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Study on preparation technology of nano spray drying for Rehmanniae Radix
oligosaccharide micro-powders

ZHOU Yang, LIU Li, XU De-sheng, CHEN Jiong-liang, XU Guang-lin, HAN Run
Shuguang Hospital Affiliated To Shanghai University of Traditional Chinese Medicine, Shanghai 200021, China

Abstract: Objective To prepare Rehmanniae Radix oligosaccharide micro-powders with high load capacity, high yield, and good
moisture absorption, using nano spray drying technology. Methods Based on the single factor experiments, the B-90 spray dryer was
used to prepare Rehmanniae Radix oligosaccharide micro-powders with average particle size, yield, and moisture absorption rate as
evaluation indices, and orthogonal test was used to investigate the influence of inlet temperature, spray drying efficiency, and solution
concentration on the preparation process and to optimize the preparation process. Results The best spray drying condition was
A,B,C;, namely the inlet temperature was 110 C, the spray drying efficiency was 50%, and the drug concentration was 1%. Finally the
drug loading was 30% and the yield was 89% with good moisture absorption. The Rehmanniae Radix oligosaccharide micro-powders
had good morphology stability. Conclusion The nano spray drying technology is stable and the micro-powders have good quality,
which is better than the traditional spray drying technology.

Key words: Rehmanniae Radix; nano spray drying; average particle size; yield; moisture absorption; drug loading; orthogonal test
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R1 TREREISHRIIERE R

Table 1 Properties of micro powders prepared by different materials

R ¥R /um B % W 2R % M A LA 5
FLB¥ inhalac70 21.05 57.65 15.02 WA Bz, S
FUB inhalac120 2231 62.96 16.02 WBNTE Sz, S
FLB¥# inhalac230 19.29 56.25 16.17 WA Bz, S
PN 15.43 62.36 17.53 WA Bz, S
D-1 17.14 57.91 10.56 TRBNTERI U — M, D4k
H 5.23 78.52 11.28 AR B — R, T 4
L3RR 8.35 88.31 9.57 RBNPERI A BRI, AT R

%2 REBKHIB MM R R

Table 2 Properties of micro powders prepared by different

R4 TRIRH ZFHHIERER

Table 4 Properties of micro powders prepared by different

nozzles pumps
Wk AK/AMum  CEERIR/um R BRI R Y% EX PEIRAR/um W% W2 /%
4.0 4.96 51.0 14.23 Pump 1 4.11 82.00 9.73
5.5 5.31 81.3 9.57 Pump 2 7.73 67.93 12.95
7.0 10.36 84.9 9.93 Pump 3 — — —
Pump 4 4.23 83.03 9.57

RG22 1 8, HiRkE BRI a2 iR (M
T 8 120, ALV RRL R 1104 120,
130 L/min il &340k » 2% 8RR FR TSR AR IR 52
o fHEE 3 WA, BEAE AR R ISR, Tk
(1) V- PRAR T A 34015 B4 15y , RO A1 B 2 AR,
DRI B PSRRI | 130 L/min A5 4 942Kt 2 1
WSz —.

x3 TRSEERE THENBMIERER

Table 3 Properties of micro powders prepared by different

gas flow
AR R/ (L-min ") SRR um BCR% TRIER /%
110 6.54 41.3 11.67
120 6.82 63.4 9.54
130 5.03 80.3 9.02

YPRWI % TR S H . — .

225 MRS DOPRAE . R AR
T2 S F =2 s O i Daek2u b/ NUAE i o WP 3 oA S D8
100~ 110, 120 CHil#&5moky, AR IR
BEXTR AR TR 520 o 2 5 nl A, Mt R A 110,
120 CHE, i£&15 2 Pk FRIRAR /N, R,
o 120 CHypIcRRE &, (R S 2 ST R
X AR AR SR IR e e AR R, IR RRIE X
FE 110 CHEAGIKE Z TR S8 —.

x5 TRIBKOREHFHOHMIERER
Table 5 Properties of micro powders prepared by different

inlet temperature

224  HUKWIETRIERER DOPRSRRE, ik
R R R Fa b, [ e oK mE 25 TSk o4 5.5 pm,
AR E Y 130 L/min, #EXEEE R 120 C,
W25 TIRRCRE A 80%, LN ECN 2%, M
TR SARLLBI A 2 08, Akl O H 25 EEA
L2238 (LW 8 1 2), 20 0ILL Pump 1. 2.
3. 4 IRy, RN R AR I . 3R
4 51, A Pump 3 & CIAA 200k, R 3
ANFE 2% IO T Pump 1 A1 Pump 4 88 B 58081
BRiges, e s, AR, HAEH Pump 4
F TR LIRS, ZREH%IE, R Pump 1 1EH

BERIEE/C PR um BOR% R %
100 7.67 68.92 10.79
110 4.03 83.36 8.73
120 4.28 85.21 8.22
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Table 6 Properties of micro powders prepared by different Rehmanniae Radix oligosaccharides and material ratios

Y- SEERAE/pm /% W%/ % AOH A R 5T
1: 1 1431 62.31 10.95 WA Bz, MR
1: 2 428 85.63 6.54 WBNTE S — i, HMEEL
1: 3 3.77 87.53 6.15 Mtk Ay EehEzE, MEBEL
2: 3 8.96 79.62 7.17 WA Bz, MR
2.5 3.86 86.42 6.32 WBNTE SR, 5
2: 7 3.68 88.31 6.23 WA L, SR
3: 4 9.56 77.26 8.01 WANTE Sz, HEEL
3:5 5.42 83.97 7.03 Wtk Bz, AN S B
3: 7 3.67 86.28 6.21 WBNTE SR, S
3: 8 3.82 86.88 6.27 WBNTE SR, 5
3:10 3.75 87.62 6.26 WA B, SR
4: 17 4.85 84.27 6.99 WENTE S — %, e
4: 9 4.03 86.23 6.52 mahtk. AR, ZEE
4:11 3.79 87.16 6.29 WENTE S EUELE, S

2.2.7 HRHEIELBIRIE S DPFERAR . R AR
MR R T, SR L] B H SR IR L8 2 R0
ok PSRN, 1 P E R EL . 3R 7 13,
DAL S B A5 21 B 3ok W PR 3 B 0, R 3k 2
68%UL I, (HAH N LRI 7 2 3 1,
SIPRIARELN, IR E P LB 7 2 3
7 HEBM LR R LR RS

Table 7 Properties of micro powders prepared by different

proportions of mannitol and L-leucine

HaBE-L-2aR  Fkif/um  BeE% TR %
1:9 4.86 87.65 6.58
9:1 5.75 86.93 6.83
2:8 4.75 83.24 6.97
8:2 4.86 86.23 6.36
3:7 4.53 68.95 7.63
7:3 3.21 86.94 6.93
4:6 431 73.78 7.52
6:4 3.87 82.96 7.04
5:5 4.02 86.07 6.99

22.8 WIZTRRBCKINESRE  LOTEIRAE, R
MR FiEAR 5 ZEANR] (155 25 T RS R Aok (14
SN, R 8 A3, W% TR AR, kT3
RiARBUN, W, o R ML, (Mm% T
TRACE T 30% I Tl # Sok (IR LR, 25508,
WD R 5 T A0 50% A 9K B 55 T 1 2 5L
o

®8 ARIMETRHUETHSMHRMIERER
Table 8 Properties of micro powders prepared by different

spray drying efficiencies

W THRRBCR/%  F¥ ki um  BORY%  TRIR R %
30 3.28 87.52 5.92
50 3.32 87.57 5.89
70 4.64 82.36 7.03
90 5.93 79.25 7.23

229 GRS EUINE SR DAPFERIAR. R
WA 3 A AR » 2% AN TR PR 24 VA S X TR FR) 53 T
H13% 9 15, 3 Bl st 7 S 445 20 1 fcky
MAERIS 25U 2 BB, ok PR A
A, W, IR BRI 1% 90K
W% TN S
K9 TRARRETHBHIBHIERER

Table 9 Properties of micro powders prepared by different

solution concentration

WBRENE % FRRRam BR% IR %
1 3.34 88.62 5.35
2 4.17 87.95 6.01
3 4.52 88.27 6.27

2.3 HARBETIRITZRERZREMIE

PR AT P IR R S0 5 L, e gk 35 T
P 5.5 pm, AARAFIES 130 L/min,
A0 Pump 1, SRHE R HEERER L7228 (LLlh
703), AR AR LL Dy 3 0 7. e
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IEATIRE 2o S 45 R W& 10, J5 2540 HT Lk 11,
HHE 10 T %, 25 B 20 3ok 1) 2% T2 1 52 it
¥ A>B>Co 72250 iR, HE RS | W5
TR AR RN T 4 BOHR I 45 SR 38 T 6 35 1
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Table 10 Spray drying orthogonal experimental optimization design and results of Rehmanniae Radix oligosaccharide micro

powders
TRt A/C B/% C/% D (%) S RIAE/um /% W /% ZEEVF Ay
1 105 (1) 40 (1) 0.50 (1) 1) 291 78.01 5.32 0.906 7
2 110 (2) 50 (2) 0.75 (2) 1) 2.80 88.45 541 0.969 5
3 115 (3) 60 (3) 1.00 (3) 1) 3.65 89.51 6.01 0.8529
4 105 (1) 50 (2) 1.00 (3) 2) 3.02 86.21 6.37 0.909 9
5 110 (2) 60 (3) 0.50 (1) 2) 3.33 90.12 6.60 0.883 0
6 115 (3) 40 (1) 0.75 (2) 2) 2.95 85.79 5.47 0.9323
7 105 (1) 60 (3) 0.75 (2) 3) 3.21 87.14 6.87 0.881 7
8 110 (2) 40 (1) 1.00 (3) 3) 2.68 82.99 5.37 0.967 4
9 115 (3) 50 (2) 0.50 (1) 3) 2.99 85.62 5.56 0.9239
K 2.729 1 2.698 3 2.806 4 2.713 6
K, 2.7252 2.8199 2.8033 2.783 5
K; 2.773 0 2.709 1 2.6176 2.730 2
R 0.047 8 0.1216 0.188 8 0.069 9
zU HFESH F12 BNERBER (n=3)
Table 11 Variance analysis Table 12 Results of verification test (n = 3)
VK PR g P BN M5 CFRRAm RN TRE%
A 4.697%107 2 0.528 o 140503 2.77 90.52 5.57
B 3.020%x1073 2 3.396 ¥ 140829 2.76 89.01 5.41
C 7.793 X107 2 8.764 x* 141227 2.80 89.23 5.62
D (%)  8.892x10* 2

F0_05(2, 2) =19.00

2.4 IHFRIE

53 L 3 Ak 5 LA s 25 )RR R 3 T 15
g Team AR ARk, 20 PR KR
W AR A, S T 45 SEEAT IO UE « B 12 W] 41
RIS T A RIS Fabr ) RSD /N T 2%,
Ui I S A % T2 g ke, FRINRT, ARUE vl AT .

A LIRS A5 IR, B2 e 1 A R SR B
TOkD R 46 T 20 R Aokt 55 TR, 1 Bk
MIREA 110 C, WiZTEEERE . 50%, RN
Pump 1, i 5.5 um Wik, SRR EN 130
L/min, Z5WJREDECH 1.0%. SRR H 8 A

L-555 (Leilhy 703D, A s A SROpE S iRk Lt
B0 3 07, Bk 30%. il #% I AREUH Y. LE A1)
A EARIRRE . H EERER LSRR, I —E =
2K, ARG B SS B e v, SR
0.45 pum FEALIEBEIERS, RS 2 A T 4ok
TR, AR A SRR

2.5 MRVYIIRSR N E

2,51 WORIBASIIE  BUDREORIIZE TR 2
P A S SR RO A5F ot M 25T i A A b B A1
SRBE R i AT O B T R TN A LB AT
RGOS, 132 B 2 UL 1-AL B i
HUBE I R AL, W58 5 Tk iy 7 S IR SR B AL T
T MIBARE Y, KA, MR BE STz
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Fig. 1
powders (A) and RGOS (B)

Scanning electron micrographs of RGOS micro
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Fig. 2 Particle size distribution curve of micro powders
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ST 00 1. 3. 64 9. 12, 24, 48, 72. 96 h &
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st JO R — PR A T )R T T, BAIR
TRE P AKR, I T A REAR KR, 22 T R 8- 1] iy
2. B 3 RUIHOh e TE R 4F.
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Fig. 3 Moisture absorption curve of micro powders

R13 K, EREBEETREMERBERM G E TIRATE BRI R

Table 13 Comparison on oligosaccharides properties from nano and traditional spray drying micro powders and Rehmanniae

Radix before spray drying

24) PRI/ um py/(gem”) pulgem) C/% 48 h WRER/% FHKE/% W% WE%
BRI TR ok 2.78 0.137 0.217 42 5.49 3.15 30 89.01
A& G 25 TRy 2.87 0.301 0.486 36 6.21 3.27 20 79.32

21.34 —

— 18.93 3.83 — —
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