MIATINENANERTYING T 20 (AUTUT 2) WOENIAN — BNAN WAL 2567

BURAPHA SCIENCE JOURNAL Volume 29 (No.2) May - August 2024 UNANNIAE

a a ¥ a o @
nsuszdiuifFaunauFunuasssvelinauaainiundisasy
a o % 1 [ 1
NUUILULLT L ERNULAILAz NN as
Comparative Evaluation of Volatile Aroma Compounds Content of Freeze-Dried

and Spray-Dried Instant Coffees
TR AUATNIIOY AT TUINTUA WIRY
Nathamol Chindapan* and Chanakan Puangngoen

AR A lulaiingenis andganemans unanenasasn Ussmalng

Food Technology, Faculty of Science, Siam University, Thailand
Received : 18 March 2024, Received in revised form : 6 June 2024, Accepted : 8 June 2024

Available online : 2 July 2024

unAnsa

' v v v
o

a

s = o o Ao o o  Yyo a Y a ~ & =
ﬂqﬂigﬂ\iﬂuﬂgwuq: ﬁ“]"ﬂuuﬂ’]LLW@’]L?@gﬂVW]']LL'VNLLUULL?JLﬁ'ﬂﬂLLinm?UﬂrJqNuﬂN@qﬂE\!U?Iﬂﬂﬁ]’]rJi‘V]ﬁLWNﬂu YNU

anaifunsznisuansaugpatunssuinliisAnresudniugianas anivdagnénadalnaunannannainiun

2 Ao - A a Y o o @ A o % , A @ )
U @m\immﬂizmmLw'al,aﬁﬂumﬂmﬁmmmﬁxmﬂlﬂmﬂummmLW\ImLi@gﬂwmLLmLLumLmﬂ'ammLmzwutJfaﬂ

e
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NANIFAAEY: NUANTTLUNLNINNA 144 TR Lm'izmﬁmmﬂéi 106 2%iA LWHANANTUNAN odor activity values (OAVs)
wasassememandluntunaianlfidudngaulunisudaaniundrdagd wudniuarssvivaliindunian OAV > 1
Anuou 53 18a Auuniulnedu 15 980 Wusu 8 1ln nIn 5 Tiia wean bad 5 18a Alaw 3 18e Inflea 3 1lin 104
e a aa a a & a || a a a
wef 2 4t Iwshu 2 18a nezlaa 2 98n weanaded 2 1iin Auea 2 28a aananlaa 1 98 Worluu 1 1iin
lalasaniuau 1 98a uaz wusy 1 1ila wasani liidindu Buuansssmelinawioma lunuaindndvuace)
WieN 43.94% 109nd lunuarin Tnadinisanasesansssmennngs aniunusy waniuie naundiidagunniudis
wuuutiEenudvsz AUl fiRnsuarenainssiinisaegaasansssimve LN AUIUNA 75.98% WAz 73.39% 2847
= o v oy = o @ Ao o ) v v a am = |
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agduanisiae: nundgagdivinuisuuuudigieanudstszneufoaFunuanssrimeliinduianuaninndaniun

al

o o

AFagUnviuisuuwurlesatnalidAty (o <0.05) Uszunn 1.52 11 (W3e 25.87%) waz 1.63 Wi (Vise 28.26%)
A mFuniananszAuties RN suazgaIUNIIN MMNATAL MNAININARTRNLATENANTHNAsBL IR AN Tz e i
nawisnalunundrGaguasinglifitiadrArynieadis (o > 0.05)

AdATY : nudFagy ; MevinuiuuuutiEienuds ; nsinuitsuuunires ; asssmelinau

Abstract
Background and Obijectives: Nowadays, freeze-dried instant coffee is more popular with Thai consumers. This is probably
because industrial-scale production results in lower prices. Also, it was claimed that its aroma is superior to spray-dried
instant coffee; however, no comprehensive studies have been done using reliable analytical methods. This work aimed
to compare the volatile aroma compounds content of freeze-dried and spray-dried instant coffees produced from a
laboratory and industrial dryer produced from Robusta coffee beans.
Methodology: In the study, volatile compounds in coffee brew prepared on a laboratory scale, coffee brew and
concentrated coffee brew prepared on an industrial scale, and instant coffee dried using a freeze dryer and spay dryer,
either laboratory or industrial scale, were separated, identified, and analyzed using HS-SPME/GC-MS techniques.
Main Results: From the results, a total of 144 volatile compounds were detected, but only 106 compounds were identified.
Considering their odor activity values (OAVs) in coffee brew used as a material for production of instant coffee, a total of
53 volatile aroma compounds (OAV 2> 1) were verified, of which 15 pyrazines, 8 furans, 5 acids, 5 aldehydes, 3 ketones,
3 pyrroles, 2 esters, 2 pyridines, 2 thiazoles, 2 alcohols, 2 phenols, 1 oxazole,1 furanone, 1 hydrocarbon and 1 pyran.
After concentration, the concentrated coffee brew remained total volatile aroma compounds of around 43.94% of its
content in the coffee brew, with a loss in all classes of volatiles except for furans. Once drying, the instant coffee dried
using the freeze dryer on both laboratory and industrial scales retained total volatile aroma compounds by 75.98% and
73.39% of their contents in the concentrated coffee brew. In comparison, the instant coffee dried using the spray dryer,
either laboratory or industrial scale, maintained total volatile aroma compounds by 50.11% and 45.13% of their content
in the concentrated coffee brew, respectively. Moreover, the instant coffee dried using the freeze dryer had higher
pyrazines and furans contents than the instant coffee dried using the spray dryer, either laboratory or industrial scale.
Conclusions: It can be concluded that the freeze-dried instant coffee had significantly higher total volatile aroma

compounds than the spray-dried instant coffee by 1.52 times (25.87%) for the laboratory scale and 1.63 times (28.26%)
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for the industrial scale (p < 0.05). Also, the production scales did not significantly affect the total volatile aroma
compounds in the instant coffees (p = 0.05).

Keywords : instant coffee ; freeze drying ; spray drying ; volatile aroma compound
*Corresponding author. E-mail : nathamol.chi@siam.edu
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nau (aroma) WusniguninndrAynindmiunandasinaunynaiasannaniunddaglaoy egann
asnaranInTauedguiinalaanse naun1un (coffee aroma) TAn1a1nNIINaN AU a9a1992L e (volatile

compounds) PALTHA BTLTU Taas (sulfurs) IwanTu (pyrazines) Wamu (pyridines) nslea (pyrroles) aanglaa

v '
a K A

(oxazoles) VjLLiu (furans) LAAA Lo (aldehydes) Almu (ketones) wazNuaa (phenols) %qmmummﬂ’m Maillard
reaction, Strecker degradation, caramelization WaZ pyrolysis ‘luiwdmixmumiﬁq WwWaanuwi (Buffo & Cardelli-
Freire, 2004 ; Chindapan et al., 2021) flaqiiu N3N BN A TPV AN BRI AT ARN1Tu e A RelE Ty
agiNgunIuane LEwn n1ranmdaewmAila Headspace-Solid Phase Microextraction (HS-SPME) #8annsdia N1n13
wanuazalmsziansseinaineld Gas Chromatography (GC) FefaiU Mass Spectrometry detector (MSD) %58
Flame lonization Detector (FID) mnma?izmaﬁmmwuﬁguj WinaunsuslElnenymdaz sy Willumsssmelingu
(Volatile aroma compounds) ANV %x‘iﬂiﬂjﬁ@oﬁlﬂuﬁﬂﬂ% Olfactometry detector 1138 Electronic-nose $9: A28l
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nszuunsrannNundEaglinevialy dsenavdiag dunaunisdauazuamdaniun nsainzeudafiazans
wnldannniunAalagliunseusaniuaausu nnsindindulaanszuaunisszmve uazqavinaraniaiiui (Leobet
et al., 2020) usiazdunaudouiuanvn i liiansgdaanssvve linauluniundgagd Inaanzdunaunis
° o | a a vaal ° % ' . aal P o o = | v § VY @
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(1995) lHiaemAnaaLAN propyl acetate Taiiluanssvimaaianiieasluntunuiounluiufisuuunuleaafgungi
200 °C Wugn1sunnu propyl acetate Tununanadiuil 50% LHagNBAKIY atomizer LAZAAAILNNTUDN LHBINTUN
44, v o 2 v .
WAIUNIUINAINTRA uinsgryidsazanasinaniaiinAmdindureaniunaia (orew coffee)
dl o QI % v % dl o v al o aa o £ A < .
Wainunauvanaaanull3lilsnanngs daqiinlainisindsniuicuuuuditianuds (freeze drying)
o v a °o ° o | < & o o qu o s & & . ~
Winunlnanniundrdagununisiauisiuunudasninau nezuautiilunisinliiin lwanwenanaiduiiudeneun
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-ﬂl % dgl v a OI =S & -ﬂl v 1 1 o ‘QI
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gra1nssn tnelfinatin Head Space-Solid Phase Microextraction (HS-SPME) $a:il Gas Chromatography-Mass

Spectrometry (GC-MS)
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1) WRan WAL (roasted beans, RB) @eiiuglatiasin Sedluvasignludandvguns tszmalne szavandin

(city roast) @HANA agtron number 47-55) U339 ugeezqiilusnastdtlaaiin (Figure S1)
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2) Nunane (coffee brew, CB) FasTINANNEAN N AY (%@'171' 1) InelEnszuaunisainssAugnaIungs
Uszneudaevnsuiaiiazane | Eiavun (total soluble solid, TSS) 14% Taeninuin 1339 1UA9ALAY (duran) TUASLLL
wwds (-20 °C) LASLALENEAT -40 °C (Figure S1)

3) nwarimdudu (concentrated coffee brew, CCB) Fasreuannnunaia (%@‘1’7‘1‘ 2) neldnszuaunis
FLNUTLALYAATUNITN Usznaudaeaudaiiazane i (total soluble solid, TSS) 48-50% Taevimin pH 4.85
1999 149ALAY UL LD (-20 °C) WAIALENIT -40 °C (Figure S1)

4) mLw\lziﬁL‘%@gﬂﬁmamimﬂ%ﬂd@'mﬁﬁLLﬁQLL‘uuLlﬂj’lﬁ@nLL%qizﬁuﬁmﬂﬁﬂﬁmi (instant coffee from lab-freeze
dryer, IC-LabFD) Fawauannunas i (5’1]@471' 3) ssnauBagAnLiuedg 3.2% (w.b.) U999 luneazgiitn

Woas 1udsgunnRUnG wazifiuinwni -20 °C (Figure S1)

A a

5) nundidagiiuantaelfiasasniiuisuuuuditionudaseaugnaiunssu (instant coffee from industrial-
freeze dryer, IC-IndusFD) Guwsizalfannniunainidindu (a7 3) Uszneufasanuauiads 2.8% (w.b.) ussqluga

azgiifluunans audegauuniUng uaziiudnmii -20 °C (Figure S1)

' |
a a

6) nunddaguinanlnelfirsaaniuwiicuuunuleaszauiiedimnng (instant coffee from lab-spray
dryer, IC-LabSD) SaeuannnunaiaLduii (%@*‘71' 3) tssnauBasmnuiuaig 4.5% (w.b.) U399 luneezgiilluy
e Iudegu)NlnA WAIALENIAT -20 °C (Figure S1)

7) mesla?wL%@gﬂﬁmamimﬂ‘l,%l,m%qﬁnLLﬁqLmuWch'amwTqummumiu (instant coffee from industrial-spray
dryer, IC-IndusSD) FuwsisealFarnniuaiadindu (fef 3) Usznaudaaaanaduads 4.2% (w.b.) TEERNETT,N
azgiiluunass audegauugiins uaziLInEAT -20 °C (Figure S1)

murldrGagynafinudaaniudaniuda nuade uaznudatadudufendnaiu Tnald operating
parameters WarNAN Table 1

NITVETEINA AL NN UNAINFLNITA IS TRAUALL BN IUA T8

1) nwnans (RB) AN A AN LA snualiidauineyniaszndng 180-250 lulaswms tnald
coffee grinder (DELONGHI, KG521M, Treviso, Italy) wazaintin unlng 1 irtaesaniunioaimsals (Lap-DED,
La Pavoni, Milan, Italy) §unisarinldnurun 9 nfu tiviaugniugil 93-95 °C Aauduszanns 12 bar deazld
annmesudiiazangldvoualszunm 13.8-14.2% laatinmin anguuiniunainasiuiauligaumnigading
(s 40-42 °C wazsinllAeans T e sudeiiaranelEvanuawindy 2% way 10% Tngldtininsn LC-MS
(LiChrosolv® Merck KGaA, Darmstadt, Germany) n3aadnt3unnaauielagld hand-held refractometer (Atago,

model S-28, Tokyo, Japan), waztinllAmssiaiauaziBunnanssemelng lmaiin SPME/GC-MS vf
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=

2) @ (CB) waznunaiadindy (CCB) @aufivsni Iuuuwduda anazaeiaEnT g (Inelans
Wﬁ’fﬂmﬁ”ummmm) LaziAna i Bunnaeidazang Bvanuaint 2% waz10% e lFinine LC-MS uag
A sdrfianasiunmanssemalng natin SPME/GC-MS 947

3) muﬂz%nf%wgﬂﬁzq 4 %l (1 IC-LabFD, IC-IndusFD, IC-LabSD, IC-IndusSD) thanazanelutininge LC-

MS WiR1 BN uresnianazane lETauawWingy 2% waz10% waztinllAaszdoinuasFu1niansssmeyiui

Table 1 Operating parameters of spray drying and freeze drying either laboratory or industrial scale

Operating parameter Spray drying Operating parameter Freeze drying
Laboratory  Industrial Laboratory  Industrial

scale scale scale scale

Dryer specification Dryer specification

- Evaporation rate (kg/h) 10 500 - Maximum sample 10 1,500

loading (kg)

Sample temperature before 40-42 40-42  Sample temperature 50-60 50-60

spray drying (°C) before freezing (°C)

Inlet temperature (°C) 180-200 196-203  Sample Temperature after -40 -40

freezing (°C)
Outlet temperature (°C) 90-100 90-100  Final temperature of 40-50 40-50
product (°C)
Feed rate (L/h) 300-500 840-900 Vacuum (Pascal) 30-50 30-50
Pressure (Bar) 40-60 60-80 Drying time (h) 20-24 20-24

n12AnTRIAKAL BN AUA272El (volatile compounds) lusaaeinanIuW

filnsratneanunfsten|iuda 4 Hadns ldadluanaudanindsaauia 20 Hadans (screw headspace
vials, Agilent, DE, Germany) wanltiaenaaalss (Carlo Erba, Val de Reuil, France) 1 n5a adaaduly L@Q@’Hmi‘i
ﬁﬁ'lﬁma‘sxmmqﬂﬂ@mﬂd@ﬂi’ﬁdﬁﬂﬁu ANNAIEINTTIRN 3-heptanone (Supelco, Sigma-Aldrich RTC, WY, USA) tdiudiu
0.04 mg/mL a7uau 25 lulasansg %mn’l*’ﬁﬂu internal standard ansf Taena9 (18 mm magnetic PTFE / Sil
headspace cap, Agilent, DE, Germany) ligiln uaziagiiun’ aunswsi MmAaumaelsfazateun (Anutasan Cai
et al., 2022) uiqastinldaimseiaiauaziBuinansszmalae lfinaiin Head Space-Solid Phase Microextraction

(HS-SPME) 9981 Gas Chromatography-Mass Spectrometry
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Amnzsiangszimelnald Gas Chromatograph (Agilent, 7890A, Santa Clara, CA, USA) %Wi'ﬂ@ﬁ.ﬂiﬁu lon Trap
Mass Spectrometer (Agilent, 5975C inert XL MSD with Triple- Axis Detector) Was autosampler (CTC Analytics,
CombiPAL, Zwingen, Switzerland) a115uantazlunsaiauazienanssewe 38n17209 Chindapan et al. (2021)
Tneinissnuilasianiias r;ﬁ”\i‘ﬁ”ﬂummﬁq@ﬂ’mﬁmmmmﬁqmmﬁ 60 °C 1fluiann 20 Wil annviu 1 SPME fiber
T1m 50/30-Um divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS) %ﬂ%ﬁu Autosampler (Supelco,
Bellefonte, PA, USA) aani1u septa il luaansiaeting uazlassliidinnsgaduansszme lutesinsaestondanting
7 60 °C lunanan 30 w7 WieniutNAaaALANT 500 rpm ileAsuiaan SPME fiber azgnaeniing injection port
2189 GC-MS ﬁ@qmmﬁ 180 °C {luioan 5w Lﬁ@ﬂ@mﬂ@i@ﬂmaizmmL%ﬁzgjl,mﬂm?éﬂm‘fuﬁmﬁm DB-WAX A213E19 60

AT U WARENAne 250 lulasiums dunfaunuw 0.25 lulasiums (J&W DB-WAX Ultra Inert, Agilent, Santa Clara,

a a a

CA, USA) lRna8aant3gn 99.99% lufngianiansszinaiiingaadns wuy splitess 18m3n1eluanenin

v
o

1 mU/min Taesegnimnd Fufusesdeud 40 °C aelilluaan 6 wifl udafisidu 180 °C Faadhan 3 °C/min AslAi
qrungiiiilunan 2 Wil sasaaniavaa (GC run time) 54.67 un7l &1uFL mass spectrometer fMUARNAIT
M liansumnsiaiulesy (ionization energy) 157 70 ev ﬁmLLﬂﬂmemwifﬂﬂmuﬁﬁmarfifaﬂix@g (m/z) 3513749 33-
300 m/z lulnuaguni ﬁ%@qmmﬁﬁnm ion source A% quadrupole ion trap 71 230 °C uaL 150 °C ANANFL HANNS
Annziuannssnagnginsunlnunsu (Figure $2-S8)

meszyriazevatssze : lnisultaumiaudesa mass spectrum 2avatsusiazaiiaiuguiesys database
NISTO8.L $aufiunisifseuiieuA linear retention indices (LRI) 2844191179571 C7-C40 saturated alkanes (1,000
pKg/mL each component in hexane, Supelco, Sigma-Aldrich RTC, WY, USA) AN NE W 200 ppm ﬁifﬁ@’mm@
FiAneiBnsAeRlaan TR EAREa TR et a1nths TeuEn Ty IeEel similarity > 80% WAz
LRI In&1Aeery LRI Magsaanl8lu literature dawuanassivie 34l similarity < 80% 3138 LRI #19970 LRI RAEINENTL
151 literatures 1NN91 50 AzgnarEl unknown

n9ATEFa T il AwanBuaasssmelnan s ReudleuiuilEfatesanssyime
uAazITiATUALA LA AT94 internal standard (3-heptanone) LLéifmmmLﬂummL%ufﬁua“uﬁwﬁ“mmmﬁzmmﬁmfuj
Tunenaeslulnniusenlaniureseudsiazaneldlunium (ng per kg solid dissolved in coffee brew) 1378 ppb
mﬂﬁ?u ﬁ’]ﬂ?mmm'ﬂd@’]ii:lmmﬁwmmmifsmﬁu LL@‘ziw\‘l’mlﬂmﬁuWmmiizmw{mum (total volatile compounds)
lunisdag mg/kg solid dissolved in coffee brew %38 ppm

n12ANTRAMASLEN A7 18NAY (volatile aroma compounds) lun1unasin

AT MTNAIN TNz THAANTe 1 NNAUAUANHIIZIEINAY (aroma description) wazANLiindiuAIge

'
o a o

n5u5Tasuysdidaazanain (odor detection threshold in water) antenansuazaLdsaiieades (literature) a1n1iu
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AU odor activity values (OAV) 1asdnsszinausazsialaniz lununans (CB) avlfilluingaulunisudnniun

A5a31 Naauudindiu 2% (wiw) dsannissialili

AMUNdUIR9A1992E (ppb)

Odor activity value (OAV)= . T — >
ﬂ')’mL%IN?I%G]WQ@V]?U?T@HNHHEILN@@&@’]EI‘LH (ppb)

a

AN99xmeal OAV > 1 azgnavyiiluansszimaliindu (volatile aroma compounds) lusaagineniunl (Amanpour &

Selli, 2015)

N19UATIEHNNADE

VINN9IMAREY 2 91 (FaatnarzadnnAuNIAINnIskan Tl 2 den) iaseitiniansssmeianun lusiaaeng
wiavaanlaelfimalla HS-HPME/GC-MS NAH@ndu 2% TSS way 10% TSS a1 4 AT (n=4) antii ALAgnesh
v v = 1 Adl s 1 [~3 aa . .
fayalneld One-way ANOVA uazifFauiauaniady (109528819 2 dan) InedT Tukey's Honestly Significant

Difference (HSD) N3vauAanni@au 95% Iaeldldsunsn SPSS for Window®

NANI5IAE

BANIANTRAA FUNRIA17920e (volatile compounds) Tusiagianun Is1as1

Table 2 wanariagnsszwaianuanLenldansaatraniun 7 a8ia tnaldmailan HS-SPME/GC-MS $auAw
AgraaadFasndnd e 2 svau THwn 2% TSS way 10% TSS TNUsenaUAf8 &9 UETINNARIUIY 144 T
~ , , ! aa o g a Wyo P~ ~
WEN2ENNATIAINUN (RT) 697 55U919UNTIN 6.60-53.89 TuAwaul a1mnsnszyziialianuan 106 13in Gadusnsh
waseeudniaglununAannnen (snglanansdnedelu Table 2) uazliannsnszysiia (unknown) a1uau 38
1in (lwn vnaaaresivainglilann Taple 2) ansszmefseyatia ldaruuniiy 18 ngu Fasainuinlliies Aol
TwanEu 26 9tia Wuwsw 20 ailn Ale 10 9ln NI 8 1A waamlas 7 1tin waiiuens 7 1tin nlsas 6 Tl wamnaf 4
wtin Ighu 3 atn nezlea 3 1lin ueanased 3 1tia azdvea 1 9la aanmilaa 1 18n Wonluu 1 98a Wuea 2 1iin
lalnsanfueu 2 18n eea 1 9ia uaz Twusw 1 18a wudnunynaiindsenausicaansssmeatinbeniu usisneiy
dl v v v o < dl = v dl o U 1 09: o v a e/ dld
nandindu aniuniwddzagnnaning liAsesinuiauuunulesisssautiesdJiRn1suarenavnssunians
szweuneniaf linulusaegnean dsngeenun liun a7 5 (unknown), #AT 6 (1,4-cineole) AT 7 (2-isobutyl-4-
methyl-1,3-dioxolane) wazNAN 67 (terpinen-4-ol)
Table 3 LAANNAINBILFNIUANTILVE (19144 1ile) Tusiatinaniwn 7 18n Tuinenaeladniuauyates

3-heptanone saflanfuaasresudsiazanaldlunun (ppm) Teldannsimszdansseimvalngda HS-SPME/GC-MS

654



MIATINENANERTYING T 20 (AUTUT 2) WOENIAN — BNAN WAL 2567

BURAPHA SCIENCE JOURNAL Volume 29 (No.2) May - August 2024 UNANNIAE

v
o

PAUUNRDANF8e IR AMNENT W 2% TSS WAy 10% TSS NAN1IILATIET WLLIFRaeNIn LWarH A ENd L

finariu wildas i s ssswe e use s vasreudsiarane ldlununasaslE B niansssime
vavuaAeuinelndReaiu andusesanuidiniiu (CCB) Finudnnnsuressaatnadiuii 10% TSS MWnamuuas
g sssmeianatieandidsniam eilnannssausae ity 2% TSS A 2 Wi farfu eAdeiiiaden
fansanHanITALATERRateTiauiintiy 2% TSS Masnazuaes BunniansssmesianunluniunatnaIniuga
AunAa (RB) uazn1uwanin (CB) uanaeiuaengldfiad1Atyn1eada (o > 0.05) TneilAniaag 1,653.14 ppm UWay
1,641.56 ppm ATNANAL %qugq'a;mLﬁ@L‘]_I‘S‘ﬂ‘uLﬁﬂuﬁuﬁq@ﬂ"mﬂ’umﬁmguj aeNNUBANATYNNADA (p < 0.05) Aaatis
NN R HATL 189 B tuEN T T L AFa9aean TE LT nunaTAdady (CCB) ﬁmm?{mqﬁ 719.55 ppm gald
LﬂumLW\I@%WL%gﬂﬁﬁmﬁqLLUUMSL%mLﬁq (FLaAE 634.02 ppm LA 572.03 ppm) WAZLULN N (FnlRAE 389.28
ppm WAz 372.95 ppm) AMNAIAL

Figure 1 (a) waz (b) meﬁ@mxmm\ifmﬂmﬂ?mmmﬁizmaﬁwmiuﬁq@ﬂwmLLWLLﬁi@:mﬁm Wieudy
nunana (CB) wazniunanadindu (CCB) muansu wudn nunaimdindu (CCB) ﬁﬂwm@ﬂ;m@m’muuﬂﬁwm
43.83% (visageyidely 56.17%) dedeuiuiunnan et lunuarin (CB) \fiafian200NEaTR4N 1T Ui
MU mLw\la‘?ﬂL%gﬂﬁmamimﬂ%Lm‘?;mﬁmﬁﬁLL‘1_|‘1_|mil,ﬁfaﬂLL"'ﬁﬁzﬁTuﬁmﬂﬁﬂﬁm? (IC-LabFD) kazszALgARIUNIIN
(IC-IndusFD) ﬁmmmg’mmﬁmmmiizmaﬁy\mm 38.63% WAz 34.85% ﬁum‘]ﬁmmmwi:maﬁawmlumw\lzﬁﬁ”m
(CB) viseAnTlu 88.16% waz 79.53% 1eeLunniansszmeiiaanlununaiadiadu (CCB) Tuamsd nung3agy
ﬁmamtmﬂi?‘ﬁLﬂdil’a\‘iﬁ’]LLﬁﬂLLUUWuﬂ@ﬂizﬁUﬁfa\‘iﬂﬁﬂaﬂﬂi (IC-LabSD) uazana1uNgsxn (IC-IndusSD) HnnsAsatians

1 BUIUANTIUNETIINNA 23.71% UAY 22.72% A91FN1 a1 77vwieianua lununans (CB) yizamaLil 54.08% uaz

51.84% 2a913H UANTTEeianNa lun 1w anmdind (CCB) mMNAFL
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Table 2 List of volatile compounds in 7 coffee samples as identified via HS-SPME/GC-MS

UNAYNIAE

No RT Compound name Class Expt.LRI Ref.LRI OT (ppb) OAV Aroma description Reference

1 6.60  Isobutyraldehyde Aldehydes 828 818 0.7 2,289 Pungent, fruity, malty Flament (2002)

3 9.1 Isovaleraldehyde Aldehydes 922 900 0.2 76,059 Malt, chocolate, slightly cheesy Flament (2002)

4 18.77  1-Methyl pyrrole Pyrroles 1139 1139 37 36 Smoky, woody, herbal Caporaso et al. (2018)

6 20.69 1,4-Cineole Terpenoids 1175 1169 0.27

7 21.07  2-Isobutyl-4-methyl-1,3-dioxolane Acetals 1186 N/A N/A

8 21.67  Pyridine Pyridines 1199 1204 2000 3 Sour, putrid, fishy, bitter, roasted Caporaso et al. (2018)

9 22.31  2,4,5-Trimethyl oxazole Oxazoles 1209 1211 5% 521 Nutty, sweet, green* See remark

10 22.86  Pyrazine Pyrazines 1221 1232 177,000

11 23.91  Methyl furfuryl ether Furans 1242 1252 N/A

14 25.30  2-Methyltetrahydrofuran-3-one Furanones 1271 1283 0.005** 330,787  Sweet, bready, buttery, nutty* See remark

15 25.55  2-Methylpyrazine Pyrazines 1276 1288 60 336 Nutty, roasted, chocolate, sweet, green, Caporaso et al. (2018); Flament (2002)
bitter almond

16 26.24  4-Methylthiazole Thiazoles 1290 1304 55 38 Tomato, fruity, nutty, green, meaty Ma et. al (2022); Flament (2002)

19 27.18  3-Methylpyridine Pyridine 1310 1323 1000*** 2 Green, earthy, hazelnut Flament (2002);

20 27.45  Hydroxyacetone Ketones 1316 1321 N/A

21 28.05 2-Heptanol Alcohols 1329 1328 81 69 Fresh, lemon, grass, herbal, sweet floral, Burdock (2010); Flament (2002)
fruity, green

22 28.28  2,5-Dimethylpyrazine Pyrazines 1334 1348 2600 8 Nutty, roasted, grassy Caporaso et al. (2018)

23 28.57  2,6-Dimethylpyrazine Pyrazines 1340 1354 3100 7 Chocolate, cocoa, roasted, nuts, fried Caporaso et al. (2018)

24 28.77  2-Ethylpyrazine Pyrazines 1344 1359 6000 3 Nutty, peanut, butte Caporaso et al. (2018)

25 29.41  2,3-Dimethylpyrazine Pyrazines 1358 1371 250 32 Nutty, roasted Caporaso et al. (2018)
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No RT Compound name Class Expt.LRI Ref.LRI OT (ppb) OAV Aroma description Reference
26 29.79  2-Cyclopentenone Ketones 1367 1383 N/A
27 30.36  2-Methyl-2-cyclopenten-1-one Ketones 1379 1395 N/A
28 30.70  4,5-Dimethylthiazole Thiazoles 1386 1372 470 3 Nutty, green Flament (2002)
29 31.16  2-Ethyl-6-methylpyrazine Pyrazines 1396 1408 30 1,510 Flowery, fruity, hazelnut-like Caporaso et al. (2018)
30 31.47  2-Methyl-5-ethylpyrazine Pyrazines 1403 1415 100 326 Coffee-like Caporaso et al. (2018)
31 31.84  5-Ethyl-2-methylthiazole Thiazoles 1411 1410 N/A
32 32.04  2-Ethyl-3-methylpyrazine Pyrazines 1417 1417 130 107 Nutty, peanut Caporaso et al. (2018)
33 3213  2,3,5-Trimethylpyrazine Pyrazines 1414 1429 1800 12 Nutty, roasted Flament (2002)
34 32.33  2-Methyl-5-isopropyl pyrazine Pyrazines 1423 1424* N/A
35 32.62  2-Propylpyrazine Pyrazines 1429 1447 300 17 Green, vegetable Burdock (2010)
37 33.33  2,6-Diethylpyrazine Pyrazines 1445 1463 6 3,840 Nutty, hazelnut Flament (2002)
38 33.70  (2)-Linalool oxide (Furanoid) Furans 1454 1451 320 5 earthy floral sweet woody Niu et al. (2022); Flament (2002)
39 33.84  3-Ethyl-2,5-dimethylpyrazine Pyrazines 1457 1470 1 75,558 Earthy, roasted Caporaso et al. (2018)
40 33.89  Acetic acid Acids 1458 1465 22,000
41 34.19  2,3-Diethylpyrazine Pyrazines 1465 1449 N/A
42 34.46  Furfural Aldehydes 1471 1472 3000 39 Sweet, woody, almond Caporaso et al. (2018)
43 34.60  2-Ethyl-3,5-dimethylpyrazine Pyrazines 1475 1475 1 30,616 Earthy, roasted Caporaso et al. (2018)
44 34.71  2-Methyl-6-propylpyrazine Pyrazines 1477 1464 100 115 Burnt, butterscotch Flament (2002)
46 35.44  Furfuryl methyl sulfide Furans 1493 1516 105 63 Coffee, mustard, garlic, burnt Yan et al. (2020); Flament (2002)
47 35.70  2-Ethenyl-6-methylpyrazine Pyrazines 1500 1521 N/A
48 35.93  3,5-Diethyl-2-methylpyrazine Pyrazines 1505 1524 N/A
49 36.26  Acetylfuran Furans 1514 1527 10,000 1 Sweet, balsam, almond, cocoa Caporaso et al. (2018)
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50 37.05 Benzaldehyde Aldehydes 1532 1550 350 47 Powerful sweet, bitter almond Flament (2002)
51 37.33  3-Isobutyl-2,5-dimethylpyrazine Pyrazines 1539 1521 N/A
52 37.49  Furfuryl acetate Furans 1543 1552 100 103 Ethereal-floral, herbal-spicy Caporaso et al. (2018)
53 37.57  Propionic acid Acids 1545 1557 20,000
55 37.97  2,3-Dimethyl-2-cyclopenten-1-one Ketones 1555 1573 N/A
57 38.25  Isopropenylpyrazine Pyrazines 1562 1543 N/A
58 38.57  2,3,5-Trimethyl-2-cyclopentenone Ketones 1569 1592 N/A
59 38.79  Isobutyric acid Acids 1575 1552 8,100 100 *Sour, acid, cheesy dairy buttery rancid "Liu (n.d.)
60 39.12  5-Methylfurfural Furans 1583 1570 6 7357 Spicy, caramel, maple Caporaso et al. (2018)
61 39.24  2-Propionylfuran Furnas 1585 1571 N/A
62 39.31  1-Terpinenol Terpenoids 1587 1586 N/A
63 39.59  2-Iscamylpyrazine Pyrazines 1594 1530 N/A
64 39.74  beta-Methoxypyridine Pyridine 1598 1581 N/A
65 39.95  Furfuryl propionate Furans 1603 1620 N/A
66 40.20  1,5-Dimethyl-2-pyrrolecarbonitrile Pyrroles 1609 1612 N/A
67 40.36  Terpinen-4-ol Terpenoids 1613 1613 340
68 40.48  2,2-Methylenebisfuran Furans 1616 1636 N/A
70 40.68  1-Ethyl-2-pyrrolecarboxaldehyde Pyrroles 1621 1616 N/A
71 40.87  2-Acetyl-5-methylfuran Furans 1626 1650 N/A
73 41.15  1-Methyl-1H-pyrrole-2- Pyrroles 1634 1651 40 367 Roasted, nutty Caporaso et al. (2018)

carboxaldehyde

74 41.24  Butyric acid Acids 1636 1636 240 38 Sour, rancid butter Flament (2002)
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No RT Compound name Class Expt.LRI Ref.LRI  OT (ppb) OAV Aroma description Reference
75 41.38  5H-5-Methyl-6,7- Pyrazines 1639 1643 N/A

dihydrocyclopentapyrazine

76 41.51  Butyrolactone Furans 1643 1665 1000 9 Creamy, oily, fatty, caramel Caporaso et al. (2018)

78 41.94  Phenylacetaldehyde Aldehyde 1654 1661 4 4,329 Green, floral, sweet, honey Flament (2002)

79 42.36  ortho-Tolualdehyde Aldehyde 1664 1669 N/A

80 42.58  Furfuryl alcohol Furans 1670 1678 2000 41 Caramellic, burnt, smoky Caporaso et al. (2018)

81 42.85 Isovaleric acid Acids 1677 1687 400 61 Cheesy, dairy, creamy, fermented Caporaso et al. (2018)

84 43.24  2-Furfuyl-5-methyl furan Furans 1687 1706 N/A

85 43.49  2-Methyl-5-propionylfuran Furans 1693 1700 N/A

87 43.81  Furfuryl isovalerate Furans 1701 N/A N/A

88 43.99  2-Acetyl-6-methyl pyrazine Pyrazines 1706 1705 3000 5 Popcorn Buttery (1999); Flament (2002)
92 44.61  4-(5-Methyl-2-furyl)-2-butanone Furans 1724 1745 N/A

93 44.74  Pyrazinamide Pyrazines 1727 1740 N/A

99 45.68 1-Methylene-1H-indene Hydrocarbon 1752 1763 N/A

100 45.75 Naphthalene Hydrocarbon 1754 1754 21 377 Pungent, dry resinous Flament (2002)

101 45.99  Cyclohexapyrazine Pyrazines 1760 1744 N/A

103 46.43  Methyl phenylacetate Esters 1772 1758 25 270 Fruity, honey Burdock (2010); Flament (2002)
105 46.64  2-Acetyl-3-methylthiophene Thiophenes 1777 1762 N/A

108 47.08  Methyl salicylate Esters 1789 1775 0.04 439,128  Wintergreen, Mint Buttery & Ling (1995); Heo et al. (2020)
109 47.25  Methyl nicotinate Esters 1794 1793 N/A

110 47.48  3-Methylvaleric acid Acids 1800 1810 280 44 Green, sour-pungent Flament (2002)

11 47.65  3-Methyl-2-butenoic acid Acids 1805 1819 14,000 1 Green, phenolic, dairy Caporaso et al. (2018)
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UNAYNIAE

No RT Compound name Class Expt. LRI Ref. LRI OT (ppb) OAV Aroma description Reference
112 47.74  2-Hydroxy-3,4-dimethyl-2- Ketones 1807 1839 20 279 Caramel Flament (2002)
cyclopenten-1-one
113 47.99  3,4-Dimethyl-1H-pyrrole-2- Pyrroles 1814 N/A N/A
carboxaldehyde
114 48.22  Methyl furfuryl disulfide Furans 1821 1813 0.04 274,264  Sulfurous, coffee, roasted, alliaceous, meaty Flament (2002)
115 48.36  Ethyl salicylate Acids 1825 1837 N/A
117 48.63 (E)-B-Damascenone Ketones 1832 1834 0.009 691,291  Apple, rose, honey, tobacco, sweet Flament (2002)
118 48.88  1-Furfuryl pyrrole Pyrroles 1839 1850 100 295 Vegetable Rodrigues et al. (2023)
119 49.00 Cyclotene Ketones 1843 1857 300 36 Caramel, maple, spicy, burnt Flament (2002)
121 49.32  2-Propionylthiophene Thiophenes 1852 1842* N/A
123 49.80  3-Phenylfuran Furans 1865 1880 N/A
124 50.05 Guaiacol Phenols 1872 1886 3 20,121 Phenolic, burnt, smoky Caporaso et al. (2018)
125 50.30  2-Methylpropanoic acid, 3-hydroxy- Esters 1879 N/A N/A
2,4,4-trimethylpentyl ester
126 50.44  2-Acetyl-5-methylthiophene Thiophenes 1883 1889* N/A
127 50.60  Benzyl alcohol Alcohols 1888 1905 5,500 2 Floral Flament (2002)
129 51.36  3-Ethyl-2-hydroxy-2-cyclopenten-1- Ketones 1909 1907 N/A
one
131 51.67  Furfural acetone Furans 1918 1932* N/A
132 51.95  Phenylethyl Alcohol Alcohol 1926 1931 28,900
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136 52.58 alpha-Ethylidenebenzeneacetaldehyde  Aldehydes 1944 1939 N/A
138 52.83 meta-Methoxybenzenethiol Thiols 1951 N/A N/A
139 52.99  2-Thiophenemethanol Thiophenes 1956 1951 N/A
141 53.46  4-Methylguaiacol Phenols 1969 1969 90 368 Sweet, spicy, smoky, phenolic Flament (2002)
142 53.89  Maltol Pyrans 1981 1980 5,800 1 Caramel, sweet Piccino et al. (2014): Heo et al. (2020)
143 54.02  2-Acetylpyrrole Ketones 1984 1984 170,000
144 54.35  Difurfuryl ether Furans 1993 2028 N/A

Remark : Expt. and ref. LRI are linear retention index on standard polar column taken from this experiment and literature under NIST Chemistry WebBook (2023 update) and PubChem (2019 update).
OT is odor threshold (Lg/kg) were taken from the literature. OAV was calculated by dividing concentration of volatile compound in coffee brew (CB) with its odor threshold (OT) from the literature.
The last column presents reference sources for OT and aroma description of compounds. OT and aroma description with superscript symbols®, %% %33 gre marketing information published on

the website of The Good Scents, Hefei Home Sunshine Pharma and Fisher Scientific Company, respectively. Reference with superscript number' was retrieved from

https://www.academia.edu/6489064/Name_Odour_Threshold_ppb. N/A is not available.
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Table 3 Summation of 144 volatile compounds (ppm) in different kinds of coffee samples obtained from analysis

using SPME/GC-MS with sample dilution technique at 2% TSS and 10% TSS.

Coffee samples *Total volatile compounds content (ppm)

2% TSS %CV 10% TSS %CV
RB 1653.14 + 26.79° 1.62 1617.94 + 43.23° 2.67
CB 1641.56 + 36.35 2.21 1685.06 + 43.48° 2.58
ccB 719.55 + 26.55° 3.69 307.64 + 6.40° 2.08
IC-LabFD 634.02 + 6.65™ 1.05 736.59 + 41.95" 5.69
IC-IndusFD 572.03 + 9.53° 1.67 704.84 + 25.01° 3.55
IC-LabSD 389.28 + 20.58° 5.29 463.79 + 25.28° 5.45
IC-IndusSD 372.95 + 15.59° 418 413.22 +5.28° 1.28

*Total volatile compounds content shown in the first and second column was analyzed from the sample containing
TSS of 2% and 10 % respectively. ppm is mg 3-heptanone equivalent/kg dry coffee and CV is the coefficient of

variation. Mean values (£ SD) with different letters within the same column are significantly different (p < 0.05).

IC-IndusSD IC-IndusSD }51.8 (b)
IC-LabSD
IC-LabSD 1 54.1
IC-IndusFD
IC-IndusFD H79.5

IC-LabFD

ccB IC-LabFD +H+88.2

CB CCB 100.0

| | | |
0 20 40 60 80 10 0 20 40 60 80 10
Retention of total volatile compounds (%) Retention of total volatile compounds (%)

Figure 1 % Retention of total volatile compounds in different kinds of coffee samples based on total volatile

compounds in coffee brew (a) and concentrated coffee brew (b), respectively
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annsAuAua N diniuangaiFuslEtaaugst (odor threshold) 1898155MEe 106 97in RENEA
Table 2 WUINANTI2MERN WY 63 1A LABEN1II29IU odor threshold THU&L d9uan 43 1iia Tdwu odor threshold
@’wLﬂmwwz'&’1imz\hfﬁﬂﬁﬂﬁluﬁﬂﬁnﬁuﬁﬂuﬁfqmuqﬁﬁm Wiy pyrazinamide, 3,4-dimethyl- 1H-pyrrole-2-
carboxaldehyde vidaenaiinaulia 1y para-methoxybenzenethiol, 2-thiophenemethanol ¥izaa1atiluinsizazans
Vi lEtieasiThudiesaraneluiainazanaBuite 19y methyl furfuryl ether, 2-acetyl-3-methyithiophene, 1-methylene-
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FAHAANENINIIN) AINN1TAIUIUNT OAV 28981938 63 1iin Tuntunadndelfifluingaulunisuanniun
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(E)-B-damascenone, methyl salicylate, 2-methyltetrahydrofuran-3-one, methyl furfuryl disulfide, isovaleraldehyde,
3-ethyl-2,5-dimethylpyrazine, 2-ethyl-3,5-dimethylpyrazine WLa% guaiacol iHesannanssivemani e odor
threshold #in wiil A udindiugelunurans (CB) Fasanunlilies ﬁ/ﬂﬁ”3-ethy|-2,5-dimethylpyrazine (75,558.08
ug/kg), guaiacol (60,361.93 ug/kg), 2-ethyl-3,5-dimethylpyrazine (30,616.44 pg/kg) methyl salicylate (17,565.13
ng/kg) isovaleraldehyde (15,211.85 ug/kg), methyl furfuryl disulfide (10,970.56 ug/kg), (E)-B-damascenone
(6,221.62 pg/kg) Way 2-methyltetrahydrofuran-3-one (1,653.9 3 pg/kg) ATNATAL dathanudintivaesgnsmani

Taouiudn OAV M1 lé (Table 2) axilAngzudna 10° D 10° Tegendnansszimeliinduatingu «
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o

Table 4 ugnINATINTBNLBUNUATTe e LiNAWAY 53 1lln uarfasaznisasataasansiuaiiluanting
AunwAazaie Ineiauiuniungns (CB) warnunanadinds (CCB) AnNANIINAABINLINNIUNAZR AR NLNAR

mLLWrﬁTﬂuﬁmﬂﬁuﬁmi (RB) LmeLLWﬁmﬁmi:ﬁuQmmmm‘a‘u (CB) Usznaudaeansszive 1N AUnann A1ean 1w

1 o o

wAnAnei Ut I NIt Atun19a i (p <0.05) TnaidA1ads 1,067.65 WAy 1,027.99 ppm ANNA1FL at1alsfiniu

o

1Bunagnsszme linawianna lununadadndu (CCB) HAwmat 451.67 ppm AnLllu 43.94% 289131 0ua1 792108
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Tinauianualununanisn nan1smaaeiid liviuinnemn lidsdulaedgnisssimeinidnegoy@a anssvivaliinau
=3
21BINUNNINDY 56.06%
dl a o v U ° =% dl a A dl 3 v 1 A 3 o
LHARATUINATRINIINIUIN (Table 4) wudnnundniaginanlagldesasniuiauunuditianudeseaiu

#e9Uq1FnN9 (IC-LabFD) uargma11n3sy (IC-IndusFD) Uszneunasifunnaesansszivaliinauianan (53 1iln)

o

uansneiuadellTdad1Aynnead@ (p > 0.05) AAede 342.90 ppm waz 331.33 ppm TeAaLilu 33.39% uaz

o

32.25% wa41FN10udnssza 1N aurianualununana (CB) warAniily 75.98% waz 73.39% 1891301048155

o

Winauluntunaimdiuiiv (CCB) ANNANAY T mwalziﬁL%gﬂﬁmﬁm‘imﬂl%Lﬂ%@aﬁﬂLLﬁ\ﬁLmuww@ﬂﬁzﬁmu
ﬁmﬂﬁﬁﬁm@ (IC-LabSD) uazgna11nssal (IC-IndusSD) ﬁmﬁzmﬂﬁﬂﬁum'ﬁ@w}ﬁm 226.39 ppm Way 203.78
ppm FaRmTiu 22.02% uaz 19.83% v991f3unaugnTemelinaulununass (CB) wazAnilu 50.11% was 45.13%
gaaBrnuanssymeliinaulunuanindisiiu (CCB) mussu

Figure 2 uanaif3anns (apnadad) arsszimelfinauluniunadinsg | weNANNANATTU mﬂfﬁmg@ﬁ”

M liingudnuinasnaesBunuaisssme liinauianua lununnada lutiesl§iiRnas (RB) waznunainsziu

1 o o o

fAA1UNTIH (CB) azuAnAnaruas il Tuad Ay nea i LwiLflfaﬁmimﬁiﬁmmmmmﬂ,mﬂmumgﬁﬁ%u NALINLIN

CB Hfsnniuean laduaznsngs widiFunnlnadu Wusuw wazlwinuaingn RB e liidindu wudiniunadn

'
=

dindiu (coB) Hfsnniansszmeliinduyn nqn anas aniunusunilEuauinay etnalsfinan uasaniiouiie

nundi3agynatadEuamusuanad windudBunnlnaduinnaueeliisdAty Wemaudulsunnaesans

=3

wia1ilu CCB uanani danudiniundrdagdnvioudicuuuudigianudelfznnslnaduuazyusugandanaun

1%
a o o

AFagUnvnuiisuuunutles et dAty aszautiesfjRnsuavenaunasn ansiag

ARTUNANISINE

-

AINNIFANETRALAZE NI U947 e TUAR @ IaN NS 7 TTA TINARAINLNAANILNALIANEWUE

Q

Tatagin wudnnawnldlunsuanniundndagilisznaudion we@unnngaia 26 4iin sa9a381n eI 20 1in
o y oo " o i o o ”
T988AARBINLNNUAREUD9 Puvipirom & Chaiseri (2003) faiagAnsiansszmeluniuniniasinaesvelneld GC-Ms
waznudnluanuauansszinanseyliianun 52 atin nunlsdasiilszneusaelnedu 15 alin Wusu 11 1iin
WeRarsunlsiidaasansszimalusetnaniundndaguinanlng lesevinuisuuunules wudidaisszme
a A 1 a A | ! a a d”d a ! a 9 e 1

veatiad linuluntunatiegu - dsngeenun enadumenzdinisndaniunsdalifinsinaisusnaudamsnzidos
TUNITUIUNINER ANNFgILNgnaTLayWAaanIIwY 2-Isobutyl-4-methyl-1,3-dioxolane Faluansaianiienganium
luTaq1 2-RR-4-methyl-1,3-dioxolanes aslunguiliinaindisanszudnslnaneaiinnann 1,2-propylene glycol
=< gy @ o o \ o . o L e a ay e P Ao
delfiduiavinazansansusan@n (Flavoring agent) fiunsjafusfiareuannladuazalnunidesluniun (Tateo et al.,

1998)

e ———
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Table 4 Summation of 53 volatile aroma compounds and their retention in different kinds of coffee samples

obtained from analysis using SPME/GC-MS with sample dilution technique at 2% TSS

Coffee sample Total volatile aroma % Retention of total volatile aroma compounds

compounds content (ppm)

Based on CB Based on CCB

RB 1067.65 + 27.87° - -

CB 1027.99 + 37.14° 100 -

CcCB 451.67 +15.19° 43.94 +0.11° 100
IC-LabFD 342.90 + 4.22° 33.39 + 1.62° 75.98 + 3.49°
IC-IndusFD 331.33 + 1.50° 32.25 +1.02° 73.39 + 2.13°
IC-LabSD 226.39 + 10.18° 22.02+0.19° 50.11 + 0.57"
IC-IndusSD 203.78 + 2.66° 19.83 + 0.46° 45.13 +0.93"

*Mean values (£ SD) with different letters within the same column are significantly different (p < 0.05). Retention of
total volatile aroma compounds (%) was calculated based on total volatile aroma compounds in coffee brew (CB)

and concentrated coffee brew (CCB), respectively.

IC-IndusSD )
IC-IndusFD [
IC-LabSD I
IC-LabFD [N
ccB NI
cB .
RE s

0 200,000 400,000 600,000 800,000 1,000,000 1,200,000

Content of volatile aroma compounds (Lg/kg)

[l Aldehydes [ Pyrroles Pyridines Oxazoles I Furanones
W Pyrazines M Thiazoles H Alcohols M Furans M Acids
W Hydrocarbon [l Esters I Ketones Phenols Pyrans

Figure 2 Content of volatile aroma compounds in different kinds of coffee samples classified by functional groups
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AINNNTANHILBHINIINTBIATELUETIINNA (total volatile compounds) Tusiaatinaniuniia 7 afia Tneld
WATRA HS-SPME/GC-MS ARaudindiis 2% TSS waz 10% TSS NUINE1N1T0AIWI NN TN a1 798 e e ning
a 1 < dl v 1 v v a o/ v o 1 v v dl 1 a
WeusaNdataraddsnazans i luntunasraudnelname ey aniusaasneniuwidindu (CCB) AnLNIswmFes
ARt dNgL 10% TSS THANAIINUBILTNI A1 METANN AR NI INALATI ST IALINWF TN AR At diNd W 2%
TSS 04 2 win vial eralfumeznisi Widisndwinliinmunadadindu (CCB) Hfsunuanssznausinge wu wWinia

a Ao a ~ a a o & L & o . ' a 9 &

N3MBUNIE NIABTRLL a19LsznavWuean wasllsau Mnau asaiianaiaetulumiegauinnendng wiazianana
A48 10% TSS 711180 m matrix effect AENNTATA weN WALAAIZFANTTvmeIneds HS-SPME/GC-MS (Zhu et al.,

2016; Zhou et al., 2017)

'
=<

WHaNANTUNAN1TAATI TN UdN T s iann Al A 19NN AR aa19 2% TSS (Tasdluarnudindn

v
o

o o o o . . v :
Munizanaeanshnntungdndaglineialy) wudiniunainiinisasegaefininansssinaiannngeqn uas

Tiumnsnsannnunaaananniudaniunda usnunaiaduduiBuiuansss e nanasuanndn 50%
SeaennfasiiauAdires Bassol et al. (1993) fismenudineinlfidiudiulnedznissmmesenalfifinnisgods
ansszimelunuaratlizannt 60% waanisiaudis wodanundrGaguiviauieunuugienudelssnendaniunn
@WT??JLW;IV%\WN@N’mﬂ'j’mWLL‘N@?WL%‘ﬂgﬂ'ﬁlﬁ%l,ﬁ\‘i WULIWLElE 1.63 111 (W38 34%) WaY 1.53 %N (Y58 27.69%) 415U
N1NARTTA Ul JURNITUALARAIUNITN ATNAIAL NANTANEITUANAT9AINS1E9TUTDY Ishwarya &
Anandharamakrishnan (2015) Laniias) ﬁwu‘i’]ﬂ’]?ﬁﬁLLﬁ\‘iLL‘LI‘]_]LL°ﬁLa‘ﬂﬂLL%QﬁQﬂ?ﬂH’]@WT%LMHVi’iMNﬁﬂ,uﬂ’]LLWZ%’]L%‘@E&J
BlFunndagnisinuiisuuunwurlesssanns 20% uﬂﬂmnﬁuwudﬁmLL‘V\Iz%ﬁL‘%@gﬂﬁmam‘imﬂ%Lﬂ'ﬂi‘ﬂw:ﬁuqmmuﬂﬁu
(Vizqn']iﬁ’n,l,ﬁa R TIG [G L aNC RN PA KAL) ﬁmim@ﬂu'mfaq‘iﬁu’]mm’muuw%mumﬁ@and’mmﬂﬁwL%gﬂ?{mamimﬂ%
Lﬁ%ﬁ:ﬁﬂﬁmﬂﬁﬂﬁnmﬁﬂﬁ@ﬂ anaflunsznisuanluszatgaanssulfinaininnagn eenglsfinnu auuansg
Ansaanusanand lihiodfoynneadia

annsAnEneiawaz i et sswelinay (Volatile aroma compounds) 284N 1LW wudnuaianld

dudnnavlunisuanniundndagiilsznaudicaanssvina liinauaiuou 53 ain Tnadarwiuaesweduuazyususn

q

]
=

NapduReiumenaasansszive uwatandunundrdnysianauesniunainansiuglstasiinldiduingaulunis

>

asniundgaglTuewidedl 1Hun (B)-B-damascenone Seiinaunni nauluengu waznaunalii methyl salicylate

naudu 2-methyltetrahydrofuran-3-one Hnaunanaw nauauuls nduue waznaudga methyl furfuryl disulfide

bt}

o o

Anauniuziu ndunun LaznauAa isovaleraldehyde findunaas uaznawdaninian 3-ethyl-2,5-dimethylpyrazine
WAz 2-ethyl-3,5-dimethylpyrazine SnAUAL LAZNAUAL WAT guaiacol Inauduedan/nauel naulvdl uaznauadu

(odor description WA HE19B9N1aN literature Nwanalalu Table 2)
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[% [%
o o

A a Y o a | o P o

WHANAITUINAFINTBIL TN UAN 79 ITNARYS 53 1HA WLIHLUA IHNAR 8 LLTNIMEN 7T M ianNe
uAe nunainszAugRaungsy (CB) famsilsznaudioaansszmeliinauisnna lluansnsanniunainainiuén
nunAgluiesiiFEng (RB) LLﬁiLﬁﬂﬁﬂﬁimﬂLLF;Iﬂlﬂ’mm;I:WQfﬁ/u Wuq1 CB ﬂ?xﬂ@‘ur%qm_ré‘mml,mamaﬁmma‘ngﬁ

| aa a o ) o & & o o a
wiRFannlwsau Inendu uazyusuanan RB sl eraflunwazaninzlunisainuazpnuanaasniunvisaesaiin
wANF9 nasanin idndu nunadadinde (CoB) Hifnnaanssewe linAuiauunanaInIne 56.06% tneifin
aInnsanasreddnsszmelinaunennngn aniurusun oy nsanasreasszme Iinaunaaa Nt
o v v v [ 1 a ﬂl v QI 1 1 s dl a v =

navindindiu udne iiazifinaannisszme Wasanansszme liinaudaulvglannudulegeiigungiifissuariqn

o

WWRARN (Zanin et al., 2020) Wananil §981aLinan matrix effect 189n133A3R A lE HS-SPME/GC-MS 697

v o

asune3desiu lHandos dunaldainnisinduresyusy GsdauluaifAinisazareniniasenaiawyisndiu

a1susznavau] (Milintutesannisiniidindn) deandransszmeliinaulunguan Wewiauiy CCB wudiniun

a A

andagivnatiadfsunuyusuanas wEnauHBuU N TWRNIW iansnaaesiiaanafeeiieudauaed Zhang

al q
'
= '

et al. (2022) Mnudnszuaunsuitatmsain lfiAanisiinatssze L iiaiiesantizensie sise anasinli

ansszmennsriaanavdeie il Wil Iustiuaniazrlunisinuiie [ guungil Aueu 1an Niraula Aewuda

U

o

mﬁfﬁﬂLLﬁﬁLLuuLm'Lﬁ@ﬂLL%@‘VT@ixﬁuﬁmﬂﬁiﬁmmm:qmmumiwﬂﬁﬁmmfmmmmmﬂ?mmmaa:m&‘lﬁnﬁuﬁwum
D M e e XA . d L M e x 4 4 e
atefldedAny (M9 7 wnuldnunisiddsuutlaseteflisdAnyaesansssiiaiannn (laiauiy CCB)
TIMNIEANNIININ LU anLdaa1a R anTEn Ui a1ise N 2e LA A UTN AN TT LM TANN A WAGINA
naznudnnselsinuasssalinauluniundgagy esanananaiiiansuleganguunifiesasssmelfidng
(Zanin et al., 2020) Jua4Eh N1INILALLLNLE B8 INANITNUNINADNILBZHIUANTTLNTINNABAZLFHIUANT
v AI o (-1 v o v 09/1 16) & a 1 d‘ a U Ql
sz liinauresniundnzagy imazudinaniiudisasduusldguungigandinin iwefarsnnansseive inauuen
pnuyeridu wudinundndagUiniuisuuuugigenudelifiunnlnaduuasusugandaniunddagniudis

wuuwures MasvAufiesiiRnisuarenaivnssy

a71nans3e

annmsAnETaLas BN esan s linay (volatile aroma compounds) lagldinAiian HS-SPME/GC-
MS lusinaginaniun 7 1fia 1Hun ﬂ’]LLWZWT@W]T]LN@GMHWLLWﬁLﬂuﬁ’Nﬂﬁ‘]ﬁmﬁ (RB) nunainszaLgna1nnssu (CB)
nunanaLingy (CCB) mwalziﬂL%gﬂﬁlmﬁmimasl%l,m%qﬁm,l,ﬁm,l,uuwn'lﬁ@ﬂLLﬁqﬁQi:ﬁuﬁmﬂﬁﬂﬁmi (IC-LabFD) waz
/RA11N39: (IC-IndusFD) mLW\I@%”}L"%gﬂﬁlmﬁmimﬂ%m"%mﬁﬂLLﬁqLLuuWuﬂ@ﬂizﬁuﬁ@qﬂﬁﬁﬁmi (IC-LabSD) waz
§AR1MN394 (IC-IndusSD) wudwmwalar’fmﬁ'sl%LﬂwffmauiumwﬁmmLLW@%WL%gﬂﬂi:n@uﬁfmmaﬁzmﬂﬁnﬁ'u (ﬁﬁm
OAV > 1) vavue 53 10 Suunidilnedu 15 1ie Wusu 8 1tim N3 5 ala waanlad 5 atia Alau 3 9iln wilea

3 9tn wame? 2 3tin Wihu 2 1ila Inezlaa 2 9iln ueanaged 2 9tin Wuea 2 1iln eanailas 1 18in YWanluw 1 9tin
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