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Abstract: To establish a method for determining 26 inorganic elements in earthworm polypeptide and deter-
mine the elemental content in different batches of earthworm polypeptide, microwave digestion method was used
to pre-treat the samples, and ICP-MS method was used to determine the content of 26 elements in different batches
of earthworm polypeptide. The linear relationships of 26 elements were good in the range of 0—1 000 pg-L", with
R’ greater than 0.999, precision RSD 0.21%-2.71%, repeatability RSD 0.19%-4.69%, stability RSD 0.11%-4.24%,
and recovery rates of 82.41%-116.16%. The data was plotted using Origin 2022 software to characterize the distri-
bution of elements content. SPSS 27.0 was used for principal component analysis, and SIMCA 14.1 software was
used for OPLS-DA analysis. The results showed that among the 26 elements, the higher content of earthworm poly-
peptide was K, Na, and Ca, followed by Zn, Fe, Al, B and other trace elements, In, Sc, Co, Pb, Bi and other

elements had little or no detectable content, and there were differences in the content of polypeptide in different
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batches. This study provides a theoretical basis for the production quality control, quality evaluation and drug

efficacy application of earthworm polypeptide through the determination and analysis of the elements and content

of earthworm polypeptide.

Key words: ICP-MS; microwave digestion; earthworm; earthworm polypeptide; inorganic element
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2 BEERR

fE ICP-MS TAE %4 T, # B HI 7 1 000 pg- L' b5
VAN A€ 6 U, AR W5 {8 T 5 26 PG ML T 3 KK

30% A B M, e R, i T KE EERSDAN021%~2.71%, R MK 2.
Table 1 Linear equation, detection limit, and quantification limit (linear range, 0-1 000 ug-L™)

Element Linear equation R Detection limit/ug-L" Quantification limit/pg-L"
B Y=205.769 5x + 571.570 7 1.000 0 0.218 1 0.7270
Na Y=20636.768 8x + 412 987.158 4 1.000 0 0.1950 0.650 0
Mg Y=1891.490 8x +9 702.217 2 1.000 0 0.136 6 0.4553
Al Y=439.2157x+1711.007 9 1.000 0 0.256 0 0.8533
K Y=1566.1459x +2356.477 1 1.000 0 0.1490 0.496 7
Ca Y=151.837 5x +2 604.939 6 1.000 0 0.1103 0.367 7
Sc Y=13207.444 8x + 54 727.035 5 0.999 2 0.002 7 0.009 0
\% Y=16845.352 6x + 12 330.536 7 1.000 0 0.003 4 0.0113
Cr Y=128532.697 6x + 71 492.580 2 1.000 0 0.017 8 0.059 3
Mn Y=9 183.859 4x + 149 058.681 2 0.999 4 0.162 8 0.542 7
Fe Y=931.4713x+2345333 1 0.999 6 0.172 0 0.5733
Co Y =156 666.774 0x + 73 388.274 9 0.999 9 0.043 4 0.144 7
Ni Y=16614.544 5x +20 118.446 5 1.000 0 0.086 4 0.2880
Cu Y=46343.764 6x + 31 158.402 5 0.999 8 0.009 5 0.0317
Zn Y=15373.501 2x + 92 958.053 0 1.000 0 0.090 3 0.3010
Ga Y=4464.326 9x +436.896 9 1.000 0 0.0105 0.0350
As Y=2303.449 0x + 7 192.516 2 0.999 8 0.018 8 0.062 7
Se Y=128.867 5x + 1 306.069 4 1.000 0 0.021 6 0.072 0
Zr Y =34025.723 5x + 4 056.447 5 1.000 0 0.002 7 0.009 0
Mo Y=23509.309 1x +3 917.508 9 1.000 0 0.001 3 0.004 3
Cd Y=11460.457 8x + 780.469 5 1.000 0 0.001 0 0.003 3
In Y=44574.342 2x +209.335 3 1.000 0 0.000 3 0.001 0
Te Y=301.609 Ox + 48.444 6 1.000 0 0.003 6 0.0120
Ba Y=5875.419 7x +20 510.415 9 0.999 9 0.026 8 0.089 3
Pb Y=206723.543 2x + 1215 523.538 2 0.999 9 0.005 5 0.018 3
Bi Y =268 061.272 8x + 474.676 1 1.000 0 0.000 3 0.001 0
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Table 2 Precision, repeatability, stability, and sample recovery of

each element

Sample recovery

Repeatability Precision Stability ———————————

Element % % % Rate of RSD
recovery/% /%

B 2.16 1.42 0.72 115.64 1.87
Na 0.70 2.40 0.26 116.16 2.14
Mg 0.60 1.23 0.19 103.53 0.54
Al 1.11 1.16 0.51 103.33 2.06
K 0.36 1.34 0.21 111.06 0.41
Ca 0.39 2.71 0.82 107.99 0.19
Sc 2.72 1.67 0.56 102.65 1.46
v 1.05 1.32 0.78 87.75 2.99
Cr 0.54 0.64 0.12 90.53 1.07
Mn 0.19 1.19 1.39 93.22 0.82
Fe 0.50 1.61 4.24 108.85 0.41
Co 1.60 1.22 0.81 113.22 1.02
Ni 0.22 1.11 0.18 83.04 0.19
Cu 0.53 0.84 0.11 115.74 0.76
Zn 0.79 0.95 0.25 96.66 0.74
Ga 1.84 1.29 0.23 106.88 1.03
As 3.65 0.97 0.82 114.87 0.32
Se 3.60 0.80 0.98 91.62 1.83
Zr 0.24 0.67 2.33 100.03 1.08
Mo 3.08 0.32 0.87 82.41 0.97
Cd 2.78 0.47 0.46 114.04 0.66
In 4.09 1.17 0.72 93.13 0.81
Te 2.20 0.21 0.50 86.27 0.77
Ba 1.24 0.62 0.20 82.96 2.11
Pb 1.10 0.89 1.99 91.21 0.66
Bi 4.69 0.59 1.37 101.95 2.03

Cu.As.Zr.B.Mg fll Ca st RAEA AR & 2 AR
ZE5r . Bk, AR Z Ik R e R & B AR
5, AEE b e 22 JOR 1) T B 4 o) A B VP A AR A — e
A ER R R B
8 FHHoM

%+ W43 43 M7 (principal component analysis, PCA)
52 K H 4L T7 15, B 2 32 B i 4 N R 8 S i 5L 46
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7 7oz, B 2s & b BLECOR EAS HE Y Iny Se. Co.
Pb Fll Bi JG 3, 4% 21 Fh 7C A @it SPSS 27.0 At
HEAT FE A o0 AT, 49 30 o R AEAE 7 22 DTk EE AN R
FATT 72 DRk 30 S e I 1) By R B 1R, 5 R ansk 4.5
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Figure 1 Distribution characteristics of element content (A, B and C)
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Table 3 Content of 26 inorganic elements in different batches of earthworm polypeptides (mg-kg'). Y1-Y6 represent six batches of

earthworm polypeptide samples respectively. —: Not detected

Element Y1 Y2 Y3 Y4 Y5 Y6 Mean value RSD/%
B 4.48 5.24 3.39 6.24 5.03 2.86 4.54 25.06
Na 756.27 791.92 851.12 1055.44 988.13 968.89 901.97 12.09
Mg 184.82 192.82 208.50 257.03 297.03 289.26 238.24 18.94
Al 18.30 19.83 18.02 23.92 14.48 12.14 17.78 21.15
K 13 284.09 14 149.11 1592.53 19 322.25 16 506.80 16 381.06 13 539.31 41.94
Ca 538.61 568.93 506.36 637.26 424.95 374.73 508.47 17.22
Sc - - 0.0019 0.002 7 0.001 4 - 0.001 0 106.93
\% 0.06 0.06 0.09 0.17 0.12 0.08 0.09 26.08
Cr 2.47 2.56 2.57 3.13 2.72 2.61 2.68 8.03
Mn 1.06 1.11 1.35 1.71 1.56 1.55 1.39 17.31
Fe 51.99 53.07 56.14 68.84 46.82 45.05 53.65 14.45
Co - - - - - - - -
Ni 2.84 2.86 3.06 3.71 3.47 3.55 3.25 10.55
Cu 0.07 0.07 0.42 0.50 0.30 0.55 0.32 60.53
Zn 25.13 25.80 21.86 27.00 11.00 13.02 20.64 30.64
Ga 0.0117 0.012 3 0.008 3 0.0103 0.006 6 0.006 5 0.009 3 24.83
As 0.39 0.40 0.54 1.16 0.70 0.58 0.62 39.58
Se 0.12 0.09 0.13 0.13 0.12 0.11 0.12 11.05
Zr 0.23 0.23 0.26 0.32 0.16 0.06 0.21 37.84
Mo 0.22 0.22 0.14 0.16 0.11 0.10 0.16 30.31
Cd 0.05 0.05 0.04 0.05 0.02 0.02 0.04 32.08
In 0.000 8 0.000 9 0.001 2 0.001 6 0.000 9 0.001 0 0.001 1 25.19
Te 0.006 7 0.003 2 0.004 5 0.005 4 0.002 7 0.002 5 0.004 2 36.55
Ba 1.54 1.61 1.08 1.47 0.81 0.68 1.20 30.36
Pb - - - - - - - -
Bi - - - - - - - -
Bz . K 3dE S\ SIMCA 14.1 80, 132/ PCA137;  Table5 Component matrix
A, s K2, Had ﬁz e ! I;I:# EE KT 1, Element 1 Rotated factorzloading matrix -
TR 1T ZE TR N 51.720%, FE 5 2 5 2 5T B 0.763 0361 -0.388
mﬁ%ﬂ\j 36.289%, ZEEE% 3 E@ﬁﬁﬁﬁ]}(%?ﬂ 6.923%. Na -0.149 0.985 -0.014
Mg -0.580 0.783 -0.141
B 3N A B 22 TR R I 94.937%, BEWE I LA Al 0.982 0.143 0.049
I £ B R R R R EE . WS T & Coon o B
LA Hi, Ca ALFI Cd JTCRAE S — T EA RS K v -0.200 0.881 0.095
1, Nao K ORI Mn 76 2676 55— o |47 5% 76 1O 40, o o o o
Se.Cu il Te J6. % A7 B VBT . 00150 — £ PRy £ Fe 0T it 025
Ni -0.21 95 .
SR Ca AL Cd 76 2 45 &, B8 = 3 iy 3 B ot Cu ~0.329 0.762 0.364
Na.K flMn 70 % 15 B, 5 = F s 32kt SeCu Zn 0.927 ~0.269 0.103
Ga 0.834 -0.495 -0.207
M Te TERE L As 0.306 0.942 0.112
Se 0.102 0.444 0.850
Table 4 Principal component eigenvalues, contribution rates, and Zr 0.915 0.054 0.249
cumulative variance contribution rates Mo 0.727 -0.659 -0.151
_ , : : cd 0.952 ~0.296 0.054
Principal Bigenvalue Variance Cumulative variance Te 0.687 _0.247 0.573
component contribution rate/% contribution rate/% Ba 0.916 ~0.367 ~0.142
1 10.861 51.720 51.720
2 7.621 36.289 88.009
3 1454 6923 94.932 421 FITE Z MR S SIMCA 14.1 B0PF, 347 16 2 Bt

9 EXRmHE/NZFAEFIF (OPLS-DA) 7317
FEAS R U HD e 22 BEAS U 1Y) 26 R oG AR, bR 258
B LUK R BEAS T ) In Sc+ CoPb Fll Bi 7T &, K4 5

/N 3R ) 5 43 H (OPLS-DA). % 37 [ # B R2X (cum)
40.909, F&5E M R*Y (cum) N 0.675, TR O (cum) N
0.924, 1K1 0.5, VLA pr @ BB Az e T 5E . e 2 Ik
OPLS-DA #1155 8 2 VIP B 40 3 il 7, LA VIP > 1
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Figure 2 PCA scores plot
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Figure 3 OPLS-DA model score map (A) and OPLS-DA VIP value map of earthworm peptides (B)
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