA producing cells were not added.

6. Sensory evaluation
From the sensory evaluation, the scores of makgeolli products which were added with
DHNA-producing lactic acid bacteria were not significantly different from the negative

control makgeolli where the bacteria were not added.

_8_



V. Outcome and Opinion for Future Use

1. Outcome

1) Publishment

Journal: Preventive Nutrition and Food Science (KCI), Vol. 17, pp. 83-86 (2012)

Title: Detection of 1,4-Dihydroxy-2-Naphthoic acid from Commercial Makgeolli Products
Authors: JE Eom, SC Kwon, GS Moon

2) Patent pending

Title: Lactobacillus casei LP1 Strain Producing 1,4-Dihydroxy-2-Naphthoic acid and Its Use

Date: 2012.08.16

No: 10-2012-0089403

Applicant: R&DB Foundation at Korea National University of Transportation and JKNutra
Co.

Inventors: GS Moon, JK Lee

3) Poster presentation

Symposium: Food Science & Communication (Korean Society of Food Science and
Technolgoy, Daejeon Convention Center)

Period: 2012.6.13-2012.6.15

Title: Detection of 1,4-Dihydroxy-2-Naphthoic acid from Commercial Makgeolli Products

Authors: T] Kim, GS Moon

2. Opinion for Future Use

1) Patent pending and publishment for the method of DHNA-enriched makgeolli products
using DHNA-producing lactic acid bacteria

2) Publicity for the functionality of makgeolli products

3) Finding out novel functional materials from makgeolli products

4) Scientific characterization of DHNA production during makgeolli fermentation
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A2 =We] Zlend 3

1,4-Dihydroxy-2-Naphthoic acid(DHNA)
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Furuichi et al., 2006).
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OH

Fig. 1. The chemical structure of 1,4-dihydroxy-2-naphthoic acid (DHNA).
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Table 1. 3% =Ag] A|FFE o=

(&9 : o 9
Ax 2008 2009 2010 2011 2012
At R 3,000 4,400 7,100 8,000 10,000

(£ Foodbank.co.kr)
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Table 2. 24z #2543
(&t A 2, %)

B 2009 2010 SHE

T e T =9 ki e

Al 7405 62777 1719415 190935 162.2 2042
dE 6157 5407t 195556 155875 152.7 188.6
] = 653 46713 2004 17597 206.7 279.6
T 273 1379 1021 9112 2739 006.8
H Ev 107 1079 247 2795 131.3 152.1
T 62 3wH7 161 13715 160.7 266.8
7| et 153.2 1279 425 43711 177.1 262.3

(£ Foodbank.co.kr)
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W. paramesenteroides CJNU 04800 T2 =2tz H7F Al ol&2o] gt Aol FQ351A =t

£33 = gJo] o]F APt ¥4 MRS brothE oeks o] 0-21%7F A 2423 o
agEFstn s vl kst W. paramesenteroides CJNU 0480 5 1%(v/v) HEFslq HA|
o2 FHE(ODan)s &3 T z’“%’i—g #stsich

I A3} W. paramesenteroides CJNU 0480 = e FF 6%AAE A== Ao
EfutA] ekgkom 9%olA = thae] A3 7:”*0] BHPo} ve &0 FAE B Aol gl
= Zo2 FJHEGon 12% o|dddAe o T2 BAEA ZFUTHFig. 3). 1HIANE BF
star Aol g A 277 FAst dgg 1 ke wE ASAE 2 /‘é 5sE %
%8}7] qa%u}. durdow vtz wEHHA Ha 16% FE oete FHFS Holw A
Fd AT HEEY g FHo] 6-7% T FHe FL uHIgHE W parumesenteroides

CINU 0480 #55 Zddel H7tsted 7154 HEYE Axsted & 247 9S 222 &
SE A

AT ER AP S 0|85t W. paramesenteroides CJNU 0480 #3 HF & AHA|ZH o2 DHNA

S|
C2RH AT £ A HAY AFES dol ¥ 270 500 mLY EFEte] A2
A (60T, 308)3 &, MRS AA|vf x|l A v k3t W. paramesenteroides CJNU 0480 T3+ ufj o
o 5 mL1%)E s FEFO01% w/v)E A= the 47 B E Ted w9 ) =

1ol HEZ3A k. W. paramesenteroides CINU 0480 #F&5 HE5A & =g dxZe
2 A3 W, paramesenteroides CJNU 0480 o5 H7l23 FH7ME2 10°C°ﬂ/\1 HZ3H
A AR R fAbE e DHNA s S35t 43 vusisith 4k d 5 MRS
A A S o] g&3le] MEdH L Log cfu(colony forming unit)/mLE EA| 3T}, ‘1]'24_31 A=
¢] DHNA 32 #Z5A|E DHNA(Sigma-Aldrich Co.)& —L;—?’—H(Flg. 4)& =zHA3sld HPLC
Hoz AT &, A5 WEES 1: 19 HEE EFstA A F23 & 52 A
zste] HwEEd =4 AAEZ(10,000rpm, 108)ste] = *J%Qﬂ% FAFEE (0.45 1,
Sartorius Co)2 o#3s & T o HPLC EA44 Alg2 AlE39t. HPLCE ZHHELS
Agilent HC-C18(4.6x150mm, 5/m)2 AF&3IH T o] 542 oHEUEZ : fELE : & : oA E
A =15 : 25 : 225 : 012 EFstgoen drijols (mmonium hydroxide)E ©|-&3}o pH
552 ZAsAtt HHY LEE 45TCE FAANALH F45L ImL/min 2 YL A8 F
AFT AEuF 242 20409k 254nm$i T E S HPLC%QE g<l® DHNA 3= F71 7
& —?43]1 LC-MS(Liquid Chromatography-Mass Spectrometry)E 383} th. HPLCAH2]
DHNA £3& 28 t}& T3 LCMS A48 319 =d LCE Prominance 20A apparatus
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o
mlo
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Fig. 3. Ethanol resistance of Weissella paramesenteroides CJNU 0480 strain.
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DHNA (1,4-dihydorxy-2-naphthoic acid) standard curve.
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(Shimadzu, Kyoto, Japan)Z ©o]&3le FdstH2 MSE= LCMS-IT-TOF A]2®(Shimadzu)2
o] &3}tk XR-ODS LC Z H(Bx75mm, Shimadzu)S AME3H1 AHEY 5= 45TE F4
stgom AEFYSFT &5 47 20ut 02mL/mingth. LC-MS o] EAS o] HPLCe}:
23 2oz 5}

W. paramesenteroides CJNU 0480 #FZ A9 F oz wzg| o] H7}13)

T7F S7kete A 9 F UM W0TAA 6¥d A= viFRS o FHME B+ O—F
6.7 Log cfu/mLe]l =23k vk CINU 0480 #F H7F79 A% oF 74 log cfu/mLo]l =E3
ATHFig. 5A). 3 DHNA 3 EAAE FH79] B39 6dA o] oF 04 ppm =
o] g Bl v, W. paramesenteroides CJNU 0480 <+ H7IT9 7% 49 o|FHE <oF
0.9 ppm¢] FH=S Hol FF7bTo B8] 28] olAte] =& $£3E HJTHFig. 5B). FrtHo =
HPLC %ol veEld DHNA Tz st AFS 8] £FAE DHNA(Sigma-Aldrich Co.)<}
LC-MS Z#E Hugd S u dxste EAFS EArh(Fig. 6).

A 2 A W. paramesenteroides CJNU 0480 =5 FH7}s wh2d] Az
2 DHNA 3$h&F vlu 24

W. paramesenteroides CJNU 0480 ¢FZ =A@ ol H83}7] Aol W. paramesenteroides CJNU
0480 T3] AAIAQ Fols By 93] AZF DNA pCWA(FAA erythromycine] o &
WA FAX ZIHE o835t FAAZ Al FEAF W, paramesenteroides CJNU
0480(pCW4) 9] A Al W3l §F5 #&Asty] 8l W. paramesenteroides CJNU 0480 o
Zob A HARA0%, w/vel 242F BESF] ANHoR pHet AR5E ZAsAT. 2
A3} W. paramesenteroides CJNU 0480 TF<o} A2 W. paramesenteroides CJNU 0480(pCW4)
F Atololl & Zpol7t glUTh(Fig. 7).

E3 Bz AtE g E o] faW 37He] 200mLy #F3 ThE A-24d (60T,
308)3 & 270¢] Wl =yt vl 3t W. paramesenteroides CJNU 0480 2 W. paramesenteroides
CJNU 0480(pCW4) F32 7zt 1% H7bstach A723 2A712e 37ColA wostns 2
AlHeo g A, pH 9 DHNA g 243513t fAkde Ads Z8-2 MRS A A4
Al 35U HPLCE o] &3 DHNA 3 Z342 oA 45 iz Fds3h

T A7VE(~10* cfu/mL)o] ¥ EA AIE(107 cfu/mL)olA] AAZHQ GaFo 7 =A U
B e ™ W. paramesenteroides CJNU 0480 w5 7l W. paramesenteroides CJNU
0480(pCW4) T3 A7FE Atolols 2 zol7} QIQITHFig. 8A). pHel 7 A7lZ3 ZA7LE
Atelel & zol7F fi%le™ pH 4.0 o2 el th(Fig. 8B). DHNA 332 H7bio] 3
7h (48417t 0.24ppm)oll H]8] =A YERG o™ W. paramesenteroides CJNU 0480(pCW4) o5
H7H (48417 0.62ppm)o] W. paramesenteroides CJINU 0480 T 774847k 0.50ppm)oi]
‘1‘1311 o =7 JYEsthFig. 8C). DHNA 3o zfol7t Fole g s 7Qlst=As A

3] {estr] oH ¢ AgE EAE QA FUHHYA AP 5] JaAFHoloF & AL AR
%E]-. O B3t AZT W. paramesenteroides CJNU 0480(pCW4) o7} =H4 2] of A 2]
DHNA A4t A 38 FaFE rlx= AL 2%l Holn o] Az TF& o835t ot
S A¥EE AYsl= A EAV ¢S Aoz AFHATH
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Fig. 5. Viable cell counts of lactic acid bacteria (A) and DHNA (1,4-dihydorxy-2-naphthoic
acid) content of sterilized makgeolli inoculated with Weissella paramesenteroides CJNU 0480

strain.
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Fig. 6. HPLC chromatograms (A, B) and LC-MS spectra (C, D) for DHNA standard and
makgeolli product. The arrows indicate peaks for DHNA and the circles indicate spectra of

molecular masses (m/z) for a de-protonated DHNA ion [M-H]J.
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Fig. 7. Viable cell counts and pH values during fermentation in whey broth using Weisselln
paramesenteroides CJNU 0480 and CJNU 0480 (pCW4) strain.
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Fig. 8. Viable cell counts of lactic acid bacteria (A), pH wvalues (B), and DHNA
(1,4-dihydorxy-2-naphthoic acid) content (C) of sterilized makgeolli inoculated with Weissella
paramesenteroides CJNU 0480 or CJNU 0480 (pCW4) strain.
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F7F Ao B AidE A HdgE 2o E2FE Ak 47l 200mLy EF3
t}& 27H4 ol s}&ur w3t W. paramesenteroides CJNU 0480(pCW4) &5 242+ 1% 7}
sttt H7led FEVME A4 10Tk 25TeolA  B@stdxs]  BAFHSEZ pH, W
paramesenteroides CJNU 0480(pCW4) #F+Z5 X33 FAA| erythromycin U4 o5, DHNA
e BEAMsIHY. FAAA erythromycin qqx% s MRS TAE|Ae]  3HAA
erythromycing 154g/mLe] FE2 Frlsle] Ax F 107 FHHoz zAH A8E =23
o FAHE F21Y F(log cfu/mL)ZE FestHgen pHE pH =4 7(Mil60, MARTINDE A}

&3le] 33 wHE 3 F PFF o2 Uitk DHNA 932 o_bq A3t HPLC BAW o
2 £33k pHe ZF$ 10T Bag A89 A9 pH 38 FZolA pH 40 oz ¢
HF F7ME B wE 25CAA mEE Age] A% pH 45 2oz Frlehe dHE R4
THFig. 9A). A WA T4 A FA7ME] 10* cfu/mL o]ste] 745 ®BQl ¥y 7}

79 A% 107 10° cfu/mLe] #52 VERQthFig. 9B). DHNA 3 27127 A7T
T 10ColA EEF A5 7% DHNA el 2 wsirh glld whd A7k 5 25Tl A
HZ3% AJg59] 3% 027ppmoll A 036ppme 2 F7}5tHtH(Fig. 9C). o2 A =tdz] #gl
olvgt 4 ZAgolME CNU 0480 757} H7}2 ) DHNA #F2 =9 5 JL Ao=
el E .
< TU3 HHYE ol 8ot TFe Il wE DHNA el

ok Bz A Ao A g4gE A7 3709 88 27 200mLy BEF35kaL
vl X (Difco)ol| A sF=%F vkt W. paramesenteroides CJNU 0480(pCW4) H#FE
Z+ 1% 5% F7VstEeh. H7ls FH7EES 25Col A sjfstaa] FAAHL22(0, 05, 1, 2, 4,
6, 8, 109) A+, ARG 2L W. paramesenteroides CJNU 0480(pCW4) #FE X
W T, DHNA &S T4 8o f4ass AR5 F4LS A5g Tz F§
FES01% w/v)sh 199 M&= Tgshe] 107 FAEo = 5451900 o2 MRS A4
A1¢k YPD nAj Ao =@Ele] 37T, 24A13F Wi & fAbETe AERSFE FHISH
cfu(colony forming unit)/mLE JERASTE T3 A3 FJAAS 15ug/mLe] erythromycin
o] £gFE MRS nA|wjA]o] =#3te] W. paramesenteroides CJNU 0480(pCW4) #F+E5 X33
A WATe £2 AU HPLCS o83 DHNA ¢ 282 o4 493 wios
Syt

AR fakRe] 2= BAZEel vE AsEAA Tha EA et s (Fig 10A), &N
S B Apolol 2 Aozl fNTHFg 108). FAA WA #E B7FEA0 cfu/mL ool
TH47F2 (10" cfu/mL ©]shel ¥ EA JEgth(Fig. 10C). DHNA e 7 H7hekd wel
Z7bshe AL = UERLTH(Fig. 10D).

UM A E AFAFANE EUNZE W. paramesenteroides CINU 0480(pCW4) 5 =tz &
€3S ul DHNA gFe] S7Hd =de] e Aito] 7t Aoz dAdsty =y Az &7
(32, 1% %3, 2% B2 A7isiel DHNA §3& vm2Aadth ALY (750)
FYAE 2F5o7 RBIAFH W. paramesenteroides CINU 0480(pCW4) TF5 YA
erythromycin 5pug/mL ©] F7FE MRS 5mLell 1% FHEF3}e] 37T, 24417 wjokste] &443)3sh
Fol MRS 100mLe] TUs A= Aduj stch mFd-s Q9482 (5,000rpm, 4T, 10
) 3 AFE 01% WEFE AR T AMA KAGVA CYEER oA, #RE F
1% B 9 2% wE A 247 1%4 drtelel £97h20 pH % DHNA %2

ém&fn

Mo

A
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Fig. 9. pH values (A), viable cell counts of erythromycin resistant bacteria (B), and DHNA

(1,4-dihydorxy-2-naphthoic acid) content (C) of non-sterilized makgeolli inoculated with
Weissella paramesenteroides CJNU 0480 or CJNU 0480 (pCW4) strain stored at 10C and 25TC.
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Fig. 10. Viable cell counts of lactic acid bacteria (A), yeast (B), erythromycin resistant
bacteria (C), and DHNA (14-dihydorxy-2-naphthoic acid) content (D) of non-sterilized
makgeolli inoculated with Weissella paramesenteroides CJNU 0480 (pCW4) strain stored at 2
5T.
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AT ] Alxe FEEAGNAAS & 500mL, %01% 400g, X Sg— RS
A2 A 747 mgEtAa 19 g FEA AT 2kg, & 2LE THSI A4 5Lz
HeFstom 2¢ gEoAe 1d g s 27 Skg, 7§Xﬂzi 10g, & 6L§ ey 3o S
A2 A 5L wgstE e A Ho R wjgdE Al(seive)2 AE oy EE 2] §Ho=
A7tste] FAF AAFS Az BAHY A4S 8 A4 AlE S0mLe AFAHE

8314

3 2
&A% EA AMEsHAT. pHOl 3¢ 73*1*—‘12 2 ZFA4sta m A gAY A RE o]
DHNA &S 243519 th pHE pH 3 7(Mil60, MARTIND S Al&35te] 33 wiE =34 &
BoHeZ YeERSATh DHNA B3 EM A8 HAFOmL)S F&) 204 Al % H7rs
o E33 3 AAEZ(36,00rpm, 108)5te] 45 M-S 045um FAFEE (Sartorius Co )2 A3
1 oS HPLCE A 82 ARt HPLG(YLI100 GPC, d#17]7]) AL Al £33
W FUsith. BAZAI pHe A 1w g@E¥ 29 @5 ©@ACl W. paramesenteroides
CINU 0480(pCW4) T F7HAS of T3kl vl tha PA fAE= 3 (Fig. 11A)0]
ANt DHNA FHFol A A7t FH7FE Atelddl fol A 2pol7h QI AT Fig. 1lB)
A3 AYEE Eol7] flste C¥xFeZHE A Az ALEHAE AEES 2484
2 7HA ¢ 48 E vA Ax giu}(Flg 12). CJNU 0480(pCW4) TFE FHUAE 194:} 1

Al A

Al

kl

]_

o 2959 2 gy o Z+zk 1%4 F7bstlem FH7kE 3 Bl ag 7t 0}9315} 12 "5
A7) R 50mLe] &Y= 1OOgJ4- E 100mLS =3 & 257C, 48

2Ee 19 g e &= 350g, T 218g, 560mL-& iﬁ;}a 5 2
5C, 60~ wioFstaink. L & &7k AREE o|&3sto pH, 4%, #4979, DHNA 3=
(Mi160, MARTINI)Z /\]-Q—o]-OE] 3ﬁ t&% %Xé Z B\Egoew urE}
Asz A1 : 9t &de TFEANaOH)e 2 HA st §7]4)
Tt AL e 2 Ac1d1ty(%) (VxFxAxDx100) /S

(V: O.lN—NaOH gl HAA] 4Au¥|FEF(mL);, F: 0.IN-NaOH &2l &7} A: 0.IN-NaOH £}
ImLol  APsHE  f7l%el 0009 D HAMG; S AR ARW. AL

DNS(3,5-Dinitrosalicylic acid)®} Rochelle g2 wA3le] 575nmol A FHE=E FH3IAT
HPLCE ©|§-3F DHNA 3 24L& A A™s 243 S 383t o] ZioAx
ore] Azte} mpA7tA 2 H7bEe] DHNA o] F37bzol vls S718s A% HolA| &
Ut pH, 4=, 4T A3 Fig 130 el DHNA 3= £4¢] ZI+= Fig. 149
LFERY AT
ChzFeo dEZE olgsted F WHell AR =] Axz4d3 23z DHNA el o] W
parumesenteroides CINU 0480(pCW4) 5 73 F87I Alolol & Zlol7) glof DOO‘E_% =z
YEE dof T AxAPS FAsT. w3 FEGA, 1@ 25 B, 2d 235 @A
of & FH7lsle Zol & &3V Qe FoE Awste 2¢ J5 §F JdeE EFE 6-7E7}
HA Bg H7lele A2 AE F W. paramesenteroides CJNU 0480(pCW4) o
FotHA AAHez pH, ke, @49, DHNA #3Fe £433ih 18 &
2 Q) = 100g, E 100mLE Z33le] 25, 48417 wiokslglom 2uF &322 1
= 350g, ¥2 218g, & 560mLE E3sle] 25C, 72417 sk 29 EE NS A
g dEE E55 6752 ES 4o 233 & B7E F2H¥ 4ol 47 500mLy Ea —Er
Noll W. paramesenteroides CJNU 0480(pCW4) #55 1% F7lstdw. 7l 23712 42
1HAE 10T S 25Tl A vlFstHA 3 tHe 2 1597 pH, 4t%, $99, DHNA 33S

LE

—

¢
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Fig. 11. pH values (A) and DHNA (1,4-dihydorxy-2-naphthoic acid) contents (B) during
makgeolli fermentation with Weissella paramesenteroides CJNU 0480 (pCW4) strain. Sampling
was performed 4 times. 1st: Starter preparation step; 2nd: 1st fermentation step; 3rd: 2nd

fermentation step; 4th: Makgeolli final product.

_31_



No Inoculation Inoculation
inoculation at 15t fermentation  at 2" fermentation

1st fermentation

2nd fermentation

Fig. 12. Makgeolli preparation process.
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Fig. 13. pH values, acidity, and reducing sugar contents after makgeolli fermentation with
Weissella paramesenteroides CJNU 0480 (pCW4) strain.
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Fig. 14. DHNA (14-dihydorxy-2-naphthoic acid) contents after makgeolli fermentation with
Weissella paramesenteroides CJNU 0480 (pCW4) strain.
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pHE pH 274 7|(Mil60, MARTINDE Al&3le] 33 w2 =24 & gagioz ey 4
Q.
[e)

TE ABE AHASE A1 95t 44y EEEA(NaOH)o 2 HAs S {742 B335
Atk L FE DNS(3,5-Dinitrosalicylic acid)9} Rochelle go 2 w23te] 575nmol A FH T
£ =39t HPLCE ©]43F DHNA 33 242 UdA AW3 247 5L3A =339
T 4¥ZAT pH, A= 2 FLGL A8 o] 2 ol7l §1%le™ DHNA kel A=
10Tl HEop= 25TolA DHNA @&Fo] v Frtste e Biot HA7tes F37kT
Abololl 2l A Ql zlol= HolA okt (Fig. 15).

(™ D)OETHJ YEE dof Hdg A=A 2 Ax FTo W. paramesenteroides
CINU 0480(pCW4) #FE H7tste] F37bc 3 DHNA F#g w43

MRS Ao o H 3
o7k G AR Haso] BINE AP £AY AFZIORVE FEAY FAYE T
3ty W. paramesenteroides CJNU 0480(pCW4) #F5 H7ISE & l'i—?{jﬂ—r}ﬂr HuAdL ¢
Ark. HAE 209 HEE R A 500mLy F7EE F 1o Hel s aj g
W. paramesenteroides CJNU 0480(pCW4) 55 HESF(0.1%, w/v)oll AlH3 & HFFTT
2 Frlsielth o5 Frkw B FEVbE S #HEY fEREd 10T EESHEA 0, 3, 6
ARE FHslY pH, A%, 399, fAF 2 a24, DHNA 338 v uE4319th pHe pH
2707)(Mil6), MARTINDE AFEShl 33 Wi 274 % BEgtes vehjac. 4
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Fig. 15. pH wvalues, acidity, reducing sugar contents, and DHNA contents after makgeolli
fermentation with Weissella paramesenteroides CJNU 0480 (pCW4) strain during storage at 1
0C and 25C. In table, values are mean+SD (n=3). Means having different letters are

significantly different by Duncan’s multiple range tests (p<0.05).
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Fig. 16. pH wvalues, acidity, and reducing sugar contents of makgeolli products with
Weissella paramesenteroides CJNU 0480 (pCW4) strain during storage at 10°C.
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Fig. 17. Viable cell counts of lactic acid bacteria (A), erythromycin resistant cells (B), and

yeast (C) of makgeolli products with Weissella paramesenteroides CJNU 0480 (pCW4) strain
during storage at 10C.
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Fig. 18. DHNA contents of makgeolli products with Weissella paramesenteroides CJNU 0480
(pCW4) strain during storage at 10C.
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3to] 37C, 24A17F vl & FAMFo EaRSFE S5 H 21 cfu(colony forming unit)/ mLZ
JeER it HPLCE ©]&83 DHNA @3 32 A A% ez Fas¢nt. 439 2
3 pH 2 AEE 27123 FAAE Aol 2 Holrt gRlem F4Ee AE A7 ol
At A vepted mE 2 B9k DHNA @ 2% 298dE 37}
oA =4 Ve olF FHIMTT & AbolE HolA| ZUTh(Fig. 19). ol olHe dF
ARl gh B Gae Byt
AckzAol mhAg AHEAHA 25T, 24A Al FoAgt FH7Fd] H8] DHNA gho] &=
A e 2gelE BTAn 2449 @F5Ue A AYEFoRRE %ud fEE
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et G 1w g Bd= 1.66kg, A &G4 2g & 3LE FHrlste EF3 T 25T, 724]
ZF vkttt W. paramesenteroides CJINU 0480(pCW4) T+ 1w 2 2wt =& A 224 1%
%jio}aau} WOLE 98 ¥ 2L ol8de] AR FBL 6TE HES 23T F )
T FrEl¥el 500mLy HEF T 25T FrHiY stHA pH, AtE, AT 3 BR
g

=
DHNA S 2459tk pHE pH 23 7|(Mil60, MARTINDE Al-&35le 33 whE =X
o} (NaOH)©. &

HEFO R JERT AEs AlEE BAFR 319t gL EES
Aot /712HE B4 AR fAEF BRSO FHE ARE F
EL0.1%, w/v)et 1:92 ngi st 1037 MR A3
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A7 FA7EE Aleldle 2ol Holx] ekt (Fig. 20).
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Fig. 19. pH values, acidity, viable cell counts of lactic acid bacteria and yeast, and DHNA
contents of makgeolli products with Weissella paramesenteroides CJNU 0480 (pCW4) strain
during storage at 25C.
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Fig. 20. pH values, acidity, viable cell counts of lactic acid bacteria, erythromycin resistant
bacteria and yeast, and DHNA contents of makgeolli samples where Weissella
paramesenteroides CJNU 0480 (pCW4) strain was added to 1st and 2nd fermentation steps,

respectively. The makgeolli samples were stored at 25C.
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DHNAZE AAitsl= Ao g2 3ol on 165 rRNA AR F7]4g8 o
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LP1 Lactobacillus casei
LP2 Lactobacillus plantarum

Fig. 21. DHNA production of Lactobacillus casei LP1 and Lactobacillus plantarum LP2 strain
and their identification using 165 rRNA gene sequencing. In table, values are mean=SD
(n=3).
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Fig. 22. pH values (A), acidity (B), viable cell counts of lactic acid bacteria (C) and yeast
(D), and DHNA contents (E) of commercial makgeolli samples where Lactobacillus casei LP1
or Lactobacillus plantarum LP2 strain was added during storage at 25C. In table, values are
mean+SD  (n=3). Means having different letters are significantly different by Duncan’s

multiple range tests (p<0.05).
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Fig. 23. pH values (A), acidity (B), viable cell counts of lactic acid bacteria (C) and yeast
(D), and DHNA contents (E) of commercial makgeolli samples where Lactobacillus casei LP1
or Lactobacillus plantarum LP2 strain was added during storage at 25C. In table, values are
mean+SD  (n=3). Means having different letters are significantly different by Duncan’s
multiple range tests (p<0.05).
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Fig. 24. Makgeolli preparation process.
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TE pH, A%, 399 L FRFAA HIFEI FHIE Atoldl 2 o]zl QITh(Fig. 25).
DHNA tg}au Bt ArHo g HJrtwd FHIMTAA e FEE B} Locasei LP1 B
L. plantarum LP2 T A BA FHr7lZo] 7ol B8] DHNA o] =4 el (Fig.
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FAAE Ao AdA AdzFozHE AzxdH HHAYES FYSte L. casei LP1 2L L
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FA(-76TC) EE F J ﬁ%%% Aol MRS 10mLo| 1% FFste] 37C, 24413 HH"‘EO}O#
Sy w/V)E AlFste] FZgd ZA4e Fx2 Atetdth pHE p
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£ AASE A0 : 95t & EELA(NaOH) 22 HAsto {714 E45A A=
o]
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Atk A== /\1 g AATZ FA19)EI dZE FFRANaOH) 2 HAS S {714
B AT A2 §AMESE A|EES ZgFoz 3| %%—?(01%, W/V)Q]' 1.9¢] &2 &
Fatd 107 4 1oz FAstgen ol& MRS TAA =2 & & 37C 48417+ #jF3t3l

a1, 2AhE2 YPM DA Ao =2 3 F 26°C 48417 wl ket

w3t W. paramesenteroides CJNU 0480, L. casei LP1 % L. plantarum 1LP2 #F5 =4z Az
Hgol F7HRE W FFolis v Aolg Eeu pH, 4t= B %1%4 FFollHes &
zfolE Holx| gokth. o] A¥E DHNA A4t #55 =Hdeldd H7ise o =z 29
A FEFEE HAA &GS AR #AHEEH

_48_



—*—No inoculation
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= | W
—_ B 4
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= 5 —*—No inoculation
o X —m— 15t fermentation(LP1)(1%)
2 3 ——2nd fermentation(LP1)(1%)
2 —=—1st fermentation(LP2)(1%)
1 —+=2nd fermentation(LP2)(1%)
o T

o 3 6

Time (day)
Fig. 25. pH values, acidity, reducing sugar contents, and viable cell counts of lactic acid

bacteria and yeast of prepared makgeolli samples where L. casei LP1 or L. plantarum LP2

strain was added at 1st and 2nd fermentation steps during storage at 257C.
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- 0.4 -
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o E 031
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,ﬁ: -
0 T
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Fig. 26. DHNA contents of prepared makgeolli samples where Lactobacillus casei LP1 or
Lactobacillus plantarum LP2 strain was added at 1st and 2nd fermentation steps during
storage at 25C.
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DHNA Cortent (ppm)

Samples = Dt 5% | 48 h at 10%
No
; ; 0I7I0£0.035° | 0.1574£0.004*
inoculation
LPI(05%
O3%) | oromen.008 | 0.1672e0006

+ LP2(0L5%)

—*—No inoculation
6 =
—8—LP1(0.5%)+LP2(0.5%)
B B
a - -— = — a
3
o 24 48 72
Time (h)
1
—*—Mo inoculation
0.8 |
= ——LP1(0.5%6)+LP2(0.5%)
= 0.6 -
>
.=
=]
= 04 -
= - - e
0.2 |
o
o 24 a8 72
Time (h)
9
8 -
E
7 ]
=)
S 6 -
(=2
S 5 = —*—No inoculation
4 ——] P1(0.5%) + LP2(0.5%)
3 T
[¢] 24 48 72
Time (h)
9
T — =
£ = -
5 ®
‘S
=
9 5 —#—No inoculation
4 4 ——LP1(0.5%)+LP2(0.5%)
3
[+] 24 48 72
Time (h)

Before 24 h: 25°C
After 24 h: 10°C

™ No inoculation

W | p1(0.5%)+ LP2(0.5%)

DHNA content
(Ppm)

24 h at 25°C 48 h at 10°C

Sample

Fig. 27. pH values, acidity, viable cell counts of lactic acid bacteria and yeast, and DHNA

contents of makgeolli product samples where Lactobacillus casei LP1 and Lactobacillus

plantarum LP2 strain mix was added during storage at 10 and 25C. In table, values are

mean+SD  (n=3). Means having different letters are significantly different by Duncan’s

multiple range tests (p<0.05).
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——A.aceti(1%)+LP1(0.5%)+LP2(0.5%)(25°C)

pH

0 1 2 3
Time (day)

——A.aceti(1%:)+LP1(0.5%)+LP2(0.5%)(25"C)

(8] 1 2 3

Time (day)

10
Lactic acid bacteria

/

Log cfu/mL

g . —i— A aceti(1%) +LP1(0.5%) + LP2(0.5%) (25°C)

] 1 2 3

Time (day)

8 A. aceti

6 /\

—-—_—_———_.

Log cfu/mL
B

2 —i— A_aceti(1%)+ LP1(0.5%) + LP2(0.5%) (25°C)
0 T
(o] 1 2 3
Time (day)

Fig. 28. pH values, acidity, viable cell counts of lactic acid bacteria and Acetobacter aceti

during co-culture of A. aceti, Lactobacillus casei LP1, and Lactobacillus plantarum LP2 strain.
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1.5
__ 10 | b
=
2 a a a
(]
O s |
0.0 : * .
B. longum Product A Product B Product H
B
S b
= 10 - ab 5
g a
(]
© 05 -
0.0 : : g
B. lactis Product A Product B Product H

Fig. 29. BGS activity of commercial makgeolli samples for Bifidobacterium longum (A) and
Bifidobacterium lactis (B). B. longum or B. lactis: B. longum FI10564 or B. lactis BL750 strain
was inoculated alone; Product A, B, or H: B. longum FI10564 or B. lactis BL750 strain was
inoculated with commercial makgeolli product A, B, or H sample. Values are mean=SD
(n=3). Means having different letters are significantly different by Duncan’s multiple range

tests (p<0.05).
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7 DHNA Content (ppm)
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‘Z‘: 2 0.7
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[a] 0.6 |
0.5 —

6 d at 10°C

Fig. 30. pH values, acidity, viable cell counts of lactic acid bacteria and yeast, and DHNA
contents of makgeolli product samples where L. casei LP1 and L. plantarum LP2 mix was
added during fermentation at 25C followed by storage at 10C. In table, values are

mean+SD (n=3).
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Fig. 31. pH values, acidity, viable cell counts of lactic acid bacteria and yeast, and DHNA
contents of makgeolli product samples where W. paramesenteroides CJNU 0480, L. casei LP1
and L. plantarum LP2 strain alone or mix was added during fermentation at 25C followed
by storage at 10C. In table, values are meanSD (n=3). Means having different letters are

significantly different by Duncan’s multiple range tests (p<0.05).
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7hol 316, FH7brol 328 Z Apol7k VA sttt vtol tid Vs ® wd H7bwel 283,
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T A B5wHrlbs 49 Yy 208S ddE AAst] b Z 2o R Axd =
thated AT F, W. paramesenteroides CJNU 0480 5 EZ(107 cfu/ml)S 713 &
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T2 713 2(B), L. casei LP13} L. plantarum LP2 455 FH7He #(C), 28 FH7IL
D)& M, & =, 1|, AA A s s 53 H=G: A2 ok 1 7P 4thE B7ts)
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Color =*=No inoculation

5 =8| P1(0.5%) +LP2(0.5%)

All-round
. . Scent
evaluation
Residual
Flavor
taste
Residual All-round
Color Scent Flavor .
taste evaluation
No inoculation 3.43+0.7 3.20+0.8 2.83+0.9 3.30+0.8 3.10+0.7
LP1(0.5%)+LP2(0.5%) 3.53+0.7 3.17+0.9 2.80+0.9 3.07+0.9 2.90+1.0

Fig. 32. Sensory evaluation of makgeolli product where L. casei LP1 and L. plantarum LP2

strain mix was added for the fermentation. In table, values are mean+SD (n=30).
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Color

All-round

evaluation

Scent

—#=CJNU 0480 powder(107)

=#-CJNU 0480

powder(107)+LP1(0.5%)+LP2(0.5%)
—i—LP1(0.5%)+LP2(0.5%)

“~No inoculation

Residual
Flavor
taste
Residual All-round
Color Scent Flavor .

taste evaluation

CJINU 0480 cell powder ab . . b .
2.90+0.8 3.19+0.9 3.42+1.1 3.42+0.7 3.38+0.9

(107 cells/mL)

CJINU 0480 cell powder
(10" cfu/mL) + LP1 3.04+0.4 2.85+0.6" 1.80+0.6" 2.28+0.7° 2.14+0.5°
(0.5%) + LP2 (0.5%)

LP1 (05%) + LP2 (0.5%) | 3.28+0.5" 3.09+0.7° 2.42+0.8" 2.76+0.7* 2.76+0.6"

No inoculation 2.76+0.8* 2.66+0.9° 257+1.1° 2.38+0.9° 2.71+1.0°

Fig. 33. Sensory evaluation of makgeolli product where W. paramesenteroides CJNU 0480 cell
powder, L. casei LP1, and L. plantarum LP2 alone or mix was added for the fermentation.
In table, values are mean*SD (n=20). Means having different letters are significantly

different by Duncan’s multiple range tests (p<0.05).
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