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[Abstract] Objective: The correlation between the appearance color of cooked rhubarb samples and the

components characterized by high performance liquid chromatography (HPLC) fingerprint was studied to reveal
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the quality transfer law in the steaming process of processed products with rice-wine. Method: The visual
analyzer was used to analyze the change of the appearance color of cooked rhubarb sample powder at different
processing time, the common components and their relative peak areas of processed products with rice-wine
were identified by HPLC fingerprint, as well as multivariate statistics and Pearson correlation analysis were used
to cluster, discriminate and analyze the appearance color and the component variables in HPLC fingerprint.
Result: During the processing of cooked rhubarb, the a" (red-green value) of sample powder had no obvious
change, but the L™ (lightness value) , " (yellow-blue value) and E'ab (total chromaticity value) showed a
decreasing trend, and the appearance color changed from bright to dark, from yellow to brown. A total of 46
chromatographic peaks in the fingerprint were identified at 254 nm and 280 nm, and 18 of them were identified
by comparison with reference standards. The change trend of L™, b" and E'ab were positively correlated with the
contents of tannins ( catechin, epicatechin and ethyl gallate) , stilbene glycoside (#rans-3,5,4'-trihydroxystyryl-
4'-0-B-D-glucoside) , phenylbutanone glycoside of 4’ -hydroxyphenyl-2-butanone-4'-0-8-D-[ 2"-O-gallic-6"-O-
(4" -hydroxy) -cinnamoyl) -glucoside, conjugated anthraquinones (aloe emodin-8-O-glucoside, rhein-8-O-
glucoside, emodin-8-O-glucoside) and w-hydroxyemodin (P<0.05, P<0.01), and negatively correlated with the
contents of free anthraquinones (emodin, aloe emodin and physcion). Compared with 254 nm, the similarities
of chromatographic peaks at 280 nm was more obvious, and the number of detected common peaks was more,
which could reflect more subtle differences in chemical composition. Conclusion: Tannins, stilbene glycosides
and phenylbutanone glycosides are strongly correlated with L, while anthraquinones are strongly correlated with
b", the decrease of E'ab is mainly related to the increase of free anthraquinone content and the decrease of
catechins, w -hydroxyemodin, stilbene glycosides, conjugated anthraquinone and phenylbutanone glycosides.
The change of appearance color index of process samples can reflect the change trend of the contents of
medicinal components in cooked rhubarb to some extent.

[Keywords] Rhei Radix et Rhizoma; steaming with rice-wine; correlation between external appearance
color and internal component; high performance liquid chromatography (HPLC) fingerprint; quality control;
chromatic value; multivariate statistical analysis

KB AR g AR IR AR SRR A RIS e v DG R R A 1 P B AT A

o R B S8 Z MR, SOF AR AR 24, 7R I R
EB TSRS . R B ZE I T ok
B, VG N AR G A TR IR S A R A
PO B AN T 2 A 2 304 T3 vh AR Y L A
150 R e H 2 45 DA 4 R B HURL L 3 T IR AT 45
3 S ML EE AR L BRIE TR IR B XY i (=
W UE T ))& (AR N R SE R 25 8 (LR
fa AR P E 25 80) ) [ 1963 47 BT I IR B K &
A B UL E B AL s A 20 A48 T I R E ik
BT AR B OR, (ELAE 2 ) IR ] Rk A 2 B 2%
A RE A v A R AN TR o O R
T2 22 MR A 22 25 TR 5 W22 36 10, B0fdE 7™ b o
225 TF J7 RO LU B, DRI 320K SR ) T2
WAL o Al 1 R T S P

2R — B SR AR . R
9 06 ) Ik R RO AR A B2 L Ak S s oy R AR
WL 1) 2% i 35 4 1 B B 4 AS ] i 22 46, {5 B A 1Y

- 158 -

A 22 20 I A A7 B 70 A R 10 o B e 1 A
Z 2R AT A o A, R T PR AR BB A R AR Y
Wi iy, (o 20 €2 014 M R AR T R A . B A
RS I3 A ASC 2 114 JR 8 22 03 M £ R Bl 22 e i
JOE o R T A TR 2 4R Y ¢ 3R HLOG R B oY R
AT HIE TR T HE T N AE B 5 LB Y R Bk
PEBEFE 7 TR B S S 2%, O il o AR N
B3 1 A8 A 5 2R WL (4 1 SC TP F R 4 A 5T 4R
1 o A 20 B SR ATy 4 T S e v 24 22 8y
AR AL R i S0P T B (3 0 5 b 24 1 (0 7 Al
AT AR ME A3 BT AT AR U SE B i A 8. BRI, A B
FEAU PR 280 O B M ) o e TR R B9 o OB AR (3 1
(HPLC) 45 L 181 2l 25728 4k 5 F B /9 A G , DU
Z 48 1 AT AR B R o o R b S ) R B A
(S F 2 N7 Ol E R WP I 5 3 N 7 DA e P
P



527 B 19 ] HEXBAFZRS Vol. 27,No. 19
2021410 H Chinese Journal of Experimental Traditional Medical Formulae Oct. ,2021
1w O AR S AR B AR T R L A SRR AT .

LC-20AT B /& RO AH A 35 A ( H A B A F] ),
VA400 %4058 43 B4 [ 35 B ALPHA M.O.S A Al , %
A& R A ALY SR (CMOS) R 15 2% s 19 B2
Sk B0 R HERR 5 Alpha Soft V14.3 5l 2 A di i 1,
XS105DU %Y 1/10 J3 H 43 A1 K (i 1 4 7 ) -4E
FlZ /3wl ), LD-T100A 7 /5 3 5 68 4 i ML (- 15 T
U 25 AT PR D), FX101-2 B e Bl KT 4 47 ( B
VA S A AR AL R A R A H] ) S

WO (44 2% =V )L 45 20200805) , % & F
e X B ( B IR M AE R R A R AR S
YAO0505YA 14, 45 >98%) , 5-F% F LA [ X A (i
o= B A YR A R A F A S MUST-
18031202, 41 £ >98%) , /25 K &R KM . K
Wy KB ER REER T R (ORCER R T AR R
AR #5553 AF9081621, AF8041804,
AF9071403, AF8041803, AF9062601, 4 & # >
98%), JLASF LA 0 B (b 6 o 2 R
WF5E BE , 315 4351 > 877-200001, 110878-200102, £
JE H1298% ) 5 17 25 K B 2K -8-O-1 M, K B R -8-
O-F5 ZJ FE AT, K 8 28 W ik -8-O- 7 4 W 1, K ¥ Mr -8-
O-HIHMEF , KK -8-0-# B M1y, 0- BRI R H,
R-3,5,4"-=REROIEGH-4"-0-B-D-H EHET
4" FR IR FE 2T -4 -0-B-D-[2"-0-T% 1 T B % -
6"-0-(4"-F2 55 ) -FE JeWE AL |- H A b KB FIRS
B Xk BEC [, 20 4% i 3R Bk A 5% ("H-NMR) |, ¥ 1
AR B ik (PC-NMR) FUTT i 75 (MS) % 28 4544, 4li
25 HPLC 1 FRIH — Ak 76 0 5 147 >98% ] 5 K 3 Fl K
B (b 5 AR 5 IR 24 4 A A BRA | 7 b
LS 2R 20180613 ), 48 Hh [ Hp [ B2 B H 24 1F
9% BT SR AT A 9T D 55 S ZERME ) i R K Rheum
tanguticum T KR FIAR 25 1) AR i K LM ] 5 AR
PAIRIE KB AR R Sk SRR, A4 2020 4F it rfr [ 24 i)
(— BB ) BV B I L SR A T AR 5 7K Ay T v e 4l
oK, B R S Al AR 2 o A i
2 FES4ER
2.1 KM R R A L2020 4 i
Qb [ 2 i ) 828 1) S8 R ) 2 S A R R
116y REAR B0 50.0 g, 40 9 & TR AR i, BF A
ANBRE I B (R 10 g BTN 2 B UK 20 g R )
FEAT, (Ol 1.5 b, R B0 B U DL DR S R ) T AR
B0 BEAKZES 20 he 75 KRB ZE550,4,8,12,13,
14,15,16,17,18,20 h 43 5l BUBE , 35715 i £ 3 4L K
B 2R o A5 R ST 40 °CHE T S B A i

2.2 FOCE L R AR 0 B

2201 R BE BRI  RR A  A
AT I R B R R R AT 3R U £ LK, DL T 4% R 4
Mo, B R AR KE K A&, 3642 W
b, Bl A AR B R AE K TR 6 S O AR R AR
B BOm e, H 20 h 5 LAl g
AR IR R 1 OB 3 45 A 2020 4F R E 24
i) —FR AR IS AR PR AR

222 BREE 0 REA O P B ERORT
(1% 2 )2 558 pxx1 942 px; %%k Computar 5 mm; Iff
AL 2 Ry TR B i AR o ) 2306 s o L €2 R
X R 43 BT AR AT A HE S5, B3 R B 45 L o o R A
TS N T = i 110 11 R R & 1 O 9 = S 2 R A
BT ASCR AL G, B FF S R 3% A BT F IR 3 1k
285 L e L VR M ] o R R R R B Bl v B
% 78 Sy v BE AR A O R A AR AR ] . AR i
% 4t B 43 S0 30 Sk 2B KB A T ok PR A 8 2 [
RO (o)), W (LT) , B A (b7) FLE
@&F{E(E*ab),#W?E/A\itE*abI\/m
TR ARG Eab, W3 1, 255 Kk P BE & 18 il 1Y
AT, BES R R B L7, b E'ab B IR 5 T RS,
PL b B B B K, Rk & L7, R WIRE L 3 65 R 52
B B0 ) AR AR R S8 TR W 5% B Y A
i B8 AR b 5 (R AR A5 R — 3%, BRI R L
2B AL R

1 PAEHAHTEESNEEEZK(1=3)

Table 1 Changes of chromatic values of cooked rhubarb samples

during processing (n=3)

A L a b E'ab
0 h(K#) 76.67 7.13 39.71 86.64
4h 57.30 6.37 28.83 64.47
8h 56.80 5.18 27.76 63.44
12 h 57.48 6.66 25.62 63.28
13 h 56.42 3.86 25.24 61.94
14h 50.81 6.94 19.43 54.83
15h 53.16 3.79 17.56 56.11
16 h 53.03 6.66 21.69 57.67
17h 51.52 8.35 21.09 56.30
18h 53.95 5.92 22.58 58.78
20 h 45.55 8.09 13.42 48.17
K (Al A=) 39.64 3.93 17.95 43.70
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Fig. 1 HPLC fingerprint of cooked rhubarb samples during

steaming with rice-wine
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Fig. 2 Variation trends of different component contents in cooked rhubarb during processing
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BT ELAE 3R R E M (LS R RIILER VKB
TRROWE) A RO E I (-3,5,4"-—5
SR O B -47 -0-B-D-H A MET ), 3 Fh 25 & Bl 25
A3 (7 25 K B3R -8-0-F 4 B 1 L K B2 -8-0- 15 2
B KB R -8-O- ] 4 Wi 1) S 2 Fhiife 5 B (o0- 52
FEREE KREEHE) . SR IEEN S 254 nm T
TR S I 1 A G B R AIE B o3 B 45 3 R i B IR 2
(RBEE 25 R ORI B R W BE ) AR T B 26
WA 47 - BRI -2-T -4 -0-B-D-[2"-0- % B T
T 3 -6"-O-(4"- 32 K& ) -Hz B Tt Ak |- 29 1, 280 nm
TR MEME R MR ERILER KB TRS
fig . Pearson AH 5 P 43 A 4% L 056 U 76 20K 254 1 i
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Table 2 Pearson correlation analysis between chromatic values of

cooked rhubarb and its components at 254 nm

L a b E'ab
W B % P
. T ozs P ozm ¥ ozm °

1 -0.451  0.191 0.248 0.489 —-0.307 0.389 -0.411  0.239
a  0.065 0.859 -0.049 0.891 0.058 0.873 0.071 0.846
2 0.915% <0.001 0.267 0.456 0.825% 0.003 0.908% <0.001
3 0.156  0.668 -0.403 0.248 0.174 0.630 0.158  0.663
4 -0.189  0.600 -0.107 0.769 0.047 0.899 -0.129  0.723
b 0.018 0.960 0.384 0.273 -0.185 0.609 —-0.025  0.945
6 -0.372  0.290 0.474 0.167 -0.506 0.135 -0.397  0.257
¢ -0.378 0.282 0.438 0.205 -0.554 0.096 -0.416  0.232
7 0.854% 0.002 0.334 0.345 0.744" 0.014 0.843% 0.002
10 -0.242 0501 0.49 0.150 -0.420 0.228 -0.278  0.438
15 0.907% <0.001 0.288 0.420 0.845” 0.002 0.907% <0.001
18 0.888” 0.001 0.269 0.452 0.889” 0.001 0.905% <0.001
21 0.880” 0.001 0.300 0.400 0.809” 0.005 0.878% 0.001
26 0.850” 0.002 0.362 0.304 0.860” 0.001 0.870> 0.001
27 0.743" 0.014 0.372 0.290 0.807* 0.005 0.777” 0.008
d  0.898” <0.001 0.285 0.425 0.883% 0.001 0.910* <0.001
29 -0.489 0.151 0.447 0.196 -0.585 0.075 -0.507  0.135
e 0717 0.020 0.252 0.482 0.813” 0.004 0.756" 0.011
30 0.632" 0.049 0.375 0.284 0.751" 0.012 0.679" 0.031
31 0.603  0.065 0.301 0.399 0.740" 0.014 0.653" 0.041
32 0918 <0.001 0.285 0.424 0.889% 0.001 0.927* <0.001
34 0.784% 0.007 0.357 0.311 0.840” 0.002 0.815” 0.004
35 -0.669" 0.035 -0.210 0.559 -0.578 0.081 -0.653" 0.041
37 -0.046  0.900 -0.044 0.904 -0.076 0.835 -0.050  0.890
38 -0.784” 0.007 -0.042 0.909 -0.815% 0.004 -0.799” 0.006
39 -0.513  0.129 -0.525 0.120 -0.555 0.096 -0.538  0.108

41 -0.659" 0.038 -0.368 0.295 -0.710" 0.021 -0.685" 0.029

¥ :VP<0.05,2P<0.01(F 3 ).
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Table 3 Pearson correlation analysis between chromatic values of cooked rhubarb and its components at 280 nm
L a b’ E'ab r a b’ E'ab
S T N .- - - S .

1 -0.802% 0.005 -0.035 0.923 -0.821 0.004 -0.815% 0.004
2 09117 <0.001 0279 0.435 0.816% 0.004 0.903* <0.001
3 -0.249  0.487 -0.524 0.120 -0.257 0.474 -0.263  0.463
4 -0.415 0233 -0.170 0.638 -0.320 0.367 -0.399  0.254
50926 <0.001 0231 0.521 0.876” 0.001 0.928” <0.001
6 -0.562 0.091 0.340 0.336 -0.694" 0.026 -0.590  0.073
7 0925 <0.001 0.241 0.501 0.825% 0.003 0.914* <0.001
8 0.949” <0.001 0.115 0.751  0.855” 0.002 0.937% <0.001
9 0.930” <0.001 0.262 0.464 0.856% 0.002 0.926* <0.001
10 0.520 0.124 -0.486 0.154 0.454 0.188 0.500  0.141
11 0.923% <0.001 0.119 0.743  0.857> 0.002 0.920% <0.001
12 0.568 0.087 0.092 0.801 0.376 0285 0.531 0.114
13 0.859” 0.001 0.012 0.974 0.750" 0.012 0.841” 0.002
14 0618 0.057 -0.161 0.658 0.517 0.126 0.597  0.069
15 0.910% <0.001 0.240 0.504 0.871% 0.001 0.916” <0.001
16 0.840” 0.002 0.005 0.990 0.825” 0.003 0.848% 0.002
17 0.861” 0.001 0.116 0.750 0.813% 0.004 0.863 0.001
18 0.876” 0.001 0.150 0.680 0.821% 0.004 0.876” 0.001
19 0.908% <0.001 0.160 0.659 0.878” 0.001 0.915” <0.001
20 0.730" 0.017 0.074 0.840 0.509 0.133 0.684" 0.029

21 0.907% <0.001 0.245 0.495 0.787% 0.007 0.891 0.001

31

22 0.916% <0.001 0233 0.517 0.878” 0.001 0.922% <0.001
23 0.074 0.839 -0.414 0235 0.177 0.625 0.098  0.788
24 0787 0.007 0.024  0.949 0.812% 0.004 0.805” 0.005
25 0.864% 0.001 0.015 0.968 0.829% 0.003 0.868” 0.001
26 0.880% 0.001 0331 0.350 0.830% 0.003 0.884” 0.001
27 0.861* 0.001 0234 0.516 0.873* 0.001 0.880” 0.001
28 0.914* <0.001 0271  0.449 0.807> 0.005 0.902” <0.001
29 -0.039 0.915 0244 0498 -0.281 0432 -0.093  0.798
30 0511 0.131 0203 0574 0.607 0.063 0.548  0.101

0.511 0.131 0.101  0.782 0.610 0.061 0.547 0.102

32 0.830Y 0.003 0.227 0.527 0.856” 0.002 0.852* 0.002
33 0.751" 0.012 -0.070 0.848 0.787” 0.007 0.768> 0.009
34 0.726" 0.017 0.194 0.591 0.807% 0.005 0.761" 0.011
35 -0.451  0.191 -0.344 0.330 -0.493 0.148 -0.473  0.167
36 -0.573  0.083 -0.122  0.737 -0.609 0.062 -0.590  0.072
37 0395 0259 0411 0239 0311 0382 0386  0.271
38 -0.548 0.101 -0.459 0.182 -0.608 0.062 -0.578  0.080
39 -0.369 0.294 -0.646" 0.044 -0.454 0.187 -0.407  0.244
40 -0.139 0.702 -0.141  0.698 0.109 0.764 -0.076  0.834

41 -0.562 0.005 -0.471  0.923 -0.635” 0.004 -0.595" 0.004
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