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and gelatin composite wall materials on anthocyanins from Lycium ruthenicum Murray, and optimize the process
parameters for expanding the application of anthocyanins in food and health supplements. Methods Anthocyanin
microcapsules were prepared by spray drying using lactoferrin and gelatin as composite wall materials. The effects of
wall material volume ratio, core-wall ratio, pH, embedding temperature and inlet air temperature on the anthocyanin
content of the microcapsules were investigated through single-factor experiments, followed by process parameter
optimization via orthogonal experiments; the structure of the microcapsules was characterized by scanning electron
microscopy, Fourier transform infrared spectroscopy and X-ray diffraction analysis, and their storage stability under
different temperature and light conditions was tested. Results The order of factors influencing microencapsulation
was identified as pH>core-to-wall ratio>wall material volume ratio>inlet air temperature>embedding temperature,
with the optimal process combination being A3B4C,D1FE; (wall material volume ratio 8:1, core-to-wall ratio 4:1,
pH=2, embedding temperature 40 °C, inlet air temperature 180 °C). Under these conditions, the anthocyanin content
in the microcapsules reached 152.83 mg. Structural characterization revealed that the microcapsules exhibited a
spherical aggregated morphology, and the composite wall material did not disrupt the chemical structure of
anthocyanins while forming a more stable semi-crystalline structure. Stability tests demonstrated that under storage
conditions of 4 °C and 37 °C, the retention rate of microencapsulated anthocyanins was significantly higher than that
of the unencapsulated group. After 16 days of light exposure, the remaining amount in the microencapsulated group
was markedly greater, indicating significantly improved thermal and light stability. Conclusion  The

microencapsulation technology using lysozyme and gelatin composite wall materials can efficiently encapsulate

anthocyanins from Lycium ruthenicum Murray and enhance their stability, and the optimized process parameters

provide key technical support for the industrial application of anthocyanins from Lycium ruthenicum Murray.
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Table 1 Table of orthogonal experimental design
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3 8:1 1:4 3 60 180
4 10:1 4:1 4 70 190
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Results diagram of single-factor experimental
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Table 2 Design and results of orthogonal experimental

Erae A B C D E Y
1 1 1 1 1 1 120.14
2 1 2 2 2 2 135.12
3 1 3 3 3 3 66.40
4 1 4 4 4 4 76.53
5 2 1 2 3 4 123.19
6 2 2 1 4 3 126.27
7 2 3 4 1 2 4456
8 2 4 3 2 1 92.28
9 3 1 3 4 2 67.08
10 3 2 4 3 1 78.89
11 3 3 1 2 4 103.81
12 3 4 2 1 3 152.83
13 4 1 4 2 3 88.53
14 4 2 3 1 4 137.94
15 4 3 2 4 1 140.87
16 4 4 1 3 2 136.28
K1 39820 39894 486.50 45547 432.18

K2 38631 47822 552.02 419.75 383.04

K3 402.60 355.64 363.70 404.76 434.03

K4  503.62 457.92 288.51 410.75 44147

k1 99.55 99.74 121.62 113.87 108.05

k2 96.58 119.56 138.00 104.94 9576

k3 100.65 8891 9093 101.19 108.51

k4 12591 11448 7213 102.69 11037

R 2933 30.64 6588 12.68  14.61
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Fig.2 Morphology of microcapsule
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Fig.4 Infrared spectra of unembedded anthocyanins and
microcapsules under optimal conditions
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Fig.5 X-ray diffraction patterns of unembedded anthocyanins and
microcapsules under optimal conditions
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