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ABSTRACT
Type 2 diabetes mellitus (T2DM) and other non-communicable illnesses are on the rise, which has increased demand for functional foods that are culturally acceptable and offer health advantages without sacrificing flavour. Appam and Dhokla, two traditional fermented dishes from India, are popular for their affordability, taste, and ease of digestion. The current study sought to create functional versions of Dhokla and Appam combined with a herbal combination, as well as to assess the impact of varying degrees of integration on sensory qualities. Thirty academics and research experts rated sensory attributes such as colour, appearance, texture, taste, aroma, and general attractiveness in a semi-trained panel. Dhokla was added to the herbal mixture at 0% (control), 1.35%, 2%, and 2.6%. Appam was made with the herbal mixture at 0% (control), 1.9%, 3.8%, and 5.7%. A 9-point hedonic scale was used for the sensory rating, and the Kruskal–Wallis test was used to analyse the data. The findings showed that incorporation levels had no discernible effects on colour, appearance, or texture in either product (p > 0.05). Nonetheless, there were notable variations in flavour, fragrance, and general approval (p < 0.05). The greatest sensory scores were obtained by Dhokla with a 2% herbal mixture and Appam with a 1.9% herbal mixture. Acceptability decreased at higher incorporation levels, most likely due to stronger flavour and scent. The study supports the production of traditional fermented foods that are acceptable for diabetics and health-conscious groups by showing that mild functional ingredient integration can improve nutritional content while retaining sensory acceptance.
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INTRODUCTION
Globally, non-communicable diseases (NCDs) include obesity, cardiovascular disease, and type 2 diabetes mellitus, have become significant public health issues. Over the past three decades, the prevalence of diabetes has steadily increased, with the fastest growth occurring in low- and middle-income countries, according to the World Health Organization (World Health Organization (WHO, 2023). Malnutrition and lifestyle-related illnesses are particularly prevalent in India, requiring dietary treatments that are both culturally relevant and nutritionally adequate (Indian Council of Medical Research [ICMR], 2020).
As a preventative and treatment strategy for chronic illnesses, functional foods—defined as foods that offer physiological advantages beyond basic nutrition—have gained popularity (Martirosyan & Singh, 2021; Shahidi & Ambigaipalan, 2022). Because of their improved nutritional bioavailability, synthesis of bioactive chemicals, and beneficial effects on gut microbiota, fermented foods are becoming more and more recognised as natural functional foods (Marco et al., 2021; Park & Mannaa, 2025). Lactic acid fermentation is a process that improves digestibility, lowers antinutritional factors, and produces positive sensory qualities in traditional Indian fermented foods like Appam and Dhokla, which are based on cereals and pulses (Tamang et al., 2020; Nout & Aidoo, 2022). Due to their soft texture, somewhat sour flavour, and pleasant scent, Appam and Dhokla are popular foods in many parts of India. They are good candidates for functional enrichment aimed at glycaemic management because of their matrix rich in carbohydrates and fermentation-induced changes (Zhou et al., 2024; Swami et al., 2021). The postprandial glucose response may be reduced by including diabetic-friendly combinations, which are generally high in dietary fibre, low-glycaemic carbs, and phytochemicals (Slavin, 2021; Patel et al., 2022). Similar to this, herbal concoctions made from plant materials such as fruit peels, leaves, and seeds are recognised to include polyphenols, flavonoids, and antioxidants that support oxidative stress reduction and metabolic health (Ganesan & Xu, 2021; Mukherjee et al., 2025). Consumer acceptance, which is mostly impacted by sensory qualities including colour, scent, texture, taste, and general acceptability, is crucial to the success of functional food items despite their nutritional and functional benefits (Lawless & Heymann, 2019; Stone et al., 2021). When functional additives are used excessively, sensory quality may suffer, which might lower consumer approval (Kaur et al., 2023; Sharma & Gujral, 2021). To balance the health advantages and sensory appeal, it is crucial to optimise the levels of incorporation. Developing Appam and Dhokla combined with a herbal mixture at different levels, as well as methodically assessing their sensory qualities using the proper statistical techniques, were the goals of the current study. The results are intended to aid in the creation of palatable functional variations of traditional fermented foods that are appropriate for people with diabetes.
Diabetes Management and Functional Foods
The potential of functional meals to prevent and treat metabolic diseases, especially diabetes mellitus, has been extensively researched. Improved glycaemic management and insulin sensitivity have been linked to diets high in whole grains, dietary fiber, and bioactive substances (Reynolds et al., 2020; Livesey et al., 2022). Dietary fiber lowers postprandial glycaemic increases by delaying stomach emptying and glucose absorption (Slavin, 2021). To increase the metabolic advantages of staple meals, functional additives such as polyphenols, beta-glucans, and resistant starch have been added (Brouns et al., 2022; Zhu et al., 2023).
Bioactive Compounds and Fermentation
Through microbial metabolism, fermentation is a classic food processing method that enhances nutritional quality. The production of short-chain fatty acids, organic acids, and bioactive peptides by lactic acid bacteria promotes better gut health and metabolic control (Marco et al., 2021; Tamang et al., 2020). It has been demonstrated that fermented foods improve intestinal barrier function, lower systemic inflammation, and alter the makeup of the gut microbiota (Park & Mannaa, 2025; Mukherjee et al., 2025). Given that gut dysbiosis has been linked to the advancement of diabetes, these consequences are especially pertinent in the context of diabetes (Zhou et al., 2024).
The Effects of Herbal Ingredients on the Senses
Plant-based herbal substances are abundant in antioxidants, essential oils, and phenolic compounds, all of which support good health. Flavonoids like hesperidin and naringin, for example, are found in citrus peels and have antidiabetic and antioxidant qualities (Ganesan & Xu, 2021; Li et al., 2022). However, because herbal powders include volatile molecules and bitter phytochemicals, their addition to food systems might affect sensory qualities, especially flavour and scent (Kaur et al., 2023; Sharma & Gujral, 2021).
Sensory Assessment of Functional Foods
An essential part of developing functional foods is sensory assessment. A popular tool for determining customer acceptance and preference is the 9-point hedonic scale (Lawless & Heymann, 2019). To analyse ordinal sensory data and find significant differences across formulations, non-parametric statistical techniques like the Kruskal–Wallis test are suitable (Stone et al., 2021). According to several studies, adding functional ingredients at moderate levels improves acceptance, whereas adding them in excess causes sensory rejection (Patel et al., 2022; Swami et al., 2021).
MATERIALS AND METHOD
Raw Materials
Local markets provided the cereals, pulses, and other commodities needed to prepare Appam and Dhokla. Selected components with a low glycaemic index and herbal bioactivity were used to create functional mixes.
Development of Products
A standardised herbal combination has been created using particular plant-based substances, such as fibre-rich and polyphenol-containing components, that have been shown in the literature to have antidiabetic potential (Srinivasan, 2017; Shahidi & Chandrasekara, 2018). The combination is developed using curry leaves, dried ginger, cinnamon, fenugreek seeds, and jamun seeds. Diabetes has serious consequences and is becoming more common every day. Curry leaves (Murraya koenigii), jamun seeds (Syzygium cumini), dried ginger (Zingiber officinale), fenugreek seeds (Trigonella foenum-graecum), and cinnamon (Cinnamomum verum) are added, along with dietary and lifestyle changes. They can lower blood glucose levels because of their antidiabetic properties and use as prophylactic treatments for type 2 diabetes mellitus. The prevention and treatment of type 2 diabetes mellitus can be revolutionized by using herbs, safeguarding the health and well-being of both current and future generations. The components were dried, powdered, homogenized, and stored in airtight containers to prevent moisture absorption and phytochemical degradation.

Using conventional fermentation techniques, Appam was made and added to the herbal mixture at 0% (A0), 1.9% (A1), 3.8% (A2), and 5.7% (A3) and herbal mixure used to make Dhokla at 0% (A0), 1.35% (A1), 2% (A2), and 2.6% (A3). Every sample was cooked and fermented in the same way.
Sensory Assessment
Thirty academics and research scientists who had received some training assessed sensory attributes such as colour, appearance, texture, taste, aroma, and overall acceptability. CTRI has authorised this study, and the reference number is CTRI/2024/01/061506. A 9-point hedonic scale was used to assess colour, appearance, texture, taste, scent, and overall acceptability (Lawless & Heymann, 2019). Trained panellists evaluated coded samples in controlled environments for color, appearance, texture, taste, scent, and overall acceptability in order to minimize bias.
Statistics Analysis
The sensory data were expressed using the median, quartiles, and mean ± standard deviation. Since sensory ratings are ordinal in nature, non-parametric analysis using the Kruskal–Wallis test was employed to find statistically significant differences among samples in compliance with standard sensory analysis techniques (Steel & Torrie, 1980). If the p-value was less than 0.05, it was considered statistically significant.
RESULTS AND DISCUSSION
Sensory Evaluation of Appam incorporated with diabetic mixture
Visual stability was demonstrated by the lack of significant variations in appearance and colour (p > 0.05). Significant differences (p < 0.05) were seen in aroma, taste, and overall acceptability; the highest ratings were obtained with 1.9% inclusion. Palatability was adversely affected by higher levels, which is in line with other research on functional meals high in fibre (Patel et al., 2022; Sharma & Gujral, 2021). Table 1 presents the sensory evaluation results of Appam incorporated with the diabetic mixture at varying levels: control (A0), 1.9% (A1), 3.8% (A2), and 5.7% (A3). 
Colour showed no significant differences (p = 0.613), with mean scores ranging from 7.36 to 8.8, indicating that the addition of diabetic mixture did not significantly impact the Appam colour.
Appearance also showed a non-significant difference (p = 0.203), suggesting that the visual appeal remained consistent across all levels of incorporation.
Aroma displayed a significant (p≤0.05) difference (p = 0.006), with the highest mean score at the control and 1.9% incorporation levels, indicating that higher levels of diabetic mixture may slightly reduce the aroma quality.
Texture did not show significant variation (p = 0.816), suggesting the incorporation did not alter the mouthfeel of the Appam.
Taste exhibited significant (p≤0.05) differences (p = 0.001), with the highest scores at control and 1.9% incorporation. Taste scores declined at higher levels (3.8% and 5.7%), implying that a higher diabetic mixture negatively affects taste.
Overall Acceptability showed significant (p≤0.05) differences (p = 0.004), following a similar trend to taste and aroma, with best acceptability at lower incorporation levels and decreased acceptability at higher levels.
Incorporation of diabetic mixture in Appam at lower levels (up to 1.9%) maintains good sensory quality and acceptability. However, higher levels (3.8% and above) significantly reduce aroma, taste, and overall acceptability. Therefore, a diabetic mixture incorporation level of around 1.9% is optimal for preserving sensory appeal and panellist acceptance in Appam. 
Table 1: Sensory Evaluation Scores of Appam incorporated with Herbal Mixture
	
	Level of Incorporation (%)
	Kruskal
Wallis
(χ)2
	p-value

	
	Control
(A0)
	A1
(1.9%)
	A2
(3.8%)
	A3
(5.7%)
	
	

	Colour
	Mean
	8.8±0.42
	[bookmark: 29mctxnn0wqz]8.5±0.22
	8.0±0.94
	8.1±0.97
	7.36
	0.613

	
	Median 
	9
	8.5
	8
	8
	
	

	
	Quartile-I
	8.75
	8
	7.75
	8
	
	

	
	Quartile-III
	9
	9
	9
	9
	
	

	Appearance
	Mean
	8.9±0.92
	8.5±0.58
	8.1±1.0
	8.2±0.91
	4.60
	0.203

	
	Median 
	9
	9
	8.25
	8
	
	

	
	Quartile-I
	8.75
	8
	7.75
	8
	
	

	
	Quartile-III
	9
	9
	9
	9
	
	

	Aroma
	Mean
	8.9±0.31
	8.5±0.52
	8.1±0.83
	7.8±0.88
	12.24
	0.006

	
	Median 
	9
	8.5
	8
	8
	
	

	
	Quartile-I
	8
	8
	7.75
	7.37
	
	

	
	Quartile-III
	9
	9
	9
	8.25
	
	

	Texture
	Mean
	8.5±0.34
	8.1±1.28
	7.8±1.03
	7.55±1.16
	4.81
	0.816

	
	Median 
	9
	9
	8
	8
	
	

	
	Quartile-I
	7.75
	6.75
	7
	6
	
	

	
	Quartile-III
	9
	9
	9
	8.25
	
	

	Taste
	Mean
	8.8±0.84
	8.8±0.84
	7.8±0.84
	7.7±0.84
	15.53
	0.001

	
	Median 
	9
	9
	7.75
	8
	
	

	
	Quartile-I
	9
	8.75
	7
	6.75
	
	

	
	Quartile-III
	9
	9
	8.62
	8.75
	
	

	Overall 
Acceptability
	Mean
	8.7±0.65
	8.4±0.56
	7.8±0.78
	7.8±0.76
	13.04
	0.004

	
	Median 
	9
	8.65
	8
	8
	
	

	
	Quartile-I
	9
	9
	8.52
	8.3
	
	

	
	Quartile-III
	9
	9
	8.52
	8.3
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Sensory Evaluation of Dhokla Incorporated with Herbal mixture
The aroma, taste, and overall acceptability of the Dhokla samples varied significantly (p < 0.05), with 2% inclusion providing the best sensory quality. According to comparable research, adding too much herbal flavor decreased acceptance (Kaur et al., 2023; Li et al., 2022). The sensory evaluation of Dhoklas incorporated with varying levels of herbal mixture (1.35%, 2%, and 2.6%) was conducted and compared to the control (0% incorporation). 
Colour and Appearance showed statistically non-significant differences (p > 0.05) across all levels of incorporation, indicating that the addition of sweet lime peel did not adversely affect the visual aspects of the Dhokla.
Aroma showed a significant effect (p≤0.05) of incorporation level (χ² = 11.85, p = 0.001), with the 2% incorporation (A2) scoring the highest mean aroma value (8.1), suggesting enhanced aromatic properties at this level.
Texture did not differ significantly among samples (p = 0.761), implying the structural qualities of the Dhokla were largely unaffected by the herbal mixture addition.
Taste also displayed a significant (p≤0.05) difference (χ² = 16.89, p = 0.001), with the 2% incorporation level receiving the highest score (8.6 ± 0.82), indicating improved palatability at moderate herbal mixture addition.
Overall acceptability was significantly influenced by herbal mixture incorporation levels (χ² = 14.45, p = 0.003. The 2% incorporation (A2) recorded the highest overall acceptability score (8.6), while further higher incorporation (2.6%) showed a decline, suggesting that moderate inclusion optimises panellist preference.
Incorporating an herbal mixture at moderate levels (2%) improves key sensory attributes like aroma, taste, and overall acceptability in Dhoklas, while further higher levels diminished acceptability. Colour, Appearance, and texture remain largely unaffected by herbal mixture incorporation.


Table 2: Sensory Evaluation Scores of Dhokla incorporated herbal mixture
	
	Level of Incorporation (%)
	Kruskal
Wallis
(χ)2
	p-value

	
	Control
(A0)
	A1
(1.35%)
	A2
(2%)
	A3
(2.6%)
	
	

	Colour
	Mean
	7.5±0.56
	7.7±0.85
	7.5±0.34

	7.8±0.83
	7.65
	0.350

	
	Median 
	8
	8
	7
	7
	
	

	
	Quartile-I
	7.75
	7
	7.75
	7
	
	

	
	Quartile-III
	8
	8
	8
	8
	
	

	Appearance
	Mean
	7.5±0.83
	7.4±0.39
	7.8±0.32

	7.4±0.45
	19.96
	0.359

	
	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
	7.4±0.47
	11.85
	0.001

	
	Median 
	7
	8.5
	7
	7
	
	

	
	Quartile-I
	7.4
	8
	7.2
	7
	
	

	
	Quartile-III
	9
	9
	8.78
	8
	
	

	Texture
	Mean
	7.7±0.62
	7.5±0.47
	7.5±0.78
	7.3±0.25
	21.03
	0.761

	
	Median 
	8
	7
	7
	7
	
	

	
	Quartile-I
	7.75
	6.75
	7
	6
	
	

	
	Quartile-III
	8
	7.9
	7.7
	7.8
	
	

	Taste
	Mean
	7.7±0.52
	8.3±0.39
	8.6±0.82
	7.3±0.23
	16.89
	0.001

	
	Median 
	8
	8
	8
	7
	
	

	
	Quartile-I
	7.75
	8.3
	7.75
	6.75
	
	

	
	Quartile-III
	8
	9.
	9
	7.75
	
	

	Overall 
Acceptability
	Mean
	8.3±0.37
	8.5±0.21
	8.6±0.86
	7.2±0.34
	14.45
	0.003

	
	Median 
	8
	7
	7
	7
	
	

	
	Quartile-I
	8.3
	8
	7.75
	7.6
	
	

	
	Quartile-III
	9.
	9
	8.52
	8.3
	
	



CONCLUSION
The current study effectively shows that it is possible to create functional versions of traditional Indian fermented meals, such as Dhokla and Appam, by adding herbal combinations, respectively, while preserving their desired sensory attributes. According to sensory analysis, the addition of functional ingredients did not affect the colour, texture, or appearance of either product, suggesting strong structural and visual stability. However, the degree of absorption had a substantial impact on scent, taste, and overall acceptance, underscoring the need for formulation optimisation. The greatest sensory scores were obtained by Appam combined with 1.9% herbal mixture and Dhokla incorporated with 2% herbal mixture, indicating the best possible compromise between functional improvement and consumer appeal. Increased levels of incorporation led to a decrease in sensory appeal, perhaps because functional substances had stronger flavour and fragrance constituents. These results highlight how important it is to moderately include health-promoting ingredients in functional meals to guarantee their acceptability and palatability. The study emphasises how traditional fermented foods may serve as efficient delivery systems for beneficial elements that promote the control of diabetes and overall health. The created products provide a realistic, consumer-friendly, and culturally acceptable approach to functional food innovation by fusing nutritional enhancement with sensory optimisation.
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fig 1 : Sensory Evaluation Scores of Appam incorporated with diabetic mixture
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Fig 2 : Sensory Evaluation Score of Dhokla incorporated herbal mixture
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