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Abstract: Objective
Baishao (Paeoniae Radix Alba) with wine before and after processing, and screened the difference markers to provide reference for

Based on HPLC fingerprinting and chemometrics, we investigated the differences in chemical composition of

exploring the mechanism of the preparation of Paeoniae Radix Alba with wine before and after processing and establishing quality
control standards. Methods HPLC was used to establish fingerprints of Paeoniae Radix Alba prepared slices before and after wine
processing, to identify common peaks and evaluate the similarity. The peak areas of peaks shared before and after wine processing of
Paeoniae Radix Alba prepared slices were used as indicators, and orthogonal partial least squares-discriminant analysis (OPLS-DA),
principal component analysis (PCA) and hierarchical cluster analysis (HCA) were applied to differentiate Paeoniae Radix Alba
before and after wine processing. The above methods were used to differentiate between before and after wine processing of
Paeoniae Radix Alba, and the differential markers were screened for quantitative analysis. Results The HPLC fingerprints of
Paeoniae Radix Alba and wine-processed Paeoniae Radix Alba were similar, but their peak areas before and after wine roasting were
different; HCA and PCA can clearly divide Paeoniae Radix Alba and wine-processed Paeoniae Radix Alba into two categories,
indicating that there are some differences in the chemical composition of Paeoniae Radix Alba before and after wine processing;
Peak 1 (gallic acid), 2 (oxidized paeoniflorin), 3, 7 (paeoniflorin) and 8 (gallic acyl paeoniflorin) were screened according to
OPLS-DA analysis as markers of variability Paeoniae Radix Alba herbal pair with wine before and after processing; A quantitative
study of three of these identifiable and high differential markers showed that the content of gallic acid was significantly increased and
paeoniflorin and gallic acyl paeoniflorin were significantly decreased in Paeoniae Radix Alba prepared slices after wine processing.
HCA could clearly divide Paeoniae Radix Alba prepared slices into two categories with wine-processed Paeoniae Radix Alba
prepared slices, further confirming the rationality of selecting these three components as markers of the differences between
Paeoniae Radix Alba prepared slices before and after wine processing. Conclusion The study on the differential markers of
Paeoniae Radix Alba herbal pair with wine before and after processing can provide a reference for improving the quality control and
quality evaluation of the prepared slices of Paeoniae Radix Alba and wine-processed Paeoniae Radix Alba.

Key words: Paeoniae Radix Alba; wine-processed Paeoniae Radix Alba; fingerprint; chemometrics; quality control; HPLC;
hierarchical cluster analysis; principal components analysis; partial least squares-discriminant analysis; gallic acid; oxypaeoniflorin;
paeoniflorin; galloylpaeoniflorin
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Table 1 Information of sample source
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Fig. 1 HPLC of mixed reference substances (A), Paeoniae
Radix Alba slices sample (B), wine-processed Paeoniae Radix
Alba slices sample (C)
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Fig. 2 HPLC fingerprint of 10 batches of Paeoniae Radix
Alba (B1—B10) and wine-processed Paeoniae Radix Alba
(J1—J10) and its reference fingerprint (R)
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Table 2 Relative peak area of common peaks in samples of Paeoniae Radix before and after Alba wine processing

3 BABXAEHAIEERIEER/NMEEE

b AR V& THI AR
HHA
Vg 1 U 2 U 3 & 4 & 5 V% 6 g 7 U4 8 & 9 & 10
B1 8.634 2.162 4,546 0.586 3.318 27.494 141.332 6.781 24.161 5.382
B2 9.742 2.019 4,434 0.449 5.299 30.800 148.765 6.984 25.997 5.056
B3 11.250 2.393 4523 0.486 5.264 26.590 143.955 7.934 35.463 6.203
B4 10.334 2.206 5.676 0.377 1.171 24.170 166.704 8.301 34.882 4.607
B5 7.241 2.184 2.922 0.899 9.516 19.572 148.044 8.024 26.121 4,228
B6 9.401 2.064 4,195 0.596 9.771 29.094 147.199 7.494 31.248 4,746
B7 9.918 2.421 4,832 0.340 6.595 32.254 148.942 7.713 29.898 5.588
B8 8.775 1.801 4811 0.326 6.339 25.268 144.999 7.534 29.163 5.014
B9 9.144 2.031 6.414 0.375 0.963 34.100 150.177 8.008 27.579 5.897
B10 9.354 1.921 6.366 0.383 0.942 31.920 148.155 6.745 25.971 4977
J1 12.394 1.737 3.626 0.408 1.690 27.174 134.499 6.695 35.060 5.747
J2 11.013 1.538 2.467 0.266 5.944 23.623 134.569 7.015 35.436 4.049
J3 10.492 1.740 2.619 0.218 2.674 27.368 130.314 6.568 33.320 4,534
J4 13.088 1.683 3.511 0.385 4.276 29.171 132.354 5.809 33.403 4,720
J5 12.271 1.603 4.856 0.369 1.406 29.338 130.887 6.610 34.544 4,282
J6 13.852 1.571 3.835 0.191 2.549 25.220 133.907 6.971 31.965 4,205
J7 12.935 1.288 3.849 0.392 1.561 29.322 126.979 7.098 42.209 4.474
J8 10.422 1.352 2.623 0.235 5.967 18.484 122.531 5.634 28.187 3.825
J9 18.671 1.113 3.219 0.331 5.610 18.925 132.910 6.086 32.152 4,948
J10 15.378 1.546 3.508 0.503 1.684 21.899 118.054 5.346 23.273 4,547
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= = 3 & T & 04 s = e
2 E 14 L2 P 8- E 51 3
) 27 0.2+ s N
nEm®
0 T T 0 T 1 T T 0 T T 0 T T
EEAT HAAT HEEAT WER HEEAT WA EAAT HEAT AR AR
359 180 e 97 i g 457 g 7 w10
-
30 - 160 1 8 40 6 p
& .y E S L E g o &
= S E 0 " £ 71 e W G- .
= | | — amE — " — _ g = =
2 . Z “E' 2 :‘ B . = ";':
20 J 120 - = 6 - - I 4 .
-
15 T T 100 T T T T 20 T T 3 T T
ARG WEAT AR WEAT HEAAT TEEA) AR BEAAT AR BAAT
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Fig. 3 Violin plot of common peak relative peak area of Paeoniae Radix Alba before and after wine processing
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Fig. 4 Cluster analysis diagram of Paeoniae Radix Alba and
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wine-processed Paeoniae Radix Alba samples
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Table 3 Characteristic values and contribution rates of

principal components
TRy FHEE 7 TUERE%

BT Z TR %

1 4.607 46.070 46.070
2 1.411 14.106 60.175
3 1.276 12.755 72.930

x4 EpSIERE

Table 4 Matrix of principal components

F > F s
553 5857
1 2 3 1 2 3
1 -0.705 0.062 —0.239| 6 0.723 0.168 —0.253
2 0.903 -0.151 0.144| 7 0.857 0.159 0.202
3 0.821 0.124 —0.382| 8 0.798 0.419 0.323
4 0.456 -0.580 —0.141| 9 -0.194 0.762 0.302
5 -0.007 —0.446 0.842| 10 0.694 -0.151 —0.150
3 1
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Fig. 5 Principal component score
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Fig.6 OPLS-DA scores chart
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Fig. 7 VIP value from OPLS-DA load diagram of Paeoniae
Radix Alba and wine-processed Paeoniae Radix Alba samples
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Fig. 8 Cluster heat map of content of different markers before and after Paeoniae Radix Alba wine processing
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