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Abstract: Objective This study applied pulsation vacuum drying (PVD) technology to the drying process of Liuwei Dihuang
Concentrated Pills (LDCP, 75BfHh # #4fi F1.), the process was optimized through Box-Behnken design-response surface methodology
(BBD-RSM) experimental design. Methods Using a composite evaluation index incorporating morroniside content, loganin content,
paeonol content, and average drying rate, investigating the effect of drying temperature (50, 60, 70, 80, 90 C), vacuum holding time
(3, 6,9, 12, 15 min), and atmosphere pressure holding time (2, 4, 8, 12, 16 min) on the drying characteristics and quality of LDCP, and
through the BBD-RSM, the PVD process parameters for LDCP were optimized. Results The drying temperature, vacuum holding

time and atmospheric pressure holding time all have significant effects on the drying characteristics and quality of LDCP. The optimum
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process parameters for PVD are drying temperature 62 °C, vacuum holding time 5 min, and atmospheric pressure holding time 7 min.

Conclusion The research results can provide reference for the application of PVD technology in the industrial production of LDCP

drying.

Key words: Liuwei Dihuang Concentrated Pills; pulsation vacuum drying; drying characteristics; quality; process optimization; Box-

Behnken design-response surface methodology; mononoside; loganin; paconol; drying rate
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Fig.1 Drying curves (a) and drying rate curves (b) of

LDCP under different drying temperatures
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Table 1 Determination results of contents of three components of LDCP at different drying conditions

TR AR RS HIRREF Jii 8 70 $/(mg-g ")

F5 e Mimin Himn SEE ST L0

5

FrER BERRE B IERE
FE/°C ISHE]/min IRE])/min

R/ (mg-g™)
BT BT MEm

1 50 15 8 3.05+0.31 2.2940.16 2.05+0.17
2 60 15 8 3.1610.39 2.41+0.20 2.8710.16
3 70 15 8 3.0210.28 2.35+0.14 3.10+0.20
4 80 15 8 3.0110.23 2.37+0.12 3.12+0.12
5 90 15 8 2.83+0.24 2.23+0.13 2.19£0.11
6 60 3 8 2.89+0.27 2.21£0.15 2.82+0.11
7 60 6 8 3.1610.39 2.41+0.20 2.8710.14
8 60 9 8 2.9710.40 2.27+0.25 2.8310.16

9 60 12 8 2.85+£0.31 2.17£0.17 2.77£0.12
10 60 15 8 2.75%0.17 2.18£0.18 2.89£0.15
11 60 15 2 2.92+0.31 2.2210.14 2.88%0.10
12 60 15 4 3.0210.30 2.26+0.16 3.95+0.14
13 60 15 8 3.16+0.39 2.41+0.20 2.874+0.13
14 60 15 12 2.89+0.39 2.20+0.21 2.81£0.12
15 60 15 16 2.87+0.31 220+0.17 2.75+0.11
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i8R, LDCP [ HE FRTE 10~15 min, AF{bA
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*2 FRERITFEEHET LDCP HRHETR
Table 2 Dissolution time limit of LDCP under different drying conditions

- T AR/ FL R S EAREE Vo B PR /min
°C I 8] /min At ] /min P 1 FEdh 2 FEdh 3 FE&: 4 FEdh 5 Kl 6

1 50 15 8 12 13 12 12 13 13

2 60 15 8 14 13 13 14 15 15

3 70 15 8 15 15 16 16 15 15

4 80 15 8 17 18 17 16 17 17

5 90 15 8 19 20 20 19 19 19

6 60 8 15 16 15 16 15 14

7 60 6 8 14 14 13 14 13 14

8 60 8 12 11 12 11 12 13

9 60 12 8 11 10 10 11 11 10

10 60 15 8 14 13 13 14 15 15

11 60 15 2 10 9 11 10 12 11

12 60 15 4 11 12 11 11 12 13

13 60 15 8 14 13 13 14 15 15

14 60 15 12 16 13 15 16 17 17

15 60 15 16 19 18 18 17 16 19
2.7 BBD-RSM MR EEMKE LDCP BYEZRkE] W, DABEIET . BEHE . PHE &R PR
FIRIZSH FONPH SR, X LDCP ) PVD L ZHEAT LA,
271 WA SER  WRIERF RS R, X R R WK 3.
Fi BBD-RSM [ 2H A SR B T, 30 i L R I8 ok B TR LDCP f) PVD L2 H |

WPIE) ey B HEORRRINTE] o)y FRRRE () 3ASKESHEHTIE, Piss RIE 3.
FHRRAR, BIRRER 3 DNKF, KHAZEF 272 Z81UF0 R ARSRRFEIRIR LR S
#*3 BBD-RSM RKIFIH 54K
Table 3 Design and results of BBD-RSM

F5 x1/min x2/min x3/°C U H/(mg g ™) FITRER
TLUE T LRt AL (g'min")
1 6 (0) 12(+1) 65 (+1) 2.606 1.946 2.645 0.077 4 0.790 5
2 9 (+1) 4(-1) 60 (0) 2773 2.025 3.006 0.062 2 0.828 8
3 3(-1) 8 (0) 55 (1) 2.857 2.136 3.451 0.047 9 0.870 6
4 6 (0) 4(-1) 55 (1) 2.687 2077 2813 0.044 0 0.793 6
5 6 (0) 8 (0) 60 (0) 3.029 2253 3.579 0.057 1 0.922 0
6 9 (+1) 8(0) 65 (+1) 2.830 2.147 3411 0.063 2 0.8823
7 6 (0) 8 (0) 60 (0) 3.031 2289 3.756 0.057 1 0.940 4
8 3(-1) 4(-1) 60 (0) 2.871 2113 3.933 0.055 4 0913 4
9 3(-1) 12 (+1) 60 (0) 2.684 1.998 2758 0.061'5 0.796 9
10 6 (0) 4(-1) 65 (+1) 2.795 2.155 3384 0.087 6 0.903 2
1 6 (0) 12(+1)  55(-1) 2.646 2.089 2721 0.031 1 0.770 7
12 9 (+1) 8 (0) 55 (-1) 2.749 2.066 2.856 0.058 0 0.816 0
13 6 (0) 8 (0) 60 (0) 3.083 2293 3.510 0.054 8 0.924 8
14 3(-1) 8 (0) 65 (+1) 2.938 2.086 3.174 0.096 1 0.009 0
15 9 (+1) 12 (+1) 60 (0) 2.637 2.041 2776 0.0533 0.790 8
16 6 (0) 8 (0) 60 (0) 3.050 2270 3.520 0.057 1 0.9217
17 6 (0) 8 (0) 60 (0) 3.020 2256 3.469 0.055 8 0.9117
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BB PRI SR LT R RE AR ONGE AT
PriabR. MRAEA B8 15 B LR DL VN TR AR
B RO TR TR, KE2B8o8 1 72, 5=
S R SRS ROV R RS, B R
FBN 0.3, FEITRRIE OB TR bR, DR Rk
N 0.1, ZREVFTN 3 REa fabr Al BL X AR
BV R AIEAE, LA FEARI R K E Xinax NE
M, U AR (D,

Y=0.3 X sste/X smrrrmax+ 0.3 X /X mover max 0.3 X srzm/
X g max 0.1 X g/ X mayrapis max
273 JiREWE KOTESNT WNSRRBIEH#ATE
TCENE R Je BT, 45 2HE 7 22 70 H A el
HTEME SR IE 4, WE/BAIRTLEEED
Y 2 W5 ¥=0.920—0.020 x1—0.036 xo+
0.028 x3+0.020 x1x2+9.000 X 1073 x1x3—0.022 x2003 —
0.019 x,>—0.072 x2>—0.037 x3>, R>=0.988 6.

F4 FEEESHBENT
Table 4 Analysis of variance for composite evaluation scores
RERIE PO HBEE B FE P |RERE FIM HEE B FE P

B 0.056 9  6.230X107 67.30 <0.000 I |x:2 1.580X103 1 1.580X107% 17.04 0.004 4
xi 3.360X103 1 3360X1073 3630  0.000 5 |x,? 0.022 1 0.022 237.92 <<0.000 1
x2 0.011 1 0011 113.72 <0.000 1| x3? 5860X103 1 5.860X1073 63.40 <0.000 1
x3 6.380X103 1 6.380X1073 69.02 <0.000 1 |7%Z 6.480X10% 7  9250X10°5 0.67 0.6116
xiz  1.540X1073 1 1.540X107° 16.65 0.004 7|<#LIF  2.170X10% 3 7.250X 107

Xz 3.240X107% 1 3.240X10™*  3.50  0.1034|4iiRE  4.300X10% 4 1.080X107*

xs 2.020X107° 1 2.020X1073 21.79  0.002 3| K IEMA 0.057 16

*P<<0.05 ARFET, “P<0.01 AEZE .

P < 0.05 significant difference, **P < 0.01 more significant difference.
2 3 A4, xis xos x33 MR EINT LDCP [
CRETE 2UNEEEER (P<<0.01), H 3 AMH
FXERE VRS B 4 AR T ORFRIN (] (o) >
TERERE (o3) >EBLRFFNE] (Do B X2+ X123+
xoxs ST P AERTAT, 3 PR KR (8] 52 EAF FH 6T 5
I aE BRI 43 BA X3 >xix00>x1x3, FEH xix.
xox3 [ P AEIN<<0.01, HEZEZEFLW; 1M xixs 1 P>
0.05, JLRZE M, 1M KT x2\ x2 x> 1) PAH
$1<0.01, HHEERM.,

P A S0 B ST (B B T e, AR AR R
MK P<<0.01, 25 P>0.05, A2, R
BURZESFTEEZ N JuE /% R2=0.9886,
R E ZB R20=0.973 9, THIHE RE R2pe=
0.948 7, —HZME N 0.0252<0.03, RWHLEEIED
TFRRIIA RBOR R GF, BB EA GRS,
A4 T LDCP PVD [Tl A 4k 125281,

2.7.4 WA S EE R AT SR TN B S AT,
bEE S R R AACERE N, LA 1 R 23
e KGNSS, R E S ORIF E] AR
FF IS [A) Rl B A AE B KB . ] 5w, £
M) J82 T 23 A7, s PR RIS 1) -5 el P o 7 iy
T s e, B xoxs P 2E HAE X LDCP 45
HVF BA BB R H R R ARFIT R) £ o S T b
FAERRER (AP AR AR R 21, SR ITE e P

(1158 HAE I xo % LDCP 258143 (RS0 o 5%
T L FEE T v 7 T B S R R I ) B K P AR AL
TERIZY, FRLE xixs I 2 EAE R x3 %7 LDCP
CEEVPAr I B

FRAE R A R I H R 3247 40 A, T LDCP (1)
I PVD L&KM N E AR REI 8] 4.68 min, ¥ &
{RFFITIE] 6.59 min, FHEEERN 62.19 C, fEMT
SR N ERE VR TIWE N 0.943 2. 45692 brth
L, FHRESEIGHEAE AT AT, A s T
SHAM N E AR ER 1] 5 min, 5 AR 18] 7 min,
FERE N 62 Co
275 WUERE  fRMRELRAE TS T2
HEAT 3 AT RE RS, S55R AR 5. R 5 AT,
RIC TR S Febr i & = S W E ROy T, A%
K WA S THE AR AL TS 1) T2 4k fase . A BT
17, ATCUANSERRAEF=1RIES% .
3 it

ARSI PVD HR R T LDCP Tt 72,
NG RER AL T — BT iR Ee DR
ARAEFCNEHE, 5 PVD AR L 2S00
LDCP TP A i B e . 5& 8 #00T
BEAHLL, PVD A F M F B R &R T
57.6%!0, 3 J2& H T IR 11 A 2 2% A 2 k2> #4 B
PERR ST AL PVD Rk SRR R I AR Js b T 4
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X2/min 6.

4.5 Xxi/min

Xp/min

X1/min

X1/min Xp/min

a-[8] E TR 60 °C; b-[ i H EARFFIS ()29 8 min;  c- [ F A REFI (]9 6 min.

a-fixed drying temperature at 60 ‘C; b-fixed atmospheric pressure holding time at 8 min; c-fixed vacuum holding time at 6 min.

&5 3NMNEZEZERE{ERY LDCP

FETD RN H T 52k B F = 400 K [ 5]

Fig.5 Contour plots and three-dimensional response surface plots illustrating interaction effects among the three factors on

comprehensive score of LDCP

x5 REIZHIERAEG

Table 5 Optimal process validation test

s iy H/(mgg ") T R/
gt BET FHEm (g'min™")
1 3.038 2.243 3.656 0.073
2 3.042 2.245 3.690 0.078
3 3.035 2.238 3.674 0.075
EIME 3.038 2.242 3.673 0.075

Fr TR AR BEYR, 2R G REAEFRMREY 30%4; PVD 1
W R RFFI RIBT B, AR P K 23043 LB B 5 0
BN IR, A RBRAR T 85 R T 2L
g, R PVD HAREMRA T RAE X
W7o AT TR EE R Y e BT AR AL A LDCP
(1) PVD ek TESHONE A LRFFIN ] 5 min, # &
{RFFITE] 7 min, FEEEEHN 62 C.

W72 & BAS [R] T 15 T 25 2 B0 L0 0 5
A EEMER, TR R R R (AR
K433 LDCP ¥ B PR s B2 CRIFERS 8] A
72> F3 LDCP b ik 5. BEHE . FHk
My AN, R T AE TS HO A TR
FUAKFRFR R R B B A EVER, $EREHRGT
W IR BRI I TR & K T 2 S HOE R T AL
(1 LB FUFR) o P ) o AR S BT R S 1 T
WL 2280500, SEERFRAE. fZERE

R S50 AR08 0 7 T — AP RN I 10t
PRI FE =il 25 A G B RR P, Rk W] 25 R
S PR AT AL TR A AL 30— 3
BB HE R A B
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