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Abstract

	Traditional food preparations provide practical culinary matrices for incorporating botanical ingredients, but the palatability of multi-ingredient mixtures requires direct evaluation. This study examined the descriptive sensory profiles of kadhi and ragi soup containing a five-ingredient mixture of cinnamon (Cinnamomum verum), fenugreek (Trigonella foenum-graecum), dried ginger (Zingiber officinale), jamun seed (Syzygium cumini) and curry leaf (Murraya koenigii) powders. For each food, an unfortified control (A0) was compared with three incorporation levels (A1–A3): 1.13%, 2.28% and 3.44% for kadhi, and 0.71%, 1.44% and 2.19% for ragi soup. The available aggregate nine-point hedonic ratings covered colour, appearance, aroma, texture, taste and overall acceptability. Among kadhi formulations, A1 had the highest reported overall-acceptability mean (8.80), whereas A2 had the highest aroma mean (8.90). For ragi soup, A1 had the highest overall-acceptability mean (8.70) and A2 the highest aroma mean (8.85). The highest incorporation level did not produce the highest mean for either aroma or overall acceptability. The evidence is restricted to descriptive patterns because assessor-level scores, sample size and details needed to establish the independence or pairing of observations were not available for reanalysis. These observations suggest sensory compatibility at lower incorporation levels, but they do not establish statistical superiority, therapeutic efficacy or nutritional enhancement. Complete formulation documentation and primary-data verification are essential before wider generalisation.
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1. Introduction

The development of food products containing plant-derived ingredients requires consideration of ingredient composition, processing, palatability and safety. Botanical powders can introduce volatile aroma compounds, phenolics and other constituents, yet the presence of such compounds alone does not demonstrate nutritional or clinical benefit in a prepared food (Granato et al., 2020). Product acceptability is important because even potentially useful reformulations may be rejected if added ingredients produce excessive bitterness, astringency, pungency or unfamiliar odours (Huey et al., 2024; Petersen et al., 2024).

Type 2 diabetes and associated dietary concerns have encouraged interest in traditional plant ingredients, but sensory studies must be distinguished from metabolic or clinical efficacy studies. Contemporary diabetes management guidelines emphasise evidence-based nutrition therapy and person-centred care rather than treating culinary botanical additions as substitutes for clinical interventions (American Diabetes Association Professional Practice Committee, 2024, 2025). The International Diabetes Federation (2025) documents the global burden of diabetes in its atlas. This study evaluates food acceptability, not blood glucose regulation, insulin action or prevention of diabetes.

1.1 Botanical Composition and Sensory Considerations

The powder blend included cinnamon (Cinnamomum verum), fenugreek (Trigonella foenum-graecum), dried ginger (Zingiber officinale), jamun seeds (Syzygium cumini) and curry leaves (Murraya koenigii). Cinnamon contributes characteristic warm aromatic notes and contains volatile and phenolic constituents; however, evidence is insufficient to recommend cinnamon as a treatment for diabetes (Leach & Kumar, 2012). Fenugreek seeds contain fibre and phytochemicals, including galactomannans and 4-hydroxyisoleucine; their biological properties have been described in preclinical research and intervention reviews (Fuller & Stephens, 2015; Kim et al., 2023; Sarker et al., 2024). These sources do not establish clinical effects for the present food mixtures.

Ginger contains gingerols, shogaols and related phenolics and has been investigated in supplementation studies, but supplement outcomes are not directly transferable to cooked foods (Schumacher et al., 2024). Jamun has attracted research attention because of its polyphenols and food-processing applications (Adithya et al., 2025; El-Safy et al., 2023). Curry leaves contain volatile flavour compounds and carbazole alkaloids reported in phytochemical research (Balakrishnan et al., 2020; Jachak et al., 2024). The five-ingredient mixture brings together distinct flavour components that may be perceived differently according to concentration and the underlying food matrix.

1.2 Kadhi and Finger Millet Soup as Food Matrices

Kadhi is generally prepared from gram flour and curd or buttermilk, providing a fermented-dairy and legume-based flavour background. Finger millet (Eleusine coracana L.), commonly called ragi, is used in numerous cereal-based preparations and supplies dietary fibre, minerals and phenolic compounds whose amounts depend on cultivar and processing (Kalsi et al., 2023; Kaur et al., 2024). The two matrices differ in protein and carbohydrate composition, viscosity and customary flavour profiles, providing a rationale for examining incorporation levels separately rather than assuming equivalent sensory responses.

Interactions among food components can influence the release and perception of volatile aroma molecules. Reviews of food matrix–odour interactions and protein–phenolic chemistry show that matrix composition may affect flavour release, astringency, colour and texture, although those mechanisms have not been measured in the present products (Kieserling et al., 2024; Wang et al., 2025). A matrix-specific sensory assessment is therefore a useful initial step in formulation development.

Although the cited literature addresses botanical incorporation and food-matrix interactions, it does not establish the descriptive sensory profiles of this specific five-powder mixture in kadhi and ragi soup. A matrix-specific comparison of the available hedonic ratings addresses this formulation-focused gap.

1.3 Study Objective

The objective of this study was to compare the reported sensory ratings for an unfortified control and three levels of a five-botanical powder mixture in kadhi and ragi soup, with particular attention to the ranking of aroma and overall acceptability across formulations. The work is descriptive and does not test therapeutic efficacy or chemical composition.

2. Materials and Methods

2.1 Botanical Formulation

The composite powder comprised powders of cinnamon bark, fenugreek seed, dried ginger rhizome, jamun seed and curry leaf. These ingredients were mixed and used for incorporation into the two food preparations. The ingredient-specific mass fractions, powder preparation conditions and batch-level quantities were not specified in the available experimental description; accordingly, the stated incorporation percentages describe the treatment categories but do not independently establish complete recipe reproducibility.

2.2 Kadhi Preparations

The kadhi samples were defined as one control and three botanical-mixture formulations. Table 1 summarises the reported percentages used to distinguish the samples; the denominator underlying the percentages was not described.

Table 1. Botanical-mixture incorporation levels in kadhi

	Code
	Description
	Reported incorporation

	A0
	Control
	0%

	A1
	Kadhi with botanical mixture
	1.13%

	A2
	Kadhi with botanical mixture
	2.28%

	A3
	Kadhi with botanical mixture
	3.44%



2.3 Ragi Soup Preparations

Four ragi soup formulations were similarly designated A0–A3. Table 2 provides the original treatment definitions. The levels for ragi soup were lower than those for kadhi and therefore do not constitute matched concentrations across matrices.

Table 2. Botanical-mixture incorporation levels in ragi soup

	Code
	Description
	Reported incorporation

	A0
	Control
	0%

	A1
	Ragi soup with botanical mixture
	0.71%

	A2
	Ragi soup with botanical mixture
	1.44%

	A3
	Ragi soup with botanical mixture
	2.19%



2.4 Sensory Assessment

The sensory attributes were colour, appearance, aroma, texture, taste and overall acceptability, each expressed on a nine-point hedonic scale. A hedonic scale provides an ordinal measure of liking and is widely used in sensory evaluation (Lawless & Heymann, 2010). The available description did not identify the number of assessors, recruitment or training procedure, tasting environment, allocation or serving order, sample blinding, palate cleansing, number of production batches, or whether the same assessors rated every formulation. Such information is necessary to determine external validity and the appropriate inferential model.

2.5 Data Presentation and Statistical Interpretation

The available sensory dataset consists of aggregate formulation-by-attribute mean scores. These means are tabulated and visualised as descriptive comparisons. Sample size, assessor-level observations and complete information on repeated measurements were unavailable; consequently, sampling variability, effect sizes, confidence intervals and test statistics were not reconstructed. Inferences about statistical differences between treatments are not made. The absolute nine-point scale is used in the plots to avoid visually exaggerating small differences between high mean ratings. General principles for interpreting variation and design-dependent statistical tests are discussed by Steel and Torrie (1980).

3. Results

3.1 Kadhi Sensory Profiles

The mean sensory ratings for the four kadhi formulations are given in Table 3. The highest mean scores for colour (8.80) and appearance (8.90) were recorded in the control. The highest mean aroma score was observed for A2 (8.90), while A1 recorded the highest mean taste (8.80) and overall acceptability (8.80). The A3 formulation had a mean overall acceptability of 8.00, equal to the control. These values indicate descriptive differences only.

Table 3. Mean nine-point hedonic sensory scores for kadhi formulations

	Attribute
	A0 (0%)
	A1 (1.13%)
	A2 (2.28%)
	A3 (3.44%)

	Colour
	8.80
	8.50
	8.00
	8.10

	Appearance
	8.90
	8.50
	8.10
	8.10

	Aroma
	8.20
	8.50
	8.90
	7.80

	Texture
	8.30
	8.00
	7.90
	7.50

	Taste
	8.60
	8.80
	8.60
	7.90

	Overall acceptability
	8.00
	8.80
	8.60
	8.00


The overall pattern across attributes is illustrated in Fig. 1. Aroma peaks at A2, whereas overall acceptability peaks at A1, demonstrating that the highest aroma rating does not coincide with the highest overall rating. No inference concerning individual preference consistency or pairwise superiority can be drawn from these means alone.
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Fig. 1. Descriptive mean sensory ratings for kadhi across four formulation levels. The vertical axis shows the full 1–9 hedonic scale

Fig. 2 presents the four kadhi formulations as photographed. The images document the visible prepared products and are not a substitute for instrumental colour, consistency or texture measurements.
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Fig. 2. Photographic presentation of kadhi formulations: (A0) unfortified control, (A1) 1.13%, (A2) 2.28% and (A3) 3.44% botanical-mixture incorporation
3.2 Ragi Soup Sensory Profiles

Ragi soup means are summarised in Table 4. As with kadhi, the control recorded the highest reported mean for colour (8.80) and appearance (8.65). The A2 sample had the highest mean aroma (8.85). The A1 sample had the highest mean scores for taste (8.65) and overall acceptability (8.70); A2 was next for overall acceptability (8.55). A0 and A3 shared an overall-acceptability mean of 7.95. This numerical ranking does not establish a statistically reliable preference.

Table 4. Mean nine-point hedonic sensory scores for ragi soup formulations

	Attribute
	A0 (0%)
	A1 (0.71%)
	A2 (1.44%)
	A3 (2.19%)

	Colour
	8.80
	8.50
	8.05
	8.15

	Appearance
	8.65
	8.50
	8.15
	8.10

	Aroma
	8.10
	8.50
	8.85
	7.75

	Texture
	8.50
	7.95
	7.90
	7.50

	Taste
	8.30
	8.65
	8.55
	7.95

	Overall acceptability
	7.95
	8.70
	8.55
	7.95



Fig. 3 shows the sensory profile for ragi soup. The higher aroma mean at A2 and higher overall-acceptability mean at A1 form a pattern similar to that seen for kadhi. This observation is descriptive; comparisons of concentrations between the two foods require caution because the incorporation percentages differ.
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Fig. 3. Descriptive mean sensory ratings for ragi soup across four formulation levels. The vertical axis shows the full 1–9 hedonic scale

Photographs of the four ragi soup treatments are shown in Fig. 4. The photographs permit visual comparison of the preparations but cannot support quantitative conclusions regarding colour or rheological properties.

4. Discussion

4.1 Sensory Acceptance and Incorporation Level

Both matrices showed their highest overall-acceptability means at the lowest fortified level, whereas the intermediate formulation yielded the highest aroma mean. The distinction is important because overall acceptability represents an integrated judgement rather than a direct measure of aroma, taste or any single attribute. A botanical combination may enhance aroma at one level while producing a less favourable balance of flavour, texture and visual properties at another. Evidence from sensory research on spice-enhanced food reformulation supports the broader proposition that herbs and spices can alter liking, but effects depend on the food and formulation tested (Petersen et al., 2024).

At the highest fortification level investigated, mean overall acceptability was not higher than the unfortified control for either food. This pattern is consistent with the possibility that additional plant solids and concentrated aromatics can change palatability. Nevertheless, individual ingredient effects cannot be separated in the present mixture, and the design does not isolate flavour contributions from the five powders. No evidence is available for a mechanistic threshold or dose–response relationship.

4.2 Matrix-specific Interpretations

Kadhi and ragi soup present distinct background flavours and structures. The fermented dairy and gram-flour components commonly present in kadhi may interact with aromatic or phenolic compounds differently from the starch-rich finger millet preparation. Protein–phenolic interactions can change sensory and physical behaviour in complex food systems, while interactions between food matrices and odour-active molecules may alter aroma release (Kieserling et al., 2024; Wang et al., 2025). These interactions are plausible interpretations, but the underlying mechanisms were not measured in the present study. The interpretation is necessarily limited because the complete recipes, processing parameters and chemical measurements were not documented.

[image: ]

Fig. 4. Photographic presentation of ragi soup formulations: (A0) unfortified control, (A1) 0.71%, (A2) 1.44% and (A3) 2.19% botanical-mixture incorporation

Finger millet is often described as a nutritionally valuable grain with multiple processing applications (Kalsi et al., 2023; Kaur et al., 2024). However, no nutrient composition, phenolic concentration or digestibility analysis of the prepared soups was reported. Similarly, the introduction of five botanical ingredients into kadhi cannot be assumed to improve nutrient availability or confer an antidiabetic effect without appropriate food-characterisation and human-outcome evidence (Granato et al., 2020).

4.3 Relation to Botanical Research

Cinnamon, fenugreek, ginger, jamun and curry leaf have established histories as culinary or medicinal plant materials and have been examined in extensive research covering isolated bioactive compounds, extracts or supplements (Adithya et al., 2025; Balakrishnan et al., 2020; El-Safy et al., 2023; Fuller & Stephens, 2015; Jachak et al., 2024; Kim et al., 2023; Sarker et al., 2024; Schumacher et al., 2024). Such studies help contextualise ingredient choice but cannot serve as a proxy for direct efficacy or safety testing of the combined cooked foods. Indeed, the clinical evidence base varies by botanical and intervention, and the cinnamon review by Leach and Kumar (2012) did not establish efficacy for treatment of diabetes. The present findings therefore remain sensory observations rather than substantiation of a health claim.

Sensory acceptability is necessary, but not sufficient, for successful food reformulation. Product-development evaluations also need ingredient standardisation, batch reproducibility, analytical composition, storage stability, microbial quality, food-safety assessment and representative consumer testing (Granato et al., 2020). Reported differences in the mean scores should therefore be viewed as preliminary formulation signals rather than evidence of commercially or clinically optimised products.

5. Study Limitations

The principal limitations are incomplete experimental metadata and lack of individual assessor-level measurements in the available dataset. Sample size, recruitment, independence or repeated-measures structure, assessor blinding and preparation replication could not be established, preventing defensible tests of between-formulation differences and estimates of statistical uncertainty. The precise five-powder ratio and the denominator used for incorporation percentages are also incompletely specified, restricting replicability. The assessment used hedonic scores without instrumental texture, colour, aroma, nutrient, phytochemical, microbiological or stability measurements. The results may therefore be interpreted only as preliminary descriptions of the reported formulations; generalisation to broader consumer groups, long-term consumption or biomedical outcomes is not justified.
6. Conclusion

A five-ingredient botanical powder mixture was incorporated at three stated levels into each of two traditional Indian foods: kadhi and ragi soup. Based on the available aggregate hedonic summaries, the lowest fortified level had the highest mean overall-acceptability rating for both foods (8.80 for kadhi A1, 1.13%; 8.70 for ragi soup A1, 0.71%), whereas the intermediate level had the highest mean aroma rating in both matrices (8.90 for kadhi A2; 8.85 for ragi soup A2). These are descriptive rankings, not evidence of statistically significant treatment effects. The findings offer a preliminary direction for sensory-focused formulation research, while reproducible preparation protocols and individual-level sensory data are necessary for robust optimisation and inference.
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