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Abstract: Objective To analyze the research status, future directions and development trends in the application of near-infrared
spectroscopy (NIRS) for quality control of traditional Chinese medicine (TCM) through bibliometric analysis, and to provide reference
for its further development. Methods Databases such as CNKI, Wanfang, VIP, Web of Science Core Collection (WoSCC), and
PubMed were searched to collect relevant literature on this topic from 2000 to 2024. The annual publication volume was statistically
analyzed based on the final included studies. Bibliometric tools VOSviewer 1.6.20 and CiteSpace 6.3.R1 were employed for
visualization analysis of countries, institutions, authors, and keywords. Results A total of 1 161 Chinese literatures and 251 English

literatures were included in this study. Annual publications demonstrated a fluctuating upward trend. The top three countries in terms
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of publication output were China, the United States, and Australia, with China being the dominant contributor. Beijing University of

Chinese Medicine and Zhejiang University were the most productive institutions in Chinese and English literature, respectively. Qiao

Yanjiang and Li Wenlong emerged as the core authors with the highest publication counts in Chinese and English literatures. Research

hotspots focused on the qualitative and quantitative analysis of TCM, on-line monitoring of the production process, and the

development and optimization of chemometric models. Burst analysis showed that the use of machine learning and multi-technology

integration methods for the quality evaluation of TCM in fields such as origin traceability and TCM manufacturing may be the future

development trend. Conclusion NIRS is widely applied in the quality control of traditional Chinese medicine, but it is necessary to

enhance the quality control of traditional Chinese medicine preparations and the transformation of research results. In the future,

algorithms should be optimized, interdisciplinary integration promoted, and an intelligent detection system constructed.
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7 EERE 25 7  Shandong University 12
8 IR EHIRF 22 8  Yunnan Academy of Agricultural Sciences 12
9  RERTLHEHAFRAA 21 9  Yunnan University of Chinese Medicine 11

10 AR BR 2GR 21 10 Jiangsu Kanion Pharmaceutical Co., Ltd. 8
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Table 4 Top 25 keywords in Chinese and English literature

s SR PR
Kt PR ERER K] Bix HRE
1 iRAR ] i 787 2000 near infrared spectroscopy 205 2007
2 ] 216 2002 chemometrics 58 2008
3 2 106 2000 quality control 53 2007
4 e /N 3Rk 100 2000 traditional Chinese medicine 48 2008
5 SEE T 93 2000 quantitative analysis 45 2011
6 feg Al 90 2001 geographical origin 37 2011
7 T 87 2005 partial least squares 34 2011
8 LT 87 2010 rapid analysis 25 2014
9 A NG S 69 2001 process analytical technology 24 2012
10 ORI E SN 68 2006 high performance liquid chromatography 22 2007
11 P 67 2003 discrimination 21 2008
12 SEMESHT 57 2004 extraction process 19 2012
13 o AT i 51 2004 identification 18 2012
14 ST 46 2000 classification 17 2011
15 e E 41 2002 data fusion 17 2018
16 RSl 39 2000 partial least squares regression 17 2011
17 PR 36 2005 real time release testing 17 2015
18 S D%y 35 2004 support vector machine 17 2012
19 SCRFITEAL 34 2004 adulteration 16 2018
20 REo 31 2004 calibration 16 2012
21 EEillE 30 2002 variable selection 16 2014
22 Vi 30 2005 FT-NIR spectroscopy 15 2014
23 AR 29 2001 nondestructive analysis 12 2020
24 . F 28 2002 authentication 11 2019
25 =+ 25 2002 discrimination analysis 10 2015
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Fig. 5 Co-occurrence network of keywords in Chinese (A) and English (B) literature
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Fig. 6 Clustering charts of keywords in Chinese (A) and English (B) literature
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Table 5 Cluster analysis of keywords in Chinese literature

LA AR SJFHE EESS 30
#0 ZL 511 50 0.941 LAMEIE . TSN KB AEE . BRI
#1 12 45 0.853 2. ZIORIE. =B, ELEN. %5
#2 RGN 43 0.843 QU praEsEhl. — W2, SRWE. ERE
#3 PRI R 40 0.861 FEHLE . BREVE . EEGRG. Z8E. A
#4 2GR 32 0.871 M POEARIN . R Bk POl il
#5 B AR 32 0.918 ERAAY, P, FEZRARI. PG, B
#6 AT 29 0.853 RE. NS EHEN. Bk, B
#T 2Ry 25 0.926 R sk, AR, REUE. RN
#8 JE AT 22 0.931 SEMESAT. BB Y. R IR
#9 A KT 21 0.828 R %E. ML B, M. IBLsEEREAR
#10 J1& 16 0.957 P, DR PESEEL JFELAEE. ST
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Table 6 Cluster analysis of keywords in English literature
RERB WEH BEE EESS A5
#0 process analysis 48 0.864  process analysis, alcohol precipitation, near infrared spectroscopy, artificial
intelligence, chemometrics
#1 near-infrared 44 0.757 near-infrared spectroscopy, near infrared spectroscopy, quality evaluation,
spectroscopy polysaccharide contents, aquaphotomics
#2 infrared spectroscopy 42 0.900 infrared spectroscopy, notoginseng, nondestructive measurements, complex
mixtures, convolutional neural network
#3 process analytical 33 0.696 process analytical technology, batch-to-batch reproducibility, batch process
technology monitoring, traditional Chinese medicine, traditional Chinese medicine (TCM)
#4 data fusion 31 0.864 data fusion, design of experiment, electronic nose, electronic tongue, laser-induced
breakdown spectroscopy
#5 quality control 30 0.819 quality control, prediction map, near-infrared spectroscopy-scutellaria baicalensis,
honeysuckle extract, organic acids
#6 real time release 24 0.801 real time release testing, Chinese patent medicine, process monitoring, UPLC-
testing Q/TOF, discriminant analysis
#7 partial least squares 21 0.893 partial least squares discriminant analysis, western solid dosage form, kernel
discriminant analysis extreme learning machine, 7odiola, consumer grade
#8 attenuated total 16 0.917 attenuated total reflection, diffuse reflection, data driven-soft independent
reflection modeling by class, vis, cec
#9 geographical origins 15 0.883 geographical origins, origin traceability, quality assessment, bupleuri radix, error-
correcting output codes
#10 content determination 13 0.907 content determination, quantitative model, antioxidant activity, cell-based assays,
talcum
#11 zingerone 7 0.973 zingerone, 10-gingerol, 8-gingerol, 6-gingerol, 6-shogaol
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