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Nutritional Profiling and Storage Stability of Carrot-Based Burfi Premixes


ABSTRACT







Vitamin A deficiency (VAD) is prevalent and contributes to morbidity and mortality, especially in young children in developing countries. Vitamin A deficiency contributes up to 23% lives lost in children below five years. Nutrition-sensitive food-based approaches, as endorsed by the Food and Agriculture Organisation (FAO), offer sustainable, effective, and economical solutions to improve dietary quality and combat malnutrition. Recognising the critical role of food in enhancing nutrition and supporting rural livelihoods, the present study aimed towards formulating, Nutritional profiling and evaluate the storage stability of carrot based burfi premixes tailored for preschool children. The study design included Completely Randomised Design (CRD) and the study was conducted at the Department of Food Science and Nutrition, College of Community and Applied Sciences, Maharana Pratap University of Agriculture and Technology, Udaipur, Rajasthan. Three variants of burfi premixes were developed using different proportions of carrot powder and grain flours, with carrots processed and dried at 60°C for 6-8 hours before grinding. The premixes underwent sensory evaluation to determine organoleptic acceptability, followed by analysis of nutritional composition and storage stability. Among the formulations, Treatment T3, i.e. 50:50 blend of Bengal gram flour and carrot powder, achieved the highest overall acceptability score of 8.8 on a 9-point hedonic scale, with statistically significant differences (p<0.05) across all parameters. The selected premix contained 4041.24 µg of beta-carotene per 100g, exceeding the Recommended Dietary Allowance (RDA) for preschool children, and was also rich in fiber and essential nutrients, including minerals. During a 90-day storage period in HDPE packaging at room temperature, moisture content, peroxide value, and sensory scores remained within permissible limits. The developed premix has promising nutritional attributes especially beta-carotene with significantly increased levels of protein, energy, fat, fibre and minerals with more than a storage period of three months with better organoleptic scores and nutritional adequacy. 
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1. INTRODUCTION
Vitamin A deficiency is a significant concern, particularly for children under five years of age living in developing countries. Vitamin A is essential for regulating various bodily functions, including growth, vision, reproduction, morphogenesis, and immunity. So, its deficiency may lead to various health issues such as susceptibility to various infections, stunting, eye health, and vision issues (Rice et al, 2004; Olson et al, 1996). Vitamin A deficiency (VAD) is widespread in young children in the developing world; globally, 127 million children are estimated to be affected (West, 2002). Vitamin A and beta-carotene deficiency in preschool children is a significant public health issue, causing blindness, increasing infection risk, hindering growth, and leading the Symptoms include night blindness, dry eyes, and bitot spots, though the deficiency's broader impact extends to weakened immunity, delayed growth, and increased mortality. A total of 411 children were screened for clinical VAD by Nuredin et al (2024), and the overall prevalence was 2.2% out of this, corneal xerosis affects 0.2%, bitot’s spots affect 0.7% and night blindness affects 1.2% children, indicating a major public health problem compared to the international reference. About 46.41 per cent stunting was observed among the age group of 3-5 years children during a study conducted in Rural Udaipur of Rajasthan (Sethy and Mogra, 2020), where one of the causes may be Vitamin A deficiency. In a study, it was found that the overall prevalence of VAD in India is 17.54%. Children in poorer economic sections are more vitamin A deficient compared to children in richer economic sections, and the prevalence of VAD among children with having minimum diet diversity is 18.63 per cent (Kundu et al, 2021).
There are several strategies to reduce vitamin A deficiency, such as vitamin A supplementation in the form of retinol. Children who received vitamin A supplementation had an 81% reduced likelihood of developing clinical vitamin A deficiency (VAD). In a study conducted by Lin et al (2009), the prevalence of severe and marginal vitamin A deficiency among children was 23.1% and 44.4%, respectively where the children were intervened with retinol and beta-carotene supplementation, showed a significant increase in serum vitamin A levels (p < 0.001) and the children experienced significantly fewer days of illness compared to others. But the intervention strategy is clinical, involves a higher cost or can be carried out through the government intervention programme. So out of these strategies to reduce vitamin A deficiency, the dietary approach is increasingly being emphasised because it is non-clinical, sustainable, provides nutrients, as well as phytochemicals. To combat micronutrient deficiencies including vitamin A, food-based approach is a more practical and sustainable approach in India. It is well known that the high cost of fortified nutritious proprietary complementary foods in many parts of developing countries is always beyond the reach of most families (Muhimbula et al, 2011). Hence, many families depend on inadequately processed and low-quality traditional complementary foods to wean their children leading to nutritional deficiencies. So, simpler, low-cost methods for preparing convenience foods using diverse local ingredients are essential. Combining various items enhances quality and allows quick, easy meal preparation. These products are increasingly popular among working and rural women due to their ease of use and minimal processing.  
Burfi is an Indian sweet prepared from milk solids and sugar. Different varieties of burfi can be prepared by changing the basic ingredient, like pistachio, besan, cashew nut, mango, coconut etc. (Navale et al, 2014). Young children are also fond of candy and sweets. Instead of taking the empty calories they can be provided with highly nutritious beta-carotene-rich burfi.  Carrots are a good source of dietary fibres and vitamin A (carotenoids) and are available in plenty locally in the winter season at a low cost.  However, several gaps of knowledge with respect to the stability of beta carotene from foods and its bioavailability exist. Therefore, the present study was conducted to formulate beta-carotene-rich burfi premixes and evaluate these premixes for sensory, nutritional attributes and storage stability as well. 
2. MATERIAL AND METHODS

2.1 Procurement and processing of raw materials

Based on the local availability, nutrient content and cost, ingredients like wheat, Bengal gram, and carrot were procured in one lot, cleaned and dried properly. So, for the preparation of burfi, carrots were cleaned and sliced. The slices were peeled and grated into shreds. The shreds were steam blanched for 4 minutes, followed by dipping in 500 ppm of potassium metabisulfite (KMS) solution for 15 minutes and dried in a mechanical dehydrator at 60±2°C for 8-10 hours. The dried shreds were ground using a grinder, followed by sieving through a 48-mesh metallic sieve to yield powder. The carrot powder was packed in polyethene bags for subsequent use in the preparation of Burfi premix. According to the grain type ingredients were pounded and ground into flour. Ingredients were processed and blended and three combinations of Burfi premixes were formulated to achieve the nutritional requirements of children below five years.

2.2 Standardisation of Burfi mixes

Standardisation of foods is a very important aspect of product development as it enables one to predict and control the quality as well as quantity of the final product. The Burfi premixes were prepared in the food laboratory of the Department of Food Science and Nutrition, College of Community and Applied Sciences, Maharana Pratap University of Agriculture and Technology, Udaipur, Rajasthan. Premixes were planned considering 100g of product would provide a minimum 1/3rd of the Recommended Daily Allowance (RDA) of beta-carotene. To standardise the recipe, carrot powder was blended with other ingredients in three combinations i.e. T1: Wheat flour: Bengal gram flour: Carrot powder (40:30:30), T2: Wheat flour: Carrot powder (50:50), and T3: Bengal gram flour: Carrot powder (50:50)

A series of preliminary trials was carried out, and the standardised recipes prepared through validated procedure (Figure 1.) were subjected to organoleptic evaluation. Organoleptic evaluation was carried out using a panel of 10 trained judges drawn from staff and students of the department, and the samples were scored for colour, flavour, taste, texture, appearance and overall acceptability using a score card on a 9-point hedonic rating scale developed by Larmond (1970).
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         Figure 1. Flow diagram for preparation of burfi

2.3  Nutritional analysis and shelf-life study of the developed premix
The highest acceptable premix selected based on organoleptic evaluation was weighed, homogenised and oven dried at 60° C. Dried samples were stored in air-tight HDPE bags for further study. Estimation of proximate composition i.e. moisture, protein, fat, fibre, ash, carbohydrate, energy and estimation of minerals i.e. iron, calcium and phosphorus were done by using standardised methods by AOAC (2000) with special importance for beta carotene estimation.

Beta-carotene estimation
Beta-carotene is one of the major carotenoids and is one among them which known to exhibit pro-vitamin A activity. Estimation of Beta-Carotene was done by using standard method for HPLC resolution of β-carotene trans and cis isomers in µg/ml (Bononi et al, 2002). This works based on the principle where High-pressure liquid chromatography (HPLC) is a type of automated chromatography in which the mobile phase is a liquid, forced under high pressure through a column packed with an absorbent (stationary phase). The separation in the HPLC method occurs based on the polarity of the compounds. Generally, a simple HPLC system includes a solvent reservoir to hold the mobile phase, a pump to put pressure on the liquid mobile phase, an injector to inject the sample mixture under high pressure, a column containing the bed of stationary phase, a detector for detecting the components that exist in the column and some means to record the signals of the detector.

Extraction of carotenoids (Sample preparation):

A known quantity (5-10g) of the sample was rehydrated and placed in a mortar and crushed with a pestle.  A solvent mixture of acetone and hexane (petroleum ether) in the ratio of 1:1 (v:v) was added to it in a ratio of 15:1 (Solvent mixture: sample) and the sample was crushed. About 5ml of acetone was added slowly at regular intervals. The procedure was repeated 3-4 times till the residue became colourless. The supernatants containing carotenoids from each extraction were pooled and filtered through a filter paper and transferred into a separating funnel. About 50ml of distilled water was added along with 50 ml of 10% NaCl solution to disrupt the emulsification of carotenoids existing in the acetone and hexane layers. The mixture was shaken vigorously and kept aside for the layers to separate. The upper yellow pigmented layer contained carotenoids, and after the removal of the water and NaCl solution, it was collected separately (Rebecca et al 2014). Procedure: The sample was dissolved in 1 ml ethanol for injecting into the HPLC system (Elico HPLC-Elichrom, version 1.1.2). HPLC was calibrated by running mobile phase (Acetonitrile, dichloromethane and methanol by the ratio of 70:20:10, respectively) at the rate of 2ml per minute. The Wave length was fixed at 450 nm and the pressure of the column was kept 1800-2000 PSI. Each standard solution (20µl) of beta carotene was injected when the injector was in load mode. The calibration graph or chromatogram was displayed at the computer screen showing the peaks of area covered by the nutrients. The peak was automatically identified and quantified by comparing its retention time of the sample with the standard retention time. Determination of beta carotene was made according to the following formula
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Where: Ax = Carotenoid peak area; Cs (µg/ml) = Standard concentration; V (ml) = Total extract volume; As = Standard area P(g) = Weight of the sample

2.4 Shelf-life study

To assess the shelf life of formulated premix, the products were packed in high-density polyethene (HDPE) pouches, heat-sealed and stored at ambient temperature for a period of three months (90 days). The samples were drawn once a month for evaluation of quality in terms of sensory and biochemical parameters, viz., moisture and peroxide value. Estimation of moisture and peroxide value was carried out using standard methods of AOAC (2000).

2.5 Statistical analysis

The experiment was  laid  out  in  a  Completely  Randomised  Design  (CRD). All the analysis was performed in replications, and the results were presented as mean ± standard deviation (SD). Analysis of variance (ANOVA) and critical difference (CD) were applied to compare organoleptic parameters using SPSS 16 software.
3. RESULT AND DISCUSSION 

3.1 Sensory evaluation

Three types of Burfi premixes were formulated using different types of grains with carrot powder and their acceptability was studied through sensory evaluation. The results of sensory evaluation of Burfi prepared from three types of Burfi premixes (Table 1) revealed that overall acceptability of all the burfi mixes were in between 8.2 to 8.8 (like very much) and treatment combination T3 which was formulated with Bengal gram flour and carrot powder in the proportion of 50:50 scored highest for colour (8.8), flavour (8.6), taste (8.9), texture (8.7), appearance (8.7) and overall acceptability (8.8) and the scores differ significantly among all the parameters of burfi mixes. Therefore, the premix formulated with Bengal gram flour and carrot powder in a 50:50 proportion (T3) was selected for further study. 

3.2 Nutritional evaluation

Perusal of the result showed burfi premix formulated by using Bengal-gram flour and carrot powder (50:50) was detected with a very good amount of β-carotene content retention, i.e. 4041.24 µg/100g of premix. Composition of proximate and minerals of the formulated premixes is presented in Table 2. The data indicated that moisture, total ash, fat, fibre and carbohydrate content of Burfi premix were found to be 5.61, 4.58, 3.69, 5.62 and 69.25 per cent, respectively. Protein and energy content of Burfi mix was 11.25g and 355.21 kcal per 100g of premix. Mineral content of the formulated burfi premix was found to be 83.42, 4.6 and 341.5 mg/100g for calcium, iron and phosphorus respectively. 

Table 1. Mean sensory scores of Burfi premixes
	Treatments
	Sensory attributes

	
	Colour
	Flavour
	Taste
	Texture
	Appearance
	Overall 
Acceptability

	T1
	7.9c±0.56
	8.2c±0.42
	8.4c±0.69
	8.3c±0.67
	8.0 b±0.47
	8.2c±0.42

	T2
	8.1b±0.56
	8.4b±0.51
	8.7b±0.48
	8.5b±0.52
	8.1 b±0.56
	8.4 b ±0.51

	T3
	8.8a±0.42
	8.6a±0.51
	8.9a±0.31
	8.7a±0.48
	8.7 a±0.48
	8.8 a ±0.42

	SE
	0.07
	0.07
	0.07
	0.08
	0.07
	0.06

	CD (0.05)
	0.15
	0.14
	0.15
	0.16
	0.15
	0.13


Mean±SD with different notation (a, b, c and d) indicates a significant difference at 5% level

The supplementary food formulations developed by Khanam et al (2013) with roller drying using wheat, soy protein concentrate, whey protein concentrate, and green gram flour, and were fortified with vitamins and minerals to meet one-third of the Recommended Daily Allowance (RDA) for children below five years of age contained 20-21% protein, 370-390 kcal of energy and 2,300μg of β-carotene per 100 g serving. 

Table 2. Nutrient composition of Burfi premix

	Nutrient compositions
	Burfi premix

	Moisture (%)
	5.61±0.01

	Total ash (%)
	4.58±0.01

	Crude protein (%)
	11.25±0.12

	Crude Fat (%)
	3.69±0.01

	Crude Fibre (%)
	5.62±0.16

	Carbohydrate (%)
	69.25±0.36

	Energy (Kcal)
	355.21±1.12

	Beta-carotene (µg/100g)
	   4041.24±0.15

	Calcium (mg/100g)
	83.42±0.38

	Iron (mg/100g)
	4.6±0.05

	Phosphorus (mg/100g)
	341.5±0.10



Similarly, White maize meal enriched with 80% Orange Flesh Sweet Potatoes (OFSP) and supplements made from amaranth powder and carrot powder (β-carotene rich) were selected for supplementary feeding estimated to increase provitamin A carotenoid intake and serum retinol in children below 5 years contributes to a reduction in vitamin A deficiency (Mutuku et al, 2019) ; (Kaur et al 2010).

   Table 3 Nutrient adequacy of burfi Premix for preschool children
	Nutrient compositions
	Burfi premix
	*RDA
(1-3years)
	Percent Adequacy 
	*RDA
(4-6 years)
	Percent Adequacy 

	Energy (Kcal)
	355.21±1.12
	1060
	33.51
	1350
	26.31

	Protein (%)
	11.25±0.12
	16.7
	67.36
	20.1
	55.97

	Fat (%)
	3.69±0.01
	27
	13.66
	25
	14.74

	Calcium (mg/100g)
	83.42±0.38
	600
	13.90
	600
	13.90

	Iron (mg/100g)
	4.6±0.05
	13
	35.38
	16
	28.75

	Phosphorus (mg/100g)
	341.5±0.10
	600
	56.92
	600
	56.92

	Beta-carotene (µg/100g)
	4041.24±0.15
	3200
	126.2
	3200
	126.2


  *RDA (Recommended Dietary Allowances), ICMR-2010

The burfi premix which scored highest in sensory evaluation also had better nutrient adequacy for both the age group children according to ICMR Recommended dietary allownces (Table 3). The premix for Beta-carotene showed more than hundred percent adequacy in both the age groups with other nutrients which meet about one third of the of the Recommended Daily Allowance (RDA) for children below six years of age except fat and calcium which can be improve by adding clarified butter (ghee), milk or milk solids during preparation of the burfi i.e. the finished product. Contrary to this in a study conducted by Moshago et al (2015), the median energy intakes and densities of micronutrients from complementary foods (except protein) were below the WHO recommendations. Similarly 108 premixed Complementary Food products samples from 22 low‐ and middle‐income countries were tested and found that only 15 percent of samples met two of the three benchmarks for fat, 32 percent met the most stringent protein standard, while only 22 percent samples met for iron, and 21 percent for zinc requirement (Masters et al 2017).

3.3 Storage study of developed premix

Effect of storage on organoleptic parameters of formulated premix

Effect of storage for 90 days on organoleptic parameters of developed Beta-carotene rich premixes at ambient temperature was analysed, and results Fig. 1 showed that in Burfi premix, initial mean scores for colour, flavour, taste, texture, appearance and overall acceptability were 8.8, 8.6, 8.9, 8.7, 8.7 and 8.8, respectively. The mean scores were found to be decreased significantly (P 0.5) for all sensory parameters as the storage period advanced. The mean sensory scores for overall acceptability scores for burfi premix sample were decreased ≥ 8 to 8, i.e. in the hedonic category of liked very much, after 90 days of storage. The data indicated that though scores were found to be decreased after storage of three months, the premix was found to be organoleptically acceptable at the end of the storage period. Results conform with the observations made by Itagi et al (2011) in halwa mixes developed from multigrain mixes of cereals, millets, legumes, nuts and condiments and reported significant change in the specific sensory attributes for all four samples during the storage study under ambient conditions, about 6 months (180 days) of shelf life. 


                            Figure 2: Effect of storage on sensory parameters

Effect of storage on moisture and peroxide value of formulated mixes
During storage, the moisture value of the developed premix was studied and presented in Figure 2. It was observed that the moisture content of formulated burfi premix was found to be 5.61 to 6.05 per cent from 0 days to 90 days. The increase in moisture content was slow and within the permissible limit, and the values differ significantly. Nagi et al (2012) observed that the gain in moisture content during storage might be due to hydroscopic nature of food products, storage environment (relative humidity and temperature) as well as nature of packaging material used. 


  Figure 3: Effect of storage on moisture level
Effect of storage studies for 90 days on peroxide values of developed premixes at ambient temperature was analysed, and perusal of results showed that peroxide value was not detected in burfi mix till the 90 days of storage. Lipid peroxidation in foods, which results in the development of off flavour in low moisture condition is the major cause of rejection of processed foods by the consumer. As peroxide value was not detected during the storage period the product is suitable for consumption even after three months. 

4. CONCLUSION

The burfi premix formulated in the present study was based on locally available inexpensive food materials that can be affordable even by the people of low economic status. The developed premix has promising nutritional attributes especially beta-carotene with significantly increased levels of protein, energy, fat, fibre and minerals. The beta-carotene rich burfi premix can be stored for more than a period of three months with better organoleptic scores and have better nutrient adequacy for pre-school children according to ICMR Recommended dietary allownces. The processing techniques were simple and affordable at the household level. Hence, burfi premix can be promoted to improve the health and nutritional status of children, thereby preventing the triple burden of malnutrition among children below five years of age. 
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