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Abstract

To obtain the high-quality cacao mass production by L-BTC process, nib treatment (reaction) condition of cacao bean
was optimized by response surface methodology (RSM). Quality characteristics such as flavor (aroma index), taste
(pH, titratable acidity and polyphenol content), color (brown color intensity and color difference) and sterilizing effect
(total plate count and E. coli) as function of steam pressure (80~160 kPa) and reaction time (6~14 min) were exam-
ined. The optimum reaction conditions of quality characteristics by RSM were obtained at steam pressure of 109~113
kPa and reaction time of 12.1~12.6 min. The experimental and predicted values under these optimum reaction con-
ditions were in good agreement in the range of 5% deviation. Sterilizing efficiency during the reaction treatment of L-
BTC process was very effective due to moisture heat effect. Browning color intensity, polyphenol content, titratable
acidity and aroma index during reaction decreased significantly. Especially, it was suggested that astringent taste
decreasing and deodourizing effect was improved from the decrease of titratable acidity and aroma index during reac-

tion.
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I

Cacao bean2 7 Z(shell or testa), W5 ol (nib or
cotyledon) ¥ Hjok(germ)Z FAHo] JloH, o|F YR
£ ol Edsle] 2339 FHaT He 7Pk vls
(cacao mass)& VA BTHHFFEEK, 1964; Hui, 1993;
Kleinert, 1994).

@A o]&FH& 77t &9 7HEEL ZA whole
bean roasting, mass roasting % nib roasting FH<] 3
7} o] tH(Kleinert, 1994; Ziegleder, 1987). Whole bean
roasting processt= WEFE AHz|glo] ZHE roasting A
2lghe FA8 FHolM, mass roasting processe WEE
liquor type2 E THE0] roasting A2|shs FHLZ PDAT
(pasteurization deacidify alkalization treatment)”} &%
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ot} WhA, nib roasting processt UEE A% Z
U zzte 2 E9] roasting H2dke FHLZ LBCT
(low bacteria color treatment)3-H o] t &3 o},

o] & LBCT %< 2929 BuhlerAl7t 71712 £
o} ZFE Aoz sdgt 7l5ke mla Az F
2 FHe] shuRld], FWAME LA} ol& tha Al
#3to] BTC(better taste & color) 3P L2 WP 3L, o
o oJs 7H7te W28 ABAISE Sl thH(Kleinert, 1994;
Buhler catalogue, 1997).

o] L-BTC 3%<& whole bean roasting®ll} mass
roasting process$}= @, 7H7LL ul& A FA UHE
Y FA2 2Zhe 2 e 2|3 nib treament ¥
HolB g, Fg. 19M8 7o), UEE $£F71Z rinsings}
2, AFAF 9] WhE(reaction) A2}E A3 F roasting
317 © th(Kleinert, 1994; Ziegleder, 1987).

mZhA roasting Aol UEE ¥bg &7|0M &4 7
o 2N £l o3 Av A, B B 3 £
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Fig. 1. Flowsheet for cacao nib treatment of L-BTC pro-

Cess.

g g A7Ale] 2 A 28 HEY HE
o ¥ 5AE 2E 5 US0] AL AcH(Ziegle-
der$} Oberparleiter, 1996a, 1996b).

T o] F39 AA e FFHL Aol th3lod
£ ¥ nyd v Qith 53], IFzdd #E F2
Halel gisiMe B3 2Rig v fich

£ d7oME LBTC 399 ¥4 A% 2 33
27 W ¥, %, 49, 47 53 F, §2 ARY
H3tE FATA AP A wegEH EAY
(Thompson, 1982)02 ZAlE1ZL, o|2HE| L-BTC 334
Z9) whg Ea 2 A vhg 2AL FHEA St

ME W Y

e o Ame| =X

£ Q7o) AR AEE 7P cacao beano]Th.
YHe wrgA e L-AHEFAFE) BTICEFH Y nid
treatment process®ll W&} reactor(Buhler nib treatment
vessel type SLT)E, winnowingdled <ol UEE
rinsing® T+, 4% (80~ 160 kPa)# A]7H6~ 14 min)
< 93 7422 25t vgAFH o, 5043 kPa
AFEANA 1187 FA" F Ado] A& BastHA
7t FH8 ARE sH.

AE As
L-BTC F3 <% nibe] wH&X 2|5 EFo M3}
2 gl olo) A o] L Al FHEAH A
H(Thompson, 1982)°l 2} APAYL HA 3}
F8 AYM g 3R 2P 7571460~
160 kPa)#t e A7H6~14 minelgon, A8 AL

zt AL BE 2~428] 54302 3% Ch(Table 1).

T whg3o] whgHeEe o) #3= 3(aroma
index ¥ %), %pH, 33 A=, EdE € #%),
A ez 2 Z28E), 2 B YE £X), 4
7 3L A, el 7e $8 3,
TBA, 3973 ¥], & A&, §714h olvjxAt 2§29
IF 5L BASA AP AFY AJolE HAAT

T, MgRPY ALY L SAS program(SAS,
1988y AHgsIon, ALY L 23 iy} AR S
AMERE, AR A JAIAC] HuHeY Ha
Aol ofl3, FFHY Aol T4 A3l HAFS
T3ttt = 534 % (contour map) ¥ 3-D(dimen-
sion) ¥H-g-H H-2 Matlab ver. 40(The Math Works Inc.,
1993)& A&t 3t

WM = (brown color intensity)2| &%

2= Hile F71e w29 B4 FaHL UV/VIS
spectrophotometer(Varian Cary 1E)& AH8-3t4] 420 nm
oM FBEE 233l JYERIITKIzz0%} Ho, 1992).
250 mLe] wpie? 47 Ee2dd F17ke W& 1g3
50% o¥rE 100 mLE W2 AL 2L&ur|= &3
3 ¥, o|& Whatman No2 JA 2 o73lgc}. o] o
38 A 50% olghSZ 108 34% the, 420 nmol
A FF=E A9

Table 1. Variables and their levels of central composite
design for reaction experiment

Levels
2 -1 0 1 2
Pressure(kPa) (X)) 80 100 120 140 160
Time(min) X) 6 8 10 12 14

Variables

Coded value Experimental value
Exp.No.

X, X X, X,
1 -1 1 100 12
2 1 1 140 12
3 1 -1 140
4 -1 -1 100
5 0 120 10
6 -2 80 10
7 0 2 120 14
8 2 140 10
9 0 -2 120 6
10 0 0 120 10
11 0 120 10
12 0 0 120 10
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Total polyphenol

% Z99 % &%2 Bums(1971)9) Vanillin-HCl 3
& AMEEt 3REAT o) |, AR F F e g
P22 gL 00~1.0 mg/mL F= B9 catechin
(Sigma Chemical Co.y& AN} L& EEFHo2H
B A&

pH % HA MZ(ttratable acidity: TA)S| &3

A& 5g& Az 60'Cel &5 100 mLAA 158
7+ ARstEA F&83, Q4] pHE pH meterE A}
£3td 27819 tHGrace Cocoa Co., 1993). 4, o
o 20 mLol B 50 mLE 7184 0.1% ssZew el
& AAeke2A 0.IN KOHSH o2 HPs3, 2 mL
FE 2P (FREEX, 1964), 71712 VR 1 kg
o] &4 F&9¢ F3ske=tl 83k= 0.IN KOHY #
(equivalent KOH/kg)& =2 3-H T}

7714 BN :

F712ke] 4L Baigrie®t Rumbelow?] 18 (Baigrie
2} Rumbelow, 1987)2 47 3l Bio-LC(Dionex DX
500 chromatography system)Z A A) 8]t}

BioLC9 #4 ZZ7L column: Jon Pak ICE-AS6,
eluent: 04 mM HFBA, flow rate: 0.7 ml/min.,
detector: conductivity detecter, wave length: 230 nm,
injection volume: 50 pl, suppressor: Anion-ICE micro
membrane, reagent: 5 mM TBAOH, flow rate: 5
mL/min®| At} o] o, £4 EFFS 2= acetic acid,
malic acid, succinic acid, lactic acid ® oxalic
aicd(Sigma Chemical Co)E 0.1~05%7} S =& XA
&g AME-3tA T

Aroma Index &%

Aroma index(AI)= Buhler Lab course method
(Buhler, 1997)°l] u}e} +57] S/ I dAFY &
24 278 oMY FFEE EFFEAUVIVIS
spectrophotometer, Varian Cary 1E)E& 2333 th
2]o)) o]&le) 3% Th(Buhler, 1997; Rostagno et al.,
1970). .

Aroma Index = (E—e)X 100
&} 7], E = Extinction of the sample at 278 nm,
e = Extinction of bidistilled water at 278 nm.

Mzo &3
M= chroma meter(Minolta CR-200, Japan)E A}
83t BF WP Ho) AEE ¥, Lilightness),

a(green-red), b(blue-yellow)& 24310, T2 4
w} Mx}color difference), AES 4H&385 tHO'Carroll,
1981).

AE=(4L’ + 4da + dbH)”

ojuf, AlEE XFE AT L 9775, aft
-0.39, bite 0.88°1 LM, AEE Fe £/ A8
oolut vigke] Ao) Azle] FYgL 7W FE flonz
AHE 8719} 8719 A, 23 Age) U FAE 44
A A sk LA HAZs)

AT NEl g3 N TR &3

ad A Bde 4 3 MBS O9u A 3 iR
o4& HETAY vIBE NEYEAEAT, 199420
2 A FHSIRL, TES L 4FTHY Yk A
R (EAEA T, 1994b)o]] E3t] AAIH Tt

BAH 2|

7t AY AFE Bd, BREUAE 7313, ANOVAZ
F24Q Ael7t X E AU E AP AR
7} Z7ke] ¥)ZE Students t-test® ©)8-3ATH SAA
2 & SAS(statistical analysis system)& ©]&3lgom,
§9%22 p00l EBE p005E 33T}

3 % af

HEE wxo #Hat

71712, F-& post-harvest ¥ product processE 7 3|
= B¢ A87A 38 Wit SiE, 53, 2
EE B40E Ueilie Hilyt dojuBE, ojn) ZE
£ olg¥ e Azh) AeE Jehlle 28 350
2 AH8E 4 ATHHREER, 1964; Croset Jeanjean,
1995).

L-BTCY] ¥bg- 33 Fo= ol8j@ o= Fxe] 7
R B0iE Jele Hilr) dojus Aoz A
ZHEE, M2 TE 8 ¥ R A|TelA ¥kt
¥ ZNxo] W3lE TARICH, I F3= Table 29}
kda=y

vhe-d ZHE ZHOD)Y 0.3311£0.027019.04) ¥k
z79) wa}l 0.378~0.501 (H 0422100552 7t
3o, Whg-3 ZhANEgo] Yol HYch

2339 Mg P 2E eoe dew e
Zgo] ¢A Aot ofniAts ©r3lE, 53 olnx
2k Fo] BFHE-L roastingel] oJaiA] deheo|dl 3%
EL vhEo] e 9ARE ofnliedt B ollFe}
Zo] Zhinkgo] feshet], o] o, Gz {2 oy
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Table 2. Changes of chemical properties during reaction process of L-BTC

Acidity Brown Moisture Microbial Color value
. - . color Polyphenol Aroma
Reaction condition pH  (equiv. intens (OD) index content  count
KOH/Kg) (OD)ty (db. %) (CFU/g) L a b 4L J4E
Before Reaction 539+ 0.187+ 0.331x 0.642x 78.8+ 4.26x 100,000 36.76x 12.58+ 12.51%
010 0006  0.027 0.035 0.53  0.003 1.27 091 1.10
N-1  120%0™ 563 0.169  0.581 0.378 563  14.60 - 28.86 787 7.81 -790 1033
+Glu 2.5%
N-2 160°10™ 568 0.147 0433 0.410 63.1 14.60 - 27.50 726 722 926 1192
+Glu 2.5%
N-3 80™10™ 565 0155 0.361 0.382 725 1435 - 2863 641 776 -8.13 11.26
+Glu 2.5% ]
‘N4 100™°12™ 575 0.163 0491 0352 673  14.60 - 26.15 827 803 -1061 1230
+Glu 2.5%
N-5 140®12™ 566 0.139 0431 0.392 625 1440 - 2717 953 944 959 1052
+Glu 2.5%
N-6 100¥8™ 562 0.149 0421 0414 544  14.50 - 2733 792 754 943 11.63
+Glu 2.5%
N-7 140™8™ 568 0.183  0.501 0.374 51.8 14.80 10 3481 493 676 -195 977
+Glu 2.5%
N-8 12014™ 559 0.137 0417 0.362 720 1490 - 3448 631 771 -228 822
+Glu 2.5%
N9 120®™ 585 0.165 0374 0524 417 14.80 - 2358 1140 1039 -13.18 13.40
+Glu 2.5%
N-10 120®10™ 5.68 0.150  0.433 0.479 596 14.80 - 2636 948 921 -1040 11.34
+Glu 2.5%
+K,CO,
N-11 120™10™ 559 0.187 0482 ° 0440 67.7 14.80 - 3271 688 747 -405 862
+H,0
AfterReaction 5.67+ 0.16x 0446+ 0.399+ 60.8+ 14.65+ - 2934+ 7.64+ 801 -742+ 10.73%
008 012 0.069 0.051 93 0.18 381 186 1.11 381 154

7 B carbonyl 31HEE whe-Si, F2 £
g oln)i=7|E lysine 271¢] e-amino”] & N-T2]
olu]=7]o|t}. ol& F8 olulx7]e] 50% oldo] Fat
A3 duiAe Zrasle e, BAigge] 75l 8
Aok ol TRERET, 1984). & SEEAlOPAA)
A s} ofn|icit, F 7lEle] Byt SRMERE A}, 9,
w3 5o B3g HslE AR A=Y, 22t mi-
ZoA A HEE 71 2lsiA 3la 7MEAJSE FHof
T3 A e SR EEKR, 1964). 1BBR2
Hhe-Z2o ZMAE o]3l H3-E A¥EHe Ao B
2tk

E£3], Maillard 98- 7122 T3 $A2.5%) A
7V e =&, Maillard ¥l €3 Zbd whg-2] F3lo)
FHRFJo, 7 ZA(120 kPa, 108014 T=F O
A e 713t A Addse Fege] HArirEg

T o & ZAWEY F7HE Be, 37 FAEY YaXel
S Ao AT
Y, o|E =T} vhg 27 wEA oFA Wat

[oX:]
a8
=]
E_ 0.5
‘B
R RIS SS095%
£ o4 R IOHN SOSTIINs
g S N
. 177020500, 00,20 00,9000 000070 3036209, 8 0 % 93403 8343300

w 125025 0000000000 0 0,050 0,010 0% 0,0 0e S e S n et S TN S
5 03 ZRBIHIRRBED 9026260009590 % SO SIS IS AOSSS 2NN
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Fig. 2. Contour map response surface for the effect of reac-
tion pressure and time on change of brown color intensity.
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v 71 27 5l ZREY F4E SR d
VHEH EAYoR AR A3, ol FyAdEs 3
A4 v EH L Fig 29} 2}

agoA E 4 vkl Zo|, 2] e e
et = wg-dgo] S48 Fo18 123
kPa 2ol 71 §& ZAE=E JehiQlS, 2 o)
9] ¥ ke 2T M E A7) #, vhestEo)
EETE oA ZA2EtE A% Yl

waa AA4Ee FHPosA whe 94 123 kPa,
AlZF 100589 FHA F2ox o, d&He 2
HEOD)Y Hdgt2 05730 AUt}

Roastingol A= Whg-AJ7ke] B, 3257t ol &
2 Z794 melanoidin®] &3 ¥ FHEE 5oz A
“J€l melanoidin®] YF A= o} AAH=7] wfZol 24
=7t ZastT BaEded(Lee ef al, 1996), ¥He
o] oW 2EE ZIISEE roasting?] =47
A A3 Rz A4HUY.

o]E kSl i ME thE Wk 4EX) B
AZHX A S g EE AL o 4 7o)

Y=-3411%* + 3703X** + 0.0334X **
— 0.0009X,X,** - 1.150X,** - 0.00001X**
(p<0.01, R*=0.9646)

AT gt 3Fe] RS 0964601, el
1%°1e] Fox AP A Fof * Y =
=dse) SAAFTT 42 p>095 # p>0.9904 #
ool L& vEkith = AF32 349 vhe ¢t
Holl i A whg A7k tid ZRpR ue
FAA wkg o] Azt 2 Ee] o & FFE W3R
t 222 Yeyth

HES & #oldie sl vist

ZvE AR a3 gL Az e F9
10~15%(wiwt A8, F3ote] He Be e A
o2, ame] fle] B Hu AEe] shlo|ch+
ER, 1964). vHg A2 g 717t AlRe] & ZeHE
FEOD)e] H3E AHE ZI(Table 2)0M = V&4
ol 064210034015 01} WE-F= vk wet
72 7S B B 0443100812 49T,
ZA Fu)e] Bzt A {FA3 gho] F7HEAE A
o2 g&HAY. FEFANE 784 FeHEe] 70~
80%7HA| Fasdhed, o3 Zhe B4l tanning ¥
28t F3el] 7108k}, ® s1dslaE 371 ARlER, ofell
w2l zoje 724 2T hEEK, 1964).

Robinson er al.(1961)& roastingdl] 2|3te] Zal#E
o ZHAhgtkx 31813, 230] d - epicatechino|2}a? 3}

06

0.55

as

0.45

Total Polyphenol(OD)

e o8 ‘,,essure“(

Fig. 3. Contour map response surface for the effect of reac-
tion pressure and time on change of total polyphenol con-
tent.

Hot. 28y -39 AL conching 23 2 FH e
o oJsjr YA oAM= HIE YoHA dFoZ Hy,
71€} d-catechin®™ roasting®l] 2J3iA YA o]d3E o
97)X]9}k conching Z&] 2N d-FoE WYL o
A Aoz Aniy ). e AES] e
ddo2 t}F EA8lT o]Eo| 239 Fr|7} HedH,
g Ao gsire od Hsie ¥A] g HoR
S A L ATHHBEER, 1964).

T, k-0 e F E2H e e W
HEE slo] dhg-RH 243l de FaMTe) vhe-F
W] 3.DE AT A= Fig 33 2t

aReMe} o], ¥k FAHL FHE F
AR ozHE ghgo] 1A, A7l S718G5E &3
HE 7% 724t s A, gl
A H7He -3 4® 94 kPa, reaction Al7+ 12478
A dejgz, vhd, SAHoERE YFo| 43,
AZbe ZHAaskE EEElE SR Friste <FE 106
kPa, A17F 625894 gk d& & AUk Ee)u)
T e o7t F45 e Axst 58 Aoz
AP EalvE Fao] Lol He ke A4 4
kPa, HH3- A7+ 124789 A= AAEAL.

T Bk 270 e HsA 3RE o vheEH
AL o A3 7ok

Y=1.666%* — 0.747X** — 0.0016X,**
+ 0.0005X,X,** + 0.113X* + 0.00001X,*
(p<0.05, R*=0.8579)

A Qe dE A4 RS 0.8579°1U 2L,
FrAAL 5% oMfe FEoM QAN OH, FFY4
9] AN ozHE wig o U 2{HFe WS
A7l dE AR A ERY Wk 9hEe) wt
£ AZEY HEd AR Al o 2 9% v
3L ¢ F A4
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Table 3. Changes in organic acid content during reaction

Organic acid content(%) -

Oxalic Citric Malic Lactic Acetic Succinic Total

Before 0.18 0.17 004 022 045 003 200
reaction
After 0.18 015 005 023 033 0.03 197
reaction

HEE pHet MW dxo| Ha

Bhgol] wE pH W3k(Table 2)= tht 3719 AL
Bk & uhg Aol cacao bean®] pH7} 5.39+0.10
o]l o} whg- A2 F e pHE 5.68+0.092 029 pH
@99 718 Btk v, A4 Ak (equiv. KOH
kghe g Adle 1.871£0.027, ¥R oE 160+
007022 Z4dte A% 24

Uukz 0 2 roastingIXE cacao bean AEQ] 7+t
roasting &2 AEE AME-Eth(Jinap, 1994). JinapZ
Dimick(1991)& long roasting % 4t=9] Zae LA
g & v|REAAe] zhhel 71Qlstia &t Rohant
Stewart(1965)= Ao} F9 T AT F a9 &
& FeA A9 acetic acid7} FolH, ¥IF WAL §
JAUYE o] gl RoB BHIFAT

£ A= Table 361X Be vl Zo], HlHEAy
e & izt glovt oHEANS st AN olet F
YR on, ol Hhg-0Z o EARE ¥FE Bol
|42 Fgilo] Sl o8 AAFHU] wWiEel=t &
F Utk

B3], & FEME steam AFo2N $8408
FZ7Vs 2 EdEe A A Akse] S/
ol g 4kre] ZHAv} B & Ro' AzEH e, A
A2 FHagA A E 27t Fe Aos et

Y, g2 WE Akee] F74e kSR 3
o YR BNl 4 TR} 3-D whEEHS

0.257

024

&
|
4

Fig. 4. Contour map response surface for the effect of reac-
tion pressure and time on change of acidity.

Fig. 49} 7t}

gl B uiel 7o), FA4H(105 kPa, 10.898)
£ dE Yehliglon, whagiEs) Ak 4A o
2N AT 24893, Ao S8l A7) haEt
A AEE F71AT gebd SH3 (120 kPa, 108)2
2RE 43 A7 STHITIE Ame Asle yhe-
49 140 kPa, WHE AlZF 124689 o, HA 3k 0129
& eIl E, gol bR, AlZte] FolFe) me}
Az F71ste, whg- ¥ 140 kPa, ¥HE- Al7F 7.51
EolA HUizt 01848 YR

Y, mezAo) wE s widEd] g heEH
AL o A3 7

Y=-0.502** + 0.630X** + 0.0006X,**
~ 0.0004X X,** — 0.113X,** — 0.000001X,**
(p<0.01, R’=0.9720)

2z Wale] tigt 349 R 097200192, #4
L 1% olule] oA AAHUTE. E vk AJ7H)
e 2Rk vhg =] g ZRpET =4 YE
1} kg A|7ko] whg- QR Al wizle] o 2 9
¥ A AL ¢ F At

HHEE Aroma Indexe| B3}

Aroma Index(AT}= pyraziness} pyroles %, 278
el §5 93E vehlie B39 48 3T EHR
A& ol Favord] Hla 3& JeRle glold,
o} g3 Y] 7HHEF A EZ AR ETthBubhler,
1997; Rostagno et al., 1970).

L-BTC9] nib treatment 3-8 9] AIE &A% 44
(Table 2)& A KW, cacao bean® nib treatment A
Al 78.010.530]%lo1} BEg X2 FolE 6241059
2 ZasHAY.

ke Aol B2 AR 49 Az A3 o3l
Zog Holw, o|zjg B2 ARlel ATF #AA% e
g3 £ (E=g 89, Byt 7K F71%del o8 Y
BAX YRz ARt IF AHEA JESe] i
ey Ee 254 EF 53 0 Ag=o AAHA
7] gEolZtL & 4 Qi) ol % & Hibe= 29
oJ% Fol} &) YEES AT T E FYO2H
o A Aoz AZHUAT.

3, WA wE ARMY] $748 hgHsE &
o vhe-ER ¥4l de TRl 3.D HREEHS
Fig. 5¢} 2ok

I Be uiel Zo], AAHL AP el
o} AHAAE FA Wolkton|, SHUFCZRE W
ggol F718lz, A7HE BASH AR Aole IA
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Fig. 5. Contour map response surface for the effect of reac-
tion pressure and time on change of aroma index.

7Hasled w9k 122 kPa, WHEAIZE 6018004 i
3 41378 YERSIT w2 S 2R 4Ee
AN, AR F7HFIE AREE AR F7hske
e 87 kPa, A17F 1222890 HlZt 76,762 eR
Atk

Hhgz o] whE Al ¥slEge] igh vhe-Ew YL
oe A3 2o

Y=124.650%%% — 169.667X ** + 0.0447X,
— 0.0138X,X, + 71.875X,** + 0.00001X22
(p<0.01, R*=0.9901)

ARe) W3l digk 2749 R*E 09901010, #
oL 1% olie] FFEAA ARHULH, wEeEol
AZER T Alghe] Wislel] uf$- & JF¥E vAe AL
o &= g%tk HH e AL AR & PaE G
HEFH7T ARA= 9heE 122 kPa, HEEAI7F 6.015-2
2 gasiE.

HE & Mzo HEl

W3- Fe] Mx Hshe A Table 2904 & 4 3
£ s} 7o), ¥hg-A F71e. vj2e] HE L 36.76
1127, AN E aghe 12581 1.10, B % bk 1251
+1.10019. 0}, W% F}5te mj2e) Lghe 2934+
3812 WAE7 ZHAAL=-7424381)38155, a £ b
e 42t 7.611.86 2 8011 1.112 743l 24 @
B 7HAade By 53, dhed$e 4RHABEE
Hws|BE, vhefolls HET} AB=10.731+1.542] Az}
Z7+8 29 F3] X% AejE BATL

web Yo 7o) WFL & ¢ e, F
o) Zrpl 2 YRk Ado|Art. et vk A
glol W& Egtel Eslel dighk vhe-EREAe Ao
= fF94e] gtk
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Fig. 6. Superimposed contour map for overall optimiza-
tion of response variables in reaction efficiency. 1: Brown
color intensity, 2: Polyphenol content, 3: Acidity, 4: Aroma
index.



88 AJXEFE A3 A 235 (1999)

BAME 0, 717+e. W2 E 100 ©)3, 283
Salmonella= &4°] =& FASNL Y&rg 2T o,
w3 vl $ A & & o

8 X7io| X x|38

Fig. 2~ 501 AHE ule} 7o), whg-x7e] tigt 7
He F Zds &%, 4434 9 aroma index §
o] Z} Whg- WSES] 2 Y UE Y] T
E YehlEg o5 F3d A¥E ¥ 7K 9EEFE
o L g gte] 2FHANZE F e HE AL d
7] 98 olF FAHNEE EF HAHA superimposed
contour map& ZHAI ST 2 AF+= Fig. 6949 72
o, 47)¢] WS4 S aroma indexE M3 V=2
Ae, s, AZAT Yy FAl AAAE Y831 §
& 92 Ui wepr o] B2 weF e
AR 2 EAL SN 4 de vk F
A HE B ¢ qlow, o2 RE 3§ HF vk A
& ¥H3-9HE 109~113 kPa, A7} 12.1~12.65 Ho]|
Atk #9H, FEEA JERA = ggtort HEEAE
AR a8 4& FF skexA YA ke kg
AB9 £4 AAEL ASF A3, A9 dSge
5% W2 WA AR AT

2 o

L-BTC 3322 nFF9| 7pte &g AR 4
g} WhEEH BAYPoE wkzdg HFHsle. vt
234 F 527 (80~ 160 kPa)} HHg A7+ (6~
14%2)°ll W& F(aroma index), BHpH, HPANE, 9
&), Y@ D ), g st dr,
AE) 59 FHLe w4 EAEA W] wsls AL
o, veEHEAS A3, 2Ax, EduEs
L HFPAEE FUAZ F e FH Bexde §
Z7] 948 109~113 kPa, ¥H8 A7+ 121~ 12,68 HH
olitt. ol& A whg=7 W] HHgH oS3k
5% BAHS A & dABA. 39, L-BTC 34
HeZols &9 AAE AT 2 ik AFEd
o3 AFaFst vl PSSt E VeF AW, &g
HE &%, 4T 74 2 aroma index®] AU E
AdH L, 53], AAYAE A E aroma index®] Fha
2 Atule) Zae eFEAI S5 At

#Al &
2 A7 9L Asio) BIC A4l A& 817} 2

U5 A7H AP ATAFEN ZeAT FA2A 7
AEFYT,

2 #

BABRALE 1994a. HEFTAM). A 8 "AE A HY

BABXE 1994b, A ZZAM). A 7 L9 A PY

FEER. 1964. F3 Lk - 22T BED iRk TR, b
PREBE, HH

TR BT, T RT. 1984, ¥E-F LUK, - oI ERIC
BB TI/- ANVE=)N KB HEL A4 22: 319-
325

Anon,, Dec. 1994, Alkalizing roasting sterilizing of cocoa
beans. Food Marketing & Technology. pp35-37

Baigrie, B.D. and S.J. Rumbelow, 1987. Investigation of flavor
defects in Asian cocoa liquors. J. Sci. Food Agric. 39: 357-
368

Buhler catalogue. 1997, State-of-the-Art Cocoa Factory in
Korea. Buhler AG, Uzwill, Switzerland

Buhler. 1997. Choco-Training: Laboratory Course Methods.
10. Determination of the aroma index of cocoa, cocoa butter,
chocolate and packaging materials. Buhler Ltd., Uzwill,
Switzerland

Burns, RE. 1971. Method for estimation of tannin in grain
sorghum. Agron. J. 63: 511-512

Cros, E. and N. Jeanjean, 1995. Cocoa quality: effect of fer-
mentation and drying. Plantations, Recherche, Development.
pp 25-27

Grace Cocog Company. 1993. The Cocoa Manual: A guide to
De Zaan,$ cocoa products. Cacao De Zaan B.V., Holland

Hashim, L.|and H. Chaveron. 1994. Extraction and deter-
mination f methyl- pyrazmes in cocoa beans using coupled

1985. Defining chocolate color. The World of

. pp35-37

, A.W. Ranalli, and A.W. Phillip. 1961. J. Agr: &

. 9(4): 295

Rostagno, W., D. Reymond, and R. Viani. 1970. Characteri-
zation of fdeodorized cocoa butter. Rev. Inst. Choc. 25(10):
352

SAS. 1988.] Statistical Analysis System. Property software
(Release 6.03 Ed.). SAS Institute Inc., Cary, NC, USA

Schmid, H. 1987. Dry roasting of coccoa nibs by the Lehmann



L-BTC 4] 2% Cacao Bean Nib Treatment®} X3} 89

process. Confectionary Manufacture and Marketing. pp6-10
Thompson, D. 1982. Response surface experimentation. J.
Food Processing and Preservation 6: 155-188

Ziegleder, G. and S. Oberparleiter. 1996a. Aromaent-wicklung
in kakao durch feucht -thermische bendlung, 1. Aroma-
vorstufen in Rohkakao. Siissaren. Heft 9: 22-24

Ziegleder, G. 1987. Highly-volatile cocoa-flavour constituents Ziegleder, G. and S. Oberparleiter. 1996b. Aromaentwick-lung
as indicators during cocoa processing, 2nd WART-BURG in kakao durch feucht -thermische bendlung, II. Sissaren,

Aroma symposium, Rothem(ed.), Akademie- Verlag Berlin. Heft 10: 60-63

ppl7-22



