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Abstract: Objective To improve the quality control index of concentrate before ethanol precipitation of traditional Chinese medicine
and establish the quality standard of concentrate. Methods Multiple batches of Dangshen (Codonopsis Radix) concentrates were
prepared to study the relationship between density and other properties of the concentrates. The lobetyolin recovery, mass percentage
of concentrate fully mixed with ethanol solution and precipitate mass generated per gram concentrate were used as indicators of ethanol
precipitation process. The membrane dispersion ethanol precipitation experiments were carried out to screen the critical properties of
concentrates. The quantitative models between the above evaluation indicators and critical properties of concentrates were established.
Based on the established models, the quality standard of Codonopsis Radix concentrates was established by using a prediction error
propagation method and verified by experiments. Results There was a good linear relationship between density and solid content of
concentrate. Compared with density, viscosity of concentrate could more sensitively reflect the property differences of different batches
of concentrates. The viscosity and solid content were selected as the critical properties of the concentrates. R? values of the established

second-order polynomial models were greater than 0.97. The verification experimental results showed that the prediction performance
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of the models was good, and the established quality standard of Codonopsis Radix concentrates was reliable. Conclusion It was

recommended to increase the viscosity as a quality control index of concentrates. By establishing the quality standard of concentrates

that comprehensively consider density and viscosity, batch-to-batch consistency of ethanol precipitation process is expected to be

improved.

Key words: ethanol precipitation of traditional Chinese medicine; concentrate quality control; Codonopsis Radix; viscosity; lobetyolin;

glucose; fructose; sucrose; total flavone
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Table 1 Source and batch number of Codonopsis Radix and number of concentrates
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Table 2 Experimental conditions and results of ethanol precipitation of concentrates with different properties

S0 AF DRIREE S S0 S LU R
G5 WREERE WMR/ SESWRAT AR EIRGRE RS IRGERE WMR/ RS SR R A
wam N S wamm o o
TEY% % REFR% FEVERE(gg) ZE% % REFR/% FTERE(gg!)
1 N9 50 99.98  95.58 0.242 11 NI2 55 9995  93.57 0.461
2 NI2 50 100.00  94.90 0.337 12 N2 55 99.15  93.08 0.499
3 N2 50 99.96 9491 0.369 13 NI4 55 9845  90.57 0.519
4 Nl4 50 99.90 9451 0.374 14 NI 55 9828  90.39 0.562
5 N4 50 99.74  92.92 0.408 15 N8 55 9816  89.10 0.614
6 Nl4 50  100.00 93.57 0.406 16 N9 60  85.67  84.09 0.366
7 Nl4 50 99.09 9281 0.401 17 NI2 60  84.02 7824 0.605
8 NI 50 99.99  94.03 0.469 18 N2 60 8181  76.04 0.666
9 N8 50 9991  94.15 0.474 19 NI 60  80.07 7345 0.716
10 N9 55 99.97  93.94 0.335
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Table 3 Physicochemical properties of concentrates

W4 Zi/(mS-em™)  Zo/(ug'g™") Zs/(mgg™) Zd(mgg') Zs/(mggl) Zo/(mgg') Zi(mggl) Zs/(gmL7') Zo/(mPa-s)

N1 20.08 341.8 306.9 79.50 56.27 4.138 3.709 1.216 101.88
N2 22.20 453.0 343.0 89.43 31.18 4.011 5.107 1.203 59.41
N3 19.91 313.8 324.8 96.86 49.39 1.635 3.632 1.205 46.43
N4 23.00 405.5 284.0 70.12 117.62 1.370 4.204 1.213 41.82
N5 21.10 431.5 174.1 56.64 19.49 1.962 3.803 1.210 101.45
N6 21.60 434.9 308.3 75.01 103.80 1.586 4.296 1.214 50.74
N7 18.61 684.0 379.6 61.14 147.60 1.584 5.276 1.209 78.30
N8 18.09 351.3 3734 90.81 75.40 2.403 2.794 1.187 111.66
N9 24.00 18.5 585.9 136.72 0.00 1.526 5.875 1.226 19.36
N10 20.10 542.2 409.4 66.75 138.51 1.480 3.672 1.213 56.55
N11 19.44 391.3 336.7 102.21 49.21 3.876 4.444 1.187 59.80
N12 16.58 589.0 438.8 61.96 154.14 0.829 2.859 1.190 31.06
N13 21.40 144.2 504.1 106.94 56.36 2.916 6.029 1.232 38.41
N14 18.98 294.8 450.7 96.14 68.65 2.588 4.238 1.212 87.60
N15 20.40 137.2 444.5 92.97 60.17 2.380 4.112 1.217 41.32
SEHE 20.37 368.9 377.6 85.54 75.18 2.286 4.270 1.209 61.72
bRk 2 1.93 175.6 99.9 21.41 47.14 1.040 0.960 0.013 28.17
RSD/% 9.50 47.59 26.45 25.02 62.70 45.51 22.49 1.078 45.64
* 4 EE (Zs) SRERNERSEMMERRA Pearson 1% U, HRIRAG R B & B AN 2 FEFR AR EAR KRR RE BT
AREAGH P E DA BB AR 3 B S LI SOk 4 R ] 2 BN T

Table 4 Pearson correlation coefficient and P value between

density (Zs) and some other properties of concentrates

Fi{t,  Pearson Bif,  Pearson
N o P1E B o P1E
R KRR P KR
A 0.649 0.009 Zs -0.237 0.395
V2 —0.522 0.046 Zs —0.064 0.821
73 0.338 0.218 V4 0.642 0.010
Z4 0.279 0.315 Z9 -0.306 0.267
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Fig. 4 Concentrate density changes with temperature
x5 EBEMEBEETHUNBIEER
Table 5 Fitting results of density and temperature
WA co/(X104gmL™-CY)  ci/(grmL™) R? W co/(X104g'mL™-CY)  c/(grmL™) R?
N1 —5.3471+0.136 1.229+0.001  0.998 1 N9 —5.855+0.121 1.241£0.001  0.998 7
N2 —5.225+0.140 1.216+0.001  0.997 8 N10 —5.4751+0.134 1.226+0.001  0.997 6
N3 —5.346+0.137 1.218£0.001  0.998 0 N11 —5.8961+0.227 1.201£0.001  0.995 6
N4 —5.4421+0.130 1.227£0.001  0.998 2 Ni12 —5.3231£0.145 1.203£0.001  0.997 8
N5 —5.3691+0.125 1.2234+0.001  0.997 8 N13 —5.66110.254 1.246+0.001  0.998 5
N6 —5.422+0.138 1.227£0.001  0.997 6 N14 —5.475+0.133 1.226+0.001  0.997 6
N7 —5.386+0.140 1.222+£0.001  0.997 9 N15 —5.4561+0.139 1.230£0.001  0.997 4
N8 —5.900+0.227 1.202+£0.001  0.995 6
1351 2% R e o B
» . 5 P 2 B B (A B VR P K B
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Fig. 5 Concentrate density changes with solid content

il o

®6 Z&MEVARBENREEAREKSESHT

Table 6 Partial regression coefficient and variance analysis of multiple linear regression model

o _ Y1 _ Y2 ; Y3

(EIENEES 4 P1H (EIENEES 4 P1{H EIENEE P1{H
G 33728 - 2.5922 - -1.073 4 -
fit] 5 H: - - -0.000 7 0.0320 0.002 5 <0.000 1
FhiE -0.036 0 <0.000 1 -0.023 8 <0.000 1 0.025 5 <0.000 1
R? 0.789 3 0.8336 0.853 1
Ragf? 0.776 9 0.812 8 0.833 6
P1E <0.000 1 <0.000 1 <0.000 1
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34 REBXBUERMESBRESERIIZER
SapA)
BRGNS B E SRS, WMR . %5
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(X)) 5V IEZAMER] WMR {E (YD, ~F
TR IEZAWE I SRR % (o). B4R
BIRERGE VR E (Y3 WERRR, B
BINE 7 B . B PAEYI/NT 0.05, i BIRERY
B WA R2IBKT 0.90, AT DAERE A 4348

R FAERISELEWE 6 Fiac. WMR EHAE
SR B R B IR A0 o B IR AR TR P (3 n
T FEAR, 0B K IR 0 v 286 P e [ 5 BB AN R
RGN BT IR o B IR IR AR A T
VE TR R R A ] B R RAR TR R T I T 38
I, LRGN R, AT E ST CRER
AIYTED TR Z
35 RMEERENERNENL

WRARUR P 25 TR BB R (A, HLR R
i) J B2 A RED TSR I A, DR, ST VR

®7 Z“MEZIAEEREREERE R ESN

Table 7 Partial regression coefficients and variance analysis of second-order polynomial regression models

Y Y2 Y3
LAY TG -
CIEVEES P1E CIEVEES P1E CIEVSES P1H

(i —13.240 - -8.330 - 0.209 -
X 58.345 <0.000 1 36.389 <0.000 1 -0.499 <0.000 1
X —0.044 0.000 8 0.215 <0.000 1 -0.286 <0.000 1
XXz - - —-0.479 0.005 8 0.775 0.054 3
X2 —56.826 <0.000 1 —33.744 <0.000 1 - -
R? 0.975 4 0.9825 0.916 6

Ragf? 0.970 4 0.977 5 0.900 0

P1E <0.000 1 <0.000 1 <0.000 1

442 4.42

X5

3.28

0.52 0.58
Xi

4424

E6 WMRIE (V). REREREE () MBLARERBETETVERE (V) HWEFESLE

Fig. 6 Contour maps of WMR value (Y1), lobetyolin recovery (¥2) and precipitate mass generated per gram concentrate (¥3)

EAMEIRHE EE, AFTCRM WMR {H. S H
DR B 2R DL B o R A V™ AL T o AR b i
SEAE SRR R bR . DATE & B AR AR R
XTI IESZ ARG WMR (Y1), ~FI7R % E
SEAMERISESRE IR (YD AL R IR A8
FAETIE R (Y3) @A, Frg r g A (5)
Fs.

Y1=—13.240158.345 X1 —0.044 Xo—56.826 X

Y2=-8330-36.389 Xi+0.215 Xa—0.479 X Xo—33.744 X

¥3=0.209—0.499 X1—0.286 X>+0.775 X1 X> (5

SR FH TR 5% 22 A% 43 1) 7 1256 A A0 0 R e b v
TR, Bk ZIRAEAZ R IES A6, 1E
BRI EZE SR ZEME, BI04 0.024 9.
0.013 1. 0.0394. #ZRK WMR H KT 95%MIMER
H90%, WS IREZERT 90%MHEZE A 90%,
BT IR AE W AR DT R T 0.300 g/g AR
RN 90%, MIRIEAR (5) B AERH (6),

Y1=-13.240+58.345 X1—0.044 X>—56.826 X12—Zo.1 X
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SDresiqual' =1.345

Y>=-8.330+36.389 X1+0.215 X>2—0.479 X1 X>—33.744
X12—Z0.1 X SDresidual® = 1.249

¥3=0.209—0.499 X1 —0.286 X>+0.775 X1 Xo—Zo1 X
SDresiduar =0.300 6)

Horb Zoo NFRHEIES AT Im FHE, B 1.282,
BAEAA (6 A% A (D,

58.345 X1—0.044 X>—56.826 Xi>—14.616 9=0

36.389 X1+0.215 X2—0.479 X1 X>—33.744 X1>—9.595 8=0

—0.499 X1—0.286 X>+0.775 X1 X>—0.1415=0  (7)

FFEARERA (D PENERRAER, N7 LUK
THEBRANEITLZ, AMFEAER (D MNAE
R4, WIAEE RO N MR 5 BT L
7. {fH MATLAB (R2016a, 35 The Math
Works A#]) KIEAZER (7) #E, R T)
BAARAIATYE R E 7 Bis .
3.6 RGERREIEHIAIIESTIE

PG5 N N5 N1, N15 FIR4E AT 561E
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Fig. 7 Feasible range and verification points of concentrate

properties
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Table 8 Verification experimental points conditions and process index investigation results

REWE RO A a5, 25 O H Whrip LR
e s R e pe) G END VR IR (g g )
Sl BN STRME BUUM STME FOUME
V1 = N5 55 101.45 87.51 89.19 98.11 97.88 0.570 0.582
V2 = N11 52 59.80 93.77 93.84 100.21 99.76 0.430 0.428
V3 = N11 56 59.80 87.48 88.90 97.49 97.13 0.531 0.535
V4 = N15 53 41.32 93.82 93.65 100.35 99.79 0.419 0.409
R9 RERHE (Z0) SKIEREBS EAM MR ZIE Pearson Al A R MR AR S TEA SR (P>0.1). & 3 FHAEL
HXFRE PE VIRAEI B FE 220K (RSD=45.64%), 4 B 40

Table 9 Pearson correlation coefficient and P value between

viscosity and some other properties of concentrates

Hifh, Pearson HAiL Pearson
v -y PMHE . Pl

i KRR R MHRR
Z1 —-0.372 0.172 Zs —0.073 0.769
Z> 0.291 0.293 Zs 0.382 0.160
73 —0.528 0.043 Z7 —0.396 0.144
Z4 —0.361 0.186 VA3 —0.306 0.267

TG TR PS5 11 T A o S A S e SRS DU PRI R
Eb an—SEAH 0 2 TR B BRI R 7 o X R T
AR FR AL T — SR I ARAS I i A A i e ket R (1)
FOE, AN S R T A T R AR H S R 4
T AR R A3 () 22 5
38 KEEESESHENXAR

BB 2 RS NT A1 N12, o728 [ & 8
HFE, sl R R y=AX (o i N
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Table 10 Fitting results of viscosity and solid content
KRGS
N1
N12

fol/(mPa-s) fi R?
0.014040.0090 18.319+1.007 0.9945
0.001 7+0.001 0 19.594+1.072 0.994 7
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Fig. 8 Concentrate viscosity changes with solid content AR T Setil & T ASEHLR B SRR, FF
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Fig. 9 Concentrate viscosity changes with temperature
Rl HEMBETHHINGER
Table 11 Fitting results of viscosity and temperature
WY go/(mPa-s) g1/ C! R? AR go/(mPa-s) g1/ C! R?
N1 290.6+14.0 —0.040 4+0.002 0 0.994 8 N9 543+22 —0.039 8+0.001 7 0.996 2
N2 179.1+10.8 —0.042 0+0.002 5 0.9923 N10 166.5+7.8 —0.041 60.001 9 0.9953
N3 131.0+7.2 —0.039 5+0.002 2 0.993 0 N11 171.7+8.8 —0.040 4+0.002 1 0.994 0
N4 119.7£5.6 —0.040 4+0.001 9 0.995 1 N12 78.9+3.1 —0.036 00.001 6 0.995 8
N5 295.0+13.4 —0.040 9£0.001 8 0.995 6 N13 106.4+4.1 —0.040 2+0.001 6 0.996 7
N6 1649+12.3 —0.044 2+0.003 2 0.9892 N14 197.3+8.3 —0.0342+0.001 6 0.994 9
N7 2264+11.4 —0.040 8 +0.002 1 0.994 4 N15 122.1+2.8 —0.043 7£0.001 0 0.999 0
N8 350.7+21.8 —0.043 410.002 6 0.9922
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