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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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Hydrothermal treatment for the recovery of
dietary fiber

Rishabh Thakur'® and Harish Kumar Sharma

Abstract. Hydrothermal treatment has emerged as a green and versatile technology
to recover DF from food and food by-products. This chapter critically examines the
application of hot-water, subcritical water, steam-explosion, saturated steam, and
autoclaving for the recovery of DF. The use of high temperature and pressure
facilitates matrix hydration and swelling, improves heat and mass transfer, disrupts
non-covalent interactions, and cleavage of glycosidic/ ester linkages. Studies showed
that the severity of hydrothermal treatment governs the fiber recovery, conversion of
insoluble fiber into soluble fraction, and degradation into oligosaccharides. The mild
hydrothermal treatment (hot-water) promotes dissolution and diffusion, whereas
subcritical water and steam explosion induce extensive depolymerization and
microstructural disruption in the polysaccharide matrix. On the other hand,
autoclaving emerged as an intermediate treatment that combines moist heat, moderate
pressure, and partial hydrolysis. In the present chapter, we summarize the research
performed so far and compare the extraction yield, compositional change, and
functional outcomes of the DF obtained after different hydrothermal treatments.
Future studies should be performed on matrix-specific optimization of hydrothermal
process conditions and its integration with other DF extraction techniques.

Keywords: Hydrothermal treatment; dietary fiber extraction; subcritical water;
steam-explosion; autoclaving.

R. Thakur and H. K. Sharma (&)

Department of Food Engineering and Technology, SLIET, Longowal-148106,
Punjab, India

email: hksharma(@sliet.ac.in

© The Author(s), under exclusive license to SLIET, Longowal. 2026 K. Prasad et al. (eds.),
Sustainable Food Innovations: Product Development, Packaging, and Waste Valorization,
SLIET, Longowal, Punjab, INDIA.

ISBN: 978-81-990304-3-5 (Hardback), 978-81-990304-2-8 (e-Book)


mailto:hksharma@sliet.ac.in
https://orcid.org/0009-0002-9040-3219
https://orcid.org/0000-0002-8014-8130

Hydrothermal treatment for the recovery 196

1. Introduction

The complex carbohydrates (polymers) associated with plants, which exhibit
resistance to digestion in the small intestine, are referred to as dietary fiber
(DF). Essentially, DF are the plant cell wall polysaccharides (Thakur and
Sharma, 2026a). Industries and researchers have shown increasing interest in
developing DF-enriched functional foods due to a recent surge in demand for
DF. Although most horticultural produce (fruits and vegetables) is rich in DF,
people rarely meet the recommended daily DF intake. Despite high
recommended DF intake (men: 38 g and women: 25 g/day), average daily
intake is around 15 g/day (USDA, 2010). Therefore, interventions in existing
food formulations, incorporating DF into processed foods, or supplementing
existing foods with DF have become the need of the hour. Apart from
horticultural produce, cereals, and grains, the processing by-products of fruit
and vegetables, legumes, cereal grains, tuber crops, and oilseeds are also very
rich in DF (Cui et al., 2019; Hussain et al., 2020; Islam et al., 2023; Nevara
et al., 2021; Pathania and Kaur, 2022; Saini et al., 2023). Household and
processing by-products generated from fruits and vegetables (peel, pomace,
pods, seed, husk, or residues) and cereal grains (bran, husk, straw) make up
40-50% and 30% of total food waste, respectively (Plakantonaki et al., 2023).
Therefore, the extraction of high-value compounds, viz. polyphenols,
pigments, or dietary fiber from these wastes is of great significance (Kaur et
al., 2022; Prakash et al., 2024; Prakash et al., 2023; Prasad et al., 2022).
Various conventional and modern (physical, chemical, and biological)
extraction techniques are used to recover DF. Among physical approaches,
ultrasound, microwave, pulse electric field, cold plasma, hot-water
extraction, subcritical water, etc. are primarily used to extract DF (Chen et
al., 2019; Ibrahim et al., 2024; Mehta et al., 2022; Shekhar et al., 2023;
Thakur and Sharma, 2026b; Yan et al., 2019). Hydrothermal treatment
involves exposure to elevated temperatures, with or without pressure, to
physically disrupt plant cell wall polysaccharides. This approach ranges from
simple hot water to hot-compressed water (HCW), subcritical water (SW),
steam explosion, or autoclaving. Studies on hydrothermal treatment for DF
extraction are fewer. Nonetheless, hydrothermal treatment has been shown to
yield good DF yields; however, studies on DF extraction using hydrothermal
techniques remain far fewer than those on phenolics extraction.
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5. Conclusion

Hydrothermal treatments are versatile and comparatively green
techniques that can extract DF from food materials and agro-industrial
by-products. The studies conclude that hydrothermal treatment can
improve the accessibility & recovery of DF, loosen compact
polysaccharide structure, and improve the techno-functionality of the
fiber. Nevertheless, the outcome of the applied treatment depends on the
matrix and processing conditions. Under severe hydrothermal conditions,
as in SWE and steam explosion, polysaccharides are more extensively
degraded and IDF is more fully converted to SDF. The treated DF
exhibited a lower molecular weight, increasing its solubility. The chapter
also highlights the application potential of hydrothermal treatments as a
pretreatment to recover greater yields of DF.

Future research should be performed to optimize the hydrothermal
processing conditions. Matrix-specific processing conditions should be
standardized, and mass-balance analysis should be performed to
experimentally distinguish extraction, solubilization, conversion, and
degradation of DF. Moreover, the integration of hydrothermal techniques
with other techniques like ultrasonication, enzymes, acid hydrolysis,
membrane concentration, etc. needs to be explored in depth.
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