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Aroma Characterization of Roasted Bulgogi Reaction Flavor
Manufactured by a High-temperature Reaction Apparatus

Won-Ho Seo, Young-Kwon Kim, Seong-Ho Jang, and Hyung Hee Baek'*

OURHOME Co. Ltd., Food R&D Center
'Department of Food Engineering, Dankook University

Abstract To characterize the aroma properties of roasted bulgogi reaction flavor obtained by using a high-temperature
reaction apparatus, the volatile flavor and aroma-active compounds were analyzed using simultaneous steam distillation and
solvent extraction (SDE)-gas chromatography-mass spectrometry-olfactometry (GC-MS-O). One hundred five volatile
compounds were detected in roasted bulgogi reaction flavor using GC-MS. Out of these compounds, furfural was the most
abundant volatile compound, followed in order of abundance by 5-methyl furfural, phenylacetaldehyde, and nonanal. Of
the volatile compounds identified in roasted bulgogi reaction flavor, 33 aroma-active compounds were detected using GC-
0. 2,3-Butanedione and furfural were the most intense aroma-active compounds detected. Other relatively intense odorants
included hexanal, octanal, nonanal, undecanal, phenylacetaldehyde, 5-methyl furfural, 2,6-dimethyl pyrazine, and dimethyl
trisulfide. These were important aroma-active compounds that contributed to the aroma of roasted bulgogi reaction flavor
because of their potency and aroma properties. The concentrations of the aroma-active compounds increased as the reaction
temperature increased, whereas those of the sulfide compounds decreased.

Keywords: bulgogi, roasted bulgogi flavor, volatile flavor compound, reaction flavor, aroma-active compound
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Table 1. Amounts of ingredients for the production of the
roasted bulgogi reaction flavor

Ingredient Amount (g)
Soy sauce 8.4
Sugar 10.0
Corn syrup 33
Garlic powder 23
Onion powder 23
Ginger extract 0.3
Water 73.4
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Fig. 1. High-temperature reaction apparatus.

FZI|55F Y S0 SAIFEY(Simultaneous steam distilla-
tion and solvent extraction, SDE)
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75¢S 1LY HAY

7t AAE FRFo dgety HFEEFEEE 972 g9 3-
heptanol (Sigma-Aldrich, St. Louis, MO, USA)E X 7}st &

100 mL9] dichloromethane (J.T. Baker, Center Valley, WI, USA)
©2 3 A7+ &9 SDE ] (Kontes, Vineland, NJ, USA)Z F
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Gas chromatography-mass spectrometry (GC-MS)
SDEE o|&3te F&38 +& =a7] vh-33e] A 3714
4L Agilent 6890N GC-Agilent 5973N mass selective
detector (MSD) (Agilent Technologies, Palo Alto, CA, USA)E
A2 TE Column DB-wax (60 mx0.25 mmx0.25 um: J & W
Scientific, Folsom, CA, USAYE AME3I oM, 98 2% 40°C
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Gas chromatography-olfactometry (GC-O)

GC-O= Varian 3800 (Varian Instrument Group, Walnut Creek,
CA, USA)S A&-319t) 7&7]= FID (flame ionization detec-
tor)E AFESIAL column® ZH-E] EXA]7 nose cones ©]-&3}
o] sniffingS A AR Y. Columne DB-wax (30 mx0.25 mmx
025 um: J & W Scientific, Folsom, CA, USA)E A3l 2
B 2EE 40°CollA 587 FAFE F 200°C7H] 5°C/min SRR
XA 1087 FABFATE. Injector 255 200°C, AE7] 2%
F-4-2 1.4 mL/min

E 250°CO]H o]FAL helium AFESIGIL e
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g gite] ERlETh 2E7] BR AR aldehydeR 7t 23
%, ketone® 7} 175, furan® 7} 145, hydrocarbon® 7} 125,
alcohol#7} 9%, pyrazineH7} 8%, acid®7} 7%, & &+ 313
Eo] 7%0] TAHEY LM, o8l terpene, methoxy phenol &%
FAEA. o] 5 furfural (no. 45)°] 1,782 ppmeZ 7FE =2
sSSP S ™, S-methyl furfural (no. 48), phenylacetalde-
hyde (no. 16) ¥ nonanal (no. 9% 500 ppm ©]’49] =& =
S YepAct 2 9]l 2-tridecenal (no. 18), 2,3-butanedione
(no. 25), 2-acetyl furan (no. 46) % 2-furanmethanol (no. 50)%=
S FFoE EAlshs, ¥ E] wEEe Fad 3y
ol ATt

AldehydeF= 23%°] SHEAL, ©I% phenylacetaldehyde’} 7}
2 L U 72 B3] 9hEEkl EX8=
aldehyde 2] ThH-2-& W= aldehyde® EH1FQlom I Foj
2] nonanal®] o] 7P =okom, o] ol heptanal (no. 4),
octanal (no. 7), (E)-2-octenal (no. 10), undecanal (no. 15), dode-
canal (no. 17) & 2-tridecenal= 100 ppm ©]F2] ¥& 38 U
EMISITE AWM= aldehydeF= AFsloll Q)3 A== sl
g Ao g, Bxsixibike] Abste) s AAAETH(15). T

& B3] Whggke] ATEHAR ALES 92| BRI AL
22 Jhgol oJ3)] AbslE|o] o]2{$t aldehyde SFEES S A
o2 A7 Cho F(11)2 A< aldehyde’} E317]9] 8
g 3y sigtEoletal BAsit). Ed Ba F(l16) 7HE =
2gh ko] FA RS BT A3 22F9] aldehyde 3=
S ASIAL o]59] -T2 AAike] kst oz AAE A
HOL&

= aldehydeztal RIAEIATEH &, B3V 2 FL A317]00A
23 A4S ks AWE aldehydeHo] UIFEE & Bl
o= EA5ATH

KetoneF= 17%5°] F4FReH, tlFE AWZ ketoneF= &
A AT ©] F 2,3-butanedione®] 145 ppmoZ 7MY =2 3
S YERISA, 2,3-pentanedione (no. 26), 3-heptanone (no. 28)
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Table 2. GC-MS identification of volatile flavor compounds of
roasted bulgogi reaction flavors manufactured by high-temperature
reaction apparatus

Concentration
No” RP? Compound name (ppm)”
Aldehyde
1 1040 2-butenal 39.3+1.7
2 1085 hexanal 65.9£3.6
3 1132 2-pentenal 16.0+0.9
4 1189 heptanal 115.246.5
5 1209 3-methyl butanal 6.3+1.1
6 1222 2-hexenal 41.3£5.3
7 1293 octanal 170.9+1.2
8 1327 (E)-2-heptenal trace
9 1400 nonanal 469.1£17.8
10 1435 (E)-2-octenal 195.9+£2.1
11 1495 2,4-heptadienal trace
12 1502 decanal 190.1£17.8
13 1527 benzaldehyde 44.3+8.5
14 1540 2-nonenal 64.4+6.9
15 1610 undecanal 140.8+£13.3
16 1652 phenylacetaldehyde 785.4+63.7
17 1716 dodecanal 110.5£12.6
18 1761 2-tridecenal 303.8+73.4
19 1818 2,4-decadienal 37.1+4.8
20 1823 tridecanal 57.5£12.3
21 1928 tetradecanal 27.4+7.2
22 2034 pentadecanal 16.2+5.3
23 2139 hexadecanal 9.9+2.1
Ketone
24 932 3-buten-2-one 3.8<1.4
25 955 2,3-butanedione 145.3+10.5
26 1063 2,3-pentanedione 36.9+1.8
27 1128 3-penten-2-one 3.4+0.0
28 1157 3-heptanone 27.4+7.2
29 1186 2-heptanone 9.2+1.2
30 1229 4-octanone 10.2+4.2
31 1289 2-octanone 10.3+3.1
32 1371 2-methyl-2-cyclopenten-1-one 12.1+6.8
33 1377 1-hydroxy-2-butanone 6.8+1.7

34 1408 4-methyl-1-pentene-3-one trace

35 1492 2-decanone 35.9+5.8
36 1601 2-undecanone 15.5+1.4
37 1814 2-tridecanone 11.9+2.5
38 1841 3-octanone 13.5£3.1
39 2016 4-hydroxy-3-methylacetophenone 10.4£1.0
40 2025 2-pentadecanone 12.9+4.0
Furan

41 1136 2-butyl furan trace
42 1235 2-pentyl furan 8.6x1.7
43 1334 2-hexyl furan trace
44 1439 5-methyl-2(3H)-furanone trace
45 1479 furfural 1782.6+61.3
46 1511 2-acetyl furan 209.3+10.1
47 1538 2-octyl furan 72.6+6.8
48 1586 5-methyl furfural 816.2+32.6
49 1619 2-acetyl-5-methyl furan 20.3£7.2
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Table 2. continued

N 2) Concentration
No RI Compound name (ppm)”
50 1668 2-furanmethanol 177.8+1.0
51 1685 5-methyl-2(3H)-furanone 28.242.5
52 1956 4-(2-furanyl)-3-buten-2-one 13.7+0.9
53 2037 5-pentyl-dihydro-2(3H)-furanone 11.9£1.5
54 2152 S5-hexyl-dihydro-2(3H)-furanone 4.3+0.7
Hydrocarbon
55 1000 decane 30.0£1.6
56 1100 undecane 52.7+£3.8
57 1144 1-undecene 46.843.6
58 1200 dodecane 71.245.1
59 1244 1-dodecene 3.2+4.6
60 1300 tridecane 35.8+£13.2
61 1350 3-undecene 3.8+0.1
62 1446 tetradecene 51.8+12.9
63 1500 pentadecane 85.4+20.5
64 1700 heptadecane 13.3+4.3
65 1721 8-heptadecene 69.0£15.8
66 2074 eicosene 7.7+2.2
Alcohol
67 1113 2-propen-1-ol 14.7+0.5
68 1252 1-pentanol 28.9+5.1
69 1354 1-hexanol 33.1£10.1
70 1459 1-heptanol 102.6+13.5
71 1562 1-octanol 68.7+10.8
72 1663 1-nonanol 304+ 54
73 1766 1-decanol 18.9£3.4
74 1869 1-undecanol 13.8+3.1
75 1992 5-methyl-1,3-benzenediol 9.6+0.8
Pyrazine
76 1214 pyrazine 13.7£2.7
77 1268 2-methyl pyrazine 96.0+10.8
78 1323 2,5-dimethyl pyrazine 13.4+0.9
79 1329 2,6-dimethyl pyrazine 92.4+7.7
80 1336 ethyl pyrazine 21.5£84
81 1347 2,3-dimethyl pyrazine 25.0£3.5
82 1386 2-ethyl-6-methyl pyrazine 2.2+3.1
83 1490 2-ethenyl-6-methyl pyrazine 2.0+£0.0
Acid
84 1456 acetic acid 35.0+6.2
85 1542 propanoic acid 64.8£3.8
86 1743 pentanoic acid 58.545.1
87 1853 hexanoic acid 60.9+4.9
88 1960 heptanoic acid 66.4+10.7
89 2066 octanoic acid 84.9+28.7
90 2173 nonanoic acid 54.9+16.4
Sulfur-containing compound
91 1075 dimethyl disulfide 2.4+0.1
92 1122 3-methyl thiophene trace
93 1382 dimethyl trisulfide 10.7£2.2
94 1458 allyl propyl disulfide trace
95 1464 methional 14.24£3.0
96 1485 diallyl disulfide 8.8+1.6
97 1796 diallyl trisulfide 8.6+3.7

No” RP Compound name Concentration (ppm)*
Miscellaneous
98 1305 methyl acetate 69.9£12.6
99 1621 isomaltol 31.3+5.0
100 1645 2-methoxy phenol 5.840.1
101 1724 zingiberine 10.2+0.0
102 1774 B-sesquiphellandrene 11.5£2.5
103 1779 a-curcumene 14.8+3.0
104 1925 &-octalactone 28.542.5
105 1981 2-acetylpyrrole 15.2+1.6

YNumbers correspond to those in Table 3 and 4.

JRetention indices were determined on DB-wax using C8-C22 as
external references.
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Table 3. Aroma-active compounds identified from roasted
bulgogi reaction flavor using GC-O

No” RP? compound name del:‘crr(;g;?on Intensity”
Aldehyde
1 1040 2-butenal plastic 1
2 1085 hexanal green 4
3 1132 2-pentenal plastic 1
4 1189 heptanal curcumber 2
5 1209 3-methyl butanal plastic 2
6 1222 2-hexenal solvent 1
7 1293 octanal soap 4
9 1400 nonanal green, soap 4
10 1435 (E)-2-octenal curcumber 3
12 1502 decanal oily 4
14 1540 2-nonenal soap 3
15 1610 undecanal oily 4
16 1652 phenylacetaldehyde floral 4
17 1716 dodecanal oily 3
19 1818 2,4-decadienal lipid 2
Ketone
25 955 2,3-butanedione burnt sugar 5
Furan
45 1479 furfural nutty 5
48 1586 S5-methyl furfural burnt 4
Pyrazine
76 1214 pyrazine nutty 1
77 1268 2-methyl pyrazine nutty 3
78 1323 2,5-dimethyl pyrazine roasted nutty 1
79 1329 2,6-dimethyl pyrazine roasted nutty 4
80 1336 ethyl pyrazine roasted nutty 2
81 1347 2,3-dimethyl pyrazine roasted nutty 2
82 1386 2-ethyl-6-methyl pyrazine roasted nutty 1
83 1490 2-ethenyl-6-methyl pyrazine roasted nutty 1
Acid
84 1456 acetic acid sour 1
85 1542 propanoic acid sour 1
Sulfur-containing compound
93 1382 dimethyl trisulfide onion 4
95 1464 methional SOy sauce 3
96 1485 diallyl disulfide garlic 2
97 1796 diallyl trisulfide garlic 2
Misellaneous
100 1645 2-methoxy phenol smoke 3

YNumbers correspond to those in Table 2 and 4.

JRetention indices were determined on DB-WAX using C8-C22 as
external references.

dntensity was expressed as hedonic scale (from the weakest 1 to the
strongest 7).

33%o] FIHNeH, 287] B= AWEY aldehyde
7} 15%, pyrazine7t 8%, & &F =] 4%, furanFrt 2%,
acidi 7} 2% 18]3 ketone E phenol 3}5HE0] 717 150] 9l

=tk F& B3] wEEe] & &4 A 5 2,3-butanedione
(bunt sugar)s} furfural (nutty)©] 7Fg =& Z=E YehSlon,
hexanal (green), octanal (soap), nonanal (green, soap), undeca-
nal (oily), phenylacetaldehyde (floral), S5-methyl furfural (burnt),
2,6-dimethyl pyrazine (roasted nutty) ¥ dimethyl trisulfide (onion)
T AHoR 52 AEE Uehlo] 7+ B3] RESEY F
Q3 & &4 AJEo=Z 3T, 2,3-Butanedione H A4
4F S50 HEHY F EE Maillard HHl o) YA E
HEFS Foste SPERA, & E317] vH&EFe] bumnt

Els

st &F &4 SIFEE dEA Jem0), o
7] WEERPIME Fas & &4 3
At Furfurale & E317] WHgaFe] 4%
ol 714 Ao F Y7L,

AldehydeF+ UIH-% A= aldehydeZ4], hexanal, octanal,
nonanal ¥ undecanal 5°] 523 & A IFEZ FIEHJS
9, oily note, 2HF T FUEALS YERIUTE AWE alde-
hyde ©]¢]oll phenylacetaldehyde”} €HR1EI=H Maillard HH5-0l]
o) A== HEAY SFEZ floral AEe] FuEAS e}
WA}, Phenylacetaldehydes= phenylalanine®] Strecker aldehyde®
@D, Ko 513y &a719] $88 & 24 sigtez Bust
Atk

T2 =a7] RESEe EAARI 73S = pyrazine[ 7t 8
% IR oen, hHE roasted, nutty ADe] ZAF Fn] B
T& FHE YERAITE o]218t pyrazine Maillard ¥ 23]
AR a3 WA RO Z ) Cernyet Grosch(22q= -8 &
719 Faet F &4 sigtEolgta RS 2,6-Dimethyl
pyrazine®] 7F¢ 73et A= E UYERNE pyrazine SIHER %I
Stk Ko 5(13)2 pyrazine 3}ES E37]9 o3 & &4
SI¥HEZ AN AT, Cho S(11)= THSE pyrazine S3HE2
Ev719] 8% I sEelg Bskg]
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Table 4. Concentrations of aroma-active compounds of roasted bulgogi reaction flavors manufactured at different reaction

temperatures
No" RI? Compound name Concentration (ppm)”
230°CY 250°C 280°C
Aldehyde
1 1040 2-butenal 16.4+3.0 39.3+1.7 47.0+2.5
2 1085 hexanal 24.6+0.1 65.9+3.6 69.1+10.1
3 1132 2-pentenal 2.3+£0.0 16.0+£0.9 13.6+0.6
4 1189 heptanal 26.4+2.0 115.246.5 145.8+12.3
5 1209 3-methyl butanal 3.1+0.2 6.31£9.0 14.8+0.3
6 1222 2-hexenal 18.7+0.4 41.3+5.3 57.743.5
7 1293 octanal 42.9+8.4 170.9+1.2 162.1+0.7
9 1400 nonanal 133.1£2.0 469.1+17.8 567.0+5.2
10 1435 (E)-2-octenal 37.5+0.4 195.9+2.1 234.4+1.8
12 1502 decanal 85.6+4.8 190.1+17.8 204.9+29.0
14 1540 2-nonenal 40.1+11.9 64.4+6.9 82.6+4.0
15 1610 undecanal 56.3£5.8 140.8+13.3 169.8+5.1
16 1652 phenylacetaldehyde 590.2+94.7 785.4+63.7 944.1+27.2
17 1716 dodecanal 48.6£0.5 110.5£12.6 141.5£9.8
19 1818 2,4-decadienal 20.1+0.2 37.1+4.8 47.443.5
Ketone
25 955 2,3-butanedione 89.9+6.1 145.3+£10.5 189.6£17.0
Furan
45 1479 furfural 1595.0+69.7 1782.6+61.3 2042.0+179.9
48 1586 5-methyl furfural 709.4+32.0 816.2+32.6 992.44+27.8
Pyrazine
76 1214 pyrazine 9.0+1.1 13.7+£2.7 15.9+1.1
77 1268 2-methyl pyrazine 91.6£7.5 96.0£10.8 118.8+15.6
78 1323 2,5-dimethyl pyrazine 7.0£0.2 13.4+0.9 17.6+0.5
79 1329 2,6-dimethyl pyrazine 47.5+8.9 92.4+7.7 119.7+1.4
80 1336 ethyl pyrazine 7.0£1.0 21.5£8.4 25.7+0.4
81 1347 2,3-dimethyl pyrazine 12.94£3.2 25.0£3.5 35.3+0.9
82 1386 2-ethyl-6-methyl pyrazine 2.7+04 2.243.1 6.5+£0.6
83 1490 2-ethenyl-6-methyl pyrazine 1.1+0.0 2.0+0.0 2.24+0.0
Acid
84 1456 acetic acid 24.8+0.7 35.0+6.2 38.1+5.7
85 1542 propanoic acid 46.9+2.9 64.8+3.8 87.8+6.7
Sulfur-containing compound
93 1382 dimethyl trisulfide 27.6+0.9 10.7+2.2 11.5£5.0
95 1464 methional 11.6+0.9 14.2+3.0 18.3+2.0
96 1485 diallyl disulfide 14.9+0.6 8.8+1.6 6.6+£2.6
97 1796 diallyl trisulfide 16.8+1.0 8.6+3.7 7.8+£2.3
Miscellaneous
100 1645 2-methoxy phenol 45+1.3 5.840.0 12.5+£3.2
UNumbers correspond to those in Table 2 and 3.
JRetention indices were determined on DB-wax using C8-C22 as external references.
Meanzstandard deviation
YReaction temperatures for roasted bulgogi reaction flavor
o] 8ol acetic acid (no. 84, sour) ' propanoic acid (no. 85, o & g4 A SHEH3LE v WS }OiE‘r(Table 4). REg2=0
sour) 59 acid SFHEE & BI7] ¥R SHEHUTE & e T8 B3] whg3e & 24 HFAsE 2H87)
3] propanoic acide 2] EoA HEZE AFREE FFTEEA, W s B9 Fig 29 2t
Maillard RE& 5 Ago] diafell oJa Adelolx] Aog wgtert, T B3] v & 24 A R WRRErt =
S5 ST ALe] Adstel] ola] A= aldehyde St
HISSC0 ME T2 B NSl 8 By M2 W BO) PP WELwS| N Asfel FAT BB /18 1}
MSewt 7o sl MePsl PriSAl oA GBS ehhelth OEAe ST nonnal® 20CHA] ARE FE
Lokt 230, 250 B 280°COIAM AxF T8 BAL7] W B7] WA= 1331 ppm o]ASu, 280°CllAE 567.0
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Fig. 2. Changes in aroma-active compounds of roasted bulgogi reaction flavors depending on reaction temperatures.
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