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Digital-intelligent evaluation of marine traditional Chinese medicinal material
Madao based on deep learning and near-infrared spectroscopy

WANG Jiangtao!, LIU Zhiquan', PANG Xiaofeng?, HAO Erwei?, HOU Yuanyuan'!, HOU Xiaotao?, BAI Gang',

DENG Jiagang?

1. State Key Laboratory of Medicinal Chemical Biology, College of Pharmacy, Nankai University, Tianjin 300353, China

2. Guangxi Key Laboratory of Efficacy Study on Chinese Materia Medica, Guangxi University of Chinese Medicine, Nanning
530200, China

Abstract: Objective To establish a rapid and intelligent analytical method for evaluating the quality and grade of the marine traditional
Chinese medicinal material Madao, from Guangxi, based on its potential pharmacodynamic components. Methods The contents of
calcium carbonate, acid-insoluble ash, and extractives in Madao were determined following the methods specified for oysters in the
Chinese Pharmacopeia (2025 edition). The total amino acid content was measured using the ninhydrin method. A multi-task one-
dimensional convolutional neural network (1D-CNN) model was constructed, using near-infrared spectroscopy (NIRS) data as input
to simultaneously predict the contents of multiple components. A spectral attention mechanism was introduced to enhance model
interpretability. Furthermore, the criteria importance through intercriteria correlation (CRITIC) objective weighting method and the
technique for order preference by similarity to ideal solution (TOPSIS) multi criteria decision making algorithm were integrated to
develop an end-to-end AI-NIRS intelligent evaluation platform. This platform enables automatic classification of quality grade based
on comprehensive scores. Results A score-grade prediction model was established based on the determination results of 90 batches
of Madao samples using the 1D-CNN. Compared with the traditional partial least squares (PLS) NIRS model, the multi-task CNN
model demonstrated significantly superior performance. Validation results showed that the comprehensive scores of the Madao samples

followed a Gaussian distribution, with clear differentiation among the various quality grades. This indicates that the established
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evaluation method is effective and reliable. Conclusion Operating within the framework of the current regulatory system, this method

achieved rapid, comprehensive quality assessment and grade differentiation for Madao. It provides a novel technological approach for

the digital-intelligence evaluation and scientific supervision of shell-based marine traditional Chinese medicinal materials.

Key words: Madao; near-infrared spectroscopy; quality evaluation; deep learning; one-dimensional convolutional neural network
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Table 1 Sample collection information of Madao specimens

kel EA Pt SRR ] 5 EA Pl KM 1]
S1 KA 1t 2025-01 S46 INJERE 155 358 s 2025-01
S2 KA 195 3k s 2025-04 S47 INERE Jtig 2025-01
S3 KA 195 3k s 2025-04 S48 INJERE M 2025-08
S4 KA 195 3k s 2025-04 S49 INERE M 2025-08
S5 KAz 577 Sk s 2025-04 S50 INTERE R 2025-08
S6 KAz 577 Sk s 2025-04 S51 INTERE 577 Sk s 2025-01
S7 KA 1t 2025-01 S52 RATIE 195 308 s 2025-01
S8 KAz 577 Sk s 2025-04 S53 PNGL S 577 ks 2025-01
S9 KAz 577 Sk s 2025-04 S54 KA bt 2025-01
S10 KA 195 3k s 2025-04 S55 RATIE M 2025-04
S11 KA 195 3k s 2025-08 S56 RATIE Jtig 2025-08
S12 KAz 577 Sk s 2025-08 S57 KA bt 2025-08
S13 KA B2 2025-01 S58 KA1 57 3ok 2025-01
S14 KA 1575 ek s 2025-04 S59 KAT% 577 3ok s 2025-01
S15 K A% 1577 Sk s 2025-04 S60 KA b 2025-01
S16 KA % 1577 3k s 2025-04 S61 KA1 RN 2025-04
S17 KA 1575 ek s 2025-04 S62 KAT% b 2025-04
S18 KA 1575 ek s 2025-04 S63 KAT% b 2025-04
S19 INTE IR 1577 3k s 2025-01 S64 KA 57 3ok 2025-01
S20 INTERE 1575 ek s 2025-01 S65 KAT% 577 3ok s 2025-01
S21 TN AeiF 2025-01 S66 KAT% Jtig 2025-01
S22 INER% RN 2025-08 S67 KA b 2025-04
S23 INER% RN 2025-08 S68 KA b 2025-04
S24 INTERE BN 2025-04 S69 KAT% 577 ks 2025-01
S25 INTERE 1575 ek s 2025-01 S70 KAT% b 2025-01
S26 INTEE 577 35k s 2025-01 S71 KA RN 2025-04
S27 IR b 2025-01 S72 RATR it 2025-04
S28 /NS M 2025-04 S73 KA kit 2025-04
S29 INTEE RN 2025-04 S74 KA1 7 ks 2025-01
S30 INTEE RN 2025-04 S75 KA1 7 ks 2025-01
S31 /NS 1575 Ik s 2025-01 S76 KA kit 2025-01
S32 INTEE 577 35k s 2025-01 S77 KA1 RN 2025-04
S33 INTEE 1t 2025-01 S78 KA1 b |52 2025-04
S34 /NS M 2025-08 S79 KA kit 2025-04
S35 /NS M 2025-08 S80 KA 577 3ok 2025-01
S36 INTEE RN 2025-08 S81 KA1 b |52 2025-01
S37 INTEE 577 35k s 2025-01 S82 KA1 RN 2025-04
S38 /NS 1575 Ik s 2025-01 S83 KA kit 2025-08
S39 TN 16 2025-01 S84 RATIE b |2 2025-08
S40 TN B 2025-04 S85 RATIE 155 388 2025-01
S41 INSERR M 2025-04 S86 KA 57 3ok 2025-01
S42 INSERR M 2025-04 S87 KA JbitF 2025-01
S43 INER% 577 35k s 2025-01 S88 RATIE RN 2025-04
S44 INSERR M 2025-04 S89 KA JbitF 2025-04
S45 /NSERR 57 Jakts 2025-01 S90 KA JbitF 2025-04
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Table 2 Determination results of four indicators in Madao
W5 BKIRES/Y% EFEERR/ Y%  FRAVENMERIN% RWH% | RS BRIRE/ Y% S EIER/ Y%  RAVETERIN%  RE/%
S1 92.97 0.20 1.28 0.18 S46  92.39 0.26 0.96 0.35
S2 93.93 0.26 1.29 0.25 S47  92.09 0.25 0.87 0.21
S3 94.70 0.33 1.55 0.39 S48 89.61 0.44 0.72 0.31
S4 94.95 0.30 0.89 0.26 S49  91.69 0.47 0.40 0.33
S5 94.93 0.25 0.62 0.16 S50  91.19 0.35 0.54 0.34
S6 93.62 0.05 0.97 0.31 S51 95.85 0.84 0.23 0.25
S7 93.14 0.36 1.55 0.24 S52  94.01 0.30 0.42 0.11
S8 93.05 0.39 1.08 0.07 S53 94.80 0.73 0.99 0.22
S9 95.23 0.07 0.42 0.34 S54 9431 0.49 1.21 0.18
S10 93.92 0.04 0.37 0.26 S55 96.55 0.40 1.29 0.25
S11 95.01 0.48 0.41 0.30 S56  94.25 0.33 1.55 0.23
S12 96.10 0.69 1.24 0.21 S57  94.17 0.26 0.89 0.24
S13 95.66 0.67 1.83 0.20 S58  94.68 0.23 0.94 0.29
S14 96.60 0.44 0.90 0.22 S59  90.28 0.29 1.45 0.14
S15 96.48 0.59 0.67 0.05 S60  94.15 0.48 1.02 0.07
S16 94.31 0.07 0.83 0.18 S61 89.78 0.33 0.42 0.34
S17 92.23 0.71 1.87 0.45 S62  91.57 0.20 0.34 0.26
S18 90.67 0.52 1.46 0.72 S63 89.42 0.47 0.35 0.30
S19 93.66 0.21 1.50 0.49 S64  93.34 0.66 1.21 0.21
S20 93.14 0.06 1.18 0.40 S65 94.35 0.63 1.70 0.14
S21 93.59 0.27 0.87 0.21 S66  93.39 0.37 0.90 0.22
S22 94.80 0.27 0.72 0.34 S67  94.96 0.58 0.67 0.05
S23 93.50 0.44 0.86 0.40 S68  94.29 0.71 0.82 0.08
S24 94.20 0.36 0.55 0.36 S69  92.86 0.52 1.86 0.14
S25 92.45 0.47 0.25 0.25 S70  89.74 0.18 1.38 0.72
S26 94.80 0.35 0.42 0.19 S71 92.70 0.25 1.42 0.48
S27 94.80 0.32 1.00 0.26 S72  90.92 0.26 1.15 0.40
S28 94.31 0.74 1.25 0.18 S73 94.14 0.22 0.96 0.34
S29 96.55 0.49 1.29 0.25 S74  93.93 0.43 0.87 0.21
S30 94.25 0.40 1.55 0.30 S75 93.56 0.36 0.72 0.28
S31 94.17 0.26 0.89 0.25 S76  93.18 0.47 0.71 0.33
S32 95.39 0.23 0.58 0.13 S77 89.69 0.35 0.33 0.24
S33 95.89 0.39 0.95 0.30 S78  94.56 0.84 0.54 0.33
S34 92.91 0.48 1.50 0.18 S79 9531 0.28 0.21 0.25
S35 93.00 0.33 1.05 0.07 S80 9291 0.72 0.90 0.07
S36 91.77 0.20 0.35 0.26 S81 93.09 0.49 0.96 0.31
S37 90.42 0.48 0.38 0.30 S82  96.31 0.39 0.40 0.02
S38 94.25 0.67 1.22 0.21 S&3 94.09 0.32 1.07 0.36
S39 95.50 0.65 0.90 0.22 S84  93.95 0.26 0.43 0.44
S40 95.10 0.40 0.67 0.05 S85 94.90 0.23 0.30 0.34
S41 92.34 0.59 0.83 0.12 S86  91.96 0.39 0.35 0.02
S42 91.57 0.07 1.86 0.25 S87  94.17 0.28 1.24 0.17
S43 89.08 0.71 1.42 0.72 S88  91.41 0.48 0.73 0.37
S44 93.75 0.52 1.46 0.48 S89  95.39 0.33 0.41 0.11
S45 92.12 0.19 1.16 0.40 S90  91.32 0.33 0.63 0.01
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Fig.1 Raw NIRS spectra for 90 batches of Madao
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Fig. 4 Results of four quantitative models based on multi-task CNN structure
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