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Abstract

Response surface methodology(RSM) was applied to monitor the elimination rate of heavy metals(Pb, Cd) and
soluble solids depending on the steaming and roasting conditions of Polygonatum odoratum roots. Experiments
of 16 different steaming and roasting conditions based on a central composite design for steaming time(60~180
min), roasting temperature(110~150 C), and roasting time(10~50 min) were conducted, thereby predicting the
steaming and roasting conditions for the maximal responses; soluble solids(71.47%9) at 65.24 min, 126.93 C and
37.58 min; Pb removal rate(18.87%9) at 71.23 min, 119.81 C and 24.35 min; Cd removal rate(50.85%) at 160.89
min, 126.43C and 15.81 min, respectively. The optimum conditions estimated by RSM for the maximized values
of soluble solids and heavy metal elimination rates were 165~180 min of steaming time, 120~135C of roasting
temperature, and 30~45 min of roasting time, respectively. These estimated values were in agreement with those

measured by real experiments.
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Ao AL8-2 S2d (Polygonatum odoratum) 2732 7
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Table 1. Levels of steaming and roasting conditions for
Polygonatum odoratum root based on central composite design

X Independ; bl Lovels
! ndent variables

2 - 0 1 2
X Steaming time (min) 60 9% 120 150 180

Xz Roasting temperature (C) 110 120 130 140 150
Xs Roasting time (mun) 10 20 30 40 50

FE(Y), Po Al AE(Y) 2 Cd AAL(Y)ZE 3l FAEA
of AlgslHt) Fx W Bg2Ho] E2d 279 484
TEE 2 Pb, Cd A A PlX & FEe dSd md]S
H}ek© 2 Mathematica program(17)& ©]-£-3}] 4319 BkS
FHE oz Ayt

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

Exp No 1 Steal?nlgﬁ) time o mpl:gismtI'lxelg( 0 Roas(tllrrlllglg1 )time
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 9%0(-1) 140(1) 40(1)
8 150(1) 140(1) 40(1)
9 120(0) 130(0) 30(0)
10 120(0) 130(0) 30(0)
1 120(0) 110(:2) 30(0)
12 1200) 150Q2) 30(0)
13 120(0) 130(0) 10(-2)
14 120(0) 130(0) 50(2)
15 60(-2) 130(0) 3000
16 180(2) 130(0) 3000)

The number of expenmental conditions by central composite design
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Table 3. Experimental data on soluble solids and elimination of
Pb, Cd of Polygonatum odoratum root under different conditions
based on central composite design for response surface analysis

Functional properties

E]zpl) Soluble solid Pb Cd
(%) (ppmyfremoval rate, %) (ppmyremoval rate, %)
1 6941 1634/18.3 1.09/45 5
2 68 13 1.692/15.4 1.06/470
3 7007 1692/154 1 12/44.0
4 7041 1729/13.6 116/420
5 6821 1711/145 131/34.5
6 68.49 1744/12.8 1.09/455
7 69 94 1.802/99 115/425
8 6902 1789/10 6 1 19/40.5
9 7060 1801/10.0 120/40.0
10 7049 1788/106 119/405
11 6893 1693/154 113/43.5
12 6771 1773/11.4 114/430
13 68 14 1735/133 109/45.5
14 7094 1742/129 115/42.5
15 71.79 1682/159 1 19/405
16 6978 1672/16 4 106/47.0

"The number of expertmental conditions by central composite design

Steaming hine {min)

Fig. 1. Response surface for soluble solid content of Polygonatum
odoratum root at values of 68, 69 and 70% depending on steaming
and roasting conditions.
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Table 4. Polynomial equations calculated by RSM program for steaming and roasting conditions of Polygonatum odoratum root

Responses Second order polynomials R Significance
Solubie sohd Y5:=-22 516250-0.049167X,+1 ézggg{)%;gé%%%);& 0;2%63.%;{(3’;9 000125X X0 005563X," 08691 00420
B rexmoval e Yr=212.412500-2 2m375§6&31353622£&(184£%§20gzmg£ %&sxlxzw.omoooxf 08450 00620
Cd removal mate Ycr=282.500000-2 884375X;-1.340625X,-0 496875 X3+0.007500X,+0 011875X, X +0.009375X, 08278 00850

+0 003958 X5-0.006875X,X5+0 000972X3

*X1. Steaming time (min), X; Roasting temperature (C), X; Roasting time (min)

Ago s 7Y Edo] Hidte ez AdEd
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Table 5. Predicted levels of steaming and roasting conditions for
the maximum responses of variables by ridge analysis of
Polygonatum odoratum root

Steaming  Roasting Roasting
Responses me(m) te fre("C) time(min) Maximum Morphology
501“?{72)50“‘1 6524 1269 3158 7147 Saddle point
Pb reﬂ(l%al M7 1981 2345 1887 Mmmum
cd m?%al R 16089 12643 1581 5085 Saddle pomt

Pb, Cd HAg s}

SATAA G oe 167:7te 7 AHd FF A 79
Pbe} Cdoll thgh A|A &5 2783 A= Table 30 VeR]
o, vkeEH 3742 Table 40 JERNSITE Pb A A
22 233 A7 5729 RE 0848022 f2]40] 10%
olje] felFFollA A HAUT dSdE FIE-L A
o=, AR 712358, HELE 11981T € E3A1%
24355 o] Huojgre 18.87% FtHTable 5). Pb A A&l
3 FA 2 Fg32de] P32 Table 60149} o] H&
250 71 & 9Fe v Jen, 1 TR o g FAM
Zroll Fa& wrm Qe Ao E Yelgt Fig 204 = &
T 5ol Po AAEL HE 2wl B2 Ivkske 4
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el £33 167702 A2E S A5 Cd
AALE 248 A3 31749 R'E 082788 FAL
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FFHO R HUgkS AZ37] Y8l TR S A
th 1 A7 A7 160898, B2 w 12643C 2 B8
A7 158152 ] ZES 50.85% FTHTable 5). Cd A| A
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Fig. 2. Response surface for Pb removal rate of Polygonatum
odoratum root at values of 12, 15 and 20% depending on steaming
and roasting conditions.
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Fig. 3. Response surface for Cd removal rate in Polygonatum
odoratum root at values of 40, 45 and 50% depending on steaming
and roasting conditions.
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Table 6. Regression analysis for regression model of functional
properties in steaming and roasting conditions of Polygonatum
odoratum root

4
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Table 7. The range of optimum roasting conditions to yield
maximum responses by superimposing for Pb and Cd elimination
rate

F-ratio
Dependent variables Steaming Roastng Roasting
time temperature time
Soluble solid 11 351* 4 55%
Pb removal rate 3.98* 4.57%% 1.98
Cd removal rate 4.94%* 27 371*

*Significant at 10% level, **Sigmificant at 5% level
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84 13 E 70.12%, Pb Al A& 15.16% 2 Cd A A&
43.62% =2 < 5= THTable 8). o]/Fe] Meld 7ol
AA AEE AAlsl] 2t EARE vlws) B 23 84

Roasting conditions Range of optimum condition

Steaming time (min) 165~180
Roasting temperature (C) 120~135
Roasting time (min) 30~45

Fig. 4. Superimposed contour maps for optimization of soluble solid
(69%), Pb removal rate (15%) and Cd removal rate 42%) of
Polygonatum odoratum root.
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Table 8. Comparison between predicted and observed values of
response variables at the given conditions within the range of
optimum conditions

Response variables Predicted values”  Observed values”
Soluble solid (%) 70.12 69.42

Pb removal rate (%) 15.16 14 85

Cd removal rate (%) 4362 4510

DCalculated using the predicted equation for response variables

Given conditions of mdependent variables steaming time 175 mun, roasting temperature
130°C and roasting time 35 min

Mean values of triplicates determunations

2 o
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