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Abstract
decaffeination processes on aroma compounds of coffee. Therefore, we analyzed

In this study, we wanted to understand the impact of different

differences in physical characteristics and volatile aroma compounds profiles of
regular coffee (RC), Swiss water process decaffeinated coffee (SWDC), and
supercritical CO, decaffeinated coffee (SCDC) after roasting the coffee beans. The
electronic nose analysis identified RC and SCDC as different groups which
indicates that these groups volatile aroma compound compositions were different.
The principal component analysis of volatile compound patterns identified using
an electronic nose indicated that there was a large difference in volatile
compounds between RC, which was not decaffeinated, and both decaffeinated
SWDC and SCDC. The major aroma compounds of RC, SWDC and SCDC were
propan-2-one and hexan-2-one which are ketone, and hexanal and (E)-2-
pentenal which are aldehyde and 3-methyl-1-butanol which is an alcohol. After
roasting, the composition of major volatile compounds appearing in the beans was
similar, but the relative odor intensity was different. We identified 28 volatile
aroma compounds from RC, SWDC, and SCDC using headspace-solid phase
microextraction-gas chromatography/mass spectrometry (HS-SPME-GC/MS), and
analyzed 10 major compounds that were present in high abundance, including
furfural, 2-furanmethanol, 2,5-dimethylpyrazine, and 2-ethyl-3-methylpyrazine.

Keywords coffee bean, decaffeinated process, electronic nose, volatile aroma compounds,
HS-SPME-GC-MS

1. ME

FAA LI (CO)° WEH, 2021 59 7|& Hedl=r AL AH[F2 AA 6HolH, o]
= =W A9 199 oFF 2F 1.3%40) sfdot= doltt. T3l HHFARAIER ] A1 £9]9
st BAARA ATE 7R FUHLS F 139 Dol dgst, Eo] Bl A9
FUFol oF 4.79F Eo 2 HUEQITh HepdAr An= SR 9 Fug T Agwt
&0to] £402, tE Y4tA|9] A3} blending®ll 2gsto] 4=9lFo]
hHong, 2017).
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7HH Q12 AT APl 1-2%(w/w) B= TEo] loH,
offle4l 2 Z o] Qo] FFABAY A=l IF= F
Aoz AHA YthPietsch, 2017). o]Z QIslo] 2t
b &9 AQE AF s &7)7F 7131 7]80] oA+

o7 7 & AN 7HEQl vizHdel wet ASER, 4
g BAW 59 BAEE fUT 4 SlthYoo%t
Park, 2021). w2, 7HER19] FA-8-5 Eo]aat 7HHQ
< AAst] ARt H7HE Rl Aw o] An7F AN ZEA
oA HA; sojutar AEHKCS, 2022).

7t AAZGHL 2AY A AP F(green bean) 4
gloflAl Agjst, 7HQ1S A Asts WS 3, 29
AolAitstetA &EH 3} o dotAlEolE A2 o] Utk
(Pietsch, 2017). £AYH ZAHC=2 4T A Swiss water
process(SWPr= 55 &of 847t o4 HA|sto] 719l
4 84 JES 25351 & eHAYE S ARESlo] 7hQlvt
A AT &5 (green coffee extract, GCE)& TH=t}. o]
2A 7H0S AAT FE2E(GCE)ol MEZ BFE Yo
H A B9l 99.9% 7 lo] WEALR A Eof Tzt Q]
ARYETF AzEe Ao2 dHA ArHSwiss Water
Process, 2023). ZUACIABIEA(CO,) &2 BFE
7hssto] EHAS W51 30071 o1de] 2494 CO;
£ FUst 7HRIE EEAT = ARTHLE, HE AR
9] &= ¥ ¥3} glo] 7HHQl o s =E AA Eole U
o2 F#A UrKZabot, 2020).

Au 9] e AQY E4 2 4 Uedle 7H 5
3% g4o0ju= 7HHQlo] AAH HrHHl Av: Av 1
o] F71dE HIE Haslst= Aol 85It Zabot
(2020) 71|91 9 T2 SRHEY FE0] W2 YA o]
ARSlErA AP 5 T AEHQ AT B9 7Huclo] ¢l
+ AlEol 5 Zord Aolw, gt} gof qlof 7HH| 1 o
o AET FAET Eobd AoE Attt A9 3F
7188ES Aot H ARt W 5 skl AARkE s,
AR Frdwe EASH Algho] & L7le 243 &
ARt 20 & B QAo WO R s Fof A
2l dlojelg gEe 4= Qlof(Schaller &, 1998), o1&
Argsto] A9l YAtA] BF, ANYFY Fr|vE EA4
5 AY9 FrIdEel dgt A+=o] 2= o] HHKim
5, 2014; Seo &, 2006). E3t, HS-SPME-GC-MSE 4]

rr

(2o ok
;

o
2

-

X

A

https://www.ekosfop.or.kr

70| we} E<= fiber(DVB-CAR-PDMS)QI A5 A8 At
&oto] WA IR 5 HIEA ARY AEd HEo] 7
55}, SPME(Solid Phase Microextraction)S 2Fs}o]
n)g sRME0] I} Aw| 9] Aol et SRk 4
A, AR AgEtHBack &, 2019; Cotter?} Hopfer,
2018).

ojof & AofA= Eebdit AQE HrhE Il FA4 2
RC(regular coffee)?} SWDC(Swiss water process

-

decaffeinated coffee) ¥ SCDC(supercritical CO;
decaffeinated coffee)@ FEolo] 2AH T ZF AF9
Ae=22 2gst9on, M9 HS-SPME-GC-MSE ©|
&oto] I8 HIFE BAGIlY. B3 AREE o0&
o IR0 8% BAZ AAlste] gzt Ql AEEA
o W FrIE e WSk 453 on, GC-MS &4
Ax gRlE g Aduol tiet T2y 9 RS

GBI

2. Mz H WY

2.1. 48 X=

2 Ao ARE 5= 5 Hebd Alsks X HojA
202149] =5 ZolH, FUie] AT AR IANA
O7HdQl B4 YW (Minas Gerais, Cerrado, Brazil),
g71EQl A= SWP(Swiss Water Decaffeinated Coffee
Inc., Delta, BC, Canada), T7}H|?l A5 CO,(Cr3-
Kaffeeveredelung, Bremen, Bundesrepublik Deutchland)
£ Fiste] ARESEITE A= A & 2% 20-25TC, &
T 50-60%°l4 A2ET F AYSY

22 2AE 2 4 FX

Au|AFo] 2AEL SCA(Specilty Coffee Association)
9] Agtron roast color classification system= 7|52%
ug #55-TH #45 LR ZPoioict. RARS A7|4
AME ZAE7Z](PROBAT, Emmerich, Germany)E Ab&
St 40 B9t IS thz AT RC, SWDCo}
SCDC %= 5 170ColA Fdsiiet. sty oi7|s =
HalA RCe ¥ 1087 22851911, SWDC SCDCE=
g7HERl A5 Bl oFsfidl AYYFY] g 112 sto]
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Z 82 EARSIH W= Al 7] Al 25 171C
oA viEslltt. 95 2AY A= 2AY T 587 34
St T3, jacalytics(JAV-RDA-DN, Madison Instruments,
INC., Middleton, W1, USA)E AR&sto] S4otoict. A&
plated] Y955 B FHYUHE o]&ste] FHsIA ZH2
S Almd 3HHEo R SASgith. AT WHo] EFod
| A2 one-way valveZ} F2HH AHWY AH 59
18oto] 2% 20-25C, % 50-60%0)4 Histqct. ¢
A= A2FA(CR-400, Konica Minolta, Tokyo, Japan)
£ Agstel ST W), HAEQ)oh FAE()
2 Yeigler, Alsd 33 ¥ ZAsiqich o7l
THo| W2 2AY FF AL RCE HRFE 5t
SWDC® SCDCY| MAG(LE" = VAL™ + 42 +4b7)

& st

[, ol
of

41 e

2.3 HAtE9F HS-SPME-GC-MS 241
2.3.1. X3 2M

H7H|Ql Y9 7= HIE BA5H] st A}
F(Electronic Nose Heracles 11, Alpha MOS, Toulouse,
France) AlA®IE ARESIYITH BEARS 95E 247 e
Y(TOKEBI-V8000, PT Corporation, Daegu, Korea)
< AR&Sto] oF 187F B4stqltt. Lee(2019)9] A4
< Fsto], B3t A|2E 20 mLY] vialoll ZF 2 g¥ ¥
T, 60TOolA 2087 wytstHA A P76 vial
headspace°ll 23} 3l PFSAIZ . FUF 2=+ 200T
Q1 Aol Fdstalon, ojuf FA7MAE 2 250 pl
o] §&02 SHEYT Vial headspace?] 7|A1E 5,000
pL FHote], BAo] 438 & 40Co|A 307 trap ZHF
S AZ ¥, MXT-5(MTX-5, 10 mx0.18 mmx0.40 xm,
Restek Corporation, Bellefonte, PA, USA)Q} MXT-
1701(MTX-1701, 10 mXx0.18 mmXx0.40 gm, Restek
Corporation, Bellefonte, PA, USA) & 7H9] AHo=g &
HEWh Ao B8l ARE 27]2% 40COA
100C7H] 29 1TH F7I6t3en, 100CHEe 29
1.5CH F7lokes 2o R 250C =g W7lA] 185%
7+ BAIGITE 2 Alee] 714 EuE 42 Alpha MOS
Aol A AlgEl 273 Alpha Soft14.2 ver.(Alpha MOS,

Toulouse, France)& ARgsto] FAHE EA(principal
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component analysis, PCA)& ST}

2.3.2. HS-SPME-GC-MS &4

o7HQl YF9] 374 - M= HS-SPMESF GC/MS
£ ARgoto] EA5HE. Divinylbenzene-carboxen-
polydimethylsiloxane(DVB-CAR-PDMY) fibers& A&
sto] 7k AlgE 3087t 50CE s, FAS &
SPME manual holder7} A2He GC-MS FYto] U5t
AT} HS-SPME-GC-MSE= Agilent GC7890 GC-MS
system(GC7890, Agilent, Guangdong, China)& A&
SHIT}. GC-MS #4412 913t ¥ DB-5MS column(30
mx0.25 mm [.D.x0.25 gm, Agilent Technologies,
Wilmington, DE, USA)& AHEsIgith Q8 25& AS
60TOlA 5E7F FAIAZ] & G2/ or 129 5TH 250T
7] S35 Alm FYTet 45719 25+ 250CE Sk
ow Az FYHHL splitless HHO = ZFPsIAet. &
WA= 52 AMESHIAL, 7452 3.0 mL/min°]Sith
o] 23} ol A]= 70 eVolgl o AFH ol2EE m/z 30
FE 500744 2705t0] E415H%iH. SPME fibero]l &2+
t7HH el AT Y BFkE2 GC injectorollA] 22HE
o] GC capillary 29 Wz ¢ 9 E4FJt. HS-
SPME-GC-MSE AH&3t S84 I7144& 440 NIST
14(National Institute of Standards and Technology,
Gaithersburg, MD, USA) mass spectral library,
n-alkane¥ Kovats index& &3} retention indices(RI)
& 5= sty 545kt Baek 5, 2019).

2.4. SHA=/

EAEASL OriginLab 2020(Northampton, MA, USA)
< ARgSto] ZF ST Bkl EEHAE ARESHL AR
7] o] SHE one-way ANOVA(analysis of variation)
2 BA43t 9, Tukey's honestly significant difference
testE AHESF] p<0.05 FEolA F9482 AAsHAH

3. 21 ¥ 1%

3.1. ZAE0) 2 AF9 H&

Aot & d7oMe U AT +AAEJAE &

https://doi.org/10.11002/kjfp.2023.30.3.492



Korean J Food Preserv, 30(3) (2023)

5] RC(regular coffee), SWDC(Swiss water process
decaffeinated coffee)?} SCDC(supercritical CO;
decaffeinated coffee)& FHist &, ME ZAHY|E A
&oto] 2AHSIE EARY Au= 7HER Qlsto] AT
7h 2 Ak, & 2R Hgt A E Agtron(#)ol2t=
ARE 710 gRlstglon ZAd= Table 13 2t
Agtron(#) A4to] BtoW ZAgke] H =A YEuH,
RC, SWDC® SCDCOA 22t 229l Aolg HAH
(p€0.05). E3] SWDCS} SCDCE ZH7} #49.2, #47.672
RC(#55.38)5 0} o @2 ZhZ Uerlth Al 7H4] A=<
22y BQ2not viERErt 22 A, SWDCS
SCDCY F2AHY AIZh2 8RO F RC FEAH A|7ET}
28 AUSol= Mol § oA ERI=EH. ol= H7hHQl
A& AZLZ27F BAX]7] 4A #stod(Boot, 2005), 4
< EAHY A HlEZA ojFg Ao Wk Aog
ot B3, AR AEiolA g7t el TR A
Ho} oj R {9 t7HH|Ql A9 Mo] 2AY Tk A
oA Yebdtt= A3 Z23HLee®t Yoon, 2018)2F F-AF
SHRATt.

ZAHY 5 RC, SWDCS SCDCY] Mg 43 Avh=
Table 13 Zor, I*g9] 49 RC= 23.74, SWDC=
23.85 121 SCDC7} 23.81& #9142l #fol7h gl A
o7 YEPHTHp(0.05). Giungato 5(2017)8] dA+-of u}k
EH, EAY F Yol Lglo] Y4AEE IA b=
AGE, F5 A0 Z7PHAAHA R QAR 2fol7t 41

A1 57} o] FYA ] Ao A 2o Wsto] A9 &
Ut Lghs 2A "ok Ao fARE S UERR
t}. a*Zt= RC, SWDCEF SCDCOlIA §-2]& 91 Zo]7} Q1L
O1H(p<0.05), b*3tS RC7F 4.69% 3.5591 SCDCEL} &
of F-oA2l Aol& UEHHATHp0.05). 24T & SWDC
9} SCDCO MAZHAE)2 RCE 7|1&2o2 sttt
Lim 5(2017)9 955 arsto] NBS ©I= sfAgt 2
1}, SWDCS AEE 2.12, SCDC 2.44% RCE 7|&02
A HIHE okt 4= Al Aol sidotiltt. o= Lk
ol Mzte]l ¢ & FFS 1AL o] =7 ME=rsto] ¥jlo]
2AY F HdgE 3o g3k Aol ATt Jungdt
Rhee(2020)9] A+A7te} FASHIE 2AHE F9 RC,
SWDC® SCDCe E5F ZAof| 775 om o] &A=
A%E B ol 2AY T IRAAH A E BF HF
o= H|gt A4S UEh 7] wfiol Yzt el A 2o
BE FE7] B ofgrial X3 Boot(2005)2] Hiet
ARSI

3.2, HAfE 240 9/t ZF[IfE

AAFE AFg3t] RC, SWDCQF SCDC 7+e] AEAS
Hojote 8 PR F 45 gotEyth A&
F7)4E-L2 RCO B¢ & 687H, SWDCE= & 5871, SCDC
L % 677091, Kovats indexS 74to 2 A3 ATE
g A8t F8 Fr|4ES AEstt. F 18719

R PHREITY HE 109 T4 4R s

Table 1. Color difference analysis in dicaffeinated roasted coffee beans

Color difference analysis Roasted coffee bean”

RC SWDC SCDC
Agtron number (#)? 55.3840.43%4 49.20£0.21° 47.67+0.17°
Hunter's values® L* 23.7441.46° 23.85£0.38" 23.8140.30°
a* 6.15£0.31° 5.70+0.29° 5.4120.20°
b* 4.69+0.30° 4.06£0.26™ 3.55+0.19°
AE - 2.12+0.06° 2.44+0.43°

YRoasted coffee bean samples are one control (RC) and two decaffeinated coffees (SWDC and SCDC). RC, regular coffee; SWDC, Swiss water
process decaffeinated coffee; SCDC, supercritical CO, decaffeinated coffee.
2pgtron number is spectrophotometer’s value which uses infrared light to determine roast degree. The higher Agtron number (#), the lighter the

roast.
NValues are mean£SD (n=3).

“Different small letters ¢™) in the same row indicate a significant difference according to Tukey test (p<0.05).
9% a* and b* mean the degrees of lightness, redness, and vellowness, respectively. AE is the total color difference by the color value E.

https://www.ekosfop.or.kr

495



Aroma compounds of decaffeinated roasted coffee beans

Table 29} Zro] 8lolslic}. T3t 38kA dF7|Ad8e] o3
AANA FHHOR £ =S Hole 49 399 F

7188 propan-2-one, 3-methylbutanoic acid, 1-

Ol

methyl-4-isopropenyl-1-cyclohexene2.& A 7}A] A|
2o FEHOE RIFHGIHY. 7H w2 FEE Yt
propanol-2-one< sensory description A%} fruity, glue
9] gk EAJo g 3IE|9t} Boo £(2021)2 Arochembase
libraryE AH&SE HAME. AollA propan-2-one?] %%
£ fruityotal sweetdt &F B4 5=t & Ao
A ERIH propan-2-oned & 4 Al fruityd F &
Jo = Zel=ith

RCAAMTE HEH hexan-2-oned Y7H|Ql FAEE
TEol= Q9 3 1A E0H, sensory description
< 59l cinnamon, etheral?} fruity?] 3 E4S RIS
t}. 3 RCOIA] 1-methyl-4-isopropenyl-1-cyclohexen,
3-methylbutanoic acid®} (F)-2-pentenal® =7} -2
HoZ =A YEREO™(p<0.05), 1-methyl-4-isopropenyl-
1-cyclohexene citrus, fruity, green, licorice &, 3-
methylbutanoic acid® acidic, cheese, rancid &, 1
2]31(F)-2-pentenal fruity, green, oily?] & EAES
sensory description= S3) &Ql5}c}. ¥Hd SWDCY

2 SCDC2} RCO] Hlusle] EXAAOR AE E= T

Table 2. The ordor intensity of volatile compounds in dicaffeinated roasted coffee beans using electronic nose

Column RT" Volatile compounds Sensory description Odor intensity (x10°%?
RC SwDC SCDC
MXT-5 2052  Propan-2-one Fruity, glue 42740117 4.97+0.28° 6.64:0.10°
4721 Propanoic acid Acidic, rancid, soy 0.21:0.01 0.12+0.01° 0.13+0.01°
48.27 3-Methy-1-butanol Alcoholic, balsamic, bitter, burnt, cheese, 1.55+0.03° 0.63£0.03° 0.65+0.01°
fermented
49.65 Pyridine Cold meat fat, fishy, rancid 0.22+0.00° 0.13£0.01° 0.1140.00°
55.28 Hexan-2-one Cinnamon, etheral, fruity 0.07+0.01° 0.00£0.00° 0.00£0.00°
56.45 Hexanal Acorn, fatty, fishy, grassy 0.22+0.00° 0.28+0.01° 0.34+0.017
61.17 Ethyl-trans-2-butenoate Chemical 1.12£0.02° 0.79+0.02° 0.97+0.02°
66.42  3-Methylbutanoic acid ~ Acidic, cheese, rancid 1.67+0.04° 1.200.02° 1.18:0.01°
67.96 2-Methylbutanoic acid ~ Casheu, cheese, overripe fruit, sweet 0.430.01° 0.30£0.01° 0.3120.01°
78.40 4-Methylhexan—1-ol Grassy, sweaty 1.22+0.02° 0.84+0.02° 0.96+0.03°
MXT-1701 18.70 Methyl formate - 0.29+0.02° 1.16£0.06° 2.2240.05°
55.78  Pyridine Cold meat fat, fishy, rancid 0.19£0.01° 0.1140.01° 0.1240.00°
57.04  (F)-2-pentenal Fruity, green, oily 1.67+0.03° 0.68£0.02° 0.7240.01°
69.50  Ethyl- Chemical 1.19£0.02° 0.85£0.02° 1.06:0.02°
trans—2-butenoate
79.94  1-Hexanethiol Burnt, sulfurous 0.66£0.01° 0.80£0.01° 0.81£0.01°
83.77 2,3-Butanediol Fruity, onion 0.81£0.01® 0.58+0.01° 0.730.01°
88.53 1-Methyl-4-isopropenyl Citrus, fruity, green, licorice 2.34+0.06° 1.74+0.01° 1.78+0.02°
-1-cyclohexene
96.43 2-Octanol Fatty, mushroom oily 0.99+0.02° 0.7840.01° 0.8620.02°

YRT is retention time ().

2The value is measured odor intensity using electronic nose. RC, regular coffee; SWDC, Swiss water process decaffeinated coffee; SCDC, supercritical

CO;, decaffeinated coffee.
NValues are mean£SD (n=5).

“Different small letters ¢™) in the same row indicate a significant difference according to Tukey test (p<0.05).
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o] H3kE yEhd J7]/4dEe] lgleH, AEd 18R
FTAE B A 7 Alm F 7P B2 Ao =E RISkl
(p€0.05). ol= & AR&SE 7HHQ1 AAWHo] 99.9%9] =
2 7M1}l ARES HolAW bE 84 A= 4 A4
29 Ao JFE HA= AR wHEG oW, &2

o] &3t 7HH|Ql 5o 7HH A} oA Au] | ofZu} HA|
ABRL BRZA0 g B 2&35tH= Pietsch(2017)9] 9+
AT} AR SCDCE RCEF HIWSHH propanol-
2-one?} methyl formateQ] A% F=7t 940 =2 =
A YeEREC™(p<0.05), methyl formate= & £3[= A3
AE= & 5 SHUE Jo|EQRI, &, AxoA] WAET of
A 5 Ao A% ZolE 4= Qi) g EAORE 7] g
20t} S 7HAH, Lee(2019)9] Ao ©EH methyl
formate= 77149 & SRE A9 F45 Hriste b

Hm

i

S8 2491 9 g BA s AELE FRIsk
AR A4S 595 g9ld RC, SWDCS SCDCY] 32
3 F713ES PCA 2 djd3iRt 23+= Fig. 13 2t} &

discrimination index® 89%=%, PC13 PC2+ Z+
88.15%% 11.54% = FI5HA. &= HZH 8

100000

o~

P75 187H4] F tiF2o] RCELE FFHo =2 4
AL UE e E3E RC, SWDC, SCDC x5Fs 71%
©2 RC SCDC7F M= 71 B EolA e e &9
A& 7be] Aol =2 AS gRIskyith. SWDCS A,
RCe} SCDCY| F2toll fIAI5t] F& Almet FugA&=
Ap8/do] ot AS Ittt shA|et Z¥zte] 7]/ dwnt
ot A7 th27] wize] B4E I 1dRE w2 H A9 A
A e} AA| Aol Lrle 2 HEA WAE = o
31 T Caporaso 5(2018)2 248 5 maillard ¥+,
strecker #9f, & &3l 5ol 28l sucrose, chlorogenic
acid, trigonelline®] 74 9] W37l WAYSHH, pyrazines,
pyrroles, pyridines, aldehydes,
alcoholsZ FA FE=HE T P78 At
HIskgich E3, ofEl ot ANE AT 7HeHol w
gt BFsto GC-IMS AAEZ 43 Moon¥t Kim
(2020)9] AFATNAE A E 7 WEE 7
9 ANEAA HEH F7IEEES2 thiols, aldehydes,
ethanols, methyls, ketones®l] s|E5}%L}. ol E A
oA AAZE ARl 4% RC, SWDC® SCDCY] F8

furans, ketones,

@ BRC

A Bswbpc

I B scoc

90000
80000
70000
60000
50000
40000
30000
20000
10000

Hexanal

0

PC2 - 11.54%

-10000
-20000
-30000
-40000

-50000

0000 [+

-70000
-80000

-90000

e )
Me‘téF:%l formate

O 52-1-A
pan-2-onef

-100000

100000 200000

PC1-88.148%

Fig. 1. Principal component analysis of volatile compound patterns in dicaffeinated roasted coffee beans using electronic nose. B_RC,
regular coffee; B_SWDC, Swiss water process decaffeinated coffee; B_SCDC, supercritical CO, decaffeinated coffee.
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7| HEE 5 propan-2-onedt hexan-2-one< ketone,
hexanal® (E)-2-pentenal2 aldehyde, 3-methyl-1-
butanol, 4-methylhexan-1-ol, 2-octanol< alcohol
o sigsl= 2ot FARE AdE YEtigleh 2o s
C7HEQl A AFo] F8 PR A9 2AY Fof
T2 Uehs 188 fARE Ao SRIE QI vt
W, g7ieel A SWDC® SCDCE RCELTH 3-
methy-1-butanol, pyridine®} (E)-2-pentenalolA Z
A% & E I propan-2-one, methyl formatet
1-hexanethiol 713t & Ho|w tj7p#|Ql A2]o5
of wet 7+ PR A Arrt Hekeith

3.3. HS-SPME-GC-MS &gt 241

HS-SPME-GC-MSE A&3to] RC, SWDC SCDC
ALY FE B4R 2= Table 33 2t RCOJA
HE 2689 ¥4 sRibEol A&EleH, SWDCe
SCDCOA= B5F 2759 ¢4 shehEo] dEH A
RC, SWDC® SCDCOIA && AFE Hol= 49 10&4
9] YIIHEL furfural, 2,5-dimethylpyrazine, 2-
furanmethanol, 2-formyl-5-methylfuran, furfuryl
acetate, 2-ethyl-3-methylpyrazine, acetol acetate,
1-acetyl-1,4-dihydropyridine, dihydro-2-methyl-3-
furanone, 2-ethyl-3,6-dimethylpyrazine, 1-acetyl-
1,4-dihydropyridine°] Qth. & Ao} U3 YAkA|Q
Hepdi AQE AN ST F1ES 24 Pua T
(2020)9] FFo|M= 2,5-dimethylpyrazine, furfuryl
acetate, 2-ethyl-3-methylpyrazine, 4-vinylguaiacol
A A RS sl fAE HFS BT 1
Q] & AFolA ATFLL A Wi 71E 2 EFEL A
@S EX 07 5} dihydro-2methyl-3-furanoned} 3+
ot i AL FFet FZ 714 maltole HEEOH,
s 9 IEREY F E4L2 HRE YE, ok
T, 253 Ad, B3 #E AN

t7HH Q1 A2 of Fof wE Ao]Z= RCAA UEEH
2-methyl-3,5-diethylpyrazine> SWDC®} SCDColA]
HEHA 3te, oo wtsf SWDC2 SCDCOlA = 2-
amylfuran¥ 2-formylpyrroleolghs 2714 M2 Z&E
o] A&= 3ttt 2-Methyl-3,5-diethylpyrazine th#&
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2= A" AEA ERlE= Y F71/8EelH, SWDC
9} SCDCOIA FEHo= AetR7] o] tzisel A
oj59] P& W= 8 A JEo=E HEEGIH o]
Hhsl] SWDC}F SCDCOlA 35405 HAEH 2-amylfuran
2 bean, fruity, green, and earthy aroma, rum,
chocolate and tropical flavors7} £%°|H, furan> 2
A8 oA gredhE 9 ofn|iAl 5o HES) B E
= Ad 71E 5ol o AEd 22 & '@ A% Fo=
B E oty B EAtH(Lim, 2018). 2-Formylpyrrole2
A} o7 oA Y= FIEGELE BAY XY
utet 1 o] F7teto] ZsHA| RARE AuofA] A=
Ao SRl

7+ A g9 3 LSS BIAHZLS Table 337
Zo] BAHCE {FYHQl Aolg EPHp<0.05). RC,
SWDCS SCDCOA 522 furfural®] FaFo] 714 &
Qa1 o]o] 2,5-dimethylpyrazine, 2-furanmethanol¥};
2-formyl-5-methylfuran®] <At} 2071219 34
F71/9EE oA RC7F SWDCF SCDCETH B B2
A& et b7 Rl Ao wE A 7=l
AFQ7] R 2 W=t & A HS-SPME-
GC-MSE &3 "7hiQl Avews 2A% 2 dEd
A 71w Tl it Aol AUUAIRE, o]
pyrazine, furan, pyrrole, ketone, ester®} 1 9 H&
5ol sigste 2AE AGYPFIA FEHoRE FIH
= PR YS sl E9] 7 79 &F §4ol ¥
BHoE AF, A, o, Y T2, 2AHI g T
Fol7] WZo] AR 2AEE B = QS Aol
Al = E3t A, e, © o A2 oA AAE
£ &9 243Y 20T fASHA.

l.

s

2o

2 A= Bea4 AYYEE grhQl Aejubol o
2t Esto] 7]l FAE(RC), SWP H7H|I(SWDO),
294 CO, "7HHRI(SCDC)O tigt ZAH o]F Y&
P71 BHSE AR 9} HS-SPME-GC-MSE o] &3] &
A5t A 3 Agtron(#)< SWDCF SCDC7F RC
ot g @2 §94Ql ZolE EAKp0.05). AAZE
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Table 3. Relative contents of volatile compounds in dicaffeinated roasted coffee beans using HS-SPME-GC-MS

Volatile compounds Relative content” (%)

RC? SWDC ScDC
Total 90.60 94.80 96.17
Dihydro-2-methyl-3~furanone 3.52+0.179% 3.74+0.05° 3.71+0.04°
Furfural 21.5810.54° 24.72+0.26% 26.18+2.32°
2-Furanmethanol 11.91£0.16° 12.40£0.06° 12.15£0.06®
Acetol acetate 4.60£0.26° 3.95:0.14° 3.61£0.87°
2,5-Dimethylpyrazine 14.230.30° 15.03+0.95° 14.9310.19°
a-Methylcyclohexanone 1.28+0.01° 1.13+0.01° 1.08+0.02°
Isopropylidenecyclohexane 1.11£0.01° 1.01+0.02° 0.87+0.02°
2-Formyl-5-methylfuran 8.84+0.12° 9.050.08° 8.99+0.04°
1-Acetoxy-2-butanone 1.77+0.03° 1.24£0.01° 1.19£0.06°
2-Amylfuran - 2.83+0.03" 3.80+0.08°
Furfuryl acetate 6.39+0.11° 6.91+0.03" 6.88+0.08°
2-Ethyl-3-methylpyrazine 4.5620.05° 4.70+0.0%° 4.760.07°
Ethyl 2-furyl ketone 1.20£0.04° 0.97£0.02° 0.94£0.03°
2-Formylpyrrole - 0.71+0.02° 0.610.05°
1-Acetyl-1,4-dihydropyridine 1.58+0.07 1.49+0.02°° 1.390.03°
2-Acetylpyrrole 0.8440.09° 0.6740.02° 0.63£0.04°
Phorone 0.66+0.04° 0.40£0.01° 0.37£0.02°
2-Ethyl-3,6~-dimethylpyrazine 2.39+0.05° 1.26+0.04° 1.55+0.04°
2-Furfurylfuran 0.5840.03° 0.26£0.01° 0.29£0.02°
2-Ethyl-3,5-dimethylpyrazine 0.44+0.03° 0.27+0.01° 0.2740.02°
Maltol 0.68+0.13° 0.3610.10° 0.2810.07°
1-Amylpyrrole 0.26£0.03° 0.25+0.017 0.23£0.02°
2-Acetyl-3-methylpyrazine 0.34+0.03° 0.24+0.02° 0.27+0.03°
2-Methyl=3,5~diethylpyrazine 0.2440.01® - -
1=Furfurylpyrrole 0.70£0.07° 0.69£0.03" 0.63£0.05°
Oxypurinol 0.4140.07° 0.2240.03° 0.2240.04°
3-Methoxythiophenol 0.27+0.03° 0.1740.01° 0.210.02°
4-Vinylguaiacol 0.21+0.05° 0.12+0.01* 0.13+0.04°

URelative content (%) = (Target peak area / Total peak area) x 100.

RC, regular coffee; SWDC, Swiss water process decaffeinated coffee; SCDC, supercritical CO, decaffeinated coffee.
Values are meantSD (n=3).
Different small letters (°°) in the same row indicate a significant difference according to Tukey test (p{0.05).

~

)
)
3)
4

o] g3l At Al 7FA] AlmS] F2 IV propanol- 2 fruity, glue®] Fo BT AR by 2 /7
2-one, 3-methylbutanoic acid, 1-methyl-4-isopropenyl- 9} AHQlo] 71 =8 g BAEQth $HH, SCDCY
1-cyclohexene2 & 3H1%]9l 01 E3] propanol-2-one 3F71/dE 5 propanol-2-one, methyl formate?] 3
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o] RCS} HIot] Fold o= A Uebth(p(0.05). A=t
FE o]83t /| E O] PCA E423 t7HQl F4]
2179 RC A2l SWDC ¥ SCDCO] 71489 #}
o|F gRlstaL, oleF 2 P SCDCAA B A &
A=t RC, SWDC® SCDCY F8 7| d&EEo°]
propan-2-one¥ hexan-2-one< ketone, hexanal¥}
(B)-2-pentenal aldehyde, 3-methyl-1-butanol, 4-
methylhexan-1-ol, 2-octanol alcohol®] a|d5t%.2
W, 228 3 AdFoA F2 Uthve 714489 A4S
FARER oW A FmolA ApEAo] Eel=qinh. HS-
SPME-GC-MSE AR&3t RC, SWDC®} SCDCY] 334
FVeEE B 28T 0% SRIEQoH, Al 7HA] AlgoA
TELE =2 AFE Hole A IR furfural,
2,5-dimethylpyrazine, 2-furanmethanol, 2-formyl-5-
methylfuran, furfuryl acetate, 2-ethyl-3-methylpyrazine
5 % 10502 45t} RCAA E4E 34 4714
£ 200] £2 SWDCS} SCDCoAE W g Holu
gzig ol Aejo] w2 ooz apHslE ]t B A1E
ol g7t Ao whE 2AY & Ay Y479 FIA
B 240 AzF HS-SPME-GC-MSE o|-&3tof wet
F8EY 24 9 A B, gl tigh s Aol
7Fsotaom, o9t 22 AR fri|Ql Auo] gt 3F
0] £4 Aol T2o] & Aol 7|tEH
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