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Optimization of the fermentation process of pine pollen rice wine based on
entropy weight technique for order preference by similarity to an ideal
solution method and response surface methodology
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ABSTRACT: Objective To optimize the fermentation process of pine pollen rice wine by Box-Behnken response
surface design and entropy weight technique for order preference by similarity to an ideal solution (TOPSIS) method.
Methods With pine pollen and glutinous rice as the main raw materials, sensory score, alcohol content and
antioxidant capacity as evaluation indexes, a 3-factor and 3-level response surface test was designed based on the

single factor test, and the addition of pine pollen, koji and fermentation time as investigation factors, according to the
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Box-Benhnken central combination test principle. The fermentation process of pine pollen rice wine was optimized

by entropy weight TOPSIS method. Results The optimum fermentation process of pine pollen rice wine addition

was 8%, koji addition 0.8% and fermentation time 72 h. Under these conditions, the texture of pine pollen rice wine

was uniform, the taste was soft, and the color was light brown and yellow. After 3 batches of process verification

experiments, the sensory score of rice wine was 89.5 points, the alcohol content was 17.2%vol, and the

1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical clearance rate was 87.43%. Conclusion The method of entropy

weight TOPSIS combined with response surface design to optimize the fermentation process of pine pollen rice wine

is stable and predictable, which lays a theoretical foundation for the production of high quality pine pollen rice wine.

KEY WORDS: pine pollen; rice wine; fermentation process; Box-Behnken response surface methodology; entropy

weight technique for order preference by similarity to an ideal solution method; free radical clearance rate
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Table 2 Sensory evaluation criteria of pine pollen rice wine
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Table3 Quality evaluation ranking of different addition of pine pollen

MAER IR IR/ % D D7 C: Her
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10 0.294 0.772 0.724 2
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Fig.2 Effects of koji addition on the quality of rice wine
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Table 4 Quality evaluation ranking of different koji addition
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Fig.3 Effects of fermentation time on the quality of rice wine
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Table 5 Quality evaluation ranking of different
fermentation time

BT A] /b D/ D; G Hey
24 0.897 0.214 0.192 5
48 0.626 0.680 0.521 4
72 0.226 0.794 0.779 1
96 0.265 0.781 0.747 2
120 0.497 0.791 0.614 3
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Table 6 Initialization decision matrix of TOPSIS

e 4 B c Y, Y, Y;
1 -1 -1 0 74.5 16.8 68.53
2 1 -1 0 73.0 17.1 70.21
3 -1 1 0 772 14.7 75.75
4 1 1 0 78.3 16.0 7121
5 -1 0 -1 82.5 16.9 70.51
6 1 0 -1 82.5 16.0 68.53
7 -1 0 1 79.6 16.1 70.45
8 1 0 1 88.0 159 69.52
9 0 -1 -1 75.3 159 77.10
10 0 1 -1 83.5 17.4 84.26
11 0 -1 1 912 17.8 84.50
12 0 1 1 89.5 17.4 87.50
13 0 0 0 88.5 16.5 85.53
14 0 0 0 92.1 17.3 87.11
15 0 0 0 87.2 16.8 88.57

W% 8. MR 8 WA, KIEHERGE . bréafb ik RsE
SRR ()53 50 25.846% . 49.701% ., 24.454%,
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Table 8 Entropy and weight coefficient of each index

Ef=ga E; /%
YA 0.913 25.846

DPPH H G FR%E 0.832 49701
BE P 0.917 24.454

224 Wi JE W B BAEH

RGP, A7) @) A& Z
L Z, WEAK ORI 5 R B
B DS MR ER D, #AaRXQ0IELE C,
T L E AR R I T 2R AE D K L T ) 2R A HE Y, 4
R 9, R 9 WK, MAAERUSINE 8% . 7 Hh¥s in &
0.8% . ZMEEHTE 72 h, KEHIZEE IR
23 MEMAEETZWIE

Fie UL L 0 A IE R KT R B L2 S50 T 3 L
VEIREE, W KB EIT4 . WS X DPPH A 25
PR, BRI s Ray s, Z5R I 10,



%5104 FEAE, S EGE T BRI

W 7 TRT I ST R AR AR M KT L e 12 41

R9 RRIZHERGHFSE

Table 9 Sorting results of optimal extraction conditions

%5 4 B C D D7 C; HEP

1 -1 -1 0 0.910 0.164 0.153 14
2 1 -1 0 0.907 0.126 0.122 15
3 -1 1 0 0.601 0.567 0.486 7
4 1 1 0 0.742 0.334 0.310 11
5 -1 0 -1 0.769 0.299 0.280 13
6 1 0 -1 0.778 0.383 0.330 10
7 -1 0 1 0.753 0.330 0.305 12
8 1 0 1 0.705 0.502 0.416 8
9 0 -1 -1 0.632 0.432 0.406 9
10 0 1 -1 0.511 0.623 0.550 6
11 0 -1 1 0.515 0.742 0.590 5
12 0 1 1 0.438 0.801 0.647 4
13 0 0 0 0.321 0.756 0.702 1
14 0 0 0 0.418 0.832 0.666 3
15 0 0 0 0.359 0.816 0.694 2
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Table 10 Verification results of fermentation technology of pine
pollen rice wine

WE REWAS RS Sevol Dgggfﬁg
1 92.5 17.6 88.23
2 88.7 16.9 86.03
3 87.2 17.1 88.02
FHE 89.5 172 87.43
RSDs/% 2.49 1.71 1.13

VE: AAXT AR R 22 (relative standard deviation, RSD).
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