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Abstract

In this study, we optimized the coffee extraction conditions for instant coffee production in two stage percolators, which
is the most common coffee extractor for instant coffee production. A central composite design was used to build mathe-
matical model equations for response surface methodology (RSM). In these equations, the yield and overall acceptability
of the coffee extracts were expressed as second-order functions of three factors, the feed water temperature, draw-off factor
(DOF), and extraction time (cycle time). Based on the result of RSM, the optimum conditions were obtained with the use
of desirability function approach (DFA) which find the best compromise area among multiple options. The optimum
extraction conditions to maximize the yield and overall acceptability over 40% of yield were found with 163C of feed
water temperature, 4.3 of DOF and 27 minutes of extraction time (cycle time). These results provide a basic data for the
coffee extraction conditions for the competitive instant coffee in the industry.

Key words: instant coffee, optimum extraction condition, extraction time, DOF, feed water temperature, RSM, DFA

M 2 B AERS AN F23 ANF 2R 4D - Eot,

E47] 9lo] 9 REAA AZA7E Aol T (Kato S

Avl @A) AAANA 7H gl nhAle g7 3 MO] 1903), o|¥A B¢ #5W ATEL ARFYo] A %3k
W, 7 At 1AWl Holth ANY 5 WWe A th o] ARAYL AHAY] Ash AYZEA, Bt

_4

47HA 2 o] & 4= gtk YT7IRE ojzhgolo %ﬂ 7\et ghpatE B Avuhg 4F BojAlZ) AENGY 5
T2 2231 by, Zo) Bof YTIIRE Wol Sy 2 Yo FLg3tA7|= o] /T E S (Max RM 1943),

B =20l B8 3y Yol Zol vbe xvl Wy 19460 AJE F=ZAKHGeneral Foods Co. USA)7} W2
ol QS 5 0 B 93 U A Gl Y oheels USSR 100% 43 ] 2120S Aot o
Eo] 9tk a2, o3 & EL AYE REs=T = Ao #ufstA =k

Azko] o] Ael7] whgol] s e 4 AE A2™ AAHE Ani 24 227} 7lselr] o] 2u1e) 4]
E A7t aFHA 2 JIAHE AuE 7SR AdfdolA 1 Heldo] RAEHA ANAZ LA A =
mepoe] oA a7 1881 HE 2 uhEe o Ho]  {Th(Talbot M 1997), A= HAIAN A AAkeE YEo] B
9l UkBougerie D 2002), Q¥kd o 2 AbEe] 71E v}z ul 7jeko] QIAEE #AmZ 7FEE|w(Ramalakshmi S 2009),
1901 Egstgotar 2 dA ok A= HAp) E 2013 FH7|Ee 2 AAA AT amAPEE] 34% o]l

' Corresponding author: Sung Hee Han, BK21Plus, College of Health Science, College of Health Science, Korea University, Seoul
02841, Korea. Tel: +82-2-940-2764, E-mail: sungheeh3@gmail.com

- 319 -



320 ﬂoA.Q

QIAEIE 73] o]t Washington post 2014). X|ZLofl= o]&H #
2 fFAE 0|83t 7154 242 ProbioticsE A
A A= Seleo 5 2016)

HE Ay Az FAHL A 228, 35, =4 4
z %23 ©.2 o] o)X =H|(Mussatio 5 2011), 53] 72 4
Aol 71 s B 7HeA TR Fulie] 2
25E 220G ANE G AN 2TEE 3
Se2 2337 PAAE Qe 2EPAoRE B
shu, cheb E0lut 44 §F 2% $40) 488 23
HAlo] Fasith old F&E7|2+ HEY ©]E(Percolation
batteries), 2T FE 0|83t A<&4] &= 2Z7](Countercurrent
continuous screw) U &2 E|A} 27| (Stage slurry systems)7}
Ko, A AdA o2 TP gol AR H= &7 HE
g)o] gl o|th(Clarke & Macrae 1987).

HE OHE o83 HI ol Betd 4 E 58
F& Ao gA, Ay 45 71F 2A YA FHFol AA|
£ &8 1A YARRY 54 A7 ZZOF— ““ﬂ o=z ¢
g1} &8 S T 1 FEEEY F & Eole
Walolch titi AAto|A HEFolHE 01“‘13}01 A9 E
FEole Aole & 582 Fol7] Hdte] B4 29AR
E3th &, 100T o)d9 2roA &8t L2FER
(spent stage, hydrolysis stage, autoclave stage)?} 100C ©]5}2]
LRGN 2B ALREER(frosh stage) 2 o] S35}
L otk o]F 22482 Sul7] 98| W9 hydrolysis
stage TAIE 7H 2 FE57g0] 7= 1(Wouda HA 1979),
o] AL AN 37t & FHE /N H A TH(Gerhard-

y

Ricben 5 1999), @A 4202 7HF wol AMgHE 34
25 22Tl olFA 2K F& A TRl o
TPE FE0] o|FIA &) F7II= s, 23 ARt

neolH Faatd WsATEsl gasks wUE Yot
(Guggenheim 1959). &Lolli= 48|28 1F3HH 7|38 35
A7171 1l -800] M SR el el 71
& AT A3 23 2o § PANTT Y Aol
AnY 23 SEe AR, Frew FEuS R
EA|7H9] &S WO m(Martin & Pitchon 1972), A EHA 2] 7]
s Eg 0131 22279 9L WcHGuggenheim 1959;
GK & SR 1972). maha, 2 edoas 84 Aoz 714
dutA o 2 AR -E= 20 HEY olHE B3l =T 74?4
o] 223 AutAol 7| o) FFS ) ‘l% Tr2E 5
Wer 9 22A00) HAZ A I HEHE 2

AbE .

s

Lot

g

= FFEEA

1) ZAE Y E

2 39 AYAEH 57 Y4(Korea Fair Trade Mediation
Agency 2016)9] ofw|2|7he AH o] AHEE= YT 228 F
£ AT, o F Fastel 229 PR ARsHATH
Bald 9% 100%E EAE BAR 229D, AR
(Model Colortestll, NEO TECH Co., Ltd., Deutschland) 2 =%
A L ZHe 42-450]QtHTable 1). 2AEE A5 A7 Apel
oA BRI, F= A WA 27 EEYY E471E
Susto] Bt the 7371 FFH o2 AFste] A5
Eaigr

220e AR AL B0l 2572 150-190T2]
LE 22719 100005t Ae 35718 F3) 25040
HEHol 25719 AU LE 2370 370, AL 2E
710 2748 AMgtel & s7He) BYe AT nerE
I8 B F20U1 0O AT HLY Hoe A

FE SHAF tHFig. 1).

F2719 5175“1—’%% A& 27 e weEEEs
SHIEAG ] et dde AAFATHSIm CH
AddA= w2 lH < Ageey A
715E0) 7HE 9FE BWol F= FF2EX)et FEue
(X2), FEARKX)E 3N SHHSE A5t 742409 =1

%ol
.

29
S
20
¥l Q|

p8Y

Table 1. Conditions of roasted & ground coffee process

Conditions
. Roasting degree Grind size
Coffee beans recipes (L value) (MPSY)

42~45

1 1 0,
Brazil arabica 100% (Full city roasting) 2.2 mm
) Mean particle size.
Hydrolysis Stage | ‘ Fresh Stage l R

Coffee Extract

Fig. 1. The operation of percolation batteries.
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Table 2. Coded levels for independents variables used in
experimental for coffee extractor parameters
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Table 3. Overall acceptance and yield of coffee extract
by RSM

Coded Coded levels .
Independents axh
X -2 -1 0 1 2
Temperature 150 160 170 180 190 10
(C)
DOF X, 30 35 40 45 50 05
Cycle time v = 50 25 30 35 40 5
(min)

Y AX is the increment of each experiment factor value corresponding
to one unit of the coded variables.

5THAIQl -2, — 1,0, 1, 22 Table 29+ Zo] 13 ®A|E}S
CSATEAY L FUY A4S T 1872 S
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(Table 3).
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Independent variables Dependent variables

o T g Gt e Yl T
o) (mean+S.D.)
X, X, X3 Y, Y,
1 -1(160) 135 -1(25) 36.0 6.00+1.12
2 1(180) 1(3.5) -1(25) 41.7 5.50+1.10
3 -1(160) 145 -1(25 38.7 6.88+0.90
4 1(180) 1(4.5) -1(25) 44.6 6.44+1.20
5 -1(160) 1(3.5) 1(35) 37.8 5.70+0.87
6 1(180) 1(3.5) 1(35) 44.0 3.00+1.12
7 -1(160) 1(4.5) 1(35) 39.0 6.20+1.14
8 1(180) 1(4.5) 1(35) 46.4 5.70+1.09
9 —2(150) 0(4.0) 0(30) 35.0 6.70+0.97
10 2(190)  0(4.0) 0(30) 47.0 3.00+0.80
11 0(170)  2(3.0) 0(30) 39.2 2.00£1.24
12 0(170)  2(5.0) 0(30) 44.0 6.00+1.30
13 0(170) 0(4.0) -2(20) 422 6.60+1.17
14 0(170)  0(4.0) 2(40) 43.8 3.20+1.20
15 0(170)  0(4.0) 0(30) 43.2 6.20+1.10
16 0(170)  0(4.0) 0(30) 43.4 6.70+£1.27
17 0(170)  0(4.0) 0(30) 434 6.50+1.35
18 0(170)  0(4.0) 0(30) 433 6.00+1.14
D Draw-off factor (DOF) = The amount of extract + The weight

of roasted and ground coffee.
? Yield (%) = Coffee solids by weight of the extract (T/S) x DOF.
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A

Predicted yield (%)

Actual yield (%)

Actual overall acceptabilty

Fig. 2. Parity plots showing the relationships between the
observed values and the values predicted by the regression
models.

Table 4. Analysis of predicted models equation for yield and overall acceptance of coffee extract

Responses Model MeantS.D.”  R-squared” F-value Probability>F Polynomial equation”
. . +43.00 - 3.08A+1.17B - 0.59C+0.17AB -
Yield Quadratic 41.82+0.94 0.9648 <0.0001 025ACH0.25BC — 0.66A% — 0.51B2 - 0.16C
Overall +6.52 - 0.72A+0.81B - 0.69C+0.28AB -
ti A610. .891 <0.0051
acceptance  vadrtic 5462073 08913 0.005 0.28AC+0.17BC - 0.33A2 - 0.54B2 - 0.32C2

D Standard deviation.
D 0 <R*<I1, close 1 indicates regression line fits the model.
¥ A: temperature, B: Draw-off factor (DOF), C: cycle time.
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Fig 3. Perturbation plot and response surface plot on yield
of coffee extract conditions. A: Effect of coffee extraction
factors on perturbation plot; B: Correlation between temper-
ature and draw-off factor (DOF) on coffee extraction yield
C: Correlation between temperature and time on coffee ex-
traction yield D: Correlation between time and DOF on cof-
fee extraction yield.
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Fig 4. Perturbation plot and response surface plot on
overall acceptability of coffee extract conditions. A: Effect of
coffee extraction factors on perturbation plot; B: Correlation
between temperature and draw-off factor (DOF) on overall
acceptability C: Correlation between temperature and time on
coffee extraction overall acceptability D: Correlation between
time and DOF on coffee extraction overall acceptability.
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Fig. 5. The effect of temperature (A), DOF (B), and
time (C) on desirability of coffee extract. DOF: draw-off
factor.
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