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Compilation of volatile flavor compounds in Cheonggukjang and Doenjang
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Hyung Hee Baek

Sk A% 2okt
Department of Food Engineering, Dankook University

Abstract

Volatile flavor compounds of cheonggukjang and
doenjang, which are the most representative Korean
soybean fermented foods, were compiled throughout
literature review. Total of 225 and 404 volatile flavor
compounds were found in cheonggukjang and doen-
Jjang, respectively. The most characteristic volatile
flavor compounds in cheonggukjang are thought to
be pyrazine compounds. In addition, acids, such as
2-methyl propanoic acid, butanoic acid, 2-methyl bu-
tanoic acid, and 3-methyl butanoic acid, contribute to
aroma characteristics of cheonggukjang. On the other

hand, ester compounds are the most predominant vol-
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atile flavor compounds in doenjang. Ninety six ester
compounds were detected in doenjang while 22 ester
compounds were identified in cheonggukjang. Pyr-
azine compounds and acids also play an important
role in the flavor of doenjang. Compilation of volatile
flavor compounds from cheonggukjang and doenjang
will provide basic information to food industry to un-
derstand and improve aroma characteristics of cheong-

gukjang and doenjang.

Keywords: volatile compounds, flavor, aroma, cheong-

gukjang, doenjang
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Table 1. Volatile flavor compounds of cheonggukjang

Compound Aroma description (p;;]lieizhvc\)/gj;r) ?1(:;(2:;); Sampled Reference
chloroform - - A a 9
1-ethoxy-1-methoxy ethane - - B f 21
ethoxy ethene - - C e 20
2-ethoxy propane - - C e 20
3-ethoxy-1-propene - - C 20
2-methoxy pentane - - A d 18
5-methyl-3-hexane(?)" - - C c 16
4-methyl-3-hexane(?) - - C 16
1H-indene - - A b 9,13
3-methyl heptane - - C c 16
3,3,5-trimethyl heptane - - C c 16
2,2,6,6-tetramethyl heptane - - C c 16
octane - - C c 16
2,2-dimethyl octane - - C c 16
2,3,6-trimethyl octane - - C c 16
2,2,7,7-tetramethyl octane - - C c 16
2-octene - - C 16
nonane - - A b 10
4-methyl nonane - - C c 16
Hydrocarbon
decane - - A C b, c 10, 16
2,2,6-trimethyl decane - - C 16
dodecane - - A,D 10,23
tridecane - - D 23
tetradecane - - CD b, c 16,23
pentadecane - - A,D b 10,23
nonadecane - - A a 12
eicosane - - A a 12
tricosane - - A 18
tetracosane - - A 18
pentacosane(?) - - A a,b 10,12
hexacosane(?) - - A b 10
heptacosane(?) - - A a,b 10,12
octacosane(?) - - A a,b 10,12
methyl benzene (toluene) - - A,C,D a,b,c 9,13, 16,23
ethyl benzene - - A a,b 9,13
1,2-dimethylbenzene (o-xylene) - - A a,b 9,13
styrene - 730%* C,D b, e 20,23
1-propenyl benzene - - A b 9




(B-phenylethyl alcohol, benzeneethanol)

Compound Aroma description (u;;]lieiih\(/\)/g;r) E:g;?:;? Sampled Reference
2-ethenyloxy ethanol - - C e 20
1-propanol pungent 6,640-9,000 C e 20
2-propanol - - C e 20
. 10,12, 14,17,
ethanol ethanol-like 24,900-100,000 A,B,C,D a,b,d e 19, 20,23
2-propoxy ethanol - - C e 20
2-butanol - - C e 20
2-methyl-1-propanol (isobutanol) solvent-like 1,000 C c 16
2-methyl-1-butanol malty 320 A,C,D b,c 10, 16,23
3(51:%1;52?;‘)’1 malty 250-1,810 A,C,D bde 9 11,18,20,23
2-methyl-2-buten-1-ol - - A a,d 13,18
3-methyl-2-buten-1-ol - - A b 9
1,2-butanediol - - A a 11
2,3-butanediol - - A a 12
2-methyl-3-pentanol - - A a 12
3-methyl-3-pentanol - - C e 20
1-pentanol - - AC a,b,c 10, 11,16
2-pentenol - - A a 11
Aleohol 1-hexanol green, flowery 50-2,500 A,B,C a,b,d,e % 113é,1;6 17,
3-hexanol - - A d 18
(2)-3-hexen-1-ol leaf-like 38.9-500 A,B a 11, 15
1-hexen-3-ol - - C e 20
cyclohexanol - - C e 20
2-methyl-2-hexanol - - A d 18
5-methyl-3-hexanol - - A d 18
1-heptanol - 3* A b 10
1-octanol - 110-130* D d 23
3-octanol - - A d 18
1-octen-3-ol mushroom-like 1 A,C,D a,b,cd %1113, 16,
18,23
7-octen-4-ol - - A d 18
2-nonanol - - D b 23
2-furanmethanol
(furfuryl alcohol) - - A a,b,d 9-13, 18
benzyl alcohol (benzenemethanol) - - A a,b 10, 11
2-phenylcthanol honey-like, spicy 1,000 A,D abd  910,13,18,23
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- Threshold" Extraction 5
Compound Aroma description (ug/L in water)  method? Sample Reference
acetaldehyde pungent, fruit 15-25 C c 16
2-methyl propanal (isobutanal) green, pungent 0.97-10 C c 16
3-(methylthio) propanal (methional) potato-like 0.2-1.8 D b 23
2-methyl butanal green, almond-like 1-3.7 C,D b,c 16,23
3-methyl butanal malty 0.2-3.1 C,D b,c,e 16,20, 23
pungent,
pentanal almond-like 12-42 C,D b,c,e 16,20, 23
hexanal tallowy, leaf-like 4.5-50 A,C,D b, c 10, 16,23
heptanal fatty 3-5.8 C,D b, e 20,23
2-hexenal apple-like 17-50.5 C e 20
2-heptenal fatty, almond-like 13-51 C,D b, ¢ 16,23
(E)-2-octenal fatty, nutty 4 D b 23
nonanal tallowy, fruity 1-5 D b 23
orange skin-like,
Aldehyde decanal flowery 0.1-5 D b 23
tall
(E)-2-decenal oy 03-0.4 D b 23
orange-like
(E,E)-2,4-heptadienal fatty - A d 18
2 4-decadienal deep-fried 0.07-0.2 A,D b,d 10, 18,23
) 9-13, 16, 18,
benzaldehyde almond-like 350-3,500* A,C,D a,b,c,de 20.23
2-hydroxy-6-methyl benzaldehyde - - A a 9
9,10, 12,13,
2-furancarboxaldehyde (furfural) sweet 3,000 A,D a,b,d 18.23
S-methyl-2-furancarboxaldehyde - - C e 20
2-phenylethanal .
honey-like, fl 4 A,D b,d 9,13,18,23
(benzeneacetaldehyde) oney-iike, Towety ’ &5 T
tetradecanal - - D 23
heliotropine (piperonal) - - A 10
12, 14,16, 17,
2-propanone (acetone) - - B,C,D a,b,c,d
19,23
23,200~
2- heri ’ 16,2
butanone etheric 50,000 C c,e 6,20
3-hydroxy-2-butanone (acetoin) buttery 800-5,000 A,C,D a,b,e 12,20,23
Ketone 3-methyl-2-butanone - - C e 20
3-hydroxy-3-methyl-2-butanone - - C e 20
10, 12, 16, 19
2,3-butanedione (diacetyl) buttery 4-15 A,C a,b,ce ’ éO T
2-pentanone - 70,000* A C a,b,e 9,13,20
3-methyl-2-pentanone - - C e 20




Compound Aroma description (u;;]lieiih\(/\)/g;r) E:g;?:;? Sampled Reference
2-hydroxy-3-pentanone - - A a 12
2-heptanone soapy, fruity 5-140 A,C,D a,b,c 9,16,23
2-octanone 50% C e 20
3-octanone - 28* AD b,d 9,18,23
2-nonanone fruity, soapy 5-200 C e 20
decanone - - A d 18
2-tridecanone - - A d 18
S-tridecanone - - A d 18
2-tetradecanone - - A d 18
2-pentadecanone - - A d 18
Ketone 6,10,14-trimethyl-2-pentadecanone - - A d 18
2-dodecanone - - A d 18
dihydro-2(3H)-furanone (y-butyrolactone) - - C e 20
3'hydr°’;y_fr;2n(ﬁy1::§{'pymn' caramel-like 550330 B,D b, f 21,23
2,3-dihydro-3,5-dihydroxy-
6-methyl-4H-pyran-4-one i i B f 2
1-(2-hydroxy-5-methylphenyl) ethanone - - A d 18
1-(2,6,6)-tn11t1:It1};yl-2-buten- i i A . 1
4-hydroxy-3-methylacetophenone - - A d 18
L vinegar-like, 22,000- 12, 19,20, 22,
acetic acid pu%lgent 50,000 C,D a,b,e ”
cyano acetic acid - - C e 20
ethanedioic acid - - C e 20
propanoic acid fruity, pungent ;6{38(-) C e 20
2-methyl propanoic acid sweaty 50-8,100 AD a 11,12,22
' butanoic acid sweaty, rancid 50-2,150 A a,b 9,10
Acid 2-methyl butanoic acid sweaty, sweet 50-6,600 B,D a,b, 12,21,22,23
3-methyl butanoic acid (isovaleric acid) sweaty 132-1,600 A,B,D b, f 9,21,23
pentanoic acid (valeric acid) sweaty 2,100 A a,b 10, 11
hexanoic acid (caproic acid) goat-like, sweaty 290-5,000 A b 10
heptanoic acid - - A b 10
octanoic acid (caprylic acid) sweaty 3,000 A b 9
hexadecanoic acid - - A b,d 10,18
benzoic acid - - A b 10
methyl acetate - - C c 16
Ester ethyl acetate solvent-like, fruity 5-19,900 A,D a,b 9,13,23
ethenyl acetate - - C e 20
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Compound Aroma description (u;—?lieizh\j\)/:\j;r) i’:g;‘i:;? Sampled Reference
ethyl propanoate fruity 10-20 C e 20
ethyl 2-methylpropanoate fruity, sweet 0.02-0.1 D b 23
ethyl 2-methylbutanoate fruity 0.15-0.3 C e 20
ethyl 3-methylbutanoate fruity 0.20 C e 20
ethyl 2-methylbutenoate - - C e 20
hexyl formate - - C e 20
hexyl acetate fruity 2-5 A b 9
methyl benzeneacetate - - A b 9,18
ethyl benzeneacetate (ethyl phenylacetate)  fruity, sweet 650* A d 18
Ester ethyl 4-heptenoate - - A d 18
ethyl tetradecanoate - - A d 18
methyl pentadecanoate - - A d 18
methyl hexadecanoate - - A d 18
ethyl hexadecanoate - >2000%* A d 18
methyl heptadecanoate - - A d 18
methyl benzoate - - D b 23
ethyl heptadecanoate - - A d 18
2-phenylethyl acetate flowery, fruity 207 A b 9
ethenyl acetate (vinyl acetate) - - B f 21
2-methyl pyrazine - 60-105,000% A,B,D ab,d 10, 1137” 1;;’ 15,
2,3-dimethyl pyrazine - 325:50%(:)_* A,B,D ab,d 10, 1132;: 1;;’ 17,
2,5-dimethyl pyrazine - 800-1,800* A,B,C,D a,b,d,e 9120127 ; 18,
2,6-dimethyl pyrazine - 200-9,000* A,B,C,D a,b,d 10-1127’, 1149’ 15,
Pyrazine methyl ethyl pyrazine - - A b 10
2-ethyl-5-methyl pyrazine - 100* A a,b 10,13
2-ethyl-6-methyl pyrazine - - D b 23
2-ethyl-3,5-dimethylpyrazine potato-like 0.04-0.16 A,D a,b,d 10 Hé 21 318
2-ethyl-3,6-dimethylpyrazine potato-like 0.4-8.6 A a,b,d 10,11, 18
5-ethyl-2,3-dimethyl pyrazine - - A a 9
3,5-diethyl-2-methyl pyrazine - - A a,b 9,13
2,6-diethylpyrazine - - A d 18
, trimethyl pyrazine potato-like, musty  91-400 ABCD abdef o117
Pyrazine 18,20-23
2-ethyl-3,5,6-trimethylpyrazine - - A,D a,b,d 11,18,22,23




Compound Aroma description (u;;]lieiih\(/\)/g;r) E:g;?:;? Sampled Reference
tetramethyl pyrazine - 1,000-10,000*  A,B,C,D  a,b,c,d,e & 1;6’12’2’1; 18,
Pyrazine 2-methyl-3-propylpyrazine - - A 18
2-isoamyl-6-methylpyrazine - - A 18
2-acetyl pyrazine roasty 62 A b 10
2-methylpyridine (2-picoline) - - A a,d 9,13,18
3-methylpyridine (3-picoline) - - A a 9
4-methylpyridine (4-picoline) - - A a 13
_ S-ethyl-2-methylpyridine - - A a 9,13
ler(?gen- con- 4-methyl pyrimidine - - B a,d 14,17
taining com- 1H-pyrrole - 49,600* C ¢ 20
pound :
2-acetyl pyrrole - 170,000* A b 10
2-formylpyrrole - - D b 23
Indole sweet, burnt 90 D b 23
1,2,6-trimethyl piperidine - - A a,d 9,18
dimethyl disulfide cabbage-like 0.16-12 A,C,D a,b,c,e 13, 16, 20, 23
dimethyl trisulfide sulfury 0.01 A,D b,d 18,23
2-acetyl thiazole roasty, sulfury 10 D b 23
2,4,5-trimethyl thiazole carthy 50 A a,d 9,13, 18
Sulfur compound - -
4,5-dimethyl-2-butyl thiazole - - A 18
4,5-dimethyl-2-(2-methylpropyl) thiazole - - A 18
3,5-dimethyl-1,2,4-trithiolane - - A 18
2-methyl benzothiazole - - A 18
phenol phenolic 5,900 A,D a,b,d 9-11,13, 18,23
4-vinylphenol - 10* A a 12
2-tert-butyl-4,5-dimethylphenol - - A a 13
2-(1,1-dimethylethyl)-4-methyl phenol - - A a,b 9,13
2,4-bis(1,1-dimethylethyl) phenol - - A d 18
Phenol 2-methoxyphenol (guaiacol) smoky, sweet 253 A,D a,b,d % li)é’lj ; 13,
2-methoxy-4-(2-propenyl) phenol (euge- spicy, honey-like 630 A b 10
nol)
4-ethy1—2-metho>'(y phenol (4-ethyl clove-like 50 A ab.d 9,18
guaiacol)
zm(equl’:lyyfgz;rl‘iz%e“"l clove-like 20-100 AD abd 10,1229
2-pentyl furan buttery, ﬁlr(zen bean- 6 A,C,D ab,c,d %10, | 1822133 16,
Furan 2-heptyl furan - - D 23
2-octyl furan - - D 23
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Compound Aroma description (u;—?lieizh\i/:\j;r) ?g;‘i'(;? Sampled Reference
2-acetyl furan - 10,000* A b 10
Furan 2,3-dihydrobenzofuran - - A,D b,d 18,23
2-furfuryl pyrrole - - A b 10
dibutyl phthalate - - A a,d 12,18
limonene citrus-like 10-200 B a,d 14,17
0-pinene terpeny 0* C c 16
[-pinene terpeny 140* C c 16
ethylene carbonate - - B f 21
trimethyl oxazole - - A C a,c,d e 9,13,16,18,20
butylated hydroxytoluene - - A B d,f 18,21
2-methyl benzo quinoline - - C e 20
pentadecylamine - - C e 20
Miscellaneous l-octanamine - - C e 20
pentamethyldisilane - - C e 20
(1-phenylethyl) trimethylsilane - - C e 20
N-(1-methylheptyl)-2-octanamine - - C e 20
ammonium oxalate - - C e 20
dimethylamine - - C e 20
butanamide - - C e 20
1-(trimethyl)-1H-indole-3-
( ath())nitﬁle i ) ¢ ¢ 20
2,4,5-trimethyl-3-oxazoline - - A a 13

! Reference 24.
* Orthonasal threshold in water (ug/L).
# Retronasal threshold in water (pg/L).

2 A: SDE, B: solvent extraction, C: headspace method, D: solid phase microextraction (SPME).
Ya’ cheonggukjang fermented with Bacillus sp., b: traditional cheonggukjang, c: commercial cheonggukjang powder, d: commercial
cheonggukjang, e cheonggukjang fermented with mixed culture of Bacillus natto and Bacillus licheniformis, f: not specified.

¥ The identification is questionable.
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o] o HO| =4 A=
2, B89 HEE B8R

2 TS ARSslA e A A
Aspergillus oryzae 52| +-2 ARESHo] HIE = 7))
22 Ao g s 4~ 9lom En| =218 9JF
Bacillus subtilis 452 AF8-517| = 3HH6,7). A
4 S se T 1Y WEAA WS A

Zﬂfdﬂ%—%iéﬁﬂﬂﬁﬂﬂgﬁﬂ

o] Asperglllus oryzae
Oﬂ/ﬂ 3%t HHO]‘OPoﬂ
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FZR7F A=A $H=TH27,30,33).

o] Y 7)Aol e A= 15HE] =i
HES} ©1(23,26-39), Table 29]| A|F71A] =
ol sAE T FIEEES skl
el A IR T 40007 S E U=
o], Ba 5(23)2 E4} A=42] Ay )4
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d 7180 FAE Lo S 1R
T Aol B wkvhar Barsigich

AT ofehE, 2-vE-1-Z 272 (2-meth-
yl=1-propanol), 1-+&r(1-butanol), 2-HE-1-
RS, 3-wE-1-FEE, 23-HEjIto]&(2,3
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SHI-3-F, 2- e, 2-HdofehE W W
oF51-8(benzyl alcohol) 5-0] o2] HO| =FofA &

il o o

0

AE AT oA sHE HiFEe dEES A
oM E FHE steER g2 AT A
=RoIM 2 Aol & HolA] gttt d3E2 1-%
g-3-&2 Alfstale dHiFE HA A ot
g3t DAL ol 24| 71ofsiA] e Ale=
Azt drstol == 2-mE R, 3-HE

=]
A=
ekel, sAkel (E)-2-3ell Y[ (E)-2-heptenal |, =
W (nonanal), Wl=ddsto| =, 2-9d-2-FElY
(2-phenyl-2-butenal), 5-H|€-2-3d-2-3lAl2t
Jat-od gl
Hl A o}A| E 4t 5lo] =(a—ethylidene benzeneacetal-
dehyde), 2-F7HEAddsto|= 92— gt
2H(2-phenylethanal) 50| ojg] #Ho] =FofA] X1l
=3l QUeh AlE2 3-3Fo| EEA2-HER, 2-F
g2, 3-85ke, hub-=u=2HE(y-nonalactone) 2
= (maltol) 5-©] Hi1%|}ich.

ALS. oA EAL, 32 THAHpropanoic acid), 2—H|

(5—methyl-2—phenyl-2—hexenal),

gz gil, FEek4l 2-w e J ekl 3-mE ekl
Hekit, 4-m e AlgkAH4-methyl pentanoic acid),

Sl AFAH hexanoic acid), 3]EHAHheptanoic acid), <
Ehik(octanoic acid) W #d o}A| E A phenylacetic
acid) ‘50| SR =St A=l A= 14749] 4bo]
FAE RN HAof| A= 2971 9] 4to] 5 = STk
o= A= o B2 F79 4lo] £
R A=) &Fn] Zpolof| ¥
Z} T}, Shukla 5(40)2 HFE%
AT k= ofN| EAL, TR FEbikt 31
Retihs AEskeletl, 1 = 22 91.7, 70.1
.5 9 19.8 mg% 2} sttt

O 2y ) EollA 7P EAA ) A
o~ FghEo] Wk Ao|U:. F=reolA
22719] of| A~H ehEo] 5% WA, EHA oA
967119] of|2E FehEo] A= T oMM EAR]
€] HebALo] el (ethyl butanoate), 2—H| €l HEebAlo|E
(ethyl 2—methylbutanoate), 3 -1 € H-gFAko]| El (ethyl
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ebAlof €l (ethyl heptanoate), -2 EHAF]| El (ethyl oc-
tanoate) 5 W2 ol AE| FjHEo] A4 T
Atk ol AH a5 E o WY Alx
o) whet Afo|7F A o]= w|FL 112 &] ujAY
/4 H(microflora) 9] z}olof| 7]Q18Hc}H(29,32,33). &
4ol vlslA €53 B2 oA IghEe] HA
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Table 2, Volatile flavor compounds of doenjang

Compound name Arorn a_‘ Thrgshold” Extraction Sample® Reference
description  (ug/L in water) method?
1,1-diethoxy ethane - - A c 31
3-ethoxy-1-propene - - C b,c 26
2-methyl-3-propoxy-1-propene - - A e 30
1-ethoxybutane - - A c 31
2-methylpentene - - A c 28
S-butoxy-2-pentene - - A c 31
hexane - - D d 38
2,3-dimethylhexane - - A c 28
3-methyl-1-heptene - - A e 30
S-methyl-1-heptene - - A e 30
octane - - D b,d 34,39
1-octene - - D d 32,39
2-octene - - D b,d 34, 39
3-methyl-5-propylnonane - - A c 31
undecane - - D 23
1-undecene - - D d 38
dodecane - - B,D b,d, f 23,34, 39
1-dodecyne - - A c 27
5-dodecyne - - A e 30
Hydrocarbon ;
tridecane - - B,D b,d, f 23,34,39
tetradecane - - B,D b,d 23,34,39
(E)-5-tetradecen-3-yne - - A c 27
pentadecane - - B,D d, f 23,39
eicosane - - A c 31
3-eicosene - - A c 31
9-eicosene - - A c 31
1,2-diethyl cyclobutane - - B d 39
ethyl cyclopentane - - A c 28
cyclohexadecane - - A c 31
benzene - - D b,d 34, 38, 39
methyl benzene (toluene) - - B,C,D a,b,c d,f 26, 34,39
ethenyl benzene (styrene) - 730* B,D b,d,e,f  23,34,35,37,39
1,2-dimethyl benzene (o-xylene) - - B,C,D a,b,d, f 26, 34,39
1,3-dimethyl benzene (m-xylene) - - B,D b,d, f 34,39
1,4-dimethyl benzene (p-xylene) - - A,B,D b,c,d, f 31, 34,39
ethylbenzene - - A,B,D b,c,d, f 31,34, 39
1-ethyl-4-methylbenzene - - B,D d 39
1,2,4-trimethylbenzene - - B,D b,d, f 34, 39
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Compound name Aro.ma.i h rgshold” Extraction Sample? Reference
description (Hg/L in water) method?
1,3-bis(1,1-dimethylethyl)benzene - - B d, f 39
methoxybenzene (anisole) p::zz;ic 50 A c 31
1,2-dimethoxybenzene - - A,B,D a,c,d,e 27,29,32, 37 39
1,3-dimethoxybenzene - - A,D c,d,e 29,32,38
ethoxybenzene - - A c 31
1-ethyl-4-methoxybenzene - - A c 31
Hydrocarbon 1-ethenyl-4-methoxy benzene - - A c 27
naphthalene - - A c 27,31
1-methylnaphthalene - - A c 31
1-methylhexyl hydroperoxide - - A c 27
2-ethyl-3-methyl oxetane - - A b,c 27
tetrachloroethane - - A c 28
1,1-bis(2-methylpropyl)hydrazine - - C b 26
3-ethyl-2-methyl-1,3-hexadiene - - D d 23
methanol - - A c 31
. 24,900- 23,26,27,31,
ethanol ethanol-like 100,000 A,C,D a/b,cde,f 32,37-39
2-(2-ethoxyethoxy) ethanol - - A e 29
1-propanol pungent (;”(z;:)%_ A,D c,d 23,31
2-methyl-1-propanol solvent-like 1,000 A,D c,d,e 27,29,32,37
2-methyl-2-propanol - - A c 31
1-methoxy-2-methyl-2-propanol - - A c 31
3-(methylthio)-1-propanol(methionol) potato-like S# A,D b,c,e 29,34
1-butanol fruity 500-1,280 A,C,D b,c,d,e 26,27,29,32,
3437
Alcohol 2-butanol - - A c 27,31
2-methyl-1-butanol malty 320 D a,d 23,32, 38,
2-methyl-2-butanol A c 31
3-methyl-1-butanol (isoamyl alcohol) malty 250-1,810 A,C,D a/b,c,de,f 23, 263_7370?”;2_35’
3-methoxy-2-butanol - - A 28
2,2-dimethyl-1-butanol - - D d 32
1,3-butanediol - - A c 28
2,3-butanediol - - C,D a,b,c,d 26,32,36,37
1-pentanol - - A b 27
2-pentanol - - A c 31
3-methyl-1-pentanol - - A c 27
4-methyl-1-pentanol - - A c,e 28,30




Compound name Aro.mg Thrgshold" Extraction Sample? Reference
description  (ug/L in water) method?
3-penten-2-ol - - A c, e 29
2-methyl-1-penten-3-ol - - A c 31
2,3 4-trimethyl-3-pentanol - - D a 32
1-hexanol green, flowery ~ 50-2,500 A,D a,b,c,d, e 29,632 34,37 38
(E)-2-hexenol - - D b 34
(E)-3-hexenol - - D b 34
(Z)-3-hexenol leaf-like 38.9-500 D b 34
S-methyl-2-hexanol - - A c 27
2-ethyl-1-hexanol - 270,000* A,D b, e 29,34
1-heptanol - 3* D b 34
4-methyl-3-heptanol - - A b, c 27
1-octanol - 110-130* D b,d 23,34
2-octanol - - D a,d 32
29,30,32,34
3-octanol - - A,D b,c,d, e 36,38
I-octen-3-ol musllillr((;om- 1 AD a,b,c,de 2, 27-33(;’ 3236,
Alcohol
1-nonanol - 50 D b 34
2-nonanol - - A,D d,e 23,39
1-nonen-3-ol - - A c 31
10-undecen-1-ol - - A c 31
1-tridecyn-4-ol - A c 27
2-pentadecanol - - D a 32
9,12-octadecadien-1-ol - - A [¢ 31
phenethyl alcohol (2-phenyl ethanol, ben- hone}.f-like, 1,000 ABD abedef 23,27-30, 32,
zeneethanol) spicy 34-39
benzyl alcohol (benzenemethanol) - 10,000 A,B,D ab,cdef 28_2(;” ;29’ 34
2-methyl benzenemethanol - - A e 30
a-methyl benzenemethanol - - A c 28
2-furanmethanol (furfuryl alcohol) - - A,C,DB a,b,cde,f 2, ii:?;og’ 32,
1-aziridineethanol - - A b 27
8-amino-2-naphthalenol - - A b 27
acetaldehyde pungent, fruit 15-25 D d, f 39
hydroxyacetaldehyde - - C a 26
Aldehyde 3-(methylthio) propanal (methional) potato-like 0.2-1.8 A,D c,d 23,28
2-methylbutanal greeth, 1-3.7 D b,d, f 23,34,39

almond-like
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Compound name Aroma Threshold” — Extraction Sample® Reference
P description  (pg/L in water) method? P
23,26,31, 34,
3-methylbutanal malty 0.2-3.1 A,C,D a,b,c,d,f 36,37, 39
2-methyl-2-butenal - - D d, f 23,39
pungent,
pentanal almond-like 12-42 C,D c,d 23,26
tallowy, 23,27-29, 33, 34,
hy 1 4.5-50 A,D b,c,d.
exand leaf-like : Lo 6e 37,39
heptanal fatty 3-5.8 A,D c,d 23,31
fatty,
(E)-2-heptenal almond-like 13-51 A,D c,b,d 23,28, 34
octanal fatty 0.7-8 D b 34
(E)-2-octenal fatty, nutty 4 D b 34
. 23,28,31,32,
nonanal tallowy, fruity 1-5 A,D b,c,d u
tallowy,
(E)-2-nonenal cucumberlike 0.15 A c 27,28
orange skin-
decanal like, flowery 0.1-5 D d 23
tall
(E)-2-decenal oy, 0.3-04 D d 23
orange-like
Aldehyde (2)-7-hexadecenal - - D d 32
(E)-11-hexadecenal - - D a 32
(E,E)-2,4-decadienal deep-fried 0.07-0.2 A, D c,ed 23,29
tetradecanal - - D d 23
benzaldehyde almond-like ~ 350-3,500%* A,B,D ab,cdef 23,27-39
2-methyl benzaldehyde - - D a,d 32,37
3-methyl benzaldehyde - - D a 32
4-methyl benzaldehyde - - B d, f 39
2-hydroxy-6-methylbenzaldehyde - - A c 31
2-aminobenzaldehyde - - B d 39
2-phenyl-2-butenal - - A,D b,c,d, e 29, 34,35
23,29, 30,32
5-methyl-2-phenyl-2-hexenal - - A,D c,d,e A
35,37,
a-ethylidene benzeneacetaldehyde - - A c,d,e 27,30,31,37
phenylacetaldehyde honey-like,
4 A,B,D f 23,27-3
(2-phenylethanal, benzeneacetaldehyde) flowery o abede, 2739
23,26-30, 32-35,
2-furancarboxaldehyde (furfural) sweet 3,000 A,C,D a/b,cdef 3739
23,26,27,29
5-methyl-2-furancarboxaldehdye - - A,C,D a,b,c,d e ’ 3 0’ 3 5’ ’




Compound name Aro.mg Thrgshold" Extraction Sample? Reference
description  (ug/L in water) method?
2-propanone (acetone) - - C,D a,b,c 26,32
. 23,200-
2-butanone etheric 50,000 D b,d 34,39
(E)-3-penten-2-one - 1.5% A c,e 29,31
2-hexanone - - A c 31
4-methyl-3-hexanone - - D f 39
2-heptanone soapy, fruity 5-140 AD b,c,d e, 23, 23?’ 2399’ 31
4-methyl-2-heptanone - - D b 34
3-heptanone - - D b 34
2-octanone - 50% A,D b,c,e 29,34
23,29, 32,35,
3-octanone - - A,B,D c,d,e 37,39
1-octen-3-one Tnushroom— 0.005 A,D b,c 28,34
like, metallic
2,3-butanedione (diacetyl) buttery 4-15 C,D a 26,32
1-hydroxy-2-propanone - - A,C b,c,e 26,29
2-nonanone fruity, soapy 5-200 A c,e 29
2-decanone - - D b 34
Ketone 2-undecanone fruity 7* D d 38
3-hydroxy-2-butanone buttery 800-5,000 A, C,D a,b,c,e 26,29, 32
2,3-hexadione - - A b 27
1-phenylethanone (acetophenone) - 65* D a 32
1-(2-hydroxy-5-methylphenyl
( ydme‘ilsnoneeth e i i A ¢ 27,31
1-(1H-pyrrol-2-yl) ethanone - - C,D a,b,c,d,f 26,39
6-methyl-4H-pyran-4-one - - C b,c 26
4-phenyl-2-butanone - - A b 27
1-phenyl-2-propanone - - B,D d 39
dihydro-2-methyl-3(2H)-furanone - - AC b,c,e 26,29
dihydro-2(3H)-furanone (y-butyrolactone) - - B d, f 39
4-methyl-2H-furan-5-one - - D b 34
dihydro-5-methyl-2(3H)-furanone
’ (y—valez)lac(toni) i i B d 39
dihydro-5-ethyl-2(3H)-furanone sweet 1,600 AB cdef 29,39
(y-hexalactone)
dihydro-5-propyl-2(3H)-furanone i 400* A . 28
(y-heptalactone)
dihydro-5-pentyl-2(3H)-furanone fruity, 3065 AD ab.ce 29.32,34

(y-nonalactone) peach-like
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Compound name Aroma Threshold — Exiraction Sample? Reference
P description  (pg/L in water) method? P
dihydro-5-hexyl-2(3H)-furanone ﬁ‘ultyj 511 AD ac 3132
(y-decalactone) peach-like
dihydro-5-(2-octenyl)-2(3H)-furanone - - B d 39
3-hydroxy-2-methyl-4H-pyran-4-one . 9,000- 23,29,32, 34,
1-lik A,B,D b,c,d,e, f
(maltol) CArameEtike 35,000 B P ARGGET 3537 39
methyl maltol - - B d, f 39
dihydro-6-methyl-2H-pyran-3(4H)- i i B df 19
one
2,3-dihydro-3,5-dih; -6-methyl-
,3-dihydro-3,5-dihydroxy-6-methy! i i B df 39
4H-pyran-4-one
Ketone honey-like, 0.00075-
- A 2
[-damascenone fruity, sweet 0,002 c, e 9
5-penoxymethyloxol-3-en-2-one (?)* - - A 30
2-pentadecanone - - D d 32
2-hydroxy-3-methyl-2-cyclopenten-1-one i 300° s df 19
(cyclotene)
cyclohexanone - - A c 31
4-isopropyl-1,3-cyclohexanedione - - B d, f 39
1,2,3-trimethylcyclohexane - - B d, f 39
2-cyclohexen-1-one - - B d 39
3-methyl-2-cyclohexen-1-one - - A c 31
- vinegar-like, 22,000- 23,26,27,29,
t d A,B,C,D a,b,c,d,ef
aceticact pungent 50,000 BB D BBGAET 5 3539
. fruity, 2,190- 29, 30, 32, 35,
d A,B,D d,e f
propanoic act pungent 20,000 - i 37-39
29,30, 32, 35
2-methyl propanoic acid sweaty 50-8,100 A,B,D c,d e, f ’ 37’ 3 9’ 35,
3-(methylthio)propanoic acid - - B d 39
26, 217,29, 30,
N . 91 AB.C.D ¢ , 21,29, 30,
butanoic acid sweaty, rancid ~ 50-2,150 ,B,C, b,c,d,e, 32,33, 35,3739
2-methyl butanoic acid sweaty, sweet  50-6,600 A,D c,de 23,29, 35
Acid .
3-methyl butanoic acid 23,26,27,29
132-1,600  A,B,C,D a,b,c,d,e,f R,
(isovaleric acid) sweaty : D ARGGET 30 3 35,37, 39
2-methyl-2-butenoic acid B d, f 39
3-methyl-2-butenoic acid B d, f 39
pentanoic acid (valeric acid) sweaty 2,100 A,B,D a,b,c,d, e 29,30,32,34,39
3-methyl pentanoic acid D d 32
4-methyl pentanoic acid A,B,D c,d,e f 29, 35, 39
. L t-like, 27,29, 30, 32,
hexanoic acid (caproic acid) goab-ike 290-5,000 A,B,D a,b,c,d e
sweaty 34,37, 39
heptanoic acid - - A, D b,d, e 30, 32, 34,37




Compound name Aroma Threshold? — Extraction Sample® Reference
P description  (pg/L in water) method? P
octanoic acid (caprylic acid) sweaty 3,000 A,B,D a,d,e 30, 32,37, 39
nonanoic acid - 3,000 D a,d 32
tetradecanoic acid - - D f 38
hexadecanoic acid - - A,D a,c,d,f 28,31, 33,38
2.,4-hexadienoic acid (sorbic acid) - - A,D dye f 30, 38
27,29, 30,32
1 1 - - A B D f b} E) ) ]
benzoic acid ,B, b,c,d, e, 38,39
2-hydroxy benzoic acid - - D c 36
Acid 3-nitropropanoic acid - - D a 32
8,11-octadecadienoic acid - - A c 33
(Z,2)-9,12-octadecadienoic acid - - A,D c,e 28,32,33
14-pentadecenoic acid* - - D e 32
L . t, 1,000-
phenylacetic acid (benzeneacetic acid) hoiZ}eflike 10,000 B,D d, f 32,38,39
benzenepropanoic acid - - B 39
3-hydroxymandelic acid - - D 38
2-furancarboxylic acid - - A c, e 29
ethyl formate - - A c 31
Ivent-lik 23,26,30-32, 34
ethyl acetate SOWENTIRG 519900 A,C,D  ab,cdef 0 20"
fruity 37-39
methoxy ethyl acetate - - D e 32
ethyl propanoate fruity 10-20 D b,d, f 34,39
ethyl 2-methylpropanoate fruity, sweet 0.02-0.1 D b, d, f 23,34,39
ethyl-2-methylpropenoate D b 34
. 26,29,31,32,
ethyl butanoate fruity 0.005-13.6 A,B,C,D b,c,de,f 34,35,37.39
. 29,31, 32,34,
ethyl 2-methylbutanoate fruity 0.15-0.3 A,B,D b,c,d,e, 35.37.39
Est 29,31, 32,34
ster ethyl 3-methylbutanoate fruity 0.20 ABD bedef 20000
35,37, 39
ethyl (Z2)-2-butenoate - - D b 34
ethyl pentanoate - 1.5-5% A,B,D c,d,e f 39,37, 39
cthyl 2-methylpentanoate - - D e 32
ethyl 4-methylpentanoate - - B,D d, f 32,39
. 23,29,31,32,
ethyl hexanoate fruity 0.05-5 A,B,D b,c,d, e, 34,35,37-39
ethyl heptanoate fruity 22 A,D b,c,e 29, 34,35
29,32,34,35
ethyl octanoate fruity, fatty 70 A,B,D b,c,d, e, f ’ 3 7’ 3 9’ ’
ethyl 4-methyloctanoate - - D d,e 32,37

a
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Compound name Aroma Threshold" — Extraction Sample? Reference
P description  (pg/L in water) method? P
ethyl nonanoate - - A,D b,c,d, e 29, 34, 37
ethyl decanoate - - D b 34
ethyl dodecanoate - - A,D b,c,e 29, 34,35
ethyl tridecanoate - - D e 32
26,29, 31, 32,
ethyl tetradecanoate - - A, B,C,D a,/b,c,de,f 34,35,39
ethyl pentadecanoate - - A,D b,c,d, e 29,30,32,34,35
26,28-32, 34,35
ethyl hexadecanoate - >2,000%* A,B,C,D ab,c,d,ef 17 ; 9 T
ethyl heptadecanoate - - D b, e 32,34, 35
ethyl octadecanoate - - A,B,D b,c,d, e, f  30-32,34,39
ethyl (Z)-9-octanoate(?) - - A e 30
ethyl 9-hexadecenoate - - A,C,D a,b,c,d,e  26,29,34,35
ethyl E11-hexadecenoate - - D e 32
ethyl 9-octadecenoate (ethyl oleate) - - A,B,D b,c,d,e, f 30-32,34,38,39
. . 28,30, 32, 34,
ethyl 9,12-octadecadienoate (ethyl linoleate) - - A,B,D ab,cde,f 18,30
ethyl 9,12,15-octadecatrienoate - - A,D b,d, e 30,32, 34
23,27,29-31, 34
ethyl benzeneacetate (ethyl phenylacetate)  fruity, sweet 650* A,B,D  byc,def T T
Ester 35,37,39
ethyl lactate - 14,000* A,D c,e 29,32, 35

ethyl 3-phenylpropionate (ethyl benze- i i A.B.D bo.e.f 29, 34,39

nepropanoate)
ethyl 3-(methylthio) propionate - 7* D e 35
29, 30, 32, 34,
ethyl benzoate - 60 A,B,D b,c,d, e, f 35.37.39
ethyl sorbate - - A,D dye, f 30, 38
ethyl cinnamate fruity 0.06# B,D f 39
ethyl vanillate - - B f 39
ethyl N-allylcarbamate - - D f 38
ethyl 2-hydroxy-3-phenylpropanoate - - B f 39
ethyl nicotinate - - B,D f 39
ethyl 2-cyclopenten-1-undecanoate - - A e 30
methyl 2-methylpropanoate fruity, sweet 6.3-7 A c 31
methyl 2-methylpropenoate - - D b 34
methyl butanoate fruity, sweet 5-60 A,D c,d 31,39
methyl 2-methylbutanoate apple-like 0.25-2.0 D d 39
methyl 3-methylbutanoate - - D d 39
methyl 3-methyl-2-butenoate - - D b 34




Aroma Threshold"

Extraction

Compound name description (Hg/L in water)  method? Sample? Reference
methyl 4,6,10, 14-tet:;16r:nethyl pentadecano- i i A . 7
methyl 4-methyl-2-oxo pentanoate - - A c 27
methyl undecanoate - - A c 31
methyl tetradecanoate - A c 31
methyl hexadecanoate - - A,C,D b,c,d,e 26,28,31,32,
34,35
methyl octadecanoate - - A c 31
methyl 9-octadecenoate - - A,D c,d,e 28,31,32
methyl 9,12-Z.Z.-octadecadienoate - - A, CD a,b,c,d, e 26,28, 31,32, 34
methyl 9,12,15-octadecatrienoate - - A,C a,c,e 26,30
methyl 11,14-eicosadienoate - - A c 27,28
methyl 2-methyl hexadecanoate - - A b 27
methyl 14-methyl pentadecanoate - - D e 32
methyl benzoate - - A,B,D b,c,d, e, f 23,31,34,35,39
methyl phenylacetate - - D d 37
methyl 2-hydroxybenzoate - - A c 31
diethyl succinate (diethyl butanedioate) - - A,B,D b,c,e f 29, 34,38, 39
triethyl borate(?) - - A e 30
isobutyl acetate - 66* D b 34
Ester .
isobutyl butanoate D d 39
isoamyl acetate - 2% A,D b,c,d,e,f 29,34, 37 39
isoamyl butyrate - - D d 37
isoamyl hexanoate - - D b 34
isoamyl octanoate - - D b 34
isoamyl 2-methylbutanoate - - D d 38
2-phenylethyl acetate flowery, fruity 20# A,B,D b,c,d, e 29, 34,39
2-acetyl ethylhexanoate - - C c 26
bis(2-ethyl-)1,2-benzenecarboxylic acid - - A e 30
(Z2,2)-2,3-dimethyl ?, 12-octadecadienoic i i A . 30
acid(?)
dimethyl butanedioate - - A c 31
propyl acetate - - D d 39
propyl butanoate - 18-124%* B,D d 39
propyl 2-methylbutanoate - - D d 39
propyl 3-methylbutanoate - - B,D d 39
butyl butanoate - 100* A c 28,31
butyl isobutyrate - 80* D d 39
butyl hexadecanoate - - D b 34
butyl benzoate - - D d 32
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Aroma Threshold"

Extraction

Compound name description (Hg/L in water)  method? Sample? Reference
pentyl propanoate - - D b 34
2-octyl benzoate - - D a,d 32
dimethyl 1,2-benzenedicarboxylate - - A c 31
dibutyl 1,2-benzenedicarboxylate - - A c 31
Ester dipentyl 1,2-benzenedicarboxylate - - A c 31
2-methylpropyl 2-methylpropanoate - - D a 32
2-methylhexyl propanoate - - D a 32
butyl heptadecyl sulfuroate - - D a 32
hexadecyl trichloroacetate - - D a 32
2-methylpyrazine - 60-105,000+ A,B,C,D  b,c,d, 2, 26; 72_93_93 1,34,
2,3-dimethylpyrazine - 2,500-35,000%  A,B,D c,d,e 2z, 2;7’_:;;’ 33,
2,5-dimethylpyrazine - 800-1,800* A,B,D a,cde,f 2, 2;;3307129 33,
2,6-dimethylpyrazine - 200-9,000%* A,B,D c,d e 29,31, 35,37,39
2-ethyl-5-methylpyrazine - 100%* B,D d 39
2-ethyl-6-methylpyrazine - - A,D c,d,e 29,37
) 2-ethyl-3,5-dimethylpyrazine potato-like 0.04-0.16 D d,e 35,38
Pyrazine 3-ethyl-2,5-dimethylpyrazine potato-like 04-8.6 A,B,D cde 28,29, 31,3539
2,3,5-trimethyl-6-cthylpyrazine - - A,B,D c,d, e, f 23,29,35,37-39
2,3,5-trimethyl-6-propylpyrazine - - A, B c, f 28,39
trimethylpyrazine poitl‘l’s'tl;ke’ 91-400 ABD abodef > 273203 93 2,33,
tetramethylpyrazine - 1,000- A,B,D b,c,d, e, f 23,27-32,35-39
10,000*
2,6-diethylpyrazine - - D d 37
acetyl pyrazine roasty 62 D 23
2,5-dimethyl-3-propylpyrazine - - A c 31
1H-pyrrole - 49,600* A c 27,28,39
acetyl pyrrole - 170,000* A,D c,d,e 29,35,37
2-formyl pyrrole - - D d 23
1-methyl-2-pyrrolidone - - B d, f 39
Nitrogen- 1-methyl-2,5-pyrrolidinedione - - B f 39
containing pyridine - 2,000* A c,e 29,30, 31
compound N,N,-dimethylformamide - - C c 26
3-methyl benzonitrile - - A c 31
1-butyl-1H-pyrrole - A c 31
9-octadecanamide - - A c 31
1H-indole sweet, burnt 90 A, B, b,c,d, f 23,28,34,39




Aroma

Threshold"

Extraction

Compound name description (Hg/L in water)  method? Sample? Reference
2,3-indole - - D d 38
6-methyl-2-phenylindole - - D a 32
Nitrogen- 4-phenyl pyridine - - D 32
containing N,N'-diethylidene-1,1'-diaminoethane - - A c 28
compound henylacetonitrile
(benzeneicetgnihile, benzyl nitrile) i i ABD b.d.f 27,3739
benzenepropanenitrile - - B,D f 39
dimethyl disulfide cabbage-like 0.16-12 D b,d, e, f 23,32,34,39
dimethyl trisulfide sulfury 0.01 A D b,c,d, e 2, 2376,, 2399’ 34,
2-acetyl thiazole roasty, sulfury 10 D d 23
trimethyl thiazole earthy 50 A c,e 29,31
2-methyl thiazole - - A c 31
4-ethyl-2,5-dimethyl thiazole - - A c 31
thiophene - - D b 34
Sulfur 2-methylthiophene - - D b 34
compound 4,5-dimethyl-2-isopropyl thiazole - - A c 31
methanesulfonic anhydride - - D a 32
allyl isothiocyanate - - B,D e, f 32,39
1,3-dimethylthioindole - - D e 32
dimethyl sulfone - - B d 39
ethyl thioisobutyrate - - D e, f 32,39
1-docosanethiol - - D a 32
n-ethyl hydrazinecarbothioamide - - D a 32
thialdine - - A e 29
2-methylphenol (o-cresol) phenolic 650 A,D a,c.d 28,32
3-methylphenol (m-cresol) - 680%* A c,e 29
4-methylphenol (p-cresol) ps;; zl(;i’c 55 A c 28
2,6-dimethyl phenol - - A c 28
2-ethylphenol - - A,D c,d,e 27,30,32
- 4-ethylphenol . : ABD  cdef 23;?’35?3’;2’
5-ethylphenol - - A e 30
. 23,29,32,34,
4-vinylphenol - 10%* A,B,D ab,cdef 35.39
2-propyl phenol - - A c 28
S-methyl-2-(1-methylethyl) phenol - - A e 30
2-methoxy phenol (guaiacol) smoky, sweet 2.5-3 A,B,D ab,cde,f 23, 2375:3307’229’ 34
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Compound name Aro.ma.i Thrgshold” Extraction Sample? Reference
description (Hg/L in water) method?
2-methoxy-4-vinylphenol (4-vinyl guaiacol) ~clove-like 20-100 A,B,D ab,cdef 23&;9;;25934’
2-methoxy-4-(2-propenyl) phenol (eugenol) splcyi 6-30 A,B c,de 29,39
honey-like
Phenol 4-ethyl-2-methoxy phenol (4-ethyl guaia- clovelike 50 A.B.D cdef 27-30, 32, 35,
col) 37-39
2,6-dimethoxy phenol - 1,850%* B,D a,d, f 23,32,39
2,6-bis(1,1-dimethylethyl) phenol - - A c 28
3,5-bis(1-methylethyl) phenol - - A c 31
2-methylfuran - - D b,d 34,38, 39
2,5-dimethylfuran - - D d 39
2-ethylfuran - - D b, d 34,39
2-ethenylfuran - - D b 34
2-butylfuran - - D d 39
2-pentyl furan m;“g:zilﬂ(e 6 AB,D abcde 2333233?3 iﬁ
2-heptyl furan - - D d 23
Furan 2-octyl furan - - D 23
2-acetyl furan - 10,000* A c, e 29
1-(2-furanyl) ethanone - - C,D b,c,d 26,39
furfuryl acrolein - - A e 30
2-methyl-3-B-furyl propanal(?) - - A e 30
furfurylideneacetone - - A e 30
4-methyl-2,3-dihydrofuran - - D d 39
2,3-dihydro benzofuran - - A,D a,c 28,32
tetrahydro-2-methylfuran - - A c 31
decanoic acid, silver(+) salt(?) - - A e 30
trimethyloxazole - - D d 39
cadinene - - A c 31
3,4-dihydro-2H-pyran - - B f 39
cadina-1,4-diene - - B d 39
(+)-epi-bicyclosesquiphellandrene - - B d 39
Miscellaneous 1,1-bis(2-methylpropyl) hydrazine - - C b 26
[-caryophyllene - 64%* B f 39
N-(2-methyl-2propyl) ethanamide - - B f 39
N-(3-methylbutyl) acetamide - - B f 39
N, N-dimethylformaide - - C b, c 26
3(2H)-pyridazinone - - A c 28
maleic hydrazide - - B d, f 39




Aroma

Threshold”  Extraction

Compound name description (Hg/L in water)  method? Sample? Reference
N,N-bis(1-methylethyl) acetamide - - B f 39
Miscellaneous N-methyl-n-propyl-1-butylamine - - B f 39
N-phenethyl acetamide - - B d 39

U Reference 24.
* Orthonasal threshold in water (ug/L).
# Retronasal threshold in water (ug/L).

2 A! SDE, B: solvent—assisted flavor evaporation (SAFE), C: headspace method, D: solid phase microextraction (SPME).
¥ a: doenjang fermented with Bacillus koji, b: doenjang fermented with Aspergillus koji, ¢ traditional doenjang fermented with meju,
d: commercial traditional doenjang fermented with meju, e: commercial doenjang fermented with Aspergillus koji, f: commercial

doenjang fermented with koji.
¥ The identification is questionable.
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