12 14 3

57

B A& 5 0057

T EEERC £ B A A ESR S HEMF (4-hydroxy-2 (or 5)-ethyl-3
(or 2)-methyl-3 (2H) -furanone) DTS

BRI  BR BT CEFRE HEFEWM
EFFRE  BHF KE EFRF)

EHOBERS & TN T FHEMPIREED RAREORERRRA LU T BRES
P RO RS, EAAOTREEIEIL D, FHSREE T 5%,
ENFAEEROS S CEBWEINTN 2, WEOHEMEE, ik & FHIC B T
B S L TAES NEBES RO TH S ZEEM L NCL, BEHC L 5 HEMEF O
EEMAE AL, REECERE OBE M A - WA H TR LR R
Zyeosaccharomycesrouxiz ez L, ETI3RsRRE LT R—RICRER SN DT
PUETH D, EREELTIT T2, B RINIIVBOLSIBRTI BT
BENBT EEMERALE. LAL, T0&E, UR—Z &7 I VRIZARICIEEEE N
BREDH D EEFESMIL, HEOHEMFZBEHICT 2 ) VRSV K- TE
BN RTEE IR T & b TILTE RO 2R3 J LIk > TRESh
BETREEATER A SR TS,

AR TSR TR BOHEMEDE RS N A B HOMAE BN E LT, LD
1o T REERZ o ) B2 & 7)) 2 R EUIMERER I TE L, TORAR
CEITT 3 BEERE X5 EICLo T, HEMFEEA T3 3t RO EEDZEE T &
AN Uty ZOREER. 7 roud DEFICIT A S ERVEHTD, 15%DEEETS> T
LB/ T, Zrouxi DHEMFZETERE T BEENICIZHEN B D, MRS E
PRSI TUREMNE FT 5 CEMBAE M E oz, RIC, FREOEHTT L I— 58
HORERS S corevisiae k. T HE TR MOBREERE & L TRV S 115 Cversatilis DEFEE
%% 70, HEMFRAOBEROEE OFE2 Hat Lz, S.corevisaed BENTENUT
HEMEATR T2 53, TORENEZowd: DN S HrE iz, CrersatlisTid, £%
AR 2 I <, HEMFEFEET B4 & L T3S IR 10% O35 V-
LTS S Ehi. L Lasss, HEMFOM REIIZrouxi% HE] % ARSI HEV &
£z o, ZOLIIC, SEEOERT &S ICHEMF ORTEWE £ ST TRETS &
| —FEOHEMFARRT S 2 OB, RETER ORI KF L. RSSO =
ZERERERY T B ZrouxdASE L - E A X T3 SHIET S . BRIIBROEERE %
a9 ROV ABERT Lo THB, Zrouxi T HEMFRAR IR ER T 7
LT RELeYo&EEZT Y ba—)VUTWB EBZ ST,

-138-






22
Bl 5% = 0057
MR L2 HAEER[ASHEMF (4-hydroxy-2 (or  5) -ethyl-5
(or 2) -methyl-3 (2H) -furanone) O & s 4%

BRI SEE B B CGEFRTFE HFFH)
ERBIEE - BH KEF EFKRF)

1. PEEER :
BT & 5T, B FORE 2 AT HEEZRT THAICHEED ST, Eihitbi

LRI E S /20 o Fo, TORBICIE, ST, BRSO MBI R E TG
RTKEIZS EDTA RRER D, T2k TH 250 &l U THEB B ESRS
ORIHAZ O REETH T &, AT, REIIRT 2 EEDIBLT B0 T, FX
R DA I IR IEAS W SRR o T2 ZEDBIT 5B, £ I T, KEOESEE
WERECHEZ R L, BRI ARV —2H W T A BRI RIS ROES 2L B
FL. WEQEEIESRO DM TE, BYENTWAIERRELLD . ZOHER
FAT, THERE FUTV BBRIBORIS0% % b T B 7R EE O RKBRIEDES RS 25T L,

MHTHEMF (4-hydroxy-2 (or brethyl—5 (or 2-methyl —3 (2H) -furanone) %[
EL7D . HEMFIZA< HWESAES, BRIk > TR0 BEEH < BU 580
BERRS (Charactermpact Compound) &4, 07K O D ORHEF0.0400bE
TEEN ETEETNTWVS, Fg LCHEMFO(L S ER L0, AR CIIEA R
O TIEEL, TOEEIZO):BRE32THS EREIN TS , £Z T, HEMFEED
DITVBRIEIRERRIC - DLAMZE TN, RO SO SERERE THE L, RIEROE
EAVRLZo T WD T ERRER LD . T 51T, LEDREERTIAIC R & N7k
HEREIE L, I T4 EEE CRESNZESIEENE /L. BHENEETHN O
R AT EIC L B BRERE 2 0 Y —OAIEEERD, 1%EIT OfEkE CEEICHEMFD 1
NS\ EEREHI D E < 725 EWSREREEED . £, ZSEEOREOEIRO S
EEN S, HEMFPIRIC RS OB EES A TH BT L 2HEMI LY . i
£, HEMFIZF—X0 RE—IVD b bOBREES N EB|EETNTWS, —F. HEMF
ERNTEM RS . BRAOREEIIE LD, MEEHEE T 2%, &K
EUTORENTINZ TEN-EBYER O 55 2 EMETND | WEO AR T
EHENBEADVEDERS TN, |

HEMFIE, SEEICBO TR QAR T 5 Z SR SIC Lo TH BTSN THDI |

FEHREIC IS 1B W T b BENERE TR L TEES NABEIR D TH S Z 25 i
L | x5z, 19914F, A ASIFHEMEREERHIC L DR h—2 - U UK O
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AR T B B RER T DAY RATY O—Z-7-V VERZEETEGRIND EFEL

D UAL. £ RATY O SRS HEMFADA SRR D W TIZB SN &
NN, |
—%, BLANKS'? 375 = v E AR IR LICROT 2 AIVARZVRISIZE %
HEMEQ A Gt 5425 U, HEMFIZT 3/ AJUR VSIS AR AR U 7o BRERES D
1-deoxydiketosel, 5= VDA Iy H—MEICE - TER U T & M7 VTR FosEE Ly
B, BTInTERTLEHRELTVS, LhLEDS, 20K 7oinEkiz K AHEMF
OBEIIBD TP1I L . WEEHTRHZI NS LVUTEFZELILL Y,

B o 13T - 5 HEMEOURLESRS 288 35 BN T IRGEIRS ERFEDERZ N AT
W R T e R Zveosaccharomyces rouxia 3538 U, Z415 B OHEMETERRIC K =3
TR RE Ui, TOME, EHICIRERE L O3 R—RCAERENDS BRENG
ErHD, EREELTRT S, BURTIIVE I VEOXD BT I JETHIERR &
NATEEHERLE, LML, ZOEE UR-AET /ﬁi‘ibilﬁ%l:ﬁu%’&%‘éhé WA
WOH ST ENALNEITSD , fEo T HREOHEMFIRAELHICT 3 AJVRZIVR
T & o THRE NS BIEEIC BERDWER U OB WA rIREE S B X ond.,
- D& HEMFORTERYYE | 3BLANK 5723 U 7o R $iS (D 1-deoxydikeinse & [RIfR DL A
Th . BERIIT & N 7TIVTE NEOLEY AR 5 REZ 37 LTS ERELTWD
2. FeEsE RS OBESIC BT, B0 MISEET 2 /XSG DR 4
BISE U TERIZERT i b b o7, HEMF HEROBEETE A D
BV EERS, COBEBASRT AW , o, MHES D 3T 330°C L EDRGIR
ErCHEMEASEE T AR S 1D & &0BERHT L SHEMFOTERREHE™" 12 DT bEE S &
FIREDIEZEZE LT 5,

TS ORERIT T TR rouxi 06172 FV, B OB I10% & Lz

STE LN, AT TR S TRIC S BOHEMENER S 1 IR O IA% B &
L. 457 8 f oAl o5 LR O FERIC L2 M A IR U o, TR MEREREZ.
roUXitT BN TV AR 4B L D B 16%, RNSXEEEEZ S ERVWESEREL. &
R 12 & AHEMFERR BN OEEOMA R A7z, KIT, Saccharomyces cerevisiae .
Candida versatiisO2FEDET 2 DEER 2 AHBRE0% . 10% DI TIIRIN. HEL
EE R OFEEIC & 5 HEMEIEREANDEE 70D & E DR ORENT DN TR L7z,

2.5
2.1 K |
& EBRITIZ 3B Mk [ Zygosaccharomyces rouxii 061 (it 1EBERE) . Saccharomyces

cerevisiie sake K7 Candida versatifs — (HEMERERY) | 2 Wiz, Zrouxd 061 DB
THAEEIE L D HEEE N - Bk TERIEREE T EARME AN S, Scerevisize sake K7
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& Cversatiisi ST TH#EG > 5 —0 5, 225U THEVE.
2.2 FEEMROFEL ,
221 FEREEE : Zrouxil DRIEIEES,10,16% & C.versatiisEHRIBEE10% FAORREEIE. 445
SHI0mL )V 2 —X10g, BEI0gZHEK THML. AbETI00ml& U =ik ic
ARG ORTEY 2 1 2OS EREEE L, 2TCTHBREEZT, By s L.
Zrouxii, Cversatiis®DE %S E/n\ g, K S.corevisiae sake Fil DRI, AE35SH
10ml, 2V —R10gZREKTHAMB L, ST TI00mld U7=iEEHICRRRICHER L
rERE LT, MREEYE Ui, BRI FICRTED TH 3.
* KEe

@Z.rouxii 061 NaClEE 5, 10, 15%F—LER (27C)

@~Z.rouxii 061 NaCligE  0%MA—3AM (27C)

®S.cerevisiae sake KF— 1R (27°C), ZD#3H SRS (15C)

@C.versatiisNaCHEEE  0,10%F—10Hf (27°C)
222 ZAKEE : Table IR UM EROWEEHZFARL, 200mi=F/A7 5 X TEAL T
120CTISAHRINERE L. T —ICRVIEE @SS 25A Yy N Tlned DHE
BT, 2rCTEBEELR, B OV T ENEhoBKc LD, 1I~5ER& L
/2o
2.3 BERFOEBIRNORE
2.31 B EEQUEIEThomad AT h A —%—Z2 W, S5ERHAIL TEOFEN S,
R ImO4 D OEFRHIEFIRIC K DRTz,
232 Z)La—AEEE  BEREH OB R L /27 D OFEKIZ3000mm, 155
OBt (EEbEELOEHE (ITACHL 18PR52) ) 21T\, O EHZERWT,
DNS(3,5-dinitrosalicylicaddAIz & D iR DR 27 )L 2 — A BERb iz,
233 NaClDFEE : Mohrik (7 OLBEA A 2 iEREE TH8KE kD, Bl
NaCIE &Rz,
2.34 pHORLE : FEOpHRIEIIHT S A BiMpHA —& —2HH L TiTo 72,
24 FLREHRYORMRVEI S O3 - FE

B RREREN A T D B U 72 B 0D _EBIER0mI 2 B & DR E S EEICH W, fEL 7z
TenaxTA3.5 g 27 U ERIandDH 5 24 5 L K 2 5s0.5ml,  mn TH LT, &
SRS ETenax TARIEE 87, REESTHRESE-E. REKSmMZHL, TOHE,
T — VA0l FiE0.5ml/ min TH L TELARS ZIE S 87z, T —F ) EHiRkER
Bk N U™ A TR ThIK L, PREEEYE & L Cnedecylaloohol&hnz .. BT,
A0CITTERB G L, BRSO B ZHRE LT,
BONIESESIIA 2707 85T (GO RUGAIERELIv AARY haAt —

45— (GCMS) ZFWTHHT Uic, BESEG DBREIIGCHTOFERA S LITPENREY

—289—



B EDE— 7N, 3kt LI OERICH T Sppm TEH Ui, {LEYIORE
1 EEMEE & D ARANRY MVT — & ROGCORFRRE O—Bic Ko7z, ST,
ROBDTHB. o

[GC] GC : Shimadzu GC-14A CHROMATOGRAPH, Recorder : Shimadzau C-R4A
CHROMATOPAC, Column : Fused Silica Capillary Column [INNOWax, 60m X
0.25mm (.d), 0.15mdf], Column Temp. : 40°C 5min hold, 40°C-200°C (3T
/min), Carrier Gas : He [flow 0.8ml/min], Detector : FID,FPD, Detector Temp. :
FID210°C,FPD230°C, Injection Temp. : 210°C.

[GCMS] GC : Hewlett Packard 5890 SERIESTI, Column : Fused Silica Capillary Colurmn
[INNOWax, 60m X 0.25mm(.d), 0.15 m df], Column Ternp. : 40°C 5min hold, 40°C
-200°C(8°C,/min), Cartier Gas : He [flow 0.8ml/min] , Injection Temp. : 210C,

MS : Hewlett Packard 5972 SERIES, Connect Temp& Ion Source Temp. :240C,
Tonization Voltage : 706V, 7—ZEEEE : HPG1034CTMST 2 27— 3 .
2.5 HEMFEIRERIZ L 53 OHEMERE ORHEE
SRR OHEMEFYAEESHEME OEHEME % RV THERR L e E R AW TR L.

HEREEZR
3.1 Zyeosaccharomyces rouxii 061 DHEMFIERERITHRT S5 S5HR O il s O &

B&R} Zvgosaccharomyces rouxd | 3BTV iR ORI 22 DI TR TE 28R
BERFTH D . BROETIIHE, SHosiEcANnS. TV =)V FEER/N > BHEICH W
5% Saccharomycesig S VR STW5., £z, AWEEICH WEZ rouxd 061K /&
B O THBRIBEOEEICHA VWS ND EHEMEFZ % < AT 5 2 EASRE TN S8
AT TIIRERDOEIIBEE10%ITINZ TRiREO 16% 55 &, K D{KIREDS. 5, K&
EAREER WS TR R U, ARREOHEMPERENOZEZRALMNITEI &
ZFAT,

IEU®Ic, BHEEE10% OSAMOREEBRICOWT, BROEFRIITbe 2IT. FS
W) 2 GC, GCMSHHTL THRE X NEBLMS D—EAETake3Iz, HAZ O RS A
ZHe. 2R Uiz, Fie, BB S,15% BEDBER DA BRI ETable 4iITR Lz, &5
7. BEES NEBESEDOFD 5, BHICHEMFOEE IIHEMF ORERRE W TERH L.
&Ry OSEM OHEMEBE OZB#E R % He. 3R L7z,

AHEERE10% &0,5,16% OLEMRZEOREE. SEHOSRBEIT TNTOREI TREZ B
3 ZEITRRE L IR B EANAL N, KODNEFHL TRENEZ > L EEZA L NBKRE
REIEDST=D T, 10% DFER DA% Table 21~ Uiz,

EHEYEAE10% &15% OREERAP OpH I ERES, EETTIHELES. KU
FEHRDEL BTN TRAIE T Lz TR CEAITH o 720N 16%08—BLTE
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WiEERL 7. EEIT15%TIZ10% & 0 SRR S B L T RVMEE 7207, J
VA — 2RISR UER C20BE TRESREAL, TORBLIED TR TE
+ 5 ORI BRI CERTH > 7= 15% Tii—E L UEEENS o2, kD, 15%
TIZI0BITLEND LR O HIEHIES . FEREEL TOIIVI—ADHERBEFRITTON
T EERBOERESDIES . pHAE S, BEROESRIN & L TIT0% & DIZRIFTIds
Mo et KERETIRNEEZ 5,

Table 4TSRS N= BHEIERES% S 0% DBERFDEE RN 5. BRI DWW TIIMRE TR
7121373 < AR TI0%el/mID L N)UNTEL TWEDY, 109612 S EZ 08Iz >
Jeo 2))A— AEERITEEEIAR L 2BETAE RO L, TORITF—EDEERL
THD. FRREHIEIIALNEM o7z, pHIZOWTI5% CIIEEE IR 2 510N T
(EFL., BERIVERICHE, SHIOEREIEINLE EEX SN, TS ORREND
7. rousdi DA BT AHBENENES IR RIF TH M, KETEEIFEA LRSS
Wr sz,

Kz, HEMFOWRREZ BT 5 &, 10% TIZLEE T93ppm TH o 72DITK L, 15% T
160ppm & EDRIGEIT LA 5 7, Ui L2B B IZIZ15%13120ppme, 10% M112ppm
CEEFECESD, 38 B AR I L a2 S M E Nz, —, 5%TH
HEMBFRIZSAR IcE—2 20 A, 4 5HE TRE—EEmolk. £k, HEHRmrg
500DmM~130ppm &2 TH Y, 10%%016% EAkEaEI AN -/, LinL, AEEEER
WEHITIIOBEE T —2 2%, 3, 4RETIHETFL. BARRIIEEENK50~90pm
T 5,10,15%ITHATAM o T2 BLELD, Zrouxi DAEBIC I AR E S T OEHITS,
15% OEIEETH > THIEIEN > 1=, Z rowxd OHEMFETRL S B RENICIZ Bt
BWEEX BCAERESERVEAICHREME TS Z 05N &7,

3.2 Saccharomyces cerevisiaeOHEMFTE AR DS 0 B (R8s

THETAPZECAW SNEERRL, Wb Zromxi Th 5. TIUIZrouxih WRIg
OB ICAWANSERTH D, BRI K AHEMPE BRICIIRIED B E R fER Rz
TERELTWEDTH S, L, UR—Z- 71 VRONMBRE S N/ TO
Zrouxi DREEERR T, A AR ER0 R TS HEMFRRREIZAI90pom Tdh o 7z, HE-
T B> CTHEHOBERLIN CHHEMFATAR T BRI S 2 SARE Sz,
F T, Saccharomyces cerevisiae sake K7 288 % S FIn W IR, BHRIBEE10% D5
HITREEER AT, RO L SHEMFRER LT 5 & & bic, FHmORE
PEQREE X SICRENCT B T & BRAE. ScerevisheldZouxi SIZRE D, fEE
SIS TE W HO T L0 — ) B OMVELR T, FEED S
ThTn3, | | R

S.cerevisiae DEHE A S EIVEIETIE, BEUILEE T10el/mix THEL, TOE3E
BETRERZEAEL, pHRDWTHLEBRTHRDET L, Z)Va—ABEEDIAH
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A% E TR LTz, ScerevisaelZBEBN SEL <HFEL. SEERELTOYIVI—R%
W LTV EEZBN5, AEEEI0%OEMTIE SEE TIIERITEMEERL,
P a—AEBBORO B RLNT, S.cerevisacldB e S AT I EE P REE TH >
7. Fg AR N=HEMPROZEN 5, AHESERVEMTII~SAE TY— %
WA, EORITEITRDT B EANRS IV, BRI T ZroudD B EE/R
S -V TIFR R T o Tm. AHEIE 109% DR TIRE D) T ABOHEMFARR ST 1
Pl R 5. MEED. Scerevisae DHEMFIE R & B OHE5E & BIEEIL & 5 A%,
S.cerevisiieOHEME T2 3 B BE 3 Zrouxii & 13872 5 S HIWrE iz,

3.3 CandidaversatilisOHEMFTERR BN DEE IR O Sbaars O ,
Cversatlisi3ZrouxiEFC <, THEETHY, EHOBREREL TRVLSNTNS,
F7=. Cyersatlisi AT AN /-AD2 D DERHT A THEOMIAVN & <, TOR5#EIZ
ERISRENEREXINT NS, CversatilisOAEE IR DWW T DFER % Table 61TR L7z,
Cversatils BRI AHEOEECED 53 AR = TIdZrouxieS.cerevisize d D220 72
Mo =00l BicFREEIC £ TEmL. AT 5L, 20%—E Lo, 7
NO—ZAEEELAEOFECEDS T, LEETRESAERAONRSRNA, 28H
P BITEEITEOD S5, pHB2ZAE NSET LI Uiz, Cversatiisid 238 B & 5 B
RAVERICHIEL, EBLIIC®EEZ N5, pH B 7))V I—AREREOLE) T
AHEPAEE10% O RHDYE FRVHHIE D BRRELATHY, CversatlisDAER 13547 2
SERVEHITOC R W EHINE N7, L U, ScerevisteSI3BBMNTRZD, BHEO

B S\ T o T, |

HEMF O ERIIC.versatiisic B T bR <722 (0O TBITY B EmER L,

SEE =TI AEREDEEBITEASZ TN ok, TOE, Sweeks TITRHEIEEL0%
DRI AT S REIMERDNS - 7Y, B A S RN TIIZ D LT W, fEo
T. CversatlisDEEIRIEOEE S Sz Wi, HEMFZEFRLT 54k & LTI AR
FE109% DIEHIDSEL TV 5 SR a Nz, Ei, Cversatiisi3EBE EASEN DT, SE R
P OERRE T HEMFOREDNZ < 7350, BATHRI0pmTH D, Zrouxdid
RE# FEDAREEHEN EE X Sz

A5 OMEE

A N SEE OB DRSS RO h2 5, HEMPEREOZ Sl (AHEIEREE10
% BEHh T OZrouxti,. B B £x WESHIT O S.cerevisae, BHEREL0 % Kt TO
" Cversatiis) 2%\ . Fe. 6K ZOH#ER Lz, SEEOBGEDIC, VR—AESY &
LR TES N AHEMF ORISR S 228 Dtk THEET 5 E—E B OHEMFETR AL
THZEMEBAL T, R ORI L . WSSO EFBEBERF Cd 5 Zrouxil
DHEMBBRIC 138 U 22 T3 SHIlra -, AR oREREZ 1> b
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O—)VT3BEEERT &5 TH D, Zouxi TR NHEMEZ R LT WERERZ EED
2 BEEZRI-LTNB EEZ 5N, '

BEMEOHEMF | 32T T 3 ) HIVRZIURIGIC & - TARE 1L 5 BIEYE I S TR WE
LTI NBREEED AN EE L SNhb, ZOEE, BRHIITE MTIILTE REDLE
YAARd 2B LTS SEEL TV S, BERHIEE LIS 6 7LV — LSRR %
T-oThh. TOBETT £ FTAT & FEOLEWELEEL TS EEZ N5,
Zrouxi CldF DAFER SN Y b —LUTHED., T I/ WVRZIVKIETERI N S
FIERHIE & BERIDVERE G BT & T ILT & RERDILEMIOD/ NS v 2B THEMEAYE AL
ENPTNEENES TV EEZ SNE, SBIE. UR—RET VT 2MBTsI &
TR E N AHEMFOREREZIH L, TO(EFEEZHSMNIL, TNV TFER
EDETIV UL THEME W RS N 2 R Z ATz e Tio, BERIAMREET 2 THA D
7t N7 IVTE REMEAMIVERE SN WS DWW TS B IR 2 I A T & =
NWEEZTNWS,

KA TTOBH 7= 0 TEBINZ720W72 ) )L MY T AREE Bk I 52 < B U
7=LUET,

5k
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OH OH

CH3 (6} C2Hs CH3 . C2Hs

GV ®)

Fig. 1. HEMF [4-Hydroxy-2(or 5)-ethyl-
5(or 2)-methyl-3(2H)-furanone]

Table 1. Composition of the Media Used

for HEMF Production
Glucose 7.58
Glycine 1.0g
Ribose 2.5g
NaCl Oor5.00r10.00r15.0g
KH,PO, 1.0g
MgSO, - TH,0O 0.5g
Yeast extract 0.5g
Water Total 100ml

Table 2. Changes in the Media Components Containing
10% NaCl Stored or Fermented by, Z.rouxii.

pH [No. of Cell glucose | 'NaCl

(x108/m) | (mg/ml) | (mg/ml)

M 4.78 -|- - -
SM-3W 4.25 - 80.2 109.4
SM-5W | 3.98 - 78.4|  112.5
1week 4.50 2.4  Bl1.1 107.3
2weeks 4.32 2.3 17.7 107.5
3weeks 4.14 2.7 12.4 113.0
4weeks 4.13 2.6 9.1{ 113.2
Sweeks 4.00 3.0 8.4 117.4

M:Medium before yeast cultivation
SM-3W:Medium stored for 3 weeks
SM-5W:Medium stored for 5 weeks
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Table 3. The Aroma Components identified in the Media Stored or Fermented by Z.rouxdi.

R.t Compound M |SM-3W SM-5W lweek |2weeks [3weeks [4weeks |Sweeks
4.3 ethyl acetate . 0.21 0.38 0.10 0.26 0.34 0.43| - 0.15 0.09
5.0 ethanol 0.32 1.10 0.14] 1.28 0.93 1.74 1.08 0.83
5.8 benzene 0.05 0.03 0.01 0.03 0.02 0.01 0.01 0.01
7.6 1-propanol 0.07 0.06 0.08 0.08 0.05
9.4 2-methyl-1-propanol 0.11 0.08] 6.05 2.60 2.43 2.29 1.04

11.6 1-butanol 0.01 0.01 0.02| 0.07 0.07 0.95 0.12 0.09

14.7 3-methyl-1-butanol 0.28 0.35| 26.04| 20.33] 13.63 730 2.86

16.5 3-methyl-3-buten-1-ol 0.02 0.03 0.03 0.03 0.02

17.1 methylpyrazine 0.04 0.03 0.02| 0.02 0.01 0.01 0.01

17.8 0.03 0.01 0.06 0.04 0.04 0.05 0.02

18.2 3-hydroxy-2-butanone 0.02 0.02 0.03 0.06 0.02 0.04 0.04 0.05

19.1 cyclopentanol 0.01 0.01 0.02 0.01 0.01

21.2 0.02 0.03 0.10 0.15 0.18

22.7 3-ethoxy-1-propanol 0.09 0.13 0.21 0.37 0.50

24.2| 2-hydroxybutanolc acld,ethyl ester 0.01 0.01 0.01 0.01 0.02

26.5 acetlc acld 0.09 0.22 0.03{ 0.09 0.17 0.24 0.12 0.13

27.1 2-furancarboxaldehyde 6.05 1.01 1.31] 0.01 0.05 0.22 0.51 0.82

27.2 0.16 0.08 0.06

28.9 1-(2~furanyl)-ethanone 0.11 0.09 0.08) 0.09 0.05 0.06 0.06 0.06

29.4| 3-hydroxybutanoic acid,ethyl ester |, 0.01 0.01 0.01 0.01 0.01 0.03 0.03 0.03|

30.3 1-(acetyloxy)-2-butanone 0.01 0.01 0.01 0.01 0.05

30.5 propanoic acld 0.01 0.01 0.01f 0.01 0.14 0.05 0.08 0.06

31.7 2-methylpropanoic acld 0.15 0.39 0.03 0.17 0.16 0.32 0.41 0.48

33.1 ‘ 0.14 0.02]  0.03 0.04| 0.02|  0.03

33.5 0.02 0.02 0.02 0.04 0.06 0.06 0.06 0.07

34.3 dihydro-2(3H)-furanone 0.19 0.49 0.03 0.22 0.21 0.41 0.37 0.40

34.7 butanolc acid 0.03 0.01 0.02 0.01 0.01 0.01

35.9 2-furanmethanol 0.57 0.50 0.84 2.50 1.89 3.53 4.80 7.59

36.1 3-methylbutanoic acld 0.20 0.37 0.29{ 0.37 0.70 1.57 1.78 1.98

36.8 0.05 0.03

38.3 0.08 0.03 0.05{ 0.08 0.06 0.04 0.04 0.05

38.5 0.10 0.10

38.9 0.01 0.01f 0.04 0.03 0.03 0.03 0.03

39.8 n-decyl alchol(internal standard) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

41.1| 3,5-dimethylcyclopentane-1,2-dione 0.01 0.02 0.01 0.02 0.03 0.06 0.06 0.06

41.6 ) 0.04 0.03| 0.17 0.56 0.78 0.72 0.71

41.9 2-phenylethyl acetate 0.01 0.01| 0.09 0.07 0.10 0.07 0.06

43.1 hexanoic acid 0.02 0.02 0.06 0.05 0.07 0.05 0.04

44.3 benzenemethanol 0.01 0.02 0.04 0.04] 0.07 0.05 0.05

45.6 benzeneethanol 0.09 0.02 0.15 3.32 6.56/ . 8.52 8.00 8.68

47.9 acetylpyrrole 0.56 0.59 0.52 0.66 0.58 0.67 0.60 0.65

48.9 0.02 0.03 0.01 0.03 0.03 0.02

50.1 HDMF 0.19 0.12 0.04{ 0.29 0.23 0.40 0.31 0.27

52.3 HEMF 0.15| 15.44| 19.68| 27.58( 20.33] 19.68

53.1 HMF 4.12 1.42 0.06/ 3.71 1.32 2.35 1.15 0.61

55.5 0.01 0.01] 0.02 0.03 0.12 0.13 0.15

58.1 0.38 0.19 0.03| 0.32 0.14 0.33 0.28 0.25

58.8 DMP 0.02 0.05 0.03[ 0.16 0.12 0.21 0.35 0.38

59.3 0.06 0.03 0.02 0.03 0.10 0.06

60.0 0.06 0.01 0.05 0.31 0.26 0.12 0.32

60.4 0.17 0.08 0.04 0.49 0.43 0.36 0.49

61.6 0.07 0.01 0.02 0.03 0.06 0.04 0.07

62.0 0.02 0.04 0.17 0.18 0.26

62.8 0.09 0.28 0.03 0.04

63.9 0.03 0.03 0.02 0.03|-  0.02 0.13 0.05 0.05

64.4 0.03 0.04 0.02 0.04 0.03 0.09 0.05 0.49

64.9 0.01 0.02 0.01] 0.03 0.06 0.07 0.03 0.03

65.9 0.01 0.01 0.05 0.02 0.83 0.01 0.03

66.2 0.12 0.03 0.05 0.02

68.2 0.04 0.01] 0.01 0.02 0.05 0.03 0.07

68.9 0.01 0.04 0.01 0.03

70.1 benzolc acld 0.08 0.05| 0.19 0.92 1.55 1.34 1.42

71.6 0.01 0.02) 0.06 0.06 0.06 0.06 0.11

M, SM-3W, SM-5W: See Table 2
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Table 4. Changes in the Media Components Fermented by Z.rousxii

NaCl % 15 5 0
pH | cells |glucose| pH | cells |glucose| pH | cells |glucose
1lweek 4.80 1.8 66.7| 4.19| 1.4 38.2| 4.34 1.7 38.3
2weeks | 4.57 2.2 30.8] 3.87 1.6 18.7| 4.06 2.0 20.2
3weeks | 4.42 2.2 16.9| 4.01 1.8 14.4| 4.13 2.0 18.8
4weeks 4.37 2.2 24.3| 4.13 2.0 17.3] 4.18 1.9 16.4
Sweeks | 4.31 2.2 17.8] 3.65 2.2 17.2| - ~ -
cells:No. of cells X 10g/ml, glucose:mg/ml, —:not analyzed.
Table 5. Changes in the Media Components
Fermented by S.serevisiae
NaCl % 10 0"
pH | cells |glucose| pH | cells | glucose
2days - - - 4.39 14 39.6
1lweek 4.76| 0.07 67.6| 4.30 1.8 18.4
2weeks | 4.71| 0.07 67.1] 4.20 2.0 17.8
3weeks 4.25 + 72.5| 4.15 2.2 13.8
4weeks - - - 4.22 1.9 20.5
5weeks - - - 4.21 2.2 19.9

cells:No. of cells ><10§//ml\ glucose:mg/ml,
— : not analyzed, +:trace.

Table 6. Changes In the Media Components
Fermented by C.versatilis

NaCl % 10 0

pH | cells |glucose| pH | cells |glucose
1week 4.54 2.2 77.6| 4.44 1.0 76.9
2weeks | 4.51 5.7 23.3| 4.18 1.2 7.3
3weeks | 4.29f 51.2 17.0| 4.12| 23.2 5.6
Sweeks 4.14)  52.0 15.8| 4.07 21.2 3.9

cells:No. of cells x10§' /ml, glucose:mg/ml.
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Fig.3. Effect of NaCl Concentration in the Medla
' on the Formation of HEMF by Z.rouxi..
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Fig4. Effect of NaCl Concentration in the Media
on the Formation of HEMF by S.cerevisie.
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Fig.5. Effectof NaCl Concentration in the Media
on the Formation of HEMF by C.versatills .
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Fig.6. Comparisonof the Formation of HEMF
by Three Kinds of Yeast .

Z: Z. rouxii, S: S. serevisiae, C: C. versatilis
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Formation by Halophilic Yeast of the Aroma Component, HEMF  [2 (or 5)-ethyi-5
(or 2-methy4-hydroxy-3 @H-furanone] Spedificto Miso

Etsuko SUGAWARA* | Yonekichi SAKURAT**
*Faculty of Education, Iwate University
**Faculty of Agrictture, fwate University

Summary

4-Hydroxy—2 (or 5-ethyl5 (or 2-methyt-3 @H)-furanone(HEME) which was first
identified by the author as anaroma component of red saltyrice miso (fermented soybean
paste), has a strong, sweet cake-like aromawith a threshold value of less than 0.04ppb. It 15
a unique compound and is abundant in red salty rice miso and shoyu (soysauce). The
authors have also found that HEMF was the most effective component in enhancing the
aromaofred saltyricemiso.  Onthe other hand, HEMF is astrong antioxidant and exerted
an anti-carcinogenic effect on benzolalpyrene-induced mouse forestomach neoplasia.
HEMF was also found effective in preventing radiation hazard and has an important
physiological function as well as being an aroma component.

The formation of HEMF by yeast was examined in an attempt to investigate its
mechanism and involved factors. HEMF formation was promoted by yeast cultivation in a
heat-sterilized medium which included ghucose, ribose, and a nitrogenous compound such
as an extract of shoyu koji, poly-peptone, casamino acid, or an amino acid (glutamic acid,
threonine, serine, oralanine). It is suggested that HEMF was formed during the cultivation
of yeast by using a precursor of HEMF which may have been produced by the
amino—carbonyl reaction of pentose with amino adds during heating.

Halophilicyeast Zrousii, grown ina heat sterflized medium containing ghucose, ribose and
glycine with some nutritious inorganic salts bringing to amino-carbonyl compounds, forms
appreciable amoumt of aroma compound HEME in the medium. Yeast S.cerevisiae and
halophilicyeast C.versatiis, grown in the same medium respectively, form smaller amount
of aroma compound HEME in the medium than Z.rouxii forms. The NaCl concentrationin a
medium had no effect on the amount of HEMF formed by Zrouxii, but had effect on the
rate of HEMF formation. These resuilts were indicated probably that HEMF was formed
from amino-carbonyl reaction product, and acetaldehyde or similar reactive substance to
acetaldehyde formed by yeast.
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