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Study on process optimization and flavor quality of non-fried crisps of Agaricus bisporus based on response surface method and GC-MS


Abstract
Aims:To optimize the processing technology of non-fried crisps of Agaricus bisporus and evaluate their flavor quality, providing a theoretical basis for developing healthy mushroom-based snack products.
Study design:Experimental design combining single-factor tests and response surface methodology (RSM), with additional flavor characterization and quality evaluation.
Place and Duration of Study:This study was conducted from January 2025 to July 2025 at the Food Science and Engineering Laboratory of Hebei North University.
Methodology:The effects of slice thickness, microwave power, baking time and baking temperature were investigated by single factor experiment. The process parameters were optimized by Box-Benken response surface methodology (RSM). The volatile components of the chips were analyzed by gas chromatography-mass spectrometry (GC-MS). ANOVA analysis was performed on the single factor data, with P<0.05 as the significance level.
Results:The optimum process conditions are as follows : the thickness is 2.5mm, the baking time is 40min, the baking temperature is 40℃ and the microwave power is 1.5 kW. Under this condition, the hardness, brittleness and overall sensory acceptance of the chips were higher. 78 volatile compounds were detected by GC-MS, and alcohols and aldehydes were the dominant components.
Conclusion:The optimized technology significantly improved the sensory and textural qualities of non-fried Agaricus bisporus crisps. Flavor formation was strongly associated with aldehydes and esters, suggesting that RSM combined with GC–MS is effective for optimizing product quality and promoting the development of healthier mushroom-based snacks.
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1.Introduction
Agaricus bisporus, commonly known as the white mushroom, is among the world's highest-yielding and most widely consumed edible mushrooms. According to the Food and Agriculture Organization of the United Nations (FAO, 2022), the annual output of mushrooms and edible fungi worldwide has exceeded 43 million tons. Twin Mushrooms dominate the market because of their excellent nutritional value and wide adaptability. Twin mushrooms are rich in high-quality proteins, vitamin B groups, polysaccharides, polyphenols, minerals, and dietary fibers, and have antioxidant, immune regulation, and potential anticancer activities (Roupas P et al., 2012). Therefore, they are known as ' meat in plants ' or ' meat in vegetarian ', and have a broad consumption base worldwide. However, due to its high natural moisture content (approximately 90%) and loose tissue structure, it is prone to mechanical damage and microbial infection after harvest, resulting in rapid browning, water loss, and decay, which significantly affects its commodity value and processing utilization (Dawadi E et al., 2022). The processing methods of twin mushrooms mainly include traditional methods such as canning, freezing, pickling, and drying. However, these techniques often have problems such as nutrient loss, flavor change, and high energy consumption (Zhang L et al., 2021). In recent years, with the rise of healthy consumption and the growing demand for portable snack foods, twin mushroom chips have gradually garnered market attention as a new dehydrated, ready-to-eat product.
Most traditional mushroom chips are fried to improve the taste, color, and crispness. However, this method inevitably presents problems, such as high fat content, the production of trans fatty acids, and the degradation of heat-sensitive nutrients, which do not meet the health demands of modern consumers who prefer low-fat, low-calorie, and high-nutrition diets (Zhang M et al., 2006). Therefore, non-fried processing technology is gradually becoming an ideal alternative to traditional frying. Hot air drying, vacuum freeze drying, microwave puffing, jet puffing, and their combination processes can effectively remove water while retaining the nutrition and flavor of mushrooms, and avoid oil intake (Ratti, 2001; Celen S et al., 2010). Among them, vacuum freeze-drying technology can achieve structural expansion at low temperatures and pressures, and maintain the original flavor and nutrition of the double mushrooms to the greatest extent. Microwave or jet puffing can quickly make the product crisp, improve rehydration, and enhance consumer acceptance (Maskan M, 2001). Additionally, microwave-hot air drying has been demonstrated to significantly reduce drying time, enhance energy efficiency, and improve product texture (Zhao Y et al., 2020). Although non-fried processing technology has been well applied to fruits, rhizome vegetables, and other foods, systematic research on twin mushroom chips remains relatively insufficient. Current studies have explored the anti-browning effect of blanching treatment (Giri S K et al., 2007) and the impact of drying methods on nutrient retention and physical properties; however, most of these studies focus on single variable changes, lacking in-depth investigation of multi-factor and multi-technology synergistic effects. At the same time, the comprehensive evaluation system of flavor retention, organizational structure reconstruction, and consumer sensory acceptance is not yet mature, which hinders the large-scale development and marketing of high-quality mushroom chips. Therefore, systematic research on optimizing the processing technology of non-fried twin mushroom chips has significant value in food science and technical practicability, aligning with the global trend in healthy food development. On the one hand, this study can provide a new way to maximize the high-value utilization of twin mushrooms and enhance the added value of edible fungi resources in the industrial sector. On the other hand, establishing a multi-factor optimization model and quality evaluation criteria can provide a theoretical basis and practical reference for the functional and standardized production of low-fat snacks. This not only promotes the development of healthy snack foods but also aligns with the food processing strategic goals of the international community in the context of "sustainable nutrition," "green food processing," and "salt and oil reduction " 
In summary, the processing of non-fried twin mushroom chips has broad development prospects and important application value. Optimizing its pretreatment, drying, and puffing parameters can achieve the organic unity of nutrient retention, flavor reduction, and texture optimization, laying a solid foundation for constructing a healthy, safe, and high-quality plant-based snack food system.
2.Materials and Methods 
2.1.Test materials 
Agaricus bisporus (Zhangjiakou, China, the main producing area); Cumin powder ;Five-spice powder ;Chicken essence ;White sugar ;White sesame ;Pepper salt
2.2.testing equipment
19 cm stainless steel kitchen knife ;CJM-20 0-100 °C glass thermometer ;GLC02 type 302 steel leakage spoon ;Y-CH-001 grinding machine ;M1-L201B household microwave oven ;K35FK602 electric oven ;ST20H3 household cooking pot ;C21-RT2134 multi-function induction cooker
2.3.Test method 
2.3.1.Process flow 
Raw material selection → raw material cleaning → drying → mushroom slice → blanching → microwave curing → baking → seasoning → cooling → finished product.
2.3.2.Operation points 
Pretreatment of raw materials: Select fresh Agaricus bisporus with no mildew, no mildew points, no foreign matter, no odor, complete shape, consistent size, and bright color. Remove the stipe. Use mushrooms from the same manufacturer to minimize differences in batch and quality that may affect test results.
Cleaning of A. bisporus: Wash the required amount of A. bisporus under flowing water. Make sure all impurities, such as sediment and stains, are thoroughly washed off the surface.
Drain: Place the washed Agaricus bisporus on a drain rack. Let it drain until no noticeable water stains remain on the surface.
Agaricus bisporus slices: Clean and dry the stainless steel kitchen knife. Cut the dehydrated Agaricus bisporus into uniform slices with a thickness of 1.5–3.5 mm.
Blanching: Pour the correct amount of water into the cooking pot and heat it to 80°C. Place the sliced Agaricus bisporus in the pot. Start timing with a timer and control the blanching time at 20–30 seconds.
Microwave curing: Use a leaky spoon to remove the blanched Agaricus bisporus slices. Lay them on a board. Dry the surface moisture with kitchen paper. Tilt the slices on a microwave rack and place them in the microwave oven. Adjust the power to microwave-dry the Agaricus bisporus slices to a water content of less than 20%.
Baking: The microwave-ripened Agaricus bisporus slices were laid flat on a preheated baking tray brushed with a thin layer of oil, placed evenly, and then baked in the oven. The baking temperature and baking time were adjusted. After baking, remove the Agaricus bisporus chips.
Flavoring: 5g of cumin powder, five-spice powder, monosodium glutamate, white granulated sugar, white sesame, salt, and pepper powder were weighed using a balance. The above-mentioned flavorings were then ground into a powder in the cooking machine for use as a flavoring powder. Remove the Agaricus bisporus crisps from the baking tray while they are still hot, and evenly sprinkle the prepared seasoning powder over them.
2.4.Single factor test 
Taking slice thickness, baking temperature, baking time, and microwave power as single-factor variables, single-factor experiments were conducted in turn according to the process flow. The effects of different single factors on the sensory score of non-fried Agaricus bisporus chips were analyzed with sensory score as the evaluation index. The single-factor experiment design is shown in Table 1. SPSS 27 software was used to analyze the significance.
Table 1 Single factor experiment design
	Test order
	Test factor
	Level test
	Requirements

	1
	Slice thickness / mm
	1.5、2.0、2.5、3.0、3.5  
	Other variables are constant

	2
	Baking temperature / °C
	30、35、40、45、50 
	The optimal slice thickness and baking time conditions remain unchanged.

	3
	Baking time / min
	30、35、40、45、50 
	The optimum slice thickness and baking temperature conditions remain unchanged.

	4
	Microwave power / kW
	0.5、1.0、1.5、2.0、2.5 
	The optimal slice thickness, baking temperature and baking time conditions remain unchanged.


2.5.Response surface test 
Based on the factor test results and the Box-Behnken principle, slice thickness (A), baking temperature (B), baking time (C), and microwave power (D) were chosen as key independent variables. Sensory score (Y) served as the response variable. The response surface test used four factors at three levels to optimize process parameters for non-fried Agaricus bisporus chips. Table 2 shows the factors and levels for this test.
Table 2 Response surface test factor level table
	[bookmark: _Toc104975539]Level
	Factors

	
	A:Slice thickness / mm
	B:Baking temperature / °C
	C:Baking time / min
	D:Microwave power / Kw

	-1
	2.0
	35
	35
	1.0

	0
	2.5
	40
	40
	1.5

	1
	3.0
	45
	45
	2.0


2.6.Sensory evaluation standard of non-fried Agaricus bisporus chips 
The sensory evaluation of non-fried Agaricus bisporus chips was designed to reflect the specific characteristics of the product. Ten qualified evaluators, meeting the psychological and physiological criteria for sensory assessment, conducted a professional evaluation. Each evaluator used a 100-point sensory evaluation scale, with the average of their scores representing the final result. The standards used for sensory evaluation are detailed in Table 3.
Table 3　Sensory evaluation table of non-fried Agaricus bisporus chips
	Sensory index
	Scoring rules
	Sensory score

	Appearance( out of 25 points)
	The shape is complete, the thickness is uniform, and there is no debris.
The shape is slightly damaged, the thickness is generally uniform, and there is slight debris.
The shape is seriously damaged, the thickness is extremely uneven, and there is more debris.
	17~25分
9~16分
1~8分

	Color(out of 25 points)
	The color is uniform and bright.
The color is more uniform, and the luster is dim.
Uneven color, no luster
	17~25分
9~16分
1~8分

	Taste and taste( out of 25 points )
	The taste is crispy
The taste is general
Poor taste
	17~25分
9~16分
1~8分

	Organizational Structure (out of 25 points )
	General organizational structure
Poor organizational structure
Poor organizational structure
	17~25分
9~16分
1~8分


2.7 Detection of volatile substances
The DVB/CAR/PDMS solid-phase microextraction head was aged at 270 ℃ for 60 min at the inlet of the gas chromatograph. A total of 3 g of Agaricus bisporus samples was accurately weighed, placed in a 15 mL headspace extraction bottle, sealed with a silicone pad lined with polytetrafluoroethylene, and then placed in a 60 ℃ water bath for 20 min to achieve equilibrium. The activated SPME extraction fiber head was inserted into the headspace extraction bottle, and the fiber head was pushed out. The distance between the Agaricus bisporus's upper surface and the fiber head's lower end was 0.5 cm. After headspace adsorption for 50 min, the extraction head was inserted into the GC inlet and thermally desorbed at 250 ℃ for 10 min.
GC conditions: DB-5MS capillary column (60 m × 1 mm × 0.32 μm); the initial temperature was maintained at 50 ℃ for 2 min, and then increased to 220 ℃ at 4 ℃/min for 10 min. The carrier gas was helium, the flow rate was 1.5 mL/min, the inlet temperature was 250 ℃, and the injection was not split.
MS conditions: ion source temperature 250 ℃, ionization mode ( EI ), electron energy 70 eV, mass spectrometry interface temperature 250 ℃, scanning range ( m / z ) 30-550 u.
Spectral analysis: The total ion chromatogram peak was analyzed, combined with NIST Library mass spectrometry library matching, artificial spectrum analysis, and retention index RI value comparison. A qualitative analysis was performed, and the chemical structure with the highest comprehensive matching degree was selected as the final result. The percentage content was calculated using the area normalization method.
3.Results and analysis 
3.1.Single factor test results 
3.1.1.Effect of slice thickness on the quality of non-fried Agaricus bisporus chips 
The effect of different slice thicknesses on the sensory score of Agaricus bisporus chips is shown in Fig.1. The sensory score of Agaricus bisporus chips increased first and then decreased with the change of slice thickness. When the slice thickness was 2.5 mm, the sensory score was the highest, reaching 97 points. After that, the sensory score decreased with increasing slice thickness. The reason is that when the thickness of Agaricus bisporus slices is controlled below 2.5mm, excessively long baking times can lead to hardening of the tissue structure, resulting in a brittle texture and a shrinking appearance, which affects the overall quality evaluation of the finished product. On the contrary, when the slice thickness exceeds 2.5mm, the corresponding baking time cannot achieve the ideal brittleness. As a result, the finished product has a soft texture, poor chewiness, and is prone to sticking to teeth. These factors work together to reduce the comprehensive evaluation of the finished product. It can be seen from Fig. 1 that the slice thickness of 2.5mm was significantly different from that of 2.0mm (P<0.05), and the slice thickness of 2.5mm was significantly different from those of 1.5mm, 3.0mm, and 3.5mm (P<0.001). At the same time, there was no significant difference between the slice thicknesses of 3.0 mm and 1.5 mm, 2.0 mm and 3.5 mm. In summary, the best thickness of the chip is 2.5mm.
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Fig. 1 Effect of slice thickness on the quality of non-fried Agaricus bisporus chips
3.1.2.Effect of baking temperature on the quality of non-fried Agaricus bisporus chips 
The effect of different baking temperatures on the sensory score of Agaricus bisporus chips is shown in Fig.2. When the thickness of Agaricus bisporus slices was 2.5mm and the baking time was kept unchanged for 40 min, the sensory score of Agaricus bisporus chips increased first and then decreased with the change of baking temperature. At a baking temperature of 40°C, the sensory score was the highest, at 95 points. Subsequently, the sensory score decreased significantly as the baking temperature increased. This is mainly because when the baking temperature is below 40 °C, the moisture in the chips fails to meet the requirements under the same baking time, resulting in a soft taste and poor brittleness. Under high temperature conditions, the crisps are coking, affecting the finished product's appearance and sensory score. According to the analysis of Fig. 2, the baking temperature of 40°C was significantly different from that of 35°C (P<0.05), and the baking temperature of 40°C was significantly different from those of 30°C, 45 °C, and 50 °C (P<0.001). In summary, the baking temperature of 40 °C is the best baking condition.
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Fig. 2 Effect of baking temperature on the quality of non-fried Agaricus bisporus chips
3.1.3.Effect of baking time on the quality of non-fried Agaricus bisporus chips 
The effect of different baking times on the sensory score of Agaricus bisporus chips is shown in Fig.3. When the slice thickness was 2.5 mm and the baking temperature was kept at 40 °C, the sensory score of Agaricus bisporus chips increased with the extension of time. When baking was 40 minutes, the sensory score reached its highest, 96 points. Thereafter, with the extension of time, the sensory score decreased significantly. This is because when the baking time is less than 40 min, under the same baking temperature conditions, due to the lack of baking time, the moisture content in the Agaricus bisporus chips is too high and the taste is soft, and the color does not meet the finished product standard; when the baking time was more than 40 min, the overall quality of Agaricus bisporus chips was poor, the color was dark, and the paste taste was produced. According to Figure 3, the difference between baking times of 40 min and 30 min, 50 min was highly significant (P<0.001), and the difference between baking times of 40 min and 35 min, 45 min was significant (P<0.05). At the same time, there was no significant difference in baking time between 35 min, 30 min, and 45 min. The best time for baking Agaricus bisporus chips is 40 minutes.
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Fig. 3 Effect of baking time on the quality of non-fried Agaricus bisporus chips
3.1.4.Effect of microwave power on the quality of non-fried Agaricus bisporus chips 
The effect of different microwave powers on the sensory score of non-fried Agaricus bisporus crisp skin is shown in Fig.4. When the slice thickness was 2.5 mm, the baking temperature was 40 °C, and the baking time was 40 min, the sensory score of Agaricus bisporus chips increased first and then decreased with the increase of microwave power. When the microwave power reached 1.5 kW, the sensory score was the highest, which was 97 points. This is because the Agaricus bisporus does not reach the appropriate drying degree when the microwave intensity is too small. When the microwave intensity is high, it reduces the water content of the chips excessively, resulting in dehydration and destruction of their integrity, which in turn reduces the product's flavor. It can be seen from Fig.4 that the microwave power of 1.5kW was significantly different from 0.5kW, 2.0kW, and 2.5kW (P < 0.001), and significantly different from 1.0kW (P<0.05). At the same time, there was no significant difference in the microwave power of 0.5kW, 2.0kW, and 2.5kW. In summary, the microwave power suitable for baking Agaricus bisporus chips is 1.5 kW.
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Fig. 4 Effect of microwave power on the quality of non-fried Agaricus bisporus chips
3.2 Response surface optimization test results 
The results of the response surface test are shown in Table 6. Design-expert13 software was used to perform multiple regression fitting analysis on the table 6 data, and a quadratic regression equation was established:
Y=91.20+4.25A+3.50B+3.92C+2.17D-1.5AB-1.75AC-1.50AD-1.25BC-0.2500BD+0.2500CD-4.56A2-6.18B2-5.31C2-7.18D2
Table 4 Response surface test results
	 Test number
	Factors
	Sensory score

	
	A
	B
	C
	D
	

	1
	-1
	-1
	0
	0
	72

	2
	1
	-1
	0
	0
	83

	3
	-1
	1
	0
	0
	81

	4
	1
	1
	0
	0
	86

	5
	0
	0
	-1
	-1
	73

	6
	0
	0
	1
	-1
	80

	7
	0
	0
	-1
	1
	77

	8
	0
	0
	1
	1
	85

	9
	-1
	0
	0
	-1
	71

	10
	1
	0
	0
	-1
	83

	11
	-1
	0
	0
	1
	80

	12
	1
	0
	0
	1
	86

	13
	0
	-1
	-1
	0
	72

	14
	0
	1
	-1
	0
	82

	15
	0
	-1
	1
	0
	81

	16
	0
	1
	1
	0
	86

	17
	-1
	0
	0
	0
	70

	18
	1
	0
	0
	0
	82

	19
	-1
	0
	0
	0
	83

	20
	1
	0
	0
	0
	88

	21
	0
	-1
	0
	-1
	72

	22
	0
	1
	0
	-1
	80

	23
	0
	-1
	0
	1
	75

	24
	0
	1
	0
	1
	82

	25
	0
	0
	0
	0
	93

	26
	0
	0
	0
	0
	89

	27
	0
	0
	0
	0
	92

	28
	0
	0
	0
	0
	92

	29
	0
	0
	0
	0
	90


The significance of the model is verified. The variance analysis of the regression model is shown in Table 5, and the reliability analysis of the regression model is shown in Table 6.
Table 5 Regression model analysis of variance table
	Source of variance  
	 Sum of squares 
	degree of freedom
	mean square
	F value
	P value
	Significance

	Model
	1230.32
	14
	87.88
	42.84
	<0.0001
	**

	A
	216.75
	1
	216.75
	105.67
	<0.0001
	**

	B
	147.00
	1
	147.00
	71.67
	<0.0001
	**

	C
	184.08
	1
	184.08
	89.74
	<0.0001
	**

	D
	56.33
	1
	56.33
	27.46
	0.0001
	**

	AB
	9.00
	1
	9.00
	4.39
	0.0549
	

	AC
	12.25
	1
	12.25
	5.97
	0.0284
	*

	AD
	9.00
	1
	9.00
	4.39
	0.0549
	

	BC
	6.25
	1
	6.25
	3.05
	0.1028
	

	BD
	0.2500
	1
	0.2500
	0.1219
	0.7322
	

	CD
	0.2500
	1
	0.2500
	0.1219
	0.7322
	

	A2
	134.78
	1
	134.78
	65.71
	<0.0001
	**

	B2
	248.00
	1
	248.00
	120.91
	<0.0001
	**

	C2
	182.78
	1
	182.78
	89.11
	<0.0001
	**

	D2
	334.70
	1
	334.70
	163.18
	<0.0001
	**

	Residual term 
	20.25
	14
	2.05
	
	
	

	Misfit term 
	10.25
	10
	1.79
	0.6636
	0.7277
	

	Pure error 
	10.00
	4
	2.70
	
	
	

	Total deviation
	2373.06
	28
	
	
	
	

	Note：* * P < 0.001 means extremely significant ; * P < 0.05 means significant.


Table 6 Credibility analysis of regression model
	Project
	Average of response surface results
	R2/%
	R2Adj/%
	Coefficient of variation of  Y /%

	Results
	81.59
	97.72
	95.40
	1.76


According to the results in Tables 5 and 6, a response model is obtained, indicating that the model is reliable. The correlation coefficient R² is 97.72%, indicating that the theoretical value and the actual value of the fit are good, the correlation is high, and the data are accurate and reliable. The modified correlation coefficient R²Adj is 95.40%, indicating that the model can explain 95.40% of the response value change. According to the results of the variance analysis of the regression model, it can be seen that the first term (A, B, C, D) and the second term (A², B², C², D²) have a highly significant impact on the results (P<0.001). The interaction term AC has a significant impact on the results (P<0.05). According to the F-value, the order of influence degree of each factor on the sensory score can be judged as follows: slice thickness (A) > baking time (C) > baking temperature (B) > microwave power (D).
3.3.Response surface analysis of non-fried Agaricus bisporus chips
To further elucidate the model's findings, the contour lines and response surface diagrams of slice thickness, baking temperature, baking time, and microwave power effects on the sensory score of non-fried Agaricus bisporus chips were obtained through regression simulation. The steepness of the response surface was positively correlated with the significance of the effects of various factors on the sensory score of non-fried Agaricus bisporus chips. The shape of the contour map and the intensity of the axis change were related to the strength of the interaction. From Figure 5, it can be seen that the response surface 3D diagram of AC has a large and steep bending amplitude, and the contour map shows an approximate oval shape, indicating that the interaction between slice thickness and baking time is significant (P<0.05); the response surface 3D map of AB, AD, BC, BD and CD was gentle, and the contour line was nearly circular, indicating that the interaction was not significant, which was consistent with the results of variance analysis.
Following this comprehensive analysis, a digital model was established using Design-expert13 software, which determined the optimal process conditions for the model as follows: slice thickness, 2.5 mm; baking temperature, 40 ℃; baking time, 40 min; and microwave power, 1.5 kW. Under the optimal parameter configuration, the sensory score calculated by the prediction model was 93 points. Through the verification test, the real sensory score of the non-fried Agaricus bisporus chips made according to the optimal process parameters was 91 points. This result was highly consistent with the predicted value, indicating that the optimized non-fried Agaricus bisporus chips were reliable and reasonable.
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Fig.5 Contours and response surface plots of the interaction of various factors on the sensory score of non-fried Agaricus bisporus chips
3.4 Analysis of volatile compounds 
GC-MS identified 78 volatile compounds, including alcohols (14), aldehydes (11), ketones (12), esters (3), alkanes and heterocyclic compounds (11), pyrazines (16), and other compounds (11).
The formation of pyrazine compounds is related to the Maillard reaction between amino acids and reducing sugars, which is crucial to the unique aroma of many heat-treated products. As shown in Table 7, the highest levels of pyrazine compounds were detected in Agaricus bisporus samples subjected to microwave-hot air drying. This finding may explain the special roasted flavor observed in these samples. In contrast, no pyrazine compounds were detected in fresh Agaricus bisporus samples.
Table 7 GC-MS analysis results of fresh Agaricus bisporus and microwave-hot air dried Agaricus bisporus
	name of compound
	Relative content/%

	
	Fresh twin mushrooms 
	Fresh twin mushrooms 

	Pyrazine
	-
	-

	2,5-Dimethylpyrazine
	ND
	5.10

	2-Ethyl-6-methyl-pyrazine
	ND
	2.57

	2,3,5-trimethylpyrazine
	ND
	3.50

	2-Ethyl-5-methylpyrazine
	ND
	2.39

	2- ( 1-methylvinyl ) -pyrazine
	ND
	0.50

	3-Ethyl-2,5-dimethyl-pyrazine
	ND
	5.85

	2-Ethyl-3,5-dimethylpyrazine
	ND
	0.60

	2,3-Diethyl-5-methylpyrazine
	ND
	1.22

	3,5-Diethyl-2-methylpyrazine
	ND
	1.30

	2,5-Dimethyl-3- ( 2-methylpropyl ) pyrazine
	ND
	0.75

	2-Methyl-5-[(E)-1-propenyl] pyrazine
	ND
	0.60

	2-Methyl-6-(3-methylbutyl) -pyrazine
	ND
	2.90

	Pyrazine,2,5-dimethyl-3-( 3-methylbutyl )
	ND
	3.15

	Pyrazine,2,3,5-trimethyl-6-( 2-methylbutyl )
	ND
	0.61

	3-Ethyl-2-methylpyrazine
	ND
	ND

	2-Acetylpyrazine
	ND
	ND

	Total content of pyrazine compounds
	0
	31.04

	Note : ND indicates that no substance was detected.


4.Conclusion 
In this experiment, we improved the process for non-fried Agaricus bisporus chips using single-factor and response surface tests. We took these steps: chose raw materials, blanched the slices, microwaved them, cured them, and baked them. The optimal parameters were: slice thickness, 2.5mm; baking temperature, 40 °C; baking time, 40 min; and microwave power, 1.5kW. The final product was a yellow-brown color, maintained its shape, remained uniform in thickness, had a bright appearance, and was crisp and delicate. It had the unique smell of Agaricus bisporus and great sensory quality. The chips had high nutritional value, a crisp texture, and a rich flavor. They are a good snack for all ages.
After microwave-hot air drying, Agaricus bisporus samples had low shrinkage and high rehydration rates. Their physical quality changed little, and nutritional components were well retained. Compared to fresh Agaricus bisporus, dried samples had looser tissue and better physical properties. They also had more essential amino acids, especially umami and sweet amino acids. The content of pyrazine compounds was higher, giving a unique fragrance. This new drying method is well-suited for Agaricus bisporus production.
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