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Tab.2 Evaluation criteria for ultrastructure of highland barley grains
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Fig. 1 Effect of glutaraldehyde volume fraction on preparation of transmission electron

microscope samples of highland barley grains
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Fig.2 Effect of osmic acid concentration on preparation of transmission electron

microscope samples of highland barley grains
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Fig.3 Effect of viscosity of resin soaking solution on preparation of transmission electron

microscope samples of highland barley grains
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Tab.3  Electron microscopic observations of ultrastructure of highland barley grains after two high pressure treatment
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Fig.4 Effect of high pressure treatment on preparation of transmission electron
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Fig.5 Ultrastructure of highland barley grains with problems in orthogonal experiment
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Preparation of Ultrastructural Samples for Transmission Electron

Microscope Observation of Highland Barley Grains Based on

High Pressure Assisted Treatment
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Abstract; The preparation of highland barley grain samples using conventional transmission electron

microscope (TEM) methods often results in sample preparation failure, making it impossible to observe
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the grain ultrastructure. This is due to the dense structure, thick cell walls, and poor permeability of
highland barley seeds. To address these issues, high pressure treatment was introduced during the
glutaraldehyde fixation and resin penetration steps. Additionally, the concentrations of the glutaraldehyde
fixative solution, osmium acid fixative solution, and resin soaking solution were adjusted to suit the
characteristics of highland barley grains. The samples were observed under different reagent
concentrations and high pressure treatment conditions. By comparing the differences, the optimal reagent
concentrations and high pressure ranges were selected, and the suitable experimental conditions were
further refined through orthogonal experiments. The optimal pre-treatment conditions for TEM of highland
barley grains were determined as follows: glutaraldehyde volume fraction of 4.5% , osmium acid
concentration of 15 g/L., acetone to epoxy resin volume ratio of 1: 1 in the resin soaking solution treated
overnight, high pressure treatment of 50 MPa for both glutaraldehyde fixation and resin soaking, and a
treatment time of 10 minutes. Under these conditions, the epidermal cell wall of highland barley grains
remained intact without breakage. The aleurone layer structure was complete and clear, with no cavities.
The cell structure of the endosperm layer was complete and regularly shaped, and the starch grains were
intact and unwrinkled. These conditions are optimal for preparing high-quality transmission electron

microscopy samples of highland barley grains.

Keywords: highland barley grains; transmission electron microscope; preparation of samples; high

pressure processing; ultrastructure
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was used as the index to evaluate protection of the inclusion complex on geraniol, and the morphology and
stability of the inclusion complex were characterized by X-ray diffractometer, scanning electron
microscope, infrared spectrometer, differential scanning calorimeter and thermogravimetric analyzer. The
results showed that there was no linear relationship between the content of amylose and the embedding
rate, and the highest embedding rate was 9.05% , acquired at an amylose concentration of 5.86% .
X-ray diffraction results indicated that the position of the diffraction peaks changed after the formation of
the inclusion complex and the inclusion changed the crystalline pattern of the wall material from A-type to
A + V-type. The stability of the inclusion complex was improved. Scanning electron microscopy results
showed that the surface of the wall material became more and more concave with the increase of the
content of amylose, while the local surface of the inclusion complex was relatively intact. Infrared
spectrum results revealed that the characteristic peaks were blue shifted with the increase of the
embedding rate, and the characteristic peaks of geraniol did not appear in the inclusion complex. The
analysis of the enthalpy characteristics indicated that the enthalpy of phase transformation and the rate of
thermogravimetry second stage weight loss increased with the increase of embedding rate. The above
result further conformed that inclusion complex formation improved the stability of geraniols. In summary,
the debranching treatment of waxy corn starch and the inclusion of geraniol based on the formed amylose
could improve the stability of geraniol, and this study hoped to provide a reference for the embedding of

active substances by amylose.

Keywords: waxy maize starch; amylose; geraniol; inclusion complex; structural characterization;

enzymatic hydrolysis
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