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origins based on fingerprinting and multi-indicator component quantification
combined with stoichiometry
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Abstract: Objective To evaluate the quality analysis of Baizhu (Atractylodis Macrocephalae Rhizoma, AMR) from different
origins by combining fingerprinting, quantification of multiple indicator components and chemometrics, and to provide
reference and basis for the construction of the quality evaluation and quality control system of AMR as well as the exploration
of its potential quality markers. Methods The fingerprints of 22 batches of AMR from different origins were established by
ultra performance liquid chromatography (UPLC ) to determine the contents of nine index components in AMR, the clustering
heat map analysis was performed on AMR by using Hiplot scientific research mapping platform, the principal component
analysis (PCA) of AMR by using SPSS 26.0 software, and the orthogonal partial least squares-discriminant analysis (OPLS-
DA) of AMR by using SIMCA 14.0 software. Discriminant analysis (OPLS-DA) using SIMCA 14.0 software. Result The
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fingerprints of 22 batches of AMR were established, and the similarities ranged from 0.781 to 0.997. The results of cluster heat
map analysis showed that the 22 batches of AMR were divided into two groups; the cumulative variance contribution ratio of
the two principal components obtained from the PCA was 76.536%, which indicated that the two components played a dominant
role in reflecting the relationship between the common components of AMR samples from different origins. Neochlorogenic
acid, cryptochlorogenic acid, chlorogenic acid, ferulic acid, and 4,5-dicaffeoylquinic acid are five components that may affect
the potential quality markers of AMR herb quality. Conclusion This method is exclusive and accurate, and when combined
with chemical pattern recognition, it can effectively differentiate AMR from different origins, providing a basis for improving
its quality standard and discovering quality markers.

Key words: Atractylodis Macrocephalae Rhizoma; fingerprinting; multi-indicator components; heat map cluster analysis; principal

component analysis; orthogonal partial least squares-discriminant analysis; neochlorogenic acid; cryptochlorogenic acid; chlorogenic

acid; ferulic acid; 4,5-dicaffeoylquinic acid
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Table 1 Information on 22 batches of Atractylodis Macrocephalae Rhizoma (AMR) samples
i ihes 7 R R GBI ARER FE W R I I)
S1 LA T N 32°4523", E 118°728" PR A 2023-11
S2 2 e N 32°48'14", E 118°15'43" PR psai 2023-11
S3 2 e N 32°5221", E 118°5'47" PR psai 2023-11
S4 TR LT N 29°41'54", E 117°41'44" LA A= 2024-11
S5 M=Ky n N 33°58'5", E 115°16'35" WA e 2023-11
S6 SRy n N 33°57'12", E 115°15'43" WA ek 2023-11
S7 M=Ky n N 33°56'59", E 115°29'23" WA e 2023-11
S8 ==K =) Im ] N 33°53'18", E 115°29'47" PR psai 2023-11
S9 AL BRI T N 31°12'17", E 114°46'38" WA ok 2023-11
S10 LB BRI T N 31°13'1", E 114°46'26" WA FHhE 2023-11
S11 AL BRI T N 31°13'3", E 114°47'16" WA s 2023-11
S12 FALE A KIET N 38°25'7", E 113°35'47" WA s 2023-11
S13 FALE A KIET N 38°11'16", E 114°36'13" WA s 2023-11
S14 FALE A KIET N 38°7'16", E 114°35'6" WA s 2023-11
S15 TLVGE T N 28°20'45", E 116°50'16" WA kg 2023-11
S16 TLPEA & N 28°13'7", E 116°57'52" WA ok 2023-11
S17 TLPEA & N 28°14'8", E 116°45'5" WA ok 2023-11
S18 AR N 19°1'4", E 108°54'45" WEA s 2024-11
S19 IR REREN ] N 23°10'32", E 106°40'6" WA s 2024-11
S20 WA BT N 29°23'46", E 120°56'10" EZasn A= 2024-11
S21 WA 4% N 29°22'33", E 120°52'29" LA (20 2024-11
S22 WL AT N 29°27'53", E 120°54'34" LA A 2024-11
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251.76. 51.27. 5.09. 20.53. 10.26. 5.12. 20.15.
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T 16U 17-HE4U5 B 18-R4R5R A 19-R405 C.
5-neochlorogenic acid; 7-chlorogenic acid; 8-cryptochlorogenic acid;
10-caffeic acid; 13-1,3-dicaffeoylquinic acid; 16-ferulic acid; 17-3,4-
O-dicaffeoylquinic acid; 18-3,5-O-dicaffeoylquinic acid; 19-4,5-
dicaffeoylquinic acid.
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Fig.1 UPLC overlay fingerprint and reference fingerprint

of 22 batches of AMR samples (A), common mode of AMR
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Table 2 Similarity evaluation results of fingerprints of 22

batches of AMR

CLked HAAAEE Cike HAAEE
S1 0.995 S12 0.973
S2 0.886 S13 0.958
S3 0.781 S14 0.964
S4 0.997 S15 0.950
S5 0.959 S16 0.997
S6 0.986 S17 0.971
S7 0.960 S18 0.934
S8 0.978 S19 0.982
S9 0.990 S20 0.869
S10 0.968 S21 0.859
S11 0.920 S22 0.859
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Fig.2 Clustering heat map of nine common peaks and

areas of 22 batches of AMR medicinal materials
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e T A HEAT R UL AL B, N SPSS 26.0 Bf it 53 ~0.620 0.231 ~0.223 12
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MO L 3 A% 3. A spss 26.0 it D T s 0
522 HEAARFES I E R 135, DA T a6 S13 0.834 0547 0.700 19
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ONERE 2 TR L FTEEIR . AR JATR B F4RETR AL
SRR C IETHIARM RSD 4307010 1.64%. 0.15%-
0.98%- 1.07%-2.52%-0.71%-0.12%- 0.22%- 0.27%;

= 8751 »
2
L)
4 WL
IEE(
3 WL
Wi
2 8, I
. e WL
Qo ote
% 0 \l".'.’
v
g -1 = ®: L ]
-, °
-3
—4
-5
-6 —4 -2 2 4

0
1.002 5*[1]

E5 223#tEAR OPLS-DA 557
Fig.5 Score plot of OPLS-DA for 22 batches of AMR
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Fig. 6 VIP of 22 batches of AMR medicinal materials
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Table 5 Linear relationship results of nine chemical components in AMR

2Ry =)= 7 7% R? 2R/ (ng-mL Y
NG Y=15012 X—2187.7 0.999 4 1.27~50.67
SRR TR Y=19 025 X+ 19306 0.999 0 1.57~251.76
[SE I Y=21169 X—5939.6 0.999 6 1.28~51.27
Il iy Y=40295 X—1 899.1 0.999 4 0.13~5.09
1,3- W 2 7 iR Y=22 681 X—1 590.5 0.999 5 0.26~20.53
R ERPR Y=36218 X—2522.8 0.999 6 0.26~10.26
4R RTER B Y=22 143 X—2 805.7 0.999 6 0.13~5.12
FEEJER A Y =24 873 X—31432 0.995 1 0.50~20.15
AL RER C Y=24905 X—3 858.7 0.999 9 0.51~20.55
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13- WNHEREZE TR FIBERR . ok 5iR By akli
TR A, REJEER C UEMAA RSD 737908 3.08%-
0.94%-1.56%- 1.58%- 1.35%-2.22%- 1.82%- 1.58%.
2.11%; FRPTIEEEERY .

2.6.4 FaEtEilE HUE—HEAARR R, % 2.7
TR O 2450 5 F 04 24 44 8. 124 24 h iR
S, M BT AR5 RSD B . 45 R BoR, #
SRR SRJARE . FRSR IR WMHERS . 1,3- Wik
TR PR, SRR B. R AL F4%
JRER C WETHIAA Y RSD 23 511A 2.37%+2.75%-2.07%-
2.85%. 2.16%- 1.54%. 1.88%. 2.94%. 3.02%; #*
AR S VA VRAE 24 h R GE o

2.6.5 JNFEEISCRIREE  HUCE A 9 ML
BIEAARFEN 6 17, FEERE, 0405, %
il A B3 ) B N S5 B O R BT 4R IR R it
. B JEme . DnMERR . 1,3- InnEmE s TG . PSR
M. SR B, RaER AL RERRR C I,
9217 WUNEAIE S AHIE, THE & R
PLK RSD fH. BrEfife . SHEmR . FRstii. mnmk
R 13- MiEmtZE TR PR . F4RAIR B

SRR A FEURIR C HISFIIINEE R 450N
97.6%+ 95.4%. 98.01%. 106.1%. 94.3%. 93.7%-
103.0%- 100.7%-+ 98.4%; RSD 1H 7351 2.02%-
2.04%.2.62%- 1.11%+2.66%-2.98%- 2.12%-2.95%.
2.47%.

2.6.6 FEmEENE ST RERE 22 #ftEAK
KL 1.0g, 43Hl% “2.27 TR J ikl &R IsR,
P 9217 TUR S SRR E s R 6 AT A, BT
SRR SRJERR . BRSRERR . WIERR . 1,3-nhnrE gt
. PR, RaER By FEEKR AL R4
JRER C ) &5 05 )8 5.625~395.011.18.616~
1011.329. 6.428~276.345. 0.717~3.684. 2.352~
26.861. 1.188~31.133. 2.191~21.835. 14.360~
135.790. 1.687~36.320 pg/g, 22 A FFHh (5 AR o
9 MR EREREE ., WS ENEER,
W 7 FEEERY, aRT IS ETFYEE
E AR KON S SRR > B 4 R IR > BR 4t SR IR > S 4
R A>RGRIR C>FEERE >1,3- HEmE2E
e > R of AR B>INMERR, R & B & mAFAE—
SE I ZE S

*6 2 HARGM P INTHIHNEENELER

Table 6 Determination results of nine components in 22 batches of AMR medicinal materials

RESE/ (ngg ™)

==
Ty

SRR REER R 13- IEBETR MMM SSEMB FAEMA REERC
Sl 28.771 97.874 23424 1384 4419 2.348 7.619 34.870 12.398
S2 6.921 28.008 7376 2.927 6.869 4213 6.718 35.101 5.683
s3 5.625 18.616 6.428 2.732 11.146 3.020 5.345 33.429 8.569
S4 127018 439732 71296  0.742 15.513 7.936 4.948 135.790 1.687
S5 78226  158.598  66.182  2.043 11.293 3.638 9.446 32.039 12.528
S6 43769 118206  37.490 2.072 10.063 4.690 7912 37.087 15.248
S7 29.074 78337 24939 3216 5.342 8.658 6.433 28.295 8.610
S8 21.055 52650  20.899  1.603 3718 2.439 5.290 23.950 8.764
S9 20.327 61.098 15847  0.827 2.352 1.310 6.916 25.901 9.247
SI0  27.930  103.139  22.064 0.744 5.522 11.432 7.261 40.329 13.915
SI1 24.826 79.788 24455 1325 7.784 2216 7513 29.489 11.465
S12 80431  340.663 72859  2.696 26.861 4836  14.932 75.439 27.113
SI13  10.158 46410  10.895  0.717 4.806 1.188 6.129 32.196 8.596
S14 34658 114680  36.017 2.981 13.419 2693 21.835 82.487 36.320
S15 8.136 33.686  10.043  1.003 2.391 2.391 5313 33.226 10.346
S16 12.157 35249 12,193 0.770 2.530 3.165 4416 24.231 7.613
S17  62.643 178851 56244 3.684 7.563 3.297 9.791 52.891 22.732
SIS 46343 65301 36619 1382 7.931 1.359 3.940 24.154 8.060
S19 49947  137.591  39.777 1.679 7.098 1.708 2.617 32.749 11.285
S20  394.823 999259 267.425 2.830 4.022 30.996 2213 14.718 4372
S21 395011 1011329 276345 2.880 4.119 31.133 2213 14.826 4.664
S22 385.896  981.166 270.919  2.800 4.054 28.948 2.191 14.360 4.493
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Fig. 7 Box plots for determination of content of nine index components in UPLC fingerprint
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