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Optimization of spray drying process of Huashi Baidu Granules based on Box-
Behnken design-response surface method
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Foshan 528244, China

Abstract: Objective To optimize the spray drying process of Huashi Baidu Granules (HBG, {LiZ¥#5Hiki). Methods Box-
Behnken design-response surface design (BBD-RSM) was used to select the best spray drying process by taking the relative density
of liquid medicine, air inlet temperature and feed rate as the investigation factors, and the comprehensive score of powder yield,
paeoniflorin, liquiritigenin, chrysophanol-8-O-B-D-glucoside, glycyrrhizic acid, honokiol and magnolol transfer rate as the evaluation
index. Results The optimal spray drying process of HBG was as follows: the relative density of liquid was 1.02, the inlet air
temperature was 175 C, the feed rate was 50%, the comprehensive scores of validation test were 92.57, 92.50, 91.96, respectively,
and the RSD of each quality index was less than 3.0%. Conclusion The spray drying process optimized by this method is stable
and feasible, which can provide reference for the preparation process of HBG.
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honokiol; magnolol

AT IMCET 7 TR B B e s 8 %8 (corona
virus disease 2019, COVID-19) HidfEd FEH T
EAYER LS, B (BER) RS A HZ .
(LFREmg) TR REEMZ . GRWEEYE HE
HASZ, (EEES8) PEMNE N T

Wi AER: 2023-05-29

TR, BA MR, BRI, T
WAHEH S SNESER T BUAIMIEM . AR 2 24 il
W 2 2B ARG 5 0y 1 W R BOR B AL IR M5 07 1
TEFIHLEBIREAT 20T, R BRI 7 3 P e o T 310

HH ARG 7 (severe acute respiratory syndrome

HEEWH: BRI EH 2022 Fro B AREMA LRSS T 60 E —H 44 e R E AR RS T4 (2022-230-221)
TEEENY: REN, B, @FATRA, FENERLHIF T2 5REmER 7. E-mail: zhangzp0909@163.com
HEEEE: M, Lo, FATHAIE, WEmR AR, FENEREHA TR KFREN . E-mail: 1471237855@qq.com



* 7430 »

¢EH 2023F11H H54% H22#  Chinese Traditional and Herbal Drugs 2023 November Vol. 54 No. 22

coronavirus 2, SARS-COV-2) [z 4 5], T
B R-ME %K K R4 (renin-angiotensin system,
RAS) P47, Al I ) S SR SR, BHLIE 28 9
I, MIA T COVID-19 i H 7,

ALIR MR Bk (Huashi Baidu Granules, HBG)
= AR E T SR T E IR, #7545 E%
HBG &b 77 BLR 2 1) 32 B2 U o i AT 1 o0 #r, 25
BEELENT T HBG )5 S5 HIAA & o FERURLI A
AR, AN IRAC SN G TR A, H
R0 T HBG BT 7T 2 SE P E 253205 H, A 5%
T HA R T2 iE . A SR N H Box-
Behnken & 1 - Wi ¥ [ ¥2:  ( Box-Behnken design-
response surface method, BBD-RSM) *f HBG [
SR T EATH I, @ AL & E R i
(analytical hierarchy process, AHP) %} HBG Wi+#;
Rk AT2HE . HEER. KiEH-8-0-B-D-H# &
PR HREER . RN AN AN 5 7% 232 53 A T
B, FHELAZRE P NVFIN Tabs, Tk st i
EFETIGE LT ESHG T TEWKAE, 57N HBG [
il A P SR A ) B SR A -
1 UBESRG
1.1 %88

Thermo Vanquish 4 = &0 AH A, £ E
Thermo Fisher Bl A F]; XP26 BV Fisyr 2 — K-
ME204E %475 73 2 — R°F, &ifi 1= Mettler Toledo A 7] ;
Milli-Q Direct BUEEZE/K RS, 1E[E Merck Aw];
B-290 15 55143 , Fi 1= Buchi 4 R 24 & ; 1920008
BEDZ—RV, HAH RN TC-15
MEER S, T eET S s HWS28
RiERKH, Bl —ERHARAR; YRE-501
R i 78 KA, LT TR A R THE A A
DLSB-5/20 YRR ¥4 AR KA, BN IR} T
A RAT; DHG-9146A 7Y o HE IR S X T 144 ,
FURE R SRIS B R AT IR A W] ;. DHAOEH ZYRRIEHL,
BRI ST A A IR A ]
12 R

xR AT 254 (Jib 'S 110736-202044, 7R &%
96.809%). HEER (5 110731-202122, JFi#&E s
¥ 94.40%) . FJEANE (165 110730-201614, Jii &
7340 99.30%) JEAME (b5 110729-202015, Jii &
5345 99.00%)> 0 15 v [ A it 245 A e BT AL Bkt
FEAEH B R (165 wkg21032002, Jifi & 3%k 99.72%)
Ve B DY 148 4t v B AR BR A ] s 0 oK

19;-8-O-B-D-H & # £ (#it5 20010901, Jfi & 5%
99.70%) I [ A AEEE A I EE ARG IR A 7] s HEE
CHE RO, HE Merck AF); HIERJythikal,
RETRFERAE AT ARA T AChHaiK, H
RN N Hral

SE6 BT AR B B (TJ2303009) ) AR—
J5 i 2456 B o = ) £ A A
2 FHESHR
21 WEMSHNBETIRIZ

BLRGEES, BTN LE, RPm
B-290 A% TIRAX, & &6 2H sk v e gk XU
B dbRbEEE, fm s TS S HUA B T IR
A, SRR TR, EMIXHERE N 400 0L T AL
SRS T4, FREBT T M E, 79 HBG Wi T4 .
22 BTFHEMRERUE

R HARIG IS [ =200 17 g MBS TE R
BT b, 15800 4 B R % e B 7 w1
T8, WS TEREHRE, TEMHXRE N 40%L,
TR FILE HBG Wit4r, 1 E RIS

TR0 P50 2 = W M IR T [
2.3 6 MIEfR D R ENE
231 AN Ay Waters BEH Cig £
(150 mmX2.1mm, 1.7 um); REIHHA 2 M5-0.05%
F R /K VBT, BREESEE: 0~1min, 3%~6%Z.fi;
1~3 min, 6%~11%Z}4; 3~5min, 11%~13%2
fi&: 5~15 min, 13%~16%Z./i; 15~22 min, 16%~
19% Z i 22~30 min, 19%~23%Z.fff; 30~35
min, 23%~27%Z.J%; 35~40 min, 27%~34%Z.
Ji: 40~45 min, 34%~36%ZJiE; 45~50 min,
36%~50%Z.fi%; 50~65 min, 50%~60%Z fif; 1&
R 0.3 mL/min; AR 30 °C; Kdlp: 0~18
min, 235nm; 18~65min, 250 nm; AR 1 uL.
2.3.2 PIRGIARIECH] BT E. HER. K
i) -8-O-pB-D-H & M H I MEME. &
Fhmy o IR G B, R ARE, B 20 mL 2, N
HEEE R RZIE, A, $I R EWE S 5N
317.891 2. 113.880 2. 51.844 0. 104.972 8. 114.989 4,
165.528 0 pg/mL FRA X HE VA CH IR i i =
H A R 5/1.020 7).
233 MRS BHBG W47 271.0 g,
W oE, EEEHVMmY, I 70%H E 25 mL,
PR, BEAEEH IR 45 min, U,
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X A I S A VAL IR “2.3.17 TR Bl ok
PEBEREIE, R EEE. SRME 1 PR, At
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125 2-HWER  3-KWHEy-8-O-p-D-Hi A MH  4-H&m 5/
JEFNEY  6-JE kN

1-paeoniflorin  2-liquiritigenin  3-chrysophanol-8-O-B-D-glucoside

4-glycyrrhizic acid  5-honokiol  6-magnolol

1 EEMiAE UPLC [
Fig. 1 UPLC of specific test

235 ZMERRFEH FEEWI “2327 MRS
o BTV, I R )k 2R 1 O A R TR VR ko R
MVATR, 1% “2.3.17 TR R AR UG R E

IR EIE A DU IE 5o Sk BB RS (X0, DL
WETRIAUANARER (YD, 2afilbraEmhsk, AT
I, 1530 &4 55 (1) [ A 75 78 e 2 VESE Bl 2 ol A5 25
H Y=0.085 5 X+0.122 2, r=0.999 9, £i{*VulH
0.317 9~317.891 2 ug/mL; HE &K Y=0.059 5 X+
0.030 0, r=0.999 9, ZM3E[F 0.113 9~113.880 2
ng/mL; K #EMHY-8-0-B-D- & #HEF Y=0.196 5 X+
0.065 8, r=0.999 9, ZM:3i[HE 0.051 8~51.844 0
ng/mL; HEER Y=0.054 1 X+0.001 3, r=0.999 8,
£RPEVEFE 0.102 8~102.843 9 pg/mL; AIEANG Y=
0.139 1 X+0.088 7, r=0.999 9, Z::3EH 0.115 0~
114.989 4 pg/mL; JEAM% Y=0.094 4 X+0.097 2,

r=0.999 9, 25 0.165 5~165.528 0 pg/mL;

ATH 6 AN BCo CEAH ST Bk P Y A 2 R A ) 2tk

2.3.6 FEEEIAR REEWIE “2.3.27 T FRA XS
RROTRTA, 4% “2.3.017 TRtk SR ISR RE 6 K,
THEARATZE . H R R K3 -8-0O-B-D-1 & f 1
HELER  AEANS | JFEAN (i I T AR R RSD 43
15 0.99%. 0.90%. 0.72%. 1.61%. 0.68%. 1.91%,
RN 2 R AT

237 HEMRE HFE—#H HBG WiTHr, %
“2337 BUNJEPATHI& 6 bl iidm, 1%
“2.3.17 TR RS SRR EREI T, THEMATAE, |
HER. KFW-8-0-B-D-# & M. HHEIR. AIEAH
Py JEEANS 5 4 B0 RSD 43994 0.67%. 0.66%-
0.58%. 0.78%. 0.83%. 1.03%, F#WiZJjikEE M
RAF.

238 faEtEilie  REEIRIN “2.3.37 T R
WL TR E 00 20 4. 64 8. 120 24 hi%
“2.3.17 LUtk K AR E , THEASATA .
HERL KEE-8-O-B-D- A A M . HEER. AEA
By, JEANERIE TR RSD 4354 0.21%. 2.00%-
0.93%. 1.15%. 0.31%. 0.52%, 2 HA{LSVAmAE
24 h WNEzENE R LT,

2.3.9  JNFEENCERIRESE  BCC I B SR AR R
(1] HBG WiT-41, FEEARE9 17, #9059, &
3, BN B AR EIRER I
TRA NI VA 4% “2.3.37 TR 5% ik
W % “2.3.17 TN iSRRI E, ot
PRI TEIAR, THEOIMAERICR XL RSD. 45042
H. HER. KEE-8-O-p-D-H& M+ .. HHEE.
AUJE RN Ty < JE RS T B 5P 2 0 A B R 4y 5 A
98.09%.98.61%.100.46%.97.87%-.98.76%.99.42%,
RSD 43714 1.13%. 1.09%. 2.35%. 1.79%. 1.30%.
1.40%, K BHIZITIEHERME R AT

2.4 BBD-RSM ift HBG IEEFI/ETZ

2.4.1 BBD-RSMiRI&# 1T K &5 R HR4E BBD ik
Bt FE, Wit 3 &R 3 /K°FH RSM RE&E, PLZg
AR (X)) BERGEEE (X2 HERHEER (Xs,
I8 P F B-290 Bt 55 TR G 2 DL “ 3R
JE4itt” For, HALN%) NEHRK, K 3
% 3 /K°F BBD-RSM REHEAT 1T, FIFR 5K F L
x 1. UBR (YO, AAE-REE (Y, HE
R R (Y. KHEH)-8-O-B-D-H 4 bl 1 i i
(Yo). HEREFREER (Ys). MEMBEEZE (Ye)
KRR Z (Yo fENRERRR, SRIE 1.
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% 1 BBD-RSM I EZKFIRIt K&
Tab 1 Factor level design and results of BBD-RSM
IAC RS X1 Xo/C Xal% Yi/%  Y2/% Y%  Yal%  Ys/% Y% Yd% LAV
1 1.05 (0) 175 (0) 35(0) 65.26 4544 6729 8.03 63.82 7.88 7.62 88.87
2 1.05 185 (+1) 50 (+1) 4394 4703 67.22 815 63.67 7.97 7.71 88.47
3 1.05 165(-1) 50 4208 4657 66.38 8.08 6256 8.43 8.00 89.72
4 1.05 175 35 6758 4595 6652 8.09 64.40 7.84 7.54 89.18
5 1.05 175 35 64.87 4598 66.17 8.03 63.05 7.78 7.52 88.01
6 1.05 175 35 65.26 4591 66.75 811  63.70 8.00 7.73 89.55
7 1.08 (+1) 175 20 (1) 79.69 4652 6640 8.08 6341 8.35 8.52 97.45
8 1.02 (1) 165 35 78.44 4385 6543 8.01 6252 7.38 6.71 87.24
9 1.02 185 35 80.42 4502 66.69 821 64.77 6.63 6.15 84.70
10 1.05 185 20 65.15 4372 6483 793 6256 7.25 7.15 84.93
11 1.08 165 35 7267 4441 6589 7.96 62.96 8.38 8.39 94.52
12 1.05 175 35 65.15 46.14 6599 8.05 63.09 7.66 7.41 87.44
13 1.08 185 35 69.51 4572 6548 7.99 6235 8.40 8.49 94.22
14 1.05 165 20 59.04 4553 6522 8.00 6287 7.07 6.87 82.79
15 1.08 175 50 68.77 4560 6550 7.98  62.13 8.81 8.79 95.98
16 1.02 175 50 7838 4546 6426 7.94 6271 7.95 7.23 90.56
17 1.02 175 20 7821 4413 6509 810 6354 5.46 5.09 77.00
RSD 10.29 211 1.28 0.95 115 1039 1239

2.4.2 FERR AR RECS A IR HE

(1) BUEMERE RE (W ) BUEZE—
WAL 730010 A i DL R AP BRI 5

OHAEAREALA: £ BIEREIE, B
BENAF, Kk, ZEXNEARET LN,
AHFTUR Hassan 7253 75l & T brdh AT 5 i 4
K CHE—E”, HHEAL R Yi=Xi— min{X;})/
(max{Xi,-} — min{Xi,-}) o

QX FRHE BB T 0 — 4k BPITHEEE j e
P N2 | BRI E e E T SR E (fp, 1R
NS fij:Yij/zin:lYijo

@ HE &b 0GB ARG BRI E S
(Ep M€, AN E=—In(l/m) 2., filnfy,
2 f5=0, FEH) Infi LR, FL, XFfi A
ITIBIE, HHE 3O lim fijinfj=0.

OIFEEFEFRI W o ARHE EjI0THE A, oF
HH A BT Ej N Ern Eav ++. Emo dEIL Ejit
BSAEPRI W wj: W= —E)I(M— X LE), j=1,
2, o, Mo PEIIFESR S, ATAE, HER. K
B -8-O-B-D-Hi M1 HERR. FEFNG . JEAR
) W %3 314 0.143 0.142. 0.134, 0.123. 0.115,
0.112. 0.106.

(2) AHP TEMNE R (Wane) 181: AHP 2
B HEEE, AT _EX S IR AR E AR
FE 55 & 0045 A 8] (0 A BLBR R B A8l &2 A6 1)
Wanpll,  H BTE R 257 T 2456V R 2 R .
AR T % SR H PR AR RSD H (R 1) 18,
B K (>12%), B35, fEMABDIRZ
(10%~12%), ~j 258 H B & H R IR 2 (1%~
3%), KHiM-8-O-B-D-EEMEH R A (<1%), &
WA T T 2% HBG 5 B4 IS M FE A7 10 %
S, HAFR R AT LB S e 55 TR AR, ek
7 BRER N 4 NEWR, G HE BRI THET
JE AN 7 2R > 190 28 = R RNy 4 7% 56 > A5 245
R =HRRERE = REREEE> K-
8-O-p-D-E A FEH R . KH 1~9 hrfEiEmsIx} 7
TRAREEAT I LLEL, 2128 S PP 4R AR I A B e
HikE, R NE 2.

FIH U5 S TR PRI Wanelt®l, 1547
R, AU HEER. KIEM-8-0O-B-D-H i HE i
HERR. FUEAE . JEANS H Wane 73719 0.186.
0.068. 0.068. 0.028. 0.068. 0.186. 0.398. XI5
Wanp BEAT —SUPERL SR, 13 8 —SPEFE bR (consistency
index, CI) =0.075, FEHL—E(H:LLZ (random
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2 BFRRR ST BT EL AL S FI B AEFE B Ware
Table 2 Index components compared in pairs to determine
matrix and Wanp

88 Y1 Y7 Ye Y2 Yz Ys Ya Wi Wanpi Amax  Cl
Y1 1 3 3 4 4 4 6 3.888 0.398 7.452 0.075
Y7 131 1 3 3 3 4 1.817 0.186
Yo 1/31 1 3 3 3 4 1.817 0.186
Y2 1413131 1 1 3 0.661 0.068
Ys 1413131 1 1 3 0.661 0.068
Ys 1/41/31/31 1 1 3 0.661 0.068
Ys 1/6 1/4 1/4 1/3 1/3 1/3 1 0.270 0.028

consistency ratio, CR) =0.060<<0.1, R BHEFERF
G BRI R, FTRAFE Wane & 3 2.

(3) JERUE-AHP L6 IAUH R 2 S HE R 8
(W 2081 AR AR W s =W 55 Warp! 2 s W s Wanp
(W Hl Wanp 73 5l AREF] AHP 15 21 (1) & F8 bRl
HRYO, tHERIEHRER, AJ4E, R, KE
My-8-O-p-D-Hi i fl . HEHIR. FEANG . JEANE

M W 54354 0.223. 0.081. 0.076. 0.028. 0.065.
0.174. 0.353.

(4) ZRB VR UGBV N A S E TR,
WIEAXGEEHT =W sz Y1/Vimax tW gz 2Yo
Yomax TW 4 3Y3/Yamax+W s aYa/Yamax +W s 5Ys/
Ysmax W w4 6Ye/YomaxTW 1 7Y7/Y7max) X 100 (Y1 Y.
Yav Yav Ysu Yoo Y7 73 A ARRAR L BEG 1T R
k. AAHRRE, HERRERE. Keh-8-
O-B-D-Hi &Ml i fe 2, H R, MEFH
R, BEFmEEEE), X BBD-RSM ik
WATER GV, SR MEK 1.
243 BMUAE 57250 M H Design-Expert
8.0.6 WA WSS B s 1347 2 T [ IHHULA, 4533 B1H
JifE: AV Y=2 821.770 21—6 074.958 33
X1+2.080 88 X,+10.263 92 X3+1.866 67 XiXo—
8.35 X1X3—0.005 65 X2X3+2 961.111 11 X;2—0.011 05
X22—0.004 566 67 X32, 75 2 R 3.

AL EERA F=19.75, P=0.000 4, X

®3 WELREFEMNFEIRER
Table 3 ANOVA results for fitting regression equations

HERE  CFRFR AmE BH F{E P TEKRIE CFHM AmE ¥ O FME PE
o] 389.87 9 4332 1975 0.0004 | X 4.45 1 445 203 01976
X1 227.59 1 22759 103.75 <<0.0001 | Fk%= 15.36 7 2.19

X2 0.48 1 0.48 0.22 0.6557 | Zk#lI 12.35 3 412 548 0.0669
X3 63.62 1 63.62  29.00 0.0010 | #hiz 3.01 4 0.75

X1X2 1.25 1 1.25 0.57 04742 | MEZ 40523 16

X1X3 56.48 1 56.48  25.75 0.0014 | R? 0.96

X2X3 2.87 1 2.87 1.31 02901 | Ragf? 0.91

X1? 29.90 1 29.90 1363 00077 | AHEE 16.01

X2 5.14 1 5.14 2.34 0.169 6

IR R B, BASGIHE L, g
ARH (R?) =0962 1, RIERE R (Rg?) =
09134, R AK (CV) =1.67%, Uil
HREERLF, WA mTEE, WIRERN: F o=
5.48, P=0.066 9>0.05, £WHEFTLGI¥=E L,
BRI RE, RENFE FZ RS TN,
WA ST, AT R RII AN 3T o Py, <Px,<Px,»
T &R R LRE Vo B IREE N Xi>X3>Xo,
BV 245 0 AE R 2 B > g el 2 > 3k XUIRL S 5 A EL T
I X Xs AR HAR MR 2 —IRITH, X Xe? 5400
MR35, 2 B 28 652 IR 2 5 ) 2 THTMEL < 7] I 7 B 1)
LKA,

244 BBD-RSM A HAEH /M  i8id Design-Expert
8.0.6 WAL, 15 21 DR 2 18] i 22 HLAE FH i S 1 43
Bri|. BB 2 Al5, X5 Xon Xo 5 XsIAZ HAEH
SN, TR 3D W N7 [ T AT 2% Xy
5 Xs IR EAE AR, TR 3D M 3 ]
T IR BENE, HAP 25 AR 2 (X X HBG M
ET R L ELREVED BRI .

245 TZHUE MRIEHAPE SR, HBG Mtk
W55 25 ) T 2R P B BE .02, 3E XU 175
CHEEHE R 50%, M2 N LG VF 0 B KB 91.49.
TR T RMT T 3 IRIFRES, Z5R %K 4. 3k
IOUERIG 48 &V N 92.57. 92,50, 91.96, 1K
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Fig. 2 Analysis of interaction response surface of each factor

F4 WIERGER
Table 4 \erify test results
RIS Y1/% Yo/% Yal% Yal% Ys/% Yel% Y/% %514
1 79.89 46.08 65.91 8.09 63.45 8.09 7.45 9257
2 80.12 46.15 66.02 8.06 63.58 8.15 7.38  92.50
3 80.07 46.09 66.11 8.12 63.52 8.02 7.31 91.96
RSD/% 0.15 0.08 0.15 0.37 0.10 0.80 0.95 0.36

N 92.34, S5HMERE, HEFFRT RSD ¥/h T
3.0%, Ui BH BT LAY B R G BT, fRik
(1) HBG Wi % T L2 e v 1T .

3 g

BBD J2 M B [ s v 77, 5 IR EAH L,
W STV A AE TAE TR R o i . RRR TR 4y,
EETZHEE. ZARFILFE MR, [503E

SO R 25 2 & R R R A EAE T, ddd 22 i
A B 7B A R 25 2 B) A TR RS9, Sl
TIEA W A RITHESE T e R R K2 18]
BTG A IR FERT20), JEaEsk, TR T
I T2k Fak, FIRBEUE-AHP %45
PTEGHE, T DU bk e 30 - A i PR 2, [
N SHE B 3= 2 LK 30 2 4R bR AT £R 5 VP 4),  fii4h
HAREME. SEME. dERPERA,

W% 25 5 T 20 H 24 O i 751 i B —
W, B LZSHEN 277 i E = A AN [FFR L )
SN R1220 SRR A B FE RN, it FR R
Ry, I DR DUSOH DRIAE s 32 DXL FEE 2 5 M g 25T 14

P ARG 2k o A L 3R, e R =
NTHERMEZRIE, MR & TR R
7= K gy s BERRERIRANE BN, HEIE A
VIRL S MR L RO RN, e (R R 2 (R
5 A BRI E D, A e A,
117 P EORSBEDL G4, A0 A, K& Bl s
Rk, AEHEREBE TR T ZSHIUNEE,

A FTLA 6 BT s o) & B R R L3 vF
Sr PR ERbR, G TR AR ARV T A
SRR, SRABALE-AHP ZRG AU B4R bR AT
TEHAE RS, g RER HBG Hi%
THRIZ, 8 HBG & BT AR kA = S 4
SR -

ABAR PAAEHH B PRAEA B K

&3k

[11 ZEE, PF£5, 3, % ET 2350 0I0GERE
SR AT B BT RS M S EIE [ A H%
%%, 2022, 32(7): 490-498.
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