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AP THW XS

AEDA
COSY
FD-factor
Fru-Met
Fru-pGlu
Fru-Val
GC
GC-MS
GC-O
GPC
HDMF
HEMF
HILIC
HMBC
HMF
HMQC
JAS
LC-MS

7 EEOMTE
maltol
methional
methionol
MSG
NMR
ODS
PDA
pGlu-Gin
pGlu-Gly

Aroma Extract Dilution Analysis

Correlation Spectroscopy

Flavor Dilution factor
N-(1-deoxy-D-fructos-1-yl)-methionine
N-(1-deoxy-D-fructos-1-yl)-pyroglutamic acid
N-(1-deoxy-D-fructos-1-yl)-valine

Gas Chromatography, /A7 v~ s 77 7 (—

Gas Chromatography-Mass Spectrometry

Gas Chromatography-Olfactometry

Gel Permeation Chromatography
4-hydroxy-2,5-dimethyl-3(2H)-furanone

5(or 2)-ethyl-4-hydroxy-2(or 5)-methyl-3(2H)-furanone
Hydrophilic Interaction Chromatography
Hetero-nuclear Multiple-Bond Connectivity
4-hydroxy-5-methyl-3(2H)-furanone

Heter-nuclear Multiple Quantum Coherence

Japan Agricultural Standard " F A< AR B R

Liquid chromatography-mass spectrometry,/{#Z{k7 o~ ~ 7=

3-hydroxy-2-methyl-4-pyranone
3-(methylthio)propanal

3-(methylthio)propanol

mono sodium L-glutamate 7 /v % I Vg KU T A
Nuclear Magnetic Resonance /£ /& 405
octadecylsilyl

Photo Diode Array

pyroglutamylglutamine

pyroglutamylglycine
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SAFE
SFE

SIM
sotolon
SPME
TCD

TDA
TD-factor
Theogallin

Solvent Assisted Flavor Evaporation

Supercritical Fluid Extraction

Selected lon Monitoring

3-hydroxy-4,5-dimethyl-2(5H)-furanone

solid phase microextraction

Thermal Conductivity Detector,” 25 FE # H #5

Taste Dilution Analysis

Taste Dilution factor

(1R, 2R, 3R, 5S)-5-carboxy-2,3,5-trihydroxycyclohexyl

3,4,5-trihydroxybenzoate

TOF-MS

vanillin

Time of Flight-Mass Spectrometry
4-hydroxy-3-methoxybenzaldehyde



B1E S
1.1 BHOFD LI

BEOFY LHRIL, BREOBWLEIEZEATOROVEEREZTHY, HE
IR F 2B EETH S (Figure 1-1) 7,
BEVIXBRENOZEERIZ L > TRRAISND2WRBERIE THY . £DKLEFH1T 2
WY HDH, 1DOF8ANOEBEE L ONLIEFR AV bR LT EY) Th
D, B9 12F, BMEZOICAITHEL, BET LoRITHED D BPECHRIT 5
HR (VherxAPLTrY) THhDH, —H. WIE. EARSH (EK, H¥k,
FRuk, WOR, 9 FR) DOV Lo TEY, WINLh HFOREITIFET 2 MM
FADZHEBIZ L > TRASNLOIRFERH TH L, BB L SIE, Zhbo
ERICIMZ T, BRMZRELBRIORCONDBIE (77 AF v —) | RE,
B, EREDIEIERFERD—MBEIN TSN D, o T, BB
LSBT 2121, &Y SWRICBET D0 OEMER, EREARME 2155
CIMNERLEERELED 1 HOTH D,

&Y — s mE
B [Hbk

bk
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Figure 1-1 Factors for palatability of food
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1.2 B OFWE OWFTETIE
1.2.1 &FXKD D3k

BRI B, IS, WEEIZ LD E LT, BERY. BEED 7
E. ZIGIOREDMANEENTND, PTHEIND T, BRI A#EL T
BMOBEERFEMST 2T o TV AHICHED LT, TOEAREITIEFITOR,
FEREGT DL, — KIS A7 a~ 777 41— (GC) ZHWTITHOIL DD,
B Oy & EHE S D5V 3K EOTEANC A - B S Totr1 5
A~y RAR— 2T DR BRE Gl 1L GC DT ORILEE & L C 2R Ik,
SYELETR E OO HERE L Y % BT A S R TITV . GC AHT I & 72\ I
By EbRE L Tt b,

ABFFECIE, WG 2 F\ 2 EART Y O &% OMEIR T T8 "THE72 Solvent
Assisted Flavor Evaporation 1 (SAFE) 9% Hu 7=,

W A BIRE 2 I T2 B AR AT, &S T O &K 5y & WAE BEIE O FHAR 1T
X i SE TR 2 FEETH Y . — IS, HBRICIEIEmES AR Y
v —RHVWLND, ZOFEE RIRDELO X 5 22 BIEIZ A~ TRER 2 4l
HIEBED BNV 72N, A — VT v TREEICES TH D, £2. BiH
MBIRWFIETH D20, BB TEHERIK G OB Den, —FH, Z
D FIETITWAE BRI T 2 FAMER TN T L 3 — )L Ol 72 & O mfithplk sy O
[EIRCRAK L I DD B 5

SAFE (X, ZARIED 1 O5THY . mEZE T, 40~50CHEE D LAY T T
BRI EDL LN TELEETH D, AR o FEARRHE 2 VTl
LU FLMESIE, FRES & CRHERER S B ER LTV L HARZ N
e, TDOEE GC it 2DIF4FE L2, £ 2T, HFbiAxdul
HM % & 510 SAFE THERE+5 - 210k . RERMRS 248 £ WESHH
W35, SAFE ITHIE, FELROICHEBIESHA SN TWD FED 15T
H 5,



1.22 2R Oo3HTE

RO BIRITHEA 5 Bk (k. HBE, BRIE, WOk, 5 F0R) 2OV T
BY, ENHDNT U ZADEWN L > TEHEZERR BN O ZRPFFHSIT b
TW5 9 ZNHDOMND I L, BRI Th D HHI R E2RE . £ Oy
IR TH D, DD, RS OSFTIE, HRMERS 2 5D BHEK

DOGHTIEERRY . FICEERIK e~ 27 7 ¢ — (High Performance
Liquid Chromatography (HPLC) ) 2365 ), HPLC 1Z, GC IZH~Thy
PradBt oMK R D72 <L REHFICTARZEIZEEN T THMER WD, &
WPEETE 5y 2 BR 53 2 FEEE O i E 2R LB D B CHOMTATRE T D5 B 13 %0,
L L7e23 5, HPLC 17 A, GC I 7 AT O BERER & < 7202
&R DI FEE NS T2 D 2 Ennh . TR U CorlEd ik
R TED LRPGEL 2L, RBIHRITHN O HEER 7 v~ b7
7 74— (RP-HPLC) Ofth, HRIZEE T 2B O AT I ITNEFIRIA 7 =< K
757 4 —="8, BRICE 5 A A, HIRICE 5 5 2 % T VOIS
A AR v~ N 2T 7 =003 5 Euk, ek, EIRICE T AT Wk
RIF RCFA Ay a~ 777 =" HoND, Eiz, Kk B
~ NIT T 4 —DAOSHTEE LT, 37 VHITERTFOEOH s
Hiv, T, WEAA VR EOT =F B A B AN E SV B
6 12)

L2 L2 BHNED K 912, B B ITIEF 22 IG5 2L FRIMHE
EHT DO, RO ZEWRKS &SNS T 5581, TOFRETEEZ %E
LR D, B3RO LWSEEER A GO TT W, IEMERS 2 HEEL . [FE
THUEND L, HEHE RS 25 NaCl O L 9 72 I X T VESCIBR A 9 5 B
RLAMBEIL, TN T FIEEREEIL TWAD Z &b, HHER MO

SNBSS Z E N RES TH D P, —J5. HER EEk 5 Ek
TBEICZ < DIEMER B LN ENTVWD R, BT L HZN 5 ORE &G
OFHBIII S 2o Ty B BlxaE, HERKMEA 7 B — 223U E
TORERP RS LA TWDR, ZA6LSMNIS, RIMIZEENDL T
SR, ATETH, Y=~TF DX IR I NI ERNTHWRETH DT A8
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NT—=LDEIIRRNTF R, TRHALT 7 LAY 7LD LS RERBILEMD
WrEbmonTngd, 2T, BMORWREFELSRYZHLICT H7-DIT,
B DB A S D TITV, TEMERC > 2 BLBE L . B IES (NMR)
RMRE 7 v~ ~ 7T 7EESHEE (LC-MS) 72 & ORI T 52 W CRE
THFRERHNDLND,

1.2.3 RAORKSY & FWOBMR

— AT TR 2 /RSP TR 3 2 SRR I I B E 2 A L
THEY ., BRABEMFELL T ORE TITEFE®RZE U2V, BEABEIIEEmIC LY K
E<HERY | B%~F ppt LAYV E TIFITILFIHIC K S, ZD0, GHED
LUV BT LB ERIZ E o TEERMD TR, £EE OO Tlik
HTERWIE EWER I DN EELRFRN ThH LD RS & 5,

% Z TAWFFETIE, Aroma Extract Dilution Analysis (AEDA) "% Tr Taste
Dilution Analysis (TDA) "% I\ CEE A FWR S OER 51T - 7=,

AEDA T . BB I/ R L &K RMY 2 IH K Gas
Chromatography-Olfactometry (GC-O) ZTH#r L. Ky O Z1T 9 HIET
oV AR OBEENEITE A B TR < (BEBE O S £ TV % 2 (Flavor
Dilution-factor (FD-factor) ) & & > CHIEr =25 (Figure 1-2) . AHFFETIX,
Z @ FD-factor D@Vl 2 BHER/ TG L EFRT DI L L LT,
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/\4/\4/\

BE O O

TR 2~ 5EFHMm 22 545&R Mo 1 2~ 5MER IR

=l

GC-0
ES R (5 )
P T =S fan
=E
TOvSSLDER EFRESRD
S
8
A
(1

800 1000 12001400 1600 1800 2000 2200 2400 2600
{FRIFIETE Rl (Retention Index)

Figure 1-2 Aroma Extract Dilution Analysis (AEDA)
—J7. TDA 1%, BIDO NI D & B2 2 pBETFBR 2 VT, oRpE R %

MR LB SN T-& 45 OF Rk O BIEH E (Taste Dilution factor (TD-factor) )
WL > CEHEEMEAZHK 5 H1ETHD (Figure 1-3)
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Figure 1-3 Taste Dilution Analysis (TDA)

L L7235 TDA 1, BERER U725y O RRBERBRICE S CEnH D
HEVEA T 2720, 9 FROMBIEMO L 5 22y MO R4 BKEET 2 Z
EMTER, £ T, AFETIE, TDA ZJ0H L, BRERHM 2 #5151
BERIE CTlx72 <, FEAIEIC X 2 9 EWMEORE (E7 /v 9 FHREK (71



ZIUBET Y UL (MSG) KIEHKR) ~OE 7 DIRAINA) TR L7z (Figure
1-4) . AW TIE, ZOFFRETEWVIMES 2R Loy 2 2 558000 & &
#IHZ Ll

min.
ro
P,
| F%
IF\M?I6 20
Fitia
Flia 4o
| Funo
| Pty
d ':F:gikmm 60
Flits
20
Flit6
™00
l - g
?D?f\?f‘b 12 4 8 16 32 64 12 34546 7

TD-factor (FIREE) DL BRRE

Table 1-4 Revised TDA method by using scoring method instead of threshold

measurement in sensory evaluation



1.3 KROLEOKTAN (TH., EiH)

1.3.1 K&

KE. (Glycine max (L.) Merr.) X7 VT FEO~ AREHTH Y, HkL Y
HAZIZUDHET DT TR CAS M SN TE 7z, HRICBIT A REDOE
AR RO EEEEROK 90%% 55BN THTHY . fiH®RITD
FTNBEWRICHE N0, LasLAanns, AARTIEERE D KRG Ak, B, &
HTEARLEOERELTRA LTS, BAENO KT EEE TR
ORPLE IR0 Brp ) | BEFROEA P EEERIEOK 30% & FHRHTIZH
ROEN O F ZOMBRIITH - UERKDBE L ROTHRIE, T, 5
Mme7zoTn5,

HATHBESNDIELAEDREIZ, TAV I, T30, HFH, hE:
SOEAMTH Y, EFERKZOHRTDTNC 6.4%Th D, [EEKGMED,
E OB L 2 BEREMNS < ZHVE TICH 140 BFER RS T D 17,
FRBIE, RO AEEN R RRE A — B — O T -2 BT, R
ERGUEOm B 20Uk, o7 EEEOR E (EER) | AMEoOmER (&
OH) RERRENTWS, £, HEKTIIZEELM (GF - T3
) SRS TWA D, BRAROKEIC 5D B EEKREOEESITH 20%
ThoelEsND, T72abb, HaxBHEE LTV REEHDK 80%I14HE
PERT., 9 20%IZEERT 2 L TilESh T 5,

1.3.2 =3l

SR LEBRAS 2 KEELO 1 S5THY . SHICEEA (1223 7 y)
EMZTHESNITHOEBTLH 5, T, THITH< kv BEEAfY ~
VAP LTRMTFRICAF TXDEREMRTHY . Hilb o, HEK
R, H5VIFHAHRICEECL>THTEIVELZ N EEbhTng 7,



1.3.21 THOFHE
SHLIE J&BLE DR & 22 D1F 0T, B ARREMAELE (Japan Agricultural
Standard (JAS) ) 12XV K& < 308l (T3, AT A, KD 129

I Twg (Table 1-1)

Table 1-1 Varieties of soymilks classified according to JAS

P REETESy B Ry B
RN 8%LL I 3.8%LL Lk
AR 6%LL I 3.0%LL
RITFAY 2%l 1 0.9%L4 1
LR
Z DA 4%LA 1 1.8%LL L

1.3.2.2 TIoHE 18

THIE, KEEZKIEHIRLIEE, 6 ~8HEEDKE & LI BT 5
IRV EONDAEREHHAED, AL THELND BADOIILI N
KT®H% (Figure 1-5) , MED L WHEALRET 572012, GHMHO KRG L
TR ENZ R e R, Rl B—ar Vv = 7Y =Dk,
EOMES R ENEBR SN D 9,

TR, BB, RIE. BFOInK)

>

b
ko

Figure 1-5 Manufacturing process of soymilk



1.3.2.3 TIHDOEFEXIICET DA & AR OE

UILOBMA R EFRIL. R 7 7 L —N— LB ENL ) —r, 7
TYTAKTHHEENTNS B, ZhHDERICONTIE, &L SHF%EHR
HRLIh TRy, IBEO Bk, b, MRS, LV DT I RFT
F =PI L DWTERT 5 L EZ 5T\ (Figure 1-6) 22, Fif T,
I DOFZRL T B O MM 2 ROMBFE A R OEWIZ L 2 ZBIZON T
HENRENTNG T30 F7- HEINLDOFT 7 L— =Ry &R LT
DT, URFTFF—P 2R E ST REMEBEESATHER ¥ 2hb
DB L T, B ORISR L TEIC T, Y —
77 T A FRIIDROA, HHEAIEL . SRRV RNz dic, R0 Rk
345> T % L DOHEL & 5 3259,

ZOXHIT, JFEHEDA T T L— R —R A UM b TR T O R 5
B 5 2 DS MEAET B AR RIR STV A, REARTALOERICH
B3 D015, RIEFTFIZHLIT STV,

NN NN
CHO OH
hexanal hexanol
O OH
/\/\)K/ /\/\/\/
1-octen-3-one 1-octen-3-ol

NN
7 CHO //“\M//“\v/aﬁk//A*m//CHo

{E)-2-nonenal {E,E)-2,4-decadienal

Figure 1-6 Typical green and fatty odor compounds in soymilk
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1.3.3 E

BIR TR E T 2REBEARD 1 H>THY, TELVERLE M) 2
HETHDH L ENTWD 7, Mpldmel 2 e LT, 16 thfdic/
D, RERKERE, BYEFE L THEmAES NS L HICRY, 18
FUTITBURFEIRE, KE & /NEZFRE 3 5 BUEN RN 22 5 72,

1.3.3.1 MO

HARDEHIL JAS 12 VB0 RO, W, BfhAA, Ao S FEICOE S
nTns (TaMe1-2)3“o

Table 1-2 Varieties of Japanese soy sauces classified according to JAS

T 1) JEOEE TR pEH JiiBeS

A KE.50%, /h%&50% 4E DT ERR, TR, AR E OBk, Y — 2
wn KE.50%, /h%&50% 4E B OO A O R 2 A2 79

1 KRE>80%. /N%E<20% HEH )7 WA, EARWREOMT ., flEo->FEH

FHEIAL KT 50%. /N2 50% Ul (hfzshdy  HiEEE. flE oo i
H RE<10%, /NE>90%  ZEHE D EADOD, FEHEL FAF OB & R

B, AAROEMOSAFEROR 85%% (56 5k b — XA 72 AL G D5 i
ThO, DFEH, ™FEHOL Iy —R L LT, B EOFUE
LTRSS FIHSNTWD, i, EIZEERG THEINLTEBY ., FMo
aEANTREICHA S EQRMA LN RBEOERTH D, BIX. 13
EREZFEE T HRBEOERTHY | E&:%Uﬁﬂ%@oﬁ%iﬁﬂ%mﬂ%& Th
RN EDBEDRWVEDLBEEMICHW OGNS, BHARIT, BAROEE (1L
AIR) CEICEE - HE STV D EIT, AR A LR CED, BEKD
ﬁb@mé%ﬁ%ﬁ(kﬂm%ﬁim@%m%%)%mméoﬁﬁﬁﬁgﬁm

WCHBEAEHOPRBKERHEHD Y —2 L LTRHIHESNTWD, AT < #EN
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BRI OEM T, EICHAROFETHIEI N TWD, & ITIERIC, A
ZIE/NETHY O ERERIC, BICEMOAEEN LT WEERICHW OIS,

1.3.3.2 JASIC XV SND 5 REEOE o E 5k 180
1.3.3.2.1

it A Bl O RGE TR IARRRE T A BAlnE T AL 7 RIBE T AN DD
. b AR BGE T iRIIRERE T AT H D (Figure 1-7)

e Bl KL
1 ﬁss.
b WT

> B }ﬁ—ﬂ*ﬁ BB }Eﬂ ERTEA || 88 |
KI=ER v

Figure 1-7 Brewing process of Koikuchi-type soy sauce

B Z Ry B ST R &SRR e Lo/ N R 2 TER B L
ffi¥8 (Aspergillus oryzae X% Aspergillus sojae) %L CEie 4L B MEs 2
THLZ LK, BEESND (BUR) |, FERIE. BITHK) 20% D BHEIK AR
m¥+zzrickvimbh, ZOBRBEE - ARIND, EMABE

(Tetragenococcus halophilus) =T 1 #A Rk B ) (Candida versatilis X> Candida
etchellsii 72 &) 73 ENGEM R CTRANCAEE L, RO TR M 00 32 5% B i £
(Zygosaccharomyces rouxi\ )\ E B3 %, shRICEEND X /37 E | FEE. R
HIE, B OBEFRIC K D MCmEE OFLEE . BERFOREEIC K0 4R 2 12k
STV, B SILTZRERIT, ZOREHES N, AR (5T EH) &k

) o ensd, /BoncEHBTEmE, ZELOCKANE (KF) AR
DI DITATON D MBSLE (KAL) R TEME R 5,
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1.3.3.2.2 PO

PO EMIE, RO E FERICKE & /hEZK 50% T O H L ChgE S d
N, BHRREZRAERED 6008 < Ly FBBE L B Z RN L TN D,
Flo, R EARNCTHOICKkEH b L HBEE2EHT 22 b H 5
(Figure 1-8) .

U, WE

ol B }—% AL RERE }E‘ﬂ EBTER ] B |
KizHEfE y

Ll B B
E

Figure 1-8 Brewing process of Usukuchi-type soy sauce

1.3.3.2.3  E3E

B, FEIZIERE (80~100%) TH V., NEIXIFTEAEHEH SN
v (Figure 1-9) , AEINT-KEA2/NSRBLIC L%, BEEAL, B2 T3
~4 ARIEETHZ LICL D, W EENEREIND, Wi, BICEREOR
WARKETRMT L LIk ELN, TD% 1 ~3FEMREE: - fkEnsd, 2o
M, I E > EE WA RAN U THESE S HRAENT] 21795, BARKRKE
NTEERIL, BRI B 8 (BSIEBY) LRI oRE S v, IR
M2 L TN ARNIEERE 72D, £, — BB K AT TV
/A%
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_’@ AT, BB, . S8 =| —_— Iﬁ'{ ng ‘

EEI%?@U

i KizBfR

Figure 1-9 Brewing process of Tamari-type soy sauce

1.3.3.2.4 F{IIAZLEEH

AL, B0 & AR RE TG S5 03, BEKORD Y IC
AT EmS G (Figure 1-10)

BN AL

T s

St WE

IhE

SERE E® KA
> BHAE FARLEERR ZREEH " Bl&

5P % T

Figure 1-10 Brewing process of Saishikomi-type soy sauce

1.3.3.2.5 HEH

FURER T, TR & T R RIS B ZIE N ETH D, AL TiF S
ZLRERgB S NI KRE 2D REEH L, RERICFERZ N L TEiE T4 A
FREETH 2 LIk, BanAEIND, TO%, (KR - BHH (K 3 T H)
Rpic L8 72 % (Figure 1-11) o 70, WEM & FERIC, —BEAITKA
AN ES oY SAAN
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). W

Xg |- |
| R b= 1=
! el
i {=|
IhNE
b7 BEL. TR

wli: L] £51ZEEH LT

BiE KIZEAg

Figure 1-11 Brewing process of Shiro-type soy sause

1.3.3.4 B OEKMIITEE T 2 0 L & BUR ORRE

BMoOFEVICHG ST IEREMEKSIZ, 7T 2 IEEW D 5or
2)-ethyl-4-hydroxy-2(or 5)-methyl-3(2H)-furanone (HEMF) .
4-hydroxy-5-methyl-3(2H)-furanone (HMF) .
4-hydroxy-2,5-dimethyl-3(2H)-furanone (HDMF) x> 7 = / — L {b & ¥ ®
4-ethyl-2-methoxyphenol Z1X U & LT A7 VHEH, RILKFE, GHbEw.
Toa—VH, T VU, R L BRIC 300 UL B S S Twn
% ¥, S5, TN DM OFFAMNE (B - B - LRI X D%
B, KA TRRIC K D MEVR L) 1CBIT 25% < oM ShTng %),

I HIZ, BAEMIZOWTIL, AEDA ZHWTEHEKRFGF G5B RSN TE
v 4 3-methylbutanal, 3-hydroxy-4,5-dimethyl-2(5H)-furanone (sotolon). HEMF,
2-methylbutanal, 3-(methylthio)propanal (methional)?s EE k5> T D & ik
INTWD,

—J, 1.3.3.1 Tl L H12, HAROEMI JAS 1LY, EO, #wH, .
FhAZA, B0 5 FEICOEINTEY, £EE, FECThHLREE/NED
HERPBIE DSRMEN IR D Z b, ZTNHDFEXIFGH D b RL > TND A
REPEZS @Y, L LARd 0 i A EHUAAOEMIZ OV TIE, #HIEMER I
THOWERDTPICREINTNDH 90 AEDA &AW CERF 5N &I 6
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DU LTegEid 1372 <. £ 6 OFXFFEITEM L~ L THZITH B DIT
STV 0,

T, ABTEMEZOEE. HDWITRIAIER EOBD I IR TE
CRE AT KA TRARTOARNEN (CEBI) R Ly s TRNE
KEFREETHH LA A 7oL E L TRB I, BFEELELS>OH5, —
1T AL 80~85°C T 10~30 435\ M E 110~130°C THAD INEL% 60~65°C
THHMBEE L TiThil, BEROKELE L L2, HEVMHTOHBTITOR b
WELE TRO 1>Th D B, Z O AN TR TRESHENT 5y & LT,
HDMF X° HMF 28 D75 ) LHH, A MLy I—T AT R, a-P4 FoAbd
¥, 7 8, dimethyl disulfide, dimethyl trisulfide 72 & D& b &¥ 78 En
s ShTnb (Figure 1-12) 471,

25/08 ALLyh—F7ILTERE
_\ _\

0 OH 0
\ RJ\ H
R O
R = CH,CH,SCH;; methional
R = CH,; HDMF R = CH,CH(CH;),; 3-methylbutanal
k R = H: HMF R = CH{CH-)CH,CH;; 2-methylbutanal
) Q = CH,C;Hs; phenylacetaldehyde
a-Ch 8 \
O
)H‘/R
O
R = CH;; 2,3-butanedione
R = CH,CH;; 2,3-pentanedione
R = CH,CH,CH-; 2,3-hexanediony
ESCU8E N AINT4F8 ~N
RN~ _-R
‘ /S\S/ /8\8/8\
N
R N R

\ R =H, CH;, CH,CH; J \dimethyl disulfide  dimethyl trisulfide J

Figure 1-12 Increacing compounds in raw soy sauce during heating
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S B Zar4E, 2-furfurylthiol, benzenmethanethiol, ethyl 2-mercaptopropanoate
ARATIMBNS Lo THIINT 5 Z EBBE SR TND P, 26 ONTEHE
P Ko T KANHTEDOEFEREITEL 52 TWD Z &R ST
%o L2L72 5, AEDA Z W TR OF K[ T 515y % B 6 )2 L7 g
WEIER < REZSOARHRDRH %,

1.3.3.5  FEIH D ZRAIITEE S 2 50 L & BUR DR

BIMITEAS K ZNT AL ATLMEETHD L WVbiL TV 5,

IR RO 60%I1TKE 5 VITEEEFIZERT 22X /) — L THY | RV D
K 40% M AFEFMER > T D (Figure 1-13) ), RBRicPIGET 2L E 2 515
AERMERTD O B, bZVEDIE. IXTAVETHY, 20T I R,
BHHfE, B ERnEENTWD,

oD T EFE PR
T113%

Figure 1-13 Chemical components in Koikuchi-type soy sauce

MO ME T JAS BRI L b . G, 2%HE, WEAIEEEES . Ta—
L4y, EHERTTHE E OB B AR, Bk, ERED 3 BRI ST
iﬂ)w\AW%&Uﬁﬁm%@l%\ﬂgwﬁEoi%#ﬁ< SR AN &
ENb, LHLABS, ZABIEKEROINES v BHEOWEEE S V5 3
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VBOGHEEEMAE T AMBENREETHY . Elo S FWICES5 T 52bEaY
REBEICH ST LIRS ITIZE AL RN %, 20 I U@listo 5 F
Wk & LT, BIERTF RO 1 OTHDI I NE I VT IVE I UBBOGFIEN R
EERTWEN P BT oaaEEMMEN D, 9 ERA~OEGICHEN R
HEhdHo O, b, BHTOES LA EK, O FRICESL TN &
DHELHD M, LoLARs, WTFROME LS T L UL TERO 5 £k~
DFGVRHALNCINTE LT, MEA 0 TiEen,
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1.4 AWFFEORM L ER

%< OREABMIABARDEHEAELTHY . GHBDICHET RS L, ©
NENHAM R R BB ST, Bl IE, Eiho R >
IZBEIC 300 LA Efetras %0, ki o455y 13 200 B E (LA i &
NTND B, L LA, 1.23 TRk 5ic, &P o EERs
VT LS HRRICEE R L ITWA T, £l oo TIImE TER0vE L
MBI N EEIRFRN S TH LR H D, LB T, THETON
FMEIZ L > T, REBLOFERBHEICHFS L WL+ LTS
TG & TN,

KEABOFRFTGHK2E. 2 ETIC AEDA, TDA ZiFH L7=#E (RO
B 445N Tl 280 kg %9) B oNRENT NS, LLARL, fl2iE
BHOEFEREFGRTCET2HEIL. ZRETREONEHOATHY | THFEE K
L o2 5 AEE MR OEH LD JAS Bk OEHIC O W TixaE < #ENR 20,
F 72O RS GRAE TDA & Wi gEd s 3 ST b b 0o,
B L~V ORRFEN 2187 STV e, £ 2T, AR TIE, &iZzET
B2ODMBEEMRT HIEEZEMNE LZ, H 2. KERLOFWRE 5K
% AEDA, TDA IZX > THILMIZT D, MgExt%E LT, BARDEERRKER
mCH2EI (T LISMARREHRBERL THDEMABIN U, H 12,
B &M 7R S Te /R EF G- DFEERZA O T 5, £D7HIz, T
TR COBFR AT 5o OENE Bie 2 Bl OB L - GO/ L[ ST 557
DHRINZOWTHIET A Z & & Lz, 62, AFEHo kAN L 2FRZEL
2B Lz,

LIFIZ, L0 BEERMICENTNOMZED B L EEEHTAT 5,

92w TR, REBMOERGEGMTICHONTIRRS, 21 Tk, GHLOEXR
IZHER L2, EAFERE, 1.3.23 TRAREZEHICT V-0 T 7T 4247
T LR E STV, HHOBWLSICEET 5 BEREFERK
I FEAEH NS RTWRY, 22T, FHEARTI - SEHAOEER
SR THD T 72 Z LM L T OFRFE 5% AEDA ICX VS
MIT LT, 2OZEITEY, BYOBLENOEAOBW LS 2T 22 &2

W
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AREICR D L LI, BHEMOE I A—I—ITL>T, TNHD RSN
ROy & B O MEE B OBIE-CHE OB L T 2 LR L e | HEEIC
RO LV iHF LWEINERILTE 5,

S B2, BHAOBFREFHM O GHAEEE TOEIMEH LN T D701,
ARG ROMBGTOEH (£12) o AEDA #17\ . T30 AEDA & fh#gL7-,
IOZEIZED, BOWLEICHEDL I EALOER TGy OERER A HET S
ZEMTE, IVHFFELWEBKRA AT 5 G OB GEL 3 2 L5 A 68
705, Flo, GHBEA - -2l o T, WETROBEEL T 5 Z & AEE
720 GHBEOMEORERSM L EOEE EOFEE LT D,

F72, 1.3.1 TR K o, JFREREIL, EEE OEEM R N T3¥E 0
IMTEMEO M EE2 BB SNEERERNZEALETHY, ZRE05HH
e WESNDEIORELN LT LHAFE LW ETRL 2, 22T, GHD
BEREGROBFEOENC L8, BERNREZHLNNIT LD, 77
ZEZITIMAT, ECAZHICHOWLN D FEEERGEHEDO 1 >THLHIT
FroA, HARENTROLFASN TS EE - SLHOBMAKREAED 15
T& 5 VINTONST 7> bR L 7= GFL.0> AEDA F OVE REFHE D el 21T~ 72, =
DZEITEY, ZNETHZITHLNTRPSTFD OBLHENG, KEMEE
GA~OHEHEMEOBUREZH LT HZ DN AREE 2 D,

2.2 TIHEHOFSRICER Uiz, EBilid, &LILANZ B AR 72 vk
Thy, SESERMARIHAENTND, BT, #OEmTo T Eme)
TR S UL AR EBETEH OB D EAR EORTEE LT, TR
IHBAEHOFEE E LTEREAFIHINL TN D, L LR S, Rk X
WO FEMUANADOFLRF G DIETE< BESINTEL T, 2D OFXFHY
XITEAEHLNTEN TV, £ 2T, JAS Bk 5 firE 0Nz <.,
RS A Lo2H 5 A EMOFER T LM% AEDA IZXL VLN L, Z0
ZLIZRY FEMOFXFMEBMT LI ENMREE 2D . B OEE) T
BN E BRI Z ERARRIC R D, Fio, EBliLEA—h—lcL 5
T, ®EOMEEHROREL T2 ENAREL 20 . BmE2FIHT 28060 A
— =T o T, EMOBEBM A FEMICERIET 2 Z E N ARELE 2 D 70 KE
EFOBRELHFTE D,
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I 6T, AEHOKANKEORRE G DOECEA LT D012, 4
il & KA Y OMEET - T2 AEM (RERsCTid, DRANEM) &Rl
3 5) ® AEDA, E&E/SHT. BRERHEIZ X Dk EIT-7-, 2D Z Eickv,
IR A O K ANINENC L2 FR[R GG O LV EFEICHEE T2 L9
Wb e bz, EFERRE LTHELLO>OH 5 EE N E —iki e kK ANE
MO BRBRDZZRNH G L 720 | AT O B 2 47> U728 72 70 IR B 8
DSAIREIC TR B

F7-. AT AKANINEIC X - T spicy/lburnt HEXKNBAF T E - 7212 M
NobLT, TOEFERICTETH7 = /) — MG OHINE—H O DA Th
STz, £Z T, TOEREZHLNZTHEOICKIET DT =/ — VBN DE
FIUMKRBR IS Z Rt L, ZoZ L2k, BoEHoBERET5HY THH
BEDT7 = ) — LB OERER DO ZERIZONTOFHBRMANGELND &
EHiz, WEA—H—IZiE, ®HAEOMEEHAIT) FTHERMA TR T
HEZEZBND,

B3 E TR, BHRFEGHRSICONVTENS, 3.1 T, (ZUHITERO 5 £k
FHRERBT D12, A7V —=2 T FEORBEEIT T2, 9 TWRITHEAS
RO 1OTH Y BT I BEORRE: E DR BTV A8 O 4 Tl
TIHUAMTL T T = VSRR, VX I VRO T~ RUALEY, BEEAT
FRESE R IV Z INXTTF NEH, A7 v as Rl SEIERSE
LSRN FEES TS 080 X510 ZAx I vkl /oo s T =
JRD X5 7 IRICIE D FIROMEDR IS D Z E bbb T D Y, ZhicH
LCHilrH, BN S 77 = VEBBHER, XZ A2, Er s I
TR, AT IR, FEET I R E, SEIER ) FWREMRILA N
WErEN TS T o kS, ARO S EWRIT. D EWREABLSMCE S
FHRHERIL AN L > TSIV TWDRIEEMENH S 720, 1.2.3 Tk 72k
®O TDAETIE D FHROMFIEMN D L 9 2B OB ZREET H 2 & TER
VW, FIT, AWFETIE. O FMAGY &I O FRIEIRA Y & LT 7o 01T,
TDA ZJSH L. #RE L W BIERIE Tl <. 709 FHREK (MSG /K
W) ~IsnL, FEREZ W 9 EWREEHIE IS X » THRIA S 25 i+ %
FIEOAMMEEHER LT, RFEOBRBIZEY . oMo EERICER Lo
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TEPER S DBRRFIEE LT D IRy O X 5 Rl Mt B ER 2 B9 5
5T DERFRINFIREIZ 72 5,

3.2 TiE, #EHo 9 FRICHER Lz, EHo 5 FRITEMOMEIZZEL 5 %
HEERERERDO 1 OTHIHZ LD LT, 5 ERFHHRTIT IS
2SN TV, £2ZT, 3.1 THRELEZFEZHWT, RAERO 5> XRF
BB, RIEEZIT-o72, S5, TRODIEAHMOERD 5 Ehk~D
THEZBRGEST 2720 ET7 A EM AT U, BReRkilic X - TElo 5 £k
G LT, EMO S FHRFHRSEWA LTI LICE D RS neak
DEEMOMNEEROBEL T Z ENAEEL R, SLICEIKICE D RMIC
D EWRAAH G - IR D RMBEM OB NFREICR DL, EELOFHMED
HrFcE 2,

AMFZEIZ LD, RERMOBWL 2 X VECHE BT HZLITLD, FTx D
RAEEEZENIL, SOITEFEEEICHILHILD,
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FH2E RKEREMOBIXTEHDIZEY M5

SHUTFEIICRIABEAE L CWDEN, A7 7L —R=LEHEn5 7Y —
V. 77T A BELRBHEENTHY O 2 DRy OE RS R O &
MI7RzE BEIC X 28R P& ESERIIERENEICREATND 230,
—Ji. INHDFT T L—NN— LT IO SN REx 7T —
PRIERKEHHIE, ARG E LA TE oL DRELH Y
23 JEEHEDOA T T LN LSMC b B - B ORBRICEBE 52 5
%57 DMFAET D A[REME SRR STV 5,

FZT, BRERGAOFERICEEGT M0 2HLnIcT bwic, FEALE
WL OEHOEEMMETHL 77 a2 bRl LETLOEFRE 5 %
AEDA | L W B 582 LT,

2111 FEBHIE
21111 SEERAE

FERAEEE LT 2009 4EEPED 7 7 2 2 F1 (EPE) =M L=, [REICfE
L7-iEREALAY D H 5, 2-acetyl-1-pyrroline .  3-methyl-2,4-nonanedione .
cis-4,5-epoxy-(E)-2-decenal, tfrans-4,5-epoxy-(E)-2-decenal |XZ #1LE 3 kI e
STHM LI P, 2O AMITRIESAL L VA L,

21112 UAEKEMY DT

AR, K409 7 12 IFRIZRREKIZIRIE L, Wi Lok, 788 7/K 200 mL %
MMATIFH—ThHET 5 Z LICL D572, TR, 4R8Ik 200 mL z
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A T3 MAEW L%, Sm. Al &057HES3,000 rpm, 10 43, 5°C)T5
IR VAR L, AL, TR 2WAERTE (SP700 (=Z{b7¥4h
) ) 5mLICHEIR L, IRWTAEFKAEHDET50mL (20 mLx2, 10 mL x 1)
TP L, Y7unm 2% 20 mL THAE SE72%, V7 v o X ¥ gl K
) b U Y L&EMZ T L, SAFE (<5.0 x 10° Pa, 40°C) %MW THRET
HZ LK THRH L, TAFTIEMYIT, BAEFRMEmEr—2 ) —=
WAL —3 = (550 mmHg, 35°C)L. ZEHEX FTK 100uL £ Tl 2 =
EICLVFREL T,

Kl

21113 GC-O

GC-O m#riciiBv=E 4% (Thermal Conductivity Detector (TCD) ) %
$E0i L7- Agilent #851 6850 > U —XH A7 u~ NI 72 LT-, SBED T
203 J & W Scientific L84 DB-WAX # 7 A (30 m x 0.25 mm i.d., f&/E 0.25 uym)
NI DB-1 77 AB0mx0.25 mmid., BEE0.25 um)zZ Hv, 1uyL #2271 »
FUATHEAL, ¥4 U7 —HRZEFEA~Y A 1 mUmin 2 vz, AR
IR 250°C, N—V 2 A MEB0RICRELT, 7R~ T T T 4—DH T A
RS 40°CH B4R, 210°CE T 5°C/min THIR L7z, MtiasOIRE X 230°CiZ
WIE LIz, T ARDEWRER— % TCD OIS, VAR e —4—T
210°CLL EICiED 7=, BWIRE R — o M58 WED 2 TIER0 < BRLS 72012,
100 mL/min OKZAEK A B T2ER A BWVIRE R — NIt L7z, 3 ADOHEREIZ X
D ZNENIETOEFEIIRMM D GC-O JEEITo 1o, HHR[AE — 27 ORI,
THEEIC LD ENEhA < b 2RO EER LT,

2.1.1.1.4 AEDA
2.1.1.1.2 TR LA ERREYE 7 no A % T 1:4~1:4096 % TIHEK

#FHHW L. AEDA OSHTICH W, FREOERWEREI S SIER 2.1.1.1.3 IZ30#k L
7= HET, 34 0#REICLY ZFi 3 H7 D GC-0 #1T7-o72, HHFRMY
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OHIL., SWERENZNEH 2 B R TE 25642 [HXRO 0BT
X772 EEFRL, AHINE % FD-factor & L 7=,

2.1.1.1.5 Gas Chromatography-Mass Spectrometry (GC-MS)

GC-MS Z3#riziE Agilent 5975C inert XL U —X MS kKHiZs % Hfi L 7=
Agilent 18 7890A A/ v~ NI T 7 EMH LT, SBET T A, J & W
Scientific #-# DB-WAX # 5 A(60 m x 0.25 mm id.. &/ 0.25 um)Xi% DB-1
7 H560mx0.25 mmid.. BE0.25um)EHv, 1yL 2 27V v b L AT
ALz, ~U 7 A 1mUmin 2% % U 7 —HAZHW, HEAOOIRET 250°CI2
BE LT, BRI 1 L2 A7) » R30I AT Y » LV ATHA LT,
ATy MEAOEEIE, #7 LR 80°CHH 210°CE T 3°C/min THR L,
A7 Y F VATEANTIE 40°C0 5 210°CE T 3°C/min THIE L72, MS KeiHigs
DA A ACEET 70 eV, A A PRI 150°CIZRRE LT,

21116 R DOFRE

B ERERY D OERE S-S OFE L. GC-MS 12 X A 1= #EW)E © Retention
Index (RI) & MS ®»—%. KO GC-O IZ Lk AEHEWE O Rl & AWOEHD—
L 0iTo72,

2112 #REBLE

21121 77 a7 bRl L2 G ERRNY O AEDA |
73 D

(@]
9_‘4
)
i
A
By
s
=

THOEFEREGHGRSEZRAONCT H-DIC, 7722 bl -FRE
Ha > AEDA %17V, FD-factor 73 16 UL F D Rk4y % 36 fEffiH L7~ (Table 2-1).
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Table 2-1 Key aroma compounds in soymilk made from Fukuyutaka

RI
no. pg.- DBA odor qualities compound f;:cl?c-)r ref '
WAX

1 990 fruity unknown 16

2 1052 leafy, green hexanal 1024 25
3 1113 green, sweet unknown 16

4 1137 green (Z2)-3-hexenal 16

5 1297 mushroom-like 1-octen-3-one 64 31
6 1336 popcorn-like 2-acetyl-1-pyrroline 64 27
7 1352 green hexanol 16 25
8 1431 1075 pea-like, earthy 2-isopropyl-3-methoxypyrazine*2 64

9 1446 mushroom-like 1-octen-3-ol 64 26
10 1449 cooked potato-like methional 256 27
11 1464 nutty 2-ethyl-3,5-dimethylpyrazine 16

12 1502 green, fatty (E,E)-2,4-heptadienal 16 27
13 1532 sweet, fruity (E)-2-nonenal 1024 25
14 1584 cucumber-like (E,Z2)-2,6-nonadienal 16 27
15 1652 green unknown 64

16 1668 sour 3-methylbutanoic acid 16 75
17 1698 fatty (E,E)-2,4-nonadienal 1024 25
18 1723 green 3-methylnonane-2,4-dione 16

19 1757 meaty 2-acetyl-2-thiazoline 16 27
20 1763 green, fatty (E,Z)-2,4-decadienal 256 25
21 1807 fatty (E,E)-2,4-decadienal 4096 25
22 1844 sour hexanoic acid 16 25
23 1857 burnt 2-methoxyphenol 16 27
24 1964 caramel-like maltol 256 27
25 1986 metallic cis-4,5-epoxy-(E)-2-decenal 64

26 2000 metallic trans-4,5-epoxy-(E)-2-decenal 4096

27 2024 cherry-like unknown 16

28 2029 fatty, milky 4-nonanolide 64 25
29 2029 caramel-like HDMF 64 75
30 2043 sour, powdery octanoic acid 16 27
31 2075 sweet, fatty unknown 64

32 2162 spicy 4-allyl-2-methoxyphenol 16 75
33 2191 spicy 2-methoxy-4-vinylphenol 256 27
34 2191 caramel-like, seasoning-like sotolon 256

35 2218 grape-like 2'-aminoacetophenone 64

36 2565 vanilla-like vanillin 16 75

" Previous reports identified as volatile components in soymilk.
? The compound was tentatively identified by GC-O analysis using DB-WAX and DB-1 columns by comparison to the
authentic compound, but no unequivocal mass spectrum was available by GC-MS.
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Z D 9 L 2-isopropyl-3-methoxypyrazine (8). cis-4,5-epoxy-(E)-2-decenal (25).
trans-4,5-epoxy-(E)-2-decenal (26). sotolon (34). 2'-aminoacetophenone (35)
. SILBFHUCIFEE X ITHEE S e Th %5 (Figure 2-1)

@)

N\\
—
N OCH,

2-isopropyl-3-methoxypyrazine (8) cis-4,5-epoxy-(E)-2-decenal (25)

OH
O
CHO O
/\/W\/
lrans-4,5-epoxy-(E)-2-decenal (26) sotolon (34)

CH,

NH, ©

2'-aminoacetophencne (35)

Figure 2-1 Key aroma compounds newly identified or tentatively-identified from

soymilk

F 72, FD-factor 4096 T b mWHGE AR LICDIX, fatty 2 F RO
(E,E)-2,4-decadienal (21) & O metalic 72 & # %= A T 5
trans-4,5-epoxy-(E)-2-decenal (26) Td - 7=, ¥k\ T FD-factor 1024 T i
72hi471E. hexanal (2) (green), (E)-2-nonenal (13) (fatty). (E,E)-2,4-nonadienal
(17) (fatty) T > 7=, & 52, FD-factor 23 64 LI LDk Tk, T3 ORHSE &
STV % green, fatty, sweet 72 F&dH % A9 57 OftliZ, methional (10)
(cooked potato-like) . 2-methoxy-4-vinylphenol (33) (spicy) . sotolon (34)
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(caramel-like, seasoning-like), 1-octen-3-one (5) (mushroom-like), 1-octen-3-ol
(9)  (mushroom-like) . 2-acetyl-1-pyrroline  (6)  (popcorn-like)
2-isopropyl-3-methoxypyrazine (8) (pea-like, earthy)., 2'-aminoacetophenone
(grape-like) (35)72 EnH &7, £ < DilBEOWE TIE, TAFXIL green,
fatty e FIHICHE B SN TELN, 77 22 I bl L= 23 oFXIT green,
fatty UIZMC G S E I ERFRORD DO M- TND Z ERHLMNI -7,

212 AERGHOTIEZFRT DB T 2 TAFREF 50 O & Rk
Bt OHEE

211 CHOMNE ol 7 7 22 LR L - G OFER A G IZIE, #
HAmobEEh, TNOLOMSNED L IITER L TWELEDONIRHTH 5,
G IGHE ST BTN EFERETGHTOEMRBERZHG)NZTHZ E1X
HE LWEHDRBRIZOWTHMEEZIRD HT-DIZEHETH D,

FIZT, 7 aBZ N L ARTROINEETO T, (EE) o AEDA
ZAT, TELO AEDA & Hi U OILER A 55 O A SR OHEE 21T o T,
2121 EBFE
2.1.211 FEBkE

FBHMENL 21111 L REBRDFTETATF LI

21212 HERU, £EH, KON D OEFEKIEMY TR

I
4

aau =t ML ERE 21112 LRIBRO FIETIRMET 5 2 LI L 05T,
ERTELZIEMED L. K409 2. Y7 ma X% 400 mL T 4 K Soxhlet
iz 7V, BN -t 4% SAFE (<5.0 x 10° Pa, 40°C) ([CTARE L, &
Sl —# U —x /R L —3 3 (550 mmHg, 35°C) L., ZRAIIZ L VK 100
UL £ CTRMET D 2 LI v,

B

\

T
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21.21.3 GC-O, AEDA, GC-MS

GC-O. AEDA, GC-MS % 2.1.1.1.3, 2.1.1.1.4, 21.1.1.5 L[EEROTTETAT

-7,

2.1.214 R OIRE

R DOERIEIZ. 2.1.1.1.6 L RO HETIT- 7,

2122 HREBE

21222 AHKE. A48, KOGILEFENEY D AEDA g

21121 IZT7 7 22 B LR L7 IO FELRM S D4k & HEET 5
722, FD-factor 64 UL L4 /R L2 FRFGMDITHOWT, ARG, ARLKTE
AN O EFLRIREMEY 2T L, AEDA Thig L7z (Table 2-2) |

ARG HARE TR L 72 BRI FD-factor (IZEB W TR & 2B L3580 b Tk
77 1%, hexanal (2). 1-octen-3-ol (9). methional (10), (E)-2-nonenal (13),
(E,E)-2,4-nonadienal (17). (E,Z)-2,4-decadienal (20). (E,E)-2,4-decadienal (21)
TohoT,

Fo, AENL T EFR L ZFRIC FD-factor 23 K& < #9001 L 72 sl 31,
2-acetyl-1-pyrroline (6) . methional (10) . maltol (24) . HDMF (29) .
2-methoxy-4-vinylphenol (33) T&Hh - 7=,

—7J7. 1-octen-3-one (5)IXAEN G T H A TR L 2B K E < W Lz,
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Table 2-2 Changes of the key aroma compounds of the soymilk made form Fukuyutaka during
the manufacturing process

FD-factor
no. RI” compound soymilk before .
raw soy bean heating soymilk
2 1052  hexanal 4 1024 1024
5 1297  1-octen-3-one 256 1024 64
6 1336  2-acetyl-1-pyrroline nd” nd” 64
8 1431 2-isopropyl-3-methoxypyrazine*z 64 64 64
9 1446  1-octen-3-ol nd” 16 64
10 1449  methional nd” 4 256
13 1532  (E)-2-nonenal 64 1024 1024
17 1698  (E,E)-2,4-nonadienal 64 1024 1024
20 1763  (E,Z2)-2,4-decadienal 4 64 64
21 1807  (E,E)-2,4-decadienal 64 1024 4096
24 1964  maltol 16 16 256
25 1986  cis-4,5-epoxy-(E)-2-decenal 4 16 64
26 2000 trans-4,5-epoxy-(E)-2-decenal 256 1024 4096
28 2029  4-nonanolide 64 64 64
29 2029 HDMF 4 4 64
33 2192  2-methoxy-4-vinylphenol 4 4 256
34 2191  sotolon 1024 256 256
35 2218  2’-aminoacetophenone 64 64 64

" RI; Retention index on DB-WAX column.

" The compound was tentatively identified by GC-O analysis using DB-WAX and DB-1 columns by comparison to the
authentic compound, but no unequivocal mass spectrum was available by GC-MS.

¥ nd, not detected.

2.1.22.3 GILEXTGRIT OB OHEE

21222 THONZRS>TAEREN D THZHE UTZBRIZZAbD & - 7o pli sy
D E R FAS 2 #EE L 7=, hexanal (2). 1-octen-3-ol (9). (E)-2-nonenal (13).
(E,E)-2,4-nonadienal (17). (E,Z)-2,4-decadienal (20). (E,E)-2,4-decadienal (21)
LR EOMAEEEZDE Y JRE (V) —VBKR Y LU RO
ISR TH D EE BN D (Figure 2-2. Figure 2-3) , % 7=,
cis-4,5-epoxy-(E)-2-decenal (25)% U\ trans-4,5-epoxy-(E)-2-decenal (26)i%, V
J VD F BV & B 2 B (Figure 2-2) ™), AR E 6 G HL % T
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T 5 IR TR A I AN D H L7223, trans-4,5-epoxy-(E)-2-decenal
(26)1%. ARG THEWEHEGEEZ/RLTW=Z &b, FARTORESEEDON
ELISMT, IUHER O TR H AR L TV D ATREMEDS EVY,

/a/:\
Ri R,

Linoleicacid R, =C,H;
R, = (CH.);COOH

Lipoxygenase or A O
O, Hydroperoxide lyase
or
0, H
hexanal (2)

HOO \ oH
>—- - /\/\)\/

Ry R;
1-octen-3-ol (9)

AQ, /\/\/<OV\/CHO
———————»

frans- or cis-4,5-epoxy-(E)-2-decenal (25,26)

13-LOOH

— Hydroperoxide lyase W
F . oo

Ry R; >

9-LOOH
\ / (E)- or {(£)-2-nonenal (13)

A /\/\/\‘JH'\/CHO

(E,E})- or (E,Z)-2,4-decadienal {20,21)

Figure 2-2 Proposed formation mechanisms of the key aroma compounds from

linoleic acid”®"®
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(CH;);COOH

Linolenic acid

Lipoxygenase
0,

<

(CH;)7;COOH

OOH

8-LOCH

l Hydroperoxide lyase

CHO

TN

(Z,Z)-3,6-nonadienal

ll isomerization

/\/\\/\/\
# " N CHO

{C,E)-2,4-ncnadienal {(17)

Figure 2-3 Proposed formation mechanism of (E,E)-2,4-nonadienal from

linolenic acid”®
2-acetyl-1-pyrroline (6)I%. 42575 G ALFHRFFICBE M LI Z &b

WEOHRAEERT DL, BEICL > THEM L KT R oilEEED L-proline®?7)»
& Maillard S lc kW ARk L= & 2 50 %  (Figure 2-4) 8,
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O
A
\_/H) o O HO
PR - OH — 0
N N
H
7 y
N
HO HO HO
(M H,0
1,0 0 )oH 0
2 ) ,
1,0 N 4
N OH NH HCOOH NH,

+H,0
— P ZOH\_H{ ZO\\(
N N N
H O

OH
2-acetyl-1-pyrroline (6)

Figure 2-4 Proposed formation mechanism of 2-acetyl-1-pyrroline by Maillard

reaction®”
F 72, [FIERIZ methional (10)1%, A& EMNEEED Maillard B K& OV | & feu Tl
= % Strecker 2 fRIZ L 0 J2IEIC Lo THEIN L 72 K5 H 0D L-methionine®?

NHAERLIZEEZE 2 HND (Figure 2-5) 82,
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H,0 = :
H.N OH 2 R i
N OH

R = (CH.),SCH, O CO,
R OH
H,0 “ O
AN A °
/ N - )'L
R R H
OH

Figure 2-5 Proposed formation mechanism of methional by Maillard reaction®?

Maltol (24)i%, KEFIZHR=VFHERE L THFEET L Z EBHMEINTEY
8) EENL TS AEOMBC LY Ak L E 2 bh%,  (Figure
2'6) o

0
OH

0

o (o) H,0 OH
L
|
HO O
R,0
CH,CH maltol {24)

Soyasapogencl BeA

Figure 2-6 Proposed formation mechanism of maltol from saponin derivative

X 52, HDMF (29)% 2-acetyl-1-pyrroline (6). methional (10) & FI&EIZ,
Maillard S & 2 IEAG LR T % &2 B s (Figure 2-7) %%,

34



CH

HODy _CH; 0 O
1 + \N
— —
0

CH H O  ©OH

oH on HO OH o) OH
- =l 3
OH -H,0
o) o)
o OH HDMF (29)

Figure 2-7 Proposed formation mechanism of HDMF by Maillard reaction®

2-methoxy-4-vinylphenol (33)i%, 2.2.2 T L BT 508, KEHIIHFEET
% ferulic acid 72 £ 6 ORI AR TH D L £ b5 %),

A RE, AATEV FD-factor %7~ L7z 1-octen-3-one (5)i%. ARE DOER{LIC
STHERT S ZERMESNTEBY ¥ %72, AKREH 25 E O FD-factor TH
HEnZ &b, KREIHER OTRIRFCAER L TS RIEEENAE WV, Fi-,
a, B—AREMT FTHLZ LD, MBI K > THMRLOT WD, AR
2T EFLO FD-factor MBEE (Ko7 B2 B b,

Table 2-2 T/RSN TWHMD THER T G HTITWVT IS AR S T AL
WETOWBTHEREDNRBD LN -T2, TNOLOF T, WTHOFED
5 b FD-factor T & 417- sotolon (34)1%. & F & F 7 BRI 23 Rig X
N THY ., Lthreonine 75 D4k (Figure 2-8) < %39  pyruvic acid &
a-ketoglutaric acid DA ST K LR 83 ST (Figure 2-9) %9,
FHIZBNTIE, WTNONERRE B EZ B D,
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COCH
>"< \\/J\COOH OH O

COOH
L-threonine A
+

O —
glycine
9) OH
. - . _
H,O '
o O o” @

sotolon (34)

Figure 2-8 Proposed formation mechanism of sotolon from L-threonine®®89)

O

/J\COOH

HOOC COOH HOOC COOH o
~Y o LIS L
NH, N o) COOH

L-glutamicacid NH, a-ketoglutaric acid pyruvic acid
COCH
COCH
0 0 OH
—_— —_— —_— —
-H,0 -CO, )
Hooc” Yo~ O o © 0" ©
sotolon{34)

Figure 2-9 Proposed formation mechanism of sotolon from a-ketoglutaric acid

and pyruvic acid®”

F 7= [AIREIZ, 2-isopropyl-3-methoxypyrazine (8)i%. VA > H 7 R izBW\ T,
FEABRIEIZ T Lvaline & 0 kT % & OBERH Y (Figure 2-10) V. k&
HIZHBW T 2-isopropyl-3-methoxypyrazine (8)1dE K & HIZ U TA A ARR
THRLL TV D ATRBHED @V,
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Lo L= L

glycolaldehyde

HQN\)\

oxidation
methylatlon
L-valine [

dihydropyrazine 2-isopropyl-3-methoxypyrazine (8

OCH,

Figure 2-10 Proposed mechanism of 2-isopropyl-3-methoxyprazine through

biosynthetic pathway®"

4-nonanolide (28)i: linoleic acid LV Ak 5 &EZX bW ARG AR,
TAHNTHOREND B [FI% O FD-factor TR SN2 Enb, ERENSE
FLa T 5 W TITARE T, R SUIAEGRIC L > TERGHFTAERL
TWHAREMEDSZE 2 B4 5 (Figure 2-11)
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Lipoxygenase, O, HOO
m N ———
CoHi oS

(CH,),COOH © CsHyy
Linoleic acid 13-LOOH

(CH;);COOH

reductien HO (CH,);COOH  B-oxidation HO
W - /W\
— " GCHy o= CeHyy = COOH

a-oxidation
reduction

cyclization /O\/\A
—’ O

—’ O
R

4-nonanolide {28)

Figure 2-11 Proposed formation mechanism of 4-nonanolide through

biosynthetic pathway

2’-aminoacetophenone (35)i%. L-tryptophan 7> 5 ZA3RGIZ LY T 5
ZERMBNTNDD (Figure 2-12) %2 ERTFnb RS TREY, %
D% DAINTAZ X - T FD-factor IZZELRFRD BV o722 L b | AR E
REDOINENZ X > THERR LIZAREMENR B 2 b,

Strecker degradation

L-tryptophan

0
oxidation oxidation
decarboxylahon OXIdatlon decarboxylatlon
4!»
/ CHO
NH,

2'-aminoacetophenone (35)

Figure 2-12 Proposed formation mechanism of 2'-aminoacetophenone by the

heat treatment®?
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2.1.3 3 WMEOKRENLRHE L - T DOERE 515 O Lk

1.3 THRAR7Z L HIZ, HRATIIAEGHBETHE SN DI REZOEEHEL, H
THEA - BEHOABRN R L LV, AAREN TR STV 2 BRI EICE
ARENLHESINTNWDEN, —FTIX 7 7 22 O XD eEHFELE) D il
LIEEABIRFEESNT WD, Fo, RESFEOITE A LI, AFEMER EOR,
MTEMEO L EE BICERINTWAH D, ZNLOMEN LS NE
ANED XD RFREEEEZA L TSN TIE, AATH S,

2T, 211 THREILEE7 722 00z T, FCETHICHWbN S TE
ERERKERED 1 >THLI X rr A, BRENTROFAIAIL TS E
J& - GHAOEAKREMFED 1 > Toh 5 VINTON8T 76 /Ek L 7= E5.0> AEDA
K OVERERHfi O Ll 21T - 7=,

2.1.3.1 FEBE

2.1.3.1.1 FEBAE

FERELE LT 2009 FEEREDEEKRT. (772825 (WEE) . SvXxvnu
A (E3RPE) ) . AMEPEKRKE (VINTON 81 (F AU HBPE) ) AEHA L. FE
WZAE U7 RE LSk, 21111 LEREO HFETAF LT,
2.1.31.2 HUAETKEYOFHHRL

L OHABTREML21.11.2 LREEOTETET-,

2.1.3.1.3 GC-O. AEDA. GC-MS

GC-O, AEDA, GC-MS % 2.1.1.1.3, 2.1.1.1.4, 21.1.1.5 L [AERDFHETIT

7,

39



2.1.314 B OFRE

R DIFRIEIF 2.1.1.1.6 L RO ITETITo 72,

2.1.3.1.5 'EREFHMh

HRerHii# 1L 6 7 A OFERedHElE (300 LLEDOFXA S DO - BHERE
DOFE) =TT/ IR (BK) @ 17 A OB 23k Lo, BreafmaliiiL,
B5CICHffi SN FHERENM Y — AT, 77 AF v 70y FIT AN
2.1.3.1.2 2O FIETHE L7225 20 mL O~y R AX—ZAFLK O 21T
ol BT 1 F5VY) ~7 (V) ORETITo 72, BREHNI Y — NIZLL T O
b OFR & L TEF Lz, pea-like/earthy (2-isopropyl-3-methoxypyraizne) .
metallic (trans-4,5-epoxy-(E)-2-decenal) . caramel-like/seasoning-like (sotolon) .
green (hexanal) . fatty ((E,E)-2,4-decadienal) . cooked potate-like (methional) ,
B RERTAM RS R LR 0 IR L D722 IuBdiE 5y BT A WD TR R HLBL 21T - 72,

2132 fERL#E

2.1.3.21 3O KT LFHRLL 72 3.0 AEDA L

SAHOEFERG G OREMIEIC LD EREZWASNTT DD, 772X

B, XX A, FOVVINTON 81 @ 3 Sl b F N FNas L DA e
Han > AEDA %tz L7= (Table 2-3) .
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Table 2-3 Key aroma compounds in the soymilks made from three different cultivars

RI FD-factor
no. pg- -y odor qualities compound Fuku M_iyagi VINTON
WAX yutaka shirome 81
2 1052 leafy, green hexanal 1024 64 256
5 1297 mushroom-like  1-octen-3-one 64 64 16
6 1336 popcorn-like 2-acetyl-1-pyrroline 64 16 16
8 1431 1075 pea-like, eathy 2-isopropyl-3-methoxypyrazine*1 64 nd” 16
9 1446 mushroom-like  1-octen-3-ol 64 16 64
10 1449 cooked methional 256 256 1024
potato-like
13 1532 sweet, fruity (E)-2-nonenal 1024 64 256
15 1652 green unknown 64 16 16
17 1698 fatty (E,E)-2,4-nonadienal 1024 4096 4096
18 1723 green 3-methylnonane-2,4-dione 16 64 64
20 1763 green, fatty (E,Z)-2,4-decadienal 256 256 16
21 1807 fatty (E,E)-2,4-decadienal 4096 4096 4096
24 1964 caramel-like maltol 256 16 16
25 1986 metallic cis-4,5-epoxy-(E)-2-decenal 64 16 64
26 2000 metallic trans-4,5-epoxy-(E)-2-decenal 4096 256 1024
28 2029 fatty, milky 4-nonanolide 64 16 256
29 2029 caramel-like HDMF 64 16 256
31 2075 sweet, fatty unknown 64 64 64
33 2191 spicy 2-methoxy-4-vinylphenol 256 256 1024
34 2191 z:;'gsl'n'ékﬁke sotolon 256 256 1024
35 2218 grape-like 2’-aminoacetophenone 64 64 16
36 2565 vanilla-like vanillin 16 16 64

" The compound was tentatively identified by GC-O analysis using DB-WAX and DB-1 columns by comparison to the

authentic compound, but no unequivocal mass spectrum was available by GC-MS.

2 nd, not detected.

FD-factor=64 O &\ a5 2R LT BRI IE 3 M TlEE A S4B L T

AN /A

. Y X e A T ® hexanal

(2) .

(E)-2-nonenal

(13) .

trans-4,5-epoxy-(E)-2-decenal (26)? FD-factor |£ 64~256 TH YV, 77 47

D 1024~4096 ([T T2y~ 7= (Table 2-3) .

Y XU AL, MOEFEK

LT R T KRR RO hexanal ZERR BB 72N LA S TR 9,
A5 AEDA T RIBEDMHANRD b- L E 2 b5,
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—J7 ., 2-isopropyl-3-methoxypyrazine (8)® FD-factor |3, 7 7 == % 71 T3 64,
VINTON81 TiX 16 T, I vXvuAnniImtiand., 3MEICBE W TRLIHE
EIRFENTBD BT, 2-isopropyl-3-methoxypyrazine (8)i%. FIZEH « TIFIC
Hwoivd 7 722 51 HROVVINTONST IZB W TOAMH SN2 Lnb, BH
BRORHEM DD 1O THD I EN MRS NI, TILFLA T ET VU
DERBROEBL, VA VA7 RUBETHMICRESA TR ), & -
- KR ESEIERERICE > TELASINDZENHLMNERSTED
REILBWTHRROERNZ X LD,

2.1.3.2.2 3MFEO KT S L7~ TAOE M
3 MEORENOLHAMLETHADOEFEREBOEZRZHLNCT H7-DIC,

Table 2-3 TW DB T FD-factor 73 64 LL &7~ U T- a5y D& 2 51 7
— & LTERL, Bigith 217 > 7z(Table 2-4),

Table 2-4 Sensory evaluation of the soymilks made from three different cultivars

sensory score (SD)"

cultivar pea-like metallic  caramel green fatty cooked
earthy -like potato-like
Fukuyutaka 497 (£1.2) 40(x18) 43(x13) 42(12) 50(10) 42%x1.1)
Miyagishirome 3.9°(+1.1) 3.6 (x1.3) 4.0(x09) 4.1(x1.0) 44(x1.0) 3.9°(@*1.2)
VINTON 81 54°(+12) 38(x14) 49(x14) 39(x12) 54(x05) 4.9°(0.6)

" Different letters showed significant differences within the column (p < 0.05).

77 2571 L VINTON 81 IZWTHOFHT Y — FIZBW T H A EEITRD 5T,
W oK fatty, pea-like/earthy DRl SN E A > 7=, £72. VINTON 81
Tl fatty, pea-like/earthy (212 T, caramel-like, cooked potato-like ™ FFAf i
HEnolz, IHIZ, b EI VX ADORICIL pea-likelearthy FRICH
BRRENHEO bz, o, BREFME RV ORI E A B ELE TRIZ S 7
LA, 77 OEHERRbELS ., FELVWEREKOTH TH D &S
Nice =75, I°vXaAIFVREL<, R 2—LIIRITLHD, BLEDR
{73572, VINTON 81 [FfE o 1TV hA7E, B2 72 EDFFiA % < | Table 2-4
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ARBNC TGRS S o Tohs . EDOWBAHEIEL 7 7 2 2 %> T, =

D EMD, HADED X, FRAFGHDOFRNBMNEEHEL VLTV R
T, ENODEFRFHEEDNT UV AGLEETH L Z LB LT,

5T, BREFHMAS B & FD-factor Ok F 5. pea-like/earthy 72 &7 D
2—isopropyl-3—methoxypyra2|ne (8)i%. 77 =& J1 Jx (N VINTON 81 Ll &
FHAOFERUCLE T, RBEHERFXILTDO 1 OTHL EEZ BN,
2-isopropyl-3-methoxypyrazine (8)iZ. £&dm& L TiL, =~ VA HDOT
F7, ICACA, a—b—OAEGTRIESIN TS, O pea-like/earthy &3
BLENDHEFMIEL. WMEICAET VT REDORRIC LWL 52008, L=
NENEZD earthy RFFPILATLEIL VIR E 52, X AT 4 TEFERMEL

TREsSNsEHTHD ¥, FAFKTBNTH, pea-likelearthy O HERFAi
R B EN-o72 VINTON 81 OJRBRIZ 7 7 22 1 LD 8-> TN eZ &b,
2-isopropyl-3-methoxypyrazine (8)i%, HHFXIC L > TEHELREE Z R LT
WDHERGTD 1 D TH DD, £ DMK EIITE R BN LETH D Z &5
e sz,

2.1.4 #5q#
AR - B F R SRR T LR HASNS L) iAo TR
AEDA %\ T AADREMARTI - TEAKTRIECTHD 77 280 5o

MU EIOBFERFGRDZRE L, TR EZ B0 ROEFER] TGO %
oMz T 252 EMTE7 (Figure 2-13, Figure 2-14)
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N
P
N OCH,

{Z)-3-hexenal 2-isopropyl-3-methoxypyrazine
N
‘ =
N o) o)
2-ethyl-3,5-dimethylpyrazine 3-methyl-2,4-nonanedione
\/\/V\/CHO /\/\/<?/\/CHO
AN
@)
cis-4,5-epoxy-(E)-2-decenal trans-4,5-epoxy-{E)-2-decenal
/bl ; T
NH;
sotolon amlnoacetophenone

Figure 2-13 Key aroma compounds newly identified or tentatively identified in

soymilk
¥riZ, FD-factor O @y » e BZER A 5711, EAER & L TKy7e green,

fatty 2 & OKSTITINZ T, SE I ERERFHEOEI N EENTNDH Z LN
o E 72 o7 (Figure 2-14)
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O
CHO
/V\/\/\/CHO /\/\/Q/\/

(E, E)-2,4-decadienal trans-4,5-epoxy-(E)-2-decenal
fatty, 4006 fatty, 4006

P N N P N NP

hexanal (E)-2-nonenal (E,E)-2,4-nonadienal
green, 1024 sweet, fruity, 1024 fatty, 1024

OH

methional (E,2)-2,4-decadienal maltol
cooked potato-like, 256 fatty, 256 caramel-like, 256

2
OCH;, O

OH ©

2-methoxy-4-vinylphenol sotolon
spicy, 256 seasoning-like, 256

Figure 2-14 Key aroma compounds as having high FD-factors in soymilk

EHIT, INHDOMDEREKEZELET 5281k, GALHRTOER
FERSOEREREZHET D Z LN TE7= (Figure 2-15) , %< OFXRHEE
AT TR IZ W T, BSUIMR NI K> TER L TND B XS
N7=M3, 2-isopropyl-3-methoxypyrazine |34 K G b b S, KEHE R
ARRICE > THEVH L TWAEY THhE EEZ LN,
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KIPOEER
\

' AL I
=
N OCH;
2-isopropyl-3-methoxypyrazine 4-nonanolide
/ MR G CE X T O D ™~
OH
/\/\)(L/ /d
0 O
k 1-octen-3-one sotolon )
4,5-epoxy-(E)-2-decenal NH, O
2'-aminoacetophenone
BERRIG(EXRZDRER ™\
/W\/\
(E)}-2-nonenal CHO
E E}-2,4-nonadienal
/\/\\/\J"’\\/GHO (EE)
(E,E)-2,4-decadienal y
OH
P N\ /\/\/j\/
CHO #
k hexanal 1-octen-3-ol Y,
DL bt (2 FLERSET) -\
0 P
\Sf\AH N ‘ ‘ /H\
H @] o) o OCH;
OCH
\ methional 2-acetyl-1-pyrroline maltol HDMF 2-methoxy-4-vinylphenoIJ

Figure 2-15 Classification of the key aroma comopounds by proposed formation

mechanisms

F7-. BREFL X v, TIOFRIL. green, fatty LISMZ B pea-likelearthy,
caramel-like, cooked potato-like 72 & DFFE A A L TWAH Z EAHBI L7, Mz
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T, ZHORKDIFE L SITHERFHERIDNRNT U ABEHETHL ZLBAHS
Mmoo e, & b, pealkeleathy 72 F R 2 A T+ 5
2-isopropyl-3-methoxypyrazine |3, G HFICHE U 2 BAET L2 Z ENEETH Y |
HIHBER DT 2E/ER TGO T, D72 KRG RIS 5 oy
D1IOTHLZ ENHALNERoT,
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2.2 Bl

2.2.1 M OFREF G O & KANINEI K521k

EE, BEORDERE B2 KANTREREZETHRWETLWE A 70
e LTELLSOHD, —RICZKANIZ L > T 5 SN 5 KF TN D
R IEBEIC o ST 528 4792 AEDA ZFIA LIz A B o BEL % 5
BT BT DR 13 72 < . REAHENZ N, - T, ZOFXHFE
%5y % AEDA [Z X VSN T 25 Z &id, EEMoFLIFHS &2 RS 5729
FHICHEETHD, IHIT, EEMOKANINEIC L DEFR T 5D DELE
HOENZT 22 Eid, AEmE KANEROFRREOZEZITET H720ICE
EHTHD,

Z Z UL U DA OFR R 55y % AEDA IZ X 0 B 5202 Lz, RIZ,
AEM O KANINENS L 2 FXTH I D'EDE K ELRFFEROENZH] 5
2T D7l AWM E KANERO AEDA, TEONT. K OVE e 21T

> 7,

2211 FEBRFE

22111 FEBME

EERMEIE LT, fiROBAOZY A 7OAER (Fya—vr (B . TH)
AR Uiz, KANE T, AR A RBRE O E £, 80°COKIFIC 30 43 HIfRiIR
T 52 LI VA, REIHEN L2E L &1 2,6-dimethoxy-4-vinylphenol
ZhrE, 21111 EEEROFIETAF LI,

2,6-Dimethoxy-4-vinylphenol |Z3CHk D FIEICE T OEEEZ M LLTFD X 512
&k L7 % (Figure 2-16),
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/

1) Piperidine (0.4 eq.)

COCH .
Pyridine, 70°C, 1h

+ >

2)HCI, pH=3.0 5

COCH

H.CC OCH; H,CO
OH

Figure 2-16 Synethetic pathway of 2,6-dimethoxy-4-vinylphenol

Malonic acid (2.00 g, 19.2 mmol)% 50-mL -1 7 7 A =22 AiL, U 20
mL (Z¥AfE L7=, 3,5-Dimethoxy-4-hydroxybenzaldehyde (2.34 g, 12.8 mmol) X
U\ piperidine (0.48 mL, 4.8 mmol)%filx., 70°CTF., 60 it Lz, KIS %=
i £ TmAIE, pH=3.0 [ZF%E L 72 m/K i 2 7o, IRG K 2 Bz —F /L (20 mL
x 5) ThHith L., WFIEOHEAKNRET U U LT Lz, WL ~FH% 2 B
ferF /L (8:2) CTEMELI-%, HFONTRRE~TY U CTREBEIEZ50g DV
UAa7n (Ua—4)r C-300 (FOGHMETE (BR) ) ) AR TAaIhicT A
T NTHE LTz, B, ~F 2 BT r (8:2, 5y I-V) 500 mL T
T, 5 LIV &2 B L, BERLE L7, IERIE 19% Td > 7=, 'H NMR (400
MHz, CDCls; COSY) : & 3.91 [s, 6H, H-C(7), H-C(8)], 5.15 [dd, 1H, J = 10.9
Hz, 2J = 0.7 Hz, H,-C(10)], 5.55 [s, 1H, HO-C(1)], 5.60 [dd, 1H, 3J = 17.5 Hz, 2 =
0.7 Hz, Hy-C(10)], 6.62 [dd, 1H, 3J = 17.2 Hz, °J = 10.9 Hz, H-C(9)], 6.65 [s, 2H,
H-C(3), H-C(5)]. "*C{'H} NMR (100 MHz, CDCls; HMQC, HMBC): & 56.4 [C(7),
C(8)], 103.2 [C(3), C(5)], 112.0 [C(10)], 129.4 [C(9)], 135.0 [C(1)], 137.0 [C(4)],
147.2 [C(2), C(6)]. MS-El. m/z(%) 180 (100), 165 (40), 137 (27), 77 (15), 122
(12), 91 (12).

2.2.1.1.2 FEMEZIENEY O TR

PR R MK AVE B S L, RS g & 2.1.1.1.2 L [RIBR O
fig (SP 700) 5 mL (T3 L, i\ CABEK (5mLx4), 7 mna A% (20 mL)
ZBRLTEON LY 7 A2 U@ KRS Y U AT L%,
SAFE (40°C, <5.0 x 10° Pa) #1795 Z LIk W7z, HEMEFEKEEDIL.
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BmES g E 0 — 2 ) —x R L—3 3 (550 mmHg, 35°C)1%. EHELIT
L VK100 uL £ TN D Z ik v,

22113 GC-O, AEDA Kk} GC-MS #liE

GC-O. AEDA K (XGC-MS HIEIX. TN+ 21113, 21114, 21115
\ZREH D HFIEIHE - T T o 72,

22114 o ORE

WA DREE, 2.1.1.1.6 IZFEHD FIEICHE- TIT- 72,

22115 EEHETKANEROFRET G OFEERINEIC &5 E &

NEBEEYEY)E & LT 2-octanol (4150 pg/L) K UX Table 2-5 (2o L 7- A= YETR R
ZENENIERA, 100 ub, 200 pL i L72 M 5 mL LV 2.1.1.1.2 Fed 51k
It > TEBEXIRMY 2R L, & &FKJEMEDIL GC-MS @ SIM/scan £— R

T LT KR DE R, KR ORIRA A OHFEE% 2-octanol O
m/z=45 O [EFEIE TR L 72l & 300 U 7245 ple o0 B o0 BAFR & fe /s 3R IEIC K -
TROHZEIZL VT2, HEEMIT3EIOREMHE T HZ LIk ik
E LT, ARFIEOFFEE% Figure 2-17 IR LT,
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Table 2-5 Selected ions and the concentration of the standard solution of the key aroma
compounds for quantitative analysis by standard addition method

concentration of the standard

compound selected ion solution (mg/L)
m/z for the raw soy  for the heated
sauce SOy sauce
3-methylbutanal 44 94.6 94.6
2-methylbutanal 57 92.8 92.8
methional 48 20.4 20.4
2-ethyl-3,5-dimethylpyraizine 135 0.602 0.602
phenylacetaldehyde 91 479 479
3-methylbutanoic acid 60 97.4 97.4
methionol 106 101 101
2-methoxyphenol 109 1.91 1.91
4-ethyl-2-methoxyphenol 137 5.32 5.32
HDMF 128 103 103
HEMF 142 1370 1370
2-methoxy-4-vinylphenol 150 3.37 40.4
sotolon 83 4.02 4.02
2,6-dimethoxyphenol 154 3.06 3.06
phenylacetic acid 91 98.1 98.1
2,6-dimethoxy-4-vinylphenol 180 0.511 9.30
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I ED ERBESS.

Figure 2-17 Quantitative analysis of methional by standard addition method

2.2.1.1.6 'EREFHMm

EREFHIF 1% 6 7 A OB REFHm I (300 L L DOFZ Ay Dk - BRERILO
L) T T/NINERE (BR) @ 18 4 ofhB &%tk Uiz, BRestlatiri L,
25°CICEli SN FHERRIHE Y — AT, 77 AF v 7 By FIC AT il
5mL D~y RANR=AFROM AT 72, ML 1 G5V) ~7 (V) O
RETIT>7, BV — NI TofbamoFME L TER L,
caramel-like/seasoning-like (sotolon) . cooked potato-like (methional) .
spicy/burnt (4-ethyl-2-methoxyphenol) . fruity (ethyl 2-methylbutanoate) .
sour (3-methylbutanoic acid) . B REFFAMRE SR OFEEHLE LMD K L D7
TCRCE BT 2 DT T2 72,
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2212 HHRLEBE

22121 AEEMOFR G G- OfFA

EEMOF LR TGRS EZRONCT H720I10, AEMEEMEY ~ AEDA %
WM L. FD-factor 23 1 LA EOFEKF G- 37 ikt L7z (Table 2-6), =
o O T, 2-methyl-3-furanthiol (9), 2-isopropyl-3-methoxypyrazine (11),
2-isobutyl-3-methoxypyrazine (14). 3-ethyl-2-hydroxy-2-cyclopentanone (21).
5-decanolide (31) . 2'-aminoacetophenone (32) . 3-methylindole (34) .
2,6-dimethoxy-4-vinylphenol (37)% & O &K A 5-5sr & L CHID TRIE I
Hew L= (Figure 2-18)
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Table 2-6 Key aroma compounds in raw soy sauce

RI
No DB- DB-1 odor qualities compound FD-factor  ref’
WAX
1 937 stimulus ethyl acetate 1 96
2 947 malty 2 and 3-methylbutanal 16 96,97
3 975 fruity ethyl 2-methylpropanoate 4 44
4 979 milky 2,3-butanedione 4 98
5 1045 fruity ethyl 2-methylbutanoate 4 99
6 1061 fruity ethyl 3-methylbutanoate 4 100
7 1074 rancid dimethyl disulfide 1 101
8 1278 milky 3-hydroxy-2-butanone 8 96
9 1295 849 roasty 2-methyl-3-furanthiol 2 4
10 1352 rancid dimethyl trisulfide 1 102
11 1428 1078 earthy, pea-like 2-isopropyl-3-methoxypyrazine*2 1
12 1449 cooked potato-like methional 512 103
13 1463 nutty, roasty 2-ethyl-3,5-dimethylpyraizine 64 103
14 1515 1158 earthy 2-isobutyl-3-methoxypyrazine 1
15 1631 honey-like phenylacetaldehyde 32 97
16 1657 sour, cheese-like 3-methylbutanoic acid 64 104
17 1709 cooked potato-like  methionol 32 105
18 1718 floral unknown 4
19 1831 caramel-like 2-hydroxy-3-methyl-2-cyclopentenone 8 101
20 1851 burnt 2-methoxyphenol 64 106
21 1877 caramel-like 3-ethyl-2-hydroxy-2-cyclopentenone 8
22 1960 caramel-like maltol 16 107
23 1995 1342 metallic trans-4,5-epoxy-(E)-2-decenal ? 8 44
24 2016 spicy, burnt 4-ethyl-2-methoxyphenol 256 108
25 2024 caramel-like HDMF 128 101
26 2053 caramel-like HEMF 2048 42
27 2123 caramel-like HMF 4 109
28 2123 fatty, milky 4-decanolide 1 110
29 2181 spicy, burnt 2-methoxy-4-vinylphenol 16 111
30 2182 zzggﬁ'n';kﬁke sotolon 2048 112
31 2190 milky 5-decanolide 8
32 2223 1276 grape-like 2'-aminoacetophenone ? 8
33 2257 spicy, burnt 2,6-dimethoxyphenol 64 97
34 2471 animal-like 3-methylindole 1
35 2546 honey-like phenylacetic acid 32 101
36 2560 vanilla-like vanillin 16 113
37 2569 spicy 2,6-dimethoxy-4-vinylphenol 4

" Previous reports identified as volatile components in soy sauce.
Z The compound was tentatively identified by GC-O analysis using DB-WAX and DB-1 columns by comparison to the
authentic compound, but no unequivocal mass spectrum was available by GC-MS.
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SH N N

2-methyl-3-furanthiol (9) 2-isopropyl-3-methoxypyrazine {11) 2-isobutyl-3-methoxypyrazine(14)

OH
/\‘&o D\/\/\
O O
3-ethyl-2-hydroxy-2-cyclopentenone (21) 5-decanoclide (31)
A
CH; N
CH; OCH;
o N
NH; H OH
2'-aminoacetophenone (32) 3-methylindole (34) 2,6-dimethoxy-4-vinylphenol (37)

Figure 2-18 Key aroma compounds newly identified or tentatively-identified from

raw soy sauce

* 7=, caramel-like/sweet 727&# > HEMF (26). caramel-like/seasoning-like
27T D sotolon (30)73 & &=l FD-factor 2048 & L CTHitH &4, HiWL T
methional (12) (cooked potato-like), 4-ethyl-2-methoxyphenol (24) (spicy, burnt),
HDMF (25) (caramel-like), 2-ethyl-3,5-dimethylpyrazine (13) (nutty, roasty).
3-methylbutanoic acid (16) (sour, cheese-like), 2-methoxyphenol (20) (burnt),
2,6-dimethoxyphenol (33) (spicy, burnt)?’ FD-factor 64~512 THili S 7z, =
O DALEMOIE 7T, WMEDOKAN SR AERTOEFIGF NS & L
THESNTEY, 2O DORPTERBERICBNTHLEETHLEEZD
ns
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22122 HEEMOER TG R O LR OHEE

B % FD-factor ™7 72 HEMF (26)1%, WM i CEERICiRAE ST B4Rk
FERE & RAEORRIE CTAERR L TV D & B 2 5, Maillard & & 225 & i ¢
fe - DEEREOMRBNC L > TERT 5 & E 251 % (Figure 2-19) 14119,

OH OH
HO \/}\(J‘\/o
OH OH OH o
Rib
HO\/J\H\[/\\\O ibose N\)L
H
2
OH

OH OH
Glucose

Glycine

/‘\0

Acetaldehyde

OH O
HO\/H‘/L
0
OH O

Yeast Cell

Figure 2-19 Proposed formation mechanism of HEMF in fermented soybean

paste (miso)'™¥
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HEMF & [RIEk 2 & FD-factor @ &) 7= sotolon (30) D AE a3, 2.1.2.2.3
THEZ L7208 Y . %O ORBARIES A TWS 889 &5z pyruvic acid &
a-ketoglutaric acid DA UGN K D HEEARGRRK IE, 7 =V BREIKICI T DR
SELORIETH Y | MBS OAERRRE & U TH I ATREMED m Vv & HELR
Iha,

K\ T FD-factor @7~ 7= methional (12)i%, 2.1.2.2.3 THZE L L )12,
Maillard SUGSK OB EfENTE Z 2 A kL oy A —43f#IZ K - T L-methionine 7>
AR LI EZE X BND,

S 51T, 4-ethyl-2-methoxyphenol (24)/%. shakuchirin, coniferyl alcohol 72 &
5T 5 ferulic acid 7> HEERH 2 WITEVIICER T 5 2 E RS ST
V% 2-methoxy-4-vinylphenol (29) & ¥ | BARKEERED 1 > Tdh % C.versatilis 734
AU H I Z—BICLo TEBILINEKTHZ ENMBILTWS (Figure
2.00) 3040)

COOCH
/ ZZ
decarboxylase reductase
_— _—
OCH; OCH; OCH;
CH CH OH
ferulic acid 2-methoxy-4-vinylphencl 4-ethyl-2-methoxyphenol

Figure 2-20 Proposed formation mechanism of 4-ethyl-2-methoxyphenol in

soy sauce®%40

HDMF (25)I%, 2.1.2.2.3 THEZZ L7 L 9 [ZHEDOEViE<° Maillard SO IZ & -
TABLEZEEZ LM, BHICBOCTIIERORBICE > THAERT S 2
EARHEER S TS MO F 72 KARUIC ko THEITEN L 72 3-methylbutanal
(2a). 2-methylbutanal (2b). phenylacetaldehyde (15)i%%#L€#1 L-leucine,
L-isoleucine, L-phenylalanine 725 A b L v B —3fRIC K > TR L= EE XS
ns %,
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2.2.1.2.3  AEEWE DK AIVETROEFRE 55557 O Hlg
TEMERT GG DO KA KDL EZH LT D720, EERED
KANTEH AT BT FD-factor 32 LLEZRLIZS DL 21T -7~

(Table 2-7).

Table 2-7 Key aroma compounds in raw soy sauce and heated soy sauce

FD-factor

no. RI’ odor qualities compound rawsoy  heated

sauce SOy sauce
2 947 malty 2 and 3-methylbutanal 16 32
12 1449 cooked potato-like methional 512 1024
13 1463 nutty, roasty 2-ethyl-3,5-dimethylpyraizine 64 64
15 1631 honey-like phenylacetaldehyde 32 32
16 1657 sour, cheese-like 3-methylbutanoic acid 64 64
17 1709 cooked potato-like methionol 32 32
20 1851 burnt 2-methoxyphenol 64 64
24 2016 spicy, burnt 4-ethyl-2-methoxyphenol 256 256
25 2024 caramel-like HDMF 128 256
26 2053 caramel-like HEMF 2048 2048
29 2181 spicy, burnt 2-methoxy-4-vinylphenol 16 128
30 2182 caramel-like, seasoning-like sotolon 2048 2048
33 2257 spicy, burnt 2,6-dimethoxyphenol 64 64
35 2546 honey-like phenylacetic acid 32 32
37 2569 spicy 2,6-dimethoxy-4-vinylphenol 4 64

"TRI, Retention Index on DB-WAX column.

AEEIR & K AN O AEDA %l d % & K ARUET# © FD-factor 2383 (C
HEHN L 72153 1% 2-methoxy-4-vinylphenol (29)5% Of 2,6-dimethoxy—4—viny|pheno|
@7DH T o7z, £Z T, XVFEMRELICONWTOIMR 245572012, Table
2-7T TRLULIEER[R TR A EERINEIC CTERE L, IREDOE(LEZH LI L
(Table 2-8), £ & KANEHOERF GOy OERME B LIZL 2 A,
3-methylbutanal (2a). 2-methylbutanal (2b). methional (12), phenylacetaldehyde
(15). HDMF (25)\ 2-methoxy-4-vinylphenol (29)&0“ 2,6-dimethoxy-4-vinylphenol
BB HREITHEML TWe, 1.3.34 TRLEED . W DD OFFMER S 134
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FAH O K ATINBIZ Lo THEIMNT 5 Z SEBRICH BTV D, T O THEh
DERIIHBELZEZ DML —HTHLZEBW LN o, o, 7
= /) — /U EEY D 2-methoxy-4-vinylphenol (29) & 2,6-dimethoxy-4-vinylphenol
B7)DFEEZRHIMTFH LWHR THY 22125 TH LI EET D

Table 2-8 Quantitative analysis of the key aroma compounds in raw soy sauce and heated soy
sauce by standard addition method

raw soy sauce heated soy sauce
no. compound concentration”  SD  concentration”’  SD ratio
Hg/L Hg/L Hg/L Hg/L
2a 3-methylbutanal 2640 20 3220 60 1.22%
2b  2-methylbutanal 2670 70 3160 200 117
12 methional 388 4 513 16 1.327
13 2-ethyl-3,5-dimethylpyraizine 15.2 0.7 16.4 0.6 1.08
15  phenylacetaldehyde 10000 700 13100 600 1.317
16  3-methylbutanoic acid 2340 120 2300 120 0.98
17 methionol 3390 120 3690 140 1.09
20 2-methoxyphenol 51.9 1.6 52.6 3.0 1.02
24 4-ethyl-2-methoxyphenol 280 31 266 12 0.95
25 HDMF 1650 60 2440 160 1.487
26 HEMF 42800 1700 40400 2400 0.94
29  2-methoxy-4-vinylphenol 98.6 75 1120 62 11.3%
30 sotolon 105 4 113 6 1.08
33 2,6-dimethoxyphenol 104 6 114 10 1.09
35 phenylacetic acid 2480 100 2520 120 1.02
37  2,6-dimethoxy-4-vinylphenol 13.6 0.8 235 11 17.27

"Mean value in triplicate experiments.
2 There were significant differences between the raw soy sauce and the heated soy sauce by two-sample t-test (p <
0.05).

22124 TTF 4 viarT A MIEAAERENKANEBRER O

AEEI & KAV OFRFHE O 2R A B RERICHIE T 5 7212, Table 2-8

TRLIZARGT D 9 B KAFUINEIZ X > THEIZHEI L 7 piisy & A S i iom
L. BRI AT o 72, Ml D — RIZAEEH UK AN RO W o0k
C FD-factor 2% 32 L E & 7R L72 Ao O #2131 L 7 (Table 2-9),
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Table 2-9 Sensory evaluation of raw soy sauce and heated soy sauce

sensory score ' (SD)

sample malty C;oc’z:\?c? nutty ho.ney sour cargmel spicy

like -like -like /burnt
raw soy sauce 3.6a(0.9) 4.0c(0.7) 3.1(1.0) 3.7(1.0) 3.2(1.0) 3.8(0.9) 3.6e(0.7)
heated soy sauce 4.8b(0.9) 4.7d (1.0) 3.4(0.7) 3.8(1.1) 3.6(1.1) 4.4(0.8) 4.8(0.6)

raw soy sauce +
increased components
" Different letters indicate significant differences within the column (p < 0.05).

2 3-Methylbutanal (580 ug/L), 2-methylbutanal (490 ug/L), methional (125 ug/L), phenylacetaldehyde (3100 pgiL),
HDMF (790 pg/L), 2-methoxy-4-vinylphenol (1020 pg/L), and 2,6-dimethoxy-4-vinylphenol (221 pg/L) were added to the
raw soy sauce.

o 48b(1.0) 47d(0.9) 3.7(0.9) 4.3(13) 3.6(1.0) 4.7(1.0) 5.3f(1.0)

malty, cooked potato-like. spicy/burnt ® 7%, é’f@ﬁﬂé@h/\“fﬂ(]\hé?ﬁﬂ
T OVAR BTN U 72 pl 4y % A0 L 7 508k 23 [ZHNoTo, T ORERIL
AEDA |2 £ W K AFURRZHIING 5 Z & AVHIBA L, #shi L7265 (3-methylbutanal
(2a) (malty). 2-methylbutanal (2b) (malty). methional (12) (cooked potato-like).
2-methoxy-4-vinylphenol (29) (spicy, burnt), 2,6-dimethoxy-4-vinylphenol (37)
(spicy)) MWAELEME KANEHOBFELIFHEOZERICKRE B E2 52 Tnb 2
EERLTWD, —J . HDMF (25) (caramel-like)iZ, Kk AFUBFIZ K& < H#NL
TWIZH B 53, caramel-ike DEFERIREIZH B RZEDRD LRI -T2,
Z OFERIZ, o> caramel-like 72 % A7 % HEMF (26)X° sotolon (30)72 & d
Iz m v FD-factor 27~ L 72 iy DN K ANUIRFIZZB L L7 o T Z L2 kD L #E
3Nz, £7-. honey-like 2F&FH & REHH THEEDRD IR o7, Th
IZ honey-like 7273 @ phenylacetaldehyde (15)I%. K AIUIZ &L > TR <
LTWebdo, FDfactor 14 32 L HLHENRHE D G 2N ENFRKRTH D
EEZBND,

222 EEWMOKANFITHEINT 57 = /) — /W ALE W O LB OHEE

Table 2-9 DHREFHHIFE R TR LIZL DT, 7=/ —/MEEMDOFRFHETH
% spicy/burnt Z2 FEFIT K AFUINENC L 0 A E 72BN DAL, KANEEHIC
BWT48 tixbEm WIS EZ R L2 &6 KANEROEFESFED 1 >T
bHoLEZLND, LLaenb, Table2-8 TrL7=EIIC, 7=/ —fbH
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¥ 5t 2-methoxy-4-vinylphenol (29) & 2,6-dimethoxy-4-vinylphenol (37)i34:
B ok AR EEIC R E < #N L =2 2. 2-methoxyphenol (20) &
2,6-dimethoxyphenol (33)IXEEM L7270 o7, ZORISIEDENEZIA LN T 5
eI, B ARD 1 HDEZEX DT = /) — VEEOBIRIEET VRIS Z R L.
BHOKANIZLE D T = ) — LB O AR 2 H & 202 L7z (Figure 2-21)

COOH
A
—_—
QOCH, R QOCH;
CH OH
vanillicacid :R=H 2-methoxyphenol {20) :R=H
syringic acid: R = OCH,4 2,6-dimethoxyphenol (33) : R = OCH,4
COCH
= s
A
—_—
OCH, R OCH,
OH OH
ferulicacid :R=H 2-methoxy-4-vinylphenol (29) :R=H
sinapicacid : R = OCH, 2,6-dimethoxy-4-vinylphenol {37): R = OCH,

Figure 2-21 Model decarboxylation reactions of phenolic acids by a thermal

treatment
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2221 FEBITE

22211 EBHE

AN & KATVBINE, 21990 L RO BIECRIZ, 7=/ LT =
) —ACEIERIES L O BEA LT,

22212 7= ) —NBOKANET VI

J xRNy 77T pH B 47 IR L7=K 7 =/ —Lg (vanillic acid.
syringic acid, ferulic acid. synapic acid) 100 ppm /KiE# % R KL TH 7 A
JEIZE A L, 80°C, 30 sk CTHNEA L7, MNEM%Z, 5 /KIEHR % i E Tam
L7,

22213 Tx/)—)Rl 7= —VBERRBEARY DO RP-HPLC |2 Xk 5 E&

Photo diode array (PDA) #tHi#s % {f 2 7= Agilent 1200 >V — X HPLC % fif
L. 2BEh T 20384 %45 ODS RP18 (10 um, 250 mm x 4.6 mmid.) %
AV 7=, Vanillic acid. syringic acid i 280 nm @Y% EE 2 T, ferulic acid. synapic
acid 1% 324 nm DRI CERAZ{T T2, 70~ 777 4 —301% Y %
et 3% 7' =KV AR A 1.0 mL/min OFiE TITVY, £ D% 29 43 03F T
TE M= AEEE 25%E THEOLE, 0%, SHIZ15TTreE =1V
NEEE 100% £ T LZ, 7 =/ — VR R AR @ 2-methoxyphenol.,
2-methoxy-4-vinylphenol . 2,6-dimethoxyphenol K& [6)
2,6-dimethoxy-4-vinylphenol |Z[F] U453 7 L% v LLUT OSMEToHoth 217 -
72,280nm TE=Z— LB H. 70~ 777 4 —1%01%V BE2 5T 10%
7 b= U AR E 1.0 mLSy OFGE TITV, £ 0% 25 507 T7® b=k
UvE &% 100%E THISC L7, KAk O E Bl iR EfpiE I L 0 3 Bl ofIE
BEYHTHZ LIk 0iToT72,
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2222 HHRLBLE

22221 7= ) —NBOET VKA

100ppm D47 = / — /L% (vanillic acid. syringic acid. ferulic acid. sinapic acid)
% pH=4.7 |[ZiH%& U 727K B KM% L 80°C F 30 43 EA L 7= & Z 4 sinapic acid
2B IS EOIER 1.656% CTH 9% 2,6-dimethoxy-4-vinylphenol (37)23A425% L .
R\ ferulic acid 7> % 0.758% T 2-methoxy-4-vinylphenol (29)73 4 /% L 7= (Table
2-10), —J7. vanillic acid & syringic acid 2> 5 OxfIiad 2 7 = /) — M AbLEM DA
EIIR SO TIRINE TH - 72 (0.010%. 0.023%) .

Table 2-10 Yields*of the model decarboxylation reaction of phenolic acids by a
thermal treatment '

compound product yi(%/lod) i (%/3
vanillic acid 2-methoxyphenol (20) 0.010 0.000
syringic acid  2,6-dimethoxyphenol (33) 0.023 0.001
ferulic acid 2-methoxy-4-vinylphenol (29) 0.758 0.019
sinapic acid 2,6-dimethoxy-4-vinylphenol (37) 1.656 0.033

780°C x 30 min., pH = 4.7.
?Mean value in triplicate experiments.

Table 2-10 (TR L7z & 910, 2 E BIRNETIEH o 7208, Eilho kAR
FMETT7 = ) = VBBORRBEICHEITT 22 E RN, T2,
ferulic acid <X° sinapic acid ™ X 9 7e k3 & EEF5 5475 vanillic acid <° syringic acid
DLZREERFEMR L0 L EOSERE - T2, FERBEHERIT XLV ZER B-I L
R AFy (FL T 4r~DFa b)) 28 U TR EER S ST
T2501cxt L (Figure 2-22) " 2 B EMFEKITRLERINRT =F v %
RH L CRUSDHEITT 5 2 LICRIRT 5 52 b5 (Figure 2-23) 19,
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H COoO-

OCH, OCH, OCH, OCH,

Figure 2-22 Proposed mechanism of the decarboxylation reaction of

hydroxycinnamic acid derivatives'"”

Osg ,o

'Coz H+
OCH; OCH; OCH;

Figure 2-23 Proposed mechanism of the decarboxylation reaction of

hydroxybenzoic acid derivatives''®

% 72, sinapic acid X syringic acid ® &£ 9 72 2, 6 — 3 A K ¥ 1K ferulic acid
R vanillicacid DX 9722 — A FFIARID B EUSED =W 2 & L7z, ik
RO ST, —RICH VAT =4 BN ZERIZEEHNZ ERMbI
TEY, ANVRAEED m-fLil A X VENFET D & ZOEFRSIBDE (I
IR \CE AT ANVRT = hREN LD ZERT DD, 2 -2 FF¥
FEVH2, 6 VA N UEOFRENUSEEZ R LIz B HND 1Y,

22222 HEEHBMOKANIZEL DT = ) — LAY O LRI OHEE
IO, AEHOKANIZED 7 = ) —/ALEWHIN O R 2 MEES 2 72

2. BOSHIBMAD 1 2 THLHEEZXBND T =/ — A BOEENTOSFE%
RP-HPLC (2 LW E&E L7 (Table 2-11) , ZE#&H (213 syringic acid 23 H 2%
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< (36.1 pg/L), & T ferulic acid (19.7 ug/L). vanillic acid (6.1 ug/L). sinapic
acid (3.8 ug/L)y ThH - 7=,

Table 2-11 Quantitative analysis of phenolic acids in
raw soy sauce

compound concentration ' SD
(mg/L) (mgl/L)

vanillic acid 6.1 0.2

syringic acid 36.1 0.1

ferulic acid 19.7 0.1

sinapic acid 3.8 0.1

""Mean value in triplicate experiments.

Iz, Table 2-10 T LN T =/ — VRO T T VKBRS DILER % TTIT
EFMOKAIUC LD 7 = ) — VNS DT = ) — B O R A R L
7=(Table 2-12), 2-methoxyphenol (20) & 2,6-dimethoxyphenol (33) D AEF A= ik &
X, R VK- T2 (ENEI0.6,8.3 ug/ll) 23, 2-methoxy-4-vinylphenol (29)
& 2,6-dimethoxy-4-vinylphenol (37)i im0~ > 72 (Z4£4 150 pgl/L, 62.9
ug/L) .

Table 2-12 Estimated yields of phenols formed from phenolic acids by a thermal treatment in the
raw soy sauce

concentration (pg/L)

. *3

d _ _ ratio

compoun . . _+  estimated yield formed (%)

increase during heating from phenolic acid 2

2-methoxyphenol (20) 0.7 0.6 84
2,6-dimethoxyphenol (33) 9 8.3 89
2-methoxy-4-vinylphenol (29) 1020 150 15
2,6-dimethoxy-4-vinylphenol (37) 221 62.9 28

" Difference between the raw soy sauce and the heated soy sauce calculated from Table 2-8.

2The multiplication of the concentration of the corresponding precursor in the raw soy sauce showed in Table 2-11 and
the yield of the corresponding phenolic compound by the thermal treatment showed in Table 2-10.

“The ratio of the estimated yield to the increased amount during heating of the raw soy sauce.
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B OREFR XV 2-methoxyphenol (20) & 2,6-dimethoxyphenol (33)i34E %
MOKANZHETITIEEALAEAER LR &ML, fit)7,
2-methoxy-4-vinylphenol (29)& 2,6-dimethoxy-4-vinylphenol (37)i34: o k
AN THERT D EEZEZ NN, EBEOKXANTRETIIITDNIEZ L OF

(ZF 1020 pg/l, 221 pgll) DERNRBD L=, ZDIZ EnD,
2-methoxy-4-vinylphenol (29)¢& 2,6-dimethoxy-4-vinylphenol (37)D kK AZLIKED
HIMZIX, b e @i o OAERTZ T Tii7ze <. shakuchirin <oHHfuEE R
BRDT 2 VT AT IV EDOMORIEREN O DA B RE SEHELTWD
AlREME S EVY (Figure 2-24)

— 5. K AFURFIZIZE M L 72 » o 7= 2-methoxyphenol (20) &
2,6-dimethoxyphenol (33)% & ®H 7= Z L6 D 4 pliriE, A T8 gy E»
FD-factor Z/R L Tz, > T, THNDDOMTIIRBOZRBEL/NEDORERL, &
B I R ORERFUGIC £ D EROTTRENE L B2 s ns P90 SmaEise
RTINS LETH D,

C O

N H
——e e -3¢ Shakuchirin ~ ~ .
HMRARRERITLSBMIRATLE
CH CH
vanilic acid :R=H 2-methoxyphenal (20) ‘R=H
syringic acid : R = OCH; 2, 6-dimethoxyphenol (33} : R = OCH;
CoO

% _
Shakuchirin
' ~ T HRERSHIILSBIRATILE
R OCH
R OCH, 3

CH
CH
ferulicacid :R=H 2-methoxy-4-vinylphenol (28) ‘R=H
sinapicacid ;R = OCH; 2,6-dimethoxy-4-vinylphenol (37) : R = OCH;

Figure 2-24 Proposed formation mechnisms of phenol compounds by a thermal

treatment
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2.2.3 JAS B THORE I N D 5 OO FER A5 14y OfifiA

HARDOE ML JAS 2LV, |, %O, ., FAKR, A0S EEICHES
NTHY N, FEWL, T THDRT L /NEDIREEED RN RS =
EnD ENHLOEBRS R0 TWD, L LR G, RO SIS oEIE
FEFMERR BT 2 MEN DT TR STV DS 4 AEDA 2V THEX
FHRGY & DN LT Ed S 132 < e . RELZL ORWMABRS 5,

2T, JAS THHEINTWA 5 FEEOE I HOWT, AEDA ZHWTHER
FHRTEW LT L, BRERHEE ORBRRE I LT LT,

2231 FERITE

22311 FEBHE

SERAEEE LT, il 5 FMEHOEM CNFEAEREE., Hik) L7,
[FEAEH L7 e i, 21111 LREEROFETAF L,

Wl

2.2.31.2 EMESIENY O TR
BAIEMEFLEEY L. 2.2.1.1.2 L RO FETET-,

2.2.3.1.3 GC-O., AEDA KT} GC-MS #&E

GC-O. AEDA K 1*GC-MS HIEIX. =N+ 21113, 21114, 21115
\ZREH D HFIEIZHE» TT o 72,

22314 A OREE

A DOEIEIL. 2.1.1.1.6 IZEE#E O TIEIiE> TiTo 77,
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2.2.3.1.5 'EREFHMh

HRerHiilL, 2.2.1.1.6 L[AERDITIETIT o7,

2232 HHRLBLE

2.2.3.2.1 JAS #itk D 5 FEFHDE MO AEDA O ik

FEWMOBFER T 5y RET 572010, ZNENOEMEKIENY ~ AEDA
#Zi#H L. FD-factor 4 UL EOFK A 5-p 5 & 25 Bkt L7-(Table 2-13), &
M & T X . 4-ethyl-2-methoxyphenol (16) (spicy, burnt) & sotolon (22)
(caramel-like, seasoning-like)?3fx & &V FD-factor 1024 & L TR &, fi
T methional (6) (cooked potato-like). HEMF (18) (caramel-like), HDMF (17)
(caramel-like), 2-methoxy-4-vinylphenol (21) (spicy, burnt)?’ FD-factor 64~256
THH SNz, Zh o DLEWDORETIE, wEOHWE &l L TaWar G
ZRLTHY, WHEMEROEEAMRERLE2 b5 Y,

F - B OEO AEDA & o 4 FEXE O 5o AEDA % Lb#E 3 % & methional
(6)}2TF sotolon (22)iF VT HLDFED B & &V FD-factor THith &7z 729, 5
FEHOEMILBOFLIF G A THL EEZ LN, Fo, AEHMUSOEH
\Z TV FD-factor 256~1024 % 7~ L 7= 4-ethyl-2-methoxyphenol (16)/% .
22124 TELR LX), BykEERD 1 > ThH D C. versatilis 12 L 0 £k 5
EEZBND, —J7, BEMIE. 1.3.3.25 Tl X 5T, (KIEEIM O 5 EE

THRIEIND -9, 4-ethyl-2-methoxyphenol (16)34% L7eh»7-E &2 b
7 39:40)
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Table 2-13 Key aroma compounds in five different types of Japanese soy sauces

FD-factor

no. RI" odor qualities compound . sai ref?

koi usu tamar shiko shiro

kuchi kuchi i .
mi

1 937 stimulus ethyl acetate 4 4 nd® nd® nd® 96
2 950 malty 2 and 3-methylbutanal nd® nd® 4 4 nd® 96,97
3 975  fruity ethyl methylpropanoate 4 nd® nd® nd® nd® 44
4 1005 fruity ethyl 2-methylbutanoate 16 nd° nd” nd® 99
5 1030 fruity ethyl 3-methylbutanoate 4 nd® nd® 4  nd® 100
6 1449 ;2:’:&’"'(6 methional 256 64 256 256 256 103
1463 roasty 2-ethyl-3,5-dimethylpyraizine 4 nd® 4 4 nd® 103

8 1533 fruity unknown 64 nd® nd® nd® nd*
9 1638 honey-like phenylacetaldehyde 4 16 16 16 nd” 97
10 1664 U0 3-methylbutanoic acid 16 4 64 16 nd® 104

cheese-like

11 1837 caramellike iizzg;‘;"y’&methy"z'cyc'c’pe 16 4 16 16 nd® 101
12 1855 burnt 2-methoxyphenol 16 4 64 16 nd” 106

13 1883 caramellike o ctyl-Z-hydroxy-2-cyclopent - s, 4 nd®

enone

14 1964 caramel-like maltol 4 nd® 16 4 nd® 107
15 2000 sweet, metallic trans-4,5-epoxy-(E)-2-decenal 16 nd”° 4 16 16 44
16 2025 spicy, burnt 4-ethyl-2-methoxyphenol 1024 256 256 1024 nd° 108
17 2033 caramel-like HDMF 64 4 256 16 nd°® 101
18 2059 caramel-like HEMF 256 16 4 64 nd° 40
19 2129 caramel-like HMF 16 4 nd® 4 nd® 109
20 2178 sweet, spicy 4-ethylphenol 16 16 16 16 nd® 39
21 2191 spicy, burnt 2-methoxy-4-vinylphenol 64 16 16 16 nd” 111
22 2198 :Z’Eﬁl'n';kﬁke sotolon 1024 1024 256 1024 1024 112

23 2218 grape-like 2’-aminoacetophenone nd® nd® nd® 4 nd”™
24 2265 spicy, burnt 2,6-dimethoxyphenol 16 nd® 16 4 nd® o7
25 2553 honey-like phenylacetic acid 16 nd® 16 4 nd® 101

" Retention Index on DB-wax column.
2 Previous reports identified as volatile components in soy sauce.
* hd, not detected.

I HIC, FEHOFERF GRS 2RI T 5 & N EMOFR T 55K
NI ETEDICHE EN U223, HDMF (17) (64—4) & HEMF (18) (256—16)
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® FD-factor X 1% 72> - 7%=, F 7= . ethyl methylpropanoate (3). ethyl
2-methylbutanoate 4 . ethyl 3-methylbutanoate (5)
2-ethyl-3,5-dimethylpyraizine (7). 3-ethyl-2-hydroxy-2-cyclopentenone (13).
maltol (14). frans-4,5-epoxy-(E)-2-decenal (15). 2,6-dimethoxyphenol (24).
phenylacetic acid (25)I3fEH SN2 o7, T b OERIE, 1.3.3.2.2 TR~/
oz, WAEMICHAT, wAEMEEEEHIM A E < EOREDNEW 2D
(ZBERHC & 2 FERE DB AT 2 & Uk @&fﬂﬁ#otk%z%ﬂéw
WEMOFERFGHSE, BOEHEIZZER U Th o7, FRENE VK
77 (ethyl acetate (1), ethyl methylpropanoate (3). ethyl 2-methylbutanoate (4).
ethyl 3-methylbutanoate (5)) 23E & A EfiSnienorz, —F, EOEMT
B & 72 0o 72 2-methybutanal & Of 3-methylbutanal (2)723 i H &7z, £ 7=,
HEMF (18) @ FD-factor 73% < (256—4), HMF (19)i3fH S iv7e o7z, BRI
DFLRDOHE TIX, HEMF (18)D ARk &I, HFFE O MBS, FEkF o 7L
a— A, AMEOME, R, BEEHRICEZ > TRERRD LR
HoMNZENTWA D, FElP o HEMF &6 20 b OERIZEE S fu, Ak
BICENboT- Bz bNS "1, 13323 Tl L 912, MWEEmIFR
&Ekﬁ?%é:&\ik\%ﬁﬁﬁ%@%ﬁ%ﬁbﬁﬁmﬂméMé:&
72 & Moo & BE TN R O BEREIC K D REED5 < . HEMF @ FD-facror
PMEN-T2EEZ BN 5D, HMF (19)i3k AFUIZ L » TRIRICHIINT 5 7= ¥
IR AN ZITORWRER TR S hoTe LB X BN D,
FHIOABEROEFR[RT G L, TR AEME R T Th o 7ony, H#HEMR
BV ) (ethyl acetate (1), ethyl methylpropanoate (3))i3#iHH S vz ivo 72, —
75, BRI & e h o 72 2-methylbutanal % 0% 3-methylbutanal (2),
2’-aminoacetophenone (23)73&HH S 47z, AU HIEWT LSBT L 0 R U
ERTHEBZONDMD THDIO, ARWFIETHOWZ FAAAZE R, RO
BN A TEESEHI S B D o To D K AFUINBD B o 7o Z & SR S D,
AEmIZT, EBELAEEFERK DD HRME S LT . methional (6) .
trans-4,5-epoxy-(E)-2-decenal (15). sotolon (22)D it &N, Z i
1.3.3.25 T~k 91z, AR A E <, KETHRIESN D Z L.
CKANDPTONRNWZ ERERTH L EBZ B,
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2.2.3.2.2 JAS Hk O 5 FEEO M OB He M
GC-O THiH SN 7=y DEMER~DHFEEZMAET 572012, 5 O E
HOWT DO FE T FD-factor 64 UL ERH S 7255 OFFHIC DWW T, 454

o E e AT % 4T - 7= (Table 2-14),

Table 2-14 Sensory evaluation of five different types of Japanese soy sauces

sensory score ' (SD)

variety

caramel-like pg,:; ?I(:ﬁi?(e spicy/burnt fruity sour
koikuchi 4.0(0.7) 4.1(0.9) 4.9ac (1.1) 3.6 (1.4) 4.3d (1.2)
usukuchi 3.6 (1.0) 4.3 (1.0) 3.9ab (1.1) 3.0 (1.3) 3.4de (0.8)
tamari 4.2 (1.3) 4.8(1.3) 4.7ac (1.2) 2.9 (1.3) 4.3d (1.7)
saishikomi 4.0 (1.0) 4.4 (1.3) 5.1¢ (1.3) 3.3(0.8) 3.9de (1.2)
shiro 3.9 (1.3) 5.1 (1.4) 3.1b (1.4) 3.1(1.0) 2.9e (0.9)

" Different letters indicate significant differences within the column (p < 0.05).

PO A BB fruity 2 BR & SRR R 235 < L FELS spicy/burnt |
cooked potato-like 23 &2 >7-, —7, #¥H, HEMIX cooked potato-like DFF
ST T2, MOFRIINT B - T2,

5 FFEDEMIZ BT caramel-like & cooked potato-like (2 K & 72 7= 3589
BV o TG R IE, AEDA (235 T sotolon (22) % T methional (6)7> FD-factor
M-S TAERE LB L7z, £7-. spicy/burnt 72 FiITE O, . FHA
FHEMMRIRS . AR o7, ZAUTIRO, . FB{HIAZEEN T FD-factor
23 x> 72 2-methoxyphenol (12), 4-ethyl-2-methoxyphenol (16). 4-ethylphenol
(20). 2-methoxy-4-vinylphenol (21)DEETH 5 &5 % Hiliz, Sour 72 & FHIE
B0, BERE RO THEZENRD bz, I 3-methylbutyric acid
(10)DETH DL EEZOND, Fio, fruity 2 FHHITWVTHOREHZB N TH
HREFREME -7 (2.9~3.6) 72, REHIOAEENZBO bR oT &
Sy (N
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224
AHFIENT & 0 AR O JAS ik O 5 OO F KT 50 %R L

P 2 B2 BOERTGRYEHLNCTHZ ENTEE (Figure
2-25) ,

SH N N

2-methyl-3-furanthiol ~ 2-isopropyl-3-methoxypyrazine 2-isobutyl-3-methoxypyrazine

OH
/\&o J/fj\/\/\
O O
3-ethyl-2-hydroxy-2-cyclopentenone 5-decanclide
/
CH; AN
CH; OCH;-
o N
NH, H OH
2'-aminoacetophenone 3-methylindole 2,6-dimethoxy-4-vinylphenol

Figure 2-25 Key aroma compounds newly identified or tentatively-identified in

Japanese soy sauce

I DOFER A G55 O RE P EBEIZ s ST DR 13 O & KA G-k
sy & B LT3, Figure 2-25 1239 8 iy A Sl OFR & 54 & LT
WO CRE X IIHEE L=, & 0 bit. 2-methyl-3-furanthiol < 5-decanolide |3#k
X U CARRER T, — B K ANER TIEHmE LIc<WbEmTod D &
E 2o, AENIROFESFHL AT 20 O—ETH L MR D 5,
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S oI, EEWMERT GRS DERSHT LY . —EORS B KA TEFIC
AEIZHEIMLTWD Z AV L7 (Figure 2-26) , EEORE TIE, ABFSE
THREWEHFGEZ R LT-E L OFXRD DB L > THEKT 5 AlREtEN URIE &
ALTWEA, FERRICE, KAV YE OIS T TCORR T 55 DI
Figure 2-25 |Z7R L7 7 flDICIR BN D Z E DAL NI 7R o 72,

ALLyh—F7ILTERE

ISP /\)L@*

k 3-methylbutanal 2-methylbutanal methional phenylacetaldehyde
— 4aE= LT/ —LE )
A ) ~
o OH = Z
o CH;  CH; OCHs;
\_ HDMF ) CH OH

Q—methoxy-4-vinylphenol 2,6-dimethoxy-4-vinylphemy

Figure 2-26 Increased compounds in raw soy sauce during a heating process

Flo. KAIRHIZEIN U T2 By O TR A~ DO BN & 2 B Res iR g~ 5
BERAICEANBOONTZHFRIZTEIOICRENTH Y . malty, cooked
potato-like, spicy/burnt HF DA THH Z ENHHINE R oT-,

INDORERERANNHIET 2 £ malty X %A T % 2-methylbutanal &
U* 3-methylbutanal, cooked potato-like %5 % A3 % methional, spicy/burnt 7
K& A3 5 2-methoxy-4-vinylphenol X O 2,6-dimethoxy-4-vinylphenol O #4173

Fl e KA NEHOBERFFEOZICRKRELSBEE LTS EE 2 5D (Figure
2-27) .

73



cooked

malty ' ( potato-like -\
O
/J\)L /\T)K “s/\)kH
k 3-methylbutanal 2- methylbutanal k methional J
f( spicy/burnt ] \
/ /
CH; CH; OCH;
OH OH

Q—methoxy-4-vinylphenol 2,6-dimethoxy-4-vinylphemy

Figure 2-27 Key aroma compounds contributing a change of aroma profile

during a heating process of raw soy sauce

S BT, AFEN & K ANE O M TR 72 220379 B ALT- spicy, burnt FHAUT
HEHET DT = ) = MEEMOEINE DT DA TH Tz, TDOERNEZH G
INET BI2DIZHIET D 7 = ) — VB D DT VIR IR G 2 iRt U7 3
b RS ARSI DR IR SO T IRINR TIEH 28T L2, B FrfiZ
BEBOBRIBEINTIZE A EIE LR >z, 2O ENE, B RrF %
BEEE) B AR T % 2-methoxyphenol & 2,6-dimethoxyphenol 345 D kA
MBIz AR Lic< WA, B Fex U EEBR™"LAEKRT D
2-methoxy-4-vinylphenol & 2,6-dimethoxy-4-vinylphenol |45 H D K AL
THARTHZEDRHLNE o7, LM LA, 2-methoxy-4-vinylphenol &
2,6-dimethoxy-4-vinylphenol |%, SEEED K AFVEFER Tl 5 0025 < O EOHEAN A
BOLNTZEND, AL DS DKANINERE OB, & N e ik
fe 721 Tlid7e <. shakuchirin SoMfiffaBERS SR D 7 = )L T e A7 )L 7 E DD
HIBRAE D DR S RE SBE L TW D ATREMED VY,
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F7o. JAS B THBIN D S HOEMIZ AEDA i H L, 25 OFRE S
oy & BT Lz, & 512, AEDA K OVERERHM#E F7> 5 . cooked potato-like
D methional <° seasoning-Iike/carameI-Ilke 727D sotolon D X 91T,
InboEmIZEBEBLTCHEVWEEE A T KD L. HDMF, HEMF
4-ethyl-2-methoxyphenol ® X 512, EHOFIHIZ L > THGENRE SRR D

Ay ISTEAET D 2 L AV L7 (Figure 2-28)

/ 2E2HHBOFIFEAS ﬁ ( BEHUNOERFTEHES \

oY I
© H OCH,
sotolon methional OH
256 ~1024 64 ~ 256 4-ethyl-2-methoxyphenol
\_ VAN 256 ~ 1024 "/
( BHEICI>THESEORLGLZESFSNS \
HO 0O O OH O OH
=
(@] (@] @]
HEMF HDMF

K n.d.~1024 n.d.~1024 )

Figure 2-28 Key aroma compounds in five different types of Japanese soy sauce
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TI3E KERBLOERFERTICEET B

3.1 EMRA LG IRRTIEDORSE

IO BEWITHAAR 5 Bk (EE, HUR, B, HH, O FW) 7OV IoT
B, TNHDONRT U ADE N L > TEMEHER RO ERNBFESIT B
TW5 9 72, 122 THRAZEHIC, BEOEREFESHDITLIGICEY | 2
OHEEFEEAEII O E I LNCENTVRY, ZD7), BT ol
HEZLME R Sy DRI D ZE DR LD ERIZFHF G T MW LT D72
TEVERR Y DAL FEHI R 2 BB L2 3 . B O B FIE & A A bd TH
HEL. NMR X°MS 72 EOEE O FlEZ W TREZIT O LERH 5,

311 BRMHFD I EREGRGOAT ) —= 0 T RIEOR%

Hx ORAEFIT, 5 EREATHRLPENLZFM LI E AT
5. 0D, AARTIES EhEfME T oMAHITOEM & LT, B, B
MEFLHE L, BEPAREIEIEARELBAAEINTND, -, £h
PAMZ S, BED LD ZREERC b~ b D X 5 REFE, F— A0 X 5 e REEE
RE.DEREZFEE T ORMIIBZILICEY | Fxr OBEELZENITL TS,

1.4 TERRZEHIC, BRSO 1-5THD ) EHIZ, H< XvmdbnTnd
BetE T X BEORERLIANC b . RS T S VERERRIR, VX I VBOT ~ R
VLB, BHENRTF FESSE 0 VL2 IASTF NE, BREES LY R
P SESEREAWN S FWHES L LTHESL TV (Figure 3-1) 8069,
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738 il S ~N B
N
H, R 0 < ‘ NH
ll
HO—P—0 N N/)\R
COOH OH HOOC COOH
OHOH succinic acid
L-glutam_ic ac_id: R = CH,COOH inosine 5'- monophosphate: R = H
L-aspartic acid: R = COOH guanosine 5-monocphosphate: R = NH,
R = NHCOCH(OH)CH; -
\_ NHCH(CH:)COOH RITFRE
Va4 LR ([ =Y ]ﬁ Asp-Glu-Ser, Glu-sp-Glu,
([z ) kil - Thr-Glu, Glu-Gly-Ser,
H OH Ser-Glu-Glu, Glu-Glu-Glu
H
N COOH Glu-Asp, Glu-Thr
OH HO T Glu-Ser, Glu-Glu
ud COGH H o O""'/\cooH pGlu-Ser, pGlu-Pro
. PouPro-an
kN—(1-deoxy—D-fructos-1-yl)-L-qutamic acid k(S)-maIic acid 1-0—D-g|ucopyranosideJ \ pGU-+ro- y
Figure 3-1 Umami compounds
Fo. DFEROHBIEANM OGN TNWD 7 NVE I VgL EBEUMIE, &

FIERMEEMR TN E I VRO D FREHRT D0 E LTHRESNATVD

(Figure 3-2) 77

HO E OT <Nfiﬁ$

OHCH
\.

R = NHCH(CH;)COCH etcy

fl I :
OH
HO\/O/

N

Coo-

N-(1-carboxymethyl)-6-
khydroxymethylpyridinium-3—o| inner salt

/

ARMTsE

.

7

COOH
COOCH
m 2

HO

S/E

L-phenylalanine

L-tryptophan

/

R=H, OPO;H-
N-gluconylethanolamine

Figure 3-2 Umami enhancing compounds
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TOX T, B D EWRIT, O ERES & O ERHRR T X o THER &
NTWDHREMER D D725, 1.4 TE~7= X 512, TDA 2R L, 5 kR &
9 FBREEIRAL Y & BT 5 RO A DE & BGE L 72,

et 4 L LT, AARDORED 1 FChHIHAEEMA L, HRITRA S
DER L BRI Z T, 9 ERAFEENR AR TES L OHLER TV D BH
D1oOThD, DI EWRITINZ I VBEUSMIREEEDT I /B Th D
FT = OEEREREN TV AN, F7 = 3BEAHERICE . 5 ki~
DR GICEENRBE L H S 1920 200, FT7 =009 FHR~OHEDOH
L L BT, RO ) ERE GROOBEANBIES NS,

3111 FEBRE
31111 EBRKE

TROHEEZL Lz ( () HWe. BZH) o, REICHEM L7AEELEY
I (1S, 3R, 4R,
5R)-1,3,4-trihydroxy-5-(3,4,5-trihydroxybenzoyl)oxycyclohexane-1-carboxylic
acid (theogallin)Z &, RS LVIEA LT,

Theogallin 13 3¢#k 2z 9t - T-E Ak L 72 3,4-O-isopropylidenquinic acid & gallic
acid L =27 Iz L W{T->7= (Figure 3-3) .

HO  COOH OH

%

- DCC, DMAP HCI
o . .
o) H OH Ll

%\5 CH.Cl, rt.,12h rt.,12h

3,4-O-isopropylidenguinic acid gallic acid

o

COOH

theogallin

Figure 3-3 Synethetic pathway of theogallin
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Gallic acid (1.2 g. 7.1 mmol) . N,N-dicyclohexylcarabodiimide (2.0 g. 9.7 mmol)
Y mn A2 20 mL \ZEfE L 72, 3,4-O-isopropylidenquinic acid (1.0 g.
4.3 mmol) N,N-dimethylamino pyridine (0.2 g. 1.6 mmol) Z/1x. =R T 12
RFIRER L7z, R L7 BBt E ABIC L VRE L%, INBEEE S mL 20
AR T A2 BEEE L7, fontg, KEZ Y7 mn X% TR L (20 mL x
4) | BGonicvrsun A Z2UkEaeK (20mLx1) | fafnRiEAK (20 mL x 1)
T e, BOKMEE T N U v LTl U, IR %1% RP-HPLC TR L 7=,
INR1% 42% CTdH -7, 'THNMR (400 MHz, DMSO-ds; COSY): & 1.80[dd, 1H,,
2J = 13.0 Hz, 3J = 7.8 Hz, Hax-C(6)], 1.95 [dd, 1H, 2J = 13.3 Hz, °J = 3.7 Hz,
Hax-C(2)], 2.06 [m, 2H, Heq-C(2), Heq-C(6)], 3.59 [m, 1H, H-C(4)], 3.96 [m, 1H,
H-C(3)], 4.77 [d, 1H, 3J = 6.0 Hz, HO-C(3)], 4.93 [d, 1H, 3J = 5.2 Hz, HO-C(4)],
5.10 [ddd, 1H, 3J = 6.9 Hz, 3J = 4.1 Hz, H-C(5)], 5.55 [s, 1H, HO-C(1)], 6.91 [s,
2H, H-C(2)), H-C(6')], 8.93 [s, 1, HO-C(4")], 9.19 [s, 2H, HO-C(3’), HO-C(5')];
¥C{"H} NMR (100 MHz, DMSO-ds; HMQC, HMBC): & 36.1 [C(6)], 37.0 [C(2)],
68.1 [C(3)], 70.5 [C(4)], 71.1 ([C(5)]), 73.4 [C(1)], 108.7 [C(2), C(6")], 119.7
[C(1")], 138.3 [C(4)], 145.3 [C(3"), C(5')], 165.1 [C(7")], 174.7 [C(7)]. LC-MS/MS
(ESI*): m/z 345 (72), 327 (40), 153 (100).

3.1.1.1.2 48 5 kil sy O

Tl
ZH

BRZE 9 £ RE /iR T Figure 3-4 O 7 o —F ¥ — RMIHt> TiTo 7,

P48 100g % 80°CDOZEH /K 1L T 4 spfflfilith L 72 15 6 N iRik A E1E %
FIRE TRMm LT, 150N Bz = 058 (3,000 rpm, 10 77) L7=t&. L
G2z A, WREEET 2 Z 82X, AR EER S 25, S 612, 55
AT R R A MR 7y 2 5B K 500 mLIZIEfiE L.~ 7 e A % (500 mL x 2) |
Fefiz—F /L (500 mL x 2) THAKHH L7z, B oioKiE% 2 B Lz
#%. 50 VIV% A % J — LKIRIE 500 mL [Z8RE S, 10 o EIR TFE L7214,
A LT L AURIZBE LTz, BJBoNTeARE T/ NR L — g U E, KK
(AR SE . 2 [BIEGRE 2 L7212, B2 T pH 4.0 (ZFHHE L 7228887k 50 mL 1Z¥&
fi L. Phenomenex 144 ODS RP18 FE 4 7 A 41 7 A (25-40 ym, 100 mm x 40
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mm) (Z 1.1 mL/min O¥iE THEE L7z, & 512, pH 4.0 (2% L 72788 7K (50 mL
x 10) ZWIE L, HoNlKEL 2 RIFEET 2 2 LI K VK 5
BT, IEEIX 8% ThH o7z,

jal—
HATHERMES

e

K 1% 40 uﬂ’;‘ulﬁm IFIL

— [ER D EE(50%AR/—IL)
| |

«—— ODSHEIERE
I |
REES ,, EREES
o (EFEIEHRE ) g

Figure 3-4 Preparation of the mat-cha umami fraction

3.1.1.1.3 RP-HPLC 77 dj

SyBERE R, PDA #iHgs 4 i 2 7= BIOTEK #:8 HPLC W /e, 717 A,
Thermo %% ODS-Hypersil 100-5C18 (5 um, 250 mm x 20 mm i.d.) % v 7=,
SHTIE. UV 220nm TE=# — L7222 A5, 0.1%FE/KEKZ 18.0 mL/min O
B TITU, 50 Zr PR EFE .10 37T TA & 7 — v & &% 100% £ THO L7,

AUBHE, 5 9 £HES 117 mg & 0.1% T KEEK 0.8 mL 1T S, A
Y77 A%, SHHPLC IZIEA LT, ZOHEZ 10 B0 R LT 22 @5y
&L, BHEFTTARL—Z — TR, R KZ A THRHEZ 2 [H#k D
RUAT S Z &1 8 Y % RP-HPLC 43 i 53 O WAL R R & 157,



3.1.1.1.4 LC-MS/MS

HPLC 3. Agilent L% Agilent 1100 > U — X% >, 7 7 A%, Phenomenex
1% Synerge Fusion-RP (4 ym, 150 mm x2.0 mmid.) #H\\ 7%=, 7o~ 7/
77 4 =%, 01% X% 51 98% A # / — /L KIEHK % 1.0 mL/4y DOy TIT -
7=, MS i Applied Biosystems - APl 4000 Q-Trap = v 7z, A7 L —%&EE
1% 5500V, 7 7 A X ylEsEAL 30V, A A4 L AkiX ESI™E— R TiT- 7=,

3.1.1.1.5 NMR

Bruker 44 DMX-400 % AV 7=, DMSO-ds % EIFELIZH W, b5 7 M
trimethylsilane % PNEEEEMEIZMEH L THIE L7z,

3.1.1.1.6 EHERHM

BRERHG A 1T/ N IR (BR) D 12 4 OB 2584k Uiz, 5 5 R K Ok
BIOBEREREAG ML pH & 6.0 ([T L 72288k 2 mL 2\, 3 AGRBINEIC X
DIToTc, HEWIEEWE & L TiX, L ToEwmzE vz, HEE (50 mmol/L
sucrose) . &% (20 mmol/L lactic acid) . #i%k (20 mmol/L NaCl) | Bk (1
mmol/L caffeine) . 9 B (8 mmollL MSG) . #:Bk (0.01 mmol/lL
quercetin-3-rutinoside) , ‘B HREFEAMFER X, 19~22°CIZFAET S 7= B H B REREAMm
T = AT THT oo, dHliEEHIE N E U - B O IR 2 Je IR AR iR
DR YL IZAR L THWZ, AT pH=6.0 128 L 7= 288K &2 v T2, 7
X0 () ~5 (F&V) DORETIT-72,

# RP-HPLC 53D MSG KIFHRIZH T % 9 EWHEMAROFHIL, 3 mM
MSG 7KIAIZ 45 HPLC [ 43 & Z AL E DL & STl BRAS IR R P O JR FEFE 240
Z 125 BH 2 3 mM MSG KR & i35 Z LI K V1T o7, #Hfii% 3 mM MSG
KD 5 FWREEZ 1 L L, 0 (59v) ~5 (FRV) ORETITo7,
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3112 HRLBLE

3.1.1.2.1 Ik D FBRE 7 DIA]IY

WARIZ IS D RIS Z BT 272012, £9°, AL & ORI L
2k, BFERY K OFERS DA T 7= (Figure 3-4) , fit\ C, ZHE%
SEET DT, 50% A ¥/ — VIKEIRIZIRE S & CEED AT o7, &6
2, BONTEARCLEIZEEND DT X UHERET D729, ODS BAE%
BERAT, RS A B LTz,

ZOE DT U THRLNTIENAERE Sy (BRAE O k))& SRR KO ERE
i 21T~ 7= (Figure 3-5) ., HEAARHWRIZERE (3.8) . ¥k (3.2) L
BV EBR (3.2) AL TEY., 9 FRIIHEAORROBEEERELETH D
TR TEL, — . A D EHRE IR IR L IZIEFE OV D F
Bk (2.8) ZH LTV, o ZERIZOT e HIk (0.4) DIANED Hien-o
Too TOZ LMD, HWRRBEOWEIRIHL, LB EE. WA RER D 7 200 H
ZEAEHNIAT O Z LT E D . RANCHRE D O £RICEH G T D A5 & [EIT 5
ZEMTEENWR D,

gk .ee HIBWIE
5 —_— T RE

s PES-S

Hok

[i2{E5
Figure 3-5 Taste profile of the mat-cha infusion and the mat-cha umami fraction
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3.1.1.2.2 A5 £URHEI SO RP-HPLC 432 L % 9 FURE G- 5y O R iE

WD 5 FWREFERKS Z 8 ET 57201 A 5 £E S 2 RP-HPLC (2 T4y
Bt - K58 L. Figure 3-6 |29 22 DAY I 4y L 7=,

Signal intensity

5%5 -+9—11— 13 —15 -1+~ 19 —— 21 —_—

68 10 12 . 14 " 16 18 20 , 22
0 5 10 15 20 25 30 35 40 45
Time (min}

Figure 3-6 Preparative RP-HPLC chromatogram of the mat-cha umami fraction
(UV =220 nm)

BONTEEE S E T NNR L —a RN 2 FIOFKEREEE . EEUCEIC
S U TR L= K4y 2 3 mM MSG KIFIFIZERIN L. 9 £ S & 51
L7z& Z A (Figure 3-7) . % 3. 4, #8. H 13, H 14, HF21 Wyl £
WRERE 250D 2 BRSO BT,
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Figure 3-7 Umami enhancement activity of the RP-HPLC fractions to a 3 mM

MSG solution (a,b,c: different letters show significant differences (p<0.05))

9 FWRFGALEY O FE XITHEE

3.1.1.2.3

J BRIHT L 0 L-glutamic

>0 9 FMF 5571 L-glutamic acid (1)

~
~
Jl

55 3.5 4 WIS IIRTIZEE DRy & a A TWIE T

acid ()M SN2 % 3.5 4

ThdEHE

/4

=i 7= (Figure 3-8) .

=3
£

FVRIEEITo T2, %8, 5 14, kT

-
—

D531, LC-MS/MS, NMR 7534t

4y £V L-theanine

[G]

%8
Hy X Y theogallin (4)% Z L ZHUEE

SH/IN

T

Sy R Y 3o

EHL

EN
73 &0 gallic acid (3)

ST

G

%21

55 21

A

]

4

%1
L7,
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L-glutamic acid (1) L-theanine (2) COOH
(Fr.3, 4) (Fr. 8) gallic acid (3) OH OH
(Fr.14)
theogalllin (4)
(Fr.21)

Figure 3-8 Umami and umami enhancing compounds in mat-cha

AWFGEIZ T 9 B 5k & LCIRE L7z L-theanine (2)i%. L-glutamic acid
MDOZF LT I RTHY, TOMHEE LOFEUMENOHEEETLRAED 5 WK
e LT RCERAMm ST A (Figure 3-8), L2>L72235 ., L-theanine (2)™
O EROBAEE (24.0 mmol/L) TSR ORE (3.4 mmollL) LY %
52 m <, L-theanine 2)3HA D 5 FRICEZIZE G L TWD LIFE X
12 < W, —J7 . L-theanine (2)i% 3.0 MM MSG /KIFIKD 9 £EZFRDIZZ L b,
AR TIE, O EMREEE AW & L CTERIZES LT D ATREMED IV,

F 72 gallic acid (3) &% U* theogallin (4)IFFkARICEHEENLRY 7= /) —)L b LT
E<mBENTVWEDR, ZTNOEOREDER~DOEEIZZNE TRATH -2,
IHNHDOMFIENTI S HIMTIX, EHRAEA L TWDA, ARIFFEIC K D AR
HHE T DR EE T 3.0 mM MSG KIEIK D 5 FHRAHRT 5 2 LB BN L ol
L 0 b} theogallin (4)i%, Z DOMHEEICEIT 2817 < . ABFZETHIH T NMR
KONLC-MS ZHIE L, {bFEEEA LT 5 Z &3 Cx 7= (Figure 3-9) .

Fo, FHABESIIREZ L DILEWEEH L TWelod, EEAG O HEEX
ke otz
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7
HOOC H-C(2’), H-C(6°)
1 | 2 3 is, 2H, 6.91 ppm
OH OH
H.,-C(2), dd, 1H
1.95ppm
#)=3.7Hz
2}=13.3Hz
HO4{C(3°), HO-C(5')
s, 2H,9.19 ppm H_,-C(6),dd, 1H
1.80 ppm
» 32 =7. H
HO-C(4), 5, 1H e
8.93 ppm =13.

9.0 80 7.0 6.0 5.0 4.0 3.0 2.0 1.0
ppm

Figure 3-9 NMR spectrum of theogallin isolated from the fraction 21

3.1.2 iinm

ST GO HEBTIEL L CTHMERIRE SN TS TDA ZIGH L, 43 L
T2 B D RSy 7 MSG AKIFIRICERIN L FERUEDBRERHME 21T 5 Z &2k v,
RN ) FRE G Ry E A7 ) —= 7352 RN T/ (Figure 3-10)

RIS IR H B T 7= L-glutamic acid (21 2 ., L-theanine <° gallic acid.
theogallin 28 9 F BRI A2 G925 Z ERH LN~ 72, T, L-theanine
TR Z BRI D ) WD & LTHLN TSI Th D03, A
RHIR T O L-theanine JREZIIMEBIMED 1/7 BRETH Y | BEHEAIZIZ D EWRIC
BGLTWRWZ ERHLMNERoTe, £, KA 7=/ —LD12L LT
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F1 BTV 5 theogallin 13, ERZNRICEHT 2WMED L RS To T TH Y |
FEFNZHRRNFI R T D,

—fRIZ, BEATITE D NERMER TR ICZIICE S MEE AT 57
B, MR 21T L IXREETH 5, £, T oA Oy DO EBED
B, MEAHET LI LIEILICRETH D, LN o T, AETHERZ LD

(CEREREAMN & 5oy B, B T A G DR TR U —= 7 %179 FlEIX
BAD D FWRICBAGT 50 2RI FEE LTHEEICAHTH S
ZEBHL, SESERBA~OEHNARETH 5,

Time (min) Hooc\/\r COOH
[ 0 ] /
J NH.

g L-glutamic acid
| 10 1# * QNOC\/\rC00H
12 NH.
L-theanine
- 20 13 ¥ —  Unknown
14 OH
HO OH
= 30 .
12 mm
L 40 - COOH
gallic acid
- 50 -
21 *
- 60 - . ‘ OH OH
3 4 5 theogalllin
0DSY A= M7S5.4(220 nm) oiﬂﬂﬁﬁ

#:3mMMMSGIGEE B EZ (p<0.05) D' RHENT-E
Figure 3-10 Screening methodology for umami contributing compounds in

mat-cha



3.2 #iH

BT EAS R EZNT AL AT LMEETHD L Vbt TV 5,

%D D B & B 2 BV D RS O FER L, IR T 0, T
. AR, BETHDLIN, OOy EEMOEROEGRE ST

FRFEmA I TIE L A L2 2 Ei B RRICED 2 MEIT, 2RSS

TR PIVEVEEIE 43 70 & ORI e B CRM S LTV 5 72, Elo BRF 5

a2 b a L~V THLMNCT A 2 Eid, EhoREEE L0 E<S BT 5k

THHETHHIENY T EELLIFFITEL M L 725,

3.21 MO 9 FWRE 5y O fEA

1.3.3.5 T~/ L 91T, Eho 5 FHRITEMOMEIZZE L 5 2 5 EE M
REFED1OTHDHT L LT, 5 EFRFGHMIH2ITHLMNZINT
AT

ZZ T, 311 THOERTFHERDOWKRFIELE L THOMEDN MR I TDA
ZISHLEFEZRAEMCEA L, 52 EF®RFGHIDORT V—=0 T K UOH
B, MEEITH Z L2z, EBIC, ZNOEEHOERD 5 FHA~DEE
ZRRGET D72 DIZET VEMZER L, BREFMA1T - 72,

3.21.1 FEBRFGIE
32111 ZEEBRAE
FEMELE LT, RO AER GUsiAZ (K . i) 26EH8 L,
WA L 72 R L & 1. N-(1-Deoxy-D-fructos-1-yl)-pyroglutamic acid
(Fru-pGlu) . N-(1-Deoxy-D-fructos-1-yl)-valine (Fru-Val)

N-(1-Deoxy-D-fructos-1-yl)-methionine (Fru-Met), # &, RESH L VEEAL
7=, Fru-pGlu. Fru-Val, Fru-Met |3 3CHkic 1t~ TE Rk L 7=(Figure 3-11) 22,
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H OH O
3N 5
OH 1 . 5
Ny ¥ <
Hoot” ¥ v
MN-(1-Deoxy-D-fructos-1-yl)» N-(1-Deoxy-D-fructos- MN-(1-Deoxy-D-fructos-
pyroglutamic acid 1-yl}-valine 1-yl}-methionine
{Fru-pGlu) {Fru-Val) (Fru-Maet)

Figure 3-11 Chemical structure of synthesized amadori compounds of Fru-pGlu,
Fru-Val, and Fru-Met

Fru-pGlu : "H NMR (400MHz, D,O; COSY): & 2.13[m, 1H, H-C(3")], 2.43-2.62
[m, 3H, H-C(3’), H-C(4")], 3.18-4.11 [7H, H-C(1), H-C(3), H-C(4), H-C(5), H-C(6)],
4.56 [dd, 0.24H, ®J = 8.70 Hz, °J = 2.70 Hz, H-C(2) in a-furanose], 4.61 [d,
0.12H, 3J = 8.25 Hz, H-C(2)) in B-furanose], 4.67 [dd, 0.64H, J = 9.15 Hz, °J =
2.75 Hz, H-C(2) in B-pyranose]. *C{"H} NMR (100 MHz, D,O; HMQC, HMBC):
0 23.1 [C(3) in B-pyranose], 23.2 [C(3) in a-pyranose], 23.7 [C(3) in B-furanose],
29.5 [C(4’) in B-pyranose], 46.1 [C(1) in a-furanose], 48.0 [C(1) in B-furanose],
48.1 [C(1) in B-pyranose], 61.2 [C(6) in a-furanose], 61.9 [C(2’) in a-furanose],
62.4 [C(2’) in B-furanose], 62.6 [C(2’) in B-pyranose], 62.9 [C(6) in B-furanose],
63.7 [C(6) in B-pyranose], 69.5 [C(5) in B-pyranose], 69.9 [C(3), C(4) in
B-pyranose], 75.0 [C(4) in B-furanose], 76.5 [C(4) in a-furanose], 77.8 [C(3) in
B-furanose], 80.7 [C(5) in B-furanose], 82.3 [C(5) in a-furanose], 82.5 [C(3) in
a-furanose], 98.6 [C(2) in B-furanose], 101.4 [C(2) in B-furanose], 104.8 [C(2) in
a-furanose], 176.4 [C(1’) in B-furanose], 176.8 [C(1’) in a-furanose], 177.0 [C(1’)
in B-pyranose], 180.4 [C(5’) in B-furanose], 180.6 [C(5’) in B-pyranose].

Fru-Val : '"H NMR (400MHz, D,O; COSY) : 60.96 [3H, H-C(4")], 1.04 [3H,
H-C(5’)], 2.20 [1H, H-C(3")], 3.23-3.36 [2H, H-C(1)], 3.47-4.18 [6H, H-C(3),
H-C(4), H-C(5), H-C(6), H-C(2)]. "*C{'H} NMR (100 MHz, D,0O; HMQC, HMBC):
0 16.8 [C(5) in a-pyranose], 17.1 [C(5’) in B-pyranose], 17.2 [C(5’) in B-furanose],
17.3 [C(5’) in a-furanose], 18.3 [C(4’) in a-furanose], 18.5 [C(4’) in B-furanose],

18.6 [C(4’) in a-pyranose and B-pyranose], 29.0 [C(3’) in B-furanose, a-furanose,
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and a-pyranose], 29.1 [C(3’) in B-pyranose], 49.1 [C(1) in a-pyranose], 51.4 [C(1)
in B-furanose], 52.4 [C(1) in a-furanose], 53.4 [C(1) in B-pyranose], 60.9 [C(6) in
a-furanose], 62.0 [C(6) in B-furanose], 62.9 [C(6) in a-pyranose], 64.0 [C(6
B-pyranose], 65.8 [C(5) in a-pyranose], 68.7 [C(2’) in B-furanose], 68.9 [C(2’
a-furanose], 69.0 [C(2’) in B-pyranose], 69.0 [C(5) in B-pyranose], 69.4 [C(4
B-pyranose], 70.3 [C(3) in B-pyranose], 70.4 [C(3) in a-pyranose], 72.2 [C(4) in
a-pyranose], 74.0 [C(4) in B-furanose], 76.0 [C(4) in a-furanose], 78.2 [C(3) in
B-furanose], 81.1 [C(5) in B-furanose], 82.6 [C(5) in a-furanose], 82.7 [C(3) in
a-furanose], 95.4 [C(2) in B-pyranose], 96.1 [C(2) in a-pyranose], 98.9 [C(2) in
B-furanose], 101.6 [C(2) in a-furanose], 167.8 [C(1’) in a-pyranose], 172.3 [C(1')
in B-pyranose], 172.4 [C(1’) in B-furanose], 172.4 [C(1’) in a-furanose].

Fru-Met : 'H NMR (400MHz, D,O; COSY): §2.12 [3H, H-C(5)], 2.17-2.22 [2H,
H-C(4")], 2.61-2.65 [2H, H-C(3")], 3.27-3.33 [1H, H-C(1)], 3.63-4.20 [6H, H-C(3),
H-C(4), H-C(5), H-C(6), H-C(2)]. "*C{'H} NMR (100 MHz, D,O; HMQC, HMBC):
0 14.2 [C(5')], 28.6 [C(4’) in B-furanose], 28.7 [C(4’) in a-furanose], 28.8 [C(4’) in
B-pyranose], 29.0 [C(4’) in a-pyranose], 29.2 [C(3’) in B-pyranose], 29.2 [C(3’
a-furanose], 29.3 [C(3’) in B-furanose], 29.4 [C(3’) in a-pyranose], 48.2 [C(1
a-pyranose], 50.7 [C(1) in B-furanose], 51.8 [C(1) in a-furanose], 52.8 [C(1
B-pyranose], 61.0 [C(6) in a-furanose], 62.0 [C(2’) in B-furanose], 62.2 [C(6
B-furanose], 62.5 [C(2’) in B-pyranose], 63.2 [C(6) in a-pyranose], 64.0 [C(6
B-pyranose], 66.1 [C(5) in a-pyranose], 69.0 [C(5) in B-pyranose], 69.5 [C(4
B-pyranose], 70.0 [C(3) in B-pyranose], 70.4 [C(3) in a-pyranose], 72.2 [C(4) in
a-pyranose], 74.2 [C(4) in B-furanose], 76.2 [C(4) in a-furanose], 78.1 [C(3) in
B-furanose], 81.0 [C(5) in B-furanose], 82.6 [C(5) in a-furanose], 82.8 [C(3) in
a-furanose], 95.4 [C(2) in B-pyranose], 96.3 [C(2) in a-pyranose], 98.9 [C(2) in
B-furanose], 101.8 [C(2) in a-furanose], 168.1 [C(1’) in a-pyranose], 172.8 [C(1’)

in B-pyranose], 172.9 [C(1’) in B-furanose and a-furanose].
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3.21.1.2 BEOEWMS £WRESD O EE - Kl

Figure 3-12 (/R T IEICE - T, R A 5 T 50 D538k - Hi 21T

-7,

pmp
ODS4 i
| | | | | | | |
A B C D E F G H
‘ GPCH E
| | | |
[ I 118 v
‘H[LICﬁ‘E
| | | | | | | |
1 2 3 4  ceans 17 18 19 20

Figure 3-12 Separation flow chart of umami compounds in soy sauce

3.2.1.1.2.1 RP-HPLC (T X 2 I 1 5 i o> AR5 Ml 5y D 43 B ks

T DU AR I RS O 4y BERE RLT  PDA W as & i 2 72 B8 LC-10Avp
V=X HWT T2, BT LF, By U o745 ODS RP18 (10 um, 250
mmx20mmid.) ZHW7=, SHriE. UV 214nm TE=F — L7225, 0.1%F
zate 3% A% /) —/LVIKHk % 12.0 mL/min OFEE TITV, 5 ML, 15
SENTTAR ) —VEEE 15%F T L, 0% 10 5T TA X ) —
VG R 100% F THISC L7z,

AN, 1 EIOSHrCIEOEHEZ 2mL FEA L, 5100 [Bl#E Y K LERZTT-
2o ESE A~H O 8 DIZ3T, FHITT /R L — 2 — Tk, KB K%E
INZ THFERLEEZE 2 Bl IR ULAT O Z &Ik VG,
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3.2.1.1.2.2 GPC |2 L 54y B D4 Efeks

E4y B OKHNIT, 3.2.1.1.2 L [FAEIC B HAERL LC-10Avp U — X% L TFF
STy BT AE, GE ~/V A/ 7 #:# Sephadex G-10 (55-165 ym) % A F—/L
#H 7 2 (500 mm x22 mmid.) IZFREL7ZbDEHW, i, mERST
B TE=F— LN b, 0.1%FEKER % 0.5 mL/min OJiEH TIT 572,

FEHE, 1 [FIO 54T THAS R L 725y B 5% /K&K % 2mL AL, & 10 [F]
VIR UFEBRAIT 72, B531E B-I~B-IV O 4 D250}, KBS 7% 2
[E#E VK LAT S Z &2 X 057,

3.2.1.1.2.3 HILIC IZ X B[4y B-Il d4y Bk Hl

5y Bl OFSELT . 3.21.1.2 & [FAEIC AL LC-10AVp & U — X% AT
1To7Tc, 17 L%, BARY —4&— 2518 Atlantis HILIC Silica (5 um, 250 x 4.6
mmid.) ZHW, o, UV214nm TE=X—L72n 5, 0.1% X% &t
95% 7 & k= b U LK Z 1.0 mL/min O TITV, 16.7 T T7 & b
= hUNVEELZ 5% ETHL Lz, £0#% 1.3 o TREICTE F=FY LG
& T0%FE CTHO L, 15 MR RF LT,

ABHZ. 1 E O TOAERLE U725 B 5% /KK 0.5 mL AL, 732
[ 0 K U SEBR 21T > 7=, 5313 B-1I-1~B-11-20 @ 20 E537 12 551F . 458 2013
AR A 2 RV IR LT O Z 2T X VAT,

3.2.1.1.3.4 B-II-6 %y 1@ Fru-pGlu & O* pGlu-Gly @ Higf
53 B-11-6 Oy BERE R, 3.2.1.2 L [FARRIC Btk LC-10Avp ¥ U — X% /]
WCHT 5Tz, BT Ak, AAY +— 4 — 24:HL Atlantis HILIC Silica (5 um, 250

x4.6 mmid.) AW, SWiE. UV214 nm TE=Z— L2215, 0.1%XHE
ZET098% 7 h= U LKA Z 1.0 mL/min OFEEE TITU . 20 47 R4 .
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40 I CTTE h= MU LVEEE 86%F CTHD L7z, Fru-pGlu & pGlu-Gly
(XZFNEH 46-48.4 55, 48.4-52 /3 DM INHE LT,

FBHZ, 1 DM CTHGRE M L 72 B4y B-11-6 1%/K¥E#k % 50 yL iIEA L, &
10 [El# 0 IR UEBR AT o 7o, SBIIER HR A 2 [F#R 0 IR LTS 2 &2k

57,

3.2.1.1.2.5 B-lI-19 @4y Fru-Val & U8 Fru-Met o Hifi

W4y B-II-19 O/ BERRLT . 3.2.1.2 & FIAEIC B E4LHL LC-10Avp + U — X % i
WTAT 2 720 B 7 B0E, Bk 2415 Develosil C30-UG (5 uym, 250 x 4.6 mmi.d.)
W, 8T . UV 214nm TE=Z—L20A 56, 01% KRR = 1.0
mL/min OFRTT A Y 7 T T 1 v 7 FIFIZTHT > 72, Fru-Val & Fru-Met 132
NZEI 6.8-7.6 77, 11.0-11.8 7y OHEF LA LILT-

FEHE, 1 RO CTHAS R L 72 5y B-11-19 1%k A 50 yL i EA L, &t
20 [El#R 0 IR UEBR AT o 7o, BT RLR L 2B 0 IR LATS Z L2 kD

Hi,

3.21.1.3 E&SHT

7 BBROERIL. HINA T 748 L-8500A 7 X BROHTEFE VT T o
7= 20 HREROE R, B LC-10AVp v U — X & AV, U T AT
% Shim-pack SCR-102H (7 pm. 300x8.0mmid.. 2 &) . MHEITELUSE
B B 2 T2 8),) 2 R 5 VO E T, B RLLC-10AVp o U — X% .
77 2T L Shim-pack IC-C3 (7 um. 100 x4.6 mmid.) . HH#IIER
(EEERHEREZ WL 9, WEOEREIL, BAENEEE RO 2, EoE
13, Agilent 1200 <V — X% JHVN, B 5 A%, BRI T4 Asahipak NH2P-50
4E (5um, 250 mm x4.6 mmi.d.) M, BHERERERTTR bR Z e,
IR, REBTRMG TE=X —LRBL, T4 V777 4 v 75T 80%
T b= U AKEKEZ 1.0 mL/min OFi#ET 40 447> 72, pGlu-Gln,
pGlu-Gly. Fru-pGlu, Fru-Val, Fru-Met O € & (%X H AR v 4 — & — 2 t1:H Micromass
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LCT premier system (LC-TOFMS)%= H\\\CTiTo7-, BT AF, BRD —X—
A 484 Acquity UPLC BEH C18 (1.7 ym, 100 mm x 2.1 mmi.d.) % fHu 7z,

3.21.1.4 LC-TOF-MS {#lE

HA D 4 — % — 2418 Micromass LCT premier system & H\ 7=, 1 F A,
AR +— 4% — 248 Acquity UPLC BEH C18 (1.7 ym, 100 mm x 2.1 mm i.d.)
Wz, A AT ESIME— REHW, 59811 0.1% A i 97% A &/
— VKR Z 0.5 mL/min OFiE TITV, 2 /pfitkFi%. 3 2T TA X ) —
NV E 100% % THSP L, 5 fifkfr L7,

TOF-MS ¥+ U U LATKIELZ#E., LTORMETHITEIT - 7,
Electrospray: positive mode, MS capillary voltage: 3000 V, sample cone: 50 V:
source temperature: 100, cone gas flow: 50 L/h, desolvation gas temperature:
350°C. desolvation gas flow: 800 L/h. internal reference: leucine enkephalin,

protonated peak: 556.2771, scan: m/z 100 - 1000, scan speed: 0.5 s/scan.

3.2.1.1.5 NMR

Bruker 18 AVANCE-400 % Fv 7z, D,O Z BB H W, (LFT 7 MIA X
J =V EWNEMEREM I L CRIE L7,

3.2.1.1.6 EHERHM

FEA B R N O R O B REREMNIE 3.1.1.1.6 [ZFC# O HIETIT o 72, EIMOE#RE
A, AR K T 5 FICAIR L CTHWE, Elmo RP-HPLC 47 571X
pH=4.5 [ZFH# L 7= AR K TENE N DONERIT)IS U TEIh D 1/5 IR EFE Y I AR
L CRHMic W=, FEliX 0 (85vy) ~5 (38\Y) ORETIT- 72,

% HPLC Z3 i[53 > MSG IZXF9 5 5 FBRIEsRE R OFEANIX, 3.1.1.1.6 15T
O FETITo T2, EHEEIRIZIEL 6.0 mM MSG /KIFiK 2 iz,
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3.21.1.7 BEERNE

Er 7Nz INRTF RROT v RUACEY O ZREEIL 3 RahiiEIC LY
1Totz, ZBEAKIALE W % iR S 7250 & MO R/ K 2 3 B2 v, 7
TA LV RERET B D BRE2GT 0B 2 @RS 7RI 12 T ML,
HIR T E TR LB T E R o TR E O FIEE 2 K30 U A b O BE &
Lz, FALAOBRMBIEIZ 2 R Y A hOBEOFHMEE Uiz, EWE O
i (T EEIR B 0D 4 FRR AR TTT o 7,

3.21.1.8 O FRAHELER

552N L 7= & Table 3-1 {23 A oWt B0 & Bk U 7= T 8L
WOREWETAR L=, §HliZ 0 (35 ~5 (F8EVY) ORETIT- 7=,
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Table 3-1 Concentration of minerals, organic acids, amino acids, and sugars
in Japanese Koikuchi-type soy sauce

one-fifth

concentration’ I RSD?
compound (mmoliL) concentration (%)
(mmol/L)

Minerals
Na 2723.0 5447 0.1
K 103.3 20.7 0.2
Mg 36.6 7.3 0.5
Ca 8.8 1.8 1.0
Cl 2576.7 515.3 1.0
Organic acids
phosphoric acid 61.6 12.3 0.6
malic acid 5.5 1.1 0.8
succinic acid 1.4 0.3 3.9
lactic acid 257.7 51.5 0.3
acetic acid 30.5 6.1 0.8
pyroglutamic acid 45.6 9.1 1.0
Sugars
glucose 85.9 17.2 1.7
fructose 10.6 21 5.4
Amino acids
L-aspartic acid 30.8 6.2 0.2
L-threonine 29.2 5.8 0.2
L-serine 52.9 10.6 0.3
L-glutamic acid 104.0 20.8 0.1
glycine 36.0 7.2 0.3
L-alanine 74.1 14.8 0.3
L-valine 45.3 9.1 0.4
L-methionine 7.7 1.5 0.3
L-isoleucine 36.2 7.2 0.1
L-leucine 58.0 11.6 0.2
L-phenylalanine 28.2 5.6 0.2
L-lysine 26.0 5.2 0.2
L-histidine 10.6 2.1 0.2
L-arginine 8.1 1.6 0.3
L-proline 71.4 14.3 0.3

""Mean value in triplicate measurements.
2 RSD, relative standard deviation.
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3212 #RLBLE

3.21.21 EEHMOERER M & S IR

BMoOFERANERMER I THDL I XTIV, 7T B, AEEE. #EoEmo
BRADFEZP LN T 57201, 5EMIN LI & Table 3-1 T/RLTZE
A A TS L7 7 VIEIER O B Reakii 217 - 72 (Figure 3-13) , &
WMCHR Y ZWRMENE DS TZOIXIEWRTH Y (4.0), Hil T H EBREB.3), FEE
(2.1) . #&BE (1.8) . R (14) Thoto, o, HERRHHH 1.3 Th
olz, 9 FEWIT, HWRITHNTES, IRAEMORROP TIHFICEETH D
ZEDHA LT,

Fio, Hh L FAESRIROREAR 5 B ERA T 5 L. ) EROAFEE
PRO BTz, TDZ Lk, FHO 5 FHRIC I OB L 7oy LA DRk
SHBELTNDZ EZREL TS,

- — B2OEE
5 -~ BiEEE

S PE

ERLR

HUk

*:p<0.05

Figure 3-13 Taste profiles of koikuchi-type soy sauce and its reconstituted

solution
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32122 ED RP-HPLC 73 EIC L % 95 £HRFHES OFFE

B3 & B0 | MmO v a7 4 LD L9 IR ARG
TXUDEORARY) 72 )=V EHEVEAL TN ERTREINTT
¥, Figure 3-4 TIT o 723 BRI 24T o312, B2 Bt RP-HPLC % VT A~
H o 8 Ei7iZ57m L7z (Figure 3-14)

2
W
c
Q
E
™
| =
=
(7]

A, ¢ o E F 6 H ,

0 10 20 30 40 50 60

Time {min)

Figure 3-14 Preparative RP-HPLC chromatogram of soy sauce (UV = 214 nm)

B LR . I & D5y 2 AKIZEE L. 2REHT 21T - 72 (Figure 3-15) , 8
B D 5B, ESy A DA HIRV D FHRIMREE(1.9) AR LDk L, o 7 E5y
TIFEALE I B RS o te, £, BlZO L0095 FHAa7 (X 3.3
THO, ME— I FHRERLEZED A 28071 _XCOHESY EABRADRED LN
oo L2 L7235, B EE 7y A~H S CTEFBE LIZBRRE ITAFEENED L
NIpholzZ Enb, HITIE ) EHREZE IR0 o 2HEr B~H (2%, HE4 A
D D A HIRT DILEMDAFET D ATREVEDS RIR S L7,
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Figure 3-15 Umami intensities of soy sauce and the RP-HPLC fractions (a,b,c:

different letters show significant differences (p<0.05))

Z 2T, Bt o 5 FREBILEM A RET S 72012, B A~H % 6.0 mM
MSG IFIRIZHEIN L, 6.0 MM MSG IRIED 9 £RRE A IR ) —=2 T %
1T>7-, Figure 3-16 |Z/" 4 L 51T, BT FEZ/R L-Hs A LSMT, i
HE 9 EWRERISRD-TH) B ZINT 52 L1k MSGIEIKRD H F kTR
ERARICEMLIZ, ZOZ L5, Hisy B I MSG @) £HEMDL Z LI
Ko TEMD 5 FHRAZRD HIEEMNREENTND Z DR ENT,

N W A~ O

Umami intensity

-
I

o

60mM +A +B +C +D +E +F +G +H
MSG

Figure 3-16 Umami enhancement activity of the RP-HPLC fractions to a 6.0 mM

MSG solution (a,b,c: different letters show significant differences (p<0.05))
F7o, K5OI % Table 3-2 1278 L7z, Hi5y A OIEEDMLO E 5312 T

JEBIRIZE < . I 0B O AR 5 O KB X m R 4y TR D 32> Tuy
HTEDBHLNE RS TE,
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Table 3-2 Yields of the RP-HPLC
fractions from the soy sauce

yield
(%)
A 30.5
1.9
1.8
0.7
0.9
0.2
1.9
<0.1

fraction

I @ m m O O W

DT MSG KB D 5 EMA TR U727y AR OBH O I R 7L A,
T WA T o7 (Table 3-3) , #iifiH1 @ L-aspartic acid <° L-glutamic acid
XIFIEE S A IZEIRENTEY . OO ES A DS EREERK L T
5 EFZ b, — MSG KR D 5 F M2 HEiR S ¥ 7 E 4y B |21 lactic acid.,
L-isoleucine, L-leucine 72 N E TN TV, O FHREIBRT HEET 2 R
RIXTNVHEFTIFEAEGEN T Do T,
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Table 3-3 Concentrations of minerals, organic acids, and amino acids in the fraction A and B

fraction A fraction B
compound concentration ' 2° RSD™ concentration ' 2° RSD™

(mmol/L) (%) (mmol/L) (%)
Minerals
Na 2639.4 0.1 tr. -
K 95.0 0.1 tr. -
Mg 33.6 0.7 tr. -
Ca 7.7 1.4 tr. -
Organic acids
phosphoric acid 56.7 0.9 tr. -
malic acid 41 3.4 tr. -
succinic acid - - tr. -
lactic acid 182.4 0.5 31.8 0.1
pyroglutamic acid 29.6 22 12.0 0.1
Amino acids
L-aspartic acid 30.6 0.2 tr. -
L-threonine 271 0.1 tr. -
L-serine 42.7 0.2 tr. -
L-glutamic acid 100.6 0.1 tr. -
glycine 31.8 0.1 tr. -
L-alanine 70.7 0.1 tr. -
L-valine 35.3 0.2 1.2 0.2
L-methionine tr. - 6.9 0.3
L-isoleucine 1.0 26 254 0.3
L-leucine 3.7 0.2 12.3 0.2
L-phenylalanine tr. - tr. -
L-lysine 245 0.2 tr. -
L-histidine 9.7 0.3 tr. -
L-arginine 71 0.2 - -
L-proline 60.3 0.2 tr. -

" Mean value in triplicate measurements.

2 Data were calculated as the concentration in the soy sauce based on the yields summarized in Table 3-2.
“tr., trace; -, not detected.

“ RSD, relative standard deviation
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3.21.23 9 FHMRE Sy B © GPC, HILIC /3 K 5 5 FBRF L 7y DFFE

7y B ICIIRESHOES 2 EH L TWizizd, TS0 LS Emn 1%
THET D702, MSG @ 9 AR S /-4 B #0GPC 1T LV & 5IT
4 ODWESGZ5rE LT (Figure 3-17) . B HLEEER . 8 % DSy 2 MSG KR
[CHRINL, O EMRSREE &2 3Fl L7= & = A, Figure 3-18 |29 X 512, B-ll Hi4y
IZMSG @ 9 FHEFREITTRD DRNENFRD b,

2
w
[
2
£
]
E
20
n
| ‘ I | i . m v _
0 50 100 150 200 250 300 350

Time (min)

Figure 3-17 GPC chromatogram of the fraction B monitored by a Reflective

Index (RI) Detector

5

z4 b

e T

g3 ab '

E T

B2 7 I 3

E I

= 1 |
6.0 mM +B-1 +B-1I +B-1ll +B-IV
MSG

Figure 3-18 Umami enhancement activity of the GPC fractions to a 6.0 mM MSG

solution (a,b: different letters show significant differences (p<0.05))

UL 6 B-ll IR ZE O S E 5/ L=, RP-HPLC,
GPC L BT 1D 72 2 HILIC % VT & 512 20 W43 (24> L 7= (Figure 3-19),

102



HAERLEES . S B5r D MSG @ o F RN 2 F RN L 7= & Z A, Figure
3-20 (29 & 912, B-lI-6, B-lI-11, B-lI-13, B-II-18, B-II-19 [&/3Z MSG @ 9
FHRZAEITHED DRRDBFED bT,

-
=
w
c
©
ol
£
"
c
a0
n
"1 -3 5_7—9-11—13 15 — 17 —19.
23|456 89I10 12 I3 14 | > 16I 18 9‘ 20 | ‘ |
0 5 10 15 20 25 30 35 40 45
Time {min)

Figure 3-19 HILIC chromatogram of the fraction B-Il (UV = 214 nm)

5
> 4
E 3 e d
= cd bc cd
:E 2 b ] ah 1.2 1 'l;
E a a @ J_ a a a % a 3 4 a
E . I a ” I 3othr ]
: 1 - ? vaee] vaee] 7_ ? maee] e e o,
7 é
0 Z

6.0mM+1L 42 43 44 45 +6 +7 +8 49 +10 +11 +12 +13 +14 +15 +16 +17 +18 +19 +20
MSG

Figure 3-20 Umami enhancement activity of the HILIC fractions to a 6.0 mM

MSG solution (a,b,c,d: different letters show significant differences (p<0.05))

3.21.24 5 EFHHM{LEWDRE

MSG D 9 F R TRZh R 2~k L= 5y B-1I-6 7>, RP-HPLC (2 L % FREHRLIC
£ V. Fru-pGlu (1) & pGlu-Gly (2)% % 2 1Lk L 7= (Figure 3-21),

103



0
H
HO H OH O 0 M
H N
OH M H
0] COOH
HOOC
Fru-pGilu (1) pPGlu-Gly {2)
(Fr. B-11-6) (Fr. B-11-8)
0
H
I
© N NH,
H
0 COOH
PGIu-Gin (3)
(Fr. B-1I-13)
H H
OHey o
HO
HO
H OH
COOH H OH
! H H COOH
H OH
N N <
H H
Fru-Val (4) Fru-Met (5)
(Fr. B-1-19) (Fr. B-1I-19)
Figure 3-21 Chemical structures of pyroglutamylpeptides and amadori

compounds (B-pyranose form)

FALAMORET 1D/2D NMR & Y LC-TOF-MS Il 5E1C & v Rk L7z,
Fru-pGlu (1) X 57227~ RUALEWIE, KPP TIEa—XIB—ET7 /—A KD
77 ) —AD AFED FAAROFHREE THEET S 72D, NMR O[RIEIZIEFITHE
MEL T2 B8, HEHELAY & AR L Dk, ROSTRT — % & O L v |
BC{'HINMR %27 b O —F A& HEER T 5 = & )N T /- (Figure 3-22)"%, 7=,
4 FEOBRRAY O BMEEOEELIZ, 'H NMR @ H-C(2)7' 1 kv &R
4.56ppm. 4.61ppm. 4.67ppm DO JFIRENSFIHTHZ LN TE, B—F
F)—A B—T T ) —A, a—T T ) —ANTNEN 64%. 24%. 12% CIFELE
LTWBZENHELMNE -7 (Figure 3-23)

104



OHO HO o H
HO ~3-0H 0 Ho0 O
OH I H N
N o HO H
HOOC = | j@ > HOOC
B-pyranose form H> B-furanose form
64% =0 COOH 24%
H HO—1—H
oH 0 H——OH
0 HO N
HO \ ¥ o Ty o,
H H
OH OH CH,OH ! o COOH
HOOC HO H
a-pyranose form a-furanose form
not detected 12%

Figure 3-22 Cyclic structures of Fru-pGlu in aqueous solution

H-C(2")_(B-pY)
64 H-C(2")_(a-fur)
H-C(2")_(p-fur)

4

4.7 4.6 4.5

ppm
H-C({1), H-C(3), H-C{4),
H-C{5), H- C(S), 7H
H-C{4’), 2H
H,0 H-C(3’), 1H
y M L Jl M
_ .UJMA JL
5.0

ppm

Figure 3-23 'H NMR spectrum of Fru-pGlu (400 MHz, D,0)
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S 5T, LC-TOF-MS fIFEIZ X V| ¥ /& 292.1028 (HimfE 292.1032)
DA A B =7 [M+H]" & LTl S, BB A B — 27725 H0 23 1~3
DTEE L 7B — 7 bIRA A —2 & L TR &7 (Table 3-4) . Fru-pGlu
(E. RO OHBEOHEFITI LD TTH D,

Table 3-4 LC-TOF-MS spectra of amadori compounds and
pyroglutamylpeptides isolated from the soy sauce

exact mass (m/z)

fraction compound ions

measured calculated

B-11-6 Fru-pGlu 292.1028 292.1032 [M+H]*
274.0913 274.0927 [M+H-H,0]"
256.0826 256.0821 [M+H-2H,0]"
238.0708 238.0715 [M+H-3H.0]"

B-11-6 pGlu-Gly 187.0712 187.0719 [M+H]*

B-11-13 pGlu-GIn 258.1097 258.1090 [M+H]*

B-1I-19 Fru-Val 280.1397 280.1396 M+H]*
262.1274 262.1291 [M+H-H,0]"
244.1182 244.1185 [M+H-2H,0]"*
234.1372 234.1341 [M+H-H,0-COJ"

B-11-19 Fru-Met 312.1123 312.1117 [M+H]"
294.0998 294.1011 [M+H-H,0]"
276.0907 276.0906 [M+H-2H,0]"*

B-1I-6 0t 5 — oD EMIE pGlu-Gly (2) TH 5 & [FIE L 7= (Figure 3-21),
BBV AW LIS AREE L OB L0 . 'H RO BC{'HINMR 22 kLD —3
SR LT, £, % 2 — 2 OIRIEIE, H RO BC{'HINMR 434120 2., COSY,
HMQC. HMBC 74T &47vy, & L7z, LC-TOF-MS JIiEIZ L v #ElA 4
v —7 187.0712 (HiHfE 187.0719) 28 pGlu-Gly (2)DHEE 2 "B 25 A A &
—7 L LTl snz (Table 3-4)

B-1I-13 {#i4y1Z UV 214nm TiZH —~E—27 L LTHRIHS 720, S 5725k
BUHE 417532 1D/2D NMR, LC-TOF-MS #IiE12 & ¥ pGlu-GIn (3)Tdh % &
[ L7z (Figure 3-21) , [ & NMR OJf &1 pGlu-Gly (2) & [FIkED 75T T
HyZ Ltk vER L7, £7-. LC-TOF-MS JIEIC LY, #lA A v —2
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258.1097 (FFAfE 258.1090) 7% pGlu-Gin (3) D&% RIBT 5 A A L B — 2 Lk
LTt &tz (Table 3-4) . ZOEWII/NE T IVT o OEEFINKIREY) X
D FAB-MSIMS L EmZNZI LT 3 ) _XTFEX—BICL D5 DT X ) 1
M & 0 EE S HEE ST 7228 ) NMR KU TOF-MS 12 & 2 RIEIZH 9
TThd,

B-1I-19 5372513, RP-HPLC |2 X 5 #5#.1% ., 1D/2D NMR, LC-TOF-MS
iE & o T, Fru-Val (4) & Fru-Met (5)% %5857 & L CIAE L 7= (Figure 3-21) .
Fru-Val (4)» NMR O/ B3 HEHE A & AR NMR ek, & TUYNMR O 3C
W7 — & L DHBRIC L W ER Lz ), k72, LC-TOF-MS JIEIC L v, HEllo
Fr v —7 280.1390 (FRFAfE 280.1396) WA A L B—2 L LTS, X
BIZHO B 1~2 3B L7 — 27 . O H0 & B LR = L H(CO) e L
V= BIRA A L LTHRIHE N (Table 3-4)

B-II-119 H b 9 —2oDEFENEWTHD Fru-Met (5)H Fru-pGlu (1) &Y
Fru-Val (4) & RIERD HIETITH Z Ll L vk L7 (Figure 3-21) ., £7-.
LC-TOF-MS MIEIZ L v | 8Ll 4> ¥ —27 312.1123 (Bl 312.1117) A2
A =7 L LTRSS, 512 HO 28 1~2 Bt L 7= — 27 25 A 4
> 294.0998 (FHFHfE 294.1011) K 1*276.0907 (FiFfi 276.0906) & L CT+h
ZFnft &7z (Table 3-4) , Fru-Val (4)}% O Fru-Met (5)IZfii7 2 Rk L 7=/
FITNT 2 OMKRY F 55 HILIC-ESI-MS (2 L 0 #E M HEE STz
124129 NMR K QX TOF-MS IZ L 2 AEIZMHTTH S, £/o. ZhbDILAY
LS B-II-18 12 b & T,

5y B-I-11 1ZR 2L OMLEMEEA LT\ zizdh, EER O HEE T H kK
o,

3.21.25 HEHLEWOERE L BIEDOIE

Hiff - ME LT~ RULEW, a7y I LT F ROERO ZEH~D
TEHEEBRT D202, T ENOEMOERTOEAELZERE L., BIEH
E. LOEROE O 21T > 7= (Table 3-5) , #HMH OIREEIX Fru-pGlu (1),
Fru-Val (4). pGlu-GIn (3)23, Z£#<£%1 1.6 mmol/L, 1.6 mmol/L. 1.5 mmol/L T
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»HoTz, £72. Fru-Met (5)i% 1.0 mmol/L, pGlu-Gly (2)i% 0.2 mmol/L TH -7,
£, ENENOED OB & BROEEZFHE L7 L Z A, Fru-pGlu (1)
& Fru-Met (5)1%, #4241 2.6 mmol/L, 1.6 mmol/L LA LD TRk S L,
Fru-Val (4)i% 1.8 mmol/L UL EDORE THKA 2 L7z, pGlu-Gin (3)& pGlu-Gly
(2)iE. ZIEH 1.9 mmol/L, 2.2 mmol/L LA b TH A R L7,

INHDFERNG, WTOLEWw b EM P IZIIBEELL FTOREDEH Th
L2, TNENEMTITERZ R L TWRWZ ERHERINT,

Table 3-5 Taste qualities, concentrations, and taste thresholds of amadori compounds and
pyroglutamylpeptides in the soy sauce

compound taste quality concentration’ 2 taste threshold concentration/
(mmol/L) (mmol/L) taste threshold
Fru-pGlu astringent 1.6 2.6 0.6
Fru-Val bitter 1.5 1.8 0.8
Fru-Met astringent 1.0 1.6 0.6
pGlu-Gin sweet 1.6 1.9 0.8
pGlu-Gly sweet 0.2 2.2 >0.1

"Mean values in triplicate measurements.
2 The fraction B was used for quantitative analysis.
" Data were calculated as the concentration in the soy sauce based on the yield of fraction B, as described in Table 3-2.

32126 HEHLAMOEREEHIC L5 5 %k I R

BMOAOHBELZT v FUEEH, a2l INXTF ROEHO 5 Fik
~DFEHERFTT D202, Table 3-1 12T B /s o & FERERL L 7= 4
VR A, FAEELRTE A IZ S 512 Table 3-5 (273§ 5 FEO HEHL & & Nz 7=
PHRGLSIR B, B 5 (5 IRESIR 2E U, O WM O ik 41T - 7, Figure
324 1T T L OIT, FHEEEIRA OO WX 2.8 Tho7ohd, FHEEEHAIK B IX
32% "L, TNOLOMITITAEENTEO bz, £, #EMEL34 270, B
RN A LA EEDNRD BV, HEEEIK B L ITAEEVHED bR
olc, ZORERIT, AR THBE, FELZ 5 {LaMREHD 5 FHRICHFLS L
TN Z &L TWD,
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Umami intensity

2

BHEREA BRERAS &

Figure 3-24 Umami taste intensities of the reconstituted soy sauce A, the
reconstituted soy sauce B, and the soy sauce (a,b: different letters show

significant differences (p<0.05))

S BHIZ, iz DIEAEMD 5 EWHREBIR ZMETT 272010, HLEaW % i
TR B 725 1 OTOBRWEA R v g T A MOHBEIRK A XK bEmE
HMTHRIMT 27T 4 v ar T ARNEITon, WINbLAERENHD L
nNixhole (F—4mR&T) . —H, A7V —=7KIZHWEERFO 7L
Z X UMRPREE (104.0 mmol/L (5 {5 A REE# F121% 20.8 mmol/lL) ) XV HIK)R
J£ D 6.0 mM MSG /K¥AHE Tl pGlu-Gin (3)D A% & A L T = B-I-13 His3Z 9
FRIEBIEDNRO OGN LD, ZIROFEIIZIT O FHRILEW & 5 L IR
LA DNT U AGLIEFICEBRTHOD Z ENHREINT, DLEORERIY,
Bz, fx oG o 5 R IITIRE 1T, 5{kaae
KELTEBRD S FHRERICEFG LTV EEZLNT,
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3.2.3 ffinm

B2 FWRITINET, ZAEIVBO LD REEET X BROmBIET T
R LI XD FEPHERSNTWIZR, 57 LUV TO ) ERA~ADOFHITH S
MIZENTELTHRAB A+ THo7, 3.1 THFE L TDA ZIGH L7z A7
V==V 7 FEZEMT 52 LI, RAEMD S FWHFLMT Z 4D TH
HNZTHZ ENTE (Figure 3-25)

H

0 ”Q\H/m H@r\
o w n
|1 , H 0 coon oH o
:g:4 5 pGlu-Gly Fru-pGlu
| 6 *
| 7| 8
I9|1l] 10
|11|12 * —> unknown
[13 15 J\?\](H i
\ o N\(\)LNH,
‘14 H 4 CooH
20
|15
Glu-Gln
|6 | 25 P
"7 18 I )
[ * —>H0’§ﬂ o MO
118 30 * RO AT OHCOOH
OH H
|20 E)Y B gf]\’\’
35
Fru-val Fru-Met
40
45 1 I | | I 1
0 1 2 3 4 b
HILICZ 0 < %7 5 2, (214nm) SEBRRE

Figure 3-25 HILIC chromatogram and sensory results of the umami enhancing

fractions of the Koikuchi-type soy sauce

£, B O EFREBIEEROEREMIHERIC LY . Eilo 5 FRiTs L
ZIVBEDOL D7) EWRSEERE L, T~ RU{EEHROE R 7L Z I 1
TFRDOE DR ) FWHRIEN 2R T Z LTk o TRV Lo TS 2 &
3HEIB LT,

Frloem 7 v IN_T7F R, RO FXTTF REEE L TORNEREZ VT
MOSBESIL, ZD ) FHRAOBEGNRBI TN, RIFEICEY, 20

110



— 8T % pGlu-Gly (2) & pGlu-Gin (3)75 Biki 72 5 £ k% 5k & LTH S
INZTIR o T2 Z LI ITMERH D EEZBND,

F72. 7~ FULE®HD Fru-pGlu (1), Fru-Val (4). Fru-Met (5)i%. \WI b
MO TEMT NS HEES L, PN EIFEFICERRMATH D, 612, Znb
D RS, Maillard SUSDHTAR T D72, EHMOBEESRMIFIC L > T, £
DEFELEMEELZENARETH L EEZI DN, T DR EZFRIEIC
EHORED E 5725 m LRI TE 5,
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TAE BRIE

AWFTEIL. RE R DOEFERET G O Z AT > To, BWREF G D
PRIBZAT O T DI R A TR R T FIEOBIRPIFEFICHE TH L, K
HRMIIZRRE DO SN TN D2, AL T, &8 & Cld/ < BE

ZICICEHEEMEZ W5 F1ETH S AEDAR TDA Z WD Z &Ik » T, F
BT DB 2 RN AT Z LR A[EE & e o Tz,

F2ETIE, ILOICHRBERAESG R RTEMD 1 H>THDLTHIIERL
HHLIR R 2 B 2B DBFR A 515y & AEDA IZTH L MNIC LTz, TAER
MERPOHRESNTND T Y =0 RT 7 T 4 IRA T 7 == TN A
cooked potato-like 72 #F F @ methional . metallic 72 F H O
trans-4,5-epoxy-(E)-2-decenal . spicy 72 & i © 2-methoxy-4-vinylphenol .
caramel-like/seasoning-like 72 & ® sotolon 72 &, & F I EREFDIIC
STRESTONTWDLZ ERHA L, 361, BAOHBBEETHELND
AEREREOFER TGS % AEDA IZ X WL L, TAOFERF G
D—FROEMBEREZ A O LTz, < OFXF G IT T M EOERE ORESRE
FOSCINENS N - TARL LT D L HEZE S L7273, pea-like/earthy 72 i %
35 2-isopropyl-3-methoxypyrazine 1%, KEFHDOEEKIZ L DED 72 WER
WEHERS THDLARERE NI ENHA Lz, £, ZofkaWwit, B3, &
BEAREMEIZBONTEWFGETHRESNIZZ LD, TALERUISRA R
FRATD1OTH D EBEZXLNIZN, BREHHIZL Y, GATOEABENEWIZ
ERIRDITFE LW EIEFE R R o7, - T, HFELWEKROTAEELIZ
W72 B 2-isopropyl-3-methoxypyrazine % & A4 % KT % FEHI IV 5 L8
WhbnEEZOND, ZNHOMAIL, ER]EGRTOERELHIE L, 47 F
LWERKRD GH A ET 5 BT, IEFITAEHTH S,

WIZ, B2 KGR MO 1 D ThH L EMOEFER T 5D DREEIT-
Too REIT, IHEE K Lo2d 5 A & JAS #itk o 5 FHO M & L, AEDA
AT oo ABEMOEFRET G2 < 3@ O KA & i L Tuve s,
2-methyl-3-furanthiol . 2-isopropyl-3-methoxypyrazine
2-isobutyl-3-methoxypyrazine . 3-ethyl-2-hydroxy-2-cyclopentanone |
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5-decanolide . 2'-aminoacetophenone . 3-methylindole
2,6-dimethoxy-4-vinylphenol % | #& i1 OFXKF 5557 & L THIO ClRlE XILHE
E L, BHEOKANEME TR RLIEFTFEEAL TWDLZ LB LML,

51z, AR, BEHREMIC cooked potato-like <° spicy/burnt 72 F 2% kA
NEMED H5<, BHFHOKANEMIZLERT, AN TZF O 2855, LV
B BFHEAT LM THL Z ERRALNERoT, £, AFEME KAR
M OEREFELG WS DLEA L, BRITHE S TH D RKARMBIT & > THN
TS F S ERFERMENM DBFELIA~DFGIIMD TRENTHY . —FHDZX b
Ly =T NTEt RRT = /) — /MBI D BN KANFRFOFRENMIZEHE S LT
WHZEBNHLME ol I HIT, KATINEIZ LV spicy/burnt 72 F KU HF
HEL TV —H0D7 = /) — /LGB BHEITHEIN L2 E R % € 7 VIR ERSOG
WL THLMNI Lz, ZORER. KANNMEATIZE Fe X o2 R RIEHE
25 2-methoxyphenol & 2,6-dimethoxyphenol IZiE & A EAR LW, B R
0¥ v o & OB O & K 2 5 2-methoxy-4-vinylphenol &
2,6-dimethoxy-4-vinylphenol |34 %35 Z L 2VHIBI L7z, L LR 5, kA
& & A& o 2-methoxy-4-vinylphenol & 2,6-dimethoxy-4-vinylphenol O& 4
BEOE HNE) 1L, ETAMUCHOREI LT KANREOAREL D HK 3~
TREZWZ EHBI LT, €T 23D DAy DK AFUINENR: DN D F 2
KX, b Mo dEmaEzAas 0 Tidle <, shakuchirin OHEfERERE &L D —
VT BET AT V7R E OO FIBRR) S DR S BE LT D ATREHED SV,

E£72. JAS ik D 5 O E M OB KT G52 AEDAIZ KV ERE L&
AL Zh b D% HIZIE. cooked potato-like 72 F i @ methional X°
caramel-like/seasoning-like 72 & sotolon @ X 9 7edbi@ L CEWHEE 2R
T R4y & caramel-like 72 F i HDMF < HEMF . spicy/burnt 727 #§ o
4-ethyl-2-methoxyphenol @ X 5 7l OFEFEIC L > THGED K E B Dk
DIRGIET DT EHIA L, ZOERITEICEESRMOENC L D 2 & AHEL
Sz, TR DML, FREF G & B o S EE B O FRER Ol B O i
ETHTENAREL DT, EELIFEFIANTHD, SHIT, HALMNIR
S e A BN OB REMIFRHEIZE L 7= Hi7- e B O EITH> 2 L b A[EETH 5,
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FIETIE, BT DS FRFLGERD RN Y —= T T L FEE
LT, TDA ZIGH LI FEEE LT, AFELZEM T2 LI2ED . 9 Ek
fior e &b, FREHIT D EHREARI RV, MSG O 9 E£EAHEIRT 5 Ay
ZFERHZRET Z ERARERIC R o7, RFEEZH WL Z LKV oMo
HAERIZEH LIIEMER D A RR T H Z ENATRETH D . O F MRS LS
IZb S F I ERHANEIGTE 5,

IHIT, BAFE L) FHRERFELZRAEMIEMA L, 205 FW®RFL5MY
& L. pGlu-GIn, pGlu-Gly. Fru-pGlu, Fru-Met, Fru-Val Z#7=I1ZHH 5252 L
T2 ZHVET, T 5 £BRIT. L-glutamicacid D X 5 Zefett 7 I VO EE
Z BN TWE, ABFFRIC LV | L-glutamic acid @ X 9 72 95 EERESY ICRTR O T
< FU bEHRE r 72 IVR_TF RO LD 7 5 £ 23 - TH
WILo>TWD ZEDPHTAZHA L, Ficen 72 IANXT7F FEHIE, K5
FRXTF REEE L TUNET VT IS B S L. £ 0 5 FHRA~D G VR
STV, ALk Y, 20— TH D pGlu-Gin & pGlu-Gly 73 2R
) EWEFEHEME LTHLNIR S22 SITERITMMERH D &2 bl
5, £, 7~ FUVALEWD Fru-pGlu, Fru-Met, Fru-Val iZ, Wb &5+
MO THEE S, AN IEFICARRIMATH 5, T b DF5RG DO
BNTE D 5 AT 5 FCHEERIMA L 25 Z LMz, EE AL
O FWRBEMORBERIGTE D, T72bb, BESRFOREIZ X > THElH
DINLDORSEZHEIL L, MEOM EICHEBRTE 2, SHI2, Eilzho
BRMEFETZLICE- T, ZNH0 ) ERBHEILAMOEFEDED HIL
R LWERIN TR ZERE LD, foBHNL 2RO D ) FHRHEHRR S 2 f
By & T DR BMININMZHET 570 8, SEIERREENHIFTE
Do

ABFFEIC &Y . GHOEREF G K CERDOEFERE HEDIZONT, £0
—EBEMRATH N TE T, AR THEONTFRIL, For OREEZ )
235 —Bhky, ElEERCBOTH, BR, EhAERA LR ME

EE R AVASN
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