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Abstract: Objective Based on the complexity of Chinese medicinal ingredients, and the fragmentation of quality evaluation and
indexes for Chinese medicinal materials, the concept of quality comprehensive evaluation index factor (Fq) was proposed for the first
time in this paper. Taking Angelicae Sinensis Radix (ASR) as an example, through the integration analysis of several testing indexes,
an integrated evaluation method of quality evaluation and a grade identification system were developed. Methods According to the
method of Chinese Pharmacopoeia (2020) for ASR, six indicators including total ash content (x1), acid insoluble ash (x2), water (x3),
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extract (x4), naphtha (xs), and ferulic acid (xs) were measured. In addition, the fitting model between the near infrared spectroscopy
(NIRS) and the content with detection index was established respectively. Then a novel database was established for the systematic
quality evaluating of multiple batches of samples. Fq value was defined as the sum of the deviation (Ki), which indicated each testing
index (xi) and the mean (;}_) of multi-batch. In addition, based on its contribution to the quality of medicinal materials, the weight
allocation coefficient (Wi) was introduced and optimized by orthogonal optimization, and the comprehensive evaluation formula was
finally established. Results The results showed that the NIR prediction model of the above six indexes had a good desired effect,
and then applied to detect of 200 of batches ASR medicinal materials. After deviation degree calculation and weight allocation
optimization of each index, the comprehensive evaluation index formula of ASR was finally determined. According to the statistics,
the distribution of Fq values of multi-batch samples was gaussian distribution. By the normal distribution probability, the samples
were divided into five grade regions on average, among which the unqualified samples and superior samples could be precisely
controlled, and the grade classification effect was satisfactory. Conclusion Based on the current pharmacopoeial supervision
system, this method can quickly evaluate the quality of ASR, carry out grade appraisal, and provide a new solution for the scientific
supervision of Chinese medicinal materials.
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Table 1 Orthogonal experimental factors and levels of partition coefficient

K W1 W2 Ws Wi W W
1 0.050 0.050 0.050 0.100 0.150 0.050
2 0.075 0.075 0.075 0.238 0.288 0.075
3 0.100 0.100 0.100 0.375 0.425 0.100
4 0.125 0.125 0.125 0513 0.563 0.125
5 0.150 0.150 0.150 0.650 0.700 0.150
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Table 2 Contents distribution of the 6 index components in the train set and test set samples (x+s )

lZE (n=50)

Wit (n=10)

| S A
fRARAIY TR % Tz s % TR B% Tz s W%
RISy 5.000~9.400 6.41+1.060 4.400~8.900 6.530+1.500
TRANEPE K 53 0.600~3.600 1.5640.779 0.500~2.500 1.410+0.731
K4y 3.400~14.000 8.59+2.280 4.900~10.000 8.400+1.450
=) 54.800~67.000 62.004+3.320 57.400~68.800 64.100+3.240
¥R 0.280~0.900 0.572+0.171 0.240~0.900 0.586+0.187
P BRI 0.056~0.101 0.07240.010 0.042~0.097 0.076+0.016
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Fig. 1 NIRS spectra and its pre-processed spectra of 50 batches of ASR samples in train set
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Table 3 Effects of different spectra pretreatments and spectral section on the models

EEta T4 BT V2 PR /om™ R2cal RMSECV RPD
=K SY MMN 9401.8~5447.5 0.935 0.270 3.920
MMN 9 401.8~6 097.3 0.933 0.272 3.890

MMN 9401.8~7 498.5. 5450.5~4597.5 0.921 0.313 3.370

SNV 9401.8~6 097.5. 5450.5~4 2495 0.799 0.472 2.240

ECO 9401.8~6 097.5. 5450.5~4597.5 0.794 0.479 2.200

RIS SNV 9401.8~8450.1. 6100.3~54475. 44250~42495  0.881 0.266 2.900
SNV 9401.8~8450.1. 6100.3~5447.5. 4600.5~42495  0.864 0.285 2.710

MSC 9401.8~5 4475, 4600.5~4 2495 0.841 0.308 2.510

MMN 0401.8~7 498.5. 4600.5~4 249.5 0.825 0.322 2.390

ECO 9401.8~5 447.5. 4600.5~4 249.5 0.781 0.361 2.140

Koy ECO 7 501.6~6 097.3. 5450.5~4 597.5 0.870 0.814 2770
ECO 6 799.4~6 097.3. 5450.5~4 597.5 0.853 0.866 2.610

MMN 7 501.6~6 097.3. 5450.5~4597.5 0.837 0.912 2.480

SNV 9401.8~6 097.5. 5450.5~4597.5 0.827 0.940 2.400

MSC 5 450.5~4 597.5. 0.823 0.949 2.380

=) MMN 7501.6~5 4475, 4600.5~4 425.0 0.864 1.210 2.710
MMN 7501.6~5447.5. 4600.5~4 249.5 0.862 1.220 2.690

ECO 7501.6~5 4475, 4600.5~4 2495 0.832 1.340 2.450

SNV 7 501.6~5 447.5. 4600.5~4 249.5 0.829 1.360 2.420

MSC 7 501.6~4597.5 0.825 1.370 2.390

&R FD+MSC 6 100.3~5 447.5. 4600.5~4 2495 0.858 0.064 2.650
FD-+SNV 6 100.3~5 447.5. 4600.5~4 249.5 0.844 0.067 2.530

FD 6 100.3~5 447.5. 4600.5~4 249.5 0.835 0.069 2.460

FD+MSC 6 100.3~4 249.5 0.831 0.070 2.430

MMN 6 100.3~5 447.5. 4600.5~4 249.5 0.807 0.074 2.270

R BRI MMN 7 501.6~6 799.4. 4 600.5~4 249.5 0.907 0.003 3.270
MMN 7 501.6~6 097.3. 4 600.5~4 249.5 0.885 0.004 2.940

SNV 7 501.6~5 447.5. 4600.5~4 249.5 0.815 0.004 2560

MSC 6 100.3~4 2495 0.783 0.005 2.150

ECO 7 501.6~6 097.3. 4 600.5~4 249.5 0.774 0.005 2.110
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Fig. 2 NIRS quantitative model of pharmacopoeia provided six indexes for ASR samples
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Black dots represent qualified samples, red dots represent rejected samples, the black solid line is the mean value, the red dotted line is the detection limit. The
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Fig. 3 NIRS assay of six indicator contents that pharmacopoeia specified in 200 batches of ASR samples

F 4 ERRIEFRMIGIELESR
Table 4 Orthogonal data and validation results

FEe Wi W2 Wz Wa Ws  We AEKREY%

1 0.050 0.100 0.075 0.513 0.425 0.075 21.69
2 0.150 0.100 0.150 0.100 0.700 0.125 32.67
3 0.050 0.050 0.050 0.100 0.150 0.050 18.53
4 0.075 0.150 0.150 0.650 0.425 0.050 21.71
5 0.050 0.125 0.150 0.375 0.563 0.150 24.46
6 0.125 0.100 0.100 0.375 0.563 0.150 20.55
7 0.150 0.125 0.100 0.650 0.150 0.075 44.66
8 0.125 0.050 0.075 0.650 0.700 0.150 35.31
9 0.075 0.100 0.125 0.238 0.150 0.150 38.95
10 0.100 0.150 0.075 0.375 0.150 0.125 43.95
11 0.100 0.100 0.050 0.650 0.563 0.100 25.76
12 0.050 0.150 0.100 0.238 0.700 0.100 30.57
13 0.125 0.150 0.125 0.100 0.563 0.075 25.59
14 0.150 0.150 0.050 0.513 0.288 0.150 21.66
15 0.150 0.075 0.075 0.238 0.563 0.050 34.46
16 0.125 0.075 0.150 0.513 0.150 0.100 24.49
17 0.075 0.075 0.050 0.375 0.700 0.075 40.82
18 0.150 0.050 0.125 0.375 0.425 0.100 2431
19 0.100 0.125 0.125 0.513 0.700 0.050 27.69
20 0.050 0.075 0.125 0.650 0.288 0.125 23.91
21 0.125 0.125 0.050 0.238 0.425 0.125 24.26
22 0.100 0.075 0.100 0.1000.425 0.150 29.51
23 0.100 0.050 0.150 0.238 0.288 0.075 23.22
24 0.075 0.050 0.100 0.513 0.563 0.125 31.98

25 0.075 0.125 0.075 0.100 0.288 0.100 19.56
fiAt, 0.112 0.103 0.086 0.278 0.272 0.079 18.35

110%, A4% 90%~100% LA K AN 5% <<90%. il 4-B
Fim, MRHEAZTTEAGHEFE A 2 B S IS 4
(<<18.35%), HIF A = IRE b a] AR - B e ek
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A-scatter distribution diagram of Fq value of 260 batches of ASR
samples
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Fig. 4 Comprehensive quality evaluation and grade
identification of ASR
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