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INTRODUCTION 

We had the great honor of 8th International Conference on Innovative Academic Studies ICIAS 2026. 

It was truly a great pleasure for us to greet a lot of participants from many different countries to attend 

ICIAS 2026! We firmly believe that the conference will become an important international event in the 

field of cross-industry discussion about innovations in Academic Studies. 

Three cooperating organizations supported the two-day conference. There were 223 papers accepted 

for presentation at ICIAS 2026, contributed from different countries. We had plenary speeches and 

several well-known scientists and experts, to give invited talks at different sessions. 

The purpose of ICIAS 2026 was to provide a forum for the participants to report and review innovative 

ideas, with up-to-date progress and developments, and discuss novel approaches to the application in 

the field of their own research areas and discuss challenges of doing science. 

We sincerely hope that the exchange of ideas on doing research, science and improving education will 

help the participants, and international cooperation sharing the common interest will be enhanced. 

On behalf the Organization Committee of ICIAS 2026, we would like to heartily thank our cooperating 

organizations for all they have done for the conference. We would also like to thank the authors for their 

contribution to the proceedings; the participants and friends of ICIAS 2026, for their interest and efforts 

in helping us to make the conference possible; and the Editorial boards for their effective work and 

valuable advice, especially the ICIAS 2026 secretariat and the ICIAS 2026 staff, for their tireless 

efforts and outstanding services in preparing the conference and publishing the Proceedings. 

Publisher: All Sciences Academy 
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Abstract – Cold plasma technology represents a novel, non-thermal preservation approach with 

considerable promise for improving the microbial safety and quality of seafood. Unlike conventional 

preservation methods, cold plasma generates reactive oxygen and nitrogen species that interact with 

microbial membranes, leading to structural disruption and subsequent inactivation. This mechanism ensures 

effective microbial control while maintaining the sensory and nutritional attributes of seafood products. 

Surface decontamination of fresh fish fillets and in-package treatments are highlighted as practical 

strategies that extend shelf life and enhance food safety. Beyond microbial inactivation, the potential 

influence of cold plasma on lipid oxidation and protein integrity is discussed, underscoring the need for 

process optimization to balance efficacy with product quality. Commercial sustainability requires 

addressing challenges such as treatment uniformity, scalability, and energy efficiency. Moreover, 

integration with complementary preservation techniques, including edible coatings and modified 

atmosphere packaging, may provide synergistic benefits. Overall, cold plasma technology offers a 

sustainable and environmentally compatible solution that aligns with consumer demand for minimally 

processed seafood. Its successful industrial adoption will depend on further research into process 

standardization, regulatory frameworks, and consumer acceptance. This work provides a comprehensive 

overview of cold plasma applications in seafood preservation, emphasizing its potential as a transformative 

tool in modern food safety management, while examining the principles of cold plasma generation and its 

antimicrobial action with particular attention to applications in seafood processing. 
 
Keywords – Cold plasma, food safety, microbial inactivation, shelf life extension, sustainable technology 

 

I. INTRODUCTION 

Seafood is highly valued for its nutritional quality, yet its rapid perishability poses significant challenges 

for food safety and shelf life extension [1], [2]. To address these challenges, a wide range of traditional 

preservation methods—such as salting, canning, refrigeration, freezing, fermentation, superchilling, drying, 

smoking, frying, pickling/marinating, and pasteurization—have been employed. While these techniques 

can maintain product stability for a certain period, they often compromise sensory and nutritional attributes. 

In parallel, modern preservation technologies including microwave processing, ultrasound, pulsed electric 

fields (PEF), irradiation, high hydrostatic pressure (HHP), microfluidization, and the use of natural 

preservatives (plant and algal extracts, biodegradable polymers, bioactive polysaccharides and biopeptides 

derived from marine sources or seafood by-products) have been investigated. Packaging innovations such 

as modified atmosphere packaging (MAP), active packaging (AP), intelligent packaging (IP), vacuum 

packaging (VP), and retort packaging (RP), together with nanotechnology-based approaches, have further 

expanded the toolbox for seafood preservation. These advanced methods not only improve microbial safety 

but also enhance sensory and organoleptic properties, thereby contributing to extended shelf life and overall 

product quality. Nevertheless, despite significant progress, optimization and integration of these 

technologies remain essential to ensure commercial feasibility and consumer acceptance [3], [4]. 
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In recent years, cold plasma technology has attracted considerable attention as a non-thermal and 

environmentally friendly preservation method. Its advantages include low cost, short processing time, and 

the absence of heat requirements, making it particularly suitable for maintaining the sensory and nutritional 

quality of seafood [5]. 

Plasma, first described by Sir William Crookes in 1879 and later recognized as the “fourth state of matter,” 

consists of ionized gases containing electrons, ions, neutral atoms, and excited molecules. Cold plasma is 

generated at near-room temperatures, with gas temperatures around 300–400 K and electron temperatures 

reaching 10⁴–10⁵ K (1–10 eV), creating a thermodynamic imbalance that enables the formation of reactive 

oxygen and nitrogen species (ROS/RNS). These reactive species, together with UV photons and charged 

particles, interact with microbial cell membranes, proteins, and nucleic acids, leading to effective 

inactivation of spoilage and pathogenic microorganism [6]. 

Beyond seafood preservation, cold atmospheric plasma has been applied in diverse fields such as surface 

decontamination, medical device sterilization, microelectronics, and packaging material modification [7]. 

Within the broader scopes of engineering and biotechnology, notable applications of atmospheric cold 

plasma (ACP) include waste management, material modification, medicine, and agriculture. These 

multidisciplinary applications underline ACP’s versatility as a sustainable technology, bridging food 

science with industrial and biomedical innovations [8]. 

In the context of food safety, its potential lies in extending shelf life, ensuring microbial control, and 

meeting consumer demand for minimally processed, high-quality products. Cold plasma has been 

increasingly recognized not only as a microbial inactivation tool but also as a sustainable preservation 

strategy that aligns with current consumer expectations for minimally processed foods. Recent reviews 

emphasize its versatility across different food categories, including fruits, vegetables, meat, poultry, and 

seafood, where it has demonstrated efficacy in reducing microbial loads while preserving sensory and 

nutritional attributes [9]–[11]. Furthermore, its integration into packaging systems has opened new avenues 

for active and intelligent packaging solutions, thereby enhancing food safety and extending shelf life in a 

cost-effective and environmentally responsible manner [12], [13]. 

Despite these promising outcomes, several challenges remain regarding the optimization of plasma 

parameters, scalability, and regulatory acceptance. Studies have highlighted the need for standardized 

protocols to ensure reproducibility and industrial feasibility, as well as comprehensive assessments of 

potential impacts on food quality and safety [14], [15]. Addressing these issues will be critical for the 

broader adoption of cold plasma technology in seafood preservation and the food industry at large, 

establishing it as a key innovation in sustainable food processing. Accordingly, the present study aims to 

evaluate the potential of cold plasma technology in seafood preservation, with a particular focus on 

microbial safety, oxidative stability, and sensory quality. By integrating recent advances in plasma 

applications with the specific challenges of seafood perishability, this work seeks to contribute to the 

optimization of sustainable preservation strategies and provide insights into their commercial feasibility.  
 

II. COLD ATMOSPHERIC PLASMA: APPLICATIONS IN THE FOOD INDUSTRY 

Plasma, often referred to as the fourth state of matter, is an ionized gas mixture composed of electrons, 

ions, radicals, excited atoms, and molecules. Its ability to form filaments, beams, or double layers under 

magnetic fields confers unique physicochemical properties distinct from solids, liquids, and gases [16]–

[20].  

Based on thermodynamic equilibrium, plasma is classified into thermal plasma and low-temperature 

plasma. Thermal plasma (~10,000 K) involves complete equilibrium among charged and neutral species, 

but its extreme temperature and pressure make it unsuitable for food processing. Low-temperature plasma 

includes quasi-equilibrium plasma (100–150°C), where gas molecules and electrons are balanced, and non-

equilibrium plasma (<60°C), where electrons remain highly energetic while neutral particles rapidly cool. 

The latter condition, known as cold atmospheric plasma (CAP), is particularly relevant for food 

applications. CAP is typically generated using gases such as air, oxygen, nitrogen, argon, or helium, though 

ambient air is often preferred for cost-effectiveness [21]–[23]. Due to its richness in oxygen and nitrogen, 
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air plasma predominantly contains reactive oxygen species (ROS) and reactive nitrogen species (RNS), 

which are central to its antimicrobial activity [24]–[27]. CAP operates at gas temperatures of 300–400 K, 

with electron temperatures ranging between 10⁴–10⁵ K (1–10 eV), while ion temperatures remain close to 

room temperature. This non-equilibrium state enables microbial inactivation without thermal damage to 

food matrices [7], [28], [29]. 

 

 
 

Fig. 1 Principle of cold atmospheric plasma (CAP) generation and its interaction with food surfaces [30]. 

 

The potential of CAP for surface decontamination was first demonstrated by Laroussi in 1996, marking 

a milestone in plasma research for food safety [21], [31]. Since then, CAP has been increasingly recognized 

as an innovative non-thermal approach to enhance microbial safety and preserve the quality of meat, 

poultry, and seafood products. Beyond food preservation, CAP has found applications in packaging 

innovations, medical sterilization, and industrial processing, underscoring its multidisciplinary scope and 

sustainability [32]-[34]. 

Cold atmospheric plasma thus represents a sustainable and versatile innovation, bridging food science 

with industrial and biomedical practice, and offering transformative potential for the future of sustainable 

food production. 
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Fig. 2 Cold plasma technology: applications and impacts on food quality [35]. 

 

 

Meat and Poultry 

Cold atmospheric plasma (CAP) has emerged as a promising non-thermal technology for improving the 

safety and quality of meat and poultry products. Its antimicrobial efficacy is primarily attributed to the 

generation of reactive oxygen and nitrogen species (RONS) and ultraviolet (UV) radiation, which induce 

structural damage in microbial membranes and nucleic acids, thereby inhibiting microbial growth. Beyond 

pathogen reduction, CAP treatments have consistently demonstrated the ability to lower microbial 

contamination without significantly altering texture, color, or flavor, making them particularly suitable for 

minimally processed meat products Recent investigations further highlight CAP as an innovative approach 

for producing nitrite-reduced meat products, a development that aligns with consumer demand for healthier 

and more sustainable alternatives In addition to microbial safety, CAP influences several quality parameters 

of meat. Studies report variable effects on color stability, pH value, and lipid oxidation, depending on 

treatment conditions. While prolonged exposure may accelerate lipid peroxidation and compromise sensory 

attributes, optimized plasma parameters have been shown to maintain oxidative stability and extend shelf 

life. CAP as a valuable non-thermal preservation tool that not only enhances microbial safety but also 

supports innovative strategies for quality retention and sustainable meat production [36]-[40]. 

 

Fruits and Vegetables 

Cold atmospheric plasma (CAP) has been successfully applied to fresh produce as a non-thermal 

decontamination method, effectively reducing microbial contamination on surfaces, extending shelf life, 

and maintaining freshness. This approach is particularly advantageous for minimally processed fruits and 

vegetables, where conventional thermal methods often compromise sensory and nutritional quality. Recent 

studies highlight CAP’s effectiveness in reducing pathogenic and spoilage microorganisms while 

preserving color, texture, and nutritional attributes [41]. Bakla and Bağcı [42] demonstrated that CAP 

treatment of fresh-cut carrots significantly reduced microbial loads and maintained physicochemical and 

nutritional properties during storage. In addition, CAP has shown promising results in tropical and berry 

fruits. For example, plasma-activated water treatment of mango inhibited microbial growth, retarded lipid 
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peroxidation, and delayed quality loss, thereby preserving firmness, acidity, and soluble solids content [43].  

Similarly, dielectric-barrier discharge CAP applied to strawberries maintained textural qualities, suppressed 

microbial proliferation, and enhanced the accumulation of bioactive compounds such as flavonoids, 

anthocyanins, and phenolics [44]. In pitaya, CAP treatment improved antioxidant activity, promoted 

phenolic accumulation, and inhibited aerobic microorganisms, resulting in enhanced microbial safety and 

nutritional quality [45]. 

 

Other Food Categories 

Beyond meat, seafood, and fruits and vegetables, cold atmospheric plasma (CAP) has also been 

investigated in other food categories. Cold atmospheric plasma (CAP) has emerged as a promising green 

technology for improving both the safety and quality of cereal grains and their processed products [46], 

[47]. Beyond its ability to modify rheological properties and reduce wheat allergenicity, CAP has been 

shown to influence hydration, enzyme activity, and nutritional composition. Jaddu et al. [48] reported that 

CAP treatment can alter water absorption, enhance γ-aminobutyric acid (GABA) content, and reduce anti-

nutritional factors, thereby improving the functional and nutritional profile of cereals. Wannicke et al. [49] 

reported that cold plasma (CD) plasma treatments achieved reductions of Bacillus atrophaeus spores in 

barley and wheat, with mean inactivation levels of approximately 0.6–0.8 log CFU/mL depending on 

exposure time and plasma type.   

Cold atmospheric plasma (CAP) has been increasingly applied to dairy systems, with significant 

implications for protein structure and functionality. Sharma and Singh [50] highlighted that CAP treatment 

of dairy proteins enhances gelation, emulsification, and foaming performance, positioning CAP as a tool 

for functional improvement in milk-derived products. Similarly, Hanan et al. [51] reviewed CAP’s impact 

on plant-based milk analogues, noting improvements in protein solubility, viscosity, and nutritional quality, 

which broadens CAP’s relevance beyond traditional dairy. Akbar et al. [52] further emphasized CAP’s role 

in protein conformational changes in egg white systems, underscoring its potential for sustainable food 

applications across diverse protein matrices. 

Cold atmospheric plasma (CAP) has been increasingly studied as a non-thermal preservation method for 

fruit-based beverages. Waghmare et al. [53] CAP’s potential to reduce microbial loads while preserving 

sensitive nutrients such as vitamin C, making it a promising alternative to conventional thermal processing.  

Pohl et al. [54] presented a case study on cold plasma-treated fruit and vegetable juices, noting both positive 

and negative changes. On the positive side, CAP effectively inactivated spoilage microorganisms and 

retained nutritional compounds. Kumar et al. [55] investigated kiwifruit juice, showing that CAP treatment 

can modify physicochemical parameters (pH, viscosity), preserve nutritional compounds (vitamin C, 

phenolics), and improve microstructure and rheological properties, while maintaining acceptable sensory 

attributes. Kaur et al. [56] provided a comprehensive review on CAP applications in fruit juices, 

emphasizing its role in microbial inactivation, enzyme activity reduction, and retention of bioactive 

compounds. They highlighted that CAP can extend shelf life without the detrimental thermal effects 

associated with conventional pasteurization.  

 

 

Seafood Preservation 

Cold atmospheric plasma (CAP) has shown significant promise in extending the shelf life of seafood by 

effectively inactivating spoilage and pathogenic [57], [58]. Its non-thermal nature helps preserve the 

delicate sensory attributes and nutritional quality of fish, shellfish, and crustaceans [59], [60]. Advantages 

include its ability to achieve rapid microbial inactivation, targeting critical pathogens such as Listeria 

monocytogenes, Salmonella spp., and Escherichia coli, without causing thermal damage to delicate seafood 

matrices. CAP also delays lipid oxidation, reduces enzymatic activity, and preserves sensory attributes such 

as flavor, texture, and color. Furthermore, its chemical-free nature aligns with sustainability goals, reducing 

reliance on synthetic preservatives and supporting consumer demand for minimally processed products 

[61]. Chauhan et al. [62] emphasize that CAP generates reactive oxygen and nitrogen species, which disrupt 

microbial membranes and biofilms, thereby enhancing food safety without chemical additives. In packaging 
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applications, CAP can be integrated into modified atmosphere systems or applied directly to packaging 

films, resulting in improved barrier properties and surface decontamination. This dual role not only extends 

refrigerated shelf life but also reduces reliance on synthetic preservatives. Moreover, CAP exposure has 

been shown to delay lipid oxidation and stabilize protein structures, ensuring the retention of flavor, texture, 

and color in fish fillets. CAP represents a transformative innovation in fish preservation, bridging microbial 

safety, oxidative stability, and consumer demand for minimally processed, high-quality seafood. Its 

integration into packaging systems underscores the potential for holistic preservation strategies, combining 

safety, sustainability, and product integrity. 

 

III. CONCLUSION 

Cold plasma represents a transformative innovation in seafood preservation, combining microbial safety, 

oxidative stability, and sensory quality retention. Evidence from recent studies demonstrates its ability to 

inactivate critical pathogens, delay lipid oxidation, and stabilize protein structures, thereby extending shelf 

life while maintaining nutritional integrity. Its non-thermal and chemical-free nature aligns with 

sustainability goals, reducing reliance on synthetic preservatives and supporting consumer demand for 

minimally processed, high-quality seafood. Nevertheless, CP’s effectiveness remains matrix-dependent, 

and optimization of plasma parameters is essential to avoid undesirable changes in texture or flavor. 

Challenges related to scalability, regulatory acceptance, and consumer perception must be addressed to 

facilitate industrial adoption. 

In conclusion, CP offers a promising, sustainable alternative to conventional seafood preservation 

methods. Its integration into packaging systems and processing lines underscores its potential for holistic 

preservation strategies, bridging safety, sustainability, and product integrity. Future research should focus 

on standardization, sensory evaluation, and industrial-scale validation to fully realize CAP’s potential in 

the seafood industry. 
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