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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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Synergistic Effect of Multi-Millet Formulation on
Polyphenol Stability and Antioxidant Potential: A
Mixture Design Approach

Parinitha’” and Jyothi Lakshmi

Abstract. Millets are increasingly recognized as functional foods owing to their rich
polyphenols and antioxidant compounds that contribute to health-promoting effects.
This study aimed to investigate the synergistic potential of multi-millet formulations
in enhancing polyphenol stability and antioxidant activity through optimized
blending. A simplex centroid mixture design approach was employed to combine
finger millet, pearl millet, and sorghum in varying ratios. Functional responses,
including total polyphenol content (TPC), total flavonoid content (TFC), DPPH
radical scavenging activity, and FRAP assay, were evaluated across experimental runs.
Results revealed that the optimized blend (53% finger millet, 28% pearl millet, 18%
sorghum) maximized TPC (639.59 mg/100g), TFC (57.17 mg/100g), and antioxidant
responses, confirming finger millet as the primary contributor. Principal component
analysis indicated a positive contribution of finger millet (0.345), whereas pearl millet
and sorghum exerted negative effects on variance. The synergy index (SI > 1)
demonstrated that optimized ratios enhanced functional properties beyond the additive
effects of individual millets. These findings confirm the potential of millet-based
formulations to deliver improved bioactivity and nutritional integrity through strategic
ratio optimization. This study provides a scientific basis for developing multi-millet
functional foods with superior health benefits.
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1. Introduction

Millets are gaining global attention as functional and sustainable food crops
because of their rich content of bioactive compounds, particularly
polyphenols and antioxidants, which contribute to their health-promoting
potential. These small-grained cereals are known for their antioxidant, anti-
inflammatory, and neuroprotective properties, making them valuable in
addressing oxidative stress-related disorders and improving overall
nutritional health (Senguttuvel et al., 2024). Despite their individual
nutritional merits, single millet varieties often have limitations in bioactive
concentration and functional efficiency compared with blended formulations.
Combining different millet species may offer synergistic interactions among
their phytochemical constituents, potentially enhancing bioactive stability
and overall antioxidant functionality beyond the additive effects of individual
grains. Such synergistic enhancement through multi-millet formulations
could contribute to the development of novel functional foods with improved
nutritional quality and health benefits.

To explore this synergistic potential scientifically, mixture design models,
particularly the simplex centroid approach, provide a structured way to
identify optimal blend ratios. These statistical designs allow systematic
evaluation of individual and interactive effects of multiple components on
key response variables, such as total polyphenol content (TPC), total
flavonoid content (TFC), and antioxidant activity.

The present study investigates the synergistic interactions among finger
millet (Eleusine coracana), pearl millet (Pennisetum glaucum), and sorghum
(Sorghum bicolor) using a simplex centroid mixture design. The objective
was to optimize blend ratios for maximum polyphenol stability and
antioxidant potential, while identifying the key contributors through principal
component analysis (PCA) and synergy index evaluation. The findings aim
to provide a scientific foundation for formulating millet-based functional
food products with enhanced bioactivity and nutritional integrity.
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synergistic enhancement in TPC, TFC, and antioxidant responses,

establishing finger millet as the dominant contributor. The simplex centroid
mixture design effectively identified interactive effects among
components, while PCA and SI analyses confirmed true synergy (SI > 1).
These results provide a strong scientific basis for developing millet-based
functional foods that combine sustainability, nutritional quality, and
enhanced bioactivity.
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