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Abstract

Response surface methodology (RSM) was applied to monitor the effects of steaming and roasting conditions of
Polygonatum odoratum roots on total phenolics content, electron donating ability (EDA) and nitrite—scavenging ability
(NSA) of the extract. In steaming and roasting processes based on the central composite design with variations
in steaming time (60~180 min), roasting temperature (110~1507C) and roasting time (10~50 min), coefficients
of determinations (R?) were 0.9356 (p<0.01) in total phenolics, 0.9578 (p<0.01) in EDA and 0.9436 (p<0.01)
in NSA (pH 3.0). The maximum value of total phenolics was 2847.67 mg% at 135.59 min of steaming time,
143.84C of roasting temperature and 43.47 min of roasting time. The maximum value of EDA was 75.00% in
108.98 min, 135.56C and 48.86 min. The maximum value of NSA (pH 3.0) was 87.38% in 162.80 min, 143.88°TC
and 31.97 min, respectively. Total phenolics content of the extract was influenced by heating conditions in the
order of roasting temperature, steaming time and roasting time. While EDA and NSA were appreciably influenced
by roasting time, followed by roasting temperature and steaming time.
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Table 1. Levels of steaming and roasting conditions for
Polygonatum odoratum root based on central composite design

. . Levels
X Steaming and roasting

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

X,  Roasting temperature (C) 110 120 130 140 150

X3 Roasting time (min) 10 20 30 40 50
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Table 2. Central composite design for optimization of steaming
and roasting conditions of Polygonatum odoratum root

Exp. Steaming time  Roasting temperature  Roasting time

No." (min) () (min)
1 90(-1) 120(-1) 20(-1)
2 150( 1) 120(-1) 20(-1)
3 90(-1) 120(-1) 400 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( 0) 130( 0) 30( 0)
10 1200 0 130( 0) 30( 0)
11 120( 0) 110(-2) 30( 0)
12 1200 0 150( 2) 30( 0y
13 120( 0) 130( 0) 10(-2)
14 120( 0) 130( 0) 50( 2)
15 60(-2) 130( 0) 30( 0)
16 . 180( 2) 130( 0) 30( 0)

“Fhe number of experimental conditions by central composite design.
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Table 3. Experimental data on total phenolics, electron donating
ability and nitrite-scavenging ability of Polygonatum odoratum
root under different conditions based on central composite design
for response surface analysis

Functional properties
Nitrite-scavenging ability

Exp. Electron donating

No.)  Total phenolics ability %)

(mg%) %) pH 30 pH 42
1 74295 321 3837 37.39
2 1215.49 37.8 54.82 43.11
3 1314.45 60.7 7032 50.63
4 1131.37 49.7 70.51 51.16
5 1012.62 282 35.35 27.55
6 1811.73 5838 76.37 58.86
7 1997.28 69.2 81.66 51.88
8 245992 733 82.99 49.55
9 1932.95 59.0 72.16 56.17
10 1932.95 570 73.53 55.77
11 69%0.99 252 3534 2862
12 2383.23 453 71.88 62.61
13 147279 219 34.22 2397
14 2353.54 65.8 73.16 60.82
15 819.64 345 50.85 329
16 211851 53.0 72.40 59.21

"The number of experimental conditions by central composite design.
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Table 4. Polynomial equations calculated by RSM program for steaming and roasting conditions of Polygonatum odoratum root
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Total phenolics

Second order polynomials

Electron donating ability

Nitrite-

scavenging ability

pH 30

pH 42

Yrp=-13254-0.695937X,+204.862438X,-109.305812X;

-0.128854X,7+0.405121X,X,-0.989600X;"

0413371X X5+ 1.431838X,X-0.049463X;"

Yra=-835.768750+12.783750X+2.468750X3-0.538333X,

-0.003958X12+O.016667X1X20.056875X222
-0.01800X:X5+0.018750X:X3-0.027875X;

Ypiz=-753.299375+0.267438X,+9.865313X,+5.920438X;

-0.003117X12+O.010712X1Xz-0.040588X222
0.023313X,X5+0.006612X,X5-0.047888X;

Yous2=-495.703750+0.097438X,+6.288938X,+5.684188X;

-0.002751X 121‘0.009471X1Xz-0.025888X222
-0.016179X,X;-0.007837X,X3-0.033938X;

*X1: Steaming time (min), X' Roasting temperatare (*C), X' Roasting time (min).

R Signifi-
cance
0.9356 0.0060
0.9578 0.0018
0.9436 0.0036
0.8170 0.0988

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

Polygonatum odoratum root

Table

6. Regression analysis

for

regression model of
physicochemical properties in steaming and roasting condition of
Polygonatum odoratum root
Steaming  Roasting ~ Roasting F-ratio
Responses time  erperature  time Maximum Morphology Responses Steaming Roasting Roasting
(min) (0 (min) time temperature time
Total phenoli Saddl (i) o (i)
otal phenolics addle .
(mg%) 13559 14384 4347 284767 poit Total( rr?;l;:;()[m 638+ 12,04+ 5 194+
Elecrron donating Electron donating abili
ability 10898 13556 4886 7500 Maximum @ Yo sem 11757 2105w
(%)
N Niriescavenging  PH30 725 791%* 15.95%%*
Nitrite-  pH30 16280  143.88 3197 87.38 S;g(lill[e ability
scavenging (%) pH 42 273 1.69 372
ability Saddle
(%) PHAZ 16514 14307 82 658 T *Significant at 10% level, **Significant at 5% level, ***Significant at 1% level.
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Fig. 1. Response surface for total phenolics in Polygonatum

odoratum root at constant values (total phenolics

: 500-1500-2500
mg%) as a function of roasting temperature, roasting time and
steaming time.

8
W

75

time and steaming time.

RS e
NS
LR
R
W
0

NN

heantl
TR,

AN
IR ‘v\\‘\‘\\tg

A\

BRI

SRR
O
N

TN
H ’!l’ (! ‘

N, tH l'

Fig. 2. Response surface for electron donating ability in
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ability : 25-40-55%) as a function of roasting temperature, roasting
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Fig. 3. Response surface for nitrite-scavenging ability (pH 3.0) in
Polygonatum odoratum root at constant values (nitrite-scavenging
ratio (pH 3.0) : 40-60-80%) as a function of roasting temperature,
roasting time and steaming time.
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