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Abstract
The present study was carried out in the department of food science and nutrition, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur Uttar Pradesh with the objective of Khakhra: A Comparative study on nutritional and organoleptic quality, of Finger & Barnyard millet based value-added khakhra with control product. 	Comment by Vinay G M: Abstract should be in one paragraph 	Comment by Vinay G M: do not captalize millet name
 Its prepared from Finger Millet (Ragi), Barnyard Millet (Samwa) Beetroot powder, Carrot powder, Moringa Powder and Sprouted Grain Powder (Gram, Soyabean, Mung), to promote multidimensional foods. Millets are gaining popularity due to their nutritional contains and making them suitable for diverse dietary preferences. Value addition food product refers to the process of enhancing the quality, nutritional content, sensory attributes, and overall appeal of food product through the incorporation of additional ingredients. Five treatments of khakhra were formulated codes as T0, T1, T2, T3, and T4. Treatment was considered as control treatment (non-incorporated) and value-added products were analyzed for its sensory characteristics and proximate nutritional content. This study revealed that value-added treatments of products had better quality in terms of colour, texture, flavor and overall acceptability. Organoleptic evaluation revealed positive perceptions regarding taste, aroma, texture and overall acceptability of the enriched T2 variants as compare to the control sample, and T3, and T4 sample have highly nutritious compare than control sample T0.
Keywords: Beetroot powder, Barnyard millet, Carrot powder, Finger millet, Moringa Powder, Organoleptic analysis and Sprouted Grain.
Introduction
              Finger millet or ragi is one of the ancient millets in India (2300 BC), and this review focuses on its antiquity, consumption, nutrient composition, processing, and health benefits. Of all the cereals and millets, finger millet has the highest amount of calcium (344 mg%) and potassium (408 mg%). It has higher dietary fibre, minerals, and sulphur containing amino acids compared to white rice, the current major staple in India. (Singh et al., 2012)
Finger millet is amongst the major crops of Uttaranchal. Over the years there has been rapid decline both in production and consumption of millets. Chemical composition of finger millet revealed that total carbohydrate content of finger millet has been reported to be in the range of 72 to 79.5%. Finger millet has nearly 7% protein but large variations in protein content from 5.6 to 12.70% have been reported by various studies. Total ash content is higher in finger millet than in commonly consumed cereal grains. The ash content has been found to be nearly 1.7 to 4.13% in finger millet. Calcium content of 36 genotypes of finger millet ranged from 162 to 487 mg %. Singh and Srivastava (2006) reported the iron content of 16 finger millet varieties ranged from 3.61 mg/100g to 5.42 mg%. Finger millet is the richest source of calcium and iron. Calcium deficiency leading to bone and teeth disorder, iron deficiency leading to anaemia can be overcome by introducing finger millet in our daily diet.	Comment by Vinay G M: cite this article 
Vinay, G. M. (2023). A comparison study on nutritional, textural and sensory evaluation of biscuits made from millet. International Journal of Science and Research (IJSR), 12(11), 1278-1282.	Comment by Vinay G M: why %?
                                                                                                                      (Singh et al., 2012)

Barnyard millet Echinochloa species has become one of the most important minor millet crops in Asia, showing a firm upsurge in world production. The genus Echinochloa comprises of two major species, Echinochloa esculenta and Echinochloa frumentacea, which are predominantly cultivated for human consumption and livestock feed. They are less susceptible to biotic and abiotic stresses. Barnyard millet grain is a good source of protein, carbohydrate, fiber, and, most notably, contains more micronutrients (iron and zinc) than other major cereals. (Renganathan et al.,2020)
 Sprouting grains have Multifood applications in different fields such as baking, pharmaceutical, and cosmetic industries. During sprouting, shifting of molecular structures to macroscopic takes place. Sprouting reactivates the grain metabolism which leads to the catabolism and degradation of antinutrient and macronutrient compounds. These modifications have an effect on human health and on the nutritional content of the foodstuffs. Sprouting grains have high bioactivity against diabetes and cancer. Germination is also an outstanding green food development technique to increase the seed nutritive profile in terms of quality. (Ding et al., 2019) 
Moringa oleifera (Lam) (M. oleifera), popularly known, in Brazil, as “moringa”, “lírio branco” or “quiabo de-quina and, in some parts of the world, as drumstick tree or horseradish. Leaves, flowers, pods and seeds of this tree are considered a food source of high nutritional value in the African continent and other countries, particularly in India, Philippines and Pakistan. Leaves can be consumed cooked or fresh and they can be stored as dried powder unrefrigerated with no nutritional losses, for several months. Undoubtedly, M. oleifera adds substantial health benefits to countries where hunger is a problem. (Abbas et al., 2018)
Beetroot (Beta vulgaris rubra) is an important raw material of plant origin with proven positive effects on the human body. They can be eaten raw, boiled, steamed and roasted. Red beetroot is a rich source of minerals (manganese, sodium, potassium, magnesium, iron, copper). Beetroot contains a lot of antioxidants, vitamins (A, C, B), fiber and natural dyes. Red beetroot is also rich in phenol compounds, which have antioxidant properties.
Carrot is one of the nutritious and economical vegetable. It has high carotene with abundant vitamins, dietary fibre and minerals. To extend carrot’s utilisation during offseason, carrot was oven-dried at 50 ºC for 4-5 hours in dark and evaluated for proximate value, vitamin content, functional property and its shelf-life. (Ingle et al., 2017)	Comment by Vinay G M: state aim of the study
Material and method
Locale of the study: The finger millet and barnyard millet-based value- added product. It was prepared and developed in food laboratory of department of Food science and Nutrition, Procurement of raw material 
For the preparation of products raw materials viz. Ragi, Barnyard millet, beetroot, carrot, moringa and sprouted flour (grams, mung, soyabean), soya bean oil, flex seed jaggary powder, were purchased in bulk from the local market of Rawatpur Kanpur. Perishable items like butter and refined oil, ghee, sesame seed, were purchased at the same day of preparation. 
Development of control and incorporated products
The amount of ingredients purchased is presented in Table. For the development of value- added product Khakhra was prepared from multigrain flour (finger and barnyard millet flour, sprouted grain grains powder, beetroot& carrot and moringa powder) with jaggary and ghee used in present study. Ingredients were using in different proportion as Corporation of Khakhra in T1(30:03:02:01,01,01), T2(30:06:04:02,01,01), T3(30:09:06:03,01,01), T4 (30:12:08:04,01,01) respectively. A control product khakhra prepared from wheat flour oil and sugar as coded with T0,For comparison of value-added product Khakhra.
Preparation of khakhra recipe 
1. Mix all ingredients finger millet and barnyard millet flour, sprouted grains flour,	Comment by Vinay G M: write in paragraph 
2.  beetroot powder, carrot powder, moringa powder, salt, and chat masala in a bowl.
3. Add water and knead smooth and soft dough, cover with muslin cloth and let it rest 
             for 10-15 minutes. 
      4.    Grease its surface with one teaspoon oil, divide into equal part and give ball shape.
      5    Take one ball, coat with dry flour and press it. 
      6.   Roll it with the help of rolling pin on the wooden board make very thin chapati.
      7.   Heat thick griddle on low heat, put chapati on it and cook for 20-30 seconds,
            using folded tern, it and press using folded thick cloth. 
      8.  Flip it and repeat same process of press and cook until it become crispy
     .9.  Cool them and store in airtight container.
Sensory evaluation of the product: - Sensory evaluation of the developed value- added products was evaluated by nine-point Hedonic rating scale and score card method (Amerine et al., 1965). The acceptability of value- added products Khakhra were judged by using 9-point hedonic scale to test the liking or disliking of products.
Proximate composition of developed incorporated and control khakhra 
A quantitative analysis of nutrient composition provides numerical information about the amount of components in a measured quantity of matter. The methods followed in assessing the nutrient constituents of developed value-added products are given below:                                                         
 Moisture: Moisture content was estimated using the method of NIN (2003). 
Procedure: To determine the moisture content, 10 gram of sample was taken in a Petridis and dried in a hot air oven at 110oC ± 5oC, then cooled in desiccators and weighed. The process of heating and cooling was repeated until a constant weight was achieved. The moisture content was calculated from the loss in weight during drying and expressed in percentage. The moisture percent was calculated by using formula.
                        Moisture (g/100g) = Initial weight – Final weight 
                                                         Weight of the sample (g) X 100
Ash: Ash content of the samples was determined by the method suggested by (NIN, 2003). 
Principle: The ash of the food stuff is the organic residue remains after burning of organic matter. Ash is due to the presence of salts or organic acids that are converted to carbonates during ashing. Estimation of total ash is an index of refinement of foods and a useful parameter of nutritional value of foods. Five gram of the moisture free sample was weighed in a previously heated, cooled and weighed crucible. Sample was completely charred on the hot plate, followed by heating in muffle furnace at 600oC for about 3-4 hours. The crucible was cooled in a desicator and weighed. This process was repeated till constant weight were obtained and the ash was almost white or grayish in color. Ash content of samples was calculated using following formula: 	Comment by Vinay G M: don't write the principle. just explain how it was conducted 
Ash (g/100g) = Weight of the ash (g) Weight of sample taken (g) × 100 
Protein: Protein content was estimated by determining the nitrogen present in the sample using micro Kjeldahl method (NIN, 2003). Kel plus nitrogen estimation system was used to estimate the amount of nitrogen in the samples. 
Principle: Micro Kjeldahl nitrogen distillation method was used to determine the protein content of food stuffs by estimating the nitrogen content of the material and multiplying nitrogen value by 6.25 (general factor). It is considered as crude protein because non protein nitrogen (NPN) present in food as purine, pyrimidine base, vitamin, amino sugar, alkaloids, compound lipids etc, is also included in total nitrogen. The nitrogen present in protein or any other organic material is converted to ammonium sulphate by sulphuric acid in the presence of a catalyst during digestion. This salt, on steam distillation liberates ammonia which is collected in boric acid solution. Ammonia forms a loose compound, ammonium borate with boric acid and titrated against standard acid. 0.1gram of moisture free sample was digested with 0.3 g of digestion mixture (98 parts K2SO4+2 parts CuSO4) and 2ml of concentrated H2SO4 till the contents became clear. The digested sample was then diluted with 10 ml of distilled water and the mixture made alkaline by adding 40 ml of NaOH (40%). The ammonia liberated on distillation was collected in a conical flask containing 5 ml of 4 per cent boric acid and two drops of indicator. The contents were titrated against 0.1N standardized HCL. A reagent blank was also run simultaneously. The titrated value of blank was subtracted from the value obtained for the sample to get true titrated value. The nitrogen content was calculated as follows: 
Nitrogen (g/100g) =   Sample reading – Blank reading) x Normality of HCL x 14 
                                                                   Weight of sample taken (g) x 1000 
The protein content of the sample was obtained by multiplying the nitrogen with a factor 6
The protein content of the sample was obtained by multiplying the nitrogen with a factor 6.25.
 Fat: The fat content of all the samples were estimated by using the method of (NIN, 2003). Fat content of the samples was estimated on Sox plus system which works on the principle of improved Soxhlet method.
 Principle: Fats and fatty acids are the esters of glycerol. Oil from food is solubilized in petroleum ether and then diluted off completely to estimate the crude fat in the sample. One gram of moisture free sample was taken in a thimble. The thimble was inserted in the thimble holder to be kept in an already weighed extraction flask and poured 80ml petroleum ether in the beaker. The Extraction flask was loaded in the system and the temperature was set at 100 ͦC. The process was left to operate for one hour. The temperature was raised, to the recovery temperature which twice the initial was boiling temperature, rinsing was done 3-4 times in order to collect the remaining fat in the sample. Extraction flask was then cooled, and ether was removed by heating. The thimble holders were removed from extraction flask and the extraction flask were weighed. The Fat content was expressed in gram per 100 gram of the sample. The amount of fat present in the sample was calculated using the following formula: 
Fat (g/100g) = Weight of flask with extracted fat (g) – Weight of empty flask (g) Weight of sample taken (g) x 100 
Carbohydrate: The Carbohydrate content of sample was calculated by difference method (NIN 2003). Carbohydrate content was determined by subtracting the sum of the values (per 100 g) of moisture, crude protein, fat, ash and crude fibre from 100. Formula for determining total carbohydrates is given below: 
Carbohydrate content (g/100g) = 100 – (moisture + protein + crude fibre + fat + ash) 
Energy: The energy value of sample was calculated by using physiological fuel value per gram of protein, fat and carbohydrate NIN (2003). 
Energy content (kcal/100g) = (% protein × 4) + (% carbohydrate × 4) + (% fat × 9)
Fibre: The fibre content was estimated by acid alkali digestion method as suggested by NIN (2003). 
Principle: Crude fibre is a loss on ignition of dried residue remaining after digestion of sample with 1.25 per cent sulphuric acid and 1.25 per cent sodium hydroxide solution under specific conditions. During the acid and subsequent alkali treatment, oxidative hydrolytic degradation of the native cellulose and considerable degradation of lignin occur. The residue obtained after final filtration is weighed, incinerated, cooled and weighed again. The loss in weight gave the crude fibre content. 
Procedure: Five gram of moisture and fat free sample was boiled with 200ml of 1.25 per cent sulphuric acid for 30 minutes. It was filtered through a muslin cloth and washed with boiling water and again boiled with 200 ml of 1.25 per cent sodium hydroxide for thirty minutes. Again, it was filtered through a muslin cloth and washed with hot distilled water till free from alkali and finally washed with alcohol. The residue was transferred to a pre-weighed crucible and dried, cooled and weighed. The residue was then ignited for 2 to 3 hrs in a muffle furnace at 600oC, cooled in desiccators and reweighed. The fiber content of the sample was calculated from the loss in weight on ignition and expressed in percentage. The fiber content was calculated as under: - Crude fibre (g/100g) = Weight of residue (g) – Weight of ash (g).
Result and Discussion 
Table -1 Finger and barnyard millet khakhra with value addition of mixed Sprouted flour, dried carrot, beetroot power and moringa powder.
	S.N.
	Ingredients(gm)
	            Levels of incorporation (Product code)

	
	
	T0 (control
	T1
	T2
	T3
	T4

	1.
	wheat flour
	100
	-
	-
	-
	-

	2.
	Ragi flour
	-
	15
	10
	20
	22

	3.
	Sawa flour
	-
	10
	15
	05
	03

	4.
	Sprouted Gram flour
	-
	01
	02
	03
	        04

	5.
	Sprouted mung flour
	-
	01
	02
	03
	04

	6.
	Sprouted soyabean flour
	-
	01
	02
	03
	04

	7.
	Beetroot powder
	-
	01
	02
	03
	04

	8.
	Carrot powder
	-
	01
	02
	03
	04

	9.
	moringa powder
	-
	01
	02
	03
	04

	10.
	Chat masala
	01
	01
	01
	01
	01

	11.
	Salt to taste
	-
	-
	-
	-
	-

	12.
	Ghee
	10
	10
	10
	10
	10



The table-1 represents the formulation and incorporation levels of various ingredients used for the preparation of Finger and Barnyard Millet Khakhra, a nutritious and value-added traditional snack product. The experiment was designed with five treatments, namely T0 (control), T0, T1, T2, T3, and T4 each representing different proportions of ingredients to achieve a progressive enhancement in nutritional and functional value. In the control treatment (T0), 100 grams of wheat flour served as the base ingredient without any inclusion of millet or supplementary powders. This formulation represented the standard or conventional khakhra composition. The control sample also contained 10 grams of ghee, 1 gram of chat masala, and salt to taste, which were maintained uniformly across all treatments to ensure product consistency and sensory uniformity.	Comment by Vinay G M: should be capital T
In T1, partial substitution of wheat flour was carried out by incorporating 15 grams of ragi flour and 10 grams of sawa flour in place of wheat flour. To enrich the nutritional profile, 1 gram each of sprouted gram flour, sprouted mung flour, and sprouted soybean flour were added along with 1 gram of beetroot powder, 1 gram of carrot powder, and 1 gram of moringa powder. These inclusions were intended to enhance the product’s protein content, vitamin concentration, mineral availability, and antioxidant properties, while also imparting a mild colour and flavour variation to the khakhra.
The formulation T2 involved a reversed ratio of the millets compared to T1, with 10 grams of ragi flour and 15 grams of sawa flour. Similarly, the levels of sprouted and vegetable powders were doubled to 2 grams each, thereby improving the concentration of bioactive components. This stepwise modification aimed to observe the impact of proportionate increases in functional ingredients on the texture, appearance, and acceptability of the khakhra.
In T3, the incorporation level of ragi flour was further increased to 20 grams, while sawa flour was reduced to 5 grams. The quantity of sprouted flours (gram, mung, and soybean) and the natural powders (beetroot, carrot, and moringa) were also elevated to 3 grams each. This combination was expected to yield a more nutrient-dense khakhra with improved protein quality, micronutrient density, and functional health benefits.
Finally, T4 represented the highest level of enrichment, with 22 grams of ragi flour and 3 grams of sawa flour. Each of the sprouted and vegetable powders — including sprouted gram, sprouted mung, sprouted soybean, beetroot, carrot, and moringa — were added at 4 grams each. These levels were designed to maximize nutritional enhancement without compromising sensory quality such as taste, crispness, and aroma. Throughout all treatments, the levels of ghee (10 grams) and chat masala (1 gram) remained constant to maintain consistency in fat content and flavour profile. Salt was added according to taste across all samples.	Comment by Vinay G M: remove itallics
Overall, the table systematically depicts the gradual substitution and enrichment of traditional wheat-based khakhra with a blend of millets, sprouted legumes, and natural vegetable powders, each contributing distinct nutritional and functional attributes.
The composition outlined in Table 1 demonstrates a scientific and nutritional approach toward the development of a value-added millet-based khakhra. The incorporation of ragi flour and barnyard millet (sawa flour) enhances the dietary fiber, calcium, and iron content, making the product superior to the traditional wheat-based version. Additionally, the inclusion of sprouted gram, mung, and soybean flours increases the protein digestibility and amino acid balance, contributing to better nutritional quality. Moreover, the addition of beetroot powder enriches the product with natural pigments and antioxidants such as betalains while carrot powder provides beta-carotene and vitamin A. The moringa leaf powder further contributes essential minerals, iron, calcium, and bioactive compounds, improving both nutritional and therapeutic properties. Each successive treatment from T1 to T4 represents an incremental improvement in the nutrient density and health-promoting potential of the khakhra. This gradual incorporation strategy allows for identifying the optimum combination that balances nutritional enrichment with sensory acceptability.
Hence, the study signifies that Finger and Barnyard Millet Khakhra formulated with mixed sprouted flours and natural powders not only promotes the utilization of traditional grains and underutilized crops but also contributes toward functional food development, improved dietary diversity, and enhanced food security. This formulation approach supports the goal of producing healthier snack alternatives that align with modern nutritional needs and consumer preferences.
 Table-2 Sensory evaluation of control and value added khakhra
	
Parameter 
	                                   Products code
	CD
(0.5%)
	S. Em

	
	T0±SD
	T1±SD
	T2±SD
	T3±SD
	T4±SD
	
	

	Taste
	6.2 ± 0.94
	7.9 ±1.13
	8.9 ± 0.65
	7.4 ± 0.69
	6.0 ± 0.81
	0.70
	0.25

	Color
	6.7 ± 0.96
	7.8 ± 1.13
	9.2 ± 0.67
	7.3 ± 0.91
	7.0 ± 0.86
	0.80
	0.28

	Aroma
	6.3 ± 0.77
	7.2 ± 0.93
	9.0 ± 0.84
	7.6 ± 1.00
	6.6 ± 0.73
	0.94
	0.33

	Texture
	6.6 ± 0.73
	7.8 ± 0.98
	9.1 ± 0.78
	6.8 ± 0.63
	6.5 ± 0.98
	0.74
	0.26

	After taste
	6.1 ± 1.04
	8.0 ± 0.88
	9.2 ± 0.67
	7.5 ± 0.86
	6.9 ± 0.92
	0.70
	0.25

	Overall acceptability
	6.4 ± O.59
	7.7 ± 0.97
	9.0 ± 0.92
	8.25 ± 1.06
	8.0 ± 0.90
	0.73
	0.26


Table 2 illustrates the sensory evaluation scores of both control (T₀) and value-added khakhra samples (T₁ to T₄) prepared with the inclusion of mixed sprouted flours, dried carrot powder, beetroot powder, and moringa powder. The evaluation was conducted based on key sensory parameters such as taste, color, aroma, texture, aftertaste, and overall acceptability, using a 9-point hedonic scale where higher scores indicate greater preference.
In the control sample (T₀), which consisted solely of wheat flour, the mean scores were relatively lower across all attributes—taste (6.2), color (6.7), aroma (6.3), texture (6.6), aftertaste (6.1), and overall acceptability (6.4). This indicates that while the product was acceptable, it lacked the enhanced flavour color, and nutritional attributes contributed by the added functional ingredients in the subsequent treatments. In T₁, where small proportions of ragi, sawa, sprouted flours, and vegetable powders were added, the sensory scores improved considerably. Taste (7.9), color (7.8), aroma (7.2), texture (7.8), aftertaste (8.0), and overall acceptability (7.7) showed noticeable increases compared to the control. This suggests that the inclusion of minor levels of value-added components positively influenced sensory perception without compromising the traditional characteristics of khakhra. The T₂ sample, containing moderate levels of ragi (10 g), sawa (15 g), and higher incorporation of sprouted and vegetable powders (2 g each), received the highest overall sensory scores across all parameters. Taste (8.9), color (9.2), aroma (9.0), texture (9.1), aftertaste (9.2), and overall acceptability (9.0) were significantly higher than the control and other treatments. These results indicate that the T₂ formulation achieved the most balanced combination of sensory appeal, nutritional enhancement, and product acceptability. The high scores reflect a pleasing combination of mild sweetness, crisp texture, enhanced flavour and attractive color imparted by the millet and vegetable powders. In T₃, further increases in ragi and sprouted flour proportions resulted in a slight decline in sensory scores. Taste (7.4), color (7.3), aroma (7.6), texture (6.8), aftertaste (7.5), and overall acceptability (8.25) indicate that while the product was still well-accepted, excessive incorporation of certain powders may have affected crispness and flavour balance. Nonetheless, overall acceptability remained high, showing that the sample retained a desirable combination of health and sensory attributes. In T₄, where the maximum levels of ragi and sprouted ingredients were incorporated, a further reduction in scores was observed—taste (6.0), color (7.0), aroma (6.6), texture (6.5), aftertaste (6.9), and overall acceptability (8.0). The slight decline suggests that higher levels of moringa and beetroot powder may have imparted a strong flavour or darker color, which could have reduced sensory appeal for some consumers. Despite this, the sample still maintained acceptable sensory quality.
The Critical Difference (CD at 0.5%) values ranged between 0.70 and 0.94 across parameters, and the Standard Error of Mean (S.Em) varied between 0.25 and 0.33, indicating that the observed differences among treatments were statistically significant. Furthermore, the F value (S) denotes that the variations in taste, color, aroma, texture, aftertaste, and overall acceptability among the treatments were significant at the 0.5% level, confirming the influence of ingredient incorporation on sensory quality. The sensory evaluation clearly demonstrates that the addition of millets, sprouted legume flours, and natural vegetable powders substantially improved the overall sensory attributes of khakhra compared to the control sample. Among all formulations, T₂ (10 g ragi flour, 15 g sawa flour, and 2 g each of sprouted and vegetable powders) emerged as the most acceptable and preferred sample, showing superior scores for taste, color, texture, and aroma. The improvement in taste and flavour may be attributed to the balanced combination of millets and sprouted flours, which enhanced palatability through mild nutty and earthy notes. The high color score in T₂ could be due to the natural pigments from beetroot and carrot powders, which provided an appealing reddish-brown hue. The texture improvement resulted from the incorporation of sprouted legume flours that contributed to crispness and a smooth bite, while the aftertaste was enhanced by moringa and the roasted flavour of millets. Although T₃ and T₄ exhibited high nutritional potential, their sensory scores slightly declined, possibly due to the stronger flavour and darker color resulting from excessive incorporation of moringa and beetroot powders. Hence, T₂ was identified as the optimal formulation for achieving a desirable balance between nutritional enrichment and sensory acceptability. 
Overall, the findings of this sensory study confirm that partial substitution of wheat flour with millets and functional powders can significantly enhance the organoleptic quality of khakhra. The results validate the feasibility of producing a nutrient-dense, health-oriented, and consumer-acceptable value-added khakhra, which supports the broader objective of promoting millet-based functional foods for improved public health, dietary diversity, and sustainable. Figure-1 Sensory evaluation of control and value added khakhra
Table-3 Proximate content of control and incorporated khakhra
	Parameters
	                                              Products code
	CD
(0.5%)
	S. Em



	
	T0±SD
	T1±SD
	T2±SD
	T3±SD
	T4±SD
	
	

	Moisture
(% mass)
	3.9 ± 0.01
	2.3 ± 0.01
	2.4 ± 0.01
	2.4 ± 0.03
	2.3 ± 0.02
	0.02
	0.01

	Ash (%mass)
	2.3 ± 0.05
	3.2 ± 0.01
	3.6 ± 0.01

	3.2 ± 0.00
	3.7 ±  0.01
	0.05
	0.02

	Crude Protein(g/100)
	4.6 ± 0.13
	9.1 ± 0.06
	9.7 ± 0.10
	9.6 ± 0.10
	9.7 ± 0.18
	0.10
	0.03

	Crude Fat (%)
	7.5 ± 0.2
	8.5 ± 0.06
	8.1 ± 0.20
	8.2 ± 0.11
	8.5 ± 0.11
	0.11
	0.04

	Carbohydrate
(kcl)	Comment by Vinay G M: check unit
	80.0 ± 0.01
	71.4 ± 0.15
	70.6 ± 0.20
	74.3 ± 0.10
	73.5 ± 0.10
	0.24
	0.7

	Energy kcal(100g)
	409.1 ± 0.6
	374.1 ± 1.4
	394.1 ± 1.9
	407.8 ±1.3
	408.9 ± 0.4
	2.81
	0.89

	Crude Fiber(%) 
	1.2 ± 0.01
	2.3 ± 0.07
	2.3 ± 0.01
	2.4 ± 0.01
	2.2 ± 0.01
	0.02
	0.01


Table-3 show that the Proximate content of the developed control and value-added Khakhra
Table 3 presents the proximate composition of control (T₀) and incorporated (T₁–T₄) Finger and Barnyard Millet Khakhra enriched with mixed sprouted flours, dried carrot powder, beetroot powder, and moringa powder. The proximate analysis includes parameters such as moisture content, ash, crude protein, crude fat, carbohydrate, energy value, and crude fiber, which together determine the nutritional profile and storage stability of the product.
In the control sample (T₀), which consisted purely of wheat flour, the moisture content was recorded as 3.9±0.01%. This relatively higher moisture content compared to the incorporated samples indicates that the control khakhra retained more water, possibly due to the absence of high-fiber ingredients. Moisture reduction in the enriched samples (T₁–T₄) signifies improved shelf life and reduced susceptibility to microbial spoilage. Incorporated formulations showed a decrease in moisture from 2.3% to 2.4% across T₁–T₄, with T₂ and T₄ recording the lowest (2.3±0.01–0.02%). This indicates that incorporation of sprouted and vegetable powders contributes to lower moisture retention due to higher dry matter content. Lower moisture is advantageous for enhancing the crisp texture and storability of khakhra. The ash content, which represents the total mineral matter, increased consistently in value-added samples compared to the control. T₀ exhibited an ash content of 2.3±0.05%, whereas enriched formulations ranged from 3.2±0.01% to 3.7±0.01%. The highest ash value (3.7%) in T₄ indicates the positive contribution of mineral-rich ingredients such as moringa leaf powder and sprouted flours. These ingredients are known sources of calcium, iron, magnesium, and potassium, thereby improving the mineral profile of the product. A substantial enhancement was observed in crude protein content upon fortification. The control sample (T₀) had 4.6±0.13 g/100g protein, while incorporated samples showed a nearly twofold increase, ranging between 9.1±0.06 and 9.7±0.18 g/100g. The treatments T₂ and T₄ recorded the highest protein values (9.7 g/100g), signifying the impact of sprouted mung, gram, and soybean flours, which are well-known for their high protein quality and digestibility. This improvement validates the purpose of value addition to enhance nutritional quality. The crude fat percentage also increased slightly from 7.5% in control to between 8.1% and 8.5% in fortified samples. The rise in fat content may be attributed to the addition of legume-based sprouted flours and ghee, both contributing to the lipid fraction. The highest fat content (8.5%) was found in T₁ and T₄, suggesting an optimal balance of energy-dense components which could improve flavour and palatability. The carbohydrate content exhibited a decreasing trend, from 80.0% in the control sample to between 70.6% and 74.3% in the enriched products. This reduction is expected due to the partial replacement of carbohydrate-rich wheat flour with protein- and mineral-rich ingredients such as millets, pulses, and vegetable powders. Despite the reduction, the carbohydrate levels remain substantial, making khakhra an energy-rich product suitable for sustained energy release. The energy value of the samples, expressed in kcal/100g, ranged from 374.1 to 408.9 kcal. The control sample recorded 409.1 kcal, while fortified samples showed minor variations. This suggests that despite the reduction in carbohydrate proportion, the combined effect of increased fat and protein maintained the caloric value of the product. The energy content across samples indicates that value-added khakhra remains a good source of energy for daily consumption. The crude fiber content, which measures the indigestible portion of plant material, significantly increased from 1.2% in control to around 2.3–2.4% in the fortified khakhra. The improvement in fiber content is directly related to the addition of moringa leaf powder, millet flours, and sprouted grains. High fiber content plays a vital role in improving digestive health, reducing cholesterol absorption, and contributing to satiety, making the product functionally superior to the control version.
The Critical Difference (CD at 0.5%) and Standard Error of Mean (S.Em) values were very low across all parameters (CD: 0.02–2.81; S.Em: 0.01–0.89), while the F value (S) indicates statistical significance at the 0.5% level for all nutrients. This confirms that the observed differences between treatments were highly significant and not due to chance, emphasizing the strong effect of value-added ingredients on the proximate composition.
The proximate composition analysis reveals that the incorporation of millets, sprouted legume flours, and vegetable powders markedly improved the nutritional quality of khakhra. The value-added formulations (T₁–T₄) demonstrated reduced moisture, indicating better storage stability, and increased ash and fiber contents, reflecting a higher mineral and dietary fiber contribution. 
A remarkable increase in crude protein across all fortified samples (approximately double that of control) confirms the successful enrichment achieved through the inclusion of sprouted mung, gram, and soybean flours. The presence of these high-protein ingredients significantly enhanced the nutritional value, making the product suitable for protein-deficient diets. Similarly, the addition of moringa, beetroot, and carrot powders contributed to improved micronutrient density, mineral content, and fiber profile, thereby aligning the product with modern functional food requirements. The marginal increase in fat and stable energy content ensures that the khakhra remains palatable, energy-rich, and nutritionally balanced. The reduction in carbohydrates relative to the control is beneficial from a health perspective, as it indicates a shift toward a higher nutrient density with moderate caloric value. This makes the developed khakhra ideal for health-conscious consumers and those seeking low glycemic fiber-rich snacks. Among all treatments, T₂ and T₄ were observed to have the most balanced proximate composition, providing optimal values for protein, minerals, fiber, and energy while maintaining low moisture levels. The statistically significant variations confirm the strong influence of formulation changes on nutritional outcomes.
In conclusion, the proximate analysis establishes that value addition using millets, sprouted legumes, and vegetable powders leads to a nutritionally superior, shelf-stable, and health-promoting khakhra. Such formulations represent an innovative approach to utilizing underexploited grains and natural plant sources for functional food development, contributing to improved public health, sustainable diets, and food diversification in contemporary nutrition science.
Figure -2 proximate content of control and incorporated khakhra
Table no. 4. Mineral content of control and incorporated Khakhra 
	
Parameter
	                                  Products code
	CD
(0.5%)
	S. Em

	
	T0
	T1
	T2
	T3
	T4
	
	

	Zn
(mg/100gm)
	1.34 ± 0.02
	3.1 ± 0.01
	3.2 ± 0.01
	3.2±0.01
	3.3±0.02
	0.03
	0.01

	Mg
(mg/100gm)
	70.2 ± 0.1
	130.8 ± 0.3
	122.6 ± 1.4
	134.4±1.7
	141.9±1.3
	2.20
	0.70

	Fe 
(mg/100gm)
	2.02 ± 0.01
	3.8 ± 0.03
	3.9 ± 0.03
	4.1±0.01
	4.2±0.01
	0.04
	0.01

	Ca
(mg/100gm)
	199.3 ± 0.5
	314.2 ± 1.9
	388.6 ± 1.0
	410.4±1.9
	413.7±1.3
	2.65
	0.84


Table- 4 show that the mineral content of the developed control and value-added Khakhra.
Table 4 presents the mineral content of both control (T₀) and incorporated (T₁–T₄) Khakhra samples, indicating the effect of fortification or incorporation on the mineral composition. The minerals analyzed include Zinc (Zn), Magnesium (Mg), Iron (Fe), and Calcium (Ca), expressed in milligrams per 100 grams of sample. For Zinc (Zn), the control sample (T₀) recorded 1.34 ± 0.02 mg/100 g, while the incorporated samples showed a notable increase ranging from 3.1 ± 0.01 mg/100 g (T₁) to 3.3 ± 0.02 mg/100 g (T₄). This clearly indicates that the incorporation process significantly improved the zinc content. For Magnesium (Mg), a similar pattern was observed. The control Khakhra contained 70.2 ± 0.1 mg/100 g, whereas the incorporated varieties ranged between 122.6 ± 1.4 mg/100 g (T₂) and 141.9 ± 1.3 mg/100 g (T₄), showing a progressive enhancement in magnesium levels with higher incorporation rates. Regarding Iron (Fe), the control sample had 2.02 ± 0.01 mg/100 g, which increased to 4.2 ± 0.01 mg/100 g in the T₄ sample, demonstrating that incorporation contributed significantly to iron enrichment. For Calcium (Ca), the most substantial rise was recorded. The control Khakhra contained 199.3 ± 0.5 mg/100 g, while the incorporated samples displayed a substantial increase up to 413.7 ± 1.3 mg/100 g in T₄. The consistent rise in calcium concentration across treatments signifies effective mineral enhancement through incorporation.
The Critical Difference (CD) and Standard Error of Mean (S.Em) values indicate the reliability of these differences, and the F value marked as “S” (significant) confirms that the variations among treatments were statistically significant at the 0.5% level. 
From Table 4, it can be concluded that the incorporation of value-added ingredients in Khakhra formulations substantially enhanced its mineral profile compared to the control sample. Among all treatments, T₄ exhibited the highest concentrations of Zinc, Magnesium, Iron, and Calcium, indicating that increasing incorporation levels directly improved mineral enrichment. The significant F values confirm that the observed differences were not due to random variation but were statistically meaningful. Thus, the inclusion of nutrient-rich ingredients effectively improved the nutritional quality of Khakhra, making it a superior functional food product with enhanced mineral content suitable for improving dietary mineral intake.

Figure-3 Mineral content of control and incorporated Khakhra 

  Conclusion:
Organoleptic evaluation: - The acceptability of incorporated khakhra ware evaluated by the number of 20 trained, semi trained panel member i.e. Faculty member, PG.& Ph.D. scholars, elderly from Department of Food Science and Nutrition College of Community Science, CSAUAT Kanpur using score card. As per taste and overall acceptability T1 and T2 khakhra products are more acceptable by panel members. The incorporated khakhra have high nutritional content protein, energy, carbohydrates, fat, minerals, fibers, vitamin and antioxidants.
The results from all four tables collectively indicate that incorporation of value-added ingredients in Khakhra significantly improved its nutritional composition compared to the control sample. There was a consistent increase in essential minerals such as zinc, magnesium, iron, and calcium across all treated samples (T₁–T₄), with T₄ showing the highest enrichment levels. The differences among treatments were statistically significant, confirming that the incorporation process effectively enhanced the mineral and overall nutritional quality of Khakhra, making it a more health-promoting and nutrient-dense product.
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Sensory evaluation of control and value added khakhra

T0	Teste	colour	aroma	Texture	after teste	Overall acceptability	6.2	6.7	6.3	6.6	6.1	6.4	T1	Teste	colour	aroma	Texture	after teste	Overall acceptability	7.9	7.8	7.2	7.8	8.0	7.7	T2	Teste	colour	aroma	Texture	after teste	Overall acceptability	8.9	9.2	9.0	9.1	9.2	9.0	T3	Teste	colour	aroma	Texture	after teste	Overall acceptability	7.4	7.3	7.6	6.8	7.5	8.25	T4	Teste	colour	aroma	Texture	after teste	Overall acceptability	6.0	7.0	6.6	6.5	6.9	8.0	Products code	T0	
Moisture	(% mass)	Ash (% mass)	Crude Protein	(g/100g)	Crude Fat (%)	Carbohydrate	Energy kcal	(100g)	Crude Fiber	(%)	0.0	3.9	2.3	4.6	7.5	0.0	409.1	1.2	Products code	T1	
Moisture	(% mass)	Ash (% mass)	Crude Protein	(g/100g)	Crude Fat (%)	Carbohydrate	Energy kcal	(100g)	Crude Fiber	(%)	2.3	3.2	9.1	8.5	71.4	374.1	2.3	Products code	T2	
Moisture	(% mass)	Ash (% mass)	Crude Protein	(g/100g)	Crude Fat (%)	Carbohydrate	Energy kcal	(100g)	Crude Fiber	(%)	2.4	3.6	9.7	8.1	70.6	394.1	2.3	Products code	T3	
Moisture	(% mass)	Ash (% mass)	Crude Protein	(g/100g)	Crude Fat (%)	Carbohydrate	Energy kcal	(100g)	Crude Fiber	(%)	2.4	3.2	9.6	8.2	74.3	407.8	2.4	Products code	T4	
Moisture	(% mass)	Ash (% mass)	Crude Protein	(g/100g)	Crude Fat (%)	Carbohydrate	Energy kcal	(100g)	Crude Fiber	(%)	2.3	3.7	9.7	8.5	73.5	408.9	2.2	



Mineral content of control and incorporated Khakhra 

Products code	T0	
Zn	(mg/100gm)	Mg	(mg/100gm)	Fe	(mg/100gm)	Ca	(mg/100gm)	1.34	70.2	2.02	199.3	Products code	T1	
Zn	(mg/100gm)	Mg	(mg/100gm)	Fe	(mg/100gm)	Ca	(mg/100gm)	3.1	130.8	3.8	314.2	Products code	T2	
Zn	(mg/100gm)	Mg	(mg/100gm)	Fe	(mg/100gm)	Ca	(mg/100gm)	3.2	122.6	3.9	388.6	Products code	T3	
Zn	(mg/100gm)	Mg	(mg/100gm)	Fe	(mg/100gm)	Ca	(mg/100gm)	3.2	134.4	4.1	410.4	Products code	T4	
Zn	(mg/100gm)	Mg	(mg/100gm)	Fe	(mg/100gm)	Ca	(mg/100gm)	3.3	141.9	4.2	413.7	
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