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Abstract

Response surface methodology (RSM) was applied in steaming and roasting processes of Polygonatum
odoratum roots in order to monitor hypoglycemic components and sensory property. In steaming and roasting
processes based on the central composite design with variations in steaming time (60~180 min), roasting
temperature (110~ 150°C) and roasting time (10~50 min), coefficients of determinations (R?) were 0.8691 (p<
0.05), 0.8253 (p<0.10), 0.8727 (p<0.05), 0.8706 (p<0.05) and 0.8316 (p<0.10) in soluble solid, stigmasterol, B—
sitosterol, hypoglycemic component (total), and overall acceptability, respectively. The maximum value of
soluble solid was 71.47% in 65.24 min of steaming time, 126.93°C of roasting temperature and 37.58 min of
roasting time. The maximum value of hypoglycemic component (total) was 764.10 ng/g in 107.76 min, 117.78°C
and 14.70 min. Meantime, the maximum value of overall acceptability was 6.89 in 126.04 min, 115.79°C and
43.93 min. The predicted values in optimum conditions for hypoglycemic components and sensory property

were in good agreement with experimental values.
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Table 1. Levels of steaming and roasting conditions for
Polygotum odoratum root based on central composite design

Steaming and roasting Levels
conditions -2 -1 0 1 2

60 90 120 150 180
110 120 130 140 150
10 20 30 40 50

Xi

X; Steaming time (min)
X» Roasting temperature (°C)
X3 Roasting time (min)

Table 2. Central composite design for optimization of
steaming and roasting conditions of Polygotum odoratum
root

Exp.  Steaming time Roasting Roasting time

No.” (min) temperature (°C) (min)
1 90 (-1) 120 (-1) 20 (-1)
2 150( 1) 120 (-1) 20 (-1)
3 90 (-1) 120 (-1) 40( 1)
4 150 ( 1) 120 (-1) 40( 1)
5 90 (-1) 140 ( 1) 20 (-1)
6 150 ( 1) 140 1) 20 (-1)
7 90 (-1) 140( 1) 40( 1)
8 150 1) 140 ( 1) 40( 1)
9 120 O) 130(C O) 30(0)
10 120 ( O) 130 C O) 3000
11 120 C 0) 110 (-2) 30(0)
12 120 C 0) 150 ( 2) 30( 0)
13 120 C O) 130C 0 10 (-2)
14 120 O) 130C O) 50 ( 2)
15 60 (-2) 130 ( 0) 30(0)
16 180 ( 2) 130 ( 0) 30( 0

YThe number of experimental conditions by central composite
design.
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Table 3. Soluble solid, hypoglycemic component and sensory evaluation of Polygonatum odoratum root under different
conditions based on central composite design for response surface analysis

Exp, Soluble solid Hypoglycemic component (1g/g) Overall cabilit
No." (%) Stigmasterol B-Sitosterol Total verall acceptabiity

1 69.41 103.45 763.98 867.43 5.34

2 68.13 82.14 540.19 622.33 6.00

3 70.07 47.16 357.93 405.09 6.34

4 7041 108.46 431.82 540.28 6.07

5 68.21 37.30 263.35 300.65 5.50

6 68.49 51.33 307.34 358.67 6.17

7 69.94 46.62 298.10 344.72 4.34

8 69.02 52.31 311.39 363.70 517

9 70.60 38.46 226.20 264.66 5.33

10 70.49 52.12 362.68 414.80 5.17

11 68.93 30.49 184 .91 215.40 6.00

12 67.71 38.98 237.69 276.67 450

13 68.14 70.40 491.02 560.79 5.00

14 70.94 69.77 462.71 532.48 6.17

15 71.79 59.02 390.62 449,64 4.83

16 69.78 79.52 521.54 601.06 7.00

"The number of experimental conditions by central composite design.
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Table 4. Polynomial equations calculated by RSM program on soluble solid, hypoglycemic component and sensory evaluation
for steaming and roasting conditions of Polygonatum odoratum root

Response Second order polynominals R? Significance
Yss= — 22516250 0.049167X; + 1.426750X>
Soluble +0.307750Xa-+0.000066667X,” +0.000125X, X 0.8691 0.0420
solid —0.005563X2%+0.000175X X5 — 0.000850X2X5 ' '
—0.002513X4
Y5 =509.120625—2.469271X, —0,527562X
. — 16.857438X5+0.006661X,%+0.008221X, Xz
Stigmasterol —0.015138X~0.002387X, X5 +0.100338X-X; 08253 0.0881
+0.061988X 4
Y3=0371.810625~21.774625X, —86.114875X5
Cw — 114.062500X; +0. 060178X,°+0.044658X, X,
B-Sitosterol +0.217150X +0.069575X Xa-+0.566562X:Xs 08727 0.0391
+0.468562X
Hvooglveen ¥+ =9880.025625 — 24.243896X, — 86.642438X.
Z é’r‘f gC:n . ¢ —130.864812X;+0. 0668392+ 0.052879X, X2 0.8706 0.0408
(tgtar;) +0. 202013x2 +0.067187X, X3+ 0.666863X2Xs ' :
+0.529762X 5
op=1.769375+0.030813X + 0.520938X5
Overall

acceptability

—0.081854X +0.000185X, +0.000462X 1 X> 0.8316 0.0803

—0.000321X,X3—0.004038X>X3+0.000837X5*

X Steaming time (min), Xz Roasting temperature (°C), Xs: Roasting time (min).

Table 5. Predicted levels of steaming and roasting condition for the maximum responses of variables by the ridge analysis

of Polygonatum odoratum root

Steaming time Roasting temperature  Roasting time

Response (min) ©C) (min) Maximum Morphology

Soluble solid (%) 65.24 126.93 37.58 71.47 Saddle point

Stigmasterol (ug/g) 130.59 120.77 12.59 9156 Saddle point

B-Sitosterol (ug/g) 10592 11750 15.11 676.59 Minimum

Hypoglycemic component 107.76 117.78 14,70 764.10 Saddle point

(total, ug/g)

Overall acceptability 126.04 115.79 43.93 6.89 Saddle point
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Table 6. Regression analysis for regression model of soluble solid, hypoglycemic component and sensory evaluation in
steaming and roasting condition of Polygonatum odoratum root

F-Ratio
Steaming and roasting conditions Soluble solid  Stigmasterol B-~Sitosterol Hypoglycemic component Overan.
(total) acceptability
Steaming time (min) 1.11 1.89 2.84 2.82 3.47
Roasting temperature (°C) 351" 2.74 6.04" 567" 381"
Roasting time (min) 455" 366 4.50" 458" 1.78
"Significant at 10% level; “Significant at 5% level; “"Significant at 1% level.
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Fig. 1. Response surface for soluble solid content in Polyg-
onatum odoratum root at constant values (soluble solid con-
tent: 68-69-70%) as a function of roasting temperature,
roasting time and steaming time.
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Fig. 2. Response surface for stigmasterol in Polygonatum
odoratum root at constant values (stigmasterol: 45-60—-75
Bg/g) as a function of roasting temperature, roasting time
and steaming time.
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Fig. 3. Response surface for B-sitosterol in Polygonatum
odoratum root at constant values (B-sitosterol: 250-400-
550 ug/g) as a function of roasting temperature, roasting
time and steaming time.
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Fig. 6. Superimposed response surface for optimization of
soluble solid (69%), hypoglycemic component (550 ug/g) and
overall acceptability (6.0) of Polygonatum odoratum root.

Table 7. The range of optimum-roasting conditions of re-
sponse variables yielding optimum response by superim-
posing of contour maps for measurement of hypoglycemic
effect

Roasting conditions Range of optimum condition
Steaming time (min) 150~175
Roasting temperature (°C) 115~140
Roasting time (min) 25~45

Table 8. Comparison between predicted and observed values
of response variables at the given conditions within the
range of optimum conditions

Predicted Observed
values” values”
Soluble solid (%) 69.87 70.07£0.19
Stigmasterol 61.38 60.2410.32

Response variables

Hypoglyci”}’c /gy B-Sitosterol 40860 420294286
component (Hg/g) .. ) 469.88  480.53%2.71
Overall acceptability 6.20 6.30£0.20

YCalculated using the predicted equation for response variables.
Given conditions of independent variables: steaming time 160
min, roasting temperature 125°C and roasting time 30 min.

Mean * standard deviation of triplicates determinations.
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