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Abstract: The traditional commodity specifications of Chinese medicinal materials are mainly divided into
different grades based on macroscopic characteristics. As the basis for high quality and good price, there is still a
lack of systematic evaluation on whether they are consistent with the current standards and whether they can reflect
the internal quality of medicinal material. Panax notoginseng is a commonly used, large consumption of Chinese
medicinal material. At present, it is divided into 8 grades in the market based on "Tou" (the number of crude drug /

500 g), but it is not related to the standard of total saponins of Panax notoginseng (the sum of three saponins) in
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Chinese Pharmacopoeia. In this study, ultra-performance liquid chromatography-quadrupole-time of flight mass

spectrometry (UPLC-Q-TOF-MS/MS) coupled with mass spectrometry molecular network were used for the rapid

identification of saponins of Panax notoginseng with different "Tou" and a total of 64 saponins were identified.

Seventeen saponins related to "Tou" were screened by orthogonal partial least squares discriminant analysis (OPLS-

DA). The content of five saponins R,, Rb,, Rg,, Rd, and Re in Panax notoginseng with different "Tou" was deter-

mined by high performance liquid chromatography (HPLC). The results of correlation analysis showed that Rd and

R, with the largest VIP values among the differential saponins, which significantly negatively correlated with "Tou"

(P <0.05). Based on the determination results of 36 batches of samples, using Rd/Total Panax notoginseng saponins

(TPNS) ratio ( > 0.08) as the index, Panax notoginseng can be divided into two grades: 20—60 "Tou" (superior) and

80-200 "Tou" (qualified). Based on the concept of "macroscopic characteristics and chemical profiling", this study

integrates the non-targeted analysis and quantitative determination methods to provide a new strategy for quality

evaluation of Panax notoginseng.
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Table 1 Sample information of Panax notoginseng. Tou: The number of crude drug/500 g

Sample number Market grade Origin Sample number Market grade Origin
SQ-1 20 Tou Kunming, Yunnan SQ-19 80 Tou Yunnan
SQ-2 20 Tou Kunming, Yunnan SQ-20 80 Tou Yunnan
SQ-3 20 Tou Kunming, Yunnan SQ-21 80 Tou Yunnan
SQ-4 20 Tou Qujing, Yunnan SQ-22 80 Tou Yunnan
SQ-5 20 Tou Yunnan SQ-23 80 Tou Yunnan
SQ-6 20 Tou Yunnan SQ-24 80 Tou Yunnan
SQ-7 40 Tou Chuxiong, Yunnan SQ-25 120 Tou Wenshan, Yunnan
SQ-8 40 Tou Yuxi, Yunnan SQ-26 120 Tou Yuxi, Yunnan
SQ-9 40 Tou Yunnan SQ-27 120 Tou Kunming, Yunnan
SQ-10 40 Tou Kunming, Yunnan SQ-28 120 Tou Yunnan
SQ-11 40 Tou Qujing, Yunnan SQ-29 120 Tou Yunnan
SQ-12 40 Tou Yunnan SQ-30 120 Tou Yunnan
SQ-13 60 Tou Wenshan, Yunnan SQ-31 200 Tou Honghe, Yunnan
SQ-14 60 Tou Kunming, Yunnan SQ-32 200 Tou Yuxi, Yunnan
SQ-15 60 Tou Chuxiong, Yunnan SQ-33 200 Tou Kunming, Yunnan
SQ-16 60 Tou Yunnan SQ-34 200 Tou Yunnan
SQ-17 60 Tou Yunnan SQ-35 200 Tou Yunnan
SQ-18 60 Tou Yunnan SQ-36 200 Tou Kunming, Yunnan
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Figure 1 Mass spectra of representative saponins. A: Ginsenoside Rb,; B: Notoginsenoside R,. 1: MS'; 2: MS®. FA: Formic acid; -Glc:

Glucosyl; -Xyl: Xylosyl

Table 2 Identification of saponins in Panax notoginseng
No. tR‘ Measured Theory Proposed Mass error MS/MS fragment Identification
/min m/z mlz formula (ppm)

1 356 1007.5457 1007.5427  C,Hg, 0, 2.98 961.544 3;799.490 0; 637.434 5;475.379 2;  Notoginsenoside M
[M+HCOO]" [M+HCOO] 323.097 7; 221.068 6; 119.033 6

2 4.03 977.536 7 977.5322  C,H, O 4.60 931.529 1; 799.486 9; 637.433 5; 619.424 3;  Notoginsenoside R,
[M+HCOO]" [M+HCOO] 475.380 0; 179.056 9; 161.046 3

3 419  979.5439 979.5478  C,Hy,0 -3.98 933.544 1; 801.506 9; 638.4522; 475.391 5  Notoginsenoside Ft,
[M+HCOO] [M+HCOO]
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Continued
No tR. Measured Theory Proposed Mass error MS/MS fragment ldentification
/min mlz m/z formula (ppm)
4 436 991.552'5 991.547 8 C,H,0 ¢ 4.74 945.546 5; 783.494 0; 637.434 6; 475.380 8;  Ginsenoside Re
[M+HCOO]" [M+HCOO] 391.286 9;179.057 1; 101.024 8
5 438 845.493 3 8454899 C,H,0, 4.02 799.487 8; 637.435 1, 475.380 9; 391.285 6;  Ginsenoside Rg,
[M+HCOO]" [M+HCOO] 161.0459; 101.024 8
6 5.38 10055330 1005.527 1 C,Hg O, 5.87 959.528 4; 797.476 2; 635.420 6, 473.367 8;  Notoginsenoside G
[M+HCOO]" [M+HCOO] 161.046 3
7 543 815.483 7 8154793 C,H, 0, 5.40 769.477 1; 607.423 4; 475.380 8; 391.293 8;  20(S)-Sanchirhinoside A,
[M+HCOO]  [M+HCOOT 179.056 9; 161.045 4
8 5.64 1007.5429 1007.5427  C,H,0, 0.20 961.541 7;799.485 9; 637.433 7, 553.2158;  Notoginsenoside N
[M+HCOO]  [M+HCOO] 475381 0; 161.047 1
9 573 1167.5835 1167.5799  C,H,0,, 3.08 1 121.575 5;959.528 0; 797.475 7; 635.426 5; Notoginsenoside B
[M+HCOO]" [M+HCOO] 473.367 0;323.114 3; 179.057 6
10 5.81 815.483 6 8154793 C,H, 0, 5.27 769.479 8; 637.437 0; 619.423 1;475.382 2;  20(S)-Sanchirhinoside A,
[M+HCOO]" [M+HCOO] 161.045 8; 149.045 1
11 5.87 887.499 7 887.500 5 C,H,0, -0.90 841.490 6; 781.473 8; 637.434 3, 619.424 6;  6-O-Acetyl-ginsenoside
[M+HCOO]" [M+HCOO] 475.376 2;391.282 9 Rg, isomer
12 6.00 815.481 6 815.479 3 C,H,0, 2.82 637.434 7, 553.334 2, 475.378 0; 161.047 6 Ginsenoside F,/F; isomer
[M+HCOO]  [M+HCOO]
13 6.09 887.506 2 887.5005  C,H,,0, 6.42 841.500 7;781.478 7, 637.435 2, 619.4257;  6-O-Acetyl-ginsenoside
[M+HCOO]  [M+HCOO] 475.384 7; 161.046 3 Rg,
14 6.11 887.506 6 887.500 5 C,H,0, 6.87 841.4979; 781.478 1; 637.435 2;475.3799;  6-O-Acetyl-ginsenoside
[M+HCOO]" [M+HCOO] 391.299 1; 179.055 3; 161.045 9 Rg, isomer
15 7.79 1417.6800 1417.6852 CH, 0, -3.67 1371.681 6; 1239.648 5; 1 077.602 5; Notoginsenoside D
[M+HCOO]" [M+HCOO] 619.820 6; 553.296 4; 459.382 6; 161.046 3
16 8.07 845.493 2 8454899 C,H,0,, 3.90 799.490 6; 637.435 1, 475.382 5;391.286 5;  20(S)-Ginsenoside Rf
[M+HCOO]" [M+HCOO] 161.044 5
17 8.48 1005.5299 1005.527 1 C,H,, 0, 2.78 959.526 9; 797.477 5; 635.416 4; 473.363 2;  Notoginsenoside G isomer
[M+HCOO]" [M+HCOO] 221.070 7; 113.024 9
18  8.66 845.493 5 8454899 C,H O, 4.26 799.490 6; 637.432 9, 475.379 6;323.100 0;  20-(R)-Ginsenoside Rf
[M+HCOO] [M+HCOO] 221.067 1; 179.056 3
19 8.96 815.481 4 815.479 3 C,H,0, 2.58 769.478 9; 637.435 6; 619.424 5; 475380 9;  Notoginsenoside R,
[M+HCOO]" [M+HCOO] 391.286 6; 161.045 9
20 922 1195.6163 11956112 C,H,O0,, 4.27 1149.613 6; 1 107.602 6; 1 089.592 4; 6-0O-Acetyl-ginsenoside
[M+HCOO]" [M+HCOO] 945.550 6; 783.496 7; 459.381 6; 179.056 8 Rb,
21 9.56 1417.6853 1417.6852 Ci,H, 0, 0.07 1239.643 4; 1 107.601 4; 945.548 9; 783.493 Notoginsenoside T
[M+HCOO]" [M+HCOO] 2;637.4325,475.379 4
22 9.64 1285.6480 12856429  C,H,,0,, 3.97 783.495 0; 637.440 3; 459.345 0, 391.2859;  Notoginsenoside Fa
[M+HCOO]  [M+HCOOT 161.046 3; 101.024 9
23 9.75 1195.608 3 11956112 C,H,O0,, -2.43 1149.601 2; 1 107.592 4; 1 089.582 6; 6-O-Acetyl-ginsenoside
[M+HCOO]" [M+HCOO] 945.541 8; 459.381 7; 221.068 0; 179.056 8 Rb, isomer
24 9.84 857.490 5 8574899 C,H,0,, 0.70 811.487 4;769.478 6; 637.434 4;475.379 7;  20(S)-Sanchirhinoside A,
[M+HCOO]" [M+HCOO] 391.278 3;161.044 9
25 991 1151.5865 11515850 C,H,0,, 1.30 1 105.584 4;943.540 1; 781.476 4; 619.432 9; 5,6-Didehydroginsenoside
[M+HCOO]" [M+HCOO] 457.375 4; 323.093 3; 179.056 4 Rb,
26 9.92 829.497 7 829.4950 C,H,0, 3.25 783.493 8; 637.434 1;475.379 9;391.284 2;  20(S)-Ginsenoside Rg,
[M+HCOO]" [M+HCOO] 101.0250
27 993 1137.6097 1137.605 7 C,H,,0,, 3.52 1 091.607 6; 929.549 7; 767.501 3; 605.445 2; Notoginsenoside I
[M+HCOO]  [M+HCOOT 161.047 2
28 10.15 683.4399 683.4371  C,H,0, 4.10 637.436 5;475.379 6;391.2857; 101.024 1~ 20(S)-Ginsenoside Rh,
[M+HCOO]  [M+HCOO]
29 10.34 815.484 0 815.479 3 C,H,,0, 5.76 769.479 2, 475.385 8; 311.097 5, 293.088 7;  Ginsenoside F,/F isomer
[M+HCOO]  [M+HCOOT 149.044 9
30 1045 1153.6046 1153.6006 C,H,,0,, 3.47 1 107.597 4; 945.547 5; 783.493 9; 459.384 1; Ginsenoside Rb,
[M+HCOO] [M+HCOO] 179.057 0
31 10.62 871.513 7 871.5056 C,H,0O,, 9.29 825.504 0; 783.493 3; 637.423 9;475.386 3 20(S)-6"-O-Acetyl-
[M+HCOO]" [M+HCOO] ginsenoside Rg,
32 10.73 1193.6005 1193.5955 C,H,,0, 4.19 1149.611 5; 1 107.611 5; 1 089.591 1; Malonyl-ginsenoside Rb,
[M-H] [M-H] 945.543 2;621.439 1; 179.056 1
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No tR‘ Measured Theory Proposed Mass error MS/MS fragment Identification
/min m/z m/z formula (ppm)
33 10.74 725.449 1 7254476 C,H,O, 2.07 679.427 0; 475.383 3; 101.027 4 20(S)-6"-O-Acetyl-
[M+HCOO]" [M+HCOO] ginsenoside Rh,
34 10.78 665.426 8 6654265  C,H O, 0.45 619.451 0;475.379 0; 211.620 0 Ginsenoside Rh,
[M+HCOO]" [M+HCOO]”
35 10.79 1087.5387 1087.5325 C,H,O,, 5.70 1087.538 5; 955.503 2; 731.436 7; 551.373 6; Stipuleanoside R,
[M-H] [M-H] 455.364 0; 119.033 0
36 11.14 955.499 0 9554903 C,H O, 9.11 793.432 4;731.457 5; 551.380 4 Ginsenoside Ro
[M-H] [M-H]
37 11.22 1193.6002 11935955  C,H,0,, 3.94 1149.6104; 1 107.602 4; 1 089.591 4; Malonyl-ginsenoside Rbl
[M-H] [M-H] 945.550 5; 783.500 2; 621.436 6; 101.023 8 isomer
38 11.29 11235941 11235901 C,H,0,, 3.56 1077.588 7; 945.546 3; 783.496 0; 621.439 1; Ginsenoside Rc
[M+HCOO]" [M+HCOO] 149.045 3
39 11.39 725.448 6 7254476  C,H,O, 1.38 679.444 0; 637.415 6, 619.421 0 20(R)-6"-O-Acetyl-
[M+HCOO]  [M+HCOO] ginsenoside Rh,
40 11.40 1123.5928 11235901 C4H,0,, 2.40 1077.588 6; 945.543 4; 783.490 5; 621.441 8; Ginsenoside Rb,
[M+HCOO]" [M+HCOO] 149.045 8
41 11.53 925.481 1 9254797 C,H,O, 1.51 793.426 8; 613.376 0; 569.386 7; 149.044 5 Stipuleanoside R,
[M-H] [M-H]
42 11.66 1123.5924 11235901  C,H,0,, 2.05 1077.588 0; 945.545 2; 915.526 6; 783.505 8; Ginsenoside Rb,
[M+HCOO]" [M+HCOO]” 621.4328
43 11.72 1163.5929 1163.5850 C,H,,0, 6.79 1119.606 8; 1 077.588 0 9; 915.531 5; Malonyl-ginsenoside Rc
[M-H] [M-H] 825.503 6
44 11.72 989.537 3 989.5322  C,H, O, 5.15 943.529 0; 781.477 1; 619.420 9; 457.371 3;  5,6-Didehydroginsenoside
[M+HCOO]" [M+HCOO] 101.0259 Rd
45 11.76 683.441 2 6834371 C,H,O 6.00 475.380 7;391.281 4; 161.047 6; 119.036 0;  Ginsenoside F,
[M+HCOO]" [M+HCOO]" 113.025 8
46 11.87 857.489 2 8574899 C,H,0 -0.82 811.481 3;769.471 3; 637.436 7, 619.425 0;  Sanchirhinoside A, isomer
[M+HCOO]" [M+HCOO] 475.379 6;391.275 1; 149.050 6; 131.027 5
47 11.99 975.552 6 9755529  C,H,,0, -0.31 929.552 8; 767.499 8; 605.442 4;161.046 5 Vinaginsenoside R,
[M+HCOO]" [M+HCOO]
48 12.14 793.437 6 7934375 C,HO 0.13 793.441 5;631.390 0; 569.387 0; 497.370 0;  Chikusetsusaponin Iva
[M-H] [M-H] 113.023 1
49 12.22 991.552 4 991.5478  C,H,,0, 4.64 945.546 1; 783.493 8; 765.484 0; 621.440 2;  Ginsenoside Rd
[M+HCOO]  [M+HCOO] 459.385 5;161.046 8
50 12.44 725.449 8 7254476 C,H,O 3.03 679.461 1; 637.450 0; 475.382 7;391.284 2;  Ginsenoside Rh, isomer
[M+HCOO]" [M+HCOO] 161.050 0; 101.024 1
51 12.61 1031.5453 10315427 C,H,0,, 2.52 987.556 3;945.545 7, 927.533 7, 783.492 7;  Malonyl-ginsenoside Rd
[M-H] [M-H] 621.438 5;459.385 4; 113.021 2
52 1285 1117.5451 1117.543 1 C,H,0,, 1.79 1 085.478 6; 1 029.568 7; 987.565 3; Malonylfloralginsenosides
[M-H] [M-H] 927.535 5;765.492 3; 603.993 4;161.051 6  Rd,
53 12.89 1033.5626 1033.5584  C,H,O 4.06 987.600 6; 459.382 5; 119.035 8; 825.508 6  Quinquenoside III
[M+HCOO]" [M+HCOO]
54 1291 1031.5477 10315427  C,H,0,, 4.85 945.546 4;783.489 7; 621.436 3; 459.389 5;  Malonylfloralginsenoside
[M-H] [M-H] 221.070 5; 119.033 3 Rd isomer
55 13.23 1033.5565 1033.5584  C,H,0O -1.84 945.547 1, 927.534 9; 783.491 7, 621.437 1;  Quinquenoside III isomer
[M+HCOO]" [M+HCOO] 459.383 9; 119.036 8
56 13.35 991.5513 991.5478 C,H,,0 3.53 945.545 4;783.495 1; 621.438 2, 459.378 9;  Gypenoside XVII
[M+HCOO]" [M+HCOO] 323.098 7;305.090 1; 179.056 9
57 13.59 1031.5447 10315427  C,Hy0,, 1.94 945.548 3;783.492 5; 621.438 8;459.373 2;  Malonylfloralginsenoside
[M-H] [M-H] 113.023 4 Rd isomer
58 13.76 725.449 5 7254476 C,H,O, 2.62 679.441 1;517.393 8; 161.046 4 6-0-Acetyl-ginsenoside
[M+HCOO]" [M+HCOO] Rh, isomer
59 13.84 961.538 7 961.5373  C,H, 0, 1.46 915.530 6; 753.482 3; 621.437 1, 537.348 6;  Notoginsenoside Fe
[M+HCOO]" [M+HCOO] 459.389 2; 161.044 7
60 14.43 961.539 2 961.5373  C,H,O,, 1.98 915.5339; 783.495 0; 621.438 3; 537.336 9;  Quinquenoside L ;
[M+HCOO]" [M+HCOO] 459.384 4;161.045 4
61 14.67 961.540 8 961.5373 C,H, 0, 3.64 915.535 7, 783.494 7; 621.437 8, 459.388 1;  Notoginsenoside Fd
[M+HCOO] [M+HCOO] 161.045 0
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Continued
No. tR. Measured Theory Proposed Mass error MS/MS fragment Identification
/min mlz m/z formula (ppm)

62 17.97 829.496 1 8294950 C,H,0, 1.33 783.495 3; 621.440 2; 459.384 6; 179.056 5;  Ginsenoside F,
[M+HCOO]" [M+HCOO] 161.045 5

63 19.57 829.499 5 829.4950 C,H,O, 5.42 783.491 7; 621.435 2;459.384 1;323.099 2;  20(S)-Ginsenoside Rg,
[M+HCOO] [M+HCOO] 179.057 2

64 20.05 829.497 6 8294950 C,H,0 3.13 783.494 1; 621.436 6; 459.382 2;323.100 4;  20(R)-Ginsenoside Rg,
[M+HCOO]" [M+HCOO] 179.056 1
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Figure 2 Molecular network of saponins from Panax notoginseng.

are the same as Table 2. Rha: Rhamnosyl; Mal: Malonyl
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Figure 3 Total ion chromatogram (TIC) of the 70% methanol extract of Panax notoginseng. The peak numbers hereby are consistent with

those in Table 2
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Figure 4 Multivariate statistical analysis based on the correlation between size ("Tou") and characterized saponins of Panax notoginseng.

A: PLS-DA plot; B: OPLS-DA plot; C: S-plot based on OPLS-DA model; D: Permutation test of OPLS-DA

Table 3 Metabolites with high contributions to different grades of Panax notoginseng (VIP > 3, P < 0.05)

No. VIP mlz Adduct Formula Variation identification
1 24.07 991.544 8 [M+HCOO] C,H,0 Ginsenoside Rd
2 16.05 977.530 8 [M+HCOO] C,,Hg, O, Notoginsenoside R
3 10.38 1007.5410 [M+HCOO] C,H,0,, Notoginsenoside M
4 9.18 815.478 5 [M+HCOO] C,H,0, Notoginsenoside R,
5 8.58 1153.5970 [M+HCOO] C,H,,0,, Ginsenoside Rb,
6 7.09 725.446 3 [M+HCOO]" C,H,, 0, 20(R)-6"-O-Acetyl-ginsenoside Rh,
7 6.86 991.544 4 [M+HCOO]" CH,0 ¢ Gypenoside XVII
8 5.97 829.492 5 [M+HCOO] C,H,0, 20(S)-Ginsenoside Rg,
9 5.75 961.534 5 [M+HCOO] C,,Hy,O,, Quinquenoside L,
10 5.74 683.4358 [M+HCOO] C,H,,0, Ginsenoside F,
11 5.36 1285.6390 [M+HCOO] Cy,H,,0,, Notoginsenoside Fa
12 5.03 829.494 1 [M+HCOO] C,H,0, 20(S)-Ginsenoside Rg,
13 5.03 683.436 3 [M+HCOO] C,H,0, 20(S)-Ginsenoside Rh,
14 4.35 1417.6820 [M+HCOO] CoH, 0, Notoginsenoside D
15 4.16 1007.541 0 [M+HCOO] C,H,0, Notoginsenoside N
16 3.80 725.446 0 [M+HCOO]" C,H,0,, 6-0-Acetyl-ginsenoside Rh,
17 3.28 1123.5870 [M+HCOO] C,H, 0, Ginsenoside Rb,
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Figure S The intensity scatter plot of ginsenosides. A: Ginsenoside Rd; B: Notoginsenoside R; C: Notoginsenoside M. The blue line is the

minimum line, the red line is the superior and qualified division line.
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Figure 6 High-performance liquid chromatograms of Panax notoginseng. A: Mixed reference substances; B: Samples, 1: 20 Tou; 2:
200 Tou. R;: Notoginsenoside R,; Rg,: Ginsenoside Rg,; Re: Ginsenoside Re; Rb,: Ginsenoside Rb,; Rd: Ginsenoside Rd

Table 4 The content of five representative saponins in Panax notoginseng. n =6, x s (%). "P < 0.05, "P < 0.01,

P < 0.001 vs 200 Tou

group. TPNS: Total Panax notoginseng saponins (R, +Rg +Re+Rb +Rd)

Market grade R, Rg, Re Rb, Rd R .Rg +Rb, TPNS
200 Tou 0.86 +0.20 3.67 +0.64 0.42 +0.14 2.95+0.79 0.52+0.14 7.49 +1.59 8.42 +1.82
120 Tou 0.92+0.11 3.81£0.28 0.48 +0.09 3.08 £0.37 0.60 +0.10 7.81+0.62 8.89 +0.70
80 Tou 0.88+0.13 3.87+0.21 0.49 + 0.08 3.02 £ 0.39 0.65+0.12 7.77 £ 0.60 8.91 +0.74
60 Tou 1.04+0.16 3.70 + 0.38 0.47 +0.14 3.30 +0.59 0.80 £0.14™ 8.04 + 1.06 930+ 1.31
40 Tou 0.93+0.12 3.50 + 0.49 0.44 +0.10 3.03 +0.44 0.75+0.117" 746+ 1.01 8.65+1.18
20 Tou 1.10+0.13" 3.59 +0.59 0.44 +0.07 3.32+0.39 0.82+£0.07" 8.01 +1.05 926+1.17
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Figure 7 The average content of notoginsenoside R, and ginsenoside Rg,, Re, Rb,, Rd (A); Pearson correlation analysis between size

("Tou") and characterized saponins of Panax notoginseng (B). 'P < 0.05, "P < 0.01
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Figure 8 The content scatter plot of ginsenosides. A: Notoginsenoside R ; B: Ginsenoside Rd; C: Total contents of three ginsenosides; D:

Ginsenoside Rd/TPNS. P < 0.01, " P < 0.000 1
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