Matrix-Specific Sensory Profiles of Polyherbal-Fortified Roti and Bengal Gram Curry: A Descriptive Formulation Study
Abstract
The incorporation of botanical powders into traditional foods may modify sensory characteristics and consumer acceptability. This descriptive study compared four formulations of roti and Bengal gram curry prepared with a five-component mixture comprising fenugreek seed, jamun seed, cinnamon, curry leaf and dried ginger powders. Roti formulations contained nominal inclusion levels of 0% (A0), 0.51% (A1), 1.04% (A2) and 1.58% (A3); the corresponding Bengal gram curry levels were 0%, 1.06%, 2.14% and 3.23%. A semi-trained panel of 30 academics and research specialists evaluated colour, appearance, aroma, texture, taste and overall acceptability using a nine-point hedonic scale. The available group summaries showed that roti A2 had the highest reported mean taste (8.55 ± 0.76) and overall acceptability (8.50 ± 0.62) scores, whereas curry A1 had the highest reported mean taste (8.60 ± 0.46) and overall acceptability (8.40 ± 0.39) scores. These numerical patterns differed between the two food preparations, indicating that a common blend need not yield an identical sensory response across products. Because assessor-level records and essential design details were unavailable for an independent analysis, the comparisons are descriptive rather than statistically confirmatory. The results support further formulation and consumer-testing research, but neither clinical efficacy nor therapeutic suitability was investigated.
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1. Introduction
Food development involving culinary herbs and other plant ingredients must balance formulation objectives with palatability. Sensory attributes influence initial acceptance and can constrain repeated consumption even when a product is otherwise appealing for nutritional or cultural reasons. A scoping review of functional foods identified the relevance of product characteristics, perceptions and consumer context to acceptance (Baker et al., 2022). Interpretation of consumer preferences must consequently account for characteristics of the product and the intended audience. Sensory assessment is therefore valuable as an early product-development measure, although it cannot by itself establish actual purchase behaviour or long-term dietary adoption.
Type 2 diabetes mellitus provides a broader nutritional context for interest in cereal- and legume-based foods, but the development of herb-enriched foods should not be equated with proven glucose lowering. Contemporary clinical guidance prioritises individualised medical nutrition therapy and explicitly does not recommend herbal or spice supplementation for glycaemic benefit in the absence of adequate evidence (American Diabetes Association Professional Practice Committee, 2025). Consequently, sensory development and investigation of metabolic efficacy are distinct stages of food research.
The present formulations include fenugreek seed (Trigonella foenum-graecum), jamun seed (Syzygium cumini), curry leaf (Murraya koenigii), cinnamon (Cinnamomum verum) and dried ginger (Zingiber officinale). Fenugreek contains dietary fibre and constituents such as 4-hydroxyisoleucine; mechanistic hypotheses and clinical trials have examined potential metabolic effects, although the doses and preparations studied vary (Fuller & Stephens, 2015; Kim et al., 2023; Vajdi et al., 2024). Jamun has also attracted attention because of its phytochemical composition and use in food products (Adithya et al., 2025). These studies provide ingredient-level context rather than evidence that the specific blended foods possess antidiabetic activity.
Curry leaves contain diverse phenolics and carbazole alkaloids described in phytochemical literature, while their metabolic applications remain an active area of investigation (Balakrishnan et al., 2020; Jachak et al., 2024). Cinnamon has been investigated in clinical syntheses, but findings are heterogeneous and cannot be translated directly into health claims about small additions to roti or curry (Allen et al., 2013; Moridpour et al., 2024). Research into true cinnamon has also reviewed its phytochemistry and biological activities (Ranasinghe et al., 2013). Ginger has been studied in clinical supplementation trials, again in forms and quantities not equivalent to those established for the present foods (Schumacher et al., 2024).
The term polyherbal indicates a combination of botanical ingredients but does not itself establish synergistic action. Polyherbal formulations are discussed within traditional phytopharmaceutical research (Parasuraman et al., 2014); interactions among components, however, require direct evaluation before synergy can be claimed. From a food-science perspective, combining ingredients may introduce colour, aroma, bitter or pungent notes and mouthfeel changes, and the acceptability of such changes depends on the product into which they are incorporated.
Roti and Bengal gram curry provide contrasting culinary matrices: one is a cooked wheat-based flatbread, and the other is a moist legume-based preparation. Their different structures and familiar flavour profiles offer a practical basis for studying formulation-specific acceptability. Hedonic scales are commonly used in sensory research, although score interpretation, testing context and presentation order can affect responses (Lim, 2011). In experimental sensory evaluations, sample presentation order can influence expectations, supporting the need to document assessment procedures (Gamba et al., 2021).
The ingredient-level evidence discussed above does not characterise sensory responses to the specific five-component mixture in the present roti and Bengal gram curry formulations. This leaves a formulation-specific evidence gap that warrants a descriptive sensory comparison within each food product.
The objective was to characterise the reported sensory scores across graded polyherbal inclusion levels in roti and Bengal gram curry, and to identify the formulations with the highest observed mean taste and overall-acceptability scores within each tested product. The study addresses sensory performance only and does not assess nutritional composition, bioactive retention, glycaemic responses or clinical outcomes.
2. Materials and Methods
2.1. Food formulations and study design
Two traditional foods, roti and Bengal gram curry, were evaluated in unfortified control formulations (A0) and three progressively fortified formulations (A1–A3) per product. Table 1 shows the inclusion percentages reported for each formulation. The percentages are treated as formulation descriptors because the recipe mass denominator, component-by-component proportions and preparation batch masses were not specified in the study documentation.
	Product
	Formulation
	Nominal mixture inclusion (%)

	Roti
	A0 (control)
	0.00

	Roti
	A1
	0.51

	Roti
	A2
	1.04

	Roti
	A3
	1.58

	Bengal gram curry
	A0 (control)
	0.00

	Bengal gram curry
	A1
	1.06

	Bengal gram curry
	A2
	2.14

	Bengal gram curry
	A3
	3.23



2.2. Botanical mixture and preparation
The mixture comprised cinnamon powder, fenugreek seed powder, jamun seed powder, curry leaf powder and dried ginger powder. The study description indicates that botanical materials were obtained from local markets, cleaned, dried, milled, sieved and combined before storage in sealed food-grade containers at room temperature. The ingredient mass ratios, drying conditions, particle-size specification, ingredient verification, storage duration and detailed preparation parameters for the two finished foods were not recorded in sufficient detail for recipe-level replication. Accordingly, the results refer to the reported mixture and inclusion labels rather than a chemically characterised formulation.
2.3. Sensory assessment
A semi-trained panel of 30 academics and research specialists evaluated samples labelled by formulation. Six attributes—colour, appearance, aroma, texture, taste and overall acceptability—were assessed using a nine-point hedonic approach. The nine-point scale provides an established framework for measuring liking, but its valid interpretation depends on consistent instructions and sample presentation (Lawless & Heymann, 2010; Lim, 2011). The available study description does not establish whether the same participants assessed every formulation or whether presentation order, blinding and palate cleansing were standardised. Such methodological features can influence sensory outcomes (Gamba et al., 2021).
2.4. Data presentation and analytical scope
The available information consists of group-level means and standard deviations for each food–formulation–attribute combination. Individual sensory ratings and the within-assessor observation structure are not available. Therefore, the analyses below describe the reported central tendencies and dispersions without calculating new significance tests, confidence intervals or post-hoc contrasts. Although omnibus statistics were tabulated in the original analytical summary, their appropriate interpretation requires confirmation of the dependence structure and access to primary observations. Descriptive differences between means should not be interpreted as evidence of a statistically established formulation advantage.
3. Results
3.1. Sensory characteristics of roti
Roti showed relatively similar reported colour and appearance means across A0–A3, while taste and overall-acceptability means were higher for each fortified formulation than for the control. The highest displayed means for both attributes occurred at A2 (1.04% inclusion). Table 2 presents the complete available mean and standard-deviation summaries; no distributional quartiles or test-based superiority claims are inferred from these aggregate values.
	Attribute
	A0: 0%
	A1: 0.51%
	A2: 1.04%
	A3: 1.58%

	Colour
	7.6 ± 0.74
	7.6 ± 0.57
	7.6 ± 0.74
	7.4 ± 0.94

	Appearance
	7.7 ± 0.71
	7.55 ± 0.44
	7.5 ± 0.33
	7.35 ± 0.41

	Aroma
	7.5 ± 1.11
	8.05 ± 1.01
	7.9 ± 0.99
	8.1 ± 0.88

	Texture
	7.75 ± 0.42
	7.2 ± 0.59
	7.35 ± 0.41
	7.1 ± 0.91

	Taste
	7.7 ± 0.35
	8.35 ± 0.58
	8.55 ± 0.76
	8.35 ± 0.41

	Overall acceptability
	7.7 ± 0.35
	8.3 ± 0.59
	8.5 ± 0.62
	8.3 ± 0.35



Note. Entries are reported means ± standard deviations on a nine-point hedonic scale. Values have not been independently reconstructed from individual ratings.
Figure 1 displays the means in Table 2 as a visual comparison. A2 showed the highest reported taste mean (8.55) and overall-acceptability mean (8.50), whereas the control had the highest reported texture mean (7.75). Error bars and inferential annotations are not shown because the study design and independent observational units could not be verified.
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Figure 1. Reported mean sensory scores for roti formulations A0–A3.
The prepared roti specimens are illustrated in Figure 2. Photographs provide a visual record of the four formulations but do not establish equivalent imaging conditions or demonstrate sensory superiority.
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Figure 2. Photographs of roti formulations A0 (control), A1, A2 and A3.
3.2. Sensory characteristics of Bengal gram curry
Bengal gram curry displayed a different descriptive pattern. A1 (1.06%) had the highest reported means for colour (8.25), appearance (8.30), taste (8.60) and overall acceptability (8.40), while control curry had the highest aroma (8.10) and texture (7.85) means. The descriptive summaries for all attributes appear in Table 3.
	Attribute
	A0: 0%
	A1: 1.06%
	A2: 2.14%
	A3: 3.23%

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

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

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

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

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

	Overall acceptability
	7.35 ± 0.41
	8.4 ± 0.39
	8.05 ± 0.86
	7.25 ± 0.35



Note. Entries are reported means ± standard deviations on a nine-point hedonic scale. Values have not been independently reconstructed from individual ratings.
Figure 3 plots the reported curry means. Unlike the roti series, curry taste and overall acceptability were lower at the greatest inclusion level than at the 1.06% formulation. The figure describes observed averages without indicating causality or statistical significance.
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Figure 3. Reported mean sensory scores for Bengal gram curry formulations A0–A3.
Figure 4 provides corresponding images of the Bengal gram curry formulations. The photographs illustrate product appearance and portion presentation; they do not constitute an objective instrumental colour or texture measurement.
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Figure 4. Photographs of Bengal gram curry formulations A0 (control), A1, A2 and A3.
3.3. Comparison of the highest-scoring formulations
Within the tested roti formulations, A2 had the highest displayed taste and overall-acceptability means, exceeding control means by 0.85 and 0.80 hedonic points, respectively. Within curry, the corresponding highest means occurred for A1, exceeding control means by 0.90 and 1.05 points. These arithmetic contrasts describe differences between tabulated group means and do not establish statistical significance. Table 4 provides a concise cross-product comparison. These selections denote the highest observed averages within separate formulation sets, not a confirmed statistical optimum or a head-to-head comparison across foods.
	Food
	Highest observed overall-acceptability formulation
	Taste mean ± SD
	Overall acceptability mean ± SD

	Roti
	A2 (1.04%)
	8.55 ± 0.76
	8.50 ± 0.62

	Bengal gram curry
	A1 (1.06%)
	8.60 ± 0.46
	8.40 ± 0.39



4. Discussion
4.1. Product-specific descriptive patterns
The available descriptive data suggest that sensory preference is not a simple monotonic function of the amount of botanical mixture introduced into a food. Roti taste and overall acceptability were highest in A2, and the corresponding curry attributes were highest in A1. These patterns are consistent with a formulation-dependent response, but they are insufficient to establish that the two food matrices causally modify the response to an identical dose. The constituent concentrations, inclusion mass denominators and matched-dose comparisons required for a direct interaction analysis were not established.
In roti, the control had a higher mean texture score than any fortified version, whereas fortified versions had higher reported mean taste and overall-acceptability scores. This descriptive divergence is relevant to product development: an ingredient may contribute favourable taste notes while affecting texture less favourably. Conversely, in curry, the A1 preparation achieved relatively high scores across several attributes, but increasing inclusion to A3 was accompanied by lower taste and overall-acceptability means. Such multidimensional effects justify reporting individual sensory attributes instead of relying solely on composite acceptability.
4.2. Sensory methods, response variability and interpretation
Hedonic ratings are subjective assessments shaped by the participant, presentation context and product expectation. Reviews of scaling methods emphasise that a numerical difference is meaningful only in relation to instrument properties, design and variability (Lim, 2011). Lawless and Heymann (2010) similarly describe the need for rigorous coding, presentation and sampling in sensory evaluations. Experimental evidence that random sample presentation can limit expectation effects reinforces the importance of specifying order and carry-over controls (Gamba et al., 2021).
The reported panel consisted of semi-trained academics and research specialists. Such a panel may be useful for initial product screening; however, its response distribution cannot automatically be treated as representative of general consumers or people living with diabetes. In addition, the structure of repeated assessments, assessor-level dispersion, and consistency across cooking batches cannot be evaluated from the published means and standard deviations. Inferences about superiority of A2 or A1 therefore remain provisional descriptive observations.
4.3. Botanical ingredients and nutritional interpretation
The five components have distinct phytochemical profiles, and several have been investigated for potential metabolic effects. Research on fenugreek includes mechanistic work and controlled-trial syntheses, but the evidence relates to particular interventions rather than the small concentrations in the present cooked foods (Fuller & Stephens, 2015; Kim et al., 2023; Vajdi et al., 2024). Jamun reviews and investigations of curry-leaf constituents likewise indicate phytochemical potential without validating clinical activity in these formulations (Adithya et al., 2025; Balakrishnan et al., 2020; Jachak et al., 2024).
Reviews of cinnamon and ginger supplementation have examined glycaemic outcomes, but the tested preparations, consumption schedules and exposure levels cannot be assumed to match those of roti or curry (Allen et al., 2013; Moridpour et al., 2024; Ranasinghe et al., 2013; Schumacher et al., 2024). Moreover, clinical guidance does not endorse herbal supplements as an approach to glycaemic management (American Diabetes Association Professional Practice Committee, 2025). No phytochemical quantification, digestibility, glucose response or intervention outcome was evaluated here. The significance of the botanical ingredients in this study is therefore culinary and formulation-related, not evidence of antidiabetic efficacy or biological synergy.
4.4. Practical implications and future directions
Traditional food formats can make new ingredients familiar, but familiarity alone does not ensure broad acceptability. Consumer-attitude research identifies contextual and product-specific influences that justify subsequent testing beyond a specialised panel (Baker et al., 2022). Future investigations of these products should document the five-ingredient mass ratio, finished-food inclusion denominator, processing conditions and ingredient identity. Independently prepared batches and appropriately randomised, blinded sensory sessions would strengthen the assessment of repeatability.
Where the same assessors evaluate all variants, analyses should account for within-person dependence; independent-group methods would be appropriate only when the sampling design truly produces independent observations. Prospectively specified comparisons and multiplicity control are important before selecting a single formulation as superior. Consumer sampling should cover the intended population and address palatability, portion size and likely eating frequency. Nutritional or glycaemic claims would require separate analytical and clinical evidence.
5. Study Limitations
The study is limited by the absence of individual assessor-level ratings and insufficient documentation of the experimental unit, which preclude independent verification of the descriptive summaries and reliable inference about formulation differences. The exact ingredient proportions, inclusion denominators, full recipes, technical preparation parameters and cooking replicates are also unavailable. The semi-trained panel was not a representative consumer sample; the assessment record does not establish randomised serving order, masking, carry-over mitigation or consistency across sessions. The research measured hedonic attributes only, without objective product characterisation, nutritional composition, safety assessment, bioactive stability or glycaemic outcomes. Consequently, the findings are best regarded as preliminary sensory descriptions of the investigated preparations.
6. Conclusion
The investigated polyherbal mixture could be incorporated into roti and Bengal gram curry at the tested nominal levels while maintaining generally favourable reported mean hedonic ratings. In roti, A2 (1.04%) had the highest displayed taste and overall-acceptability means; in Bengal gram curry, the corresponding highest means occurred at A1 (1.06%). The differing descriptive patterns suggest that formulation selection should be considered separately for each food product. These observations provide a basis for more reproducible sensory and consumer research but do not establish a statistically confirmed optimum, nutritional advantage or therapeutic effect.
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