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Study on vacuum drying process of extract paste of Huangqi Baihe Granules
based on Box-Behnken design-response surface and G1-entropy method
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Abstract: Objective To optimize the vacuum drying process of extract paste of Huangqi Baihe Granules (HBG) and evaluate the
physical quality of powder. Methods With drying temperature, vacuum degree, and material thickness as independent variables, the
comprehensive evaluating indexes of content of calycosin 7-O-B-D-glucopyranoside, hesperidin, crude polysaccharide, ethanol
extraction amount, and drying rate as response values, Box-Behnken design-response surface methodology and G1-entropy method
were used to optimize the vacuum drying process. The similarity of fingerprints between extract powder dried by the optimized
technology and extract paste was compared. Additionally, the properties of powder were evaluated comprehensively with nine physical
indicators, including relative homogeneity index, bulk density, tap density, interparticle porosity, compressibility, Hausner ratio, angle
of repose, moisture content, and hygroscopicity. The physical fingerprint of powder were established to evaluate the quality consistency
of different batches of extract powder. Results The optimal drying parameter was as follows: the drying temperature was 68 C, the
vacuum degree was 0.07 MPa, the material thickness was 6 mm. Three verification experiments were carried out under these conditions
and the average comprehensive evaluating indexes of vacuum drying was 91.05, which was close to the model prediction 91.87, and the
relative error was 0.89%. Compared with the extract paste, the similarity of fingerprint of extract powder were more than 0.91. The

similarity of chemical and physical fingerprint of three batches of extract powder were higher than 0.99. Conclusion The optimized
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vacuum drying technology of extract paste of HBG is stable and feasible.

Key words: Huangqi Baihe Granules; vacuum drying; physical fingerprint; response surface methodology; Box-Behnken design;

G1-entropy method
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fif: 40~50 min, 30%~60%ZfiE: 50~60 min,
60%~5% i Rl A4 A8 260 nm (0~17.
27~32 min). 290 nm (17~27. 36~38 min). 250
nm (32~36+ 38~50 min)~ 330 nm (50~60 min);
RN 10 pLs AFUALE 1.0 mL/min; #£i7 30 C.
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2.3.2 WM RS R T A Design-Expert
V8.0.6 AT SIS B FEAT AL B, $U5 15 3 me A
Y 5HZE AL By C ZIAH) R Z T 3B 7
£ Y=-1 014.776 25+11.655 62 A+17 628.5 B+
25.649 58 C—24.3 AB—0.157 92 AC—32.666 67
BC—0.066 287 A>—1.091 12X 10° B>—1.079 31 C2,
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%= 1 Box-Behnken iR i&it MR
Table 1 Design and results of Box-Behnken

Shs A/C BMPa  C/mm  yi/(ugg") /(mgg)  pl(mgg") ya(mgg’)  ys(kgm>h™) Y
1 60(-1) 0.06(-1) 6(0) 51.3 1.711 173.9 377.0 5.69 68.88
2 80(1)  0.06(-1) 6(0) 78.8 1.362 189.0 347.4 7.24 68.87
3 60(-1) 008(1)  6(0) 76.3 2.002 230.6 364.6 5.03 84.07
4 80(1) 008(1)  6(0) 105.0 1.487 174.3 223.6 11.87 74.34
5 60(-1) 0.07(0) 3(-1) 52.5 1.907 190.5 349.3 5.18 73.82
6 80(1) 007(0) 3(-1) 113.8 1.491 206.6 173.9 9.42 77.24
7 60(-1) 00700 9(1) 63.8 1.831 238.2 377.8 10.30 82.71
8§  80(1) 0.07(0) 9(1) 61.3 1.340 177.4 313.0 13.63 67.18
9 70(0)  0.06(-1) 3(-1) 83.8 1.542 174.1 340.6 4.03 69.59
10 700) 0.08(1) 3(-1) 121.3 1.842 174.3 187.7 5.16 79.45
11 700) 0061 9(1) 86.3 1.482 169.2 348.6 7.36 64.42
12 700) 008(1) 9(1) 91.3 1.498 180.7 289.5 4.96 70.36
13 7000) 007(0)  6(0) 101.3 1.920 238.0 333.5 7.19 88.12
14 700) 007(0) 6(0) 108.8 1.911 238.1 309.5 8.61 89.56
15 7000) 007(0)  6(0) 1213 1.893 254.5 327.9 11.96 95.19
16 700) 007(0) 6(0) 127.5 1.944 239.0 318.8 7.88 93.13
17 7000) 007(0)  6(0) 122.5 1.916 236.8 328.6 8.27 91.90
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TSR, fERTESSIYEREA, FE A B,
A%, B2, C? KAZETG AC MR NAE RIS R, 3
AR 52 MK IR B>A>Co AR F A8
4 21.65(P<<0.001), KA F {H A4 1.06(P>0.05),
SIRERB P N 0.965 3, HRERERE (ra®)

*2 HEGHNEE
Table 2 Weight value of indices

7490920 7, W ST ) R R RRAL,  Re i LT
KEEA. By C5yiv o y3v s ys I YERAR L
K&, T HBG BE LT ZH 7 Hr 7
b AT SRS =RYS: YT = o ) VAR
SO, SRR A ELAE RO Y 5 45 v 4% R
R 3D B 1.

233 A KAMERIE AR TR Y R
fift, 195] HBG IR Tk TR BR ek T 2564

bkl wi w2 w TR 67.71 °C, HAFE 0.07 MPa, YkHESE
i 02281 0.1832 02102 5.83 mm, FERBSLREEAERIATATIE, BT
»2 0.4106 0.1814 0.3747 (WA T 2B IE A TIRRE 68 C, HA0.07
3 0.1755 0.3152 0.278 2 MPa, YJRHESE 6 mm. %4k T 2564307 3 #°FAT
4 0.1170 0.1077 0.063 4 BSUFSEES, FRRIIE 3 HUR B 5 TRATR B 118
s 0.068 8 02125 00736 SRS AT AR 34T, T2 75 i KRR FE R B i
=3 HESW
Table 3 Variance analysis
TRFWE  CFHFM ABE ¥WH FH P | BRKE  CFHR AHmE ¥ FH P1H
LAY 1577.02 9 17522 21.65 0.0003™ | A2 185.01 1 185.01 22.86 0.0020"
A 59.68 1 59.68 737 0.0300° | B? 501.29 1 501.29 61.93  0.000 1**
B 166.17 1 166.17 20.53 0.0027 | C2 397.29 1 397.29  49.08 0.000 2"
C 29.76 1 29.76  3.68 0.096 7 W7 56.66 7 8.09
AB 23.62 1 23.62 292 0.1314 | K 25.07 3 836 1.06 04595
AC 89.78 1 89.78 11.09 0.0126" | #iR%E 31.59 4 7.90
BC 3.84 1 3.84 048 05131 BiAEZE 1633.68 16

P<0.01 NHEE; "P<0.05 N
*P <0.01 is extremely significant; "P < 0.05 is significant
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3D response surface and contour plots for interaction effect of each factor on response value
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FHHy. &R Y FIMEN 91.05, RSD /M 3%,
M EAJTRERTER Y BASTRIME N 91.87, P
SHREZE AN 0.89%: 3 MLKR BN 5 TIEifss &

HEAEALLEE 43 54 0.918. 0.921. 0.913, KT 0.91,
BALR AL KT 0.99, WE 2, R
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_J Jl A A S
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2 FEEIRE (S) 53#LEEH® A, B. C) AL
Fig. 2 Fingerprint of extract paste (S) and extract powder (A, B, and C)
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¥y, ¥ CPEZGE) 2015 SRS PUBE K 4 I E
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(2) MR FERE (10): KR E KK
80, 100. 120. 150. 200 HFZ57iPz¥% 5 min, ic
SES TR R R R, BCPIAEIL N AR A
150+ 125, 90, 75 um FIZ50R# B koK, 115 10,
ANRN 10=F/[1004 (dn—dn-1)Fm—17F (dni1— dn)
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dw)Fen)s Horb, Fo NRRTE 2 500 B R AR
B, Foo NZECRZIGHE L — 200K
ISR b, Fu1 A2 HORARTE B — J2 0 I
B KRB R T, n 9B HORIARE AN
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(3) MEE (pp): BHUREM 50.0 g ZIgMA
100 mL TR, BREFRT, SRR
BV, REHE ) WHH po.

(4) REEE (po B F= FRABEREN
(1) & AT/ AR IR B R o B M R AR FRAS B8
1E, ERURBRA (Vy), RIEHLFRE ) 57 pe.

(5) FRLIAIFLERE (I): H po M p i E IS,
NN Ie=(p—pv)/popro

(7) Hausner tt (HR): H po Fl p 1F RIS,
23N HR=pi/py.

(8) RibfM (o) RAEERHE ¥ 345
AR < € TP ICE AR AR BT, i R 2
T2k 05 ARARARZ AR EE 3 om =i B (D, i b2
TFEEZAS BN B R, B2 TE U HER R HEA SR
A B F 2ok, W R AR R AR G,
& o, AFAN a=arctan(h/r).

(9) Mg (FD U2 )5 B 28 g R
T 25 CHHIR TS CHABECE NaClERERD *
WIRD 24 h, FEEMERE (mD. PREWIEET
BT ERFREMT, EEAN 1 mm, KRR
B (). KRB 5 RS T Ll EEE
WA T, R T JE S B & (m3), 1HE H,
NN H=(m3—m)/(my—m)).
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JEPE. EiPEARREE 5 AT, 1ERRE R
TREGE I —RARbR . Hrh¥y—1ELL 10 Ak, KRR
BRI AT SIRERE s HERRME DL py B p SRALE,
TR E MW POIRES . TR, LA C RAE, X
R E R R AL B RE T TATELL HR F1 o SRAE,
FORE BRI EE 15 MLl MC R H RAE,
243 YHFER R HEEES 10, pey po



¥4

Chinese Traditional and Herbal Drugs %5 493 %5213 20184 11 A

* 5105 ¢

I« C. HR. a. MC. H 3t 9 M3 G B br kIR
BEMYIFRIRSOER —Jidebr. NEBRATRIRMESL
BEREFITKMENCIARE, K& RIahrsLilfE

x4 —RYBEREERRECEMERSG A
Table 4 Limit values and conversion methods of secondary

physical indexes

A2 0~10, S35 SR bR I AT R BUE E A —YARr ety AL AR ) BUAR
#7715 Z M SCRR T AN, HARE 77 L3R 4. ¥tk 10 — 0~0.02  1000x
2.4.4 RERVIIBLOENME SN SrnlilE HERIE po gml"  0~1 10x
TS 3 R BRI 9 AL 5T & Fabn JF i pr gml"  0~1 10x
ITHA, SR NE 5. UEBRN T AEEEUNE (iR E Le — 0~12  10x/12
AR BRI EARL0E, W 3. RARMAR c % 50~0 (50—x)/5
SEITVE LR 3 MR B Rof A 2 L T R AR ALLE s HR  — 1~3 5x—5
SRFE IMEE 2/, FIMEEIM, HodE @ ° 50~25 (50—x)/2.5
53 R E R R EVE AL 258 0.999 3. FasEtE MC % 10~0 10—x
0.999 6. 0.999 2, FHAFEHEIR B BABLFI H % 30~15  B0—x0/1.5
x5 REMHEXYESHERLE
Table 5 Related physical parameters and conversion values of extract powder
e e - SEPIE HAE
CHdElR SRR R T mam mam | mi& moft | A
¥—H 10 — 0.001 30 0.001 25 0.001 32 1.30 125 1.32
HERAPE Pb gmL™! 0.581 0.589 0.573 5.81 5.89 5.73
Pt gmL™! 0.779 0.784 0.763 7.79 7.84 7.63
AR L — 0.44 0.42 0.43 3.65 3.52 3.62
C % 25.64 24.87 24.90 4.87 5.03 5.02
it HR — 1.341 1.329 1.334 1.70 1.64 1.67
o ° 44.6 44.0 2.16 2.52 2.40
FEE MC % 522 5.09 5.15 4.88 491 4.85
H % 27.36 27.74 27.11 1.76 1.51 1.93
ﬁz%{ ﬁsmH-~”"

MC:

3 HBG EREMYIRIELEE
Fig. 3 Physical fingerprint of extract powder of HBG
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