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Research on relationship between color and composition changes in processing of
rhubarb charcoal based on “external and internal correlation”
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Abstract: Objective To study the relationship between the quantitative color value of the powder and the known component content
of rhubarb charcoal, and lay the foundation for the establishment of the rhubarb charcoal processing process control and endpoint
judgment based on the color quantitative value. Methods Rhubarb charcoal samples were prepared at different temperatures and time.
Based on the empirical judgment of the rhubarb charcoal processing, the visual analyzer and UV-Vis were used to quantify the color of
the pieces and powder of rhubarb charcoal under different processing conditions. At the same time, the HPLC fingerprint method was
used to evaluate the dynamic changes of chemical components during the processing of rthubarb charcoal, and the quantitative value of
the color of the sample during the processing of rhubarb charcoal was correlated with the characteristic components of the HPLC
fingerprint using the multivariate statistical method. Results During the processing of rhubarb charcoal, as the degree of
carbonization increased, the apparent color of the sample changed from light yellowish brown to burnt black. There was a high

correlation between the lightness value (L"), red-green value (a”) of the sample pieces and powder and the yellow and blue values (b%).
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The area of the 26 characteristic peaks had varying degrees of correlation with the chromaticity value. Among the 14 known
components, five bound anthraquinones (aloe-emodin-8-O-B-D-glucoside, rhein-8-O-B-D-glucoside, chrysophanol-8-O-§-D-
glucoside, emodin-8-O-f-D-glucoside, physcion-8-O-B-D-glucoside), and two sennosides (sennoside A, sennoside B) had a linear
positive correlation with the chromaticity value. The content of five free anthraquinones (aloe-emodin, rhein, chrysophanol, emodin,
and physcion), gallic acid and 5-hydroxymethylfurfural (5-HMF), whose contents increased first and then decreased, showed a
quadratic correlation with the chromaticity value. Conclusion The subjective judgment of rhubarb charcoal in the processing process
is consistent with the quantitative color value analysis. The quantitative color value has a clear correlation with the content of 14 active
chemical components. It is preliminarily inferred that the color quantitative value can be used as the quality of the rhubarb charcoal
processing process control and end-point determination indicators to achieve efficient and rapid identification of the processing quality
of rhubarb charcoal, which can provide new ideas for the monitoring and quality control of the rhubarb charcoal processing process.

Key words: external and internal correlation; rhubarb charcoal; processing; color; multivariate statistical analysis; HPLC; fingerprint;
correlation analysis; gallic acid; 5-hydroxymethyl furfural; aloe-emodin-8-O-B-D-glucoside; sennoside B; rhein-8-O-f-D-glucoside;

sennoside A; chrysophanol-8-O-B-D-glucoside; emodin-8-O-B-D-glucoside; physcion-8-O-f-D-glucoside; aloe-emodin; rhein;

emodin; chrysophanol; physcion
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Fig. 1 Rhubarb charcoal samples prepared under different heating temperatures and time
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x1 TREHEEARRERNEENEER n=3)

Table 1 Chorma determination results of different processing degrees of rhubarb charcoal (n = 3)
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B i S BT Bt - - - - - - -
a b Ew L a b E
KIERZH (S0) AR, AR 4176 1658 29.10  53.53 5977 10.18  33.30  69.17
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Table 2 Correlation analysis of color value of pieces and powder of rhubarb charcoal

~ RERIAR N4/

fhibr ; ; ; . ; ; ; ;

L'y amp b Eabn L' a’w by E b
L% 0.879™" 0.940""" 0.922™* -0.920""" 1.000 0.886™" 0.972™" -0.977"""
a’s 0.735™" 0.835™" 0.804™* -0.794""" 0.886"" 1.000 0.954™" —0.929"""
b*y 0.807™* 0.895™" 0.874™* -0.864""" 0.972™" 0.954™* 1.000 -0.973"""
E'wux  —0.879™" —0.958™"" -0.938""" 0.931"" -0.977""" —0.929""" -0.973"" 1.000
L% 1.000 0.934™* 0.970™* -0.984"""
a'n 0.934™* 1.000 0.980™" -0.979"""
b 0.970™* 0.980™" 1.000 -0.997"""
E'wn  —0.984™" —-0.979™"" -0.997""" 1.000

**P<<0.001 FaAR i E ARG

ok

P <0.001 highly significantly relevant
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Fig. 2 Color distribution of sample (powder) during
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Fig. 3 Fingerprint spectrum of 19 batches of samples (A) and control spectrum of mixed reference solution (B)
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Table 3 Analysis results of correlation among each characteristic peak and chromaticity effect

&5 r/min L & b E'w 5%

&S j/min L* & b Ew 5 %ax

1 10.7 0.688 0.661 0.662 0.691 B & FIiR

15.5 0.645 0.662 0.659 0.651 5-HMF

33.8 0.763 0.756 0.764 0.760 F %

36.7 0.723 0.716 0.722 0.721 K51

37.3 0.690 0.709 0.713 0.696 A%

39.4 0.721 0.702 0.709 0.714 FK %1

422 0.727 0.691 0.705 0.731 A%

43.1 0.711 0.709 0.710 0.719 A%

43.9 0.731 0.674 0.690 0.700 A%

447 0.673 0.592 0.599 0.659 A%

47.5 0.740 0.709 0.712 0.737 P& K3 &K-8-0-p-D-
GIkaL A

4 488 0.710 0.625 0.638 0.733 V5 B

o o \S]

(=T ¢)

wW 5 - 0

i 56.8 0.720 0.662 0.669 0.710 A%
j 602 0.757 0.713 0.731 0.771 A%
7 612 0.698 0.664 0.664 0.691 K& H)-8-O-B-D-7 % BT
8 622 0.644 0.605 0.616 0.617 K #FK-8-0-B-D-7 & P iF
k  64.6 0.746 0.689 0.703 0.758 A4
1 659 0.770 0.756 0.757 0.772 K%
9  67.5 0.7320.733 0.729 0.726 K% = H §#-8-0-p-D-
2
10 72.6 0.6120.602 0.621 0.619 M2 K%
11 83.3 0.6520.614 0.613 0.655 KK
12 87.9 0.579 0.585 0.642 0.619 K#H %
13 89.5 0.673 0.660 0.666 0.678 K
14 90.9 0.689 0.669 0.674 0.696 K3 2 H B

5 51.5 0.792 0.763 0.772 0.785 K¥R-8-O-B-D-H % MEH| m  92.6 0.616 0.576 0.588 0.593 K

6 53.8 0.7650.723 0.738 0.793 HIEH A

*4 BESKERSBERMESHT

Table 4 Pearson correlation analysis

between chromatic values and compounds

o : = :

L a b E
BETR -0.135 —0.086 —0.130 -0.150
5-HMF —0.127 —0.048 —0.104 —0.128
P2 K3 K -8-0-B-D-H E 0.944™* 0.954** 0.961** 0.954***
FKIEH B 0.911* 0.864* 0.889* 0.888***
K FR-8-0-B-D-1 & 0.890"*" 0.882** 0.894"* 0.911™
FIET A 0.888™* 0.888"* 0.898*** 0.889**
K 13-8-0-B-D-1 & B 1 0.918™" 0.890*** 0.906"** 0.928***
K3 FK-8-0-B-D-Hi A 0.883""" 0.858"" 0.873" 0.894***
K3 H i$-8-0-B-D-Hi & F 1 0.906™"* 0.887" 0.906"** 0.913**
FIERER 0.276 0.385 0.327 0.293
KM -0.384 -0.291 -0.339 -0.386
N ¥ -0.037 0.080 0.000 -0.019
N -0.174 -0.091 -0.153 -0.177
KB HR -0.068 0.030 -0.025 -0.061

*P<<0.001 FaAR i E ARG

ok

P<<0.001 highly significantly relevant
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Fig. 4 Rhubarb charcoal powder E*ap and composition change trend diagram
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