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Abstract

In this study, we investigated the aroma characteristics of Goheung coffee in Jeonnam, which was firstly tested

and cultivated as a

special crop in Korea, using GC-IMS electronic nose. As a result of principal component analysis

of the aroma pattem detected by electronic nose, the aroma of Goheung coffee was distinguished from five foreign
species of origin (Colombia, Guatemala, Ethiopia, Brazil, India). Of the volatile compounds in Korea's Goheung
coffee, the nine components that showed high sensitivity were not found in other foreign coffee. The unique fragrance
composition of coffee from Goheung in Korea was observed, and the fragrance components of buttery, oily, caramel-like
1-heptene, 2-methyl- and 1-propanol, which have strongly fruity and floral aroma, were strongly detected in ethiopia
coffee, and strongly detected in Guatemala. Sweet and fruity components such as 2-pentanone and isopropyl tert-butyl
ether and components such as amine and pyridine with negative aroma characteristics such as sour, putrid, bitter,
and fishy were found to be the lowest in the five foreign coffees. From these results, the aroma characteristics
of Korean Goheung coffee are expected to a good response to domestic consumers.
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3]+ GSC International Co., Ltd.(Seoul, Korea) ©l| 4 ¢4+
Arabica <& Colombia Colombia SC 17/18 Tolima, Guatemala
SHB Huehuetenango, BraziINY2 FC 17/18 Cerrado, Ethiopia
G1 Yirgacheffe Chelba 43} Coffea Canephora %<1 India
Robusta Kaapi Royale 1%, 1187 3A}#Etal, Goheung,
Korea 4] #|F%-2 Korean Goheung coffee 15, & 652
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AP T g Fu2] 2 ~E 9 R-101(FUJI ROYAL
Co., Ltd., Osaka, Japan)= A}&3}o] 2002 &= 1
kg¥ st AR F 33] A& wiA A 17}
A o] F 1H 3023 FAVIE A F210TA vl
2 Pzheidt) 228 429" F AR 10802 7Y
o] &L 85% Tt AT E 2SR5 8 100 g2
One-way valve &5(Softpack Co., Ltd., Seongnami, Korea)
of ¥AE 3o, FHAE B2 2y dhxo] Yo 15T
Yol Btk Alse] Edle A 1Ekid R300,
FUJI ROYAL Co., Ltd., Osaka, Japan)S A}&3}IT}.
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Ay AR ] B4LE GC-IMS (FlavourSpec®,
mbH GAS CO., Ltd., Dortmund, Germany) = 2! A] 3} t}.
o] A= FEloHA] ¥ =7t et AdHAA AlEE
headspacedl] 214 FUE F U=F 1< Avlo|th AA
e Eol7] 98] AE3} sampler unit (CTC-PAL, CTC
Analytics AG, Zwingen, Switzerland) S 72 8to] L8519
o A& 9F 0.3 g2 20 mL headspace vial©ll & 31 magnetic
capsE U&-3lo] 70Tl 2053}t conditioning S A A] &
% headspace autosampler heated injector syringe(80°C)E ©|
43Fe] 100 LS GC-IMSel| F4 3kt

Carrier gas(N2)E =4 OV-5 MCCel ¢J3)] &e]7} 2

E530C2 7k ¥ MCC (Multiple capillary column, 20
cm length)# o 2 B2 Z o £42 IMSE WA A&d
o] o] o] & AW HoA FTAYPOR FEE ATk &
Aekol| gk o] £-& 3H(Tritium, 100 MBq)= THEo] Zith
o] Fo= o] 2EHE0] shutter 5 B3 o] 2A|Ho R &
0] @™ drift regionol| 4] faraday plate 2 ©]5%| o] Z} AJF-of
ek A se] 2715 AR et Z7g5Hieh. Drift tube®] 2
°]&= 6 em©] L 60T %9} 350 Vem-19] FAYS
3te] monomer, dimer 2. £2]3}9th HolEHE AH 2
AAE HFERZ ol S ATt 2H7te] ~HEH L 3
T+ 32709 scanEZ T E O] 1o grid pulse &2 100
ps, SHE-F-2 21 ms, A1E% T3 150 kHzo|th(Table 2).

Table 1. List and characteristics of the coffee samples used in this study

Sample acronym Sample name continent Species Processing method Sensorial attribute
KOR(25) Korea Goheung coffee Asia Arabica Washed Almond, Chocolate, Roasted Grain
COL(1) Colombia SC 17/18 Tolima Central America  Arabica Washed Roasted Almond, Dark Chocolate, Brown Sugar, Herb
BRA(31) BraziINY2 FC 17/18 Cerrado  Central America  Arabica Natural Roasted Peanut, Macadamia, Corn, Citrus nuance
ETH(9) Ethiopia G1 Yirgacheffe Chelba Africa Arabica Natural Floral, Grape, Orange, Cranberry, Almond, Chocolate
GUA(29) Guatemala SHB Huehuetenango ~ Central America Arabica Washed Walnut, Dark Chocolate, Cereal, Peanut, Oatmeal
IND(33) India Robusta Kaapi Royale Asia Robusta Washed Cereal, Barely, Com, Bitter Sweet
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Table 2. Experimental conditions for coffee aroma analysis by GC-IMS

conditions

GC Autosampler Headspace vial 20 mL
Incubation time 20 min
Sample amount 03¢
Incubation temperature 70T
Injector temperature 80C
Syringe temperature 80C
Sample amount 100 pL
Agitation speed 400 rpm

GC Column Capillary column non-polar column constituted by 94% methyl, 5% phenyl, 1% vinyl silicone
Length of column I5m
ID of column 0.32 mm
Column temperature 80T
Runtime 30 min
IMS Jonization source Tritium 100 MBq
Voltage Positive drift
Carrier gas flow(N2 gas) 1 mL/min 2 min -> 20 mL/min 15 min -> 20 mL/min 20 min -> 1 mLfmin 22 min -> 11 mL/min 30 min
Drift gas flow(N2 gas) 150 mL/min
Drift tube temperature 45C
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Fig. 1. Cross-sectional topographic plot of three dimensional GC - IMS spectra obtained with non-polar column for roasted coffee samples

from six different origins.
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Fig. 2. Clusters obtained from six origins of roasted coffee by PCA strategy.

Table 3. Cumulative variance of PC with eigenvalues for the principal component analysis of coffee by country of origins

(%)
Components Means Variances Cumulative variances Eigen values
42724.87 6393121 63.93 1687354.0000
2 34620.89 18.75961 82.69 495127.4000
3 48515.98 9.542441 9223 251856.3000
4 55383.09 5.047231 97.28 133212.9000
5 46896.02 2.181014 99.46 57564.0900
6 48062.35 0.287947 9.75 7599.8620
7 51398.60 0.089321 99.84 2357.4690
8 49485.86 0.073023 99.91 1927.3270
9 55913.98 0.049292 99.96 13009710
10 48353.00 0.032711 99.99 863.3616
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Table 4. Average area of volatile compounds identified with GC-IMS of roasted coffec samples

581

J— - Aroma KOR COL ETH GUA BRA IND
" R L - A
1 GH,S 1-Propanethiol 11946 232 4454 093 8444 156 5222 106 3387 071 2897 081
2 CH0 Butanal 12205 237 385 080 9499 175 6030 123 2841 059 2622 073
3 CHO, Ethyl acetate 5403 105 2429 051 4699 087 2906 059 2294 048 2856 0.0
5 CHy 1-Heptene 20485 572 15541 325 18051 333 29470 600 12223 255 2375 0.67
6 CsHiO 2-Pentanone 13879 269 6519 136 6029 111 16052 327 5313 L1l 1234 035
7 CHsN 3-Butenenitrile 201.14 390 16562 346 9646 178 12997 264 6509 136 2970 083
11 CsHsN Pyridine 54623 1060 686.16 1434 68134 1257 61261 1247 78202 1632 102604 28.74
12 CsHiO, 2,3-Pentadione 5235  1.02 28473 595 28445 525 4870 099 11443 239 35038 9.82
13 CeHi0, Diethoxy-1,1-ethane 139395 2705 1,898.03 39.66 215506 3975 171161 3483 202450 4225 125230 35.08
14 CeHi20, Isobutyl acetate 19252 374 15407 322 20782 383 25911 527 27657 571 21377 599
15 CHi0 1-Propanol, 2-methyl- 5868 114 23553 492 30214 557 8373 170 14152 295 11881 333
16 GHO 1-Propanol 12133 23 3722 078 5319 098 738 150 3219 067 2174 061
17 CeHix Methylcyclopentane 52358 1016 25987 543 36298 669 30857 628 21879 457 7835 219
18 CHsN 3-Butenenitrile 21752 422 8834 185 10709 198 14187 289 6681 139 3311 093
19 CsHi0, Ethyl propanoate 14685 285 88 179 2951 054 3679 075 2450 051 2242 063
20 CeHi 1-Hexene 928 180 313 0.65 36.7 068 3807 077 3965 08 3027 085
21 CeH140, Diethoxy-1,1-ethane 17479 339 93 194 1074 198 12156 247 8939 187 2944 082
2 CeHi20, Ethyl butyrate 11456 222 4004 084 518 09 5742 117 3784 079 2780 078
23 CeHin0, Propyl propanoate 26778 520 17437 364 24136 445 33759 687 33407 697 9884 277
24 CsHN> Methyl pyrazine 16582 322 10395 217 13197 243 20135 410 18195 380 548 1.5
25 GHiO  Isopropyl tert-butyl ether 4105 080 4197 088 3855 071 4569 093 5409 113 2161 061
26 CsHio0, N-Propy! acetate 11223 218 7723 161 6661 123 109.18 222 4818 101 4051 113

Total 515238 10000 478524 10000 5421.71 10000 491451 10000 4792.17 100.00 3569.79 100.00
Each value represents mean value of duplicate measurements.
Table 50| YERITE ASH ] AEES €38, o~ A e 5 5 S 2ol RS diethoxy-1,1-ethane,

g2, dyslols, A=EF oAt &

proton affinity 7} SR} Z EAES 0|23} A7 3|84
S HAEste Aol d4kxE

AR TR/ ¥ ol 3 A7)

27 YERtHFig 13 Table 4). 3t 1184 73] 9] 3]k
d e T w2 A B

1-heptene,

2352 methylcyclopentane,
ethyl
propanoate, 2-pentanone, butanal, 1-propanol, 1-propanethiol,

3-butenenitrile,  diethoxy-1,1-ethane,
ethyl butyrate, n-propyl acetate, ethyl acetate, isopropyl
tert-butyl ether, propyl
methylpyrazine ©|%1, ¥ =S Bl A2 pyridine
oldrt. EFvlol 79| WA IHE T =2 HAEE
2l
methylpyrazine, diethoxy-1,1-ethane, 3-butenenitrile, ethyl
propanoate, n-propyl acetate ©]T}. o€ @3] o} 7 u]o] 3+

propanoate, isobutyl acetate,

/d - methylcyclopentane, 1-heptene, isobutyl acetate,

1-propanol,2-methyl,  2,3-pentadione, ethyl acetate,
1-propanethiol, butanal, diethoxy-1,1-ethane, isobutyl acetate,
methylpyrazine, 3-butenenitrile, n-propyl acetate, isopropyl
tert-butyl ether ©|al, S =& HQl JE-2 propyl
propanoate, 1-heptene, methylpyrazine, diethoxy-1,1-ethane,
3-butenenitrile, isopropyl tert-butyl ether ©] 1t} &2z}
7199 e e T =S AREE HJ e
diethoxy-1,1-ethane, propyl propanoate, 1-heptene, isobutyl
acetate, methylpyrazine, 2-pentanone, n-propyl acetate,
isopropyl tert-butyl ether, pyridine, methylcyclopentane,
3-butenenitrile, 1-propanol, n-propyl acetate, 2-pentanone,
1-propanol ©]%}1l, diethoxy-1,1-ethane, butanal, ethyl
butyrate, 1-propanethiol, ethyl acetate ©] 1t} H.2}d 73]
T B2 AEE B 324 319HE S diethoxy-1,1-ethane,

pyridine, propyl propanoate, isobutyl acetate, methylpyrazine,
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Table 5. Volatile compounds identified with GC-IMS of roasted coffee samples.

S{;refo Compounds RT(sec)” DT(ms)” Attributes References
1 1-Propane thiol 150.78 1.227 skunky, garlic International Chemical Safety Card
2 Butanal 149.52 1.294 Green, malty Gilberto V. de Melo Pereira, 2019
3 Ethyl acetate 149.94 1.34 fruity CAMEO Chemicals
5 1-Heptene 192.36 1.359 unpleasant odor RSC acquires Merck Index”. www.rsc.org. Retrieved 2018
6 2-Pentanone 186.48 1.374 Tobacco T. C. Tso (2007)
7 3-Butenenitrile 174.09 1.313 mustard oil C. Pomeranz, 1906
11 Pyridine 209.79 1.159 Sour, putrid, fishy, amine, bitter, roasted Nicola Caporasoa, 2018
12 2,3-Pentadione 234.36 1.158 Buttery, oily, caramel-like Nicola Caporasoa, 2018
13 Diethoxy-1,1-ethane 177.66 1.233 Pungent ethereal aldehydic fruity the sensory properties in cup
14 Isobutyl acetate 216.09 1.235 Fruity, with an apple and banana nuances Gilberto V. de Melo Pereira, 2019)
15 1-Propanol, 2-methyl 24129 1.363 fruity, floral National Institute for Occupational Safety and Health
16 1-Propanol 157.29 1.286 Floral with a sweet, coconut nuance Gilberto V. de Melo Pereira, 2019)
17 Methylcyclopentane 128.1 1.241 faint odor Giuliano, Robert, 2014
18 3-Butenenitrile 159.6 1222 mustard oil C. Pomeranz, 1906
19 Ethyl propanoate 1743 1.402 Sweet, fruity, rum, juicy Nicola Caporasoa, 2018)
20 1-Hexene 213.15 1.447 a strong fruity odor Ullmann’s Encyclopedia of Industrial Chemistry,
21 Diethoxy-1,1-ethane 137.97 1.222 Pungent ethereal aldehydic fruity the sensory properties in cup
2 Ethyl butyrate 215.04 1.392 Sweet, fruity, tutti-fruity Gilberto V. de Melo Pereira, 2019
23 Propyl propanoate 265.44 1.349 Sweet, fruity, rum, juicy Nicola Caporasoa, 2018
24 Methylpyrazine 27321 1.352 Roasted, hazelnut-like Gilberto V. de Melo Pereira, 2019
25  Isopropyl tert-butyl ether ~ 289.17 1.304 Sweet, fruity Gilberto V. de Melo Pereira, 2019
26 N-Propyl acetate 178.29 1.277 Sweet, fruity Gilberto V. de Melo Pereira, 2019

YRT: Retention time, 2)DT: Drift time

isopropyl tert-butyl ether ©]$11L, & =S HOl JF-&
methylcyclopentane, 1-propanol,2-methyl, 1-heptene, 2,3-
pentadione, diethoxy-1,1-ethane, 3-butenenitrile, 2-pentanone,
n-propyl acetate, ethyl acetate ©|{t}. 1= ZH-E} A3 9
ALY SE T 2 A=RE H AES pyridine,
2,3-pentadione, diethoxy-1,1-ethane, 1-propanol,2-methy ©]
N3, F& S Bl A sobutyl acetate, ethyl acetate,
isopropyl tert-butyl ether ©] 1T}
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Fig. 3. Positive fragrance profiles of the 6 different roasted coffee
samples by country of origins.
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Fig. 4. Negative odor profiles of the 6 different roasted coffee
samples by country of origins.
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