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SUMMARY

1. Title
Development of fermented soy products ameliorating cognitive function and with improved
microbial safety by using multiple starters and garlic

II. Research Goals and Achievements

1. The goals for SCI and non-SCI papers were 5 and 6, respectively, and the papers
published were 9 and 5, respectively. More papers were published, and the goals fully
achieved. Currently, 2 papers are under review process and 5 papers are in the preparation.
Total 37 presentations on the results were done at various domestic and international
academic meetings.

2. The goals for patent submission and registeration were 3 and 1, respectively. At
present, 2 patents were submitted for review, and no patent was registerated. Currently, 2
patents are in the preparation for submission. The goals for technology transfer and
commercialization were 1 and 2, respectively, but no achievements so far.

M. Objectives and Necessity

1. Objectives

(1) Development of multiple starters which greatly reduce the danger of contamination of
fermented soy products by toxinogenic microorganisms and improve the functionality of
products at the same time.

(2) Obtaining analysis data on important metabolites, biogenic amines, and flavor
compounds of fermented soy products, which are necessary for the evaluation of the
quality of fermented soy products and the degree of quality improvements.

(3) Increasing interests on garlic and fermented soy products and encouraging
consumption of garlic and fermented soy products through production of high—quality
fermented soy products using garlic, an functional raw materia, and proving that the
quality and functionality are better than regular fermented soy products.

(4) Contributing to the growth of food industry through development of Korean traditional
fermented soy products with enhanced bioactive function such as cognitive function and
neuroprotective effect, which are demanded by aged people.

2. Necessity

(1). Ensuring microbial safety of fermented soy products is prerequisite for the
encouraging consumption and globalization of fermented soy products.

(2). Fermented soy products with enhanced functionality and palatability, distinct from
ordinary products, are suitable for encouraging consumption and globalization of fermented
soy products.

(3). For the production of fermented soy products for which consumers prefer, data on the
types and amounts of metabolites and flavor compounds of fermented soy foods.

(4). For the wide utilization of garlic with excellent functionality and officially certified for



its efficacy by KFDA, development of fermented soy products containing garlic is
necessary.

(5). Increased needs for bioactive traditional foods with increasing aged population. To get
consumers credit for such products, confirmation of the properties are necessary by using
scientific and objective methods.

IV. Contents and Scope

1. Contents

(1). Development of multiple starters consisting of Bacillus, fungus and yeast, which
prevent the growth of toxinogenic fungi and B. cereus, imcrease the fibrinolytic activity,
reduce the amount of BA and improve the flavor of fermented soy products when applied.

(2). Development of production processes for cheonggukjang, doenjang using garlic and
multiple starters. Studies were done on the optimum garlic contents, the effect of
pretreatments of garlic on the quality of products, the optimum salinity for the products,
and the effects of different microorganisms on the quality of products. Doenjang was
prepared in pilot scale (100 kg) and the effects of storage conditions and packaging
methods.

(3) Ganjang was prepared from black garlic extract and raw ganjang. Studies were done
on the optimum contents of black garlic extracts, the optimum salinity, and optimum
production procedures.

(4). The effect of garlic and other materials to improve the cognitive ability is evaluated
by cell culture and animal model tests. The effect of fermented soy products containing the
materials is also evaluated.

2, Scope

1) Screening of bacilli with desirable properties(antimicrobial activity, fibrinolytic activity,
good organoleptic properties, non-BA producer) and investigation of cocultivation with
fungus and yeast.

2) Establishment of multiple starters and evaluation of multiple starters by evaluation of
fermented soy products produced by multiple starters.

3) Establishment of optimum production processes through evaluation of quality properties
of fermented soybean products containing garlic.

4). Analyses of metabolites and flavor compounds of fermented soybean products and
selection of compounds used for quality markers.

5). The antioxidative and neuroprotective activities, and effect of sprouted garlic on
cognitive function were evaluated and the optimum sprouting period of garlic was
determined as well.

6) Development and evaluation of neuroprotective effect and cognitive improvement of
cheonggukjang/doenjang containing sprouted garlic or garlic.

V. Major Results

1) Selection of bacilli with good fibrinolytic or antimicrobial activities and investigation on
their properties. Establishment of techniques necessary for cocultivation of Bacillus with
fungus and yeast.

2) Final selection of 2 Bacillus, a fungus, and a yeast for multiple starters. Evaluation of



the effectiveness through production of fermented soy products wusing the startes.
Comparision of Bacillus strains for the effectiveness.

3) Obtainin data necessary for the quality evaluation and improvement of fermented soy
products through analyses of metabolite and flavor compounds of fermented soy products.
4) Establishment of production processes for fermented soy products containinng garlic
and evaluation of the quality of products. Pilot scale Doenjang (100 kg) was prepared with
1096 garlic and 10% salinity and the properties of product was satisfactory, indicating the
optimum selection for starters, garlic content, and salinity.

5) Established for the production of soy sauce with black garlic extract. The biofunction
of soy sauce was significantly improved when black garlic extract was added more than
5%.

6) The optimum sprouting period of garlic was 5 days in terms of antioxidant activity
and neuroprotective effect. Cheonggukjang (CGJ) prepared by fermenting cooked soybean
and sprouted garlic showed superior antioxidant and neuroprotective activities and improved
cognitive function, compared to normal CGJ and garlic-containing CGJ.

7) Doenjang (D]) prepared by fermenting cooked soybean with sprouted garlic did not
show significant differences in antioxidant and neuroprotective activities from normal D]
and garlic-containing DJ. However, the antioxidant activity of aged doenjang was
significantly superior to non-aged normal DJ while mice fed aged doenjang showed
improved cognitive function compared to mice fed normal D] .

VI. Achievements and Future Plans

1. Achievements
(1). Patents: 2 submission. no registeration.
(2) Papers: 9 SCI(E) papers published; 5 KCI papers published.
2 papers under review and 5 are in the preparation.
(3) Graduate students education
1 Ph. D. student and 2 master degree student (2015, Feb) graduated.
Also supported some other graduate students.

(4) Presentations at acedemic meeting: total 37 times.

2. Future Applications

(1). Developed multiple starters, methods for the production of high—quality fermented soy
products containing garlic, for screening and evaluation of cognitive function—promoting
effect, and other know-hows will be transferred to industry for commercialization.

(2) Results obtained from this work will be used for the following researches for the
production of functional foods or ingredients utilizing garlic and other materials

(3) Results obtained from this work will be used for the education and training for
graduate students, researchers, and workers at a food company in the area of screening
useful microorganims, quality of fermented soy foods, evaluation methods of functionality of
materials, and functional foods production.
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2 ggate gojth. Aol EASE bacilli SE FEEAS Adse THEC] A oE
T TUHoR AYY dFES Fobd FHom dsts =do] Fasth

et el sEs AAsks sAlCl Aol wibA g WskE 271943]17\1% gk Lol Enke
e TEoA @il 3-4For ofFofxl Lgtgato] vty deHow FFdaed ol
&l & Bacillus 5= E3A EA897H7F 53 F3o] 12a w %”—‘1“'5 STHE Foldte= &
B gAY 5EFTe] Ade] agHTh
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Az2d =Ue 7l o
ofol tht e hEER T ATAIE .9 ST RRAA AR s

A&7 g E Adlets 8AES o8 7FA7F JAT G/ b gigk o 4
T a3 foF styoltt. W ®Ae] olFe 541 (aflatoxin), ochratoxin¥t 72 339]
= (mycotoxin) AT 29 AL FAIA BFH A7|EHo] o Aot 1 Ay 4
sk AFEo] A&y ol e 9tk

19694 o] &l ka2l F k3] x| ol 243, Shar A E ] AP S E Ao = 33 9] AF=o]l IR

HAE=d FAES g A E T2 aflatoxin %, $+=r4% % aflatoxin A&, "=

o] &3 aflatoxin® A7 W, AolA %9 aflatoxin A A &3, FollA ZE7]7tE aflatoxin

steb sl 23k n A& 93t aflatoxin A 9], aflatoxin®] ™3+ Bacillus ¥ HE&5F=9 3
_]

f
I
i

el &, 4F Fo aflatoxin =EF B7F Folth (& F, 2007, WA

edwA = BN 4w Sa44 FFo] 0Pe FTUFE AW WRAFE Axe
S 4% g S G5 oo weh Sagy #Fel FAL AT 5 b AT
o 4% e Audown SAA4Edel AW oAt AAR Wt NS werow
AAAT Y o] Bol ATFEL Fonw A% AaH oo} B}

FFA = s EAdo S 54 AA T Bacillus cereus®] #4742 24
olt}. B. cereust EY, A E AR RE HEAFAAM HAEHZ A FEFHI HAE
TR w48 A oy 5424 FAAEe digk dAEo] HdAEHI 9l

(Ehling-Schulz 5 2006). S2FdAE A B. cereus L[S ZHE AEEZTEH 4A%73)
HESte WHEY 299l A FNA B cereus A4S A0 E Aot WAERE A A

T a3l

(0]
frt
Ry
X
i)
rlr
s,

kY

>

2
X

A 244 #F3ol¢ B TAS gHoz oA A =9 72
4o Aol A}, dAE AY9FEE =ol1 A{8YFS HUtste FaAlvAdE 298 Fol 3
gk AU A = AFsEE 18US Fuste F-28o] o] FHToe 23d AY HF
Eol AzHa k. &F HU7tE AV 2 5 v 53 e[ 2ol &F HIUMT &
2 FAY AAdFor AANE dF Lk AIsE AEFEAdE AR Bt AR Ax
Ao A QF mAE 9ol A dojd & A 53] R A2 FAGA Y BF A=
H AEE ZEFA X L9EAE o Azetth o'l eSS 18lE uf AFEo] IFHSHAA
it A aHRHoE gAY F e WHEY o] aTHY
nAEE7Y] 2288 o] &3jA AEFT Rl T2 JAo I AFELS HEF| o] Fo
A Qg ofEFgEAl S ES dlWet] A a2 FBolE IAGtE MAEES #
ol g3l o] TL dolt}t (£ T, 2007). o8 LEAEEZRE A, FT BHE
S WH|8= Bacillus, Lactobacillus 22 MwES 8 stal o]0l &#H|s= I E2dS 4
Aste] EAS Yol A dFYU FHERS HEFERI FE&IHE dFE] FIFHL



ATt ®e bacilliEe vHHE 241 (bacteriocin)©] Y lipopeptide & thoF3t

3] Bl 23]
AArEtE AT ES F A8 YA Bacillus subtilis 15 35S AEeta o]59 d(H)
HEAE A FAA Fallit T2 JAld o] &= AFEC] wuleelA M=

o1 S o ZEAo| A Fdst A=, 3, dFEEEYH drgs Ad
baciliEs T@lotal &4 Ay &tgo]l 53 dF52 T2 Bacillus amyloliqueficiens
Sola AN B suntilise® YL FelEAr}. o|F el B amyloliqueficiens EMD17-&
B. cereus, B. thuringienesis Listeria monocytogenes 5 94 A1 53} ochratoxin (OTA)
= A= Penicillium % #%°] S5 493 AAGATh o]efe o] AW Fd FF
olEx AP e o5& Alternaria alternate KACC40019 (wntEH F3f), Botrytis
cinerea KACC40573 (3] A 33o|H¥)  Rhizoctonia solani AG-3 KACC40136 (=3dH, %
Sclerotinia sclerotiorum KACC41068 (F-#%) &olt}t. o] Axe= ko= EMDI7 #+7F E
Aol g T E bacilli #5753 A AFETH s&EANA FIlw S A HA 9
THOoRE AMEE F USS HolFErh

B. amyloliquefaciens EMDI173 MJ1-45<& # A5 A3} bacteriocin®] oFdsurfactin=
lipopeptide A9 =& ES Aitet= Aol HdA. EMDI7 genomeol = surfactin - A}
1 9] gt lipopeptide A A0l SR8 o529 AA A ofF-%= Mass Spectrometry
AU o5 FHELES AFHEAZR &85 siAe dA APHe= 302 &
FaEd A4S dolA e FvELD FAAEY Bl A2 WES T 54
N A7 S A8 A AT o] arHE Y ol A= Bacillus 3t E
59 54 Moy gL AFEo] Fx A Ropa] o g AG7 agEh

o T il

B. subtilis EMD4 % 23352 HHoA Eed o2 B cereus, B. thuringienesis
13 5

Listeria monocytogenesS 3§35 2 a4 AA A3
35 kDa ZL7]9] wrH gl Ao R s on 7|Ed BiE B subtilis TFEC] WHELAE
¥ (Kindoli &, 2012)= Y& A3l spectrums AWl thFst 3ot vre|g] @Al 59| Bacillus
S o EHE = Ho] Y lipopeptideEd A AL A FrHI} A
spectrums 525 AS o= oiHTh

2 AFoA B bacilliEe FwES &8s FTvlEo] &5 A2 FAs Ed oVt
ATt 53] B. amyloliqueficiens EMDI172] 749 ® o] Tz HITT A 1 T2 oA
N7 B. cereus T2 783 JA|s . EMD172] 23 B. cereus GA 712 B A
Asl zAbste] &% ARFAZA EMDI7S AEstttd AguAES o] &3k f{allar Alo]iof
oA Fast AUt @ Aoz o g3t

FRE 2T AA T HEAFAA Falld EAE ASE, 485 HdESE W AT A=
28] o] Foj AL k. AEuAE AR AF A WA 7 PCR 22 E2AA=38H4 7]
=& o] &3 We] AL de] A& . HTodle 54 AFelA oy fald A AT
E w2 A HE 7Med AHEA7] (Mass Spectrometry)E ©] &3 WHE B gl
o A7lesed 28 23 ofduy A& ASSH welid EA ofF A #F FAHl Vs
Atk el Al AES AFEAALE AR dEE F s B ool HEAEEY] o
=, Alz2Adu, Axed, A% 2 FFl e falld L9 A9 A=E HUtE 5 A &F
oA HwkAQl F4 B AR Fasit A = eI T FHEs



o
Hu
1o,
N
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o,
il
N
i
rir
ol
rlo

2,
ol

(o]

| FH3 ZEox g s FaM VeAHS
t}. Glyceolin#} equole] # <4#HFA 754 EAEo|t}
5 5

(e}

AA
Glyceolhn% Fol oY i d2E Bs w AdEY dEA
/\ o
&

2 535S Ad 7IsAAEZY (Lee 5, 2010). Glyceollin B4d& %23k elicitorg % 3f
ot F3o] ZFA ot} Aspergz]]us oryzae‘t Rhizopus oryzae®} & 28§ H3o|E Fo =
HA71E glyceollin Aol = Hch R AFelAE BEgFdel SR Rhizopus
oryzaes el BEANF7] W glyceollin Aol ol sHsAdol duh, e} HAR=

FAA Bk FHATI ol Foldrhd BPF@ AHgA FHol /48 Aolw obwel
A5 wEAT] £go B Aotk

Equol® Fgas= Qe FH5WE EFolth Daidzeing A7A=Z AAEH A= Fuv
Qege] ogte] 23 oz BuHt} (Setchell and Clerici, 2010). AHgrel wheh 2jo] =
AHR TolA equole BT o 3= A 22A Ed AbEER gEe] Al olE AU
FTEI 24 etk A7Ee T3 dgT vAeEe] dyAERH

b A A equol AA olRE o3t A glu)
& Tl equol TS AW TFE FobA EFATE AR 284% +

=

A FIdANE T TS S FFH AFEY AL E4E A MATE F U
S YA Y. AL TS Bacillusso] 1|3 L9 poteasesoﬂ 71918 thgHos
UEZIYA7F 484 Aot (Sumi 5, 1987). Bacillus7} #1]sl= &8 L2E52 dHdAEA
9l urokinase, streptokinase, t-PAEAH Y J#AA A o} 2 Xg5g37} o= AL AAHH
A 71 ARAFLE Fol A AlEE L Sk B AFeA A=, B Ax F 434S §
A TEs JET AEES 6‘”4&0“@‘“0] a9 e /\] SR =4 fFAEHE AE g
A5kt ol & o:ﬂ'o] A9 FHEF stuolth &% A= R &SI S o= A
2 =Y F d=ye Holr 047101]L Tt T AR JE S AS FE FEA &
Ae ol 2 FAsteE WetsEdd gk AFEo] sty w3 Havt e FF &
g glstr] 3 s dosith dd&AEAdol V& dFERT AA FEE o5
ES LaAEES X% AASAHANA GG =85y S uTe fAAE SR ohE
error-prone PCRo]Y} site-directed mutagenesis HS A&3] Ho|FES v =8HE HQ
=
FRFAES AT NS &3l =2 AAY AFES SAeE =89S 7] &ola
A dz2 AR EAE AFE & F Ay F79 Fo4ge Adgy} AES E35)
Zol dRs AEE Hsta o7]dd oY AarF{F FEEES HIUESEY o8 Qg &Ax=
ARE 7hs s AlFoltt AEEFY FHlel MHAFRE e HadsdAe AT sk 2
< =S Fol AR ARZel A& RE AztET o] oh e A

_

=

Eo] AL el E 4w
Aol AEsti uel AF Aost Bestn 19 e %L Fold: To FABEL 4
35 sjotais Aol WA ot}

of

A3 AAAz=w 5 A A

A 240 Fujgeta E2e HY 2 24 5
Weles Au Qe v, 3AY FZvjada S8
W 400999, Ada] 45099 4S FAS d o] &
o} olo] ws TS F83 AW v EQ AAZRN|

A = 20119 4300909 AHow
X}OL}_HLEL Al 20124 238919, 2013
= 5009974 AA Aoz Uugra 9
8 o] Hod Ao FuH B o



TEAM R R VAT 4% dARA B4 dre AREe 2HAEe] A
= st AEss AEs] geotste] ARE ofyd AdEvE RS S A AT
oltt. AFEe T tAHAlE oA TisHeR VAo nuEAY Aiee WA
gelsta t& s dEse] Bol AdE F U=Es dFE Adsty Ax ¥4S =As=
ATEel FdE ok Aot vhEoly VIE VIsA 2AE HItetel AR VIsAde FEATI
= Al s 53 2AEY] HPF Aol FV1AEolv Akl E e Al ofd| &S 7
A= Al g GAR A= Fesit

=S 7 gSekal 2RRIR =Rl Aol SUtetE dde = oul JIAeH A 2
S 71 AS AW AFolu oofE e FaAol wlg A dAH R FHd e FFS
A2 AES FAA Al =Fo] dvd v kA & Aot & A2 #ld v
=3 2L 714 Aoy 719E S, g8, Ve 71sA) LAY As F5 AIE
< S Ze B R A HUHE Fdste AVIeAE 2AR AR el A =
3], vhEe] 49, 20149 IAY AT eAEERRE AN (BT EULHE AR,
ek olE H7FE ARE Ndske A2 AlY HHE AR addn. & A7l vhER
tF olAll whgo]l @4kt B ARAERE DA o] e SHs ey, vyl Toprta S
A7V Aol dnt A=Al niste] P, AAAERZT &4, AA7IsNE Zd
AN -3 As FHAD 5 AU

= 2od Al A= A glemm B Ao A
2 2 AN} Asetel wds 2A

>
w3l zEWe] Aze Ao 7este) et Az
Golrb el 2 % 530l AE B 249

d3t 7 AE NEE A% ATEd 7
ki

=
MEs X Aow &

HIHA AEF 7l EZY 28 9 EATHES dFEE AF #AAE ] Agricultural
and Food Chemistry (ACS, USA)Y} ¢ #¥ &3] International J. Cancer) 5o H i1 % o
it A EATTolA Asdgr| ol Ay A2 1, titE cohortE &3l 71543
AE AF e AW A8 ZAE o] Fo R

arel AS TFHor FAGst u aflatoxin, Bacillus cereus enterotoxins (BC H54),
Biogenic amine & StdAdel &3 7% Foko] AGE Wl =2 Ve e 2 . =
=AW FFE 8] genomics, proteomics % metabolomics 7|HES A& 244 7
2E o 0 So] o]FoXa i T AHELS ALS FaA dEFHT Yt}

ot
o
of
a

r o
re
-

it

JHy BEFFE S A8 T3 T ofAlol It A AnjEa o] FFRE UG E g
FHolME 3T X &oh FF daet davAE A4t F
T #AE 2t Ve A EEor ATE AES

71w oA E aflatoxin® A @Y FE FAE o]83 ELISAYI AA| kit7/iY B.

cereus toxin AES 3 A ML jn vivo == W SA F A EAHE] sy o] g5

Hlg 2ol otdA = H FAZ d5FH3 9 Biogenic amine® 7% NCBIel & A7}
Huy =2 9F 280,000 2 tyramineo] #3F A o] oF 7500%H histamine®] °F 75,0004 &
t , Mol A 75 & d Fokddl AAH e

o)
ramine E.T} ¢F 108] ¥ BS. FAE= AN
Aol AFES F5 o]F1 UL

tlo



TR A EY] 1AV AAY BEAE FUdA T2 A7 et olFA L o, H
ol ke Adatst 2 FASEA, Fujvk g9 Fo] RuFHAY. HE ?Oﬂ ot (Le
et al, 2012; Cha et al., 2014), 93 R F2o]7} UCP-1, PPAR-gamma2 & F3# 23S =4
gro B A HEHNS Z‘” T Aol HaEle. w3 @S AT ﬂ%'E Al A x4
FAZ o Hor HAihd=d, ol A Ak 342 heme oxygease-1, p40(phox),
TNF-alpha, macrophage chemoattractant protein-1, TGF-betal®] @& o] 7FA ¥ = AHo] w2+

Ak ol Aas BAUg 9 A4S AR FHor AAEHASS AALE
. Foll EAtE olaZEE AlX WIS gRE widA] ez EAsta, mekA] AL E
o] vttt A4S Axste FANA vIHIFA (aglycones) .2 3 HH AXY FFE0] T
ZFE A o8 7HH] Aol F7E 7heAdo] Atk (Nam et al, 2015). 3 75 Alx=d
UH AR E = TFEL Axdes= wWE 253 5 s WS Edo] 5o 9o, AstH

Q7S IEI=d Evs E F e A Oi Bt (Jung et al, 2015). &3k Z =2
H}O] e E S AR &3 ok( Bacillus subtilis—-SKm, and Lactococcus lactls GAm 5= A
A Az ?]_ 24s AAA 4T, el BHASS AaA7]E Aol FelE o, apoptosis
AA FHAAS 2deeE Ador BRuFEdrh BAEo AL E]xPA Pgikst d AARS
s g Ao, 53] nf=S Hrbsto] Alxg F5ge] A, Fdikst S who}

o
T
| A 7S dASA A= AS FRAsAY (= Fas). deEaAE
of BiE 7SAAREOR o] AZgE ALE o] 9o ?%L?:V\é 0 2 thioproline, methylthiopro
t} (Kim et al., 2014).
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jﬂtll'.l’ ?_l'ﬁ égj Z|'=4d clArE] 3 22
go| S5 E :
b N —] =
: ‘!"""Iﬂ"‘ [ ®18E (gsiopeaT L)

=0 ¥
ATUGES ofejst o] Hel
=23 32 Ay

23 TRe| BE WU T PRI

Sl pmael S e

E I N UHE AN BE WA

HE SEEd TUUE. 75 48 SHYY 4
2% &2 TEH AT S 7y 2 wEg WY
ROl gI14E EA

i FEE CHEAAIA SZE TR T OLSESER| S A
AR Aegl BHs 2T A=, MBS 05, S
Afe ¥4

BEC| 754 AR 3 24 H0I (BA) 22

- b mol WriAE, TS AR X OlUS B
- UHSEIT 7l OlAls B BA R4
- Ohs 7HE 7R Y BA RN

+ Obs HIAF AT E e dn FF HEE Y HAYE
E HEY, g T FHEHw
as d3 M= E i oisef Y7ie ¥ ojse] FHal
EA HEY
ab= e FgEd 9 9N 75 HEy
» ®EotE EE AT E flE MEEE HEe
EoHs F@EYNc] EEd Mg 71| U= F 54 #4
+ X" ®oH= 20Eho] M EE =

A RO inpvitro Bl IEEEH LMAME ST
7

© AlRE| MERWE U600 oI'UE/d B

B S T e

SE2EA 7I9EAL A EEH09 oY =2 B

A 1-1 A w7)1sA, A ZAF AL B3 4 4
1-1. A3 94 (FA7)#, 339 11339 %)

7, A5 ASEZ8Y 84885 9 bacilli A
(1) A= Alg 38 2 bacilli #7
Ao AN Azd H=dE (Table 1)=

01% H= 45 mlgt 42

-

43t bacilis
% StomacherE A& ¥ A3Isa

u}

=

S
=

el

=]
Run

e
L
3

sjae] 100 pls LB FHujAol m=sto] 16 ARF 37ColA g & vFg Fee] 2,000
webs Astgih LB wiAl 1 mlel HEste] 2w wjdg mFdel glycerols 30% (v/v) #
b 5 s (70C) BEIEA o] F Ao AH§a3

Table 1. Commercial cheonggukjang products used for the screening of bacilli.

A &3 A Z A} AR label
RN 2= Avtd v FelS TEAY CB
A 2 = = XY A5 B
S AT =7t A E S KM
AR A =7 o487k depd = JN

A =k oF Al T AT = KN
A7 A =7 A e e CN
FHEH T SFE 2] A=Y F KW
stEvy =3 ]y 77| =3} KG

_’l’l_
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(2) @d&3hs 5 bacilli 5 T

LB wjx]oll A 12 A|ZF o] & vkt vjgdS o] FA/NE AF8-3Fo] 2% casein LB $Hd
Hj Al el spotstal 37ColA 8 A[ZF w asein &350l 3% 158 /ME Adste] o]
59 dHdEd5S fibrin plate Y (Jeong 5, 2007) 0.2 ZAFSFAT. 7 ml PBSol 05%
fibrinogen (Sigma, USA)S =9 &943 o] 2% agarose &N 41 5 platedd] Fof =
3l & EA#AS o] &ste] welle RFEUTH WS dAlEgste] 42 s s 045 ym
syringe filter® o3 o A& A|52 AFESIATH AlE 10 plE welld HEste] 37C 12 A
et = A" e Av1E S48 g2 T2 AFEE plasmin (Sigma, USA)9| &
T WA vuste] Alge] 885 S plasmin E9E A4S T

==/
o2
ol
o
;9“
o
e

1 o

(3) Bacilli i =4

TFE9 42 54L& API 50CH Kit (bioMérieux Clinical Diagnostis)S AF&3ta, A3t
g S 918 16S rRNA®F recA FdA @714 ES ¥kt 16S rRNA F A2 3%
23t primer= 27F (5'-AGAGTTTGATCMTGGCTCAG-3")¢} 1492R (5'-GGTTACCTTGTT
ACGACTT-3")< A3t recA 32 S3%& 93814 recA-F(G'-TGAGTGATCGTCAG
GCAGCCTTAG-3")¢ recA-R (5'-CYTBRGATAAGARTACCAWGMACCGC-3")= AF&3
t}. PCRE 94T 5 &, 30 cycles (94T 30 %, 55TC 30 %, 72T 2 #) 438 2 72CoA 4 ¥
28t a . 94719 BLAST programs AHE-384 €82 bacilli A €& ¥ skS ok

Y. B. amyloliquefaciens CB1 8| 54 2 A L35 ZA

(1) B. amyloliquefaciens CB1 ¥ Al 7F3} wj=]o] w2 A&

B. amyloliquefaciens CB1S LB #j XA 96 A7+ wjekaldvt. 12 Al zkupr} wfjoked o] A5
A% (ODg)E =43, @ d838] 97F+= fibrin plate 2.2 =43t SDS-PAGE$} fibrin
zymography = 12% acylamide gelS A8}t B. amyloliquefaciens CB12] =] o] w}p& Al
& ZFo]lE &7] 93] brain heart infusion (BHI, MB cell, Korea), LB (Difco, USA), nutrient
broth (NB, Difco, USA), tryptic soy broth (TSB, Difco, USA) ®j Ao FHZF3Fo] 120 A7+ Hi
SFotHA 12 AlZE mio) vjFd S 3] 53te] ODey w2 &3 J7FE SH AT

(2) Two-Dimensional Gel Electrophoresis¢} o] 7] =] #24

g AR (5 pg)E rehydration solution (8 M Urea, 50 mM dithiothreitol (w/v), 2%
CHAPS, 0.2% Bio-Lyte 3-10 buffer (0.2 ampholytes, BioRad, USA)¥} &3%3t oS
re-swelling trayol] 1274 533tk pH 3-109] pH gradient (IPG) strips (7 cm, BioRad)
5 &8 F3 20ColA 16 AIZF rehydrations Attt Stripe focusing trayel %71 %
IEF-Cell& AF-&3Fed 20,000 volt/h7k=A] H7]E& ZHol &@wd plo] 9t EeEl& AHA AT
Iso—electric focusing o+ 12% acrylamide gel2 A}&3Fo] SDS-PAGES AAlststh. 2=
9l A spotES gelolAd  ZEfol MALDI-TOF-MS A A3 Voyger Biospectrometry
Workstation (PE Biosystems, USA)S A}F&3e] Mass spectrum= 433t} Spectra w41
Data Explorer software (PE Biosystems)®} Mascot mass searching 2 =13 (http://www.
matrixscience.com)S AF&3l3 NCBInr, MSDB, SwissProt database® AF-&3lo] &4 3%t}

(3) dHEgANas FHA (aprECBI) cloning

B. amyloliquefaciens CB1 chromosomal DNAZYE aprECBI +AAE FE33 T
Primer= CH51-F (5'-AGGATCCCAAGAGAGCGATTGCGGCTGTGTAC-3)¢+ CH51-R(5'-
AGAATTCTTCAGAGGG AGCCACCC GTCGATCA-3)& AF&3tdt (Kim 5, 2009). 5%
H 15 kb DNAE E. coli-Bacillus shuttle vector?] pHY300PLKe] ¥ A %3 plasmidE E.
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coli DH5a 9} B. subtilis WB600°! electroporation W o2 =3t A2 55 vA
=2 120 A7 djgstHA SHEe A8 TS AT

(4) AprECB1 %7 #|

B. subtilis WB600 H A AZAEZ LB vix|ol A 60 AgF vjeFgh wjgdadS dAlieg] (6,000 X
g, 45 )&t} Filter® o 33 A5 AS 80% ammonium sulfate FA3Fe] A AES 40 ml
buffer A°l =tk 4T, 16 Al F4 F FZAZs3 30 ml buffer Aol oA
Phenyl-Sepharose 6 Fast Flow (Amersham Pharmacia Biotech) columng %327t}
(NH4)2SO4 (1000, 800, 600, 400, 200, 0 mM)S buffer Aol =< &= buffer2 AFESFA 1L, Z+
232 10 ml A 33t o2 DEAE-Sephadex A-50 (Amersham Pharmacia Biotech)
columne F A At NaCl2 &3 buffers 0-1000 mM s oAl 200 mMA %14 o
2 Z2HFEA 50 m¥ TR Y5 FEAAxE T 4299 buffer Aol 59 A&t}

(5) AprECB1 &4 Z=A}

AprECB19] pHe} 2% oA S ZAMEFSI T Glycine-HCI buffer (pH 2.0), sodium acetate
buffer (pH 3.0-6.0), Tris—-HCl (pH 7.0-9.0), glycine-NaoH buffer (pH 10.0)Z AF&3}3ith A
2 5 uge buffero] 2 A7 & & ZIF 97}= fibrin plate H o2 213}t 2% obAHA =
AbE= Al 82 sodium acetate buffer (pH 6.0)ol A 37-65ColA 30 # & & #&E 9ris =
AstFtt 5 mM #5902 (KCl, MgCl,, CaCl,, CuSO4, MnCls, ZnCly) T+= 1 mM A 3] A
(PMSF, EDTA, EGTA, SDS, cantharidic acid, pepstatin A, bestatin hydrochloride, E64)&
Z+7b 3ki-3F sodium acetate buffer (pH6.0)0l A EZE 40CoA 30 ¥ &+ v & 9ris =%
AR HE. Amidolytic 97F $A42 10 mM 712 50 pl, AprECB1 (1 pg), 50 mM sodium
acetate buffer (pH 6.0) 430 ulS 4d°0] & 500 ul®E 3ste] 37CAA 1027 ¥-3A A} Sodium
acetate buffer (pH 3,0) 500 pl& FH7Fste] WbgS AA Al7]a A2 3 410 nm S35
2 =A439th Amidolytic 97t £33 % 3 ponitroanilide®] molar £33 (8800 M
cm DEF-E AAbatelch

(6) Fibrinogen %3 s& =A}

Fibrinogen 200 pg<= AprECBI1 (25 ng), 40 mM Tris-HCl (pH 7.0) 200 ple} 432 % 37C
o Al 12 AlzF wjo¥sbH Al wl A]7bubt} fibrinogen 20 pgS # 3 & 5 x SDS sample buffer
(125% 05 M Tris-Hel (pH 6.0), 10% glycerol, 2% SDS, 5% B-mercaptoethanol, 0.05%
bromophenol blue)2} 430] 5&3F 22 3 12% acrylamide gel2 ©]83lo] SDS-PAGES 2 A|
sttt A7l9s F Gel coomassie blue® ¢ 235t

t}. Biogenic amine (BA) AAt#F &4

(1) Decarboxylase medium ©]-& &4

Decarboxylase medium< ©]83 BA AL Bacillus 75 & Chang 5 (2012)9] HH S
WM& 3sle] 2 A5 Plate method< 0.1% precursor amino acid® &3 LB wj Aol A 24
AlZF vfkst 3 LB-GL agar (1% tryptone, 0.5% yeast extract, 1% sodium chloride, 1.5%
agar, 0.25% glycerol, 0.006% bromocresol purple, pH 5.0)8]%]o] z}7z} 0.1%% Al ornithine
(LB-CLO agar), histidine (LB-CLH agar), tyrosine (LB-CLT) H+= lysine (LB-CLL)S #H7}
3k F el 10 ul® S spot 3 5, 37ColA 15-24 A7+ v oFste D23k}

(2) Decarboxylase +34 2 A%

Biogenic amines (histamine, tyramine) A/ ol ¥oy3}= Adc (histidine decarboxylase)
9} tdc (tyrosine decarboxylase) %z HAES 9%t PCRE FTdstAtt. AF8-3+ primers
Table 29} 2t} PCR 95C 5 &; 95T 45 %, 48T 45 =, 72TC 1 & 15%E 32 cycles 2 A

_13_



3L, 72C 5 ¥ AF AT TFE 478D 2F §F BLAST programs AHE-s1A]
A7 LS vt
Table 2. Primers used for the PCR.

Name Sequence Target Pr(o]i:l)ct Reference

HDC3-F | GATGGTATTGTTTCKTATGA hde 435 Coton and Coton (2005)

HDC4-R | CCAAACACCAGCATCTTC hde 435 Coton and Coton (2005)

TD2-F ACATAGTCAACCATRTTGAA tyrde 1133 Coton and Coton (2005)

TD5-R | CAAATGGAAGAAGAAGAAGTAGG | trde 1133 Coton and Coton (2005)

(3) Amine 4]

52 05% precursor amino ac1dE shi-3k LB TSBel| HE3}¢]

sk T AR (4000x g, 20 F)3F F dansyl chloride® fF=4=
= 9sk HPLC #2412 Agillent 110 seriesE AFg3t 24

18 (46 mmx250 mm)E AFE3ATE 52 1 m/mine 2 ZH2E+= 40CE

ol &40 2 70% acetonitrilies AF83l3 UV detectors ©]-83te] 254 nmolA =4

} ‘:}

2t F(A)TF bacilli &4

(1) &+, 33t bacilli §A

)R] TS ZALE bacilis S 2-3 ul spotd & 1 el B. cereus 10" cells top
agar?} 4 T =@EAY 3 indicatorE =23 v A o] wellS WHE I wellol bacilli Bl
e 20-50 pl Fof F wjeFstHA A& S BEE

FH I bacilli BAES -?4‘3H/\1“ PDA (potatp dextrose agar) top agaro] #H3%°] XA}

Ax10°/mDE AL e LB Ao =X5gr). 2 & pasteur pipetS AFE3Fe] wellS
B AT 24 g AT N 8 i g0 F 509 579 Mg g
=4 gAE #ESY . #FelE PDA wiAlo HF 0}04 25TCAA 5-7 43t vy & Hd

™
YR 7bere Al &ste] A2 Fo] Kol ko] WHFZs E tubedl % —_?* Z-d| 7] ¢F 7
2 ojisle] IS A JZ}"“ 10 plE Haemacytometerol #53le] dn|do=z 723}

(2) ()3t spectrum 2H

Bacillis 9 (%1 spectrum &S Y&l FFo], 1 =4
(F)ts &AL agar well diffusion WH, agar overlay "', 2 paper
gtk dHuA o indicatorE #H 7} top agar 10 mlE SF3 <3 Y5 wels W1
Bacilli W% A5 A4S 045 um fillter= o373k 3 pHE 6.8% ZA3% 50 uls welld] H7}sha
24 A2 m g+ X%Hi?}e sk T AsgE 2715 54 s well A7]E W F 22 4
ol 42 =A7F 05 mm ©l%F= +, 2-4 mmT ++, 4 mm °]FS +++ 2 EAISHS

'
4 =R

o= A )

r disc '3 ‘ﬂ =5 AMES)
=
=

O‘Lz
ﬂ.l O
jus)
==
o
)
ol
2

o o2

)

’

O{'HUO{N

¢

1-2. AF5A By (FR71%, 34T 239 E)

7F, @A88s, $v8 9 Bacilli &5 &3

2ol -3k EMD4 i
9th 16S rRNA 42t

AERAon Ard 97, AT, TN RS FEE T YT
s
¢} 1492R (5'-GGTTACC

T 8= #8165 rRNA A8t recA A A71ES A
T4 $1% primer® 27F (5'-AGAGTTTGATCMTGGCTCAG-3')
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T GTTACGACTT-3")& 28393 recA 44 S5 YA recA-F (5'-TGAGTGATC
GTCAGGCAGCCTTAG-3)% recA-R (5'- CYTBRGATAAGAR TACCA WGMACCGC-3")
S AFgSET (Heo 5 2013). A& 9714 9& BLAST programs AF&34 & bacilli
A LdE3 B wstrh RAPD-PCR W %= &7 A}ﬁo} 7t (Kwon 5 2009)

(2) NaClell thg WA ¥ dd8els 573
_mﬂ;f ,] NaCl 141/\4 ;GE
gk LB v HFste] 37C
o Qs

, 6, 9, 12 15, 18% = &g
52 fibrin plate

o e
=
o2

ol
ol
A
@)

-

oX) e
S

%sﬁ
ﬂJ

AN
o

ol

ol

X
ﬂ o
ru?L

(3) SDS-PAGE$} Fibrin zymography

wETTFES 27 LB, NB, TSB % BHI iAo 1% (w/v) &3t 37ColAl 96 Azt
gaj sttt At 2 A= ;40}01 AL ste] v s s AATE Hi sl
s5°l sl SDS-PAGE$} fibrin zymographyE AAlstA T (Jo & 2011).

>

(4) 8kt spectrum

ool 23 4 2 SATE de Asls A H8l agar well diffusion HHES AFE-st
St} Bacilli ¥l A5 50 pulE welle] #7Fska 37C 24 J\]Z_P T A3 T }
A A7|E SAG o well 27| W F 22 o] 42 AR RASHA Y. 0.5 mm 9]
St +, 24 mmT ++, 4 mm ©°|S +++2 FAISEA Y (Lee2t Kim 2012).

(5) B. subtilis EMD47} A4tsl= vrggl e Ao &4 pH, & Hgld g E4

EMD4 drgg] e 2ol &4 Ao w2 okAA ZAE HOH A5dS pH 682 wE 3
trypsin, proteinase K, pepsin, protease® 2|3}t pH ¢t 58S pH 3,-112 =4
3k puffere] 2 A7 & tS J= ﬂ?ﬁ% agar well diffusion W oz =AHs T EAg
P L TS pH 6.8% 9 $ 50, 60, 70, 80Co|A 15 ¥, 18]z 100CaAA 10 &3+

=
o) o
£ F e FEgs 24890

(6) B. subtilis EMD4 w7} A4beh= dre|g] Al Al 2 54 AL

EMD4 4reg] 241 A A= Q-Sepharose, Sephadex G-50, Phenyl Sepharose 6 fast Flow
resing el 2 AFg3le] =33k th 2 WAl Sephadex G-50 columng E33 &4 HIE&
S Rof vAxx% ¥ 20 mM Tris-HClel &&gk th3 16% Tricine-SDS-PAGE A}-8-3}1¢]
|55 #4389t (Kindoli & 2012).

>

g, B2g 579 4824

(1) vpel = &5 #3059 ssud gl
uhd e~ g F3ol  Feuidel A% 2FES ZUISEte, wpddxs (B
amy]o]zquez%aens M]J1-4, B. amyloliquefaceins EMDI17), &% (SY11, SY14, SY15, SY79,

SYR0, SY133), #%°] (R. oryzae) T # Y = YM brothel| 1% (v/v) HE3F 3
0C wieE7]ol A 48 A7+ wiFsls FH =W (spread plate method)S ©]-&3}< ‘gﬁ—?% =
=g

(2) X SYS0 =4

IAbdE e A E8dk SYR09 w4S fal API 20C AUX kit (biomérieux Clinical
Diagnostis)& AF&3Fal, B ITS1-5.85-ITS22} D1/D2 domains (285 rRNA) 9 |71 LS
ZAFE Y. F AR FE8 primer® ITS1 (5’ -TCCGTAGGTGAACCTGCGG-3")9F 26S5-1
(5'-GGTGAGTTGTTACACACTCC-3") = AF&3Ith PCR 94T, 5 &, 35 cycles (94T 30
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Z,54TC 1 &, 72C 4 &) 29 72T A 10 &3+ A4ttt BLAST programs AR-8 3f A
ARE dVIMES dE EREY AEEY vt

o gXUF 71AS AR BRET AFTHE 54 &4

B. amyloliquefaciens MJ1-4, B. amy]o]jquefacems EMD17, Piclia farinosa SY80, Rhizopus
oryzacs°l A AEET FHHA FAS fste] @A UTF 5% (w/v)E ZIEE ALS
st A ZEo A 48 AIZE vk & 4C 20C, -20C &%=olA AAsty A, &30,
FHeE S S-S "Jﬂﬂ—’?L Juﬂcm‘ﬂ F A L85 fibrin plate S o]l &3ttt @
g 54& fdlA= LB 52 PDA top agar ©°l| indicator (B. cereus, Penicillum
sp.(OTA A FF)NE H7Fste] LB agar #1A 9o Ho] #3 &, welle WS welld
bacilli #]¥75 50 pl Fo] $ wjFstHA] Aadts AZsHA

% &8 #FE AEE %

o

7 IR

1) A=4 Az D 2y F 54 H3}

k3 ol A %} 5k A F (20129403 B, amyloliquefaiciens EMDI17, B.
amyloliquefaciens EMDAE Alg3tlo] A =4dS A XA Q¥ o2 B cereus 5 HE
slo] A E2TREE FATTFC B, subtilis (natto) KACC 16450 #55 AF&3}o] H]
wetd ok g FAske] AZolA 16 Al JAX g = 121TolA 50 1t S2kgk £ 50C=

WA o5 A" Fo 75 47 2% (vVw) BFste] 235 E3% tg 37CAA 48
AZF AT HET 6-12 AZF vt ]E'*E‘ XH-A 0}04 pH, A+ Héﬁ%c’ﬂ“, Fitshs,
FAagds SASAY. S sAdxst 4 o 80% EtOHE A 7Fsked 60 ol A
2 A7t F&3 Al 55 AFE3SFe] DPPH, ABTs radical scavenging activity, FRAP assay &%
HE AL&35te] dakstss S43A T (Cho &, 2014). Protease 42 A= 2o S/
5 H7F 4 AR FES 25 AAS AREEte] A, A, 9714 protease S S A AT

) #lg oAz R g 54 W3t
roFird oAl Y3k E.L*Pi (2012 Ixb)oll BSt EF3 (B, amyloliquefaciens EMDI17, B.
amy]o]zquez%czens M]J1-4, R. oryzae, Pichia firinosa SY80)& HE3 & 33 3}o] *ELI_’—E,— =
el 2 156x10x20 cm 2712 AY (MJ1 wW)skAt. 3 43t X}Oﬂﬂ st &% 25T, %
80% Hﬂ°k7] N HFZ= 12 BEaAZ T AL (12, 19)oA 22 Ha S P&t hEF v
F 2 B subtilis (natto) KACC 164509 A. oryzae KCCM 60166 = AF&3F HF(M]J2
H)et HAS AFEste] dEAd WHoE Axd v (M]3 WF)E AREste] vl ulske
Ads 7 4 FASE wF9 pH, Ao, @&, olvl=H Ha4 224G ES A5
pH¥= pH meter® 43}, WME‘; 0.IN NaOHZ pH 83% E2doz o] 448 &
A o g ARt AdSE dAZ o R 10 wA 3A% A A v o] =EEa 16
A ZE v kst =A skt dd88] 97l fibrin plated S WdE sl A A AAE o
Agaf A<l plasmin (1 mU)E AFE3le] 5 U3 fibrin palate’doll /‘1 HA ¥ plasmin FH8 =
g 100% & 4oz FAsHL, & ARG uDY &3 &4L plasmindd g &4

(%)Oi 4’\10} 30k obv =B HAE formol AAWMOR SASAY. AR 5 go F/HT
100 mlE 7hgk §, 37C FxedA 1 AzE wwkelginh. dAREe & dS A
NaOHE 7}sle] pH 84=% A A3ttt AAS 4594 10 ml¥ T4 formalin 10 ml, ?%—’F
10 mE &€& 3 3 10 & AA3 & t4A] 0.1 N NaOHE 738t pH 847} ¥ =5 A A5}
=

o
sl
mN

. . — X F<0.0014 X D
Amino-type nitrogen (mg%) = n-n) <100
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V1 2418 A 407 (mL) VO &A1 AA AW (mL) Fr 01 N-NaOH-E& % 97}
D: s St AR AHAF (g) 0.0014: 0.1 N-NaOH & 1 mLel A3dat= da=F ()

0{

FAAZR BEdo| FHFE HUEtY] 4 AZF 53 2549 ALEEY o, B-amylase$}
A T4, B717 protease S H e Wl 3 459 Y (Cho & 014)

A%k AR (20129940 S AlFskar 12 AIZF =338 F5 121TCollA 50 +
2 3 WzskAe yad" F 600 goll B3 F (B amyloliquefaciens EMDI17, B.
amyloliquetaciens MJ1-4, R. oryzae, Pichia farinosa SY80)<S HE3ste] 25-37Coll A 45 A3t
HjFste] FdWF=E Az, FLH T 2 F (600 g)= 7}0}"’ AAG (T4
2 A2EgES WY A4 Ao A7 FE 12% (w/w)l B (Doenjang Al)S A 23T
NE2=F25 B subtilis KACC 16750 (Natto i 5)¢} A. oryzae KCCM 60166 55 A}-&3H
TdHFE Az B (Doenjang A2)¥ RAE AH&st FdvF2 Az A% (Doenjang
A3)S& Al x3ste] W] L3S r/1r R = 20°C°ﬂ/\1 70 A7F SA AT Fig. 1o Ak el #3
AZzTAS et 4 5 44 t402 93-S A3ske pH, A%, &8s, 29y
A, A, g, O}U]‘LF/H@i, A FFS %;‘ 3} 3 T z%‘?ﬂ@L Kjedahl®, A4}
A48 Soxhlet &9, FE& AAXAFESA, oln| =2 A= Formol dA4Hoz 34 3
e Miller HHo 2 =435ttt (Cho 5, 2014-2).
of

o

.

|

Age) WA G40 AnE Bgmol e ANFU AL 12 W (46, of 6, B

€9 266 Mo 3e 9% U0 € F 400 mish He F 10 $ EA F AT @

A& 20 m FolAol dol ABAL 3 Al JER 4 ARES DA 4 3

9% wol AFHAL Ant odwoz BARAL (4 N 1 09 3 T8, dae
],

+ ¥5¥HA (SD)E %78t TAIAE = ANOVA (version 9.2; SAS Institute, Inc.,
Cary, NC, USA) ¥} Duncan’s multiple range tests= A}-83}%t}.

| Soyboan (600 ) | | Soybean (GO0 g) |
1
| Soaking |
I
| Soaking | | Stimning 8 Cooling |
I T
| Srteaming | Tnaculartion & TMermentatiaon @

A, B, C, 1D E
i
| Cooling | | Torying: 357°C., 2 days |
H
| Whale soybhean Afgium |

(MNac 129407
I
Foerrnentation
| 257, 91 days |
H
| Lyoerjans 4, £, O, L) & |

I 25--377C, 45h

Docnjang A : B amyloliguefaciens FINIT 1T | B amsyloliqiefiecizas WETT_4 |
A I ey o Frichia farirtosa SY 30
Doenjangy 13 ; 3. amyloligunefociens LN T + 1. srabsfilis CLI3 S+
RhRiizopis o, e FPickia rarinesa SX80
Decnlaneg C : B. amyieilgiaacions MLT1 A +~ B. spbilils CHS3 S+
Rfricapras aryoee | Piekic furimnase SYEQ
Paenjerng T 1 B szefafilis FEACK 1G7S0 (A1) | ANJrergriflas aryeae
J_}ocruangj-_ : InoCculared WITh FICEe STEavww

Fig. 1. Flowchart of preparation method of Doenjang.
1-3. 478 BH (FAZH, F4d 343 d%)
Eiy
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FFsgoAA F4g ULt F (201394 600 g& AlF F, 18 Az RS F 121Cel A
5

50 # Zx8tth. 2 200 goll= Bacillus 35S 23S galste] HE389(10° CFU/g) 3
TCAlA 45 A7 HEaTh 200 goll= F3o] A2 10° spore/g HE8Fe] 25Tl 45 Al
7 gt U A 200 gollE RS 10° CFU/g A& 30CoNA 45 A7+ wEstalo).
davt B e 2R G Este] 55T 48 ARt Axsiln. Ax § FdHF
of M= SAF 2L 5UF ¥ AT (Fig. 1. B3 23F& @ 27 v 12%

(ww)E = B934& Azxsta 25TCAA 91497 A9 Y. Bacilluss-S B. amyloliquefaciens
EMD17, B. amyloliquetaciens MJ1-4, B. subtilis CH3-5, B. subtilis KACC16750 (Natto)°]™,
F3oli= Rhizopus oryzae, Aspergillus oryzae, 5% Pichia farinosa SY80 55 AL-&3}%)
72 AR JEy 552 ool 2u ®@FA (EMDI17, MJ1-4, SY80, R. oryzae), ¥
FB (EMD17, CH3-5, SY&0, R. oryzae), ©C (M]J1-4, CH3-5, SYR0, K. oryzae), V73D
(B. subtilis KACC16750, A. oryzae), 1813l B4 E (M4 AME). ¥4 D= & <&z A
TES Exv Tvdldl HAE HUMe gix2FEolth EE T ES U] F7ldA A =
719 #E5& HEFsHA

2 9% Tas ¥4 st

Bacillus B3+ LB H3w Ao =23 & 37TCAA 1-2 4 & Yelus +8 235 &
R chloramphenicol (10 pg/mL)°e] A 7Fd YM H 3w Ao A 30T 2 4 ¥ & H&5r0 3
A4S ot Ttk @ Al pHe AAMEE G U3 oz St

oo Ao MEEE47] (MX-50, AND, Tokyo, Japan)E ©]-&3to] ZAatsith. ¥4
ot =¥ A &= Formol M-S ol&ste] S48l protease &4 %
Ave Yo 2Aa

_E
gl
rN
oo
ol

U, B2 AF3o AXx 3 AFAAMY Bacillus cereus 579 A& &3

o
S

fl

Az G sFdsith 18 Az =3 F (201334, dFsH
Toll A 50 #3F SA3te] 238 & 100 g # 247 Baillus 5%, +3°] &
S HAFst DB AAY. Bacilluss B. amyloliquefaciens EMDI17, B. amyloliquefaciens
MJ1-4, 28]3l B. subtilis CH3-5 T4 1 & 2 ¥ (&4 75 05%, & 1%)= 5 log
CFU/g <38l 37CAA 45 AIZF A #3339l = Rhizopus oryzae 2 Aspergillus
oryzaeZ 1% 6 log CFU/g H=3lo] 25Tl A 48 Al7F Fo] ¥ =28 FE3 5 45 A7t
o W@ AAY. 85+ Pichia firinosa SYS0 5 1%, 5 log CFU/g A% 3sle] 30CoA 45

7 1 T AEEZ A2 T 55TCAA 48 AlF AXAA TLHFTE L3
ot FguFe] S F Wad T3 5 AvS B AT dE 12%% ¥94ES A xsHTh
2 AlgES AYstd o3 2o 9FA (B, amyloliqueficiens EMDI17, B.
amyloliquetaciens MJ1-4, R. oryzae, P. firinosa SY80), VB (B. amyloliquefaciens
EMDI17, B. subtilis CH3-5, R. oryzae, P. farinosa SY80), ©34C (B. amyloliqueficiens
M]J1-4, B. subtilis CH3-5, R. oryzae, P. farinosa SYS0)9 XD (B. amyloliquetaciens EMD17,
Aspergillus oryzae), B 4E (A7 ARE).

Haol] vl wi%¥3t Bacillus cereuss 4 log CFU/g3 7 log CFU/g® H7t#S &gl <l
Aoz 2AANZ FHES AU}, B cereuss 4 log CFU/g H %3
E®Z ®W3lia 7 log CFU/g AEd 9452 A, B, C, D', E'E HH
25ColA 70U A8 AA 7d FA 2 B, cereus A Wt} #

-

2 ez @9 54 Wzl
HA# A8 % Bacillus 759 ERFE F

i

oL
ok
o
il
rlo
4o,
>
i
of,
ro
Y,
)
Y
v
&

!
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cereus 5 AL AEujxe]l MYP (mannitol-egg york-polymixin B)E ©]&3&tt. MYP
| =ste] 37TColA Wl & g3 318 Hols ETA HES AFsta o7
SASAY. HEF @Fe pHeF At:, ofr| e HAE

o B9 249 A g FFBAH AKED
]ﬂ_ S

Ao 429 £ da9S Hubste] odF A5 FadH4S 1T 5 A=A &)
$sle] BFAY o2 glucose, galactose, maltose, sucrose, fructose® AAYUC 2 malt extract,

[e)

peptone, soytone, tryptone, urea, yeast extractZ v Aol % 7}3}1t}. Nutrient brothol] &A%
W ALAS 1% (w/v) A7Vl B. amyloliqueficiens EMD17S 1% (v/v) FE3 & 37T
A, 96 AIZE weFetdth 0, 6, 12, 18, 24, 36, 48, 60, 72, 84, 96 AlZtell wjFdS 3|Fste] &

FFEAE AHES 600 nm @S SASAT FTs Ao gt EAd S agar well diffusion
WS ALR3LaL olu B, cereus ATCC1457Z indicator® AF-&3+4)

2}. Bacillus subtilis HK176¢] A &8 &4 AA

(1) pET176 #| =.

B. subtilis HK1762] total DNAE F3d°o=2 PCRS AAEFtt Primer® b5IF
(5'-AGGATCCCAAGAGAGCGATTGCGGCTGTGTAC -3', BamHI site underlined)®} 51R
(5'-AGAATTCTTCAGAGGGAG CCACCCGTCGATCA-3', EcoRI site underlined)<
A8t Kim 5, 2009). #HIASE AAS aprEI176 344 S-S 9% primere petF
(5'-AGAGGATCCGATGGCAGGGA AATCA-3', BamHI site underlined)¢} petR (5'-AGAC
TCGAGCTGAGC TGCCGCCTG-3', Xhol site underlined)& AF&3IATH (Jeong 5, 2015).
PCRS 94°C 5 +, 30 cycle (94°C 30 %, 60°C 30 =, 72°C 1 #)& AA3Hr. =4
aprE176%} &8 57 A ¥ aprE176€ Z+Z} pET26b(+) (5.36 kb, Km')oll Arstatt. E.
coli DH5a®} E. coli BL21(DE3) competent celle]l ] %% plasmidE electroporation W o &2
Edettt. JAASAEZHE plasmidE do] &R T i FToNA  aprEl76 RS
sttt a2 Ed HEv SDS-PAGES dd&s] Qr7tE 45t A
AL &4 7= plasmin unit/mg= YFERY QAT

=

(2) AprE176 Al

A3 plasmidE AW E. coli BL21(DE3)E 500 ml LB broth (kanamycin, 30 pg/ml)ell
AE3ste] 37°Col A ODgyo 0.87FA] Wi Lst A}, aprE176 HHFEE 98 IPTGE 1 mM #7}
Skal 20°CollA] 15 A1ZF o wjksldt). 3143k AEZE 20 mM sodium phosphate buffer (0.5
M NaCl, 10 mM imidazole, pH 7.4)o @&t & ST I 7|E A&t AEXLE I8t
S =S 4°Col A 12,000 x g 10 &3F g sto] st cell pellets fATH Ao
S o]&3ste] AprE1763 M179 (Ho]&4)E Ni-NTA column (GE health, Uppsala, Sweden)
= A8 AAsEA

>

R
ug? S buffer (pH 3-12)o 4 37°C 2 Al & Y3 = 97FE fibrin plate %
SEAT 24 HAHES 2% 2ALE 93] 37°C-60°C (pH 8.0)°9A 30 &3+ &
A 7}= fibrin plate WHO R ZAFSIAT E E4E 45°CoA (pH 8.0) AlHE &
e 2E 912 2A4RAT FES 6 mM)IF ANAE (I mM)o] i G7be] 1]
S A7) S8l 4 2 A 30  (40°C, pH 8.0) % & & HUE ZASFA T

A
1

o o 2
O_>fl_4 l‘>" 1:0‘1

o lo o &
X Huéoﬁ

N g

J

ol

ol

9
of M
odk

(4) Error-Prone PCR
AprEl76 A E&Ss MAS BHOR prFEl76 FAAES AW pETI76S o=
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error-prone PCRE Cadwell®} Joyce el (1994) F8] AA&Act w+$- (100 u)S 10
mM Tris-HCl (pH 8.3), 50 mM KCl, 7 mM MgCl,, 0.01% gelatin, 0.2 mM dATPS} dGTP,
1mM dCTP¢} dTTP, pET176 (10 ng), 0.5 mM MnCl,, 7ag polymerase (Takara, 5 units)E
2 A FHAT Primere petFe} petRS Z+2F 05 uM ARE3FTE 30 cycle (94°C 1 #, 60°C
30%, 72°C 1%) & FZ¥ DNAEBamHl¥} Xholozw Ao % pET26b(+)e} AZHA 7]
elelctroporation WX o2 E. coli BL21(DE3)dl %=A#H . Kanamycin (30 pg/ml)¥ skim
milk (2%, w/v) St LB v X|olA 48 A7t vjF & #2E5F skim milk #3138 =27]7F iz
THU 2 AES AEEta o]59 plasmidE 4ol G7IMES AN

(5) Fibrinogen 7}4=+-3l

A A s AprE1763 M1799] Fibrinogen (1 mg, bovine, MP biochemicals, Illkirch, France)
ZheEe] 'S ZAHE k. 20 mM Tris—HCI (pH 8.0, 37°C) 1 mlell ¢! fibrinogen®l] 7 #|
a2 (50 ng)E FH7Fsta 37°C ®ikslHA AZbgERE ABEE FH3E F 5 x SDS sample
buffere} 43o] 5&7F #EAth 12% acrylamide gelS AF-&31A SDS-PAGES F8dta #7)4d
% % gel2 Coomassie Brilliant Blue R-250& AF-&3le] A 31%3c)

(6) AprE1763} M179 Kinetics

AA%  AprE1763%  MI179¢]  amidolytic 971E VIHES AM&dle] Atk
N-Succinyl-Ala-Ala-Pro-Phe p-nitroanilide (Sigma, S7388), N-Benzoyl-Phe-Val-Arg
p-nitroanilide  hydrochloride (Sigma, B7632), N-Benzoyl-Pro-Phe-Arg p—nitroanilide
hydrochloride (Sigma, B2133), N-(p-tosyl)-Gly-Pro-Lys 4-nitroanilide acetate salt (Sigma,
T6140). Z AF714S 50 mM Tris-HCl (pH 8.0)] =<9 & (10 mM) 50 pl= &4 10 pl (1
ng), Tris—-HCI (pH 8.0) 440 ple} 44ojA] 37°CellA 10 £3F ¥k8 5 citrate-NaOH (pH 3.0)
500 plg #H7bste] Wrgs FRAZIZ vbE Aol FAh d4EE (12,000 x g 5 &) F &
THE Ao ODyoE SHEL FEE 2 HE 74 7teis] 425 T3t
pnitroanilide®] molar extinction coefficient+= 8,800 M lem ™. AprE1769F M1799 Viax K
#2 N-Succinyl-Ala-Ala-Pro-Phe p-nitroanilideE 718 & Al&3lx1 F%== 0.01-09 mM &
glato] REEAIZl & WEE = ponitroaniline %S S48t ST keat @S the AS
2HE T3t keat=Vma/(enzyme).

(7)) @8 d Fx o=

AprE1763 M179 +% d=2 98] SWISS-MODEL WorkspaceE A3}l Subtilisin
Nat (PDB ID: 4dDWW)ZE template structure® 3} th. PyMOL Molecular Graphics System
(Version 1.5.04, Schrodinger, LLC., NY, USA)S Al&3te] o= %= v W3l images®
A ATt

2-1. 4723 (Fa718, 284 124 d=%)

7V, A AEEEZERY - LTS 9 bacilli A

dHd&3so] 93 CB1, CB67, JB6 55 AWste 7] i 55 (CH86-1, HKI176,
CH3-5) 3 wlustdtt (Fig. 2). CB1¥ CB672 7]& %5 Htp dd g8 3t E3]
CBle] 714 $Fatath. Ak 4759 542 98 2As API kit (CH50) 2353 16S
RNA A2 2 recA 44 471449 A3}E (data not shown)ES £&38H 3 5+ 5%
B. amyloliqueficiens® s A wetAs CBl1, CB67, JB6E Z+Z B. amyloliqueficiens
CBl, B. amyloliqueficiens CB67, 18|11 B. amyloliqueficiens JB6% ™93ttt B.
amyloliquefaciens CB1el| s = Bt} xpAg AFS =33t th
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Y. B. amyloliquefaciens CB1 ¥ EA % dA L35 FA

(1) B. amyloliquefaciens CB1 Wl F A3, A FFFoll w2 d &3] %

B. amyloliquefaciens CB19] v]<F Altol m& A &35 WHIE XALSIAT 7|1& dFE5
3 vuE 98] LB wiRlol] Ztz HEste]l 96 A7 37C wlgEdh 5 dFEY] ASAEE
HlS=glar i<t 60 Azl 71 =2 A8 sS 2 (Fig. 3). 60 AlZEe Bl s o = 9
SDS-PAGE®} fibrin zymographyE A ARt (Fig. 4). 29 kDa¥ 42 kDa band”} S3l38}al
71 9] band intensity 7} 2F3F minor bandE°] o &7/ &= h
] FRC wWE CBI As 1S S8t 37TCAA 120 A wigstAdth B
amyloliquefaciens CB1> A5-0] NB HjA| oA 717 =24 48 A|7tel]l 33 % 140 =3t vt
W g2 A EeAE & AU 179 =2dltd (data not shown). & &35 vl 60
AlZrel 74 a1 BHI s <ol A 71 =71 Yebd vk NB sl ol A= 24 AJ7F o] & 79 o
77 AEEH A ol miAld wmE AL Aolvk wg F AS ¢+ Uk ol F5 A

SalEa ANS 1T W wAE 23S GRS AFT _’E%HO]E s HolFEh

B. amyloliqguefaciens CB1S BHI v #| oA v FslH A A7t &2 SDS-PAGE$} fibrin
zymography S A A3t} (Fig. 5). SDS-PAGE gelol Al 21, 28, 37 kDa band 7o) #z5
3L 21, 28 kDa band¥ 60 Alztoiell HiE YERHIL (Fig. 5 lane 3) 108 AlZtoje] <ol &
HhH 37 kDa bande 84 Al7toll &= Al 2 A kodt). Zymography 9 Al SDS-PAGE$} H]
523 A8kS YEeR At} Fibrin zymogramell A fibrinolytic activityZ fibrin gel ¥%¢ 49
3t halo 2712 #©& 4= Ad+=d, 60 A7Fe] halo =717} Zolo]la 108 Alftell= AL #zE]
M=

e —— . Specific Activity
. - Strain (U/mg)
B. amyiloliquefaciens CB1 487.20
B. amyloliquetaciens CB67 312.01
B. amyloliquetaciens CH86-1 271.75
B. amyloliquefaciens JB6 70.12
B. subtilis HK176 68.49
B. subtilis CH3-5 58.79

(A) (B)

S0 10

e

el

30 [

I3

T —euw

s
ol so |

o8|

oel

o |f

cleus
sc paie HKJ_\e
0's scy Aondnescieuz

L L L L n n mn n
- 0

00
0 N S¢ 3e 18 e0 AS 8¢ e o N St 3e 8 eo AS 8t oe

minananan mnelin mirAnanan moalin

Fig. 3. Growth (A) and fibrinolytic activities (B) of 5 Bacillus strains.
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120 KDa

116 KDa
97 Kda

66 KDa

55 KDa
45 Kda

16 KDa

7o xDa e e e wae wan ]

28 XDa

20 KDa

M: SigmaMaker. Wide Range (58445-1VL)

1: B swubtilis CH3-5 60h(LB) 4 : B. amyloliguefacierns MJ1-4 60h(LB)
2: B swbtilis HK176 60h(LB) 5 : B amyloliguefaciens CB1 60h(LB)
3: B amyloliguefaciens CH86-1 60h(LB)

Fig. 4. SDS-PAGE (A) and fibrin zymography (B) of Bacillus strains.

120 KDa

116 KDa
97 Kda

66 KDa

5% KDa
45 Kda

36 KDa I _——— —— 1

29 KDa i 1
24 KDa

20 KDa

M: SigmaMaker, Wide Range (S8445-1VL)

1: 8. amyloligquefaciensCB1l 12h(BHI) 4 : 8. amyloliquefaciensCB1l 84h(BHI)
2: B. amyloliguefaciensCB1 36h(BHI) 5 : 8. amyloliquefaciensCB1 108h(BHI)
3: B. amyloliguefaciensCB1l 60h(BHI)

Fig. 5. SDS-PAGE and fibrin zymographys of B. amyloliquetaciens CB1 on BHI during
108 h incubation.

(2) Two-Dimensional Gel Electrophoresis®} MALDI-TOF Mass Spectrometry

BHI wj#]oll A 60 A|ZF vl vj A5 oS 2D-gelz H413 23} gelol A 8 spotS &<ls}
2tk MALDE-TOF-MS #2445 %3] 8 spot & 37 kDa2 extracellular neutral protease
[NprE], 28 kDa2 serine alkaline protease [AprE], 21 kDa> Gamma-glutamyltransferase
[Ggtl= 3 7l spoto] Z+zt &A=t (Fig. 6).
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1 MGLGKKLSYA VAASFMSLTI SLPGYOAAEN POLKENLTNF ¥PKHSLYOSE
51 LPSYSDKAIK (YLKONGKYF KGNPSERLKL IDHTTDDLGY KHFRYYPYYN
101 GYPVKDSOY| [HVDKSHNYY AINGELNNDA SAKTANSKKL SANQALDHAF
151 KAIGKSPEAY SNGNVANKMNK AELKAAATKD GKYRLAYDVT [RYIEPEPAN
201 WEVTYDAETG KYLKKOMKYE HAAATGTGTT LKGKTYSLN| SSESGKYYMR
251 DLSKPTGTQI ITYDLONRQY NLPGTLVSST TNGFTTSSOR AAVDAHYMLG
301 KYYDYFYQTF KRNSYDNKGG KIVSSVHYGS KYNNAAWIGD QMIYGDGDGS
351 FFSPLSGSMD YTAHEMTHGY TOETANLNYE NOPGALNESF SDVFGYFMDT
401 EDWDIGEDIT VSOPALRSLS NPTKYGOPDH YKNYRMLPNT DAGDYGGYHT

uskps YPI3 pl10 451 NSGIPNKAAY NTITKIGVKK AEQIYYRALT WYLTPSSSFK DAKAAL 10SA
97 KDa 501 RDLYGSODAA SYEAMNNAYG L
66 Kda .« &
55 KDa Identification : NprE(neutral protease precursor,[Bacillus subtilis}
45KDa | 1

'
36 KDa m

Extracellular neutral protease[NprE]
29 KDa
Sk 1 MKKKKFMNLC FIVLLSTLLA AGSIPYHADA KKHPFSYDDY KOVDVGKDGM

SubiihildnrE] 51 VATAHPLASQ IGADVLKKGG NAIDAAYAIQ FALNVTEPMM SGIGGGGRMM
20 Kpa = 101 VYDAKTKDTT |IDSRERAPA GATPDMFLDE NGKAIPFSER VIKGTAVGYP
52t(G glutamyltr | s 151 GTLKGLEKAL DKWGTRSHKO LITPSIKLAS KGFPIDSYLA DAISDYKDKL

201 SHTAAKDYFL PDGEPLKEGD TLIGKDLAKT FTAIKYKGTK AFYDGAFSKK

251 LAETVOEFGG SMTEKDIKNF NYTIDEP WG DYOGYHIATA PPPSSGGVFL
B2K0a! B 301 LOMLNLLDDF KLSOYDIRSN OKYQLLAETM HLAYADRAAF AGDPEFYNIP

351 LKGLLNPDY | NARROL IDID KVNKKPKAGD PHAYOEGSAN YKOVEQRTDK

401 QEGOTTHFTY TDRFGNVYSY TTTIEQLFGS GIMVPGYGYY LNNEL TDFDA

451 VPGGANEVOP MKRPLSSHMTP TILFKMNEPY LTVGSPGGAT |ISSVLOTIL

501 NKVEYGMOLK AAVEEPRIYT NSMTSYRYEK GVPEEARTKL MEMGHKFGSS

551 PVDIGNVOS| LIDRENGTFT GYADSSRMGA AlGYM KKCE K

Identification : Ggt ¢ il 7 fens FZB42])

Fig. 6. 2-D gel electrophoresis and MALDI-TOF mass spectrometric analysis
of fibrinolytic enzyme.

(3) aprECBI1 73 A} cloning

B. amyloliquefaciens CBl aprECB1 #3x%& PCRZ <%3% 15 kb DNA =7& E
coli-Bacillus shuttle vector pHY300PLK®] cloningste] #]1%3% plasmid pHYCB1 (6.4 kb,
Ap', TcH= :,\,\D} E. coli DH5(1°ﬂ EJdAZ 5 aprECBl1 97144 Z2A4sAY (Fig. 7).
A7 LA FFe ofn it MEE on] BilE Bacillusg°] wHste & as @
AE9] ot L5 vlugh @er 71 245 WS v =3s gl (Fig. 8).

A SO0
C I0OD
1100
7CT.,T;~TE.,J-.F«;3‘:AD}C 1200

H P N W T
300

GATOGACGEETEECTT 1500

Fig. 7. Nucleotide sequence of aprECBI. The nucleotide sequence and deduced
amino acid sequence of AprECBI1 are shown. Tentative promoter sequences
(=35 and -10) and RBS are underlined. A possible transcription terminator is
also underlined. The end of pre (¥) and pro sequence (V) are marked. The
first amino acid of proenzyme and mature enzyme are marked in bold
characters.
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20 ze o se oo e so
Jowaal cnaafanan - ARy o J o oamafanah aeaafanan]
AprECcol b MRGKKVWISL LEFALALIFTM AFGSYSEEQA AﬁK.’-l‘GlKKV XVGFKQYHSY MSAAKKKDVI SEKGGK! Q FEYVDAASAT
g - e MARGKKVWISL LFALALIFTM AFGSTS ‘SNGEKKV IVGF KQ KKKDWVI SEKGGKVOKO FKYVDAASAT
DFE precursor 1  MRGKKVWISL LFALALIETM AFGST| IVCEKQTMoT MSAAKKKDUI SERGOKVOKG FRYVDAASAT
AprEs 17 1 MRGKKVWISL LFALALIFTM AFGST| IVGFKOTMST KDVUI SEKGGKVOKG FKYVDAASAT
apres1 I MRGKKVWI LEALALIFTM AFGST] AcKksSNGEKKY GFKQTMST MSAAKKKDVI SEKGGKVQKG FKYVDAASAT
AperE2 S :@K:t:XSL LPEALTILIFTM Arl EL AGK KKY IVGFKQTMs| :;&KKKDVX SEKGGKVOKO rka
Aprn = e xSt cradtizeTm Ack KKY IVGFKQTI KKKDVI SEKGGKVOKQ FK =
i il il Fhet i sl T IRy R 4 - ---4 A Py N Py Ny R
Aprrcoa B LNEKAVKELK KDPSVAYVEE vaos v QrKkA FA < o= *x
Pro D3- 51 LNEKAVKELK v IKA PALHSOGFTG Tos ox <
DFE precursor =1  LNE ® vee AQS VFYGVSQIKA FALH < <
Apre3-1 81  LNEKAVKELK vee vaos AL < Ios GX *x
apresa B1 LNEKAVKELK S AGS VEYGVSQIKA FAL o5 ox 3
Ap e 80 = KAVKE LK VEE Lk KA PAL < IDS GX GASIFIVE S
a5 2 BE b RAERASS VEYEHESTRA PAT S Tos o&f R URESASEY
--------- d ~vwnrllvvw~d ~>>-l~ ~d vl d vellvevell vsvv~ldrvvvld svwcl vl s lre==~1]
Aprece1 161 ETNPFQDNNS HGTHVAGTVA AL G VAPSASLYAV KVLGADGSGQ YSWIINGIEW ATANNMOUIN MSLGGPSGSA
Fro D3-a Fr=ey FQDNNS HGTHVAGTVA AL < YA e YSWIINGIEW AIANNMDVIN MSLGGRSGSA
DFE precursor 151 ETNRFQDNNS HGTHVAGTVA AL < YAV KVIGADGSGQ YSWIINGIEW AIANNMDVIN MSLGGPSGSA
AprE3-17 1C1 ETNFFODNNS HGTHVAGTVA AL G VAFSASLYAV KVLGADGSGRQ YSWIINGIEW AIANNMDVIN MSLGGESGSA
apeE 161 ETNPFQONNS HGTHVAGTVA AL G VAPSASLYAV KViGADG INGIEW ATANNMOUIN M=l GGP=G=A
Aprez 1ce 5 HeTHVASTA At < AV KwLDSIT) YSWIINGIEW AISNNMDVIN MSLGGRSG
= 1se =T = meTHViTe Ar = vav o VEWIINGIEW AISINNMOVIN MSLGGRTG
zse zeo =re zso o . 10 sze
P e e i e A T T P e e e e e
Aprece1 2231 AL Av AAA GNEGTSGGSS T vx ssve sEL SIOSTLPGNK
ro D3- 221 ALk AAA GNEGTSGGSS T ves vx sEL sSIQsTLEGNK
DFE precursor 241 ALl AAA GNEGTSGSSS T ¥YPs VI pis= ssve BEL = T 3
AprEz-1 2231 Ak Ann TSSGSS Tvcveokves vraveavnss va se STo=TLPaNK
aprEsa 2431 ALKAAVDKAV (Al AAA GNEGTSGGSS vx SSEVG SELDVMAPGV SIQSTLPGNK
Aprez 220 aL <ag jajaan wavppfzvps = SsHG sE SIesTecHT
AprN z2ae AL b alaan tsks Glsh: SEL! SIQSTL!
E- se0 e sco 7o soe
cocoMocscl secsBocaid scnclocacd osselocech coloooch ocealasac 1 .-
AprecBl 3231 YGAYNGTSMA SPHVAGAAAL ILSKHPNWTN TQVRSSLENT TTKLGDAFYY GKGLINVOAA AQ
- —a 237 YOAYNGTSMA SEHVAGAAAL TLSKHENWTN TOVRSSLENT TTRKLGOAEYY GKGLINVOAA AQ
DFE precursor 321 YGAYNGTSMA SPHVAGAAAL ILSKHPNWIN TOVRSSLENT TTKLGOSFYY GKGLINVOAA AQ
AprE-17 331 vGAVNGTSMA SoHVAGPAAL ILSKHPNWTN TOURSSLENT Treicolar KGL INVQAA AQ
apresa =22 TSMA ILSKHPNWTN TOVRSSLENT SKGLINVOAA AQ
Aprez 322 YGAYNGTSMA [TPHVAGAAAL ILSKMI - GKGLINVEAA AQ
aarn 333 T Mhmaeanar mimarinnn MEveentonT NRLSEsy o= a3

Fig. 8. Alignment of amino
enzymes. Amino acid sequence
Bacillus
(AprEofDFEpre
ACU327%6.1),

DJ-4
Cursor,

(pro-subtilisin,
AAZ66858.1),

Ssp.

AAT45900.1),

(AprE2, ABJ98765.1), and B. subtilis LSSE-22 (AprN of nattokinase, AEV91244.1)

(4) B. subtilis?| A aprECBI1 s+ A &

pHYCB1<

ddEsles

o] OD %ol

< 7Fsksd AL,

9} fibrin zymography A# %= d A &35 2

TE Hol&

Absorbance (ODgpg)

A'd B. subtilis WB600E X]
Ao (Flg 9). NB H] ]l
= T7rekvh @ 8se e
108 A|ZF Foli= NB HJA| & x]

Q ] ] pzale)
Z8 w940l 28 kDa B9
18
,/—’H“ A
18 | —— Ll
),_\/'I o - \“-\\_
14 /Y v
i 2l - N 3 N
121 L /} = ~_‘\ \\‘\\.,.
of OO\ N\
10 / N, -
R
o8 fy | Re—0
v
06
oA 8- B. subtilis WB600[pHYI00PLK)_LB
.4 ~0- B. subtilis WBS00[pHYCE1]_NB
; —¥— B subllis WBG00[pHYCB1]_LB
02 —{r- B. subtiils WBGOO[pHYCB1]_BHI
P, —— 5. subtii's WBG00[pHYCB1]_TSB
00 .
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Incubation time(hr)

Fibrinolytic activity (U/mL)
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ENCIR RS
1.

A fue B 5 gl
AT # At (Fig. 10)
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(AprE3-

acid sequences of AprECB1 and homologous
of AprECB1 was aligned with homologous enzyme.
B.  amyloliquefaciens DSM7
B, amyloliquetaciens CH3-17
B. amyloliqueticiens CHbl (AprE51, ACA34903.1), B. subtilis CH3-5

17,

wn1@q4
72 A7F 0%

WA F43
SDS-
o, W&

~®— 8. subrilis WBS00[pHY 300PLK]_LB
~O— B. subrilis WBS00[pHYCB1]_NB
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Fig. 9. Growth (A) and fibrinolytic activities (B) of B. subtilis WB600
[pHYCBI1] in different media.
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Fig. 10. SDS-PAGE and fibrin zymography of B subtilis WB600 [pHYCBLI.
M sigmaMaker, Wide Range (S845-1VL), 1: B, subtilis WBA00 [pHY300PLK] 72 h (LB
2. B subtilis WBA00 [pHYCBI] 72 h (NB) 3. B, subtilis WB600 [pHYCB1] 72 h (ILB)

)

4 B subtilis WBG00 [pHYCBL] 72 h (BHD) 5 B subtilis WB600 [pHYCBL] 72 h (TSB)

(5) AprECB1 H¥4A)
AprECB1 AA=
chromatography & 2 A| 8} 1L

b weEarg el wal 9 ol

|
=1 AL

”’/M

bt &

\

Table 3. Purification table of AprECBI.

1 a0

activity (Uiml)

Fibrinolytic

/\

120KDa

116KDa
97 KDa

66 KDa

55 KDa
45 KDa

36 KDa
29 KDa
24 KDa

20 KDa

M: SigmaMaker, Wide Range (38445-1VL)
1: B. subtilis WB600[pHYCB1] supernatant

2: B. subtilis WB600[pHYCB1] 80 %
3:B.

/\
%T%

JJrE 24;46} A A F o]t}
&2 1.63%°]th

# 3l Phenyl-Sepharose, DEAE-Sephadex A-50 column
AL G7IE Ad FEES 3535t F
SDS-PAGE®} fibrin zymography S 2 Alstth (Fig. 11). A A7} 7863
AR = AL 3l 4= qlt} Table 3-5 %! 7<ﬂ
/\

}\4 U1 =7 7413}

= !l

28 kDa ba_r1d7}

2% A

a5

ammonium sulfate precipitation
subtilis WB600[pHYCB1] active fraction in Phenyl Sepharose

4: B. subiilis WB600[pHYCB1] active fraction in DEAE-Sephadex A-50

Fig. 11. Purification of AprECBI1. (A) Elution profile of AprECB1 through a

DEAE-Sephadex A-50 column. A line indicates the OD280 value of each fraction
(I ml) and a dotted line indicates fibrinolytic activity. (B) SDS-PAGE (left) and
fibrin zymography (right).

Ste Total activity Igg;lrl igglei?c Fold Recovery
b () b Vo (x—fold) | (%)
(mg) (U/mg)
Culture supernatant 28,120.11 159.73 176.05 1.00 100.00
S ;
80% Ammomium 20,315.90 41.63 487.98 2.77 72.25
sulfate precipitation
Phenyl-Sepharose 4,831.52 494 978.04 5.56 17.18
DEAE-Sephadex A-50 459.31 0.29 1,583.84 9.00 1.63
(6) AprECB1 &4 54
FiEAgAg AprECB19] pHeF =% S A 23 pH 6.0014 7HE =& 97}

®Bolil, 6.0

VeI E Gk st

(Fig. 12). pH 3 ©

18tell A= 9717

—
o
i
i




o pH 6.091 4] ¥k§ HAH 2= 40TColal 45ToAA 97F= 40T 9719 68.6%=2 A shal
55C ol Lol A $hadl €7k AAsch Asel A ApECBIE E&w £ @ o
e Ads & F Ao
(A) (B)
100 % Y00 . —§
80 ¥ \\ . 80
= / =
= / = £
% 60 / \ .—é 60 N
o / =
% 40 f/ % 40 - \‘
-’/f" — - . 20

o
35

40

45

50
Temperature

55

80

Fig. 12. Effects of pH (A) and temperature (B) on the fibrinolytic activity of
AprECBI.

AprECB1 971& Ca”ol 98 Z7tshy K, Mg®, Mn®, Zn™, Cu® & A#at¢lth (Table 4).
53], Zn” 3 Cu®'oll o8] 74.08%, 96.17% A&l ¥ 1t} Serine protease inhibitorgl PMSFe] €]
a 97t e AsEAa EDTA, EGTA, SDSe| ol E A=At o] AipEolA
AprECB1< serine proteases metalloprotease® 7 ¥t}

AprECB1¢] 71 S0l do] #3] ZAFsttt (Table 5). o8 <1¥ 712 E% chymotrypsin 4
% 71d= 48 N-succinyl-Ala-Ala-Pro-Phe-pNA¥ 717 So] A o2 RE-g-3} T}
AprECB1¢] fibrinogen 7}3ls& At (Fig. 13). Fibrinogen® Aa chain< 30 &,
BB chain 1 AIZF oWl &allat ATt 3FARF y—chine 12 Al7Fo] Ay #3lshA] X3kt

t}. Biogenic amine (BA) A& F &4

(1) Decarboxylase ¥ #] o]& &4

Decarboxylase HJA| & o] &35lo] EE|dFE5%5 BA A 5
o] WS W3] plate method®t broth methodE A Attt ZF wjA o
bromocresol purple o] =AM HEPAM o g W= HE7F glycerolRt uj] & o}
glycerol@} 3t precursor amino acidE F7Fgh s x|oll A o gk mepo] A QS uf &
Aoz J|AGY. 12y positive control®l B. subtilis ATCC6051A, B. subtilis ATCC9372,
B. licheniformis ATCC 14580€% & #FolE& Holx ZAY 5440 YEY. o] Wy
BacillisE 2] glycerol ©]& Axo] we} FHE = WolojA sjdzdd uE 233 o x7)
AX BEe ARE 2717 JEJT

o 2 A

g5ttt Chang 5 (2012)
S 7 27t

o] o
M=
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Table 4. Effect of metal ions and inhibitors on the activity of AprECBI.

Metal ions(5 mM)/inhibitors (1 mM) Activity (%)
None 100
KCl 98.29+2.57
MgCl 90.18+3.84
CaCls 118.15+3.12
CuS0y 3.83+0.14
MnCls 93.32+2.43
ZnCly 25.92+1.17
PMSF 0
EDTA 3.35+0.07
EGTA 3.49+0.07
SDS 5.31+0.18
Cantharidic acid 90.18£3.84
Pepstastin A 98.29+2.55
bestatin hydrochloride 85.65+3.63
E-64 41.78+1.34

Table 5. Amidolytic activity of AprECBI.

Synthetic protease substrate (10mM) Suiiﬁfm?gfnzgfsm
N-Succinyl-Ala-Ala-Pro-Phe-pNA?* 14.49
N-Benzoyl-Phe-Val-Arg-pNAhydrochloride 0.93
N-Benzoyl-Pro-Phe-Arg-pNAhydrochloride 0.12
N-(p-tosyl)-Gly-Pro-Lys4-NAacetatesalt 0.39

“DNA : p-nitroanilide.

116 Kda

97 KDa
66 KDa

= X B B
55 Kda

i =—

o —
45 KDa
36 KDa

— e——

- e -

Fig. 13. Fibrinogen hydrolysis by AprECBI.

Fibri 200 ng) hydrolyzed b ECB1 (25 ng) in 200 f 40
rrh\/[rm’?‘%esrl Cl, ﬁlﬁ 7%?S(bu§1€ferro SAZ)e at y37Aé) -r 1, control ngnomenzymlé&; 02,,
min; 3, 5 min; 4, 10 min; 5, 30 min; 6, 1 h; 7, 2 h; 8, 4 h; M, protein size
Marker (wide range, Sigma, S8445-IVL).

(2) Decarboxylase +3d 2 A%

Histamines 43+ histidine decarboxylase (Adc) 734 AF, tyramines A A3t tyrosine
decarboxylase (tdc) +A# &3 = PCR #H o=z 33t Ade 44 AES 93l
HDC3/HDC4 primer setS AF&3S SEELS 435 bpolH, tde FHAA HES $E
TD5/TD2 primer set& A&3S wjeo] TFHAELS 1,134 bpetal RAFATE hde FHAAE A



U dF2 9L B licheniformis A7 (S5 2F383) tde FHAAE AYA FFES
Paenibacillus tyraminigenes sp. nov. H3029 (KCTC 10694BP")e] #7149 % A#E e
t} (Fig. 14). hdcst tde 22 FHEH = WM=5S 22 DNA 5 & A7IA4<ES 24 23
hdc= %A ¥kl 18y B, licheniformis AT} P. tyraminigenes H30299 tde A #+
FA MEE9 A7IMES dAP F7IE &4 A de FAAE FHE FAHAT
PCR< ©]&3F biogenic amine 44 FAAE AW dF AL Soldz WA o] Hojuh
A Zko| 7t E2lo] 7EEA| 9 primer designo] FEE AF- H| 50X FEo o3l false
positive #13e] Art. Agg A3 AAE 934+ primer design?t #4 PCR =7 & 9
AFE dart Ao 3 FAAVE AEHo®E Y BA A4 ofF+= HPLC 59 WHoe=
shelsfjorst o). A= EAEA R Hol 2 Qlsl] AA| of¥le] AAEA] & F AV W

ol o},

(A) (B)
By (b p> : =
i s Nalal sl l ]
Ealal SO
TS0 250

Fig. 14. PCR products of decarboxylase genes amplified with specific primers from
selected microorganisms. M, 1 kb ladder marker; 1, B. licheniformis A7; 2, negative
control (no primer); 3, P. tyraminigenes H3029 4, negative control (no primer).
Arrows indicate the histidine decarboxylase (4dc) gene (A) and tyrosine
decarboxylase (tdc) gene (B)

(3) Amine ¥4

59 BA A oFF g20& 98 HPLC 45 A8ttt fF=Askst =24 (putres
cine, cadaverine, histamine, tyramine)E<S =¥z EA439 0 (Fig. 15). ¥4 59 4%
T oFEH o R peak’t #A=YArt Positive control® A& P, fyraminigenes sp. nov.
H3029 (KCTC 10694BPY)e| A= =2 3t&e] tyramineo] AEH o tE positive control
ol B. subtilis ATCC6051A, B. subtilis ATCC9372, B. lichenitormis ATCC14580%} t}& &
T EAA = peaks FAT F QAT AFE=Z BAE Aiste w752 A=3H7] A=
Als FH ¢ HPLC &4 270 5& 2o AdsiA 24T 28 do] i F/dd e 4
S ggg Ao Aol & A

F

Aow AYzbeE.
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Fig. 15. HPLC analysis of biogenic amines standard.
2. F ()T bacilli §4
Aol Fadow By B8¥ Bacillus sp. 135, CSY191, CSY33, HCD2, EMDI17
g F()FES A3 135, HCD2, EMD17 #5509 thair &8-S 43
(Table 6). 272 =2 Aol gew B subtilis W42 (Kindoli %, 2012)& Al-&3}3
o A3 Ax 1359 EMDI170] -3 =S Ayt CSY191, CSY33, 135 3 w5 i3l
FAdHS 2AEA T gE2TEE ST EHol 53 B amyloliqueficiens MJ1-4 (Lee and
Kim, 2012)& AF&3tAth (Table 7). CSY33¥ 1359 @dxlvt# o] 9-4=34A YElWTh 53] 135
v gy Fldgo] BF SFetolx tE S5 45T A5 FF AxE FdL
2 &8 7Fsdel & Aot

Table 6. Inhibitory spectrum of some Bacillus strains isolated from Cheonggukjang.

Indicator strains Control Isolated strains
W42 135 HCD2 | EMD17
Bacillus cereus +++ +++ - +++
Listeria monocytogenes e+ et - ++
Enterococcus faecalis ATCC29212 +++ o+ - +++
Streptococcus thermophilus KFRI193 +++ +++ - +4+
Leuconostoc mesenteroides ATCC9135 ++ - - -
B. circulans ATCC4513 - - - -
B. thuringiensis ATCC33679 +++ - - +++
E'scherichia coli 0157:H7 - - - -

Table 7. Antifungal activity spectrum of Bacillus sp. against a variety of fungi.

. Isolated strains
Strain

MJ1-4 | CSY191 | CSY33 | 135
Penicillium spp., OTA producer +t+ - ++ +t++
Rhizopus microsporus var. oligosporus ++ + - +t++
Penicillium roqueforti +++ - +++ +++
Aspergillus sojae - - - -
Aspergillus niger +++ ++ +++ +++
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(1) &+ ¥+ 54

B dFolA Bt dE T AFAQ v FEHE Hole dEHES A .
I R I e S T ]U:] API BOCHB kit AHE A3 Bacillus $5% 1Tl o] =9
16S rRNA A A} recA +34A @714 EE (Table 8)3 RAPD-PCR Z34& YEeER AT (Fig.
16). ¥4 ZA3¥ EMD4, EMDI17, HCD2 v+ ZtZ} B. subtilis EMD4, B. amyloliqueficiens
EMDI17, B. amyloliquefaciens HCD2%Z &7 & 1 t}.

Table 8. 16S rRNA gene and recA gene
sequencing resublts.

%
16s TRNA identity

Bacillus subtilis 99

EMDA Bacillus sp. 99

Bacillus subtilis 100

EMDI7 Baillus amyloliquefaciens 100
HCD2 Bacillus subtils 100 1501bp —
Bacillus amyloliqueficiens 100 k=N
recA gene S0ikp —s-

EMD4 | Bacillus subtilis 100

Bacillus amyloliquefaciens 99

EMDI7 Bacillus subtilis 85

HCD?2 | Bacillus amyloliqueficiens 99

Fig. 16. RAPD-PCR
1, B. subtilis W42, 2, B. amyloliquefaciens M]J1-4; 3, B.
licheniformis ATCC 21416, 4, Bacillus sp. 135, 5, B.
amyloliquefaciens EMD17; 6, B. amyloliquetaciens HCD2.

1m
0_u

(2) B TFTEY A 5
o 55 LB, TSB, BHI, NB brothell HZE3ste] 37ColA wjdstdt. 4 5 X5 LB,
TSB, BHI vjA ol & F2] &x27F weba 12-18 A 7kol]l AAb7]o] 2943 vk NB Hj ] of A]
= T4 FE7F dAE] ——-/\}\]:]—- 21 do] o] 59| Tl A= JFS AV A3} B, subtilis
W42+ A9 % 12%7HA = =g A9 F2489 (data not shown). B. amyloliqueficiens
EMDI17, MJ1-4 12]3L HCD2+ 9% 7hA+= 28t 12% ol dolA e F28HA] il A4
Fiel AdErrt 34 12% F220 HS 18T W olF dFES AETE 10% v ve] A
A FFolAE ASel LA oS & 7 A (o] T 2014).

—~
W

) 2T TEY dH &L
FJ&—T—‘;Q] dHgalsS A3 A3 B amyloliqueficiens HCD27}F tt& 3 #5FE5 HUb
kil E3] HCD2E BHI ®i Ao A vjekst 745 36 AlZkell 174.5+27.32 mu/uli 7}
(data not shown). B. amyloliquefaciens EMDI170] t}& o2 dd &350] 5331
HHX] o A 30 AlFF 61.63+7.96 mU/uls YWEFN AT B. sutilis W429] 8350l 7+
Ut} o]y ARERHE P T E EAoY, FU FFE vix] 9} vl
A ] kA 2 2]l S Hol= AL Felskl

Sh

>0 n
NLWEO_

EN o *—] Hi e
\1

(4) SDS-PAGE ¥ fibrin zymography

BEYHTEY wSA5AS AE2  fibrin zymographyS G330 (Fig. 17). Fibrin

zymographyi SDS-PAGEZ% & & §l& vZF EA5ts ddE: d4S Ad A% HA=
= g w7k whHoltt (o] 5, 2014). B. amyloliquefaciens EMD17 HH kA5 ol o] fibrin

zymogram= R w g A 7o) 7§er P2 A Eapke] &4 band (a band, 24 kDa)7} UEL
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AT A B 1Y G40l FHE ALAE Aol Ao AL ST 29 5

1_

amyloliquefaciens HCD22] 7% fibrin zymogramol A = %“4 o] =A YERLTE

(5) &3t spectrum

B. subtilis EMD4 34ts 220S 93] agar well diffusion WS A&t A8 =&
AAe 2718 SAST s well A71E M F 22 ro] 4 AR B AT 0.5 mm
olsl= +, 2 4 mm ++, 4 mm O +++2 FAStA, 1 A= Table 9o Y ERNATE
EMD4 <+ B. cereus, B. thuringiensis, S. thermophilus it gt &g o] -3}

o2 ZAE S E‘r.

_ﬁ
pr

EMD17 HCD2

M1238BETES MldtA147 87
i i .

M1l2ddfatTis lHl ty 48 BT b9
i

a (24 kDa), b (48 kDa) a (36 kDa), b (24 kDa)
M]J1-4 W42

M1i14387T10% Mldil43 6700 Miz2gd8af0i Miikésntun
" |
A

———]

a (24 kDa), b (36 kDa) a (34 kDa), b (24 kDa), ¢ (16 kDa)
Fig. 17. Fibrinolytic activity changes of Bacillus strains during growth on different
media. 1, 12 h; 2, 18 h; 3, 24 h; 4, 30 h; 5, 36 h; 6, 48 h; 7, 60 h; 8 72 h; 9, 96 h.

_3‘]_



Table 9. Inhibitory spectrum of Bacillus strains
Indicator strains EMD4 W42 H27
Bacillus cereus ATCC 14579 +t+ +++ ++
Bacillus subtilis ATCC 14593 - - -
Bacillus licheniformis ATCC 21415 - - -

Bacillus thuringiensis ATCC 33679 +t+ +++ -
FEnterococcus faecalis ATCC 29212 _ e+ ++
Enterococcus faecium ATCC 19953 - ++
Lactobacillus delbrueckii ssp. lactis ATCC 4797 -

Lactobacillus caeser ssp. casei ATCC 4646 - + +
Lactobacillus pentosus ATCC 8041 - - -
Leuconostoc messenteroides ATCC 9135 - ++ ++
Listeria monocytogenes ATCC 19111 - +++ ++
Pediococcus pentosaceus NRRL B-14009 + + ++
Streptococcus thermophilus KFRI 193 ++ +++ ++

Staphylococcus aureus ssp. aureus ATCC 25923 - - -
Escherichia coli 0157:H7 - - -
Escherichia coli V519 - - -
Salmonella Typhiumurium TA98 - - -

(6) B. subtilis EMD47} H] &}
EMD4 wjdsdS a4, pH
S ST EMD4e] @t
18), pH 3-99l 4= g S
90C 15 & Aol <osf
AR T ol AT ER
Fx9 4 AIdS AY

= vtEE oAl B4, pH, o A HA

, 4 %ﬂ?ﬂ % agar well diffusion WS AF&&] &= &
—8— protease, protease K & ol & Ao Algtxleow (Fig.
AT 50-80Col A 15 #3F AHgol= gy

%= ZFaskal, 100ColA 10 #3F Aol o) FagS A tf
. EMD47F Tt S Ede ol whg e eilola st
RNAA A F HEAZ 7H5Ao] AS o= 7T

r 4% ‘
5 @

509
X
=

al

. EMD4 supernatant treated with protease

@ . EMD4 supernatant treated with pepsin

& EMD4 supernatant treated with trypsin

é‘ EMD4 supernatant treated with proteinase K
EMD4 supernatant (pH 6.8)

= !! 1 . 6. EMD4 supernatnat without any treatment

k\. A 44

Fig. 18. Effect of enzyme treatments on Bac EMD4

S I O S

(7) B. subtilis EMD4 2] 221 A 2 EA A}

LB, NB, BHI, TSB ®j#|ol| X B. subtilis EMD42] &+t &4 W3}lE agar well diffusion ¥
2 ZAFeE A3t (Fig. 19), TSBe} BHI wiA o A o] &3 (320 AU/ml)e] LB, NB Hjj A]
3k}t Gel filteration chromatography® -2 Zt fraction®] Wa] ODsy = -3F
}o @A S agar well diffusion HH o E =AE At 2H A Sephadex G-50 columns %=
ot 84 B35S Fo} Tricine SDS-PAGES AFE3le] Al & A3k A3} oF 35-65
kDa band (Fig. 20)5°] #&=HAG. ®EHZ 24 FA+ Q-Sepharose, Sephadex G-50,
Phenyl Sepharose 6 fast Flow resing Atz AR&ste] =3ttt (Fig. 21). AAH
BacEMD4E A% SDS-PAGE 2 A% PVDF membrane®] &7 N-Zd ofuji=it Ag&
AA3A . Asp Thr)-Ile-(Pro Lys) X-Ala-Ala-X-Leu-Val- ASp(Ile) Gly-Pro (Ala)-Ile-Pro
-Leu-Val o] It X & EFHE Aol #I2 & 7tsdol U+ o eibs

o

KRR
ol 00{,_.@

ot

Fﬁ,i
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Fig. 19. Absorbances and bacteriocin activities of B. subtilis EMD4 grown in different media. —

= 1 1 L 0l35
BacEMD4+ subtilosin A9} &3k
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E
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3 08 g
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B . absorbance(ODgy); — 49—, bacteriocin activity (AU/mL).

Marker (Sigma, M3913)
Marker (Sigma, M3546)
sample 20 pl
sample 10 pl

. sample 15 ul

i 2 3
-
i
EE00 Dia— 2 F—1
2496 Da-s

106 Da—+ :
- ~

N OOk W

. sample 20 pl (overlayed gel with B. cereus)
. sample 15 nl (overlayed gel with B. cereus)

Fig. 20. Tricine SDS-PAGE for partially purified Bac EMD4 and detection of active band.
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Fig. 21. Elution profiles of Bac EMD4 form Q-Sepharose (A), Sephadex
G-50 (B), and Phenyl-Sepharose 6 Fast Flow resin (C).

4. 8

)

T TsE 54

o

(1) Rk E 2, %, w38ols Te et &<l

: s =
=
=

JA&8s, e 9 Bacillus TFE55 cross streakingste] A4 oJHE &l 2
3, Bacillus £3Fe] ASA 8= UERUA] gt 5484 FFolES dAsteE 9o &7

St B. amyloliqueficiens MJ1-49F A &85y rHol 5% B amyloliqueficiens
EMDI7E &3 oz ZAAsIu. MJ1-49F EMDI7E 1xd ko] EE3 X253 cross
streakingdlo] A3 oJF-E= lsle] AHaH A &= &F SY11, SY14, SY15, SY79, SYRO,
SYI3353 &= FEAA 293 R oryzaeE YM wjA|o A 30TCoA 48 A7+ wjksl Azt
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Fig. 22¢] Yepfiddeh. &% SYI11, SY14 w50l o efA Bacillus B5°] A3)¥ = A= e

Wt A3E=ES st Bacillus 2 & (B amyloliquefaciens MJ1-4, B. amyloliquefaceins
EMD17) X 1 F (SY80), =#o] 1 = (Rhizopus oryzae) & 4 & B340z AAE
ol g Eel Agss

—o— —o—
W-H+ENDIA WN-H+ENDIA

10 2A1 2AlY
* ® Konsse

—o—
W-H+ENDIA 2‘1;;+EWDJA
o CAIR -
& o\\sse W osse

o
g;l\é'oVHEWDJA g)’l\j:?*EWDJA
~® onsse ~® g onsse

0 8 ie 3¢ 35 <0 18 0 e N 18 St 30 3e AN 8

e (1) 1we (u)

Fig. 22. Changes in the viable cells of multiple starters.

(2) Aty g% SY&0 v+ A4

12Pd = oA e8] gk SYR0 w9 = fdl API 20C AUX kit (biomérieux Clinical
Diagnostis) & AF&3tal, 712 ITS1-5.8S-ITS2 ¢ D1/D2 domains (28S rRNA) H-¢ 7] A
dS FAeIA T API kit 2+ FAo] A ko) ITSI-5.85-1TS2 domains @714 <€ &
X A3} Pichia firinosast 97% A Z18]31 D1/D2 domains Q71X LES Pichia farinosat
99% A A5l H T}, o] Aol A SY80S Pichia farinosaZ & 74 % At}

o AgE EGFSTY eAUF 712N ST AFAE &

EEHS FAe Bacillus, 25, H3ole] AU FAAY ASHEE At 2t
F= ddH.0, EAUF 25% (W/V) E]_X]EHT 5% (w/v), Z18]3 LB %= YM brothell %3+
R 4733401]/\1 48 A1 7F wl °‘E0}U“1 A S =489 Y (Fig. 23). Bacilluse< LB brothe}
SAF v oA v =3 29 AFE ASSAY. B amyloliquetiicne MJ1-4% &t

T 25% X 5%A4 ¢ *JH 7F 2ot 29 ZFol% YM brothet EX T H7F vix

W & S8R WA Zpol= BEE A Fokrh. o] Aol A DAt 5% wiA = 5
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T TS AT AR A AoR Rddn. BEFFHSs GAHT 6%, w/iv) viAlel F

T3ake] 48 AIZF HlF F 20, 4, 20Tl A 28 A3F AFsAAN At G—é‘ﬂ*"’“OH , FE)TH

= SAsAT. A4 2=oA A b FTbel wEt A= AA Fasda, 53] 4TERG

-20, 20C A& Al ° &Skt (Fig. 24). 2 2%0lA #4743 e dd&als, (x)

s SAT 23 (Fig. 25 @d&ss3 F()TEHS 20, 4, 20TlA 28 A3+ A%k )
HE
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= h
A BE Aol AEHUY. AyH oz BFFAS dAYTF G%)E WHAE dFE5 w3t
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Fig. 23. Changes in the viable cells of multiple starters
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e _m— EWDIA+AI +-50.C : EWDl‘)ﬂN’H'V‘ tc : EWDl‘)ﬂNN'V‘ soc
+ 2A80' 50 C —— 2A80' ¢ C —— 2A80" 50 C
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Fig. 24. Changes in the viable cells of multiple starters during storage

A B C
9 © g »
S ® @ 6 ® e = @
D® ® 6 e 8 @
o @ @@
P: plasmin (10 mU) 50 28 day, -20C
1: 0 day 6: 5 day, 4T 10: 5 day, 20C

2: 5 day, -20C
3: 13 day, -20C
4: 21 day, -20C

8: 21 day, 4T
9: 28 day, 4TC

11: 13 day, 20C
12: 21 day, 20T
13: 28 day, 20T

Fig. 25. Changes in the fibrinolytic and antibacterial activities of multiple starters during
storage. A, fibtinolytic activity; B, Antibacterial activity; C, Antifungal activity
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1D A= 2 5 54 st
AE FHES HEst AxT A4S 37C 48 AF HESHA 6-12 A (HA SR
ANHAGF A sk EE F 4TCeA AFstAA 2,5, 10 o A= AQHE A5E52 pH, B,

Sy

ddgs8ls, datsls, 242894 S 489, pH 4 23+ Fig. 260 YRS
amyloliquefaciens EMD173} B. subtilis EMD4E ©% Ti= 233 AN 89 B cereuss &
Sk Al EFolA wg %7] 12-18 AIZH7EA] pHZF <Rz S Wa 48 AIZHkA] A
A pHe F7FstAth o] % 4T A 713tdd+ #5238} Ak, A F4 AYE
Fig. 279 Yetdct. e A=A BacillussEol W& A w F A, AT
HE = AATE FASATE B, cereuss AAA o2 LAAZ H=AFolM = B subtilis
EMD4 55 AT AaFolre Ta 1223704 B. cereus’y S7Vsteb7 Aak 7HA4skd o
W B subtilis (natto)E FE3d AFS B cereus w57F ZA AR &odth whd B
amyloliquefaciens EMD17 3% A=33 B. amyloliquefaciens EMD4¢+ EMD17 &% & 3
Z3 HAo = g 6 A7 olF B cereuss AF AEFHA FUrt o] Ay Aty F
S HE AFEI ASAE B cereus LGl HATS HojFE

dxd88)s 54 A3 Fig. 280 YeEMAY 25 Ho74oA] wg 48 AM7HA] S7)st
Ax ol A 5 4 (168 W7HAl S7kstebr 1 32 sttt ¢a 48 AlxE &% &-3l
B. amyloliquefaciens EMDI7E &3 HA=33 B. amyloliqueficiens EMD173 EMD4 =
TE JAETS HgdE50] /M =k

Aol aaksl &4 =4 A= Table 10-12 2 Fig. 299 YERHQItE EMD17 755 H&F
st Aol BE ks &4 54 Ay A 5 del (168 h) 7MY =2 97HE B9tk EMD4
2 HE3 AAe wg 36 A A 2 Aol (96 h) 7 =8 AUtE By ETFE
Abgate] A xd HwAS WE 24 h, 36 holl =& 971E B

oun B0

[F b o

_—
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o
EY

M8
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o o
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e EMDI7 6.0 - —e— EMDT7
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Fig. 26. Change in pH of Cheonggukjang.
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Fig. 28. Change in the fibrinolytic activity of Cheonggukjang.
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Table 10. Changes in total phenolic compounds of Cheonggukjang

Time (h) Total phenolics content [mg/g GAE]
EMD17 EMD4 EMD17+EMD4 Natto
0 0.206+0.001 0.368+0.019 0.202+0.017 0.425+0.013
6 0.261+0.015 0.216£0.010 0.241+0.006 0.372+0.008
12 0.374£0.015 0.262+0.006 0.408+0.004 0.343+0.020
18 0.380+0.019 0.232+£0.011 0.460+0.020 0.424+0.020
2 0.383+0.006 0.212+0.013 0.475+0.010 0.480+0.015
36 0.314+0.034 0.411+0.014 0.458+0.011 0.322+0.010
48 0.148+0.015 0.123+0.009 0.382+0.022 0.315+0.020
96 0.333+£0.020 0.251+£0.010 0.252+0.019 0.332+0.020
168 0.396+0.002 0.229+0.010 0.220+0.015 0.297+0.006
288 0.166+£0.013 0.165+0.001 0.280+0.001 0.462+0.009
Table 11. Changes in the DPPH assay of Cheonggukjang
Time (h) DPPH radical scavenging activity (%)
EMD17 EMDA4 EMDI17+EMD4 Natto
0 65.03+0.44 66.70+0.78 54.99+3.99 61.06£1.19
6 62.60+2.26 61.25+0.92 61.61+1.80 63.24+5.25
12 79.93+1.22 67.86+1.13 82.44+1.67 65.43+1.41
18 80.39+1.25 61.18+2.25 84.79+1.82 66.01+0.89
2 82.51+1.19 54.27+1.77 85.53+1.33 66.44+0.81
36 71.39+2.32 71.02+0.69 76.08+0.70 63.64+0.55
48 60.34+1.55 49.61+1.62 72.48+1.96 73.93+3.07
96 77.42%0.89 70.01£1.82 55.39£2.25 64.44+0.37
168 82.37+1.54 50.30£2.90 51.18+1.40 65.79+1.77
288 60.08+4.62 44.63+1.25 55.43+1.66 59.19+0.97
Table 12. Changes in the ABTs assay of Cheonggukjang
Time (h) ABTs radical scavenging activity (%)
EMD17 EMDA4 EMD17+EMDA4 Natto
0 72.62£0.14 75.16£0.29 70.27£0.60 78.62£0.52
6 74.83+0.30 74.21£0.29 72.33%£0.38 80.31£0.58
12 82.47+0.68 80.79+0.51 77.09£0.25 84.63%£0.50
18 79.92+£0.22 76.27£1.69 81.75+£0.74 86.26£0.36
2 78.53%£0.29 64.70£0.90 84.77£0.68 87.24+£0.33
36 75.17%£0.36 80.31£0.58 81.17%£0.30 88.90£0.58
48 71.66%£1.02 70.65%£1.20 83.96£1.53 86.84+0.30
96 80.79£0.98 83.09£0.79 72.14%+1.34 84.20%£0.30
168 86.98+0.22 69.69£0.36 69.21£0.36 84.20%0.22
288 73.82£0.58 65.56£0.29 73.01£0.36 93.13£0.42

g7 protease (XM, T4, €7148) E4S FAHT 23 T4 protease 7HF M, 971
’d protease ZAART HAHoZ v =A YET S protease H7FollA EMDI7 &
AREsto] Az Fodde] M =2 @S BAt (Fig. 30).

L
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Fig. 30. Changes in the proteases activities of Cheonggukjang.
A, acid protease; B, neutral proteases; C, alkaline proteases.

(2) W+ w8 = F2544 g
Azs MFE 74 tFo 7 A8E AFH o] pH, A=, AdF, &8s, ofnee A,
protease €74, BAsS A3ttt pHe AAHAMNE = 4734" Fig. 31¢] YeliAo. pH7F 7
LT A = sk 74 Hola ¥y %7] pHE #A3At7t thAl 571k sloh

W
WS
W3 |

0 A 1" 51 52 EC) 13 £ 2
wemenesinon ame (ashy PRNEEN

Fig. 31. Change in pH(A) and TA(B) of Meju
ZF Alge A =4 A= Figo 329 YEWAT. AdSdE dE
o A sk %X]Qﬂ‘/]r 7F43t9 . B, cereus A EIHIAE AL-&E}
g zAEReY A 6 F LE /10 B gEEA et 8

7 A7HA %7—3.3}71] <=7+t
of JF2 FHe oHdofF
2wk MJ29F M]3 MEJU‘%-O/]

_40_



A JES #F 9
MJ1 Mejuel 8% %
AzrEt} (Fig. 33).
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Fig. 32. Change in viable cell number of Meju.
A, MJ1 Meju;, B, MJ2 Meju;, C, MJ3 Meju

Fig. 33. Screening of Microorganism of Meju.
A, MJ2 Meju, B, M]3 Meju

B 22 54 2= Fig. 340 deEhlide wa Az ol Tarh I3y
oM opr:mef A kol T MJ2 Mejuel 735 2R 214 +
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Fig. 34. Change in Amino type nitrogen content of Meju.
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Table 13. Change in fibrinolytic activity of Meju.
Fibrin plate (%)

Time (day) Plasmin (1 mU) = 100.0

MJ1 MJ2 M]3
0 ND' ND ND
3 ND ND ND
7 1945+19.8 196.7+5.9 110.6+13.8
15 243.0+16.0 181.1+8.8 238.2+20.2
21 343.8+12.1 330.7+18.1 269.3+10.8
28 325.8+18.0 253.35.2 2215+15.0
35 319.9+11.6 238.8+18.0 231.3+15.3
42 302.6+13.2 205.8+235 215.0+14.6
49 280.2+11.0 238.2+20.2 209.0+24.7
56 285.6+17.3 265.8+16.3 2215+15.0

'ND=not detected.

A &9 amylase, protease &4 =4 A3 (Fig. 35, 36)S YEFHATE a-, B-amylase &
A2 WE %7 F7ketvrb ol FastAYU ok Frbskith MJ2 Meju®l 787,
, MJ3 Mejuol W]l %”‘:7} e 73%% e AT} Protease &AL A protease &
ot B =A FAHNew, M]3 Meju= MJL, MJ2

3

M
Aol A4 A7]A protease A H.t}
Mejudl vl &do] & HAgs HA

= o
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Fig. 35. Changes in the amylase activities of Meju.

A, a-amylase; B, B-amylase.
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Fig. 36. Changes in the protease activities of Meju.
A, acid protease; B, neutral protease; C, alkaline protease.

7zt Azl BAs 4 (F7Idd s EelA ) Ad= Table 149 WER AT
Histamine, tyramine %% Z3} EU$ Codex® histamine 715 %<l 200 ppm= Z3}slo] A&
Alae gllen BetegtS Abg3ste] A3 MJ1 Mejuol A+ histamine, tyramine 2% A&
A etk WhH MJ2 Meju 2894 Al &olA histamineo] 7Hd =4 AE=H A3, MJ3 Meju

Table 14. Changes in Biogenic amines of Meju

(ppm)
Time M]J1 Meju MJ2 Meju M]3 Meju
(day) His Tyr His Tyr His Tyr
0 ND" ND ND ND ND ND
3 ND ND ND ND ND ND
7 ND ND ND ND ND ND
15 ND ND 97.7 ND ND ND
21 ND ND ND ND ND ND
28 ND ND 1455 ND ND ND
35 ND ND ND ND ND ND
42 ND ND ND ND ND ND
49 ND ND ND ND ND ND
56 ND ND ND ND ND 109

Y'ND = Not Detected

=
Azg 93¢ 2 F P40 ARE AAste] pH, A, FEFF, zawd, 24, o)

) ’
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rE A dHEsss S48 AT 9 A7 mE pH ¥ AR ®¥gE SA 43
%7] pH 64014 &a 704 Al, A2, A3 ©42] pH”F 6.0, 5.9, 582 #As9t (Fig. 37)
A== 27138 06914 F7Fste] 1.1, 1.1, 1.3282 F7Fekd

64 %

5‘6 T L
0 7 14 21 28 35 42 49 56 63 0 0 7 14 21 28 35 42 49 56 63 TO

Fermentation time (day) Fermentation time (day)

Fig. 37. Changes in pH (A) and titratable acidity (B) of Doenjang during fermentation.
--A--, Doenjang Al; --->--+, Doenjang A2; —@-, Doenjang A3.

e s, =, 24, o ds, 9T dFS £ (Table 15). &
e 7] 582-58.9%¢°141 70 <ol 556-56.0%% Aol A TF5 2 fasded,

< = 2}
ol &4 oA FRO AdZwE A Aow RIAY. %
PL42 Artte] FA7 wEar. 2eAde PF 143%%
Welx] el 2AW FEe BExVINT BE7 AADSEE 23 Shee 4Fe e
At oln g A4 e W gr7te] AL E Zrtstgth e 70
F "1 A2 (707.846.9 mg2%)7F 71 =il A3 (656.1+3.2 mg%)¢t Al (513.3+8.1 mg%)
olth. el = Alel 7P wrAINt a2Vt T8 FEF TUHER UERNE UH Al

it

A ot

(3.15), A3 (268), A2 (2572 et 27 A2 AFE3E FFEo] Wl zo] 93
FEolodA Z7] opu B AAF o] = U AoE FAAY sdY TJHS %}:6; 304

A Z7Felth7) o]l 2= A A AT 30Y A= Al (11.49%) 18|22 7099 = A2 #H
& (758%)0] 7hd =Skt 99 bk Wsls 9742 amylase &3 d-o] 3l

Table 15. Changes in chemical components of Doenjang during fermentation.

, Fermentation Mojsture ~ ©rUde Crude Amino Reducing
Doenjang . o protein fat nitrogen

period (day) (%) (%) (%) (mg%) sugar (%)

0 589+0.8 14.2+06  9.8+04 163.3+8.1 1.30+0.0

16 58.1+0.2 14.4+0.3 11.5+1.0 259.0+7.0 4.33+£0.0

Al 30 57.3+0.2 14.3+06 129+1.0 424.7+8.1 11.49+0.0

45 55.8+0.9 14.7t05 12.5+0.8 479.74£9.0 6.99+0.1

70 55.9+1.1 14.6+04 12.0+0.3 513.3+8.1 6.98+0.4

0 B8.7+09 14.3+06  9.9+0.2 275.3+4.0 1.42+0.0

16 58.3+0.7 143104 12.6+1.2 408.3+4.0 4.22+0.1

A2 30 57.0+0.5 145104 12.8+0.7 664.5+7.1 7.87%0.0

45 55604  14.7+0.2 12.6%0.1 690.7+8.1 7.64%0.1

70 55.6+1.2 14.6+04 12.2+0.1 707.846.9 7.58+0.8

0 58.2+0.2 14.30.3 99+15 2459457 1.37+0.0

16 58.1+0.7 14.3x0.8 12.2+0.1 338.3£4.0 3.32+0.0

A3 30 57.8+0.3 14.2+04 12.4+0.6 526.4+7.4 7.36+£0.2

45 56.3x0.6  14.7x04 12.4+0.8 636.5+7.1 5.67+0.2

70 56.0£1.1 14.6x06 11.9+0.2 656.1+£3.2 5.50£0.7
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=4 3lo] v uEA T} (Table 16). @ A-Ea A2l plasmine A

sto] A E FHES 100%= sto] vlustnh warite] Aadas 83 &40 St
stttk ©F AlelA BE T 7P =2 FAE UEhilth Al 932 2E 704 27| EY
1.9 vl F7ket oL, A2 ¥4 1.3 v, A3 9742 1.2 ] S7Fstdeh o] Ades S0ES HE
sto] Az 7ol Ve (Bdgsle)e 284 R AFE 2o A AA & F U
HoFE T}

ojRe] AAES FHINH EBEFFHS FHESNA Ax FFHE Fado thd Ao
NAHD LA E MAES HAA HAF AFAMN €8 oS BAFT

Table 16. Changes in fibrinolytic activity of Doenjang during fermentation.

Fibrin plate (%)

Fermentation period

(Plasmin 1 mU = 100.0)

(day) Doenjang Al Doenjang A2 Doenjang A3
0 164.0+£20.1 136.0£18.3 100.0£6.3
16 285.0+21.2 169.0+4.1 121.0£3.5
30 297.0+16.2 172.0£8.2 124.0£7.0
45 320.0+5.6 181.0+4.2 120.0£5.2
70 312.0£5.6 175.0£4.2 122.0+1.7
4) A4 FsH7
g g5 F f@Ase da #sHIEE AAsA Y (Table 17). €74 Al A2, A3ETE &1
o Al -8t ol= AMEE T Bacillus TTEC] £ TVE F7] wolg AZHE L of
Z #FE AR w AN AR T FUE T dTES AEsdr] "ot W%
A2v ghl A SFetda dAAQ] VEEE 7HE =9kt ey JEAEE 7 FY A Aol
= oRaEA gt 2EEEe 43 B9 JEEE 295 b P wa) AEE
A7/t F% o
Table 17. Sensory evaluation of Doenjang samples.
Sensory attribute
7 (0] 11
Doenjang Color Flavor Taster vera
acceptance
Al 6.58+0.90°Y  7.17+1.40% 5.25+1.06 5.33+1.37°
A2 6.92+1.00°  6.17+1.59"  5.75+1.96 5.92+1.83°
A3 6.42+1.31° 5.92+1.38" 5.08+1.62% 5.25+1.29°

Y Values are mean + SD (n=12); Values in the same column with different
superscripts are significantly different by Duncan’s multiple range test (p<0.05).

73dd 3%

dE)

ATZA2F(FH7H

N
e
t
ot
=N
o
o,
ol
i,

Y
2

Likaly

BgFs 23 geleel Az 23S F 9193 25T A BE &
NBZ Hte] Bacilust &% ATFFE Z2AAT ([Fig. 38). Bacillus 752 94 Az 2
S =% C7F 10 log CFU/g o2 7} =ka HZAw H7iste] Ha Azl @4 E7F 8 log

CFU/gz 7} vrort wtart agde uegt &3 TS 453 94 A, B, Co Bacillus A
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T+ 9 log CFU/g oAl vt Al A S5 AAT, G Bacillus 55 3E
sk I D= 9 log CFU/g 22 Al#slo] 7 log CFU/gW}Z] At 7b aske o Was
HF 5t ﬂ#ﬂ'ﬁ 9% Ev €94 Ax A5 Adet vsg oY derr 2avIzE i
A\ ERE €9 Az A5 @4 A7} 6 log CFU/g FF 22 7Hd =4 Yetwa, 9

2 B 5 log CF U/g, " CE 4 log CFU/g w22 YEyon g4 EolAe YErYA &

k. et %3‘17} o] wep a8 d57 S sk, & 28Y o] FHE 6-7 log

CFU/g ¥+ =2 l AL 53] ¥4 Ex Alx 2SS a5 FAEA kA wt w3

01 THE A& 6 log CFU/g 7+A 27189tk 94 DE Zdd 32 Ax3 o
HEekA @xon, Havt T8 2 wWrkA ARV HAEHA Fodrh o] AAES = o
W3l Bacillus ﬁ?‘eb} %%01, EE’_E HE 0}04 VS Ax oS W

A sstaA Ert

il

)
(]

N

:OIL_l‘

%0 -

)

Bacillus sp. Yeast

12 g

uP

Viable cell number (CFU/g)
Viable cell number (CFU/g)

csNwroa NG o
L.

7 14 x 28 35 42 49 56 63 70 77 84 91 7 14 21 28 - 42 49 56 63 70 77 84 91
Time (Days) Time (Days)

Fig. 38. Changes in viable cell numbers of bacilli and yeasts of
Doenjang during fermentation.

ol
rlo
b
N

stk (Fig. 39)3 pH, TA (Fig. 4002 =A3tgc. 23
56-62%°llM &7 A weh AAE] Faste] Fm Aol 53-57%7h4 1k
pHE wE %x7] 61-63& Wett Zart Jd8ggel wep 2w 42 4 744 56-59 74X
ek ol F- HHds HastAY & W3 flo] wAEo FEACN= pH 56-57& 1/‘r
TA= DHS’Jr bt 2 pH7F fHasehel whet Sokske] ¥R 27] 0.3- O6~ ‘/}E}W‘:}ﬂ
Aol 0.8-1.2% F7Fstth @42 2E 7|t 5 pHe 43St TAE F7hshe 74?%%
Aubir Bawal glof tE AASH v S B 9% %E 712t = nAE A
goll A A== acetic acid, lactic acid &% 22 F714F B4 o] pH 749 TA 7kl <
o wAtn B b 9ok

32
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o 2
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Fig. 39. Change in moisture content of Doenjang during fermentation.
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—8— Doenjang A
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Fig. 40. Changes in pH and TA of Doenjang during fermentation.

(3) opm e d i 3

A g F ol wgdAE FormolHoz =439t (Fig. 41). 84 Ax A% olux
A= 114.89+27.10-193.88+848 mg% = et on, @3 C7t 7+
ok Zarh gl weh g 149 7HA ol wEAsE 43 F

R
3
T
- o
0]
— ™
S
RN
X o
ol
HE
ojN ¥

7Vet T}, Bacillus 2 79 R. oryzae, P. firinosa SYS0S HE3 94 A B, C7F H3 %27
FH F3A7A 97 DoF ERUT Eopx] @i Fa|7F dS HojEr, WS o] &3t H
F EE U8 g4E51T dA43] v FAE B 2HE $85 F J9F HF olveHdA
S EH "4 A 429.33£16.16 mg%, B 429.33+8.08 mg%, C 392.00+14.00 mg%, D 370.14+16.23

mg% 133 E 198281798 mg%= H4 A, B, C= E° H|&| ¢ 2 v o] =4 yElst) o}
e A4 9 54 Ay 42 H7b A= 8% HEelt, Wy 5 dFe
WA mgEe] Ad gAE i FallEo] ofn|x=itES wEI o5 Y WY 5/
T4gtale] yethy B auFEQdh ofu e A4 Ee nAEEe] ASon a4 A
webr zpolE Holal $hako] ES4E E Hypltau . o AFES udd o
Bacillus 2 15 R. oryzae, P. farinosa SYS0E EB3+E o7 HEslo] A4S A xsd 2
A WA oR A2 AFHY nFH] AEFS 4SS F US AoE A

_

Amino-type nitrogen (mg%)

Time (Days)

Fig. 41. Change in amino-type nitrogen of Doenjang during fermentation.

(4) Protease &4

3 g 717 = A, FA4, 9714 Protease FAES =AY (Fig. 42). Ha7F 213
Hol|l we} protease Aol b F7Fetthrl vl A FAHE & BEE @49 MY, $4, &
714 protease Aol W3} AHgko|= Z Aol S HolA Lt HAA AF AL AHA Protease
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= 245%0.10-457+0.03 U/ge2 9% D7} 7+ %:f—ﬂ 9 E7F 7Hd 9HA Ugron,
Aol = 4.62+0.10-6.03£0.05 U/ge. 2 d# B7} 71 =31, 9% E7F 7F4 @A =4
A protease:= B A F AZ 1.91+0.26-4.29+0. 13 U/ge = &4 D7F 718 =3 9%
9 EAHEHQ o g Fr Ao+ 5.06+£0.05-6.66+0.15 U/ge.= Hx D7} 73

T EZF 7S 9HA SAHEHAY. A714 protease= B AlE 2 2.01+0.35-4.64+0.06 U/ggi
94 A7 M =3 8% BV b 9 A EQ o, wrg 2z AoE 372+0.08-6.42+.12
U/go® Az 7—%‘?‘ npEA R | AV VS Ea, 9% BV P vk 4 protease
A

z PN

gddo] 7+ l"—7ﬂ ‘%%L, 5 TE AFESte] Az @ A, B, C7F &3 Edl vl&iA =
d4S Bt "] whuldo] protease‘éOH oA = THA A FH+= P]iJ%% %
%} o] u;g Bojsle $3 @47 Z83tox @4 A B, C7t 94 E Bo oL 4% %
% A9 Ao® Amd
Acid Protease Neutral Protease
8
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7
c o 6
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Fig. 42. Changes in proteases activities of Doenjang during fermentation.
(5) A& 97t 54
?2 wg F ddgd 84S fibrin plate methodE ©]-&3te] A3t (Fig. 43). 9%
ES A% ZE 9o Wizt 99 net ddgaAsol ks M gasts 4TS
HAax, @4 Ev Ax A58y 28 T5d 714 dd&sso] A=59A AUtk €4 D=
g 14de) 7 =2 dH 88 (1.56+0.14 U/rnl)a HYgomw Wty F7 A7HA g2 @3
EET =& 97E fHEtE e olv ¥4 Dol JEH B subtilis w57 AL 5ol §
Tt YEFol7] witoltt UmA dFE FoAAe @ B7F 28 28U M =2 A
L% (0.9610.16 U/mDES B o] THE AA giasdrt 94 C= 2E 1499 714 =
2 AL (052+0.08 U/mh=S HYGx, A As e 3Hde 7MY =& AL
(0.46+0.04 U/mD)<S H A} B. subtilis CH 3-5¢ B. amyloliquefaciens EMD17 @5+ 4 &
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dso] =& Aow By v ol olul%= B subtilis CH 3-5% <lsiA ®©% B7F €% D
E A3 e dFdsng dhdgssel 52 Joeg F2du, e "gow #F AvF #
T EE A9 A g4E BHrp e dHgEles Hole JAog Agdn

—e— Deonjang A
—O— Deonjang B
—w— Deonjang C
—A— Deonjang D
—m— Deonjang E

Fibrinolytic activity (U/ml)

7 14 21 28 35 42 49 56 63 70 77 84 91
Time (Days)

Fig. 43. Change in fibrinolytic activity of Doenjang during fermentation.

Y. BT JAFstA A=x 3 AFANAMY Bacillus cereus 9 A3 &3

(1) A+t W3l

ol H o R B cereus d¥FE LIANZ H EES 70 d ¢ 4%+ g1 F 1+
o7 A& AMFHSY Bacilluset &5 At WIS SA4eIY (Fig. 44). Bacillus 15
(Fit+ B. cereus)™ VY Ax A% BE HAFEA 8 log CFU/go2 SAHE Ao, 4o
A&y wet MA3 FrieAnh e "fge] 21 45H 56 4 74#] 9 log CFU/g 2 Z7138}
A3 %4 F8 W 8 log CFU/gOR 94 A% 459 #5744 gastgeh, awe 475
= 894 Az A5 e @FoA 4-5 log CFU/ge 2 ZAHEA HAlo] g wel 6
log CFU/g 744 AA38] S7kstH 4 5 Al 5 log CFU/g 7HA] 248t A+ 4
A3 B. cereusgs T7HA FolR LAAXA HFES AX SFES wWodx F Bacillust &R
Trols TS VAA F5S I T F dAn

== R AR AN .
Bacillus sp. Bacillus sp.

10 10

9;? r% 9 £ . ——————

ST st
=] 7 (=] 7F
= =
=) =)
1 =4 6 = 6 |
2 2
] at 3 4t
b4 o
g 3 2 3|
= =

2 2

1 1

o o

7 14 1 s s a2 49 56 6 70 7 14 1 5 35 42 49
Time (Days) Time (Days)
Yeast Yeast

Viable cell number (CFU/g)
Viable cell number (CFU/g)

7 14 21 28 35 42 49 56 63 70 7 14 21 28 35 42 49 56 63 70

Time (Days) Time (Days)
Fig. 44. Changes in the numbers of total bacilli and yeasts of Doenjang artificially contaminated
with B. cereus during fermentation.
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(2) B. cereus A<+ W3}
4 A, B, C, DAA B. cereuse= 9 Ax 5= 54} L3 4 log CFU/g o2&

[¢]
AZH AT (Fig. 45). i @4 EolA+= 5 log CFU/ge 2 AEHAL @ E= HES o
£33+ 7] wFo HA &A% B. cereuss WEo UE AAHAERT =4 UL AR F
AEh Aol APl wet @it B cereus wEolA AolE Bt 8% EE ¥E %
71 5 log CFU/g 7 Aol 85 = u 7bA v]=sA 5A4FHHEA 5 lo CFU/g TR A
o] =8 A}y B. amyioliquefaciens MJ1-49¢ B. subtilis CH3-5& HZ3 A% Co A4S B.
cereusv= Ax HAFHE A 214704 5 log CFU/g = S7kstur) o] § XA 8] Attt
T35 Aol 3 log CFU/g7tA #2438}, B. amyloliquefaciens EMDI?JJr MJ1-48 H=3s =
F A= Aol JAEUAAM B cereus 7V A A3 FHAasEe] FE A= 3 log CFU/g

NA A9 Y. B amyloliqueficiens EMD173 B. subtilis CH3- 5E 14 =3t ¥ B A4
o] Mo we} B. cereus’t A #HAsF T 4 log CFU/go & A ZFsh /EE;F 7} &4 210‘
of 1 log CFU/g HAl Aol 1 o] R HY A FRFA B9 FFEOE FAH AT
HF DO AS$ B cereus’t <4 T4A ] 4 log CFU/g®E AZHAoH 149 o|F 2= HE
=Py OLO}]\—I:]'. %%‘ DT B. amyloliqueficiens EMD17%F @5 HE3 @402 Bacillus 2
S AE 9% A B, C #olE Btk ¥4 Aet B =3 EMDI7 w57F 23t¥ &3 o5
2 AFESIAAINE O g3 924 YeElgh. 33 A9 BE JFH o R B cereuss FET)

AR =X F7 AR A FoJekEotd Ao 1A 4 log CFU/g ©|8t%2 B. cereus ﬂ—zr
2 Adstaz ASES JAAT. 9% DE HE 1493 o|F o= B. cereus’t HAEE A o}
B. cereus 5 A &7} B amyloliquefaciens EMDI7S @& 0 2 A}83l= 7o) g 5
of =3 /\}‘9”0}35 A HT Y $5s HoFErh

B. cereus% H 102 7 log CFU/g dE3te] Az I35 (A, B, C', D/, EollA] &

&% B. cereus = 4 log CFU/g A€ I# BT A #A3A. I3 EE Ax 35 8
log CFU/g= 74EQ 0] =4 14990 5 log CFU/g7HA] FAslthrt 54 214 o] % H| =3k
FToRE o] Tu = Uﬂﬁ}ﬂ FAEAT o= HAoRE AxH @A Eoll B. cereus i

5 A3l sk 1_—r91r stA ZaEEA ®93 E9F npxiviAE 44 £8 v 5 log CFU/g7HA]

i

A Aog F2HAY I C'E AFE 4% 7 log CFU/go = *11‘0}04 A 219 7bA] vl 52
gt S GRS T 1 o] RY A sH7] AlEste] 54 4299l 4 log CFU/g 744 ZFAsf
3 wAo]l TR E "WrbA o] FES FAEAY @Y A'e Ax A5 7 log CFU/go2 A
2 A 7Y i}oﬂ 5 log CFU/go. 2 wA38HA #adt & vt 3oz &4 499714
A Hom, o] HE Zu ¢ #adte] 4 TR Al 4 log CFU/g7tA 7 A4skdtt. €
4 B'= 7 log CFU/gi A Zste] &4 749l 5 log CFU/g 7FAl 5438 A 4std on v
o o A 36U A FAEE AL FAsAn. 4 4299 3 log CFU/g7HA 743t

H A FT5 A 7HA B FEeE FAFHAY. 2% D'e Alx AF 7 log CFU/g

A Zete] LA TA7A A Hurl 2 o)lF 2= B cereus’t AE HA F gt o] A

B. cereusE 4 log CFU/go.2 Ql9ld o2 HEsh Ay 22 A3=ZA4 1000 vyt o &
B. cereus AXE AYAH o2 HFs9S W B amyloliqguefaciens EMD172] A3l &3} 7}
Hold A& & 5 2

forlr o xR r
f fo

A A FofekEtAAANA A v dE FFe B cereus 3§ wTE 4 log
CFU/g °lstelt}. & Aol A Bacillus 2 i HE3 RE @0l 4o 8 ¥
= W & T v FEoAY ¥ v As st 53 B amyloliquelaciens
EMD17& @& o7 HE3 A4 D9 D'olA dAA3 B cereus *ﬁq A &S FAdFA T
B. amyloliquefaciens EMD17 =07 32 vE PBacillus 59 ?3771] Z o2 ALE3Ee] =
FE Az H B, cereusol 945} A YAl F 2HE B F S AoE AsdHTh

ofN



B. cereus (4 log CFU/g) B. cereus (7 log CFU/g)

—e— Doenjang A
2L —o— Doenjang B
—v— Doenjang C
—a— Doenjang D

Viable cell number (CFU/g)
Viable cell number (CFU/g)

0 7 14 21 28 35 42 49 56 63 70 0 ? 14 21 28 35 42 49 56 63 70

Time (Days) Time (Days)
Fig. 45. Changes in the number of B. cereus of Doenjang artificially contaminated with B. cereus
during fermentation.

(2) pH ¥ TA W3}

A T H9FES pHeF TA WstsE S4sdth (Fig. 46). 945 (A, B, C, D, E)2 Ax
A% pH 659-6.77€ YEIHATH FF D Tk C7F 7HE =g ol E 7Y A
pH 6.35-658% Zw FFastdy 7dolA 149 Alol 527-570°0.2 FASHA sttt 144
o] o = A A3 TASAY H|=% =S FASHA TR A+ pH 5.11-5633S YERA
o ®1% A, B, C, D, B9 pH Wg E3 Alx A Fo pH 6.47+0.01-6.78+0.012.= A] 23}
i 14%101] 5.16i0.01—6.02i0.0277}7<] =43 A Qii 1 o]|ZEE M523 FFo0E FXH
AY 23 2asdr B g 8 A0 pH 4.99-587S JELNAY. B. cereus ?ZE 21914
o7 HF 0}04 Azg A= AdAAR pH WHele= s/do] g wet pH7F 7HAsohrt
AdAG Fxo =2 FAHASCH I3 A B, C D, E o 9% A, B, C, D, E 7} oldd ZHg
A AA D}EXI ki, dwkAQl HA dgoA Yehuh= pH WE Ay E thEA] gkt
#% Do} D pH 2 ﬂra L%%Oﬂ & =9k o= olnte 9 Bacillus 55 HE3H
D¢ D #49] #F7]14F 3ol 13k B g4 =5HT A%V wtolet F4ET
Ok o Fsk B 23S

ok

o 5 9] pHe} vS u B. cereus 5 BHE] &
A ZAHJAE=E o] GA B cereus’t A5 }%/\1 AAEE G714 W07 =9
"#% A B, C, D, EY TA+= xﬂ 215 0.33£0.01-0.42+0.01 A1 A]#Fste] g 7l
041+0.01-0.49+0.012 Z7}alt}7} 2a 1490 0.94+0.02-1.19+0012 F23) Z71stdrt. 149
ol A A3 F7tekAY Hl =% —’F%% A HA HEE FEsgt ¥4 A, B, C, D,
E T3 e AZdS BRI Ax A3 0.36£0.01-050£001c= vERgoer, g 7d9

0.45%0.01-0.57+0.01= S 7Fstar 14¥el 0.86+0.01-1.09+0.01.2 A3 S7F3tTh 149 o] %
A 234 FARAG N5E £FL FANN Fasta o4 AR 99 NBES pH
Wshoh AUl A% wolw AwAel ¥ WA F behbt pHs TA W 0o 4
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pH Titratable Acidity
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Fig. 46. Changes in pH and TA of Doenjang artificially contaminated with B. cereus during
fermentation.

(3) obvlce A

B. cereuss A9 o2 HFEsta, 709 1 sA35HEA @FEY olvweE dAE S5
9 (Fig. 47. 9% A, B, C, D, E9] 4% A% 2 ¥ 14583+7.80-223.31+7.89% Lhepskon,
9 B7F M =4 e 9% EVF P 94 SAHEJT 40 xdHel] wet ofn] i E
Ax% 270 54 149 74 24466+1350-449.25:7.94 WAl Z4ETEE 1 o] FRE
MAsl Frtske s B 53], ¥ De A4 149 74 & @l Hls w48
S7tstai o, 9% ExXv oF 18 v =4 SAHHAJY. w4 5 2 w 9% D7t 7HE =%

’

(<

[0e)

i ®1g E7F g wekth 28 AL B A Alx 4 5 116.67+808-195.96+7.89
= ©¥% B7F Vg =3 A% B 7P wsken] 2avh gl wel AA8 Sk €
4 Dot nhRZHA R 9 D'E S4 1499 457.33£8.08 = #ASHA Frtatdlon 4 v
¥ E (221.1547.82) Rt} ofF 2v] =A JeEbgth €3 A B, C, B $4 14%9 ol% £4
a7k 224 271893, 94 D N5d SE0R fA5WUA 301572368-44346.20
= 570l FRHUT

!
<
&

o

Amino-type nitrogen Amino-type nitrogen

Amino-type nitrogen (mg%)
Amino-type nitrogen (mg%)

150% —@— Doenjang A 150% —&— Doenjang A'

—O— Doenjang B L —O— Doenjang B'

100 —w— Doenjang C 100 —w— Doenjang C'
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Fig. 47. Changes in the amino-type nitrogen of during fermentation of Doenjang artificially
contaminated with B. cereus during fermentation.

o ARFFd Bads d2de) Azl BE FFLYY KSR

(1) &2 H7bod & A5 gy
NB broth®} ©4HUS 72H7; 19 v) H7Fs NB brotholl A¥at=21 B. amyloliqueficiens
EMDI7S HFEstel do@ds ASHIS F4%om, A34E Fig 480 verdh
EMDI17 B4 &4298 A7eA 22 NB brothol A &3 % (ODsoo) 7kl HISF 48 A]7Hol
HogEel 150 E=dstd o, @axds H7rsk wjA oA = galactose$t maltoseE A9
glucose, sucrose, fructoseolAl BjF 12 AJ7te] 150 =3kt T3 12 A7F o] F =
2ol A 16 7H4] AS5EHS e AT. ol 84US HUekA] &2 NB brothol] v &E
Ho &AdS #H7etd s vl AS FAd7]el Edo] wgtom AXA7|7F ¥ =A e

FGtsAd e A ©HaAds HIEA &S NB brotholl A wij ok 48 60 Alztel Ao &4
160 AU/mlo] 4% Ao, glucose®} galactose, maltoseE 73k NB brotholl 4] 8l 48 A
Zhol &Aool 360 AU/ml =452}t FructoseE A3 Umx @429 713k NB
brotholl Al 7}&t#] 9 NB broth®t} EMDI170] %<& &S HAth Maltoset
glucose galactoseE 71 A S £33 34 @4 F719S & & Aok T3 g
2UE HIbshA] %2 NB brotholl Al wi¢F 60 AlZF o] dtdAdo] FFashes v, A eds
A7ret A5 wiE 96 AlRE 4R Aol FAIEAY. gad HI7FRE Qs EMDI7 o F 9
A7) A AlZRe] FAE Ao o2 lste] Ho Fd S Hole AF TR F5H o
T+ AS FHd e 7oA Fadd Fbell= dFdFH o] Ho] galactose
AAFoZ g&o] Yot AZET g@ad HUEE A s H3 R g
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Fig. 48. Effect of alternative carbon sources on the growth and antibacterial activity of B.
amyloliquefaciens EMDI17. -@-, absorbance (ODe);~O -, antimicrobial activity(AU/ml). NB broth
(A), NB broth with 1% maltose (B), NB broth with 1% glucose (C), NB broth with 1% galactose
(D), NB broth with 1% sucrose (E), and NB broth with 1% fructose (F).

_53_



(2) 249 M7t & A5 g

AxQ H7VE Q3 B. amyloliqueficiens EMD172] &84 W3S A& t) (Table 18).
714 ~9 Potassium nitrate, Sodium nitrate, Ammonium nitrate, Ammonium chloride,
Ammonium sulfateE #7}3F NB brothol A= 3ol BF 1 AU/MIE SAH Ao, F7]
A9l malt extract, soytone, yeast extractE F 7} Ao A= 160 AU/mMIZ =45 At}
©]3= NB brothol| Al EMDI17 &2 sdsle] 24 o=m ol Ao H7be dardel 7
A= Gl gas ddskAh

Table 18. Effect of alternative nitrongen sources on the
antibacterial activity by EMD17

HNitrogen soseces

O ganic nitrogen sowvices Activily tAUfmb
Mol extract 160
Fuplone 40
Soytone 160
Trystone 20
Lirea o
Yeuast extract 160

Enorgonic MTOgen sources

Potassium nitrofe 1
Sodium nilrofe 1
Ammonium aitrate 1
Ammaonivm chloride 1

Ammanium sulfoie 1

2} Bacillus subtilis HK1769) @A &3 &2 A=A

AAE Ao 83 Bacillus subtilis HK176 &= #Hold dd &8ss Ay Utk
HK176 total DNA |4 A8 &L FAR aprEl176S FEYSAC. aprE176 FAAE
gt AWM E 9l pET26b(+H)ol ¥ 3 E. coli BL21(DE3)ol =4 A #H . IPTG & #7138}
FAA FHE FEdd T AYAE AprEl76 A4S AAStY EAEANS FASIAY. aprEI76
2ol W& error-prone PCR & 33t &0l /MAE WHolFEE& AJth
A7IME B4 WHolgAh AHAE 3 SAXAE TSI WHolFET E Aol
MAE wWolFe s ExFER RUEUREAS T d oA A ofE FARIATH
= A 2AL A R 9 A TE Sl A

e

il

A g s 4 Bacillus &R} ol aio & ,
FNHow ¢ THEE NEE T wFd TERAF Az 719 Flejt

(1) B. subtils HK176 &7 &4

HK176 s4dS <93t 700 bp recA 32t 1,300 bp 16S rRNA FHAAE FH35t
A7 Ede AAS BLAST & A3 A3} B subtilis (99% identity) %= B. tequilensis
(99% identity)= &= At} S30 primer & ©]-§3% RAPD-PCR ZA¥+= B. subtilis TTE°
profil ¥ I Xl HE2 o7 HKIT6 S B. subtili = 533+

(2) Cloning of aprE176.
PCREZ 15 kb aprEl176 Z7+2 Ao| E. coli-Bacillus shuttle vector?] pHY300PLKel
ottt EcoR1¥ BamHIS.Z Awkst & pHY300PLKSF A2 A A pHY176 (6.43 kb)<

a2 iy
s
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t} 15 kb 9714 <9-& Genbankel 5% (KJ572414) 34t} aprE176 +7A A= 38271 o}n| =4k
52 A" 9iAS Ay 30 7 ofw| Akl EujAls 777 ofu :=AHEQ] propeptideE
At (Fig. 49). 7Fao] 5% A4 a4+ 275 7| ofuj=to g FAE oA HExjeko] 27
kDa =7]o]# SDS-PAGE9A L3t =7]9] band’} #ZHAth Ribosome-binding site
(RBS)¢} promoter A (-35, -10)5°] ORF $&d &A%t} aprEI76 97144 B
amyloliquefaciens CHb5H1 (EU414203), B. amyloliqueficiens MJ5-41 (JF739176), B. subtilis
J706 (EU386607), B. subtilis D-2 (JQ730856) ol EAst= @dE&qasr FHAXEFH 99%
T TIdAAS BT

A7IMERZFEH I AprEL76 oAl AE S 2 8459 oln|t Ada) A 4
7} (Fig. 50) AprE1762 B. licheniformis CH3-172] AprE3-173} 99.7%, B. ampyloliqueficiens
CH519] AprE5S1®F  995%, B. amyloliqguefaciens LFB112°] peptidase S8 % B.
amyloliquefaciens DC-42] subtilisin DFE®} 99.2%, Bacillus sp. DJ-42] subtilisin DJ-4<}
99%, B. subtilis subtilisin® 98.2%, —1¥] 1l B. subtilis nattokinase®t 97.9% < X3} t}.
aprE176 471X Q& B. amyloliquefaciens®t B. subtilis®] +AA AAE3} vt G714 <
ol i FA3 ofu| At NAE B lichenitormis®] AprE3-173 7} v]s=slgdct. @48 a42%5
o] opmx=Al AA A AprE176-S B. subtilis nattokinase2} 9 2| 3}$1t}. Preproenzyme 4 A
ol Al M ES B e nattokinase?t 5-6 7H o] =AtEo] EAX S RS HH|A S
= FAEE olnAtE ot AprE176S AprE5S1, AprE3-17, peptidase S8, subtilisin DJ—4,
subtilisin DFEE ¥} o}w =zt 17)5t @skth, E. coli BL21(DE3)SI A &2 tlHFAS 93 &
Aoz BuAE7} AAE proaprE176 +HAAME S&35ta 5F 9 1.1 kb 27F& pET26b(+)0l
245t pET176S LAt #WEol St pelB RSl ola] AprE176 o+t 9
periplasm©. 2 ©]5 3} HAl= T7 promoterd] o]8] dojwtr}.

(3) AprE176 7 A

oAl AprEl176 tie AAHS FE3 F AMEE 3 g5t st s At cell
pellets AATH EAG7FE A 23 s A3t pelletell A HEHJAAR Aol o 3
< QU HEEHO FedS ARRE o] SaFAE AESATE Ni-NTA columndl 75
S E3A7] 3 immidazole RS dglsle] oo
A} 27 kDa 2719 @Y band7} glE o] AA7E AFHoR ol FoHrt. AAE AprE176
specific activity:®= 216.8 + 54 plasmin unit/mg protein ©]t}. 3H M179 HAA = A3+
Moz AP A
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GCTTCTAGAGAT CTGOAGET COACEEATOOCAAGA GAGCOA T TEOOGCTOT GT ACAAATACT CATGTCCTTCCATESSTTTTTTOCATTA 80
AAATTTAAATAT TTCORGTTOCT ATT AAACEAAAGAGAGATGAT ATACCT AR TAGA AR T AL AACAAACTRAAAAMAATTGARTCTACTA 180
-5

H R 2
ABATATTATTICCATACT ATACAATTAATCCACAGAAT AATCIGTCTATTGGT TAT TCTGCAAATGALA AL AGGAGT GGA T AAABGAGTGAG 270
-10 w1

G K K ¥ ¥ | 8 L L F A L AL I FTMHAF GETT S A Q AWA G
AG@}&AAAAG}TATGGﬁT&GTTTECT[HTTI}:‘TTTAGCGTTRATCTTT.iCE&Tl:{i:G’[TmCAG{'AEGACTTETEBU?AGEETGCAGE
M 5 A K E

GAAATDMF\[SBD"AMAG%HATE\ ATTETmTTThAII]HGﬁCAATG‘leEG\TG\STEIEEIMADAAMA-AGHTDTG\TT'I" r‘f-

=
e =l

&
50

2]} Q =4
AAAAGGEBGGAA AGTG:;!AAA G:AATIB&AATATGTAGAD}CABCTTCA.GBTA C.ﬁYYh l\A. TGAAAAAGCIGTM&AAGAG:TGQAAHAABL BAD
E e a s 122
CCCT.MECET BECTTACGTTE'\ AEAAGATCAEETTB:!\EJ\E%CGT&DRCG:&GT I:II:'T E-ECTT ACBGCET#\T CAl CA.E‘\T TAAAGCCEC EC 630
F20

L aQ =
TCTGZAETETEA AGG‘CT TmCEE[‘nTEAAATGTTAAAGTAECESTTA TEEADQEEE}T AT DSATTCTTDTEATCCTGATT T lAa\G_‘{TnG‘E
:\GGCEG&BEMSL‘AT Q‘TTEL‘.TTE‘GAA#C.MATM‘I‘T?ECAAGAGMOM\C.T ETL‘AKECM CTEaDGTTGCDSGTACACTTCCﬂ:C‘CT &0
P Q

H H 8 ¥ B V L ¥ A ¥V K Y L B
TAATAACTCAET D}GTGTATT#GGDSTTGMMGU.‘CATCTCTTTA.mCTCTAAAA_xT TCTCEEEEEYGAUEC'TT CGSGIAG’AC&E
I M G s 24z
I"TGG-!TIT)TTAAU’H"uTTI"AI’TF‘II'FF‘JTUTUADEAT&TFEAIT‘TTATTAA.ITATBFTITET}TEN"FTT['TCT‘TTF‘TGI"AFFGTT a0
7

K A ¥V D G N Coa
AAAAGLI}SCAGTTGAG&A&ECI}ET TCTTCCL{CL‘ATEE‘EI\GIDSTTGL.GSCAhEIETAADGAAEELALH CEGGDQSC[LMI:LACAGT 1060
G P G ¥ G N 5 z 5 & ¥ G s
GGGE'TATI'.‘LT[-&TAAAIACLDYTE G]I:P!T TGCGEIAEGU..I'.I'GT TA&C.#GUQELA‘\LTAHIGAE‘?ATETI ?CI'CAAGEE'IAGE] T I: hf. 1170

M A G S G

o
GCT TGATGTI:‘JG}EAD'JAEB(USTCI'CTATD:AMGEECE:TTCCTEI{MAG&AGTP.CSE‘DIGTAIX.ATGE‘TACGTCMT@CAi CTi CC 1260
H ¥ A G A A A L | L S KHP H W T H T Qv RS S L ENT T T 362
GL‘J\E’DTTFDI}SEM'EH)CTEV‘TTTG‘FITETTTETAADS&D:DFAAUGB‘!CJ\H&E&ET A&GTIGG\FD\ETTTABAMAD!EI’H TAG 13=0
I A 3
AAAACTTGGTGATGCTTTETACTADSGA#A#GEG:TGT\THAEBTA.CAGBCGECEET_.A."'TAAAACAT:’\AAAAP.EEGG:GTCGGSCATG 1440

B DGGRT T IT T TTATTATT T TTOTTOCTCIRCAT GTTRAR TITECT O TRA TIRATRGET AN T MO T T RAARLA TTOOT RTT & 1520

TAAAAAAAGGATCAATT TTGAACTCTCTCG 1560

Fig. 49. Nucleotide sequence of aprE176. Deduced amino acid sequence is
shown above the nucleotide sequence. Putative -35 and -10 promoter
sequences are underlined. The RBS and transcription terminator are also
underlined. The end of pre (¥) and pro sequence (V) are marked.

Pre Pro

e,
AprE176 MRGKKVWISL LFALALIFTM AFGSTTSAQA AGKSNGEKKY IVGFKQTMST MSAAKKKDVI| SEKGGKVQKQ FKYVDAASAT 80
Aprest MRGKKVWISL LFALALIFTM AFGSTTSAQA AGKSNGEKKY IVGFKQTMST MSAAKKKDVI SEKGGKVQKQ FKYVDAASAT &
AprE347 MRGKKVWISL LFALALIFTM AFGSTTSAQA AGKSNGEKKY IVGFKQTMST MSAAKKKDV| SEKGGKVQKQ FKYVDAASAT 80
peptidase S8 MRGKKVWISL LFALALIFTM AFGSTTSAQA AGKSNGEKKY |VGFKQTMST MSAAKKKDVI SEKGGKV%Q FKYVDAASAT &0
subtiisin DJ4 MRGKKVWISL LFALALIFTM d AGKSNGEKKY IVGFKQTMST MSAAKKKDV! SEKGGKVAKQ FKYVDAASAT &0
subtilisin MR@K\!WISL LFALALIFTM AGKSNGEKKY IVGFKQTMST MS;\%KKDVI SEKGGKVQKQ FKYVDAASAT &

R|

nattokinase (LWISL LFALALIFTM AGKSNGEKKY IVGFKQTMST MSAXKKKDV| SEKGGKVQKQ FKYVDAASAT &0
subtilisin DFE MR ISL LFALALIFTM A AGKSNGEKKY IVGFKQTMST MSAAKKKDV| SEKGGKVQKQ FKYVDAASAT &0
AprE176 LNEKAVKELK KDPSVAYVEE DHVAQAYAQS VPYGVSQIKA PALHSQGFTG SNVKVAVIDS GIDSSHPDLK VAGGASMVPS 160
AprE5t LNEKAVKELK KDPSVAYVEE DHVAQAYAQS VPYGVSQIKA PALHSQGFTG SNVKVAVIDS GIDSSHPDLK VAGGASMVPS 180
AprE3-1T LNEKAVKELK KDPSVAYVEE DHVAQAYAQS VPYGVSQIKA PALHSQGFTG SNVKVAVIDS GIDSSHPDLK VAGGASMVPS 160
peptidase S8 LNEKAVKELK KDPSVAYVEE DH@IQAYAOE VPYGVSQIKA PALHSQGFTG SNVKVAVIDS GIDSSHPOLK VAGGASMVPS 180
subtilisin DJ4 LNEKAVKELK KDPSVAYVEE DHVAQAYAQS VPYGVSQIKA PALHSQGFTG SNVKVAVIDS GIDSSHPOLK VAGGASMVPS 180
subtilisin LNEKAVKELK KDPSVAYVEE DHVAQAYAQS VPYGVSQIKA PALHSQGFTG SNVKVAVIDS GIDSSHPDLK VAGGASMVPS 160
nattokinase LNEKAVKELK KDPSVAYVEE DHVAQAYAQS VPYGVSQIKA PALHSQGFTG SNVKVAVIDS GIDSSHPDLK VAGGASMVPS 160
subtiisin DFE LNEKAVKELK KDPSVAYVEE DHVAQAYAQS VPYGVSQIKA PALHSQGFTG SNVKVAVIDS GIDSSHPOLK VAGGASMVPS 180

AprE176 ETNPFQDNNS HGTHVAGTVA ALNNSVGVLG VAPSASLYAV KVLGADGSGQ YSWIINGIEW A|ANNMDVIN MSLGGPSGSA 240
AprES1 ETNPFQDNNS HGTHVAGTVA ALNNSVGVLG VAPSASLYAV KVLGADGSGQ YSWI INGIEW AIANNMDVIN MSLGGPSGSA 240
AprE3-AT ETNPFQDNNS HGTHVAGTVA ALNNSVGVLG VAPSASLYAV KVLGADGSGQ YSWIINGIEW A[ANNMDVIN MSLGGPSGSA 240
peptidase S8 ETNPFQDNNS HGTHVAGTVA ALNNSVGVLG VAPSASLYAV KVLGADGSGQ YSWIINGIEW A[ANNMDVIN MSLGGPSGSA 240
subtilisin DJ4 ETNPFQDNNS HGTHVAGTVA lLNNS@LG VAPSASLYAV KVLGADGSGQ YSWIINGIEW A|ANNMODVIN MSLGGPSGSA 240
subtilisin ETNPFQDNNS HGTHVAGTVA ALNNS LG VAPSASLYAV KVLGADGSGQ YSWIINGIEW A|ANNMDVIN MSLGGPSGSA 240
nattokingse ETNPFQDNNS HGTHVAGTVA ALNNSVGVLG VAPSASLYAV KVLGADGSGQ YSWIINGIEW AIANNMDVIN MSLGGPSGSA 240
subtilisinDFE ETNPFQDNNS HGTHVAGTVA ALNNSVGVLG VAPSASLYAV KVLGADGSGQ YSWIINGIEW AIANNMDVIN MSLGGPSGSA 240

AprESt ALKAAVDKAV VVAAA GNEGTSGGSS TVGYPGKYPS VIAVGAVNSS NQRASFSSVG SELDVMAPGV SIQSTLPGNK 320
AprE3-17 ALKAAVDKAV VVAAA GNEGTSGGSS TVGYPGKYPS VIAVGAVNSS NQRASFSSVG SELDVMAPGV SIQSTLPGNK 320

AprE176 ALKAAVDKAV g\f\“ll GNEGTSGGSS TVGYPGKYPS VIAVGAVNSS NQRASFSSVG SELDVMAPGV SIQSTLPGNK 32
G

peptidase S8 ALKAAVDKAV VVAM\ GNEGTSGGSS TVGYPGKYPS VIAVGAVNSS NQRASFSSVG SELDVMAPGV SIQSTLPGNK 320
V

subtilisin DJ4 ALKAAVDKAV VVAAA GNEGTSGGSS TVGYPGKYPS VIAVGAVNSS NQRASFSSVG SELDVMAPGV SIQSTLPGNK 320
sublilisin ALKAAVDKAV VVAAA GNEGTSGGSS TVGYPGKYPS VIAVGAVNSS NQRASFSSVG SELDVMAPGV SIQSTLPGNK 320
nattokinase ALKAAVDKAV ASGIVVVllA GNEGTSGGSS TVGYPGKYPS VIAVGAVNSS NQRASFSSVG SELDVMAPGV SIQSTLPGNK 320
subtilisin DFE ALKAAVDKAV ASGIVVVAAA GNEGTS S TVGYPGKYPS VIAVGAVNSS NQRASFSSVG SELDVMAPGY SIQSTLPGNK 320

AprEATE YGAYNGTSMA SPHVAGAAAL ILSKHPNWTN TQVRSSLENT TTKLGDAFYY GKGLINVQAA AQ 382
AprESt YGAYNGTSMA SPHVAGAAAL ILSKHPNWTN TQVRSSLENT TTKLGDAFYY GKGLINVQAA AQ 382
AprE3-17 YGAYNGTSMA SPHVAGIPMAL ILSKHPNWTN TQVRSSLENT TTKLGDAFYY GKGLINVQAA AQ 38
peptidase 58 YGAYNGTSMA SPHVAGAAAL ILSKHPNWTN TQVRSSLENT TTKLGDAFYY GKGLINVQAA AQ 382
subtilisinDJ4 YGAYNGTSMA SPHVAGAAAL IL@HPNWTN TQVRSSLENT TTKLGDAFYY GKGLINVQAA :@]3@2
subtilisin YGAYNGTSMA SPHVAGAAAL ILFKHPNWTN TQVRSSLENT TTKLGDAFYY GKGLINVQAA 82

nattokinase  YGAYNGTSMA SPHVAGAAAL ILSKHPNWTN TQVRSSLENT TTKLGDAFYY GKGLINVQAA AQ 382

subtilisin DFE YGAYNGTSMA SPHVAGAAAL ILSKHPNWTN TQVRSSLENT TTKLGDAFYY GKGLINVQAA AQ 382

Fig. 50. Alignment of amino acid sequence of AprE176 with homologous
enzymes. AprEbl (B. amyloligueficiens CH51,ACA34903), AprE3-17

(B. licheniformis CH3-17, ACU32756), peptidase S8 (B. amyloliquefaiciens
LFB112, YP_008949402), subtilisin DJ-4 (Bacillus sp. D]J-4, AAT45900),
subtilisin (B. subtilis, AAC63365), nattokinase (B. subtilis, AHZ12721) and
subtilisin DFE (B. amyloliqueficiens DC-4, AAZ66858). Amino acid

different from those of other proteins is marked as a box.
(4) AprE176 54 A}

AprE1765 pH 7-10 bufferol| 4 2 Al ¢
M= AlEs] Aol A A (Fig. 51). &
gi%*é«l H A& 40°Co] i 50°Ceoll A &=
A8k AprE1769] wHE A pHe} =

@. 7Fe 80% ©l/d At A|RF pH 6 ©] s}l
< A pHE 8.0= g1 At pH 80014
}F Al&:38] 7FAskar 55°C o) ol A= b7 3]
= B. subtilis natto B-122] nattokinase2}

i
iﬂ
O:]

R,
7}z
=



H| 223l =50y B, amvyloliquefaciens DC-4¢] &4 (pH 9.0, 48°C)vY} Bacillus sp. CK11-49]
g4 (pH 105, 70°C)5 HuE= v AsjAEe] Ad3dFS FAMeE A3 AprE176+= 1 mM
PMSFel ola] ¢x3] 9712 A EDTA9 EGTAC olaix = E&A3tso] A AprE176
2 A @A proteaseSl F Aol metalloprotease S & 4 AATH Ca® & H7F Al AprE176 <
V2 17% F7HA 71 AR Cu®, Mn® Zn® & 242t 7, 7, 43% #AAA AT FEol 25 ek wk
- dH & ELavT A Zolrt 9

Relative activity (%)
Relative activity (%o}
z

4 5 7 3 9 W # 1 B * I 45 50 % 50 65
pH Temperature (G)

Fig. 51. Effect of pH and temperature on the activity of AprE176. (A)
Residual fibrinolytic activities were measured after 2 h at different pH.
(B) Residual fibrinolytic activities were measured after 30 min in
Tris-buffer (pH 8.0) at different temperature.

(5) Error-Prone PCR
&350l MAE WHolFE A& HHO=Z aprEI76 41}01] )8 error-prone PCR<
AT E. coli BL21(DE3) & 234 (550 colonies)E A2} skim milk BiA o] H
23] BAE g Ao Mutd #2t=L o2& fibrin plateoﬂ HEsto @d &35l &
3l 5

N

%
g et

7 ek WMol|F=E5S ©AEI U Fibrin +3) 5 ©] %‘7]'6]' Wol 370 (Mb57, M111, M179) 12|
Hhoj =2 ghd o] A A4S 17] Wol (M11D)E AEste] o9 A7|A4E WstE AN
o} M11, M57, M111, M1799 A4 o}n =ik X3+ 77} VR4A/K213M, K213N, G157S, A176T
2 goxgrt. ZF WHolFEY g4 U3 Fo 5}71] E. coli BL21 (DE3) oAl A34kst =
AA AT AAZ M1, M57, M111, M179 Wo]FE59] specific activity:= 22} 10.9£1.6,
277.1+15.7, 300.4+21.2, 479.8+12.2 plasmin unit/mg proteinﬂi e T M1799] dd 835
o] 7F&F =9kal wild-type?! AprE1763} H|nLA] 2.2 v =hth Mllle 14 8 283 M57——
1.3 v = Skth M1l 84 213¥ ofw:=ikE9] X 3to] Uojylal ofmfi o] 59| 5 A|X| %
Aask 717 G5 PAT EAFHS ALY 2EAIE ZFAE U E o= T;qgh;}

(6) Hydrolysis of Fibrinogen by AprE176 and M179.

Fibrinogen< fibrin A7 A &4 disulfide 2 o2 2% 3 %9 polypeptide & (Aa, BB,
and )& o]Fo]A it} AprE1769} MI79 & o Aa AF&ES A1&3 #8ste] 30 = oldle
= At (Fig. 52). Aa AHE USo 2 BB AME w7 dolwtal o) AprE1767F 8 a
~fibrinogenase &4 ¥ H 52| B-fibrinogenase S7}1E A HS HolFr o]ie] H& e
B. subtilis CH3-59] AprEZUr B. subtilis TP-62] TPase &4 53 H|==3lt). M179= Aat B
B AFEES 20 & O]LHOH A x5 sty o] A= M1799 B-fibrinogenase & 717F ¢
=55 7MY 7 84 &3] 20 & ol y-chains #3314 Z 3o
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Fig. 52. Hydrolysis of fibrinogen by AprE176 (A) and M179 (B). Lane M,
size marker (DokDo-MARK, ELPIS-Biotech. Inc., Daejeon, Korea.); 1, no
enzyme treatment; 2, 30 s; 3, 1 min; 4, 2 min; 5, 3 min; 6, 4 min; 7, 5
min; 8, 10 min; 9, 20 min. A 12% acrylamide gel was used.

(7) AprE176¢} M1799] Kinetics.

AprE1763 MI179s 4 F79 71d& o= amidolytic activitys SH% A
N-succinyl-Ala-Ala-Pro-Phe-pNA©¢] a3l = At sld 71 &S subtilisin?} chymotrypsin®]
Az7ldoel71%= sttty AprE1763 M179+= & 71452 EsfiahA B o] Aol
AprE176°] subtilisin?} AR MAA §4US &5 ATk AprE1763 M179¢] amidolytic
activity+= 28.63+0.20, 39.84+0.04 mM/min/mg protein®. = M1797} AprE176 H.t} 1.39 wf =
¢kth. N-succinyl-Ala-Ala-Pro-Phe-pNA¢] Eal&=2Z 5 AprE1769] Km¥ Kcat #S +
sk Ay Zb7b 0453+0,0363  122.851+£7.863°0] ¥t H M179¢] ke 0.537+0.0273
151.429+1.5412 YERyEth M179¢] 25 dd&als 2 Keat #h2 =dAR 7] do digk s}
T (Km)= AprE176H.t}F "otk 1 A3 MI1799] catalytic efficiency (kew/Km)E 282.961
STmM ! A AprE1769] 281.715 S'mM ' ¢} xto]7}F @1tk

r

(8) M179¢] &<t4gAd

M179% AprEl176 Hth Aot deol o $-Fstrh 45°CellAl 150 + A3 % AprE176> <7}t
o] 50%%F FAHATE M179+ 67% A€t (Fig. 53). 5 Al & 4% MI79% 36%
AprE176 11% 97Fqb Wbk M1799] 4% ddAdAd S A9ty st 58o= 2xad
HS AAFY . 7)ol ®H mde A I npattokinase T+FE ADWW)E o] &3}t
Nattokinase®} AprE1762 oln|w=2F A dol A 76% identityE Ay Qo] AsAel] 7] %3k
2SS SWISS-MODEL Workspace (http://swissmodel.expasy.org/workspace/) S  AF-&-3}]
Ttk REd AyE B MI1799 dgE ddAAdL A1TT Wolwitow FHEr)
AprE176 AT %E H W calcium ion ¥HE 3.0 A olujel 3 7 oln| x2S (Glyl69, Tyrl7l,
Vall74)o] $1x3t}h (Fig. 54). M179% Thrl762] 44717} calcium ion¥ 7F7H$-4 (29 A)
AprE1769] Alal76+= 1% A 5310}, Bacillus @& & A5 Ca A9 Ca B 2 719 calcium
A siteE AYa drk M1799 Thrl76= Ca B sited] 91X Aoz HolW calcium ion¥
o] Astel A%S SalA AprEl76 Bk E S =9l AR FAA
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Fig. 53. Temperature stability of AprE176 and M179. Thermal stability
was determined at 45°C in Tris-HCI buffer (pH 8.0) for various times.
AprE176, -@-; M179, -l-.

| Tyr171 [ Tyri71

Aspl19

Fig. 54. Predicted structures of calcium binding pocket. (A) AprE176, (B)
M179. The purple ball indicates a calcium ion.

A 1-2 2 AF dZFAAL AA F5F5 (FA71d, BREFF)

1-1. 738 9 (134 d%)
HoANE AR AFY olR%H 54 L 4 BA

o 7| G (&2 F(F))oll A AAF 2B 2 (B, AMEAE), 98-, AR,
1 ]% H OﬂI: /\HI:

) ALY SHS AT e 4% Brix, £FE 2, WF,

flodl, 93¢ $AL pil G5 obrleids £ HSE 233 PR
Z BaAFIA Az D45 dAA @ T4, 9Ae e, A% B F
ghol] o ste] e %"3% zA}ah gl o},

A7l FHEA dx)

7F E&%F vtsdR osgd 54 9 754 dAFA (isoflavone) 4
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(1) & nt=ad A=W

9 koji= Rhizopus oryzae w55 AH&3te] Az ed, dF =Zx (H=F) LdEE B
amylolliquetaciens MJ1-4 2 EMDI17 #55 T8t Axs9. &% das visd%d
HFE AzxxAQ s 2 A7 10% 7|22 100 kg A &8t} ] Zd 7jFo=2 = 20 o
gasglon 5 ¢ 7P7ﬂgi ANBE AFs A Algsgon, BHart FaY 93-S X

el Fxske]l AlAlIES AAskdv (Fig. 55).

Fig. 55. Photography of bulk garlic Doenjang processing (A)
and final products (B).

@) g8 vhsEge] olshety 54

gol ZH%4 45 mlE H7tste #dge T p

gako] pHE Z4skglth 4% 0.1 N-NaOH &) o
o

—W
QN

H meter (model 3510, Jenway, UK) A}
Z pH 83+0.17}#] FstAl7]=d 4A8%

ml &5 3t 24t (lactic acid)Fo = At ‘j% E718kA T s "1 10 gol FHF 40
mlE AH7kete] A § A o] 42 Aode 4R FAsUn w54
4 3] GAE 2 AT & chlorampheruc 34 YPDA A& AlE35lo] g8 5

[e}
AgE |
7433l TSA WA E AFE-3Fo bacilli &5 =433t

(3) &= vt isoflavone ¥k 4

FAAZX 3 G B 1 go 50% WEE 10 mlS 7Fste] Aol A 12A]1%F 1WH160 rpm) 3t
% 045 mm PTPE syringe filter® ©]3}3}4] isoflavone L’Aioﬂ /\PQOB t}. Isoflavone —‘?—41 8
HPLC (Agilent 1200 series, Agilent Co, Forest Hill, Vic, Australia)® <33t} &
column- Lichrophore 100 RP Cis column (4.6x250 mm, 5 um, Merck, Germany)< *}%3}3’1
3 ol &= 0.2% glacial acetic acid in water (solution A)9} 0.2% acetonitrile in
glacial acetic acid (solution B)® FA3}t). o] 24L& A &1 7|22 0 min-100%,
15 min-90%, 25 min-80%, 35 min-75%, 45 min—-65% % 50 min-66% % FA3FATE. Al B+
20 uLE TR o, ol £+ 30CAA 1 ml/mino2 FAAY. H=7]= diode
array detector (DAD)E A}g3le] UV 254 nm oA HAE3sEA T 2 A8 33 wkEslo] 34t
o= e AT

U, @39 AEAAAHold (Biogenic amine, BA) &4

BA EAd A& #FELS 05% precursor amino acidE -3+ LB} tryptic soy broth
C 24~ H"gjgkst & AR gl (4000xg, 20 min)gt ¥ dansyl

chloride® F=A3}sle] 2439t Dansyl chlorideE ©]83 FEA3= 589 2 A9
g 27 1 mLE WHEFEY (1S, 1,7- dlammoheptane) 100 uL 7}3k 3 23} E}*}L}EE

4ol 05 mL, 1% dansyl chloride 1 mLS 7}ste] &3t3k & 45T A 1A7F F-=A3F 53T}
F=A8 & 10% proline €9 05 mL, JHZ 5 mLE 7}0}01 3w A&t FAS F 6t
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of AAa w53 5 olMEYEZ 1 mLE 71 ¥ 045 ym membrane filter® o #}3}o] AF-8-3}
Ark FEA BAS 93 HPLC 48 Agillent 110 seriesE Alg3lga ZHozE
YMC-Pack ODS-AM Cij5(4.6 mm x 250mm)E AE3t9 . 752 1 mL/mine 2 ZHSE=
40CE FAAAT o]l 5oz 70% acetonitrilies AFE3Fa UV detectorE ©]83F9] 254 nm
ol A 733

TLHF 4 kgoll 23% @ 12 LE EFeto] w@as T 30TolA 60€7 2w - A7
A8 vty - LA e 13]/3-49 Ao w wHkS AAsla BHEaEe] g - 54 AHES
skolsly] 98] 10 7HA o= AEE AF 3 T 2 oFste] BAsYTt

(2) LT TaE 9 FLu T g3 AlAES o]sted &4

RE B4 AEFFTAAA AAskE EA Y wet BASAT FEA T Av] vlo]aR
ZAgdyor BAFon dAr= A8 4 g5 FHEe 500 mL &% Zgtx3d Yi S/HFE
500 mL2 93 2 &3 & 7 89 10 mLE FHshe] 2% AEF 2 EF(KCrO) S 2-3 e
A7het 3 0.02 N A2 (AgNOy)d o= A A sto] A& AHEstth pHy pH W HE, Brix
T BEAE ol&sty EAsIM e AMrE= AR AMAAIE o]&ste] EAAY TFEES
Brix #ollA d=& W S AFESIY T TS F B e ES oI X E o] 8ol A o
st & O oyl s FLUFFLH R AFESte] A ST

1) & zZA Ax

AS 5 AIZF Fot Bo A Fle] 5 AIZF Bwjr]E 3§ 120ColA 30E3F 43 F (F)F
Trgol A A Aspergillus oryzaeZ 0.167% 7%3 sto] A= d Aol w2 = 30TAA
42-44 A1Z7¢ v &3FA T}

(2) B g A=
Azt J4S A A
Zglto] WolX&= @S HFs7] 3] dlFE 5A17F F A3}
120Col A 303F SAFste] & 7979 Xéﬂli%—% %‘7}6}04

2. -

o
594, FANT, ALTE 4%

2]
RE 24 AFTAAA AAskE A Wt BAsA T FEA TS AR mlo]AE
ZAgdHor BEXM3Ion oln it A % Formol Ao o3 #43t. 9= A5 4
g& Fstel 500 mL &% Zehs=e ¥ F/FFE 500 mL=E sr5a & E9e & 1 8
10 mLE #H3slo] 2% A EFAZLEKLrO)S 2-342S d7Fst & 0.02 N 242 (AgNO3) ) ©
2 AHAste AxE AESIA Y. Protease F7F= AN S 7R Sl I HEES WA
7 e BEdEEH+= o) xAkS folin Alow WA Edw dA el 7lF obr =4t
(L-Tyrosine)< folinA| 4oz w3 Eqrolo]l wrgA B350 A== 4% 1 (pH 7.0
2 F3st=d 223k 01 N NaOH ml)¥ A= 1T (pH 8.2% ZF3lsl=d ¥ L3 0.1 N NaOH
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Table 19. Properties of Ganjang in the market..
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Al

3
7
3
11
3
7
15
15

15.48
15.60
16.67
16.55
16.49
15.60
15.40
15.80

4.85
491
4.76
4.89
493
4.58
475
5.02

1.148
1.164
1.196
1.169
1.164
1.182
1.171
1.149

17.92
23.40
29.73
23.25
19.71
23.09
21.02
12.46
- 62 -

33.40
39.00
46.40
39.80
36.20
38.69
36.42
28.26

1.61
1.76
1.33
1.17
1.02
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Table 20. Properties of Doenjang

A = E AP H A obr] = ¢ ET s | A% 11
= S At p )& Ze]i T et =
3
A Ae =l 1.98 4,95 9.94 481.32 50.70 14.27 12.26
oO ?_]-_}1\:]‘ }‘g%]_xol' . . . . . . .
At ol
= PER 2.09 4.97 10.91 278.88 48.71 16.73 10.13
T ey
ZF - 2.46 5.03 12.44 456.12 53.53 13.69 11.37
oy TH%
X
: a9 2.04 541 11.52 313.88 47.75 9.23 8.09
AL
]
2 v =5 2.09 547 11.28 304.92 46.48 9.07 7.21
™
Table 21. Sensory properties of Doenjang
w7} ap e g qFE NES Ta
(DA} (CAH) (SAH) (MA})
_ _ _ A 3k gko| <kg} _ _
aF gFol k3t R oy a aFol 73t
|2 3 A7 &
TAA FTHA U= TAR A THA sl THA A
D) s = FEe] B T Ao
peog | 7R e 74 weelg
A =g A = A Aol xek = A
J;?l o - -
T iR ek TEo] g3t bzt A
~ ~ x Aol ok7}
o c o wedg | vla el g A
w29 A kA BER s AdAEA, Abx dolF M FEd, i FEH

7F, 8 vsdd 28 T o3gy 54

g T pH, A%, A% 2 A WSt Table 229 2o pHE 28 A (0 d) 597 oy
g F7] (20 Dol 5872 F7F fgAastdn Ate 2 A FJFHoeR 7h7 117 2 11.2%
S YetAth dtH gaxg= 2 E d 55244 F71el 6.72 log cfu/g= 2FZF S7kgk Wb, wlb
Ay s g A 1034004 HaF 7)ol 9.37 log cfu/g= <F 10w A5
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Table 22. Changes of pH, acidity, salinity and viable cell numbers of during bulk
garlic doenjang fermentations”

Contents”

Fermentation Acidity .. Viable cell numbers
. . Salinity

time (d) pH (%, as lactic (%. NaCl) log cfu/g
acid) ’ Yeast Bacillus

0 5.97 0.51 6.6 552 10.34

5 5.87 0.76 9.0 6.09 9.81

10 5.98 1.03 10.6 6.60 9.76

15 5.95 1.02 10.0 6.51 9.43

20 5.87 1.17 11.2 6.72 9.37

Bulk garlic doenjang were fermented at room temperature for 20 day
Y All values are means of determination in three independent experiments.

U d&F nsdF &8 F isoflavone §H 4
&% ntsEde] HPLC ZZnE 1%, isoflavone W& % draF WH3lE= Fig. 56, 57 2
Table 232} 2t} &= 1159 isoflavone =47} 354 o2 AEHJowy, wg T F5Ho
E acetylglycosides & EHIQl acetyldaidzine =% A &g}t (Fig. 56). &5 0 2 549 +8
TA 2+ glycosides daidzin, glycitin % genistin ©]12™ (Fig. 56 A and B), &% 10¢ %
E1 2049 F8 FEA+= vuFA| Sl daidzein, glycitein % genistein ©] 1 tH(Fig. 56C-E).
ol Ayz B uf 3 waF Fie B- glu0031dase A7te] o3 v A Eo] HwFAE=

A2E 7 o] 23| isoflavoneEe] A8FT&0 TS & F 9

= |l | 3 = 3 12 = I| ] |
. 4 j 4 B |
» LM , 257 ot 12 =00 4 2157 fyont | =80

;
‘ § ’
o 8 |

287] on A (58 i

! i
|
EILR | | |
[ | | & 2 |;
|.5‘!|'| 1.0

Fig. 56. Typical HPLC chromatogram of isoflavones. A; HPLC chromatogram of
isoflavone extracts in bulk garlic doenjang at 0 day (A), 5 day (B), 10 day (C), 15
day (D), and 20 day (E). 1ldaidzin; 2, glycitin, 3, genistin, 4, malonyldaidzin, 5,
malonylglycitin; 6, acetyldaidzin, 7, acetylglycitin; 8, malonylgenistin; 9, daidzein; 10,
glycitein; 11, acetylgenistin; and 12, genistein.
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m glycosides m Malonylglycosides m Acetylglycosides @ Aglycones

Fermentation time (d)

0% 20% 40% 60% 80% 100%

Isoflavone rate (%)

Fig. 57. Changes of isoflavone glycosides, malonylglycosides, acetylglycosides and
aglycones contents during bulk garlic doenjang fermentations.

Table 23. Changes of isoflavone contents of bulk garlic doenjang during fermentations”

Contents? Fermentation time (day)
(ng/g) 0 5 10 15 20
Glycosides
Daidzin 206.75 179.12 135.20 153.34 127.73
Glycitin 73.94 56.30 30.44 50.43 34.13
Genistin 252.71 203.31 154.72 157.09 134.72
Total 533.40 438.72 320.36 360.86 296.58
Malonylglycosides
Daidzin 51.44 42.45 37.72 41.05 35.09
Glycitin 17.95 18.64 17.01 22.90 18.60
Genistin 76.02 66.45 62.72 63.79 58.77
Total 145.41 127.54 117.44 127.74 112.45
Acetylglycosides
Daidzin nd” nd nd nd nd
Glycitin 2.70 1.13 1.05 1.75 1.35
Genistin 1.35 0.56 0.53 0.87 nd
Total 4.04 1.69 1.58 2.62 1.35
Aglycones
Daidzein 20.06 55.69 90.36 86.47 101.08
Glycitein 4.58 18.41 29.10 31.51 33.65
Genistein 14.24 42.64 74.60 72.40 87.69
Total 38.88 116.75 194.07 190.38 222.41
. Total 721.73 684.70 633.46 681.60 632.80
isoflavones

1)Daemazzg soy yogurt were fermented at 35C for 60 h.

’All values are presented as the mean+SD of determinations in three independent experiments
Pnd: not detected.

ity A wdAE g 53340 pg/g ola wE vl s wel dap Faste] whE 20 o

29658 pg/g= FFAstA Tl (Table 23). o]+ WHHZE HuEAES w3 o= 38.8% ug
Jgolt}t WHE 20 dol= 22241 pg/g o2 AA F71slth Acetylglycosides$! acetylgenistin
< & ¥ste gldla B 20¥e = HEE A ZktH(Table 23). 4 isoflavone X9 W
slgo g A wgdA el 7391% oy g 20 doll &= 46.87% % A4S A HHiEAE
2 7 5.39%9] v v EoA g 20 doll= 35.15% = F7FsFA T (Fig. 57).
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o 7€ AgF 9 38379 BA &F

(1) 71& #Aojs = =4 BA &3F

A =2 10 = A=A TF9 histamine, tyramine ¥ FA A TS xAE Ay
Table 24} 2o}t A9 A= (A~])E9 histamine 3% (mg/kg)S ZH7 1044, 1018, 138,
231, 92, 145, 74, 90, 332 % 44 = YElWth HA 44 mg/kgol A HUl 1044 mg/kg ol
3l tyramine (mg/kg)e Z+7F 1762, 2065, 48, 15, 258, 313, 35, 29, 544 % 4= FHA 15 mg/kg
off A Ho] 20656 mg/kg TolUTh dH FAA FFS ZbZE 1899%, 19.27%, 16.99%,
19.05%, 37.61%, 19.43%, 17.51%, 19.68%, 16.7% % 10.56%°.% sample J7} 7} wokan
(10.56%) E7F 7F8 =4t} (37.61%).

Table 24. Comparison of histamine, tyramine, and total nitrogen contents of
commercial cheonggukjang

Contents
No. | Samples - ; 3 3
Histamine (mg/kg) Tyramine (mg/kg) Total nitrogen (%)
1 A 1044 1762 18.99
2 B 1018 2065 19.27
3 C 138 48 16.99
4 D 231 15 19.05
5 E 92 258 37.61
6 F 145 313 19.43
7 G 74 35 1751
8 H 90 29 19.68
9 I 332 544 16.7
10 J 44 84 10.56
@) 71E BoEE B9 BA 33

2%

AN ¢ 19 F @A) 3#3 histamine, tyramine, ¥ F & A dHS A3 A3 (Table
25) histamine< 7z+7} 0, 8, 872, 23, 38, 77, 5, 107, 121, 24, 251, 818, 101, 997, 423, 412, 940,
146 2 11 mg/keg THEol JdArt A 0 mgkeold Hd 997 mg/kg F=oltt A
tyramineS ZF7F 69, 129, 2051, 63, 24, 19, 68, 134, 115, 22, 454, 1633, 134, 461, 436, 780,
1822, 29 % 37 mg/kgl® FH2A 19 mg/kgolAd HW 2051 mg/kg F5 oltf. d A e
Z}7} 1348, 12.49, 13.09, 13.51, 10.04, 11.83, 11.49, 12.3, 11.1, 11.6, 11.2, 16, 13.3, 16.3, 15.8,
134, 147, 186 2 115%% E7} H 24 (10.04%)°c]12 R (186%)°] Hi FFolAtt.
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Table 25. Comparison of histamine, tyramine, and total nitrogen contents of
commercial doenjang

No Samples Contents
' Histamine (mg/kg) Tyramine (mg/kg) Total nitrogen (%)

1 A 0 69 13.48
2 B 8 129 12.49
3 C 872 2051 13.09
4 D 23 63 13.51
5 E 38 24 10.04
6 F 77 19 11.83
7 G 5 68 11.49
8 H 107 134 12.3
9 I 121 115 11.1
10 J 24 22 11.6
11 K 251 454 11.2
12 L 818 1633 16
13 M 101 134 13.3
14 N 997 461 16.3
15 O 423 436 15.8
16 P 412 780 13.4
17 Q 940 1832 14.7
18 R 146 29 18.6
19 S 11 37 115

2. s 939 BA 3%

(1) vts H7F 949 =24 (TN), ofv =g @2 (AN) 2 AEAAo (BA) Sha

Ag713 A1FsH A Axg vts JUMES Gyt 42 3% AsEEY FHA
(TN), olv]:=e] @4 (AN) 283 A=A (BA) &3S SAHSAY. 23 0 79 6 79
=43 A3E Table 269 YeEFAT. 0 & Al TN =32 vpks H7F 0%, 5%, 10%, 15%,
20% 2 30% o= ZhZF 1.94%, 1.87%, 1.90%, 1.80%, 1.65% % 1.64%°|3 & 6 FA =
1.92%, 1.85%, 1.80%, 1.78%, 1.65% % 1.73% At} vlt=3 7 0-15%Y o TN 0 o H]
3 6 A4 0.02% FAhsts AEFES BHPom 20%, 30% H7F A= FLsEAY ¢F 01% A=
7 elth vks A7 wE AN @ W= 0 A4 vks HIEE 0%, 5%, 10%, 15%,
20% % 30% o= ZHzZF 382.16 mg/kg, 282.80 mg/kg, 306.32 mg/kg, 245.00 mg/kg, 269.36
mg/kg 2 254.80 mg/kg °ola HE 6 =4 22 51856 mg/kg, 469.56 mg/kg, 539.00 mg/kg,
47152 mg/kg, 442.96 mg/kg 2 408.24 mg/kg °lt}. vl=H 7 0%-30%° 4 AN 0 ol
3] 6 =4 HA 15344 mg/kgol Al HW 23252 mg/kg =718kt sHH BAE AEHA &
Ut ol APA RN YA R FR{FE HEotl TR AR FAHHIAC
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Table 26. Comparison of total nitrogen, amino nitrogen, and biogenic amine contents of
different garlic concentrations doenjang

the amount of garlic 0 week 6 week
added (%) TN AN B.A TN AN B.A
(%) (mg/kg) | (mg/kg) (%) (mg/kg) | (mg/kg)
0 1.94 328.16 0 1.92 518.56 0
5 1.87 282.80 0 1.85 469.56 0
10 1.90 306.32 0 1.80 539.00 0
15 1.80 245.00 0 1.78 471.52 0
20 1.65 269.36 0 1.65 442.96 0
30 1.64 254.80 0 1.73 408.24 0
TN: total nitrogen, AN: amino nitrogen, B.A: biogenic amine (histamine/tyramine)
@ @ =2 s W) 9%
Ae7)aa A1 A Ax3, 2v55es 9yste] AR nfs HJ7F 93 AI5E59
TN, AN, BA %S SAAt (Table 27). & &4 vt H7F @39 TN & 0 4
A M7 6%, 8%, 10%, ¥ 12% o= 77} 1.67%, 1.656%, 1.61% % 153% oy g 6

A 247 1.67%, 1.63%, 1.63% 2L 156% o]t H ANE= 0 54 223.16 mg/kg, 189.56
mg/kg, 175.00 mg/kg 2 147.00 mg/kg °oly 6 FA o= 306.64 mg/kg, 242.48 mg/kg, 259.28
mg/kg 2 208.04 mg/kg °lutt. A= HH ANL2 0 5o Hl&] 6 4 H2A 5292 mg/kgol
A ol 8348 mg/kg F7Fste]l g o] Aol HAsEE FUFSIA S HoFrh
std BAE A=5HA &%k

Table 27. Comparison of total nitrogen, amino nitrogen, and biogenic amine contents

of different salt concentrations garlic doenjang

the amount of salt ™ 0 Xle\fk BA ™ 6 WAe;Ik BA
o )
added (%6) (%) (mg/kg) | (mg/kg) (%) (mg/kg) | (mg/kg)
6 1.67 223.16 0 1.67 306.64 0
3 1.65 189.56 0 1.63 242.48 0
10 1.61 175.00 0 1.63 259.28 0
12 1.53 147.00 0 1.56 208.04 0
TN: total nitrogen, AN: amino nitrogen, B.A: biogenic amine (histamine/tyramine)
s ged 17 9%
Ag7183 AFsH A Ax vt=9 FHE Deste]l J7F Axd @9 ARE9 TN,

AN, BA #&s S435k3ld (Table 28). TN

garlic, fermented garlic, sprouted garlic 3 7}¢

2 1.57%°] %
¢
mg/kg ©]aL 6 FA =
mg/kg ©| %

otk 9 BAE AEHA ek

%L%*S 0
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Aol control, fresh garlic, steamed
T o w Zh7b 1.68%, 1.58%, 1.57%, 1.66%
oM 6 FA= 1.72%, 1.64%, 1.69%, 1.58% % 155%°]Att. AN = 0 F4
Almo s 7247y 16856 mg/kg, 155.68 mg/kg, 183.40 mg/kg, 167.16 mg/kg, 164.08
246.68 mg/kg, 242.76 mg/kg, 259.00 mg/kg, 255.64 mg/kg, 255.93

: U}b A7t éﬂFﬂoﬂ we AN #H4A 756 mg/kg oA HA 91.84 mg/kg S et



Table 28. Comparison of total nitrogen, amino nitrogen, and biogenic amine contents
of pre-treatment different garlic doenjang

. 0 week 6 week
garlic differently
pre-treated TN AN B.A TN AN B.A
(%) (mg/kg) | (mg/kg) (%) (mg/kg) | (mg/kg)
Control 1.68 168.56 0 1.72 246.68 0
Fresh garlic 1.58 155.68 0 1.64 242.76 0
Steamed garlic 1.57 183.40 0 1.69 259.00 0
Fermented garlic 1.66 167.16 0 1.58 255.64 0
Sprouted garlic 1.57 164.08 0 1.55 255.92 0

TN: total nitrogen, AN: amino nitrogen, B.A: biogenic amine (histamine/tyramine)

2-3. @72% (#9714, 374 dx)

7} FAWFRY Az
(1) LW F7d g Eo o]slers 54
FLu T A5 HUlsle 30TAA 60 L3 a3 - SAAA7IH 10 d (HAcE g ES A
Holol g - X T HgEY HIE ol Hdor BAMEYY. 1 A¥ Table 2904 H o
T Ay 2ol Aol AAA AxVE He FEA9 ghEFol 10 €A 1.44%14 60 LA
158%9] EEEAT o BAUTE 20 e Agstel Axst 344 By wage @
g 27 -S54 Ve wE d43 2244 E FUlE HolA Futh wEld FoawE
AVE3E dhg - A 7| 0e AAAEES 19etgS W 609 w7 AAHS Aow J&E‘rﬂ‘ﬂ’ﬂﬁ}.
Table 29. Meju fermented soy bean sauce of physicochemical characteristics
Total Pure . ..
d Nitrogen Brix extract Specilc pH (g/.a;mg) Chromaticity
ays (%) (w/v, %) gravity 0

10 1.44 42.12 22.51 1.186 5.25 19.61 23

20 1.48 42.26 22.65 1.182 5.32 19.61 23

30 1.47 42.42 22.83 1.185 5.22 19.59 23

40 1.49 42.53 22.91 1.185 5.24 19.62 23

50 1.49 42.61 23.08 1.185 5.22 19.53 23

60 1.53 42.63 23.10 1.186 5.19 19.53 23
(2) FLU TG AAEF A=
BANTS 2 B AZAL QWA FFA AP g £ A8eA B3 T
2 YRE dto] Az FUNI AS F 549 For Add FE F 89 U BRI
of At&HE GO R AFEH O ZIT wepA] B AFoA Ao FLH TG dAEs ALE
st 434S Al xskalAk Table 309F 22 v H| = AJA|&& Al Z8tAth

_69_



Table 30. Meju Korean style soy sauce prototype of Mixed percentage

Material Mixed percentage(%)
Meju Soybean.sauce stock 53.85 Meju soybeen
solution
- sauce stock
High fructose corn syrup 7.00 solution of total
Ethyl alcohol 3.00 nitrogen content
Purified salt 551 1.53%, salinity
Purified water 25.64 19.53% standard
Total 100.00

FAvF T AAE olsehd SHS BN A% FAx I
1707% . =7ge] B35 aele Ao 9Fe FA = G
o] 9&e 1 % g }

o
AR
£ 3oz fus

R

Table 31. Meju Korean style soy sauce prototype of physicochemical characteristics

Total Brix Pure extract Specific o Salinity Chromaticit
Nitrogen(%) (w/v, %) gravity b (9%,NaCl) Y

0.91 31.29 14.12 1.154 515 17.07 19
(3) TdHF 3ol TsAAL
EoAFo A Jete FLuF gbET Ba R diE] gk ek Alkof #a] B A
Fr7led 74 AYs oz F5HAE AAAY. 1 23 M= At zolrt gldle
v by} gko] A9 F oA|EZbel XolE Hole= ASR YEuT T AE e A= U9
o] FHAQ zolR L& 7HE F gldey uty o] UE gy 2 EAS 2t 9
U= HolA] AAF o ZA S Jdto] 7hse For AdHofrs ods 48 5 ATk
U & 3 9 2EZY Ax
(1) & 7279 a4 97t
2 AFoA Alxd & F2A 9 protease &7F= 315647 IU/g 82 25.04% At 5342 &
ol Az Al AW F2A9] protease®] 9 7F7F 500-800 1U/gelgte A& n#stH & 32
2ol A @497 AR ZARY e Ao R YUyt o & F9X] Ax Al BE
o] £ME FOAHT} o} HoA &= #AgoZ AlgyojAm & T4 Ax A &&54H 9
B 2D wnks 3k Hagdo Aoz A Fo X 9rtE =Y "aAo] St
(2) BhAAe] Az E a1 54
HT a2 v TolAY F4Y An7t aAsteE FAE Holal Q) ol& wuloA #H3e
O BRAA F ol R Aoke A APAN B F2 A9 ol $H 2 9
= AH o = Ao AlRHTY. o= 51 A

o AFFONLAF)IE BE Aabe] o)
1
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Table 32. Comparison of physicochemical characteristics of rice soybean paste(doenjang)

and Monggo-Soybeen paste(doenjang)
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oluf & & wjdo AFE-E = PDA ®iX|= <9F 6,000 91/L 18]a1 YPD (yeast extract, peptone,
dextrose)= °F 8,000 ¥/L ©]t}.

BoF ol WAE AF AFL A% B el AFHTA (100 L) 1 W gol FFE Aoluh
Webd BSHE AT BT HFS A A WA el BTk W gajololn} &
Ak 2o BE, RAREL ol g3l Fwd UF WYt AT Basrh 53
Byt 4EA 483 AL BES AT A YR B PN 4 FF F FE
o] 94 F ol Holo} st ol AUz g4t vl Hele] W)

ARHo R nhs HI7F o Ao A S d AEFEL FHA 2-3 ulE oA AE] AH|
s

A5 AES W] e ntEdEsE 3R AR 715 $FAel F AFE FalA
o s FEE Hojopdty gl AFe] e SAE G s ojol & Aejr 3o
ZIgelM = F7HA o AT dets Sl itd Vless 28 AlwEl dEde
Ae FAAA ALES FHE Aot AFo FA AFE Foyr|de] Bfsta A= vAE
2 dgAEE g FEste] AAFE A RS S g W Ee] AE Aotk

A1-32 AR /154 AR 2 FNAEEY

(A E A, 7] h)

(10 g) ¥ & (10 mbhel +#FF 40 mle #H7bsta =53 3? pH meter (model 3510
Jenway, UK)Z =A3}3th A== A 8Z 0.1 N-NaOH €407 pH 83714 F3}HA 7]+
289 By (m)E 73 F 224 (lactic acid)e] ¥o = 3kakste] F7]30 v

(2) &2 = phenolics ¥ isoflavone 3$F%

Isoflavone %%8 Cho & (2011)¢] ®WHel Fatth ¥e dxs @4 &2 10 gol 50%
WEe 100 mlE 715k 25°C°ﬂ’\1 12 AIZF 2HE (160 rpm)3dt & AF-+= 045 pm Minipore
PVDF filter® o] ¥}3}o] % phenolics®} isoflavone 4] ] A}%?‘S}?}F_ U™ A= Whatman No.
42 A2 oy} F XP‘ Azxste] -40Ce] Rt orn, #4 A 05 mg/ml = A 50%
e mof ggikst @48 FAHs A 2 6,000 rpmoﬂfﬂ 30 Y & AT
S 0.45 ym Minipore PVDF filter2 ©]3} % % phenolics®} isoflavone —‘:’r/ﬁi, sakst g4 3
ol AR&-3F Stk
% phenolics= Cho & (2011)2] WH
2 N Folin—Ciocalteu A] %S #7}ste] &
7k

of =3le] EAEATE 3¢k ofZkel 500 plel 250 ul
3 E7F 2o " 3? 25% sodium carbonate

(NaxCO3) 500 pl& #H7F A2l 1 A T FH4= (750 nm)E dstath A=A
gallic acid& °]&3ste] #AAstH i BE A5+ 3 vHE 439t

(3) F7el F7dE X
Aol AHgE B B dF AES AeFEH AAE oS5t FVIEES -] Gas



Chromatography-Mass Spectrometry (GC-MS)E ©]&3to 7S A AY. 1+ A=
230 mL, ¥ ME2 30 g AFEsta 2t AES 3 b SFsith

(4) 7] kst &4

DPPH @tz 271842 Blois (1952) WS 98 wgste] 248k 15x10° mM &
o 0.8 mL¥ 05 mg/mL %9 FE5&8 (%) &2 40 0 s o () 0.2 mLes 7}
shal 10 %3t vortex® T ASA| 712 A2 A 30 & WA * FHE ( =
o 54 dxzTe Al g2l & 02 mLE AFEssiew, D
Tob A dEzFY FHEE Fete] WES(%E EAISYTH ABTS @0z aASGALS 7
mM ABTs £H3 245 mM potassium persulfates 1:1 (v/v)E 41o] A9 oFaloA 12-16
AZE drEA A ABTs @z (ABTs )S AAAZAY. ABTstE 732 nmolAd 3%
0.7£0.027} H=Z oet2z 84 ALE3A Y. deez 34" ABTs €9 09 mLy} F&
0.1 mL [0.01 mg/mL ¥%° FZ&& (¥%) 52 50 #] gAls oz ()]s 4, 4
3% % FEE (7130 nmE SASAY &4 dE2TE S 0.1 mLE AFESSl L, ABTs
gz AAGdE AEFd 54 dxTe FEEE Fote] WES(%E EASAT (Choi
5, 2012). Ferric Reducing Antioxidant Power (FRAP) #41& (Choi %, 2012)¢] W¥ <& &
sl FEEo A HS =A3 T 300 mM sodium acetate buffer (pH 3.6)¢ 40 mM
HCIZ &€8417]1 10 mM TPTZ €9 =83 20 mM FeCl; €48 Argatgd. vy Axd
sodium acetate buffer, TPTZ & % FeCl; €9 10:1:1 (v/v/v) HlE&Z2 &33te] 37T 15
B2 WbS A A FRAP Al9kS w08kt FRAP A9 15 mLE F&% 50 pl [0.25 mg/mL

¢

FrEe] FEE(EY) T 50 v AT APl EFsHe M, 37T 15 F WA
3 EYE (598 nm)E FASth &4 HERTRE U 50 uLE AHgStgla FRAP 4
& FHE gor FAHAL

U. AZA 7]5A ALA (isoflavone) T H 4

A= Ha F isoflavone &7 W3}

Al BgF, SuF, AT % e 2011d 114
Ags Aol d FHE AL $EAEY FPAFAAY SRR Ao P
4 wE AEE AV FRAEF)YG FHOE s 53 5EL gud #F B

shsict.

subtilis CSY191S AF&

(W) =4 Ax D 2g & A9 B-glucosidase A W3}

A 8 EFF (200 g)& AlFE 20Tl 12 AZF 3 8w %o Eo Egla 121TelA 30
T SAEAY. SA F 37CAA 1A Fo] WzhE Fol CSY191 (956 log cfu/mDS 2.5%
(w/w) BA=3staL 37, 48 A 7F wastda 0, 12, 24 2 48 A kel N HE AFHeHL}. s
A A2 1 g 085% NaCl 9 ml¢F 413 |5 (0.1 mDE TSA HjR|o] Z=wste] =
Hj A= 37C 24 A7 wjksle] 2 2UE A3t th. B-glucosidase A FALS e =4
(1.0 g)& 50 mM sodium phosphate buffer (pH 7.0) 20 mLe} 4332 4C, 6000 x golA 30 &
QAR 3 ASAS 045 pm filter® o #dte] ZEgAE A ZRSAY. &9 B
-glucosidase &4 p-NPGE Al&ste] FASAY. 284 (250 uh) 50 mM  sodium
phosphate buffer (pH 7.0)°l 5 mM p-NPG2] 250 plS 7}ste] 37TC 30 & wkS-3F 5 500 ul
9] 0.2 M glycine-NaOH (pH 105)& 7}sle] @240b-$S A A17]321 WE% p-nitrophenol®]
U 405 nmol A FFEE SAHIIY &4 1 units p-NPG 1 pmoleZ F8ldts &4 4o
2 Aolstath

(th) =48 #5d 2 2E % F phenolics % isoflavone 3% ®¥3}

Isoflavone %3 #4] % % phenolics #22 A7) 7|&3 W= 43519 o}

(&) =2k #5d 2 2y 5 ik &4 Wl

DPPH #tiZ &2AE, ABTs &tz 2484 9 FRAP 42 7] 7&

ro

ol

FN
ol
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of sttt

(2) vk WA 2 A wgrky HAol 43 Bacillus sp. i At

(b ks AT 2 A5 2Em by g4 o5 A

A 94E5e Fhed H4 F TSA WAel mwaie] 37C, 48 h W ¥ FesHow
" =

o 76 +9 Bacillus sp.& wdstdth 5% (w/w) ©z2l U}’“E =g A z=Al H7bste] A
A wkg 72 A Zbol] i AAFAAE w 'E— WAjel Aol oHES Al Aoz 3

1
Frs Adasth 31 #3ek AddeE (Faslmel ® ARl wealn dd A= 3l
o)

prE G F @ arel dAA s 3%% AT T @ ARAE i WS 3539 o
Ans 489 A2 AUE 31 #FE0 165 RNA §44 97149 BAY Fehe] #F
2 F33r)

(b A #Fe) Pt 54

FAF (200 9 AH, Bol BE, TA

(9.56 log cfu/ml)S 25% (w/w) HZE3
bl AN=mE AT AT 2 B-glucosidase &2 7] 71& -JEHE Z;‘q 0} ‘:}

(3) AF AAHTEFTE o) &s d5 % &3 A= LF F isoflavone & W}

(7}) H=7 =

HAs718d (A) FelutsAdTFadA o5 dE/Eug 2@ 2av|EE Axd H=5F
("5 10% HF7hH< ] whol A gl A8t

(W) A9 B-glucosidase &4 W3}

A2} B-glucosidase &4 A7) 71&3k nle} ol FUsHAl T3 T

(t}) W& % ¥ phenolics ¥ isoflavone % W3}

Isoflavone &3 4] % Z phenolics #22 7] 7|&3 W= 43515 o}

(4) vi= H7F d8 (A, Zol & kg vs)E G A5 HE T isoflavone ¥ H I}
(7}) H =7 =]

e 7180 (A) FalvbsA a0 A
A7rst] Alxzd A= ARES AT
(1} A9t B-glucosidase &4 ¥ 3}
A9 B-glucosidase A2 7] 7|&3td 2 =A 5190}

(th) && % & phenolics ¥ isoflavone &%
Isoflavone %3 w4 % % phenolics &4

whs T Ash Anbs Woh, welnbs Wb 2 wEnks
o

Agol AHg et

t. 7t 54 5 BA (histamine® tyramine) #49

(1) &2 7+ 54 % BA (histamine¥} tyramine) $FaF W3}

7h) B E(F) ] AR AAFH U olFstd EA B

714 FaAE(F)Y P AREE 99 30 AFH AlREE AFHS oF 200 & F<t
3 A HHX] of LEdslo]

( 2
At BT 1 S T ATSFE 10 & Y SA
N), pH, 9% 2 ofn]x=eld i (AN)E ZAFEAH| F3] 2489}

AFstd 45 (T
(W) &2 #(5) H49 BA (histamine® tyramine) ¥ %
BALS dE A7 A1dH 4 F BA #4HE dF ¥Wyste] HPLCE o] &3t 483

o
(2) &3 g dw %H nAE g 24
7hH M+t thEd =4
FFomRE B metagenomic DNA %2 PowerSoil'™ DNA Kit (MOBIOLabs,
Carlsbad, USA)<S AF§ FZ3F3th. Metagenomic DNA% TFHo= 0}01 16S rDNA (1.5 kb)
£ PCRZ TE3IY &2 94T 1 & WA 50T 30 =2 9, 72C 1 # 30 = Ao =2 30

0
o
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cycle =3 = Ak 16S rDNA 53-8 93] AF-&3F primerE2 5 -CGGAGAGTTTGATCCTG
G-3'¢} 5-TACGGCTACCTTGTTACGAC-3'°|t}. &% 3 1% agarose gelolA 15 kb ©¥H
S 33 & pGEM-T Easy (Promega, Madison, USA)oll €24 38}al Escherichia coli DH5
a°l =4t LB 3-HuiA (50 ug ampicillin) A2 ¥ &5 25FE plasmidES &7 A A3
t}, A A7) E-& PRISM Ready Reacion Dye terminator/primer cycle sequencing kitS A}
S|4 AA5AT. 71 ES BLAST (NCBDE AF83}o] database®] w53 H|ul3}kd

(W) 38 o Z=AF
Metagenomic DNAS F3d o7 3o 26S rDNA (0.6 kh)E PCRE FZ3& 3ttt =Z & 94T
1 & WA, 52T 30 = &9, 72T 30 %= AlFo= 40 cycle &35t PCR primers<
5'-ACCCGCTGAAYTTAAGCATAT-3' ¢} 5-CTCCTTGGTCGTGTTCAAGACGG-3' ot}
ZZ¥ 06 kb ©9HL 1% agarose gelolA 353 T pGEM-T Easyol 24 39
Escherichia coli DHba°l =3ttt LB e-dwi#] (50 ug ampicillin)ol A =gk #2529
plasmid DNAE #3g AAeAth 34k 7149 d3 sdstA AAskAaL 265 rDNA 9
714492 BLAST (NCBDE A}-&3}e] database®] &REE5¥ 4| ust )

(1) AFZXEH g5 7F A 9 =34

oh T =

A (27 HERYH 28 #FES &5 Bt 10 g 52 10 ml A18Z 100 mL
YPD wjx] (F2ZHYZ, 1.5 mg/mL)ol A 24-48 AJ7F wjekst & wjefol 1 ml 3H3sfo] 10° -
10007 3Aata o2 FEIHAYZ (15 mg/mL)e] 38 YPD s ujxlo] w=wste] 30T
48-72 A7+ wj st A A o] =54 F2] 8]

Fato] AdgAel gax FE2UES 942 F A YPD
30C oAl 48A17F Bl &3St

(W) =+ &4

2e 752 PDB HAWIA 5 mloll FEsFa 48 AlzF vk T QA EP e #AS d1
DNAzol kit (InvitrogenAl, USA)E ©]| &3} genomic DNAE #2]3tt. Genomic DNAZ
FPOE 94T 1 # WA, 52T 30 = =9, 72T 30 = Ao =2 30 cyclez 4334 0.6 kb

GHS FE3519th PCR AHE2 1% agarose geloll A 34 2 AA|3 & pGEM-T Easy 9l
29 8tal Escherichia coli DH5a] =38+t LB Al (50 pg ampicillin )olA 16 A] 3+
Hj<Fgt & plasmid DNAE A3tk 71X E AdAY 242 7] 7€ 9= S8t

@) Aur mwel g, etmed 2 s gl
7} WA gl

2w (NaCDE 0-15% #71gk PDB fAujAlo] #FE 50% (v/v) H7keE § 25TelA 48
AR F F3E (600 nm)E FAde] o SHEE 25

() &g WA &<l

0-15% &3 37} PDB fAmjAo] HE A2 6 55 242 50% (v/v) H7HE 5

0, 10, 20 2 30% A< H71s PDB wjA o] #F2 50% (v/v) A7Fsk & 37Co| A 48
AZE AfFe 3 3% (600nm)E SAHste] o ASAHAEE AR

o

R4

3

Jm

o

(3) Ak g5 E o]&3 A A|x 2 o|gstA
¥ ]

l
e dA Tled dE2 A, = =Y, SAEd AR Tl H9sts (EMD17,

HCDO02 % MJ1-4, 9.12 log cfu/mD< 25% (w/w) HEstaL 37C oA 72 A gk H&Este] A
dedes Axd F 55T 2 Azt Axste] T vFE Axzsdnh 1.2 liter 2] Tax
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of Az FL WlF 200 g¥ dEk 18%= AT A 48] (800 mDE
HiAlol A wjFe BR FFE 5% FTote] (e A 5 20TeAA

QQ Ll
mg Y

7F. 939 olgstd 54 4
(1) &g #F
1A d =0 Adst 55 AV839 Y. Bacillusss B. amyloliquefaciens MJ1-4, EMD17 2
HCD02 3 & & 2 TS5 A&3d L FATFTEE B nattos AHEsth 3 AdFHE
Rhizopus oryzae®t SN+ 2 Aspergillus oryzaeS A-&3tth ERE 1xdx Ads Y
Aol -3 Pichia farinosa SYS0S A&31ST).

N

15A tAIA (isoflavone) ¥4

(2) 2537} (0, 10, 200%) DA A2
AeFe FJded 7FFAY S, vtEe Fantsd oA, U kojiye B2 E(F)l A

Asp. oryzac o183te] WE & At Agwol A8HAT. vhg L 121CAN 15 & S

xmom ow HaAe FAF 3 kgol MJ1-4, EMDI17 %2 HCDO02 wj¥els zZ+zh 2% (v/w)
Tkl 37TCelA 72 h HEste] AxstAnh vtEsdES F 10 kg 7o ® A x5 o

zﬂ%ﬁ& 9GS VFoR 6 7 Hasden 1 F g9z ARE AFHE Aol AHEEA

=
= (0, 5, 10, 15, 20, 30%)<= sto] AFS A xT
I

¥, 6 7 FEATa 1 F }7—433 Nig AFstel A Rs °]§1r5”4 54 24l ARS8t
Fi dFFe sAHAE F 8t F phenolics, isoflavone 4 B ksl gd B A}
Q_g]_oﬂg],

[¢) AR

of FEoE AFFE (6 8 10, 12%)E EHstd A4S Axg F 6 73t
F AR ANEE A YA EE O]QSW 54 Aol Abgstdla oA
% 38kl F phenolics, isoflavone 4] 2 ?%V\Jﬂ A B ALEsES

(6) hzel WAL deld B AR Az
garlsdTas $EoR e b (Ans, 3
o H4e AxaAL, e WA e A4S o
T AR ANRE AFse] ArE= Oli}i
< o

- 33Fe] & phenolics, isoflavone &4 %

001‘ _1>4

OHUP”Oﬂ:rL/\@r 2 FAIFF (B natto, A. oryzae) H KWkt

amy]o]zquez%aens MJ1-4, B. amyloloqueficiens EMDI17, E. oryzae)E Z23ste] A4S

T 6 FLUEAINR | E A0 AnE AAstel A olsterd 54
L3891 dAFE TAAFX T B35t F phenolics, isoflavone ¥4 @ &3l &4 A

o A-g3tgich.
GEETIBEL S

pH ¢} 4t F4& 12d g 5
of THF 40 mle Frlsle] #AIE F AL o] e AT
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At @A SRS o8-8kl EE= chloramphenicol &+ YPDA HIA & Ab&stle
o, vpA el 2= TSA wiA & AFEste] H &8k

(8) ©4<2 %= phenolics ¥ isoflavone $F%F FA

% phenolics ¥ isoflavone F&< 121d %2 7|3 Cho & (2011)2] W we} AA]s}

rr

-

[ex]
AA

Isoflavone #4412 Cho %5(2011)¢] ®lHol| Z3}lo] HPLC (Agilent 1200 series, Agilent Co,
Forest Hill, Vic, Australia)® #4399t #4 column< Lichrophore 100 RP CI18 column
(4.6x250 mm, 5 pm, Merck, Germany)< AF&3t% 3L ol57 &vle 0.2% glacial acetic acid
in water (solution A)¢} 0.29% acetonitrile in glacial acetic acid (solution B)& #2138}l t). o]
2 2de A &) 7122 0 min-100%, 15 min-90%, 25 min-80%, 35 min-75%, 45
min—-656% % 50 min-65% = FAstA T A5+ 20 uLEs FYstA on, o]FA Hx+= 30T
1 ml/min® 2 FA3tA . HA=7]+= diode array detector (DAD)E A}F&3le] UV 254 nm
off 5 AE3Ih 7 A2 3 3] wbEste] Jugro = YERY QT

G 849 FHE B4

(1) &7+ =
BE AZEE A dA sAAXE T3 RS AAT & Ao ALEEST 2 Al E 9
7] di F%F2 Likens & Nikerson® A& 35HFFEH (simultaneous seam distillation and

extraction a o Alg Zg2a3d v AF 10 g SHT
500 mLE =33 3 100CE 4 Al7)a, &v) S22~ =d= Diethyl ether 200 mLE ¥ -&
F 60C= fFxstdAl 2 AzF &<t 3 e EFsAT dr)dEe] x7E & ZEx
Aol sodium sulfate anhydrousZ A% 713 3 4 SHF WXl et @Azt e &)
+ Whatman No. 1 IR E S AHE AR & AAL7FAE o]&35te] 1 mL 714 53
T BAo] ARgstth W 5528 pentadecane (C15:0)5 AH&3FAth (Fig. 1).

pparatus; SDE)o| u}&} =33}

,4
oX,
ox ~

(2) Chromatographic 4]

FEE A MRS Gas chromatography-Mass Spectrometry (GC/MSD; Agilent 7890A
& 5975C, Santa Clara, CA, USA)Z A8ttt &7 A& #412 HP-5MS Z# (30 mx0.25
mm 1.d.x0.25 pm film thickness)S A&t B xHo02 & 2%& 40TAA 5 &+ F
200C7HA] B9 5C S22 52A#H 21, injector &%=+ 220C %, carrier gas®l helium
2 1.0 mL/min, 28] 2 split ratio= 1:100] 1 t}. Total ionization chromatogram (TIC)ol A
g9 z} AEE& mass spectrum library (NIST 12)9} ZFrufFaS o] &3dte] HAs o,
Azol &7 ARS ¥z WA ol V|EoR sl AA YAHAL 100%=E SHiE]
AiEEel 7 e YauA s FuAdd v & (%) 2 YER AT

SN

o 8% R 3R WEAE AR I 24

(1) Genomic DNA +32]

B2 Al® 10 gol pH 7 buffer 100 mL& 7}sle] 160 rpmel A 3 AIZF F&3 & @4
e AATF F FE4 3 mLe 4T, 13,000 x golA 5 & dA&Ee sk, g2 A8 3
mLE 4T, 13,000 x golA 5 & ¥AZgstant. 2o # A+ DNAzol kit (InvtrogenAl,
USA)E o] 839 genomic DNAES ¢ &9t}

(2) 26S rDNA PCR <% % A A%

Genomic DNA=Z HH 265 rDNAE SF%atath. 26S rDNA @S F3&sh=d AREgh
PCR (yeast-specific) primerg< Y3 2t 5-ACCCGCTGAAYTTAAGCATAT-3'
(3YF/21-mer, forward primer, Saccharomyces cerevisiae TRNA)®} 5'-CTCCTTGGTCGT
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GTTTCAAGACGG-3'(3YR/25-mer, reverse primer) (Cho et al, 2009). rRNAT
meta-genomic DNAE 7|2 2 18]3l Super-Therm DNA 3% &4 (JMR, Side Cup, Kent,
UK)Z A}g3te] ZZ3 9tk PCR ¥H$-S (50 pl) 7ag polymerase (2.5 unit) 1 ul, 3YF-3YR
(10 pmol) primer 3 uL, W& buffer (15 mM MgCl) 5 pl, 2 mM dNTP 5 uL, 53 DNA 5
uL, g 28 nLs X359t PCRS 94T 5 +#, 30 cycles (94T 30 %, 50T 30 =, 72T 2
) 3 agla 72TCeoA 10 ¥ AFsA T PCR ¥Hg-o] 49 & 7] 953t 26S rRNA
GHS el KitE AFEEe] AA st pGEM-T Easyol 2438t Escherichia coli
DH5aoll =3tk LB #iA (50 pg ampicillin)oll 4 A& 85 2] plasmid DNAE plasmid
purification kit (Intron, Suwon, Korea)& A}-&3to] #2] A A sF$dc).

(3) DNA 71X 4 2 54 &4

A71d AAHL PRISM Ready Reaction Dye terminator/primer cycle sequencing kit
(Per—kin-Elmer Corp., Norwalk, CT, USA)E A}&3dlo] Fd3At. A7IA4 <€ GenBank
database®] &R E°] 26S rRNA®t Hla A3tk 26S rRNA FAHd 72 DNAMAN
analysis system (Lynmon Biosoft, Quebec, Canada)E A}-&3}o] alignments, evolutionary
distanceZF¥] AAF3}$I T} Phylogenetic treei= neighbour—joining method?} distance matrix

datas AH&-sto] sttt

1-3. 73 ¥y G dx)
7b 8% vhs 939 7154 Al (isoflavoned} F714+) £4

(1) olsgtsta 54 A 7]5A thAMA &4

(7}) olststAd 54

B9 pH, A%, 9% 9 AdS (Bacillus 7 2 858) 4L 44 7l 1, 2 Ad%E
W 5 st

(4) = phenolics 2 isoflavone 3% #4]

% phenolics % isoflavone F&<& 47| 7]1%3% Cho % (2011)9] HHol| whz} 2 A5
Isoflavone #2412 Cho & (2011)¢] Wl =3Fe] HPLC (Agilent 1200 series, Agilent Co,
Forest Hill, Vic, Australia)= #2413} t}.

(th) frelobn =ik 4

frelobneat B f B 01 gol HPLC 554 5 mlS 7 2 wdkdk & 60Tl A

1 AIZE 7heRaisk el 1 F 10% salic acid dehydrate 1 ml& 3 7Fske] 4TolA 2 h WA A
A Gl AS HAAAAY. 2 & YAEZ 7] (MF-550, Hanil Science Industrial Co., Ltd,
Korea.)& o]&3to] 15 & dAlielste] Asint @2 045 m ZHE o Fstdth. o 343k &
Ao I HAZFE=E=7] (Eyela, NEIS, Japan.)E ©]&3sto] 60ColA AZ3F o™ lithium
loading buffer 2 mLS 7}t & ThA] 045 m ZHZ A3t dA e 3 Alge As o
n] Ak F4 7] (L-8900, Hitachi, Co., Ltd, Japan.)S o] &3}o] #4151

(&) GA5E 24
2P RS} FAG W ow FAsA

(2) &5 gy 4

(7H) Genomic DNA +#g]

B3 73 A]E 504 genomic DNA +& W2 23 d =9oF FHslt)

(1)) 26S tDNA PCR T% ¥ 23

23 genomic DNAS F80o 2 3ol 265 rDNAS FE35ta g = F 947|449
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g 249 FAse AdE 1&d s sda
(th DNA 97149 2 AEx BA
A7NNDE AR A BAe) AEd PEEL 2AdE V)Ed PPEY 98t
(3) 3iksl g4

(7b) DPPH 2tz A~A84: Cho 5 (2013)2] Wol F3alo] S48t

(4) ABTS &z AAZA: Hwang (2013)2] W

(t}) Ferric Reducing Antioxidant Power (FRA
WHgol ot SA4skAt

z
M
_I

B B3 w2 dels Sriy 9712 Ark e B4 B

hH As 2

(1) 2 A=x 7-2 =73
w7k

W8 A B B wme 44 vl 1G9 FRABA AF wrow, Hubis
o725 dalobs a0l A AT ASIAQL T ARE 01 F Table 339 &
25 i 2=n 7k

2 ue & 3 L /1FoE Suks o/ aE 747 0, 05, 1,
0

e Axst. 2 F Axd EE VIFer F 180 4 % LEs
45, 60, 90, 120 2 180 ol Al5E AFA st H7ol| ALE3F T

(1/}) O]p:].tﬂ—?(—] EA

pHE 7+ 10 gol F4 40 mlS H7Fsta £33 & pH meter (model 3510, ]enway,
UK)®Z =489 Ars= /\]E% 0.1 N-NaOH &) &2 pH 8300174 F8pA 7= &
dml 2 F7eA0 9% 42 1 10 gol 75 40 mls F7beto] A5 & °J“

wEsle A AT s dEAR SASGT. AT E A FJAHS ol&ste] gEE
chloramphenicol 3 YPDA #iX & Al&stgom, npael 2~ TSA wAE AM&ste] HAE3)

At

Table 33. Mixing ratio of black garlic extract and Monggo moromi for Ganjang

. Concentrations of black garlic extract (%)
Material
0 05 1 2 4
Black garlic extract 0 mL 15 mL 30 mL 60 mL 120 mL
Monggo moromi 3,000 mL 3,000 mL 3,000 mL 3,000 mL 3,000 mL
Total 3,000 mL 3,015 mL 3,330 mL 3,060 mL 3,120 mL
(Th) Selobnl At 24
%FJOPU] A EAS g Buk 0] go] HPLC water 5 mlS H7F 2 wwksl & 60T A 1
Al ZE 7yEEEIEA Y. 1 & 10% salic acid dehydrate 1 mlS H7}sle] 4T /\1 2 h HX A A
gmAd S JAAZLY. 2 5 YAEE Y] (MF-550, Hanil Science Industrial Co., Ltd, Korea.)
=2 01%3@4 15 ¥ daigste] Aot 2 045 m ZEE o]}tk o] 3e g4 3
AR F&5=7] (Eyela, NEIS, ]apan)E o] &3to] 60CAA HE39 2 lithium loading buffer

2 mL& 7&7}25} T Al 045 mm ZHZ AFetAnt. AAHE 3 A5 AE oln| kAt B47]
(L-8900, Hitachi, Co., Ltd, Japan.)& ©]-&3}o] #2135}t

(2) ]L” CHARAl 2 3Akst €A
(7}) phenolics ‘3% isoflavone & %
% phenolics %S Folin—Denis (1912)H .2 =A 3}t Isoflavone #41& Cho %5 (2011)
o] HlHo| 3ol HPLC (Agilent 1200 series, Agilent Co, Forest Hill, Vic, Australia) = 2]
sh At
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() kst &4
DPPH @tz 4424 Cho & (2013)9] WXl Fstol S48kt ABTs @hvlz &A=
d<2 Hwang & (2013)¢] WHe| F3sto] FA 39 th Ferric Reducing Antioxidant Power
(FRAP) #49] 4%+ Hwang 5 (2013)9] Wl F3led A3t OH 2z 2AEA
< Min 5 (2008)2] Wl +=3te] S48ttt 10 mM FeSO.7H:0-EDTA 0.2 mL, 10 mM
2-deoxyribose 0.2 mL, 10 mM H:0: 0.2 mL, 3] A& 14 mLE &3 5 37CoA 4 A7t
HES Al Z T, &3t 1% thiobarbituric acid®} 2.8% trichloroaceric acidE 2z 1 mLE 7}3}
o] 100ColA 20 & 7FEetar WZAZl & 520 nmollA] SFFE=E SHsAt. 24 xR e
A& Al PBS €59 (NaCl 876 g, NaH:,PO4 0.11 g, NaoHPO4 0596 g)= AH&3l3th. OH
gz AAGA] As&He HIbe 7 HIE Alold] 3RS AolE W& (%)E LEY

ot
o G AF dolx Fuks Asx B 1% Y B

(1) g A=

Oh) Eehs o7l B Y Az
Fonm eASE gL okl WLl olAste] Az (Table 34). 4T Fol %
et (EMD17 2 MJ1-4, 9.12 log cfu/mDE & sZuH] 25% (w/w)E FF3sha 37Tl A
72 A3 Hgete] A TGS Az $ 55TAA 2 A3 Axete] T WFE AxXsAT 5
liter o8] LEX ZY WF 200 g7 AL 18%= A3 A9 4 vl (800 m)E H7lsta
Wstel Mo A WRR X FFE 5% AEAC] FE AXF F 20TAA 120 47 W
A7 F olBeA 543 ARFE 4

Table 34. Composition of Ganjang using whole soybean Meju and
Black garlic extracts.

N gq

Az Suts A7)~ H7F 9&(%)

0 0.5 1 2 4
oW F QXA 0.75 kg 0.75 kg 0.75 kg 0.75 kg 0.75 kg
A= ZA (AR 0.25kg 0.25 kg 0.25 kg 0.25 kg 0.25 kg
sy 100 g 100 ¢ 100 g 100 ¢ 100 ¢
Suls A7)~ 0g 20 g 40 g 80 g 160 g
15% A<+ 4000 ml 3980 ml 3960 ml 3920 ml 3840 ml

A 101 1215 142 183 265

() 2v 5 Suks 7] 1 Ax

Al 7= e} o] FE& MFH 2 A FAAHE Y TS Foll BT
(EMD17 2 M]J1-4, 9.12 lo 25% (w/w)E HEsta 37T oA 72 A
b gste] AR FS Ax
el dazd Azx" T WF 200 g Suts o
150 ¥ 18.0% = ZA43IAUTE (Table 35). ¢ & Hdstl wjxo A wjgst a8 758 5% F
Fato] S A Z3 S 20TolA 120 L3+ 1 71 FE =

.

N (1 .Se!
s
RN
ol a
Q1 ~—
O il
a
2, ol
>,
ofy
N\ OT\E
e =
)
)
BN
ol
2
ol
{4
=
N
il
2
BN
ol
2
=
o
((.-:?
=
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Table 35. Composition of Ganjang using whole soybean Meju and Black garlic

extracts with different NaCl contents
A= %)

ZH = =)

12.0 15.0 18.0
F AW FQ X 0.75 kg 0.75 kg 0.75 kg
A IA(AEF ) 0.25 kg 0.25 kg 0.25 kg

ax g g 75g

Suts A7) 60 g 60 g 60g
AT 2940 2940 ml 2940 ml

A 3,076 3,076 3,076

(th) w9 Suls |~ 7 Ax

ol Ao A FHE Znts N7~ S Aspergillus oryzae 2 Rhizopus oryzae. i
5 o] &3lo] ol uiFire] uwe} A|xg * (Table 36) 20TCAlA 150 €+ 2w A}y 5
olgtet ] 5T 7|eAd tAAIE vl A5t

Table 36. Composition of Ganjang using whole soybean Meju and Black garlic
extracts with different fungus.

. FU AF Az 5 Fw
Asp. oryzae Rhi. oryzae

T Z2XA 0.75 kg 0.75 kg
A IANHEH =) 0.25 kg 0.25 kg

% g 5g

Snls A7)~ 60 g 60g
12% 94 2940 ml 2940 ml

A 3,076 3,076

(2) olgtstd 54, frEoln=it, 7154 diAkAl 2 Eats) g

(7h) olgtsrd 54 A7l 7le=H Wy Fote] 73

(1) %?/]O}U]L"P A ATl VlEE e &

(t}) % phenolics ¥ isoflavone $F=#F¥} Isoflavone 4]

(,:1/].) 6P/1\l—§]» :oﬂ—/ﬂ

DPPH vz 42AEA, ABTS #vZ A2AEA, Ferric Reducing Antioxidant Power
(FRAP) #4 % OH &tz 2AGAd L 7] 713 ol wsiot,

B AEs s we.

2-1. @743 1 94&=)
7b 259 olsted 54 2 7154 WA (isoflavonedt 714 &) &4

(1) el 8 % olststd 54

A ®Fdel pH, 42te 2 AxE Z47F 537 (CDD# 6.79 (CD2), 012 ml¥ 0.08 ml %
10.8%<} 11.0% ©] Sl aL %5’_ A% (MGD)-"J pH, 2t= 2 d%+= 7242 552, 017 ml ¥ 13.6%
= /\} 9} 031:7} XHEH EE} 1;1r (Table 37 XHEH 7]-x},4 DH /\]_1: u] 031:L 71—71—
6.30 (CK1)¥} 5.15 (CKZ) 048 mlJJr 1.60 ml % 17.4%<F 20.1% ol =i g (MGK)<
pH, A% %9 A%+ 77 473, 246 ml 2 17.9% = pHe AFe7F 4770 #Fgolx= &3
aL A e ﬂ%it‘r =Skt
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Table 37. Comparison of pH, titratable acidity, and salinity of doenjang and kanjang.

Contents®
Soybean fermentation foods o Titratable acidity” Salinity
P (m) (%, NaCl)
Conventional doenjang 1 (CD1) 5.37 0.12 10.8
Conventional doenjang 2 (CD2) 6.79 0.08 11.0
Mong-go doenjang (MGD) 552 0.17 13.6
Conventional kanjang 1 (CK1) 6.30 0.48 174
Conventional kannjang 2 (CK2) 5.15 1.60 20.1
Mong-Go kanjang (MGK) 473 2.46 179

"Data are presented as the mean+SD of triplicated determinations.
"Ten gram or milliliter were titrated with 0.IN NaOH to pH 8.2+0.1 for titratable acidity

(2) 2] = phenolics, isoflavones % 7] A &

7hH * phenohcs s}k

XPE«] %= phenolics %S =43 AFZ Fig. 58 Yeluldct @32 A2 ¥ CD2
b F phenohcs Skako]l 7b w=oka, h e A e KD27F 7HE =gk

30

y

25 -
20

15 -

10
5 .
o -
| cD1 cD2 MGD KD1 KD2 MGK

Doenjang Kanjang

Total phenolic contents ( GAE g/kg)

Soybean fermentation foods

Fig 58. Comparison of total phenolic contents of soybean fermentation foods.

(W) Isoflavone &=

Az 2 T A/ isoflavone 41 AF = Fig. 59 2 Table 389F #t). &A=
isoﬂavoneO] AEF Aoy, A= isoflavone°] HEFH A gt A D1 (CDDANA=
aglycones?l daidzein, glycitein 2 genistein 3 o] A=A A FA2 (CD2)A =
glycoside ¢! daidzin¥} aglycones?! daidzein, glycitein % genistein 3 £°] HE% A}t B

HA o = glycosides 3 %, malonylglycosides 3 &, acetylglycosides 2 & % aglycones 3
T F 11 Fo] A=HArh F isoflavone S g1 o] 7HE =3O, aglycones &aF
2 7 WA e F RaAEe] 49 2w T uAEe] AAstE Akelyr B-glucosidase
FAdo| o] wjdA 3gEo] HujF A aglycones® HA+¥ 11 F isoflavone IHS 74 E)
= Aoe® By tH(Cho et al, 2009; Cho et al., 2011).
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Fig 59. Typical HPLC chromatograms of isoflavones. (A) HPLC chromatogram of
isoflavone extract in conventional doenjang 1 (CD1); (B)HPLC chromatogram of
isoflavone extract in conventional doenjang 2 (CD2); (C) HPLC chromatogram of
isoflavone extract in Mong-Go doenjang 2 (MGD). 1, Daidzin; 2, glycitin; 3, genistin; 4,
malonyldaidzin, 5, malonylglycitin, 6, acetyldaidzin, 7, malonylgenistin, 9, daidzein; 10,
glycitein;, 11, acetylgenistin; 12, genistein.

Table 38. Comparison of 12 isoflavone contents of doenjang and kanjang.

Isoflavone contents® Soybean fermentation foods
(ng/g) cpt | cpz | MGD | KDL | KD2 | MGK

Glycosides

Daidzin nd” tr 1845 nd nd nd

Glycitin nd 375 104.0 nd nd nd

Genistin nd nd 163.8 nd nd nd
Malonylglycosides

Daidzin nd nd 38.9 nd nd nd

Glycitin nd nd 249 nd nd nd

Genistin nd nd 70.6 nd nd nd
Acetylglycosides

Daidzin nd nd 29 nd nd nd

Glycitin nd nd nd nd nd nd

Genistin nd nd 14.6 nd nd nd
Aglycones

Daidzein 116.2 275.6 108.4 nd nd nd

Glycitein 59.5 458 25.3 nd nd nd

Genistein 42.0 118.7 49.1 nd nd nd

YData are presented as the mean+SD of triplicated determinations.
b)

nd, not detected
Ytr, trace < 0.002 pg/g

(th) el 74 X

7 2 "1 AlZe] agvtEadS ofd Fig. 609 YERHAT A 2 T dAbe] 3
G| E A 71—3_4% Tables 39-413} Zt} A ©%4 1 (CDDS 80 F9 34 7] Eo] HAEHA
I T8 I U ES 2-methylpropanal, acetic acid, ethylester, 3-methyl-butanal %
2-methyl- butanal ol A FH 2 (CD2)= 82 F9 A ddrjdFo] A=HUL F8
AES  ethanol, 2-methylpropanal, acetic acid, ethylester, 3-methyl-butanal %

Z*methylfbutanal olty, gt T #HF (MGD)olA+= 63 & 34 F7|AdiEe] A=A

=

e o - U Y .
T8 A EE diethoxy-ethane, pentanoic ac1d 3-methyl-4-oxo- % 3-methyl-butanal ©]%lth
A 2 2] ‘3% ﬁ%}’%‘ A TExow 7#H= QS A A RS 3-methyl-butanal ©] iz, A

2 JAAA Fo HAEOR HAEH acetlc a01d ethylester= 332 @@= 2540 A&
ATt
A D Fa 7rAe) subA S| AR BA Ak Tables 42-449F 2tk A# 74 1 (CKDS 65

-
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o] A Aol HEEHIAL T AELE ethanol ¥ 2-propanone ©]il tFE FAFHT} 374
ol THe o] vtk A 3 2 (CK2)E 106 Fo] HAEFHYL Fo AES
1,1-diethoxy-ethane, 2-propanone, 2-methyl-propanal, 2-methyl-1-propanol,
3-methyl-butanal, 3-methyl-1-butanol ¥ 2-methyl-1-butanol ©|1t} (Table 8). 3H F
7 (MGK) A = 112 Zo] AHEHAL T A HE-L- 2-methyl-propanal,
1,1,1-triethoxy-ethane, 1,1,1-triethoxy-ethane, 2-methyl-1-propanol, = 3-methyl-butanal,
2-methyl-butanal, n-butanol, n-butanol, acetic acid 9 3-methyl-1-butanol,

2-methyl-1-butanol °]lith. A& 744 2 (CK2) 2 %1 -4 (MGK) %07 HAEd F&
g A ES 2-methyl-propanal, 2-methyl-1-propanol, 3-methyl-butanal
2-methyl-1-butanol o]aL zjz 7+ 1 (CKD)S AQstis s&o= gld A 374
< 3-methyl-butanal ]ttt 2y 6 EF 7/ AW VAL TF FHF2 4Ee A
o7} & AHoE AGHAY o= FFY Ax HA, dw A, 54 A 2 FEF G
HFAst= v Eo] Aolstr] wiEed FEA AR TR ol Aol v Foe=E dd
= At

Mo w2

(A)

::_‘\ = A= ﬂ L’Z*LJK T

(B)

?4

Fig. 60. Typical GC-MS chromatograms of volatile compounds. (A) GC-MS
chromatogram of volatile compounds in Mong-Go doenjang (MGD); GC-MS
chromatogram of volatile compounds in Mong-Go kanjang (MGK).

Table 39. Distribution of volatile compounds in conventional doenjang 1 (CD1).

No. Compound RTV RI? Area/106

1 Sulfurdioxide 3.03 <500 1.0

2 Acetaldehyde 3.24 <500 68.8

3 Diethoxy-ethane 3.83 <500 331.2

4 2-Propanone 4.06 <500 135.7

5 Pentane 4.19 500 -

6 2-Methyl-butane 4.23 502 51.8

7 Formic acid, 1-methylethyl ester 4.25 503 117.8
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8 2-Propanol 4.30 506 15.7
9 2-Pentene 4.36 509 1.3
10 Dimethylsulfide 4.49 516 6.9
11 Aceticacid,methylester 473 528 8.2
12 1,3-Pentadiene 475 528 0.3
13 2-Methylpropanal 5.12 545 49.7
14 2-Methylpropenal 5.44 559 8.4
15 1-Propanol 5.56 564 4.5
16 2,3-Butanedione 5.85 576 14
17 Butanal 5.96 580 0.7
18 3-Buten-2-one 5.97 580 1.0
19 2-Butanone 6.18 588 32.9
20 n-Hexane 6.51 600 19
21 2-Methyl-furan 6.61 603 85
22 2-Butanol 6.78 607 6.6
23 2-Methyl-1,3-dioxacyclohept—-5-ene 6.84 608 2.5
24 3-Methyl-furan 6.95 611 5.3
25 Aceticacid,ethylester 7.05 613 58.3
26 2-Methyl-1-propanol 8.00 634 26.0
27 3-Methyl-butanal 8.42 643 125.1
28 2-Methyl-butanal 8.99 654 60.5
29 Benzene 9.23 658 15.3
30 2-Methyl-2-butenal 9.47 663 3.8
31 Thiophene 9.55 664 0.3
32 Aceticacid, 1 -methylethylester 9.79 668 0.2
33 2,3-Dihydro-furan 9.95 671 0.1
34 3-Methyl-3-buten-2-one 10.00 672 0.1
35 2-Pentanone 10.75 684 1.9
36 n—Pentanal 11.01 688 1.4
37 1,5-Hexadien-3-o0l 11.17 690 0.5
38 3-Pentanone 11.26 692 1.7
39 2-Ethyl-furan 11.77 699 6.2
40 Heptane 11.84 700 -
41 3-Hydroxy-2-butanone 11.98 703 14
42 2-Methyl-1,5-heptadiene 12.12 707 3.5
43 2,5-Dimethylfuran 12.14 707 1.6
44 3-Methyl-butanenitrile 12.43 714 3.0
45 2,3-Dihydro-furan 12.74 722 0.1
46 3-Methylpyridazine 13.01 728 04
47 Phenol 13.02 728 0.7
48 2-Isobutyl-4,4-dimethyl-1,3-dioxane 13.23 733 0.1
49 3-Ethyl-2-pentene 13.32 735 0.2
50 2,4,5-Trimethyl-1,3-dioxolane 13.52 739 0.2
51 Dimethyldisulfide 13.65 742 5.2
52 3-Methyl-3-buten-1-ol 13.89 748 0.3
53 3-Methyl-1-butanol 14.03 750 26.3
54 2-Methyl-1-butanol 14.17 753 19.7
55 Propanoicacid,2-methyl- ethylester 14.88 768 0.6
56 Benzene, methyl- 15.00 770 1.0
57 3-Methyl-thiophene 15.13 773 0.2
58 Acetic acid, 2-methylpropyl ester 15.47 780 0.6
59 4 4-Dimethyl-2-cyclopenten-1-one 15.57 781 0.8
60 Butanoic acid, 3-methyl-, methyl ester 15.59 782 0.5
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61 2-Methyl-propanoic acid 15.72 734 3.6
62 2-Hexanone 16.06 791 1.9
63 n-Hexanal 16.07 791 1.5
64 1-Octene 16.18 793 1.7
65 Octane 16.57 800 9.6
66 2-QOctene 16.78 807 4.9
67 2,4-Octadiene 17.04 814 0.9
68 4-Octene 17.12 817 2.7
69 3,5-Octadiene 17.34 823 1.0
70 1,3-Octadiene 17.38 825 14
71 3-Methyl-butanoicacid 18.59 859 15
72 2-Methyl-butanoicacid 18.92 868 1.7
73 1-Butanol,3-methyl-,acetate 19.12 874 0.9
74 1,3,5,7-Cyclooctatetraene 19.67 839 1.3
75 Nonane 20.11 900 -

76 Benzaldehyde 21.72 941 1.9
Tl 5-Methyl-3-heptanone 22.35 956 41
78 (1-Methylethenyl)-benzene 22.55 961 1.0
79 2-Pentyl-furan 22.77 966 2.8
80 Decane 24.30 1000 -

DRetention Time (min)
?Retention Index

Table 40. Distribution of volatile compounds in conventional doenjang 2 (CD2).

No. Compound RTV RI? Area/10"6
1 Sulfur dioxide 3.06 <500 1.7
2 Acetaldehyde 3.27 <500 12.6
3 Methanol 3.33 <500 3.6
4 Methanethiol 3.47 <500 0.6
5 Ethanol 3.80 <500 160.4
6 Acetonitrile 4.00 <500 6.7
7 2-Propanone 4.07 <500 93.0
8 Pentane 4.19 500 -

9 2-Propanol 4.28 505 46.2
10 Aceticacid,methylester 476 528 1.8
11 2-Methyl-propanal 514 546 448
12 Methanesulfonicanhydride 5.32 553 0.6
13 1-Propanol 5.57 564 2.6
14 2,3-Butanedione 5.86 575 85
15 2-Butanone 6.21 588 11.7
16 n-Hexane 6.56 600 1.1
17 2-Methyl-furan 6.64 602 15
18 2-Butanol 6.81 606 2.2
19 Aceticacid,ethylester 7.09 613 53
20 2-Methyl-1-propanol 8.03 634 275
21 3-Methyl-butanal 8.43 642 97.1
22 2-Methyl-butanal 8.99 653 61.1
23 Benzene 9.27 659 4.4
24 2-Pentanone 10.72 683 0.9
25 2,3-Pentanedione 10.90 686 0.8
26 Propanoicacid,2-methyl-,methylester 11.09 689 3.2
27 3-Pentanone 11.26 691 0.3
28 1-Methoxy-3-methyl-butane 11.49 695 1.6
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29 2-Ethyl-furan 11.74 699 0.4
30 Heptane 11.84 700 -
31 3-Hydroxy-2-butanone 11.92 702 14
32 3-Methyl-1,5-heptadiene 12.11 707 3.0
33 2-Methyl-propane 12.38 713 53
34 Propanoicacid 13.06 730 3.8
35 Disulfide,dimethyl 13.64 743 415
36 3-Methyl-1-butanol 13.98 750 53.9
37 2-Methyl-1-butanol 14.14 754 28.6
38 Propanoicacid,2-methyl-,ethylester 14.85 769 3.6
39 Benzene, methyl- 15.00 772 0.7
40 2-Nitro-tertiary—butanol 15.44 780 0.3
41 Butanoicacid,3—-methyl-,methylester 15.55 782 4.7
42 Butanoicacid,2-methyl- methylester 15.65 784 3.8
43 n-Hexanal 16.05 792 10.0
44 Octane 16.48 800 -
45 2-Methyl-propanoicacid 16.50 800 63.7
46 2,4-Dimethyl-hexane 16.57 803 1.6
47 2-Octene 16.77 809 05
48 Butanoic acid 16.87 812 0.5
49 Propanoicacid,2-hydroxy—,ethylester 17.03 816 1.3
50 4-Octene 17.12 819 0.3
51 2,2-Dimethyl-propane 17.21 822 0.1
52 3-Methyl-butanenitrile 17.29 824 0.4
53 Acetylvaleryl 17.50 830 1.7
54 2,2,4,6,6-Pentamethyl-3,5-heptanedione 17.55 832 0.3
55 4-Methyl-3-hexanone 17.82 839 1.3
56 2-Butenoic acid, ethyl ester 17.95 843 0.2
57 Butanoicacid,3—-methyl-,ethylester 18.35 854 33.0
58 1-Propene,3,3’ -thiobis— 18.48 858 0.7
59 3-Methyl-butanoicacid 19.32 880 144.5
60 2-Methyl-butanoicacid 19.75 891 151.1
61 Nonane 20.11 900 -
62 Methylallyldisulfide 20.29 905 2.7
63 2,6-Dimethyl-pyrazine 20.34 906 3.1
64 4,4-Dimethyl-2—-pentanol 21.10 925 04
65 Benzaldehyde 21.64 939 1.7
66 Dimethyltrisulfide 22.02 948 6.2
67 1-Octen-3-ol 22.31 955 54
68 2-Octanone 22.44 958 0.8
69 2-Pentyl-furan 22.75 965 1.2
70 Butanoicacid,3—-methyl-,2-methylpropylester 23.05 972 14
71 Trimethyl-pyrazine 23.23 976 2.7
72 Butanoicacid,3—-methylbutylester 23.44 981 04
73 dl-Limonene 24.29 1000 0.1
74 Decane 24.30 1000 -
75 Diallyldisulfide 26.08 1046 8.7
76 2-Nonanone 26.32 1052 0.4
77 Tetramethyl-pyrazine 26.55 1058 0.3
78 1sopentyl2-methylbutanoate 26.83 1065 1.2
79 Butanoicacid,3-methyl-,3-methylbutylester 26.96 1068 0.5
80 Butanoicacid,2-methyl-,2-methylbutylester 27.08 1071 0.5
81 Undecane 28.30 1100 -
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82 | Dodecane | 3239 | 1200 | 0.6
D Retention Time (min)
? Retention Index
Table 41. Distribution of volatile compounds in Mong-Go doenjang (MGD).

No. Compound RTV RIY Area/1076
1 Sulfur dioxide 3.05 <500 2.6
2 Acetaldehyde 3.26 <500 35.7
3 Diethoxy-ethane 413 <500 1336.0
4 Pentane 4.19 500 -
5 2-Propanol 4.44 513 13.7
6 Formicacid,ethylester 451 516 1.0
7 Aceticacid,methylester 478 529 24.4
8 2-Methyl-propanal 521 548 105
9 3-Cyclopropyl-1-butyne 547 559 0.3
10 1-Propanol 5.63 565 22.3
11 2,3-Butanedione 5.90 576 6.4
12 2-Butanone 6.29 590 4.9
13 n-Hexane 6.58 600 0.4
14 Pentanoic acid, 3-methyl-4-oxo- 7.09 613 263.2
15 2—-Methyl-1-propanol 8.12 636 10.7
16 2-Butenal 8.33 640 0.8
17 3-Methyl-butanal 8.52 644 33.4
18 2-Methyl-butanal 9.09 655 13.7
19 Benzene 9.30 699 4.6
20 Thiofuran 9.63 665 0.4
21 n-Butanol 10.45 679 1.7
22 2-Pentanone 10.82 685 04
23 n-Pentanal 11.07 689 0.8
24 Propanoicacid,2-methyl- methylester 11.17 690 2.1
25 3-Pentanone 11.33 693 0.5
26 2-Ethyl-furan 11.83 700 1.6
27 Heptane 11.84 700 -
28 3-Hydroxy-2-butanone 12.00 704 1.6
29 Propanoicacid,ethylester 12.48 716 95
30 Aceticacid,propylester 12.70 721 0.6
31 Propanoicacid 13.13 731 0.5
32 Dimethyl disulfide 13.71 744 0.7
33 1,1-Diethoxy-ethane 13.85 747 0.8
34 3-Methyl-1-butanol 14.05 752 47.6
35 2-Methyl-1-butanol 14.21 755 30.1
36 Propanoicacid,2-methyl-,ethylester 14.88 769 349
37 Butanoic acid, 3-methyl-, methyl ester 15.61 784 14
38 2-Methyl-propanoicacid 16.02 791 11.0
39 n-Hexanal 16.11 793 0.7
40 Octane 16.48 800 -
41 Butanoic acid, ethyl ester 16.51 801 3.2
42 Acetic acid, butyl ester 17.02 816 0.1
43 Propanoicacid,2-hydroxy—,ethylester 17.10 819 5.8
44 2-Butenoic acid, ethyl ester 18.02 845 0.2
45 Butanoicacid,3—-methyl-,ethylester 18.36 854 22.9
46 3-Methyl-butanoicacid 18.78 866 15.7
47 2-Methyl-butanoicacid 19.15 875 105
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48 1-Butanol,2-methyl-,acetate 19.26 878 0.9
49 Ethenyl-benzene 19.72 890 0.5
50 Pentanoicacid,ethylester 19.87 894 0.2
51 1,3-Oxathiane 19.98 897 0.3
52 Nonane 20.11 900 -

53 Methylallyldisulfide 20.36 907 0.8
54 2,5-Dimethyl-pyrazine 20.47 909 0.6
55 Ethyltiglate 21.06 924 0.1
56 Pentanoicacid,4-methyl-,ethylester 21.78 942 2.1
57 Benzaldehyde 21.79 942 2.2
58 Dimethyl trisulfide 22.09 950 0.2
59 Hexanoicacid,ethylester 22.85 967 1.8
60 Trimethyl-pyrazine 23.38 980 0.8
61 Decane 24.30 1000 -

62 Diallyldisulfide 26.23 1050 2.2
63 Undecane 28.30 1100 -

D" Retention Time (min)
? Retention Index

Table 42. Distribution of volatile compounds in conventional kanjang 1 (CK1).

No. Compound RTV RI? Area/1076
1 1,3,5-Trioxane 2.96 <500 5.0
2 Sulfur dioxide 3.03 <500 1.8
3 Acetaldehyde 3.25 <500 7.8
4 Methanethiol 3.52 <500 0.5
5 Ethanol 3.79 <500 41.8
6 2-Propenal 3.99 <500 2.2
7 2-Propanone 4.07 <500 44.9
8 Pentane 4.19 500 -
9 Ethylether 4.37 510 0.3
10 Aceticacid,methylester 477 529 0.8
11 2-Methyl-propanal 5.12 545 15.0
12 1-Propanol 5.63 567 0.1
13 2,3-Butanedione 5.84 575 2.5
14 Butanal 5.98 580 09
15 Cyclobutane 6.18 588 0.1
16 2-Butanone 6.24 590 3.6
17 Hexane 6.52 600 0.7
18 2-Methyl-furan 6.62 603 04
19 Aceticacid,ethylester 7.14 615 0.7
20 2-Methyl-1-propanol 8.12 637 0.3
21 3-Methylbutanal 8.40 642 32.1
22 Dihydro-2,5-furandione 8.44 643 30.0
23 2-Methylbutanal 9.01 654 14.1
24 Benzene 9.24 658 115
25 n-Butanol 10.46 679 1.0
26 2-Pentanone 10.81 685 0.1
27 2,3-Pentadione 10.92 686 0.2
28 1-Methoxy-2-propanol 10.97 687 3.0
29 2-Methoxyethanol 11.03 683 1.1
30 1-Heptene 11.26 691 0.7
31 2,2-Dimethyl-Hexane 11.27 692 0.1
32 2-Ethyl-furan 11.79 699 0.1
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33 n-Heptane 11.85 700 04
34 3-Hydroxy-2-butanone 12.08 706 0.6
35 2-Propenoic acid, 2-methyl-, methyl ester 12.47 715 94
36 Propanoic acid 12.93 726 4.4
37 Disulfide,dimethyl 13.65 743 3.4
38 3-Methyl-1-butanol 14.12 753 4.1
39 Methyl-benzene 15.00 771 2.2
40 1-(2,4,6-Trihydroxyphenyl)-ethanone 15.29 777 0.2
41 2-Methyl-propanoic acid 15.69 785 19
42 n-Hexanal 16.06 792 1.1
43 Octane 16.48 800 -
44 Butanoic acid 16.68 806 2.0
45 Furfural 17.53 832 3.6
46 3-Methyl-butanoicacid 18.57 862 2.5
47 Ethylbenzene 18.69 865 0.9
48 1-Methoxy-2-propylacetate 18.88 870 6.7
49 Dihydro-2(3H)-furanone 19.81 895 0.9
50 Nonane 20.00 900 0.6
51 Methoxy, phenyl-, oxime 20.20 905 3.8
52 Benzaldehyde 21.69 942 6.0
53 Dimethyltrisulfide 22.04 950 0.9
54 1-Octen-3-ol 22.35 957 0.9
55 Octanal 22.79 967 2.4
56 Decane 24.30 1000 -
57 2-Hydroxy-benzaldehyde 24.69 1010 3.1
58 Nonanal 26.76 1063 3.7
59 Undecane 28.30 1100 -
60 Decanal 32.25 1197 4.0
61 Dodacane 32.38 1200 2.5
62 Tridecane 35.63 1300 1.2
63 1-Tridecene 38.00 1389 0.4
64 2,7,10-Trimethyl-dodecane 38.24 1398 1.8
65 Tetradecane 38.30 1400 -
U Retention Time (min)
? Retention Index
Table 43. Distribution of volatile compounds in conventional kanjang 2 (CK2).

No. Compound RTV RI? Area/1076
1 Sulfur dioxide 3.06 <500 4.6
2 Acetaldehyde 3.27 <500 34.5
3 1,1-Diethoxy-ethane 3.90 <500 454.8
4 Acetonitrile 4.00 <500 12.4
5 2-Propanone 4.10 <500 92.1
6 Pentane 4.19 500 -
7 2-Propanol 4.32 507 89
8 Ethylether 4.39 510 21.6
9 Dimethyl sulfide 452 517 0.9
10 2-Hydroxy—-2-methyl-propanoic acid, ethyl ester 475 528 0.9
11 Aceticacid,methylester 477 529 10.3
12 2-Methyl-propanal 5.15 546 64.9
13 1-Propanol 5.56 563 10.2
14 2,3-Butanedione 5.88 576 3.1
15 1,1-Dimethyl-cyclopropane 6.00 580 0.7
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16 2-Butanone 6.20 587 27.1
17 n-Hexane 6.56 600 13.2
18 2-Butanol 6.82 607 2.3
19 4-Hydroxy—-2-butanone 7.07 613 40.4
20 Ammonium acetate 7.50 623 3.1
21 2-Methyl-1-propanol 8.00 634 117.2
22 3-Methyl-butanal 8.45 643 144.8
23 2-Methyl-butanal 9.00 654 80.0
24 Benzene 9.30 659 4.7
25 Cyclohexane 9.43 661 0.1
26 2,3-Dihydro-4-methyl-furan 9.53 663 0.7
27 2-Methyl-propanal 10.14 674 0.1
28 3,3,4-Trimethyl-heptane 10.44 679 0.2
29 n-Butanol 10.49 679 0.6
30 2-Pentanone 10.75 684 0.5
31 2,3-Pentanedione 10.93 686 0.5
32 2-Pentanamine 10.96 687 0.2
33 2-Pentanol 11.14 690 0.1
34 3-Pentanone 11.29 692 0.2
35 n-Heptane 11.84 700 0.2
36 3-Hydroxy-2-butanone 11.95 703 34
37 2,5-Dimethyl-furan 12.15 708 1.2
38 Propanoic acid, ethyl ester 12.48 716 0.6
39 Dimethadione 12.72 722 0.4
40 Propanoicacid 13.20 733 0.8
41 2,4,5-Trimethyl-1,3-dioxolane 13.50 740 0.7
42 Disulfide,dimethyl 13.67 743 3.8
43 3-Methyl-1-butanol 14.03 751 197.3
44 2-Methyl-1-butanol 14.16 754 159.8
45 2,3-Dimethyl-pentane 14.92 770 1.6
46 Methyl-benzene 15.01 772 3.8
47 Aceticacid,butylester 15.45 780 0.6
48 2-Methyl-propanoicacid 15.81 787 54
49 n-Hexanal 16.01 791 1.8
50 Octane 16.48 800 -
51 2,4-Dimethyl-hexane 16.54 802 0.3
52 4-Methyl-4-penten-2-one 16.79 809 3.6
53 Acetic acid, butyl ester 16.93 814 0.1
54 Propanoic acid, 2-hydroxy-, ethyl ester 17.05 817 52
55 2,2-Dimethyl-propanoicacid 17.51 830 6.7
56 2-methylpyrazine 17.52 831 0.2
57 4-Hydroxy-4-methyl-2-pentanone 17.96 843 2.7
58 4-Methyl-1-pentanol 18.04 845 0.2
59 2,4-Dimethyl-1-heptene 18.15 848 0.1
60 Butanoicacid,2-methyl-,ethylester 18.34 854 0.3
61 Butanoicacid,3—-methyl-,ethylester 18.38 855 04
62 3-Methyl-butanoicacid 18.67 863 75
63 1-Methoxy-2-propyl acetate 18.93 870 1.3
64 2-Methyl-butanoic acid 19.00 871 4.8
65 1-Butanol,3-methyl-,acetate 19.11 874 1.7
66 1-Butanol,2-methyl-,acetate 19.21 877 1.0
67 3-(Methylthio)-propanal 19.59 887 0.6
68 Heptanal 19.61 887 1.0
69 1,2-Dimethyl-benzene 19.74 891 0.5
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70 4-Methyl-2-hexanol 20.00 897 04
71 Aceticacid,cyclohexylester 20.01 897 0.9
72 Nonane 20.11 900 -
73 2,6-Dimethyl-pyrazine 20.34 906 0.6
74 3-Acetoxy—-1-oxacyclooctane 21.01 923 0.3
75 2-Decanone 21.31 931 0.4
76 Benzaldehyde 21.61 938 2.6
77 2,6-Dimethyl-3-heptanol 21.79 942 15.9
78 Dimethyl trisulfide 22.04 948 14
79 Acetic acid, (3-Methoxy-2-butyl) ester 22.25 953 2.1
80 6-Methyl-5-hepten-2-one 22.30 955 15
81 1-Octen—-3-0l(CAS)Oct-1-en—3-ol 22.42 957 19
82 Octanal 22.79 966 15
83 1,2,3-Trimethyl-benzene 22.89 968 0.5
&84 2-Hexen—1-ol,propanoate,(E)— 22.98 970 0.7
85 3,5-Dimethyl-octane 23.00 971 05
86 1,3-Dimethoxy-2,3-dimethylbutane 23.55 983 0.1
87 2,2,4,6,6-Pentamethyl-heptane 24.17 997 05
88 Acetic acid, 3-methoxy-2-butyl ester 24.28 1000 2.5
89 Decane 24.30 1000 -
90 Benzeneacetaldehyde 24.32 1001 0.8
91 2-Nonenol 25.16 1023 0.5
92 2,2,6-Trimethyl-decane, 25.62 1035 0.8
93 2,2,3,4,6,6-Hexamethyl-heptane 25.78 1039 1.6
94 2,6-Dimethyl-3-heptanol 26.14 1048 1.1
95 3,3,7-Trimethyl-decane 26.47 1056 0.6
96 n-Nonanal 26.66 1061 54
97 2,4,6-Trimethyl-octane 26.92 1067 0.3
98 Undecane 28.30 1100 -
99 trans—-2-Undecen-1-ol 30.23 1150 1.1
100 n—Decanal 32.15 1196 8.7
101 Dodecane 32.31 1200 1.1
102 Benzoicacid,2-hydroxy-,methylester 32.47 1205 04
103 4-Ethyl-2-methoxy—phenol 35.30 1286 0.3
104 1-(Ethenyloxy)-octadecane 35.58 1294 05
105 Tridecane 35.80 1300 -
106 Tetradecane 38.17 1400 14
U Retention Time (min)
? Retention Index
Table 44. Distribution of volatile compounds in Mong-Go kanjang (MGK).

No. Compound RTV RIZ Area/1076
1 Sulfur dioxide 3.05 <500 49
2 Acetaldehyde 3.26 <500 15.9
3 Methanol 3.38 <500 0.6
4 Methanethiol 3.48 <500 0.2
5 Pentane 4.19 500 -
6 Formicacid,ethylester 451 516 45
7 2-Propanol 464 523 8.1
8 2-(1-Methylethoxy)—ethanol 4.79 530 17.4
9 Acetic acid, methyl ester 4.81 531 12.2
10 2-Methyl-propanal 5.23 549 65.5
11 2-Methyl-2-propenal 551 561 0.6
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12 2-Ethyl-hexanal 5.64 566 0.3
13 1-Propanol 5.87 575 44.3
14 2,3-Butanedione 5.92 577 18.1
15 2-Butanone 6.32 592 43.2
16 n-Hexane 6.56 600 21.2
17 3-Methyl-furan 6.65 602 0.8
18 1,1,1-Triethoxy—ethane 7.21 616 510.7
19 2-Methyl-1-propanol 8.47 643 663.9
20 3—Methyl-butanal 8.58 645 275.3
21 2-Methyl-butanal 9.15 656 1755
22 n-Butanol 10.48 679 68.4
23 2-Pentanone 10.87 686 6.2
24 2,3-Pentanedione 11.02 688 15
25 3-Pentanone 11.37 693 0.9
26 Acetic acid, ethyl ester 11.83 700 0.8
27 Heptane 11.84 700 -
28 Acetic acid 12.20 709 130.5
29 2,5-Dimethyl-furan 12.21 709 0.3
30 3-Hydroxy-2-butanone 12.35 713 10.8
31 Propanoicacid,ethylester 12.52 717 22.0
32 Aceticacid,propylester 12.73 722 2.1
33 2,4 5-Trimethyl-1,3-dioxolane 13.53 740 574
34 Disulfide, dimethyl 13.71 744 7.6
35 2-Methyl-2-butenal 13.80 746 2.0
36 2-Hexanol 13.87 748 6.9
37 1,1-Diethoxy—-ethane 13.90 749 43
38 3-Methyl-1-butanol 14.39 759 685.7
39 2-Methyl-1-butanol 14.46 760 202.7
40 Propanoicacid,2-methyl-,ethylester 14.94 770 375
41 Aceticacid,2-methylpropylester 15.52 782 19.0
42 4-Buthoxy-1-butanol 15.74 786 58
43 Cyclopentanone 15.77 787 0.8
44 2-Methyl-propanoic acid 16.06 792 7.7
45 n-Hexanal 16.15 794 3.1
46 Propanoicacid,2-oxo—,ethylester 16.39 798 0.9
47 Octane 16.48 800 -
48 Butanoic acid, ethyl ester 16.55 802 4.4
49 2-Hydroxy-propanoic acid, 2-methylpropyl 16.77 809 0.2
ester
50 3-Methoxy-pentane 16.84 811 0.2
51 Acetic acid, butyl ester 17.05 817 2.3
52 Propanoicacid,2-hydroxy—,ethylester 17.15 820 80.1
53 Furfural 17.57 832 9.3
54 2-Butenoic acid, ethyl ester 18.04 845 1.6
55 Butanoicacid,2-methyl-,ethylester 18.39 855 389
56 Butanoicacid,3-methyl-,ethylester 18.44 856 28.2
57 3-Methyl-butanoicacid 18.80 866 44
58 4-Heptanone 18.93 870 15
59 1,2-Dimethyl-benzene 19.02 872 1.3
60 2-Methyl-butanoic acid 19.08 874 2.1
61 1-Butanol,3—-methyl-,acetate 19.16 876 34.2
62 1-Butanol,2-methyl-,acetate 19.27 879 22.6
63 2-Heptanone 19.48 884 04
64 3-(Methylthio)-propanal 19.65 888 35
65 Styrene 19.71 890 125
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66 Pentanoicacid,ethylester 19.88 894 1.0
67 Furan,2,2’ -[oxybis(methylene)]bis—- 19.98 897 1.8
68 5-Methyl-1-heptene 19.99 897 1.8
69 2,5-Dimethyl-nonane 20.06 899 0.1
70 Nonane 20.11 900 -
71 Aceticacid,pentylester 20.28 904 0.1
72 Propanoicacid,2-methyl-,2-methylpropylester 20.37 907 0.6
73 1,3,3,4-Tetramethyl-2-oxabicyclo[2.2.0]hexane 20.54 911 0.7
74 3-Methyl-4-heptanone 20.72 916 0.2
75 Ethyl tiglate 21.06 924 2.3
76 3-Hydroxy mandelic acid, ethyl ester, di-TMS 21.07 925 2.7
77 8-Oxabicyclo[5.1.0]octane 21.36 932 0.2
78 1,1-Diethoxy—-3-methyl-butane 21.54 936 0.2
79 Benzaldehyde 21.73 941 19.0
80 2-Pentanol,propanoate 21.93 946 0.8
31 Dimethyltrisulfide 22.11 950 1.8
82 2-Pentadecyl-1,3-dioxepane 22.21 952 1.6
83 2-Furanmethanol, acetate 22.71 964 04
84 Hexanoicacid,ethylester 22.85 967 5.6
85 Propanoic acid, 2-methyl-, pentyl ester 23.37 979 0.6
86 Butanoicacid,3—-methylbutylester 23.54 983 04
87 2,5,6-Trimethyl-octane 24.16 997 0.3
38 Decane 24.30 1000 -
89 Benzeneacetaldehyde 24.57 1007 6.6
90 Sulfurous acid, butyl nonyl ester 24.83 1014 0.7
91 2-(2-Bromoethyl)cyclohexanone 25.20 1024 0.3
92 4d-methyl hexanoic acid ethyl ester 25.54 1033 0.7
93 3-Methyl-butanoic acid 25.55 1033 04
94 1-Phenyl-ethanone 25.65 1035 3.0
95 Heptanoicacid,ethylester 26.67 1061 04
96 n—Nonanal 26.93 1067 1.3
97 Butanoicacid,3—-methyl-,3-methylbutylester 27.11 1072 0.7
98 Pentanoicacid,2—pentylester 27.29 1076 0.8
99 Undecane 28.30 1100 -
100 Benzoicacid,ethylester 31.21 1171 8.8
101 Ethylcis—4-octenoate 32.07 1191 14
102 Octanoicacid,ethylester 32.10 1191 1.3
103 2,2-Dimethyl-cyclohexanol 32.38 1198 1.2
104 n-Dodecane 32.49 1200 1.2
105 Benzolblthiophene 32.69 1206 0.2
106 Cyclohexane,isothiocyanato— 33.56 1233 0.3
107 Benzothiazole 33.78 1240 0.8
108 Benzeneacetic acid, ethyl ester 34.17 1252 45
109 1,3-bis(1,1-Dimethylethyl)-benzene 34.68 1267 0.3
110 4-Ethyl-2-methoxy—-phenol 35.60 1294 2.7
111 2,3,5-Trimethyl-decane 35.70 1297 0.2
112 Tridecane 35.80 1300 -

U Retention Time (min)

? Retention Index
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Fig. 61. Comparison of DPPH (A) and ABTs (B) radical scavenging activities and FRAP
(C) assay of the different doenjang and kanjang samples.
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Table 45. Screening of Bacillus starter for production of cheonggukjang with garlic.

Fresh garlic Steamed garlic
No. Species Growth Bad Growth Bad smell
smell
1 Bacillus sp. EMDO01 + + ++
2 Bacillus amyloliquefaciens EMDO03 + ++ +++
3 Bacillus sp. EMD06 - +++ + ++
4 Bacillus amyloliquefaciens EMDO7 - ++ +++
5 Bacillus sp. EMDO08 - ++ +++
6 Bacillus amyloliquefaciens EMDI11 - ++ 4+
7 Bacillus sp. EMD12 ++ +++ ++ ++
8 Bacillus sp. EMDI16 + ++ +++
9 Bacillus sp. EMD17 ++ + +++
10 Bacillus amyloliquefaciens EMDI19 - +++ +++
11 Bacillus amyloliquefaciens EMD?21 - +++ ++
12 Bacillus subtilis SSD02 - +++ ++ -+
13 Bacillus amyloliquefaciens SSD06 ++ +++ ++
14 Bacillus subtilis SSD07 - ++ 4+
15 Bacillus sp. SSD0O8 - ++ +++
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16 Bacillus sp. SSD10 - +++ +++ +
17 Bacillus sp. SSD11 - ++ +++ +
18 Bacillus sp. SSD13 - +++ ++ +
19 Bacillus sp. SSD16 - ++ +++ +
20 Bacillus amyloliquefacien SSD17 - ++ +++ +
21 Bacillus amyloliquefaciens HCDO02 ++ ++ +++ ++
22 Bacillus amyloliquefaciens HCD04 ++ ++ +++ +4+
23 Bacillus amyloliquefaciens HCDOS8 ++ +t+ 4+ +
24 Bacillus amyloliquefaciens HCD09 - +++ +++ ++
25 Bacillus amyloliquefaciens HCD10 - +++ +++ +
26 Bacillus amyloliquefaciens CJWO01 ++ +++ +t+ +
27 Bacillus subtilis CJW05 + +++ +++ +
28 Bacillus subtilis CJW06 ++ ++ ++ ++
29 Bacillus sp. CJW07 + ++ +++ +
30 Bacillus sp. CJW10 - ++ ++ +
31 Bacillus sp. CJW12 ++ ++ +
32 Bacillus amyloliquefaciens CJW14 +++ +++ +
33 Bacillus sp. CJW15 ++ ++ +
34 Bacillus sp. CJW16 - +++ ++ ++
1 Bacillus subtilis CSY191 ++ ++ +++ ++
2 Bacillus subtilis CSY388 - ++ ++ ++
3 Bacillus subtilis CH3-5 +++ ++ ++
4 Bacillus licheniformis CH3-17 +++ ++ ++
5 Bacillus subtilis CH3-25 ++ ++ +
6 Bacillus subtilis CH51 ++ +H+ +++ ++
7 Bacillus amyloliquefaciens CH86-1 ++ +++ ++ +
8 Bacillus subtilis CH97 ++ ++ +++ +++
9 Bacillus amyloliquefaciens MJ]5-41 +++ ++ +t+ ++
10 Bacillus amyloliquefaciens MJ1-4 ++ ++ +++
11 Bacillus amyloliquefaciens M]J3-6 +++ + +++
12 Bacillus amyloliquefaciens MJ5-48 +++ ++ +++
13 Bacillus amyloliquefaciens M]J7-66 +++ +++ ++ +++
14 Bacillus subtilis W42 ++ +H+ + +++
15 Bacillus subtilis K21 +++ +++ +t++ +++
16 Bacillus subtilis SKE12 +++ +H+ ++ +++
17 Bacillus subtilis H27 +++ ++ ++ +++
18 Bacillus amyloliquefaciens SG141 +++ +++ ++ +++
19 Bacillus amyloliquefaciens JY126 ++ +++ + +++
20 Bacillus subtilis HK207 ++ +++ + +++
21 Bacillus subtilis HK176 +++ +++ +++ +++
22 Bacillus subtilis SH356 ++ +H+ +++ +++
23 | Bacillus sp. SKE5S5 et +4+ et ot
24 | Bacillus sp. ]J55 +++ +++ +++ +4+
25 Bacillus sp. K16 + +t+ + +++
26 | Bacillus sp. SKE24 +++ ++ ++ +
27 Bacillus sp. SKE74 +++ ++ +++ +++
28 Bacillus sp. SKE65 +++ +t+ e+ +++
29 | Bacillus amyloliquefaciens CB1 +++ ++ +++
30 | Bacillus amyloliquefaciens CB67 +++ ++ +++
31 Bacillus amyloliquefaciens JB6 +t+ +t+ 4+
32 Bacillus pumlflius HY1 ++ +++ +t++ ++
Growth: -, not growth; +, week growth; ++ good growth; +++ very good growth

Bad smell: +, not bad smell; ++, week bad smell; +++ very bad smell
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() A g A= 2w 54 &<
O B¢ B-glucosidase A W3}

A= wg T AT B-glucosidase &4 W3l Table 463 7o wrart g w
gt Adg= 70 log cfu/g oA 28 F7] (72 h) 10.0-11.0 log cfu/g o =23t B
—glucosidase &4 A Bg %7] 50 Unit/g oA & 48 h o &A4S& vegd & g =
71 (72 h) °Fzr ZFAaste] 22 Unit/g & FX3HTh 53] o5 MJ1-49 Z5-de AT
= 5 gFRT ok Yo} B-glucosidase 97 AL =88 Fed = 9ldtt (Table 46).

Table 46. Change of viable cell numbers and (-glucosidase activity during
cheonggukjang fermentation by Bacillus sp. starters.

" ) Fermentation (h)

Contents Species 0 2 o4 18 7
Viable cell numbers HCDO02 7.03 8.28 9.01 9.21 11.42
(log cfu/g) EMD17 7.37 8.91 9.35 9.74 11.79

M]J1-4 7.19 8.39 9.07 9.25 10.59

8- glucosidase HCDO02 5.3 12.0 16.8 24.2 22.6
. EMD17 4.8 11.9 15.6 22.3 22.1
(Unit/g) MJ1-4 54 124 166 243 22.0

YData are presented as the mean=SD of triplicated determinations.

YOne unit of B-glucosidase activity was defined as the amount of enzyme that liberated 1 yM of
D-NPG.

@ Isoflavone &
2 A AFE AR WME A E 11 F9 isoflavone FE=A7F 3 dE F7]
(72 h) 11 =9 isoflavone®} =L 3 H 9 isoflavone FEAZ el 4 At (Fig. 5). =
A+ A % malonylglycosides’} 74a3te] glycosides® A& E o gyt 2o ot
glycosidest= Z43Far vivA|Ql aglycones $t#e Z718kith. &3] HCDO29 45 2E 72
A7kl aglycones®! daidzeinS 2584 ng/g, glycitein 22.2 ug/g % genistein 8.6 ng/g ©l
23 (Table 47) FA}ol A= glycosides ¥ malonylglycosides”7} 22} 22.9% 2 68.9%0°l A =
2 A2 & 242 755% 2 179%= WEstth st H S 2 g (A F 52% JEER 2
aglycones™= 54 & 6.1%9 2& £7] 32.0%= =718t} Isoflavone FEAEL F Fx4}
Av £ 2 84, AFVFS(EAE ) B nAE A& 1 Ao gepxith 53] v &
B-glucosidasel 9zl wiFAEo] vlujPA] FH=E Wx= AS B AFAEC] Bt

o},

i N,
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Fig. 62. Typical HPLC chromatograms of isoflavones.
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(A) HPLC chromatogram of

isoflavone extract in soybean seeds; (B) HPLC chromatogram of isoflavone extract in
cheonggukjang (72 h) with HCDO02; (C) HPLC chromatogram of isoflavone extract in
cheonggukjang (72 h) with EMD17; (D) HPLC chromatogram of isoflavone extract in
cheonggukjang (72 h) with MJ1-4. 1, Daidzin; 2, glycitin; 3, genistin;, 4, malonyldaidzin;
10, glycitein; 12,

5, malonylglycitin;

6, acetyldaidzin;
genistein. Arrow was indicated the unknown compound.

7, malonylgenistin, 9, daidzein;

Table 47. Change of 12 isoflavone contents during cheonggukjang fermentation by the
different Bacillus sp. starter.

Ferme Isoflavone contents® (ng/g)
Samples nt?ﬁ(’“ Alycosides Malonylglycosides Acetylglycosides Aglycones
tzr}?)e Daidzin G]S;Ciﬁ Genistin Daidzin Glycitin Genistin Daidzin Gb‘;dti Genistin Daidzein G]y;‘itei Genistein
Seed - 159.6 116.0 1115 455.1 108.6 598.5 45.7 5.3 nd 36.4 11.9 39.7
0 447.2 2709 454.8 103.3 37.8 137.0 tr 8.0 nd 24.4 52.9 16.8
12 346.5 222.2 388.4 915 34.8 125.2 5.8 6.9 nd 78.8 52.9 17.4
HCDO02 24 250.3 141.6 294.4 85.0 34.3 113.6 36.0 10.2 nd 182.0 51.4 14.2
48 179.2 151.1 193.6 86.7 79.1 144.5 116.5 11.9 nd 319.8 17.6 31.2
72 109.4 90.0 93.4 64.4 59.4 86.8 715 32.8 nd 258.4 22.2 8.6
0 471.7 252.5 512.0 71 30.9 108.1 tr 79 nd 30.9 65.9 20.3
12 423.4 225.1 460.9 885 31.2 1215 tr 6.8 nd 579 57.3 16.3
EMD17 24 271.6 324.9 311.3 93.7 454 122.1 425 10.9 nd 154.9 49.2 21.0
48 180.7 349.4 204.8 90.9 787 116.7 125.8 51.2 nd 244.4 454 414
72 1285 250.3 126.3 84.2 714 219.4 1114 32.8 nd 2165 12.1 20.0
0 469.4 2449 490.6 96.6 34.6 130.8 tr 9.1 nd 34.6 59.6 20.7
12 274.0 1479 323.8 86.2 374 116.8 23.7 9.5 nd 159.9 575 23.1
MJ1-4 24 291.0 184.4 340.9 93.4 46.7 119.1 43.2 10.1 nd 184.0 43.6 285
48 114.2 91.9 103.3 59.3 56.0 744 68.1 23.7 nd 2439 22.3 15.1
72 104.9 1355 98.7 525 51.2 77.1 51.8 294 nd 190.5 13.8 16.7

Data are presented as the mean+SD of triplicated determinations.

b)nd, not detected

9%r, trace < 0.002 ng/g
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vy

(th) HE 8755 ol &g v 2 &3 %
O B¢ B-glucosidase A W3}
g 2E T AP B-glucosidase &4 Wsk= Table 159 #2vh. 2art Wggd w
gt Adaee 271 70 log cfu/g A & F7] (72 h) 11.0-120 log cfu/g= ZF7tstH B
-glucosidase &4 %= %7] 50 Unit/g oA 2& £7] (72 h) 22 Unit/g °]3S JEeERA T
E3 #5 HCD029 MJ1-4 &3 H=E9 4% B-glucosidase 9717} 7Hd =kt} (Table 48).

=4 9§ = isoflavone 3= 3}

(o

Table 48. Change of wviable cell numbers and B-glucosidase activity during
cheonggukjang fermentation with garlic by single and mixed Bacil/lus sp. starter.

Contents” Samples 0 ‘ 12Ferm‘ent;1;cllon‘ (h) 8 ‘ =
Single culture
HCDO02 7.02 7.62 8.2 89 11.79
EMD17 7.52 8.24 9.21 9.29 12.09
. M]J1-4 7.11 7.35 8.31 9.08 12.52
Viable :
cell numbers Two mixture culture
(og cfu/g) HCDO02+EMD17 7.29 7.46 8.65 9.65 11.63
HCDO02+M]J1-4 7.38 7.67 9.28 9.76 11.91
EMDI17+M]J1-4 7.38 761 89 9.47 11.96
Three mixture culture
HCDO02+EMDI17+MJ1-4 | 718 | 743 [ 874 | 972 | 1214
Single culture
HCDO02 5.0 11.2 154 22.1 22.4
EMD17 5.1 11.0 15.2 18.2 22.8
M]J1-4 5.2 11.6 15.7 23.8 23.2
B-glucosidase Two mixture culture
(Unit/g) HCDO02+EMD17 5.2 11.3 15.2 22.4 22.6
HCDO02+M]J1-4 54 11.6 16.0 22.7 23.6
EMD17+M]J1-4 5.4 11.8 156 22.6 23.4
Three mixture culture
HCDO02+EMDI17+M]1-4 | 53 | 102 | 154 | 224 | 230

YData are presented as the mean+SD of triplicated determinations.
YOne unit of B-glucosidase activity was defined as the amount of enzyme that liberated 1 pM of
D-NPG.

@ Isoflavone $F=F

FFFHFEAIG Aol FYHE FAFd HEHE 11 F9 isoflavone FEA7F FAEH A
g F7] (72 h) 11 F9 isoflavoned} M Z8 FE]9 isoflavone F=AE At 4 o]
(Fig. 63). =#F #}A % malonylglycosides?} 7+4A3le] glycosides® A& o o F
gy wgl glycosidest® A3 HbHo|  aglycones §#Eo] F7FsEY. B3] o F
HCD0O2+M]J1-4 &3t wjoke] A9 wa 72 A7k aglycones®l daidzeine 269.8 ug/g,
glycitein 295 pg/g 2 genistein 23.0 ng/g ©1 3l (Table 49) & At A= glycosides 2
malonylglycosides”} Z}Z} 22.9% 2 68.9% A 52 A8l & Z+2F 788% % 125% % W 3}a}
A shE S H g A F 52% AEZ 9 aglyconest TAF & 87%¢ #wE FV
215% = S 713l
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Fig. 63. Typical HPLC chromatograms of isoflavones. (A) HPLC chromatogram of
isoflavone extract in soybean seed; (B) HPLC chromatogram of isoflavone extract in
cheonggukjang with tree starter (0 hr); (C) HPLC chromatogram of isoflavone extract in
cheonggukjang with tree starter (12 hr); (D) HPLC chromatogram of isoflavone extract
in cheonggukjang with tree starter (24 hr); (E) HPLC chromatogram of isoflavone
extract in cheonggukjang with tree starter (48 hr); (F) HPLC chromatogram of
isoflavone extract in cheonggukjang with tree starter (72 hr). 1, Daidzin, 2, glycitin; 3,
genistin, 4, malonyldaidzin, 5, malonylglycitin, 6, acetyldaidzin, 7, malonylgenistin;, §,
acetylglycitin; 9, daidzein; 10, glycitein; 12, genistein. Arrow was indicated the unknown
compound.
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Table 49. Change of 12 isoflavone contents during cheonggukjang fermentation with
garlic by the single and mixture Bacillus sp. starter.

Isoflavone contents® ( x g/g)
Smaple Fzrg;im Alycosides Malonylglycosides Acetylglycosides Aglycones
s time () | Daidzin | Glycitin | Genistin | Daidzin | Glycitin | Genisin | Daidzin | Glycitim | Genistin | ° "“Szel Glycitein Gerﬁ“el
Seed - 159.6 116.0 111.5 455.1 108.6 598.5 45.7 5.3 nd 36.4 11.9 39.7
Single culture
0 435.4 251.1 444.8 55.4 27.9 76.3 tr 6.9 12.6 39.2 58.6 24.9
12 418.9 211.0 452.3 48.5 21.4 76.5 nd 5.3 nd 33.6 60.2 24.7
HCDO02 24 349.3 224.1 364.5 56.3 27.1 76.9 tr 6.3 nd 63.6 48.3 18.2
48 218.6 313.6 241.3 63.9 475 70.6 66.3 16.4 nd 216.2 9.6 26.8
72 190.0 258.3 175.0 934 70.9 117.2 90.4 29.9 nd 251.2 8.3 18.4
0 419.5 229.6 460.9 47.0 25.2 68.8 nd 6.4 5.3 42.0 61.4 25.3
12 414.3 244.8 441.7 52.8 21.2 73.9 nd 7.0 nd 22.0 57.8 16.6
EMD17 24 3714 205.8 364.7 45.8 214 67.6 tr 7.0 nd 89.9 48.3 19.1
48 251.6 457.9 243.3 54.0 38.4 73.1 18.0 17.8 nd 113.4 41.9 17.5
72 134.9 223.4 136.7 55.0 57.6 60.2 96.4 33.2 nd 205.0 10.8 22.1
0 450.0 237.0 493.9 51.0 27.5 71.6 nd 9.2 nd 38.8 68.8 24.8
12 405.4 227.7 428.0 60.0 28.5 83.7 tr 6.7 nd 31.8 57.7 17.7
MJ1-4 24 305.4 187.7 313.6 48.0 28.0 73.2 0.2 6.5 nd 111.3 39.0 19.1
48 213.9 301.3 228.2 58.7 53.2 64.9 18.0 20.3 nd 250.6 49.3 24.3
72 152.1 197.8 154.1 59.5 72.8 40.1 87.8 43.9 nd 264.4 16.4 311
Two mixture culture

0 422.0 237.3 456.2 53.7 40.4 101.5 tr 11.8 nd 37.9 58.5 28.1
HCDO02 12 422.5 248.7 438.0 62.2 38.1 93.1 tr 9.9 nd 33.7 56.3 25.0
+ 24 371.2 230.4 364.2 55.7 25.9 81.3 tr 8.5 nd 69.5 514 20.0
48 162.8 176.2 165.2 62.8 46.1 90.2 67.8 17.0 nd 185.6 23.9 20.8
EMD17 72 186.9 256.5 194.4 73.4 58.7 105.4 66.2 23.2 nd 219.1 34.5 28.8
0 387.6 197.8 403.4 47.3 32.1 78.2 tr nd nd 32.0 55.5 22.3
12 412.9 248.0 4114 58.0 27.1 83.8 tr 9.0 nd 33.3 55.4 22.3
TCDOZ 24 317.2 259.5 348.1 61.5 37.2 96.8 20.1 12.9 nd 129.1 43.1 25.7
Mi1-4 48 227.9 172.7 241.8 51.1 32.9 85.3 214 9.5 nd 170.1 31.8 25.7
72 162.8 204.9 149.2 65.5 65.6 89.4 83.4 30.6 nd 269.8 29.5 23.0
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0 4442 | 2676 | 4544 | 514 333 873 tr 10.0 nd 192 611 336
EMD17 12 3833 | 2462 | 4027 | 536 39.3 822 tr 95 nd 33.0 52.6 258
o 24 3490 | 2912 | 3608 | 599 373 97.9 77 144 nd 1069 45.9 20.6
M4 |28 1666 | 2913 | 1862 | 730 66.6 982 873 20.0 nd 235.0 27.0 233

72 1963 | 2167 | 1812 | 773 750 814 789 342 nd 290.3 29.0 314

Three mixture culture
0 397.4 2390 | 4237 | 522 352 822 tr 10.1 nd 133 56.3 311
HCDO2 [ 12 3576 | 2223 | 38L3 | 485 36.3 79.0 tr 89 nd 332 511 262
+ 24 3270 | 2749 | 3671 | 620 36.1 99.9 198 12.2 nd 123.1 146 313
48 2145 | 2308 | 2294 | 517 395 735 383 113 nd 165.6 30.7 25.1

EMDI17

M4 |7 181.1 1616 | 1381 | 699 734 69.9 926 36.7 nd 265.9 16.1 19.1

YData are presented as the mean+SD of triplicated determinations.

nd, not detected

Ytr, trace < 0.002 pg/g

(th vk H7F d= (A, ol ¥ 23y vig)d & =4 2E F isoflavone &7 ¥3}
D A9} B-glucosidase A W3}

A = HL& = A9t B-glucosidase &4 W3+ Table 503 #Zto}h, g 7F 2ggo w
2t AdFEsE %271 70 log cfu/gollAd 2& F7] (72 h) 9.0-10.0 log cfu/g =7FstH B
*glUCOSldaS B4 = g %7] 50 Unit/g oA =& 48 Alzko AW &4& el & &g

F7] (72 h) 3 #gaste] 22 Unit/gs UERAY. @8 %=7] vts 37t A]?J} S #H7t
O}X] &2 dlx=2TRY B-glucosidase &4 o] WAl YESTE o= WE %7] wise]| 9 B
-glucosidase &/Jo] Aslle Aoz A,

Table 50. Changes of viable cell numbers and B-glucosidase activity during

cheonggukjang fermentation with fresh, germinated, and fermented garlic by mixed

starters.
a) Fermentation (h)

Contents Samples 0 B o4 18 7
Viable cell Control 6.96 8.77 9.14 9.70 10.12
numbers Fresh garlic 7.01 8.43 8.97 9.85 9.72
(log cfu/a) Germinated garlic 6.93 8.52 9.10 9.85 9.87
& W8 "Fermented garlic 6.88 8.86 9.15 10.15 9.93
Control 4.8 11.6 154 22.4 21.6

B-glucosidase | Fresh garlic 5.0 10.8 14.8 22.0 21.6
(Unit/g) Germinated garlic 49 10.9 15.0 22.1 21.8
Fermented garlic 49 11.0 15.2 22.2 22.0

“Data are presented as the mean+SD of triplicated determinations.

YOne unit of B-glucosidase activity was defined as the amount of enzyme that liberated 1 pM of

D-NPG.

@ %’%‘é TFE ol&35te] nts AAZ el vis H7F Ao E 11 £9 isoflavoned}
N2S P9 isoflavone SEAS Beld £ ddrt (Fig. 7). vts Axed %%ﬂA
isoflavone &2 Attek zol7t gllom, gz Ruhe v dA Q] aglycones FEI7F S
g1t 4 AU (Table 18). °l+= WA= B-glucosidase’t vl &l A 3f ¥ of "415‘_?
Boh AL vt AdE Aew FAHAG
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Fig. 64. Typical HPLC chromatograms of isoflavones. (A) HPLC chromatogram of isoflavone
extract in soybean seed; (B) HPLC chromatogram of isoflavone extract in cheonggukjang
with tree starter (0 hr); (C) HPLC chromatogram of isoflavone extract in cheonggukjang with
tree starter (12 hr); (D) HPLC chromatogram of isoflavone extract in cheonggukjang with
tree starter (24 hr). 1, Daidzin; 2, glycitin; 3, genistin; 4, malonyldaidzin; 5, malonylglycitin; 6,
acetyldaidzin; 7, malonylgenistin, 8, acetylglycitin; 9, daidzein;, 10, glycitein;, 12, genistein.

Table 51. Change of 12 isoflavone contents during cheonggukjang fermentation by with
fresh, germinated, and fermented garlic by the tree mixture starter.

Ferme Isoflavone contents” (ng/g)
Sample | ntation Alycosides Malonylglycosides Acetylglycosides Alycones
t' Sy Mveits it
S ;I}?)L Daidzin Gl}ncm Genistin Daidzin Glycitin Genistin Daidzin G]}nutl Genistin Daidzein Glycitein Genistein
0 311.6 242.2 358.7 87.6 454 147.2 5.3 9.1 nd” 9.1 47.1 6.7
12 270.2 242.4 3134 104.1 56.0 166.7 32.7 7.5 nd 68.7 41.6 6.7
Control 24 1725 173.2 222.3 104.4 47.1 150.5 53.8 6.8 nd 111.0 32.8 11.7
48 1534 169.6 182.9 126.4 89.2 170.3 152.7 24.9 nd 243.3 374 14.1
72 154.4 131.6 152.0 123.2 109.3 150.3 183.6 289 nd 284.2 18.0 6.5
0 308.6 239.9 345.5 63.9 35.9 119.6 tr 5.6 nd 8.0 52.5 7.0
Fresh 12 265.5 216.5 294.3 56.0 31.7 104.0 tr 4.5 nd 46.5 42.9 6.7
;i;c 24 268.0 239.8 301.8 66.6 36.9 110.7 17.1 6.1 nd 76.2 48.6 74
& 48 167.0 194.8 166.9 91.9 68.1 118.8 105.4 14.8 nd 186.9 38.1 11.8
72 163.0 86.2 143.0 137.1 108.4 188.1 172 30.1 nd 242.2 26.2 4.9
0 346.2 289.6 376.3 58.2 34.9 104.8 tr 6.9 nd 8.9 58.3 7.6
Germin 12 298.1 240.9 337.8 66.1 35.7 120.5 tr 5.8 nd 49.8 49.1 8.0
ated 24 2334 233.8 255.6 65.0 38.8 108.3 16.6 6.2 nd 80.8 43.2 85
garlic 48 182.4 309.7 189.2 90.5 64.1 119.5 97.1 154 nd 191.8 43.3 13.1
72 122.1 103.2 128.8 121.0 85.5 1775 136.6 20.9 nd 224.1 13.7 5.0
0 318.1 236.3 373.3 48.6 32.5 92.6 tr 6.00 nd 7.7 55.9 6.9
Fermen 12 268.2 210.5 300.4 49.7 29.6 94.2 tr 5.1 nd 46.0 46.7 6.1
ted 24 267.4 218.3 282.7 71.2 43.8 109.7 29.2 7.3 nd 110.6 46.3 8.2
garlic 48 189.7 235.8 202.4 105.1 80.3 129.8 139.7 21.3 nd 247.9 46.0 12.0
72 1535 189.1 159.4 134.8 106.7 185.9 170.6 29.4 nd 245.7 24.2 59
YData are presented as the mean+SD of triplicated determinations.
b)
nd, not detected
9%, trace < 0.002 pg/g
ot 13 £4 ¥ BA (histamined tyramine) ¥4
(1) 1 74 <4 3 BA (histamine® tyramine) 3% 3}
b BRAFG) 119 olsety 54 B4
a1 % =4 F AFFE 24 37 Ao HY 5 64 log cfu/mlE UERY & 1 o] &
Akl 54 198 ¢ 3.0 log cfu/ml ©]RQiL pHE 4.74004 4652 A< W37t glderm ¢
T 9Al 175%NA 172%= W7 gtk 445 140% FA7F HAa opv = @A+
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8659 mg%olA =4 37Y 7147 mg%=E

(Table 52).

Table 52. Viable cell numbers,

Mong-Go kanjang fermentation.

Bad

ko3
T

Py
=4

198

9079 mg%= Z7}stA T

pH, salinity, total nitrogen, and amino nitrogen during

2 Fermentation day
Contents

30 37 56 91 117 198
Viable cell numbers (log cfu/ml) 6.5 6.9 6.4 55 4.8 3.0
pH 4774 4.75 4.90 491 4.88 4.65
Salinity(NaCl, %) 175 18.3 189 18.3 18.1 17.2
Total nitrogen(TN, %) 1.40 1.37 1.45 1.43 1.53 1.43
Amino nitrogen(AN, mg%) 865.9 714.7 830.2 769.3 920.5 907.9

Data are presented as the mean+SD of triplicated determinations.

() ZaAEEF) 7F9 BA (histamine¥ tyramine) &EF T w4 F
hsitamine®} tyramine &% W3+ Fig. 66% Zt}. 54 30¥€9] histamines 171 mg/kg,
tyramime= 389 mg/kg ©|t}. ¥& 37¢o] Z+7ZF 241 mg/kg (histamine)®} 1.037 mg/kg
(tyramine) 2.2 F A3 F7tg * A A8 F7iste] wa F7lolv 7272 468 mg/kg
(histamine)®} 1.173 mg/kgl 2 Z+HA3A . Ha2 ZoA ZAdEo] WA= et a

PR LA S =1

Ao 93] BAo] A= Ao=m Ruxi o, & AFoA e b Ba T 37 HH
F A Z Tetragenococcus halophilus7} 743t AA thE B Eo] UEIT O EZH o] &9
47 e od BAZF AAdE Aoz FAHEY(Table 53).

~4—Histamine -#-Tyramine Total

2500
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30 37 56 91
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Fig. 65. Change of histamine, tyramine, and total BA contents during Mong-Go kanjang
fermentation.

(2) & 3 28 T s ugd st
7h Al theFd st
b g 30 dFH 198 d7bA Al ®ish S 4t A= Table 537 #t} 2s

)
fol rfz

A 717 Bt Tetragenococcus halophilus7t $-7 & o4, 30 ¥ 825%09A 198 ¥ 32.5%
2 s H8 37 d8HE Staphylococcus 2 Enterobacter 11t} Weissella 2
Lactobacillus, Leuconostoc 52 T3t Akt o] YElytth (Table 53).
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Table 53. Bacterial distribution and diversity during kanjang fermentation by
culture-independent methods based on 16S rDNA sequences.
Clone Number (n)/Percentage (%)
Genus / Speciesa) Fermentation day
30 [ 37 [ s | 9 | 117 | 198
Bacillus
Bacillus subtilis | 125 | 1/25 |
Enterobacter
Enterobacter hormaechei 5/12.5
Enterobacter sp. 4/10.0
FEnterococcus
Enterococcus gallinarum 1/25 |
Klebsiella
Klebsiella sp. | 1/25
Lactobacillus
Lactobacillus brevis 1/25 1/25
Lactobacillus plantarum 1/25 3/75 2/5.0 2/5.0
Lactobacillus sp. 1/25
Leuconstoc
Leuconostoc pseudomesenteroides 1/25 1/25
Leuconostoc sp. 3/75
Pediococcus
Pediococcus pentosaceus 1/25 1/25 1/25 2/5.0
Staphylococcus
Staphylococcus epidermidis 1/2.5 3/75 1/2.5 7/175 6/15.0 7/17.5
Staphylococcus gallinarum 4/10.0 1/25 4/10.0 5/12.5
Staphylococcus kloosii 1/2.5
Staphylococcus piscifermentans 1/2.5
Staphylococcus sciuri 1/25 1/25
Staphylococcus saprophyticus 1/25 1/25
Staphylococcus sp. 1/2.5 2/5.0
Tetragenococcus
Tetragenococcus halophilus 33/825 | 29/72.5 22/55.0 21/52.5 15/375 | 13/325
Tetragenococcus sp. 6/15.0 1/25 1/25 3/75 2/5.0 5/12.5
Weissella
Weissella cibaria 1/2.5 1/25 1/2.5 3/75
Weissella confiisa 1/25
Total 40/100 40/100 40/100 40/100 40/100 40/100

“When more than one sequence had the same similarity, only the accession number of the first

sequence is given.

@ &% vhepy

Wal o g %A 30 YRE 198 A7bA &E WM S ’%ﬁii A 3=
Table 54¢} 2t} =4 56 L7hA Candida cf. lactis—condensi7} —orﬁz oy}, 90 € H-H
Zygosaccharomyces pseudorowaﬂ} AF oY, = Candida cf. lactis—condensi 3 30
A 75.0%NA 90 U7FA] 275% 2 FFAaste] I o3 o= YERYA ko HbH o
Zygosaccharomyces pseudorouxii= W& 30 4 175%4 &3 198 ¢ 55.0%% F7FsFA ).
g A7 §9 Zygosaccharomyces rouxiiZ7b WERSEO ™ wra vl Ay HA wEl Candida

versatilis, Pichia burtonii, Piclia guilliermondii, Pichia anomala, Saccharomyces cerevisiae,

Candida apicola,

% o 7

A} (Table 54).

Candida atlantica, Candida etchellsii
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Table 54. Yeast distribution and diversity during kanjang fermentation by
culture-independent methods based on 26S rDNA sequences.
Clone number (17 / Percentage (%)
Genus / Speciesa) Fermentation day
30 37 56 91 117 198

Aspergillus

Aspergillus oryzae | | | | | 125 ]
Candida

Candida apicola 8/20.0

Candida atlantica 1/25

Candida etchellsii 2/5.0

Candida cf. lactis—condensi 30/75.0 27/67.5 19/47.5 11/27.5

Candida versatilis 2/5.0 2/5.0
Pichia

Pichia anomala 2/5.0

Pichia burtonii 2/5.0

Pichia guilliermondii 2/5.0
Saccharomyces

Saccharomyces cerevisiae | | | | | 3/75 | 2/50
Zygosaccharomyces

Zygosaccharomyces pseudorouxii | 7/175 8/20.0 9/22.5 16/40.0 | 23/575 | 22/55.0

Zygosaccharomyces rouxii 3/7.5 5/12.5 10/25.0 11/275 9/22.5 3/75
Total 40/100 40/100 40/100 40/100 40/100 40/100

YWhen more than one sequence had the same similarity, only the accession number of the first
sequence is given.

s

2

=
o]"lT

g}

¢4 BE #F

= v =2
(1) AF2HE a8 73 A 2 =3
h 7 28 2 54
26S rDNA 971X E AAH A3} Wickerhamomyces <, Hanseniaspor <, Pichia 2,
Debaryomyces <, Millerozyma <, Candida <, Endomyces <, Saccharomycopsis <,
Rhodotorula %, Cryptococcus & o2 & %3 Wickerhamomyces anomalus 1 &,
Hanseniaspora uvarum 2 &, Pichia guilliermondii 3 %, Pichia burtonii 1 <&,

Debaryomyces hansenii 2 &, Millerozyma firinosa 2 &,
Endomyces fibuliger 1&, Candida nodaensis 1 &, Saccharomycopsis crataegensis 1 &,
Candida apicola 4

Pichia farinosa 1 <&, Rhodotorula mucilaginosa 1 <, Candida sp. 1
%, Cryptococcus aureus 1 %, Candida mogii 1 &,

==

==

o

SYR0L 94%= x5 Aoet 75 FAHo] g

=1
=

sk
=

Candida sorbosivorans 1

=
[SIE)

Table 55. Similarity values of 26S rRNA gene sequences retrieved
1solated yeasts for production of soybean fermented foods.

Cryptococcus liquefaciens 1
SRt FH 5 SYS0S AQEaE 99-100%9 71D FAM S YER e,
Ao g FE AT (Table 55).

=
o

[e]
=

N

<,

2

from the wvarious

Isolates Sources Genus Nearest relative” Accession Similarity
No. (%)
SY9 Kanjang Wickerhamomyces Wickerhamomyces anomalus FN393988 100
SY10 Kanjang Hanseniaspor Hanseniaspora uvarum SYH23-1 EU326137 99
SY11 Kanjang Pichia Pichia guilliermondii EQ EU177574 9
SY12 Kanjang Hanseniaspor Hanseniaspora uvarum 13w76 HQ149311 9
SY13 Kanjang Pichia Pichia burtonii TY01 FJ972208 100
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SY14 Kanjang Pichia Pichia guilliermondii EQ EUL177574 9
SY15 Kanjang Debaryomyces Debaryomyces hansenii 12-1 FJ432605 100
SY23 Kanjang Millerozyma Millerozyma farinosa HE994470 99
SY24 Kanjang Millerozyma Millerozyma farinosa HE994470 99
SY36 Kanjang Candida Candida sorbosivorans DMic 113940 JN031573 9
SY45 Doenjang | Endomyces Endomyces fibuliger 8014 V09238 9
SY78 Doenjang Candida Candida nodaensis AB617915 100
SY79 Doenjang | Saccharomycopsis Saccharomycopsis crataegensis NRRL Y-5902 | EU057555 9
SY&0 Kanjang Pichia Pichia farinosa UWFP-389 AF335973 9
SY&5 Kanjang Rhodotorula Rhodotorula mucilaginosa HEG60061 9
SY101 Kanjang Candida Candida sp. NCYC 386 FN565484 99
SY124 Kanjang Pichia Pichia guilliermondii 4.2-2 FJ432597 9
SY125 Kanjang Candida Candida apicola U45703 99
SY126 Kanjang Cryptococcus Cryptococcus aureus HN4.9 EU304246 99
SY127 Kanjang Debaryomyces Debaryomyces hansenii 'TJY37 EU250073 9
SY128 Doenjang Candida Candida apicola strain P12 JN004197 9
SY129 Doenjang | Debaryomyces Debaryomyces hansenii T]Y37 EU250073 99
SY130 Doenjang | Debaryomyces Debaryomyces hansenii T]Y37 EU250073 9
SY133 Doenjang | Candida Candida apicola U45703 99
SY134 Doenjang | Candida Candida apicola P12 JN004197 99
SY140 Doenjang | Candida Candida mogii U44820 9
SY141 Kanjang Cryptococcus Cryptococcus liquefaciens UWEFP-357 AF335980 9

“When more than one sequence had the same similarity, only the accession number of the first sequence is given.

(2) A }315’9] e, Wese

3}lo

-

il 5 Hrrel e

oX,
NE

L

ANENE N
Av=

= Table 567 2t} ¥ % 15%d A= AY BE

g
o] A&o] 1.0 ol ., & F% 10%°NA Pichia guilliermondii SY11, SY14 2 SY124
TEO =2 ASS B (Table 56).

Table 56. Test of microbial growth on various salt concentration.

Microbial growtha) (OD600 nm)
Isolates Salt concentration (%)

0 5 10 15
Wickerhamomyces anomalus SY9 11.48 9.18 1.74 1.50
Hanseniaspora uvarum SY10 558 1.45 0.14 0.15
Pichia guilliermondii SY11 13.64 12.47 7.17 0.99
Hanseniaspora uvarum SY12 44 1.49 0.24 0.15
Pichia burtonii SY13 12.41 9.31 8.27 0.80
Pichia guilliermondii SY14 11.62 11.35 9.88 1.61
Debaryomyces hansenii SY15 12.5 10.51 6.89 1.49
Millerozyma farinosa SY23 10.16 8.69 5.79 1.44
Millerozyma farinosa SY?24 10.11 8.49 6.08 1.55
Candida sorbosivorans SY36 12.61 10.96 0.65 0.61
Endomyces fibuliger SY45 9.79 0.535 0.50 0.47
Candida nodaensis SY78 11.96 9.01 4.08 0.72
Saccharomycopsis crataegensis SY79 7.97 7.34 7.07 5.92
Pichia farinosa SY80 9.31 5.95 0.694 0.59
Rhodotorula mucilaginosa SY85 11.27 9.35 0.71 0.68
Candida sp. SY101 11.93 9.88 6.82 241
Pichia guilliermondii SY124 11.73 12.89 8.82 0.64
Candida apicola SY125 8.7 0.89 0.546 0.52
Cryptococcus aureus SY126 9.47 4.67 3.18 0.53
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Debaryomyces hansenii SY127 8.15 9.8 8.59 4.42
Candida apicola SY128 8.93 6.54 0.57 0.46
Debaryomyces hansenii SY129 8.37 9.93 8.64 4.07
Debaryomyces hansenii SY130 9.2 10.9 9.79 5.84
Candida apicola SY133 8.9 0.58 0.51 0.46
Candida apicola SY134 8.29 7.51 7.04 0.52
Candida mogii SY140 10.14 8.21 3.07 0.46
Cryptococcus liquefaciens SY 141 11.28 94 0.60 0.67

YData are presented as the mean=SD of triplicated determinations.

Table 57. Test of microbial growth on various alcohol concentration.

Microbial growth (ODego nm)
Isolates Alcohol concentration (%)

0 5 10 15
Wickerhamomyces anomalus SY9 10.52 5.46 0.64 0.48
Hanseniaspora uvarum SY10 5.14 0.22 0.15 0.24
Pichia guilliermondii SY11 13.37 8.56 0.85 0.71
Hanseniaspora uvarum SY12 454 0.17 0.13 0.07
Pichia burtonii SY13 12.94 10.48 0.86 0.51
Pichia guilliermondii SY14 12.80 5.22 0.54 0.55
Debaryomyces hansenii SY15 12.62 8.27 0.80 0.66
Millerozyma farinosa SY23 10.13 10.58 0.95 0.27
Millerozyma farinosa SY?24 10.63 10.16 0.96 0.32
Candida sorbosivorans SY36 12.94 12.37 0.80 0.76
Endomyces fibuliger SY45 10.39 9.09 6.69 0.43
Candida nodaensis SY'78 9.60 0.71 0.58 0.50
Saccharomycopsis crataegensis SY'79 8.64 3.52 0.53 0.45
Pichia farinosa SY&0 12.34 11.98 8.06 0.62
Rhodotorula mucilaginosa SY85 11.79 0.70 0.62 0.55
Candida sp. SY101 12.49 12.50 8.04 0.54
Pichia guilliermondii SY124 11.38 8.62 0.56 0.36
Candida apicola SY125 8.75 5.94 1.96 0.64
Cryptococcus aureus SY126 8.50 0.29 0.27 0.29
Deparyomyces hansenii SY127 8.07 0.73 0.42 0.39
Candida apicola SY128 9.45 3.62 0.46 0.28
Debaryomyces hansenii SY 129 7.41 3.44 0.31 0.30
Debaryomyces hansenii SY130 8.43 0.75 0.33 0.31
Candida apicola SY133 10.01 8.28 0.55 0.51
Candida apicola SY134 8.76 417 0.47 0.43
Candida mogii SY140 9.67 0.63 0.51 0.53
Cryptococcus liquefaciens SY141 11.79 1.18 0.71 0.57

YData are presented as the mean=SD of triplicated determinations.

e &8 759 W &< A= Table 589 2tk & 5% 30%°A A BE ol
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A5 st o, Aol wolY Pichia guilliermondii SY11, SY14 % SY124 #FE52
9 e 0% E =2 AS5S BAY (Table 58).
Table 58. Test of microbial growth on various sugar concentration.
Microbial growth (ODegyo nm)
Isolates Sugar concentration (%)
0 10 20 30
Wickerhamomyces anomalus SY9 11.04 9.68 7.92 7.43
Hanseniaspora uvarum SY10 472 4715 4.65 4.46
Pichia guilliermondii SY11 13.61 14.06 12.09 12.00
Hanseniaspora uvarum SY12 4.10 415 3.93 3.46
Pichia burtonii SY13 12.49 12.90 11.87 11.11
Pichia guilliermondii SY14 11.96 14.29 12.45 9.65
Deparyomyces hansenii SY15 12.43 11.92 9.82 9.51
Millerozyma farinosa SY23 1091 10.47 8.52 7.76
Millerozyma farinosa SY?24 10.43 9.59 9.56 7.93
Candida sorbosivorans SY36 13.32 13.10 12.23 11.49
FEndomyces fibuliger SY45 10.77 11.16 9.84 9.59
Candida nodaensis SY'78 9.69 8.58 791 7.49
Saccharomycopsis crataegensis SY79 8.04 8.36 7.50 7.48
Pichia farinosa SY80 11.91 11.65 11.48 10.28
Rhodotorula mucilaginosa SY&5 11.41 10.18 8.92 8.22
Candida sp. SY101 11.09 10.36 10.54 8.93
Pichia guilliermondii SY124 11.67 10.07 9.31 8.72
Candida apicola SY125 9.81 10.62 9.72 9.62
Cryptococcus aureus SY126 8.47 6.37 5.84 551
Debaryomyces hansenii SY127 8.81 9.06 9.25 8.26
Candida apicola SY128 8.61 10.41 9.51 9.06
Debaryomyces hansenii SY129 8.76 9.24 9.13 8.01
Deparyomyces hansenii SY130 8.89 9.22 8.46 7.93
Candida apicola SY133 9.24 12.10 10.14 9.39
Candida apicola SY134 9.27 10.59 9.65 8.66
Candida mogii SY140 10.73 10.28 8.61 7.81
Cryptococcus liquefaciens SY 141 12.24 11.36 9.88 9.10

Data are presented as the mean=SD of triplicated determinations.

(3 A ERE o] 8F 1Y Az P olsety 54
b B¢ WF % Y Az
wol BR #F2 Az el olshshd 543 A4 Table 599 2ok WAl

ARt Pichia guilliermondii SY11, SY14 2 SY124 #F=2 A zx¥ 7+ 45 pH 7.06-7.11
T, A= 06070 ml, 9= 23% 2 ATTE 285412 log cfu/ml o]tk (Table
59).
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Table 59. Comparison of pH, acidity, salinity, and viable cell numbers by the various
1solated yeasts for fermentation of kanjang.

Contents™
Isolates o AcidityB) Salinity | Viable cell numbers
P (ml) (%) log cfu/ml
Wickerhamomyces anomalus SY9 7.24 0.65 23.0 nd
Hanseniaspora uvarum SY10 7.26 0.60 22.9 nd
Pichia guilliermondii SY11 7.06 0.65 22.9 2.85
Hanseniaspora uvarum SY12 7.12 0.60 23.0 nd
Pichia burtonii SY13 7.10 0.70 23.0 nd
Pichia guilliermondii SY14 7.11 0.60 22.9 3.58
Debaryomyces hansenii SY15 7.10 0.65 23.0 3.82
Millerozyma farinosa SY23 7.10 0.70 23.0 2.30
Millerozyma farinosa SY24 7.10 0.60 23.1 2.48
Candida sorbosivorans SY 36 7.18 0.70 23.0 nd
Endomyces fibuliger SY45 7.16 0.70 23.0 nd
Candida nodaensis SY78 7.12 0.70 23.1 nd
Saccharomycopsis crataegensis SY79 7.13 0.65 23.0 nd
Pichia farinosa SY80 7.17 0.72 23.1 2.62
Rhodotorula mucilaginosa SY85 717 0.70 23.0 3.30
Candida sp. SY101 711 0.70 23.1 3.64
Pichia guilliermondii SY124 7.15 0.70 23.1 412
Candida apicola SY125 7.14 0.70 23.1 nd
Cryptococcus aureus SY126 7.09 0.70 23.0 nd
Debaryomyces hansenii SY127 712 0.69 23.1 391
Candida apicola SY128 7.15 0.75 23.0 nd
Debaryomyces hansenii SY129 7.08 0.79 23.0 3.95
Deparyomyces hansenii SY130 7.10 0.72 23.1 3.87
Candida apicola SY133 7.08 0.75 23.1 nd
Candida apicola SY134 711 0.70 23.0 nd
Candida mogii SY140 7.08 0.80 23.1 nd
Cryptococcus liquefaciens SY 141 7.05 0.70 23.1 2.0

YValues indicate the mean’s of three replications (n=3).
b)AcidityI 10 mL of kanjang was titrated with 0.1 N NaOH to pH 8.2+0.1.

d72a¥ (23 dx)

7vovbs A7 28 (1A dE 49)

(1) vhs A7} B3] olgaty 54

(7h vhE A7 9] pH, A%, 9% 2 AFS g

WE F pH A%, 9% 0 AR Wahe Table 602 2t i ¥ A7 B33 obsAst
Age wE & pHoﬂ 2 ahel7k GoEh e = WA F7] 8 F) 079-086%2 2 Aol
= pgler dEE 20% v gl 1410%% 1 sk @9 Asgs £l 4§
g F7) (8 7)ol 56 log cfu/g FEolAL, el 2= 8-9 log cfu/ge® ERHTE HwH

=3k} (Table 60).

) s #H7F "4 % phenolics, isoflavone, -] o}r] =4 2 7] A4 &
(7} 2& % % phenolics = W3}

ok

P 4
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vls H7F @42] F phenolics % W3+ Fig. 663 2t} % phenolics 3% = O
AL vp=E 10% M7k @do=2 Wy F7] (8 F)o 1449 mg/g o2 7V =43 ves
20% H7bsk 9o wE F7] (8 F)ol 1262 mg/g &2 7P okt 9 nis £ Hup o
HE 21328 1340 mg/g 2% 10% v=8 43 2 Zol+= QAT

(U4) && % isoflavone oF=F W3}

nls H7F @4l HPLC ZZvwE1¥) isoflavone W& % St W3S Table 613 Fig. 67
of Yetddth mlEdFHe ¥EHoRE 9 F9  isoflavone FEAZF HEHJoH
acetylglycosides?! acetyldaidzin, acetylglycitin % acetylgenistin< &% A &3t} (Fig. 67).
RE HHS Ug F glycosides ¥ malonylglycosides #S Zo]EWHA F A9 aglycones
7Y vhs F AU @49 49 F isoflavone $FeFo]l 364613 ug/g o2 7HE
20% vl #F2 350056 pg/g o= 7H wokrh - 10% viE @ g2 3556.98 /g
EFelar (Table 61). & A (0 ) glycosides H]&©] 67.02% oA 5k && £7] (8 F)
aglycones©] 5241%E x}A|ste] a7l & Ho| uwel aglycones &&o|l F7lsh= A&
A AT}

o
N
)
24_4
roHE
o

e 2 o Hy oot
3% ol T
Kl o

1

Table 60. Changes of pH, acidity, salinity, and viable cell numbers of garlic doenjang
during fermentations.”

Conc. of Contents”
: Fermentation Acidit .. Viable cell numbers
gztﬁie::m(eo%) time (w) pH (%, as lgctic (éali{};t&) log cfu/g
acid) & Yeast Bacillus
0 6.12 0.24 7.40 6.60 8.52
1 5.93 0.61 10.40 7.05 10.06
2 6.13 0.68 10.20 6.62 8.74
0 3 5.87 0.69 10.00 7.04 3.98
4 6.13 0.71 11.20 6.95 8.53
6 5.90 0.74 12.20 6.76 8.87
8 5.80 0.79 12.30 6.67 9.04
0 6.11 0.32 8.10 6.55 8.72
1 5.97 0.63 11.40 6.48 9.68
2 6.08 0.63 11.40 6.54 8.86
10 3 5.94 0.63 10.70 6.27 8.99
4 6.10 0.68 11.70 6.33 8.89
6 5.82 0.73 12.28 6.35 8.86
8 5.79 0.85 13.00 6.37 9.01
0 6.05 0.33 9.20 6.56 8.73
1 6.05 0.61 10.60 6.55 9.70
2 6.14 0.62 12.40 6.23 891
20 3 5.95 0.64 11.00 6.10 8.83
4 6.12 0.64 11.50 5.65 8.90
6 6.05 0.72 12.25 5.53 8.88
8 6.02 0.86 14.10 5.30 8.99

D Garlic doenjang were fermented at room temperature for 6 week

Y All values are means of determination in three independent experiments.
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Total phenolic contents (mg/g)
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Fig. 66. Changes of total phenolic contents of gar/ic doenjang during fermentations.

Retention time {min]

Retention time (min}

Ratantion tme (n-lln]

A Al |- B | o~ =T | D
i- 5 i- i- HE
§I- ‘ ’ £l i i
LA ; HE il s u
é.' ‘ sd é"Li i s? l'z é"t‘l [ £ 4 s? 1|2 érl‘ll s n" 1
fola e 8 Y e tstle | | ST e 8 3l ) R Bl e
Retention time g.;.m) - Retention fme ln.iln) - Retentian time |.:-<n) = Retention fime :.;uro

- E|sf | Flsf|]
i | i | i

EI gi i

[l 12 2 : 12 B | 9 #
] i 2 ‘g 1 - | g - E o

| 3 E / [ E il

1L TS PO L ATV W P R (A 280 |

Fig. 67. Typical HPLC chromatogram of isoflavone. 10% garlic doenjang 0 week (A), 1
week (B), 2 week (C), 3 week (D), 4 week (E), 6 week (F), and 8 week (G). 1,
daidzin;, 2, glycitin; 3, genistin; 4, malonyldaidzin, 5, malonylglycitin;, 8, malonylgenistin;
9, daidzein; 10, glycitein; and 12, genistein.
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Table 61. Changes of isoflavone contents of garlic doenjang during fermentations”

Conc. Ferm Isoflavone contents® ( ng/g)
of en “ta Glycosides Malonylglycosides Acetylglycosides Aglycones
g (a;l;C ;Ell;r; Daidzi Glyciti Genistin Daidzi Glycitin Genistin | Daidzin Glyciti Genisti Daidzei Glycitei Genistein Totals
o (W) n n n n n n n
0 177.88 | 107.14 | 196.06 | 45.16 25.62 69.31 tr nd nd 63.78 21.15 19.48 725.58
1 11586 | 58.21 90.93 47.24 26.71 72.29 nd nd nd 115.13 18.22 75.47 620.06
2 74.54 25.54 52.29 35.86 21.01 60.38 nd nd nd 120.46 14.24 85.88 490.2
0 3 52.54 33.25 36.36 31.75 24.52 53.72 nd nd nd 145.13 10.05 107.62 494.94
4 44.76 29.48 27.96 30.35 20.26 53.90 nd nd nd 135.51 10.51 99.32 452.05
6 42.70 30.42 23.12 28.61 24.80 50.21 nd nd nd 140.61 8.21 104.90 453.58
8 33.22 33.15 11.64 17.05 14.57 38.82 nd nd nd 144.67 4.52 112.08 409.72
0 168.85 94.82 192.23 42.39 22.31 66.05 nd nd nd 56.80 19.53 17.29 680.27
1 100.60 45.20 88.52 36.01 21.62 58.62 nd nd nd 93.08 16.05 59.97 519.67
2 81.33 29.95 62.33 33.55 20.26 56.13 nd nd nd 106.23 14.09 73.30 47717
10 3 74.93 27.80 55.30 33.43 21.74 56.72 nd nd nd 120.35 13.81 83.74 487.82
4 61.87 37.72 42.97 35.03 27.22 57.04 nd nd nd 126.28 12.25 89.57 489.95
6 48.10 31.32 28.66 2792 24,93 48.21 nd nd nd 127.59 9.08 93.67 439.48
8 49.47 37.61 28.16 26.62 24.71 46.51 nd nd nd 137.89 6.12 105.53 462.62
0 175.47 | 103.13 200.63 35.65 23.71 55.32 tr nd nd 54.24 21.19 16.41 685.75
1 121.49 66.36 115.34 30.38 23.02 48.19 tr nd nd 86.67 18.51 50.58 560.54
2 10154 | 54.19 87.70 28.61 22.55 45.47 nd nd nd 96.98 16.57 61.58 515.19
20 3 87.34 46.92 69.82 26.44 21.64 42.89 nd nd nd 100.97 14.71 66.42 477.15
4 61.74 35.10 48.52 24.10 21.26 39.98 nd nd nd 106.22 12.39 73.03 422.34
6 52.74 35.02 41.90 23.32 24.58 38.50 nd nd nd 119.39 10.76 84.35 430.56
8 46.47 33.23 35.02 20.69 25.54 35.83 nd nd nd 117.49 8.95 85.83 409.05

YAll values are presented as the mean+SD of triplicate determination.
“trt trace(<0.002 pg/g).

(th &8 5 fraobn it 3hsF wst

nhs HUE @97 2w T FEoln| At 2AS Fig. 68 ¥ Tables 62-640] YER AT =
HANA & 27 €9 urea ¥ 1-Methylhistidineg A ¢ 3F dwtolu] Al 25 F3} <ol
2k (threonine, methionine, phenylalanine, valine, isoleucine, leucine, % lysine) 7 +°| ¥ %
o2 HAEH F 32 Y FEoknite] HEHAT (Fig. 68). vk H71shA &2 9%
g 371 (8 )9 & ool Ak ke 5534.80 mg/g o= 7FE =kt 1 % proline
wtg 7t Aol wel Z7ksle] $7] (8 F)ol 312.68 mg/ge] i, glutamic acidi:= 1308.55
mg/go2 F713 & F 7] (8 F)ol 108748 mg.gl 2 ATt (Table 62). H4=oln]
=AFS isoleucine 2 leucineo] WE vl Hap o] ue} Friste] wE SrlolE 77t 350.64 ¥
44528 mg/g oIt 10% vtsd g F fElofv =it 2 4736.86 mg/g ol TE
A % proline, aspartic acid % glutamic acid’} F7Fstgion wWE 7)o =z 280.72,
47334 2 108748 mg/g ©lAtt (Fig. 68 % Table 63). 20% vis=¥d A2 & fFolv| =4t gk
2 450368 mg/g °lRoem deJAH o R taurinee] WE AH T HEHA Fkon,
gamma-aminobutyric ¥l F7tsh= A aFS UEFH AT (Table 64).

flo 1o &+ i

Fig. 68. T&pical chromatogram of free amino acid contents. Chromatogram of free amino
acids from 10% garlic Doenjang at 0 week (A), 1 week (B), 2 week (C), 3 week (D), 4
week (D), 6 week (E), and 8 week (F).
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Table 62. Changes of free amino acid contents of doenjang during fermentations'

)

Contents” Fermentation time (w)
(mg/g) 0 \ 1 \ 2 3 4 \ 6 \ 8
General amino acids
Phosphoserine 59.25 52.22 39.54 38.36 30.93 34.13 66.16
Taurine nd? 23.28 1591 22.99 18.62 23.71 47.86
Phosphoetanolamine nd nd 23.27 36.26 32.47 nd nd
Urea nd nd nd nd nd nd nd
Proline 53.95 164.80 205.87 272.78 276.83 300.62 312.68
Aspartic acid 101.39 218.28 315.42 391.24 410.30 44723 440.69
Serine 62.31 162.08 211.70 245.18 267.11 27852 217.43
Glutamic acid 226.53 732.22 1008.67 1150.63 1296.21 1308.55 1087.48
Sarcosine nd 28.30 32.92 20.13 51.02 19.40 12.96
Aminoadipic acid 27.28 70.15 85.70 67.02 85.79 72.25 48.74
Glycine 35.43 93.77 122.83 135.68 139.49 137.74 126.90
Alanine 78.79 150.61 187.89 223.20 223.96 219.49 217.42
Citrulline 10.85 nd nd 9.31 nd nd nd
a—aminobutyric acid 10.90 31.66 48.81 4357 53.97 32.83 48.46
Cystine 10.85 36.30 49.41 54.17 5712 50.26 62.52
Cystathionine 32.04 22.55 34.41 40.23 4721 107.10 60.53
Tyrosine 94.31 175.52 258.48 284.98 295.29 268.24 298.08
b-alanine 44.76 33.61 38.59 64.61 67.72 61.68 98.84
b-aminoisobutyric acid 44.76 69.98 82.81 80.93 82.23 60.14 85.03
v-aminobutyric acid 48.76 53.56 62.04 70.38 75.83 62.77 85.49
Aminoethanol 9.40 9.31 10.16 11.33 11.35 754 nd
Hydroxyproline 24.25 23.69 24.76 46.14 46.38 41.76 43.53
Ornithine 9.19 756 7.99 10.32 7.59 6.53 20.59
1-Methylhistidine nd nd nd nd nd nd nd
3-Methylhistidine nd 5.24 76.12 3.59 3.78 2.53 nd
Anserine 42.83 105.84 124.85 86.49 92.55 77.66 33.38
Carnosine nd 7.01 9.92 5.69 5.94 5.14 4.34
Arginine 216.73 316.82 386.12 412.83 437.65 451.60 374.75
Totals 124456 2594.36 3464.19 3828.04 4117.34 4077.42 3793.86
Essential amino acids
Threonine 39.61 109.10 141.76 163.81 172.21 181.02 156.95
Valine 86.14 156.49 197.63 231.58 231.28 234.45 231.44
Methionine 47.74 82.45 108.79 115.43 116.58 107.10 108.93
Isoleucine 76.42 166.07 218.28 281.54 293.43 311.42 350.64
Leucine 147.98 310.65 390.91 443.49 439.08 443.61 44528
Phenylalanine 158.82 259.80 348.19 373.25 379.41 351.24 352.39
Lysine 113.69 241.07 292.05 289.95 300.95 285.14 222.22
Histidine 32.93 61.53 76.12 92.49 93.09 100.87 91.83
Totals 703.33 1387.16 177373 1991.54 2026.03 2014.85 1959.68
Total amino acids 1947.89 3981.52 5237.92 5819.58 6143.37 6092.27 5753.54
Ammonia 53.12 63.65 79.54 88.04 89.57 85.29 79.56

,”All values are presented as the mean*SD of triplicate determination.

nd: not detected.
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Table 63. C1 anges of free amino acid contents of 10% garlic doenjang during
fermentations
Contents” (mg/g) - ‘ 1 ‘ - Fern‘lentatl(;n tlme‘ (w) - - -
General amino acids
Phosphoserine 53.66 37.81 47.22 45.68 70.83 45.80 47.80
Taurine nd” 10.08 23.65 22.96 49.13 35.85 49.94
Phosphoetanolamine nd 17.11 28.16 28.58 67.67 nd 79.95
Urea nd nd nd nd nd nd nd
Proline 46.96 124.50 185.04 195.38 221.11 252.05 280.72
Aspartic acid 103.99 193.12 322.09 321.60 390.35 414.50 473.34
Serine 48.39 127.64 179.03 175.32 174.00 201.71 196.03
Glutamic acid 183.21 594.79 813.69 861.25 781.19 959.62 938.55
Sarcosine nd 17.79 21.41 19.67 12.47 15.70 5.95
Aminoadipic acid 17.44 53.35 62.29 61.52 41.62 52.33 33.98
Glycine 26.85 69.73 96.07 94.99 84.34 101.28 93.50
Alanine 63.37 125.15 169.90 160.64 153.19 170.39 176.05
Citrulline 6.48 7.15 9.29 nd nd nd nd
a-aminobutyric acid nd 20.67 62.29 20.15 25.05 30.11 31.88
Cystine 35.09 42.01 60.38 46.21 4252 76.69 76.31
Cystathionine 12.17 1747 35.40 2091 36.99 34.42 53.78
Tyrosine 67.89 137.95 227.59 183.62 163.78 197.38 39.91
b-alanine 33.29 18.17 42.33 36.43 7461 62.57 83.07
b-aminoisobutyric acid 31.77 69.59 79.83 63.31 55.73 47.49 58.49
Gamma aminobutyric acid 42.78 49.51 64.29 61.02 81.43 65.46 90.16
Aminoethanol nd 8.50 10.83 8.96 nd nd nd
Hydroxyproline 44.01 3.23 42.65 38.99 43.54 44.32 43.58
Ornithine 8.33 3.68 8.32 712 5.66 7.99 11.49
1-Methylhistidine nd nd nd nd nd nd nd
3-Methylhistidine nd 3.94 3.83 4.16 nd nd nd
Anserine 26.34 78.97 77.39 83.37 30.30 35.17 18.96
Carnosine nd 5.04 412 4.34 15.14 nd nd
Arginine 285.64 400.54 508.81 499.11 437.80 479.71 446.92
Totals 1137.66 2237.49 3185.95 3065.29 3058.45 3330.54 3335.36
Essential amino acids
Threonine 31.74 84.65 126.75 121.70 134.35 147.31 153.42
Valine 77.61 139.46 192.97 180.98 172.57 192.09 191.99
Methionine 35.17 62.79 85.11 73.83 57.61 75.29 75.30
Isoleucine 56.71 125.97 219.40 197.61 240.52 263.68 307.71
Leucine 108.12 235.54 329.11 312.04 282.22 329.17 341.57
Phenylalanine 122.71 214.89 318.87 279.36 243.61 271.89 263.46
Lysine 97.17 209.37 255.62 253.72 169.12 206.34 161.56
Histidine 28.38 4895 66.28 71.90 64.06 75.95 75.10
Total 557.61 1121.62 1594.11 1491.14 1364.06 1561.72 1570.11
Total amino acids 1695.27 3359.11 4780.06 4556.43 442251 4892.26 4905.47
Ammonia 54.86 61.32 78.88 74.44 70.08 73.78 67.10

DAIl values are presented as the mean+SD of triplicate determination.

Table 64. Changes of free

amino acid contents of 20% garlic

Dnd: not detected.

doenjang during

fermentations"
Contents” Fermentation time (w)
(mg/g) 0 1 \ 2 3 \ 4 6 8
General amino acids
Phosphoserine 64.11 46.74 55.21 50.61 57.96 nd 4959
Taurine nd? nd nd nd nd nd nd
Phosphoetanolamine 24.07 19.56 28.03 29.41 39.32 65.18 76.67
Urea nd nd nd nd nd nd nd
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Proline 52.79 128.81 156.56 168.79 205.06 220.00 233.40
Aspartic acid 137.16 262.79 287.65 306.42 373.38 371.55 460.00
Serine 52.56 118.88 142.83 153.02 182.23 152.02 171.61
Glutamic acid 207.30 610.63 714.18 791.12 877.69 824.13 883.32
Sarcosine nd 14.98 19.03 17.38 17.15 13.34 6.67
Aminoadipic acid 16.20 43.11 55.54 59.10 56.88 44.13 35.35
Glycine 28.47 62.82 77.90 79.92 88.51 85.39 80.71
Alanine 69.10 130.89 143.73 136.79 157.07 155.40 154.08
Citrulline 20.94 22.06 9.39 nd nd nd nd
a—aminobutyric acid 7.85 23.27 27.40 18.49 22.69 25.02 35.35
Cystine 48.09 60.27 61.62 54.18 57.17 83.48 75.66
Cystathionine 17.10 34.29 21.61 21.33 22.57 36.17 54.82
Tyrosine 69.76 174.76 154.25 169.96 175.60 191.21 173.04
b-alanine 34.29 43.00 34.57 40.51 56.61 7872 89.21
b-aminoisobutyric acid 28.49 71.83 61.01 66.41 60.39 65.82 47.29
Gamma aminobutyric acid 45.42 68.59 62.21 66.56 73.74 89.38 108.93
Aminoethanol nd 8.66 8.73 8.69 7.80 nd nd
Hydroxyproline 44.25 39.53 39.85 41.02 43.11 42.70 42.78
Ornithine 9.44 9.29 9.94 8.02 8.46 7.19 5.70
1-Methylhistidine nd nd nd nd nd nd nd
3-Methylhistidine nd 3.08 3.15 3.14 2.35 nd nd
Anserine 29.22 58.82 65.54 64.73 50.00 31.31 17.94
Carnosine nd 458 2.25 4.75 2.88 18.97 nd
Arginine 384.70 563.73 587.65 574.27 624.29 561.58 506.58
Totals 1391.31 2624.97 2829.83 2934.62 3262.91 3162.69 3308.70
Essential amino acids
Threonine 33.22 80.50 95.56 102.40 121.78 115.11 130.93
Valine 97.24 163.46 180.42 172.15 195.17 198.48 171.90
Methionine 36.84 69.25 60.40 55.93 58.03 47.90 64.20
Isoleucine 63.00 143.42 174.80 181.79 217.48 241.36 250.87
Leucine 109.96 244.79 259.11 265.99 292.06 290.45 271.15
Phenylalanine 130.10 266.39 246.85 267.73 274.55 282.89 231.76
Lysine 102.81 212.55 229.90 227.87 234.79 196.75 154.88
Histidine 31.27 49.30 62.46 58.05 70.42 65.77 60.56
Total 604.44 1229.66 1309.50 1331.91 1464.28 1438.71 1336.25
Total amino acids 1995.75 3854.63 4139.33 4266.53 4727.19 4601.40 4644.95
Ammonia 56.97 66.29 72.89 73.08 75.78 69.95 63.32

;;All values are presented as the mean+SD of triplicate determination.
nd: not detected.

(4) WE F BNAE PE
D vhs FE} 2GR
==

nhE 57 @ 0 FAel= 28 o] U)ol FAHNL 8 FAdd= 36 T FIGE
o] At 0 Feo 8 Fo FEFoE HEH IFV|APELS acetic acid ethyl ester,
trichloromethane, 1-ethoxy—2-methyl propane, 1-ethoxy butane, trimethyl hydrazine,
2,4-dimethyl heptane, ethylbezene, 4-methyl octane, tetradecane % heptadecane 10 2| &
714 Fo] AEHAL. 0 F F2 FU|AHEL acetic acid ethyl ester®} trichloromethane® &
Zk7y 12.11%¢F 31.08% 5 AA|eF L 8 Foll= o] 7] Faste] 742 548% 2 16.38%
S A EF L T8 FV|AHE S 2= trichloromethanes H| %39 ethyl benzeneo] 11.54%, Ai
28 AAH pentanoic acid, 3-methylbutyl ester’7} 14.39% $ith. W& & 7| 7o =3 v}
G Il AAE AL mAa=Ee TE Ao o3 Ao FHEJAT (Tables 65, 66).

Table 65. Volatile compounds of doenjang without garlic at 0 week.

No. Compound RT (min) Peak area (x10°6) | Ratio (%)
1 acetic acid ethyl ester 2.58 26.09 12.11

2 trichloromethane 2.63 66.96 31.08

3 1-ethoxy-2-methyl propane 2.98 15.64 7.26
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4 2-methoxy butane 3.66 497 2.30
5 1-ethoxy butane 4.02 3.04 1.41
6 trimethyl hydrazine 4.22 1.90 0.88
7 1,1-diethoxy ethane 4.43 6.44 2.99
8 2,4-dimethyl heptane 7.01 5.80 2.69
9 ethylbezene 8.33 12.84 5.96
10 4-methyl octane 8.44 2.61 1.21
11 4-ethyl decane 15.00 4.77 2.21
12 | 3,7-dimethyl decane 15.17 1.46 0.68
13 acetophenone 15.29 3.15 1.46
14 3,6—dimethyl decane 16.41 2.08 0.96
15 tetradecane 24.77 0.86 0.40
16 1-cyclohexyl ethanone 28.50 1.43 0.66
17 methoxyacetic acid 28.75 1.36 0.63
18 sulfurous acid butyl tetradecyl ester 28.92 2.20 1.02
19 2-amino—2-oxo-acetic acid ethyl ester 29.22 0.85 0.40
20 2-octyl-1-dodecanol 29.42 2.10 0.98
21 hexadecane 29.60 14.41 6.68
22 | oxalic acid cyclobutyl pentadecyl ester 29.88 2.00 0.93
23 2-butoxylfonylhexadecane 29.94 2.78 1.29
24 2-hexyl-1-decanol 30.02 1.22 0.57
25 eicosane 30.69 6.72 3.12
26 2-methyl hexadecane 31.01 6.81 3.16
27 | heptadecane 31.82 13.04 6.05
28 | nonadecane 33.33 1.97 0.91

RT: Retention time

Table 66. Volatile compounds of Doenjang without garlic at 8 week.

No. Compound RT (min) Peak area (x10°6) Ratio (%)
1 2-fluoro—2-butene 2.32 13.76 2.29
2 acetic acid ethyl ester 2.58 32.90 548
3 trichloromethane 2.63 98.42 16.38
4 1-ethoxy-2-methyl-propane 2.97 43.66 7.27
5 methyl vinyl sulfide 3.18 6.91 1.15
6 1-ethoxy butene 3.65 33.72 5.61
7 propanoic acid ethyl ester 3.99 7.95 1.32
8 methyl vinyl sulfide 4.20 1.27 0.21
9 1,1-diethoxy ethane 4.42 49.84 8.30
10 trimethyl hydrazine 4714 1.30 0.22
11 hydrazine ethanoate 5.04 3.68 0.61
12 pentanoic acid, 3-methylbutyl ester 512 86.45 14.39
13 trimethyl hydrazine 5.63 0.95 0.16
14 2-methyl-2-butanol 6.87 2.05 0.34
15 2,4-dimethyl heptane 7.01 12.50 2.08
16 ethyl benzene 8.32 69.32 11.54
17 4-methyl octane 8.43 5.69 0.95
18 decane 13.11 191 0.32
19 1,2-dichloro benzene 14.21 4.78 0.80
20 benzeneacetaldehyde 14.56 5.15 0.86
21 4-ethyl decane 14.94 18.40 3.06
22 undecane 15.17 5.36 0.89
23 5-methyl undecane 16.41 6.85 1.14
24 4-ethyl phenol 18.35 3.28 0.55
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25 dodecane 19.33 3.05 0.51
26 2-methoxy benzeneethanol 21.61 36.90 6.14
27 2,6,11-trimethyl dodecane 22.85 3.81 0.63
28 tetradecane 24.77 2.59 0.43
29 5-phenyl-1,2,4-thiadiazol-3-amine 26.55 0.46 0.08
30 2,6—bis phenol 27.79 1.30 0.22
31 diethyl phthalate 29.56 29.83 4.96
32 elemol 30.40 0.67 0.11
33 di-tert-dodecyl disulfide 30.79 0.68 0.11
34 alpha—cadinol 30.99 2.03 0.34
35 heptadecane 31.82 1.80 0.30
36 octadecane 33.94 1.62 0.27

RT: Retention time

@ Ak 10% H7F ntsRge] 714958
SAE S 10% H7He vtsd g 0 79 & 33 Fol A=A 8 Fol= 55 F
o] A=HAL. 0 9 8 Fo FFoz2 HEH 7| & 9 07 gcetic acid ethyl ester,
trichloromethane, trimethyl hydrazine, 1-ethoxy butane, ethyl benzene, 4-methyl octane,
1,4-dimethyl benzene, tetradecane % hexadecane U th 0 9 T2 F7|HF OS2+ acetic
acid ethyl ester, pentanoic acid 3- methylbutyl ester % ethyl benzene® & Z}7} 15.34%,
15.13% % 19.32% AFAekAaL 8 F9] F2 7|4 ES ethyl benzeneRt 10.07% AR Lhv
A= 10% o]3tE ZA|eATh 0 2o =2 7|21 acetic acid ethyl ester®] 7% ethyl
benzene¥} vIZF7FA| 2 8 Fol= Aadhe 529% Atk 8 Folv= EAS IV|AHES Aoy
e 27|EY V|G FEo] YA o'l Aye mAdEe g Ao o) thst A
ol AAE Aoz ATFHAT (Table 67, 68).
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Table 67. Volatile compounds of Doenjang with 10% garlic at 0 week.

No. Compound RT (min) Peak area (x1076) Ratio (%)
1 acetic acid ethyl ester 2.58 42.38 15.34
2 trichloromethane 2.62 16.75 6.06
3 1-ethoxy-2-methyl propane 2.98 18.53 6.71
4 trimethyl hydrazine 3.15 3.38 1.22
5 2—fluoro—2-butene 3.28 2.04 0.74
6 1-ethoxy butane 3.66 5.68 2.06
7 pentanoic acid 3-methylbutyl ester 5.12 41.81 15.13
8 2,3,5-trimethyl hexane 6.77 1.44 0.52
9 methyl vinyl sulfide 7.68 0.52 0.19
10 2,3—dimethyl heptane 8.16 0.94 0.34
11 ethyl benzene 8.32 53.36 19.32
12 4-methyl octane 8.43 7.84 2.84
13 1,3-dimethyl benzene 8.61 2.59 0.94
14 1,1,3-triethoxy propane 11.62 1.13 0.41
15 dodecane 13.11 2.35 0.85
16 2,7,10-trimethyl dodecane 14.76 2.05 0.74
17 4-ethyl decane 15.17 7.49 2.71
18 propylene sulfide 15.23 1.30 0.47
19 1-phenyl ethanone 15.28 3.94 1.42
20 allyl disulfide 15.68 2.39 0.87
21 3,6—dimethyl decane 16.58 4.90 1.77
22 4-methyl undecane 16.78 1.42 0.51
23 tridecane 22.20 473 1.71
24 2,4-decadienal 22.62 3.46 1.25
25 tetradecane 24.77 456 1.65
26 tridecanol 27.06 1.43 0.52
27 2,6,11-trimethyl-dodecane 28.24 9.13 3.31
28 2-methyl hexacosane 28.48 3.76 1.36
29 methoxyacetic acid, 2-tetradecyl ester 28.92 1.88 0.68
30 hexadecane 29.60 12.39 4.49
31 2-hexy-1-decanol 29.76 1.38 0.50
32 2-naphthalenemethanol 30.91 3.98 1.44
33 1-chloro octadecane 31.00 5.30 1.92

RT: Retention time
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Table 68. Volatile compounds of Doenjang with 10% garlic at 8 week.

No. Compound RT (min) | Peak area (x10°6) | Ratio (%)
1 4-methyl-1-penten-3-ol 2.15 38.36 5.04
2 propanoic acid methyl ester 2.19 18.89 2.48
3 methyl vinyl sulfide 2.37 5.03 0.66
4 acetic acid ethyl ester 2.58 40.29 5.29
5 trichloromethane 2.63 59.50 7.82
6 3-methyl butanal 3.00 18.40 2.42
7 trimethyl hydrazine 3.08 4.81 0.63
8 2-methyl-4-hydroxy cyclobutanone 3.14 20.33 2.67
9 2-fluoro—2-butene 3.28 8.99 1.18
10 1-ethoxy butane 3.65 41.00 5.39
11 1,1-diethoxy ethane 4.41 63.23 8.31
12 3-methyl butanol 452 5.45 0.72
13 hexamide 5.04 5.48 0.72
14 2,4-dimethyl heptane 7.01 13.75 1.81
15 2—furancarboxaldehyde 7.39 78.81 10.35
16 2,5-dimethyl furan 7.67 2.66 0.35
17 3-methyl butanoic acid methyl ester 8.16 1.15 0.15
18 ethyl benzene 8.32 76.68 10.07
19 4-methyl octane 8.43 6.59 0.87
20 1,4-dimethyl benzene 8.62 1.95 0.26
21 3-propanal 9.90 2.40 0.32
22 2,5-dimethyl pyrazine 10.04 2.06 0.27
23 benzaldehyde 11.76 2.54 0.33
24 2-pentyl furan 12.85 151 0.20
25 decane 13.11 2.34 0.31
26 1,2-dichloro benzene 14.21 5.85 0.77
27 benzenacetaldehyde 14.54 38.70 5.08
28 dinonyl trisulfide 14.76 2.51 0.33
29 2,6—dimethyl octane 14.86 2.94 0.39
30 1,2-bisallyl disulfide 15.67 7.50 0.99
31 3,7-dimethyl decane 16.58 2.57 0.34
32 undecane 16.79 151 0.20
33 p—dioxanyl hydroperoxide 1751 2.98 0.39
34 4-ethyl phenol 18.34 16.14 2.12
35 2-hydroxy benzoic acid methyl ester 19.23 0.41 0.05
36 dodecane 19.33 4.62 0.61
37 2-ethyl-1,1-dimethyl hydrazine 19.96 0.79 0.10
38 2-methoxybenzeneethanol 21.61 60.20 7.91
39 diallyl trisulfide 22.21 42.84 5.63
40 2-methoxy-4-vinylphenol 22.56 22.70 2.98

- 120 -




41 2,7,10-trimethyl dodecane 23.29 0.63 0.08
42 dodecanol 23.52 0.43 0.06
43 buthoxyethoxyethyl acetate 23.94 3.46 0.45
44 linalyl propionate 24.68 0.36 0.05
45 tetradecane 24.77 3.39 0.45
46 2,4-bis phenol 27.57 1.26 0.17
47 sulfurous acid pentyl undecyl ester 28.34 0.54 0.07
48 hexadecane 29.60 473 0.62
49 cubenol 30.40 0.76 0.10
50 muurolol 30.69 2.03 0.27
51 2-hexyl-1-decanol 30.78 0.93 0.12
52 2-propenyl cyclohexane 30.87 1.76 0.23
53 alpha-cardinol 30.99 2.32 0.30
54 heptadecane 31.82 1.82 0.24
55 octadecane 33.94 2.23 0.29

RT: Retention time

@ FAvE 20% A7F vt Rde] 1R

SAES 20% H7ME vbEEEY 0 A ® o] AEHUL 8 FA A= 62
Zol AE=HAHY 0 FA 8 FAo Tdo® HEH F7AZEE 11 TL=E acetic acid ethyl
ester, trichloromethane, 1-ethoxyl-2-methyl-propane, trimethyl hydrazine, 1-ethoxy butane,
2,4-dimethyl heptane, ethyl benzene, 4-methyl octane, dodecane, tetradecane % hexadecane
AAt. 0 FHA FL  Fr|AHFEOoEE  acetic acid ethyl ester, trichloromethane,
1-ethoxy-2-methyl-propane, pentanoic acid 3- methylbutyl ester % ethyl benzene® & Z}2z}
12.97%, 13.56%, 10.65%, 16.48% % 9.00% #A]3tAR il ©]& S 8 4 acetic acid ethyl ester,
trichloromethane % 1-ethoxyl-2-methyl propane< 74ste] Z+7b 4.10%, 5.67% 2 6.32% A
3 ethylbenzene ¢FF F7kste] 975%E  AA st dH 0 FA4 HEHA F
3-methylbutyl decanoate”’} 11.80%% 8 FA& T8 F7|AFEo|AY. od A= mAE
g g oa vt FridEe]l AdE AowE dAdH A (Tables 69,70).
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Table 69. Volatile compounds of Doenjang with 20% garlic at 0 week.

No. Compound RT (min) | Peak area (x10°6) | Ratio (%)
1 2-ethoxy propane 2.19 19.76 5.34
2 2-fluoro—2-butene 2.32 19.08 5.15
3 acetic acid ethyl ester 2.43 48.02 12.97
4 trichloromethane 2.62 50.22 13.56
5 1-ethoxy-2-methyl-propane 2.97 39.44 10.65
6 3-methyl hexane 3.28 8.97 2.42
7 1-ethoxy butane 3.65 14.31 3.87
8 propanediamide 3.99 7.86 2.12
9 trimethyl hydrazine 474 4.80 1.30
10 hydrazine ethanoate 499 1.75 0.47
11 propanoic acid, 3-methylbutyl ester 512 61.02 16.48
12 methyl vinyl sulfide 6.44 0.88 0.24
13 2,4-dimethyl heptane 7.01 7.32 1.98
14 ethyl benzene 8.32 33.33 9.00
15 4-methyl octane 8.43 2.88 0.78
16 2-pentyl furan 12.85 0.79 0.21
17 decane 13.11 0.97 0.26
18 4-ethyl decane 14.99 7.11 1.92
19 3,6—dimethyl decane 15.17 1.97 0.53
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20 1-phenyl-ethanone 15.28 2.76 0.75
21 3,7-dimethyl decane 16.40 2.46 0.66
22 5-methyl undecane 16.58 0.86 0.23
23 dodecane 19.33 0.88 0.24
24 tetradecane 24.77 0.91 0.24
25 oxalic acid, hexyl octadecyl ester 28.49 0.92 0.25
26 4 5-dichloro acridine 28.54 0.72 0.20
27 sulfurous acid, 2-propyl tridecyl ester 28.62 0.53 0.14
28 methoxyacetic acid, 2-tetradecyl ester 28.92 1.08 0.29
29 hexadecane 29.60 9.78 2.64
30 1-pentacontanol 29.76 2.50 0.68
31 oxalic acid, isobutyl hexadecyl ester 30.19 1.15 0.31
32 sulfurous acid, 2-propyl tetradecyl ester 30.62 2.63 0.71
33 2-naphthalenemethanol 3091 6.62 1.79
34 nonadecane 31.01 5.40 1.46
35 2-hexyl-1-decanol 31.51 0.55 0.15

RT: Retention time

Table 70. Volatile compounds of Doenjang with 20% garlic at 8 week.

No. Compound RT (min) Peak area (x1076) Ratio (%)
1 acetic acid ethyl ester 2.58 34.27 4.10
2 trichloromethane 2.62 47.35 5.67
3 1-ethoxy-2-methyl propane 2.97 52.80 6.32
4 2-methyl butanal 3.14 17.07 2.04
5 2—fluoro—2-butene 3.28 8.85 1.06
6 1-ethoxy-2-butane 3.65 14.95 1.79
7 trimethyl hydrazine 4.27 4.66 0.56
8 acetal 4.42 19.69 2.36
9 2-methyl-2-hexanol 5.04 5.94 0.71
10 3-methylbutyl decanoate 512 98.52 11.80
11 2-pentanol 6.87 4.12 0.49
12 2,4-dimethyl heptane 7.01 8.26 0.99
13 fufural 7.39 25.14 3.01
14 3-furaldehyde 7.52 4.58 0.55
15 chlorobenzene 7.79 10.87 1.30
16 dially sulfide 8.22 4.31 0.52
17 ethylbenzene 8.32 81.44 9.75
18 4-methyloctane 8.43 6.21 0.74
19 p-Xylene 8.61 3.97 0.48
20 1,3-dimethylbenzene 9.40 14.79 1.77
21 3-propanal 9.90 2.86 0.34
22 2,5-dimethyl pyrazine 10.05 3.45 0.41
23 1,3-dithiane 10.20 3.31 0.40
24 4-ethoxy—1-butanol 12.45 2.22 0.27
25 2-pentylfuran 12.84 2.35 0.28
26 trimethyl pyrazine 13.17 2.63 0.31
27 benzenacetaldehyde 14.54 23.88 2.86
28 4-ethyl decane 14.99 8.09 0.97
29 3-methyl undecane 15.17 3.50 0.42
30 3-methyl butanoic acid 15.22 2.45 0.29
31 allyl disulfide 15.67 23.64 2.83
32 6-ethyl-2methyl octane 16.40 391 0.47
33 4-methoxy butanoic acid 16.49 1.73 0.21
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34 3,6—-dimethyldecane 16.58 1.46 0.18
35 durene 16.82 1.60 0.19
36 1,4-dioxan-2-yl hydroperoxide 17.50 9.41 1.13
37 dodecane 19.33 2.99 0.36
38 dehydrobenzofuran 19.86 1.44 0.17
39 eicosane 21.61 6.26 0.75
40 2-undecane 22.00 1.49 0.18
41 heneicosane 22.14 0.41 0.05
42 allyl trisulfide 22.22 114.72 13.74
43 2-methoxy—4-vinylphenol 22.56 30.85 3.69
44 thymol 22.68 2.57 0.31
45 docosane 22.85 2.70 0.32
46 tetradecane 24.77 0.91 0.11
47 surfynol 25.21 7.18 0.86
48 2,6-bis phenol 27.67 4552 5.45
49 gamma-—cadinene 27.95 1.28 0.15
50 diallyl tetrasulfide 28.34 3.03 0.36
51 2-tridecyl methoxyacetic acid 28.92 0.71 0.08
52 hexadecane 29.60 4.33 0.52
53 2-hexyl-1-decanol 29.67 0.20 0.02
54 muurolol 30.69 2.73 0.33
55 alpha-cadinol 30.99 2.73 0.33
56 heptadecane 31.83 712 0.85
57 2-hexyl-1-dodecanol 31.96 3.11 0.37
58 1-pentacontanol 33.84 0.66 0.08
59 octadecane 33.94 1.98 0.24
60 tetradecanoic acid trimethylsilyl ester 35.02 1.11 0.13
61 hexadecanoic acid methyl ester 36.50 5.24 0.63

RT: Retention time
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Fig. 69. Changes of antioxidant activities of garlic doenjang during fermentations. A,
DPPH radical scavenging activity, B; ABTS radical scavenging activity, and C, FRAP
assays.

- 123 -



G Auts A7t 939 54

() Arks 37k 949 olgstd 54
(7h ks A7b 98] pH, AbE, 9% 3 A W

WE F pH A%, A% 2 AT WSS Table 710 JEAT vlx F 47 283 nps
AbEAde B F pHE T Aol glglo, v W7k Hge] ot o ke Age milt
gH AxE g 27] 06% FEA BE F7)d F 120% FEOR FteteE 4TS B
o ks PE F7] 12-13% Fsela Ay T AR A5 vhs 10% o HIbelAM =
ul g 7l 78 of Drdte ATS BYgom wAuaE 2 W ot ERe A
kol ik Aol of3k Ao w AdET

Table 71. Changes of pH, acidity, salinity and viable cell numbers of garlic doenjang
during fermentations”

Contents”
Conc. of Fermentation Acidity R Viable cell numbers
garlic (%) time (w) pH (%, as lactic (gdlﬁla%’l) log cfu/g
acid) o Yeast Bacillus
0 6.02 0.59 8.00 7.38 9.89
1 6.19 1.10 10.40 7.14 8.45
2 6.28 1.39 12.80 7.06 9.43
0 3 6.18 1.08 9.00 6.68 9.95
4 6.10 1.02 10.60 5.53 8.55
5 6.08 1.25 10.40 6.34 8.26
6 6.05 1.43 13.00 7.10 9.42
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0 5.99 0.60 7.80 7.06 9.07
1 6.04 1.00 10.60 6.06 8.39
2 6.00 1.20 11.20 5.56 10.07
5 3 5.97 1.10 8.40 5.05 8.61
4 592 1.42 12.60 5.64 8.41
5 5.94 1.43 11.80 7.01 8.65
6 5.94 1.28 12.80 7.21 9.10
0 0 6.02 0.59 8.00 7.38
1 1 6.22 0.97 11.80 5.48
2 2 6.24 1.01 10.20 478
10 3 3 6.23 1.04 12.00 4.37
4 4 6.19 1.01 11.40 3.00
5 5 6.15 1.34 13.20 3.00
6 6 6.14 1.27 12.60 6.03
0 0 5.99 0.60 7.80 7.06
1 1 6.08 1.05 10.20 4.36
2 2 6.13 1.14 10.00 5.06
15 3 3 6.02 1.02 10.00 3.68
4 4 5.95 1.07 10.42 4.56
5 5 5.96 1.40 13.00 5.90
6 6 5.95 1.21 11.80 6.24
0 0 6.02 0.59 8.00 7.38
1 1 6.26 0.90 11.00 3.94
2 2 6.27 1.22 12.60 3.18
20 3 3 6.27 1.06 12.60 2.25
4 4 6.20 1.01 12.80 3.78
5 5 6.23 1.17 12.20 493
6 6 6.17 1.23 12.80 5.38
0 0 6.02 0.59 8.00 7.38
1 1 6.28 0.98 11.00 3.96
2 2 6.33 1.01 12.40 4.02
30 3 3 6.34 1.03 11.60 5.38
4 4 6.23 0.85 9.20 4.85
5 5 6.26 1.00 9.60 492
6 6 6.26 1.18 13.00 5.01

U Garlic doenjang were fermented at room temperature for 6 week.
PAll values are means of determination in three independent experiments.

(2) vk #H7F ©73° ZF phenolics, isoflavone R 7] 4]

(7}) @& % = phenolics % W3}

}* XUP 2789 & henolyg_g?aég F%g 70ﬂ¥%ﬂ;{‘l§} :;‘%;}Df/l( ni?'
316 01 cs Zlao] j ]}-—2 ij—7]-6]— k= = S

polics Wl A e o 100 g R e

(W) 23 F isoflavone “5”* H 3}

nhs H7F @& HPLC A ZvlE2¥, isoflavone H]& % $taF W3li= Fig. 71 ¥ Table
729 2o vfsEAL FEAHORE 12 F9 isoflavone FEA7F AEEH AT (Fig. 71) lgeibd s
@) wat aglycone %L%k% =A3A F718F 2L, ¥ isoflavone S-S wls - H7F 2%
o] 3854.8 ug/g o= 7} =Sktd (Table 72). 20% vhs H7F 949 4% 2587.70 ug/g o=
% isoflavone & #o] 7} vgrom 10% vwhs H7F ©4L 313500 pg/g 2 Shafo] H|nLA
=gtk Hg A (0 )9l daidzin, glycitin ¥ genistin &2 ZF2} 200.08 ug/g, 107.98 ug/g
20770 pg/g ©) 3L malonylglycosides®] daidzin, glycitin % genistin $F%2 217} 20.89 ug
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/g, 1822 ug/g 2 29.25 ug/g, acetylglycoside®! daidzin, glycitin ¥ genistine 2}Z} 5.20 pg/g,
143 pg/g 2 0.72 pg/g o)At a7 A Ho] we}l glycosides 2 malonylglycosides & #o]
0] EW A aglycones ¥#Fo] STr7lstg e wg F7] (6 ) daidzein, glycitein % genistein
S 242 14026 pe/g, 37.33 pg/g, B 11476 pg/g o= S7tskdth H 10% vhs 37 @
Fe 9y A (0 F) 79.34%9] glycosides H|&°] 2& F7] (6 F)ol= 1280% = ZAsA
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Fig. 70. Changes of total phenolic contents of garlic doenjang during fermentations.
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Fig. 71. Typical HPLC chromatogram of isoflavone. A; 10% garlic Doenjang at 0 week
(A), 1 week (B), 2 week (C), 3 week (D), 4 week (E), 5 week (F), and 6 week (G). 1,
daidzin; 2, glycitin; 3, genistin; 4, malonyldaidzin;, 5, malonylglycitin; 6, acetyldaidzin; 7,
acetylglycitin; 8, malonylgenistin, 9, daidzein; 10, glycitein, 11, acetylgenistin, and 12,
genistein.
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Table 72. Changes of 12 isoflavone contents of garlic doenjang during fermentations”

Conc. Fermen Isoflavone contents” (ng/g)
of tation Glycosides Malonylglycosides Acetylglycosides Aglycones
garlic time Daidz | Glyciti | Genisti | Daidz o Genisti | Daid | Glycit | Genis | Daidz | Glycite | Geniste | Totals
(%) (w) . R Glycitin . ; i R . .
in n n in n zin in in ein in in
0 196.36 | 100.19 206.33 22.22 31.47 37.27 nd” nd nd 51.08 7.29 13.72 668.93
1 133.12 62.89 126.74 33.34 33.27 55.59 15.03 | 1092 5.46 143.68 53.65 105.18 778.87
2 90.07 33.33 71.98 18.40 19.22 33.05 tr” 498 nd 127.00 34.48 79.79 516.3
0 3 7792 32.22 56.48 17.90 19.82 34.56 0.84 5.90 nd 153.22 41.22 98.78 538.86
4 55.76 25.90 32.43 13.78 17.68 29.79 tr 4.82 nd 141.35 36.82 92.92 451.25
5 45.90 24.58 24.34 13.37 17.45 31.40 tr 4.54 nd 148.77 37.43 99.38 447.16
6 41.64 25.24 21.80 12.18 16.50 31.27 tr 4.52 nd 153.05 38.16 103.69 448.05
0 186.50 93.35 193.28 17.73 15.83 27.98 tr 0.89 0.45 38.44 7.86 22.86 605.17
1 126.69 38.15 114.44 1593 14.75 28.32 tr 0.60 0.30 81.35 26.36 63.34 510.23
2 95.97 26.24 74.88 15.10 14.12 27.68 tr 0.60 0.30 109.46 33.99 86.71 485.05
5 3 68.20 13.83 42.55 12.28 11.97 23.65 tr 1.80 0.90 127.74 37.66 104.17 444.75
4 50.60 19.19 23.66 12.20 11.59 22.96 tr 2.50 1.25 143.05 4.31 114.99 406.3
5 43.72 21.25 18.74 12.48 12.56 28.04 3.74 3.19 1.60 139.70 38.44 112.43 435.89
6 37.46 17.20 12.32 10.01 10.66 20.39 tr 2.25 1.13 140.26 37.33 114.76 403.77
0 200.08 | 107.98 207.70 20.89 18.22 29.25 5.20 1.43 0.72 36.70 6.84 15.05 650.06
1 93.31 29.91 74.38 14.13 15.30 23.35 3.36 0.71 0.35 89.65 28.43 56.91 429.79
2 79.07 25.06 58.86 14.01 15.13 23.53 4.64 0.58 0.29 114.24 35.35 76.67 447.43
10 3 67.36 25.11 44.73 13.85 15.55 23.63 7.63 0.54 0.27 135.26 42.04 92.59 468.56
4 4754 15.71 25.81 9.56 12.28 21.49 1.07 3.61 1.80 140.77 42.40 102.92 424.96
5 34.16 13.76 11.97 6.33 10.96 17.78 tr 3.20 1.60 124.59 36.12 92.64 353.11
6 31.07 14.69 8.63 6.02 11.00 17.49 0.35 2.96 1.48 131.46 37.60 98.35 361.1
0 19858 | 100.44 205.82 18.56 16.04 27.50 tr 1.50 0.75 40.77 9.47 26.18 645.61
1 107.98 217.28 85.04 13.90 13.94 30.78 tr 1.66 0.83 88.87 31.06 72.79 474.13
2 7797 16.50 4851 12.28 11.91 21.76 tr 2.81 1.40 128.08 38.51 106.36 466.09
15 3 47.42 21.97 18.32 11.23 11.98 23.60 0.34 3.18 1.59 130.37 37.47 106.49 413.96
4 32.47 10.78 7.90 6.56 9.34 18.31 tr 2.23 1.12 131.18 36.19 108.00 364.08
5 32.55 17.70 6.07 723 15.05 16.88 tr 2.42 1.21 139.04 37.91 113.39 389.45
6 29.12 16.26 2.96 6.27 9.93 15.44 tr 2.20 1.10 130.84 35.55 106.65 356.32
0 160.16 65.94 166.46 11.29 12.18 22.61 nd 0.75 0.38 40.54 512 13.33 498.76
1 87.13 26.11 59.87 14.25 17.37 23.05 4.54 0.80 0.40 110.83 38.79 74.77 457.91
2 54.70 14.81 26.53 8.81 13.10 16.63 tr 3.32 nd 114.95 36.99 84.33 374.17
20 3 37.45 25.65 12.87 5.60 11.02 15.22 tr 2.94 nd 120.61 37.08 87.33 355.77
4 28.82 24.88 5.79 4.39 11.24 14.55 tr 3.11 nd 118.15 39.70 85.44 336.07
5 21.03 nd” tr” 1.30 nd 12.37 nd 2.59 nd | 11574 | 36.20 8145 | 27768
6 23.20 nd 1.84 222 9.77 12.46 0.46 2.70 nd 118.33 34.71 83.94 289.63
0 147.55 66.90 117.13 | 21514 17.76 20.23 tr 0.45 0.23 4824 5.39 12.79 651.81
1 73.02 23.97 47.47 11.39 14.45 142.47 0.38 4.20 2.10 88.39 30.83 62.09 500.76
2 37.70 nd 10.98 1.52 nd 13.61 nd 211 nd 98.98 32.78 70.32 268
30 3 33.41 nd 9.36 4.35 11.18 14.01 tr 2.84 nd 108.41 36.37 78.64 298.57
4 28.46 nd 6.10 4.16 10.78 13.21 1.61 3.19 nd 126.58 43.46 89.65 327.2
5 25.36 nd 3.51 3.07 19.82 11.33 nd 3.12 nd 118.94 39.63 82.38 307.16
6 24.30 nd 1.80 9.49 11.40 10.98 9.35 3.42 nd 131.71 40.59 91.19 334.23

U Garlic doenjang were fermented at room temperature for 6 week.
YAl values are presented as the mean+SD of triplicate determination.
Ind: not detected.
Ytr: trace(<0.002 pg/g).
(th &718& &4
O durad (HxH)e F71A4% 0 kg (dx=T) 0 FAd & 32 £ Fr|diEe] &
HAIL 6 FAol = 37 Fo Aol FAHAN 0 7 6 Foll ¥FoE HE=H FUdE
Butanal 3-methyl-, Furfural Propanal, 3-(methylthio)-, 2-Furancarboxaldehyde 5-methyl-, F
uran 2-pentyl-, Benzeneacetaldehyde, Diallyl disulphide, Phenol 2-methoxy—-, Cyclopentasiloxa
ne decamethyl-, Tetradecane, 5—Methyl-2-phenyl-2-hexenal, Cycloheptasiloxane tetradecamet
hyl-, n-Hexadecanoic acid, Hexadecanoic acid, ethyl ester, 9,12-Octadecadienoic acid, ethyl
ester % Octadecanoic acid, ethyl ester ¥&7|Ad&o] HAE=HJT 0 F9 F8 Fr|HES
Butanal 3-methyl-¢} Ethyl 9 cis 11 trans-octadecadienoate ©.= Z}7Z} 16.707%<} 16.83% =
A 6 FoleE AR VA ES A4St 1255% ol FA= HAEEHA Fta

9,12-Octadecadienoic acid, ethyl esteri= S7}sle] 23.35% At} (Table 73).

—_

or

R

- 127 -



Table 73. Volatile compounds of Doenjang without garlic.

No. Volatile compounds RT Area’s

Ow 6w
1 Propanal, 2-methyl- 1.764 2.68
2 Butanal, 3-methyl- 2.093 16.70 12.55
3 2,2-Dimethyl-1,3—propanediamine 2.508 0.82
4 1-Pentanol 2.571 0.86
5 Hydrazine, 1,2-dimethyl- 2.954 6.20
6 Pentanoic acid, 2-methyl- 3.172 0.35
7 Hexanal 3.223 0.18
8 Furfural 3.633 16.31 9.06
9 Butanedioic acid, monopropargyl ester 4.276 0.31
10 | 2-Oxazolidinone, 3-methyl- 4.310
11 | Propanal, 3-(methylthio)- 4.837 0.53 1.02
12 | 2-Furancarboxaldehyde, 5-methyl- 6.024 0.51 0.87
13 | Succinic acid, 2-ethylhexyl hexylester 6.244 0.75
14 | Succinic acid, 2,4-dimethylpent—-3-yl pentyl ester 6.261 0.48
15 | Furan, 2-pentyl- 6.668 0.22 0.38
16 | Succinic acid, butyl 2-ethylhexyl ester 6.937 0.12
17 | Succinic acid, butyl nonyl ester 6.960 0.13
18 | Benzeneacetaldehyde 7.979 4.68 10.71
19 | Cyclopentane, 1-hexyl-3-methyl- 8.631 0.12
20 | Ethanone, 1-(1H-pyrrol-2-yl)— 8.631 0.14
21 | Diallyl disulphide 8.905 0.17 0.57
22 | Phenol, 2-methoxy- 9.160 0.11 0.43
23 | Nonanal 9.529 0.21
24 | Maltol 9.992 0.14
25 | Cyclopentasiloxane, decamethyl- 10.902 0.42 0.60
26 | Furan, 3-phenyl- 12.739 0.08 0.13
27 | Benzeneacetaldehyde, .alpha.—ethylidene- 14.124 0.42
28 | 2,4-Dodecadienal, (E.E)- 14.656 0.20
29 | 2-Methoxy—-4-vinylphenol 15.197 0.58 1.11
30 | Cyclohexasiloxane, dodecamethyl- 15.563 0.82 0.90
31 1,2-Dithiolane 16.538 0.12
32 | Tetradecane 17.374 0.11 0.15
33 | Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl- 19.525 0.15
34 | 5-Methyl-2-phenyl-2-hexenal 19.720 0.40 0.94
35 | Cycloheptasiloxane, tetradecamethyl- 19.969 0.64 0.88
36 | Butylated Hydroxytoluene 20.349 0.57
37 eBsetrefOiC acid, 2,4-bis[(trimethylsi lyl)oxyl-, trimethylsilyl 26.134 0.09
38 | 1,3,5,7-Tetraethyl-1-ethylbutoxysi loxycyclotetrasiloxane 26.134 0.25
39 | n—Hexadecanoic acid 33.504 3.53 4.37
40 | Hexadecanoic acid, ethyl ester 34.265 12.19
41 | Hexadecanoic acid, ethyl ester 34.860 1.64 4.80
42 | 10,13-Octadecadienoic acid, methylester 36.559 0.11
43 | 9,12-Octadecadienoic acid (Z,Z)-,methyl ester 36.931 0.12
44 | 912-Octadecadienoic acid (Z,7)- 37.715 16.54
45 | 9-Octadecenoic acid, (E)- 37.801 5.61
46 | Ethyl 9 cis 11 trans—octadecadienoate 37.984 16.83
47 | 9,12-Octadecadienoic acid, ethyl ester 38.248 7.13 23.35
48 | Octadecanoic acid, ethyl ester 38.740 1.81 0.74
49 | Tetrahydrofuran—2-carboxylic acid,dibenzofuran—3-ylamide 42722 0.16
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5% "7t rteE Y SR 5% vk HE vkEEd 0 FACE 30 T PR
o] &A% 6 FAGNE 30 Fo| FAN ARl FAHUTE 0 7o} 6 Fol FEOE AFE T
714 5& Butanal 3-methyl-, Furfural, 1-Propene 3,3'—thiobis—, 2-Furancarboxaldehyde
5-methyl-, Benzeneacetaldehyde, Diallyl disulphide, 2,4-Decadienal (E,E)-, Cyclohexasiloxane
dodecamethyl-, Cycloheptasiloxane tetradecamethyl-, n-Hexadecanoic acid, Hexadecanoic
acid ethyl ester ¥ 9,12-Octadecadienoic acid, ethyl ester 7|4 o] HAZEHAY. 0 F9o F
Q9 ¥7]4dES Butanal 3-methyl-9} Furfural® = Z}7} 27.09%9) 16.88% 5 =FA|8Fvt 6 ol =
st 6.14% 2 381% ol F2 F7|AHELS 9,12-Octadecadienoic acid, ethyl ester= %
7bsle] 25.97% At} (Table 74).

Table 74. Volatile compounds of Doenjang with 5% garlic.

No. Volatile compounds RT Area’

Ow ow
1 Distannoxane, hexabutyl- 1.707 1.24
2 | Butanal, 3-methyl- 2.111 27.09 6.14
3 1-Pentanol 2.531 1.17
4 | Hexanoic acid, 2-methyl- 2.537 0.30
5 Thiophene, 3-methyl- 3.046 0.29
6 | Hexanal 3.229 0.35
7 1-Nonen-3-ol 3.332 0.33
8 Furfural 3.624 16.88 3.81
9 1-Propene, 3,3’ -thiobis— 4.400 0.87 0.42
10 | Imidazole-4-acetic acid 4.751 0.20
11 | Vinyl ethyl sulfoxide 4.860 0.87
12 | 2-Furancarboxaldehyde, 5-methyl- 6.021 2.39 0.45
13 | Ethyl hydrogen succinate 6.256 0.17
14 | Succinic acid, but-3-yn-2-yl pentyl ester 6.267 0.45
15 | Furan, 2-pentyl- 6.685 0.30
16 | Succinic acid, 2-decyl heptyl este 6.965 0.14
17 | Benzeneacetaldehyde 7.982 9.53 2.72
18 | Diallyl disulphide 8911 1.50 0.63
19 | Pyrazine, tetramethyl- 9.157 0.25
20 | Nonanal 9.546 0.18
o1 2-12-[2-[2-[2-[2-[2-[2-(2-Acetyloxyethoxy)ethoxy Jethoxy] 10501 0.19

ethoxylethoxylethoxylethoxyJlethoxylethyl acetate

22 | 1,3,5-Trithiane 10.903 0.24
23 | Cyclopentasiloxane, decamethyl- 10.913 0.79
24 | Octanoic acid, ethyl ester 12.041 0.14
25 | Benzeneacetaldehyde, .alpha.—ethylidene— 14.127 0.21
26 | Trisulfide, di-2-propenyl 14.862 0.14
27 | 2,4-Decadienal, (EE)- 15.251 0.76 0.30
28 | Cyclohexasiloxane, dodecamethyl- 15.560 0.54 0.13
29 | Propanoic acid, 2-chloro- 16.538 0.25
30 | Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl- 19.531 0.14
31 | 5-Methyl-2-phenyl-2-hexenal 19.720 0.86
32 | Cycloheptasiloxane, tetradecamethyl- 19.971 0.47 0.16
33 | n—-Hexadecanoic acid 28.435 0.66
34 | Hexadecanoic acid, ethyl ester 30.283 9.63
35 | Ethyl 13-methyl-tetradecanoate 31.856 0.17
36 | n—-Hexadecanoic acid 34.194 7.93 1.76
37 | Hexadecanoic acid, ethyl ester 34.875 2.01 9.32
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38 | 9,12-Octadecadienoic acid (Z,7)- 35.530 0.62
39 | cis—Vaccenic acid 35.730 1.00
40 | Ethyl 9.cis.,11.trans.-octadecadienoate 36.371 15.88
41 | Ethyl Oleate 36.543 10.26
42 | Octadecanoic acid, ethyl ester 37.252 1.36
43 | Octadec-9-enoic acid 37.818 12.35

44 | 9-Octadecenoic acid, (E)- 37.836 3.26
45 | 9,12-Octadecadienoic acid, ethyl ester 38.236 7.05 25.97
46 | Octadecanoic acid, ethyl ester 38.849 1.67

@ 10% vt=37F vf=d 49 74

10% "t=37F vts9d 0 FAd+= 40 & ol FRIHSA 6 FAlol= 42 Fo
7140l EAHAY 0 79 6 Fol 352 HEd 744 F2 Valine, Butanal 3-methyl-,
Hydrazine 1,1-dimethyl-, Vinyl ethyl sulfoxide, Borinic acid diethylthio-methylester,
2-Furancarboxaldehyde 5-methyl-, 2-Furancarboxaldehyde 5-methyl-, Furan 2-pentyl-,
Benzeneacetaldehyde, Diallyl disulphide, Maltol, 1,35-Trithiane, Benzofuran 2-ethenyl-,
Benzeneacetaldehyde alpha.—ethyidene-, 2-Propenylthioacetonitrile, Cyclohexasiloxane
dodecamethyl-, n-Hexadecanoic acid, Hexadecanoic acid ethyl ester, 9,12-Octadecadienoic
acid (Z,7Z)-methyl ester, 9,12-Octadecadienoic acid ethyl ester % Octadecanoic acid ethyl
ester 7] FEol HEHJT 0 FY  Fo o FUA T‘i"% Benzeneacetaldehyde £}
9,12-Octadecadienoic acid ethyl esterl®. = Z}7Z} 16.40%9F 16.49% S ZA]3y 6 Foll+= A=A}
= AAaste] 1228% 2 2= F7ske] 19.98% At (Table 75).

Table 75. Volatile compounds of Doenjang with 109 garlic.

No. Volatile compounds RT Area%
Ow 6w
1 | Valine 1.764 2.62 3.28
2 | Butanal, 3-methyl- 2.065 7.39 10.96
3 Thiazole, 4,5-dihydro—2-methyl- 2.491 0.14
4 | Hydrazine, 1,1-dimethyl- 2.954 7.83 6.36
5 | Furfural 3.183 13.86
6 Isopropyl isothiocyanate 3.401 0.11
7 Furfural 3.618 11.75
8 | Threonine 3.899 1.99
9 Nonane, 2,2,4,4,6,8 8-heptamethyl- 4.007 3.44
10 | Butanedioic acid, monopropargyl ester 4.265 0.51
11 | Vinyl ethyl sulfoxide 4.823 1.65 0.64
12 | Octanoic acid, 2-butyl- 5.192 0.46
13 | Borinic acid, diethylthio—, methylester 5.793 0.57 0.49
14 | 2-Furancarboxaldehyde, 5-methyl- 6.018 2.35 1.01
15 | Cyclopentane, 1,2,3,4,5-pentamethoxy-, stereoisomer 6.239 1.36
16 | Furan, 2-pentyl- 6.654 0.37 0.37
17 | 1,3-Dioxepane, 2-pentadecyl- 6.937 0.38
18 | Succinic acid, 6-ethyloct-3-yl propyl ester 6.943 0.20
19 | 1,3-Dioxolane, 4,5-dimethyl-2-pent adecyl- 7.166 0.32
20 | Benzeneacetaldehyde 7.978 16.40 12.28
21 | 2-Octenal, (E)- 8.322 0.12
22 | Ethanone, 1-(1H-pyrrol-2-yl)— 8.632 0.30
23 | Diallyl disulphide 8.894 1.38 3.91
24 | Phenol, 2-methoxy— 9.157 0.39
25 | 2-Vinyl-1,3-dithiane 9.455 0.46
26 | Nonanal 9.529 0.25
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27 | Maltol 10.004 0.16 0.17
28 | 3,4-Di-O-methyl-L-arabinopyranose 10.484 0.23

29 | Thiocyanic acid, ethyl ester 10.490 0.21
30 | 1,3,5-Trithiane 10.900 1.15 1.18
31 | 3-Vinyl-1,2-dithiacyclohex-4-ene 11.829 0.12

32 | 8-Azabicyclo[3.2.1]octan-3-0l, 8-methyl-, endo— 12.087 0.15

33 | Dodecane 12.098 0.23
34 | 3-Vinyl-1,2-dithiacyclohex-5-ene 12.493 0.08

35 | Benzofuran, 2-ethenyl- 12.733 0.11 0.12
36 | 2-Tridecenal, (E)- 13.797 0.09

37 | Benzeneacetaldehyde, .alpha.—ethyidene— 14.124 0.20 0.31
38 | 24-Dodecadienal, (E,E)- 14.650 0.11
39 | 2,4-Dodecadienal, (E.E)- 14.656 0.12

40 | 2-Propenylthioacetonitrile 14.862 0.38 1.15
41 | 2-Methoxy-4-vinylphenol 15.194 1.10
42 | 2,4-Decadienal, (E,E)- 15.251 0.89

43 | Cyclohexasiloxane, dodecamethyl- 15.560 0.18 0.36

Acetoxyacetic acid, 2,3—-dichloroph

4| el e P 16.138 0.11
45 | Butanoic acid, 4-chloro-4-oxo-, ethyl ester 16.143 0.09

46 | 4(3H)-Pyrimidinone, 5,6-dimethyl-2-(methylthio)- 16.530 0.52 0.52
47 | Tetradecane 17.368 0.23
48 | Oct-3-ene—1,5-diyne, 3-t-butyl-7,7-dimethyl- 19.073 0.10
49 | Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl- 19.525 0.23
50 | 5-Methyl-2-phenyl-2-hexenal 19.714 0.34 0.61
51 | Cycloheptasiloxane, tetradecamethyl- 19.966 0.29
52 | Butylated Hydroxytoluene 20.349 0.58
53 | n—-Hexadecanoic acid 34.182 5.01 4.02
54 | Hexadecanoic acid, ethyl ester 34.860 474 4.40
55 | 9,12-Octadecadienoic acid (Z,Z)—,methyl ester 36.926 0.09 0.21
56 | 9-Octadecenoic acid, (E)- 37.807 6.24
57 | Octadec-9-enoic acid 37.813 8.18

58 | 9,12-Octadecadienoic acid, ethyl ester 38.242 16.49 19.98
59 | Octadecanoic acid, ethyl ester 38.843 0.95 0.80

@ 15% vt=37F vt %9 74+

15% "ts37F vt 0 FA = 38 9 Fr]diEel SAHUL 6 FAd= 45 F &F
71740l ST 0 Fe 6 Fo ¥FEoE HEHE Fr|AHES Butanal 3-methyl-,
Furfural, 1-Propene 3,3'-thiobis—-, Benzeneacetaldehyde, Diallyl disulphide, 1,3,5-Trithiane,
3-Vinyl-1,2-dithiacyclohex-4-ene, 3-Vinyl-1,2-dithiacyclohex-5-ene, Benzeneacetaldehyde
alpha.—ethylidene-, 24-Decadienal, Trisulfide di-2-propenyl, 24-Decadienal (EE)-,
Cyclohexasiloxane dodecamethyl-, Tetradecane, 5-Methyl-2-phenyl-2-hexenal,
Cycloheptasiloxane tetradecamethyl-, Butylated Hydroxytoluene, n-Hexadecanoic acid,
Hexadecanoic acid ethyl ester, 9,12-Octadecadienocic acid (Z,72)-, 9,12-Octadecadienoic acid
ethyl ester 2 Octadecanoic acid ethyl ester &7]4 &) AE=HAT 0 9 2 IR
Butanal 3-methyl-¢} 9,12-Octadecadienoic acid ethyl ester® = Z+z} 2250%¢} 13.05%5 *f
A5t 6 Tl AR #gAashe] 8938% ¥ A= F7Fske] 18.97% St (Table 76).
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Table 76. Volatile compounds of Doenjang with 15% garlic.

No. Volatile compounds RT Area%
Ow 6w

1 Distannoxane, hexabutyl- 1.695 5.33

2 Thiirane, methyl- 1.856 3.32

3 | Butanal, 3-methyl- 2.102 22.50 8.93

4 | 1-Pentene 2.520 0.68

5 Cyclobutanone, 2-methyl-2-oxiranyl 2.703 0.52

6 Hydrazine, 1,1-dimethyl- 2.978 5.28

7 | Thiophene, 3-methyl- 3.029 0.33

8 Hexanal 3.189 0.41

9 | 1-Nonen-3-ol 3.280 0.76

10 | Furfural 3.621 8.28 9.35

11 | 1-Propene, 3,3'—thiobis— 4.005 3.33 412

12 | Furan, tetrahydro-2,2-dimethyl-5-(1-methylpropyl)— 4.757 0.60

13 | 1,3-Dithiane 5.055 0.93

14 | 1,2,4-Triazolo[4,3-blpyridazine 5.083 1.00

15 | 1-Propene, 1-(ethylthio)-2-methyl- 5.798 0.68

16 | Benzaldehyde 6.004 1.67

17 | 2-Furancarboxaldehyde, 5-methyl- 6.016 0.83

18 | Succinic acid, isobutyl 2-octyl ester 6.239 0.44

19 | 1-Octen-3-o0l 6.365 0.40

20 | Furan, 2-pentyl- 6.663 0.51 0.53

21 | Succinic acid, 4-heptyl isohexyl ester 6.931 0.17

22 | Succinic acid, 2-ethylhexyl hexylester 6.954 0.20

23 | Benzeneacetaldehyde 7.973 7.67 9.71

24 | 2-Octenal, (E)- 8.322 0.14

25 | 1,3,2-Oxathioborolane, 2-ethyl-5-methyl- 8.505 0.12

26 | Ethanone, 1-(1H-pyrrol-2-yl)- 8.677

27 | Diallyl disulphide 8.909 6.58 6.43

28 | Pyrazine, tetramethyl- 9.146 0.69

29 | 1-Allyl-1-cyclohexanol 9.466 1.50

30 | Phenylethyl Alcohol 9.850 0.22

31 | 9,11-Octadecadiynoic acid, 8-hydroxy-, methyl ester 10.485 0.39

1,3-Dioxolane—2-pentanol
32 | 2-methyl2-[2-[2-[2-[2-[2-[2-[2-(2-Acetyloxyethoxy)ethoxy] | 10.496 0.71
ethoxylethoxy lethoxy lethoxylethoxylethoxylethyl acetate

33 | 1,3,5-Trithiane 10.900 1.73 1.48

34 | Octanoic Acid 11.274 0.15

35 | 3-Vinyl-1,2-dithiacyclohex-4-ene 11.829 0.36 0.13

36 | Dodecane, 2,7,10—trimethyl- 12.098 0.30

37 | Hexadecane, 7-methyl- 12.104 0.20

38 | 3-Vinyl-1,2-dithiacyclohex-5-ene 12.488 0.75 0.24

39 | Furan, 3-phenyl- 12.733 0.11

40 | 2-Heptadecenal 13.792 0.12

41 | Benzeneacetaldehyde, .alpha.—ethylidene— 14.127 0.14 0.34

42 | 2,4-Decadienal 14.650 0.17 0.16

43 | Trisulfide, di-2-propenyl 14.856 1.63 2.09

44 | 2.4-Decadienal, (E.E)- 15.248 1.09 1.27

45 | Cyclohexasiloxane, dodecamethyl- 15.560 0.74 0.42

46 | Propanoic acid, 2-chloro— 16.527 0.94

47 | 1,2-Dithiolane 16.533 1.08

48 | Tetradecane 17.371 0.11 0.12

49 | 5-Methyl-2-phenyl-2-hexenal 19.714 0.21 0.62
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50 | Cycloheptasiloxane, tetradecamethy 1- 19.969 0.78 0.33
51 | Butylated Hydroxytoluene 20.349 0.12 0.20
52 §f%g§§]ethyl]f1,2*phenylene]bis(oxy)]%iéls[‘[t}‘i’anel?;}%%Enmetthﬂ 26.134 0.21

53 | n—-Hexadecanoic acid 34.185 4.03 3.95
54 | Hexadecanoic acid, ethyl ester 34.860 3.69 5.75
55 | Cyclic octaatomic sulfur 35.398 0.32
56 | 10,13-Octadecadienoic acid, methyl ester 36.926 0.13
57 | 9,12-Octadecadienoic acid (Z,Z)- 37.818 7.16 6.73
58 | 9,12-Octadecadienoic acid, ethyl ester 38.242 13.05 18.97
59 | Octadecanoic acid, ethyl ester 38.843 0.76 0.95

® 20% b7t bR $7)4E
20% vl=3E7F vl=dd 0 FA = 39 i

71447 o] EEAY. 0 T 6 Fol 3 & Butanal 3-methyl-,
Hexanal, Furfural, 1-Propene 3,3'-thiobis—, Thiacyclopentane-3-ol, Benzaldehyde, Furan
2-pentyl-, 1,4-Hexadiene 3-ethyl-, Benzeneacetaldehyde, Diallyl disulphide, 1,3,5-Trithiane,
3-Vinyl-1,2—-dithiacyclohex—-4-ene, 3-Vinyl-1,2-dithiacyclohex-5-ene, Benzeneacetaldehyde.alp
ha.—ethylidene-, 2,4-Dodecadienal (E,E)-, Trisulfide di-2-propenyl, Benzoic acid 3,4,5-trihydr
oxy—, Tetradecane, n-Hexadecanoic acid, Hexadecanoic acid ethyl ester, 9,12-Octadecadieno
ic acid (Z,Z)- methyl ester 9,12-Octadecadienoic acid, ethyl ester % Octadecanoic acid
ethyl ester 7] o] AEHAE 0 F9 F2 7| EL Butanal 3-methyl-¢} 9,12-Octad
ecadienoic acid ethyl ester&i Z+7} 16.43% 9} 13.04%E ZA|stY 6 Foll= A= ALl S
g 9 16.72% 2 2= F7Fske] 15.97% Atk (Table 77).

o] o140l FAHYT 6 FAlol= 44 Fo] T
=

Ho

Table 77. Volatile compounds of Doenjang with 20% garlic.

No. Volatile compounds RT Area%
Ow ow

1 Cholest-3-enol3,4-blquinoxaline, 6',7’'-dichloro— 1.730 4.39

2 | Butanal, 3-methyl- 2.108 16.43 16.72

3 2-Propenoic acid, 6-methylheptyl ester 2.531 1.36

4 | Pyrazine, methyl- 2.697 0.54

5 Thiophene, 2-methyl- 3.029 0.36

6 Hexanal 3.218 0.28 0.21

7 Furfural 3.610 9.15 10.61

8 1-Propene, 3,3’ -thiobis— 4.042 5.35 1.97

9 Thiacyclopentane—3-ol 4.831 0.56 0.41

10 | 1,3-Dithiane 5.072 0.80

11 | Disulfide, methyl 2-propenyl 5.077 1.32

12 | Benzaldehyde 5.999 151 1.28

13 | Succinic acid, 2,4-dimethylpent-3-yl pentyl ester 6.250 0.40

14 | 1-Octen-3-ol 6.365 0.16

15 | Furan, 2-pentyl- 6.668 0.60 0.41

16 | Succinic acid, 4-heptyl isohexyl ester 6.954 0.12

17 | 1,4-Hexadiene, 3—-ethyl- 7.174 0.09 0.12

18 | Benzeneacetaldehyde 7976 7.68 7.68

19 | 2-Tridecenal, (E)- 8.333 0.15

20 | 2-Undecene, 9-methyl-, (E)- 8.333 0.13

21 | Sulfide, butyl propenyl 8.510 0.18

22 | Diallyl disulphide 8.917 11.61 6.33
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23 | Phenol, 2-methoxy- 9.151 0.19
24 | 2-Vinyl-1,3-dithiane 9.466 1.17
2-12-12-12-[2-[2-[2-[2-[2-(2-Acetyloxyethoxy)ethoxy letho
25 | xylethoxylethoxylethoxylethoxylethoxylethoxylethyl 10.496 0.67
acetate

26 | 1,3,5-Trithiane 10.649 | 2.28 1.32
27 | 3-Vinyl-1,2-dithiacyclohex-4-ene 11.824 | 0.78 0.31
28 | Dodecane 12.104 0.49
29 | Oxalic acid, decyl neopentyl ester 12.110 0.43
30 | 3-Vinyl-1,2-dithiacyclohex-5-ene 12.488 1.21 0.78
31 | 2-Decenal, (E)- 13.798 0.13
32 | Heptane, 2,4-dimethyl- 13.820 0.11

33 | Benzeneacetaldehyde, .alpha.—ethylidene— 14.127 0.29 0.34
34 | 2,4-Dodecadienal, (E.E)- 14653 | 0.16 0.19
35 | Trisulfide, di-2-propenyl 14.868 3.83 5.70
36 | 2-Methoxy—-4-vinylphenol 15.194 1.62
37 | 2,4-Decadienal, (E.E)- 15245 | 0.71

38 | Cyclohexasiloxane, dodecamethyl- 15.560 0.65
39 | Benzoic acid, 3,4,5-trihydroxy- 16.533 1.76 1.02
40 | 2-Octynoic acid 16.870 0.11
41 | Tetradecane 17.374 0.17 0.15
42 | (E)-1,1-Difluoro-2-ethylidenecycopropane 17.677 0.10

43 | Hexadecane 18.924 0.09
44 | 5-Methyl-2-phenyl-2-hexenal 19.720 | 0.33

45 | Cycloheptasiloxane, tetradecamethyl- 19.966 0.52
46 | Butylated Hydroxytoluene 20.349 0.28 0.43
47 | Hexasiloxane, tetradecamethyl- 26.134 0.11
48 | n-Hexadecanoic acid 34.168 2.50 4.07
49 | Hexadecanoic acid, ethyl ester 34.860 | 3.50 3.44
50 | Cyclic octaatomic sulfur 35.404 0.37
51 | 9,12-Octadecadienoic acid (Z,Z)-,methyl ester 36.926 0.09 0.27
52 | cis—Vaccenic acid 37.795 3.07

53 | Octadec-9-enoic acid 37.807 6.25
54 | 9,12-Octadecadienoic acid, ethyl ester 38.242 | 13.04 15.97
55 | Octadecanoic acid, ethyl ester 38.843 0.49 0.66

©® 30% "HEH7F ntEE e FUI8E

30% wk=H7F al=dd 0 FAd = 39 o] ZA=AUI 6 FAl= 53 Fo F
71 &0l FJAFHJT 0 T 6 Fo FFo2 HEH 7|4 F2 Thiirane, methyl-, Butanal
3-methyl-, Hexanal, Furfural, 1-Propene 3,3'-thiobis—, 1,3-Dithiane, Borinic acid diethylthio—-
methyl ester, Benzaldehyde, Benzeneacetaldehyde, Diallyl disulphide, Crotonic acid,
4-mercapto—3-(methy Ithio)-, .gamma.—(thio lactone), 1,3,5-Trithiane, 3-Vinyl-1,2-dithiacycl
ohex—4-ene, 1,2,3-Thiadiazole 5—methyl-, 3-Vinyl-1,2-dithiacyclohex-5-ene 2, Benzeneaceta
ldehyde alpha.—ethylidene—, 2,4-Decadienal (E,E)-, Trisulfide di-2-propenyl, Cyclohexasiloxa
ne dodecamethyl-, Phthalic acid, butyl 2-phenylethylester, 5-Methyl-2-phenyl-2-hexenal,
Cycloheptasiloxane tetradecamethyl-, Butylated Hydroxytoluene, n-Hexadecanoic acid,
Hexadecanoic acid ethyl ester, Cyclic octaatomic sulfur % 9,12-Octadecadienoic acid ethyl
ester 7| Eo] AZHAT 0 FY F8 F7|AE-S Butanal 3-methyl-2F 9,12-Octadecadie
noic acid ethyl ester® @ Z}7Z} 1994%9} 11.86% % A A5ty 6 Fol= 5 A3
Furfural> <7Fslo] 11.74% 1t (Table 78).
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Table 78. Volatile compounds of Doenjang with 309 garlic.

No. Volatile compounds RT Area%
Ow 6w
1 Distannoxane, hexabutyl- 1.701 1.74
2 Thiirane, methyl- 1.876 2.15 3.48
3 | Butanal, 3-methyl- 2.096 19.94 5.79
4 Cyclohexane, 2-propyl-1,1,3-trimethyl- 2.714 1.46
5 Carbonyl sulfide 2.920 6.02
6 Thiophene, 3—-methyl- 3.046 0.49
7 Hexanal 3.186 0.37 0.48
8 Furfural 3.624 6.57 11.74
9 1-Propene, 3,3’ -thiobis— 4,042 5.39 3.22
10 | Thiophene, 2,5-dimethyl- 4.860 0.49
11 | 1,3-Dithiane 5.054 1.57 1.20
12 | 2-Methyl-1,3-dithiacyclopentane 5.529 0.07
13 | Borinic acid, diethylthio—, methyl ester 5.807 0.41 0.84
14 | Benzaldehyde 6.015 0.65 0.68
15 | 1,3-Dioxepane, 2-pentadecyl- 6.239 0.60
16 | Furan, 2-pentyl- 6.668 0.37 0.45
17 | Succinic acid, ethyl isohexyl este 6.931
18 | Benzeneacetaldehyde 7.972 5.54 7.41
19 | 2-Tridecenal, (E)- 8.327 0.15
20 | 1,3,2-Oxathioborolane, 2-ethyl-5-methyl- 8.516 0.20
21 | Diallyl disulphide 8.939 13.29 9.51
29 ?rotonic acid, 4-mercapto-3—-(methy lthio)-, .gamma.—(thio 9380 398 055
actone)
23 | 2-Vinyl-1,3-dithiane 9.454 1.56
24 | Thiophene, 2-methoxy-5-methyl- 10.072 0.13
25 | (Methylthio)-acetonitrile 10.484 0.94
2-12-[2-[2-[2-[2-[2-[2-[2-(2- Acetyloxyethoxy)ethoxyletho
26 | xylethoxylethoxylethoxylethoxylethoxylethoxylethyl 10.502 1.30
acetate
27 | 1,3 5-Trithiane 10.902 2.90 1.57
28 | 3-Vinyl-1,2-dithiacyclohex-4-ene 11.818 0.64 0.55
29 | 1,2,3-Thiadiazole, 5-methyl- 12.109 0.46 0.69
30 | 3-Vinyl-1,2-dithiacyclohex-5-ene 2 12.490 1.27 1.53
Thiosulfuric acid,
31 | S-[2-[3-(4-methylbenzenesulfonamido)propionamidinolethyl] 13.351 0.07
ester
32 | 2-Dodecenal 13.792 0.13
33 | Benzeneacetaldehyde, .alpha.—ethylidene- 14.127 0.19 0.37
34 | 2,4-Decadienal, (EE)- 14.656 0.13 0.22
35 | Trisulfide, di-2-propenyl 14.873 4.34 9.06
36 | 2-Methoxy-4-vinylphenol 15.194 1.78
37 | 2,4-Decadienal 15.251 0.75
38 | Cyclohexasiloxane, dodecamethyl— 15.562 0.46 0.96
39 | Benzene, azido— 16.138 0.10
40 | Propanoic acid, 2-chloro- 16.527 1.47
41 | Benzoic acid, 3,4,5-trihydroxy— 16.532 2.10
42 | 2,4-Decadienal 16.864 0.11
43 | Tetradecane 17.370 0.13
44 | Phthalic acid, butyl 2-phenylethylester 17.671 0.11 0.19
45 | Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl- 19.519 0.07
46 | 5-Methyl-2-phenyl-2-hexenal 19.717 0.31 0.52
47 | Cycloheptasiloxane, tetradecamethyl- 19.971 0.30 1.12
48 | Butylated Hydroxytoluene 20.349 0.34 0.25
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49 | Pentafluorochlorodimethyl trisulfide 21.173 0.15
50 | Di(tert-butyl) disulfide, perfluoro- 21.184 0.14
51 | Hexatriacontan 23.181 0.06
Silane,[[4-[1,2-bis[ (trimethylsilyl)oxylethyl]-1,2-phenylene]
52 is 26.128 0.28
(oxy)]bis[trimethyl-
53 | Pentafluorochlorodimethyl trisulfide 29.144 0.08
54 | Hexadecanoic acid, methyl ester 33.321 0.09
55 | n-Hexadecanoic acid 34.168 2.25 4.26
56 | Hexadecanoic acid, ethyl ester 34.860 3.29 2.09
57 | Cyclic octaatomic sulfur 35.404 0.23 0.74
58 | Methyl 10-trans,12-cis—octadecadienoate 36.926 0.31
59 | Octadec-9-enoic acid 37.790 2.33
60 | cis—Vaccenic acid 37.801 6.02
61 | 9,12-Octadecadienoic acid, ethyl ester 38.236 11.86 9.81
62 | Octadecanoic acid, ethyl ester 38.842 0.49
63 | Cyclotrisiloxane, hexamethyl- 42716 0.11
(3) vk A7k B4 G B4
kg = 3AFSL 3 5 = X o] HFE = BIALEL A =AFLO
BT BB 0 0 B 98 BRS B B4 50900
o °24] 1005 oFs AT H A of Ay DPPH SR sl de sy o1 s oed 0 ),
Bep ), 180 ?&:7)75%?%% TET’ LA 4 ), 8655 (5.5, G110 (6 %L A g
18 o (Fig ”‘73%3) Eﬁ? P g 27 @gﬁ—j (052 ghele S gehyeln (e 770) s
b DY =) =l W E zFo]l A © CEALEl slal o } C1ro) 67 Iy js &7
?gl%ﬂ&iz ok (%3" (FRAD s e B L}ﬁi Sef. ol o f‘f*:gﬁf a2 5%1%7%0;
© phenolics kel 7]¢l3h Ao % WwrE Qo))
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Fig. 72. Changes of DPPH (A) ABTS (B) radical scavenging activities and FRAP

assay (C) of garlic doenjang during fermentations.
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(7 vwtsE#e] pH, A%, 9= 2 Mg Ws o 2d T opH, b=, d = 9 A W
= Table 799} At} =& %%0 g F7] (6 ) pHE 562 =
HFE 1.04-1.21%5 YEHAY 4 F== 1 % =
2ws Bol Hutsk 7]l %CS_L )

A g st Aol wEl FA a —8}912 : H}N M TFEE 2
cfu/g 22 HUHd Z=g3Aa ¥

(Table 79). 53] E& H74

Jue wwm

Table 79. Changes of pH, acidity, salinity and viable cell numbers of garlic doenjang
with different salt concentrations during fermentations"

Contents”
Conc. of Fermentation Acidity Salinity Viabl? cellfn/umbers
- o) 1 c
salt (%) time (w) pH (%, as lactic acid) (%6, NaCl) e CUE ;
Yeast Bacillus
0 6.39 0.31 5.60 6.33 11.92
1 6.18 0.96 7.80 5.25 13.21
2 6.12 1.08 9.00 472 12.03
6 3 6.00 1.11 8.20 4.44 11.68
4 6.09 1.09 8.80 4.35 10.54
5 6.07 1.08 7.80 3.95 10.42
6 5.80 1.12 10.80 4.02 10.42
0 6.40 0.33 6.60 6.33 11.92
1 6.20 0.70 9.00 5.00 13.48
2 6.10 0.90 10.00 3.27 12.14
S 3 6.08 1.10 8.40 4.43 10.60
4 6.11 0.97 9.00 478 10.58
5 6.05 1.28 9.20 4.46 10.45
6 5.97 1.16 11.00 3.92 9.68
0 6.34 0.31 6.80 6.33 11.92
1 6.19 0.71 9.20 4.00 13.48
2 6.06 0.94 10.20 4,01 13.46
10 3 6.03 1.09 10.80 451 12.67
4 6.12 1.06 9.60 4.35 11.27
5 5.99 1.21 9.40 455 9.69
6 6.01 1.21 11.00 4.11 9.74
0 6.33 0.32 7.40 6.33 11.92
1 6.26 0.51 9.60 476 13.67
2 6.09 0.72 10.20 3.85 12.81
12 3 6.06 1.10 10.80 4.25 12.56
4 6.12 0.85 11.00 4.21 11.29
5 6.02 1.08 9.40 454 10.54
6 6.00 1.04 12.00 4.36 10.55

Y Garlic doenjang were fermented at room temperature for 6 week.
PAll values are means of determination in three independent experiments.

(2) "l=¥ 42 = phenolics % isoflavone #4

(7}) &+& % % phenolics ¢+% W3}
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AE TEE ZEste] A X3 nfed e & phenohc stek WM3l= Fig. 733 #uh RE
T TEAor wart g we F Dhenohcs ol Steen wE A (0 )
HlaefA F7] (6 )9 g oF 2 o Sk 538 & 6% ?47} 142 #8650
mg/goll A HE F7]d+= 1200 mg/ge= e g F ]—75 olt}h A3 12%E H7ksk 93
o] A9 % phenolics &ZFo] 714 v Aoz Jeludtl (Fig. 73). o]t AEQL Ao m o
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Fig. 73. Changes of total phenolic contents of garlic doenjang with different NaCl

concentration during 6 weeks fermentation.

(U4) 23 F isoflavone $F=F W3}

A8 =52 gEste] Aze ns¥de] HPLC ZzvtEawd Hl4 2 isoflavone 3k
3l+= Fig. 74 2 Table 802 2t} 11 £9 isoflavone F=A7F FE8HoZE HAEHI
acetylglycosides & E|Sl acetyldaidzin F=A& HE=HA &gt (Fig. 74). =3 &g A (0

)21 F AY F2 IJFEZE glycosides HE|Cl daidzin, glycitin 2 genistin®] A& ¥
Som wgrl g wel glycosides FEHE= &0]EI aglycones FEI7F SVt &
isoflavone %2 AF 10%9] vl=® 30| 40849 pg/go & 71 Z=how AFH 6%9 vied
F& 335.06 pg/g &2 7HF SEQkth (Table 80). &4 6%< wtEdEdS Ha A (0 F) 79.79%
9] glycosides HEIZF wa& F7] (6 F)olE= 960%E FFAsF o o]o 423t aglycones
= g W 6.06%0 A E F7)o 81.12% = F7Fetdtt (Fig. 74A). waE 34 5 o]g
3t isoflavone H]E& W3} 9 aglycones A& EE FHAM 7H =& Aoz eyt
(Fig. 74A-D). 53] A3 6%9 vl=¥ 32 glycosides?! daidzin, glycitin 2 genistin®] 3%
o 7H} 21723 ﬂg/g, 8559 pg/g W 23348 pg/g o1 ot HErt Wl wel glycosides 3

= = EWA R F7] (6 F)oll= aglycones P EHQ] daidzein, glycitein % genistein®] 3t
ko] z}z} 13324 /zg/g, 30.13 pg/g 2 10845 pg/g o= Z7FsEATh (Table 80). o] 23t
isoflavone FXEAE9] 3 Wss FHOoZ AEH vAEES a4 o3| HlEA A

G A2 A3tE Aoz vy}

H (L
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Fig. 74. Typical HPLC chromatogram of isoflavone. Garlic Doenjang with 6% salt at O
2 week (C), 3 week (D), 4 week (E), 5 week (F), and 6 week

week (A), 1 wee
(G). 1, daidzin;

)

k (B),

2, glycitin;

3, genistin;

4, malonyldaidzin;

5, malonylglycitin;

7,

acetylglycitin, 8, malonylgenistin, 9, daidzein; 10, glycitein; 11, acetylgenistin, and 12,

genistein.

Table 80. Changes of isoflavone contents of garlic doenjang with different NaCl
concentrations during fermentation”
Conc. Ferme Isoflavone contents? (ng/g)
s(aﬁt n?}ggn Glycosides Malonylglycosides Acetylglycosides Aglycones Total
(%) (w) Dddn | Glydtn | Geisin | Diddn | Gydtn | Gaistn | Diddn | Gycitin | Gerisin | Drdsin | Gycitdn | Geristdn s
0 217.23 | 8559 23348 | 2929 | 1754 | 4834 nd” nd tr? 31.67 nd 3.98 679.12
1 17646 | 5394 151.08 | 27.88 | 27.89 | 46.24 nd 2.98 nd 63.14 24.18 5364 | 627.43
2 11593 | 29.26 7857 2244 | 2522 | 39.00 nd 281 nd 95.23 30.43 8292 | 521.81
6 3 88.31 26.83 38.68 17.28 25.98 32.95 nd 3.06 nd 128.33 34.70 106.58 502.7
4 63.89 nd 20.34 12.95 22.70 26.87 nd 2.81 nd 125.34 31.44 102.38 408.72
5 49.69 nd 9.89 5.98 13.88 19.67 nd 1.09 nd 131.88 31.30 107.52 370.9
6 30.35 nd 1.81 2.02 11.09 16.88 nd 1.09 nd 133.24 30.13 108.45 335.06
0 196.43 91.94 247.25 30.32 25.93 51.86 nd 5.14 nd 28.58 nd 7.20 684.65
1 16624 | 50.66 14260 | 2571 | 2432 | 44.04 nd 2.37 nd 52.13 20.44 4356 | 572.07
2 94.13 nd 52.73 12.92 12.03 30.10 nd 1.16 nd 104.94 31.14 94.58 433.73
8 3 75.28 nd 39.59 12.57 12.48 28.98 nd 1.12 nd 107.85 29.38 94.42 401.67
4 60.70 nd 21.61 9.80 11.21 24.98 nd 1.12 nd 116.35 30.02 98.49 374.28
5 50.78 nd 15.44 8.28 11.74 22.40 nd 1.10 nd 118.89 29.54 99.24 357.41
6 40.35 nd 8.56 5.51 10.06 19.89 nd 1.06 nd 122.57 29.38 100.29 337.67
0 185.23 78.82 192.36 2497 12.94 40.46 nd 3.82 1.91 27.87 nd 7.55 575.93
1 17506 | 4350 15113 | 2277 | 1374 | 4011 nd 1.05 0.52 51.41 20.79 44.82 564.9
2 109.45 | 3872 70.04 2267 | 2325 | 1750 nd 2.06 nd 78.89 26.60 7054 | 459.72
10 3 36.88 3857 45.49 2074 | 2433 | 36.03 nd 2.08 nd 94.91 28.15 8249 | 459.67
4 72.73 28.64 27.95 1710 | 1951 | 30.38 nd 158 nd 11216 | 30.12 95.65 | 435.82
5 51.93 nd” 14.27 9.56 9.86 25.70 nd 1.07 nd 11594 | 29.45 97.68 | 35846
6 49.70 24.55 12.55 12.95 24.67 25.80 nd 1.75 0.87 123.15 30.27 102.23 408.49
0 20774 | 9308 | 22447 | 3292 | 2492 | 5546 nd 5.70 2.85 32.84 nd 7.69 687.67
1 187.06 | 57.14 17146 | 2730 | 24.38 | 46.96 nd 2.19 1.09 44.10 17.26 3373 | 612.67
2 12202 | 3035 90.87 2087 | 2214 | 36.63 nd 1.84 nd 66.44 23.40 57.84 4724
12 3 10861 | 29.87 7147 2027 | 2377 | 36.84 nd 248 nd 87.67 28.59 7361 | 483.18
4 69.28 nd 33.29 9.01 9.92 25.26 nd 0.83 nd 91.00 26.00 7894 | 34353
5 64.15 nd 31.02 8.38 1019 | 24.67 nd 0.90 nd 10.25 27.09 8324 | 259.89
6 50.34 nd 18.56 747 11.08 23.09 nd 0.99 nd 111.39 28.31 93.51 344.74
U Garlic doenjang were fermented at room temperature for 6 week
PAll values are presented as the mean+SD of triplicate determination
Pnd: not detected
Ytr: trace(<0.002 pg/g).
(3) 27 FEE DY Az vpsRAe] FabE 24
. 7 kg = z‘ﬂ—/‘\l—‘ 3} A @v‘ AT o= =5 3k 2| =3} Uil:%x]—o %% Z BIALS
eI R EK R BERIRE RN TR
= Xy ° . (0} = _ az - =R I
7770, 34.94, 3608, 3711, 37.14, 3960 L 4052%°] AT ST GERUIA T 6% (34.16%), 8%
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Fig. 75. Changes of DPPH (A) ABTS (B) radical scavenging activities and FRAP assay
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(C) of garlic doenjang with different NaCl contents during fermentation.



Table 81. Changes of pH, acidity, salinity and viable cell numbers of doenjang
with differently prepared garlic during fermentation”

) Contents”
Forms of Ferm(relntatlo Acidity Salinit Viable cell numbers
garlic time (w) pH (%, as lactic (% Nagl) log cfu/g
acid) ’ Yeast Bacillus

0 6.23 0.36 7.40 6.75 10.63

1 6.06 0.76 8.80 725 1131

2 6.01 0.79 9.40 736 1155

Control 3 6.01 0.88 9.80 721 12.15
4 598 1.06 10.00 877 11.62

5 599 0.97 7.60 8.04 10.42

6 596 1.04 11.40 5.66 10.26

0 6.30 0.46 8.40 6.75 10.63

1 6.22 0.68 9.00 523 9.87

2 598 0.89 10.00 355 12.03

g;flsl}é 3 6.08 0.94 10.60 377 13.38
4 6.04 1.09 10.20 737 13.48

5 6.12 0.72 7.00 735 11.30

6 6.01 117 12.20 6.43 10.24

0 6.24 0.42 7.80 6.75 10.63

1 6.07 0.76 8.00 6.45 10.38

2 6.00 097 10.00 7.14 10.73

Stge;rl?fd 3 6.04 0.82 8.00 7.05 10.70
4 6.00 1.03 10.80 8.10 11.03

5 598 0.89 10.00 723 10.65

6 6.00 1.04 10.80 6.07 1055

0 6.16 0.32 7.20 6.75 10.63

1 6.07 0.70 9.00 6.32 10.66

2 599 0.81 8.80 6.34 11.37

Femel?‘ted 3 598 0.9 11.40 6.79 11.76
garie 4 583 1.04 10.20 8.27 11.66
5 5.85 1.24 9.40 798 10.41

6 592 0.99 10.00 6.47 10.15

0 6.17 0.33 7.40 6.75 10.63

1 6.08 0.67 5.40 6.34 10.55

‘ 2 6.01 0.81 8.40 451 1155
Gem“f.ated 3 6.04 0.88 10.80 4.16 12.98
garie 4 6.01 0.97 8.80 7.40 1356
5 5.77 118 10.00 731 1121

6 596 0.95 12.80 6.42 10.31

U Garlic doenjang were fermented at room temperature for 6 week
2) . ) .
All values are means of determination in three independent experiments.

(2) "= H7F @42 = phenolics, isoflavone % S7|A & 4

ohnH 283 T F phenohcs shaF Ws)

Axe] BaAS 23 nfsS H7bsle] A %3 @49 F phenolics 3% W3l Fig. 769
2ok A S g 9 odol mpse BF g A F %‘ phenolics ¢ el F7hatlem 1
T SAvtEE o] M =9t 59 SAvtsEAAd e 2Eg A (0 F) 75 mg/g, a1+ 4
I 85 mg/g, 2 7 A 86 mg/g &2 Z WUt gl 3 F A F g F7] (6 )7
A 1153 mg/g o= 7tttk oJe] AFAES vs9 Ay B T 29 ]L"‘ﬂﬂ
Eo] #ElHo fEdoz M3y o] FrlstE Aolgt Hustgow o= 2 AFoAdxE FAb
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Fig. 76. Changes of total phenolic contents of doenjang with differently prepared garlic
during fermentations.

(1) @& = isoflavone $F#F W3}

AAg AS GE3 vty #Hor 939 HPLC Z=ZvE 13 isoflavone H] & 2 3hgk
© Fig. 77 3 Table 829 2t F 11 T F8& isoflavone =47} &4os HAEE
acetylglycosides®] acetyldaidzin F=*+= A=A &Adtt (Fig. 77). E3F ZE DA A
& A (0 F) L isoflavone =4+ glycosides & B¢l daidzin, glycitin ¥ genistin®] 7
HAAomw oy H}AH F glycosides TFHS Fo]E WHA aglycones o] FUlstTh &
isoflavone &2 272 Al8H dnkE o] 48945 pg/go = 71 Bdow AvisdEdS
31158 pg/goz 71 & &S UEW Y (Table 82). 53] AR A2 glycosides?]
daidzin, glycitin ¥ genistin &&°] Z}7} 165.64 pg/g, 56.97 wg/g 2 17819 wg/g °l ot
a7 Ao wl glycosides $HS =oEWHA WHa F7] (6 F)ANE  aglycones?
daidzein, glycitein @ genistein t&o] Z+7} 115.07 pg/g, 25.85 ug/s X 7917 ug/g o8& Z7}
ST (Table 49). & Hg F7] (6 ) HWIZA FEIl aglycones W& 60.30% (Fofnt
=97, 5894% (Favt=97%), 5889% (Avl=9%), 52.13% (IwrEF), 51.88% (FAtvlsH
oz FAmbEEe] M B HE&S ARSI o] ¥ g isoflavone A= W
s} W oHjEHstE FHoR ASE wAEo] EHlEE &4 A4 A Qe o JHuy
H FrbAos dn, Az, W 5 o] acld o& Aol F Ao = dATE AT

30 B
= ST )

N
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Fig. 77. Typical HPLC
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chromatogram of isoflavone. doenjang with steamed garlic at 0

week (A), 1 week (B), 2 week (C), 3 week (D), 4 week (E), 5 week (F), 6 week (GQ). 1,
daidzin; 2, glycitin, 3, genistin; 4, malonyldaidzin, 5, malonylglycitin, 7, acetylglycitin; 8,
malonylgenistin, 9, daidzein; 10, glycitein;, 11, acetylgenistin; and 12, genistein.

Table 82. Changes of isoflavone contents of doenjang with differently prepared garlic
during fermentation”

Forms Fermen Isoflavone contents” (ng/g)

of tgtrlr(l)en Glycosides Malonylglycosides Acetylglycosides Aglycones Total

garlic (w) Daidzin Glycitin Genistin | Daidzin | Glycitin Genistin Daidzin Glycitin | Genistin | Daidzein | Glycitein | Genistein S
0 25247 | 10262 | 27776 | 2888 | 2247 | 3837 nd 1.02 0.51 33.92 nd 569 | 76371
1 14616 | 6263 | 15253 | 2251 | 2338 | 40.83 nd 217 1.09 74.04 16.74 39.15 | 581.23
2 10313 | 2127 | 10433 | 1608 | 15.1 31.8 nd nd” tr” 91.62 20.29 5541 | 466.03
Control 3 90.3 1418 | 9271 | 17.06 156 33.21 nd nd tr 11261 | 2554 70.76 | 471.97
4 89.22 | 4531 8266 | 232 | 2501 39.38 nd 2.26 113 | 12141 | 2747 772 | 53425
5 7257 | 1523 | 6462 | 2118 | 283 37.3 nd 2.31 116 | 12312 | 2824 81.66 | 47569
6 67.71 1759 | 5884 | 2219 | 2532 | 3897 nd 2.46 123 | 13434 | 3077 90.03 | 489.45
0 200.71 | 7092 | 21167 | 1948 | 1273 29.4 nd 0.89 0.45 27.1 nd 594 | 579.29
1 10566 | 3289 | 8073 | 19.02 | 254 32.75 nd 2.14 1.07 80.48 21.74 558 | 457.68
2 63.04 nd 4067 | 1153 | 1289 | 2537 nd nd tr 10528 | 25.35 7767 | 3618
EZEE‘; 3 5679 | 1585 | 2996 | 1715 | 2641 | 3167 nd 1.99 099 | 12046 | 27.77 8871 | 41775
4 4422 | 1657 | 2001 | 1473 | 2466 | 2679 nd 2.21 1.1 11955 | 27.27 8819 | 3853
5 4159 | 4568 | 1585 | 1649 | 2878 | 3053 nd 2.31 116 | 13303 | 3011 967 | 4442
6 26.28 nd 267 528 | 1199 | 1935 nd nd tr 124 26.78 95.23 | 31158
0 16564 | 5697 | 17819 | 1943 | 1811 | 36.26 nd 378 1.89 23.89 nd 34 507.56
1 136.8 | 65.08 | 139.04 | 2673 | 27.14 | 46.09 nd 2.43 121 76.76 16.84 40.86 | 57893
2 9506 | 3983 | 9479 | 2272 | 2475 | 40.04 nd 1.97 0.98 9352 21.71 5039 | 499.81
C‘?tg";;‘?i‘z 3 7607 | 2541 | 6742 | 1999 | 236 36.03 nd 1.9 095 | 10088 | 2263 66.27 | 441.15
4 6784 | 2573 | 6081 | 2069 | 2595 | 3658 nd 2.34 117 | 10546 | 2397 69.15 | 439.69
5 64.14 | 24.66 52 2173 | 2735 | 3898 nd 253 127 | 12131 | 2762 81.44 | 463.03
6 5656 | 2177 | 4214 | 1943 | 2549 | 3522 nd 2.34 117 | 11507 | 2585 7917 | 42421
0 20492 | 9127 | 22364 | 3059 | 2990 | 39.37 nd 1.14 0.57 27.72 nd 476 | 653838
1 11894 | 4314 | 11564 | 2455 | 2735 | 4073 nd”? nd tr” 8257 19.38 4932 | 52662
Fermen 2 8659 | 3031 | 7337 | 2241 | 27.03 | 41.19 nd 1.89 095 | 10352 | 2396 6875 | 479.97
ted 3 7184 | 2515 | 61.02 | 2094 | 2568 | 3817 nd 172 0.86 | 10877 | 24.87 76.23 | 455.25
garlic 4 6531 | 2518 | 5363 | 2242 | 2745 | 3859 nd 242 121 12377 | 2773 87.30 | 475.01
5 5008 | 1960 | 3505 | 1843 | 2466 | 33.98 nd 2.07 103 | 11413 | 2559 84.29 | 40891
6 3033 | 3304 | 2660 | 1446 | 2453 | 2758 nd 2.05 103 | 12230 | 27.19 9259 | 4107
0 18889 | 9211 | 19507 | 3168 | 37.85 | 36.01 nd 175 0.87 2894 nd 597 | 619.14
1 11025 | 3574 | 9974 | 2215 | 2794 | 37.31 nd nd tr 84.75 21.03 5396 | 492.87
Germin 2 2440 | 2071 | 7177 | 2023 | 2491 | 3813 nd” nd | 11003 | 2622 | 7632 | 417.72
ated 3 60.96 nd 4871 | 1433 | 1695 | 31.00 nd nd tr 11705 | 26.82 8523 | 401.05
garlic 4 40.11 nd 2026 | 9.92 1559 | 2461 nd nd tr 103.06 | 23.89 81.70 | 324.14
5 5125 | 1475 | 3935 | 1605 | 2398 | 31.92 nd 1.90 095 | 12885 | 29.35 96.31 | 434.66
6 4809 | 1695 | 1872 | 1493 | 2617 | 3077 nd 2.26 113 | 12265 | 2774 91.10 | 40051

v doenjang and Gdarlic doenjang were fermented at room temperature for 6 week,

?)All values are presented as the mean=SD of triplicate determination.
Ynd: not detected, "tr: trace(<0.002 ng/g).
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(th) 7|8+ £ X
O At (=)o F7)dE
AN (H =) 0 FAd = 43 T Fr|Adio] IJAHAL 6 FHA= 3H Fo 7|4
o] UG 0 ¢ 6 Fo FFToz HEH F71AH S Butanal 3-methyl-, Furfural,
Dimethyl sulfone, Furan 2-pentyl-, Benzeneacetaldehyde, Nonanal, Cyclopentasiloxane
decamethyl-, 24-Decadienal (E,E)-, Cyclohexasiloxane dodecamethyl-, Cycloheptasiloxane
tetradecamethyl-, n—-Hexadecanoic acid, Hexadecanoic acid ethyl ester, 6-Octadecenoic acid
2 912-Octadecadienoic acid ethyl ester 7] %] AZHAL 0 F9 F8 IR
Nickel[II] bis(O,0’-dibutyldithiop hosphate)®} 6-Octadecenoic acid .= Z+Z} 20.87% <}
13.83% 5 #A|slal 6 Foll& A 7|2 HEHA ki FAE= F7Heke] 165.55%
T8 R EE X 0 FA 7.19%A  F7Fete] 18.86%E  AFA|gF Butanal
3-methyl- ©] 1t} (Table 83).

Table 83. Volatile compounds of Doenjang without garlic.

. Area%
No Volatile compounds RT oW 6W
1 | Tris(benzol[blselenopheno)[2,3:2",3":2"",3" ' Ibenzene 1.678 22.70
2 | NickellII] bis(O,0’-dibutyldithiop hosphate) 1.678 20.87
3 | Butanal, 3-methyl- 2.116 7.19 18.86
4 L-Serine, N-methyl- 2.514 2.10
5 Hydrazine, 1,2-dimethyl- 2.256 4.69
6 | 4-(Prop—-2-enoyloxy)octane 2.571 1.06
7 Butane, 2-cyclopropyl- 2.845 1.64
3 }Cl);i]rane,Z— [2-(benzyloxy)-1-(1-methoxy—-1-methylethoxy)et 2943 055
9 1,1-Diisobutoxy-butane 3.263 6.82
10 | Hexanal 3.217 3.85
11 | 1-Propanol, 2,2-dimethyl-,acetate 3.395 0.96
12 | Furfural 3.632 2.62 2.73
13 | Heptanal 4762 1.22
14 | 2-Nonenal, (E)- 4768 0.35
15 | Dimethyl sulfone 5.332 0.16 0.18
16 | 2,4-Pentadien—1-ol, 3-pentyl-, 5.661 0.13
17 | 2-Heptenal, (E)- 5.878 3.80
18 | Benzaldehyde 6.015 1.31
19 | 2-Octen-1-o0l, (E)- 6.370 0.67
20 | 3-Cyclohepten—1-one 6.382 0.34
21 | Furan, 2-pentyl- 6.679 2.09 0.74
22 | Octanal 6.942 0.98
23 | Pyrazine, trimethyl- 6.960 0.46
24 | 2,4-Heptadienal, (EE)- 7.154 0.41
25 | 4-Nonyne 7.698 0.32
26 | Benzeneacetaldehyde 7.984 481 7.72
27 | 2-Octenal, (E)- 8.333 0.85
28 | Cyclododecanol, 1-ethenyl- 8.350 0.19
29 | Pentane, 2-cyclopropyl- 8.653 0.37
30 | Cyclohexene,3—(2-propenyl)— 8911 0.31
31 | Pyrazine, tetramethyl- 9.145 0.13
2 | QIR a0 "2 TRy | o2
33 | Nonanal 9.537 1.49 0.82
34 | Cyclopentasiloxane, decamethyl- 10.908 0.62 0.75
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35 | Cyclohexanepropanal 11.062 0.15
36 | Octanoic Acid 11.274 0.28
37 | 2-n—Heptylfuran 11.938 0.11
38 | Undecane 12.104 0.18
39 | Decanal 12.281 0.10
40 | Furan, 3—phenyl- 12.739 0.19
41 | Dichloroacetic acid, nonyl ester 13.443 0.12
42 | 2-Decenal, (E)- 13.792 1.03
43 | 4-Octyne 13.797 0.12
44 | 2,4-Dodecadienal, (EE)- 14.656 0.82
45 | 2-Cyclohexene—-1-carboxaldehyde,2,6,6-trimethyl- 14.656 0.18
46 | 2,4-Decadienal, (EE)- 15.259 3.83 0.74
47 | Cyclohexasiloxane, dodecamethyl- 15.565 1.09 1.76
48 | 2-Dodecenal, (E)- 16.481 0.96
49 | 2-Nonenal, (Z)- 16.481 0.12
50 | 2,4-Decadienal, (E.E)— 16.864 0.74
51 | Hexadecane 17.379 0.17
52 | Benzenebutanal, 19.531 0.24
53 | Benzocyclobutene, 1-bromo-1-methyl 19.725 0.24
54 | Cycloheptasiloxane, tetradecamethyl- 19.977 0.53 1.29
55 | Butylated Hydroxytoluene 20.355 0.30
56 g(lg)e;(r;e),][l[;ils[E}ri?ngtlﬁs[l(l‘grlmethy151lyl)oxy]ethyl] 1,2-phenylenelbi 96,198 0.98
57 | n—-Hexadecanoic acid 34.168 10.53 7.45
58 | Hexadecanoic acid, ethyl ester 34.866 1.07 1.09
59 | 6-Octadecenoic acid 37.779 13.88 15.55
60 | 9,12-Octadecadienoic acid, ethyl ester 38.230 2.77 3.40
61 | 1H-1,3-Benzimidazole—1-acetonitrile, 42.190 0.12
62 | Octadecanoic acid, butyl ester 42.201 0.18
63 | 1,1,1,3,5,5,5-Heptamethyltrisiloxane 42.636 0.12
64 | Silicic acid,diethylbis(trimethylsilyl) ester 50.819 0.15

@ Avts #h nhERge] F4E
Wrbs Wb v R 0 FAGNE 40 F9 G714 Re] HAHAT 6 FAGNE 46 F2 G
Aol AT 0 T 6 Fol ¥To2 HEY 7| T2 Hydrazine 1,1-dimethyl-,
Furfural, 1-Propene 3,3'-thiobis—, Benzaldehyde, Furan 2-pentyl-, Benzeneacetaldehyde,
2-Octenal  (E)-, Diallyl disulphide, Nonanal, 2-[2-[2-[2-(2-Butoxyethoxy)ethoxy]
ethoxy Jethoxylethyl acetate, Cyclopentasiloxane decamethyl-, Benzeneacetaldehyde
.alpha.—ethylidene—, Trisulfide di-2-propenyl, 2,4-Decadienal (EE)-, Cycloheptasiloxane
tetradecamethyl-, n-Hexadecanoic acid, Hexadecanoic acid ethyl ester % cis—Vaccenic acid
F71dEe]l AEHAT 0 F9 F2 7]+ Distannoxane hexabutyl-¢} Butanal
3-methyl-0.2 Z}7} 24.08%%t 12.14%E =#A|stal 6 Foll& HAAbe] 7] 7HAsh
1650% ©olil 2= AEHA Utk F8 P TLE= 0 FARY F7FgE Hydrazine,
1,1-dimethyl-°] 17.21% ©o]3. A 20o] A% Ethyl Oleate 9.59% ©|t} (Table 84).

Table 84. Volatile compounds of Doenjang with fresh garlic.

. Area%
No Volatile compounds RT oW 6W
1 | Distannoxane, hexabutyl- 1.673 24.08 16.50
2 | Butanal, 3-methyl- 2.096 12.14
3 | Hydrazine, 1,1-dimethyl- 2.313 4772 17.21
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4 | Propanamide, N-ethyl- 2.525 3.00
5 | Propanoic acid 2.657 3.65

6 | Hexanal 3.212 2.70

7 | 1,1-Diisobutoxy—butane 3.349 75 7.0
8 | Furfural 3.618 2.74 3.23
9 | 1-Propene, 3,3’ -thiobis— 4.047 2.01 1.07
10 | Heptanal 47157 0.82

11 | Thiophene, 2,5-dimethyl- 4.854 0.58
12 | 1,2,4-Triazolo[4,3-blpyridazine 5.071 0.74
13 | 1,4-Dithiane 5.083 1.37

14 | Dimethyl sulfone 5.386 0.16

15 | Benzaldehyde 6.001 2.83 1.43
16 | 2,4-Octadienoic acid,7-hydroxy—,2,2,2—trichloroethyl ester 6.364 0.43
17 | Alantolactone, 4.alpha.4A.alpha.- epoxy-— 6.370 0.22

18 | Furan, 2-pentyl- 6.673 1.24 0.80
19 | Octanal 6.942 0.50
20 | Hex-4-enylamine 6.943 0.42

21 | 4-Nonyne 7.692 0.12

22 | Benzeneacetaldehyde 7.978 5.82 7.80
23 | 2-Octenal, (E)- 8.339 0.30 0.18
24 | 1-Octanol 8.636 0.18

25 | Iron, dicarbonyl(.eta.5-2,4-cyclop 8.642 0.09
26 | Diallyl disulphide 8.905 5.03 2.23
27 | Pyrazine, tetramethyl- 9.163 0.22
28 | Nonanal 9.539 2.07 0.79
929 2;5;&2-[2-(2—But0xyethoxy)ethoxy] ethoxylethoxyJethyl 10.49 0.66 0.20
30 | Cyclopentasiloxane, decamethyl- 10.908 1.29 1.32
31 | Octanoic Acid 11.240 0.23
32 | 3-Vinyl-1,2-dithiacyclohex-4-ene 11.835 0.18

33 | Chloroacetic acid, 3-tetradecyl ester 11.835 0.17
34 | Dodecane 12.104 0.15
35 | 3-Vinyl-1,2-dithiacyclohex—5-ene 12.504 0.27

36 | Cinnoline, 3—-methyl- 12.750 0.15
37 | 8-Oxabicyclo[5.1.0]octane 13.792 0.22
38 | 8-Hexadecenal, 14-methyl-, (Z)- 13.798 0.37

39 | Benzeneacetaldehyde, .alpha.—ethylidene- 14.126 0.20 0.25
40 | 2,4-Decadienal 14.656 0.30

41 %*Oxatricyclo[S.Z.1.0(2,4)]octane,(1.alpha.,Z.beta.,4.beta.,5.alpha.) 14656 0.24
42 | Trisulfide, di-2-propenyl 14.862 0.80 0.56
43 | 2,4-Decadienal, (EE)- 15.254 1.86 1.44
44 | Cyclohexasiloxane, dodecamethyl- 15.566 0.68

45 | DL-Norleucine, N-allyloxycarbonyl-,heptadecyl ester 16.527 0.51
46 | 1,2-Dithiolane 16.533 0.86

47 | 2,3-Octadiene, 7-methyl- 16.864 0.12
48 | 24-Nonadiene, (EE)- 16.870 0.57

49 | Tetradecane 17.371 0.14 0.15
50 | Benzene,1-(1,5-dimethyl-4-hexenyl)-4-methyl- 19.531 0.15
51 | 5-Methyl-2-phenyl-2-hexenal 19.720 0.20
52 | Cycloheptasiloxane, tetradecamethyl- 19.971 0.32 2.47
53 | Butylated Hydroxytoluene 20.355 0.71
54 | Benzoic acid,2,4-bis[(trimethylsilyl)oxy]-, trimethylsilyl ester 26.134 0.43
55 | Cholestane,3-thiocyanato—,(3.alpha.,5.alpha.)- 31.055 0.10
56 | n—Hexadecanoic acid 34.154 6.31 4.80
57 | Hexadecanoic acid, ethyl ester 34.860 0.68 1.24
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58 | 9,12-Octadecadienoic acid (Z,Z)-,methyl ester 36.931 0.19
59 | cis—Vaccenic acid 37.790 9.67 7.60
60 | 9,12-Octadecadienoic acid, ethyl ester 38.236 0.58
61 | Ethyl Oleate 38.345 9.59
62 | Hexadecanoic acid, butyl ester 38.694 1.45
63 | Octadecanoic acid, butyl ester 42.196 0.16
64 | 1-Propene,3-(2-cyclopentenyl)-2-methyl-1,1-diphenyl- 42.201 0.17
65 | 1,2-Bis(trimethylsilyl)benzene 44152 0.11

@ TAvbE M7t R g IR

SAE H7F atsEd 0 FAo = 38 T U)ol FRAEHAL 6 FA = 42 T F
71740l ST 0 Fe 6 Fo FEoE HEE FU|AHES Butanal 3-methyl-,
2-Cyclohexen-1-ol, 2,4-Dodecadienal (E,E)-, Trisulfide di-2-propenyl, 2,4-Decadienal (EE)-,
Cyclohexasiloxane dodecamethyl-, Cycloheptasiloxane tetradecamethyl-, Silane,[[4-[1,2-bis[(trimeth
ylsil2yl)oxylethyl]-1,2-phenylenelbis(oxy) Jhis[trimethyl, n-Hexadecanoic acid, Hexadecanoic acid
ethyl ester, 9-Octadecenoic acid (E)- % 9,12-Octadecadienoic acid methyl ester 7|4 & o]
AZHAJE 0 F9 F8 F7|AHELS Distannoxane hexabutyl-2} 9-Octadecenocic acid (E)-2.&
Z¥7} 30.94%9F 12.43% 5 2HA|8kaL 6 FAoll= A 2o] AAdH 24-Diamino-68-his[34-dichlorophenyl]-56
~dhydro-8HHthiapyrand4’,3' -4plthieno 23-dlpyrimidine”}  16.72%  ©]a1 27} F7Fsle]  16.50% o]t
(Table &5).

Table 85. Volatile compounds of Doenjang with steamed garlic.

. Area%
No Volatile compounds RT oW 6W
1 2,4-Diamino-6,8-bis|3,4-dichlorophenyl]-5,6-dihydro-8H-t 1.667 1672
hiapyrano[4’,3'-4,5]thieno[2,3-d]pyrimidine : :
2 Distannoxane, hexabutyl- 1.684 30.94
3 Butanal, 3-methyl- 2.101 6.07 9.84
4 Urea 2.474 3.71
5 3-Furanol, tetrahydro- 2.594 3.87
6 Propanoic acid 2.777 0.63
7 Propanal, oxime 3.189 0.70
8 Cyclohexane, (1,1-dimethylethyl)- 3.223 2.67
9 2,3-Butanediol 3.509 12.54
10 | 1H-Imidazole, 4,5-dimethyl- 3.629 1.92
11 | 5-Hexenoic acid 4.047 1.12
12 | Phosphine, acetyldimethyl- 4.625 0.12
13 | 4-Methyl-cyclohex-2-en-1-ol 4762 0.51
14 | Isocyanate, 4-pyridinyl 5.083 0.28
15 | 1,4-Dioxane, 2,5-dimethyl- 5.203 1.28
16 | Propanamide, 2-methyl- 5.209 0.78
17 | 1-Propene, 1-(ethylthio)-2-methyl- 5.810 0.55
18 | Benzaldehyde 6.001 3.27 0.89
19 | Succinic acid, butyl 2-ethylbutyl ester 6.256 0.49
20 | 2-Decen-1-ol, (E)- 6.382 0.36
21 | Furan, 2-pentyl- 6.530 145 0.70
22 | 2-Pyridinamine, 4,6-dimethyl- 6.948 0.37
23 | cis—9,10-Epoxyoctadecan—-1-ol 6.948 0.46
24 | cis-9,10-Epoxyoctadecan-1-ol 6.948 0.46
25 | 1,3-Hexadiene, 3-ethyl-2-methyl- 7.703 0.21
26 | [1,1’-Bicyclopentyl]-2-ol 7.709 0.14
27 | Benzeneacetaldehyde 7.978 7.31 9.01
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28 | 2-Undecenal 8.339 0.19
29 | 2-Octenal, (E)- 8.339 0.43

30 | 1-Octanol 8.653 0.26

31 | 1-Propene, 3,3’ -thiobis- 8.908 0.74 0.45
32 | 6-Hydroxy-9-[tetrahydro-2H-pyran-2-yl]-9H-purine 9.157 0.09
33 | Nonanal 9.540 1.62
34 | Maltol 9.918 0.10
85 | (e e - 0288 | 028

36 | Nonanal 9.540 1.62

37 | 2-Propenoic acid, 2-methyl-, dodecyl ester 10.496 0.09
38 | Cyclopentasiloxane, decamethyl- 10.905 0.84 0.98
39 | 1-Hexene, 2-methyl- 11.062 0.42

40 | Dodecane 12.104 0.15
41 | Furan, 3-phenyl- 12.745 0.25
42 | 2-Cyclohexen-1-ol 13.797 0.35 0.12
43 | 2,4-Dodecadienal, (E,E)- 14.653 0.39 0.20
44 | Trisulfide, di-2-propenyl 14.853 0.28 14.85
45 | 2,4-Decadienal, (EE)- 15.253 1.82 0.70
46 | Cyclohexasiloxane, dodecamethyl- 15.565 1.18 1.49
47 | 2-Tridecenal, (E)- 16.481 0.23
48 | 2-Heptadecenal 16.481 0.45

49 | Cyclohexene, 3-(1-methylethyl)— 16.870 0.34

50 | Decane, 1,1'-oxybis— 17.374 0.18
51 | Benzenebutanal, .gamma.,4-dimethyl 19.531 0.19

52 | 5-Methyl-2-phenyl-2-hexenal 19.720 0.38
53 | Cycloheptasiloxane, tetradecamethyl- 19971 0.74 1.04
54 | Butylated Hydroxytoluene 20.349 0.63
55 S]llg?g(eégé)][bli,SZ[t?ilri[e(gll;rllethYISﬂzyl)OXY]ethyu 1,2-phenylen 96.134 0.19 021
56 | n—Hexadecanoic acid 34.168 8.50 6.98
57 | Hexadecanoic acid, ethyl ester 34.863 0.94 1.80
58 | 7-Heptadecyne, 1-chloro- 36.926 0.14
59 | 9-Octadecenoic acid, (E)- 37.804 12.43 16.50
60 | 9,12-Octadecadienoic acid, methyl ester 38.233 4.29 7.39
61 | Hexadecanoic acid, 1,1-dimethylethyl ester 38.688 1.64

62 | 2-p—Nitrophenyl-oxadiazol-1,3,4-on e-5 42.196 0.19

63 | Silicic acid, diethyl bis(trimethy Isilyl)ester 42.201 0.18

@ wEvts A7) hsRge $r4E
anks H7F vpEEd 0 FAol= 43 T Fr]AdEe] FAHAL 6 FA = 41 T F
7170l FelHAY. 0 T4 6 Fo FTFEezE HAEH F|AHES Furfural, 1-Propene

3,3'—thiobis—, Benzaldehyde, Furan 2-pentyl-, Benzeneacetaldehyde, Diallyl disulphide,
6H-Purin-6-one 1,7-dihydro—, Nonanal, 4-Mercaptophenol, Cyclopentasiloxane decamethyl-,
2,4-Decadienal, Cyclohexasiloxane dodecamethyl-, 2-Methylene cyclopentanol,
n—Hexadecanoic acid, Hexadecanoic acid ethyl ester, 6-Octadecenoic acid,
9,12-Octadecadienoic acid methyl ester ¥ Octadecanoic acid, butyl ester &7]A] & o] =5
Ak 0 9 F2 F7]AHE2Pregna-2,4-dien-20-one,17-(acetyloxy)-6-methyl-3,6-bis[ (trime
thylsilyDoxy]l-, (6.beta.) -2} 6-Octadecenoic acid &2 Z}Z} 25.68%¢} 12.29% % =}A|slal 6
Aol= A= HEHA KU T8 A7 A Tris(benzolblselenopheno)[2,3:2',3 ":2'7,3""
Jbenzene, Butanal 3-methyl- % 6-Octadecenoic acidi= Z+2b 15,24%, 13.48% % 14.80% $ith
(Table 86).
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Table 86. Volatile compounds of Doenjang with fermented garlic.

. Area%
No Volatile compounds RT oW 6W
1 Etr}%lr;%y%ﬁxgl]ej} 26ng?a§3{7 (acetyloxy)-6-methyl-3,6-bis[ (trim 1667 9568
2 | Tris(benzolblselenopheno)[2,3:2’,3 ":2'’",3’']benzene 1.673 15.24
3 | Butanal, 3-methyl- 2.096 13.48
4 | Benserazide 2.296 12.83
5 | 1-Pentanol 2.554 3.57
6 | Propanoic acid, 3-hydroxy-2,2-dimethyl-, 2.617 1.17
7 | Propanoic acid, 2-methyl- 3.080 0.83
8 | Hexanal 3.212 2.24
9 | 2,3-Butanediol 3.395 8.17
10 | 1-Nonen—-3-ol 3.435 3.00
11 | Furfural 3.618 1.20 3.07
12 | 1-Propene, 3,3’ —thiobis— 4.050 1.55 2.38
13 | Heptanal 4757 0.60
14 | Disulfide, methyl 2-propenyl 5.071 1.11
15 | Phenol, 2-methyl- 5.071 0.28
16 | Dimethyl sulfone 5.403 0.12
17 | Benzaldehyde 6.007 3.16 1.30
18 | 4-Cycloocten-1-amine, N-methyl- 6.365 0.40
19 | 2-Octen-1-ol, (E)- 6.376 0.35
20 | Furan, 2-pentyl- 6.668 1.47 0.60
21 | 4-Piperidinecarboxylic acid hydrazide 6.942 0.57
22 | 2-Fluorostyrene 6.948 0.44
23 | 3-Cyclohexene-1-carboxaldehyde, 1- 7.698 0.26
24 | Benzeneacetaldehyde 7.978 8.50 9.33
25 | 2-Dodecenal 8.333 0.16
26 | 2-Octenal, (E)- 8.339 0.44
27 | Pentane, 2-cyclopropyl- 8.636 0.08
28 | 7-Heptadecene, 7-methyl-, (E)- 8.642 0.21
29 | Diallyl disulphide 8.905 294 2.06
30 | 6H-Purin-6-one, 1,7-dihydro- 9.157 0.15 0.21
31 | Nonanal 9.534 1.60 0.67
32 | 4-Mercaptophenol 9.901 0.17 0.16
33 | Cyclopentasiloxane, decamethyl- 10.905 0.82 0.76
34 | Oxalic acid, isobutyl nonyl ester 12.098 0.11
35 | Tritetracontane 12.104 0.18
36 | Cinnoline, 3-methyl- 12.745 0.28
37 | Bicyclo[3.1.0]Jhexan-2-o0l 13.792 0.42
38 | 2-Decenal, (Z2)- 13.803 0.13
39 | Cinnamaldehyde, .beta.-methyl- 14.129 0.10
40 | 2-n-Octylfuran 14.650 0.41
41 | 1,4-Pentadiene, 3,3-dimethyl- 14.656 0.26
42 | Trisulfide, di-2-propenyl 14.856 0.19
43 | 2,4-Decadienal 15.253 1.94 0.76
44 | Cyclohexasiloxane, dodecamethyl- 15.565 1.30 1.49
45 | 2-Methylene cyclopentanol 16.478 0.47 0.17
46 | 4-Tridecen—1-ol, acetate, (E)- 16.864 0.38
47 | Tridecane 17.374 0.13
48 | Tetradecane 17.374 0.22
49 | Benzene,1-(1,5-dimethyl-4-hexenyl)-4-methyl- 19.528 0.36 0.09
50 | 5-Methyl-2-phenyl-2-hexenal 19.720 0.29
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51 | Cycloheptasiloxane, tetradecamethyl- 19.971 0.75 1.59

52 | Butylated Hydroxytoluene 20.355 0.44

53 | Benzolbldihydropyran, 6-hydroxy-4, 4,5,7,8-pentamethyl- 20.360 0.21
Benzeneethanamine,

54 N]—[(pentaﬂuorophenyl)methylene] - beta.,3,4-tris[ (trimethylsilylox | 26.134 0.31
y]-

55 35132?(3]6[‘5%371[]1:%,Ztilgl[lg;;llq:g}el]yblissﬂ(oxy)]bis[trimethylf 26.145 0.19

56 | 1,1,15,7,7,7-Heptamethyl-3,3-bis(trimethylsiloxy)tetrasiloxane 31.049 0.09

57 | n—-Hexadecanoic acid 34.165 8.46 6.61

58 | Hexadecanoic acid, ethyl ester 34.863 1.24 1.89

59 | Z,Z-4,15-Octadecadien—1-o0l acetate 36.926 0.11

60 | 6-Octadecenoic acid 37.802 12.29 14.80

61 | 9,12-Octadecadienoic acid methyl ester 38.233 0.93 5.89

62 | Hexadecanoic acid, 1,1-dimethylethyl ester 38.688 0.74

63 | Octadecanoic acid, butyl ester 42.193 0.14 0.18

64 | 4-Phenyl-3,4-dihydroisoquinoline 42.728 0.13

©® olrts H7F iR g Fr|AAE 0 Wolvks HUF viEdEd 0 FAd = 39 T 3
717330l FRIFANL 6 FA= 32 T2 FrIdFEe] gJAHAT 0 FoF 6 F 3Foe=E A
=9 37| A S Butanal 3-methyl-, Furfural, 1-Propene 3,3’ -thiobis—, 1,3-Dithiane, Benzal
dehyde, Benzeneacetaldehyde, Diallyl disulphide, Nonanal, Cyclopentasiloxane decamethyl-,
Benzofuran 2-ethenyl-, Benzeneacetaldehyde .alpha.—ethylidene-, 2,4-Decadienal (E,E)-, Cyc
lohexasiloxane dodecamethyl-, 2-Dodecenal (E)-, Cycloheptasiloxane tetradecamethyl-, Ben
zoic acid,2,4-bis[ (trimethylsilyl)oxy]-, ~Hexadecanoic acid, Hexadecanoic acid ethyl ester %
6-Octadecenoic acid &7 %ol HEF T 0 F2o F2 7|4 ¥-20smium methyl, (eta.-
5-cyclopentadienyl)-bis(dimethylphenylphosphine) ¢tButanal, 3-methyl-Z Z}Z}  21.00% %}
14.96% 5 AA|stal 6 FAd = AA= HE2HA g $29 AS Frhste] 25.22% 18] il
6-Octadecenoic acid:= 16.10% $ith (Table 87).

Table 87. Volatile compounds of Doenjang with germinated garlic.

. Area%
No Volatile compounds RT oW 6W
1 ?esg.lygjc;ncelgi)%lﬁtadienyl)—bis(dimethylphenylphosphine) 1.678 21.00
9 Blliﬁxaﬂ/lfdienf2,5*Zirconiumf3,4*molibdenumftetra(cyclopentadien 1701 13.43
3 Butanal, 3-methyl- 2.114 14.96 25.22
4 Hydrazine, 1,1-dimethyl- 2.319 3.74
5 | D-(+)-Xylose, tetramethyl ether 2.559 3.93
6 L-Serine, N-methyl- 2.645 3.03
7 Hexanal 3.218 2.50
8 2,3-Butanediol 3.309 4.83
9 Furfural 3.622 3.46 454
10 | 1-Propene, 3,3’'-thiobis— 4.062 1.74 0.64
11 | Heptanal 4757 0.65
12 | 1,3-Dithiane 5.089 1.42 2.11
13 | 1,4-Cyclohexadiene, 1-methyl- 5.398 0.15
14 | Benzaldehyde 6.010 2.78 1.38
15 | Succinic acid, dodecyl pentyl este 6.267 0.40
16 | Furan, 2-pentyl- 6.679 0.93
17 | 3-Pyridinecarboxaldehyde, oxime 6.948 0.78
18 | 1,2-Benzenediamine, 3-methyl- 6.954 0.50
19 | Benzeneacetaldehyde 7.984 6.59 9.22
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20 | 2-Octenal, (E)- 8.339 0.22
21 | Cyclopropaneacetic acid, 2-hexyl- 8.648 0.14
22 | Diallyl disulphide 8911 2.17 1.14
23 | 6H-Purin—6-one, 1,7-dihydro— 9.163 0.24
24 | 2-Butenedioic acid, 2,3-dihydroxy—,(E)- 9.277 0.28
25 | Nonanal 9.543 0.93 0.37
26 | 4-Mercaptophenol 9.895 0.15
27 | Thiophene, tetrahydro-2-methyl- 10.496 0.43
28 | Cyclopentasiloxane, decamethyl— 10.908 1.30 0.78
29 | Benzofuran, 2-ethenyl- 12.745 0.18 0.33
30 | 1-Pentene, 2,3-dimethyl- 13.792 0.31
31 | Benzeneacetaldehyde, .alpha.—ethylidene- 14.129 0.20 0.25
32 | 2,4-Decadienal, (EE)- 14.653 0.32 0.18
33 | Trisulfide, di-2-propenyl 14.856 0.18
34 | 2,4-Decadienal, (EE)- 15.253 1.42 0.75
35 | Cyclohexasiloxane, dodecamethyl- 15.565 1.62 1.46
36 | 2-Dodecenal, (E)- 16.481 0.64 0.18
37 | 2,4-Decadienal 16.864 0.29
38 | Benzene,1-(1,5-dimethyl-4-hexenyl)-4-methyl- 19.537 0.16
39 | trans—1-Phenyl-1-pentene 19.714 0.13
40 | 5-Methyl-2-phenyl-2-hexenal 19.725 0.41
41 | Cycloheptasiloxane, tetradecamethy 1- 19.971 1.72 2.23
42 | Butylated Hydroxytoluene 20.349 0.26
43 | Benzoic acid,2,4-bis[(trimethylsilyl)oxy]-, 26.134 0.34 0.30
44 | n—Hexadecanoic acid 34.173 7.10 B.77
45 | Hexadecanoic acid, ethyl ester 34.863 0.84 0.69
46 | 6-Octadecenoic acid, methyl ester, (Z)— 37.069 0.20
47 | 6-Octadecenoic acid 37.819 14.99 16.10
48 | 9,12-Octadecadienoic acid methyl ester 38.236 1.58
49 | Pyridol2,3-dlpyrimidine, 4-phenyl- 42.184 0.14
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Fig. 78. Changes of DPPH (A) ABTS (B) radical scavenging activities and FRAP assay
(C) of doenjang with differently prepared garlic during fermentation.
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Table 88. Changes of pH, acidity, salinity and viable cell numbers of garlic doenjang
during fermentations

Contents?
Fermentation Acidit .. Viable cell numbers
Samples time (w) pH (%. as layctic ( ;alﬁ}%’l) log cfu/g
acid) o, N Ve ;
east Bacillus
0 5.97 1.06 6.80 3.70 6.62
1 6.00 0.94 7.00 3.54 6.20
Asp.oryzae 2 5.97 1.05 7.40 3.44 6.18
with 3 5.99 0.95 12.20 3.10 6.28
Bacillus natto 4 6.00 1.02 8.80 2.86 6.37
5 5.99 0.95 7.80 2.74 6.94
6 597 1.04 9.40 2.25 751
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0 6.12 0.93 6.30 5.21 8.94

1 5.94 1.01 7.20 4.29 857

Rhi. oryzae 2 5.89 1.08 7.80 4.10 8.17
with 3 5.9 1.04 9.20 3.96 8.00
MJ1-4 and 4 5.93 1.04 8.20 3.62 7.36
EMD17 5 5.88 1.01 8.60 3.43 8.46

6 5.87 1.06 11.00 3.43 853

Y Garlic doenjang were fermented at room temperature for 6 week
PAll values are means of determination in three independent experiments.

(2) TA T L MAEdFE o] &3 visH Aol F phenolics ¥ isoflavone 5 w4
= =
=

A % phenolics &% W3l= Fig. 799 #Zth 2
do] wel F phenolics L U A F71E 90w 538 RA. oryzacE o] &
e HE d (0 F) 496 mg/gelAd 2FE F7] (6 F)ol= 7.72 mg/g o TFFS eI
wold w2 AR RalHa wpdels #59 B-glucosidase &/dol 7190F Ao®

ot ot
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Fig. 79. Changes of total phenolic contents of garlic doenjang during fermentations.

(1) @& = isoflavone = W3}

TATFF LD ALFFE o] &3 s e HPLC Z2wE 13 isoflavone Ul & % 3k
WH3l= Fig. 80 2 Table 899} 2t} FA|TFFE o] &3t A F 1159 isoflavone %=
A7 FEHoR HAZEEHAOW, acetylglycosides FEfSl  acetylgenistin® &% A ok}
(Fig. 80). =& 15 A3 glycosides?d] THE =AA 7HA23Ha olo] A3t aglycones?] &
Zo] A F7Fskdct wa A (0 F) glycosides®] daidzin, glycitin ¥ genistin 3F&8 z+z}t
220.29 pg/g, 121.20 wug/e 2 259.07 pg/g ol WE F7] (6 )= aglycones? daidzein,
glycitein % genistein 32 ZV7F 214.42 pg/g, 7216 pg/g R 19451 we/g = S7FSESITH
(Table 89). ¥# isoflavone F=A2] W& &g A (0 F) glycosides HEl+= 77.51% ©|
om g Z7] (6 F)AlE 979% & FFAEA I oo A4St aglycones HElE wE A (0
F) 1551% ol HE F7] (6 F)ol+= 8641% = W3t AL FFE o] &3 nf=HH
L ZF 9 F9 isoflavone FEAVF FEHoRE HAEFHF oW, malonylglycosides & EfQ]
malonyldaidzin % acetylglycosides & Ej<l acetylgenistine #HZE% A XUt FA|AFFTZ o] &
st vl 24 gt e de] wek A3 glycosidese] EFEFo] s om o]
AF&3Fo]  aglycones® o]l ZUbskth. 53] @& F7] (6 F) aglycones® daidzein,
glycitein ¥ genistein %2 22} 19144 pg/g, 65.89 pg/g L 17793 upg/g oItk A
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Fig. 80. Typical HPLC chromatogram of isoflavone. Rhi. oryzae doengjang at 0 week
(A), 1 week (B), 2 week (C), 3 week (D), 4 week (E), 5 week (F), and 6 week (G).
1,daidzin; 2, glycitin, 3, genistin, 4, malonyldaidzin; 7, acetylglycitin; 8, malonylgenistin; 9,
daidzein; 10, glycitein; and 12, genistein.

Table 89. Changes of 11 isoflavone contents of garlic doenjang prepared with different
microorganisms during fermentation.

Ferme Isoflavone contents” (ng/g)

Strains nt@tion Glycosides Malonylglycosides Acetylglycosides Aglycones Total

(1$)e Daidzin Glycitin Genistin Daidzin | Glycitin | Genistin | Daidzn | Glycitin | Genistin | Daidzein | CClel | Genistein s
0 220.29 121.20 259.07 12.94 11.25 23.44 nd 6.44 nd 55.97 17.17 47.03 774.8
Asp. 1 34.37 21.54 16.27 2.39 16.34 nd nd 3.84 nd 215.08 65.17 196.92 571.92
oryzae 2 31.38 18.69 2.75 nd 20.13 nd nd 3.76 nd 209.61 66.90 194.15 547.37
B\ZEE};/U 3 32.16 21.42 nd” nd 893 nd nd 2.85 1.43 219.06 72.82 200.68 562.35
s 4 33.70 26.78 tr? nd 15.14 nd nd 2.83 1.41 197.17 66.58 181.07 528.68
natto 5 32.85 25.79 tr nd 13.95 nd nd 2.62 nd 184.76 61.88 171.11 492.96
6 31.08 23.42 tr nd 15.58 nd nd 3.72 1.86 214.42 72.16 194.51 556.75
0 313.09 151.87 396.96 26.61 nd 30.26 nd 7.24 nd 20.96 10.46 13.39 970.84
Rb. 1 165.20 22.28 171.27 5.18 nd 19.25 nd 1.63 nd 90.80 45.34 95.04 615.99
oryzae 2 104.24 nd 81.12 4.44 nd 18.10 nd 2.11 nd 136.33 57.22 141.26 544.82
N‘I)\_Illlﬂ;lll 3 67.43 nd 37.96 3.26 nd 16.44 nd 2.21 nd 153.76 59.73 156.95 497.74
an 4 58.13 17.62 26.61 8.45 nd 18.51 nd 4.04 nd 17791 65.01 172.74 549.02
EMD17 5 38.63 12.82 11.93 4,01 nd 12.59 nd 2.22 nd 19287 | 67.22 | 18150 | 523.79
6 36.09 16.63 5.26 6.77 nd 17.68 nd 4.05 nd 191.44 65.89 177.93 521.74

Y Garlic doenjang were fermented at room temperature for 6 week.
PAll values are presented as the mean+SD of triplicate determination.
¥nd: not detected.

Yt trace(<0.002 ng/g).

(th) F714& 32
@ Asp. oryzae/B. natto "F=9 739 F7|AE

Asp. oryzae/B. natto "F=87 0 FA = 50 €9 dr|AdFo] FeHAa 6 FAd= 36
9 grjgdio] FHAY 0 9 6 T FTo2 HAEH 7|42 Butanal 3-methyl-,
Hexanal, Furfural, 1-Propene, 3,3'-thiobis—, 1,3-Dithiane, Benzaldehyde, 1-Octen-3-ol, Furan
2-pentyl-, Benzeneacetaldehyde, 2-Octenal (E)-, 1-Propene 3,3’-thiobis—, Nonanal, Furan
3-phenyl-, Benzeneacetaldehyde, .alpha.—ethylidene- 24-Dodecadienal, (E,E)-, Trisulfide
di-2-propenyl, 24-Decadienal (EE)-, Cyclohexasiloxane dodecamethyl-, Cyclohexanol
1-ethynyl-, 5-Methyl-2-phenyl-2-hexenal, Cycloheptasiloxane, tetradecamethyl-,
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n-Hexadecanoic acid % 9,12-Octadecadienoic acid, ethyl ester &7]4 o] AZHAc} 0 F
o] F2 7| ELS Butanal 3-methyl- ¢} Octadec-9-enoic acid® = Z+7Z} 14.12% <} 17.47%
S AAA 6 Follv= ALY AR FUEstY] 2431%E AHAIEY A= HEE A FSk
o} FQ R EE AR A2 AAE 912-Octadecadienoic acid (Z,2)-7F 16.60% St}
(Table 90).

Table 90. Volatile compounds of garlic Doenjang with Asp. oryzae and B. natto.

. Area%
No Volatile compounds RT oW oW
1 Igldeiéallgl%,él—dien—2,5—Zirconium—3,4—molibdenum—tetra(cyclopent 1.661 12.98
2 Ferrocene, decachloro- 1.667 11.07
3 Butanal, 3-methyl- 2.102 14.22 24.31
4 1,2-Ethanediol, diformate 2.325 3.89
5 2-Pentene, 3-methyl-, (E)- 2.617 2.77
6 2-Pentenal, (E)- 2.645 2.16
7 Hexanal 3.212 2.30 0.86
8 1-Nonen-3-ol 3.429 1.51
9 Furfural 3.618 3.50 2.94
10 | 1-Propene, 3,3'-thiobis-, 4.053 2.14 1.18
11 | Thiophene, 2,5-dimethyl- 4.854 0.87
12 | 1,3-Dithiane 5.083 1.24 1.99
13 | Dimethyl sulfone 5.392 0.14
14 | Benzaldehyde 6.004 251 2.07
15 | 1-Octen-3-ol 6.370 0.77 0.45
16 | Furan, 2-pentyl- 6.674 1.49 1.07
17 | Octanal 6.943 0.77
18 | Cyanamide, di—2-propenyl- 6.948 0.71
19 | 1,3-Hexadiene, 3-ethyl-2-methyl-,(Z)- 7.698 0.19
20 | Benzeneacetaldehyde 7.981 4.80 6.98
21 | 2-Octenal, (E)- 8.336 0.42 0.20
22 | Acetophenone 8.585 0.15
23 | Bromoacetic acid, 8.642 0.18
24 | 1-Propene, 3,3'-thiobis- 8.908 3.42 1.35
25 | Phenol, 2-methoxy— 9.163 1.47
26 | 3-Methyl-2-thiophenecarboxaldehyde 9.277 0.42
27 | Nonanal 9.535 0.98 0.79
28 | beta—-[6—-Methyl-2-tetrahydrofuranyl]alanine 10.313 0.15
29 égg]aet%eﬁo%][ezth%y%t 2 S athosy faseloppetho ety | 10406 0.17
30 | Sorbic Acid 10.582 0.80
31 | 1,3,5-Trithiane 10.908 2.08
32 | Cyclopentasiloxane, decamethyl- 10.908 1.19
33 | 5-Thiatricyclo[4.1.0.0(2,4)]heptan 11.835 0.15
34 | 3-Vinyl-1,2-dithiacyclohex-5-ene 12.504 0.23
35 | Furan, 3—phenyl- 12.742 0.23 0.32
36 | Propanoic acid, 3—-chloro—, decyl ester 13.803 0.15
37 | Cyclohexanol, 13.380 0.16
38 | 2-Decenal, (E)- 13.797 0.46
39 | Benzeneacetaldehyde, .alpha.—ethylidene- 14.129 0.43 0.36
40 | 2,4-Dodecadienal, (E.E)- 14.656 0.47 0.20
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41 Trisulfide, di-2-propenyl 14.856 0.28 0.18

42 | 2,4-Decadienal, (EE)- 15.251 2.36 0.71
43 | Cyclohexasiloxane, dodecamethyl- 15.566 1.16 1.24
44 | Hex-3-ene-1,5-diyne, 3,4-diisopropyl— 16.138 0.13
45 | Diphenyl ether 16.527 0.36
46 | Propanoic acid, 2-chloro- 16.533 1.31
47 | Cyclohexanol, 1-ethynyl- 16.866 0.52 0.23
48 | Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl- 19.531 0.11
49 | 5-Methyl-2-phenyl-2-hexenal 19.716 0.19 0.57
50 | Cycloheptasiloxane, tetradecamethyl— 19.971 0.98 1.20
51 | Phthalic acid, 2-ethoxyethyl ethylester 23.067 0.16
52 | Noradrenaline tetraTMS 26.128 0.26
53 E[liar[lle_ 2-bis[(trimethylsilyloxylethyl]l-1,2-phenylene]bis(oxy)] 26.134 0.23
is[trimethyl-
54 | Undecanal, 2-methyl- 27.009 0.12
55 | Pentadecanal- 27.524 0.15
56 | 7-Formylbicyclo[4.1.0]heptane 32.382 0.13
57 | Cycloheptene 32.537 0.14
58 | n—-Hexadecanoic acid 34.173 6.74 6.16
59 | Hexadecanoic acid, ethyl ester 34.860 0.45
60 | Octadec—-9-enoic acid 37.818 17.47
61 | 9,12-Octadecadienoic acid, ethyl ester 38.236 2.80
62 | Hexadecanoic acid, ethyl ester 34.866 0.71
63 | 9,12-Octadecadienoic acid (Z,2)- 37.818 16.60
64 | 9,12-Octadecadienoic acid, ethyl ester 38.236 2.80 7.49

@ Rhi. oryzae’MJ1-4 + EMD17 vt5 849 g7|A &

Rhi. oryzae/MJ1-4 + EMDI17 vts84d 0 A= 42 9 d7|AdFo] AT 6 F4
o= 41 T U)ol FEHAT 0 F¢ 6 Fo ¥FLE HEH F7]4ES Butanal
3-methyl-, Hydrazine 1,2-dimethyl-, Hexanal, Furfural, 1-Propene 3,3’'-thiobis—, Thiophene
2,4-dimethyl-, 1,3-Dithiane, Benzaldehyde, Furan 2-pentyl-, Benzeneacetaldehyde, 2-Octenal
(E)-, 1-Octanol, Diallyl disulphide, Pyrazine tetramethyl-, Nonanal, Cyclopentasiloxane
decamethyl, Furan 3-phenyl-, 2-Cyclohexen—1-ol, Benzeneacetaldehyde alpha.—ethylidene-,
2,4-Dodecadienal, (E,E)-, Trisulfide di-2-propenyl, 2,4-Decadienal (E,E)-, Cyclohexasiloxane
dodecamethyl-, Propanoic acid 2-chloro—, 5-Methyl-2-phenyl-2-hexenal, Cycloheptasiloxane
tetradecamethyl-, Silane [[4-[1,2-bis[(trimethylsilyl)oxylethyl]-1,2-phenylene]bis(oxy)]bis[tri
methyl-, n-Hexadecanoic acid 2 9-Octadecenoic acid (E)- 7|4 &0l A&EHA 0 9
T8 7| ELS Butanal 3-methyl- ¢} 9-Octadecenoic acid (E)-2.= Z+Z} 11.60%9F 25.44%
5 A 6 Fole Ao VRS TSt 1693%E AASY A= AAse]
11.21% olth. F8 T2+ F 7SS A= AAdE 9,12-Octadecadienoic  acid
ethyl ester’} 16.60% $th (Table 91).

Table 91. Volatile compounds of garlic Doenjang with FAi. oryzae, EMDI17, and M]J1-4.

. Area%
No Voliate compound RT oW 6W
Pregna-2.4-dien-20-one,17-(acetyloxy)-6-methyl-3,6-bis[
1| (irimethylsilyDoxy - (6betad- 0 Y 1690 10.71
[1,1'-Bianthracene]-9,9’,10,10" -tetrone,4,4’ 5,5’ ,8,8' ~hexah
droxy-7,7"-dimethyl- Y L7107 47
Butanal, 3-methyl- 2.113 11.60 16.93
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4 Hydrazine, 1,2-dimethyl- 2.352 3.28 3.81
5 2-Hexene, (E)- 2.657 2.55

6 | 2-Butenal, 2-methyl-, (E)- 2.680 1.39
7 Hexanal 3.220 1.52 0.75
8 1-Nonen-3-ol 3.395 0.68
9 Furfural 3.638 3.61 5.30
10 | 1-Propene, 3,3’ -thiobis- 4.058 1.56 1.41
11 | Thiophene, 2,4-dimethyl- 4.863 0.50 0.70
12 | 1,3-Dithiane 5.089 0.98 0.88
13 | Benzaldehyde 6.013 2.17 1.74
14 | 1,2-Benzenediol, o—di(acethoxyacetyl)- 6.262 0.51
15 | 1-Octen—3-yl-acetate 6.376 0.33

16 | Furan, 2-pentyl- 6.676 1.04 0.65
17 | Cyclopentanone, 2-ethyl- 6.948 0.21

18 | Cyclopentene, 1-(1-methylethyl)- 7.703 0.14

19 | Benzeneacetaldehyde 7.987 4.85 7.62
20 | 2-Octenal, (E)- 8.339 0.31 0.13
21 | 1-Octanol 8.647 0.14 0.15
22 | Diallyl disulphide 8911 3.92 2.63
23 | Pyrazine, tetramethyl- 9.137 0.77 0.15
24 | Nonanal 9.540 0.75 0.62

2-12-[2-[2-[2-[2-[2-[2-[2-(2-Acetyloxyethoxy)ethoxyleth
25 | oxylethoxylethoxylethoxylethoxylethoxylethoxylethyl 10.496 0.31
acetate

26 | 3-(Methylthio)pent-1-yne 10.582 0.66

27 | Cyclopentasiloxane, decamethyl 10.908 1.91 1.99
28 | Octanoic Acid 11.274 0.15
29 | 3-Vinyl-1,2-dithiacyclohex-4—ene 11.829 0.09
30 | 3-Vinyl-1,2-dithiacyclohex-5-ene 12.504 0.17

31 | Furan, 3-phenyl- 12.747 0.19 0.20
32 | 2-Cyclohexen-1-ol 13.797 0.26 0.15
33 | Benzeneacetaldehyde, .alpha.—ethylidene- 14.129 0.49 0.46
34 | 2,4-Dodecadienal, (E,E)- 14.653 0.44 0.21
35 | Trisulfide, di-2-propenyl 14.856 0.35 0.62
36 | 2,4-Decadienal, (E,E)- 15.251 2.19 1.12
37 | Cyclohexasiloxane, dodecamethyl- 15.565 1.68 2.20
38 | 3-Heptyne 16.138 0.14
39 | Propanoic acid, 2-chloro- 16.533 1.00 0.64
40 | Cyclohexanol, 1-ethynyl- 16.864 0.49

41 | 2,4-Decadienal 16.870 0.16
42 | Tetradecane 17.374 0.10
43 | Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl- 19.531 0.14

44 | 5-Methyl-2-phenyl-2-hexenal 19.720 0.19 0.73
45 | Cycloheptasiloxane, tetradecamethyl- 19.971 1.88 1.83
46 | Butylated Hydroxytoluene 20.349 0.16

47 | Diethyl Phthalate 23.067 0.26

48 ]Sbilane,[[élf[.I,Zfbis[(trir?ethylsilyl)oxy]ethyl]f1,2*phenylene 26.140 041 0.33

is(oxy)]bis[trimethyl

49 | n-Hexadecanoic acid 34.187 9.52 8.47
50 | Hexadecanoic acid, ethyl ester 34.863 1.11 3.40
51 | 9,12-Octadecadienoic acid (Z,Z)-,methyl ester 36.931 0.23
52 | 9-Octadecenoic acid, (E)- 37.815 25.44 11.21
53 | 9,12-Octadecadienoic acid, ethyl ester 38.236 11.91
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Fig. 81. Changes of DPPH (A), ABTs (B) and FRAP assay (B) of garlic doenjang
prepred with different microorganisms during fermentation.

o 83 R e MEAE LR oy BA

(1) €4 e AE &5 YA

7hH Asd &4 23

ZF JAF3A 594 (1ID], 2D], 2 3D]) Z+7Z} 60 /e S &As Azt 3 /e FFoA 35
Mol Candida etchellsii Miso 0209 &4 99-100%, 43 7We| Candida etchellsii IFO 1595 7
2 99-100%, 2 7Nel Candida sake SYZW ‘3573 100%, 2719 Candida sorbosivorans
DMic 113940 573 100%, 68 7Me] Candida sp. MUCL 45721 ‘3874 97-98%, 3 71<]
Clavispora lusitaniae FSMP-Y31 &2 99%, 4 /W Pichia kiuyveri HISOK27} &4
99%, 4 7Ne] Saccharomyces cerevisiae D3C7} 74574 90-99%, 13 7N  Zygosaccharomyces
pseudorouxii ATCC 429817} 357 99%, Debaryomyces hansenii N02-2.2, Hanseniaspora
uvarum 13w'76, Kazachstania unispora D190, Rhodotorula mucilaginosa 7ZIM 2410
BGAL3-Y58, Rhodotorula sp. M65, ¥ Zygosaccharomyces pseudorouxii ABT3017} &4
99%% YEtHAT (Table 92).
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(W) 828 R¥e

1D], 2DJ, ¥ 3DJAA Candida etchellsii, Candida sake, Candida sorbosivorans, Candida
sp., Clavispora lusita, Debaryomyces hanseniiniae, Hanseniaspora uvarum, Kazachstania
unispora, Pichia kluyveri, Rhodotorula mucilaginosa, Rhodotorula sp., Saccharomyces
cerevisiae, % Zygosaccharomyces pseudorouxii®| & 13%F°] YElwt}l. Candida etchellsii=
1TDJel A 58.2%, 2TDJol A 71.7%, Candida sake= 1TD]Jo A 3.3%, Candida sorbosivorans
= 1TDJAA 3.3%, Candida sp.= 1TDJolA 16.6%, 2TDJelA 3.3%, % 3TDJolA 93.3%,
Clavispora lusitaniae, Debaryomyces hansenii, Kazachstania unispora, Rhodotorula
mucilaginosa, 2 Rhodotorula sp.<= 1TDJA 242y 1.7%, Pichia kluyveri= 1TDJol A 6.7%,
Saccharomyces cerevisiae= 1TDJolA  1.7%, 2 2TDJoAM 5%, Zygosaccharomyces
pseudorouxii= 1TDJAA 1.7%, 2TDJolA 9%, % 3TDJAA 6.7%= e tHFig. 82).

Table 92. Similarity values of 26S rRNA sequences retrieved DJY library from three
doenjang.

No. gghgsf Phylum Species” Aclc\leosg)lon Slrr(%%a)nty
DJY1 35 Ascomycota Candida etchellsii Miso 0209 AB196193 99-100
DJY?2 43 Ascomycota Candida etchellsii IFO 1595 AB196185 99-100
DJY3 2 Ascomycota Candida sake SYZW EU326138 100
DJY4 2 Ascomycota Candida sorbosivorans DMic 113940 JNO031573 100
DJY5 68 Ascomycota Candida sp. MUCL 45721 FM209492 97-98
DJY6 3 Ascomycota Clavispora lusitaniae FSMP-Y31 FJ627986 99
DJY7 1 Ascomycota Debaryomyces hansenii NO2-2.2 FJ455103 99
DJYS8 1 Ascomycota Hanseniaspora uvarum 13w76 HQ149311 99
DJY9 1 Ascomycota Kazachstania unispora D190 HM627101 99
DJY10 4 Ascomycota Pichia kluyverr HISOK2 FM180530 99
DJY11 1 Ascomycota Rhodotorula mucilaginosa ZIM 2410 HE66006 99
DJY12 1 Ascomycota Rhodotorula sp. M65 FJ795014 99
DJY13 4 Ascomycota Saccharomyces cerevisiae D3C JE715188 90-99
DJY14 13 Ascomycota Zygosaccharomyces pseudorouxii ATCC 42981 AM947681 99
DJY15 1 Ascomycota Zygosaccharomyces pseudorouxii ABT301 AMO947682 99

1)Range of 26S rDNA gene sequences is similarity values between fermented mugwort extract beverage
clones and cultural isolated strain.

P Accession number of the nearest relative. When more than one sequence had the same similarity, only the
accession number the first sequence is given.

Microbial population
g
i

B8 8 3
i@ i i i

10 200 o4 Tewst o —

Fig. 82. Distribution of microbial population of dominant species of doenjang.
Percentage of microcosm in each of the three libraries is shown.

ZF A gol A (1K], 2K] 2 3K]) Z+zF 60 7] & &3 A 18 719 Saccharomyces
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cerevisiae D3C7} 7357 99%, Candida etchellsii 3372 2 Candida etchellsii Miso 0209 7}
ZF 1 N 2z s 99%, 100%, 3 7N Candida sp. MUCL 457217} 254 97-98%, 21
Mol Candida versatilis7V 73573 99%, 42 /W Wallemia ichthyophaga AFTOL-ID 19017}
e 99%, 24 N Zygosaccharomyces pseudorouxii ABT3017F s 99%, 2 70 71
Zygosaccharomyces pseudorouxii ATCC 429817} A5A 99% & vtelytth (Table 93).

Table 93. Similarity values of 26S rRNA sequences retrieved DJY library from three
traditional kanjang

. Similarit
No. clfc?ﬁ(e)}fs Phylum Species” Acclszsmn v
) (%)
1K]JY 18 Ascomycota Saccharomyces cerevisiae D3C JE715188 99
2KJY 1 Ascomycota Candida etchellsii 3372 AB196190 99
3KJY 1 Ascomycota Candida etchellsii Miso 0209 AB196193 100
4KJY 3 Ascomycota Candida sp. MUCL 45721 FM?209492 97-98
5KJY 21 Ascomycota Candida versatilis AF526266 99
6KJY 42 Ascomycota Wallemia ichthyophaga AFTOL-ID 1901 DQB&47516 99
TKJY 24 Ascomycota Zygosaccharomyces pseudorouxii ABT301 AMO947682 99
8KJY 70 Ascomycota Zygosaccharomyces pseudorouxii ATCC 42981 AM947681 99

1)Range of 26S rDNA gene sequences is similarity values between fermented mugwort extract beverage
clones and cultural isolated strain.

?Accession number of the nearest relative. When more than one sequence had the same similarity, only the
accession number the first sequence is given.

1K], 2K], ‘i-l 3K]°ﬂ X Saccharomyces cerevisiae, Candida etchellsii, Candida sp., Candida
versatilis, Wallemia ichthyophaga, Zygosaccharomyces pseudorouxii®l % 7%°] e
Saccharomyces cerevisiae= 1KJoN~ 30%, Candida etchellsii 2KJ 2 3KJolA 1.7%,
Candida sp.7} 3KJol A 5%, Candida versatiliss= 2DJoN A4 33.3% 2 3KJoN A 1.7%, Wallemia
ichthyophaga= 1K]J o4/ 70%, Zygosaccharomyces pseudorouxii= 2K]J°J4] 65%, 3KJol A
91.7% = YElsktl (Table 94).

Table 94. Yeast distribution of the three libraries from kanjang samples.

Number of clones Number of

Nearest relative / Percentage(%) total

1TK] 2TK]J 3TK] clones
Saccharomyces cerevisiae 18 / 30 - - 18
Candlida etchellsii - 1/ 17 1/17 2
Candida sp. - 3/5 3
Candida versatilis - 20 / 33.3 1/ 17 21
Wallemia ichthyophaga 42 /170 - - 72
Zygosaccharomyces pseudorouxii - 39 / 65 55 / 91.7 94
Number of total clones 60 60 60 180

d72¥% (A dx)
7F d8%F vhEdERde 54 R 7154 WA £

(1) H83F bR olshed 54

7hH 23 S pH, 2tk 9= % A W 3y F pH, AtE, dE 2 A WHiks
Table 95¢F Zth. pHE= @& A (0 d) 597 ol FE F7] (20 dol= 5872 °oFF A5
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o AE 2 dxs HEHoR 747 117 2 11.2%E YERWATH (Table 95). 38 A A
3l= g F7)o a7 6.72 log cfu/g, vHE 2 ~+= 9.37 log cfu/g o]t}

Table 95. Changes of pH, acidity, salinity and viable cell numbers of garlic doenjang in
pilot scale during fermentations”

Contents”
Fermentation idi L. Viable cell numbers
Samples time (d) pH (%églsdllgyctic S log cfu/g
acid) o N Yeast Bacillus

0 5.97 0.51 6.6 552 10.34

5 5.87 0.76 9.0 6.09 9.81

10 5.98 1.03 10.6 6.60 9.76

Bulk garlic 15 5.95 1.02 10.0 6.51 9.43
doenjang 20 5.87 1.17 11.2 6.72 9.37
30 5.29 1.49 11 6.38 9.45

45 5.40 1.73 10.8 6.48 9.56

60 4.81 1.98 13.0 5.18 9.51

DBulk garlic doenjang were fermented at room temperature for 60 day
?All values are means of determination in three independent experiments.

(W) 28 F FEolvx=qt st @ g F o FEolreAle HEE A E Ay F ool

A sheFe oF 25 W) kel al, Fgolm ke 4 v FUFE T FRokn| Ak i E AR
%J glutamic acid®} arginine® % glutamic acid= 131.50 mg/100 goll A 713.30 mg/glo. = =
o] AyAtst

7}8b 9l 3L, arginine 279.45 mg/gol A 32658 mg/gl® F7}slgit) o= wan| s
+ proteaseol| |3+ o= FATFEHSITE (Table 96).

Table 96. Changes of free amino acid contents of garlic doenjang in pilot scale during

fermentations"
Contents” Fermentation time (day)
(mg/100g) 0 5 10 15 20 30 45 60
General amino acids
Phosphoserine nd 24.75 59.63 79.93 44.05 40.42 29.45 0.00
Taurine nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Phosphoetanolamine nd 25.95 31.47 0.00 13.69 0.00 0.00 0.00
Urea 356.69 95.83 280.66 47463 0.00 249.28 0.00 0.00
Proline 34.81 67.95 97.97 123.19 143.57 199.13 210.00 251.24
Aspartic acid 25.28 96.98 75.81 70.91 109.13 149.36 134.92 118.91
Serine 20.93 47.43 63.38 75.29 88.62 112.23 120.34 141.89
Glutamic acid 131.50 313.67 388.61 432.99 519.68 656.39 706.06 713.30
Aminoadipic acid 5.67 10.95 13.91 18.86 19.07 23.77 25.97 25.11
Glycine 16.09 24.78 32.20 36.18 40.76 49.10 49.38 57.89
Alanine 50.14 79.56 99.59 109.43 122.01 153.23 175.59 207.26
Citrulline 16.62 23.50 24.35 28.42 27.29 35.20 21.15 21.73
Cystine nd nd nd 13.95 nd nd nd 17.14
Cystathionine nd 16.78 8.72 11.73 9.81 20.64 17.39 8.87
Tyrosine 44.10 99.84 131.99 160.21 164.76 204.19 191.25 207.23
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b-alanine 25.08 286 | 20690 | 7454 16.46 56.80 52.22 64.46
:Cigmmm(’b“y“c 2.37 23.32 25,54 58.42 11.69 3751 3897 4797
y—aminobutyric acid 11.07 16.66 25.83 23.63 17.74 2872 28.94 13.14
Aminoethanol 0.00 6.52 14.98 11.35 12.53 13.60 9.89 13.24
Hydroxyproline 425 0.59 15.43 16.50 16.11 1951 0.76 20.65
Ornithine 10.75 1157 15.79 17.18 17.19 47.22 8370 | 160.89
Anserine 10.97 3455 4441 47.05 55.04 65.34 66.90 61.54
Carnosine nd nd nd 1.39 3.34 4.37 3.62 22.85
Arginine 279.45 | 359.88 | 395.04 | 432.44 | 462.05 | 452.28 | 395.43 | 326.58
Totals 104576 | 140392 | 205619 | 233850 | 191457 | 261830 | 2361.97 | 2501.90

Essential amino acids
Threonine 30.55 4599 65.82 80.31 9334 | 10352 | 10327 | 12878
Valine 7487 | 10433 | 13619 | 151.94 | 16556 | 19149 | 18533 | 20347
Methionine 7.86 44.88 4251 37.27 57.08 76.96 70.52 56.31
Isoleucine 43.77 84.96 11642 | 13432 | 14516 | 17221 | 17034 | 196.87
Leucine 8287 | 16260 | 22295 | 25233 | 28054 | 33219 | 340.03 | 38239
Phenylalanine 9518 | 15796 | 20590 | 24964 | 24760 | 29980 | 28843 | 32095
Lysine 91.52 16759 | 20221 | 22844 | 24636 | 26296 | 26651 | 289.28
Histidine 26.39 31.43 36.94 41.64 45.49 4894 48779 53.28
Totals 45302 | 79973 | 102894 | 117589 | 1281.13 | 148806 | 1473.20 | 1631.33

Total amino acids 149877 | 220365 | 308513 | 351439 | 319570 | 410636 | 3835.17 | 4133.23

Ammonia 39.96 35.81 4675 51.73 5491 62.11 60.79 90.56

DAll values are presented as the mean+SD of triplicate determination.
“nd: not detected.

) &% vlsdd WE F isoflavone E FV|AE I

(7F) Isoflavone &% : &= vis dAAe g < isoflavone &% W3sl= Table 97 %
Figs. 83-84¢} Zt}. w3 0 ¢ glycoside, aglycone 2 % isoflavone $F#2 Z+7} 687.27, 69.20
2 891.40 ng/geldth. Glycosidew WE7F gl uwhet 7“\0}L BEFE YEd e &
]OJ 60 doll= 104.13 pg/g® WERSTE 9 aglycone §H3Fe] A9 2avp Ao wet =
7Veb= AES UEeldo] wa 45 dof 388.95 ng/gl® b w2 eSS YEhylon whg
60 dol= kg 7FAdte] 308.72 ug/g o & YERSTH(Table 97 % Fig. 83). ¥ isoflavone 3%
2 fraste] g 5 A o]FHY g 60 A7FA] FoAQ] ZolE YEA ggoern HE
T 60 Yol &= 45490 pg/go = 7Hd e S YErdoh davk s wet isoflavone
H &2 glycosided] A% & 0 o 77.10%°)R 21 aglycones 7.76% A a7t 213 ol
e} glycoside> #4332 aglycones S 7Fste] wha 60l 2H2F 22.89% 2 67.89%°]
t}(Fig. &4).

Table 97. Change of isoflavone contents of garlic doenjang in pilot scale during
fermentation.

Contents"” Fermentation time (day)
(ng/g) o | 5 ] 10 [ 15 | 20 | 3 [ 4 [ 0

Glycosides

Daidzin 240.45 170.51 121.22 130.52 119.38 81.06 92.50 54.42

Glycitin 129.26 71.53 35.55 36.92 28.85 1794 36.14 11.75

Genistin 317.56 210.12 148.10 147.90 133.69 76.42 77.31 37.96

Total 687.27 452.16 304.87 315.34 281.92 175.42 205.95 104.13
Molonylglycosides

Daidzin 65.05 42.78 33.35 34.62 32.61 23.01 30.00 14.72

Glycitin 28.80 20.30 16.58 16.27 15.39 1254 1551 11.40

Genistin 40.15 22.57 18.64 18.31 17.94 14.66 23.68 15.93

Total 134.00 85.65 68.57 69.20 65.94 50.21 69.19 42.05
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Acetylglycosides

Daidzin 0.93 tr tr tr tr tr tr tr
Glycitin nd nd nd nd nd nd nd nd
Genistin nd nd nd nd nd nd nd nd
Total 0.93 tr tr tr tr tr tr tr
Aglycones
Daidzein 43.04 56.80 79.46 80.77 98.64 123.58 176.02 137.92
Glycitein 9.55 18.27 24.29 26.23 30.40 33.54 45.55 33.88
Genistein 16.61 40.64 67.47 71.29 89.00 118.37 167.38 136.92
Total 69.20 115.71 171.22 178.29 218.04 275.49 388.95 308.72
Total 891.40 653.52 544.66 562.83 565.90 501.12 664.09 454.90
isolfavones
DAl values are means of determinations in three independent experiments
%)ndi not detected
i trace(<0.002 pg/g)
b 3 Al |- Bl [T [4
B i |
Hil H H H
il | . ‘ :
g y |l| F sl n,  m g i t',"."_i_ i bty T T é ik J. ‘7 T |
_ 51 = 21 g
; i j | l 12 ; J | ’I 1 T g i 1 7 I
Tz% I ||. "l. ". |? %8 Iw I é i ,l"'l).'i; L i j%g) o E ,‘.'!- | I! 458 10
i tention time{min) B I 7: -
g e L e 0 | 2 Jme, e

Fig. 83. Changes of HPLC chromatogram during fermentation of garlic doenjang in pilot
scale. Samples: A; 0 day, B; 5 day, C; 10 day, D; 15 day, E; 20day, F; 30 day, G; 45
day, H; 60 day. Chromatogram: 1, Daidzin, 2; Glycitin, 3; Genistin, 4; Malonyldaidzin, 5;
Malonylglycitin, 6; Acetyldaidzin, 7; Acetylglycitin, 8; Malonylgenistin, 9; Daidzein, 10;

Glycitein, 11; Acetylgenistin and 12; Genistein.

Fig. 84. Changes
aglycones contents

M Glycosides [ Malonylglycosides [0 Acetylglycosides []Aglycones

Isoflavone rate (%)

0 day 5 day 10 day 15 day 20 day 30 day 45 day 60 day
Fermentation time

of isoflavone glycosides, malonylglycosides, acetylglycosides
during fermentation of garlic doenjang in pilot scale.
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(W) F7AdE Ex

g VI T & 37 F9 A Ee] FeHar FL FqUAHEOEE di-2-Propenyl
disulfide, tetradecane, a-Curcumene, B-Sesquiphellandrene % diethyl phathalate {1%ith. &+H
gz ER1%A ko 20 2 o]% dodecanoic acid ethyl ester’} #HEW o] og &
7] F8 PR FAHAT (Table 98). o]+ LaEVAES zHgol ot o2 Ay
ATt

Table 98. Volatile compounds in garlic doenjang in pilot scale (peak area x 10°)

Fermentation time (day)

No. Compounds RT 0 5 10 15 20 30 45 60

1 Trimethyl pyrazine 14.84 122.1 251.4 234.1 365.9 302.9 343.1 350.2 397.4
2 dl-Limonene 15.46 382.2 268.6 279.9 348.2 480.1 363.7 463.4 578.4
3 3,5-octadiene-2-one 16.86 845.8 326.4 321.8 31.8 261.1 249.4

4 di-2-Propenyl disulfide 17.05 65361 | 63206 | 7008 | 6352 | 6599 | 91561 | 108412 | 94409
5 Tetramethylpyrazine 17.40 539.2 450.1 495.3 604.7 546.5 931.4 960.1 964.9
6 Allyl propyl disulfide 17.52 253.9 482.2 465.9 632.5 696.1 666.5
7 Nonanal 17.82 156.2 241.6 170.8 222.5 174.4 1349 144.7 224.0
8 Maltol 18.23 226.6 274.6 269.2 1177 258.3 654.9
9 Methyl allyl trisulfide 18.88 52.9 61.5 87.7 73.1
10 | Dodecane 20.54 424.1 372.7 364.8 358.1 604.5 476.8 597.4 675.5
11 4-Ethyl-1,2-dimethyl benzene 20.64 135.2 156.6

12 3-Acetylpropyl benzene 20.78 141.9

13 4-vinyl phenol 21.18 59.0 34.1 89.4 27.0 126.2 231.2
14 | Tridecane 23.79 552.1 398.4 2774 361.5 627.2 240.9 299.8 475.3
15 | 2-methoxy-4-vinylphenol 23.81 410.1 721.8 4779 351.4 564.1 7239
16 | Oxalic acid heptadecyl hexyl ester 24.52 86.7 58.9 1195 124.0 87.3 53.6

17 Longifolene 25.39 107.3

18 2-Eicosanol 25.47 106.4
19 3-Dodecen—1-al 25.50 280.3
20 2-nonadecene 25.66 134.1
21 Isotridecanol 25.68 176.2
22 Tetradecane 25.86 1,592.2 | 1,2482 | 1,166.3 | 1,490.0 | 1,822.2 | 1,1985 | 1,363.1 | 1,763.5
23 1-dodecanol 26.81 1374 92.2 463.2
24 1-Eicosanol 27.09 7139
25 | trans-beta-Farnesene 27.35 199.0 456.5 375.9 538.8 195.3 339.8
26 7-Hexadecenal 21.77 189.5
27 1-Fluoro dodecane 27.85 255.2 148.7
28 y-Gurjunene 27.89 182.0
29 y—-Curcumene 2797 242.1 4555
30 a-Curcumene 28.03 4468 34388 | 102198 | 63/0 43341 74507 83349 56298
31 B-Bisabolene 28.66 2,157.4 | 1,393.0 | 29889 | 2,144.0 | 1,993.6 | 2,204.1 | 2232.8 | 1,958.7
32 2,6-bis phenol 28.77 102686 | 51299 | 11,1066 | 134498 | 8064.2 13345 | 18152 | 79138
33 a-Amorphene 28.86 687.8 512.9 785.2 1,074.0 | 9329 | 22405 | 1,799.1 | 2,139.9
34 | B-Sesquiphellandrene 29.04 3,999.6 | 2,850.8 | 86155 | 5041.6 | 4,779.0 | 56495 | 55845 | 4,726.2
35 1-Octadecanol 29.15 547.3 58.7
36 | Dodecanoic acid ethyl ester 30.53 663.2 2,158.2 | 3,116.8 | 2,211.3
37 | Diethyl phthalate 30.66 2,406.4 | 596.3 764.5 1,7206 | 2,597.2 6,466.2

2) e vise g g F a8 O 24

7h Asd =4

&2 vtsdd ' 2E 0, 15 30 ¥ 60Y 72t oF 40709 &X #FE Q1% A3+ Tables

99-102¢F #Zodt) ¥ 0¥ (BGDYO0), @& 15¥¢ (BGDY15H), &3 309 (BGDY30) % %& 60
d  (BGDY60)ol A= Candida sp. NCYC 386, Endomyces fibuliger 8014, Hyphopichia
burtonii, Pichia fabianii UWFP-345, Pichia farinosa CBS 185, Pichia firinosa UWFP-389 %
Saccharomyces cerevisiae D3C2. 2 F T2 Fo] xS}

(W) EREFEE

g 09 (BGDYO0) Candida sp. NCYC 386, Endomyces fibuliger 8014, Hyphopichia
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burtonii, Pichia fbianii UWFP-345 % Pichia farinosa CBS 1859 % 5712 o] &l ¥
t}. Candida sp. NCYC 386 2 Endompyces fibuliger 80142 E& ]Z_hﬂ]/ﬂ glsglom
% Candida sp. NCYC 3862 23 0¥ (BGDYO0) oA 23 30¥ (BGDY30)7+A] 6 7H°ﬂ/\1 35
M2 7V o Endomyces fibuliger 80142 g 309 (BGDY30)%H H4A3%HA % é}oﬂ
t}. Hyphopichia burtonii, Pichia fbianii UWFP-345 % Pichia farinosa CBS 1852 %E 0¥
(BGDYO)ell A 247+ 16, 2 2 1 7H& o] % oF 7|3k &t FQlu A Zokth ¢E 0¥ (BGDYO),
ity 1569 (BGDYI15), ¥E 30¥ (BGDY30) % w& 609 (BGDY60)ol A= Candida sp.,
Endomyces fibuliger, Hyphopichia burtonii, Pichia fbianii, Pichia firinosa 2 Saccharomyces
cerevisiae 2% Z 607} A HAY. Candida sp. 2 Endomyces fibuliger & X5 7|7kl A
AU} o] F Candida sp2 2= 0¥ (BGDY0), ¥& 159 (BGDY15H), waE 30¢
(BGDY30) ¥ #& 60Y(BGDY60)ANAM Z+zt 15%, 35.7%, 77.8% 2 97.7% = S 7}t o m
Endomyces fibuliger<- g 30¥ (BGDY30)F-H F43HA AAaste] olF 23~155% T2
2 3w}y, Hyphopichia burtonii, Pichia fabianii 2 Pichia firinosas 2& 04 (BGDYO0)ol
A 237y 40%, 5% B 25%% Hyphopichia burtonii 2 Pichia fabianiis- ©]% W& 7|3F <t &

©

A2 ko Candida sp.<

wask AAgel wet st

2} 2|3 A HTable 103 % Fig. 85).
Table 99. Similarity values of 26S rDNA sequences retrieved from BGDYO

g 609l = 97.7%°] S

D

No. Phylum Species Accession No.” Similarity (%)
BGDYO0-1 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDYO0-2 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDYO0-3 Ascomycota Pichia fabranii UWFP-345 AF335971 99
BGDY0-4 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDYO0-5 Ascomycota Hyphopichia burtonii HEF952839 99
BGDY0-6 Ascomycota Endomyces fibuliger 8014 109238 99
BGDY0-7 Ascomycota Endomyces fibuliger 8014 1T09238 99
BGDYO0-8 Ascomycota Hyphopichia burtonii HF952839 93
BGDYO0-9 Ascomycota Pichia farinosa CBS 185 AF335974 94
BGDYO0-10 Ascomycota Hyphopichia burtonii HE952839 99
BGDYO0-11 Ascomycota Hyphopichia burtonii HE952839 99
BGDYO0-12 Ascomycota Hyphopichia burtonii HF952839 99
BGDYO0-13 Ascomycota Hyphopichia burtonii HF952839 99
BGDY0-14 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDYO0-15 Ascomycota Endomyces fibuliger U09238 99
BGDYO0-16 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDYO0-17 Ascomycota Hyphopichia burtonii HF952839 99
BGDYO0-18 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDYO0-19 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY0-20 Ascomycota Hyphopichia burtonii HE952839 99
BGDY0-21 Ascomycota Hyphopichia burtonii HEF952839 99
BGDYO0-22 Ascomycota Endomyces fibuliger 8014 009238 99
BGDYO0-23 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY0-24 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDYO0-25 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDYO0-26 Ascomycota Hyphopichia burtonii HF952839 99
BGDYO0-27 Ascomycota Hyphopichia burtonii HF952839 99
BGDYO0-28 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY0-29 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDYO0-30 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY0-31 Ascomycota Hyphopichia burtonii HE952839 99
BGDYO0-32 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY0-33 Ascomycota Hyphopichia burtonii HE952839 99
BGDY0-34 Ascomycota Pichia fabianii UWFP-345 AF335971 99
BGDYO0-35 Ascomycota Hyphopichia burtonii HEF952839 99
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BGDYO0-36 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY0-37 Ascomycota Hyphopichia burtonii HF952839 99
BGDY0-38 Ascomycota Hyphopichia burtonii HE952839 99
BGDY0-39 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDYO0-40 Ascomycota Endomyces fibuliger 8014 V09238 99

1)Range of 26S rDNA gene
clones and cultural isolated strain.
Y Accession number of the nearest relative. When more than one sequence had the same similarity, only the
accession number the first sequence is given.

Table 100. Similarity values of 26S rDNA sequences retrieved from BGDY15

sequences is similarity values between fermented mugwort extract beverage

No. Phylum Species” Accession No.? Similarity (%)
BGDY15-1 Ascomycota Endomyces fibuliger 8014 U09238 99
BGDY15-2 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY15-3 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY15-4 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY15-5 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY15-6 Ascomycota Saccharomyces cerevisiae D3C JE715188 99
BGDY15-7 Ascomycota Endomyces fibuliger 8014 U09238 99
BGDY15-8 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY15-9 Ascomycota Saccharomyces cerevisiae D3C JE715188 95
BGDY15-10 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY15-11 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY15-12 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY15-13 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY15-14 Ascomycota Endomyces fibuliger 8014 009238 99
BGDY15-15 Ascomycota Endomyces fibuliger 8014 U09238 99
BGDY15-16 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY15-17 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY15-18 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY15-19 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY15-20 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY15-21 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY15-22 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY15-23 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY15-24 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY15-25 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY15-26 Ascomycota Endomyces fibuliger 8014 U09238 99
BGDY15-27 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY15-28 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY15-29 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY15-30 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY15-31 Ascomycota Endomyces fibuliger 8014 U09238 99
BGDY15-32 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY15-33 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY15-34 Ascomycota Endomyces fibuliger 8014 109238 99
BGDY15-35 Ascomycota Saccharomyces cerevisiae D3C JF715188 99
BGDY15-36 Ascomycota Endomyces fibuliger 8014 U09238 99
BGDY15-37 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY15-38 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY15-39 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY15-40 Ascomycota Pichia farinosa UWFP-389 AF335973 99
BGDY15-41 Ascomycota Endomyces fibuliger 8014 U09238 99
BGDY15-42 Ascomycota Endomyces fibuliger 8014 V09238 99

DRange of 26S rDNA gene sequences is similarity values between fermented mugwort extract beverage
clones and cultural isolated strain.
?Accession number of the nearest relative. When more than one sequence had the same similarity, only the
accession number the first sequence is given.
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Table 101. Similarity values of 26S rDNA sequences retrieved from BGDY30

D

No. Phylum Species Accession No.? Similarity (%)
BGDY30-1 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-2 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY30-3 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-4 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-5 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY30-6 Ascomycota Saccharomyces cerevisiae D3C JE715188 99
BGDY30-7 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-8 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-9 Ascomycota Endomyces fibuliger 8014 109238 99
BGDY30-10 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-11 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY30-12 Ascomycota Saccharomyces cerevisiae D3C JE715188 99
BGDY30-13 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-14 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-15 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY30-16 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-17 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-18 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-19 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-20 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-21 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY30-22 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY30-23 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-24 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-25 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-26 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY30-27 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-28 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY30-29 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-30 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-31 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY30-32 Ascomycota Endomyces fibuliger 8014 009238 99
BGDY30-33 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY30-34 Ascomycota Saccharomyces cerevisiae D3C JE715188 99
BGDY30-35 Ascomycota Endomyces fibuliger 8014 109238 99
BGDY30-36 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-37 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-38 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-39 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-40 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-41 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY30-42 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY30-43 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY30-44 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY30-45 Ascomycota Candida sp. NCYC 386 FNb565484 99

1)Range of 26S rDNA gene sequences is similarity values between fermented mugwort extract beverage
clones and cultural isolated strain.

?Accession number of the nearest relative. When more than one sequence had the same similarity, only the
accession number the first sequence is given.

- 167 -



Table 102. Similarity values of 26S rDNA sequences retrieved from BGDY60

D

No. Phylum Species Accession No.? Similarity (%)
BGDY60-1 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-2 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY60-3 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-4 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-5 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-6 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY60-7 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY60-8 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-9 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-10 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY60-11 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-12 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY60-13 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY60-14 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-15 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-16 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY60-17 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-18 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-19 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-20 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-21 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-22 Ascomycota Endomyces fibuliger 8014 V09238 99
BGDY60-23 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY60-24 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-25 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-26 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY60-27 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-28 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-29 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY60-30 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-31 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-32 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY60-33 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY60-34 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-35 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-36 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-37 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-38 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-39 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY60-40 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-41 Ascomycota Candida sp. NCYC 386 FN565484 99
BGDY60-42 Ascomycota Candida sp. NCYC 386 FNb565484 99
BGDY60-43 Ascomycota Candida sp. NCYC 386 FN565484 99

1)Range of 26S rDNA gene sequences is similarity values between fermented mugwort extract beverage
clones and cultural isolated strain.

? Accession number of the nearest relative. When more than one sequence had the same similarity, only the
accession number the first sequence is given.
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Table 103. Change of microorganism distribution during fermentation of BGD

Number of clones
Nearest relative / Percentage(%) Number of total
BGDYO BGDY BGDY BGDY clones
15 30 60
Candida sp. 6/ 15.0 | 15/ 35.7 | 35/ 77.8 | 42/ 97.7 98
FEndomyces fibuliger 15/ 375 | 23/ 548 | 7/ 155 1/ 2.3 46
Hyphopichia burtonii 16/ 40.0 - - - 16
Pichia fabianii 2/ 5.0 - - - 2
Pichia farinosa 1/ 25 1/ 2.4 - - 2
Saccharomyces cerevisiae - 3/ 7.1 3/ 6.7 - 6
Number of total clones 40/ 100 | 42/ 100 | 45/ 100 | 43/ 100 170
g 609% i = candida
_% o | ;f;‘:_,:,’,’:;_,
g 30% | ———
Samples

Fig. 85. Distribution of microbial population of dominant species on BGD during
fermentation time. Percentage of microcosm in each of the three libraries is shown.
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Abm EEZE pHel Agske] mE PRelA 2-3%° FEom Ueiwth dEE dAHo=
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EE A 23 Frldls AEel HA &8kt (Table 104).

Table 104. Changes of pH, acidity, salinity and viable cell numbers of ganjang prepred

by mixing different amount of black garlic extract with moromi”’

)
Black garlic F . — 5 Contents -
extract teignrréer(lézc;(;n - ACldllty t(A’ Salinity Viable cell numbers (log cfu/g)

quantity (%) b asacaig € (%, NaCl) Bacillus Yeast
0 5.06 1.60 15.00 6.41 6.09
15 477 1.91 15.17 5.66 6.41
30 4.81 1.96 15.28 6.01 6.89
0 45 4.89 2.00 15.83 6.12 5.61
60 4.95 2.02 17.58 5.79 5.28
90 4.76 2.05 16.43 5.94 4.70
120 491 2.68 17.03 5.72 5.51
180 4.81 2.81 17.03 5.81 0.00
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0 5.03 1.60 16.48 5.89 6.09
15 473 1.94 17.03 5.48 6.78
30 484 198 14.24 5.92 7.08
05 45 4.90 2.01 14.89 5.86 5.89
: 60 494 2.11 15.33 5.82 5.80
90 479 2.30 15.50 5.72 6.05
120 491 2.81 14.95 5.64 5.74
180 4.82 2.90 15.83 5.60 0.00
0 5.02 1.66 19.77 5.89 6.09
15 4.70 1.96 17.03 5.71 751
30 4.79 2.00 17.58 5.76 7.25
45 4.90 2.12 16.37 5.85 6.33
1 60 491 2.23 16.48 5.74 6.07
90 4.79 2.27 16.43 5.71 6.09
120 4.90 2.84 16.16 5.70 5.69
180 481 2.95 18.02 5.72 0.00
0 5.00 1.71 16.48 591 6.09
15 468 2.03 16.37 5.82 6.69
30 4.79 2.05 19.77 5.83 7.06
45 4.88 2.11 15.72 5.85 6.53
2 60 4.89 2.27 17.03 5.54 5.77
90 478 2.30 16.05 5.60 5.65
120 4.83 291 15.99 5.82 5.59
180 4.79 3.01 17.03 5.76 0.00
0 497 1.85 16.48 6.05 6.09
15 4.65 2.09 17.03 5.63 6.93
30 476 2.20 15.39 5.86 7.13
45 4.83 2.26 16.48 5.71 5.81
4 60 487 2.32 16.21 5.83 591
90 473 2.39 17.03 5.69 5.62
120 4.84 3.01 17.03 5.65 5.67
180 474 3.26 18.68 5.77 0.00

UBlack garlic Extract quantity Kanjang were fermented at room temperature for 180day.

YAl values are means of determination in three independent experiments.
(b Frelovl et g
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Table 105. Free amino acid contents of ganjang prepred by mixing different amount of
black garlic extract with moromi.

Contents” Samples
(mg/100g) 0% 0.5% 1% 2% 4%
General amino acids

o—Phosphoserine nd? nd 224.47 244.56 249.08
Taurine 119.58 97.32 107.44 119.24 109.28
o—-Phosphoetahnolamine 332.62 266.89 324.62 351.37 272.99
Urea nd nd nd nd nd
Proline nd nd nd nd nd
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Aspartic acid 4618.03 4160.35 4163.52 4469.88 4228.38
Serine 2821.96 2558.64 2575.46 2763.62 2594.06
Glutamic acid 7506.16 6902.45 7123.98 7551.42 6934.58
Sarcosine 298.08 252.59 266.84 300.69 274.61
Aminoadipic acid 569.39 523.71 540.19 581.36 533.45
Glycine 1449.27 1313.46 1311.57 1409.44 1333.67
Alanine 2751.25 2504.15 2533.70 2728.68 2588.47
Citrulline nd nd nd nd nd
a-aminobutyric aicd 202.38 191.17 192.65 218.81 224.38
Cystine 357.61 325.53 315.81 352.80 366.02
Cystahionine 133.39 121.56 123.98 134.58 126.88
Tyrosine 654.55 602.94 604.35 647.55 612.14
B-Alanine 224.62 189.72 199.29 219.27 194.23
afi dammOlSObuty“C 449.26 394.11 408.18 450,50 423.11
y—aminobutyric acid 218.55 199.21 199.31 228.63 233.58
Aminoetahnol 54.88 49.03 48.05 50.47 47.33
Hydroxylysine 59.58 54.79 55.71 57.83 52.14
Ornithine 2400.96 2201.81 2215.51 2382.83 2266.24
1Methylhistamine 24.48 22.72 21.42 22.93 23.35
3Methylhistamine 15.30 14.93 13.23 14.69 14.89
Anserine 686.45 649.77 635.28 687.87 678.65
Carnosine 100.44 96.67 89.87 96.92 98.39
Arginine 978.30 911.32 934.10 1030.97 1030.10
Total 27027.09 24604.84 2522853 27116.91 25510.00
Essential amino acids
Threonine 2207.39 1996.41 2011.42 2161.51 2027.33
Valine 2815.88 2646.05 2672.86 2814.27 2716.75
Methionine 860.16 776.65 779.37 843.13 792.41
Isoleucine 2917.56 2654.71 2666.04 2850.99 2695.82
Leucine 4683.05 4255.93 4281.47 4599.26 4360.75
Phenylalanine 2942.86 2681.16 2687.79 2907.93 2776.94
Lysine 3385.87 3074.40 3102.79 3335.82 3164.09
Histamine 134.26 125.72 122.63 129.64 123.81
Total 19947.03 18211.03 18324.37 19642.55 18657.90
Total amino acids 46974.12 42815.87 43552.9 46759.46 44167.9
Ammonia 285.82 252.92 250.58 270.11 259.45

DAl values are presented as the mean+SD of triplicate determination
Ind: not detected
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A7 2=7F 0% “47}9 e s A (0 Y) 5.7 mg/gollA
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t}. Glycosides®] ke 4%9] Suls A7 ~5 H7Eek Hgo A wta [0 ¥) 38.16 pg, &E
Z7]1(120 ¥) 6660 pg 22 RE % F 714 =& S el 2™, malonylglycosedes
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Fig. 86. Changes of total phenolic contents during kamnjang fermentations.

Table 106. Changes of 12 isoflavone contents during fermentation of kanjang without black
garlic extract.

Isoflavone contents” Fermentation time (day)
(ng/g) o | 15 | 3 [ 4 | 6 | 9 [ 120

Glycosides

Daidzin 7.34 7.22 7.27 8.01 8.90 8.46 8.44

Glycitin 6.35 6.89 6.89 7.84 9.88 8.92 9.47

Genistin 13.30 13.47 12.94 14.62 18.19 15.52 13.45

Total 26.99 27.58 27.1 30.47 36.97 329 31.36
Malonylglycosides

Daidzin nd” nd nd nd nd 8.23 nd

Glycitin 8.48 8.39 8.09 8.79 10.45 5.89 9.48

Genistin 2.87 2.92 2.69 3.04 3.97 3.12 9.55

Total 11.35 11.31 10.78 11.83 14.42 17.24 19.03
Acetylglycosides

Daidzin 4.30 4.22 3.47 4.31 6.81 nd 4.64

Glycitin 3.73 3.50 3.57 4.09 4.93 3.95 4.30

Genistin 1.87 1.75 1.79 2.05 2.46 1.97 2.15

Total 9.9 9.47 8.83 10.45 14.2 5.92 11.09
Aglycones

Daidzein 74.64 67.05 67.11 68.18 75.57 67.98 71.12

Glycitein 20.13 18.18 17.13 16.96 22.68 17.83 18.49

Genistein 81.74 72.98 72.38 73.03 81.63 71.45 74.52

Total 176.51 158.21 156.62 158.17 179.88 157.26 164.13

Total isoflavones 224.75 206.57 203.33 210.92 245.47 213.32 225.61

"Data are presented as the mean+SD of triplicated determinations.
Z)I’Id, not detected.
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Table 107. Changes of 12

garlic extract.

1soflavone contents during fermentation of kanjang with 0.5% black

D
Isoflavone contents

Fermentation time (day)

(ng/g) o | 15 | 3 [ 45 | 60 90 120
Glycosides
Daidzin 8.68 8.87 9.28 8.56 8.72 8.79 9.32
Glycitin 8.64 9.50 10.39 9.69 10.03 10.29 22.33
Genistin 8.19 15.53 15.80 14.22 13.59 15.81 17.37
Total 25.51 33.90 35.47 32.47 32.34 34.89 49.02
Malonylglycosides
Daidzin 872 nd 9.31 nd nd nd nd
Glycitin 9.72 10.14 7.63 9.31 9.18 9.96 10.10
Genistin 12.33 13.30 11.24 9.77 9.43 9.92 10.30
Total 30.77 23.44 28.18 19.08 18.61 19.88 20.4
Acetylglycosides
Daidzin 6.82 7.09 nd 4.98 4.57 4.81 5.01
Glycitin 4.18 4.69 4.76 4.10 3.89 3.95 4.13
Genistin 2.09 2.34 2.38 2.05 1.94 1.98 2.06
Total 13.09 14.12 7.14 11.13 10.4 10.74 11.20
Aglycones
Daidzein 69.98 72.07 71.48 70.27 65.31 67.97 67.91
Glycitein 22.08 23.39 23.78 18.57 17.18 18.08 18.27
Genistein 78.36 79.13 77.73 74.98 69.36 71.31 70.69
Total 170.42 174.59 172.99 163.82 151.85 157.36 156.87
Total isoflavones 239.79 246.05 243.78 226.50 213.20 222.87 237.49

"Data are presented as the mean+SD of triplicated determinations.

? nd, not detected.

Table 108. Changes of 12 isoflavone contents during fermentation of kanjang with 1% black

garlic extract.

1)
Isoflavone contents

Fermentation time (day)

(ng/g) o [ 15 | 3 [ 45 | €0 90 120

Glycosides

Daidzin 8.34 7.82 7.74 7.63 7.65 8.05 8.15

Glycitin 8.11 7.96 8.13 18.37 18.29 18.91 20.15

Genistin 7.40 14.79 15.28 1552 16.56 16.62 17.06

Total 23.85 30.57 31.15 41.52 425 43.58 45.36
Malonylglycosides

Daidzin 7.55 nd” nd nd nd nd nd

Glycitin 9.04 10.13 10.02 10.91 11.28 11.67 11.72

Genistin 8.97 9.41 9.36 5.78 6.02 6.14 6.28

Total 25.56 19.54 19.38 16.69 17.3 17.81 18.00
Acetylglycosides

Daidzin 4.97 4.86 4.99 4.52 4.69 4.66 4.94

Glycitin 3.58 3.77 4.02 4.19 3.64 3.65 4.38

Genistin 1.79 1.88 2.01 2.09 1.82 1.82 2.19

Total 10.34 10.51 11.02 10.8 10.15 10.13 11.51
Aglycones

Daidzein 69.41 66.89 67.63 67.97 69.79 69.58 70.00

Glycitein 18.83 18.81 18.90 19.23 20.01 20.11 20.35

Genistein 76.00 17.92 72.26 71.76 73.24 72.50 72.62

Total 164.24 103.62 158.79 158.96 163.04 162.19 162.97

Total isoflavones 223.99 218.24 220.34 22797 232.99 233.71 237.84

YData are presented as the mean+SD of triplicated determinations.

2)nd, not detected.
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Table 109. Changes of 12 isoflavone contents during fermentation of kanjang with 2% black
garlic extract.

Isoflavone contents® Fermentation time (day)
(ng/g) o | 15 | 3 [ 4 | 6 | 9 [ 120

Glycosides

Daidzin 7.62 7.90 791 8.65 9.10 4.71 9.11

Glycitin 11.06 8.60 15.24 22.81 23.03 2.64 12.05

Genistin 15.32 15.87 16.66 17.15 17.40 2.79 18.68

Total 34.00 32.37 39.81 48,61 49.53 10.14 39.84
Malonylglycosides

Daidzin nd” 10.06 nd nd nd nd nd

Glycitin 10.83 6.88 11.42 11.37 11.67 4.55 12.24

Genistin 10.16 10.44 10.85 11.08 6.80 nd 6.99

Total 20.99 17.32 22.27 22.45 18.47 4.55 19.23
Acetylglycosides

Daidzin 5.54 nd 6.02 5.93 5.98 tr” 6.04

Glycitin 3.68 4.34 4.49 4.28 4.46 2.19 4.42

Genistin 1.84 217 2.25 2.14 2.23 1.10 2.21

Total 11.06 6.51 12.76 12.35 12.67 3.29 12.67
Aglycones

Daidzein 69.21 68.43 69.84 68.64 69.44 63.89 71.47

Glycitein 19.50 19.73 20.54 20.44 20.58 15.48 21.36

Genistein 75.48 73.33 74.43 72.62 72.81 68.80 73.85

Total 164.19 161.49 164.81 161.7 162.83 148.17 166.68

Total isoflavones 230.24 22775 239.65 245.11 243.50 166.15 238.42

YData are presented as the mean*SD of triplicated determinations. 2)nd, not detected.
tr, trace < 0.002 ng/g.

Table 110. Changes of 12 isoflavone contents during fermentation of kanjang with 4% black

garlic extract.

Isoflavone contents” Fermentation time (day)
(ng/g) o [ 15 | 3 [ 4 | 60 [ 9 | 120

Glycosides

Daidzin 10.54 9.43 8.36 9.18 10.22 11.20 11.57

Glycitin 10.45 20.73 19.58 20.19 26.69 29.98 30.98

Genistin 17.17 20.05 18.63 1851 19.80 28.50 24.05

Total 38.16 50.21 46.57 47.88 56.71 69.68 66.60
Malonylglycosides

Daidzin nd” nd nd nd nd nd nd

Glycitin 11.83 12.45 11.13 11.29 6.07 16.76 17.17

Genistin 11.18 7.39 5.91 5.78 7.03 10.16 10.35

Total 23.01 19.84 17.04 17.07 13.10 26.92 271.52
Acetylglycosides

Daidzin 7.64 5.32 3.96 3.74 18.55 9.18 9.59

Glycitin 4.66 4.26 3.99 4.09 4.89 5.89 6.54

Genistin 2.33 2.13 1.99 2.04 2.44 2.94 3.27

Total 14.63 11.71 9.94 9.87 25.88 18.01 19.40
Aglycones

Daidzein 68.65 67.44 69.25 66.71 69.93 70.73 77.30

Glycitein 20.17 18.45 14.79 14.15 22.09 27.33 29.67

Genistein 74.47 71.67 71.89 68.14 73.47 74.48 81.49

Total 163.29 157.56 155.93 149.00 165.49 172.54 188.46

Total isoflavones 239.09 239.32 229.48 223.82 261.18 287.15 301.98

YData are presented as the mean+SD of triplicated determinations.
Dnd, not detected.
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extract 0 day (A), 15 day (B), 30 day (C), 45 day (D), 60 day (E), 90 day (F), and 120
5, malonylglycitin;
10, glycitein;

Fig. 88. Typical HPLC chromatogram of isoflavone from ganjang with 4% black garlic
extract 0 day (A), 15 day (B), 30 day (C), 45 day (D), 60 day (E), 90 day (F), and 120

day (G).
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Fig. 89. Changes of isoflavone glycosides, malonylglycosides, acetylglycosides and aglycones
contents during fermentation of kanjang with different black garlic extracts. A, 0% black
garlic extract; B, 0.5% black garlic extract; C, 196 black garlic extract; D, 296 black garlic extract;
and E, 4% black garlic extract.
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Fig. 90. Change of DPPH (A), ABTS (B), OH (C) radical scavenging activities and FRAP
assay (D) during fermentation of kanjang with different black garlic extracts.
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Table 111. Changes of pH, acidity, salinity and viable cell numbers of kanjang with different

black garlic extracts

. Contents®
Black garlic . L - Viable cell numbers
extract quantity Fermentation H Acidity (%, as Salinity a fu/mL)
% time (d) b lactic acid) (%. NaCl) -og clwm

’ Bacillus Yeast

0 5.84 0.32 13.74 9.09 6.53

15 5.69 0.52 13.96 9.52 6.85

30 5.68 0.57 13.91 9.52 6.52

0 45 553 0.74 14.18 9.49 6.59

60 5.61 0.86 14.02 9.92 6.79

90 453 1.53 14.24 9.74 nd

120 441 1.60 14.46 10.15 nd
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0 5.62 0.47 12.87 9.09 6.53
15 5.62 0.56 13.91 9.37 7.00
30 5.64 0.56 13.85 9.61 6.78
0.5 45 5.53 0.77 13.69 9.69 6.86
60 5.58 0.86 13.96 10.62 6.91
90 4.52 1.55 13.74 10.61 0.00
120 4.36 1.60 14.35 10.62 3.00
0 5.44 0.57 13.52 9.09 6.53
15 5.61 0.61 14.29 9.38 7.26
30 5.58 0.66 13.96 9.67 6.94
1.0 45 5.51 0.79 13.96 9.68 6.41
60 5.54 1.08 13.96 9.93 6.64
90 4.49 1.57 13.63 11.10 nd
120 4.37 1.69 14.18 10.64 4.00
0 5.18 0.63 12.81 9.09 6.53
15 5.56 0.65 13.91 9.75 7.14
30 5.58 0.67 13.74 9.53 6.83
2.0 45 5.49 0.81 13.91 10.17 7.10
60 5.53 1.26 13.80 10.66 6.92
90 4.47 1.58 13.85 9.96 nd
120 4.39 1.75 14.07 11.16 nd
0 5.07 0.75 13.74 9.09 6.53
15 5.53 0.68 13.80 9.54 6.69
30 5.56 0.70 13.58 9.49 6.90
4.0 45 543 112 13.58 9.79 6.73
60 5.48 1.31 13.19 9.77 6.74
90 4.50 1.71 13.58 10.61 nd
120 4.39 191 14.02 11.18 nd

Data are presented as the mean+SD of triplicated determinations.
PTen gram or milliliter were titrated with 0.IN NaOH to pH 8.2+0.1 for titratable acidity

() frelobn Ak ke

Suls A7)~ "7 e fEolv At ek Table 1129 2ok 8 frelotr|ito=
H g4 ofu = Abo A glutamic acid®} alanine®] AR o Holm|=Ako A leucined}
phenylalanine®] 1t} Snls A7~ 0%, 05%, 1%, 2% % 4% H7F A FIHF 7149
glutamic acid ¥ 2092.51~2569.31 mg/100g5<=9°] 1 3L alanine< 771.33~948.11 mg/100g
FEOR Jubs 7| HIbd wE oA Q] ApolE HolA| ¢hokt}. Leucine $HEFS 1307.29
~1485.65 mg/100g FF°]Q ™ phenylalanines 1069.74~1221.51 mg/100g F+o|ATt. =
vre] v 9 A opn|Abe] SRS Subs A7~ ko] mE {94 Ql AolE UEHY

A &k

Table 112. Free amino acid contents of kanjang with different amount of black garlic
extracts.

Contents” Samples

(mg/100g) 0% 0.5% 1% 2% 49
General amino acids
o-Phosphoserine nd” nd nd nd nd
Taurine nd nd nd nd nd
o-Phosphoetahnolamine 70.75 70.68 86.87 77.69 112.61
Urea nd nd nd nd nd
Proline nd nd nd nd nd
Aspartic acid 160.94 169.13 187.34 189.79 206.57
Serine 392.82 359.46 329.04 374.50 377.72
Glutamic acid 2569.31 2341.64 209251 2256.54 2283.34
Sarcosine 228.35 237.77 61.08 250.65 79.90
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Aminoadipic acid 238.01 239.69 176.44 254.81 206.32
Glycine 296.11 278.83 249.37 274.27 275.13
Alanine 948.11 871.15 771.33 830.01 916.78
Citrulline nd nd 61.31 81.10 nd
a-aminobutyric aicd 27.50 24.60 10.84 24.16 16.17
Cystine 161.43 161.91 136.64 174.15 171.39
Cystahionine 77.60 78.41 59.15 81.07 69.31
Tyrosine 585.23 696.94 647.50 695.38 738.28
B-Alanine 90.96 92.64 76.60 95.02 91.29
B-aminoisobutyric acid 184.09 194.08 173.58 210.71 221.79
y—-aminobutyric acid 79.83 107.39 77.84 117.36 120.78
Aminoetahnol 25.20 23.89 24.22 27.67 30.64
Hydroxylysine 72.17 69.44 66.64 70.76 74.46
Ornithine 881.54 787.59 736.62 762.43 823.94
1Methylhistamine 23.95 23.69 21.49 24.13 25.41
3Methylhistamine 62.58 60.15 57.89 60.63 63.95
Anserine 682.20 650.73 639.73 665.99 708.54
Carnosine 65.78 92.57 85.86 92.26 95.41
Arginine 117.24 138.44 129.38 144.43 142.94
Total 8041.70 7770.82 6959.27 7835.51 7852.67
Essential amino acids
Threonine 452.30 410.95 368.09 401.65 409.84
Valine 977.13 914.67 854.68 916.58 972.19
Methionine 389.33 368.53 338.74 378.76 385.81
Isoleucine 886.34 819.34 757.56 810.34 848.82
Leucine 1482.70 1389.15 1307.29 1395.51 1485.65
Phenylalanine 1197.68 1157.17 1069.74 1168.64 1221.51
Lysine 817.05 772.37 T24.75 744.21 778.35
Histamine 298.33 282.51 268.83 275.09 288.21
Total 6500.86 6114.69 5689.68 6090.78 6390.38
Total amino acids 14542.56 13885.51 12648.95 13926.29 14243.05
Ammonia 132.84 127.74 124.72 127.45 136.53

DAll values are presented as the mean+SD of triplicate determination.
“nd: not detected.

(2) 7+#o] & = total phenolics 2 isoflavone 3%

(7h ¥& % total phenolics &%

Suls A7)~ H7F 7H39] total phenolics $HEFS FEAHOoR wE AlF HAET wE Fo
1 gFeko] FUFSE Ao w yERT (Fig. 91). ©& AlFHdA = 242 0.90 (0%), 0.79 (0.5%),
091 (1.0%), 1.25 (2.0%) 2 1.35 (4.0%) mg/go. & YElsta o]= Snls 7|2~ Hrigo] W
<<% total phenolics 6‘3“4 ottt | W E FolE Enls A7 AE HolslA] Fe ﬁ;g
o) 256 ma/g o 7t Ekout olF el 2 Aole AT

- HAA
3.0
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o0day o15day =30day s 45day s60day w90day = 120day
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Fig. 91. Changes of total phenolic contents of kanjang with different amount of black garlic
extracts.
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(W) && % isoflavone &=

Suls A7)~ H7F 7HE9] isoflavone §H3F W 3li= Tables 113-117¢9F £t} Snls dras
A7velA] 2 A d7|A~E wEHEE HUMS (e Afee FEHoRE Hart g o
gt wdA el glycosides (daidzin, glycitin @ 2  genistin) 2  malonyl-glycosides
(malonyl-daidzin, -glycitin % -genistin I1F< X% #Astg 2 wlujEA|e]l  aglycones
(daidzein, glycitein % genistein) 1352 57t tH(Tables 113-117). HPLC A ZntE 13 A s}
o = peak 9 (daidzein), 10 (glycitein) 2 12 (genistein)®o] =LA Z7}sle] F8 =2 A
o7 yelyton vy A vz AA 6, 7, 1W<l acetyl-glycosides L& & W3} gQlo] |
EAsE AoeZ YeRth (Figs. 92-93). ¢ R & Svls g2 Hd o=z g 120 OWH
glycosides L& 11.95%S UEIHA L aglycones L1HS 79.21%9] &S HH&S el
Aot (Fig. 94).

Table 113. Changes of isoflavone contents of kanjang without black garlic extract.

Contents” Fermentation time (d)
(ng/g) o [ 15 [ 3 [ 4 [ 60 | 90 | 120

Glycosides

Daidzin 6.02 6.56 6.66 6.69 6.65 6.85 11.63

Glycitin 4.77 8.29 9.00 13.93 18.58 19.51 15.92

Genistin tr 0.26 0.42 0.39 0.29 0.72 1.56

Total 10.79 15.11 16.08 21.01 25.52 27.08 29.11
Molonylglycosides

Malonydaidzin 0.72 212 2.08 2.13 1.82 1.49 1.67

Molonylglycitin 1.97 6.03 5.52 5.61 5.27 5.35 5.48

Molonylgenistin 3.52 5.37 4.67 471 4.43 3.96 4.56

Total 6.21 13.52 12.27 12.45 11.52 10.8 11.71
Acetylglycosides

Acetyldaidzin tr 4.43 4.42 4.44 4.46 4.51 547

Acetylglycitin 0.66 0.39 1.68 1.82 1.59 1.62 1.91

Acetylgenistin 0.33 0.19 0.84 0.91 0.79 0.81 0.95

Total 0.99 5.01 6.94 717 6.84 6.94 8.33
Aglycones

Daidzin 21.21 73.54 64.29 72.74 55.88 57.48 63.16

Glycitein 6.49 22.60 20.00 22.5 17.85 17.70 20.02

Genistein 17.30 55.74 52.56 62.49 48.92 48.81 53.85

Total 45.00 151.88 136.85 157.73 122.65 123.99 137.03

Total isoflavones 62.99 185.52 172.14 198.36 166.53 168.81 186.18

All values are presented as the mean+SD of determinations in three independent experiments.
3.

tr: trace(<0.002 ug/g).

“nd: not detected.

Table 114. Changes of isoflavone contents of kanjang with black garlic extract (0.5%).

Contents” Fermentation time (d)
(ng/g) o | 15 [ 30 45 60 90 120

Glycosides

Daidzin 4.99 6.48 6.76 6.19 7.71 6.64 6.97

Glycitin 5.24 8.18 13.68 12.04 18.95 13.39 15.81

Genistin 10.47 14.93 6.43 1.33 4.36 1.98 2.86

Total 20.70 29.59 26.87 19.56 31.02 22.01 25.64
Molonylglycosides

Malonydaidzin 0.81 3.71 2.14 6.7 8.41 4.67 3.29

Molonylglycitin nd nd nd nd 461 nd nd

Molonylgenistin 247 4.29 4.04 3.71 5.28 463 5.35
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Total 3.28 8.00 618 | 1041 | 1830 9.30 8.64
Acetylglycosides
Acetyldaidzin tr 3.94 0.9 3.81 2.32 4.66 0.79
Acetylglycitin 0.55 1.90 1.82 1.84 2.13 1.97 2.17
Acetylgenistin 0.28 0.95 0.91 0.92 1.06 0.98 1.09
Total 0.83 6.79 3.63 6.57 5.51 7.61 4.05
Aglycones
Daidzin 15.34 68.15 62.51 72.63 54.91 71.58 75.50
Glycitein 4.69 20.10 18.97 22.07 19.06 22.39 24.16
Genistein 10.32 52.02 49.84 61.22 39.36 63.19 66.10
Total 30.35 140.27 131.32 155.92 113.33 157.16 165.76
Total isoflavones 55.16 184.65 168.00 192.46 168.16 196.08 204.09

’All values are presented as the mean=SD of determinations in three independent experiments.

Ytr: trace(<0.002 pg/g).

“nd: not detected.

Table 115. Changes of isoflavone contents of kanjang with black garlic extract (1.0%4).

Contents” Fermentation time (d)
(ng/g) o | 15 [ 3 [ 4 [ 60 | 90 [ 120

Glycosides

Daidzin 6.43 7.18 8.47 752 nd nd nd

Glycitin 5.79 10.26 1297 12.94 17.34 15.85 17.26

Genistin 19.64 15.93 12.13 6.24 4.76 3.56 3.25

Total 31.86 33.37 33.57 26.70 22.10 19.41 20.51
Molonylglycosides

Malonydaidzin 2.75 2.98 3.95 5.75 4.36 35 4.02

Molonylglycitin 2.45 5.86 8.01 6.53 54 5.73 5.87

Molonylgenistin 4.04 4.00 7.49 431 3.77 3.41 3.52

Total 9.24 12.84 19.45 16.59 13.53 12.64 13.41
Acetylglycosides

Acetyldaidzin tr 5.03 8.33 5.28 4.39 3.77 3.64

Acetylglycitin 1.09 1.95 2.16 2.22 1.68 1.64 1.75

Acetylgenistin nd nd nd nd nd nd nd

Total 1.09 6.98 10.49 750 6.07 5.41 5.39
Aglycones

Daidzin 25.42 62.47 80.59 82.39 54.78 62.02 68.81

Glycitein 7.74 19.38 27.24 26.19 17.86 19.39 21.34

Genistein 17.51 44.33 51.23 69.25 46.5 53.89 60.78

Total 50.67 126.18 159.06 177.83 119.14 135.3 150.93

Total isoflavones 92.86 179.37 222.57 228.62 160.84 172.76 190.24

All values are presented as the mean+SD of determinations in three independent experiments.

Ytr: trace(<0.002 ug/g).
“nd: not detected.
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Table 116. Changes of isoflavone contents of kanjang with black garlic extract (2.0%).

Contents” Fermentation time (d)
(ng/g) o [ 15 [ 3 [ 4 [ 60 [ 9 [ 12

Glycosides

Daidzin 6.74 nd nd nd nd nd nd

Glycitin 9.77 14.06 14.04 17.63 16.73 17.3 16.38

Genistin 23.04 17.28 10.31 6.7 4.25 3.98 3.23

Total 39.55 31.34 24.35 24.33 20.98 21.28 19.61
Molonylglycosides

Malonydaidzin 2.84 4.93 5.07 5.72 6.34 5.46 6.87

Molonylglycitin 3.06 nd nd nd nd nd nd

Molonylgenistin 4.27 3.52 455 3.77 5.4 3.73 5.94

Total 10.17 8.45 9.62 9.49 11.74 9.19 12.81
Acetylglycosides

Acetyldaidzin 0.48 5.20 6.36 5.33 3.61 5.04 4.73

Acetylglycitin 1.53 1.76 2.08 2.13 1.68 1.54 2.38

Acetylgenistin nd nd nd nd nd nd nd

Total 2.01 6.96 8.44 7.46 5.29 6.58 7.11
Aglycones

Daidzin 32.73 73.40 90.24 75.62 52.3 69.12 72.97

Glycitein 9.54 22.72 28.38 23.6 16.7 21.85 23.45

Genistein 20.03 55.80 75.66 62.43 43.76 60.87 65.63

Total 62.3 151.92 194.28 161.65 112.76 151.84 162.05

Total isoflavones 114.03 198.67 236.69 202.93 150.77 188.89 201.58

°All values are presented as the mean+SD of determinations in three independent experiments.

Vtr: trace(<0.002 ng/g).
“nd: not detected.

Table 117. Changes of isoflavone contents of kanjang with black garlic extract (4.0%).

Contents” Fermentation time (d)
(ng/g) o [ 15 [ 3 | 4 | 6 [ 90 [ 12

Glycosides

Daidzin nd nd nd nd nd nd nd

Glycitin 9.83 16.59 15.83 15.35 1751 19.81 19.01

Genistin 35.06 19.75 9.97 7.09 6.15 4.22 3.48

Total 44.89 36.34 25.80 22.44 23.66 24.03 22.49
Molonylglycosides

Malonydaidzin 1.14 nd nd nd nd nd nd

Molonylglycitin 3.72 6.94 6.77 6.89 6.78 6.83 6.74

Molonylgenistin 2.48 105.65 nd nd 106.43 nd nd

Total 7.34 112.59 6.77 6.89 113.21 6.83 6.74
Acetylglycosides

Acetyldaidzin 3.85 7.40 6.56 6.58 6.54 6.37 5.93

Acetylglycitin 1.56 2.30 2.27 2.42 2.26 1.61 1.70

Acetylgenistin 0.78 nd 1.13 1.21 nd 0.81 0.85

Total 6.19 9.70 9.96 10.21 8.80 8.79 8.48
Aglycones

Daidzin 40.72 15.66 80.90 85.46 16.28 63.03 74.99

Glycitein 11.92 7.72 24.62 26.26 6.04 20.40 23.73

Genistein 25.98 49.10 63.98 71.06 57.53 55.84 67.63

Total 78.62 72.48 169.50 182.78 79.85 139.27 166.35

Total isoflavones 137.04 231.11 212.03 222.32 225.52 178.92 204.06

°All values are presented as the mean+SD of determinations in three independent experiments.

Itr: trace(<0.002 pg/g).
“nd: not detected.

- 182 -




Retention time({min)

i A =11 | il [=
= |= = 18 g 12 = | 9 12
H . i 201
_'.5_ | 9 14 '-'% - I 1 ‘-'? ~ “
% 1 12 ' \ % |k"] i % J!'\JW ’I 12 -
" = f L i 1
i WAL " “ﬁa? g | £ U WA l‘«“‘\h'm,‘,, B ‘I g‘ss 1* 20 |3 JJ I fus,ﬁ 1?” udl|
Retention time(min) Retention time({min) Retention time{min)
= D o et F
g [ 9 12 5 |= 12 = = 12
£l £l- 0 £l- s
% & I‘AL\ !\ 2 ‘10 % B 'L‘l“lJ\‘ ‘|1u | % i ‘LJM | 2 [*
= W I 12 %= 12 wl U 1z |
| it .. 128 N 1 O [0 N | [ 5 78 I
Retention time(min) Retention time(min) Retention time(min)
= G
5 |= 12
i B
-g e |
2. i |
% \'d I ‘| 12 3 ;m
| L O, [

Fig. 92. Changes of isoflavone contents of kanjang without black garlic extract. A; 0 d
B; 15d, C; 30 d D; 45 d, E; 60 d F;, 90 d and G; 120 d. 1, daidzin, 2; glycitin, 3;
genistin, 4, malonyl-daidzin, 5; malonyl-glycitin, 6; acetyl-daidzin, 7; acetyl-glycitin, &;
malonyl-genistin, 9; daidzein, 10; glycitein, 11; acetyl-genistin and 12; genistein.

Retention time(min}

A T E <

gl =l 9 12 = 9 12
£l - £l
E 3 12 g z
gl g |= | 1= |
NIt ; |
s ™ ! 3 = Uﬂ” i 1= \'J‘ u:llo
E|= Iw 3 | 1013 2| - W .JI 3 n B [ = [l 7|l |
MLt L 3T e HI..;E,»‘.:i 1l & L P e L

Retention time{min) Retention time(min) Retention time{min)

i D | i F
5 |* 9 12 5 |= 9 12 5 |= 12
2l . H il s
H g g
£ |- g | £ |-

I ||': i 2. |“| 2. ‘ |

H | 2 0 £ 10

2 |- P Jﬂ.' [‘ 3 ‘\11 “ 2 U "‘Ibﬁ R Nt E |- J{ T |‘ |11

i ™ SO -, 5 | il W I ] ™ O < | ool R Vk v [ .
Retention time(min} Retention time(min) Retention time(min)

. = 9 2 O

5

|-

i

el

s =1

¢ i

|- Jhb’l‘uﬂ N 2 3567 K 1

2 il b a4 WV T 10 | T |
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2. G WF W2 £F $EY Fuiy 9r]x e B4 2 7154
(1) 2o &g 5 o|3tsd =4
(7}) pH, At%, 9% 2@ A W3}
2w TR Suks A7) 9] pH, A= 2 A%+ Table 118% 24t} Svtks 7}
2 pH W3t ¥3 A AA vEhA ko HE 120 d Fdde Srbs 1.0% H7bgk 4
$ol 4372 44 % FAE Gt pH dad 48stel BE Snks o7s A7 g
o] A FEE] FUFEY Al dEE 2E 1209 Fol Hit 14.22%E YE ST
(b f)obe] it
A FEW SukE o7]s bge] feloblwdl $Fe Table 11990 Rtk Fo freloh
- Ato g wFdg oflu|w=2bo A glutamic acid®} alanine®] AR HGropw] - Abof A
leucine®} phenylalanine®] 1 th. 95 % 12%, 15% % 18% #H7F Al 7H4¢] glutamic acid &%
o Z}7} 3173.88, 288849 % 2463.80 mg/100g ©]A L alaninee 1077.19, 975.79 2 862.42
mg/100g o2 A7 FZ7F T71gol wel glutamic acid®} alanine o] #Adhe AEFS
EFU T Leucine $H32 45 5™ 77 1649.29, 1541.01 2 1401.80 mg/100g F~o| &
™ phenylalanine 1366.08, 1277.26 2 119098 mg/100gl. 2 A7 %7} F7Fgl wet 9
4o seo] gast A4S Ut Ammonia $% A AB sl Zbde] wet 7
Asle] A7 FE 12%, 156% % 18% Zwls A7)~ 7R 140.82, 133.95 2 125.37 mg/100g
o e theholTh o9l By mESE R _S obrlweite] FHE 27 B} S
shol] wel frelobn it dhEFo] FHAsheE AES UER AT
Table 118. Changes of pH, acidity, salinity and viable cell numbers of kanjang with
black garlic extracts and different salt concertation during fermentation.
Contents”
Salt quantity Fermentation Acidity (%, as Salinity Viable cell numbers (log
(%) time (d) pH lactic acid) 0 cfu/mL)
(%, NaCl) Bacillus Yeast
0 6.01 0.71 9.85 9.84 6.92
15 5.44 1.39 10.01 10.70 6.83
30 4.39 2.63 9.36 10.43 5.32
12.0 4.32 2.79 9.14 9.57 3.00
60 4.23 2.70 9.47 9.61 3.53
90 4.20 2.61 8.81 9.77 3.46
120 3.93 2.92 5.74 10.17 4.49
0 5.76 1.07 13.14 9.84 6.92
15 5.39 1.44 12.10 10.50 6.82
30 4.36 2.65 11.82 10.61 5.64
15.0 45 4.24 2.90 11.71 9.23 3.00
60 4.18 2.92 11.93 10.84 3.30
90 411 2.11 11.11 10.75 2.74
120 3.93 2.72 9.85 10.70 3.30
0 5.71 1.22 14.89 9.84 6.92
15 531 1.51 14.73 10.66 5.53
30 4.49 2.36 14.51 10.66 5.43
18.0 45 4.25 2.61 13.80 9.72 nd
60 4.17 2.66 14.46 11.44 2.60
90 4.1 2.45 13.30 10.34 nd
120 3.96 2.39 12.81 10.90 2.06
Data are presented as the mean+SD of triplicated determinations.
PTen gram or milliliter were titrated with 0.IN NaOH to pH 8.2+0.1 for titratable acidity
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Table 119. Free amino acid contents of kanjang with black garlic extracts and different
salt concertation during fermentation.

Contents” Samples
(mg/100g) 12% 15% 18%

General amino acids

o—-Phosphoserine nd” nd nd
Taurine nd nd nd
o-Phosphoetahnolamine 99.96 87.34 82.02
Urea nd nd nd
Proline nd nd nd
Aspartic acid 27873 269.55 254.52
Serine 440.57 466.43 426.03
Glutamic acid 3173.88 2888.49 2463.80
Sarcosine nd nd 230.98
Aminoadipic acid 286.00 286.08 279.66
Glycine 384.48 344.44 306.78
Alanine 1077.19 975.79 862.42
Citrulline 166.13 nd nd
a-aminobutyric aicd nd nd nd
Cystine nd 161.90 156.09
Cystahionine 83.08 83.06 79.54
Tyrosine 617.89 595.63 702.68
B-Alanine 113.84 107.53 105.15
B-aminoisobutyric acid 223.00 212.32 203.44
y—aminobutyric acid 117.48 111.92 111.29
Aminoetahnol 28.60 67.31 64.36
Hydroxylysine 77.16 83.86 80.36
1Methylhistamine 15.87 26.22 12.80
Ornithine 807.62 867.87 722.37
3Methylhistamine 30.41 48.23 4.35
Anserine 471.63 528.83 336.91
Carnosine 65.57 73.50 40.69
Arginine 160.82 132.21 128.59
Total 8724.91 842351 7654.83
Essential amino acids

Threonine 515.71 472.08 414.34
Valine 1049.68 899.92 811.16
Methionine 425.80 403.14 375.05
Isoleucine 923.94 849.31 761.65
Leucine 1649.29 1541.01 1401.80
Phenylalanine 1366.08 1277.26 1190.98
Lysine 812.53 741.59 638.02
Histamine 295.12 288.72 240.20
Total 7038.15 6473.03 5833.20
Total amino acids 15763.06 14896.54 13488.03
Ammonia 140.82 133.95 125.37

DAll values are presented as the mean+SD of triplicate determination
Pnd: not detected

(2) 7+&e] ¥&& = total phenolics % isoflavone %
2 total phenolics $F%

W Suls ol 7]~ 7HF9] total phenolics 3HH-E Fig. 960 vebdule; 2o} A A
+ 2ravt Mg HEd we}t total phenolics 2> A A3 F7IeIF A ol 4w F
57 =895 vEder Frkeksth 2a AlE dele= 22 284 (12.0%), 3.13 (15.0%) 2
344 (18.0%) mg/go = °k7F ZPol7F Ao wa 120 Ao+ 27 3.84 (12.0%), 4.00
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Fig. 96. Changes of total phenolic contents of kanjang with black garlic extracts and
different salt concertation during fermentation.

(W) @38 F isoflavone %

2w T Suls A7) A 719 isoflavone €7 W 3}i= Tables 120-122 2 Figs. 97-99%}
2o A H7MEE g mE isoflavone $Hfoll= & 194 Aol glom UiAF oz B
T Srts S A e AoE UEyTh A w5 e 3 oE g A A
of viA] Fef2l glycosides(daidzin & glycitin) % malonyl-glycosides(malonyl-daidzin % -
glycitin) 259 3}st=o] HEHA ZUTh F7HH 02 acetyl-glycosides 715 9] acetyl-daidzin,
—glycitin ¥ - genistin 3}3tE A FE A 7t HEEFHA ZUT oo HlH|AH o= v uf
F A<l aglycones(daidzein, glycitein 2 genistein) L& <7}t Tables 119-121). HPLC
EXAY BRE A7 FEYE Suls 7S peak 9(daidzein), 10(glycitein) % 12(genistein)H ©]
A F7kste] Fo 3gEQd AoR Yo aglycones &S zZHZE 151.36 ug/g(12.0%),
136.23 ng/g(15.0%) 2 141.25 pg/g(180%) 0.2 27 ¥% 12% Ints A7)~ 4o 714 =o
Aoz UEltH(Table 119). ©]24 isoflavone &2 A~d H7F H=o wel 2 #ol7) gle
Ao FaFAr} IH BE Snls e B F 12094 aglycones &2 Hit 96.49% =&

Afr&S 2A sk AATHFig. 100).

1 do

Table 120. Changes of isoflavone contents of kanjang with black garlic extracts and
129 salt concertation during fermentation.

Contents” Fermentation time (d)
(ug/g) o | 15 [ 3 | 4 | e | 9 [ 120

Glycosides

Daidzin nd nd nd nd nd nd nd

Glycitin nd nd nd nd nd nd nd

Genistin 24.08 3.19 0.69 3.08 6.56 3.75 3.78

Total 24.08 3.19 0.69 3.08 6.56 3.75 3.78
Molonylglycosides

Malonydaidzin nd nd nd nd nd nd nd

Molonylglycitin nd nd nd nd nd nd nd

Molonylgenistin 6.46 6.02 6.02 6.15 3.02 2.65 2.66

Total 6.46 6.02 6.02 6.15 3.02 2.65 2.66
Acetylglycosides

Acetyldaidzin nd nd nd nd nd nd nd

Acetylglycitin nd nd nd nd nd nd nd

Acetylgenistin nd nd nd nd nd nd nd

Total nd nd nd nd nd nd nd
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Aglycones

Daidzin 55.87 59.89 58.75 59.82 56.62 56.61 60.56
Glycitein 10.81 11.90 11.78 12.05 11.75 11.90 12.76
Genistein 64.27 75.94 74.00 75.56 72.43 72.62 78.03
Total 130.94 147.72 144.53 147.43 140.80 141.13 151.36
Total isoflavones 161.49 156.93 151.25 156.66 150.39 147.53 157.80

All values are presented as the mean+SD of determinations in three independent experiments.

Ytr: trace(<0.002 ug/g).
“nd: not detected.

Table 121. Changes of isoflavone contents of kanjang with black garlic extracts and
15% salt during fermentation.

Contents” Fermentation time (d)
(ng/g) 0 15 30 45 60 90 120

Glycosides

Daidzin nd nd nd nd nd nd nd

Glycitin nd nd nd nd nd nd nd

Genistin 5.75 0.35 3.05 0.95 6.32 1.21 1.33

Total 5.75 0.35 3.05 0.95 6.32 1.21 1.33
Molonylglycosides

Malonydaidzin nd nd nd nd nd nd nd

Molonylglycitin nd nd nd nd nd nd nd

Molonylgenistin 5.71 nd 3.27 3.32 3.30 2.48 2.45

Total 5.71 0.00 3.27 3.32 3.30 2.48 2.45
Acetylglycosides

Acetyldaidzin nd nd nd nd nd nd nd

Acetylglycitin nd nd nd nd nd nd nd

Acetylgenistin nd nd nd nd nd nd nd

Total nd nd nd nd nd nd nd
Aglycones

Daidzin 59.29 58.62 59.38 57.72 53.95 57.32 54.51

Glycitein 12.27 11.82 12.18 11.87 11.27 11.88 11.48

Genistein 67.27 74.74 75.33 73.16 69.38 73.81 70.23

Total 138.82 145.17 146.88 142.75 134.60 143.01 136.23

Total isoflavones 150.29 145.52 153.20 147.02 144.22 146.71 140.00

All values are presented as the mean+SD of determinations in three independent experiments.

Mt trace(<0.002 ng/g).
“nd: not detected.

Table 122. Changes of isoflavone contents of kanjang with black garlic extracts and
18% salt during fermentation.

Contents” Fermentation time (d)
(ng/g) 0 15 30 45 60 90 120

Glycosides

Daidzin nd nd nd nd nd nd nd

Glycitin nd nd nd nd nd nd nd

Genistin 10.18 1.56 1.69 1.52 3.71 478 1.42

Total 10.18 1.56 1.69 1.52 3.71 478 1.42
Molonylglycosides

Malonydaidzin nd nd nd nd nd nd nd

Molonylglycitin nd nd nd nd nd nd nd

Molonylgenistin 3.52 3.75 3.71 3.70 5.98 4.82 4.08

Total 3.52 3.75 3.71 3.70 5.98 4.82 4.08
Acetylglycosides

Acetyldaidzin nd nd nd nd nd nd nd

Acetylglycitin nd nd nd nd nd nd nd
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Acetylgenistin nd nd nd nd nd nd nd
Total nd nd nd nd nd nd nd
Aglycones
Daidzin 63.83 60.04 59.29 55.87 59.51 59.38 56.94
Glycitein 15.00 12.10 11.97 11.39 12.18 12.47 11.85
Genistein 68.67 75.83 75.01 70.93 75.97 74.89 72.46
Total 147.49 147.97 146.26 138.18 147.66 146.73 141.25
Total isoflavones 161.18 153.28 151.66 143.40 157.35 156.33 146.75

’All values are presented as the mean+SD of determinations in three independent experiments.

Ytr: trace(<0.002 4 glg).
“nd: not detected.
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Fig. 98. Typical HPLC chromatogram of isoflavone in kanjang (NaCl 15.0%). A; 0 d B;
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A [ Glycosides [ Malonyl-glycosides [ Aglycones B ] Glycosides [l Malonyl-glycosides: [ Agiycones C [ Glycosides [ Malonyl-glycosides [ Aglycones
100 100
80 %
o« 2w E:
5 & E
o = o
5 H 5
g 40 H g
5 g " %
2 3 2
20 %
0 0
Fermentation time (d) Fermentation time (d) Fermentation time (d)

Fig. 100. Changes of isoflavone glycosides, malonyl-glycosides, acetyl-glycosides and
aglycones ratios (%) of Kanjang with black garlic extract and salt. A; 12.0% B; 15.0%
and C; 18.0% NaCl.

2F Y Svts e wa PAHo o E DPPH, ABTS, -OH 49z x2AZd7
FRAP #¢% W3l:= Fig. 1019 29ttt DPPH oz 2AGAH L 2T H7tgo Be&4=
1 g 7} @6@%#% Z7lsl = 75%;9& 2w 180% H7F Subs d7]~ HFe] A5 #E 150
A 90.65%°] -k Fd 2ASHS YEFNATH(Fig. 101A). ABTS, -OH &z ~2AE
A3 FRAP 3¢9 A 2a7t JAgd4E 0 A4S S7Hs9a o] 94 A9 557 £
T5 538 A4S Uetdde (Fig. 101B-D).
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Fig. 101. Changes of DPPH (A), ABTS (B) and -OH (C) radical scavenging activity (%)
and FRAP (D) assay of of Kanjang with black garlic extract and salt.
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() Freobn =4t &=
T Suts 7] ] freElokn| Ak SR Table 1249 23T Asp. oryzae/B.
nattos ©]&3% Svts A7)~ e F9o fElolu 4k v F 4 ofu| = Abol| A aspartic acid
2 glutamic  acid®] ™ Folu| = Akol A leucine % lysine°lt}.  ¥WbA RAL
oryzae/EMDI17& MJ1-4% ©] &3 Frts 7] 139 8 frelofu| it g4 ofn
Aol A glutamic acid 2 alanineo]™ I g=o}n]=Ako] A leucine ¥ phenylalanine©|t}. H]Z 4=
ofr| it Aol il B bR Yo ko] A= Asp. oryzae/B. nattos ©]&3% Svnls
712 77 ol| A zyzy 1651151, 1157487 ¥ 193.36  mg/100g o] o™ Rhi.
oryzae/EMDI7&MJ1-42 ©|&3 Svts A7~ 3H4& Z2b7F 8761.23, 6817.16 2 136.54
mg/100g 0.2 Asp. oryzae/B. nattog ©|-&3% Suts A7) 1149 fFelobr| =it ko] A
oz k),

- 191 -



Table 123. Changes of pH, acidity, salinity and viable cell numbers of kanjang with black garlic
extract and fermented by different starters during fermentation.

Contents®
o .. Viable cell numbers
Strains Fermentatio ol A(I:idity (%a)as Salinity (log cfu/mL)
n time (d) actic aci (%, NaCl) il Vonst
0 5.55 0.54 11.06 6.87 8.66
15 5.47 1.22 10.23 7.08 8.76
Asp. orvzae with 30 5.36 1.59 11.00 5.83 9.28
B. natto 45 5.44 1.62 10.73 5.65 8.88
' 60 5.36 1.26 7.05 6.17 10.84
90 5.22 1.44 10.73 3.78 9.08
120 5.97 0.92 7.05 3.63 9.77
0 5.77 0.74 10.78 6.81 9.87
15 5.40 1.44 10.73 7.60 11.28
. . 30 4.20 3.06 10.62 3.72 11.24
é?l\ﬁ’bf;ygi/[}?g 45 436 3.10 10.40 3.20 11.21
60 4.15 2.57 6.45 4.96 9.76
90 3.86 2.59 10.18 459 9.40
120 4.84 2.14 9.25 3.70 10.55

Data are presented as the mean+SD of triplicated determinations.
YTen gram or milliliter were titrated with 0.IN NaOH to pH 8.2+0.1 for titratable acidity.

Table 124. Free amino acid contents of kanjang with black garlic extracts and fermented by
different starters during fermentation.

Contents” Samples
(mg/100g) Asp. oryzae with B. natto Rhi. oryzae with EMD17 & M]J1-4

General amino acids

o-Phosphoserine 269.41 nd
Taurine nd”? nd
o-Phosphoetahnolamine 34478 82.42
Urea nd nd
Proline nd nd
Aspartic acid 2260.30 234.41
Serine 1043.32 416.54
Glutamic acid 7238.34 2879.10
Sarcosine nd nd
Aminoadipic acid 132.61 286.16
Glycine 965.04 351.59
Alanine 1403.38 1047.89
Citrulline 1121.52 nd
a-aminobutyric aicd 77.45 nd
Cystine 176.68 nd
Cystahionine 45.14 85.00
Tyrosine 543.59 834.17
B-Alanine 113.87 109.55
B-aminoisobutyric acid 117.58 218.22
y—aminobutyric acid 69.59 121.09
Aminoetahnol 30.98 58.34
Hydroxylysine 26.04 95.59
Ornithine 298.33 920.80
1Methylhistamine 11.42 34.43
3Methylhistamine 12.28 63.30
Anserine 98.08 647.69
Carnosine 69.54 108.54
Arginine 42.24 166.40
Total 16511.51 8761.23
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Essential amino acids

Threonine 1210.79 486.95
Valine 1669.44 1014.95
Methionine 562.69 408.72
Isoleucine 1603.86 889.61
Leucine 2441.06 1590.72
Phenylalanine 1631.66 1346.56
Lysine 1860.10 774.56
Histamine 595.27 305.09
Total 11574.87 6817.16
Total amino acids 28086.38 15578.39
Ammonia 193.36 136.54

DAl values are presented as the mean+SD of triplicate determination
Ind: not detected

(2) w‘j}b ol 71~ 7kzke]l whE 3 total phenolics 3%

(7}) phenolics &= H 3}
Einal| EU}E A7)~ b9 total phenolics S FEA o2 wE AA HdEt #F F
T ko] Zvtet: e o2 e th(Fig. 102). WE Al F Holx= Z+Z 343 (Asp. oryzae)
9 359 (RAL. oryzae) mg/g o2 Rhi. oryzaeE ©| &3t Svls 7]~ 7Hgo] & o B 3
T2 UEhiglon BE F oA #FE ol8d 4FE AR SISl B 120
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Fig. 102. Changes of total phenolic contents during fermentation of kanjang with black
garlic extract and fermented by different starters during fermentation.

(W) Isoflavone =k
T Subs A7) A 7HE9] isoflavone $HES 913 Ay v Tables 125, 1269} Figs.
103-105¢F  #t}.  Asp.oryzae 2 R]zz.oryzaeﬂ] 93 Wi gdE Zus drA 7ol =
glycosides &2 & 0 o 247} 1034 % 46.16 ng/gol» A ashs AEs
el o] 2o 1.04 2 992 ng/goz EAE o o

i}

o

o

w

(@]

S m&
y

A 7= F7hete] 7H7
325 % 2543 pg/gl & 1JrE‘r ST, Malonyl—glycosides a5 15 A7tA] FAashe] o] %
BLBJ] 7t et & WstE YEr A ol Asp.oryzae R Rhioryzae 7‘*7—. 250~729 2 1747~
1892 ng/g ol At}t. Acetyl-glycosides L5 Asp.oryzae 2 Rhioryzael X &40z &
AHA &%t Aglycones & Asp.oryzaedl 745 & 30 & 7HA F7Fske] 171.01ng/gel
gom o]Fo= A% HgFS JYELNA Ekow Rhioryzaes P& 0 A F aglycone$h %
°] 14364 ng/gol A ZE7F Aol wet vjd A Haow wa 90 el 16321 ng/g
o7 7MY =& dEHS Yt AAH o ® F isoflavone$t S Rhi oryzaeE o] &3 I
s A7)~ ol Asp. oryzaeg: ©1&% Svubs A7|s P vlE] m=& S UERS]

o
Lk
5

-10l

ol wav dg o wet isoflavone Bl &S Asp. oryzaeE ©o]&3F Inits A7)~ 71-Fe A
$ g 0 ¢ malonyl-glycoside’} 51.49% =% 7} =& H]&& YEUH o] g 120 o 7]

- 193 -
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Table 125. Changes of isoflavone contents of kanjang with black garlic extract and
fermented by Asp. oryzae with B. natto during fermentation.

Contents” Fermentation time (d)
(uglg 0 15 30 45 60 90 120
Glycosides
Daidzin 6.62 nd nd nd nd nd nd
Glycitin nd” nd nd nd nd nd nd
Genistin 3.72 6.65 1.04 1.1 1.04 1.56 3.25
Total 10.34 6.65 1.04 1.1 1.04 1.56 3.25
Molonylglycosides
Malonydaidzin nd nd nd nd nd nd nd
Molonylglycitin nd nd nd nd nd nd nd
Molonylgenistin 58.98 5.43 3.08 5.63 5.73 2.5 7.29
Total 58.98 5.43 3.08 5.63 5.73 2.5 7.29
Acetylglycosides
Acetyldaidzin nd nd nd nd nd nd nd
Acetylglycitin nd nd nd nd nd nd nd
Acetylgenistin nd nd nd nd nd nd nd
Total
Aglycones
Daidzin 5.88 68.32 76.66 69.15 61.86 66.49 63.76
Glycitein 3.87 13.8 15.54 14.16 12.77 13.76 13.26
Genistein 35.47 70.48 78.81 72.59 64.53 69.57 66.06
Total 45.22 152.6 171.01 155.9 139.16 149.82 143.08
Total isoflavones 114.54 164.68 175.13 162.63 145.93 153.88 153.62
DAIl values are presented as the mean=SD of determinations in three independent experiments.
“nd: not detected.

Table 126. Changes of isoflavone contents of kanjang with black garlic extract and

fermented by RAi. oryzae with EMDI17 and MJ1-4 during fermentation.

Contents” Fermentation time (d)
(nglg) 0 [ 15 [ 3 [ 4 | 60 90 120

Glycosides

Daidzin 6.77 5.85 7.16 7.19 5.91 22.58 22.19

Glycitin 29.46 13.80 nd nd nd nd nd

Genistin 9.93 2.44 2.77 2.91 2.83 3.18 3.24

Total 46.16 22.10 9.92 10.10 8.74 25.76 25.43
Molonylglycosides

Malonydaidzin nd” nd nd nd nd nd nd

Molonylglycitin 25.44 14.13 13.88 13.49 13.57 10.68 14.82

Molonylgenistin 6.56 4.00 3.92 3.89 3.90 4.16 4.10

Total 32.00 18.13 17.80 17.38 17.47 14.84 18.92
Acetylglycosides

Acetyldaidzin nd nd nd nd nd nd nd

Acetylglycitin nd nd nd nd nd nd nd

Acetylgenistin nd nd nd nd nd nd nd

Total nd nd nd nd nd nd nd
Aglycones

Daidzin 60.14 62.21 53.14 59.62 58.90 66.41 59.91

Glycitein 13.14 12.57 11.86 12.16 12.03 13.66 12.56

Genistein 70.36 79.22 73.36 75.51 74.98 83.14 73.98

Total 143.64 153.99 143.35 147.28 145.91 163.21 146.45
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| Total isoflavones | 22180 [ 19423 [ 171.08 [ 17476 [ 17212 [ 203.81 | 190.80

|

DALl values are presented as the mean+SD of determinations in three independent experiments.
?nd: not detected.
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Fig. 103. Typical HPLC chromatogram of isoflavone in kanjang (Asp. oryzae/B. natto).
A;0dB;15d C;30d, D; 45d E; 60 d F; 90 d and G; 120 d. 1; daidzin, 2; glycitin,
3; genistin, 4; malonyl-daidzin, 5; malonyl-glycitin, 6; acetyl-daidzin, 7; acetyl-glycitin, &;
malonyl-genistin, 9; daidzein, 10; glycitein, 11; acetyl-genistin and 12; genistein.
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Fig. 104. Typical HPLC chromatogram of isoflavone in kanjang (RAi. oryzae/EMDI17 and
MJ1-4). A; 0dB; 15d, C; 30d, D; 45 d, E; 60 d, F; 90 d and G; 120 d. 1; daidzin, 2;
glycitin, 3; genistin, 4; malonyl-daidzin, 5; malonyl-glycitin, 6; acetyl-daidzin, 7;
acetyl-glycitin, 8; malonyl-genistin, 9; daidzein, 10; glycitein, 11; acetyl-genistin and 12;
genistein.
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Fig. 105. Changes of isoflavone glycosides, malonyl-glycosides, acetyl-glycosides and
aglycones ratio (%) of Kanjang with black garlic extract fermented by Asp. oryzae and
Rhi. oryzae. A; 12.0% B; 15.0% and C; 18.0% NaCl.
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713t % Asp. oryzae/B. nattos ©)-&3+ 143} vlusto] R oryzaes ©l-&3te] Axd 1M
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oryzae/EMDI7&M]1-45 ©] &3 & Zb2F 6327%¥ 6867%°A & 1209 717
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oryzae/B. natto?}t Rhi. oryzac/EMDI7&M]1-4%5 ©]-&3F bAoA Z+2ZF 1599¢F 16268 =
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shaksldE o] HAA Ao g FUste AES YN o™ RAL oryzac/EMDI17&MJ1-45 ©] 83}
o Az Aol Asp. oryzae/B. nattos ©]-83Fe] A xgH PG4I vluste] dAbsl g o]
AAA o= Hojyk

WolulnF gl $E AR B, AEAY FAFol U] FF LA TAGoR of
| gEEel b Fod 4T FAsAd Ual FHHoR AT Helu

- 196 -



O Aspergitius oryzaell Rizopus oryzee

A
60
a0
20
o
o 15

O Aspergitlus orzeeB Rizopus oryzae

B
S“ ﬂ “ “ “ |]
° o 15 30 a5 60

DPPH radical scavenging activity (%)

ABTS radical scavenging activity (%)

60 90 120 120
Fermentation time (d) Fermentation time (d)

~ O Aspergiltus oryzaeB Rizopus oryzae DO Aspergillus oryzaeB Rizopus oryzae
S 16
2 o C _ D L
= g >
£ g
L S 12
o (=]
£ eof a
=1 o 10
g 2
2 F os
E ol g
= o. 0.6
2 =
2 g
A 20 04
.
=) 02

o o

o 15 30 45 60 90 120 o 15 30 45 60 90 120
Fermentation time (d) Fermentation time (d)

Fig. 106. Changes of DPPH (A), ABTS (B) and -OH (C) radical scavenging activity
(%) and FRAP (D) assay of kanjang with black garlic extract and fermented by different
starters during fermentation.
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(2) A= T E 93 starter vl

Bacillus i+ tryptic soy agar (TSA, Difco, USA) H 8] Aol streakingsdtil 37C &=
710l A 48-T72 7\]{ WSkt @ T ES TSA brothell HE3sFe] 170 rpm 52 48 Al7F
N wjFste] Aol Abgstadth widE o5 AFEA 3%% HESA

®) vhs A% AzE A9 A 2 AA

A5 AEg AR FPEHI AL HelE Ag P Agagon, ke 2129
%4HL%VF%W H%W%ﬁﬂﬁ:P‘4%}Aﬂm%%ﬂw4?@%1H12Mﬂ€:
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skl 20TColA 10 €3 a7 & dgde AASIA vpsEvks FH 6} =
Azl Ao /\}9“ }0111}. dholul=2 A S 7k 7)o S HAAHF B F
4-5 cm 2 20TCoA WolE Hdysttt. vs Aol 05 cm AsES : 5
Ao Algsth A Algd 7 vhE FH = Fig. 139 2

(non-treated garlic) (fermented garlic) (sprouted garlic)
Fig. 1. Different pre—treated garlic for Cheonggukjang.

4) vh= =3 Az

124 gt ﬁ—? 9 F5 T vk WAAHEFT AEs S
U k=2 0, 5, 10, 15, 20%64 H7betin HE Add 3 F dFE A A=A
A7 10% H7be o s o] Alxzskdit AdE A5E 121TCelA 30 & At
A7 4 #FE 3%Y HFske] 37CoA 72 A7 wjeFete] vis A=dAE A6

B) AT AGHA & vts ATE A=

nhs HI7MES 1~10%, vtes dAH = 0~16%, Ao HaE = 48~72 AlZF HY oA A4
sk o n] A 7ﬂfjr"ﬂ 120}04 WS- HH EA o] A3t HelE A vk HUukd 2 9H
2] A} =g HE Azl HASE 9] wESEWEAW (response surface methodology,
RSM)& o] &&tgon, +8 g3y (XP=E 1H5E vhs 3J7HF (X, 1.3-97%), 248 A
Xy, 0-15148) 2 FFATE (X, 48.2-71.8A7Hel digh A E A3t 717t 53A=
Fosleldal, 18 o= ?—E— stk T5HT (Yn)e =3 AdE AdEF Y, A= (Yo,
ofbul =¥ AT (Ys), v-GTP (Yy) 2 ABTS @tz 2ASY (Yo SA-sI I #e 34
Aol ARE-EFS T

F

g, vhs A7t 3FF BEEH 24

(1) o= B}
Bacillus #5590 PHs @4 333 A2 A4 FAL A% w5 FE A 47e) 27
of we} 37TColA 72 AIZF 2 &

sl FAHE o] JEE £

(2) At =4
AFF= A= ]
3k 5 37Col A vy —ﬁr e

(3 AT AT =

A2 Are Bee FRFE Jletd 30 B A9d F owd 9g 3000 pmelA 15
B oQResd A 4% 1 RAE ZAstel Amdl Y
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Ae= HAFF 5 gol EHF 50 mLE 7Fste] 30 E3F wykdk the OMXH% o] 7} 3k o] of
] 0.1 N NaOH=Z ZHA3sle] A& 100 mLol &-F5o] = Al

@2 formol Ml FaAh A5 5 goll TFTE 7hsted 50 mL2 A&
g oA R g o9 20 mLe] 0.1 N NaOH &S 748 pH 84

ol 20 mLE 7} P}iu} pH7} Abd 3t =9 NaOH & o=
pH 847k#] A A3ste] And NaOH Yo =y-E opvied] A4 ks F3hich

(6) y-GTP (y-Glutamyltranspeptidase) &4
u

A= 5 goll EHFE 718te] 20 mLE vhE & 218 &3] 3000 rpmel Al 15 7 o
Aiglste] d& JAdS gado= 0}01 -GTP (AMI158-K, Asan Pharmaceutical) =74 -&
A7 kitE o] €3] 5-aminolicylic acid H2 & =43 t}& mU/mL @9 = ey AT

(7) % phenolics &%

% phenolics &% Folin-Denis® (Singleton VLl Rossi JA, 1965)°.2 =43l 100
v sjA gk &5 500 pL& Alg o B3 S 25% NaCOs; &9 500 yL= #H7ksle] 3 +
b Ao AXAZ & 2 N Folin*Clocalteu phenol A2 250 pl. A 7}ste] =3k s A2
AN 1 AIZE DA AT, BAE NS FFFEAE ol&ste FHE (750 nm)E F4 3
t}. % phenolics - 100, 250, 500, 750, 1000 mg/Le] 67 gallic acid ¥& £H& o] &3}
o & EFFHeERY T3 mg/gl = EA AT

(8) % flavonoids &%

% flavonoids %2 10 ¥} 3|43 =55 100 pLE Al g o] 313 diethylene glycol 2
mL, 1 N NaOH 20 pL= 7}6L The 37C 1A17F BAA 7 & 233 =AE ]8589 420 nm
oA EFEE =AYt F flavonoids T HFS ruting o] &3t FAE FFEGAHOFRE
T8t AL mg/g O ® FA 3}9}‘4(]13 5 1999).

(9) DPPH &9z &~A &4

FZ=&° DPPH (1,1-diphenyl-2-picrylhydrazyl, Sigma D9132, FW 393.4, CisH12NsOs) 2+t
7+ 284S Bloise W (Blois, 1954)S oz W& ate] Z4stqich 15x10"° M &8 800
pL3} 10-500 pg/mL ®%9 F&E 200 pL& 7Fske] 10 %3F vortex & A2o4 30 & &
5507 nmol A FREE S48 g AR 04 8% 200 pLE AHEE
DPPH et &A@ 497s &4 uxte] FREg Foho] Mg (0= LA}

(10) ABTs &tz &AL

7 mM ABTs (2,2'-azino-bis-3-ethylbenzthiazoline-6-sulfonic acid, Sigma) &3} 245
mM potassium persulfate (KoS20g, Sigma)S 1:1 (v/v)& 433, 222 FAlo|A 12-16 A7+
WS- A AT ABTsE 734 nmolld &3 =71 0.7+0.027F HA ol g2 32 sto] AL&3t9ltt. o
ge2 sAE ABTs €9 900 uL3} &% 100 pL& 43, &3 3 & % 734 nmolA 53
g =439k 4 BETE AR iAol oS 100 jLE AHESTh ABTs #hla &
Agde 4979 £4 dxve FHES Fae] MPEEOE EASFAT (Choi JS 5

(11) FRAP (Ferric Reducing Antioxidant Power) assay
FRAP #2412 Choi & (2012)¢] W& §83t] F33+% Tt 30 mM sodium acetate buffer
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(pH 36)¢F 40 mM HCIZ €3A1z1 10 mM TPTZ (24,6-tripyridyl —s-triazine, CigHi2Ng,
Sigma) €< Z28]31 20 mM FeCly £9-8 AL8€3}99 0 Sodium acetate buffer, TPTZ &< 2
FeCls €95 10:1:1 (v/v/v) vl &2 &3ste] 37C 15 & ¥HS-AlA FRAP Al ¢S 44| 0}91‘:]‘.
FRAP Al¢F 15 mLE F&E% 50 pLol &&3te] 37C 15 & w871 & 593 nmolA &3 %=
Z 489 24 dE2TE e 50 uLE A8t FRAP 842 §3 % o= wA

3 ‘i%ﬁb omw A= SAS package 9.1 AHEStY] EAst I A=

x , AR FelAd HAL dYulA F4EA (one-way analysis of

oA Duncan’s multiple range testZ A 33} t}.

A AL FAFAEAE (central composite design)ell @l EA st on, FA44
= TAEA (ridge analysis)S F3to] 8 AAE APdgI R}

Aol A st Hdigk 2 HAGS 3}91‘:}.

1-2. 738 B (Favtsd+4 23 95)

7. A% AR A=x

(1) 9% A=

g5es 49 ddsgolr dAvsts H3EFS N,
A AR ALAS FYsEAT AT AL (wheat koji)v S Lol A EFRbol AFE-SFA T

(2) vl #A7tEE 2 s 9% Alx

nf=S HUMSHA] &S g2 Ed F 2000 g, Koji 1,080 g, A= 300 g, &5 120 g,
219 500 g ¥ & 1,000 g& &F AzsAch vt HA7bEe Alg S tiske] 10, 20,
30%°l dMFstes vt 47 H7 AzstAtt Fooz Hrtek A4 oA 12 A
2o Ed F& 121C 30 B2V 23 9 Bacillus amyloliquefaciens MJ1-4¢+ EMD17

747} 3% JEg $ 37TolA 72 AE v ko Xﬂ—w—o}"j‘:} 3ol = Al ol A
5t Rhizopus oryzaeZ YPD 1w 2] (Difco, USA)el HF3 & 30T 48 A|ZF &) gFs)o]
Ak @Y Axg F= A 12 AF 3 %, 121C, 40 & ARSI AT FH g As

EUE E3oto] d2olAl 6 F3F TEA ]‘:’4/\1 1 TY A E AgE AMFA S AF
AE-3LA Y (Fig. 2).

() 49 ¥=2 du@ v 239 A=
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g =5 293 g9 Axs AT As8e EF Hl&2 Table 13 2. @4l H7bd
S4I wFols 9ok T e A SN Ases vEE o]
42 A BEATIHA, 7 L AR ARE AFS AP AFEE T

Table 1. The mixing ratio of raw ingredients for garlic Doenjang with
low salt concentration.

(g)

Salt content (% for Doenjang)

Materials 5 3 10 G
Soybean 2,000 2,000 2,000 2,000
Wheat koji 1,080 1,080 1,080 1,080
Cheonggukjang” 300 300 300 300
Fungus® 120 120 120 120
Salt 300 400 500 600
Water 1,000 1,000 1,000 1,000
Garlic 500 500 500 500
Total 5,300 5,400 5,500 5,600

I)Cheonggukjang . fermented by Bacillus amyloliquefaciens MJ1-4 and EMDI17.

2>fungus : YPD broth of Rhizopus oryzae grown well isolated from Doenjang.

(4) AA ] Be 2 vks H7 939 Alx

A7rgk vk '%‘W (A, dol, &g 9 FTsuE)E 2 28 Alx Y 3] Jlesd W
Ay 5w nsS HI7bskA & Aol dxatoltt Avtse 7 ntsS Easte] H71skAd
i, Wolntse AntEE 3BT Fis TastiaA] Biaste] nts & Aol 2 ) g
olAIZl AL AFEEATE HEntES 3% glucosedt 3% NaClg $H3t Eo nlsg AV =
st L. plantarums JE3t] 37C 156 & #aste AdAth T5vk=2 100TC 10 & A 3
ekl AR&stAth FAA 7 (FaA el AxzWel os Table 2 wigulel whel mihs¥%
S A X3 o]F F 6 F LHEIAA LT (HHoE ARE AFs] AP AFESIAT

Table 2. The mixing ratio of raw ingredients for garlic Doenjang with differently

pretreated garlic. (g)
pretreated garlic

Materials Control Fresh garlic Sg;(i,lllfced Feggﬁged Steamed garlic
Swelling soybean 2,000 2,000 2,000 2,000 2,000
Wheat koji 1,080 1,080 1,080 1,080 1,080
Cheonggukja‘ngl) 300 300 300 300 300
Fungus® 120 120 120 120 120
Salt 500 500 500 500 500
Water 1,000 1,000 1,000 1,000 1,000
Garlic 0 500 500 500 500
Total 5,000 5,500 5,500 5,500 5,500

})Cheonggukjang . fermented by Bacillus amyloliquefaciens MJ1-4 and EMD17
Z)Fungus : YPD broth of Rhizopus oryzae grown well isolated from Doenjang.
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(5) Fg d7E vs J94 Az

A AzE A8 FAITFFQ Asp. oryzae®t Bacillus subtilis (natto) 2 ¥ G- o] v‘iﬂj/]
St Rhi. oryzae$t B. amyloliquefaciens MJ1-4 2 EMDI17 5 AF-&35to] vlaustith 5, 4
7] 7%= uvpel LA A koji AFE A Asp. oryzae 2 Rhi oryzae TFE AL-&3Fo] A
zetg o T koji (=)= Bacillus natto?t MJ1-4 2 EMDI17 55 o] &3] A %3}
AE FA7Idel FaAFe] A xRl F=ete] Table 3 HH"SLH]OH et vhEE S Al xS
o] Z 6 F wEetgom 1 F Ao E ABEE AfFHste] Aol AL

Table 3. The mixing ratio of raw ingredients for garlic Doenjang with different
microorganisms. (g)

Strains used

Materials X X ; .
Asp. oryzae with Bacillus natto R oryzae with MJ1-4 and EMDI7

Steam soybean 2,000 2,000
Wheat koji 1,080 1,080
Soybean koji 300 300
Fungus 120 120
Salt 500 500
Water 1000 1,000
Garlic 500 500
Totals 5,000 5,000

D)
g
ik

fol

N

N

ro

b

e,

i,

Lo

mlo

- 500 g¥ Fsto] g
%—E}é% %71011 74% ol 30C FL7lo] 4 F3+ B
H

(6) Pilot 5 vl A% A=x

5kg FRAM AABE @A AF 2ol 100 kg R pilotoll o] A& HAEE el
SAYF 40 kg, 232 216 kg, FFAF 6 kg, Arks 10% (10 kg), %%01 24 kg, 9%
15%¢! 49 20 kgs EF3to] 9AS AxsAT. H5 F Ao 20 L3F HFAI)HEA 5

d FAcE ANRE Fste] FEEAS B8

H4S 60 mm petri disholl ¥l F7te] §1EE wo} AMx}A (Ultra Scan VIS, Hunter Lab,

USA)E =743 3 Hunter scaledl €3] L (lightness), a (redness), b (yvellow) o= F A5}

Aot 7 AFLEE 5 M ANEE ST T Fa+dAgeE JepAnh AEgE sEw st
4 L, a El b #S 27 9940, -0.13 2 +0.04% B ATt =H A}

2) 9= =4

A= 5 g& AEst 75 50 mLel| 3Ag & HEAZ ths o #A Advantec No. 2
(Tokyo, Japan)Z 33l A2 ofdS 43t} Saltmeter (Atago ES-421, Atago Co.,
Japan)2 3 3] WH&E ZA3%E ghol] 3|4 W& st Hdgto® EASHA
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%5 g2 Ad FRF 50 mLE HE F wAsetel ol oldel
= AlE9S 01 N NaOH &do 2 pH7F 847F 2 wi7b#] HAsta
€}

3 &2 dinitrosalicylic acid (DNS)W (Lee GY & 19979 wtg} FA3tAth A5 5
gl 7 50 mLs 7heto] X' st & o fx= o7k o s 20 w) A5t AJm A
o7 &gtk 3 2 mLe DNS Aok 6 mLE &3ate] 100ClA 5 & g3 AL A3
% 550 nm EFEE AT EEES RFEEE A3 dEgadoriy sdd sk

—
2
(L
k

1t
ekt
ol
E
+
a
to
offl
e
ol

ol
)
>
o
i

o
OF 2X

6) b= FEE gt Hrbsk @] 8 obn At 4

FES AAZ A5 ZF 100 mgol =F5 5 mL 7Fste] 60C heating blockol] A 1A 7F 3
3l oS 10% 5-sulfosalicylic acid dihydrate 1 mLE 718 4ColA @wadS $uA7 &
Ag (15000 rpm, 4C, 15 min) st H A g S A ejst FeHs Fol 045 pym
membrane filter2 o] ¥}&le] F=3% t}S pH 2.2 lithium citrate $EHS 718 2 mL2 A&
3 % 045 um membrane filtere] o #}3}e] ofn Al 2FEA 7] (Biochrom 30+, Biochrom,
Egland)® 41319

(7) ola&ohd A

ol4aZEtE AHEFL Cho KM & (2011) Wwdl 3t HPLC (Agilent 1200 series,
Agilent Co., Santa Clara, California, USA)= ¥213}%t}. Lichrophore 100 RP C18 column
(4.6x250 mm, 5 pm, Merck, Germany)= AF&3%13L, o]&/d &vwle= 0.1% glacial acetic
acid (solution A)®} 100% acetonitrile (solution B)< solution B 7]+2 % 2Z+zF 20, 10, 10
210 & 9 7 109, 20%, 25% % 35% = FAAIAHT AlE= 20 pLE USRI 9]
A £5= 30CoA 1 mL/ming A3t o] AZeE& 254 nmoll A diode array UV
detector (Agilent 1200 series, Agilent Co.)&® X3 t}t. #HAEH o] A Z#E LS aglycone?l
daidzein, genistein, glycitein (Sigma-Aldrich)¥} glycoside$! genistin, daidzin % glycitin
(Indofine, Hillsborough, NJ, USA) % LC Laboratories’} (Woburn, MA, USA)o|A] <3k
3 %9 malonylglycoside (malonylgenistin, malonyldaidzin 2 malonylglycitin)2} 3 £9]
acetylglycoside (acetylgensitin, acetyldaidzin % acetylglycitin) & X +% o= 3to] zZ}7+S
Az} Fdst oA FAste] wFE AZF BlaE F3] st ZEFe] A
o =2 RE s

dk d
R

3] WkHE =A3kl om SPSS (statistical package for
ANOVA #4241 (Duncan’s multiple range test) o %=

>
o
ol
o
32
)
/\ S—"
o
()
9l
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g men el g 2 A=y
2u TaAFAA AlERSten, St FEE (65
AHESEATE Table 49 A& %E Wit F 3 ]

Table 4. Mixing ratio of moromi (Ganjang and black garlic extracts (BGE)

(mL)
Materials Concentrations of black garlic extract (%)
0 0.5 1 2 4
Black garlic extracts 0 15 30 60 120
Monggo moromi 3,000 3,000 3,000 3,000 3,000

(W) Svbs FE& d7hde 289 35 i A=
= H

Ao F-4aw 324 Ax By s 2o SAg Fol| 53 e (EMD17/MJ1-4
T, 912 log cfu/mL)E F THUv] 25% (w/w) FE3Fa 37CoA 72 A 7F Haste] AA
TS Az F 55ToA 2 A3 Axste FY wFE AxsAT. T4 ZoA = A

= 5 ¢ 5 X A zx3Ho

3l F3} ol Rhizopus oryzaeS 3 F3te] 25T ol A
A Zz3 At Table 59 v & wel A4 o
st FLul T S AxZSAT. AT FS VL

4 543 AE5rE 2459

4% A7}
HA] o] 3}st

Table 5. Mixing ratio of soybean meju Gamnjang with different concentrations of black
garlic extracts (BGE).

Concentrations of BGE (%)

Materials 0 05 1 5 1
Soybean/Wheat koji (kg) 0.75 0.75 0.75 0.75 0.75
Cheonggukjang koji (kg) 0.25 0.25 0.25 0.25 0.25

Fungus (g) 100 100 100 100 100
Black garlic extracts (g) 0 20 40 30 160
15% salt water (mL) 4000 3980 3960 3920 3840

cfumL)E ¥ % HHl 25% (w/w) HEsta oto] A=A S AxF

3 72 A7 B ES
5 55T 2 A AzxRse] FL wWFE o LA FeAE FAE FI e
Rhizopus oryzaes JE3to] 256C 5 & &a F 55TAAA 2 & Ax3sto] #A|x=3k9th (Table
6). 9 Uy St FEES A A 2y S ndEste] 2% H7Eske o, Table
ol HERE we FLvF HES AFFI. AR FS VFoZ 20ToA 120 & For

= 3
BEaia olslstd S4F ARFE AU
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Table 6. Mixing ratio of black garlic extracts (BGE) added Ganjang by different salt
concentration

Salt Concentration (%)

Materials B 5 3
Soybean/Wheat koji (kg) 0.75 0.75 0.75
Cheonggukjang koji (kg) 0.25 0.25 0.25

Fungus (g) 75 75 75
Black garlic extracts (g) 60 60 60
Brine (mL) 2940 2940 2940

(2h wE TF
F/2 29
Z

I

o
=2
>
>
ofo
)
=
N
N
IS}
S
%)

e DA B TA

S ) &3] AV &Y= Aspergillus oryzae®t ¥ 23
stol 132 Azl F4& mustgln ol A7 AAE B3 &
S A ZEe & (Table 7) 20TColA 120 Lzt

=

oryzae t+% 247}
Hel wjetigel o St
X olgetd EAS

Table 7. Mixing ratio of black garlic extracts (BGE) added Ganjang using different
microorganisms.

Strains for fermentation

Materials Asp. oryzae Rhi. oryzae
Soybean/Wheat koji (kg) 0.56 0.56
Cheonggukjang koji (kg) 0.18 0.18

Fungus (g) 75 75
Black garlic extracts (g) 60 60
15% Brine (mL) 2940 2940

peshgon, Gobs FEAe ol
Ed(ﬂlom%% 29 AE ARESATh AA e FrkES 55-90T 9
ElgcH D1r7ﬂﬂ“3 2 2% 2 AZFS AT EA 15 A o)A HEAA AT I
COSMOS 660, Kyungseo Machine Co., Incheon, Korea)®l
gabe] 60 brixZ FE3 AL ALEIY. Fuls HEo
270w sEE zded 1 e
F5E+ 05-30 brix, H7FEFS 0.1-10% 9ol A */\]??} du| s 4
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o) WA (X, 16-95%)0] BT AAUSAE LA ste] 244
o FRIAT (Table 2). H@ATel ola] dFL Wi F5
S (Yo, & olEsiaEel % (Y) 2 ABTS stz 4
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(3) Srks FE9 HA/F AL g9 4
7 Svts FE29 HA7F A9 19 Al
Ax= 156%9 HES txd (C-19)ez da, A dxde 9= 12%= 243 A
(C-12)& AF&3lAY. Svts FE90] H7te AGHEE 9% 12% ol 65 brixe] Svlks

Ae 7Z+7+ 0.3% (E-12-0.3), 05% (E-12-0.3), 1.0% (E-12-1), 3.0% (E-12-3) ¥ 50 %
-5) H7ste] Al x5}k

()

&=
e
o 1

-1

(b AL} Frps 2E9 W7 e AP v

HE 12%9] A9 dxzwd Sukso] 5% H7ME AA 1+ 742 1 Lol HE5% 80%7F =
£ 4 wje] oeee Arbem aFEu AW ¥, AR (3000 rpm, 30H)F] AABL
AATh o] FHEo A F/RTE 7tete] AHdES AL, ATEE7E 60%7F H s
2 we] oS Hrbetel AA HAH=S It 2 JAES FRTA ALsE v
dialysis tubing cellulose membrane (MW cut off 12,000, Sigma Co., St, Louis, MO, USA)<
o]§3lo] 2-3 Azt FAIG & FAZES] AP AHESFAT

A g Al 2

=
O

(2) 29, F Ax g opulwy Ao F

F A e AEFFHA9 wEk AE el BEAAXR (Kjelflex K-360, PTT

Chemical, Bangkok, Thailand)& ©]&3}o] 431900 ALA4 5718 ol ubald g
FE AN A, o Hld A RS 1AdE A Y-(5)9F FAsA A A AT

4) & ds % ZgH o= A
F ZodE g5 1 s ATy Y-(7Y U3 Wyl wel Adstg o, Zekn
wol= g2 1 AdE AU U-(8) FLsA AdsAn

Al5E 045 um syringe filter® o 33le] HPLC-ELSD (Agilent 1260, Hewlett-Packard
Co., Palo Alto, CA, USA)Z ®¥43At. ZHL2 COSMOSIL Sugar-D (46 x 250 mm,
Nacalai Tesque Inc., Kyoto, Japan)E A}-83}% 31, o]&-& 1= water?} acetonitriles 372 &

0TS FA8AY. & 3 9 Fa9F (fructose, glucsoe, sucrose) =2 S A 79 53
2N FA k] MEE AZES W] fgestor], AFSAEE R FEe ST
(7) DPPH % ABTS vz 24824 =4
DPPH &z £2AGd L2 1 Ads A Y-(9)9F LAl 23dstA i, ABTS radical
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L
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S o] g3t akstyE =4S ABTS cation decolorization WS +4

FHEAde myel (Minitab Release 16.0, Minitab Inc., State College, PA, USA)S A}
FAT4AE (central composite design)ol] wel EAstH o, FA A Ao <t
A9l SAS (version 9.3 for windows, Cary, NC, USA)E o]&3lo] HAEA

(ridge analysis)S &3 9 A48 AIFIHT Folxl At A FA] dst= FHdl#k

L e = a1 s =

dTAa% (dalnt=

&
-
B>
N
L
1

7bovts A3 Az 39 € FAEA
=7

(1) 71& A=A 228 9 % FE) vhs U4 2 B5H 54
Oh AFH A% Bk

=)

o

-

okt

Fo7)po] AT FF 9 TS HOR WES 0,5 10, 15 2 20% HrA F zhzel #
22 gEd 08 2 AN WEAA AR AEF F ol AEE BN Bl 37}

g A¥= Table 8% Zt}.

Table 8. Odor level of Cheonggukjang with different garlic content and fermented by
different strains

Strains Garlic Odor level”  Strains Garlic Odor level — Strains Garlic Odor level
content content content
con” - con - con -
5% - 5% W 5% W
#8 10% W #24 10%% + EMD17 10% W
15% + 15% ++ 15% +
20% ++ 20% ++ 20% ++
con - con W con -
5% W 5% W 5% W
#9 1096 + #27 1096 ++ HCD2 1096 W
15% ++ 15% et 15% +
20% ++ 20% et 20% +
con - con W con -
5% - 5% + 5% +
#10 10% W #28 10%% + 191 10% ++
15% + 15% +++ 15% ++
20% F++ 20% +4++ 20% +4+
Yeon 1 Cheonggukjang without garlic
?Order level : — ; has no ordor, w ; weak garlic odor, + ; feeling the odor

ul= @7}%}01 BETE oFEE TUete AES YERSI e, 48, #10, EMD-17, HCD-2

FEE UE #FE w oy A7hR 1096717 olF A4 Amsh wekeh mmA ol el A
of e 4 #HF FoA 410 FEE b Arbee] 20%E F74E A9 4@ oA IS
G4, o7 wa Aws AEow %W s AR Azl A8 @R 48 EMDI7 o
HCD-2 #5 3 £o]9lon], o]52 nhs EE 10% olatz @ o o]z Aol A<l glo] 4
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o} 10% ©hs
e ARG (hxwel i Y%

[e)

Nl

hgel mE AT WA F ATS
A7F A=A A= 6 Fol (88, #9, #27, #28, EMD17, HCD2) w}= 9]
=7t S7HsHe T 3

oh s 209% vhe A7F ATl A

e ASAEE Ve

b o,

w7 AFE

= (#10, #24, 191)

Qs oA EEEe

W3l Table 99F #

H7hA
AHAEI} Shok

thztell w8

Table 9. Viable cells of Cheonggukjang with different garlic content and fermented with

different strains.

(Log CFU/g)

Garlic content of Cheonggukjang

Strains 0% 10% 20%
pr 10.23+0.04 10.770.16 9.97+0.10
49 8.13+0.07 8342008 7.83:0.18
#10 10.49+0.08 10.06:0.05 0.69+0.21
494 10.6140.12 10.1640.02 10.0740.05
47 9.54+0.04 9.71+0.05 9.70+0.11
48 9.79+0.03 9.88+0.03 9.49+0.04

EMDI7 11.6040.00 11.98+0.08 11.09+0.08

HCD2 9.66+0.09 10.0820.05 9.63+0.21
191 10.38+0.02 9.71:0.03 9.47:0.07

Table 83 99 AHANE FFslo] o

sk 48, EMDI17, HCD2 &
9L Az,

(2) A% 3
Oh s
whs HHA w7
o B%e FAHYor, 2
ool WA B 100
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Table 10. Viable cells of Cheonggukjang with 10% garlic and fermented by 3 different

strains. (Log CFU/g)
Fermentation #3 EMD17 HCD2
time(h) Control” G10” Control G10 Control G10
0 7.19 7.11 7.37 752 7.03 7.02
12 3.39 7.35 3.91 8.24 8.28 7.62
24 9.07 8.31 9.35 9.21 9.01 8.2
48 9.25 9.08 9.74 9.29 9.21 3.9
72 10.59 12.52 11.75 12.09 11.42 11.79
YControl : Cheonggukjang without garlic
2G10 : Cheonggukjang with 10% garlic
(1}) ¥ phenolics &%
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s AEY BEv)
Aglel L 7 B R 3
ke ek 53, 8

Total phenolics (mg/g)

14 1

Total phenolics (mg/g)

Total phenolics (mg/g)
[oe]

Fig. 3. Total phenolics

12 1

10 1

£ N
! !

phenolics $t%F W3+ Fig. 37 £t} vi=9 #H7 59+ 3
Z7tst o, vk H7F F=rgol gzt vlE v =S AY =
w2 B ach vk Yool F phenolics $FHS WE 9%

2 9 g %719 5486 mg/gRtt ¢ 28 Wi © E=gtow F Aktiel iR
3|
A

m Control W Garlic

12 24 43

Fermentation time (h)

H Control ™ Garlic

12 24 48

Fermentation time (h)

® Control ™ Garlic

12 24 48

Fermentation time (h)

contents of Cheonggukjang with 10% garlic and fermented by 3

different strains. A, fermented by #8 strain, B, fermented by EMDI17 strain; C, fermented

by HCDZ2 strain.

PPH etz 274 #4& 543 A Fig 49 2tk DPPH
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A. 100
80
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20 4

DPPH radical scavenging activity (%)

® Control ™ Garlic

0 - T

12 24 48

Fermentation time (h)

B. 100
80
60
40

20 4

DPPH radical scavenging activity (%)

® Control ™ Garlic

12 24 48

Fermentation time (h)

80 A

60 1

DPPH radical scavenging activity (%)

H Control ™ Garlic

0+ T

12 24 48

Fermentation time (h)

72

Fig. 4. DPPH radical scavenging activity of Cheonggukjang with 10% garlic and fermented
by 3 different strains. A, fermented by #8 strain, B, fermented by EMDI17 strain; C,

fermented by HCDZ2 strain.

(2} ABTs gtz 47184
TE71Z T ABTs @z 47

dAS AT A= Fig. 59 29dth % phenolics %



2 DPPH &tz &4 @439 5493 43S Ueidlo] 2art JPdL545 &0 Frtshe 4
TS YERURITH W8 5 F phenolics ¥ DPPH tt]Z &4 &4 dixatol H|3)] vl=
A7broll A oy &Ade] vzt ALY ¥ = Zleo| Hls] ABTs 2oz &4 &42 vts
S g A=A fFoAQl Aol7b glew, 28d, txatidlA &do] o Eol 1 &
of tha 2ol7b Ut 2y HEIF AEH 72 AL FoE grRay s JAube RE B
dst HYE HERAAT

100 - ® Control M Garlic

80 1
60 1
40
20
0- . .
12 48

Fermentation time (h)

ABTSs radical scavenging activity (%)

[ [ ] i
100 - Control Garlic

80 1
60 1
40 1
20 A
0+ T T
12 48

Fermentation time (h)

ABTSs radical scavenging activity (%)

100 - ® Control M Garlic

80
60 -
40
20
04

ABTs radical scavenging activity (%)

Fermentation time (h)

Fig. 5. ABTs radical scavenging activity of Cheonggukjang with 109 garlic and fermented
by 3 different strains. A, fermented by #8 strain, B, fermented by EMDI17 strain; C,
fermented by HCDZ2 strain

(n}) FRAP (Ferric Reducing Antioxidant Power) assay

- 211 -



heg 10% H7betel Az FSge] wE T FRAPE #9lste 3% fo® ved 4
H= Flg. 62 2tk FRAP= Harh Adyds5 S7hehe &S dehidvh #83% HCD2
TE ol&% vhE A7 A=Ae] dxdel vis 2R ¢hs § FRAPZF ¥ E8tow, 747t

F4E 2 1477 1.39% T

A 16

1.4 1

1.2 1

0.8 1
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Fig. 6. FRAP of Cheonggukjang with 109 garlic and fermented by 3 different strains. A,
fermented by #8 strain, B, fermented by EMDI17 strain; C, fermented by HCDZ2 strain.
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7hH AT

Mute #F 3 FE 2 23 EgAFES olgd vE
10% H7F A=34S A=xs Table 119} z2t}.
=g TEIE AgL5E B SUrEglen, 2 T &
et AdaEel HE 3 F £ H CD2/EMD17/#8 Adato]l avh 4RSS
M4 = AMSAE (1214 Log CFU/g)E Ve At

l

\./

Table 11. Viable cells of Cheonggukjang with 10% garlic and fermented by combined 2

and 3 strains. (Log CFU/g)
Fermentation Fermentation strains
time(h) HCD2 / EMD17 HCD2 / #8 EMDI17 / #8 HCD2/EMDI17/4#8
0 8.29 8.38 8.38 8.18
12 8.46 8.67 8.61 8.43
24 8.65 9.28 8.9 8.74
48 9.65 9.76 9.47 9.72
72 11.63 11.91 11.96 12.14

(1}) % phenolics 3%

R % o] &3t 10% vl H7F =+ w&a7|7 & % phenolics 3% W3l:= Fig. 7
3} 2t} F phenolics ¥ @t SUSA Hat A 63%"“i S7ketsi o, 24 ARt
o] g

| S0l 1 %L‘%kol T43 F7tste] 2g 48 Aol #Eg 5ol weEl ¥ phenolics 3% Ak
o]7} gdsld=d, EMD17¥ #8 &3¢ HCD2¢ EMDI17 &£3vr+2 @83t nfs A4
9] % phenolics %< 13 mg/g ©| o= HCD29 #8 &£3titF9t 3 & &35 AFE3A
< wfel HlE] = FEFoldn g 72 AIZE ]ﬁoﬂl' RE Al selA 14 mg/g ©17d¢] o
2 RE AgAe g x7]d vE wE 95 % phenolics $FFo] 2.6-2.8 w] =Sk}
16{ ®WHCD2ZEMD 17  mHCD248 EMDI17/48  m HCD2/EMDI17/48
o 147
E" 12 -
£ 107
5
= 8
=
£ 67
H
4_
2_
0_
0 12 24 48 )

Fermentation time (h)

Fig. 7. Total phenolics contents of Cheonggukjang with 10% garlic and fermented by
combined strains.

(th) DPPH &z &7 &4

EFTFE o] 83 10% vs H7F FZAe] wEU|F F DPPH @)z 27 845 =A%
A3+ Fig. 8% 2t} vls H7F A= ¢a 7|3k 5 DPPH 202 &4 242 % phenolics
I o] WMEVF WPEAFE FUsteE AIFS UEHdT HCD2/M#8 £ FE ol &3
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ool FA LS 7818% % UE T3+ F(HCD2/EMD17, EMDI17/48, HCD2/EMD17/4#8) nts 3
T Hla] tha E=ATH64.14, 7593, 75.93%).

® HCD2/EMD 17 ~ mHCD2/#8 ™ EMDI17/#8  m HCD2/EMDI17/#8

60 1

40 -

20 A

DPPH radical scavenging activity (%)

0 12 24 48 72
Fermentation time (h)

Fig. 8 DPPH radical scavenging activity of Cheonggukjang with 10% of garlic and
fermented by mixture strains.

(2})) ABTs &z 2HEA4

TEHTE ol & 10% vhe H7F A= Hav| 5 ABTs #dZd &4
A= Fig. 99 2vh H&E 77 5 ABTs #Huz &7 @A d9A BE &34
HEvt YA S5E Fbete A4S UER T HCD2/EMDI17 &3kt A3
of Hlg] TEANERE =2 &S YehUlow, 72 Al TEA BRE A
100% = &= At

> FUIO

n (
RS U
oX, o 2 oX,
fo MU 2 rot

3

N gt
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i
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Fig. 9. ABTs radical scavenging activity of Cheonggukjang with 10% garlic and fermented
by combined strains.

(v}) FRAP (Ferric Reducing Antioxidant Power) assay

THTTFE o] & 10% "t H7F A=A HE7F F FRAPE &
2o et JAEsE FrkekeE Ads eI EMDI7/48 St E dast g
24 A1ZF olste] g %7|o] FRAP &4o] vt on} by 48 A|7tol= 4ol & Fo2 F7}
st A g T 7P 2o Uk BE 72 A7F  FRAP+= HCD2/M#8 S/ FE o] &3
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)
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Aol FHE F 1572 &

3t < HCD2/EMDI17(&F3 =%t 1.25), EMDI17/4#8(& %
L%k 1.43), HCD2/EMDI17/#3(&3 =%k 1.35) # %

Aol mlel =kt AEa Bop v E3dTh

1.6 1 ®HCD2/EMD 17 ~ m HCD2/#8 EMDI17/#8  m HCD2/EMDI7/#8

1.4 1
1.2 1

0.8
0.6
0.4
0.2
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0 12 24 48 72
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Fig. 10. FRAP of Cheonggukjang with 10% garlic and fermented by combined strains.

(4) vhsol el e
b A

1o

FaFe Az v gRde] FASA

F719] ATFES Bt HF AdE dF 3 TS T A FE o) &eta, AAE ¢
gt vis H7F A= 287t F AT Wl Table 129 2o vtsS HU7behA &2

Ag4e gedoR shol Avks, WEvhs, dolnbse Aste g AR Hwsg
g W, wEvt APLEE ATFE SAHNYT BE 9B T d2T AT s A 4R

el vel va A dErsth

Table 12. Viable cells of Cheonggukjang with garlic differently pre-treated.
(Log CFU/g)

Fermentation

time(h) Control garlic Fermented garlic  Sprouted garlic
0 6.96 7.01 6.93 6.88
12 .77 8.43 852 8.86
24 9.14 8.97 9.10 9.15
48 9.70 9.85 9.85 10.15
72 10.12 9.72 9.87 9.93

(1}) % phenolics 3%

AAE HHE S vtsS Hubste] Axd e dav|zt F % phenolics 5”*4
H3l= Fig. 11JJr Y}l % phenolics H#E2 g 12 Al7F o] HEEH & Zow FUFsE & 48
AZE o] ZREE Z zolE YERY A gttt wE 98 F F phenolics S i RO
14611 mg/gella, Auls, wolnts 9 wantsS H7Rsk F=de 77t 13938, 13.504,
13.561 mg/goi tjz=toll BlsiAlE oA wton o= ]EZ}OﬂL Z}O] 7F ok B A
=2 A Zo A % phenolics #HS WE %7 -3.28) =718}

2
i
:oé
2

U
e
bl
401'
00
OJ
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Fig. 11. Total phenolics contents of Cheonggukjang with garlic differently pre-treated.

(t}) % flavonoids %

QAN G ok A7 9749 Basde] BE F Navonoids T WS Hun
7 (Fig. 12), 2& de& Alm7Ee] Zol7F wnjstd oyt whg 12 AIZF o] &R e & g =3
of wheb g o7k WABA LW, HF 72 A E Foli vzl 0380 mg/go M
vttt g 7|7 S & flavonoids %S }75-0 7V Adolglon, g kg A
Arks, dotuts, m}*~ A7hek AwAe 247F 0427, 0465, 0469 mg/g o = A 2w oot

)

ih

A

0.5
H Control m v}y wmuboluls mtgvls
0.4

0.3 4

0.2 1

Total flavonoid contents (mg/g)

0 12 24 48 72

Fermentation time (h)

Fig. 12. Total flavonoids contents of Cheonggukjang with garlic differently pre-treated.

(2h) DPPH oz A~7A 24

AN S Ee3t nps HrF J=de] 23 7)7ke] w2 DPPH 29z &7 845 A3 24
= Fig. 137 o] wa 9 8A X (86.08%)°] H& nts H7r H=+4 94 gAdo] <kt
g 713 5ok DPPH #uZd &A 42 A S71ste] 28 ¢gs5A] Autss dA7hsk =%
o] DPPH vz &7 A8 89.18%, Wolvls H7bS 90.73% o™, %gu}; A7F A=
e 89.47% = ol wlE) o o] =gkl
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Fig. 13. DPPH radical scavenging activity of Cheonggukjang with garlic by different
pre—treatment.

(vh) ABTs gz 2AGA

A e = 3 nts Hl Ao wrav|te] WE ABTs ¢toZ AA @4S =43 4
3}+= Fig. 149} 2ok ABTs #Hoz &7 A4S txay Add 5 war|7ko] Ay
uet SUbeteE AES HAow, E SRl gz (90.44%) HlE mhs H7E =]
A Bl tha mokvh dE @8 Avks, 2eoivks, wavkeE 747 H7L
ABTs &9z 27 &4 9154, 9296, 94.77% = thxtol Hl&f|A thik =ko
zte] &= w53l T,

L
>

100 | ®Contol mAn}s miolul: mwEnls

80
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Fig. 14. ABTs radical scavenging activity of Cheonggukjang with garlic differently
pre—treated.

(1}) FRAP (Ferric Reducing Antioxidant Power) assay

AAEE G2 kg H7F =g Harvitte wE FRAP assay g 89
159 Zth. FRAP= dxaa A3a 25 Ta7|ite] Fapgd wet %7} }
Qo wg 24 AIZF o]Fof ¢ E Fow FUeHS Eelst 4 Yt wav) dsd
7kl FRAP+ Avls #H7F d=7do] 1546, T avts H7F A7l A 1539 Wolul= H7F A
oo Al 1.6022 vhs HI7F bl §YAd & Aozt gloy dEza (F3% 1.319)
of vlgfx = &do] =kt
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Fig. 15. FRAP of Cheonggukjang with garlic differently pre-treated.

(5) s AohE, AAEE, LA AR BEAD D43
g Awd Az 2 5449

7hH HAE AA

FTAGAAA G o3t 18 F3He] wis MUl wE HaFo HAE IS
7= Table 137 722w Table 140149} Ze WS uw 3AAS Ay FAE A
s HbE vks dae 2 A S Aol wEl 4.85~14.27% W 8%, 3%, 5
(Exp. 6) HExAdA 714 =9t A4 folAde AAAST (#)7) 62.33%= H
A veEiskon BARA Ayl fo)3tEo] 0.00012 Ego] Hgsivtn Add 4 )
Wel e Adgoln, o w vy HshY ks dAY @AY LEAGS 247t
6.53%, 6.81 &, 55.18 A|ZFo]al o] ZANA HAE AU S 13.02%= o445 2 oHFig. 16).
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Fig. 16. Response surface plot for viscous substance content of Cheonggukjang with garlic.

Aol AAEL Wwagiad F fructose®t glutamic acid’b &% levan from fructan¥}
polyglutamate®] &3 EZolgtal Biix o] 9lom (Lee &, 1992), Choi & (1999)2 «u-4 <l
Ao = 2.15~6.03% HAHEo] Ty Jqvta BHusded, B AT vs M7 Ha
T2 dnt ARt ddE gl 9 =2 3oz YEyT
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Table 13. Experimental data on viscous substance, acidity, amino type nitrogen, y-GTP activity and ABTS scavenging radical activity of
Cheonggukjang prepared with garlic by response surface methodology analysis

Conditions Experimental items

Exp.

i Content Steaming time Fermentation Viscous Amino type y-GTP activity ABTS radical
No of garlic(%) of garlic(min) time(h) substance (%)  Acidity (%) nitrogen (mU/mL) activity (%)
X1 X X3 Y1 Yo (mg %), Y3 Y4 Ys
1 3.0(-1) 3.0(-1) 53(-1) 852+0.01°  0.73+0.01"* 80.58+0.71* 18.05+0.84"" 66.18+0.15""
2 3.0(-1) 3.0(-1) 67(1) 4.85+0.06" 0.73+0.06"" 89.44+1.77° 14.55+1.15"8 68.66+1.11¢
3 3.0(-1) 12.0(1) 67(1) 6.69+0.06™  0.77+0.06" 89.91+7.54" 13.44+0.84"" 71.82+0.64"
4 3.0(-1) 12.0(1) 53(-1) 11.17+0.05"  0.41+0.05"  103.29+1.89°"  361.14+12.87" 70.63+1.06"
5 8.0(1) 3.0(-1) 67(1) 5.41+0.02* 0.73+0.02"F  97.84+0.71%¢ 14.92+0.96"" 62.50+0.43""
6 8.0(1) 3.0(-1) 53(-1) 14.27+0.08" 0.45+0.08" 90.22+7.13" 426.89+14.95" 58.90+0.67"
7 8.0(1) 12.0(1) 67(1) 9.35+0.03" 0.99+0.03" 114.96+8.47" 31.68+4.70° 56.51+0.40"
8 8.0(1) 12.0(1) 53(-1) 10.22+0.07°"%  0.77+0.07""  127.71+1.50" 9.02+1.59" 63.18+0.56"
9 5.5(0) 75(0) 60(0) 12.13+0.01%“  0.53+0.01" 136.42+2.21¢ 334.44+1.78"F 61.58+0.31¢
10 5.5(0) 75(0) 60(0) 13.15+0.00°"  054+0.00°  141.09+1.43°"  348.80+27.05"" 58.05+0.14"
11 5.5(0) 75(0) 60(0) 12.38+0.025¢  0.44+0.02%  140.93+1.62°"  400.74+31.43° 63.21+1.73°
12 5.5(0) 75(0) 60(0) 12.45+0.01%¢  052+0.01®  133.16+3.00"°  317.31+11.35" 65.40+0.58"
13 1.3(-1.682) 75(0) 60(0) 8.05+0.03°°  0.67+0.03°" 91.78+8.22° 14.55+0.84*8 67.17+0.43"
14 9.7(1.682) 75(0) 60(0) 9.20+0.02°° 0.65+0.02°  103.29+5.14P 14.36+1.46™" 62.28+1.10"F
15 5.5(0) 0(-1.682) 60(0) 6.75+0.06™  0.67+0.06°  146.07+7.24" 53.78+2.61¢ 57.65+0.42"
16 5.5(0) 15.1(1.682) 60(0) 6.40+0.02*"  0.78+0.02*" 158.82+3.44" 25.41+1.99"F 82.52+0.43"
17 5.5(0) 75(0) 71.774(-1.682) 8.54+0.03%¢ 0.84+0.03" 112.78+3.91% 12.34+0.32"F 67.05+0.61"
18 5.5(0) 7.5(0) 48.226(1.682) 9.46+0.03Y  0.72+0.03"*  107.02+4.99"% 13.63+1.39%" 69.13+0.19¢

1) The number of experimental conditions by central composite design.

AT\lean=SD in the same column with different superscripts are significantly different at p<0.05.
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Table 14. Polynomial equations calculated by RSM program of Cheonggukjang prepared

with garlic

Polynomial equations R Si
12.478794+0.729145X +
Viscous 0.277506X, — 1.194493 X, —

1.159506.X, X, — 0.577500X, X, 62.33% 0.0001
substance —1.884701.X,X, —0.198333X, X,
+0.898333.X, X, — 1.026956 X, X,
Y= 0.509114 +0.019746 X, +
0.034934X,, +0.049408X,, +
0.045476 X, X, +0.108750X, X, 69.72% 0.0001
+0.069630.X, X, +0.017083 X, X,
+0.037083X, X, +0.087892X, X,
Y= 138.845290 +6.360002X, +
Amino type 7.265210X, — 1.414720X, —
_ 8.516012X, X, +3.926667X, X, 82.02% 0.0001
nitrogen +0.892823X,X, — 0.78333X X,
—5.328333X, X, — 14.144812X, X,
Y= 345.085124 +5.491551 X,
—7.821437X, — 54.058026 X,
—95.199013X, X, — 92.887500.X, X, 69.74% 0.0001
—86.312870X,X, — 4.765833X X,
+11.303333X, X, — 95.719787X, X,
Y= 62212175 —3.253111X, +
. 3.494523X,, +0.299503 X, +
ABTS radical 0.2557T4X, X, — 1.165417X, X, 62.07% 0.0001
scavenging activity +2.150353X, X, — 0.842917X, X,
— 1.447917X, X, + 1444599 X, X,,

Response

Acidity

y—GTP activity

() 2=
1:!]—‘*4 7‘<47}ak = Z%j/] o X2 1:11—;(3‘_}\] 7+e r,ELE]L Zjoﬂ/\_] jq%x]_J PRS- Z_Xg:}
A3} Table 133 72Eom 041~099%2 WAt WSFHEA ] B 7S 69.72% % 2] 8
F 0.00010]3t= R&o] A3ttt (Table 14). BAAL HArHdoz AAHFS npse H7t
of

g 7.75%, A8 Az 342 &, A= EEAIZE 5860 Al }01]/\1 Aol HA 2 0.50% %

[e]

AT (Fig. 17).

T = Sz

e
fg; T &a =
-y o
J i A

- -
PR oy
& B eny

Fig. 17. Response surface plot for acidity of Cheonggukjang with garlic.
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g A, 08%= HilsHS
& AR 2 At
A1 0.52~0.78%, 67 Al3ke]
Bgoln, ol 479 ATH

Zheng 5 (2011)2 72 A+ A L@ A7l A=
=, o]l B Aol 71.774 AN LA A=
A= wrg A7 wE A== 53 A7 A 0. .

Al 073~0.99% HSI= TFAZto] AoHdFE w7t Frts)
A= FARgE A3

=y o

(ch) obvlwe] A
s A3 ks Pbzgdel e ofnlwe] ALue 24T 23} (Table 13), vhi A7
AZF (Exp. 16)o]4 15882 mg%= fFoldo=

=k Ao wEt AAASF (B)E 82.02%Z =7 UEyon BEAEA
A F-o8Eo] 000012 o] Aol AAEATE (Table 14). FFHS g Hoz 4
BAS Za) vty FUbgd dxe NS Zoln HIA wEAe wEE 4 ofu|
Asrge] Juzgks 9d& F At (Fig. 18). nts #A7re 2 dx)g A|z7e 2+7F 621% 2
14.85 &, =7 Ha A7 5804 AlgFol A ofn| -] Ao gk 15697 mg% 2 LEFSLTE
B O AFo|A] A=A ntsS 5%E H7E 7S nhES 3% R H7EgE kel HlE] ofbw
L A7 743 wtdo) vtES 8% E H7Me A$ oiw v Ai o] AT o=
Hys H7Est A=l opn ] AAWMIIE 543 Hong? Kwon (2011)8] Rt Al 15%
ol e Hye s A9 vzt HlE ofulimd] Aol AUtk Ayt FASE A
gko] )t

s sy a e
%at O, e g " ) ) : L

Cp v
T2
= e

3 e
(%, Sary, e :w““
S

Fig. 18. Response surface plot for amino type nitrogen content of Cheonggukjang with
garlic.

(2h) y-GTP &4
A=) AggAd H7EE fske] 18 7119 wis H7tEd wE FFe] yv-GTP €45
43 A3} (Table 13), WHgBH A0 o3 3729 oA AAAST (B)E 69.74%= 1}
om, EARA Ay Fo8tEo] 000012 E&Ho] Agsittar & = drt (Table 14). o=
12 g o= 35366 mU/mLY HUzts 45 = Atk 5 vts H7FL, vl 94
Aok g A|7ko] Z+zF 573%, 6.99%, 57.96 A7l A y-GTP A4S H A3} A
z7102 YERyT
vl H7h 2 AAZAT, Ao W@ Azte] Z+Hzk 8%, 3.0 &, 53 Al7H
7V =2 y-GTP €4S Yerdiglen, Exp. 477 (3%, 12 min, 53 h)¥ &
Exp. 9~1277%F (55%, 75 min, 60 h)< H|5=3dk ¥Hele] A4S YeldY (Fig.
AEo] ATl =AdW Fro A y-GTPe AL ==, ol Ao AT H
to 232 2 E3 y-GTP Alololl &9 A#AAA7 AHs e Aoz Addn

3
N

nﬂ
=T

N T

2}
r]I. >{'
oo

[e)

e,
=

e B

o N Jo o g Be P o
(0] (
i
_E

HBAE
fo0

2
Ol

- 221 -



Cs ¥ - = ) = e Cay,y 2
Aten . ap * 3 : e ob % r!E'”cv
(%, €arg, g g

Fig. 19. Response surface plot for y-GTP activity of Cheonggukjang prepared with garlic.

(vh) ABTs gtz &7184

A=gel vhe Arkxziel whe Falsk @48 ABTs @z a7gdom ZHAssit
(Table 13). T4 dA Gl o5k 18 3t A=A wis H7FFo] 55%, d48 A3F 151
B OARES 60 A (Bxp. 16) BEAAS © FoHo g gon teow v @t
&3} OE‘%%“J NS Zh7E 3% 2 12 Bo@ HAA3 L7k (Exp. 3, oA =e AL e
Aok =, vk H4E 41:4 T2+ (Exp. 15)3 vlwd o, ntso] dxg A]7ko] 1;;‘0/\; alt] Z
aARASl SASGE, ol dA WU Geld ool BT A Lee T012)

AA -

o] Hilo|A wulE& steaming$t A A AIFe] &5 YT LA T TSI, &
Aol Fel AEFelsige ARa fAT Agon A7,
S ARA AF (Table 14), 3 A4 S48 AAAST (B)7F 62.07%= B4 =7
e Aneta @ & vk ARe

Byt om, o850l 0.0001% R o X*SL??} e
o2 SAENE ol&ste] vts UMY A=A LRAE vEA vhge] AP ARtbe
Ao Hugs 45T = AJnt (Fig. 20). = AAMSF w9 H7rza A A%
Z}z} 378% Bl 1428 ¥ F= EAIZEe] 57.99 ARF A wf ABTs e Z A7 24 ¢
AR 76.43%E e T AUAUTH

B O i o T

£0C = T
Co, e, " _ oi- i C‘rJ,,(,E . e
oy o, - ﬁ\a Erds i x}i\oﬂ\
s, & . D o, ®ary,
s; #1 U i a‘“\f\ Lﬂ““ ES) i ¥ i e‘-‘“e“ o

Fig. 20. Response surface plot for ABTS radical scavenging activity of Cheonggukjang
with garlic.

o fr

o] ®EERH w4 ZAAE FHEE E u wis HUME (1.3-97%), vk @A Azt
(0-151%) % A= HFAT 482-718 AlhHS wHWT=E gt HoHe FHAE5AHY 3
5 e AAkel tig A Ay} opm|wmE] A dhEFo] JPE AA AFUE =of 82.02% A
3, el 52 62.07-69.74%2 WA BAE 5 9] dE F Almes HAHES A B4
%%L HAYQ#S Uegdglonw ojEo] HA = HUES yells 2A0A 9 s z*ﬂ%k
378-775%°H, whse] dxg AIZFe 342-1485 # oda, A=A wEg A
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55.18-58.60 A|Fe] AT+ (Table 15).

Table 15. Treatment conditions and maximum and minimum value of Cheonggukjang with
garlic by response surface methodology analysis

Treatment conditions

Experimental items Predicted values Steaming

Content time of Fermentation
of garlic(%) R time(h)
garlic(min)
Viscous substance
Max. 13.02 6.53 6.81 55.18
(%)
Acidity .
(90) Min. 0.50 7.75 3.42 58.60
Amino type nitrogen
Max. 156.97 6.21 14.85 58.04
(mg %)
y-GTP activity
(mU/mL) Max. 353.66 5.73 6.99 57.96
ABTS radical
scavenging activity Max. 76.43 3.78 14.28 57.99
(%)

2-2. 9723 (daintEd T4 22 U5)

7Fovbs HoF 239 Axxd 82 € 2245
(1) vhs "7t=Es e 949 2ar|t 5 3
(7hH M &9 ‘ﬁﬂ
Table 16> "F=5 0, 10, 20 2 30%= #H7F A x3 @3] Wy 7|7k & A

3 A3 2 Hunter's scaleoﬂ -4??} L, a b o=z FAsAY. H71=

57 g 7)zke] AojHe wet At e, ks HUbEol WEFE fFost

S BT Lk Az A% 525 532014 6 + W& - =

(A& %E}E WS HolA Fgkoy FME (b=

HAHT vps HrtE o] o ‘51’9}‘3}.

m‘I ?0
R
9,
rlr
N
=
(e}

(W) dxeo Wzl
b H7F 2o TR VI § dR= WstE SAR A3(Table 17), vhs H7bEe] Be
2 wF Jgto] ARNEFE dut oo Z/E AT BAAE AF QEE 377-490%

Ty

daTs by 10% AFERE FAT 9RO 20% ol AN GEE FeHoR b

Skal, WE 6 FAtol= 477-620%= S7FeETE A d2 nA=e] AFel v Tad dds
atr, ol & WA AGdE Fo (Mok CK & 2005) shArb #ogh A9 A8 Zhgh &
o w %X‘Oﬂ GddFe FH ndst, HETH 22 AAWS FEsts Aol ddHA v
(Kim JD & 1995, Park B] & 2002). o]= <laf €49 AdsEs ol AL T8% 84
= e =, A 3 FEdde st dubdor AlgE = e MU vEs adE
FASE AFE FEol 71o1E = = FARY WS Este] A Aus AaAT=
AZE 3 7 WRle]l d 5 Sle Aoz ARG, ojd WA vie Fdge] A& TR
v AFgxA 5 nHs) AA8F HUME A AL FE Ve Fole® 71 5 9l

Eal
= FAEE A
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Table 16. Changes in Hunter’s color value of garlic Doemnjang during fermentation for 6 weeks

Garlic Fermentation periods (week)
Items  content
0) 0 1 2 3 ! ° i

0 532+10%  495:137  486+0.7°  475:08"°  476:067  472:11°Y  465:04"
10 525+16% 492411 480+15™P  477+12°C 4674127 458+17™ 457412

L 20 525+1.1%  498+12%  471+15™  471+14C  459+18%C 452405 445417
30 5251167 49.0+0.8°  463+14"  457+09"°  455+06" 439410 440+16%
0 52402 564037 564037  55+02"  57+04  55+02F  58+0.3™
10 46:03" 5104 50:06™°  49:05"°  47:03  49:06™°  47:03"

a 20 424034 48403 45+06™C  51+057  46+03% 444038 45+0448C
30 49404 52+02C  45+03%  50+03% 50403 45:05™  47+04"°
0 170:05°  159+1.3“F 165057  156+09™  160+04™° 152¢1.1"  164+05™

b 10 164+08™  162+08°  155+1.1™C  145+16™F  141+16"  139+1.7"  141+1.2%

20 157+08°  158+1.1°  154+13°  152+07™°  143+05"  133x07  132+1.1*%
30 166:1.2°F 161208 14110 152+1.0"P 1474135 134+09° 13611

Each value represents meantSD (n=5)
4 Means with different in the same column are significantly different at p<0.05.
A Means with different superscript in the same row are significantly different at p<0.05.

Table 17. Changes in salinity of garlic Doenjang during fermentation for 6 weeks. (%)
Garlic Fermentation periods (week)
content
(%) 0 1 2 3 4 5 6
0 490£0.10*  573+0.06"  580+017" 593+021%¢  570+035®  597+0.06¢  6.20+0.00°

10 487040 52340128 5074015  5.23+0.065¢  507+0.06*"  547+0.06°°  560+0.10
20 437+0.15"%  450+0.00™%  450+017™"  4.73+0.06™  467x0.06™C 500000  5.20+0.17"
30 377+0.15°  410+0.00™  4.07+0.06°  430+017°P  380+0.10°%  443+0.06%  4.77+0.15%

Each value represents meantSD (n=5)
4 Means with different in the same column are significantly different at p<0.05.
AE Means with different superscript in the same row are significantly different at p<0.05.

Table 18. Changes in pH and TA of garlic Doenjang during fermentation for 6 weeks

Garlic Fermentation periods (week)
Items content
o 0 ! . ’ i i :

0 815:002" 678:005°  648:001"  696:0.02"  679:002°  659:013"  682:001™
10 807:004™  683:003" 644009 690002 678006  660:0.10°  6.79+0.04™
20 79:002%  684+002°  650£001"  689:0027  677:002° 667001 678:001°
30 796003 634002 651001 690:001"  679:000°  670:001"  680+0.01"F
0 0067+0001** 0.166+0.009 0.136+0.005” 0.0990.001" 00950001 0.106+0.002 0.118+0.001*"
TA 10 00700002 0.154+0.003" 0.128+0.003° 0.098+0.001% 0.099:0.001® 0.099£0.003" 0.128+0.002"
(%) 20 0076x0.004™* 0.167+0.002" 0.125+0.001 0.094£0.001™ 0.09%4+0.001" 0.094+0.002" 0.125+0.001™

30 080£0.001" 0.159+0.000™ 0.122+0.003"  0.092+0.000°° 0.091£0.001° 0.083+0.003" 0.118+0.001"

Each value represents meantSD (n=5)
a4 Means with different in the same column are significantly different at p<0.05.
AT Means with different superscript in the same row are significantly different at p<0.05.

pH
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(th pH 2 AAsEe] W
b Ege] WE 7)bd pH @ MRS 24 Avb: Table 189 2k pHE ®4 A%
A wE AmoA o 800 ES Loy WE 15 2 Eow Fadte] 678684
%1, ol 67868290 vl W7ol WE pH Aol glo} vle] ool HAe)

ol =

pHel A5 4el 9ate vA4 2 Zow gekw)
% 5
]

4guse 3% 9F A% ﬂw ulastel WA 1 A 2 o Frbstgd, oE
PHE| Wstsh Axshs Avtgieh MR 2 FARE 2L ARG gasts 2L nojvt W
£ 6 ) thA] Fbshel 0118-0.128%9 WAKT, vhE Wbl ME oA FAF 4F
of gloith MARD B 5HAe WAbF BFL BRI Fol FAe] 2 F Fo AXI =
ettt o Fol A@Tel Wk fmal FhsAu ta gadtn nusel o
(Park WP 5 2006). vh H7HE gl W& F pHsh A% W3 AREER v]FolR o vhEg
3006717 ks e wael e B4 FANels 2 9ue A4 8¢ & 5 A

(2h) @
Table 19: = 3
)} FAAAEA, AL A3 o5

r*°
Hi‘ﬂ
o
1o
E
rin, fo

=
B9 o oEad o U8 Fo Dol A9 Bene) 9%E =

Table 19. Changes in reducing sugar content of garlic Doenjang during fermentation for 6

weeks. (g/100 g)
Garlic Fermentation periods (week)
content
(%) 0 1 2 3 4 5 6

0 499+0.06™ 896+0.24%  896+0.18F  10.04+0.11°  9.90+0.07°°  11.09+0.23  12.09+0.11""
10 5.66=0.07"  850+0.07"  9.36+0.13%  953+0.08"  10.20+0.10*  11.01+0.01™"  12.45+0.04™
20 518+0.05"*  8.00+0.08™  7.71+0.01"°  9.16+0.06  9.62+0.09"  10.83+0.05"  12.38+0.04°"
30 531+0.05°%  7.27+0.14 749 +0.04° 851+0.017  9.68+0.08"  9.93+0.02"  11.87+0.05™

Each value represents meantSD (n=5)
a4 Means with different in the same column are significantly different at p<0.05.
AG Means with different superscript in the same row are significantly different at p<0.05.

Table 20. Changes in amino nitrogen content of garlic Doenjang during fermentation for

6 weeks. (mg%)
Garlic Fermentation periods (week)
content
©9) 0 1 2 3 4 5 6

0 23158+15.14%  28338+26.41"°  356.79+25.01% 523382237 539.23+10517  59245+7.21F  546.88+12.30"
10 19540+1339™" 2663741333  32875+2752C 516254120670 511.70+741™  54307+5658° 535.33+14.96"
20 222.39+362"% 260982849 401424887 50007689 500.73+476™  566.63+1687F  551.19+958™"
30 206064553 2433241227 376.43+1089™  4R.72+12647  45337+1301"  544.09+29.75"  553.16:21. 50"

Each value represents meantSD (n=b)
4 Means with different in the same column are significantly different at p<0.05.
AT Means with different superscript in the same row are significantly different at p<0.05.
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CHETe A9 ' 3 Tl opnweE Aa Fgo] M 2 Z7}
23 38— 59245 mg% HAAT. vis 10% A7 e] A5 A= H] 3|
F7HA opul ] AA FheFo] oSl FUFeATHE 1 o] SR HE ¥ 37}
AR(Tt \ts 30% A7 AL wEg 5 FUHA] X EFOoZ olu|H AL o] =718

e
Zkol
1o

ELEL
rr x2
roon
N
5

ot} vkE H7bE wEpA = Zelrt dEd ¥ @E AFdE viE HUEE B
o] B ¥ drEFoldrt. HF 6 Fol ofn e AL ?;;ako 535.33-553.16 mg%= Al
el iAo Sual diFe g 3 AR =& 19540-592.45 mg%e] $F
FHA7NEE KA AoE ddHh

o

(vh) 8 ofm At $heF WSt

=S HUbehA] &2 "dF (WxaH)e] 6 7 3 Hegds FE obnwAt EFS SAS 4
= Table 21 YERAATE F 78 obn| x4t 52 Ax 2% 336594 mg/100 g o]l 2
& 4 F32 7040.78 mg/100 g 7HA| F7Fske g 5 FAEREH FAstelA 6 FRFo = 4990.53
mg/100 go] ATt 2 Fafel] fre ofn| =it aFo] dFef vlauste] 7B ®ol kst

1 Fo @wol] gfH f8 o}n| A2 L-glutamic acid, L-arginine, L-isoleucines ©] il
£3] L-glutamic acid <7F7} 714 S2l8tth. L-glutamic acid &% tﬂﬁ}—— Z F9 ofnx=
Ab e sl AP dAEATh Al A$ 39731 mg/100 gollAl & 4 FARel 1480.29
mg/100 g2 ¢ 37 #} F7Fstal 5, 6 T = HAastEA 6 Tk 1224.68 mg/100 gol %l
o web "3l f8 olvwat & ek WIle L-glutamic acid €% F7o] 7FE 9
Wol] & Aoz AZHATY. L-glutamic acide ¢43s 7154 S Ad GABAS ATtEHo|H
Al (Bae JO & 2012) 53 2& e o= &#A At (Yang SH 5 1992).

Table 21. Changes in free amino acids contents of Doenjang without garlic during
fermentation for 6 weeks (mg/100 g)

Fermentation periods (week)

Free amino acids

0 1 2 3 4 5 6
L-Threonine 91.10 13353 200.79 226.03 280.57 251.58 242.69
L-Serine 115.56 247.81 270.25 32275 382.02 353.17 316.87
L-Asparagine 156.81 189.47 95.65 51.47 108.11 33.72 39.41
L-Glutamic acid 397.31 919.42 1201.70 1147.35 1480.29 1301.25 1224.68
Sarcosine 162.66 131.86 87.08 90.34 165.81 45.69 40.36
L-Proline 196.25 260.34 206.36 209.86 299.76 22812 174.62
Glycine 63.18 130.99 14756 174.77 199.82 192.70 175.90
L-Alanine 147.35 253.77 265.20 326.69 328.98 334.19 279.06
L-Valine 152.14 260.57 274.41 320.35 356.65 339.81 303.42
L-Cystine 10.63 4452 5.90 41.67 58.36 4253 30.23
L-Methionine 100.74 140.73 137.58 154.81 171.70 152.89 11741
L-Isoleucine 221.11 342.41 353.59 337.40 379.08 370.95 324.04
L-Leucine 109.79 204.72 210.33 222.01 263.73 230.28 198.23
L-Tyrosine 133.63 148.30 128.08 129.37 1203.77 123.70 82.12
B-Alanine 136.47 207.56 212.25 231.26 15.16 236.26 203.25
L-Homocystine 122.82 126.39 107.84 109.36 87.89 99.45 51.87
§-Hydroxylysine 73.69 73.36 65.07 70.50 16.39 69.50 2313
Ornithine 223.06 345.44 351.43 376.85 162.10 380.62 309.87
L-Lysine 18.02 16.51 14.47 21.03 947 19.83 7.71
L-Histidine 261.27 241.64 241.62 295.19 248.64 295.79 93.25
L-Arginine 472.34 705.36 747.08 823.84 822.47 836.92 752.39
Total 3365.94 5124.72 5324.25 5682.91 7040.78 5938.97 4990.53
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A3} (Table

22), ETH w72 f8] oln|eil & e wE 4 FA7KA] SIS I o3 2=

stk 10% vks M7 93 gizaty vlaste] f8 ofuiile] Az AT
kel

weg 10% A7bekel AxS BA WE F el ofulwa FFe 4w
2k
[c]

a

3
=07 W Algbe] A gle] wet ohA gAY vl S=sk AdE Koyt g $RE (5-6F1)
o= o ¥ 6 Fxbol|l 5852.27 mg/100 g= YHEFH AT, L-glutamic acid®} L-arginine & %°]
9 ol F fg ofn| Al &y L-glutamic acid 7 3Fo] o X &t}

Table 22. Changes in free amino acids contents of Doenjang with 10% garlic during
fermentation for 6 weeks. (mg/100 g)

Fermentation periods (week)

Free amino acids

0 1 2 3 4 5 6
L-Threonine 101.69 121.98 212.01 250.29 275.72 261.56 256.70
L-Serine 131.61 201.76 295.14 317.66 361.46 372.53 368.26
L-Asparagine 107.39 102.39 85.22 38.83 90.30 29.99 44 25
L-Glutamic acid 509.93 449.82 1128.26 1291.01 1361.36 1355.79 1328.96
Sarcosine 115.40 87.62 134.66 116.89 146.94 79.23 79.29
L-Proline 188.56 138.23 239.69 167.89 273.56 225.21 235.98
Glycine 71.84 94.64 153.97 188.35 191.57 199.87 200.01
L-Alanine 154.50 187.46 288.36 329.29 309.32 340.18 317.99
L-Valine 131.06 200.58 309.03 315.45 359.22 370.82 342.93
L-Cystine 26.00 55.06 50.71 28.15 62.82 47.08 38.89
L-Methionine 111.01 97.81 144.05 140.26 157.77 153.67 148.22
L-Isoleucine 235.69 296.99 341.09 34451 368.35 386.12 427.26
L-Leucine 85.09 163.47 203.38 216.12 240.59 233.18 235.42
L-Tyrosine 122.66 104.28 139.60 63.83 149.34 113.07 119.59
B-Alanine 145.30 107.02 209.40 229.19 240.44 241.86 240.29
L-Homocystine 132.74 4471 118.62 66.37 112.88 103.07 90.55
§-Hydroxylysine 81.67 64.38 70.51 24.74 70.35 71.63 58.03
Ornithine 189.47 280.14 349.15 337.98 376.90 384.57 368.90
L-Lysine 24.41 19.71 19.17 3.34 15.49 17.56 19.27
L-Histidine 259.34 264.52 285.97 301.60 283.90 350.04 100.10
L-Arginine 635.31 629.45 831.31 913.49 923.71 958.54 831.36
Total 3560.68 3712.01 5609.31 5685.22 6371.98 6295.55 5852.27
Table 232 20% vts #H7F 949 6 F3te] a7t 5 F8 olvx=t &= ¥sgs 54
st AxE gz 2 10% vis H7be de] 2av|dd mE dAS dHSs HolX il
ErF e S-S Yt e obn Al s 7P SERAIRE 7H wo] s E ofbm Atk
5-90] L-glutamic acid®} L-arginine ¢! d& 4 F Alg3 2. @349 Fa ofv] =4t
L urs AARAAE FQ3 g¢ow A8 WEew warv|zte wel xpolrp g, Al B
o 5 wbol] W3t 7]od == leucine} isoleucine #-& &uk A Eo] 71 Z G wXH
cystine, aspartic acid, glutamic acid®} #-2 53 9t AFo] I TFo2 JTFS T AS
2 dHA Jdot (Yang SH 5 1992). ¥ A+ A3} L-isoleucine £ & ot AEE9] UA =

A HAEEHF oY, L-glutamic acid’} E4 1 o] shfuo] o] dAA <l ®HAo] Fnjo=
A FFS vHA E Aoz FokE)

30% vhs WrtEEe waE T Al oAl % W3l (Table 24)& 307} ¢4 A BT E
3} Zol7} Qllth wE s)zbo] Aste] wel = S ofnnAt ek X ZrtEda Al
= i E AmaEd vE v wgou FEd Fhet
1g 6 FAlE BRE ARTE T 7P ES $£X<Q 6692.38 mg/100 gol
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Table 23. Changes in free amino acids contents of Doenjang with 20% garlic during

fermentation for 6 weeks. (mg/100 g)
Free amino acids Fermentation periods (week)
0 1 2 3 4 5 6
L-Threonine 68.40 101.44 210.12 189.52 210.76 247.36 250.26
L-Serine 90.14 144.76 290.96 280.18 295.00 347.85 335.81
L-Asparagine 88.71 74.56 97.01 42.12 29.38 27.15 35.87
L-Glutamic acid 429.78 572.69 1154.37 1120.38 1151.80 1323.03 1246.76
Sarcosine 95.29 107.78 126.82 69.08 42.93 35.69 69.73
L-Proline 91.27 161.08 241.58 166.70 148.28 205.12 199.38
Glycine 51.29 74.75 151.44 150.07 155.33 188.17 177.03
L-Alanine 125.80 155.27 281.43 277.13 268.10 318.44 290.31
L-Valine 133.29 188.72 343.00 31791 300.57 358.76 334.15
L-Cystine 39.82 50.06 7.32 42.73 27.60 4797 33.01
L-Methionine 63.67 109.04 141.00 127.68 104.39 138.98 112.07
L-Isoleucine 180.18 209.32 328.76 323.80 320.31 373.16 339.31
L-Leucine 81.68 115.80 194.14 188.57 165.62 216.03 184.47
L-Tyrosine 43.90 115.40 138.82 106.56 43.62 115.88 55.74
B-Alanine 97.79 117.36 208.93 197.70 181.94 229.27 196.37
L-Homocystine 55.68 88.97 114.77 94.99 4778 95.17 43.84
§-Hydroxylysine 28.35 60.81 70.52 61.58 23.00 61.95 14.90
Ornithine 183.45 211.63 348.06 349.38 287.34 369.33 292.48
L-Lysine 4.16 17.92 18.83 16.81 15.77 29.97 2.43
L-Histidine 257.17 240.35 237.84 249.09 241.03 211.41 35.79
L-Arginine 683.85 776.78 926.17 900.72 781.97 998.66 801.38
Total 2893.68 3694.49 5631.89 5272.710 484253 5939.34 5051.07
Ab) ol AxZetE sk Wl
nts H7F @49 olAZgE Sk W3l Table 259 #ul vlE FF M= TEZHOR
12 9] o|AZgE F=A7F AEHAT Ax A3 olAZFetE a2 498.76-668.93 ug/g°l
Ao} dwrgA|7to]l At we o FdEHe A E AITS B 6 FxloE 361.10-448.05
pg/eollh PHE S HobE A e dxpol va ks Hr BFY ol aZeR e ta
Soy vis HAUb mE 8 e AdE HolA = {4kt ¥R X7+ glycoside
2} malonylglycoside 2 WA o] ol Fehy gakol wkor) ww Al weh o ¢
g sty vwidA Feit St AR A% v A P9 daidzein, glycitein,

genistein &S Z}7F 36.70-51.08 ug/g, 5.12-7.29 ug/g, 12.79-15.05 ug/golRA o}t 6 Fafol =
118.33-153.05 ug/g, 34.71-40.59 pg/g, 83.94-103.69 ug/g= =LA F7}stA .

(oh) "AE 4 W3}
s "o gzt =

Bacillus w5 29 % @ &g 27|5E 2 G8Ad7HA FAHE ¢S HEYA L

w, vls sheke] o} ¥

Arstr 2a 4

@ A vis H1% 0E T FA 54 W
(b M) Wa
WE| kel We o sEY npsHde] Ax
e g ¥Ed mE BAH §
57.8-583°.% W 7)ol kgl we}

3= el 23 Table 263 2ok L 3k
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, 4 Fol 46-49 B FoA R EoL o]%F
1952 6%9) 8% WrbweldE WE

L OREII Ats el BiHAW 34
W felas vvshe,

2 F ol Freh: gL mof
39t FAES YehiE b e 2
ol Zol7b 1AL, 10%9F 12% 419

Ao} AAHoZ Al zjo]d

—‘U.Lu
"1
=2
2

() d= wisf

S 10% H7beta, A9 HbES 6-12%2 DElstel Axd 94 wav|ne uE 4
w5 ST A% (Table 27), BEVIO] BALFH S/ AFs wef Ax AF
323-587%% ot TE 6 F o 4.07-680% $ith Ku KH 5 (2009)
A% B4 549 WaE uy) Aol QED 24 A%, BF YLD o 1%z 24
Azst & o A= A5 13.28-14.05%1A a7k Aol wep & Wss "ol vt
el wh gled ol @ T Asteks Aoz} vk Kim HE %— (20112 o} ojf B 'Zo}

ARZoR Az 9Fe] d=rt HEIT F vF Aeegun Buaga ol B A7Z
sop A} Bgel o TR 9F FAL Grati=d o] Fod AR HE opvny)
A2 9 B9 gl YT Fe Ao® dHA A3, 9§ TEIF HLFES o5 g

S/t Aoz dHA At (Lee JYSF Mok CK 2010).

Table 24. Changes in free amino acids contents of Doenjang with 30% garlic during
fermentation for 6 weeks. (mg/100 g)

Fermentation periods (week)

Free amino acids

0 1 2 3 4 5 6
L-Threonine 66.08 108.17 178.68 198.04 233.84 235.13 2462.04
L-Serine 113.26 149.72 257.62 290.22 323.58 320.32 0.00
L-Asparagine 84.69 62.48 4518 4043 33.50 36.15 20.41
L-Glutamic acid 482.84 873.02 1067.84 1184.11 1269.56 1272.18 1242.46
Sarcosine 101.42 128.10 45.30 70.75 66.70 86.71 43.06
L-Proline 85.61 215.20 131.79 177.21 202.06 214.16 170.15
Glycine 42.21 110.47 138.01 140.19 177.834 175.47 168.24
L-Alanine 129.48 142.38 259.32 292.61 310.46 304.32 276.26
L-Valine 13341 194.53 286.45 346.81 376.29 372.73 326.70
L-Cystine 65.19 63.54 31.87 4812 48.83 50.24 30.89
L-Methionine 7343 119.09 108.76 130.21 134.06 131.44 111.12
L-Isoleucine 177.52 293.58 305.50 342.16 359.34 356.18 322.16
L-Leucine 93.14 164.75 164.18 198.52 212.18 207.30 182.42
L-Tyrosine 54.74 143.16 56.14 112.90 112.56 121.28 65.10
B-Alanine 95.94 172.85 182.64 216.45 229.99 219.53 195.69
L-Homocystine 53.79 115.15 55.31 97.87 62.18 95.19 46.82
&-Hydroxylysine 28.33 60.89 28.08 64.70 74.21 69.76 22.46
Ornithine 181.42 204.89 298.28 357.61 291.34 358.05 295.66
L-Lysine 4772 17.31 17.38 16.22 15.77 30.05 2.04
L-Histidine 216.02 196.12 243.89 185.84 187.95 196.37 29.47
L-Arginine 769.38 864.32 907.76 1025.70 937.30 1009.48 679.22
Total 3052.62 4399.71 4809.97 5636.66 5659.56 5862.54 6692.38
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Table 25. Changes in isoflavone contents of garlic Doenjang during fermentation for 6 weeks.

Garlic Ferm. Glycosides Malonylglycosides Acetylglycosides Aglycones
Conc. periods Totals
(%) (week) Daidzin Glycitin Genistin Daidzin Glycitin Genistin Daidzin Glycitin ~ Genistin Daidzein Glycitein ~ Genistein
0 196.369.82 100.19+4.01 206.33£10.32 22.22£1.33 3147£1.89 37.27:1.86 nd” nd nd 51.083.06 729044 13.72£0.69 668.93
1 133.12 +6.66 62.80+3.14 126.74£5.07 33.34£2.00 33.27£1.33 50.59+3.34 15.03£0.90 10.92+0.66 546+0.33 14368862 53.65£2.68 105.18+6.31 11887
2 90.0745.40 3333167 71.98+4.32 1840£0.92 19.22+0.96 33.00+1.94 i’ 4980.25 nd 12700£6.3 34.48+1.72 79.79£3.99 5163
0 3 779243.12 30.22+193 56.483.39 17.90:0.90 19.82+0.79 34561207 0.8420.05 590£0.35 nd 153.22+7.66 41.20£2.47 98.78+4.94 538.86
4 50.76+2.79 259015 3243t1.9% 13.78£0.69 17.68:0.83 29.79:1.79 tr 482+0.29 nd 141.35£7.07 36.82£2.21 9292465 451.25
5 45.90£2.30 2458147 24.34+1.46 13.37£0.67 17451.05 31.40£1.57 tr 454£0.27 nd 148777 44 3743187 99.38+4.97 44716
6 41.64+2.50 25.24+151 21.80£1.08 12.18+0.73 16.50£3.40 31.27:1.88 tr 4524018 nd 153.05:9318 38.16:1.91 103.69£5.18 48,05
0 200.08£12.00 10798540 207.70+8.31 20.89:1.25 18.22+1.09 29.25:1.76 5.20£0.26 1.43+0.06 0.7210.04 36.70+1.84 6.840.41 1505£0.75 650.06
1 93.31£5.96 2991120 74.38+4.46 14.13+0.71 15.30£0.77 23.35:0.93 3.3620.17 0.7120.04 0.35£0.02 89.65+4.43 2843+1.42 5691341 42919
2 79.07+4.74 25.06:1.50 58.86:2.94 14.01£0.70 15.13+0.76 2353047 464:0.28 0582052 0.29:0.02 114244571 30.30+2.12 76.67+4.60 4743
10 3 67.3613.37 25.11£1.00 44773+2.24 13.85:0.83 15.55+047 23.63+1.42 763£0.31 05420.03 0.27:0.02 135.2616.76 42.04£2.10 92.59+4.63 46856
4 47544238 15.71£094 2581155 9562057 12.28+0.74 21.49+1.29 1.07:0.06 36120.18 1.80£0.09 140.77+8 45 42.40£2.12 102.9246.18 424.96
5 34.16£1.37 13.76:0.69 1197:0.72 6.33:0.25 1096044 17.78:0.71 tr 3.200.16 1.60+0.08 1245946.23 36.12+2.17 92.64£463 30311
6 31074155 1469038 8.6320.34 6.0220.02 11.00£055 17.49+0.87 0.35£0.02 296018 1.48+0.06 131.4646.56 37.60+2.26 98.354.92 3611
0 160.16£9.61 65.94+3.15 166.46+8.32 11.29+0.56 12.18+0.73 22.61£1.36 nd 0.750.04 0.3820.02 40.54+2.43 51210.31 13.33£0.80 498.76
1 87.13+4.36 2611157 59.87+2.99 14.25+0.86 17.371.04 23.05+1.38 4542007 0.800.05 0.400.02 110.835.54 3879+1.94 TATT£374 45791
2 54.70+2.73 1481089 2653+1.06 8812053 13.10:0.66 16.63:2.83 tr 3.32:0.20 nd 114.95+6.90 36.99:1.85 84.33+4.22 31417
20 3 3745£2.25 20.60t1.54 12.87:0.77 560£0.34 11.02£044 15.22:091 tr 294+0.18 nd 120.616.03 371.08+1.80 87.334.37 30571
4 2882£1.73 2483149 579:0.29 4.390.22 11.24+0.67 14.55¢0.73 tr 3.110.19 nd 118.15¢5.91 39.70+1.9% 80.44+5.13 336.07
5 2103£1.05 nd’ ! 1.300.08 nd 12.37:0.74 nd 2594016 nd 15744694 3620181 8145407 27768
6 23.20:1.39 nd 1.8410.11 222:0.13 977059 12.46+0.75 0.460.02 270:0.16 nd 11833592 34.71+2.06 83.945.04 289,63
0 147552885 66.90£3.35 117.135.86 15.14£8 61 17.76+0.89 20.23£1.21 tr 04520.02 0.23£0.01 48.24+2.41 5.39£0.27 12.79+0.64 385.39
1 73.0243.65 2397£120 4747237 11.39+0.68 1445+0.87 14247570 0.38£0.02 420£0.21 210013 88.3915.30 30.83+1.8 62.093.73 500.76
2 37.70£1.86 nd 10.93:0.55 1.52:0.07 nd 1361:0.82 nd 21120.13 nd 98.98+5.94 30.78+1.64 70.32+352 268.00
30 3 33414167 nd 9.36:0.56 435:0.22 11.18+056 14.01£0.70 tr 2.8420.14 nd 10841542 36.37+2.18 1864+4.72 2B.57
4 2846£1.53 nd 6.10£0.37 416£0.21 10.78£0.65 1321£0.79 1.61£0.10 319:0.19 nd 126.58+6.33 43461217 89.60+5.34 32120
5 25.36£1.52 nd 351£0.21 307018 19.82:0.79 11.33£0.57 nd 3.12:0.19 nd 11894+7.14 30.632.38 82.38+4.94 307.16
6 24.30£1.22 nd 1.80£0.11 9492057 11.40£057 10.93+0.66 9.35£0.56 342017 nd 13171£7.90 40.59+2.44 91.19+456 334.23
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Fig. 21. Changes in viable cell, Bacillus (A) and yeast (B) of added garlic Doenjang
during fermentation for 6 weeks.

Table 26. Change on Hunter's color value of low salted garlic Doenjang during
fermentation

Ftems NaCl Fermentation periods (week)
(%) 0 1 2 3 4 5 6
6 62.9+0.9" 62.1+1.3"7 60.9+1.0™ 595:1.0™ 58813 58411 53.1+0.6™
L 8 63.2+1.5" 62.9+0.7* 60.3t1.1°  594+13"¢  589+1.1™  582+15%  583+0.7*"

10 62613 619+1.3%  607+1.3"  597:04" 580411  583:12"  57.8+05™
12 62808  621#12™  6L0+11™  604+11*"  596:10™  589+05""  579+25™
6 42403 45503 46£0.3™ 46+0.2" 49404 46+0.3™ 46:0.3™
8 42+05" 42+0.3" 4604 51:0.3%  48+03™  47:04% 46+0.3"

a 10 445047 43:03"Y  42:05™ 46£03"%  49+02" 46203" 4502
12 41402 45203™C  42:04™ 45803 46804 45503 46406
6 1732047 173117 175406 1744037 1842097  171:05"  174+06™
8 175£05™*  176£06* 17605  179+05™ 17807  177:06™  174:07°
10 179:04™° 17507 16805  17.3:06™  183+1.0"  178+05™"  17.1+0.3*"
12 176£08™ 18405 17405 175:06™° 184404  17.3:09™"  16.8+1.3"

Each value represents meantSD (n=5)
a4 Means with different in the same column are significantly different at p<0.05.
¥ Means with different superscript in the same row are significantly different at p<0.05.

Table 27. Changes in salinity of low salted garlic Doenjang during fermentation 6 weeks.

(%)
Fermentation periods (week)
NaCl (%) 0 I 2 3 i 5 5
6 323+021™* 353006  3.60+0.00"  3.80+0.00C  387+0.06  380+0.10°C  4.07+0.06"
8 423+0.06™  393+0.06"  447+0.06™  450+0.00"  4.40+0.17°  470:0.10°°  4.37+0.06"
10 437+0.06™  537+0.06"  533x0.12%  550+0.10%  573+0.06C  550+0.10%  580+0.17
12 587015 5404000  580+0.10%  6.10+0.10°  6.80+0.10°  6.20+0.10°  6.80+0.00%
FEach value represents meantSD (n=5)
4 Means with different in the same column are significantly different at p<0.05.
¥ Means with different superscript in the same row are significantly different at p<0.05.
(r/}) pH 2 ;H;G /\].1:/] tﬂ@r
d T=7) ‘:]'E 10% w71 9HES FaA7IHA FE5E59 pH 2 AT HEE =
A3ttt (Table 28). 21999 H7lFeol w2 F3e pHE A4 Foxe= gldled, &gzt
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o] ZAuste] wet foJekA FASHA T EEV*er 2o g AES dubdor drgay Fo
pHE Asalil A %«7}8}&1 Choi SY % 2006), ¢l =% 2elste] Az rpzist
HE AA ol¢} dXAete= AFS B LEv|gte] AoAWA AtEe FUlkste] Alx A%
0.076-0.085%°1 A4 &g 6 T2t = 0.131-0.149% At} A7} S718k= A2 lactic acid, acetic
acid, oxalic acid, succinic acid 53 22 F7]4ke] 23 Aoz AZHE =Y, Kum JS¢ Han
O (19972 waaA F+ ¥4 pH A4 9 A% S7te AAdE dARgo 2 AdEE= #7]
e FA A 7]QlE At Baisk T

)

O

Table 28. Change on pH and acid level of low salted garlic Doenjang during fermentation
for 6 weeks

Ttems NaCl Fermentation periods (week)

(%) 0 1 9 3 4 5 6

6 758+0.03™ 7.22+0,02" 7064002 696+0.01C  688:0.02°  688:0.01° 677002
H 8 7610.01" 7.28+0.02" 710:0.03°  694:0.06™  691+001™®  691:0.01"™"  683001™

10 759+0.02 7.35+0.01* 7.15£0.01 700:0.02°  693+0.01"  695+0.02"  690000™
12 760£001"  739:000%  7.19:001"  7.09:001°C  699:004®  700:001"  691:006™
6 00850001 0.113:0.004"  0.126:0.002°  0.131:0.003"  0.1370.005™  0.1380.001"  0.149+0.002"
Acid 8 0077+0.002*  01020.005™  0.121£0.003°  0.126+0.007"  0.127+0.003°  0.1340.003"  0.138+0.002"
(%) 10 0077+0.002**  0.101£0.008™  0.1160.002  0.123+0.006™  0.123£0.005C  0.1330.004"  0.134+0.001"
1200760002 0.091£0.000™  0.111£0.003°  0.116£0.001"  0.123+0.003" 0.128:0.003"  0.1310.003"

Each value represents meantSD (n=5)
4 Means with different in the same column are significantly different at p<0.05.
¥ Means with different superscript in the same row are significantly different at p<0.05.

(2h) &3 Fel Wz}

Table 29+ AF7|7te] & ¢ g5l vfsdd 34T 4 A=, Hda7)|ite] gt

TE 9T FEFe Folder FUEY A AdEETt 2555 99 el ¢ vkt #
XP ﬂlzﬂfﬁ— 41 9 6% H7F A8 9T THS 188 g/100 go & 8 10 E 12% & H7+
of wlal Zk7} 1.6%, 26.6% 2 287% U =3kt A 6% M7 A9 HE 6 T FYSD
sheke 913 g/lOO go 2 Az AFo vl 49 6 TR, A9 10%F 12% H7hw2 7+
7} 794 g/100 g 2 725 g/100 g & e ¥ FRdA v F71EZS 57 viel 54 v A o]t}

Table 29. Change on reducing sugar content of low salted garlic Doenjang during

fermentation for 6 weeks. (g/100 g)
NaCl Fermentation periods (week)
(%) 0 1 2 3 4 5 6

6 1.83+0.02"  342+0.03"  513+0.15°  622+0.11°7  751£056™  7.39+0.01F  9.13+0.17°
8 1.85£0.20"*  3.11+0.01" 5044008  594+0.07"  687+0.22"  744+0.09F = 832+0.12F
10 138+0.01* 2924000  465+0.07° 571004  684+0.66™ = 6.86+0.04™  7.94+0.10™
12 1344001 227+0.01"  394+0.01°  497+0.07"  6.32:007"  617+007"  7.25+0.05"

Each value represents meantSD (n=5)
a4 Means with different in the same column are significantly different at p<0.05.
AT Means with different superscript in the same row are significantly different at p<0.05.

gdalste] Axd visdEde] o] A4 (Table 300 A9 s=7F S71E
| oy, ”alﬁ 717k0] Ao ALE oA Z7stg 2% Az AF A9 6%
A7bte] ofnE) A TS 11435 mg% I ot 219 12% HI7FEolAlE 101.96 mg%®E 1
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shaFo] o voked], wav)zt 7§T+9} ool 1 ghol Hak F7kete] 6 F Foll= 22 287.39
mg%29t 212.63 mg%= FAAQ FolaE ® i)

Table 30. Changes in amino nitrogen content of low salted garlic Doenjang during

fermentation. (mg%)
NaCl Fermentation periods (week)
(%) 0 1 2 3 4 5 6

6 11435+1311™ 1655949207 205144351 209.46+26.24 24884+6.98 274.00+3.03F 287.39+10.74"
8 127.32+826" 1465241197 196.63+30.61" 187.87+7.66™ 241.01+12.42° 230.14+1537™ 253.38+2.44
10 121114878 124.72+1459™ 15891+8.01™  156.79+8.17"  204.1949.27° 214.06+15.30"" 231.96+7.71""
12 101.96+12.15™ 129.42+42.96™ 117.28+13.14" 14580+11.07" 181.05+9.28" 188.36+5.95" 212.63+2.78"

Each value represents meantSD (n=5)
*d Means with different in the same column are significantly different at p<0.05.
AT Means with different superscript in the same row are significantly different at p<0.05.

(h) olaEebe & W3t

Table 312 A4 s&=9 vi=
&

& Aol wet olaEEE F FEFS Aase 4 15 1—t— 6636 679.96
ug/golQ ot BE 6 Fabol 19648 27599 ug/g R A mtol uhEh WA= 34 ), 2=
2.1 v skl ‘:} 29 H7F skol wE Aole AA FEHAA fdou 8% Z47};L°]
ol ow Ax AZde Auat F M A AEFEFS H ¥ BE 6 Tkl 7 fo
= ‘/]rE}LHM‘:} g AIZRe] Aol uwhet v A FEje] ol AT e Faska HEjEA
Fe7t S7tske Ax AT = AT Jo S] 5 (2011)e] Y|z e wE HFEde
ot TS S A, widA P daidzin, glycitin % genistin 7] EA|5 A
ow, Bl A PFENe] daidzein¥ genistein W& 7|7t we} Friste IS HAvka &)
R ol B AT Aot dA G

A9 s 2% vhs 10% H7F 94 ¥R F AdTE 54T A= Figo 229 2
th. Bacillus w7+ HE 1-2 F7HAE S7Fstd oy dart Agda5s SvsiA faske
S el (A). Wi e 23Rt e JAA Faste A¥ES UEdla TR
150 7HE o] vk Ad s&7t 5255 S8 o Bl #asiy B). 2¥E 2 F
THA = A wRel mE BEERS] w Aok oy HE 3 FHRE=E Aolgle]l EarH e v

2 =718 Egﬂp}

[e} ol =

o = l'--' -
%
5 =

B: Hi (1 Crlie)
E—] 1] e = o
l.: i i
e
N e — 7
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Fig. 22. Changes in cell number of Bacillus(A) and yeast (B) of low salted Doenjang during
fermentation for 6 weeks.
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Table 31. Changes in isoflavone contents of low salted garlic Doenjang during fermentation for 6 weeks

NaCl  Ferm. Glycosides Malonylglycosides Acetylglycosides Aglycones
periods Totals
(%) (week)  Daidzin Glycitin ~ Genistin Daidzin  Glycitin = Genistin Glycitin -~ Genistin Daidzein Glycitein Genistein
0 21723£1086 8559514 233.48+14.00 20294117 1754+070 4834019 nd " 31.67£1.58 nd 898+0.45 667.14
1 17646+883 5394324 151.08£9.06 21881167  2780+112 462418 298015 nd” 63141316  2418+121  53.64+268 55261
2 11593:696  2926+1.76  7357+393 244090  2522¢1.01  39.00£1.56 231014 nd 90.23:476  3043:152  8292+4.15 40846
6 3 R31£427 2683161  R6B£1.93 17281069  2598+1.04  3295£1.32 3.06£0.15 nd 12833+642  34.70:1.74 106584533 361.42
4 63.89+3.42 nd 20.341.02 1292052 2270091  26871.07 281+0.14 nd 125344627 3144+157  102.3845.12 2749
5 49.69+2.48 nd 9.89+0.59 5934024 1388#006  1967+0.79 1.09£0.05 nd 131884659  31.30+157  10752£5.38 232.08
6 3035152 nd 181011 2024008  11.09:044  16.88+0.68 1.09+0.00 nd 133244666 3013t151 10845542 196.48
0 196431982 91941460  247.25:12.36 30.32:182 25931156 5186311 5.14+0.26 nd 2858143 nd 7.20£0.36 67745
1 166241997 50664304 14260856 D01£154 24324146 44.04+2.64 2.37+0.12 nd 5213261 2044£1.02 4356218 50807
2 94131471 nd 52731211 12924078 1203072 3010181 1.16£0.06 nd 10494:525  3114+156 9458473 30801
8 3 T5.28+4.52 nd 39.59+2.34 1257405 1248+0.75  2898+1.74 1.120.06 nd 1078539 2938+147 9442472 20187
4 60.70+3.03 nd 2161£1.30 9801059  1121£067  2498:150 1.120.06 nd 116351582 3002¢150 9849492 2577
5 50.78+2.54 nd 1544093 8281050  11.74£070  2240+1.34 1.10£0.06 nd 118894594 29544148  99.24+4.96 22863
6 40.352.42 nd 856043 5514033 1006060 1989119 1.060.05 nd 122574613 29384147  100.29+5.01 203
0 1852341111 7882473 192.36+9.62 2497£160 12944078 4046+2.43 382023 191011 2187167 nd 7554045 568.38
1 17506£1050 43504261 151.13£7.56 277187 1374:082 4011241 1052006 0.52+0.03 5141£308  2079+125  44.82+2.69 499.29
2 109401657  RT72+2.32  T0.04£350 267188 2325£140  1750£1.05 206£0.12 nd 1889:473  2660£160  70.5424.23 362.58
10 3 8088521  3B57+231 4549182 074124 2433t146 3603216 208012 nd 94914569  2815+1.69  8249:4.9% 349.03
4 72731436 2864:143 2795168 17104108 1951£1.17  30.381.82 1.58+0.09 nd 112161673 3012+181 9565574 310.05
5 51.93+3.12 nd” 14.27+0.86 9564067  986+059  25.70+1.54 1.07£0.06 nd 11594696 2945¢177 9768586 231.33
6 4970249 245147 1255:0.75 1292078 2467t148 258015 175011 0872005 123154739 3027:182  102.23#6.13 299
0 077421246 93084558  224.47+11.22 3292¢1.08 24924150 55464333 5701034 285+0.17 32.84+1.97 nd 7.69+0.46 679.98
1 187068935 57.14#229  171.4610.29 2130£184  24.38+146  46.96+2.82 219:013  1.092007 44101265 17265104 3373£2.02 561.68
2 122024732 30.35+182  90.87#545 2087t126  22.14£1.33  3663+2.20 1.84+0.11 nd 0644+399  2340+140 57834347 391.16
12 3 108614543  2987+179  71.47+429 2027£122 23774143 36844221 248015 nd 8167526  2859:1.72 7361442 380.98
4 69.28+4.16 nd 33.29+1.66 9014054  992+060  25.26+1.52 0.83+0.05 nd 91.00¢546  2600£156  7894#4.74 23359
5 64151321 nd 31.021.86 8381050  10.19+061  2467:148 090005 nd 10258062 27.09:163  83.24:4.99 14956
6 50.34+3.02 nd 1856£1.11 7474044 11082066  23.09£1.39 0.99:0.06 nd 111.39:668  2831+170 93514561 22292
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Mok CK & (2005)2 8, 10, 12, 14%°] & #H7lsle] A %3k @42 4 F=o uat vl
E Foll #olE Holed, 9=7F BS54 A, ¥Fo] ¥ auvF AAAYga
g o #o3t= Bacillusts T2 7F4Ed 2405 AMEe] dSFEAS
g, do]l HI7IHEE e daHAHod= &Ado] nng Aoz dHA Ark (Lee NS¢ Oh

[e)

NS 1996). &xe] g #@4 Ha+= I8 Fnd 74 At T8 acloly AA
A BE aRE oW FE dox 7tAE WAAA dAAFTY ¥ 2 FEd JIFS
X 7] %= gtk (Mok CK & 2005). & AgollA e Wa 27| Bacillus 852 31 BbH &
B ASE A AL, #F 3 FHEE ol BT 94 oo vFE FXEA o A4 "
A ZA vts "7VE Bacillus BSL SRS E, o]l AAA7| I, 4He HE £EE
FA =Y 71998 Aoz HekE

(3) AAHEE S8 vi=S HUte vis @4 2E 5 F4 54 Wg

(7h) M=o w3z}

Ankg, Woluts, Wavts, SEvES H7Me 937 vie FE7F 949 6 T Hav]
7+ S A% WEl= Table 329 2uh L 2 @@ 7|gte] Ao upel BE A Sl {9
o7 ZFAFHI AlFmatke] Aol7h It A ke Alx A Fo} vlasle] dukHog
TE7|gke] wel Sk ew mies HUbehA @S ARk "Fo] wis Vb @A ERY 1

==
o =2
grol okt FAE = HEv|t 9 ASTE o] dAT ATFE Rolx ko)

Table 32. Changes in Hunter's color value of Doenjang added to each type of garlic during
fermentation for 6 weeks.

Sample Fermentation periods (week)

Codel) 0 1 2 3 4 5 6
C 620£15°  609+1.3" 59.7+1.0°% 59411 591+1.1* 500412 587+0.8"
NTG  626+1.1°C  606+14™ 603+1.0%  609+1.1"™  589+05" = 537+0.7**  588+15™
L SPG  622:0.7%  60.90.7" 59.8+1.2°  592+060C  593+06™°  538+05F  581+04™
FG 631207 60.6+1.0° 59.3+1.2%  594+05®  59.7+1.1%¢  59.0+09*" 58107
STG 62412  603+0.7°° 60010  598+1.1%%  500+16™" 5706  582+1.1%
C 47+06™ 48+0.4™ 5.0+0.27" 53+04% 5.3+0.3" 54+05" 54+04%
NTG 42+0.4 4.8+0.6™ 47+0.2™ 4604 49+0.2" 5.0+0.2" 48+0.8"
a SPG 4.0+0.4* 44035 42+02a"  47x04™F  46+02°P 47402 50+0.3"F
FG 440,24 47+0.4" 52+0.3% 48+0.375C  49+03PP  49+03PP  50+03"P
STG  43+05™  45:03"" 47403 504030°”  49+06P  51:02°P 52403
C 178:06" 170206  166:097  166:t1.0™%  169t06™ 17.2¢0.7°°  17.1:06™
NTG  173:05™ 172074 171409 172:05"  172¢04"* 17103  168+1.3*
p o SPG 166:07"  163:03*  164:07" 16206 165:04"  165:04™  165:06™

FG 17409 1670645 172+07°Y 16206  17.0£0.3™" 16606  165+04*"
STG  172+09™  166+07™ 16806  17.2¢07"  165+06  168+05™  17.2+1.1*

Items

Each value represents meantSD (n=5)

¢ Means with different in the same column are significantly different at p<0.05.

AE Means with different superscript in the same row are significantly different at p<0.05.

e ; Control, garlic not added sample, NTG ; non-treated fresh garlic, SPG ; sprouted garlic, FG ;
fermented garlic, STG ; steamed garlic
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Table 33. Changes in salinity of Doenjang added to each type of garlic during fermentation

(%)
Sample Fermentation periods (week)
code” 0 1 2 3 4 5 6
C 523+0.06* 557+0.15" 547+0.06" 590+0.00° 597+0.15° 587+0.06 6.00£0.10
NTG 523015 527+0.06™ 557+0.06" 5.77+0.12°" 560+017" 5630.12%" 567+0.15™
SPG  533+0.06° 5.30£0.10™" 537+0.06™ 560+0.10"° 543+0.06™ 5.17+0.06**" 507+0.12*
FG 5.17+0.06"* 547+0.15"% 543+ 0.06™" 5.63+0.06™ 5.63+0.06™ 5.40+0.00"® 5.77+0.06™
STG  5.33+0.12°P 523+0.06** 5.10£0.00** 5.30+0.10™" 5.13+0.06™*" 543+0.06™ 5.27+0.15*%P

Each value represents meantSD (n=5)
¢ Means with different in the same column are significantly different at p<0.05.

Y Means with different superscript in the same row are significantly different at p<0.05.
URefer to the footnote of Table 32.

(th) pH 2 A A 2= W)
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Table 34. Changes in pH and acid level of Doenjang added to each type of garlic during

fermentation for 6 weeks.

Ttems Sampll)e Fermentation periods (week)
code 0 1 2 3 4 5 6
C 777+001°F 743002 73440017 7.22+0.01°° 7124002  7.10£0.02"°  7.03+0.02"*
NTG 777002  7.40£0.02™"  7.33+0.02°"  7.23+0.01™  7.14+0.02"® 7.05+0.02™  7.05+0.02
pH SPG  7.76+0.02"  739+0.01™F  7.26+0.01"° 7.21+0.01°° 7.12+0.02" 7.03+0.01** 7.01+0.02"*
FG  7.72x0.02"F  736+0.01™  7.30+0.04° 721+0.07° 7.06+0.01™*  7.06x0.01**  7.01+0.01™*
STG  7.70+0.08"  7.37+0.06™  7.22+0.01°° 7.13+0.02"  7.06+0.01"  7.07+0.04"  6.97+0.04**
C 0.0689:0.000™  0.0940.006™  0104+0001°  0.107+0.001°  0.115+0.003°  0.118+0.002"  0.123+0.001™"
acg NG o.oagio.ootzi 0.091&'00253 o.ogrio.omf‘z O.lO4iO.(X)fD 0.104i0.001:;) 0.11710.001,‘;1“3F o.n&o.ooafG
o PG 00670001 0.000£0.002%  0.098+0.001C  0.106:0.002"  0.110=0.001°°  0.115+0.000™  0.119+0.001"
’ FG 00670004 00980002 01040006 0.112:0002”  0112:0008”  0.1110004”  0.119:0.008™
STG __ 0074:0006™  0097:0008" 01060004 0.115:0008"  0113:0008*” 0115:0008"  0.1250.001™*
Each value represents meantSD (n=3)
¢ Means with different in the same column are significantly different at p<0.05.
"% Means with different superscript in the same row are significantly different at p<0.05.
1)Refer to the footnote of Table 32.
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Table 35. Change on reducing sugar content of Doenjang added to each type of garlic

during fermentation for 6 weeks. (g/100 g)
Sample co e ; - %%rmentation geriods (weekz1 = 5
C 2.04+0.04™  439+0.04T  504+0.03°C  569+0.07"  663:0.03F  685+0.02F  7.97+0.37"
NTG 21240024 392+0.02"  4.94+0.05™° 5.39+0.05™  6.33+0.04™  6.39+0.03"  7.91+058"
SPG 2.05+0.01™*  447+0.03"  5.02+0.09°C 561+0.08""  647+0.07"  586+0.11"  7.07+0.29°
FG 208+0.01°%  410+0.01™  4.83+0.05°  5.09+0.26°  633+0.04°F 588+0.12"  754+0.17"F
STG 245+0.01% 476001 509+0.02°  554+0.06™”  6.24+0.03F  6.60+0.02"  7.18+0.18C

FEach value represents meantSD (n=3)
¢ Means with different in the same column are significantly different at p<0.05.
AG Means with different superscript in the same row are significantly different at p<0.05.

1)Refer to the footnote of Table 32.
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Table 36. Change on amino type nitrogen content of Doenjang added to each type of garlic

during fermentation for 6 weeks. (mg%)
Sample Fermentation periods (week)
code” 0 1 2 3 4 5 6

C  106.35£16.48" 16845:21.63" 200.49+1.80™ 214.68+252"" 216.35+1.63"" 220.26+4.78™  230.27+6.69"
NTG  102.82+667" 150104649 20796:5.34" 216.06+7.10°" 22052:2.80™" 196.45+31.32°°  237.48+9,05™
SPG 11066834 150.80+4.20" 207.32£361° 212.75:5.20° 210.79+8.34 226.69+10.79™  234.9120.01"
FG  11750:1593" 142224655 181.90+168 214.84:584™ 20503:1383% 239.66:3.14"  22372+4.17%
STG 114131144 148161843 180.82£9.36 220.92¢148™ 223.12:666™ 217.71£19.79"™  23054+3.20™

Each value represents meantSD (n=3)

¢ Means with different in the same column are significantly different at p<0.05.

AT Means with different superscript in the same row are significantly different at p<0.05.
URefer to the footnote of Table 32.

(vh) el obm Ak EEFe] Wl

S HUFSEA @22 #JF (WE2H)ES 6 7 REA7|EA fE oAtk S
A= Table 373 2t). &2 ofnw=ab stako ubg 7| 7ko] Aylo] whal x| & o
93 0w 6 Fato] 155158 ma/100 g S WAt o= Az AT e} Hlwste] 24 w
7}ek FRlolth. AFx AT FE of|w=Are - prohne> L-homocystine > L-arginine >
L-glutamic acid =2 & @‘%k ] ko 126 70 mg/100 g9 %S ¥ <l L-prolines A 2l3H
L-homocystine, L- argmn L-glutamic acid< 32 =Fo]7F 1.28 mg/100 go. & w$- 2t

Skt sHAIRE ¥ 6 Fx}oll+= L-glutamic acid > L-proline > L-arginine > L-isoleucine <=
.Cli 2 sheko]l w8 S g 4 A=, 53] L-glutamic acid &2 231.89 mg/100
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go & Az AHFe vluste] 37 v F ZEog ALYt F HARE o] =& L-proline

2 13343 mg/100 go. 2 Az A5} Hluste] &% AFFadvh Alx AF 6544 mg/100 g

2 3 WA 2 %oty L-homocystine2 W& 6 52k 60.49 mg/100 g & A A43sHS
Table 382 ArntsS H7ish @49 2a = F8 otvxdt s FH3 Aol Ant

S A7 93 9 BE /17 Aol me fe ohvleat $3e Frhsgon fETRE
fel obuliab ol gtk Ax: AF F 49 obvlmit TS 35509 mg/lo0 gO=
BT G 541% FEAAL. BE 6 FlE 1 Ak FolE ot oA grTr

Table 37. Changes in free amino acids content of Doenjang (control) without garlic during

fermentation for 6 weeks. (mg/100 g)
. . Fermentation period (week)
Free amino acids 0 1 5 3 4 5 6
L-Aspartic Acid 8.30 19.79 17.23 19.90 38.79 3291 31.23
L-Threonine 9.84 26.75 2291 25.65 34.41 38.29 36.59
L-Serine 10.69 27.45 26.78 26.56 54.11 4456 4452
L-Asparagine 15.83 14.22 27.82 27.45 53.60 45.84 43.14
L-Glutamic acid 62.90 122.63 141.44 221.37 231.05 223.33 231.89
Sarcosine 11.33 17.07 21.17 46.89 56.42 51.64 55.74
L-Proline 126.70 124.32 127.72 122.44 116.29 104.01 133.43
Glycine 16.36 19.72 12.86 18.14 21.31 26.43 27.40
L-Alanine 32.13 40.85 40.80 39.49 69.98 66.50 71.61
L-Citrulline 1.48 1.78 2.34 2.87 1.80 2.07 5.61
L-Valine 24.36 42.22 36.28 4991 65.45 64.93 63.28
L-Cystine 3.31 1.50 0.31 0.94 0.24 0.20 0.23
L-Methionine 7.04 13.10 30.89 31.61 31.21 39.97 39.59
L-Isoleucine 58.73 123.20 121.37 125.91 131.90 135.45 141.32
L-Leucine 4357 53.68 73.68 85.82 9141 84.99 87.80
B-Alanine 35.36 82.39 73.50 85.17 102.50 54.86 74.30
L-Homocystine 65.44 54.64 59.27 56.10 67.22 50.40 60.49
Ornithine 40.91 53.93 57.26 56.46 137.44 135.96 132.98
L-Histidine 17.49 24.70 33.18 34.70 69.01 69.13 122.28
L-Arginine 64.50 108.52 108.17 117.16 150.72 150.86 148.15
Total 656.28 977.46 1034.99 1194.53 1524.86 1422.34 1551.58

Table 38. Changes in free amino acids content of Doenjang with fresh garlic during

fermentation for 6 weeks. (mg/100 g)
. . Fermentation period (week)
Free amino acids 0 1 5 3 4 5 6
L-Aspartic Acid 448 4.45 6.74 4.14 4.36 423 3.94
L-Threonine 4.16 777 10.07 19.63 20.67 23.91 22.84
L-Serine 5.45 7.13 11.82 21.46 23.66 32.82 35.53
L-Asparagine 12.63 13.13 17.25 24.49 25.13 40.43 37.73
L-Glutamic acid 33.75 71.82 81.85 125.85 141.83 149.95 155.95
Sarcosine 5.76 10.81 14.70 29.16 44.25 42.60 40.14
L-Proline 25.79 42.44 86.17 94.22 104.42 198.99 194.56
Glycine 5.80 6.82 12.95 17.80 17.32 24.96 30.21
L-Alanine 10.37 13.89 26.57 27.04 42.42 54.69 81.43
L-Citrulline 0.10 0.19 0.33 0.51 3.74 3.84 3.57
L-Valine 5.33 9.45 19.73 40.69 47.79 45.86 48.27
L-Cystine 3.17 3.53 3.52 4.25 5.20 5.05 5.86
L-Methionine 6.35 515 7.21 16.51 15.62 30.84 67.34
L-Isoleucine 60.24 62.47 68.02 61.56 67.88 102.81 127.61
L-Leucine 31.79 32.22 37.98 48.23 43.95 83.48 80.00
B-Alanine 33.26 38.68 39.26 37.96 53.03 62.44 79.93
L-Homocystine 13.89 13.55 16.58 12.50 14.89 16.72 15.81
Ornithine 25.46 26.56 26.61 45.63 46.58 50.84 46.92
L-Histidine 8.06 8.42 8.62 8.45 13.17 13.32 16.36
L-Arginine 59.25 66.48 77.24 129.97 129.94 135.07 235.67
Total 355.09 444.95 573.22 770.07 865.84 1122.86 1329.68
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w2 132968 mg/100 go A& EAth Avis M7 A% f8 ot g gz
ooyt o WA oE HdARS rteHvF AFE Bo wokoh Anks HUF @49 8 o
vl Ak #] -0l = L-isoleucine > L-arginine > L-glutamic acid > B-alanine <]l <
w1 ke b7 60.24 mg/100 g, 59.25 mg/100 g, 33.75 mg/100 g, 33.26 mg/100 gt}
g 6 T3kl &= L-arginine®} A% 23] 2579 mg/100 goll &3+ Y L-proline?] & o]
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L-arginine, L- 1soleucme0] TEH 6 T HaF P =2 A4S RAY ¥y Ax
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L-glutamic acid > L-arginine > L-isoleucine 2% ¥ $X& yE}
mg/100 g, 199.36 mg/100 g, 163.88 mg/100 g°] AT}

Table 39. Changes in free amino acids content of Doenjang with sprouted garlic during

fermentation for 6 weeks. (mg/100 g)
Free amino acids ~ - I;ermentatlon 3Derlod (Weeli) - <
L-Aspartic Acid 12.62 22.66 23.27 28.80 21.93 22.30 23.46

L-Threonine 9.02 21.07 31.15 31.75 30.09 32.06 35.21
L-Serine 11.65 25.81 34.24 36.79 4718 43.32 46.69
L-Asparagine 18.25 24.59 42.60 39.34 44.33 41.18 46.86
L-Glutamic acid 76.59 159.72 207.46 248.07 244.76 24718 275.57
Sarcosine 55.08 55.46 57.48 53.96 55.77 59.93 59.32
L-Proline 221.60 79.07 78.46 79.46 40.73 47.07 42.80
Glycine 11.09 12.71 10.00 16.25 11.97 24.06 31.92
L-Alanine 41.47 48.14 43.83 46.52 73.93 74.92 75.88
L-Citrulline 4.46 456 4.27 4.14 412 4.44 473
L-Valine 41.71 41.70 7711 72.12 119.37 146.50 140.74
L-Cystine 557 5.84 26.58 29.84 27.13 25.58 22.78
L-Methionine 63.41 65.69 71.58 70.25 73.54 71.84 76.77
L-Isoleucine 93.22 91.20 93.88 100.87 144.34 124.42 163.88
L-Leucine 35.37 83.03 86.74 84.07 85.11 81.46 86.36
B-Alanine 27.89 30.24 91.71 83.34 58.55 63.60 54.53
L-Homocystine 20.21 34.54 57.48 56.45 53.87 54.04 50.46
Ornithine 25.49 55.75 109.40 106.06 107.35 115.22 117.86
L-Histidine 25.46 31.58 55.32 69.94 73.76 88.02 95.21
L-Arginine 122.14 159.35 198.34 200.61 197.60 196.07 199.36
Total 922.32 1052.72 1400.89 1458.63 1515.42 1563.20 1650.40
avks HE @4 fEl oAt FRFE A% A= Table 407 #rh 2 E v 7%!3
drE Fg obrxedt 2 Srkek AT Ravks MU @49 8 ottt R iz
3 e "JFZE oA M =dth Ax A% 100091 mg/100 gollA HE 6 %x}oﬂL

184098 mg/100 gl & Ssvbs H7F 94 gLow =g Hav|t 5 v v H7b 9
FE=3 FASHAl L-glutamic acid, L-arginine, L-isoleucine®] &4 o2 w2 3dlafo|d o
g 6 29 f8 o] =4S L-glutamic acid (26651 mg/100 g) > L-arginine (212.71
mg/100 g) > L-isoleucine (172.62 mg/100 g) =2 & =9
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Table 40. Changes in free amino acids content of Doenjang with fermentated garlic during

fermentation for 6 weeks. (mg/100 g)
- : Fermentation period (week)

Free amino acids 0 T 5 3 7 5 5
L-Aspartic Acid 0.63 0.14 0.56 10.66 23.86 22.00 27.18
L-Threonine 11.77 12.27 13.09 15.36 37.43 35.74 40.63
L-Serine 12.27 12.12 17.33 26.42 40.25 41.75 46.04
L-Asparagine 26.35 32.54 43.21 43.89 4761 46.13 51.38
L-Glutamic acid 164.58 165.60 169.05 230.72 259.42 236.48 266.51
Sarcosine 36.77 35.61 33.89 35.64 32.24 38.65 40.24
L-Proline 167.48 157.76 138.67 100.51 127.16 97.03 82.39
Glycine 24.37 24.20 17.83 23.25 23.34 21.66 23.20
L-Alanine 51.75 50.00 4758 62.29 68.23 60.44 72.06
L-Citrulline 20.73 23.65 27.60 20.19 26.62 22.51 22.23
L-Valine 52.44 50.48 4758 50.93 76.89 71.93 99.81
L-Cystine 22.69 22.27 20.39 20.96 28.30 31.72 30.69
L-Methionine 13.87 13.75 31.68 33.45 55.69 60.10 79.05
L-Isoleucine 60.81 85.54 83.52 82.01 122.69 153.02 172.62
L-Leucine 25.33 62.40 67.07 73.68 88.41 89.32 99.28
B-Alanine 44.41 53.58 68.98 64.94 65.06 90.50 97.53
L-Homocystine 28.74 27.07 39.08 39.49 61.84 65.86 65.72
Ornithine 66.41 64.94 68.53 69.70 121.26 122.87 156.99
L-Histidine 29.77 25.52 29.77 24.75 4771 13751 154.12
L-Arginine 139.73 149.73 181.57 194.25 199.98 194.72 212.71
Total 1000.91 1069.16 1146.98 1223.10 1553.97 1639.94 1840.98

Table 41. Changes in free amino acids content of Doenjang with steamed garlic during
fermentation for 6 weeks. (mg/100 g)

Fermentation period (week)

Free amino acids

0 1 2 3 4 5 6
L-Aspartic Acid 35.40 30.45 30.61 35.03 32.88 53.22 81.70
L-Threonine 19.12 22.53 38.79 38.50 38.64 4451 82.56
L-Serine 14.09 12.78 12.23 16.98 37.19 49.95 82.34
L-Asparagine 4.24 4.38 4.50 20.63 49.07 64.95 144.94
L-Glutamic acid 86.64 84.81 225.30 221.14 351.21 352.09 407.92
Sarcosine 14.80 13.00 14.48 35.80 38.10 46.37 206.71
L-Proline 39.36 38.39 87.57 83.90 151.59 158.09 262.80
Glycine 9.06 8.87 23.22 27.14 22.24 28.51 46.09
L-Alanine 20.23 18.35 57.21 56.47 57.29 75.71 110.03
L-Citrulline 0.34 0.86 11.23 17.66 18.47 23.89 64.33
L-Valine 22.15 22.29 66.58 70.79 67.41 83.22 169.71
L-Cystine 23.58 28.50 28.78 26.78 25.45 34.08 78.09
L-Methionine 35.34 32.54 37.06 56.81 60.97 66.55 124.65
L-Isoleucine 119.24 144.24 165.28 176.91 173.05 177.70 215.35
L-Leucine 49.18 59.00 72.30 101.44 97.14 99.04 133.20
B-Alanine 24.84 50.95 70.20 84.79 91.11 99.10 116.27
L-Homocystine 59.43 57.94 56.71 60.65 58.47 58.43 59.70
Ornithine 50.05 49.25 110.68 112.13 114.81 134.96 120.41
L-Histidine 45.04 53.69 52.50 56.21 59.91 53.13 51.36
L-Arginine 99.93 188.37 212.77 213.86 224.28 332.41 333.93
Total 772.04 921.19 1377.98 1518.63 1769.29 2035.89 2892.11

Table 41 T% vis H7F 249 f2 obvat g3de F43 Aoty TH5vks H7t
Ho fEotn et S e A5EY BlusA Bav|te] AREdsE o F45A A
stk Az A% 772.04 mg/100 g°ﬂ7\1 g 6 Faboll = 289211 mg/100 g& FEFH ST
ol tIETY 1864%, Avts H7F AFAY 2175%0 dFstE Fxlojth. a6 FxH
L-glutamic acid®} L-arginine< 7Z+Z} 407.92 mg/100 g3} 333.93 mg/100 go 2 o g} ofw| =ik
of mla] =& dhakoldr).

(b T A= o) W
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Fig. 23. Changes in viable cells of Bacillus(A) and yeast (B) of Doenjang with differently
pretreated garlic during fermentation for 6 weeks.
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Table 42+ 2& 55 23 s @949 2 T A% H3E =3 Aot} Auks
o2 L % a g2 W Ayo wt #AASIAT b @S UM Alx FF L, oa, b @
60.3-60.4, 5.1-5.6, 166-17.3 HAIJ oY 6 F+ F o= 546-54.6, 55-6.3, 17.1-18.3°]At}. L&

Table 42. Change on Hunter’s color value of garlic Doenjang added different stain during
fermentation for 6 weeks.

Tt Fermentation Fermentation periods (week)
ems stains 0 1 2 3 4 5 6
Asp. oryzae 604:02°  592:050  582:04%  78I5®  587:03¢ 57603  563:06°
L + g;?;l]][]é‘ natto
. Ofyzﬁe f e d - d CHE* - bk - ki
i BNDL 603:05  B86:06° 572406 569:04°  563£03° 553027 546402
Asp. oryzae 56:04° 5902 60:02 004%™ 58:02°  62102°  63:03°
. + g}?;jllus natto
. ij/Zc?E % ik - ks - axk - axk -r s s
i DD 51402 49+04 51403 5003 51403 55402 55402
Asp. oryzae 173601 175:03° 175803 172:05° 18403  185:06° 18306
b + %’fl//us natto
. oryzae akx ax ax a% Qs akx axx
Vi o 166204 163:09"  161:09°  164:06"  167:06 16807 171402

Each value represents meantSD (n=5)
T Means with different superscript in the same row are significantly different at p<0.05.
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Fig. 24. Changes in salinity of garlic Doenjang with different starter organisms during

fermentation for 6 weeks. Each value represents meantSD (n=3).
"> Means with different superscript in the same row are significantly different at p<0.05.

g3k A= Table 433 2o 2E #F9 FHE Fle]

pH= #astil Atms S7beisivh Az 25 A5 wE A|5e pHeb 4t
0.05¢F 0.087+0.001%°1 41 6 F %ol 6.96+0.039} 0.112+0.03% = Wl om, 2w
A &3 pHE 7442001, AH=3= 0.077£0.02%°0 4 pH 6.9620.033%F 0.116 0.002%= #3
T AE ke pH R Ak Aol geld 4 gllch
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Table 43. Changes in pH and TA of garlic Doenjang with different starter organisms
during fermentation for 6 weeks.

tems Fermentation Fermentation periods (week)
stains 0 1 Y 3 4 5 6
Asporyzae — qas00st 71100000 TOS:001° 7012002 694001 697:000° 6964003
oH + }B;Zlqufus natto
. oryzae d c c b a a a
i pappr MO0 TIBR0O01 TO7A001 706:001  697:001 6972001 6962003
o Awomzae 000 010340004 01070005 011060008 011740005 011420002 0.11240.008"
Acid  + Bacillus natto
(6) Kb orzzae om0 0008£0001° 011060005 0.105:0.002°  0.119:0000F 011950002 011620002
+ #8 + EMDIT

Each value represents meantSD (n=3)
#° Means with different superscript in the same row are significantly different at p<0.05.
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oryzae) TR HAL A Zx AHAZF 234+0.01 g/100 gol A 6 F2Fol+= 6.20£0.01 g/100 go =, A4t
w5 (Rhi. oryzae) 228932 1.12+0.02 g/100 goll A 9.79+0.07 g/100 gOE 2 xog =7}
SEATE 3k 1-6 F=3F Hag A7 vps @S AU FTE o] 835t HEAHS u AT

ol o =t

12.00 - B Asp. oryzae 0O Rhi. oryzae b

e

Reducing sugar (g/100g)
o
o
o

0.00

Fermentation period (week)

Fig. 25. Changes in reducing sugar content of garlic Doenjang with different starter
organisms during fermentation for 6 weeks. Each value represents mean+SD (n=3)
% Means with different superscript in the same row are significantly different at p<0.05.

(vh) ofm| e} A g W3}

Fig. 26 AukitFol FAMTE o] &3le] a7l vis "9 olvme] A4 shake] W
sl SAS A9=2 F AlsT BT 2E A wgt opnwy AVt FUMS g0
AT} 53] FATT (Asp. Oryzae)% O]%_L AN BmA7 Mt (RAL oryzae)S ©)83F A
mol wal EE Yk 3 ofvl e o] o EYTh FATF WE = 9Fe Ax A
2 107.11 mg%-°l ol 4 ¥ F7Fekg ot Mk

F 2ol = 429. 06 mg%i o v A4 T
3.

6
T 28 v ©742 83.25 mg%el Al 273.04 mg%=

500.00 - B Asp. oryzae 0O Rhi. oryzae

250.00

Amino type nitrogen (mg%)

0.00

Fermentation period (week)

Fig. 26. Changes in amino type nitrogen content of garlic Doenjang with different starter
organisms during fermentation for 6 weeks. Each value represents mean+SD (n=3)
T Means with different superscript in the same row are significantly different at p<0.05.
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Fig. 27. Changes in viable cells of Bacillus (A) and yeast (B) of garlic Doenjang with
different starter organisms during fermentation for 6 weeks.

(5) W% B ks Aol WEAI F FA 54 v

b A% Ws

4R vk B Azzdel weh Ygdel 942 Axste] FeelA 20 A7t WHAIW
A5 9 Hon ARE AAT] A% WHE Z4% AIHE Table 40 i

R Avel weh L gre BAMeR s dastdi a gt b e F7kehE 4wl
A ol WETL ARG we AR T WEgo] Fuele] A% W AR} Frhen
O o ANAQ AR Wt FaE Ao 44

Table 44. Changes in Hunter's color value of garlic Doenjang prepared in large scale
during fermentation for 20 days.

Fermentation periods (day)

Items

0 5 10 15 20

L 63.6=0.8 62.4+0.6° 61.2+0.6" 59.8+0.6° 59.6+0.7°
a 3.2+0.1* 3.7+0.5" 3.9+0.2™ 4.0+0.4™ 4.2+0.3°
b 15.840.5" 15.9+0.8" 165+0.5" 16.3+0.2° 16.7+0.8"

Each value represents meantSD (n=5)
¢ Means with different superscript in the same row are significantly different at p<0.05.

(W) 9= w3}
Fig. 282 W& A x3 vy A3 9=
A3 Aafolt}, dxEE 443-460% 2 2 Z 9

7 glol :
10.00 -
g
:-E‘ 5.00
@
4}
0.00 . x r T
(] 5 10 15 20
Femmentation periods (days)

Fig. 28. Changs in salinity of garlic Doenjang prepared in large scale during fermentation
for 20 days. Each value represents mean+SD (n=3).

- 244 -



(th) pH % AH:=9 tﬂﬁ}

&% vt w4 o e 4% Ay Fig 299 2o G avt
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- 9
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Fig. 29. Changes in pH and TA of garlic Doenjang prepared in large scale during
fermentation for 20 days. Each value represents meantSD (n=3).

4 Means with different superscript in the same row are significantly different at p<0.05.
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Fig. 30. Changes in reducing sugar content of garlic Doenjang prepared in large scale during
fermentation for 20 days. Each value represents mean*SD (n=3).
¢ Means with different superscript in the same row are significantly different at p<0.05.
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Fig. 31. Changes in amino type nitrogen content of garlic Doenjang prepared in large scale during

fermentation for 20 days. Each value represents mean=SD (n
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Fig. 32. Changes in cell number of Bacillus (A) and yeast (B) of garlic Doenjang prepared

in large scale during fermentation for 20 days.
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Table 45. Changes in Hunter's color value of garlic Doenjang packaged using two different
methods during fermentation for 4 weeks.

Fermentation Form Fermentation perods (week)
Items . .
strains of packing 0 2 4
Asp. oryzae Pack 56,6404 51.7+£0.5 47.8+0.2
L + Bacillus natto Bottle T 49.6£1.5 47.8+0.4
Rhi. oryzae Pack 53.440.6 47.8+0.5 43.3£0.7
+ #8 + EMD17 Bottle T 48.0£0.3 42.5+1.6
Asp. oryzae Pack 6.440.2 8.6x0.4 9.7+0.3
4 + Bacillus natto Bottle B 8.5+0.7 10.1+0.2
Rhi. oryzae Pack 55403 7.7+£0.2 8.9+0.2
+ #8 + EMDI17 Bottle T 8.0£0.1 8.9+0.6
Asp. oryzae Pack 195+0.4 20.2£0.3 19.5+0.1
b + Bacillus natto Bottle R 18.8+1.7 20.6£1.3
Rhi. oryzae Pack 16.6:0.7 17.4+0.4 15.9+0.8
+ #8 + EMDI17 Bottle T 18.0+0.3 15.1+2.1
1
[ —x *
§ﬁ TT—
i% —=R1
5
—:\3

o 2 4
Fermentation time (week)

Fig. 33. Changes in Bacillus cell numbers of garlic Doenjang packaged using two different
methods during fermentation for 4 weeks. Al;, Asp. oryzae, vacuum pack A2, Asp. oryzae,
bottle R1; RAi. oryzae, vacuum pack R2; Rhi oryzae, bottle.

]

ol 7194 T FAA AL F BREuE AFwel Suks FEAL 05 1, 2 ¥ 4% H
7vete] e AxEAT 180 d wE A7IWA pH, AtE, 9 2 A ®stE 4% 2
= Table 467 #Zth pHE 4.65-5.06 "9, da7t JAPEHA 25 ol oy Suis
FE Hrbgol W Aol AUk AAFNEE HE 27 16-1.85% HAJed Svis 3
=9 H7bEel Bers MdERE EmolAAM Svks FE AAY AF=TF b x7] AFE)
FFE VAE Aem FAHAY HErt APHUA s BFRT S-S Beltrl 180
g HE o= 281-3.26% KT

His 16-19% FEoler, Aas Srks 7|2 H7bgS des oA Tavt
Aol wel vpde] s 5-6 log cfu/g ool o TE A oA 2 dsiglo] 44 71
FAEAT b aRE HEx7] 57 log cfu/g?] FEoldoy @E Wyl E BRE AR
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Table 46. Changes in pH, TA, salinity, and viable cell numbers of moromi Ganjang
with black garlic extract (BGE) during fermentation for 180 days.

BGE . Acidity .. Viable cell numbers
.. Fermentation . Salinity
addition ) pH (%, as lactic (log cfu/g)
ratio (%) periods (days) acid (%, NaCl) Bacillus Veast
0 5.06 1.60 15.00 6.41 6.09
15 477 191 15.17 5.66 6.41
30 4.81 1.96 15.28 6.01 6.89
0 45 4.89 2.00 15.83 6.12 5.61
60 4.95 2.02 17.58 5.79 5.28
90 476 2.05 16.43 594 4.70
120 491 2.68 17.03 5.72 5.51
180 4.81 2.81 17.03 5.81 0.00
0 5.03 1.60 16.48 5.89 6.09
15 473 1.94 17.03 5.48 6.78
30 4.84 1.98 14.24 5.92 7.08
05 45 4.90 2.01 14.89 5.86 5.89
' 60 494 2.11 15.33 5.82 5.80
90 4.79 2.30 15.50 5.72 6.05
120 491 2.81 14.95 5.64 5.74
180 4.82 2.90 15.83 5.60 0.00
0 5.02 1.66 19.77 5.89 6.09
15 470 1.96 17.03 571 7.51
30 4.79 2.00 17.58 5.76 7.25
1 45 4.90 2.12 16.37 5.85 6.33
60 491 2.23 16.48 5.74 6.07
90 4.79 2.27 16.43 5.71 6.09
120 4.90 2.84 16.16 5.70 5.69
180 4.81 2.95 18.02 5.72 0.00
0 5.00 1.71 16.48 591 6.09
15 4.68 2.03 16.37 5.82 6.69
30 4.79 2.05 19.77 5.83 7.06
9 45 4.88 2.11 15.72 5.85 6.53
60 4.89 2.27 17.03 5.54 5.77
90 4.78 2.30 16.05 5.60 5.65
120 4.88 291 15.99 5.82 5.59
180 4.79 3.01 17.03 5.76 0.00
0 497 1.85 16.48 6.05 6.09
15 4.65 2.09 17.03 5.63 6.93
30 476 2.20 15.39 5.86 7.13
4 45 4.83 2.26 16.48 571 5.81
60 4.87 2.32 16.21 5.83 591
90 473 2.39 17.03 5.69 5.62
120 4.84 3.01 17.03 5.65 5.67
180 474 3.26 18.68 5.77 0.00

YBlack garlic extract added Ganjang were fermented at room temperature for 180 day.
All values are means of determination in three independent experiments.

(2) Svbs =& A7t s TduF e T3 T olsteE 54

Z2}18t Fo| Aubsl Bt (B amyloliquefaciens EMDI17/MJ1-4)& HE3st] A4S
xﬂ g o dxdte] A IFLHFE AMESAL ks FEAS sRER HUE S Al
Z3 v olsteb A SA4E (pH, Ate, 9% B AdE)S 24 J A3}= Table 473 7t}
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Table 47. Changes in pH, TA, salinity and wviable cell numbers of soybean meju Ganjang with
BGE during fermentations.

BGE Fermentation Acidity Salinit Viable cell numbers
a(ﬁﬁlgn periods pH (%, as lactic ((ya ;11 gl) (log cfu/mL)

(%) (days) acid) o Bacillus Yeast
0 5.84 0.32 13.74 9.09 6.53

15 5.69 0.52 13.96 9.52 6.85

30 5.68 0.57 13.91 9.52 6.52

0 45 5.53 0.74 14.18 9.49 6.59
60 5.61 0.86 14.02 9.92 6.79

90 453 1.53 14.24 9.74 nd

120 441 1.60 14.46 10.15 nd

0 5.62 0.47 12.87 9.09 6.53

15 5.62 0.56 13.91 9.37 7.00

30 5.64 0.56 13.85 9.61 6.78

0.5 45 5.53 0.77 13.69 9.69 6.86
60 5.58 0.86 13.96 10.62 6.91

90 452 1.55 13.74 10.61 0.00

120 4.36 1.60 14.35 10.62 3.00

0 5.44 0.57 13.52 9.09 6.53

15 5.61 0.61 14.29 9.38 7.26

30 558 0.66 13.96 9.67 6.94

1.0 45 551 0.79 13.96 9.68 6.41
60 554 1.08 13.96 9.93 6.64

90 4.49 1.57 13.63 11.10 nd

120 4.37 1.69 14.18 10.64 4.00

0 5.18 0.63 12.81 9.09 6.53

15 5.56 0.65 13.91 9.75 7.14

30 558 0.67 13.74 9.53 6.83

2.0 45 5.49 0.81 13.91 10.17 7.10
60 5.53 1.26 13.80 10.66 6.92

90 4.47 1.58 13.85 9.96 nd

120 4.39 1.75 14.07 11.16 nd

0 5.07 0.75 13.74 9.09 6.53

15 5.53 0.68 13.80 9.54 6.69

30 5.56 0.70 13.58 9.49 6.90

4.0 45 5.43 1.12 13.58 9.79 6.73
60 548 1.31 13.19 9.77 6.74

90 450 1.71 13.58 10.61 nd

120 4.39 1.91 14.02 11.18 nd

Data are presented as the mean of triplicated determinations.
Ten gram or milliliter were titrated with 0.1N NaOH to pH 8.4+0.1 for titrable acidity

Znls FEES 05 1, 2 2 4% H7ME S 120 9 DEAHS W Xx7] pHE 5.07-5.84
oz g 30 ¢ }xl ] 2 "7HE}7} I o] ZHE = thA] yolx A 120 Yol 4.36-441%

UrEMME} A AEE Bgr|te] AAEas Hap 27}0}L AgS BYgy g 27 Zn)
5 FE0] %47}3;4 %o ﬂ%&%A AEE 032% Fal, Sulks FEY 05% #7F 9] A=
0.47%, 4% A7} *P = 0% = Svts FE5N HI7bEHo RS LT U S0t
F=o 4% A7F 79 JJZ AdEE 191% 9 AN e F AR FU H2 xRt
W2 4% H7F wte] F7F %91 25 v ®rh o =gkch
AL 2g 120 Arjol]l Hit 14.22% % HFE Z7|o) H|&] n=F = o}
v e A~ AdFE 9-11 log cfu/mLYa, ERE 1% Ents F&4 H7F 184S A9staes

1o 4

ot m{r rr ol
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Table 48. Changes in pH, TA, salinity and viable cell numbers of soybean meju Ganjang
with 226 BGE and different salt concentrations during fermentations.

Salt Fermentation TA Salinity Viable cell numbers
concentration periods pH (%, as lactic . (log cfu/mL)
(%) (days) acid) ©6 NaCD  pocilius  Yeast
0 6.01 0.71 9.85 9.84 6.92
15 5.44 1.39 10.01 10.70 6.83
30 4.39 2.63 9.36 10.43 5.32
12.0 45 4.32 2.79 9.14 9.57 3.00
60 4.23 2.70 9.47 9.61 3.53
90 4.20 2.61 8.81 9.77 3.46
120 3.93 2.92 9.44 10.17 4.49
0 5.76 1.07 13.14 9.84 6.92
15 5.39 1.44 12.10 10.50 6.82
30 4.36 2.65 11.82 10.61 5.64
15.0 45 4.24 2.90 11.71 9.23 3.00
60 418 2.92 11.93 10.84 3.30
90 4.11 211 11.11 10.75 2.74
120 3.93 2.72 11.97 10.70 3.30
0 5.71 1.22 14.89 9.84 6.92
15 5.31 1.51 14.73 10.66 5.53
30 4.49 2.36 14.51 10.66 5.43
18.0 45 4.25 2.61 13.80 9.72 nd
60 4.17 2.66 14.46 11.44 2.60
90 4.1 245 13.30 10.34 nd
120 3.96 2.39 12.81 10.90 2.06

Data are presented as the mean of triplicated determinations.
Ten gram or milliliter were titrated with 0.1N NaOH to pH 8.2+0.1 for titrable acidity
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Table 49. Changes in pH, TA, salinity and wviable cell numbers of soybean meju
Ganjang with 2% BGE and different microorganisms during fermentation.

Fermentation Acidity Salinity Viable cell numbers
Strains periods pH (%, as lactic (log cfu/mlL)

(days) acid) (%, NaCl =5 s Yeast

0 5.55 0.54 11.06 6.87 8.66

15 5.47 1.22 10.23 7.08 8.76

30 5.36 1.59 11.00 5.83 9.28

Asp. oryzae 45 5.44 1.62 10.73 5.65 8.88
60 5.36 1.26 10.23 6.17 10.84

90 5.22 1.44 10.73 3.78 9.08

120 5.97 0.92 10.75 3.63 9.77

0 .77 0.74 10.78 6.81 9.87

15 5.40 1.44 10.73 7.60 11.28

30 4.20 3.06 10.62 3.72 11.24

Rhi. oryzae 45 4.36 3.10 10.40 3.20 11.21
60 4.15 2.57 9.78 4.96 9.76

90 4.50 2.59 10.18 4.59 9.40

120 4.84 2.14 10.25 3.70 10.55

Data are presented as the mean=SD of triplicated determinations.
Ten gram or milliliter were titrated with 0.1IN NaOH to pH 8.2+0.1 for titrable acidity.
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Palelae] @ A s)ke] Aaksh i) NAE A
2 o

o A% 11%

At AT Ar)7ke] HE s nEE w A9

g Ao dAdyEn HEy IR
&

2 Aol wEE A Ses
2ol Edstel Fulk 14e Azl Yo Inik FEo| WAy FEE A4 e
datel MLEAEAS AT

b 98 e R

ko3

& : ] 762001% % 7Hge] 7z EFA z27d A3y
oh B9 TS 6.00+0.02 g/mL, F ¥ESTE FHFS 100 mLF 383.99+9.08 mgol 1L,
ABTs 2] Z 27842 33.27+0.39% % ot
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(W) Zvts H7F e & A4 2 2o gk

A Aol wet 12 9 Fnts J7F ES A xR, Sups FEY HUEE b
Ao 7 FANAQ AL okl o n x| S SQlstazr 1 S BAS
A= Table 507 2tk & A2 35S 158-1.74% HYG 1, = S 986-10.84% H
G 9 brix SvlsE FENS 95% H7F8A S wel 17.85 brixs 10.06% H7Meta<S W F+
AR o] RE AlgE F= 7 kot 99F 17.85 brix® FUEA v HrrEFo] 1.6%9
1.04% % S A9 = Are 2uwAo ko FoHog ol ALY UMy BE 5
s FE5Y T HuE HUbEke] ¢ 9eS @Wol Wt ol Snls FEHY F A4 4
Zoh shako] drol b Ml Lo HS4E M-S A= EHE YERY Y] uFEold).

(th 9=

ZATA AF wel g BEAYHor Suls FEHAqo HrtE e Ax 2d HA
slE 93t 12 gAZ s 210 g d=E #A % A= Table 513 2tk dE+
15.80-17.07% WYL=, Srts FE9 FEE 9 brixE o3, H7IEFS 95%E 39S o
7t Gokal, Suls FEN 22 9 brixE o, A/FEHS 16%E AL u /MY =ol &
nhs FEY s Hus HrbEo] b dxe 9SS v A= FE US4 ¢ Ik

Ao thdk vk B A (Fig. 34) 2AASFE 90.06%= w9 =1 (Table 51), A

A (stationary point)S HIFEE oy il HAFE ofd <A (saddle point, <HEA)S 7}
AR APd9s F34 $4E4 (Ridge Analysis)S 3l d&o] HAigs zte Adx1
S Fod Ivs FEH s 9, HUMEFS = 9 S W HATS 48 ASdTh
| W T HUbsFd gk e 247 -0.3432293) 0.9392520]1, ol 59 AA gk 7
7} 14.84 brixe} 9.26%0]aL, o] W AEo] HAFS 16.03% At} (Table 52).

Salt
cancentration

< |88
- 160
- 165
- 170
> 170

185

BE content (%)

Salt concentration(%)

-1.0 -05 0.0 05 1.0

BE concentration (brix)

Fig. 34. Response surface plot for salt concentration of soy sauce prepared with black
garlic extract. BE: black garlic extract.
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Table 50. Experimental data on total nitrogen, salt concentration, reducing sugar, total phenolic compounds and ABTS scavenging radical

activity of low slated soy sauce prepared with black garlic extract by response surface methodology analysis

Conditions Experimental items
Exp.
Number!  Concentration Content Total Crude brotein Salt Reducing Total phenolic ABTS radical
) (brix) (%) X2 nitrogen (;) concentration sugar compounds scavenging
X1 o (%) ° (%) Y; (g/mL) Y (mg/100mL) Ys; activity (%) Y
1 17.85(0) 5.55(0) 1.67+0.01° 10.45+0.08” 16.50+0.00%F 6.50+0.00¢ 404.57+0.715P 34.58+0.22 EF
2 17.85(0) 5.55(0) 1.64+0.01%¢ 10.24+0.03%¢ 16.43+0.06" 6.50+0.01¢ 403.88+5.85"P 34.58+0.94"F
3 17.85(0) 5.55(0) 1.65+0.01¢ 10.29+0.05° 16.47+0.06"" 6.56+0.01¢ 405.12+3.73BCPF 35.80+0.46"¢
4 17.85(0) 5.55(0) 1.64+0.025¢ 10.2420.10°¢ 16.50£0.00"" 6.56£0.00¢ 410.0510.12°F 34.99+0.28"F
5 26.7(1) 9.5(1) 1.62+0.01" 10.11+0.07° 16.10+0.10“ 7.71+0.02" 391.67+8.67*" 40.81+1.15"
6 26.7(1) 1.6(-1) 1.73+0.00"F 10.82+0.00"F 16.23+0.06° 6.55+0.03¢ 433.65+3.09" 33.90+1.02°PF
7 9(-1) 1.6(-1) 1.71+0.01" 10.68+0.08" 17.07+0.06" 6.30+0.09" 415.82+7.25"% 32.30+0.72"
8 9(-1) 9.5(1) 1.58+0.00" 9.86+0.014 15.80+0.00* 6.30+0.05" 386.87+6.42* 30.77+0.60"
9 30.36(1.414) 5.55(0) 1.66+0.03P 10.37+0.16P 16.53+0.06" 7.40+0.02" 419.52+8.08" 36.70+0.88“
10 5.34(-1.414) 5.55(0) 1.65+0.02° 10.29+0.13¢ 16.47+0.06™" 5.68+0.06" 374.69+7.54¢ 33.15+0.29%¢
11 17.85(0) 10.06(1.414) 1.58+0.02* 0.88+0.11* 15.97+0.06" 7.06+0.037 409.23+9.26°PF 35.03+0.54"F
12 17.85(0) 1.04(-1.414) 1.74%0.01" 10.84+0.07" 16.63+0.06% 6.27+0.03" 445.17+13.59" 33.72+0.42°°

1)The number of experimental conditions by central composite design.

A™H

Mean=SD in the same column with different superscripts are significantly different at p<0.05.
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Table 51. Polynomial equations calculated by RSM program of soy sauce prepared with
black garlic extract by response surface methodology analysis

Response Polynomial equations R F-value

) Y=16.4750-0.0549X,-0.2929X-:-0.0125
Salt concentration X1%X1-0.1125X5% Xo-0.2833X, % Xo 90.06 54.35
Y =6.52850+0.50942X,+0.28484X>+0.03358X 1 x X 1 +

Reducing sugar 0.09608X,x Xy +0.28867X,%Xo 96.40 160.55

Y =405.905+7.218X,-15.218X2-1.937X1xX;+8.111
XQXX2_3.258X1XX2

ABTS radical Y'=34.9883+2.0849X;+0.9059X5-0.0823X 1 xX1-0.35
scavenging activity 88X xX2+2.1095X 1% X5

Total phenol contents 78.29 51.64

83.37 30.08

X; : concentration(brix) of black garlic extract, X> : content(%) of black garlic extract

Table 52. Predicted conditions and maximum and minimum value of soy sauce prepared
with black garlic extract by ridge analysis

Black garlic treatment conditions

Experimental items Predicted values Concentration Content
(brix) (%)
Salt concentration (%) Saddle point 16.03 14.84 9.26
Reducing sugar (g/mL) Saddle point 7.30 24.58 8.08
Total phenolic compounds (mg/100 g) Saddle point 430.74 20.33 1.80
ABTS radical scavenging activity (%) Saddle point 38.04 25.02 7.80

Snks FEd0] HUtE 7ol Azxzd HHSE Qste] we¥w BMS A Ay
(Fig. 35) &3] i3t 24AFE 96.40% = vi-$ =9kt (Table 51). 12 A Z 83 =4
stoll Al o] gaFe 568 771 g/mLe] HA=, Srts FEHY =5 534 brix®

= 1+

shal, HA7FEFS 555% 2 S uW HAS 7HAH, Sups FEA9
26.7 brix¢} 95% =2 RS Wl HFS 7 h (Table 51).
S g B4 Ay (Fig. 35) AAES Hugte olyx HAp% ofd erREx S 714
NE MEEH FES AASIY 9o 2o A
%L AAS A3 T HUbEFS =4 39S
HS AdS 5 AT o] W Svls FEN Tl MUl sk Lyﬁé‘: 22} (.76
ok 064% Hom, ol5e HA WegE b7 2458 brixst 8.08%0]w, o uwj G

o i ™ a
BB 2 b

=

Svbs 3 AxA F odls sehe el AdisE e e Axxd AAS dddd &
= g dAsty] fls wreEw A4S AAY Ak Table 63}
34 brixelal, 7} wZ=7F 555%d Wl HAF 374.69+7.54
of Frel H7t wlgo] 747 17.85 brix, 1.04%< w gk

3.59
w4 A3} (Fig. 36) J 7
"ol A 7}Eko

wol
= 7839%»,\ aL, RbeA 2 T

Azt Srbge] H7b v nrks H7bE
HEsthgel W gk o Srbekdlnh o W o
W 2o ddd Wl velM F d=Edtee

5 4
2 AEHE A ER %’LE“(Rldge Analysis)

>1$
ftlo
x o
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S AAE A B Folxd APgdoa HEme HAS 2033 brix, bl Ao
1.80% = atle Wl & A==l gk 430.74 mg/100 mL& f& 5 AT

Reducing

sugar (%)
1.04 60
65
7.0

BE content (%)
o
=

Reducing sugar (g/mL)
~

-1.0 -0.5 0.0 0.5 1.0

BE concentration (brix)

Fig. 35. Response surface plot for reducing sugar of soy sauce prepared with black garlic
extract. BE: black garlic extract.

phenolic

compounds

(mg/100 @)
< 30

W 390 - 400
M 500 - 410
410 - 420
420 - 430
I 430 - 440
W 40 - 450
[ ] > 450

Total phenolic compounds (mg/100 g)
BE content (%)

BE concentration (brix)

Fig. 36. Response surface plot for total phenolic compounds of soy sauce prepared with
black garlic extract. BE: black garlic extract.

(Wb ABTS #td#z 27

Suts FEE AU S Azl ol A48 Hbe=e H
e AAE A3 Fistad s dEdls A %9 ABTS sy &7 30.77+0.60
40.81+1.15% W on, AdH 12 779 A8 T Suks 5
Fol 95%d w 1 &/do] g =Stk (Table 51). A& AAs 23 (Fig. 37) ®oh 2
obl AEFHNM Frts FEde Tt FAUMEE BEF SR
Aggol Adg He= = 2= 5 UM 9]
7hEE 7.80% % 3L, ABTS ehHZ 22442 38.04% AT

2 o oX,

e 02t it

2
Jlot
o,
iy
o
e
12
o
off
k1
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]
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/ ABTS
radical

- e e/
= activit
& m < 30
= M - 32
5 40 W2 -3
o o % - 3
£ - 7 & % - B
c W = MW -4
g 35 | ;_,__;.;.""."""" £ Wo - ®
S -
= ....... [ @
£ 30 / {7 4
2 / B
o 7~ 0 &\

0 o -0 -05 0.0 05 1.0

BE
Concﬁnl‘ratfon (brix) BE concentration (brix)

Fig. 37. Response surface plot for ABTs radical scavenging activity of soy sauce prepared
with black garlic extract. BE: black garlic extract.
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2458 brix®l W Hdizkol 7.30% oW, % =T FB
e F59 #X7F 247 20332 25.02 brix®2 =5 w FHiL
oo Hrt mEdt AA dFL AR FA

= Ao o,

W P AnE FHoR gEE wa #% 9 J%4e] $AE Snks 1ol A

S 15-25 brix & XAste] 7.8-93% WA ®E FH7let= Ao

)

o] 926%% o 16.03%= HAigs 7HAH, FAFLS

b kT o rlo r
N N
0 -~ -

Joe F1 ol off mx ox
ol

o

ox L
oo 2

N,

¢

T
—

o
o
of¢
>
.llov
o
=)
e
o
rf
2

i

2o drE 1567%R L, Snts HA7EHes gy
2 Zuls FEHS 3% v R HUEAS v &
5% H7MN+= A%} 12.35% 2 o A& gtol] H|3) 92 w7} grol-t} (Table 53).

Srts HU7tES EEste Alxg 1HFe pH 2 AEE SAS A9 Suts HUbEol B
FE pHE 517904 4.99717] wrolA i AE = 1.86%0) A 2.12%714] Eolxt) Ents F2E
S 3% vwto g H7LEdS wlol H|s] 5% o]l HIISto =M feolAHel AolE YERA=],
ol Zuls FEHA A3 Ao 2s (Yang SM 5 2011), 4R oA HrtEw 7H39
Lo g w7 WFoz dokdEg

3 AT 95 1235 12.77%<9 HY
A7t e dx 7A7F gldloy,

i

(b 2998, FA% 9@ oprlwg) Ak I

Sl FEoe Wrbere delste]l Axd e 2uwA, F Ah 9 ofulwg Ao
ks =43 AP Table 549 2tk 9% 15% Wiz - b8 9% 12% Wz &
Ax 02U FPo| £ AOE Hol APGUNFOR AZAYL FFAE Frlh JUA
0% Fdol WolAA %g Aoz wuHth Frik FE AP Bestel AR A
1o A% Fvks FEe] Wil FAEE 2uwMAs F Ax Fue FEHAC
g ol Axe] A9 A AROIA 053%=2 ARk EAA 2ol ghirh
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Table 53. Salt concentration, pH and acidity of Gamjang with different amount of black garlic
extract added.

Sample Code” Salt concentration (%) pH Acidity (%)
C-15 15.67+0.06" 5.17+0.07° 1.86+0.05
C-12 12.67+0.06™ 5.16+0.08° 1.87+0.09"

E-12-0.3 12.77+0.06° 5.15+0.07° 1.90+0.05"
E-12-05 12.73+0.06" 5.13+0.04™ 1.93+0.02°
E-12-1 12.65+0.05" 5.11+0.04™ 1.98+0.04%"
E-12-3 12.67+0.06™ 5.04+0.04™ 2.07+0.06™
E-12-5 12.35+0.05" 4.99+0.02" 2.12+0.08°

4 Means with different superscripts within the same column are significantly different (p < 0.05).

All values are mean = SD (n=3).

DC-15 : 15% salt contained Ganjang, C-12 : 12% salt contained(low-salt) Ganjang, E-12-0.3 : Low-salt
Ganjang containing 0.3% of black garlic extract (65 brix), E-12-0.5 : Low-salt Ganjang containing 0.5% of
black garlic extract (65 brix), E-12-1 : Low-salt Ganjang containing 1.0% of black garlic extract (65 brix),
E-12-3 : Low-salt Ganjang containing 3.0% of black garlic extract (65 brix), E-12-5 : Low-salt Ganjang
containing 5.0% of black garlic extract (65 brix).

Table 54. Crude protein, total nitrogen and amino form nitrogen content of Gamjang with

different amount of black garlic extract added. (%)

Sample Code” Crude protein Total nitrogen Amino form nitrogen
Cc-15 6.09+0.07° 1.07+0.01° 0.53+0.02°
C-12 6.25+0.02° 1.10£0.00" 0.53+0.01°
E-12-0.3 6.42+0.00° 1.13+0.00° 0.52+0.02°
E-12-05 6.28+0.00" 1.10+0.00 0.53+0.01"
E-12-1 6.49+0.01% 1.14+0.00° 0.53+0.00°
E-12-3 6.62+0.00¢ 1.16+0.00¢ 0.53+0.00°
E-12-5 6.61+0.19¢ 1.16+0.03° 0.53+0.01°

a-d

Means with different superscripts within the same column are significantly different (p < 0.05).
All values are mean * SD (n=3).
YRefer to foot note of Table 54.

(th &dg 2 73 &F

Sl FEo Arhae Geste] Axd Aol BAFES AT AT (Table 55), Fhi
FE=oo]l HUFE A Fe dx 16%9 12%°] Hxa Alme] A7 e 77 10.73 g/100
e FE ArbFol BeEE a7

mL¥} 1067 g/100 mL=Z %42l =}ol7} iAo =
Sheke ol 11.11+0.07-13.34+0.03 g/100 mL " 9] At}

Subs FEd HIbo| e g Y S A A3 fructose B glucose 2 F
W AEEA oY, fructose E glucose FHS A% 15% dlx2ToA = ZHZE 6.58+0.59,
8.27+0.67 g/100 mLo| 1L, 9% 12% oA = 27 5.35+0.93, 8.01£0.79 g/100 mL= 3t
ol dx Aolo mE FHET FEFd= Fd A Zol7t gl St FEHRES HUksE
9] fructose &2 5.66+£0.18-8.0310.40 g/100 mL H$°]H, glucose= 8.17+0.42-9.09+0.50
g/100 mL HYZ Suts FEd9 H7tHo S71E55E Fad FHE S7ste 4ol
05%%} 1.0% 7k Foll = 240 ZFol7t gldct,

£

a1
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Table 55. Reducing and free sugar contents of Garyang with different amount of black garlic

extract added. (g/100 mL)

Sample Code" Reducing sugar Friuctose Fr((}%leucscl)lsgear Total
Cc-15 10.73+0.12% 6.58+0.59™ 8.27+0.67° 14.85
C-12 10.67+0.15" 5.35+0.93" 8.01+0.79° 13.36
E-12-0.3 11.11+0.07° 5.66+0.18" 8.41+0.47° 14.07
E-12-05 11.26+0.04"%¢ 5.99+0.29" 8.17+0.42° 14.16
E-12-1 11.41+0.07° 6.03+0.21 8.90+0.62° 14.93
E-12-3 12.48+0.12° 7.08+0.63¢ 8.40+0.12° 15.48
E-12-5 13.34+0.03% 8.03+0.40° 9.09+0.50" 17.12

¢ Means with different superscripts within the same column are significantly different (p < 0.05).
All values are mean * SD (n=3).
DRefer to foot note of Table 54.

() F d= 3 SR o= I

= A
Eobs FE0 Abgel WE 249 F ovlE 3R 2 Benieols PP BN A
R =]
= =

+ Table 563 #th. Ivuts FE9& 1.0% olgt= H7bsids # % 9 e
236.55%5.15-246.00+1.57 mg/100 mL W= Al Z3tel FA A Fox7F ilew, Svks +
Z9E 3% % 5% HIMSAE Z+7} 261.12+1.57 mg/100 mL¥} 283.80+1.07 mg/100 mL=
ks %%‘?ﬂ A7rol BeE I dEE woH oz Frlsksi.

on, 1% -

einwolse] FPr FAR FFor Fuks F2AS 1% oz WS wWE
Aszrel felAel Aelh glglom, 3%sh 5% W7HA 247 40438047 mg/100 mL3}
49.84+0.00 mg/100 mL= frold o= F7}8t3d

Table 56. Total phenolic compounds and flavonoid contents of Gamjang with different

amount of black garlic extract added. (mg/100 mL)

Sample Code" Total phenolic compounds Flavonoid

C-15 239.12+3.61% 30.75+1.86°

C-12 236.55%5.15" 29.41+0.47

E-12-0.3 240.33+5.41%° 30.22+0.47°

E-12-05 246.00+1.57° 29.95+0.93"

E-12-1 245.48+3.62" 29.41+0.93°

E-12-3 261.12+1.57¢ 40.43+0.47"

E-12-5 283.80+1.07° 49.84+0.00°

¢ Means with different superscripts within the same column are significantly different (p < 0.05).
All values are mean * SD (n=3).
DRefer to foot note of Table 54.

(mp) 7+ #a iAo DPPH 2 ABTS #ozd 274 &4

g A da Ao 4P lﬂr%ﬂ—ﬂ A g3 g gl dREEv E&E JeE &
Ay, dEl27] A &3 (Kobayashi M % 2004), macrophage % lymphocyte 7]% 53
23 (Matsushita H %5 2006), &% WY zﬁﬂ“ (Matsushita HF 5 2008) ¥ H&¥ Z¢ =
7 &3} (Kobayashi M 5 2006) 5ol RuFEdEd, B AT Ak 1H33 Sets &

oje] A7t wrol WE WY hFA Y FARBHS v LA

o wEE FEd BEAE 625 125, 250, 500, 1,000 H 2,000 ug/mL FEE st
DPPH vz &AA A& 2x(§ A= Table 573 2t ?U} o] A7 & dx 15%
g agel thgAe Sobs FEEel A7bd ¥ vgAe] DPPH ehiid 2A@4e 7
7} 475+0.08-34.71£0.11%2} 8.15+0.62-52.48+1.36% % &= &A= L4 S YEhIlth
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Table 57. DPPH radical scavenging activity of polysaccharides from black garlic extract

added Gamjang. (%)
Sample Concentration (ug/mL)
b 62.5 125 250 500 1000 2000
Control 4.75+0.08" 5.49+0.19" 7.04+0.41% 9.83+0.76° 19.54+0.847 34.71+0.11%
BEG 815+062%"  1078+024™  17.16+174° 2869+052°7 432041017 5248+1.36"
Positive control 6.25 125 25 50 100
Ascorbic acid 38.07+0.79 74.44+1.22 89.18+0.33 89.87+0.14 90.03+0.07

Each value represents mean=SD, n=3

AT\eans with different superscript in the same column are significantly different at P < 0.05.
wkxMeans with different column in the same superscript are significantly different at P < 0.001.
Control : black garlic extract not added ganjang, BEG : black garlic extract 5% added ganjang

)~

FowRy Ed ggAS 625-2000 ug/mL®E sEE FHEste] ABTS oz 24
d= 543 A (Table 58)5 H¥ DPPHOL vli7IAR w7t S7Md4s @40] wokA+
B detdded, 3+ 9 Fuiks b ud A ABTS #uZ AL 7zt
9.12+0.62-88.96£0.05%, 16.29+1.13-85.66+0.70% <4< HAom, 1+ oI Al= 2,000 ug/mL
oA 100%°l A&dt= &4de yEhleda, Svbs 3 gEAl= 1,000 pg/mL F =0l A
100%°] F&3te &4 YEtde Suks HgelA o] o =4 dEwt 53], DPPH %
ABTSA Suks 708 &40 =9ke=d ol Sntso] it de FEHRoZ sty
e A4S UEd Aow Azt

Y
o flo P

Table 58. ABTS radical scavenging activity of polysaccharides from black garlic extract

added Gamjang. (%)
Concentration (ug/mL)
Sample
625 125 250 500 1000 2000
Control 9.12+0.62% 1638+056°  30.76+059°  57.93+1.90°  8396+0.05" >100"
BEG 1629¢113% 2745+1.12%" 3201159 &Be6H0700 >100 >100"
Positive control 6.25 125 25 50 100
Ascorbic acid 69.85+1.73 99.91+0.03 99.84+0.12 99.96+0.03 99.98+0.03

Each value represents mean+SD, n=3

AT\leans with different superscript in the same column are significantly different at P < 0.05.
#x+:Means with different column in the same superscript are significantly different at P < 0.001.
Control : black garlic extract not added ganjang, BEG : black garlic extract 5% added ganjang

(7) A9 Svts 7o Aaked g+
olge] AFANE B u A

ARl A EsgEolY EetR o= FFFo] Frtste] 5% M-S Alx

ANATE H7F=Fo] 1% wvto R

5 ESEDI A0 98 nE 5 ok
Subs FE BEE UT RS 9 03 4940 92 1 F YW, D5FAS AT
A% 94 FE oo Axd u wu o] FYHE Bl BN AR Ivhs FE
S8 (12-14 Brin® HUE =& 2045 brix 452 538 28 ALgatE 2o Aga Aoz
derd, S ED BAS Bl 43 4 L AR #d A4ES FHT 5 dE 24
oA Erks FEe Arbe Guo HPAH PP AL Gee HeAsteld] A9 Fvis
A3 Az W AGEF AFS ARSI, o7 AY FE o) Po BEY Frps &
AL AS e F BEAA B S Aol I o FQ ) o4 2
S5 7199 g AR FAL wdstel 4E Az FAEE G 2
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‘ (20|12 {.(Iil%%*a L-Ey)
SR
Ak
15~25 brix S0Hs ‘ Sy |
Y 8~9% HIL W———
v
MERSY | Roisy . uEa
L J

- 260 -




A 32 7198 7Id-XM oY &5 87t (A 2 & E5H&TR)
1-1. A7 ¥y (B5d 1AdE)

7b mrEAE FEEY Ax

(D vk Az

e BEe Aoy A2 vts Wi HEY e AR, Pl rteEe widr|gto)
Z7hstel] whep A o] ekt (Fig. 1).
- AR &) FEH Ax
ES °F 03 cm HE o2 9fA AW & grinder® &
LS Hrlslo] Lol kxAoAl 150 rpm o2 24 A|7F
F, A48 (20%, 40%, 60%, 80%, 100%)3} wEHS =82 (20%, 40%, 60%, 80%,
2

100%)& AH&3t9la, FRAP &% =3 23 100% A8 FEEo] 718 =2 Hole 3d%
S Yehgo] olF A= 100% olEe FERS ALEstdh 2+ & FEELS speed
vac¥} rotary evaporaterE ARE i 50 mg/mL X2 T35} Holo] uel AFLE 3

50 m
Hejel A g 24 Art ndAzgEe] nYEEE 3

A.Uiseong

during sprouting.

U msdh 2% 2 FEE Az
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s gh B4 v Sl WA FAL 0, 10%, 20%7}

i
H
Ju
rfo

of

Akl 56 AZF WA

A Az 2 ARE 150 mg® A FFste] 15 mLe = ogk= (0, 20, 40, 60, 80,
100%)& F7bske] &2 hxz=zielA 150 rpme® 24 AIRF JEF=Fadvh F58 A5s
A

1500 rpme.2 10 & &< A2 § Aeds s8] AT

() A= Ax
Aoz A Zzo] AFE3 F& dAdFHAA 2011 201294 FASIY. A=A Ax2E
8l B. amyloliqgueficiens MJ1-4, B. amyloliqueficiens EMDI17, B. amyloliqueficiens HCD2

3 w5 AHESEAAL (Lee and Kim, 2012), 7zt #5% Table 1% o] &E3tstel HEsaith.
HEge o 25%7) HEE FPon, 37C 72 A7 SEAIEA 6-1247F Aoz A
55 AAATH

TAAZAA grinders AHE3] EAEATH AIEE 4 g FF 10 vl 80% ol g
£& Hrlste] AL gxAdA 150 rpmoeE 24 A7t AEFZE35EE 045 um pore size?)
nylon filter2 o] ¥}3gt & rotary evaporatorg AF&3le] @A &3] 1/100] & wj71x] w3}
2FZ S 45T o3tz FAETh

Table 1. Microorganisms used for preparing cheonggukjang in this study

432 AHE T F Al
L 3 AT 8lE 3ER AR B
T 2 A= AT RAF AN 79D Al
A& 1 MJ1-4%F HF M]J1-4
A= 2 MJ1-4 +EMDI17 4 +17
A= 3 MJ1-4 +HCD2 4 +2
A= 4 HCD2 +EMDI17 2 +17
A= 5 MJ1-4 + HCD2 +EMDI17 all

2 (‘—41%_:_3") 2,000 g, koji 1,080 g, A= 300 g, &% 120 g, 219 500 g
S 25CAA 6 73 BaAA AFsAT. A, koji AFT 2ol A
7 BoF Eo By H&A7l BUS 121To|A 30 23+ %XW} = ’E}%Oﬂfﬂ 35C7HA
3t % Rhizopus oryzae ¥AE 5% HESA 25TC wjd7|olA 5 L3t HHO(}%}O% A %3+
AT Alxze A2ddA 12 ARE Bl EY WEAIZ FE 121ToA 30 & FAE the
Oﬂ A 35C7HA WZHst & B, amyloliquefaciens MJ1-49F EMD17 52 ZHz} 3%% H=
5k & 37C wigr]lol A 3 A7 widste] AR B R Pichia firinosa SYS0E malt
extract Wi Aol HF3ste] 2 A wjgste] ALEStATh AR 80% oEE FEE A7 Ho
F e o R A xSt

ok FAs & B 7)
(1) DPPH &2t 2715

DPPH &tz 2A% #4 whHe] el 22-Diphenyl-1-picrylhydrazyl radical (DPPH")9l
gk AkstkAl B Alse SdeE S S-St Aotk DPPHe Mo] AAEE= HEE 515
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nm dFlM FHEE SHse] dolgles DPPH ¢3S thayt 2ol Aitaisdtt (Alma et
al, 2003).
$3k4: % DPPH rem = 100 x [DPPH Jren/[DPPH Jr=g

2) F d= T
= Jﬂ = $eF2 Folin-Ciocalteu WS AME3lo] =A 31 ‘3} o] WHE glkali solution
(5-10%¢°] soluble carbonate)oll 4] tungstate<} molybdate«] THES o]E3= o=

phenolic compoundi 2F3}E o] -0, & P A5t molybdate®} WHS- 0}04 molybdenum oxide
(MoO™ME A=Y o2 750 nm FFE=Z =439 on gallic acid equivalent (GAE)Z
el At} (Singleton et al, 1965).

(3) FRAP assay
Ferric 2,4,6-tripyridyl-triazine (TPTZ) Al ¢Fo] Abstubg-o] ojsto] 271 Ho| 3712 4hsls]
WAl colored product® 3=+ HgE o] &3 ZAolrt. 18y radical quenching (A7 o])
°ﬂ 9]‘3}04 2§38k stEE (4, thiols, @A) FitstddS SAHA] Ksle 2HE& 7HA
21t} Ferrous sulphate solution 1 mM (0.278 g FeSO4 7THO/L)S A 2% i_%g o2 A}
L3t o, FRAP €92 300 mM acetate buffer (pH 3.6) 200 mL, 10 mM TPTZ &< 20
mL, 20 mM FeCls €9 20 mL, B34 24 mLE &£33 & 371CE FAAA ARSI
96-well plateE AH&3te] well T E1r4= 170 pl, standard$} A &89 7 pLe FRAP €9 30
uLE £33t 4 # 5 503 nmollA] §3 =S =A%tk FRAP 1evel° FAEo] FFEgH
g AP A EAES ol A=A T (Benzie et al, 1996).

(4) ABTS &% &A%

7 mM ABTS &93 245 mM potassium persulfate (final concentration)S &3Fato] Abe
2 olxz Ao A WHE¢l shaking incubationdle] WS AlA gr) S A A 7]1 ethanol® 415
nm $3%7} O7+0027]‘ HEE A7 ABTS oz &9 250 ulLet A& 28 uL& =
oA 5 FF WA F EFEEA 415 nm)E o] &3 FEEE FA 0} r/}_ Ao =t
(positive control) &% TroloxE Al&3ld o AAA & thg-3 2tk (Re et al, 1999).

.l l.':ll'l“P\- X Ii d".']Fl'.l 7R ‘-!b!.."?ﬁk:l
I o
cew FO=
ABTS 4

741 }1\1—2\_1' : “ % conmrol

100

(5) ORACroo- assay

Fluorescenes acetone®} HHFE 1:19 H &= &3 o] 8 mMe T/l == &
g % 75 mM potassium phosphate buffer (pH 7.4)° 24 ste] 160 nMo] = =533t
160 nM fluorescene &< 100 pL, A& 50 pLo} 80 mM AAPH 25 plLs £3%3}9] excitation
485 nm/ emission 535 nmollA] 28 A S 2 100 cycles A3t WA S A& g3t
3ttt (Kurihara et al, 2004).

(6) DCFDA dyeE AF&3F ROS S A<A

HepG2 AEE 1x10" H%7F 5= 2 black coated 96-well plated] seedingdhil, Thad Al &
£ 24 A7 AEs & 10 uMe DCFDAE 30 # *#3t3th. DCFDAE A A 33 PBSe| £
3 200 pM 2] HoO.5 30 & #8]3F & excitation 485 nm/ emission 535 nmolA 3L =
A3FA T (Wang et al., 1999).

(7) Mouse ZZ W lipid peroxidation =7

ICR »}$2~9 ¥ 7+ AFS HAEFste] 2 22AFAY 10 #jel @l @3t cold phosphate
buffered saline (PBS)E % 7}38l3l sonicationS 3}¢] homogenateS A %3}%th. Homogenate
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£ 10,000 x goll A 5 &3+ AAEste] FedS FHetdv =4 e 50 pLé 0.15 M KCI
500 pLs & &% %, 04 mM FeCl; 100 plLE #H7tstadvh A2 37CelA 30 &3t
incubation %11, ¥H& F5 94 (0.25 N cold HCI, 15% TCA, 0.385 MBA, 0.05% BHT) 1 mL
S FH7bste] wbEE FEAIAT 0TAA 2ol whek 30 FollA 2 AIZF F<F incubation ¥

(8) MTTol| 9t AlZ =& A

HT22 AEE 2x10° 9] ¥ =2 seeding 33, 5 mM9] glutamate (final concentration)$} A|
3= wjodo] 3A3te] 50 pL H7FSEA T 24 A1 3 MTT AoFS HE5%=7F 05 mg/mL
HETsE)2 273 &<t AHPskdeh. ¥ purple formazans DMSO= £33t 570
nm/reference 690 nmoll A 43 & oo A& A& A4Sttt (Mosmann, 1983).

Cell Vlablllty (%) = AbSSolvenJAstample X IOO
wh golubz el Rats ¥ AFRE 13

(1) AABAEZANA Tolnts FEE9 A2EU GSH Fxo WA= o9&

= FEA 2 (glutathione)& A= sEXA A 71 S5 kst Fitolw, AlZojAl =~
oA 74 F23 s gt B Ao A= monochlorobimaine (mBCl) A 2F& o]-&
dto] mhg-2 SlwAlE (HT22W GSH s 58 ZAsdrh HT22 AXE 3x10'9 ==
seeding 31, 5 mM glutamate (HF &%)t AJZE vl Fdd 3A35te] 1 mL H7Fstde) 24
AlZE % 20 uM9] mBCl (HEF5%)S sl gAste] 500 pl. H7Hst $ 1A ks vl s}
ATt Cover glassE Edtol=2 &4 FFdAvE S AFEs] 7FA8F 59T (Rice et al, 1986).

A AR Y B g% A
whgose] 7ole e Q19 H o R a7 flete] scopolamined A, Aol A4 E
23579 A5AYL Fal 3

(1) Alse] g59 Nd &3

ABmFoE T3 gagoaet 22 o =s AA
3709 7HA 2 FAEEHe Qo ZF 7R (arm)e] Ao 2 cm, Wol= 3 cm, ¥+ 12 cm
ola Al o] M ArE 120° ot} ® % A4 polyvinyl plastic.= 57
Hol otk Zh 7HAE A B, C2 A& § @& JhHel vhp2aE 2SI F38 & et
AHE A w20l Al ¥ o mouse’t E01F 7HAIE 7IESEAT o] wf mEl7zbA] £dd] 5o
s Aol detm, 2| ThA e Tl Szt Aolm Z1Es ST Al e ME e 7hA
of Ad= B H$ 181 (AAWMZA, actual alternation)® FoJstgc WA HFE
(alternation behavior)<> 3 7}#] E-ol zdl2 o7t Ao 2 AHolHw thF o] F824 ¢ 9
3 AAEIt} (Sarnyai et al, 2000).

o Y-mzAgel ol gHE e

o S8

i}

o it

HAPEH (%) = AAHTA (actual alternation) / F12¥7 (maximum alternation) X 100
(HaWHd & JF3l4 - 2)

2) A=Y Tgs D 7198 &3

ZA3)9w-e AgAA (Gemini avoidance system, San Diego Instruments, San Diego,
U.S.A.)&= shuttle box (52.6 X 17.3 X 21.3 cm)& 43 A7]9 F Woz Uyo gom F+
WS YU dols A28 F (guillotine door) (89 x 89 cm)7F A X H o] gl AFoz A
st da @S = A Ho At = ol vfg 9re A3 AR Eo Qlo] A EE
Holgte B FA4S AN oY, FH= o Ho] EojoE AL Auste] A FEo] A
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Aoz HeeS =74 39t (Ferry et al., 1999).

(7} 8ts5AlE (training trial)

GG 5 Wl S AL HAYAs=o HEr A2E 9o vgERo R gstA A A
Y sdth Ad5ES 10 27 9A7 & d2E £8& do] ofF 2 F3or 5094 = 9
A st AdsES Ws gAY rt Eedoz ofFe HS5 wog olgst=d, o 4
28 Fol d¥ F 300 % ool oJFE Foz Eoj7FA & mouses AN A9 AlZ
o Ao mouse’t T FHo® Eojrbd ZA=RE Fo] &3]3 05 mAS H7F4H0] 3 2 F
¢F grid ¥l 53] 24 ¥ i mouse: °o|= 719 3HA U

(1) 7193 A} (retention trial)

7193 A= 85 AR (training trial)o] 2§, 24 AIZE $ol] Z7]7]ee] w A= A5 &
g gtz FEATt APEES FEGA N ¥ 10 2 5 SN2 & d29 F
S 93 oFE £2=2 moused Yl o] tf Eoj7te=d A= AlZF (latency time : W F&
AlIHE 300 274 S48 ol T FHo2 Jhed dee Aol A54E FEs|ve sty

3} 71ee] £52 ehic

o

(3) A1 &2 A 75 7HAel mAl= FF

np9-~0o] 9% W &8-S Morris water maze test® A3 Morris F3V =25 &
sk F7beksy 9 Q1A A g AP Xuf dtEe] §AE 9 g o w du A
UTE 1 maze®] AL AF 90 cm, Fo] 45 cm oM HHEFY AE 6 cmE TAAEHAN
o FerRY FHE vgestveret dA4E HirE AlaYY £ 248 FA T FHEA
55 & A ARG AW HOZE mazed =9 Eol7F 30 cm7t HEE =5
A w27 FRES B T HUES E =019 1 om ol AX AT Mazedl &= 4719
markers AF&3t] mazeE 4 W Ho] HEE UFolA HE (NE), 54 (NW), @& (SE), &

giste] AegS & F Jd=FE 1 w1
AAHA] o EA4 GHEH 5 YA
% FA S % mazeol A F935}+
1 3]9] AU oln] mazetol A
s ZAEo] 1 & ool 10 237 7t A+ vhgas AFS upxa 1 8 ool ZYE

A] ‘ 2 T AAHeE 10

s e F Ads TR, o EIHF
A H= dols EPES mazedl A AAT F ZHFo] dd A vheA7F HE AIRES
PARR L

=
=
o~
S
o
oy
2
<
=
Q.
w
=3
o
frt
e
o
=
N
>
o
2
ui

(4) A &9 scopolaminel. 2 &) =4 afjn} Al

Morris water maze testE F =
ooy 24S 10 pm FAR A3
Hematoxyline¥} eosineS AF-&3le] afn}
t} (Shirayama et al, 2002).

4
o, 4
o &
ol
in¥} mlo
o ol
ol
O
2
w,
a
9
il
2
LS
Ol
ok
2
=

1-2. 78 28 (B5d 24 4%)
7 gelnkE A7t B 7154 Bt

(D AAYE et vbg J7F =4 2 FE= A=



nf=53h - g Ao dwtups wolnls WwantsES E5te] 3 A3 HEAA A
Z39 . 7 AlEE 1 g¥ st 10 mLe] 5= olekE (0, 20, 40, 60, 80, 100%)S % 7}
sto] A2 dxAANA 150 ripme® 24 AZF AEFEF st FE3 AlEE 1500 rpm e ®

ntEdR 28 s g 12 57121 0, 10%, 20%7F === &ste] 56 A3t FaA
A AzxstAn. 2+ AEE 1 g¥ AZFete] 10 mLe =¥ e (0, 20, 40, 60, 80, 100%)<
Aveto] 2 gzl 150 rpme =2 24 AIZF A"FFs . FE58 AlE= 1500 rpm e

2 102 B¢ AN F P54 £kl g

7 = Az

A Aol AFET F& FddFHoA 20119 201294 FAEAT. AT ARE
& B. amyloliqueficiens MJ1-4, EMD17, HCD2 3 & AF&£3t9 3 ZF 5% Table 13}
o] 33ste] HEdAUTh HEHE T 25%7F HEE stgow, 37CAA 72 A7 WE
AIZ1H A 6-1241%F FA o2 AlgE AT

m, 4o

AAZAA grinders AFEd 43U ARE 4 g FHEFse] 10 vie] 80% ol g+
L8 Htstel A xR A 150 mpmlE 24X 7F MeFZ359th 045 pm pore size?)
nylon filter2 o] #}3gt $ rotary evaporatorg AM&3ste] AA &3k 1/100] & wj7tx] F =3}
Att o] wf FLfxe 5= 45T o|FE A AT

—

(4) AAYE et vk H7F =] Ftst &4 Bt

3

7hH AAYE @8 vt H7F A5 552 ORACro
& eolr 7] 918 ORAC assay

O,
vhE THE A FEEY in vitro A kst 5%
= A3t (Kurihara et al., 2004).

2
KR
=

() dAZE @83 vts H7F A58 559 HepG2 A2EAA &4ks) €4

ntsERE A2 FEE9 AANGAE HepG2 AEoA Y Fastagss dolrr] 93]
kst a2 A2y Absd 2EdaE 25 & vledRE A Age $iksEd s
BrIstAt. FE2E5S 100 ng/ml 352 HepG2 Ao #8]slar DCFH:DA WHE o] 839
=7 vkt (Wang and Joseph, 1999).

(5) v = Je drtst 24

1 vhs s 14 FEEY ORACroo- #
atsl @4 A FEA A8 ORACroo- #S =4

bl o,

ol

(Wh) ks g A1

mtsdtEd Az 9 FEE ARG AHE HepG2 A EoAM 2 drtslass dolrr]
a Fakstraz Axy Abstd ~EAE FEEY ntedHE ¥ FEE EEE S
ZA3AT. FEES 100 pg/ml T2 JATFIAE Fl AMEFS HepG2el 83t
A IS o] 83e] gzt vwsgtt (Wang and Joseph, 1999).

S
>
ofo
4
N
2
k=)
i
oX!
N
o3
lo
otk
e

3 24 7
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(7hH) AbErFo] WE A= FEE9 HepG2 cell lineol| A2 kst &A1 9 7}

Ao g Al 55 ARSI A FEE9 HepG2 A| 3E o) A a{\l’ﬂ' gA e HrlEr)
sl kst a Agste] MEU AHSH 2Ed S fEsto] A a5 dakstEd s
SAsAY. FEES 100 pg/ml w22 AANGAE el AIEFQ HepG2el A 2lshal
DCFH.DA WS o] 83te] 2+ v skt (Wang and Joseph, 1999).

g

(7) AAZE Gt vts HA7F A4 AAAEL Redd H7f

7h AAEE 23 vhs WA A= FE2 AAAE nadyd Hrt
b E R Xﬂz gl AZAE Eiﬁﬂre B7kst7] Sl S8 APAEEA] =F
Elro]lE (glutamate)= A W 4F3b4 ZEUAS Frste] vpesdRd A2y 229

AERETHS S48

(W) AAgE 283 s HA7 A= FE5E9 HT22 *ﬂy’)ﬂﬂ«] NQO1 =24

AAYE g3 s JF7F A2F FEE9 NQO1 &4 =132 Hrtslr] 98 NQO1
assayE &5t U}b%%‘f"‘é Ao FE2E9 NQO1 &4 Hx oz Qst AAME Hs3gyes
HT

ZALEEA T w92 vl ) Al EFQ) 22 Mo mtedRE HF FEES 100 pg/ml
o= At ﬂBiiL, Gzl Axetd (sulforaphane)¥ Hl st (Benson et al,

1980).

(th) AAEE e vts H7F A=4 F5E9 ROS 274 &4 37}

s 3 A ARy AASTESAE 249 glutamateﬂ %‘ﬂa‘é}% ROSe] A4 Al &
H}E #Hrbsh7l st DCFHDAE ol &3t mtsd/E A= F5&59 ROS dg 2174
AXE BEgHE ZASHA T

il

(2H) AALYE 2 vt H A% %“—%“-"4 superoxide anion 427 24

=3 A FEEFY AEEE 49 =FEHo]E7} {1l superoxide anion
o] A A e AR 7] 95te] DHE (dhydroethldlum)E o] &35t wfsFTRHE H=%
FZE 59 superoxide anion®l] W3 A AAME BHIZEIHE ZAFSA T (Melendez et al, 1999).

(vh) AAHEE Gl vis H7F = FEE2 GSH (glutathione) %o v X = &3
s 3 AEE FEE -‘3 ANASEEA EH4Q SFEolEd o8 FA¥ glutathione
FEE F7HA7IE A oHE dolr 7] 938t monochlorobimane (mBCl) & o]&3o] nls%
T A=Y FEEY lutathlon ZHoeo] e AAAE B aHE ZAEA Y (Rice et al,
1986).

(7h u} Fgd B FEE] ABAE Bedd F7t

e @Ed 1 FEee) ABAE Bnagas dotir] s Fwd ABAEER] 2

E‘ruﬂol (glutamate) = A W 3} 2B~ 545 festo] nsddd 43 5=
o) ALRZ LS SA

H w1 FE2E2 HT22 cell linedl 412 NQO1 -+ 3
ntEstEd #1d FE2E9 NQO1 &4 FXARE H71st7] 918 NQO1 assay s &3te] vl
£ NQOI &4 o=z st AAMYE v gas XA (Benson,
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(@) nted3dd 9% FE559 superoxide 27 &4 #H7b
NAZRE=AN B49 FFEHEZ §238lE superoxided] A4

%=
B7] 93] DHEES o]&3te] npsstadd w3 F55 9] superoxide A A
o]

lutathione 74~ <A H7}

AEwmd B SFEH O EY 93

BA7)E g8 Lolry] 9)5te] mBCl & ol &3te] nimgard
:l— A

1 7+ % glutathioneS 3
1% F=E59 glutathione

£
k)
iy
et
ol
il
)
o
4
o, M
i
Lo
o]

d

e ek AABME B gaE ZASFATE (Rice et al, 1936).
© A§TF) ME FTY FEE] AFAE BEBAY

1AAY naases dolus] 9§ &
AE W A8A ~EYsE frEde] 3

A A G EZQ FFEHolE (glutamate) =

FEE) AETRIFANSE =AY A=2F FEES 100 pg/ml ¥E22 o2 dnt f)
AT HT22¢] A2 sta, MTT assay WHS o] &3t 23 cell viabilityE W] w3}
=

o] HT22 cell lineoll A2l NQO1 #%= &4
Q019 &4 HHARE Hrtelr] 98 NQO1 assayE &3t A= +
A

=59 NQO1l &4 =30 = 23 AAAEL W3 EHE AT (Benson et al., 1980).

T
o
A
o
e
it
'z, 1

(th) =4 FEFE9 ROS 2A &4 H7}
s 3 e AATESY EEQ SFEHOIEY fEdE ROS A A 23
ol 7] 9lste] DCFH:DA & ©o]&3ste] A= FE559 ROSO digh ABME e gy}
ZAFSF T (Wang et al.,, 1999).

e

(T =7 FZE2] superoxide 24 &4 7}
e e AAEEEA EALA
giE dolr7] 98t DHE & °¢]&3ste] A= F=E9 superoxideo] tigh AAAE B
= A Y (Melendez et al, 1999).

(Mh) =4 FEE9] glutathione 74 A 7}

s i g AASTESY EHQ SFEHelEY o3 fa
7= A& oty 98t mBCl & o]§3te] AxH vis F A= F5F9 glutathione
ool st AAAE B g3E A (Rice et al, 1986).



7h AR E e vis J7F Aol Al dakst &4 B A7 s "ot

(1) Mouse model AlE ©]&% vt=shf A= datst &4 2L JAA7|S/HA &5 H7t
E 93 248 gAd

A7Ee by 7 dE (Anks, Polnbs, HEnts)E st A3 e FERA
kst &4 g9 QAT S-S Hokskr] fske] ofdl ¥ 710] AgS Mg Ay
S A4 O}S’iﬂr C57BL/6] (5 )& o]&3sle] AFSA &% 22427, 5% 50%E FAshHA
A3E AAET Aol AIN- 76A 7|22 stRen, of7le vty FTHE AN EES
2ol 3%E Hrbstel Alxzste] AFFAS AASATE $H, Absd 2EH A fFEd
D-galactose (200 mg/kg bw)E 2 & 1 3] 87 T gdon, tjxaS 0.9% salines =
AR F A@7IEE 7 TR 1 T AEST7IE TR, o]F 6 F1F AFAolE H
o 3} A T} /‘e”ﬁir“’ 6 7 +o& (i) SAWEL (sc. injected with 0.9% saline), (ii)
D-galactose (200 mg/kg bw) FAM*, (iii) D-galactose FAF + A A= FoJa+ (3%), (iv)
D-galactose FAF + d¥tnts A= Foldt (3%), (v) D-galactose FAF + Tolups A==+
3997 (3%), (vi) D-galactose A} + & gvls H =4 o7 (3%)°] ATt

Table 2. Experimental design for assessing antioxidant and cognition enhancing

activities of garlic-containing cheonggukjang in C57BL/6] model

0 1 2 3 4 5 6 7 Wk
Experiment () 0 C GC GGC FGC
al group
(1) {ii) {111} {iv) (v (wi)

(@ AANE D@ s Wb ARE Tk AF FRAPe] A= o
5249 A 29g +35k9 3000 rpmol A 20 £k ARkl FHE Ha)ske] FRAP
=]

J O
ul TPTZ (ferric

o=E=
Aol ALY T 3 7Fe] Hol AAE o] 2 7};@ 319
2,46-tripyridyl-s-triazine) A ¢Fo] 2 7} H3} wkgslo] FEMES U= SHE A%E = dEE
o] &3t 96-well plateo] 170 uL =F5, 7 pL F+8&9 == A8, 30 uL FRAP &%
5 IFS A7l ¥ 593 nmolA FREE ZAHSATE A= FRAP Zhe mEgolo
FHAEE o83 nEAHFTHoZRE ALtsAtt (Benzie et al., 1996).

(3) AAYE gt } A7F A= Fo17F €3 4-HNE $heFol] v X+ 93
E %%+ 4-HNE kit (MyBioSource, San Diego, California, USA)E A}-& 3}
NE plateoﬂ dS 50 uL & ¥ HRP conjugateE ZF wellell 100 ulL®
He 3 37CoA 1 AZF ¥bg- Al Z T WkS-o] FyH wash buffer® A2 3k 3 chromogen
solutlon A, BE Z+7F 50 pL ¥ar 37ColA 15 #3F ¥H-gA1Z1 3 stop solutiones 50 pl %
3450 nmolA FHEE 43I (Weber, 2013).

of At 4-

S
HI

() A G vhE B FF Folst @

% W 8-OHdAG skl vA= T
DNA =374 =¢ Axd €4 W 8-OHdG %=+ D

NA damage EIA kit (Assay designs)
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& AFEste] A SEA T 8-OHAG plated] &S 50 pl 2 Y3l Anti-8-OHAGE 7+ wellell

50 pLA ¥ & Ao 1 AZF WES AT HEgo] FuH wash buffe® A2 3k & HRP
conjugate, TMB substrateZ z}z} 100 pL® ¥ Ar2olA 15 E37F wkSA 71 & stop

solutions 100 pL. ¥ 11 450 nmolA T3 =5 =435t}

B) AAYE E83 vt ZJ7F A goq7F b2 F AF s E g v 2= F

g3 W MDA 3%+ TBARS Assay kit (Cell Biolabs, Inc., San Diego, CA, USA)E A&
slol =A&dt 100 Lo A3 100 uL SDS lysis £S5 5 #7F Ao dkgA1 7] &
250 uL9] TBA reagentZ ¥ il 95TColA 1 A7F WA ZIth £oo] o] B Mow wWald
3000 rpmel A 15 #3F AR 3 & A5 A7 225t n-butanols Ho] 2 3F HHSAIH
b ¥ESo] E4 10,000 xgoll A 5 #3F AR 3 & AF Y 200 pLE 96 well plated] 9
o] 532 nmdlA FFE=E SASAT

rot

(6) -2 dS o] 83k D-galactosed] 93l FE¥ AFsA ~EfzoA AAHE 2
s H7F A=go] 719 2 Q1A T w A= JF

nhE SR F o] D-galactoseo] O3] ¥ AMstA 2EH A Bl 7Y B Q1A

TEE MNAANTIEA AFE 357 8] Y-mazes T35+

2-1. d7243% (A&5Y 12 dx)
7b AR vhE Y 229 FAkE 4

(1) FRAP &4

FRAP assay A3, Qv A I et 25 &3 gz F53 A H&iA
qehg FEEC 4 2 Hol2 ey S Ak e gAY detE FEE5S 0, 1,
3 4 M FE A RCA, Helivts A dEE FEES 2 4 F EE ARAAN =2
< YEHAY (Fig. 2). o] 234E v or FEZJE oetZo] 7P Adstta AR o
T FRe vhes dEEE FE5e] A5 APk
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Fig. 2. FRAP activity of activity of garlic extracts prepared using garlic sprouted for
different periods and extraction solvents.

(2) DPPH &dZ &A%

Wol7| ko] W oAt AR o FEE FallrtsAR L% F==9 DPPH 4
Z AASE Hrkst 23, gAdv=AR =) sk atoll A, HEl vk Al A
FEES 2, 3,4 A FF Tolr 7l FellA =S DPPH vz ﬁ:ﬂ%% (R RS A8 e R SE o)

K T

B!
i\
fr o
o flo
o
“UJ

SR =SS 15 10, 95, 50 pg/mL %= el A o]F=x o & DPPH &uZd &A%
o] T7bete S dehuldt (Fig. 3).
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Fig. 3. DPPH radical scavenging activity of garlic extracts prepared using garlic sprouted
for different periods and extraction solvents.

(3) ABTS %ol ]
ol dulE A A o e % 3} A, Fants A dEFEE
2 2,4 4 Tk vk oA = ABTS %ol oz Xﬁﬁ%g e AT (Fig. 4).
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Fig. 4. ABTS radical scavenging activity of garlic extracts prepared using garlic sprouted
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Fig. 5. Total phenolic contents of garlic extracts prepared using garlic sprouted for
different periods and extraction solvents.
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Fig. 6. ORAC activity of garlic extracts prepared using garlic sprouted for different periods
and extraction solvents.
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Fig. 7. Inhibitory activity of sprouted garlic against hydrogen peroxide-mediated
ROS generation in HepG2 cells.

(7) Holuls A E-2F=59] lipid peroxidation # 3l &3}
st AR FEEE HE2Ay Ao A diitsted s o dutsA el A5 1
Wrobto]l Tgjal Halnts AR = H A A 2, 4 A Wolto] 2] 2
;LO] o4l gA a3E Yelddd. 28y F FF FEE BT AR Ad A Ad 4k
stE At A = Kot A= YERT (Fig. 8).
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Fig. 8. Inhibitory activity of sprouted garlic extract against lipid peroxidation
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Fig. 9. Fluorescent microscopic images of increased glutathione synthesis by SGE.
Cells images were visualized by mBCL staining using fluorescence microscope
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Fig 10. Protective effects of extracts of garlic from different origins against
glutamate-induced cytotoxicity in HT?22.

(th) Holutz9] shx 4 7|9=E/0 a7

k-8 7] E S Ao ® THAAT]7] 918+ scopolamines A ]
8 75 passive avoidance test= {7Fet Ax} 5 d ol wlso A Ax
AEaart F980z =2 Aoz ekt (Fig. 11).
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Fig. 11. Effect of administration of sprouted garlic extract on scopolamine-induced
memory deficits in passive avoidance test. Data represented as mean + SEM. (N =
8 11) , =P < 0.05, as compared to control group, #P < 0.05, as compared to the
scopolamine-treated group.

(2}) Tolutse] &t d A &y

npg-2o A 2e 3AHS °
scopolamine A #]oll 23}o] ZAawE whe-xo A2 7 g Ak
elyitl (Fig. 12).
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Fig. 12. Effect of administration of garlic sprout extract on scopolamine-induced
memory deficits in Y-maze test in mice. A, spontaneous alternation, B; total arm
entry, Data represent means + S.EM (N=7), *P<0.05 as compared to control group,
#P<0.05 as compared to the scopolamine-treated group.

(u}) otz JAA7|5 Ml v A= Fg
2o A AA 2deE B @] 719 ¥S water maze test® = :

Q] wWo}ldl mls FEHLE o] scopolamine] 9dte] FERHE w29 W] 71odE AAE &

oz "ol Ao w vErYT (Fig. 13).
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Fig. 13. Effect of administration of sprouted garlic extract on scopolamine-induced
memory deficits in Morris water maze test in mice. Data represent as means = S.E.M.

(N= 8711). =P < 0.05 as compared to control group, #P <0.05 as compared to the
scopolamine-treated group

(1}) wolmlE9] scopolaminel & FEE vl AHEA BT F )
u}$- 9] OHH}TH "“\]7]7] #13Fo] scopolamines Foigt A3 Fig. 140 yebd nle}b
o] CAL o] e ) 2L} HLO} nls AP, 53] 5 A7 dholst
G9 AL T AT s e &l T e S ®
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\\
\\\
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Fig. 14. Protective effect of sprouted garlic extract on scopolamine-induced neuronal
damage on hippocampal CAl region of mice model.
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hH AAEE @8 vts J7F 5% FEE9 ORAC #

ARG E 83 nts H7 A= FEE9 in vitro Aol e d4t3 a8 dolR 7] 9
3l ORAC assays A&t A3} tfx=< vls& H7MskA] &2 A=Y (C) 2o vis& #
7}ek 1ol ORAC valueZt =4 Yebw T} (Fig. 15).
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Fig. 15. ORAC values of cheonggukjang prepared using regular garlic
(GC), sprouted garlic (GGC) and fermented garlic (FGC).

ORACggy. (T'rolox equivalend, ph)

(W) AA2E @8t vts #J7F A= FFE° superoxide anion 274 &4

s A5 FEEY AATESAH B FFEMEY {35l superoxide anion
o] AA JA a3 A7) ¢ste] DHE (dihydroethidium)S ©]-&3le] AxelE 223 n}
5 A7l A FEHE9 superoxide aniond] WE AAAE BRI FAE FANEIT A S
st nts Hub 2 FEES 100 pg/mleE v~ dnl Gl A ZFE HT22 Al Zo|
A st 2ot vustd S W, x2Sl vss #JUekA &2 AT (C) 2y vis 3
F A FEES HUMgE a5 2FEHoER F 1% superoxide anion AAFo] 24

o=z =A et (Fig. 16).

Glutamate 5 mM
GC

Fig. 16. Inhibitory activity of garlic-containing cheonggukjang extracts from
glutamate-induce d superoxide anion production in HT22 cells.

(2) AAgE e vbs H7F A= FE2=2 HepG2 Alx22A 44kt 24
A s 29 vhes Arlete] A3 A= FEE9] AATAAE HepG2 Al A 9
) Bop vhEd A= FEEc 2o &
A AaEE AAsen, 58 dAgetA] @2 dutvks (GC) By Holnts (GGO)H 2
grbs (FGO)°l v% axxer d4dLds Aoz (Fig. 17).
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Fig. 17. ROS scavenging activity of garlic-containing cheonggukjang extracts in
HepG2 cells. Please refer to Fig. 15 for abbreviations.
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Fig. 18. ROS scavenging activity of extracts of cheonggukjang prepared by different
Basillus species in HepG2 cells.
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Seith. dzwed 4353 Oud e Ahe aFdd AXAEE TN E,
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120
' ‘ 100
50 - s e
60 4 z
20 ‘
= c Ge GGC FGC ]

glutamate 3 mbl

=1
=1

o

celly inbility (%)

celly inbility ("

Fig 19. Neuroprotetive effects of garlic-containing cheonggukjang extracts from
glutamate-induced cytotoxicity in HT22 cells.

() dAgE @83 ntess Jobs A FE5259 HT22 *1]101]7\194 NQO1 =24
a2~ & mf Wﬂ] AEZFRD HT22 Az AAHEE 28 s H7rste] Axd =4
59 FEEE 100 ug/ml &2 23} 1’4]5 , AT A ¥ & F(sulforaphane) ¥} H] L
stttk iz A (ORY v H7Eg 2FAA NQOLel &40 FoAoez F7t
stgon, duknts (GO #H7hg 7451”}& ot (GGC) oA o 2 @45 BYo
o wguls (FGO)OA 7MY =2 &4 & gttt (Fig. 20).
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Fig 20. NQO1 induction activity of garlic-containing cheonggukjang extracts in HT22
cells.

- 282 -



(th AAEE 3 mheS HUbek A5 FEE ROS 24 &4 #HUb

nh= g 74%” Az o] AlAgE=5Ad 2420 glutamate”f OHLO}E ROS9 A4 A
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ROSo| W3 ANAAE Reaas FAEE Y. dAEE g8 s H7F =3
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uf, xaQl A (C) ot vks H7EeE 15 0] glutamate®= 13 fX=5+= ROS< 3**
S a3 or AdAse AR yEykon wolnts (GGC)e] 74 =& ROS AA oA &
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s B (Fig. 21).
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Fig. 21. Inhibitory activity of garlic-containing cheonggukjang extracts from
glutamate-induced ROS production in HT22 cells.

(ZH dAHGE G nteS HUke A5 FFE9 superoxide anion &7 4

53 A FEE AT ESA 249 FFEHo]E7F {1l superoxide anion
o] B4 Al au= AR 7] 98te] DHE (dihydroethidium)E o] &3te] dx2lE 2 g nf
= H7 A= FEEY supe rox1de anion®l U3k /\174/H]4‘ BRI EHE FAEAL. dx8gE
223k vs H7F A FEEES 100 pg/mle® vk~ dnp f28 AEFQA HT22 Al
A st dxzat2 Hustgs o, WZ—EL?J A2g=7 (C) E‘:‘r s g A FEES H
7}t 1Fo] FFEMOER %% superoxide anion 2750 FYZFOE A ERGTH
(Fig. 22).
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Glutamate 5 mM

Fig. 22. Inhibitory activity of garlic-containing cheonggukjang extracts from
glutamate-induced superoxide anion production in HT22 cells.
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HT22 Aol Aglste] tixza# vustd e o, dxawdd AF=4 (C) 2o vks &7 H=
A FEES Hubst 180 FFEH O ER 3] 74 H glutathioneS THA o2 Z7HA7]&=
Aoz yUewn. s E 2avks (FGC) F=7ol glutathione #4E 7Hd EdAo=w
AA = Aoz ettt (Fig. 23)
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Fig. 23. Recovery of glutamate-induced GSH level decrease by garlic-containing
cheonggukjang extracts in HT22 cells.
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Fig. 24. Neuroprotetive effects of extracts of cheonggukjang prepared with dlfferent
levels of garlic from glutamate-induced cytotoxicity in HT22 cells.
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@ vl=gEd 9 FE529 HT22 cell linedl A 9 NQOl = g4
npsskgd "G93 FEE9 NQOl1e &4 EXoFE HrEshz] 98] NQOL assays 535+

shmdtgy ©4 #2226 NQOl 34 202 g AAAE BEaHE 2AEAT. vk
2 3l fre] AlEFQ HT22 Mol vsdsd |94 FE5E55 100 pg/ml &2 A ste] o

FA T At (sulforaphane) 1]l 0}91 L AEAY gz vE 0% "ot

z=
dAEY vheS H7FE a54A NQOLe &A4o] ooz Frhstdtt (Fig. 25).
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Fig 25. NQO1 induction activity of extracts of cheonggukjang prepared with different
levels of garlic in HT22 cells.

2 E Wak= ROSO AA Al
of v % FEE9 ROSOﬂ gk A7
u

2=
E9E dolr 7] $ste] DCFH.DAES o] &3}
z vk sk fel Al

BEESE 2ASAL vhed P 9 FEES 100

Al =2
Yol HT22 Aﬂyﬂ] Al sle] xR vustyE S W, xR vkE 0% %%Eﬂr s S
A7tk 5o FFEMOER FEHE ROSE gy o=r Adlsts Aow YehHTt (Fig.
26).
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)
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Fig. 26. Inhibitory activity of garlic-containing Doenjang extracts from
glutamate-induced ROS production in HT22 cells.

@ vt A= FE559 superoxide &7 &4 7t

o Az JAe] ABSEEAE 22 FFEoEZ f28k= superoxide®] Y73
Asl G35 dolr 7] 9jste] DHES °]&3te] vhaddd 94 FE2 9 superoxide Y4 ?ﬂ
3 dAAS AT e EE 94 FEES 100 pg/mle 2 v~ &l f3 AlE
HT22 Az Aelste]l izt Huwsds o, iz vis 0% 37 848y vss “4
7hek 1Fo] SFEHOEA B2 o] superoxide BAAS TR JAlstE HoR UENY
t} (Fig. 27).

Glutamate 5 mM
0 10

Fig. 27. Inhibitory activity of garlic-containing cheonggukjang extracts from
glutamate-induced superoxide anion production in HT22 cells.

® vl H5d FE59 glutathione 4 ¢
= FRHEN Ezo] = 4%l glutathiones

o] mBCl & ©o|&3to] nf=ddd I FZFE9 glutathione
2 ZAE T s 3 =5 100 pg/mlez vpg-

2 doh ol AEFQ HT22 A% Aeste] grest nusd e o, h=eel vhs 0% 3
7V ARG npES HAUsk 1Fo] SFEHo]ER Q3% glutathione &% TAES Ao

A= Ao w vERITH (Fig. 29).
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Fig. 28. Recovery of glutamate-induced GSH level decrease by garlic-containing
cheongguk -jang extracts in HT22 cells.

h AT E A FEEY AAAME R
A A dFE AR A FEEY AAPAHAE HagnEs dolry] Y& F2A4 Al
|E (glutamate)® A¥E W 2314 ~EHA2E fE3ld] A=A FE25
o] ¥R IIAANS ZAHAY A FEFES 100 pg/ml =2 vl divp F8 AEF
Ql HT22¢ AH#lstal, MTT assay Wi S ©]&3sto] 2w cell viabilityE Hl 2 sFH T o=
el W ANH A=FHRY B amyloliqueficiens MJ1-4S 3 £3¢ 1%, B. amyloliqueficiens
MJ1-4¢} B. amyloliquefaciens EMD17< 7o)l HE3F 15 ol A /‘1]4@2 go] fFoHoR
2 Aoz Yebtl (Fig. 29a). £3], 18 AI7F, 24 Al7F &E 3 npdhf 3o AEH D
dol 7HE =& Ao = Yewt (Fig. 29b)
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Fig 29a. Neuroprotective effect of extracts of cheonggukjang prepared with various
Bacillus species against glutamate-induced cytotoxicity in HT22 cells.

- 287 -



120
120
: I I I I |
Ricestraw | commercial | MI14 | Riee straw |eommere ul Mi1-4 4=
slutamate S M
140
120 120
_ 10 160
T @
= g0 -
E
0 o I
Ricestraw | commercial | MI14 | Riee straw |eommere ul Mi1-4 4=
36

€ gutamateImM —————>|

-l‘
contro! |

|

war-o |

48h 60h | i8h 60h
< gntamateSmM ——————— 5 |
140
120 120
00 I 100
M I I | I I I I
0 - T - o I I
S Rice straw | commercial | M14 17 | | Rice straw jcommercial]  M14 1=
2h
<« gutamateimM ————————3|
140
120 I 120
2 50
- I I
R = 2 5] ¥ =3
= = = g = z
18h 24hb

Fig 29b. Neuroprotective effect of extracts of cheonggukjang prepared by fermenting
for different times with various Bacillus species against glutamate-induced cytotoxicity
in HT22 cells.
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(W) A= FE2E29 HT22 cell lineol A2l NQO1 %= A4

A= FE2E9 NQOI9 &4 FXoHE H7tst7] 918l NQOI assays &3te] =%
=59 NQO1 &4 =xo 7 23l ANAAE Hs3IE AU v sinl F28 A2
?l HT22 M=ol #F5 delste] Az A= FE2=S 100 ug/ml 08 AHgsto] =,
FA ¢l A X gk (sulforaphane) ¥ ¥l sttt 1 A3, hx< #3 Ad HFFRo
B. amyloliquefaciens MJ1-45 A3 15, B. amyloliquefaciens MJ1-49} EMD17 2ol A
3k 259 NQO1 4ol fodo=w 27}0} A0 A= dEAbERE = 12 A 2 e
AIE7F NQO1 FE=gdo] 718 =& Ao 2 YeRT (Fig 30).
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Fig 30. NQOl 1nduct10r1 by extracts of cheonggukjgmg prepared with various Bacillus
species in HT 22 cells.
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0, 6 AlZF A 2Fo] tE 1wl HlE ROS iﬂ%] =4 vEdot (Fig. 31)
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Fig. 31. Inhibitory activity of extracts of cheonggukjang prepared with various Bacillus
species against glutamate-induced ROS production in HT 22 cells.

1: Rice straw (0 h) , 2! commercial (0 h) , 3: M1-4 (0 h) , 4 MJ1-4+ EMDI17 (0 h)

5. Rice straw (6 h) , 6: commercial (6 h) , 72 M1-4 (6 h) , & MJ1-4+ EMD17 (6 h)
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(2h) =4 FEE9] superoxide 27 A4 7}

ntsetf Ao AATESA EAQ FFEMOIEVL §uEli= superoxide?] A A S|
g9 E dolnr] 95t DHES o]&3ste] H=% i%%ﬂ superoxide®] ™3l A ABAE HIT

o
F9E AR Y. A=A FEES 100 pg/mlo 2 v dnp F2 AlEFQ HT22 Al
Agste] dxza2 ¥ustds o, txzad $HA, ]%} A=A R T B amyloliqueficiens
MJ1-4& HE3 1F, B amyloliquefaciens MJ1-4¢F EMDI17& #Zo] H%E3F 150 ZFEhv
olE Aol 93 superoxided] WS THA R A stE Ao R e (Fig. 32).

Glutamate 5 mM

Fig. 32. Inhibitory activity of extracts of cheonggukjang prepared with various Bacillus
specles against glutamate-induced superoxide anion production in HT 22 cells.

(mh) F=% F=E9 glutathione 74 A B 7}

s S A=Y AASTESAE EZQ SFEYolE o A glutathiones S 7HA
7= AE dotr7] 935k mBC1§ ol &3t Az nts I =G F=E9 glutathione
Ao tigk AAAY REgHE AT A FEES 100 uyg/mlez v~ gut
frell AEF] HT22 Aol AHeste] tiza ) vlastd s of, iz 2, Al =81
o B. amyloliqueficiens MJ1-4<5 &3t 155, B. amyloliqueficiens MJ1-49F EMDI17S 29|
HEe aFo] =FEoE Ao o&|H AW glutathione A4S FHHoRE oA dh=
Aoz eyt (Fig. 33).
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Fig. 33. Recovery of glutamate-induced GSH level decrease by garlic-containing
cheonggukjang prepared with various Bacillus species in HT?22 cells.
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2-3. @723} (B5H 33 dx)

7} AAUE g vy A AT AN Fus 84 2 AAABAH B}

) ARG G4 v B} B Foirh Y FRAP M 93
E4E A ddS -8k 3,000 rpmell Al 20 3 A EE ko] @S FElske] FRAP

= 2
QB ASRAE hgse] Y AL FRAP & AUTT FA39 A9} BY
54 jo2 ekt (Fig. 34).

i

comntrol

FRAD value ul Illulq:."h}

S — Dgalacm;e_[‘_mgkgb.. _ s

Fig. 34. Effect of garlic—containing cheonggukjang supplementation on plasma FRAP in
mice treated with galactose.

(2) A& 223 nk= z47} ey 3047} 2% 4-HNE 3ol m2= 93
2 5]

4-HNE $tgFe A3k fo &9l 2ol 7F 3 Al %8kt 53], D-galactose A2l 3} o
Za7ke] zpol7t gl Ao ® yElut) (Fig. 35).

con - c GC GGC FGC

e Degalactose 200mgkgbw — 0

4HNE concentration (ng/ml)

Fig. 35. Effect of garlic-containing cheonggukjang supplementation on plasma 4-HNE
in mice treated with galactose.
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) AAEE G ks H7F A= Fo97F €4 Ul 8-OHdAG sx°l v A= JF

DNA &4 AEe] Ax<9 ¥4 U 8-OHdG 5%+ DNA damage EIA kit (Assay designs)
Z 83l FA48 83 W 8-OHdG %t A3t §94< 2o 7F d@= A 9k
t}. 53], D-galactose 2] za7ke] #ol7 §le Aoz YEst (Fig. 36).

&—————— D-galactose 200mg kgbw ——M >

B-OHAGAO5 dG

Fig. 36. Effect of garlic—containing cheonggukjang supplementation on plasma 8-OH-dG
level in mice treated with galactose.

4) AAEE deg vts FA7F A= g7t b DA AAAEE SR v A= G

d% W MDA 5%+ TBARS Assay kit (Cell Biolabs, Inc., San Diego, CA, USA)E A}&
skl S4 A th. D-Galactose (200 mg/kg bw)e] FARE A= €W TBARS s%=7F 79
How ZIhslglow, woluly, WAy ARAL FoId oA MDA s FoHow
2as9. ntsS Wrsk A= F E3 woluls Y o] D-galactosed] 9Fo] FEE =
A& st E AAlek= Ao m AbsEn (Fig. 37).
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Fig. 37. Effect of garlic-containing cheonggukjang supplementation on MDA level in
mice treated with galactose

- 293 -



(5) vh-AE S o] &3 D-galactosedl] olsf = AetH AEdXAM HdALE G
b A7 A=Ae] 719 B oIA sl v A= 9
58 H7bek J=o] D-galactoseo] 28] FEE AHE A AE A mdoa y]el € 9l

AeHE MAATI=A 7S &QA37] Y& Y-maze testES 33T D-galactose ol A
= A3 EY FWAETHe] fFoHo=w @ig} Fow we H7F ANFe FHHATHEHS
ol o g F7F AHoy, dolnts (GGO), Havts (FGC) A=Al F71&0] tL =A

YUEls ot (Fig. 38).

Lt

control control

| € D-galtose 200mzkgbw ————— | | |%Dzahu se 200mgkgbw — >

YR
&

- I
&

=

Fig. 38. Effect of garlic—containing cheonggukjang Supplementatwn on cognition
impairment caused by galactose administration in mice.

U.ovts 35 239 F43s 2 AAFARS 84
%9 ORACroo %t

2] 29 ORACroo #& FH% 43, vbs 339 93 7582 v
S PR 9 nY e A IBA B B4 GEAT (Fig. 39)
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Fig. 39. ORAC values of Doenjang containing different levels of garlic
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Fig. 40. ROS scavenging activity of garlic-containing doenjang extract in HepG2 cells.

(3) DPPH &dZ &A%
e Es delstel Axd ¥%de] DPPH amﬂ 2SS =

3 HAo] B FEEA Y =& A8

of g% 9] Hl%ﬂ %7}6“3 DPPH

ks P, woleks FFY, WACHE ATF BE B ngo] ke FEEWE 3
gk A5} Hlal ?&3 o 60%-100% ©l&= FE&A4 %<& DPPH #tHZ &7 58S YERS]

o} (Fig. 41).
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Fig. 41. DPPH radical scavenging activities of garlic-containing doenjang and
cheonggukjang.

4) vts & 27 (R A=) F589 T AT

e HlEo] e ®Ad dAgE 2 vhs A7 A5 FHe gEe 349
A3}, BE o] EFEEA 50 pg/mLel 7}77% e HEhlG. =3 vk dgd 9
FEwe A5, T &l JEHoR v SUhES e, A= FEE Fole
Lavhe>wolnts>dwtnt s> QY G cow FHEd o] St AT vheel dE €F
< ks ol 20%< A FEEu T =] HEe] 555 F AudFe] %, o=
xzwdt Asze e Ffiete B¢ FEEv A TS v G2 Joem welth
AAYE DY s A7 AHFe) Aol BE LollA FEEW WS T B9 g
ey & Asddel =4 JEkt (Fig. 42)
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Fig. 42. Total phenolic contents of garlic-containing doenjang and cheonggukjang.
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Fig. 43. FRAP capacity of garlic—containing doemnjang and cheonggukjang.

stekd #4e ABTS @tz &7 &3
nls g @Ay Yoake]l ABTS ShuZt A4S #H7Eeh A3, vhso] shakoluy H Ay
| w2 AsjEy ol TREA skrh ey nps s @A A9 FEE0 )
S = ABTS 9z dol2 A adrt oA 43S vepdl v
= FE8&vo & ABTS gz ol As|ador {222 =

.

, AR Fol b 2
A= 2] gkttt (Fig. 44)
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Fig. 44. ABTS radical scavenging activity of garlic-containing doenjang and
cheonggukjang.
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9. 949 $AHAF F435 ¢4 A

Table 3o WERH wpel o], 6 5 %44 Fd%}Ol SAskA e @l wste] Al i}%}*é
A %% (DPPH, ABTS #t]Z 47, FRAP, ORAC), MERAA kst &4 5 fFo]4o
2 e How Yyt ay HxAde o]%z}; A A 34E o AlE, glutamate A 2] Z4H-H
AAANERZEI 52 WG 487G FoHQ Aok wEE A ekkth (Fig 45,
46, 47).

Table 3. Comparison of antioxidant parameters of non-aged doenjang with those of aged
doenjang.

Samples*
| | CGl | = |
DPPH
(% TInhibition) 86 + 3.1 849 + 46
FRAP 649.7 £ 77.0 10737 + 37.8
(M)
ABTS"
(% Inhibition) 50.7 + 33 571 + 49
Total phenolics
0 £ 0. 10.8 + 0.
(GAE mg/g) 6.0 + 0.3 0.8 + 0.3
Total flavonoids 971 + 158 65 - 750
(ng/g)
ORAC
(TE,uM) 3676.5 + 363.5 52995 + 385.9
TBARS 316.1 £ 159 3475 £ 10.8

(% control)

200
130 -
100 -
30
01— SRR . N e . . T

10‘20 50 100‘200 10 | 20 | 50 100‘200

El. (% of control)

Cont Cont Normal Aged for 6 weeks

Fig. 45. Inhibitory activity of doenjang and aged doenjang's
extracts against ROS generation.
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Fig. 46. Protective effect of doenjang extract from
glutamate—-induced cytotoxicity in HT22 cells.
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Fig. 47. Protective effect of doenjang extract from
glutamate-induced nuclear damage in HT?22 cells.
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TASE MAstE Ae2 YERES. 18y Y-maze testoll A dwrE gy ARG &%
zol= = A= ‘/}E}M__L} water maze testel M= sAH Gl ¢ Ao YRS

(Fig. 48, 49).
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Fig 49. Effect of doenjang extract on

Fig. 48. Effect of doenjang extract on
cognitive function as measured by
Y-maze test.

cognitive function as measured by

passive avoidance test.
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Table 4. Antioxidative activities of Ganjang supplemented with
black garlic concentrate.

DFFH ABTS FEAP Total flavenoids
(¥ of inhibition) (04 of inhibition) (FeS0,, pAl {mg QE/ng)
Ganjang
15% =k j30+12 it 46 1143 +230 113+1.7
12% =k 4o+ 12 Witi4 1117.0+37.3 13.7+ 0.8
12% =it 03 Yoblak: smric conceniee ITTELS W6+ 54 1383 +36.0 142+13
12% =it 05 Yok mmdic conreniee D6+ 06 W3tk 14085+ 247 142+ 0.8
12% it 1 Yobladk malic conmnee ME+07 i+ 38 14245+ 274 80417
12% =it 3 Yo blark: sdic conrentee 411+0.8 ETR+ BT 14353 £ 304 129+0.7
12% st 5 %o black: emdic conmenm 410+ 06 20+105 13660+ 131 154+ 1.6
Black zarlic concentrats
0.3% 1B+ 0.2 258103 352+ 85 04403
0.5% 40+07 ne+28 AT +85 11+04
1% 46+04 200+ 0.6 7374+ 104 3005
3% 24+04 Witls 1561.3 + 2.5 1701
5% 145+28 12820 21936 +75.5 12.7+0.8
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Fig. 50. Effect of administration of
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Ganjang supplemented with black garlic extract on

scopolamine-induced cognition deficits in Y-maze test.
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#, FEAYNEYS 24T AW, SubE P ES AAD nheav vE # (SuE
g Al vske] folmo AX Tl e sl HAHNAL (Fig. 51).
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Fig. 51. Effect of administration of Ganjang supplemented with black garlic extract on
scopolamine—induced cognition deficits in passive avoidance test.

Euts H7E b o] mlg-~9 x| 7|Fo w A= A938S Morris water maze test®= %713k
Ay Svls AFATo B AT, Svks g5 P A3 vt 53 Ao 2 YER
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Fig. 52. Effect of administration of (Gamnjang supplemented with black garlic extract on
scopolamine-induced cognition deficits in Morris water maze. (A) arrival time, (B) latency
time.
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Fig. 53. Protective effect of Ganjang supplemented with black garlic extract on
scopolamine-induced neuronal damage on hippocampal CAl region in mice model.
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Fig. 54. Hepatoprotective effect of Ganjang supplemented with black

garlic extract on scopolamine-induced damage in mice model.

- 301 -



h

FILAT torad (a st}
WK gty
i & :«i

h

|
ﬁ‘

Scopolamize {Lmglz BWW)
Tacriee (I0mghz BYW) -

| -

| be
| i

21

| l

Scopslamioe {Lmglz BW) -
Tacriee (10 mglz BW) - +

|‘ be ~ .

Gogiong (13 %0k} - - - s - - Gogany (158 uak) - B
Gogiang (11 %0l - - - = Gogars (2%l - - - -+
Ganjaxg witk BGE s Gaxiang witk BGE =
A%l 1 B F F @udy - - 7 T
I%BGE - - - - - # SWBGE - - - - - - %

Fig. 55. Effect of Gamnjang supplementedFig. 56. Effect of Ganjang supplemented
with black garlic extract on FRAP inwith black garlic extract on BDNF level

mice model. in mice model.
o}, Evt= St AAHFHAY vl$2= F FRAP 2 BDNF 5%9 vl X&= 93

g 2 Saks 3 A3 ScopolammeE 20]8t npo-ro] FA &A3l8 2 2 brain
derived neurotrophic factor (BDNF)¢] sxo] mx&= &S AyE Ay 74 =: Snis
73S FRAP (ferric reducing act1v1ty of plasma)E Y5+ AdFES HAom (Fig. 55),
o= ZHFe] Fgikst g ow Qe AU FtsEA FEUF Yol witow FAHC
H 1 2 SZnts 1+ AFHE dF BDNF sko foxel gaks nxA g Aoz

- 302 -



i

ze)
ay
o)

i
mr

Gl

B

g
A

O
X

o Mo

<0 " =K Jjo i

ﬂﬂromwwron% m _fr_wuf = T o

w0 | T i B pid

=) ol . " RO | ~y 07 - —

) @%%EM Wﬂ@wﬁ ;awe%m_x e o . 5 ﬂ

— w0 e PAr.nmoE&ommwr Jvmﬂ Mo D T r o} | N =K X0 o

750 [lle} N R i ‘l.ﬂ 0 _,AL K —_— <X EL Erl E JH R UTC ~

A,o_l o N o Z(W % 1| W oW < B mH_ﬁl M_IUW o o0 = = j0° o oo, 4 ) = d u =0 I ur ,

L [P A U S & | e vl o T RTe i 4

ﬂuww,e%ﬁ R e N A W o g sk B 1h| B 7 LR o |

° Eﬂﬂﬂé ) w ol X ~ © utmmua:or 78" %o T =8 TN

,a%%A%%ﬂﬂﬁa@Q@ﬂ L o T B[ o bm | ™ T
NS ) o |0 P = = K S Zo _|= ® % ) o Mo X o
E b T =o| R X 5 TR S e m Iy %o Ho o o O

) = =0 T o | 2 = il < o] 'X° m " Zo|NF o N H| =~ = L X
z B =R zMOA B ZT_Q oo & K o Y N < EEEN 77,;_.1@@.1%
1) A= o K2 o7 1 o =0 T No 1 |re = ~o bu|pd 0 Mo o THJ T80 ~n b |= o
ﬂo;%@aliowf o Ty o @mgmémowa%@%% I h@uﬂygo_z

— ol ~ | = e o~

BoHt T e rESRRR AT Sy

X0 m o o B X 7] n:o O—H Z..# WH ﬂ = ps b:._ N ov ;QL z._o K HL_I _,A,._ E:v _ZT Et o= To

pul — S o %05 2 }AoﬂoﬂryL M S — m417ino
— S o e HI =1 Ar: E —_ 0 frotas ﬂAr ,mp o XX 1;:_ <0 _,..lua o

— = 8 3 _ r|% ﬂiﬁiﬁﬁﬂmﬂ Wuﬂ_.% WWUEQEAT
No o BK N =0 — = S o | < AL | ‘7|._ w E]L iy R
N Hin A N = S o N | X Mo =¥
ey MR | T TK < - — S o
=l : wK oy = S
3 & o E:l Dﬂu T ;IOPﬂ = < =0 ~o L - m %
o 5 0 ~ ._.1 0 ~ X 0 — —
M 2 s T 7 Mo Na W |7 N
o |ax 8 N |go P w off T = : X 5 —
L o ™ e —_ =K - = 5

W o zo|d a | Yr | o X0 X - |9 ® B xR N o) o

= %o X X 0 ~ o}

= |0 o i~ N o oF iy h i u o = N

I iy iy | e | B e %0 o | B2 Jo 1 L) o

B 70 Jﬂ Q\JII =0 T Eo Jﬂ Jo ‘.;E ‘.:o 7o \Hﬁ ol ‘mo N JH E:l o _

Jo ] X " o - e & No 3 O - wjr ol i KA T N 3 K

Qo TF e = 5 g NT — W [mH m

e | | Ex | Ew Tl |5 i NE S

ﬂi%nowmw R | g o X g w7 G o | LT =
PR T o | B e ¥ = Jo |5 =

Ik = o %o o] T~ ~ A W o ey By ot O %0 ur | R

T P I Ol S T Tw | T

u PheleR | Ta I S e e S I I D e

= ~ - T "

2 a8 g <% |*rg ey = a® T o zo M 7P oo | = el
= S @ __Aoo% Sy P % e e T W
~ 2 5 I il QU i Y 3 TE | HE

A e = | T oy S
X m | M & mK E
N S S e X 5 ° B
5 Hi SR
[ap] o N S
(o] |

- 303 -



el o} 7] &=,

O

Bacillus, %

she

74

olo
o

Mo

Ho

b

Wl

U

25H ¢ ¢

Aotk &

foid
=

el 7149

F

el

ol

=3

Ay

RS

%)

A% v}

SRR

ERdE A

g 2AFoEA v

IHD

ol A ozt A7 A

e

817, Az o

Faich R 7

S

>=
<]

g

59

A 2l v}

=3

v}

S

el

o
—_

[m}
ol

At

il

~~

o
e

X
N
o

jans

=
N
b

—_

;OL

el

= FFZHEH 2T biogenic amine]

o)
o
o

ol

pild

- 304 -



1.

N HF A ol A IR [=)
A5 & A7 dur 8 dup 28 A=
A 1A AFAT B
=% Tx4d3 SCIE) 9 ¥, st AR 5 H
A 9]
_ Vol. U
T = IR =
© A 2} | A A A} | 2 A A} A% (No.) | 7% SCrr
Characterization of a ZA W | Journal of
fibrinolytic enzyme o] %4, | Microbiology | 23(7):
1. |secreted by Bacillus 7 | AR | AdAw, and 974-983| = SCIE
amyloliquefaciens CB1 2178, | Biotechnolog | 2013.07
and its gene cloning nA% 4
WS TR L o) g3 A | s | 2906
Z e A= . e = = =6} EL ?‘l— '_1 T - —
2 (423 Az vkl [ gaw) agd | A% | PHHEET 661660 = | wiscl
ANz AH 714 31 2013.12
Garlic sprouting is JY Seo, 62(8):
associated with Alexan Jong- HY Kim, | Journal of | 1875
3 increased antioxidant dra San JH Kim, | Agricultural 9] SCI
* |activity and concomi |Zakaro Ki & | JH Shin, | and Food 1880
tant changes in the va M KM Cho, | Chemistry
metabolite profile CH Lee 2014.02
Anti-obesity activity | Seong | Jong-— ég I5<¢0, Food Sgience 23(2):
4. |of peanut sprout Soon Sang HJ ng Bi()tezgllll’lolog 601-607| =ruf SCIE
extract Kim Kim HY Lee - 2014.04
AT,
24,
AEgFdasFsel i Z=A 9k, = 0] AT 48(2):
5 |4 Zl"‘f‘j] ¢k Bacillus ol A& | g3 71—_17§fd ;‘jr{yﬁ;‘i 163-173| =4 H|SCI
TFE] &3 g%;%qu, 2014.04
e
Overexpression of
aprEZ, a fibrinolytic KM Cho, | Journal of
enzyme gene from Seon-J| Jeong | CK Lee, |Microbiology | 24(7):
6. |Bacillus subtilis u Hwan |GM Kim,|  and 969-978| =W SCIE
CH3-5, in Escherichia| Jeong | Kim | JH Shin, | Biotechnolog | 2014.07
coli and the properties JS5 Kim v
of AprE2
CE
Characteristics and Hwang,
antioxidant Effect of CK Lee, Journal of
garlic in the Jeong | Kye KTII\{/[ If{ee, Microbiology | 24(7):
7. |fermentation of Hwan | Man SHlm’ ~and 959-968| =i SCIE
cheonggukjang by Kim Cho Jeong Biotechnolog | 2014.07
Bacillus JH Shin, y
amyloqufiecens MJ1-4 TS Kim,

- 305 -




B Vol.(No| =] 2]
EN w=Fg }2e %) 1 B
e : FAA @A gEAR| e | e | ST
AR
Ll , S 30(4):
s H A A% = ZANE (g A ER - H
8[43 Bl aay oo || aga | gAY | s | o
HA 3 2014.08
AR
Microbial and
physiochemical 5)
properties of Mi J Food Science| 23(5):
cheonggukjang 1 eong Jae Yong and 1525-
9. fermented using ]ec%rég HKV;;?]H Lee |Biotechnolog | 1532 = SCIE
Bacillus Strains with y 2014.10
antibacterial or
antifungal activities
A =
7] 7 v .
L ™70 1o, 21 (5)
el vhiz g el 294 | e ¢
10. |%407) kel ahe A age | gae) |60 Sy 1 A
=2EA g, | e :
- 714 3 2014.10
oA
JY Lee,
Properties of Doenjang . KW Lee, 48(6):
11 |(Soybean Paste) Joom | frone | KM (ho: s shet|201-300) oy | W
* [fermented with he | Rt | GM Kim A : SCI
multiple starters JH Shin, 2014.12
JS Kim
Ch terizati f K Heo, Journal of
Apr%ﬁ%CG,eng%é(r)ir;lo?ytic Seon-J| Jeong | JY Park, | Microbiology 25E1),
12., enzyme from Bacillus u Hwan | KW Lee,|  and 89-97. | =W SCIE
subtilis HK176 Jeong | Kim JSYHPﬁ)rg, Blotec}EanlOg 2015.01
Properties of a JY Lee, | 10 mal of -
bacteriocin produced Liu Jeong %{JM]eé)Eg, Microbiology %Zé%),
13. |by Bacillus subtilis Xiaomi | Hwan |y Ki | . and 1505 | SCIE
EMD4 isolated from ng Kim JH Shin, Biotechnolog 2015.09
Ganjang (Soy Sauce) JS Kim’ v -
Improvement of JJ%{ f;irg Journal of e
fibrinolyti tivity of ) OUImE 25(11
é. rnglobgblg fé:g“gyy © Seon-J| Jeong | KW Lee, | Microbiology Al A o
14 |; ; u Hwan |KM Cho and b =] SCIE
integration of a Jeon Kim |GM Kim, | Biotechnolog 8
fibrinolytic gene into g JH Shin, v 2015.11
the chromosome JS Kim’

- 306 -




The Korean Society for
Microbiology and Biotechnology
The Korea Sclnce and Tachnoleay Certer 4507

1 Yexymar-DOong, Kangrar-G1, Saoul 195703 Ko
TH. +52-2-342-2010 FAX, +32-2-Z0 -T2

E-mal : imb@imbeorls  URL = mipfirborks

Certificate of Publication

Manuscript
number

IMB15-05062

Title of
manuscript

Improvement of Fibrinolytic Activity of Bsubtilis 168 by Integration of a
Fibrinolytic Gene into the Chromeosome

Authors

Seon Ju Jeong'. Ji Yeong Park'. Jae Yong Lee’. Kang Wook Lee®. Kye Man
Chc".‘(}s'nung Min Kim®, Jung Hye Shin®, Jong Sang Kim®. and Jeong Hwan
Kim™™"

Affiliation

‘pin'w’oa of Applied Life Scieace (BEZ! Flus!) Gragwate School ana
“Institute of Agriculture and Life Science. Greongsang Nationa! Umiversiy,
Jinfu 660—701, Republic of Korea

“Department of Food Science, Gyreongnam National University of Science and
Technology, Jinju 860—758. Republic of Korea

*Nambae Garlic Research Institute, Nambae, Gveonsnam 668—812. Republic
of Kore

‘School of Applied Biosciences and Food Science and Biotechnology.
Ayungpook National University, Daezu 702—701, Republic of Korea

This is to certify that the above manuscript will be published (Vol. 25

No. 11) in Journal of Microbiology and Biotechnology.

Aug. 31 2016
The Korean Society for Microbiology and Biotectnology: -
President Chung, Ku

Editor—in—Chief Kim, Kuqﬁg

AANZE, B3 A =8

1) A2, AAA, #2A-3 AAE, Z2AT, 72AA Soy Product Fermented with Sprouted

Garlic Has Increased Antioxidative and Neuroprotective Activities. (A AF5)

2) JY Lee, JM Shim, Y Zhuang, KW Lee, H] Kim, KS Ham, and JH Kim. Antimicrobial
Activity of Bacillus amyloliquefaciens EMDI17 Isolated from Cheonggukjang and Its
Potential as a Starter for Soybean Fermentations. (ZA}F)

3) R, MAA, fgA-AZ AMAE, 2AR, AA. Improvement of Antioxidative

Neuroprotective Effects of Doenjang by Aging. (=% ZA4 %)

4) Change of metagenomic microbial population and biogenic amine (histamine
tyramine) contents and during the fermentation of kanjang. Food Microbiology,

=Hl T (SCIH)

5 Yeast diversity and volatile compounds in soybean paste. Food Science

- 307 -

and

and
=1

and



Biotechnology, ¥ <H] % (SCI&)

6) Changes of total phenolic and isoflavone contents and antioxidant activities
during cheonggukjang fermentation of Korean soybean [Glycine max (L.
Merrill] cultivars by potential probiotics Bacillus subtilis CSY191. Prev. Nutr. Food
Sci., ¥ 4] 5 (Scopus)

7) Change of vyeast population and metabolites during he fermentation of
doenjang with garlic. LWT-Food Science and Technology, i 4] % (SCI#)

A 2 A 53,

1.71 €4 2 4
=49 539 4§
=UAE 5384 =44 =d= =S
s AR FEES ]
A B )& - -
04 |FEdEen Bheke adE| ood 0 | gas | 0000
A E e
ool d =+ X858 =AE
= f == 0o
U]’E H/y\_l TEE = @E,—EHQ’E_
2014 |FrEAROZ IfHole H Ao . tlgel=t [10-2014-0011542
I R Ry
du = g8 2AE
2. 94 ¥¥5 214
(D) vk A=8 2 @9F Alx By, 53159 TH F 9¥€ 5 =49 g5 9%)
(@) Huls 4 9 ole] Az Wy, 58Ed 9 F 109 % 29 4w 9%)

3. WSAA ME A wA 19, HAF 29, 3 9 B FAE A9

7). wba)

A F (2015, Feb)., 737t shal.

“Characterization and utilization of fibrinolytic —enzyme genes produced by

Bacillus subtilis strains isolated from Cheonggukjang”

. Ak

(1). o] A& (2015, Feb), A7 o)stu

“Characteristics of antimicrobial substances produced by Bacillus
amyloliquefaciens EMDI17”

(2). A& (2015, Feb), 45 dgn

“Antioxidant and neuroprotective  effects of cheonggukjang prepared  with

various Bacillus strains and garlic supplementation”

- 308 -



= L 1= -
A 1k 37 7} s34 EU% e g
Change of antioxidant activities - o
. . CE. Hwang ¢ 64, Ela 4 -
during cheonggukjang Kye Man Cho o v} 8} 8] o gkl = 2012.11.01
fermentation by soybean cultivars
Isolation of a Bacillus
amyloliquefaciens 135 with JY. Lee, jeong Hwan B u] A A o gl 5 2013.07.03
Aantimicrobial Activity from Kim 35} 3 b T
Cheonggukjang
Change of total Phenolic and
Isoflavone Content and Antioxidant CE. Hwang ¢ 54, ) A & A o 5hal = 9013.07.03
Activities During Cheonggukjang kye Man Cho 58} 3] T .
Fermentation by Bacillus sp. EMD17
Heterologous Overexpression of
aprE2, a Fibrinolytic Enzyme Gene S.J Jeong 9] 19, jeong | Fr=rm]AEA o sh ol = 92013.07.03
from Bacillus subtillis CH3-5 in E. Hwan Kim ] 335} 3 bl T
coli
Properties of Cheonggukjang . o] Al A
Fermented with Bacillus Strains with M.J Cho’éf ong Hwan Lj;i; 4 of ekl = 2013.07.03
Antimicrobial or Antifungal Activity m co
Enhancement of the Antioxidant
Capacity and Total Phenolic and E H o )] A B
Aglycone Contents of Cheonggukjang C. k Wl\?[ng ?h 5%, Li—; i; g off 3kl = 2013.07.03
by Fermentation with Bacillus ye van 0 co
subtillis HCD02
Antioxidant Effect of Cheonggukjang JEWoo 9 9.‘33, ESNEEE! ]
Prepared with Various Bacillus Jong-Sang Kim. 3 o gk el = 2013.08.28
Strains.
Antioxidant and Neuroprotective A. Zakharova ] 79, Sk 2] 35 7} 5} o shl = 2013.08.28
Effects of Sprouted Garlic Extracts Jong-Sang Kim. 3] bl T
Selection of Microorganisms for W A e
Multiple Starters for Fermented Soy M.J C;IIO °l ?{o », Jeong é]_ j— %L] 82 et = 2013.10.17
Foods wan Kim Ty
Characteristics and antioxidant
effect of garlic in the _
. . CE H 149, S u A EA B
feremntation of cheonggukjang K ewl\a;[r;i ?ho ° 6]_% 142 of ekl = 2013.10.17
by Bacillus amyloqufiecens Y "
MJ1-4
The Improvement effect of
Scopolamine-induced Short Term A. Zakharova ] 79, (AP gty od kg L 2013.11.08
Memory Deficiency by Sprouted Jong-Sang Kim. 3 e o
Garlic Extract
Antioxidant and Neuroprotective B
Effects of Doenjang and J.E. Woo 9] 84, gk Al E 119 o gk = 2013.11.14
Cheonggukjang Prepared with Garlic Jong-Sang Kim &t} 3] T o
Supplementation
Antioxidant and Neuroprotective A. Zakharova ] 79, Sk 2] % 4 e 2013.11.14
Effects of Sprouted Garlic Extracts Jong-Sang Kim. &2} 5} 3] T o
Antioxidative Activity of . _ =
. . M.J Ch H St A _
Chenggukjang Fermented with JC o,é.eong wan i}jﬂﬁ oo o kel = 2013.11.14
Bacillus Strain 1m o
Isolation of a Bacillus
amyloliqueficiens EMDI17 with J.Y Lee ¢ 69, jeong St A F G Y o gk 2013.11.14
Antimicrobial and Fibrinolytic Hwan Kim 7} 3} 3] bl T
Activity from Cheonggukjang

- 309 -




a3z
el A w4 s | REH age
= Ta
Comparison fo total ghenolic and C.E. Hwang 9] 27, St o )
16 | isoflavone contents in soybean o 715} 5 o skl = 2013.11.14
fermented foods (Doenjang) Kye Man Cho gyl
Yeast community in soybean _
. . HE. Lee ¢ 24, K Bl 2] 3 4 _
17 | fermented foods (doenjang) using ee 2| 273, Kye ok?;? ° | = 2013.11.14
26S rRNA sequence analysis Man Cho et
Isolation of Bacillus amyloliquefaciens m American -
18 | EMDI7 with Antimicrobial and X Lg* i ZK‘I’ e . B];“Lt 2014.05.17
Fibrinolytic Activities wan m Microbiology oston
Characteristics and antioxidnat _
. . CE H 34 Sk -5-8- A B
19 | effect of the garlic concentrations wang £ 373, %C’f _ 878 g gkwl = 2014.06.19
. . . Kye Man Cho 3} 8} 3]
in the fermentation of doenjang
Overexpression of aprEZ, a
Fibrinolytic Enzyme Gene from —— Lot m) A I sk
20 | Bacillus subtillis CH3-5, in S Je‘ﬁg i éi‘”’ jeons %jz;s;] 2 am= | 20140625
Escherichia coli and the Properties of wan fim b
AprE2.
Properties of Meju Fermented with M.]J Cho, jeong Hwan Sk A=A )
21 Multiple Starters. Kim ) 25} 3 gkl = 2014.06.25
Properties of a Bacteriocin produced s SLSL ] A0 B A
92 | by Bacillus subtillis EMDA4 Isolation X. Liy, J;;fmg Hwan ”i 51 i; Ul gan= | 20140625
from Cheonggukjang m co
Characteristics and Antioxidant Effect
alic i i Y.S 49, k St m A & X _
93 of Gd..llC in t.he fgrmentatlon of Jeong 2] 49, kye i‘_] ‘g_g 3 e 9014.06.25
Doenjang with Different salt Man Cho 33
concentrations
Fermented Soybean Product and . . St A & 7} g _
1)
24 Their Bioactive Compounds jeong Hwan Kim 3] o =Rl = 2014.08.25
Improvement of learning and
o5 | memory by sprouted garlic extract A. Zakharova | 74, Experimental | 7| = 9014.04.96
through antioxidant activity in Jong-Sang Kim. Biology San Diego o
mouse model
Neuroprotective Effects of
% Cheonggukjang Prepared with B. JE. Woo 9] 84, Experimental u] = 2014.04.26
amyloliquefaciens MJ1-4 and Jong-Sang Kim Biology San Diego o
Bacillus sp. EMD17
Cheonggukjang Prepared with Garlic
i i iti E. W 8 Sk o 2 & 3} 8 _
97 Supp.lementatlon Alleyla‘ges Cognitive J 00 9 7S5 2 ER e ) o 5kl = 2014.08.25
Impairment and Oxidative Stress Jong-Sang Kim 3]
Induced by D-galactose in Mice
Neuroprotective Effects of Doenjang K o 5l = Al 3 g1 &)
28 | Supplemented with Different Kinds of 5.J. Kang <] 7 i o SAE S o skl = 2014.08.25
Carlic Jong-Sang Kim 3]
Neuroprotective Effect of Doenjang K 10 3] 2 Al ol ok
29 | Supplemented with Various Garlic SJ. Kang #| 0 ¢ i %fl wee o g9l = 2014.10.27
Products Jong-Sang Kim 7}8} 3]
Protective Effect of Cheonggukjang
Prepared with Garlic Supplementation ™ 5] 5 A] 3 o oF
30 on D-Galactose-Induced Oxidative JE. VY(S)O °l Il{? o’ ;]rj___]—‘ e o ekl = 2014.10.27
Stress and Cognitive Impairment in Jong-Sang m o
Mice
Antioxidant and Neuroprotective o] gm . -
31 Effects of Korean Fermented Food S.J. Kang 2| 9 ° E.Xperlmental 1= 2015.03.28
. ng-San m it n
Doenjang Jong-Sang Ki Biology Bosto
Cognition-enhancing Effect of
j S.J. K 124, ol o 2] & 3} 5 -
3 Ganjang (Korear} Soy Sauce) . J. Kang 9] 2% ? Ea o ERED 2015.06.03
Supplemented with Black Garlic Jong-Sang Kim 3]

Extracts

- 310 -




= . 4 =7 =
2w A% A 53/ g | wEa
Properties of a Bacteriocin produced X Liu i o SLS ] AN B A
33 | by Bacillus subtillis EMD4 Tsolation I g & ;i; Ul aana | 20150624
from Ganjang(Soy Sauce) 1m e
Properties of an Antimicrobial
; X. Liu 29, jeo k= 1] A & A 3
U Substar}ce Prqduced by Bacillus 9] 29, jeong i‘_] ‘(E_g Y o) 3k = 2015.06.24
amyloliquefaciens CJW15, Isolated Hwan Kim g5}
from Cheonggukjang
Characteristics of Doenjang(Soybean
ith Th Y Lee ¢ 54, jeon Sk m] A & A }
35 pz%ste) FennenFed wit ree J <] e, jeong i'_] ,C?__E Y e 2015.06.24
Different Multiple Starters Hwan Kim 4338} 3]
Combination
Properties of a Fibrinolytic Enzyme o] om R D R=I
36 from Bacillus amyloliquefaiciens Y Zhu;ng ]K21 o Li;i; ¥ o el = 2015.06.24
HCD2, Isolated from Cheonggukjang Jjeong Hwan Him co
A Daily Regiment of Ganjang
Supplementation with Black Garlic . - B S Al 3E of o
37 | Extract Alleviates S ngg 94};1.2 < ;};;]—1 wee giels | 2015.08.24
Scopolamine-Induced Memory Jong-Sang m !
Deficiency

5. 948 FA A4 tHA 1L H, A2 8 wE
AL 9]
%

_101'

ul
AT, A e, 2015, 02. 25.
“Characterization and utilization of fibrinolytic enzyme genes produced by Bacillus

subtilis strains isolated from Cheonggukjang”

7

A} 8]
1. o A&, Ao, 2015. 02. 25.

“Characteristics of antimicrobial substances produced by Bacillus
amyloliquetaciens EMDI17”

2. AL A&Eogiska, 2015. 02.
“Antioxidant and neuroprotective effects of cheonggukjang prepared with
various Bacillus strains and garlic supplementation”

- ole] v W AYE A

7h AEZR
- 2014. 2. 269 w]=3}8+e 3] (American Chemical Society)e] TH.-§ 7|AFE E kAo AJyjel =5

ol 2719, THee] WAOIEIIN A G

(http://www.prevention.com/food/healthy-eating-tips/why-old-sprouted-garlic-actually-good-you;

http://www.naturalnews.com/049214_garlic_sprouting_antioxidants.html:

http://simpleorganiclife.org/sprouted-garlic/)

- 311 -



FOR IMMEDIATE RELEASE

ACS News Service Weekly PressPac: February 26, 2014

Don’t throw out old, sprouting garlic — it has heart-healthy antioxidants

"Garlic Sprouting Is Associated with Increased Antioxidant Activity and Concomitant

Changes in the Metabolite Profile”
Journa! of Agricultural and Food Chemistry

"Sprouted” garlic — old garlic bulbs with bright green shoots emerging from the cloves
— iz considered to be past its prime and usually ends up in the garbage can. But
scientists are reperting in ACS’ Journal of Agricultural and Food Chemistry that this type

of garlic has even more heart-healthy antioxidant activity than its fresher counterparts.

Garlic that has sprouted has more heart-healthy
antioxidant activity than its younger counterparts,
purposes for thousands of years. Teday, people still celebrate its healthful benefits. Credit: pbnav ock/Thinkstock

Jong-Sang Kim and colleagues note that people have used garlic for medicinal

Eating garlic or taking garlic supplements is touted as a natural way to reduce
cholesterol levels, blood pressure and heart disease risk. It even may boost the immune
system and help fight cancer. But those benefits are for fresh, raw garlic. Sprouted
garlic has received much less attention. When seedlings grow intoe green plants, they
make many new compounds, including those that protect the young plant against
pathogens. Kim's group reasoned that the same thing might be happening when green
shoots grow from old heads of garlic. Other studies have shown that sprouted beans
and grains have increased antioxidant activity, so the t2am set out to ses if the same is
true for garlic.

They found that garlic sprouted for five days had higher antioxidant activity than
fresher, younger bulbs, and it had different metabolites, suggesting that it also makes
different substances. Extracts from this garlic even protacted cells in a laboratory dish
from certain types of damage. "Therefore, sprouting may be a useful way to improve
the antioxidant potential of garlic.” they conclude.

The authors acknowledge funding frem the IPET High Value-Added Food Technology
Development Program.
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