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Analysis of volatile compounds in fermented seasoning
pastes using edible insects by SPME-GC/MS

Joo-Hyoung Cho', Huiling Zhao', and Chang-Ho Chung"*

'Department of Culinary Science and Foodservice Management, Sejong University

Abstract Fermented seasoning pastes were prepared by Aspergillus oryzae and Bacillus subtilis using three edible insects,
Tenebrio molitor larvae (TMP), Gryllus bimaculatus (GBP), and Bombyx mori pupa (SPP), with soybean (SBP) as a
negative control. Volatile compounds were extracted by the headspace solid-phase microextraction (HS-SPME) method and
confirmed by gas chromatograph-mass spectrometry (GC-MS). In total, 121 volatiles from four samples were identified
and sub-grouped as 11 esters, 18 alcohols, 23 aldehydes, 5 acids, 10 pyrazines, 2 pyridines, 7 aromatic hydrocarbons, 10
ketones, 19 alkanes, 9 amides, 4 furans and 3 miscellaneous. TMP, GBP, SPP and SBP had 48, 54, 36, and 55 volatile
compounds, respectively. Overall, 2,6-dimethylpyrazine and trimethylpyrazine were found by a high proportion in all
samples. Tetramethylpyrazine, a main flavor of doenjang, a Korean fermented seasoning soybean paste, was identified as
one of the major compounds in TMP, SPP, and SBP. SBP had benzaldehyde, hexanal, n-pentanal, and aldehydes and SPP

with pyrazines.
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Table 1. Volatile flavor compounds of soybean and insects paste samples at 35 days (Unit: %)"
Soybean and insect paste®
KI?  Code Volatile compound” ) Odor description Ref?
SBP GBP SPP TMP
Esters (11) 0 7 3 2
838  etl  L-alanine methyl ester 5.1 D - 2.40 -
1270  et2  Trimethylsilyl ester 214 - 0.54 - -
1637 et3  1-Triazene 31.7 - - 1.48 -
1732 et4  Methyl N-hydroxybenzenecarboximidate 34.0 - 4.95 - 4.66
1839  et5  Phenethyl acetate 36.7 - 1.97 - - Flowery (Peinado -5, 2004)
1902  et6  Ethyl oleate 384 - - 1.48 - Coconut, sweet (Chung, 2000)
1908 et7  Phenethyl butyrate 38.6 - 2.78 - -
2002 et8 Prenyl-2-methylpentoate 41.9 - 0.47 - - Musty, swefat, fruity, (Rettinger, 1991)
weak chemical i
2017 et9  Phenylethyl isovalerate 42.5 - 0.61 - -
2060 etl0  Ethyl myristate 445 - 0.20 - -
2102 etll  Ethyl linoleate 464 - - - 193 gzz’:’e creamy, mild, éﬁ:gnzf_i%()l?)
Total esters peak area % 0.00 1153 537 6.59
Alcohols (18) 8 9 3 9
893 all 1,3-Butanediol 74 - 0.75 - -
977 al2  Ethanol 10.8 055 047 - 0.44 Ethanol
1157 al3  3-Methyl-1-hexen-3-ol 17.6 - 0.27 - -
1226 al4  Isoamyl alcohol 199 0.70 0.68 - 1.32 Fusel oil, whisky (Zea 5, 2001)
1267  al5 Pentanol 21.3  0.30 - - - Balsamic (Zhu 5, 2015)
1311 al6  Acetoin 22.7 - - - 2.37 Buttery, cream (Peinado 5, 2004)
1314  al7  Diethylene glycol 22.8 - 0.34 - -
1322 al§  Cetyl alcohol 23.0 030 - - - Very faint
1564 al9  Isopropyl ether 29.9 - - 137 - Sweet
1565 all0  Isooctanol 299 085 - - -
1580 alll  2,3-Butanediol 303 1.20  1.36 - 2.28 Burning (Zhao 5, 2011)
1667 all2  Furfuryl alcohol 324 - 1.29 - 3.51 Caramel-like, sweet (Afoakwa 5, 2009)
1749 all3  2-Hexadecanol 344 - - 1.26 -
1799 all4  2-(2-(Dodecyloxy)ethoxy)ethanol 35.6 - - - 1.76
1821 all5 2-Nonadecanol 362 0.60 - - -
1872 all6  Octaethylene glycol monododecyl ether  37.6 - 0.34 - 0.70
1934 all7  Phenylethyl alcohol 395 220 299 502 387 N sPice rose (Frauendorfer, 2006;
ilac, owery, caramel Jordan 5, 2002)
1976  all8  2-Cyclohexylethanol 40.9 - - - 1.05
Total alcohols peak area % 6.69 848 7.65 1731
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Table 1. Continued (Unit: %)"
Soybean and insect paste’
KI?  Code Volatile compound® RTY Y P Odor description Ref?
SBP GBP SPP TMP
Aldehydes (23) 15 9 8 8
847 adl  Acetaldehyde 5.4 4.49 - - - Ethereal, pungent (Zea 5, 2001)
892 ad2  Isobutyraldehyde 7.4 1.35 - - 1.14 Rotten butter (Pause 5, 2003)
963 ad3  n-Pentanal 103  7.74 - - - Almond, malt, pungent  (Zhu %, 2015)
963  ad4  3-Methylbutanal 103 - 271 - 562 Chocolate, malt (Zhu 5, 2015;
a ethylbutana ocolate, mal Afoakwa =, 2000)
1107 ad5  Hexanal 15.8  8.99 - - - Green,herbal,grass (Jordan 5, 2002)
1156 ad6  (E)-2-pentenal 17.5 - - 0.57 - Fruity,strawberry (Jordan 5, 2002)
Dryfish, pesticide,solv =
1206 ad7  Heptanal 19.3 - - - 0.62 ent smoky (Jordan 5, 2002)
1326 ad8  3-Ketobutyraldehyde dimethyl acetal 232 - - 034 079
Oxidated oil, fat, (Fu 5, 2009;
1407 ad9  Nonanal 257 115 095 2.63 " Gitrus, green Zhu =, 2015)
1450 adl0 (2E)-2-octenal 269 3.74 - - 1.14 Green, nut, fat (Zhu 5, 2015)
Woody, almond, (Afoakwa 5, 2009;
1479 adll  2-Furancarboxaldehyde 276 230 312 525 " Caramel-like, sweet Jeong =, 2011
1489 adl2  2,5-Bis[(trimethylsilyl)oxy]benzaldehyde 27.9 - 0.27 - -
1514 adl3 2,4-Heptadienal 28.6 - 1.36 - - Orangeoil,oily (Jordan 5, 2002)
1552 adl4 Benzaldehyde 295 963 556 - _ Bumtsugar, almond,  (Jeong 5, 2011;
savory Kim &, 1993)
1608 adl5 (2E,6E)-2,6-nonadienal 310 - - 137 - ?bz‘fanacandy’green’he (Jordan 5, 2002)
1643 adl6  2,3,4-Trimethylbenzaldehyde 31.8 - - 1.37 -
1670 adl7 Benzene acetaldehyde 325 334 - - - Osmanthus, rosy (Chung, 2000;
’ Zhao 5, 2011)
1682 adl8 4-Methylbenzaldehyde 328 389 529 - 6.85 Cherry
1741 adl9 4-Ethylbenzaldehyde 342 190 - - -
Deep fat avor, chicken
- . i avor at 10 ppm, citrus/  (Calkin} Hodgen,
1835 ad20 (E E)-2,4-decadienal 36.6 1.85 422 255 orange/grapefivit avor 2007)
at lower dilutions
1961 ad21  2-Phenyl-2-butenal 40.5 1.00 136 228 0.70 Floral, prune-like (Chung, 2000)
2048 ad22  1H-pyrrolecarboxaldehyde 44.0 0.40 - - - Honey, candy (low) (Afoakwa -, 2009)
2102 ad23  5-Methyl-2-phenyl-2-hexenal 464 050 0.68 - - Prune-like (Chung, 2000)
Total aldehydes peak area % 5227 21.30 18.04 19.42
Acids (5) 3 2 0 1
1449 acl  Acetic acid 268 - 095 - - Sour, astringent, (Frauendorfer, 2006)
vinegar
1490  ac2  3-Hydroxymandelic acid 279 090 - - -
. (Frauendorfer3%}
1564 ac3  Propanoic acid 298 - 095 - 141 S;’“r pungent, rancid, - g pdoterle, 2008;
Y Ruth, 1986)
1756 ach 3,S-B1s(rpethylth10)1soth1azole-4- 345 155 ) ) )
carboxylic acid
1897 ac5  Pentanoic acid 383  0.60 - - - Sour (Zhao 5, 2011)
Total acids peak area % 305 190 000 141
AT 105, O}EFC’]E% G FAT 1B, A AUSED okl 1F AR 0 2 9 120 gRANT
HREHRGIR A 3680 SAFEEILAST 37, ak SBPOl B HlaS AAse HatRel A drsiol=
# 55, Wl 55, AHAF 55, W95 AHE 45, A (5227%), SFAFA6ITHZ Ble] STk 2t 32 F ohF
Ef 5%, I 5%, FOR 15 2 6 0%, 2AANE Bl ke 9 vehlc B4 SRS 20 45 9
5 Ho|2EY Y3 zu|F(TMP)Y] 735 48%2] 31gE(oll2E gslo| =R Sl = W2 5ko] = (benzaldehyde, 9.63%), =4k
2R/ 2%, 4AEF 9%, gHslol=F 8%, A 1%, HRlF Y(hexanal, 8.99%), =" (n-pentanal, 7.74%), o ELGH|st

%_9
85, WHHR 2%, WIS o= 5T, AT 4%, AT 6 O|E(449%)°] Aol w2 HlES AASAL o, JEHlF
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Table 1. Continued (Unit: %)"
Soybean and insect paste’
KI?  Code Volatile compound® RTY Y P Odor description Ref®
SBP GBP SPP TMP
Pyrazine (10) 7 3 5 8
1292 pyl  Methylpyrazine 22.1 030 041 - 0.62 Nutty, green (Afoakwa -, 2009)
1349 py2  2,5-Dimethylpyrazine 23.9 - - 0.57 - Roasted, cooked (Afoakwa -, 2009)
) ) Baked potato, nutty, (Jeong =, 2011;
1354  py3  2,6-Dimethylpyrazine 240 160 217 3.65 1.85 fuity, cooked rice Zhao 5., 2011)
1371  py4  2,3-Dimethylpyrazine 246 045 - - 0.44 Cooked, nutty (Afoakwa 5, 2009)
. . Cocoa, roasted, =
1429  py5  Trimethylpyrazine 263 364 495 833 422 cooked (Afoakwa 5, 2009)
1460 py6  2-Vinylpyrazine 27.1 - - - 0.35
1467 py7  3-Ethyl-2,5-dimethylpyrazine 273  0.55 - - 0.44 Roasty (Matsui 5, 1998)
. Milk-coffee, roasted, =
1499  py8  Tetramethylpyrazine 282 834 - 19.06 7.03 chocolate (Afoakwa 5, 2009)
1536 py9  2,3,5-Trimethyl-6-ethylpyrazine 29.1 1.30 - - 1.14 Candy, sweet (Afoakwa -, 2009)
1537 pyl0 2-Methyl-3,5-diethylpyrazine 29.1 - - 0.46 - Nutty, roasted aroma  (Moio3} Addeo, 1998)
Total pyrazine peak area % 16.17 7.53 32.08 16.08
pyridine (2) 0 0 0 2
1518 Bls_[1Z4]benzod1th11no[2,3-b:2',3'-e] 287 ) ) ) 193
pyridine
1597 pd2  Pyrazolo[1,5-a]pyridin-5-ol 30.7 - - - 4.39
Total pyridine peak area % 0.00 0.00 0.00 6.33
Aromatic hydrocarbons (7) 4 4 4 5
1281 ahl  Styrene 21.7 030 - 0.68  0.53 Solventy, rubbery (Ruth, 1986)
1783 ah2  Naphthalene 352 195 265 445 1.67 Mothball, tar-like (Ruth, 1986)
1882 ah3  1-Naphthol 378 125 1.70 - -
1926 ah4  Butylated hydroxytoluene 392 - - - 035 Slight phenolic (Shahi%ffg)zmng’
2019 ah5  Phenol 42.6 - - 0.23  0.70 Phenol (Zhao 5, 2011)
2076 ah6  8-Isopropyl-1-naphthol 452 - 0.27 - -
2212 ah7  2-Methoxy-4-vinylphenol 534 130 1.76 297 1.23 Spicy, phenolic (Matsui 5, 1998)
Total aromatic hydrocarbons peak area % 479 638 833 448
Ketones (10) 6 3 5 4
1013 kel  2,3-Butanedione 12.2 - - 1.03  2.02 Buttery (low) (Zhu 5, 2015)
Fruity, spicy,
1205 ke2  2-Heptanone 19.3 - - 0.46 - cinnamon, penetrating Calkins
fruity odor in liquid
1337 ke3  2,3-Octanedione 23.5 020 - - - Cream, butter, wax (Zhu &, 2015)
1616 ke4  2-Undecanone 312 2.00 - - 2.02 Grassy (Fu 5, 2009)
1682 ke5  Acetophenone 32.8 - - 11.07 } }?(l)lrfgfy strawben, (Burdock, 2016)
T ) ) (Qian3} Reineccius,
1826  ke6  2-Tridecanone 363 0.75 1.05 Fatty(very weak) 2002)
1873  ke7  Geranylacetone 37.6  1.00 - - - Fragrant
1996 ke8  2-Acetylpyrrole 416 060 081 137 0.79 Floral (Chung, 2000)
2037 ke9  2-Pentadecanone 435 025 075 057 - Jasmine, celery-like (Tamura 5, 2013)
2172 kelO0  y-decalactone 50.7 - 0.61 - - Fruity, peach, caramel (Zea 5, 2001)
Total ketones peak area % 479 217 1450 5.89
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(Unit: %)"

Soybean and insect paste®

KI?  Code Volatile compound” RTY Odor description Ref®
SBP GBP SPP TMP
Alkanes (19) 7 10 5 6
1209 akl  Dodecenal 194  0.75 - - - Coriander-like (Tamura 5, 2013)
1347 ak2  Trans-2-heptenal 23.8 1.35 - - 1.23 Pesticide,onion (Jordan 5, 2002)
1401 ak3  Tetradecanal 255 145 197 331 - Fatty, waxy, dairy (Tamura 5, 2013)
1497 ak4  Pentadecanal 28.1 - 0.81 0.68 - Tallowy, soapy (Tamura 5, 2013)
1592  ak5  3,5-octadien-2-one (£, E) 30.6 - - 2.05 - Fatty (Fu 5, 2009)
1600 ak6  Hexadecanal 308 215 292 - -
1614  ak7  15-Crown-5 31.1 - 1.22 - -
1699 ak8  Heptadecane 332 165 1.63 - 2.90 Odorless (Fu 5, 2009)
1767 ak9  Bicyclo[13.1.0]hexadecan-2-one 34.8 - - - 0.97
1774  akl10 1,13-Tetradecadiene 35.0 - - - 1.67
1776  akll Cyclohexadecane 350 0.65 - - -
1800 akl2 Octadecanal 35.6 - 0.75 - - Tenacious (Tamura 5, 2013)
1819 akl3 Bicyclo(5.1.0)octane 36.1 - 0.95 - -
1820 akl4 1,2-Dimethyl-1-cyclooctene 36.1 - - - 0.79
1852 akl5 Anethole 37.0 - 0.68 - - Sweet, anise (Ashurst, 1995)
1926 akl6  12-Crown-4 39.2 - 0.20 - -
1976  akl7 21-Crown-7 41.0 0.60 - - 1.93
2003 akl8 Icosane 41.9 - - 0.46 -
2067 akl19  18-crown-6 448 - 0.07 0.23 -
Total alkanes peak area % 859 1120 6.74 949
Amides (9) 2 6 0 1
821 aml n-Butylamine 43 - 2157 - ; ;ﬁ}goizggl (He“mlagfj)sma“’
829 am2  sec-Butylamine 4.7 - - - 10.28 Fishy, ammoniacal (Hellmlag;j)Small,
847 am3  Dimethylacetamide 54 - 312 - . Amine, burnt, oily, (Ruth, 1986)
ammoniacal
1015 am4  Urea,N-(aminoiminomethyl)- 12.3 - 0.27 - - Ammoniacal (Ruth, 1986)
1213 am5  Trietylamine 19.5 - 0.14 - - Fishy, amine (Ruth, 1986)
1309 am6  6-Methyl-2-benzothiazolamine 22,6  0.65 - - -
1768 am7  Acetamide 34.8 - 1.90 - - Odorless
1913  am8  2-Amino-4-(4-nitrophenyl)thiazole 388 0.35 - - -
1975 am9  Glycolamide 40.9 - 0.20 - -
Total amides peak area % 1.00 27.20 0.00 10.28
Furans (4) 2 1 1 2
893 ful 2-Methyltetrahydro-3-furanone 7.4 - - 0.68 - Caramel, soy sauce (Zhao 5, 2011)
1156  fu2  2-Butylfuran 17.5 0.40 - - - Odorless (Zeng 5, 2009)
1243 fu3  2-Pentyl furan 205 170 231 - 1.41 Nutty, bean (Zeng 5, 2009)
1881 fu4  3-Phenylfuran 37.8 - - - 1.32 Green bean-like (Feng 5, 2015)
Total Furans peak area % 210 231 0.8 2.72
Miscellaneous compounds (3) 1 0 2 0
847 mcl  Topotecan 5.5 - - 5.25 -
1709 me2 7,8-Dihydro[1,3]thiazolo[3,2-¢]purin-4 33.4 ) ) 137 )
(1h)-one
2004 me3  Maltol 42.0 0.55 - - - Caramel, sweet (Feng 5, 2015)
Total miscellaneous compounds peak area % 055 0.00 6.62 0.00
Total volatile compound 55 54 36 48

YPeak area %

?Kovats retention index of unknown compounds on DB-WAX column.
Masshunter data analysis library of unknown compounds on DB-WAX column (Wiley library 2011)

“Retention time

9SBP: Doenjang with soybean meju, TMP: paste seasoning with Tenebrio molitor (Mealworm) larvaemeju, GBP: paste seasoning with Gryllus
bimaculatusmeju, SPP: paste seasoning with Bombyx mori (silkworm) pupa meju
®Reference aroma and odor.

M-: Not detected.
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Table 2. Qualifier ions (72/z) of volatile flavor compounds in soybean and insects paste samples at 35 days

Code Volatile compound” mlz Code Volatile compound m/z
Esters (11) 32,44,18,58 Acids (5)
etl L-alanine methyl ester 28,18, 117,45 acl Acetic acid 45,43, 41,70
et2 Trimethylsilyl ester 151, 135, 134, 152 ac2 3-Hydroxymandelic acid 192, 28,209, 268
et3 1-Triazene 43,91, 105, 28 ac3  Propanoic acid 45,73,74,18
otd zgf;hyl N-hydroxybenzenecarboximi- 45,18, 43, 55 acd ;ifc-ggt(imethylthio)isothiazole-4-carbox-73’ 221,45, 43
et5 Phenethyl acetate 43, 105, 28, 71 ac5 Pentanoic acid 28,43,45,18
et6  Ethyl oleate 28, 57,105, 45 pyridine (2)
et7 Phenethyl butyrate 28,105, 57, 45 pdl g’iﬁ‘g AJbenzodithiino[2,3-b:2' 3 €lpyri- 355 149 551 g
et8 Prenyl-2-methylpentoate 88, 45,101, 18 pd2  Pyrazolo[1,5-a]pyridin-5-ol 52,28, 93,45
et9 Phenylethyl isovalerate 45,43,79, 18 Aromatic hydrocarbons (7)
etl0 Ethyl myristate 32,44, 18, 58 ahl Styrene 28,103,78, 18
etll Ethyl linoleate 28,18, 117,45 ah2 Naphthalene 73, 28, 45, 69
Alcohols (18) ah3  1-Naphthol 115,121,91, 28
all  1,3-Butanediol 43,17,32,41 ah4 Butylated hydroxytoluene 45,18, 205,73
al2  Ethanol 28, 45,207, 46 ah5 Phenol 28, 45, 18, 66
al3  3-Methyl-1-hexen-3-ol 28,17,32,45 ah6  8-Isopropyl-1-naphthol 171,45, 18, 186
al4  Isoamyl alcohol 70,42,41,43 ah7 2-Methoxy-4-vinylphenol 135,28, 107,77
al5 Pentanol 42,55,41,70 Ketones (10)
al6  Acetoin 43, 88, 28,27 kel 2,3-Butanedione 28, 86, 18, 32
al7  Diethylene glycol 28,75,43, 18 ke2 2-Heptanone 18, 43, 58, 32
al8  Cetyl alcohol 43,55,70, 18 ke3  2,3-Octanedione 43,18,71, 32
al9  Isopropyl ether 45,18, 73,29 ke4 2-Undecanone 58,43,45,71
all0 Isooctanol 45,43, 18, 55 keS  Acetophenone 77,120, 51,91
alll 2,3-Butanediol 28,43,57,29 ke6 2-Tridecanone 58, 43,45, 59
al12  Furfuryl alcohol 28,97, 41, 81 ke7 Geranylacetone 28,69, 45,41
all3 2-Hexadecanol 45,18,43, 133 ke8 2-Acetylpyrrole 1009, 28, 66, 45
all4  2-(2-(Dodecyloxy)ethoxy)ethanol 45,57,43,71 ke9 2-Pentadecanone 58,43, 45,59
all5 2-Nonadecanol 45,18, 81, 67 kel0 vy-Decalactone 28,45, 18,29
all6  Octaethylene glycol monododecyl ether 43, 45, 18, 69 Alkanes (19)
all7 Phenylethyl alcohol 92,122, 65, 28 akl Dodecenal 57,43, 18,71
all8 2-Cyclohexylethanol 45, 18,43, 55 ak2 Trans-2-heptenal 41, 108, 55, 42
Aldehydes (23) ak3 Tetradecanal 74,43, 85, 41
adl  Acetaldehyde 32,44,29,43 ak4 Pentadecanal 43,28,71, 85
ad2 Isobutyraldehyde 43,41,72,32 ak5 3,5-Octadien-2-one (E,E) 45,28, 43, 81
ad3 n-Pentanal 44,58, 43,57 ak6 Hexadecanal 71,43, 85,28
ad4  3-Methylbutanal 44,58, 43,57 ak7 15-Crown-5 43,77,45,58
ad5 Hexanal 44,41,57,43 ak8 Heptadecane 71,43, 85,28
ad6  (£)-2-pentenal 28,17,55,32 ak9 Bicyclo[13.1.0]hexadecan-2-one 57,45, 43,55
ad7 Heptanal 28,18, 58,44 ak10 1,13-Tetradecadiene 41, 70, 57, 83
ad8 3-Ketobutyraldehyde dimethyl acetal 28, 18, 75, 93 akll Cyclohexadecane 45,43, 55,57
ad9 Nonanal 28, 41,43, 55 akl2 Octadecanal 57,43,71,45
ad10 (2E)-2-octenal 55,41, 83,57 ak13 Bicyclo(5.1.0)octane 67,45, 81, 18
adll 2-Furancarboxaldehyde 95, 39, 38, 28 akl14 1,2-Dimethyl-1-cyclooctene 67,81,45,41
ad12 2,5-Bis[(trimethylsilyl)oxy]benzaldehyde 28, 45, 18, 193 ak1l5 Anethole 88, 45, 18, 148
ad13 2,4-Heptadienal 28, 120, 18, 193 akl6 12-Crown-4 45,18, 73,59
ad14 Benzaldehyde 105, 77, 51, 50 ak17 21-Crown-7 45,18,43,32
adl5 (2E,6E)-2,6-nonadienal 28,70, 69, 45 akl18 Icosane 45, 18,43, 135
ad16 2,3,4-Trimethylbenzaldehyde 148, 66, 28, 54 akl19 18-Crown-6 45, 18,43, 32
ad17 Benzene acetaldehyde 92, 120, 28, 65 Amides (9)
ad18 4-Methylbenzaldehyde 120, 91, 105, 65 aml n-Butylamine 44,32, 40, 14
ad19 4-Ethylbenzaldehyde 133, 119, 105, 91 am2 sec-Butylamine 44,32, 40, 14
ad20 (£ E)-2,4-decadienal 28,41, 67,45 am3 Dimethylacetamide 32,44,29,43
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Code Volatile compound” mlz
ad21 2-Phenyl-2-butenal 115, 146, 28, 91
ad22 1H-pyrrolecarboxaldehyde 95,45,94, 18

ad23  5-Methyl-2-phenyl-2-hexenal 117,45, 115,43

Pyrazine (10)

pyl Methylpyrazine 28,67, 18,32
py2 2,5-Dimethylpyrazine 42,28,39,18
py3 2,6-Dimethylpyrazine 42, 40, 39,28
py4 2,3-Dimethylpyrazine 67,28, 18,57
pyS Trimethylpyrazine 42,81,39,123
py6 2-Vinylpyrazine 106, 45, 43, 18
py7 3-Ethyl-2,5-dimethylpyrazine 28,136, 57,71
py8 Tetramethylpyrazine 54,42, 53,39

Code Volatile compound mlz
am4 Urea,N-(aminoiminomethyl)- 43,18,32,17
am5 Trietylamine 18, 142, 100, 32
am6 6-Methyl-2-benzothiazolamine 43, 45, 57, 207
am7 Acetamide 44, 43,42, 28
am8 2-Amino-4-(4-nitrophenyl)thiazole 45,773,221, 147
am9 Glycolamide 45,18, 32,43
Furans (4)

ful 2-Methyltetrahydro-3-furanone 43,32,41,72
fu2  2-Butylfuran 28,18, 124, 55

fu3  2-Pentyl furan
fu4  3-Phenylfuran

73, 342,325,343
144, 115, 121,91

Miscellaneous compounds (3)

py9  2,3,5-Trimethyl-6-ethylpyrazine 150, 28, 122, 43 mcl Topotecan 32,44,29,43
pyl0 2-Methyl-3,5-diethylpyrazine 149, 150, 18, 45 mc2 Zﬁﬁ_ﬂo‘zgro“’3]thiaZ°1°[3’2'e]p“ri“' 108, 43,28, 93
mc3  Maltol 126,45,71,43
YMasshunter data analysis library of unknown compounds on DB-WAX column (Wiley library 2011)
Table 3. Consumer flavor preference of paste seasoning with soy and insect edibles
SBP" TMP GBP SPP F-value
Flavor 3.60£1.45™ 3.08+1.79™ 2.38+1.35° 3.28+1.63™ 12.58"
"Mean+SD

2*dMeans in a column by different superscripts are significantly different at 5% significance level by Tukey HSD test.

D5p<0.05, **p<0.01, **%p<0.001

YSBP: Doenjang with soybean meju, TMP: paste seasoning with Tenebrio molitor (Mealworm) larvae meju, GBP: paste seasoning with Gryllus
bimaculatusmeju, SPP: paste seasoning with Bombyx mori (silkworm) pupa meju
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Fig. 1. PLSR loadings illustrating the relationship between 12
flavor compositions (X) and flavor characteristic (Y) (a) with
fermented soybean and edible insect seasoning pastes (b).
Samples explanation) SBP: Doenjang with soybean meju, TMP:
paste seasoning with Tenebrio molitor (mealworm) larvae meju,
GBP: paste seasoning with Gryllus bimaculatus meju, SPP: paste
seasoning with Bombyx mori (silkworm) pupa meju
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Fig. 2. PLSR loadings illustrating the relationship between 121
volatile compounds (X) and flavor characteristic (Y) (a) with
fermented soybean and edible insect seasoning pastes (b).
Samples explanation) SBP: Doenjang with soybean meju, TMP:
paste seasoning with Tenebrio molitor (Mealworm) larvae meju,
GBP: paste seasoning with Gryllus bimaculatus meju, SPP: paste
seasoning with Bombyx mori (silkworm) pupa meju
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acid, ac2), 3,5-bis(methylthio)isothiazole-4-carboxylic acid (ac4),
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Eg}o]obAl(1-triazene, et3), =& 4ol E (ethyl oleate, et6) 501 2
2AREH) sgele GBPY ¢ Aol =2 Al &
ARl AL ofnjol= A |3 B2 AL F7|AFEC]
o Fxse] e, A ALY A9 GBPAA R HEo]
H  15-crown-5 (ak7), SEFHZF%Y(octadecanal, akl2), bicyclo
(5.1.0) octane (akl13), ©}4]E(anethole, akl5), 12-crown-4 (akl6)
5 5%°] 3, HE T (pentadecanal, ak4), FATH 7 (hexade-
canal, ak6), 18-crown-6 (ak19) 5 T}Fst F/7F &lo] ATt
E3] GBPIAM = olufol= Aol =T oW (n-butylamine,
aml), tho||€olA| Eoln|o] = (dimethylacetamide, am3), urea,N-
(aminoiminomethyl)-(am4), E&}o]o|@o (trietylamine, am5), ©}A|
Eolulo| = (acetamide, am7), Z2]FoFrlo] = (glycolamide, am9) &
o B EY, =2 ol o 9 GBPY 7MY & H|
&S At T8 PIHESE FRlo] HUoH, o= AXM
HZYe} Aol WA Fof FnE Yeplle E2=E GBP/F &
SAR AT WAl YEtEE JES 7|3 Zlolgt ddst
A CtHHellman=} Small, 1974). 3AHE™ ] Uebd 2-:ldF2-
Pentyl furan, fu3)2] 7%, £48 F& Al SPPE A|Llstx
BE ARAA YUEEA 53] GBP Ado] =4 gRle] =
=, ol F7I8elv 29 It e AEe® 4duA ok
(Krishnamurthy %, 1967). E8t GBP9} S| Z~E|2 A Fe] A
o] & 7o lo] HEd|, d2HZE ALY 2HE2 Yt
Ao UaAE A= AAte] Fgole] . zgo o3| A
AEe Aoz dElA JrKChoust Hwan, 1994). GBPIlA R &
o] H= 22 Effoloddd ol ZH(trimethylsilyl ester, et2),
2-3l ol & o} M| Bl o] E(2-phenethyl acetate, et5), HUWEHEIHIE
(phenethyl butyrate, et7), prenyl-2-methylpentoate(et8), ©]47ZzAt
¥ d of| & (phenylethyl isovalerate, et9), U]2]Z=EFo] Y (ethyl
myristate, etl0)s 652 &1 & F o™, GBPS} TMPS| &2
H&S AR5k g dsto] =SAATHEA B H 0] E(etd)o]
A=At
AREHI AAHEHE] AfolellA] TMP A|E7}F 1ol =T,
TMP®} 7/ do] =2 d3E ALz SARl ALY EEE
o] ThF X Ho] Ut} &FHE AL = TMP Al8olA T &
olo] H o}AEl(acetoin, al6), 2-(2-(dodecyloxy)ethoxy)ethanol
(al14), 2-Ate] 2234 o H-&-(2-Cyclohexylethanol, all8) 3%} o}
o] 401U (isoamyl alcohol, al4), 2,3-HET}O]2-(2,3-butanediol,
alll), F2FD LIS (furfuryl alcohol, all2), octaethylene glycol
monododecyl ether (all6), H'dANELIL2(all7) 5] Fl=AT)
G3g Ao A9 dd T2 Aol grHE Sl A38st
= oM EGHslo| =y AlEe] SAuk-gol| ofste] AEAY g
FalEo 93] AAEE EFE G wazgels ok vEl
btk 4 A e, 23S Wk she dddgdatE(all7)
o] A ©4e] Fuld 2 FrE F= EAE IRIHATH(Lee
B FA 7P w2
glo] HYlow, 2% B4 Al
Ql WHg-& HQl SPPOIlA &2
&S vepd Ao JFS mXs ZoE Bl A AE
= TMPAIA T EAo] = bicyclo [13.1.0Jhexadecan-2-one
(ak9), 1,13-tetradecadiene (akl10), 1,2-dimethyl-1-cyclooctene (akl14)
5 353 Vel AQ (heptadecane, ak8), 21-crown-7 (akl7) 5°]
fodol A BAEAY o] AE BT H|go] Wil 7|7}
= AEER 4EA o] #FH S dFE MAAE F

o1 T

1% £Q o of

Ao F AHETHFu 5, 2009). 3 WS sfEolM= TMP
XY Eelo] H Festo|=EA| EF<l(butylated hydroxytoluene,
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ahd)7t 3135 (phenol, ah3) 5ol FAESI=H ole = HAIE W
o] A 53 WIEEE BAESIrKShahidiot Zhong, 2005; Zhao
S, 2011). TMPS] 8 7] JEO2 opufo|=79| o|xpfrdo}
Wam2)7} =& HES AAstaL el o] AR 4§ FEot
9l (butylamine)} 7e] hEUjole] WAIE IHl“: Row dHA AU
ChHellman¥} Small, 1974). TMP A82] 74 T2 ABME

UERER] 92 Igld A o] 6.32% 1g§_ 2% o] HA=
o, o] o] A dnkHog M e o T B F
< e 2oz 4EA 9o, & AFelx #ed Fn F4rt
A U A ARske AES Belth(Yajima 5, 1983). TMP,

=
GBP % SBPo] & Hl 2 e 4Dl 2 Y| 5ko] = (ad18)
o] A% =9 HE FROE YA A E gRle] H
= 7] 4R %%«l Ag] o] AR = ] Aoz gt
Fqo o8 Yehts oz FAdkEchPark 5, 2014). g Y
Slo]=FolA] TMPY] &2 H| &S XA sle AEo2e 3-HE
Fret a(ad4)°l A=At
AolA B AR AXA e 4 AR E 5

71*3‘%‘—3 gRls E®, SBPO| 74 21 F¢] FrdEe] E1lo]
HJomw, 1 FoA] Hlgo] & PR %
O|=(adl), =L EF(ad3), 4t (ads), WA
(benzene acetaldehyde, ad17), 4-ol@ul=Ld| O}O]E(adl9) 5 %}Eﬂ
sfo|=5 Alde] 71 Buth GBP AlEe] A$ 25/ £ GBP
ol ARt Elo] B FUASFEE] Urﬁ}kkzﬂﬂ, Hl o] 7H =
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o}A| Eolrfo] = (am7) oufo]= A|lFe] 3] o] gl
o] =of GBPol| 52 ¢EYol UAE o] #eHoz
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