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Abstract
Malnutrition among preschool children (3–6 years) remains a major public health problem in India due to inadequate intake of energy and essential micronutrients, while rice, the primary staple food, loses significant nutrients during milling. This study aimed to formulate a fortified rice-based nutrimix using traditional Indian rice varieties and to evaluate its sensory acceptability for potential use in supplementary nutrition programs. Fortified nutrimix flours were developed using Rakthashali, Njavara, Matta, and Pokkali rice varieties combined with pearl millet, banana, soybean flours, and an FSSAI-approved fortified rice premix. A Completely Randomized Design with 20 treatments was adopted, and porridges were subjected to sensory tests by 20 judges using a nine-point hedonic scale. Significant differences (p < 0.05) were observed for colour, taste, texture, flavour, and overall acceptability. The most acceptable formulations were T4 (Rakthashali), T1 (Njavara), T3 (Matta), and T5 (Pokkali), with moderate rice inclusion improving sensory quality. Njavara and Rakthashali nutrimixes showed superior overall acceptability, indicating that fortified rice-based nutrimixes are acceptable, nutritionally promising, and suitable for integration into Integrated Child Development Service and similar nutrition programs.
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Introduction



Malnutrition among preschool children remains a major public health concern in many low- and middle-income countries, including India. The preschool age 3–6 years is a critical period of rapid physical growth, cognitive development, and immune maturation, during which inadequate intake of energy, protein, and essential micronutrients can lead to under nutrition,
impaired learning ability, increased susceptibility to infections, and long-term adverse health outcomes. Despite the implementation of large-scale nutrition intervention programs, deficiencies of iron, calcium, zinc, vitamin A, and B-complex vitamins continue to be widely prevalent among young children (UNICEF, 2023; WHO, 2021)
Rice is the staple cereal for a large proportion of the Indian population and serves as a major source of dietary energy. However, polished rice is inherently low in protein quality and essential micronutrients due to milling losses, making it insufficient to meet the nutritional requirements of growing children when consumed alone (FAO, 2019). Fortification of rice with essential micronutrients has emerged as a cost-effective and sustainable strategy to address hidden hunger, particularly in populations dependent on cereal-based diets. Rice fortification has been recommended by international agencies as a feasible approach for improving micronutrient intake without altering existing food habits (WHO, FAO, & UNICEF, 2018).
Nutrimix formulations, typically composed of cereals, pulses, oilseeds, and micronutrient premixes, have been widely recognized as suitable supplementary foods for preschool children due to their balanced nutrient composition, ease of preparation, and acceptability (Ghavidel et al.,2010.,Prakash,2010)). Incorporating fortified rice into nutrimix formulations offers the dual advantage of enhancing both macronutrient and micronutrient density while maintaining cultural acceptability and cost efficiency (Abebe et al.,2006). Such formulations can be easily integrated into existing public feeding systems, including the Integrated Child Development Services (ICDS) program, which aims to combat malnutrition and promote child health through supplementary nutrition (Ministry of Women and Child Development, 2022).
Nutritional evaluation of fortified rice-based nutrimix is essential to ensure that the product meets recommended dietary allowances for preschool children and adheres to food safety and quality standards (Edema,et al.,2005). In addition to nutrient composition, feasibility assessment including economic viability, scalability, storage stability, and programmatic compatibility is crucial for successful incorporation into public supplementary nutrition programs (Hoffman, et al., 2001)
Therefore, the present study was undertaken with the objectives of formulating a fortified rice- based nutrimix, analyzing its nutritional quality, and evaluating its feasibility for inclusion in public supplementary nutrition programs for preschool children(Kennedy et al.,2019)The findings of this study are expected to contribute to the development of nutritionally adequate, affordable, and sustainable food-based interventions aimed at improving the nutritional status of  preschool children(Kimani et al.,2015)
The present study focused on the formulation of a fortified rice-based nutrimix flour using nutritionally superior cereals, millets, and legumes. Rakthashali rice, Njavara rice, Matta rice and Pokkali rice, were selected for their traditional and nutritional significance, along with pearl millet flour, banana flour, and soybean flour to enhance macronutrient and micronutrient content(Kindaki et al.,2015)Good quality raw materials were procured from the local market based on cost and quality parameters. FSSAI-approved fortified rice premix was procured from SVHG Agri Solutions LLP, Hyderabad, an FSSAI-certified industry. Rice flours were prepared by sorting, cleaning, and soaking the rice grains for 3 hours, followed by oven drying at 60°C until constant weight. Semi-dry milling was carried out as described by Tong et al., (2017), after which the flour was lightly roasted, milled, sieved, and packed in polypropylene (PP) covers for further use. 
                                            
Pearl millet flour was prepared following the method of Kindiki et al. (2015), wherein grains were sorted, cleaned, dehulled, soaked, and germinated for 48 hours to improve nutritional quality and texture. The germinated grains were roasted, milled, sieved, and packed. 
                                                            

Banana flour was prepared by peeling ripe bananas, slicing them uniformly, and drying them in a dehydrator for 10–12 hours until brittle, followed by milling and packing. 
 Soybean flour was prepared as per Chen et al. (2003); soybean grains were cleaned, soaked (1:5 w/v) for 15 hours, manually dehulled, oven-dried at 60°C for 24 hours, roasted until golden brown, milled, sieved, and packed in PP covers. All prepared flours were blended mechanically with fortified rice premix in specified proportions using an industrial blender



	



                                                         The fortified rice-based nutrimix flour was formulated under a Completely Randomized Design (CRD) with five treatments and four replications. Five formulations were standardized for each rice variety, with rice flour ranging from 50–70%, fortified premix at 2%, banana flour from
41–21%, soybean flour at 2%, and pearl millet flour at 5%, resulting in a total of twenty treatments across four rice varieties. Nutrimix porridge was prepared by cooking 50 g of nutrimix flour with 10 g jaggery in 250 ml milk for 3–4 minutes. The developed porridge samples were subjected to organoleptic evaluation by a panel of 20 judges using a hedonic scale to assess appearance, texture, flavour, taste, and overall acceptability. Based on sensory scores, the best formulation from each rice variety was selected for further nutritional and feasibility evaluation(Hoffman et al.,2004)
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	50%RF
	2%FP
	41%BF
	2%SF
	5%PF

	T2
	55%RF
	2%FP
	36%BF
	2%SF
	5%PF

	T3
	60%RF
	2%FP
	31%BF
	2%SF
	5%PF

	T4
	65%RF
	2%FP
	26%BF
	2%SF
	5%PF

	T5
	70%RF
	2%FP
	21%BF
	2%SF
	5%PF

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


The treatments will be done with Rakthashali rice (T1- T5) Njavara rice (T6-T10), Pokkali rice (T11-T15) and Matta rice (T16-T20).

RF- Rice flour, FP- Fortified premix, BF- Banana flour, SF-Soyaflour, PF – Pearl millet flour.
Results and discussion

Table 1. Sensory evaluation of rakthshali nutrimix porridge
	Treatments
	Colour
	Taste
	Texture
	Flavour
	Overall

Acceptability

	
T1R
	
6.92c
	
7.02bc
	
7.06bc
	
7.02bc
	
7.08bc

	
T2R
	
7.96ab
	
7.65ab
	
7.64ab
	
7.63ab
	
7.72ab

	
T3R
	
7.13bc
	
7.07bc
	
7.09bc
	
7.13bc
	
7.04bc

	
T4R
	
8.65a
	
8.17a
	
8.04a
	
7.92a
	
8.18a

	
T5J
	
6.23cd
	
6.29cd
	
6.23cd
	
6.27cd
	
6.28cd

	
ꭓ2
	
50.678
	
46.924
	
46.903
	
45.918
	
49.14

	
Pvalue
	
0
	
0
	
0
	
0
	
0



Table 2. Sensory evaluation of Njavara  nutrimix porrigde

	Treatments
	Colour
	Taste
	Texture
	Flavour
	Overall

	


T1N
	


8.95a
	


8.76a
	


8.65a
	


8.71a
	Acceptability

8.32a

	
T2N
	
8.06b
	
8.04ab
	
8.03ab
	
8.06ab
	
7.83ab
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	T3N
	8.06b
	7.93ab
	8.05ab
	7.98ab
	7.35bc

	
T4N
	
7.91b
	
7.65bc
	
7.68bc
	
7.66bc
	
7.68ab

	
T5N
	
6.95c
	
6.98cd
	
6.84cd
	
6.99cd
	
6.81cd

	ꭓ2
	
56.146
	
50.918
	
42.185
	
50.918
	
33.536

	
p-value
	
0
	
0
	
0
	
0
	
0






Table 3: Sensory Evaluation  of Matta rice nutrimix porridge




	Treatment
	Colour
	Taste
	Texture
	Flavour
	Overall

	
T1M
	
8.62a
	
7.54ab
	
7.99a
	
7.53a
	
8.31a

	
T2M
	
8.16ab
	
7.22a
	
8.01a
	
7.54a
	
8.03a

	
T3M
	
7.83bc
	
8.62b
	
8.82a
	
7.86a
	
8.41a

	
T4M
	
7.04cd
	
6.82ac
	
6.91b
	
7.02a
	
7.02b

	
T5M
	
6.33de
	
6.12cd
	
6.24bc
	
6.07b
	
6.39bc

	
X2
	
67.009
	
60.795
	
67.044
	
55.334
	
66.122

	
p-value
	
0
	
0
	
0
	
0
	
0


Table 4. Sensory evaluation of Pokkali rice nutrimix porridge



	Treatments
	Colour
	Taste
	Texture
	Flavour
	Overall

	


T1P
	


8.71a
	


5.45a
	


7.03bc
	


6.02a
	Acceptability

7.45ab







	T2P
	7.73ab
	6.07ab
	7.47ab
	6.21a
	7.27ab

	
T3P
	
7.08bc
	
6.69bc
	
7.05bc
	
6.72a
	
6.85b

	
T4P
	
6.86c
	
6.77c
	
6.68c
	
6.67a
	
6.71b

	
T5P
	
6.75c
	
8.73bc
	
7.61a
	
8.05b
	
7.63a

	
ꭓ2
	
47.904
	
46.397
	
40.199
	
41.101
	
33.749

	
p-value
	
0
	
0
	
0
	
0
	
0



The sensory evaluation of fortified nutrimix porridges prepared using Rakthashali rice, Njavara rice, Matta rice and Pokkali rice varieties revealed significant differences (p < 0.05) among treatments for colour, taste, texture, flavour, and overall acceptability, as determined by the Kruskal–Wallis test.

In Rakthashali rice nutrimix porridge, sensory scores ranged from 6.23 to 8.65 for colour, 6.29 to 8.17 for taste, 6.23 to 8.04 for texture, 6.27 to 7.92 for flavour, and 6.28 to 8.18 for overall acceptability. Treatment T4Rrecorded the highest scores for colour, taste, texture, flavour, and overall acceptability, followed by T2R and T3R, which were statistically on par for all attributes. The T5R consistently exhibited the lowest sensory scores(Ijarotimi et al.,2012) The formulation of T5R, characterized by 70% rice flour and only 21% banana flour, provided limited natural sugars and pectin to interfere with this realignment, thereby accelerating crumb firming and a dry, brittle mouthfeel perceived by panelists Rakthashali rice derives its attractive hue from bran anthocyanin’s and proanthocyanidins formed during parboiling  In lower treatments (T1R–T3R), where rice flour proportion ranged from 50–60%, these pigments were diluted by 36–41% banana flour,  yielding paler, less characteristic appearance and reduced colour ratings (Abebe,2006)




Njavara rice nutrimix porridge demonstrated superior sensory quality among all rice varieties evaluated. Mean scores ranged from 6.95 to 8.95 for colour, 6.98 to 8.76 for taste, 6.84 to 8.65 for texture, 6.99 to 8.71 for flavour, and 6.81 to 8.32 for overall acceptability. Treatment T1N consistently recorded the highest scores  across all sensory attributes though it remained statistically on par with T2N and T3N for taste, texture and flavour. Njavara is valued as a medicinal rice with pronounced nutty aroma, delicate sweetness and fine starch granule size resulting from parboiling (Rao et al., 2010). However, when Njavara flour is used at high levels, its subtle flavour may be masked by amylose-related firmness (Juliano, 1993). The lower rice
proportion in T1 prevented this masking and allowed the pleasant notes from banana, soy and millet to complement the cereal base. The lowest scores were observed for T5N, as the higher proportion of Njavara rice, characterized by its naturally dark colour, resulted in a duller appearance of the nutrimix porridge.

In Matta rice nutrimix porridge, mean sensory scores varied across treatments, with colour scores ranging from 6.33 to 8.62, taste from 6.12 to 8.62, texture from 6.24 to 8.82, flavour from 6.07 to 7.86, and overall acceptability from 6.39 to 8.41. Treatment T3M recorded the highest scores for taste and texture, while T1M scored highest for colour. Lower scores were consistently observed for T5M which may be due to the higher brand content in matta rice which creates a dense texture thereby affecting the organoleptic qualities of the product(Juliano,1993).Most attributes of T1M, T2M, and T3M were statistically on par, indicating good acceptability of fortified formulations. Treatment T3M with 60% rice flour was found to have the highest overall acceptability. This may be due to the adequate amount of banana flour which have proven to improve the mouth feel of the product(Zhang et al., 2005)

For Pokkali rice nutrimix porridge, colour scores ranged between 6.75 and 8.71, taste between

5.45 and 8.73, texture between 6.68 and 7.61, flavour between 6.02 and 8.05, and overall acceptability between 6.71 and 7.63. Treatment T1P exhibited the highest colour score, while T5P achieved significantly higher taste, texture, flavour, and overall acceptability scores which makes T5P the best accepted proportion among the five treatments. Pokkali rice has a distinct aroma and natural sweetness and reddish brand pigments which enhance the taste and flavour(Manoj et al., 2019).Also pokkali rice possess lower amylose and high lipid amylo pectin complexes which can yield softer gel consistency when used it higher levels(Singh et al., 2003).

Overall, fortified nutrimix formulations demonstrated good sensory acceptability. Among the rice types, Njavara and Rakthashali rice-based nutrimix porridges showed superior sensory performance, indicating their suitability for incorporation into fortified supplementary nutrition products for preschool children.

Conclusion





This study showed that traditional Indian rice varieties can be used to successfully create fortified rice-based nutrimix porridges for preschoolers, with the balance between rice, banana,
soy, and pearl millet flours having a significant impact on the sensory quality. Key sensory qualities (taste, texture, flavour, colour, and overall acceptability) showed that T4 for Rakthashali, T1 for Njavara, T3 for Matta and T5 for Pokkali,  and were the most acceptable formulations among the treatments. The results show that while excessive rice dominance results in stiffness and toughness related to retrogradation, and too low rice proportion dilutes rice character crucial for familiarity, moderate rice inclusion combined with sufficient banana flour enhances smooth texture and natural sweetness preferred by young children(Dewey ,2003)

The formulations created in this study are clearly rice-focused, utilising the natural flavour profiles and carbohydrate quality of native rice cultivars, in contrast to many commercial nutrimix on the market that frequently rely on wheat or maize bases with high levels of refined cereals and artificial flavourings. These porridges are nutritionally superior and culturally acceptable for the target age group since the addition of enriched premix, soy, and pearl millet improves both the micronutrient content and the quality of the protein. Additionally, compared to some commercial blends that contain gluten or heavy legume fractions, traditional rice flours have a lower allergic potential and are easier to digest (Abeysekera et al., 2017)

Overall,  the optimized  rice-centric nutrimixes  present  a scientifically  validated, sensory- acceptable and nutritionally balanced alternative to existing market products, offering potential for adoption in preschool feeding programs like anganwadis and commercialization targeted at caregivers seeking locally rooted, nutrient-dense porridge options for children(Edema et al.,2005)
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