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ABSTRACT 

	
Aims: To develop and optimize a Functional Greek Yoghurt Sauce by incorporating nutrient-rich ingredients and to evaluate the effect of different inclusion levels on sensory characteristics and to identify the most acceptable combination.
Study design:  Formulation of Functional Greek Yoghurt Sauce using varying levels of functional ingredients followed by sensory evaluation to determine the optimized formulation based on overall acceptability.
Place and Duration of Study: The study was conducted at the Department of Dairy Technology, Dairy Science College, Hebbal, Bengaluru, Karnataka, India, during the period from December 2024 to September 2025.
Methodology: Standardized cow milk (3.5% fat, 8.5% SNF) was heated at 90°C for 2–3 min, cooled to 42°C, inoculated with 2% yoghurt culture, incubated for 5 h, and dewheyed at 7±1°C for 8 h to obtain Greek yoghurt. It was fortified with 3% WPC-80, 10% olive oil, 1% salt, and different levels of dried spinach (3–7%), proso millet (1–3%), dried thyme, and green chili (0.5–1%). Sensory evaluation using a 9-point hedonic scale was conducted by trained panelists.	Comment by STAR: Methdology is tooo long but results wre short pleaze look
Results: Among the different levels tested, best acceptability was observed with 3% spinach, 1% proso millet, 0.75% thyme, and 0.5% green chili, significantly improving flavour, colour and appearance, body and texture and overall acceptability.
Conclusion: The study concluded that fortification of Greek yoghurt Sauce with functional ingredients such as dried spinach, proso millet, thyme, and green chili positively enhances sensory quality and delivering a required nutrition  when used at optimized levels, making it a promising health-oriented dairy condiment for the market.
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1. INTRODUCTION 

India, the world’s largest milk producer, contributes nearly 25% of global milk supply, producing about 239.30 million tonnes in 2023–24 (FAO, 2024). Globally, the yoghurt market was valued at around USD 125.16 billion in 2024 and is projected to reach USD 189.19 billion by 2032, growing at a CAGR of 5.3% (Statista, 2023; GII, 2023). In the table Sauces segment, the market stood at USD 9.8 billion in 2024 and is expected to grow to USD 17.2 billion by 2033, fueled by rising consumer demand for convenience and flavor- rich condiments.
Modern lifestyles have greatly influenced food habits, increasing the demand for quick, convenient, and ready-to-eat meals. With less time for home cooking, precooked dishes have become popular, and Sauces play an important role in enhancing flavor, texture,and appeal (Herranz et al., 2019). Sauces, now a global staple, are not just convenient but also nutritionally and economically significant in modern diets (García et al., 2016). Typically, they are prepared using vegetable oil emulsified with milk proteins and stabilized with thickeners, often combined with salt, spices, flavors, and additives (Szafrańska et al., 2021). However, high consumption of ultra-processed foods has been linked to higher risks of cardiovascular, coronary, and cerebrovascular diseases. Factors such as nutrient composition, additives, and even packaging materials may contribute to these risks (Srour et al., 2019). As a healthier option, yoghurt-based Sauces are gaining popularity, offering rich flavor with added health benefits. Yoghurt is widely regarded as a functional food due to its high protein content, probiotic activity, and positive effects on gut health, making it an excellent base for developing low-fat, probiotic-rich products such as synbiotic yoghurt Sauces (Kazemeini et al., 2023).
The concept of functional foods aligns with the age-old saying, “Let food be thy medicine and medicine be thy food”. While this idea dates back to Hippocrates, modern science has transformed it into a research-driven approach to improving human health. The term functional food originated in Japan in 1984, when the government introduced the Food for Specific Health Uses (FOSHU) category, approving foods with proven physiological benefits (Temple, 2022). Inspired by this, the United States introduced its first Health Claim Act in the 1990s, formally recognizing the role of food in disease prevention.
As consumer awareness of diet and health increases, people are now seeking foods that offer physiological benefits beyond basic nutrition. The rising prevalence of chronic diseases such as cardiovascular disorders, diabetes, and obesity has further fueled the demand for functional foods as part of preventive healthcare (Topolska et al., 2021). According to FAO (2022), functional foods are those that, in addition to nutrients, also contain other components that may be beneficial to health.
In general, functional foods are defined as products that contain biologically active compounds and provide clinically proven health benefits beyond basic nutrition, offering both nutritive and medicinal value. These foods are now widely incorporated into everyday diets. Examples in the dairy sector include fortified cheese and phycocyanin yoghurt, while in the cereal category they include wheat bread dough enriched with microalgae or doughnuts and biscuits with added ascorbic acid. Functional ingredients are also found in products such as chocolate shakes with added fibre, extruded snacks designed for high nutritional value, and spreads and dressings fortified with omega-3 polyunsaturated fatty acids such as EPA and DHA (Yuan et al., 2024).
Greek yoghurt is a thicker, semi-solid version of regular yoghurt, made by removing part of its water and water-soluble components, mainly lactose and salts. According to the Codex Alimentarius, strained yoghurt is produced from full-fat yoghurt by partially removing whey. When made from cow or goat milk, it must contain at least 5.6% protein. Most commonly produced from bovine milk, Greek yoghurt involves fermentation with Lactobacillus bulgaricus and Streptococcus thermophilus. After fermentation, the whey is separated by centrifugation, resulting in a thicker, creamier product with higher solids and a tangier taste (Karastamatis et al., 2022).
Spinach (Spinacia oleracea) is a nutrient-rich leafy vegetable containing vitamins A, C, E, K, folate, and essential minerals. It is also high in phytochemicals, flavonoids (quercetin, myricetin), and carotenoids (lutein, β-carotene, zeaxanthin), which provide strong antioxidant and anti-inflammatory benefits. Regular consumption supports eye health, lowers cholesterol and blood sugar, and helps manage body weight due to thylakoids. Spinach intake is also associated with reduced risk of chronic diseases, including breast, colon, and oesophageal cancers (Chokkara et al., 2022).
Proso millet (Panicum miliaceum) is an ancient, climate-resilient grain believed to have originated in China. It grows well with minimal water, tolerating drought conditions with 200–500 mm rainfall. Nutritionally rich, it contains 11.3–17% protein, dietary fiber (14.2 g/100 g), essential minerals (iron, zinc, copper, manganese), and key amino acids such as leucine, isoleucine, and methionine. Being gluten-free, it supports heart and liver health, diabetes management, and may help reduce cancer risk (Bhat et al., 2019).
Thyme (Thymus vulgaris) is a Mediterranean perennial herb valued for culinary and medicinal uses. Its leaves contain vitamins A, C, K, and E, along with minerals like potassium, calcium, iron, manganese, and magnesium. Thyme’s key bioactive compounds, especially thymol and carvacrol, provide strong antioxidant and anti-inflammatory benefits. It is widely recognized for its antimicrobial properties, effectively inhibiting bacterial, fungal, and viral growth and disrupting biofilms, making it beneficial for overall health and disease prevention (Hammoudi et al., 2022).	Comment by STAR: Introduction is well written please add the aim of the study at last paragraph
Green chili (Capsicum annuum) is a widely used spice rich in provitamin A, vitamins C, E, B1, B2, and B3, along with minerals such as potassium, calcium, manganese, phosphorus, and magnesium. It is also an efficient iron source, producing nearly twice the iron per unit of land compared to cereals. Capsaicin, responsible for pungency, offers strong antioxidant, anti-inflammatory, and analgesic effects while improving calcium, iron, and zinc absorption. Green chilies also contain bioactive compounds with antimicrobial, antiviral, and anticancer activities (Olatunji et al., 2018).

2. material and methods 

2.1 Materials
Fresh cow milk, containing 3.5% fat, 8.5% solids not-fat (SNF), 0.104% acidity (as lactic acid), and a pH of 6.61, was obtained from the Students Experimental Dairy Plant, Dairy Science College, Hebbal, Bengaluru. This milk served as the primary ingredient in the preparation of the Functional Greek Yoghurt Sauce. The freeze-dried yoghurt cultures used for fermentation were sourced from Delvo DSL Pvt. Ltd., Netherlands, and stored at -40°C to ensure viability. Starter culture is added @ 2 %. Virgin olive oil was procured from "Tata Simply Better" marketed by Tata Consumers Pvt. Ltd., West Bengal. Edible Iodized common salt (TATA salt, Tata Chemicals Ltd, Mumbai) was procured from the local market. A good quality dried spinach was procured from brand name Nature's Gift located in Maharashtra, India. Porso millet powder was procured from Desi Nutri marketd by Aditi Millets & Organics. Bengaluru. India. Good quality dried thyme was procured from Agri Club Dried Thyme Leaves marketed by Agric Club Pvt., Himachal Pradesh.India. Good quality Green Chili was procured from More Super Market, R. T Nagar, Bengaluru. India

2.2. Methods 
The Functional  Greek Yoghurt Sauce developed with standardized cow milk (fat 3.5%, SNF 8.5%). And it was subjected to heat treatment at 90°C for 2–3 minutes. The heated milk was then cooled to 42°C before the addition of a starter culture Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus at 2% (w/v). The inoculated milk was incubated at 42°C for 5 hours to allow proper fermentation. After incubation, the coagulum was  dewheyed at 7±1°C for 8 hours to obtain Greek yoghurt. The Greek yoghurt was incorporated with Whey protein concentrate (WPC-80) at a concentration of 3%, then blended under hygienic conditions with virgin olive oil , iodised salt,  dried spinach, proso millet powder, dried thyme and green chili to prepare the Functional Greek Yoghurt Sauce. The developed Sauce  was packaged in 100 g PET cups and stored at 7±1°C until further use. A detailed process flowchart (Fig. 1) summarizes the production steps and experimental framework of this study.

2.2.1 Optimisation of  Functional Greek Yoghurt Sauce
To develop a Functional Greek Yoghurt Sauce with improved sensory qualities, different levels of functional ingredients were tested. Dried spinach was added at 3%, 5%, and 7% to enhance colour and nutritional value. Proso millet flour was incorporated at 1%, 2%, and 3% to improve body, texture, and fiber content. Dried thyme and green chilli were each added at 0.5%, 0.75%, and 1.0% to enhance flavour and contribute health benefits. All formulated samples were then evaluated by trained panelists for sensory evaluation.

2.3 Sensory evaluation 
The sensory characteristics of the developed Functional Greek Yoghurt Sauce were evaluated by a panel of six trained judges using a 9-point hedonic scale, ranging from 1 (disliked extremely) to 9 (liked extremely). The panelists assessed the samples for flavour, colour and appearance, body and texture, and overall acceptability. Each sample was coded with a random three-digit number to ensure blind testing, and the evaluations were conducted under controlled conditions at refrigeration temperature (5 ± 1°C) to minimize external influences. The assessment followed standardized sensory protocols and ethical guidelines, ensuring both scientific rigor and the safety of the panelists.
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	Fig 1 Process Flow Chart for the development of Functional Greek Yoghurt Sauce 

3. results and discussion
3.1 Optimisation of dried spinach for development of Functional Greek Yoghurt Sauce 
The present study revealed that incorporation of dried spinach in Greek yoghurt Sauce significantly affected sensory attributes. Among the treatments, 3% dried spinach was found to be the most acceptable level, recording the highest scores for flavour (8.43), colour and appearance (8.54), body and texture (8.27), and overall acceptability (8.34). Compared to the control, 3% supplementation markedly improved sensory appeal. However, when the concentration was further increased to 5% and 7%, gradual declines in flavour, colour and appearance, body and texture, and overall acceptability were observed, suggesting that higher additions led to undesirable sensory effects such as off-notes and texture imbalances.
El-Sayed (2020) developed UF soft cheese enriched with varying concentrations of spinach nano powder (0.50 to 2.00%). Among the formulations, cheese containing 0.50% spinach powder recorded the highest sensory scores, showing values very close to the control: outer appearance 19.15, body & texture 38.19, aroma & flavour 39.00, and total score 96.34. As the concentration of spinach powder increased, sensory scores gradually declined: 1.00%.received a total score of 95.56, 1.50% scored 94.81, and the highest concentration of 2% scored 92.51.
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Fig 2. Graph showing the Effect of various levels of dried spinach on the sensory characteristics of Functional Greek Yoghurt Sauce 	Comment by STAR: Revise the figure too blur and not understandable

3.2 Optimisation of proso millet for development of Functional Greek Yoghurt Sauce 
Among the treatments, 1% proso millet was found to be the most acceptable level, recording the highest scores for flavour (8.32), colour and appearance (8.29), body and texture (7.92), and overall acceptability (8.26). Compared to the control, 1% supplementation markedly improved sensory appeal. However, when the concentration was further increased to 2% and 3%, gradual declines in flavour, colour, body, and overall acceptability were observed, with 2% showing moderate values and 3% the lowest, suggesting that higher additions led to undesirable sensory effects such as off-notes and texture imbalances.
Thao et al. (2025) demonstrated that kefir yoghurt produced from proso millet was significantly influenced by technological parameters. The highest sensory acceptability was obtained at a 1:1 millet-to-water ratio, with colour (4.00), aroma (3.25), flavour (3.25), consistency (3.25), and overall acceptability (3.44), indicating that proper processing conditions play an important role in enhancing consumer preference.
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Fig 3. Graph showing the Effect of various levels of proso millet  on the sensory characteristics of Functional Greek Yoghurt Sauce 
3.3 Optimisation of dried thyme for development of functional Greek Yoghurt Sauce 
Incorporation of dried thyme in Functional Greek yoghurt Sauce significantly influenced sensory attributes. Among the tested concentrations, 0.75% dried thyme yielded the most favourable sensory profile, with the highest scores for flavour (8.56), colour and appearance (8.59), body and texture (8.42), and overall acceptability (8.63). This indicates that moderate incorporation enhances overall sensory quality. In contrast, the 0.5% level showed moderate improvements over the control, while the highest concentration (1%) led to a marked decline in acceptability, suggesting that excessive addition adversely affects flavour and body and texture.
Abdelhamid et al. (2021) demonstrated that thyme oil-flavoured acidophilus Labneh achieved a total sensory score of 86 on day 1, with body and texture 37, flavour 40, and appearance 9, reflecting positive effects on sensory attributes, although the control sample scored slightly higher (91).
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Fig 4. Graph showing the Effect of various levels of dried thyme on the sensory characteristics of Functional Greek Yoghurt Sauce 
3.4 Optimisation of green chili for development of functional Greek yoghurt Sauce 
The control sample recorded a flavour score of 7.95, while the Functional Greek yoghurt Sauce containing 0.5%, 0.75%, and 1.0% green chili achieved scores of 8.66, 8.34, and 8.10, respectively. Statistical analysis showed that the 0.5% green chili sample had a significantly higher flavour score than both the control and other concentrations. The enhanced score at this level can be attributed to the mild pungency and fresh aroma of green chili, which complemented the creamy yoghurt base and enriched the overall flavour profile. However, at higher concentrations (0.75% and 1.0%), the strong heat intensity slightly overpowered the base flavour, leading to a reduction in consumer preference.
Kovsari et al. (2024) reported that stirred yoghurt fortified with 200 ppm green pepper extract obtained the most favourable sensory scores for taste (8.63) and aroma (6.83). Although the 300 ppm sample had slightly higher numerical scores (taste 9.29, aroma 6.85), the 200 ppm sample was considered more favourable in terms of overall acceptance. Our findings on yoghurt fortified with chili extract correspond with this trend, confirming that moderate incorporation enhances product acceptability, while higher levels diminish consumer liking
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Fig 5. Graph showing the Effect of various levels ofgreen chili  on the sensory characteristics of Functional Greek Yoghurt Sauce 	Comment by STAR: Blurr

3. 5 Sensory analysis of Control sample and optimized Functional Greek Yoghurt
Sauce
The results related to the effect of incorporation of functional ingredients whey protein concentrate, virgin olive oil, dried spinach, proso millet, dried thyme and green chili into Greek yoghurt Sauce on sensory characteristics are presented in Fig 5
[image: ]The mean sensory score for flavour of the control sample was 7.94 as compared to 8.66 for the developed Functional Greek Yoghurt Sauce (FGYS). Statistical analysis revealed that the FGYS achieved a significantly higher score (8.66) for flavour compared to the control (7.94).The sensory score for colour and appearance of the control sample was 7.93, whereas the developed FGYS obtained 8.64. Statistical analysis revealed that there was a significant difference between the two samples, and FGYS secured the highest score (8.64) compared to the control (7.93).The sensory score for body and texture of the control sample was 7.62, while the developed FGYS scored 8.52. The statistical analysis showed that there was a significant difference between the control and developed sample, and FGYS secured the highest score (8.52) compared to control (7.62).The overall acceptability score of the control was 8.01 as compared to 8.67 for the developed FGYS. Statistical analysis indicated that the FGYS was significantly different and achieved the highest acceptability score (8.67) compared to the control (8.01).








Fig 6. Graph showing Sensory analysis of Control sample and optimized Functional Greek Yoghurt Sauce	Comment by STAR: Figure missing

4. Conclusion 

The study established that incorporation of selected functional ingredients had a significant positive influence on the quality characteristics of Greek yoghurt Sauce. Among all combinations tested, the formulation containing 3% dried spinach, 1% proso millet, 0.75% dried thyme, and 0.5% green chili was identified as the most suitable, based on statistically superior sensory scores for flavour, colour and appearance, body and texture, and overall acceptability. The improvement in product performance is attributed to enhanced nutrient density, better viscosity contribution from millet and spinach solids, and balanced flavour enhancement from thyme and green chili. The use of natural, GRAS-status ingredients ensures product safety with no adverse health risks. Overall, the optimized Functional Greek Yoghurt Sauce demonstrates strong potential as a value-added dairy product, meeting both sensory and functional quality requirements for consumer acceptance and commercialization.
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