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Optimization of processing technology of braised Rehmanniae
Radix based on multiple indexes and response surface technology and
correlation between components and color
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[ Abstract] This study aims to explore the key factors influencing the processing of braised Rehmanniae Radix, optimize the
processing, and determine the correlation between the components in different processed products and chroma values, which is expected
to add quantitative indexes for the processing of braised Rehmanniae Radix and better control the processing. The weights of the indexes
catalpol, rehmannioside D, verbascoside, isoacteoside, 5-hydroxymethylfurfural, reducing sugar, and appearance were calculated
based on analytic hierarchy process ( AHP) in combination with coefficient of variation, and the overall desirability (OD) was
obtained. Box-Behnken design was used to explore the optimal amount of water added, time for soaking with rice wine, and steaming
time in the processing of braised Rehmanniae Radix. Colorimeter was employed to determine the chroma of 17 samples and raw
samples, and SPSS, Prism, and other software to investigate the correlation between the components in braised Rehmanniae Radix and

the chroma values. The results showed that each factor influenced the processing, and the influence followed the order of steaming time>
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amount of water added>time for soaking with rice wine. The optimal processing process is as below: A total of 100 g medicinal material
was added with 7 times of water, followed by soaking with rice wine for 5 h and steaming in a pot for 6 h. The correlation analysis
suggested the extremely significantly positive correlation between L~ and content of catalpol, between a” and 5-hydroxymethylfurfural
content, and between " and catalpol content, and the extremely significantly negative correlation between L™ and the content of
5-hydroxymethylfurfural and reducing sugar, and between b* and the content of 5-hydroxymethylfural and reducing sugar. In this
experiment, response surface methodology was used to optimize the processing technology of braised Rehmanniae Radix and the

optimized process was rational and feasible. The content of chemical components in braised Rehmanniae Radix was significantly

correlated with the chroma. This study provided a new method for the quality evaluation of braised Rehmanniae Radix.
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Fig. 1 High performance liquid chromatograms for the reference

(A) and test substances (B)
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Table 1  Results of linearity relationship
% o] 5 5 r LAVEVEF/mg s mL!
R y=7.13x10°x+372 136 0.999 5 0.2598~1.948 5
WETF D y=6.63x10%x+34 445 0.999 4 0.048 8~0.488 0
EBAEH y=7.70x10%x+10 777 0.999 5 0.001 4~0. 112 4
SEEEWE y=8. 64x10%x+14 274 0.999 6 0.000 5~0. 140 0
5-52 H LMl y=8. 80x10”x—60 369 0.999 0 0.003 0~0. 059 7
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Table 2 Appearance score
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Table 3  Criteria for all levels
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Table 4  Priority judgment matrix and weight coefficients for pairwise comparison of 7 evaluation indicators
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Table 5 Factors and levels of response surface methodology

2.6.1 ﬁﬁ%ﬁ% . a B C
SR IEIES U AAS R (A) ’ ki RATBEL 2RI
‘?l‘ﬂﬁﬂ‘lEﬂ(B)\,.\ﬁ%'JHTIEﬂ(C)i%/\ﬁ%ml%,uﬁfﬁ? : : 5 5
B D BT B A 5 P LR L 2 6 6
%% 6 Box-Behnken 15515 115 & M 45
Table 6 Box-Behnken design and results
A B C Y1 Y2 Y3 Y4 Y5 Y6 Y7
No. 0D
/h /h /mg-g”! /mg-g”! /mg-g”! /mg-g”! /mg-g”! /mg-g”! /5y
1 -1 1 0 15. 456 2.453 0.259 0.390 0. 083 204. 621 8. 15 77.416
2 1 -1 0 12.183 2.071 0.152 0.211 0. 101 219. 258 8.50 60. 533
3 0 0 0 15. 855 3. 166 0.254 0.324 0. 100 274. 885 8. 10 83.938
4 0 1 -1 11. 629 2. 658 0. 004 0.331 0. 131 253.522 7. 60 52.563
5 1 1 0 12.071 2.287 0. 109 0. 346 0.117 193.976 7.40 58.359
6 0 0 0 15. 675 2.734 0.213 0. 350 0.138 266. 095 7.95 78.274
7 -1 0 1 15.767 3.235 0. 381 0. 408 0.076 200. 895 8. 05 94. 487
8 0 0 0 13. 386 2.513 0.254 0.368 0.111 270. 885 7.40 77.299
9 1 0 -1 12.742 3.157 0. 158 0.268 0.121 259.708 6.75 70.113
10 0 0 0 13. 456 3.147 0.244 0. 383 0.115 266. 055 6. 65 80. 264
11 1 0 1 14. 741 2.562 0.176 0.335 0. 146 252.523 5. 65 70. 399
12 -1 0 -1 15. 187 2.871 0. 147 0. 380 0.072 185. 460 7.30 67. 444
13 0 1 1 11. 029 2.173 0.213 0.232 0.153 218.193 7.25 67.042
14 0 0 0 14. 442 3.041 0.302 0.302 0.115 274. 887 5.10 84.015
15 0 -1 -1 11.432 2.172 0. 141 0.241 0.133 222.983 5.70 58. 694
16 -1 -1 0 15.911 2.887 0. 156 0.376 0. 088 226. 177 7.65 71.133
17 0 -1 1 12. 769 2.619 0. 188 0. 253 0.136 274. 611 5.85 69. 397
KT AEMBATHARRBL @ b
Table 7 L*, a” and b" values of the raw sample and 17 samples
No. L” a” b* E}, No. L* a” b* E),
A 38.45 12.30 23.24 46. 58 9 17.98 17.45 11.37 27.51
1 29.53 11. 30 16. 49 35. 66 10 19. 56 17.95 12. 86 29.50
2 31.25 10. 93 17.27 37.34 11 15.34 19. 81 9.36 26.75
3 29.47 11.73 16.52 35.76 12 22.46 14. 81 13.26 29.99
4 25.68 14.13 15. 14 32.99 13 20. 31 16.57 12.45 29.02
5 24. 66 14.26 14. 38 31.91 14 14.51 20. 62 9.35 26. 89
6 26. 01 12. 94 14. 66 32.54 15 16.27 19.51 10. 18 27.37
7 29.54 12.49 17.07 36.33 16 23.91 14.57 14. 16 31.38
8 21.52 17.39 13.75 30.90 17 17. 54 19. 05 7.41 26.93
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Table 8 Results of analysis of variance of regression models

P BERIPUE REL R =0.964 0,R%, =0.917 7, R R
IS TRERT  JAI0 F=0.985 1,P=0.484 1>0. 05,2k
PO 2, ] T RCHb B T 220 AT, 52 A
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FA B fesg BIrh AC HAT WM, WA 8,

H U5 S5 R A Y175 F P i
BT 1 820. 62 9 202. 29 20. 83 0.000 3 3
A 326. 09 1 326. 09 33.57 0.000 7
B 2.39 1 2.39 0.246 6 0.634 7
C 344. 68 1 344. 68 35.49 0.000 6
AB 17. 88 1 17. 88 1.84 0.217 0
AC 178.98 1 178.98 18.43 0.003 6
BC 3.56 1 3.56 0.367 0 0.563 8
A2 0.046 9 1 0.046 9 0.004 8 0.946 6
B? 800. 95 1 800. 95 82. 47 <0.000 1
c? 107. 03 1 107.03 11.02 0.0128
§ 2% 67.99 7 9.71
RN 28. 89 3 9.63 0.985 1 0.484 1 ENTES
afi{R 2z 39. 10 4 9.77
B2 1 888. 61 16
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Fig.2 Interaction of the amount of water added, time for soaking with rice wine, and steaming time
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Table 9  Correlation analysis between the content of chroma values and 6 components
G ZH FEmE & THRARET S EEERET WHF D 5-% W SRR
L Pearson A5G 0.611% -0.649” 0.279 0.132 0.032 -0.676%
Sig. (BUZ) 0. 007 0. 004 0.262 0. 602 0.901 0. 002
a Pearson A8JCH: -0.383 0. 440 -0. 106 -0.214 0. 005 0.579"
Sig. (W) 0.117 0. 068 0.674 0.394 0.984 0.012
b* Pearson #2¢1 0. 640% -0.694% 0.312 0. 182 0. 082 -0. 6977
Sig. (BUZ) 0. 004 0. 001 0.208 0. 469 0.747 0. 001

. " P<0.05,% P<0.01,

AT A R L 10 (11
ML a” b7 g AR R HEH D 4F 6
Pl o DR A8 o 2% 10 W) 0, A | S5- FH RR bR
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Table 10 Regression analysis of 6 chemical components

[l R R* W R Sig.
FEE 0. 764 0.584 0.494 0. 005
AT D 0.198 0.039 -0. 167 0.901
ERAE 0. 475 0.225 0. 059 0.297
SRR 0. 406 0.165 -0.014 0.455
5-F% R A 0.700 0. 489 0. 380 0.021
puyY i 0.773 0. 597 0.511 0. 004

F AL AR S O [T R %L
Table 11~ Regression coefficient of chemical components and

chroma values

bRl prifEdL

=Rl
ot 2 s g
e () -18.292 - -1.683  0.115
L 0.647  1.469  1.601 0.132
a’ 1.000  1.121  2.411 0.030
b 0.138 0.180  0.262 0.797
5-F% B A (H ) 0.216 - 1.871  0.082
L -0.001 -0.277 -0.272 0.789
a’ -0.001 -0.155 -0.301 0.768
b -0.004 -0.562 -0.737 0.473
W (H)  745.016 - 3.772  0.002
L -7.807 -0.959 -1.063 0.306
«®  -14.755 -0.896 -1.959  0.070
b -7.542  -0.533 -0.786 0.445
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