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Uses of Rice-Based Supplementary Nutritive Fortified Food for the Healthy Growth of Infants



ABSTRACT
Background: Maternal nutrition significantly influences fetal development; inadequate intake can lead to intrauterine growth restriction (IUGR), low birth weight, and increased risk of preterm birth and children who experience under-nutrition are at a higher risk of delayed neuro-cognitive development and increased mortality rates. 
Aim: The study aimed to develop formulae for wholesome infant foods based on locally available foods, which would fulfil their nutritional needs.
Methodology: Two villages were chosen for adoption, specifically Vill. HahsoraChetiya Goan and Vill. Bharalua, Dekhowmukh, under the Krishi Vigyan Kendra, Sivasagar, during the year 2020-2021.
The supplementary feeding formulas were created in village homes, and the products were delivered to thirty (30) mothers with infants aged between six (6) months and twenty-four (24) months. The 100gm formula consists of 70 gm parboiled rice powder,30gm green gramdal powder,5gm groundnut powder and 5 gm carrot powder. In formulating the feeding formulae WHO (World Health Organisation) Infant and Young Child Feeding Guidelines of 68% carbohydrates.15 % protein, 7-10% fat, 2-5% ash and 2-5 % fibre with an energy value of about 400kcal per 100 g of flour were thoroughly followed. The chosen babies enjoyed the developed products in both sweet and savoury flavours. Observation method was used to see the adoption of the technology among selected beneficiary and their skills in preparing the developed SFF with the help of an observation checklist. 
Results: The sample babies consumed the developed products with sweet and salty flavours. In storage quality observation, the microbial counts of the food samples were found satisfactory after two months. The storage period of the product showed no significant effect. The control supplementary feeding does not provide the required amount of protein as per the recommended dietary allowances for weaning food. The value of various minerals, viz. calcium and iron are 39.988 and 1.942 mg/100 g product, respectively. The developed SFF was also enriched with protein (11.435 gm/100g), fibre (1.416gm/100g), and fat (2.973gm/100g), which is important in combating malnourishment among children below 5 years of age. Sensory characteristics were found satisfactory through organoleptic testing. A total of 89.9 per cent of mothers use the rice-based supplementary feeding fortified with carrots. All the sample mothers were able to prepare the product at the household level. 
Conclusion: A rice-based supplementary feeding that is culturally accepted, affordable, easy to prepare, and safe has gained popularity among the rural population of Assam and may contribute to the reduction of protein-energy malnutrition.
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1. INTRODUCTION:
	Foods that are regularly fed to the infant, in addition to breast milk, providing sufficient nutrients, are known as supplementary or complementary foods (NIN, 2011). It is the introduction of semi-solid food to the infants starts at their 6 months of age, which is usually a provision for an extra food beyond the normal food of the family diet. Suboptimal nutrient quality and quantity can have a negative impact on growth and neurodevelopment, even when overall energy intake is adequate. It is, therefore, necessary that complementary foods supplement as best as possible human milk or formulas (Caroli et al., 2021). A nutritionally dense, balanced supplementary food, along with breastfeeding, is required to meet the demand of the rapid growth of the developing child. Deprivation of adequate nutrients during this stage increases the chances of different forms of malnutrition in children below 5 years of children (Musa et al., 2025). Maternal nutrition significantly influences fetal development; inadequate intake can lead to intrauterine growth restriction (IUGR), low birth weight, and increased risk of preterm birth and children who experience under-nutrition are at a higher risk of delayed neuro-cognitive development and increased mortality rates (Cetin et al., 2022; Petri et al., 2024). Nutrients that a mother consumes, such as fatty acids, vitamins, and other bioactive compounds, not only influence the nutrient content of the milk but also modulate its quality, determining how effectively it supports infant growth, development, and immune function. For instance, levels of fatty acids and fat-soluble vitamins such as vitamins A, C, B6, and B12 are directly correlated with maternal dietary intake, which means they can vary according to the mother’s food choices and nutritional needs (Favara et al., 2025; Tailor & Sengupta, 2019). As per the recent Survey of NFHS-5 (2019-21), the nutrition indicator shows a higher prevalence of stunting (35.3%), wasting (21.7%), and underweight (32.8%) children less than 5 years at the National level. The malnutrition status of Children of Assam also shows stunting (36.4%), wasting (17%), and underweight (29.8%) children under 5 years (MoHFW, 2017). These indicators reflect the poor nutritional supplements to young children in Assam. Lack of awareness on the importance of supplementary feeding, lack of technical knowledge on preparation of the food and feeding practices are the leading causes rather than the availability and affordability of the raw foods at the household level (WHO, 1999). It was observed that most often, a part of the food prepared for the other members of the family is fed to the infant. But the usual family diets in our country are inadequate in the nutrients essential for the proper growth of the infant. In view of these difficulties, there is a need to develop a ready-to-cook formula for wholesome infant foods based on locally available foods which can be easily prepared at home with simple technology. The Food and Agriculture Organisation and the Integrated Child Development Scheme have advised developing supplementary foods from the locally available foods to overcome malnutrition among children. The majority of the Assamese people use rice as their main staple food, and different varieties of rice are cultivated as a major food crop and account for 96% of total food grain production in the state. Rice is the main source of energy-yielding food in the state. Hence, to combat the serious health issues of children, this study was conducted at the Sivasagar district of Assam.
2. MATERIALS AND METHODS:
2.1 Research design:
A low-cost, nutritious, and culturally accepted rice-based supplementary Feeding formula (SFF)for infants was developed and examined for its acceptability, storage quality at normal room temperature. Training was conducted to teach the preparation technology of the developed product, cooking and serving procedure to the sample mothers. The developed formulae were fed to the infants of sample mothers, and their acceptability was observed. Adoption of the technology was observed by door-to-door visits of the sample mothers after completion of the study.
	The whole preparation procedure was conducted at one of the participants mothers’ houses in a conventional atmosphere. So that the hands-on demonstration helps them to learn the technology and become confident to prepare it at their own house. The existing supplementary feeding was also evaluated in terms of acceptability level to compare with developed supplementary feeding formulae. The research is conducted as a part of an on-farm trial (OFT), which is approved by the high-level scientific advisory committee.
2.2 Formulation of the supplementary feeding formulae (SFF):
The basic formulae for the supplementary food are derived from a standardised baby food “Assam Mix” developed and standardised by the Department of Food Science and Nutrition, College of Community Science, AAU, Jorhat-13. The developed formulae were modified by taking a popular parboiled rice variety as the major portion and adding 5 gm of carrot powder instead of 5gm of sesame powder, keeping the portion ratio intact with the original Assam Mix recipe. Vegetable powder was incorporated because recent studies revealed that introducing vegetables as first complementary foods for infants may program taste preference that leads to improved vegetable intake in later childhood. Carrot is selected in the formula because children like sweet taste, as infants have an innate preference for sweetness, as breast milk is sweet (Forestell, 2021), and they may find bitter taste in dark leafy greens to accept (Mennella and Bobowski, 2021; Wardle and Cooke, 2021). Carrot is a sweet root vegetable among other available local vegetables. Thus, the 100gm formula consists of 70 gm parboiled rice powder,30gm green gramdal powder,5gm groundnut powder and 5 gm carrot powder. In formulating the feeding formulae WHO (World Health Organisation) Infant and Young Child Feeding Guidelines of 68% carbohydrates.15 % protein, 7-10% fat, 2-5% ash and 2-5 % fibre with an energy value of about 400kcal per 100 g of flour were thoroughly followed (WHO, 2021). Nutritional recommendations for 6 to 24-month-old babies were maintained in serving the formula to the 6 to 24-month-old babies (Cetin et al., 2021). The nutrient content of the developed product was examined based on the standard nutritional data of the raw foods from the nutritional value of the raw food listed in Nutritive value of Indian foods, NIN, ICMR (2011) and recent research in this area (NIN, 2011).
2.3 Procurement of raw materials:
Popular rice variety Ranjit (Oryza sativa) was selected for the SFF. Parboiled Ranjit rice available with the selected villagers was taken for powder preparation. Green gram dal(Vigna radiata) and groundnut (Arachis hypogaea L.) were collected from the local shop of the selected villages. Carrot (Daucus carota L) cultivated locally was collected for the preparation of the SFF.
2.4 Selection of the villages:
Two numbers of adopted villages, namely Vill. HahsoraChetiyagoan and Vill. Bharalua, Dekhowmukhof Krishi Vigyan Kendra, Sivasagar, were selected purposively for the convenience of the study.
2.5 Selection of the samples:
A total of thirty (30) mothers residing in the selected villages having 6 months onward to 24 months of baby were selected purposively based on the research criteria.
2.6 Preparation procedure of the SFF:
2.6.1 Preparation of the Rice flour: Cleaned parboiled rice is soaked in water for 2 to 3 hours, drained water and dried to remove the extra moisture and ground in the local mill for making powder. Roast the flour in a low flame in small portions to remove the moisture. Sieved the flour to make it a fine powder.
2.6.2 Preparation of the green gram dal flour: Clean and roast the green gram dal in a low flame in small portions and grind to make powder. Sieve the flour to make it a fine powder.
2.6.3 Preparation of the groundnut flour: Clean and roast the groundnut in a low flame in small portions and remove the skin of the groundnut, and grind to make powder. Extra care is taken to make it powder.
2.6.4 Preparation of the carrot flour: Cleaned and removed the hair and outer skin of the carrot. Sliced it with an available stainless steel vegetable slicer and dried for 2-3 days until it became crispy. Grind the slices to make it powder. Sieve the flour to get the fine powder. Fine powder is needed for infants below 9 months old.
2.6.5 Storage of the SFF: Rice powder, green gram powder and ground nut powder are mixed well in the ratio of 70:30:5 and stored in an air-tight food-grade plastic bottle of 500gm. Carrot powder is stored separately in a food-grade polyethylene packet.
2.6.6 Method of supplying the SFF to mothers: A bottle containing 500gm powder mix(Rice powder, green gram dal powder and ground nut powder are mixed well in the ratio of 70:30:5) was provided to mothers of children aged 6 months to 24 months old. Carrot powder 50 gm is provided in a separate air-tight PP packet with a 1gm spoon.
2.6.7 Feeding of the Infant: Mothers are trained for the preparation of SFF. Both sweet and salty preparation is demonstrated to mothers to use the product according to the taste of their child.
2.6.8 Feeding schedule: The following feeding chart is given to the mothers and advised for 3 (Three) servings a day. Mothers are advised to take 80 ml of milk for 1 ½ tbsp of SFF and cook till it becomes thick (According to the “Assam mix- Guidelines” by Department of Food Science and Nutrition, College of Community Science, Assam Agricultural University, Jorhat).
2.6.9 Feeding chart:
List 1: Feeding chart for 6 months onwards and 1 year onwards of the child
	Age of the child
	Morning
	Noon
	Evening

	6 months onwards
	1 ½ tbsp
	1 ½tbsp
	1 ½tbsp

	1 year onwards
	2tbs
	2tbs
	2tbs



2.6.10 Training of mothers for SFF preparation: Training was organised to prepare the SFF at the household level. Selected mothers were made aware of the importance of supplementary feeding, the use of locally available nutrient-rich foods for supplementary feeding, food hygiene, and safety in food preparation. 
Demonstration was given on the process of preparation of raw SFF, cooking of SFF, serving procedures and sensory testing.
2.7 Microbial Quality analysis:
Microbial analysis was done at the Department of Biotechnology, Assam Agricultural University, Assam, for microbial load of the SFF product. The Microbial test was performed using the Microbial Enumeration test, which is a quantitative test to determine the Total Aerobic Microbial Count (TAMC) and Total Yeast and Mould Count (TYMC) present in the test product.
2.8 Sensory Evaluation:
Supplementary feeding formulae were evaluated for sensory quality characteristics using a five-point hedonic scale by a semi–trained panel of all 30 lactating mothers.
2.9 Nutrient composition of the SFF product: 
Standard nutrient composition was observed to calculate the raw nutrient composition of 100 gm SFF (NIN, 2011; Kalita et al., 2021).
2.10 Adoption of the SFF product by the beneficiary: 
Observation method was used to see the adoption of the technology among selected beneficiary and their skills in preparing the developed SFF with the help of an observation checklist. The observation was made for 1 year after the completion of the study period of 3 months.
3. RESULTS AND DISCUSSION:
3.1 Microbial Quality analysis:
Microbial contents of the developed supplementary feeding formulae were analysed in order to check the shelf-life and safety of the products. Microbial analysis was conducted to detect the presence of Bacteria, fungi, faecal contamination, and air–borne microorganisms in the developed product. The results of both the powders (Sample A & B) indicated a negative report for all the examined microorganisms in the first month, and in the second month, they also showed satisfactory results. Thus, from the microbial report, we can state that the powders could be safe to be consumed for two months from the date of production (Table 1).
Table 1: Microbial analysis results of the developed supplementary feeding formulae
	Sl. No.
	Target microbial population
	Sample-wise CFU count
First batch 05/01/2021
	Sample-wise CFU count
Second batch sample
Date:05/02/2021

	
	
	A*
	B**
	C
	D

	1
	Bacteria
	0
	0
	2.26x103
	10

	2
	Fungi
	0
	0
	3.9x102
	0

	3
	Faecal contamination
	0
	0
	0
	0

	4
	Air–borne micro-organisms
	0
	0
	0
	0


*Sample A: powder mix (Rice, green gram and ground nut powder in a 70:30:5 ratio),**Sample B: Carrot powder
Microbial Enumeration test conducted at the Department of Biotechnology, Assam Agricultural University, Assam
3.2 Sensory Evaluation:
The sensory evaluation was conducted using a 5-point hedonic scale among the sample babies under the supervision of the trainer and trained mothers. Table 2 represents the acceptability of the developed and control samples by the selected babies. The result from Table 2 shows that the acceptability level is notably higher for the developed product (SFF) compared to the control product (Rice powder). The consumable rate of the sample was found to be high during all three months of the study compared to the control one. From the sensory evaluation analyses, we can draw the inference that babies preferred the developed SFF over the control sample. This may be due to the different taste of SFF, which is developed due to the use of different powdered items from different food groups, namely cereal, pulses, nuts & vegetables
Table 2: Sensory results of the developed supplementary feeding formulae
	Samples
	Acceptability Scale 5-point hedonic scale

	
	On the Date of production
	1st month
	2nd month
	3rd month

	Developed Product (SFF)
	Like a lot 90-95% (score 4-5)
	Like a lot 90-95% (score 4-5)
	Like a lot 90-95% (score 4-5)
	Like a lot 90-95% (score 4-5)

	Control (Rice powder)
	Like slightly 95-100% (score 0-1)
	Like slightly 95-100% (score 0-1)
	Like slightly 95-100% (score 0-1)
	Like slightly 95-100% (score 0-1)


*Five-point Hedonic Scale:
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Fig. 1 Hedonic Scale of Five-point 
3.3 Nutritional Composition of the SFF: 
The nutrient composition of formulated weaning food has been presented in Table 3. Table 3 shows that control supplementary feeding does not provide the required amount of protein as per the recommended dietary allowances for weaning food; besides, in the developed SFF, the total calorific values were found to be 377.55 Kcal/100 g of SFF. The value of various minerals, viz. Calcium and iron are 39.988 and 1.942 mg/100 g product, respectively. The developed SFF was also enriched with protein (11.435 gm/100g), fibre (1.416gm/100g), and fat (2.973gm/100g), which is important in combating malnourishment among children below 5 years of age.


Table 3: Nutritional composition of the Raw Supplementary feeding formulae
	Nutrient
	Parboiled Ranjit 
Rice 
(70 gm)*
	Green gram (30gm)
	Groundnut
(5gm)
	Carrot
(5gm)
	Total SFF
(100g)
	Assam mix
	Cereal
	Controlled rice powder

	Protein (g)
	2.59
	7.35
	1.31
	0.185
	11.435
	10.75
	15
	2.59

	Fat (g)
	0.623
	0.36
	1.99
	-
	2.973
	5.32
	9
	0.623

	Fibre (g)
	0.371
	0.24
	0.155
	.65
	1.416
	1.32
	2
	0.371

	Carbohydrate (g)
	27.58
	17.97
	1.335
	.435
	47.35
	-
	68.5
	27.58

	Energy value (Kcal/100g)
	242.2
	104.4
	28.5
	2.45
	377.55
	365
	415
	242.2

	Calcium (mg)
	3.038
	22.5
	3.85
	10.6
	39.988
	110
	400
	3.038

	Iron (mg)
	0.602
	1.17
	0.155
	0.01542
	1.942
	9
	7.5
	0.602


*(Kalita et al., 2021)
3.4 Adoption of the SFF product by the beneficiary: 
Table 4 shows that the majority of the sample mother 76.6 per cent regularly use the SFF and feed their child 3 times per day. Again, 13.3 per cent of mothers use the SFF at intervals but feed their child 3 times per day. A total of 89.9 per cent of mothers use the rice-based supplementary feeding fortified with carrots. Mothers 3.33 per cent did not use it because of the illness of their children, who refused to eat other feeds and preferred only their mother’s milk due to illness. A few mothers (6.6%) of younger children (above 18 months) feed for 1-2 times, as the baby likes other homemade foods prepared for adults.
	From the observation, it was also found that all the mothers were able to prepare the SFF product with no mistakes.
Table 4: Uses of the Supplementary feeding formulae by the mothers after the completion of the research
	Adoption
	Regularly
N= 30
	With intervals
N=30

	
	Frequency
	Percentage
	Frequency
	Percentage

	 1-2 feeding/day
	2
	6.6
	0
	0

	3 feeding/day
	23
	76.6
	04
	13.3

	None
	1
	3.33
	0
	0



4. Conclusion:
Infants after the age of 6 months need energy and protein-rich solid supplements in addition to breast milk. In India, 194 among the low-income groups, solid supplements are given after the child is 1.5 to 2 years. Thus, the late introduction of solid supplements causes growth retardation and other deficiency symptoms. Hence, a culturally accepted, low-cost, easy-to-prepare and safe rice-based supplementary feeding popularised among the rural masses of Assam may help reduce protein energy malnutrition.
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