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Optimization of Sikhe Processing using the Obtained Data by Biosensor

Hee-Kyung Kim and Bong-Soo Noh*
Department of Food and Microbial Technology, Seoul Women’s University

This study was to determine the optimum conditions of malt extracting temperature, extracting time of malt in
water, ratio of malt to water, and rice volume of malt extract water on saccharification in producing sikhe (sweet
rice drink) using central composite design of response surface methodology. Glucose and maltose were analyzed
by a biosensor having dual cathode system. The optimum temperatures of malt extracting for glucose and
maltose were 60 and 55°C. The saccharification power for the two sugars was highest when malt powder soaked
for 6.5 and 5.75 hour, respectively. And ratios of malt to water for optimum saccharification were 1:6.3 to
1:8.8, respectively. The optimum volumes of malt extracting to rice for the two sugars were 0.48% and 0.6%,
respectively. The application of response surface methodology to sikhe processing showed a good correlation with

high significance.
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Table 1. Coded levels for independent variables used in developing experimental data optimization of sikhe processing
Coded Coded level
Variables AXY
Xi 2 -1 0 1 2
Extracting temperature (°C) X, 0 20 40 60 80 20
Extracting time(hour)? X, 0 2 4 6 8 2
Ratio of malt to water X, 1:4 1:6 1:8 1:10 - 1:12 2
Rice volume” X, 0.05 02 0.35 0.5 0.65 0.15

UThe increment of the experimental factor values corresponding to one unit of the coded variable

YExtracting time of malt in water
dVolume fraction of rice to malt extract water”
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Table 2. Response surface methodology for optimization of sikhe processing

Run o, Coded variables” Process variables” Experimental
X, X, X, X, X, X, X, X, point
1 -1 -1 -1 -1 20 2 1:6 02
2 1 -1 -1 -1 60 2 1:6 02
3 -1 1 -1 -1 20 6 1:6 0.2
4 1 1 -1 -1 60 6 1:6 0.2
5 -1 -1 1 -1 20 2 1:10 02
6 1 -1 1 -1 60 2 1:10 0.2
7 -1 1 1 -1 20 6 1:10 0.2 ) .
8 1 1 1 -1 60 6 1:10 02  Fractional 2
9 -1 -1 -1 1 20 2 1:6 0.5 points
10 1 -1 -1 1 60 2 1:6 0.5
11 -1 1 -1 1 20 6 1:6 0.5
12 1 1 -1 1 60 6 1:6 0.5
13 -1 -1 1 1 20 2 1:10 05
14 1 -1 1 1 60 2 1:10 0.5
15 -1 1 1 1 20 6 1:10 0.5
16 1 1 1 1 60 6 1:10 0.5 -
17 -2 0 0 0 0 4 1:8 0.35 q
18 2 0 0 0 80 4 1:8 0.35
19 0 2 0 0 40 0 1:8 0.35
20 0 2 0 0 40 8 1:8 0.35 Star points
21 0 0 2 0 40 4 1:4 0.35
22 0 0 2 0 40 4 1:12 0.35
23 0 0 0 2 40 4 1:8 0.05
24 0 0 0 2 40 4 1:8 0.65 E
25 0 0 0 0 40 4 1:8 0.35 -
26 0 0 0 0 40 4 1:8 0.35
27 0 0 0 0 40 4 1:8 0.35
28 0 0 0 0 40 4 1:8 0.35 Central points
29 0 0 0 0 40 4 1:8 035
30 0 0 0 0 40 4 1:8 0.35
31 0 0 0 0 40 4 1:8 0.35 E

'PX,: extracting temperature(°C), X,: extracting time of malt in water(hr), X,: ratio of malt to water, X,: rice volume(%)-volume fraction of rice
to malt extract water
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Table 3. Determination of free sugars in sikhe using biosensor

F2NEAEA A 34 DA 1352002

Process variables Dependent variables
Run no.
X, X, X, X, Glucose (%) Maltose (%)
1 20 2 1:6 02 0.89 9.53
2 60 2 1:6 02 1.82 9.41
3 20 6 1:6 0.2 0.92 8.25
4 60 6 1:6 02 224 9.84
5 20 2 1:10 02 - 078 9.97
6 60 2 1:10 0.2 1.75 10.47
7 20 6 1:10 0.2 0.90 9.07
8 60 6 1:10 0.2 1.91 11.30
9 20 2 1:6 0.5 0.93 12.79
10 60 2 1:6 0.5 1.65 12.02
11 20 6 1:6 05 1.12 12.98
12 60 6 1:6 05 1.97 14.16
13 20 2 1:10 05 1.06 14.73
14 60 2 1:10 0.5 1.49 11.84
15 20 6 1:10 0.5 1.21 13.69
16 60 6 1:10 0.5 1.48 16.01
17 0 4 1:8 0.35 0.93 8.36
18 80 4 1:8 0.35 1.96 16.74
19 40 0 1:8 035 0.71 11.87
20 40 8 1:8 0.35 1.83 11.56
21 40 4 1:4 0.35 1.44 13.02
22 40 4 1:12 0.35 1.53 13.24
23 40 4 1:8 0.05 0.95 799
24 40 4 1:8 0.65 1.14 16.97
25 40 4 1:8 035 1.91 14.63
26 40 4 1:8 035 1.89 14.82
27 40 4 1:8 035 1.87 14.97
28 40 4 1:8 0.35 1.88 14.98
29 40 4 1:8 0.35 1.92 14.65
30 40 4 1:8 0.35 1.90 14.88
31 40 4 1:8 035 1.85 14.33
Significance at p<0.01 (glucose), p<0.01 (maltose)
TERTFE Y, EET, Y, HolgolAL E=Z@=09211) 00039004 ool =R W FIH(p<04704)°] FF
ol FP=08515) BF £ JABAE warh, & 9 Aos Jeut xege HAENIM vt
HA FEUF Y9 USIARA S FA 23K (Table 4) AR tvalue®] Foigte] 2.0 o3¢ 2 dFIHALY 24

£ 2AE tvalued] Auigto] 2501420 FL tE3AEA
EHoM AL tvalued] Huigto] 2.5W]%H] L& 7]
Z+akHd vk YRF2] (linear regression, p<0.000)# ©]2}4] (qua-
dratic regression, p<0.0001)1AE feAlo] =% HFLAS
ZHcrossproduct regression)?] FEHINME p<0.13978 FA
< UERiTh A3 FHFsle] B A SPEEE XY
29 HlEF X2l W] e o] 7ztEe) vy 2dl4o
A AGAZL 273k HFFA e HAsle] tig 2dag
A=l 2 Aae ofet 2ok

Y, =1.888571+0.354167X,+0.150833X,-0.122500X, X,

—0.102143X12-0.142143)(22-0.088393)(32-0.198393)(42

ARATFE 09211, Frol8LE 0.000022 99.9%7FCNM H
oido]l AU FEHSF Y, HolFde gFIARY LS
TG A= Table 49 Zrh A= (p<0.000) ©12H (p<
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Table 4. Values of regression coefficients and analysis variance of calculated for the free sugars of sikhe

Independent Coefficient Standard error t-value Significance level (p)
variable Glucose Maltose Glucose Maltose Glucose Maltose Glucose Maltose
Constant 1.888571 14.751429 0.065986 0.538683 28.621 27.384
X, 0.354167 0.783333 0.035636 0.290922 9.938 2.693 <0.01 <0.01
X, 0.150833 0.246667 0.035636 0.290922 4233 0.848 <0.01
X, -0.032500 0.439167 0.035636 0.290922 -0.912 1.510
X, 0.003333 2.092500 0.035636 0.290922 0.0935 7.193 <0.01
XX, 0.025000 0.787500 0.043645 0.356305 0.573 2.210 <0.01
X, X, -0.071250 -0.142500 0.043645 0.356305 -1.632 0.400
XX, -0.122500 -0.147500 0.043645 0.356305 -2.807 -0.414 <0.01
XX, -0.033750 -0.026250 0.043645 0.356305 -0.773 -0.0737
XX, -0.005000 0.273750 0.043645 0.356305 -0.115 0.768
XX, 0.006250 -0.091250 0.043645 0.356305 0.143 -0.256
X, -0.102143 -0.709940 0.032647 0.266521 -3.129 -2.664 <0.01 <0.01
Xy -0.142143 -0.918690 0.032647 0.266521 -4.354 -3.447 <0.01 <0.01
X, -0.088393 -0.564940 0.032647 0.266521 -2.708 -2.120 <0.01 <0.01
X -0.198393 -0.734940 0.032647 0.266521 -6.077 -2.758 <0.01 <0.01
r 0.9211 0.8515
F 13.346 6.553
Probability of F 0.0000 0.0003

o] FAZS F= PPoE HrSHHEEAN S T
Fig. 13} Fig. 29} 242 ZA#E IUL A $4(canonical
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Bz Azt 349 ddxgolA AL ZT

Table 5. Critical values from the canonical analysis of response
surface based on the coded data of sikhe

Glucose Maltose
Variables
Coded Uncoded Coded Uncoded
X, 1.495373 2990747  0.412308 0.824615
X, 0.500984 1.001969  0.349183 0.698366
X, -0.807088 -1.614176  0.179735 0.359471
X, -0.476493  -0.952987  0.724292 1.448584

Table 6. Determination of free sugars in sikhe by SAS
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. R square F-ratio Probability>F
Regression
Glucose Maltose Glucose Maltose Glucose Maltose
Linear regression 0.5794 0.5753 29.381 15.495 0.0000 0.0000
Quadratic regression 0.2850 0.2216 14.454 6.969 0.0001 0.0039
Cross product regression 0.0567 0.0546 1917 0.980 0.1397 04704
Total regression 09211 0.8515 13.346 6.553 0.0000 0.0003
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