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[ Abstract] Objective To determine the contents of various inorganic elements in raw and
processed Rubia cordifolia, analyze their differential changes, and distinguish them accurately using
multivariate statistical analysis. Methods This method utilizes microwave digestion technology
for efficient and uniform pretreatment of experimental samples. The digested sample solutions
were then subjected to simultaneous quantitative analysis of 37 inorganic elements in both raw
and processed Rubia cordifolia using inductively coupled plasma mass spectrometry (ICP-MS).
Statistical analysis was subsequently performed on the obtained data. Additionally, hierarchical
cluster analysis (HCA), principal component analysis (PCA), and orthogonal partial least squares-
discriminant analysis (OPLS-DA) were employed to conduct clustering and differential analysis

of all samples, aiming to elucidate the potential relationships among raw Rubia cordifolia, its
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processed products, and the 37 inorganic elements. Results A total of 37 inorganic elements were analyzed,

with 3 remaining undetected. Paired t-test revealed that 58.8% of the elements exhibited statistically significant

differences in content. HCA enabled clear discrimination between the two sample groups, whereas the

discriminative power of PCA was limited. The OPLS-DA model demonstrated robust fitting and predictive

performance, leading to the final identification of 16 differential inorganic elements. Conclusion This method

can facilitate the accurate differentiation between raw and processed Rubia cordifolia, providing new research

ideas and approaches for studying the differences in inorganic element contents between raw and processed

Chinese herbal medicines.

[Keywords ] Rubia cordifolia; Processed products; Multivariate statistical analysis; Inorganic elements;

Hierarchical clustering analysis; Principal component analysis; Orthogonal partial least squares-discriminant analysis;
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Table1. Linear relationships, limits of detection and limits of quantification for 37 inorganic elements

TeHlIER B r M (pg/l) KR Cug/ke) AR (pg/ke)
Li Y=468.1X-0.358 0.999 8 1~500 0.0100 0.0200
Tm Y=0.476 9X-0.009 98 0.999 2 1~500 0.0100 0.0200
Lu ¥Y=0.709 2X-0.000 952 4 0.999 9 1~500 0.0100 0.0300
Ho Y=0.476 2X+0.003 000 0.999 9 1~500 0.0100 0.0300
Th Y=0.014 13X-0.006 060 0.999 8 1~500 0.020 0 0.080 0
Pr Y=0.017 09X-0.009 000 0.999 9 1~500 0.040 0 0.120
Yb Y=1.396X+0.004 536 0.999 9 1~500 0.0400 0.120
Tl ¥Y=0.850 7X+0.002 679 0.999 9 1~500 0.060 0 0.280
Eu ¥=0.030 06X-0.007 800 0.999 9 1~500 0.060 0 0.210
Th ¥=0.023 45X+0.029 50 0.999 8 1~500 0.060 0 0.210
Dy Y=1.571X+0.011 63 0.999 9 1~500 0.070 0 0.230
In Y=1.274X+0.004 680 0.999 9 1~500 0.080 0 0.260
Er Y=1.384X+0.008 600 0.999 9 1~500 0.080 0 0.270
La ¥Y=0.020 20X+0.193 5 0.999 6 1~500 0.090 0 0.300
Co ¥Y=0.060 89X-0.169 4 0.999 9 1~500 0.090 0 0.310
Sm ¥Y=0.057 35X+0.007 800 0.999 9 1~500 0.100 0.350
Gd Y=0.051 45X-0.008 100 0.999 9 1~500 0.100 0.390
Y Y=0.047 10X-0.007 634 0.999 9 1~500 0.200 0.490
Cs Y=0.038 51.X-0.048 67 0.999 9 1~500 0.200 0.510
Ce ¥=0.017 93X-0.032 60 0.999 8 1~500 0.200 0.610
Cd ¥=9.182X-0.039 75 0.999 9 1~500 0.200 0.710
Nd ¥=0.044 91X-0.146 2 0.999 9 1~500 0.300 0.900
Sc Y=0.364 5X-0.017 63 0.999 9 1~500 0.600 1.800
Hg Y=5.290X-0.066 04 0.992 6 0.1~5 0.800 2.800
Ag Y=1.744X-0.009 600 0.998 9 1~500 0.900 3.200
\Y Y=0.132 4X-0.118 1 0.999 9 1~500 1.000 3.400
Rb ¥Y=0.151 7X-2.789 0.999 8 1~500 1.300 4.400
Sr ¥=0.123 4X-4.085 0.999 6 1~500 2.000 6.800
Ni Y=0.230 1X-0.721 1 0.999 9 1~500 2.600 8.500
Ba Y=0.043 4X-3.324 0.999 9 1~500 3.100 10.000
Cr Y=0.112 7X-4.501 0.999 5 1~500 3.200 11.000
Pb Y=1.304X-1.060 0.999 7 1~500 3.200 11.000
Mn ¥Y=0.185 4X-3.850 0.999 7 1~500 4.000 13.000
As ¥=0.573 3X-0.659 8 0.999 9 1~500 4.500 15.000
Cu Y=0.085 29X-1.262 0.999 8 1~500 29.000 96.000
Be Y=87.67X+0.026 07 0.993 5 1~500 30.000 101.00

Bi Y=0.764 5X-5.581 0.998 0 1~500 66.200 221.00
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Figure 1. Concentration box plot of inorganic elements in Rubia cordifolia samples (n=3)
iE: A. Ag, Er, Eu, Li, Ni, Pb, Sma%; B. As, Ba, Cr, La, Sr, V/LZ&; C. Co, Hg. In, Pr, Sc, Tl, Tm, Y. Yosu&; D. Cs, Dy,

Lu, Nd, Tbit%; E.Ce. Cu, Ho. Rb, ThiZ; F. MniLZ,
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