J Korean Soc Food Sci Nutr
38(1), 116 ~120(2009)

HEREEDELEE
DOI: 10.3746/jkfn.2009.38.1.116

STHEMS 0|25 =~ L==0| 2 Hi= | XS
HISHEHEAMZ 0|38st == ==& ¢dFSES = FHF
Zes’ 224l 5= - F02
BIZA|Zoi Y

Optimization for The Alcoholic Fermentation of Concentrated
Grape Juice Using Response Surface Methodology
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Abstract

Response surface methodology (RSM) was applied to optimize alcohol fermentation of concentrated grape
juice. Sugar concentration (X;), agitation rate (X2) and fermentation time (X3) were chosen as the independent
variables of the central composite design (CCD). Dependent variables were alcohol content (Y1) and total acidity
(Y2). To optimize two dependent variables, desirability function was defined as Y:1=10.0% and Yz=minimum.
The optimum conditions for alcohol fermentation were 19.98°Bx (sugar concentration), 104.1 rpm (agitation rate)
and 89.67 hr (fermentation time). The predicted responses were 10.0% in alcohol content and 0.86% in total
acidity. The coefficients of determination (R?) were 0.948 and 0.958, which indicate that the model fit was highly
significant (p<0.001). The experimental values were 10.1% for alcohol content and 0.88% for total acidity. These
values were similar to the predicted values from RSM.
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Table 1. Experimental range and values of the independent variables in the central composite design for alcohol fermentation
conditions

] Levels
Independent variables Symbol 162 1 0 1 1682
Sugar conc. (°Bx) X 8.2 13 20 27 31.8
Agitation rate (rpm) Xy 159 50 100 150 184.1
Fermentation time (hr) X3 55.6 72 96 120 136.4

of QR dto] A%, FA L vhste] AAA A L AA  Foluh
st AFAGor 454 AYARE Aggrh BR

= HAEEF Ba 82 Saccharomyces cerevisiae fermivin

Y= ﬁ()+ ZﬁX+EﬁLzXZ+Z E Bz]‘X;‘X—]

i=1j=i+

7013(DSM Food Specialties B.V., The Netherlands)2 A& WmE 279 HHsk= MINITAB statistical software
SR, (Version 13, Minitab Inc., USA)<] Minitab program2 ©]
Al A 235}0] Zbzbe] vk M=o st B ke AASI] 1 ¥
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o] 4§44 7 (Central composite design, CCD)E ©]-&-3} )
o] 8L AN TEF) BE T MAE G 2o % OF
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ent variables)Z A3l tHTable 1) o] HX & P&S Loty HH LAFHS HA37] Y3}
A N

(9]
el
T

A= 2 (rpm, Xo) WA 7Hhr, X3)E =YW (independent
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< = Er-= 8o Table 2. Central composite design and responses of depend-
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PAL-1, Atago Co, Ltd, Tokyo, Japan)E o]&3fe] =g  dependent Vg‘r(‘jazl‘is R -
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o | 7L ke Totg s =hJ] 213
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S ol =R E 100 mLE 24%61 25 A} FHAE 2 1 -1 -1 10.1 1.21
ol g3k =& F Gay Lussac TableZ ©]§-3t] 15°C 2t " 1 L o o
o2 RAIHTH 5 -1 -1 1 6.3 0.72
6 1 -1 1 14.4 1.24
e 7 -1 1 1 6.7 0.60
= [ - 8 1 1 1 14.4 1.15
g7}l T3 Alge &/‘\1-1‘:_ ul— IE=
Ta7F Ed A5 F - (total acidity)= " a 9 -1.682 0 0 23 0.39
o] 0.1 N NaOH&H o 2 F3 A3t pH 830 EEst= 10 1.682 0 0 11.9 153
W 22%e % 25 acetic acidZ FAFHAT 11 0 -Le82 0 104 080
12 0 1.682 0 9.9 0.88
EHEAM 13 0 0 -1.682 6.3 0.83
= 14 0 0 1682 9.3 0.85
HFS- W 3 AE A8 SAS program(SAS Institute Inc., 15 0 0 0 10.3 0.86
USA, ver. 90)& ©] .83 tH13). Oluﬂ EHWS X 9 Xl 16 0 0 0 10.3 0.88
M T 17 0 0 0 10.4 0.86
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Aoz Yepfe, g,= ] , Bir By B = B time, hr). Y; (alcohol content, %), Y- (total acidity, %).
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o A AR ol e Kim $6)e 989 ¥
Tabl'e 13. Estti.mat?d cg?fffficierits of the filt)ted guadrta_tict [;(.)lif.— TF U E N E 19 &% H7 2 estha 5%
nomial equation OI'YI erent response base (;;1 statistic O wd murEwe] Ud Gmedare qgre e
1 2
Coefficient ~ p-value Coefficient ~ p-value FAE BJoZH o] 2HL dIZHF & IS F4
Intercept  10.2466 0.001 0.8641 0.001 R= Ao Z AR HT RIANE S SE ¢I LT
X1 3.1885 0.001 0.2868 0.001 o = AT ATk 1 olm o] =} 2w A7}
X 0.2606 0.428 00180 0458 = 37071 o= el MH 7 & 12t
X3 0.8820 0.025 0.0069 0.773 o] A= Al E3E AUt o5 Tl dZSFFS Wk
XiX; 08445 0.043 0.0417 0.142 2To= 2 g wix] %, 27] PEs} 2OEE 7]
XoXo 0.2338 0.515 -0.0007 0.978 - _
282 ) 1= } 9 3hak =
XX -0.5970 0.124 00007 0978 oL FEAZE] A dAEFIFl ZopAT 2 Fel M=
XiXz 0.2000 0.637 -0.0075 0.809 271957 o 2 93-S FE 2902 Vet o] Lee
XiXs 0.5250 0.236 0.0175 0.577 = o] Wylo] T urE Al Wr]o] ZI|T ) HEE A
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Table 4. Response surface model for alcohol fermentation conditions
Responses Quadratic polynomial model R’ p-value
v Y1=10.2466 + 3.1885X +-0.2606 X2+ 0.8820X3 — 0.8445X,%+0.2338Xy> 0.948 0.001
! —0.5970X3”+0.2000X: X5+ 0.5250X 1 X3 — 0.4500X>X5 ‘ :
_ o 2_ 2
Y, Y2=0.8641+0.2868X; — 0.0180X>+ 0.0069X3+ 0.0417X;”— 0.0007X> 0.958 0.001

—0.0007X5"—

0.0075X:X2+0.0175X;X3—0.0050X2X 3

X; (sugar conc.,

°Bx), X, (agitation rate, rpm), X3 (fermentation time, hr). Y; (alcohol content, %), Y, (total acidity, %).

Table 5. Analysis of variance (ANOVA) for response of dependent variables (Y; and Y3)

Responses Sources DF SS MS F-value p-value

Model 9 168.197 18.6885 14.23 0.001

Linear 3 150.397 50.1322 38.17 0.001
Quadratic 3 13.655 4.5517 3.47 0.080
Y, Cross—product 3 4.145 1.3817 1.05 0.428
Residual 7 9.194 1.3134 — -
Lack of fit 5 9.187 1.8375 551.24 0.002

Pure error 2 0.007 0.0033 - -

Total 16 177.391 — — —

Model 9 1.155 0.1283 17.96 0.001

Linear 3 1.129 0.3762 52.66 0.001

Quadratic 3 0.023 0.0077 1.07 0.420

Y, Cross—product 3 0.003 0.0010 0.14 0.930
° Residual 7 0.050 0.0071 — -
Lack of fit 5 0.050 0.0099 74.62 0.013

Pure error 2 0.000 0.0001 - -

Total 16 1.205 - - -

Y, (alcohol content, %), Yz (total acidity, %).
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Fig. 1. Response surface plots for alcohol content in alcohol fermentation.
X; (sugar conc., °Bx), Xo (agitation rate, rpm), X3 (fermentation time, hr), Y1 (alcohol content, %).
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Fig. 2. Response surface plots for acidity in alcohol fermentation.
X; (sugar conc., °Bx), X (agitation rate, rpm), X3 (fermentation time, hr), Y. (total acidity, %).
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Table 6. Optimal conditions of alcohol fermentation

Independent Critical value
variables Coded Uncoded
Xy -0.0017 19.98
X2 0.0820 104.1
X3 -0.2636 89.67

X; (sugar conc., °Bx), X» (agitation rate, rpm), X3 (fermentation
time, hr).
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Table 7. Predicted values of response variables

Response variables Predicted values

Y, 10.0
Y, 0.86

Y; (alcohol content, %), Y2 (total acidity, %).

(X2)7F 0.0820, HAAZHX3) ol -0.26362.2 YElon,
uncoded value(AAZHE = F=(X1)7F 19.98°Bx, nHt&E=
(X2)7} 104.1 rpm, LE A 7HX3)e] 89.67 hro] ATH Table 6).
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