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Process optimization for Rehmanniae Radix Praeparata with yellow wine stewing
by multi-index-response surface method

WANG Bo, ZHANG Xiao-yan, LV Chen-zi, HE Mei-jing, MENG Xiang-long, ZHANG Shuo-sheng
Shanxi University of Chinese Medicine, Jinzhong 030619, China

Abstract: Objective Based on response surface methodology, the best processing technique for Rehmanniae Radix Praeparata was
established in the aspects of multiple evaluations and comprehensive evaluations by the quantitative determination of HPLC. Methods
The content of rehmannioside D, ajugol, 5-hydroxymethyl-2-furaldehyde (5-HMF) and verbascoside was used as the evaluation index
in the quantitative analysis of HPLC. The response surface methodology was used to investigate the ingestion time of Rehmanniae
Radix Praeparata, the adding amount of yellow wine, the stewing time, the drying temperature and the drying time with aim to find the
best processing technology. Results The column was a Tnature-Cis column (250 mm % 4.6 mm, 5 pm) with volume flow of 1 mL/min
and column temperature of 25 ‘C. The elution conditions for the quantitative determination of rehmannioside D and ajugol were as
follow: The mobile phase was acetonitrile-0.1% phosphoric acid water (4 : 96), and the detection wavelength was 203 nm; That for
5-HMF and verbascoside was as follow: The mobile phase was acetonitrile-0.1% phosphoric acid water (0—15 min, acetonitrile
content was 11%; 15—15.1 min, acetonitrile content was 11%—16%; 15.1—>50 min, acetonitrile content was 16%) and the detection
wavelength was 334 nm. The best technology for Rehmanniae Radix Praeparata with yellow wine stewing was: adding 100 kg of
yellow wine 60 kg for infiltrating 12 h, sealing and stewing for 38 h, drying at 76 ‘C for 33 h. Conclusion The established HPLC
method was stable and feasible, suitable for the determination of the selected components. The model established by the response
surface method was relatively accurate and can be used to predict the content of the four components well. The optimized process with
yellow wine stewing method was feasible, which provided a scientific basis for the formulation of quality standards and modern

research of Rehmanniae Radix Praeparata.
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Fig.1 HPLC of retinoid D and leonuridine mixed reference

substances (A) and test solution (B)
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Fig. 2 HPLC of 5-HMF and verbascoside mixed reference
substances (A) and test solution (B)
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Table 1 Content and comprehensive scores of indicator components in different amounts of yellow wine

TR/ % W H D/(mg-g™) P (mg-g ™) 5-HMF/(mg-g™") BB /(mgg™) LEETVES
20 15.638 2 0.5243 0.757 8 0.098 7 0.664 1
30 16.463 9 0.5203 0.852 4 0.076 5 0.650 1
40 15.903 3 0.8822 0.700 3 0.067 7 0.687 4
50 14.617 6 0.916 0 0.688 7 0.168 9 0.848 9
60 14.350 1 1.144 2 0.863 6 0.169 8 0.916 8
&2 TENEHIEETHERR S S EMEETD
Table 2 Content and comprehensive scores of indicator components at different stewing time
Jeli st 1] /b M35 H D/(mg-g™) B /(mgrg ™) 5-HMF/(mg-g™") BB /(mgg) &S
12 5.622 6 1.043 1 1.076 9 0.2727 0.677 1
16 11.587 4 0.726 2 0.523 8 0.089 1 0.4179
20 13.8355 09330 0.654 7 0.116 0 0.528 4
24 14.0149 0.889 5 0.683 7 0.100 3 0.502 7
28 19.686 5 0.6810 1.1542 0.104 3 0.526 8
32 21.669 3 09178 1.303 7 0.1029 0.6125
36 29.594 9 1.146 0 1.706 0 0.114 6 0.776 0
40 22.823 4 0.8209 1.356 2 0.168 8 0.6725
44 33.5157 0.709 1 2.006 3 0.114 5 0.711 6
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Table 3 Content and comprehensive scores of indicator components at different drying temperatures

Tl BE/C HEEF D/(mg-g™) 2 REEAF/ (mg-g ) 5-HMF/(mg-g ™) BRI (mgg™) AT
50 10.611 2 0.894 2 0.821 8 0.339 8 0.744 1
60 19.382 0 0.790 9 1.070 1 0.120 4 0.6173
70 15.789 9 0.878 5 0.830 7 0.309 7 0.766 5
80 19.293 2 0.583 8 1.077 2 0.1395 0.564 0
90 28.784 5 0.4182 24545 0.1323 0.657 1
*4 TETIEREITERRS N EEMEESTS
Table 4 Content and comprehensive scores of indicator components for different drying time
TJEH 1) /h A D/(mg-g™) 2R/ (mg-g ™) 5-HMF/(mg-g™") ERTEHET/(mgg™) LAY
24 18.352 8 0.866 7 1.008 0 0.090 9 0.770 7
30 18.280 9 0.9199 1.045 4 0.091 7 0.789 4
36 16.500 9 0.982 0 0.881 1 0.154 5 0.853 1
42 14.896 3 1.043 4 0.777 8 0.118 0 0.782 8
48 18.686 5 0.406 7 0.7812 0.209 2 0.791 7
2.3 Mo By pHESELE —4.838 10+0.084 339 A+0.058 768 B+0.115 46
2.3.1 WM IR SR A RINERE C+1.066 25 AB—1.232 29X 1073 AC+2.758 33X

S5, DUREHIES A CAD FHRIREE (B). T HEES A
(C) N3INEERE, 7nlUAHIEH D, 28 BFEH
5-HMF. BEeiH & EAEE G vEor A R,
Wit 3 3R 3 KI5 &, 3 Box-Behnken
FHC A BT R ER, 48 Design-Expert V8.0.6 31
SITACER, Beit i 3 BRIER 3 KPR 17 HRieR02,
RIET R MEERINE S,

232 JESHT N Design-Expert.V8.0.6 #fF
O Jofs sty B A 1) 2SI R AT AT, 15 EILE
Er AR X A CAD TERREE (B) )8t [a]
(C) M2 XZCHABMTTRE, THERNGETS =

10* BC—1.665 78 X107 A2—7.132 75X 107* B*—
1.368 13X107° C?, T [mIABLAY 7 2 55 B 285 S L
L 6. WM T2 EIARAE F=583, P=
0.014 9<<0.05, KB 2 IRZ Julal AR 22, T
TP 2B R2=0.882 4, R.?=0.7312, A F 23
(CV) =6.16%, RIS ELF: F 2n=4.89,
P=0.079 6>0.05, BAVRIYFEAEZE, BIALESEE
NEHE, AR TR 1) T2 . AR
B 25 1] e R BEHLR 2 72 A R R R S 1 R0 B
SRR B, A B ARA BERW, 2 K
Tl B2 WA 25 520
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Table S Results of response surface test of Rehmanniae Radix Praeparata with yellow wine stewing
5  AMh  B/C  Ch HIEH Di(mgg!) wiBFEH/(mgg!) 5-HMF/(mgg') BT E/(mge!) ZETD
1 32(-1) 60(-1) 36(0) 26.988 9 0.8422 0.7750 0.0219 0.674 6
2 36(0) 70(0) 36 32.022 8 0.573 1 0.979 1 0.073 1 0.814 1
3 36 70 36 323905 0.601 5 0.989 6 0.074 1 0.8316
4 32 70 42 (+1) 24.706 3 0.761 7 0.806 6 0.063 0 0.766 2
5 40(+1) 70 30 (-1) 30.183 7 0.794 5 0.709 8 0.054 6 0.7927
6 36 60 30 28.775 7 0.559 6 0.730 4 0.067 4 0.742 0
7 36 80 (+1) 30 321177 0.5100 0.998 1 0.068 5 0.778 7
8 36 60 42 27.178 4 0.363 4 0.768 7 0.048 8 0.598 6
9 32 70 30 25.858 6 0.574 6 0.702 8 0.0890 0.7912
10 36 70 36 30.418 0 0.562 6 0.978 1 0.073 4 0.796 6
11 40 80 36 32.5793 0.790 1 1.3643 0.056 1 0.866 3
12 40 60 36 28.5953 0.3309 0.9293 0.0339 0.561 8
13 32 80 36 31.2523 0.579 6 0.9825 0.072 8 0.808 5
14 36 70 36 29.5422 0.8552 0.9859 0.067 5 0.871 8
15 36 70 36 31.930 6 0.550 6 1.0117 0.0752 0.814 8
16 36 80 42 315771 04163 1.054 6 0.0556 0.701 5
17 40 70 42 25.807 0 0.408 4 0.793 5 0.062 4 0.649 4
x6 BMHEFMETIZENMERFESHER

Table 6 Results of variance analysis of regression model of Rehmanniae Radix Praeparata with yellow wine stewing

KIFE - FITA AlE BEEFHM FE P | KE Rl HHEE SEEFLGM FH PHE
AL 0.110 9 0.013 5.83 0.0149 | A 2.991X1073 1 2991X107% 138 02792
A 3.625X 1073 1 3.625X103  1.67 0.2376 | B2 0.021 1 0.021 9.85 0.0164
B 0.042 1 0.042 19.21 0.0032 | C2 0.01 1 0.010 470 0.0669
C 0.019 1 0.019 8.70 0.0214 | %%  0.015 7 2.174X107?

AB  7.276X107 1 7.276X1073 335 0.1100 | KHIN  0.012 3 3.986X1073 4.89 0.079 6
AC  3.499X1073 1 3.499X 1073 1.61 02451 | 4Rz 3.26X1073 4 8.150%10

BC  1.096X1073 1 1.096X1072 050 0.5007 | &A1 0.13 16

P<0.05 &z T RH

P <0.05 indicates significant difference
233 WANE ATl 3D &, LS R
JEETA 5 193 5 o W AR RIS RORE RE R S i g, B
WP REE, P S AR RIS . S4h, 3D
EII B r] LU — DI HE, BEE AR R
ZURGhn, HEEW EnEES . I HEmLRTER
AT e bl SSRGS ) 5255 . PRI AN 3 T BAF HY
SIS R 5 R R . AR R B A EAE B
T 1 B2 15 MR I 8] P 38 52 BN RN R . A
S rm ST AT DU i 0 255 15 20 R S 1 L
R T S R R TR0 2551570 HRO S

Rk, PLER a9 o KM v AR, i [a)

T Jo il B AN T RS B 75 BV R Y, MR DL A
REFLHF IR ESIERE 5 & 2 DL KB N RAE,  [RIR
i S-HMF & sELEN RGN, 5 75 2000 i 240
W L E4ME RN 100 kg AEHBEE NN TG 60 kg, %
T 12 h, B HH] 37.95 h, 7E 75.85 C T4 32.40 h,
UL 3 D 25 R, S-HMF. BEEHEEE A
CEEAS o B IME 43 0 9 32.579 3. 0.701 027,
1.077 65. 0.068 314 mg/g % 0.853 363,

A GE A PR 3R S A SEBR A PR fE R i
R T E4E N 100 kg A= #3860 kg,
V29 12 h, ZHEEH] 38 h, 7E 76 CT4E 33 h, N
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234 RAESEES  ARAEILLL R T AT
IR 3 43, A E IR LRSI 26 AR REAT 2 My
R, SEIGEIR IR 7. IR T 2ZI0IESS R

ZAaTF

C/h

SPILEEAR N 0.855 4 HEBITIONE (0.853 363)
A, HASHRZEL/NT 5%, RS T2
B EARAFTE, RIERME T 248, Xk
bR B85 8 .

GrAriPs

C/h

65 BIC 75

B3 pEfIEtE (A). FRIEE (B) FTEEE (C) MRXEER
Fig. 3 Interaction among stewing time (A), drying temperature (B), and drying time (C)

x7 LZWIEER

Table 7 Results of process verification

N o H#EHF D/(mg-g™) 2R/ (mg-g ™) 5-HMF/(mg'g ") AP /(mgg™) CEETESY
1 32,5133 0.692 3 0.9852 0.069 6 0.852 8
2 323576 0.680 4 1.101 4 0.071 0 0.860 4
2 32.493 5 0.685 1 1.000 1 0.070 1 0.8529
3 g AAXSE A, AR NI 1, Rz vk S R

HEG I 25 NS BRI 25T S
WEEAESS, FHNZRy, A, ZREH
e PR HR PR 2R, AR S0 s Ao A S Je ) T
SN E, N i N T T TR
HEE TS BB ] HASE K 4 Rk
8IS HPLC J5i%, MZ M EAR LRGPP I
FEo B B AR BUCRL A BR T R e, AR S
BN T ERERAT, WIS RERLY, X
TR H
3.1 W RZBREE

RSMUME — Rl b £ 3 78 (0 Gt i 22 X 06 5L
by SRANZIE DU SIS S AR B IR, X2 R
Yt RE PR 1 B HAZ AR FHBEAT VRAR 1 58 foe K
YR, SIS, I HT AR E e

L FH -5 SRR I A R R
3.2 LEIEARMER ST VIR RN HPLC 5 A&
Ik B B 7 SOk A R S B R T T
FERE . MO dF DL 2 BEECE . S-HMF FIBE e
5 My, ASEISRTIISHREAT 5 R IR PR B
B TR, (H R T A B R A P R
MIEAME A S 5, BRI, % TR E
HATHARSUEIE R T.
3.3 ZAETESNERIEE
M H D, ZBFEH . 5S-HMF fEB & 4
FlRR Sy, HRHE AL 2 RN 2 B M AT A 43 i 2
HEEH D KA MELE . AFaE i, 704 B R 2t
WS R, M P AR R AR R AR A
B, AR TEIN TG R WP i, IR K
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SR EH AR AR A BRI RS, HEEN
W AEEE . HhEE T A FIhEEH D; Sbob s BER A
Bk RPOOLIEEEYNENE. BEEHEYE, X4
FMET, & CPEZH) 2015 G Pt 3 &
PRI ME— ARt sy, AR e . AR ZG B
FWFTCUESS, BEIEHEE BRAWIIANE . PR,
WHILAE . PiaE 2 BT R S5 0E 24, S-HMF 2
1] A ) o R R I AR ) — R, TE R A )
AR, 5-HMF & 83800 20 fi /5 4.

TN 5-HMF & B 20 30 F2 Rk 1 7% 1
g5, —HAFW LTI, 5-HMF XTHRZHE
b P TE R A AR A E A, e N AR SOV LR
A B HIEFERE) S-HMF (A9 IR i i
RE, BAPUOHIEML. Jraefb. FRimps, oo
TR AR P A 22 AR ), [FIR, 5-HMF 1E A3 HL
78 S L I 9 A S — B Oy 2627 T LA Sl
AR BRI ES, SOHREN 10%, HAR 3
PRI 35179 30%

34 BEZRCEMFAE

TR AT LU, AREE T, B
AT FL AT L], A5 H A 30 [ v V24 ) S Rt A2
AR S8 7E 25 AN PR 2% 1) 18 R B8 7E 2 28 SR 1 JE Al
b, EEERBARET bR, TR S,
JIRFTEVEHA R B4,

3.5 BB RIRBIZER

1% FF D=-249.183 31+12.123 07 A—1.202 3
B+5.304 87 C—1.75X103 AB—0.033 587 AC+
440X 107 BC—0.146 26 A’+9.33X10° B>—
0.063 384 C2, F=9.5, P=0.003 6<<0.05, F£H 2 X
Zoull AR 2, AR PUE 23 R2=0.924 3,
Rag?=0.827 0, CV=3.67%, FHIMRIILIAEIT
2 BFEL T =6.227 38—0.518 44 A—0.059 525 B+
0.342 03 C+4.51 X102 AB—5.97X 107 AC+4.27X
10* BC+5.61 X102 A2—827X 10 B>—2.32X
107 C?, F=3.77, P=0.047 1<<0.05, & 2 kKL T
[ Y= A R I 2 T AR e R R2=0.828 9, Rag”=
0.608 9, CV=17.44%, 2 WA H 5 KU
5-HMF =-6.589 92+0.236 82 A—0.150 04 B+
0.42793 C+1.42X 102 AB—1.95X 102 AC+7.58 X
105 BC—3.47X1072 A247.93 X107 B2—0.005 C?,
F=8.15, P=0.005 7<<0.05, #H]2 k% chIHH
T2, AR e g RE07=0.912 9, R.i>=0.800 9,
CV=28.17%, KUIER & - (H 2 F x0=69.06,

P=0.000 7<0.05, KWEEZE, KHILL5-HMF Ky
fobs, AEGE AT Nt BT =
—1.306 06+0.042 088 A+0.030 177 B—0.023 863
C—1.79X10* AB+3.52X10* AC+2.38X 107
BC—6.03X10%A2—1.68 X107 B>+ 1.18 X 107* C?,

F=3.89, P=0.043 6>0.05, FH 2 kK% chI

BAEZE, SRNEEAL. 45 Bk, #7854
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