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Abstract: Objective To establish the fingerprints of 30 batches of Baishao (Paeoniae Radix Alba, PRA) and honey bran-fried PRA
(hb-fPRA), study the correlation between the color change and the internal components of PRA after being fried with honey bran was
studied, and construct the relevant artificial neural network (ANN) model. Methods The chroma of PRA and hb-fPRA was
determined by colorimeter. The HPLC fingerprints of PRA and hb-fPRA were established by HPLC, and the correlation analysis
between the chromaticity value of PRA and hb-fPRA and the common components was analyzed by multivariate statistical method.
ANN model was established by chromaticity and correlation components. Results ~After the PRA is fried with honey bran, the L,
a" and b” value of the decoction piece powder showed an upward trend. The correlation analysis results showed that gallic acid (peak

1), paeoniflorin (peak 6), galloylpaeoniflorin (peak 7), pentagalloylglucose (peak 8), benzoic acid (peak 9) and benzoylpaeoniflorin
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(peak 10) are significantly correlated with the chromaticity values. When the number of neurons in the implicit layer is eight, the root
mean square error of the ANN model is the lowest (RMSE = 0.124 0) and the highest R? (R?> = 0.983 5), and the overall fit of the
model is the best. Therefore, the ANN model is selected as the best topology for four input layers, eight hidden layers, and six output
layers. Conclusion The combination of color and ingredients can more comprehensively and scientifically evaluate the overall
quality of hb-fPRA, and the color index can be included in the quality evaluation system of hb-fPRA decoction pieces, providing a
reference for the online quality control of hb-fPRA.
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Table 1 Sample information of Paeoniae Radix Alba (PRA)
and honey bran-fried Paeoniae Radix Alba (hb-fPRA)
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Fig. 1 Pieces (I) and powder (II) samples of PRA (S1) and
hb-fPRA (M1)
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®2 BAMES S1~S15) REMHSERYBNHR M1~M15) HNEEENE (Xts,n=10)
Table 2 Color measurement results of PRA samples (S1—S15) and its processed products hb-fPRA samples (M1—M15)
(X£s,n=10)
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sl
s2
S3
s4
S5
S6
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S8
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S10
S11
S12
S13

53.372+0.108
52.469+0.085
52.441%0.113
47.60910.003
47.53940.003
47.72010.006
47.79240.005
47.8231+0.012
47.5331+0.006
47.53010.004
47.82110.003
47.79110.005
44.27610.028

11.752£0.011 26.2641+0.017 60.634£0.101
11.926+0.017 26.690£0.012 60.063+0.077
12.07940.027 26.526£0.023 59.997+0.113
12.08140.017 28.923£0.020 57.001+0.007
12.04010.012 28.822+0.012 56.883+0.008
12.02040.031 28.402+0.011 56.819+0.011
11.388+0.018 27.150£0.064 56.138+0.035
11.57740.022 27.918+£0.013 56.571+0.020
11.583+0.013 27.712£0.039 56.236+0.011
11.58240.010 27.714£0.023 56.226+0.011
11.569+0.016 27.913£0.024 56.567+0.010
11.377£0.010 27.148+£0.016 56.129+0.008

Mi
M2
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M4
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M6
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M8
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Mi1
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51.598+0.124
51.776+0.029
51.539+0.112
51.694+0.067
52.670%0.006
50.52010.049
48.47410.012
49.66410.012
49.77310.052
48.7721+0.025
48.31510.062
48.80210.027

13.87540.031 29.756£0.022 55.121£0.021
13.90040.018 30.364+0.015 55.956+0.010
13.01440.117 30.186£0.066 55.470+0.087

S14
S15

44.8981+0.018
44.04810.103

M13 44.94240.059
M14 45.63940.027

12.54010.040 28.830+£0.013 60.443+0.132
12.81240.014 29.606+0.039 61.003+0.017
12.64410.031 29.301£0.031 60.619+0.102
12.16940.038 29.210£0.022 60.610%0.062
11.529+0.013 28.72010.042 61.089+£0.020
12.20540.028 29.746£0.038 59.884+0.040
12.50610.008 30.179£0.055 58.454+0.031
12.211£0.011 29.98140.030 59.283+0.016
12.51640.027 29.981£0.087 59.438+0.080
12.03240.006 29.309+0.019 58.15940.027
12.38040.011 30.31010.020 58.364+0.044
12.35140.012 30.102+£0.045 58.654+0.013
15.98440.148 31.648£0.035 57.244+0.041
15.44240.039 32.230+£0.014 57.96710.017

M15 44.90410.028 15.777£0.046 31.599+0.019 57.129+0.021
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Fig. 2 PCA score graph of powder color of PRA (S1—S15)
and its processed products hb-fPRA (M1—M15)
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Fig. 3 OPLS-DA score graph of powder color of PRA (S1—
S15) and its processed products hb-fPRA (M1—M15)
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BITE 0.979~1.000; AHAAEY) R AT, FHIA[E 7 H
ANERCIR I AT ZI A 2B R A FEA ], A
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Fig. 4 Fingerprints of 15 batches of PRA samples (S1—S15, A) and its processed products of 15 batches of hb-fPRA samples
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Fig. 5 HPLC of mixed reference substances (A), PRA
sample (B) and hb-fPRA sample (C)
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Fig. 6 PCA score graph of peak area of PRA samples (S1—
S15) and its processed products hb-fPRA samples (M1—
M15)
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Table 3 Correlation analysis of chromaticity and common

peak-peak area

r a b’ Ew'
MXRRH P HXREE P MXRE P HXZE% P
1 -0.780" 0.000 0.774™ 0.000 0.525" 0.003 —0.609"* 0.000
30056 0.770 -0.553" 0.002 -0.127 0.504 -0.234 0.213
4 0.081  0.671 —0.581"" 0.001 —0.249 0.184 —0.118 0.535
5 0154 0417 -0.499" 0.005 -0.183 0.332 -0.367" 0.046
6 0.631 0.000 —0.852"" 0.000 —0.641"" 0.000 0.366" 0.047
7
8
9

Ay

0.458" 0.011 —0.786" 0.000 -0.684* 0.000 0.148 0.435

-0.858" 0.000 0.844™ 0.000 0.693" 0.000 —0.629"" 0.000

0.306  0.100 —0.786" 0.000 -0.622** 0.000 —0.016  0.933
10 -0.246  0.191 —0.493" 0.006 -0.261 0.164 —0.507"" 0.004
11 0.279  0.135 -0.475" 0.008 -0.556"" 0.001 0.037 0.844
"P<<0.05 "P<0.01

BEAT A A A B R AT . K A A\ Bt A i ) 2
PEHEAT — SEBUE R — AR PR, {8 4B AE L0, 1 .
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Fig. 9 Heat map of Person correlation coefficient between
the chromaticity value of PRA samples (S1—S15) and its
processed products hb-fPRA samples (M1 — M15) and
chemical compositions
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Riwin CNIZREEMT R F1R* (T EHER R A2 4L
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BB IERE . AP SR 4-8-6 B,
4 BN Z T B 8 NRRE R TR 6 vl
R R AR IR, BRI B A P Y

F4 RBEBEEMATHREINER
Table 4 Results of experiment on number of neurons in
each implicit layer
BZEH RMSE  R? Rlain Rl
3 0.175 0960 0.957 0.812 0.895
4 0.153 0976 0971 0.879 0.866
5 0.145 0977 0.972 0.900 0.918
6 0.131 0985 0.978 0.925 0.934
7
8
9

szalidation

0.138 0977 0971 0.942 0.912
0.124 0983 0.985 0.889 0.916
0135 0981 0.976 0.946 0.875

10 0.137 0981 0976 0.886 0.901
11 0.162 0.942 0.942 0.898 0.910
12 0.160 0976 0.970 0.936 0.907
13 0.186 0.950 0.929 0.868 0.815
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Pk CHEZG ) FI&AA R 20 SR e
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2245 TR AR R AR TR M 2 A 0 P AR A SR 4 Wi
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R T4 T2 W R 56 4 2 AN L Rl F4 4k AT
1) BAREE AR S 56 2 F €0 22 0K AP (L 4k
SRR AT BRI 5 A e H B A
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Fig. 10 Comparison between experimental and predicted values during training, validation, and testing of the 4-8-6 model

x®5 IMEHEBIEXMTIERRHTUMGER
Table 5 Prediction results of peak area of three batches of hb-fPRA related ingredients

RATH
W

A IR

e L oM DM Ew'fd

RETEY  TERTRE o KPR
AT AT T

HYE A ASeE  BUME  RSUME BUIME ASCE PN RCSRE WONME RSHE BUNME

1 51.048 12.239 29.298 60.117 244.230 225.918 5092.732 4 999.087 101.713 114.354 155.510 176.941 449.118 396.215 218.339 199.443
2 50.953 12.229 29.372 60.071 205.104 225.822 4 890.953 5 013.641 108.601 114.413 173.484 177.609 452.938 395.309 234.622 199.800
3 51.523 13.016 31.448 61.750 221.274 227.313 4 714.427 5 183.443 113.952 108.279 220.259 189.225 500.438 422.387 224.336 181.181

B2yl 6.78 4.77
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7.59 10.08 13.37 14.24
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