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Formula design and evaluation of health food with protection of gastric mucosa
and liver of Bletillae Rhizoma based on AHP-SOM-TOPSIS algorithm
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Abstract: Objective This study takes Baiji (Bletillae Rhizoma) as an example to design a health food formula with the protection of gastric
mucosa and liver, furthermore develop an evaluation method. Some machine learning algorithms are taken into use in this study either, like
association, decision, and clustering analysis. Methods Four databases from health food approval, Chinese patent medicines, and
traditional Chinese medicine prescriptions with functions mentioned above were organized in order. Some machine learning algorithm, such
as Apriori association rules algorithm, analytic hierarchy process (AHP), self-organizing map (SOM), and technique for order preference by
similarity to solution (TOPSIS) was used in turn to find the regular relation among high-frequency ingredients which rooting from the
databases. Combined with the function and nutrition research of all high-frequency ingredients, health food formula with the protection of
gastric mucosa and liver, which full of thoughts of compatibility were designed and graded. Results Through the statistics of the frequency
of all functional ingredients showed up and the correlation analysis of the corresponding high-frequency function ingredients, it was found
that the high-frequency function ingredients were easy to have a stronger correlation with each other. Then 64 high-frequency functional

ingredients from four databases above were analyzed by the AHP algorithm, including 17 indicators of two levels. The weight value showed
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that Gancao (Glycyrrhizae Radix et Rhizoma), Chenpi (Citri Reticulatae Pericarpium), Huangqi (4stragali Radix), Fuling (Poria), and
Wuweizi (Schisandrae Chinensis Fructus) were in the top rank, which could be favorable evidence for the final formula. All functional
ingredients were divided into seven groups in SOM clustering. The results indicated that the best choices group had a great common with the
AHP top rank. Through literature search on the functions of protecting stomach and liver of ingredients, 15 functional ingredients were
determined to be compatible with king, minister, adjuvant and enthral, combined with the previous data analysis results. Ten possible formula
was comprised by 15 functional ingredients, with using TOPSIS analysis to provide the basis of the final formula. The grades showed in tie
between formula composed with Astragali Radix, Bletillae Rhizoma, Schisandrae Chinensis Fructus, Glycyrrhizae Radix et Rhizoma and
formula composed with Astragali Radix, Bletillae Rhizoma, Schisandrae Chinensis Fructus, Citri Reticulatae Pericarpium, which grades
were all above 0.14 and have obvious difference with other formula. Conclusion Under the guidance of the basic theories of traditional
Chinese medicine and combined with various machine learning algorithms, this study took the core medicine Bletillae Rhizoma as an

example to establish the formula design and evaluation method of dual-function health food protecting stomach and liver, also provides a

new idea and direction for the research and development of Chinese medicine prescription health food in the future.
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Table 7 Results of different evaluation method of AHP in drug category
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Table 8 Weight value and ranking of high-frequency functional ingredients with AHP analysis
SBEAEA 2% SRR Sy = ES SBE
1 =&k 0.395 70 33 X5 N 4 —0.947 65
2 HE 0.209 35 34 [lipee -0.947 90
3 5354 0.157 28 35 B -1.812 80
4 B 0.147 12 36 I -1.921 76
5 RE 0.143 20 37 Bk -1.929 09
6 FRF 0.138 10 38 SH3 -1.93507
7 e 0.129 84 39 Fikd+ -1.943 63
8 =~ 0.122 20 40 R -1.944 51
9 D1BE 0.121 93 41 RZ -1.947 01
10 EEN 0.111 12 42 Nz -1.947 41
11 W 0.091 79 43 pedisy -1.947 50
12 ANz 0.089 72 44 B iz -1.949 39
13 K& 0.089 36 45 e Sk 4 -1.951 17
14 ih#g 0.087 77 46 PR -1.95524
15 B 0.087 64 47 T -1.957 33
16 B 0.086 19 48 FF -1.960 73
17 PN 0.076 62 49 HRK -1.961 59
18 =y 0.074 94 50 R -1.961 83
19 e 0.074 21 51 KRHETF -1.963 08
20 T 0.072 93 52 AR=YN -1.964 27
21 iz -0.819 92 53 JER -1.964 40
22 1L -0.91273 54 FRAT I -1.965 55
23 R -0.914 43 55 A -2.928 17
24 WiE -0.921 86 56 R -2.962 18
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26 GIER -0.935 65 58 i —2.968 15
27 SR -0.936 93 59 e+ -2.972 13
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29 FX -0.938 31 61 ZE —-2.976 61
30 it -0.938 92 62 RZHFH -2.976 61
31 T -0.941 56 63 Y -2.978 65
32 AN —0.943 40 64 £ —2.978 80
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Table 9 Clustering results of high-frequency functional ingredients with SOM analysis
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Fig. 5 Nerve relationship diagram of high-frequency functional ingredients with SOM analysis

#* 10 FJBEECA TOPSIS SMT4ER
Table 10 TOPSIS analysis results of possible formula

4% #H#%  EH EMEH 1 EMEH 2 TOPSIS T4 4R
1 ®mE Ak  AkTF  HE 0.158 6
2 WK Bk WK Tkt 0.148 8
3 gk AR HE HE 0.097 5
4 Bk BR EE s 0.096 8
5 Ak HMT HE R 0.093 7
6 HE I WY ="K 0.0873
7 Bk ®E hW%r N8 0.086 7
8 HEk %%z  HWTF KK 0.0809
9 HE Bx BR R 0.078 6
10 Bk B84 kT AR 0.0710
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