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Abstract

For the study of high-quality cacao mass manufactured by BTC (better taste and color) process, optimum hot win-
nowing condition of cacao bean was determined by response surface methodology using a central composite design,
consisting of a two-variable (steam pressure and drying temperature) five-level (-2~+2) pattern with 9 design points.
Objective variables used as indices of winnowing efficiency were contents of nib, shell, nib in shell and shell in nib,
size and distribution of nib, change of moisture content and return(%) of unbroken bean. The optimum value based on
each objective variable was obtained at different winnowing conditions of steam pressure and drying temperature.
From superimposed contour maps, optimurn range of winnowing conditions to maximize these objective variables
were steam pressure of 42~53 kPa and drying temperature of 174~181°C, respectively.
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Cacao(Theobroma cacao L)T= Latin America @4F¢]
9 @ 5L (Sterculiaceae)l] &3 ThAA AEZ, A=
o] ¢ 9= 20° o|ie] FHEA QAN BFA3A Aul
H 2 3JthHancock, 1994; PFEK, 1964). ©|E cacao
YR 6~8m A=A A, 5~71€ Fol= 27171
eF 15~30 cmElE oval HEle] Eoll(pod)E Pt} Qo
ol oF 30 40709] seed(bean)’t pulp2 E H 31
o, o] =32 AAF FR7} cacao bean®]thH(Han-
° cock, 1994; FFEK, 1964; Hui, 1991). ]2 & &,
AzsE 2Zsle] 989 cacao beano 2 =HEH, o]¢]
ANA R Aalake oF 405EC R, Ay, A% thEvke
AA 3d F4 289 dvho|thHui, 1991; Cros$}t
Jeanjean, 1995; Grace Cocoa Co., 1993).

Cacao bean 7% Z(shell or testa), W& Evinib or
cotyledon) ¥ uljol(germ)E A= lom, nib(HE)el
£ %Esle] 2989 7712 v (cacao mass)s} WEI7}

74

FiElo] ATk AAl ARS-EHE RS YBLY, o] 717t
L UBE Zopd E5h T WEZ B, BEY &
A olglolN e Hol2EAE YEPNEZ, ol F cacao
paste, liquor == 7171 wi2e} RECHFEEX, 1964;
Hui, 1993; Kleinert, 1994).

A ol&HE e wi&e JHHE YEE liquor
type2E YHEo] roasting A ] 8} mass roasting pro-
cess, HEE #UT F2 YH 2202 THE] roasting
*2]3h= nib roasting process ¥ YEFE AHEglel 2
™ Z roasting *] 2] 31E whole bean roasting process)
37EA ol th(Kleinert, 1994; Ziegleder, 1987). ©]ZFolA U
BE Y3 Fe 7oz vhEo] AESKs nib treat-
ment 339 thEAQ LBCT@oLow Bacteria Color
Treat-ment) 33 7171e vf2 A=z HA FHe &
UE, 2 AR13 AL JiA7E AAAH e sl #A)
3003700 o]=3 3lch(Kleinert, 1994; Buhler catalogue,
1988; Buhler catalogue, 1997). ©] ¥ ¥ 292
2] BuhlerAl7} @30} Egolu} 2 AlxLo2 s
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& IRy, FlldM e LA ol & tha sty
BTC(Better Taste & Color) FH o2 7|32, o4
oJ3) 71712 wWAE YAt 31thBuhler catalogue,
1997).

Iz ol FHY &3 dEide 25U gAY
know-how2A] FElo] gone FFH AEske A
o} o] Ro|XA] ggton], wEtA Hrh #AFA A7
oJ3le] olo] HFA ANE HEY Wa o] ¥t

53], 3% 7ke T8 4% AE FHAIIEA vt
oz BEF3Y, 4~8 mm EE o|E ol =719 i
H(cotyledon) 82, A E(fines) B 7 Z (shell)Z &
BT + Aok o] 33E& Fok(winnowing)et 3, o]
Spzho] s 2@ wiF-E VBl sk=d), L-BTC
TN cacao beand FE7IE A F ou] A
Z3}3, o] & 4 (breaking)3t hot winnowing¥r}
(Buhler catalogue, 1988; Buhler catalogue, 1997).

w2td o] winnowinge Z+E A, fan ¥ #u|o]oj2
7€ systemel] &3] JB9} AL Relshs 3o
olF FHY Fiol AR FL FAoIh o|&Y B
2 &L FE 71A9 T2 I 53, hot
winnowing®] 73 <€ Azje} 22 A AN =
Al BAHEZ HEEK, 1964), A A9 FHe
HEA] @3t}

£ @7elAe L-BTC 39 A& J7ke. vi2e A
Z FA4o AE d@o=, L-BTC F4¢ hot winnow-
ingt] UH EE] 59 ¥ vhg-& v EE £AYS
oj-g-ato} 23R, oo & FFHoZ L-BTCY
winnowing 378 S49& ol#|slL, o|lF FAY AHE
St A

e ¥ Wy

e U Alge =X

£ a3 A3 B 7h44ke] cacao beano| T,
Cacao bean®] winnowing L-Al3H( ¥4+ BTC &
A2l  winnowing process]l et steam 2] (Buhler
type SCTS)® UB(40~120 kPa)@ fluidbed dryer
(Buhler type SCTW)&] &%(150~190°C)E &334
o gz sl “lE82)E cacao beanrd impact crusher
(Buhler type SBO)Z 4] 81322, winnower(Buhler type
MTRA)S winnowing3}e) A|82 &ttt

A AN

Cacao bean?] hot winnowing E&4 ZE 2 H37
Z7¢] 138 YA A¥H(Thompson, 1982)1 <]
Ble] HEAYE AsIE. S AYNA breaking/

winnowing FA¢] ¥HEE2AL 55719 4¥H@0~120
kPa)#t A27)(fluid-bed dryer)e] -LE(150~190°C)o1S1
on, Ay UL 2~129 5FFEOE FYUrH(Table
1). ¥ breaking/winnowing®] ¥H$- WFE2E 1 £8&4
o #ds= YR, 43, A %, UEA 9 ¥,
FE 8%, JEZ A3 3F 4 743G ARo=e
e &43% o)

8, wgEHY ALY L SAS program(SAS,
1988)% AM8-31on, AR L 24 Oy AR S
A3, AR 3, dARC] A Ha
ol oM, P ZAfolle M BA5 HIHE
T34t} & contour map(EZAE) ¥ 3-D(dimension)
YSHHS  Matlab ver. 4.0(The Math Works Inc,
1993)& AM§-8te F&ATt.

By

uhg W4l B g, g 33, AR 8 R
o] 7F ¥ 9 7Ada ARoz B &4F 5L
FAZ 2939t UE 279} £X= A(mesh) ¥4
o2 TN, FEo) &L AETAHY gut Ay
(EZAEAR, 19949 £33t AT

BA Ha|
Zt A3 AR HE, EEUAE 7317, ANOVAR

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

Levels
. -2 -1 0 1 2
Temperature("C) X,) 150 160 170 180 190

Variables

Steam pressure
(kl;a) (X) 40 60 80 100 120
Coded value Experimental value
Exp.No.
X, X, X, X,
1 -1 1 160 100
2 1 1 180 100
3 1 1 180 60
4 -1 -1 160 60
5 0 0 170 80
6 2 0 150 80
7 0 2 170 120
8 2 0 190 80
9 0 -2 170 40
10 0 0 170 80
11 0 0 170 80
12 0 0 170 80
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A< zlolg AU E A ¥ 7 279
Bl2 = Swdent’s t-testE ©] 83t}

EAA = SAS(Statistical Analysis System)E ©] &
9o H, §o5FL p0.01 =& p0.05E 314 Th

< g et )

Hot winnowing2| #2| &#

Table 2& steam 43 (@0~120 kPa) ¥ AZX 2%
(150~190°C)& 22|38l prethermal treatment® 73
cacao bean®| breaking/winnowing %2 A&8& A%
A stolt.

Steam A Z|E beand] TE FHE 7.58+0.17%1A4
& 10%7HA] ZE7ksken], AZF] 5.16~6.15%CFF
561103DE Hol HF 1.98+036%2 TEIHF 74
£ R4t o}8 3% hot winnowingd 23}, unbroken
bean®] return % 25~77.39(8F 46.6116.37)E AT
Z79) W} &) ¢ ZA WY HE 2Y=
UE a2 84.24~89.75%CHd 867711522 & ¥
e U, A3 &3 10.17~15.11%E T 12,63+
1.38), A& 0.08~0.95%(H o 0.61+0.23)01R ¢t}

Ghana?t cacao bean?] Hif+= 87%, vlol: 0.7%,
AR T 11.5% oI B2 (FHEK, 1964), 9 2

e o] 3Y 3l F dAsk, 03 £ AEE R
k. oy YE F9] 4 g2 025~0.81%= v
< wgton A Fo] YB e 001~0.75%E vl
4 gkt

dutge s AL ol YA FAS} AAdS ¢
A AA BEFRolNT YEAS EXEY BY HE

CHYE AEFY VBFE 2%, UEF FAFS 1%

ojn], FDA TAIZtE EF UEF H3A 9 Fo] HY
1.75%(w/w) ©] 8] CHHFEEK, 1964; Kleinert, 1994).
meba B AR Ais vie 3 1 Eelse U
il 32, L-BTC ¥4¢] winnowing 3] &3}
H Aoz AEHUTH

£3], o]83 2% Eelve UH 37 EXME
Z RoR T Qi = Table 2914 B 4 U&= =it 2
°], 6.0 mm oo Z7|E zhe UEgEL A B
Z 92.33~97.30%(FF 933911562 EEY UK
37174 wie & AFAE Jdelde, ditgoz
winnow-ingellA] YEe| 77} & Ro| BS4E B
7t Ftt. ole Al fE ALSFE vjoht BE B9
E9)&o] Borx7] W&ot} B4 2309 roasting A
TE A &5E o8l ATo] & Aoz dEA Ut
(FHEER, 1964).

T UHe =R §ifo] WolAH broken nibo] Bo}

Table 2. Results of hot winnowing of cacao bean processed at different treatment conditions

e . i Moisture i
Treatment Nib size distribution(%) Nib Fines Shell Return Sh;ll/ Nib/ Moisture
condition %) () @ (%) Nib Shell content(%) content
(3 (4 —_—
9~6.3mm 6.3~3.5mm 3.5~2mm 2~1mm (%) (%) Before After difference
W-1 100kPa 92.33 3.21 2.80 1.66 8694 075 1231 4521 025 008 7.78 6.15 1.63
160°C
W-2 100kPa 92.52 3.10 2.36 202 86.18 057 1326 4349 026 025 778 5.16 262
180°C
W-3 60kPa 9291 3.52 2.15 142 8655 0.62 12.83 4355 050 026 763 5.38 225
180°C
W-4 60kPa  93.30 327 2.03 140 8755 0.67 1178 65.08 050 0.08 7.63 5.79 1.84
160°C
W-5 80kPa 94.11 2.56 2.01 129 8757 0.68 1175 2500 081 075 741 562 1.79
170°C
W-6 80kPa 92.52 382 . 2.14 1.52 8551 095 1354 7739 028 0.17 741 592 1.49
150°C
W-7 120kPa 9291 2.98 2.74 1.37 86.60 0.51 12.89 2755 027 0.11 758 5.0 2.08
170°C
W-8 80kPa 92.58 342 2.50 1.50 84.24 0.5 15.11 4750 030 0.06 741 5.60 1.81
190°C
W-9 40kPa 97.30 0.91 1.07 0.72 8975 0.08 10.17 4468 056 0.01 7.58 5.31 227
170°C
M D 93.39t 2,98+ 220+  1.43* 86.77% 0.61% 12,63+ 4661+ 041+ - 7.58+ 561+ 1.98%t
© i 1.56 0.86 0.51 0.34 1.52 023 1.38 1637 0.19 0.17 0.31 0.36
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A YR 27|71 FolAH, HFAAe] £ BEo| VA
B2 el £H e 35% ol HA] F=F A
&z Ut w2 AzH2] whole bean roasting®lA &
ol TEL B3 &dHH, Ao €47 HBN 7
o] &3y AR oE Fol YZHU Ao AA=A|
o R Hepo] wom=z JH9 o] A H4XA
A}, AA|, T2 roasting® B, 9152 seed coat
HH| hairline cracke]\} £Fo] Yehis ol FAHY
AAEEASEMLSE #&AH 2 9 tH(Hoskin e al,
1980).

2y €% ¥ FHoAM AAE e €, 28 5
3718 AME3R= 2 FolX Esteam A2 E beand] &
B g ZTE Axgo e vl Ady 3
e UA &, FA @3AFNA Yehdes UE
ZZo| A HHAxe AR 37 sl $5 B
2 AgE dvx AhEn

3HH, B HAYoAe vjoll tisiie HxE HES
A GUAT ko2 wleole] AA i 7 HAEE ¥
8% Aoz AzE. o) wio} AArt tids] dE
I HE(1.49)°] YE(.DEL 7] & 29 7
ol QIellA i EF748 JER)7] dielth & 2
FotZ & 739, UtellA e Ee]o) FA 53 @A
A FEe 71} gotA] AF E471 idd] A
&}=]7] dl&-o|t}. olgtolx wjol= theobramine, tannin
(5%) 5-& H3le= wulg 73 AFFHet}, £ 4
0] 3] A ] uiel AE] oY 71§ dN
E WA gk §, AAFY v Hol=ey, Ty
A= ASET 7HAEe o SRR vk
EK, 1964).

Hot winnowing =712 &% &}

Hot winnowing®] £]3t A3 £2] 58] o dA g
Z4d "M oRA Hiles 7 dolRs] 93d
FATAIH o WeBH ENEiEY. dgAe 2AME
Uy, A%, A2 g%, S$/NShell in nib), N/S(nib in
shell) ¥ return %2 ¥H-g W5IU(Table 2)8] FIAE
2 3D ySEHE AR A3 77 Fg. 1~73 Aot

VE, A&, 74 g3 2 6 mm o3 278 e
AAL B 0] uhg FHL ob3HL BYY, SN
N/S ¥ retun %= 7t Ad] € H42HE JeRAUTH
E AR 08 £57] $EX) € dZ2EX)0N49]
vhe-EHe] BFALe Z) ooz e § SRt

Nib: Y=-92206%* + 2.231X** — 0.1418X,
+ 0.0003X.X, — 0.007X,** + 0.0004X;
(p<0.05, R*=0.9510)

Fines: Y= 6.304 — 0.094X, + 0.070X,

- 0.0002X,X, + 0.0003X,™* - 0.0002X,**
(p<0.05, R’=0.9305)

Shell: Y= 186.056** — 2.138X** + 0.0697X,
- 0.0001X,X, + 0.001X,** — 0.00014X,’
(p<0.05, R’=0.9608)

Return: Y= 3255%* — 34.544X ** — 5.5519X,
+ 0.0248X X, + 0.094X** + 0.0070X,’*
(p<0.05, R’=0.8729)

S/N: Y= —38.141%* + 0.444X ** + 0.0332X,
+ 0.00001X X, — 0.001X,** — 0.0003X,**
(p<0.05, R’=0.8181)

N/S: Y= —48.201** + 0.540X,** — 7.167X,
- 0.001X,X, — 0.002X,** — 4.297X **
(p<0.05, R’=0.8116)

Size> 6 mm: Y= ~2.234 + 1.274X, — 0.26423X,
+ 0.0007X,X, — 0.004X’ + 0.0006X,
(p<0.10, R=0.7387)

EAHEY Z3, 6 mm o)) 718 e A BY
%% A23HH R 081014102, AA 2y g
FeFEE 00550 Fol 5%eule] FFolM FoA
o] AUTh. E A Fo * P = EYPAES] 3
Ag7t Zhz p>0.95 E p>0.9901M felAdo) glee
Ehdic),

YEEF %Fig. 1)9] B33 (168.25°C, 121 kPa)2
EHoZ o] Hr} 2Tt FU1EHE, YFo] FoldFE
FAghg Ve, 2x9 o] aErE Huigh
< Yeplilth = X ol tid Aeate 4=l
it Alegtich Fokx Bgge] wshe el dis)
o 97Ee & 5 AL, FAENE YEj o)
Huvt He 3e 73 43, FH3P L 2% 167.57C,
4¥ 40 kPaZE, oW d3=H= Hul JYEEFL
89.37%°] At}

AEFig. 2) 2 AAFig 3) THR)Y A4H 94,

Nib content(%4)

Fig. 1. Contour map and response surface for the effect of
drying temperature and steam pressure on breaking/win-

v nowing efficiency (nib content %).
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Fig. 2. Contour map and response surface for the effect of
drying temperature and steam pressure on breaking/win-
nowing efficiency (fines content, %).

Fig. 5. Contour map and response surface for the effect of
drying temperature and steam pressure on breaking/win-
nowing efficiency (shell in nib, S/N %).

Nib in shell, N/S(%)
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Fig. 6. Contour map and response surface for the effect of
Fig. 3. Contour map and response surface for the effect of drying temperature and steam pressure on breaking/win-
drying temperature and steam pressure on breaking/win- nowing eficiency (nib in shell, N/S %).

nowing efficiency (shell content, %).

o SRHTh: ¥ IFE ol Wit AE on, d2ge 96.42%CI1R3L, 10% °HolN FodL
2 AEe] o] I Fo HAHr SAFEE T4 LK §= 3

A3 40t s Ae 78 29, AFPL g7 49, shell#} nibe] AE EAE& SN(Fig. 5) L N/
167.14°C, &¥ 40 kPa 2 170.14°C, 40 kPaZ, UH S(Fig. 6)2 AdL Agde= A9 FHH170°C, 80
#Fe] AHAHA A v&dpl] Jepgth. & gx=7] kPa) F-2A 7} %2, &2 2+ 076 ¥
6 mm °P3<] EFig. 40 B PFHE o=, 0.66%°] 21 TF. F unbroken bean®| return %(Fig. 7)<
A BAEH, 168.28°C 2 40 kPaolA HUl2 YeR AAH(172.03°C, 93 kPayS HAHE YL, &%

Particle size fraction>6mm(%6)}

Fig. 4. Contour map and response surface for the effect of Fig. 7. Contour map and response surface for the effect of
drying temperature and steam pressure on breaking/win- drying temperature and steam pressure on breaking/win-
nowing efficiency (particle size fraction above 6 mm, %). nowing efficiency (return %).
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Table 3. Results of 2nd order regression and ANOVA for optimum responses of hot winnowing efficiency in cocoa beans

processed with different prethermal treatment conditions

Response vari- Optimum condition Fitted Expected  R-square F-ratio ProboF
ables Pressure (kPa) Temperature (°C) surface values R’ Fo

Nib (%) 40 167.57 Saddle pt. 89.37 0.9510 23277 0.0007

Fines(%) 40 170.14 Saddle pt. 0.16 0.9305 16.064 0.0020

Shell (%) 40 167.14 Saddle pt. 10.46 0.9608 29.393 0.0004

Return (%) 93 172.03 Min. 26.90 0.8729 8.245 0.0116

S/N (%) 107 155.43 Max. 0.15 0.8181 5.398 0.0317

N/S (%) 41 165.66 Max. 0.06 0.8116 5.168 0.0350

Size>6 mm 40 168.28 Saddle pt. 96.42 0.7387 3.392 0.0845

il e vtz SUREIE, & ¥ ¢4Ee 4R
A F7F4t. old, SIN 2 N/S(%)= W2 Zlo] v}
#A3le2 Ay PN F4He Teigen, 2 4
3, 3FHAe 74zt 15543°C, 107 kPa 2 166.66°C,
41 kPaol A el

T o]E9] 23} AR <3 uEH HF 7t
23 274 2 o]g] ANOVA HA ZAztst T4 T3
A3 Table 37 7Tt

SIN(%)7} 155.43°C, 107 kPaollA] oo} N/
S%, A4, UH, Y& 27] 6 mm °]4Fe] £33, AR
52 BT L% 166.66~170.14°C, &4¥ 40~41 kPao|
HFHRHoz Y ZA170°C, 80 kPa) Bt} thh W
2x9 ¥ e el Mol winnowing?] REEE
ol o Estoh

23y 483 FA == unbroken beand] return(%)
£ 172.03°C, 93 kPaol A H43H2690)0.2 FHtjy

Steam pressure( X 100, kPa)

160 166 160 186 170 178 180 188 190
Tsmperature{ T )

Fig. 8. Superimposed contour map for overall optimization
of response variables in winnowing efficiency. 1: Nib(%), 2:
Fines(%), 3: Shell(%), 4: Retumn(%), 5: S/N(%), 6: N/S(%), 7:
Size fraction > 6 mm.

FE8 JeENINE, $M F8 166.66~170.14°C, 40~
41 kPa £2949] return %< 61%¢} ¥l=e o, ¢
Ho| GolxH F£go] FHI FALELE L F
ok

o]4}29] Fig. 1~73} Table 3014 A#E uig} 7t o],
steam ¥ ¥ Mg 27 W& winnowing E&2 7}
HREESES o]l 23 o P T = ¥
3DYFEERS B, ME & JF 24 & v
Yl melr] ol8 FZe #HE R 7K NHSsE
o 7} HF L Ao FE]NE £ U= F 4 =4
£ ¢7] #5lo oj FIAME BF FAHA superim-
posed contour map& FA3IP o™, 2 A3} Fig. 8
3z

agellM g} o] HIF 3 REo] oW, o] REL
hot winnowing 3% % EEE&S SsNE = e
Z79] #HA WslE B 5 ). o|2HE 3¢ HFH
AL steam A YA 042~0.53 bar, 2% 174~181°C
Hejol|jon, o]F A IMS AE FH 42 g2
5% A "M dA s

2 9

L-BTC FYL2 AZHI e 7I171e vj2e] wER
HE A% 79 gfo=, 2H,40~120 kPad) £F
71 483} 150~190°Ce] AX L&), 5 FE(-2~+2)9]
ZARMI R 9% e EREAYoE [LBTC 49
winnowing 2% #3315t Hot winnowing R-&
o] vk gE YE, 4d, AR @3 Ja 29 &
X, SR E3l Ud 29 743 gEENE 43F
o Uy FFN/S) 2 reun % 52 AHLEIY T k3
B 48] I 7 ukgdsre] A 3 M2 te
£Z7] 4834 AF 253819 winnowing ZANA Ao
A}, Superimposed contour mappingd}e] FAME A3},
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olg ¥k WS A s & e #4 =
A H9e 4z 571 48 42~53 kPa € Ax 2
= 174~181°Co| it}

At &

2 947 4382 98k BIC A4 AL 817} 2
U A7) AYE AFNFA EelA FABA 7
Ar=guin,

2 #

HAEAR. 1994, JFFAM: A 7 Ak A EY

HEEEK. 1964 FI2V-F 22T, BE BRe B, b
HEEE, ®R

Buhler catalogue Edition 87. 1988. Machines and Instal-lations
for the Cocoa and Chocolate Industry. Buhler AG, Uzwill,
Switzerland

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

Cros, E. and N. Jeanjean. 1995. Cocoa quality: effect of
fermentation and drying. Plantations, Recherche, Develop-
ment, pp25-27

Grace Cocoa Company. 1993. The Cocoa Manual: A guide to
De Zaan's cocoa products. Cacao De Zaan B.V,, Holland
Hancock, B.L. 1994, Cocoa bean production and transport. In:
Industrial Chocolate Manufacture and Use, 2nd ed. Bec-
kett(ed.). Blackie Academic & Professional, London. pp 8-
24

Hoskin, JM., PS. Dimick, and R.R. Daniels. 1980. Scanning
electron microscopy of Theobroma cacao seed. J. Food Sci.
45: 1538

Hui, YH. 1991. Encyclopedia of Food Science and Techno-
logy(vol. 1). John Wiley & Sons, Inc., New York. pp394-
405

Kleinert, J. 1994. Cleaning, roasting and winnowing. In:
Industrial Chocolate Manufacture and Use, 2nd ed. S.T.
Beckett(ed.). Blackie Academic & Professional, London.
pp55-69

The Math Works Inc. 1993. Matlab User's Guide/Reference
Guide(Matlab 4.0 Release). Natick, Mass

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

Thompson, D. 1982. Response surface experimentation, J.
Food Processing and Preservation 6. 155-188

Ziegleder, G. 1987. Highly-volatile cocoa-flavour constituents
as indicators during cocoa processing. 2nd WARTBURG
Aroma symposium, Rothem(ed.), Akademie-Verlag Berlin.
ppl7-22



