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Abstract: Objective To establish HPLC fingerprints of raw Sanqi (Notoginseng Radix et Rhizoma, NRR) with steamed NRR and
baked NRR, and to study the changes of chemical constituents before and after NRR concocting by combining multivariate statistical
analyses and measurements, so as to provide a reference for the evaluation of NRR concocting quality and the quality markers (Q-
Markers). Methods The determination was performed by HPLC to establish the fingerprints under different concoctions; The
fingerprints were analyzed and evaluated by heatmap analysis, hierarchical clustering analysis (HCA), principal component analysis
(PCA), orthogonal partial least squares-discriminant analysis (OPLS-DA), and quantitative determination of the ten main components

to identify the differences in components before and after processing. Ultra performance liquid chromatography-tandem quadrupole
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time-of-flight mass spectrometry (UPLC-Q-TOF-MS/MS) was used to rapidly predict the compounds in cooked NRR, and the major
chromatographic peaks were analyzed qualitatively to speculate the possible cleavage pattern of the newly generated saponins. Results
Atotal of 13 principal chromatographic peaks were matched in the superimposed fingerprints of different processing times and methods
of NRR, and 10 of these peaks were identified by comparison with the control sample. At 230 ‘C for 6 h of baking, the newly generated
saponins had a higher conversion rate and the largest content than that of steaming, and then 230 ‘C and 6 h of baking were taken as
the optimal concoction method and concoction time. HCA classified NRR with different concoction times into two categories, and
PCA could obviously distinguish NRR with different concoction times. VIP values in OPLS-DA identified six markers of quality—
ginsenoside Rki, Rgs, Rks, Rh4, Rbi and Rd. UPLC-Q-TOF-MS/MS was used for the prediction of the compounds in ripe NRR. The
main chromatographic peaks of raw and cooked NRR were qualitatively analyzed, and speculate on the possible cleavage pattern of
the newly generated saponins. The ginsenoside Rks and Rh4 have the effect of tonifying blood, which verifies the traditional application
of NRR. Conclusion The results of HPLC fingerprinting and content determination, UPLC-Q-TOF-MS/MS qualitative analyses
pointed out that compared with traditional steaming, the baking method can achieve a higher conversion rate of the chemical
components in NRR; which is of great significance for the quality control of NRR and its concocted products.

Key words: Notoginseng Radix et Rhizoma; baking method; steaming method; fingerprint; chemical pattern recognition;
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BBP06427). Rhs (#it*5 BBP04099). Rgz (#it5
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mg/mL 7R G0 HE A
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1) RSD 341 <<0.04%, XTI A1) RSD 3 <<2.61%,
RZRBUTNEE SR, ARG R,

253 FUEMERLE  FEERIUE =1, A06 (& 6
h) BARE 2g, 3% “2.37 T F 7kl & st s
Wi, TEHIZ5SE 04 4. 8. 120 16+ 20, 24 h 4> HIHERE
MW5E, 53HILA Rd. Rks W NS HRIE, 0588 R EE
T U (R A T PR B IS TR RAE T TR AR, 12 RSD
D43 % = B 60 3 04 A X6 OR B B[R] 1 RSD #3 <
0.14%, FHXTIE AR ) RSD 1) <2.86%, 2 HAALR M
WIRAE 24 h W E, FFETRalBEIEE K.,

254 FRGUEEM S K EE AR TRIN %
“2.37 T T 7y A A = R AN TR AR TR S A
[E M 73 =-BRE S (AO1~A12. BO1~B09) ¥
PRI, % “227 TUTR ik AR E , 19
F HPLC frarue (B 1). B “2.47 T RIR A X R
WV, H% €227 TR SRR E, 19 ER
AR S L 2 S IR, SEFRIAE 1~
5. 9~13 5 10 M FEZEATEE, 7508 Ri. Rgi- Re.
Rbiv Rd. Rks. Rhsv Rgs. Rkiv Rgso

2.6 BHIBIE 10 FR SR EENE

26.1 ZMRREL FEFE R Rgi. Re. Rb.
Rd. Rks. Rhs. Rgs. Rki. RgsidE &, 70% F EE AR,
et B o 8 o R P PR VR 5 R VA . DA X R
i TR B R AR (X0, WEITAUAIARAR (1), 2
FIFRUERN£E, FEHEATERYERNT, 753 10 FhEisr 2tk
AR S L MG, 455850 008 R Y=379.796 8
X—16.660 6, R*=0.999 9, Zk1:VufE 2.840 8~



- 7982 - F8 B 2024F 128 $55% B238  Chinese Traditional and Herbal Drugs 2024 December Vol. 55 No. 23

A
10 13
6511 12 — Al2
IS | SR . ; —~ All
S IA Mo Al0
. . L Y — A09
- L__,Z‘d il — AO7
d ‘ A06
S alll i1 _ — AO05
J- A wﬂ P . ~ -— .~ A04
‘L N . L_a ~— A03
} ' ~— A02
A b
— - —— o~ A0l
4
[ 1 %3 | 5 b
B L I R D S i -~ B9
911 13
i . b T , Bog
10
N Jn__.l_% 12. ~ B0O7
B06
N R RO — " B05
I 1 ) . r B04
J\_ I L,LMW ~ B03
! L B02
A A "
) 4 BO1
1 3 | 5 B
I L h— o
C
10
% 13
7| 12|
I 68111 |
4
2
L3 ’ |
AN |~ - — =g
ALJ ‘2H
JL*__LA_J\/\—,}\_»L L__.LL - BANEE
80 100
t/min

AR =4 B-ZEHI =4 CURAX IR A=ERAER 6h M =-1F: 1-R;; 2-Rgs; 3-Re; 4-Rbj; 5-Rd; 9-Rks; 10-Rhs; 11-Rgs; 12-
Rk;: 13-Rgse

A-baked NRR; B-steamed NRR; C-mixed reference substances, samples of raw NRR and bake NRR for 6 h; 1-R;; 2-Rg;; 3-Re; 4-Rby; 5-Rd; 9-Rks; 10-
Rhy; 11-Rgs; 12-Rk;; 13-Rgs.

B 1 TREMEHEFET=th 2 2FHM HPLC i&E
Fig.1 HPLC spectra of total saponins in NRR under different processing methods

39.926 1 ug; Rg Y=394.843 3 X+17.763 3, R*=  R?>=0.9999, ZkM:yul 33.520 6~204.769 1 pg; Rd
0.9999, Z&MVEH] 39.024 8~243.218 7 ug; Re Y= Y=304.920 7 X—1.716 1, R*=0.999 9, £&4iEH

262.986 3 X—4.773 7, R*=0999 9, ZEyi[E  11.7403~70.0665 ug: Rks Y=343.2239.X+14.4945,
21.4783~124.6117pg;: Rb; Y=339.3305X+7.5181,  R*=0.9999, #1:j5H 58.9858~363.3419 pg: Rhy
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Y=425.867 7 X—5.828 4, R?=0.999 9, kIt
9.6222~158.447 4 pg; Rgs Y=380.9297X—1.5725,
R*=0.9999, &Ml 23.9780~139.1992 pg; Rk
Y=350.608 8 X+2.021 6, R2=0.999 9, £kt
46.6423~285.7290 ug; Rgs Y=353.1004 X+7.669 7,
R*=0.999 8, Z&PEVEM] 59.671 2~359.479 8 ug.
262 FEEERAE HEWHE=LHK 2g, %
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ISR ERE N e, AR 6 I, 11H Riv Rgis
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“227 TR A RREN E, ERUFE 6 IR, it
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R % B R AT
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“2.37 TR 7 i A B HER IR, AEHIES TS 0. 4.
8+ 12, 16+ 20, 24 h 73 IHEFEIIE, 715 Riv Reis
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0.95%- 0.78%- 0.56%. F5%FEL A06 (K5l 6 h)
MR 2 g, $%& “2.37 TR S i i
TEHIE )G 00 4. 8. 12 164 20 24 h 43 IHEREN
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IYHIN 0.14%. 2.86%. 0.64%- 0.14%. 0.17%, %
B A MRAE 24 h WA SE T R .
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AT 6 4, 4% “2.37 WUR Tk A A 6
By, fE “227 TUF IS FARRENE, THE Rks.
Rhs. Rgs. Rk Rgs Jli & 73050/ RSD 73514 1.34%-
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[EY/308
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SR IRE [ER R B RSD . 45 % Riv Rgi. Re.

Rbi+ Rd P 3L B Z 5530 8 101.07%
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9 0.70%. 3.17% 1.11%- 1.17%. 1.64%.
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Rki+ Rgs) Z2HIMH =-EME (A06) 9 4, 4
1 g, 3l =-tFE s (A06) 1 Rks. Rhay Rgs.
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a4 “2.37 TR T A A I, 1k “2.27
TR €l 2R HERE b, B H =-ERE T Ao6
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Rhs Rgs. Rkiv Rgs (-1 35 AL B 2 73 0
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RSD 705175 0.72%- 1.12%- 0.31%- 1.98%- 0.75%.
2.6.6 FERIE  FEIR €237 TR 7R wlH A
=R =R R A R, R “2.27 TUR
g AT S EINE, TR 10 FhEsr i sE
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Regs Rk 5 & 53 B8 B i KA, HASIA R R
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2.7.1  ZKH =L AUE G =B85 gUR R AR B
FTHCA BA: =-EAEd =S 13 AN REE
T I THIAR, SN TBtools 1.113 Bt rhtk AT 4 &
S3HTRI HCA (] 2), 45 R EoR, A=+, A01~A03.
BO1~B09 N2, A04~A12 R, LHHE
FHHHI K, =L R, B
il =L E & ) =LA,
272 AE=BAEHI =-LIBLERER PCA BAE
ZBAUE ] =GR 13 A B R (I T A,
A SPSS 26.0.0.0 #fF, £id KMO 1 Bartlett &
¥, KMO=0.758>0.5, P<<0.001, ®WHFEHE T4
W2k fF, ATHEAT PCA. KA W hREAb Ab 28 5 AT
PCA, 732 PCA 1543 (B 3), A& X /AR 77
iy AN[E S )M ) =
273 A=A H = LEg B OPLS-DA
£ PCA (F 3) ftat &, #3t—PFIH OPLS-DA it
A =R =GR AT AT, R 4-A B
TNo PRSI BRI S Ry cum N
0.987, R’ycum N 0.838, THMIGE SIS Q%cum 7 0.788>
0.5, RUMBRONA R, H, A=+t A01~
A03. BO1~B09 1 A[RI—2, A04~A07 V- N[F—
7K, A08~A12 HN[FE-—3K, WTLIA R AR
BT T =L X T . i H| =Lt
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z1 E£=ZEMEFH =t 10 RS SENELER n=3)
Table 1 Content determination results of ten components in raw and processed NRR (7 = 3)
e U/ (mg-g™)
Ri Rgi Re Rb: Rd Rks Rhy Rgs Rk Rgs
A= 319374 1266722 220502 93.9496 31.4033 - - 1.040 0 - -
A01 33.0605 1359752 23.6214 1027736 32.0509 - 0.5474 3.1413 - -
A02 32.8890 137.0303 24.0879  98.1331 345937 1.9013 48609  5.0118 - -
A03 41.7393 1724129 29.0757 658341 413203 5.366 9 9.6003  6.7882  4.663 6 7.0411
A04 245612  99.1772 165679 312160 245289 76.6635 97.8104 182567 64.1122  90.7425
A0S 104421  30.996 0 - 250046 82036 99.7529 130.4839 189391 83.6231 119.2251
A06 - - - 22.999 5 - 112.1970 158.6228 213863 93.2237 1347434
A07 - - - 18.680 0 - 91.2614 152.7511 13.6665 84.7958 139.4591
A08 - - - 13.7195 - 78.8945 106.7273  7.5629 563190  80.9761
A09 - - - 16.638 2 - 77.3923 1034257 9.1610 589806  82.8381
A10 - - - 16.081 4 - 862156 1177925 99775 62.6383  89.9576
All - - - 15919 8 - 77.0356 102.5031 9.5292 57.3213  79.3182
Al2 - - - 11413 4 - 62.3583  81.8068  6.4697 455264 614303
BO1 28.0874 109.5713 18.6676  87.5092 30.0451 0.606 9 4.0752 29371 - -
B02 233624 914877 157277 79.4693 274794 1.780 1 58494 32401 - -
B03 29.5344 118.7077 20.1533 107.6229 39.1164 7.1157 142398 59550 32174 4.6169
B04 232664 921956 15.6714 919926 42.0674 132855 21.6619 73676 57685 8.8824
BO5 20.1860  79.4979 13.6472 852952 36.2121 157584  26.0106 8.4392 6.9775 10.988 8
B06 20.7399  82.8345 144763 912562 359166 209921 343525 10.0678  9.7299 15.2105
B07 19.8846  81.6415 143365 101.9990 48.6589 29.6951 472168 152105 132350 213754
BO8 17.046 5 68.2570 124718 948401 36.0474 319855 527542 28.7223 15.6383  25.8259
B09 10.8390  42.101 1 80112 69.8541 278889 29.7511 49.6016 28.6516 156817 254744
“=7 RAE

“=" not detected.

241573116 81012913
e 5
2 ZREFEEH =LaHREFR HCA
Fig.2 Heatmap and HCA of steamed and baked NRR

17 OPLS-DA (K 4-B), KIE=+. A01~A03 4
HIFE—2, A04~A07 JHN[A—2E, A08~A12 3K
[W—28, 5AR7EESH =Lf OPLS-DA 455 —
], DU =R E ], B IR AL
KiK. UAAREZEMERZME (projection value of
variable importance, VIP) >1 AAnEfiiik 2 5 ik
gy, Lk 6 N ERSY, EARIERAE =R
7M. BB = O E R I F B (B 5. 2
REMHT E 12 (Rk) >1§ 13 (Rgs) >4 9
(Rk3) >U%& 10 (Rhy) >0 4 (Rby) >0 5 (R,
EbEe R B, W 12, 131 9. 10 (Rki+ Rgs. Rks+ Rhy)
ML R R B s AR S A [0 4.5 (Rby
Rd), M5 & =K.
28 REHI=tFME=+EH UPLC-Q-TOF-MS/MS
EMEE

U =B (A06) FIAE =Lk iy, 4
UPLC-Q-TOF-MS/MS, % “2.2” T o 215 =
- EFR AT, PRAM, =L
TR 18 7 B A B B e 8 DA K U T2
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[M+HCOO]™ m/z 811.485 4, 5 1HD BN m/z
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Table 2 Analysis of chemical constituents in baked NRR and raw NRR by UPLC-Q-TOF-MS/MS

SERE ARRE R

=] : > yi - - N
U5 tr/min L% HF [M—H]" [M+HCOO] [M+CH;COO0] (K100
1 2492 =H2H R C30Hs00o - 599.3429 - 5543437 -142  -0.79
2 4139 =BT ST Cx2Hs09 - 625.358 2 - 5803611 -196 -1.14
3 6203 ZLEH ST CuHuO1s  829.4948 8754929 - 830.5028 —0.84 —0.70
a 8869 Ri CoHgoO1s 931523 5 - - 932.5345 -396 -3.69
4 13.026 =L SPs CoHnO1s 8154794  861.4772 8754956 8164871 —055 045
b 13.142 Rg CoHnOu 7994851  845.4806 - 8004922 021 017
¢ 13.830 Re CisHs2O15  945.5425  991.549 | - 946.5501 —036  —0.34
5 29101 =LBH ST C3sHs609 - - 6794052  619.3846 -175 -1.09
6 31481 =LE1 Fa CsoHi00027 1239.6370 1285.6410 - 12406450 -0.74 -0.92
7 32230 =t£BHD CosHi0s031 13716760 1417.6540 14317010 13726880 -2.90 —3.98
8 32580 20(R)-AZ BT Rhy CxHeOo 6374311  683.4379 697.4528 6384394 -158 -1.01
9/d 33212 Rby CssHs202 11075950 1153.6000 - 1108.6030 —0.69 —-0.76
10 33.711 =-L2% SPio CyHeOn 6834379 729.4371 7434545 6844449 046 031
e 36521 Rd CisHs2018 9455437 991.549 5 - 9465501 091  0.86
11 37.838 Ll B4 XVII CisHs2O18 9455358 991.546 4 - 946.5442 -123  -117
12 38.188 =L SPuy CyHaOn 6654273 7114290 7254476 6664343 042 028
13 40251 ZHEH Ts CsaHesO2 7514630  797.4709 8114816 7524711 -1.06 —0.80
14 40904 NS 21 Res CoHnOn 7654775 8114557 - 7664867 255 -1.95
15 40.989 3p,12p-dihydroxydammarane-(E)-20(22),24-diene-6- Cs1HgsO12  751.463 1 797.470 9 8114847 7524711 —093 070
O-B-D-xylopyranosyl-(1—2)-B-D-glucopyranoside
16 41466 AB2H Fy CuHyO1 7654790  811.4854 - 7664867 0.61 040
17 42.049 =t 2H SPis C36Hs5010 - - 709.4163 6493952 085 —0.55




F8 B 2024F 128 $55% B238  Chinese Traditional and Herbal Drugs 2024 December Vol. 55 No. 23 - 7987 -

®2 )
. SE ARIRZE S
IS r/mi J%7 nY M—H]" [M-+HCOO]" [M+CHs;COO]" b
&5 min i zoumn U | I ™ [ 3 ] (mlz) (X109 R
18 42.079 Rks C36He00s - 665.427 7 - 620.428 8 1.09 0.68
19 42.847 Rhs C36HeoOs  619.419 9 665.427 0 - 620.428 8 —2.65 —1.64
20 43.114 20(R)-—-tLRH Fti  CaHgoO17 9155269 961.536 4 975.550 4 916.539 6 —5.86 —5.37
21  44.645 Rgs C2H72013  783.488 6 829.494 8 - 784.497 3 —1.80 -1.42
22 47.024 Z=HLET STus CscHeoOo  635.4157 - 695.418 3 636.423 7 -1.19 -0.76
23 47773 ASRET Rss CasH74014  825.499 1 871.504 8 - 826.507 9 -1.79 —1.48
24 48239 =-LEF Fts C47H78016 897.519 8 943.526 0 957.5412 898.529 0 -2.13 -1.91
25 51135 Z=-LEF SPio C43H72014 811.484 6 857.482 4 - 812.492 2 -0.41 -0.33
26 51.151 Rk C42H70012  765.479 0 811.4851 - 766.486 7 —-0.59 —0.45
27 51900 Rgs C2H70012  765.478 2 811.484 8 - 766.486 7 —1.63 -1.25
28  53.787 20(R)-AZEFH Rha CisHeOs - 667.441 8 - 668.449 9 —1.30 —0.87
29 57276 ANZ R Rsy C44H72013  807.488 9 853.494 8 867.508 9 808.497 3 -1.38 -1.12
30 64.132 ASHE1 Rhs C36He007 — 649.431 6 — 604.433 9 —0.84 —0.51
a~e A =LHH 5 TS
a—e-five main components in raw NRR. —
e
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Fig. 7 MS (A), MS/MS (B) spectrums and possible mass spectrometry fragmentation pathway of Re in negative ion mode (C)
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