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Abstract

To evaluate the characteristics of cocoa mass production by L-BTC process, changes of moisture con-
tent, TBA(2-thiobarbituric acid) value, reducing sugar ratio, volatile flavor component, free amino acid,
free sugar and organoleptic properties of nib at reaction and roasting stages of L-BTC process were
examined. Contents of free sugars and amino acids which are used as a substrate of Maillard reaction
during nib treatment (reaction) had slightly changed indicating that there was no Maillard reaction in the
nib treatment of L-BTC process. However, contents of free sugars and amino acids during the roasting
stage significantly decreased due to Maillard reaction. According to Maillard reaction during roasting,
flavors exhibiting the specific taste to roasted cocoa bean were developed and, especially, significant
changes of the flavor components such as pyrazines were observed. From the organoleptic testing for
acidity/astringency, burnt/nutty and aroma/bitterness, effects of acidity decreasing and deodoring were
observed at reaction stage. By roasting, astringency was changed to mild feeling. Bitter taste and aroma
were increased, whereas tastes of acidity and nutty were decreased.
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F3o} v (cocoa massy= ZEHR F YEEZ, o]
9 7lEEAL FFke FY ¢E FRH WA 28
o] 7F¢ 4% W X8 3R] Fujo] FEFE v
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B Az F¥<¢ LBCT(Low Bacteria Color Treatment)
FYol =io} vl Az HA TP M 2
AAF A AA "x Fobet e AA et
(Kleinert, 1994; Buhler, 1988, 1997).

FUYAMZ LA} o]& i 7|38l BTC(Better
Taste & Color) Y2 /WH3lx, old] &g z=so}
W2g AYEE Sl AA I (Buhler, 1997), ©) L-
BTC FA 9|4 whole bean roasting®lt} mass roast-
ing 343 gel, UBE 357|2 AR, pressure/
vacuum 59 W§ H2E AI F roastingdtA €k
(Hui, 1991; Lee et al., 2000). ©] FH*+ roasting
Hell whg £7]0M YEE FE-F 7H-8b7] &
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2 B 70 % Adadht B Be 9 49
o ofg & AR FN ¥ uHHA B Y
4 AR S aAE 48 F Udo F ¢EA &
tH(Ziegleder?} Overparleiter, 1996a, 1996b). &1}
o] L-BTC 49 ¥g % roasting &% F |33
Aol Fo Wl dF ae vF, R
B3k Hol Pt

gt B AFejMe LBTC 339 whg 2
roasting X2} A Fe] F¥ FF, fe ot FEl
2 e AU F AR ¢ v e 5& B4
3 BEAslele] g17te YEe] wg 9 roasting EHE
ol staral 3t

HE W Yy

MMz ¥ Alze| =X

B AP A A8 e 7hite] Fietke Follh
Yo whgA = LA (FFA) BTC T4 |
B2 Azl FAHo| wel reactor(Buhler nib treatment
vessel type SLT)YE AME-31d winnowingdir foid Y
BE AAT o, 8 4¥(0.8~1.6 ban@ Al7H6
~14 miny& 94 7HEo= gt wgA|IZTh 05
1003 bar AF 3lolAM 11E7F §AF F Aol A
< HAHA ZHE B44 AR Ik @9, Y
B9] roasting A2l YA LA BTC ¥4 HE
roasting 5’3ol @&} nibs roaster (Buhler type STTE)
£ AH8ste whg- A2|et YE-E pulse-bed Z1Z(Buhler
type OTW)sF T1-2, ©] A&E vlg] &%9 (124~
140°C)2. 454121 roasterdlX EZF (900~ 1100 kg/
hryg& EE]dhHA A% o2 HAEIHT ol roasting
2E 4239 roasting 228 WA ¥EF +1°C ¥
9 Wellsl 2439} Roastinge] $EE AgE Yzt
% 2483 AL HAZUL, olF 4F 48 A8
2 34

Ol&tatx 24

1§l 29 B4

B8 A8 5 g2 50 mL wbeoll W3 3ule] AH
oHlZE 7}3led 10,000 rpmollA 1587 48238
Ak ol & 28] vHEdte FAgd g AAT ohe, A
Eo 2] B8 Yol FZolA 3027 7F(~75C)
23k 10,000 pmeE 1087 YAELAY £, A
AHe #3813, A membrane filter (045 pm)E
A AHEgon], B/d5A7 Sep- pak cartridge(C18)
2 F84 AES 4539 BioLC (Dionex DX 500

chromatography system, Dionex Co., Suunyvale, CA,
UsA)9] 48 A&z skt

Bio-LCe] B4 z=AL #AY: Carbopack PA-1(250X
4 mm ID), ©]%%: 80 mM NaOH, f<: 0.7 mL/
min., #&7]: ECD, F4Y £%: 50 plo|it} o) of, ¥
A EFFOZE glucose, fructose, maltose 2 sucrose
(Sigma Chemical Co.Y& 0.1~0.5%7} =& ZA|3}d
ARg-st Tt

2) TBA 3

FHo} %8, TBA (2-thiobarbituric acid) &4
(0.75 ¢/100 mL water) ¥ TCA (trichloroacetic acid)
49440 g/60 mL water)2] Zt 5 mLAHE AlFH ¥
3L 40°Col A 3087 wESAIZ G deoz WYWHAIR
% chloroform : dioxane(l : 1, v/v) 10 mLE 7}3FaL,
"IE & ohE, 208 AT AdTe) U9ES 3
3] o3H(Whatman No. 9% th¥, ¥/EAL AAs
AL, =T Abo] FFEE 430 nmollA 3R
t} (Keeney et al., 1971).

3 fd o= 9 84 deale) 24

frel otul:it BAML NE 1 g& $F4 100 mL
of 3¢ ¥ pHE 7028 Z33¥ 12, Whatman
filter paper No. 42 #3137 A&3M cartridge C, 2
o33t o] o8-8 HPLC(Waters) £4& A&
AREERTE B2 2 2 AceQ Tag (3.9X150
mm), ©]%/}: Eluent A: sodium acetate buffer(pH
5.02), Eluent B: acetonitrile:water(60:40, viv), -2
ImL/min., % 7]: Waters 474 scanning fluorescence
detector, ¢ £%F: 50 o]t 3, £§4 A
& Biuret Y(Gomall er al., 1949) )oll 2|8l A s}
At

4) GColl 4% g2l B4

Ao} vjAe] st o] P ] HEE O
3 zo] #4319 & A8 40 g2 2000 mL round
flaskoll # 33 20842 ZFF95°C)F 718l h. 50
mL methylene chloride® Y9} flaskel]l Wi, vlg
BZHSCPIZ A 57 5755 (SDE: simultaneous
steam distillation and extraction) “ZX]oj|lA] 4A]7} FQt
F27] ZFsle LA flavor AEL FEsgd. &
2% LA flavor HE-2  Kudema-Danish(K-D,
Kwangjin Co., Seoul) FA& ©| &3} FF3IL, N,
gasE ©l23le HFHo= | mLE =23 ¥, GCHP
6890 GC System, Hewlett-Packard Co., Wilminton,
USA)Z EA43H. o o GC ¥4 =1& Zy:
Ultra-2(25 mX0.2 mm IDX0.3 m film), &7} FID,
carrier gas: He (1.0 mL/min), spilit ratio: 50/1, ¢
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&% 1 Lotk 39, i HEL GC/MS(Fisons
HRGC 8000 gas chromatography coupled VG
Platform II(Micromass Ltd., UK))ol ¢|3le] 243}
AL, dojzA TE mass spectrumS Wiley or NIST
library (Micromass Ltd., Altrincham, UK)$} W|xlsled
33

ZsAAL

54 F4 H7he De Zaan®) ZFo} AE #A%5Y
7} W4 (De Zaan, 19910l whe} ¥hg AF, £ EE
2 Ul AlEe] Fu] FfolE Algt, B gt &b &
%, FF(nutty), Bl 67 ol tiste] M RE 6
7 TEAR 2 Zelg vEhlR, F57t gelEsE
£40] 73Ae Ag UeEE ¥t olh Al
2] 3Karoma)2 Cacao Extract V(Ogawa & Co.,
Ld)g EFFLE 8o H|wagueh &9, &% A
= g 89 158S A4 33 FEAMZ oL A
AIBIA T, A= BAEAN whio s B (SAS, 1988)
sty A gAY cE2 vehiid.

R g k-

oS £ CHYE, f2] ol0| =t ¥ RalHe| WEt
g AF 84 oo e 2AR Ade
Table 13 Zth A Al&E 77.65£9.20 mg/gel%d
o, whg-Aajel] wE}l 51.03+2.66 mg/gl 2 Ho] 3
@ %F 34%7F 74T £ $£F7) Ay EE
0.8~1.6 bar® F7MAAH 4 AIZH10E) B WH8A|
7IH G g HzlHeY 81.74%°0M 73.69%F
FETHA 23R, A =N AR 8~12
o Friehd, Ao 84.26%NAM 5239% +F

Table 1. Changes in soluble protein content during nib
reaction process

Reaction condition  Protein (mg/g) Relative content (%)

No reacted 77.65+9.20 100
Reacted
0.8™ 10™" 54.02+2.42 69.57
1.2 10™ 52.45+2.10 67.55
1.4% 10™ 49.0012.23 63.10
1.6™ 10™ 48.70+2.27 62.72
Reacted
1.4% gmn 6543+ 264 84.26
1.4 10™ 4900+ 197 63.10
1.4% 12m" 4068+ 246 52.39

7HR et 571 Mg 4ol moRRAY W
AZto] Zold+E £84 alAy 7yt ZA 9
g B ASE AZHI) :
Y, fe obrleit 248 B3 F3e Table 2
s} Zth Cys 5 165°] ERIHON, F8 ofn|it
© 2+ Pro, His, lle, Ser, Tyr, Gly, Ala, Val 59 &
Mz ¥& I%& Uit His, Cys, Te®l &gl
A AaEgert, A oteliealkd Frtsle] & of
ol ite] e Wk 3 238 Zvlsted Wl ¢
3 ofm|i=ite] §&o] dojd Aoz AZE I
B, fEY 4L A% d3= Table 39 2
o ¥l YE Age €8 Fo fF FFS

Table 2. Contents of amino acids in cacao nib before and
after the nib reaction of L-BTC processing

Reaction process

Amino Before After

acid  congent Composition Content  Composition
(mg %) (%) (mg %) (%)

Asp 3.15 0.68 3.36 0.65
Ser 9.69 2.90 67.64 13.15
Glu 048 0.104 2.57 0.50
Gly 593 1.28 26.94 5.237
His 178.08 38.49 16.87 3.28
Arg 0000 0.000 28,60 5.56
Thr 0.73 0.16 1292 2.51
Ala 4.15 0.90 23.03 448
Pro 191.32 41.350 271.39 52.76
Cys 2216 479 247 048
Tyr 7.79 1.68 16.29 3.17
Val 3.60 0.78 9.82 1.91
Met 0.000 0.00 1.94 0.38
Lys 242 052 11.68 227
Ile 3277 7.08 2.08 0.40
Leu 0.04 0.01 9.59 1.87
Phe 0.88 0.19 7.21 1.40
Total 462.69 100.00 514.37 100.00

Table 3. Changes in sugar contents during cacao nib
reaction process

Sugar content (%)
Glucose Fructose Sucrose Xylitol Sorbitol Total

Before (s 018 014  mce 003 040
reaction
After
oper 007 017 003 mee 003 040
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TBA value

10f

Before After Before After
Reaction Reaction Roasting Roasting

Fig. 1. Change of TBA value during reaction and
roasting.

0.40%2 fructose, sucrose 2 glucose’t A& UL,
fructose>sucrose>fructose 2.2 Fc}, a2 W
F9] f2)3E fructose®} sucrose”t T|W|EA] A3
31, glucose= ThA S718l9A ¥ feld g3
LA TR 040%2 Ao "Er gt

Fel@ olo)’=ARS Maillard ¥H22] A wlE&
melanoidin®] A4 71A 2, Maillard ¥Fg-oll gloA] of
oxte) 5 e fElTY Zag Fudta &
AhLee et al, 1996). WebA fFejgs} ojnate] 7+
47} melanoidin A4 AFHoE Ado] UE
s, ofuliite] A W FEde WEE A
o] vehlzA & B Af9 AdEs g Foe
Maillard ¥H8-0] YoluA] &= A& AH3e= A
2 E 5 Uk

3, Keeney 5(1971) roastingd I 3Fole] £ 3
Z2E Fo 29 3§Eo] TBA uHg-& Yoy, A4
359 o 40%7} formyl-2-pyrrole] 7191%+}ar &
Ach mEtA TBAE Maillard ¥H8- WA EA 5
(hydroxyl)-2-furfulaldehyde®} WHg-3la] 4 MAE ¥
A& ol9] el <8 Maillard ¥H-9] AEZE A}
£33 9l

B AgoMx whg- AF A roasting AF9] TBA
& &A% A3, Fig 1904 8 F e vbieh o], vk
$ Foll= TBA #e] WHsl7l A9 gle Wh, roasting
Fol= oF 2804 FVEIKT. olE Rl ofv|kmalo|n}
freigde] wsl} vjuEdd Aol Al g Sl
£ Maillard ¥F8-0] Yolupx] g Ag 3= 3
=} & + Utk

Zb A (Pyun ef al., 1999914 A& ulsl 7

Bitterness

Nutty

Fig. 2. Flavor profiles of nib before and after reaction.
-4 - before reaction — @ ~ after reaction, *Intensity -:
imperceptible, 1: weak, 2: little, 3. moderate, 4: moderate/
strong, 5: strong, 6: very strong.

o] Bkg FoE ZATrl WIsiee vkg Fo] Zhy
42 A AE(Pyun er al, 1999)2] EsEe] 7
avk 784 S kel hael AR B o),
9 Fo AR Egus, 53] w@dae) kg 9
g kg Tl 7Id ez AREHJHFHE
*xK, 1964).

BE & &= EE9 #st

De Zaan®] 3o} AEF F5B7t WH(De Zaan,
1992)0 @} whg AFE Alge] v ol B H
7Vt As= Fig 29 72

09MEE 6717 THAR 2 xolg Vel z, A%
7t woHdFE BAo] AAe AL JEEE 3
S+, bumt, astringency, bittemnesst 2718l 1,
nutty, acid, aroma¥> 7A3le] ¥HEAE|E vl W3l
7b deojehg & 4 AU

ey gmle] Jx WslE  little(2) ~ moderate/
strong(4 1] elnjg gk A olqdrth. HlwmA Atv]e
Fae gHPd nel HFP 4 (equiv. KOH/Kg)7t
2.18%0.713%141 1.6910.6688 =LA 74 HE(Pyun
et al, 1999)¢] ZAxle} 3 AXEY, aroma® HA] ¥k
S22 Al(aroma index) %ol 24740473904 2.11
104442 7H4% HE(Pyun et al, 1999)2] ZAae &
SR =

Roasting & Ol0|-Ate| &}

Roasting HF #2] olv|iite] 248 A% 23}
© Table 4% Zth Pro § 17%°] &Y, 3
8 ofu|xxAte 2= Pro, Ser, Arg, Gly, Ala, His, Tyr,
Lys, Val, Leu 59 ¢XZ w& ¥3E Jehiot
His, Leu, Ile, Cys& A%t pHx] ZE olu|ALE
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Table 4. Contents of amino acids in cacao nib before and
after nib roasting of L-BTC processing

Table 5. Changes in sugar contents during nib roasting
process

Sugar content (%)
Glucose Fructose Sucrose Xylitol Sorbitol Total

Roasting process
Amino Before After
acid ™ Content Composition Content Composition
(mg %) (%) (mg %) (%)

Asp 3.36 0.65 0.53 0.20
Ser 67.64 13.15 1.93 0.73
Glu 2.57 0.50 0.00 0.00
Gly 26.94 5.237 0.84 0.32
His 16.87 328 100.88 37.93
Arg 28.60 5.56 0.00 0.00
Thr 12.92 251 0.00 0.00
Ala 23.03 448 2.74 1.03
Pro 271.39 52.76 130.47 49.06
Cys 247 0.48 2.55 0.96
Tyr 16.29 3.17 1.65 0.62
Val 9.82 191 0.52 0.19
Met 1.94 0.38 0.00 0.00
Lys 11.68 227 0.97 0.37
Ile 2.08 040 298 1.12
Leu 9.59 1.87 19.33 7.27
Phe 7.21 1.40 0.55 0.21

Total  514.374 10.000 265.943 100.00

of AA ZAsledA F ofu| At L roasting F
ok 48.3%7} 7HAEH e, 53] Pro, Ser, Arg, Gly,
Ala, Lys, Val, Tyr, Thr 58 o] =A 743
At

%2289 aroma A4 o)A Thr, Val, Lewd %
37} roasting F Z7|9 o oluAtal Al €
T e (HPEEKR, 1964), B AYolME= Arg+Thr,
Vate A AP Leud Q318 F7ldted tha
zto] & BT

FH, ofu|xAte Maillard ¥HS-S] Ao wE
melanoidin®] AA71AE | olulicite] 73471 melanoidin
AR AFH R o] UL et (Llee er al,
1996), ol§ oln|ix4te] ZHAE Maillard WHE 7142
AT Az E A

oy e Wl 3 Ealise] 74 #¥
Ao A HY, oju:ite Ahw FAol Fo YR
34 & 44¥ polyphenol F¢} wHa-dle] An|=Eh
I= A=A

Roasting & F2lgte] Ws}
Roasting AF F el Mg A A= Table

Before
roasting
After

. 0031 0004 0.063 -
roasting

0054 0222 0143 0001 0034 0454

0013 0.111

59}zl &8 9 T2 0454904 0.111%2 2A)
A eH, fructose(®E 129°Cy7t /M & A4S
B}t o] microwave roastingr] FH7Ee Fol 7A
Z & 71 9738 roasting IEE UJERlle A&
fructoseqThaL & ©](1997)¢] B e} & Axjsiy, uk
SEEE 3o FHO uet A duiFHoE oln
FHRue 99F, (8P RETe 589, 28|53l aldoseX
T ketose?} WhErhs dubd A= 2 X3
R B, 1992).

Ut 0 2 roastingdl) &3t AJE] W3l F B W
3} Maillard reaction ¥ caramelization 59| W¥H3}e}
7V A3 BAE JREE oS fE B &
L2 oluidl o] AA 7AW ZAE A
Z3MH Maillard ¥H--9] 7122 AHlE Aol 71915
£ Aeg Ayztdch

Ziegleder®} Oberparleiter(1996a, 1996b)ell 2|8PdA =
Folol tekatA BEEEH e #E ofn|=itd X
E32 roastingd}H Amardori-do]E AX @3t olm
Aol A 7+AEA Maillard WO 2 Fo] A
=, o] u} o 25%9) TEIIT 60% FES] olnx
2ol 298ty e, B AdalMe Erde ¥
A o & it B

39, roasting ol 39 HIE FE roasting A=
E #dstaz AlgE 5A o2 D.R.(degree of
reducing sugar) 3f°l 21tk ©] DR. #& roasting A
Fxol Fo| 27 &99 Foll e roasting ¥, HF
F9F gl ¥|8(%)E, roasting®] FE7t A AFE
22 g+ Zheth(Nimottost Ueno, 1974).

Roasting A¥F #UF F(%)2 22 126 £ 1.169]
ged, DR, 2+ 9F 920628 ©](1997yF B3 gk
HAHT thd ¥kt o199 rlolaERE 130~
150°Col A 3087t roastingd AJE¢] DR, #e
87.92~81.69%, roasting <7t Z713tol wet #AS
b Fsiv, olm) thZH(conventional roasting)®] D.R.
e 958302 ulo]a R ¥ roasting?] AEEET &
e etz o 2y Fke $8 ARk
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T Y7 o)9olx H@HeFE FHI}EZE DR #
WO 2 roasting FEE FHAE = AL, AAAY
T Wt 2 e sl wedsiel ditha s

Reaction %! Roasting £2| &V| M2 #a|

FAFol JEE roastingdh= Al 19] 232 flavors]
BAgoict. & wE Axe] FHOE YHE flavor F
ZHIZ HE Hak A8 2 7leke] Wslel) oJsiA flavor
E W3lA|7l=dl, roasting % aromad FA ol
Amino-carbonyl ¥Fg0] F23§ AL ) $4 L

B R Az AN Z3ot Foll WPE 03~06%

Table 6. Components of aroma in cacao nib before and
after nib reaction and roasting of L-BTC processing

Roasting

Reaction

Components
Before  After Before  After
Chloroform 109.9 365 373 336
Cyclopentanediol ~ 1,116.6 5312 4865 880.0
2-methyl butanol 23522 20040 2,393 1,782.6
Isoamyl acetate 250 114 98 35
Benzaldehyde 888 625 523 519

Phenyl acetaldehyde 4355  368.6 3252 4452

1-pheny! ethanone 26.2 17.8 157 168
Tewamethylpyrazine ;s 760 731  g64

58.0 406  30.8 4.2

Phenyl ethyl alcohol
15.(C12) 2000 2000 2000 2000
Phenylethyl acetate 277 206 195 208
Tetratriacontane 191 144 139 169

[soa_my] benzoate 40.1 17.2 155 69.3
Ethyl laurate 14.4 173 105 129

Eithyl myristate 152 153 121 135
Butyl ester phthalic acid 1754 48.5 154 77.6
Palmitic acid 275 2713 189 223
Ethy! palmitate 243 199 164 192

Ethyl oleate 11.3 6.5 8.8 73

2,3-dimethyl pyrazine - 04 0.6 26

Trimethyl pyrazine - 6.9 7.2 18.6
2,3,5-trimethyl-6-ethyl _ 25 25 48
Tewamethyl pyrazine 15 769 731 864
Total 49902 36214 34844 39164

o} opmliibil, 14~18%9 BT, o7ld 2%
quinone®7} 718 Wkl oA 25 aroma JEOZE
HITHEEE &, 1992).

ke 9 roasting A-§F aroma®] GC/MSEHE ol&
79 8-& 4% daks Table 65 7t}

F&Fol vy HE aroma FFEL 2-methyl
butanol & 21F°IRe™, 53] pyrazine 77} 7P
HslE et

gurE oz P43 Folety WD SlE pyrazine
$+ Maillard reaction®] 2]§+ AHE-Z, roasted cocoa
bean®! HEAQ gr|dEo|rt. wWekr )& roasting
g2 B opuliite] Zavt ZA Yoy} Maillard
ghgo]l e Axz AU g

4, methyl pyrazineH9] AL roasting Z719
o} g Bg 717+e. F9) roasting AEE 3}
v BEAQ wyoez o] d7H: Uuti(Hashim
Chaveron, 1994). 53], 71719 F) &HE methyl
pyrazineF %, tetramethyl pyrazineS Z&o] o8] A
AHEE 98 FANME EA3. 23 imethyl
pyrazine, dimethyl pyrazine2 71719 & 714319
o gl oJs) WA=, §3) dimethyl pyrazine®] 7
= 948 FoAMe AY HEHA g Aoz 4
A d=dl(Reinccius er al, 1994; Keeney, 1972), &
Age] AAx ol F U N

% methyl pyrazine®] TAJ¥|¢} FHL roasting 2
29} A7kl 9GS wed), o] (1997)& tetramethyl
pyrazine®] 73-$ roasting %7} &2t E ZrlEict
7v FAdhs g HolH, Zae 140°CoA 3087
roasting®t FAA WERTIR 314 oFE# roasting
2E2E 130°CE YA 39S o AlTke] Lo
wel Frhele] 2080 HAH =g@dRoen, ol
Zadte ZAgeE By 3, ol8d Axe
Hashim # Chaveron(1994), Reineccius 5(1972)8] X
28 fFAMSE Agoldrii sk

2 HAYHYGME roasting®E  dimethyl pyrazine,
trimethyl pyrazine®] @®X3g F717} BaEo] wsdh
AAE Ao} tetramethyl pyrazine®] 73-$v %71
748 Bt

Tetramethyl pyrazine/dimethyl pyrazines} tetramethyl
pyrazine/trimethyl pyrazine®] ¥]:= <F 33.23 2 4.659]
ReEdl, o] e °l(1997)7F wielAZBE 130°CA]
30%-7} roasting® FollA UL teramethyl pyrazine/
dimethyl pyrazine @ tetramethyl pyrazine/trimethyl
pyrazine H]Ql 41.74 2 6.643} vl=E At

ey olg #He HH9 roasting FHANAE
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tetramethyl pyrazine/dimethyl pyrazine®] H)7} 1] 7}
e Ziegleder(1991)¢] B.ye) m=d wf$- & 3t
olc}.

140°Ce A 3082-7+2} wlo]A23 roastingolA tetra-
methyl pyrazine/ dimethylpyrazine 2] ¥]7} 19| 7}7h&
#0096y F& 119978 HAHAE viFo] BY, £
roasting®] &8 U Zolgi¥ &9 AR U E
A e Zlo| vigAE Aoz FHHAUCH

Roasting & 2= Z2 s}

B4 AFote] W HFA ot W ke 7
A5, A5t Frisled, ol& #%A 422 72
methylxanthine (caffeine, theobromine), phenolic com-
pound (flavan 3-ols) B acetic acid®| ZHz} Z]Igciar
YA ArHDe Zaan, 1992).

Roasting AF Algol thair] 67 &E(aroma, bitter-
ness, acid, astringency, bumnt, nutty)ol] th3t &w] lo]
£ 3% %H/he A= Fig. 33 2th

0IMEE 71K THAIZ 2 xpolE vehlz, A
7t ®BoHS4E BAo) AHAE RAe JvelEE 3
Aed, 61 FdEA roasting Mol little(2)~
moderate(3)°] 2.1} roasting®] 23] W} 2 moderate(3)
~ moderate/strong(4) HHZ 7t o9 F=r} vk F
7Fsle 72 &e]%lth Roasting® & nutty?} thd 7Hasd)
HA bumtt A F7F 8128, aroma$t bitterness
T Z718l9 oy acide thd ZHA3ML3L, astringency
= A Walg JehiiA @it

Roasting®ll 9]¢ aroma®] F7l= X (Lee et al,
2000y Axel & UX|Fc} & A ZA% roasting
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