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Matrix-Specific Optimization of Polyherbal Fortification in Traditional Foods: Sensory Evaluation of Roti and Bengal Gram Curry 

ABSTRACT
The conversion of bioactive botanical ingredients into functional foods necessitates consideration of their practical acceptability and sensory quality in addition to their potential biological value. The sensory effects of a five-component polyherbal mixture—Fenugreek seeds, jamun seeds, cinnamon, curry leaf and dried ginger powders—incorporated at varying degrees into two well-known dishes, Bengal gram curry and Roti, were assessed in this study. Three fortified variations with mixtures of 0.51% (A1), 1.04% (A2), and 1.58% (A3) were made, together with an unfortified control (A0). 0% (A0), 1.06% (A1), 2.14% (A2), and 3.23% (A3) inclusion were used to make Bengal gram curry. The Kruskal-Wallis test was used to compare sensory characteristics. While flavor (χ² = 9.92, p =.019) and overall acceptability (χ² = 10.32, p =.016) varied considerably, incorporation level was not linked to statistically significant changes in Roti's color, appearance, aroma, or texture (p >.05). The greatest mean taste (8.55 ± 0.76) and overall acceptance (8.50 ± 0.62) were attained by the 1.04% version (A2). Bengal gram curry showed statistically significant changes in scent (χ² = 9.04, p =.029), flavor (χ² = 18.48, p <.001), and overall acceptability (χ² = 16.53, p =.001), but not in color, appearance, or texture. The greatest mean taste (8.60 ± 0.46) and overall acceptance (8.40 ± 0.39) were found in the 1.06% formulation (A1). These results show that the blend's sensory responses were non-linear and depended on the food matrix: moderate inclusion was linked to the strongest acceptability, whilst greater levels did not result in further sensory benefits. The results of this study emphasize how crucial food-matrix-specific optimization is when developing traditional dishes enhanced with polyherbs. Bengal gram curry and Roti both used the same polyherbal formulation, but the sensory reactions that resulted varied depending on the features of the different food matrices.
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1.INTRODUCTION
Insulin resistance, increasing β-cell dysfunction, and dysregulated metabolism all contribute to hyperglycemia, which is the hallmark of type 2 diabetes mellitus (T2DM), a chronic metabolic disease (IDF, 2025). Along with exercise, medication where necessary, and continuous clinical monitoring, nutrition treatment continues to be a fundamental part of evidence-based diabetic care (American diabetic Association Professional Practice Committee [ADA PPC], 2025). The creation of functional foods involves more than just including a bioactive component into a traditional recipe. Aroma, flavor, mouthfeel, texture, aftertaste, and appearance can all be altered by incorporation, which may have an impact on recurring intake. Consumer perceptions and product attributes were shown to be significant factors in uptake in a scoping assessment of functional food acceptability (Baker et al., 2022). As a result, sensory evaluation is an essential step in determining acceptable levels of assimilation. Five plant-derived ingredients that are frequently found in South Asian cuisine or traditional medicine contexts were combined in this formulation: dried ginger (Zingiber officinale), jamun seed (Syzygium cumini), fenugreek seed (Trigonella foenum-graecum), curry leaf (Murraya koenigii), and cinnamon (Cinnamomum verum). There is a wide range of evidence about these components, including preclinical, clinical, and mechanistic studies. Fenugreek (Trigonella foenum-graecum) seeds have received considerable attention because of their nutritional and phytochemical composition. They contain soluble dietary fibre, particularly galactomannan, together with bioactive constituents such as 4-hydroxyisoleucine, diosgenin, and trigonelline. The viscous fibre fraction may slow carbohydrate digestion and absorption, while other constituents have been investigated for their potential effects on insulin secretion and insulin sensitivity (Fuller et al., 2015). Clinical evidence has provided encouraging findings. A systematic review and meta-analysis of randomized controlled trials reported improvements in several glycaemic parameters among individuals receiving fenugreek supplementation (Kim et al., 2023). More recently, Vajdi et al. (2024) reported significant improvements in fasting plasma glucose, glycated haemoglobin, insulin resistance, and selected lipid parameters following fenugreek supplementation in a systematic review and meta-analysis of clinical trials. Nevertheless, variation in preparations and doses across studies indicates that further investigation is required before these findings can be directly translated into standardized food formulations. 
Syzygium cumini, commonly known as jamun, is another plant of particular interest in the Indian dietary and traditional-medicine context. Jamboline, ellagic acid, gallic acid, flavonoids, and anthocyanins found in jamun seeds have hypoglycemic, antioxidant, and pancreatic β-cell protecting properties. Jamun seed supplementation may enhance fasting blood glucose, glycated hemoglobin, and lipid metabolism via modifying oxidative stress and carbohydrate-metabolizing enzymes, according to experimental and clinical research (Adithya et al., 2025). 
The carbazole alkaloids, polyphenols, vitamins, and minerals found in curry leaves (Murraya koenigii) are known to support enhanced glucose metabolism and antioxidant activity. These phytochemicals lower oxidative damage linked to diabetes while improving insulin sensitivity. 
Curry leaves (Murraya koenigii) are widely used in South Asian cuisine and provide another potentially relevant source of biologically active compounds. The plant contains carbazole alkaloids, flavonoids, phenolic compounds, and other phytochemicals that have been investigated for antioxidant and metabolic effects (Balakrishnan et al., 2020). A recent review highlighted the potential relevance of M. koenigii to metabolic disorders involving obesity and diabetes, while also emphasizing the need for further experimental and clinical evidence (Jachak et al., 2024). Such findings support continued investigation of curry leaves as a food ingredient, particularly because their incorporation into commonly consumed preparations may offer greater dietary relevance than administration in isolated extract form.
Cinnamon (Cinnamomum verum) is a possible dietary supplement for the treatment of type 2 diabetic mellitus (T2DM). Its bioactive components, including polyphenols and cinnamon aldehyde, may affect glucose metabolism by modifying insulin signaling, glucose absorption, and enzymes that break down carbohydrates. Clinical data indicates that supplementing with cinnamon may improve several glycemic markers, although results are still variable among trials, in part due to differences in species, dose, length of intervention, and research design (Allen et al., 2013; Khan et al., 2003). Therefore, rather than being a replacement for proven antidiabetic therapy, cinnamon merits more research as a supplemental dietary approach.
Ginger (Zingiber officinale) contains several biologically active phenolic compounds, including gingerols, shogaols, paradols, and zingerone. These compounds have been investigated for antioxidant, anti-inflammatory, and insulin-sensitizing properties. Schumacher et al. (2024) reported beneficial effects of oral ginger supplementation on glycaemic control among individuals with T2DM. 
Because various phytochemicals work through complementary biochemical pathways, combining many medicinal herbs into a polyherbal preparation may offer synergistic therapeutic advantages. Polyherbal compositions may be more effective than individual herbal compounds because they tackle insulin resistance, oxidative stress, chronic inflammation, dyslipidemia, poor glucose transport, and pancreatic dysfunction all at once. These formulations, which emphasize multi-target methods for chronic metabolic illnesses, are consistent with modern notions of nutraceutical development (Parasuraman et al., 2014). Consumer acceptability is a major factor in the successful conversion of medicinal plants into functional foods, despite mounting proof of their pharmacological qualities. Overuse of herbal compounds can negatively impact texture, color, flavor, scent, bitterness, and general palatability, which can lower long-term adherence. Because it finds assimilation levels that maximize possible health benefits while preserving attractive organoleptic qualities, sensory evaluation is therefore a crucial phase in the production of functional foods (Baker et al., 2022). 
Against this background, the present study was undertaken to develop functional food products incorporating a hypoglycaemic polyherbal mixture comprising cinnamon, fenugreek seeds, jamun seeds, curry leaves, and dried ginger. The study aimed to evaluate the sensory characteristics of the developed products using a standardized hedonic assessment and to determine the optimum level of herbal incorporation for individual food preparations. The broader objective was to examine the feasibility of integrating evidence-informed botanical ingredients into familiar foods while maintaining acceptable sensory characteristics. Such a food-based strategy may provide a practical complementary approach to dietary management of T2DM, while remaining consistent with the established role of medical nutrition therapy and evidence-based diabetes care (ADA, 2024).  
2. MATERIALS AND METHODS
2.1. Examine product variations and design
Two Indian food prepration Roti and Bengal gram curry was made. A comparative design was employed for both product development and sensory evaluation. One unfortified control (A0) and three variations with progressively higher amounts of the polyherbal mixture (A1–A3) were incorporated in each food.
list 1 Product development with polyherbal mixture incorporation.
	Product
	Variant
	Reported mixture incorporation (%)

	Roti
	A0 (control)
	0

	Roti
	A1
	0.51

	Roti
	A2
	1.04

	Roti
	A3
	1.58

	Bengal gram curry
	A0 (control)
	0

	Bengal gram curry
	A1
	1.06

	Bengal gram curry
	A2
	2.14

	Bengal gram curry
	A3
	3.23



2.2. Polyherbal Mixture
A standardized polyherbal mixture was created using five medicinal plant components Cinnamon powder (Cinnamomum verum), fenugreek seed powder (Trigonella foenum-graecum), jamun seed powder (Syzygium cumini), curry leaf powder (Murraya koenigii), and dried ginger powder (Zingiber officinale) are all included in the polyherbal mixture because of their reported hypoglycemic, antioxidant, anti-inflammatory, and hypolipidemic properties.
Every component was bought from respectable local markets, thoroughly cleaned, dried, and ground into a fine powder. The powders were sieved through a fine screen to ensure uniform particle size before being combined in predetermined ratios to generate a homogenous polyherbal mixture. The standardized polyherbal combination was stored at room temperature in sealed, food-grade containers.
2.3 Sensory Evaluation 
The sensory evaluation was conducted using a nine-point hedonic scale, which is a popular method for assessing food product approval (Lawless & Heymann, 2010). Sensory attributes such as color, appearance, aroma, texture, taste, and general attractiveness were assessed by a semi-trained panel of thirty academics and research experts. Trained panelists evaluated tagged samples for color, appearance, scent, texture, taste, and overall acceptability in controlled environments to lessen bias. 
2.4 Statistical Analysis 
The sensory data was expressed using the mean ± standard deviation, median, and quartiles. Since sensory ratings are ordinal in nature, non-parametric analysis using the Kruskal–Wallis test was employed in line with standard sensory analysis protocols to find statistically significant differences among samples (Steel & Torrie, 1980). A p-value of less than 0.05 was considered statistically significant.
3. RESULTS
Roti
Three variants (A1, A2 and A3) of Roti were prepared by incorporating the developed herbal mixture at levels of 0.51%, 1.04% and 1.58%, respectively, while the control sample (A0) was prepared without incorporation.
Table 1: Sensory Evaluation Scores of Herbal Mixture incorporated Roti

	
Sensory Attributes
	Level of Incorporation (%)
	Kruskal Wallis
(χ)2
	p-value

	
	Control
(A0)
	A1
(0.51%)
	A2
(1.04%)
	A3
(1.58%)
	
	

	

Colour
	Mean
	7.6±0.74
	7.6±0.57
	7.6±0.74
	7.4±0.94
	
0.49
	
0.922

	
	Median
	8
	8
	8
	7
	
	

	
	Quartile-I
	8
	7.13
	7.63
	7
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	

	

Appearance
	Mean
	7.7±0.71
	7.55±0.44
	7.5±0.33
	7.35±0.41
	
4.18
	
0.243

	
	Median
	8
	7.5
	7.5
	7.25
	
	

	
	Quartile-I
	8
	7.13
	7.5
	7
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	

	

Aroma
	Mean
	7.5±1.11
	8.05±1.01
	7.9±0.99
	8.1±0.88
	
1.83
	
0.609

	
	Median
	7
	8.5
	8
	8
	
	

	
	Quartile-I
	7
	7.25
	7
	7.5
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	

	

Texture
	Mean
	7.75±0.42
	7.2±0.59
	7.35±0.41
	7.1±0.91
	
5.43
	
0.143

	
	Median
	8
	7
	7.25
	7
	
	

	
	Quartile-I
	8
	7
	7
	6.25
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	

	

Taste
	Mean
	7.7±0.35
	8.35±0.58
	8.55±0.76
	8.35±0.41
	
9.92
	
0.019*

	
	Median
	7.75
	8.5
	8.75
	8.25
	
	

	
	Quartile-I
	7.75
	8
	8
	8
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	

	
Overall Acceptability
	Mean
	7.7±0.35
	8.3±0.59
	8.5±0.62
	8.3±0.35
	
10.32
	
0.016*

	
	Median
	7.75
	8.25
	8.75
	8.25
	
	

	
	Quartile-I
	7.75
	8
	8.13
	8
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	


         *Significant at P < 0.05
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Figure 2 Herbal Mixtures Incorporated Roti of Different Variations

Bengal Gram Curry:
Bengal gram curry samples were prepared by incorporating the herbal mixture at three graded levels: 1.06 per cent (A1), 2.14 per cent (A2), and 3.23 per cent (A3), along with a control sample (A0) prepared without incorporation.
Table 2: Sensory Evaluation Scores of Herbal Mixture Incorporated Bengal gram Curry

	
	Level of Incorporation (%)
	Kruskal
	p-value
	

	Sensory Attributes
	Control
	A1
	A2
	A3
	Wallis
	
	

	
	(A0)
	(1.06%)
	(2.14%)
	(3.23%)
	(χ)2
	
	

	
	Mean
	7.65±0.78
	8.25±0.42
	7.85±0.97
	8.05±0.55
	
	
	

	
Colour
	Median
	8
	8.25
	7.75
	8
	2.99
	0.394
	

	
	Quartile-I
	8
	8
	7
	8
	
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	
	

	
	Mean
	7.55±0.69
	8.3±0.63
	7.95±0.9
	7.6±0.7
	
	
	

	
Appearance
	Median
	7.75
	8.25
	8.25
	7.75
	6.13
	0.105
	

	
	Quartile-I
	7.75
	8
	7.13
	7
	
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	
	

	
	Mean
	8.1±0.84
	7.95±0.55
	8.05±0.76
	7.2±0.48
	
	
	

	
Aroma
	Median
	8.5
	8
	8.25
	7.25
	9.04
	0.029*
	

	
	Quartile-I
	8.5
	7.5
	7.5
	7
	
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	
	

	
	Mean
	7.85±0.53
	7.35±0.58
	7.45±0.83
	7.3±0.48
	
	
	

	
Texture
	Median
	8
	7.5
	7.25
	7.25
	4.77
	0.190
	

	
	Quartile-I
	8
	7
	7
	7
	
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	
	

	
	Mean
	7.7±0.59
	8.6±0.46
	7.75±0.49
	7.15±0.58
	
	
	

	
Taste
	Median
	7.75
	8.75
	8
	7
	18.48
	0.000**
	

	
	Quartile-I
	7.75
	8.13
	7.5
	7
	
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	
	

	
	Mean
	7.35±0.41
	8.4±0.39
	8.05±0.86
	7.25±0.35
	
	
	

	Overall
Acceptability
	Median
	7.25
	8.5
	8.25
	7
	16.53
	0.001**
	

	
	Quartile-I
	7.25
	8
	7.13
	7
	
	
	

	
	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 Bengal gram Curry







[image: ][image: ]

[image: ][image: ]                                     CONTROL	                                                           A1

                                             A2	                                                            A3
Figure 4: Herbal Mixtures Incorporated Bengal Gram Curry of Different Variations Aroma
4. DISCUSSION
4.1 Sensory optimization and moderate integration in Roti
The Roti with the greatest mean flavor and overall acceptance scores was A2 (1.04%). Although their mean scores were somewhat lower than A2, the lower A1 and higher A3 treatments likewise outperformed the control on these characteristics. This trend is consistent with a non-linear response in which assessors favor a flavor profile when the addition is moderate, and there is no further sensory advantage when the addition is increased beyond that point.  
Colour
The mean colour scores remained almost similar across all treatments, ranging from 7.4 in A3 to 7.6 in the control (A0), while A1 and A2 also recorded mean scores of 7.6. The Kruskal–Wallis test revealed a non-significant difference (χ² = 0.49, p = 0.922), indicating that the incorporation of the herbal mixture did not affect the colour of Roti.
Appearance
A similar trend was observed for appearance, where the mean sensory scores ranged from 7.35 to 7.7 among the treatments. The control sample recorded the highest mean score, followed by A1, A2 and A3. Statistical analysis indicated a non-significant difference (χ² = 4.18, p = 0.243), suggesting that the addition of the herbal mixture did not alter the appearance of Roti.
Aroma
The mean aroma score showed a slight increasing trend with the incorporation of herbal mixture, ranging from 7.5 in the control (A0) to 8.1 in A3, while A1 and A2 also recorded improved values. However, the Kruskal–Wallis test revealed a non-significant difference (χ²= 1.83, p = 0.609), indicating that the improvement in aroma was not statistically significant.
Texture
For texture, the control sample exhibited the highest mean score (7.75), while the incorporated samples recorded mean scores of 7.2 (A1), 7.35 (A2) and 7.1 (A3). However, the statistical analysis showed a non-significant difference (χ² = 5.43, p = 0.143), indicating that the herbal mixture did not significantly influence the texture of Roti. 
Taste
The taste attribute showed a significant difference among treatments. The mean taste score increased from 7.7 in the control (A0) to 8.35 in A1 and reached the highest value of 8.55 in A2, followed by a slight decrease to 8.35 in A3. The Kruskal–Wallis test indicated a significant difference (χ² = 9.92, p = 0.019), suggesting that moderate incorporation of the herbal mixture enhanced the taste of Roti.
Overall Acceptability
The overall acceptability also showed a significant difference (χ² = 10.32, p = 0.016) among treatments. The control sample recorded a mean score of 7.7, while the incorporated samples showed higher acceptability scores of 8.3 (A1), 8.5 (A2), and 8.3 (A3) (Table 3). Among the treatments, A2 (1.04% incorporation) obtained the highest overall acceptability score.
Overall, the findings indicate that herbal mixture incorporation did not significantly affect the colour, appearance, aroma and texture of Roti, while it significantly improved taste and overall acceptability. Among the experimental formulations, the 1.04 per cent incorporation level (A2) demonstrated the best sensory performance. Therefore, moderate incorporation of the herbal mixture (1.04%) is recommended for Roti preparation.
4.2 Sensory optimization and moderate integration in Bengal gram curry
In Bengal gram curry, the pattern was more noticeable. The A3 formulation (3.23%) received the lowest mean flavor and acceptability scores, whereas A1 (1.06%) had the greatest taste and overall acceptability scores. At A3, the fragrance score was likewise the lowest.
Color
The mean color scores showed slight variation among treatments, ranging from 7.65 in the control sample to 8.25 in A1, while A2 and A3 also exhibited comparable values. The Kruskal–Wallis test indicated a non-significant difference (χ² = 2.99, p = 0.394), suggesting that the addition of herbal mixture did not significantly influence the color of the curry.
Appearance
The appearance scores varied moderately across treatments, with mean values ranging between 7.55 and 8.3. Although A1 recorded a relatively higher score, the statistical analysis revealed a non-significant difference (χ² = 6.13, p = 0.105), indicating that the visual characteristics were not significantly altered by the incorporation levels.
Aroma
Aroma scores demonstrated noticeable variation among treatments, with the control sample recording a higher mean value (8.1), followed by A2 and A1, while A3 showed the lowest score (7.2). The Kruskal–Wallis test revealed a significant difference (χ² = 9.04, p = 0.029), indicating that the incorporation of herbal mixture significantly affected the aroma profile.
Texture
The texture attribute showed some variation across treatments, with mean scores ranging from 7.3 in A3 to 7.85 in the control sample. However, the statistical analysis indicated a non-significant difference (χ² = 4.77, p = 0.190), suggesting that texture was not significantly influenced by herbal incorporation.
Taste
The taste scores exhibited a clear and statistically significant difference among treatments. The mean score increased to 8.6 in A1 and then declined with higher levels of incorporation. The Kruskal–Wallis test confirmed this difference as significant (χ² = 18.48, p = 0.000), indicating that moderate incorporation enhanced taste, whereas higher levels reduced acceptability.
Overall Acceptability
The overall acceptability scores exhibited a statistically significant variation among the treatments (χ² = 16.53, p = 0.001), indicating a clear influence of herbal mixture incorporation on panel preference. The highest mean score was observed in A1 (1.06), followed by A2 (8.05), whereas the control sample (7.35) and A3 (7.25) recorded comparatively lower scores (Table 4). This pattern suggests that incorporation at a moderate level enhanced the overall sensory appeal of the product, while further higher levels may have led to a decline in acceptability, possibly due to overpowering flavour or changes in product characteristics. In general, the results indicate that the incorporation of herbal mixture exerted a selective influence on the sensory attributes of Bengal gram curry. While color, appearance, and texture remained largely unaffected, significant differences were observed in aroma, taste, and overall acceptability. The improvement in these key attributes at moderate incorporation levels highlights the positive contribution of the herbal mixture to sensory quality. However, a further increase in incorporation level did not yield proportional benefits and, in some cases, led to a reduction in sensory scores.
4.3 Cross-product comparison 
The sensory response patterns of the two food items differed. All three fortified varieties of Roti got mean overall acceptability scores over 8, with A2 (1.04%) achieving the highest mean scores across fortified samples. Taste and overall acceptability varied substantially between treatments. The flavor, aroma, and overall acceptance of Bengal gram curry varied greatly. While A1 (1.06%) and A2 (2.14%) scored above 8, all fortified curry variations had mean overall acceptability scores above 6. A1 was the fortified treatment that received the highest ratings for both flavor and overall acceptability. According to these descriptive results, the product-specific desired tested inclusion level was 1.04% for Roti and 1.06% for curry.
Table  3- Comparative Sensory Evaluation of the Best-Performing Polyherbal-Fortified Roti and Bengal Gram Curry Formulations, Including Taste, Overall Acceptability, and Statistically Significant Sensory Attributes.
	Product
	Best-performing fortified variant
	Taste mean ± SD
	Overall acceptability mean ± SD
	Attributes with significant omnibus differences

	Roti
	A2 (1.04%)
	8.55 ± 0.76
	8.50 ± 0.62
	Taste; overall acceptability

	Bengal gram curry
	A1 (1.06%)
	8.60 ± 0.46
	8.40 ± 0.39
	Aroma; taste; overall acceptability



5. CONCLUSION
The current study suggests that it is feasible to add a hypoglycaemic polyherbal mixture of cinnamon, fenugreek seeds, jamun seeds, curry leaves, and dried ginger to two popular traditional foods—Roti and Bengal gram curry—while preserving favorable sensory qualities. The results showed that the degree of supplementation and the food matrix affected the sensory reaction to herbal inclusion, underscoring the significance of product-specific optimization in the development of functional foods.
While there were notable variations in flavor and general acceptance, the addition of herbal mixtures to Roti had no discernible effect on color, appearance, scent, or texture. With the highest mean scores for taste (8.55) and overall acceptability (8.50), A2 (1.04% incorporation) showed the best sensory performance among the enriched formulations. Similarly, in Bengal gram curry, color, appearance, and texture were statistically unaltered, while aroma, taste, and overall acceptance showed significant variations. With the highest mean scores for flavor (8.60) and overall acceptability (8.40), the A1 formulation (1.06% inclusion) was found to be the most promising variation. Crucially, all fortified formulations maintained mean overall acceptability scores above 7, suggesting that the polyherbal mixture's integration was consistent with favorable sensory acceptance across all assessed items. One noteworthy discovery was that there was no corresponding increase in sensory quality when the amount of herbal inclusion was increased. Rather, Roti and Bengal gram curry had different optimal incorporation levels, indicating that the final sensory profile is largely determined by the interplay between the botanical components and the physicochemical properties of specific food matrices. Instead of implementing a consistent supplementation amount across various food products, this matrix-dependent response offers a useful foundation for improving herbal-mixture integration. Overall, the study provides a foundation for the development of culturally familiar, polyherbal-enriched food products with promising sensory acceptability and potential relevance to dietary strategies for individuals with type 2 diabetes mellitus. The identification of 1.04% incorporation for Roti and 1.06% for Bengal gram curry offers product-specific formulation benchmarks for further development.
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