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ABSTRACT
The metabolic disease known as type 2 diabetes mellitus (T2DM) is characterised by decreased insulin production, insulin resistance, and persistent hyperglycemia. A sustainable approach to managing diabetes involves dietary changes utilising low-glycemic index foods, which are culturally acceptable and enhanced with bioactive herbal compounds. The goal of the current study was to create popular Indian cuisine items combined with a standardised herbal blend and assess their sensory acceptability as possible functional diets for people with type 2 diabetes. Different amounts of herbal combinations were used in uttapam and upma. A semi-trained panel evaluated sensory characteristics, including color, appearance, scent, texture, taste, and overall acceptability. The Kruskal–Wallis test was used to analyse statistical differences. The results showed that moderate levels of herbal combination incorporation significantly improved scent, taste, and overall acceptability in most savoury goods. The results imply that carefully prepared herbal-enriched meals are palatable and have potential as dietary supplements for the treatment of type 2 diabetes.
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INTRODUCTION
More than 90% of diabetes patients worldwide are type 2 diabetes mellitus (T2DM), a chronic metabolic disease marked by insulin resistance, decreased insulin production, and persistent hyperglycemia (World Health Organisation, 2023; International Diabetes Federation, 2021). Due to urbanisation, decreased physical activity, and a trend toward diets high in energy and refined carbohydrates, the prevalence of type 2 diabetes has quickly grown in low- and middle-income countries, especially in India (Anjana et al., 2017; Misra et al., 2019). A key component of managing type 2 diabetes is dietary adjustment, which has been demonstrated to greatly enhance lipid profiles, glycaemic control, and general metabolic health (American Diabetes Association, 2023). Decreased postprandial glucose excursions and enhanced insulin sensitivity are linked to diets that prioritize whole grains, legumes, vegetables, and low-glycaemic index foods (Jenkins et al., 2002; Brand-Miller et al., 2021).
Due to their hypoglycemic, antioxidant, and anti-inflammatory qualities, herbs and plant-based substances have long been employed in Ayurvedic and Indian diets (Srinivasan, 2017). A sustainable and culturally acceptable approach to dietary control of type 2 diabetes is the incorporation of such bioactive components into traditional foods that are often consumed (Chandrupatla et al., 2020). However, consumer acceptance—especially concerning sensory aspects like flavor, scent, and texture—is crucial to the success of such functional meals (Lawless & Heymann, 2010). The goal of the current study was to create traditional Indian food items with herbal mixtures and assess their sensory acceptability as possible functional meals for people with type 2 diabetes.
Dietary Management of Type 2 Diabetes Mellitus
Chronic hyperglycemia brought on by insulin resistance and relative insulin insufficiency characterises type 2 diabetes mellitus (T2DM), a progressive metabolic disease (World Health Organisation [WHO], 2023). In order to regulate blood glucose levels and avoid long-term consequences from type 2 diabetes, dietary management is essential (American Diabetes Association [ADA], 2023). Research indicates that diets high in vegetables, whole grains, legumes, and dietary fiber enhance glycaemic management and lower insulin resistance (Jenkins et al., 2002; Brand-Miller et al., 2021).In comparison to refined, Western-style diets, traditional Indian diets centered on grains, pulses, and fermented foods have been linked to reduced glycaemic responses (Misra et al., 2019). It was researched that low-glycaemic index meals considerably lower postprandial glucose and HbA1c levels in people with type 2 diabetes (Thomas & Elliott, 2010).
Herbs and Bioactive Compounds' Function in Diabetes Treatment
The antidiabetic effects of herbs, which include delayed carbohydrate digestion, increased insulin secretion, improved insulin sensitivity, and antioxidant activity, have been extensively researched (Srinivasan, 2017). Polyphenols, flavonoids, saponins, and dietary fiber are examples of bioactive substances that enhance glucose metabolism and lower oxidative stress (Shahidi & Chandrasekara, 2018).Regular use of herbal remedies can improve fasting blood glucose, lipid profiles, and inflammatory markers in people with type 2 diabetes, according to clinical and experimental investigations (Grover et al., 2002; Modak et al., 2007). However, long-term adherence to herbal therapies is limited by their low palatability and lack of integration into regular meals (Chandrupatla et al., 2020).
Sensory Acceptability of the Herbal Mixture based foods
Foods that offer physiological advantages beyond basic nutrition are referred to as functional foods (Diplock et al., 1999). Adding herbs to traditional dishes that are often consumed is seen to be a successful way to increase nutritional value and compliance (Menrad, 2003). According to earlier research on herbal-fortified meals, excessive integration adversely impacts flavor and scent, whereas moderate incorporation levels enhance health benefit without sacrificing sensory quality (Kaur & Das, 2011). Since consumer approval dictates long-term consumption, sensory evaluation is crucial to the creation of functional foods (Lawless & Heymann, 2010). When normal distribution assumptions are not satisfied, non-parametric statistical techniques like the Kruskal–Wallis test are frequently employed to analyse sensory data (Steel & Torrie, 1980).
MATERIALS AND METHODS
Development of Herbal Mixture
Using specific plant-based compounds, such as fiber-rich and polyphenol-containing components, that have been documented in the literature for their antidiabetic potential, a standardized herbal mixture has been developed (Srinivasan, 2017; Shahidi & Chandrasekara, 2018). Particularly fenugreek seeds, cinnamon, dried ginger, curry leaves and jamun seeds are used in the development of the mixture. To stop moisture absorption and phytochemical deterioration, the components were dried, powdered, homogenised, and kept in sealed containers.
Development of Products
According to dietary standards, popular traditional Indian dishes were chosen based on their appropriateness for managing diabetes and their relevance to regular meals (Misra et al., 2019). To guarantee consistency, standardised recipes were used to create control samples (0% herbal mixture) and experimental samples with graduated amounts of herbal mixture inclusion.
Sensory Assessment
A nine-point hedonic scale, a commonly used technique for determining the acceptance of food products, was used for sensory evaluation (Lawless & Heymann, 2010). To reduce bias, trained panelists assessed coded samples for color, appearance, aroma, texture, taste, and general acceptability in controlled settings.
Analysis of Statistics
The mean ± standard deviation, median, and quartiles were used to express the sensory data. In accordance with normal sensory analysis procedures, non-parametric analysis utilizing the Kruskal–Wallis test was used to identify statistically significant differences across samples since sensory scores are ordinal in nature (Steel & Torrie, 1980). A statistically significant p-value was defined as < 0.05.
RESULTS AND DISCUSSION
Sensory Assessment of Uttapam and Upma Enriched with Herbal Mixture
Consistent with previous functional food research, the results of the sensory evaluation show that the integration of herbal mixtures affected sensory qualities differentially across food matrices (Lawless & Heymann, 2010).
Sensory Evaluation of uttpam incorporated with mixture
The sensory characteristics of uttpam incorporated with different levels of mixture (3.5%, 5%, and 6.5%) were assessed and compared with a control sample (0% incorporation) (Table 1). 
Colour and Appearance showed no significant differences across all levels of incorporation (p > 0.05), indicating that the visual appeal of the bread was not notably affected by the addition of mixture.
Aroma demonstrated a significant improvement (p≤0.05) with increasing mixture concentration (χ² = 11.85, p = 0.001). The highest aroma score was observed at 6.5% incorporation (A3) with a mean of 8.4, suggesting that mixture enhances the aromatic quality of the uttpam.
Texture did not vary significantly among treatments (p = 0.783), suggesting that the textural integrity of uttpam was maintained despite mixture addition.
Taste also showed significant (p≤0.05) differences (χ² = 22.89, p = 0.001), with the 5% incorporation (A2) level receiving the highest taste rating (8.6). This indicates that moderate mixture inclusion enhances taste perception.
Overall acceptability was significantly (p≤0.05) influenced by mixture incorporation (χ² = 19.45, p = 0.003). The 5% mixture level (A2) achieved the highest mean score (8.5), indicating optimal panellist acceptance at this concentration.
Incorporating mixture up to 5% positively affects the aroma, taste, and overall acceptability of uttpam, while colour, appearance, and texture remain unaffected. 
Table 1: Sensory Evaluation Scores of Uttpam incorporated with mixture
	
	Level of Incorporation (%)
	Kruskal
Wallis
(χ)2
	p-value

	
	Control
(A0)
	A1
(3.5%)
	A2
(5%)
	A3
(6.5%)
	
	

	Colour
	Mean
	7.5±0.53
	7.7±0.65
	7.5±0.24

	7.5±0.83
	8.61
	0.950

	
	Median 
	8
	8
	7
	7
	
	

	
	Quartile-I
	7.75
	7
	7.75
	7
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	

	Appearance
	Mean
	7.5±0.81
	7.4±0.59
	7.5±0.12

	7.4±0.48
	21.76
	0.453

	
	Median 
	8
	8
	7
	7
	
	

	
	Quartile-I
	7.75
	7
	7.75
	7
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	

	Aroma
	Mean
	7.2±0.94
	7.8±0.75
	8.1±0.62
	8.4±0.47
	11.85
	0.001

	
	Median 
	7
	8.5
	7
	7
	
	

	
	Quartile-I
	7.4
	8
	7.2
	7.75
	
	

	
	Quartile-III
	9
	9
	8.78
	8
	
	

	Texture
	Mean
	7.7±0.32
	7.5±0.48
	7.5±0.38
	7.3±0.75
	11.03
	0.783

	
	Median 
	8
	7
	7
	7
	
	

	
	Quartile-I
	7.75
	6.75
	7
	6
	
	

	
	Quartile-III
	8
	7.9
	7.7
	7.8
	
	

	Taste
	Mean
	7.6±0.52
	8.3±0.39
	8.6±0.82
	8.3±0.23
	22.89
	0.001

	
	Median 
	8
	8
	8
	8
	
	

	
	Quartile-I
	7.75
	7.75
	7.75
	7.75
	
	

	
	Quartile-III
	8
	9
	9
	9
	
	

	Overall 
Acceptability
	Mean
	7.6±0.24
	8.0±0.28
	8.5±0.67
	8.2±0.84
	19.45
	0.003

	
	Median 
	7
	7
	8
	7
	
	

	
	Quartile-I
	7.75
	8
	8.25
	7.75
	
	

	
	Quartile-III
	8.52
	8
	9.
	8.3
	
	




Fig 1: Sensory Evaluation Scores of Uttpam incorporated with Mixture
Sensory Evaluation of Upma Incorporated with Mixture
The sensory characteristics of upma incorporated with different levels of mixture (0%, 8.7%, 12.5%, and 16%) were evaluated for colour, appearance, aroma, texture, taste, and overall acceptability (Table 4.49).
Non-significant differences were observed in the attributes of colour (χ² = 10.67, p = 0.467), appearance (χ² = 16.97, p = 0.650), aroma (χ² = 10.56, p = 0.861), or texture (χ² = 15.75, p = 0.771) across the different incorporation levels. This indicates that the addition of mixture up to 16% did not substantially alter these sensory properties of upma.
However, taste was significantly (p≤0.05) affected by mixture incorporation (χ² = 9.45, p = 0.001), with the 8.7% incorporation level (A1) receiving the highest mean taste score of 8.5. Taste scores decreased at higher incorporation levels (12.5% and 16%), suggesting that excessive mixture may impart stronger flavors that are less preferred by panelist.
Similarly, overall acceptability was significantly (p≤0.05) influenced by the level of mixture (χ² = 16.87, p = 0.004). The upma with 8.7% mixture addition had the highest overall acceptability (mean 8.4), followed by 12.5% (8.1), and the lowest at 16% (7.2). The control sample (0%) scored 7.8, indicating that moderate incorporation enhanced panellist preference.
Upma incorporated with mixture at 8.7% demonstrated the most favourable sensory profile, especially in terms of taste and overall acceptability, while higher levels negatively impacted palatability.
Table 2: Sensory Evaluation Scores of Upma incorporated with mixture
	
	Level of Incorporation (%)
	Kruskal
Wallis
(χ)2
	p-value

	
	Control
(A0)
	A1
(8.7%)
	A2
(12.5%)
	A3
(16%)
	
	

	Colour
	Mean
	7.5±0.76
	8.3±0.78
	8.2±0.46

	8.1±0.56
	10.67
	0.467

	
	Median 
	8
	8
	7
	7
	
	

	
	Quartile-I
	7.25
	7.75
	7.15
	7.75
	
	

	
	Quartile-III
	8
	8.5
	8
	8
	
	

	Appearance
	Mean
	7.4±0.58
	8.4±0.74
	7.3±0.49
	7.2±0.42
	16.97
	0.650

	
	Median 
	8
	8
	8.25
	8
	
	

	
	Quartile-I
	8.75
	8
	7.75
	8
	
	

	
	Quartile-III
	8
	8.6
	8.1
	8.6
	
	

	Aroma
	Mean
	7.5±0.65
	8.2±0.34
	8.1±0.62
	7.4±0.47
	10.56
	0.861

	
	Median 
	8.5
	7
	7
	7
	
	

	
	Quartile-I
	8
	7.4
	7.2
	7
	
	

	
	Quartile-III
	8
	8.1
	8
	7.45
	
	

	Texture
	Mean
	7.7±0.52
	7.5±0.47
	7.4±0.82
	7.3±0.35
	15.75
	0.771

	
	Median 
	8
	7
	7
	7
	
	

	
	Quartile-I
	7.75
	6.75
	7
	6
	
	

	
	Quartile-III
	8
	7.9
	7.7
	7.8
	
	

	Taste
	Mean
	7.8±0.53
	8.5±0.52
	7.8±0.48
	7.3±0.23
	9.45
	0.001

	
	Median 
	8
	8.7
	7
	7
	
	

	
	Quartile-I
	7
	8
	7.75
	6.75
	
	

	
	Quartile-III
	8.6
	8.62
	8
	7.75
	
	

	Overall 
Acceptability
	Mean
	7.8±1.67
	8.4±0.36
	8.1±0.81
	7.2±0.34
	16.87
	0.004

	
	Median 
	7
	8
	7
	7
	
	

	
	Quartile-I
	7.5
	8
	7.75
	7.1
	
	

	
	Quartile-III
	8
	9
	8
	8
	
	




Fig 2: Sensory Evaluation Score of Upma incorporated mixture
Type 2 Diabetes Mellitus Consequences
The results corroborate previous research showing that in order to guarantee long-term adherence, functional meals must strike a compromise between therapeutic advantages and sensory appeal (Menrad, 2003). The study's optimal herbal-enriched meals align with dietary guidelines that emphasise low-glycemic index, high-fibre, and culturally acceptable diets for individuals with type 2 diabetes (Misra et al., 2019; ADA, 2023).
CONCLUSION	
The current study shows that, when optimal amounts of herbs are used, adding a standardised herbal mixture to traditional Indian dishes is both practical and palatable. The findings are in line with other studies showing that although excessive herbal integration negatively impacts palatability, moderate herbal incorporation improves flavour and overall acceptability (Kaur & Das, 2011; Chandrupatla et al., 2020).
Using culturally known foods as carriers for antidiabetic herbs may enhance glycaemic control and increase dietary adherence from the standpoint of managing type 2 diabetes (Misra et al., 2019). To confirm the therapeutic potential of these functional meals, further study incorporating glycaemic index calculation and clinical assessment is advised.
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Sensory Evaluation Scores of Uttpam incorporated with Mixture

Control A0	
Colour	Appearance	Aroma	Texture	Taste	Overall Acceptability	7.5	7.5	7.2	7.7	7.6	7.6	A1(3.5)	
Colour	Appearance	Aroma	Texture	Taste	Overall Acceptability	7.7	7.4	7.8	7.5	8.3000000000000007	8	A2(5%)	
Colour	Appearance	Aroma	Texture	Taste	Overall Acceptability	7.5	7.5	8.1	7.5	8.6	8.5	A3(6.5%)	
Colour	Appearance	Aroma	Texture	Taste	Overall Acceptability	7.5	7.4	8.4	7.3	8.3000000000000007	8.1999999999999993	Attributes


 Mean



Sensory Evaluation Score of Upma incorporated mixture

A0 	Colour	Appearance	Aroma	Texture	Taste	Overall aceeptabilty	7.5	7.5	7.2	7.7	7.6	7.6	A1 (8.7%)	Colour	Appearance	Aroma	Texture	Taste	Overall aceeptabilty	7.7	7.4	7.8	7.5	8.3000000000000007	8	A2 (12.5%)	Colour	Appearance	Aroma	Texture	Taste	Overall aceeptabilty	7.5	7.5	8.1	7.5	8.6	8.5	A3 (16%)	Colour	Appearance	Aroma	Texture	Taste	Overall aceeptabilty	7.5	7.4	8.4	7.3	8.3000000000000007	8.1999999999999993	Parameters


Scores







