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β-glucan has attracted extensive attention due to its health promoting effects, such as lowering the blood sugar and lipids levels, and enhancing immunity. In this study, three different β-glucans (HEBG-1, HEBG-2, HEBG-3) were obtained from Hericium erinaceus by sodium hydroxide, β-1,3-glucanase and β-1,6-glucanase, respectively. The effects of the glucans on in vitro digestion of wheat starch were investigated by Englyst method. We found that addition of HEBGs significantly reduced the digestibility of starch, showing as decreased RDS and pGI, and increased SDS and RS content. In addition, the inhibitory effects positively correlated with the molecular weight of HEBG. The triple helix structure in HEBG plays important roles in inhibiting starch digestion. And β-1,3- glucan showed stronger inhibitor effects than those of β-1,6- glucan. This study unravels the mechanism of HEBG on inhibition of starch digestion and provides a theoretical understanding for the application of edible mushroom β-glucan to the development of low glycemic index starchy foods.
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INTRODUCTION

Hericium erinaceus is an edible mushroom with health beneficial effects and has attracted extensive research interests (1, 2). The mushroom contains a variety of bioactive components, such as phenolics, steroids, alkaloids, lactones, monounsaturated fatty acids, essential amino acids, polysaccharides, and glycoproteins (3, 4). Mushroom polysaccharides, a type of bioactive carbohydrates isolated from fungal fruiting body, mycelium and fermentation broth of edible fungus (5). They are mainly glucans comprising more than 10 monosaccharides connected by glycosidic bond (6). Of which, (1-3), (1-6)-β-glucan is the main constituent (7). This type of polysaccharide or oligosaccharide have been demonstrated to possess multiple biological functions, such as antitumor and immunomodulation, anti-gastric ulcer, neuroprotection and neuroregeneration, anti-oxidation and hepatoprotection, anti-hyperlipidemia, anti-hyperglycemia, anti-fatigue, and anti-aging (8, 9). A range of methods are available to extract of β-glucan, such as hot water extraction (10), solvent extraction (11), enzymatic extraction (12), and alkali extraction (13). Mushroom β-glucans have also been chemically modified by sulfation and carboxymethylation to improve their functional properties.

Nowadays, with the improvement of living standards and the changes of lifestyle, diabetes poses a serious threat to human health. It is the third most serious chronic non-communicable disease after tumor and cardiovascular diseases (14). Replacing high glycemic index (GI) carbohydrates with low-GI carbohydrates in human diet has been recommended as an efficient way to reduce or prevention the occurrence of diabetes (15). Starch is not only the most important source of carbohydrates for human beings, but also the raw material of many food products (16). Reducing the digestion rate of starch could slow down the increase of postprandial glycemix and plays central role in controlling diabetes and obesity (17). Many compounds have been found to reduce in vitro digestions of starch, such as dietary fiber, polyphenols, and fatty acid, etc. The digestion rate of starch in coarse grains and beans containing more dietary fiber was proved to be significantly slow. Englyst method was mainly used to measure starch digestibility indexes (16). According to the time of in vitro digestion of starch, starch can be divided into three categories: rapidly digestible starch (RDS), which can be digested quickly in the small intestine, and digestion time <20 min; slowly digestible starch (SDS) refers to those can be fully digested and absorbed in the small intestine but, slowly release energy and help to maintain postprandial blood glucose stability without insulin resistance; resistant starch (RS) refers to that cannot be digested and absorbed in the human small intestine, but can be fermented by microorganisms in the large intestine to maintain the gut health. Some studies have shown that eating foods rich in SDS can effectively prevent chronic diseases such as diabetes. A number of works have confirmed the potential of H. erinaceus in the treatment of diabetes (18).

How polysaccharides affect starch digestibility remains inconclusive. To the best of the authors' knowledge, there are no systematic papers in the literature specifically devoted to study the inhibition of edible fungus polysaccharide on starch digestibility. Although much attention has been given to the extraction methods, structural behavior and functional nutrition of H. erinaceus β-gluacn (2, 19), little research has been done on the mechanism of HEBG and starch digestion is available in literatures. One theory is that polysaccharides either hinder starch digestion by formation of external physical barriers and reduce enzyme binding sites and enzyme catalytic activity (20). Kim et al. studied the relationship between oat β-glucan and starch digestion in vitro, and found that GI value was negatively correlated with β-glucan content due to its capacity to alter viscosity of starch, the higher the viscosity, the lower the digestibility of starch (21). In the present study, β-D-glucans were extracted from H. erinaceus using alkaline solution or enzymes treatment. Their molecular structure and morphology were analyzed with chemical approaches and atomic force microscope. The effects of the polysaccharides on the in vitro digestion of wheat starch were then assessed based on the content of rapidly digestible starch (RDS), slowly digestible starch (SDS) and resistant starch (22), and the predictive glycemic index (pGI).



MATERIALS AND METHODS


Materials

Hericium erinaceus was provided by Shanghai Baixin Biotechnology Co., China. endo-β-(1-3)-D-glucanase (EC 3.2.1.39, 2 units/mg) from Helix pomatia, endo-β-(1-6)-D-glucanase (EC 3.2.1.75, 35 units/mg) from Talaromyces cellulolyticus, pepsin (EC 3.4.23.1, 51 units/mg) from porcine stomach mucosa, invertase Grade VII (EC 3.2.1.26, 300 units/mg) from baker's yeast (S. cerevisiae), thermostable α-amylase (EC 3.2.1.1, 21 units/mg) from Bacillus licheniformis, they were purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). Wheat starch (~98.5% starch content) was provided by Henan Kangdi Food Tech Co., Ltd, China. All the water used are deionized.


Preparation of HEBG

Extraction of HEBG was conducted according to previous methods (23) with slight modifications. One Kilogram Hericium erinaceus was weighted into 15 L water, mixed and heated to 100°C for 2 h, under stirring followed by cooling at room temperature. The solution was filtered through 4 layers of cloth (200 mesh). The retentate was heated again as before, concentrated to ~500 mL (dry weight of fruiting body: volume of crude extract), and centrifuged (25°C, 12,840 × g, 15 min). The precipitate was collected and washed with 20% ethanol, centrifuged and repeated 3 more times to obtain white jelly-like precipitate. The solution was then dialyzed against water for 3 days (3500 Da cut-off membrane), during which the water was changed 6 times and the retentate was freeze-dried to obtain HEBG.



Preparation of HEBG-1 With Sodium Hydroxide

Briefly, 1 g HEBG was weighted into the 20 mL water and magnetically stirred at 60°C for 5 h. 1M sodium hydroxide solution was added, mixed, sealed and shaken intermittently for 24 h at room temperature. The solution was dialyzed and freeze dried as above, and named as HEBG-1.



Preparation of HEBG-2 and HEBG-3 With Enzymes

HEBG (100 mg) were mixed with water (50 μL) and magnetically stirred at 70°C to completely dissolve the polysaccharides. The glucan solution was cooled down to 50°C followed by addition of β-(1-3)-D glucanase or β-(1-6)-D-glucanase (3 mg). After 50 min hydrolysis, the enzymes were denatured by heating in a boiled water bath for 10 min. The hydrolysates were cooled down at room temperature and freeze-dried. The HEBG hydrolysates from β-(1-3)-D glucanase and β-(1-6)-D-glucanase was named as HEBG-2 and HEBG-3, respectively.




Characterization of HEBGs
 
Determination of Molecular Weight

HEBG-1, 2, or 3 (2 mg) was dissolved in pH 7 salt solution (1 mL) containing 0.05 mol/L NaH2PO4 and 0.15 mol/LNaNO3. They were filtered through 0.22 μm filter prior to loaded into high performance size exclusion chromatography (HPSEC) system equipped with PWXL3000 and TSKPWCL4000 series gel column. The injection volume was 20 μL. The flow rate was 0.5 mL/min, the column temperature was maintained at 35°C and the laser detector light source wavelength was 623.8 nm (24).



Determination of Tertiary Structure of HEBG by Using Congo Red

The mixtures of HEBG (5 mg) and distilled water (2 mL) were stirred at 60°C for 3 h until completely dissolved. Congo red solution (2.0 mL, 80 μmol/L) was then added and mixed thoroughly (25). 1M NaOH was then added to mixture till the final concentration of NaOH in the solution reaches 0.1, 0.2, 0.3, 0.4, and 0.5 mol/L, respectively. At each NaOH concentration, the solutions were scanned by UV-vis spectrophotometer and the maximum absorption wavelength was recorded.



Periodate Oxidation, Smith Degradation, and Methylation Analysis

The standard curve drawing method of sodium periodate consumption (26): Sodium periodate solution (0.15 mol/L) and sodium iodate solution (0.15 mol/L) were mixed evenly in different proportions. The solution of 0.2 mL was diluted to 50 mL and monitored at 223 nm to determine the absorbance. The concentration of sodium periodate in the mixed solution was taken as abscissa (x) and absorbance as ordinate (y). After testing, the standard curve fitting equation was y = 44.107x + 0.2837, R2 = 0.9977.

Periodate oxidation: HEBG-1, 2, or 3 (50 mg) and sodium periodate solution (50 mL, 0.015 mol/L) were mixed at 4°C. 0.1 mL of samples were taken from the mixture every 24 h and diluted to 25 mL with water. The absorbance of the diluent was monitored at 223 nm until a maximum value was reached. The sodium periodate consumption of HEBG was calculated by the standard curve. Then 8 mL periodate oxidation solution and two drops of ethylene glycol was added to the original mixture to terminate the reaction. The yield of formed formic acid was titrated with 40% NaOH after adding two drops of phenolphthalein (27).

Smith degradation was conducted according to Kocharova (28). The HEBG-1, 2, and 3 solution was firstly oxidized by periodate. Ethylene glycol was then added to remove excess periodate followed by dialysis against water for 48 h. Subsequently, the solution was adjusted to pH = 6~7 with 50% acetic acid and mixed NaBH4 holding 24 h. Then the solution dialyzed continuously for 2 days. Polysaccharide alcohol product was obtained from above solution by freeze-drying, which were analyzed by aldononitrile acetate precolumn-derivatization gas chromatography (29).

Methylation analysis of the glucans were conducted according to method of Panda et al. (30). HEBG-1, 2, or 3 (10 mg) was completely dissolved in anhydrous dimethyl sulfoxide (1 mL) in a tube with headspace filled with N2. Sodium hydroxide pellet (30 mg) was then quickly added and stirred for 3 h. Methyl iodide (1 mL) was slowly added to the tube on ice bath with a flow of N2. Be operated away from light, stirred by magnetic force at room temperature for 1 h and then removed moisture by anhydrous Na2SO4 column. The methylated glucans were hydrolyzed with trifluoroacetic acid (4 mol/L), reduced with sodium boron deuteride for 3 h, and acetylated with 0.5 mL acetic anhydride at 100°C for 1 h. The formed alditol acetate was dissolved in extracted with dichloromethane and analyzed by GC-MS (Japan shimadzu co., Japan) equipped with a HP-5MS quartz capillary column (30 m × 250 μm × 0.25 μm). The condition was set as: column initial temperature 160°C, 2°C/min ramping rate to 240°C; injection port temperature 250°C, carrier gas was N2, with a flow rate 1 mL/min. Sample injection volume was 2 μL.




In vitro Digestion Experiment

The content of enzymatically hydrolyzed glucose was determined based on Zhuang et al. (29) with minor modification. The mixtures of wheat starch (100 mg) and HEBG-1, 2, or 3 (20 mg) were dispersed in 50 mL beaker with distilled water (2 mL), heated in a boiling water bath under stir for 30 min and cooled down at 37°C water bath. Pepsin solution (4 mL, 5 mg/mL) was added to the mixture and stirred at 37°C for 30 min. Two milliliter acetic acid buffer (0.5 mol/L, pH = 5) and six glass beads were added, vortexed, and placed on 37°C water bath for 30 min under shaken (200 r/min). Afterwards, complex enzyme solution (thermostable α-amylase and starch transglucosidase) was added, 50 μL of hydrolysates was sampled at 0, 20, 30, 60, 90, 120, 180, 240 min, respectively. The values of RDS, SDS, and RS was calculated according to the following equations (16).

[image: image]

C is the digestibility of wheat starch, Gt is the glucose content of wheat starch released at t min of hydrolysis, G0 is the free glucose content before digestion, TS (%) is the proportion of total dry weight (Mg) of wheat starch to total weight in each sample.

The predicted glycemic index (pGI) was calculated using the equation below (22):

[image: image]

which (H90) is the percentage of total starch hydrolyzed for 90 min.



Atomic Force Microscope Observation

HEBG-1, 2, and 3 (1 mg) was dissolved in 5 mL water, centrifuged, and the supernatant was diluted to a concentration of 1 μ g/mL HEBG (31). The diluent (3.0 μL) was deposited on the freshly cleaved mica sheet and dried at room temperature. The samples were imaged with Nano Scope IIIa atomic force microscope (Digital instruments co, USA) under tapping mode with a resonance frequency of 2.0 kHz. AFM images were analyzed and processed by using Nano Scope Analysis software (32).



Statistical Analysis

All measurements were done in triplicates and results were presented as mean ± standard deviation (SD) (n = 3). Values with different letters in the same column differ significantly (P < 0.05) according to Duncan's multiple range test. The datas were analyzed with Origin (Version 9.0, Origin Lab Co., USA) and SPSS was used to conduct the significant analysis between samples (Version. 17.0 software, Chicago, IL, USA).




RESULTS AND DISCUSSION


Characterization of HEBG-1, HEBG-2, and HEBG-3

The HEBG is a mixture of glucans with different degrees of polymerization. The molecular weights of HEBG, HEBG-1, 2 and 3 were determined by HPSEC-MALLS-RI. The HPSEC chromatogram of HEBGs (Figures 1A–D) showed a single symmetrical peak, suggesting the HEBGs has narrow range of degrees of polysaccharides. Table 1 shows the molecular weight of HEBG-1 is similar to that of HEBG, suggesting HEBG is relatively stable against 1M sodium hydroxide solution. The Mw of HEBG-2 and HEBG-3 in buffer were estimated to be 4.105 × 105 and 4.573 × 105 g/mol, and were much smaller than HEBG and HEBG-1. This is mainly attributed to degradation of the glucans by glucanases. Similar molecular weight of HEBG-2 and HEBG-3 implies the proportion of 1,3-glycosidic linkage is similar to that of 1,6-glycosidic in HEBG. Further analysis of the polydisperse index (Ratio of Mw to Mn), which can be used to assess the dispersion of the polymersization of the sample. The value close to 1 indicate high homogenous. The value increases from 1.07 in HEBG-1 to 1.54 to HEBG-3, indicating the degree of polymerizations distribute more widely using enzyme treatment of HEBG than using alkaline treatment.


[image: Figure 1]
FIGURE 1. The HPSEC chromatogram of HEBG (A), HEBG-1 (B), HEBG-2 (C), and HEBG-3 (D).



Table 1. Molecular weight and polydisperse index of HEBG, HEBG-1, 2, and 3.
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Periodate Oxidation and Smith Degradation of HEBGs

To further elucidate its structure, degradation and methylation experiments were conducted. After mixing sodium periodate and sodium iodate in different proportions, the absorbance was measured at 223 nm, and the standard curve of periodate consumption was obtained (26). The calculation results of periodate consumption were shown in Table 2.


Table 2. Experimental data of periodate oxidation of HEBG-1, 2, and 3.

[image: Table 2]

It can be found from the Table 2 that both polysaccharides can produce formic acid, and the amount of formic acid produced by HEBG-2 is more than that of HEBG-3. This suggests that the HEBG-2 contain more 1→6 glycosidic linkage, and the degree of enzymatic hydrolysis is comparatively higher. The HEBG-2 was treated with β-1, 3-glucanase, and HEBG-3 with beta16glucanase, it is obvious that the relative amount of 16 linkages is higher in hegb2 when compared to hebg3, the results from periodate oxidation are in accordance with this fact and in accordance to the methylation analysis results present in Table 3.


Table 3. Glycosylic linkage analysis of HEBG-1, 2, and 3.

[image: Table 3]

Smith degradation of the HEBG-1 (-2,-3) was shown in Figures 2A–C. The three peaks at 9.247, 13.409, and 22.912 min are glycerol, erythritol and glucose in Figure 2A, respectively. The existence of glycerol and erythritol indicated the presence of 1, 2-, 1, 4-, or 1, 6- glycosidic linkages in the structure. While formic acid is formed in periodate oxidation test, indicated that the polysaccharides contain 1, 6- glycosidic linkage. A large amount of glucose was also detected in the product, indicating that there were mainly glycosyl groups bonded at 1→3 position. Therefore, it can be inferred that the main chain of HEBG is composed of 1, 3-Glc and the branched chain is composed of 1, 6-Glc.


[image: Figure 2]
FIGURE 2. GC chromatogram of the Smith reaction products of HEBG-1 (A), HEBG-2 (B), and HEBG-3 (C).


The product of HEBG-2 has only two peaks, 9.348 min (glycerol) and 14.352 min (erythritol), with a weight ratio of 3.18: 1. For HEBG-3, it has three peaks of 9.298 min (glycerol), 14.345 min (erythritol) and 23.727 min (glucose). No peak of glucose in Figure 2A indicates that the enzymatic hydrolysis reaction is relatively complete. The appearance of glycerol and erythritol chromatographic peaks suggests 1, 2- or 1, 4- and 1, 6- may be the glycosidic linkages in HEBG-2. However, formic acid was formed in periodate oxidation experiment, which indicated that there were 1, 6- glycosidic bonds in the polysaccharides. On this basis, 1, 6- Glc are the main glycosidic linkages in HEBG-2. By contrast, the glucose peak appeared in the HEBG-3 (Figure 2B) concludes 1→3 glycosidic linkages are the dominant linkages.



Results of Methylation Reaction of HEBGs

Because glucanases hydrolyzes specific glycosidic linkages in polysaccharides, there is no characteristic peak in the degraded gas chromatography. The GC-MS statistics of HEBGs are summarized in Table 3. The methylation products of HEBG-2 are mainly composed of 1-Glc, 1, 6-Glc and 1, 3, 6-Glc, and the proportion between them is 4.20: 1.63: 1. No 1, 3-Glc glycosidic is present in the chromatogram and agrees with the results of Periodic acid and Smith degradation experiments. The methylation products of HEBG-3 are mainly 1-Glc, 1, 3-Glc, and 1, 3, 6-Glc, with a molar ratio of 1.04: 3.77: 1. No 1, 6-Glc glycosidic linkage was detected. Based on the above results, it can be seen that the main component of HEBG-2 is β-1, 6-glucan, and HEBG-3 is β-1, 3-glucan.



Results of Congo Red of HEBGs

The triple helix structure of polysaccharides an important for its biological activity (33). As can be seen from Figure 3, compared with the HEBG whose maximum absorption wavelength increases with NaOH concentration, those of HEBG-1 remains the same at different concentration of NaOH. For HEBG-2 and HEBG-3, they have the same results as HEBG-1. This indicates no triple helix structure exists in HEBG-1, 2, and 3. As HEBG and HEBG-1 has similar molecular weight, so sodium hydroxide only destroys the triple helix structure and has no effect on breaking down the glycosylic bonds.


[image: Figure 3]
FIGURE 3. Effect of NaOH concentration on maximum absorption wavelength of Congo red-BCP complex.




Microstructure of HEBG, HEBG-1, 2, and 3

The spatial configuration of polysaccharides correlates with their biological activity. Atomic force microscope (AFM) enables to examine the structure of polysaccharides at nanoscale, which helps to build the connection with its chemical properties (34).

The typical microstructure of glucans of four kinds of Hericium erinaceus glucans indicating the structure of molecule and space upon different treatments from Figure 4. Untreated glucan (HEBG) (Figure 4A) shows cluster of aggregates, which were scattered heterogeneously throughout the system. The molecular chain diameter of HEBG-1and HEBG are ~0.2 μm, with a height of 6~8 nm. Whereas, HEBG-1 shows a state of aggregation accompanied by stretching (Figure 4B) compared to those of HEBG. The alkali solution can readily cause the cell wall to swell by disrupting the hydrogen bonds (35). This may occur in the HEBG-1. Similar structures were seen for HEBG-2, 3 (Figures 4C,D). Their molecular chain is thinner and shorter, with less branch than those of HEBG and HEBG-1. This indicates some branches were removed during enzymatic hydrolysis, and the polysaccharide conformation in solution has also changed.


[image: Figure 4]
FIGURE 4. AFM microscopy of HEBGs [(A) is HEBG; (B) is HEBG-1; (C) is HEBG-2; (D) is HEBG-3].


It is speculated that the chains of polysaccharides are interacted via mainly hydrogen bonds. When the glycosidic linkage is cleaved by enzymatic hydrolysis, the density of hydrogen bonds between chains becomes smaller and the domain structure becomes larger. The phenomenon was consistent with the Agbenorhevis' study (36). The smaller the molecular weight, the lower the degree of polymerization. Atomic force microscope imaging further explains the changes of the microstructure of polysaccharide aggregates after enzymatic hydrolysis of polysaccharide glycosidic bonds.



In vitro Starch Digestibility

The effect of different HEBGs on the digestion of wheat starch in vitro was studied by measuring the enzymatic hydrolysis rate of wheat starch. As shown in Figure 5, the degree of enzymatic hydrolysis of all samples increases gradually with time, and the digestibility of wheat starch without glucan is the highest. The wheat starch digestibility is more than 70% after 180 min hydrolysis, however, <60% was observed when HEGBs was added. HEBG has the best inhibitory effect on starch digestion, followed by HEBG-1, HEBG-3, and finally HEBG-2. One possible reason for this is the cavity of the triple helix structure of HEBG helps to trap the hydrolyzed starch fragments, thus inhibiting starch digestion (37). The molecular weights of HEBG and HEBG-1 are higher than those of HEBG-2 and HEBG-3. The higher molecular weight and complex structure might be an inducement of starch being surrounded, thus inhibiting the digestion of starch.


[image: Figure 5]
FIGURE 5. Effects of different Hericium erinaceus β-glucans on in vitro digestion of wheat starch.


The main composition of HEBG-3 is β-1, 3-glucan, so it can be inferred that in the main chain structure of β-glucan of Hericium erinaceus β-1, 3-glucan has a greater inhibitory effect on starch digestion in the main chain structure of β-glucan of Hericium erinaceus, or it may be that the molecular length of glucan is longer than that of HEBG-2 molecular chain and has a stronger cross-linking effect with starch. This is similar to the result that oat β-glucan without branching structure can also inhibit starch digestion, which was studied by Zhang (38).



Effects of HEBGs on Starch Nutrition Fragments and pGI Value of Wheat

The TS, RDS, SDS, RS, and pGI values of five groups of samples are shown in Table 4. The addition of HEBG to wheat starch gradually increases the content of SDS and RS, while decreases the values of RDS and pGI. The order of molecular weight of the four groups was HEBG > HEBG-1 > HEBG-3 > HEBG-2. The corresponding RDS (19.34) and pGI (62.56) of HEBG with the highest molecular weight were significantly lower than those of wheat starch without polysaccharides. It is also directly proved that HEBG can significantly inhibit in vitro starch digestion. This result is consistent with the interaction between several different β-glucans and other food ingredients that may inhibit starch digestibility and reduce blood sugar response (39, 40). All of them could potentially reduce the peak blood glucose response of food.


Table 4. TS, RDS, SDS, RS, and pGI values of wheat starch and wheat starch-HEBGs mixture.

[image: Table 4]




CONCLUSION

In this study, three different types of HEBGs (HEBG-1, HEBG-2, HEBG-3) were prepared from Hericium erinaceus by sodium hydroxide and enzymatic hydrolysis. Their Mw is 7.300 × 105, 4.105 × 105, 4.573 × 105, respectively, and the HEBG is 7.504 × 105. By contrast, HEBG treated with sodium hydroxide will not degrade polysaccharides or change the molecular weight, but enzymatic treatment reduces the molecular weight, and the difference of enzyme leads to different molecular weight changes. It is speculated that the reason is that enzymatic hydrolysis destroys different linkage between molecules. It is inferred that the main component of HEBG-2 is β-1, 6-glucan and the main component of HEBG-3 is β-1, 3-glucan. Through atomic force microscope (AFM), it was directly observed that HEBG was curled and folded, accompanied by filamentous and random coil structure, but the branched chain and conformation of HEBG-2 or 3, with obvious branching characteristics and regular multi-branch juxtaposition structure. The triple helix structure in HEBG plays an important role in inhibiting starch digestion. We found the addition of Hericium erinaceus β-glucan could significantly reduce the digestibility of starch, which decreased the values of RDS and PGI, and increased the content of SDS and RS. The glucans treated by enzymatic hydrolysis also showed differences in the starch digestibility, indicating that digestibility inhibition of β-1, 3 linkage on starch digestion was stronger than that of β-1, 6 linkage. Foods added with HEBG can effectively reduce the level of GI, intake of blood sugar and prevent the occurrence of diabetes. To explore the interaction mechanism between β-glucan and starch and reveal its mechanism of inhibiting starch digestion, which provides a basis for the application of β-glucan in function food and health products. This study unravels the mechanism of HEBG on inhibition of starch digestion and provides a theoretical understanding for the application of edible mushroom β-glucan to the development of low glycemic index starchy foods.
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