


Nutritional enhancement and organoleptic assessment of gluten-free and millet-based murukku fortified with Chia seeds (Salvia hispanica L.)




ABSTRACT
Murukku is a spiral-shaped, savoury snack mainly popular in Southern parts of India. It is a deep-fried delicacy made out of rice flour, black lentils and seasoning. However, the use of millets in developing everyday snack is a better way to incorporate varieties of cereals in the diet. The study aims to design a gluten-free millet murukku enriched with Chia seeds powder in different proportions in order to evaluate its nutritional and sensorial characteristics. The recipe was optimised and developed to undergo standardised laboratory procedures and 9-point hedonic scale rating. The conventional recipe and the modified variants were analysed for organoleptic scores through ANOVA (Analysis of Variance). A total of 3 variants were prepared having chia seeds powder in 5%, 10% and 15% proportions respectively. The most acceptable sample was found to be variant T2, with an overall acceptability quotient of 8.78±1.63, depicting a notable increase in moisture (7.41 g/100g), fibre, (13.48 g/100g), carbohydrate (54.15 g/100g), calcium (131.13 mg/100g) and iron (4.33 mg/100g) but a slight increment in protein and a significant decrease in fat (13.96 g/100g) content when compared with the control sample of murukku. The baked version of this gluten-free, millet-based snack offers a healthier alternative to health-conscious consumers looking for nutrient-dense, palatable and functionally satisfying snack food. This study enhances the concept of mindful snacking that caters to individuals with dietary restrictions.
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1. INTRODUCTION
There is a characteristic escalation in the preference of people towards baked snacks that offers good nutrients and lowers the dense calorie intake. Several food manufacturing brands are upcoming with their baked or air-fried variants of commonly consumed snacks, be it savoury or sweet. Baked snacks appeal to the consumers who prefer their meals without compromising on nutrition as they can easily be fortified and enriched with vitamins, minerals, underutilized ingredients that impose therapeutic benefits. This study advocates the usage of Browntop millet (BTM), Proso millet (PM), and Chia seeds to prepare a South Indian delicacy that is usually accompanied with tea or filter coffee.
Millets are nutritionally superior, eco-friendly versatile grains grabbing community attention, due to flourishing concept of eating local produce. These ancient nutri-cereals are a valuable addition to the diet that plays a crucial role in addressing malnutrition as well as promoting sustainable agricultural fashion (Layek et al., 2023).  BTM (Brachiaria ramosa) is a densely packed nutritious ingredient of the millet family that is rich in dietary fibre, protein, calcium, iron, phosphorus and imposes numerous therapeutic properties such as cardio-protective, anti-diabetic, anti-ulcerative, anti-oxidant and anti-tumorigenic. The grain boasts its antioxidant activity which reduces oxidative stress and reduces the risk of chronic diseases (Srivastav and Chauhan 2024). PM (Panicum miliaceum) is a nutritionally-dense, gluten-free grain that majorly grows in arid and semi-arid regions of the world. In India, it is cultivated in Rajasthan, Uttar Pradesh and Madhya Pradesh for human consumption and animal fodder. It is packed with essential nutrients including complex carbohydrates, protein, dietary fibre, iron, potassium, magnesium, manganese, zinc and vitamin B complex making it a suitable option for gluten-sensitive people. PM plays significant role in prevention and treatment of weakened immune system, improving glycaemic response, maintaining cardiovascular health, anti-proliferative effect against cancer cells and promoting healthy gut microbiome (Karthick et al., 2023).
Chia seeds (Salvia hispanica) are tiny black seeds storing powerful nutrients like protein, fibre, antioxidants, omega-3 fatty acids, calcium, magnesium, phosphorus, potassium and zinc. Their impressive nutritional profile helps to lower bad cholesterol, prevents constipation, manages weight, neutralizes free radicals, maintains blood sugar level and treats post-menopausal symptoms. Their neutral taste and mucilaginous texture makes them easy to incorporate into various recipes and also have the potential to replace cereal flours in making pasta like dishes (Kulczyński et al., 2019).
2. MATERIAL AND METHODS
2.1 Pre-processing of raw materials
The raw materials required for the research study were processed as per the flowchart shown in Figure 1.

Figure 1. Pre-processing method of raw materials 
2.2 Preparation of millet-based murukku
· The powdered ingredients were subjected to dry roasting in a non-stick pan for 4-5 minutes.
· All the roasted flour was combined in required quantities to formulate different proportion of samples.
· To this, carom seeds, asafoetida, salt and black pepper powder were added for seasoning.
· Mixed these to form smooth dough with water and kept it to rest for 15 minutes. Greased the murukku maker with ghee to put the dough into it.
· The oven was preheated at 180 oC along with a parchment paper lined baking tray.
· The murukku were shaped into straight lines on the tray.
· Baked them for 10 minutes, took them out from the oven, brushed some more ghee onto them and again baked for 6-8 minutes.
· The prepared murukku were allowed to cool at room temperature for 20 minutes before consumption.
2.3 Standardised formulation of millet-based murukku variants
Table 1. Recipe formulation of millet-based murukku variants
	Ingredients (g)
	T1
	T2
	T3

	BTM flour 
	30
	30
	30

	PM flour 
	45
	35
	25

	Black gram flour 
	10
	10
	10

	Chia seeds powder
	5
	15
	25

	Carom seeds 
	2
	2
	2

	Cow Ghee 
	7
	7
	7

	Asafoetida 
	1
	1
	1



2.4 Nutritional assessment of developed millet-based murukku
All the prepared variants of millet-based murukku were subjected to standardised procedures of nutritive evaluation and expressed as triplicate combination of Mean ± Standard Deviation. The moisture, ash, protein and carbohydrate content was determined by the methods explained by NIN 2003 while fat and fibre, calcium and iron values were obtained by following procedures of AOAC 2005 (NIN 2003, AOAC 2005).
2.5 Sensory assessment
A panel of 30 semi-trained sensory evaluators were provided with control and three other developed murukku samples to analyse and mark their scores against taste, appearance, aroma, texture and overall acceptability parameters in the provided proforma (Mihafu et al., 2020). 
2.6 Statistical analysis
The results obtained through nutritional analysis and sensory assessment was tabulated to import the data to SPSS 21.0 version software. The statistical tests used in this study were Mean, Standard deviation and ANOVA (Analysis of Variance).
3. RESULTS AND DISCUSSION
3.1 Nutritional and Energy composition of millet-based murukku variants
When the prepared samples were analysed for their nutritive and energy profile, it was clearly evident from the reports that only minor changes were observed in moisture, carbohydrate and protein content whereas fibre content was greatly increased in the samples and fat was lowered in the prepared variants of murukku. As the quantity of chia seed flour increased in the formulation, fat and dietary fibre composition also surges as depicted in the Table 2. The changes in the carbohydrate and protein content were based on the proportion selection of PM flour. The energy composition of millet-based murukku is displayed in Figure 1. It increased from sample T1 to T3 as there was an increment in chia seed flour and decrement in PM flour while all other ingredients were constant. However, there was a remarkable decrease in the energy content in the prepared variants as compared to the control sample. This stated that the replacement of all purpose and rice flour enhanced the fibre and moisture content but greatly decreased energy, protein, fat and carbohydrate quotient.
A study reported that on increasing the quantity of proso millet, the macronutrient content also increased due to its good nutritional profile (Agarwal and Chauhan 2022). A study similarly aligns with the present study results indicating decrease in carbohydrate and fat content whereas enhancement in moisture, fibre and protein content (Shalini et al., 2023). The protein content of baked millet-based murukku increased significantly, that contradicts the study conducted by some authors highlighting the products like nachos and savoury snacks (Farooqui et al., 2023; Karen and Preethi 2023). The study focussing on preparation of finger millet and brown rice flour murukku shows higher amount of fat and energy composition whereas much lower proportions of dietary fibre, protein and carbohydrate (Tadinada 2023). Rabail et al., (2022) in their study reported that on increasing the percentage of chia seeds in the muffin recipe, the index of ash, fat, crude fibre, protein increased while the moisture content dipped.
Table 2. Nutritional profile of millet-based murukku variants
	
Samples

	
	Moisture (g)
	Carbohydrate (g)
	Protein (g)
	Fibre (g)
	Fat (g)

	Control
	5.4
	50.0
	10.0
	2.46
	35.0

	T1
	7.86±0.62
	56.54±2.54
	10.24±0.49
	10.29±0.75
	10.7±1.41

	T2
	7.41±0.44
	54.15±1.81
	11.02±2.04
	13.48±1.62
	13.96±1.28

	T3
	7.76±1.18
	51.76±1.33
	10.19±2.71
	16.71±1.66
	16.45±0.22


All the values expressed are Mean±SD determined in triplicate combinations.

Figure 2. Energy composition of murukku variants
3.2 Mineral composition of millet-based murukku variants
The prepared recipe was much higher in both calcium and iron content as compared to the control sample. Table 3 indicates that calcium content increased from a range of 69.26 to 193.27 mg/g on increasing the amount of chia seeds in the formulation. The iron composition of the recipe also observes a surge from 3.71 to 5.14 mg/g due to decrement in PM quantity. The control recipe which possess all-purpose and rice flour as the main ingredients, had much lower mineral content as they reported 34.30 mg/g calcium and 0.82 mg/g only.
The increase in mineral content of the developed murukku is due to the increment in the quantity of millet which aligns with the study of chakli and vermicelli preparation (Agarwal and Chauhan 2022). The quantity of iron increased up to four times in the millet-based nachos while there was a marginal increase in the calcium content of baked murukku than the deep-fried version (Namitha et al., 2019). The mineral content of gluten-free cookies significantly increased on addition of chia seeds hydrogel from 40% to 45% in the subsequent variants (Tomic et al., 2022). The calcium value increased from 15.05 to 212.75% while iron content also surged from 1.70 to 19.42% in the subsequent cookie variants developed from the incorporation of chia seeds and garden cress seed powder (Shelke et al., 2024). A study focussing on the formulation of proso millet and brown rice flour murukku revealed that the highest calcium and iron content was 148 mg and 2.34 mg respectively which was a little lesser than the present research (Sarojani et al., 2021). 
Table 3. Mineral content of millet-based murukku variants
	
Samples
	Minerals (per 100 g)

	
	Calcium (mg)
	Iron (mg)

	Control
	34.30±1.64
	0.82±0.08

	T1
	69.26±0.46
	3.71±1.62

	T2
	131.13±1.40
	4.33±0.52

	T3
	193.27±0.14
	5.14±0.81


All the values expressed are Mean±SD determined in triplicate combinations.
3.3 Sensory assessment of millet-based murukku variants
The prepared samples and the control variant were analysed by 30 semi-trained sensory panellists for five parameters namely appearance, aroma, texture, taste and overall acceptability and expressed as Mean ± Standard Deviation. When the three developed samples were compared, T2 prevailed in all the criteria whereas T3 was left out. It was evident from the study that the most acceptable proportion for murukku was 30% BTM, 35% PM and 15% chia seeds. On increasing the quantity of chia seeds, the aroma and overall acceptability reduced to a significant extent. The control sample was similar in results with the T2 sample in almost all the parameters. Texture scores remain to be appropriate in all the prepared samples, which is an important determining factor in the sensory analysis of murukku.
A study focussing on developing millet chakli quoted that sample B (60% PM: 35% Adzuki bean: 5% basil seeds) had higher acceptability than the other two variants having 45% and 25% PM (Agarwal and Chauhan 2022). Similarly, a study elucidated that on increasing the incorporation of kodo millet, the organoleptic mean scores decrease in the subsequent murukku samples and incorporation of only 10% kodo millet was acceptable on the structured parameters (Namitha et al., 2019). A study mentions about the preference of 30% millet nachos by the sensory panel members followed by the standard recipe formulation (Farooqui et al., 2023). Divyashree et al., (2016) in their study had similar results depicting lower organoleptic acceptability on increasing the chia seeds quantity in the biscuit recipe formulation. This study results were contradicted for the overall acceptability parameter as the control variant had lesser mean score as compared to the developed murukku combinations of ragi and soybean (Sharma et al., 2022). Sample A of noodles having 50% proso millet and 30% lentil flour stood out on all the standards of organoleptic evaluation while sample B composed of 60% proso millet and 25% lentil flour received the worst mean scores (Srivastav et al., 2022). A better preference graph was obtained for sensory analysis having higher content of chia seeds in the prepared cracker samples by Dundar et al., (2020).
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Figure 3. Millet-based murukku variants
Table 4. Organoleptic scores of millet-based murukku variants
	
Samples
	Sensory parameters

	
	Appearance
	Aroma
	Texture
	Taste
	Overall acceptability

	Control
	8.92±1.62
	8.59±1.39
	7.26±1.33
	8.64±1.64
	8.54±1.57

	T1
	7.36±0.51
	7.22±1.61
	8.33±0.83
	8.42±2.28
	8.12±0.38

	T2
	8.52±1.62
	8.22±2.28
	8.85±1.07
	8.66±1.94
	8.78±1.63

	T3
	5.39±0.96
	5.16±1.22
	6.22±0.39
	5.36±2.72
	5.32±0.55


All the values expressed are Mean±SD determined in triplicate combinations.
4. CONCLUSION
Murukku is a tea-time savoury snack popularised in southern part of India due to its crispy texture and mild spiciness. However, people nowadays have an inclination towards healthier snacks which targets murukku to face some ignorance. To overcome this concern, millet-based baked murukku have been developed in this study which have higher quotient of fibre, calcium and iron and also much lower content of fats. The enrichment of chia seeds powder in the recipe not only enhanced the nutritive profile but also uplifted the omega-3 fatty acid, bioactive components that impose certain therapeutic properties. The usage of millet combination as a base ingredient aligns with the concept of sustainable snacking.
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Soaked millets, beans and seeds in water (1:2) for 8 hours


Sieved the flour to remove the coarse particles 


Grounded each of them separately in a mixer to form a powder


Sun-dried all the ingredients  for 12-14 hours 


Purchased raw materials from a local market of Banasthali Vidyapith, Rajasthan















Energy (kcal)	Control	T1	T2	T3	555	354	372	390	
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