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Abstract: The paper was aimed to optimize freeze-drying combined with puffing drying process to improve crispy tex-
ture of ginkgo crisp granule and to study the effects of microscopic pore structure and mechanical properties on texture for-
mation. The effects of four freeze-drying processes combined with puffing drying on texture characteristics of ginkgo were an-
alyzed by using the single-factor and response surface experiments, and the changes of microstructure, pore structure and
mechanical properties were observed during freezing-explosion puffing drying. The results showed that the freezing-explosion

puffing drying promoted ginkgo crisp granule to obtain higher texture characteristics. The optimal drying conditions obtained

by response surface optimization were as follows: the
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puffing temperature was 98 °C, the puffing pressure was
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sample, the pore structure of freeze-dried ginkgo sample was more uniform, porosity increased, elastic modulus and viscosi-

ty index had no significant difference (P>0.05), and the material tissue performed soft and low intensity. The instant puff-

ing force from explosion puffing drying actuated the emergence of larger cavities and water migration channels, the severe

damage of cell issue, increasing of porosity and viscosity index, and decreasing of elastic modulus. Forming the pore struc-

ture by freeze drying was conducive to puffing power generated by the internal moisture to impact various parts of the materi-

al, and to promote the formation of crispy texture of ginkgo crisp granule submitted to freezing-explosion puffing drying.
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Table 1 Factors and levels of response surface experiments
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Fig.1 Effects of moisture at transition points, puffing temperature and puffing pressure on texture characteristics of ginkgo submitted to

freezing-explosion puffing drying
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Fig.2 Effects of moisture at transition points, puffing temperature and puffing pressure on texture characteristics of ginkgo submitted to

explosion puffing-freezing drying
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Fig.3 Effects of moisture at transition points, microwave intensity and microwave intermittent ratio on texture characteristics of ginkgo

submitted to freezing-microwave drying
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Fig.4 Effects of moisture at transition points, microwave intensity and microwave intermittent ratio on texture characteristics of ginkgo

submitted to microwave-freezing drying
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Table 2 Box-Behnken design and experimental results of ginkgo
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4 30 95 0.20 1.07
35 35 105 0.25 1.83
6 35 100 0.20 2.05
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17 35 100 0.20 1.93
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Table 3 Regression statistical variance analysis results
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Fig.5 Contour plots and response surface diagram of the interactive effects of various factors on texture characteristics of ginkgo submitted

to freezing-explosion puffing drying
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Fig.6 Microstructure image and scanning electron microscope image of ginkgo during freezing-explosion puffing drying
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Table 4 Pore structure of ginkgo during freezing-explosion puffing

drying
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Fig.7 Mechanical properties of ginkgo during freezing-explo-

sion puffing drying
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