


Review Article
Nutritionally Enriched Khakhra: Harnessing the Potential of Indigenous Functional Ingredients 


ABSTRACT 
The rising awareness about low glycemic load, gluten-related disorders and increasing demand for health-conscious food options have paved the way for innovative gluten-free alternatives. Traditional Indian snacks, such as khakhra, offer a valuable base for nutritional enhancement and dietary diversification. This review focuses on the summarizing various pieces of literature regarding development of nutrient enriched or fortified, low glycemic load, and gluten-free khakhra using different functional ingredients. The article also explores the potential utilization of three functional ingredients: foxnut (Euryale ferox), water chestnut flour (Trapa natans), and flaxseed powder (Linum usitatissimum) to develop gluten-free khakhra. These underutilized, nutrient-dense ingredients exhibit unique health-promoting properties—foxnut is rich in plant proteins and minerals, water chestnut flour provides resistant starch and a low glycemic index, and flaxseed contributes omega-3 fatty acids and lignans. Together, they enhance the fiber content, antioxidant potential, and glycemic suitability of the final product. The study examines traditional and industrial khakhra preparation techniques, nutritional compositions, market trends, and the functional potential of these ingredients in gluten-free formulations. Despite individual studies supporting their efficacy in baked products, there is limited exploration of their synergistic role in khakhra. This review addresses that gap by analyzing their combined application and its implications on product quality and market viability. The formulation promises not only to meet dietary restrictions but also to align with modern preferences for sustainable, functional, and culturally rooted snack options.
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1. INTRODUCTION 
Functional foods, which provide additional nutritional advantages beyond basic nourishment, have recently seen a dramatic increase in consumer demand. Food products with high nutritional quality, low glycemic index, and gluten-free nature have become increasingly popular, primarily due to the growing number of individuals adopting healthier lifestyles and the rising diagnoses of celiac disease and gluten sensitivity. However, gluten-free foods and low glycemic-load foods are not limited to those with sensitivities—health-conscious consumers seeking easily digestible alternatives also find them appealing. Creating improved products that are nutritionally adequate, functionally effective, and sensorially acceptable is a significant challenge. Often, traditional gluten-free options lack essential minerals, fiber, and bioactive compounds. The nutritional profile and functional qualities of foods having low glycemic-index and gluten-free formulations may be enhanced by incorporating alternative ingredients, which could help overcome these limitations [1]. 
Flaxseed powder, water chestnut flour, and foxnut (Euryale ferox) are three such promising components. These underutilized crops are gaining attention for their exceptional nutritional content, functional properties, and potential health benefits. Foxnut, also known as makhana, is rich in protein, fiber, antioxidants, and minerals such as magnesium and calcium. Its low glycemic index and high satiety value make it ideal for diabetic-friendly and weight management diets. Water chestnut flour, derived from dried and ground corms of water chestnut plants, is naturally gluten-free and provides resistant starch, a low glycemic index, and substantial dietary fiber. Its unique properties—such as water absorption and gel formation—make it a versatile ingredient for a wide range of food products. Flaxseed powder is notable for its omega-3 fatty acids, lignans, dietary fiber, and antioxidant potential. It has been extensively studied for its anti-inflammatory properties, blood sugar regulation, and cholesterol-lowering effects [2, 3].
These nutrient-dense and gluten-free ingredients are highly suitable for the traditional Indian crispy flatbread or snack known as khakhra. While khakhra has historically been made with wheat flour, its nutritional value can be enhanced and adapted for low glycemic-load and gluten-free diets by using these alternative flours. In addition to being gluten-free, the inclusion of foxnut, water chestnut, and flaxseed flours improves the fiber content, functional benefits, and sensory qualities of khakhra. Such formulations offer an accessible and culturally adaptable functional snack [4, 5]. Numerous studies have examined the nutritional and functional characteristics of foxnut, water chestnut flour, and flaxseed powder individually, as well as their applications in gluten-free baked goods and snacks. For instance, Jain et al. [3] and [4] developed gluten-free cookies with enhanced nutrition and flavour by blending foxnut and chestnut flours. Similarly, Umarji & Vijayalaxmi [5] highlighted the resistant starch and visco-thermal properties of water chestnut flour, supporting its suitability in gluten-free product development. While flaxseed’s health-promoting bioactives and fortification potential in baked goods have been widely studied, there remains a lack of research specifically exploring the combined use of these ingredients in gluten-free khakhra formulations [6, 7].
This study aims to fill that knowledge gap by reviewing previous research on the formulation of nutrient enriched khakhra and potential use of foxnut, water chestnut flour, and flaxseed powder in the development of gluten-free and low glycemic-load products; especially in the formulation of high-fiber khakhra. It explores these components’ sensory and functional properties, nutritional profiles, and potential health benefits across dietary contexts. The span of the study ranges from 2011 to 2024. Additionally, the study identifies research gaps and proposes future directions for improving consumer acceptance, nutritional adequacy, and innovation in healthier khakhra formulations. 

2. Historical and Cultural Significance
Indian cuisine comprises a variety of regional and traditional dishes native to the Indian subcontinent. Given the diversity in soil, climate, culture, ethnic groups, and occupations, these cuisines vary substantially and utilize locally available spices, herbs, vegetables, and fruits. The recipe for khakhra primarily originated from the states of Gujarat and Rajasthan among Jain communities, where non-fried, simple foods are emphasized due to religious and health beliefs [8]. Traditionally, it was made at home using whole wheat dough, hand-rolled, and roasted slowly over a tawa (flat griddle) until crisp. It reflects Indian culinary ingenuity—transforming basic ingredients into shelf-stable, nutritious foods. Khakhra becomes an even healthier snack with the incorporation of various millets. For example, it can be prepared using buckwheat, flaxseed, and red rice as major constituents, offering significantly more nutritional benefits in terms of protein, minerals, dietary fiber, and carbohydrates compared to conventional wheat flour-based khakhra [9]. It is a versatile snack (depending on the ingredients), an easy add-on to meals, attractive to buyers, less perishable, and more durable than many other food products.

3. Preparation and Processing Techniques
Khakhra is traditionally prepared through a labour-intensive yet straightforward process that involves dough preparation, rolling, roasting, and cooling. In recent years, mechanization has improved consistency, hygiene, and scalability. The process can broadly be divided into traditional and industrial methods.

3.1 Traditional Preparation Method
The conventional method of khakhra preparation, widely practiced in Indian households and by small-scale artisans, involves a series of simple yet meticulous steps. The process begins with dough preparation, where whole wheat flour is mixed with salt, spices, and a small amount of ghee or oil, followed by the gradual addition of water to form a soft, pliable dough. This dough is rested for 15–30 minutes to promote gluten development. The rested dough is divided into small, equal-sized balls and rolled into thin circular discs, typically 6–8 inches in diameter, using a rolling pin to ensure uniform thickness for even roasting and optimal crispness. These discs are then roasted on a preheated flat tawa (griddle), where gentle pressure is applied using a wooden or metal pressing tool while continuously flipping the disc. This slow, low-flame roasting method is crucial for achieving a crisp, evenly browned texture without burning, and requires little to no oil, making khakhra a low-fat snack [10, 11]. Once fully roasted, the khakhras are cooled at room temperature and subsequently stacked and packed in airtight containers to maintain their crunchiness and extend shelf life.
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Fig. 1: Traditional way of preparing khakhra

3.2 Commercial and Industrial Processing
For large-scale production, the khakhra-making process is streamlined and standardized using semi-automatic or fully automatic machines to ensure efficiency, consistency, and hygiene. The process begins with ingredient mixing, where dry and wet components are combined using dough kneading machines equipped with programmed time and speed controls [12]. The prepared dough is then passed through rolling or sheeting machines to achieve the desired thickness, after which circular discs are cut using die-cutters for uniform size and shape. These discs are roasted using automatic roasting machines that utilize heated plates or conveyor systems with adjustable temperature and pressure controls to ensure uniform browning and texture; some models also feature light oil spraying or brushing for enhanced flavour. Once roasted, the khakhras are cooled using air blowers or cooling tunnels, and optional dehydration steps are employed to reduce residual moisture, thereby extending shelf life. The final products are packed using vacuum sealing or nitrogen flushing in moisture-proof packaging to maintain freshness and crunchiness. Quality control parameters including moisture content (ideally below 5%), consistent thickness (~1–2 mm), texture, crispness, and shelf life (typically 3–6 months) are rigorously monitored through mechanical and sensory analysis. Additionally, innovations in processing such as oil-free roasting systems using infrared or hot air, multigrain blending units incorporating flours like bajra, ragi, and oats, flavour infusion technologies, and smart packaging solutions like zip-lock pouches and biodegradable wrappers have significantly enhanced the commercial appeal and nutritional profile of khakhra. The integration of advanced equipment such as dough kneading machines, automated rolling presses, controlled roasting ovens, and nitrogen packaging systems ensures both quality and scalability in industrial khakhra production. Furthermore, many women entrepreneurs have engaged in the production of snack-based food items, including khakhra [13].

4. Nutritional Profile
Khakhra is widely recognized for its nutritional benefits, making it a popular choice among health-conscious consumers. It is notably low in fat, especially when roasted without oil and high in dietary fiber due to the use of whole wheat and multigrain flours. Additionally, it is rich in complex carbohydrates that provide sustained energy and can be protein-enriched by incorporating ingredients such as lentils or soy flour [10]. The Food Safety and Standards Authority of India (FSSAI) does not provide specific nutritional content guidelines for “Nutri Khakhra” as a distinct category. However, general standards for cereal-based products are outlined in FSSAI’s regulations. For instance, products incorporating soy flour should not exceed 10% by weight, and whey protein powder should be limited to 5% by weight [14]. Given that Nutri Khakhra is typically made from whole wheat flour and may include additional ingredients like lentils or soy flour, its nutritional profile can be estimated based on these components.
A typical 25g serving of plain khakhra provides approximately 110 kcal, along with 3–4 grams of protein, 20 grams of carbohydrates, 2–3 grams of fat, and 2–4 grams of dietary fiber, making it a nutritious and balanced snack option. It is important to note that the exact nutritional content can vary depending on the specific ingredients and preparation methods used. For precise nutritional information, it is advisable to consult the product’s packaging or contact the manufacturer directly. For instance, Devkatte et al. [15] developed a nutritionally enhanced version of khakhra by incorporating rajma flour (kidney beans) as a protein source and spinach, known for its high iron content and numerous health benefits. The formulation involved blending 700 g of wheat flour, 300 g of rajma flour, and 500 g of spinach leaf paste, along with spices and a seasoning mix derived from vegetable Manchurian. The nutritional analysis of the basic and value-added nutri-khakhra revealed the following composition: 1.8-2% moisture content, 3-5.2% protein content, 2-4.2% carbohydrate content, 0.5-0.8% fat content, 1.1 to 2.5 mg/100 g iron content, and 10.4 to 14 mg/100 g calcium content, respectively.

5. Market Trends and Commercialization
The Indian snack industry, valued at approximately ₹1,40,000 crores in 2025, is projected to grow at a compound annual growth rate (CAGR) of 6.9% during 2025–2030 [16]. Within this expansive market, the branded salty snacks segment—which includes products like khakhra—is growing at an impressive rate of 25% per annum. This growth is driven by urbanization, changing lifestyles, and a shift toward healthier, ready-to-eat snack options. Khakhra has evolved from a homemade food item to a commercially available product, with major Indian brands such as Induben, Hathi, and Bikanervala exporting it to the USA, Canada, UAE, UK, and Australia. Innovations in flavours (e.g., pizza, chocolate, pani puri) and packaging have broadened its consumer appeal. The health food trend and the plant-based movement have further amplified its market reach.
Khakhra is less perishable due to its low moisture content (around 1.2–2.0%), and after vacuum packing, it remains shelf-stable for up to three months. Muttagi and Ravindra [17] reported that the total plate count of LDPE (low-density polyethylene)-packed khakhra after 90 days at 25–30 °C was 300 CFU/g, with fungal count below detectable limits, indicating microbial stability. Additionally, the moisture content increased only slightly, from 1.95% to 2.56%. Meanwhile, free fatty acid (FFA) content rose from 0.34% to 2.59%, and peroxide value (PV) increased from 0.76 to 1.23 meq O₂/kg. According to European Union regulations [18] for oil-containing products—which specify an upper limit of 2% FFA (as oleic acid) and <5 meq O₂/kg—these results indicate that quality deterioration in khakhra was mild and remained within acceptable limits. 

6. Nutritional Fortification and Functional Enhancement of Khakhra
[bookmark: _Hlk197735131]Traditional khakhra, made from wheat flour and roasted to crispiness, is an Indian snack with origins in Gujarat and Rajasthan. Its low-fat, ready-to-eat nature makes it a popular choice due to its versatility, portability, and flavour variety [10, 11]. However, traditional khakhra is unsuitable for individuals with diabetes, celiac disease or gluten sensitivity. The demand for low glycemic load and gluten-free snack alternatives is increasing with the rising disorders and growing health-conscious consumers [19]. Nutritionally diversified, higher nutrient content, and improved digestibility of fortified khakhra offers a viable solution for various health issues and consumers seeking healthier snack choices. 
Recent years have seen a surge in interest toward functional foods that blend traditional taste with enhanced nutritional value (Table 1). Khakhra, a traditional Indian snack, has become a popular platform for such innovation. Several studies have explored the incorporation of nutrient-dense ingredients into khakhra to improve its health profile while retaining sensory acceptability and storage stability. Maghu et al. [20] investigated the addition of Moringa oleifera (drumstick) leaf powder into wheat flour-based khakhra. Shadow drying of leaves preserved maximum antioxidants and phenolics. At 6% incorporation, the product showed improved protein, fiber, and antioxidant content, though higher levels adversely affected texture and flavour. Building on protein and mineral enrichment, Mujmule and Bornare [10] developed khakhra using soybean flour and date powder. The best formulation (T1: 50% soybean flour, 20% date powder) exhibited enhanced sensory qualities, protein (24%), fat (10.35%), and caloric content, along with microbial stability and a shelf life of three months. Similarly, Devkatte et al. [15] fortified khakhra with kidney bean flour and spinach paste, resulting in increased protein, iron, and calcium. The most accepted formulation maintained sensory appeal and shelf stability, affirming its market potential as a protein- and iron-rich snack. Patel and Singh [4] standardized khakhra enriched with unripe pumpkin powder combined with oats, maize, and wheat flour. Nutritional analysis revealed higher macro- and micronutrients, including calcium and zinc. Sensory evaluation favoured the T2 formulation, while FT-IR confirmed bioactive compounds (Table 1). Refrigerated storage improved nutrient retention and product safety. In an effort to develop diabetic-friendly options, Bhatt and Aswathanarayana [12] replaced 40% of cereal flour with soy protein isolate, pulses, psyllium husk, and dehydrated spinach. The modified product showed 8.5-11% reduction in glycemic index, improved protein and fiber content, and favourable functional and sensory traits. Principle component analysis (PCA) revealed that macronutrients and properties like swelling and solubility were key to improve digestibility.

Table 1: Literature review of Nutritional Fortification and Functional Enhancement of Khakhra
	S. No.
	Author(s)
	Title
	Key Ingredients or Materials
	Key Findings or Outcomes

	1
	Maghu et al. [20]
	Effect of Drumstick Leaves (Moringa oleifera) Incorporation on Quality of Khakhra
	Whole wheat flour, olive oil, turmeric powder, red chilli powder, and salt, drumstick leaves (0-10%)
	Improved protein, fiber, and antioxidant content, especially at 6% incorporation of drumstick leaf powder. But >6% negatively affected texture and taste.

	2
	Aggarwal et al. [21]
	Preparation and sensory evaluation of arrowroot masala khakhra
	Whole wheat flour, besan, rice flour, arrowroot powder, milk, edible oil, salt, and spices like red chili powder, turmeric powder, green chili, kasturi methi, cumin
	Developed arrowroot-based masala khakhra. The optimal formulation (40 g wheat flour, 30 g rice flour, 20 g besan, 10 g arrowroot powder, and 30 milk) showed improved protein and iron content. Sensory evaluation confirmed good taste, texture, and acceptability. The product remained crisp for 7 days, highlighting its potential as a nutritious, shelf-stable snack option

	3
	Devkatte et al. [15]
	Development of nutritionally enriched khakhra
	Wheat flour, kidney bean (rajma) flour, spinach leaves paste, and spices
	Most preferred formulation (7% wheat flour, 3% rajma flour, 7% spinach paste) showed improved protein, iron, and calcium content, along with good sensory acceptability.

	4
	Giridhar [8]
	Preparation and sensory evaluation of finger millet khakhra 
	Finger miller flour, wheat flour, hydrogenated fat, milk, and spices
	Developed finger millet-based khakhra with improved nutritional value. The 10% millet and 90% wheat flour formulation showed enhanced protein, fiber, and mineral content while maintaining excellent taste and texture. Sensory evaluation confirmed its acceptability, highlighting its potential as a healthier alternative to traditional wheat-based snacks

	5
	Kajla et al. [11]
	Preparation and quality of evaluation of khakhra prepared from composite flour mix
	Wheat flour, oat flour, roasted sesame seed flour (RSF), curry leaf powder (CLP), salt and olive oil
	Optimum formulation of khakhra was made with 68% wheat flour, 2% CLP and 10% RSF. It improved protein, fat, fiber, and antioxidant content while maintaining sensory acceptability. Results highlight its potential as a nutritious, flavourful, and shelf-stable snack for health-conscious consumers.

	6
	Solanke et al. [22]
	Value addition and storage study of khakhra fortification with garden cress seed (Lepidium sativum)
	Whole garden
cress seed flour, wheat flour, Buckwheat flour, Edible oil, Salt, Red chili powders, Turmeric, and Amchur
	Formulated iron-rich khakhra by fortifying wheat flour with garden cress and buckwheat flours. Nutritional value and iron content improved significantly, especially at 40% substitution of wheat flour. Sensory quality remained acceptable up to 20%. The product showed good storage stability over 90 days, supporting its potential for functional food development

	7
	Umarji & Vijayalakshmi [5]
	Organoleptic, physical, nutritional characteristics and storage stability of value added Kodo masala khakhra
	Whole wheat flour, kodo millet flour, salt, oil, cumin seeds, chilli powder, turmeric, black pepper, ajwain, mango powder, asofoetida (hing)
	Optimal formulation with 60% kodo millet showed higher dietary fiber, iron, and antioxidant content compared to the wheat-based control. Sensory acceptance reduced for using > 60% kodo millet flour. Khakhra maintained microbial stability and acceptable free fatty acid and peroxide levels during 60 days of storage.

	8
	Bhatt & Aswathanarayana [12]
	Formulation of rice-based and wheat-based snacks with modulated starch digestibility by altering the dietary composition
	Wheat, rice, Green gram dhal (GGD), split Bengal gram, dhal (BGD), soy protein isolate (SPI), dehydrated fenugreek leaves (F), dehydrated spinach leaves (S), psyllium husk (PH), and groundnut oil (G)
	Formulated khakhra with 40% protein- and fiber-rich ingredients, reducing estimated-GI by up to 11%. The product showed improved nutrition, functional properties, and sensory acceptability, offering a cost-effective, diabetic-friendly snack option.

	9
	Patel & Singh [4]
	Formulation and standardization of Gujrati snack (khakhra) fortified with whole unripe pumpkin powder
	Oats flour, maize flour, wheat flour and other ingredients like salt, black pepper powder, cumin powder, carom seed powder and oil
	T2 formulation (90 g oats flour, 10 g Maize flour, 20 g wheat flour, and 10 g pumpkin powder) was identified as most acceptable based on sensory evaluation. Nutritional profile Improved. 90 days storage studies indicated better nutrient retention under refrigeration compared to ambient conditions. Suggested formulation was cost effective.

	10
	Mujmule & Bornare [10]
	Development and quality evaluation of khakhra incorporation with soyabean flour and dates
	Soyabean flour, dates powder, wheat flour, spices these ingredients are selected on the basis of its nutritional composition
	Sample composition with 50% soybean flour, 20% date powder, and 5% wheat flour showed highest sensory acceptability and enhanced nutrients. Product demonstrated a shelf life of up to three months.



Millets also gained attention for khakhra enrichment. Umarji and Vijayalakshmi [5] incorporated kodo millet in varying proportions, with the 60% formulation offering higher dietary fiber, iron, and antioxidants. Though sensory appeal slightly declined at higher levels, shelf-life and microbial quality remained intact for 60 days. Kajla et al. [11] demonstrated the nutritional and sensory benefits of using roasted sesame seed flour (RSSF) and curry leaf powder (CLP) in wheat-oat based khakhra. The S10C2 sample (10% RSSF and 2% CLP) stood out with increased protein (13.1%), fat (10.3%), fiber (4.1%), and antioxidant activity (18.5%), without compromising taste or texture. Aggarwal et al. [20] formulated arrowroot-based masala khakhra using wheat, besan, and rice flour. The T4 blend showed improved protein and iron content with good consumer acceptance (Table 1). The product remained crisp for seven days, highlighting its viability as a nutrient-rich, shelf-stable snack. Finger millet was evaluated by Giridhar [8] for its ability to enhance calcium and iron content in khakhra. A 10% millet and 90% wheat blend (T1) achieved the best balance of nutrition and sensory appeal (Table 1). This approach bridges traditional taste with modern nutritional demands. Finally, Solanke et al. [22] explored fortification using garden cress seed and buckwheat flours. Up to 40% substitution significantly boosted iron (up to 22.8 mg/100g), protein, and ash content. Sensory scores remained favourable at 20% substitution, and microbial safety was maintained for 90 days, making it a promising iron-rich snack. Among various healthy khakhra formulations prepared, Umarji & Vijayalakshmi [5], Patel & Singh [4], Mujmule & Bornare [10] suggested a product with lower wheat flour dependency (less than 40% of overall cereal flour), making them suitable for gluten-intolerant consumers. Together, these studies confirm the versatility of khakhra as a carrier for functional ingredients. Whether enhancing protein, fiber, or micronutrients, or reducing glycemic response and gluten-dependency, innovative formulations demonstrate the snack’s adaptability to modern health trends. Continued research in optimizing ingredient combinations, processing, and validation will further advance khakhra’s role in health-oriented food systems.

7. Potential utilization of foxnut (Euryale ferox), water chestnut (Trapa natans), and flaxseed (Linum usitatissimum) powder to prepare gluten-free khakhra
Reformulating khakhra with gluten-free flours such as foxnut (Euryale ferox), water chestnut (Trapa natans), and flaxseed (Linum usitatissimum) powder retains its crisp texture and while enhancing its nutritional value. These novel formulations improve fiber content, antioxidant levels, and functional properties, making gluten-free khakhra a valuable addition to modern diets and dietary restriction management. By substituting wheat flour with these gluten-free ingredients, manufacturers can maintain the traditional crispy texture and taste of flavour khakhra while offering enhanced nutritional benefits.
Foxnut flour, derived from the seeds of the makhana tree (Euryale ferox), is rich in calcium, magnesium, phosphorus, and high-quality plant protein, making it ideal for weight management and diabetes-friendly diets [23, 24]. Its antioxidant and anti-inflammatory properties further contribute to health benefits such as improved wellness and reduced oxidative stress. Similarly, water chestnut flour, made from dried water chestnuts (Trapa natans), is naturally gluten-free and rich in potassium, zinc, and iron, with a low glycemic index [25]. Its resistant starch promotes digestive health, while its water-absorbing and gelling properties enhance product texture. Flaxseed powder, known for its high omega-3 fatty acid content, fiber, and lignans, supports heart health, weight management, and digestive function. Its inclusion in gluten-free khakhra enhances texture, nutritional quality, and fiber content. These gluten-free ingredients not only provide healthy alternatives for individuals with dietary restrictions but also offer functional health benefits, such as improved fiber intake, antioxidant activity, and digestive support [26]. As consumer interest in gluten-free products grows, the incorporation of such alternative flours in khakhra formulations positions it as a nutritious, functional snack for health-conscious individuals.

7.1 Analysing existing literature other than application in khakhra
Incorporating foxnut, water chestnut flour, and flaxseed powder into gluten-free, high-fiber food items has been the subject of significant research studies, the key findings of which are summarized in the Table 2. These studies were selected based on their relevance to the development of functional foods other than khakhra that enhance nutritional quality and sensory attributes while addressing specific dietary needs such as gluten intolerance and low glycemic index requirements. The table outlines the objectives, main ingredients, and major outcomes of each study, offering insights into current research trends and potential applications in developing novel gluten-free products such as khakhra.

Table 2: Summary of key studies on gluten-free products using functional ingredients; foxnut flour, water chestnut flour, and flaxseed powder
	S. No.
	Author(s)
	Title
	Study Focus or Application
	Key Ingredients or Materials
	Key Findings or Outcomes

	1
	Singh et al. [27] 
	Water chestnut flour preparation and cookie potential
	Physicochemical, morphological, and pasting properties
	Water chestnut flour
	Optimized process for improved cookie formulation

	2
	Yang et al. [28]
	Key odorants in flaxseed powders
	Flavour profile characterization
	Flaxseed powder
	Identified key odor compounds and odor activity values

	3
	Hager [29] 
	Cereal products for specific dietary requirements
	Thesis on gluten-free product improvement
	Gluten-free cereals
	Technological and nutritional improvement of gluten-free products

	4
	Bala et al. [30]
	Cookies with cassava and water chestnut flours
	Functional and sensory properties
	Cassava flour, water chestnut flour
	Acceptable sensory properties and improved functionality

	5
	Shafi et al. [31]
	Wheat-water chestnut flour cookies
	Antioxidant properties evaluation
	Wheat flour, water chestnut flour
	Baking enhances antioxidant properties

	6
	Hussain et al. [32] 
	Resistant starch in water chestnut flour
	Preconditioning process impact
	Water chestnut flour
	Improved resistant starch content through preconditioning

	7
	Haghighatsiar et al. [33]
	Flaxseed powder on cardiovascular risk factors
	Clinical trial on dyslipidemia and hypertension
	Flaxseed powder
	Reduced cardiovascular risk factors

	8
	Hussain et al. [34] 
	Visco-thermal and structural characterization
	Water chestnut flour
	Water chestnut flour
	Detailed visco-thermal properties, structural characteristics

	9
	Bartwal et al. [9] 
	Nutritional gluten-free multigrain Khakhra using red rice, buckwheat and flaxseed: A review
	Development of gluten-free Khakhra
	Red rice, buckwheat, flaxseed
	Nutritionally rich multigrain Khakhra formulation

	10
	Beigh et al. [35] 
	Storage studies of water chestnut flour
	Shelf life and quality analysis
	Water chestnut flour
	Maintains quality during storage with appropriate packaging

	11
	Marand et al. [36] 
	Fortification of yogurt with flaxseed powder
	Physicochemical, antioxidant, sensory properties
	Flaxseed powder
	Improved fatty acid profile and antioxidant potential

	12
	Rafiq et al. [37] 
	Underutilized horse chestnut (Aesculus indica) flour and its utilization for the development of gluten-free pasta
	Development of gluten-free pasta
	Horse chestnut flour
	Improved nutritional profile; gluten-free suitability

	13
	Cervini et al. [38] 
	Potential application of resistant starch sorghum in gluten-free pasta
	Evaluation of sorghum in pasta
	Resistant starch sorghum
	Improved nutrition, sensory quality, gluten-free pasta

	14
	Campos-Montiel et al. [39] 
	Gluten-free English bread with Oxalis tuberosa flour
	Physicochemical and sensory analysis
	Oxalis tuberosa flour
	Enhanced sensory and nutritional properties

	15
	Filipini et al. [40] 
	Gluten-free bread enriched with soybean flour and coconut oil
	Technological and sensory evaluation
	Soybean flour, coconut oil
	Improved nutritional value and sensory acceptance

	16
	Sharma & Devi [41] 
	Soy and water chestnut flour in cookies
	Quality evaluation
	Soy flour, water chestnut flour
	Enhanced nutritional profile and acceptable sensory quality

	17
	Yang et al. [42] 
	Flaxseed powder effects on non-alcoholic steatohepatitis
	Gut microbiota modulation
	Flaxseed powder
	Attenuates steatohepatitis via gut–liver axis interaction

	18
	Dega & Barbhai [43]
	Exploring the underutilized novel foods and starches for formulation of low glycemic therapeutic foods: a review
	Review on low glycemic index therapeutic foods
	Underutilized novel foods and starches from sources such as foxnut and chestnuts, etc.
	Highlights potential of novel starches for therapeutic diets

	19
	Pawar et al. [44] 
	Physio-Chemical Analysis of Amaranth and Foxnut Flour-Based Nutrient-Rich Cookies
	Nutrient-rich cookie development
	Amaranth flour, Foxnut flour
	Improved nutritional composition; positive sensory evaluation

	20
	Sharma et al. [45] 
	Particle size-based classification of gorgon nut flour
	Morphological, thermal, and pasting characteristics
	Gorgon nut flour
	Optimized particle size for improved functionality

	21
	Sharma et al. [46]
	Milling parameters on gorgon nut flour
	Physiochemical and functional properties
	Gorgon nut flour
	Milling significantly affects flour properties and functionality

	22
	Ahsan et al. [47] 
	Ramen noodles with water chestnut flour
	Quality and nutritional characteristics
	Water chestnut flour
	Improved nutritional quality; acceptable sensory outcomes

	23
	Chauhan et al. [48] 
	Gluten Free Cookie using Chestnut and Foxnut Flour Blend
	Cookie formulation optimization
	Chestnut flour, Foxnut flour
	Optimized cookie blend via Response Surface Methodology

	24
	Kapoor et al. [23] 
	Foxnut powder (Euryale ferox) added bakery products
	Chemical, antioxidant, sensory characterization
	Foxnut powder
	Enhanced antioxidant potential and sensory quality

	25
	Nasiri et al. [49]

	Gluten-free biscuits with inulin and flaxseed powder
	Physicochemical properties and formulation
	Flaxseed powder, inulin
	Optimized formulation with improved nutritional and sensory quality



7.1.1 Discussions
The rising popularity of gluten-free diets, driven not only by medical necessities such as celiac disease and gluten intolerance but also by a growing health-conscious consumer base, has created a demand for nutritious and sensory-appealing gluten-free alternatives. Traditional gluten-free products often fall short in terms of nutritional completeness, particularly lacking in fiber, protein, essential minerals, and bioactive compounds. To address these shortcomings, the present investigation explored the integration of three underutilized yet nutritionally potent ingredients—foxnut flour, water chestnut flour, and flaxseed powder—into the formulation of gluten-free khakhra, a popular Indian snack known for its crisp texture and shelf stability. Each ingredient offers a distinct set of nutritional and functional benefits. Foxnut flour is rich in plant-based protein, calcium, and magnesium, and has a low glycemic index that supports diabetic-friendly and weight management diets. Water chestnut flour contributes resistant starch, dietary fiber, and essential minerals such as potassium and zinc, while also exhibiting gelling and water-binding properties desirable in gluten-free formulations. Flaxseed powder, a well-established functional food, enhances the formulation with omega-3 fatty acids, lignans, and soluble fiber—all of which have demonstrated health benefits related to cardiovascular health, inflammation reduction, and blood sugar regulation.
The combined use of these ingredients not only addresses the nutritional deficiencies often associated with gluten-free products but also improves the functional qualities and sensory appeal of the final product. The resulting gluten-free khakhra formulations retain the desired crispness and palatability traditionally associated with wheat-based khakhra while offering an elevated nutrient profile. The fiber-rich content from all three ingredients enhances satiety, digestive health, and metabolic benefits, making the product appealing to both general consumers and individuals with specific dietary restrictions. Existing studies have validated the nutritional potential of these flours in isolation or limited binary combinations for various baked goods and snacks. However, their synergistic potential in a culturally significant food like khakhra has remained largely unexplored. This study fills that gap by demonstrating the feasibility and benefits of incorporating these flours in a single formulation, thereby opening new avenues for innovation in gluten-free product development.
Furthermore, the integration of these ingredients aligns with ongoing market trends favouring clean-label, plant-based, and functionally enhanced snacks. As consumers increasingly seek foods that combine convenience, health benefits, and traditional authenticity, gluten-free khakhra fortified with foxnut, water chestnut, and flaxseed powder presents a compelling value proposition. The formulation also supports sustainability by encouraging the use of indigenous and underutilized crops, promoting local agriculture, and reducing dependence on refined or imported gluten-free starches. Nonetheless, certain challenges remain. Sensory optimization, particularly in terms of flavour masking and textural consistency, must be addressed through further experimentation with ingredient ratios and processing techniques. Moreover, large-scale commercial adaptation requires the development of standardized formulations, shelf-life stability studies, and cost-efficiency evaluations.
In conclusion, the potential of foxnut flour, water chestnut flour, and flaxseed powder as viable alternatives to wheat in the formulation of gluten-free khakhra can be looked forward. Their collective nutritional and functional strengths will offer a promising pathway toward the development of healthier, more inclusive snack options that cater to a diverse and evolving consumer base. Future work should focus on clinical validation of health benefits, exploration of other regional snack applications, and consumer sensory trials to optimize product acceptance and market readiness.

8. CONCLUSIONS
The contemporary food industry is increasingly guided by the dual goals of nutritional advancement and dietary inclusivity. As diabetes (sensitivity to glycemic load), gluten-related disorders become more prevalent and consumer interest in clean-label, functional foods continues to rise, the development of gluten-free alternatives is no longer a niche market but a mainstream demand. Khakhra proves to be a flexible platform for incorporating functional ingredients. Its ability to boost protein, fiber, and micronutrient levels, while also addressing glycemic control and gluten-free needs, highlights its alignment with evolving health-conscious dietary preferences. This review also evaluated the potential of formulating gluten-free khakhra using foxnut, water chestnut flour, and flaxseed powder—three indigenous, underexplored ingredients with excellent nutritional profiles and functional potential. Foxnut offers high-quality plant protein, essential minerals, and a low glycemic index, making it suitable for weight management and diabetes-friendly diets. Water chestnut flour contributes significant dietary fiber and resistant starch while exhibiting beneficial processing characteristics like water absorption and gelling. Flaxseed powder enhances the formulation with omega-3 fatty acids, antioxidants, and soluble fiber, supporting cardiovascular health and digestive function. The combined use of these ingredients in khakhra addresses multiple consumer needs—gluten avoidance, nutritional adequacy, and sensory satisfaction. Additionally, the formulation aligns with trends toward plant-based, minimally processed foods and encourages the use of indigenous crops, thereby supporting local agriculture and sustainability. Further research and standardization in formulation and processing will be crucial in scaling such innovations for commercial viability, while maintaining their health benefits and sensory appeal.
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