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Abstract

The purpose of this study was to determine the optimal mixing ratios of three different ingredients of Polygonum multiflorum
Radix powder, butter, and sugar for the development of recipe for cookies with Polygonum multiflorum Radix powder.
Response surface methodology based on a five level and three variables by central composite design was employed to obtain
the best possible combination for the ratios of Polygonum multiflorum Radix powder (X;), butter (X3), and sugar (X3). The
analytical results of the physical and mechanical properties for each sample including color L (P<0.01), color a (P<0.01),
color b (P<0.01), spread ratio (P<0.001), and hardness (P<0.001) showed significant differences. The sensory measurements
were significantly different in color (P<0.05), appearance (P<0.05), texture (P<0.001), flavor (P<0.01), taste (P<0.01), and
overall quality (P<0.001). The optimal compositional ratios were determined to be 4.00 g for the Polygonum multiflorum
Radix powder, 75.42 g for the butter, and 45.67 g for the sugar.
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Table 1. Variable and their levels for central composite design of cookie
. Coded-variables
Variable Symbol
-1.68 -1 0 1 1.68
Polygoni multiflori Radix powder X; 1.27 4 8 12 14.73
Butter Xz 26.36 40 60 80 93.64
Sugar X3 6.36 20 40 60 73.64
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Table 3. Physical and mechanical properties of cookie added with Polygoni multiflori Radix powder, butter and sugar

j Response factor
Sample i li:ﬂo(li:fofn{la dix Butter Sugar P Spread Hardnoss
powder (g) (8 (8 L a b atio )
1 1 60 40 70.88 6.53 26.48 5.42 1,759.67
2 4 80 20 70.41 4.68 25.37 5.66 980.67
3 4 80 60 74.18 4.06 25.06 6.67 2,643.33
4 4 40 20 79.01 2.57 26.14 4.42 1,262.17
5 4 40 60 74.46 2.81 24.15 4.94 4,574.00
6 8 94 40 70.82 5.62 28.40 6.83 772.33
7 8 60 6 7347 471 26.32 4.13 817.17
8 8 60 40 69.50 5.64 27.78 5.50 2,268.00
9 8 60 40 69.63 5.39 29.38 5.45 2,357.17
10 8 60 40 69.79 5.75 28.70 5.56 2,263.17
11 8 60 40 69.59 5.48 28.84 5.55 2,245.67
12 8 60 40 69.59 5.49 28.85 5.55 2,253.67
13 8 60 40 69.83 5.67 29.22 5.55 2,274.17
14 8 60 74 6831 6.05 28.42 6.12 4,074.00
15 8 26 40 75.18 3.98 26.52 4.02 4,526.00
16 12 80 20 66.45 6.07 28.40 5.61 1,080.67
17 12 80 60 62.74 10.33 30.85 7.12 2,052.00
18 12 40 20 72.48 5.59 26.68 4.63 2,190.67
19 12 40 60 62.01 9.12 2747 5.47 4,627.00
20 15 60 40 68.24 7.09 29.17 5.41 2,301.33

Table 4. Analysis of predicted model equation for the physical and mechanical properties of cookie added with Polygoni
multiflori Radix powder (X;), butter (X;) and sugar (X3)

Response Polynomial equation Model RV Fvalue P-value
L ¥'=99.44193+0.040345 X, — 0.60183.X, — 0.24617 X, + 0.005588.X, X, — 0.020922.X, X, Quadratic 0.8471 6.15  0.0045
+0.004713.X, X, — 0.015591.X7 4 0.002415.X; 4 0.005519.X; Lack of fit 541.09 <0.0001
Linear 0.5617 6.83 0.0036
a Y'=—0.11966 +0.32793.X, +0.028566 X, + 0.035331.X,
Lack of fit 134.22  <0.0001
b Y= 22.59259 — 0.00218 X, +0.11400 X, + 0.015272 X, +0.007755 X, X, +0.008651 X, X, ~ Quadratic 0.8902 9.00  0.0010
+0.001042 X, X, —0.030893 X2 — 0.001558 X; — 0.001633.X; Lack of fit 290  0.1339
Spread Linear 09377 8023  <0.0001
X V= 1.98876+0.020785 X, +0.037780.X, +0.026483 X,
ratio Lack of fit 38.01 0.0004
Hardness 26420796 +330.24050., —20.70912.X, +114.88436.X, — 2.30130.X,.Y, — 2. 4818.X, X, Quadratic 0.9804 5547  <0.0001
AANESS _0.97318.X,.X, — 4.84915.X 4 0.35286 X2+ 0.17202.X7 Lack of fit 6562 0.0001
D R? is coefficient of determination.
ato] Faeol Aot B, o] W7kl Z715Hd aghe Sk
719 AMEE el aghe Linear BEo] A3 719 FHUES e bghe quadratic ZEo] AEE)

i, JARFL 1% oY) FoEollA AL e AL, olRFARTG 1% o] FoeEoAl AR A
A 2o] ETHR=0.5617, p-value=0.0036). 3} 7H, ] th3t A o] EYTHR=0.8902, p-value=0.0010). 314=%. 7}
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Fig. 1. Response surface plot for physical and mechanical properties of cookie added with Polygoni multiflori Radix

powder (A: Xj), butter (B: X;) and sugar (C: Xj3).
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Fig. 2. Perturbation plot for physical and mechanical properties of cookie added with Polygoni multiflori Radix powder

(A), butter (B) and sugar (C).
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Table 5. Sensory properties of cookie added with Polygoni multiflori Radix powder, butter and sugar

Sample . lg;gfoga dix Butter Sugar Responses Overall
powder (g) (® () Color Appearance Texture Flavor Taste quality
1 1 60 40 5.286 5.286 5.357 4.929 5.143 4.929
2 4 80 20 4.857 4714 3.500 4.286 4.071 4214
3 4 80 60 4.714 4.929 5.000 5.357 5.714 5.429
4 4 40 20 4.500 4.643 3.357 3.143 2.357 2.857
5 4 40 60 4.714 4.786 1.571 3.714 4357 2.357
6 8 94 40 5.000 5.143 4.429 4.500 4714 4.071
7 8 60 6 4214 4.571 2.357 3.286 1.571 1.857
8 8 60 40 4.714 4.571 5.214 4.429 4.071 4.500
9 8 60 40 4.929 5.143 5.357 5.143 4.929 4.571
10 8 60 40 5.429 5.214 5.643 5.429 5.071 5.357
11 8 60 40 5.429 5.214 4.571 5.286 4.571 4.500
12 8 60 40 4.643 5.357 5.357 5.357 4.786 4.643
13 8 60 40 5.143 5.500 5.714 5.143 4.500 4214
14 8 60 74 4.429 4.643 3.643 5.214 4.071 4.071
15 8 26 40 5.214 4.643 1.286 3.786 3.786 2.429
16 12 80 20 4.500 4.500 3.357 3.500 3.000 2.786
17 12 80 60 3214 4214 5.286 4.786 5.571 4.429
18 12 40 20 4.643 3.429 3.929 5.000 3.286 2.929
19 12 40 60 4.500 4.429 1.857 4.643 4.643 3214
20 15 60 40 4.286 4.429 4.500 4.071 3.500 3.357
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Table 6. Analysis of predicted model equation for the sensory properties of cookie added with Polygoni multiflori Radix

powder (X;), butter(X;) and sugar(X3)

Response Polynomial equation Model R*"  F-value P-value
Col Y'=0.67617+0.34337 X, +0.046227 X, +0.10572.X, —0.002790 X, X, —0.00234X, X, ~ Quadratic 0.7738  3.80  0.0246
oo —0.000468 X, X, —0.009268 X2 —0.000086 X2 —0.000781 X Lack of fit 086 0.0246

A Y= 1.70673+0.019528 X, +0.062637 X, +0.075198 X, +0.001004X, X, +0.000558 X, X, Quadratic 0.7510 ~ 335  0.0366
ppeatance —0.000379 X, X, —0.010892 X — 0.000404 X2 — 0.000656 X? Lack of fit 116 04390
Textur Y'=—4.09368 +0.18656 Y, +0.22144 X, +0.031647 X, —0.001116 X, X, +0.000223X, X, Quadratic 0.9454 19.23 <0.0001
exture +0.002276 X, X, —0.008538X; —0.002172X; — 0.002046 X; Lack of fit 147 03404
- Y'=—3.23494+0.64395 X, +0.13585 X, +0.049947 X, — 0.006473X, X, Quadratic 0.8404 585  0.0054
avor —0.001116 X, X, +0.000669 X, X, — 0.013197 X2 — 0.000843 X2 — 0.000748 X2 Lack of fit 154 03244
Tast Y'=—1.86319+0.19704 X, +0.057873 X, +0.13710 X, — 0.003794.X, X, +0.000446X, X, Quadratic 0.8816 ~ 828  0.0014
aste +0.000267.X, X, —0.002362.X% — 0.000157.X2 —0.001420.X 2 Lack of fit 285 01378
Overall Y'=—4.0397840.30478.X, +0.17106.X, +0.062236.X, — 0.005245.X; X, +0.001897X, X, ~ Quadratic 0.9232 13.36  0.0002
quality +0.000959.X, X, —0.008861.X; — 0.001143.X; — 0.001396.X; Lack of fit 112 0.4504

D R? is coefficient of determination.
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Fig. 3. Response surface plot for sensory properties of cookie added with Polygoni multiflori Radix powder (A: X;), butter
(B: X;) and sugar (C: Xj3).
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Fig. 5. Overlay plot of sensory properties of cookie added with Polygoni multiflori Radix powder (A: Xj), butter (B:

X;) and sugar (C: X3).
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