Effect of Storage Period on Sensory Attributes of Millet based Fortified Spread to Mitigate Hidden Hunger

 
Abstract
The study was carried out for determining of the effect of storage period on sensory characteristics of spread formulated by millets (finger and barnyard) and other ingredients (sweet potato, sesame seeds and anjeer). Among the tested formulations, the spread containing 50 g finger millet, 38 g barnyard millet, 5 g sweet potato, 2 g sesame seeds, and 5 g anjeer received the highest overall acceptability from panellists. Samples were packed in airtight containers and analysed at 0, 3, 6, and 9 days of storage to assess changes in quality parameters. By day 9 of storage, a slight increase in moisture content was observed in all millet spreads. The control sample exhibited the highest moisture content (58.85–62.00%), whereas treatment T2 showed the lowest (50.07–53.99%). The total bacterial count (TBC) increased from 0.53 × 10² CFU/g on day 3 to 2.46 × 104 CFU/g by day 9. The total mold count (TMC) remained below detectable levels throughout the storage period. The result of present investigation suggested that millet spread could be kept in glass jar air tight container at room temperature for a period of 9 days without experience and quality deterioration.  
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1. Introduction
Hidden hunger refers to a state of micronutrient malnutrition in which an individual’s intake and/or absorption of essential vitamins and minerals (micronutrients) is insufficient to sustain normal physiological function, growth and development, despite having an apparently adequate energy intake (EuroFIR). This phenomenon differs from overt undernutrition in that the signs may not be immediately visible—there may be no obvious wasting or underweight status—but the consequences are nevertheless substantial, affecting immune competence, cognitive development, reproductive health and long-term productivity (Koshyb, 2024). The term underscores that although energy needs may be met, the quality of the diet remains inadequate in terms of micronutrient density, often due to limited dietary diversity, reliance on staple foods, poor bioavailability of nutrients, or increased physiological demands (e.g., in pregnancy, infancy) (Gousia Gani et al., 2018). From a policy and research standpoint, hidden hunger presents a critical challenge because its “hidden” nature means that many affected individuals and populations may not be identified or targeted by conventional nutrition monitoring systems which focus primarily on macronutrient deficiency (energy, protein) or anthropometric indicators (Lowe, 2021). Millets are recognized as nutri-cereals due to their superior nutritional profile compared to major staple cereals such as rice and wheat. They are rich sources of complex carbohydrates, dietary fiber, essential amino acids, vitamins, and minerals, making them a valuable component in promoting nutritional security, particularly in developing regions (Devi et al., 2014; Saleh et al., 2013). Millets are notably rich in dietary fiber (7–12%), both soluble and insoluble, which aids in digestive health, cholesterol reduction, and prevention of cardiovascular diseases (Chandrasekara & Shahidi, 2010). The protein quality of millets is relatively high due to the presence of essential amino acids such as methionine, cysteine, and lysine, which are often limited in other cereal grains (Adekunle et al., 2020). Micronutrient-wise, millets are excellent sources of iron (2–8 mg/100 g), calcium (100–350 mg/100 g), magnesium, phosphorus, zinc, and B-complex vitamins, all of which are crucial for metabolic and physiological functions (Singh et al., 2021). Finger millet, in particular, is among the richest natural sources of calcium, which is essential for bone health and prevention of osteoporosis (Devi et al., 2014). 
Barnyard millet (Echinochloa frumentacea and Echinochloa esculenta) is one of the most nutritious among the small millets, known for its high nutrient density, low glycemic index, and superior dietary fiber content. It is often termed a “nutri-cereal” due to its balanced macronutrient composition and rich micronutrient and phytochemical profile (Veena et al., 2005; Sridhar & Lakshminarayana, 1994). Nutritionally, barnyard millet is an excellent source of iron (4.0–18.6 mg/100 g) and calcium (11–15 mg/100 g), which are vital for hemoglobin synthesis and bone health, respectively (Devi et al., 2011). It also provides substantial amounts of magnesium, zinc, and phosphorus, along with B-complex vitamins such as niacin, thiamine, and riboflavin (Chandel et al., 2014). The protein quality of barnyard millet is notable, with a good balance of essential amino acids, particularly methionine and lysine, which complement the deficiencies of other major cereals (Devi et al., 2011). Moreover, due to its high fiber and low-calorie density, barnyard millet supports weight management and gut health, while its mineral and antioxidant profile make it an effective dietary component for mitigating hidden hunger and micronutrient deficiencies in developing populations (FAO, 2021).
Nutritionally, finger millet contains about 65–75% carbohydrates, 7–12% protein, 1.3% fat, and 15–20% dietary fiber (Obilana & Manyasa, 2002). It is one of the richest natural sources of calcium (344 mg/100 g), making it particularly beneficial for bone health, growth, and prevention of osteoporosis (Shobana et al., 2013). Additionally, finger millet provides substantial amounts of iron (3.9 mg/100 g), phosphorus (283 mg/100 g), magnesium, and potassium, contributing to the alleviation of micronutrient deficiencies and hidden hunger (Devi et al., 2014). The protein quality of finger millet is noteworthy due to the presence of essential amino acids such as methionine, cysteine, tryptophan, and lysine, which are often deficient in other major cereals like rice and maize (Shobana et al., 2013). Its high dietary fiber and low glycemic index (GI) make it suitable for individuals with diabetes mellitus, obesity, and cardiovascular diseases, as it helps regulate blood glucose and lipid levels (Shukla & Srivastava, 2011).
Finger millet is also rich in phytochemicals such as polyphenols, flavonoids, and tannins, which exhibit antioxidant, anti-inflammatory, and antimicrobial properties (Chandrasekara & Shahidi, 2010). These bioactive compounds play a crucial role in mitigating oxidative stress and preventing chronic non-communicable diseases, including cancer and hypertension (Chandra et al., 2016).
A spread is a semisolid or soft-textured food product formulated for direct consumption, typically applied to bread, crackers, or similar food carriers. Spreads are designed to provide palatability, flavor, texture, and nutritional value and can be fat-based, protein-based, or carbohydrate-based, depending on their composition and intended function (Ghoshal et al., 2017). Fortified spreads, particularly those developed using millets, legumes, and oilseeds, serve as excellent vehicles for micronutrient delivery due to their high nutrient bioavailability and sensory appeal. Such spreads can be enriched with iron, zinc, calcium, and vitamins, helping to mitigate micronutrient deficiencies in vulnerable populations, especially in developing countries (WHO, 2018).
2. Material and Methods
Millets (finger and barnyard) were collected from local market of Kanpur, Uttar Pradesh. Sweet potato were procured from local farmers of Kanpur moreover, other ingredients used for the development of spread like anjeer and sesame seeds also collected from local market of Kanpur.
2.1 Development of Millet Spread
Total five treatments (T0, T1, T2, T3, T4) were designed at different level of proportions of finger millet at 40g, 50g, 60g and 70g; barnyard millet at 48g, 38g, 28g and 18g; sweet potato flour, sesame seeds and fig was added same amount in same amount among all treatments i.e. 5g, 2g and 5g respectively. Millet spread was prepared by overnight soaking of finger and barnyard millet; next day water was drained; grains and fresh water were added into jar and grinded; strained with muslin cloth; extract was collected and residue was discarded. While, in a hot pan sesame seeds was added and then extract; continuously stirred so that lumps were not formed; anjeer and sweet potato was added lastly. The prepared millet spread was used in chapatti or bread which makes healthy choices instead of other spread.
2.2 Storage Studies
The five treatments of millet spread formulated at varied level of proportions were packed in air tight glass jar container at ambient temperature for nine days. The sample was withdrawn at 6th and 9th day because they were analyzed for parameters such as moisture, sensory evaluation as well as microbial quality.
2.1.1 Sensory evaluation
The sensory attributes (appearance, colour, taste, texture, flavour and overall acceptability) of developed millet based fortified spread was evaluated by using 9-point hedonic rating scale.
2.1.2 Moisture analysis
The moisture content of stored spread was estimated in triplicates by AOAC (2000) method.
2.1.3 Microbiological quality
The number of bacteria and mold present in developed millet based fortified food products during storage were determined using the method described by Thambekar et al. (2009).
The Total Bacterial Count (TBC) was calculated using the following formula:

Where:
n = Total bacterial count (CFU/ml or CFU/g)
y = Number of colonies counted
d = Dilution factor
v = Volume of diluted sample plated (ml)
The Total Mold Count (TMC) was calculated using the following formula:
                                 Total mold count, (n) = y/ Dv
n = Number of CFU/ml or g
Dv= Dilution used
2.1.4 Statistical Analysis
The experiments were conducted in three independent trials, and the data is presented in mean ± standard deviation. A complete randomized design (CRD) was adopted for statistical analysis of data. Sensory characteristics and moisture content were compared using analysis of variance and critical difference with the help of SPSS software. 
Results and Discussion
3.1 Sensory quality
The sensory attributes of millet spread were evaluated at regular intervals (0, 3, 6, and 9 days) to assess changes in quality during storage. The evaluated parameters included appearance, colour, taste, texture, flavour, and overall acceptability (Table 1). 
Relating to appearance, the scores showed a significant (p < 0.05) decline during storage across all treatments. Initially, T2 (8.96 ± 0.35) and T3 (8.83 ± 1.01) exhibited superior visual quality compared to the control (T0: 6.01 ± 0.30). A gradual reduction was observed over 9 days, with T0 decreasing to 5.10 ± 0.10, while T2 and T3 maintained higher scores (7.93–8.06). High F-values (24.77–386.10) confirmed significant treatment effects. The results indicate that treatments effectively delayed surface dullness and visual deterioration during storage.
However, colour scores were highest in T2 at day 0 (8.92 ± 0.53) and declined progressively during storage. By day 9, T0 recorded 6.04 ± 0.14, whereas T2 and T3 retained higher scores (~8.0). Variance remained low, indicating consistent panel ratings. Significant F-values (18.77–258.02) revealed that treatments minimized enzymatic browning and pigment degradation, thereby preserving colour better than the control.
As regards taste, evaluation showed significant (p < 0.05) differences among treatments and storage periods. T2 (8.88 ± 0.81) and T3 exhibited superior taste initially, while T0 showed the lowest scores. Over storage, taste scores decreased in all samples, with T0 reaching 5.55 ± 0.17 by day 9, compared to ~7.8–8.0 in treated samples. High F-values (23.09–225.10) confirmed treatment efficacy in preserving taste, likely due to delayed biochemical deterioration and off-flavour development.
On the subject of texture, scores were highest in T2 (8.66 ± 0.80) initially, indicating desirable firmness. A significant decline occurred during storage, especially in T0 (down to 6.03 ± 0.22 on day 9), due to moisture loss and tissue softening. Treated samples maintained firmer textures (7.89–7.97), with significant F-values (10.07–157.75) supporting treatment effects on structural integrity retention.
In terms of flavour, scores followed a similar trend, with T2 and T3 maintaining significantly higher scores throughout storage. Initial values were 8.72 ± 0.84 (T2) vs. 6.10 ± 1.63 (T0), decreasing over time but remaining higher in treated samples (~8.0 on day 9). High F-values (16.51–211.39) indicate that treatments effectively slowed flavour deterioration by minimizing microbial and oxidative changes.
Therefore, overall acceptability integrated all sensory parameters and showed significant differences (p < 0.05) across treatments and storage periods. T2 and T3 consistently received the highest scores (8.80 ± 0.72 initially; 7.83–8.01 by day 9), while T0 declined to 5.87 ± 0.32. Significant F-values (18.91–192.95) reflect the strong influence of treatments on maintaining sensory quality during storage.








Table 1. Effect of sensory evaluation of millet based fortified spread during storage
	Sensory Attributes
	Storage period
	Treatments
	
	
	
	
	
	

	Appearance
	
	T0
	T1
	T2
	T3
	T4
	Mean
	Variance
	SD
	SE
	F value
	Significant (Sig.) p

	
	0th
	6.01±0.30
	8.51±0.70
	8.96±0.35
	8.83±1.01
	7.50±0.83
	7.74
	1.54
	1.24
	0.02
	24.77
	0.0S

	
	3rd
	5.93±0.20
	8.51±0.17
	8.35±0.22
	8.44±24
	7.38±0.08
	7.76
	1.33
	1.15
	0.01
	386.10
	0.00S

	
	6th
	5.57±0.25
	8.44±0.19
	8.12±0.31
	8.29±26
	7.19±0.27
	7.72
	1.41
	1.19
	0.01
	213.83
	0.00S

	
	9th
	5.10±0.10
	8.17±0.30
	7.93±0.11
	8.06±21
	7.02±0.20
	7.19
	1.31
	1.14
	0.01
	312.64
	0.00S

	Colour
	0th
	6.52±0.60
	8.29±1.09
	8.92±0.53
	8.42±0.68
	8.12±0.71
	8.74
	1.50
	1.22
	0.01
	18.77
	0.00S

	
	3rd
	6.35±0.30
	8.14±0.16
	8.61±0.07
	8.23±0.11
	8.05±0.23
	8.27
	0.71
	0.84
	0.01
	193.94
	0.01S

	
	6th
	6.22±0.30
	8.01±0.35
	8.22±0.18
	8.14±0.22
	7.95±0.45
	7.94
	0.69
	0.83
	0.01
	65.67
	0.00S

	
	9th
	6.04±0.14
	7.93±0.09
	8.00±0.22
	8.01±0.13
	7.44±0.20
	7.68
	0.67
	0.82
	0.01
	258.02
	0.02S

	Taste
	0th
	6.22±0.77
	8.42±0.75
	8.88±0.81
	8.69±0.50
	8.33±0.56
	7.87
	1.49
	1.22
	0.01
	23.09
	0.00S

	
	3rd
	6.15±0.29
	8.63±0.22
	8.54±0.31
	8.31±0.08
	8.27±0.08
	8.17
	0.70
	0.84
	0.01
	185.28
	0.00S

	
	6th
	6.00±0.31
	8.22±0.31
	8.12±0.19
	8.00±0.22
	8.04±0.39
	7.76
	0.80
	0.90
	0.01
	89.66
	0.00S

	
	9th
	5.55±0.17
	8.00±0.16
	7.89±0.17
	7.77±0.13
	7.81±0.21
	7.25
	0.63
	0.80
	0.01
	225.10
	0.00S

	Texture
	0th
	6.93±1.23
	8.03±0.85
	8.66±0.80
	8.53±0.64
	8.19±0.95
	7.97
	1.59
	1.26
	0.02
	10.07
	0.01S

	
	3rd
	6.57±0.22
	7.93±0.23
	8.37±0.07
	8.35±0.25
	8.08±0.95
	8.21
	0.56
	0.75
	0.01
	125.72
	0.00S

	
	6th
	6.37±0.25
	7.76±0.17
	8.23±0.27
	8.18±0.09
	8.03±0.15
	7.93
	0.62
	0.79
	0.01
	157.75
	0.03S

	
	9th
	6.03±0.22
	7.55±0.09
	7.97±0.30
	7.93±0.21
	7.89±0.15
	7.79
	0.51
	0.71
	0.01
	111.89
	0.00S

	Flavour
	0th
	6.10±1.63
	8.43±0.90
	8.72±0.84
	8.61±0.76
	8.36±0.96
	7.77
	1.74
	1.32
	0.02
	16.51
	0.00S

	
	3rd
	6.00±0.30
	8.57±0.33
	8.53±0.21
	8.47±0.13
	8.23±0.06
	7.89
	1.06
	1.03
	0.01
	211.39
	0.00S

	
	6th
	5.93±0.14
	8.34±0.19
	8.19±0.18
	8.39±0.37
	8.09±0.18
	7.66
	0.83
	0.91
	0.01
	149.76
	0.00S

	
	9th
	5.52±0.36
	8.03±0.15
	8.05±0.24
	8.11±0.14
	7.95±0.14
	7.83
	0.74
	0.86
	0.01
	147.67
	0.00S

	Overall Acceptability
	0th
	6.35±1.48
	8.18±0.64
	8.80±0.72
	8.55±0.45
	8.01±0.74
	8.33
	1.08
	1.04
	0.01
	18.91
	0.00S

	
	3rd
	6.27±0.16
	8.10±0.26
	8.43±0.13
	8.37±0.08
	7.94±0.32
	7.75
	0.67
	0.82
	0.01
	192.95
	0.01S

	
	6th
	6.06±0.20
	8.00±0.21
	8.12±0.40
	8.16±0.10
	7.85±0.15
	7.53
	0.92
	0.96
	0.01
	168.23
	0.00S

	
	9th
	5.87±0.32
	7.83±0.11
	7.91±0.24
	8.01±0.25
	7.62±0.16
	7.77
	0.66
	0.81
	0.01
	123.88
	0.03S



3.2 Moisture content
With regards to moisture content of millet-based fortified spread (Table 2), exhibited a gradual and significant increase throughout the storage period across all treatments. At 0th day, moisture ranged from 47.76% (T4) to 58.85% (T0), reflecting formulation differences. By the 9th day, moisture values increased to 51.92–62.00%, with the mean rising from 51.04% to 54.42%, indicating progressive moisture uptake during storage. 
Table 2 Moisture content of millet based fortified spread during storage period
	
Treatments
	Days of storage

	
	0th
	3rd
	6th
	9th

	T0
	58.85±0.54
	59.20±0.14
	60.42±0.44
	62.00±0.11

	T1
	49.00±0.74
	50.38±0.61
	51.18±0.38
	52.16±0.26

	T2
	50.07±0.34
	51.76±0.38
	52.64±0.21
	53.99±0.42

	T3
	49.53±0.96
	49.98±0.13
	50.82±0.41
	52.53±0.19

	T4
	47.76±0.48
	48.24±0.34
	50.03±0.10
	51.92±0.38

	Mean
	51.04
	51.97
	53.02
	54.42

	SD
	16.26
	3.77
	3.81
	3.89

	SE
	4.03
	0.97
	0.98
	1.00

	CV
	1.04
	0.07
	0.07
	0.07

	F value
	94.34
	290.50326.14
	326.14
	474.93

	Significant (Sig.) p
	0.03S
	0.00S
	0.04S
	0.00S



Values are expressed in mean ± SD, S- Significant
The increase in moisture can be attributed to the hygroscopic nature of the ingredients and moisture migration from the environment, even under controlled conditions. The high F values (94.34–474.93) and significant p-values (p < 0.05) confirm that the differences among treatments and storage intervals were statistically significant.
3.3 Microbiological quality
The total bacterial count (TBC) and total mold count (TMC) of millet based fortified spread and control are presented in Table 3. The formulated millet spread was analyzed at 0, 3rd, 6th and 9th days. At 0th day of storage both total bacterial and mold count were not defined (ND) among all treatments including control. On 3rd days TBC ranges from 0.53×102 (T0) to 0.33×102 (T2) while, on 6th days the range of TBC was 1.49×104 (T0) to 1.33×104 (T2) including 9th days control (2.59×104) has more bacterial count than others moreover, among treatments T2 (2.36×104) has lowest count respectively. In case of total mold count (TMC) on 3th day still not defined; though on 6th and 9th days mold count was too few to count (TFTC).
Table 3. Total bacterial count (TBC) and Total mold count (TMC) of control and formulated millet spread during storage period
	Storage period
	Sample details
	Total Mold Count (cfu/g)
	Total Bacteria Count (cfu/g)

	

0th day
	T0
	ND
	ND

	
	T1
	ND
	ND

	
	T2
	ND
	ND

	
	T3
	ND
	ND

	
	T4
	ND
	ND

	

3rd day
	T0
	ND
	0.53×102

	
	T1
	ND
	0.40×102

	
	T2
	ND
	0.33×102

	
	T3
	ND
	0.36×102

	
	T4
	ND
	0.45×102

	

6th day
	T0
	TFTC
	1.49×104

	
	T1
	TFTC
	1.39×104

	
	T2
	TFTC
	1.33×104

	
	T3
	TFTC
	1.35×104

	
	T4
	TFTC
	1.44×104

	

9th day
	T0
	TFTC
	2.59×104

	
	T1
	TFTC
	2.41×104

	
	T2
	TFTC
	2.36×104

	
	T3
	TFTC
	2.38×104

	
	T4
	TFTC
	2.46×104


ND- Not Defined, TFTC- Too Few To Count
Conclusion
[bookmark: _GoBack]From the above study, it is evident that the sensory attributes of millet based fortified spread was accepted by panel members. The formulated millet spread required 5-6 minutes for the preparation after collecting the extract by overnight soaked grains. Storage period slightly affected the moisture content of the stored samples including control. As storage period increased, the sensory characteristics of spread were gradually decreased and moisture content slightly increased. The present study revealed that millet spread treatment labeled T2 (50g finger millet, 38g barnyard millet, 5g sweet potato, 2g sesame seeds and 5g anjeer) was most preferred sample as compared to other treatments and control at the end of storage period. The microbial load also increased slightly at the end of storage period however, microbial load is within safe bounds and is not high. These results indicate that millet-based spread can be stored in airtight glass containers at room temperature for up to 9 days without significant deterioration. The section is well-structured and effectively presents the sensory evaluation of millet spreads during storage. Results indicate that treatments T2 and T3 consistently retained higher scores for appearance, colour, taste, texture, flavor, and overall acceptability than the control (T0), with statistically significant differences (p < 0.05) supported by high F-values. The trends are clearly explained, showing how the treatments helped slow visual, textural, and flavor deterioration.
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