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ABSTRACT

This study analyzed the volatle compounds in Arabica coffee using SPME Gas Chromatography-
Olfactometry Mass Spectrometry with a non-polar capillary column (HP-5MS) and a desorption temperature of 60°C.
The analysis by Gas Chromatography-Olfactometry (GC-O) revealed that the most abundant volatile compounds
contributing to the aroma of Arabica coffee belong to the groups of pyrazines, furans, and pyrroles. Notable examples
of these compounds include 2,6-dimethylpyrazine, which imparts a roasted aroma; 2-ethyl-3-methylpyrazine, which
provides a pandan leaf scent; 2-furanmethanol, which gives a rancid or green off-note; and 1-(2-furanylmethyl)-1H-
pyrrole, which has a grassy green off-flavor. The method validation showed a linear response within the concentration

range of 1-40 mg/L. The limits of detection and quantification were found to be 0.21 and 0.7 mg/kg, respectively.
Keywords: Volatile compounds, Arabica coffee, GC-O-MS/MS
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(Uszinaanigaiuini), 1n3 8979 WA (electronic
analytical balance) ju Quinti x 224-1S ﬁlﬁ’a Sartorius
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60 °C uaz 90 °C (Poowadol et al., 2018) luuatdan3
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0.0010 NT¥ adluvIa Headspace vial 2 #1 @
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GC fadwmiinsazgnaatulisas SPME fier
LLazgnﬁ@LﬂTmﬂ%aa GC-O-MS/MS 8alud@d figne

MIAIAGENI) AIUaadlss Table 1 LWas Table 2

Table 1 Components and configurations of the GC-O-MS/MS instrument. (T% L& ﬁty'im, 2558)

GC Column (GC-O-MS/MS)

Non-polar (HP-5MS)

Incubation temperature

60 °C

Detector Mass spectrometry (MS)
Injection temperature 250 °C

GC mode Splitless
MS quadrupole temperature 150 °C

lon source temperature 230 °C
Electron ionization (El) voltage 70 eV
Mass spectra scan range 30-300 amu
Mass spectra scan speed 45 amu/s
Carrier gas Helium (He)
Carrier gas flow 1.2 mL/min
Nitrogen flow 1.5 mL/min

Table 2 Oven conditions of the GC instrument. (zﬁgmu@i{ hazAthe, 2557)

Rate (°C/min) Temperature (°C)

Hold time (min)

Run time (min)

- 50

5 5.00

4 220

0 47.50

a I3 { a o [
mMsaNzRasIsmai Innandraaluniun
(Odour Active Compounds)

MINATEATIANAUNF1ATYA28 Gas

Chromatrography - Olfactometry (GC-O) fINILAE
1eNHIUMILENAIB AR NI %Qmmaaamﬂu 2

: . = ) \ A
GReRY muﬁum:mﬂg Sniff port YaJLtAID
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Olfactometry LLa:Snam%ﬁaauﬁﬁg&m%admni’@
ﬁ'ryrywm Mass spectrometry (MS) ﬁnmfu;g@mﬂ?;uﬁ
simmsﬁmluiﬁﬁmm@jumUﬁ'ué'ﬂmmzﬂﬁumuw
wsuIn 3 An arFimIaunausIneiuonle
910 Sniff port tuszazia 30 wift luszrinemsaw
naw axlimaaadufinefiauniuds gle Wiauny
U‘i'm’lslqmz\i”ﬂwmzmamﬁ'mfuﬂ las¥inmseneh
@288 fa0H19as 3 sﬁv']/;jﬂizl,ﬁmwi AW
(Suriyaphan et al., 2001)
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#339R0UANNT W FUATIVEIRIIATAIBNIAITFIN
2,6-dimethylpyrazine 3143% 7 3QUANUTNTY Ao
1,2, 5, 10, 20, 30 waz 40 FadnINdanlanIn ANY
auas 3 51 Lﬁagmw&uw”ufszmwmwmﬁ T
°1Jaamia:mzlmmgmﬁuﬁumﬁmww (Peak area)
L8z RN TONAFNL T ANT aNANRUE (Correlation
coefficient, RZ)

NMIATHDLANNUNWUDIID (Accuracy)
AIFIUANNUN VDI T LALIA NI TRTANBNNAIZIN
2,6-dimethylpyrazine is2AUANUTNTY 3 5201 Ao
1, 10 Uaz 40 Aadnsudafilansy INUWIUTZALAINY
uTuas 10 $1 dszduanuuluesislagenfos
azMINALAK (%Recovery)

MIATRFAUA NN 89VasIF (Precision)
av19FauaNufissneluiy (Intra-day) lasLé
FIIRSANBNIAIFIN 2,6-dimethylpyrazine ‘ﬁlimv‘l_l
AMULTUTY 3 32QU Ao 1, 10 Uaz 40 Aadninda
Alansy $1uauszauan U uTuas 4 1 lag
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Arabica (100%) Afsminsauosasna $1uIn 2
A28819
M MzALaYANIEH

21890 :ﬁ("ﬁag alasld Agilent MassHunter
Qualitative Analysis (B.07.00) tno4ei l#n1332Y
miﬂi:ﬂauﬁ’ime:ﬂéﬁ%ﬂuéfaaﬁmﬁuﬂLLm
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the1ty

I@m LRI @a Linear retention index
t @8 Retention time Va383U3znaU
n A9 ITUIUDLADNAISUOBYDI
A ~ A
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(Bianchi et al., 2007)
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Figure 1 Representative total ion chromatograms (TIC) of coffee mokmuan: capillary column (non-

polar, HP-5) (A) dark roasted (B) medium roasted (C) light roasted: capillary column (polar,
DB-WAX) (D) dark roasted (E) medium roasted (F) light roasted
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nan1sAaTsiansszineilinandranlin
mMunaanaIn
msiansianTznafilinaudanlu
NuWNnuaniIwaI18 Gas Chromatography -
Olfactometry (GC-0) Wua1Tlwnaufidnamlu
murnuandauaduidulyldninue 24 sfa
Usznavuaiy Carboxylic acid 1 7%, Furans 6
7%@, Ketones 3 1%@, Phenols 2 T, Pyrazines
8 7@, Pyridine 1 THa Waz Pyrroles 3 79 9
uaaslu Table 3 asbindufiddalumunnuen
danaanatantdnlyldvsnua 27 via
13znauaq8 Carboxylic acids 2 wHha, Furans 7
"ﬂﬁ@], Ketones 5 ﬁﬁ(ﬂ, Pyrazines 9 "L‘iﬁ@], Pyridine
1 1%@ waz Pyrroles 3 7@ @9LaAdLH Table 4
LLGZﬁ’]ﬂﬁ/ﬂauﬁﬁ’]ﬂy@luﬂ’lLLW‘VS&Iaﬂﬁ’suﬂ%éa%ﬁ
Hwlilevanue 22 5l Usznaudds Carboxylic
acids 2 7# @, Furans 5 TH @, Ketones 2 T4 @,
Pyrazines 9 T4@, Pyridine 1 %@ W&z Pyrroles 3

THA AILEAIL Table 5

MnmMsiareiasssnefiliniudda
TUNUHANENIIUT 3 T2AUNITAY WUEITILRY
ﬁlﬁnﬁuﬁwa”rylunﬁLLw;l’lﬂﬁq@Lflumﬂumjﬂwm
Fu inndiserwaaisasznitensasziilu
waztinanaiardlasiiaduldnindszozusnuas
mslwausan Gsaiad uaz, 2546) aylunga
Induazlinaudaminnsansanaue aslunda
wuLLsuLﬂuaﬁﬁwuﬂ?uwmsaaaaam
alwnaumdnidon wonauduamslungualon
Lﬁ@mrwmsamwl”aman{wmasgiﬂia
tdugnsesduvasladlan (diketone)
winanaiaannlsladsvosanilulaesarfindn
9 (Nishimura & Mihara, 1990) &13lungu’lnlsa
a:lﬁnﬁumﬁul,‘fim'v\tjm%aﬂﬁuqomm:mﬂumjw

Auoa, Carboxylic acids uazlwsau muaay
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Table 3 Tentative volatile compound of mokmuan coffee dark roast.

114

HP-5MS Column

DB-WAX Column

No. Tentative Compound RT (min) - Odor Description RT (min) - Odor Description
Exp Database Exp Database
Carboxylic acid
1 | Acetic acid - - 660-662 - 22.067 1458 1415-1479 | Vinegar
Furans
2 | furfural - - 828-839 - 22.481 1464 1421-1493 | Sour
3 2-furanmethanol 10.229 857 845-866 Roasted, Coffee 28.293 1665 1613-1686 Potato crisp
4 | 5-methylfurfural 14.368 - 958-977 - 25.743 1568 1536-1608 | Coffee
5 | furfuryl acetate 15.623 990 998 Nail polish 24.631 1535 1523-1559 | Lipstick smell, Pungent
6 | 2,2-methylenebis furan 19.007 1086 1085.6 Medicinal, Pungent 26.704 1601 1615 Herb
7 | 2-furfuyl-5-methyl furan 22.493 1176 - Green 28.631 1676 - fishy, sour
Ketones
8 | 3,5-Octadienone 18.255 1062 1076-1102 | Herb - - 1516-1569 | -
9 | 1-(2-furanyl)-Ethanone - - 914-918 - 23.753 1501 1461-1538 | Coffee
10 | 2-acetyl butyrolactone - - 891-922 - 27.444 1636 1592-1666 | Popcorn, Butter
Phenols
11 | 4-ethyl-2-methoxyphenol 25.854 1269 1243-1281 Pandan leaves, Sweet 37.578 - 1983-2057 | -
12 | 2-methoxyphenol - - 1086-1090 | - 33.470 1860 1885-1814 | Herbal, Molasses
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Table 3 Tentative volatile compound of mokmuan coffee dark roast. (continue)
HP-5MS Column DB-WAX Column
No. Tentative Compound LRI LRI
RT (min) Odor Description RT (min) Odor Description
Exp Database Exp Database

Pyrazines
13 | Methylpyrazine 9.195 821 799-836 Green 16.318 1272 1238-1288 cocoa
14 | 2,5-dimethylpyrazine 12.497 909 889-928 Pandan leaves 18.215 1333 1281-1348 Roasted
15 | 2,6-dimethylpyrazine 12.400 906 912-920 Roasted, Coffee 18.398 1341 1300-1360 Musty
16 | 2-ethyl-3-methylpyrazine 15.991 1006 999-1001 Medicinal, Green 20.827 1405 1363-1419 Herbal
17 | 2-ethyl-5-methylpyrazine 15.904 994 1001-1004 Chocolate 20.224 1398 1358-1432 cocoa
18 | 2-ethyl-6-methylpyrazine 15.874 992 991-1001 Sweet 20.417 1401 1375-1415 Pandan leaves
19 | 2-ethyl-3,5-dimethylpyrazine 18.862 1071 1077-1088 Medicinal, Herbal 22.589 1469 1458-1477 Coffee
20 | 3-ethyl-2,5-dimethylpyrazine 18.880 1072 1075-1083 Coffee, Fragrant, Floral - - 1416-1458 -

Pyridine
21 | Pyridine 9.846 - 753-769 - 13.654 1190 1160-1220 Sour

Pyrroles
22 | 2-Carboxaldehydepyrrole 9.462 1015 1008-1018 Green - - 2013-2038 -
23 | 2-Acetyl-1-methylpyrrole 18.648 1069 - Medicinal, Chemicals, Pungent - - 1645-1647 -
24 | 1-(2-furanylmethyl)-1H-pyrrole 22.581 1178 1185.4 Vegetable, Green, Pungent - - 1817 -

Exp = LRI values from the experiment calculated using n-alkanes standard on the HP-5 MS and DB-WAX columns

Database = LRI values from NIST database on the HP-5 MS and DB-WAX columns

Odor Description = Odor active compounds identified through Gas Chromatography - Olfactometry (GC-O)
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Table 4 Tentative volatile compound of mokmuan coffee Medium roast.
HP-5 MS DB-WAX
No. Tentative Compound LRI LRI
RT (min) Odor Description RT (min) Odor Description
Exp Database Exp Database
Carboxylic acids
1 Acetic acid - - 660-662 - 22.040 1459 1415-1479 | Vinegar
2 4-Hydroxy-Butanoic acid - - - - 27.427 1636 - Pungent
Furans
3 3-Furaldehyde 9.421 822 - ferment 22.495 1457 1426-1455 | ferment
4 | Furfural 9.633 828 828-839 ferment 22.499 1458 1421-1493 | ferment
5 2-Furanmethanol 10.368 855 845-866 Coffee, Popcorn 28.306 - 1613-1686 | -
6 | 5-methyl furfural 14.440 966 958-977 ferment 25.768 1568 1536-1608 | Coffee
7 | furfuryl acetate 15.687 991 998 Nail polish 24.640 1537 1523-1559 | Printer ink, Pungent
8 2,2’-methylenebis furan 19.026 1087 1085.6 Sweet 26.704 1601 1615 Herb
9 | 2-furfuyl-5-methyl furan 22.512 1176 - Green, Coffee 28.640 1679 - Grassy, fetid
Ketones
10 | 1-(acetyloxy)-2-Propanone 10.827 858 876 Roasted - - 1469-1483 | -
11 1-Hydroxy-2-Propanone - - - 17.449 1305 1274-1323 | Plastic
12 | 3,5-Octadienone 18.263 1062 1076-1102 | Sweet - - 1516 -
13 | 1-(2-furanyl)-Ethanone - - 914-918 - 23.773 1506 1479-1538 | Musty
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Table 4 Tentative volatile compound of mokmuan coffee Medium roast. (continue)
HP-5 MS DB-WAX
No. Tentative Compound LRI LRI
RT (min) Odor Description RT (min) Odor Description
Exp Database Exp Database

14 | 1-(2-hydroxy-5-methylphenyl)- 27.012 1320 - Balm, Cool - - - -

Ethanone

Pyrazines
15 | 2,3-dimethylpyrazine - - 911-922 - 18.997 1343 1326-1346 Popcorn
16 | 2,5-dimethylpyrazine 12.484 909 889-928 Coffee 18.416 1340 1291-1348 | Pandan leaves, Popcorn
17 | 2,6-dimethylpyrazine 12.473 907 912-920 Pandan leaves, Grassy 18.402 1401 1320-1360 | Pandan leaves
18 | 2-ethyl-3-methylpyrazine 16.016 1006 999-1001 Coffee, Grassy 20.842 1409 1363-1414 | Sweet, Pandan leaves
19 | 2-ethyl-5-methylpyrazine 15.890 993 1001-1004 | Printer ink 20.233 1396 1367-1432 | Spice, Herbal
20 | 2-ethyl-6-methylpyrazine 15.907 994 991-1001 Medicinal, Coffee 22.224 1463 1375-1415 | Coffee
21 | 2-ethyl-3,5-dimethylpyrazine 18.889 1072 1077-1088 | Herb, Coffee 22.604 1468 1458-1477 | Ovaltine, Chocolate
22 | 3-ethyl-2,5-dimethylpyrazine 18.877 1071 1075-1083 | Herb, Medicinal 22.140 1456 1416-1458 | Coffee
23 | 3,5-diethyl-2-methylpyrazine 21.755 1151 1159-1162 | Pungent, Coffee 23.535 1499 1469 Roasted, Coffee

Pyridine
24 | Pyridine 6.895 - 753-769 - 13.665 1190 1157-1220 | Sour

Pyrrole
25 | 2,3-dimethyl pyrrole 9.373 820 - Grassy, Pungent - - - -
26 | 3-Acety-1-methyl-pyrrole 18.692 1069 - Medicinal, Grassy - - - -
27 | 1-(2-furanylmethyl)-1H-Pyrrole 22.604 1178 1185.4 Grassy 32.605 - 1817-1833 | -

Exp = LRI values from the experiment calculated using n-alkanes standard on the HP-5 MS and DB-WAX columns

Database = LRI values from NIST database on the HP-5 MS and DB-WAX columns

Odor Description = Odor active compounds identified through Gas Chromatography - Olfactometry (GC-O)
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Table 5 Tentative volatile compound of mokmuan coffee light roast.
HP-5 MS DB-WAX
No. Tentative Compound LRI LRI
RT (min) Odor Description RT (min) Odor Description
Exp Database Exp Database
Carboxylic acids
1 | Acetic acid - - 660-662 - 22.042 1457 1415-1479 | Vinegar
2 | 4-Hydroxy-Butanoic acid - - - - 27.422 1637 - Pungent
Furans
3 | 3-Furaldehyde 9.366 828 - ferment 22.495 1466 1426-1455 | Sauce
4 | Furfural 9.403 830 828-839 ferment 22.502 1468 1421-1493 | Grassy
5 | 2-Furanmethanol 10.348 848 845-866 ferment 28.302 1679 1613-1686 | ferment, Grassy
6 | 5-methyl furfural 14.385 969 958-977 Pungent, Grassy 25.767 1567 1536-1608 | Grassy
7 | furfuryl acetate 15.635 993 998 Nail polish 24.641 1537 1523-1559 | Pungent, Plastic
Ketones
8 | 1-(acetyloxy)-2-Propanone 10.752 861 876 Roasted - - 1469-1483 | -
9 | 1-(2-furanyl)-Ethanone - - 914-918 - 23.768 1500 1479-1538 | Smoky, Medicinal
Pyrazines
10 | Ethylpyrazine - - 910-946 - 18.566 1340 1330-1359 | Musty
11 | Methylpyrazine - - 799-836 - 16.335 1274 1238-1288 | Sour
12 | 2,5-dimethylpyrazine 12.447 909 889-928 Pandan leaves 18.240 1333 1291-1348 | Printer ink, Medicinal
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Table 5 Tentative volatile compound of mokmuan coffee light roast. (continue)
HP-5 MS DB-WAX
No. Tentative Compound LRI LRI
RT (min) Odor Description RT (min) Odor Description
Exp Database Exp Database
13 | 2,6-dimethylpyrazine 12.326 907 912-920 Coffee, Roasted, Nail polish 18.411 1336 1320-1360 | Nail polish
14 | 2-ethyl-3-methylpyrazine 15.980 995 999-1001 Medicinal, Printer ink, 20.847 1408 1363-1414 | Herbal, Plastic
Coffee

15 | 2-ethyl-5-methylpyrazine - - 1001-1004 | - 20.231 1396 1367-1432 | Pungent, Spice
16 | 2-ethyl-6-methylpyrazine 15.870 993 991-1001 Nail polish - - 1375-1415 | -
17 | 3-ethyl-2,5-dimethylpyrazine 18.850 1071 | 1075-1083 | Medicinal, Pungent, Herbal 22.132 1458 1416-1456 | Vinegar
18 | 3,5-diethyl-2-methylpyrazine 21.726 1152 | 11569-1162 | Medicinal - - 1469 -

Pyridine
19 | Pyridine 7.126 - 753-769 - 13.719 - 1157-1220 | Sour

Pyrrole
20 | 2-Acety-1-methyl-pyrrole - - - - 28.121 1664 1949-1983 | Roasted
21 | 3-Acety-1-methyl-pyrrole 18.646 1071 - Pungent - - - -
22 | 1-(2-furanylmethyl)-1H-pyrrole 22.567 1178 1185.4 Grassy - 1817-1833 | -

Exp = LRI values from the experiment calculated using n-alkanes standard on the HP-5 MS and DB-WAX columns

Database = LRI values from NIST database on the HP-5 MS and DB-WAX columns

Odor Description = Odor active compounds identified through Gas Chromatography - Olfactometry (GC-O
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Table 7 Quantification of mokmuan coffee, Doichang coffee and Doiwhan coffee with 3 levels of roasted

Types Coffee / Roast
Dark Roasted Medium Roasted Light Roast
Level
(meanzSD) (meanzSD) (meanzSD)
(ng/kg)
Mokmuan 6.571+£0.217 5.73510.090 3.95310.015
Doichang 3.897+0.106 3.706+0.181 3.161+0.135
Doiwhan 3.8131£0.135 3.78010.124 2.85210.221
dyilwanmaaas 14 levasiTvasanInasgnu 2,6-dimethylpyrazine
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