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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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An Approach to Combat Celiac Disease
through Food Applications

Neerja, Shubhra Shekhar'™', Kaushal Kishor Prasad'*, and Kamlesh Prasad

Abstract. Celiac disease (CD) is a prevalent autoimmune condition that affects a
significant portion of the population, resulting in an immune reaction to gluten that
damages the small intestine and triggers a range of symptoms. It manifests in various
ways, including gastrointestinal issues like chronic diarrhea and abdominal
discomfort, as well as extraintestinal symptoms such as dermatitis herpetiformis. The
primary treatment for CD is strict adherence to a gluten-free diet (GFD), which has
become increasingly popular among those without the disease due to perceived health
benefits. This shift has driven growth in the gluten-free product market, improving
dietary options for those with CD. Effective management of CD requires addressing
nutritional imbalances and preventing associated complications like osteoporosis and
cancer. Progress in gluten-free ingredient development and food technology plays a
crucial role in enhancing the nutritional quality of these diets and supporting overall
well-being. Continued research and innovation are essential to advance care and
improve quality of life for individuals with CD.

Keywords: Celiac disease, Celiac sprue, Gluten-sensitive enteropathy, Wheat,
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1. Introduction

Celiac disease (CD) is a chronic autoimmune condition that affects
approximately 2% of the global population, with a higher incidence among
women (Yilmaz and Polat, 2023). It can occur at any age and presents with a
wide variety of symptoms, ranging from gastrointestinal disturbances to
extraintestinal issues. Although wheat or wheat bran contains ample amounts
of fiber (Saini et al., 2023a; Saini et al., 2023b; Saini et al., 2024, 2025a, b)
but the disease is triggered by the ingestion of gluten, a protein found in
wheat, barley, and rye, which causes an abnormal immune response in
genetically predisposed individuals (Prasad et al., 2007; Prasad et al., 2010a;
Prasad et al., 2010b). This immune response results in chronic inflammation
and damage to the lining of the small intestine (Gaba et al., 2024; Jafari et al.,
2024). Central to CD pathophysiology is gliadin, a component of gluten,
which increases intestinal permeability. This process is aggravated by the
enzyme transglutaminase, which deaminates gluten into glutamic acid,
further exacerbating the inflammatory response (Alzahrani, 2024).
Historically, CD diagnoses were often delayed until patients, typically older
individuals, exhibited severe malabsorption symptoms such as weight loss,
diarrhea, or steatorrhea. Children with GI symptoms and growth issues were
sometimes diagnosed earlier (Rossi et al., 2024). The cornerstone of
managing CD is strict adherence to a gluten-free diet (GFD), which must be
maintained for life to prevent disease progression and alleviate symptoms
(Zhang et al., 2022). The rise in popularity of GFDs has been driven in part
by the “health halo” effect, the belief that GF products are inherently
healthier. This trend extends beyond individuals with CD to those without
gluten sensitivity who adopt a GFD for perceived health benefits (Papagianni
et al., 2024). The expansion of the GF food market has played a significant
role in supporting those with gluten-related disorders (Capriles et al., 2023).

1.1 Symptoms

Celiac disease manifests through a wide range of symptoms, both
gastrointestinal and extra-intestinal (Table 1; Fig. 1). Gastrointestinal
symptoms are frequently observed and include chronic diarrhea, abdominal
pain, bloating, and unintended weight loss, reflecting the disease’s impact on
nutrient absorption (Ludvigsson and Murray, 2019). Children may
particularly suffer from growth retardation due to malabsorption (Gessaroli



An Approach to Combat Celiac Disease

"

Partial villous atrophy (11a) Subtotal villous atrophy (11b)  Total villous atrophy (Lic)

Fig. 2 Modified Marsh Oburhuber classification of Celiac disease.
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and market appeal of these products. This approach will be crucial for
expanding the market and improving dietary options for individuals with
gluten sensitivities and CD (Escudero-Hernandez et al., 2015).

5. Conclusion

Celiac disease (CD) remains a complex autoimmune condition with diverse
manifestations, making diagnosis and management challenging. The disease
is triggered by an adverse immune reaction to gluten, causing damage to the
small intestine and leading to a variety of gastrointestinal and extra-intestinal
symptoms. The variability in symptom presentation complicates diagnosis
and underscores the need for more reliable, accessible diagnostic tools. The
cornerstone of treatment is a lifelong adherence to a GFD, which is crucial
for alleviating symptoms and preventing long-term complications. Although
GFDs are widely advocated, greater awareness of the disease is needed to
avoid misunderstandings and ensure effective management. The growing
market for GF products has expanded the range of options available,
improving quality of life for individuals with CD. Innovations in GF product
development, including alternative flours and advanced processing
techniques, have improved both nutritional value and sensory appeal.
However, these advancements also bring challenges related to the nutritional
adequacy and cost of GF foods. Moreover, ongoing research is essential to
address complications such as refractory CD and related conditions,
including nutrient deficiencies and the risk of malignancies. In essence, while
significant progress has been made in understanding and managing CD,
continued research and innovation are imperative. Advances in diagnostic
methods, dietary interventions, and GF food technologies are crucial for
improving patient outcomes. By addressing the challenges and leveraging
new developments, the quality of life for individuals with CD can be
substantially enhanced, providing a clearer path toward -effective
management and improved health.
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