Development and Sensory Evaluation of Traditional Indian Food Matrices Fortified with a Five-Ingredient Polyherbal Formulation: A Study of Kadhi and Ragi Soup


ABSTRACT
The development of functional meals by adding components derived from plants is a significant strategy for expanding the variety of food options and enhancing the nutritional qualities of conventional diets. However, successful development of such goods depends on the constituents' sensory acceptance as well as their prospective functioning. Kadhi and ragi soup are examples of traditional Indian meals that provide interesting substrates for adding beneficial compounds obtained from plants. This study aimed to develop and evaluate two traditional Indian food products, kadhi and ragi soup, fortified with a five-ingredient polyherbal formulation comprising cinnamon, fenugreek, dried ginger, jamun seeds and curry leaves. The study also aimed to identify suitable incorporation levels based on sensory characteristics. The polyherbal formulation consisted of cinnamon powder (Cinnamomum verum), fenugreek powder (Trigonella foenum-graecum), dried ginger powder (Zingiber officinale), jamun seed powder (Syzygium cumini) and curry leaf powder (Murraya koenigii). Four formulations of each product were evaluated: an unfortified control (A0) and three fortified variations (A1, A2 and A3). The incorporation levels were 1.13%, 2.28% and 3.44% for kadhi and 0.71%, 1.44% and 2.19% for ragi soup. Sensory attributes included colour, appearance, aroma, texture, taste and overall acceptability. The reported data were expressed as mean ± standard deviation, median and quartiles. Differences among formulations were evaluated using the Kruskal–Wallis test. In kadhi, significant differences were observed in aroma (χ² = 9.20, p = .027) and overall acceptability (χ² = 10.88, p = .012). A1 (1.13%) recorded the highest overall acceptability score (8.80 ± 0.42), followed by A2 (8.60 ± 0.52). In ragi soup, aroma (χ² = 8.91, p = .031) and overall acceptability (χ² = 8.91, p = .031) differed significantly among formulations. A1 (0.71%) achieved the highest overall acceptability score (8.70 ± 0.48), followed by A2 (8.55 ± 0.50). Colour, appearance, texture and taste did not demonstrate statistically significant differences in either product. The findings demonstrate the potential of incorporating a five-ingredient polyherbal formulation into traditional Indian food matrices while maintaining favourable sensory characteristics. Lower incorporation levels emerged as the most promising formulations for overall acceptability in both products. 
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INTRODUCTION
The growing interest in functional foods has stimulated research into the development of food products that combine desirable sensory characteristics with improved nutritional composition and potentially beneficial physiological properties. Contemporary food research increasingly emphasises the utilisation of traditional ingredients, medicinal plants, whole grains and naturally occurring bioactive compounds to develop innovative food formulations. However, the development of successful functional foods requires systematic consideration of ingredient functionality, processing characteristics, nutritional quality, safety and consumer acceptance (Granato et al., 2020). Plant-derived ingredients are important components of traditional food systems and represent potential sources of phytochemicals, including polyphenols, flavonoids, alkaloids, terpenoids and other biologically active compounds. Several culinary spices and medicinal plants have been investigated for their potential antioxidant, anti-inflammatory and metabolic properties. Their incorporation into commonly consumed food products may provide a practical approach to increasing dietary diversity while retaining familiar culinary characteristics. The scientific interest in plant-based ingredients is particularly relevant to type 2 diabetes mellitus (T2DM), a metabolic disorder characterised by impaired glucose regulation resulting from insulin resistance, inadequate insulin secretion or both (ADA 2024). The hallmark of type 2 diabetes mellitus (T2DM), a chronic metabolic illness, is hyperglycemia, which is caused by insulin resistance, growing β-cell dysfunction, and dysregulated metabolism. Nutrition therapy is an essential component of evidence-based diabetes care, along with exercise, medication as needed, and ongoing clinical monitoring (IDF, 2025).  Dietary management plays a central role in diabetes prevention and management. Polyherbal formulations combine multiple botanical ingredients within a single preparation. Such formulations may contain a diverse range of phytochemical constituents (Choudhury et al., 2017). The present investigation employed a five-ingredient polyherbal mixture formulation consisting of cinnamon powder, fenugreek powder, dried ginger powder, jamun seed powder and curry leaf powder. These ingredients were selected because of their traditional culinary applications and the scientific interest in their phytochemical composition and potential metabolic activities.
1.1. Scientific rationale for selecting the five botanical ingredients
Cinnamon (Cinnamomum verum) is a widely consumed culinary spice obtained from the bark of cinnamon trees. Its characteristic aroma is associated primarily with volatile constituents, particularly cinnamaldehyde, while its phytochemical composition also includes phenolic compounds and procyanidins. Cinnamon has attracted considerable research attention because of its potential influence on carbohydrate metabolism, insulin signalling and postprandial glucose regulation (Leach & Kumar, 2012).
Fenugreek (Trigonella foenum-graecum) Fenugreek seeds are nutritionally and phytochemically important because of their soluble dietary fibre, galactomannan, trigonelline and steroidal saponins (Fuller et al., 2015). Its fibre content and phytochemical constituents have been investigated for their potential roles in carbohydrate digestion, glucose absorption and metabolic regulation (Kim et al., 2023). Sarker et al. (2024) reviewed preclinical and clinical evidence concerning the potential antidiabetic properties of fenugreek. The reported mechanisms included modulation of glucose transport, carbohydrate-digesting enzymes and insulin-related pathways. 
Dried ginger (Zingiber officinale) is a widely utilised culinary and medicinal plant. Its rhizome contains gingerols, shogaols and related phenolic constituents that have been investigated for antioxidant and anti-inflammatory activities. According to Schumacher et al. (2024), oral ginger supplementation improves glycemic control in people with type 2 diabetes.
Jamun seeds (Syzygium cumini), commonly known as Indian blackberry or Java plum, is traditionally used in Indian food and medicinal systems. Its seeds contain polyphenolic constituents, including tannin-related compounds, and have been investigated for their potential influence on carbohydrate metabolism and glucose regulation (Adithya et al., 2025). Choudhury et al. (2017) discussed the pharmacological relevance of several medicinal plants in diabetes research, including plant-derived compounds and preparations from Syzygium cumini. 
Curry leaves (Murraya koenigii), is frequently used in South Asian cuisine because of their characteristic aroma and flavour. And its carbazole alkaloids, flavonoids, phenolic compounds, and other phytochemicals found in the plant have been studied for their metabolic and antioxidant properties (Balakrishnan et al., 2020). A recent review emphasized the need for more experimental and clinical data while highlighting the potential significance of M. koenigii to metabolic illnesses affecting diabetes and obesity (Jachak et al., 2024). 
1.2. Traditional Indian food matrices for functional ingredient incorporation
Traditional Indian foods provide promising opportunities for the incorporation of plant-derived ingredients because they are familiar, culturally relevant and adaptable to different nutritional requirements. Kadhi is a traditional preparation generally based on gram flour and curd or buttermilk. Its semi-liquid consistency and characteristic flavour profile make it a potentially suitable food matrix for herbal incorporation. The combination of dairy-derived and pulse-derived ingredients also provides a distinct background against which changes in herbal aroma and flavour can be evaluated. Finger millet (Eleusine coracana L.), commonly known as ragi, is an important traditional cereal cultivated and consumed in several regions of India. It is recognised for its nutritional composition, including dietary fibre, minerals and phenolic compounds. Its processing characteristics and potential applications in functional food development have received considerable scientific attention (Kalsi et al., 2023; Kaur et al., 2024). The incorporation of a polyherbal formulation into Ragi soup provides an opportunity to investigate the sensory compatibility of cereal-based preparations with multiple plant-derived ingredients.
1.3. Importance of sensory evaluation in functional food development
Sensory acceptability is a fundamental consideration in functional food development. Although the incorporation of plant-derived ingredients may improve the phytochemical diversity of a product, it can also modify its colour, appearance, aroma, texture and taste. These changes may influence consumer perception and ultimately determine whether a product is suitable for regular dietary consumption. A systematic review by Huey et al. (2024) highlighted the importance of evaluating sensory acceptability when developing fortified and biofortified food products. In particular, the concentration of herbal ingredients may influence sensory characteristics in a non-linear manner. Moderate incorporation may provide desirable aromatic or flavour characteristics, whereas higher concentrations may introduce excessive pungency, bitterness or unfamiliar sensory notes. Furthermore, sensory responses may vary between food matrices because of differences in their composition, physical properties and characteristic flavours. Therefore, individual food products require independent formulation optimisation.
1.4. Objectives of the present study
The present study aimed to:
1. Develop a five-ingredient polyherbal formulation comprising cinnamon, fenugreek, dried ginger, jamun seeds and curry leaves.
2. Incorporate the formulation into two traditional Indian food products, namely kadhi and Ragi soup.
3. Evaluate the influence of different incorporation levels on colour, appearance, aroma, texture and taste.
4. Determine differences in overall acceptability among the control and fortified formulations.
5. Identify the most promising incorporation level for each product.
6. Examine the product-dependent sensory responses associated with polyherbal mixture fortification.

2. Materials and Methods
2.1. Preparation of the polyherbal formulation
The polyherbal formulation consisted of five powdered botanical ingredients:
1. Cinnamon powder (Cinnamomum verum).
2. Fenugreek powder (Trigonella foenum-graecum).
3. Dried ginger powder (Zingiber officinale).
4. Jamun seed powder (Syzygium cumini).
5. Curry leaf powder (Murraya koenigii).
The ingredients were combined to obtain a composite polyherbal powder intended for incorporation into selected traditional food preparations.
2.2. Development of polyherbal-mixture-incorporated kadhi
Kadhi was selected as the first food matrix for polyherbal incorporation. Four formulations were developed, comprising an unfortified control and three fortified variations.
Chart 1: Formulation and Incorporation Levels of the Polyherbal Mixture in Kadhi
	Formulation		
	Description
	Incorporation level

	A0		
	Control
	0%

	A1
	Fortified kadhi
	1.13%

	A2
	Fortified kadhi
	2.28%

	A3
	Fortified kadhi
	3.44%


The formulations were prepared to investigate the influence of increasing polyherbal-mixture concentrations on the sensory characteristics of kadhi.
2.3. Development of polyherbal-mixture-incorporated Ragi soup
Ragi soup was selected as the second food matrix. Four formulations were prepared, including an unfortified control and three fortified variations.
Chart 2: Formulation and Incorporation Levels of the Polyherbal Mixture in Ragi Soup
	Formulation		
	Description
	Incorporation level

	A0		
	Control
	0%

	A1
	Fortified ragi soup
	0.71%

	A2
	Fortified ragi soup
	1.44%

	A3
	Fortified ragi soup
	2.19%


The incorporation levels were selected to investigate the sensory compatibility of the polyherbal mixture with the Ragi millet-based food matrix.
2.4. Sensory evaluation
A nine-point hedonic scale, a widely used technique for determining food product acceptability, was used for the sensory evaluation (Lawless & Heymann, 2010). The sensory evaluation included six attributes:
- Colour
- Appearance
- Aroma
- Texture
- Taste
- Overall acceptability

2.5. Statistical analysis
The mean ± standard deviation, median, and quartiles were used to express the sensory data. To identify statistically significant differences between samples, non-parametric analysis using the Kruskal–Wallis test was used in accordance with normal sensory analysis methods since sensory evaluations are ordinal in character (Steel & Torrie, 1980). Statistical significance was defined as a p-value of less than 0.05.
3. Results
3.1. Sensory characteristics of polyherbal-mixture-incorporated kadhi
The incorporation of the five-ingredient polyherbal formulation produced selective changes in the sensory characteristics of kadhi. Significant differences were observed in aroma and overall acceptability, whereas colour, appearance, texture and taste remained statistically non-significant.
Kadhi samples were formulated by incorporating the herbal mixture at three levels, namely A1 (1.13%), A2 (2.28%), and A3 (3.44%) along with a control sample (A0) prepared without incorporation.
Table 1: Sensory Evaluation Scores of Herbal Mixture Incorporated Kadhi

	
	Level of Incorporation (%)
	Kruskal
	p-value
	

	Sensory Attributes
	Control
	A1
	A2
	A3
	Wallis
	
	

	
	(A0)
	(1.13%)
	(2.28%)
	(3.44%)
	(χ)2
	
	

	
	Mean
	8.8±0.63
	8.5±0.53
	8±0.94
	8.1±0.99
	
	
	

	
Colour
	Median
	9
	8.5
	8
	8
	5.78
	0.123
	

	
	Quartile-I
	9
	8
	8
	8
	
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	
	

	
	Mean
	8.9±0.32
	8.5±0.71
	8.1±0.99
	8.1±0.99
	
	
	

	
Appearance
	Median
	9
	9
	8
	8
	5.43
	0.143
	

	
	Quartile-I
	9
	8
	8
	8
	
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	
	

	
	Mean
	8.2±0.79
	8.5±0.53
	8.9±0.32
	7.8±0.92
	
	
	

	
Aroma
	Median
	8
	8.5
	9
	8
	9.20
	0.027*
	

	
	Quartile-I
	8
	8
	9
	7.25
	
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	
	

	
	Mean
	8.3±0.48
	8±1.49
	7.9±1.1
	7.5±1.18
	
	
	

	
Texture
	Median
	8
	9
	8
	8
	2.31
	0.510
	

	
	Quartile-I
	8
	7.25
	7
	6.25
	
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	
	

	
	Mean
	8.6±0.97
	8.8±0.42
	8.6±0.52
	7.9±0.99
	
	
	

	
Taste
	Median
	9
	9
	9
	8
	5.65
	0.130
	

	
	Quartile-I
	9
	9
	8
	7.25
	
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	
	

	
	Mean
	8±0.47
	8.8±0.42
	8.6±0.52
	8±0.67
	
	
	

	Overall Acceptability
	Median
	8
	9
	9
	8
	10.88
	0.012*
	

	
	Quartile-I
	8
	9
	8
	8
	
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	
	


             *Significant at P < 0.05
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             Figure 1: Sensory Evaluation Scores of Herbal Mixture Incorporated Kadhi
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Figure 1 Herbal Mixtures Incorporated Kadhi of Different Variations
3.2. Sensory characteristics of polyherbal-mixture-incorporated Ragi soup
Ragi soup samples were prepared by incorporating the herbal mixture at three levels namely A1, A2, A3 with 0.71 per cent, 1.44 per cent, and 2.19 per cent respectively, along with a control sample (A0) prepared without incorporation. The sensory evaluation of Ragi soup demonstrated that polyherbal fortification influenced selected sensory attributes. Significant differences were observed in aroma and overall acceptability, while colour, appearance, texture and taste remained statistically unaffected.
Table 2: Sensory Evaluation Scores of Herbal Mixture Incorporated Ragi Soup

	Sensory Attributes
	Level of Incorporation (%)
	
	p-value

	
	Control (A0)
	A1 (0.71%)
	A2 (1.44%)
	A3 (2.19%)
	
	

	

Colour
	Mean
	8.8±0.35
	8.5±0.47
	8.05±0.86
	8.15±0.78
	
	

0.099

	
	Median
	9
	8.5
	8
	8
	
	

	
	Quartile-I
	9
	8
	7.63
	8
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	

	

Appearance
	Mean
	8.65±0.67
	8.5±0.58
	8.15±0.91
	8.1±0.88
	

3.20
	

0.362

	
	Median
	9
	8.75
	8.25
	8.25
	
	

	
	Quartile-I
	9
	8
	7.63
	7.63
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	

	

Aroma
	Mean
	8.1±0.99
	8.5±0.53
	8.85±0.34
	7.75±0.86
	

8.91
	

0.031*

	
	Median
	8
	8.5
	9
	8
	
	

	
	Quartile-I
	8
	8
	9
	7
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	

	

Texture
	Mean
	8.5±0.71
	7.95±1.34
	7.9±1.1
	7.5±1.18
	
	

0.309

	
	Median
	9
	8.5
	8
	8
	
	

	
	Quartile-I
	9
	7.25
	7
	6.25
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	

	

Taste
	Mean
	8.3±0.95
	8.65±0.67
	8.55±0.5
	7.95±1.12
	
	

0.521

	
	Median
	9
	9
	8.75
	8.25
	
	

	
	Quartile-I
	9
	8.63
	8
	7
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	

	
Overall Acceptability
	Mean
	7.95±0.76
	8.7±0.48
	8.55±0.5
	7.95±0.6
	
	

0.031*

	
	Median
	8
	9
	8.75
	8
	
	

	
	Quartile-I
	8
	8.25
	8
	8
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	


*Significant at P < 0.05, **Significant at P < 0.01
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Figure 3: Sensory Evaluation Scores of Herbal Mixture Incorporated Ragi Soup
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Figure 4: Herbal Mixtures Incorporated Ragi Soup of Different Variations









4. Discussion
4.1. Influence of the five-ingredient polyherbal mixture formulation on sensory characteristics
The present study provides preliminary evidence that a composite formulation containing cinnamon, fenugreek, dried ginger, jamun seeds and curry leaves can be incorporated into traditional Indian food products while maintaining relatively high sensory scores. The findings are important from a food formulation perspective because the inclusion of multiple plant-derived ingredients may modify the original sensory characteristics of food products. Such changes may arise from the presence of volatile aromatic compounds, phenolic constituents, pigments and other phytochemicals. The formulation contains ingredients with distinct aromatic and flavour characteristics. Cinnamon and dried ginger contribute characteristic spicy notes, fenugreek possesses a distinctive seed-derived flavour, curry leaves contribute an aromatic profile, and jamun seed powder introduces additional plant-derived solids and polyphenolic constituents. The combined sensory response therefore reflects the interaction of the five-ingredient mixture with the existing food matrix.
4.2. Sensory response of kadhi to polyherbal mixture incorporation
Colour
The mean colour scores showed slight variation across treatments, ranging from 8.0 in A2 to 8.8 in the control sample, while A1 and A3 also exhibited comparable values. The Kruskal–Wallis test indicated a non-significant difference (χ² = 5.78, p = 0.123), suggesting that the incorporation of herbal mixture did not significantly affect the colour of kadhi.
Appearance
The appearance scores remained relatively consistent among treatments, with mean values ranging between 8.1 and 8.9. The statistical analysis revealed a non-significant difference (χ²= 5.43, p = 0.143), indicating that the visual appeal of kadhi was not significantly influenced by varying levels of incorporation.
Aroma
Aroma scores showed noticeable variation among treatments, with A2 recording the highest mean value (8.9), followed by A1 and the control, while A3 exhibited a comparatively lower score. The Kruskal–Wallis test revealed a significant difference (χ² = 9.20, p = 0.027), indicating that the herbal mixture significantly influenced the aroma profile of kadhi.
Texture
The texture attribute showed some variation across treatments, with mean scores ranging from 7.5 in A3 to 8.3 in the control sample. However, the statistical findings indicated a non-significant difference (χ² = 2.31, p = 0.510), suggesting that the texture of kadhi remained largely unaffected by the incorporation levels.
Taste
The taste scores demonstrated moderate variation among treatments, with the highest mean value observed in A1 (8.8), followed closely by A2 and the control, while A3 recorded a relatively lower score (Table 1). Despite these differences, the Kruskal–Wallis test indicated a non-significant difference (χ² = 5.65, p = 0.130), suggesting that the variation in taste was not statistically significant.
Overall Acceptability
The overall acceptability scores showed a significant difference among treatments (χ² = 10.88, p = 0.012), reflecting the influence of herbal incorporation on overall preference. The highest mean score was recorded in A1 (8.8), followed by A2 (8.6), while the control (8.0) and A3 (8.0) showed comparatively lower values. This pattern indicates that lower to moderate incorporation levels enhanced overall acceptability, whereas further higher incorporation did not yield additional improvement.
The overall results suggest that the incorporation of herbal mixture had a selective impact on the sensory attributes of kadhi. While colour, appearance, texture, and taste remained statistically unaffected, aroma and overall acceptability exhibited significant differences. The improvement in aroma and acceptability at moderate incorporation levels highlights the beneficial role of herbal mixture in enhancing sensory appeal. However, higher incorporation levels did not contribute positively and, in some cases, led to a decline in scores. Among the different treatments, A1 (1.13% incorporation) emerged as the most acceptable formulation, followed closely by A2 (2.28%), indicating that lower levels of incorporation are more suitable for maintaining desirable sensory characteristics in kadhi.
4.3 Sensory response of Ragi soup to polyherbal mixture incorporation
Colour
The mean colour scores showed a slight decreasing trend with increasing incorporation levels, ranging from 8.8 in the control sample to 8.05 in A2, with a marginal increase in A3. However, the Kruskal–Wallis test indicated a non-significant difference (χ² = 6.27, p = 0.099), suggesting that the colour variation was not statistically significant.
Appearance
The appearance scores remained relatively stable across treatments, with mean values ranging from 8.1 to 8.65. The statistical analysis revealed a non-significant difference (χ² = 3.20, p = 0.362), indicating that the incorporation of herbal mixture did not noticeably affect the visual quality of the ragi soup.
Aroma 
Aroma scores exhibited a significant variation among treatments, with A2 recording the highest mean value (8.85), followed by the control and A1, while A3 showed a comparatively lower score. The Kruskal–Wallis test confirmed a significant difference (χ² = 8.91, p = 0.031), indicating that the herbal mixture significantly influenced the aroma profile.
Texture
The texture attribute showed moderate variation across treatments, with mean scores ranging from 7.5 in A3 to 8.5 in the control sample. However, the statistical findings indicated a non-significant difference (χ² = 3.59, p = 0.309), suggesting that the consistency of the ragi soup was not significantly altered by the incorporation levels. 
Taste
The taste scores remained fairly comparable among treatments, with mean values ranging from 7.95 in A3 to 8.65 in A1. The Kruskal–Wallis test indicated a non-significant difference (χ² = 2.25, p = 0.521), suggesting that the addition of herbal mixture did not significantly influence taste.
Overall Acceptability:
The overall acceptability scores showed a significant difference among treatments (χ² = 8.91, p = 0.031). The highest mean score was recorded in A2 (8.55), followed by A1 (8.7), while the control and A3 showed relatively similar and slightly lower values. This indicates that moderate incorporation improved overall preference. The overall results indicate that the incorporation of herbal mixture had a limited yet selective influence on the sensory attributes of ragi soup. While colour, appearance, texture, and taste remained statistically unaffected, aroma and overall acceptability exhibited significant differences. The enhancement in aroma and acceptability at moderate incorporation levels suggests a positive contribution of the herbal mixture to the sensory profile. Among the treatments, A2 (1.44% incorporation) emerged as the most suitable formulation in terms of overall acceptability, indicating that moderate incorporation levels are optimal for improving sensory quality without adversely affecting other attributes.
4.4. Role of the food matrix in sensory optimisation
An important finding of the present study is that the sensory response to polyherbal incorporation was dependent on the food matrix. Although both kadhi and Ragi soup demonstrated significant differences in aroma and overall acceptability, their respective incorporation levels differed. For kadhi, the most acceptable formulation was A1 (1.13%), whereas for ragi soup, A1 (0.71%) achieved the highest overall acceptability. Both products also demonstrated the highest aroma scores at the moderate incorporation level A2. This pattern suggests that the sensory response to herbal fortification may not increase proportionally with the amount of incorporated mixture. Rather, an intermediate concentration may improve selected sensory characteristics, while lower concentrations may provide a more favourable balance for overall preference. The differences between the two products may be related to their distinct compositions. Kadhi is a dairy- and pulse-based preparation, whereas ragi soup is a cereal-based preparation. Differences in their background flavours, consistency and ingredient composition may influence the perception of the incorporated herbal ingredients.
5. Conclusion
The present study demonstrated the feasibility of incorporating a five-ingredient polyherbal formulation comprising cinnamon, fenugreek, dried ginger, jamun seeds and curry leaves into two traditional Indian food products, namely kadhi and ragi soup. Herbal incorporation produced selective changes in sensory characteristics, with significant differences observed in aroma and overall acceptability in both products. Colour, appearance, texture and taste remained statistically unaffected at the investigated concentrations. For kadhi, A1 (1.13%) emerged as the most promising formulation, achieving an overall acceptability score of 8.80 ± 0.42. For ragi soup, A1 (0.71%) achieved the highest overall acceptability score of 8.70 ± 0.48, followed by A2 (1.44%) at 8.55 ± 0.50. An important observation was that the moderate incorporation level produced the highest aroma scores in both products, whereas the lowest fortified concentration achieved the highest overall acceptability. This highlights the importance of considering multiple sensory attributes during functional food formulation. Overall, the findings provide preliminary evidence supporting the development of traditional Indian food products fortified with a composite polyherbal formulation.
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