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Abstract: Objective From the viewpoint of content changes of chemical composition, the effects of different drying methods and
conditions on the quality of extracts from Shenpu Penyan Granule (SPG) were investigated. Evidence was provided for the
optimization of dessication technology. Methods Extracts from SPG were dried by belt vacuum drying, spray drying, plank
decompression drying, and drying under normal pressure, respectively. The moisture capacity and contents of peoniflorin, polygonin
and tetrahydropulmatine in samples by different drying methods were determined. The content differences of three indexes chemical
constituents and the clustering conditions in different groups of samples were compared by analysis of variance and cluster analysis.
The maximal correlation between the components and drying technology parameters was determined by principal component analysis.
Results The moisture capacity of different dry extracts were similar to each other. The contents of peoniflorin, polygonin, and
tetrahydropulmatine in samples by different drying methods were obviously different. Those components in samples prepared by belt
vacuum drying were the highest, those by spray drying were the second highest, and those by drying under normal pressure at 100 ‘C

were the lowest. Cujus, the index chemical constituents in samples were destroyed minorly by belt vacuum drying and spray drying,
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while those were destroyed majorly by plank decompression drying and drying under normal pressure. The samples prepared by belt

vacuum drying and spray drying were classified in the same group, while those prepared by plank decompression drying and drying

under normal pressure were classified respectively in different groups. The contents of peoniflorin, polygonin, and tetrahydropulmatine

were sensitive to the technology parameters change of four kinds drying methods, it was important to monitor the content change of the

materies. Conclusion The effects of different drying methods and conditions on the quality of extracts from SPG should not be

ignored. Determination of the index chemical constituents is a rapid detection method to evaluate the optimization of drying technology

for extracts from SPG.

Key words: Shenpu Penyan Granule; drying method; peoniflorin; polygonin; tetrahydropulmatine; belt vacuum drying; spray drying;

plank decompression drying; drying under normal pressure; moisture capacity; analysis of variance; cluster analysis; principal

component analysis; correlation
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1 FRAFEAXHIZSHMHERMNESER (X £s,n=10)
Table 1 Preparation parameters and assaying results of samples prepared by different drying methods ( X s, n = 10)

aE: VE G5 MW PE TR TR C FUE B IMPa 5K &% A% A% IER L EI%
SHERMPEE 1 125 — — — 10.51 0.93140.004 0.696+0.012 0.396+0.007
R 2 125 60.0 60 0.1 3.79 0.868-0.052 0.63240.043 0.332+0.017
3 125 48.0 70 0.1 376 0.8650.055 0.625+0.042 0.326+0.024

4 125 36.0 80 0.1 374 0.859--0.049 0.619+0.047 0.319+0.018

5 125 24.0 90 0.1 372 0.847-0.042 0.61240.045 0.311+-0.026

6 125 18.0 100 0.1 3.68 0.838-0.047 0.606+0.044 0.305+0.015

DG IR S 7 125 60.0 60 -0.09 3.81 0.893+0.025 0.662+0.015 0.363+0.026
8 125 48.0 70 -0.09 3.78 0.885+0.028 0.657+0.021 0.359-+0.021

9 125 36.0 80 -0.09 3.71 0.880+0.024 0.65140.024 0.352+0.027

10 125 24.0 90 -0.09 3.73  0.878+0.034 0.645+0.027 0.346+0.028

11 125 18.0 100 -0.09 3.75 0.872+-0.036 0.638+0.023 0.341+0.023

i AT 45 12 120 2.0 80° 00015 3.76 0.923+0.013 0.689+0.014 0.388+0.014
13 1.20 2.0 90° 0.0015 374 0.929-0.012 0.693+0.018 0.392+0.008

14 125 1.5 100° 0.001 3.69 0.9350.015 0.699+0.017 0.397+0.013

15 125 1.5 110° 0.001 373 0.931+0.011 0.695+0.012 0.394+0.017

16 1.30 1.0 120° 0.001 371 0.927-40.017 0.69140.009 0.390+0.015

M55 25 T4 17 110 — 160/90° 0.2° 3.80 0.914-0.021 0.675+0.016 0.375+0.023
18 1.10 — 170/90° 0.2° 3.77 0.920--0.026 0.686+0.022 0.386+0.025

19 110 — 180/90° 0.2° 3.70 0.918-0.027 0.685+0.023 0.385+0.019

20 110 — 170/85° 0.2° 3.75 0.9160.024 0.68240.019 0.383+0.022

21 110 — 170/95° 0.2° 372 0.912-40.029 0.678+0.026 0.377+0.027

a- AR AE  b-dE/HHRGREE oKUK
a-heating temperatures b-temperature of inlet/outlet c-wind pressure

(4) {6if4f: Phenomenex Luna Cig#: (250
mmX4.6 mm, 5um), ZJE-0.1% K (13 ©
87) M, Ry K 230, 306 nm, #EFE 10 ulL,
FEiR 30 C.

233 WHIRLZEMNED

(1) XIS % BUETHR 238 =,
GRRRE, IR BB R 4 5% 102.7 pg/mL
PRI A

(2) PRSI % KRR S T HY
59, ‘& 50 mL &I, N 50% FELE A R LI E, 7
5y, 4.

(3) BAPERER A IR 5 BB AE i 2R ot %5
WRZRE, F “2.3.3 (2)7 T5 NI 5 VA 4% B 4k
R AR A

(4) a4 F: Phenomenex Gemini Cqg £ (250
mmXx4.6 mm, 5 um), PLZSE-BERENZEEE OF
ERRPCKBEIR — & 6 g T K SR 34

2.9, MK 1000 mL ffvf#, 42 :58) Jimshtt,
Ry 280 nm, AR R 1 mL/min, BEFE &
10 pL, #¥i## 30 C.

O3 SR F AMbR — s RV S AT TRAL
. EHRCERE, MiEELE L. 2,
24 FHEFERL

FEEFRRATA T JRAH S IR £ 30 R
WL, NS R TS AT 21 1.048 mg.
FERLHF 0.687 mg. FESHER £ % 1.027 mg (¥, 1F
AR A RSB U &M 0.5 1. 2 4. 6.
8 mL % 10 mL sjfHr, A EERmBERZIE, RS
RN EXS TS o 0 TR 2 W A IR P TR A5 XS
TR 10 pL VEN S ROGBRAR A, DAgERER N
PRARKR, VAR T PR AT PE RN . SR
AT TRl Y=10 176 X+415 410, r=
0.999 7, KWIATZ5H{E 52.4~838.4 pg/mL k5% R
RAF; e 2t T4 Y=26 787 X+235 762,
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Fig. 1 HPLC of peoniflorin and polygonin mixed reference
substances (A), sample (B), negative samples without
Paeoniae Radix Rubra (C), and without Polygoni Cuspidati
Rhizoma et Radix (D)
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KARL; EHRZEMRIETTRA Y=6 516 X+
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Fig. 2 HPLC of tetrahydropulmatine reference substance
(A), sample (B), and negative sample without Vinegar
Corydalis Yanhusuo Radix (C)
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Table 2 LSD and Dunnett multiple coparison results with peoniflorin (dependent variable was paeoniflorin concentration)

95% i {5 X [f]

ERGGIRFS (D A O Hd B¥EE A-D WiERZE P
R PR

LSD iR E  WETR 0.071 200" 0.005 585  0.000 0.059 55 0.082 85
TN s 0.045 000" 0.005 585  0.000 0.033 35 0.056 65

il U T —0.002 400 0.005585  0.672  —0.014 05 0.009 25

W5 55 15 0.010 600 0.005585  0.072  —0.00105 0.022 25

W TR SR EE —0.071 200" 0.005585  0.000 —0.08285  —0.059 55

T s —0.026 200" 0.005585  0.000 —0.03785  —0.014 55

i U g —0.073 600" 0.005585  0.000 —0.08525  —0.06195

W5 55 T3 —0.060 600" 0.005585  0.000 —0.07225  —0.048 95

BRARETERE SR REE —0.045 000" 0.005585  0.000 —0.05665  —0.03335

TR 0.026 200" 0.005 585  0.000 0.014 55 0.037 85

iy LB T —0.047 400" 0.005585  0.000 —0.05905  —0.03575

M5 5 15 —0.034 400" 0.005585  0.000 —0.04605  —0.02275
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Ak (D 44 D Yo (-D iR E  PMH LM L
TR BR
WIS T SHEREE 0.002 400 0.005585  0.672  —0.009 25 0.014 05
IR 0.073 600" 0.005 585 0.000 0.061 95 0.085 25
BRI T4 0.047 400" 0.005 585 0.000 0.035 75 0.059 05
g5 25+ 0.013 000" 0.005 585  0.031 0.001 35 0.024 65
% 25 45 S REE -0.010 600 0.005585  0.072  —0.02225 0.001 05
IR 0.060 600" 0.005 585 0.000 0.048 95 0.072 25
BRI T4 0.034 400" 0.005 585 0.000 0.022 75 0.046 05
ity QLA g -0.013 000" 0.005585  0.031  —0.02465  —0.001 35
Dunnett* T S REE -0.071 200" 0.005585  0.000 —0.08601  —0.05639
CRA S AT S REE -0.045 000" 0.005585  0.000 —0.05981  —0.03019
WIS T SHEREE 0.002 400 0.005585 0978 —0.01241 0.017 21
53 25 )5k SR RBEE -0.010 600 0.005585 0210  —0.02541 0.004 21

"PIROEAE P<0.05 I B X

a-Z FRCAT HUAL ¢ R0 IE L — AL/ o 4L, b T A4l 2 b, %30 4 F& 2

“The mean difference is significant at the 0.05 level, a-Dunnett #-test treat one group as a control, and compare all other groups against it, same as tables 3, 4
#z3 [EBE LSD #1 Dunnett ZELRER (AEEAERERESHE)
Table 3 LSD and Dunnett multiple coparison results with polygonin (dependent variable as polygonin concentration)
WEOTE (D 46l D A BEOHE (LD bRERE P Ok
TRR TR
LSD SHBRERE  WIETE 0.071 000" 0.004 679  0.000 0.061 24 0.080 76
ek s 45 0.039 200" 0.004 679  0.000 0.029 44 0.048 96
i AT —0.003 600 0.004 679  0.451 -0.013 36 0.006 16
55 25 T 45 0.008 600 0.004 679  0.081 -0.001 16 0.018 36
T SR REE -0.071 000" 0.004 679  0.000 -0.080 76 -0.061 24
ek s 45 —0.031 800" 0.004 679  0.000 -0.041 56 -0.022 04
i AT —0.074 600" 0.004 679  0.000 —0.084 36 —0.064 84
53 25 gk —0.062 400" 0.004 679  0.000 -0.072 16 -0.052 64
BRABETE: SWHaREE -0.039 200" 0.004 679  0.000 -0.048 96 -0.029 44
T 0.031 800" 0.004 679 0.000 0.022 04 0.041 56
i AT —0.042 800" 0.004 679  0.000 -0.052 56 -0.033 04
53 25 gk —0.030 600" 0.004 679  0.000 -0.040 36 -0.020 84
WESTE SWERRE 0.003 600 0.004 679  0.451 -0.006 16 0.013 36
R 0.074 600" 0.004 679  0.000 0.064 84 0.084 36
B AR T 0.042 800" 0.004 679  0.000 0.033 04 0.052 56
53 25 gk 0.012 200" 0.004 679  0.017 0.002 44 0.021 96
M5 255 S REE —0.008 600 0.004 679  0.081 -0.018 36 0.001 16
T 0.062 400" 0.004 679 0.000 0.052 64 0.072 16
B AR T 0.030 600" 0.004 679  0.000 0.020 84 0.040 36
GG WA -0.012 200" 0.004 679  0.017 -0.021 96 -0.002 44
Dunnett* T SR RE -0.071 000" 0.004 679  0.000 —0.083 41 -0.058 59
U)K TR SARET -0.039 200" 0.004 679  0.000 -0.051 61 -0.026 79
WES g  SWERRE 0.003 600 0.004 679  0.856 -0.008 81 0.016 01
5 2 5 B RBE —0.008 600 0.004 679  0.232 -0.021 01 0.003 81
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F4 EPHRERZZELSD 71 Dunnett ZELNRER (ALEHNLERREZERENE)
Table 4 LSD and Dunnett multiple coparison results with tetrahydropulmatine (dependent variable as tetrahydropalmatine
concentration)
95% EAH X 1]
ERGYIRFS (D 44 O A YHreE (1D WHEzE  PME
TR PR

LSD R RRE W 0.069 200" 0.004 700  0.000  0.059 40 0.079 00

BRI T 0.035 600" 0.004700  0.000  0.02580  0.04540

it AT —0.004 400 0.004700  0.360 —0.01420  0.005 40

5 55 1) 0.006 600 0.004700  0.176  —0.00320  0.016 40

R Sl R —0.069 200" 0.004700  0.000 —0.07900 —0.059 40

LTEN i —0.033 600" 0.004700  0.000 —0.04340  —0.023 80

it AT -0.073 600" 0.004700  0.000 —0.08340  —0.063 80

15 25 45 —0.062 600" 0.004700  0.000 —0.07240  —0.052 80

BRI SRR BRNR -0.035 600" 0.004700  0.000 —0.04540 —0.02580

TR 0.033 600" 0.004700  0.000  0.02380  0.043 40

iy UL T4 —0.040 000" 0.004700  0.000 —0.04980  —0.03020

55 25 T 45 -0.029 000" 0.004700  0.000 —0.03880 —0.01920

WARESTHR SRR BRI 0.004 400 0.004700 0360 —0.00540  0.01420

TR 0.073 600" 0.004700  0.000  0.06380  0.083 40

S WA i 0.040 000" 0.004700  0.000  0.03020  0.049 80

55 25 T 45 0.011 000" 0.004700  0.030  0.00120  0.020 80

5 55 1% Sl 9 ORI —0.006 600 0.004700  0.176 —0.01640  0.003 20

T4 0.062 600" 0.004 700  0.000  0.052 80 0.072 40

BRI T 0.029 000" 0.004700  0.000  0.01920  0.038 80

it AT -0.011 000 0.004700  0.030 —0.02080  —0.001 20

Dunnett® R4 Sl R E —0.069 200" 0.004700  0.000 —0.08166 —0.056 74

U BRAETE SHEREE -0.035 600" 0.004700  0.000 —0.04806 —0.023 14

WARSTHR SHARRE 0.004 400 0.004700  0.757 —0.00806  0.016 86

M5 55T Sl R E —0.006 600 0.004700 0449 —0.01906  0.005 86
3 MEbR B TR BUR S IR R PR B A N clusters) VEXTBTI 21 MEESIEATRE T, T
B, (HBCA R 2R AGRRE THRE TR BB gt bk b R0, SR 1R 4 ) 12
m3ﬁhﬁﬁﬁAE&%%ﬁK%ﬁ&ﬁ%ﬂTV SAPTTRRARE RS, 4R 5. K 3. MK 5 R

(P<<0.05). 34l LSD ¥:bb®e, Mty =115

30H, Yo AEEE
AR T R4 S0 4 4 0k T8 A i mT LA

FEFHRREAh 3 FERRIE A B BB R TR0 T
B WA THRRER (P<005), ASIETHAEST 534l
AR LM AT TS T AR (P< Al A 1,

0.05); TMMEZs THREERN T 3 Bl ZRbR e (Y

i S TR A AR EE B 5 P (P<<0.05).
27 ARFIRTZHRIEFRHR D BEDST

K SPSS 16.0 Zit-Heffxt Bt dt A4 2, L
SRR E PRI R R OR RN
M bR, SRHI41°134) (average distance between

A
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BX A

ZKH 2

2 A=1.277 i,

14,
18+ 19, 20, HIS 7L RWRIRE . W25 Ty

13\

214

16, 12, 17. 21,

FHeA, 29 2=0.128 B, A s T
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Table 5 Agglomeration schedule of samples by different
drying methods
RRAG L HEIRHILER L B
M ——————— R —— - T B
I RK2 FH1 K2
1 1 15 0.005 0 0 6
2 18 19 0.006 0 0 5
3 13 16 0.013 0 0 7
4 17 21 0.018 0 0 13
5 18 20 0.031 2 0 13
6 1 14 0.036 1 0 11
7 12 13 0.049 0 3 11
8 9 10 0.082 0 0 14
9 2 3 0.101 0 0 15
10 7 8 0.112 0 0 17
11 1 12 0.128 6 7 16
12 5 6 0.163 0 0 18
13 17 18 0.185 4 5 16
14 9 11 0.248 8 0 17
15 2 4 0.289 9 0 18
16 1 17 0.590 11 13 20
17 7 9 0.720 10 14 19
18 2 5 1.227 15 12 19
19 2 7 3.556 18 17 20
20 1 2 10342 16 19 0

A AR -

B 41: ff5 7. 8. 9. 10. 11, HEMHEE
FHEFE, BA1S A HAERRW ERERNE, $oR
BRI TR 3 AR bRl S T+
MR BIE RS

C A5 2. 3. 4. 5. 6, RIH TR TAEN,
PRI T, TR RE I B I )R 6 R b
b 3 MR AR BRI 2 e AN B

2 )=3.556 I}, C 45 B4 N2, HAEE
KW FER B, o R 3 B bR g

case
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2

i

B3 AREFBRARNERBBES
Fig. 3 Agglomeration analysis of samples by different
drying methods

()52 M) 5 AR s AR L, AR 22
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B EIRSE AT W, AN T 20 FER A R

Frsr s s AN, O T i E S TR T 2 S EU0
KB RI By, A 4R, SEaF b ST
T T2 VR, R E R 2t Cprincipal
component analysis, PCA) EX T T 2T
I3, SEBUN g T 2 R 1 VT .
2.8.1 Sl RBRR B W S TR
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Table 6 Eigenvalue and contribution rate of PCA in samples by belt vacuum drying

NN WA A FICTJ7 R
it 7 2E TR/ %o KBITTIRA/% it J7 2T RRA Yo KBTI /%
Z, 2.985 99.503 99.503 2.985 99.503 99.503
Z 0.013 0.424 99.927 0.013 0.424 99.927
Z 0.002 0.073 100.000 0.002 0.073 100.000
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F7 FTREZTTHRER 3 MENS REIER

Table 7 Coefficient matrix of three principal components

o PRl SR TR R T R bR R R
By .

b EH0%) 2.8.2 %%ﬁ%ﬁ%%ﬁ*ﬁ%%ﬂﬁ%ﬁ%ﬁ% Hi PCA
Z, 2, Zs R NK 8. 9 s, B PCA f35], 2 MK
X 0.996 0.090 0.009 9 Zis Zoy MR T R 94.984% . 4.729%.
X, 0.998 ~0.064 0.028 Z,=0.951 X;+0.983 X,+0.989 X;, Z,=0.310 X;—
X 0.999 ~0.026 —0.037 0.170 X,—0.129 X3 (X, =AjZH R Xo=/%
*8 WBiZTIR#Em PCA FHEE SRR
Table 8 Eigenvalue and contribution rate of PCA in samples by spray drying
FIN AL SERE RN FEWCFJT AFN
ik J7 ZE TR 1% FRITHRE /% Hik T3 2 TR Yo FRTTHRE /%
Z 2.850 94.984 94.984 2.850 94.984 94.984
Z, 0.142 4.729 99.713 0.142 4.729 99.713
Z3 0.009 0.287 100.000 0.009 0.287 100.000
®Y WETIRHER 3 MERS RBER BN E 1,01 2y STREERR X T 2, Xy 240 0.31,
Table 9 Coefficient matrix of three principal components A R EOS E A TR R A %
e S Y) PaAR R UL, WA TR A AT 25 R CRAT
Z z Z —OERISEIT . NI S TR R T E S AR L
X 0.951 0.310 0.006 BRI A o AT T S PRBLHFNE R 3% .
X 0.983 ~0.170 0.063 2.83  ZiliH R BURLE FAGURE TRFE A
X5 0.989 —0.129 —0.068
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Table 10 Eigenvalue and contribution rate of PCA in samples by plank decompression drying

N HIAE LA SIBCT-J5 RN

&k 1 ZEDTHRER %o SRTTRRE/ % ait J7 ZEDTHRER /%o SBTTRRE/ %
Z 2.959 98.648 98.648 2.959 98.648 98.648
Z 0.037 1.248 99.896 0.037 1.248 99.896
Z 0.003 0.104 100.000 0.003 0.104 100.000

F 1 AREURE TR 3 FEM S REREMR

Table 11 Coefficient matrix of three principal components

Hhi LI
Z A A
X, 0.987 0.158 0.004
X, 0.997 —-0.066 —-0.041
X; 0.995 —-0.091 0.037
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Table 12 Eigenvalue and contribution rate of PCA in samples by drying under normal pressure
PN WIEE s EAE G e DN
&t T3 75 DTRRE /% FATTIRE/% it Ji ZEDTHREE 1% FATTIRE/%
Z, 2.971 99.043 99.043 2.971 99.043 99.043
Z, 0.028 0.934 99.977 0.028 0.934 99.977
Z, 0.001 0.023 100.000 0.001 0.023 100.000
F 13 BETERER 3 MERS RBUER HAETHRZ .

Table 13 Coefficient matrix of three principal components
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