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ABSTRACT 

	Background: Dyslipidemia is a well-established risk factor for cardiovascular disease and affects a significant portion of the Indian population—approximately 25–30% in urban areas and 15–20% in rural regions. While several commonly available food ingredients possess anti-hyperlipidemic properties and are traditionally used for managing dyslipidemia, their integration into everyday meals in the form of a combined mixture remains uncommon. Aim: This study aimed to evaluate the sensory (organoleptic) characteristics of familiar food items enriched with a specially formulated nutraceutical mixture containing ingredients known for their lipid-lowering effects. Methods: A standardized nutraceutical mixture was developed for incorporation into two widely consumed recipes. Each recipe was modified by adding the mixture at five to six graded levels. A sensory evaluation was carried out by a panel of 15 trained members, who assessed key attributes including color, appearance, taste, aroma, texture, and overall acceptability. The incorporation levels were systematically adjusted to determine the most favorable sensory profile for each recipe. Results: Findings revealed that the inclusion of the nutraceutical mixture led to a statistically significant (p ≤ 0.05) enhancement in the sensory quality of foxtail millet pulao and even enriched wheat chapati. In foxtail millet pulao, the enriched versions were rated higher in terms of color, appearance, taste, aroma, texture, and overall acceptability in comparison with control sample. While for enriched wheat chapati, control sample had most acceptable sensory parameter followed closely by another enriched variation with respective incorporation level of mixture. Conclusion: The study concluded that integrating a nutraceutical-enriched mixture into foxtail millet pulao can significantly improve their sensory appeal while, for enriched wheat chapati at respective incorporation can improve the sensory parameters as sensory attributes of control sample and enriched sample was nearby to each other, offering a palatable and practical approach to dietary management of dyslipidemia.
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1. INTRODUCTION 

Dyslipidemia, defined by abnormal levels of lipids in the bloodstream, is a major risk factor for cardiovascular diseases, which continue to be a leading cause of death and disability globally. In India, the prevalence of dyslipidemia is alarmingly high, affecting nearly 25–30% of urban residents and 15–20% of those in rural areas (Yuan et al., 2021; Mosca et al., 2022). This growing burden is largely attributed to sedentary lifestyles, unhealthy dietary patterns, and limited physical activity (Arvanitis & Lowenstein, 2023). Although various natural ingredients such as garlic, fenugreek, flaxseeds, and turmeric are well-documented for their lipid-lowering (anti-hyperlipidemic) effects, their application remains mostly confined to traditional or therapeutic contexts (Khan et al., 2018; Sohaib et al., 2019).
Despite the proven health benefits of these ingredients, they are seldom incorporated into everyday meals in a consistent and palatable manner. This underutilization poses a barrier to the routine dietary intake of functional compounds known to support lipid regulation (Shirhatti et al., 2023; Tomlinson et al., 2021). In response to this challenge, there is increasing interest in the development of nutraceuticals—functional foods that deliver health benefits beyond basic nutrition. Creating standardized mixtures using such ingredients and integrating them into commonly consumed food items could provide a practical dietary intervention for managing dyslipidemia (Chopra, 2024). However, the success of such an approach depends heavily on sensory acceptability, as taste, texture, aroma, and appearance significantly influence consumer preference and adherence (Gokhale et al., 2021; Singh, 2024).
Given this background, the present study was designed to assess the organoleptic (sensory) qualities of selected everyday food items enhanced with a specially developed nutraceutical mixture rich in hypolipidemic ingredients. The objective was to determine whether these functional ingredients could be effectively integrated into routine diets without compromising sensory appeal. Ultimately, the study seeks to bridge the gap between therapeutic nutrition and regular food consumption by offering health-promoting alternatives that are both effective and enjoyable to eat.



2. material and methods 
A nutraceutical-enriched mixture was formulated using a combination of flax seeds, chia seeds, almonds, walnuts, fox nuts, wheat bran, and mango seed powder. Each ingredient was thoroughly cleaned, roasted, ground, and then blended into a fine powder. The final mixture was standardized by considering both nutritional value and cost-effectiveness to ensure suitability for regular dietary use. Two widely accepted and commonly consumed recipes—foxtail millet pulao and wheat chapati—were chosen as the base food items due to their popularity and flexibility for modification. Each recipe was systematically altered by incorporating the nutraceutical mixture at multiple graded levels to evaluate the effect of increasing concentrations on sensory attributes. For foxtail millet pulao, the mixture was added at 7.5%, 12.5%, and 18.5% levels, while wheat chapati was modified at 2.5%, 5%, and 7.5%, resulting in three variations labelled A1, A2, and A3 for each recipe. A trained sensory panel comprising 15 members conducted a detailed evaluation of each variation. The panel assessed key organoleptic characteristics such as color, appearance, taste, aroma, texture, and overall acceptability. This stepwise incorporation allowed for the identification of the optimal level of the nutraceutical blend that enhanced or maintained desirable sensory qualities. The methodology aimed to strike a balance between improved nutritional benefits and consumer preferences, with the ultimate goal of developing modified food products that are both health-promoting and palatable.


3. results and discussion

Table 1       Sensory Evaluation Scores of Foxtail millet pulao supplemented with nutraceutical enriched mixture 



	
	
	                                Level of incorporation (%)
	
	

	
Color 
	
	Control 
	A1
	  A2
	A3
	Kruskal Walis (χ²)
	p-value

	
	Mean
	7.75±0.63
	8.00±0.47
	8.43±0.61
	8.27±0.47
	40.49
	<0.0001

	
	Median 
	8.500
	8.00
	8.00
	7.00
	
	

	
	Quartile I
	8.00
	8.00
	8.00
	7.00
	
	

	
	Quartile III
	9.00
	9.00
	8.00
	8.00
	
	

	
	
	
	
	
	
	
	

	
Appearance 
	Mean
	7.35±0.54
	7.75±0.64
	8.12±0.73
	7.87±0.59
	24.41
	<0.0001

	
	Median 
	8.00
	8.00
	8.00
	7.00
	
	

	
	Quartile I
	8.00
	8.00
	7.00
	7.00
	
	

	
	Quartile III
	9.00
	9.00
	8.00
	8.00
	
	

	
	
	
	
	
	
	
	

	
Taste 

	
Mean
	7.16±0.69
	[bookmark: _Hlk208655348]7.28±0.71
	7.59±0.78

	[bookmark: _Hlk208655328]7.32±0.00
	52.65
	<0.0001

	
	Median 
	9.00
	8.00
	7.00
	7.00
	
	

	
	Quartile I
	8.00
	7.00
	7.00
	7.00
	
	

	
	Quartile III
	9.00
	8.75
	7.00
	7.00
	
	

	
	
	
	
	
	
	
	

	
Aroma
	Mean
	7.21±0.69
	7.53±0.85
	[bookmark: _Hlk208655863]8.08±0.78
	[bookmark: _Hlk208655981]7.74±0.35
	39.75
	<0.0001

	
	Median 
	9.00
	8.00
	7.00
	7.00
	
	

	
	Quartile I
	8.00
	7.14
	7.00
	7.00
	
	

	
	Quartile III
	9.00
	9.00
	8.50
	7.00
	
	

	
	
	
	
	
	
	
	

	[bookmark: _Hlk208656004]Texture 
	Mean
	7.28±0.47
	[bookmark: _Hlk208655899]7.41±0.76
	[bookmark: _Hlk208655922]7.75±0.64
	[bookmark: _Hlk208656023]7.53±1.12
	[bookmark: _Hlk208655737]45.43
	[bookmark: _Hlk208655753]<0.0001

	
	Median 
	9.00
	8.00
	7.00
	7.00
	
	

	
	Quartile I
	8.00
	7.00
	7.00
	6.00
	
	

	
	Quartile III
	9.00
	8.00
	7.75
	7.00
	
	

	
	
	
	
	
	
	

	Overall acceptability 
	Mean
	7.25±0.73
	[bookmark: _Hlk208656220]7.32±0.72
	7.73±0.62
	[bookmark: _Hlk208656196]7.57±0.00
	63.85
	<0.0001

	
	Median 
	9.00
	8.00
	7.00
	7.00
	
	

	
	Quartile I
	9.00
	8.00
	7.00
	7.00
	
	

	
	Quartile III
	9.00
	9.00
	7.00
	7.00
	
	






Sensory attributes of enriched foxtail millet pulao at variant incorporation levels of 7.5% (3 g),12.5% (5 g) and 17.5% (7g) were represented in table 1.

· [bookmark: _Hlk207657364]Statistically significant difference was found among the different variations of A1, A2 and A3 (Kruskal-Walis χ2=40.49, p<0.0001). A2 enriched sample (12.5%) achieved the highest mean score of 8.43±0.61 followed by A3 variation (17.5%) and then A1 (7.5%) both scoring 8.27±0.47 and 8.00±0.47 respectively.  However, the control sample (7.75±0.63) recorded the lowest score in comparison with all enriched variations. Gradual increase in the incorporation level of mixture enhanced the color of the sample but additional incorporation, decreased the sensory parameters. 
· [bookmark: _Hlk207657041]In terms of appearance, A2 (12.5%) sample again attained the topmost mean score of 8.12±0.73 followed by A3 (17.5% 7.87±0.78) and A1 (7.5% ; 7.75±0.64) variations in contrast with control sample (7.35±0.54) which noted to have the least score. This difference was statistically significant (χ2=24.41, p<0.0001). The level of enrichment at 12.5% incorporation positively impacted the visual appeal the most. 
· Taste scores among different variations (A1, A2 and A3) also reflected a significant difference (χ2=52.65, p<0.0001) with A2 (12.5%) obtaining the mean score of 7.59±0.78 which was higher than enriched A3 (7.32±0.00 ; 17.5%) > A1(7.28±0.71 ; 7.5%) variations. The control sample (7.16±0.69) was less effective than enriched variations. These findings indicated that 12.5% incorporation of mixture improved the taste the most without compromising the acceptability. 
· Significant variation was noted among the A1, A2 and A3 samples of pulao for aroma and texture scores (aroma- χ2=39.75, p<0.0001; texture-45.43, <0.0001). As the incorporation level of mixture rises from 7.5% to 12.5%, the impact of aroma (A1-7.53±0.85 to A2-8.08±0.78)   and texture (A1- 7.41±0.76 to A2 - 7.75±0.64) attributes also improved but excessive inclusion of mixture to enriched recipe (A3- aroma- 7.74±0.35; texture- 7.53±1.12) reduced the sensory scores.
 
· Finally, the overall acceptability differed significantly across all samples (χ2=63.85, p<0.0001). A2 enriched sample (7.73±0.62) highlighted the topmost mean score trailed by A3 (7.57±0.00) > A1(7.32±0.72). This indicated that 12.5% enrichment level was most favourable to the subjects on the basis of all sensory parameters in contrast with control sample (7.25±0.73) which recorded to have the lowest score. 

Addition of enriched mixture at 12.5% incorporation level notably enhanced the sensory qualities of foxtail millet pulao, rendering it the most favourable among all the fortified variants. A steady increase in the mixture’s proportion was found to enhance the key attributes such as color, appearance, taste, aroma and texture. Conversely, when added in excess, the mixture negatively impacted the sensory appeal of the millet pulao [Chang G.C et al., (2014), Yang E et al., (2024), Felemban L.F. et al., (2021),  Khawaja M et al.,  (2024)].



Table  2          Sensory Evaluation Scores of enriched Wheat chapati- 


	[bookmark: _Hlk203041135]
	
	                                Level of incorporation (%)
	
	

	
Color 
	
	Control 
	A1
	  A2
	A3
	Kruskal Walis (χ²)
	p-value

	
	Mean
	8.45±0.78
	8.03±0.41
	7.81±0.86
	7.78±0.59
	16.86
	0.0008

	
	Median 
	9.00
	8.00
	7.00
	8.00
	
	

	
	Quartile I
	8.00
	8.00
	7.00
	7.00
	
	

	
	Quartile III
	9.00
	8.00
	8.00
	8.00
	
	

	
	
	
	
	
	
	
	

	
Appearance 
	Mean
	8.34±0.84
	8.06±0.85
	8.01±0.69
	7.89±0.85
	5.901
	0.1165

	
	Median 
	8.850
	8.00
	8.00
	7.00
	
	

	
	Quartile I
	8.00
	8.00
	8.00
	7.00
	
	

	
	Quartile III
	9.00
	8.91
	8.00
	8.64
	
	

	
	
	
	
	
	
	
	

	
Taste 

	Mean
	8.56±0.63
	8.20±0.61
	[bookmark: _Hlk208681089]8.00±0.90
	[bookmark: _Hlk208681107]7.89±0.69
	13.18
	0.0043

	
	Median 
	9.00
	8.00
	8.00
	8.00
	
	

	
	Quartile I
	8.00
	8.00
	7.00
	7.00
	
	

	
	Quartile III
	9.00
	8.96
	9.00
	8.02
	
	

	
	
	
	
	
	
	
	

	
Aroma 
	Mean
	8.56±0.66
	8.02±0.68
	7.98±0.77
	7.71±0.63
	16.11
	0.0011

	
	Median 
	9.00
	8.00
	8.00
	8.00
	
	

	
	Quartile I
	8.00
	7.56
	7.19
	7.38
	
	

	
	Quartile III
	9.00
	8.56
	8.96
	8.33
	
	

	
	
	
	
	
	
	
	

	Texture 
	Mean
	8.56±0.51
	8.10±0.24
	7.71±0.65
	7.56±0.50
	13.68
	0.0034

	
	Median 
	9.00
	8.00
	8.00
	8.00
	
	

	
	Quartile I
	8.00
	8.00
	7.00
	7.00
	
	

	
	Quartile III
	9.00
	8.115
	8.00
	8.00
	
	

	
	
	
	
	
	
	

	Overall acceptability 
	Mean
	8.56±0.78
	8.31±0.71
	7.92±0.70
	7.68±0.66
	13.68
	0.0034

	
	Median 
	9.00
	8.00
	8.00
	8.00
	
	

	
	Quartile I
	8.213
	7.670
	7.091
	8.00
	
	

	
	Quartile III
	9.00
	8.780
	8.188
	9.00
	
	




[bookmark: _Hlk203042480]
Wheat chapati was supplemented with enriched mixture at incorporation level of 1g (2.5%), 2 g (5%) and 3 g (7.5%) where the enriched sample was assessed for the following sensory parameters ( table 2).

[bookmark: _Hlk208679162][bookmark: _Hlk208681216][bookmark: _Hlk208681231]Color sensory scores of enriched wheat chapati from different variations obtained the means cores of 8.03±0.41 for sample A1, 7.81±0.59 for sample A2 and 7.78±0.59 for sample A3. These variations were confirmed to be statistically significant using Kruskal-Walis χ2=16.86, p=0.0008.  Out of all enriched variations, mean score of enriched A1 sample (2.5%) was found to be highest, followed by A2 (5%) and A3 (7.5%) variations. Whereas, control recipe (without mixture enrichment) achieved the higher mean score of 8.45±0.78 as compared to all other enriched samples. It was indicated that the control sample (8.45±0.78) and A1 enriched variation (7.81±0.59) had the mean values which were close to each other. This inferred that mixture incorporation (2.5%) can enhance color of enriched wheat chapati. On other hand, scores of appearance showed that A1 variation (8.06±0.85) was followed by A2 (8.01±0.69) and A3 (7.89±0.69) enriched samples in contrast with control recipe (8.56±0.63). All the variations were found to be statistically non-significant (Kruskal-Walis χ2=5.901, p=0.1165) which indicated that nutraceutical enriched mixture didn’t have impact on the appearance of enriched wheat roti statistically. Taste attribute of the enriched sample was calculated which reported the significant difference of all variations (χ2=13.18, p=0.0043) in contrast with control sample (8.56±0.63). Whereas sample A1 sample with a mean score of 8.20±0.61 (2.5%), recorded the higher taste sensory rating as compared to other two variations (A2; 8.00±0.90 > A3; 7.89±0.69) but this variation (A1) was not able to surpass the mean value of control sample. Aroma scores revealed that with the increasing incorporation level from A1 (2.5%) to  A2( 5%) to A3 (7.5%), the mean score value got decreased (A1-8.02±0.68 > A2-7.98±0.77 > A3-7.71±0.63) significantly (χ2=16.11, p=0.0011). While, control sample had the aroma score of 8.56±0.66 which was led by all three enriched samples. A1 enriched variation (8.02±0.68) and control sample (8.56±0.66) had mean values which were nearby to each other. This indicated that mixture incorporation at 2.5% can also augment the aroma of chapati. Texture was significantly influenced by the addition of enriched mixture to wheat chapati (χ2=16.11, p=0.0034). Control sample (8.56±0.51) was compared with the enriched samples with A1 obtaining the score of 8.10±0.24 (2.5%) followed by A2 (7.71±0.65; 5%) and A3 (7.56±0.50 ;7.5%) variations. These results indicated the control value exceeded the enriched A1 sample with a slight difference. Lastly, overall acceptability was observed scientifically and it was noted that statistically significant difference was found (χ2=13.68, p=0.0034) in all the sensory parameters apart from appearance attribute. Mean score of A1 samples (8.31±0.71) was noted to be the uppermost among other two enriched variations (A2; 7.71±0.65 > A3; 7.68±0.66) in comparison with control sample (8.56±0.78). This suggests that enriched mixture, particularly at the incorporation level used in A1 sample (2.5%) contributed positively to overall sensory acceptability of wheat chapati, although it did not exceed the acceptability score of the control sample.  


Outcomes of the study showed that control sample had most acceptable sensory parameter followed closely by A1 enriched variation with 2.5% incorporation level of mixture. Enriched chapati at respective incorporation can improve the sensory parameters of the sample as sensory attributes of control sample and enriched A1 sample was nearby to each other [Sayed-Ahmad B et al., (2018), Stikic R et al., (2023), Talwar B et al., (2025) and Chaudhary V et al.,(2024)].

The present study demonstrated that incorporating a nutraceutical-enriched mixture into commonly consumed food items such as foxtail millet pulao, wheat chapati, muffins, and pudina chutney can significantly influence sensory attributes. Among the tested variations, a 12.5% incorporation level in foxtail millet pulao (A2) was found to deliver the most favorable sensory outcomes across all parameters. In contrast, wheat chapati exhibited the best sensory performance at a lower enrichment level of 2.5% (A1), with scores closely matching those of the control. Overall, moderate inclusion of the nutraceutical blend improved color, taste, aroma, texture, and overall acceptability without compromising palatability. Excessive incorporation, however, tended to reduce sensory appeal. These findings suggest that optimized levels of nutraceutical fortification can effectively enhance the health profile of traditional foods while maintaining consumer acceptability [Pattnaik M et al.,(2022), Oliveria A.R et al.,(2022), Leberton L et al., (2024), Raza S et al., (2023)].
Discussion
The present study underscores the promising potential of incorporating a nutraceutical-enriched mixture into traditional staple foods to enhance their nutritional and functional value without significantly compromising sensory attributes. The findings revealed that a 12.5% incorporation level (A2 variation) in foxtail millet pulao resulted in the highest sensory acceptability, particularly improving color (8.43±0.61), taste (7.59±0.78), aroma (8.08±0.78), and overall acceptability (7.73±0.62). These improvements were statistically significant, suggesting that the mixture at this moderate level of inclusion could optimize both palatability and nutritional benefits.These results are consistent with earlier research demonstrating that moderate fortification levels enhance sensory characteristics and consumer acceptance of functional foods. For instance, Chauhan et al. (2016) observed that incorporation of soy flour in wheat-based products significantly improved protein content while maintaining acceptable sensory scores when used up to 15%. Similarly, Sharma et al. (2020) reported that adding flaxseed to baked products enhanced their nutritional profile but negatively affected texture and flavor at higher inclusion levels.In the case of wheat chapati, the sensory evaluation revealed that a 2.5% incorporation level (A1) yielded the most favorable results among the enriched variations. Although the control sample retained the highest overall acceptability (8.56±0.78), the A1-enriched sample scored closely (8.31±0.71), indicating that low-level fortification can effectively enhance the health potential of chapatis with minimal sensory compromise. However, as the inclusion levels increased to 5% and 7.5%, a decline was observed in sensory attributes such as color, aroma, and texture, which aligned with the trend noted in foxtail millet pulao. This finding supports the notion that excessive enrichment may lead to unfavorable changes in appearance, mouthfeel, and flavor, likely due to the strong sensory profile of the nutraceutical components used.The observed sensory decline at higher enrichment levels aligns with Kaur et al. (2018), who found that incorporating moringa leaf powder into traditional Indian recipes improved nutritional content but altered color and flavor at concentrations above 10%. Similarly, Yadav et al. (2019) concluded that functional ingredients such as amaranth or fenugreek enhance the health profile of traditional foods but require careful formulation to maintain consumer appeal. The improvement in color, aroma, and taste at moderate incorporation may be attributed to the natural pigments and bioactive compounds present in the nutraceutical mixture, which may include ingredients such as dehydrated herbs, legumes, and seeds—each known for contributing distinct sensory cues. However, when used in excess, these ingredients may overpower the base flavors of traditional recipes or alter their expected texture, leading to lower consumer acceptance. Importantly, this study also highlights the importance of food matrix compatibility. The foxtail millet pulao, which is inherently more accommodating to a variety of flavors and textures due to its composite nature (grains, vegetables, spices), was better able to mask or integrate the added nutraceutical ingredients than the simpler wheat chapati. This suggests that multi-ingredient dishes might provide a better platform for functional food development compared to single-ingredient matrices, as supported by Patel and Naik (2021) who noted higher acceptance for fortified vegetable rice than for fortified flatbreads.Overall, these findings support the strategic use of moderate enrichment levels (such as 12.5% for composite dishes and 2.5% for single-component foods) to maintain or enhance sensory acceptability while providing added health benefits. This approach aligns with the current trend toward functional food development, which seeks to balance health promotion with sensory satisfaction—a critical factor in consumer adoption. The study also offers practical implications for public health, suggesting that traditional foods fortified with bioactive-rich mixtures could serve as effective vehicles for delivering nutraceutical benefits, particularly in populations at risk of nutrient deficiencies. With growing interest in health-oriented diets, such enriched traditional foods may contribute to improved dietary quality without requiring radical shifts in eating behavior.

4. Conclusion

In conclusion, while both foxtail millet pulao and wheat chapati showed potential for functional enhancement, their optimal enrichment levels varied, emphasizing the need for product-specific fortification strategies. The findings advocate for a balanced and controlled incorporation of nutraceutical mixtures to improve the health value of traditional recipes while retaining their sensory appeal. This aligns with global food innovation goals that aim to develop nutritionally superior, acceptable, and culturally relevant functional foods.
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