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AEEAALEHASROBERAKE L LCRBLEHN S 5, B IEKAF
752, RROHOEED b1, KM (fle LCikEMN, BEKE) . B
T (ATHKE) . SHHEE (HSKY) CABEIR3, $£. KOEHS
. BBALAEEBI Lo T, HIEW (ERKB) . HEskm (A EkE) |
EURI (BN, BEEE) 12, B, @25 X EKE (HREM) . %Gk
(BMBRIE) . AR (B%. WEKE) CATBN3, 20> 585%EL %
EDBOBEKEEMTE 5. TOKMEN (LT, KE) SEAAS LEKE
WHAMESE A KBRUAMERHE L L., RB - AR LINET 3, Z0OF
B-ABROBET BEAXOBEROEIIL. BEVCLBERSOREMEY
FEELTHEBEEDRKDPBMAR SN2, 25, KEARCEET3HEVE
BEE. KBE > BEERAES AR AT THRANEEOS 350 ILE 5
NB., —F. BWEEY, MALEUEBEATLNETRAL, REEMA
T, ZOBB B LALEAROWERESCLBEFES LT H R LN 3,
HEOLETEMARE. BEABE (1973) O8F F Y EE— 7 LELE S
BRHEHD, 20— FCHBEESEFRBELERTL TV B, KEREDOE &
tEKBEOREZ2EH—-—KNIZITZ2BZENEHD, LT B3 hkBOF
BH, HEBROOFAR2—HLER3LE20N 5, KEOHEEED I &L
EPF. DULCOHLLZOHEBELEEI T, ZALIAEREOKREDS R
BOKWMEDHERENS, k. BF. WorLEhoo55%, KEOHE
BHEOMERGBEO R, HBLE. Ll SIREESOELOMHER
ENECHLET LD, B, BHOC L EROARNOEE CLRES
B3 REBEZILLS,

BHEERIEE TR0y BrHB s, RESONEALZ-25 (L
FOOMHEER 19%) . RKBo®wHEF8yrET. Z0o0HEFEFEHTHD
(kW 4B EE 1994) , BHOHME CLELTL ARV, ZOREEE L T
B BEE FBILEAEVWIASRELVOMEL. BEOBVESIT SN B,
BHOBTREFAZZRTANLWZERIED 2D, KBEOBFEIKE 208 WEK
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iz, FEMEZ2REBEDETNVWDS, Z2T. REOBEIBK TR T EO ERK A
NoXLAEBYETBILREELRBESE S D LE 2, BARFLEE LT
(&[5 1970; AMEER 1977a; AMEAHE 1978a, 1978b; &
MEeERE 1979; XBEeHAE 1987a; AXBE&AE 1989) o

ZORE. KRBOFZE. (DKECKREOEHIIHKRTZIERKT.
(2)Aspergillus oryzaeD HEBR I LZ2ENOABIEIDEREILBIFTRNAT.
BHEEERLPHWERABERECORBHEY I VERZI NI BN,
(DEBBRTOBRBPFRCMBLEZFE > THEERNRBEIDVERSTNLDIER
BAREPLEDE-STWRZHED, BEiz. ChoERDD> S, REME
. BUHEEEEOBEEPRBOBERNSFHI2 VEBECLARARTHEZ L
BEBHo2, L L. ZOMBERBEBOBRMNEOA A XL BWVWE EFM
CEBBEHI TR L,

BEEEEL L REERNSOA N XAREOFEL LTR, KREER
-ﬁkﬁﬁ%%mb%&éﬂk%%@éﬁ%ﬁ%?éﬁ%ﬁ%%(?ﬁt%ﬁ
19692) , Wiz, WEOADSKHEORB CHET 5, Wb 5 HEMEKY LN
HOMMIZIREREDDLEZORRCEGE T2 L EEERBLORBIZLIHRT
BV HD (KEELSH 1965a; FREE&AHEKE 1978a, 1978b; FE |1
982; EH 1962) o LALAMNS, CHOOFETREHLIDOBEERD
BRBLUAOBEYCLII2BERERS. FEDHIEZERB LI TEIVERE
h2-0OBMERBELILTWVWS, 22T, ZHER IS0 ABEEMATERRE
HMOFARELLIDHEABBOBTRANEOA NI LORBEILELF X,
Bewmidesmzacerz (GES 1970; HEECAB 1983; HELAM
~1985a; HE S 1985b; HES 1995) ., B, EHBHMEA LS. W
EEBBOBRERCE T2 2HEE. 7Va—NVE (RES 1968) . FHE
¥ (%5 1980) RUEHAEEWOAF A ) — ) (AOKI and UCHIDA 1991 ;
MES S 1970) BrELTOREEH 3D, WEEARRNLEAEEH»bEL R

Vo
ERRCBVWTR, BRBIEZEAII2ERMRSIOINEZRILTZ L L
iz (ISHIHARA and HONMA 1992), REOFEMEGZ & K RH L& M

ZEALT. ARBHOMBRELHEEERCIDERSIWEZDRBD SN



D FBHEBERALOVCAN L. $2D5, SRBRICBIT5ARERS
PDEELNTIMEEEROBH c> W TR LE, ARERAL LTR.
K. AREROREMACE LWEEERE T AR RILAY L AR L&
BENRE L. B, HARESOARESORBMEN 2HE S ¢4 1 T.
WHOATEELE, LWHDIEEHBEREEZEULDL LT, BLOKEHO
EERAEANTEC L EkoT, REOBSA A LHEEERE L OMEL >
W THEB Uk,

UT. ChoDOBRIEZODWTEMIZHR T 3,



Bl1E HENESBORRERCHEER SO EORIL
B1E S

KEORBEFEBERLEO7ZNVI—VRERERBLEERD, REEXDEIPEIH
BODORENEASNSI L BB DB, 22T WHEBESKEREEET
CTERTIHERMERAORBEH2D, £F. REFHORHIDETH - &
BERLIE, HEMEBERRZI~20%0REEETCEZOEESP 2D EL,
i, WEEEBOEABCZOLEEOEVWERDLNEEDTH 5.

Fh, MEEEESEERCEKBFOERRRSOSF CIAR IO LIS
74— RIAARIMOANY —REBFESN B, 207k OIIEHER O L
B, BUHEMRSERYORANSBECH k. HAMRSEED O HE &
EUTH, #—92RVY—BEACEIRBEELHAERFERENS D, &
NEDEREORHEMETH o 22T FETCRHEMBBORER L
ERERS A EOBLET > 2o

B2 WEMBELZOBREBHHEORE

WEEBROER T I2ERERIORBIHED, D3 1BEAEMD LT T
WTLHE. HRHEOATEOEVALEFR YT UEBEHMEZRETSICEM
BHEHd, TCTCMBUEBBCIIVERSINNZELRIERERTEORKEL
ZHRAN RELREEHEZRD =,

2-1 RBMBREUTGTE
2-1-1 H#HHAEK

ERICE KBERAROXTEHERE T, REBEOXRKB IO SRS N = Iygosa-
ccharomyces rouxii S84 (LLF. Z. rouxii S84) (MAEX & 45 FH1973) & Can-

dida versatilis D-5 (MM F. (. versatilis D-5) (& # L ##A& 1975a, 197
5b) D22 WE, WFhBO~12%DEEELETTCTRELSEEL. 24%DEE




BETTHLEENRAMEREBETHY., FEEREATFREFTIDOBLTIVE
Wik |

B, Zygosaccharomyces rouxii FHREHEROLYMIcbED BE L, HE
THEIBETHD., REHOKBOFRERLEIFTREI ATV 5. — 7.
Candida versatilis REHRROBH cH LN, BREEFLNFIETA, 7L
—VEEBEOMLE., KELBEHOBBED— > TH d4-ethylguaiacolF2ER T
% (@BEWB 1994) . /. Zygosaccharomyces rouxii & Candida versati-
lis &, KELHEAK EBEHRBEOEXHECTHL, BREERETDH H 2

2-1-2 BBERTEREBFE

RAERM, AIEERL. FEEZMOMEK 2Table 1-11257 L,

RRBEIASARNEREEZMNAL. REBELEZLOLIVEBBEHEREL.
30CTIERSHBERELE, NEBELELDOPLEERNELAHILIVEKRD A
PHEEL, RE12I%YREAKTIHER L. COREKInlZ EFEBMIX 1071
BB3ELIOBEIYE, ARERHMFARECIIEo  TEMBAREREZBITI ST
)  ANBRZNVRBREOEBERZITZED., JNVWIA—-XABRRELEZOMDE T
BHEHNZLZI20CTCIAREERE Uz, T LT, BERBIIO=Z=AT7 7R3
BB AEEEBMPmICRZ2EDCHEBLE, kB, BEROEBEEHN
I2600m1% DX 10°8 L, 3EEICTIH. 3H. 5H. 7TH. 10H O & HM,
ZUTC. versatilis D-5BI LT, BRISHME20EMBERERF > 2o

2-1-3 BRXROE®RFM E£EERCHOHE

SHMEES BEBECESEERKSBEEEAEL. B (LBER) OEMEFE
iafFok, EEBERT Vv LEHEHZHEM L, 660nnic B33 HXEE (0D)
THRUE, REL, HEE LCEEEREEA V2, DHREERIZO VW TEE
PHA—% — (HMXESH) THELE,

2-1-4 —BHRSEOHZE
REWZ3,500ronTIOAEELASE L, FOEBHRIZODWTIINVNI-XER
7z )— ) —EE%E (DUBOISS 1956) ., £2ZREBWE T NV F —NVETHEL &,

— 5 —



*SA7 ‘81y ‘ST ‘dSy ‘ny)
‘0Id ‘1SN “SA) -SA) ‘AI] “ILL ‘oyd ‘IyJ ‘a9§ ‘91 ‘naT ‘Tep ‘ely ‘A[9 :sSproe outwe g
*(9961 ‘uedep ‘£ousldy £3070UyIsd] pue
9JU3TIg ‘TTI2UN0) S3IIN0S3Y) . SPO0J JO uoT}Isodwod proe ourwe pue uedef UT UOT}TIsodwod pooj
Jo sarqe} piepuels ayJ], WOIJ pajonb seMm (2T1}sSawOp) UB3QAOS JO UOT}TSOdWOD PIIR OUTWR Y]
. "06= (N/J) N/°soanyy "sueaq4os
JO uor}Tsodwod pIo® OUIwWe 3Y} 03 SUTIPIOIJE paJedald sSeMm SPII®R Oourwe @] JO 3INXIW 3yl ,
*9BISIA9J30 °§ I0J BIpaWl 3in][ndaid pue }203S Se pasn seM ( 0] “S11ed) 19BI}X3 If0¥ 1Y 4
*SPTIOTYD WNIpPOS OU PIUTRIUCD IRISIA3I33 °§ JOJ WNIPAW 9BY] .

Gy nd uQy 0%HL - ¥0SuZ ¢y Hd
sm01 0%HL - YOSUK 8621 TJeN
8621 1J¢eN suQT 0°%HL - Y0534 [WQ0T dones Los Mmey
86°0 0%HL - *0S8K 309 3s09nf)
80y °Q TOH 9UIXOpTIL] 81°0 0%HZ - ¢1J®) qeIn}noald 104
8uz°0 UTARTJOQTY 82 Y0d“HY
suy-Q TOH utlwelyj €6 Hd
guz Qg proe dro0ZUdqoUTWY-d 377 Iedy
sup-Q 9pTWRUT]IOITN ( Nse) 8¢8 _ TJeN
gug-z [031souy 8%°0 >SPTIo® outwy 8| [UQQT 92nes A0S Mey
suy-0 97]euaylojued-e) 30¢ 9s02nTH

sy ur}o1g 802 3s09anTy (@INIIN0 J003S 10]

7)) ="BTPaW JO UOT}ISOdWO) °T-T 3]qe]



Fh, BREEEBOII VI - ZBELL2EZREBEE2HEL. 2hEb LIz V-
ARVEBRDOHEREEZRD 1=,

2-1-5 HREERSOHELIOEERH®

YAMANISHIS (1970) # CCHALZ TABERGEE (Fig. 1-1)EH W T,
BEMFOERERFEZKLEBIIART L, KBEBEUTHEL =,

E7. BERFEBEDO 7Y —F—CTRA¥ ) -V E{RHL, ZhEEBRY
TTMNIZYTADEAZED, i\ﬁ\yTAEI%fﬂ?‘5&t%)¢::‘/¥‘/ﬁ'~—%%%fﬂ
T2, FITVTBLIREDT7Y) —F—T-80CETTRHLTEL, GHmoEn
EHERW200n1ZpH 2853 WikpH TIo @ LFig. 1-10aV x>V iz A A, 10nm-
HEA T CHRBBRFPEE ST 2ECRERT 2T o2, BElt, BEIhEBBEIZD
BEOREKZHMUEBBRE LA®. BEXEYEHVEL. GHzaDHE250
nDEFE LE. B8, BHBELAY NSy 7ARZEEI A, F5 v 7Bz ik
DEDOKKE, PIFv7EREDTHTPRABELADSNE. M5 v 7B (O
KEZRER, BRETRTEDETHHWICEL =,

Rota
e\%porater
H29 FPCCZCPCC_so
Freezer
NC-BD11
Vac. pump
l A ’_ -
2 1~ MeOH
e d NS -80°C
7 /\
MeOH Trap Trap Trap
3°C A B C
Circ.pump :

Fig. 1-1. Apparatus for isolation of volatiles.
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M7V a2—)Vi&Ce(NOs)sNHaNOsHH W B EE B3 (R A 1967) THIZE Leth-
anol UTRUL, Z—EBNVHBE NV Y -HKEB% (BEESKWIELESKE 1971)
2 & D 3-methylbutanole UTR®%E, 7NV F b Rik3-nethyl-2-benzothia-
zolinehydrazonek U CLtfa ¥k (SAWICKIS 1961) Iz X D @l& L. ethanal& U
TR ®H7E. ethanal§ & & p-HydroxybiphenylZ W A& (DAWESS 1971)
KD EBLE,. BEREEBBEIZVH VB EETHR L L TRD 2.

2-2 EBRERERUEE

2-2-1 FEXROEHFM

Z. rouxii S84% (. versatilis DSDEEBOERERE LEL S, ME
CEETDLPrR, BLEEREIKLHVWVEERBZZFZDL> A, BHIZEEL
BULOBERTERLFVEHROBFTIVROONE. HER L OERHMOR
BREEFEVEREESRY, BEETHIZD W AEAZIDODLPILBVWEULIED.
EVWVBLOBRE{LE, 2, BERHPLLEIZY ) - VEORFELEHE
HIERORR OB DS hE, 2B, HEROBHELEODVWIHLER EERTEML
s, BEHRZMM ICHEB LGS AEBOBZTREIEERBHROESREE
BUTWEDY, pHTEHEBLBLAEAEBEIPLELEIRZVAVEDRED S
hize COZEDE, MENBBOEBEROBTRELBVWIBENEDS XTIV
HOBEEMREDIZEZL L,

2-2-2 AHABFHE JNVI-IARUVEXROHEEEROZEL

Z. rouxii S84 (. versatilis D-5OLEEHB LEBERBIEHEI> IV VI —X
EBUVEZROHEEERDOELZFig. 1-2LR L %,

CORDOEEHBD 5 Z. rouxii SBAOEEFZEH PR wH, FE
HRIEEZEVWD BOEEZO NS, Z. rouxii SB4DEFXIHE~3HEOEE
BARTHD, THEABECOHECRED LE, COZ LD oTHEMEE
HOeWitoET b2 eHE 2/ —J. L. versatilis D-5HEE X 2. rouxii
SB4DHEF Ik~ R DEL., Z. rouxii SB4OSHEOAEBEIRZ LEZ DX 20
HETH -7, T/, (. versatilis D-5IC X IHEOEBEHZEHLAD 5 N,

|
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NEEBOEED Z, rouxii SB4IZEERO®Z DD THo2H,. THEH» S10HE i
PUHBRNEAEREEIRD S h 7z,

MEROBERBLIAESI I VI -—ADHEBROELLRZE, BLAYEEEOHEM
RN BLTWE, $bb, Z rouxii SB4D TNV a—ZDHBRTHE ¥
TRELZITDObh, THEHIKZIT.5%, 10HEBKIZIB.8XDEEERZ R LE, X,
TNhWa—-—ZDA0%E ZIHE~3HEOHMIEHEEZ N, REREEFEIFRZODS N
EHIBEIZ—8 UL, C. versatilis D-5@ 7 NVa—RAEBIF. EFLHEE. Z.

rouxii SBAREERDPBEDEBEWVWZ BB DS N, (. versatilis D-5OTHH &
CIHEHO YV VW a—AHEBRIZhZh48.5%. 88.3% THHD. Y IVI—XH
BENPI8 % WETZ2OEIHETCH o2 20BED Y VI — A HEFEILIS.S
%EIHEBLEFEALEERL, JNVI—-ZFI5BEMTELALEHELDLCZE

hirzehPRDobhE, £, (. versatilis D-50EBEFOQOIHBETEEELAL
IVIA-ZADHEF RV L, FVI-R40%ELHFTHE~IWHERRTT
HEIhECLIEBEOHEMOBERE—B LE, —FH. ZEROHBE I/ Vo
— ZOWEICHARND R, Z. rouxii SB4NTHE WHEEBR24.9%ICELEO N
BRIETH oo Z. rouxii SB4OSHE~THE R P THENIERERODHE
BXROohs2d00, HEKELIL2HMEELC. O23PHPIEREHAL
o BROMEHERNEIBBCLHEFTHRCI/ NI - XOHEEBER I LT W3 D,
HBHCBIT2R2EREBTOEMP I NI —ZDOHBIZABLTDORELRER
OHEBERRADS>hB P ok, Z. rouxii SS4NIHEDREEREWRTHED 2
NEDEEBL, CZOCLEMADTHEUBECEZHEHILOERPH B ELEZ L
EXRBELTVWR EOEEFEZLSN B,

2-2-3 ERMERSEOERL

Fido e, BEBRZPH2CHAB LB SN ABHIPEERBEROERZH
BLTWEDT, COBBREZODVWIERERSOEEZTTV., TOE{LZETig.
1-31ZR U 2, |
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Changes of various volatile components in cultured media

during incubation of the salt-tolerant yeasts.
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(1) WB7NVa—-—NVET7—¥Vil
MPNVI—NVETE7—ENVHOEREOEMBZEE I VI —XADPERDOHEE
OEBMENBLTCWE, $hbb, Z. rouxii S840 7N IA—-NVERTT7 —EL
HOERBFIBEIDRDSO A, THHRARKELHEETCRAEREML, THE K
HEEEIE LR, THHRI NV I — A WEENIT.5% T NVa—ADBELALY
HELOLLXhEfiETHD., BHo. ZERXROHEEZFBRBELELVELEHEHETD H
D UNWIA—ZADHELRFIIHEHEF CRREIBELSMUZIBBT VI -—NVER
BED UMD Uke CABT NV I—ABET NI VUADEI~DERD K
EHRFPOBFLORBRESEEZLSN S, LA L, BEEKORKEE LTI,

Z. rouxii S84X DREEBHBMOE WL, versatilis D-5ICER S DOEDHBEL A
PROSNMWBWCEDIPOERFTZET S, /2. WHHELRERHEEERNI0%E
S HBETITZN, PIVBIDERIWZLLEZSAZ 77— ELVHEOHEDED
THPCTHoke L. versatilis D-5QB TNV IA— NV RE7 — LIVl O£ HREEE
Z. rouxii SBACHADPEDELBREELELEORBF VN I— L HISHE, 7
— B NVHPEHETHD., CARZNVI—-ZADPEEROHEBERIZ—HLTWE,
2. BMIZBERA L b L rouxii S84DFH 1 C. versatilis D-5& D & L
ZVWZehrROSNE, BREETCORZ7VI-NVHEO7—-EILHOLED ZEE
BHEEKRED2BTTH- ko

(2) #¥7NVFT b KKEkUCethanal

B7IVF e Reethanal DERBIX & 2. versatilis D-5O F W Z. rou-
¥ii S84E DR VEL, BRETOUBCEE2ETHLZ2ZLPRD S5 Nk,

ChoMBRABEDEFHBEROBERDOEVWO—RIER->TWEEEZISN 5,

HRAOEBSE ICET 2B Z. rouxii S84n5HE ~THHE. (. versatilis
D-5BI0EETHD. ChUBOLTIP RSB POERIZH -2, ZHE5ED
fERmiE7Va—-—VECREDshRaWZErORBCELDBIEEFZIS NG, T
I—NVEREANDEBRIPEZON D, $, CULORRECETIHBERE. 7
WI—ZOHEEERPT7VI-VEOEREPRRICETSHLID 2~ HE&E
WZEHREDOSNE, B7IVFTE R Dethanal D 5D 28 G 2B EETHET

2L, WEHKLOBDPRDARKEINIB TH o o



(3) HEREEBR

C. versatilis D-5QOEREEFRBOERE L Z rouxii SB4DZ hiZiR»
EDEL, BREETCOLBTEEIETHAZLERADS >N, PVFE REL
AU<AEEKOBEEOED—ERBRoTWBLEXE, HADBR LN T 28
BMEOEEML S b (. versatilis SOEEMABBRIE LCELEMAR
HEETDHELEZIOND, (. versatilis D-OERMEEBERI /NI - 0D
HEERVPRILEZETZ2UHEPERETCH 2. -, 20BHCBHEREEE
BEOHDIFBDONZN, AEERBLCHEMULTNZILLE, BLALH
BUOKENETVI-RARDDREBEL UTCAAS W ETEENSILN
%, (. versatilis D-5OBEROPIE LI EEREBBROERE CHB L. £
BENZRNIEMMBET Uke —H. Z rouxii SB4OBERHEBRBOERE
X C. versatilis D-52HkRDTFHTHD, BERACHEIEZELREMNMIRD S
high ok, . pHOE b HEMERBOERBOELIINB LR Do ko
DEOHEREDS, MEEEBOEARTIBEL OV IHRELEDZLHED,
RENEERETIRS, REEVPEEHE LT BT 52 L,

ERERCH LU BIHET B LIDBINELLER LR, 27 L. &
EMNBRBOLEEELADATRENOEG Ik, Y% BEFHE2-RIHZ
THEZLOMELEZLN D, |

BIH MEMBEOEEZZORR

Lot HEMBBOREUMOBEL DV TRA LE., 2O, BEMH
BEOBECHEVEEEROBOIEDON., TOHLERRERREE—F
CF Bk, BEKTH-E, BoHORELS. WEEERDOEEYEE K
REFEERE Lo SN AEMILESS. HERBRBOEK CL->T20
HENMDSRLEZED, TALORERROHDEAOERZ LR B, &
B, BREBWSELTIL VS L. WEEEBKEARLESERS DED
LCWBzenBERbN2. CORBEROMDE. ERCERLAMRKE
DZATSAICEENS D, HEFHMLES>BEBRORD EH LT 312 7.
BREABORRDPDLETH 2. AR LAEABAEASSE &Fig. 1-4ZR U,



N ERMEEABRIOZSATIRAL YUY TARKE X40cnDBHE %
HEEERLODPLHEDISE, RABE, i, HENORBRTEAL, #
MBI, Yr—THORHABEREEEE L, VCUTORMKEERS €
te BB, BEOLDOMBEBHE#2, BEMEHLE,

COMBHEEESBEZERAT CLICLD, BEYPELEHIIDES TS,
HEBMOBRDEELALRD bhBDoR, RE, CONANBREEERE
BLT. REBBCESHARMERSORBO VT ORI LRY AR S B
AW Lk, BERLE. BRABBMOMDONIELALRDONBH > RO T,
REBRAORBNE Do TOIDTPTHB I L BB LA, Sk, EWOKHY
NEBEBLEABMHCEALNOT, REOHRERF B b > THER
BARBORMELER L F L,

Cotton stopper

Thermoelectric
circulating bath

o

v Tygon tubing
Cooled water
10°C

{

Condenser

— Lagging

A 4

Silicon rubber
stopper

— Water bath
30°%

Medium 600m] —— ™ Flask 1000m1

Fig. 1-4. Apparatus for culture of yeasts.
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gafi HREBDTOMEEZEBEOHILEZONWNMEORIL

FMAZREGTITBILHE->T, BEBEEORF L LI L ERUEBRSOBEEE
ODHMILEZDANEORFTVHBETH - ko |
BEREERAOSHELE. RHPLERT 2R 2 EHD KT 3 headspace
volatiles(BAF. HSV)E. AHORERECLIVERERTEKL LD MR
T5H% (F2HZR) . ABYOERERF 2 ERBECHE T35 ER
EBHD. COIBUHVETHONAERERBR AR, AOBREZIERATZ2ESRME
BeBDTHEMT2DT. ERRELOHEEBLUVELRROOEE#ENE L
Ema. ISVERBBOFELDDITSCHEFETH S, L L, HSVER—B I
BEVFES, RESVYYEZAVWIEERERNAECIHEENR SN Z DB
WIDDENSDD, HEHML L CTenax GC (2,6-diphenyl-p-phenyleneoxide
polymer) ZEZRAVWABRMHABEVFESHBE I N T WS (AISHIMA 1982
BARNESS 1981; BOYK0OS 1978; IOFFES 1984; KU0O® 1977
LEAHY X REINECCIUS 1984 ; OLAFSDOTTIRS 1985;  SHIMODAS - 1984 ;
TSUGITAS 1879) . FEI T, EEMBEOERMERSTHELEE LM AL T,
Tenax GCE D EMEDTenax TAZFERA LT, EFNVHABBHEZAL. ENECEH
BHEEOE W ERRERE LR UL, |

4-1 EBHHERERTHL®

4-1-1 HH®EK

REBRCFALVEANBRTOERRLEVWOBE B E £ Table 1-2ICR U &,
B, EREELEEPE LT, PLI-VEZERIEBAEDN, 2hiX. WEHX
BEOEXRERAPZNVI-—NVEBECTCHDIZLIZETWE, £, 2,3-xylenolid
AHEEYEE LTEALLED TS 2. RRICEZ N S{LEYW & ADVANTECK
# (%) ®@ Automatic water distillation apparatusZ AW, EHKZ A

TUVHRBBERCAT SV 74y —2BULULCERUEZEZEEMAK (UMTF., &
MAK) CERBIEYABBHE L &,
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Table 1-2. Volatile compouds solution.

GC peak

no.? Compound £8/100 mL
1 Ethyl acetate 49
2 Ethanol 47
3 1-Propanol 57
4 2-Methyl-1-propanol 56
5 1-Butanol 51
6 3-Methyl-1-butanol 57
7 1-Hexanol 53
8 Benzyl alcohol 60
9  2-Phenylethanol 53
10 2,3-Xylenol 250

aNumber refers to Fig. 1-6 and Fig. 1-8.

4 —1 -2 HSV(headspace volatiles) D%
HSVIEE O = HTFig. 1-50 BB ZREL =,

Fig. 1-5. Headspace volatiles trapping apparatus.

1, reducing valve; 2, needle valve: 3, automatic temperature regulator;
4, connector for different diameters; 5, gas washing bottle; 6, ball
filter; 7, sample solution; 8, water bath made of plastic sheet;

9, magnetic stirring bar; 10, magnetic stirrer; 11, stainless side port
needle; 12, GC injection rubber plug; 13, trapping column; 14, quartz
wool; 15, Tenax TA; 16, glass heating tube; 17, rubber tubing; 18, flow
meter; 19, constant temperature water circulator; 20, heating cable;
21, thermo-regulator; 22, air circulator; 23, rubber stopper;

24, thermometer.



HKEHEMWI00nl (BE 0~308 &) 2250nlBFEOHAHKEH (KBER) &
Ah, TORBBEE WA T ZRAIHEE  (Tenax TAE : 60~ 80 mesh
®Tenax TA 100~300mg2, 4mm i.d. X 17cm) #EH L. 45COEBHEHIC L
BULZ, Tenax TAEZ—CREBECRRB I3 2DEEKEBREI VAN T A®HA
£ (Fig. 1-5 no.16)TTenax TABH 2EA X, -, BHEABLHEXEI—F
BELZRDEZD, b=FTA VI r—7 NV E0RBEOETE Y., FERHEOD
SHEUEFMEOBEIEET 3L 5, T4#0 (Fig. 1-5 no.23) A7 —
KAV —2ERALUTRBAEE > BUWT, YTRFVIRIT—RANT
HEBBRERBRLULRPOIEMEZREN R (MEII.999%) 1.5~4.51 (50ml,/
min) 2ERIBZLiCELh, KBBBRFOUSVERE LA, MEDZ &<, &
DEBOFEHICEID, AHBRHBLAHNES LMK FTenax TABH O =& AT
DEEFBEAEICR > 2.

4-1-3 HAZRru<wbrrZ73574— (G60)

GCiX PEG 20M 24X ¢ 3 Shimadzu fused silica capillary column
(CBP20-M25-025) ZHWT., BEGC-4CPF (BRHBZL: KFERK A A VLT 12T 7
% ;FID) i2& DATo ko Tenax TA WHEINE HSVOGATLAANDEAILEI
HEBEMAFEEIEMBAZEARE (BEFLS-1) ZHVE, -, #XJux
N SARUVCE—-—VERBEIBERE O PN JC-RIBZAWT, BEERICAEX
¥, BORBE1 4V - sec2EME 1digite ULTmRUE. ZTOMOFHIZIODNVT
WEFig. 1-6ICm U7z, HSVIBE R CGIE 1 ERIZCD =, 4H (n=4) H#DE L.
FELEVOEY - JVEBEZRIZHNAHE LD, ZHHRBECV=s/x x 100
(s :EERFZE, x FHE) 2RO, TOBEBEREE2HANE. &8, ISVLEY
DHR2OI NI T774——-FRAZARTZ B ADMY— (G-MS) CLBHEEETH
—RYUTCHToEREYEONST - Y L OB KT XHEE (The Mass Spectro-
metry Data Centre 1983) 2 L iZffok. GC-MSAMRHE. F2E LA
Uk &R k. '
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4-2 EBERRUEER

4-2-1 HSVOHARIu< bJ T A ;
KEE®100n]l (RE10g8) 2RMEB AN, EEMEEE4SCIAD L.
REABE BB R CTenax MESOBERERHOZE (H20C) L LE. D
WTEHERT CEMESRA X 2500l /nind K ETIOAMEBESR L. HREEK
M OHSVZE Tenax TA 200mgicHE Uiz, MABAEEEZEH U T, Tenax TAE 2
240°C B L, BERH R % Tenax TAERH CIDMBEK T 52L& b, Te-
nax TALHHE I N EISVEGHS L~AFEALE, ChOSDOFBTTR/LOOEANR
yu<v b¥ S5 AMFig. 1-6TH %, AHNBERLEE X T Tenax TAEPEERZH
HERBLDOMNBCEVED, BECEIRBBEBEROP R D O KKK ER
FROONE, BHEAKEZOX SMBBARETCCITIAAEATRB LK
B2 ZOHAVuI M ILTR. BEXEAED DethanolO ¥ — V7 E/HhE <,
¥— Zno.8Mbenzyl alecohol®X FE¥— Y n0.90 2-phenylethancl®O E— 7 EXRB®
BRBboie T 2,3-xylenclOC—2 H/hEL, Lho4EEHELER
D>b, ERRHENE D ok,

100 4 1

(3]
o

Recorder response

o
o-

10 15 20 25 30
Retention time (min)

Fig. 1-6. Gas chromatogram of headspace volatiles (HSV) collected
from the sample solution.

Column: Shimadzu fused silica capillary column (CBP20-M25-025), CBP
20 corresponding to polyethylene glycol 20M, 0.2mm i.d. x 25m.

Column temp.: 60°C-(4°C/min)-200°C.

Detector: flame ionization detector (FID), 250°C.

Carrier gas: N2, ImL/min. Split ratio: 1:50.

HSY collection conditions refer to A in Table 1-3.

Peak no.:

1: ethyl acetate, 2: ethanol, 3: l-propanol, 4: 2-methyl-1-propanol,

5: 1-butanol, 6: 3-methyl-1-butanol, 7: 1-hexanol, 10: 2,3-xylenol.
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4-2-2 WEEOEZDOEERHK
HEBRE2HCO-—EREECRRL, KBHEBERLEE L FTenax TAEE O
EEE, ZEE (K20°C) . 5°CRUNCO=ZEBEO>VWTIHRFT LE. REXEMYE
LEWOE—VHBOLEH R & FHEERFHSVEREFZH 2 Table 1-3I2R U 2o
benzyl alcohol& 2-phenylethanoclD E— 7 X EEB TEHED 5 h & dH o 2D,
BCEERNCRERTEIL LD, L~ VOHBRERD 2, ZROBA
FHBRERBEFTenax MEFOBEEFP KB BBERBLIDEEVW LD, @iE
RN ERLERRCEE LELELONS, ChOoBEREDDI B, BERH
EEBEOZHE2LCRHE—~LEBA E—VHBOEH VBN HNT L, X,
COBREFHFET CHTenax MABRF B U2 AHNBHREROKBEIREBIE L A
ERDOE M BRPo2DT. BEREFLLE, —77. AHMBES EwWES50°C, Te-
nax TABHASCLBEZZ2 DU EGSE. E—-JHBOEH /NS o kb
Tenax TABEBANDKZBRBEEI RO oz, 2, W ENCICHK—-LESA.
KBEKORBEREDOhBPo2d0D, E—VEHBILBEN/ NS SHEAL A
Zhix, Tenax TABEROEEZ2R<EET B L, Tenax AL —HEEET hizf
EPDTenax TAPSOHKDEENBE L RZOTRAVWDILEF X, 2B,
SHIMODA® (1984) =7 —NR (HMHAZLWBE Flenax TAEBIHY) O
EEEZHLCUEETZLERAHAORBENETIDZLEHRELTND. 20
EBOEBOBE2HENCAZFLRAGcCEZ LR, BHRLEYHDIVWEE
WEILEVLERZEDETCORFTOTRET D EEFE XS0 %,
AHBRBEROKFICGCR FC-USFHICE>TCEETHD, ~RECBEIHAT
ERESEATenaxB ZGIER T2, TenaxBFOKBREZDZD, H5 %
DTCERHZAHD2VWEANV T LHAA(He)DBEBRZT>TWS (AISHIMA 1982 ;
BARNESS 1981; BOYKOS 1978 ; KUOS 1977; OLAFSDOTTIRS 1985 ;
BEE 1988; SHINODAS 1984) . ZHh iz &k o T. BOYKOS (1978) X, 55
CTT, ERAZAZ3MI/nnORECERI LA S 20FHMOKBREZTS LER
RIEEWOBREDFADONLELE>T VS, 2O, TenaxBEHOKBRED
POOEEFEBTERETEZILLWZILEZETBLTWL %,
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Tenax TAND KO HEEE 2R <2720, AHBABRZAEERMOE A
100l e E R, ABBEOEGELEAR HREMERIHELEBOSTOBEE £45°C
cfE— L. EMAKBEFEOHSVETenax TALHE X A, GCOBERE. 160Xk
— I PRBOS5N, ThEFig. 1-TR Lk, =E U, Fig. 1-TO B E X Fig.
I-6OfEOBETRUTH B, GC-MSOEE. n/z18(100%). m/z17(10%3)D A #
YEYODKOE - BB S5 N7=, The Mass Spectrometry Data Centre (19
83) KL NIEKODOUSF — % i2n/218(100%), m/z1T(2X) & HWE X T W B, NSH
WMTOBAAZYBUINTEAKE-IDAFVEOHNER2.9% THoR KET
F. COXDREKEEFEELTE, /2218 1TO L, |1 EBEF CTERIH
HMTEELEDT, CORBEOKDEHREIG-NSIZL>THEBERVWLEEF R,

[
(e

PUN VS

N
(6}
FURVEl PO

Recorder response

1W
o‘ < v v v v Y v v v

0 5 10 15 20 25 30 35 40
Retention time (min)

Fig. 1-7. Gas chromatogram of headspace volatiles (HSV) collected
from distilled pure water.

See GC conditions except for the column temperature in Fig. 1-6.
After the column temperature was held for 5 min at 60°C, it was pro-
grammed from 60°C to 200°C at 5°C per min and held for 7 min.

HSV collection conditions refer to A in Table 1-6.

4-2-3 HESVOBEERN

HEBHRFICEMEERAX 2500l /ninOFHHE CO 5. 1BMETL. 5
MR T 5 L KD HBLEEHRMLANOY — V ERTHEL 8 REO
¥R % Table 1-4!:5“'\‘ L%,
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HSVIERBEEIRRC LSS, OBERMIER, EXELAUHED
ZEAPALEBRE/NEL, B2, SHRLEYOHEEVPHEBENKREDL > 2D T,
EEHERHEL LE, ISVEEREMPECR DI DN 3-nethyl-1-butanol L £ D
ERALEVOLC-JEBPRELRZ DS, 0LIBEMOUSVHEERETI
BRAARBRTHD, FHilz, 0.5 MU Ecld2-nethyl-1-propanolll T @ & # & {b
WO —VEBSP DI RZILBROOAE, 2R, ZhsfkamHy
Tenax TAR —EMESh 2 BERIh22DLF 250 5, LEAHY L REINECCI-
US (1984) & HEWLETT PACKARD# (7 A VU 1) ®Purge and Trap Sample Co-
llection System ZHA WA ER T, EXRIZBEKBEE2IGLL1IBEEICTSZ L
FNA—NRIZAF NV iETenaxBLHESIhRZVCERTZEMIH 25, 20
BHEEXDITDPTHhoZLHRELTWVWS, ZOZLiE, BIRdORABBREREKXRD
KBREDEDERHNADPHe NI Z2H 62D TEK TR LICED. KBiz, EH#
BIEEWOTenax MRS OBRERT L EZTRUTC WS, 22T, FETH
Tenax TANDKDHEERDEDP 2D T, KBREDZDOT7o X E2EK L
o LIBHMOHVHERE CIEMEZR I XEKRODOR - VI AV —H 2
ABBRBAROEEOEEPAEAVLVHEDE, ThAEERHEVEMEZRTAOREN
EhiEd, 2O HEREThbenzyl alcohol A LOEH AL EDOEE RN
RELRoLELEZILND, BB, BMEERAABEIOOR-NVTIA VY —
ENEIMON S AE B3R5, 1 SEEL EOISVEES TRTSH - 7.

HSVIE R B T2 h 60 BRE. HSVEERE 22 —ERMICRE L.
B, ¥ RHALEY BRI I2ERETROBHATOENEZ—BREEE T
Z2ZLEDHLEETBULTIVS, COEDEREBEROERTOENEZEE T
2EOBBECE. BEAENTI2RBLHERMOBREPDECRSLLE X
Bh. SEORMNEBTH 3.

4 -2 -4 HEHVOGCHST LANDEAZFH

T8 A B D24 1= Tenax TAE £ M50 A TOCEADASEH L, SXH
X %ZTenax TABREBH CTHESE U, Tenax TARHEINEISVEGH S AAFEAL 2.
FOFEAEM. 0.5, 1. RO MO =ZBEBIcoWT., MNAIFEE240CTRE
LEfR. U VEREBH NS ho k0. BEABMEIAME LEBETS
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4-2-5 HVHEINTIREFMORE
HBETOERNES 2HE T2, REREOEMAZEZMRA T, TOMBEERZ
B3P —RIEFTLILEH, ISVGELBUZ2EEEECHE T2 MRT—%
HRHESRV, ZTOREEE (0~308/100m]l) OE—VEHBEHIRETR
BERE L, ZORKRETable 1-6IZT L 2o

ethyl acetatetethancl ZBR < BILAEHW BB RFOREREFR/<RDL
h, BREZOHEROIT/ ko, BHEEE2%LIXOEE2ZERT 2 L,
BEI%EXZCLicdD, WEADEW2-phenylethanold 2,3-xylenol T £
h2h2 15, 2.4EHELPFTED. OLEYWTREEERIL.T~1.9FE M
L. BREREDORRZCLZ2R D2, B, ethanolH l-propanclO -V EHE
EOMET VWO, ChotEPOBBECERLT. R>HANKXABEZE
Tenax TAn OBEHFEH NS VADTHD, -, ChoLaWERLEDR
FlZED. BREPNEILS RZ2E2DEEZS5NS (KOS 1977) o & . be-
nzyl alcohol® 2-phenylethancld ¥ — 7 EREBEO/NET WO b, ZhsLE&EPL
KeDEBL LD, BEEDNEIS k22D LELZB NS (TSUGITAS 1979)
COIICEREBEISHBECN T2RAEREORENREVDT, RESHE
DEZZEABTE. 5P UDEBFOREEEEDD R, —EEELCHEYT
ZRHREDRD D, Bz, BMCEVWIINEEOREREREZEVILDZREEL.
HSVO FEIL o ED B LF X BN %o

4 -2 -6 Tenax TAE

Tenax TAE % 100mg. 200mg. &‘U\‘?JOOMGCEEX’.T\ Z2iE&PWO -V EELH
CE25EBEKRH L. ethanol® B <. ethyl acetated 53-methyl-1-bu-
tanollc B €., HHE AL E W IETenax TABOH M E L ZO Y-V EE S M
UZbi, l-hexanolk D E#HHOLEHECHE L TR Tenax MEOREBRRED S5 1
ok, —7, Tenax TAEL E -V HBEH L OHNERRIRD kb ok
B, BRUAEERLEYEABIDEDEBKEHO /NS o0 %, Tenax
TAR H200ngD BA T H o= (Table 1-6, Table 1-7) o
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DEDEBRTHBLAEEBEEOISVETenax TALHET 2RO OBRBERE R
DEDILLTHo, (1) EAHELEBEOZBOEREZANBRBOEE
THBBCEHE—ULE, (2) HSVORBBLIXERF AHEOnl/ninT 1 BT -
2o (3) WEHVOGADEAK., MBHEAEEZEAL T, MAIFIEE240
C. ERAA%Tenax MERBHT2AMER LE. (4) ABBEBR~D3I0% D
RIERMIZISVEZHEREI Y, RUERALEYOHMEBLNEMH o=, (5)
Tenax TAE F200mge Lz, CORKBER. ethanolZ2 R EEYWDE -~V HED
LBHRBIE1.9~15% THo e /2. TOHAI Y MY 5 A%EFig. 1-8IT R
Lo

100T

50+

Recorder response

0 - B 10 15 20 25 30 35
Retention time (min)

Fig. 1-8. Gas chromatogram of headspace volatiles (HSV) collected
from the sample solution under the optimal conditions.

HSV collection conditions refer to C in Table 1-6.

See GC conditions in Fig. 1-6.

Peak no.:

1: ethyl acetate, 2: ethanol, 3: 1-propanol, 4: 2-methyl-1-propanol,
5: 1-butanol, 6: 3-methyl-1-butanol, 7: 1-hexanol, 8: benzyl alcohol,
9: 2-phenylethanol, 10: 2,3-xylenol.



EOH EN
5-1 HEIAMORELEEZEEROUAR

REBFORKBIDBE I N 20 EEES O Zygosaccharonyces rouxii S84
(Z. rouxii S84)& Candida versatillis D-5 ((. versatilis D-5)DIZ&ERE
KEIEBLI NI -—ARVEBZROHEBLZODVTHNE, BElZ. BEREROD
HEFMCERERTEOEC IOV IRA L, RERERHRORELET -
720

(1) Z. rouxii S84 1HE»S3HERPFAHECEFL,. THHREEE
PERICEZEUE, (. versatilis D-5XTHE»S5I0HEECDP U CHERNEAER
EELFPRDON D300, EEFOHEEIXZ. rovxii S84k bR DEL, 2008H
FTCRACEE LD DU, REBIZIEZ, rovxii SBADEEBTEREEED W =,
INWIA—ZARVEROHEBEOEMMIFLACEETHMRLENE L. Z. rouxii
S84& (. versatilis D-5@ 7NV I —AHEERWEZHhZ2hTHE LIHEB I298% i
LR, BROBRCHMLTEI VIR0 L5 CARREREED 5 N
R okd, EEOMMIEERNEL TN E, |

(2) BEBEHBEROEBRFMOKR, Z. rovxii 84T I DOP R, BUIF
FREXRECHVWEEREKFBO O, (. versatilis -5 EBEWVWRULODOFEE
REKLLBVEHRBLITEYROBERFPEBDS L E. MERLEOBEHHEL
FVWERDPBCARD, RELEVWRLOBERIEMLE, & BERBICRE
Y ) - VROFMBELPECHLRORZ OB o E. 28, HE®RZH 2
CHEBELSOIAZEBOADE TTELM BRIV OBEEROETREEHRL
TWEZDT, BEVEBLCI AT VEOREBRDOBER LN T 2EERZ2FE

L%,

(3) ERMRSSEER 2ol 2 HE L, HEXB LIV KL L b IHE
Lo EBZ2RAEOEBF V-, 7—Eill, 7)VFt R, ethanalkk
CHEEMABBT, ChoRNBEORERBLEMEIELEI VI —XDEROD
HEERICEENBSLTWE, §24bb, F W2 -IAREBEDOHEERIFBE R
EUEAHEI EREBRABOROS VERLB o, £, PAFE KEEMR
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OFFIHER PPRVHETHRESERCEL &

UED s, MEEEBBOERTAIZFERL ODVWIHMREZEDZICHED,
REHHZ2RETZ2H5E. RREVPEEHEEBELOLIWEHHERT 52 &5
FRHERESUL-BIZHEETZ2LDDHINDZLELF R L, |

B, WEEBEBORERFH2RABFIVPBIEEEBE LD AR LES
B HENBRBOERLL-TZORBHENLERDZED, BEEHOMRED
PLORBBHOBVPELIRRD LR D, £, BEBEIPEDLITIEL
St WENEBBFPERLAZTSIBASOEDLTVWDZEHBF XL N D,
2T, LI0ZA7IAa0KBEEZTCYVaVYdLARERA L., EX 400
FEATEBAZHHNEEZNEBS VAR ERREER LE, T LT, BEOEYD
OMBREIBHFLLEZ, EEE2z2AVE, CORNREBEEFZzHEATSLZ L
REDh, EEFEIPEHIDE-TH, BREBROBLRBELALERD SR
o ke

5-2 HRERIBEEORED

HEREEBROERERAIPERBFTROEEN S iCTenax TAHEE Z2I0H ¢
2720, AHNBHRE. AHAZELHEP R FTenax TAEFO=ZBHROEBEBERE M
RBULHRX2ERMERSBEEB2HEALT. EFVEBHRZAVIENKEER
F6 % O & \Wheadspace volatiles(HSV)iEZRHERDE, AB & LT, ethyl
acetate, SEEO7 NV a— )V KR 2,3-xylenol» 52 KBEWE A VE,

AMBBEOUSVETenax TALHET22D0BBERHED>EDZ LS TH- %
(1) EEMERBEORBOREEXHERBORETH 345CITH— Lk,
(2) HSVOBERERHN AFE0nl/ninT 1 BT - 2o
(3) MEISTOGC~ADEAL, MBBAEEEFEH L T, MHRFEE240C,
BRARXBTenax AERBHT2HHBER U 2,

(4) AHBEANONUOERERMIIUAVEZHE XS, BLREHALEDOH
%K%%ﬁ&oko
(5) Tenax TAZ X 200mg& U %,

COFR. ethanol ZR<KIEEVWOE -V HEBEOEHB/EIZL.9~15%TH -
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7zo ,
k., COHERMERIHEEZEEORB L LT, HBEAHF LI &k KTenax TA
EROEREZABBRBLELYL, DPLEOLERETZICLIZID, BRES
FTOEBBBREROKBERREMPHILTE, B>, Tenax TANOKDOHEE
DR G-USHMEXEF R P o, ZOMR, GCRTG-MSTH I, HERKE
TIDODhTWEEZAD, Tenax NEHESI W EAKBREZDELDODERI I ER
T7Oa b XWPEETEE,
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B2 WEESBOLERTIHERERSD
BLE #E

BRI, KE. K. EEFEHLLC HEOE K., HWEROBBOALER
HREOREBEHMEYHPES LTEBESINDS, — /. BHEOGREZR7ZVI -
RERHTHI2EBEORH LR, KE2FEHL LT, #HE. FHEROREOL
BEREDPEET S, CORBLBEBEL2EHNRADPOHEBELEES. RBRE
BEEOYUNIEREHETIAERERERLTZ ). WEEBRREFER
U, BHT3HBY Y NVE, Tabb, BERSAEENBBLEIEL. Lrd,
PRODEEZECHERELR S, AB T, KEOFRHNESLVEHLEE
REHEOBLVARBAEZHEA LT, AREHOMABELOHERBEERT 2
ONBERL UTOFEEBERB Lo TERINI2BERMER DOV TR L
o

H2H ERMBRTHE

2—-1 #HHABH
MEMERL UTE 1% - E2HTHERH UKk Zrgosaccharonyces rouxii S84
(LLF. Z. rouxii S84) & Candida versatilis D-5 (LA F. (. versatilis D

-5) Oz, B UTCHEMWEHETH 2FEEBES O Saccharomyces cerevisiae
RIB 6002 (#=75) (LLTF. 8. cerevisiae) Z#{EB U=,

2-2 BHBMRUCEERBLGE

REgtl, ATBBEEM, AEEZMOME & Table 2-1CR LA, 272 U, ¥
MEHETHBS. cerevisiaeb X U= DT, 5. cerevisiae®D £ 77 5 it & U Fi
BEEMIEKREY (Ballg. 10° ) & L, BEleAEEEMIC I Table 2-1ZR L
EFHBEOS 5bEEERMODD dHWE,
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FiEBEIREREEAE2BOESERBE L, 30CTIHHBERE LE. BIEE
EhEZREL0SH L. WEI12.5%&EK (5. cerevisiae CHHWEEHERIEK)
THER, BEOBBHEZHAEL & ’

ARBEEMIRRFELLTCINVNI—-R, EREFELLTE,. F1E-F2HT
BARAEZ7IVEBHRCESVWTHABLUEY, FETCRTHHERKEZSHF L &
ThbObHE, KE : BHEXK (100:70) O7I VEBERELESVWIISEEOT
JBEEGWEFEALE, 2B, KERCBEXOIBEHRE I VBOESN (Tab-
le 2-1) L ZDHBERXITEHEAERT7IVEBEBAR (BZEWMTEERESR
-EFEHEFE 1986) KESWVWE, FVWVI—XBLERER. BEEODY v
NIVBEE2EETOI RBOR2BEHTE2D, FH (1966) OFHICEL THRE
Lz, Thbst, KEFEHOFRE BE - BERLCLIAEIRK BEREZF
BO>2. ERIVHERTEIEE (TRTCFYTVELHRT) EH¥ VY NIHE,
ZRNZNIT NI —ZBLRERBECBRELE. ZORR, JWVa-XBLRE
REBWT15.6%L1.86% oz, BRI/ NVI-—XEBZLI%IZL. BER

V2

BUTVIVBOBMEZEZER L T0.93T% 2@ ULE, EEL, YAFrEFOY
VIEZBRBREDPLDNIVEDEBEMOREBIIR 2, BB, COJNVI—-RE
CEREOBHAEEHRBUAORBERICBALELZS, J VO -XEL
HMEBREDH (glucose/N) &, #E (BFEHE50%) 90, E—)V150. U A ¥
12002, Zhizx L, RELEHIZNZHBLITHo 2, 2D DB,
REDSEMOBE TNV I VRERBIIER, BBIEREDOZ VW2 EHEHS
hERo k.

BEHEMAEL1200C, 100 MAREL., EFVEHRE LE. BB, 51X - 5§
2HTCTHEBEREOBWNE2LVBRRETZ22D. 73X/ - ANVAZ VR E
CHOHRVWEDIEINVI-RETIVBEEHNLACMBARELE. — /K. ZEEOD
MR ECHREEMRFOBEL Y YNV EEAMT 22 L2 < MEWE L,
Ho, hE#ABE 27> TW3, AETRZOZLE2ER L. BHHEKRD % —
BUTMERE LU 2.

BREER, LID=A75212k, BEBBBRLAZEERM60ICRS X
SIHEBUEA LE, BEEOBEERIFI600mIYE D5x107L L, 30°COBBFT
RABETHZ2INVI—XOFEBOWUOP EEFIETZ2ECHEREEZT -2,
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BB, CORBHMOBMUUARERERAORBMENE T 220D, H12- 5
SHTHBLELCOKEERES €L BAE (40cn) £, A7 230 LS
B EE 2, '
BEEERONRL L. BOERERE (SREHZOBD) HHEE L.
BEEEEHMEFAUICCORBTCHEEL 2,

2-3 JNa—-R, zF) - IVRUCBEEOHE

HEREERMLRCHEEBRBRTOIVI—-—XE, =¥ ) - VERVBEE
BENLZThROFETCHE LR, Va2~ XEWE glucose oxidase & per-
oxidasez H W S BERIE (BH 1969) o =¥/ —NVBEIHZXIUI I F 7«
—RLKBRFLER (1969b) O IF¥k, #HZE BT NANIKI & HAYASHI (1975) T &
SDTHREINEHETHEL &,

2-4 HEEXMEHSOMWE
HEREEEMRCEBERTOARERAOBE LY. 18 HL4HTH
i U7 headspace volatiles (BXF. HSV) HEEEZRA WA, ThbH, BE
WIEEEILONIR AR ERONL, ABEERELLTO 2.3-FY L ) — L
0.05g/0.1nlKk, ¥V a—YEEH (0.02nl) RUKE (RKEE : 30%)
22 HBEBERIOMIZ2IZFEO N XAESRE (KHE) TAh., ZORABE
CHERBERSMERN & LT OTenax TA 200ng% & & Tenax TA% (4 nm i.d. x
17cm) ZEFE Lk, ABABEZEEFECREL. Tenax TAERHEKZBEBRI ¥
EHASANEBETEAE. B, REERN#L -V —2BIE2ETEB- ko
ABRFOERMER T ZTenax TALHE T SED., ABZRBLRFLESHM
BERARX (ME :99.999%) Z210MLUDmlORETCIREER L =,
EHA AN, KB EwWE KR FTenax TAEE . 3“/\"(45°C&:1%v%bko

2-5 Hzxruvwr¥37 41— (G0)

BEEMERDOGCIESEGC-4CPF (BHli& : KEKA A LT+ 7 2% ;5 FID)
ZRHOWTT272. GAMBLBRHEBZOEBBEZT R IZ250CL Lk, #7 AIEPEG 200
WH# % 9 & Shimadzu fused silica capillary column ( CBP20-M25-025, 0.2mm
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i.d. x 25 m) ZEAL. T L20BEROCTIOEE-E2H. 19 Y %~ D 5C
C DRBETEOCHH200CETE L. BEIZ200CTCTHRBE-Z F¥Y UV —HRXL
LCERZ2AV. I9MS 20 Inlo®RET. AE Yy MERLI50T & o 7o
Tenax TA CHEI W -ZHEBFOERZER DT EMAEALE (BEFLS-3) 2
Ao, MBFEE240CE L. YUY —HRAFKK#Tenax TAZRA YD E 2
., BEAXECAMESR L. GC~NEALE,
REFOARERIORER GG IEN Lo %, JERDEL. ETEILES
ByUY Ay C-REAREE W,

2-6 HARIuxbrJS74—- -EESH (GC-NS)

GC-MSiXHitachi M-5201H X7 m< NJ 5 7 &£ Hitachi M-60¥ X XA R Z pb 1 A
— Y —EERLEODRED, 4 F Y ILBE0eV, {4 HiEE 180T DEHET
Toke BT LWBGEHHMIZHER U AZCBP20-N25-025% A . AT LEEB0C-(5
min)-60°C-(5°C /nin)-200°C. {EAFKEE250C, F ¥ Y ¥ —HZX (He)
Iml/min, X7 Y v MEE1:3.4TH ok,

Tenax TAR RSO EHBFOERMA S OM~ADOEAG, MBAEARE
(HFZ7BTH () ®) 2ZHV. MBFEE20CE L, F¥UVY—AIHE
ZTenax TABERH KUV E 228, He X 280 REK L .

28, AHFOERERSORCERA—FKBETHT - 2EEYEDG-NST — ¥,
MSZ RZ M)y O XHERME (M. C. ten NOEVER de BRAUWS 1979 ; The Mass
Spectrometry Data Centre 1983) R U"#E¥EYE O GCO Retention timeZ & &

:’f':]"".)to
BIH EBRERRUEE

3-1 BEEEBRFOINI-—ZDOHEBERRCTEHTIM

HEEEERPOI/ VI - AEEORUCHPEIEELELAAHHM2RBHMA L LA,
TORR., WEEHEHSTIXISHHE,. FEEBESCRISHETH-~2. B, ¥
CEUTOERERZERHMDOICCTORRIE., EESEMOBE. 18HM. RER
BMOHE. IJHEME Lk, CLHOBEBEZEEEM2ER I LT, BEBEER
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Table 2-2}

MOV IA—-AEHER, BEERTCERTY - VORERR2Z
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CEHFOINVNI-ARVEBREFTEELZL P PDLY., FHEHENODS. ce-
revisiaed 7 V31— 22 EF100%EB LE, — 7, WEEESEOI VI —-XH
EREDPRVEL, Bz, RERMEBHBTCOL. versatilis D-5M J )V 2 — X
BRIN2I%TH - o
i;mmﬁﬁmﬁ%ﬁ@%%guﬁﬂﬁ%ﬁ%ﬂ&@ﬁﬁﬁ%&%%ﬁw%¥
FTHD, BEYEOWMD Iz T 28, cerevisiaeDEEBR OS> N, LT,
S. cerevisiaeDER T Y ) - VELRERERSEZ TR TGO — VB EHMKE
FEDHDRERBARTH- %o
ZRBOBELKEBIADONRRNVA YN -—THRTHZ L, BREBEEH T
ETEDHBo-RVELWSAEAD LN, NXNVAYN—2EBRFELLRVER
EERVo Z. rouxii SBAEBHMOBR L. BEEBERMHCADOINEFE L
CBVWRWEDIPBRDVBEBEIRE, BRTZVI-—VERREREIVH LA LRD
5h., k. §o80UERBULbE5E Xk, (. versatilis D-5CUERHEER
HMEBRBLODPERD, FEXEOHBLRDLINZ N, MIOBBHEREIIHE D
okoit\:@%@ﬁﬁﬁﬁ%ﬁ%ﬂ@ﬁbé%%@%htoLcwwup
TR EE/REIVAL, ThiHB-T oMb, WEREBBOERER
HREEKTH o2,

3-2 HEMEHS
HOREERBMERUCESERRATT. MARE, WCOERBFTCORRRV
BBORBLLI-TERSNEERER SO A0~ N 5 A 2TFig. 2-1L
Fig. 22l U7, B, Fig. 223G GC-MSAaic LD EEEThAEZAE—-I D
BEEEBRDERTHIRAIOIMNISALAT, E—VREBEINBOIREIoE
S. cerevisiageDFERZ2RXI V=, - AEIIEERERTOEERT
GC-MSA M DR £Table 2-3I2m L %,



Left: NaCl 12.5% inImedia Right: NaCl 0% in media
.S. I.S.

Non-inoculation

Nl Al

T T - v h - v T A\ ]

I.8. I.8.

[
u

\{. Gl ‘uj_J\_

I.5.

—_

J.L‘S

C. versatilis

il

c-; ‘ h E‘w
-
;

10 20 30

10 20 30 40 "
Rt. (min) I.S.
S. cerevisiae MM
18 L
0 40
Rt. (min)

Fig. 2-1. Gas'chromaiograms of volatile compounds in cultured media.

Column: Shimadzu fused silica capillary column (CBP20-M25-025), CBP20 corresponding
to polyethylene glycol 20M, 0.2mm i.d. x 25m.

Column temp.: 60°C-5min-60°C-(5°C/min)-200°C-Tmin-200°C.

Detector: Flame ionization detector (FID), 250°C.

Carrier gas: N2, 1mL/min. Split ratio: 1:50.

I.5.: Peak of 2,3-xylenol as internal standard.
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GCCAMic LD, BEREBPSBI~IQEEOE— s 2B, BREABO S B,
BEISOEBEREZEEREB T I LD E—- VR ES IR, ZhiE, B0 M
BRELZOBEDIWCOBEBFCORFILL- T, BB FIOTI /) - ANVE=
VERBZEEDIEZNRBRREIVDERE A2 DEEFEZL NS, ZOZ . B
"E@JEM*#@W%&%E%?&E?EEF&FM:\ EREOCEePEIDDIBZLZTRRLU
T %,

GCRGC-MSAMILE-> T, AEIAZERELEYRIIERETHD., 20N
RiE2FD0ZtTthok, P7NVI—NVEOR), = XFNVEOE), 7VT L
R¥E(GE), Y brE(E), EEBE(TE), 75 VHE(E)., E5Y VHEE).
SERMERBELAW(E). SHLEY GE). |

BB, (CAMORRE. BHROERELEYIPOSRDIE-—IDBEL, &k B
BEZEEREZFLLLT, RAEZOEREMELEN LS PoR, TIT. 2O
HSVIRIc X 24T icmz, RERBLCGYBZLET2HEL. CFHEBLT
BFENOERMELLEHCHEALZRES, AT EREEHRESHIE 7V
— LB MAMNYVYYFoF % (FPD) 2RATIREORERZRD &

HEShEZERXELEHDOS B, ENICH -S> DD, ethanol,
3-methyl-1-butanol, 2-methyl-1-butanol, 2-phenylethanol&E 2 Xk & 337
VWI—NVETHD, ChS7NVI—VHEBEWThIBEEERFTTZOERD
BOohk, £k, 67NV - VHEIRBESEWRCEHOERMERDT T
bHD (BXABEHRE 1977) . KEFTCOMEREBERCLZCAET VI
—VEOERZELULTEELSETHERS, —FH. eEHEFEALTCOWEN
BRLLX2Zhe67NVa—-VEOERIZE LT, BEKRFES (1968) & -
THREST LTV B,

PIWV5F b R¥E& LT, ethanal, 2-methylpropanal, 2-methylbutanal,
3-methylbutanal, phenylacetaldehyde EHFBEEEERH A UVTEBREERF
TRZEEhED, ethanalZBR< O 7V FEREOERCEWEXEROBS
BNSWEHEIHh (ARELARM 1985a) . £, ENCEREBRERESLP
THERNZWZ LS, X2, BHBMERFOIIVI-AT7IVBERLST
S ANRZ VRIS Lo TERENESOLEX 505 (HURRELL 1982) .
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HEEMESRELEVE LT, BEEEEERMRUVEBAEER F Cdinethyl di-
sulfide. dimethyl trisulfide. 3-(methylthioc)propionaldehyde (methional)
PEHEII, B, BEEEBBEFTCE I S5ZM X, 3-(nethylthio)propyl
acetate, 3-(methylthio)-1-propanol (methionol)DEREAHR D >N 2, W&
PEBE R K DomethionolDE R IE KIS (1970) S AOKIZ UCHIDA (1991) o T
BRlcs&E &7z, 3-(nethylthio)propyl acetateD =K ICBH T2 ME T A H
oV, k., 25055, dimethyl disulfide, methional, methionol
FHREOEIR T LTHEXT A TWBD (AR 1987b) . dimethyl trisu-
Ifidek 3-(methylthio)propyl acetatelBE U T ODHREEHDHES R, BKIEH
TOHEEMEHWLEVOEERIHETHID, TORBHZEL L. FEG
HEEOD2EERILAIHETH 2, TOERUEH LAY LHENERLOE
DOETChSIEEYORBEBFELZODVWTE, E3FELCLBLTHEMzRBT 5,

EEMEEHRBE LU T, acetic acildW 2@ HXEBER I LI VERINBZZLERD
72o & 7. 2-methylpropancic acid, 2-methylbutanoic acid, 3-methylbuta-
noic acid$ O ARARBR I BERREALULCHBERRT CAESNE, E
. BHAEROF TNV I—RBEEDD RDP o=, versatilis D-5H¥Zh 5
NEEBRBRZEEBENSERTIZL R DS, —F. 5. cerevisiaeT &,
WEMEMCIEMRE X 2P o> En-hexanoic acid, n-octanoic acid., n-de-
canoic acide 2 5D X7 )V Kk Wethyl dodecancateZE D EFE KR D 6 1,
COHIEWDERICHTI2MERBERLEEERLOZREL LUTEKIED 2
N CHhHoERMEEHMBIE LT, FECOHSNVEILE B3 RicmMz, EF
MNEBBEL2IET 2 E2AVTHERCRF L. E4ECRBT 5,

HAH EW

KEEHES XV EH LA VI - R IBET7 IV BREACREDY 52 38K
BHMEFEALC. HENBERBLABABEEBBCL>TEHRSIAIZERERTZOL
TR LE. BB, EHBHFOINVI-—IBEORERELINTDHZLI6E L.
EREEFHEORVWEMEZEHRR Lz, #EEE LT, RBFOXRKBELD ¥
XN EEEES O Zygosaccharonyces rouxii 584 ( Z. rouxii $84) . Can—_
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dida versatilis D-5 ( (. versatilis D-5) RUEMEROFTERER - Sacch-

aromyces cerevisiae RIB 6002 (B &75) (S. cerevisiae) A WS hi,

ChoBBUERRECTCHAIINI-—ZADHEBEOMUENKEIEEIET S E T, 30°C
THEERBEIWL:, BREEERMRCEERFTOERERSTORERE. HER
R 57 % headspace volatile (HSV)HEERE & H W TTenax TALRAE & ¥ & &,
GCRK FGC-MSH #T TH - o

BBFOINVI-—ARVEREFFTEELOIPPDLS T, FEESDS. ce-
revisiael X BEHWISBEE TNV I— X2 EEI100%EEBELEZ. — 7. WEEE
BOREHBISHBM LB R3INVI—AEBEREIIPRDELI o2 (1.7~
T7.7%) o ¥z, C. versatilis D-5OREHMEBEHTCOINI—-AEERIER
BD1.T7% TH > 2o

S. cerevisiaelEBHMOBEE I ERERERBMRAUVCHELEREEER O F
FTHD, %E%E@ﬁ')t:ﬁ?‘%_&; cerevisiaeDE EHNRBH 5> h’z. LT,
S. cerevisiaeDEF ¥ ) - VELRERERSEZRTCOE -/ RERE
BEBIRBRTH- %,

ZRBOEREFTHOKR. BEEEEERM TR, RURPHEB - BELWRLH
BOLN, NEFNVLE2EHFZEI UL BRWEK LB X2, Z. rouxii SBAREBHMOER
it BREERERBTROSAEFEI LK BRVWELWSEPRVBBESI NE, B,
ER7ZNVI-—NVEPRERBREDFLCLEDSN, £, §o0FDLAERBULD
527, C. versatilis DS CHEBEREBBANBRPLRY, BROHE
HbROONZN, OBRBRLIEREREEIPoL. £, CODORERER
BREHOBRVELRD 5Nk, 5. cerevisjaeCREBREKINB ., ThicH
BoXdMbh, WENBBOERBERALLENBERNTH - 2,

CCaMickn, HHABPSI~IEHEOE -2 Bsh, #HABDOD 5.
BEISOEREEEER T I b E— ISP R, ZThix, BHOMEA
BELZOBROINCORBFTORER LT, BBBAOTI /) - AV
VWERBREDEERNRBZIVERINEZDDLEEFELE, ZLT. RKEOEM
HOMBOABESHBHBERIZ, AROCLPREIVDBILEZHEELE,

GCRUGC-MSAHMIL &> T, AHEEThAEAEREALEGDIIEHETHD, ZOW
REOZEOZLThok, PVI—VEGE), TXAFVEGE), 7VF L
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FEGE). FMUBEOE), EEBRE(E). 77 VE(IE), €7 Y VELE),
SE2RERRILEYWUE)., ERLED (5E ),

MEE W ZERELETOS B, ENICD->LBLS P o0, ethanol,
3-methyl-1-butanol, 2-methyl-1-butanol, 2-phenylethanoclZFE 2 XK & §57
WA—WVETHD, 2hb 7N a—VEEWThIEREBERFTTZOERD
FHohz, PIVWTE R¥EE LT, ethanal, 2-methylpropanal, 2-methyl-
butanal, 3-methylbutanal, phenylacetaldehyde %ﬁﬁﬂﬁ%@%iﬂ&ﬁ%ﬂ
HEWRPFCHEZA, choRFEl, BERAFOI V- T I BEL
X277 - ANVEZNVRBIZE>TER SN EDBDLEFLELE, dinethyl
disulfide, dimethyl trisulfide, 3-(methylthio)propionaldehyde (methi-
ona )EDHEREESHLELED Y. BEERERMRAVCEEE %?’&*'@Iﬁliéh\
Fiz, BEEERPcEIh 5 MR, 3-(nethylthio)propyl acetate,
3-(methylthio)-1-propanol (methionol)DEFE RO S hE, ERUEFHKE L
U, acetic aciddd¥2#HEKR XD ER SNk, £ 7%, 2-nethylpropanoic
acid, 2-methylbutanoic acid, 3-methylbutanoic acidE 0SB EHRBIER
EREREMRCEREERPTCRESINE, B2, #XEH/RORTIT VI -
HEBOD DR >~ versatilis D-5BCh b P IBEEFBBE2LEENSERT
52RO, —FH. 8. cerevisiaeTld, MEHBESTCEIREI LRI oA
n-hexanoic acid, p-octanoic acid, n-decancic acidé Zh 5D ZXF IV R
Uethyl dodecancateZ D AEHHF RO SN, ZhHLEWOERICH T HMEKE
BRLAEEEBEELOZRICHEHKDP O Z Nk

AETCRBEULEAERERSO>E., EEXEUSRLED LEREERBRICEL
THERHEMIRF L. Zhz2h, E3BLELETRAET %,
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BI3E HEUEBBULIZHEMSRLESVWOERLED
BL1E #F

KEESBESO>S5, BERXRUESRILAVEEKBEFITCEHMBEOFEETEH S D
(AR 1987b) . ~BREBRHEIEL. BUHPI2BFEREeE TP OKE
DREBILEELRZRHE2RETLEZONS, F2ETIE. GCAHMOFIDRE S
(KREA AT 270 %) 2EALT, MEEBRBOERTIERESRD
ELTOERIEEPIEODVWTHRE, FETE, AN OFIDRESZZEWRILE
MRHEAOFPIRHEB (ZV—ALFZMADMNIYITFoFI%) CEZ. EXMES
BIEAYLEHEREBLOEDLDIEODVWIRH LAEALZAHF LWAIRYKES L
2o TORREZDVWTEAB T 5,

F2H BE7I BEARIRVEEEBRTOERMESHLEVEIN T IES
DOHl5

AT, B2EBCHBMU LA NI —XLISEFI BESYRERCEE® S
RI3EBEBEFEALT, AHEBMAVEBEEERTOERESHILEY L B
BLOoBEBIRODWTRE L &,

2-1 EBRMBRECTSGHE

F2ETHRULEAASZEKX LEDOT, EBMBRUTFEZODVWTER, HX
oY bhIS7 4 —2Z2RVTEROARLAB U o

2-1-1 #HHAES |

MEMEBEL UTRABEORKB L D 458 X h 7= Zygosaccharonyces rouxii

S84 (LLTF. Z. rouxii $84) . Candida versatilis D-5 (LLF. (. versa-
tilis D-5) RUMNBE UT., EWERTH 2B EB R O Saccharomyces cere-
visiae RIB 6002 (HB=75) (LLF. S. cerevisiae) ZfEMA L %2,
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2-1-2 HEkEEESE

BERLUZEMEREE2&EDTable -1 R LE, $¥h4b5, AEERMITSE
RELCLULTBETZIVEBEAGYZEZER VL., FVa2—RX15%, BEXRE0.937%. &
#12.5%. ZTOMMWHE. CYIVEPLRB, EEL, FEHETHS 5.
cerevisiae bEHA L 20T, BEERNOLAEERMIFEA LE, Ch 505
% 1200C, 00 MMABRE L. EFVEHE LA,

BEEER. 1LI0ZA7523k, BEBERLALEL M 6000122 &
SEHEULEA UE, BROBEEEKIZ60mIY H5Xx1072 L, 30COEBHF T
REBECTHE/ NI - A0 HEOBU DN EEBELE T2 CHEREER - ko
BB, CORBHMPTCERERERSORBENH T 20, 1IOZAT S
AIQOEHEICCOKEBES LR HE (40cn) =M JEE %,

BEEERONRL LT, BOREEEN (ARBAZOLD) SHEML,
BEEBEEHBLERAUCORBHTREL 2, |

2-1-3 HERXRUEHSTOHE
HURBEERARUCEBETORERMER S OME X, BB Dheadspace
volatiles (HSV) HEKBEZ2HA Wk, Thbb, BHEEBEEM N EES
BE®RSONL, APEEYPHEL LD 2,3-F YL ) —0.05ug/0.1nlK., >V
- VHEEA (0.02n]) RUEEE (BREE:30%) 2SR BERLI000lIH D
AR D ZTenax TA 200ngiHiET 220, RHBHEZERULANOEE M
BERAZ (FE:99.999%) 210B Y0 5nlOFEFECIRBELK U, &#HK

B, HAE LW R U Tenax TABHIE, T RTISCREER L E,

2-1-4 HRVu<vwbr¥574— (G0)

GCRERETHRCADRAAOBEG-8A (RHHF: 7V -2 PA MYy S
TATUH 5FPD) ERAVWTITo k. BARLKRHBBEOEERZHIZ250CL L A,
HZ Llk PEG 20M iZ# % ¢ % Shimadzu fused silica capillary column (CBP
20-M25-025, O.me i.d. x 25m) ZEH L. WS LBEROCTSHEEL -
B, 10 YE0DCORETE0CHLH200CETE L, BIZ200CTTEHE- 2o
FYUVY—ARELUTCERZAL, I7HL%Z00I0OKET. AV Y P
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1:9.5TH»o k.

Tenax TA CHEI 22X BFOERER I MBAZAEE (BEFLS-3) 2
Ao, MBAFEE240CE U, FP UV —HAFEK ZTenax TAERHBHICUDEZ
., BERAXZOHEZER L. GCAEAL &

HEFOERMERSOBER I IABEZOE, 2EEVEL. EELUEE
BZ7uv by 7C—R5A7EFE>((\7E:° % 72. Retention index (Kovats Index) %
HERNIZEH T 220, RS (1988) OBASICZYnr/ S azErua~x b Xy
A BB AT, B, TPDRHETOASMOMIE, GCOFID nonitord B A L %o

2-1-5 HR/7u~vxhrJ/774— - BEZH (G-US)

GC-MSIZE2BETHBLUE, BF2E0RANLAHOABIRA—-RDOT, F2 &
TOG-MSORREZDLLERUEERLEVOREET o o ‘

B, AHFOEREBSOEERR—RETHT - EEEYEDG-UST— 5,
MSZ <7 MV XHEfE (M. C. ten NOEVER de BRAUWS 1979;  The Mass
Spectrometry Data Centre 1983) R U EEYE D GCO Retention timel

Kovats IndexZ & & 217 -5 %o
2-2 EBERRUVEE

2-2-1 HEBBRERFTOINVI-ADOHEER
WEEESOEEHMITISHE, BEBBTCEIHEE L, ¥REELTOE
BEBEEZHBOICCORFER. RERNOSEE. 18HE,. BEERNOES.
I5HEE Lk, BHEFOI NI -IARVEREVPREELZLI»PDPDLST., BE
BERDS. cerevisiaeld 7 V2 — A2 EFF100%EELE, —F,. MEEBESD
TNVWI—ABEEBEREHPRVEL., REFMBTH TDZ. rouxii S841 (. versa-
tilis D-5@ 7 NV a—AEBREIZhZn14.8%. 1.7%. BEBEFE NG TR
Z. rouxii S84M877.7%. (. versatilis D-57310.4% T &H - =,

ST NVI—ZADHEHEBRZEILDHLELT, BEROBEE, £ ¥/ —
VE, AR7u<x b M 500—VHBHERKME (RHEE : FID) 2F 2F DTable
2.2 U7 . BEAHNOERFHORROBE2ECEBL &,
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2-2-2 HEHEWLEED
BEOEEEARBRCESETOREEEARLEYON R YU M TLE
Fig. 3-1em Uk, S, AEIhAEACLEYOEEMHR £Table 3-1ZR L%,

Left: NaCl 12.5% in media Right: NaCl 0% in media
A B C A B C

Non-inoculation

et Moo NN ,._..J:L..\JJL o

B DR B D E

] Z. rouxil
A i L L
N U TN W R U, T ,,.LMMLLJJ
E

C versatilis

:,.~..l 19| \J»uu_. bt A A NI LL..:

30 40 B 'c D §

o
-}
o
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o
—
%
[3X)
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S, cerevisiae

0 10 20 30 40
Rt. (min)

Fig. 3-1. Gas chromatograms of volatile sulfur-containing compounds in cultured media.

Column: Shimadzu fused silica capillary column (CBP20-M25-025), CBP20 corresponding
to polyethylene glycol 20M, 0.2mm i.d. x 25m.
Column temp.: 60°C-5min-60°C-(5°C/min)-200°C-Tmin-200°C.
Detector: flame photometric detector (FPD), 250°C.
S compounds: A, dimethyl disulfide; B, dimethyl trisulfide; C, methional;
D, 3-(methylthio)propyl acetate; E, methionol.

— 51 —



"PALJLuapL AMIN ; °SON[BA dALJR|aJ I( ) y "UOLIEOLILIUSPL ALILSO4 & " (E8BL 2J3u8) BIRQ A1OWOI0RdS SSBN Yl (GLEL /2 22 NOVAE OP

¥IAION U1 *9 W) Ba309dS 90US19}9J 9y} pue SpUNOdWOD DLIUBYINE By} JO 9SOY} YLM ©J}09dS Ssew BULJedWOD AQ N0 PaLlied UOLIedLJLIUBP] , " J030333p
uOLJezLluoL BWR|} AQ UOL}O9}9(Q » “BLPOW PIJB(MOOULUON p SPUNOCWOD OLUBYINE 3Y} JO 9SOY} YJLM X3pUlL SJBAOY pu® SamL} uOLIudlaJ Bulsedwod AQ Ino
PaLJJed UOLJeOL}LIUSP] “UWN|0D AJE|[LdRD BOL{LS GZ0-SZW-0ZdED UO SSN|BA Xopul SIBADY , "|-¢ "Bl4 998 q °J039939p OLJjdwoloyd awe|} AQ uO139933(Q «

( LouoLy3ou)
4 ¢DIXEBY £01X558 »OLXLLL 0 ¢01X19€ »01X80L O IyLl  |ouedod-|-(O1Y3[AYIdm) £ 3
9jeljade
s 1 01X068 10191 (OLX0LE 0 0 10LXE8Z D £yal |Adoud (01y3 Ay3em)-¢ @
. | (LeuoLY3om)
(9°91) (8°8%) (6°0)  (0°00L)  (1°G8) (L°0) (0°001) apAyap|e
v+ ¢01%X8Z1 ¢01XLLE e0LXL  ¢OLXZLL  ¢OIXO0LS £BLXG ¢01X0L3 89¥1 uordosd(oty3lAyem)-¢
(6°11) (3°¥8) (z'9y)  (o'00L)  (8°1L) (8'%¥¥)  (0°001)
+4 809 099 08¢ 081 519 g8¢ 098 88¢l 3pL3INSLI3 |Ayjoutp g
(L°1) (1°8) (@ (0ro0L)  (6°92) (9°0)  «(0°001)
O 1§ 652 S¢ 0LX162  (01X8LL 74 10LX8EY 1901 opLIINSIP |Ay3dup Y
SH (QI4) 98/SIA9199 S  SIJI18SI34 ~) [IIXINOJ “7 ,|0JJU0) SI[/718SJ34 °) [IINOI °7 |0J3U0)
309 209 —elpaW Ul %0 L0eN TIPOW UL %5°Z1 10BN X3pu] ) puNotNO)  oNeRd

U0 38913 13Uap]

<(1W001/6u) *BLPSW PaJn3|nd Ui Spunodwod BULULBIUDD-INJINS A|LJRIOA °1-€ dLqel



BEREEEERMRVCEERBROGBHECHXBLIAE IV AERERRILE
P ik, dimethyl disulfide, dimethyl trisulfide, 3-(methylthio)propi-
onaldehyde (methional)T&H -7k, Bz, BREEW I ASLEW TN X,
3-(methylthio)propyl acetate, 3-(methylthio)-1-propanol (methionol)®
ERPBOSNE BB, ChoMbAYEBE2ETANOFIDREBETH M
EEN7zo dimethyl disulfide., dimethyl trisulfide, methionalld, #i B
BHEEEDOZELH2300D. 2TOBEBRERFTHDA LE, Zhb6kEY
OHWDPEE, HABEBDOS B, Z. rouxii S84TRED ok, Blz. RESHR
BBEFRT, FVWI-—XAOHEBEERPELS, £EFPRDVEVWZ PP DLST. Z.
rouxii SB4LL N B DAL A M % 55.2~99. 4% W # & ¥ 72,

dimethyl disulfide & dimethyl trisulfideD R&E 2 @D k. WILLIAMS X
GRACEY (1982) #%Canadian beersDBHEEBTHIRYD. TOFERE%Z TEHOXK
EERREEZ2LEZOGNDH, S, BHIATVWRLW) EHRELVE. BEE
BHFTOChSHAEY LoethionalHPOFEES, BERIZL-TELLIIE
O, D IVEMHMOMLEDANEREINEODPEBHEKDS Z2METH %, nethion-
O HEREEERMCRIEAEILT., HEPELERBIIL->TERTH, 20K
MEIXZ rouxii SBADERPTCEIEDP >R, £, £EBFBOEDBEWVCL.
 yersatilis D-5EW (REFEH) TOnethionolEHE S S. cerevisiaed
Zh &0 B, methionol ERBEE N TI2MERBBLEEEBOEVWIES
Xhz. 3-(methylthio)propyl acetate®d methionolFHERIZL > TEKE N,
ZTOEBEIX S. cerevisiaelt BWF TR S D o o |

E3Hi E-7IOBEARVCEREBERTOERMSHILEYLTEMEER
& 0%

BBV IVBEGYWEERBFLLEAREM T T, HREARLEVOER
LEDI AT HERBERORVES FRDONE, ZOIBET IV REEY
FERW L VB ERER AR URERT CAES N BRESREED O
ERZOWTHRAT LD, B—7I/BREERBEL T 2AMBREFEA L 2,
B_73I )BLULT. YRFY, AFA-VOERT I/ BOME. 73 /B
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DEBEZDEIBAE, 752V (B T7IVE) ., a4 Yy (FETIVE) .
Mo A=ZY (AFYPIVB) . 72V T7I5=y (EBHETFPI/B) . TN
YIVE (BM7IVEB) RCPVFX=y (BER7IVE) OSEEO 7 IV
BeEHEA LE, 2E L, B—~7I VB2ERBELCLEES. £FF PR DEL
RBOTEZRVWIPLEZLNEZDT, BE7PIVEBESGYEZERFICL 2
M (2% Table 2-1) OD> B, Y NVI—XEBRI%DPH2%~, 87 I8
ODHREREZ0.937%H»50.04% LEELE, £ LT, Z. rouxii 884izo0 T
OH, 0CTIOHHMBELE, 2B, BHLIEBEI2.%8H. BEFEZHR
DETLI2RBRLTECE2HOBEY I BREAYZERFLLEEEECE U,

3-1 EBRERELUVEEZ

3-1-1 ERXRMEEWMILEY

AFA=Y, YVRAFY, 72 NVWTPI5VOETIBREERELLE Z.
rouxii SBA4DEHEEREM L EEBRFTOEREERILEYOHT R Iu~e T T A
#Fig. 3-2l@m L. BB, CHOF7I/BUAOHZ IO NS LR, 7
TNV IVORRLEERLUCHEOTER LE, TLT. HEINE
EEXEMEESHRIELEDOEER £ Table 3-2I2R L., EEH R X Table 3-3l2F & ®
Bo k. G-MSOWMOMHEBONETZAI O YT ADH £Fig. 3-3I2F L
%o

RBOMBRE L LII2BEQLNBAERIELALRDO AR D £, £ 7 L,
VAFURVCAFA_VEBREFELIAEHMTEEBENZERIPIZOH SN 3
M, T Z rouxii SBADTBEBL LD I BROKEINE, BB, Z. rouxii
S84 KBTI NI—ZADHEBRE, AFAVEeYRFURERBERILEEA.
FheEh., 97.2% &£53.4% TH D, IX71.6-99.9% TH > o
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Left: nonrinoculation Right: cultured media of 2 roursis/

’°°W Phenylalanine Phenylalanine
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Fig. 3-2. Typical gas chromatograms of volatile sulfur-containing compounds formed and
reduced by Z. rouxii in various amino acids media.

The column, the column temp., and the detector referred to Fig. 3-1.

S compounds: a, dimethyl disulfide; b, dimethyl trisulfide; c, methional;
d, ethyl 3-(methylthio)propanoate; e, 3-(methylthio)propyl acetate;
f, methionol.

Table 3-2. Structural formulas of volatile sulfur-containing compounds.

a: Dimethyl disulfide CH3;—S—-S—CHs

b: Dimethyl trisulfide CH3—S-S—-S—CHs

c: 3-(Methylthio)propionaldehyde @ CH3z—S—CH,;—CH2—CHO
(Methional)

d: Ehtyl 3-(Methylthio)propancate CH3—S—CH:—CH2—~COO-CH,—CH;

e: 3-(Methylthio)propyl acetate @= CH;—COO—-CH,—CH,—CH.—S—-CHj3;
f: 3-(Methylthio)-1-propanol CHs;—S—-CH,—CH,—~CH,0OH
(Methionol)
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non-inoculation
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Fig. 3-3. Typical mass chromatograms of volatile compounds formed and reduced
by Z. rouxii in medium containing methionine as the sole nitrogen source.

Top: Scan #: 50, dimethyl disulfide; 193, dimethyl trisulfide;
; 256, methional; 675, 2,3-xylenol(internal standard).
Bottom: Scan #: 22, ethanol; 49, dimethyl disulfide; 54, 2-methyl-1-propanol;
105, 3-methyl-1-butancl; 214, dimethyl trisulfide; ‘
272, methional; 352, ethyl 3-(methylthio)propanoate;
391, 3-(methylthio)propyl acetate; 455, methionol;
555, 2-phenylethanol; 677, 2,3-xylenol(internal standard).
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MBOEREEHRAESWOIRCHPEREATF A=V O Z. rouxii S84 #
BEBMRUC/ HI2VEEEBBRFCEESILE, Bz, ZhsfedPicmz. Z.
rouxij S84MD ¥EHEW T Tethyl 3-(methylthio)propancateBEE I ize 2D
LEMDPEREISTIVBEAYF CHESARDP > DR, BHHFODAFA
ZVEDBULWH—RHTRAREWIrLEEIOND, TRDLBL, EiH100nlic D &,
BE7I VEBESYHTORXFA_VvERLIONg, A FA =V E—-FH#TIE426ng
T, HIZEDI.METH B, AFA=VUANADERETEK, YA FV, 7227
Sy, YNVIIVBREFNVX=VO Z. rouxii S84IEE W T M E One-
thionolD AR ® 5 7z,

WAINWRIGHT (1971) BE—NVHOFEBHEFUESRELEBDOMRET, XA F L=V
BANBNVIEEDEOME. AREOEEA AV ICL2MMBEEH,. HXODE
H. sublphitec‘: OEBEILDALERICS MBS N T, nethional, methanethi-
0l% Umethyl sulfides®E U B &#|E Lk, nethionaliZB§ LT, FUJIMAKI
5 (1969) REkoTHAFA=ZVORIBTELIZLPHEET LTV S, &
EOL0HEDIPLGY, BHEBEERBIZEZD 5072 dinethyl disulfide, di-
methyl trisulfide % Umethiona I MO MABRE D, Fiz. ZOMAREKE
MEHEBEBEBRONRL UCEBEEREOEZ E, OCT—EHEAREITIHELE
ftZERIZERENZBDLEFEZSNS, 727 L. WAINWRIGHT (1971) Emetha-
nethiol P BRI Lo TAF A= VP 6ERIhBHRE2E2S &2, nethionalk
?ﬁmetﬁyl sulfides BRI L - TERE N I2AEENH S & LT, nethio-

nine—>2-oxo0-4-(methylthio)butanoic acid—>methional—> methanethiol.
dimethyl sulfide. dimethyl disulfidedBE&RULE, FLTC. EHEHE
DEODEAFA=VEIDEERNIZTERS M EZLF XS0 5 dinethyl disul-
fide, dimethyl trisulfide % CFmethional BRI Lo THAPEThE L %
HOEPIZULEY, ZOAAXRLEDVWTORBHEISEORELEZTL 3,
methionoll A F A=V HUNO 7 I VEBEM D &b Z, rouxii S84 K b A& R
ThaceHROohEN, ENRCEAFAVEERBELC LEZREBHRFCTE
BRI oze AFA VD 5 Onethionol £ JKFEIX. B/ I X BEhrlich
RELEZONDS, ZULT,. BREWMAFA=VUANAOHER. BEBOT I/
BEHRRBEBTAFA = UBERIh2E, H20IE, BrEBHBRIIERS
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NMTWETIJVBT - VHFDOAF A=V 5 nethionolWERXI B0 Tk
Wh LHEEIN B, —F. AOKI& UCHIDA (1991) W&. Zygosaccharomyces
rouxii MA®1 DethioninedEHM ML E Kk O nethionolEKIZE T 2HET. 2D
ZEKOnethionol FEER A FA-VOEBIRLITBEL B LR S, 20D
methionolZ i X EhrlichB B iz ok nwo b 2iEHLE, FEio, B—Z2HE L
LTI NVEIVEBRP70Y VE2FRALUEEHBTCHORE U L S icnethionol MERE X
hd2eZ2®HELE, COZthb, EFELSOAFA=-VUANAORET 2.
rouxii S84 X o TEBR X h Bnethionol R Lo CEBILEAERBRRIZ
LOHEEHEOEZIOND, /=, FUIIMAKIS (1969) WYX FUYDOEBFET A
FAZVDBERINDZZLZHRELEDY, YAFUrE2EREFEICLE Z. rou-_
xii SBADWMBEEMTE, ERXUASHRLEVOLEREZBDE AR P ok, & B,
AFA=EE—-ZREFL LT OnethionolOEFKIHE LTI, #ES (1970)
PEHERCEIEIER 2 CELAOBRE2HERA L IME L. BROBEHKIZ X
D Tnethiondl EREDORELZR IR Z2HE LE. MBSOFERAERDO> B, BE
DOnethionol&£ K E Z/R L7~ DIk, Shoyu yeast No.6 THH., BHFORXF &
SVBREHUT B.1%THof. CHiM UTEESHMEA LE Z rouxii
S84Mmethionol £ E1X5.4% T H - =,

ethyl 3-(methylthio)propanoate& 3-(methylthio)propyl acetated X F %
VB —-ZREL D Z. rouwxii SUEBBEFITRESILE, BleEHEE
—W. U4V, BEER L OEHE (NYKANEN & SUOMALAINEN 1983) OB KK S
LT, Eiz, f&%lilﬁeﬂétlil Ui E B R @ Zygosaccharomyces rouxii<
Candida versatilisB EWF ZORKICEE T 2EH (NUNOMURAS 1984) O F
IEFELTHIRESIhTWSB, UL URM S, Zygosaccharomyces rouxiile
SEHUEEHNOERLEOVWTOREFIRD 2 5% Lo

UEOMATRAES N ERESWALAWO S 5. dinethyl disulfide,
methional, methionolBHKEOEIHE T L L THEIThTWVWS (F£H 1987b) .
ZhesDEEY D> B, dimethyl disulfidek methionalld Bk W R # ¥ @ fin &
WHE, BERCEBRFLAFA VIOV RENCERSND LB X 50 5B,
ChBLANMETREZETEOT, BRLL-THLINZZLEEE LY
tEZO NB, Blo, HEBEBROMMA Coethional¥EK S hb (BELE




B 1994) . HEEH oM cdinethyl sulfide, dimethyl disulfide, methi-
onalZ E DM T 22 &5 (NUNOMURAL SASAKI 1992) , Mk EHm2HEA
LTOMBREOE., ChoERXRESRLEYIPBCEMN T2 LB HHST L
3, ¥/, EELSOEEHOMEH Coethional DEMT 22 2HEAFLTWVL S
(ISHIHARA et al. HIRIH) ., Cho6DZed» 6. KEDEHORRE CHIE
MEEPCHOERERRILEVERDPIEDICLE—BEETHDILEEFEXS
s,

methionoliZBrME (EH 5 1992) ©Eul (F5 1983) OEERZRFEIRT D
—OTHh, Bz, MERBRBRILI--TERI W2 EREERIELEDOERKZ
RS KREARKCHS T OMELEBBORIALE UTEETH B,

B4 EN

HKEENESLVDEH LA NVI-XLLBE7IVBESYRTCEE» SR
PEREMEFERALC WEMBBLEEBEBCI-TERZILED, B
h7zb s2EERFRLESDCOVTRIF LA, #HEL LT, REFOKRK
WO oEIhE=WEYEBRSO  Zygosaccharomyces rouxii S84 ( Z. rouxii
S84) . Candida versatilis D-5 ( (. versatilis D-5) R C*FEfi & M @ Sace-

haromyces cerevisiae RIB 6002 (i &75 ) (8. cerevisiae) A WS 7=,
ChOEBRBEIRRETHZI I NVI—XAOEEOMUDPEEEFE LT S £ T, 30°C
THEBEEIL:, BEEOERERHARUCEZRERPTOERMESERILEY O HE .
Zh5D{EY %headspace volatiles (HSV)HHE X E 2 A W Clenax TARRE
IEER, GC(RHEEHF :FPD) R GC-MSAM TR o o
BEERERMAUVCEBEREEROGECAE L ICRES W EEREERLS
¥ix. dimethyl disulfide., dimethyl trisulfide, 3-(methylthio)propion-
aldehyde (methional)Tdh ok, Fiz. BEEER TR A SLEWITMZ,

3-(methylthio)propyl acetate, 3-(methylthio)-1-propanol (methionol)®d %
BHBRDSN=, dimethyl disulfide, dimethyl trisulfide. methionalld,

HEHERBECEEOZRH 200, 2TOHEBEBFTCHILE. 205
fteMoBmbRE. BEBEO D5, Z. rouxii S84TKEP o2, K. BIE



SERBEBEBRYT. JVI—ADHEEEIEKL, EBEFDPRIEVWEZ SD2PDL S
Z. rouxii S84IF 5 DILEWMEE5.2~99 AU HWE ¥ 7=,
COEORIET7IVERESYWZERFCLEEEHREHP T, ERXMEERL
EMOERLBROEN T HERBRBORVWHSFBOLNE, 22T, TR
SOERMEEMIELEDORFELZODOVIRNTZ2E2D. YXAF U, AFAF =2
EMT7IVBOMI, FIv., A Yy, bUAZY, T VT TV,

TVEIVBETTPIVF_VOETI/BEZE—-Z2REL LT, Z. rouxii

by

SBAZDWVWTODAERZEIT - %o

1IBE7 I VRBREAWEZEREL LEGE RO EERESRLLEYO T
RTH, BREAF A=V O Z. rouxii SUEFERHMECT / HDVWEEER
FTREShE, Bt BBOEREEREESW MR, 2. rouxii S8412X 3
ethyl 3-(methylthio)propancateDER BB OH S5 Nz, F /. nethionoliZB L
T, AFA=VURADO7I VBB PS D Z. rouxii SBAZIDEFEIL B Z
LR EDY, BERNRERAFA-VEZERBFLUAEEBERPCERANIRS
»o 7z,

PEDZ e, FECR, WEEBEBLERXRMERILEVDOERLEBD N
TH2EVEDDEZOWTEA L 2.
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B4E WHEUBBOERISIHERELGER
B1E ¥E

KEOCARBELBVWT, WEUEBBEIKEEIBSE LIOBREYEOE
BEHEOHEELRwWEIR TS (HFHF 1966) o LU, B1E - H2H
KBWTARBERZEA L IUHEEBEEEROBER Z2ERNICHANREL 2 5,
HEWRZM 2CHEL, BN EHEREROER B EEREROBER 2 BHE
LD, pHTEHBLEOSNEABEPOBLIRIDTIVAVEBRZD S Mz,
ZheD0Zehs, MEMNEBEEEBEROBRELBVWIBEYEOEESELEF X
Shl, 7, B2ETHEAEHEBOER T IRERZRERFEODVIRT LE
B, METEBONBERE ULIEALAEEESY, WEEBERBEERD,
n-hexanoic acid, n-octanoic acid, n-decancic acidRU*ch oD XFIVHE
BREBEBTZZLLDBHBELEZ, FETEZhbDZLESE R, F2FE, &
SETHEBRE L U THEMALRheadspace volatiles (HSV)H I 2, BERER
DOLEREERBESZSE IS HEEAVT, WEMEBBOER T 2ESR
HERR (UT. EEMER) CTOVWTREE LK,

Bof 1SENETI  BEAYAERELTARAGERLEAES
2-1 EBRHBECHE

2-1-1 #HEBES

WEEESE LTE1EDPSFEHR U T X 7= Iygosaccharomyces rouxii $84
(IX"F\ Z. rouxii S84) . (andida versatilis D-5 (LLF. (. versatilis
D-5) mx, MHREMUKKBEORKB LD S BEX N7 Candida etchell-
sii -8 (LLF. C. etchellsii F-8) (& # LA 1975a, 1975b) & L
7zo 2. MBEUTHEWIERETH 2EEHER O Saccharonyces cerevisiae
RIB 6002 (& 75) (LLF. 5. cerevisiae) bFEH Lk, RB. (. etche-

Ilsii F-8l& (. versatilis D-5L K. RERBROEH AL, BREER




LRI N B,

2-1-2 RBRUTEEHK .

o, BOECTHALEARBHBE /NI ARCERENE<. Lbo.
ZOHEBITHPRDVERSEHAOBEVWETH- 2. TOHE, MEHER
DEENVEL, FHTEZOEEZER LT, E1E - F2HTCHEMALAEH
(Table 1-1) ZH W, BEFHELE LA, Thbb, AEBEHMEIKRFEL L
TTNVI—X2%, BRELLTE., REO7IVEBEAR (BEENHTFEEHRE
= 1966) KEDSWTISEEO7Z7IVBESY (BEREL LT0.04%) #
BERALE. EEL, YRAFYLFOY Y REREF DS VEZOBHAMORE L
Bolke JWI—REBLREREDL (glucose/N) F50icML T 25, RIFER
MEARHECH LT, NMBABEBRBIBZ7I) - AVAVEROEEE
O, BEZ2B50922D. JVI—-2ABRBREZOMORFTBEI|ZH £ 12120°C
TISHEBEBE LE. ZLT, BERIIO=ZAT7 23, BERBERLE
BEEMHPOMICEREDESCHELVEA LE, BROBEERIZ600n1Y h3xX
10°2 L. 0CTREFCHB /N I- AV EEHELOKINEKHE CHE
BEEZfT k. BB, COEREBHHORER, F1E - F2HOBRIL -~

2-1-3 HEMBOOHLZOTFNV XTIV
ERXRMHEBOONEHZEZ->T. ZOAELZZAT VBB ETCH >R, £ T,
BLlLE - -F2HOFeg. IFICAUVAEABREREEEZA VT, SEEBEREIF
DERMERD>ZKBKREUTHEL 2.
BEREBOSEAE %EFig. ¢-1RUL, BohEEREBOTVYE=ZULE
BWIWTFS (1973) OFETa-TF VT AT VAL 2.
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Adjusted to pH 2.0 with 10N H2S04
Distilled in vacuo at 50°C
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Adjusted to pH 10.0 with 10N NaOH
Concentrated in vacuo at 55°C
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Dissolved in distilled water (about 100ml)
Adjusted to pH 2.0 with 10N H,S04
Saturated with NaCl

Extracted with Pentane-Ether(1:2), 200ml1Xx 3
e-Ether layer

Extracted with 5% NaHCOs, 50mlX 3
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Adjusted to pH 2.0 with 10N H.S04
Saturated with NaCl

Extracted with Pentane-Ether(1:2), 50mlXx 4
e-Ether layer

Extracted with 2N NH4.OH, 50mlx4

s layer

Concentrated in vacuo to 50ml

le organic acid fraction

Fig. 4-1. Scheme of preparation for fractionation of volatile organic acids.
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2-1-4 EEEBTFVIAFVOAZRIOINTTT 4 —(CORTH

2w I 57 44— - EESH (GC-MS)

GClX20% Silicone DC-550, 1.5% Silicone OV-17, 5%PEG-20M-PD 3FEXE D /¥
v RHTHEPEG2MDF Y ET Y —HT AL TiFok. BBEARLKA
AV HE (FID) #B A BEG-4APF2HEH LE. FOMODBERERZS
EBBERICBVWIRLE, BE—J UMY T2LEDOHEIBEEDEODORLL
ODLE. BEVEORMEARIL LT >R, A, E—VHEHBRSI YTV —
# — (Disc C0.263-D) Iz X WK, Disc integrater unitTR U . GC-MSI
F—YWBEEAOITYEa—4%— (Hitachi 002B 8DK) %{fJE L /=Hitachi M-
5201& Hitachi M-602#EfE LA b DIt LD, BFHRA AU (E1%) CF
oo BT AlE3%Silicone DC-550D /Xy 27 KB 5 A LPEG-20MDF v ES Y —
HThEMEA LR, 3%Silicone DC-550%2F CA LEHT A AT Ak K& 3nnX
2T, H T AEESIC—>(5C/min)) >210°C, F ¥ U ¥ —HZX (He) 0.4Kg/
crf. WAMEE22C, £ ¥ —7 x4 X235°CORBETIT >R, —H. PEG-
200D F Y ES Y —HTAEHT ARSI AT LT, BERBIERER LS
WTTR Uk, BEANEHEIT L L4 4V LEE20eV, 44V EEEIBCT
Fuo, AEBA—RHETH->EBENBEOIRY NV LORKBIZ Lo,

2-1-5 4£EE. IR UBEBRETOHE

B1E -FBoHI¥LCT, EEER6mIEBIZBEEOE X 100D KKET
AU, PHEEBPIA - —THE LA, DX KB E®R£3,500rpnT 10 &
DAL, B5hEZEBRIEODVWTIINVI—RER 7=/ -V -HBE. 228
RERZITZ VY —NVETHE LR, £, AHE®EE 10N 1,50, Tpll 2I2H/E L,
AERERECRYEHEZE. ZO0BBFORT VIV EHEELY VL - TV
EoUvLAERAVWBEAEE (BAGF 1967) CHEL, =¥/ —NVELTHRLUE,
BHRFOERZRHEBE 7 VAV B EE CBRELZRD, HBL LTHHLE. BEA
BMBEIANBEYRYOEGZEZELOSBECRESMno. 101 TERAE, 10N H2504T
PH 2B L. W - WERMBHBZE2HEA LTS CTISRBAL—FT Vil 27 -
o BB, ZTHIZIXO0.1N NaOH 80mlZE A D, TRCOFHB2ZHEL., EHE
Bl BEEBEEZRD, aNJBLE UTEHBLUE,
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KRERAREOFTEBERTH S Z. rouxii S84tf§§%‘<?§ﬁﬁ'é&%_€_. versatilis
D-5. C. etchellsii F-8OBEHBMICIRIELAEEZDN R, 12HETEMERK
D2%Z25HHZT NI —-—AZ2BERTL2CHEEBELDCLE, Chicx L, BEES
B OFEEERS. cerevisiacB4HBTHBMFOIINVI-ZADBETRTL
BREREDIIXELKEZHE LA, WENRBRBOZERHEERILS. cerevisiaed Z
hNEDBHEL, FLREBEDEDP- 2. ERETIVNI-NVEEIREDHS. cere-
visiaeCH V. WEMEES CE CandidaB D EBENZ. rouxii 84D ZH & D
bEh ok LU, B1E - F2HOFRTIE. Z._rouxii S840 7V a3 — )
EREMNC. versatilis D-5OERE LD Z Doz d S, WEREEREOD
TNVI-NVERBLIRELALEVMRVWHOLEZIONS, EEUET VI —N
EROEDIZHEES W VI -2 8%, BRS (1960) OBREREKEZA VT
B LELC 5, 5. cerevisiaclk89%. BRI 64~T4% % 50, HEE
NETNVI—-RADELZFTHEZPNI-NTHDZLHRD L Mk,

S. cerevisiae®pH 4 A0 EBUNRB LI LALCEDI R, EHBE b H#
HEFBRETH R —F. WIOpHET RO SN Z. rouxii S84, (. ve-
rsatilis D-5MFEMEBE L. etchellsii F-8OZFh LD %L, LIPrHZODME
HHROARBEET VIV EABLINIVBLUTI/VI—ZA~ABELEL
25, HEKEZRTABELI > THESIREI VI —ZOMI%EED T
7z

EEWIONIFOERMBELFEB L UTRT &, (. versatilis D-54%27.0
mg., (. etchellsii F-8h811.7Tmg, Z. rouxii S847H%2.5mg, S. cerevisiaed®
1.6mgT., (. versatilis D-SDERMEBIXZ. rouxii SB4DMIIEETH - %=,
C. versatilis D-5OERMUBEBZ /NI —XA~ABELELZS. BEHHEFE
HEIQETNVI—-—Z20OW2% Y Lk, £/, CandidaBDERT 2EEH
BMEIREMBEDO%EL SO, Z. rouxii S84TIEKMS% TH o &
Do, Z rouxii SBAIDEREIN2EBBOAXRIPAIERKERTH
BrEzbNB, BHE, B2EBORER T, S. cerevisiaeDEFERMERE
MEEESOZh CHREBRSL, 2HORKRLER L. COEWVWE. 5
2ELABUEBUAWERNEROLETELREVPHZLEXAONS. BERS
F, S22 THELEARBHEIINVI-ARVCERENSL., ZOBR. W
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EHEBERBROEEEEDP R, Z2C,. FETRZOEEZ2ER LEGHERZ
FRALEED. R U, WEHEBER LS. cerevisiaeD 7 VI —ADHER
HErRL, MENEBOEBTOIPRIKXEI N 2,
REBBWOBERERANEL A, Z. rouxii SB4TR 7PNV I—VRERERODf I,
DAL LERBRELRERO AT NVEPRDSO W2, (. versatilis D-5TK
FVI—NVRER, X7 VEOMEBVWVAFRLBVWEEREATCEDROE
KBRS, C. etchellsii F-8TR 7NV I—NVEREBERELHNEERTFFVWAR

ERTOo Nz, S. cerevisiaeCRHBEEREROMIZBVAHRELH WHEL
EYPRBROIZBVWERD SN,

2-2-2 HREUEBORE

ERUEBT7FNVIZATNVOHFZAZ0Y MT T A %EFig. 4-2, 4-3IR L, &L
—JDH¥E, Y- VEROLE ETable 420 F LH TR o

HA7u<w M SLOE—VREBEORE XX, (. versatilis D-5,
C. etchellsii F-8, Z. rouxii S84, S. cerevisiaeD)JETHH. PV HYFEE
KEoTRODOGNEEREMBEOHEFPII— B LE, 2B#HEBKRICEBEL T,
acetic, propionic. isobutyric. n-butyric acidDEBHBAD S hE, 7 F I
ITATFIWVDGOIZ K BT EEIZE20%Silicone DC-550 B LT WAB, b L
PHNBREAOTHBMIIBEAELTCH>2, ZhiZHN UTPEG-20MT Epropionic,
isobutyric acidOM B 7 F N AT NVIEtREZFRALEZEREZEOT Y — VO E
— VBBREBEINBEREEHZHDOD. 2-nethylbutanoick 3-methylbutanoic
acid (LLF. isovaleric acid) 24 M T2 W¥TEE, ChOoTEREBZ2HHA
BRICLVEFI BRI, 2H#AERCLVERIV BRI EREHLI~S
DEHEKCTKRLEZRBREOERMRBIKEOERR (AHEAK 1981; H
FEEHGSRE 1977; LB rHEE 1964; EHLLH 1959a. 1959b;
BEs 1961) . BZLWRKEOBRMS (KM 1982; HFEs 1971;
Wy 1973; RFEELEH 1977) L UTCHIERE I, B TH2-
methylbutanoic acidid &R (1982) KLV HKBEOFIRFT L LTHAD THRE X
Nhilzo F72. 2-methylbutancic acidzR<HMLEN B EBEOERE (HEXEE

S O1977) U CHEET A TB D, 2-nethylbutanoic acidizBAL TH
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Fig. 4-2. Gas chromatograms of mbutyl esters of volatile organic acids in cultured média.

Column: Left: 20% Silicone DC-550, 3um i.d.X3m, Stainless steel.

Right: 1.5% Silicone 0V-17, 3mm i.d. X

2m, Glass.

Column temp.: 60°C-(6°C/min)-240°C. Carrier gas: Nz, 50ml/min.

Injection temp.: 270°C. Detector: FID, 300°C.
D: Peak of dibutyl ether.



Recorder response
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2. rouxii

ey T Ty
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4 5 ;l_
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Fig. 4-3. Gas chromatograms of n-butyl estefs of volatile organic acids in cultured media.

Right:

Left: Column: 5% PEG-20M-P, 3mm i.d.X 2m, Glass.

Column temp.: 60°C-(6°C/min)-210°C.
Detector: FID, 300°C.
Column: PEG-20M, 0.3mm i.d.Xx20m, Glass SCOT.

Injection temp.: 270°C.

Carrier gas: N>, 50ml/min.

Column temp.: 60°C-(5min)-60°C-(5°C/min)-170°C.

Carrier gas: N», 1.1ml/min.

Scanvenger gas: N», 36.6ml/min.

Split ratio: 1/33. Injection temp.: 270°C. Detector: FID, 300°C.

D: Peak of dibutyl ether.
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B: Peak of n-butyl alcohol etc.
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C. versatilis D-5, (. etchellsii F-8D M E# » 5 & 2-0x0-3-methylbu-
tanoic, 2-oxo-3-methylpentanoic, 2-oxo-4-methylpentanoic acid® # ¥ vV B&
& 2-hydroxy-3-methylbutanoic, 2-hydroxy-4-methylpentanoic aciddD k& R
*YBOERERDE. CHELAWDOTRIRNY MVEEENED 2 h iz —
BUE, ¥/, Fig. 4-3I2B W T. 2-oxo-3-methylpentanocate® & — & &8
2-0x0-4- methylpentanoated)l: VOERICHIMNEBERE»S. BEEYEOA
%fﬁ'@%tﬁ#otﬁ\ 2-hydroxy-4-methylpentancateD ERIIZH B E— 7 %
2-hydroxy-3-methylpentancatel #E L., ZOLEWOG-NSOFERS Fig.
4-4I2 R U7Ee FEDTAANRY b JVIk2-hydroxy-4-nethylpentanoate® Z h iz
BlLTWke 7. COAY IR TZ. rouxii S84% (. versatilis D-51
X, BREEZA VLAY VERLIZLEGAERERI L2 Z2BALTL %o
2-hydroxy-3-methylpentanoic acidzZfR< AF VB L RIFIBO A F I,
HBEIVWRZFNVZIATFTVOVTRAARY M TF—FCHUTEREHREST A TY
% (The Mass Spectrometry Data Centre 1983) #5. FF IV T ZXF N & LTO
T RERY%256F, 2B ULOTHRELE,
2-oxo-4-methylpentanoic acidBEARED 7V —N—Fa (BHELRHE 19
76) L UTHESINTWDY, RKEZFEHLITIHKRBERICE, ZoftaWzesas
HDNTHOAFVEOILFOFIYBOZOFERREIA TV RV, Tk K
BeRUKAEZEREL, ABOWEMEERF ZORKCEST T 2E@FI
b, O L LEVOEERBREER TRV, UL L, KR T Llandidagh 5
ChH5LEMOERPRBDOIAEZZLER, KRB, BEMFTCOFEERRIRE N %,
. RECERBCART I JBOAY Y, ULV Y, AVOAL YV 5B
CAWESSE., landidaBOAH IR ST Z. rouxii S84l K-> TH., Zh b7k
AFVBLEROFYBOERZROTWS, —F. HFHETIE2-0x0-3-nethy-
lbutanoic, 2-oxo-4-methylpentanoic, 2-hydroxy-3-methylbutanoic, 2-hy-
droxy-4-methylpentanoic acidDWI AT FN T ATV TEHEBH. FHEOD
EERBERHSELVLTHREZATWS (A 1961a, 1961b) o LA L. &AW
RCERBEEHERS. cerevisiaell K2 S LEWOERBERD SR ok,
BEBOZhSLEEWD > B, 2-hydroxy-4-methylpentancic acidid Aspergi-
Ilus gryzaell K> THB I h,. BFEERBEBRZOZFNVNZXTVEOAHIZHE
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5‘b'€b\58§5§éh'cb\5(§%*6 1982 ; A 1939) ., chilzcxt L.
AR TD 2-hydroxy-4-methylpentanoic acidit CandidaB@BE B Iz & b £ EH

BOo5hzEDT, BREENOERL LTEKGIRETHB. BB, FEA

FVYEBICBE U T,
1967)

n-Butyl 2-oxo-3-methylbutanoate

NUBRBEIDEROHE M H S (SUOMALAINENE KERANEN

n-Butyl 2-hydroxy-3-methylbutanoate

8
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n A Fr
g | c |
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Fig. 4-4. Mass spectra of oxo carboxylic acids and hydroxy carboxylic acids identified

in cultured media.

GC-MS-COM: Instrument: Hitachi M-5201-Hitachi M-60-Hitachi 002B - 8DK.

Conditions:
Column: PEG-20M, 0.3mm i.d.X20m, Glass SCOT.

Column temp.: 60°C-(3°C/min)-170°C.

Injection temp.: 250°C.

Interface temp.: 220°C. Carrier gas: He, 0.4kg/cm?.

Split ratio: 1/20. Ionization: EI.
Ionization electron energy: 20eV.

*Tentatively identified.

Ion source temp.: 180°C.



S. cerevisiaelr & X E B TR I W 2P o % o-hexanoic, p-octa-
noic, n-decanoic acidDEHHBEH >N, &M Tdn-octanoic acidd £ K E
& idacetic acidiz2oWTE D> 2. ZDn-octanoic acidDERFETDOF W
L, ThoEBERUEBIPTENBEETCRESh AP ECLE, B2EORKR
EEUTHoE, B, (. versatilis D-5i2 & D benzoic, phenylacetic ac-
IdDER OB OO, HAEVWEIBRC®RBEEREA ST (KM 1982; HAEE
EWaE 1977) L UCHE SN TE D, £, benzoic acid¥ phenylacetic
acididzhzh, EHEBENEES (SF & HE 1968) % Sccharomyces rou-
xii (YUASAS 1976) kB2 7z V7o VOREBEDELTBHBHEINT
W2, EEFLEFR, RETC7 2o VWP IV EBERBRECLESES. 2. ro-
uxii S84%¢ (. versatilis D-5iZ & D benzoic acid& phenylacetic acidd® & if
ThrcezRO TN 3,

BEEEBCLIVERIPBER SN AEREBRO KRB F Macetic acidTH26% ~
6% 250, DWTENIE >k OH. isobutyric. 2-methylbutanoic,
isovaleric acidR ¥ TtH o, BREESH (1974) iizliﬁ%liﬁ#'ﬁiﬁ‘bfiL
rouxii S84 R D Z. rouxii S96. Z. rouxii YT12%{FF L C. BB~ DR
MEBR ##F WV, acetic acidOEMZRAD T W 3,

DEORREDS, SRBHEEEAUCHERERCLD. KEELRA TH
ZREB2~SQOEHFER TS ULERMEEB. Ficbenzoic acidk phenylacetic
acidDERPB OSSN EZDT, KBEHTOZIhOLOEREBOER N T 2
ENERONSEPHEEINE, 2. KEOBRREBER O (andidaBic L Y R&R
H5. COREAF VBV FOFYROARIED SR Lt KEEER
BTH B2 rouwxii SUPKHEHBECHIHERB LOKERERTH - Fo
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3 FETIVHEE-SRFLILIBHEFERALEES
3-1 EBRHMHLERUG®

AT, B2HTRAEEIMAEEBEROS B, i, AEAFVELEER
DX VBEVEERABBOREERN T332, AEFZIJVBLELTNY v,
DAY Y. 4VBA Y YRGEERT I JBRELTI 2o VT IV OET S
JBEE-ZBRELLUVIERE2T o2, #HEKE LTI, Z. rouxii 584&
C. versatilis D-5Q2EHKIBELE. CALUAOERFH OV TR, &
REE (0.04%) bR, TRTCH2MIHELE, ‘

3-2 RBRERRUEER
3-2-1 HEBETORSTEDLR

REBETHAV NI —AZHEBUOLK LEBHEHTOERER S 2Table 4-312

~ Uk,

Table 4-3. Analytical results of cultured media in which various amino acids were used
as a source of nitrogen.

Strain Zygosaccharomyces rouxii $84 __Candida versatilis D-5
Nitrogen source L-Val L-Leu L-Ile L-Phe L-Val L-Leu [L-Ile L-Phe
Period of fermentation (day) 11 11 11 12 24 24 50 50
Glucose consumption (%) 99.3 99.1 99.1 99.0 99.2 99.3 98.9 96.1
Nitrogen consumption (%) 24.0 17.9 22.4 17.9 12.7 13.0 15.9 9.8
0D (660mm, 10mm) 0.40 0.38 0.37 0.34 0.17 0.20 0.24 0.21
pH 3.52 3.39 3.40 3.39 3.39 3.49 3.50 3.59
Volatile alcohols

as ethanol (mg/dl) 627 735 759 739 3712 261 270 346
Total organic acids ‘

as succinic acid (mg/dl) 42.4 48.4 48.3 37.6 46.4 38.1 39.5 37.4
Volatile organic acids

as acetic acid (mg/dl) 5.0 2.7 2.8 4.4 38.3 32.5 28.6 23.9
VOA*x100/TOA** 11.7 5.6 5.7 11.6 82.5 85.4 72.5 63.9

*Volatile organic acids *“*Total organic acids
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EHEBEZRIEABBRARUTERFOBMIZIELALEZENRDOOSNT2% 25D 3
IVa—-—Z22BERL2EZHEE LD LE, LPL, 207V —-XZHELD
X Tk, (. versatilis D-5MF HZ. rouxii S84IZEHER2~4fZE WWEHI R’ H% b
BETdHok,

EXRHEBRIEZRFOMICEEZIRD s R WM, Z. rouxii 584D Z h i
C. versatilis D-5IZ kb ~_1.4~1. MEE<. EBEORUERIH 2,

EEETFNVI-NVOEBER. B cBEEYI VBERAYEEREFEIILE
Be. Z. rouxii S84k (. versatilis D-5ORIcZFLAL=ZRRDs D
2ke UDPL, E—7IVBZE2REBELLELZA, ZOEREFEO0OEVWIHED
D#<. Z. rouxii SBAQMERMEF N I — )V ERBIE L. versatilis D-50 % 1
D2~3MEETHo . BB, HEMETIVI-NVEROEZDIZEEI WV
—XE%. BRS (1960) OMBERHEEZAVWCEH L2 A, Z. rouxii
S84 1X62~175%. (. versatilis D-51326~37% L REd S5 h =,

—7%. (. versatilis D-5DERERMBE X Z. rouxii 84O Zh D5~ 12
EETHok. (. versatilis D-5Q0FERMBER I NV I—ZAANBRELELZ A,
EENMPCHEHBEILEI VI —AD2~3%ICHY Lz, £/, BEBBEF
DERXREBEIX, ZEREOEVWIZIIGPDO R, (. versatilis D-5T60~80%
EEO M. Z. rouxii S84TIERI~II% TH-oE. REKBEICH LU TIEHERK
BEECENRVWOT, Z. rouxii SB4VEHTI2EBBOXBIDBTERER
THBLFEAONDS, CHODEBRBERELHE TA2RKERIEE. AMTISEEY
I BEAYERERBELLEEALEYRALTH - Eo ‘

BERBBHOBREHRNELZA, Z. rouxii SBATHEAWEAEBREHRXRLEF 2
SN2EBT7NVI—NVEDPBLIBZDOhE, -, DAL LERHESCRER
DITATNVEBRDODSN~Z, —FF. (. versatilis D-5TIXZ. rouxii S84% [H
B, BR7VI-VEDPRHBREIRDLIN Y, REREKDPEGAZHD =,
28, BATCIBEREO7I BEGHWZEREFLC LEES. (. versatilis D-
STHLWEHREAVCRURERPRDSNEFEARBRTRIRBOSARP > 2. 2
D, FEBRTCHEALEZERBEUADOTIVEIP»PSOEHRRTEDRE
[OERDPEES N,
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3-2-2 HEMEBORZE
BEMBOTFNIAFTNVOHARZO 2 T 5 5 %Fig. 4-5, 4-6ICF L Eo
i, AEFRRIHEINZERZERBO TERE £ Table 4-4lc R ULE. EE L.
FRILEYWOAFENTE LD 5 /=2-hydroxy-3-nethylpentanoic acidd & & 1#
. TOEBEBRLDEST, AFNVEOKSDPOUNBELETHER % 2-hydroxy-4-
methylpentanoic acid2F A LADTSEHEE Lk, k., AEZLRHEES

NEEREBOEER 2Table 4-5I2F L O &,

. ,
g100 3 2. rouxij 0%mnu 3 C. versatilis
Q.
2 . L-Val L-Val
. s01tlh 501
£ S
g us 8§ .
B L 0
100 100,
b , L-Leu
sofllt 50
0 25 67,8 . /
100 o
7.8 L-Ilé 3 L-Ile
sofil |, 50
3 7,8
ol A2hah s N 204
100ypy D 100
L-Phe
soT 1
J
5
% TN s
' Rt (min) Rt.(min)

Fig. 4-5. Gas chromatograms of mbutyl esters of volatile organic acids in cultured media
in which various amino acids were used as a source of nitrogen.

Column: 3% Silicone DC-550, 3mm i.d.X2m, Glass. Column temp.: 60°C-(6°C/min)-210°C.

Carrier gas: N2, 50ml/min. Injection temp.: 270°C. Detector FID, 300°C.
Peak no.: See Table 4-4. D: Peak of dibutyl ether. A
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2100 Z. roxii 199 B C. versatilis
o
g L-val 0 L-Val
= 50 50
Q
v
$o 4
§.
ot - y pEpay—— 0 p— e v
100 100
L-Leu L-Leu
50 50
_ c _A
100 100
L-1le L-Ile
50 50
. ; Sepepp—p—————, ()
1 L-Phe L-Phe
50 50 J 23
. 10 11 .
0 5 10 15 20 25 0 5 10 15 20 25
‘Rt.{min) Rt.(min)

Fig. 4-6. Gas chromatograms of nbutyl esters of volatile organic acids in cultured media
in which various amino acids were used as a source of nitrogen.

Column: 5% PEG-20M-P, 3mm i.d.X2m, Glass. Column temp.: 60°C-(6°C/min)-210°C.

Carrier gas: N2, 50ml/min. Injection temp.: 270°C. Detector: FID, 300°C.
Peak no.:  See Table 4-4. D: Peak of dibutyl ether. B: Peak of n-butyl alcohol etc.
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Table 4-5. Structural formulas of volatile organic acids.

10:

11:

12:

13:

14:

15:
16:
17:

: Acetic acid CH;—COOH
: Propionic acid CH3—-CH2—COOH
: Isobutyric acid CH3;—-CH—-COOH
cu,
: nButyric acid CHs—CH,—CH2;—COOH
: 2-Methylbutanoic acid CH3—CH,—-CH—-COOH
| CH,
: Isovaleric acid CH3—CH—-CH.—COOH
(3-Methylbutanoic acid) |
CHs
: 2-Oxo-3-methylbutanoic acid CH3—CH-CO—-COOH
cu,

: 2-Hydroxy-3-methylbutanoic acid CHs—CH—-CH—COOH

I |
CHs OH

: 2-0xo-3-methylpentanoic acid CH3—CH,—CH-CO-COOH

l
CHs

2-0xo-4-methylpentanoic acid CH3:—-CH—-CH,—CO—-COOH
3
CHs

2-Hydroxy-3-methylpentanoic acid CHs—CH.—CH—-CH-COOH
| I
CHs OH

2-Hydroxy-4-methylpentanoic acid CHs;—CH—-CH.,—CH—-COOH
| I

CHs; OH
Benzoic acid O—COOH
Phenylacetic acid O— CH.—COOH

nHexanoic acid CH3—CH;—CH;—CH;—CH2—COOH
n-Octanoic acid: CH3—CHz"‘CHz"CHQ—CHz—CHz—CHz—COOH
n-Decanoic acid CH3—CH2—CH2—CH2—CHz—CHz-'CHz—CHz"CHz—COOH
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FRALULEZREOCOEH P >S5 F. Z. rouxii $S84& (. versatilis D-50
BRI E > TERVBD SN ZEFEMEIX, acetic, propionic, isobutyric,
n-butyric acidT & - 7=, 2-methylbutanoie® 3-methylbutanoic acid (iso-
valeric acid) BNV VZ2E2REFL ULAEABEE. AEKLCLIVER ST hE, X &,
DAY YREAVOL Y Y EERBI LESS. %n%nisovarelic acid,
2-methylbutanocic acidDERP RO SNk, BlZ, 7z VW7 I3V E2ERE
CUESEIcb, (. versatilis D5 hSHWBEERK L 2o . versatilis
D-5ic kB4 vnaqYh5sd2-nethylbutanoic, O 4 ¥ H 65 Disovaleric
acldDEREPREL, RKEEFXRDF O NS WE Ik Candida versatilis
KEOVKREEBFORERROAI VAL Y Y RTOS YU LDERPRRE
h 3,

NYYZE2RECUESS. WEKE®RIC XD 2-0x0-3-nethylbutanoic, 2-
hydroxy-3-methylbutanoic acidDEFPED SN, Tk, B YV ZERE

2 U7Z%&E. 2-0xo-3-methylbutanoic, 2-oxo-3-methylpentanoic, 2-o0x0-4-
methylpentanoic, 2-hydroxy-4-methylpentanoic acid® & EH R &)6;{17 AN
CHhHSAXTVEBEEROIYBOSIBETCERE ED =DM 2-0x0-4-nethylpen-
tanoic acid TH oo A VEA YV ZEBREFEIZUEBHE. 2-0x0-3-methyl-
pentanoic acidDERZR O, YXZAXRT MIVOHERD» S, 2-hydroxy-3-me-
thylpentanoic acidD R Z# E U, 2-oxo-3-methylpentanoic acidld

Z. rouxii S84 A VDAYV ZEBRBELLTER LAET W EAEREBRODS B
ERMENK—BLL., 46.8% b 5%, —F. (. versatilis D-5TI&2-0x0-3-
methylpentanoic acidDER E L 2.2% TH D, (. versatilis D-5D & FEF
MBOS>BEBREN—~FLDH > 0DDH 2-nethylbutanoic acid (49.8%) TH -
EOT, BEKOEWNZZLBDE N £/, Z. rouxii 84T 4 Vo4
YU EBREIZULEHEE. 2-oxo-3-nmethylbutanoic acid DER BB Y 5 h %,
CheoAXFVEBLE ROXYBMC. versatilis D-5O &% & § Z. rouxii 584
REoTdEREShEC L, FHOBRLERESER Z, RERSIE, H
HTISBE7I BEAWEZERBELCLEEE, COA6AXIVRBRLEIFOIXFVE
DERIEZ. rouvxii SATERO S ok, Chidk,. EREZHHLALL
0 dg/ Lz Ly, B7IVBE2E-Z2RFLCLEEZD, E7I VEBOENE
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W2, ZFOFE. Z. rouxii SBAODENVEVEIPSa-TEMABAORED
HEXhZL#ERINDS, Thbb, BHEPERSBNMENEZTKETI VBRI
&b, Whiw3 negative feedback inhibition BKEZH., ZhH6AFVEL
tkoFyBIPERIhEZLELZONSE, ZLT, BHAOERETVI—-VOD
EREEMzBBBEFVEOTCERVWIPEHEEETNLS (FR 1975) . 2hb
ZFVBEEROXFYBOYIXAINRI MVEHIHEAUSBEEPHED v X AR
JIMVEZ—B L. B8, BEYEOAFNTERDP > /E2-hydroxy-3-nethy-
lpentancateiZB LTk, ZOHWEXZZFRITDLAVUA YU PRETHSZ
EhEZEEN, EBRCAVOA YV ZERBELLTERSIATWS 2 L, T,
ZFDIRAANRY b )D 7 2-hydroxy-4-nethylpentancateL LT WA Z & » 5,
COILEWMEHEL E,

Tz V753V EEBRECLUEES. WEKI XD benzoic, phenylace-
tic acid OER PR D 50 %o

ZhH5DERE»S, MEEBBCIVAEPROD O ZEREBROREEIHE
ETE R, |

Bafi EW

EREMEFALC. WEEBBRUVAFEBERBICIVERTNDIERER
DVWTKRE U %,

ABRBBEI VIR (2%) . KTOF I/ BAKLES BEEOT I
BESY (2R LT0.04%) . B (12.5%) . E¥ I V/8HEHE, HRBIEE
. pH 4.5k vkh, #HBRL UCRABEOXRKEIDVSE O EMREMXEOD
Z. rouxii S84, (. versatilis D-5. (. etchellsii F-8D3%kZHERH L L.
e ChoENBRIZMI., FWEMROEEB#RS. cerevisiae RIB 6002
(B2715) AV, FdoBBEHBROS> BbEEZEET R VWEHIZOVWTHRE
Lo ChODERDY, RRBETHZINI— XA E2EFER2CHELOLL TR
HECCTHERELET -2, BEREH 2CTHEREZT VW, Boh &
kol 10CEER. FECIVEREBESZAB LE, EXMBORER
EREBO)-7FNVZATNVIELEDBDIZDODWT, GCRTG-MSIZLD T o %,
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ZORR. BEBBCRBLTERPROS N EEREERE, acetic, pro-
pionic, isobutyrie, n-butyric, 2-methylbutanoic. 3-methylbutanoic(iso-
valeric) acidC® - o Eiz (. versatilis D-5. C. etchellsii F-8 i # b
5 {&2-0x0-3-methylbutanoic., 2-oxo-3-methylpentanoic, 2-oxo-4-methylpe-
ntanoic, 2-hydroxy-3-methylbutanocic, 2-hydroxy-4-methylpentanoic acid®
ERZER®~E, 7. 2-hydroxy-3-methylpentanoic acid@iﬁﬁ%?ﬁibf:o
B iz, (. versatilis D-5I2 & D benzoic acid& phenylacetic acid, FHEEH
2 & D p-hexanoic, p-octanocic, p-decanoic acidDERBH RO 5 h iz,

ERMBEIREROBERGHELE DV ITVAVEE LD EREKI00D]IF
OFFEE L UTRDEMN, Z2hiXl. versatilis D-5H%27.0mg, (. etchellsii
F-84%11.Tmg. Z. rouxii S8474%2.5nmg. BEHEEL M 1.6ngTH > ko L. versa-
tilis Dﬁ@ﬁ%'ﬁ@iﬁﬁ’ﬁ@t LIEEHETCEEBESWEI VI -AOK
2% MY Lz, EEEBOKE S Macetic acidTH2A6~T6% 2 5. DWVWT
ENIE D >20DH, isobutyric, 2-methylbutanoic, isovaleric acid&R & T
H o7, ,

DEDRKEPS. RHOBARAL UITHESN TV HARRE~SOEMK
Al Uz RMEDbenzoic, phenylacetic acidDER XN T 2MWIEHER
HOBES2EEBUE, /2. RRYS, OFEAFVEDPL FOXFTE, ben-
zoic, phenylacetic acid, R&EH6., 8. WOEBOEREBRRLDERKIZN L
T, EABEHOERZRAD =

DE¥LZ, LECTHEMNBRBEILVERFRDSWEAGEA X VESPE RO S
VBEUVEEREEHMBORBREFEZEZETDZED, XYY, a4y, 4VRALY
V. R T7xoVWFITVORTIVBREE-ZRFLIZARBHZANT
BetLUE, KB UT. Z. rouxii S84& C. versatilis D-52F W7, fii
ODEBFHEZODVWTR, BEE7I REAWEERBLLEEGCERE UL,

MEERORZREOEERICEBEL C. acetic, propionic, isobutyric,
p-butyric acidsDEFE BB S hk. 2O, HERECEELT, BAY VR
CAVOAL Y VEEBED, ThEhisovaleric acid, 2-methylbutanoic
acid OEFEHFRDS ., Bz, NUVORBERIPOSEIREBERS, A Y YRV
AVOL Y VDOEBERIPOLERRBOAFEAFIVELPLFOFIVBOEHRZR
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Ol &y 722 NVT7 7= VOBEM®D S dbenzoic acid® phenylacetic
acidDEBEBRO 5Nk, . versatilis D-5ic X 2ERMEBOEREBEZ—B %
B &, Z. rouxii 584 OZHED B W LARDONE. $. HEKED
BERFOBBRECEBELTSEZ P o2 DOD acetic acidTH b, ZOfla. NV
VM D 5 O isobutyric acid, A ¥ U EEH D S D 2-0x0-4-nethyl-pentano-
ic acid® isovaleric acid, Bz, 1V H A YV FEHM»S5O2-nethyl-butano-
ic acidk Y BRI IZSH o %, |

CHhSDHRDPS, WEREBBIIIVERFROONAEAEREBORENHE
ETE R, |
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BoE KREOHENSRESVEATHEEARRCIN I INEERBONS
BL1E ®E

BIE, BAEOAHBMZERALEER T, ERUESMILEVWRTERE
FREBEOERIIN T IMENEBBOEERREZHLOPIILE, FETUEEX
ODHREZAVWT, KEEIHEFTOSHMZT VW, KEFIZETh2ERESHL
EUCHERRNERBOER N TI2MESBEBORI COVWTRE U &,

B2H WHEOFBIRLANY RTAHST

HEMEREAYLHEREERE (UT. HR4ER) 22 0REEERSO
ERCHToHERESOMDD EMAT 5D, T, HEUAOHENH
BRCEE LAV LWD DS WEMARE (BT, BEKY) & HWEO M HE
BEBEBOHERALBESZORB CHES T2 L BMAEKE (UTF, LEkE)
EREL, ChOKEOEL LAY FHXEDS O W THER LA,

BB, BETOAY FAR LT, BESNEKEBHHRON Y K4 X & BHK
L. B 1E~B4ET, RBFLERIAZRERAB Lo TBOAE
headspace volatiles (HSV)& X B & 3,

2-1 EBRVHBRUGTE

2-1-1 RAHEBERE BEERBEEAVCZERBEORE

ME LI (aseptic piso) L WMEHROBREIFEET ZH, EHLLTO
MEEERCHESABER CORBEMEYIPEFEELRVKEDOZLTH %,
EEL. BEHE LTHEEFSBEELTVWEDT., R22BETCRR2EENR
WHRTH B, FORERBIAMELSH (1965b) KXo TEHITAETELE
UCEB4r A (30°C-20H, 36°C-20H. 30°C-40H. 20°C-40H) TE&ELU %,
B (conventional miso) BREHKMBE UTRKABBEKBERZEAARKIZI%
BML., BRBRCEBEBRLOBEUAOHMENORE 2HEITZIDOTHD.,



DHERAEIBE KRB L2 A~ Lr, MHBE, REEOREE K/ X
E=0.6, £13.2%) CAWEEh3. £k, ChOoHBIREE, EFEASX
HELBLEL-VBCTANECHRELE, 2B, BEKEEHAESCESE. B
BEBHAAIZABHECAN-ICTOMETCRAELED D ZRBR BHE K E
(unmaturated aseptic misg. ATF. HIAHRBEBKE) & UL,

2-1-2 HERHERCHEEESEOEORE

EEBE AL S (1965¢) HER LESBEEERE VT, OERIIHITT
WELE, HEEBESREIIOWTEEARS (1968) OFEL LD, FLa—N
FBEME ZygosaccharonycesBRE T B, BT CandidafBBEREEE, EREIDHE O3
PUTEERZRDE, ECHERESRSNATREBEO I 0= — 55,
EECABLUEBEREO VT, BRES. BERUBBERET X b 2F 0,
Lodder (1970) . fRiF L% & (1973) - (HEZRAEL. ZOELEEED
R~

2-1-3 —BEADE. THREUERPERVRECOHE
BaOoaMiEEL LCERE (ZERBEREKTS 1968) tdok. 2EL
glyceroliXNEISH (1971) OFHELER->TEE L. THEEEFRBIKMEY %
PH 282U, W BERMHEITCHoTC20RKHM—F NV TCHELE, ZOHY
MEEETIOT— Y —FTCHELREITEE. KZT—FRL L. BEZHEK
HTI0REMAL TlactideZMAGEMUCRA ST VA VHEREEHFT > TAREL
ULTRR ULk, ., ZO—& % & o> TBAKER L SUMMERSON (1941) @ HF ¥ TH
BMEZROE, REAZ, REEAHTR-10000 G LD E L. CIEREBE

TRT LU %o

2-1-4 ERMERFSEOWRE

HERMERD DD B, Table 5-6DEA1. 3. 4. 5. 11, 1203 #H k. $F 1= -
B2HOFig. INICARUVABEREEEEZA VIR LB ZEELTESN S
BRIZOWTHF o2, o ETable 5-6lc R Lk, BEOFE X, BKIE300
gZIEI ST MUY L1508, K200mle &b B ULFig. 1-1O IV RYVIZA R,



10mmHg A FCHIERE EREIEE I 2E Tirok. BER2EEDEL. BHZ
BEORIIODERL Lz, BEREOBAE., FIYTAZEPPEVWVKESLVLWE
REATHEEN. PIYTBLRRHEBEROLEELEHTOHRILERS N
NS 7CTCHESNIZEREBOTOLTDPTHD., ZOFKEIBOBODEHFER—T
Hokto BBEETARTADLDETANEHELEY, ZOHBROEFERIEEKBEOD
EREBIH LTV A,

DETIZ DOV T, ethanol@RFLEH (1969b) OFET. T ATFIVHE
FREOBHBMERBINVY VATHNE, HEARIRXELES>hEAEED
Shexane TR &> HH L. EHEIZ> W Chydroxylanine-3E{b & () HE@aE
(GODDUS 1955) ©. Bk E — X 5 )V dnethanol-chloroform (1: 2) #f
HPBicoWTEE / uS NS5 74— - HAZu<vx b5 74 —DHAEDLE
T, EEEBUIKEEEREZOEE (B%) D50 2BV T (HER
UHRE) BEABRKERELCRONZEREDLVIT VDY HEET, ERYE
BEOREUMEBREANE - 7V 0 VWEE (55 1969) L XD, BH L
RV IEBE® (KBS 1973a) 2> T2,4-dinitrophenyl-hydrazone& UL C
kR ic LD EE L=,

2—-1-5 ANYRHAABEZTOTH

REOAY RHAZERLZHEE (A5 1973b) LAEAAFHBEWCE UL T, Fig. b5-
I RTEEBEZAVWVTCHEL, ZoRg2H R0 T35 74— (GC) I2&D
S Uk. BB, FHTOANY KAXBRAANEE, 15 - F4MTRBL
7= headspace volatiles (HSV)¥ & B2 D, "V NI ABOSHEDELEDODODERHA
ARFERALREWT, REDPOSERTIRTEHNZAY A MY YV Y (Precision
Sampling Co.) ZHAWVWTEBRERT2H5ETH %,

GCHE B 1 B ¥ GC-4APF, KB KA A VRIS (FID) . ¥+ UV —HX (&
%) 500l min, ¥ ABEE200C, REBBEICL L, #5 LRHUEER
HEIBWIRLE, E—VEBRA V77 L—%— (Disc Co.) 2L D RD,
disc integrater unit TR U7z, ~w KA XD S ik, MOSHONAS L LUND
(1971) OB EEHBLEFE (KMo 1974) LBV Y7 VBEEEZAL
e Thbb, BWHEE (Cryocool-60) T—-60CIZHHA L 7=Celite 545F T A
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OWEIn, BE15caDUFHRAF Y VR AT AEANAHT 5 OH 2 ER Ly
ZEDUFERATVVRAATAREHAZAIL DY VY ITHoTAY KHX60nlEE
AUTHRES LS, COAFA2200CEMBLTERRS EHES CAHA
HIALBNE, B -/ CHETALAYORER, HEYEORetention
tinel ODEBECHEMT X b, EBHEEIC LBV Y YIY KK (HOFFEFEIT 19
64) I X 2 EREE D H#ZE. l&“b@?ﬁﬂ)ﬁ?]?lx (IKEDAS 1964) I &kB7 NV a—
WEENOREBE Lk ok, SEAFANT AL REBOMIE AR : 3
(RHBI1/4) ODATYy 22D, SELIBEL - YRADERERE
LEMAEO-BeTaL v, EHRAORMBERHT 5 RALRH L,

Stirrer
L~ Septum for GLC

pl 1

— Water bath
40%0.05°C

Silicon
0|° rubber
stopper

~HSV

~Flask
1000 ml

pd
e w

e Miso 100 g
Miso suspensjan (NaCl 509)

Water300g

Fig. 5-1. Apparatus for preparation of headspace volatile (HSV).
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2-1-6 BFREODVWTOEHRRER

NREAVEEFZRYNEENZRCARY, FEPORT6Z, RERBECY
ERIEET.T2/ 1000lOBKBH & LS0CKRoTEDESR (IBIER) *35M
Blk, SABHBEIL Lo THBL, B0 71— LoRDE. 2 BHLEMOK
WHOBRXENB, ABCLIBURLFATETSH - =,

2-2 KBERLUVEE

2-2-1 SESCHOMEY K ICHIELES
MERBTEZOLHAMMEBEL T, BEER<BEMIRBI A2 Lo
o NRERIEBBERWMIOEMENHOLEEKOLE L £Fig. 5-2127 L ko
REEORRBEBTIHEYIHOR O —BRNER (FH#5 1976) & &
SHBULTEY, EERMEIERNREBBEEFTDARZILERLTL 3,

10°
(o]
P
=10
(4]
o
-
5103
2
1074,
0 30 60 90 120

TYime, days

Fig. 5-2. Changes of viable cells of microorganisms in miso during
the conventional maturation process with warming.

N: Yeast.

@: Halotolerant yeast.

O: Acrobic halotolerant bacteria.
[J: Anaerobic halotolerant bacteria.
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BB OMEN AT R LA EETable 5-1IcR Lk, BEKEET
RTOHBLBWCEEREEUTH), YEXRBOMERD > 5 M T A M
HUESEEOANRD SN, BOIREEE LRD >k, HERMEAWEE
SIS AR L 5% (1965c) MEMLAKMLA—EETH50T, ETELME

/& §E X Bacillus subtilis. Micrococcus variansk Of Pediococcus halophilus

rEZEND, MEBEBERIIOWTWE 7NV I — )V REM Zygosaccharonycesg B
EBrEFBIZZ L., Table 5—20)%%7&36‘20)ﬁd)igﬁﬁﬁhgosaccharo—

myces rouxiiTH . EWwdAHICRH X h=2Zygosaccharonyces acidifaci-
ens (ONISHI 1957) & synonymT & % Zygosaccharomyces bacilliOHFHEBHR O
5hk. BRB CandidaBBRE L PR VDEE L. Candida versatilis, (and-
ida etchellsiid®3~4: 1QLETHBEI N D, SFH LBAE (19752, 1975b) &
COMEBEROKBEIZBI2ELE. £EFRXGERF L. Z20BA (BRELSH
1977) Z2HE LT W3, KBEOEKKR S D12 L U T4-ethylguiacol B RHE T h
Tws (KEMLGHE 1976) 0T, S (BES 1967) OBHLAL O
BEA CandidsBERBIEHRBRERBIB VW CHEREREER THIC®IL-
TW2HDEHFEXHNh 3, REXPROVBRLTWE20D, £RAHAHES
KEETILHEZAOGNIZ2VDOIMHBROEEHSIIED - &,

Table 5-1. Microflora in the maturated miso.

Viable cells/g miso

Type of microorganism

(A)* (B)**

A Aergbic bacteria 0 4.5x10%

A’ Aerobic spore-forming bacteria 0 4,9x103

B  Aerobic halotolerant bacteria 0 3.0x10*
B' Aerobic halotolerant spore-forming bacteria 0 0

C Anaerobic bacteria 0 7.2x103
C' Anaerobic spore-forming bacteria 0 0

D Anaerobic halotolerant bacteria 0 8.5x10?
D' Anaerobic halotolerant spore-forming bacteria 0 0

G Yeasts 0 4.9x104

H Halotolerant yeasts 0 8.8x103

H-1 Zygosaccharomyces rouxii etc. 6.6x103

H-2 Candida versatilis etc. 1.8x103

H-3 Micellaneous yeasts 0.4x103

* Miso made by aseptic process. ** Miso made by conventional process.
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2-2-2 BREREOLWTOERRE

#EETable 5-3cmLE. BEKEIZERE I LZOBEEOEREL L.
HRALBAEIATVS, BEFA MNOMER. BERM LD &L ERMIFZ
NBZLERLTWAN, $EOBECRRERNEFCETOAR AL L
TWBHZLERLTWS, PEAOKETH 2. BEOELEH 3 L THK
HEWRTH 5.

T4 —NVREODVWTRHRRDODZLERRAES Lok, REKBEZHFTONRN
AVN—RBEEKBIZOVWT, ZOBEFHE WL, 300, V7 FTHB L L,
ZERBOBE L OVWTRABN TS S L RBA LE, ZERKEEFE A Y N—
HEEREIZOLT, KEE LR THEEI LAV, KEDHWHSB 3 L L,
EEEBEIZOWVWTHE. KBS LSTHEFLYL., RBEOBLKHD L LE, X
RERBEIZOVWTHEBEZIANWEL, BEXREFFEVWCILE, REREZHFT A Y
N—RUCEBHRBEEZFECA N —HBUEHSIAE, CO707 14— VOFEM
KOWTHRBERE LUE (FBLEEBEER 1979) o

Table 5-3. Sensory tests of the aroma of miso-soup.

Panel
(number of members)

Triangle test
Students(39) Teachers(6)

Discrimination Correct answer 39 6
P <0.001 : <0.001
Prefer(A)* 13 1
Preference P <0.01 >0.05
Prefer(B)** 26 5
P <0.001 <0.01

* MNiso made by aseptic process.
** Niso made by conventional process.
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2-2-3 —BESTE THEREEBRSERCREEBOLR

—R k2B #Table 5-4lcm L, CORMEEHAAAEREEKBEHBRT D L.
BERBECRELALENRVWDY, EEKRBECREFLIEMLLTED, FER
KEDOHEDLHELW. CORMREDPS., RENBEBRELIHSORBEEL A
Ernh, MEYIFEHULICVWIEFORBREIBLVTIREL UTRAKLELDOHE
DPREEBZREPHD, ZRAhERUTHESOENKNENIGRDO 505, BN
BECLEURC 2 LLHERELVEGS, EERBEBU I RBIEFHEEN3.0% &R
%, ¥k, BHRCOENBMEMUALOEMIPR DS, BEUANADZ—F NV
HEKDHEOERMFRI LN D,

Table 5-4. Components of miso.

Miso
. Component
Aseptic Conventional Unmaturated
aseptic
(%) (%) (%)

Water 49.02 50.78 49.62
Protein 11.56 12.14 11.40
Carbohydrate

saccharide 18.74 15.16 18.15

fiber 1.50 1.64 1.72
Fat 5.06 6.12 5.25
Ash 14.12 14.16 13.86
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THEEUNEDPERVRABOLBOFR 2 Table 5-5icm Lz, pH, BE2,
Z2RES. REALRBELALE RV, TERBEOBELI/MNZT WHE, ZOBR
BICHEET288) VB (BAS 1968) WEEZSIIL->TY VBT XTIV
EhB20N—EFHLeEFE2ZLIZ, TERECIESFORERBEED R, Hizgly-
cerol LABRLEDEBBENS < RoTED, BLRREZRT L, 7N
—VE, TAFVEPFELBoTVNEI RS, BERETHIRKILYWEZER
EULT, PV REPEBRBREEBEATDODIA TV ZLBRD 5N 5. gly-
ceroliZ B E lirasell Lo THEHMOEEPSER IO 0Mfic, ZHEKBET
EEOREREVEREIATED., WEUEEBEBICIZER (KB 1967) Oz
Ezr156h3,

Table 5-5. Non-volatile components and color of maturated miso.

Miso
Component
(A)* (B)**

pH 4.96 4.95
Acidity 1 (0.1N NaOH, ml) 16.58 14.40
Acidity 2 (0.1N NaOH, ml) 11.14 11.75
Nitrogen

total (TN, %) 2.02 2.12

soluble (SN, %) 1.32 1.34

formol (FN, %) 0.41 0.42

100xSN/TN 65.32 63.21

100xFN/TN - 20.30 19.81
Sugar as glucose

total (TS, %) 18.74 14.74

soluble (SS, %) 17.40 12.70

reducing (RS, %) 17.00 12.30

insoluble (%) : 1.34 1.40

100xSS/TS 92.85 86.30

100xRS/TS 90.72 83.45
Glycerol (%) 0.354 1.140
Non-volatile organic acid as lactic acid

total (TA, %) 0.424 0.558

lactic acid (LA, %) 0.014 0.088

100xLA/TA 3.30 15.717
Surface color

Y (%) 18.9 18.9

X 0.433 0.430

y 0.405 0.406

* Miso made by aseptic process. ** Miso made by conventional process.
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2-2-4 HREEBEAEOHH

R &2 Table 5-6lc R Lz, #HE LAIMBEEOKRBLZELVWELRD SN 5,

TRAAERGKELEERBELOZR, REHMEYIPESLRVWVKREBTCORK I
IOoTHEBRULEAEREBRSETCH S, T4bE, FLUTHEZFEROERE
LoTEBRUVELADEOFEYRNMCERIBLI>TERLERSETT SO
THB. O, RARKEREDESAFLEVERBEBSINTWEERERS
DB, BATLEYOAMILOBRBEIDBEK (A5 1977b) ShTb3d
DEeFEZONZ, BERBLAAAERKBLOZIRBEMEYIPESLER
BTOBRRCIVERLAERERSEERL., SEKRBEEERE L O 2,
ZO5bRUIRBHBEDHFEE LEES Z2EREBLABDOTH 2. ERSTED
ABHE, TERBE>EBERE>SHALAAEEREOIETH 3. ethanal Z <
ANVENVEIBRERE>SEERES>SHEAAERKBEORTH . REBHMEY
CEP2EHOTFHEZEAZMEITANOELEELIOSN DS, TEKRBLEE®RBEO
EORERBABRERBIL>TERLAEADBOTHD, PNVI—-NVE., ZATN
B, 7=/ - VEECFethanal B h BT %, Bz, TEKRMBEOethanoll fig
FBIZATIVEIEEBETHZ, EEHELALAAEEREOZORELRK T,
ﬁ»ﬁ;wﬁ\7w¥tkﬁ\71/—wﬁ\ﬁ%@@\ﬁ%ﬁﬁ£@ﬁao

FPIWTFTERERBRELLTFI JEBOStreckerFBICEDER L. ShiCIEHHER
OABIELBd0e, B, ERHFLEICREELTVWEDDDPRELDBER
ThTmbadbDeEZLN 3, 7;:/~}I/3§EOD")B4—amino—ahtipyrine§‘;€%
BHEOLEDE. 7=/ - VEKBEOARTRAETVINVELZRFPIIVEZRE
FRVEBETHILEVHZDT. LBEBEOILEWMHEMEDFolin- Ciocalteu
HECIIEEBELI DRI Z P ARV, BEERBOEREBIEIRO DB
IDERLEALDOLEREL VOB ZELOND, EEKEOERMERIE. &
BRI L % BES VW LHRBOshEX., PV —VE, X7V
7x) —NVEEFFethanal Bz kR, RBCIZEREIZ <ok, BEK
WeLBEBRBEOEREREREL, LAEHEOMAAREN O TERTET ¥ E
Z7DBEKTHD. BEOEDD RV LS, REREDCLI2EREESR
DERIED R V.
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2-2-5 AYKRAIZHRFOLE
ANy KHROHR2 0% b7 5 h%EFig. 5-3Ic. KR -V DREE. EXRHE.
E—VE®ZEREZ L O TTable 5-7, 5-8, 5-9IR Lo
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Fig. 5-3. Gas chromatograms of headspace volatile components of miso-suspensions.

Left: Column: PEG-1000, 3mm i.d. x 3m, Stainless steel.

Column temp.: 60°C-(2°C/min)-100°C.
Condensing column: Celite 545, 3mm i.d. x 15cm, —60°C.
Detector: flame ionization detector (FID).
Sample, (A) Aseptic miso, (B): Conventional amiso, (C): Unmaturated aseptic miso.
Peak no.: See Table 5-7, 5-8, 5-9.

Right: Column: Tenax GC, 3mm i.d. x 1m, Stainless steel.
Column temp.: 60°C-(4°C/min)-200°C.
Condensing column: Celite 545, 3mm i.d. x 15cm, —60°C.
Detector: flame ionization detector (FID).
Sample, (A): Aseptic miso, (B): Conventional miso, (C): Unmaturated aseptic miso.
Peak no.: See Table 5-7, 5-8, 5-9.

— 97 —



4 *¥-G "8TJ 998 ux
“umnyod proe ITI0q AJRITTIXN® UB pUB SUOT}O®AJ O98UTIAS £q ,, °£-G¢ "814 99§
(€81) _ (ung)
q1 T Teuelday 2°L1 ‘81
¥ 1°61 L1
71 Teuexay
91 ¢ M mocmumwanw YT 1-9PAYapTY 4024 ‘HY 1°21 97
Jouedolq-| HOd 0°0T1 ST
0°8 4!
11 4 Teuejuad J023 2°L e |
9 S Toueyly OYTT-T10Y4oo1Y HOd 0°9 141
: €°g 11
01 Teue}nqlAY}al-¢
0T Teueinq1AY}o|-7
¥ 8L Toueyloy 9Y11-9PAY3pTVY 4024 °HOY 0°¢ 0T
6 A Teuelng 4024 o 4 6
I G°¢ 8
8 Teuedold[AY}o|-Z
L 141 H ﬂucmaohmw 9 T1-9pAYapTV J02Y 6°2 L
4 4 aurl1o0 HY £°¢C 9
G 6 Teueyly mxwﬂnmu»amvﬁwawo< 4024 L1 G
¥ 1 ¥
6. 92 OUBXa} it | 0°1 ¢
F HY 9°0 4
+ HY G0 T
*ou jyead dnoig (o) *ou
«xJB3d  JO ®aly punoduo) ROOJR JO Jajoeley) ,,[BUOTIOUNY i} Jead

*osTw 211dase U0 J[TIBJ0A 93edS peay UT Spunodmwod BWOIY °L-§ A[qe]

— 98 —



-ﬁlm Mﬂh wwm XXX
"UUnTod pIoe 97J0q AJBRI[IXN® UR pUR SUOT)O®dI BJUTILAS Aq ,, °€-G "81J 99§ ,
(95191) (ung)
0Z ajreouexay T4Yylq :
¥1 TouBInqTAY}a|-¢ 9YI[-J19]s{
(A 41 [oue)nqrAYIaj-g 9YI[-TT0 [asny HOd 0°6T G¢
61 T Teuelday 4023 2Ll 144
01 8¢ Toueing-| 9YTIT-TT0 [asny HOY (AR ! €e
o ¥ 0°¥1 '44
81 3jela2e [4L3uados] IYIT-19)8Y L°21 12
A ! TouedoadyLylaum-g 9YIT-T10 Tasny HOY ¢ 21 0¢
e ﬁacaxmmw
02 8¢ auroapuf) 4023 ‘HY 0°¢1 61
61 ! 31BJI3TBAOST T4Yl7 9YIT-19]S8] 8701 81
8 A jouedolag-g HOY 0°0T L1
97 ¢ 9leiLlnq 14yly 9YT[-19]sy 40024 0°6 91
Gl ! 91e339® [4Inqos] IYIT-I3}sy 6°L G1
¥I (4 Teuejuad 4024 V'L ¥l
9 8¥esl Toueyly 9YIT-T0Y0dTY HOd 0°9 ¢l
: £°g ¢l
¢l Teueinq4ylaj-¢
¢T TeuBinqr4Ay}aj-g ,
¥ ¢l Toueyglol Y IT-ap4AYapTy 4023 ‘HOd 0°¢ 1T
4 9y 0T
01 M Hacuuzmw 40013
It GLY 31e}ade T4Ylj 9Y11-33v}a0%® [4Y}j 40023 0¥ 6
F G°¢ 8
8 91ewIOy T4AYylj
6 M Teuedoxd]£AY)ay-2 9y 1[-131s] ~
L 0¢ [euedolg Y IT-9PAY3PTY - 4024 0°¢ L
qT 4 auelo( HY 4 9
G gL Teueyly 3)T1-ap4Ayapie}ady 4001 9°7 G
4 €1 4
ot G2 JuBXaj H3 0°1 tH
F Hi 9°0 ¢
F it §°0 T
*ou yeaqd dnoisg (u) *ou
sxxJ83d Jo eauay punoduo) BUOJ® JO JI3}dvJIRY) «xJBUOTIOUNY 13 «Jead

*0STW [RUOT}UIAUCD UO I[I}R[OA 9d®vdS peay UT Spunodwod BWOJY °*g-§ I[qR]

— 99 —



"7-G "8Td 993G yux
"uEN{0d PIO® 2T1J0q AIBRTTIXNE UR PUE SUOT}OBA JBUTILS £J .4 "€-G "STJ 99§ 4

(L2) (ung)

Al 1 Teuelday 4024 GLT L1

01 TeUBXdY

¢l 1 H adueI3pUf 9Y11-3pAYapTy J00Y “‘HY Tl 91
! Jouedoaq-1 HOd 0701 61
* 6°8 14
+ 6°L ¢1

8 (4 Teuejuag 9§ T1-opAYapTY 4004 0°9 A

¢ 1 Teueyly HOY 0°9 1T

L TeURINQTAYISN-¢

L [eueinq1Aylsy-g

! A Toueylay Y IT-9pAYapIy 4024 “HOY ¢S 01

9 1 Teuelng 4024 (A 4 8
+ 9°¢ 8

S m TeuedoadjAy}o|-7 1

4 1 Teuedolq 9YTT-3pAYapTy 4004 0°¢ L
¥ auelaQ HY ¢°C 9

¢ 1 Teueyly 4004 L1 S
F _ ¢°1 ¥

9 91 ueXaf HY 01 ¢
+ HY 9°0 ¢
+ Ha G0 1

*ou yead dnoag (w) *ou

«xxJ€9d JO ®aly punoduo) BWNOJIR JO I9joeiey) ,,[rUOTIOURY b Jead

‘osrw 31}dase pajeIniemun UG 3TT}RJOA 33eds peay Ut Spuncdwod vWOJY "§-§ 3[qR]

— 100 —



E-7REREEERE>SBERE>HLAAERKRKBEOETH L., EABI
ZEREEThI2EBEHREDethanol DE -V EBEZBVWESATY., LTEH®KE >
EERE>SHAAAERBERBEOETH 2, COMRE, TERBEIEEKE X
DHYPERDVPHEHVWEVWIERREOKRE - T 2,

ANY RAZABRFRELULTIBRHERLEDIORD, REBVEESTCORBKIE
ThIA—NERNVR=ZN, BHEB=XATVREBELLIRBEEN S, 2hb
NYRHABUEZEEOHREI W ELAVOREBIRZ I CEHE (HABERS
BWO1971) X hTw 3, .

CheoftaPon>s, BENBRIC L DEMT 3648 kethanal & ¥ 2-ne-
thylpropanal. 2- (and/or 3-) methylbutanalZEQ 7PNV FE KTH VD, BE
RS o T, RBORGRELEFETET I ) B 5 StreckerA M £ 1
ERLEbDEFEZOIND, PVI—VE, 227 VEIEERNABRIC L. T
FEREMLTLRYL. REMEVNIFRE T SRR B W T, Aiidethanal e
ABEFNVTEFOMIE, FEEZ VIV, T XAFTVHBEEMLTNWS, 7V Ia—
NWEULTRERBKNZE Oethanol D fln iz, 7-—*!:"]Wﬁ’21§ﬁﬁ@‘51—butanol\
2-methylpropanol, 2- (and/or 3-) methylbutanolBZ ¥&EH 7N I— IV B EK
KBV BRTNVI-NVEE. REOFLLERECFETS7TIRIOER
DEAICEL>TEL UTEhrlichiZFiR (BEEBBHMASR 1972) 2B TERLE
HbDLEXLSIDY, EURHNEDEL T2, CHO/BT NI NVEREHE
DEXRZHAELTED, KEOBFRLEERHEZRAEALTVWS (RFES 1973) .
T XTIV L LTI, ethyl acetateB PR DOEFELELTE D, ZOfiethyl
formate, ethyl butyrate, ethyl hexanoate, isopentyl acetateilz ¥ ®
acetate}i. ethyl esterfDEREIPROS N B, ZhbzXFVEIK —RE
ERFBVOT, RKEOFERLBVIEELRBRHAZRELTVE2H0LEF RS
h3, Table S-6CELBHRBILBRBHBIAT VIO RDOBFELTNSC
LERUEN, Ay EARB L EAREOMBTROB LN TERD D ko
B, BEHEERILOPLCERMBIE LR, AHORRTERBTER D
ok UL, ChOLAYBRE%REOBEEIRS L UTBRERE (HFXEER
& 1977) TATVBOT, FERTREANY FTAXFTOREFENWZD,
BB hiazbroklF R
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HEDZ e, BEKRBEOANY RAZHFLEZEZNVI—NVE. =X FIVEFE
LAERL, KBV ERBEKRE ZXStreckerBizc X DERULEANVR =
BThh, FELEVWWEWESZLAR->TW3, LA LU, Table 5-3ic R LAEZ
e, BUEEEREZHEONINVAYN-—DBEBIREETIELETH 305,
BFERBEOERILLEYEIKRBOFTRER C»PRVOKREZREZLTEBD, Ch
ER—ZEUVUCHREBREDOER LETVI—IVE, ZZXATNVE., 7 -
BREODBERLEYIFMbo THRBOFRDPER T DD LHF X

BIH KEOERMEERILEY
3-1 RBRMBRUGE

3—-1-1 #f#xHkn

oM THE UL ASEEKR, BEEERCEEREOIEEO .
() FPRGREHFRA (EF) REOHHEE, TFKBERCLBHE (&%)
(FFBRERT) NEORMUARBEE L XABROMBEKE 2 HK L L.

HHEKBEXEZS <AL, RREFDRCEHOKVEKE TS 2, B
REORKEE. CASEAHCMBBE L CHBOMBERLEL, BEOB
RCHK L ShEMM T3, LAKBRZILAEEREL &0, 50T EK
WeL b KOHKEORRHNRBFTHE. HHEBELERVERAS B W
BEBEZEL, L2320 LEHKZ2E TS, BHKRBLAIFKREIVWT RS
ZORBRUCEBEPELALESLTVWAVWELHIK I WD KETH 3,

—%, BEGRERIAEKEOFAEFOKBIAEI N, HERORBOARE
REDNZORBIIEE L, REEIFB, FEAEZELEEADOS VKBTS
5. kb, BEOMERE (UT. SEEHKE) & Z1E~H4B0ER
HEHK LU TERZ rouxii SB4L A URMICFIE X W % Zygosaccharomyces ro-
uxii 896 (LA TF. Z. rouxii $S96) (#RA LS FH 1973, 1974) % ok 5 # &
1g%4 7= D 10°FHM U, 32°C~33°CT3yr A, 7. RABEOHMEH®KE (LT,
HETAKIE) XEEMEE L E U< 2 rouxii S962109/g2EMO > 2. HA

DEETCHNIEMEE ARSI EELDTH 3,
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3-1-2 KEOERESHLEWOSN
FE2HT, REBBEROANY RAXMIZAWVWT, KESKESTOSWK 21T
o, ERMEEHREENEREEN AP o7, Chid. ~v KAXERDR
WD EEZR, B1E - FAHTHILEZEEN X %ZH\ dheadspace vola-
tiles (HSV) iz 2o Lo L. BREIER S OBkMIEE %30% b F i ¥ 5
L. RIEOREDEDIVEL X BERERNOREB CEH N BDS N, 2
DD, HSVEONLEL LTHEBERORERL EF >k, TRDB. HR
bk M 2008 1c R M 1008 X EMAK 200015 M2, K EF F 4 F— 2HH LTS5 M.
B B UKEEBEEERE LA, 208, KEFOARERIOEED R
WESEE IR B2MTis. FIOWEATYREEA LT, REBERSLE
TAECHEREETor. Bio. 00lOBEMKEMACHERGREDE L
ik, REWEO0MIO—EBILE, SREAGRTOAERESHILEDO S
Fik. HRZ/OI LT S57 41— - BEANERVC, B3EOMEHEREE
WOBELHLE, TRbE, mlOMERGRER V. ISVE CHMEZ SR
DB SRR 4 % Tenax TAHBE L%, HEREMESHSYREREOBEGC-
BA (BRINZE :FPD) B WTHR YOS LT 57 41— (G0) BFFo e

3-1-38 HRruvwhrJ737+1— - BE5HH (GC-MS)

GC-MSIX., SE2E~FEL4EZ TidHitachi M-5201H R ua~v by 57 Llita-
chi M-60Y ZAZART POA-F—ZHBELEBDRLL>TITo2H, FETK
HAEFEHOIMS-SX102AZFEH LT, 1 A VLEET0eV, 1 4 VEFEREREL80CO
ZHTITok. BT LIXIEN Scientifick @ DB-WAX (0.32mm i.d. x 30m) % H
W, #F LAEEEC-(5min)-60°C-(5°C/min)-200°C., #E AEEE250°C. F v VU
Y—HX (He) FEEInl/ninT &H - =,

Tenax TARHES W EHBFOERERSTOCAOFAR, MHABEAEE
(HZA7BIR (K) ®) ZHV., MBFEE20CE L. FYy U V- HTARE
ZTenax TABRH LY VDEZX 2%, HeH X 250MEK LA,

2B, AHFOERMBRFORNERIR - FHTH o 2FEEYHDG-UST— &,
GC-MS% 48 iz ff J& U % Mass library (public/NIST) spectra, MSX X% kL O X
BAfE (M. C. ten NOEVER de BRAUWS 1979; The Mass Spectrometry Data
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Centre 1983) RUEHEYBE DGCORetention tineZz b & 247 - %=,

3-2 ZXRBERRVEE

3-2-1 KBOERMEEWRILLED

FEIETHREREMEAIVEHR LA VIR L BET7IVBESYE R
BRET7IVEBERLEEPORIEHREBHZFEFA LT WEEBRBIIXL > TAE
BEhrzh, BLIhEVT2ERMESRIEEHICOVWTIHEBRLE, ZORKE.
BREEERACESRERT CRESWAERESRILAY X, dinethyl
disulfide, dimethyl trisulfide, 3-(methylthio)propionaldehyde (fnethio—
nal)., ethyl 3-(methylthio)propanoate., 3-(methylthio)propyl acetate. 3-
(methylthio)-1-propanol (methionol)ECTH o7 ZhHELEYOKIEFRTO
FEMRE2Fig. 5-4K CFTable 5-102 R L 72,

REMBULEY LBRUVRBBEOREAY CHILLAPEBKRETE., MEOD
methional & ethyl 3-(methylthio)propancateD B R D b Nz, Z Dne-
thionalZ EHOMBELEIZ XD EK I, 2. ethyl 3-(methylthio)pro-
pancatelZ BMICHE T 26D FE2XLNZ, COHLRAEBEREZHEDH TH
EE?—S‘E‘?L‘ WHK SEERRE TIX, dimethyl disulfide, dimethyl trisulfi-
de\ methional% Fethyl 3-(methylthio)propancate® EE KR D sh =z, e-
thyl 3-(methylthio)propancateldftAAEBERBEOE S EAMK. BlcHkT 5
HODLHEEI NS D, dinethyl disulfide, dimethyl trisulfide, methional,
BES3ETERLAZ L, BEEKBOBBEL Iz Strecker MR L I & D
LZHICKRBEFOAF AV roEFEIhE2bDLEEZL NS, ZLUT. 24
SMEEHIE. BERBILAWEEREEFZORBICES LT 3% &k
THORVWMEHED 2D, EIEOHEUREBERERBR COBEOILLAAR
BLERDshBhoke CHOLEMRIFREZETSZOT,. DLTHED
SNBZILBBEELLEEZLNG, S5, KMEERO M Tnethionalss &
BEhb (BRBELEERE 1994) . £EBHOM# C¢dinethyl sulfide, dime-
thyl disulfide, methionalZ EWHEMT B 2 & » 5 (NUNOMURAZ SASAKI 199
2) . RECEHZERALUCOMBAREOR., ChoEREERILEYPECHE
MIBHEHAINZDOT, KEBEPEHFTOEEEDDRVW LB EF N S,
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Unmaturated aseptic miso Sweet white miso

- D
C C
M_I'U‘_‘: - L—-"\L-h - L ey - wwkm_.
Aseptic miso Edo miso
C A C
A
B D \u\......w.
Conventional miso Echigo miso (warmed-brewing)
CD F C DE F
E
A A 8
0 10 20 30 o ! ' .
Rt. (min) Echigo miso (natural fermentation)
cCD F
A E
| L‘-.
N S | -
0 10 20 30 40
Rt. (min)

Fig. 5-4. Gas chromatograms of volatile sulfur-containing compounds in various miso.

Column: Shimadzu fused silica capillary column (CBP20-M25-025), CBP20 corresponding
to polyethylene glycol 20M, 0.2mm i.d. x 25m.
Column temp.: 60°C-5min-60°C-(5°C/min)-200°C~-Tmin-200°C.
Detector: Flame photometric detector (FPD), 250°C.
S compounds: A, dimethyl disulfide; B, dimethyl trisulfide; C, methional;
D, ethyl 3-(methylthio)propanoate; E, 3-(methylthio)propyl acetate:
F, methionol. :
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HEHRBECIFKBEE, BEERBLAKZVTLOZORRICHEDN O KR
MEVRBELALHEE LRWHBIh KB THZD., 200 HEMETIE,
M EDnethional KR H Eh % H DDdinethyl disulfide, dimethyl trisul-
TideDERBRED >R o=, EE‘EEUE&:Z“E%%%%?‘%:YLECD?E%‘&@
MEEHBDLRVWZI LR, BOKVWILLHE- T, OKMICH NI &R
KBEhATWBLeEZOhD, COHHREEACLEEOAAAEEKRBEOKRE»
5, ¥ Enethional, dimethyl disulfide, dimethyl trisulfided %4 g% iz !
BEAEBHELRAWBDEEFEZSN 3, |
—F. IFGETR. ChSMEYORNARKM RO S ok, HEE

BEIFKRBOREERZER L TCAZ L, Zh2hOVkE, $36.8, 9.2T, @LF
HKECRAEAIEAKEFRIEL, FBE~EBEEELTWVWE, COLF
REOXRHAR. FHASORECRR CEBNEVWEEFA VLRI LT
SLTEDT, FRAAMOLENRELAE <. Zho—HTERMAS O
EFZVOTHRVWIPLERIE, 2B, LR AERERVEERECREI L E
ethyl 3-(methylthio)propancateld, HHKME CIFHKE CRRHE S h iy
2k CAEBHEOEWKL L2 TRARAVWIP EHEEL &,

IFHRBEIZRVTRERBOE Y (Y513.1) BEXAKEF Onethional I,
IFKELEERAUT, LrbHMBEEEKEOLAEETCH 2. ChIFEEX

REHIHERERKE CEN, REHEE»IyARVEL, COBE7I/ - &
Jl/d’—-JI/BZV‘LJ:‘Oﬁﬁéﬁ* Kb, HD. XA F A= DStreckerF iz &
Dmethlonalbiiébl]bt%@}:%fcf:o

BIET, WEUEBBIII-TERI W2 EREEHILAT L LT, ethyl
3-(methylthio)propanoate, 3-(methylthio)propyl acetate., methionolZ @ &
Zo ZHOMEEMIE, TEH®RE, SEEEREACHEERAKETOHERELES
mitEMe LTHRD 5N, iz, nethionollk kg (BE S 1992) L EH
(%5 1983) OEERBRRALULTHET A TWERLLEYNTHD. HEK
i, HEEERBERCHEERAKBIVTLOZORBCBECHEEES O
e EEABESENESE LTV, 2020, HENRABRESFOMERO
NOEMEEYODEBR N TI2RFTOLHBETCHIN. E3EORHREPS. TEKE,
HEEMEERCHEERAKEFOC N SMEEWOERLE, PR LBME
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HNESOHENFHZ2POLEELE, 2B, IF®REFTLDLEDI-(nethyl-
thio)propyl acetatePmethionol DEHHBRD S 2D T, MBFRH S REH
EYVORESERH20TCERVDPLEHEELAEZ, £ U T, dinethyl trisulfide&
ethyl 3-(methylthio)propancateZHKBEH T UD TRAIEL 2.

BAH HKEOERER
4-1 EBRHBRUCHE

4-1-1 #HHAKH

BIHTHRESRILAVOSWIIHAHK LEAKBEDO > b, BEEBEKE 2K
BelE, 28, HEEBREELAOR., MEXBEROZ. rouxii S96% K IE
FEMElgS 2D 10FMUL, 32C~33CT3y BRIBBEEIEREHIDTH 5,

4-1-2 HEREHEBOSH

BEIHONECTHEEER 2z ANE, HEREE 2T VERERBANOLZDO
HEBHEE UE, T2bb, HHKEMW200g228E100g FHA200nlZ 02, &
ETVFAV-2FHALCOHE,. BB EELUREEEBREHAYELUE, COKRE
MWW 2 10N HoS0.ColH 2ICFHERE, RBFOERERSOBRP RV LD E
1% - F2HiFig. I-FIOFEREEEZA VT, KEBBERIEET2E °H
EREZTL, B, 10mloFMAZME CHEREZRDEBELE. ZORIE
THEROVEL, 40060 BEEBEERE» SNIIOREHEHAE U 2,
HEMBOSEE»-7FNVZZITNVILEELEOFEREL T, EEHE
B7FNZZATFNVOANFY VEHEIMIZFHL &,
EEMEBTFNZZATFNVOHRAIOAI NS 74— (O)RELEDOHE ICH
UTH v, GCREEFig. 5-5m Lk, £, AU b rs74— - EE
SFH(GC-NS)BZXBEIMOFERLE UL TCIToRe REL. HEUEBTF VATV
OHZXZUI M ST7ADEANE. GCBLTG-NSdv4 70y VryIEHL
TEEFToZ. . GC-MSAMADH S L EHEWLETT PACKARDA: M HP-5 (0.32
mm i.d. x 30m) Z2HEHLE,
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4-2 XKRERBRRUESEZE

4-2-1 HKEFOEREMEBORE

HEEHG R ERATRPOARMR Y. KEEE el e @B LTES
NEHbOROT, FRHLHEANORELRCLELONS, COHERBRE
ETNVAVEEETRD, BFRELUCEH UEL 25, HE100gH44.002T
Hor. B2HOLERBOHARERBELEET L. WIS%SHh ok,
HEEUBRTFNVIAFTVOHRAI O MY 5 L EFig. 5-50R L. S¥—2
OHERGEY -7 AROLEETable 5-1110 & L %o |

10050
g
g
a8
g 50
b 2
g 3
5 45
g ol — ,”kf —
0 § 10 15 20 25 35 3

Retention time (min)

Fig. 5-5. Gas chromatogram of n-butyl esters of volatile organic acids
in Echigo warmed-brewing miso.

Instrument: Shimadzu GC-4A PTF.
Column: 3% Silicone DC-550, 3mm i.d.X2m, Glass.
Colunn temp.: 60°C-(4°C/min)-200°C. Carrier gas: N2, 50ml/min.
Injection temp.: 250°C. Detector: FID, 250°C.
Compounds: 1: nbutyl acetate. D: dibutyl ether.
2: p-butyl propionate. 3: mbutyl isobutyrate.
4: p-butyl n-butyrate. 5: mbutyl 2-methylbutanoate,
n-butyl isovalerate. 6: n-butyl benzoate.
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Table 5-11. Volatile organic acids in Kchigo warmed-brewing miso.

Peak no.? Compound(n-butyl ester) GC-MS®  Peak area %<
1 Acetate e 81.36
2 Propionate + 0.95
3 Isobutyrate + 0.87
4 n-Butyrate + 0.78
5 2-Methylbutanoate + J 2.60
5 Isovalerate +
6 Benzoate + +
unknown 13.44

2 on 3% Silicone DC-550. See Fig. 5-5. ©® Identification carried out by comparing
the mass library (public/NIST) spectra on JEOL LTD. JMS-SX102A and the reference
spectra (M. C. ten NOEVER de BRAUW et al 1979; The Mass Spectrometry Data Centre 1983).
¢ Positive identification. ¢ Relative area % to total area except solvent and
dibutyl ether on 3% Silicone DC-550.

HEEBEMOEREB L LT, acetic, propionic, isobutyric, n-buty-
ric. 2-methylbutanoic, isovaleric, benzoic acidZE MR E X h. B I,
acetic acidBEBB L. VL% Z 5Dk, CHhOHERHRE. F4ETH
HMEBEBIII->TEREh3 228D, - KEOARR (ARHLAR
1981; HABMAEHRE 1977; HErHkEk 1964; SEH L@ 1359,
1959b; ®ES 1961) . HBIVWEHKEOFIMAS (FH 19825 HF&o
1971; H¥edewm 1973; RFLEH 1977) ULTHREHRSIOLTLD
tE&WTH 2, . £F 5 Xacetic acidicBI LT, Z. rouxii S84k (. ve-
rsatilis -5OF AT hQERFEMRE2HL L, RE®RBL EBLELE IS,
Z. rouxii SBAYRPNGK MY TIX45%. C. versatilis D-SERANBRIE TIX80% ¥
ZLERALTWVWS (FHEHEE 1989)

mAECE, HEMEBROC. versatilis D-5. (. etchellsii F-8D W E#
» & 2-oxo-3-methylbutanoic, 2—0xo-3-methylpentanoic\/ 2-0x0-4-methyl-
pentanoic acidd A % VE & 2-hydroxy-3-methylbutanoic, 2-hydroxy-3-
methylpentanoic., 2-hydroxy-4-methylpentanoic acidD b Fua ¥ YBOERZ
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W22 ELFRERBLE. ChoFBEAFVEBLEEROFYED S B,

2-oxo-4-methylpentancic acid@EXRED 7 L —-N—4H (BELREH 1976)
ELTHESIOATVWSY, AEZFHLIT2HEFLIE. COaPEEZDL
ThOAFVEDBEFOXFVBIZOFEIREIhTLRVL. 2LT. &
DEBRTS, FWAX VBRI LFOXYBROFERBRRTCER P ok, F 5,

LAETIX, (. versatilis D-5, (. etchellsii F-80 Candidal@ D& 2B & T
Z. rouxii S84ick 5T, ZALAMAXVELL KU YROEREI NS =
LEROEN, BRI 3 lendidaBDERENBBREE P72, TULT. EHL
TR BB, HAAOE. Z rouxii SRBEMEh B OOEEED

Candida BB TZHEMET LTV EARV, 2D kﬁf—lﬂ?ﬁﬁﬁ“%‘lﬁ“@ ERoXx
VEBPRBREI L ZVWOTERZEVWREEZE, DFD, KEARHBEPCIERE
BHO< LandidaB TREHBCOFHES D 2L, ABEAFVEBPEROXVE
PEEIhEZS WD, EREIhEZLLTIEBEHMELEZIONS, SHERA
(1975a) &, EEHWKBL BT 3 landidaBOEELEBELRHBEERETL. Z0E
EHE, 10°/gATFTTco@BEIIAHA L. Lrb, HEKRBEO4I0%IE102/gLLF T
Holet®WE Lk, £, Zygosaccharomyces rouxiit O L& T. Zygosacch-
aromyces rouxii&bﬁgﬂ@ﬁ@#ﬁﬁﬁﬁfﬁb{z CHHELE. REEE
BWTE, —RizlandidaBDGFMEfTFbhiznweXh 3, 2¥RSIE. Can—_

didaBDBRMOMB%E B3 =0ICiX. Candida versatilis#R A LEES. %

DEHBME Z Zygosaccharonyces rouxiik D H10EU LS HEMTA2DENH D,
7. (andida versatilisBHEmME N2 kIE X, HROKREIZ RV, Candida
versatiliSREDOBE®RZRH > EFHBELERZ2ZODTHD (BELSH 1977)
ZOZ ik, M. Candida versatilis# BB IZHEMT 22 LT, EEHOD
CandidaB@ PR ZF VEPEFOIYBZER LR TLEWLWSHRES, X k&,
CHhSEEYOZFNIRFNPFEBEOERRERR AL LTHEENTL S
(A& 196la, 1961b) C &R %2 5% R, KEOBEKESRKILIELZ LN
TELZDCHREVIEEZ LD B,
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BEOAFRRECEET3, WHOLBEKM R CHBEOMIC. MHE%
BEOHEEARES S T2 L ERERCMALE LAEMEEES L
ERAAERKEEABNL, 55, EXERSE. BELARHEEBEOA v K
AAROELRCLEN R 2B LE, Bit, TERBIEET 3MEN. B
HEEBEHIOVWIRRI LI, BERERCN T2 HERR. F4&
DHRIEZERE. REMEDREDOBRE Z2H/ET L 2,

LERBEROAIHEYBIRARPCER LREL., HEHBESROEE
R Z. rouwxiithH v, BRE Candida/B ¥R U TL. versatilis. L. etche-
Lsiis h R DEEL =,

EEOEHRECIBEGB Y ERERIEZL BN, SEXREOHFH
KOVFEhEY, BEKEEFCEFLERCAEE LE, BERERDSBR AR
AHLEERE>BERE>AAAEEKREOE TS >, BERBLERARE
?ﬁ"ﬁk"ﬁtd)%bf%l:ﬁtéb\@iiethanal\ 2-methylpropanal. 2- (and/ or 3-)
methylbutanalRE D 7NV T FETHH, TERBLEHEKBLOEDAE L
DEZNVI—-—NVE, TATNVE-—RBCEBBXFNV, 7=/ — )V, etha-
naltHokoe "V KHZBH L Lo THA—-OHEMZRD., BHEEEROD
REI->CTERLELELZOhIBAOBERLEYFEERB PR D DR
BEAEEIRTWE, LL, HEREHILAY LEREBLEBELTE, COE
BTERHEIARDP -2, Chik. BESLAKEBEROOANY KA XHT
FCASEAMIEBERNIIBEVADLERXE, MEOChs, BEHKRRKE
INERUEBEMLAWIC. BEEHROL UEARBMEYOHATERLES
SEEWAEMD-o THEOBERNERTBODOLER L.
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5-2 HBOHERERMEEWMLEY

HAREHKE, EERERCEERBEEHEALT, CAGKETOERR
ERLEEPEODVTIRHELE. HABERKRBECROShZEREZRILED
{dmethional® Fethyl 3-(methylthio)propanocateT H . EE KM K FZEK
BTl chosibad®icmz, dimethyl disulfide, dimethyl trisulfide® &
Ih., Bz, BE%®cX3-(nethylthio)propyl acetate& *methionol® [ &
Thiz. hbobEd® D> 5. nethional, dimethyl disulfide, dimethyl
trisulfideid., StreckerfZfE % E@k?ﬂ‘]ﬁﬁﬁllibiﬁiéﬁ\ ethyl 3-(me-
thylthio)propanoatelX# B . 3-(methylthio)propyl acetate® Fmethio-
nolEBEOHASTEEINBLEEELE, £/, dinethyl disulfide, dime-
thyl trisulfide ¥ methionalD3{LE&EW X, BEKB CHEREERE IO 2L
ERiZHD., chosbkEPUOHIECRNTIKEEREORHSPRRE i,

BEGE L AR, SENAORERENAELAYRRCES L HE
Eh2BHHRBOAFRKE, Eio, WEEEBZAMUCEHEI L HRER
RERCEEXAREFOEREIHLADC OV THHRA L, dinethyl di-
sulfide, dimethyl trisulfide K *methionallXfbZ M iz K X h. ethyl 3-
(methylthio)propanoate, 3-(methylthio)propyl acetateX FmethionolE fif &
MBEBOBSTERINZZILEFE L

B, KEOERMEEHWAEEY & LT, dimethyl trisulfide & ethyl 3-
(methylthio)propancate ZEX ULO TRZE L &,

5-3 HKREOHREMEER

BREEENOBERREZ7 V7 ) RERTRD, HREL LTHELE
2B, KRIE100gH44.0mgTH o2, EHREBEL L T, aéetic\ propionic,
isobutyrie., a-butyric, 2-methylbutanoic. isovaleric, benzoic acidE » [
FEh, BRICWX, acetic acildBEBRAIKIESE L, N81LU%ZE 50 k. ChOEE
HEE, BASECTHESBBCIVERE WD LZRABLE. B2, H4E
CTHMEEES. Bio. CandidaBit ko> T, RRES. 6OFEBEAFVYEDPE R
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OFYBPERINZCLEZHELEY, SEEBKREFTEIREEIARZD -

2o ZHhik., HEKEFIO CandidaBOEEBPEHEND R, TEL XV E

PrLroxFYyBEAERIACS VDR, EHShEL LTOEHBELET X L
ZLUTC, 2hopKAFVEREPERIFIVRE, BROEIRFE LTER

EZ5h30DT. Zygosaccharomyces rouxiik [, Candidalg @k &8 & ~
DEBRRFIAZRELE.
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HoxE BERUCES

AmXE. KEOEKAST. Blo, ERUEHILAD L HERHEEBO &5
CHT2MEERBOBMECE T 2WAOEREELELDELOTHY, HL
CEAROSELERE - FHEPOLBRIDL TV, )

BLBVWT, APRREEDILE-ERBLEN DV THRE, KE%E
MAULEZHEASRORERKHBE LTRELEGLH %, EHRERSPEROR
KELEDIhZN, KBEZOHITEELTLWA L, ZOEED—DE LT
EXROBVWHFHD, KEDOEFEIR TRV ZOERA DXL EBETHZ LI
BELEENBBLER, BARWUEBEL TSR, TORE. REAEY.
REMEREBORSPREOBERNED A VWEIBELFATRTHIZLHE
2ke UL, ZOMBUREBOBFTANESEO A DX 2B WE FEMICIFEH
IOTVRV, 22T, EFREREReBETI2ERERTOAIWEE®L
TEH5LLBIE. KEOREHEAZ2BDLELER UEAARBHEFR LT, K
HOMBALEDLHEEEBCIVERI M AEVELEhED TAHERERI
DWTHHLE, Thbb, é‘ﬁﬁf‘u‘iﬂtﬁLiéﬁ%‘ﬁﬁﬂmfﬁﬁilﬁ?%ﬁﬁ
HESORICODVWTIRFT LA, EEMEESLELTR. Fl. ARELZOHE
ﬁﬁ&:%Lb\%%é&E?‘iﬁ%‘ﬁ%ﬁi'fbé%t?ﬁ%ﬁﬁ%@%N%c‘: L. E
. MENESCPARESOREMEY 2HEI YR VT, HEHOATHREL
Ze WhO 2 BEHEEREZ2EILOL LT, BAOKEFOELRES 20N
B2IERELT. KEOERH T LW EHMBBLOBELZOD VW TREBE L., BT
OEMRER/E,

BLETE, HWEEBEBORBELERMERI AN E2ZBLLE. KEOE
BEFEREODTZNVI-VREHRBLERD, XEPXOEIPECIPEDVOEIE
PEAINEZZLEFEYD 5, WEEBHBRII~20%0EEEETTCEZD
EENVPRVEL, B, HEMKEBEBOEXRMCIZOEBTORVWIROSN D
D, BEHEORIABVLETCH =, F2C. AHEHZEALT. hE*
OXEBIDDEIhEMEMHER O Zygosaccharonyces rouxii 584 (Z. ro-
uxii S84) % Candida versatillis D-5 (C. versatilis D-5)DIEERBICLES
EHLAREREOI NI - ARCEROHRE O WIHAL, BE, BRO
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ERFE L ERERAROE L oW TR L. BEREENMORE % -
2o BB, Zygosaccharomyces rouxii li%@%é&bﬁ@é%%ﬁ&:bk@%"ﬁ L., &
9@?55@&’650\ REEOKBOERERZEFATREEIL TS, —H.
Candida versatilis G REHIBABROBEH A h,. BRABEBERLREL, 72
—VEEOMIZ, KELPEMHORBRBMED - DO TH B4-ethylguaiacolZE 2 E K T
%, ,

MFPNVa—, 7Z—EBIVHEH., B7IVFTb R, ethanal R CERHEBBR R L O
ERMUEBRSEOEBRAZESEMMI I N I-ZAREROEHEERIZ IZE XS
brmto?&b%‘ﬁw:—i%§§®%§$ﬁ%%k§bt%ﬁﬁ:me
HEMRABOROBVHERAILS 2. COREDP S, HEMBSORENMN
. REECHBI/NVI—APEEHEELOKEThAHEE., 2RI VI—2
HEOMUPEEFELAHEEZ TR Y, FAERECN L -BIECHRET S
LDBELDBZLULELELE, 28, MEGEBERBOEEYHEZREAEIFETTHE
Lo EhAPHELESE, MEEBBOEKR Lo TZOREBHBHIER
2 TORBHEFTOERERSEECEBRABOBD 2L T 22D, BB
BTHIIIZAT77R2LBROMIZ. ES40cnDFERBATCEAZRHAE 24
BEtr., CONRMEBBEREHERATS L LD, BREEAESH DA
2T, BEBBOBLPRELALRDhh ok,

—F. EREBRSOAWCEIFIRZ0S b TS5 74— (G0) AR 20wk
T274— -BEHSH (G-MS) REBFMAEI L2, Z0O7EDIIEEN O L HE,
RUEREBRTBHEDORAEIVETH -, BEMRSERPOFTREL L
T A ARV -—REHCLIIRBFECHERIEEREL DD, 2hb
DEBREBECODVWTRH LE, EFZ. ERERFTOEEN S I2Tenax TAFEE
BEBAHT S22, ANBHEE. AHESEELRE R Flenax TABEROZERO
EEFRGIPSZCHRIERMEBRIHEEREREZ2MAITCE, LT, EFNVE
HEREWTENIZBEEEEODS \Wheadspace volatiles (HSV)IHEREE R 72,
MIEEERO ERZ2EAP 7NV I—NVRELZOT, KB & LT, ethyl aceta-
te,. BEEOZNVI— IV ERT2,3-xylenol 522 KEBEHRZH WE, Z LT,
ethanolZBR <L EWOE -V EABOEHREF1L.I~ % O&EHAIZH 2 ER
MEPHEREEELLE, -, COHERERIBEEBEOREBE LT, &
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AR EBBECTenax MEPOEEZXBARBLALL, D LEOLREE
THILI LD, APCBEY 2RBABRBROKRKERIHIETE, B,
Tenax TAND KDOHEE I P RLG-NSHH EX@M e drokE. ZORR. GCK
GGC-MSATRE I, REETHDRTWEE 23D, Tenax TARHE S KR
ED-2DDEBRAABK T L EANER TE /=, .

KEIEEEOY Y NV ERSET ARG REERLETEEYD, HERES
BENERL, BHTBIES Y AIE, Thbs, SRATEFRBIE .
LPd, PRVOBERESURELELRZ, S22 TR, HKEOFHEALD
EHLEERSEBOBVEREE (V7 V- 28 EREH16) £HEM LT,
ARBEEOMBRECHELBRERTCZONERED L LTORERERL X >
EREIhZ2BREERBRSEODVWTIRI LE. ChOBBERRETSHEZ Vo
—ZDHEEOHUNIEERELT ST, JCTHEREILE., BEEEE
HHMERCEEBRTOERMERSOREE. ERMK S % headspace volatiles
(ESV)HEZEZH W TTenax TALREI ¥ 28, GCRTGC-USHF T T - =,

OV I-ARCERENESEELLPPDLT, FEESDS. ce-
revisiaeld B EM M ISR T I N O — 2 & EIEL00% BH Lk, —F. ik
BOBRERHMISHE ILBI 27 V- XA HEBREPRVEL (1.7~ T7.7%) .
¥z, C. versatilis D-50OBREHRMBHTCOI NI - IAEEREITIEEDL.T%
THolke TH ) —NWEUFHAZOUR M SLOYY—JBEHBEBEEII VI — X
DHEBIZXME U, S. cerevisiaeD =% / — )V RUTFE—-—VHBEBEIEIICEK
THolzo |

EXPOSHFIMORE, BREEESE TR, ETEVHB T LRV
BOLN, NEANAVA—2BEFIULRAVBERLE2 L, BEREEHRTE.
BEOEBEEEBCROOhERE LR WVELWRP AP RBEIN, BIo. B
FTHVI-NVE, RERESR. EERBEERINHELAD D Nk,

AL D, BERERDPLII~IEFEOL— 72BN, EREBOD 5,
EEI%OBEEEBEERTH o Lo — Y EBE P ok, TR, MO ME
BRELZDBODICOBBFTCORBIE LT, FIJ - ANVRZIRIERE
DEABADOIENRBELVERSNEBDLEE LR, ChOoE—V D> 5,
AEsh-HERLEYEBETSHD. TOAREOEOZLELTH o k.
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FhWa—=)VEGE), = A7 VEOE), 7Vv7Fe FEGE)., 7 b EE).
FHEBEB(TE). 72 VE(E), ES Y VEE) s2XERXRLELeW(1E).
EREEY (58 ),

RIEINZHEEREEEDOI B, ENICI-2LHE P oD H, ethanol,
3-methyl-1-butanol. 2-methyl-1-butanol., 2-phenylethanol&E Z X & 327
VI—WVETHD, b7 NVI—VEBWThOBEEEBRPTCZOERY
BHYs5hkz, PIVFTE FEE LT, ethanal, 2-methylpropanal, 2-methyl-
butanal. 3-methylbutanal, phenylacetaldehyde EAX BREBEEREME ER
BERPTTHES N, ZhdbRER, BHERFOII VI - T7IVBEL
X273 c ANVKZNVRIBIZHEDS StreckerF R ERL I TERSIhEZDHOD
EEELE. SHRILAY. EHRBECEALTE. 2h2h, £3&F, F4ET
AR L

FIETHE, KBEFTEHMEOFETEKDH BN, —REEBEHEMEL, B
Bb2BRZ2ATZILPS. REORBELEERRIZRETEFZILNT
WEIERMESRIEGW LW ERBRBOBEODIZ DLW THRBLE. ABEE2E
TEALELDZAV.,. EREDE2FLHELE, ZE L. E3EDGHHT
. ERILEVEAOREBEIV—LFMNAMNIIF 250 % (FPD) ZR L
7z

BUEZERMRCERERBROMECLBLUCRAESI L AEREERILSE
&, dimethyl disulfide., dimethyl trisulfide. 3-(methylthio)propion-
aldehyde (methional)T&H -7, Bz, BREBH TR IASLLED IR,
3-(methylthio)propyl acetate. 3-(methylthio)-1-propanol (methionol)®d &
BBRED SN, dinethyl disulfide, dimethyl trisulfide, methional® &
FER, #ABEBHCEEOZRHZ2100D. 2TCOEEEERFTHD L A,
ChofbtEWORDRE, HABEBDD 5. Z. rouxii S84TREPo k. BT,
BEESAREBRTCT, JIVI-ZAOHEHEBEEXRPEL, £EFFPRVEVICH D
D69, Z. rouxii S84 hSDIEAWEIS.2~II 4% BERE & 2,

COLORIBE7ZIHREGYZERF L LA EEFC, ERESHL
BEVOEHLBLA AN TIMERBEBOBVWVESIRDLAEDT, ZhbHiE
EESRLEEVORBREOVWTIRALE, COHE. ERXRELIBETIVEBE
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EUDPE, EMTI/BOAFAVRYAFVERLDET ZEEOE—7
IVBECEZ, B#EHEHE UTCKZ, rouxii S84ZFHVWE, FORBE., XA FA4 =
ZERFRLEGA. SE7IVBESYOBAS LR, Z. rouxii S84I2 k5
ERUESIBLEDVOERLBOLPEINTI2BVHEErRZODONE, B, FidiD
HERUESHAEEW ML, Z. rouxii 5841z & Bethyl 3-(methylthio)propa-
noateDHEZREH RO S N2, BB, nethionollZE LT, AF A= VL
AO7I)EBEMDPSHZ. rovxii SBAZXDVEKREIHBZ ENRDHS LD
ENCEAF A=V 2ERELE LERBETCEANLEZS P o 2o
BLETE, WEEBBOERITIEEEABRB IOV TR LA,
KREORFEAREBWT, WESNEBERUIKBEEERT L LCOBEYEDE
BhEhBESLEWEIR TV, LAL. B1E-F2HIEBVTERE
MEFEAUCHEEEBERROBREERNCHANEZLZ A, EEHEH 2
CHEBL, BOhEHEREROBR R EEEBEROER2ER LAS, pH 7
KHABULRSNEHAPLBLRID TNV AYRMBDO NE, 26D L
Po, HEEETREROBESRCE T ARENBEOEEREE 2k, B8, #
EMARBOSNE. BERE L 2THERF 2TV, BOMERERISHE
BREVERXRUEEHEBRESZHEB L, EXEFHERO»-7F VAT VIELE
HORDWT, GCRTGC-NSIZ L DF oo T, EEEKE LT, Candida
etchellsii F-8 (. etchellsii F-8) Z2BMU 2. ZDEBRIXC. versati-
lis D-5: RO BBMRIEREER TS 5,

HEBFRBCHBLTERDPRD SN ZHEREFHE &, acetic, propionie,

isobutyric, m-butyric. 2-methylbutancic, 3-methylbutanocic(isovaleric)

acidCH -7 EIZ(. versatilis D-5, (. etchellsii F-8DMBED & & 2-
oxo-3-methylbutanoice., 2-oxo-3-methylpentanoie, 2-oxo-4-methylpentancie.
2-hydroxy-3-methylbutanoic, 2-hydroxy-4-methylpentanoic acid® £ K % &
7, 7. 2-hydroxy-3-methylpentancic acidDERHHEE L. FE .
C. versatilis D-5iZ & » benzoic acid& phenylacetic acid, FEHERIZ LD

n-hexanoic, p-octanoic, p-decanocic acidDEH LB H S h 7=,
EREEUEBEIRBREHROBRERYEBEIODVWTZINAVHEEILLDIEER
100l O BERR L ULTRODED, 2hIXL. versatilis D-54327.0mg. (. et-
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chellsii F-8h511.Tng. Z. rouxii S841%2.5mg, EHEEERM1.6n8TH o~
ZMDCL. versatilis D-5OEBEREERBEX. Z. rouxii SMURUVEEER
OHII~1MEEICHY T 5, £, C. versatilis D-5DE R M H HEE = T FEER
EUTREHEPCHEBESAEI VI - ZA0K2% IS LE, EXEEHBO
KB4 HHacetic acidTHI26~T6% 2 HE &, DVWTERNEZSZ PO, iso-
butyric, 2-methylbutanoic, isovaleric acidR ¥ TH ok, LUELEDODHEREDP S,
HKREOBEXE S L VTHESNTVWIRRAB2~OEHRC K LEHEELESE
BB > benzoic. phenylacetic acidDAR KN T I2MEMRBEHOBEZ2HS
PRZULE, -, KBRS, 607KEAFVEOPL RO X VB, benzoic, phe-
nylacetic acid, REH6, 8, WNWOEHOERMERBRLEOERLEZN L T,
HHABBHOZR 2R OE, B, RET7IVEBE2E-ZRFELILBHZA
W, AEShEHEEERBOREIL SV THEE Lk,

BES5FETER, BAOKRBEAVT, KBEEIRKSOSMefr>eedic, #
RESHEANOAREERBROER LN T AHARESORD D KoL TR
BUZ.

HEOADPRRKCESGFTS, WHOLIERKRBEZzEE LE, BEio, HBEOM
. WEMBEOWESNABESORARCHS T2 EERBEEMALE LU EE
MHZEELEETORRAAERREEZHBE LE, ZULT. CHho3BEOKE
FOER. HEREBRSERVBESIL-AKBEBEEROANY RAIFOERILE
Mz BLE, B, EERBULAFETI2HEY. BN EEBESRHEZD
WTRRL, BEREBECN T 2MEHER, FEYNLELERE. REMEYRL
O/REEZRE Lk,

LERBIRSNMIBEYHIARFEEFCRBA LA, MEEEEBHOE
EEEIZ rowxiithh., BRE CandidaEBE U TL. versatilis, (. et-
chellsiib PRV FEEL L,

EROERRETCIEERBLEERBERTRCEN ., TEKRBEO LD
EDiFEhed BEEREZFOCEHAIERECELE LE, BERERDER KRS
OVEBEERBE>EERE>SLLAAGERKBEOETCH -2, BEEKRBLIAAZE
BHBLOEPRBIZXEWER K S dethanal, 2-nethylpropanal, 2- (énd/
or 3-) methylbutanalZE DO 7NVF e RETHD., TERELEFKEBELOE
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BREWERHAEZNVIA-NVE, TAFNVE-BCEFBZXFNV, 7x 7
—JVH, ethanalTH oo "V FARGHEC Lo THR—-DOEMZRD. B
HEEEEOMFACL > TERLELEFZSONZBADEKL WL LB KE
KPRDDEFFEINTVE, LU, ERESHLED e EREEHBC
HLTE, coRBRTRRHShEP 2k, Chid, BEShERBEBREROD
Ny RARECE N ANEEREN CEVEDEF Rz, BEDT L b b,
BENARCIVEFR ULAERIELEY . BREFLE LEAREBEMEYOER
TERLEERLAYPMD > THRBOBEIPERTIDOLEFEL 2,
R OMBE SR AY L EREERRCMUT, B3R LHLBTOE
RAEICEL T, BE Lk, :
TRAHERKE, EEHRERVCEZEXRBEFRALC ChoREFOERMS
EWMIEEHREODVTHRIF LA, ARPEERKECEDONHEEESRLAY
lmethional & Cethyl 3-(methylthio)propancateT H b, EE K E KR FEEK
BTiEkochsfka®Wicmz., dinethyl disulfide, dimethyl trisulfide® & H.
BiZ, TEKMBTE3-(nethylthio)propyl acetatef methionold FE S h1 2,
Cho5iEE®WDS B, nethional, dimethyl disulfide, dimethyl trisulfide
(&, Strecker? MR L OEEMRBIZ LD ER S, ethyl 3-(methylthio)-
propanoatelXZ LB A, 3-(methylthio)propyl acetatef C"methionol LB R @
BMETEREINDLEEULE. £/, dinethyl disulfide, dimethyl trisul-
fide R CmethionalD3EEH L. BEKBLHEREBERB LR VWERIIS D,
ChotENOELHE2VWEIH N T I2REFEHEORSE P RBRI N,
EEERBELFER SEUNAORBEHEYP ELALCRRCBE LRV & HH
SHhHEOHKREPLPIFKRE, Fio, WEHBEZRN U CEESh 28R ER
RELEVERRXRAKREFOEREERILLED IOV THRE LE. 2L T,
dimethyl disulfide, dimethyl trisulfide % CFmethionaliZ{bZE M Iz £k X L.
ethyl 3-(methylthio)propanoate, 3-(methylthio)propyl acetatef *methi-
onolid, FRMWEHHBBOBEETCAEARINZ LR EEERE LR, BB, KK
DEREEZWMILEH L U, dinethyl trisulfidek ethyl 3-(methylthio)pr-
opancateZ X L TRE L ko
HERBRKEOHEREERBERZ7 VA VEETETRD, BEEL UTER
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L& Z 3, WKRIEL100gH44.0ngTH -2, EREEHE L LT, acetic, pro-
pionic, isobutyric., p-butyric, 2-methylbutanocic., isovaleric. benzoic
acidEMEEEh, EMIZIE., acetic acidDNEMBIZE <. K81% & 5 Y =,
CHhLEREERBE, FL4ECTHEEBFBILIVEREADICLEZRAB U L,
B, B4ECIMEEBER., Bic. CadidiBlz &> T, RERES. 6072
FVBPLFOXFVBBPER I LEZRmB LAY, HEEEBREPRTER
HEhzhroks Chid, EHXKBERO LandidaBOEREBSLHFHELV D& L,
Al X VEBPE ROFYBASERS AL Wh, EREhEL LT EHE
EERXz. T, ChSLEVOIFNIAT NV FEBEBOEEREIR S L &
hTtwadzcehs, KBEEKCSWVWT, landida@OBEOFAICLD, KEOD
ERZEGRILIEZILETEZIOTCERVIPLEEL A,
KEEFIAELKkZEHLE L, BEPHEEOERPALBEREOREBEMEY
ODHETESND. TORBIEIRE, EHF, RETF TR ORBELEEL. Rit
ﬁtﬁi&ﬁhﬁ&6&ME$®E%%%@%%“@“OT&%°bbb\ﬁ
FOHADEBEFDSRILIE., THEKBEHLWHI EEBZHE LKBEOHEE 2 W
hEEE, ChefTBET2 LR, HEAOGRNEEHKBEOE» S, BHdOZ
EKHERDOFRBADOREBELPELAOMIAOCKBEOHENEEZ LMD, ZTDE
B, IVEFEOFEVWERZREBAZDP, #iZ. MTHECEKERZO
RBOWHKBEFPERINDS, ChoDZez2sFR, EFEIEKBOFIBTRT
ZOEBANXLEREPTIILEZEEREENHZ2LEX, AR LK
HLTER, B, KEFEAHTO> 5, ERXMEERILEVEEREEHRED
EREEDPIINTINEEEBOBEDLIZODVWTIRHA ULATHROFLEDIZES
Zoe CUAOSOHABREY. KBV WTEEHREOARERBEEROREIC WS
EPTORESTENTERTH 5o |
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Studies on the Relationship between
the Volatile Flavor Components in

Miso and the Salt—-Tolerant Yeasts.

Kazuo ISHIHARA

The miso (soy paste) making process is time-consuming and consists of
several steps such as steaming of raw materials, koji making, mixing with salt
and ripening. Consequently, the aromatic components of miso are formed
through these steps. The occurrence of several species of salt-tolerant yeasts
have been demonstrated in the miso in the ripening period. From the standpoint
of forming aroma of miso, the contribution of salt—tolerant yeasts is of great
importance. However, it has not been clarified at what point these salt—-tolerant
yeasts take their share in the aroma formation of miso. Therefore, this
investigation established analytic methods for volatile components which
constitute the flavor of foods, and contrived the synthetic medium taking into
consideration of the field of miso, and further examined the role played by
yeasts on the existence of flavor components on the synthetic media. As flavor
components, volatile sulfur—containing compounds and volatile organic acids
were mainly taken up as objects, and further by the analysis of miso, the
relationship between flavor components of miso and salt-tclerant yeasts was

investigated.

1. Culture of salt—-tolerant yeasts

The raw material of miso consists of soy bean, rice and salt. Because the soy
bean contains a high density of protein, the field whe‘re salt-tolerant yeasts
grow and act becomes the circumstance of remarkably high concentration of

nitrogen. In consideration of the components of miso, we devised a synthetic
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medium with 18 kinds of amino acids as nitrogen source, with the amount ratio of
glucose (carbon source) to total nitrogen 16, and with 12.5% of salt. Because this
medium of high density of nitrogen and salt is a very hard circumstance for the
salt—tolerant yeasts, in the experiment, besides this synthetic medium, the
synthetic medium of the amount ratio of 50:1 of glucose to total nitrdgen and
another medium without salt were also used.

Zygosaccharomyces rouxii S84 (Z. rouxii S84), Candida versatilis D-5 (C.
versatilis D-5), and Candida etchellsii F-8 (C. etchellsii F-8) which are all
salt—tolerant yeasts and isolated from red salty kome miso, and Saccharomyces
cerevisiae RIB 6002 (Kyokai no. 7) (S. cerevisiae), a salt—sensitive sake yeast,
were employed in this study. These yeasts were cultured in a stationary
manner at 30 °C until they had consumed nearly all the glucose, the carbon
source, since it was indicated that the volatile components formed by
salt—tolerant yeasts tended to be the largest in amount at the period when the

consumption of glucose reached the highest.

2. Collection of volatile components

The novel headspace volatile trapping apparatus consisting of a heated
sample solution container, a heated upper part of the sam;ﬁle vessel, and a
heated Tenax TA (2,6—diphenyl-p—phenyleneoxide polymer) tube for the
collection of headspace volatiles from a model solution was made. Vapor from the
sample solution was prevented from condensing on the interior surface of the
sample vessel and the Tenax TA tube by maintaining the temperature of the
heating parts at 45 °C, the same as that of the sample solution. Removal of the
water collected on Tenax TA prior to gas chromatography (GC) was thus not
required. Headspace volatiles were collected on the 200 mg of Tenax TA by
passing high—purity nitrogen through the sample solution at a rate of\ 50 ml/min

for 1 h. The model sample solution contained ethyl acetate, eight different
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alcohols, and 2, 3—xylenol. Data on the effect of sodium chloride concentration of
the sample solution on the collection of headspace volatiles was presented. The
coefficients of variation of the GC peak areas of the compounds except for

ethanol ranged from 1.9 to 15%.

3. Formation of volatile components in synthetic media by salt—-tolerant yeasts
The main volatile compounds in the sample solution were alcohols such as
ethanol, 3—methyl-1-butanol, 2—-methyl-1-butanol and Z—phénylethanol ete. All
of these compounds were formed in cultured yeast media. In addition to these
alcohols, esters, volatile organic acids, volatile sulfur—containing compounds,
aldehydes, ketones and pyrazines etc. were found both in the non—inocuia’ced

and cultured yeast media.

4. Formation and reduction of volatile sulfur—containing compounds in
synthetic media by salt-tolerant yeasts

By using a synthetic medium containing 18 amino acids as a nitrogen source,
volatile sulfur—containing compounds formed and reduced by salt—tolerant
yeasts and sake yeast were studied. As the test yeasts, Z. rouxii S84, C.
versatilis D-5, and S. cerevisiae were employed. The volatile sulfur—containing
compounds in the non—-inoculated and cultured media were identified by GC and
gas chromatography—mass spectrometry (GC-MS) after they had been collected
on a Tenax TA using an apparatus for trapping headspace volatiles. The volatile
sulfur—containing compounds commonly found both in the non-inoculated and
cultured yeast media were identified as dimethyl disulfide, dimethyl trisulfide
and 3—(methylthio)propionaldehyde (methional). Further, in the cultured yeast
media, in addition to these compounds, the formation of 3—(methylthio)propyl
acetate and 3—(methylthio)—1-propanol (methionol) was observed. The amounts

of dimethyl disulfide, dimethyl trisulfide and methional contained in the cultured
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yeast media were found to decrease as little as 0.6-85.1% compared to those in

the non~inoculated media. The rate of decrease of these compounds in the
cultured media was greatest in Z. rouxii S84 among the tested yeasts. In particu-—
lar, in the cultured medium containing salt, in spite of the fact that the
consumption rate of glucose was low and it had poor development, Z. rouxii S84
eliminated these compounds by as much as 55.2-99.4%. The formation and
reduction of these volatile sulfur—containing compounds by Z. rouxii S84 were
also observed both in the non—-inoculated and cultured media containing
methionine as the sole nitrogen source. In addition to these compounds, ethyl

3—-(methylthio)propanoate was formed by Z. rouxii S84.

5. Volatile organic acids formation by salt—tolerant yeasts

By using a synthetic medium the volatile organic acids formed by
salt-tolerant yeasts and sake yeast were studied. As the test yeasts, Z. rouxii
S84, C. versatilis D-5, C. etchellsii F-8 and S. cerevisiae were employed.
Identification of the volatile acids in the distillates of culture media under
reduced pressure at pH 2 was done by GC and GC-MS after converting them to
n-butyl esters.

I found that acetic, propionic, isobutyric, n-butyric, 2—-methylbutanocic, and
isovaleric acids were formed by all test yeasts. In addition, the formation of
2—oxo—3—methylbutanoic, 2-oxo—3—methylpentanoic, 2-oxo—4-methylpentanoic,
2-hydroxy—-3-methylbutanoic, and 2-hydroxy—4-methylpentanoic acids were -
observed from both strains of C. versatilis D-5 and C. etchellsii F-8. Formation
of 2-hydroxy—-3—methylpentanoic acid was also inferred. It was also found that
benzoic and phenylacetic acids were formed by C. versatilis D—5 and n—-hexanoic,
n-octanoic, and n—decanoic acids by S. cerevisiae. These results indicated that
there were some differences among yeasts tested for the formation of brailched

chain oxo and hydroxy acids with five and six carbon, benzoic acid, phenylacetic

— 144 —



acid and normal chain organic acids with six, eight and ten carbon.

The amount of volatile acids formed was measured as acetic acid in the
distillates of culture media by alkaline titration, and it decreased in the order of
C. versatilis D-5 (27.0 mg/100 ml), C. etchellsii F-8 (11.7 mg/100 ml), Z. rouxii S84
(2.5 mg/100 ml), and S. cerevisiae (1.6 mg/100 ml). The amount of volatile acids
formed by C. versatilis D-5 was about 11 and 17 times higher than those formed
by Z. rouxii S84 and S. cerevisiae, respectively. Among the volatile acids, acetic
acid was the largest in quantity (about 26-76%), and the other main volatile acids

were isobutyric, 2-methylbutanoic, and isovaleric acids.

6. Aroma and headspace volatile components of miso made by an aseptic process
To study the role of microorganisms in flavor production in the manufacture
of miso, the aroma and flavor substances in miso made by an aseptic process
were compared with those in miso‘made by the conventional process. In a
triangle test, panel members could detect differences in aroma ‘betw een the
aseptic and conventional misos. The aroma of the aseptic miso was poorer and
weaker than that of the conventional miso, and most of the panel preferred the
latter. Aroma compounds in the headspace gas of miso were analyzed by GC.
Total contents of aromatic components calculating from the sum of GC peak
areas were in the order of the conventional miso, the aseptic miso and the
unmaturated aseptic miso. The main compounds in the headspace gas of the
aseptic miso were aldehydes (2—methylpropanal, 2— and/or 3-methylbutanal),
whereas those of the conventional miso were alcohols (ethanol, 1-butanol,
2-methylpropanol, 2— and/or 3—-methylbutanol), esters (ethyl acetate, isocbutyl
acetate, isopentyl acetate, ethyl hexanoate), ethanal and the aldehydes cited
above. The carbonyls except ethanal decreased in the order of the aseptic miso,
the conventional miso and the unmaturated aseptic miso. It was suggested that

the salt-tolerant microorganisms inhibited the formation of carbonyls, or
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converted from carbonyls to the other compounds. Thus the alcohols, esters and
ethanal in the conventional miso are thought to be produced fermentatively by

salt—tolerant yeasts.

7. Volatile sulfur—containing compounds and volatile organic acids in misos

The volatile sulfur—containing compounds in the distillates of misos under
reduced pressure were identified by GC and GC—-MS after they had been
collected on a Tenax TA using an apparatus for trapping headspace volatiles.

Methional and ethyl 3—(methylthio)propanoate were identified in the
unmaturated aseptic miso. In addition, dimethyl disulfide and dimethylv
trisulfide were observed in both the maturated aseptic miso and the
conventional miso. Further, in the conventional miso, in addition to these
compounds, 3—(methylthio)propyl acetate and methionol were also identified.
Methional, dimethyl disulfide and dimethyl trisulfide are considered to be formed

, chemically from methionine due to the chemical reactions such as Strecker
degradation with amino—carbonyl reaction. It was also considered that these
compounds were reduced or inhibited by salt-tolerant yeasts, because they
tended to be less in the conventional miso.

On the other hand, it was suggested that ethyl 3—(methylthio)propanoate was
formed by koji and/or salt-tolerant yeasts, and 3—(methylthio)propyl acetate
ahd methionol by salt—tolerant yeasts, respectively.

Further, volatile sulfur—containing compounds in white sweet miso and Edo
miso which are judged to be taken almost no part in ripening by microorganisms
of fermentation except koji molds, as well as aseptic miso, and those in Echigo
warmed-brewing miso and Echigo natural fermentation miso which are preparedk
with addition of Zygosaccharomyces rouxii were also examined. It was
considered that dimethyl disulfide, dimethyl trisulfide and methional are

chemically produced, while ethyl 3—(methylthio)propanoate,
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3—(methylthio)propyl acetate and methionol are formed mainly by salt-tolerant
yeasts. Among these volatile sulfur—-containing compounds, methional and
methionol were the larger in quantity in misos. Methional had an offensive odor
in miso and shoyu (soy sauce). It increased as miso and shoyu were ripened and
heated. These suggest that it is desirable to reduce methional by salt-tolerant
yeasts. On the other hand, methionol, the important compound of flavor of miso
and shoyu, was the main compound in the sulfur—containing compounds formed
by the salt—tolerant yeasts. It suggests that the salt-tolerant yeasts play an
important role in the ripening of miso and shoyu. Dimethyl trisulfide and ethyl
3-(methylthio)propanoate were newly identified in miso.

Identification of the volatile acids in the distillates of Echigo warmed~brewing
miso under reduced pressure at pH 2 was done by GC and GC—-MS after
converting them to n—-butyl esters.

Acetic, propionic, isobutyric, n-butyric, 2-methylbutanoic, isovaleric and
benzoic acids were identified as miso volatile organic acids. Among these
compounds, acetic acid was the largest in quantity (about 81%). However, the
branched chain oxo and hydroxy acids with five and six carbon formed by C.
versatilis D~5 and C. etchellsii F-8 described above were not detected in miso.
This was considered to be due to the fact that the viable cells of Candida
versatilis are few and they are less active in the sample miso, which led to
difficult formation of branched chain oxo and hydroxy acids, and even in their
presence their amount is minute. These branched chain oxo and hydroxy acids
with five and six carbon which are regarded to be the important flavor
components have not been reported in miso and shoyu. Thus in the preparation
of miso, it was considered that as well as Zygosaccharomyces rouxii, the active
utilization of Candida versatilis might diversify the flavor of miso.

As a result of above fact, the role of salt-tolerant yeasts on the existencé of

both volatile sulfur-containing compounds and volatile organic acids was
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clarified, and the formation mechanism of these flavor components in miso was

proposed.

— 148 —



