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Abstract

Response surface methodology (RSM) is a statistical procedure frequently used for optimization studies. The purpose
of this study was to determine the optimal spray drying condition for manufacturing Sikhye powder using RSM.
Independent variables included the additive contents of maltodextrin (MD), inlet temperature, and velocity of sample
feed velocity. The dependent variables were water uptake (g), solubility (%) and particle size (um). Regression
models describing the changes of water uptake (g), solubility (%) and particle size (um) with respect to the independent
variables were statistically significant with coefficients of determination, R, greater than 0.9. The results indicated
that the inlet temperature of the spray dryer was the most important independent variable that affected the water
uptake (g), while the additive content of MD and the sample feed velocity had maximum effects on the solubility
(%) and particle size (um) of the Sikhye powder, respectively. The optimum final product was expected to have
the lowest possible water uptake (g) and particle size (1m) but the highest possible solubility (%). In conclusion,
the best spray drying conditions were as follows: additive MD content, 22%; inlet temperature, 140 °C ; and spray

dryer sample feed velocity, 51 mlL/min.
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Table 1. . Independent variables, and their coded and actual
values used for analysis

Coded level
-1 0 1 2

Symbol]) Independent variable

Maltodextrin
addition ratio (%)

X,  Inlet temperature (C) 120 140 160 180 200
X3 Flow rate (mL/min) 35 40 45 50 55
"X, maltodextrin addition ratio (%); Xu, inlet temperature (*C); X5, flow rate (ml/min).

Xi 5 10 15 20 25
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Table 2. Experimental points of the central composite design and
the experimental data of sikye manufacture under different
conditions based on the central composite design for response
surface analysis

No. Xi Xo X; Water uptake (g) Solubility (%) Partélcllre;)size

1 15 140 40 0.03310.001 91.71£1.53 10.09+0.21

2 25 140 40 0.028+0.004 92711734 11.32+0.06

3 15 180 40 0.041+0.003 93.46£5.05 10.41£0.07

4 25 180 40 0.039+0.001 89.32+0.8 11.42+0.54

5 15 140 50 0.029+0.003 87.9£6.26 6.34£0.1

6 25 140 50 0.026+0.004 90.79+5.23 7.03+0.06

7 15 180 50 0.039+0.001 89.88+3.79 6.94+0.06

8§ 25 180 50 0.034+0.002 93.35+1.91 7.48+0.07

9 10 160 45 0.038+0.001 83.77+3.38 7.31£0.11

10 30 160 45 0.031+0.003 78.77+4.69 8.79+0.14

11 20 120 45 0.023+0.003 88.532.51 7.29+0.24

12 20 200 45 0.048+0.003 85.9+5.27 8.31+0.39

1320 160 35 0.038+0.001 89.99+1.45 13.24+0.33

4 20 160 55 0.031+0.002 93.19+1.77 7.3540.1

15 20 160 45 0.036+0.003 95.52+0.95 8.42+0.52

16 20 160 45 0.036+0.002 96.08+1.61 8.51+0.09
a3
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Table 3. Polynomial equation calculated by RSM for spray drying of Sikhye

Responses The second order polynomiall) 'S P value
- A o

y = bo+b1X1+bzXz+b3X3+b11X12+b21X2X1+b22X22+b31X3X1+b32X3Xz+b33X3-

Table 4. Regression analysis of variables used to determine
optimal spray drying conditions

F-Ratio
Responses % % %
Water uptake (g) 430 39.14" 385"
Solubility (%) 2076 788" 3.68°
Particle size (1m) 394 0.80 5230

“Significant at 10% level; ~Significant at 5% level; ~ Significant at 1% level.

Table 5. Predicted values of optimum condition of maximized and
minimized responses to variables by ridge analysis of their
response surface

Extraction condition

Responses Estimated

X X, Xs Tesponses

Morphology

2403 12555 48.09 0.022
Water uptake (g) saddle
1807 19795 4250 0.046

1208 18215 4244 79.83
1938 15292 4430 95.93
1451 13700  51.07 578

Particle size saddle
(um) 2107 15571 3512 13.81

Solubility (%) maximum
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Fig. 1. Response surface analysis for the effects of spray drying
conditions on water uptake (g) of Sikhye powder.
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Fig. 2. Response surface analysis for the effects of spray drying
conditions on solubility (%) of Sikfzye powder.
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Fig. 3. Response surface analysis for the effects of spray drying
conditions on particle size (um) of SikAye powder.
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Fig. 4. Process optimization curve for spray drying conditions of
Sikhye powder.
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