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Abstract

Effects of roasting on physical (weight, volume, density and color) and chemical properties (total phenol, caffeine,
chlorogenic acid and antioxidant properties) of three Arabica coffee beans (Brazil Bourbon, Indonesia Mandheling
and Kenya Tatu) were investigated. A steady weight loss, volume increase, and bean density decrease were observed
during the roasting process. The L', a, and b values tended to decrease as the roasting temperature and time
increased. Caffeine level was approximately 0.73% in green beans, and increased to 40-67% for darker roasts.
Green beans contained the highest chlorogenic acid content, which decreased as the roasting temperature and time
increased. The light- and medium-roasted coffee showed the highest total phenolol contents. The antioxidant activities
were measured using DPPH and ABTS. The light-roasted coffee beans showed the highest antioxidant activities,
and an approximately 36-51% loss in antioxidant activity was observed after further roasting. The flavor patterns
of roasted coffee beans were analyzed using an electronic nose system based on gas chromatography. This analysis
demonstrated that an electronic nose system can be applied to identify the green bean variety and the degree of
roasting.
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), AT} A 2@ vtolej 29 HAE oste
FH7L YohE Hak 9om(10), A9 4% 7} LDL-Z
g 2HEZ] Abgtel] digh e S1te BaE ot
(11). ¥ g Foll FristEdo] gake] Wl digh
oje] A7 P HA N A2 AFE Hola rh(12).
Cho 5(7)-= Wi H =7t S71tel| what gikste o] Zhaeh
o B3k ubA, Suh 5(13)2 165~185CollA A3l &
wjol] &% zto]7} 18] ZA] oA IR e Al w2t
ZHaA g Al gellA = 5, DPPHS} ABTS 2tz 47
oA ARl atol & VERA] egttha Basksitt.
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F T B} A@Ro|n AEA e Ao FAHIE 99
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A AMEE 339 A AFe Bl wv Al
o] Fof At A Foj|A AYitE BH 29| A E|(Brazil
bourbon specialty, Cerrado, Brazil), Q1 =U|A|o} & F=rlEE}
Aol Ak vl Z2]n) Y (Indonesia mandheling
premium G1, Tapanuli, Indonesia) 2] 1 A1k 7] 4 2]
ol AiteE EFFE ~A¥|AE|(Kenya AA tatu specialty,

Kiambu, Kenya) = =5 2013d0f| 5|0} %1% Arabica
FFolAurh

HE 3 =24

A9 AFe HAFAYU FARL AE Z2FH(Type
R-002BZB, Fuji Coffee Machine Manufacture Co., Tokyo,
Japan)E: ©]-8-sko] 27} 200 gof AFE 180TelA F1i5}
Aok 4TS TYehE =de] LEE 349 Woldl e
Tl 7} LeRiT. £xv} Leiztel ket el Aol
A2 Ao wsA 12w (pop)el =R 1 &
% Alzko] A 17} o] FRE, F4717H& AA
27} o] A2 ohlAe 13} o] Al el A1,
FMAS 13} BLo] B AW, AL 24 wol
A#¥ele Aol A W Z3 T, WEA17ET LEE Table
13 23hnk AY AT B AT 24 vz Al 73] 24
7](Type R-220, Fujikouki Co., Ltd., Tokyo, Japan)& A}-8-3}
o] 850 im(EFA| No. 20) oJste] A7|7F H == E4fjste]
AL L

Table 1. Roasting conditions of green bean samples
Final temperature (C)

Roasting time (min)

Brazil
Light 825 189
Medium 9.83 198
Dark 1175 215
Indonesia
Light 8.67 181
Medium 9.83 190
Dark 11.83 211
Kenya
Light 8.15 185
Medium 9.75 195
Dark 11.67 215
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mL %39 8 SRR, 7} 53] W St
B AMeet pHE 35S A9 1 g2 100 mL 3 &
Feho] Wil 98Ce T/ 100 mLE ¥ Tt 20%
& FESt] AFe e HeoR A3 T pH
meter(SP-701, Suntex Instruments Co., Ltd., Taipei, Taiwan)
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& 4 U= Hecimovic 5(16)9] *'Hel what 4138kt
A9 Aot 2R wjAe A9 2 g F o] W st
AL SH96T) 20 mLE T3 F 15% F<F hot plate©]]
A FEel e, d2ollA B2 § 045 ym filter =
odste] HF AAR stk BAZ7IE4E Aglient
1200 HPLC system(Aglient Technologies, Palo Alto, CA,
USA)S AF&3F%1al, columne reverse-phase column
Pinnacle C-18(Restek, Bellefonte, PA, USA)(250%4.6 mm,
5 um id)= AHE3HAT ©]F 42 1% formic acid(solvent
A)®} HPLC grade methanol(solvent B)E <5 1 mlL/minZ
3o, BErjo] B &S 2%0)A AlZEke] 208 Fof
2%, 305 Foll 40%, 405 Fol 95%7} = 3ttt 719l
< 278 nm, F2224H2 330 nmoll A FH3ITE BEE
A AzE 7y F22A4KSigma Aldrich Co., St.
Louis, MO, USA)-S Z}7} 1,000 ppm o2 THE TS Z+z}
5, 10, 20, 50 ppm -2 FHEo] AFHA S AT US AR
o ey s=8 STt

% ¥ =% Folin-Ciocalteur| 2F-2 A1-8-3
=233ttt A9 FZ2E 2 uLol 274 78 lLE At
% Folin-Ciocalteu phenol reagent(Sigma Aldrich Co., St.
Louis, MO, USA) 20 ULE 77} 37}bskal A 2ol4 583t
HRS-AIZTE o] g-Ho]l 20% NaCO; 100 1LE 713 F oha
oA 30% F<F WX T Synergy HT-Multi-microplate
reader(Bio- Tek Instrument, Winooski, VT, USA)& ©| &3}
o 515 nmollA SF=E St F =TS gallic
acidGAE BETE4 = g FFFA ol st 4AH=Esisith

DPPH 2iC|gt 2HEM &3
DPPH #}t]Z 27 %< Blois W17 Wt =36k

T2 ZAAFEE A A22H A5E (2015)
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AAF5(%)=(1-A 2] FFT/TA e FF%)x100

DPPH 2}t]Z 4752 ascorbic acid equivalent(AAE)/g
Az THPo = FH3A

ABTS 2ozt &7{s §3

ABTS &}tz 2752 Re 5(18)2] Wiol ule} =43}
%t} ABTS 2t]Zt 8912 3.5 mM potassium persulfate S
FE3Hh= 2 mM ABTS £ 8Hl) 8]143A17] F, o] -8 o]
14A1ZF Bste] RHERITE 7F 25 AR5 2vl] S|4 s}
96 well plate 20 ULF-E] A9 3] #535l31, ABTS =)z
&-2F 180 1LY 7katsith el 5E3E ¥k $, 730 nmel]
A FBEE S 2 A= ABTS #HH# 275
ofefje] Aol ol AAlFolsoz AN, 50% AA-E
% @S YEE SCs gte® HESITh

AFAS(%)=(1-A 59 FFE/FH 2] F35)x100
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HEE B3 AR 7F 1 go] B9 Y& vialS 300 ppm o2
WRKFAA 60CTE FAISHA L, YT ==+ 130T 4
el A Fhatdet o] wf ARG 7bae dgollon #
F 50mLe] f&o = ST EWon, B4 A7 5309
t}. Syringe purge= 3% E FAIg $ thermostated tray
holder®ll &2 ¥ head space syringeE AF&-5le] 5 mL&
Atk Alae ASA AT d2" HAAIGC
type E Nose Heracles II, Alpha M.O.S., France) 2 2] 3}%]
o} B o AHEE HAEZE F 709] column(100 pm id #
DB5,100 ym id #DB1701)3} % 7R€] flame ionization
detectors(FID)ol| A2 o] AUt 2 A 85E 63] WS
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247} 7.8%, 9.0% = JEFSTE Ade] i ke wjxo]
Ao wat FAs] 7FAaE o], WiH 27 3.2~4.7%0A]
o] 4H S W= 0.6~0.8%7HA AA2H AT Kim
(192 ot 7o} RE-~E FEo AT T TS
8.5~10.3%2t1. B35} 01, Tfouni S0)% ofehu] 7} &
o] AT FHEgafo] 8.5~9%14 vl Foll & 0.8~2.2%
2 48t vt Huslsit). Specialty Coffee Association
of America(SCAA)SIM &= 23| HE] Ao A% FE3a
S WHFE A A 10~13%, YA= A9 HFSe
10~12% 2 Tt sta glom, AFe] 43 B 7Es

Table 2. Changes in weight, volume, density, moisture and pH of
Arabica coffeec beans during roasting

Moisture ~ Weight ~ Increased Density

Coffee beans (o)™ 1o (%) volume (%) (gml) PO

Brazil

Green bean 11.0£0.03" 0 0 0.68+0.003"

Light 254036° 112058 5241045 039+0.002° 52+002°
Medium  16£0.10° 145:050° 645035 035:0.003° 53:001"
Dark 06£001° 185£050° 779095 029:0.000" 5.7:001°
Indonesia

Green bean  7.8£0.03" 0 0 0690007 -

Light 37:006° 1120297 3860.64° 043:0.006" 4.9:0.01°
Medium ~ 23£005° 145:000° 563085 037:0.004° 4.9:001°
Dark 08005 183029° 76.8+0.00° 031+0.004° 54+001°
Kenya

Green bean  9.0+0.08" 0 0 0.72+0.006"

Light 30:021° 113058 470:095° 0420005 5.0:0.01°
Medium 142007 142£058" 6024275° 036:0004 5.1£001°
Dark 062005 178029 84.5:0.00° 030:0003 542001°

"Meanstandard deviation (n=3). Means in a column with same superscript letters
are not significantly different (p<0.05).

N

J]A13}aL Sl = International Coffee Organization(ICO)Y| 4]
= 8~10%9] FEFFS 383staL ATh2D).

Avle] v YoM T AL ZI]de T2 FE
£ 7133t vl 2ol gEEE B minor
SteE 5o GES w3y ERES &4 o
Aoz HuFEATH22). £ AFoM= Fud A] 7.5~
10.0%, 1A A] 14.5~15.0% Z3°] A=A v A
o] Exg wele Babd Wy, QImuAlo} vhdlg],
Ak EFE7F 42} 19.0%, 18.5%, 180%2] 3 48 B
t} ©]= Oosterveld 5(23)°] ofepH] 7} 5= oF, 2, Zl
ANS w 27 1%, 15%, 22%2] Fiko] £AH At
B33k Zolt} Franca $(24)°] 242t 7.5~10.0%, 14.5~
15.0%, 18.0~19.0%2] Z o] A=At Huots FA
gk Zo| Utk vl o3t S fhaeks W A3] 45
o] B3l I7tshet ole drkeild) FgolA gt
Z FPoZ 3t AT g ogh Floltk2s). v
45 Al Av AF Y] 76~87%2] -3 7S B
£l ©]& Jokanovic 5(25)2] 48~50% 1.t} thar =2 gho]
At

Ade] wjd T Wz e K)o 7k Ul 7hae
A, i) ukg, AR £ 93 FaFtae]
o3t Aoz HuFdrh26). Tl AlBlA Ak EFE
= A5l va 50%, Hebd W2 48.5%, A=HAok
e 46.4% 7} 7HAslA T (Table 2). ©)= 79| H
o me} 40~60%2] 7HAE B9 TH= Franca 5(24)2] Axht
35~44%2] 7+AE BT Jokanovic 5(25)2] A 3}o} H]
52351t} Alessandrini 5(22)2 Italian-style Bl 4= A
= AgH oz 50~60%2] D= {AE Btk st
th Choi27)= DAl o7 U= AQFo] SFo] =342
A Yep 22 553<] 49 7Faid QsirE Afolzt
glom, Wyl =2 A7t ¥ T8 & 7w
o o Be Azte] Ag¥BER wjd 2US A=)
Ao olal7t Fasttta sk th

Az ] w7 5 pHe| Wsle Rl e uf Hapd v
52, A=y Alo} wlEl & 49 Ak EFET} 5.001%00H,
SHlA, Ao g 245 o9l Aol & Holw F7t
g TH(Table 2). Iy 5(28)°l] W2 wjd 2=l we =
&k 79 ¢] pH7} 49~54°1™, YT (atural) 7] 3] 7} A=
(washed) 73] E.o} pHate] © =tha st ol& A
= A7t AAde] dAAE 8 ERE S AR
uj Folgka sk th F3t AFA T pHF dukd oz <l
2~HEA T ] pHELT 7t £ o]l f= d5FA 7} =A
& AER 37 ol =EHUA oA T2 qto] @A
% o] Ako = WiglEY] wiFo|gta et Th29). AT
F FE2E Heke CGAY =2 U #AI7) 9l
™, i Al CGAS A= pHYE 7 Bavt
A= (30), & AFAAE Bfzdo] P55 CQAL] T
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o] Z+AstHA pHYF Z718he A &S YERATHTable 2).

M T
CIEAA = 3783 A9 Aot A7 Ao Wst=
Table 33} 2t} 73] AFo] L'z Bakd vz} 01wy
Alo} wrdlglo] Zk7} 571, 5690902, ALk EFEL 672
7 9 debge) a'ghe AAw =4 b g A Al
ZAS Batete Aoz AT APAH green-yellow
zoneol| A P A2} FHl A A] red-orange = ©] &5ttt
w7 259} AJZto] 71l whEt borwn zone &% ©] &9t
S BHojFQit) wizle] gl wet L g3 fAlEH
a*%}fﬂ]r b*%}\”: foH o7 7Fadle] AFYTE 73 &
Ajo] ¥ lem, o] = Alessandrini -5(22)¢] A¥¢} ¥t
a7 dE VR vl Al ol gk Ee) AAte] wis)
= gAg 9] Z%2E dojy= Maillard ¥-8-2] HEF A<
A2 olu A E melanocidin} 22 Aol oz
HaEdoGn. AFe A mEM e fA=
(washed) 717} 52 (natural) 719 o}t W=7k 4] o
Ehbs Ao g BaEded, ol W #9773 A
2] FHE dxEe oA Ao BAdEe] Al &5
=] 7] wjzol] 7} Yol Aelgka silvh27). 7199
o A TRt i wjie] FA=E AAs=T
T8 JAAR A T FREA] Ao e
SBAAZE ki H e ATH27).

1

Table 3. Color values of green and roasted coffee beans samples

L d b

Brazil

Green bean 57.1+1.62" 8441031 2258+0.87°

Light 27.1+125° 16.190.50° 28.59+042"

Medium 17.3+0.8%° 14.36+027" 20.60£0.42°

Dark 10.00.87" 9.58+0.06" 10.02+0.28"
Indonesia

Green bean 56.9+1.59° 7324021 19.53+0.45°

Light 312:067 17.1040.11° 28.6610.15"

Medium 21.1+1.05° 14.69+0.30" 2.7240.50°

Dark 9.2+1.02° 10.670.32° 11.65+0.64°
Kenya

Green bean 67.0+0.53° 5.3440.12° 16.53£029°

Light 2804048 16.610.09° 25824057

Medium 20.020.55° 13.860.16° 18430.11°

Dark 10.3+0.77° 9.85+0.22° 10.64£0.35°

"Mean#standard deviation (n=5). Means in a column with same superscript letters
are not significantly different (p<0.05).

Caffeine gk
=8 79 AT 459 wid FHxd mE el

ol

FeEo Table 49} 2t} Babd wH 3} QA o} gkl g
A AT A2 74 mefg, 7.3 mgfe®] 1S SIS
, Bebd e ku A o] -9 9.4 mg/goll A Tl <]
A% 11.1 mg/gl & Z7ketg on, QlEux]o} nkdg o
okl A 2] 7% 9.0 mg/gell A 12.2 mg/g o2 F7}38lo] HH;H
Al frelAl Aol = F7ketith Ak BHRe 73 kil
Al 64 mg/g®] 7HIQlo] Bolsl o, e FE vkt
A= o] Zgel wet S7kske e wol Al
# 104 mg/g®] FFE ebc 7l P Yol
o g Heed] weh okt FrkekAL0) FEl

}M:lén

g} ozt ZHagiths RuG32)% Ak 7HEle] ke
w2 g JgEThs e AR5 S4F AT

oA S Ao o7 BiA S7tE B 5=
21ew(33), 7H1e] 2178 Tyl el M Hjxlo] X1y
w9 7hQlel Edo) glovt wid e = 719 i e
9] o FiRle] Sakilol S7kste] il 3Rk Al
o] opd A%, HlaA 7h¢le] £ vk Bk 9l
). =g+ 7192 -2 Rio-off-flavor(£.2. =9} & ©]F])
ot 29 AEAZE I, B2 #3) F2 (cup quality) S
zhe 7199 71l FFol =tk Huk ltk34).

Table 4. Changes in total phenol, caffeine, and chlorogenic acid
(CQA) contents in green and roasted coffee beans

Samole Total phenol Caffeine CQA
P (mgGAE/g) (mgfg) (mglg)

Brazil

Green bean 2134027 7440.62° 24.8+138"

Light 36.2+2.09° 9.4+0.03" 169+0.38"

Medium 275:081° 10.8+0.35° 9.8+0,04°

Dark 25.0:0.05° 11.120.24° 5.6£0.007°
Indonesia

Green bean  20.6+0.53° 7.340.76° 29.9+1,09°

Light 29.6£0.10° 9.0£0.06" 19.9£023°

Medium 3214087 9.10.17" 14.14001°

Dark 26.9+0.23° 12.2+0,02° 4.1002°
Kenya

Green bean  23.1+024° 7.30.56° 26.7+1.51°

Light 26.1+0.33" 6.4%0.29° 18.7+0.24°

Medium 263021 9.84031° 10.1:0.17°

Dark 24.10.38" 10.4+021° 3.7+0.04°

"Meanstandard deviation (n=3). Means in a column with same superscript letters
are not significantly different (p<0.05).
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5):
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AJH-0] 11 lignan, ERF =, SFEAJoPd 0]
Aoz dHA Uth3s). A A5} v
E4 A7 Table 47 2t} 5 w3t
2 v, Q=Y Ao} R, AU BFEe] Aol A
7} 21.3, 20,6, 23.1 mgGAE/go]¢l.om] b A A] B.ebd
Avks 7H E2 T336.2, 261 mgGAE/g)S B3

01-}1| OTQJ\"
e
=)
_O‘L
rr

=N A S )
i,
s
mt
ol

sho] A g ATl 2F 49%9] FlEo] o HEEHUL
™, 78S woll = 73%0]de] HEEATa Bk
o} & AAT = Al F wlEdhEke] oha fha
ke AR Blo) kel 70~82% 71 A5 ] HlS:
3 Z3=2 Jehdth Chism¥} Haard(36)& 27| A Al
= o] S7He 7k 9d AE PR &84
7} dofuh AT Yol JE FkskEd So] WEE7|
uj o], v F=r) el wE 44 slE = &l
o8l sz Fo] Favn Euskith 12fu} Tomaino
SBNE G7F Al FERREPL dojus FleEdE 9o
U Al ZE gitsl SER gAAE o F dlse dEe
A WgstA| gon, Ave] AA A Fatsles w3t
A 4R g A7 Rauydeh

Z=z =244 (b-caffeoylquinic acid) &2k

A9 9] Bl E33E T P B e 83%) = AAIsH
= FEEANE AD v F A EalElo] Azl vt
ghol] &S nX B2 A9 £ Hrtel 83 dioltt
8). 22274+ quinic acid®l caffeic acid”} esterd 32
3laL Q)& el ), caffeoylquinic acid(CQA)$} feruloylquinic
acid(FQA) ~12] i dicaffeoylquinic acid(diCQA)<} -2 37}
o] o] dAA7} Ao (38), ©]F 5-CQA7L ol 7} FFoll
M AA FRRAL] 66%, ZH-2E EFNE 56%S
A ghekal B35 9L Th39).

Fz2A%k] 3 F7< 5-CQAE 73 llA polyphenol
oxidase(PPO)2] 7] & o] Ho] 5o Zagle] o] 5=
o-quinones< A= A o2 ¥E A 2™ (40), PPOS] 2t
&2 T3 AYF Mxwe Fx4 wIE fFIAA
Rio-off-flavore] ¥<le] & 4 dtix strh4l). ¥ &
CQAY] & H-A A3} Table 49 HolF&= uls} o],
Al FF BF AFAAM M 22§35 JEhd CQAE
Hjzdo] 1) gol whet Fhaste] 2wl A Bepd vid
77%, A=d|Alo} wHalE] 86%, Ak EFFolA 86% 71 4
HAtk o= Al Al CQA7F 93%2] = UTHE Farah
(359 AT At AR A& E = Fetkell CQAL
83-93.4%7} =4 ¥t Tfouni 5(20)2] A2 3}9} v
sofnh mgk olgbH 7 AT 13.57 mg/g, FulA 9.70
mg/g, S 6.77 mg/g 7l 4.79 mg/ge] CQA <

B 3138 Cho 5(N° A7 AISE FAkg Ak Hch
Z227%ke] JF= v F quinolactone©] Y melanoidin
o2 FAgEo] PFe] Mg YIS v|X= AR HuE
ATH42). Perrone 5-(43)2> CQA2] A7t wjA Z7]d&
isomerization ¥-7]°|:= epimerization, latonization, degradation
o= Qg C-C FHATe EEal Aol ot ot

skt

gl AAHEY il

Bapd, zdlAlof, Ak A v Fd gitst
< vlwsly] 98] DPPHS} ABTS 22 2484 S
2 A3 Fig. 13} 2t} DPPHS} ABTS =5 ghrjzte
A8 S St AP o= A= HISsHA T ABTSw
=73, H1573 E4eA 1% 4 9lom, DPPH= H|=43
QAT G134 lthe AellA] Afel7t Uvh). BE
AlzellA] Aol H3) v $ 91572 ABTS®} DPPH 2}t
7 2AGA 0] won, mid =7t mobldd wet Alvk
©] ABTS #< Al9lstae 2AZA o] 7Hasteieh A
oA e X we} DPPH &7 %< Bt
AL 36%, JEHAo} wElEe 51%, Aol BlEE
2%°] s YT Cho (7)< 71919 SefiEecl=
(flavonoids)= S 2ol ola] HA F=]o] e 72
o= 23%°] FetE o] =Rt o)A ®tka B asieith

1o v 1w

B Green bean
W Light
0 Medium

mDark

DPPH(TmAAE/g)
2

Brazil Indonesia Kenya

® Green bean

mLight

r
(=]
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ABTS(mEAAE/g)
e

m Dark

Brazll Indonesia Kenya

Fig. 1. Radical scavenging activities of coffee extracts measured by
DPPH and ABTS.

Results are expressed as meantSD (n=3).
Means with same letters are not significantly different at p<0.05.
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uteba 7199] itstE S 2ol7] e o] a7
s 7139 fakshe 2w A o] wke#| ghtkar Hoas)
Atk & Aol E YFEG g Ao kst
o] =kom, M Pt S7hgtel wheh FatstE o] a
ato] Cho 5(7e] A7 23t 22 BFE YehidH:

Az 24

B, JIzUlAlof, Ak AT e] &7 el dolr ]
el 7t A= 2hel| ©fu] lE Abel7t e 107]e] 93E
M sle] FAAE BA(PCA)ZH A2HE Fg. 20 YERASIT
PC19] HA}= 74.74%. PC22] HAF= 20.76% % VFERY PCI
oA Als7te] ApEA o] FEistth AAtE B4 A} g
719] Aol = Y A 9f wheke] 2ol met ek
Hed /ke AES AR fAR 18 7 2 9o
W2 A2 o2 ek ARrt 9 99X A5 fAM
o] gl 1= Yehdth Al83ke] ApEAgo] 2 A 1 74
2 v o ejde] gy whel Bl Wi, At
B 9 Ao} vHE) A5 B gY|siEle] Aol &
Sl ol wjHo] P wet Al 1 FAE kel
ZolA = AL B F AUk ol23 2oL 713 AT
F5o 2 e EXo] rHedta, FrHE o v
Al M = grlsEe] geS HojFrh o] & )
ol 2o wet Avle] gr)dto] GepA7] wi
A" AT wjHzg Sl olefdt Fr|ge] Wsks Mzt
24 IS Bt R § US5S BoFrh

ol
kT

T2 ZAAFEE A A22H A5E (2015)

o ok
hd =

ol 7} Au AT 3F(E et v, A=A o} vhdl
g, Av B9 WA L% 181~215T2 W dlA
8.15~11.833¢9] Z4del|A] ek, FujA, 7 o2 vz
sl B4 54, olshshd A4, ksl 55 AR
o} v 227t S7hstel wheh FA e WETF 7HASH
L*, a*, b*gko] 7Haseicth & slsdae QTR o= ud
Fo] AFollA o Egkown, Sz Sl 7MY =
ATt QL T A Al Bl 71 EdTh 2
2 AT A 7P ko, wixe] A=rt el A
o e}l 7H48kith ABTS®F DPPH 2Ht]Zt 2752 AT
Hohe ol 3o dFoA 9 =ekon, wide] ZAxrt
ZFell ol whel 7Fastsich wEba gakslE S fA381]
M E AURA =L 2T wlAdsts ARTE 3o
2xol|A] ekt Blo] v gk o2 AR ETh GC
£ 7122 3 AT E el AT Fisids A%
Ay} FE3} wjRAY ol W gr)ojgle] 2jo]S 2 et
T AAT

2ol 2

TE Ta7|93 A A st 20133 % A E
H(No. C0123466)2] AFFPo 2 gt 4

B
N
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=
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Fig. 2. Electronic nose data for flavor patterns of roasted coffee.
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K1, Kenya light; K2, Kenya medium; K3, Kenya dark; I1, Indonesia light; 12, Indonesia medium; I3, Indonesia dark; BI, Brazil light; B2, Brazil medium; B3, Brazil dark.
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