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GC/MS : Gas chromatography/mass spectrometry, H A7 a~ s 75 7 4 —"EH &5k
El : Electron ionization, &1 4 1k

HCA : Hierarchical cluster analysis, g2 & & % —/34T

HDMF : 4-hydroxy-2, 5-dimethyl-3(2H)-furanone, 4-t Ku % -2, 5-3° X F/L-3(2H)-7 7
S

HEMF : 4-hydroxy-2(or 5)-ethyl-5(or 2)-methyl-3(2H)-furanone, 4-t R & % --2(or5)-—F
JL-5(0r 2)- A FV-32H)-7 T ) v~

JAS : Japanese Agricultural Standard, B A< ARk

MSTFA : N-Methyl-N-(trimethylsilyl) trifluoroacetamide, N- A F/L-N-( ~ U X F L2V jL)-
M)A FuaTkes IR

NIST : National Institute of Standards and Technology, > [EIFE #EH: it &)

PCA : Principal component analysis, =554

RI : Retention index, {ffEifgi=






1= T o
1.1. EMWizonT
AARIZITRE A RBERE R 3 o 0, Bl 2 1380, bR, 20 A, BER EOFMEL, 15

W, BER, VR EOEE, S OIEY, MEREORLDEEND. (MILOREER
i b B ORAETFIZHICEDY 360, BEFFEOBEINITAADOREIYRIZES TEA b7
WHDTHDH. BEFEEMOUZEIZITRWER LN H D, KRIRCRF S ARE « HiltDIE R
PR 2 K7 U C& 7o, BUEITRIROR S L5 ) B 8B AR S A T8 B
EWVWILHRTH LN, ZOA— 3R 29 FIZARE SN2 B AYIOEEER 2 6 DK
RLEFRTHD. TDKk, ZAayF « VA XAF—DRIEZ D T AR R T
B A hhsd & U C B BIER O BN 43 BRI 30 THOE e 3608 & 7% L 7oA A 2
LCE 7o (aakfni 2012). BIfE O EEEE RS OMSEIER T DTV H 03, BWWFZED
S 255 > T U CHARMI R RUT . BERER IR A RERDEHE L TV D Z &
CHEMETHY, TOMMIRKNEETHL—HT, ZARBEIDO—2IZb>TND.
I OBEREIC L > THELD L DB RM DO —DOTH Y, HATIEIE S 2 HiE
JRWVEHIZ AW DN T E 72, —RENCEm & Wz, AEEHFXObOEET. Bk
KEBIZL D, ARBHREIEICE T 515 (Japanese Agricultural Standard : JAS %)
(CEAS NAS B 2@ En 5, TLE OO HARKERK (2L L, EliTTo
BRIz L - THIC IZRGr s (BRFAL. £7, AREEFRoEHRE LTE
INDbDOIE, JFEHE 72 D KU & /NE 2 B OWERE e S 2 IV TRERE - ZARR S
BlbDOTHD (¥ 1-1). WIRGEEGXNOERE LTERIND bOIX, FEKIC
TR BRIR (REEOHMMES R BaBEe7rua 7 7 —BICLVAE L b )R
BESR YRR 72 & & N2 CRERE - Ak SE2 b0 TH 5. BBICIRAFRC L 58
ME L TERIND bDOIE, ARRgEHXOFEMCREAESE FRNOEMCT 2/ Bk,
W SR R LRI U < V3B D RFHIRIE X 7 EZIRAE LT b D Th 5. Al 5
b M7 AT TH Y, 2015 FEOFE O MR D 86.4% % (5 5. IRWVTIR
HHRITEERED 13.0%, RAMEIESITEEED 06% THDH (L x5 piERE

-3-



42—, ApELIHE,  https://www.soysauce.or.jp/arekore/index.html, 2017 4F 12 H HLE).
o T, MR E VTS5 R il LT, B - Blic L - TRl 5 A
EEE A DOEML, ARIZBNWTRBEAINTNDS LW HHRNDL, AAROREIL
REXFTEHETHLLEERD.
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B 1-1. ABEEHFROEMORELE

(L X900 BAREMER ICL2EMORSD L, JFEE 2D KE &/NEE2BIECRER
A A RO TEERE - AR SE - b 0 & L TERIN D AREE T XOEMORIE FiEEZ R L
T ANHEE T RUT 2015 OO HREED 86.4% % S, AARENIZIEWThch —ir7e4k
PEHXTHD.
Mix rTcw<bLlLxro29w —AKEgEFX- (LxovEHRE ¥ —,
https://www.soysauce.or.jp/syurui/koikuchi.html, 2017 4% 12 HHI(E)] #&EI1C L TER L
7z.



1.2. EWmofEER
RE ST TR, FEMBOREGEIG R EOBENC L DEHORIED, JAS ik

IZX D FRRICEFR STV D (BARKEER, 2017 4 12 HBIE). ElofEE LTIz
W<HB @RI, 99 @A), [72F0 (), TEnWLIhH (Bfd)), TLA
(A)) BEAEhTEY, TAETNFREBOENZ L > THEARL S (JAS I2BWVT
(TR P 7 & OB THA R4 TREE STV D, AR TITEFTTHR—L T
WD, BN SGIH LTV CEITHA 2 HVW TR T D).

AWML, KREICZEFFEEOR (NR)ZMATZH D (T 2 KEOBIAZ N
RI2H D)V EMBOFEE U, BEiE - AR L7 b D ThH Y, RIZilR~7z 5 FEHO
D5, HEHED 84.0%% 5D L&k b —RIRHHEOENTH S (L x 2 PIFHE
v —, AP &, https://lwww.soysauce.or.jp/arekore/index.html, 2017 4= 12 A BifE) .
BEREFD LRERETHRICBITAHEOTETHY (HiF 2012a), [-D0F, 7T
TR, TEY, B, 120, 7o) 7 ERRBEAE & L Th b Tn g (iE

2013).

#

POEMIL, KEICIZFFEEDE (MR)EZMATob O (UIZTIUTKEOBIHD L
SUHNERITNT U EMAT- L D) MBOFEEE L, sWITkEZR LZb0 (UTZ
NEBEIZE VL L D)2 ML, METRICEW TERROBLEZIMH Lz
DTHD. BHOMKEED S b, 125%% 5D 5 ZFHIZZWERTHS (Lx D
WDIFERE & —, FEPE L IHE,  https://lwww.soysauce.or.jp/arekore/index.html, 2017 4 12
HEBUAE) . BAOEMIMEORSEFY, AW EENT IO T, 53 aicft b
T2 ENZOEETITRFICHEE SNLTEL (NS, 2004). 5 EADELITDOHE
REWTHRITRELS, WIFHED LW FEARAL TS (HERDS. 1996).

BEWE, KED LUIKRFIAEDOE (NR)ZMAT-H D (LT IUTKEDE
HEMZ T b O)EEMBOREE 50T, FENZEBIT H/hEOEIGN DD
ENFFETH L. HITEED 2.0%23MEMICHY L, #EERIE ORORIE SITF
WY, FEATITRHEREmRE LT, EBERTIEE»E0H O & OKERM



BARREITHW O A WA 2012a).

FAHEIARNE, KEICIZEFEEOR (MR)EZMAT-HD (I ZNITKFORE L
INZ 726 O) & MM OJFE & U, i osbRITRE KON D 0 ITEBT GEWD D
LTHLNT, KANZTHHIOEKR)ZEHT 260 THD. HAEED 0.9%5
AEMTH S, BEOERE E LT, @ IRBRE CTHESEENE V. O
THEFRF Y NS, BOTNSCHEHONTERE L THYORD (Hif 2012a).

FEEE, DEOKTGICE (NE)ZMAT-bOCULZITNET VT &2z T
HO)VEEMBOEEE L, 22 o8E TRIZEW TARDOE(LZRIMH L7 b DT
B, HEEED 06%NAEMCHIZD. —FORBITOENHD THL, Hidk
BIER72 D55, aRHSBRWEE OO IS (iR 2012a).

BHEIZE S BRAx RIEEOE M & 21 T, HEF OB O & 1B AH 1) 13k
RERICL > TENRD D, FmARLDOWFIETIX, 24 ENFRD 1,740 NIZxF L TITo 727
Y= FNHEIC K D EREROKEENTHEICHEH T 2 EMICZZb Y 2o T 5
EMEINTND., FBEO 37%PEHRIZIE U CTERAZ MW7 TR Y, R
ZDF < BAVELAVE T 50% % 2 5 A EH O W32 LT\ D (EA 2005). 1z
T, & RIEROFAMEIC BT 228 T b ALiE - JLMNIZ I W TR R & o
FAVEICFARE N & 2 AIREME DN iR STV D (Z WA 5. 2017; B 5. 2017).

UEDZ &G, —AIZEHmES > Th, TOHEEE DAL MRITZIGITDZY
PACOHIEIZ K o THR 2 2D BIRS N TNWD Z bbb, DE D IoER S
AARNDOEALICEETH 5.



13. EEOEMD LRI

A, 1.2 TIlRARTZAEROEMITIN 2 C, A<, BoEEm, Hhkte LTEh%
M U772 L, IS 72 & o Hamer, FEto —MIicEmz gt Aow,
eV, EARTHREE L COEMLSMNTS, BN L E LTHWLN D Z &3
MLTWD. ZOHERENL, BHOZERIILE, TS5 =—XDEMMFEZ 5.

AENIE, 1.2 THl~7z 3 & RIAEORIE TRERE - B S E-RZ EHE L TR S
NIREBD F F ORIKICKANEZITOTICMEN OREEZIToT2E MO Z L Th 5.
KAUC K DIEAED OB R 21T IS 28I K 0 BrET 2 H SRz L
e b T, EREmARIEIND KOs (VME , FIE 2013). AL, kKA
N LWz Lnb, TFEenmEy |, EShRBAIRE] R ERRETHY, WE
DHAE P EHBEMOBIZL > T, —ROBHAIZER LT,

TR B 1T R O SRR B & 2 & iR B ik B e £ O ES BRI TR O
HfRZ ST TV A NEXtSRE L TR kAR (B8 2012a; HAK 2005). Iz T, #
W B E4 2 By OHRRIENE e E ORI STl Y, 5% b BICE M
MO SR D STV REMER & D (AR 2007).

BN LA, 22U, RIEE, A0, EhERENRGHY, EilE—
AL L THOFRARE 2 EEMA T2 b D THD. L x diFlE v ¥ —OfERT IR
TS AR 2 el s, I & SN 5 o I AP A R D 28 b & 2008 4R 5 2016 40>
FTr I 7L (¥ 1-2). WoeH], BFERMLAOEHOHmREEL ALy 77
(T2 U 2 RAE Dokt L, EMi L, SRS o0 (DA LK),
To VDA G RN F 2 BIMEANIC 5 5. RIEICIRFHEIITENH HY, AA
IR DEMM TAEOFERENEIM L2055 Z EAMAz 5.

7z, WMNCHB T 2 EHOFEIZOWTIEL HIMERICH Y, AR D O &
1% 2011 4FLAKE 2016 4E % THIMZHR1F, $930000 kL L 72> T2 (K 1-3) (L X H W
it 22—, ApELHE, https://www.soysauce.or.jp/arekore/index.html, 2017 4 12
HHBUE) . AT, LiEEzPLETLRAARET =20 R ; HARANDIGHNRE



SE” Do A 3 B SCL B PE ~ D g% (United Nations Educational, Scientific and
Cultural Organization, 2013)Z B EWZ L CTA % & HRBE CO R 722 2 i K A
FND. o T, EMITHA P CELG STV DEERGKRECH Y, AARORMESE
FRETHLEVWZ D, BEDO LS, ENAOBEFEDEIICE - T, EhoZEk
PIZILEY 52DV, TOT/FELZILITOIE->TNS.
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2008 4 (AL 20 )05 2016 4 (AL 28 ) D I EOHER 2R L. L X 5 WliFHt
5 — OFREIF BRI S R 2 B L7 2 LT

B oM EE GF LIz 7 7 71348 2 WA 2 72 olcxt U, SEHn L, 7 & H
2 (DAY LKD), TAVEOEFHHAE R 2 IMERIZH 5. RIZICHRIEE R
ZENBH LD, BRIZBTHEMIN LABEOFTENEMLS05HLZ LNBIDBZDH(LELIDP
it #—, APEL T, https://www.soysauce.or.jp/arekore/index.html, 2017 4F 12 H Bi(E).
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W oG 1989 4R121E 53 M IE, 2016 4EIiX 64 HETH Y, 7 AU BAEIE, HKE, FEAR
HFE, FEk, A=A N7V T, KEBRE, 770R, N4V, A, FT70%, U AR—
N, T4IVEY, ARATT), ALY, B, AV RV T, vL—v7, =a—YV—F
R, 4207, RhF A, Frv—r, a7, AVz—TFr, 777 EREMET, HF&7%
ENEEND. WINTIIT 2 M OFTEIIFE A HIMERICH 0, HAD S O #1E 2011 4224
B 2016 - CHIMZR T CWVWD(LEI)WEHRE X —, AFELHE,
https://www.soysauce.or.jp/arekore/index.html, 2017 4E 12 H BIfE).
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1.4, BHWFORE LRSS
ORI, R, FY, O3 ODOEENLRY L. JAS TiE, EHEmR S

DB LT, Kk « bk - BEEOFEHRZ ATV D (BEH AL). i O5HRkI%
BMoME2RT 20, BESA, IR (R, &), A, 2%y, Ak E
Bo37a EOFIEIZ L > THRESNTEY (£ 1-1, EFF AL, ML, (V)R ARENE
firt o 2 —0FE+ 2 NENEERERRERR] ICAELIZbDOMT-oTND. H
Th, Rt - BRRROFORIRA, ¥, BMEABR TIIERS B ZN TN ORHRIZIT
18 L C 10%LL EZ W DICOBFFENTWND (3 1-2, BEF A2, EMKEE, 2017 4F
12 HBUE). RRFMIEMICEENDLIT I /BT T FORELZIIET 526D T,
ZORTHEPOEROMEZRET S ETT IV BAEERINTNDZ END
D, FEEIZ, EHRo 9 £WICES-4 5 glutamic acid (Lioe et al. 2010)°7 2/ BR D17
£ (Kirimura et al. 1969) 3 MO M EIZE > TEETHDL Z EIFHALMTHY, T3
J FR OB A MIHEIIC R T REROERIL, F2 IMERICH 5 (A AREMmFHS 2012).
— 5T, MO bE E LT glucose X H Mk, lactic acid <° acetic acid (HEIE,
JFEF SR NaCl (3HEIR, EIRAST FRIEERRE L, BATIRICBEDDOMITIIINET
(CREMSILTRY, T/ LS DR DB RRSN TS (4 KD, 1999).
(TIX SRR N E EN TV DR, FMOREIIL IS Oy DEV D KBS T
WRW, IR TC, ERICIZEFMAE TH D 4-hydroxy-2(or 5)-ethyl-5(or 2)-methyl-3(2H)-
furanone (HEMF)D1E7s, = A5 )L, Ta—, Wk, 7 by, 7572, 527 ki
EDBFERWDDEENTND. MIZH A A T — FEURZHE L2 L LW AEDOER R
CWERE < PR DN ER 2 RBERIZ K » TEM O N AER S LD (AARE MBS
2012). L2»LEMOFEV T TL X 9O HARRMEE | ICREBE SN TR TH D
[ FEEE, B LTCEEE Z WS B L & D DORHETH 2MEF DB D & 2 070>
RINEEEREL, FFAEOEFED LHALE®RLPREAEZALTEBY, ZORTHER
THY, o, BRERERUNORRNWZ E (WS B L XD POBUE - 558k, &k
Al) .] EWVWOFRIEDOA TSN TEY, BERREFRMDITMEICIBNTE

-11-



BTV,

UEDZ et TL XD DORME] (2K EITEMOFROME LT
SEARTIE ARV, EERIZ, EloMEm B0 OICEERME S LTV D 2EEH MRS
TiX, FCHEOEMNMELZFMIND Z 06, RUHEOFTH-> THLRTIH
UERIZRD CITRO RN EITALNTH D, DF D EMOKRSE D 2 L0 BfFET
HIDIZIE SO RHMENVETHS. TNETITHIEL LTHET N TV 72
FTRL, BIZEEN M2 RSB EROREICTE L TW D et arEx, 2
NETICHD T 77 7 AV EEMOW - F 0 ICBET 2N T TE . Z DR

IZDOWTIE 1.6 Tilk~7z.

#F1-1. TVWHLEHIDD JAS Hikk

MEVE RIVATEETE 2y (=3 R47)P

Hik& RERT 1% wpEe % ok

0
i © 150 Bl 18 A 16 LI |
. (1.50~1.60) (10~13) (16~19)
ik 1.35 LAk I 14 VL E
FEHE 1.20 UL | u —

* A EDFIILTL LD OIEREL | DFEL. BHAVNSIeBIZEENEL, BEDBKEL 2DIZE 6
(ERTIAN

O SO SEEITIAN TCWDETE Sy (FHEETEETE) DI 5 2 BRONZH 0.

COPNIT I .

#F1-2. JASITEBIVKD, I2FD, SNWLZHLIHIDDRSE - BRSBROFRTRB %

i) SER B
EbERe Rk Rk DE R3O L5 L
gk Rk Rk DR 53D 1.2 {50 1
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15, EHWoBEE L MEY
T OBEE ITE, HEBEE, BRIk o TiThivd., X 14 I2FNFNOMEMD

FREE R LT, £7, ElEEEOFH B L LT, HE Aspergillusoryzae % L <
I% A.sojae DAEFET HHEE (a7 7 —8, 7TIT7—B)NLoTKRKEHKRDH XY
BOT 2 ) BR~DONR, BIONEEROT 7 v ORE~ONRNGE D, BEIL,
Tur7—8, TIT—EBREDAEIZL ST, 14 THEFEMFOFE DR
RBEERDIIRELBEGT A0, fER05EORIN & BREIIEESR OEEME O]
ZHME L TIThbTE 7= (B8 2012b). &R\ C, TMifEMEDOFLELHE Tetragenococcus
halophilus 23 FLEZEER%(Z X % lacticacid DAEFE &, citricacid 7> 5 @ acetic acid D /EpE %
1TV, ZORERE LT pH OIKTHNEZ 5. AMEOHEKZ & 12 pH O T
FEORALI e pH X2 508, —RAIC 46 FREE TT 35, SLESREBE N IR I 72 5
& TERFDOBERE DN A 3272 D728, 1B B FLIR IR OBERFHE T OF D 23l
HZ LI Ko TGRIINDIGAENH D (WiF 2012b). Kk, EEFE Zygosaccharomyces
rouxii =° Candida versatilis |Z & % 7 /L 2 — LEEEEIC L - CTREMOME 2, F 0 234
A9 % (Sugiyama 1984). Z.rouxii (X EMERERSERE & FEITAL, MBS ISV T b HEE
REERETH D, @S T THEEN O 7L o — UREEE 21T 5 L & $1Z, Ehrlich K12
KoTT I VBOLIRFBEO—2D R\ EKT Va3 — ) )VEEZ AT 5 (Slis et al.
2001)fth, EERF ORI CHAEMRAZ B L LT L= 2TV DER, 7 e —1L
R EORET NV a— ORI EICHBE LTS (58 2012b). —J5 C. versatilis X
HRMET = /) — VHOEEL B E T 5. BRHITEROFVIZE > Tirb RERER
D—oT, BREENOBHEISIIIES N TND.

b X9, ElgEEIcEN SNHMERIENENEEREZEH L ->TEBY,
ZNENOEEZ RT3 ECll L7 EEDSRIRE N T 7.

13-



ELEED RRBIGEIKE

‘800 I BRICEBFEHO 57

(Aspergillus oryzae, A. sojae)

O IERE FLER - BERR D R
(Tetragenococcus halophilus) (pHIETF)

C® il ESHADER

(Zygosaccharomyces rouxii)

B 1-4. EWPoBEEMEY L £ DORRREE

B, FLEEW, MRHIFAEENESECR W TEEREEZ R > TV D.

BB Aspergillus oryzae & L <% A. sojae DEHET HEERIZ L > TREHMKDOZ /T BEDT
JEA~DR, BXO/NERKDT 7 ORE~DSEZAIT S . JLERE Tetragenococcus
halophilus 13 lactic acid & acetic acid DAEPEZITVY, FERE U CEMEWD pH DK TR Z 5.
B R} Zygosaccharomyces rouxii 137 /b 21— )UEEBEIC > TERS AR L, Bl o7k,

HFYEED.

-14-



16. AZARuITRLEDORLME~DIGH
WA, fY), B & DL EMTER A E LHRIC BV T, R A

MEnd., ZhoDOREHEYOT~T (REEDORIK)Z A Z R o — N LD, A X
R E— N BRI T DN A X AR e I 7 A ThDH. AZAr I 7 A TA
—LBFOR TR O LWFRHER TH Y, BIRERTHL T/ L0, 7/ LiFHR)
5IAT~D HEADWI] 2RT T A7 VT h—a7 n T A —L L3R RY,
7 MEROIATOMP AR TR FROEIM L ER TS, (oT, AXFRu—L%
T3 2 2 LI2 ko T, RELLRBOLE R &% “SRHMEE” TR D Z &3 AlHE
L%, AZARw I 7 ADISHBEBIINH T T v 7 AT E OB R~ OIS
(Zamboni and Sauer 2009), EEFEZWNCAT T2/ 34 A~ — T — R 70 EOFEHE T~
J& M (Nishiumietal. 2012) 72 E 201275, F12, 7 MMERPBLHETIT /WD T,
EHRWEM IR EDT 4 =TV T 4 T ~DIGHNRETH 5 (1&IR 2008).

BRa 2B A~DICHRe, AZRa 7 AHIOFERBR~D=—XTHW->T, HHTS
PR « fRAT TR ERFTE S T E T2, A XA\ I 7 AEAT ) 12D ORISR
B3 6081 (Nuclear magnetic resonance spectroscopy : NMR), A7 o~ K75 7
+ —'E BT (Gas chromatography mass spectrometry : GC/MS), {&ik7 a~ K75 7
4 —EEyHriE (Liquid chromatography mass spectrometry : LC/MS), &+ £°7 U —EX,
VKENVE By 115 (Capillary electrophoresis mass spectrometry : CE/IMS)72 E3d 5. Zh
ZHOEIRIZIIME TE 2{bEW, o7V OdREE, itk (=2 1), HEORHE S 72
EDHTHRR TR EERD, MEOBRICSC TR REND. £z, AXFrIY
2D AT Ko TERONT —Z1%, 2 DO5E, Z< DILaWIFH & KR X
STRLIZRE, VU T NFRNORDLT —ZEEZ L TRY, o7 oEn
RV TN T EORHS A — B CEET S Z EIZREETH D, FDOTD, MITIZIIREE
Wy 7 < A% — 43 Hr (Hierarchical cluster analysis : HCA)=° = ik 43 %3 #t  (Principle
component analysis : PCA)72 & DA E L FE, THRIET MEEZ1T 9 729 O PLS

(Projection to latent structures)[Bl@ o347 72 & OEEIA D FESHVWBNS. EhZEhd
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FEMTINEIZ S R E BN H Y, BWIZS L THRA Rl ERBIRENS.

AZRE I AZK DT TH =7y FE LTWDLOTIE, BT I /8o
BUKMEARE TH Y, BT ORIy & @ T 550N 5. TDH A ZERm
7 AP EST H TR L CE oo FESHENT FEIL, BaZEICbISH S
T& 72 (K 1-5). BEFIZIZZEONRBWNIFIEL, Sy ONBRENIFRIT IR 5 O
RENT 24T O I DT> TAMRY — VD185, EERIS, 77—y, B3, FEEFR
in, AL Ze EORRc il 5, "Wah o E R b, ZeVE~DISHNRE S
TV % (Cevallos-Cevallos 2009; Ochi et al. 2012; Mimura et al. 2014; Jumhawan et al. 2016).
A LR w 7 ZEM 2 AW BFFE T, B SZiBR VR E 2 E TOR
BIH O DT AT AT 2. ZOZEIZE-T, AFTITHLNITAR
STWRMDSTMAEGD Z LN TEX 70, HHRRERTORSOREIZHHATH
5.
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W/ \"/.\N DNA  --——————--—---= >-“IIIIIIIIIIIIIII" *\\\\\\
RNA | cmcmmemes >
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A TECANT 7LT)  E— , ey
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 mmm ;
\ ﬁﬁﬁtﬁ?&*ﬁmﬁotué/
~F

ASRASHADE— I THIRA R BMMIL N
BRFOERES XA ) RRHE~OLA

B 1-5. AZAuI7RAORLHE~DILH

AZRBIY AT H SNARR AR COEMIEIIFIES D, B 73/ 0e - A a7 L OBk
REWTHHR, ZHBLIFE RO ERICB O TOEERRY ThHD. 2070, AZREIZATHN
SILTWDIHTFIE, AT FIEITE O EEBIIIE A~ ARETHD.
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1.7. ZRETOEBHDORA X R I 7 AHFFR L BAEDOREIZONT

14 T~ X DU, BT X /iR, AR, BT va— T T ) ED
FRA IR B EENTND (R 2012¢). ZIENOAS B ORI G- %12
6D 5T, FMOERRIL IAS D3IE O T % F oy oM WA TEREE 3 72 & O —E O K
WIZL > TRET D, ZDT2D 26 OFRFIZEM OB OFHE & L TAR+2TH D
EEZBNTL. EZTEMOWRICED D EBEMRD T T2, xRy & RO B%
R IAT 9 2 72018, A Z R w7 AN 2 W TE RN K D IR & plisr &
OAHBEBIGR OEMT MT DALz, T ORI, FEENHIRISMI S O £0k, EIE, HIK,
gk, Beh~FEH4 % AHEMSC (Yamamoto etal. 2012), #HbL7 2 / eH 9 £RICEH G-
T HAREMEDN S D Z & 72 L (Shigaetal. 2014), oo & FEEIZERMIZBW T, X
ARBI T ALK T 07 74 Y T Ko TR R B 227~ 7.

ELEFELKKIT OWIETIL, Vo T2 B PERICAHIN L CTAD RN E DRI 2D
LR TE BEETH S flavor dilution factor (FD factor) % >k % aroma extract dilution
analysis (AEDA)Z W C, BEICEHEZ LML TV DD 72T TR<, Sy & x5
& LTERBEMICE VICH 5T 20 OWFZE03M T T2 (Steinhaus and Schieberle
2007) (Kaneko etal. 2012). ik THEREXK/TIIHEMF THL LE2x b TEL
(Nunomuraetal. 1976)7%, Z#LIZhNZ2 T, 2-phenylethyl alcohol, 3-(Methylthio)-1-propanal
(Methional), 4-hydroxy-2, 5-dimethyl-3(2H)-furanone (HDMF), ethyl 2-methylbutanoate 72
& (Steinhaus and Schieberle 2007; Kaneko et al. 2012; Kaneko et al. 2013; Meng et al. 2017),
BB HOFVICHFET DM NEESNTE TVD.

UL EORFFERERIE, WBITHER SN TELEBERRSZT TR, ElcEEnsd
e R M OREICTHF S LT D aMREE 2R L TE 2. L LENEN DS
N E DAY E B Z RO D B INI 2> TWRWZ, BREPICMNICER LT
b3 2% D OFER RO THEETH 5.
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18. AHFEDOHK
TTAMITETIE, A 2R e 7 280 e O CEIBEE IRy 7 e 7 7 A U >

T BTV, B4 L RSy & OB N EROME IS 2 BB EinT D00 R
/DT ex2AMLE Le, MEMOTTY, FERT CRERFICE S L, AMmRSOFXD
SDOERRICHFHFG L TND LB ONDAME L BRHIIER L.

FT, F2ETIEHMEDORM - IERIN K-> TEEEFIZCED X S 2ty T 7 7
ANVDEACIE Z 2032 BT Lic, EHEERICE $4, Bodzm L T2 d 2 hk
3iE, (1) HEEEOWRMTAERT 2557, (2) BEREOBWITHERT 5557, (3)F LISt
DFIR EICHKT IRDICEKBITE D, 22T, TNENOWMEMETRNT HZ LI
L2777 A NVDOENG, (1), Q)OILEERE - BERFOWMN &M A & DRl &
IR L7c. BARBOITIE, FLET - BEREZ N LB o & & 6T, FLE & EE
&2 2NN - ROz BE Ui (OILBEE - BRI, QFLERE R,
Q@BLRAIN, @ILEAE - BERERINZR L), ~ AART ML TIA T T URFEELTED,
AT AN TV a rOREEZTDH I LD, EREICENLTND &0V DK
Baef425Z b, Sk L LTETFA A 1L ENiEEZHVZ GCIMS Z iR L
BT 7Tr 77 A v T a ATl Z0%, BonlclinEls, 24 a4
EHLTELEL.

e < B 3T TIL, FLBRIE L BRI TN ENAERET D, lacticacid - acetic acid - ethanol
DREET DO EEZLZ LI, IO O ITRHREREOR b Z 5| S I35 LIk b,
AN DA F (Kusumegi et al. 1998)°ak 3 LI F 5T D AIREMEA I HIL TV H T2
(Martins and Van Boekel 2005), & O 2T MEEICB W TEERER OO LS TH
. 2 BT & iy OFRB & AT L 72y, FLEETE OWINC X - TN % ik
Sy DI, FLEEEEERAICES S U CAET 2 R LIAMS, FLEEE ICE & 4172 lactic
acid X acetic acid ([Z KX > TEALT H R H D Z EMTREIND. AT, BEROT
AN E = TN 2o DI, BEREDSEERANICEE G L CAFET DR BISMT, B
RHZ Ko TIEB M7 ethanol HIRICEEA ST DD BFETHZ ENEZHND.
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% 2T, FLMER & BEREDNAEFET S lactic acid - acetic acid - ethanol 23p%5y 7 1 7 7 A L
WCRIETREIZER LTz, UAEMIZ K> THERT D55 & ENUSNOZERIT Kk - T
LR T 72 LICAERT D0 2 2N ENH LT 5 2 LT, MAEMOKE 4« X
DR BRI D7 OICEHE R 70D, 2O, HBRH - BEREZ RN L7 8% o
bl b bz, HEEE O Y IT lacticacid - aceticacid %, RO 40V |2 ethanol %
WU 7= 852 B#1E L, lactic acid - acetic acid + ethanol DTFAED Ky 7' 1 7 7 A /LT
EORETONEBLR L. KBRIZ, BH2RELFEIEOMREHRIEL, BHEEKICE
WCHLEER, FERER KOV, lactic acid - acetic acid - ethanol 235y 7' v 7 7 A VI B %

DT ONWTELE LT,
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B2 LR L RS EHBOETICRS T R 7 7 A VT RIETREBOME

#r
2.1. ¥=
T OEEE L, EMICLDEBBENEECTHS. L LEHRTIZE TN 01T

LG22, 9 EHRICEI ST % glutamicacid 21X U &5 7 3 BkESe, EHEA
BFR ThHD HEMF 72 EO—HOR & RE, MAEWE RS 7 27 7 A L OFHEM
RIEHTIAT DI T W, EHO SRR A, B 28 LWRHEZ RO kD 5
IWTWDIRMO T, WEM L ORD Y OfGwRICET 2B HR A5 2 & ITEE R
HEO—DOTH D.

Z T TOARETIE, WEME BB MM T 2720 DREMEL 2 21w E LT, WAED
DM« FERINIES LSy 7 a7 7 A VOBIb 5T L, ZOEWINE, MEHO
METHELZBETLHZ AL Lo, BRITEMEEEL1T O LR b HERMAE
WTHY, BT DT I BROAKEICEERES L TWD (HF& 2012b). BEECH L
WIN HIRGEE &38RV, BT S FXNOERREICIINAEATH S, £2T
JECRR 3 RIS LB e BB RN D BE BRI L™ R C O DWW TRBR DO FIETIT, £k
D% DBEMEDIBEE E R OR D T 0 T 7 A N~DFEBEERTH L L, 2D

DICHEEE « BERF AR L7 BmE Ol e & 12, HEEE & BERAZ RN L7V E
PEEE LT, 7 a7 AU 7L, v AART MLTIA T T OFRNFTEFEL
TEY, HEmBEOESNb R EOBMERY T IND ) o Z =7y MENTIZE L
TV 5 GCIMS ZER L7=. GCIMS T, 3FHEO O HikEMH Lz, £9, 73
J B8, BE, AR EEMOWIZED D & B 2 5D BUKMEIR S FALE M O —F o
MA[FETH D A ¥ afbd b AF LU b E A DY T2 ERIIEIZ LD
IR L. IZ, FVICHEb 2 EEX LN DERER DSOS E LTT va—
WV, T T U E R AR X D WRIRIHIEIC K o T, = AT R AR TV E
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KD~y RAR—=ZADORSEHETDALZT (v 7~y RAR=ZAY 7Y 7k
Iz ko> ToMrE L.

2.2. EBMEIR X OERGIE
221, EwWmoRER

ARIBRIZHN Y 7 Ty a3 —< U RS ISR L T2z, EhEE kI o
FEOIZ L > T SN TFEIC IV R, HEZ1T-7- (Ito et al. 2013). HEEDA LT KE
Elb o7/ NEEIREL, #E (Aspergillus sojae NBRC 4239) D& LT- A FE2HEE T
I, #EFEETT o7, o, AEMDIRAZBL DI 722812, penicillin (2 U/g-
) AL, o, Mk eBEa L. BE/KEDEA DR R THEKRD S
iz AR (EMTENERR No. 2, HYFIEMRNSAL, T, BA) 2V TEINL 0 3 H oV
YT ELT ALIAARLY 1, 3 H ORI CRIRICY TV T aATo02. 3BH DT
%I CHEE  (Tetragenococcus halophilus NBRC 12172) OE:#RAZIILT-. E D
51 B R CTH TV T EAT, ZO%EERE (Zygosaccharomyces rouxii NBRC 1876) &
BRI (pH 233 EE 5.0 IZR0FFR). F7z, ZOREKE R HHRT 2
ZLTIdRE T ol AR LY 6 W R THo TV T HATY, ZOBREHEET, X
FI72 St CREE ATV, 1008 B & 183 B IZH v T U 7 &AT o7, BTV 7 RAV N,
0,1,3,56,10, 18 H D 7 ;i TH5. RN LI=AKRIZAT-20C TRIFLIZ. SIRIT o728
TMBEEE I, ZEM DR BE LT 572012, £ 2-1 106> THERE - RO RN « BN
MO GMEEELL, KRBT DT DA T T2, KV 7 T4 %, Control: FL
PR B - B REVRN, LAB: SLER SN, Yeast: BEREVSIN, None: FLEZ B « B RERNZ2 L &350
T5. ENENDFERIT, n=3 THEELT.
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#F2-1. HE2ETHWEEWmY L

Microbes
A. sojae T. halophilus  Z. rouxii
Sample
NBRC 4239 NBRC 12172 NBRC 1876
Control : FLEETE - BEREANNN 0 @ o
LAB : FLEZ AN o o X
Yeast : FEREANIN o X X
None : ¥LEEE « BERERINZR L o X X
222, RE

Ribitol, pyridine (Infinity pure grade), ethyl acetate, ultrapure water, phosphoric acid, sodium
dihydrogen phosphate dehydrate, 2-ethyl-1-hexanol, n-hexane, n-heptane Itk T 24k
Aotk (K, HAR)HHEEA L7=. Methoxyamine hydrochloride, 1-propanol-1,1-d; i
Sigma-Aldrich (Milwaukee, WI, USA) 72> & i A L 7=. MSTFA, n-alkanes (C9-C40), n-
pentane, n-octane (£ — = /LH A =2 AR St G, BEAR)DOEA L. Z0ME
— 277 T = a VICHOWIZRERIEE R RIS R, BAR) DB A LT,

2.2.3. BALE
2.2.3.1. BIAKMARS TR OFEERL

MK &> T 10 fEATIR L7235 meE R O AR 20 uL [ICNEBEEHEY)EL & LT ribitol
KR (0.2mg/mL) Z 60pL 7ML, BT v 7 A TEIBM L. ZD%ikikE#
T O TG (FREEZE DRYER VD-800F, # A 7 v 7 Bik&tl, BE, AAK)
et L, kK< mES Y. FERMeiCEA R E N AF ALY L

(trimethylsilylation, TMS) b4 H\7=. £, methoxyamine hydrochloride (20 mg/ml-
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pyridine) % 100 uL N %, Thermomixer comfort (= v =2 R 7 A S4E, A, HA)
(2T 30°C, 904y, 1200rpm TA > F a2X— kL, X FFIALGESHZ. ZhIiCE
512, MSTFA Z 50uL iz, 37°C, 304y, 1200rpm TA > F =~—hL, hUAF

U AR ST

2.2.3.2. B¥ER—FNIC & BRSO
FEFEMER S ORI IE ethyl acetate (2 X 2Rl HEZ Ve, ElEE O AR

>V I mLICINEEE #E)E & L C 2-ethyl-1-hexanol (1 mg/mL)% /il 2., NaCl % 300 mg
WIMLU7=. Z 1T ethyl acetate % 400 uL iz, Ball Mill (Retsch Co., Haan, Germany) %

FAWT 3057, 25 Hz CTHR#PET 5 Z & THI 21T - 7=,

2233 AZTF 4 oI~y RAR—ZEBIC L 2ERMERSOYF TS
NaCl %z 1000 mg #t& L, ~v RA_X—2H% 7Y 7 H,31 7/ (COMBIPAL

10ml A 7, =T A7 —/WRRRSHE, B, HAR)NCAN, Z ZIZEHRERO A
W25 mLZRIM L. 0% pH OFFFED 7=, 1 mol/L @ sodium phosphate 7KIA#E
(7.8 g @ sodium dihydrogen phosphate dihydrate & 3.42 mL @ phosphoric acid (70%) % &
FiLC, 100mL IZFRE L7-)& 0.5mL N L7z, F7=, WEBEE#EY)'E L L C 1-propanol-

1,1-d2 (12 pL/mL)% 10uL Sz 7=.

2.2.4. GCIMS 45#r
SyhrissiZ SHIMADZU GCMS-QP2010 Ultra > A A, SHIMADZU AOC-20s 4 —

o 7T — (BERERT, Z&5, BER)ZHW=., VAT AEB LT — X EIT

GCMS solutions ver.4.2.0 ¥ 7 ~ 7 =7 (EEHRUWERT, HHS, HAR)TIT-o72.
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2.2.4.1. BKMARS F RS
FBEMRALF L= 7L (1pl) A7 Y v hE—FK (251 (VW) TA V=7

varll. Arv=y e UEOIRE 250°C IZRRE LTz, % U T H AL He
ZZ AV, 7 LIZ1E CP-SIL 8 CB low bleed/MS column (30 m x 0.25 mm i.d. fused silica
capillary column coated with 0.25 pm, Agilent Technologies, CA, USA)%Z HV 7=, 717 A
®iXl12mLmin & L7z, BT LA =T 3BT NA V=T a0k, 80°C &
2 /3R Fi%, 15°C/min T330°C £ CTHIE I, £D1% 330°C % 6 nRfFL7z. A A
AbiZ®E A 4 Ak (Electron lonization, El) {EIZ XY =%/ ¥ —70eV TV, 7
VAT 7 —F4 1% 250°C, A A UPRIREEIT 200°C IZERE L2, A v UHEIFHIT miz
85-500 T, AF ¥ AE— K 20 scan/sec T~ AAY MLERSGLIZ. MHEELE

X, BRI — N Fa—= 2T VHBITHRE L.

2242 #EREMERSY (BT F/VHIH)
it 7r Qul) A7V vy RLAE—RTA vVl var iz AP

7 va VEROIREEIT 250°C IZRRE LT, Fx U T WA He 2, 77 A2
InertCap Pure WAX column (30 m x 0.25 mm i.d. with 0.25 pum film thickness, GL Sciences
Inc., X, BAR)VZHWEZ. 77 AWEX 1.24 mUmin & L=, BT L4 —7 03
YINA T 2T a %, 35°C & 2 pfRFFfE, 8°C/min T 250 °C £ THIA S H,
Z D% 250°C & 15 pfrFFL7c. A A ABIT EHEIC K D = LF—=T70eV TITV, |
FUAT 7 =T A % 250°C, A A UPRIREEIE 200 °C IZRRE L7z, A%y I
m/z 35-350 T, AF ¥ At — K 10scan/sec T~ A A MLERE LT7-. MRIHERE

Fi, BRI A— N Fa—=2 7 2iTWHEITERE L.
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2.243. BRMUERD (RET A v I~y RAR=ZJFY )

MRS SHIMADZU GCMS-TQ8040 & HS-20 ~ v K AR_R— AW 7T & H =,
HS-20 (2 X 4R, 1mL V> 7 —7% i —7%F— K (1560°C) T/T\, 7
— 7 RE 50°C, 30 47, /A TOVANEREE 0.5 4y, FEJ)EHERER 0.1 43, v — RIKFH
0.5%y, v— RFEHREF 014y, A Y= 7 v a VR 055y, =— KL 7T v ol
M55, "ATNIv 7 AITIToT.

it L7-KHMH % 150°C TGC ~%YD, A7V v hE—F (711 (VW) TA V=7
aylic. A Y=V v a UEROIREIX 280°C IZREE LT, ¥+ U T HAIZIE He &
Ay, 17 A1Z1%, DB-1 column (60 m x 0.25 mm i.d. fused silica capillary column coated
with 1.00 um, Agilent Technologies, CA, USA)Z H\\7=. 717 Ajii&ElE 1.60 mL/min & L
le. ATZEF—=T NI T NA P = v a %, 35°C & 5 43{RFF%, 8°C/min T
230°C £ THILSE, £ D% 230°C & 10 /ofrfF L7z, #HiVT-5°C/min T 200°C £ T
BRiE L7z, A A AbIZE 1A 4 1k (Electron lonization, El) 7£(2 LY =%/ ¥ —T70eV
TITW, F T AT 7—F4 13280°C, A A JRIREEIL 230°C IR E LTz, AF ¥
> #iPH m/z 34-500, A ¥y 2 A E— K 10scan/sec T~ AANY MLERE L. B

SR, HANCA— b Fa—= 7 T HBTRE LT,

225. F—=F7FmrE A
BUKRVERC Y 0 #r &, BEER = T LA X S5 VR oA TR VI BT — 2 13,

netCDF JEUZZEH# L CTH) L7=. iV T, MetAlignver.041012 ¥ 7 F 7 =7 (Lommen
2009) & HWC, _"—R T A UHIE, BE—27 K, ©—2 774 A2 FE{TV, CSV
(comma-separated values)EXChER A2 1 L=, fF6 77 —4% % Aloutput ¥ 7 k7
=7 (Tsugawaetal. 2011) CHiAr A, B —Z4T8IEAERR L=, Fe\» Cotr&1T -7 n-

alkanes ® 5 H, B — 7 NES I/ C10 - C23 ZH W T Kovats A > F v 7 A
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(Retention index: RI) Z#HH L, HFE—7 D~V AAXT MLERIZE, A VD RATA
TIT7IVDTAANRY fLl R ERETLHZLICE-T, E—=0D7 ) T—vark
iTo7. F£7=, Aloutput IZX V7 /T —varIneh-7-t—7 % LabSolutions
GCMSsolution Ver 4.20 (S 8ERT, FHS, HAR) 1ZE A L7 NIST11 MS spectral library
DY AANXY MV EDUBIZ X WLEWDT ) T — a vy &fToTz. D%, NI
WP % JEVEIC L C B — 2 RS AL LTz,

Ny RAR=2ZRH T ) T LSBT TRONIZAT =21,
LabSolutions GCMSsolution Z VT — 7 i Z1T o 72, B — 271782 1FpitR, KB
— 7 D~ AAY FL%, LabSolutions GCMSsolution (23 A L 7= NIST11 MS spectral
library D~ A AT MVl L, \bLEWOT )T —va v E{ToT-. e, b E
{T->7-n-alkanes ® 5 6, ©'— 27 REfGFE 72 C5-C12 Z# [T RI 2R L&A E—2
DOE— 7 EEERD, Dk, NEEUEYE 1-propanol-1,1-d; ZFEHEIZ L TE— 7 74
7 iR L LTz,

2.2.6. MEHAEMNT
GCIMS Stz k- THEoN=T—2 M olER LT, 7/ T7—YaryEn-v—7

DONEAEREME T 2 MEDOT — &y NEHWTESEERIT 21T o7, ER
353 HF (PCA)IE, SIMCA-P+ version 13 (Umetrics, Umed, Sweden)(Z & ¥, AutoScaling
(Unit variance) CTIERUL L7 #&IT o7, Mg 27 7 2 % —/3#r (HCA)IEL Multiexperiment
View Version 4.9120 (Howe et al. 2010)(Z L ¥, AutoScaling TIEMAL L7=%1T- 7=.

Distance metric (& Person Correlation, Linkage method /% Average linkage clustering % fifi

AL
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23. fEREER
231 BEMoORTu7 74V U THER

fE®IL 720, 1, 3, 5, 6, 10, 18 ¥ H OEMFEKD Aik%E GCIMS IZ X > THHr L

. X 2-1 121, Control (FLEEH - BERFARIN O 18 3 B O v 7 )V O BKMARSY -5y
ST (K 2-1 A), FERR=F/VRHNC K D HFMER 704 (X 2-1 B), ~» FAR—2R
Yo7V IR DRSS OT(K 2-1 O kDB A F v EIRZ v~ 7T A
(TICC)Z ~rL7=. GCIMS (2 X W& 5= —2 %, Aloutput, NIST 74 7' F U J Q%=
EMERNTT )T —va rafTolc. TOREE, G138 O v— 7 Bt &7
(3 2-2, & AL-3). BUKMARS TE 3T I 7 X B, B, AR & 0 36 Aoy
FEfR = F LA IS X D HERVER D D DIX T v a—v, 75 ) e D 52 oy
Ny RAN=ZAY T Y U7 K DRI T BIid=F L AT )L, FifgT A
TR ED 45 A DI Sivic. B S BUKMER S LA OB RIRR O Fik
ZAEF L CRE 5T 24T - 7245 (Shiga et al. 2014; Yamamoto et al. 2012) & Hiis L
T ootz (FRER, 100,68 i%57). T, BARTOWMENAAR T AU 7 - Hi[FH
THEA LT B2 el e, BREOX LI EENMKGR L THER LT X @ik L
EEHle, RCOV T NVORGBOER THD I ERMAGBOEICERNT LB 20
o, FHERMERICE L T, EFEOEMOE D IZEET 5098 L (Kaneko et al. 2012;
Kaneko et al. 2013; Steinhaus and Schieberle 2007)ELifs: L C & BEARFLRR D Z 0D & L
T, toefizfiEL Wb EBExoND. LrL, U7 VABERPMKANEIT-T
WARWAERSTH D 2 L, BARERETH S Candidaversatilis 2 L T\ RN Z LI
& o T 4-ethyl guaiacol 72 E O —F DT STz, ZORST —4% ZHn
TT—ZATHNEERL L, LA OFEITIC VT (3R A4-6).
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HE

2-1. GCMSIZXVBONEEINBORAFT VBRI v~ N7 T A (TICC)

B 72T Control (FLERE - BEREARIN O 18 1 H 2 Hv 7z,

(A) BUKMEAR Sy Ry 5 b

(B) Flk=F LAMHIC X D IR T

(C) ~v RAR=RY T 7 K DM 5T

BUKVEIR Y TR e 2 D137 X 7 g, BE, AHERE7R £ 36 filsy, BRI T /LA K 2 BRI 5y
PrnoiZ7va—n, 777 78D 52 by, ~v RAR=2Y 7Y 72 K HHIENERS 5347 70
Sl F LT 2T )L, BT AT LI 8D 45 B S .
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#22. GCIMSIZEYWT /) T—vavrlican—8
BUKME Alanine Malic acid
X5 7E5r  Arabinose Mannitol
36 %5 Arabitol meso-Erythritol
Aspartic acid Methionine
Citric acid + Isocitric acid Ornithine
Fructose Phenylalanine
Galactose Phosphate
Glucose Proline
Glutamic acid Pyroglutamic acid
Glutamine Ribose
Glycerol Serine
Glycine Succinic acid (or aldehyde)
Histidine Threonine
Inositol Tryptophan
Isoleucine Tyrosine
Lactic acid Valine
Leucine Xylitol
Lysine Xylose
WElg — F L (R)-Dihydro-3-hydroxy- 3,5-Dihydroxy-6-methyl-
iz X% 4,4-dimethyl-2(3H)-furanone 2,3-dihydro-4H-pyran-4-one
3 M 4y (2,2)-9,12-Octadecadienoic acid _
. ) o 3,5-Dimethyl-4-heptanone
52 %57 (Linoleic acid)

1,2,3-Benzenetriol (Pyrogallol)
1,4-Benzenediol

1-Butanol
1-Hydroxy-2-butanone
1-Hydroxy-2-propanone (Acetol)
1-Propanol
2-(4-Hydroxyphenyl)ethanol
2(5H)-furanone

2,3-Butanediol

4-Hydroxy-2,5-dimethyl3(2H)-furanone
(HDMF)

3-Hydroxy-2-butanone (Acetoin)
3-Hydroxy-2-methyl-4H-pyran-4-one
(Maltol)

3-Methyl-1-butanol (Isoamyl alcohol)
3-Methyl-2(5H)-furanone
3-Methylbutanoic acid (Isovaleric acid)
4-Ethyl-2,6-dimethoxyphenol
4-Hydroxy-5-methyl-furanone
4-Oxopentanoic acid (Levulinic acid)
5(or 2)-Ethyl-4-hydroxy-2(or 5)-
methyl-3(2H)-furanone (HEMF)

5-Ethyl-2(3H)-furanone
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2-Acetylpyrrole

2-Butenoic acid
2-Furancarboxaldehyde (Furfural)
2-Furanmethanol (Furfuryl alcohol)
2-Hydroxy-3-methyl-
2-cyclopenten-1-one (Cyclotene)
2-Methoxy-4-vinylphenol
(4-Vinylguaiacol)

2-Methoxy-6-methyl-4-pyran-4-one
2-Methyl-1-propanol (Isobutyl alcohol)
2-Methyl-2-butenoic acid

2-Methylbutanoic acid
2-Methylpropanoic acid (Isobutyric acid)
2-Phenylethyl alcohol
3-(Methylthio)-1-propanal (Methional)
3-(Methylthio)-1-propanol (Methionol)

5-Ethyldihydro-2(3H)-furanone
(gamma-hexalactone)

Acetic acid

Benzoic acid

Butanoic acid (Butyric acid)

Caprolactam

Dihydro-2(3H)-furanone
(gamma-Butyrolactone)
Dihydro-5-methyl-2(3H)-furanone
(gamma-Valerolactone)

Ethyl hexadecanoate (Ethyl palmitate)

Ethyl lactate

Hexanoic acid (Caproic acid)
mono-Ethyl succinate
n-Hexadecanoic acid (Palmitic acid)
Phenylacetaldehyde

Phenylacetic acid

~y R
A L— 2
oY
ZANB
FE 58 ME Rk 4y
45 1§53

(2)-1,5-Octadien-3-ol
(2)-3,7-Dimethyl-2-octene
1-Octen-3-ol
2,3-Butanedione (Diacetyl)
2,3-Pentanedione
2,6-Dimethyl-pyrazine
2-Butanone

2-Butenal

2-Ethoxy-2-methyl-propane

2-Methyl-1-butanol (Active amyl alcohol)
2-Methyl-2-propanol

2-Methyl-butanal (Valeraldehyde)
2-Methylbutyl acetate

2-Methyl-furan

3-Methylbutyl acetate (Isoamy| acetate)

3-Octanone
Acetaldehyde
Benzaldehyde

Butyl acetate

Dimethyl disulfide

Ethyl 2-methylbutanoate
Ethyl 2-methylpropanoate
(Ethyl isobutyrate)

Ethyl 3-methylbutanoate
(Ethyl isovalerate)

Ethyl benzoate

Ethyl butanoate

Ethyl dodecanoate (Ethyl laurate)
Ethyl formate

Ethyl heptanoate
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2-Methyl-propanal (Isobutyraldehyde)
2-Methylpropy! acetate (Isobutyl acetate)
2-Pentanone

2-Propanol

2-Propanone (Acetone)

3,4-Hexanedione

3-Methyl-2-butanone

3-Methyl-butanal (Isovaleraldehyde)

Ethyl hexanoate (Ethyl caproate)
Ethyl propionate

Furan

Hexanal

Methanethiol

Methyl acetate

n-Propyl acetate
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232. EFRAAITIC L D207 —FBEOEE

GCIMS T k> THRONTR D 7 a 7 7 A NT — X IFW KB EDOT — X & L
TWHTe, FEMRRIT 21T O AN Z DFEEZRAE L, T — 2R E ATV DIEHRON
REWRTIHNENDD (G 2008). TOHOICETERTOY U IFRE, &7
DG T — 2 % ER NI Ko TRRNT LT, iy 7 a7 7 A VT — 2 AL L
LT, AutoScaling (Unit variance) THREE & Bikgfb L7-1%, 2/ 1 Fpksr (PC 1) & 2+
5> (PC2)=HWiexar ey b (¥ 2-2A)=/E L7z,

Zaryray MX, T —F OSBRI D X ORI (FERsrEh) Rl
OGRS T T rET ey hLEEbOTHY, hr Aoy 7 e 7
A WCEDS S EWZ AT D 2 ENTE S, PCL BT —F D4rHD 49.9% %,
PC2 7 153% %ML TEY, KRa77Fry NClE, 7—#2ED5HD 65.2%%
AL W, ey SNV U T ADERNOLELET L &, ERSEIIELL D,
IEDOFENC M- CTEEEYIMOEE 2R L Tz (X 2-2A KH). 2%, o 7e
77 A IVDEIL, BEEOEITICE D LORKRKTH 7. EEEEZHBL TN 5
H % TI%, Control (FLEEE - FERERIN), LAB (FLEREVIN), Yeast (BEREASIN), None (L
P - BERERIN 72 L)YDOffiv s KBl S5 2 & BEER IR B Z & ichb il T
By hLTCWz, 2F0, FUTAREROGHN LR E, 005 5B T, %
O « FRRMOSEMEN R D3 o T ABONEKIT/NEL, a7 a 77410
BONDIRNWEF R 5. REIIL,3EA OV 7 ) o VRBICHBE 2 I 5729,
06 3HBETIHRILERE THDLITT THS. D% S5HEE £ TITIFIBEICLD
T BT 7 ANDOEAREE THD I ERTHREIND. Ll ZOMITRERICIT,
HBEIZ LD 7T 07 7 A VOEARBNTWRNoTo, 2L, TiceTod
VT IVER (ETCOMAEMSER LY, 0~18 B ETOETOY LT U IR A v
MZRWTEY, BEICK D07 07 7 A VOB DEEE OHEITIC K 5288 &

HE L T/ WD ThiHrLE2 NS, —FHT, 6 BALKEOY 7%, PC2
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MZin T ey b Lz (K 2-2A 0. SEHE OV 7Y > F%RICEERZ TN

LTEY, BERE2ETY 7L ThH D, Control & Yeast 78 PC2 #fi - CHEINLE L, B
BEEERNY TNV THD, LAB & None 28 5 B LARTO W > 7 /T HLEZAYIT VNV IE
DJFATNIE Lz, ZDOZ LD, BEROWIMMNERS 7 a7 7 A4 VI E 2 55801,
BESE DML DB ODRICKE W ERbhoTe. 72 ORBEROTIN - FEFINIC
KD ZEOMIMIZ 6 3 B LA 18 3 B £ Tilkfe L Tuhiz.

H—7 77 ay M, ERGEN (LA B ORI AT D BRI AR O
Bz7vy bLIZbDOTHY, EHSHER (ZAa7)EHEOEmWEAZEE (kn) %
PRNCEGIRET D ENTED., n—FT 477y b (K22 B)TiE, %<
D5y A PCLEHD IEDOFEIRIZAIE LT e, AaT7 7 ay hOBLRIZLD &, Eho
EEE T &, Y TIVIE PCL OIEFGMICHEEIT S Z &0 5, IEDOFHEBUCALE L TV
DRI MESE OB THH L E 2D, T/ BOE LI, MEMOR
-7z LICBEo 59, BRI C B Sk ORESRIC L - TEINT 572 (A 2012),
RSB INCR D IWE-> CTEOBEPM LI &2 5. F72, PCLYIE, PC2 BNAD(L
B (7770 FOME)NIZT Vva—b, FiiR= A7)V, ZF IV AT)V, 77 )
e EOFERMER SN ey NEaTe. AaT7 ey NCIE, BRE ST 6 1 EHUFED
YU TR YHALE E MR R o TR Y, 2D OFERMER O~ DR D % G-
Ao LTWA. [FERIS, BEEIZ PCL AN, PC2 WRADBANS T 7 DE T OA @)L

ELTBY, BEEORPEICEZNEWR D, 2T glucose 72 E DR ENAEY DO EE
WX THEINTLZ DR —KThHEEXLND.

PCA L[RERIC, T—XEDMERZ A& LIcWEE 2 7 A2 —438r (HCA)Z1T -
= (KM Al). GBI TIE, BRI, T8, BEERbiozhehod T
NRIp STy T AL —=L720, FRICBREFR NI OUSN « IR TR -T2 7 A
L —bipole. BIRDMTHIEZRNTHRHS T 07 7 A VB L LS IHHRITEE
LTHY, [MibEEHM S, RO - FFRINC K2 NCERT 5507 7 7
7ANORHE R RS LR LTV,
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ZOFERNG, GCIMS THUE LTZiT — #Z IS oS L 2%\ L, 4t
WORMEHIZT LD 1E N E RS LB L T2, BICEEHIRBZEE2ITH720, &b
KEpEER LIZEREEE T ORGEEE, REE (18 B B)DMAEMSIEDENIT

TNEFNERL, FNE1 232, 234 Tikam L7,
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15 7

< 0EH

1A 107E B (LAB, None) 12E H
33E H
¢ 5EH
¢ 6,88
& ¢ 10:88
~ & 18EH
g
<> : Control
[ : LAB
-107 10,/ 1838 B (Control, Yeast) A : Yeast
O : None
_15 T T T T T T T T T T T T T T T T T T 1
-25 -20 -15 -10 -5 O 5 10 15 20 25
PC1 49.9%
025 - B ORR: Tusk-y (Wil %)
02 - o
i @
0.15 7 O % Amino acids
|Saccharides %
0.1 - il
% o5 CS 0
= 0.05 -
é . [ ) [ O g%
a9 o © o
~0.05 - Q © © % Alcohols
1 t% Acetate esters
-0.1 1 & O Ethyl esters
| Furanones
-0.15 T \ ‘ T ‘ T \ ‘ T ‘ ]
015 -01 -005 O 005 01 015
PC1 49.9%
X 22. GCMS IZXoTHELIEZRS v 7 74 Ve RWEERY I LOER
S 5rRT DRER

F T LT, 2 TOS5M (Control : FLEAHE « FERFARIN, LAB : SLEEFE TSN, Yeast : FERESIN,

None : $LERE - BEREIRINZ2 LYD, 0, 1,

-36-
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Z/r—1 7 Auto Scaling, T A7 —2 : None, ¥ 7 /L% : 84, AL : 133
A>T DR ar7 7 ey k

PCL 3oy T — % DD 49.9% %, PC2 8 15.3% =i L TRV, KAa7 7o v hTiX, 7
—Z RO D 65.2% & B LTz, Ty hEN I AOERNGERTH L, Tk
SENIEH O G, EQOFIZHD > CHEEHHOEEZR L TWD (FOKRHITIELE). 6 HE
PABE DY 2 7 s PC2 FIIZ it T 7 my b Lie Z &Envn, PC2 IZEERFOBIN - FERINC & 2
EWHRLTWDZ &b (BOMTRRLTE).

Bk Due—T 477y bk

% < OFSHY PCL BHOIEDFHIBICALE L Th Y, EHOBEENET & 26 Oy 2N L7z
Z Mol PCLAIE, PC2 BWADALE (77 7 O FOAENIZT Vva—/b, FipT AT
NV, TFNVERATI)V, T T ) IR EORRBEIER ST vy hERTTe), T D OFEMER IS
IEEERE ORI E OFBEN A 6 5.
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2.3.3. BEHIRFTOEL
232 TlX, & TOEMY > TLORS T a7 7 A ILOE T HOUWNT ERSS T %

MWTEE LIz, TORER, o717 7 A )VDOENDOHR TR Y RE o e DiTkE
TIZEDZNTH T, KEOBHBTH D, WMAEWOERIN - IEWIMNB sy 77 7
TAMIED X INEET LD EBET DAIS, IR K R 2 I L 7218 H O
TS A 1T 72V 7L (Control) & W TRy 7' 0 7 7 A VS EEIE AR O HEFE 12
JGLTEDIIITEL TW O EFERD T2 AW TH#AT L7 (K 2-3). PCL 23
R T — X DI3ED 64.4% %, PC2 78 105% % @il LTV, AL obrs#ix
T2 EROZED 149% ] L TWie, 2ar7 7 ey kO TILOBERNLH
22925 L, PCLOEEEEDEIT LA L TWD Z ERHL MR -T2 (K 2-3A). —
TPC2HNZERT DL, o7 VTRt o 5 H % T PC2 #hizxt L TAMNIEE)

6 8 H LU RRIXIEMIC RS Lz, ZOfRRIE, BEFEO0NH5MH L 6205 18 A
DY TNTRE T 07 7 A NVDEACOEF BRI > TND Z e Z2R L (K 2-3A
REN).

R—T7 477 my MK 2-3 B)TIE, £< D43 H PCL BliD IEDFEEIZE T LT
AL LTV e, PCLOIEDALEIZZ 2y h L TWARRDIZIET v a—)v, HiigT AT
v, TFNWVTZRATIV, T T ) ol EORIEMER G 3o T, BEERINC R DI -
THRMERTERFOAEIC L0 BT 2 7-D@5 2012b), 6 B LB 7L
(ZHEFEMER 2 N2\ LT A BRI TH 5.
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15+

10
O
5| O <
5
S LER
NO
g
5| 38 o
10 ] 5:EHE
‘15 I I I T 1

B o
O
o
®

o =]
o © 4
A oo

PC164.4%

Alcohols
Acetate esters
Ethyl esters

E) Furanones

| 3

PC2 10.5%
o

S
o
o

O

a0 O

® o O 1
-0.1 : Saccharides o
-0.15 - o o5
| o] © O .
0.2 4@ ©  Amino acids
-0.25 | O
-0.3 . \ . \ ‘ . ‘ : ‘ —
-0.15 -0.1 -0.05 0 0.05 0.1 0.15
PC1 64.4%
2-3.
VD ERRIT T ORER

o7 e LT, Control (FLEEH - FERESIND, 0, 1,

U n=3).

-39.

< 0EH

138 H

3:E B
¢ 5EH
¢ 6:HE
¢ 10:E B
¢ 18:EH

O miehi=myn

GCMS IZX»THE LR 7 v 7 74 V& Wiz Control Eily- 7

3, 5, 6, 10, I8 EHZMHW= (1%



Z/r—1 7 Auto Scaling, kT A7 —2 : None, ¥ 7 /L% 21, FPHZH : 133
(AAa77ry b

PCL Ry T — 4% D3 HD 64.4% %, PC2 78 105% %= L CTRY, KAa7 7oy hTiX, 7
— X EROFED 149% % HH L TE Y, PCLABEEEOMEITEFHBE L TVD & L bHiZ, PC2IL,
0L 5MEETE 60 I8HHE TR Y7 7 A VOELDBER BRI >TNDZ EERL
7= (HFOREITRLE).

Bk r—T 47Ty

1 : Alanine, 2 : Glutamic acid, 3 : Arabinose, 4 : Glucose

% < ORE57H3 PCLERO EDOFIRIZET L THE LTz, a7 v a—, BT A7 L,
TFNTRAT)V, 7T ) I EOFRMMY RkCRLIZ)ET I B R TORLEE)DEENT
W=, —5C, arabinose 7% E ORI PCL #hiZ R L CAMICAIE L Tz (FETRLTE). 20
A5 I EEE WA 2 S BN AT TR LTz, —75 glucose 1% 5 HICT T ER L, 20
B L, ZHUIRERR O BHED, BEBROT 2 7 —E R Lo k> TN L 721, HLBRECRE
FHZ K DBEREIC K > TR 2720, IO 2 A v 7B MAEM OREOFEHIC L > TR 5 Z L
WZEHrb0E2 LN,
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e b R FEVER 7y & FIERIZ PC1 DIEDALEIC 7 vy h L7z, fl& LT alanine
& glutamic acid OEEEH OB %2 7R LT2(IX] 2-4). FEEZEIC 251250 T, ZhZEih

DRLST OFARRE SR L TRV, BEESEDICONTHEML TWD Z ERnbn D
DON DO T I VB RROFMEREZ R L TEY, 7 I/ BRITEEN T IZ O

T, JFBHZEENDREDH R ENLBEHEDOEBRIC L > THEINL WS Z &

MTREIND.
Alanine Glutamic acid
0.25 2
18 |
5 0.2 * . _16 | %% ¢ *
[z Q? 14
2015 r £12 |
£ £y
’ L
-% 0.1 —§ :12_)'0.86
©
) © 06 T
© o005 ¢ o4l
02 |
0 : : . 0 ! ! !
o 5 10 15 20 0 5 10 15 20

2-4.
BAKMER Sy

BT,

Fermentation time (week)

Fermentation time (week)

Alanine & glutamic acid @ Control (FLERE, EEREINF DOE1L

PIMTIC K-> TR B ALz, ribitol Z WHIARHEME & U CHYE L L 72 AH e i %,
BREERERICRT LT vy L7z (n=23).
ELH07 R /b EEHMEZBEBLTHEML WD, ZOMEE, BERYoY > 7 v L fREN
TRHL Y, TO®R—ELLoT.

TR

BEIEPH AR 10

ERIE::

—7J5C, arabinose 7% £ @ PCI1 #ic

TS Z LB )

BN L, arabinose (X 3 1

HZTASMCHEL, BEBROT I 5 —BR LIc ko THENL-%,
2 X BEEFEIC Lo TR T 2058 2012¢). T D7z, O X A 2 o ZI3EEHIF

3 5 BEMAEm OB Lt

272 o7~

41-

B B2 DT THIIN L 7= (4 2-5).

Lo THERDLEEZDOND.

xt U CEREMNIALE LTV SRS

x-Sl

L2 LA UHERE T glucose X S B2 T T
AEBRTT O BN, JFEHIE £
FLIR B SOPE RE



Glucose Arabinose

1.6 1.2
. 14 B ? % 1 |
212 + >
2 " ¢ 20.8 4& ¢
g 17 g7 7
£ <
2 . . TR
g06 T T 04 +
Q 3]
oy 0.4 B o ‘ ‘ ‘

0.2 L 02 ’

0 I I 1 0 I 1 1
0 5 10 15 20 0 5] 10 15 20
Fermentation time (week) Fermentation time (week)

2-5.  Glucose & arabinose @ Control (FLERE, EERRINF DR

BUKMEAR S TR 3T I L o TR B AL, ribitol 2 NEEEEME & U CHRLYE(L L 72 AR k58 4,
BRI ICR LT ey R L2 (n=3).

Glucose 1% 5 H £ THIN L TZED#JAT 5. —7 arabinose 1% 5 I H ORf S Tl 254G L
TWb., ZOMROEVNR T —T 77 ay NTONMEOEWEFHEZH > TN,

R S 7o plisy DR & B T ORI G, SIEWER L2 Y > 7 VT = ISR
HIN TV L EHEROR P OLEDORE AT L TEY, W OOBF O R &
A VE A RS L7z

4)-



234, BEMC X BRI T T 7 A4 NV~DEBEBDOEN
WA LD 707 7 A NVDOEALEELRT 572D, SAEMOTRN « FEERMNIC

L DENDORIVEEE THREO 18 WRIZHA L, WMAEMSRIOE S By o 7%
TR TS Lo Tl L7z (K 2-6). PCL My T — & D43 D 38.7% %, PC2 °
265% %A L TR, Rxary 7oy hTI, 7—F2EO5HD 65.2% %7 L
TWiz., 7ay hENTT T AOERNHBELET D L, PCLIFEERFOTIN - FEUSIN
BHMIERZ G IARNE Y, EAFMICERZ G R0V T AR e %), PC2
(FFLERE O - FEAIN (EFMICHBEZ S R0 7 And Y, AL
WaZLY U TANE D) 2R L TEY, BEROMEMSMEIIE > T 7 LE5E
BT ey hLE([KE 26 A). u—F 4778y NTIEERDES (A2
TYE B DEWEBIZEE () ERREMICESICRET DI ENTE L7120, BERE-
FLRE OWINCE#E L TR T O 2 EIRT 22 L0 TE S, Lo LA OFERIZ
LI, EOREE COMALEZBRINTREMOBEIERV. 72, 2O
TFHRD DD TN BETOMTDLIZIT 5 T L ITFRTILR. £ 2 THESF, Eik
SGNT DA AT (ERs AT E) &SRR O L OMBARELE L TERIN DO KT
AfE L HOTCHAE B ORIRGIENILIARGIZ L - THE 7z (Yamamoto et al.
2014). AJ7iEZ IV TE MY EMEHHNCAERMEELZ b Oy IR L7 (F 2-3).

WIH 2.34.1 CEOEMEHRT D,
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None : FLBEHE « BARFSINZ LY)D 18 B H 2 W= (2 n=3).

20 -
| A ?L%@ﬁ'b
15 -
10 None
Yeast - ®
< 57 A :
Te] |
§ 0 HEEHLY- —EB 8L
8
n._s_ * '
10 ¢ LAB
Control
15+
“ ey
25 -20 15 -10 -5 0 5 10 15 20 25
PC1 38.7%
0.2 -
' B SLEEL
=385 ®
0.1 g © ©0[%qg
O
o OO 00 @
50 ©© 7L
< O S ao
2 ¢ © O 8 O
-0.05 t) O O ®
0.1 o) Oy © © e
| .i
0.15 | e o‘
1 EBEHY
'02 T T T T T T T T T T 1
015 01 005 0 005 01 015
PC1 38.7%
X 2-6.

¢ : Control
M :LAB

: Yeast
® : None

O : RSN 5

GCMS IZX o TRELERY v 7 74 VAW 18 EB OEWRY 7
VD ERREGT 5T DRE R

TN E LT, &2TOSEM (Control : FLEAE - FEREAIN, LAB : FLERE RN, Yeast : BERFASIN,

Ar—1 7 : AutoScaling, h 7 2 A7 4 —LA :None, %o 7V 12, FiBZ4L: 131 (2-octenal
& 2-octanol [TV > TIOVINZ NN o 72 2 Ly BIFEFTIZIZ O T 20
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(AAa77r vy h

PCL 3Ry T — 4% DD 38.7% %, PC2 8 265% %=L CRY, AxAa77a vy hTix, 7
— X BRDIYED 65.2% Z HiH LTz, PCLIZEERF ORI - FEUSHN, PC2 1T FLEEHE O ¥R - IE
BNERLTEY, BEFOMAEMSEIHE > TH 7T IEERTa T T ry L.

B mDOr—F 7T a ey K

KA Ead AWl AR ORIRGIEIC L > TEERH Y, BERe L, ABEH VY, AmER L
DENENDEMEITHEAN N E LTINSk N %, KPIZE>E TR RS R
Wk BERER Lo R, ALEER SV BR, FLEBER L HIR)
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2.3.4.1. BRRMOEE
TR T DFE RIS, 51 ey DNEEREDOIRIN « FEWIN 2 £ 3 PC1 il & & FHBE &

FFOZ LMo T (F 2-3). BEREZ T Tt o 7 VITHHBA D E O IR 47 [
STHY, T — VRN 10 R4y, =F LT AT IVEEN 12 55y, 7T/ USEDN 4R
57, BEEERT AT VEAMN 5 iy CTho7-. — T, glucose 72 KD 4 i, MR =& %

RNWLEXIZEBERLZNEWIFER Lo T

£ 2-3. ERLOHTO PCLEERFOFMN - FEFHIN) L A EICHBE 2 oy

p (corr) p-value

Constituent

[PC1] [PC1]
3-Methylbutyl acetate (Isoamyl acetate) -0.990 <0.001
2-Methylpropyl acetate (Isobutyl acetate) -0.985 <0.001
Butyl acetate -0.984 <0.001
n-Propyl acetate -0.969 <0.001
Ethyl 2-methylbutanoate -0.965 <0.001
2-Methylbutyl acetate -0.963 <0.001
Succinic acid (or aldehyde) -0.962 <0.001
Ethyl hexadecanoate (Ethyl palmitate) -0.959 <0.001
2-Methyl-1-butanol (Active amyl alcohol) -0.956 < 0.001
Ethyl propionate -0.955 <0.001
Ethyl dodecanoate (Ethyl laurate) -0.953 <0.001
Ethyl 2-methylpropanoate (Ethyl isobutyrate) -0.950 <0.001
2-(4-Hydroxyphenyl)ethanol -0.948 <0.001
Ethyl butanoate -0.948 <0.001
5-Ethyldihydro-2(3H)-furanone
(gamma-hexalactone) R <0
Ethyl heptanoate -0.947 <0.001
2-Butenoic acid -0.943 <0.001
Ethyl formate -0.941 <0.001
Ethyl 3-methylbutanoate (Ethyl isovalerate) -0.941 <0.001
Caprolactam -0.929 <0.001
Ethyl benzoate -0.928 <0.001
1-Hydroxy-2-butanone -0.927 <0.001
Acetaldehyde -0.919 <0.001
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K 2-3. (KX )ERRSTHT O PCLEERE DN - FEHN) & A BB &2 KOsy

Constituent p (corr) p-value
[PC1] [PC1]

3-Octanone -0.916 <0.001
1-Propanol -0.914 <0.001
3-Methyl-1-butanol (Isoamyl alcohol) -0.914 <0.001
2-Phenylethyl alcohol -0.902 <0.001
2-Butenal -0.901 <0.001
Glycerol -0.900 <0.001
Phenylacetaldehyde -0.900 <0.001
2-Methyl-1-propanol (Isobutyl alcohol) -0.898 < 0.001
2,3-Butanediol -0.895 <0.001
3-(Methylthio)-1-propanol (Methionol) -0.870 <0.001
Ethyl hexanoate (Ethyl caproate) -0.861 <0.001
2-Methoxy-6-methyl-4-pyran-4-one -0.833 <0.001
2-Acetylpyrrole -0.824 <0.001
Butanoic acid (Butyric acid) -0.812 0.0013
1-Butanol -0.812  0.0013
Dihydro-2(3H)-furanone (gamma-Butyrolactone) -0.808 0.0015
2-Methyl-propanal (Isobutyraldehyde) -0.791 0.0022
mono-Ethyl succinate -0.789 0.0023
3,5-Dimethyl-4-heptanone -0.779  0.0028
3-Hydroxy-2-butanone (Acetoin) -0.773 0.0032
5-Ethyl-2(3H)-furanone -0.766 0.0037
5(or 2)-Ethyl-4-hydroxy- A 0.0041
2(or 5)-methyl-3(2H)-furanone (HEMF)

Dihydro-5-methyl-2(3H)-furanone

(gamma-Valerolactone) R 00046
3,4-Hexanedione -0.738 0.0062
Glucose 0.970 <0.001
Xylose 0.821 0.0011
2-Methylbutanoic acid 0.755 0.0045
Methyl acetate 0.735 0.0064
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BIENTZRYOF T, mBENRED ST DIETF L AT VEHTHY, RS h
72 13D =F )L 27 VD 9 b ethyl 2-methylbutanoate, ethyl 3-methylbutanoate ([X]
2-7), ethyl hexadecanoate (ethyl palmitate), ethyl propionate, ethyl dodecanoate (ethyl laurate),
ethyl 2-methylpropanoate (ethyl isobutyrate), ethyl butanoate, ethyl heptanoate, ethyl formate,
ethyl benzoate, ethyl hexanoate (ethyl caproate), mono-ethyl succinate @ 12 p% /47 I ZEERES
oY F Lz (X A2). =F Lz 27 VL, Bl —L, U102
WCITEEAREFELSK D TH D (Piresetal. 2014). LoxLEF T, =F L= 271
HIIEAEPMETH D Z &5, HEMF 2816 & D OF RS & bk L CTHK
~NDOEBIIERNE SN TE R (Ex KD, 1999). & Z ANITAE, AW o Fruity
aroma (Z, ethyl 2-methylpropanoate, ethyl butanoate, ethyl 2-methylbutanoate, ethyl 3-
methylbutanoate 7¢ &3 % 59 % Z L 3G S, =F LT AT VAN EEROF LRI
WS D AREMENH 572 o 7= (Mengetal. 2017). 75 « VA > TliX, =F /LT R
T VIR K DRI X &, ethanol & A HERR & OIL2 UG Ol I L - THA
D 2 SN TS (Pires et al. 2014). A RIOFEFIL, BERESHTd 2 Z &
T, b L<IiX ethanol DG EIT ) Z L IC K o C=F AT AT VEHOAERKICET %2 L
TWDZ EERBTHRER L o7=. F£7-, ethyl lactate |IFEREOFRINE 7§ PCL &
OB TITIZI R Do 7Dy, BERE L FLRE AW TR S e o 7 A TR L
7= (B A3). ZAUXFLERE S AEPE L 7= lactic acid &, BEREANEPE L7 ethanol 3 AT
JMETHZ LI E o TAEKT D EEDLNTEY (Exr K5.1999), A EIDFEE S [FERD
B CAER LI L 2R L T,
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Ethyl 2-methylbutanoate Ethyl 3-methylbutanoate @ :Control

0.3 0.09
oos | H:LAB
?0-25 i 5007 A :Yeast
2 02 2006 - ® :None
E E005 |
Eo15 | k=
et t Ly Be
8 01 | ©0.03 -
2 €002 |
0.05 | '
° 0.01 -
Ieemo8—o [ 0 -M
0 5 10 15 20 0 5 10 15 20
Fermentation time (week) Fermentation time (week)

[X] 2-7.  Ethyl 2-methylbutanoate & ethyl 3-methylbutanoate (ethyl isovalerate) D E#

EROE

Ny RAR=ZH T 7 % W T IRy 3 Tl L > THF BTz, 1-propanol-1,1-d; 2 Y
AR & L TR L LM R 2, BREFRSTRI S LT ey R L2 (n=3).

ftfiZ & Ethyl hexadecanoate (ethyl palmitate), ethyl propionate, ethyl dodecanoate (ethyl laurate), ethyl
2-methylpropanoate (ethyl isobutyrate), ethyl butanoate, ethyl heptanoate, ethyl formate, ethyl benzoate,
ethyl hexanoate (ethyl caproate), mono-ethyl succinate (Xl AL Z D 2 3D L 52, BREZET
Control, Yeast COAIENM L7=. T4, AEEMF O fruity aroma |2, TF /LT AT VAN EEHT
DT ENHBENIRY, B OMEEOEEM TS E > TnDH. SEIOFRIT, BEARHTS
LT, HLEFTF N OEGEEIT) Z LI Ko T TF AT AT NHEDERICH 52 LT
WD T EERRLTND.

WRIZE o2 b DI, 7TV a—/VFHToho7=. Saccharomyces cerevisiae & Z. rouxii
IXHST 27 2 BRI @ik T V3 — v Z2 AT % Ehrlich KA FFOZ ERFIBH
TV % (Hazelwood et al. 2008; Van Der Sluis et al. 2002). 7€ T, 3-methyl-1-butanol
(isoamyl alcohol), 2-phenylethyl alcohol (IX] 2-8), 2-methyl-1-butanol (active amyl alcohol),
2-methyl-1-propanol (isobutyl alcohol),  2-(4-hydroxyphenyl)ethanol, 3-(methylthio)-1-
propanol (methionol) ([X] A4), |5 #1% %1, leucine, phenylalanine, isoleucine, valine, tyrosine,
methionine (X] AS))BAERK L7722 LTINS, £z, 1-butanol (X A6)ITITH S.
cerevisiae 3T X J BRI DAERT DR A FFOZ EHE SN TIY (Sietal 2014),

WEDOEMOFELRESIZET ML TH BRI ST % (Hayashida et al. 1998;
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Kaneko etal. 2013; Wang et al. 2014). FEMEHIZIHWT S, KEHKROT I /B2 GEER)
WXL TEESR TV OIHEERS L. MICHLBBIRENETVa—LEHTHD
glycerol (X1 A6)I%, EHFEKRP CHEAWHE & L THRIC Lo TAEESND LV ) W
M5 (Wang et al. 2001). F7=, glycerol BRI HKZ R L, BRHCXDAEICL -
TEHMOFE®R AL S ELAREER D D, WMEOHELY, T b OS BEEREIN

DEAFTOHRIEIML TN D Z EIFTERIT > TN D,
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3-Methyl-1-butanol

1.2 1.6
] + ; 1.4
Z 21.2
[72] [72]
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= 1S
06 5038
= * * £06
B04 | * (e
2 & 0.4
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cmmm A . f 0
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Fermentation time (week)

2-Phenylethyl alcohol

I i %
A
et
ML
0 5 10 15 20

Fermentation time (week)

% :Control
M LAB

A :Yeast
® :None

[X] 2-8.  3-Methyl-1-butanol (Isoamyl alcohol) & 2-phenylethyl alcohol D EExEH D2

&

FRFEVER S 9T & > THE B L7z, 2-ethyl-1-hexanol & WNEEEYEYE & L CREE(L L 72 AHxt R E

Z, BEEEREIC LT r Y h L7z (n=23).

Z L5 D alcohols IXEEREDS % ErEe Control & Yeast TOAHIM L7z, ARILHIZEES 72 3-methyl-1-

butanol (isoamyl alcohol), 2-methyl-1-propanol, 2-(4-Hydroxyphenyl)ethanol, 3-(methylthio)-1-propanol
(methionol) (X A3) & [FREICHEREZUSIN L= > ZV TN L2, WEDOHFE LY, Z rouxii 1
XIS DT X BRI Gk TV =L &2 AT % Ehrlich B8 & FF o T D Z & Dho T
5728, T D isoamyl alcohol & 2-phenylethyl alcohol 13X d 57 X /R TH 5 leucine,

phenylalanine 22 HAERKT 5 Z E N TREIND.

FEfR = A 7 WVARISBERE 2 RN L7 U TV CTORERT DFER Lo, 2 b0
FX57 1% apple DFF U % F#-D butyl acetate (Larsen and Poll 1992), fruity aroma % £§-> 2-
methylpropyl acetate (isobutyl acetate) (Pires et al. 2014)([X] 2-9), banana-like aroma % -2
3-methylbutyl acetate (isoamyl acetate) (Pires et al. 2014), fruity, apple D&F Y ZFf> 2-
methylbutyl acetate (Mehinagic et al. 2006), fruity, floral @3 Y % 7> n-propyl acetate
(Mehinagic et al. 2006) (X A7)72 &, ZENENEL 2TV EF L, RWZT TR, U
4 > (Escudero et al. 2007), t&—/L (Pires etal. 2014), ¥ (Arikawa et al. 2000)7 & CHEH
BRFZNT THD. S cerevisiaze TIX, TN ODOFHBRT AT /LIXT /L3 —/L & acetyl-
CoA ZHIBRIA L L TR+ 2 (Pires et al. 2014). iH i <° ' — /L TlE alcohol

acetyltransferase (AATFase) D) =2 LV AT 2. EIZB N THRERD A =X A
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THMRTDAHREMER S D & PRI TWVDEN, REHEHDLNITIER > TR (fEx K
5.1999). AFEHRIL, HET 2T VEOAENRANEROF G & 5 mTaetE 2 #721ZR" L
7.

Butyl acetate 2-Methylpropyl acetate
0.16 0.18 @ :Control
0.14 0.16 | T B :LAB
2012 + 2014 4 A :Yeast
g o + 0% ¢ ® :None
E € 01 - T .
20 i goee *
5= 5 0.06
0.04 €004 -
0.02 + 0.02 [
(memm = B cmmual 9 -
0 5 10 15 20 0 5 10 15 20
Fermentation time (week) Fermentation time (week)

[X] 2-9.  Butyl acetate & 2-methylpropyl acetate (isobutyl acetate) D E&x&E - DZEAL
Ny A=Y 7Y 7 e DT IR 0TI K- TR BTz, 1-propanol-1,1-dy &
e & LT L LR IRIE A, BREERERIICH LT ry B LT (n=3).

Butyl acetate (% apple, 2-methylpropyl acetate | fruity aroma Z 2k Th 5. iz H 3-
methylbutyl acetate , n-propyl acetate |XE#F};% 15 ¢e Control, Yeast COAMENM LT, S. cerevisiae
1%, ZHROOFEHRT AT VX T L a—/L & Acetyl-CoA % RHIBEAR & L CARRT D N EMEER: Z
rouxii DALy DAERE~D B G I3 E STz,

77 ) ARG EHBEE RO OB o 72 (X 2-10). 5(or 2)-Ethyl-4-hydroxy-2(or
5)-methyl-3(2H)-furanone (HEMF)( X5 ORI 72 D O—DT, W7 ANEEDEHFY %
Lo TH Y, IBEIT Z rouxii (28> THEET D Z ENH LN/ > TV D (Sasaki
et al. 1991). AEIOFERN O H, ERLUIZEMY 7L O CREMBOAFIZ L > TE
L TWDZ ENRIBIND. F72, herb, green, incense D7 Y % £F-> 5-ethyldihydro-
2(3H)-furanone (gamma-hexalactone) (Pham et al. 2008)DHEN/N B &, D7 Z 7 D
WO BN G L TWD Z AR I/, [AERIC dihydro-2(3H)-furanone
(gamma-butyrolactone) X°> 5-ethyl-2(3H)-furanone (X A8) LM L 7=, — 5 T 5-

ethyldihydro-2(3H)-furanone & dihydro-2(3H)-furanone |XFEREZ RN L7=56 & 4
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D LD, BER AR LRWIGEICHHIML TWD 2 &b, BERLIS O BRI
Ko THAENKT L LRI,

fER & LT, PCA O ERSIENCHBI & FF OBy MBI S 47z, £ < OFEFMERLSY
DEERE L B2 Ff o7z &0 ) FHE, BRIAEHOFV ICHEETHD Z LA R LT,

5(or 2)-Ethyl-4-hydroxy-2(or 5)- 5-Ethyldihydro-2(3H)-furanone

methyl-3(2H)-furanone (HEMF) 0.01 % :Control
1.2 0.009 | B LAB
>,0.008 - 3 S A Yeast

5. ‘} g o007 | 3 ® :None
208 | £0.006 | 8 '
E + = 0.005 | f
PR A 2 0.004 o
= £ 0 F
T04 $0.003 o g
[}
4 | % 0.002

02 ¢ $ 0.001 Eﬁ

cmuws A . 8 0 ‘ . ‘
0 5 10 15 20 0 5 10 15 20
Fermentation time (week) Fermentation time (week)

X 2-10. 5(or 2)-Ethyl-4-hydroxy-2(or 5)-methyl-3(2H)-furanone (HEMF) & 5-
ethyldihydro-2(3H)-furanone (gamma-hexalactone) D DEEE+H DAL

Wl — 5 VA2 K D iR 2 D 7o R YRR 7 40T 12 - TH: B AL 7z, 2-ethyl-1-hexanol % PN
FEUEYE & U CHE L U7 AR IRE 4, BRBERERFRICAF LTy b L2 (n=3).

4 FEEED 7 T ) TR A ST Control, Yeast THAM L7, Bl OFEMAY72 7%V % 1> HEMF
L [AIEEIZ, herb, green, incense D7 ¥ % £ 5-ethyldihydro-2(3H)-furanone 23 L T\ =, —JF
T, 5-ethyldihydro-2(3H)-furanone & dihydro-2(3H)-furanone (%, BEREZVRINL7Z35A & T 5
ETRND, BEREZ TN TR WIGEITHIML TWD Z &b, BRSO ERIC K - T
AT D Z EARB ST
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2.3.4.2. ABETMOEE
FERE DG & [RIAEIS, PCA OFERND, 32 i NELESE ORI « RN A 253 PC2

i & S WAHBI 2 5o Z LS BT R o7 (3R 2-4). HEEHE A ETeY T IVICHEI D
BV 11 R TTh Y, R, Ty — VU, TAT e REREDRILBREE ST
P T TORBEIMLT=. —J5C, arabinose, ribose 7 & ORERE, glycine 72 DT

SRR E 20 o, MEEZRIML TWRNE ZIZENE NI FERE o7z,

£ 2-4. RGO PC2(FLEEE DOURIN - JEHRIN) & AEICHBEZ RO RS

Constituent P (corr) p-value
[PC2] [PC2]

Acetic acid -0.944 <0.001
Lactic acid -0.932 <0.001
Ornithine -0.928 <0.001
2-Hydroxy-3-methyl-

2-cyclopenten-1-one (Cyclotene) 0.886 <0001
3-(Methylthio)-1-propanal (Methional) -0.867 <0.001
2-Furanmethanol (Furfuryl alcohol) -0.836 <0.001
2-Furancarboxaldehyde (Furfural) -0.805 0.0016
Benzaldehyde -0.778 0.0029
Furan -0.770 0.0034
4-Oxopentanoic acid (Levulinic acid) -0.769 0.0035
2-Butanone -0.719 0.0085
Arabinose 0.944 <0.001
2-Methyl-2-butenoic acid 0.921 <0.001
Citric acid + Isocitric acid 0.909 <0.001
1-Hydroxy-2-propanone (Acetol) 0.908 <0.001
Aspartic acid 0.891 <0.001
Mannitol 0.886 <0.001
3,5-Dihydroxy-6-methyl-

2,3-dihydro-4H-pyran-4-one 0872 <0001
4-Hydroxy-5-methyl-furanone 0.843 <0.001
Ribose 0.822 0.0010
2(5H)-furanone 0.804 0.0016
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K 2-4. (BE&)ERRST DT O PC2(FLBRE DU - 3EHN) E A EICTHBE &2 FF ol

Constituent P (corr) p-value
[PC2] [PC2]
4-Ethyl-2,6-dimethoxyphenol 0.798 0.0019
Valine 0.795 0.0020
Glycine 0.787 0.0024
Histidine 0.779 0.0028
Lysine 0.762 0.0040
Serine 0.748 0.0051
Fructose 0.747 0.0052
Isoleucine 0.724 0.0078
Hexanoic acid (Caproic acid) 0.716 0.0088
Threonine 0.712 0.0093
4-Hydroxy-2,5-dimethyl3(2H)-furanone (HDMF) 0.712 0.0095

Lacticacid (%, T.halophilus {2 X % #& M TOFLEEREREC L > TAEESILD Z L 03
HMTI > TH Y, lactic acid OHMIFIEE O EF REBEEZ R LTS (X AS).
Citric acid (B4 A9)IZRI LTIk, #MALERRE 2L, citricacid A FREZ AT H5H Db H
v, citricacid DBNIHABHEICL DL DO THDH Z LR S HL, [RIFFIC acetic acid @
HEN 4 citric acid DR TH 5 Z L AMA X (WA 2012b).

2-Furancarboxaldehyde (furfural){X bread, sweet flavor (Nosaka and Miyazawa 2014), 2-
furanmethanol (furfuryl alcohol)iZ sugar burnt flavor (LEE et al. 2006) D7 V) % % 1L Z 3L F
(%] 2-11). Furfural & furfuryl alcohol (%, Maillard 5SS & - THEMNT 2 = & sl
INTND (Exr AR5, 1999). SRIOFERTIX, OO L TWD Z &0
5, ZHETHAEY TIE < BE IS 2 23RN R UGS TAERNRT 5 Z LR TS
NTEZINSDORMMIIH LT, £OWINIHRENEEG L s araettEz s L7,
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2-Furancarboxaldehyde 2-Furanmethanol
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0.005 | . 0.06 - é W LAB
2 £0.05 | A Yeast

@ * * 5 V.
c 0.004 g -
2 [~ B 2004 - . @® :None
=0003 - ; ® ] . £
= ! ¢ > 0.03 ]
T 0.002 ® .
2 L] 1 ua 0.02 i

0.001 | 0.01 z :

0 SN llglgli
Fermentation time (week) Fermentallon time (week)

[X] 2-11.  2-Furancarboxaldehyde (Furfural) & 2-furanmethanol (furfuryl alcohol) D
B o2k

Wl = T )UAZ L 2 WA & O T2 MR 5 AT 12 K- TG B AL7c 2-ethyl-1-hexanol % PN
BEEYE & U CHE( L7 AR RS 2, BRI XE LT r > R L7z (n=3).

Furfural & furfuryl alcohol (%, #MFLELTE & OBIEILVVE £ Ciim S 72 2 & 372 <, Maillard
PO X o TAEKT 2 & TRENTEZR, BFERIT IO O OBINCITALBEE G L
TWD ARtz R L7z,

& 512, 2-hydroxy-3-methyl-2-cyclopenten-1-one (cyclotene) (X 2-12)i% caramel-like
flavor (Regional and Departnzext 1965) &= Ff>EFEX KD TH Y, IJLBEEZRM L=V 7
JLTHEMNL7=. $£72, cooked potato-like flavor (Kaneko et al. 2012) % £F-> 3-(methylthio)-
1-propanal (methional) (X 2-12) % [AERICFLEE R 2 W0 L7 > 7L TN L 7=
Methional 1%, EEE%EE S H C strecker 73f# (Landaud etal. 2008)7> Maillard 5<)i&, K AZL
(HDH. 201KV AERT A ZENMmbENTWD. £, F—ATlE, LBEICE 54
%73 (Landaud etal. 2008), 7 A > CIEEERHC X B4R (Landaud et al. 2008) 23 # 55 X 4
TW5. SO, HEilCTo methional OEINCFLEEE 3B 53 5 AREME 2R
THDTOWETH 5.

HEHREEEHMT ORS7Te 7 7 A4 U 72T, FBE O - FEERIN A g U7
FER, FMOF I, BT CRABEN TS LTV 2 aTREMD &2/ o
7z.
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2-Hydroxy-3-methyl-2-

cyclopenten-1-one (cyclotene) 3-(Methylthio)-1-propanal @ :Control
0.009
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[X] 2-12.  2-Hydroxy-3-methyl-2-cyclopenten-1-one (cyclotene) & 3-(methylthio)-1-

propanal (methional) DE&EE F DZE1L

Rl = T /WS K D 2 O T2 MR 3 0T 12 K-> TIR 7z, 2-ethyl-1-hexanol 2 PNER
PR & U CRME (L U 7oA R GREE 2, BB RIS LT ey R L2 (n=3).

Caramel-like flavor % £ cyclotene & cooked potato-like flavor % 5> methional 1%, {i4u ¢ i
THBEE BT L CTAERNRT D LW o TRy, SEOFRERIE, ElhTo i OEFREMER
Sy O HLIEE 23 5.9 2 AIREME &2 R I CORETH 5.

2.4. /NFE
ARETIXTGCMS IZXL D7 a7 7 A ML - T, BlESESTORSEE, K

EMORE LA L. £7°, ILEE & FEREZ N U728 H OfgE (Control) 1 DLy
7'a 7 7 A NDOEAE RS LI, SO - IERINC LD 2B O ik a1T o7,
ZORER, 707 7 AN DOBACICEER LR E DB 5L T DI ERBIHNI o7z,
FIRAEDCBIE T DRy OREMI TR T HZ LT, BEREOF RN E K~ B 575 eR
SNz, BRCT va— V8, o F VATV, B ATV, 77 ) N RE O BN
EIRSFHBEZFED, ZNHDOWONORERIT, i EO % RLE—E L TV 7= (Hazelwood et al.
2008; Van Der Sluis et al. 2002; Sasaki et al. 1991).

SOICHERZEEL T, ARME N OEVICE BRI DERR A~ G322 T REME
D COREREILT-. Cyclotene, furfural, furfuryl alcohol, methional X912, 52 HEH

FLIRTE L DFEGRm AT O TRV &, FLERE & DR BAZ R UToRE RIT, RO EZE72

-57-



A DINE B L TWAIFZE TIXED X A2 ENTERN ST B EHRH R ThH5.

ARETORREE, /oA TR @R BEORMAZRa I 7 A EHWD Z &
WX ST, WEMOB - 72/ EICE T AEREHLNNCT LI ENTEZZLTH
5.
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HI3E IERE L EEREAEEET B lacticacid ¢+ acetic acid ¢ ethanol 23 jHEE

BERIZRS T 0 7 7 A4 M RIETREBOMBIT

3.1. 35
SMERIE Y, B - HLERE - BERHC K AWEEEIC Ko TiTh, TN OMEY N

HERHEE ZH->TWD (Hif 2012b). 1 ETHLHER 7= X 51T, TFE, [ERORE
DRGTIZHE B LIEARFEE T TidZe <, WKW & RIRHC AT+ o5 7 7 7 A U
YR oT, AFETHR IR TV S TS BEMOFRIZEH 53 2 FTaEMED R
I TE. o EROBRPFIEI I TV DICHED LT, REICHE: O D
BRI 5y DZAVITEE G- L TO D 05EICAIIE S L TR b3, By L EM & flt>
T ZEIFEE LY. & ZCH 2 ETCIIMEM OBEREO TN - FEARINC K 58I E B

LTI EIT o7z, —J7 T, TNENDOWEAPET S, lactic acid, acetic acid,
ethanol & EEMEEEICB W TEEREROOE D TH D, #EWHF O pH 72 E ORI
KEZESEDLZ L2k, #MAEMDEE (Kusumegi et al. 1998)72 17 CT72 < Maillard
FOGD &9 AL ORI BT 5 2 E N M5 TV (Martins and Van Boekel
2005). £ LT, SDIZIZZNOBANPUSHEHE L 72 % 2 & TR Il ORI FH 5
LTW5.

FLEATE (T 720 T2 <BRAx RIS TO DM TH 5. il & RIERIC
H AR DB L T DIHEOBRIE S, ARITE, LRE, M2 AW TiThbii Ty
7. LirL, TRETITON T CBRE 2 9 5 ABuE 0 126 LT, Rz
FEAMETEHZ D, B OZ DI lactic acid Z U9 2 B EEREL D BA%E S iz
(FIR 5. 2010; FHi 2011). HIAETIE, FBEEIC X DBEEEOBMEIL, lactic acid DHN
Lo TR ESNDSOH D, Lo Lk, FREDOKRA~DF G HIFTES gD T
% (9 E5.2012; &)1l 2015). U A > Tl malic acid % lactic acid <> carbon dioxide {Z
BT H1200D0~0 T 77 4y VBBENREE CHDL ZENHLNIR->TND (F

R5.2010). > FVHMBEOEEMEIIZORBELICL - Ta AR D, F2ETIH
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FhEEE A 1T O BRI LR & FEREOIRIN - FEIRINA Ll L CTENENOMAEY O EE
MEEm Lz, L L7 a7 7 AL, HLEEOES lactic acid - acetic acid D 5|
ETE IR T O pH DR TORELZIT TEELTWD Z LR THIS N, LI
BRI OEMIZIE, JLERE O AEPE L 7= lactic acid « acetic acid DL N> T,
ZDOARETIE, HLEEE OV IZ, lactic acid + acetic acid Z N L 723 Mk & F5 5
L, ILEBEEINE T 5 2 L TEOENLIBEOEE 2w T 5.

£, BERHIEREDOERE WD T, JEl, ©—n, UA L, il Rl
D2 < OREFERMICIBNTHEREREHR 2RO (FHiRH. 2010). BRORHIZLD2ER
AT DAERRPIER SILD—FH T, B TIX=F V= AT VEO AU IXBERE O T
% ethanol DIREN T E T2 Z L RSN TWD (K1 1983). — 5T, 1Eil - VA
VT T NANZ AT VMRS TE T Tlidle <, BERIC X ABERN 2 SUSIZ L - T
AT 52 ENRHLMNMTR > TS (Piresetal. 2014; &5, TE/K 1981). il T
FHECToh 5 HEMF 72 & ORGHRE XIS U T % (Sasaki et al. 1991)23, FEfE—
AT NREZTF N AT IV LT, BEROBEGIEREIC T ST, IR
DEE LIRS, 5 2 B TIT - EMAEWOTN « JERMOBETIE, BERRINEZTT -
FZREMRICIE, BEREDNEPET S ethanol OFZENZTENTWD. T I TARETIE, BER
DR YT ethanol ZIRINL, BERASNZ T 5 2 & C, RERSY 707 7 AL
DEAL L BERE O 2B LT,
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3.2. EBRMEIE X OERTE
321 EMWmoFH

B o TIER, H2 HmIEL T 2.

AREBRIZHW Y o7 T ya—< RS IR AL T2 vz, B abag ki
FEOIZ Lo TS SN FEIC IV R, HEZ1T>7- (Ito et al. 2013). HEEDAK LT KE
Elb o1/ NFEEIREL, #E (Aspergillus sojae NBRC 4239) D&EA£ELT- DA FE2EE&ET
O, FREEIT o2, Fe, A DIRAZL T2 L 728812, penicillin (2 U/g-
koji) Z#ANLT-. BOFELRE, faf B KLIRA LI, BREE/KEDIES DR i CTHKD A
iz AR (ETENRERR No. 2, HPFIEMARNSAL, L, BA) 2 TEINL 0 3 H oV
YT NELT AAZREY 1, 380 H DR R TRERICY 7V 7 2 T o702, 3 A OV 7Y
T %RICHLAE (Tetragenococcus halophilus NBRC 12172) OESERZUSINLIZ. £ D%
H® 45 BAKATYH TV 72T, 6 BAOY TV T D%, BERE
(Zygosaccharomyces rouxii NBRC 1876) Ok ¥INILT- (pH 3B IBLZ 5.0 (2725
IRf ). ZORERARFITIR L HEE T D2 Llc il Rz To70. (HAALDY 7 HEHOKERT
YTV T wAToT. 0% 10 3 B LI TIIHRHRE 7, B8 TREIE 21TV,
FD% 15,17, 18 W AW TV T EATo T BTV TR A > M, 0,1,3,4,5,6,
7,15,17,18 1 H D 10 /i TH 5. [N L 7= AR 134 T-20°C THRAFL 7. Lactic acid-acetic
acid DEELTIRDI201T, FLFRE FERFAIINUTZRERERICIR B2 58912 6 B T
lactic acid-acetic acid Z¥RANL7=. F7=, ethanol H,[FIEEIZ, 7,10 #H B ORF S TIRANL: (3
3-1). BH T T4, Control: FLERE + BERFASHN, LAB + EtOH: FLEAE RN + =X
J—/VEIN, Acids + Yeast: FLIE - HEFRININ + BERFANIN, Acids + EtOH : #LE2 - FElE + —

B —)VIINERFET D, TNZENDOFERIL, n=3 TEEEL=.
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#£31. BIETHWEEWY I

Microbes Reagents
A. sojae Z. rouxii Lactic acid + Ethanol
T. halophilus
Sample NBRC NBRC  Acetic acid
NBRC 12172
4239 1876
Control: FLEEE - FERE
o) o) o) X X
wmn
LAB + EtOH: #LEAH +
o) o) X X o
EtOH #sn
Acids + Yeast : Acids +
o) X X o) X
BEREAS N
Acids + EtOH : Acids +
o) X X o) o)
EtOH #sn
322 BE

Ribitol, pyridine (Infinity pure grade), ethyl acetate, ultrapure water, phosphoric acid, sodium
dihydrogen phosphate dehydrate, 2-ethyl-1-hexanol, n-hexane, n-heptane [tk T 2k
Aotk (K, HAR)HHEEA L7=. Methoxyamine hydrochloride, 1-propanol-1,1-d; i
Sigma-Aldrich (Milwaukee, WI, USA) 2> & i A L 7=. MSTFA, n-alkanes (C9-C40), n-
pentane, n-octane |X ¥ — = /LY A = AERSH (L, HAR)NLLEEA L. 2ot e
— 27 )T = a NHWIRERIT B R LSRR E AL (R, HAR) I BREA L 72,
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3.2.3. HiIALE
3.2.3.1. BIAKMAES TR OFEEAL

RARIKIZ & o T 10 f5#R L 7= 3MEE R D AR 20 ul (CNEREREY)E & LT ribitol
KEEHE (0.2mg/mL) Z 60uL #INL, AT v 7 ZATELIBMLTZ. FO%ikIKESE
T OB T % (FREEZE DRYER VD-800F, # A 7 v 7 #R &4, BE, AAR)

Bt L, K<mESEL. FEEKMLZITIAFMEE NP AF ALY L
(trimethylsilylation, TMS) % H\ 7=. £, methoxyamine hydrochloride (20 mg/ml-
pyridine) % 100 uL %, Thermomixer comfort (= v ~2> KL 7R S4E, A, AA)
IZT30°C, 9047, 1200rpm TA > Fax— kL, A MFIMfESSHZ. ZhiZs
512, MSTFA % 50puL iz, 37°C, 304y, 1200rpm TA »F=a~—hkL, MU RXAF

U ARG ST,

3.2.3.2. FER = FVIC Lk AHEERMER S ORI
TR RS DT 1T ethyl acetate (2 X 2Rk B E2 AW 2. SEHREMR O A

7V I mLICINEEE#EY)'E L L C 2-ethyl-1-hexanol (1 mg/mL)% /il %2, NaCl % 300 mg
WA L7z, Z#UZ ethyl acetate % 400 uL /i x., Ball Mill (Retsch Co., Haan, Germany) %

FAWT 30747, 25 Hz TiR#PT 25 Z & CTHi &7 - 7=,

3233 RETF 4T~y RAR—RERBIZ L ABERERSOF LTI 5
NaCl Z 1000mg #F& L, ~v RA~X—2H% 7V o 7 f,34 7 /L (COMBIPAL /] 10

ml XA TV, =—x A7 — WA S, B, BAR)ICAN, £ ZITHEMFERD Ak
25mL ZIN L7z, Z Dk pH OFHIED 7=, 1 mol/L @ sodium phosphate /KA (7.8
g @ sodium dihydrogen phosphate dihydrate & 3.42 mL @ phosphoric acid (70%) z &F0 L
T, 100mL IR L 72)%& 0.5mL s L=, £72, NEMEHEY'E & L T 1-propanol-1,1-

d> (12 uL/mL) % 10uL N X 7-.
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3.2.4. GC/MS 43#7
SHTHERRIE SHIMADZU GCMS-QP2010 Ultra 3 25 2, SHIMADZU AOC-20s 74—

MY 7T — (BEEAERT, 5, AA) 2 W, A7 AEH LT — X B

GCMS solutions ver.4.2.0 ¥ 7 b7 =7 Ti{To7~.

3.2.4.1. BUKMAKRS THS
FEMMEEL L7270 (1pl) 2 A7 Y v hE— R (2511 (VIv)) TA vV = 7

Varlile, Ar¥=rva CVEOTREIX 250°C ITRE L7z, F v U7 H AL He
Z AV, 7 AHZ1X CP-SIL 8 CB low bleed/MS column (30 m x 0.25 mm i.d. fused silica
capillary column coated with 0.25 pm, Agilent Technologies, CA, USA)%Z HV 7=, 717 At
wm(X112mU/min & L7z, T4 —T 03I A v a4, 80°C &

2 7iRFif%, 15°C /min T 330 °C £ THIE S, £D1% 330°C & 6 /rfrFFLiz. A4
AU E T 414k (Electron lonization, El) ¥EI2 Xk W =% /L¥—70eV TIT\VY, 7
VAT 7 —F4 1% 250°C, A A UPRIREIT 200°C ITERE Lo, A v CEIPHIT miz
85-500 T, AF -y A — K 20 scan/sec T~¥AARY MG LT, MHEREE

1x, BRI — N Fa—= 72T VHBTHRE L.

3.2.4.2. HEFEMEASY (FERR = F ) HhH)
M7 Qul) A7V vy RLAE—RTCA V=l var iz AP

7V a CEOIREIL 250°C ICRE LT, F v U7 H AT He Z Vv, U7 ALiZiEa
InertCap Pure WAX column (30 m x 0.25 mm i.d. with 0.25 pum film thickness, GL Sciences
Inc. , B, HR)ZE MW=, BT AEIL124mUmin & L7z, BT L4 —7 03
YINA V2T v a sk, 35°C & 2 0tRFEE, 8°C/min T 250 °C £ THIELSH,
Z D% 250°C & 15 pfrFFL7c. A A ABIT EHEIC K D = LF—=T70eV TITV, |

T AT 7 —TA % 250°C, A A PRIREEIE 200 °C IZERE LTz, A% v HiPH I
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i

m/z 35-350 G, A¥F ¥ At — K 10scan/sec T~ A A7 hLEEE L-. e

JEIX, ERNCA— N a—=2 7 ZITVWHE T E L7z,

3243, HBMERDRET A4 I~y RAR—ZRHY 7Y 7))
SNSRI SHIMADZU GCMS-TQ8040 & HS-20 ~ v K AR_R— AW 7T & =,

HS-20 |12 L 2H4E1E, 1mL ¥ F A —F %A=L —7F— F (150°C) TIF\, 7
— 7 RE 50°C, 30 47, /A TVANEREE 0.5 4, FEJ)EMRER 0.1 43, v — RIKFH
0577, v— R¥EMRF 014, A Y=/ a VK055, =— NV T7 T v alif
M55, "ATNIv 7 AITITol.

it L7-%HH% 150°C TGC ~%YD, A7V v hE—F (711 (VW) TA V=7
aylic. A 0¥V v a UEROIREIL 280°C IZREE LT, ¥+ U T HAIZIE He &
Ay, 17 A1Z1%, DB-1 column (60 m x 0.25 mm i.d. fused silica capillary column coated
with 1.00 um, Agilent Technologies, CA, USA) % v 7=, 17 Ajii&iE 1.60 mL/min & L
le. BTGB —=TAIH TN P =7 a1k, 35°C & 5 4riRfi#%, 8°C/min T
230°C £ THIESE, £ D% 230°C & 10 /ofrfF L7z, #HiVT-5°C/min T 200°C £ T
BRI L7z, A A AbIXE 1A 4 1k (Electron lonization, El) 7£(2 LY =%/ ¥ —T70eV
TITW, FF U AT 7—F4 13280°C, A A UJRIREEIL 230°C IZRE LTz, AF ¥
> #iPH m/z 34-500, A ¥ A E— K 10scan/sec T~ A AT MLERE LT, MM

ST, BRI — N a—= S ERITVHBICRE L.

325 F—#7FmEA
BURPER Y 34T &, BERR = F VAl IS K DM AT TR b e AT — 213,

netCDF JZUCZEHL L CHI) L7=. iV T, MetAlignver.041012 ¥ 7 k7 =7 (Lommen

2009)% FHWNT, X=X F A UHHIE, =2, ©—27 74 XA FE{T, CSV
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(comma-separated values)/EXNChERAZ M1 L=, 677 —% % Aloutput ¥ 7 k7
=7 (Tsugawaetal. 2011) TRt i, B — 7 4THIEERR L=, Fe\W\CToWr&1T -7 n-
alkanes @ 5 6, v — 27 RNEfF S 47z C10 - C23 ZH W T Kovats 1 > 7 v 7 A
(Retention index: Rl) Z#H L, K= D~ RAAXT MLERIZ, £ VN \T AT A
TIZVDTAANRY pLE R EMETHZLICE-T, V=27 /T —varzk
fTo7=. F7=, Aloutput (2L V7 /T — 3 EnRho7-—7 % LabSolutions
GCMSsolution Ver 4.20 (SEBAERT, 1HS, HAR) ITE A L 7= NIST11 MS spectral library
DVAARYT NV EDOUBIZ L VLEHDT /)T — a v &iTol-. TD%, WNHIE
W) % FEUEIZ L — 7 BRI 2 A L LTz,

Ny RAR=2AF 7Y o I KBRS T THRONTEAT — 21T,
LabSolutions GCMSsolution = iV TE— 7 il 24T > 7. ©— 717812 Fpktk, & E
— 7 D~ AAY kL%, LabSolutions GCMSsolution {23 A L 7= NIST11 MS spectral
library O~ ZA A7 LG L, (bEWMOT )T —a vy EkiTol. Fio, %
1T-7- n-alkanes ® H &, B— 27 REFF S 72 C5-C12 Z# W T RI #3HH L&A E—7
DY — 7 EfELZ RO, EO%, NEEEYE 1-propanol-1,1-d; 2 FEHEIC L TE— 7 i)
AR HE L L7z,

3.2.6. WEHARAT
GCIMS T ko TN T=T — 2 oEk LTz, 7T/ T7—YaryEn-e—7

DONEEEME T D MEOT — 2 &y NEHWTEEBRIT 21T 572, 1K
5357 HT(PCA)IE, SIMCA-P+ version 13 (Umetrics, Umed, Sweden)!Z & ¥, AutoScaling
(Unit variance) TIERL L7 #&1T o7, Mg 27 7 2 % —73#r (HCA)IEL Multiexperiment
View Version 4.9120 (Howe et al. 2010)(Z L ¥, AutoScaling TIEMAL L7=%1T- 7=.

Distance metric (& Person Correlation, Linkage method /% Average linkage clustering % fifi

AL
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R L B
331 EMORHTwT 7 A Y TRER

fERLL7-0,1,3,4,5,6,7, 15, 17, 18 #l H O ElEKRD A% GCIMS 12 & - THHr
L7, 82 mEFFRIC, GCIMS IZL W Ebi/lcv—2 %, Aloutput, NIST 71477
U E RS ZRANWCE =2 OT ) T —3 a v EfTo iR, Gt 1383 o e — 27 )
S hie (£ 3-2, £ AT-9). BUKMEIRS TR 0T 6X7 X B, B, A7
ED 36 kG, BER— T VHIC X DR St b ix T v a—n, 77 ) Ui
ED B2 fhr, ~v RAN—=ZAY 7Y T L DM i b IE=F = X
T, WERT AT NI ED 45 [yt ST, TOmnT — 2 W TT — 24T
I aER L, LAZ ORI 2 (3% AL0-12).

#£32. GCIMSIZEWT I)F—varvyLi-aon—&

BLKIE Alanine Malic acid

1% 47 ¥ Bl 53 Arabinose Mannitol

36 %5 Arabitol meso-Erythritol
Aspartic acid Methionine
Citric acid + Isocitric acid Ornithine
Fructose Phenylalanine
Galactose Phosphate
Glucose Proline
Glutamic acid Pyroglutamic acid
Glutamine Ribose
Glycerol Serine
Glycine Succinic acid (or aldehyde)
Histidine Threonine
Inositol Tryptophan
Isoleucine Tyrosine
Lactic acid Valine
Leucine Xylitol
Lysine Xylose
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#3-2. BEE) GCIMSIZEYW 7T /)T —var LicRyn—E&

HElE — F L
XD
R M R 4y
52 k57

(R)-Dihydro-3-hydroxy-
4,4-dimethyl-2(3H)-furanone

(Z,2)-9,12-Octadecadienoic acid (Linoleic

acid)
1,2,3-Benzenetriol (Pyrogallol)

1,4-Benzenediol

1-Butanol
1-Hydroxy-2-butanone
1-Hydroxy-2-propanone (Acetol)
1-Propanol
2-(4-Hydroxyphenyl)ethanol
2(5H)-furanone

2,3-Butanediol

4-Hydroxy-2,5-dimethyl3(2H)-furanone
(HDMF)

2-Acetylpyrrole

2-Butenoic acid

2-Furancarboxaldehyde (Furfural)
2-Furanmethanol (Furfuryl alcohol)
2-Hydroxy-3-methyl-
2-cyclopenten-1-one (Cyclotene)
2-Methoxy-4-vinylphenol
(4-Vinylguaiacol)

2-Methoxy-6-methyl-4-pyran-4-one
2-Methyl-1-propanol (Isobutyl alcohol)
2-Methyl-2-butenoic acid

2-Methylbutanoic acid
2-Methylpropanoic acid (Isobutyric acid)
2-Phenylethyl alcohol
3-(Methylthio)-1-propanal (Methional)
3-(Methylthio)-1-propanol (Methionol)

3,5-Dihydroxy-6-methyl-
2,3-dihydro-4H-pyran-4-one

3,5-Dimethyl-4-heptanone

3-Hydroxy-2-butanone (Acetoin)
3-Hydroxy-2-methyl-4H-pyran-4-one
(Maltol)

3-Methyl-1-butanol (Isoamyl alcohol)
3-Methyl-2(5H)-furanone
3-Methylbutanoic acid (Isovaleric acid)
4-Ethyl-2,6-dimethoxyphenol
4-Hydroxy-5-methyl-furanone
4-Oxopentanoic acid (Levulinic acid)
5(or 2)-Ethyl-4-hydroxy-2(or 5)-
methyl-3(2H)-furanone (HEMF)

5-Ethyl-2(3H)-furanone

5-Ethyldihydro-2(3H)-furanone
(gamma-hexalactone)

Acetic acid

Benzoic acid
Butanoic acid (Butyric acid)

Caprolactam

Dihydro-2(3H)-furanone
(gamma-Butyrolactone)
Dihydro-5-methyl-2(3H)-furanone
(gamma-Valerolactone)

Ethyl hexadecanoate (Ethyl palmitate)

Ethyl lactate

Hexanoic acid (Caproic acid)
mono-Ethyl succinate
n-Hexadecanoic acid (Palmitic acid)
Phenylacetaldehyde

Phenylacetic acid
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#3-2. BEE) GCIMSIZEYW 7T /)T —var LicRyn—E&

~v K
AR A
AN VS
VA
8 38 M Rl 4y
45 155y

(2)-1,5-Octadien-3-ol

(2)-3,7-Dimethyl-2-octene
1-Octen-3-ol
2,3-Butanedione (Diacetyl)
2,3-Pentanedione
2,6-Dimethyl-pyrazine
2-Butanone

2-Butenal

2-Ethoxy-2-methyl-propane

2-Methyl-1-butanol (Active amyl alcohol)
2-Methyl-2-propanol

2-Methyl-butanal (Valeraldehyde)
2-Methylbutyl acetate

2-Methyl-furan

2-Methyl-propanal (Isobutyraldehyde)
2-Methylpropy! acetate (Isobutyl acetate)
2-Pentanone

2-Propanol

2-Propanone (Acetone)

3,4-Hexanedione

3-Methyl-2-butanone

3-Methyl-butanal (Isovaleraldehyde)

3-Methylbutyl acetate
(Isoamy! acetate)
3-Octanone
Acetaldehyde
Benzaldehyde

Butyl acetate

Dimethyl disulfide

Ethyl 2-methylbutanoate
Ethyl 2-methylpropanoate
(Ethyl isobutyrate)

Ethyl 3-methylbutanoate
(Ethyl isovalerate)

Ethyl benzoate

Ethyl butanoate

Ethyl dodecanoate (Ethyl laurate)
Ethyl formate

Ethyl heptanoate

Ethyl hexanoate (Ethyl caproate)
Ethyl propionate

Furan

Hexanal

Methanethiol

Methyl acetate

n-Propyl acetate
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332 ERIAIC L DEEOT — I HEEDIER

H 2 ETAT o Tt L RARIZ, T — 2 OREZHEL, 7 — 2B E AT L IERD
NEZFERT DD, BRTOF T AERE, RTORGT — ¥ & ERHHTIC X
STHNT LT, iy 7 a7 7w A V7 — & a2 4L LT, AutoScaling (Unit variance)
TR A BUSL L72tk, 28 1 Fpky (PC )& 2 sy (PC2)E AW Aa 7 7o
v b (X 3-1A)ZER L7-.

PCL 3oy T — 4% DD 55.4% %, PC2 BN 135% &L CBY, KRa7rnm
v FTIE, T—HBIERDGHD 68.9% AT L TWe., 7 ry it Lol
WNHBEETHE, ERAIIEDL O L, EOFMICmI - CREELMOMEE 2 L
TW5. BEEZ B LT 0 41l H F£TiX, Control : FLERE - BERFASIN, LAB+EtOH :
FLEEEE + ethanol ¥, Acids + Yeast : lactic acid, aceticacid + FERFARIN, Acids + ethanol :
lactic acid, acetic acid + ethanol IO b KAl D Z L #ES 7y L TED,
YU TNBEROSEHE IR LT, I AMOSEITNE L, BT a7 7 A VDiE
WD EF R D, SEBDOY T UV RICHBE 2NN H720, 025 3
AETITE<FALRETHD. £/, LRERINEO 408 B I3 BE OREWN 24
¥ Cdh % lactic acid EIM LAGEH T\ e & (X A2 EnD, FHLERRE RN &
DBy 70 7 7 A NVICEREBN T o Z ENFKRTHDL EEZ LS.

—5 T, THBELUBEOY T AE, PC2 HMIZahivTr ey f LT, BERZET
* 7T S, Control & Acids + Yeast (% PC2 THICALIE L, BREE £y
TN THDH, LAB+EOH & Acids+EtOH 13 PC2 DIEDBFTICILE L Tz, D2
D, BEREOWIMMB 7' 0 7 7 A M B E 525 Z LR binole. £ 2 DM
AT TH 2 18 T H £ Tk L Tuh /e,

=747 7uy b (K3-1B)TIE, Z£< Oisrhs PCL D IEDFEIIIALE LT
W, 2aTrruy FOBRIZL D L, BhoBRENET &, 7T PCL DIET;
FNCBENT 52 b, b0 PCL OIEDNEIZT 1 v b Ui BR T 5 i
DHINHEN TH D E S 2D, F7=, PCLAIE, PC2 WADNLE(S T 7 DA F DAL
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BNCT va—)b, 77 ), BT AT LR EN Ty hEan/-. Aa7 7y b &
D, ZHOE, 7B UBEORRE G TN TH D EEA L. —
T, ZF N AT —T 477 ay NOLTOMETIE/Z2 <, PCL ##F (PC2
23 0 O T r Yy hENTZZ EnD, =TT ATE T HALUBKEOETOY
YTNUTHIML TS Z LR E Tz, £z, % 2 = EFRRIC, BEIZPCL A
Bt (77 7 OEMOMBENNIELTEY, BEORIEIZZVWEWVWZ D, ZiuT
glucose 7¢ EDOBEEMNIAEN DEFIC L > THE SN Z EN—HTIH ARV EE 2
biLd.

PCA LFERIZ, T—ZMEDOMHRZ B E LIZEE 2 7 2 % —534 (HCA)ZAT->
7= (X A10). 5o ToBRITEEREOIY, T, BRI CTRL T 72X =470,
MR TP NI IR R OWIN & BINZe U (Fedsn), Bl s IR RE O i & IR (= »
J VIR CRIpo7e s T AL —Lipodz, F2EOMP L T 5 &, BERHTHRHY
) 72 B0 L FLER T LS A 72 R 25 D W K OIS BT O > 7L TIARHITHI N L T
W27, BINL 7= lactic acid - acetic acid « ethanol 23% 4y 7' 1 7 7 A JWAZEBE L T
D EBHLMNIIRoTz. FT2, PCA & HCA ORI kT ik E W Ch ks 7 m
TZ7ANDPEELNDERIZFELL TBY, Fo7VOREE LERL TV,

UL EDOFERD S, GCIMS THUG L7opisr 7 — Z I3 OBEE IR IC L D &, 1)
AW L < 13 lactic acid - acetic acid + ethanol DEFRMNSAIT L 2 1E W& KB L Tz,
S OIZFEMRBRZAT O 720, REETH 2 18 E O Tz AT A &
DEWZE D707 7 A VOEAIZER L, #im L7k R 2 RIELUREICRE T

(Control D EgEHIFH DZAITX ALL IR .
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157 A < 0B
] - . &
738 B AR van
107 (LAB + EtOH, ¢ 4BE
] Acids + EtOH) ¢ 5EEB
5- ¢ 6:EB
o ¢ 5B H
i ¢ 1588
~ 0 . 7 ¢ 17EE
o 11, 3, 4E B 45 ¢ 188 H
~57
. . . < : Control
038 B TiE B LI O : LAB + EtOH
-0 (LAB + Yeast, A : Acids + Yeast
T Acids+ Yeast) O : Acids + EtOH
-15 L B e e I — T T T T T T T T 1
-25 -20 -15 -10 -5 O 5 10 15 20 25
PC1 55.4%
Ozt B O : BHEINh-FR
0.151 ®
0.14 Saccharides
o 0.05- O
Lo
] O
= 0 P!
N O
a @
ﬂ%t o Cp
-0.1 1
] @ © Alcohols
-0.15- Acetate esters
] Furanones
-02 T T T T T T T T T T 1
-0.15 -01 -005 O 0.05 0.1 0.15
PC1 55.4%

X 3-1 GC/MS IZXoTBREBLERS T e 7 7 A NVERWZEWY 7 VDER
5353 DFE R

FoTNE LT, 2 TOERM (Control : FLEAHE - FEREAI, LAB+EtOH : FLEEE + ethanol ¥R,
Acids + Yeast : lactic acid, acetic acid + FEREERN, Acids + ethanol : lactic acid, acetic acid + ethanol

WMo, 0, 1, 3, 4, 5, 6, 7, 15, 17, 18 MB &M= (Zh2h n=3).
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Z/r—1 7 Auto Scaling, T A7 —2 : None, ¥ 7 /L% 120, #iAZE%L : 133
A>T oRar7 ey b

PCL 3oy T — 4 DD 55.4% %, PC2 3 135% %= L CTRY, KAa77a v hTiX, 7
— X ERDOGED 68.9%F WAL Tz, 7y NINH U TAOIERNOELET DL, ik
SENIE LB L, EEOFMIZMN-> TEEEMHOEE LR LTS (FOKRTRLE). 7HHA
PABE DY 2 73 PC2 FIIZ it T 7 my b Lie 2 &0vn, PC2 IZEERFOBIN - FERINC & 2
EWEZRLTWDZ ERDLND (FkOMTRLLE).

Bk Due—T 477y bk

% < OFSHY PCL BHOIEDFHIBICALE L Th Y, EHOBEENET & 26 Oy 2N L7z
ZEBbootz. PCLMIE, PC2 NADNLE(S T 7 DA FOMBENIET Va—iL, 777,
FEfE = A7 V70 8 OFEFMER SR 7 1 v b ST, TS ORI IZEERREO & OFEREE
NEOLND. —J, =F VT AT LT PCL | (PC2 #li23 0 OfHD)IC Ty a2 &b,
X7TEBUBEOY T AOETIZEENTND Z LRI L.
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3.3.3. MM E R EMOBE N X B3RS 7 7 4 A ~DEE DN
FIEDO S TR LI, KETIEE 2ETELE LIZMEWOUIN - FETINIC

KD T 07 7 A NA~OEBENZ T, FEEHFICAERT S lactic acid - acetic acid -
ethanol DFEIZAE R L. £ 2T, WY, BOTIRINOED i b R E WVERIEE T RO
18 M HIZHEH L, FLEEEK OWEREZ N L7239 &, lactic acid - acetic acid - ethanol
WM UTGER DR 7 0 7 7 A V& ER T & - TS L2 (X 3-2). PCL 78
ROy T — 2 DIERD 48.3% %, PC2 78 222% it L TRV , Ax a7 7'm vy Tl

T —=H BRSO 70.0% %A LT\, 7'my S o L OE#RN B BELE
9% L, PCL [ZE%EEL ethanol OIRINODEV (EHBICERZ ML= 7 vnd
V, BHBNCTE ) —LEZTINMLIZY v FAndB), PC2 ILILEEE & lactic acid - acetic
acid DI DE (IEHFMICHBE Z M LIz 7 AnsH v, A lactic acid -

aceticacid ZIRIM L7=H > TN H D) r L TEY, BEEFOMAEYCR D IRIND S
> TH I Trlay Lk, v—F 4 77 my FTIE, Ta—
W, 7T, BT AT VIR E OV BERHRINY TV EAHBE R R D,

ornithine X> HDMF 23 F LR IRAINT > 77V E MBI & R > T, 35 2 B L [ARRIS, [+

AL WA OER 21T - L TE O Mz #Em T 5.
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20~ ELE?E?’U % : Control

A AcigrzL M : LAB + EtOH

157 : Acids + Yeast
1 ® : Acids + EtOH

LAB + EtOH Control
L 2
.. z
I35 BEHY

|EtOH&H Y Py EtOH7%IL

% A

Acids + EtOH Acids + Yeast

15] $LE§E7’.IL
| Acids| Y

=20 T 1 T T T 1
-25 -20 15 10 -5 0 5 10 15 20 25
PC1 48.3%

10

PC2 22.2%
S . 9q .

1
9

=

° |° .. ® | BAb

o ® 15549
BERL O OO EtOH7ZL
0. EtOH®HY )Q8 CijbO

o@) OQZD
00 ©

0. HEREHY/AcidsiiL O : gHishf-ms
]

0.1

o
o
< q

PC2 22.2%

-0.051 o ©
: O ©OO
© 0

-0.151 oo [0° Q O

HLEEAL/AcdsBHY D

045 04 005 0 005 01 045

PC1 48.3%

0.1]

32. GCMS IZXoTHBELIERS T e 7 7 A VeV 18 BB D&MWY
VI NVDERD T ORER
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Y7 LT, 2TOSRM (Control @ FLEEE - BEREANIN, LAB+EtOH : FLEREE +ethanol iR

/i, Acids + Yeast : lactic acid, acetic acid + E#REINAN, Acids + ethanol : lactic acid, acetic acid +

ethanol AN 18 M H 2 H\ /= (Z4LE 741 n=3).

24—V 7 Auto Scaling, ~ T2 A7 3 —2 : None, ¥ 7812, FiBAZEL 129 (2-

octenal & hexanal (3 o 7V EZD D> 72 2 & D BREHTICIZHW TV RV, E 72, lactic

acid & aceticacid IZ7 — % & v 2 HERVZ. )

(A)A=aT7 7 uy b

PCL 3RSy T — X DD 48.3% %, PC2 73 222% % LTk, Kx=a 77 ay T
BARD 5 ELD 70.0% % HIA L Cu 7z, PCLIEEERE - ethanol RN, PC2 IXFLEEH - lactic

acid, aceticacid DRIz R L TE Y, BEEPOMEMRIFINE > TH o TN T

7ry kL.

Bk —F 7T m K

KAz W C AR ORINGIEIZ L > TEERH O, BERZ2 L, ABEH D, ILRER

LOZENZENDORMARER & LTRSS ilin z, P> TRl (D

DIEtOH 72 L : Jiéfk, WEREZ2 LIEtOH &Y @ ik, FLEEE H Y /Acids 72 L - IRAR, FLERE 2 L

IAcids U : JER).

3.3.3.1. EERERINE ethanol FRNIC X % %
[EEE L ethanol OB TIET 5720, HABEEIC K 2 ABRRE L OFEWICK L., B

BEd L <X ethanol 2RI L7Z36K AR L7, TR ENORERIZIW T, RO
BECHINT 201X, BEREZ IO L 725G TO I L, ethanol IRANC X - THIM4
DRoTIE, FEREGEEE T ethanol ZAEPET 5 2 LG, W OREK TS 2 &%
2A6N5. DFY, BERHRIN, ethanol IINZ bLl U, BERERINY > 7 /WA R8I 72 ik
SRR DR 2T T D & PRI, MTOEKICE £ 54713, ethanol D52
BEZTTODED, TRERICEENDIMITHY, BEHOEER LITFELTND
EEZDND. PCARRNGRTFARBEAFIH LICHER, 65 i5rns PCL @ & m\ i
BlZ R D, 58 BT DNERFOUINC, 7 5i4r7Y ethanol DTN K- THMT 5 Z & A
B E 2o 7 (3R 3-3).

% 2 ETTHAEM OB « WINPT 70 7 7 A MG X DB EER LIRS
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WY D&, RRORRIZRSTob DL, BARDERERoTZbONR DT LITITHK

ORI LIZEETD.

# 3-3. EROOHTD PCLEERE, ethanol DFAN « FEFRIN) & AR ICAHBE 2K ORS
p(corr) p-value
[PC1] [PC1]

Constituent

1-Butanol 0.985 <0.001
Succinic acid (or aldehyde) 0.985 <0.001
mono-Ethyl succinate 0.984 <0.001
1-Hydroxy-2-butanone 0.982 <0.001
5-Ethyl-2(3H)-furanone 0.981 <0.001
3-Methyl-2(5H)-furanone 0.98 <0.001
Dihydro-5-methyl-2(3H)-furanone

(gamma-Valerolactone) B <000
Glycerol 0.977 <0.001
Butyl acetate 0.976 <0.001
2,3-Butanedione (Diacetyl) 0.971 <0.001
2,3-Butanediol 0971 <0.001
3-Hydroxy-2-butanone (Acetoin) 0.969 <0.001
5(or 2)-Ethyl-4-hydroxy- . .00L
2(or 5)-methyl-3(2H)-furanone (HEMF)

2-Methylpropyl acetate (Isobutyl acetate) 0.968 <0.001
Arabitol 0.964 <0.001
3,5-Dimethyl-4-heptanone 0.964 <0.001
2-(4-Hydroxyphenyl)ethanol 0.963 <0.001
2-Methyl-1-butanol (Active amyl alcohol) 0.961 <0.001
3-(Methylthio)-1-propanol (Methionol) 0.956 <0.001
2-Phenylethyl alcohol 0.955 <0.001
1-Propanol 0.95 <0.001
2-Furancarboxaldehyde (Furfural) 0946 <0.001
3-Methyl-1-butanol (Isoamyl alcohol) 0.944 <0.001
2-Methoxy-6-methyl-4-pyran-4-one 0.941 <0.001
2-Methyl-1-propanol (Isobutyl alcohol) 0939 <0.001
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# 3-3. (FeE)ERS DD PCLEERE, ethanol DFRIN « FEFSIN) & AEICHHEZ #

L%

Constituent p(corr) pvalue

[PC1] [PC1]

3,4-Hexanedione 0.939 <0.001
3-Methylbutyl acetate (Isoamyl acetate) 0.937 <0.001
Phenylalanine 0.936 <0.001
2-Pentanone 091 <0.001
2-Methylbutyl acetate 0.905 <0.001
Threonine 0.902 <0.001
2-Butenoic acid 0901 <0.001
3-Methyl-butanal (Isovaleraldehyde) 0.895 <0.001
Glutamic acid 0.888 <0.001
Ethyl hexadecanoate (Ethyl palmitate) 0.864 <0.001
n-Hexadecanoic acid (Palmitic acid) 0.862 <0.001
5-Ethyldihydro-2(3H)-furanone
(gamma-hexalactone) e
Acetaldehyde 0.855 <0.001
Isoleucine 0.854 <0.001
meso-Erythritol 0.852 <0.001
3-Octanone 0.852 <0.001
Phenylacetaldehyde 0.844 <0.001
Inositol 0.842 <0.001
2-Furanmethanol (Furfuryl alcohol) 0.839 <0.001
2-Butenal 0.838 <0.001
Valine 0.82 0.0011
n-Propyl acetate 0.81 0.0014
(2)-3,7-Dimethyl-2-octene 0.809  0.0015
Ethyl propionate 0.806  0.0015
Lysine 0.802  0.0017
Leucine 0.795 0.002
Butanoic acid (Butyric acid) 0.785  0.0025
Histidine 0.781  0.0027
Methionine 0.769  0.0035
Dimethyl disulfide 0.746  0.0053
Proline 0.74 0.006
2-Butanone 0.73 0.007
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# 3-3. (BEX)ERD IO PCLEERE, ethanol DN « FEHIN) & A REICHE % FF
DRRGT

p(corr)  p-value
[PC1] [PC1]

Constituent

Galactose 0.725 0.0076
4-Hydroxy-5-methyl-furanone -0.968 < 0.001
Tryptophan -0.964 <0.001
2-Acetylpyrrole -0.857 < 0.001
4-Ethyl-2,6-dimethoxyphenol -0.84 <0.001
2-Methyl-2-butenoic acid -0.798  0.0018
3-Methylbutanoic acid (Isovaleric acid) -0.78  0.0028
Ethyl 2-methylbutanoate -0.726  0.0075

BN OF T, &b 28 L OFERINHLL L Tz b dd 3-methyl-1-butanol,
2-phenylethyl alcohol (%] 3-3), 2-methyl-1-butanol (active amyl alcohol) , 2-methyl-1-
propanol (isobutyl alcohol) , 2-(4-hydroxyphenyl)ethanol,  3-(methylthio)-1-propanol
(methionol) (Xl A12)7%2 E DT v — /L Thot-. Ta—/LOERIZELT, FH2E
EDOWBINER TE 5 & L bHig, ethanol DIFTER T TILZ D ORRIFAER L2 2
EERMERR LTz, B2 E TR~ L 91T, Ehrlich BIZ L D559 27 X oo @itk
TN a—)VEAERT D20, Ta— /VEOEINIIIBERNRLETH D Z ERARE X
iz,
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3-Methyl-1-butanol 2-Phenylethyl alcohol

14 16 ¢ : Contro
1.2 14 ¢ ®m : LAB+ EtOH
=y 4 ¢ 212 - A . .
z 1 * g0 t ¢ A : Acids + Yeast
£08 A A g 17 Ay LA
€ Al Eos | ® : Acids + EtOH
208 206
g 506 -
204 So4 |
0.2 - 02 -
o o — 2 (A 0 mi_ EEReY (NN
0 5 10 15 20 0 5 10 15 20
Fermentation time (week) Fermentation time (week)

3-3.  3-Methyl-1-butanol (isoamyl alcohol) & 2-phenylethyl alcohol DEEEH DE

1t

FEREVER ST T K > TH B 7z, 2-ethyl-1-hexanol % WHRIEVEREL & L C AL U 7o bR K TR
%, BEEERFEIICRILC ey R L7 (n=23).

SO TV a— VT EEREZ VRN L 72 Control, Acids + Yeast TO AN L7-. ARSCHIZZT 7~ 2-
methyl-1-butanol  (active amyl alcohol) ,  2-methyl-1-propanol (isobutyl alcohol), 2-(4-
hydroxyphenyl)ethanol, 3-(methylthio)-1-propanol (methionol)® %5 2 FEDFER & [FkEIZ, BEREZ TR
Lt AT, EOWIIRLY, Z rouxii 13XIET 27 /B G @EmkT v a—L %
ERT % Ehrlich & &F5 > TWD Z &R D> TN DD, ZRODT L a—/UIsd 57
TNBAERT DI ENTRIND.

EMOFERICERR T 7/ G H 2 B LEFERMNVELL L TWe, BRCEmBERECTo
AEPEDN RS & ATV D HEMF X° herb, green, incense D7 U % F§-O 5-ethyldihydro-2(3H)-
furanone ([X| 3-4) sweet/vanilla D7 Y % £f-> dihydro-5-methyl-2(3H)-furanone (gamma-
valerolactone) , 5-ethyl-2(3H)-furanone (IX| A13)DHIAMIEEREN B G- LT 5 Z L 23k
<M ENT. £, 52 BEORE L [FERIC, 5-ethyldihydro-2(3H)-furanone & dihydro-
2(3H)-furanone 1EFEREZ I L TR WG HEEML TWDH Z &b, BERHIIINZ
T, BERLSOERIC L > THAERT 2 Z &R S hr.
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5(or 2)-Ethyl-4-hydroxy-2(or 5)- 5-Ethyldihydro-2(3H)-furanone .
methyl-3(2H)-furanone (HEMF) 0.008 4 : Control
0.7 0.007 | ®m : LAB + EtOH
¢ .
,08 R zoos |, : i’ A : Acids + Yeast
B 05 - * c I . .
5 g 0.005 4 ® : Acids + EtOH
£04 'y "5 0.004 |
203 4 £0003 | aa¥ A s
302 20.002 |
0.1 0.001
Cmm a9 9 99 0 ol :
0 5 10 15 20 0 5 10 15 20
Fermentation time (week) Fermentation time (week)

X 3-4. 5(or 2)-Ethyl-4-hydroxy-2(or 5)-methyl-3(2H)-furanone (HEMF) & 5-

ethyldihydro-2(3H)-furanone (gamma-hexalactone) DEE1EH D (L

FEIEPER AT 54T & > THE BTz, 2-ethyl-1-hexanol & PNEBEEYEMET & L T HEHE(L L 72 FH G SR
Z, BEEERERIC LT ry R L7z (n=23).

B ORI 727 2 > HEMF < herb, green, incense D% V) % F§-> 5-ethyldihydro-2(3H)-
furanone % &¢r 4 FEHD 7 7 /7 IEEREZ N L 72 Control, Acids + Yeast THIIL7=. 5-
Ethyldihydro-2(3H)-furanone & dihydro-2(3H)-furanone (% HEMF & %720, EEREZIRINL 72555
EHET D LD, BERZIRINL TORWESICBEINL TS Z &b, BERLUSIOE
KIZ K-> THAERT D Z LRI T

WL OPOFET AT VIR Z TN LY TV TORBEI L. b DSy
I35 2 BT HIRR72 K 91T, apple DF Y & FF-D butyl acetate (Larsen and Poll 1992),
Fruity aroma % £f-> 2-methylpropyl acetate (isobutyl acetate) (Pires et al. 2014) ([X] 3-5),
banana-like aroma % -2 3-methylbutyl acetate (isoamyl acetate) (Pires et al. 2014), fruity,
apple D#F V) % $#-> 2-methylbutyl acetate (Mehinagic et al. 2006), fruity, floral DF ¥ % ¢
> n-propyl acetate (Mehinagic et al. 2006) (IX| A14)72 &, TN ZEhkEAx72F/FV #H L, £
Wiel 77 <, YA (Escuderoetal 2007), E—/L (Piresetal.2014), i# (Arikawa et
al. 2000)72 & ORERER T O HELFLR LD TH D, AREOHKRTIL, T bORER
T AT TR Z RN L TORWESSIZIEEEIN Le o 7o, 206 OFFE T 27 V1T,
THEIZI W TIL S. cerevisiae @ alcohol acetyltransferase (AATFase) D & (2K > TT7 L

22—/ & acetyl-CoA A HIBEA & U THRKT % (Piresetal. 2014). EHEERE T4 AATFase
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EER D ST WG LTV DEIH H Y (AFFAKS. 1997), EIZEHBWTH RO A
H=ALTHERRT DHARMENH D42 K5, 1999). D5, butyl acetate, 2-
methylpropyl acetate (isobutyl acetate), 3-methylbutyl acetate (isoamyl acetate), 2-methylbutyl
acetate, n-propyl acetate (X A12)ILZ <41, 1-butanol, 2-methyl-1-propanol (isobutyl
alcohol) ([X| 3-6), 3-methyl-1-butanol (isoamyl alcohol), 2-methyl-1-butanol (active amyl
alcohol), 1-propanol (X A15)ZHIERIA L L CTEKTHZ ENTHRIND. ZHHDH]
BRfR & TAREN DMy bBEREAZ RN L2 A TORMIML TS Z b b, EE
Wt AT VTR Z NN LE S8 TOREM LI EE X 6D,

Butyl acetate 2-Methylpropy! acetate ¢ : Control
025 008 ® : LAB + EtOH
> 02 | i i 2007 | # A :Ac!ds+Yeast
% 0 A 2006 & ® : Acids + EtOH
2015 ¢ % ¢ £0.05 |
0 * ©0.04 I
g 01 ¢ B0.03 |
Foos | "ol
comamy 209 owmmens®  ¥TO
0 5 10 15 20 © 5 10 15 20

Fermentation time (week) Fermentation time (week)

[X] 3-5.  Butyl acetate & 2-methylpropyl acetate (isobutyl acetate) D EE3E + DAL
FERVERR Y 0TI L > TH B A7z, 1-propanol-1,1-dy & NEREEHEY)E & L CHENE(L L 7= FH iR
%, BEEERERICRI L CF ey B LT2 (n=23).

Butyl acetate (% apple, 2-methylpropyl acetate (% fruity aroma % ffoOpk/r CH 5. fhicd 3-
methylbutyl acetate , n-propyl acetate |XE#R; %4 ¥RAI L 7= Control, Yeast TO AR L7z, S. cerevisiae
X, ZAHOFERT AT VLT Va3 —/L L acetyl-CoA ZHIBEA L L TAMRT 2 BEMEER: Z
rouxii \ZI3\F % DARLST DERKITIE STV,
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1-Butanol

, 2-Methyl-1-propanol ¢ : Control

18 i 0.25 m : LAB + EtOH
>16 % *® g .02 - A : Acids + Yeast
2147 E ¢ . % | ®:Acids + EtOH
2 1.2 r g 015 L i
© 1 F ° l‘;
208 | 2 01 ¢
206 | T
? 04 L :: 0.05 -

L N
0.2 0 o0 0000, ‘

5 10 15 20
Fermentation time (week)

.!

0 5 10 15 20
Fermentation time (week)

[X] 3-6.  1-butanol, 2-methyl-1-propanol (isobutyl alcohol) DEE?E D24l
FERVER S 9 HTIC K o T B LTz, 2-ethyl-1-hexanol & NEBEEMEME & L CIHAE(L U 7o FE i
%, BEEERFEIICRILC ey R L7 (n=23).

Butyl acetate, 2-methylpropyl acetate (isobutyl acetate) (X% 4141, 1-butanol, 2-methyl-1-propanol
(Isobutyl alcohol) ZHIBRAL LT, AT 52 ENTHRENDS. ZHOORBRA L PRI DK
DHBERHC L > THEEIND 2 LRI ND. S cerevisiae TIE, ZhbOFERERT AT VIET
va— bl acetyl-CoA ZRFIBEA L L TAMT 2. EIES°E—/LTid alcohol acetyltransferase
(AATFase) D) X 12 K W AERT 273, FERICEHEEREC AATFase {EMER ST EMEL TV D
WX HHY, WHIZBWTHREED A I = XL TERT HATREMNH 5.

H2mEBRROERER LRSI TFALZAT L TH-T. H2ET|ITF LT
AT IIEERR 2 RN U T2 o TV R 70 py & L OBIR SN TV ens, B3 ET
XIFEAEDZTFNZRATIRTOY 7 VTN L. 83 BECTEHRENRINIS
7ot TVITRHERY 72 Bl sy & LT8R S 4172 mono-ethyl succinate, ethyl hexadecanoate
(ethyl palmitate), ethyl propionate (IX] A16)i%, FEREZIIM L7z T b=y ) — %
WMLz 7NV TI8EBICHKIT HMEICENH T, ZHE, succinicacid 72 & D
AIBRADSERHC Lo TAESND Z ENEELTWD D, BERFE SN 26 DR D
HIMZB b > TV D AlEtEZ R~ L7z, L, P2 ETORELIIRY, %
WIML TN Y U TIUZBWTOIINR S b, £z, o= F /Lo AT V38
BE, ethanol D¥RAN « IEAIA 2 59 AR TEITEN 72, ZHHDORR LD,

ethyl 2-methylbutanoate, ethyl 3-methylbutanoate (ethyl isovalerate) (IX| 3-7), ethyl benzoate,
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ethyl 2-methylpropanoate (ethyl isobutyrate), ethyl hexanoate (ethyl caproate), ethyl butanoate
(K A1) TZENZE st d AR TdHh 5, 2-methylbutanoic acid , 3-methylbutanoic acid
(isovaleric acid) ([X] 3-8), benzoic acid, 2-methylpropanoic acid (Isobutyric acid), hexanoic
acid, butanoic acid (butyric acid) (] A18) &, =& / —/L23, FgEiEPIZIERESRIIZE =

2 KA Ko TN 2 W REMED R STz,

Ethyl 2-methylbutanoate Ethyl 3-methylbutanoate ¢ . Control

0.16 0.12 m : LAB + EtOH
o _ o A : Acids + Yeast
R %008 - ® : Acids + EtOH

0.06

?

b 4 5:':
' .
ative in
o
o
e

It

o

o

153
20-@— -

004 s [ ]
0’4
0.02 | 9 0.02 1 ’
O R —" ‘ 0 .-
o 5 10 15 20 0o 5 10 15 20

Fermentation time (week) Fermentation time (week)

[X] 3-7.  Ethyl 2-methylbutanoate & ethyl 3-methylbutanoate (ethyl isovalerate) D &g

EHR O

Ny RAR=ZH 7Y 7% IO TRy 3T &> TR B 4v7z 1-propanol-1,1-dy % P
TEEYEME & U CHE L U 7o R A, BERERFR I LT ey R LT (n=3).
FIBETHZEAEDOZTALZZAT EIETOY T ATHEIN LT, § 2 BIZBWTERAZIR
MUY TNV TOREIMUTZZ 2B R D &, BEREOAEFET 2 ethanol 28 Z L 5 D[4y DN
IHEE Lzt nELZLND.
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2-Methylbutanoic acid 3-Methylbutanoic acid 4 : Control
0.3 0; [ m : LAB + EtOH
025 | » 08 A : Acids + Yeast
> 2
2 02 20.7 1 ® : Acids + EtOH
g £06 - 2
R L L "
T o1l 303 14
v x
0.05 T 02 g
0.1
0 : L L 0 I | |
0 5 10 15 20 0 5 10 15 20
Fermentation time (week) Fermentation time (week)

X 3-8. 2-Methylbutanoic acid , 3-methylbutanoic acid (isovaleric acid) DEE#EH D

AL
FERMERR S OHTIC X > T BTz, 2-ethyl-1-hexanol % NEBEEYEME & L CIHEAE(L L 72 M5l e
Z, BEEEREIC LT r Y h L7z (n=23).

Z N5 DfENERIE ethanol & )9 % Z & T ethyl 2-methylbutanoate & ethyl 3-methylbutanoate %
BT B RTREMED & D LR Tz,

ASEIOFERND, B2 ECRENAEET L L PHRINZEITD L, ZF LT
NEBR<IE E A E DRI ethanol DIRINTET TIFAER LRV E WD Z Lo,
ZOHZIE, A F TEMBERE ORBRIEm SN LDRNT T ) UROFFRT AT
NI EREENTNZ, 2O DD IR RER L b o7, BRI K DB
EMEE I C B W THEEREH 2RO ENHR SN, — /5T, =F LT AT VR
FHEBTIML TWRWEAIZHEEEFIT ethanol FET DHAITAEK L TWVD Z LA
HOMNIRoTe, TRHDZTF NI ATV, MAEMOKEZZ Z T ethanol H3EEEE:
(Ko THEESNDRY FERPITAFET D AIREMENR D 5. Z D72 T 6 DRy Ol
DT DIZ1T ethanol AL D K 5 AR DOIRE R EDOFRM2 2B ST D Z L3
KVEHETHD LW WREMED R I N,
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3.3.3.2. ILEEEEIN & lactic acid « acetic acid FERINZ L A EEDFE
FLlAE &, lactic acid - acetic acid IS 7' v 7 7 A N~D B L #5720

2, FLEEREZ WL 7cfER &, FLERE D2 U 1T lactic acid & acetic acid & ¥RIN L 7=
AT L, ZFNETHORERICERD L <X ethanol ZiRIN L7z, FLEEE OFET
BN 2 B, FLERE 2RI L 7-REBR CoOABEI L, lactic acid - acetic acid FRINIZ
Ko TN 2 s31%, FLERE A lactic acid - acetic acid 24695 2 &b, WO
HWTHINT 5 EEZ oD, PCA ENORFAMEL G LIRS, 22 flion
PC2 i & m W MHB Z R D, 8 Al S FLER IR Z2 NI L 7= 7T, 14 55378 lactic acid -

acetic acid Z SN L 72> T /VITEWHER A2 6 D 2 & 23 B )T 7R o T2 (3K 3-4).

% 3-4. RO D PC2(FLEAE, lactic acid, acetic acid D¥RMN « FEHRIN) L HE
IZFEE & RO RS

Constituent P (corr) prvalue
[PC2] [PC2]

Ornithine 0.945 <0.001
2-Hydroxy-3-methyl-

2-cyclopenten-1-one (Cyclotene) 0894 <0001
1,4-Benzenediol 0.877 0.0002
Ethyl heptanoate 0.788 0.0023
Xylitol 0.785 0.0025
4-Hydroxy-2,5-dimethyl3(2H)-furanone (HDMF) 0.775 0.0031
2-Methoxy-4-vinylphenol (4-Vinylguaiacol) 0.748 0.0051
Dihydro-2(3H)-furanone (gamma-Butyrolactone) 0.744 0.0056
Citric acid + Isocitric acid -0.967 <0.001
Ribose -0.961 <0.001
Arabinose -0.956 <0.001
1-Hydroxy-2-propanone (Acetol) -0.914 <0.001
Aspartic acid -0.887 <0.001
Fructose -0.843 <0.001
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% 3-4. (Bx)ERRSOHTD PC2(FLELE, lactic acid, acetic acid DHSHN « FEFIN)
EERICHBEEZR oY

Constituent p (corr) p-value
[PC2] [PC2]

Tyrosine -0.83 <0.001
2(5H)-furanone -0.822 0.001
Xylose -0.819 0.0011
(R)-D-lhydro-3-hydroxy- i 0.0012
4,4-dimethyl-2(3H)-furanone

Serine -0.804 0.0016
Mannitol -0.798 0.0019
2-Propanone (Acetone) -0.789 0.0023
4-Oxopentanoic acid (Levulinic acid) -0.752 0.0048

fERE L ethanol WSIN% FLls L7258 3E & A EOR O, BERZTRIM L 7Y
YT NTOHRIZY, ethanol IRINOEBII = F LT AT VHIZB W TCOLBHE Th -
WO RER AT, Lo LELEEE & lactic acid - acetic acid ¥shn% il L7=35413,
BERED T 6 ORER & e, BIRS I3 7e <, 5 2 ECHBRE O & AR %
FFo L LTHHE LEZKS D 5 5B 2-furancarboxaldehyde (furfural), 2-furanmethanol
(furfuryl alcohol) (X 3-9), 3-(methylthio)-1-propanal (methional) (X A19) 7z & D531,
FLEEE & OMBAIX A B0 7=, Bz, furfural, furfuryl alcohol (ZEEREZ BN L 72
Yo T VTR SRS K& <, BEREL, lactic acid - acetic acid D2 THFEMRHIC
BENTWDRHI ZN D DR BHINT 5 LD ZEARBRS L. ZDZ Lnb,
lactic acid + acetic acid DIFTEN LY 7 0 7 7 A WM E 5.2 TW5H 2 E N LN

Tpoi-.
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2-Furancarboxaldehyde 2-Furanmethanol ¢ : Control
0.12
03 : ® : LAB + EtOH
0.1 A 0.25 | 4 :
z _ = 4 A : Acids + Yeast
g0 A § 020 t ® : Acids + EtOH
<006 - l ¢ =015 + ﬁ
E , ¢ g I o
F0.04 | e ' 501t [ ] [P
[] 7]
% 0.02 ' " o %005 | i'
0 -H N T —
0 5 10 15 20 0 5 10 1% 220

Fermentation time (week) Fermentation time (week)

[X] 3-9.  2-Furancarboxaldehyde (furfural), 2-furanmethanol (furfuryl alcohol) D E#
EHR O

FERMERR S OHTIC X > T BTz, 2-ethyl-1-hexanol % NEBEEYEME & L CIHEAE(L L 72 M5l e
Z, BEEERERIC LT ry R L7z (n=23).

%5 2 FE T furfural, furfuryl alcohol ZAFLFEH A RN L7 7L EFARI A D & W O FER & 72
ST, 8 3 BT furfural, furfuryl alcohol |FEERF A IRAN L 722 7°L THEXFRIIZ RS A3 K &
<, BEREL, lacticacid + acetic acid D TAFERPIZE TN TV DRI 2B DR HHEINT 5
EWVDH T ENTRBEEINT.

HEMF & & b ICEHBEREK MY TH 5 4-hydroxy-2,5-dimethyl-3(2H)-furanone
(HDMF) (Hayashida et al. 1998) (IX] 3-10)I%, fAEHOEM « IEFI L D3EWIZEH L
2 BT, MEATRIN LY I L AL TV L LA RIOREET
IR O SR THOY 7L I ZFELTEBY, S5, LAB+HEOH O
FETTIEESHIZE o722 b, HEDOZEIZMZ T, ethanol IRENE L 725
Z LI K DR DAL Gy DTS- LT Z L AVRIE S 7z, HDMF (%
I E CICHBMICHER SN D IEBE COEENIESNTEY (Hayashida et al.
2001; Preininger et al. 1995), #H TN AEE~EETHZ LR EIN TN D
(Hecquet et al. 1996). L7 L —f&AIIZI Maillard SSIZ & - T 5 REEDS B AR SIS
EVVDILTEY (Blank and Fay 1996), S RIDOFER NG, SEMEREZ G507, ILEAHE &
DEAG- DML D BN 5 M2 72 o T2
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. 4-Hydroxy-2,5-dimethyl- 4 : Control
- 3(2H)-furanone (HDMF) E - LAB + FtOH
0.03 A : Acids + Yeast
0.025 | u ® : Acids + EtOH
‘w
éam— ﬁg -
q>)0.015 - * 0
5 001 ¢ , 2@.
© 0.005 ‘ A
0 “ 1 1

0 5 10 15 20
Fermentation time (week)

X 3-10.  4-Hydroxy-2,5-dimethyl3(2H)-furanone (HDMF) D E&#E H D21k
FEIEPERR Y STIC K > TIH BTz, 2-ethyl-1-hexanol % PEPEEMEW)ET & L CHEYE(L L 7= Ml o
%, BEEERFEIICRILC ey R L7 (n=23).

B2 ECITHBE AR LY 7L EAICHB L Tz, L LA EIORE R CITALBEE O 5%
TOMEDVZAFELTEY, 61T, IEE+EOH OFE T TIXILIZEhoTe 2 &b,
FLEEHE ORI Z T, =4 ) —VRENE L 78D 2 LIS K DRERBRBE OB i sy DK
HLTWDHZ ERRB I,

PLEDFERNG, ABENEE/LH/RNT CTdH5H HDMF & HHE % FF o gErEA /R
e X N72728, FHLEREORMKA~DEFEIZOWTILZEMAR T N VETHDH ENRD.
— T, %< ORSITHERE O A PE L 7= lactic acid, acetic acid & K A2 4 5217 T\

HTEDBHLNMI T
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3.4. /NFE

AREECTIIILERE O1E S lactic acid - acetic acid d 5] & Z 4 38MEREE T D pH DK T
DEBEEZET 5120, HEEE OV IZ, lactic acid - acetic acid Z RN L /=56 %
AL, HBEEIRINE LT 5 2 L CHBME OB R Lz, £2, BROZEDY
(2 ethanol ZWSINL, BERERINE BT 52 & T, o7 w7 7 A VO & FERED
TR B LT,

FORER, =F N AT VAR~ D ethanol D% 5O AIREIESLCHI &g -7z,
5 2 BRI SIS HLERE ORI Y T a7 7 A NSO HONT, ZO—HIT
FLIRE DA PET 5 lactic acid - acetic acid 3% 5- L TWD Z E AL MM oTc. £-
HDMF @ X 912, lacticacid - aceticacid IRINZ LBy 7 a7 7 A VOELE, oy
Ta 77 A NVOBERNZ L DB AEDEICE > THE 2 BLERRLIMERLE -T2
bV, FLEEE L BERE, ZNODMEDIIS 7 0 T 7 A VOB T
HBLTWAZ RSN,

ARETORCRIT, BE T DO ECITHIRE - OB L2 b 02T TIER<,
WAEMDAERE LTl DB 52 TWHZEEBH LN LTI EThS.
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WA RFELERYE
4.1. AR OKEE
T < O EHESNFHIT TV D BEELRBRFEAML TH Y, WMEM OB &2 H -

{EHEH) 7 ARERS 5 AU K 2 RS BUIE BIThIL T\ 5. IEFEO S HTEIR OHEHR T X
S TEMO R L KD OFAED SN TE T, ZORRLHBEE LT, EBhoiky
LA OBRICOWT O 2175 Z L B3I ST 5. & 2 TR L#FZE T,
ABRT I 7 AERE O CERESE ISR T T A ) S BT, B &
MO OFRICET DEMEGELIZEZHINE Lz, ZhubiEoRkis, EiT
BHET 72> TS BOZERMEITIE U T, El~O=—X3E L T & TFRINS.
ZO=—XIRNE L, BOENS~EET 2720120, EiliE o BoMmE M B
ROONDEBZOND. YL T OO DM RERESD Z LItk o
T, T0FEEH D LR VED.

WEgExtge e LT, BEHMEEEICHWON DAY TH L2 HAME - BERHCER L, Zh
B O OUIN - FEUSINZ L LBy 7T e 7 7 A VB ED L HIZE{LT 5D
WERE LT, ZOREDDENTNOWAEN OBEISE I ~DRBE BT
SGUCE Y 2B ORIZE D D & B 2 DL D BUKMERS TRy, VDS B X
DL E L, T X R, bE AR EO—F MR TH D A FFY
2l U ATV Y AL E A G DR HEREE, Ta—N, 7T ) Uil R
4 2 AHSANC X Diaiahitis, o 7V ERO Ny RAR—RIZEERD T A
TNIREDHGEHET DAZT 4 v 7~y RAX=ZAY TV o 7iED 3 FEO
HiEaRNT, FEDEI Lz, o s LTE, ~AAXZ M4 T T U0
THERNPFFEL TR, HREBOES I MO R EOEMERY L TAD ) 5 —F
NMEHTIZHE LTy D GCIMS Z &R L 72,

52 BCIE, FLEAE & BRI PSRy T e T 7 A VI BT TR B O iR &
1To72. GCIMS Z W Ty 7 a7 7 A U > 7 OfER, BUKMAR D 7R 08051k
TR BE, BE, AHEREZR S0 36 sy, BERT T VHIIC K D ERFEMERL S ST 61X
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TA—)v, TT ) ED 52 jfiy, o~y RAN=AY T TN KD IR
NI DIT=TF NV RAT )V, BEET AT V72 8O 45 iy i S, AEF 133 f#
DE—=I BT )T —varaiic. TnoOmEHRZ AW THLERE & ERE)S B e
BRI 7 a7 7 A S RIF T B AT LTRSS, 7 va—VEH, 2 F Lo AT
VR, B 27 )V, 77 7 VIR EDE < ORIy 2 E e 47 iR DS, TR
DOEMEMBALFFOZ EDRWA LN oo, Fo, HEMPOREREREFELRL S Z & 11
o303, FLERE OWIN LR 2R Z E DAL NI o 7. FURE & AR 2 ROy
DOHFITIE, WEITEMILERRE & OFRAITOIL TV RWEDNE N TE Y, JLIRE
IAEEH O VB G- % rREME DM 6O TR S iz,

55 3 B CIXFLEE A & BEREANEPET S lactic acid - acetic acid - ethanol 733 JiFg#E H 1C
7 a7 7 A A RIETRBOMNT 24T 7. 5 2 HITBWT, BEROAINTHM
L7 47 530 5 5, 12 5433 ethanol ORIITTHEINIL TWA Z E B LR Y,
ethanol D =F /L= X T NVERRA~OFG-OARENER £, X0 72 BERIMR 2 B 5 22
THIENTEZ, E£72, H2HEIBWT, WBREOIRMTEMLE 1L 5D 5 5
lactic acid, acetic acid % & ¥ 9 557 7" lactic acid, acetic acid DA THIML TW=Z &
MBS MNTR o=, 61T, MW OAPET S lactic acid - acetic acid 23 sy 7w 7 7
ANNEELTND Z EITNAT, TOZBPEEREAHB O H 5 iy DI H w5
LTWDHEEMEZBI BN Lz, D W BEETICERHRERICE Eh 2 TN E N DSy
1%, LR - BEREOARENC K> TELT 57200 TIER LS, AWM OAERE LTopsr D52
A T CEALT 5 2 EAURIB I NI, ZORRIL, TNENORy BEEET O E D
HRNZ Ko TEIHTL00ZBET L5 W oToEEAXD.

AMTEDRRIE, J A T Rp@EGE DR A 2R v 2 7 A2 vwg Z &
(LT, WAEM LR ORFTZZ2MBEBRZAL NI T2 LN TE LI L THD.
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42. 5HOEE
BEEE RS D 70 7 7 A VOB O, JFUEE, HAZA, TEMIC X BB

ERkx RBERDEHECKE B, FEFICHETH D, SBRIOFRNS, AW ORI -
HEMIZT TIIBAD TE 22, SERREEDOELA T 7 1 7 7 A W59 % "l e
PR BN o7z, AEORBIC L &3, F#WH CTHRICHET L ERNE,
MOKKEMRZ T2V, BELZD T A5 CIIGHET Z EREE LY. RIFZETILZED
RO DAE DB A2 ), E DSy lactic acid - acetic acid « ethanol D% 5 1 F
DDONE, o777y AV o TIC K DEEEER DR B DI X o TR 5 2

EMTEI., ZOMRIZTNENDOR D ZEBE S ETWGEIZ, EOERIFALT
MR RENEERTDE ST &2 D.

LSHBOBLLE LT, SRS T — % OILE L Z 0RO SMESESORBENRE 2 L
L. MO T — 2 IZITHRLEF Y OFHRE RICEET OMERNDH L. ITFED AR
B ACESL T m 7 7 A ) 7 E BRI OMEAEDEIZL - T, FITD
HhHLH A R ORBBRBIHIE S ooH 5. FRCAE &0 LWFEEO I,
KANE LIRNZ LR ENDWEE TOREM & ITER R > 2R B A RO, Eil o
FIS TR N LB L 72 D kR A B O OENR &, iy ORISR A4 L
TIEMAEEE L, £ ORR EBBEOMIT MG E 2 2 LT, EloMEdED -
DOEMHPRIND. S HIT, YL R0 TT o T BERE G OfifT B, ok
BERMA~DOIGHA L AEETH 5. FERIICIX, Bix REERER LD OERERA L, B
BERA T — A N—ZADOWEIZ L - T, BEEMLEOMROLENTE S, MAT, i
FRERIER 2 & TITHOh TV D, OBERERGICEN SN 2WMEmE WD Z LI
EDH LW E o T REOHBICHERT 22 LN TEX D LHIFFTE 5.
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AL B2BEOVUINVTT ) T—Va v SNTEKEES TR
. Quantitative ) Quantitative
Constituent name RI? Constituent name RI?
m/z m/z

Lactic acid 1049.85 131 Phenylalanine 1622.71 218
Alanine 1094.29 117 Xylose 1635.18 103
Valine 1207.05 144 Arabinose 1642.50 103
Phosphate 1260.96 299 Ribose 1657.55 103
Glycerol 1261.78 149 Xylitol 1684.43 217
Leucine 1262.77 159  Arabitol 1697.98 217
Isoleucine 1284.56 158 Glutamine 1762.21 156
Proline 1292.27 142 Citric acid + Isocitric acid  1800.19 147
Glycine 1298.33 174 Ornithine 1803.78 142
Succinic acid (or aldehyde) 1305.46 147 Fructose 1849.04 103
Serine 1348.19 204 Galactose 1869.64 147
Threonine 1373.55 117 Glucose 1875.14 320
Malic acid 1474.63 147 Mannitol 1907.58 147
meso-Erythritol 1489.68 147 Lysine 1908.08 174
Aspartic acid 1507.46 232 Histidine 1911.35 154
Methionine 1512.94 176 Tyrosine 1929.42 218
Pyroglutamic acid 1518.41 156 Inositol 2073.70 147
Glutamic acid 1606.80 246 Tryptophan 2212.76 202

a: n-alkanes C11 — C32 % F\CHiH L 7= Retention indices (RI)
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FA2. BEOVUINTT ) TF—arSN-ERERS @R F L)

Quantitative

Constituent name RI? Reliability®
m/z

1-Propanol 59 C
2-Methyl-1-propanol (Isobutyl alcohol) 74 A,C
1-Butanol 56 A
3-Methyl-1-butanol 1149.97 55 AC
3-Hydroxy-2-butanone (Acetoin) 1227.20 88 A,B,C
1-Hydroxy-2-propanone (Acetol) 1240.23 74 A/B,C
Ethyl lactate 1298.79 75 A/B,C
1-Hydroxy-2-butanone 1324.91 57 C
Acetic acid 1383.95 59 AB,C
3-(Methylthio)-1-propanal (Methional) 1409.20 57 A/B,C
2-Furancarboxaldehyde (Furfural) 1413.51 9% A,B,C
2,3-Butanediol 1486.80 57 A/B,C
2-Methylpropanoic acid (Isobutyric acid) 1517.22 73 AB,C
Dihydro-5-methyl-2(3H)-furanone

1555.36 56 A,C
(gamma-Valerolactone)
Dihydro-2(3H)-furanone (gamma-Butyrolactone) 1569.25 86 A,B,C
Butanoic acid (Butyric acid) 1574.49 60 A B,C
Phenylacetaldehyde 1592.12 91 AC
2-Furanmethanol (Furfuryl alcohol) 1602.27 98 AB,C
3-Methylbutanoic acid (Isovaleric acid) 1617.25 60 A, B,C
2-Methylbutanoic acid 1618.38 74 A/B,C
5-Ethyldihydro-2(3H)-furanone
(gamma-hexalactone) 1046.87 % ABC
3-Methyl-2(5H)-furanone 1657.23 69 AB,C
3-(Methylthio)-1-propanol (Methionol) 1661.51 106 A,B,C
2(5H)-furanone 1687.97 55 AC
2-Butenoic acid 1711.38 86 B,C
2-Hydroxy-3-methyl- 1765.36 112 A B,C
2-cyclopenten-1-one (Cyclotene)
2-Methyl-2-butenoic acid 1787.22 55 A/B,C
Hexanoic acid (Caproic acid) 1791.57 60 A B,C
2-Phenylethyl alcohol 1852.67 91 AB,C
3-Hydroxy-2-methyl-4H-pyran-4-one (Maltol) 1893.55 126 A,B,C
2-Acetylpyrrole 1903.58 94 A/B,C
5-Ethyl-2(3H)-furanone 1910.29 83 B,C
(R)-Dihydro-3-hydroxy- 1956.56 1 OAC

4,4-dimethyl-2(3H)-furanone
4-Hydroxy-2,5-dimethyl3(2H)-furanone (HDMF) 1960.30 128 A,B,C
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Quantitative

Constituent name RI? Reliability®
m/z

3,5-Dimethyl-4-heptanone 1992.01 57 C
5(or 2)-Ethyl-4-hydroxy-
2(or 5)-methyl-3(2H)-furanone (HEMF) 201841 nAB
4-Hydroxy-5-methyl-furanone 2029.52 114 A, B
Caprolactam 2085.86 55 A, C
2-Methoxy-4-vinylphenol (4-Vinylguaiacol) 2104.73 135 A B,C
3,5-Dihydroxy-6-methyl-
2,3-dihydro-4H-pyran-4-one 2161.96 1o1-¢c
1,2,3-Benzenetriol (Pyrogallol) 2166.28 154 A,C
2-Methoxy-6-methyl-4-pyran-4-one 2202.60 69 C
4-Oxopentanoic acid (Levulinic acid) 2214.11 56 C
Ethyl hexadecanoate (Ethyl Palmitate) 2221.26 88 A,C
mono-Ethyl succinate 2272.30 101 A, C
Benzoic acid 2324.42 105 A, C
Phenylacetic acid 2440.35 91 C
4-Ethyl-2,6-dimethoxyphenol 2461.65 180 A,C
n-Hexadecanoic acid (Palmitic acid) 2818.48 73 C
2-(4-Hydroxyphenyl)ethanol 2856.72 107 A,C
1,4-Benzenediol 2872.33 110 A, C
(Z,2)-9,12-Octadecadienoic acid

3177.31 81 C

(Linoleic acid)

a: n-alkanes C11 — C32 %\ CTH Hi L 7= Retention indices (RI)
b: =27 )7 —va VORFHEE: A, v AANT MLE Rl &, BEMES C MR B, fLOSCERE Rl A R
(Kaneko et al. 2013; Lee et al. 2013; LEE et al. 2006; Sun et al. 2010) ; C, NIST11 MS spectral library & ~ &2 XA~~~

V% filR.
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F A3 FB2EOYVUINTTI)T—aryENEBRERS (RET 4 v 7~y RAR—
AP Y D)

Quantitative

Constituent name RI? Reliability®
m/z

Acetaldehyde 44 A B
Methanethiol 48 A B
2-Propanone (Acetone) 43 A B
2-Propanol 45 A B
Furan 68 A B
Ethyl formate 501.72 45 B

2-Methyl-2-propanol 510.20 59 A B
Methyl acetate 512.43 43 A B
2-Methyl-propanal (Isobutyraldehyde) 535.67 43 A B
2,3-Butanedione (Diacetyl) 562.23 43 A B
2-Butanone 572.36 43 A, B
2-Methyl-furan 592.73 82 B

2-Ethoxy-2-methyl-propane 617.63 59 B

2-Butenal 624.46 39 A B
3-Methyl-butanal (Isovaleraldehyde) 634.48 44 A B
3-Methyl-2-butanone 639.92 43 A B
2-Methyl-butanal (Valeraldehyde) 645.17 57 A B
2-Pentanone 666.55 43 A, B
2,3-Pentanedione 671.32 43 A B
Ethyl propionate 693.64 57 A B
n-Propyl acetate 695.99 43 A B
2-Methyl-1-butanol (Active amyl alcohol) 722.58 57 A B
Dimethyl disulfide 730.63 94 A B
Ethyl 2-methylpropanoate (Ethyl isobutyrate) 744.68 43 A B
2-Methylpropyl acetate (Isobutyl acetate) 757.38 43 B

3,4-Hexanedione 775.64 57 A, B
Hexanal 778.87 43 A, B
Ethyl butanoate 782.75 71 B

Butyl acetate 793.96 43 A, B
Ethyl 2-methylbutanoate 835.74 57 A B
Ethyl 3-methylbutanoate (Ethyl isovalerate) 837.28 88 A B
3-Methylbutyl acetate (Isoamyl acetate) 858.39 43 A B
2-Methylbutyl acetate 861.32 43 A, B
2,6-Dimethyl-pyrazine 890.79 108 A B
(2)-3,7-Dimethyl-2-octene 893.43 70 A B
Benzaldehyde 942.12 106 A, B
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Quantitative

Constituent name RI? Reliability®
m/z
(2)-1,5-Octadien-3-ol 958.45 57 A B
1-Octen-3-ol 964.02 57 B
3-Octanone 968.48 43 A B
Ethyl hexanoate (Ethyl caproate) 978.96 88 A B
3-Octanol 981.38 59 A B
2-Octenal 1038.39 41 B
Ethyl heptanoate 1078.22 88 A B
Ethyl benzoate 1158.33 105 B
Ethyl dodecanoate (Ethyl laurate) 1177.38 88 A B

a: n-alkanes C11 — C32 % i\ CTHi i L 7= Retention indices (RI1)
b: B—2 7T )T —a rOEFEEA, ~AART ML Rl &, RS L RERR B, NIST11 MS spectral library

L~ AANRYT NIV ETER.

-128-



KA BLEOVUVINVTT ) T—VarEINEAEESFREOEY I CEBIT D
FH 58 BE

Constituent name Oweek_Control Oweek LAB Oweek_Yeast Oweek_None
Lactic acid 0.029 + 0.003 0.027 + 0.002 0.025 + 0.004 0.03 £ 0.001
Alanine 0.062 £+ 0.001 0.056 + 0.007 0.061 + 0.004 0.058 £ 0.003
Valine 0.42 +0.028 0.399 £+ 0.033 0.436 + 0.022 0.418 + 0.049
Phosphate 0.331 +0.009 0.329 + 0.021 0.341 +0.031 0.303 + 0.013
Glycerol 0.102 + 0.008 0.122 £ 0.02 0.134 £ 0.029 0.139 £ 0.034
Leucine 0.079 + 0.007 0.081 + 0.006 0.089 + 0.004 0.083 + 0.012
Isoleucine 0.308 + 0.025 0.307 £ 0.033 0.332+0.014 0.317 £ 0.043
Proline 0.418 £ 0.028 0.369 + 0.059 0.394 + 0.016 0.398 £ 0.062
Glycine 0.408 + 0.049 0.342 £ 0.024 0.384 + 0.022 0.378 £ 0.027
Succinic acid (or aldehyde)  0.077 + 0.012 0.058 + 0.008 0.059 + 0.012 0.056 + 0.003
Serine 0.217 £ 0.026 0.207 £ 0.028 0.229 + 0.017 0.227 £ 0.047
Threonine 0.084 £ 0.004 0.082 + 0.007 0.09 + 0.003 0.086 + 0.012
Malic acid 0.145 + 0.023 0.085 + 0.016 0.101 + 0.032 0.086 + 0.018
meso-Erythritol 0.773£0.117 0.635+0.143 0.586 + 0.146 0.548 + 0.096
Aspartic acid 0.255+ 0.018 0.224+0.014 0.25 £ 0.009 0.221 £ 0.035
Methionine 0.039 + 0.002 0.038 + 0.005 0.04 + 0.004 0.04 +0.005
Pyroglutamic acid 0.288 £ 0.056 0.256 £ 0.031 0.291 £ 0.084 0.256 £ 0.011
Glutamic acid 0.681 + 0.06 0.62 + 0.046 0.667 + 0.041 0.651 £ 0.073
Phenylalanine 0.106 = 0.006 0.1 £0.003 0.112 + 0.007 0.107 £ 0.015
Xylose 0.639 + 0.056 0.606 + 0.027 0.625 + 0.018 0.62 + 0.065
Arabinose 0.81 +0.033 0.81+0.018 0.818 + 0.051 0.812 + 0.093
Ribose 0.105 + 0.004 0.099 + 0.01 0.103 £ 0.016 0.099 + 0.005
Xylitol 0.021 £ 0.002 0.017 £ 0.001 0.018 £ 0.001 0.017 £ 0.002
Arabitol 0.886 + 0.006 0.663 + 0.115 0.686 + 0.129 0.618 £ 0.123
Glutamine 0.003 + 0.001 0.003 + 0.001 0.003 + 0.001 0.003 + 0.001
Citric acid + Isocitric acid 0.038 £ 0.008 0.04 £ 0.008 0.036 £ 0.011 0.041+£0.016
Ornithine 0.042 £ 0.033 0.02+0.01 0.02 + 0.004 0.019 + 0.003
Fructose 0.025 + 0.003 0.024 + 0.004 0.025 + 0.005 0.025 + 0.006
Galactose 0.347 £ 0.034 0.332+£0.012 0.316 + 0.055 0.337 £ 0.053
Glucose 0.655 £ 0.054 0.698 + 0.048 0.681 + 0.044 0.682 £+ 0.037
Mannitol 0.286 = 0.024 0.24 £ 0.036 0.276 + 0.058 0.244 + 0.017
Lysine 0.222 £0.01 0.214 +0.018 0.222 £ 0.011 0.216 £ 0.025
Histidine 0.035 + 0.005 0.035 + 0.006 0.039 £ 0.009 0.034 £ 0.009
Tyrosine 0.128 £ 0.015 0.119 £ 0.001 0.118 £ 0.023 0.139 £ 0.034
Inositol 0.029 £ 0.003 0.03 £ 0.002 0.028 + 0.003 0.028 £ 0.003
Tryptophan 0.028 £ 0.003 0.024 £ 0.004 0.027 £ 0.006 0.022 £ 0.005
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Constituent name 1week_Control lweek LAB 1week Yeast 1week None
Lactic acid 0.028 £ 0.005 0.027 £ 0.003 0.026 £ 0.002 0.027 £ 0.004
Alanine 0.11+0.014 0.115+0.01 0.118 £ 0.016 0.094 £ 0.014
Valine 0.88+0.11 0.961 £ 0.023 0.963 £ 0.058 0.848 £ 0.08
Phosphate 0.416 £ 0.04 0.428 + 0.043 0.447 £ 0.065 0.428 £ 0.08
Glycerol 0.105 £ 0.012 0.139 £ 0.03 0.139 £ 0.021 0.137 £ 0.016
Leucine 0.181 £ 0.026 0.202 £ 0.013 0.205 £ 0.016 0.173 £ 0.023
Isoleucine 0.703 £ 0.095 0.744 £ 0.052 0.781 £ 0.061 0.641 £+ 0.088
Proline 1.001 + 0.208 1.004 + 0.151 1.014 + 0.088 0.748 £ 0.136
Glycine 0.781 £ 0.086 0.806 + 0.036 0.802 £ 0.065 0.735 £ 0.045
Succinic acid (or aldehyde)  0.082 + 0.014 0.075 = 0.007 0.074 £0.011 0.067 £0.01
Serine 0.477 £ 0.075 0.52 £ 0.052 0.533 £ 0.057 0.405 £ 0.086
Threonine 0.177 £ 0.033 0.184 £ 0.022 0.182 £+ 0.015 0.146 £ 0.022
Malic acid 0.174 £ 0.044 0.125 £ 0.019 0.128 + 0.036 0.112 £+ 0.039
meso-Erythritol 0.728 £ 0.116 0.643 £ 0.109 0.579 £ 0.146 0.53+0.16
Aspartic acid 0.532+0.09 0.548 £ 0.032 0.556 + 0.057 0.457 £ 0.077
Methionine 0.088 £ 0.013 0.097 £ 0.007 0.1+0.012 0.084 £+ 0.019
Pyroglutamic acid 0.377 £0.041 0.438 £ 0.016 0.394 £ 0.03 0.478 £ 0.141
Glutamic acid 1.221+0.231 1.279 + 0.061 1.319 + 0.099 1.082 +0.124
Phenylalanine 0.237 £ 0.029 0.271 £ 0.014 0.27 £0.016 0.227 £ 0.033
Xylose 0.685 + 0.108 0.763 £ 0.039 0.748 £ 0.049 0.703 £ 0.051
Arabinose 0.869 £+ 0.109 1.01+0.108 0.97 £0.099 0.936 £ 0.077
Ribose 0.128 £ 0.014 0.125 £ 0.007 0.124 £ 0.019 0.117 £ 0.013
Xylitol 0.022 £ 0.005 0.02 £ 0.003 0.02 £ 0.003 0.02 £ 0.003
Arabitol 0.973+£0.071 0.822 £ 0.109 0.829 £+ 0.159 0.718 £ 0.185
Glutamine 0.004 £ 0.001 0.006 £ 0.001 0.005 £ 0.001 0.005 £ 0.002
Citric acid + Isocitric acid 0.043+£0.013 0.049 £ 0.01 0.045 +0.012 0.046 + 0.011
Ornithine 0.048 £ 0.034 0.03 £0.009 0.03 £ 0.006 0.028 + 0.009
Fructose 0.028 £ 0.006 0.03 £ 0.004 0.031 £ 0.005 0.031 £ 0.004
Galactose 0.431 £ 0.036 0.439 £+ 0.044 0.411 £ 0.037 0.423 £ 0.05
Glucose 1.113+0.101 1.231 +0.049 1.193 +0.043 1.161+0.13
Mannitol 0.341 £ 0.034 0.328 £ 0.014 0.353 £ 0.044 0.311 £ 0.035
Lysine 0.407 £ 0.058 0.432 £+ 0.006 0.458 + 0.037 0.405 £ 0.044
Histidine 0.071+£0.021 0.077 £ 0.008 0.092 £ 0.007 0.071+£0.01
Tyrosine 0.334 £ 0.059 0.278 £ 0.041 0.269 £ 0.036 0.282 £ 0.06
Inositol 0.061 £ 0.008 0.072 £ 0.006 0.074 £ 0.005 0.067 £ 0.009
Tryptophan 0.053 £ 0.014 0.065 + 0.004 0.068 + 0.008 0.057 £+ 0.009
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Constituent name 3week_Control 3week LAB 3week Yeast 3week None
Lactic acid 0.027 £ 0.001 0.027 £ 0.002 0.026 £ 0.003 0.026 £ 0.005
Alanine 0.122 £ 0.007 0.111 £ 0.015 0.135 £ 0.003 0.129 £ 0.009
Valine 1.066 + 0.073 1.041 + 0.081 1.158 + 0.083 1.122 +0.07
Phosphate 0.411+£0.028 0.439 £ 0.056 0.459 £ 0.026 0.417 £ 0.03
Glycerol 0.105 £ 0.008 0.129 £ 0.02 0.137 £ 0.026 0.143 £ 0.021
Leucine 0.217 £ 0.016 0.214 £ 0.015 0.245+0.01 0.244 £ 0.015
Isoleucine 0.841 £ 0.059 0.812 £ 0.047 0.947 £ 0.059 0.912 £+ 0.058
Proline 1.173+0.033 1.039 + 0.183 1.278 + 0.056 1.222 +0.042
Glycine 0.92 +0.038 0.892 £ 0.027 0.943 £ 0.057 0.916 £ 0.05
Succinic acid (or aldehyde) 0.08 £0.011 0.066 = 0.005 0.074 £ 0.009 0.069 = 0.003
Serine 0.537 £ 0.027 0.551 £ 0.05 0.637 £ 0.034 0.615 £ 0.037
Threonine 0.195 + 0.008 0.187 £ 0.015 0.222 £ 0.016 0.217 £0.018
Malic acid 0.174 £ 0.025 0.119 £ 0.023 0.13+£0.029 0.119 £ 0.035
meso-Erythritol 0.697 £ 0.132 0.615+0.122 0.575+0.135 0.534 £ 0.135
Aspartic acid 0.629 + 0.037 0.566 + 0.053 0.689 £ 0.059 0.641 £ 0.034
Methionine 0.106 £ 0.009 0.103 £ 0.008 0.118 £ 0.01 0.118 £+ 0.009
Pyroglutamic acid 0.48 +0.099 0.536 £ 0.183 0.397 £ 0.046 0.443 £0.138
Glutamic acid 1.32+0.083 1.223+0.129 1.489 +0.104 1.405+0.112
Phenylalanine 0.297 £ 0.019 0.291 £ 0.024 0.343 £ 0.031 0.319 £ 0.019
Xylose 0.679 £ 0.059 0.718 £ 0.014 0.736 £ 0.073 0.758 + 0.066
Arabinose 0.869 £+ 0.048 0.947 £ 0.085 0.975+0.131 0.991 £ 0.128
Ribose 0.116 £ 0.008 0.107 £ 0.009 0.113+0.014 0.106 £ 0.009
Xylitol 0.024 £ 0.002 0.02 £ 0.003 0.021 £ 0.003 0.02 £ 0.002
Arabitol 0.939 + 0.062 0.754 £+ 0.094 0.804 £ 0.147 0.755+0.178
Glutamine 0.004 £ 0.002 0.005 £ 0.002 0.007 £ 0.001 0.006 £ 0.002
Citric acid + Isocitric acid 0.045 £ 0.006 0.046 £ 0.009 0.047 £ 0.015 0.049 + 0.015
Ornithine 0.051 +£0.033 0.03 £0.003 0.028 + 0.004 0.029 £ 0.002
Fructose 0.029 £ 0.004 0.03 £ 0.004 0.03 £0.003 0.032 £ 0.004
Galactose 0.456 £ 0.034 0.432 £ 0.034 0.44 £0.073 0.452 £ 0.053
Glucose 1.255+0.14 1.26 + 0.046 1.296 + 0.074 1.281 + 0.067
Mannitol 0.343+£0.02 0.312 £ 0.022 0.355 + 0.048 0.333 £ 0.028
Lysine 0.465 £ 0.029 0.457 £+ 0.009 0.5+0.029 0.487 £+ 0.051
Histidine 0.079+£0.01 0.077 £ 0.005 0.108 £ 0.01 0.087 £ 0.01
Tyrosine 0.456 £ 0.019 0.468 + 0.027 0.513+£0.03 0.481 £ 0.027
Inositol 0.075 £ 0.008 0.085 £ 0.008 0.095 £ 0.007 0.092 £ 0.007
Tryptophan 0.064 + 0.008 0.068 + 0.017 0.079 £ 0.013 0.074 £ 0.013
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Constituent name 5week_Control S5week LAB 5week_Yeast 5week None
Lactic acid 0.094 £ 0.01 0.066 + 0.006 0.024 £ 0.005 0.027 £ 0.002
Alanine 0.164 £ 0.007 0.161 £ 0.006 0.176 £+ 0.006 0.152 £+ 0.021
Valine 1.476 + 0.038 1.479 +0.073 1.59 + 0.053 1.483+0.113
Phosphate 0.707 £ 0.041 0.665 £ 0.011 0.677 £0.139 0.651 £ 0.054
Glycerol 0.108 £ 0.005 0.138 £ 0.021 0.142 £ 0.025 0.147 £ 0.027
Leucine 0.292 £ 0.006 0.301 £ 0.012 0.313 £ 0.012 0.29 £0.031
Isoleucine 1.188 + 0.012 1.186 + 0.091 1.252 + 0.023 1.144 +0.123
Proline 1.505 + 0.064 1.498 +0.115 1.608 + 0.042 1.294 + 0.207
Glycine 1.226 + 0.034 1.255 + 0.054 1.28 +0.012 1.27+0.04
Succinic acid (or aldehyde)  0.079 + 0.007 0.068 + 0.005 0.071 £ 0.011 0.068 + 0.003
Serine 0.754 £ 0.02 0.758 £ 0.095 0.802 £ 0.032 0.68+0.11
Threonine 0.268 £ 0.019 0.269 £ 0.025 0.279 £ 0.008 0.25+0.035
Malic acid 0.172 £ 0.024 0.119 £ 0.023 0.122 £ 0.025 0.121 £ 0.036
meso-Erythritol 0.706 £ 0.161 0.592 +0.108 0.551 + 0.106 0.523 £0.133
Aspartic acid 0.908 + 0.029 0.88 £ 0.054 0.924 £ 0.055 0.818 £ 0.122
Methionine 0.145 £ 0.002 0.151 £ 0.012 0.148 £ 0.005 0.141 £0.018
Pyroglutamic acid 0.62+0.131 0.59 £ 0.059 0.468 + 0.128 0.705 £ 0.168
Glutamic acid 1.566 + 0.135 1.604 + 0.027 1.775 + 0.067 1.534 +0.152
Phenylalanine 0.374 £ 0.026 0.398 £ 0.015 0.419 £ 0.021 0.378 £ 0.027
Xylose 0.575 £ 0.089 0.616 £+ 0.058 0.641 £ 0.057 0.654 £ 0.075
Arabinose 0.534 + 0.066 0.734 £0.112 0.902 £ 0.135 0.928 £ 0.138
Ribose 0.046 £ 0.005 0.051 £ 0.007 0.064 £ 0.004 0.062 £ 0.006
Xylitol 0.024 £ 0.004 0.022 £ 0.002 0.021 £ 0.002 0.021 £ 0.002
Arabitol 0.988 + 0.037 0.798 £ 0.077 0.777 £ 0.119 0.752 £ 0.116
Glutamine 0.007 £ 0.001 0.009 £ 0.003 0.008 + 0.003 0.005 £ 0.002
Citric acid + Isocitric acid 0.003 £ 0.001 0.003 £ 0.001 0.047 £ 0.012 0.054 +0.017
Ornithine 0.92+0.16 0.416 £ 0.061 0.028 + 0.002 0.029 £ 0.002
Fructose 0.003 £ 0.001 0.003 £ 0.001 0.035 £ 0.005 0.037 £ 0.005
Galactose 0.472 £ 0.054 0.471 £ 0.035 0.452 £ 0.06 0.509 £ 0.06
Glucose 1.328 +0.109 1.391 + 0.007 1.497 +0.071 1.474+0.11
Mannitol 0.291 £ 0.005 0.284 £+ 0.038 0.357 £ 0.032 0.343 £ 0.023
Lysine 0.552 + 0.024 0.592 + 0.009 0.612 £ 0.043 0.616 + 0.038
Histidine 0.091+£0.01 0.099 £ 0.008 0.135+0.024 0.116 £ 0.028
Tyrosine 0.326 £ 0.006 0.325 £ 0.006 0.344 £ 0.018 0.319 £ 0.03
Inositol 0.175 £ 0.006 0.178 £ 0.013 0.158 + 0.012 0.161 £ 0.004
Tryptophan 0.104 £ 0.015 0.1+0.011 0.1 +0.007 0.103 £ 0.021
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Constituent name 6week_Control 6week LAB 6week Yeast 6week None
Lactic acid 0.155+0.01 0.11+£0.011 0.031 £ 0.001 0.024 £ 0.001
Alanine 0.181+£0.013 0.172 £ 0.011 0.188 + 0.016 0.148 £ 0.004
Valine 1.499 + 0.043 1.543 +0.08 1.646 +0.171 1.425+0.127
Phosphate 0.592 + 0.038 0.623 £ 0.063 0.386 + 0.036 0.466 £ 0.048
Glycerol 0.229 £ 0.017 0.125 £ 0.021 0.361 £ 0.053 0.128 £ 0.018
Leucine 0.301 +£0.012 0.32 £0.022 0.326 £ 0.026 0.287 £ 0.027
Isoleucine 1.173 + 0.057 1.207 £ 0.091 1.33+0.171 1.135+0.101
Proline 1.606 +0.112 1.545 + 0.072 1.731+0.173 1.351+0.16
Glycine 1.257 + 0.087 1.233 +0.042 1.35+0.081 1.191 +0.085
Succinic acid (or aldehyde)  0.177 + 0.023 0.065 = 0.005 0.188 £ 0.019 0.06 £ 0.005
Serine 0.745 £ 0.047 0.788 £ 0.033 0.871+0.118 0.723 £ 0.085
Threonine 0.265 + 0.011 0.272 £ 0.018 0.31+£0.029 0.253 £+ 0.029
Malic acid 0.17 £0.025 0.105+0.01 0.119 £ 0.016 0.105 £ 0.027
meso-Erythritol 0.719 £ 0.123 0.588 £ 0.102 0.535+0.102 0.459 £+ 0.115
Aspartic acid 0.898 + 0.063 0.93+£0.051 1.011 +0.077 0.861 £ 0.059
Methionine 0.146 £ 0.013 0.151 £ 0.008 0.161 £ 0.015 0.138 £ 0.013
Pyroglutamic acid 0.513+0.102 0.644 £+ 0.028 0.493 £ 0.077 0.656 + 0.099
Glutamic acid 1.67 +0.196 1.599 + 0.143 1.737 £ 0.218 1.453 + 0.081
Phenylalanine 0.395 £ 0.027 0.388 £ 0.012 0.438 £+ 0.051 0.368 £ 0.034
Xylose 0.498 + 0.048 0.515+0.108 0.549 £ 0.097 0.515 £ 0.045
Arabinose 0.281 +£0.012 0.434 £ 0.023 0.842 £ 0.196 0.763 £+ 0.089
Ribose 0.037 £ 0.005 0.037 £ 0.007 0.052 £ 0.006 0.045 £ 0.007
Xylitol 0.033 £ 0.004 0.022 £+ 0.001 0.022 £ 0.003 0.019 £ 0.002
Arabitol 0.971 £ 0.045 0.772 £ 0.086 0.813 £ 0.093 0.651 £ 0.141
Glutamine 0.012 £ 0.002 0.011 £ 0.002 0.012 £ 0.004 0.006 £ 0.002
Citric acid + Isocitric acid 0.003 £ 0.001 0.003 £ 0.001 0.046 + 0.016 0.045 +0.011
Ornithine 1.351+0.026 1.238 + 0.167 0.029 £ 0.004 0.027 £ 0.004
Fructose 0.003 £ 0.001 0.003 £ 0.001 0.022 £ 0.005 0.033 £ 0.006
Galactose 0.443 £ 0.038 0.425 £ 0.071 0.462 £ 0.081 0.435 £ 0.038
Glucose 0.658 £ 0.021 1.207 + 0.262 0.51 +£0.065 1.306 + 0.139
Mannitol 0.268 + 0.009 0.252 £ 0.03 0.367 £ 0.019 0.307 £ 0.027
Lysine 0.585 +0.023 0.605 £ 0.036 0.628 + 0.069 0.547 £ 0.055
Histidine 0.105 £ 0.019 0.097 £ 0.015 0.13+£0.022 0.093 £ 0.007
Tyrosine 0.264 £ 0.006 0.264 £ 0.047 0.313 £ 0.056 0.265 £ 0.023
Inositol 0.196 £ 0.022 0.194 £ 0.011 0.171 £ 0.022 0.148 £ 0.013
Tryptophan 0.058 £ 0.006 0.104 £ 0.003 0.097 £ 0.011 0.107 £ 0.017
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Constituent name 10week Control  10week LAB 10week Yeast 10week None
Lactic acid 0.159 £ 0.008 0.165 £ 0.011 0.026 £ 0.003 0.028 £+ 0.004
Alanine 0.21 +0.009 0.222 + 0.026 0.172 £ 0.012 0.191 £ 0.004
Valine 1.664 + 0.016 1.628 + 0.109 1.634 +0.132 1.739 + 0.048
Phosphate 0.897 £ 0.035 0.903 £ 0.06 0.632 £ 0.088 0.682 £ 0.052
Glycerol 0.287 £ 0.022 0.132 £ 0.028 0.418 £ 0.018 0.148 £ 0.019
Leucine 0.338 £ 0.006 0.331 £ 0.029 0.32£0.014 0.346 £ 0.005
Isoleucine 1.344 + 0.037 1.345+£0.126 1.321 £0.076 1.435+0.102
Proline 1.809 + 0.076 1.765 + 0.245 1.562 + 0.065 1.734 +0.151
Glycine 1.333+0.009 1.289 + 0.067 1.271 +0.085 1.466 +0.04
Succinic acid (or aldehyde) 0.2 £0.017 0.066 = 0.001 0.189 £ 0.004 0.069 £ 0.004
Serine 0.833 £ 0.008 0.857 £ 0.072 0.805 £ 0.075 0.894 £ 0.05
Threonine 0.305 £ 0.012 0.299 £ 0.031 0.286 + 0.026 0.31+£0.014
Malic acid 0.175+0.017 0.116 £ 0.017 0.108 £ 0.032 0.121 £ 0.032
meso-Erythritol 0.761 £ 0.155 0.599 £ 0.095 0.539 £ 0.165 0.538 + 0.156
Aspartic acid 0.987 £ 0.024 0.861 £ 0.08 0.977 £ 0.08 1.093 + 0.034
Methionine 0.162 £ 0.007 0.156 + 0.018 0.15 £ 0.009 0.164 £ 0.009
Pyroglutamic acid 0.624 £ 0.069 0.542 £ 0.073 0.698 £ 0.057 0.648 £ 0.038
Glutamic acid 1.721+0.12 1.746 + 0.186 1.462 + 0.063 1.803 + 0.082
Phenylalanine 0.444 £ 0.02 0.444 £ 0.036 0.418 £ 0.034 0.451 £ 0.03
Xylose 0.45+0.011 0.584 £ 0.062 0.343 £ 0.031 0.521 £ 0.035
Arabinose 0.288 £ 0.019 0.29 £ 0.066 0.629 £ 0.05 0.844 £ 0.068
Ribose 0.033 £ 0.004 0.041 £ 0.006 0.035 £ 0.003 0.043 £ 0.002
Xylitol 0.04 £ 0.004 0.031 £ 0.002 0.023 £ 0.003 0.021 £ 0.001
Arabitol 1.102 + 0.055 0.764 £ 0.099 0.898 + 0.146 0.742 £ 0.152
Glutamine 0.01 +0.002 0.015 £ 0.003 0.008 £ 0.002 0.006 £ 0.002
Citric acid + Isocitric acid 0.003 £ 0.001 0.005 £ 0.001 0.042 + 0.008 0.056 + 0.014
Ornithine 1.359 + 0.06 1.464 +0.138 0.031 £ 0.002 0.033 £ 0.001
Fructose 0.003 £ 0.001 0.003 £ 0.001 0.016 £ 0.001 0.042 £+ 0.003
Galactose 0.498 £ 0.025 0.494 £ 0.068 0.41+£0.04 0.502 £+ 0.031
Glucose 0.614+£0.15 1.455+0.116 0.304 £ 0.035 1.518 +0.018
Mannitol 0.286 £ 0.013 0.24 £ 0.008 0.349 £ 0.042 0.345 £ 0.019
Lysine 0.625 + 0.031 0.637 £ 0.063 0.609 £ 0.036 0.659 £ 0.017
Histidine 0.114 £ 0.022 0.109 £ 0.022 0.097 £ 0.005 0.123 £ 0.016
Tyrosine 0.284 £ 0.048 0.29 £0.021 0.222 £ 0.011 0.287 £ 0.02
Inositol 0.203 £ 0.007 0.208 £ 0.013 0.175 £ 0.006 0.198 + 0.006
Tryptophan 0.039 £ 0.009 0.098 £ 0.013 0.084 £ 0.011 0.128 + 0.002
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Constituent name 18week Control  18week LAB 18week_Yeast 18week _None
Lactic acid 0.156 + 0.001 0.175+0.011 0.024 £ 0.004 0.025 + 0.002
Alanine 0.203 £ 0.011 0.239 £ 0.005 0.216 £ 0.01 0.211 +£0.031
Valine 1.686 + 0.081 1.73+£0.112 1.917 £ 0.034 1.886 £ 0.284
Phosphate 0.851 £ 0.029 0.901 £ 0.108 0.763+0.1 0.816 £ 0.245
Glycerol 0.298 £ 0.018 0.13+£0.025 0.452 £ 0.024 0.159 + 0.007
Leucine 0.331+£0.017 0.356 £+ 0.023 0.362 £ 0.019 0.366 + 0.053
Isoleucine 1.363 + 0.085 1.413 + 0.059 1.554 £ 0.094 1512 +£0.272
Proline 1.808 + 0.158 1.959 + 0.103 1.933+0.19 2.11+0.399
Glycine 1.337 £ 0.06 1.39 + 0.049 1.534 + 0.067 1.635 + 0.283
Succinic acid (or aldehyde)  0.198 + 0.015 0.069 = 0.008 0.207 £ 0.011 0.074 £0.02
Serine 0.819 £ 0.084 0.931 £ 0.062 1.006 + 0.055 1.008 + 0.213
Threonine 0.298 £ 0.025 0.327 £ 0.007 0.354 £ 0.019 0.336 £ 0.059
Malic acid 0.168 £ 0.016 0.118 £ 0.018 0.12 £ 0.029 0.126 £ 0.063
meso-Erythritol 0.739+£0.148 0.616 £ 0.103 0.607 £0.124 0.579 £ 0.265
Aspartic acid 1.011 +0.07 0.952 £ 0.058 1.225 +0.048 1.263 £ 0.226
Methionine 0.161 £ 0.006 0.171 £ 0.005 0.181 £ 0.009 0.177 £ 0.03
Pyroglutamic acid 0.672 £ 0.066 0.641+0.172 0.615+0.211 0.724 +0.117
Glutamic acid 1.681 + 0.076 1.855 + 0.078 1.916 + 0.076 2.006 + 0.389
Phenylalanine 0.434 £ 0.035 0.462 £ 0.032 0.514 £ 0.036 0.46 £0.073
Xylose 0.374 £ 0.024 0.509 £ 0.035 0.305 £ 0.003 0.412 £ 0.051
Arabinose 0.269 £ 0.02 0.283 £ 0.039 0.604 £ 0.053 0.706 £ 0.046
Ribose 0.024 £ 0.003 0.029 £ 0.002 0.031 £ 0.002 0.035 £ 0.004
Xylitol 0.037 £ 0.004 0.032 £ 0.003 0.027 £ 0.001 0.023 £ 0.005
Arabitol 1.114 £ 0.024 0.806 £ 0.1 0.994 £ 0.128 0.77 £0.295
Glutamine 0.006 £ 0.002 0.01 £ 0.002 0.005 £ 0.001 0.005 £ 0.001
Citric acid + Isocitric acid 0.003 £ 0.001 0.003 £ 0.001 0.052 £ 0.013 0.06 £ 0.007
Ornithine 1.282 +0.091 1.416 + 0.081 0.032 £ 0.001 0.033 £ 0.004
Fructose 0.007 £ 0.001 0.004 £ 0.003 0.02 £ 0.002 0.054 £ 0.009
Galactose 0.485 £ 0.008 0.51+£0.053 0.462 £ 0.055 0.512 £ 0.03
Glucose 0.641 £ 0.152 1.553+0.115 0.402 + 0.028 1.618 £0.218
Mannitol 0.281 £ 0.005 0.248 £ 0.008 0.392 £ 0.032 0.365 £ 0.068
Lysine 0.622 £ 0.017 0.649 £ 0.031 0.7 £0.026 0.693 £ 0.095
Histidine 0.102 £ 0.009 0.128 £+ 0.008 0.142 £ 0.007 0.138 £ 0.03
Tyrosine 0.239 £ 0.025 0.29 £ 0.02 0.241+£0.01 0.274 £ 0.056
Inositol 0.204 £ 0.006 0.21+£0.01 0.21 +0.007 0.222 +0.031
Tryptophan 0.03 £ 0.004 0.089 £ 0.014 0.084 = 0.025 0.127 £ 0.032

FALEY ORI E 1L mean £ standard deviation T L7=. Control : ILESH - BEREERIN, LAB : ILESE TSI,

Yeast : FERFARIN, None : FLEEH - BERFASINZ2 L
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# Ab.
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B2EOY U INTT ) T—var SNTERERS R F L) OFY

Constituent name Oweek_Control Oweek LAB Oweek_Yeast Oweek _None
1-Propanol 0.004 £ 0.001 0.004 £0.001 0.004+0.001 0.004+0.001
2-Methyl-1-propanol (Isobutyl alcohol) 0.002 £ 0.001 0.003+0.001 0.002+0.001 0.002+0.001
1-Butanol 0.002 £ 0.001 0.003+0.001 0.002+0.001 0.004 +0.002
3-Methyl-1-butanol 0.014 £ 0.003 0.014+£0.002 0.012+0.002 0.011+0.003
3-Hydroxy-2-butanone (Acetoin) 0.003 £ 0.001 0.002+0.001 0.003+0.001 0.003+0.001
1-Hydroxy-2-propanone (Acetol) 0.002 £ 0.001 0.003+0.001 0.002+0.001 0.002+0.001
Ethyl lactate 0.003 £ 0.001 0.002£0.001 0.003+0.001 0.003+0.001
1-Hydroxy-2-butanone 0.003 £ 0.001 0.002£0.001 0.003+0.001 0.003+0.001
Acetic acid 0.002 £ 0.001 0.003+0.001 0.002+0.001 0.002+0.001
3-(Methylthio)-1-propanal (Methional) 0.002 £ 0.001 0.003+0.001 0.002+0.001 0.002+0.001
2-Furancarboxaldehyde (Furfural) 0.002 £ 0.001 0.003+0.001 0.002+0.001 0.002+0.001
2,3-Butanediol 0.002 £ 0.001 0.003+0.001 0.002+0.001 0.002+0.001
2-Methylpropanoic acid (Isobutyric acid)  0.01 = 0.002 0.012+0.002 0.012+0.001 0.012+0.001
Dihydro-5-methyl-2(3H)-furanone
(gamma-Valerolactone) 0.003 £ 0.001 0.002+0.001 0.003+0.001 0.003+0.001
Dihydro-2(3H)-furanone (gamma-

Butyrolactone) 0.003 £ 0.001 0.002£0.001 0.003+0.001 0.003+0.001
Butanoic acid (Butyric acid) 0.005 £ 0.001 0.005+0.001 0.005+0.001 0.0050.001
Phenylacetaldehyde 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
2-Furanmethanol (Furfuryl alcohol) 0.003 £ 0.001 0.002+0.001 0.003+0.001 0.003+0.001
3-Methylbutanoic acid (Isovaleric acid) 0.081 £ 0.004 0.088+£0.005 0.093+0.007 0.083+0.009
2-Methylbutanoic acid 0.039 £ 0.004 0.041+£0.002 0.041+0.004 0.039+0.005
5-Ethyldihydro-2(3H)-furanone

(gamma-hexalactone) 0.002 £ 0.001 0.003+0.001 0.002+0.001 0.002+0.001
3-Methyl-2(5H)-furanone 0.003 £ 0.001 0.002£0.001 0.003+0.001 0.003+0.001
3-(Methylthio)-1-propanol (Methionol) 0.004 £ 0.001 0.004 £0.001 0.004+0.001 0.004 +0.001
2(5H)-furanone 0.002 £ 0.001 0.003+0.001 0.002+0.001 0.002+0.001
2-Butenoic acid 0.003 £ 0.001 0.002£0.001 0.003+0.001 0.003+0.001
2-Hydroxy-3-methyl-

2-cyclopenten-1-one (Cyclotene) 0.003 £ 0.001 0.002+0.001 0.003+0.001 0.003 +0.001
2-Methyl-2-butenoic acid 0.003 £ 0.001 0.004 £0.001 0.003+0.001 0.003+0.001
Hexanoic acid (Caproic acid) 0.095 £ 0.003 0.099+£0.004 0.101+0.009 0.089+0.015
2-Phenylethyl alcohol 0.005 £ 0.002 0.004 £0.001 0.005+0.001 0.004 +0.001
3-Hydroxy-2-methyl-4H-pyran-4-one

(Maltol) 0.029 £ 0.007 0.033+0.005 0.031+0.004 0.027 £ 0.002
2-Acetylpyrrole 0.002 £ 0.001 0.003+0.001 0.002+0.001 0.002+0.001
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Constituent name Oweek_Control Oweek LAB Oweek_Yeast Oweek_None
5-Ethyl-2(3H)-furanone 0.002 £ 0.001 0.003+0.001 0.002+0.001 0.002+0.001
(R)-Dihydro-3-hydroxy-
4,4-dimethyl-2(3H)-furanone 0.003 £ 0.001 0.004 £0.001 0.004+0.001 0.004+0.001
4-Hydroxy-2,5-dimethyl3(2H)-furanone
(HDMF) 0.004 £ 0.001 0.004 £0.001 0.003+0.001 0.003+0.001
3,5-Dimethyl-4-heptanone 0.002 £ 0.001 0.003+0.001 0.002+0.001 0.002+0.001
5(or 2)-Ethyl-4-hydroxy-
2(or 5)-methyl-3(2H)-furanone (HEMF) 0.002 £ 0.001 0.003+0.001 0.002+0.001 0.002+0.001
4-Hydroxy-5-methyl-furanone 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
Caprolactam 0.004 £ 0.001 0.004 £0.001 0.004+0.001 0.004+0.001
2-Methoxy-4-vinylphenol (4-

Vinylguaiacol) 0.233 £ 0.061 0.222 £0.067 0.208+0.043  0.235+0.022
3,5-Dihydroxy-6-methyl-

2,3-dihydro-4H-pyran-4-one 0.003 £ 0.001 0.002£0.001 0.003+0.001 0.003+0.001
1,2,3-Benzenetriol (Pyrogallol) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
2-Methoxy-6-methyl-4-pyran-4-one 0.002 £ 0.001 0.003+0.001 0.002+0.001 0.002+0.001
4-Oxopentanoic acid (Levulinic acid) 0.002 £ 0.001 0.003+£0.001 0.003+0.001 0.002 +0.001
Ethyl hexadecanoate (Ethyl Palmitate) 0.002 £ 0.001 0.003+0.001 0.002+0.001 0.002+0.001
mono-Ethyl succinate 0.002 £ 0.001 0.003+0.001 0.002+0.001 0.002+0.001
Benzoic acid 0.007 £ 0.002 0.009 £0.002 0.009+0.002 0.008 +0.001
Phenylacetic acid 0.024 £ 0.006 0.029 £ 0.004  0.03 +0.004 0.026 + 0.001
4-Ethyl-2,6-dimethoxyphenol 0.006 + 0.003 0.008 £ 0.003 0.007+0.001  0.007 £ 0.001
n-Hexadecanoic acid (Palmitic acid) 0.018 £ 0.008 0.02 £ 0.002 0.016 £0.006  0.018 +0.008
2-(4-Hydroxyphenyl)ethanol 0.002 £ 0.001 0.003+0.001 0.002+0.001 0.002+0.001
1,4-Benzenediol 0.002 £ 0.001 0.002£0.001 0.003+0.001 0.003+0.001
(Z,2)-9,12-Octadecadienoic acid

(Linoleic acid) 0.034 £ 0.013 0.046 £ 0.01 0.033+0.015  0.038 £0.017
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Constituent name 1week Control  1week LAB lweek Yeast  1week None
1-Propanol 0.006 + 0.001 0.007 £0.001  0.006 +0.001 0.007 £ 0.001
2-Methyl-1-propanol (Isobutyl alcohol) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
1-Butanol 0.003 £ 0.001 0.003+£0.001 0.003+0.001 0.003+0.001
3-Methyl-1-butanol 0.016 £ 0.002 0.015+0.002 0.019+0.002 0.018 £ 0.002
3-Hydroxy-2-butanone (Acetoin) 0.002 £ 0.001 0.002+£0.001 0.003+0.001 0.003+0.001
1-Hydroxy-2-propanone (Acetol) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
Ethyl lactate 0.002 £ 0.001 0.002£0.001 0.003+0.001 0.003+0.001
1-Hydroxy-2-butanone 0.002 £ 0.001 0.002£0.001 0.003+0.001 0.003+0.001
Acetic acid 0.003 £ 0.001 0.003+£0.001 0.003+0.001 0.003+0.001
3-(Methylthio)-1-propanal (Methional) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
2-Furancarboxaldehyde (Furfural) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
2,3-Butanediol 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
2-Methylpropanoic acid (Isobutyric acid)  0.017 + 0.002 0.022+0.001 0.021+0.001 0.02 +0.004
Dihydro-5-methyl-2(3H)-furanone
(gamma-Valerolactone) 0.002 £ 0.001 0.002+£0.001 0.003+0.001 0.003+0.001
Dihydro-2(3H)-furanone (gamma-
Butyrolactone) 0.002 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
Butanoic acid (Butyric acid) 0.008 £ 0.002 0.008 £ 0.002 0.009+0.001 0.008 + 0.002
Phenylacetaldehyde 0.004 £ 0.001 0.004 £0.001 0.003+0.001 0.003+0.001
2-Furanmethanol (Furfuryl alcohol) 0.002 £ 0.001 0.002+£0.001 0.003+0.001 0.003+0.001
3-Methylbutanoic acid (Isovaleric acid) 0.128 £ 0.026 0.135+£0.009 0.139+0.011 0.134+0.013
2-Methylbutanoic acid 0.061 +£0.012 0.064 £ 0.006 0.06 +0.002 0.058 + 0.005
5-Ethyldihydro-2(3H)-furanone
(gamma-hexalactone) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
3-Methyl-2(5H)-furanone 0.002 £ 0.001 0.002£0.001 0.003+0.001 0.003+0.001
3-(Methylthio)-1-propanol (Methionol) 0.006 + 0.001 0.007 £0.002 0.009+0.004 0.008 £ 0.001
2(5H)-furanone 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
2-Butenoic acid 0.002 £ 0.001 0.002£0.001 0.003+0.001 0.003+0.001
2-Hydroxy-3-methyl-
2-cyclopenten-1-one (Cyclotene) 0.002 £ 0.001 0.002+0.001 0.003+0.001 0.003+0.001
2-Methyl-2-butenoic acid 0.006 £ 0.001 0.006 £ 0.001  0.006 +0.001 0.006 + 0.001
Hexanoic acid (Caproic acid) 0.165 £ 0.025 0.174+£0.002 0.162+0.005 0.162 £ 0.006
2-Phenylethyl alcohol 0.009 £ 0.001 0.009 £0.002 0.011+0.003 0.01+0.002
3-Hydroxy-2-methyl-4H-pyran-4-one
(Maltol) 0.052 £ 0.005 0.056 £ 0.005 0.054+0.004 0.055 + 0.006
2-Acetylpyrrole 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
5-Ethyl-2(3H)-furanone 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
(R)-Dihydro-3-hydroxy-
4,4-dimethyl-2(3H)-furanone 0.007 + 0.001 0.008 +0.001  0.007 +£0.001  0.008 + 0.001
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Constituent name 1week Control  1week LAB lweek Yeast  1week None
4-Hydroxy-2,5-dimethyl3(2H)-furanone
(HDMF) 0.003 £ 0.001 0.004 £0.001 0.004+0.001 0.004 +0.001
3,5-Dimethyl-4-heptanone 0.003 £ 0.001 0.003+£0.001 0.003+0.001 0.003+0.001
5(or 2)-Ethyl-4-hydroxy-
2(or 5)-methyl-3(2H)-furanone (HEMF) 0.003 £ 0.001 0.003+£0.001 0.003+0.001 0.003+0.001
4-Hydroxy-5-methyl-furanone 0.01 £ 0.001 0.013+£0.001 0.012+0.001 0.012+0.001
Caprolactam 0.009 £ 0.001 0.009 £0.001 0.009+0.001 0.009 + 0.001
2-Methoxy-4-vinylphenol (4-
Vinylguaiacol) 0.363 £ 0.054 0.383+0.057 0.384+0.075 0.388 +£0.17
3,5-Dihydroxy-6-methyl-
2,3-dihydro-4H-pyran-4-one 0.002 £ 0.001 0.002£0.001 0.003+0.001 0.003+0.001
1,2,3-Benzenetriol (Pyrogallol) 0.004 £ 0.001 0.004 £0.002 0.004+0.002 0.004 +0.003
2-Methoxy-6-methyl-4-pyran-4-one 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
4-Oxopentanoic acid (Levulinic acid) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
Ethyl hexadecanoate (Ethyl Palmitate) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
mono-Ethyl succinate 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
Benzoic acid 0.011 £ 0.002 0.014+£0.002 0.014+0.003 0.014 +0.001
Phenylacetic acid 0.047 £ 0.009 0.054 £0.008 0.062+0.011 0.06 £0.003
4-Ethyl-2,6-dimethoxyphenol 0.019 £ 0.003 0.025+0.005 0.028+0.003 0.027 £ 0.004
n-Hexadecanoic acid (Palmitic acid) 0.007 £ 0.002 0.008 £0.002 0.006 +0.002 0.008 £0.002
2-(4-Hydroxyphenyl)ethanol 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
1,4-Benzenediol 0.002 £ 0.001 0.002£0.001 0.003+0.001 0.003+0.001
(Z,2)-9,12-Octadecadienoic acid
(Linoleic acid) 0.013 £ 0.009 0.021+£0.004 0.003+0.001 0.015+0.011
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Constituent name 3week_Control 3week LAB 3week Yeast 3week None

1-Propanol 0.007 £ 0.001 0.007 £0.001  0.007 +£0.001 0.007 £ 0.001
2-Methyl-1-propanol (Isobutyl alcohol) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
1-Butanol 0.003 £ 0.001 0.003+£0.001 0.003+0.001 0.002+0.001
3-Methyl-1-butanol 0.018 £ 0.001 0.019+£0.003 0.022+0.005 0.017 £0.001
3-Hydroxy-2-butanone (Acetoin) 0.002 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
1-Hydroxy-2-propanone (Acetol) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
Ethyl lactate 0.002 £ 0.001 0.003+£0.001 0.003+0.001 0.003+0.001
1-Hydroxy-2-butanone 0.002 £ 0.001 0.003+£0.001 0.003+0.001 0.003+0.001
Acetic acid 0.003 £ 0.001 0.003+£0.001 0.003+0.001 0.002+0.001
3-(Methylthio)-1-propanal (Methional) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
2-Furancarboxaldehyde (Furfural) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
2,3-Butanediol 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
2-Methylpropanoic acid (Isobutyric acid)  0.02 £ 0.001 0.02 £ 0.001 0.022£0.001  0.024 + 0.004
Dihydro-5-methyl-2(3H)-furanone
(gamma-Valerolactone) 0.002 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
Dihydro-2(3H)-furanone
(gamma-Butyrolactone) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
Butanoic acid (Butyric acid) 0.009 £ 0.002 0.008 £0.001 0.009+0.001 0.009 + 0.002
Phenylacetaldehyde 0.004 £ 0.001 0.004 £0.001 0.004+0.001 0.005+0.001
2-Furanmethanol (Furfuryl alcohol) 0.002 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
3-Methylbutanoic acid (Isovaleric acid) 0.138 £0.019 0.132+0.012 0.142+0.002 0.139+0.013
2-Methylbutanoic acid 0.066 £ 0.011 0.062 £ 0.009 0.06 +0.003 0.062 £ 0.006
5-Ethyldihydro-2(3H)-furanone
(gamma-hexalactone) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.004 +0.001
3-Methyl-2(5H)-furanone 0.002 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
3-(Methylthio)-1-propanol (Methionol) 0.008 £ 0.001 0.008 £0.002  0.01 +0.005 0.009 £ 0.001
2(5H)-furanone 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
2-Butenoic acid 0.002 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
2-Hydroxy-3-methyl-
2-cyclopenten-1-one (Cyclotene) 0.002 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
2-Methyl-2-butenoic acid 0.008 £ 0.001 0.007 £0.001 0.007 +£0.001 0.007 £ 0.001
Hexanoic acid (Caproic acid) 0.178 £0.019 0.174+£0.003 0.172+0.004 0.169 £ 0.015
2-Phenylethyl alcohol 0.011 £ 0.001 0.01 £ 0.002 0.012+£0.003  0.011 +0.003
3-Hydroxy-2-methyl-4H-pyran-4-one
(Maltol) 0.06 +0.003 0.058 £ 0.008 0.061+0.006 0.06 +0.006
2-Acetylpyrrole 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
5-Ethyl-2(3H)-furanone 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
(R)-Dihydro-3-hydroxy-
4,4-dimethyl-2(3H)-furanone

0.007 £ 0.001 0.008 £0.001  0.008 +0.002 0.008 + 0.002
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Constituent name 3week_Control 3week LAB 3week Yeast 3week None
4-Hydroxy-2,5-dimethyl3(2H)-furanone
(HDMF) 0.004 £ 0.001 0.004 £0.001 0.004+0.001 0.003+0.001
3,5-Dimethyl-4-heptanone 0.003 £ 0.001 0.003+£0.001 0.003+0.001 0.002+0.001
5(or 2)-Ethyl-4-hydroxy-
2(or 5)-methyl-3(2H)-furanone (HEMF) 0.003 £ 0.001 0.003+£0.001 0.003+0.001 0.002+0.001
4-Hydroxy-5-methyl-furanone 0.035 £ 0.002 0.036 £0.003 0.037+£0.003 0.037 £0.001
Caprolactam 0.012 £ 0.002 0.012+0.002 0.011+0.001 0.011+0.001
2-Methoxy-4-vinylphenol
Vinylguaiacol) 0.43 £ 0.094 0.374+£0.087 0.387 +£0.144 0.462 £ 0.07
3,5-Dihydroxy-6-methyl-
2,3-dihydro-4H-pyran-4-one 0.002 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
1,2,3-Benzenetriol (Pyrogallol) 0.006 + 0.002 0.004 £0.001 0.004 +0.002 0.006 + 0.002
2-Methoxy-6-methyl-4-pyran-4-one 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
4-Oxopentanoic acid (Levulinic acid) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
Ethyl hexadecanoate (Ethyl Palmitate) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
mono-Ethyl succinate 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
Benzoic acid 0.014 £ 0.003 0.016 £0.002 0.016 +0.002 0.017 £ 0.004
Phenylacetic acid 0.055 £ 0.004 0.062 £0.003 0.069+0.002 0.064+0.011
4-Ethyl-2,6-dimethoxyphenol 0.029 £ 0.009 0.033+0.003 0.036+0.004 0.032+0.004
n-Hexadecanoic acid (Palmitic acid) 0.005 £ 0.002 0.006 £0.002 0.005+0.002 0.007 £0.003
2-(4-Hydroxyphenyl)ethanol 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
1,4-Benzenediol 0.002 £ 0.001 0.005+0.004 0.004+0.003 0.006 +0.003
(Z,2)-9,12-Octadecadienoic acid
(Linoleic acid) 0.003 £ 0.001 0.008 £ 0.01 0.003+0.001 0.002 +0.001
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Constituent name 5week_Control S5week LAB 5week_Yeast 5week None

1-Propanol 0.007 £ 0.002 0.008 £0.001 0.008 +0.001 0.007 £ 0.002
2-Methyl-1-propanol (Isobutyl alcohol) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
1-Butanol 0.003 £ 0.001 0.003+£0.001 0.003+0.001 0.002+0.001
3-Methyl-1-butanol 0.019 £ 0.001 0.021£0.003 0.028+0.003 0.024 £ 0.003
3-Hydroxy-2-butanone (Acetoin) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
1-Hydroxy-2-propanone (Acetol) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
Ethyl lactate 0.003 £ 0.001 0.003+£0.001 0.003+0.001 0.003+0.001
1-Hydroxy-2-butanone 0.003 £ 0.001 0.003+£0.001 0.003+0.001 0.003+0.001
Acetic acid 0.003 £ 0.001 0.003+£0.001 0.003+0.001 0.002+0.001
3-(Methylthio)-1-propanal (Methional) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
2-Furancarboxaldehyde (Furfural) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
2,3-Butanediol 0.005 £ 0.001 0.004 £0.001 0.003+0.001 0.003+0.001
2-Methylpropanoic acid (Isobutyric acid)  0.035 + 0.006 0.033+£0.002 0.027 £0.002  0.029 £ 0.003
Dihydro-5-methyl-2(3H)-furanone
(gamma-Valerolactone) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
Dihydro-2(3H)-furanone
(gamma-Butyrolactone) 0.003 £ 0.001 0.003+0.001 0.004+0.001 0.004+0.001
Butanoic acid (Butyric acid) 0.017 £ 0.002 0.014+£0.001 0.012+0.002 0.013+0.002
Phenylacetaldehyde 0.008 + 0.001 0.008 £ 0.003 0.006 +0.001 0.008 + 0.001
2-Furanmethanol (Furfuryl alcohol) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
3-Methylbutanoic acid (Isovaleric acid) 0.166 £ 0.04 0.151+£0.011 0.158+0.012 0.161 £ 0.006
2-Methylbutanoic acid 0.083 +£0.02 0.075+0.008 0.076 +£0.004  0.079 £ 0.005
5-Ethyldihydro-2(3H)-furanone
(gamma-hexalactone) 0.005 £ 0.001 0.005+0.001 0.004+0.001 0.005+0.001
3-Methyl-2(5H)-furanone 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
3-(Methylthio)-1-propanol (Methionol) 0.014 £ 0.002 0.015+0.003 0.018+0.006 0.017 £ 0.004
2(5H)-furanone 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
2-Butenoic acid 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
2-Hydroxy-3-methyl-
2-cyclopenten-1-one (Cyclotene) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003+0.001
2-Methyl-2-butenoic acid 0.012 £ 0.002 0.011+£0.001 0.012+0.001 0.012+0.001
Hexanoic acid (Caproic acid) 0.155+0.017 0.158 £0.007 0.195+0.007 0.205 £ 0.002
2-Phenylethyl alcohol 0.019 £ 0.003 0.018 £0.004 0.021+0.008 0.019 £ 0.008
3-Hydroxy-2-methyl-4H-pyran-4-one
(Maltol) 0.088 £+ 0.008 0.09 £ 0.009 0.091 £0.007  0.096 + 0.006
2-Acetylpyrrole 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
5-Ethyl-2(3H)-furanone 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
(R)-Dihydro-3-hydroxy-
4,4-dimethyl-2(3H)-furanone

0.01+£0.001 0.011+£0.001 0.011+0.002 0.011+0.001
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Constituent name 5week_Control S5week LAB 5week_Yeast 5week None
4-Hydroxy-2,5-dimethyl3(2H)-furanone
(HDMF) 0.01 +0.002 0.008 £0.001 0.004+0.001 0.004+0.001
3,5-Dimethyl-4-heptanone 0.01+0.003 0.006 £ 0.001  0.003+0.002 0.003 £ 0.002
5(or 2)-Ethyl-4-hydroxy-
2(or 5)-methyl-3(2H)-furanone (HEMF) 0.008 £ 0.003 0.005+0.001 0.003+0.001 0.003+0.002
4-Hydroxy-5-methyl-furanone 0.224 £ 0.016 0.266 £0.027 0.427 £0.029 0.43+0.012
Caprolactam 0.021 £ 0.003 0.019+£0.001 0.022+0.003 0.024 £ 0.004
2-Methoxy-4-vinylphenol
Vinylguaiacol) 0.478 £0.12 0466 +£0.134 0.448+0.151 0.419£0.052
3,5-Dihydroxy-6-methyl-
2,3-dihydro-4H-pyran-4-one 0.006 + 0.001 0.006 £0.001 0.009+0.001 0.01+0.001
1,2,3-Benzenetriol (Pyrogallol) 0.01 +0.005 0.009 £ 0.006  0.007 +£0.003 0.007 £ 0.002
2-Methoxy-6-methyl-4-pyran-4-one 0.009 £ 0.002 0.008£0.001 0.015+0.006 0.011+0.003
4-Oxopentanoic acid (Levulinic acid) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
Ethyl hexadecanoate (Ethyl Palmitate) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
mono-Ethyl succinate 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
Benzoic acid 0.021 £ 0.003 0.022 £0.005 0.02 +0.004 0.022 £ 0.002
Phenylacetic acid 0.087 £ 0.021 0.081+0.009 0.081+0.016 0.084 +0.007
4-Ethyl-2,6-dimethoxyphenol 0.07 £ 0.004 0.071+£0.001 0.064+0.012 0.057 £0.013
n-Hexadecanoic acid (Palmitic acid) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.004 +0.001
2-(4-Hydroxyphenyl)ethanol 0.008 £ 0.009 0.003+0.001 0.003+0.001 0.002+0.001
1,4-Benzenediol 0.025 £ 0.001 0.025+0.002 0.023+0.002 0.024 £ 0.001
(Z,2)-9,12-Octadecadienoic acid
(Linoleic acid) 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
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Constituent name 6week_Control 6week LAB 6week Yeast 6week None
1-Propanol 0.1+ 0.005 0.008 £ 0.001  0.186 + 0.002 0.008 £ 0.002
2-Methyl-1-propanol (Isobutyl alcohol) 0.044 £ 0.003 0.003+0.001 0.081 + 0.006 0.004 £ 0.001
1-Butanol 0.18 £0.035 0.003+£0.001 0.602 +0.026 0.002 £ 0.001
3-Methyl-1-butanol 0.421 £ 0.015 0.019+£0.003 0.745+0.056 0.03 £ 0.005
3-Hydroxy-2-butanone (Acetoin) 0.186 £ 0.01 0.002+£0.001 0.136 +0.015 0.003 £ 0.001
1-Hydroxy-2-propanone (Acetol) 0.003 £ 0.001 0.003+0.001 0.004 +0.001 0.003 £ 0.001
Ethyl lactate 0.087 £ 0.008 0.002 £0.001  0.003 +0.001 0.003 £ 0.001
1-Hydroxy-2-butanone 0.006 + 0.001 0.002+£0.001 0.01+0.001 0.003 £ 0.001
Acetic acid 0.031 £ 0.005 0.003+£0.001  0.002 +0.001 0.002 £ 0.001
3-(Methylthio)-1-propanal (Methional) 0.005 £ 0.001 0.004 £0.001  0.002 +0.001 0.002 £ 0.001
2-Furancarboxaldehyde (Furfural) 0.006 £+ 0.002 0.003+0.001 0.003 +0.002 0.002 £ 0.001
2,3-Butanediol 0.054 £ 0.009 0.005+0.001 0.137 +0.008 0.003 £ 0.001
2-Methylpropanoic acid (Isobutyric acid)  0.038 + 0.007 0.036 £0.003  0.038 + 0.003 0.03+£0.001
Dihydro-5-methyl-2(3H)-furanone
(gamma-Valerolactone) 0.002 £ 0.001 0.002 £0.001 0.003 +0.001 0.003 £ 0.001
Dihydro-2(3H)-furanone
(gamma-Butyrolactone) 0.005 £ 0.001 0.004 £0.001  0.008 + 0.001 0.004 £ 0.001
Butanoic acid (Butyric acid) 0.025 £ 0.001 0.017£0.001  0.037 +0.003 0.013 £ 0.002
Phenylacetaldehyde 0.017 £ 0.004 0.011+£0.002 0.014 +0.003 0.009 £ 0.002
2-Furanmethanol (Furfuryl alcohol) 0.007 £ 0.001 0.003+0.001 0.005+ 0.001 0.003 £ 0.001
3-Methylbutanoic acid (Isovaleric acid) 0.146 £ 0.027 0.15+£0.019 0.164 = 0.006 0.154 £ 0.006
2-Methylbutanoic acid 0.067 £ 0.013 0.076 £ 0.011  0.077 £ 0.004 0.078 £ 0.001
5-Ethyldihydro-2(3H)-furanone
(gamma-hexalactone) 0.007 £ 0.001 0.005+0.001 0.007 +0.001 0.005 £ 0.001
3-Methyl-2(5H)-furanone 0.002 £ 0.001 0.002 £0.001  0.016 +0.002 0.003 £ 0.001
3-(Methylthio)-1-propanol (Methionol) 0.051 £ 0.003 0.017£0.002  0.096 + 0.004 0.02 + 0.003
2(5H)-furanone 0.003 £ 0.001 0.003+0.001  0.002 +0.001 0.002 £ 0.001
2-Butenoic acid 0.004 £ 0.001 0.003+0.001  0.005+0.001 0.003 £ 0.001
2-Hydroxy-3-methyl-
2-cyclopenten-1-one (Cyclotene) 0.003 £ 0.001 0.003+0.001 0.003 +0.001 0.003 £ 0.001
2-Methyl-2-butenoic acid 0.01+0.001 0.011+£0.001 0.013+0.001 0.013 £ 0.001
Hexanoic acid (Caproic acid) 0.075 £ 0.004 0.146 £0.013 0.13+0.012 0.198 + 0.003
2-Phenylethyl alcohol 0.486 + 0.009 0.022 £0.002  0.897 +0.085 0.024 £ 0.009
3-Hydroxy-2-methyl-4H-pyran-4-one
(Maltol) 0.11+0.008 0.102+£0.005 0.113+0.011 0.104 £ 0.006
2-Acetylpyrrole 0.003 £ 0.001 0.003+£0.001 0.002 +0.001 0.002 £ 0.001
5-Ethyl-2(3H)-furanone 0.003 £ 0.001 0.003+0.001 0.002 +0.001 0.002 £ 0.001
(R)-Dihydro-3-hydroxy-
4,4-dimethyl-2(3H)-furanone

0.015 £ 0.001 0.013+0.002 0.012 +0.003 0.011 £ 0.001
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Constituent name 6week_Control 6week LAB 6week Yeast 6week None
4-Hydroxy-2,5-dimethyl3(2H)-furanone
(HDMF) 0.017 £ 0.002 0.017+£0.001  0.014 +0.002 0.005 £ 0.001
3,5-Dimethyl-4-heptanone 0.245 £ 0.025 0.019+0.004 0.774+0.076 0.009 £ 0.005
5(or 2)-Ethyl-4-hydroxy-
2(or 5)-methyl-3(2H)-furanone (HEMF) 0.186 £ 0.024 0.015+0.002 0.62+0.067 0.008 £ 0.005
4-Hydroxy-5-methyl-furanone 0.03 +0.004 0.229+£0.013 0.078 £0.011 0.53 +£0.032
Caprolactam 0.026 £ 0.003 0.021£0.002  0.028 + 0.005 0.024 £ 0.003
2-Methoxy-4-vinylphenol
Vinylguaiacol) 0.411+0.074 0.449+£0.011 0.585+0.061 0.482 £ 0.096
3,5-Dihydroxy-6-methyl-
2,3-dihydro-4H-pyran-4-one 0.008 + 0.001 0.007 £0.001  0.017 +0.003 0.014 £ 0.001
1,2,3-Benzenetriol (Pyrogallol) 0.013 £ 0.005 0.011+£0.004 0.015+0.002 0.01+£0.003
2-Methoxy-6-methyl-4-pyran-4-one 0.017 £ 0.001 0.005+0.001 0.057 + 0.005 0.018 £ 0.009
4-Oxopentanoic acid (Levulinic acid) 0.006 £+ 0.002 0.003+0.001 0.003 +0.002 0.002 £ 0.001
Ethyl hexadecanoate (Ethyl Palmitate) 0.017 £ 0.005 0.003+0.001 0.03+0.017 0.002 £ 0.001
mono-Ethyl succinate 0.136 £ 0.019 0.003+0.001 0.101+0.019 0.002 £ 0.001
Benzoic acid 0.027 £ 0.002 0.024 £ 0.003  0.022 +0.006 0.022 £ 0.002
Phenylacetic acid 0.097 £ 0.011 0.085+0.004 0.088+0.01 0.082 £ 0.005
4-Ethyl-2,6-dimethoxyphenol 0.075 £ 0.003 0.07 £ 0.005 0.091 £ 0.008 0.068 £ 0.009
n-Hexadecanoic acid (Palmitic acid) 0.004 £ 0.001 0.003+0.001 0.004 + 0.002 0.004 £ 0.001
2-(4-Hydroxyphenyl)ethanol 0.229 £ 0.005 0.01+£0.013 0.343 £ 0.026 0.003 £ 0.001
1,4-Benzenediol 0.033 £ 0.002 0.029 £0.001  0.034 +0.003 0.029 £ 0.003
(Z,2)-9,12-Octadecadienoic acid
(Linoleic acid) 0.003 £ 0.001 0.003+0.001 0.002 +0.001 0.002 £ 0.001
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Constituent name 10week Control 10week LAB  10week Yeast  10week None
1-Propanol 0.125+0.015 0.008 £ 0.001  0.248 + 0.003 0.01+£0.001
2-Methyl-1-propanol (Isobutyl alcohol) 0.055 £ 0.008 0.003+0.001 0.121+0.014 0.007 £0.002
1-Butanol 0.313+£0.083 0.003+0.001 1.129+0.114 0.003 £ 0.001
3-Methyl-1-butanol 0.476 £ 0.058 0.016 £ 0.002 0.969 +0.112 0.048 £ 0.008
3-Hydroxy-2-butanone (Acetoin) 0.11+0.014 0.003+0.001 0.045+0.011 0.003 £ 0.002
1-Hydroxy-2-propanone (Acetol) 0.003 £ 0.001 0.003+0.001 0.007 +0.001 0.007 £ 0.001
Ethyl lactate 0.181 £ 0.032 0.004 £0.001  0.003 +0.001 0.003 £ 0.001
1-Hydroxy-2-butanone 0.015 £ 0.003 0.003+£0.001 0.024 £0.001 0.004 + 0.001
Acetic acid 0.031 £ 0.001 0.03 £ 0.004 0.003 £ 0.001 0.003 £ 0.001
3-(Methylthio)-1-propanal (Methional) 0.007 £ 0.001 0.006 £0.001  0.004 + 0.001 0.003 £ 0.001
2-Furancarboxaldehyde (Furfural) 0.013 £ 0.006 0.003+0.001 0.004 +0.001 0.003 £ 0.001
2,3-Butanediol 0.136 £ 0.052 0.007 £ 0.001  0.284 +0.028 0.005 £ 0.001
2-Methylpropanoic acid (Isobutyric acid)  0.033 £ 0.006 0.044 £0.002 0.037 £ 0.004 0.035 £ 0.001
Dihydro-5-methyl-2(3H)-furanone
(gamma-Valerolactone) 0.004 £ 0.001 0.003+0.001 0.003 +0.001 0.003 £ 0.001
Dihydro-2(3H)-furanone
(gamma-Butyrolactone) 0.01 £0.001 0.006 £0.001 0.016 +0.001 0.004 £ 0.001
Butanoic acid (Butyric acid) 0.025 £ 0.003 0.018 £0.001  0.045 + 0.005 0.016 £ 0.003
Phenylacetaldehyde 0.025 £ 0.003 0.014 £0.003  0.02 +0.003 0.013 £ 0.001
2-Furanmethanol (Furfuryl alcohol) 0.038 £ 0.003 0.013+£0.001 0.01+0.004 0.005 £ 0.001
3-Methylbutanoic acid (Isovaleric acid) 0.122 £ 0.025 0.179+0.008 0.166 + 0.028 0.161 £ 0.003
2-Methylbutanoic acid 0.054 £ 0.01 0.081+0.007 0.072 +0.008 0.083 £ 0.002
5-Ethyldihydro-2(3H)-furanone
(gamma-hexalactone) 0.008 £ 0.001 0.005+0.001 0.008 +0.001 0.006 £ 0.001
3-Methyl-2(5H)-furanone 0.005 £ 0.003 0.003+0.001 0.032+0.003 0.003 £ 0.001
3-(Methylthio)-1-propanol (Methionol) 0.076 £ 0.005 0.018 £0.002  0.127 +0.003 0.035 £ 0.004
2(5H)-furanone 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.003 £ 0.001
2-Butenoic acid 0.005 £ 0.001 0.003+0.001  0.006 +0.001 0.003 £ 0.001
2-Hydroxy-3-methyl-
2-cyclopenten-1-one (Cyclotene) 0.005 £ 0.001 0.005+0.001 0.003 +0.001 0.003 £ 0.001
2-Methyl-2-butenoic acid 0.01+0.001 0.01 £0.001 0.014 £ 0.002 0.015 £ 0.001
Hexanoic acid (Caproic acid) 0.062 £ 0.001 0.117+0.006 0.122 +0.013 0.207 £0.012
2-Phenylethyl alcohol 0.606 £ 0.094 0.026 £ 0.004 1.27 +0.066 0.051 £ 0.015
3-Hydroxy-2-methyl-4H-pyran-4-one
(Maltol) 0.14+0.011 0.137 £ 0.01 0.139 £ 0.004 0.131 £ 0.009
2-Acetylpyrrole 0.004 £ 0.001 0.003+£0.001 0.004 +0.001 0.003 £ 0.001
5-Ethyl-2(3H)-furanone 0.004 £ 0.001 0.003+0.001 0.004 +0.001 0.003 £ 0.001
(R)-Dihydro-3-hydroxy-
4,4-dimethyl-2(3H)-furanone

0.025 £ 0.003 0.02 £0.001 0.02 £0.001 0.014 £ 0.002
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Constituent name 10week Control 10week LAB  10week Yeast  10week None
4-Hydroxy-2,5-dimethyl3(2H)-furanone
(HDMF) 0.014 £ 0.002 0.031+£0.005 0.025+0.004 0.013 £ 0.001
3,5-Dimethyl-4-heptanone 0.381+0.164 0.023+0.002 1.16+0.217 0.065 £ 0.03
5(or 2)-Ethyl-4-hydroxy-
2(or 5)-methyl-3(2H)-furanone (HEMF) 0.277 £0.122 0.018+£0.002 0.934+0.114 0.059 £0.03
4-Hydroxy-5-methyl-furanone 0.157 £0.03 0.234+£0.015 0.352+0.14 0.777 £0.068
Caprolactam 0.032 £ 0.005 0.023£0.002 0.04 +0.003 0.029 £ 0.004
2-Methoxy-4-vinylphenol (4-
Vinylguaiacol) 0.435 £ 0.061 0.329+£0.101  0.466 +0.088 0.463 £ 0.087
3,5-Dihydroxy-6-methyl-
2,3-dihydro-4H-pyran-4-one 0.018 £ 0.002 0.01 £ 0.001 0.036 £ 0.003 0.034 £ 0.001
1,2,3-Benzenetriol (Pyrogallol) 0.018 £ 0.003 0.01 £ 0.006 0.013 £ 0.004 0.011 £ 0.001
2-Methoxy-6-methyl-4-pyran-4-one 0.038 £ 0.007 0.003+0.001 0.084 +0.011 0.025 = 0.006
4-Oxopentanoic acid (Levulinic acid) 0.006 £ 0.001 0.005+0.001 0.004 + 0.003 0.003 £ 0.001
Ethyl hexadecanoate (Ethyl Palmitate) 0.027 £ 0.003 0.003+0.001 0.027 + 0.002 0.003 £ 0.001
mono-Ethyl succinate 0.363 £ 0.057 0.003+0.001 0.145+0.018 0.003 £ 0.001
Benzoic acid 0.024 £ 0.002 0.028 £ 0.004  0.025 + 0.002 0.022 £ 0.003
Phenylacetic acid 0.085 £ 0.013 0.084 £0.007 0.101+0.015 0.085 £ 0.002
4-Ethyl-2,6-dimethoxyphenol 0.079 £ 0.004 0.072+£0.002  0.091 + 0.007 0.098 + 0.007
n-Hexadecanoic acid (Palmitic acid) 0.003 £ 0.001 0.003+0.001 0.003 +0.001 0.003 £ 0.001
2-(4-Hydroxyphenyl)ethanol 0.275 £ 0.029 0.033+0.004 0.452 +0.026 0.024 £ 0.005
1,4-Benzenediol 0.04 +0.003 0.04 £ 0.002 0.041+£0.01 0.04 £0.003
(Z,2)-9,12-Octadecadienoic acid
(Linoleic acid) 0.003 £ 0.001 0.003+0.001 0.003 +0.001 0.003 £ 0.001
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Constituent name 18week Control 18week LAB  18week Yeast  18week None
1-Propanol 0.129 £ 0.017 0.01 +£0.001 0.25+0.003 0.008 £ 0.006
2-Methyl-1-propanol (Isobutyl alcohol) 0.062 £ 0.008 0.002+£0.001 0.123+0.015 0.011 £ 0.001
1-Butanol 0.327 £ 0.071 0.002£0.001 1.099+0.101 0.003 £ 0.001
3-Methyl-1-butanol 0.503 £ 0.063 0.016 £ 0.001  0.953 +0.095 0.069 £ 0.005
3-Hydroxy-2-butanone (Acetoin) 0.095 +0.014 0.002£0.001 0.036 + 0.008 0.004 £ 0.001
1-Hydroxy-2-propanone (Acetol) 0.005 £ 0.001 0.003+0.001 0.012 +0.002 0.012 £ 0.002
Ethyl lactate 0.198 £ 0.03 0.004 £0.001  0.003 +0.001 0.003 £ 0.001
1-Hydroxy-2-butanone 0.023 £ 0.004 0.004 £0.001 0.034 +£0.002 0.01 £0.001
Acetic acid 0.037 £ 0.003 0.037 £0.003  0.002 + 0.001 0.003 £ 0.001
3-(Methylthio)-1-propanal (Methional) 0.007 £ 0.001 0.008 £0.001  0.004 + 0.001 0.004 £ 0.001
2-Furancarboxaldehyde (Furfural) 0.006 £ 0.001 0.004 £0.001  0.002 + 0.001 0.003 £ 0.001
2,3-Butanediol 0.148 £ 0.05 0.009 £0.001  0.29+0.03 0.006 £ 0.001
2-Methylpropanoic acid (Isobutyric acid)  0.035 + 0.006 0.051+£0.005 0.039 +0.003 0.038 £ 0.002
Dihydro-5-methyl-2(3H)-furanone
(gamma-Valerolactone) 0.005 £ 0.002 0.002£0.001 0.004 +0.001 0.003 £ 0.001
Dihydro-2(3H)-furanone
(gamma-Butyrolactone) 0.014 £ 0.001 0.011+£0.001 0.016 +0.002 0.005 £ 0.001
Butanoic acid (Butyric acid) 0.027 £ 0.002 0.018 £0.001  0.048 + 0.005 0.018 £ 0.002
Phenylacetaldehyde 0.034 £ 0.004 0.022 £ 0.002  0.032 +0.003 0.019 £ 0.004
2-Furanmethanol (Furfuryl alcohol) 0.059 £ 0.003 0.03 £0.001 0.014 £ 0.004 0.009 £ 0.001
3-Methylbutanoic acid (Isovaleric acid) 0.116 £0.019 0.179+0.017 0.169+0.04 0.166 £ 0.011
2-Methylbutanoic acid 0.055 £ 0.009 0.086 £ 0.011  0.073+0.005 0.085 £ 0.003
5-Ethyldihydro-2(3H)-furanone
(gamma-hexalactone) 0.009 £ 0.001 0.006 £0.001  0.008 + 0.001 0.006 £ 0.001
3-Methyl-2(5H)-furanone 0.005 £ 0.003 0.002 £0.001  0.031+0.004 0.003 £ 0.001
3-(Methylthio)-1-propanol (Methionol) 0.081 + 0.006 0.019+£0.002 0.128 +0.008 0.056 + 0.003
2(5H)-furanone 0.004 £ 0.001 0.003+£0.002 0.007 +0.001 0.006 £ 0.001
2-Butenoic acid 0.006 + 0.001 0.003+0.001 0.007 +0.001 0.003 £ 0.001
2-Hydroxy-3-methyl-
2-cyclopenten-1-one (Cyclotene) 0.006 £ 0.001 0.007 £0.001  0.004 + 0.001 0.003 £ 0.001
2-Methyl-2-butenoic acid 0.01+0.001 0.011+£0.001 0.015+0.001 0.016 £ 0.001
Hexanoic acid (Caproic acid) 0.067 £ 0.005 0.114 £0.003  0.121 +0.002 0.205 = 0.008
2-Phenylethyl alcohol 0.594 £ 0.071 0.023+0.003 1.194+0.195 0.069 £ 0.009
3-Hydroxy-2-methyl-4H-pyran-4-one
(Maltol) 0.164 £ 0.002 0.191+£0.006 0.159 +0.005 0.169 £ 0.015
2-Acetylpyrrole 0.006 £ 0.001 0.005+0.001 0.006 +0.001 0.006 £ 0.001
5-Ethyl-2(3H)-furanone 0.004 £ 0.001 0.002 £0.001  0.006 +0.001 0.003 £ 0.001
(R)-Dihydro-3-hydroxy-
4,4-dimethyl-2(3H)-furanone 0.034 £ 0.003 0.028 £ 0.002  0.026 + 0.004 0.018 £ 0.003
4-Hydroxy-2,5-dimethyl3(2H)-furanone 0.014 £ 0.002 0.023 £0.002 0.03 +0.005 0.023 £ 0.001

-148-



Constituent name 18week Control 18week LAB  18week Yeast  18week None
(HDMF)
3,5-Dimethyl-4-heptanone 0.284 +£0.13 0.019+0.003 0.915+0.131 0.082 £0.012
5(or 2)-Ethyl-4-hydroxy-
2(or 5)-methyl-3(2H)-furanone (HEMF) 0.203 £ 0.088 0.013+£0.002 0.69+0.115 0.074 £ 0.015
4-Hydroxy-5-methyl-furanone 0.217 £0.018 0.319+£0.007 0.54+0.143 0.765 £ 0.051
Caprolactam 0.048 £ 0.004 0.027 £ 0.005  0.05+0.007 0.029 £ 0.005
2-Methoxy-4-vinylphenol (4-
Vinylguaiacol) 0.4 +0.048 0.378 £0.047  0.498 + 0.053 0.329 £ 0.119
3,5-Dihydroxy-6-methyl-
2,3-dihydro-4H-pyran-4-one 0.023 £ 0.001 0.019+0.001 0.041+0.003 0.056 = 0.004
1,2,3-Benzenetriol (Pyrogallol) 0.018 £ 0.003 0.018 £ 0.005 0.018 +0.003 0.011 £ 0.005
2-Methoxy-6-methyl-4-pyran-4-one 0.02 + 0.004 0.003+£0.001 0.042 +0.009 0.012 £ 0.001
4-Oxopentanoic acid (Levulinic acid) 0.008 £ 0.001 0.006 £0.001  0.005 + 0.001 0.003 £ 0.001
Ethyl hexadecanoate (Ethyl Palmitate) 0.029 £ 0.007 0.002+£0.001 0.036+0.01 0.003 £ 0.001
mono-Ethyl succinate 0.56 +0.086 0.004 £0.001 0.223+0.014 0.003 £ 0.001
Benzoic acid 0.026 £+ 0.001 0.027 £ 0.003  0.026 + 0.002 0.026 £+ 0.003
Phenylacetic acid 0.089 £ 0.007 0.079£0.005 0.109+0.017 0.097 £ 0.007
4-Ethyl-2,6-dimethoxyphenol 0.084 £ 0.003 0.085+0.009 0.097 + 0.003 0.116 £ 0.011
n-Hexadecanoic acid (Palmitic acid) 0.004 £ 0.001 0.004 £0.001  0.004 + 0.001 0.003 £ 0.001
2-(4-Hydroxyphenyl)ethanol 0.278 £ 0.01 0.033+0.003 0.437 +0.024 0.028 £+ 0.003
1,4-Benzenediol 0.043 £ 0.001 0.044 £0.002 0.042 +0.011 0.049 £ 0.002
(Z,2)-9,12-Octadecadienoic acid
(Linoleic acid) 0.002 £ 0.001 0.002 £0.001  0.002 +0.001 0.003 £ 0.001

FZALEY OFAXFRE L mean * standard deviation T2 L 7=. Control : ILEAE - BEREERNN, LAB : JLESE GRIN,

Yeast : BEREVRIN, None : FLERHE - AR L
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F A6, F2EOYVUINTTI)T—ary ENBRERS (RET 4 v 7~y RAR—
AP T Y U NDOEY TR BAERTRE

Constituent name Oweek Control  Oweek LAB  Oweek Yeast Oweek None
Acetaldehyde 0.337£0.136 0.238+0.016 0.196+0.025 0.246 +0.071
Methanethiol 0.036 £ 0.021 0.034£0.011 0.05+0.003 0.057 £ 0.011
2-Propanone (Acetone) 0.065 £ 0.034 0.048+£0.011 0.062+0.018 0.068 +0.011
2-Propanol 0.047 £ 0.008 0.046 £0.009 0.043+0.01 0.048 £ 0.014
Furan 0.004 £ 0.003 0.003+£0.002 0.004+0.002 0.004+0.001
Ethyl formate 00 00 00 00
2-Methyl-2-propanol 0.007 £ 0.003 0.01+£0.005 0.005+0.002 0.008 +0.003
Methyl acetate 0.001 £ 0.001 0.001+£0.001 0.002+0.001 0.001+0.001
2-Methyl-propanal (Isobutyraldehyde) 0.085 £ 0.016 0.076 £0.012 0.079+0.011 0.09 £ 0.006
2,3-Butanedione (Diacetyl) 0.006 + 0.006 0.008 £ 0.003 0.007+0.005 0.008 +0.001
2-Butanone 0.107 £ 0.09 0.14+0.031 0.091+0.037 0.136+0.045
2-Methyl-furan 0.002 £ 0.001 0.002£0.001 0.002+0.001 0.002+0.001
2-Ethoxy-2-methyl-propane 0.003 £ 0.001 0.004 £0.001 0.003+0.001 0.003+0.001
2-Butenal 00 00 00 00
3-Methyl-butanal (Isovaleraldehyde) 0.133+0.016 0.109+0.017 0.138+0.014 0.166 +0.059
3-Methyl-2-butanone 00 00 0.001+£0.0010 0z0
2-Methyl-butanal (Valeraldehyde) 0.125+0.02 0.113+0.024 0.112+0.019 0.123+0.026
2-Pentanone 0.008 £ 0.004 0.007 £0.003 0.007 £0.002 0.008 + 0.002
2,3-Pentanedione 0+0 0+0 0.001+£0.001 00
Ethyl propionate 00 00 00 0.001 £ 0.001
n-Propyl acetate 0+0 0+0 0.002+0.002 0=zx0
2-Methyl-1-butanol (Active amyl alcohol) 0.041+£0.01 0.045+0.005 0.036+0.004 0.044+0.016
Dimethyl disulfide 0.007 £ 0.003 0.008 £ 0.003 0.01+0.005 0.012 + 0.004
Ethyl 2-methylpropanoate (Ethyl isobutyrate) 0+ 0 00 00 00
2-Methylpropyl acetate (Isobutyl acetate) 00 00 00 00
3,4-Hexanedione 0.004 £ 0.007 0.004 £0.006 0.001+0.001 0.006 +0.007
Hexanal 0.014 £ 0.003 0.012+0.003 0.013+0.001 0.014 +0.002
Ethyl butanoate 00 00 00 00
Butyl acetate 00 00 00 00
Ethyl 2-methylbutanoate 00 00 00 00
Ethyl 3-methylbutanoate (Ethyl isovalerate) 0+0 00 00 00
3-Methylbutyl acetate (Isoamyl acetate) 00 00 00 00
2-Methylbutyl acetate 0+0 00 0+0 0.001 £ 0.001
2,6-Dimethyl-pyrazine 0.005 £ 0.001 0.003+£0.002 0.004+0.001 0.004 +0.002
(2)-3,7-Dimethyl-2-octene 0+0 0.001+£0.001 00 0+0

0.004 + 0.001 0.004 £0.001 0.004 +0.001 0.005=+0.001
0.006 + 0.002 0.006 £0.002 0.007 +0.003 0.005 +0.001

Benzaldehyde
(2)-1,5-Octadien-3-ol
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Constituent name Oweek Control  Oweek LAB  Oweek Yeast Oweek None
1-Octen-3-ol 0.217 £ 0.185 0.136 £ 0.058 0.165+0.025 0.165+0.044
3-Octanone 00 00 00 00
Ethyl hexanoate (Ethyl caproate) 00 00 00 00
3-Octanol 0.007 £ 0.003 0.005+0.002 0.005+0.002 0.005+0.001
2-Octenal 0.006 + 0.002 0.006 £ 0.002 0.005+0.001 0.005 = 0.002
Ethyl heptanoate 00 00 00 00
Ethyl benzoate 00 00 0.001+£0.001 0zx0
Ethyl dodecanoate (Ethyl laurate) 00 00 00 00
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Constituent name lweek Control  1week LAB  1week Yeast 1week None
Acetaldehyde 0.29+0.079 0.232+£0.048 0.221+0.02 0.183 £ 0.01
Methanethiol 0.055 £ 0.017 0.075+0.038 0.041+0.011 0.085+0.025
2-Propanone (Acetone) 0.171 £ 0.046 0.104 £0.032 0.126+0.026 0.139+0.05
2-Propanol 0.06 £0.01 0.046 £ 0.008 0.048+0.007 0.05+0.008
Furan 0.004 £ 0.002 0.003+£0.002 0.003+0.002 0.004 +0.002
Ethyl formate 00 00 00 00
2-Methyl-2-propanol 0.027 £ 0.008 0.013+0.003 0.017+0.008 0.02+0.011
Methyl acetate 0.005 £ 0.004 0.006 £ 0.004 0.005+0.003 0.002 +0.001
2-Methyl-propanal (Isobutyraldehyde) 0.153 £ 0.045 0.118+0.004 0.103+0.006 0.13+0.015
2,3-Butanedione (Diacetyl) 0.013 £ 0.005 0.005+0.004 0.007+£0.002 0.005+0.005
2-Butanone 0.119 £ 0.042 0.098 £0.061 0.097+0.056 0.104 +0.058
2-Methyl-furan 0.003 £ 0.001 0.002£0.001 0.002+0.001 0.003+0.002
2-Ethoxy-2-methyl-propane 0.019 £ 0.004 0.011+£0.004 0.015+0.002 0.011+0.004
2-Butenal 00 00 00 00
3-Methyl-butanal (Isovaleraldehyde) 0.193 £ 0.052 0.109+0.015 0.124+0.02 0.133+£0.028
3-Methyl-2-butanone 0.006 + 0.001 0.003+0.001 0.005+0.004 0.005=0.003
2-Methyl-butanal (Valeraldehyde) 0.224 £ 0.064 0.158+0.01 0.138+0.011 0.172+0.01
2-Pentanone 0.016 £+ 0.003 0.012+0.003 0.013+0.004 0.012 +0.003
2,3-Pentanedione 0+0 0+0 0+0 0+0
Ethyl propionate 00 0.001+£0.001 0x0 00
n-Propyl acetate 0.002 = 0.003 0+0 0.002+0.003 0zx0
2-Methyl-1-butanol (Active amyl alcohol) 0.058 £ 0.004 0.041+£0.005 0.044+0.01 0.044 £ 0.009
Dimethyl disulfide 0.009 £ 0.005 0.016 £ 0.007 0.009 +0.003 0.014 +0.007
Ethyl 2-methylpropanoate (Ethyl isobutyrate) 0+ 0 00 00 00
2-Methylpropyl acetate (Isobutyl acetate) 00 00 00 00
3,4-Hexanedione 0.006 £ 0.01 0.005+0.005 0.005+0.006 0.003+0.005
Hexanal 0.017 £ 0.002 0.009 £0.002 0.011+0.005 0.011+0.004
Ethyl butanoate 00 00 00 00
Butyl acetate 00 00 00 00
Ethyl 2-methylbutanoate 00 00 00 00
Ethyl 3-methylbutanoate (Ethyl isovalerate)  0.001 + 0.001 00 00 00
3-Methylbutyl acetate (Isoamy! acetate) 00 00 00 00
2-Methylbutyl acetate 00 00 00 00
2,6-Dimethyl-pyrazine 0.004 £ 0.001 0.004 £0.001 0.005+0.002 0.004 +0.001
(2)-3,7-Dimethyl-2-octene 00 00 00 00
Benzaldehyde 0.006 £ 0.003 0.011+£0.005 0.006+0.001 0.012 +0.002
(2)-1,5-Octadien-3-ol 0.007 £ 0.003 0.004 £0.001 0.006+0.001 0.004 +0.001
1-Octen-3-ol 0.341+£0.173 0.175+£0.073 0.174+0.067 0.193 +0.066
3-Octanone 00 00 00 00
Ethyl hexanoate (Ethyl caproate) 00 00 0£0 0£0
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Constituent name lweek Control  1week LAB  1week Yeast 1week None
3-Octanol 0.008 £ 0.004 0.004 £0.002 0.004 £0.002 0.004 +0.002
2-Octenal 0.006 + 0.003 0.004 £0.002 0.004+0.001 0.003+0.001
Ethyl heptanoate 00 00 00 00
Ethyl benzoate 00 0.001+£0.001 0zx0 00
Ethyl dodecanoate (Ethyl laurate) 00 0.001+£0.001 0.001+0.001 0.001+0.001
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Constituent name 3week Control  3week LAB  3week Yeast  3week None
Acetaldehyde 0.43+0.058 0.277+£0.019 0.323+0.074 0.251+0.034
Methanethiol 0.043 £ 0.034 0.059£0.013 0.05+0.017 0.066 + 0.01
2-Propanone (Acetone) 0.142 £ 0.037 0.165+0.014 0.166 +0.03 0.27 £ 0.038
2-Propanol 0.054 £ 0.009 0.048 £0.007 0.052+0.005 0.063 +0.009
Furan 0.003 £ 0.003 0.004 £0.002 0.004+0.001 0.007 +0.003
Ethyl formate 00 00 00 00
2-Methyl-2-propanol 0.014 £ 0.002 0.018+£0.01 0.014+0.003 0.016 +0.004
Methyl acetate 0.003 £ 0.002 0.008 £ 0.007 0.009+0.004 0.009 +0.001
2-Methyl-propanal (Isobutyraldehyde) 0.137 £ 0.023 0.156+£0.02 0.15+0.011 0.225 £ 0.051
2,3-Butanedione (Diacetyl) 0.006 + 0.003 0.005+0.002 0.007+0.004 0.009 +0.004
2-Butanone 0.136 £ 0.075 0.117+£0.022 0.148+0.092 0.232+0.014
2-Methyl-furan 0.002 £ 0.001 0.002£0.001 0.002+0.001 0.004+0.001
2-Ethoxy-2-methyl-propane 0.01+0.003 0.009£0.001 0.011+0.003 0.008 +0.001
2-Butenal 00 00 00 00
3-Methyl-butanal (Isovaleraldehyde) 0.168 £ 0.031 0.155+0.046 0.159+0.01 0.251+0.08
3-Methyl-2-butanone 0.006 + 0.003 0.003+£0.002 0.005+0.002 0.008 +0.003
2-Methyl-butanal (Valeraldehyde) 0.186 £ 0.03 0.202+0.04 0.188+0.009 0.278 +0.057
2-Pentanone 0.015 £ 0.002 0.014 £0.003 0.014+0.002 0.017 +0.004
2,3-Pentanedione 00 0.001+£0.002 0.001+0.001 0%0
Ethyl propionate 00 00 0.001£0.001 0.001+0.001
n-Propyl acetate 0+0 0.002+0.003 0zx0 0.002 £ 0.004
2-Methyl-1-butanol (Active amyl alcohol) 0.05 £ 0.005 0.046 £0.008 0.044 £0.007 0.059 +0.006
Dimethyl disulfide 0.005 £ 0.005 0.011+£0.002 0.008+0.003 0.01+0.002
Ethyl 2-methylpropanoate (Ethyl isobutyrate) 0+ 0 00 00 00
2-Methylpropyl acetate (Isobutyl acetate) 0.001 £ 0.001 00 00 00
3,4-Hexanedione 00 00 0.003+0.005 0.004 +0.004
Hexanal 0.013 £ 0.004 0.011+£0.003 0.012+0.002 0.016 +0.002
Ethyl butanoate 00 00 00 00
Butyl acetate 0+0 0+0 0.001+£0.001 0=zx0
Ethyl 2-methylbutanoate 00 00 00 0£0
Ethyl 3-methylbutanoate (Ethyl isovalerate) 0+0 00 00 00
3-Methylbutyl acetate (Isoamy! acetate) 00 00 00 00
2-Methylbutyl acetate 0+0 0.002£0.002 0.001+0.002 0=+0
2,6-Dimethyl-pyrazine 0.004 £ 0.002 0.004 £0.001 0.005+0.002 0.004 +0.001
(2)-3,7-Dimethyl-2-octene 00 00 00 00
Benzaldehyde 0.006 £ 0.005 0.011+£0.004 0.01+0.002 0.013 +£0.003
(2)-1,5-Octadien-3-ol 0.004 £ 0.002 0.004 £0.002 0.005+0.001 0.005 = 0.002
1-Octen-3-ol 0.128 £ 0.058 0.204 £0.057 0.161+0.038 0.303+0.12
3-Octanone 00 00 00 00
Ethyl hexanoate (Ethyl caproate) 00 00 0£0 0.001 £ 0.001
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Constituent name 3week Control  3week LAB  3week Yeast  3week None
3-Octanol 0.004 £ 0.001 0.005+0.002 0.004+0.001 0.006 +0.002
2-Octenal 0.005 £ 0.002 0.004 £0.001 0.005+0.001 0.007 +0.002
Ethyl heptanoate 00 00 00 00
Ethyl benzoate 00 00 00 00
Ethyl dodecanoate (Ethyl laurate) 00 0.001+£0.001 0.001+£0.001 0z0
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Constituent name 5week Control  5week LAB  5week Yeast  5week None
Acetaldehyde 0.233 £ 0.035 0.223+0.023 0.25+0.078 0.231 £ 0.046
Methanethiol 0.043 £ 0.004 0.029£0.006 0.033+0.006 0.026 +0.012
2-Propanone (Acetone) 1.012 £ 0.048 0.581+£0.2 0.738+0.129 0.551+0.241
2-Propanol 0.056 + 0.005 0.051+0.012 0.064+0.015 0.056 +0.012
Furan 0.019 £ 0.006 0.009 £ 0.003 0.013+0.007 0.008 +0.006
Ethyl formate 00 00 00 00
2-Methyl-2-propanol 0.01 +0.007 0.009 £ 0.004 0.027+£0.004 0.022 +0.015
Methyl acetate 0.115+0.013 0.158+0.02 0.044+0.009 0.073+0.009
2-Methyl-propanal (Isobutyraldehyde) 0.442 £ 0.026 0.32+0.08 0.451+£0.131 0.405+0.145
2,3-Butanedione (Diacetyl) 0.015 £ 0.006 0.012+0.005 0.014+0.003 0.008 +0.005
2-Butanone 0.51+0.063 0.28+0.107 0.313+0.03 0.21 +0.092
2-Methyl-furan 0.004 £ 0.002 0.004 £0.002 0.008+0.003 0.006 +0.005
2-Ethoxy-2-methyl-propane 0.005 £ 0.002 0.006 £0.002 0.011+0.003 0.009 + 0.002
2-Butenal 00 00 00 00
3-Methyl-butanal (Isovaleraldehyde) 0.409 £ 0.064 0.376 £0.065 0.484+0.169 0.443+0.192
3-Methyl-2-butanone 0.03+0.008 0.021+£0.009 0.018+0.006 0.019+0.013
2-Methyl-butanal (Valeraldehyde) 0.429 £ 0.03 0.342+0.083 0.493+0.172 0.425+0.176
2-Pentanone 0.031 £ 0.005 0.022 £0.007 0.029+0.002 0.026 + 0.005
2,3-Pentanedione 00 0.004 £0.002 0.006 +0.003 0.003 +0.002
Ethyl propionate 0.001 £ 0.001 0.001+£0.001 0.001+0.001 0%0
n-Propyl acetate 0.002 £ 0.003 0.012+0.005 0.002+0.003 0.012 +0.006
2-Methyl-1-butanol (Active amyl alcohol) 0.056 + 0.001 0.061+£0.011 0.088+0.006 0.08+0.017
Dimethyl disulfide 0.005 £ 0.002 0.004 £0.002 0.004 +£0.002 0.003+0.001
Ethyl 2-methylpropanoate (Ethyl isobutyrate) 0+ 0 0.002+£0.002 00 0.002 £ 0.003
2-Methylpropyl acetate (Isobutyl acetate) 0.001 £ 0.002 00 00 00
3,4-Hexanedione 0.002 £ 0.003 0.001+£0.001 0.002+0.004 0.001+0.002
Hexanal 0.006 £ 0.001 0.002+0.002 00 0.003 £ 0.003
Ethyl butanoate 0.001 £ 0.001 0.001+£0.001 00 0+0
Butyl acetate 00 00 00 00
Ethyl 2-methylbutanoate 0.003 £ 0.001 0.004+£0.003 00 0.002 £ 0.002
Ethyl 3-methylbutanoate (Ethyl isovalerate)  0.001 + 0.001 0.002+0.001 0.001+0.001 0.001+0.001
3-Methylbutyl acetate (Isoamy! acetate) 00 0.003+£0.004 0zx0 00
2-Methylbutyl acetate 0+0 0.002+0.002 00 0.001 £ 0.002
2,6-Dimethyl-pyrazine 0.004 £ 0.002 0.004 £0.002 0.004+0.001 0.004 +0.002
(2)-3,7-Dimethyl-2-octene 0.003 £ 0.001 0.002£0.001 0.002+0.001 0.001+0.001
Benzaldehyde 0.013 £ 0.003 0.006 £0.002 0.005+0.002 0.004 +0.002
(2)-1,5-Octadien-3-ol 0.003 £ 0.001 0.004 £0.001 0.005+0.002 0.004 +0.002
1-Octen-3-ol 0.061 £ 0.007 0.064 £0.005 0.086+0.017 0.096 +0.04
3-Octanone 0.004 £ 0.001 0.004 £0.001 0.003+0.001 0.003 +0.003
Ethyl hexanoate (Ethyl caproate) 0.002 £ 0.001 0.011+£0.004 0.002+0.001 0.006 +0.004
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Constituent name 5week Control  5week LAB  5week Yeast  5week None
3-Octanol 0.002 £ 0.001 0.002+0.002 00 0£0
2-Octenal 0.001 £ 0.002 00 0+0 0.002 + 0.003
Ethyl heptanoate 0.001 £ 0.001 00 00 00
Ethyl benzoate 00 0.001+£0.001 0zx0 0.001 £ 0.001
Ethyl dodecanoate (Ethyl laurate) 00 00 00 00
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Constituent name 6week Control  6week LAB  6week Yeast  6week None
Acetaldehyde 3.271 £ 0.247 0.229+0.015 4.036+0.588 0.221 +0.084
Methanethiol 0.036 £ 0.006 0.036 £ 0.005 0.024+0.005 0.022 +0.006
2-Propanone (Acetone) 0.632 £ 0.07 0.667£0.079 0.592+0.071 0.534+0.041
2-Propanol 0.061 £ 0.003 0.051+£0.003 0.076+0.012 0.057 +0.006
Furan 0.021 £ 0.005 0.013+0.004 0.019+0.009 0.006 +0.003
Ethyl formate 0.063 £ 0.007 0.003+£0.003 0.032+0.013 0.001+0.001
2-Methyl-2-propanol 0.017 £ 0.007 0.017+£0.005 0.013+0.001 0.016 +0.003
Methyl acetate 0.162 £ 0.03 0.19+0.014 0.1+0.017 0.07 £ 0.005
2-Methyl-propanal (Isobutyraldehyde) 0.344 £ 0.042 0.304 £0.036 0.419+0.062 0.361+0.018
2,3-Butanedione (Diacetyl) 0.123 £ 0.039 0.012+0.006 0.1+0.032 0.007 £ 0.002
2-Butanone 0.332 £ 0.093 0.335+0.062 0.284+0.082 0.214 +0.062
2-Methyl-furan 0.004 £ 0.001 0.005+0.003 0.007+0.003 0.006 +0.004
2-Ethoxy-2-methyl-propane 0.008 £ 0.002 0.008 £ 0.002 0.009+0.002 0.007 +0.003
2-Butenal 0.052 £ 0.012 00 0.09 + 0.009 0.001 £ 0.002
3-Methyl-butanal (Isovaleraldehyde) 0.583 £ 0.064 0.437+0.065 0.701+0.12 0.394 £ 0.089
3-Methyl-2-butanone 0.019 £ 0.004 0.024 £0.004 0.014+0.002 0.014 +0.001
2-Methyl-butanal (Valeraldehyde) 0.384 £ 0.058 0.371+£0.062 0.459+0.109 0.38 +0.035
2-Pentanone 0.012 £ 0.003 0.026 £ 0.003 0.011+0.004 0.026 +0.003
2,3-Pentanedione 0.014 £ 0.006 0.004 £0.002 0.025+0.005 0.005+ 0.002
Ethyl propionate 0.08 +0.023 0.002£0.002 0.179+0.037 0.002 +0.001
n-Propyl acetate 0.067 £ 0.015 0.016 £ 0.004 0.039+0.002 0.008 +0.004
2-Methyl-1-butanol (Active amyl alcohol) 0.697 £ 0.102 0.061+£0.01 1.257+0.164 0.092 +0.006
Dimethyl disulfide 0.003 £ 0.001 0.003+0.001 0.003+0.001 0.002+0.001
Ethyl 2-methylpropanoate (Ethyl isobutyrate) 0.184 + 0.055 0.003+£0.001 0.231+£0.077 0.004 +0.003
2-Methylpropyl acetate (Isobutyl acetate) 0.138 £0.032 0.008+0.001 0.088+0.015 00
3,4-Hexanedione 00 0.001+£0.001 0.005+0.001 0=0
Hexanal 00 0.001+£0.002 00 0.002 £ 0.002
Ethyl butanoate 0.04 +0.011 00 0.054£0.012 0.001 +0.001
Butyl acetate 0.09 +0.023 00 0.066+0.012 00
Ethyl 2-methylbutanoate 0.185 + 0.056 0.005+0.002 0.159+0.048 0.003 +0.003
Ethyl 3-methylbutanoate (Ethyl isovalerate)  0.048 + 0.015 0.002+0.001 0.05+0.012 0.002 £ 0.002
3-Methylbutyl acetate (Isoamy! acetate) 0.165 £+ 0.058 0.009+£0.001 0.101+£0.022 0z0
2-Methylbutyl acetate 0.036 £0.01 0.001+£0.002 0.026+0.005 0%0
2,6-Dimethyl-pyrazine 0.004 £ 0.001 0.004 £0.001 0.005+0.001 0.004 +0.001
(2)-3,7-Dimethyl-2-octene 0.002 £ 0.001 0.003+£0.001 0.006+0.001 0.001+0.001
Benzaldehyde 0.017 £ 0.004 0.007 £0.002 0.01 +0.002 0.003 £ 0.001
(2)-1,5-Octadien-3-ol 0.003 £ 0.001 0.003+£0.001 0.004+0.001 0.004+0.001
1-Octen-3-ol 0.055 £ 0.006 0.05+0.004 0.048+0.008 0.069 + 0.009
3-Octanone 0.006 £ 0.003 0.004 £0.001 0.012+0.005 0.002 +0.003
Ethyl hexanoate (Ethyl caproate) 0.188 £ 0.098 0.008 £ 0.004 0.244+0.086 0.008 + 0.007
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Constituent name 6week Control  6week LAB  6week Yeast  6week None
3-Octanol 00 00 00 00
2-Octenal 00 00 00 00
Ethyl heptanoate 0.006 £ 0.003 00 0.011+£0.004 0zx0
Ethyl benzoate 0.018 £ 0.005 00 0.02 £ 0.007 0.001 £ 0.001
Ethyl dodecanoate (Ethyl laurate) 0.016 £ 0.004 00 0.038+£0.011 0.001 +0.001
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Constituent name 10week Control 10week LAB 10week Yeast 10week None
Acetaldehyde 1.818 + 0.493 0.279+0.014 2.016+0.262 0.381+0.16
Methanethiol 0.028 £ 0.008 0.061+£0.012 0.029+0.002 0.042+0.011
2-Propanone (Acetone) 0.824 £ 0.233 1146 £0.236 0.852+0.135 1.09+0.205
2-Propanol 0.097 £ 0.036 0.049£0.002 0.094+0.015 0.071+0.003
Furan 0.028 £ 0.016 0.036 £ 0.014 0.03+0.008 0.018 £ 0.008
Ethyl formate 0.074 £ 0.017 0.003+0.001 0.075+0.026 0.002 + 0.002
2-Methyl-2-propanol 0.026 £ 0.012 0.018 £ 0.007 0.018+0.006 0.018 +0.005
Methyl acetate 0.139 £ 0.02 0.219+0.028 0.093+0.013 0.072+0.014
2-Methyl-propanal (Isobutyraldehyde) 0.723 £0.254 0.584+£0.144 0.952+0.196 0.646 +0.057
2,3-Butanedione (Diacetyl) 0.193+0.111 0.017+0.005 0.064 +0.008 0.014 +0.003
2-Butanone 0.365 + 0.063 0.499£0.155 0.357+0.102 0.37 £0.057
2-Methyl-furan 0.005 £ 0.002 0.008 £ 0.006 0.012+0.005 0.01+0.004
2-Ethoxy-2-methyl-propane 0.015 £ 0.004 0.009 £0.004 0.013+0.002 0.01+0.002
2-Butenal 0.029 £ 0.014 00 0.022+0.011 0z0
3-Methyl-butanal (Isovaleraldehyde) 0.848 £ 0.281 0.631+0.177 1.039+0.202 0.643+0.076
3-Methyl-2-butanone 0.025 £ 0.013 0.047 £0.014 0.02 +0.006 0.035 + 0.007
2-Methyl-butanal (Valeraldehyde) 0.694 £ 0.23 0.649+0.197 0.859+0.17 0.656 £ 0.076
2-Pentanone 0.023 £ 0.007 0.031+£0.01 0.035+0.009 0.035+0.004
2,3-Pentanedione 0.017 £ 0.005 0.007 £0.004 0.024+0.013 0.006 + 0.004
Ethyl propionate 0.129 £ 0.032 0.002£0.001 0.226+0.072  0.003 + 0.002
n-Propyl acetate 0.051 £ 0.008 0.015+0.006 0.052+0.01 0.009 £ 0.001
2-Methyl-1-butanol (Active amyl alcohol) 0.884 £ 0.15 0.05+0.017 1.539+0.298 0.164 £0.02
Dimethyl disulfide 0.007 £ 0.004 0.008 £ 0.002 0.005+0.001 0.006 +0.001
Ethyl 2-methylpropanoate (Ethyl isobutyrate) 0.181 + 0.067 0.006 £0.002 0.289+0.036 0.005+ 0.005
2-Methylpropyl acetate (Isobutyl acetate) 0.141£0.03 0.005+0.004 0.121+0.022 0.003 +0.003
3,4-Hexanedione 0.005 £ 0.002 0.001+£0.002 0.007+0.002 0.001+0.001
Hexanal 00 00 0+0 0.001 £ 0.002
Ethyl butanoate 0.037£0.01 0.001+£0.001 0.066+0.007 0.001+0.001
Butyl acetate 0.117 £ 0.013 00 0.119+0.007 0.001 +0.001
Ethyl 2-methylbutanoate 0.125+0.038 0.002£0.002 0.123+0.014 0.003 +0.003
Ethyl 3-methylbutanoate (Ethyl isovalerate)  0.04 + 0.011 0.003+0.001 0.039+0.003 0.003+0.002
3-Methylbutyl acetate (Isoamy! acetate) 0.162 £ 0.05 0.008 £0.004 0.151+0.034 0.003 +0.003
2-Methylbutyl acetate 0.05+0.006 00 0.042+0.015 0.002 + 0.003
2,6-Dimethyl-pyrazine 0.004 £ 0.001 0.004 £0.001 0.005+0.001 0.0050.003
(2)-3,7-Dimethyl-2-octene 0.003 £ 0.001 0.002£0.001 0.004+0.001 0.002+0.001
Benzaldehyde 0.012 £ 0.005 0.016 £ 0.003 0.006 +£0.002 0.006 + 0.001
(2)-1,5-Octadien-3-ol 0.004 £ 0.002 0.003+£0.001 0.004+0.002 0.003+0.001
1-Octen-3-ol 0.056 + 0.008 0.038£0.008 0.045+0.006 0.054+0.014
3-Octanone 0.012 £ 0.005 0.005+0.002 0.016+0.004 0.002 +0.002
Ethyl hexanoate (Ethyl caproate) 0.252 £ 0.133 0.003+0.001 0.389+0.014 0.006 +0.002
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Constituent name 10week Control 10week LAB 10week Yeast 10week None
3-Octanol 00 00 0.001+£0.002 00
2-Octenal 00 00 0+0 0.001 £ 0.002
Ethyl heptanoate 0.005 £ 0.002 00 0.012+£0.002 0z0
Ethyl benzoate 0.02 £ 0.008 0.001+£0.001 0.021+0.003 0.002 +0.001
0.013 £ 0.002 00 0.042 £0.006 0.002 +0.002

Ethyl dodecanoate (Ethyl laurate)
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Constituent name 18week Control 18week LAB 18week Yeast 18week None
Acetaldehyde 1.36 +£0.711 0.265+0.015 1.296+0.165 0.255+0.011
Methanethiol 0.038 £ 0.01 0.047 £0.002 0.033+0.006 0.041+0.009
2-Propanone (Acetone) 1.209 + 0.211 1.02+0.123 1.21+£0.142 1.236 + 0.355
2-Propanol 0.083 £ 0.02 0.057 £0.011 0.098 £0.009 0.098 + 0.024
Furan 0.048 £ 0.024 0.029 £ 0.006 0.019+0.003 0.018 +0.005
Ethyl formate 0.1+0.041 0.003+0.001 0.08+0.014 0.003 £ 0.002
2-Methyl-2-propanol 0.002 £ 0.001 0.003+£0.001 0.002+0.001 0.003+0.001
Methyl acetate 0.162 £ 0.024 0.264 £ 0.027 0.099+0.012 0.17+0.014
2-Methyl-propanal (Isobutyraldehyde) 1.545 + 0.355 1.065+0.047 1.368+0.169 1.091+0.122
2,3-Butanedione (Diacetyl) 0.197 £ 0.059 0.019+0.005 0.051+£0.015 0.016 +0.006
2-Butanone 0.486 + 0.058 0.439 £ 0.075 0.396 £ 0.06 0.366 £ 0.048
2-Methyl-furan 0.009 £ 0.004 0.009 £0.002 0.011+0.001 0.018 +0.007
2-Ethoxy-2-methyl-propane 00 0.001+£0.001 0%0 00
2-Butenal 0.016 £ 0.009 0+0 0.013+0.003 00
3-Methyl-butanal (Isovaleraldehyde) 1.167 + 0.493 0.879+£0.027 0.949+0.028 1.281+0.165
3-Methyl-2-butanone 0.04 £0.016 0.05+0.008 0.038+0.006 0.038+0.01
2-Methyl-butanal (Valeraldehyde) 1.292 + 0.333 1.146 +0.006 0.994+0.039 1.155+0.187
2-Pentanone 0.034 £ 0.024 0.039£0.008 0.041+0.009 0.056 +0.008
2,3-Pentanedione 0.023 £ 0.018 0.011+£0.004 0.011+0.002 0.005+0.001
Ethyl propionate 0.19 £ 0.083 0.001 £0.002 0.244+0.074 0.007 +0.001
n-Propyl acetate 0.049 £ 0.009 0.02+0.004 0.051+0.004 0.017 +0.008
2-Methyl-1-butanol (Active amyl alcohol) 1.049 + 0.369 0.064 £0.004 1.568+0.143 0.29 £ 0.067
Dimethyl disulfide 0.01 £ 0.004 0.007 £ 0.002 0.009 +£0.001 0.008 +0.002
Ethyl 2-methylpropanoate (Ethyl isobutyrate)  0.199 + 0.098 0.012+0.002 0.291+£0.026 0.019 £0.004
2-Methylpropyl acetate (Isobutyl acetate) 0.123 £ 0.002 0.014£0.005 0.131+£0.012 0.02 £0.002
3,4-Hexanedione 0.007 £ 0.005 0+0 0.003+£0.002 00
Hexanal 0+0 0.001+£0.002 00 0+0
Ethyl butanoate 0.036 £ 0.01 0.002 £0.001 0.061+0.004 0.004+0.001
Butyl acetate 0.108 £ 0.031 0+0 0.113+0.006 0*0
Ethyl 2-methylbutanoate 0.126 £ 0.03 0.008 £ 0.004 0.116+0.016 0.026 + 0.005
Ethyl 3-methylbutanoate (Ethyl isovalerate) 0.06 £ 0.025 0.003+0.001 0.051+0.004 0.008+0.002
3-Methylbutyl acetate (Isoamyl acetate) 0.133 £ 0.013 0.015+0.007 0.13+0.014 0.024 £ 0.004
2-Methylbutyl acetate 0.036 £ 0.002 0.008 £ 0.008 0.041+0.006 0.01+0.003
2,6-Dimethyl-pyrazine 0.004 £ 0.001 0.005+0.001 0.006+0.001 0.005=0.002
(2)-3,7-Dimethyl-2-octene 0.003 £ 0.002 0.002 £ 0.002 0.003+0.001 0.002 +0.001
Benzaldehyde 0.011 £ 0.006 0.007 £ 0.002 0.004 £0.001 0.005 % 0.002
(2)-1,5-Octadien-3-ol 0.003 £ 0.002 0.004 £0.001 0.003+0.002 0.003+0.001
1-Octen-3-ol 0.06 £0.013 0.048 £0.003 0.05+0.011 0.073+0.01
3-Octanone 0.022 £ 0.012 0.003 £0.003 0.029 £0.004 0.006 +0.003
Ethyl hexanoate (Ethyl caproate) 0.142 £ 0.012 0.01+£0.009 0.262+0.014 0.089 +0.021
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Constituent name 18week Control 18week LAB 18week Yeast 18week None

3-Octanol 00 00 00 00
2-Octenal 00 00 00 00
Ethyl heptanoate 0.007 £ 0.002 0£0 0.01+£0.003 0.001 £ 0.001
Ethyl benzoate 0.021 £ 0.007 0.001+£0.001 0.017+0.006 0.003+0.001
Ethyl dodecanoate (Ethyl laurate) 0.02 £ 0.008 00 0.026 £0.009  0.003 +0.001

BALEW DOFEXRFRE X mean + standard deviation T2 L7=. Control : ¥LERE « BEREASIN, LAB : FLERE TSN,

Yeast : BERFAIN, None : FLEEE - BERERINZR L
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Ny RAR=ZY 7Y 7% PO T R 3T K> TR B 472 1-propanol-1,1-dy % P
TEEYEME & U CHE L U 7o R A, BERERFR I LT ey R LT (n=3).
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Dihydro-2(3H)-Furanone
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[X| A8. Dihydro-2(3H)-furanone (gamma-Butyrolactone), 5-ethyl-2(3H)-furanone ®
ERiE DRk

FERE = F LA H 2 O TR PERR Y AT IC & > TR B 4072 2-ethyl-1-hexanol % PNERFEHEY)E &
U CHAE(L U 7oA R &, BREEERFRETIC R LT h Lic(n = 3).
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Lactic acid Acetic acid & :Control

0.2
0.18 a Obogi W LAB
5016 | ¢ v . - ogas | U A :Yeast
zg::; = g 0.03 | } * .None

.1 L : £0025 |
(] : L
2008 | ,% 0'?2

So06 - W EO-O 51
® 004 L 001 |

oo Eed ® ) 0.008 o o R .
0 L L L 0 L
0 5 10 15 20 0 5 10 15 20

Fermentation time (week) Fermentation time (week)

Citric acid + isocitric acid
0.08
0.07 |

2006 |

= i

$0.05 :

c L

g 0.04

£0.03

& 0.02
0.01 -

0 m ¥ . m |

0 5 10 15 20
Fermentation time (week)

X A9.  Acetic acid, lactic acid, citric acid + isocitric acid DEEEF D4l

Lactic acid & citric acid + isocitric acid 13 BIAKVEIR 5315k 53 73 HTIC K » TR B 47z ribitol, EERE—= T
JUAh S & O T2 RS PE R 73 0TI L > THS 47z 2-ethyl-1-hexanol % PNHRIEAEME & L CHEYE
b U7 MR 2, BEREFRFRIICKT L C7 2y L7z (n=23).
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KA. BIBOVUINVTT ) T—va vy INTBKEES TR
. Quantitative ] Quantitative
Constituent name RI? Constituent name RI?
m/z m/z

Lactic acid 1050.89 87 Phenylalanine 1624.37 218
Alanine 1094.65 116 Xylose 1634.02 103
Valine 1207.39 144 Arabinose 1641.31 103
Glycerol 1260.98 147 Ribose 1655.47 147
Phosphate 1261.06 299 Xylitol 1682.93 217
Leucine 1263.10 158 Arabitol 1696.87 217
Isoleucine 1284.84 158 Glutamine 1763.13 156
Proline 1293.33 142 Citric acid + Isocitric acid 1800.10 147
Glycine 1299.05 174 Ornithine 1803.90 142
Succinic acid (or aldehyde) 1306.40 147 Fructose 1847.48 103
Serine 1348.11 204 Galactose 1868.19 205
Threonine 1373.21 218 Glucose 1875.81 147
Malic acid 1474.32 147 Mannitol 1905.36 205
meso-Erythritol 1488.33 147 Lysine 1908.12 174
Aspartic acid 1507.17 232 Histidine 1912.76 154
Methionine 1513.65 176 Tyrosine 1929.67 218
Pyroglutamic acid 1519.72 156 Inositol 2072.92 217
Glutamic acid 1606.99 246 Tryptophan 2214.31 202

a: n-alkanes C11 — C32 % F\CHiH L 7= Retention indices (RI)
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FA8. BIEBEOVUINTT ) TF—arEN-ERERS @R F L)

Quantitative

Constituent name RI? Reliability®
m/z

1-Propanol 59 C
2-Methyl-1-propanol (Isobutyl alcohol) 74 A,C
1-Butanol 56 A
3-Methyl-1-butanol 1205.48 55 AC
3-Hydroxy-2-butanone (Acetoin) 1274.97 88 A,B,C
1-Hydroxy-2-propanone (Acetol) 1287.97 74 A,B,C
Ethyl lactate 1334.19 75 AB,C
1-Hydroxy-2-butanone 1360.78 57 C
Acetic acid 1419.88 59 A/B,C
3-(Methylthio)-1-propanal (Methional) 1440.77 57 A/B,C
2-Furancarboxaldehyde (Furfural) 1448.22 9% A,B,C
2,3-Butanediol 1525.25 57 A/B,C
2-Methylpropanoic acid (Isobutyric acid) 1553.84 73 B,C
Dihydro-5-methyl-2(3H)-furanone
(gamma-Valerolactone) 157028 0 AL
Dihydro-2(3H)-furanone (gamma-Butyrolactone) 1606.45 86 A, B,C
Butanoic acid (Butyric acid) 1612.62 60 B,C
Phenylacetaldehyde 1624.42 91 A,C
2-Furanmethanol (Furfuryl alcohol) 1643.06 98 AB,C
3-Methylbutanoic acid (Isovaleric acid) 1654.63 60 A B,C
2-Methylbutanoic acid 1655.64 74 A/B,C
5-Ethyldihydro-2(3H)-furanone
(gamma-hexalactone) 167910 8 ABC
3-Methyl-2(5H)-furanone 1695.06 69 B,C
3-(Methylthio)-1-propanol (Methionol) 1698.43 106 A,B,C
2(5H)-furanone 1730.55 5 A,C
2-Butenoic acid 1754.92 86 B,C
2-Hydroxy-3-methyl-
2-cyclopenten-1-one (Cyclotene) 180557 1z B.C
2-Methyl-2-butenoic acid 1827.69 55 A/B,C
Hexanoic acid (Caproic acid) 1829.06 60 B,C
2-Phenylethyl alcohol 1891.20 91 AB,C
3-Hydroxy-2-methyl-4H-pyran-4-one (Maltol) 1938.84 126 A,B,C
2-Acetylpyrrole 1947.68 94 A/B,C
5-Ethyl-2(3H)-furanone 1952.29 83 B,C
(R)-Dihydro-3-hydroxy- 2003.10 1 C

4,4-dimethyl-2(3H)-furanone
4-Hydroxy-2,5-dimethyl3(2H)-furanone (HDMF) 2008.05 128 A,B,C
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Quantitative

Constituent name RI? Reliability®
m/z

3,5-Dimethyl-4-heptanone 2039.48 57 C
5(or 2)-Ethyl-4-hydroxy-
2(or 5)-methyl-3(2H)-furanone (HEMF) 207065 nAB
4-Hydroxy-5-methyl-furanone 2088.91 114 A, B
Caprolactam 2144.00 55 A,C
2-Methoxy-4-vinylphenol (4-Vinylguaiacol) 2170.61 135 A B,C
1,2,3-Benzenetriol (Pyrogallol) 2237.13 154 C
3,5-Dihydroxy-6-methyl-
2,3-dihydro-4H-pyran-4-one 2240.95 101-¢c
Ethyl hexadecanoate (Ethyl Palmitate) 2249.03 88 C
2-Methoxy-6-methyl-4-pyran-4-one 2279.45 69 C
4-Oxopentanoic acid (Levulinic acid) 2296.21 56 A, C
mono-Ethyl succinate 2353.65 101 C
Benzoic acid 2422.49 105 C
Phenylacetic acid 2530.37 91 C
4-Ethyl-2,6-dimethoxyphenol 2541.07 180 A,C
n-Hexadecanoic acid (Palmitic acid) 2883.57 73 C
2-(4-Hydroxyphenyl)ethanol 2961.10 107 C
1,4-Benzenediol 2982.95 110 C
(Z,2)-9,12-Octadecadienoic acid

3177.31 81 C

(Linoleic acid)

a: n-alkanes C11 — C32 %\ CTH Hi L 7= Retention indices (RI)
d =07 /7 —va OREE A, vAAXY MLE Rl &, WL CfHR B, fLOSCERE Rl A fead
(Kaneko et al. 2013; Lee et al. 2013; LEE et al. 2006; Sun et al. 2010) ; C, NIST11 MS spectral library & ~ &2 XA~~~

V% filR.
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F A BIBEOYVUINTTI)T—aryENBRERS (RET 4 v 7~y RAR—
SN NS/

Quantitative

Constituent name RI? Reliability®
m/z

Acetaldehyde 44 A, B
Methanethiol 48 A, B
2-Propanone (Acetone) 43 A, B
2-Propanol 45 A, B
Furan 68 A,B
Ethyl formate 501.72 45 B

2-Methyl-2-propanol 510.20 59 A/ B
Methyl acetate 512.43 43 A, B
2-Methyl-propanal (Isobutyraldehyde) 535.67 43 A, B
2,3-Butanedione (Diacetyl) 562.23 43 A, B
2-Butanone 572.36 43 A,B
2-Methyl-furan 592.73 82 B

2-Ethoxy-2-methyl-propane 617.63 59 B

2-Butenal 624.46 39 AB
3-Methyl-butanal (Isovaleraldehyde) 634.48 44 A, B
3-Methyl-2-butanone 639.92 43 A, B
2-Methyl-butanal (Valeraldehyde) 645.17 57 A B
2-Pentanone 666.55 43 A,B
2,3-Pentanedione 671.32 43 A, B
Ethyl propionate 693.64 57 A B
n-Propyl acetate 695.99 43 A, B
2-Methyl-1-butanol (Active amyl alcohol) 722.58 57 A B
Dimethyl disulfide 730.63 94 A,B
Ethyl 2-methylpropanoate (Ethyl isobutyrate) 744.68 43 A, B
2-Methylpropyl acetate (Isobutyl acetate) 757.38 43 B

3,4-Hexanedione 775.64 57 AB
Hexanal 778.87 43 A, B
Ethyl butanoate 782.75 71 B

Butyl acetate 793.96 43 A, B
Ethyl 2-methylbutanoate 835.74 57 AB
Ethyl 3-methylbutanoate (Ethyl isovalerate) 837.28 88 A B
3-Methylbutyl acetate (Isoamyl acetate) 858.39 43 A, B
2-Methylbutyl acetate 861.32 43 A, B
2,6-Dimethyl-pyrazine 890.79 108 A,B
(2)-3,7-Dimethyl-2-octene 893.43 70 A'B
Benzaldehyde 942.12 106 A, B
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(2)-1,5-Octadien-3-ol 958.45 57 A B

1-Octen-3-ol 964.02 57 B
3-Octanone 968.48 43 A, B
Ethyl hexanoate (Ethyl caproate) 978.96 88 A, B
3-Octanol 981.38 50 A'B
2-Octenal 1038.39 41 B
Ethyl heptanoate 1078.22 88 A, B
Ethyl benzoate 1158.33 105 B
Ethyl dodecanoate (Ethyl laurate) 1177.38 88 A, B

a: n-alkanes C11 — C32 % F\»THiH L 7= Retention indices (RI)
b: V=27 )T —3a VOEFEEA, ~ A AT hLE Rl &, RS L HER B, NIST11 MS spectral library

L~ AR N LETER.
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% A10.
FEXT TR EE

B2EDY VU INVTT )T —a vy ENTEHKERGFRSDEY TR 5

Constituent name

Oweek_Control

Oweek LAB+EtOH Oweek Acids+Yeast Oweek Acids+EtOH

Lactic acid
Alanine

Valine
Glycerol
Phosphate
Leucine
Isoleucine
Proline
Glycine
Succinic acid (or aldehyde)
Serine
Threonine
Malic acid
meso-Erythritol
Aspartic acid
Methionine
Pyroglutamic acid
Glutamic acid
Phenylalanine
Xylose
Arabinose
Ribose

Xylitol
Arabitol
Glutamine
Citric acid + Isocitric acid
Ornithine
Fructose
Galactose
Glucose
Mannitol
Lysine
Histidine
Tyrosine
Inositol
Tryptophan

0.004 +0.001
0.479 +0.026
0.329 +0.02

0.686 + 0.025
0.294 +0.021
0.449 +0.011
0.254 +0.01

0.396 + 0.04

0.385+0.019
0.072 £ 0.005
0.208 £ 0.013
0.066 + 0.006
0.169 +0.014
0.493 +£0.022
0.283+0.012
0.037 +£0.003
0.146 £ 0.031
0.753 £ 0.062
0.115+0.003
0.544 +0.038
0.542 +0.028
0.024 + 0.001
0.016 + 0.001
0.953 +£0.032
0.004 + 0.001
0.035 +0.002
0.154 + 0.006
0.021 £ 0.002
0.153 +£0.008
1.439 +0.043
0.194 + 0.005
0.193 +£0.009
0.045 £+ 0.005
0.15+0.017

0.025 £ 0.002
0.018 £ 0.002

0.005 + 0.001
0.377 £ 0.025
0.28 £0.018

0.673 +0.013
0.254 +0.015
0.395 +0.029
0.221+0.01

0.319+£0.016
0.367 £ 0.01

0.065 + 0.006
0.187 +0.02

0.061 + 0.005
0.149 +£0.016
0.468 =+ 0.024
0.272 £0.027
0.034 +0.004
0.202 + 0.056
0.661 + 0.045
0.112 +0.004
0.454 +£0.023
0.46 + 0.037

0.022 + 0.001
0.015 +0.001
0.981 +0.055
0.005 +0.001
0.028 + 0.004
0.138 +£0.007
0.017 +£0.002
0.144 +£0.013
1.699 + 0.07

0.194 + 0.007
0.185+0.012
0.036 = 0.004
0.124 +0.004
0.025 £ 0.002
0.02 £ 0.003

0.004 + 0.002
0.406 + 0.097
0.299 +0.041
0.673 +0.032
0.272+0.011
0.398 + 0.05
0.219 + 0.024
0.336 £0.079
0.377 +£0.039
0.069 +0.01
0.186 +0.027
0.061 +0.008
0.156 +£0.021
0.475+0.051
0.277 +£0.027
0.037 = 0.004
0.166 £ 0.071
0.713+0.117
0.113+0.01
0.484 + 0.065
0.476 +0.084
0.023 = 0.004
0.016 +0.001
1.004 + 0.047
0.004 +0.002
0.028 + 0.008
0.138 £ 0.027
0.018 = 0.004
0.146 £ 0.015
1.686 + 0.216
0.2 +0.005
0.19+0.02
0.039+0.01
0.148 + 0.009
0.025 £ 0.002
0.018 £ 0.002

0.005 + 0.002
0.355 + 0.081
0.276 + 0.049
0.673 + 0.069
0.273 +0.028
0.395 +0.073
0.219 +0.038
0.335+0.11
0.343 +£ 0.008
0.062 + 0.005
0.188 + 0.026
0.061 + 0.008
0.149 + 0.028
0.473 +£0.037
0.259 + 0.026
0.034 + 0.004
0.144 £ 0.079
0.705 £ 0.095
0.109 +£0.01
0.471 +0.055
0.46 + 0.057
0.02 +0.003
0.014 £ 0.002
0.942 +£0.032
0.005 £+ 0.002
0.027 +£0.01
0.125 £ 0.029
0.017 £ 0.002
0.156 £ 0.018
1.729 + 0.183
0.186 £ 0.013
0.18 +0.02
0.036 £ 0.015
0.137+£0.014
0.025 £ 0.001
0.017 £ 0.001
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Constituent name

1week_Control

lweek LAB+EtOH 1week Acids+Yeast 1week Acids+EtOH

Lactic acid
Alanine

Valine
Glycerol
Phosphate
Leucine
Isoleucine
Proline
Glycine
Succinic acid (or aldehyde)
Serine
Threonine
Malic acid
meso-Erythritol
Aspartic acid
Methionine
Pyroglutamic acid
Glutamic acid
Phenylalanine
Xylose
Arabinose
Ribose

Xylitol
Arabitol
Glutamine
Citric acid + Isocitric acid
Ornithine
Fructose
Galactose
Glucose
Mannitol
Lysine
Histidine
Tyrosine
Inositol
Tryptophan

0.005 + 0.002
0.749 + 0.206
0.652 +0.127
0.758 + 0.092
0.34 +£0.036

0.905 + 0.152
0.525+0.112
0.83+0.241

0.72 £ 0.096

0.084 +0.016
0.418 £0.077
0.129 +£0.019
0.199 +£0.031
0.491 + 0.065
0.598 +0.074
0.076 £ 0.011
0.395 +0.092
1.226 £ 0.201
0.241 +£0.024
0.611+0.143
0.648 +0.147
0.036 + 0.006
0.02 +0.003

1.167 £ 0.08

0.005 £ 0.002
0.039 £ 0.009
0.307 +£0.067
0.024 + 0.006
0.235+0.011
1.677 £ 0.302
0.222 £ 0.027
0.367 +£0.037
0.088 +0.027
0.164 + 0.025
0.042 +0.003
0.046 + 0.005

0.004 +0.002
0.794 + 0.147
0.66 = 0.007
0.754 +0.022
0.347 £ 0.055
0.945 +0.016
0.539+0.012
0.903 +0.102
0.698 +0.01
0.083 +0.003
0.427 +0.014
0.129 + 0.004
0.2+0.011
0.5+0.018
0.589 +£0.011
0.078 +£0.002
0.261 +0.183
1.304 + 0.069
0.25+0.011
0.588 + 0.008
0.629 +£0.011
0.035 +0.001
0.021 + 0.001
1.16 +0.037
0.004 + 0.002
0.035 = 0.004
0.321+£0.03
0.023 + 0.001
0.223+£0.012
1.721 £ 0.077
0.226 £ 0.01
0.365 +0.013
0.094 +£0.014
0.302+0.2
0.04 +0.003
0.04 +0.008

0.007 +0.002
0.489 + 0.059
0.438 +0.048
0.586 +0.071
0.242 +0.041
0.652 +0.081
0.364 + 0.037
0.544 +0.074
0.616 +0.082
0.06 +0.009

0.346 + 0.041
0.105+0.013
0.135+0.023
0.373 £ 0.065
0.53 £ 0.067

0.061 + 0.009
0.13+£0.012

1.272 £ 0.159
0.196 +0.027
0.409 +0.06

0.419 = 0.065
0.028 + 0.005
0.017 +£0.003
1.047 £ 0.193
0.007 +0.002
0.024 + 0.004
0.214 +£0.027
0.014 +0.002
0.183+0.031
2.509 +£0.072
0.203 +£0.039
0.286 + 0.049
0.06 +£0.011

0.169 + 0.008
0.034 = 0.005
0.029 + 0.004

0.004 +0.001
0.566 + 0.036
0.556 + 0.062
0.714 + 0.083
0.314 + 0.009
0.809 +0.101
0.447 + 0.046
0.715+0.112
0.633 +0.049
0.073 + 0.006
0.366 + 0.02

0.111 £ 0.002
0.172 £0.018
0.442 + 0.022
0.512 £ 0.018
0.066 + 0.004
0.39 +0.077

1.08 +0.089

0.222 + 0.009
0.548 + 0.07

0.569 + 0.078
0.031 +0.003
0.017 £ 0.003
1.046 + 0.109
0.004 + 0.001
0.032 +£ 0.004
0.278 £ 0.027
0.02 +0.001

0.207 £ 0.029
1.721 +0.229
0.206 £ 0.019
0.319 £ 0.023
0.057 £ 0.023
0.307 £ 0.074
0.037 £ 0.004
0.038 £0.01
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Constituent name

3week_Control

3week LAB+EtOH 3week Acids+Yeast 3week Acids+EtOH

Lactic acid
Alanine

Valine
Glycerol
Phosphate
Leucine
Isoleucine
Proline
Glycine
Succinic acid (or aldehyde)
Serine
Threonine
Malic acid
meso-Erythritol
Aspartic acid
Methionine
Pyroglutamic acid
Glutamic acid
Phenylalanine
Xylose
Arabinose
Ribose

Xylitol
Arabitol
Glutamine
Citric acid + Isocitric acid
Ornithine
Fructose
Galactose
Glucose
Mannitol
Lysine
Histidine
Tyrosine
Inositol
Tryptophan

0.004 +0.001
0.921 + 0.065
0.844 +0.038
0.757 +0.018
0.415 + 0.024
1.213+0.034
0.691 + 0.005
1.099 +0.08

0.89 +0.049

0.082 +0.003
0.552 +0.022
0.16 + 0.008

0.204 +£0.013
0.48 £ 0.009

0.766 = 0.044
0.102 + 0.002
0.27 +0.124

1.532 + 0.096
0.324 +£0.016
0.634 +0.03

0.677 £ 0.025
0.033 +£0.001
0.02 +0.001

1.107 £ 0.013
0.004 + 0.001
0.039 = 0.004
0.339+0.01

0.026 + 0.002
0.252 £ 0.019
1.445 + 0.032
0.221 +£0.008
0.432+£0.018
0.135+0.02

0.474 +£0.074
0.047 +£0.003
0.057 +£0.008

0.004 +0.002
0.829 +0.144
0.798 + 0.085
0.709 +0.05

0.405 +0.03

1.162 £ 0.119
0.667 +0.06

1.003 +£0.155
0.84 +£0.077

0.078 £ 0.01

0.519 + 0.055
0.151+0.013
0.19+0.021

0.452 +0.038
0.744 +£0.077
0.093 +£0.011
0.396 +£0.163
1.364 + 0.213
0.313+0.036
0.575+0.075
0.609 + 0.091
0.031 +0.005
0.019 £ 0.002
1.049 + 0.043
0.004 + 0.002
0.037 +£0.007
0.314 + 0.065
0.025 + 0.004
0.234 +£0.021
1.541 £ 0.169
0.213+0.02

0.426 + 0.055
0.116 £ 0.032
0.545 £ 0.058
0.047 +£0.003
0.06 + 0.004

0.005 + 0.001
0.799 +0.151
0.758 + 0.087
0.706 + 0.027
0.353 + 0.045
1.125+0.105
0.635 + 0.067
0.972 +0.192
0.844 +0.018
0.075 + 0.006
0.506 + 0.04
0.155+0.01
0.176 £ 0.021
0.446 +£0.021
0.729 = 0.055
0.097 = 0.004
0.255+0.15
1.45+0.14
0.301 +0.009
0.55 +0.053
0.567 + 0.056
0.029 +0.003
0.019 +0.001
1.087 £ 0.012
0.005 +0.001
0.031 +0.004
0.299 + 0.026
0.021 +0.001
0.235+0.008
1.746 £ 0.226
0.219 +£0.001
0.407 +£0.01
0.113 +0.026
0.535+0.079
0.045 £ 0.002
0.057 +£0.007

0.004 +0.002
0.59 +0.227

0.56 +0.163

0.549 +0.143
0.283 + 0.089
0.834+0.24

0.474+0.134
0.771+0.278
0.604 +0.188
0.054 +0.018
0.378 £0.121
0.112 £ 0.037
0.128 £ 0.033
0.322 £ 0.098
0.513 £ 0.152
0.069 + 0.022
0.19 + 0.065

1.067 + 0.388
0.22 + 0.067

0.419+0.131
0.431+0.121
0.021 + 0.007
0.014 + 0.006
0.762 £ 0.244
0.004 + 0.002
0.022 + 0.006
0.206 + 0.062
0.016 + 0.006
0.175+0.045
1.715+ 0.152
0.158 + 0.054
0.306 £ 0.097
0.074 £ 0.034
0.366 + 0.125
0.035+0.01

0.036 £ 0.007
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Constituent name

4week_Control

4week LAB+EtOH 4week Acids+Yeast 4week Acids+EtOH

Lactic acid
Alanine

Valine
Glycerol
Phosphate
Leucine
Isoleucine
Proline
Glycine
Succinic acid (or aldehyde)
Serine
Threonine
Malic acid
meso-Erythritol
Aspartic acid
Methionine
Pyroglutamic acid
Glutamic acid
Phenylalanine
Xylose
Arabinose
Ribose

Xylitol
Arabitol
Glutamine
Citric acid + Isocitric acid
Ornithine
Fructose
Galactose
Glucose
Mannitol
Lysine
Histidine
Tyrosine
Inositol
Tryptophan

0.006 + 0.001
0.903 +0.051
0.919 +0.04
0.743 +0.012
0.428 + 0.031
1.337 £ 0.079
0.764 + 0.034
1.083 + 0.086
0.971 +0.025
0.074 +0.003
0.58 +£0.018
0.182 + 0.009
0.182 +£0.018
0.44 +£0.013
0.871 +0.045
0.112 + 0.005
0.364 +£0.171
1.557 £ 0.085
0.347 +£0.002
0.531 + 0.006
0.57 +£0.023
0.024 + 0.001
0.02 + 0.002
1.078 £ 0.053
0.005 £ 0.002
0.021 + 0.005
0.3+0.037
0.005 £ 0.002
0.268 + 0.021
1.737 £ 0.084
0.214 +£0.008
0.461 +0.022
0.125 + 0.004
0.262 £ 0.014
0.055 £ 0.005
0.074 +£0.011

0.007 +0.001
1.008 + 0.266
0.954 +0.131
0.762 +0.015
0.446 +0.018
1.418 +0.186
0.819 + 0.107
1.203 £ 0.291
0.987 +0.051
0.079 +0.008
0.641 +0.079
0.193 +£0.023
0.188 +0.016
0.467 +0.038
0.933 + 0.056
0.119+0.014
0.352+0.173
1.578 £ 0.112
0.361+0.011
0.578 £0.077
0.611 +0.084
0.025 +0.003
0.02 +0.001

1.133+0.045
0.004 + 0.002
0.017 £ 0.005
0.339+0.078
0.004 + 0.002
0.274 +0.009
1.612 + 0.317
0.228 + 0.006
0.488 £ 0.027
0.143+0.048
0.273+0.017
0.058 +0.003
0.082 + 0.007

0.005 + 0.002
0.747 +0.12

0.744 +0.141
0.59 +£0.112

0.33+£0.061

1.077+£0.231
0.615+0.122
0.925 + 0.264
0.77£0.111

0.062 + 0.007
0.491+0.113
0.14 +£0.032

0.145+0.012
0.362 = 0.054
0.697 +£0.132
0.09 +£0.016

0.312 £ 0.051
1.228 £ 0.245
0.282 + 0.059
0.457 +£0.039
0.474 +£0.057
0.02 + 0.002

0.015 +0.003
0.871+0.139
0.005 +0.002
0.028 +0.003
0.242 +0.039
0.019 +0.003
0.203 +£0.031
1.622 + 0.156
0.178 £0.031
0.374 £ 0.061
0.098 + 0.022
0.215 £ 0.045
0.041 +0.008
0.058 £ 0.014

0.004 +0.002
0.901 +0.104
0.923 + 0.044
0.789 + 0.05
0.488 + 0.025
1.341 +£0.051
0.768 + 0.048
1.066 = 0.125
0.985 +0.03
0.08 +0.001
0.57 +£0.051
0.17 +0.005
0.198 £ 0.013
0.467 + 0.024
0.858 + 0.023
0.114 £ 0.007
0.47+0.2
1.51+0.145
0.354 + 0.003
0.62 + 0.046
0.67 +0.055
0.027 £ 0.002
0.018 + 0.002
1.06 +0.028
0.004 + 0.002
0.041 £ 0.004
0.312 £ 0.016
0.026 + 0.002
0.271+0.023
1.539 + 0.158
0.214 + 0.008
0.48 +0.018
0.13 +0.027
0.294 £ 0.011
0.054 + 0.004
0.076 £ 0.005
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Constituent name

5week_Control

5week LAB+EtOH 5week Acids+Yeast 5week Acids+EtOH

Lactic acid
Alanine

Valine
Glycerol
Phosphate
Leucine
Isoleucine
Proline
Glycine
Succinic acid (or aldehyde)
Serine
Threonine
Malic acid
meso-Erythritol
Aspartic acid
Methionine
Pyroglutamic acid
Glutamic acid
Phenylalanine
Xylose
Arabinose
Ribose

Xylitol
Arabitol
Glutamine
Citric acid + Isocitric acid
Ornithine
Fructose
Galactose
Glucose
Mannitol
Lysine
Histidine
Tyrosine
Inositol
Tryptophan

0.056 + 0.008
0.846 +0.215
0.794 +0.173
0.656 + 0.096
0.825+0.15
1.18+0.28
0.673+0.16
0.915+0.276
0.859 + 0.127
0.062 +0.012
0.409 +£0.113
0.15+0.035
0.148 +0.033
0.374 +£0.057
0.725+0.138
0.1+0.021
0.397 +£0.082
1.309 + 0.226
0.3+0.048
0432+0.1
0.243 £ 0.059
0.011 +£0.003
0.021 +0.004
0.916 +£0.083
0.009 + 0.003
0.004 +0.002
0.851+0.19
0.005 +0.001
0.255+0.042
1.742 £ 0.27
0.143+0.019
0.414 + 0.086
0.09 +0.033
0.171+0.044
0.129 +£0.019
0.06 +0.012

0.065 + 0.003
1.128 £ 0.119
0.99 +0.068

0.754 + 0.036
0.928 + 0.045
1.445 +0.095
0.788 + 0.061
1.161+0.128
1.012 +0.042
0.075 = 0.007
0.492 £ 0.057
0.179 +£0.015
0.181+£0.012
0.446 £ 0.022
0.858 + 0.054
0.118 + 0.009
0.327 £ 0.042
1.599 + 0.084
0.361 +0.027
0.556 + 0.058
0.308 £ 0.051
0.014 +0.001
0.025 + 0.002
1.047 £ 0.079
0.014 +0.002
0.004 + 0.002
1.061 + 0.024
0.004 + 0.001
0.283+0.01

1.505 + 0.097
0.163+0.011
0.508 +0.028
0.136 £ 0.016
0.219+0.031
0.147 +£0.011
0.067 = 0.004

0.005 + 0.002
1.072+0.141
1.036 + 0.069
0.697 + 0.005
0.43 +£0.035
1.484 + 0.054
0.861 + 0.065
1.261 +0.128
1.066 + 0.014
0.075 + 0.007
0.672 +£0.032
0.196 + 0.002
0.171 +0.007
0.432 +£0.029
0.967 = 0.035
0.129 + 0.002
0.286 +0.139
1.625+0.119
0.372 +£0.016
0.517 +£0.042
0.554 +0.052
0.019 +0.001
0.018 +0.001
1.012 £ 0.012
0.005 +0.002
0.035 = 0.004
0.289 +£0.027
0.025 = 0.004
0.259 + 0.006
1.627 £ 0.264
0.209 + 0.009
0.503 +£0.021
0.158 + 0.026
0.26 + 0.02
0.058 + 0.004
0.096 + 0.009

0.004 +0.001
1.085+0.03

1.074 £ 0.059
0.761 + 0.045
0.466 + 0.032
1.549 +£0.076
0.898 + 0.059
1.256 +0.099
1.093 +0.026
0.078 + 0.005
0.689 + 0.022
0.199 + 0.007
0.191 +0.015
0.459 + 0.006
0.956 + 0.035
0.129 + 0.004
0.399+0.121
1.645+0.177
0.382 £ 0.016
0.572 £0.032
0.643 £ 0.045
0.021 + 0.002
0.018 + 0.003
1.038 + 0.013
0.004 + 0.001
0.041 £ 0.002
0.308 + 0.009
0.029 + 0.003
0.287 £ 0.021
1.452 + 0.073
0.207 £ 0.013
0.519 £ 0.017
0.151+0.034
0.255 £ 0.004
0.06 + 0.001

0.086 + 0.004
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Constituent name

6week_Control

6week LAB+EtOH 6week Acids+Yeast 6week Acids+EtOH

Lactic acid
Alanine

Valine
Glycerol
Phosphate
Leucine
Isoleucine
Proline
Glycine
Succinic acid (or aldehyde)
Serine
Threonine
Malic acid
meso-Erythritol
Aspartic acid
Methionine
Pyroglutamic acid
Glutamic acid
Phenylalanine
Xylose
Arabinose
Ribose

Xylitol
Arabitol
Glutamine
Citric acid + Isocitric acid
Ornithine
Fructose
Galactose
Glucose
Mannitol
Lysine
Histidine
Tyrosine
Inositol
Tryptophan

0.069 + 0.007
1.23+£0.158

1.011 +0.085
0.775 +0.027
1.003 £ 0.04

1.534 +0.058
0.85+0.043

1.207 £ 0.148
1.047 +0.026
0.075 + 0.006
0.538 £ 0.035
0.198 + 0.004
0.178 £0.014
0.444 +0.037
0.827 +£0.037
0.124 +0.012
0.534 +£0.17

1.57 +0.091

0.367 +£0.01

0.532 +£0.049
0.29 +0.034

0.014 +0.001
0.026 + 0.002
1.093+0.01

0.011 +£0.003
0.005 £ 0.002
1.067 + 0.095
0.005 +0.001
0.304 +£0.017
1.661 + 0.288
0.174 £ 0.005
0.492 +£0.02

0.112 £ 0.025
0.194 + 0.007
0.163 +£0.008
0.076 + 0.009

0.067 +0.001
1.456 +0.128
1.113 +0.046
0.785+0.016
0.999 + 0.022
1.596 + 0.066
0.922 +0.023
1.402 £ 0.074
1.071 +£0.036
0.079 +0.002
0.568 + 0.027
0.205 + 0.009
0.192 + 0.009
0.477 +0.017
0.83 +0.024

0.13 +£0.005

0.271 +0.059
1.725 + 0.046
0.382 +£0.016
0.537 +£0.081
0.296 + 0.039
0.014 +0.002
0.027 +0.003
1.11 +0.014

0.017 +£0.001
0.005 +0.001
1.183 £ 0.045
0.004 + 0.001
0.278 £0.027
1.514 £ 0.115
0.172 £ 0.004
0.525+0.01

0.153 +0.009
0.203 +£0.008
0.168 £ 0.012
0.065 = 0.004

0.004 +0.001
1.167 £ 0.023
1.144 +0.042
0.767 +0.017
0.504 + 0.062
1.644 + 0.063
0.959 + 0.022
1.326 + 0.065
1.157 £0.02

0.082 +0.003
0.702 £ 0.057
0.209 +£0.014
0.192 +£0.013
0.461 +0.02

0.985 + 0.052
0.142 +0.003
0.534 +£0.133
1.627 £ 0.079
0.397 +£0.007
0.579 + 0.006
0.641 + 0.006
0.021 + 0.001
0.02 £ 0.001

1.07 +0.028

0.004 +0.001
0.042 +0.002
0.324 +£0.013
0.03 £ 0.002

0.278 £0.012
1.433 £ 0.022
0.22 £ 0.009

0.537 £ 0.026
0.157+£0.01

0.22 £ 0.059

0.062 = 0.004
0.09 + 0.005

0.004 +0.002
1.143+0.211
1.118 £ 0.133
0.79 £ 0.056

0.516 + 0.066
1.621 +£0.184
0.936 +0.133
1.356 + 0.305
1.147 + 0.066
0.078 + 0.005
0.691 + 0.096
0.203 £ 0.028
0.188 + 0.03

0.458 + 0.009
1.013 + 0.096
0.137 £ 0.015
0.259 £ 0.107
1.769 + 0.163
0.401+0.011
0.575+0.077
0.643 £ 0.084
0.02 +0.002

0.019 £ 0.002
1.083 + 0.035
0.004 + 0.002
0.041 + 0.008
0.312 £ 0.049
0.029 + 0.004
0.303 £ 0.032
1.602 + 0.163
0.219 £ 0.004
0.541 £ 0.042
0.179+£0.038
0.209 £+ 0.025
0.064 + 0.005
0.09 +0.003
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Constituent name

Tweek_Control

Tweek LAB+EtOH 7week Acids+Yeast 7week Acids+EtOH

Lactic acid
Alanine

Valine
Glycerol
Phosphate
Leucine
Isoleucine
Proline
Glycine
Succinic acid (or aldehyde)
Serine
Threonine
Malic acid
meso-Erythritol
Aspartic acid
Methionine
Pyroglutamic acid
Glutamic acid
Phenylalanine
Xylose
Arabinose
Ribose

Xylitol
Arabitol
Glutamine
Citric acid + Isocitric acid
Ornithine
Fructose
Galactose
Glucose
Mannitol
Lysine
Histidine
Tyrosine
Inositol
Tryptophan

0.077 +0.009
1.691+0.22

1.104 £ 0.103
2.524 +0.228
0.982 +0.049
1.65+0.079

0.933 +0.06

1.287 +0.227
1.041 +0.028
0.171+0.016
0.543 +£0.033
0.202 £0.018
0.171+0.014
0.479 +£0.039
0.637 +£0.027
0.131+0.008
0.479 +£0.155
1.592 + 0.089
0.415+0.01

0.335+0.044
0.201 +£0.028
0.011 +0.001
0.042 +0.002
1.255 + 0.034
0.009 + 0.001
0.004 +0.002
1.016 £ 0.117
0.004 + 0.001
0.294 + 0.006
1.05+0.107

0.181+£0.011
0.512 £ 0.032
0.124 +0.025
0.211 +£0.003
0.166 + 0.002
0.005 £ 0.002

0.075 +0.005
1.851+0.2
1.098 + 0.085
0.751 +0.034
1.052 £ 0.044
1.696 +0.111
0.93 +0.066
1.369 +£ 0.149
1.046 + 0.051
0.075 + 0.004
0.546 + 0.047
0.198 £ 0.019
0.174 +0.009
0.445+0.011
0.579 +£0.045
0.13+0.012
0.485 £ 0.025
1.554 + 0.093
0.397 £ 0.015
0.399 +£0.023
0.212 £0.017
0.011 +0.002
0.034 +£0.003
1.018 + 0.056
0.013 +£0.002
0.004 + 0.002
1.021 £ 0.05
0.007 +0.001
0.299 + 0.006
1.493 + 0.056
0.182 +£0.02
0.523 +£0.039
0.133+0.012
0.226 + 0.006
0.161 +0.016
0.069 + 0.001

0.066 + 0.008
1.171+0.081
1.105 +0.023
2.484 +0.107
0.999 +0.07
1.662 + 0.053
0.949 + 0.005
1.436 £ 0.071
1.081 +0.026
0.152 + 0.009
0.717 +0.009
0.209 + 0.006
0.171 +0.006
0.456 +0.007
1.014 £ 0.022
0.13+£0.003
0.34 £0.158
1.66 +0.082
0.413+0.024
0.382 +£0.017
0.5+0.03
0.012 +0.002
0.029 + 0.002
1.185+0.012
0.006 + 0.001
0.04 +0.002
0.293 +£0.023
0.014 +0.002
0.287 +£0.008
1.634 £0.179
0.21 +0.005
0.514 +£0.02
0.13+0.012
0.203 £ 0.002
0.167 +0.007
0.005 + 0.002

0.057 +0.009
1.108 + 0.081
1.04 £ 0.084

0.76 £ 0.095

1.034 £ 0.101
1528 £0.114
0.838 + 0.055
1.216 +0.022
1.081+£0.121
0.071 + 0.006
0.646 + 0.025
0.185+0.01

0.173+0.016
0.437 £ 0.042
0.969 + 0.042
0.124 + 0.011
0.413 £ 0.207
1.569 + 0.17

0.394 + 0.031
0.444 £ 0.076
0.552 + 0.058
0.014 £ 0.003
0.019 £ 0.003
0.991+0.128
0.008 + 0.002
0.041 £ 0.007
0.265 + 0.04

0.036 + 0.004
0.302 £ 0.034
1.377 + 0.067
0.199 £ 0.023
0.482 + 0.056
0.123+0.012
0.222 £ 0.019
0.162 £ 0.024
0.053 £ 0.004
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Constituent name

15week_Control

15week LAB+EtOH 15week Acids+Yeast 15week Acids+EtOH

Lactic acid
Alanine

Valine
Glycerol
Phosphate
Leucine
Isoleucine
Proline
Glycine
Succinic acid (or aldehyde)
Serine
Threonine
Malic acid
meso-Erythritol
Aspartic acid
Methionine
Pyroglutamic acid
Glutamic acid
Phenylalanine
Xylose
Arabinose
Ribose

Xylitol
Arabitol
Glutamine
Citric acid + Isocitric acid
Ornithine
Fructose
Galactose
Glucose
Mannitol
Lysine
Histidine
Tyrosine
Inositol
Tryptophan

0.082 + 0.005
1.446 + 0.061
1.012+0.05

2.653 + 0.065
1.008 +0.03

1.593 +0.082
0.872 +0.048
1.153 £ 0.126
0.988 + 0.034
0.151 + 0.005
0.533+0.039
0.197 +£0.012
0.155+0.01

0.452 +£0.015
0.67 £ 0.057

0.119 + 0.006
0.47 £0.072

1.511 £ 0.095
0.402 £ 0.002
0.27 £ 0.007

0.163 + 0.005
0.009 + 0.001
0.041 +0.001
1.266 + 0.067
0.006 + 0.001
0.004 +0.002
0.894 +0.038
0.005 £ 0.002
0.293+0.011
1.135+0.122
0.177 +£0.009
0.473 +£0.026
0.093 +£0.019
0.171 +£0.004
0.163 £ 0.002
0.006 + 0.001

0.079 + 0.006
1.703 +0.138
1.109 £ 0.076
0.798 + 0.015
1.06 £ 0.036

1.699 + 0.127
0.917 +0.074
1.278 £0.135
1.072 £ 0.034
0.071 +0.005
0.561 +0.067
0.195+0.014
0.173+0.017
0.446 + 0.026
0.622 +0.06

0.126 + 0.008
0.749 + 0.066
1.453 + 0.095
0.409 +£0.021
0.329 £ 0.031
0.188 £ 0.019
0.01 +£0.001

0.034 +£0.002
1.023 £ 0.027
0.007 +0.001
0.004 + 0.002
0.945 +0.062
0.008 + 0.001
0.288 +0.02

1.577 £ 0.182
0.183 + 0.009
0.523 +£0.021
0.113+0.017
0.209 £ 0.007
0.17 £0.012

0.059 £ 0.003

0.064 + 0.005
1.284 +0.101
1.16 £0.02
2.434 +0.194
1.038 £ 0.08
1.743 £ 0.065
0.982 +0.021
1.465 + 0.097
1.126 £ 0.014
0.155 + 0.003
0.774 £ 0.015
0.217 +£0.013
0.175+0.011
0.474 +£0.01
1.072 £ 0.019
0.13 +0.004
0.381+0.128
1.674+£0.02
0.423 +0.029
0.364 +0.016
0.495+0.013
0.013 +£0.002
0.028 + 0.002
1.215 £ 0.075
0.005 +0.001
0.041 +0.001
0.292 + 0.006
0.015 +0.003
0.291 +0.008
1.55+0.182
0.214 + 0.006
0.505 + 0.026
0.138 £0.018
0.199 +£0.012
0.167 = 0.005
0.004 +0.001

0.061 + 0.006
1.013 £ 0.255
0.961 + 0.158
0.764 + 0.035
1.014 +£0.114
1.499 £ 0.22
0.818 +0.136
1.182 £ 0.254
1.021 £ 0.094
0.064 +0.009
0.633+0.127
0.178+0.03
0.16 +0.02
0.412 +0.054
0.935+0.155
0.113 +0.022
0.387 +£0.115
1.515+0.181
0.375+0.049
0.349 +0.059
0.453 +0.069
0.012 +0.002
0.018 = 0.003
0.964 + 0.069
0.005 = 0.003
0.04 +0.008
0.226 + 0.026
0.034 +0.007
0.281 +0.035
1.575+0.165
0.195 +0.022
0.463 +£0.05
0.115+0.024
0.198 £ 0.017
0.161 +0.015
0.04 £ 0.009
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Constituent name

17week_Control

17week LAB+EtOH 17week Acids+Yeast 17week Acids+EtOH

Lactic acid
Alanine

Valine
Glycerol
Phosphate
Leucine
Isoleucine
Proline
Glycine
Succinic acid (or aldehyde)
Serine
Threonine
Malic acid
meso-Erythritol
Aspartic acid
Methionine
Pyroglutamic acid
Glutamic acid
Phenylalanine
Xylose
Arabinose
Ribose

Xylitol
Arabitol
Glutamine
Citric acid + Isocitric acid
Ornithine
Fructose
Galactose
Glucose
Mannitol
Lysine
Histidine
Tyrosine
Inositol
Tryptophan

0.081 +0.001
1.499 +0.128
1.048 £ 0.032
2.72 £0.094

1.019 +£0.048
1.66 £ 0.091

0.91 +£0.042

1.233 £ 0.097
1.028 + 0.005
0.158 + 0.008
0.564 + 0.016
0.21 +£0.005

0.157 +£0.002
0.456 + 0.009
0.672 =+ 0.064
0.128 + 0.005
0.535+0.02

1.569 + 0.037
0.403 = 0.004
0.253 +£0.022
0.163+0.013
0.008 + 0.002
0.04 +0.002

1.195 + 0.057
0.006 + 0.001
0.004 + 0.001
0.963 +0.031
0.005 +0.001
0.278 £0.012
1.086 + 0.112
0.174 + 0.006
0.48 + 0.004

0.106 + 0.008
0.174 + 0.006
0.165 + 0.003
0.005 £ 0.002

0.069 + 0.003
1.855 +0.022
1.105+0.076
0.746 + 0.015
0.997 +0.016
1.675+0.099
0.908 + 0.04

1.325 + 0.087
1.029 + 0.006
0.072 +0.002
0.556 + 0.057
0.196 £ 0.011
0.171 +0.005
0.431+0.027
0.584 +0.043
0.127 + 0.005
0.512 +0.067
1.512 + 0.042
0.399 + 0.005
0.335+0.017
0.197 +£0.016
0.01 +£0.001

0.032 +£0.001
1.018 + 0.023
0.008 + 0.001
0.004 + 0.002
0.946 + 0.005
0.009 + 0.001
0.276 £0.014
1.358 + 0.077
0.185 %+ 0.003
0.497 +£0.008
0.125 +0.004
0.203+0.01

0.163 =+ 0.004
0.043 £ 0.005

0.064 +0.003
1.167 £ 0.047
1.073+0.011
2.509 +0.201
1.022 + 0.026
1.606 + 0.04

0.901 +0.032
1.326 £ 0.035
1.082 +0.043
0.149 + 0.005
0.706 +£ 0.031
0.205 = 0.004
0.167 £ 0.015
0.459 +0.025
1.047 £ 0.024
0.13 +0.005

0.382 +0.094
1.624 + 0.056
0.412 +0.008
0.337 +£0.035
0.452 +0.04

0.012 +0.002
0.028 + 0.001
1.156 + 0.031
0.005 +0.001
0.04 + 0.006

0.277+0.014
0.015 +0.003
0.282 +£0.013
1.592 £ 0.134
0.209 +£0.01

0.507 +£0.022
0.127 + 0.006
0.183 = 0.005
0.166 + 0.002
0.005 + 0.002

0.06 +0.009

1.152 £ 0.296
1.035+0.103
0.759 + 0.028
0.991 + 0.036
1.603 £ 0.117
0.887 +0.093
1.41+£0.273

1.052 £ 0.079
0.064 +0.011
0.687 +£0.041
0.193 +£0.017
0.156 +0.007
0.412 +0.025
0.972 +0.018
0.12 + 0.006

0.331+0.195
1.516 +0.169
0.384 = 0.008
0.329 = 0.065
0.438 +0.063
0.012 +0.002
0.019 +0.003
0.946 + 0.041
0.005 +0.002
0.037 +0.003
0.239+0.034
0.033 = 0.008
0.263 = 0.038
1.562 + 0.193
0.196 +0.013
0.472+0.03

0.116 £ 0.019
0.195+0.011
0.159 = 0.004
0.037 +0.007
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Constituent name

18week_Control

18week LAB+EtOH 18week Acids+Yeast 18week Acids+EtOH

Lactic acid 0.075 £ 0.008 0.079 £ 0.001 0.066 + 0.005 0.062 £ 0.008
Alanine 1.76 £ 0.281 1.45+0.165 1.417+0.11 1.092 + 0.088
Valine 1.105+0.129 0.944 £ 0.092 1.224 + 0.097 1.03 £0.03
Glycerol 2.461 £ 0.101 0.732 £ 0.019 2.448 £ 0.195 0.785 £ 0.022
Phosphate 0.999 £ 0.032 0.971 £ 0.047 1.042 + 0.008 0.997 £ 0.011
Leucine 1.646 + 0.107 1.46 +0.136 1.826 + 0.108 1.597 + 0.011
Isoleucine 0.927 £ 0.065 0.787 £ 0.058 1.007 £ 0.072 0.87 £0.032
Proline 1.307 £ 0.233 1.039+0.146 1582 +0.12 1.296 + 0.048
Glycine 1.023 + 0.062 0.976 £ 0.051 1.187 + 0.054 1.06 + 0.009
Succinic acid (or aldehyde) 0.164 +0.016 0.063 £ 0.007 0.16 + 0.005 0.067 £ 0.003
Serine 0.564 + 0.04 0.486 + 0.035 0.786 £ 0.048 0.658 + 0.026
Threonine 0.201 £ 0.014 0.175+0.012 0.224 £ 0.008 0.184 £ 0.006
Malic acid 0.162 £ 0.026 0.148 £ 0.019 0.183 £ 0.002 0.166 £ 0.012
meso-Erythritol 0.455 £ 0.025 0.407 £ 0.037 0.487 £ 0.022 0.424 £ 0.007
Aspartic acid 0.673 £ 0.068 0.564 + 0.085 1.107 + 0.026 0.984 £ 0.005
Methionine 0.128 £ 0.014 0.112 £ 0.012 0.135 £ 0.009 0.12 £ 0.005
Pyroglutamic acid 0.405 + 0.107 0.58 + 0.007 0.288 + 0.086 0.445 £ 0.167
Glutamic acid 1.62+0.119 1.389 + 0.085 1.826 +0.115 1.479 + 0.057
Phenylalanine 0.409 £ 0.019 0.368 £ 0.016 0.43+0.008 0.375+£0.01
Xylose 0.286 + 0.032 0.261 £ 0.032 0.358 £ 0.027 0.347 £ 0.018
Arabinose 0.183 £ 0.031 0.151+£0.02 0.503 £ 0.028 0.472 £ 0.054
Ribose 0.008 £ 0.001 0.008 £ 0.001 0.013 £ 0.001 0.013 £ 0.001
Xylitol 0.041 £ 0.003 0.031 £ 0.001 0.03+0.001 0.018 £ 0.002
Arabitol 1.214 +0.074 0.981 £ 0.029 1.256 + 0.073 0.979 £ 0.027
Glutamine 0.006 + 0.002 0.005 £ 0.002 0.005 £ 0.001 0.004 £ 0.001
Citric acid + Isocitric acid 0.004 £ 0.002 0.005 £ 0.002 0.043 + 0.002 0.04 £ 0.004
Ornithine 1.008 +0.119 0.81+0.093 0.303 £ 0.029 0.243 £ 0.017
Fructose 0.005 £ 0.001 0.008 £ 0.002 0.017 £ 0.003 0.036 £+ 0.003
Galactose 0.281 +£0.013 0.264 £ 0.012 0.302 £ 0.018 0.278 £ 0.003
Glucose 1.044 + 0.056 1.719+0.117 1.479+0.127 1.501 +0.13
Mannitol 0.175 £ 0.007 0.174 £ 0.005 0.219 £ 0.006 0.198 £ 0.015
Lysine 0.508 £ 0.055 0.465 £ 0.017 0.532 £ 0.021 0.474 £ 0.007
Histidine 0.129 £ 0.028 0.103 £ 0.016 0.157 £ 0.017 0.116 £ 0.017
Tyrosine 0.169 £ 0.003 0.186 £ 0.005 0.19+0.008 0.201 £ 0.006
Inositol 0.168 + 0.008 0.158 £ 0.003 0.173 £ 0.002 0.162 £ 0.005
Tryptophan 0.006 £ 0.003 0.046 £ 0.004 0.004 £ 0.001 0.033 £ 0.004

ZALEY OFEXFRE L mean =+ standard deviation TZ L7=. Control : ILEEE - BEREASIN, LAB +EtOH : 3Lig
+ ethanol %11, Acids + Yeast : lactic acid, acetic acid + EEREGRIN, Acids + ethanol : lactic acid, acetic acid +

ethanol %N

-188-



#* All.

WVIZEBIT B8 E

FBIBDY U TINVTT ) T—avrEIn-ERERS ERoF V)D& 7

Constituent name

Oweek_Control

Oweek LAB+EtOH Oweek Acids+Yeast Oweek Acids+EtOH

1-Propanol
2-Methyl-1-propanol
(Isobutyl alcohol)
1-Butanol
3-Methyl-1-butanol
3-Hydroxy-2-butanone
(Acetoin)
1-Hydroxy-2-
propanone (Acetol)
Ethyl lactate
1-Hydroxy-2-butanone
Acetic acid
3-(Methylthio)-1-
propanal (Methional)
2-Furancarboxaldehyde
(Furfural)
2,3-Butanediol
2-Methylpropanoic
acid (Isobutyric acid)
Dihydro-5-methyl-
2(3H)-furanone
(gamma-Valerolactone)
Dihydro-2(3H)-
furanone (gamma-
Butyrolactone)
Butanoic acid (Butyric
acid)
Phenylacetaldehyde
2-Furanmethanol
(Furfuryl alcohol)
3-Methylbutanoic acid
(Isovaleric acid)
2-Methylbutanoic acid

0.002 + 0.001

0.019 + 0.001

0.005 + 0.001

0.077 + 0.006

0.002 + 0.001

0.003 + 0.001

0.003 + 0.001

0.002 + 0.001

0.003 + 0.001

0.025 + 0.002

0.002 + 0.001
0.002 + 0.001

0.012 + 0.001

0.003 + 0.001

0.002 + 0.001

0.004 +0.001
0.004 +0.001

0.002 + 0.001

0.163 +0.011
0.055 + 0.003

0.003 + 0.001

0.02 +0.001

0.004 + 0.001

0.074 + 0.008

0.003 + 0.001

0.002 + 0.001

0.002 + 0.001

0.003 + 0.001

0.004 +0.001

0.026 + 0.003

0.003 + 0.001
0.003 + 0.001

0.013 +0.003

0.002 + 0.001

0.003 + 0.001

0.004 +0.001
0.005 + 0.002

0.003 + 0.001

0.169 + 0.026
0.056 + 0.01

0.002 + 0.001

0.019 + 0.001

0.004 +0.001

0.073+0.01

0.002 + 0.001

0.003 + 0.001

0.003 + 0.001

0.002 + 0.001

0.003 + 0.001

0.026 + 0.004

0.002 + 0.001
0.002 + 0.001

0.012 + 0.002

0.003 + 0.001

0.002 + 0.001

0.004 +0.001
0.005 + 0.003

0.002 + 0.001

0.168 + 0.022
0.055 + 0.007

0.002 +0.001

0.018 +0.001

0.006 + 0.003

0.067 +0.007

0.002 + 0.001

0.002 + 0.001

0.002 + 0.001

0.002 + 0.001

0.004 +0.003

0.027 + 0.004

0.002 + 0.001
0.002 + 0.001

0.012 + 0.002

0.002 + 0.001

0.002 + 0.001

0.004 +0.001
0.005 + 0.002

0.003 + 0.001

0.17 +0.007
0.053 + 0.006
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Constituent name

Oweek_Control

Oweek LAB+EtOH Oweek Acids+Yeast Oweek Acids+EtOH

5-Ethyldihydro-2(3H)-
furanone
(gamma-hexalactone)
3-Methyl-2(5H)-
furanone
3-(Methylthio)-1-
propanol (Methionol)
2(5H)-furanone
2-Butenoic acid
2-Hydroxy-3-methyl-
2-cyclopenten-1-one
(Cyclotene)
2-Methyl-2-butenoic
acid

Hexanoic acid (Caproic

acid)

2-Phenylethyl alcohol
3-Hydroxy-2-methyl-
4H-pyran-4-one
(Maltol)
2-Acetylpyrrole
5-Ethyl-2(3H)-
furanone
(R)-Dihydro-3-
hydroxy-
4,4-dimethyl-2(3H)-
furanone
4-Hydroxy-2,5-
dimethyl3(2H)-
furanone (HDMF)
3,5-Dimethyl-4-
heptanone

5(or 2)-Ethyl-4-
hydroxy-

2(or 5)-methyl-3(2H)-
furanone (HEMF)
4-Hydroxy-5-methy|-
furanone
Caprolactam

0.001 £ 0.001

0.003 + 0.001

0.017 £ 0.001

0.002 + 0.001

0.002 + 0.001

0.002 = 0.001

0.004 = 0.002

0.014 = 0.003

0.014 +0.002

0.013 +0.002

0.002 = 0.001

0.004 +0.002

0.005 = 0.001

0.003 = 0.001

0.003 = 0.001

0.002 = 0.001

0.003 = 0.001
0.01 £ 0.001

0.001 + 0.001

0.002 + 0.001

0.017 £ 0.001

0.003 £ 0.001

0.003 £ 0.001

0.003 = 0.001

0.004 = 0.001

0.016 = 0.002

0.016 = 0.002

0.015 = 0.003

0.003 = 0.001

0.004 = 0.001

0.004 = 0.001

0.002 = 0.001

0.002 = 0.001

0.003 = 0.001

0.003 = 0.001
0.01 + 0.002

0.001 £ 0.001

0.003 £ 0.001

0.018 + 0.001

0.002 £ 0.001

0.002 £ 0.001

0.002 = 0.001

0.005 = 0.001

0.017 +£0.004

0.015 = 0.002

0.013 = 0.001

0.002 = 0.001

0.005 = 0.001

0.005 = 0.001

0.003 = 0.001

0.003 = 0.001

0.003 = 0.001

0.003 = 0.001
0.011 = 0.002

0.001 £ 0.001

0.002 £ 0.001

0.018 £+ 0.003

0.002 £ 0.001

0.002 £ 0.001

0.002 = 0.001

0.005 = 0.001

0.017 +0.002

0.015 = 0.002

0.013 +0.001

0.002 = 0.001

0.006 = 0.002

0.005 = 0.001

0.002 = 0.001

0.002 = 0.001

0.002 = 0.001

0.003 = 0.001
0.012 +0.002
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Constituent name Oweek Control Oweek LAB+EtOH Oweek Acids+Yeast Oweek Acids+EtOH

2-Methoxy-4-

vinylphenol (4-

Vinylguaiacol) 0.35+0.038 0.355 £ 0.102 0.366 £ 0.096 0.355 + 0.056
1,2,3-Benzenetriol

(Pyrogallol) 0.005+0.001 0.007 +0.002 0.005 £ 0.002 0.007 £ 0.004
3,5-Dihydroxy-6-

methyl-

2,3-dihydro-4H-pyran-

4-one 0.002 £0.001  0.003 +0.001 0.002 £ 0.001 0.002 £ 0.001
Ethyl hexadecanoate

(Ethyl Palmitate) 0.002 £0.001  0.003 +0.002 0.002 £ 0.001 0.003 £ 0.002
2-Methoxy-6-methyl-4-

pyran-4-one 0.003+£0.001 0.002 +0.001 0.003 £ 0.001 0.002 + 0.001
4-Oxopentanoic acid

(Levulinic acid) 0.003+£0.001 0.002 +0.001 0.003 £ 0.001 0.002 + 0.001
mono-Ethyl succinate  0.002 £ 0.001  0.003 + 0.001 0.002 £ 0.001 0.002 + 0.001
Benzoic acid 0.003+£0.001 0.002 +0.001 0.003 £ 0.001 0.002 + 0.001
Phenylacetic acid 0.003+0.001 0.002 +0.001 0.003 £ 0.001 0.002 + 0.001
4-Ethyl-2,6-

dimethoxyphenol 0.005+0.001 0.006 +0.001 0.006 £ 0.002 0.006 + 0.001
n-Hexadecanoic acid

(Palmitic acid) 0.503+0.063  0.562 + 0.093 0.382 £ 0.055 0.493 + 0.107
2-(4-

Hydroxyphenyl)ethanol 0.002 £ 0.001  0.003 + 0.001 0.002 £ 0.001 0.002 + 0.001
1,4-Benzenediol 0.002 £0.001  0.003 +0.001 0.002 £ 0.001 0.002 + 0.001
(Z,2)-9,12-

Octadecadienoic acid

(Linoleic acid) 0.156 £ 0.012  0.167 +0.042 0.12 £0.013 0.173+£0.041
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Constituent name

1week_Control

lweek LAB+EtOH 1week Acids+Yeast 1week Acids+EtOH

1-Propanol
2-Methyl-1-propanol
(Isobutyl alcohol)
1-Butanol
3-Methyl-1-butanol
3-Hydroxy-2-butanone
(Acetoin)
1-Hydroxy-2-
propanone (Acetol)
Ethyl lactate
1-Hydroxy-2-butanone
Acetic acid
3-(Methylthio)-1-
propanal (Methional)
2-Furancarboxaldehyde
(Furfural)
2,3-Butanediol
2-Methylpropanoic
acid (Isobutyric acid)
Dihydro-5-methyl-
2(3H)-furanone
(gamma-Valerolactone)
Dihydro-2(3H)-
furanone (gamma-
Butyrolactone)
Butanoic acid (Butyric
acid)
Phenylacetaldehyde
2-Furanmethanol
(Furfuryl alcohol)
3-Methylbutanoic acid
(Isovaleric acid)
2-Methylbutanoic acid
5-Ethyldihydro-2(3H)-
furanone

(gamma-hexalactone)

0.003 + 0.001

0.022 +0.002

0.006 + 0.001

0.105 + 0.004

0.003 + 0.001

0.002 + 0.001

0.002 + 0.001

0.003 +0.001

0.004 +0.002

0.023 +0.002

0.003 + 0.001
0.003 + 0.001

0.023 +0.003

0.002 + 0.001

0.003 + 0.001

0.006 + 0.001
0.006 + 0.002

0.003 +0.002

0.301 +0.029
0.104 + 0.009

0.001 £ 0.001

0.002 + 0.001

0.023 + 0.001

0.005 + 0.001

0.106 + 0.01

0.002 + 0.001

0.003 + 0.001

0.003 + 0.001

0.002 + 0.001

0.003 + 0.001

0.021 +0.002

0.002 + 0.001
0.002 + 0.001

0.02 +0.002

0.003 + 0.001

0.002 + 0.001

0.005 + 0.001
0.006 + 0.001

0.004 +0.001

0.27 £0.025
0.093 +0.007

0.001 £ 0.001

0.003 + 0.001

0.022 + 0.001

0.005 + 0.001

0.093 + 0.009

0.003 + 0.001

0.002 + 0.001

0.002 + 0.001

0.003 + 0.001

0.003 + 0.001

0.019 + 0.002

0.003 + 0.001
0.003 + 0.001

0.021 +0.002

0.002 + 0.001

0.003 + 0.001

0.006 + 0.001
0.006 + 0.001

0.004 +0.001

0.274 +0.011
0.096 + 0.005

0.001 £ 0.001

0.002 + 0.001

0.021 + 0.001

0.004 +0.001

0.103 + 0.005

0.002 + 0.001

0.003 + 0.001

0.003 + 0.001

0.002 + 0.001

0.003 + 0.001

0.022 +0.003

0.002 + 0.001
0.002 + 0.001

0.02 + 0.004

0.003 + 0.001

0.002 + 0.001

0.007 +0.002
0.005 + 0.001

0.003 + 0.001

0.274 +0.028
0.093 + 0.007

0.001 £ 0.001
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Constituent name

1week_Control

lweek LAB+EtOH 1week Acids+Yeast 1week Acids+EtOH

3-Methyl-2(5H)-
furanone
3-(Methylthio)-1-
propanol (Methionol)
2(5H)-furanone
2-Butenoic acid
2-Hydroxy-3-methyl-
2-cyclopenten-1-one
(Cyclotene)
2-Methyl-2-butenoic
acid

Hexanoic acid (Caproic
acid)

2-Phenylethyl alcohol
3-Hydroxy-2-methyl-
4H-pyran-4-one
(Maltol)
2-Acetylpyrrole
5-Ethyl-2(3H)-
furanone
(R)-Dihydro-3-
hydroxy-
4,4-dimethyl-2(3H)-
furanone
4-Hydroxy-2,5-
dimethyl3(2H)-
furanone (HDMF)
3,5-Dimethyl-4-
heptanone

5(or 2)-Ethyl-4-
hydroxy-

2(or 5)-methyl-3(2H)-
furanone (HEMF)
4-Hydroxy-5-methy|-
furanone
Caprolactam
2-Methoxy-4-
vinylphenol (4-
Vinylguaiacol)

0.002 + 0.001

0.033 + 0.004

0.003 + 0.001

0.003 + 0.001

0.003 + 0.001

0.009 = 0.001

0.029 = 0.003

0.044 = 0.006

0.043 +0.002

0.003 = 0.001

0.004 = 0.001

0.008 = 0.001

0.003 = 0.001

0.002 = 0.001

0.003 = 0.001

0.005 = 0.001
0.018 = 0.003

0.631+0.079

0.003 £ 0.001

0.032 £ 0.001

0.002 + 0.001

0.002 + 0.001

0.002 + 0.001

0.007 = 0.001

0.025 = 0.002

0.043 = 0.001

0.035 = 0.008

0.002 = 0.001

0.003 = 0.001

0.007 = 0.001

0.003 = 0.001

0.003 = 0.001

0.002 = 0.001

0.004 = 0.002
0.016 = 0.003

0.501 +0.107

0.002 £ 0.001

0.031 £ 0.003

0.003 £ 0.001

0.003 £ 0.001

0.003 £ 0.001

0.008 = 0.001

0.027 = 0.003

0.043 +0.004

0.034 +0.004

0.003 = 0.001

0.004 = 0.001

0.007 = 0.001

0.002 = 0.001

0.002 = 0.001

0.003 = 0.001

0.003 = 0.001
0.018 = 0.002

0.448 + 0.037

0.003 £ 0.001

0.031 £ 0.002

0.002 £ 0.001

0.002 £ 0.001

0.002 £ 0.001

0.008 = 0.002

0.026 = 0.005

0.038 = 0.003

0.039 = 0.007

0.002 = 0.001

0.003 = 0.001

0.007 = 0.001

0.003 = 0.001

0.003 = 0.001

0.002 = 0.001

0.003 = 0.001
0.016 = 0.001

0.6 +0.123
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Constituent name 1week_Control 1week LAB+EtOH 1week Acids+Yeast 1week Acids+EtOH

1,2,3-Benzenetriol

(Pyrogallol) 0.011+£0.003 0.01 +0.001 0.009 £ 0.002 0.008 £ 0.002
3,5-Dihydroxy-6-

methyl-

2,3-dihydro-4H-pyran-

4-one 0.003+£0.001 0.002 +0.001 0.003 £ 0.001 0.002 £ 0.001
Ethyl hexadecanoate

(Ethyl Palmitate) 0.003+£0.001  0.003 +0.002 0.003 £ 0.001 0.002 £ 0.001
2-Methoxy-6-methyl-4-

pyran-4-one 0.002 £0.001  0.003 +0.001 0.002 £ 0.001 0.003 £ 0.001
4-Oxopentanoic acid

(Levulinic acid) 0.002 £0.001  0.003 +0.001 0.002 £ 0.001 0.003 £ 0.001
mono-Ethyl succinate  0.003 £ 0.001  0.002 + 0.001 0.003 £ 0.001 0.002 + 0.001
Benzoic acid 0.002 £0.001  0.003 +0.001 0.002 £ 0.001 0.003 £ 0.001
Phenylacetic acid 0.002 £0.001  0.003 +0.001 0.002 £ 0.001 0.003 £ 0.001
4-Ethyl-2,6-

dimethoxyphenol 0.015+0.001  0.012 +0.003 0.009 £ 0.001 0.013 +£0.003
n-Hexadecanoic acid

(Palmitic acid) 0.092+0.036 0.076 +0.016 0.084 £ 0.021 0.115 + 0.037
2-(4-

Hydroxyphenyl)ethanol 0.002 £ 0.001  0.003 + 0.001 0.002 £ 0.001 0.003 £ 0.001
1,4-Benzenediol 0.003+£0.001 0.002 +0.001 0.003 £ 0.001 0.002 + 0.001
(Z,2)-9,12-

Octadecadienoic acid

(Linoleic acid) 0.041+£0.018 0.028 +0.01 0.029 £+ 0.011 0.052 £ 0.023
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Constituent name

3week_Control

3week LAB+EtOH 3week Acids+Yeast 3week Acids+EtOH

1-Propanol
2-Methyl-1-propanol
(Isobutyl alcohol)
1-Butanol
3-Methyl-1-butanol
3-Hydroxy-2-butanone
(Acetoin)
1-Hydroxy-2-
propanone (Acetol)
Ethyl lactate
1-Hydroxy-2-butanone
Acetic acid
3-(Methylthio)-1-
propanal (Methional)
2-Furancarboxaldehyde
(Furfural)
2,3-Butanediol
2-Methylpropanoic
acid (Isobutyric acid)
Dihydro-5-methyl-
2(3H)-furanone
(gamma-Valerolactone)
Dihydro-2(3H)-
furanone (gamma-
Butyrolactone)
Butanoic acid (Butyric
acid)
Phenylacetaldehyde
2-Furanmethanol
(Furfuryl alcohol)
3-Methylbutanoic acid
(Isovaleric acid)
2-Methylbutanoic acid
5-Ethyldihydro-2(3H)-
furanone
(gamma-hexalactone)
3-Methyl-2(5H)-
furanone

0.003 + 0.001

0.023 £ 0.001

0.005 + 0.001

0.12 £ 0.005

0.003 + 0.001

0.002 + 0.001

0.002 = 0.001

0.003 = 0.001

0.003 = 0.001

0.025 +0.002

0.003 = 0.001
0.003 = 0.001

0.025 + 0.002

0.002 = 0.001

0.003 = 0.001

0.007 = 0.001
0.005 = 0.001

0.003 = 0.001

0.324 £ 0.014

0.114 +0.004

0.001 = 0.001

0.002 = 0.001

0.002 + 0.001

0.023 £ 0.002

0.005 + 0.001

0.114 +0.017

0.002 + 0.001

0.004 + 0.003

0.003 = 0.001

0.003 = 0.001

0.004 = 0.001

0.025 = 0.001

0.004 = 0.003
0.002 = 0.001

0.027 = 0.001

0.003 = 0.001

0.002 = 0.001

0.007 = 0.001
0.006 = 0.001

0.005 = 0.001

0.326 = 0.023

0.117 +0.008

0.001 = 0.001

0.003 = 0.001

0.003 £ 0.001

0.022 £ 0.002

0.005 £ 0.001

0.113 £ 0.004

0.003 £ 0.001

0.002 £ 0.001

0.002 = 0.001

0.003 = 0.001

0.003 = 0.001

0.022 + 0.002

0.003 = 0.001
0.003 = 0.001

0.026 = 0.002

0.002 = 0.001

0.003 = 0.001

0.007 = 0.001
0.009 + 0.006

0.004 = 0.003

0.314 +0.028

0.116 = 0.007

0.001 +0.001

0.002 = 0.001

0.002 £ 0.001

0.023 £ 0.002

0.005 £ 0.001

0.118 £+ 0.002

0.002 £ 0.001

0.003 £ 0.001

0.003 = 0.001

0.002 = 0.001

0.003 = 0.001

0.025 = 0.003

0.002 = 0.001
0.002 = 0.001

0.023 = 0.005

0.003 = 0.001

0.002 = 0.001

0.007 = 0.001
0.006 = 0.001

0.004 = 0.001

0.317 +0.021

0.108 = 0.012

0.001 +0.001

0.003 = 0.001
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Constituent name

3week_Control

3week LAB+EtOH 3week Acids+Yeast 3week Acids+EtOH

3-(Methylthio)-1-
propanol (Methionol)
2(5H)-furanone
2-Butenoic acid
2-Hydroxy-3-methyl-
2-cyclopenten-1-one
(Cyclotene)
2-Methyl-2-butenoic
acid

Hexanoic acid (Caproic

acid)

2-Phenylethyl alcohol
3-Hydroxy-2-methyl-
4H-pyran-4-one
(Maltol)
2-Acetylpyrrole
5-Ethyl-2(3H)-
furanone
(R)-Dihydro-3-
hydroxy-
4,4-dimethyl-2(3H)-
furanone
4-Hydroxy-2,5-
dimethyl3(2H)-
furanone (HDMF)
3,5-Dimethyl-4-
heptanone

5(or 2)-Ethyl-4-
hydroxy-

2(or 5)-methyl-3(2H)-
furanone (HEMF)
4-Hydroxy-5-methy|-
furanone
Caprolactam
2-Methoxy-4-
vinylphenol (4-
Vinylguaiacol)
1,2,3-Benzenetriol
(Pyrogallol)

0.033 £ 0.002

0.003 + 0.001

0.003 + 0.001

0.003 + 0.001

0.011 £ 0.001

0.03 £ 0.002

0.047 = 0.003

0.062 = 0.008

0.003 = 0.001

0.003 = 0.001

0.009 = 0.001

0.003 = 0.001

0.002 = 0.001

0.003 = 0.001

0.026 = 0.005

0.019 = 0.002

0.711 +£0.032

0.014 = 0.001

0.036 + 0.006

0.003 £ 0.002

0.002 + 0.001

0.002 + 0.001

0.01£0.001

0.029 = 0.002

0.05 + 0.007

0.059 = 0.003

0.002 = 0.001

0.002 = 0.001

0.009 = 0.001

0.003 = 0.001

0.003 = 0.001

0.002 = 0.001

0.025 = 0.003

0.021 = 0.001

0.554 +0.039

0.01 + 0.004

0.032 £ 0.005

0.003 £ 0.001

0.003 £ 0.001

0.003 £ 0.001

0.011 £ 0.002

0.029 = 0.005

0.047 = 0.006

0.053 +0.013

0.003 = 0.001

0.003 = 0.001

0.009 = 0.001

0.003 = 0.001

0.002 = 0.001

0.003 = 0.001

0.02 + 0.007

0.02 £ 0.002

0.594 +0.195

0.012 =+ 0.004

0.036 + 0.003

0.002 £ 0.001

0.002 £ 0.001

0.002 £ 0.001

0.01£0.001

0.03 £ 0.002

0.047 +0.003

0.06 + 0.003

0.002 = 0.001

0.002 = 0.001

0.01 £0.001

0.003 = 0.001

0.003 = 0.001

0.003 = 0.001

0.026 = 0.004

0.021 +0.002

0.681 +0.05

0.014 +0.003
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Constituent name

3week_Control

3week LAB+EtOH 3week Acids+Yeast 3week Acids+EtOH

3,5-Dihydroxy-6-
methyl-
2,3-dihydro-4H-pyran-
4-one

Ethyl hexadecanoate
(Ethyl Palmitate)
2-Methoxy-6-methyl-4-
pyran-4-one
4-Oxopentanoic acid
(Levulinic acid)
mono-Ethyl succinate
Benzoic acid
Phenylacetic acid
4-Ethyl-2,6-
dimethoxyphenol
n-Hexadecanoic acid
(Palmitic acid)

2-(4-
Hydroxyphenyl)ethanol
1,4-Benzenediol
(Z,2)-9,12-
Octadecadienoic acid
(Linoleic acid)

0.003 + 0.001

0.003 + 0.001

0.004 + 0.001

0.002 = 0.001

0.003 = 0.001

0.002 = 0.001

0.002 = 0.001

0.025 +0.002

0.059 = 0.006

0.007 = 0.005

0.003 = 0.001

0.027 +0.007

0.002 + 0.001

0.002 + 0.001

0.004 + 0.001

0.003 = 0.001

0.002 = 0.001

0.003 = 0.001

0.003 = 0.001

0.022 = 0.003

0.047 = 0.026

0.008 = 0.005

0.002 = 0.001

0.02 £0.015

0.003 £ 0.001

0.003 £ 0.001

0.004 £ 0.001

0.002 = 0.001

0.003 = 0.001

0.002 = 0.001

0.002 = 0.001

0.022 + 0.007

0.045 + 0.025

0.005 * 0.005

0.003 = 0.001

0.018 +0.012

0.002 + 0.001

0.002 + 0.001

0.004 + 0.001

0.003 + 0.001

0.002 + 0.001

0.003 + 0.001

0.003 + 0.001

0.024 + 0.001

0.042 + 0.005

0.003 + 0.001

0.002 + 0.001

0.019 £ 0.002
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Constituent name

4week_Control

4week LAB+EtOH 4week Acids+Yeast 4week Acids+EtOH

1-Propanol
2-Methyl-1-propanol
(Isobutyl alcohol)
1-Butanol
3-Methyl-1-butanol
3-Hydroxy-2-butanone
(Acetoin)
1-Hydroxy-2-
propanone (Acetol)
Ethyl lactate
1-Hydroxy-2-butanone
Acetic acid
3-(Methylthio)-1-
propanal (Methional)
2-Furancarboxaldehyde
(Furfural)
2,3-Butanediol
2-Methylpropanoic
acid (Isobutyric acid)
Dihydro-5-methyl-
2(3H)-furanone
(gamma-Valerolactone)
Dihydro-2(3H)-
furanone (gamma-
Butyrolactone)
Butanoic acid (Butyric
acid)
Phenylacetaldehyde
2-Furanmethanol
(Furfuryl alcohol)
3-Methylbutanoic acid
(Isovaleric acid)
2-Methylbutanoic acid
5-Ethyldihydro-2(3H)-
furanone
(gamma-hexalactone)
3-Methyl-2(5H)-
furanone

0.003 + 0.001

0.023 + 0.002

0.006 + 0.001

0.099 + 0.005

0.003 + 0.001

0.003 + 0.001

0.002 = 0.001

0.003 = 0.001

0.005 = 0.001

0.02 £ 0.001

0.003 = 0.001
0.003 = 0.001

0.04 +0.003

0.002 = 0.001

0.003 = 0.001

0.011 +0.001
0.009 = 0.002

0.005 = 0.001

0.445 +0.021

0.16 £0.01

0.001 = 0.001

0.002 = 0.001

0.002 + 0.001

0.023 £ 0.002

0.006 + 0.001

0.103 £ 0.007

0.002 + 0.001

0.003 £ 0.001

0.003 = 0.001

0.002 = 0.001

0.004 = 0.001

0.02 £ 0.002

0.002 = 0.001
0.002 = 0.001

0.039 = 0.002

0.003 = 0.001

0.003 = 0.001

0.01 £ 0.001
0.006 = 0.002

0.004 = 0.002

0.435+0.021

0.155 + 0.003

0.001 = 0.001

0.003 = 0.001

0.003 £ 0.001

0.023 £ 0.002

0.005 £ 0.001

0.113 £ 0.003

0.003 £ 0.001

0.002 £ 0.001

0.002 = 0.001

0.003 = 0.001

0.003 = 0.001

0.022 + 0.003

0.003 = 0.001
0.003 = 0.001

0.028 = 0.005

0.002 = 0.001

0.003 = 0.001

0.007 = 0.001
0.006 = 0.001

0.005 = 0.001

0.336 = 0.035

0.123+0.014

0.001 +0.001

0.002 = 0.001

0.002 £ 0.001

0.022 £ 0.002

0.005 £ 0.001

0.109 £ 0.01

0.002 £ 0.001

0.003 £ 0.001

0.003 = 0.001

0.002 = 0.001

0.003 = 0.001

0.021 = 0.005

0.002 = 0.001
0.002 = 0.001

0.028 = 0.005

0.003 = 0.001

0.003 = 0.001

0.01 £ 0.003
0.006 = 0.002

0.003 = 0.002

0.367 = 0.048

0.132 +0.019

0.001 +0.001

0.003 = 0.001
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Constituent name

4week_Control

4week LAB+EtOH 4week Acids+Yeast 4week Acids+EtOH

3-(Methylthio)-1-
propanol (Methionol)
2(5H)-furanone
2-Butenoic acid
2-Hydroxy-3-methyl-
2-cyclopenten-1-one
(Cyclotene)
2-Methyl-2-butenoic
acid

Hexanoic acid (Caproic
acid)

2-Phenylethyl alcohol
3-Hydroxy-2-methyl-
4H-pyran-4-one
(Maltol)
2-Acetylpyrrole
5-Ethyl-2(3H)-
furanone
(R)-Dihydro-3-
hydroxy-
4,4-dimethyl-2(3H)-
furanone
4-Hydroxy-2,5-
dimethyl3(2H)-
furanone (HDMF)
3,5-Dimethyl-4-
heptanone

5(or 2)-Ethyl-4-
hydroxy-

2(or 5)-methyl-3(2H)-
furanone (HEMF)
4-Hydroxy-5-methy|-
furanone
Caprolactam
2-Methoxy-4-
vinylphenol (4-
Vinylguaiacol)
1,2,3-Benzenetriol
(Pyrogallol)

0.04 £ 0.004

0.003 + 0.001

0.003 + 0.001

0.003 + 0.001

0.013 £ 0.001

0.037 = 0.004

0.058 = 0.006

0.078 = 0.005

0.003 = 0.001

0.003 = 0.001

0.012 = 0.001

0.005 = 0.001

0.003 = 0.001

0.003 = 0.001

0.08 + 0.006

0.028 = 0.003

0.601 = 0.045

0.017 = 0.001

0.039 + 0.006

0.002 + 0.001

0.002 + 0.001

0.002 + 0.001

0.014 £ 0.002

0.034 = 0.004

0.054 = 0.007

0.08 £ 0.013

0.002 = 0.001

0.002 = 0.001

0.011 +0.001

0.005 = 0.001

0.003 = 0.001

0.003 = 0.001

0.081 +0.018

0.026 = 0.003

0.724 +0.133

0.017 = 0.002

0.036 + 0.001

0.003 £ 0.001

0.003 £ 0.001

0.003 £ 0.001

0.012 £ 0.001

0.03 £ 0.003

0.052 = 0.007

0.071 = 0.002

0.003 = 0.001

0.003 = 0.001

0.01 £ 0.001

0.004 = 0.001

0.002 = 0.001

0.003 = 0.001

0.068 = 0.005

0.023 = 0.001

0.631 +0.025

0.015 = 0.002

0.037 £ 0.003

0.002 £ 0.001

0.002 £ 0.001

0.002 £ 0.001

0.012 £ 0.002

0.03 £ 0.007

0.05 £ 0.005

0.078 = 0.006

0.002 = 0.001

0.002 = 0.001

0.011 +0.001

0.004 = 0.001

0.003 = 0.001

0.002 = 0.001

0.093 +0.019

0.025 = 0.002

0.845+0.118

0.018 +£0.004
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Constituent name

4week_Control

4week LAB+EtOH 4week Acids+Yeast 4week Acids+EtOH

3,5-Dihydroxy-6-
methyl-
2,3-dihydro-4H-pyran-
4-one

Ethyl hexadecanoate
(Ethyl Palmitate)
2-Methoxy-6-methyl-4-
pyran-4-one
4-Oxopentanoic acid
(Levulinic acid)
mono-Ethyl succinate
Benzoic acid
Phenylacetic acid
4-Ethyl-2,6-
dimethoxyphenol
n-Hexadecanoic acid
(Palmitic acid)

2-(4-
Hydroxyphenyl)ethanol
1,4-Benzenediol
(Z,2)-9,12-
Octadecadienoic acid
(Linoleic acid)

0.003 + 0.001

0.003 + 0.001

0.008 + 0.001

0.002 = 0.001

0.003 = 0.001

0.002 = 0.001

0.002 = 0.001

0.032 = 0.003

0.016 = 0.003

0.021 +0.002

0.008 = 0.001

0.003 = 0.001

0.003 £ 0.001

0.002 + 0.001

0.008 + 0.002

0.003 = 0.001

0.002 = 0.001

0.003 = 0.001

0.003 = 0.001

0.038 £0.01

0.02 £ 0.001

0.023 = 0.004

0.01 + 0.005

0.007 = 0.003

0.003 £ 0.001

0.003 £ 0.001

0.009 + 0.001

0.002 = 0.001

0.003 = 0.001

0.002 = 0.001

0.002 = 0.001

0.029 + 0.003

0.015 = 0.003

0.015 = 0.001

0.004 = 0.001

0.006 = 0.003

0.003 + 0.001

0.002 + 0.001

0.012 + 0.002

0.003 + 0.001

0.002 + 0.001

0.003 + 0.001

0.003 + 0.001

0.041 + 0.008

0.02 +0.003

0.018 + 0.002

0.009 + 0.003

0.009 + 0.002
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Constituent name

5week_Control

S5week LAB+EtOH 5week Acids+Yeast 5week Acids+EtOH

1-Propanol
2-Methyl-1-propanol
(Isobutyl alcohol)
1-Butanol
3-Methyl-1-butanol
3-Hydroxy-2-butanone
(Acetoin)
1-Hydroxy-2-
propanone (Acetol)
Ethyl lactate
1-Hydroxy-2-butanone
Acetic acid
3-(Methylthio)-1-
propanal (Methional)
2-Furancarboxaldehyde
(Furfural)
2,3-Butanediol
2-Methylpropanoic
acid (Isobutyric acid)
Dihydro-5-methyl-
2(3H)-furanone
(gamma-Valerolactone)
Dihydro-2(3H)-
furanone (gamma-
Butyrolactone)
Butanoic acid (Butyric
acid)
Phenylacetaldehyde
2-Furanmethanol
(Furfuryl alcohol)
3-Methylbutanoic acid
(Isovaleric acid)
2-Methylbutanoic acid
5-Ethyldihydro-2(3H)-
furanone
(gamma-hexalactone)
3-Methyl-2(5H)-
furanone

0.003 + 0.001

0.021 £+ 0.001

0.005 + 0.001

0.048 + 0.002

0.007 £+ 0.001

0.002 + 0.001

0.004 = 0.001

0.004 = 0.001

0.051 +0.003

0.029 +0.002

0.006 = 0.001
0.022 = 0.001

0.176 = 0.003

0.002 = 0.001

0.005 = 0.001

0.054 = 0.001
0.024 = 0.004

0.003 = 0.001

0.797 = 0.006

0.264 = 0.004

0.003 = 0.001

0.002 = 0.001

0.002 + 0.001

0.021 £ 0.001

0.005 + 0.001

0.05 +£0.005

0.007 + 0.001

0.003 £ 0.001

0.005 = 0.001

0.004 = 0.001

0.046 = 0.013

0.029 = 0.001

0.007 = 0.001
0.023 = 0.002

0.182 +0.015

0.003 = 0.001

0.005 = 0.001

0.055 = 0.007
0.023 = 0.004

0.002 = 0.001

0.831 + 0.066

0.269 = 0.015

0.003 = 0.001

0.003 = 0.001

0.003 £ 0.001

0.024 £ 0.001

0.005 £ 0.001

0.122 £ 0.021

0.003 £ 0.001

0.005 £ 0.001

0.002 = 0.001

0.003 = 0.001

0.004 = 0.001

0.022 + 0.002

0.003 = 0.001
0.003 = 0.001

0.038 = 0.003

0.002 = 0.001

0.003 = 0.001

0.009 = 0.001
0.008 = 0.002

0.006 = 0.002

0.437 +0.011

0.165 = 0.006

0.001 +0.001

0.002 = 0.001

0.002 £ 0.001

0.024 £ 0.001

0.005 £ 0.001

0.123 +£0.01

0.002 £ 0.001

0.005 £ 0.001

0.003 = 0.001

0.002 = 0.001

0.005 = 0.001

0.026 + 0.004

0.002 = 0.001
0.002 = 0.001

0.037 = 0.005

0.003 = 0.001

0.003 = 0.001

0.011 +0.002
0.009 = 0.002

0.006 = 0.001

0.46 £ 0.037

0.165 = 0.017

0.001 +0.001

0.003 = 0.001
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Constituent name

5week_Control

S5week LAB+EtOH 5week Acids+Yeast 5week Acids+EtOH

3-(Methylthio)-1-
propanol (Methionol)
2(5H)-furanone
2-Butenoic acid
2-Hydroxy-3-methyl-
2-cyclopenten-1-one
(Cyclotene)
2-Methyl-2-butenoic
acid

Hexanoic acid (Caproic
acid)

2-Phenylethyl alcohol
3-Hydroxy-2-methyl-
4H-pyran-4-one
(Maltol)
2-Acetylpyrrole
5-Ethyl-2(3H)-
furanone
(R)-Dihydro-3-
hydroxy-
4,4-dimethyl-2(3H)-
furanone
4-Hydroxy-2,5-
dimethyl3(2H)-
furanone (HDMF)
3,5-Dimethyl-4-
heptanone

5(or 2)-Ethyl-4-
hydroxy-

2(or 5)-methyl-3(2H)-
furanone (HEMF)
4-Hydroxy-5-methy|-
furanone
Caprolactam
2-Methoxy-4-
vinylphenol (4-
Vinylguaiacol)
1,2,3-Benzenetriol
(Pyrogallol)

0.043 £+ 0.004

0.003 + 0.001

0.006 + 0.001

0.005 + 0.001

0.018 + 0.001

0.028 = 0.003

0.051 = 0.006

0.147 = 0.006

0.003 = 0.001

0.003 = 0.001

0.021 = 0.001

0.02 £ 0.001

0.021 +0.002

0.018 = 0.001

0.188 +0.013

0.038 = 0.014

1.18 +0.049

0.084 = 0.008

0.043 £ 0.005

0.002 + 0.001

0.006 + 0.001

0.004 + 0.001

0.019 £ 0.001

0.026 + 0.002

0.05 + 0.004

0.143 +0.008

0.003 = 0.001

0.002 = 0.001

0.02 £ 0.001

0.02 £ 0.001

0.02 £ 0.002

0.018 = 0.001

0.181 + 0.005

0.031 +0.013

1.131+0.138

0.077 £ 0.025

0.042 £ 0.001

0.003 £ 0.001

0.003 £ 0.001

0.003 £ 0.001

0.015 £ 0.001

0.036 +0.004

0.061 +0.004

0.092 + 0.008

0.003 = 0.001

0.003 = 0.001

0.012 = 0.001

0.007 = 0.001

0.007 = 0.001

0.006 = 0.002

0.302 = 0.016

0.032 = 0.001

0.548 + 0.057

0.017 = 0.002

0.045 £ 0.002

0.003 £ 0.001

0.002 £ 0.001

0.002 £ 0.001

0.014 £ 0.001

0.039 +0.003

0.063 = 0.001

0.088 = 0.003

0.003 = 0.001

0.002 = 0.001

0.013 +0.001

0.007 = 0.001

0.007 = 0.002

0.005 = 0.001

0.312 £ 0.025

0.031 +0.003

0.548 +0.072

0.017 +0.003
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Constituent name 5week _Control 5week LAB+EtOH 5week Acids+Yeast 5week Acids+EtOH

3,5-Dihydroxy-6-

methyl-

2,3-dihydro-4H-pyran-

4-one 0.005+0.001  0.005+0.001 0.009 £ 0.001 0.008 + 0.001
Ethyl hexadecanoate

(Ethyl Palmitate) 0.003+£0.001 0.002 +0.001 0.003 £ 0.001 0.002 £ 0.001
2-Methoxy-6-methyl-4-

pyran-4-one 0.003+£0.001  0.003 +0.001 0.022 £ 0.003 0.016 + 0.002
4-Oxopentanoic acid

(Levulinic acid) 0.009 £0.001  0.01 +0.002 0.002 £ 0.001 0.003 £ 0.001
mono-Ethyl succinate  0.004 £ 0.001  0.004 + 0.002 0.003 £ 0.001 0.002 + 0.001
Benzoic acid 0.003+£0.002 0.003 +0.001 0.002 £ 0.001 0.003 £ 0.001
Phenylacetic acid 0.317+£0.012 0.335+0.013 0.002 £ 0.001 0.003 £ 0.001
4-Ethyl-2,6-

dimethoxyphenol 0.13+0.01 0.131 £ 0.016 0.037 £ 0.009 0.035 £ 0.003
n-Hexadecanoic acid

(Palmitic acid) 0.021£0.003  0.02 +0.004 0.007 £ 0.005 0.008 + 0.005
2-(4-

Hydroxyphenyl)ethanol 0.051 + 0.002  0.051 + 0.002 0.024 £ 0.002 0.024 £ 0.001
1,4-Benzenediol 0.061+0.004 0.059 +0.004 0.022 £ 0.004 0.027 £ 0.002
(Z,2)-9,12-

Octadecadienoic acid

(Linoleic acid) 0.003+£0.001 0.003 +0.001 0.003 £ 0.001 0.003 £ 0.001
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Constituent name

6week_Control

6week LAB+EtOH 6week Acids+Yeast 6week Acids+EtOH

1-Propanol
2-Methyl-1-propanol
(Isobutyl alcohol)
1-Butanol
3-Methyl-1-butanol
3-Hydroxy-2-butanone
(Acetoin)
1-Hydroxy-2-
propanone (Acetol)
Ethyl lactate
1-Hydroxy-2-butanone
Acetic acid
3-(Methylthio)-1-
propanal (Methional)
2-Furancarboxaldehyde
(Furfural)
2,3-Butanediol
2-Methylpropanoic
acid (Isobutyric acid)
Dihydro-5-methyl-
2(3H)-furanone
(gamma-Valerolactone)
Dihydro-2(3H)-
furanone (gamma-
Butyrolactone)
Butanoic acid (Butyric
acid)
Phenylacetaldehyde
2-Furanmethanol
(Furfuryl alcohol)
3-Methylbutanoic acid
(Isovaleric acid)
2-Methylbutanoic acid
5-Ethyldihydro-2(3H)-
furanone
(gamma-hexalactone)
3-Methyl-2(5H)-
furanone

0.003 + 0.001

0.022 + 0.001

0.005 + 0.001

0.051 + 0.002

0.007 £+ 0.001

0.002 + 0.001

0.005 = 0.001

0.005 = 0.001

0.052 = 0.003

0.028 = 0.001

0.007 = 0.001
0.022 = 0.001

0.177 = 0.009

0.002 = 0.001

0.006 = 0.001

0.053 = 0.005
0.026 = 0.004

0.003 = 0.001

0.804 +0.042

0.261 = 0.005

0.003 = 0.001

0.002 = 0.001

0.002 + 0.001

0.021 £ 0.001

0.004 + 0.001

0.051 £ 0.007

0.006 + 0.001

0.003 £ 0.001

0.005 = 0.001

0.005 = 0.001

0.051 +0.016

0.028 = 0.001

0.007 = 0.002
0.023 = 0.002

0.182 = 0.009

0.003 = 0.001

0.006 = 0.002

0.054 = 0.004
0.026 = 0.007

0.002 = 0.001

0.827 = 0.037

0.266 = 0.006

0.003 = 0.001

0.003 = 0.001

0.003 £ 0.001

0.025 £ 0.001

0.005 £ 0.001

0.14 £ 0.002

0.003 £ 0.001

0.005 £ 0.001

0.002 = 0.001

0.003 = 0.001

0.004 = 0.001

0.027 +0.002

0.003 = 0.001
0.003 = 0.001

0.038 +0.004

0.002 = 0.001

0.003 = 0.001

0.009 = 0.001
0.008 = 0.002

0.006 = 0.002

0.437 +0.031

0.166 £ 0.014

0.001 +0.001

0.002 = 0.001

0.002 £ 0.001

0.025 £ 0.002

0.005 £ 0.001

0.15+0.003

0.002 £ 0.001

0.005 £ 0.001

0.003 = 0.001

0.002 = 0.001

0.004 = 0.001

0.029 +0.004

0.002 = 0.001
0.002 = 0.001

0.035 = 0.002

0.003 = 0.001

0.003 = 0.001

0.011 +0.003
0.008 = 0.002

0.005 = 0.002

0.453 +0.031

0.163 = 0.006

0.001 +0.001

0.003 = 0.001
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Constituent name

6week_Control

6week LAB+EtOH 6week Acids+Yeast 6week Acids+EtOH

3-(Methylthio)-1-
propanol (Methionol)
2(5H)-furanone
2-Butenoic acid
2-Hydroxy-3-methyl-
2-cyclopenten-1-one
(Cyclotene)
2-Methyl-2-butenoic
acid

Hexanoic acid (Caproic
acid)

2-Phenylethyl alcohol
3-Hydroxy-2-methyl-
4H-pyran-4-one
(Maltol)
2-Acetylpyrrole
5-Ethyl-2(3H)-
furanone
(R)-Dihydro-3-
hydroxy-
4,4-dimethyl-2(3H)-
furanone
4-Hydroxy-2,5-
dimethyl3(2H)-
furanone (HDMF)
3,5-Dimethyl-4-
heptanone

5(or 2)-Ethyl-4-
hydroxy-

2(or 5)-methyl-3(2H)-
furanone (HEMF)
4-Hydroxy-5-methy|-
furanone
Caprolactam
2-Methoxy-4-
vinylphenol (4-
Vinylguaiacol)
1,2,3-Benzenetriol
(Pyrogallol)

0.044 + 0.005

0.003 + 0.001

0.006 + 0.001

0.005 + 0.001

0.017 £ 0.001

0.027 = 0.001

0.051 = 0.005

0.144 +0.003

0.003 = 0.001

0.003 = 0.001

0.022 +0.002

0.022 = 0.001

0.022 +0.002

0.018 = 0.001

0.178 £ 0.002

0.041 +0.013

1.096 + 0.076

0.101 +0.008

0.043 £ 0.005

0.002 + 0.001

0.006 + 0.001

0.005 + 0.001

0.018 + 0.001

0.025 = 0.002

0.049 = 0.007

0.144 + 0.006

0.003 = 0.001

0.002 = 0.001

0.022 = 0.002

0.02 £ 0.002

0.019 = 0.003

0.017 = 0.001

0.161 +0.013

0.037 £0.01

0.923 + 0.045

0.069 = 0.014

0.042 £ 0.003

0.003 £ 0.001

0.003 £ 0.001

0.003 £ 0.001

0.016 £+ 0.001

0.04 £ 0.004

0.059 = 0.008

0.099 = 0.007

0.003 = 0.001

0.003 = 0.001

0.012 = 0.001

0.007 = 0.001

0.008 = 0.002

0.007 = 0.002

0.33+£0.038

0.033 +£0.004

0.494 +0.091

0.017 +£0.004

0.045 + 0.004

0.003 £ 0.001

0.002 £ 0.001

0.002 £ 0.001

0.015 £ 0.001

0.038 = 0.009

0.059 = 0.005

0.097 +0.003

0.003 = 0.001

0.002 = 0.001

0.013 = 0.002

0.007 = 0.001

0.008 = 0.001

0.007 = 0.002

0.317 +0.021

0.034 +0.003

0.626 = 0.087

0.021 +0.001
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Constituent name 6week Control 6week LAB+EtOH 6week Acids+Yeast 6week Acids+EtOH

3,5-Dihydroxy-6-

methyl-

2,3-dihydro-4H-pyran-

4-one 0.005+0.001  0.005+0.001 0.01 £ 0.002 0.01+£0.001
Ethyl hexadecanoate

(Ethyl Palmitate) 0.003+£0.001 0.002 +0.001 0.003 £ 0.001 0.002 £ 0.001
2-Methoxy-6-methyl-4-

pyran-4-one 0.002 £0.001  0.003 +0.001 0.018 £ 0.005 0.017 £ 0.003
4-Oxopentanoic acid

(Levulinic acid) 0.009 £ 0.003  0.01 +0.001 0.002 £ 0.001 0.003 £ 0.001
mono-Ethyl succinate  0.005 + 0.003  0.004 + 0.001 0.003 £ 0.001 0.002 + 0.001
Benzoic acid 0.004 £0.001  0.003 +0.002 0.002 £ 0.001 0.003 £ 0.001
Phenylacetic acid 0.285+0.043 0.317 £0.011 0.002 £ 0.001 0.003 £ 0.001
4-Ethyl-2,6-

dimethoxyphenol 0.115+0.01 0.11+£0.013 0.035 £ 0.007 0.044 £ 0.009
n-Hexadecanoic acid

(Palmitic acid) 0.022 £ 0.013  0.023 +0.008 0.007 £ 0.004 0.008 + 0.001
2-(4-

Hydroxyphenyl)ethanol 0.05 £ 0.003 0.048 = 0.002 0.023 £ 0.004 0.022 £ 0.002
1,4-Benzenediol 0.061+£0.002 0.06 +0.004 0.025 £ 0.009 0.024 £ 0.004
(Z,2)-9,12-

Octadecadienoic acid

(Linoleic acid) 0.004 £0.002  0.004 + 0.002 0.003 £ 0.001 0.003 £ 0.001

-206-



Constituent name

7week_Control

7week LAB+EtOH 7week Acids+Yeast 7week Acids+EtOH

1-Propanol
2-Methyl-1-propanol
(Isobutyl alcohol)
1-Butanol
3-Methyl-1-butanol
3-Hydroxy-2-butanone
(Acetoin)
1-Hydroxy-2-
propanone (Acetol)
Ethyl lactate
1-Hydroxy-2-butanone
Acetic acid
3-(Methylthio)-1-
propanal (Methional)
2-Furancarboxaldehyde
(Furfural)
2,3-Butanediol
2-Methylpropanoic
acid (Isobutyric acid)
Dihydro-5-methyl-
2(3H)-furanone
(gamma-Valerolactone)
Dihydro-2(3H)-
furanone (gamma-
Butyrolactone)
Butanoic acid (Butyric
acid)
Phenylacetaldehyde
2-Furanmethanol
(Furfuryl alcohol)
3-Methylbutanoic acid
(Isovaleric acid)
2-Methylbutanoic acid
5-Ethyldihydro-2(3H)-
furanone
(gamma-hexalactone)
3-Methyl-2(5H)-
furanone

0.221 £ 0.012

0.181 +0.014

1.611 +0.02

1.106 + 0.066

0.788 £ 0.02

0.011 £ 0.001

1.099 + 0.008

0.097 = 0.004

0.063 = 0.002

0.023 +0.002

0.075 = 0.015
0.478 £ 0.024

0.137 = 0.006

0.015 = 0.001

0.022 +0.002

0.071 +0.002
0.069 = 0.008

0.239 +£0.015

0.571+0.034

0.154 = 0.005

0.007 = 0.001

0.062 = 0.004

0.002 + 0.001

0.021 £ 0.001

0.005 + 0.001

0.056 + 0.003

0.007 + 0.001

0.008 + 0.001

0.614 = 0.037

0.013 = 0.001

0.064 = 0.004

0.016 = 0.002

0.033 = 0.007
0.029 = 0.002

0.168 = 0.013

0.003 = 0.001

0.016 = 0.001

0.049 = 0.004
0.047 = 0.004

0.096 = 0.008

0.697 +£0.05

0.204 = 0.008

0.004 = 0.001

0.003 = 0.001

0.197 £ 0.007

0.141 +0.01

1.603 +0.011

0.843 £ 0.072

1.146 £ 0.035

0.015 £ 0.001

1.188 + 0.02

0.108 = 0.005

0.06 + 0.002

0.022 + 0.002

0.099 +0.013
0.434 +£0.05

0.133 = 0.002

0.02 £ 0.002

0.017 = 0.001

0.061 = 0.003
0.071 = 0.002

0.267 +0.018

0.572 = 0.027

0.153 = 0.007

0.006 = 0.001

0.071 = 0.007

0.002 £ 0.001

0.018 £ 0.001

0.004 £ 0.001

0.045 + 0.004

0.003 £ 0.001

0.012 £ 0.002

0.533+0.112

0.008 = 0.001

0.051+0.01

0.014 = 0.001

0.041 = 0.007
0.025 +0.004

0.145 +0.033

0.003 = 0.001

0.01 £0.001

0.048 = 0.001
0.042 = 0.005

0.103 +0.03

0.642+0.1

0.196 £ 0.034

0.004 = 0.001

0.003 = 0.001

-207-



Constituent name

7week_Control

7week LAB+EtOH 7week Acids+Yeast 7week Acids+EtOH

3-(Methylthio)-1-
propanol (Methionol)
2(5H)-furanone
2-Butenoic acid
2-Hydroxy-3-methyl-
2-cyclopenten-1-one
(Cyclotene)
2-Methyl-2-butenoic
acid

Hexanoic acid (Caproic
acid)

2-Phenylethyl alcohol
3-Hydroxy-2-methyl-
4H-pyran-4-one
(Maltol)
2-Acetylpyrrole
5-Ethyl-2(3H)-
furanone
(R)-Dihydro-3-
hydroxy-
4,4-dimethyl-2(3H)-
furanone
4-Hydroxy-2,5-
dimethyl3(2H)-
furanone (HDMF)
3,5-Dimethyl-4-
heptanone

5(or 2)-Ethyl-4-
hydroxy-

2(or 5)-methyl-3(2H)-
furanone (HEMF)
4-Hydroxy-5-methy|-
furanone
Caprolactam
2-Methoxy-4-
vinylphenol (4-
Vinylguaiacol)
1,2,3-Benzenetriol
(Pyrogallol)

0.189 + 0.013

0.007 £+ 0.001

0.015 £ 0.001

0.013 £ 0.001

0.017 £ 0.001

0.016 = 0.001

1.395 + 0.077

0.263 +0.011

0.011 +0.001

0.016 +0.002

0.076 = 0.003

0.018 +0.002

0.691 +0.024

0.517 £ 0.016

0.212 +0.014

0.074 = 0.005

1.238 + 0.058

0.1+0.018

0.045 £ 0.002

0.006 + 0.001

0.006 + 0.001

0.01£0.001

0.019 £ 0.001

0.019 = 0.002

0.061 = 0.002

0.27 £0.011

0.012 = 0.001

0.002 = 0.001

0.067 = 0.003

0.026 = 0.001

0.019 = 0.001

0.015 = 0.001

0.786 = 0.023

0.046 £ 0.01

1.053 + 0.139

0.091+0.01

0.178 + 0.004

0.008 + 0.001

0.021 £ 0.002

0.008 + 0.001

0.016 £+ 0.001

0.013 = 0.001

1.251 + 0.106

0.266 + 0.004

0.011 +0.001

0.016 = 0.001

0.084 +0.004

0.009 = 0.001

0.776 £ 0.044

0.561 +0.012

0.151+0.018

0.087 = 0.011

1.001 + 0.061

0.098 = 0.011

0.037 £ 0.001

0.008 + 0.001

0.006 + 0.002

0.004 £ 0.001

0.017 £ 0.003

0.018 +0.003

0.035 = 0.002

0.256 +0.013

0.011 +0.001

0.002 = 0.001

0.079 = 0.008

0.01 £0.001

0.008 = 0.001

0.007 = 0.001

0.714 = 0.098

0.046 +0.018

0.892 +0.051

0.074 £ 0.024
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Constituent name 7week Control 7week LAB+EtOH 7week Acids+Yeast 7week Acids+EtOH

3,5-Dihydroxy-6-

methyl-

2,3-dihydro-4H-pyran-

4-one 0.037 £0.004  0.048 + 0.002 0.036 £ 0.001 0.043 £ 0.005
Ethyl hexadecanoate

(Ethyl Palmitate) 0.121£0.017  0.052 +0.003 0.136 £ 0.012 0.047 £ 0.035
2-Methoxy-6-methyl-4-

pyran-4-one 0.146 £ 0.004  0.035+0.003 0.151 £ 0.005 0.029 £ 0.007
4-Oxopentanoic acid

(Levulinic acid) 0.018 £ 0.002  0.021 +0.002 0.024 £ 0.002 0.026 + 0.003
mono-Ethyl succinate  1.458 £ 0.063  0.338 + 0.009 1.529 + 0.033 0.268 £ 0.013
Benzoic acid 0.002 £0.001  0.003 +0.001 0.002 £ 0.001 0.003 £ 0.001
Phenylacetic acid 0.306 £ 0.01 0.323 £ 0.019 0.292 £ 0.018 0.326 + 0.056
4-Ethyl-2,6-

dimethoxyphenol 0.177£0.013  0.182+0.017 0.159 £ 0.007 0.183+0.023
n-Hexadecanoic acid

(Palmitic acid) 0.022 £ 0.003  0.019 +0.002 0.022 £+ 0.004 0.026 £ 0.011
2-(4-

Hydroxyphenyl)ethanol 0.769 +0.035 0.066 + 0.002 0.707 £ 0.019 0.03 £ 0.002
1,4-Benzenediol 0.11+£0.002 0.104 £ 0.003 0.094 £ 0.001 0.088 + 0.005
(Z,2)-9,12-

Octadecadienoic acid

(Linoleic acid) 0.004 £0.001  0.004 + 0.002 0.006 £ 0.001 0.01+0.01
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Constituent name

15week_Control

15week LAB+EtOH 15week Acids+Yeast

15week Acids+EtOH

1-Propanol
2-Methyl-1-propanol
(Isobutyl alcohol)
1-Butanol
3-Methyl-1-butanol
3-Hydroxy-2-butanone
(Acetoin)
1-Hydroxy-2-
propanone (Acetol)
Ethyl lactate
1-Hydroxy-2-butanone
Acetic acid
3-(Methylthio)-1-
propanal (Methional)
2-Furancarboxaldehyde
(Furfural)
2,3-Butanediol
2-Methylpropanoic
acid (Isobutyric acid)
Dihydro-5-methyl-
2(3H)-furanone
(gamma-Valerolactone)
Dihydro-2(3H)-
furanone (gamma-
Butyrolactone)
Butanoic acid (Butyric
acid)
Phenylacetaldehyde
2-Furanmethanol
(Furfuryl alcohol)
3-Methylbutanoic acid
(Isovaleric acid)
2-Methylbutanoic acid
5-Ethyldihydro-2(3H)-
furanone
(gamma-hexalactone)
3-Methyl-2(5H)-
furanone

0.209 + 0.007

0.161 + 0.008

1.593 + 0.026

0.981 + 0.082

0.702 + 0.004

0.012 £ 0.001

1.072 + 0.014

0.106 = 0.004

0.058 = 0.009

0.019 +0.002

0.056 = 0.006
0.485 = 0.048

0.133 +0.004

0.016 = 0.001

0.026 = 0.003

0.068 = 0.003
0.066 = 0.008

0.19 + 0.006

0.513 +0.02

0.148 +0.003

0.006 = 0.001

0.056 = 0.004

0.113 £+ 0.005

0.023 £ 0.001

0.006 + 0.001

0.088 £ 0.01

0.008 + 0.001

0.012 £ 0.001

1.092 + 0.035

0.019 = 0.002

0.061 +0.011

0.02 £ 0.001

0.032 = 0.001
0.03 £ 0.003

0.147 +0.013

0.003 = 0.001

0.019 = 0.002

0.043 = 0.005
0.061 + 0.006

0.089 = 0.011

0.586 + 0.06

0.161 + 0.009

0.004 = 0.001

0.003 = 0.001

0.185 + 0.009

0.127 + 0.008

1.596 + 0.044

0.735 + 0.064

1.056 + 0.033

0.016 + 0.001

1.185 + 0.046

0.12 £ 0.003

0.06 + 0.004

0.019 = 0.002

0.076 £ 0.01
0.409 +0.018

0.129 + 0.009

0.021 +0.001

0.02 £ 0.002

0.057 = 0.006
0.071 = 0.005

0.182 +0.012

0.511 +0.036

0.145 + 0.006

0.006 = 0.001

0.066 = 0.008

0.109 + 0.004

0.021 £ 0.001

0.006 + 0.001

0.073 £ 0.002

0.004 £ 0.001

0.015 £ 0.002

1.035 + 0.149

0.013 = 0.002

0.063 = 0.004

0.019 +0.002

0.034 +£0.01
0.025 = 0.003

0.13+0.02

0.003 = 0.001

0.014 = 0.001

0.043 = 0.005
0.057 = 0.007

0.1+0.017

0.575 = 0.047

0.156 = 0.016

0.004 = 0.001

0.003 = 0.001
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Constituent name

15week_Control

15week LAB+EtOH 15week Acids+Yeast

15week Acids+EtOH

3-(Methylthio)-1-
propanol (Methionol)
2(5H)-furanone
2-Butenoic acid
2-Hydroxy-3-methyl-
2-cyclopenten-1-one
(Cyclotene)
2-Methyl-2-butenoic
acid

Hexanoic acid (Caproic
acid)

2-Phenylethyl alcohol
3-Hydroxy-2-methyl-
4H-pyran-4-one
(Maltol)
2-Acetylpyrrole
5-Ethyl-2(3H)-
furanone
(R)-Dihydro-3-
hydroxy-
4,4-dimethyl-2(3H)-
furanone
4-Hydroxy-2,5-
dimethyl3(2H)-
furanone (HDMF)
3,5-Dimethyl-4-
heptanone

5(or 2)-Ethyl-4-
hydroxy-

2(or 5)-methyl-3(2H)-
furanone (HEMF)
4-Hydroxy-5-methy|-
furanone
Caprolactam
2-Methoxy-4-
vinylphenol (4-
Vinylguaiacol)
1,2,3-Benzenetriol
(Pyrogallol)

0.168 + 0.014

0.011 £ 0.001

0.016 + 0.002

0.014 £+ 0.001

0.015 £ 0.001

0.013 +0.002

1.14 +0.061

0.264 +0.018

0.012 = 0.001

0.016 = 0.003

0.084 = 0.003

0.015 +0.002

0.471+0.03

0.36 +£0.014

0.182 +0.007

0.078 = 0.003

1.032 +0.092

0.091 + 0.026

0.046 + 0.005

0.011 £+ 0.001

0.006 + 0.001

0.011 £+ 0.001

0.017 £ 0.002

0.013 = 0.002

0.082 = 0.007

0.277 +0.018

0.016 = 0.002

0.002 = 0.001

0.082 = 0.005

0.022 = 0.003

0.017 = 0.002

0.012 = 0.001

0.474 +0.017

0.073 +0.013

0.904 +£0.1

0.081 +0.018

0.164 £ 0.003

0.012 £+ 0.002

0.023 £ 0.003

0.008 + 0.001

0.014 £ 0.001

0.012 = 0.002

1.079 + 0.122

0.271+0.018

0.013 = 0.001

0.018 = 0.002

0.097 +0.004

0.008 = 0.001

0.542 + 0.058

0.385+0.011

0.142 +0.016

0.09 £ 0.016

0.817 +0.038

0.088 +0.018

0.043 £ 0.005

0.013 £ 0.001

0.006 + 0.001

0.005 £ 0.001

0.016 + 0.001

0.012 +0.001

0.06 + 0.008

0.286 = 0.015

0.016 = 0.002

0.002 = 0.001

0.094 = 0.008

0.011 +0.002

0.009 = 0.001

0.006 = 0.001

0.459 +0.088

0.066 = 0.028

0.881+0.224

0.109 +0.019
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Constituent name 15week Control 15week LAB+EtOH 15week Acids+Yeast 15week Acids+EtOH

3,5-Dihydroxy-6-

methyl-

2,3-dihydro-4H-pyran-

4-one 0.035 £ 0.003 0.058 + 0.003 0.034 £ 0.001 0.048 + 0.007
Ethyl hexadecanoate

(Ethyl Palmitate) 0.111 £ 0.008 0.099 £ 0.005 0.142 £+ 0.008 0.085 + 0.009
2-Methoxy-6-methyl-4-

pyran-4-one 0.099 £ 0.006 0.051 £ 0.002 0.1+0.003 0.042 £ 0.004
4-Oxopentanoic acid

(Levulinic acid) 0.019 £ 0.001 0.024 £ 0.003 0.025 £ 0.004 0.028 + 0.007
mono-Ethyl succinate  1.571 + 0.021 0.727 £ 0.035 1.591 + 0.043 0.753+0.118
Benzoic acid 0.002 £ 0.001 0.003 £ 0.001 0.002 £ 0.001 0.003 £ 0.001
Phenylacetic acid 0.29 £ 0.006 0.301 £ 0.01 0.282 £ 0.005 0.283+0.018
4-Ethyl-2,6-

dimethoxyphenol 0.154 £ 0.004 0.174 £ 0.012 0.136 £ 0.007 0.169 £ 0.013
n-Hexadecanoic acid

(Palmitic acid) 0.029 £ 0.006 0.02 £ 0.001 0.024 £ 0.003 0.015 £ 0.002
2-(4-

Hydroxyphenyl)ethanol 0.736 + 0.028 0.071 £ 0.003 0.69 £ 0.031 0.032 £ 0.002
1,4-Benzenediol 0.108 £ 0.001 0.109 £ 0.002 0.094 £ 0.007 0.098 + 0.007
(Z,2)-9,12-

Octadecadienoic acid

(Linoleic acid) 0.004 £ 0.002 0.003 £ 0.001 0.004 £ 0.002 0.003 £ 0.001
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Constituent name

17week_Control

17week LAB+EtOH 17week Acids+Yeast

17week Acids+EtOH

1-Propanol
2-Methyl-1-propanol
(Isobutyl alcohol)
1-Butanol
3-Methyl-1-butanol
3-Hydroxy-2-butanone
(Acetoin)
1-Hydroxy-2-
propanone (Acetol)
Ethyl lactate
1-Hydroxy-2-butanone
Acetic acid
3-(Methylthio)-1-
propanal (Methional)
2-Furancarboxaldehyde
(Furfural)
2,3-Butanediol
2-Methylpropanoic
acid (Isobutyric acid)
Dihydro-5-methyl-
2(3H)-furanone
(gamma-Valerolactone)
Dihydro-2(3H)-
furanone (gamma-
Butyrolactone)
Butanoic acid (Butyric
acid)
Phenylacetaldehyde
2-Furanmethanol
(Furfuryl alcohol)
3-Methylbutanoic acid
(Isovaleric acid)
2-Methylbutanoic acid
5-Ethyldihydro-2(3H)-
furanone
(gamma-hexalactone)
3-Methyl-2(5H)-
furanone

0.232 + 0.006

0.178 + 0.007

1.751+0.101

1.097 + 0.091

0.732 £ 0.016

0.013 £ 0.001

1.195 + 0.026

0.11 +0.003

0.048 = 0.015

0.022 = 0.001

0.065 = 0.008
0.554 +0.077

0.137 = 0.009

0.017 = 0.001

0.027 = 0.003

0.069 = 0.005
0.071 = 0.009

0.159 +£0.017

0.507 = 0.049

0.153 +£0.007

0.007 = 0.001

0.057 = 0.003

0.111 + 0.006

0.024 £ 0.002

0.006 + 0.001

0.095 + 0.008

0.007 + 0.001

0.012 £ 0.001

1.098 + 0.026

0.02 £ 0.001

0.061 + 0.006

0.023 = 0.001

0.032 = 0.002
0.031 +0.001

0.142 £ 0.01

0.003 = 0.001

0.02 £ 0.002

0.041 = 0.005
0.059 = 0.005

0.074 = 0.007

0.547 = 0.047

0.155+0.01

0.004 = 0.001

0.003 = 0.001

0.194 £ 0.012

0.135 £ 0.007

1.694 + 0.108

0.81+0.082

1.078 + 0.023

0.016 + 0.001

1.23 +0.027

0.121 + 0.006

0.051+0.012

0.024 = 0.002

0.075+0.012
0.462 +0.071

0.122 + 0.009

0.021 + 0.002

0.02 £ 0.002

0.055 = 0.005
0.07 £ 0.001

0.143 £ 0.016

0.47 £0.054

0.139 = 0.009

0.006 = 0.001

0.064 = 0.007

0.11 +0.004

0.022 £ 0.001

0.006 + 0.001

0.082 £ 0.001

0.004 £ 0.001

0.017 £ 0.002

1.055 + 0.148

0.015 = 0.002

0.06 £ 0.001

0.023 = 0.002

0.035 = 0.008
0.026 = 0.003

0.129 +0.023

0.003 = 0.001

0.014 = 0.001

0.042 +0.004
0.06 + 0.004

0.084 +0.02

0.544 +0.042

0.154 +0.018

0.004 = 0.001

0.003 = 0.001

-213-



Constituent name

17week_Control

17week LAB+EtOH 17week Acids+Yeast

17week Acids+EtOH

3-(Methylthio)-1-
propanol (Methionol)
2(5H)-furanone
2-Butenoic acid
2-Hydroxy-3-methyl-
2-cyclopenten-1-one
(Cyclotene)
2-Methyl-2-butenoic
acid

Hexanoic acid (Caproic
acid)

2-Phenylethyl alcohol
3-Hydroxy-2-methyl-
4H-pyran-4-one
(Maltol)
2-Acetylpyrrole
5-Ethyl-2(3H)-
furanone
(R)-Dihydro-3-
hydroxy-
4,4-dimethyl-2(3H)-
furanone
4-Hydroxy-2,5-
dimethyl3(2H)-
furanone (HDMF)
3,5-Dimethyl-4-
heptanone

5(or 2)-Ethyl-4-
hydroxy-

2(or 5)-methyl-3(2H)-
furanone (HEMF)
4-Hydroxy-5-methy|-
furanone
Caprolactam
2-Methoxy-4-
vinylphenol (4-
Vinylguaiacol)
1,2,3-Benzenetriol
(Pyrogallol)

0.172 + 0.007

0.014 + 0.002

0.016 + 0.002

0.015 £ 0.002

0.016 + 0.001

0.015 +0.002

1.122 + 0.078

0.269 = 0.031

0.013 +0.002

0.017 = 0.001

0.091 +0.002

0.014 = 0.001

0.415 +0.067

0.33+£0.024

0.146 = 0.015

0.108 = 0.02

0.924 +0.146

0.07 £ 0.037

0.045 £ 0.007

0.012 £ 0.001

0.006 + 0.001

0.011 £+ 0.001

0.017 £ 0.002

0.015 = 0.002

0.079 £ 0.011

0.275+0.011

0.016 = 0.001

0.002 = 0.001

0.081 = 0.005

0.019 = 0.002

0.015 = 0.002

0.012 = 0.001

0.375+0.015

0.071 +£0.015

0.86 + 0.053

0.082 = 0.022

0.161 +0.01

0.015 £ 0.002

0.02 +£0.004

0.008 + 0.001

0.014 £ 0.001

0.011 +0.002

0.977 +0.092

0.261 +0.023

0.012 = 0.002

0.018 = 0.002

0.1 +0.005

0.007 = 0.002

0.45 £ 0.053

0.339+0.018

0.115+0.013

0.056 = 0.039

0.686 + 0.054

0.059 = 0.028

0.042 + 0.004

0.014 £ 0.002

0.006 + 0.001

0.005 £ 0.001

0.015 £ 0.002

0.014 = 0.002

0.058 = 0.007

0.301 +0.018

0.017 = 0.002

0.002 = 0.001

0.098 = 0.008

0.01 £ 0.003

0.008 = 0.001

0.006 = 0.001

0.381 +0.067

0.069 = 0.027

0.865 = 0.091

0.097 £0.01
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Constituent name 17week Control 17week LAB+EtOH 17week Acids+Yeast 17week Acids+EtOH

3,5-Dihydroxy-6-

methyl-

2,3-dihydro-4H-pyran-

4-one 0.037 £ 0.036 0.054 £ 0.003 0.012 £ 0.017 0.049 £ 0.007
Ethyl hexadecanoate

(Ethyl Palmitate) 0.135+0.017 0.143 £ 0.002 0.189 £ 0.023 0.127 £ 0.019
2-Methoxy-6-methyl-4-

pyran-4-one 0.094 £ 0.005 0.049 £ 0.004 0.092 £ 0.006 0.038 + 0.006
4-Oxopentanoic acid

(Levulinic acid) 0.02 £ 0.001 0.024 £ 0.002 0.026 £+ 0.004 0.03+0.005
mono-Ethyl succinate ~ 1.724 + 0.095 0.798 £ 0.02 1.67 £ 0.093 0.851 +0.089
Benzoic acid 0.002 £ 0.001 0.003 £ 0.001 0.002 £ 0.001 0.003 £ 0.001
Phenylacetic acid 0.304 £ 0.007 0.293 £ 0.015 0.267 £ 0.013 0.285+ 0.023
4-Ethyl-2,6-

dimethoxyphenol 0.147 £ 0.006 0.165 £ 0.007 0.129 £ 0.005 0.165 + 0.004
n-Hexadecanoic acid

(Palmitic acid) 0.038 £+ 0.003 0.027 £ 0.011 0.03 £ 0.004 0.018 £ 0.001
2-(4-

Hydroxyphenyl)ethanol 0.733 + 0.029 0.069 £ 0.002 0.663 £ 0.025 0.032 £ 0.002
1,4-Benzenediol 0.106 £ 0.008 0.109 £ 0.006 0.09 £ 0.006 0.098 + 0.008
(Z,2)-9,12-

Octadecadienoic acid

(Linoleic acid) 0.004 £ 0.001 0.005 £ 0.004 0.006 £ 0.003 0.004 £ 0.001
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Constituent name

18week_Control

18week LAB+EtOH 18week Acids+Yeast

18week Acids+EtOH

1-Propanol
2-Methyl-1-propanol
(Isobutyl alcohol)
1-Butanol
3-Methyl-1-butanol
3-Hydroxy-2-butanone
(Acetoin)
1-Hydroxy-2-
propanone (Acetol)
Ethyl lactate
1-Hydroxy-2-butanone
Acetic acid
3-(Methylthio)-1-
propanal (Methional)
2-Furancarboxaldehyde
(Furfural)
2,3-Butanediol
2-Methylpropanoic
acid (Isobutyric acid)
Dihydro-5-methyl-
2(3H)-furanone
(gamma-Valerolactone)
Dihydro-2(3H)-
furanone (gamma-
Butyrolactone)
Butanoic acid (Butyric
acid)
Phenylacetaldehyde
2-Furanmethanol
(Furfuryl alcohol)
3-Methylbutanoic acid
(Isovaleric acid)
2-Methylbutanoic acid
5-Ethyldihydro-2(3H)-
furanone
(gamma-hexalactone)
3-Methyl-2(5H)-
furanone

0.208 + 0.005

0.168 + 0.008

1.597 £ 0.02

0.994+0.1

0.676 + 0.026

0.013 £ 0.001

1.079 +0.019

0.106 = 0.006

0.062 = 0.003

0.021 = 0.001

0.067 = 0.004
0.46 + 0.065

0.135 = 0.007

0.017 +£0.002

0.029 = 0.001

0.068 = 0.004
0.068 = 0.003

0.127 +0.014

0.5+0.034

0.148 + 0.006

0.007 = 0.001

0.056 = 0.002

0.111 + 0.005

0.023 £ 0.001

0.007 + 0.001

0.094 £ 0.012

0.007 + 0.001

0.013 £ 0.001

1.109 + 0.03

0.021 +0.001

0.057 = 0.005

0.023 = 0.001

0.028 + 0.002
0.032 = 0.001

0.148 +0.01

0.003 = 0.001

0.02 £ 0.002

0.043 = 0.004
0.059 = 0.006

0.061 + 0.006

0.561 + 0.04

0.163 = 0.003

0.004 = 0.001

0.003 = 0.001

0.189 £ 0.013

0.132 £ 0.012

1.673+0.161

0.789 + 0.085

1.038 +0.05

0.016 + 0.001

1.217 + 0.083

0.121 + 0.007

0.052 £0.01

0.022 =+ 0.001

0.077 = 0.008
0.448 =+ 0.051

0.123 = 0.005

0.021 +0.003

0.02 £ 0.002

0.055 = 0.001
0.07 £ 0.004

0.103 +0.012

0.459 =+ 0.041

0.14 £0.011

0.006 = 0.001

0.063 +£0.01

0.113 £ 0.005

0.021 £ 0.001

0.006 + 0.001

0.079 £ 0.006

0.004 £ 0.001

0.017 £ 0.002

1.082 + 0.127

0.016 = 0.001

0.055+0.01

0.022 + 0.002

0.033 = 0.009
0.027 +0.004

0.129 + 0.026

0.002 = 0.001

0.014 = 0.002

0.043 = 0.003
0.058 = 0.005

0.066 = 0.026

0.531 +0.049

0.153+0.02

0.004 = 0.001

0.002 = 0.001
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Constituent name

18week_Control

18week LAB+EtOH 18week Acids+Yeast

18week Acids+EtOH

3-(Methylthio)-1-
propanol (Methionol)
2(5H)-furanone
2-Butenoic acid
2-Hydroxy-3-methyl-
2-cyclopenten-1-one
(Cyclotene)
2-Methyl-2-butenoic
acid

Hexanoic acid (Caproic

acid)

2-Phenylethyl alcohol
3-Hydroxy-2-methyl-
4H-pyran-4-one
(Maltol)
2-Acetylpyrrole
5-Ethyl-2(3H)-
furanone
(R)-Dihydro-3-
hydroxy-
4,4-dimethyl-2(3H)-
furanone
4-Hydroxy-2,5-
dimethyl3(2H)-
furanone (HDMF)
3,5-Dimethyl-4-
heptanone

5(or 2)-Ethyl-4-
hydroxy-

2(or 5)-methyl-3(2H)-
furanone (HEMF)
4-Hydroxy-5-methy|-
furanone
Caprolactam
2-Methoxy-4-
vinylphenol (4-
Vinylguaiacol)
1,2,3-Benzenetriol
(Pyrogallol)

0.173 £ 0.008

0.013 £ 0.001

0.016 + 0.002

0.015 £ 0.001

0.014 £+ 0.001

0.013 = 0.001

1.08 +0.033

0.272 = 0.008

0.013 = 0.001

0.017 +0.002

0.092 = 0.003

0.013 +0.002

0.409 = 0.007

0.307 £ 0.014

0.122 +0.014

0.076 = 0.019

0.962+0.1

0.101+0.01

0.046 + 0.002

0.012 £ 0.001

0.006 + 0.001

0.011 £+ 0.001

0.017 £ 0.001

0.014 = 0.001

0.075 = 0.005

0.282 +0.018

0.016 = 0.002

0.002 = 0.001

0.085 = 0.004

0.019 = 0.002

0.015 = 0.002

0.011 +0.001

0.321 +0.012

0.077 = 0.008

0.856 +£0.02

0.079 £ 0.019

0.153 £ 0.013

0.014 £ 0.001

0.02 £ 0.005

0.008 + 0.001

0.013 £ 0.001

0.01 £ 0.003

0.93 £0.147

0.256 = 0.022

0.012 = 0.002

0.018 = 0.002

0.101 +0.004

0.006 = 0.002

0.404 +0.072

0.306 = 0.035

0.092 +0.015

0.092 = 0.035

0.66 + 0.088

0.064 +0.03

0.04 +£0.003

0.015 £ 0.001

0.006 + 0.001

0.005 £ 0.001

0.016 £ 0.003

0.013 = 0.001

0.054 +0.002

0.295 +0.021

0.016 = 0.002

0.003 = 0.001

0.1 +0.006

0.009 = 0.001

0.008 = 0.001

0.006 = 0.001

0.303 = 0.047

0.081 = 0.006

0.771+0.074

0.087 £ 0.024

-217-



Constituent name 18week Control 18week LAB+EtOH 18week Acids+Yeast 18week Acids+EtOH

3,5-Dihydroxy-6-

methyl-

2,3-dihydro-4H-pyran-

4-one 0.03£0.003 0.054 £ 0.003 0.045 £ 0.051 0.049 £ 0.012
Ethyl hexadecanoate

(Ethyl Palmitate) 0.151 £ 0.015 0.117 £ 0.012 0.185 £ 0.008 0.116 £ 0.014
2-Methoxy-6-methyl-4-

pyran-4-one 0.084 £ 0.005 0.044 £ 0.001 0.083 £ 0.008 0.036 £ 0.007
4-Oxopentanoic acid

(Levulinic acid) 0.019 £ 0.003 0.026 £ 0.001 0.026 £ 0.002 0.03 £0.003
mono-Ethyl succinate  1.593 + 0.032 0.883 £ 0.03 1.666 + 0.148 0.914 £+ 0.063
Benzoic acid 0.002 £ 0.001 0.003 £ 0.001 0.002 £ 0.001 0.002 £ 0.001
Phenylacetic acid 0.289 £ 0.013 0.302 £ 0.013 0.27 £0.017 0.28 £0.04
4-Ethyl-2,6-

dimethoxyphenol 0.144 £ 0.017 0.174 £ 0.01 0.127 £ 0.002 0.164 £ 0.018
n-Hexadecanoic acid

(Palmitic acid) 0.037 £ 0.004 0.029 £ 0.001 0.038 £ 0.002 0.025 £ 0.004
2-(4-

Hydroxyphenyl)ethanol 0.737 +0.036 0.07 £ 0.002 0.657 = 0.065 0.031 +£0.002
1,4-Benzenediol 0.109 £ 0.007 0.108 £ 0.001 0.09 £ 0.008 0.095 £ 0.003
(Z,2)-9,12-

Octadecadienoic acid

(Linoleic acid) 0.003 £ 0.001 0.003 £ 0.001 0.004 £ 0.002 0.003 £ 0.001

FZALEY OFEXFRE L mean * standard deviation TZ L7-. Control : JLEEH - BER-ESIN, LAB +EtOH : #LES
+ ethanol #31, Acids + Yeast : lactic acid, acetic acid + E£EEARIN, Acids + ethanol : lactic acid, acetic acid +

ethanol %N
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Constituent name

Oweek_Control

Oweek LAB+EtOH Oweek Acids+Yeast Oweek Acids+EtOH

Acetaldehyde
Methanethiol
2-Propanone
(Acetone)
2-Propanol

Furan

Ethyl formate
2-Methyl-2-
propanol

Methyl acetate
2-Methyl-propanal
(Isobutyraldehyde)
2,3-Butanedione
(Diacetyl)
2-Butanone
2-Methyl-furan
2-Ethoxy-2-methyl-
propane

2-Butenal
3-Methyl-butanal
(Isovaleraldehyde)
3-Methyl-2-
butanone
2-Methyl-butanal
(Valeraldehyde)
2-Pentanone
2,3-Pentanedione
Ethyl propionate
n-Propyl acetate
2-Methyl-1-butanol
(Active amyl
alcohol)

Dimethyl disulfide
Ethyl 2-
methylpropanoate
(Ethyl isobutyrate)

0.366 + 0.031
0.03 +0.009

0.105+0.012
0.101 + 0.007
0.003 £ 0.001
0+0

0.01 +0.003
0.001 +0.001

0.057 +£0.004

0.007 + 0.001
0.07 +£0.03
0.002 + 0.001

0.002 + 0.001
0.002 + 0.001

0.118 + 0.004

0.002 £ 0.002

0.08 +0.003
0.006 + 0.002
0.007 £ 0.003
0.001 +0.001
00

0.045 £+ 0.006
0.004 + 0.001

0.366 + 0.055
0.038 + 0.007

0.114 £ 0.012
0.108 + 0.004
0.003 + 0.001
0+0

0.009 +0.003
0.001 +0.001

0.056 +0.008

0.008 + 0.002
0.089 +£0.042
0.002 + 0.001

0.002 + 0.001
0.002 + 0.001

0.106 £0.01

0.002 +0.002

0.085+0.011
0.005 £ 0.002
0.007 +0.002
0+0
0+0

0.047 + 0.006
0.005 £ 0.002

0.341 £ 0.023
0.038 £ 0.011

0.131 £0.012
0.112 + 0.005
0.003 £ 0.001
0+0

0.01 £ 0.002
0+0

0.06 £ 0.015

0.008 = 0.001
0.11+£0.011
0.002 = 0.001

0.003 = 0.002
0.001 = 0.001

0.108 £ 0.024

0.003 = 0.001

0.082 +0.019
0.005 + 0.002
0.007 = 0.003
0+0

0.002 = 0.002

0.046 = 0.006
0.005 + 0.002

0.34 +0.041
0.031 +0.005

0.102 + 0.036
0.087 £ 0.025
0.003 + 0.001
0+0

0.012 + 0.001
0.001 + 0.001

0.052 £ 0.011

0.006 + 0.001
0.114 £ 0.047
0.002 + 0.001

0.003 + 0.002
0.002 + 0.001

0.101 +£0.017

0.004 + 0.001

0.079+0.01
0.007 + 0.001
0.005 £+ 0.002
0+0

0.002 + 0.002

0.042 £ 0.007
0.004 + 0.001
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Constituent name

Oweek_Control

Oweek LAB+EtOH Oweek Acids+Yeast Oweek Acids+EtOH

2-Methylpropyl
acetate (Isobutyl
acetate)
3,4-Hexanedione
Hexanal

Ethyl butanoate
Butyl acetate
Ethyl 2-
methylbutanoate
Ethyl 3-
methylbutanoate
(Ethyl isovalerate)
3-Methylbutyl
acetate (Isoamyl
acetate)
2-Methylbutyl
acetate
2,6-Dimethyl-
pyrazine
(2)-3,7-Dimethyl-2-
octene
Benzaldehyde
(2)-1,5-Octadien-3-
ol

1-Octen-3-ol
3-Octanone

Ethyl hexanoate
(Ethyl caproate)
3-Octanol
2-Octenal

Ethyl heptanoate
Ethyl benzoate
Ethyl dodecanoate
(Ethyl laurate)

0+0
0.002 + 0.001
0.005 + 0.001
0+0
0+0

0.005 + 0.001

0.001 +0.001
0.004 + 0.001

0.011 +0.001
0.128 + 0.025
0+0

0+0

0.01 +£0.001
0.013 £ 0.002
00

00

00

0+0
0.003 £ 0.001
0.006 + 0.001
0+0
0+0

0.005 +0.002

0+0
0.005 + 0.001

0.011 +0.002
0.189 + 0.068
0+0

0+0

0.01 +0.002
0.012 £ 0.001
0+0

0+0

0+0

0+0
0.003 £ 0.001
0.006 + 0.002
0+0
0+0

0.001 = 0.001

0.005 + 0.002

0+0
0.005 + 0.002

0.011 = 0.002
0.223 +0.105
0+0

0+0
0.012 = 0.001
0.012 +0.004
0+0
0.001 = 0.001

0+0

0+0
0.002 + 0.001
0.006 + 0.001
0+0
0+0

0+0

0.001 + 0.001

0+0

0.001 + 0.001

0.004 + 0.001

0+0
0.004 + 0.001

0.01 +0.002
0.182+0.114
0+0

0+0

0.01 +0.002
0.012 £ 0.001
0+0

0+0

0+0
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Constituent name

1week_Control

1week LAB+EtOH 1week Acids+Yeast 1week Acids+EtOH

Acetaldehyde
Methanethiol
2-Propanone
(Acetone)
2-Propanol

Furan

Ethyl formate
2-Methyl-2-
propanol

Methyl acetate
2-Methyl-propanal
(Isobutyraldehyde)
2,3-Butanedione
(Diacetyl)
2-Butanone
2-Methyl-furan
2-Ethoxy-2-methyl-
propane

2-Butenal
3-Methyl-butanal
(Isovaleraldehyde)
3-Methyl-2-
butanone
2-Methyl-butanal
(Valeraldehyde)
2-Pentanone
2,3-Pentanedione
Ethyl propionate
n-Propyl acetate
2-Methyl-1-butanol
(Active amyl
alcohol)

Dimethyl disulfide
Ethyl 2-
methylpropanoate
(Ethyl isobutyrate)
2-Methylpropyl
acetate (Isobutyl
acetate)
3,4-Hexanedione

0.74 +0.136
0.03 +0.006

0.174 £ 0.05
0.082 + 0.005
0.003 £ 0.001
0+0

0.039 + 0.024
0.002 + 0.002

0.091 +0.019

0.006 + 0.003
0.077 £ 0.052
0.002 + 0.001

0.004 + 0.004
0.004 + 0.002

0.184 +£0.017

0.007 + 0.006

0.125+0.018
0.009 + 0.003
0.003 + 0.002
0+0

0.001 +0.001

0.073 £ 0.002
0.004 + 0.002

00
0.001 +0.001

0.858 £ 0.107
0.04 +0.004

0.204 + 0.027
0.081+0.01
0.004 + 0.002
0+0

0.062 + 0.014
0.003 + 0.001

0.11+0.011

0.008 + 0.002
0.128 +0.038
0.003 +0.001

0.006 = 0.004
0.003 +0.001

0.222 £ 0.019

0.004 +0.003

0.153+0.011
0.013 +£0.002
0.003 +0.002
0+0

0.002 = 0.004

0.077 £ 0.004
0.004 +0.002

00
0.001 +0.001

0.65+0.045
0.039 £ 0.007

0.179 £ 0.04
0.081 £ 0.012
0.003 £ 0.002
0+0

0.043 £ 0.023
0.002 £ 0.002

0.102 + 0.023

0.007 +£0.004
0.105 + 0.028
0.002 = 0.001

0.004 = 0.002
0.002 = 0.003

0.194 +0.034

0.003 = 0.002

0.147 +0.019
0.013 +0.004
0.005 + 0.002
0+0

0.001 = 0.002

0.066 = 0.006
0.005 = 0.003

0+0
0.001 = 0.001

0.715+0.239
0.038 +£0.018

0.17+0.021
0.074 £ 0.014
0.003 + 0.002
0+0

0.029 + 0.007
0.001 +0.001

0.103 + 0.026

0.007 + 0.002
0.08 +0.038
0.002 + 0.002

0.005 + 0.001
0.004 + 0.002

0.198 £ 0.035

0.003 + 0.001

0.144 + 0.035
0.008 + 0.003
0.003 + 0.001
0.001 + 0.001
0.001 + 0.001

0.071 £ 0.005
0.004 + 0.001

0+0
0.001 + 0.001
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Constituent name  1week Control 1week LAB+EtOH 1week Acids+Yeast 1week Acids+EtOH

Hexanal 0.005+0.002 0.004 +0.001 0.005 £ 0.001 0.004 £ 0.001
Ethyl butanoate 00 00 00 00

Butyl acetate 00 00 00 00

Ethyl 2-

methylbutanoate 00 00 00 00

Ethyl 3-

methylbutanoate

(Ethyl isovalerate) 00 00 00 00
3-Methylbutyl

acetate (Isoamyl

acetate) 00 00 00 00
2-Methylbutyl

acetate 0.001+£0.002 0%0 0.001 £ 0.001 0.001 £ 0.001
2,6-Dimethyl-

pyrazine 0.005+0.001 0.005 + 0.001 0.005 £ 0.002 0.005 + 0.002
(2)-3,7-Dimethyl-2-

octene 00 00 0+0 00
Benzaldehyde 0.005+0.002 0.005 + 0.001 0.005 £ 0.002 0.005 + 0.003
(2)-1,5-Octadien-3-

ol 0.008 £0.001 0.01+0.001 0.009 £ 0.002 0.01 +0.002
1-Octen-3-ol 0.209+0.124  0.265 +0.109 0.207 £ 0.187 0.223+0.149
3-Octanone 00 00 0+0 00

Ethyl hexanoate

(Ethyl caproate) 00 00 00 00
3-Octanol 0.011+£0.003 0.01+0.002 0.009 £ 0.002 0.01 +0.002
2-Octenal 0.012+0.002 0.012 +0.001 0.011 £ 0.002 0.009 £ 0.002
Ethyl heptanoate 00 00 00 00

Ethyl benzoate 00 0.001 £ 0.001 0+0 0.001 £ 0.001
Ethyl dodecanoate

(Ethyl laurate) 00 00 00 0£0
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Constituent name

3week_Control

3week LAB+EtOH 3week Acids+Yeast 3week Acids+EtOH

Acetaldehyde
Methanethiol
2-Propanone
(Acetone)
2-Propanol

Furan

Ethyl formate
2-Methyl-2-
propanol

Methyl acetate
2-Methyl-propanal
(Isobutyraldehyde)
2,3-Butanedione
(Diacetyl)
2-Butanone
2-Methyl-furan
2-Ethoxy-2-methyl-
propane

2-Butenal
3-Methyl-butanal
(Isovaleraldehyde)
3-Methyl-2-
butanone
2-Methyl-butanal
(Valeraldehyde)
2-Pentanone
2,3-Pentanedione
Ethyl propionate
n-Propyl acetate
2-Methyl-1-butanol
(Active amyl
alcohol)

Dimethyl disulfide
Ethyl 2-
methylpropanoate
(Ethyl isobutyrate)
2-Methylpropyl
acetate (Isobutyl
acetate)
3,4-Hexanedione

1.303 + 0.062
0.022 + 0.007

0.183+0.014
0.078 £ 0.008
0.002 + 0.001
0+0

0.017 +0.008
0+0

0.099 + 0.009

0.007 +0.003
0.109 +£0.031
0.002 + 0.001

0.003 + 0.001
0.005 £ 0.002

0.218 £0.02

0.003 + 0.001

0.142 + 0.025
0.01 +0.003
0.003 + 0.001
0.001 +0.001
00

0.077 £ 0.006
0.003 £ 0.002

00
0.001 +0.001

1.231+0.08
0.031 +0.003

0.23+0.012
0.091 +0.001
0.005 + 0.001
0+0

0.014 + 0.006
0+0

0.146 £ 0.014

0.013 +0.005
0.136 £ 0.015
0.002 + 0.001

0.003 +0.001
0.008 + 0.002

0.306 +0.027

0.005 £ 0.002

0.213+0.018
0.009 +0.003
0.005 +0.001
0+0
0+0

0.084 +0.003
0.003 + 0.001

1.028 + 0.135
0.038 £ 0.011

0.222 + 0.008
0.089 £ 0.007
0.005 + 0.002
0+0

0.016 £ 0.007
0.001 £ 0.001

0.15 £ 0.033

0.007 +£0.004
0.109 +0.033
0.003 = 0.001

0.003 = 0.002
0.007 = 0.002

0.306 + 0.064

0.004 = 0.002

0.23 £0.037
0.01 £ 0.001
0.004 = 0.002
0+0

0+0

0.083 = 0.009
0.005 = 0.003

0+0
0.002 = 0.002

1.056 + 0.229
0.033 + 0.007

0.206 + 0.008
0.069 + 0.016
0.004 + 0.002
0+0

0.01 +0.002
0+0

0.147 £ 0.035

0.01 +0.001
0.073+0.043
0.002 + 0.001

0.003 + 0.003
0.005 + 0.001

0.296 + 0.045

0.003 + 0.001

0.209 £ 0.041
0.009 £+ 0.002
0.004 + 0.001
0.001 + 0.001
0.001 + 0.002

0.077 £ 0.004
0.003 + 0.002
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Constituent name

3week_Control

3week LAB+EtOH 3week Acids+Yeast 3week Acids+EtOH

Hexanal

Ethyl butanoate
Butyl acetate
Ethyl 2-
methylbutanoate
Ethyl 3-
methylbutanoate
(Ethyl isovalerate)
3-Methylbutyl
acetate (Isoamyl
acetate)
2-Methylbutyl
acetate
2,6-Dimethyl-
pyrazine
(2)-3,7-Dimethyl-2-
octene
Benzaldehyde
(2)-1,5-Octadien-3-
ol

1-Octen-3-ol
3-Octanone

Ethyl hexanoate
(Ethyl caproate)
3-Octanol
2-Octenal

Ethyl heptanoate
Ethyl benzoate
Ethyl dodecanoate
(Ethyl laurate)

0.005 + 0.001
0+0
0+0

0.004 + 0.001

0+0
0.004 + 0.001

0.008 + 0.002
0.109 +£0.011
0+0

0+0
0.009 + 0.001
0.011 +0.001
0+0
0+0

00

0.005 + 0.001
0+0
0+0

0.002 +0.002

0.001 +0.002

0.005 + 0.001

0+0
0.005 +0.001

0.009 + 0.002
0.325 £ 0.047
0+0

0+0

0.012 +£0.003
0.01 +£0.001
0+0

0+0

0+0

0.005 + 0.002
0+0
0+0

0.005 = 0.001

0.001 = 0.001
0.006 = 0.001

0.009 = 0.001
0.296 + 0.086
0+0

0+0

0.011 +0.001
0.01 £ 0.001
0+0

0+0

0+0

0.004 + 0.001
0+0
0+0

0.001 + 0.002

0.001 + 0.002

0.005 + 0.001

0.002 + 0.001
0.005 £+ 0.002

0.009 + 0.001
0.322 £ 0.154
0+0

0+0

0.013 £ 0.003
0.01 +0.002
0+0

0+0

0+0
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Constituent name

4week_Control

4week LAB+EtOH 4week Acids+Yeast 4week Acids+EtOH

Acetaldehyde
Methanethiol
2-Propanone
(Acetone)
2-Propanol

Furan

Ethyl formate
2-Methyl-2-
propanol

Methyl acetate
2-Methyl-propanal
(Isobutyraldehyde)
2,3-Butanedione
(Diacetyl)
2-Butanone
2-Methyl-furan
2-Ethoxy-2-methyl-
propane

2-Butenal
3-Methyl-butanal
(Isovaleraldehyde)
3-Methyl-2-
butanone
2-Methyl-butanal
(Valeraldehyde)
2-Pentanone
2,3-Pentanedione
Ethyl propionate
n-Propyl acetate
2-Methyl-1-butanol
(Active amyl
alcohol)

Dimethyl disulfide
Ethyl 2-
methylpropanoate
(Ethyl isobutyrate)
2-Methylpropyl
acetate (Isobutyl
acetate)
3,4-Hexanedione

1.174 + 0.049
0.035+0.003

0.205 £ 0.025
0.107 + 0.007
0.005 + 0.001
0+0

0.029 £ 0.019
0.001 +0.001

0.177 +£0.015

0.01 +0.002
0.105 + 0.064
0.003 + 0.001

0.002 + 0.002
0.006 + 0.002

0.347 +£0.031

0.005 + 0.001

0.252 £ 0.016
0.011 £ 0.002
0.005 £ 0.002
0.001 +0.001
0.002 + 0.004

0.068 + 0.008
0.003 £ 0.002

00
0.002 £ 0.002

1.056 + 0.218
0.029 + 0.007

0.236 + 0.032
0.105 + 0.006
0.005 + 0.002
0+0

0.031+0.01
0.001 +0.001

0.183 +£0.041

0.011 +0.003
0.206 +0.043
0.003 +0.002

0.006 = 0.004
0.005 +0.003

0.361 +0.063

0.006 + 0.002

0.264 + 0.055
0.014 +0.002
0.004 +0.003
0+0

0.001 +0.001

0.067 + 0.006
0.002 + 0.001

1.03+0.178
0.032 £ 0.006

0.243 £ 0.036
0.105 £ 0.012
0.005 £ 0.001
0+0

0.011 £+ 0.003
0.001 £ 0.001

0.193+0.01

0.015 = 0.001
0.132 +0.019
0.004 = 0.001

0.003 = 0.001
0.006 = 0.001

0.386 = 0.023

0.006 = 0.001

0.275+0.019
0.012 = 0.002
0.005 = 0.001
0+0
0+0

0.077 = 0.007
0.003 = 0.002

1.158 + 0.343
0.028 +0.01

0.174 £ 0.024
0.095 + 0.023
0.004 + 0.002
0+0

0.017 + 0.002
0.001 +0.001

0.165 + 0.028

0.012 + 0.005
0.088 + 0.008
0.003 + 0.002

0.007 + 0.006
0.006 + 0.002

0.327 +£0.03

0.004 + 0.001

0.235+0.039
0.008 + 0.001
0.004 + 0.001
0+0
0+0

0.071 £ 0.007
0.002 + 0.001

0+0
0.001 + 0.002
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Constituent name  4week Control 4week LAB+EtOH 4week Acids+Yeast 4week Acids+EtOH

Hexanal 0.004 £0.002  0.004 + 0.001 0.005 £ 0.001 0.005 + 0.001
Ethyl butanoate 00 00 00 00

Butyl acetate 00 00 00 0.001 £ 0.001
Ethyl 2-

methylbutanoate 00 00 00 00

Ethyl 3-

methylbutanoate

(Ethyl isovalerate) 00 00 00 0.001 £ 0.001
3-Methylbutyl

acetate (Isoamyl

acetate) 0.001+£0.001 0.002 £ 0.002 0.001 £ 0.002 00
2-Methylbutyl

acetate 0.001+£0.001 0.002 £ 0.002 0.001 £ 0.002 00
2,6-Dimethyl-

pyrazine 0.006 £ 0.001  0.005 + 0.002 0.005 £ 0.001 0.005 + 0.001
(2)-3,7-Dimethyl-2-

octene 0.002+£0.001  0.001 £ 0.001 0.002 £ 0.001 0.002 + 0.001
Benzaldehyde 0.005+0.002  0.005 + 0.002 0.005 £ 0.001 0.004 £ 0.002
(2)-1,5-Octadien-3-

ol 0.008 £0.002  0.007 +0.001 0.008 + 0.001 0.008 £ 0.002
1-Octen-3-ol 0.243+0.043 0.38+0.24 0.285 £+ 0.073 0.206 £ 0.155
3-Octanone 00 00 0+0 00

Ethyl hexanoate

(Ethyl caproate) 00 00 00 00
3-Octanol 0.009 £0.002  0.009 + 0.004 0.01 £ 0.002 0.008 £ 0.002
2-Octenal 0.007£0.001  0.007 £ 0.002 0.007 £ 0.002 0.008 £ 0.002
Ethyl heptanoate 00 00 00 00

Ethyl benzoate 00 00 00 00

Ethyl dodecanoate

(Ethyl laurate) 00 00 00 0£0
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Constituent name

5week_Control

5week LAB+EtOH 5week Acids+Yeast 5week Acids+EtOH

Acetaldehyde
Methanethiol
2-Propanone
(Acetone)
2-Propanol

Furan

Ethyl formate
2-Methyl-2-
propanol

Methyl acetate
2-Methyl-propanal
(Isobutyraldehyde)
2,3-Butanedione
(Diacetyl)
2-Butanone
2-Methyl-furan
2-Ethoxy-2-methyl-
propane

2-Butenal
3-Methyl-butanal
(Isovaleraldehyde)
3-Methyl-2-
butanone
2-Methyl-butanal
(Valeraldehyde)
2-Pentanone
2,3-Pentanedione
Ethyl propionate
n-Propyl acetate
2-Methyl-1-butanol
(Active amyl
alcohol)

Dimethyl disulfide
Ethyl 2-
methylpropanoate
(Ethyl isobutyrate)
2-Methylpropyl
acetate (Isobutyl
acetate)
3,4-Hexanedione

0.251 +£0.022
0.049 + 0.002

0.762 £ 0.104
0.238 £ 0.053
0.019 + 0.004
0+0

0.046 £ 0.05
0.054 + 0.008

0.319 £ 0.057

0.012 +£0.003
0.375 %+ 0.096
0.006 + 0.002

0.005 + 0.001
0.003 + 0.001

0.476 £ 0.051

0.022 + 0.002

0.383 £ 0.059
0.014 +0.004
0.004 + 0.002
0.001 +0.001
0.002 £ 0.003

0.038 +£ 0.001
0.004 +0.003

00
0.001 +0.001

0.229 £ 0.025
0.047 £ 0.003

0.666 + 0.02
0.22 +0.027
0.018 + 0.006
0+0

0.044 +0.02
0.053+0.011

0.305+0.016

0.013 +0.004
0.31+0.013
0.005 +0.002

0.008 + 0.003
0.002 + 0.001

0.43 £0.061

0.02 + 0.007

0.357 +£0.041
0.016 +0.002
0.004 +0.002
0+0

0.002 +0.003

0.034 £ 0.007
0.003 +0.001

00
0.001 +0.001

1.266 + 0.388
0.022 £ 0.009

0.28 £0.06
0.271 £ 0.067
0.004 £ 0.003
0+0

0.026 + 0.015
0.001 £ 0.001

0.211 +0.038

0.014 = 0.005
0.144 +0.051
0.005 + 0.003

0.007 = 0.003
0.006 = 0.001

0.424 +0.081

0.006 = 0.003

0.281 +0.072
0.011 +0.003
0.006 = 0.003
0.001 = 0.001
0+0

0.08 £0.014
0.001 = 0.001

0.953 +0.058
0.024 + 0.001

0.259 £ 0.014
0.215+0.029
0.004 + 0.001
0+0

0.014 + 0.001
0+0

0.209 £ 0.011

0.014 + 0.004
0.11 +0.041
0.006 + 0.001

0.007 + 0.004
0.005 + 0.001

0.415 £+ 0.005

0.007 £ 0.002

0.29 +0.009
0.011 +0.003
0.005 + 0.001
0+0

0.002 + 0.002

0.086 + 0.009
0.001 + 0.001

0+0
0.001 + 0.001
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Constituent name

5week_Control

5week LAB+EtOH 5week Acids+Yeast 5week Acids+EtOH

Hexanal

Ethyl butanoate
Butyl acetate
Ethyl 2-
methylbutanoate
Ethyl 3-
methylbutanoate
(Ethyl isovalerate)
3-Methylbutyl
acetate (Isoamyl
acetate)
2-Methylbutyl
acetate
2,6-Dimethyl-
pyrazine
(2)-3,7-Dimethyl-2-
octene
Benzaldehyde
(2)-1,5-Octadien-3-
ol

1-Octen-3-ol
3-Octanone

Ethyl hexanoate
(Ethyl caproate)
3-Octanol
2-Octenal

Ethyl heptanoate
Ethyl benzoate
Ethyl dodecanoate
(Ethyl laurate)

0.004 + 0.001
0+0
0+0

0+0

0.001 +0.001

0.005 + 0.001

0.003 + 0.002

0.004 + 0.002

0.001 +0.001
0.021 + 0.007

0.003 + 0.001
0.172 £ 0.027
0+0

0+0
0.003 + 0.001
0+0
0+0
0+0

00

0.004 + 0.001
0+0
0+0

0+0

0.002 + 0.001

0.004 +0.003

0.002 +0.002

0.004 + 0.001

0.002 + 0.001
0.021 +0.002

0.004 + 0.001
0.164 + 0.04
0+0

0+0
0.004 + 0.001
0+0
0+0
0.001 +0.001

0+0

0.004 £ 0.002
0+0
0+0

0.001 = 0.001

0.006 = 0.001

0.002 = 0.001
0.004 = 0.002

0.007 = 0.001
0.224 +0.178
0+0

0+0
0.008 = 0.002
0.007 = 0.002
0+0
0.001 = 0.001

0+0

0.004 + 0.002
0+0
0.001 + 0.002

0+0

0.001 +0.001

0.005 + 0.001

0.002 + 0.001
0.003 + 0.001

0.007 £ 0.002
0.221 + 0.064
0+0

0+0
0.008 + 0.001
0.006 + 0.001
0+0
0.001 + 0.001

0+0
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Constituent name

6week_Control

6week LAB+EtOH 6week Acids+Yeast 6week Acids+EtOH

Acetaldehyde
Methanethiol
2-Propanone
(Acetone)
2-Propanol

Furan

Ethyl formate
2-Methyl-2-
propanol

Methyl acetate
2-Methyl-propanal
(Isobutyraldehyde)
2,3-Butanedione
(Diacetyl)
2-Butanone
2-Methyl-furan
2-Ethoxy-2-methyl-
propane

2-Butenal
3-Methyl-butanal
(Isovaleraldehyde)
3-Methyl-2-
butanone
2-Methyl-butanal
(Valeraldehyde)
2-Pentanone
2,3-Pentanedione
Ethyl propionate
n-Propyl acetate
2-Methyl-1-butanol
(Active amyl
alcohol)

Dimethyl disulfide
Ethyl 2-
methylpropanoate
(Ethyl isobutyrate)
2-Methylpropyl
acetate (Isobutyl
acetate)
3,4-Hexanedione

0.233+£0.017
0.044 + 0.005

0.596 + 0.033
0.079 + 0.008
0.014 + 0.003
-0.002 + 0.003

0.088 + 0.006
0.061 + 0.005

0.288 +0.03

0.01 +0.002
0.295+0.038
0.004 + 0.001

0.009 + 0.002
0.003 + 0.002

0.404 £ 0.052

0.021 +0.003

0.308 £ 0.03

0.016 + 0.002
0.004 + 0.001
0.001 +0.001
0.002 £ 0.003

0.04 + 0.006
0.003 + 0.001

0.001 +0.001
0.001 +0.001

0.234 £ 0.011
0.046 + 0.006

0.629 + 0.034
0.089 + 0.001
0.016 + 0.004
0.002 + 0.001

0.059 + 0.047
0.065 + 0.009

0.297 +£0.028

0.01 +0.004
0.298 + 0.047
0.005 +0.002

0.008 + 0.002
0.002 + 0.001

0.413 £ 0.046

0.023 £ 0.002

0.326 £ 0.047
0.016 + 0.001
0.005 +0.001
0+0
0+0

0.039 £ 0.002
0.004 + 0.001

0.001 +0.002
0.001 +0.001

0.738 £ 0.073
0.025 + 0.006

0.315 £ 0.051
0.076 £ 0.007
0.005 + 0.002
0.002 £ 0.001

0.027 £ 0.02
0.001 £ 0.001

0.222 +0.041

0.014 = 0.002
0.11 £0.029
0.007 = 0.003

0.009 = 0.003
0.004 = 0.002

0.451 +0.091

0.007 = 0.002

0.316 £0.074
0.014 = 0.003
0.006 = 0.002
0+0
0+0

0.096 = 0.012
0.002 = 0.002

0+0
0.001 = 0.001

0.932 + 0.064
0.019 + 0.008

0.257 £ 0.017
0.069 + 0.011
0.003 + 0.002
0.002 + 0.001

0.017 £ 0.001
0.001 + 0.002

0.182 +£ 0.047

0.014 + 0.002
0.147 £ 0.016
0.004 + 0.002

0.008 + 0.003
0.004 + 0.001

0.381+0.08

0.004 + 0.001

0.258 £ 0.057
0.011 £ 0.002
0.005 £+ 0.002
0+0
0+0

0.096 + 0.006
0.001 + 0.001

0+0
0.001 + 0.001
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Constituent name

6week_Control

6week LAB+EtOH 6week Acids+Yeast 6week Acids+EtOH

Hexanal

Ethyl butanoate
Butyl acetate
Ethyl 2-
methylbutanoate
Ethyl 3-
methylbutanoate
(Ethyl isovalerate)
3-Methylbutyl
acetate (Isoamyl
acetate)
2-Methylbutyl
acetate
2,6-Dimethyl-
pyrazine
(2)-3,7-Dimethyl-2-
octene
Benzaldehyde
(2)-1,5-Octadien-3-
ol

1-Octen-3-ol
3-Octanone

Ethyl hexanoate
(Ethyl caproate)
3-Octanol
2-Octenal

Ethyl heptanoate
Ethyl benzoate
Ethyl dodecanoate
(Ethyl laurate)

0.003 £ 0.001
0+0
0.001 +0.001

0.002 + 0.001

0.002 + 0.001

0.003 + 0.002

0.003 +0.003

0.005 + 0.001

0.002 + 0.001
0.019 £ 0.002

0.005 + 0.001
0.167 + 0.029
0+0

0+0
0.004 + 0.001
0+0
0+0
0+0

00

0.003 + 0.002
0+0
0+0

0+0

0.002 + 0.001

0.005 + 0.001

0.003 +0.003

0.005 +0.002

0.001 +0.001
0.019 + 0.005

0.004 + 0.002
0.161 +0.021
0+0

0.001 +0.001
0.004 + 0.001
0+0
0+0
0+0

0+0

0+0

0.005 = 0.001

0.001 = 0.001
0.003 = 0.001

0.006 = 0.001
0.223 +£0.07
0+0

0+0

0.01 £ 0.001
0.006 = 0.001
0+0

0+0

0+0

0.001 + 0.001

0.001 + 0.002

0.004 + 0.002

0.001 + 0.001
0.003 + 0.002

0.007 + 0.001
0.156 +0.08
0+0

0+0
0.009 £+ 0.002
0.006 + 0.001
0+0
0+0

0+0
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Constituent name

Tweek_Control

Tweek LAB+EtOH 7week Acids+Yeast 7week Acids+EtOH

Acetaldehyde
Methanethiol
2-Propanone
(Acetone)
2-Propanol

Furan

Ethyl formate
2-Methyl-2-
propanol

Methyl acetate
2-Methyl-propanal
(Isobutyraldehyde)
2,3-Butanedione
(Diacetyl)
2-Butanone
2-Methyl-furan
2-Ethoxy-2-methyl-
propane

2-Butenal
3-Methyl-butanal
(Isovaleraldehyde)
3-Methyl-2-
butanone
2-Methyl-butanal
(Valeraldehyde)
2-Pentanone
2,3-Pentanedione
Ethyl propionate
n-Propyl acetate
2-Methyl-1-butanol
(Active amyl
alcohol)

Dimethyl disulfide
Ethyl 2-
methylpropanoate
(Ethyl isobutyrate)
2-Methylpropyl
acetate (Isobutyl
acetate)
3,4-Hexanedione

3.716 + 0.366
0.03 +0.002

0.677 £ 0.02

0.093 + 0.004
0.033 £ 0.004
0.069 + 0.001

0.022 +£0.011
0.062 + 0.004

1.111 +0.038

0.554 +0.042

0.319 +£0.015

0.006 + 0.001

0.02 +0.005
0.025 + 0.002

1.393 £ 0.049

0.021 £ 0.002

1.009 + 0.05

0.018 + 0.005

0.033 +£0.002

0.108 + 0.004
0.024 +0.003

0.566 + 0.006
0.011 £ 0.001

0.101 +£0.003

0.073 £ 0.009
0.013 £ 0.001

0.589 +0.023
0.044 + 0.005

0.775+0.118
0.078 £ 0.008
0.037 £ 0.018
0.086 + 0.025

0.022 +£0.011
0.072 + 0.008

0.969 + 0.158

0.019 +0.001

0.337+£0.05

0.008 = 0.004

0.022 + 0.007
0.005 +0.002

0.749+0.134

0.026 +£0.012

0.998 +0.202

0.013 +£0.002

0.007 +0.002

0.036 +0.008
0+0

0.047 +£0.004
0.009 £+ 0.005

0.092 £0.018

0.006 + 0.002
0.001 +0.001

3.131 £ 0.358
0.029 £ 0.003

0.776 + 0.026
0.084 £ 0.013
0.034 £ 0.007
0.06 £ 0.005

0.026 + 0.008
0.062 + 0.006

1.257 + 0.041

0.602 + 0.036

0.314 +0.031

0.008 = 0.003

0.021 +0.004
0.039 +0.003

1.519 + 0.045

0.014 = 0.002

1.227 + 0.057

0.024 = 0.002

0.029 + 0.004

0.1 +0.003
0.008 = 0.007

0.502 +0.034
0.012 = 0.002

0.101 = 0.007

0.065 = 0.008
0.016 = 0.001

0.371+0.028
0.033 +£0.009

1.129 + 0.236
0.068 + 0.024
0.036 £ 0.011
0.031 +0.008

0.022 + 0.003
0.082 +0.019

1.289 + 0.222

0.014 + 0.004

0.333+0.063

0.017 £ 0.005

0.016 + 0.003
0.007 + 0.002

0.866 + 0.096

0.023 £ 0.003

1.33 +0.237

0.015 + 0.004

0.005 £+ 0.002

0.02 +0.008
0+0

0.035 £ 0.004
0.016 + 0.005

0.048 £ 0.012

0.006 + 0.002
0+0
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Constituent name

Tweek_Control

Tweek LAB+EtOH 7week Acids+Yeast 7week Acids+EtOH

Hexanal

Ethyl butanoate
Butyl acetate
Ethyl 2-
methylbutanoate
Ethyl 3-
methylbutanoate
(Ethyl isovalerate)
3-Methylbutyl
acetate (Isoamyl
acetate)
2-Methylbutyl
acetate
2,6-Dimethyl-
pyrazine
(2)-3,7-Dimethyl-2-
octene
Benzaldehyde
(2)-1,5-Octadien-3-
ol

1-Octen-3-ol
3-Octanone

Ethyl hexanoate
(Ethyl caproate)
3-Octanol
2-Octenal

Ethyl heptanoate
Ethyl benzoate
Ethyl dodecanoate
(Ethyl laurate)

0+0
0.022 + 0.002
0.143 £ 0.022

0.041 +0.003

0.034 + 0.003

0.057 +0.003

0.023 +0.003

0.007 + 0.001

0.004 + 0.001
0.02 +0.002

0.004 + 0.001
0.059 + 0.008
0+0

0.012 + 0.001
0.005 + 0.001
0+0

0.002 + 0.001
0.014 £ 0.002

0.006 + 0.001

0+0
0.013+0.001
0.008 + 0.007

0.08 +£0.012

0.041 + 0.007

0.005 +0.002

0.001 +0.001
0.012 + 0.001

0.003 + 0.001
0.038 +0.008
0+0

0.008 + 0.002
0.003 +0.001
0+0

0.001 +0.001
0.012 +£0.002

0.004 + 0.001

0+0
0.015 £ 0.003
0.19+0.017

0.039 £ 0.007

0.025 £ 0.002

0.043 = 0.003

0.023 = 0.001

0.007 = 0.001

0.005 = 0.001
0.012 = 0.002

0.003 = 0.001
0.055+0.01
0+0

0.009 = 0.002
0.004 = 0.001
0+0

0.002 = 0.001
0.013 = 0.001

0.006 = 0.003

0+0
0.009 + 0.001
0.006 + 0.007

0.054 £ 0.012

0.023 + 0.008

0.005 + 0.001

0.001 + 0.001
0.007 + 0.001

0.003 + 0.001
0.035 £ 0.002
0+0

0.004 + 0.001
0.002 + 0.001
0+0

0.001 + 0.001
0.01 +0.004

0.003 + 0.001
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Constituent name

15week_Control

15week LAB+EtOH 15week Acids+Yeast 15week Acids+EtOH

Acetaldehyde
Methanethiol
2-Propanone
(Acetone)
2-Propanol

Furan

Ethyl formate
2-Methyl-2-
propanol

Methyl acetate
2-Methyl-propanal
(Isobutyraldehyde)
2,3-Butanedione
(Diacetyl)
2-Butanone
2-Methyl-furan
2-Ethoxy-2-
methyl-propane
2-Butenal
3-Methyl-butanal
(Isovaleraldehyde)
3-Methyl-2-
butanone
2-Methyl-butanal
(Valeraldehyde)
2-Pentanone
2,3-Pentanedione
Ethyl propionate
n-Propyl acetate
2-Methyl-1-
butanol (Active
amyl alcohol)
Dimethyl disulfide
Ethyl 2-
methylpropanoate
(Ethyl isobutyrate)
2-Methylpropyl
acetate (Isobutyl
acetate)
3,4-Hexanedione

2.514 +0.157
0.034 + 0.004

0.939+0.035
0.084 £ 0.016
0.04 +0.019

0.076 £ 0.015

0.07 +£0.034
0.05+0.003

1.295 + 0.055

0.661 + 0.059

0.436 +£0.038

0.007 +0.004

0.011 + 0.005
0.015 + 0.003

1.457 £ 0.111

0.033 +£0.003

1.168 + 0.131

0.016 + 0.006

0.025 + 0.001

0.106 £0.01
0.017 +£0.004

0.531+0.03
0.016 + 0.005

0.079 £ 0.023

0.053+0.012
0.015 £ 0.003

1.014 +0.116
0.037 £ 0.008

0.904 £ 0.071
0.077 £ 0.008
0.032 +£0.014
0.169 + 0.04

0.096 £ 0.125
0.051+0.01

1.176 £ 0.104

0.018 + 0.002

0.333 +£ 0.006

0.009 + 0.005

0.014 +0.009
0.007 +0.002

0.918 £ 0.146

0.036 +0.007

1.129 + 0.127

0.012 +0.008

0.012 +£0.002

0.073 +£0.008
0.008 + 0.001

0.08 + 0.002
0.011 +0.003

0.103+0.012

0.007 £ 0.002
0.002 £ 0.001

2.254 +0.199
0.036 + 0.005

1.139 + 0.095
0.07 £ 0.006
0.041+0.01
0.073 £ 0.011

0.027 £ 0.017
0.048 + 0.006

1.666 + 0.083

0.788 = 0.068

0.389 = 0.061

0.012 = 0.003

0.007 = 0.003
0.02 £ 0.001

1.683 + 0.142

0.03 £ 0.003

1.57 +0.078

0.026 = 0.007

0.02 £ 0.003

0.11 £ 0.009
0.018 +£0.004

0.477 +0.061
0.02 £ 0.003

0.089 = 0.007

0.045 = 0.003
0.014 = 0.001

0.792 £ 0.065
0.041+£0.01

1.393+0.13

0.077 £0.019
0.038 + 0.009
0.098 + 0.021

0.036 + 0.034
0.059 + 0.006

1.556 + 0.243

0.016 + 0.004

0.321 +£0.022

0.02 +0.005

0.01 +0.005
0.01 +0.001

1.147 + 0.119

0.037 £ 0.008

1.527 +0.201

0.011 + 0.004

0.007 £ 0.001

0.056 £ 0.017
0.01 +0.001

0.068 + 0.007
0.016 + 0.008

0.085 £ 0.032

0.005 + 0.001
0.002 + 0.001
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Constituent name

15week_Control

15week LAB+EtOH 15week Acids+Yeast 15week Acids+EtOH

Hexanal

Ethyl butanoate
Butyl acetate
Ethyl 2-
methylbutanoate
Ethyl 3-
methylbutanoate
(Ethyl isovalerate)
3-Methylbutyl
acetate (Isoamyl
acetate)
2-Methylbutyl
acetate
2,6-Dimethyl-
pyrazine
(2)-3,7-Dimethyl-
2-octene
Benzaldehyde
(2)-1,5-Octadien-
3-ol

1-Octen-3-ol
3-Octanone

Ethyl hexanoate
(Ethyl caproate)
3-Octanol
2-Octenal

Ethyl heptanoate
Ethyl benzoate
Ethyl dodecanoate
(Ethyl laurate)

0+0
0.015+ 0.003
0.096 + 0.012

0.028 + 0.007

0.026 + 0.008

0.036 + 0.009

0.016 + 0.002

0.007 + 0.001

0.003 + 0.001
0.014 + 0.002

0.003 + 0.001
0.043 + 0.006
0+0

0.01 +0.003
0.004 + 0.001
0+0

0.002 + 0.001
0.017 +£0.003

0.005 £ 0.001

0+0
0.016 + 0.002
0.013+0.011

0.081 + 0.002

0.042 + 0.003

0+0

0.007 +0.001

0.006 + 0.001

0.002 + 0.001
0.01 +£0.003

0.003 + 0.001
0.044 +0.007
0+0

0.011 +0.001
0.003 + 0.001
0+0

0.002 + 0.001
0.015 + 0.006

0.004 + 0.001

0+0
0.013 £ 0.004
0.139 £ 0.027

0.032 £ 0.002

0.029 £ 0.005

0.027 = 0.005

0.017 +0.003

0.006 = 0.001

0.004 = 0.001
0.011 +0.001

0.003 = 0.001
0.047 +0.004
0+0

0.008 = 0.001
0.004 = 0.001
0+0

0.002 = 0.001
0.015 +0.004

0.005 = 0.001

0+0
0.013 £ 0.002
0.021 £ 0.003

0.064 £ 0.022

0.028 + 0.007

0+0

0.006 + 0.002

0.006 + 0.002

0.001 + 0.001
0.008 + 0.002

0.003 + 0.001
0.046 £ 0.01
0.001 + 0.002

0.008 + 0.002
0.003 + 0.001
0+0

0.002 + 0.001
0.014 + 0.004

0.004 + 0.001
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Constituent name

17week_Control

17week LAB+EtOH 17week Acids+Yeast 17week Acids+EtOH

Acetaldehyde
Methanethiol
2-Propanone
(Acetone)
2-Propanol

Furan

Ethyl formate
2-Methyl-2-
propanol

Methyl acetate
2-Methyl-propanal
(Isobutyraldehyde)
2,3-Butanedione
(Diacetyl)
2-Butanone
2-Methyl-furan
2-Ethoxy-2-
methyl-propane
2-Butenal
3-Methyl-butanal
(Isovaleraldehyde)
3-Methyl-2-
butanone
2-Methyl-butanal
(Valeraldehyde)
2-Pentanone
2,3-Pentanedione
Ethyl propionate
n-Propyl acetate
2-Methyl-1-
butanol (Active
amyl alcohol)
Dimethyl disulfide
Ethyl 2-
methylpropanoate
(Ethyl isobutyrate)
2-Methylpropyl
acetate (Isobutyl
acetate)
3,4-Hexanedione

2.643 + 0.569
0.034 + 0.005

1.176 + 0.049
0.132 £ 0.009
0.043+0.013
0.086 + 0.014

0.051 +0.042
0.065 + 0.005

1.564 + 0.121

0.692 + 0.059

0.517 +£0.017

0.008 + 0.002

0.007 + 0.006
0.018 + 0.004

1.546 £ 0.174

0.046 + 0.002

1.425+0.148

0.017 +£0.003

0.026 + 0.002

0.172+£0.014
0.019 + 0.006

0.61 +0.01
0.018 +£0.003

0.127 £ 0.019

0.062 + 0.005
0.017 £ 0.002

0.705 + 0.601
0.041 +0.008

1.113+0.019
0.131+0.012
0.04 +0.004

0.216 £ 0.019

0.056 £ 0.011
0.066 + 0.005

1.409 + 0.098

0.02 + 0.002

0.391+0.015

0.011 +0.002

0.006 + 0.003
0.007 +0.001

1.082 + 0.057

0.041 +0.003

1.343 £ 0.048

0.012 +£0.003

0.012 + 0.005

0.095 +0.008
0.01 +0.003

0.092 £0.011
0.014 +£0.003

0.118 £ 0.024

0.006 + 0.002
0.002 £ 0.001

2.19+0.22
0.027 £ 0.003

1.419 +0.084
0.127 £ 0.005
0.03+0.01
0.08 £ 0.002

0.028 + 0.026
0.073 £ 0.003

2.007 £ 0.057

0.734 = 0.085

0.41 £0.033

0.008 = 0.004

0.007 = 0.005
0.02 £ 0.002

1.518 + 0.211

0.036 = 0.003

1.85+0.151

0.02 £ 0.004

0.017 = 0.002

0.197 +£0.004
0.023 +£0.004

0.509 + 0.025
0.02 + 0.006

0.18 £0.014

0.062 = 0.006
0.012 = 0.002

0.891 £+ 0.03
0.037 £+ 0.008

1.596 + 0.06
0.119 +0.011
0.027 +0.01
0.114 +0.015

0.017 £+ 0.009
0.09 £ 0.002

2.052 +£0.169

0.016 + 0.004

0.394 + 0.016

0.014 + 0.006

0.006 + 0.004
0.008 + 0.002

1.067 £ 0.174

0.053 + 0.006

1.866 + 0.2

0.013 £ 0.002

0.008 + 0.002

0.112 + 0.008
0.009 £ 0.002

0.075 £ 0.009
0.013 £ 0.003

0.187 +£0.024

0.006 + 0.003
0.001 + 0.001
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Constituent name

17week_Control

17week LAB+EtOH 17week Acids+Yeast 17week Acids+EtOH

Hexanal

Ethyl butanoate
Butyl acetate
Ethyl 2-
methylbutanoate
Ethyl 3-
methylbutanoate
(Ethyl isovalerate)
3-Methylbutyl
acetate (Isoamyl
acetate)
2-Methylbutyl
acetate
2,6-Dimethyl-
pyrazine
(2)-3,7-Dimethyl-
2-octene
Benzaldehyde
(2)-1,5-Octadien-
3-ol

1-Octen-3-ol
3-Octanone

Ethyl hexanoate
(Ethyl caproate)
3-Octanol
2-Octenal

Ethyl heptanoate
Ethyl benzoate
Ethyl dodecanoate
(Ethyl laurate)

0+0
0.023 + 0.002
0.121 +0.017

0.044 + 0.006

0.048 + 0.005

0.042 + 0.009

0.019 £ 0.003

0.006 + 0.001

0.003 + 0.001
0.012 + 0.002

0.003 + 0.001
0.049 + 0.002
0.01 +0.003

0.012 +£ 0.001
0.005 + 0.001
0+0

0.003 + 0.001
0.011 £ 0.002

0.006 + 0.002

0+0
0.015 + 0.004
0.015 + 0.004

0.077 £ 0.016

0.047 +0.011

0+0

0.007 +0.002

0.006 + 0.001

0.001 +0.001
0.011 +0.002

0.003 + 0.001
0.05 + 0.008
0.004 +0.003

0.011 +0.001
0.004 + 0.001
0+0

0.002 + 0.001
0.018 + 0.004

0.007 +0.002

0+0
0.021 £ 0.002
0.181 £ 0.015

0.061 + 0.005

0.059 + 0.009

0.04 £ 0.005

0.017 = 0.002

0.008 = 0.002

0.004 = 0.001
0.01 £ 0.003

0.002 = 0.001
0.057 +£0.004
0.012 = 0.001

0.01 £ 0.001
0.005 = 0.001
0+0

0.002 = 0.001
0.013 +0.003

0.004 = 0.002

0+0
0.019 + 0.004
0.01 +£0.005

0.103 £ 0.007

0.063 £ 0.003

0.008 + 0.003

0.007 + 0.002

0.007 + 0.002

0.002 + 0.001
0.007 £ 0.002

0.003 + 0.001
0.067 £ 0.012
0.005 + 0.001

0.012 + 0.001
0.004 + 0.001
0+0

0.002 + 0.001
0.015 £+ 0.003

0.004 + 0.001
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Constituent name

18week_Control

18week LAB+EtOH 18week Acids+Yeast 18week Acids+EtOH

Acetaldehyde
Methanethiol
2-Propanone
(Acetone)
2-Propanol

Furan

Ethyl formate
2-Methyl-2-
propanol

Methyl acetate
2-Methyl-propanal
(Isobutyraldehyde)
2,3-Butanedione
(Diacetyl)
2-Butanone
2-Methyl-furan
2-Ethoxy-2-
methyl-propane
2-Butenal
3-Methyl-butanal
(Isovaleraldehyde)
3-Methyl-2-
butanone
2-Methyl-butanal
(Valeraldehyde)
2-Pentanone
2,3-Pentanedione
Ethyl propionate
n-Propyl acetate
2-Methyl-1-
butanol (Active
amyl alcohol)
Dimethyl disulfide
Ethyl 2-
methylpropanoate
(Ethyl isobutyrate)
2-Methylpropyl
acetate (Isobutyl
acetate)
3,4-Hexanedione

2.516 + 0.337
0.035+0.003

1.182 + 0.077
0.102 £ 0.015
0.041+0.01

0.093 + 0.007

0.057 £ 0.039
0.059 £ 0.015

1.605 + 0.115

0.74 +0.074

0.516 £ 0.031

0.007 + 0.002

0.012 + 0.005
0.01 +0.002

1.549 + 0.156

0.04 +0.009

1.494 + 0.066

0.019 + 0.004

0.026 + 0.006

0.186 +0.037
0.022 + 0.007

0.58 + 0.009
0.02 + 0.004

0.144 + 0.044

0.066 + 0.011
0.016 £ 0.002

1.27 +0.358
0.043 + 0.004

1.223+0.2
0.118 £ 0.027
0.044 + 0.004
0.243+0.03

0.012 + 0.006
0.08 +0.022

1.706 + 0.357

0.022 + 0.007

0.435+0.084

0.012 +0.002

0.009 + 0.006
0.004 + 0.002

1.165 + 0.105

0.052 +£0.015

1591 +0.17

0.009 + 0.007

0.011 +0.003

0.142 +0.035
0.008 + 0.001

0.111+0.032
0.015 + 0.005

0.228 + 0.056

0.007 £ 0.002
0.003 £ 0.001

2.239+0.272
0.036 + 0.004

1.58 + 0.036
0.1+0.007
0.048 £ 0.005
0.106 + 0.002

0.007 + 0.004
0.073 £ 0.003

2.162 £ 0.075

0.898 + 0.048

0.491 +0.022

0.012 = 0.003

0.004 +0.004
0.017 +0.003

1.776 + 0.084

0.041 +0.008

2.096 £ 0.09

0.02 £ 0.003

0.018 = 0.007

0.191 +0.011
0.016 = 0.007

0.514 +0.033
0.025 + 0.004

0.159 =+ 0.016

0.059 = 0.002
0.013 = 0.002

0.713 £ 0.024
0.033 £ 0.003

1.491+0.118
0.079 £ 0.016
0.032 £ 0.002
0.103 £ 0.016

0.01 +£0.004
0.072 £ 0.008

1.659 + 0.097

0.014 + 0.002

0.354 +£0.018

0.017 + 0.006

0.009 + 0.003
0.007 + 0.003

0.962 + 0.06

0.045 £ 0.003

1.678+£0.14

0.008 + 0.001

0.006 + 0.003

0.082 + 0.007
0.005 £+ 0.002

0.064 + 0.007
0.014 + 0.005

0.122 +£ 0.029

0.005 £+ 0.002
0.001 + 0.001
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Constituent name

18week_Control

18week LAB+EtOH 18week Acids+Yeast 18week Acids+EtOH

Hexanal 00 00 00 00

Ethyl butanoate 0.022 £ 0.007 0.023 £ 0.007 0.019 £ 0.003 0.016 £ 0.004
Butyl acetate 0.134 £ 0.012 0.02 £ 0.007 0.173 £ 0.006 0.016 £ 0.008
Ethyl 2-

methylbutanoate 0.052 £0.014 0.119 £ 0.025 0.053 £ 0.005 0.078 £ 0.015
Ethyl 3-

methylbutanoate

(Ethyl isovalerate) 0.055 + 0.016 0.084 £ 0.023 0.053 £ 0.007 0.054 £ 0.016
3-Methylbutyl

acetate (Isoamyl

acetate) 0.042 £ 0.01 0.008 £ 0.003 0.033 £ 0.002 0.006 £ 0.002
2-Methylbutyl

acetate 0.019 £ 0.005 0.007 £ 0.004 0.017 £ 0.002 0.004 £ 0.001
2,6-Dimethyl-

pyrazine 0.007 £ 0.001 0.007 £ 0.002 0.006 £ 0.001 0.005 £ 0.001
(2)-3,7-Dimethyl-

2-octene 0.003 £ 0.001 0.001 £ 0.001 0.003 £ 0.002 0.001 £ 0.001
Benzaldehyde 0.013 £ 0.003 0.012 £ 0.002 0.011 £ 0.002 0.006 £ 0.002
(2)-1,5-Octadien-

3-ol 0.002 £+ 0.001 0.003 £ 0.002 0.002 £ 0.001 0.002 £ 0.001
1-Octen-3-ol 0.05+0.006 0.059 £ 0.021 0.051 £ 0.003 0.049 £ 0.004
3-Octanone 0.01 +0.003 0.004 £ 0.002 0.009 £ 0.003 0.002 £ 0.001
Ethyl hexanoate

(Ethyl caproate) 0.01 +0.002 0.013 £ 0.004 0.008 + 0.001 0.009 £ 0.002
3-Octanol 0.005 £ 0.001 0.004 £ 0.002 0.004 £ 0.001 0.004 £ 0.001
2-Octenal 00 00 00 00

Ethyl heptanoate ~ 0.002 + 0.001 0.002 £ 0.001 0.001 £ 0.001 0.001 £ 0.001
Ethyl benzoate 0.014 £ 0.001 0.017 £ 0.004 0.014 £ 0.001 0.011 £ 0.003
Ethyl dodecanoate

(Ethyl laurate) 0.007 £ 0.003 0.004 £ 0.001 0.005 £ 0.002 0.004 £ 0.002

ZALEY OFAXFRE L mean * standard deviation TZ L 7=. Control : ILEEE - BERLASIN, LAB +EtOH : 3Lig
+ ethanol #31, Acids + Yeast : lactic acid, acetic acid + EEREGRIN, Acids + ethanol : lactic acid, acetic acid +

ethanol &N
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— Lot
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157 A @ : Control
| _ M : LAB + EtOH
10 5:EH BB A : Acids + Yeast
o @® : Acids + EtOH
R o 0
o & .
5 “He | mELmp
oy 0 3EH
(@]
- . BERE] g ‘
' &
0:E B
10
T 20 d0 0 10 20 30
PC1 67.5%
u%fB
] ®
0.2 ®

s 0 %R

@
&5 0] o® o ©® .‘
I3e) @ ® ®
ylose
8 . \\-,Glucg.se Volatlle.

-0.15 — T — ——
-0.15 -0.1 -0.05 0 0.05 01 0.15
PC1 67.5%

X All. GC/MS IZESL R4 T —4# ZHV = Control EHY- 2 7 /LdD PCA #E

R.

H o7 E LT, Control (FLEAH - BERERIND, 0, 1, 3, 4, 5, 6, 7, 15, 17, 18H % 4
Wz (ZnE n=3).

A/r—1 7 ¢ Auto Scaling, T A7 F—2I : None, ¥ 7 /H: 30, aBHZES @ 133
INVS=Vara=2 N

332 TITo =& TORMY > T NDES 7 0 7 7 A ILDENIOWTDELIIINZ T, LEEHE
OB A IINT 2 Z & TlE OEMEE 21T > 1o o TV E W TRS 7 1 7 7 A V3 EEE
NS CTED LB L T O LTz, ZO% 7 VIEH 2 o 233 L FEkk
DFERITI2 D Z EBIIFRFTE L. BRI AT T2kER, PCl1 DT — 2 D43HLD 67.5%
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Z, PC213138% &ML TV, ARaT7 7y hClE, T —XEED5HD 81.3% % 7l
LTWe., 7y hShie I AOERNEELRT 5 L, PCL ABEEFOEIT LHHEAL T D
ZEBH BN ol —HTPCIZEAL T, Yo7 MEBERET O 6 H &£ T PC2 #illoxf LT
EANCBEIL, 7B LI 18 B £ TIZAMICBEI L-. EADFIZRZR LA, BEEHR o
EATIHE S TR T R 7 7 A BB L TN 2 &, P CELOBMMR R D Z EBE L
TEHFE 2B THWH TV EHEL L TWD Z Enbnd.

B)kmou—7 477y bk

T a—)b, BT ATV, T ATV EOERMER Y EETe % < ORSyH PCL D IE
ORI U TLE LTV 2 O IEEE R I 72 2 1208 > TR O A B ICHR T 5 /XS O
BN U7272®, EIOREENBRERTEICHEMANICE <, L ORENMEMIC L > THEER S
TEERBELTWDRE, FREFEEDRMIIFRE CTH -
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2-Methyl-1-butanol 2-Methyl-1-propanol ¢ : Control
0.7 0.25 '
06 . m : LAB + EtOH
. . .
Zos | i ; Ad z 02 . . A : Acids + Yeast
$oa} Soss |, * * @ :Acids+EtOH
£ £ A AA
§0.3 r _S 0.1
$02 | s
“ ol “ © .05
e~ T, W e
0 5 10 15 20 0 5 10 15 20
Fermentation time (week) Fermentation time (week)

2-(4-Hydroxyphenyl)ethanol

0.9 3-(Methylthio)-1-propanol

0.25
0.8 é
éO.? - A X :; > 0.2 t
@ =
c 0.6 - @
@ = b ”
€05 E 015 - ‘A
204 2 01
Bos | .
xo2 - o 0.05 ﬂ . -

5 10 15 20
Fermentation time (week)

0.1
e 1 1 o
0 5 10 15 20 0
Fermentation time (week)

[X] A12.  2-Methyl-1-butanol (active amyl alcohol) , 2-methyl-1-propanol (isobutyl
alcohol) , 2-(4-hydroxyphenyl)ethanol, 3-(methylthio)-1-propanol (methionol) D &g

oY |4

2-Methyl-1-butanol |~ R A=Y 7V > 7% FW TR AT L - TR LN 1-
propanol-1,1-d, % & OO alcohols (XHEHE T F /Ll 2 AW T FERPERR 0 FTIc L » TR BTz
2-ethyl-1-hexanol % PNYSIRYEYE & L CHAME(L U 72X IR 4, BERERFRTICXF L C7' e v R L7
(n=73).
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Dihydro-2(3H)-Furanone 5-Ethyl-2(3H)-furanone

0.025 ¢ : Control
0.035 :
m : LAB + EtOH
003 1 (& 0.02 + .
Z0.025 | +? g % “ A : Acids + Yeast
g o0 | * 4 20-015 i * ® : Acids + EtOH
2 - [
[&] . r [©]
e o
0.005 | J 0.005
0 L ! . . J 0 .ﬁ ‘ — [ ]
0 5 10 15 20 0 5 10 15 20
Fermentation time (week) Fermentation time (week)

X A13.  Dihydro-2(3H)-furanone (gamma-butyrolactone), 5-ethyl-2(3H)-furanone

DEEET DAL
FERE = F LA H & O TR PERR Y AT IC > TR B 4072 2-ethyl-1-hexanol % PNERFEHEY)E &
LU TR L7 AR 22, BRgRsfic LT ey R L2 (n=3).
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3-Methylbutyl acetate 2-Methylbutyl acetate ¢ : Control
0.07 0.03
0.06 m . LAB + EtOH
06 |- i 0.025 .
Z00s | * - z s A : Acids + Yeast
2004 | - . ks 002 1 ‘x: ® : Acids + EtOH
2003 | i i o 0.015 > =4
Eo.oz i E 0.01 - )
0.01 | . 0.005 - ‘ ) -.
cumwolls - wm onnallle "
0 5 10 15 20 0 5 10 15 20
Fermentation time (week) Fermentation time (week)

n-Propyl acetate

0.03
0.025 +
._é-\
2 002 | - P
= 7y
qJ0.015 + | A
=
® 0.01 i
g d +-
0005 | . ®
o0

0 5 10 15 20
Fermentation time (week)

X A14.  3-Methylbutyl acetate (isoamyl acetate), 2-methylbutyl acetate, n-propyl

acetate DEREF DEAL
~y RAR=ZY 7Y 7% PO T RIS 3T K> TR B 472 1-propanol-1,1-dy % P
TEEYEME & U CHYE L U7 R &, BERERFR I LT ey R LT (n=3).
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3-Methyl-1-butanol 2-Methyl-1-butanol ¢ : Control
0.7 |
- 0o - m : LAB + EtOH
2 r T o I * * . .
2| ¢ +0‘ Zos | H $ Ak.Aqu+Ybaﬂ
8o | A A Eoa | . ® : Acids + EtOH
206 - o3+
© &
§0.4 [ &,0.2 L
02 0.1 |
L T A T
0 5 10 15 20 0 5 10 15 20
Fermentation time (week) Fermentation time (week)
1-Propanol
0.25 - .
.
> 0.2 A : lz
Z |
£015
2 04 =
w©
[<5)
% 0.05
oNE BEEEE

0 5 10 15 20
Fermentation time (week)

X A1l5. 3-methyl-1-butanol (isoamyl alcohol), 2-methyl-1-butanol (active amyl

alcohol), 1-propanol DEEXE DAL,

2-methyl-1-butanol |~y K ARX—AH 7Y o7 % AW IERER DO L > THE LN 1-
propanol-1,1-d; %, ffL> 2 sy 1 TFERE = FLahH &2 W 723 R MR T i K-> TR L7z 2-
ethyl-1-hexanol % PNERIEHE)E & L CHAE(L L7- KPR 2, BREEFER)ICH LT ry B LT (n
=3).
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Ethyl hexadecanoate

mono-Ethyl succinate 0.25 % : Control
2 ' m : LAB+ EtOH
210 . + 50 z 02 +; A : Acids + Yeast
812 8015 | # A !; ® : Acids + EtOH
g2 E
2038 a e 201 i
§ 0.6 -
0.4 o H
s | ’ 0.05 +
ONE s g W .

0 5 10 15 20

Fermentation time (week) 5 10 15 20

Fermentation time (week)

o

Ethyl propionate

0.25
> 0.2 A
§0.15 . ¢
% 0.1 t 4 '.
£ 0,05 =

.

O
0 5 10 15 20
Fermentation time (week)

X Al6. mono-Ethyl succinate, ethyl hexadecanoate (ethyl palmitate), ethyl
propionate D EEEH DZAL,

~y RAR=ZH 7Y 7% IO TR MRSy 53T &> TR B #v7z 1-propanol-1,1-da %
TEEYEME & U CHYE L U7 R &, BERERFR I LT ey R LT (n=3).
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Ethyl benzoate Ethyl 2-methylpropanoate ¢ : Control
0.025 0.3 H : LAB + EtOH
oo | = 025 | A .Ac!ds+Yeast
= | = [ | @® : Acids + EtOH
c L 2 2 02 |
£0.015 + ® g
£ L 4 ‘ c s
A =0.15 4
2 001 | - * 2 e
g L 4 : T o1 | [y R
& i i
0.005 0.05 | ®
Y — Onm ommm
0 5 10 15 20 6 5 10 15 20
Fermentation time (week) Fermentation time (week)
Ethyl hexanoat
y anoate Ethyl butanoate
0.018 0.03
0.016 |
20014 | > 0025 |
20.012 FY 2 002 | + ‘
Q 0]
E 001 A £ 0.015 [ ]
2 0.008 a g i "
% 0.006 L 3 00y ° !
o
@ 0.004 ® 0.005
0.002 |
Omm m— 0 B —
0 5 10 15 20

0 5 10 15 20
Fermentation time (week)

Fermentation time (week)

X Al17. Ethyl benzoate, ethyl 2-methylpropanoate, (ethyl isobutyrate), ethyl

hexanoate (ethyl caproate), ethyl butanoate MBS DZAL
Ny RAR=ZH T 7 % AW T IR 3 T2 K - TS B 7z 1-propanol-1,1-d; 2 Y
ERAEYEYE & U AR (L U 7o AR SREE A, BRI L T ey R L2 (n=3).
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Benzoic acid 2-Methylpropanoic acid ¢ : Control
0.0045 . 0.25 H : LAB + EtOH
0.004 02 A : Acids + Yeast
20.0035 ' *. @® : Acids + EtOH
0.003

IOREE S -

0.001 [ o 05 -
0.0005 e
R
0 0

e
o

Relative intensi
o
e o
o O
o N
N O
8 2 |
|
- |
Relative intensity

o
o
[32]

0 )
5 10 1 20 5 10 15 20
Fermentation time (week) Fermentation time (week)
Hexanoic acid Butanoic acid
0.05 0.08
0.045 T 0.07 - . o %
> 0.04 2 -, M
= s =0.06 - _A
20.035 2 m A 4a
L2 003 I 8005 - ") .
£ “ £ ] ‘
o 0.025 2 004 -8
= 002 - =003 |
30015 @ ! =
€ 001 | 'h 002 7
0.005 0.01 o et
0 1 1 1 0 I 1 I
0 5 10 15 20 0 5 10 15 20
Fermentation time (week) Fermentation time (week)

[X] A18.  Benzoic acid, 2-methylpropanoic acid (isobutyric acid), hexanoic acid,

butanoic acid (butyric acid) DEEE F DAL
FERR = F LA H 2 F O P R PERR 2y 0TI K > TS S 472 2-ethyl-1-hexanol % PNERIEHEY) BT &
U CHAE(L U7 FEXP R 2, BREBEIFRIC R LT » B L72(N =3).
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3-(Methylthio)-1-propanal
0.035
0.03 -

: Control

: LAB + EtOH

: Acids + Yeast
: Acids + EtOH

o) e

0.02
0.015 | g
0.01 +
0.005

0

o
o

Relative intensity

0 5 10 15 20
Fermentation time (week)

X] A19.  3-(Methylthio)-1-propanal (methional) DE&E - DZA{L
FElE = T UAH L 2 O TR 0 0TI 2 K - T B 4u7z 2-ethyl-1-hexanol % PNEBFE#EY)E &
U CHREEAL U 7oA 2, BRI ISR LT r >y R L2 (n=3).
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