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Controlling surface composition of multi-component spray-dried powder of
traditional Chinese medicine based on hydrodynamic size: Taking binary system
of polysaccharide and protein as an example
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Abstract: Objective To explore the relationship between the hydrodynamic size (hydrated particle size) and the surface
composition distribution of the multi-component spray-dried powder of traditional Chinese medicine, in order to realize the
regulation of the radial orderly distribution of the surface components. Methods The lysozyme and dextran with specific molecular
weight was selected to replace the two high molecular substances of protein and polysaccharide which were rich in Chinese medicine
extract to prepare different mixtures. The laser light scattering method was used to determine the hydrated particle size in the solution
state. After spray drying, X-ray photoelectron spectroscopy was used to determine the surface elements of the sprayed powder, and
the correlation between them was analyzed. Then the solution environment was adjusted to observe the changes in hydrated particle
size and surface elements. Finally, the properties of powder stability, hygroscopicity, and water content were measured. Results

Different solution environments could cause changes in the particle size of the materials, in which the hydrodynamic size of
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lysozyme increased with the increase of ionic strength or pH value in the solution, while the hydrodynamic size of dextran decreased

with the increase of ionic strength or pH value in the solution. X-ray photoelectron spectroscopy (XPS) analysis showed that there

was protein enrichment on the surface of the powder, and the protein enrichment degree was higher at high ionic strength or high pH

value, which was consistent with the increasing trend of lysozyme hydrated particle size at high ionic strength or high pH value. The

particle performance test showed that for the dextran-lysozyme binary spray-dried powder with water as the solvent, the addition of

lysozyme decreased the hygroscopicity and improved the stability of the mixture. Furthermore, the stability of the spray-dried

powder was further improved by increasing the ionic strength or pH of the solution. Conclusion The hydrodynamic size is the main

factor affecting the concentration of protein on the surface of the sprayed powder. Due to the enrichment of low-hygroscopic protein

on the surface of the spray-dried powder, the hygroscopicity of the mixture is reduced and the physical stability is improved.
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Table 1 Results of N element content on surface of
spray-dried powder
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Table 2 Preparation of citric acid-sodium citrate buffer salt
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Fig. 2 Effect of solution environment on hydrodynamic size of polysaccharide and HEWL
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Table 3 Content and change rate of N element on surface of

spray-dried powder under different solution conditions

TR P4 BR1EH/% SEFME % 2%/ %
7K padesllct 20.76 18.06  —13.01
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pH6 %% KM 8.22 13.75 67.32
MY WHEE-T701:9 081 11.87  1360.40
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Table 4 Results of stability and variable flow rate tests

- K 0.1 mol-L™! NaCl 0.4 mol-L™! NaCl pH3 pH 6

e SI FRI SI FRI SI FRI SI FRI SI FRI
VT il 133 273 1.65 3.30 1.30 4.00 095 394  1.02 265
T5 .01 233 - - - - - - — -
T10 085 195 - - - - - - — -
T70 .02 1.87 1.04 2.60 0.65 2.89 0.84 180 111  2.60
WHEE-TS1:9 176  4.33 - - - - - - — -
VETHERE-TI01 19 1.84 421 - - - - - - - -
HHEE-T701 19 1.01 254 1.39 3.13 1.10 3.78 111 360 160 425
WHEE-T701 : 4 172 3.81 - - - - - - — -
WHEE-T701 0 1 123 3.45 - - - - - - — -

RNEFIIB TR A B A REE-T70 109 AVAHE
M§-T70 1 : 1 /) STE 37008 133, 1.01. 1.23, £
HARwsr. RobasEE 3-A, T10. T70 BRXM
JE IS BEBRAE BN, Fae ML ZE o TV R - TS
109 RAHEEE-TI0O1 2 9 Y SI>1, RHAREFE—
5E A 5 S B A FH o AT AR R (B 4D,
FRI>3 R 8t RIVEHEEE-TS1:9. H1E
BE-T10 1: 9. WHEE-T70 1 : 4. HHE-T70 111
fEE—E MR

X 0.1 mol/L NaCl ¥ &k id, H T70 K&
REVIRE RS, Wt E s 2, HIEHNE
FIREAE —EIEiE. XT 0.4 mol/L NaCl ¥& i

Sk, HIAHNE. T70 SRSk e 8T,
WP SRS R — o R

XFT pH 3 FIVEIRAE R UL, RS, T70. R
BRI, (HR VAWM IR A
IR 0T pH 6 BV IR K UL, WM. T70.
RERE WL, (RIREYAEE—E R,
232 AN BTRRLZ RS, PRI
P RAE — B R a2 RS, R
7 S EVHSR R R R R 2 T R B H AR
AL 551 e i s S AERE, 28 2 IRIF UG5

ANZR, HB S aEE, sk SEE N 10
mm/s.
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Fig. 3 Test curve of stability of binary spray dry powder composed of HEWL and dextran
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Fig. 4 Test curve of variable flow rate of binary spray dry powder composed of HEWL and dextran
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AR= X 0 I R BE 5/ KR n 1 (1

FAI-E=N

He &
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Table 5 AR value of aeration test of binary spray dry powder

AR H
i

7K 0.1 mol-L™" NaCl 0.4 mol-L™! NaCl pH3 pH 6
peadeslLEs 3.62 0.70 1.00 1.28 2.06
T5 1.53 - - _ _
T10 2.16 - - _ _
T70 8.58 475 3.07 1.57 1.81
WHBE-TS1:9 1.55 - - _ _
WHEBE-TI01 9 2.16 - - _ _
WHEEE-TI01: 9 6.36 1.17 2.22 1.49 1.53
WHEEE-TI01 : 4 221 - - _ _
WHEEE-TI01 0 1 3.56 - - _ _
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Fig. 5 Test curve of aeration of binary spray dry powder composed of HEWL and dextran
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Table 6 CRH and water content of each substance

T i CRH/% FIKE/ Y%
1R 76.70 6.85
T5 63.44 8.05
T10 62.67 8.53
T70 69.78 8.56
EHEF-TS1 19 64.02 7.48
EHBF-TI01 2 9 70.05 9.22
EHBF-T701 2 9 72.88 7.48
BEHBE-T701 : 4 74.10 8.47
EHBE-T701 1 1 75.66 6.75
A —— R
26 7
224
o\\°
Z 187
14 1
B
221
204
BTy
= 164
—— VAT
1 ——T70
14 —— VEHAF-T701 1
—— VA HEE-T701 : 4
1 —— AHBEE-T701 09
12

0 10 20 30 40 50 60
t/h

E7 AEESTEM.BRER OREHBTHIIEt
% (A) 58EHS T70 2 AELHLR & RS IRErhs
(B)

Fig. 7 Moisture absorption curve of spray-dried powder
mixed with HEWL and dextran of different molecular
weight at 1 : 9 (A) and moisture absorption curve of spray-
dried powder mixed with HEWL and T70 in different
proportions (B)
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