


DEVELOPMENT AND NUTRITIONAL ANALYSIS OF FERMENTED MORINGA-ENRICHED CRACKERS: A NUTRIENT-DENSE ALTERNATIVE SNACK


Abstract
This study aimed to enhance the functional properties and nutritional value of crackers by partially replacing refined wheat flour with multigrain millet flour and enriching them with moringa. Crackers are typically crisp, baked products that can be chemically leavened or fermented. The bakery industry is one of the major food processing industries in India. However, most bakery products are made from refined wheat flour, which lacks the nutritional benefits of whole grains. It is essential to include small amounts of whole wheat flour to achieve a soft, crispy, and light texture in the final product. The study explored the use of various proportions of pearl millet, finger millet, and whole wheat flour in the creation of crackers, which were categorized into three formulations: A (50:50:50), B (24:24:32), and C (12:12:24). Additionally, moringa was incorporated into all formulations, imparting a lighter green hue to the crackers. Sensory evaluations conducted by a semi-trained panel revealed that the crackers formulated as C (12:12:24) were the most preferred based on sensory attributes. Following the sensory assessment, the best formulation was subjected to nutritional analysis, which indicated enhanced levels of protein, dietary fiber, and minerals compared to crackers made solely with refined wheat flour. Ultimately, this research illustrates that substituting refined wheat flour with multigrain millet flours, combined with the enrichment of moringa, significantly boosts the nutritional profile of the crackers while maintaining desirable sensory qualities.
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1. [bookmark: _Hlk190780682]Introduction
 Millet is a rich source of healthy food products with numerous health benefits. Known for their high nutritional value, gluten-free nature, and low glycemic index, millets like finger and pearl millet highlight the importance of variety when selecting them for food or feed (Hassan et al., 2021). Moringa powder is incorporated into these products to add a distinct, earthy flavor along with various health advantages. Spices such as ajwain, cumin seed, red chili powder, turmeric powder, amchur powder, chat masala, and salt are traditionally used to enhance the sensory quality of food (Srinivasan et al., 2011). The mixture of these ingredients involves different proportions and treatment methods. Millets have been cultivated in Asia for around 4000 years and remain one of the most widely consumed grains today. Their nutritional benefits have been valued for millennia, making them an essential part of the diet for many around the globe. Despite being nutritionally superior to many cereals, millets are primarily consumed by traditional eaters and those from lower economic backgrounds. They are known to aid in managing health issues such as diabetes, obesity, and hyperlipidemia, thanks to their rich micronutrient content, including minerals and B vitamins (Patra et al., 2023).
  The term "cracker" refers to an unsweetened, biscuit-type product that cracks when broken. The Biscuit Bakers Institute describes crackers as thin bread-like products that can be created through a fermented dough process. Cracker dough is typically made using a sponge and dough method, which allows for a fermentation period of about 24 hours. This extended fermentation is believed to contribute to the unique eating and textural qualities found in commercial crackers. To meet commercial standards, crackers must possess flakiness, crispness, tenderness, bloom, spring, and natural flavors in precise amounts (Al-Zubaydi, 1962). Crackers fall into two categories: fermented and non-fermented, with the protein content in the wheat being the distinguishing factor (Tiwari et al., 2023). Moringa leaves, derived from the Moringa oleifera tree, are high in antioxidants, making them beneficial for combating free radicals in the body. This tree is often referred to as a "miracle tree" due to its rich supply of essential macro and micronutrients important for human nutrition (Oyeyinka et al., 2018). In a recent study, citric acid and sodium bicarbonate served as effervescent agents, enhancing texture and mouthfeel. Developed using the wet granulation method, the three formulations yielded effervescent granules with good flow ability and uniform particle size distribution. The third formulation demonstrated superior granule flow characteristics compared to the others. After reconstitution, the granules dispersed quickly (within 207-234 seconds), while the preparation's pH ranged between 5.74-5.92 (neutral), and viscosity varied between 326-333 cps, exhibiting dilatant flow characteristics. Moringa is rich in phytochemicals, making it a potential candidate for functional and medicinal food products (Milla et al. 2021). Among millets, pearl millet stands out as the predominant crop in India, serving as a staple food for rural populations in dry regions. It ranks as the fourth most important staple food crop in India after rice, wheat, and sorghum (Singh et al., 2006). Nutritionally, pearl millet is comparable to and even superior to major cereals in terms of energy value, protein, fat, and minerals. Despite its color affecting the appearance of the finished products, due to complex carbohydrates and a lower glycemic response, pearl millet is gaining popularity among health-conscious consumers (Anu et al., 2007). Native to Ethiopia, finger millet (Eleusine coracana L.), also known as ragi, is considered an African grain, though some sources suggest China or India may be its secondary center of origin. Finger millet plays a significant role in food security due to its remarkable resistance to prolonged drought and moisture scarcity. As part of the orphan crop category, it was once widely cultivated for its high energy value, though it is now mainly grown in select regions. Millets are known for being drought-tolerant and low water-use crops (Shobana et al., 2013).        
The malting of finger millet enhances its digestibility, sensory quality, and nutritional value (Anuradha et al., 2010).The nation’s diabetic population enjoys eating finger millet (Dhuma et al., 2023).
 Commonly used spices such as red chili powder, coriander powder, black pepper, and turmeric play a significant role in food preparation. Research has shown that herbs and spices can improve the physical, chemical, sensory, and textural qualities of spice blends, providing desirable aroma and flavor in food products. Furthermore, spices also act as bio-nutrient supplements that enhance the taste, flavor, and aroma of food and contribute to the treatment of various diseases (Kr et al., 2018). 
Crackers are thin, dry, crisp bakery products that can be either leavened or unleavened, produced in various shapes. In the U.S., the term "cracker" encompasses both traditional crackers and semisweet graham crackers, which are similar to items found in the U.K. Among fermented products, the soda cracker or saltine cracker in the U.S. and the cream cracker in the U.K. are most representative (Yoneya et al., 2006). Moringa oleifera, a plant indigenous to India, is highly regarded for its nutritional value and serves as a viable option for enriching food products. It is rich in antioxidants, proteins, and fibers, highlighting its attractiveness as an ingredient. A study explored the effects of substituting wheat flour with dried moringa leaf powder in snack crackers, revealing that cracker thickness and volume remained consistent across formulations. The high water-holding capacity and protein content of moringa leaf powder helped maintain moisture levels and reduce water activity in the crackers, though this resulted in decreased firmness. Crackers displayed a greener color with brownish tones as more moringa was added. The increased protein content allowed all crackers to be classified as a "protein source," with energy values exceeding 12%. Nonetheless, judges noted that the color, aroma, and flavor of crackers with 10% moringa content were too intense. Ultimately, substituting up to 10% of wheat flour with dried moringa leaf powder could enhance the nutritional value of snack crackers while keeping them acceptable to consumers (Lourdes et al., 2024). 
Finger millet (Eleusine coracana), classified as a minor cereal, is recognized for its multiple health benefits, including those linked to its polyphenol and dietary fiber contents. It is a vital staple for low-income groups in India, known for its substantial calcium (0.38%), dietary fiber (18%), and phenolic compound (0.3–3%) content. These components are acknowledged for their health benefits, including anti-diabetic, antitumorigenic, atherosclerogenic, antioxidant, and antimicrobial effects. This review focuses on the characteristics of finger millet's polyphenols and dietary fiber and their health benefits (Palanisamy et al. 2014). Pearl millet is highly valuable in semi-arid regions due to its productivity under heat and drought conditions. It is nutritionally comparable and even superior to major cereals, particularly in terms of protein, energy, vitamins, and minerals. Dieticians and health professionals often recommend pearl millet for its various health benefits and positive effects on the body (Patni et al., 2017). Although millets have traditionally been seen as “nutrient-poor” or “underutilized” crops, recent attention has highlighted their nutritional value and potential for enhancing the nutrition of cereal products. This review article addresses millets as a rich source of essential nutrients and their application in creating nutrient-dense bakery products (Zaveri et al., 2025). Research indicates that yeast is essential in enhancing the sponge quality of cracker dough, contributing to its overall structure. The presence of yeast leads to finer and more uniform cell structures within the crackers, which is crucial for achieving the desired texture. When yeast is incorporated, it influences the total starter dough density and affects various properties, such as the stack height and weight of the crackers. As fermentation time increases, the texture improves significantly. This stage, often referred to as proofing, allows for optimal moisture equilibration, which contributes to stronger textural properties in the finished product. Studies have shown that longer fermentation times enhance the machinability of cracker dough, leading to more uniform oven spring and improved texture, characterized by fewer blisters and compact areas. Ultimately, the fermentation process is pivotal in conditioning cracker dough, impacting their performance and quality during baking.
2. Material and Methods:
    The present experiment was carried out at the laboratory of the Department of Food Processing and Packaging, Yashavantrao Chavan Institute of Science, Satara. During the year 2023-2024. Materials used and methodologies adopted for the present investigation are presented in this chapter. Also product was prepared and analyzed for different physical, chemical, and sensory attributes. All the material required for the experiment was purchased from the local market of Satara. Equipment used the oven available in the Department of Food Technology, Yashavantrao Chavan Institute of Science, Satara, was used for the baking of crackers.
2.1 Ingredients
The materials used in formulating the product were pearl millet Flour, Finger millet flour, Whole wheat flour, Moringa powder, Yeast, Powder sugar, Ajwain, Oil, Red Chili powder, Turmeric powder, Amchur powder, Salt, Chat masala, Cumin seeds, which were procured from the market.
2.2 Formulation of Crackers:
The dough was prepared by weighing all the millet flours with salt in a bowl. A yeast slurry was prepared by weighing the yeast and activating it in lukewarm water. This slurry was then kneaded into the dough until it became smooth and pliable. Moringa powder and spices were then added and mixed thoroughly. The dough was left to rest for 7 to 8 hours, and then rolled out to a thickness of about 1/8 inch (3 mm). Cookie cutters were used to cut the dough into the desired shapes. The oven was preheated to 375°F (190°C). The shaped crackers were placed on a baking sheet and baked for 20 minutes, or until they became crispy and golden. The crackers were allowed to cool completely on a wire rack.
2.3 Treatment Details
The current investigation was conducted in the Department of Food Technology at Yashavantrao Chavan Institute of Science in Satara. The results obtained during this study have been tabulated and statistically analyzed. Following a review of the literature and preliminary trials, the experimental work plan was developed, with detailed descriptions of the trials provided in the accompanying table:
Table 1: Compositions of millet-based crackers
	Sr. No
	Ingredients
	Trail 1 (g)
	Trail 2 (g)
	Trail 3 (g)

	1
	Whole wheat
	50
	32
	16

	2
	Pearl millet
	50
	24
	12

	3
	Finger millet
	50
	24
	12

	4
	Moringa
	2
	1.5
	1

	5
	Chilli powder
	2
	1.5
	1

	6
	Turmeric powder
	0.5
	0.5
	0.5

	7
	Carom seed
	-
	-
	0.5

	8
	Amchur powder
	0.5
	0.5
	1

	9
	Salt
	3
	2.5
	2

	10
	Chat masala
	-
	1
	1

	11
	Oil
	-
	5ml
	3ml

	12
	Yeast
	-
	-
	2

	13
	Cumin seeds
	-
	0.5
	0.5





                                                       
                 
   				






Figure. 1 millet-based crackers
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2.4 The estimation of the food sample's ash, moisture, fat, and protein contents is part of this analysis. 
2.4.1 Moisture content: 
After the 5g sample was ground up and dried for 5 hours at 105°C in an oven, its moisture content was measured by weighing it. It was weighed once more after being chilled in desiccators until it reached a consistent weight. The weight loss as a result was calculated using the moisture content. (Manual-FSSAI).
2.4.2 Fat Content:
Using a Soxhlet device, five grams of crushed product were carefully weighed in a thimble and defatted with petroleum ether. The lipid content was then ascertained by evaporating the ether extract. (Manual-FSSAI).
2.4.3 Crude Fibre Content:
Initially, 2 to 5 g of a moisture and fat-free sample was digested using 200 ml of boiling 0.255 N H₂SO₄. To keep the volume constant, water was added to the mixture at regular intervals while it boiled for 30 minutes. After this period, the mixture was filtered through filter paper, and the residue was rinsed with hot water until it was free of acid. Following the sample's transfer, 200 ml of boiling 0.313 N NaOH solution was added to the same beaker. After 30 minutes of boiling, the mixture was filtered through filter paper. Hot water was used to rinse the residue until no alkali remained. After being moved to a crucible and allowed to dry overnight at 80–100°C, it was weighed. After four hours of heating at 550–600 °C in a muffle furnace, the crucible was cooled and weighed once more. The difference between the weights indicated the weight of the crude fiber (Moller, 2014). 
2.4.4 Ash Content: 
A silica crucible containing five grams of product was weighed, burned, and cooled over a brief flash until the solid was completely burned. After cooling in the desiccator, the sample was spent four hours at 550°C in a muffle furnace. After cooling in the muffle furnace, it was weighed once more, and the process was repeated until two measurements were identical. The percent ash was calculated using the difference between the initial and final weights. (Manual- FSSAI). 
2.4.5 Protein Content: 
The Micro-Kjeldhal technique, which entailed digesting 200 mg of material in concentrated sulfuric acid with 1 g of catalyst combination for two to three hours at 100°C, was used to measure the protein content. Following a 40% NaOH distillation, the ammonia that was released was captured in 4% boric acid and titrated against 0.01N H₂SO₄ using a mixed indicator method (Methyl red: Bromocrysol green 1:5). The percentage of protein in the sample was then estimated using a factor of 6.25, and the proportion of nitrogen was then calculated using a method. (Manual-FSSAI).
2.4.6 Carbohydrate Content: 
The carbohydrate content was determined using the difference technique (Kumar et al.  2023).
       2.5 Sensory Assessment:
 The scientific method for eliciting, quantifying, evaluating, and interpreting reactions as perceived by the senses of sight, smell, touch, taste, and hearing is sensory assessment. Semi-trained panel members, who were academic staff members of the Yashwantrao Chavan Institute of Science, Satara, were asked to rate the overall products on a 9-point hedonic scale with descriptive words ranging from 1 (dislike strongly) to 9 (like etremely). They were evaluated for sensory qualities such as appearance, color, taste, flavor, and texture. (Wichchukit and  O'Mahony, 2022).
3. Result 
Chemical properties of the moringa enriched crackers best sample were studied by analyzing moisture content, fat, protein, fiber, ash, and carbohydrates, and the results are shown in table 2. Various tests were taken for that, and all the equipment and chemicals are handled with care.
                                       Table 2: Results of proximate analysis
	Sr. No
	Test Done
	Results 

	1
	Moisture
	      5.61 %

	2
	Fat
	3.38 g

	3
	Protein
	12.42 g

	4
	Fibre
	3.73 g

	5
	Ash
	2.74 %

	6
	Carbohydrates
	66.37 g

	7
	Energy
	398.0 Kcal



        
The sensory qualities in terms of color, flavor and texture, and aroma were assessed by a panel of 10 judges with 9-point hedonic scale. The data regarding the sensory evaluation is presented in the table below.
Table 3: Sensory evaluation score
	Parameters
	Trail 1
	Trial 2
	Trial 3

	Appearance
	6.33
	6.85
	4

	Color
	6.33
	6.85
	3.5

	Odour
	6.16
	6.57
	4

	Flavour
	6
	6.17
	3

	Taste
	5.83
	6.28
	3

	Texture
	6.66
	6.57
	2.5

	Overall
Acceptability
	6.21
	6.63
	3.33


            








Figure 2: Sensory evaluation score


Discussion 
The results indicating a carbohydrate-rich product with moderate protein enhancement. Sensory evaluation showed overall acceptability of 6.21 for Trial 1, 6.63 for Trial 2, and only 3.33 for Trial 3, highlighting that higher moringa inclusion likely reduced palatability. These findings are in line with Cervera-Chiner et al. (2024), who reported that crackers fortified with Moringa oleifera leaf powder (MOLP) up to ~5% showed improved protein and fiber with acceptable sensory quality, whereas higher levels led to undesirable greenish color and bitter taste. Similarly, Salama et al. (2022) observed that MOLP-fortified biscuits showed increased protein (8.6–10.2%) and fiber but noted that acceptability was best at low inclusion levels (≤1.5%), with higher additions negatively affecting taste and appearance. Compared with these studies, our crackers demonstrated a higher protein value (12.42 g/100 g) than MOLP-enriched biscuits, possibly due to base formulation differences, and a much lower fat content (3.38 g/100 g vs. ~18.7 g/100 g in biscuits), reflecting the leaner cracker recipe. The sensory trend across trials confirms literature findings that moderate MOLP levels enhance nutrition without compromising consumer acceptance, while excessive incorporation diminishes product quality (Cervera-Chiner et al., 2024; Salama et al., 2022).

4. Conclusion 
The present study demonstrated that partial substitution of refined wheat flour with multigrain millet flours, in combination with moringa enrichment, significantly enhanced the nutritional value of crackers while maintaining acceptable sensory qualities. Among the three formulations evaluated, Trial 2 exhibited the highest sensory acceptability with a balanced appearance, flavor, and texture, whereas excessive moringa incorporation (Trial 3) negatively affected palatability. Proximate analysis of the optimized formulation confirmed higher protein, dietary fiber, and mineral content compared to conventional wheat-based crackers, thereby supporting its role as a functional snack. These findings are consistent with earlier reports on moringa-fortified bakery products, where moderate inclusion levels improved nutrition without compromising consumer acceptance. The results highlight the potential of moringa and millet-based formulations to deliver affordable, nutrient-dense, and health-promoting alternatives to refined flour crackers, making them particularly relevant in addressing lifestyle-related health issues. Future work may explore shelf-life stability, consumer trials on a larger scale, and diversification of product development using other functional ingredients.
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