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ABSTRACT

Soy sauce is fermented soybean product which is widely consumed as a condiment in Thailand.
Up to know, technologies related to Thai soy sauce production have been improved, e.g. application of pure
starter culture of Aspergillus oryzae for koji making which shorten time and lead to constant quality. Apart
from this starter culture, development of lactic acid bacteria (LAB) and yeast starter culture for moromi
fermentation have been attempted by Food Biotechnology research group at Department of Biotechnology,
Faculty of Science, Mahidol University. Knowledge of volatile flavor profile in Thai soy sauce which recently
established enables the selection of LAB and yeast strains based on their flavor volatile production. Moromi
starter cultures including Tetragenococcus halophilus TS71, Zygosaccharomyces rouxii A22, and Pichia
guilliermondii EM1Y52 were developed in this research project. T. haliphilus has been isolated previously
and showed better performances than isolates from the present project. The two yeast strains were isolated
from moromi mash. Z. rouxii A22 could be individually applied or co-applied with P. guilliermondii in moromi
fermentation to enhance flavor volatile compound production. The production of volatile flavor compounds of
each strain of interest was firstly monitored in a moromi model system containing moromi liquid as culture
medium prior to trial in pilot scale soy sauce fermentation. When the strains were applied with soy sauce
fermentation (500 litres), good characteristics such as sweet odor, no off-odor, and low biogenic amine
content of raw soy sauce were obtained. The results of pilot scale fermentation also supported the concept
that LAB enhances growth and activity yeasts. The results suggested that LAB could be inoculated one
week prior to yeast inoculation. Moreover, role of P. guilliermondii to enhance volatile flavor compound

production by Z. rouxii has been discovered by this study.

Keywords: Soy sauce, starter culture, moromi fermentation, volatile flavor compounds, Tetragenococcus

halophilus, Zygosaccharomyces rouxii, Pichia guilliermondii



Executive Summary
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Iumg'uﬁlﬁﬂﬂ’h macerating enzyme 1% Lau b pectinase taulwa] cellulose waz hemicellulase N7 HaLAL
& o Y € a @ =2 v . A a a & & Ac A
s inlitaulodtaslds@uainnsatnile substrate laadnsdidszdniaiwanndyu wanannvululadsad
& . a 4 . . L.oAdA a ) a . Al A o
Lo % o3 glutaminase NLUay% glutamine 1 glutamic acid NINNIADIRYNIN (Umami) VBITAIANAL
2) 1%8 lactic acid bacteria N bFlwnNIwainlulsi 1w Tetragenococcus halophilus ARNTARES lactic
acid uaz n3adunidan g Midudszlomddanandnuazguniwsasnianmet sansavild pH asfe 4.7- 4.8

(2

muldanznfiindags a19fis 24% laode water activity (Aw) =0.808 wananiidsdaslinfaianlmal

v
A

tyrosine decarboxylase W& histidine decarboxylase anea titadanniaubrsizasnlfinaliiiia tyramin way
histamine
& a ed ') P .. & A ¢XAd aan A
3) Wadaanitlunininlulsdl iu Zygosaccharomyces rouxii lasadadnisuiifanssuiile pH va9
sruuasdnd 5 lasdadadfanunsnnia ethanol uaz glycerol Tawnisnslwnausadug lananiznfiindegs
4) Jdefaanltlunsninlalsdluszoenatannil . rouxi \Suifanssutasas 1ulTea Candida

versatilis uaz C. etchelisii lasiTafiadniasmslinduiadug lafianzndindagald



o o o A o & & a N A o & a A9 o & & a
fniunsaaRenmewuiiTauiant A. oryzae Waiduiigaladvadinoldagluymziiu axd
InEU@Na 9 N1SRNTIN fla S1NNINAR extracellular protease WAz amylase ld@ &84 conidia Nidaw Tains
mycotoxin wazaaInTY ldaautgunnInmanzaunuiiadensesing laswugeniazeglujlves
wided dalimandadunisdudiatlanannlidhedu lunszuaunsningailasldyfuniduu taulodnae
rhaflnnuan uaNiauta fo proteases Uaz amylases Watannanaas uazuils Widunsaoslln uay
:l o o A o v @ A dq’ Qs et o d‘l a g 1 =3
iaamuiey sadnldiduasiitislunsaaRenaenuiniterfiunid lasawziian A. oryzae atnalaf
ve & a A ea a . v = A A a oA o
oy mMadszyndliaedunidiaunsania glutaminase danfiduniaula Salivoanwit fmshnuses
. a P a . A A A a X '
glutaminase lunszurunmsladuazlalsfl Wi Lglutamine  FaiduasUszneviediniiiaduwainnsdas
i ) ¥ o o b P A a a
lhs@unaglunundauazutedninnieudsand ldidunsanganiin (glutamic acid) GeuFunmnsanganineg
“ o 89u A o e & o4 - - e doqea da
dudrvlisamndvesndadmsiinuslnanndu hasnnieeziilungafinduanivliifiasaniiondy “gun
- 4 . Iy
d (umami)” Fudussaniza11adban (unique flavor of fermented soy sauce) (Ohshita, Nakajima, Yamakoshi,
Kataoka, Kikuchi and Pariza, 2000; Wakayama, Yamagata, Kamemura, Bootim, Yano, Tachiki, Yoshimune,

a

Moriguchi, 2005) wuanaininsanaadndslfidudidsvanin $aa0ldnnsmindszoziamlunmmdnd
a
fl

&
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1) iloRaldaniouuaiiiss Tetragenococcus halophilus uas Sad Amnzaudniudwidalunsningan
2) tanEAWALTauLATISe Tetragenococcus halophilus U ﬁa@i’ﬁuuuuﬁm%‘uqmm%nﬁmmwﬁ@l%ﬁa

3) IaasIFaUANNENNUEIaINTlEWIEeT (Aspergillus oryzae) wuATiLSe (Tetragenococcus halophilus)
uae O8e ﬁ'uqmmwmaamﬁmﬁmﬁ%%ma@qumé‘ﬂﬂmzmii:mﬂlﬁﬂﬁlma%g's waeMILeLdug snwNg

USemNAUNFINN AN UTNTY Hiazn aUNITa

szidgul5I98
ﬂﬂiﬁﬂlﬁﬂﬂﬂﬁﬂﬁ%ﬁi“iﬂﬁﬂ@f

ﬂmxﬂ”’?ﬁ‘fﬂvlﬁﬁwmiﬁ'ﬂLLUﬂL%aﬁa@Tﬁnﬂm”mih\ﬂ:ﬂﬁ Talsd 1 1dou Tulsd 2 wdan uas Twlsd 3 1dou 7l
Fiuanls99s SIUNTTUIUMT 2 NIrUIRINIARNATuT RN auanan9rin Tduinszuanns A tnde 5%
(Non-enrichment) Ll NIeUINNIT B N8 10% (non-enrichment LLaE enrichment) (ﬂ’]&li’l&la:lﬁﬂ@]@”\‘lﬁ
NIEUIBMIT A

datsladuazlulsfiazgniinlwilansdan 0.05 M phosphate buffer WAz ED8ILM YPD agar 7i
fiinfa 5% ﬁqmﬂgﬁ 30°C Wadisausnldzinlunagounsmundafinnududn 10, 15, 18 waz 20% wiv
NaCl ﬁ]'mffuﬁ'lL%ﬂﬁmminLﬁ]’%mﬂummsﬁﬁmmLﬁuﬁumaamﬁaqa"lﬂﬁnma’m:mﬁlﬁﬂﬁuﬁﬁawﬁﬂﬁw
GC-Ms qaly
N3£UIBNIT B

lunsdl non-enrichment daatnsladuaslulsfazgnvilwidearsdan 0.05 M phosphate buffer uaz
W1z 50890 YPD agar Afitnde 10% 'ﬁlqmﬁn“ﬁ 30°C udrhlunesaunisnwndofeaududu 10, 15, 18
ez 20% wiv NaCl 3ausanuaansalunsnaaiawlass glutaminase uaz/m3a protease uas amylase Taelis
mgu@i”ugmﬂmwﬁtyuu glutamine medium (G-medium), skim milk medium &2 soluble starch medium

ANUAIAU NIRTanawla WA aIIsnslRn RN TanEad18 GC-MS dakl



a

§IWNI0 Enrichment 11 L%aiuiﬂﬁLLaziwIiﬁgﬂ Enrich 1 YPD broth fitn&a 10% Namnnil 30°C

U
a

& Aa ' A ' ' ° A A o & o & {a A
NILUUNTNIUE wae TIN5 nawrinnIT88a19 N AaLUNITaGI NI Ta8IUK YPD agar NALNAD
10, 15, 18 L8z 20% ﬁqmﬂgﬁ 30°C wazin lUanwanusuTabwnInEaLaw sl glutaminase WAY/1ID
protease 738 amylase I@lilslumuuﬁu@mnmiw%ﬁyuu G-medium, skim milk medium W8 soluble starch

medium INEGU NIRTenawka lWanw eIz linaunteniadl8 GC-MS da'ld

ﬂ’liﬁﬂLgaﬂﬁﬁﬂﬁuéL%aLLﬂﬂﬁL%ﬂ

datwlaiuazlulafinzgniiliilennsdrs 0.05 M phosphate buffer WWofAn®$1I% total bacteria
azWnzLBaasun BHI agar Aiflitnda 10% wie lifinge I@Uﬂu‘ﬁ'qmmgﬁ 37°C Yi9UUY aerobic Uaz anaerobic
WaziRa@nmE 1w lactic acid bacteria 91wz E089L% MRS agar Aiitnde 10% w3e lufiinde Tapywd
qm'vm“ﬁ 37°C VlgdLL‘LI‘LI aerobic L&z anaerobic L&iR: isolate wWHnNnagay catalase activity lagnnea
hydrogen peroxide waz anuaunsalunsiasymeoldindannuitutyu 5, 10, 15, 18 Laz 20% NaCl 7 37°C
uiin lunaseuanuanisalunsndatawlssf glutaminase Waz/m3a protease waz amylase I@Ulumguﬁug

ﬁ]’mﬂ’m,’ﬁzy‘uu G-medium, skim milk medium L8 soluble starch medium AU

nsdnsassemelinauiidaduan
1 isolate ﬁaula"lﬂﬁymlummimm double strength YPD (Hayashida et al., 1999) “ﬁlﬁmﬁa 10%
pH 6.4 (ﬂi:ﬂauﬁ’m 20 g/L yeast extract, 40 g/L peptone, 40 g/L D-glucose, 100 g/L NaCl) lim'fl’ 30°C W% 7
% WA culture broth ﬁvl,@lwlﬂ centrifuge ﬁ' 5000 xg 4°C W 20 WA Lﬁaﬁ’na’l supernatant VAR TE
welinaulasismydaseiaaulasain Wanakhachorkrai & Lertsiri (2003) dio'ly
mylensiassanerinlag idregnetingoadeysunn 5 mi Uﬁﬁ;a\ﬂusl,umm 20-ml headspace
il’mifulﬁ&lmiam’m 2-methyl-3-heptanone 1% methanol (17.45 pL/100 mL) Yo 10 pL adlualaend Witn
m?@LLﬁaﬁﬂﬂﬁjuﬁ 40°C w11 10 w1l mmfmﬁum‘i‘izmﬂlum’m headspace @18 solid-phase microextraction
(SPME) (50/30 um Stable Flex Divinylbenzene / Carboxen / Polymethylsiloxane; DVB/CAR/PDMS, Supelco)
7 40°C win 20 Wit @9 SPME eananaztilutantsasssszinele GC injection port i 220°C win 5 wifi
Lﬁiamﬁf,j GC column gy
mﬁzmslﬁl,ﬁuvlﬁgmwnﬁw gas chromatography-mass spectrometry %38 GC-MS (Agilent 6890
plus GC/HP 7973 MSD) laald HP-FFAP column (25 m x 0.32 mm id x 50 um; J&W Scientific) A8ldaam
navasuds 1.5 mLmin laslianizgmpiizes GC column aaqeluit
45°C to 110°C; @ 10°C/min
110°C to 160°C; @ 7°C/min
160°C to 240°C @ 10°C/min

NIANBININIINVBY Glutaminase

W isolate vasiad wie wuefidoAsulaluiaesly glutamine-medium (G-medium) A1 0% w3e 18%
NaCl) ageag Tagviaft 30°C udarhsideadefildldiuanaznauiausnian extracellular glutaminase lugam
supematant swaaLfof lein lUAn w1 Aanssues intrcellular- uAz membrane-bound glutaminase L@y
SeTeUSuNmaas glutamate ALiaduluasazautiwwmes pH 7 7 37°C ey L-glutamic acid assay kit
(Boehringe Mannheim) LaEATIIFALNNSLAAD UV B glutamate 1w (confirmatory test) lagvin fisen

glutamate NiN@VYWNL dansyl chloride Walwdanedt glutamate lugﬂ dansyl chloride derivative @28 high



S wa A a A a X
performance liquid chromatography (HPLC) FelAfenuvad enzyme unit Aa UIu1kuad glutamate Mnadulu

%38 micromole @@ W (Wakayama et al., 2005)

N13ILAT1ZH glutamate Uaz glutamine A28 HPLC (lasaauiadann Timperio et al., 2007)
aag9usuna 100 pL Twsuny snsacasiiwiwas sodium bicarbonate (pH 11) USunaw 100 pL
WA ®15AZAN8 dansyl chloride (1% 1 acetonitrile) ﬁwﬂg’jﬁ%ﬂaﬁ 60°C uiaan 30 wifi mnifuﬂqﬂﬁgjﬁ%m
@18 40 L acetic acid mﬂ‘ﬂfuﬁﬂﬂﬂwﬁm'ﬁimLﬁaﬁﬁ@mﬂauﬁauﬁw"lﬂ%mm:ﬁ@hU high performance liquid
chromatography (HPLC) @3293@7 254 nm @08197HNw3 derivatization uignuaneay C18 Hypersil
Gold column (150 mm x 4.6 mm, 3 um) laald gradient elution @38 mobile phase aaluit
Sovent A: 0.1% trifluoroacetic acid (TFA) | dilstilled water; Solvent B: methanol

Taud flow 1 mL/min @18AIIEIUVBI solvent At

98% A for 5 min
98% to 50% from 5 to 20 min
50% to 0% from 20 to 21 min

NNSANBINANI TNV Protease

i isolate vas8adfianlaluiduslu YPD broth 7 30°C udasiindafideslal@nmn extracellular
protease laale uasein 1w substrate Uaz31A512% amino acid fiAeduwluasazaetiwinas pH 7 7 37°C Tag
anaznawllsdues trichloroacetic acid fiow ud1iAUSIMaINIAo=dTutiadulassa OD 280nm (tyrosine
equivalence) Fofenuves enzyme unit Ao US89 tyrosine \Aeduluriiag micromole da w17 (Lakshman
et al., 2010)

Tunsdluasuuafise W isolate vasuuafiSofianlalliaosly BHI n3a MRS broth i 37°C udati
culture broth 7letlUfn®n extracellular protease Tawld casein i substrate waziiaeinine=dluiiindn
Tusnsazanatiwined pH 3 71 37°C lapanaznauldsfiudan tichloroacetic acid nawu&23a OD 280nm
(tyrosine equivalence) Sefouves enzyme unit A8 USNakua4d tyrosine \Aadwluniiag micromole da Wi

(Lakshman et al., 2010)

N1397UKN isolate
Isolate vosfadfianlaazrinaunidsslu YPD broth udihunana DNA laggasriaimasiy Zymolyase
W spheroplast 76 lulsluasazans 10% SDS (pH 7.2) w1t 30 w1t st wwend 5500 xg 4°C 15
wift gaulad leninluidia 2-propanol maanUwiendi 9000 xg 4°C 15 Wi 3zldmznaw DNA s ldans
8 70% ethanol 1w YinuRIse SpeedVac winiin lUldluansazans RNase (Ferreira et al., 2010)
nsiwinliiusuauee PCR Tagld primer NL-1 (5-GCATATCAATAAGCGGAGG AAAAG-3)
e NL-4 (5-GGTCCGTGTTTCAAGACGG-3’) ‘T‘i\‘ilu 50-uL reaction mixture Usznaveas 1.25 U Taq DNA
polymerase, 10 mM dNTPs, 1 uM primer, template DNA L8 ﬁ’mﬁ;uﬂi’]ﬁmm%a Immmﬁmﬁwmuﬁw PCR
ﬁwﬁqmﬁgﬁﬁ'ﬁﬁ
Initial denaturation 94°C 2 min
Denaturation in PCR cycle 94°C 1 min
Annealing 55°C 40 sec
Extension 72°C 30 sec



Final extension 72°C 5 min
‘ﬁ’l‘u%q‘ﬂ% PCR product (26srDNA D1/D2 domain) e dae purification kit (NucleoSpin® Extract Il)
wWath ldwdrauaesdud laslsd NL-1 forward primer (LSn15084 Macrogen, Korea) Waz¥in sequence analysis

@78 GenBank BLASTN search \Was1uuniTafniuen lada bl

nsdnsImsHanasRnaussaasdenanlaluszuusiaasnsusinlalen

ilulsdaldnnnszuiunmsmandunm 1, 2, sz 3 @ewanlsenudsruuonianzainin i
TulsdnlelUl410u media lumsidssidanisausnasnan I(ﬂﬂﬁﬁiﬂiﬁﬁdﬂﬁi’n%ﬂ&iNﬂumiﬁmlﬁﬁaﬁﬁagﬂi‘lLﬁ&l
Usums 200 mL 1dasluwia Duran awna 250 mL tEnswdaasllusrman 10° cellsimL dnlUviad 30°C win
7 5w laglufnsaguiedouuounsninlulsd Iumi'ﬂ@maaﬁlﬁﬁﬂﬂiﬁﬁhﬂﬁlﬁuﬁaL%amvl,ﬂLﬂw};ﬂ
agu uwazgaIouifisyldun YPD broth #finda 18% (18-YPD broth)

Fmafuaaegsluiud 0, 3 uaz 7 lWAerzisuinisduazuuafisoniausnda uaz Siazs
maadlagidraneludundssi 5000 xg 7 4°C wiw 20 wifi ihdulaflelunsasdas 0.45 um membrane
fiter fiaunsteMzimaed leun asszneliniudrs GC-MS a3 biogenic amines @28 HPLC was iena

[N

ﬂglﬂﬁ(ﬁ"m glucose oxidase-peroxidase kit (Sigma Chemical) @l’m?'ﬁ'ﬁvl,@mmavl,ﬁﬁ"mﬁu
mﬁms’;zﬁmagaﬁﬁnm

AATEHERA@28 YPD agar plate 71§ 10% tnfa pH 4.5 wa chloramphenicol 100 mg/L U 30°C
Wt 3 019 4 %

Sensuuafisansauinfnday MRS agar plate A5 10% nfa pH 7 uaz cyclohexamide 50 mg/L
Unfl 37°C win 2 fi9 3 T

S siuuaii3uninuaday BHI agar plate (10% tnda pH 7) nia TSB agar plate (10% tnfa pH

7) Uafi 37°C win 1 fi9 2 T

N1331A31£%A15 Biogenic amines
anaznaunldsfuludiadnedas 0.4M perchloric  acid NHUNTOIFILNTLABNTES LY 1,7-
diaminoheptane US31a4 10 pL adlu 1 mL Yasdrasnafianaznawllsiweds udadu 200 uL 1839 2M NaOH
W8z 300 pL NaHCO, mnifuﬁwﬂﬁﬁ%mﬁ'u dancyl choloride 71 40°C W 45 W1l N nTiwLGY 30% NH,OH
USUUSHNATUaINTI628 0.45-um filter membrane AawilATzRe8 HPLC @mai’@m@@ﬂﬁmmaﬁ 254 nm
ﬁti’mm’i derivatization LLﬁ?QﬂLLUﬂﬁ’m C18 Hypersil Gold column (150 mm x 4.6 mm, 3 ym) lag
5 gradient elution @28 mobile phase @ia"lﬂ'f':
Sovent A: | dilstilled water; Solvent B: acetonitrile
Taafl flow 1 mUmin @u8aTaIuas solvent i
65% to 70% B from 0 to 5 min
70% to 80% from 5 to 15 min
80% to 100%  from 15 to 16 min
100% from 16 to 20 min



miﬂﬂaaoﬁ'lﬁ"aL§aéfmmUlﬂiﬁ%ﬁﬂ%gaﬁﬂm:ﬁur“iaqmm‘mﬂisu
Tesihanldlunmasaswiinlasnaududan Aspergilus oryzae a9 substate filsznaudlssa
wdasitsuazudsand (Samsin 3:1 Tagiinein) I@]ﬂsdmu{ﬁg’;Lﬂuﬁwﬁﬂﬁqnmnuﬁﬂszmm 30°C W% 2 %
iladasnanndsunm 100 Alansy wusunuindaanuEugu 20% Usum 250 das lussliwasnas
IWIAUIFY 500 §A Tagasanaalinasuss Sehdedage Sedufiiummasasaaunnlu Table i
Fmaifiudedlugisnad g iadinnzismindsd wuafise ussuuafiSonsausnie uas
Aenziguandanaainioniw Tagihdognslddunieadi 5000 xg A 4°C win 20 Wit ihauladilaly

N384@738 0.45 ym membrane filter AAUMTIATITAMIARMBAINGAS 1

MAASYNGBBAGI

14 5% inoculum duiFaiiuaslunszuaunsmindsn duda T halophilus TS71 1e3ualuamisivan
MRS #fltnda 10% 7 37°C Tagliiwen Uszanm 24 12las audlanadudu 10° cellsimL ansiwinly
centrifuge SuFWTafad Z. rouxii A22 uaz P. guilliermondii EM1Y52 siuta3aluanmisinas YPD fifiinde
10% # 30°C Tagigindi 180 rpm Uszanms 18 5lus audanududu 10° cells/mL aniwsialy centrifuge

nMIsnadgauNIlsEaMaANNE
ﬁ'm'ﬁmaaﬂ@ﬂlﬁg}’ﬂﬁm%ﬁ'ﬂﬂiamuﬁvlﬂﬁﬂmimaaa FIUIU 5 A% ANNAUVBITDIAUNRNN La
' v o . a a A oA A o A o ' '
lasudazanaz lasuaiagnsUsunm 10 mL ’Lum"ﬁu:amnﬂmﬂmqm%nﬂwaa Sﬁd;dmaamzvlwmmm
magifeazlsnmsle Q’maam:L‘]J’%ﬂuL'ﬁwﬂﬁuﬂuaaﬁ'ﬁ'a’s@uﬁvl,ﬁmﬂm:mumwﬁ‘nLmu"l,ailﬁﬁaL%a WA LU

nfimnaaasldwidaunudni g lasazsumenizeumuanuiinvesgfuniidadiainidngg

Table i Experimental plan

Starter culture
Experimental Inoculation
LAB Yeast 1 Yeast 2
Control - - - -
Treatment 1 T. halophilus TS71 - - day 21, 56
Treatment 2 - Z. rouxii A22 - day 21, 56
Treatment 3 Z. rouxii A22 - day 21, 56
Treatment 4 Z. rouxii A22 P. guilliermondii EM1Y52 day 21, 56




AANIINIINAADY LA %'lsniwa

[ dlw = 6
NIAALSNLBDEFG
:;’ w 4“’ a &a A A v U A :/ a z:l:g" v
PNNTZLIUMT A Aanansasausnibadadnnuwnie 18% duduanududuindaluiininga la
4 A4 o . . o .. .y .
9 isolate Tailatinluduun WU?WLﬂumUW%f Zygosaccharomyces rouxii W8 Pichia farinosa @13 Table 1
\ath isolae 6199 ldAnwmsaeasrzimelinanlasifsalu double strength YPD broth (10% NaCl) fi
30°C laglidfimsen lenaau Table 2 nd1nfia aANLANTITRENINNG 34 vHa las 13 vhia ldud acetic
acid, ethanol, 2-methyl-1-propanol, 3-methyl-1-butanol, methionol, 2-phenylethanol, 1-butanol, 2,3-butanediol,
2-furanmethanol, benzaldehyde, ethylphenylacetate, 2-phenylethylacetate, 3-hydroxy-2-butanone Wuansnd
' 0 2 v A . { v ' A
51&mumLﬂumuﬂ‘szﬂaumads}?mmo6] uazldAatianun 3 isolate Naula laun A22, A34, uaz A35 Tadu
o ¢ .. A A€ A Aa v ak a !
§NUWWD  Zygosaccharomyces rouxii LuadﬁnﬂLfluzla@‘ﬂumaa‘numﬂ"ﬁ’luqmm%mmmi%wmjmmaoty‘ﬂqu
28 9UWINANY (Fukushima, 2004) LRZEINIIDNRARITIZLALAIIE LT ethanol LAz higher alcohol (1%% 3-
A A v AI o Qs dﬂn’ v v W v Y dq,
ethyl-1-butanol) mﬂuwmlumﬁ:mUlﬂﬂaummyma\‘lsnmvlml mumayamammxa’mm"l@umiﬁﬂmvhﬂauu
WK (Lertsiri et al., 2011)

Table 1

Identification of yeast isolates by sequence analysis of partial 26S rDNA in GenBank from NCBI database

Fragment
Coded No. sequenced Name of speciesa GeneBank rDNAb
(bp)
A11 540 P. farinosa 99% to AF335973
A21 531 P. farinosa 99% to AF335973
A31 535 P. farinosa 99% to AF335973
A32 536 P. farinosa 99% to AF335973
A12 540 Z. rouxii 99% to AB363048
A22 539 Z. rouxii 99% to AB363048
A33 540 Z. rouxii 99% to AB363048
A34 544 Z. rouxii 99% to AB363048
A35 548 Z. rouxii 99% to AB363048
EKY62 P. guilliermondii
EM1Y-52 P. guilliermondii
EM2Y-61 P. guilliermondii

® Names of species corresponding to GenBank; ® Percentage of sequence similarity to GeneBank accession strain; Z,

Zygosaccharomyces; P, Pichia



Table 2 Concentration of volatile compounds (pg/L) detected in double strength YPD-medium

a

No. RI Compounds Strains
Acids (5) Control A11 A12 A21 A22 A31 A32 A33 A34 A35
1 1476  Acetic acid ND ND ND ND ND ND ND ND ND ND
2 1645 Butanoic acid ND ND ND ND ND ND ND ND ND ND
Ethyl ester
3 1825  benzeneacetic acid ND ND  5217.1 ND 18.4 ND ND ND 124 684.6
2-Phenyl ethyl
4 1857  ester acetic acid ND ND 174.9 5 637.3 171 4 208.3 2253 259293
2-Methyl-2-phenyl
5 1924  butanoic acid ND ND 28.3 ND ND ND ND 30.1 40.2 37324
Alcohols (13)
6 <1100 Ethanol ND 108.1 94 25.3 90.2 58.6 94.6 50.8 215 1098.3
2-Methyl-1-
7 1137  propanol ND 2.8 11.3 ND ND 15.2 ND ND 271 ND
8 1180  1-Butanol 943.4 37.9 16.8 ND 70.1 57.7 ND ND 32 ND
9 1236  3-Methyl-1-butanol ND ND ND 2889.7 91414 43851 1361.8 2368.9 3100.6 ND
10 1347  2-Heptanol ND 5 7.7 ND 29.2 17.4 4.3 ND 5 ND
11 1367 1-Hexanol ND 0.5 3.9 ND 28.9 ND ND 8.2 ND 447 .4
12 1509  2-Ethyl-1-hexanol 24 ND 4.7 7 12.9 ND ND 4.2 5.1 ND
13 1545  2-Nonanol ND 14.4 16.5 17.9 455 434 8 11.8 12.8 ND
14 1586  1-Octanol ND ND ND ND 445 ND ND 244 17.5 ND
15 1693  2-Furanmethanol 6.3 15.6 213 235 1494 38.5 12.3 17.7 23 1146.1
16 1747  2-Undecanol ND 22 ND ND 8.8 ND 1.7 ND 34 ND
17 1922  Benzenemethanol ND 3.3 11.7 5.3 25.9 11.7 3.2 7.8 9.7 ND
18 1991  2-Phenylethanol ND 119.9 7141 2142 23927 406.6 107.9 673.7 917.4 457342
Aldehydes (1)
19 1562 Benzaldehyde 62.4 8.5 9 ND ND ND ND 5.2 21 120.7
Ester (1)
20 1449  Ethyl caprylate ND ND 5 ND ND 8.6 44 3.9 ND 1481.3
Furan (1)
21 1900  3-Phenyl-furan 5 11.2 13.7 16.3 34.3 334 10.6 14 16.5 150.5
Ketones (6)
3-Hydroxy-2-
22 1328 Vutanone ND 28.7 ND 69.6 ND 57 27.6 74 219.3 ND
23 1420 2-Nonanone ND 67 ND 136.2 ND 147.7 42.2 1.8 ND ND
24 1612  2,3-Butanediol ND ND 9.3 ND 14.3 ND ND 3 5.8 ND
25 1630 2-Undecanone ND 11.2 ND 18.7 7.8 16.5 5.8 ND ND ND
26 1698 1-Phenyl-ethanone 6.2 5.2 3.9 ND 8 17 5 3.6 ND ND
1-(1H-pyrrol-2-yl)-
27 2022 Ethanone 1.1 2.2 2.9 ND 9.5 74 1 24 24 ND

10



Pyrazines (7)

28

29

30

31

32

33

34

1309  Methyl pyrazine ND 6.1 ND ND ND 10 ND ND 6.6
2,5-Dimethyl-

1358 pyrazine 321 26.4 44.5 35.2 137.1 70.4 23 31.5 ND
2-Ethyl-5-methyl-

1416 pyrazine 43 ND ND ND 26.7 ND 7.5 6.8 11.1
2-Ethyl-3,5-

1474  dimethyl-pyrazine ND ND ND ND 34 ND ND ND 5
2,5-Dimethyl-3-

1557  isobutylpyrazine 2 1.7 ND 2.7 9 ND 1.6 ND ND
2-Butyl-3,5-

1650 dimethyl-pyrazine 9.9 25 ND 3.2 ND 22.9 1 ND 3.9
2,5-Dimethyl-3-N-

1656  butylpyrazine ND ND 34 ND ND 8.5 ND 3.7 23

Sulfur-containing compound (1)

35

1756  Methionol ND ND 19.9 2.8 72.4 ND 0.7 18 241

Aromatic compound (1)

36

1978 Benzeneacetonitrile 121 18.4 22 26.4 701 60.8 18.8 27.9 32.7

ND

ND

5124

285.2

ND

929.4

ND

938.8

ND

’Retention index calculated based in the retention time of n-alkane standards on FFAP column; ND, not detected

niwleib isolate viagna lefun A22, A34 uaz A35 ludnmanumunsnlumnaialu YPD broth
fiinfe 18% (18-YPD) muldaniizang asassanazlumaminlulsfvesdsr fedienudutuvasinde
Tnalfas 18% wudwam’a:ﬁﬁa@irmmfrnﬁfyvlﬁﬁﬁq@ﬁa pH 4.5, 25°C uaziimildamalasnisiven anw
growth curve 183 A22, A34 LLaz A35 ‘ﬁLLﬁmlu Figure 1, 2 llaz 3 audey atnglsnann aneld pH 4.5 ‘f: %\1
1w pH Alndidssniy pH vaslalsd ﬁa@i‘mmﬁmmmL%’%@"L@ﬂuama:ﬁvl&iﬁmiwshmmlﬁqm%nﬂﬁﬁavlﬂﬁa
30 9 35°C 1¢f Sadanudulylelunsiin isolate ianitldwaimduwiaide (starter culture) sia'la

Tasmwnuus fadimsiiasaldanoldnnaz pH 4.5 uaz 5 Taoil A34 winldiirfiga (@nuiu pH
7) lumsiasadaiduim 3 Swnneld pH 4.5 1 wuin A34 uas A35 WefluUSunouaais 7.6 log CFU/ML Wi
Sosuanas luvmed A22 faasmananiaiyaglasdianaisalianssauaty 7 Tu

Tuwdzasmasznelinau lummasasde g wnldusuunld single strength YPD wnu double strength
YPD Lilag37n profile vass3zins linananarinann tRpouelu single strength YPD fUSunmansszination
N Anmmassaanadeniaalu 18-YPD broth i pH uazamnniiangg wuasfiddsanmannlaun
ethanol, 3-methyl-1-butanol LLas 2-phenylethanol I@UmiizmzlLﬁamlg\mmm';awuluﬂ?mmmnﬁ pH 4.5
W8 5 ©NLI% pyrazine ntufiasaasuf pH §9 &7% 1-butanol, 3-methyl-1-butanol, 2-phenylethanol uaz
benzaldehyde wulunn pH uazdawudnin Lﬁaqmﬁgﬁluﬂ’mﬁymgaifu USUNUVBIRNTILLALAZAARI AN
Table 3, 4 U8z 5 §1WIU A22, A34, A35 aUAIGL
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Figure 1 Growth of A22 strain at varied pH, temperature and aeration in 18-YPD broth
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Figure 2 Growth of A34 strain at varied pH, temperature and aeration in 18-YPD broth
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Figure 3 Growth of A35 strain at varied pH, temperature and aeration in 18-YPD broth
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Table 3 Volatile compounds produced by A22 strain in 18-YPD broth at varied pH and temperature under static conditions (ug/L)

R 25°C 30°C 35°C
No. RI Compounds
pH 4.5 pH 5 pH 6.4 pH7 pH 4.5 pH 5 pH 6.4 pH7 pH45 pH5 pH64 pH7
Acids (3)
1 1476 Acetic acid 0.6 0.5 ND ND 0.9 0.7 ND ND 0.3 0.2 ND ND
2 1585  2-Methyl-propanoic acid 1.1 1 ND ND 1.2 0.9 ND ND 0.9 0.7 ND ND
3 1645  Butanoic acid 1.3 0.9 ND ND 2 1.5 ND ND 1.9 1.2 ND ND
Alcohols (8)
4 <1100 Ethanol 459  420.8 296.3 ND 4147  405.7 286 ND 345 331 272.8 ND
5 1137 2-Methyl-1-propanol 16.4 17.6 9.2 ND 14.5 17 8.6 ND 7.8 11.3 1.3 ND
6 1180  1-Butanol 123.8 1331 471 445 120.8 1326 55.4 38.6 1145 1213 168.8 234.5
7 1236 3-Methyl-1-butanol 287.8 3055 280.3 13 308.6 310.7 273.9 8.9 260.8 273.8 221.8 10.1
8 1509 2-Ethyl-1-hexanol 1.5 2 1.3 ND 2.6 3 2 ND 2 2.6 1.5 ND
9 1612 2,3-Butanediol 0.4 0.2 ND ND 0.3 0.3 ND ND 0.2 0.2 ND ND
10 1756 Methionol 2.9 23 1.9 ND 2.6 2.2 1.9 ND 1.7 1.7 1.5 ND
11 1991 2-Phenylethanol 102.4 81.5 40.8 8.8 99 71.9 36.1 7.6 86.8 72.9 36.7 7.4
Aldehyde (1)
12 1562  Benzaldehyde 1.6 1.2 1 1.2 1.4 1.2 1.3 1.2 1 0.7 0.8 1
Ester (1)
13 1857  2-Phenylethyl acetate 7.6 7.3 5.1 ND 4.8 4.7 2.8 ND 3.2 2.8 25 ND
Ketone (1)
14 1328 3-Hydroxy-2-propanone 4.8 41 24 ND 41 3.8 23 ND 2.3 2.2 1 ND
Pyrazines (2)
15 1358 2,5-Dimethyl-pyrazine ND ND 34 100.3 ND ND ND 9.4 ND ND ND 18.2
16 1474 2-Ethyl-3,5-dimethyl-pyrazine ND ND 1.7 5.1 ND ND ND 1.3 ND ND ND 1.9

°RI: Retention index, calculated according to the retention time of n-alkane standards on HP-FFAP column; ND, not detected
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Table 4 Volatile compounds produced by A34 strain in 18-YPD broth at varied pH and temperature under static conditions (ug/L)

R 25°C 30°C 35°C
No. RI Compounds
pH 4.5 pH 5 pH 6.4 pH7 pH 4.5 pH 5 pH 6.4 pH 7 pH 4.5 pH 5 pH 6.4 pH7
Acids (3)
1 1476  Acetic acid 1 0.7 ND ND 0.7 0.5 ND ND 1 1.1 ND ND
2 1584.6  2-Methyl-propanoic acid 25 1.6 ND ND 22 2 ND ND 2.6 1.3 ND ND
3 1645  Butanoic acid 2.9 2.1 ND ND 2.1 2.2 ND ND 1.9 1.9 ND ND
Alcohols (8)
4 <1100  Ethanol 750.5 596.7 399 ND 590.5 554.3 312.8 ND 5771 5311 302.7 ND
5 1137 2-Methyl-1-propanol 28.7 325 13.5 ND 28.3 30.1 13.7 ND 27.9 28.8 10.9 ND
6 1180  1-Butanol 156.4  162.8 1094 556 143.8 153 96 45.1 1341 1201 67.9 34.2
7 1236 3-Methyl-1-butanol 424.5 427 294.9 22.6 409.9 4216 259.1 22.4 365.9 380.6 237 19.3
8 1509 2-Ethyl-1-hexanol 21 23 2 ND 2.6 29 2.2 ND 2 2.6 2 ND
9 1612 2,3-Butanediol 0.7 0.3 ND ND 0.6 0.4 ND ND 0.6 0.3 ND ND
10 1756  Methionol 4.9 3.6 2.9 ND 4.4 3.4 2.6 ND 3.9 35 2.2 ND
11 1991 2-Phenylethanol 163.1 152.9 138.6 11.2 153.1 143.6 134.7 5.7 150.8 153.6 120.4 5.1
Aldehyde (1)
12 1562  Benzaldehyde 1.6 1.9 1.5 1.1 1.5 1 0.8 1 1.5 0.7 0.9 1
Ester (1)
13 1857  2-Phenylethyl acetate 30.9 26.1 9.5 ND 9.7 9.6 6.2 ND 9.6 71 3.5 ND
Ketone (1)
14 1328 3-Hydroxy-2-propanone 5.1 4 24 ND 4.8 3.9 29 ND 3.6 3.4 1.2 ND
Pyrazines (2)
15 1358 2,5-Dimethyl-pyrazine ND ND ND 232 ND ND ND 14 ND ND ND 13
16 1474 2-Ethyl-3,5-dimethyl-pyrazine ND ND ND 3.6 ND ND ND 2 ND ND ND 1.5

°RI: Retention index, calculated according to the retention time of n-alkane standards on HP-FFAP column; ND, not detected
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Table 5 Volatile compounds produced by A34 strain in 18-YPD broth at varied pH and temperature under static conditions (ug/L)

R 25°C 30°C 35°C
No. RI Compounds
pH 4.5 pH 5 pH 6.4 pH7 pH 4.5 pH5 pH6.4 pH7 pH45 pHS5 pH64 pH7
Acids (3)
1 1476  Acetic acid 0.6 0.6 ND ND 0.6 0.7 ND ND 0.7 0.5 ND ND
2 1585  2-Methyl-propanoic acid 1.5 1.4 ND ND 1.4 1.3 ND ND 1.6 1 ND ND
3 1645  Butanoic acid 2.4 25 ND ND 2.4 24 ND ND 25 25 ND ND
Alcohols (6)
4 <1100 Ethanol 479.6 4554 4471 2979 454.3 4456 353.3 301.7 4441  400.5 253.6 ND
5 1137 2-Methyl-1-propanol 26.3 285 245 224 246 27.8 242 17.5 20.1 25 19.3 ND
6 1180  1-Butanol 1542 1724 1455  143.1 153.2 1625 150.7 132.4 106.3 1109 109.2 68.2
7 1236 3-Methyl-1-butanol 366.6 415.1 347.3 251 356.5 384.4 3448 2523 302.1 328.2 2291 42.3
8 1756 Methionol 3.5 3.2 21 ND 3.3 3.2 1.9 ND 2.8 2.7 1.4 ND
9 1991  2-Phenylethanol 151.5 150 135.2 124 150.7  148.1 130.3 108 135.7 1296 121.7 14.5
Aldehyde (1)
10 1562 Benzaldehyde 1.6 1.5 1 1.8 1.6 1.2 1.3 1.1 1.2 0.8 0.8 1
Ester (1)
11 1857 2-Phenylethyl acetate 7.7 7.3 6.9 ND 5.3 4.6 4 ND 5.1 4.2 3.7 ND
Ketone (1)
12 1328 3-Hydroxy-2-propanone 5.2 4.5 2.2 ND 5.2 4.3 24 ND 3.6 3.2 1.6 ND
Pyrazines (2)
13 1358 2,5-Dimethyl-pyrazine ND ND ND 3 ND ND ND 28.3 ND ND ND 188.8
14 1474 2-Ethyl-3,5-dimethyl-pyrazine ND ND ND 2 ND ND ND 21.2 ND ND ND 18.5

?RI: Retention index, calculated according to the retention time of n-alkane standards on HP-FFAP column; ND, not detected
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Table 6 Yeast isolates screened from koji, 1-month, 2-month, and 3-month moromi samples

Batch 1l
Non Enrichment
Condition Enrichment Non-enrichment
Enrichment Shaking condition Static condition
%NaCl
in YPD 0 10 Total 10 15 18 | 20 10 15 18 | 20 | Total | O 10 | 15 | 18 | 20 | Total
Koji 9 6 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Moromi1 34 10 44 34 58 18 0 51 46 3 0 210 16 2 6 10 0 34
Moromi2 27 7 34 79 27 16 0 90 58 42 4 316 20 5 3 2 0 30
Moromi3 0 0 0 84 124 | 31 | 25 | 113 | 95 5 4 481 4 | 36| 16| 3 0 59
Total 70 23 93 207 | 209 | 65 | 25 | 254 | 199 | 50 | 8 1017 | 40 | 43 | 25 | 15| © 123

Table 7 Primary screening for glutaminase and protease activities of halotolerance yeasts obtained from koji

and moromi sample (Batch 1)

Koji Moromi1 Moromi2 Moromi3
Medium / %NaCl 0|5|10 15| 0 | 5 |10([15 | O 51015 0 | 5 |10 [ 15
G-medium 919129 9 |34 |34 |25 1 |27|27]|]23|2]0[|]O0{fO 0
" G-medium (No YE) 919129 9 |33|33]|25] 1 |26(26]|23] 1 olofo 0
é Skimmilk medium ojofo 0 |34 |34 ]3| 1]|26(26]|]23]0]0[]O0{(O 0
(7]
% Skimmilk+5%NaCl medium ojo0foO 0 |32[32(32]| 1 |24|24)J20] 0] O0]O0]f O 0
§ Skimmilk+10%NaCl medium ojofo 0 1 1 1 0 3 3 3 ojfo]J]0]O 0
g Soluble starch medium 0j]0foO 0olo0]oO 0| O 0 0 0 ojo]J]o]oO 0
“ G-medium & G-medium (No YE)
0j]0foO0 0 1 1 1 0 3 3 3 ojo0o]j]0]O 0
& Skimmilk+10%NaCl medium
G-medium 6|66 (699957 7 7 1 olofo 0
G-medium (No YE) 66|66 [|9]9]9]|5]|7 7 7 1 olofo 0
% Skimmilk medium ojofo o177 71216 6 6 ojfo]J]0]O 0
;g Skimmilk+5%NaCl medium 0j]0foO ol7 17 71216 6 6 ojo]J]o]oO 0
_qé Skimmilk+10%NaCl medium 0j]0foO 0 1 1 1 1 6 6 6 ojo]J]o]oO 0
:E: Soluble starch medium 0ojofo 0 0 0 0 0 0 0 0 0 0 0 0 0
G-medium & G-medium (No YE)
0j0foO 0f0]O0 0| O 0 0 0 ojo0ojo0]oO 0
& Skimmilk+10%NaCl medium
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Figure 4 Extracellular glutaminase activity of some selected yeast isolates cultivated in G-medium (30°C for 3

days with 180-rpm)

Figure 5 Intracellular glutaminase activity of some selected yeast isolates cultivated in G-medium (30°C for 3

days with 180-rpm)
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Figure 6 Membrane-bound glutaminase activity of some selected yeast isolates cultivated in G-medium (30°C

for 3 days with 180-rpm)

Table 8 Volatile compounds produced by EKY62, EM1Y-52, and EM2Y-61 when cultured in double strength

10-YPD broth under non-shaking conditions

Peak area ratio subtracted with control

No Compounds

EKY62 EM1Y52 EM2Y61
1 Ethanol 5.28 11.77 2.89
2 1-Butanol 30.31 38.99 21.96
3 3-Methy-1-butanol 2.06 3.95 1.28
4 2,5-Dimethy-pyrazine 0.12 0.12 0.05
5 1-Hexanol 0.07 0.03 0.04
6 2,5-Dimethly,3-ethyl, pyrazine 0.04 ND 0.04
7 2-Ethyl,1Thexanol 0.2 0.162 0.11
8 Benzaldehyde 0.05 ND ND
9 2-Fluranmethanol 0.06 0.04 0.06
10 Butanoic acid 0.08 0.06 0.03
11 Benzeneethanol 0.07 0.15 0.07
12 Phenol 0.04 ND 0.04

ND, not detected
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Figure 7 Log CFU/ml of EM1Y52 cultured in varied pHs and temperatures under shaking and static

conditions
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Table 9 Volatile compounds produced by EM1Y52 in 18-YPD broth, pH 4.5 at varied temperature under

shaking and static conditions (ug/L)

No. Compounds pH4.5
shaking condition static condition
Acids (3) Control 25°C  30°C 35°C 25°C 30°C 35°C
1 Acetic acid ND ND 0.8 0.3 ND ND ND
2 Butanoic acid 33 44 287 27 3.7 ND 0.4
3 2-Metyl propanoic acid 3.5 1.1 3.1 1.5 2 ND 0.7

Alcohols (7)

4 Ethanol ND ND ND ND ND ND ND
5 2-Methyl-1-propanol ND ND ND ND ND ND ND
6 1-Butanol 491.9 101 2.8 101 1132 152 141
7 3-Methyl-1-butanol ND 1.1 ND ND 656 123 ND
8 1-Hexanol ND ND ND ND 27 ND ND
9 2-Ethyl-1-hexanol ND ND ND ND 6.4 ND ND
10 2-Furanmethanol 2.8 3.2 ND ND 3.2 0.8 1.5
11 2-Phenylethanol ND ND 4.1 0.6 4.2 0.4 ND

Aldehydes (2)
12 Benzaldehyde 16.3 0.4 0.5 0.6 2.8 0.8 4.6
13 2-Furancarboxaldehyde 6.3 ND ND ND ND ND 1.5
Phenols (2)
14 4-Ethyl, 2-methoxy phenol ND ND 0.7 ND ND ND ND
15 4-Ethyl phenol ND ND 0.5 ND ND ND ND
Sulfur-containing compound (1)
16 Methionol ND ND 0.5 ND ND ND ND
17 Methional 1.7 ND ND ND ND ND 0.6
Pyrazines (2)

18 2,5-Dimethyl-pyrazine ND ND ND ND ND ND ND
2-Ethyl-3,5-dimethyl-

19 ND ND ND ND ND ND ND
pyrazine

°RI: Retention index, calculated according to the retention time of n-alkane standards on HP-FFAP column;

ND, not detected
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Table 10 Volatile compounds produced by EM1Y52 in 18-YPD broth, pH 5 at varied temperature under

shaking and static conditions (ug/L)

No. Compounds pH5.0
shaking condition static condition
Acids (3) Control 25°Cc 30°c 35°C 25°C 30°C 35°C
1 Acetic acid ND ND ND ND ND ND ND
2 Butanoic acid 1.2 0.9 3.8 ND ND ND ND
3 2-Metyl propanoic acid 1.9 0.3 0.9 ND ND ND ND

Alcohols (8)

4 Ethanol ND ND ND ND ND ND ND
5 2-Methyl-1-propanol ND ND ND ND ND ND ND
6 1-Butanol 4032 525 719 ND 262 152 ND
7 3-Methyl-1-butanol ND ND ND ND 201 123 ND
8 1-Hexanol ND ND ND ND 0.7 ND ND
9 2-Ethyl-1-hexanol 1.4 ND ND ND ND ND ND
10 2-Furanmethanol ND 0.5 3.5 ND 0.7 0.8 ND
11 2-Phenylethanol ND 0.4 4.8 ND 0.9 0.4 ND

Aldehydes (3)

12 Benzaldehyde 8.6 0.3 0.6 ND 1.3 0.8 ND
13 2-Furancarboxaldehyde 4 ND ND ND ND ND ND
14 Benzeenacetaldehyde 1.1 ND ND ND ND ND ND

Phenols (2)
15 4-Ethyl, 2-methoxy phenol ND ND ND ND ND ND ND
16 4-Ethyl phenol ND ND 0.4 ND ND ND ND
Sulfur-containing compound (1)
17 Methionol ND ND 0.6 ND ND ND ND
18 Methional ND ND ND ND ND ND ND

Pyrazines (2)

19 2,5-Dimethyl-pyrazine ND ND ND ND ND ND ND
2-Ethyl-3,5-dimethyl-

20 ND ND ND ND ND ND ND
pyrazine

°RI: Retention index, calculated according to the retention time of n-alkane standards on HP-FFAP column;

ND, not detected
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Table 11 Volatile compounds produced by EM1Y52 in 18-YPD broth, pH 6.4 at varied temperature under

shaking and static conditions (ug/L)

No. Compounds pH6.4
shaking condition static condition
Acids (3) Control 25°Cc 30°c 35°C 25°C 30°C 35°C
1 Acetic acid ND ND ND ND ND ND ND
2 Butanoic acid ND ND ND ND ND ND ND
3 2-metyl propanoic acid ND ND ND ND ND ND ND

Alcohols (8)

4 Ethanol ND ND ND ND ND ND ND
5 2-Methyl-1-propanol ND ND ND ND ND ND ND
6 1-Butanol 404.5 136 749 226 360 125 126
7 3-Methyl-1-butanol ND ND ND ND ND ND ND
8 1-Hexanol ND ND ND ND ND ND ND
9 2-Ethyl-1-hexanol ND ND ND ND ND ND ND
10 2-Furanmethanol 2.7 0.9 0.9 3.9 ND 26 ND
11 2-Phenylethanol ND ND ND ND ND ND ND

Aldehydes (3)

12 Benzaldehyde 43 1.2 1.3 2.5 1.6 0.4 3.3
13 2-furancarboxaldehyde ND ND ND ND ND ND ND
14 Benzeenacetaldehyde ND ND ND ND ND ND ND

Phenols (2)
15 4-ethyl, 2-methoxy phenol ND ND ND ND ND ND ND
16 4-ethyl phenol ND ND ND ND ND ND ND
Sulfur-containing compound (1)
17 Methionol ND ND ND ND ND ND ND
18 Methional ND ND ND ND ND ND ND

Pyrazines (2)

19 2,5-Dimethyl-pyrazine 47.3 29.7 04 2.1 25.8 0.7 15.9
2-Ethyl-3,5-dimethyl-

20 1.6 ND ND ND ND ND ND
pyrazine

°RI: Retention index, calculated according to the retention time of n-alkane standards on HP-FFAP column;

ND, not detected
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Table 12 Volatile compounds produced by EM1Y52 in 18-YPD broth, pH 7 at varied temperature under

shaking and static conditions (ug/L)

No. Compounds pH7.0
shaking condition static condition
Acids (3) Control 25°Cc 30°c 35°C 25°C 30°C 35°C
1 Acetic acid ND ND ND ND ND ND ND
2 Butanoic acid ND ND ND ND ND ND ND
3 2-Metyl propanoic acid ND ND ND ND ND ND ND

Alcohols (8)

4 Ethanol ND ND ND ND ND ND ND
5 2-Methyl-1-propanol ND ND ND ND ND ND ND
6 1-Butanol 347.4 136 79 193 306 136 96.4
7 3-Methyl-1-butanol ND ND ND ND ND ND ND
8 1-Hexanol ND ND ND ND ND ND ND
9 2-Ethyl-1-hexanol ND ND ND ND ND ND ND
10 2-Furanmethanol 0.5 3.6 0.6 5.1 1 ND ND
11 2-Phenylethanol 0.9 0.8 0.2 0.4 ND ND

Aldehydes (3)

12 Benzaldehyde 4.6 4.4 1 3.2 1.7 0.7 2
13 2-Furancarboxaldehyde ND ND ND ND ND ND ND
14 Benzeenacetaldehyde ND ND ND ND ND ND ND

Phenols (2)
15 4-Ethyl, 2-methoxy phenol ND ND ND ND ND ND ND
16 4-Ethyl phenol ND ND ND ND ND ND ND
Sulfur-containing compound (1)
17 Methionol ND ND ND ND ND ND ND
18 Methional ND ND ND ND ND ND ND

Pyrazines (2)

19 2,5-Dimethyl-pyrazine 21.7 4.8 313 717 1 11.8 0.8
2-Ethyl-3,5-dimethyl-

20 ND ND 1 ND ND 0.4 ND
pyrazine

°RI: Retention index, calculated according to the retention time of n-alkane standards on HP-FFAP column;

ND, not detected
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Tetragenococcus halophilus TS71

Table 5 Number of bacteria isolated from koji sample using BHI and MRS mediums

No. 0% 10% 15% 18% 20% G Good
Media shape | catalase G SK | SS
isolates | NaCl NaCl NaCl NaCl NaCl (NoYE) strains

KBHI rod + 55 55 55 31 12 8 32 11 41 31 2
K10-BHI rod + 56 56 56 32 13 10 34 13 42 33 4
K15-BHI rod + 42 42 42 42 35 21 21 21 36 37 21
K18-BHI rod + 13 13 13 13 13 10 7 5 5 8 5
cocCi + 10 10 10 10 10 8 10 4 14 10 4
K20-BHI rod + 11 11 11 11 11 11 8 6 8 10 6
cocci + 9 9 9 9 9 9 7 6 8 7 6
KMRS rod + 39 39 39 33 11 6 15 4 29 27 2
cocci + 16 16 16 11 8 3 10 3 10 11 0
K10-MRS rod - 30 30 30 30 16 14 15 4 13 13 3
cocci + 12 12 12 11 8 2 4 3 12 11 2
K15-MRS rod + 18 18 18 18 13 13 15 4 13 13 3
cocci + 11 11 11 11 11 8 4 0 8 9 0
cocci - 13 13 13 13 13 13 1 1 0 1 0
K18-MRS rod + 12 12 12 12 12 10 8 0 4 9 0
cocci - 7 7 7 7 7 2 2 1 5 5 1
K20-MRS | cocci - 8 8 8 8 8 8 3 1 3 4 1

* Number of isolates found on that medium; +: positive; -: negative; G: G-medium; G (NoYE): G-medium
without yeast extract; SK: skim milk medium; SS: soluble starch medium; Good strains: bacteria that tolerate

20% NaCl and produce both glutaminase and protease enzymes.
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Table 6 Number of bacteria isolated from 1-month moromi sample using BHI and MRS mediums

No. %NaCl G Good
Media shape | catalase G SK SS
isolates (NoYE) strains
0 10 15 18 20
1MBHI CoCCi + 12 12* 12 10 8 2 12 10 8 8 2
1M10-BHI rod + 36 36 36 34 14 4 8 3 31 33 2
1M10-
COCCi + 20 20 20 20 12 1 3 0 18 17 0
BHI(an)
1M15-BHI COCCi + 24 24 24 24 22 18 20 18 21 22 17
1M15-
COCCi + 72 72 72 72 54 48 12 4 3 10 3
BHl(an)
1M18-BHI rod + 14 14 14 14 14 11 13 12 14 13 12
cocci + 13 13 13 13 13 9 10 6 6 11 6
COCCi - 33 33 33 33 33 22 15 5 4 21 4
1M18-
COCCi - 60 60 60 60 60 56 18 15 16 31 15
BHl(an)
1M20-BHI cocci - 60 60 60 60 60 60 5 4 5 5 4
1MMRS rod + 121 121 109 54 13 11 102 54 100 | 108 5
1MMRS(an) rod + 42 42 37 28 12 4 29 25 19 21 2
1M10-MRS rod - 37 37 37 33 21 9 22 8 37 31 8
COCCi + 29 29 29 16 5 4 27 17 22 25 4
1M10-
COCCi + 37 37 37 11 10 2 33 12 34 34 1
MRS(an)
COCCi - 11 11 11 5 4 2 10 3 9 8 2
1M15-MRS rod + 52 52 52 52 44 32 21 6 11 17 5
COCCi + 22 22 22 22 19 11 4 3 5 5 2
COCCi - 17 17 17 17 11 10 6 1 3 2 1
1M15-
COCCi + 24 24 24 24 20 14 3 0 1 2 0
MRS(an)
1M18-MRS COCCi - 20 20 20 20 20 18 11 3 2 5 2
1M18-
CoCCi - 35 35 35 35 35 29 9 0 0 2 0
MRS(an)
1M20-MRS cocci - 44 44 44 44 44 44 7 2 1 3 1
1M20-
COCCi - 5 5 5 5 5 5 1 0 0 2 0
MRS(an)

* Number of isolates found on that medium; +: positive; -: negative; G: G-medium; G (NoYE): G-medium
without yeast extract; SK: skim milk medium; SS: soluble starch medium; Good strains: bacteria that tolerate

20% NaCl and produce both glutaminase and protease enzymes.
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Table 7 Number of bacteria isolated from 2-month moromi sample using BHI and MRS mediums

No. %NaCl G Good
catalas
Media shape isolate G (NoYE SK SS strain
e 0 10 15 18 20
s ) s
2MBHI rod + 42 42* 35 12 5 5 15 9 37 22 5
2M10-BHI rod + 44 44 44 40 21 5 14 6 31 36 5
cocci + 16 16 16 8 3 1 14 3 11 16 1
2M15-BHI cocci + 59 59 59 59 31 11 11 8 50 51 8
cocci - 9 9 9 9 8 3 5 4 6 6 3
2M18-BHI rod + 8 8 8 8 8 8 8 8 8 8 8
rod - 3 3 3 3 3 3 3 3 3 3 3
cocci + 1 1 1 1 1 1 1 1 1 1 1
cocci - 3 3 3 3 3 3 3 3 3 3 3
2M20-BHI cocci - 28 28 28 28 28 28 4 1 3 5 1
2M20-
cocci - 32 32 32 32 32 32 4 3 3 5 3
BHI(an)
2MMRS rod + 56 56 47 36 33 21 37 4 39 42 3
2M10-MRS rod + 13 13 13 11 5 3 13 11 12 13 3
rod - 19 19 19 15 11 11 1 0 1 8 0
cocci + 31 31 31 31 30 30 9 8 8 11 8
cocci - 7 7 7 7 7 7 4 2 2 5 2
2M15-MRS rod - 3 3 3 3 3 1 0 0 0 1 0
cocci + 17 17 17 17 14 8 4 3 6 6 3
cocci - 6 6 6 6 5 5 2 1 1 4 1
2M18-MRS rod - 24 24 24 24 24 21 4 0 0 3 0
cocci - 6 6 6 6 6 3 4 3 2 2 2
2M20-MRS cocci - 65 65 65 65 65 65 0 0 0 1 0
2M20-
cocci - 16 16 16 16 16 16 0 0 0 0 0
MRS(an)

* Number of isolates found on that medium; +: positive; -: negative; G: G-medium; G (NoYE): G-medium
without yeast extract; SK: skim milk medium; SS: soluble starch medium; Good strains: bacteria that tolerate

20% NaCl and produce both glutaminase and protease enzymes.
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Table 8 Number of bacteria isolated from 3-month moromi sample using BHI and MRS mediums

No. %NaCl G Good
catalas

Media shape isolate G (NoYE SK SS strain
€ s 0 10 15 18 20 ) s
3MBHI rod + 20 20* 20 18 6 3 15 11 19 17 3
3MBHI(an) COCCi + 16 16 16 11 5 4 12 9 15 15 4
3M10-BHI rod + 7 7 7 7 5 5 7 4 4 6 4
cocci + 28 28 28 22 14 9 13 5 22 17 5
3M15-BHI COCCi + 48 48 48 48 44 31 11 6 44 40 5
COCCi - 12 12 12 12 8 2 4 2 8 9 1
3M18-BHI rod + 29 29 29 29 29 21 11 3 22 25 3
rod - 2 2 2 2 2 1 0 0 1 0 0
cocci + 10 10 10 10 10 8 3 1 5 1 1
cocci - 5 5 5 5 5 3 1 0 3 2 0
3M20-BHI cocci - 64 64 64 64 64 64 11 3 4 5 3
3MMRS rod + 62 62 62 62 62 62 1 0 4 2 0
3M10-MRS rod + 16 16 16 3 0 0 1 1 4 3 0
rod - 14 14 14 14 11 7 2 0 0 4 0
cocci + 14 14 14 9 9 7 3 0 3 1 0
cocci - 6 6 6 6 5 2 1 0 0 5 0
3M15-MRS rod - 6 6 6 6 4 1 2 0 0 3 0
cocci + 20 20 20 20 13 7 3 0 0 2 0
cocci - 5 5 5 5 2 1 0 0 1 3 0
3M18-MRS rod - 25 25 25 25 25 23 0 0 1 3 0
cocci - 7 7 7 7 7 2 0 0 1 0 0
3M20-MRS cocci - 47 47 47 47 47 47 2 0 0 14 0

* Number of isolates found on that medium; +: positive; -: negative; G: G-medium; G (NoYE): G-medium
without yeast extract; SK: skim milk medium; SS: soluble starch medium; Good strains: bacteria that tolerate

20% NaCl and produce both glutaminase and protease enzymes.
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Figure 8 The number of yeast cells of A34 inoculated in moromi media 1M, 2M, 3M comparing to

uninoculated control; and 18-YPD media.
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Figure 9 The number of yeast cells of A35 inoculated in moromi media 1M, 2M, 3M comparing to

-YPD media.
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Figure 10 The number of yeast cells of A22 inoculated in moromi media 1M, 2M, 3M comparing to

uninoculated control; and 18-YPD media.
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Figure 11 The number of yeast cells of EM1Y-52 inoculated in moromi media 1M, 2M, 3M comparing

to uninoculated control; and 18-YPD media.
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Figure 12 The number of aerobic (a) and anaerobic (b) LAB of A34 inoculated in moromi media 1M,

2M, 3M comparing to uninoculated control
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Figure 13 The number of aerobic (a) and anaerobic (b) LAB of A35 inoculated in moromi media 1M,

2M, 3M comparing to uninoculated control
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Figure 14 The number of aerobic (a) and anaerobic (b) LAB of A22 inoculated in moromi media 1M,

2M, 3M comparing to uninoculated control
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Figure 15 The number of aerobic (a) and anaerobic (b) LAB of EM1Y-52 inoculated in moromi media

1M, 2M, 3M comparing to uninoculated control
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Figure 16 Glucose in A34 inoculated moromi media 1M, 2M, 3M comparing to uninoculated control

Figure 17 Glucose in A35 inoculated moromi media 1M, 2M, 3M comparing to uninoculated control
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Figure 18 Glucose in A22 inoculated moromi media 1M, 2M, 3M comparing to uninoculated control

Figure 19 Glucose in EM1Y-52 inoculated moromi media 1M, 2M, 3M comparing to uninoculated

control
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waInNLnganasaduszranuguLduam 7 T I lAiemedmssznaliniu 26 samdusnsi
aula (Table 9, 10, 11) LﬁaamﬂLﬁumiﬁm‘"mﬂwﬁgﬂﬂﬂLLa:ﬁmiswmmwwulu%'gﬁtﬁﬂuuazﬁu (Beuchat,
2001; van der Sluis et al., 2001) lagiU3ouifinyszning 18-YPD broth (Table 12) Wuin ‘l,umm‘%nmﬁauﬁ
LgﬂdL%alu 18-YPD broth WAGLAYY LOANOTDA LTW ethanol, 1-butanol, 2-phenylethanol, N34, LOFLADT (2-
phenylethylacetate) LLae Alan (2-hydroxy-2-butanone) Lﬁadmﬂlu 18-YPD broth i precursor TunIuaaans
smgdna mahdeseidussiiemaesyvesdouszmanain laun nalad uaz ninazdlu

lunydlves A35 LﬁauﬁﬂuLﬁﬂﬂL%ﬂﬁLgmluﬁﬂuIiﬁawq 1 \@au (Table 9) WUINENNTONAALAN
uaavlﬁﬁ‘ﬁ'q@ T@ﬂgoﬂ'jw*’qﬂmuquﬁa 3.5 1Y LaANDTARAIDURLTWA BT LT 2-methyl-1-propanol, 3-methyl-
1-butanol, phenylethanol Mfindn 10 A9 29 i1 Tuvnizdi A34 MFsslwinlulsdfanunannansvassia
LLaanaaaﬁmnﬁq@ fluaadladunga uaz diamaad laur ethylacetate an dIu A22 Wi 19 HEMF Sain
§13N&§W hydroxy furanone mnﬁqﬂ FamstdumsnanAlinanas s naunaunIm sl,w'fi'gafﬁlﬂu q%
maltol FafitTuasfil¥nauan s nawReNnINL LTUNWIH 119 A22 uas A35 naaldd wananil Badvissnu
SIHAA LaaAas 1w ethylacetate lad laslanie A34 uas A22 finnunainhan ﬂlumiwﬁmmsmjuﬁ

luﬁﬂuiiﬁmq 2 e (Table 10) MsuaaLannaaly A34 Waz A22 zLfiudain uaz A35 AnGa
HEMF uaz maitol laddn

TwinTalsd 3 1dau (Table 11) AnananwanpvasLaanagasniasnaa lddundu auninisuaa
HEMF fAAugaian uazlu A22 815 HDMF 8néne

lanay A22 9z1W 1amues, HEMF, HDMF, ethylacetate, benzaldehyde, Uz phenylacetaldehyde
84 Tuwmed A34 1¥USunmwes higer alcohol was Lasaas 89 7% A35 3zl Lanuaa, 1-butanol, 2-
furanethanol, acetic acid, 3-methyl-butanoic acid (8¢ maltol g9

sauluniImasasdwie P. guiliermondii i wuin EM1Y-52 snansandasnsdsznaufinaafiasing
16 1% 2-methoxy-phenol, 4-ethyl-2-methoxy-phenol, L&z 4-ethyl-2-phenol '@ Lé LHAa&1s HEMF (Table 13)
Tuwuetl Z. rouxii Tonda HEMF azlinasnsdsznaufuosiisznele

A o

NnuaMINasastaduanzgIsndaianiad A22 Selileanazad, HEMF, HDMF 19un3 Lamaad
Ada

LLa:LLaaﬁvLmﬁgd alFwiy EM1Y-52 Nififlanysuvas glutaminase §9 Uz naamsUTzneuAuaanszinelan
fenyludarumanadri mixed culture TR LAB Aiflag) Ao T. halophilus TS71 64k

L4 Mixed culture W83 Z. rouxii A22 W P. guilliermondii EM1Y-52

L4 Mixed culture V83 Z. rouxii A22 W8z T. halophilus TS71

MNMInasasnud UTm CFU 2847ananad co-culture 1301 CFU gandn 2-5 log 1lalfiny
@ i o a aAa a o & .4 )
nuganIugu uazwuhdwudadluganasasniinmadudwdead Ui fouudasnnluszezion 7 3
(Figure 20) 81130138124 aerobic LAB (Figure 21) Waz anaerobic LAB (Figure 22) WnwuinHuSunaulusg 5-
6 CFUMmI wihnulunneiadng laslugammasasndnadu LAB avluazfiUSana CFU gendh 1-2 log Lilafis
U 7 USunouda LAB vadudazgananadazuandenuisadnias wanaintu mnmyiadianmnglasi
wiaillotyld 7 74 wudganasasiidu co-cutture azlimslinglasuinnitzaaiugu wiazafiidu single
culture (Figure 23) a1ananaladn Ysunmnglaalu moromi medium laiiinswalunisasyvensefifagandy

U

TushlalsluazdafiduasllTavild co-culture 1a3gldagnsdrnaly moromi medium
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Table 9 Concentration (ug/L) of volatile compounds produced by A34, A22 and A35 single cultures in 1-month moromi medium

1M moromi
No. RI® Compounds Before After incubation Before After incubation Before After incubation
Incub. Cont. A34 Incr. Incub. Cont. A22 Incr. Incub. Cont. A35 Incr.
Acids (4)
1 1476  Acetic acid 2.9 43 25 -04 5.6 7.1 6.9 0 118.6 57.8 285 -05
2 1585  2-Methyl-propanoic acid ND ND ND ND ND ND 8.3 5.2 28 -05
3 1645 Butanoic acid ND ND ND ND ND ND ND ND ND
4 1661  3-Methyl-butanoic acid ND ND ND ND ND ND ND ND 225
Alcohols (8)
5 <1100 Ethanol 144.1 440.1 911.6 1.1 107.1 889.9  1,499.70 0.7 195.2 142.6 637.9 3.5
6 1137 2-Methyl-1-propanol ND 21 51 1.4 ND 24 28.5 0.2 ND ND 36.4
7 1180  1-Butanol ND ND ND ND ND ND ND ND ND
8 1236  3-Methyl-1-butanol 47.3 320.1 536.1 0.7 14.3 448.4 450.7 0 23.9 446 636.3 13.3
9 1464  1-Octen-3-ol 3.4 4.6 23 -05 4.3 6.5 21 -07 54 4.7 24 -05
10 1612  2,3-Butanediol 1.7 1.4 1.8 0.3 ND 0.5 1.8 25 29 1.4 8.7 5.2
11 1756 Methionol ND 2.5 3.3 0.3 ND 3.7 3.8 0 ND ND 5.2
12 1991  2-Phenylethanol 1.1 30.9 97.5 2.2 1.2 82.8 117.5 0.4 25 4.2 125 29
Aldehydes (2)
13 1562 Benzaldehyde 1.6 2.2 2.5 0.1 1.9 3 4.5 0.5 ND ND ND
14 1670  Phenylacetaldehyde ND 2 23 0.2 ND ND 1.6 ND ND ND
Esters (5)
15 <1100 Ethyl acetate ND ND 29.8 ND ND 43.6 68.2 ND 15.6
16 1365  Ethyl lactate ND ND ND ND ND ND 2.2 1.1 05 -0.5
17 1691 Ethyl benzoate ND ND 21 ND 0.7 23 2.5 ND ND ND
18 1805 Ethylphenyl acetate ND ND 0.9 ND 0.4 1 1.6 ND ND ND
19 1857  2-Phenylethyl acetate ND ND 1.6 ND 2 2.4 0.2 ND ND ND
Phenols (3)
20 1887 2-Methoxy-phenol 0.1 0.5 03 -04 ND ND ND 21 11 1.4 0.3
21 2055  4-Ethyl-2-methoxy-phenol ND ND ND ND 4.6 1.3 -07 ND ND ND
22 2201 4-Ethyl-phenol ND ND ND ND 1.5 02 -09 ND ND ND
Furanones (2)
23 2051 HDMF ND ND ND ND ND ND ND ND ND
24 2115 HEMF ND 1,901.8 2,362.0 0.2 ND 2,144.6 5,5607.1 1.6 ND ND 1,954.8
Ketone (1)
25 1251  3-Hydroxy-2-butanone 650.8 3,6526 1,621.0 -0.6 ND 58714 39762 -0.3 ND ND 5,124.8
Pyrone (1)
26 1993 Maltol 1,773.40 1,647.9 1,641.6 0 2,782.60 2,128.5 2,284.3 0.1 23803 1,781.0 3,293.7 0.8

°RI: Retention index, calculated according to the retention time of n-alkane standards on HP-FFAP column; Incu, Icubation;

Cont., Control; Incr., Increment; (-) sign in every increment column, Decrease in amount relative to control; ND, not detected
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Table 10 Concentration (ug/L) of volatile compounds produced by A34, A22 and A35 single cultures in 2-month moromi medium

2M moromi
No. RI® Compounds Before After incubation Before After incubation Before After incubation
Incub. Cont. A34 Incr. Incub. Cont. A22 Incr. Incub. Cont. A35 Incr.
Acids (4)
1 1476  Acetic acid 22.4 111 9 -0.2 19.5 19 18.9 0 174.1 426 39.1 -0.1
2 sgs CemyiPropancie 23 13 15 02 33 28 21 02 114 35 4 0.1
acid
3 1645 Butanoic acid ND ND ND ND ND ND ND ND ND
4 1661  3-Methyl-butanoic acid ND ND ND ND ND ND ND ND 23.8
Alcohols (8)
5 <1100 Ethanol 96.4 298.5 700.4 1.3 115 202.1 910 35 228.3 613.4 652.7 0.1
6 1137 2-Methyl-1-propanol ND 13.8 38.6 1.8 ND 20 29.2 0.5 2 35.1 35.8 0
7 1180  1-Butanol ND ND
8 1236 3-Methyl-1-butanol 14.8 221 452.9 1 16.7 345.9 348.1 0 53.2 545.1 552.1 0
9 1464  1-Octen-3-ol 3.9 5.9 3.8 -0.4 5 7.5 2.6 -0.7 4 29 1.8 -0.4
10 1612 2,3-Butanediol 4.8 4.5 4.9 0.1 3.2 3.9 5.2 0.3 21 1.3 13.8 10
11 1756 Methionol ND 21 23 0.1 ND 3 3 0 ND 5.3 5.5 0
12 1991 2-Phenylethanol 0.6 21.8 71.4 23 1.8 452 72.2 0.6 3.6 57.2 98.8 0.7
Aldehydes (2)
13 1562  Benzaldehyde 0.8 1.6 1.6 0 0.7 0.7 1.5 1 ND ND ND
14 1670  Phenylacetaldehyde ND 2 25 0.2 ND ND 29 ND ND ND
Esters (5)
15 <1100 Ethyl acetate ND ND 28.7 ND 6.5 46.6 6.2 59.9 10.9 7.9 -0.3
16 1365 Ethyl lactate ND ND 0.9 ND ND ND 3 ND 0.4
17 1691  Ethyl benzoate ND ND 1.9 ND 2.8 33 0.2 ND ND ND
18 1805 Ethylphenyl acetate ND ND 1.1 ND 1.5 21 0.4 ND ND ND
19 1857 2-Phenylethyl acetate ND ND 0.7 ND 0.8 3.2 3.2 ND 13.5 14.6 0.1
Phenols (3)
20 1887  2-Methoxy-phenol 0.9 11 0.9 -0.1 14 24 1.6 0.3 46 1.9 23 0.2
4-Ethyl-2-methoxy-
21 2055 ND 25 1 -0.6 1 5.1 3.2 -0.4 ND ND ND
phenol
22 2201  4-Ethyl-phenol ND 0.9 0.4 -0.6 ND 1.4 0.7 -0.5 ND ND ND
Furanones (2)
23 2051 HDMF ND ND ND ND ND 1,048.9 ND ND ND
24 2115 HEMF ND 7685 14055 0.8 ND 3,064.3 7,0477 1.3 ND ND 3,952.6
Ketone (1)
25 1251 3-Hydroxy-2-butanone 119.4 2,193.0 2,203.5 0 ND 4,6354 5,018.1 0.1 ND 8,197.4 9,670.9 0.2
Pyrone (1)
26 1993  Maltol 1,8374 21831 11,9489 -0.1 5296.6 691 3,7855 45 65455 131870 8,7339 56

°RI: Retention index, calculated according to the retention time of n-alkane standards on HP-FFAP column; Incu, lcubation;

Cont., Control; Incr., Increment; (-) sign in every increment column, Decrease in amount relative to control; ND, not detected
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Table 11 Concentration (ug/L) of volatile compounds produced by A34, A22 and A35 single cultures in 3-month moromi medium

3M moromi
No. RI® Compounds Before After incubation Before After incubation Before After incubation
Incub. Cont. A34 Incr. Incub. Cont. A22 Incr. Incub. Cont. A35 Incr.
Acids (4)
1 1476  Acetic acid 21.6 17 12.3 -0.3 3.2 4.3 4.2 0 169 53.7 51.7 0
2 ses o eivipropanoe 8.1 6.5 57 01 12 12 0 8.9 3.7 34 01
acid
3 1645 Butanoic acid ND ND ND ND ND ND ND ND ND
4 1661  3-Methyl-butanoic acid ND ND ND ND ND ND ND ND 31.6
Alcohols (8)
5 <1100 Ethanol 104 177.2 686.2 29 28.8 359 754.5 20 241 309.2 647.7 1.1
6 1137 2-Methyl-1-propanol ND 6.6 31.2 3.8 ND 36 14 2.9 ND 18.3 329 0.8
7 1180  1-Butanol ND ND ND
8 1236 3-Methyl-1-butanol 47.9 129.6 366 1.8 6.4 228 377 0.7 324 297.2 506.7 0.7
9 1464 1-Octen-3-ol 2.5 41 2 -0.5 ND 3.7 1.9 -0.5 4.2 4.3 1.8 -0.6
10 1612  2,3-Butanediol 2.4 2.2 35 0.6 1.2 1.5 3 1.1 2.2 0.8 8.4 9.5
11 1756 Methionol ND 1.8 2.2 0.2 ND 3 3.3 0.1 ND 4.3 5.1 0.2
12 1991 2-Phenylethanol 8 215 84.3 29 0.6 16.7 88.4 4.3 3.1 35.1 92.2 1.6
Aldehydes (2)
13 1562 Benzaldehyde 0.6 0.4 1 1.4 ND 0.6 0.6 0 ND ND ND
14 1670 Phenylacetaldehyde ND 0.6 2.8 3.8 1.6 ND 3.3 2.2 ND ND
Esters (5)
15 <1100 Ethyl acetate ND ND 24.5 ND ND 26 54.7 ND 10.9
16 1365 Ethyl lactate ND ND ND ND ND ND 4.2 1.2 1.3 0
17 1691  Ethyl benzoate ND ND 5.3 ND ND 1 ND ND ND
18 1805 Ethylphenyl acetate ND ND 10.7 ND ND 0.4 ND ND ND
19 1857 2-Phenylethyl acetate ND ND 14 ND ND 2.4 ND 1.6 4.4 1.8
Phenols (3)
20 1887  2-Methoxy-phenol 0.9 1 1 0 ND 0.6 0.5 0.2 5.7 33 45 0.4
4-Ethyl-2-methoxy-
21 2055 ND 0.3 ND -1 ND 3.9 1.9 -0.5 ND ND ND
phenol
22 2201  4-Ethyl-phenol ND ND ND ND 1.4 0.6 -0.5 ND ND ND
Furanones (2)
23 2051 HDMF ND ND ND ND ND 7731 ND ND ND
24 2115 HEMF ND ND 4,075.7 ND ND 42115 ND ND 1,747.4
Ketone (1)
25 1251 3-Hydroxy-2-butanone 1,632.7 1,536.1 2,685.0 0.7 21716 3,334.3 4,582.6 0.4 ND ND ND
Pyrone (1)
26 1993 Maltol 5,062.2 5,696.0 52265 -0.1 1,228.5 1,148.7 1,704.6 0.5 2,956.3 10,473.8 11,223 0.1

°RI: Retention index, calculated according to the retention time of n-alkane standards on HP-FFAP column; Incu, lcubation;

Cont., Control; Incr., Increment; (-) sign in every increment column, Decrease in amount relative to control; ND, not detected
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Table 12 Concentration (ug/L) of volatile compounds produced by A34, A22 and A35 single cultures in 18-YPD medium

18-YPD medium

No. RI® Compounds Before After incubation Before After incubation Before After incubation
Incub.  Cont. A34 Incr.  Incub.  Cont. A22 Incr.  Incub.  Cont. A35 Incr.
Acids (4)
1 1476 Acetic acid ND ND 7.5 ND ND 6.8 ND ND 6.9
2 ses o eivipropanoe ND  ND 19 ND  ND 17 ND  ND 17
acid
3 1645 Butanoic acid ND ND 3.7 ND ND 2 ND 1 3 2.1
4 1661  3-Methyl-butanoic acid ND ND ND ND ND ND ND ND ND
Alcohols (8)
5 <1100 Ethanol ND ND 1,955.6 ND ND 1,823.0 ND ND 1,870.6
6 1137 2-Methyl-1-propanol ND ND 26.8 ND ND 20.5 ND ND 241
7 1180  1-Butanol 702.4  865.2 389.4 -0.5 6965 8123 3658 -0.5 7213 8734 3813 -06
8 1236 3-Methyl-1-butanol ND ND 749.2 ND ND 708.5 ND ND 721.3
9 1464  1-Octen-3-ol ND ND ND ND ND ND ND ND ND
10 1612 2,3-Butanediol ND ND 5.2 ND ND 3.6 ND ND ND
11 1756 Methionol ND ND 5.1 ND ND 4 ND ND 4.5
12 1991 2-Phenylethanol ND ND 312.6 ND ND 246.1 ND ND 261.1

Aldehydes (2)

13 1562  Benzaldehyde 1.8 9.7 13.3 0.4 1.7 7.7 10 0.3 1.6 13.6 14.4 0.1

14 1670  Phenylacetaldehyde ND ND ND ND ND ND ND ND ND
Esters (5)

15 <1100 Ethyl acetate ND ND ND ND ND ND ND ND ND

16 1365  Ethyl lactate ND ND ND ND ND ND ND ND ND

17 1691 Ethyl benzoate ND ND ND ND ND ND ND ND ND

18 1805  Ethylphenyl acetate ND ND ND ND ND ND ND ND ND

19 1857  2-Phenylethyl acetate ND ND 49.2 ND ND 25.9 ND ND 24.4
Phenols (3)

20 1887  2-Methoxy-phenol ND ND ND ND ND ND ND ND ND
4-Ethyl-2-methoxy-

21 2055 ND ND ND ND ND ND ND ND ND
phenol

22 2201 4-Ethyl-phenol ND ND ND ND ND ND ND ND ND

Furanones (2)

23 2051 HDMF ND ND ND ND ND ND ND ND ND

24 2115 HEMF ND ND ND ND ND ND ND ND ND
Ketone (1)

25 1251  3-Hydroxy-2-butanone ND ND 12,537.1 ND ND  8,816.4 ND ND 8,633.7
Pyrone (1)

26 1993 Maltol ND ND ND ND ND ND ND ND ND

°RI: Retention index, calculated according to the retention time of n-alkane standards on HP-FFAP column; Incu, Icubation;

Cont., Control; Incr., Increment; (-) sign in every increment column, Decrease in amount relative to control; ND, not detected
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Table 13 Concentration (ug/L) of volatile compounds produced by EM1Y52 single cultures in moromi and 18-YPD media

1M moromi 2M moromi 3M moromi 18-YPD medium
No. RI® Compounds Before After incubation Before After incubation Before After incubation Before After incubation
Incu. Cont. EM1Y52 Incr. Incu. Cont. EM1Y52 Incr. Incu. Cont. EM1Y52 Incr. Incu. Cont. EM1Y52 Incr.
Acids (4)
1 1476 Acetic acid 56 71 6.6 -0.1 19.5 19 14.5 -0.2 3.2 4.3 3.1 -0.3 ND ND 1.7
2 1585 2-Methyl-propanoic acid ND ND 04 3.3 28 1.4 -0.5 ND 1.2 0.5 -0.6 ND ND 1.8
3 1645 Butanoic acid ND ND ND ND ND ND ND ND ND ND ND 54
4 1661 3-Methyl-butanoic acid ND ND ND ND ND ND ND ND ND ND ND ND
Alcohols (8)
5 <1100 Ethanol 107.1 889.9 352.2 -0.6 115 202.1 479.4 14 28.8 359 188.1 4.2 ND ND 185.7
6 1137 2-Methyl-1-propanol ND 24 8.7 -0.6 ND 20 9 -0.5 ND 3.6 5.9 0.7 ND ND ND
7 1180 1-Butanol ND ND ND ND ND ND ND ND ND 696.5 812.3 ND -1
8 1236 3-Methyl-1-butanol 14.3 448.4 159.1 -0.6 16.7 345.9 159.5 -0.5 6.4 228 171.31 -0.2 ND ND ND
9 1464 1-Octen-3-ol 4.3 6.5 ND -1 5 75 -1 ND 3.7 ND -1 ND ND ND
10 1612 2,3-Butanediol ND 0.5 ND -1 32 3.9 27 -0.3 1.2 1.5 1.8 0.2 ND ND 419
1 1756 Methionol ND 37 21 -04 ND 3 1.5 -0.5 ND 3 21 -0.3 ND ND ND
12 1991 2-Phenylethanol 1.2 82.8 326 -0.6 1.8 45.2 246 -0.5 0.6 16.7 20.7 0.2 ND ND 6
Aldehydes (2)
13 1562 Benzaldehyde 1.9 3 21 -0.3 0.7 0.7 ND -1 ND 0.6 ND -1 1.7 7.7 ND -1
14 1670 Phenylacetaldehyde ND ND ND ND ND ND 1.6 ND ND ND ND ND
Esters (5)
15 <1100 Ethyl acetate ND ND ND ND 6.5 ND -1 ND ND ND ND ND ND
16 1365 Ethyl lactate ND ND ND ND ND ND ND ND ND ND ND ND
17 1691 Ethyl benzoate ND 0.7 0.8 0.3 ND 2.8 1.6 -0.4 ND ND 0.5 ND ND ND
18 1805 Ethylphenyl acetate ND 0.4 -1 ND 15 ND -1 ND ND ND ND ND ND
19 1857 2-Phenylethyl acetate ND 2 0.4 -0.8 ND 0.8 0.3 -0.6 ND ND 1.2 ND ND ND
Phenols (3)
20 1887 2-Methoxy-phenol ND ND ND 14 24 1.8 -0.3 ND 0.6 1.1 1 ND ND ND
4-Ethyl-2-methoxy-
21 2055 ND 4.6 90 18.4 1 5.1 34.1 5.7 ND 3.9 94.8 23.5 ND ND ND
phenol
22 2201 4-Ethyl-phenol ND 15 10.1 6 ND 14 4.1 2 ND 1.4 9.2 5.6 ND ND ND
Furanones (2)
23 2051 HDMF ND ND ND ND ND ND ND ND ND ND ND ND
24 2115 HEMF ND 2,144.6 ND -1 ND 3,064.3 ND -1 ND ND ND ND ND ND
Ketone (1)
25 1251 3-Hydroxy-2-butanone ND 5,871.4 4,255.1 -0.3 ND 4,635.4 3,978.8 -0.1 2,172.6 3,334.3 2,986.6 -0.1 ND ND ND
Pyrone (1)
26 1993 Maltol 2,782.6 2,128.5 2,0471 0 5,296.6 691 3,304.5 3.8 1,228.5 1,148.7 1,317.6 0.1 ND ND ND

°RI: Retention index, calculated according to the retention time of n-alkane standards on HP-FFAP column; Incu, lcubation;

Cont., Control; Incr., Increment; (-) sign in every increment column, Decrease in amount relative to control; ND, not detected
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Figure 20 The number of yeast cells on 10-YPD agar from A22+EM1Y52 co-cultures, A22+TS71 co-
cultures, TS71 cultures, and uninoculated cultures in moromi 1M, 2M, 3M, 18-YPD and 18-MRS

media
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Figure 21 The number of aerobic LAB from A22+EM1Y52 co-cultures, A22+TS71 co-cultures, TS71
cultures, and uninoculated cultures in moromi OM, 1M, 2M, 3M, 18-YPD and 18-MRS media
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Figure 22 The number of anaerobic LAB from A22+EM1Y52 co-cultures, A22+TS71 co-cultures, TS71
cultures, and uninoculated cultures in moromi OM, 1M, 2M, 3M, 18-YPD and 18-MRS media
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Figure 23 Amount of glucose in A22+EM1Y52 co-cultures, A22+TS71 co-cultures, TS71 cultures, and
uninoculated cultures in moromi OM, 1M, 2M, 3M, 18-YPD and 18-MRS media
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Table 14 Concentration (ug/L) of volatile flavor compounds produced by multi-culture of Z. rouxii A22 and P.

guilliermondii EM1Y52 or T. halophilus T71 in 18-YPD or 18-MRS media

18-YPD medium

18-MRS medium

No. RI Compounds Before After incubation Before After incubation
Incub.  Cont. Z+P Incr. Z+T Incr.  Incub.  Cont. Z+P Incr. Z+T Incr.
Acids (4)
1 1476  Acetic acid ND ND 46.7 39.6 ND ND 170.6 234.6
2 1585  2-Methyl-propanoic acid ND ND 27.6 16.8 ND ND ND 1.9
3 1645  Butanoic acid ND 1 98.1 100.6 42.6 43.2 ND ND 4.6 8.2
4 1661  3-Methyl-butanoic acid ND ND ND ND ND ND ND ND
Alcohols (8)
5 <1100 Ethanol ND ND 2,860.20 1,823.8 ND ND 2,491.5 ND
6 1137  2-Methyl-1-propanol ND ND 145.8 45.6 ND ND ND ND
7 1180  1-Butanol 721.3 8734  2,106.2 1.4 1,73.0 03 3219 983 1,014.6 0 4391  -0.6
8 1236  3-Methyl-1-butanol ND ND 2,784.9 1,473.9 ND ND 1,406.9 17.4
9 1464  1-Octen-3-ol ND ND ND ND ND ND ND ND
10 1612  2,3-Butanediol ND ND 8.7 1 ND ND ND ND
11 1756  Methionol ND ND 32.6 11.8 ND ND 7.4 ND
12 1991  2-Phenylethanol ND ND 870.7 573.6 ND ND 403.3 4.5
Aldehydes (2)
13 1562  Benzaldehyde 1.6 13.6 67 3.9 130.2 8.5 1.9 14.5 8.1 -0.4 33 -0.8
14 1670  Phenylacetaldehyde ND ND ND ND ND ND ND ND
Esters (5)
15 <1100 Ethyl acetate ND ND ND ND ND ND ND ND
16 1365  Ethyl lactate ND ND ND ND ND ND ND ND
17 1691  Ethyl benzoate ND ND ND ND ND ND ND ND
18 1805  Ethylphenyl acetate ND ND ND ND ND ND ND ND
19 1857  2-Phenylethyl acetate ND ND 79.7 45.6 ND ND 164.7 ND
Phenols (3)
22 1887  2-Methoxy-phenol ND ND ND ND ND ND ND ND
23 2055  4-Ethyl-2-methoxy-phenol ND ND ND ND ND ND ND ND
24 2201  4-Ethyl-phenol ND ND ND ND ND ND ND ND
Furanones (2)
13 2051 HDMF ND ND ND ND ND ND ND ND
14 2115 HEMF ND ND ND ND ND ND ND ND
Ketone (1)
15 1251  3-Hydroxy-2-butanone ND ND 9,082.1 6,548.9 ND ND 8,796.9 ND
Pyrone (1)
17 1993  Maltol ND ND ND ND ND ND ND ND
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°RI: Retention index, calculated according to the retention time of n-alkane standards on HP-FFAP column;
Incu, Icubation; Cont., Control; Incr., Increment; (-) sign in every increment column, Decrease in amount

relative to control; ND, not detected; Z, Z. rouxii A22; P, P. guilliermondii EM1Y52; T, T. halophilus T71

Table 15 Concentration (ug/L) of volatile flavor compounds produced by multi-culture of Z. rouxii A22 and P.

guilliermondii EM1Y52 or T. halophilus T71 in 1-month moromi medium

1M moromi
No. RI® Compounds Before After incubation
Incu. Cont. Z+P Incr. Z+T Incr. T Incr.
Acids (4)
1 1476 Acetic acid 118.6 57.8 35.5 -0.4 54.4 -0.1 87.1 0.5
2 1585 2-Methyl-propanoic acid 8.3 5.2 3.8 -0.3 4.5 -0.1 6.4 0.2
3 1645 Butanoic acid ND ND ND ND ND
4 1661 3-Methyl-butanoic acid ND 36.4 36.3 ND
Alcohols (8)
5 <1100 Ethanol 195.2 142.6 798.5 4.6 785.8 45 129.2 -0.1
6 1137 2-Methyl-1-propanol ND ND 47.4 41.9 ND
7 1180 1-Butanol ND ND ND ND
8 1236 3-Methyl-1-butanol 23.9 44.6 711.4 14.9 690.5 14.5 47.9 0.1
9 1464 1-Octen-3-ol 5.4 4.7 6.4 0.4 21 -0.5 9.8 1.1
10 1612 2,3-Butanediol 2.9 1.4 12.2 7.7 8.8 5.3 1.7 0.2
11 1756 Methionol ND ND 5 4.9 1
12 1991 2-Phenylethanol 2.5 4.2 187.6 441 148.6 34.7 7.2 0.7
Aldehydes (2)
13 1562 Benzaldehyde ND ND ND ND ND
14 1670 Phenylacetaldehyde ND ND 2.5 4.4 ND
Esters (5)
15 <1100 Ethyl acetate 68.2 ND 39.7 35 14.3
16 1365 Ethyl lactate 2.2 1.1 2.2 0.9 1.6 0.4 1.6 0.4
17 1691 Ethyl benzoate ND ND 2.8 1.6 ND
18 1805 Ethylphenyl acetate ND ND ND ND ND
19 1857 2-Phenylethyl acetate ND ND 23 ND ND
Phenols (3)
22 1887 2-Methoxy-phenol 2.1 1.1 2.2 1 1 -0.1 1.2 0.1
23 2055 4-Ethyl-2-methoxy-phenol ND ND 5.3 ND ND
24 2201 4-Ethyl-phenol ND ND ND ND ND
Furanones (2)
13 2051 HDMF ND ND ND ND ND
14 2115 HEMF ND ND 3,289.2 3,788.0 ND
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Ketone (1)

15 1251 3-Hydroxy-2-butanone ND ND 7107.8 5896.9 ND
Pyrone (1)
17 1993 Maltol 2,380.3 1,781.0 4,071.6 1.3 2,377.3 0.3 1,525.9 -0.1

°RI: Retention index, calculated according to the retention time of n-alkane standards on HP-FFAP column;
Incu, Icubation; Cont., Control; Incr., Increment; (-) sign in every increment column, Decrease in amount

relative to control; ND, not detected; Z, Z. rouxii A22; P, P. guilliermondii EM1Y52; T, T. halophilus T71

Table 16 Concentration (ug/L) of volatile flavor compounds produced by multi-culture of Z. rouxii A22 and P.

guilliermondii EM1Y52 or T. halophilus T71 in 2-month moromi medium

2M moromi
No. RI® Compounds Before After incubation
Incu. Cont. Z+P Incr. Z+T Incr. T Incr.
Acids (4)
1 1476 Acetic acid 1741 426 103 14 83.9 1 52.8 0.2
2 1585 2-Methyl-propanoic acid 11.4 3.5 6.1 0.7 5.5 0.5 3.8 0.1
3 1645 Butanoic acid ND ND ND ND ND
4 1661 3-Methyl-butanoic acid ND ND 52.1 39.6 ND
Alcohols (8)
5 <1100 Ethanol 228.3 613.4 1821.8 2 1155.8 0.9 582.4 -0.1
6 1137 2-Methyl-1-propanol 2 35.1 77.8 1.2 55 0.6 36.8 0
7 1180 1-Butanol ND ND ND ND ND
8 1236 3-Methyl-1-butanol 53.2 545.1 1046.9 0.9 797.2 0.5 540.4 0
9 1464 1-Octen-3-ol 4 2.9 6 1.1 1.9 -0.4 3.8 0.3
10 1612 2,3-Butanediol 21 1.3 20.7 15.5 20.7 15.4 1.5 0.2
11 1756 Methionol ND 5.3 8.7 0.7 6.4 0.2 5.4 0
12 1991 2-Phenylethanol 3.6 57.2 257 3.5 190.7 2.3 73.7 0.3
Aldehydes (2)
13 1562 Benzaldehyde ND ND ND ND ND
14 1670 Phenylacetaldehyde ND ND 1.9 3.4 ND
Esters (5)
15 <1100 Ethyl acetate 59.9 10.9 24.3 1.2 15.8 0.5 13.7 0.3
16 1365 Ethyl lactate 3 ND 3.3 5.9 1
17 1691 Ethyl benzoate ND ND 4.9 4.2 ND
18 1805 Ethylphenyl acetate ND ND ND ND ND
19 1857 2-Phenylethyl acetate ND 13.5 37.2 1.8 13.6 0 11.7 -0.1
Phenols (3)
22 1887 2-Methoxy-phenol 4.6 1.9 5.1 1.6 3.7 0.9 2.6 0.3
23 2055 4-Ethyl-2-methoxy-phenol ND ND 3.5 ND ND
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24 2201 4-Ethyl-phenol ND ND ND ND ND
Furanones (2)

13 2051 HDMF ND ND ND ND ND

14 2115 HEMF ND ND 10,617.4 11,383.0 ND
Ketone (1)

15 1251 3-Hydroxy-2-butanone ND 8197.4 9792.1 0.2 8504.6 0 8093.6 0
Pyrone (1)

17 1993 Maltol 6,545.50 1,318.7 16,005.7 111 6,343.6 3.8 1,902.3 0.4

°RI: Retention index, calculated according to the retention time of n-alkane standards on HP-FFAP column;

Incu, Icubation; Cont., Control; Incr., Increment; (-) sign in every increment column, Decrease in amount

relative to control; ND, not detected; Z, Z. rouxii A22; P, P. guilliermondii EM1Y52; T, T. halophilus T71

Table 17 Concentration (ug/L) of volatile flavor compounds produced by multi-culture of Z. rouxii A22 and P.

guilliermondii EM1Y52 or T. halophilus T71 in 3-month moromi medium

3M moromi
No. RI® Compounds Before After incubation
Incu. Cont. Z+P Incr. Z+T Incr. T Incr.
Acids (4)
1 1476 Acetic acid 169 53.7 84.7 0.6 90.4 0.7 73.8 0.4
2 1585 2-Methyl-propanoic acid 8.9 3.7 5.1 0.4 4.4 0.2 41 0.1
3 1645 Butanoic acid ND ND ND ND ND
4 1661 3-Methyl-butanoic acid ND ND 47 422 ND
Alcohols (8)
5 <1100 Ethanol 241 309.2 917 2 675.9 1.2 386.4 0.2
6 1137 2-Methyl-1-propanol ND 18.3 47.8 1.6 36.4 1 19.9 0.1
7 1180 1-Butanol ND ND ND ND ND
8 1236 3-Methyl-1-butanol 324 297.2 781.9 1.6 588.4 1 347.9 0.2
9 1464 1-Octen-3-ol 4.2 4.3 57 0.3 37 -0.1 6.5 0.5
10 1612 2,3-Butanediol 22 0.8 13.6 16 13.3 15.6 1 0.3
11 1756 Methionol ND 4.3 6.1 0.4 6 0.4 5.2 0.2
12 1991 2-Phenylethanol 3.1 35.1 147.9 3.2 137.9 2.9 44.4 0.3
Aldehydes (2)
13 1562 Benzaldehyde ND ND ND ND ND
14 1670 Phenylacetaldehyde 2.2 ND 3 31 ND
Esters (5)
15 <1100 Ethyl acetate 54.7 ND 23.9 22.7 13.2
16 1365 Ethyl lactate 4.2 1.2 33 1.7 29 14 1.3 0
17 1691 Ethyl benzoate ND ND 4.8 2.4 ND
18 1805 Ethylphenyl acetate ND ND ND ND ND
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19 1857 2-Phenylethyl acetate ND 1.6 6.6 3.2 4.5 1.9 4.6 1.9
Phenols (3)
22 1887 2-Methoxy-phenol 5.7 3.3 5.8 0.8 4.8 0.5 3.5 0.1
23 2055 4-Ethyl-2-methoxy-phenol ND ND 21 ND ND
24 2201 4-Ethyl-phenol ND ND ND ND ND
Furanones (2)
ND ND ND ND ND
13 2051 HDMF
14 2115 HEMF ND ND 6,611.30 6,658.60 ND
Ketone (1)
15 1251 3-Hydroxy-2-butanone ND ND ND ND ND
Pyrone (1)
17 1993 Maltol 2,956.30 10,473.8 11,668.5 0.1 2,489.3 -08 6,989.2 -03

°RI: Retention index, calculated according to the retention time of n-alkane standards on HP-FFAP column;

Incu, Icubation; Cont., Control; Incr., Increment; (-) sign in every increment column, Decrease in amount

relative to control; ND, not detected; Z, Z. rouxii A22; P, P. guilliermondii EM1Y52; T, T. halophilus T71
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Figure 24 Titratable acids as percents of lactic acid accumulated in soy sauce fermentation; Tr 1,
inoculated with T. halophilus TS71; Tr 2, inoculated with Z. rouxii A22; Tr 3, inoculated with T. halophilus
TS71 and Z. rouxii A22; Tr. 4, inoculated with T. halophilus TS71, Z. rouxii A22, and P. guilliermondii EM1Y52

Figure 25 PH changes during soy sauce fermentation; Tr 1, inoculated with T. halophilus TS71; Tr 2,
inoculated with Z. rouxii A22; Tr 3, inoculated with T. halophilus TS71 and Z. rouxii A22; Tr. 4, inoculated with
T. halophilus TS71, Z. rouxii A22, and P. guilliermondii EM1Y52
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Figure 26 Number of lactic acid bacteria (log CFU) found at each time interval during soy sauce
fermentation; Tr 1, inoculated with T. halophilus TS71; Tr 2, inoculated with Z. rouxii A22; Tr 3, inoculated
with T. halophilus TS71 and Z. rouxii A22; Tr. 4, inoculated with T. halophilus TS71, Z. rouxii A22, and P.
guilliermondii EM1Y52

Figure 27 Number of yeasts (log CFU) found at each time interval during soy sauce fermentation; Tr
1, inoculated with T. halophilus TS71; Tr 2, inoculated with Z. rouxii A22; Tr 3, inoculated with T. halophilus
TS71 and Z. rouxii A22; Tr. 4, inoculated with T. halophilus TS71, Z. rouxii A22, and P. guilliermondii EM1Y52
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Figure 28 Amount of available glucose (g/L) found during soy sauce fermentation; Tr 1, inoculated
with T. halophilus TS71; Tr 2, inoculated with Z. rouxii A22; Tr 3, inoculated with T. halophilus TS71 and Z
rouxii A22; Tr. 4, inoculated with T. halophilus TS71, Z. rouxii A22, and P. guilliermondii EM1Y52
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Figure 29a Amount of ethanol (mg/L) in soy sauce fermentation monitored on day 21, day 56, and
day 84; Tr 1, inoculated with T. halophilus TS71; Tr 2, inoculated with Z. rouxii A22; Tr 3, inoculated with T.
halophilus TS71 and Z. rouxii A22; Tr. 4, inoculated with T. halophilus TS71, Z. rouxii A22, and P.
guilliermondii EM1Y52

Figure 29b Amount of total higher alcohols (mg/L) in soy sauce fermentation monitored on day 21,
day 56, and day 84; Tr 1, inoculated with T. halophilus TS71; Tr 2, inoculated with Z. rouxii A22; Tr 3,
inoculated with T. halophilus TS71 and Z. rouxii A22; Tr. 4, inoculated with T. halophilus TS71, Z. rouxii A22,
and P. guilliermondii EM1Y52
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Figure 30a Amount of furanones (Lig/L) in soy sauce fermentation monitored on day 21, day 56, and
day 84; Tr 1, inoculated with T. halophilus TS71; Tr 2, inoculated with Z. rouxii A22; Tr 3, inoculated with T.
halophilus TS71 and Z. rouxii A22; Tr. 4, inoculated with T. halophilus TS71, Z. rouxii A22, and P.
guilliermondii EM1Y52

Figure 30b Amount of pyranones (ug/L) in soy sauce fermentation monitored on day 21, day 56,
and day 84; Tr 1, inoculated with T. halophilus TS71; Tr 2, inoculated with Z. rouxii A22; Tr 3, inoculated with
T. halophilus TS71 and Z. rouxii A22; Tr. 4, inoculated with T. halophilus TS71, Z. rouxii A22, and P.
guilliermondii EM1Y52
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Figure 31 Amount of volatile organic acids (mg/L) in soy sauce fermentation monitored on day 21,
day 56, and day 84; Tr 1, inoculated with T. halophilus TS71; Tr 2, inoculated with Z. rouxii A22; Tr 3,
inoculated with T. halophilus TS71 and Z. rouxii A22; Tr. 4, inoculated with T. halophilus TS71, Z. rouxii A22,
and P. guilliermondii EM1Y52

Table 18 Some physicochemical properties of raw soy sauce samples from each treatment obtained on day

84 of the fermentation

Glutamic Total biogenic Color
Experimental NaCl (%)

acid (g/L) amine (mg/L) L* a* b*

Control 17.8 7.25 35.5 274 -0.5 0.54

Treatment 1 17.6 6.9 19.7 29.5 -0.26 0.68
Treatment 2 18.7 10.25 39.2 29.6 -0.37 0.51
Treatment 3 19.6 8.9 374 295 -0.32 0.64
Treatment 4 17.6 9.15 18.6 29.3 -0.54 0.16

Tr 1, inoculated with T. halophilus TS71; Tr 2, inoculated with Z. rouxii A22; Tr 3, inoculated with T. halophilus
TS71 and Z. rouxii A22; Tr. 4, inoculated with T. halophilus TS71, Z. rouxii A22, and P. guilliermondii EM1Y52
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The roles of salt-tolerant yeasts such as Zygosaccharomyces rouxii, Candida versatilis, and Candida etchellsii in
the production of volatile flavor compounds (VFCs) in soy sauce fermentation have been well documented.
However, the knowledge of VFC production by other salt-tolerant yeasts is still limited. In this work, the
roles of Z. rouxii and Pichia guilliermondii strains in VFC production were investigated in moromi medium
as a model system for soy sauce fermentation. Inoculation of a single culture of either Z rouxii or
P. guilliermondii as well as co-cultures of these two yeasts into moromi medium showed increased numbers

Is(jﬂggf;m yeasts of viable yeast at around 0.7 to 1.9 log CFU/mL after 7 days of cultivation at 30 °C. During cultivation, both
Soy sauce single and co-cultures displayed survival over a 7-day time period, compared with the controls (no culture
Zygosaccharomyces rouxii added). Overall, yeast inoculation enhanced the production of VFCs in the moromi media with higher
Pichia guilliermondii amounts of ethanol, alcohols, furanones, esters, aldehyde, acid, pyrone and phenols, known as important

Volatile flavor compounds
Moromi medium

characteristic flavor compounds in soy sauce. Moreover, the co-culture produced more alcohols, furanones,

esters, maltol and benzoic acid than the single culture of Z. rouxii.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Soy sauce is a condiment produced from soybeans, wheat and
brine through a two-step fermentation process. In general, the pro-
cess involves the activities of koji mold, lactic acid bacteria and yeasts
(Sugiyama, 1984). Koji is prepared by culturing mold (e.g. Aspergillus
oryzae) on a mixture of cooked soybeans and wheat flour. Based on
the raw materials used, there are two main types of soy sauce: the
Japanese type which is made from equal amounts of soybeans and
wheat, and the Chinese type with more soybeans and less wheat
flour (Wanakhachornkrai and Lertsiri, 2003). Thai soy sauce or see-ieu
is included in the Chinese-type soy sauce. Matured koji contains var-
ious types of enzymes necessary for breakdown of macromolecules
such as proteins and polysaccharides during moromi fermentation
(Fukushima, 1989; Huang and Teng, 2004). In the case of Thai soy
sauce, the matured koji is mixed with brine solution (22-23% w/v)
at the ratio of 1:3 (w/v) to obtain moromi which is further fermented
by salt-tolerant lactic acid bacteria and yeasts. After fermentation and
aging for at least 3 months, the raw soy sauce obtained is pressed to
filter and subjected to pasteurization prior to bottling (Lertsiri et al.,
2011). In terms of soy sauce characteristic flavor, yeasts involved in
the moromi fermentation contribute to volatile flavor compounds

* Corresponding author at: Department of Biotechnology, Faculty of Science, Mahidol
University, 272 Rama VI Rd., Rachathevi, Bangkok 10400, Thailand. Tel.: +66 2 2015307;
fax: +66 2 3547160.

E-mail address: sittiwat.ler@mahidol.ac.th (S. Lertsiri).

0168-1605/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.ijfoodmicro.2012.10.022

(VFCs) in soy sauce. Moreover, chemical and biochemical reactions oc-
curred during the fermentation and heat pasteurization also generates
VFCs that make a complex blend of compounds contributing to the
overall flavor of the finished product (Noda et al, 1980). However,
the formation mechanism of VFCs in soy sauce is complex and difficult
to control (Cao et al,, 2010). Possible variation in the quality of soy
sauce during fermentation can be standardized by applying suitable
microbial starter strains into koji and moromi fermentations that
would eventually lead to improvement of the production.
Considering the limited oxygen and high salt concentration in the
moromi fermentation, lactic acid bacteria such as Tetragenococcus
halophilus firstly grow and convert simple sugars to organic acids,
mainly lactic acid. These acids result in pH drop which further
facilitates growth of salt-tolerant yeasts. Various genera of yeasts,
i.e. Candida, Cryptococcus, Debaryomyces, Issatchenkia, Kluyveromyces,
Pichia, Rhodotorula, Saccharomyces, Sporobolomyces, Trichosporon,
and Zygosaccharomyces have already been isolated and characterized
from the moromi (Hanaya and Nakadai, 2003). Among these,
Zygosaccharomyces rouxii and Candida versatilis or Candida etchellsii
are considered as the predominant active yeasts in the moromi
fermentation of Japanese soy sauce (Yokotsuka, 1986). Z. rouxii is
capable of alcoholic fermentation and hydrolysis of various amino
acids into their respective alcohols, resulting in an accumulation of
alcoholic substances that gives soy sauce its characteristic flavor. Z. rouxii
also synthesizes important flavor compounds, ie. 4-hydroxy-2(or 5)-
ethyl-5(or 2)-methyl-3(2H)-furanone (HEMF) and 4-hydroxy-2,5-
dimethyl-3(2H)-furanone (HDMF), using the Maillard intermediates
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as precursors (Hayashida et al., 1999). As the alcohol fermentation pro-
gresses, the growth of Z. rouxii is decreased since it is sensitive to alcohol
at a concentration of around 4% (v/v) (Hanaya and Nakadai, 2003; van
der Sluis et al., 2001). Next, C. versatilis and C. etchellsii begin to grow
after the alcohol fermentation by Z. rouxii. These yeasts are more aerobic
with weaker alcoholic production capability, however they are not as
salt-tolerant as Z rouxii. They grow in the maturation stage of the
moromi fermentation, leading to the production of volatile phenolic
compounds (Huang and Teng, 2004 ). The Z. rouxii starter culture Z rouxii
has been widely applied in the Japanese soy sauce industry (Fukushima,
2004; Hanaya and Nakadai, 2003; Hayashida et al., 1997; Luh, 1995;
Sugiyama, 1984). On the other hand, Pichia guilliermondii (its anamorph:
Candida guilliermondii) which is one of the microflora found in soy
sauce moromi fermentation (Hanaya and Nakadai, 2003) has not yet
been employed as an additional starter in soy sauce production.
P. guilliermondii has been known to produce 4-ethylguaiacol (Suezawa
& Suzuki, 2007), which is an important phenolic compound to mature
the flavor of soy sauce (Fukushima, 2004; Yokotsuka et al., 1967), and
4-ethylphenol (Dias et al., 2003).

Our group has been investigating volatile compounds involved in
the characteristic flavor of Thai soy sauce in order to develop suitable
microbial starter strains for the moromi fermentation. In this study,
we demonstrated the production of volatile flavor compounds by
two salt-tolerant yeast species isolated from Thai soy sauce moromi,
i.e. Z. rouxii and P. guilliermondii. The cultures of these strains were
conducted in moromi medium as a model system of soy sauce fer-
mentation. We also investigated the application of co-cultures of
these strains in order to observe their synergistic effect on the volatile
flavor compound production.

2. Materials and methods
2.1. Microorganisms

Z. rouxii (coded A22) and P. guilliermondii (coded EM1Y52) were
obtained from the culture collection of the Department of Biotechnolo-
gy, Faculty of Science, Mahidol University. These halotolerant yeasts,
the former and the latter, were previously isolated from soy sauce
moromi samples that had been fermented for 2 months and 1 month
respectively. Those moromi samples were of similar moromi type as
the moromi samples of this study. These yeasts could grow in yeast
extract-peptone-dextrose (YPD) medium containing sodium chloride
of up to 18% w/v (18-YPD). The colonies of the Z. rouxii strain were glo-
bose, raised, smooth, has an entire margin and creamy, whereas the
colonies of the P. guilliermondii strain were globose, flat, smooth, has
an entire margin and white. They reproduced asexually by budding
and grew as pseudohyphae. Molecular identification of the strains
was performed using sequence analysis of the D1/D2 domain of the
26S rDNA as described by Ferreira et al. (2010). Their GenBank access
numbers for nucleotide sequence were JX848543 and JX848542 for
A22 and EM1Y52 respectively.

2.2. Moromi medium

Soy sauce moromi liquid portions were randomly collected from
SS Factory in Samutprakan province at 1-month (1M), 2-months
(2M), and 3-months (3M) of moromi fermentation (from different
batches of koji). The moromi was prepared from koji and 18% brine
at the ratio of 1:1; w/v. The liquid portions obtained were used as
culture media without sterilization. Prior to inoculation, each
moromi sample was determined for contents of total nitrogen (TN)
by Kjeldahl's method (AOAC, 1984), glucose using a glucose oxidase
kit (Sigma Chemical Co., St. Louis, MO) and pH using a pH meter (IQ
Scientific Instruments, Inc., Carlsbad, CA, USA) at 25 °C. The average
values obtained are presented in Table 1.

2.3. Preparation of the inoculums

Z. rouxii A22 and P. guilliermondii EM1Y52 from frozen stocks were
cultured separately in 500-mL flasks containing 200 mL of YPD broth
plus 18% (w/v) NaCl (18-YPD), incubated at 30 °C with 150-rpm shak-
ing to obtain optical density (ODgoo nm) equal to 1.0. The cells were
harvested by centrifugation at 5000 xg, 4 °C for 20 min. The cell pellets
were then suspended to the same volume of 18-YPD broth.

2.4. Fermentation experiment

Moromi model systems were conducted with 1-month, 2-month,
and 3-month moromi since A22 and EM1Y52 were isolated from
2-month and 1-month moromi samples respectively. Moreover,
viable counts of yeasts were also detected in 3-month moromi in
our previous study. Details of all 12 treatments and 4 controls used
in the experiment are shown in Table 1. Culturing yeast starters in
either moromi media or 18-YPD broth was performed in duplicate
in 250-mL Duran bottles with a working volume of 200 mL. The
experiments were conducted with 10% (v/v) of each yeast starter
culture at a final concentration of ~10° cells per mL in both media
and incubated statically at 30 °C for 7 days, allowing the bottles to
be loosely capped. The co-cultures of Z rouxii and P. guilliermondii
were carried out by inoculating each strain at the ratio of 1:1. Concur-
rently, parallel runs of uninoculated media were also incubated as
controls under the same conditions. Aliquots of samples collected be-
fore and after incubation were subjected to enumeration of yeast cells
on duplicate YPD agar (supplemented with 10% w/v NaCl (10-YPD)
and 100 mg/L chloramphenicol) plates at 30 °C for 3-4 days. The
agar was adjusted to pH 4.5 with 1 N HCl. Plates with 30 to 300
colony-forming units per mL (CFU/mL) were counted and the results
were expressed as log CFU/mL of the samples. For chemical analysis
and VFC determination, the samples were centrifuged at 5000 xg,
4 °C for 20 min and the supernatant obtained was then filtered
through a 0.45-pm membrane. Glucose content and pH of the
portions were measured as previously described in Section 2.2. All
analytical determinations were carried out in triplicate of the two

Table 1
Treatments and controls of fermentation experiment.
Medium Single culture Co-culture Control
1M moromi Treatment 1 Treatment 2 Treatment 3 Control 1
0.88% TN, pH 5.0, 162.0 mM glucose Z. rouxii P. guilliermondii Z. rouxii + P. guilliermondii no inoculation
2M moromi Treatment 4 Treatment 5 Treatment 6 Control 2
0.95% TN, pH 4.6, 145.5 mM glucose, Z. rouxii P. guilliermondii Z. rouxii + P. guilliermondii no inoculation
3M moromi Treatment 7 Treatment 8 Treatment 9 Control 3
0.88% TN, pH 4.7, 103.2 mM glucose Z. rouxii P. guilliermondii Z. rouxii + P. guilliermondii no inoculation
YPD plus 18% w/v NaCl, pH 4.5 Treatment 10 Treatment 11 Treatment 12 Control 4

Z. rouxii

P. guilliermondii

Z. rouxii + P. guilliermondii

no inoculation
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experiments and then presented as the average values. The two
experiments were conducted at the same time.

2.5. Determination of volatile flavor compounds (VFCs)

2.5.1. Determination of VFCs by solid phase microextraction coupling
with gas chromatography-mass spectrometry (SPME-GC-MS)

Ten microliters of 2-methyl-3-heptanone (142.4 pg/mL of methanol)
was added into 5 mL of a supernatant of the culture medium as an inter-
nal standard. The aliquot was placed in a 20-mL headspace vial sealed
with a PTFE septum in an aluminum cap. To obtain equilibrium, the
samples were preheated at 40 °C for 10 min in a water bath. A SPME
manual holder (Supelco, Bellafonte, PA, USA), equipped with a 2-cm
50/30 um stable flex divinylbenzene/carboxen/polydimethylsiloxane
(DVB/CAR/PDMS) (Supelco, Bellefonte, PA, USA) was inserted into the
headspace vial through the PTFE cap. The VFCs in the headspace were
absorbed by exposing the fiber to the headspace at 40 °C for 20 min.
Prior to collection of volatiles, the fiber was preconditioned at 230 °C
for 105 min in the GC injection port. The VFCs were then thermally
desorbed by directly introducing the fiber into the injection port of the
GC-MS (Agilent 6890 plus GC/HP 5973 MSD, New York, USA)
maintained at 220 °C with the splitless mode and holding for an injection
purge-off time of 5 min. The separation of volatile compounds was
achieved on an HP-FFAP column (25 mx0.32 mm i.d.x0.50 pm; J&W
Scientific, Folsom, CA, USA). The oven temperature was initially
programmed from 45 to 110 °C at a rate of 10 °C/min, then ramped up
to 160 °C at 7 °C/min and increased to 240 °C at 10 °C/min and post
run for 2 min. The ultra high-purity helium gas (TIG; Thai Industrial
Gas, Thailand) flow rate was 1.5 mL/min. The total runtime was
23.64 min. The mass selective detector capillary direct-interface temper-
ature was 250 °C. All mass spectra were obtained by electron ionization
at 70 eV. The detector was operated with a mass range between 20 and
350 m/z and with a scan rate of 4.33 scans/s.

2.5.2. Determination of semi-VFCs by direct solvent extraction coupling
with gas chromatography-mass spectrometry (DSE-GC-MS)

The method was modified based on the work of Wanakhachornkrai
and Lertsiri (2003). Ten milliliters of a sample was mixed with 50 pL
of each methanolic solution of internal standard: 2-ethyl butanoic
acid (446.0 ug/mL), 2-methyl-3-heptanone (142.4 pg/mL) and 2,4,6-
trimethyl pyridine (405.6 pg/mL) prepared. Then the mixture was
saturated with sodium chloride and adjusted to pH 3.0 with 5 N HCl.
The volatile compounds were then extracted thrice with 15 mL of
methyl acetate (Hayashida et al., 1997). After collecting the organic
fraction, the mixture was re-adjusted to pH 12.0 with 5 N NaOH and
extracted again as described above. The collected acidic and basic frac-
tions were separately kept at —80 °C overnight for removal of water.
These fractions were filtered through Whatman#1 filter paper, then
reduced to 3 mL under gentle nitrogen stream and dried over about
1.9 g of anhydrous sodium sulfate to remove any residual water and
then concentrated to a final volume of 100 L using a gentle stream of
nitrogen gas. The concentrated organic extracts were analyzed by
GC-MS using the Agilent 6890 plus GC/HP 5973 MSD, equipped with
an HP-FFAP column described previously. One microliter of the sample
extract was injected at 220 °C with a split ratio of 10:1. The GC oven
temperature was held at 45 °C for 2 min, raised an initial 45 °C to
230 °C at a rate of 5 °C/min with a running time of 44 min. The flow
rate was 1.5 mL/min. The mass range was set at 35 to 450 m/z, 3.50
scans/s.

2.5.3. Identification and semi-quantification of VFCs

Positive identification of a compound was conducted by compar-
ing its retention index (RI) and mass spectrum in a database (Wiley
275.L mass spectral database, Hewlett-Packard Co.). Rl was calculated
according to the retention time of n-alkane standards. The peak area
cut-off for detection was 10,000 and peak integration was performed

on RTE mode, Enhanced Chemstation Software version B.01.00
(Hewlett-Packard Co.). For semi-quantification, the amounts of the
VFCs were calculated from the peak area of each compound relative
to that of the internal standards.

2.6. Statistical analysis

Statistical analyses were conducted using the statistical package
XLSTAT™ software for Windows. Significant difference at a p value of
less than 0.05 was analyzed by a one-way analysis of variance
(ANOVA), and followed with Duncan's test to compare means. Princi-
pal component analysis (PCA) was carried out to correlate the abun-
dance of the VFCs in treatments and control by applying to the
concentration of compounds.

3. Results and discussion
3.1. Survival of yeast inoculums

All yeast inoculums (single culture of Z rouxii, single culture of
P. guilliermondii, and co-culture of both strains) were found to be able
to survive or grow slowly in all three different moromi media
(1M, 2M, 3M) as observed in the increasing log CFU/mL after the
7-day incubation compared to their original numbers at day 0 (Fig. 1).
The initial numbers of yeast cells in the inoculated samples were 1 to
3 logs higher than the controls (at day 0). For Z rouxii cultured in 1M,
2M and 3M moromi media, the viable counts of ~5.8 log CFU/mL
increased to 6.7, 6.5 and 6.2 log CFU/mL, respectively, at day 7. On the
other hand, the viable counts of P. guilliermondii cultured in those
moromi media were over 6 log CFU/mL at day 0, and they remained
constant in the 1M and 3M moromi media but slightly reduced in the
2M moromi medium at day 7. The increasing trend of about 1 log
CFU/mL was also observed in the co-culture experiments (Fig. 1a).
Glucose consumption was higher in the cultures with Z rouxii rather
than that with P. guilliermondii as observed in the decrease of glucose
content in the moromi media (Fig. 1b). These results indicated that
glucose was utilized by microbes in the moromi media, including indig-
enous salt tolerant microbes and inoculated yeasts. P. guilliermondii
consumed glucose less than Z rouxii during the 7 days of incubation.
In the case of Z rouxii cultures, glucose was almost completely con-
sumed during the 7 days. This also indicated that the moromi medium
as the model system was capable to culture the yeasts for a 7-day peri-
od. The limitation was due to substrates available.

Considering the viable cell count and glucose consumption of
yeast cultures in the 18-YPD broth, the numbers of cells decreased
(from ~6 log CFU to ~5 log CFU) in all cases except in the Z. rouxii
single culture (Fig. 2). Correspondingly, the glucose content remained
~90 mM in the P. guilliermondii single culture, while glucose deple-
tion reached 1 to 3 mM in the Z rouxii single culture and co-culture.
The results were probably due to the fact that P. guilliermondii prefers
more aerobic conditions (Fukushima, 2004).

3.2. Volatile flavor compound production in 18-YPD medium

With respect to metabolites from yeast fermentation, alcoholic
groups were mainly identified in the 18-YPD medium inoculated with
single or co-cultures. No target volatile flavor compounds (VFCs) were
detected in the 18-YPD control (no inoculums added). VFCs produced
by Z. rouxii culture and co-culture of Z rouxii and P. guilliermondii includ-
ed ethanol, 2-methyl-1-propanol, 3-methyl-1-butanol, 2-phenylethanol,
methionol and 2-phenylethyl acetate (Table 2). These are VFCs produced
by yeast strains, which have been described as involved in the develop-
ment of soy sauce flavor (Beuchat, 2001; van der Sluis, et al., 2001). In
the case of the single culture of P. guilliermondii, only ethanol
(185.7 pg/L) and 2-phenylethanol (6.0 pg/L) were produced (Table 2).
Interestingly, the co-culture presented the highest contents, compared
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Fig. 1. (a) The number of yeast cells and (b) glucose consumption from single culture and co-culture of Z. rouxii and P. guilliermondii in 1M, 2M and 3M moromi media. Bars with

different small letters show significant difference (p<0.5).

to those obtained from the single culture of Z rouxii or P. guilliermondii
(Table 2). These results suggested that P. guilliermondii could not well
utilize glucose to produce ethanol. It is possible that P. guilliermondii
might metabolize free amino acids to generate energy for survival as as-
sumed in Candida utilis that could break down the carbon skeleton
of amino acids completely (Large, 1986). Evidently, 2-phenylethanol
was converted by P. guilliermondii from phenylalanine. This 2-
phenylethanol has been reported to be commonly produced by yeast
fermentation and can be synthesized from glucose or phenylalanine by
yeasts (Hanaya and Nakadai, 2003). It has also been observed that the
batch cultures of Saccharomyces cerevisiae could produce phenylethanol

during fermentation when phenylalanine is the sole nitrogen source or
under anaerobic conditions (Hazelwood et al., 2008). Furthermore,
phenylethanol might be formed through biosynthesis of L-alanine from
pyruvate using aromatic amino acid aminotransferase (Kradolfer et al.,
1982).

In general, yeasts produce ethanol from glucose via the glycolytic
pathway and anaerobic fermentation (Benitez and Codon, 2004). In
some yeasts, higher alcohols can be produced from the Ehrlich path-
way in which the deamination or transamination of extracellular
amino acids is performed and/or other amino acid biosynthesis path-
way (van der Sluis et al., 2002; Webb and Ingraham, 1963). In the
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Ehrlich pathway, branched-chain amino acids (i.e. leucine, valine, and
isoleucine), aromatic amino acids (ie. phenylalanine), and sulfur-
containing amino acids (i.e. methionine) undergo a three-enzymatic-
step pathway: 1) transamination of an amino group from amino acids
to a-ketoglutaric acid resulting in a-keto acids, 2) decarboxylation of
the a-keto acids to aldehydes, and 3) reduction of the correspondent
aldehydes to higher alcohols (Hanaya and Nakadai, 2003; van der
Sluis et al, 2001). o-Ketoglutarate is the general substrate that is
involved in the first step of transamination. a-Keto acids are key inter-
mediates involved in this pathway (van der Sluis et al,, 2001). Among
these higher alcohols, methionol is produced merely via the Ehrlich
pathway in Z. rouxii (van der Sluis et al, 2002). Since there was no

Table 2

Concentration (ug/L) of volatile flavor compounds (VFCs) produced by single culture
and co-culture of Z rouxii and P. guilliermondii in YPD broth containing 18% w/v NaCl
(18 YPD).

No. RI Compounds A22 EM1Y52  A22+EM1Y52
1 <1100  Ethanol 1823 185.7 2860.2
2 1137  2-Methyl-1-propanol 205 nd 145.8
3 1236  3-Methyl-1-butanol 708.5 nd 27849
4 1991 2-Phenylethanol 246.1 6 870.7
5 1756  Methionol 4 nd 32.6
6 1857  2-Phenylethyl acetate 259 nd 79.7

nd: not detected.
2 RI based on HP-FFAP column.

methionol detected in the single culture of P. guilliermondii (Table 2),
the results thus suggested that P. guilliermondii was not able to use the
Ehrlich pathway for the formation of higher alcohols. However, it
was evident that the co-culture produced a much higher content of
methionol than the single culture of Z. rouxii.

3.3. Volatile flavor compound production in moromi medium

Eighteen volatiles that are reported to be important VFCs in Japanese,
Chinese, and Thai soy sauces were distinguished in the moromi media
(1M, 2M, 3M). These included 2-methyl-1-propanol, 3-methyl-1-butanol,
2-phenylethanol, methionol, ethanol, phenylacetaldehyde, ethyl acetate,
ethyl lactate, ethyl benzoate, ethylphenyl acetate, 2-phenylethyl
acetate, 2-methoxy-phenol (or guaiacol), 4-ethyl-2-methoxy-phenol,
4-ethyl-phenol, 4-hydroxy-2-ethyl-5-methy-3(2H)-furanone (HEMF),
4-hydroxy-2,5-dimethy-3(2H)-furanone (HDMF), 3-hydroxy-2-
methyl-4H-pyran-4-one (or maltol) and benzoic acid (Table 3).

Considering ethanol production in single cultures and co-cultures
of both yeasts, it was characteristic that P. guilliermondii cultures
resulted in low ethanol concentration in both 18-YPD and moromi
media compared to that of Z rouxii. The contents of residual glucose
remarkably decreased in single cultures and co-cultures of Z. rouxii,
which might be due to the ability of Z rouxii to possibly synthesize
ethanol from glucose which was plentiful in the moromi media.
Regarding higher alcohols in the cultures, Z rouxii cultures and
co-cultures accumulated these compounds at higher concentrations
than the controls and P. guilliermondii single cultures. These results
were in agreement with the volatile formation in cultures of 18-YPD
broth. The co-cultures exhibited the highest increase in the following
VFCs, including 2-fold increase of 3-methyl-1-butanol particularly in
1M and 3M moromi media, 3.4-fold increase of 2-methyl-1-propanol
in 3M moromi and 1.1-fold increase of methionol in 2M moromi
relative to the controls (Table 3). Likewise, high content of
2-phenylethanol was obtained in the co-cultures, reaching the
maximum value of 4.7-fold increase in the 3M medium while
2-phenylethanol production by Z. rouxii cultures has only 2.4-fold in-
crease in the 3M medium (Table 3).

Among branched-chain amino acids which are precursors for the
Ehrlich pathway (Hazelwood et al., 2008), these amino acids except
methionine were abundant in soy sauce mixtures (O'Toole, 1997).
In addition, the production of methionol which merely occurs via
the Ehrlich pathway was enhanced in co-cultures of both 18-YPD
and moromi media. We hypothesized that P. guilliermondii was not
capable for the Ehrlich pathway. However, P. guilliermondii could
produce some general substrates, e.g. o-ketoglutarate which is for
the first step of transamination in the Ehrlich pathway or/and
a-keto acids from transamination of amino acids. These a-keto
acids were secreted or leached from the yeast cells and then uptaken
by Z. rouxii to convert into higher alcohols. The previous study has
shown that at pH around 4.0 to 6.0 and in the presence of 0 to 18%
(w/v) NaCl, considerable amounts of a-keto acids as the deaminated
products from the branched-chain amino acids are found to be accu-
mulated extracellularly in the Z rouxii culture (Jansen et al., 2003).
Accumulation of a-keto acids is accomplished by the flow through
of the Ehrlich pathway which increases at increased concentrations
of extracellular amino acids (Aoki and Uchida, 1991; van der Sluis et
al,, 2000).

For HEMF and HDMF production, Z rouxii cultures enhanced
HEMF formation, resulting in an increase of 1.6 and 2.5 folds in the
1M and 2M moromi media respectively, compared to the controls
(Table 3). On the contrary, no furanone compounds were observed
in P. guilliermondii single cultures. It is important to note that the
co-cultures yielded a 1-fold higher production of HEMF than the
Z. rouxii cultures. Since HEMF is one of the key aroma compounds
with low detection threshold (Hanaya and Nakadai, 2003), our findings
strongly confirmed the significance of Z rouxii in the formation of


image of Fig.�2

Table 3
Concentration (pg/L) of volatile flavor compounds (VFCs) produced by single culture and co-culture of Z. rouxii and P. guilliermondii in 1M, 2M and 3M moromi media.

Compounds 1M moromi 2M moromi 3M moromi
Control A22 Increment® EM1Y52 A22+ Increment for ~ Control A22 Increment  EM1Y52 A22+ Increment for ~ Control A22 Increment EM1Y52 A22+ Increment for
1 for A22 EM1Y52 A22+EM1Y52 2 for A22 EM1Y52 A22-+EM1Y52 3 for A22 EM1Y52 A22+EM1Y52
(fold) (fold) (fold) (fold) (fold) (fold)

Ethanol 5162 1499.7 19 352.2 798.5 0.5 407.7 9100 1.2 4794 18218 35 1726 7545 34 188.1 917.0 43
2-Methyl-1-propanol 24.0 28.5 0.2 8.7 474 1.0 275 29.2 0.1 9.0 77.8 1.8 10.9 14.0 0.3 59 47.8 34
3-Methyl-1-butanol 246.5 4507 08 159.1 7114 19 4455 3481 nc 159.5 10469 13 262.6 3770 04 17131 7819 2.0
2-Phenylethanol 435 1175 1.7 32.6 187.6 33 51.2 72.2 04 24.6 257.0 4.0 259 88.4 24 20.7 147.9 4.7
Methionol 3.7 3.8 nc 2.1 5.0 0.4 4.1 3.0 nc 1.5 8.7 1.1 3.7 33 nc 2.1 6.1 0.7
2-Methoxy-phenol 1.1 nd nc nd 2.2 1.0 2.2 1.6 nc 1.8 5.1 13 1.9 0.5 nc 1.1 5.8 2.0
4-Ethyl-2-methoxy-phenol 4.6 13 nc 90.0 53 0.1 5.1 32 nc 34.1 35 nc 39 1.9 nc 94.8 2.1 nc
4-Ethyl-phenol 1.5 0.2 nc 10.1 nd nc 14 0.7 nc 4.1 nd nc 14 0.6 nc 9.2 nd nc
Maltol>< 1954.7 22843 0.2 20471 40716 1.1 10049 37855 2.8 33045 16005.7 149 58112 1704.6 nc 1317.6 116685 1.0
HDMF“4 nd nd nc nd nd nc nd 10489 nc nd nd nc nd 773.1 nc nd nd nc
HEMF“¢ 2144.6 5507.1 1.6 nd 32892 05 30643 7047.7 1.3 nd 106174 2.5 nd 42115 nc nd 6611.3 nc
Ethyl acetate nd 43.6 nc nd 39.7 nc 8.7 46.6 44 nd 243 1.8 nd 26.0 nc nd 239 nc
Ethyl lactate 1.1 nd nc nd 2.2 0.9 nd nd nc nd 33 nc 1.2 nd nc nd 33 1.7
Ethyl benzoate 0.7 23 25 0.8 2.8 33 2.8 33 0.2 1.6 49 0.8 nd 1.0 nc 0.5 4.8 nc
Ethylphenyl acetate 0.4 1.0 1.6 nd nd nc 1.5 2.1 0.4 nd nd nc nd 04 nc nd nd nc
2-Phenylethyl acetate 2.0 24 0.2 0.4 2.3 0.2 7.2 3.2 nc 0.3 37.2 42 1.6 24 0.5 1.2 6.6 32
Phenylacetaldehyde nd 1.6 nc nd 2.5 nc nd 29 nc nd 1.9 nc nd 33 nc nd 3.0 nc
Benzoic acid 28504 4242.1 05 25229 38189 03 22985 37256 0.6 2591.2 27523 0.2 1820.3 2183.0 0.2 12942 47981 1.6

nd: no detection.
? The increment values were calculated by VFCs in the inoculated sample divided by VFCs in the uninoculated sample. If the compound did not occur in the control or the amount decreased, the increment was not calculated (nc).
b 3_Hydroxy-2-methyl-4H-pyran-4-one.
¢ Detected by DSE.
9" 4-Hydroxy-2,5-dimethyl-furanone.
€ 4-Hydroxy-2-ethyl-5-methyl-furanone.
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flavor compounds in soy sauce products. Regarding its biosynthesis,
Sasaki et al. (1991) described that the pentose-phosphate cycle is
involved in HEMF biosynthesis by yeasts in soy sauce. In addition,
Sugawara and Sakurai (1999) suggested that HEMF is synthesized by
yeasts using a precursor derived from the Maillard reaction of ribose
with serine or alanine during heating. Furthermore, HEMF biosynthesis
by Z. rouxii in moromi fermentation was claimed to occur through the
combination of the 5-carbon compound produced from the Maillard
reaction and the 2-carbon compound provided by the yeast (Ohata et
al., 2007). However, the yeast enzymes involved in the furanone
biosynthesis have not been known up to this time. Hence, these
4-hydroxyfuranones were not detected in any of the yeast cultures in
the 18-YPD broth since no precursors were present. On the other
hand, since the Maillard reaction occurs at every stage of soy sauce
production (Lertsiri et al., 2001), the yeasts probably use the Maillard
intermediates as precursors in relation with this 4-hydroxyfuranone
biosynthesis.

P. guilliermondii single cultures were found to play an important
role in the production of phenolic compounds (2-methoxyphenol,
4-ethyl-2-methoxyphenol and 4-ethylphenol) whereas no increase
in the production of phenolic compounds was found in Z. rouxii single
cultures. Occurrence of P. guilliermondii and its production of volatile
phenolic compounds were also reported as a spoilage yeast in wine
fermentation (Sdez et al., 2010). Phenolic compounds, such as
4-ethyl-2-methoxy-phenol, were produced by P. guilliermondii
cultures with the highest increase of 24-folds higher than the control,
especially in the 3M medium (Table 3). In addition, P. guilliermondii
single cultures produced the concentration of 4-ethylphenol up to a
maximum increase of 6 folds in both 1M and 3M moromi media, com-
pared to the controls, despite the fact that there was no detection for
this compound in the co-cultures. This finding suggested that
P. guilliermondii was a producer of volatile phenols, which are respon-
sible for the spicy clove-like and woody, smoky flavor to soy sauce.
The co-cultures had a higher level of 2-methoxyphenol production
with 1-2 folds than the controls (Table 3). It has been demonstrated
that biosynthesis of these compounds by yeasts involves carboxylation
and reduction of ferulic acid and p-coumaric acid (van der Sluis et al.,
2001).

3.4. Principle component analysis (PCA)

To evaluate the correlations among the important VFC compounds
and the contribution among the cultures, the concentration of VFCs as
variables was subjected to principal component analysis (PCA). PCA
condenses all of the VFC variables into principal components (PCs)
which are used as axes on which the data are plotted and structurally
visualized on a biplot (Lawless and Heymann, 1998). Fig. 3a and b
shows the 2-dimensional biplots of PC1 against PC2 for loadings and
scores respectively. PC1 explained 35.37% of the variance which
correlated with ethanol, 2-methyl-1-propanol, 3-methyl-1-butanol,
2-phenylethanol, HEMF, 2-methoxy-phenol, 4-ethyl-2-methoxy-
phenol, 4-ethyl-phenol, ethyl lactate, ethyl benzoate and maltol. PC2
explained 32.22% of the variance and correlated with methionol,
phenylacetaldehyde, ethyl acetate, 2-phenylethyl acetate and benzoic
acid. PC3 explained 14.63% which was correlated with HDMF and
ethylphenylacetate (not illustrated).

In PCA, it is possible to distinguish the single cultures and co-cultures
which had different characteristics from the controls (Fig. 3b). The group
of co-cultures in the moromi media located in PC1 was highly influenced
by ethanol, 2-methyl-1-propanol, 3-methyl-1-butanol, 2-phenylethanol,
HEMF, ethyl benzoate and maltol, as the co-cultures had their highest
concentration. On the other hand, the group of P. guilliermondii cultures
in the moromi media was found on the opposite side of the co-culture
group, indicating a negative correlation with those VFCs. This indicated
the presence of a lower amount or the absence of those compounds
in P. guilliermondii cultures. It was indeed clustered by increasing the

a Variables (axes PC1 and PC2: 67.58 %)

-2
methoxy-phenol

4-Ethyl-phenol

PC2 (32.22 %)
o

h
ethyl-1-
propanol
-Methyl-1-butpnol
enylethanol
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acetate

-0.25 0 025 05 0.75 1
PC1 (35.37 %)
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b Observations (axes PC1 and PC2: 67.58 %)
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Z. rouxii
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Fig. 3. Principle component analysis: (a) loading plot illustrated the contribution of vola-
tile flavor compounds; (b) score plots presented the distribution of cultures in groups.

concentration of 4-ethyl-2-methoxy-phenol and 4-ethyl-phenol.
Regarding Z. rouxii cultures in moromi media located on PC3 (not illus-
trated), they were strongly associated with the highest concentration
of HDMF and ethylphenylacetate. According to the loadings of VFCs
produced by the cultures in the 18-YPD broth, separated positions of
the culture on the biplot (Fig. 3B) demonstrated that ethanol, higher
alcohols and 2-phenylethylacetate basically contributed to the charac-
teristics of each culture. This also indicated that the co-cultures indeed
had the highest amount of these compounds including ethanol and
higher alcohols.

4. Conclusions
Moromi medium as the model system demonstrated the possibil-

ity of using selected Z. rouxii A22 and P. guilliermondii EM1Y52 strains
for soy sauce fermentation. In terms of VFCs, the former could
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produce HEMF and HDMF, and the latter could produce phenolic vol-
atiles in the moromi medium but not in the 18-YPD broth. Co-culture
of these two strains in both moromi medium and 18-YPD could en-
hance the formation of VFCs.
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