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Application of Laser Scattering Method in One-step Granulation Process Optimization of Tiepi Yangsheng
Granules

JIANG Huijie, SHEN Kaifeng, LIU Qi, ZHANG Yue, ZHANG Juan, JIANG Yan, ZHOU Danying*(Zhejiang
Traditional Chinese Medicine Research Institute Co., Ltd., Hangzhou 310023, China)

ABSTRACT: OBJECTIVE To establish a laser scattering method for determination of the Tiepi Yangsheng granules, and to
optimize the one-step granulation process. METHODS The particle size distribution of Tiepi Yangsheng granules was
measured by laser particle size distribution instrument in dry mode. The parameter settings were Mie optical mode with sample
refractive index of 1.52, sample absorbency of 0.01, shading degree of 5%—10%, air press of 0.20 MPa, slit width of 0.9 mm,
feeding speed of 7. Taking the molding rate and particle size uniformity as the critical quality attributes, the critical process
parameters of one-step granulation of Tiepi Yangsheng granules were optimized by risk assessment and orthogonal design.
RESULTS Particle size distribution of Tiepi Yangsheng granules could be determined quickly through established laser
scattering method. The better one-step granulation process was as follows: the 0.2 mL-g™! extract of Dendrobium officinale was
took as the adhesive, the Panax quinquefolium L. extract powder and xylitol powder were as base material, the material
temperature was 50 ‘C, the atomization pressure was 1.0 MPa, the liquid supply speed was 14 r-min!, and the fan frequency was
increased from 10 Hz to 35 Hz. The molding rate of particles obtained by this process was 94.4%, with the results of D10, D50,
D90 values, peak particle size were 152.8, 443.4, 852.5, 532.0 um and the particle size uniformity was 1.38. The moisture
content of granules was 1.91% and the angle of repose was 36.4°. CONCLUSION The laser scattering method can rapidly and
accurately determine the particle size of Tiepi Yangsheng granules, and directly reflect the overall particle size distribution. The
one-step granulation process of Tiepi Yangsheng granules optimized is feasible, which can provide a new idea for the quality
evaluation and process development of traditional Chinese medicine granules.

KEYWORDS: laser scattering method; particle size distribution; particle size uniformity; one-step granulation; Dendrobium
officinale; critical process parameters
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Bk B2 A fRHA U RE R AR AR T R A R A
Al CHIETTL, 2L th e o A BR S R
PR R TR % %€ B Dendrobium officinale
Kimura et Migo i T-4#225 ; TS H BTN R
IR AIRAE, PHnER, K%%EN Panax
quinquefolium L. TR KB A RHR ) (B S
VOTESRE . BROE Ryt 283 e S0 % I il 45 o
ARBERE N B S CRE, W A 2RO 245 HTS R
WA RA T
2 FEEHER
2.1 EOCHUREE R B TS BORLRLIE 73 A1
201 BUREDTEC SRATRIHEDY vk, R ik fe
TES ORI, 55530 4 s #RKEXTA 2
R G HERLBI A, 5000 4 6y, GHHAERR, =
H ViR 2908 5 go REBURCINA SRR 2, JT
R AE .
212 [UERZSEC R EE L Mie
DA, BT 152, IR 0.01, DL
#5%~10%, SIS 0.20 MPa, SRAEREL 800
W, ESUEL S WK, CHEHEE 0.9 mm, HEREE
7R, BN R, R, AR, HERIIE

v E AR FH 22 2023 4F 5 55 40 555 o

2.1.3 (UERSE e BOGHEE T kg e
WORLRLEE 52 S 80 %, Aol i . AR
A ATHPR L R TR, RBEET . REER
b3 QNI JER 4 G S =1 N i S ST 95 T N
RERGE R TESEEER L XTEER E R,
HERSHGHAT TR S5 T DGR 0.5%~
6%, 5%~10%, 10%~15%I50, Hi s xh
5%~10%H}, AR R PO R SE RN, D10
. D50 f. D90 fHARE o Faehim B 5 b A
[F) R A i P HEREAE O, SRk e BE 2k A1 ) 2 A
an R R AR  SRRNE R, MR R,
T T R e A S Je 22 FR . ASBIESR 2
ST REE R 0.7, 09, 1.1, 1.3, 1.5 mm; ik
HER9, 8, 7, 6, 5RUREEN, RZGEEEFEE
FE R 0.9 mm, SEREEEEE R 78S, IEATRE S RERS I 5T
VSRR AT, AR AR

2.1.4  MGEZER kRS BURLIARL R E 45
7 D10 {8 199.8 umGEZEREL 5 ¥, RSD=1.02%).
D50 {4 466.2 um(RSD=0.50%). D90 {& 4 871.0 pm
(RSD=0.36%) , W& {H ki 42 & 532.9 um(RSD=
0.42%), T2 R 1, R AR ILE 1,

/1 WP EMNE % LFESHARESER

Tab. 1 Determination results of particle size of Tiepi

Yangsheng granules by laser scattering method

o izl RBU kire FRUL Kifz BB
H | T el TH O
20 850 88.91 70 212 1145 270 53 1.87

25 710 79.19 80 180 7.97 325 45 1.73
30 600 68.18 [ 100 150 5.49 400 38 1.63
35 500 54.91 120 125 4.02 450 32 1.55
40 425 43.61 140 106 3.20 | 500 28 1.48
45 355 32.51 170 90 2.69 600 23 1.40
50 300 23.84 | 200 75 2.31 700 20 1.33
60 250 16.39 || 230 63 2.06 800 18 1.27

2.1.5 SESHAERNTEE B 100 ¢ B ES
Wik, Rt NS0 S WS, =50
TR — S, PRea i, e R
i, AT 3K, GERILER 20 BOLHUN L S50
B IR S, WOREEE 20~50 H
N BRI R KA E], 3K 65.07%; ik
24~50 H A BRI R K BRI, 15 59.88%,
FE W R B SO G ORE I8 T4k B v S BORL R
FE AR E o AE OGO I Ok B 43 A 7
100 H FAY4IH5 5 5.49%, 14k 100 H 40k
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Fig. 1 Particle size distribution of Tiepi Yangsheng granules measured by laser scattering method

®2 ForN R EESTANES
Tab. 2 Results of particle size determination of Tiepi
Yangsheng granules by screening method

s iE/A R4 /um HifimEg R R %
aR=aii 100 150+6.6 0.67 0.67
H5 G 80 180+7.6 223 2.90
Y-S fifi 65 250+9.9 4.01 6.91
=5 50 355+13 22.13 29.04
Z5 24 850429 59.88 88.92
— i 10 2 00070 10.87 99.79
Jovk i i - - 0.21 100.00

X7 0.67% , HEMFEOEHCE R B R Y o o
JRAS G5 G %80 55 5 E A UL T8 A 20 8 ik,
NS 0 A A L A8 5 T O 0
2.1.6 AHITIEREIE AN FESHT A B4 BIE
[ —HER R S ok 6 1y, RAHF S5
Mg, HHE 6 ES D10, D50, D90 &% RSD
fE. ABi a MU 6 f3FES: D10, D50, D90 {EHAY
RSD KN 0.96%, 1.55%, 1.29%; A bt b5 6
f3FEE D10, D50, D90 fHA RSD HKIKH 1.69%,
1.52%, 0.55%, RIZHEHERIMEEL . AF5T
Mr NG IAS 12 34 D10, D50, D90 {E ¥ RSD
IR 1.94%, 1.34%, 1.15%, M%7
2 B
2.2 —HRE T S HO XU A

— A AR X R AR FE 1145 i PR R AR TR e
MILHIRIE 2, MYRHRENE . WIS, A
T R EAE RS R I R e 12, 2
FHSESCHR, R R AR 55 10 43 M (FMEA) X2k
B Ve IORE — A thDRE T2 T8 B i s e [ 2R AT
KBS PEAL, DL 3318, KU I S B (RPN,
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SEFRESHUR VM, S AR Ry
SIPEIR 2 ANFRRAE R ER R S ORI OGS T R
PEo BARLR . R PR T A 0B (m 1), ok,
W AR — 5 i 5 A 0 (B] A 0K (m2), Al 7R R =
m2/m1x100%. FLEESHAIME . ARPE “2.17 WUy
P E A AS R S TE S ORLRLEE A0 A, AR oy
A B HCRE =40 A0 5 - YR, BN(D90-D10)/
D50, {HE#/Nge IO b R K AR o, R 342
PR

232 GRS EEE BB AR
R B RS ORI TR, BRREHE B ORI 2

SCAT LASEIAURE B RHR , Hrh A B 5
M, HEGE R, BHEASMEIRE BT, H
FHRRURLI ARG, ORI e g AR RS, RS
A T7 5

233 HERFREREREE  SHIBLEK.
VIS RE . BB A BRRBAE N EH S RN B
Z ORI R SRR B SRR . KA B
. UK AHRE R 45 g, THHESRER 36 g,
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Tab.3 Risk assessment of process parameters of one-step granulation of traditional Chinese medicine through FMEA

A% S 0 D RPN {H Li

rp 2l i 2 3 2 12 hZarE g, PRME RS, B . SRR A

fea=Eilli 2 1 2 4 MmEURIE G ISR, 41N AT 80~100 H

AR R 2 2 2 8 MIFEALBER . HIRIRCR . PR

BHRE 2 2 1 4 HNRERSTE . FHRCR . BA T U R A R TR 5%

FATIRZE . Wt 3 3 2 18 SEmRRIER | RN WA MESE, WK, CBE. JEMIK. MR, B
. hERE %

g S e S = A ] 3 3 2 18 WIRj IRk PR ERRE, T B, (RIEIUR R, e R 5 R

HE R E 2 2 2 8 REE AL A A ISR R S, TR AR 2% 5 TRLBE S IR 43 7S R R
18, kb, RIeREE

RV 2 2 2 8 FYM RGN

Ykl 2 2 1 4 EWPRHR LIRS

YkhiEL 3 3 2 18 SEMGE MK AR R, T AURLRE E /N s B IR kL 5 B 5
U AT EUR IR

IR E S 3 3 2 18 SR ARES | ORISR L Fk R WUEHR, Wk S AN
FEor . A AR ETR A, RRARICR

FALE S 3 2 2 12 SN/, EIIRF /NS, WOk, Matkk; it
AN, BRI, TR LS

Py g 3 2 2 12 ZhH/NPRL, SERCEEE T IR BRTERAVIEL, (RGE B RT RRAIT

A T 3 2 2 12 S PR . PR . NERRS LR IR . SRR B A A A T e

A 5 2 2 1 4 EMPHEBHOANIE, TR A 62, RLEE A iR A

TR i) | R 2 1 2 4 ENIRISORLIY TR, R AHRY L 5]

B | W 2 2 1 4 FUMNSIRE | TR A

T SEEE; O-RAURAMHE; D-AFTHENEE; RPN-XEILSERE; RPN=SxOxD.
Note: S—severity; O—frequency of failure occurrence; D—non detectable measure; RPN-risk priority number; RPN=SxOxD.

£ 80 'C, HREEE 40 'C, PEHEEE 50 'C, KL
WA 10~35 Hz, ikt s, #i#k 20 min,
ML 10 rmin~!, ZfLE ) 0.1 Mpa, FF)JH%E
b4, BEA 900 mL /K, PREFEURLIE IR, &5
AT 15 min, PEVESIREEREAH: B
BRI AHZ B 45 ¢, AKBEEBERY 280 g, IMA—2
FRALA ,, BEARZE, BIA 900 mL PSR
B, HREAEMRL, Sk AR EENEA
WPHESR BN 36 ¢, ABEBEK 280 ¢, INA—2
FPRIHLPY, BB AR ZS4L, WA 900 mL £k K A it
BE, HABREMR, ZRE5R0E 4, KES
FILE 2, gkl A SRR B E B A R, ks
R 5, D50 H . DO H = , IEfERI 2T 30~35
Hfi, UiBA SRR B . i, RS
B, WOERRSE AN EENE AR, WS
BE R FIAKEBERAE R OB — 20 R T2, 8k
EAMIZmE R, BERER, WEXS5FHE
FLEBARBA G, LT ZIRRCR . WUk ™= A
S, R AN B T A
0.1~0.3 mL-g™',

v E AR FH 22 2023 4F 5 55 40 555 o

R4 TEEENFEFEEREEGHE A E L
Tab. 4 Molding rate and particle size distribution of

particles prepared with different adhesives

y B S A

wmammy O P
R o, D10t/ D50 fti/ D90 fti/ WefHkL R
pum um um Z/um B

K 648 513  121.1 2189 1557 138
[liipese 3021 87.5 1405 3343 6540 363.8 1.54
R ERNZE 926 1972 4746 8933 5417 147
234 WYRHREMELE s EHE E A

50, 55, 60, 65 CXi8k i 1S WOk K A R s Ml
MIREEN 50~55 °C, BRI R R EA] ;24
FER 60~65 C, T ARHEERAL S RS, TR
R AR R S BRI RIS . % A IR s
BB RFTATEE, WrRHR R ST, SRR
JEBERE N 50 Co

2.3.5 RWMUISRMEZLE  BERAFIMBIA, ¥
BT R 2R U P2 B0k, /NP 21K
KA AIRZS PR RUHLAR 3 0 vk 15 ok e (
o B R JEE 1 348 KOS T 4 o3 KUBILA %, DA
TREE YR BB RS . B E A UL T8 B B
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Fig. 2 Particle size distribution of particles prepared with
different adhesives

DAL R ] it 25 0 VR, 3 Y PR A . e
FE KMLIIRAE 10~35 Hz Z 8137 .
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S HAHEEAER/IN . ZA0E JI7E 0.1 MPa, fIERGH
£ 5~15rmin”' B, A MR E 0.1, 0.2,
0.3 mL-g~! A= 245) AL R AR, Ok AN &) PR
HRMIBIK, M%EMHET>1.4 MPa I, 7E3E 4 fit
W T, Wik E6L/ N, 5 S B0k I B,
BRI . WSS AR Ty ik — 2 S Rl 0.06~
1.4 MPa, g FEY 6~14 rmin',

2.4 REFESIRL— AR T2 IE A B
241 KBTS EE UEERIEA). Fib
FEJ1(B). L BE(OVE N s 224, LIk
RS SN R R R R T, &S EUK TR
W% 5. MkPE “2.3.37 TNk AR BAE NS
IR T2, B Lo3HFR BRI 178k i i S
PR YA ZR 1 VAR Y/ AT S b - W 8 @ A I Es” N
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RS BREESHA-—FHBEXRIZSHAF
Tab. 5 Level of critical process parameters for one-step
granulation of Tiepi Yangsheng granules

A ¥
K A FhE A/ B b1/ C B/
mL-g~' A4 24 MPa r'min”!
-1 0.1 0.6 6
0 0.2 1.0 10
1 0.3 1.4 14

WA K {65 R {H AT RISCHE T 28O Bk BT
2 JURL R R R R/ MBI B A L 4K
JT1 . BEROESE, F TN ABoCs; XHAL
JER PR R/IMER O B G R | i |
FAUET), BT ZEN ABoCye ARICHET.
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Tab. 6 Optimization scheme and results of one-step
granulation process of Tiepi Yangsheng granules

SR s A B C R/ A
1 1 1 1 83.2 1.70
2 1 2 2 85.5 1.65
3 1 3 3 88.0 1.58
4 2 1 2 912 1.46
5 2 2 3 95.1 137
6 2 3 1 90.4 153
7 3 1 3 87.3 1.65
8 3 2 1 90.7 1.61
9 3 3 2 923 1.52

K, 85.6 872  88.1
K, 922 904 897
K3 90.1 902  90.1
R 6.67 320 2.03

R

Ky 1.643 1.603 1.613
N K, 1453 1543 1.543
RLBEY 2

Ki 1593 1.543 1.533

R 0.190 0.060 0.080

BT B e S BRI R % | b R 5
(5 2 — Bk, WA O T A S By Ak
PN AsBoCs, HIEEGFHIEEN 02 mL-g' 424,
FEALE S 1.0 MPa, L7 14 r-min~',

242 KAFRAK 4% DR — B HIR R T2
SR, AT 3 MUK FES R, TR 3 LA
I B H I DL ER 7o R B R Ry 94.4%, -
1 D10 {4 152.8 um, D50 {5k 443.4 um, D90
fE4 852.5 um, “F¥E(ERFER 532.0 um, T
REEIAIME R 1.38, SAPRIE T AR EEME,  [REH
FE 3 HEBRL XK 4R 1.91% 0K I 2 4G5 ;
SERR ISR 36.4° 0 S 1R) . FTANZ T 200k
FEVERT, BURDRLEE S A 5], KA ATAE, sl
PR

FT 3 HBIERB BRI R 5K

Tab. 7 Determination data of three batches of validation
test particles

o L EE AT
WS s, DIOfH/  DSOfH/ DO/ Weftkifs KIE
um um um pum B
1 94.6 156.4 450.5 850.5 5421 139
2 933 146.6 4415 846.2 5220  1.41
3 954 155.3 438.2 860.7 5318 135
FHE 94.4 152.8 443 .4 852.5 5320  1.38
RSD/% 1.12 3.51 1.44 0.87 1.89 221

BRI Z4 4% 2023 48 5 158 40 4555 9 1A
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