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Preface

It gives us immense pleasure to present Sustainable Food Innovations: Product
Development, Packaging, and Waste Valorization, an edited volume bringing
together the research contributions addressing important contemporary challenges
and opportunities in sustainable food processing, food product development,
packaging, and resource valorization.

The food sector increasingly needs to meet growing demand for nutritious, safe,
affordable, high-quality foods while using natural resources efficiently and reducing
food and agricultural waste. Sustainable food innovation therefore requires
approaches that integrate product development, nutritional improvement, efficient
processing, waste reduction, value addition, and environmentally responsible
packaging.

The book comprises fourteen chapters covering diverse themes. These include food
applications for addressing celiac disease, techno-economic evaluation of wheat
bran for fibre-rich food products, rice straw for sustainable packaging, utilization of
underexplored banana species, food allergen reduction using cold plasma, and the
nutritional and functional potential of tangerine peel waste.

Several chapters emphasize the valorization of underutilized crops and food
resources. The volume includes studies on Tardi (Dioscorea bellophylla) starch,
amla cultivars, multi-millet formulations, bitter gourd, jute leaves, asparagus bean
flour, dietary-fibre recovery, and bioactive compounds from stinging nettle. These
contributions show the potential of diverse plant resources and food-processing
residues as sources of nutrients, functional ingredients, bioactive compounds, and
value-added food products.

The book also highlights sustainable packaging and innovative processing
technologies. Converting rice straw into packaging materials offers a way to create
value from agricultural residue, while starch-based antimicrobial films show the
potential of renewable materials for functional packaging applications. Other
contributions address cold plasma treatment, drying technologies, extraction
processes, and hydrothermal recovery of dietary fibre.

An important feature of this volume is its multidisciplinary approach, bringing
together perspectives from food technology, food engineering, agricultural sciences,
nutrition, biotechnology, materials science, and related disciplines.

We hope that “Sustainable Food Innovations: Product Development, Packaging,
and Waste Valorization” will serve as a useful reference for researchers,
academicians, postgraduate and doctoral students, food technologists, engineers,
industry professionals, and other stakeholders.

We sincerely thank all the authors, reviewers, institutions, colleagues, students, and
supporters whose contributions have made this volume possible.

K. Prasad, S. Shekhar, and H. K. Sharma (Editors)
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In-situ cold plasma treatment for removing food
allergens - A short review of effectiveness,
mechanisms and implementation strategies

Anisha'” and Yogesh Kumar

Abstract. Cold plasma (CP) is an effective technique for reducing food allergen
antigenicity, with studies showing reductions of more than 50% in specific allergen
proteins. In recent decades, CP has been explored to reduce the IgE-reactivity of major
food allergens (peanut, milk, egg, shrimp, soy, wheat, sesame) by generating reactive
oxygen and nitrogen species that modify protein structures by oxidizing amino acids,
forming new disulfide bonds, altering secondary protein structures and increasing
surface hydrophobicity. The in-situ approach, or direct plasma exposure of grains, nuts,
or seeds in their natural state, eliminates the need for chemical, enzymatic, or wet
pretreatments. It also significantly reduces material-handling costs and losses.
Therefore, this short review explores recent studies to assess evidence of allergenicity
reduction, the physicochemical mechanisms, and practical strategies for in situ cold
plasma implementation.
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1 Introduction

Food allergies are an increasing public-health and food-industry challenge,
affecting approximately 2—10% of the population and contributing to severe
allergic reactions. Common food allergens include proteins from milk (casein,
whey), eggs (ovalbumin, ovomucoid), peanuts, tree nuts, soy, wheat (gliadin),
fish, and shellfish. These allergens can provoke immune responses even at
trace levels, making effective mitigation strategies crucial for public safety and
food industry compliance. Traditionally, processing methods like thermal
processing, hydrothermal processing, soaking, enzymatic hydrolysis, and
fermentation have been used to reduce allergenicity (Gull et al., 2016a; Gull et
al., 2015, 2016b, 2017; Kaur and Prasad, 2024; Kaur et al., 2021; Kaur et al.,
2024). Heat treatments can denature proteins but may not eliminate
allergenicity completely and can negatively affect nutritional and sensory
quality. Enzymatic hydrolysis or fermentation can damage allergenic proteins
but may leave residual allergenic fragments and can alter product texture and
flavor (Garcia Arteaga et al., 2022). Chemical treatments, which can target
specific proteins, are sometimes effective but raise concerns about safety,
regulatory approval, and consumer acceptance. Overall, these methods offer a
reduction in allergenicity but can deteriorate nutritional or sensory attributes
and are not effective across all allergens or matrices (Narciso et al., 2024). In
this context, in situ cold plasma (CP) treatment has emerged as a promising
non-thermal technology that can modify allergenic proteins without
compromising food quality (Kaur et al., 2022; Shekhar et al., 2025). CP
generates reactive species (reactive oxygen and nitrogen species) that interact
with proteins to alter their structure, reduce immunoreactivity, and inactivate
allergens. CP treatment does not need water, can maintain low temperature and
can also inactivate microbes and modify biomolecules through short-lived
reactive species (Zhang et al., 2021). In the context of allergen control, CP
have been reported to reduce IgE binding (antigenicity) and the capacity to
trigger immune responses (allergenicity) while preserving food quality (Cheng
et al., 2023). Therefore, this short review examines current evidence on the
effectiveness of in situ cold plasma for allergen reduction, explores the
underlying molecular mechanisms, and discusses implementation strategies
for practical application in the food industry.
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6. Conclusion

Cold Plasma has emerged as a promising non-thermal technology for

reducing the allergenicity of major food proteins such as those found in

peanuts, soy, milk, eggs, cereals, and shellfish. Recent studies show that CP

can reduce IgE-binding capacity by 30% to over 75%, depending on the food

matrix, treatment parameters, and plasma type. The underlying mechanisms

include oxidation of amino acid residues, disruption of secondary structures,

disulfide bond formation, and protein aggregation, all of which contribute to

masking or destroying allergenic epitopes. From a practical standpoint,

in-situ CP treatment offers several advantages over conventional methods:

e It avoids chemical or enzymatic pretreatments, reducing cost and
complexity.

e It preserves nutritional and sensory quality better than heat or chemical
approaches.

e It can be integrated into existing processing lines through modular plasma
reactors (DBD, APPJ, plasma bubbling).

e In-package CP treatment provides additional safety by minimizing
recontamination risks.

However, successful industrial adoption requires careful optimization of

parameters such as gas composition, exposure time, and moisture levels to

balance allergen reduction with product quality. Regulatory acceptance will

depend on standardized dose metrics, validated allergen quantification

methods, and clinical evidence of reduced allergenic risk.
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