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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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Innovation in Wheat Bran Modification: A 

Techno-Economic Analysis for the Development of 

Fiber-Rich Food Products 

Praveen Saini , Akhouri Sanjay Kumar Sinha  and Kamlesh Prasad  

Abstract. Present study is on the comprehensive techno-economic analysis (TEA) for 

the commercial viability of a novel wet refining process to valorize underutilized 

wheat bran into high-value functional food products. The analysis is based on a pilot-

scale plant with a capacity of 10 kg/h of raw wheat bran (RWB), designed to produce 

two distinct consumer goods: a savoury Ready-to-Use (RTU) powder formulation and 

high-fiber cookies. The wet refining process utilized found to significantly enhance 

the nutritional profile of the bran, increasing its total dietary fiber content from 

41.63% to 70.22%.  The financial model was developed for a 10-year operational 

lifetime, incorporating conservative, market-aligned assumptions. This includes 

wholesale-realized product prices of Rs. 220/kg for the RTU powder and Rs. 180/kg 

for the cookies, a phased market ramp-up achieving a steady-state utilization of 80%, 

and a detailed operational cost structure. The results indicate a total initial capital 

outlay of Rs. 1.68 crore, inclusive of working capital. The base-case financial 

projections show the project is highly viable, with a payback period of approximately 

3.19 years, an Internal Rate of Return (IRR) of 40.2%, and a Net Present Value (NPV) 

of Rs. 2.67 crore at a 12% discount rate. A multi-variable sensitivity analysis confirms 

the project's financial resilience, demonstrating profitability even under pessimistic 

market conditions. The study concludes that the proposed venture is technically sound 

and financially robust, presenting a compelling investment opportunity. The critical 

path forward involves securing regulatory approval from the Food Safety and 

Standards Authority of India (FSSAI) for the modified bran as a novel food 

ingredient.    

Keywords: Techno-Economic Analysis (TEA), Wheat Bran Valorization, Wet 

Refining, Functional Foods, Dietary Fiber. 
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1. Introduction 

Developments have made people more aware of the importance of a healthy 

diet in preventing lifestyle-related disorders. Several factors, including 

dietary fiber, help in the improvement of gut health, control blood sugar 

levels, and reduce the risk of obesity and heart diseases (Kumar et al., 2026; 

Prasad et al., 2022; Saini et al., 2023a). Despite of abundant fiber in nature, 

many people do not get enough fiber in their daily diet (Cheng et al., 2022; 

Islam et al., 2023). To help solve this problem, two wheat bran-based fiber-

rich products can be useful: ready-to-use (RTU) fiber-rich powder and fiber-

rich cookies (Asadi et al., 2021; Indriati et al., 2021; Olawoye et al., 2017; 

Saini et al., 2025b). Wheat bran-based RTU fiber-rich powder is a convenient 

product that can be easily added to different foods. It provides a simple way 

to increase fiber intake without changing the taste or texture of meals 

(Burgos-Araiza et al., 2022; Sharma et al., 2016). It can be used by mixing 

with foods like smoothies, soups, bread, and other everyday recipes. This 

makes it an easy option for those looking to improve their fiber intake without 

making big changes to their diet. On the other hand, wheat bran-based fiber-

rich cookies offer a ready-to-eat snack option for people who want a healthier 

alternative to regular cookies. Traditional cookies are often made with refined 

flour and sugar, which provide little nutritional value. In contrast, fiber-rich 

cookies contain wheat bran, which makes them a better choice for digestion, 

weight management, and overall health (Asadi et al., 2021; Sozer et al., 

2014). These cookies are a convenient and tasty way for people to get more 

fiber in their diet. 

The demand for healthy and functional fiber rich foods is growing as more 

consumers seek nutritious and convenient food options (Prasad et al., 2008; 

Prasad and Nirgude, 2025; Ramteke and Prasad, 2026). The RTU fiber-rich 

powder is beneficial for those who prefer to add fiber to their meals, while 

fiber-rich cookies serve as an easy snack alternative. Both products have 

strong market potential as people become more conscious of their food 

choices. 

Studies on technical and economic feasibility analysis have received 

relatively much attention from academics across various industrial fields, 

including agro-based and food processing industries. Techno-economic 

feasibility is a crucial assessment that evaluates the viability of a product or 

process by integrating both technical and financial considerations. In food 
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Table 8 Sensitivity Analysis of Key Financial Metrics 

Case 

scenario 
Main changes IRR 

Payback 

period 

NPV @ 

12% (Rs) 

Best 

case 

+10% selling price, 

-10% raw material cost, 

85% utilization from yr 3 

60.3% 2.18 yrs Rs 4.97 Cr 

Base 

case 
As per model 40.2% 3.19 yrs Rs 2.67 Cr 

Worst 

case 

-10% selling price, 

+15% raw material cost, 

70% utilization from yr 2 

12.9% 9.74 yrs Rs 0.07 Cr 

4. Conclusion and Recommendations 

The techno-economic analysis of the project to produce modified wheat bran 

(MWB) functional foods confirms the technical and financial suitability. By 

incorporating conservative, market-aligned assumptions, the model 

demonstrates that the venture remains a robust and attractive investment. The 

project's key strength is the significant value addition of converting a low-

cost agricultural by-product into differentiated consumer products that cater 

to the growing health and wellness market in India. The financial metrics: 

a   payback period of approximately 3.19 years and an IRR of 40.2% are both 

representative and convincing for a pilot-scale food manufacturing project. 

The sensitivity analysis further reveals that the project has a strong margin of 

safety and does not register losses even under pessimistic market conditions. 

The project represents a significant commercial opportunity with a robust 

scientific foundation and exceptional financial promise. Careful execution of 

the pilot phase and proactive navigation of the regulatory landscape will be 

key to realizing its full potential. The financial projections clearly support 

moving forward with the Rs ~1.68 Cr investment to set up the pilot plant. To 

ensure profitability, it's essential to manage raw material costs effectively and 

maintain pricing power, this means securing a reliable supply chain and 

building a strong brand presence. At the same time, the most urgent priority 

should be obtaining regulatory approval from the Food Safety and Standards 

Authority of India (FSSAI) for the MWB as a novel food or non-specified 

food ingredient. Initiating this process immediately will be key to launching 

the product on time and gaining early market traction. 



43  Saini et al 

References 

Asadi, S.Z., Khan, M.A., Chamarthy, R.V., (2021). Development and quality 

evaluation of cookies supplemented with concentrated fiber powder from 

chiku (Manilkara zapota L.). Journal of food science and technology 

58(5), 1839-1847.  https://doi.org/10.1007/s13197-020-04695-w 

Burgos-Araiza, A.K., Gaytan-Martinez, M., Ramirez-Jimenez, A.K., de la 

Luz Reyes-Vega, M., (2022). Sensory and process optimization of a 

mango bagasse-based beverage with high fiber content and low glycemic 

index. Journal of food science and technology 59(2), 606-614.  

https://doi.org/10.1007/s13197-021-05048-x 

Cheng, W., Sun, Y., Fan, M., Li, Y., Wang, L., Qian, H., (2022). Wheat bran, 

as the resource of dietary fiber: A review. Critical reviews in food science 

and nutrition 62(26), 7269-7281.  

https://doi.org/10.1080/10408398.2021.1913399 

Indriati, A., Andriana, Y., Mayasti, N.K.I., Luthfiyanti, R., Iwansyah, A.C., 

Tribowo, R.I., Sriharti, (2021). Techno-economic analysis on cookies 

production made from Adlay (Coix lacryma-jobi) flour that supplemented 

with moringa (Moringa oleífera) leaves powder, 1 ed. IOP Publishing, p. 

012033.   

Islam, M., Saini, P., Das, R., Shekhar, S., Sinha, A.S.K., Prasad, K., (2023). 

Rice Straw as a Source of Nanocellulose Fibers for the Sustainable Food 

Packaging Materials: A Review. BioResources 18(1), 2351-2385.  

https://doi.org/10.15376/biores.18.1.Islam 

Kargupta, W., Stevenson, T., Sharman, S., Tanner, J., Batchelor, W., (2023). 

Sustainable production of nanocellulose: Technoeconomic assessment, 

energy savings and scalability. Journal of Cleaner Production 425, 

138748.  https://doi.org/10.1016/j.jclepro.2023.138748  

Kumar, S., Saini, P., Thakur, G., Shekhar, S., Prasad, K.K., Rai, A., Prasad, 

K., (2026). Bacteriophage: Against Bacterial Infections and Improving 

Overall Gut Health, Transforming Food Analysis and Control: Non-

Destructive Technologies and Innovations, editors: K Prasad, S Shekhar, 

MK Paswan, R Ahuja. SLIET Longowal.  ISBN: 978-81-990304-1-1.  

Olawoye, B., Adeniyi, D.M., Oyekunle, A.O., Kadiri, O., Fawale, S.O., 

(2017). Economic evaluation of cookie made from blend of brewers′ spent 

grain (BSG), groundnut cake and sorghum flour. Open Agriculture 2(1), 

401-410.  https://doi.org/10.1515/opag-2017-0043 

https://doi.org/10.1007/s13197-020-04695-w
https://doi.org/10.1007/s13197-021-05048-x
https://doi.org/10.1080/10408398.2021.1913399
https://doi.org/10.15376/biores.18.1.Islam
https://doi.org/10.1016/j.jclepro.2023.138748
https://doi.org/10.1515/opag-2017-0043


Innovation in Wheat Bran Modification 44 

Prasad, K., Gadhave, R.K., Kaur, R., Divyanshi, Das, R., Shekhar, S., (2022). 

Technological, Processing and Nutritional Aspects of Banana and 

Plantain: A Review. Food Science and Nutrition Technology 7(2), 1-18.   

Prasad, K., Janve, B., Prasad, K., (2008). Development and characterization 

of fiber rich functional ingredient for the formulation and optimization of 

high fiber mango jam. Journal of Gastroenterology and Hepatology 23, 

A155-A155.   

Prasad, K., Nirgude, A.B., (2025). High-Fibre Biscuit: A Nutritional Boost 

with Wheat Bran and Malted Flour (English ed, pp. 160). Scholars' Press, 

Germany. ISBN: 978-3-639-66633-5. 

Ramteke, A.L., Prasad, K., (2026). Storage stability and sorption behavior of 

fibre-enriched extruded snacks developed with chickpea husk flour. 

Journal of food science and technology.  https://doi.org/10.1007/s13197-

026-06714-8 

Saini, P., Islam, M., Das, R., Shekhar, S., Sinha, A.S.K., Prasad, K., (2023a). 

Wheat Bran as Potential Source of Dietary Fiber: Prospects and 

Challenges. Journal of Food Composition and Analysis 116, 105030.  

https://doi.org/10.1016/j.jfca.2022.105030 

Saini, P., Sinha, A.S.K., Prasad, K., (2023b). Wet refining: A novel approach 

for modification of wheat bran fiber. Innovative Food Science & 

Emerging Technologies 90, 103508.  

https://doi.org/10.1016/j.ifset.2023.103508  

Saini, P., Sinha, A.S.K., Prasad, K., (2025a). Upcycling Wheat Bran: 

Development of a Novel Fiber-Rich Functional Ingredient. Food and 

Humanity, 100879.  https://doi.org/10.1016/j.foohum.2025.100879 

Saini, P., Sinha, A.S.K., Prasad, K., (2025b). Wheat bran modification 

treatments for enhancing the quality and nutritional profile of traditional 

cookies. Discover Food 5(1), 424.  https://doi.org/10.1007/s44187-025-

00681-3 

Sharma, S.K., Bansal, S., Mangal, M., Dixit, A.K., Gupta, R.K., Mangal, 

A.K., (2016). Utilization of food processing by-products as dietary, 

functional, and novel fiber: A review. Critical reviews in food science and 

nutrition 56(10), 1647-1661.  

https://doi.org/10.1080/10408398.2013.794327 

Sozer, N., Cicerelli, L., Heiniö, R.-L., Poutanen, K., (2014). Effect of wheat 

bran addition on in vitro starch digestibility, physico-mechanical and 

sensory properties of biscuits. Journal of cereal science 60(1), 105-113.  

https://doi.org/10.1016/j.jcs.2014.01.022 

https://doi.org/10.1007/s13197-026-06714-8
https://doi.org/10.1007/s13197-026-06714-8
https://doi.org/10.1016/j.jfca.2022.105030
https://doi.org/10.1016/j.ifset.2023.103508
https://doi.org/10.1016/j.foohum.2025.100879
https://doi.org/10.1007/s44187-025-00681-3
https://doi.org/10.1007/s44187-025-00681-3
https://doi.org/10.1080/10408398.2013.794327
https://doi.org/10.1016/j.jcs.2014.01.022


PRODUCT DEVELOPMENT, PACKAGING,
AND WASTE VALORIZATION

This book presents recent research and innovative applications in sustainable food
product development, packaging and waste valorization. It explores the utilization
of biodegradable crops, food processing by-products and agricultural residues,
development of functional and specialized food products, sustainable packaging
materials, and emerging processing technologies. The chapters highlight
multidisciplinary approaches integrating food science, food engineering, nutrition,
biotechnology and materials science for resource-efficient, environmentally
sustainable and value-added food systems. The volume serves as a useful reference
for researchers, academics, students, industry professionals and Policymakers
working towards innovations in sustainable food processing, functional foods and
smart technologies.

Sustainable food product development and functional foods
Utilization of undervalued crop and food processing by-products
Agricultural residue conversion and waste valorization
Sustainable and biodegradable packaging materials
Food allergen reduction and processing technologies
Nutritional and bioactive potential of fruits, vegetables and herbs
Dietary fibre recovery and value-added ingredients
Techno-economic analysis and scalability
Innovative drying, extraction and processing methods
Applications of smart and sustainable technologies in food systems

SUSTAINABLE FOOD INNOVATIONS:

Innovations in Sustainable Food Processing,
Functional Foods and Smart Technologies

EDITORS

Mr. Shubhra Shekhar, M. Tech.
UNSW, Sydney

Sant Longowal Institute of Engineering
Longowal Technology, Longowal
Longowal – 148106, Sangrur, Punjab, INDIA

Prof. Harish Kumar Sharma, PhD

Prof.  Kamlesh Prasad, PhD

KEY TOPICS COVERED

SLIET, Longowal

SLIET, Longowal

ISBN: 978-81-990304-3-5

₹ 1,500/-


	00a Front Cover
	SUSTAINABLE FOOD
	INNOVATIONS:
	PRODUCT DEVELOPMENT, PACKAGING, AND WASTE VALORIZATION
	Innovations in Sustainable Food Processing,
	Functional Foods and Smart Technologies



	00b Pre Pages
	02 Innovation_in_Wheat_Bran_Modification
	17 Back Cover
	SUSTAINABLE FOOD INNOVATIONS:
	PRODUCT DEVELOPMENT, PACKAGING,
	AND WASTE VALORIZATION
	Innovations in Sustainable Food Processing,
	Functional Foods and Smart Technologies
	This book presents recent research and innovative applications in sustainable food product development, packaging and waste valorization. It explores the utilization of biodegradable crops, food processing by-products and agricultural residues, development of functional and specialized food products, sustainable packaging materials, and emerging processing technologies. The chapters highlight multidisciplinary approaches integrating food science, food engineering, nutrition, biotechnology and materials science for resource-efficient, environmentally sustainable and value-added food systems. The volume serves as a useful reference for researchers, academics, students, industry professionals and Policymakers working towards innovations in sustainable food processing, functional foods and smart technologies.
	KEY TOPICS COVERED

	Sustainable food product development and functional foods
	Utilization of undervalued crop and food processing by-products
	Agricultural residue conversion and waste valorization
	Sustainable and biodegradable packaging materials
	Food allergen reduction and processing technologies
	Nutritional and bioactive potential of fruits, vegetables and herbs
	Dietary fibre recovery and value-added ingredients
	Techno-economic analysis and scalability
	Innovative drying, extraction and processing methods
	Applications of smart and sustainable technologies in food systems
	EDITORS


	Prof.  Kamlesh Prasad, PhD
	SLIET, Longowal

	Mr. Shubhra Shekhar, M. Tech.
	UNSW, Sydney

	Prof. Harish Kumar Sharma, PhD
	SLIET, Longowal

	₹ 1,500/-





  E B I T A = T o t a l   a n n a u l   r e v e n u e − T o t a l   a n n u a l   O P E X  


  F C F = N e t   i n c o m e + D e p r e c i a t i o n


  N e t   i n c o m e = E B I T − T a x


  N e t   i n c o m e = E B I T − T a x


  E B I T = E B I T D A − D e p r e c i a t i o n


  E B I T = E B I T D A − D e p r e c i a t i o n


  N P V =   ∑  t = 1 10      F C F  t     ( 1 + r )  t − I n i t i a l   O u t l a y


  N P V = 0 =   ∑  t = 1 10      F C F  t     ( 1 + I R R )  t − I n i t i a l   O u t l a y


  R O I =    (   A n n u a l   s t e a d y   s t a t e   F C F  T o t a l   i n i t i a l   o u t l a y ) × 100



