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(ANN), and define a robust operating space based on model prediction, thereby providing a reference for process parameter fixation
and quality consistency control. Methods The contents of cyperotundone, a-cyperone, total flavonoids, and total volatile oil were
used as comprehensive evaluation indices. Objective weights were assigned using the CRITIC method, and an overall desirability (OD)
value was calculated. Based on single-factor experiments, a four-factor, three-level Box-Behnken design (BBD) was conducted with
processing temperature, processing time, moistening time, and dosage as independent variables, and a regression model was
established. An ANN prediction model was then developed, and the Garson algorithm was applied to interpret the relative contributions
of factors. In addition, the Pareto non-dominated solution set was used to screen the process-parameter space to obtain a robust
operating interval (model-predicted). Results The CRITIC-derived weights for cyperotundone, a-cyperone, total volatile oil, and
total flavonoids were 0.274 9, 0.255 4, 0.253 4, and 0.216 3, respectively. The optimal processing conditions were determined as
follows: processing temperature 140 “C, processing time 19 min, moistening time 6.9 h, and dosage 32 g/L. The OD obtained from
validation experiments was 0.655 1, RSD was 2.97%, which was close to the predicted value (0.653 3). The robust parameter interval
defined based on ANN prediction and the Pareto non-dominated solution set was as follows: processing temperature 140—150 C,
processing time 18—22 min, moistening time 6.5—7.5 h, and dosage 30—35 g/L. The model suggested that OD could remain relatively
stable under + 5% parameter fluctuations within this interval. Conclusion The constructed BBD-ANN-Pareto coupling model
demonstrated good predictive ability and stability, which may provide a reference for optimizing the processing technology and
ensuring the quality consistency of wine-processed Cyperi Rhizoma.

Key words: wine-processed Cyperi Rhizoma; processing technology; Box-Behnken design; CRITIC weight assignment method;
artificial neural network; Pareto non-dominated solution set; cyperotundone; a-cyperone; total flavonoids; total volatile oil; robust
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Fig.1 Appearance of Cyperi Rhizoma decoction pieces (A)
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and wine-processed Cyperi Rhizoma decoction pieces

prepared under optimized process conditions (B)
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Table 3 Effect of processing temperatures on OD values
and mass fraction of four index components of wine-

processed Cyperi Rhizoma

SRR A MG o- AR R SR/

E/C (mgg!) (mggh) % % Op fi
100 1.40 0.30 142 357 04456
125 1.53 0.32 140 340 05195
150 1.66 0.36 133 346 0.6539
175 1.69 0.35 126 338 05370
200 1.82 0.37 124 3.00 05530
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Table 4 Effect of processing time on OD values and mass

fraction of four index components of wine-processed Cyperi

Rhizoma
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5 1.28 0.30 1.50 347 03942
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15 1.54 0.36 1.36 3.74 0.6894
20 1.66 0.39 1.30 335 0.7266
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] T %Wﬁ%/w%%%/ﬁﬁ%/%ﬁ%/ODﬁ
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6 1.81 0.34 130 3.1 05630

7 1.72 0.39 136 344 08883

8 1.65 0.38 128 338 0.6888

9 1.67 0.33 126 341 0.5892

10 1.29 0.28 122 331 0.1574
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AL
Table 6 Effect of medicinal material dosages on OD values
and mass fraction of four index components of wine-

processed Cyperi Rhizoma

R FHGE o-FER R/ =/

(gL™) (mgg") (mggh % % oD i
10 1.55 0.34 .02 211 0.1732
20 1.61 0.38 1.16 248 04464
30 1.69 0.37 138 328 0.8027
40 1.63 0.37 140 359 0.7379
50 1.56 0.34 152 356 05163
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< A1 B T R FEE X B B A e s e 2 2 . 2 EL
T X2 X2 X2, X2 I Rl &= 20 P<<0.05, 3t
B85 DR 2 0T e AR PR 5 2 B S PR R R I R

gity FAEM PAETT AN, 2 IR HEW KN A



¢8 % 2026568 $57% B12H Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 12 . 4625 »
# 7 BBD-RSM iRIEFEZKE. REGIHHERER
Table 7 Factors and levels, experimental design scheme and results of BBD-RSM test
F5 Xi/min  Xo/TC Xsh Xal(gL") FHHGEE/(mge") o FME/(mge") HERM/Y% SHEH/%  OD1E
1 15(-1) 175(+1) 7(0) 30 (0) 1.95 0.37 1.14 2.43 0.429 8
2 25(*1) 175 7 30 1.86 0.40 1.10 2.28 0.4358
3 15 150(00) 7 40 (+1) 1.84 0.34 1.38 3.02 0.462 8
4 25 150 8(+1) 30 2.08 0.37 1.10 2.28 0.438 1
5 15 125(-1) 7 30 1.68 0.37 1.42 3.16 0.5377
6 2000 150 8 40 1.87 0.35 1.32 3.30 0.524 0
7 20 175 8 30 1.98 0.36 1.20 2.62 0.4559
8 20 150 8 20 (—1) 1.99 0.37 1.30 2.68 0.570 3
9 25 150 7 40 1.44 0.35 1.38 3.16 0.346 6
10 25 150 7 20 1.82 0.36 1.24 2.54 0.379 6
11 20 150 7 30 1.98 0.36 1.36 3.23 0.6061
12 25 150 6(-1) 30 1.70 0.33 1.34 3.08 0.3553
13 20 125 7 20 1.72 0.33 1.36 3.08 0.374 8
14 20 175 7 20 1.82 0.36 1.12 2.71 0.336 5
15 20 150 6 40 1.89 0.33 1.40 3.19 0.484 0
16 20 125 7 40 1.69 0.33 1.56 3.42 0.517 8
17 20 150 7 30 1.97 0.36 1.44 3.19 0.666 6
18 15 150 8 30 1.65 0.35 1.48 3.29 0.520 0
19 20 150 6 20 1.77 0.35 1.20 2.70 0.3309
20 20 125 6 30 1.93 0.37 1.46 2.80 0.623 8
2120 175 6 30 1.84 0.34 1.26 2.75 0.365 4
2 15 150 6 30 1.65 0.35 1.44 3.83 0.567 8
23 15 150 7 20 1.78 0.36 1.18 2.97 0.3927
24 20 150 7 30 1.98 0.36 1.36 3.14 0.599 2
25 20 150 7 30 1.96 0.38 1.34 3.17 0.663 0
26 20 150 7 30 1.95 0.36 1.40 3.32 0.640 1
27 20 175 7 40 1.71 0.33 1.34 3.05 0.377 5
28 25 125 7 30 1.83 0.38 1.28 2.71 0.497 0
29 20 125 8 30 1.82 0.35 1.40 3.35 0.548 7
=8 [EVMEBIFESH
Table 8 Analysis of variance for regression model
KR CFAA BHE Py FE O PHE O BEMW| CRIE O CPHFM BHE O HWEF O FE PHE 0 BEME
A 0.270 14 0.019 7.08 0.0004 WEZE |X:Xa  0.0099 1 0.010 3.64  0.0771
X1 0018 1 0.018 641 0.0239 B |Xx2 0.065 1 0065 2382 0.0002 Mz
X 0.041 1 0.041 14.89 0.0017 #EZE | X2 0.045 1 0.045 1633  0.0012 &%
Xs  0.0091 1 0.0091  3.32 0.0898 X3? 0.015 1 0015 536 0.0362 &3
X:  0.0090 1 00090 3.28 0.0918 X4 0.12 1 0120 4222 <0.0001 Rz
XiX2 0.000 54 1 0.00054 0.20 0.6624 B 0.038 14 0.0027
XiX3 0.004 3 1 0.0043 1.56 02321 R 0.034 10 0.0034 349 0.1196
XiXs 0.0027 1 00027 097 03403 WE 0.0039 4 0.00098
X2X3 0.006 9 1 0.0069 251 0.1354 BA 031 28
XoXa 0.0026 1 00026 095 03457
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Fig.3 Three-dimensional response surface plots showing effects of interactions among process parameters on OD values of

wine-processed Cyperi Rhizoma in BBD analysis
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Fig. 4 Change in mean squared error during ANN model

training
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Fig. 5 Regression relationships for training, validation, test, and overall datasets of ANN model
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Fig. 6 Comparison between ANN-predicted values and

experimental observed values
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Garson BiE &R (R 9) KB, AETLZESH

®9 JXEREFTZTHMEHF
Table 9 Ranking of contribution of various factors in

processing technology
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Fig. 7 Distribution of Pareto non-dominated solutions
based on ANN predictions and schematic diagram of robust
operating interval for processing of wine-processed Cyperi

Rhizoma
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Table 10 Results of triplicate parallel validation for

optimal process
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I6HIE 2 1.93 0.38 1.40 3.19 0.675 8
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