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Abstract

Mushrooms are highly perishable commodities due to their high moisture content and enzymatic activity, necessitating efficient 

postharvest preservation strategies. This study comprehensively evaluates traditional methods such as drying, canning, and 

refrigeration alongside contemporary technologies, including ultrasound-assisted immersion freezing, non-thermal plasma 

treatment, antimicrobial surface decontamination, and advanced packaging systems. Additionally, the antioxidant ergothioneine 

(EGT) was explored for its cytoprotective and anti-browning properties. Button mushrooms (Agaricus bisporus) were subjected to 

ultrasound treatments at different power intensities and stored under modified atmosphere packaging (MAP). Quality metrics such as 

weight loss, texture, pH, soluble solids, and color changes were analyzed. Application of EGT significantly reduced browning and 

improved postharvest stability. Integrating multiple preservation technologies demonstrated synergistic effects in prolonging 

mushroom shelf life under commercial conditions.
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INTRODUCTION

Button mushrooms (Agaricus bisporus) are among the most 

widely cultivated and consumed mushrooms worldwide due 

to their culinary versatility and rich nutritional profile. They 

are a source of essential nutrients, such as B vitamins, dietary 

fiber, minerals, and bioactive compounds like ergothioneine 

(EGT), which have been linked to numerous health benefits 

[1-2]. Despite their popularity, mushrooms exhibit a short 

postharvest shelf life due to their high respiration rate, 

delicate tissue structure, and susceptibility to enzymatic

browning and microbial spoilage [3-4]. Traditional 

preservation approaches, such as drying, canning, and cold 

storage, have been widely used to extend the shelf life of 

mushrooms. These methods can reduce microbial growth and 

moisture content but often compromise mushrooms' sensory 

and nutritional qualities [5-6]. While effective in slowing 

deterioration, these methods alone are insufficient to 

preserve the fresh-like attributes over extended periods. 

Therefore, there is a growing demand for advanced 

preservation strategies that are efficient, cost-effective, and 

capable of maintaining product integrity. Emerging non-

thermal technologies, including ultrasound-assisted 

freezing, pulsed electric fields, plasma treatment, and 

modified atmosphere packaging (MAP), have gained 

attention in recent years for their potential in postharvest 

applications [9-11]. Ultrasound-assisted freezing can 

enhance the freezing rate, resulting in smaller ice crystals and 

less cellular damage, while MAP can regulate oxygen and 

carbon dioxide levels to reduce respiration and oxidative 

browning. These technologies, when combined, offer 

promising solutions for enhancing the postharvest stability 

of mushrooms [12-13]. Ergothioneine, a unique thiol-

containing antioxidant naturally synthesized by fungi and 

bacteria, is highly stable under oxidative conditions and 

offers protective effects against oxidative stress and cell 

damage [14-15]. 
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2. Materials and Methods

2.1 Sample Procurement and Preparation: Uniform-sized, 

healthy button mushrooms were sourced from Mallard 

Mushroom Cultivation and Industry (Karaj, Iran) and 

Fungorobica Srl (Cenate Sotto, Italy). The mushrooms, 

selected from the second flush with 40–50 mm cap diameter, 

were stored at 4 °C and 75 ± 2% relative humidity for 24 hours 

before analysis.

2.2 Ultrasound-Assisted Freezing Protocol: A 24 kHz 

ultrasonic processor (UPT400, FAPAN, Iran) was used for UIF. 

Mushrooms were immersed in 97% ethanol, maintained at 

−20 °C with 2 L/min coolant flow. A K-type thermocouple 

monitored internal temperatures recorded every 10 seconds. 

Samples underwent UIF at 50–400 W (FDC and HDC) and 

were frozen until −15 °C, then stored at −18 °C.
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Although it has been studied in the context of meat and 

seafood products, its application in mushroom preservation 

is relatively new. Recent evidence suggests that EGT 

treatment can inhibit polyphenol oxidase activity, reduce 

browning, and maintain textural and color quality in 

postharvest mushrooms [16-17]. This review explores the 

synergistic use of EGT, MAP, and ultrasound freezing to 

develop an integrated strategy for shelf-life extension in 

button mushrooms.

2.3 Modified Atmosphere Packaging: MAP samples were 

sealed using a tabletop vacuum machine (E100) fitted with a 

MAP mix 9001 gas mixer. Optimal gas composition was 15% 

O2, 5% CO2, and 80% N2. Packages were analyzed every two 

days using a Hewlett-Packard 5890 gas chromatograph with a 

TCD detector. Packaging material consisted of multilayer 

PET/coating/LLDPE film with a 0.5 µm oxygen barrier layer 

laminated with linear low-density polyethylene (Metalvuoto 

Spa, Italy).

2.4 Temperature Variation Studies: Mushrooms stored at 

25 °C showed deterioration within four days across all 

techniques. Visual defects included color changes, textural 

degradation, and microbial spoilage. Samples stored at 4 °C 

retained marketable quality for over a week, especially those 

treated with UIF and MAP.

2.5 Quality Evaluation Parameters: Post-treatment 

evaluations included:

● Weight Loss (%): Mass change before and after thawing.

● Texture Profile Analysis: Hardness, chewiness, 

gumminess, and fracturability using texture analyzer.

● pH and TSS: Measured via calibrated pH meter and 

refractometer.

● Color Metrics: Total color difference (ΔE), whiteness index 

(WI), yellowness index (YI), and browning index (BI) were 

quantified using a colorimeter. Photographs were taken 

before and after thawing to aid color evaluation. Each 

treatment was conducted in five replicates for statistical 

reliability.

3. Results and Discussion

3.1 EGT as a Natural Preservative: Ergothioneine, 

synthesized by certain fungi, offers significant antioxidant 

and cytoprotective activity by scavenging singlet oxygen and 

chelating transition metals. Compared to conventional 

antioxidants like ascorbic acid and cysteine, EGT 

demonstrates greater stability under oxidative stress. Studies 

have highlighted EGT's efficacy in preserving meat color and 

reducing melanosis in seafood. However, its application in 

mushroom preservation is novel. Treatment with 0.12 mmol 

L⁻¹ EGT successfully delayed browning and maintained post 

harvest quality in button mushrooms.

3.2 Ultrasound-Enhanced Freezing: High ultrasound 

intensities (300–400 W) accelerated freezing and preserved 

mushroom microstructure. UC300 maintained textural 

integrity, confirming uniform crystallization. Post-Thaw 

Weight Loss in Mushrooms subjected to ultrasonication 

exhibited significantly lower weight loss compared to control 

s a m p l e s . E n h a n ce d  n u c l e a t i o n  a n d  u n i fo r m  i ce 

crystallization contributed with minimal internal cellular 

damage. 
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Such multimodal approaches outperform individual 

preservation technologies, especially under refrigerated 

conditions.

3.5 Drying Techniques and Advanced Packaging: Drying 

methods such as microwave-assisted and vacuum drying 

significantly reduce moisture content while preserving 

aroma and color. Osmatic pre-treatments further improve 

drying efficiency. Table 1 summarizes drying methods and 

outcomes.

3.6 Innovative Packaging and Coating Technologies: 

Chitosan-dextran films, nanoparticle coatings, and gelatin 

layers inhibit enzymatic browning and microbial 

contamination. Certain coatings extended shelf life to 28 days 

under refrigerated storage. These materials also help retain 

mushroom respiration rate and antioxidant activity.

3.7 Comparison with Conventional Techniques: 

Conventional methods such as drying and canning 

significantly alter the physicochemical properties of 

mushrooms. In contrast, advanced techniques such as UIF, 

ozone treatment, and plasma exposure offer superior 

preservation with minimal nutrient degradation. Studies 

such as Zhou et al. (2022) and Esua et al. (2021) confirm the 

synergistic effects of ultrasonication and cold preservation in 

mitigating spoilage.

3.8 Future Innovations: Artificial intelligence (AI) systems 

can monitor gas concentrations and spoilage indicators in 

real-time, enabling smart packaging applications [19]. 

Textural Integrity explore gumminess and chewiness were 

markedly higher in UC300 and UP300 samples. The non-

invasive nature of ultrasonic waves helps maintain 

intracellular turgor, reducing post-thaw softening. Color 

Stability factor showed the lowest ΔE and BI values were 

observed in UC300-treated mushrooms, indicating minimal 

enzymatic browning. Enhanced water mobility and inhibited 

polyphenol oxidase activity likely contributed to improved 

visual quality.

3.2 MAP Impact on Storage Stability: MAP maintained 

mushroom quality at 4 °C with minimal oxidative browning 

and microbial decay. At 25 °C, shelf life was limited to four 

days despite packaging, suggesting temperature dependency 

(Singh et al., 2023). The multilayer film prevented oxygen 

ingress and preserved visual quality.

3.3 Comparative Quality Assessment: UIF treatments 

reduced weight loss and better retained chewiness and 

gumminess, particularly UP200. Color retention was optimal 

in UC300, showing low ΔE and BI values.

3.4 Multimodal Approach Benefits: Integration of UIF with 

MAP and novel coatings (e.g., chitosan, aloe-vera essential 

oil) improved shelf life. Electrolyzed water and ozonation 

enhanced surface decontamination [18]. 

3.4 Combined Preservation Strategies: Ultrasound-

assisted freezing combined with EGT and MAP treatment 

synergistically extended shelf life beyond 10 days. 

Table 1. Summary of Advanced Drying Techniques for Mushrooms
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Table 2. Advanced Preservation Techniques with Mushroom Varieties

4. Conclusion

This study demonstrates that ultrasound-assisted immersion 

freezing is an effective method for enhancing the shelf life of 

button mushrooms. UIF at 200–300 W improves textural 

stability, inhibits enzymatic browning, and minimizes 

moisture loss compared to conventional freezing. Further 

integration with packaging technologies like chitosan-based 

films and AI-assisted spoilage prediction could redefine 

mushroom preservation. Future research should explore 

combined effects of non-thermal technologies and 

biopolymer coatings under commercial conditions to 

validate scalability and consumer acceptance.

Artificial Intelligence Disclaimer

The author(s) hereby declare that no generative artificial 

intelligence (AI) tools, including but not limited to large 

language models (e.g., ChatGPT, Copilot) or AI-based image 

generation software, were used in the writing, editing, data 

analysis, or figure creation of this manuscript. All content is 
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References

Thakur, M. P. (2018). Advances in post-harvest 

technology and value additions of edible mushrooms. 

Indian Phytopathology, 71(3), 303-315.

Xia, R., Hou, Z., Xu, H., Li, Y., Sun, Y., Wang, Y., & Xin, G. 

(2024). Emerging technologies for preservation and 

quality evaluation of postharvest edible mushrooms: A 

review. Critical Reviews in Food Science and Nutrition, 

64(23), 8445-8463.

Sangeeta, S., Sharma, D., Ramniwas, S., Mugabi, R., 

Uddin, J., & Nayik, G. A. (2024). Revolutionizing 

Mushroom processing: Innovative techniques and 

technologies. Food Chemistry: X, 101774.

1.

2.

3.

Faraj, A. M., & Nouri, M. (2024). Development of a 

mucilage coating including nanoencapsulated essential 

oils for extending shelf life of button mushrooms 

(Agaricus bisporus). Food Packaging and Shelf Life, 41, 

101232.

Cao, Y., Wu, L., Xia, Q., Yi, K., & Li, Y. (2024). Novel post-

harvest preservation techniques for edible fungi: A 

review. Foods, 13(10), 1554.

Dawadi, E., Magar, P. B., Bhandari, S., Subedi, S., 

Shrestha, S., & Shrestha, J. (2022). Nutritional and post-

harvest quality preservation of mushrooms: A review. 

Heliyon, 8(12).

Asdullah, H. U., Chen, F., Hassan, M. A., Abbas, A., Sajad, 

S., Rafiq, M., & Chen, Y. (2024). Recent advances and role 

of melatonin in post-harvest quality preservation of 

shiitake (Lentinula edodes). Frontiers in Nutrition, 11, 

1348235.

Guo, Y., Chen, X., Gong, P., Wang, R., Han, A., Deng, Z., .& 

Li, N. (2023). Advances in the role and mechanisms of 

essential oils and plant extracts as natural preservatives 

to extend the postharvest shelf life of edible mushrooms. 

Foods, 12(4), 801.

Guo, Y., Chen, X., Gong, P., Wang, R., Qi, Z., Deng, Z., & Li, 

N. (2023). Advances in postharvest storage and 

preservation strategies for Pleurotus eryngii. Foods, 

12(5), 1046.

Huo, J., Zhang, M., Wang, D., S. Mujumdar, A., Bhandari, 

B., & Zhang, L. (2023). New preservation and detection 

technologies for edible mushrooms: A review. Journal of 

the Science of Food and Agriculture, 103(7), 3230-3248.

4.

5.

6.

7.

8.

9.

10.

https://psr.crcjournals.org/ 
https://psr.crcjournals.org/ 


22.https://psr.crcjournals.org/ 

S. K. Priya et al., (2025) Plant Science Review

Mihrete, T. B., Workie, M. A., & Bogale, F. A. (2024). 

Applications of biotechnology for enhancing the shelf life 

of horticultural crops. Journal of Sustainable Agriculture 

and Environment, 3(3), e12121.

Abdelshafy, A. M., Luo, Z., Belwal, T., Ban, Z., & Li, L. 

(2023). A comprehensive review on preservation of 

shiitake mushroom (Lentinus edodes): techniques, 

research advances and influence on quality traits. Food 

Reviews International, 39(5), 2742-2775.

Thakur, R. R., Shahi, N. C., Mangaraj, S., Lohani, U. C., & 

Chand, K. (2021). Development of an organic coating 

powder and optimization of process parameters for shelf 

life enhancement of button mushrooms (Agaricus 

bisporus). Journal of Food Processing and Preservation, 

45(3), e15306.

Lin, Q., Lu, Y., Zhang, J., Liu, W., Guan, W., & Wang, Z. 

(2017). Effects of high CO2 in-package treatment on 

flavor, quality and antioxidant activity of button 

mushroom (Agaricus bisporus) during postharvest 

storage. Postharvest Biology and Technology, 123, 112-118.

Yan, M., Yuan, B., Xie, Y., Cheng, S., Huang, H., Zhang, W., 

... & Cao, C. (2020). Improvement of postharvest quality, 

enzymes activity and polyphenoloxidase structure of 

postharvest Agaricus bisporus in response to high voltage 

electric field. Postharvest Biology and Technology, 166, 

111230.

Guo, Y., Chen, X., Gong, P., Guo, J., Deng, D., He, G., ... & 

Chen, F. (2022). Effect of shiitake mushrooms 

polysaccharide and chitosan coating on softening and 

browning of shiitake mushrooms (Lentinus edodes) 

during postharvest storage. International Journal of 

Biological Macromolecules, 218, 816-827.

Esmaeili, Y., Zamindar, N., & Mohammadi, R. (2023). The 

effect of polypropylene film containing nano-

hydroxyapatite on Physicochemical and microbiological 

properties of button mushrooms (Agaricus bisporus) 

under Modified atmosphere packaging. Journal of Food 

Measurement and Characterization, 17(1), 773-786.

Wang, X., Huang, X., Zhang, F., Hou, F., Yi, F., Sun, X., ... & 

Liu, Z. (2022). Characterization of chitosan/zein 

composite film combined with tea polyphenol and its 

application on postharvest quality improvement of 

mushroom (Lyophyllum decastes Sing.). Food Packaging 

and Shelf Life, 33, 100869.

Zhu, B., Liu, Y., Brennan, M., Brennan, C., Qin, Y., Li, L., & 

Chen, H. (2024). Application of  antimicrobial 

nanocomposite film packaging on the postharvest quality 

and specific spoilage organisms of mushrooms (Russula 

virescens). Food Control, 155, 110056.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Guo, Y., Chen, X., Gong, P., Deng, Z., Qi, Z., Wang, R., ... & 

Chen, F. (2023). Recent advances in quality preservation 

of postharvest golden needle mushroom (Flammulina 

velutiper). Journal of the Science of Food and Agriculture, 

103(12), 5647-5658.

Palumbo, M., Attolico, G., Capozzi, V., Cozzolino, R., 

Corvino, A., de Chiara, M. L. V., & Cefola, M. (2022). 

Emerging postharvest technologies to enhance the shelf-

life of fruit and vegetables: an overview. Foods, 11(23), 

3925.

Gong, M., Zhang, T., Wu, Y., Shang, J., Su, E., Cao, Y., & 

Zhang, J. (2024). Synergizing postharvest physiology and 

nanopackaging for edible mushroom preservation. Food 

Chemistry, 141099.

Li, R. R., Zheng, Q. W., Xu, Z., Zou, Y., Wu, M. X., Pan, T., ... 

& Guo, L. Q. (2022). Quality enhancement and shelf-life 

elongation of postharvest Pleurotus tuoliensis through 

sealed packaging. Scientia Horticulturae, 305, 111416.

Hanula, M., Pogorzelska-Nowicka, E., Pogorzelski, G., 

Szpicer, A., Wojtasik-Kalinowska, I., Wierzbicka, A., & 

Półtorak, A. (2021). Active packaging of button 

mushrooms with zeolite and açai extract as an innovative 

method of extending its shelf life. Agriculture, 11(7), 653.

El Hage, R., Khalaf, Y., Abou Fayssal, S., Hammoud, M., El 

Sebaaly, Z., & Sassine, Y. N. (2021). Harvest and 

postharvest technologies. Mushrooms: Agaricus bisporus. 

CABI, Oxfordshire, 357-425.

Gholami, R., Ahmadi, E., & Farris, S. (2017). Shelf life 

extension of white mushrooms (Agaricus bisporus) by low 

temperatures conditioning, modified atmosphere, and 

nanocomposite packaging material. Food Packaging and 

Shelf Life, 14, 88-95.

Shan, Y., Li, T., Qu, H., Duan, X., Farag, M. A., Xiao, J., ... & 

Jiang, Y. (2023). Nano-preservation: An emerging 

postharvest technology for quality maintenance and shelf 

life extension of fresh fruit and vegetable. Food Frontiers, 

4(1), 100-130.

Kim, D. S., Han, K. S., Park, H. S., & Cho, J. H. (2024). 

Research trends in postharvest technologies for quality 

preservation of Flammulina velutipes during storage and 

distribution. Journal of Mushroom, 22(4), 157-166.

Parvathy Nayana, N., Ramya, C. S., Arun Kumar, T. V., 

Aradwad, P. P., Thakur, A., & Sahoo, P. K. (2024). A 

comprehensive review of postharvest quality and non-

thermal preservation techniques for functional 

mushrooms. Critical Reviews in Food Science and Nutrition, 

1-13.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

https://psr.crcjournals.org/ 
https://psr.crcjournals.org/ 


23.https://psr.crcjournals.org/ 

S. K. Priya et al., (2025) Plant Science Review

Ganjdoost, M., Aboonajmi, M., Mirsaeedghazi, H., & 

Asefpour Vakilian, K. (2021). Effects of power ultrasound 

treatment on the shelf life of button mushrooms: Digital 

image processing and microbial counting can reveal the 

effects. Food Science & Nutrition, 9(7), 3538-3548.

Pirozzi, A., Pataro, G., Donsì, F., & Ferrari, G. (2021). 

Edible coating and pulsed light to increase the shelf life 

of food products. Food Engineering Reviews, 13, 544-569.

Hosseini, A., & Moradinezhad, F. (2018). Effect of short-

term high CO2 treatment on quality and shelf life of 

button mushroom (Agaricus bisporus) at refrigerated 

storage. Journal of Horticulture and Postharvest Research, 

1(1), 37-48.

Hoffmann, T. G., Meinert, C., Ormelez, F., Campani, M., 

Bertoli, S. L., Ender, L., & de Souza, C. K. (2023). Fresh 

food shelf-life improvement by humidity regulation in 

domestic refrigeration. Procedia Computer Science, 217, 

826-834.

Ali, A., Yeoh, W. K., Forney, C., & Siddiqui, M. W. (2018). 

Advances in postharvest technologies to extend the 

storage life of minimally processed fruits and vegetables. 

Critical reviews in food science and nutrition, 58(15), 2632-

2649.

Oliveira, F., Sousa-Gallagher, M. J., Mahajan, P. V., & 

Teixeira, J. A. (2012). Development of shelf-life kinetic 

model for modified atmosphere packaging of fresh sliced 

mushrooms. Journal of Food Engineering, 111(2), 466-473.

36.

37.

38.

39.

40.

41.

Ye, S., Chen, M., Liu, Y., Gao, H., Yin, C., Liu, J.,. & Zhang, 

Y. (2023). Effects of nanocomposite packaging on 

postharvest quality of mushrooms (Stropharia 

rugosoannulata) from the perspective of water migration 

and microstructure changes. Journal of Food Safety, 43(4), 

e13050.

Xiao, G., Zhang, M., Shan, L., You, Y., & Salokhe, V. M. 

(2011). Extension of the shelf-life of fresh oyster 

mushrooms (Pleurotus ostreatus) by modified 

atmosphere packaging with chemical treatments. 

African Journal of Biotechnology, 10(46), 9509-9517.

Aday, M. S. (2016). Application of electrolyzed water for 

improving postharvest quality of mushroom. LWT-Food 

Science and Technology, 68, 44-51.

Hu, Y. H., Chen, C. M., Xu, L., Cui, Y., Yu, X. Y., Gao, H. J., ... 

& Chen, Q. X. (2015). Postharvest application of 4-

methoxy cinnamic acid for extending the shelf life of 

mushroom (Agaricus bisporus). Postharvest Biology and 

Technology, 104, 33-41.

Wu, W., Ni, X., Shao, P., & Gao, H. (2021). Novel packaging 

film for humidity-controlled manipulating of ethylene 

for shelf-life extension of Agaricus bisporus. Lwt, 145, 

111331.

Lagnika, C., Zhang, M., Nsor-Atindana, J., & Bashari, M. 

(2014). Effects of ultrasound and chemical treatments on 

white mushroom (Agaricus bisporus) prior to modified 

atmosphere packaging in extending shelf-life. Journal of 

Food Science and Technology, 51, 3749-3757.

30.

31.

32.

33.

34.

35.

https://psr.crcjournals.org/ 
https://psr.crcjournals.org/ 

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

