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Abstract: Volatile oil of traditional Chinese medicine (TCM) is an important intermediate in TCM
preparations. However, its strong volatility and poor stability hinder the stable application of solid preparations

containing volatile oil. There is an urgent need to develop novel stabilization and sustained/controlled-release
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technologies. In this study, four porous materials, namely SiO,, Sylysia 350FCP silica (350FCP-Si0O,), Sylysia
770FCP silica (770FCP-Si0O,), and porous starch, were used to prepare solidified powder of the volatile oil of
Chenxiang and Muxiang (CMVO). Comprehensive characterization of the solidified powder was conducted using
scanning electron microscopy (SEM), X-ray diffraction (XRD), differential scanning calorimetry (DSC), simultaneous
thermal analysis, and electronic nose methods. The pore size, pore characteristics of the materials, and the release
behavior of the components before and after solidification of the volatile oil were analyzed to evaluate its sustained-
release performance. Finally, multivariate statistical analysis methods were used to evaluate the correlation
between the key physicochemical parameters of the carrier materials and the adsorption rate of the essential oil, as
well as the sustained/controlled-release performance of the components. The results showed that among the four
carriers, 350FCP-Si0O, exhibited the strongest adsorption capacity for the essential oil, with an adsorption ratio of
essential oil to carrier as high as 2.5 mL-g". In terms of sustained-release performance, 350FCP-SiO, and 770FCP-
SiO, exhibited a sustained-release effect on benzylacetone, a strongly volatile component in CMVO. Correlation
analysis indicated that the adsorption rate of the material was positively correlated with the BJH cumulative
adsorption volume and the total single-point adsorption pore volume. The 24-hour retention rate of benzylacetone
was mainly positively correlated with the t-plot micropore volume and t-plot micropore area of the material, while
dehydrocostus lactone, a weakly volatile component, was less affected by the carrier material during its release
process. This study demonstrates that porous materials with different physicochemical properties and pore
characteristics can effectively regulate the sustained-release performance of different volatile components in TCM
essential oils. The findings provide theoretical basis and application reference for the solidification and
stabilization of TCM essential oils.

Key words: volatile oil of Chenxiang and Muxiang; SiO,; 350FCP-SiO,; 770FCP-SiO,; porous starch;

controlled release performance; oil stabilization technology
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Figure 1  Appearance of powder solidified CMVO using four types of porous carriers. A: CMVO-SiO,-SP (CMVO:SiO,= 0.1:1, 0.2: 1); B:
CMVO-350FCP-SP (CMVO:350FCP-Si0, = 0.5:1, 11, 1.5:1,2:1,2.5:1, 3:1); C: CMVO-770FCP-SP (CMVO: 770FCP-SiO, = 0.1:1, 0.3%1,
0.5:1); D: CMVO-PS-SP (CMVO:PS=0.1:1,0.3:1,0.5:1). CMVO: Volatile oil of Chenxiang and Muxiang; PS: Porous starch
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Figure 2 Methodological investigation of GC-MS and evaluation of CMVO release characteristics at 25 °C. A: Chromatograms of blank

control sample (a), mixed standard sample (b), test sample (c), standard curve of benzylacetone (d), standard curve of dehydrocostuslactone

(e); B: Changes in content of benzylacetone and dehydrocostus lactone (a), changes in retention rate of benzylacetone and dehydrocostus

lactone (b); C: Release curves of major volatile components; D: Cluster analysis of major component release curves
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Figure 3 Changes in component content of four porous materials after loading CMVO. A: The content of benzylacetone in samples of four

porous materials with different oil loading ratios at 25 °C for 0 and 24 h; B: The content of dehydrocostus lactone in samples of four porous

materials with different oil loading ratios at 25 °C for 0 and 24 h; C: 24-Hour content variation curves of benzylacetone and dehydrocostus

lactone in four materials with optimal oil-adsorption ratios
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Figure 4 Characterization diagram of porous materials and their solidified powders with CMVO. A: The scanning electron microscopy
(SEM) images of SiO, (a), CMVO-SiO,-SP (b), 350FCP-SiO, (c), CMVO-350FCP-SP (d), 770FCP-SiO, (e), CMVO-770FCP-SP (f), PS
(g), CMVO-PS-SP (h); B: Thermal gravity (TG) of CMVO and solidified powders; C: Derivative thermogravimetry (DTG) curves of

CMVO and solidified powders; D: Differential scanning calorimetry (DSC) characterization diagrams; E: X-ray diffraction (XRD) pattern;

F: Fourier transform infrared spectroscopy (FT-IR) spectra; G: Radar analysis of odor information
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Figure 5 Particle size distribution and N, absorption/desorption isotherms of porous carriers. A: Particle size distribution of SiO, (a),
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Table 1 Specific surface area, pore volume, pore size of 4 types of porous materials

Pore structural parameter Parameter name SiO 350FCP-SiO 770FCP-SiO PS
Specific surface area/m’- g Single point surface area 4.12 266.86 438.76 4.51
BET surface area 4.63 284.14 472.32 6.69
Langmuir surface area 4.13 334.04 525.70 -35.70
T-plot micropore area 0.61 74.34 446.13 3.57
T-plot external surface area 4.03 209.80 26.19 3.12
BJH adsorption cumulative surface area of pores 3.47 255.55 228.16 3.21
BJH desorption cumulative surface area of pores 4.60 409.91 177.78 7.56
Pore volume/cm* g Single point adsorption total pore volume of pores 0.008 9 1.3554 0.269 2 0.008 5
T-plot micropore volume -0.000 0 0.0302 0.2340 0.000 8
BJH adsorption cumulative volume of pores 0.008 1 1.357 8 0.168 3 0.007 2
BJH desorption cumulative volume of pores 0.008 4 1.359 8 0.139 6 0.008 9
Pore diameter/nm Adsorption average pore diameter 7.65 19.08 2.28 5.07
BJH adsorption average pore width 9.34 21.25 2.95 8.91
BJH desorption average pore width 7.28 13.27 3.14 4.70
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Table 2 Correlation between physical property parameters of porous carriers and optimum adsorption rate, 24 h retention rate of benzylacetone and dehydrocostus lactone. "P < 0.05, "P < 0.01
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Figure 6 Partial least squares regression (PLS) model regression and variable influence on projection (VIP) contribution analysis. A:

Correlation between optimal adsorption capacity and physical parameters; B: Correlation between benzylacetone retention rate and physical

parameters; C: Correlation between dehydrocostus lactone retention rate and physical parameters; D: VIP contribution of physical parameters

to optimal adsorption capacity; E: VIP contribution of physical parameters to benzylacetone retention rate; F: VIP contribution of physical

parameters to dehydrocostus lactone retention rate
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