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Abstract

This study was carried out to investigated the change of volatile flavor components from roasted chic-

ory roots at different roasting conditions. The flavor components from roasted chicory roots were
extracted by Solid Phase Microextraction method(SPME) and were analyzed and identified by gas chro-
matography (GC) and chromatography/mass spectrometry (GC/MS). The major flavor components from
chicory roots roasted at 130°C, 10 min were hexanal, 2-buthyl-3,5-dimethyl pyrazine, 2,5-dimethyl pyra-
zine, 2,6-dimethyl pyrazine, 3-ethyl-2,5-dimethyl pyrazine etc. The number and concentrations of flavor
components were increased as the roasting temperature and time increased, and total nineteen kinds of
flavor compounds were identified. It was exclusively consisted of total eleven pyrazine compounds
(75%) such as 3-ethyl-2,5-dimethyl pyrazine, 2-buthyl-3,5-dimethyl pyrazine etc. The numbers and con-
centrations of pyrazine compounds increased significantly as the temperature and time increased. Pro-
duction of furfural, 5-methyl furfural, acetic acid and butyrolactone etc. increased with the increase of
roasting temperature and time. The concentration of hexanal content in the chicory roots roasted at
130°C, 10 min was higher than that of roasted chicory and the concentration decreased as the roasting
temperature and time increased.
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Fig. 1. GC chromatogram of volatile flavor compounds in Chicory roasted for 40 min at 130°C.
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Fig. 2. GC chromatogram of volatile flavor compounds in Chicory roasted for 40 min at 140°C.
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Fig. 3. GC chromatogram of volatile flavor compounds in Chicory roasted for 40 min at 150°C.
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Fig. 4. GC chromatogram of volatile flavor compounds in Chicory roasted for 40 min at 160°C.

Table 1. Changes in the content of volatile flavor compounds with roasting time of chicory roots roasted at 130°C
Unit: Area counts/1,000

Roasting time (min)

PN RT Compounds w 70 0 0
1 7.708 Methyl pyrazine - - 109 78.6
2 10.035 2,5-Dimethyl pyrazine 127.2 131.1 1434 2933
3 10.281 2,6-Dimethyl pyrazine 102.9 181.8 2275 251.0
4 13.000 2-Ethyl-5-methyl pyrazine 72 7.5 13.7 63.3
5 13.278 2-Ethyl-6-methyl pyrazine - 15 14.6 73.3
6 13.972 Trimethyl pyrazine 15.6 19.2 26.8 117.7
7 16.151 3-Ethyl-2,5-dimethy] pyrazine 52.0 54.9 102.9 405.1
8 17482  Furfural - - - 28.5
9 17.827 Acetic acid - - - 18.2
10 18.748 3,5-Diethyl-2-methyl pyrazine - 8.9 11.2 504
11 20.560 2,5-Dimethyl-3-(2-methyl propyl)pyrazine - 971.7 752 106.1
12 21.682 2-Furanmethanol acetate 287 25.8 104 35
13 23.481 5-Methyl furfural - - 17.3 17.6
14 26.083 2-Butyl-3,5-dimetyl pyrazine 176.0 210.1 2715 356.7
15 26.673 Butyrolactone - - 32.1 76.2
16 28060  2,3-Dimethyl-5-isopropentyl pyrazine - 53.0 64.5 72.6
17 28.938 2-Furfuryl Alcohol - 8.1 12.5 53.9
18 38.960 Hexanal 1358.1 617.7 389.1 146.6
19 45.100 1-(1H-pyrrol-2-yl)-Ethanone 8.0 12.5 16.6 46.2

Z7tEUth B8 furan FEAES 4080)A oF E9) 3-ethyl-2,5-dimethyl pyrazine, 2-butyl-3,5-
2458 Frtsted, Al7ko] ZojFe]| W} furan = dimethyl pyrazine, 2,5-dimethyl pyrazine, 2,6
Ao Z7t 2ok ME2A Uehdth F8 7 |4E dimethyl pyrazine’} 3tHa o2 B o] A
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9t} hexanal® 130°Ce} 7o) Al7ro] ZojRd) o, pyrazine FEME 140°CET} 10EdM &
wigl Zasle Ao s e t(Table 2). 1219, 208elM= 1174, 308lrME 1154, 40

150°CellM &= E&X7 oM £8) FHE pyrazine FoAM e 1399 F7Heth. furan REAES 10
FEA 2 furan FEAEE 10804 A2 BAE X A9 Hslrl glen, 208 = 1.274,

Table 2. Changes in the content of volatile flavor compounds with roasting time of chicory roots roasted at 140°C
Unit: Area counts/1,000

Roasting time (min)

PN RT Compounds o N 0 70
1 7.708 Methy! pyrazine - 25.3 35.1 116.7
2 10.035 2,5-Dimethy! pyrazine 1239 193.6 228.6 405.7
3 10.281 2,6-Dimethyl pyrazine 126.7 2922 316.3 3510
4 13.000 2-Ethyl-5-methyl pyrazine 6.6 129 29.0 88.4
5 13.278 2-Ethyl-6-methyl pyrazine 6.0 15.7 333 105.1
6 13.972 Trimethy! pyrazine 18.0 26.7 60.8 176.1
7 16.151 3-Ethyl-2,5-dimethyl pyrazine 47.8 105.9 179.8 5732
8 17.482 Furfural - 144 243 72.7
9 17.827 Acetic acid - - - 510

10 18.748 3,5-Diethyl-2-methyl pyrazine - 10.7 155 74.9
11 20.560 2,5-Dimethyl-3-(2-methyl propyl)pyrazine 83.7 1107 120.1 133.9
12 21.682 2-Furanmethanol acetate 219 21.2 12.1 15.2
13 23481 5-Methy] furfural 235 35.1 38.9 403
14 26.083 2-Butyl-3,5-dimety] pyrazine 2905 3895 659.6 488.0
15 26.673 Butyrolactone - - 58.1 152.8
16 28.060 2,3-Dimethyl-5-isopropentyl pyrazine 56.8 35.2 374 1379
17 28.938 2-Furfuryl Alcohol 74 230 50.1 129.1
18 38.960 Hexanal 7175 3179 286.5 186.3
19 45.100 1-(1H-pyrrol-2-yl)-Ethanone 99 36.7 41.0 70.6

Table 3. Changes in the content of volatile flavor compounds with roasting time of chicory roots roasted at 150°C
Unit: Area counts/1,000

Roasting time (min)

PN RT Compounds T 20 ) 0
1 7.708 Methyl pyrazine 36.7 694 82.0 186.7
2 10.035 2,5-Dimethyl pyrazine 155.2 231.6 314.3 469.4
3 10.281 2,6-Dimethyl pyrazine 291.7 462.4 404.1 694.0
4 13.000 2-Ethyl-5-methyl pyrazine 27.6 422 48.2 1172
5 13.278 2-Ethyl-6-methyl pyrazine 28.1 43.6 534 144.8
6 13.972 Trimethyl pyrazine 584 94.1 117.2 286.7
7 16.151 3-Ethyl-2,5-dimethyl pyrazine 1379 207.6 5724 990.8
8 17.482 Furfural 11.7 46.8 72.8 209.9
9 17.827 Acetic acid - - - 84.4
10 18.748 3,5-Diethyl-2-methyl pyrazine 43 253 37.6 113.3
11 20.560 2,5-Dimethyl-3-(2-methyl propyl)pyrazine 83.1 72.7 96.4 253.0
12 21.682 2-Furanmethanol acetate 16.3 32.8 19.6 35.1
13 23.481 5-Methyl furfural 12.2 16.1 43.6 79.6
14 26.083 2-Butyl-3,5-dimetyl pyrazine 73.5 130.3 184.2 204.8
15 26.673 Butyrolactone 12.1 395 62.6 208.3
16 28.060 2,3-Dimethyl-5-isopropentyl pyrazine 215 50.7 69.3 220.5
17 28.938 2-Furfuryl Alcohol 11.6 52.1 144.3 249.6
18 38.960 Hexanal 245.1 193.2 146.0 177.7
19 45.100 1-(1H-pyrrol-2-yl)-Ethanone 29.5 69.0 60.1 715
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3080l A& 1.84uH, 408NA = 2568 F7Hete
140°C8} o] EgAlZko]l A5 furan A2 A
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ethyl-2,5-dimethyl pyrazine, 2,6-dimethyl pyrazine,
2,5-dimethyl  pyrazine, trimethyl pyrazine, 2,5-
dimethyl-3-pyrazine, 2-furfuryl alcoholE-o] A& o
2 Bo| A= AUTKTable 3).
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v, 30814 E 3.034, 40%NAM = 38R Ft
He Z¥eR dehgon, 8 PELRE
furfural, 3-ethyl-2.5-dimethyl pyrazine, 2-furfuryl
alcohol, 2-buthyl-3,5-dimethyl pyrazine, 2,6-dimeth-
yl pyrazine, 2,5-dimethyl pyrazine, S-methyl furfu-
ralo] iz eg @e ko] AHEHUTHTable 4).

oldel AAXE FYH HW FEFLEIt oA
FerlZte]l AoldeE BEA722 key flavord]
pyrazine §E=Aw F7FelR o}, BlaLE 31891 160,
30°C o1¥ FHe didke A¥e Uehsker, furan
FEA = F7F $271 pyrazine FEAH BT #@gto
o, 160°ColME FHALR furan KA THake)

wol A=A

H-2x712]9] key flavord! pyrazine == 2
FERE ¥ 7oA 23 obvieite] 7hE)
olgh Maillard ¥H8- o5 AAHE Fa FIHES
2 % 1004 FF o3 stgHEe] deA glon
WA BEALES] UFE, ¥4, ¥ v
WA 5o A FoE dvkyozm dHA Qs
roasted 'E+= nutty note$} FAFSICRIL BALERA Q)
th(#, 1995; Maga®} Sizer, 1973).

2Ee BE7Hgol osiA el pyrazine &
=4+ H8(Collena, 1971), F(Johnson,1971), =
Fok(Vitzthum et al, 1975), #¥(Bicchi et al,
1997), H&37M(Ha, 1997)52] T8 FVIHEER
°|§ pyrazine FEA ] A== ZF2ZE pyruvalde-
hyde®} amino acid’} £#-& 927 T stecker
degradation®. 2 13} aminoreductone®] &=L
ojAo| A& FHH ABHE AF 2.5-2.6-dimethyl
pyrazine®] €=, o|2{gt pyrazine FEAES] @
A4 X (ordor thresholdsy= pyrazine &l wz} v}
FatA zolE JehiH #5H HrleME thest
Al vrebdth(d, 1995).

AAYE FoAE & W HExe] F/HRSE
pyrazine FrEAE] AP IA Friske ALE
veptom, o123 pyrazine SEA2) Fle #%

Table 4. Changes in the content of volatile flavor compounds with roasting time of chicory roots roasted at 160°C

Unit: Area counts/1,000

<
Z

RT Compounds

Roasting time (min)

10 20 30 40
1 7.708 Methyl pyrazine 248 28.7 48.0 129.5
2 10035  2,5-Dimethyl pyrazine 119.5 128.6 158.6 303.7
3 10.281 2,6-Dimethyl pyrazine 102.3 2422 247.0 276.5
4 13.000  2-Ethyl-5-methy] pyrazine 24.1 359 44.1 78.6
5 13.278  2-Ethyl-6-methyl pyrazine 249 350 420 75.1
6 13972 Trimethyl pyrazine 67.5 105.1 132.6 1804
7 16.151 3-Ethyl-2,5-dimethyl pyrazine 171.8 265.5 3372 5335
8 17482 Furfural 38.7 38.5 237.1 830.1
9 17.827  Acetic acid - - 156.3 150.5
10 18.748  3,5-Diethyl-2-methyl pyrazine 23.1 28.8 44.8 65.1
11 20.560  2,5-Dimethyl-3-(2-methy! propyl)pyrazine 83.3 96.0 125.7 1322
12 21.682  2-Furanmethanol acetate - 94 29.6 714
13 23481  5-Methyl furfural 29.0 46.5 116.3 2729
14 26.083  2-Butyl-3,5-dimetyl pyrazine 307.5 385.2 380.9 475.4
15 26.673  Butyrolactone 50.6 73.5 90.0 106.7
16 28.060  2,3-Dimethyl-5-isopropentyl pyrazine 65.0 714 107.3 98.0
17 28938  2-Furfuryl Alcohol 30.9 129.1 282.1 4924
18 38960  Hexanal 52.0 325 426 144.8
19 45.100  1-(1H-pyrrol-2-yl)-Ethanone 29.8 319 34.5 42.8
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Furan %4 furfural, S-methyl furfural 2%5&
gl & & Ao, furfurald EEFE 250°Cel
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R, BTt Skl B30 AoArE
B2 RS AAE] FIEEY o
# ol FUIsltE 2 AEE RS F 19
& sl en, 3-ethyl-2.5-dimethyl pyra-zine,
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o] AFE pyrazine SHHES] T Yo F53] F
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o] BE&AEF H3exrt oA FEAIT ] 2
o]ZA4E BEo X789 key flavorQ! pyrazine F+%
A F furan FEAE GNH Y Fgol A F
7hste] g7l gHg Wl A dEFE 1A
= Ao= Alsgch

2 ®

HEF. 1995 HEEHE. &7 p 401

WAL 1986, A FALBWFESGR), LeldgaE:d
-, pp. 271-281.

Bicchi, C. P, Panero, O. M., Dellegrino, G. M. and Vanni,
A. C. 1997. Charaterization of Roasted coffee and Bever-
ages by Solid phase Microextraction Gas Chromatography
and Principal Component Analysis. J. Agri. Food Chem.
45(12) 4680-4686.

Bouhnik, Y., Flourie, B., Andrieux, C., Bisetti, N., Briet, F.,
and Rambaud, J. C. 1996. European H. of Clinical Nutri-
tion. 50: 269-273.

Chopra, R. N, Chopara, I. C. and Hand, K. L. 1958.
Indigenous Drugs of India: 318-319.

Collens, E. 1971. Steam Volatile Components of Roasted
Barley. J. Agr. Food Chem. 19(3): 533-535.

Ha, J. H. 1997. Characteristics of the Volatile Flavor Com-
pounds in the oil from Roasted Sesame Seed. Korean J.
Food Sci. Technol. 26(6): 1101-1104.

Hong, M. ], Lee, G. D, Kim, H. K. and Kwon, J. H.
1998. Changes in Functional and Sensory Properties of
Chicory Roots Induced by Roasting Processes. Korean J.
Food Sci. Technol. 30(2); 413-418.

Hong, M. J, Lee, G. D., Kim, H. K. and Kwon, J. H.
1998. Changes in Browning Characteristics of Chicory
Roots by Roasting Processes. .J. Korean. Soc. Food Sci.
Nutr. 27(4): 591-595.



240 ARINEZE A 64 A 3.5 (20023 8Y)

Hyun, S. W. 1983. Studies on the Chicory-coffee Process-
ing and the Sensory Evaulation of the Products. M.S.
Thesis. Korea Univ. Seoul. Korea.

Johnson, B. R., Waller, G. R. and Foltz, R. L., 1971
Volatile Components of Roasted Peanuts: Neutral Frac-
tion. J. Agr. Food Chem. 19(5): 1025-1027.

Jun, H. J. and Park, S. K. 1981, Studies on roasting and
removing the bitter taste of chicory tea for coffee substi-
tution. Bullletin of Hangang Woman Junior College. 3:
253-269.

Kim, H. K. 1998. Effects of Roasting conditions on Phys-
oichemical characteristics and Volatile Flavor components
of chicory Roots. Korea J. Food Sci. Technol. 30(6):
1279-1284.

Kim, S. S. 1996. Effects of Maturing Barley Kernels on
Flavor Charateristi~s during Roasting. Ph. D. Thesis.
Chung-Ang Univ. Seoul. Korea.

Kloss, J. 1986. Back to eden(A Human Interest Story of
Health and Restoration To be Found in Herb, Root and
Bark), BACK TO EDEN BOOKS, DUBLISHING CO.
Loma Linda, California 92354. U.S.A.: 137.

Levrat, M. A., Remesg C. and Demigne, C. 1991. High
Propinic Acid Fermentations and Mineral Accmculation in
the Cecum of Rats Adapted to Different Levels of Inulin.
H. Nutr 121: 1730-1737.

Maga, J. A. and Sizer, C. E. 1973. Pyrazines in Foods. A
Review. J. Agric. Food Chem. 21: 20.

Maillark, L. C. 1912. Action of amino acids on sugars
formation melanoidins in a methodical way. Compt. Rend.
154: 66.

Roberfoid, M. B., Loo, V. J. and Gibson, A. E. 1998. The
Bifidogenic Nature of Chicory Inulin and Its Hydrolysis
Products. J. Nutr: 128: 11-19.

Seog, H. M. 1987. The Effects of the Roasting Temperature
on the Formation of V olatile Compounds in the Malted
Naked Barley. Ph. D. Thesis. Chung-Ang. Univ. Seoul.
Korea,

Supelco. 1998. Chromatography products for analysis and
purification. Supelco company. PA. USA.: 322-329,

Shin, H. K. 1995, Development of new Functional Maerials
for Human Body from Inulin of Chicory and Jerusalem
Artichoke. Ministry of science and Technology, 94-G-08-
08-A-05: 1-120.

Steffen, A. and Pawliszyn, J. 1996. Analysis of flavor Vola-
tiles Using Headspace Solid-Phase Microextraction J.
Agric. Food Chem. 44(8): 2187-2193.

Vitzthum, O. G., Werkhoff, P. and Hubert, P. 1975. Volatile
Components of Roasted Cocoa: Basic Fraction. J. Food
Science. 40: 911-916.

Yang, X. and Peppard, T. 1994. Solid-Phase microextraction
for flavor Analysis. J. Agric. Food Chem. 42(9): 1925-
1930.

Zhang, 7Z and Pawliszyn, J. 1993. Headspace Solid-Phase
Microextraction. Anal. Chem. 65(14): 1843-1852.



