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Abstract: Objective Based on the decision tree algorithm, the data of Jinyinhua (Lonicerae Japonicae Flos) and Qinghao
(Artemisiae Annuae Herba) (LA) alcohol precipitation process of Reduning Injection ( RI, #& TVEH ) were deeply mined and
the potential production rules was explored to improve the quality control level. Methods Based on the digital extraction factory of
traditional Chinese medicine, 205 batches of RI extraction batch records and LA alcohol precipitation process parameters records were
collected and integrated into a data matrix. After the data set randomly divided into training set and test set, classification and regression
tree (CART), random forest (RF), and TreeNet were used to establish LA alcohol precipitation process models respectively. The

performance of each model was compared, and the control range of key variables was divided based on historical data. Results RF
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and treenet models had good performance and close performance. Based on the analysis results of each model, it was concluded that

the material liquid ratio of alcohol extraction tank and the concentration yield of honeysuckle were important factors. The dependence

of important variables were analyzed and the batches were optimized, and the quality and alcohol amount of honeysuckle distribution

extract of the optimal batch was taken as the control chart. The distribution control range of honeysuckle extract with density of 1.11

was 557.92—639.62 kg, and the control range of alcohol dosage was 3.370—3.828 m?; The control range of honeysuckle extract with

density of 1.12 was 540.4—616.9 kg, and the control range of alcohol dosage was 3.317—3.859 m3. Conclusion The application of

decision tree algorithm in alcohol precipitation of LA extract can effectively explore the potential production process rules, and provide

technical support for the improvement of quality control in the production process.
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Fig. 1 Data map for LA alcohol precipitation process
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Table 1 Main parameters of four processes of LA alcohol precipitation
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Table 2 Fourty-nine modeling variables in LA extract alcohol precipitation process
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4 SRR Lkg' | 29 W15 2 BYEL 11~23 min JNEEFIAEEE  Loh!
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7 H R % 32 WE 155 3 BB 11~23 min JNEETYEEE Lh!
8 HE AR % 33 i 2 &HIRBREL Lkg!
9 R IR 2 % 34 HiE 2 BHR EL Lkg!
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12 H E R Lkg! | 37 B 2 12 B IC T E AR IR A T
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Table 3 Hyperparameter setting table of three models

i AL S AL
CART  B/NREESMMEREN 10, BUNTERRANN L, SORMERETIREN 1, SRS SN 32, HAb B & NERIA

RF TIAS B E Y 11, AR R R g 200, SREREETTRE Y 1, HARKE S RB0A

TreeNet “#JZEWEN 0.1, LM IR A 200, SFERMEECRE RN 6, WHIEB/NS SR8 1, SRORMEETTREN 1,
Hot v B 25 9 ERIN
x4 3 MERREMEREIERITMN
Table 4 Performance index evaluation of three models
_— PUIESRES UranieeS U HIES
RMSE MAD R? RMSE MAD R? RMSE MAD R?
CART 0.109 3 0.085 4 0.775 0.134 1 0.107 3 0.662 0.1316 0.0932 0.664
RF - - - 0.1151 0.086 9 0.751 0.105 6 0.0802 0.783
TreeNet 0.079 0 0.047 6 0.883 0.1126 0.082 1 0.757 0.1122 0.081 6 0.755
RF 4 OBB ki, “—” RETLIIZE, K6 F
RF be estimated by OBB, “~” means no training set, same as table 6
%5 CART. RF F TreeNet A/ EFEM4
Table5 Importance chart of predicted table of CART, RF and TreeNet
Sk piNARR REEIENE A7 AR AR EEM CAFS AR AR EEN
RF Xis 94 RF X4 2 CART X33 43.13
X34 29 Xao 2 X38 34.45
Xs 13 Xa7 1 Xag 33.95
Xoi 4 X23 1 TreeNet Xie 100.00
Xu 4 X33 1 X34 94.97
Xao 3 CART X6 100.00 Xa 87.91
Xa 3 X5 9221 X5 84.23
Xas 3 X34 90.95 Xao 82.98
X38 3 Xi7 64.41 Xi 82.19
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Table 6 Performance index evaluation of three models after screening

&

LAl MIES

RMSE MAD R? RMSE

MAD R? RMSE MAD R?

CART 0.094 4 0.0713 0.832
RF — — —
0.1105 0.0756

0.1332
0.1303

TreeNet 0.129 8

0.770

0.100 7 0.666
0.098 3 0.681
0.097 9 0.675

0.142 6
0.1154
0.1243

0.1113 0.605
0.086 4 0.742
0.092 6 0.704

0.087 A

ca et TN

-

0.02

[T §

frE

& -0.04

—0.10

—-0.16
0.031 0.035

02 g

0.1

0.039 0.043 0.047
SRACHRIUR AR (kg L)

A HAT S

—0.1

-0.2

4.9 5.1 53 5.5
FE 1 BRI/ (Lkg™)

0.12] ¢

0.08

(=}

5.7 59 6.1 6.3

t T

BRAATIE
o
R

|
o
[=3
&

-0.12

—0.16

PETE

49 52 5.5

5.8 6.1 6.4

2 BHBLL/ (L kg )
3 XRTENSRERWERBEE (V). 5 1REL B) RH 2 WG (O STRREEHE

Fig. 3 PDPs of univariate dependency with key variable were concentration yield of honeysuckle extract liquid (A) and solid-

liquid ratios in extraction tank 1 (B) and that in tank 2 (C)
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Table 7 Median of solid-liquid ratios in different extraction tanks

S ERE DA N<HER A3 N> Bk A 00— 95%H A H B AF X 7]
1 5.657 4 54 44 0.144 7 (5.6375, 5.6946)
2 5.709 2 36 45 0.1772 (5.664 1, 5.7712)
LEZUN 5.678 8 - - - -

N FZRWIENEG 05— O BRIl RLRIEE, Qs FRE 75 M E L, Oy FonsE 25 AN E ML

N represents the number of observed values, Q;— Q; represents the interquartile range, Qs represents the 75™ percentile, and Q; represents the 25™ percentile
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Table 8 Median of related variables for different solid-

liquid ratios

- A 5
BENEE D = 7, T A= 3 T A (9 =7 42
SRR E 601 563 660"
HiE R E 31 30.75 33
e i 3.617 3.570 5 3.726™

SyaEWNERR L 7 P<0.01

P <0.01 vs solid-liquid ratios within the range

1.10v 111, 1.12 g/em® (IR B & B4 HRFT
PG . ARATEE o A TS B Y I SRR B
BIREMAAER, REBESH 111, 112 glem’.
A3 BIXTBEEE R 1.1 1.12 glemd HI G ARAE IR B (5037 )
K, i EmE 4 fos.

g E s, B TRES RN 111 M4
AR B B HVEE N 557.92~639.62 kg, INEE
EEHITE RN 3.370~3.828 m®; HE AN 1.12 4
HRACE B P HITE Dy 540.4~616.9 kg, NEEE )
FEHITEEIN 3.317~3.859m?. 4 E40HT, ACALTElH
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Wi 4 H R DU PR B R 3R . TR st AR H
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Fig. 4 Process control diagram of quality of honeysuckle extract with a density of 1.11 g:em™ (A), amount of alcohol (B),

quality of honeysuckle extract with a density of 1.12 g-cm™ (C), and amount of alcohol (D)
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