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Sensory analysis of Greek Yoghurt Sauce with blends of Whey Protein Concentrate and Virgin Olive oil



	
Aims: To investigate the effect of whey protein concentrate (WPC-80) and virgin olive oil incorporation on the sensory characteristics of  Greek yoghurt sauce and to identify optimal levels that maximize consumer acceptability.
Study design:  A laboratory-based product optimization study was conducted using a completely randomized design (CRD), evaluating the sensory response of Greek yoghurt sauce fortified with varying concentrations of WPC-80 and virgin olive oil.
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 October 2025. 
Methodology: Standardized cow milk (3.5% fat, 8.5% SNF) was fermented with Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus to produce Greek yoghurt. WPC-80 was incorporated at 1%, 2%, and 3% levels to enhance protein and texture, while virgin olive oil was added at 8%, 10%, and 12% levels to improve mouthfeel and flavour. Sensory evaluation was carried out using a 9-point hedonic scale by a trained panel of 20 members, assessing flavour, colour and appearance, body and texture, and overall acceptability. Statistical analysis was performed using ANOVA and significant differences were interpreted using Critical Difference (CD) at 5% significance level (P ≤ 0.05).
Results: Incorporation of 3% WPC-80 significantly improved body, texture, and flavour due to enhanced protein network development, resulting in the highest acceptability scores. Among olive oil treatments, 10% supplementation optimally enhanced creaminess, visual appeal, and flavour balance, whereas 12% resulted in greasiness and sensory decline. The combination of 3% WPC-80 and 10% virgin olive oil produced a stable emulsion with superior sensory preference.
Conclusion: The optimized formulation with 3% WPC-80 and 10% virgin olive oil was found to be the most acceptable, indicating strong potential for developing a protein-enriched, health-oriented Greek yoghurt sauce with desirable sensory attributes.
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1. INTRODUCTION

India stands as the world’s largest milk producer, contributing 239.30 million tonnes of milk during 2023–24 and ensuring a per-capita availability of 471 g/day (BAHS, 2023). The dairy sector plays a crucial socio-economic role, supporting the livelihood of more than 80 million rural households and accounting for around 5% of the national GDP, making it one of the most influential agri-food industries in the country (BAHS, 2023). Approximately 50% of this milk undergoes conversion into a range of traditional and industrial dairy products, such as ghee or makkhan (33%), fermented milk products (7%), khoa (7%), and chhana/paneer (3%) through well-established processing methods like fermentation and coagulation (Pugazhenthi et al., 2020). The evolution of processing infrastructure, improved cold-chain systems, and strengthened dairy cooperatives has enabled the Indian dairy industry to expand rapidly and diversify into value-added product categories.In recent years, India has experienced a shift in dietary habits, with consumers increasingly prioritizing wellness, convenience, and better nutrition in their food choices. Busy lifestyles and rising awareness of diet-related health issues have pushed people toward products that support healthier living. Fermented dairy products like yoghurt have gained popularity due to their easy digestibility, refreshing taste, and suitability for daily consumption, making them a preferred choice among health-conscious individuals.
Greek yoghurt, also known as strained yoghurt, is a semi-solid dairy product made from regular yoghurt by removing a portion of its whey, which increases the total solids content and enhances creaminess, viscosity, and protein concentration. Its production begins with fermentation using starter cultures, followed by whey removal through centrifugation, ultrafiltration, or traditional straining methods. Greek yoghurt has been a staple in  mediterranean and Middle Eastern diets for centuries, with origins traced to Turkey, the Balkans, the Eastern Mediterranean, and the Indian subcontinent (Gyawali et al., 2022). According to the Codex Alimentarius, Greek yoghurt is a fermented milk product obtained through the action of Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus, which must remain viable and abundant at the time of consumption. It must also contain at least 5.6% protein, ensuring its characteristic texture and higher nutritional value compared to regular yoghurt (Codex, 2022). Greek Yoghurt rich in calcium, phosphorus, and vitamin D, it helps strengthen bones, reduces the risk of osteoporosis Greek yoghurt is a probiotic-rich dairy product containing Lactobacillus bulgaricus and Streptococcus thermophilus, which support gut microbiota and improve digestion. With about 10% protein, it promotes satiety, supports weight management, and reduces visceral fat, thereby improving insulin sensitivity and blood sugar control (Savaiano & Hutkins, 2021 

Whey Protein Concentrate (WPC) refers to dried whey containing more than 25% protein. Depending on the protein content, which can range between 25% and 90%, WPC composition varies. WPC-80 is Whey Protein Concentrate that contains around 80% protein. Because it contains all the essential amino acids, WPC is considered an important functional ingredient for human nutrition (Harinivenugopal 2020).Whey is a significant by-product of cheese and chhana/paneer production in the dairy industry. It is rich in several components, including lactose, proteins, enzymes, glycomacropeptides, and minerals. Milk naturally contains two main types of proteins: caseins and whey proteins. The latter are defined as the milk proteins that remain soluble in milk serum or whey after the precipitation of caseins during processing. This group includes important proteins such as β-lactoglobulin, α-lactalbumin, serum albumin, immunoglobulins, lactoferrin, and proteose-peptone fractions. These whey proteins exhibit a wide range of functional properties that play a crucial role in enhancing the consumer acceptance of food products (Kadam et al., 2018).
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Olive oil, a cornerstone of the Mediterranean diet, is well known for its many health benefits. Regular consumption has been linked to a lower risk of cardiovascular diseases, largely thanks to its high content of monounsaturated fatty acids and phenolic compounds with antioxidant and anti-inflammatory properties. Olive oil intake is also associated with a reduced risk of type 2 diabetes, likely because it improves insulin sensitivity and reduces oxidative stress. Furthermore, following a Mediterranean diet rich in olive oil has been linked to a lower risk of age-related conditions such as macular degeneration, highlighting its importance for eye health. Emerging studies even suggest that olive oil consumption may support longevity by reducing overall mortality (Riolo et al., 2022).
Sauce is a culinary preparation used as an adjunct to food, made from the edible portions of suitable fruits or vegetables—including roots, tubers, and rhizomes—or from their pulps, purees, or dried forms. These may be used singly or in combination and are typically blended with nutritive sweeteners, salt, spices, condiments, and other appropriate ingredients (FSSAI, 2011).Traditionally, Sauces are classified as acid foods with a pH below 4.6. They generally consist of a vegetable oil or fat-free oil substitute base, blended with a salt-containing water phase to ensure stability (Smittle et al., 2000). Many Sauces are prepared with vegetable oil emulsified with milk proteins and stabilized with thickeners, often also containing salt, spices, flavors, and food additives.
As consumer preferences shift toward healthier options, recent advancements inSauce formulation emphasize low-calorie, nutrient-rich alternatives. Yoghurt-based Sauces    emulsified with milk proteins and stabilized with thickeners, have gained popularity due to their improved sensory properties and added probiotic benefits (Criscio et al., 2010). To further reduce calorie content while maintaining desirable texture and flavor, manufacturers are increasingly incorporating dietary fibers such as chicory inulin and apple pectin, along with corn starch, as fat replacers (Martínez-Tome et al., 2022).
Culinary Pastes / Fruits and Vegetable Sauces Other than Tomato Sauce and Soya Sauce means a culinary preparation used as an adjunct to food, prepared from edible portion of any suitable fruit/vegetable including, roots, tubers & rhizomes, their pulps/purees, dried fruits, singly or in combination by blending with nutritive sweeteners, salt, spices and condiments and other ingredient appropriate to the product. It may contain caramel but shall not contain any other added colour whether natural or synthetic.


CHART 1. Requirements of Culinary Pastes / Fruits and Vegetable Sauces Other than Tomato Sauce and Soya Sauce

	Name of the Product
	Total Soluble
Solids (Salt free basis) (m/m)
	Acidity %, (Salt free
basis) (m/m) (as acetic acid)

	Fruits / Vegetable Sauces
	Not less than 15
	Not less than 1.2

	Culinary Paste/ Sauce
	Not less than 8
	Not less than 1



(FSSAI , 2011)
The growing consumer preference for healthier condiments in India has encouraged the development of dairy-based formulations that combine nutritional value with desirable sensory properties. Greek yoghurt, owing to its high protein content and thick consistency, serves as an effective base for such product innovations. The inclusion of whey protein concentrate (WPC-80) and virgin olive oil can further enhance functional attributes related to texture, mouthfeel, and nutritional quality.Therefore, this study aimed to formulate Greek yoghurt sauce by incorporating WPC-80 and virgin olive oil at varying levels and to assess their effects on key sensory parameters, including flavour, colour and appearance, body and texture, and overall acceptability. The objective was to determine the most suitable formulation that delivers improved sensory performance and added nutritional benefits.

METHODLOGY


2. materials
Fresh cow milk, containing 3.5% fat, 8.5% solids-not-fat (SNF), 0.104% titratable acidity (as lactic acid), and a pH of 6.61, was procured from the Students Experimental Dairy Plant, Dairy Science College, Hebbal, Bengaluru, and utilized as the main raw material for the preparation of the functional Greek yoghurt sauce. The freeze-dried yoghurt culture used for fermentation was sourced from Delvo DSL Pvt. Ltd., Netherlands, and stored at –40°C to maintain microbial viability. Prior to incorporation, the starter culture was added at 2% (w/v) to ensure efficient fermentation. Virgin olive oil (Tata Simply Better, Tata Consumers Pvt. Ltd., West Bengal), edible iodized common salt (TATA Salt, Tata Chemicals Ltd., Mumbai), were used as nutritional and flavour-enhancing ingredients in the formulation.

2.2 METHODS 

The development of the Greek yoghurt sauce was initiated using standardized cow milk (3.5% fat and 8.5% SNF). Whey protein concentrate (WPC-80) was added at a concentration of 3% (w/v), and the mixture was subjected to heat treatment at 90°C for 2–3 minutes. Immediately after heating, the milk was cooled to 42°C, followed by inoculation with a mixed commercial starter culture containing Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus at 2% (w/v). The inoculated milk was incubated at 42°C for 5 hours, allowing fermentation to proceed until a firm coagulum was obtained.Once fermentation was completed, the coagulated mass was transferred to a muslin cloth and dewheyed at 7±1°C for 8 hours to obtain thick and concentrated Greek yoghurt. The resulting Greek yoghurt was then used as the base for formulation. Under hygienic processing conditions, it was blended with virgin olive oil, iodized common salt to develop the Greek yoghurt sauce with enhanced nutritional and sensory properties.The prepared product was then filled into 100 g PET cups, sealed properly, and stored under refrigerated conditions (7±1°C) until further evaluations. A detailed process flowchart (Fig. 1) summarizes the step-wise production procedure and experimental framework adopted in the study.

2.3  SENSORY EVALUTION 

A sensory evaluation was conducted to assess the study samples based on key attributes, including, flavour,  colour and appearance, body and texture and overall acceptability. A trained sensory panel consisting of 20 experts in dairy and functional food evaluation carried out the assessment. Panelists represented a diverse demographic range to ensure broad sensory preference coverage. Each sample was coded with a random three-digit number to ensure blind testing, and evaluations were performed under controlled conditions to minimize external influences. A 9-point hedonic scale was employed for scoring, following the methodology described by Peryam and Pilgrim (1957), ensuring systematic and unbiased sensory judgment while maintaining ethical standards for panelist safety and comfort.

2.4 Statistical Analysis
The collected experimental data were statistically analyzed using R software (version 4.1.2). All response variables were recorded in three replications, and the data were subjected to Analysis of Variance (ANOVA) to determine the influence of treatments on the measured parameters. Wherever the F-value was found to be significant, Critical Difference (CD) at 5% level of significance (P = 0.05) was calculated to compare the treatment means. Significant variations among means were interpreted using distinct alphabetical superscripts in the result tables.

C𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (𝐶𝐷) = √(2 X MSS(E)  X tα)/r
Where, 
MSS (E) = Mean Sum of squares of the error 
r = number of replications 
tα = table t value of the α level of significance
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	Fig 1 Process Flow Chart for the development of Greek Yoghurt Sauce 


3. results and discussion

3.1 Effect of whey protein concentrates on sensory characteristics of  Greek Yoghurt  Sauce 
The present study demonstrated that incorporation of whey protein concentrate (WPC) significantly influenced all sensory attributes of Greek yoghurt. Among the treatments, 3% WPC provided the most desirable balance, with flavour (8.24), colour and appearance (8.23), body and texture (8.25), and overall acceptability (8.21) scoring highest. Lower inclusion levels (1% and 2%) resulted in variable improvements; 2% WPC enhanced colour and body but did not achieve the same overall acceptability as 3%. At 1% WPC, flavour was reduced and overall acceptability declined, indicating insufficient enrichment. These findings confirm that moderate incorporation optimizes yoghurt quality, while both under- and over- supplementation can compromise consumer preference.
Comparable results were reported by Sweety et al. (2025), who found that 2% WPC produced the highest sensory scores, with flavour (8.66), colour and appearance (8.45), body and texture (8.41), and overall acceptability (8.41). Their study emphasized that both lower and higher levels were less effective, highlighting the importance of an optimal concentration for balanced sensory properties. Similarly, Prajapati et al. (2024) demonstrated that developing a protein-rich dairy spread using Greek yoghurt fortified with 15% WPC achieved flavour (7.92), body and texture (7.67), colour and appearance (7.80), spreadability (7.92), and overall acceptability (7.73).
Table 1: Effect of whey protein concentrates on sensory characteristics of  Greek Yoghurt  Sauce 

	Whey protein concentrate
(%)
	
   Flavour
	    Colour and appearance
	Body and texture
	Overall acceptability

	Control
	7.94b
	7.93a
	7.62c
	8.01b

	1
	7.59c
	8.05a
	7.88b
	7.36c

	2
	7.72bc
	8.08a
	8.12ab
	7.94b

	3
	8.24a
	8.23a
	8.25a
	8.21a

	CD(p=0.05)
	0.31
	0.36
	0.25
	0.16




Note: C = Control Greek Yoghurt
The results were average of three trials (n=3), CD = Critical Difference, Similar subscripts indicate non-significance while different superscripts in the same column indicates significant difference.
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Fig 2: Graph showing Effect of whey protein concentrates on sensory characteristics of   Greek Yoghurt  Sauce 


3.2 Effect of virgin olive oil  on sensory characteristics of   Greek Yoghurt  Sauce


The supplementation with virgin olive oil significantly influenced all sensory attributes of Greek yoghurt which was blended with optimized WPC. Among the treatments, 10% olive oil incorporation provided the most desirable balance, with flavour (8.26), colour and appearance (8.27), body and texture (8.29), and overall acceptability (8.23) scoring highest. At 8% supplementation, slight improvements were observed in body and texture, along with acceptable overall quality, though flavour, colour, and appearance were not as pronounced as at 10%. In contrast, increasing the concentration to 12% led to a decline across all attributes, suggesting that excessive enrichment reduced consumer preference. The control sample recorded comparatively lower scores, confirming that olive oil addition enhanced yoghurt quality when applied at optimal levels.
Comparable results were reported by Barukčić et al. (2022), who developed yoghurt with olive leaf extract (OLE) as a functional ingredient. Sensory evaluation, conducted on a 20- point scale, indicated that the 1.5% OLE sample achieved the highest total sensory score of 18.18, closely followed by the control at 17.74. For specific attributes, the 1.5% OLE sample also received the highest taste score (out of 10) at 8.60, while the control scored 8.20. Consistency scores (out of 4) were similar across most samples, with both the control and 1.5% OLE receiving 3.68, and colour scores (out of 1) were nearly perfect (1.0) for the control, 1.5% OLE, and 3% OLE samples. Overall, higher concentrations of OLE, such as 5%, generally led to lower sensory scores, with the 5% OLE sample having the lowest total score of 16.68 and a colour score of 0.96.
Table 2: Effect of Virgin Olive oil on Greek Yoghurt  Sauce 


	Virgin olive oil (%)
	
Flavour
	Colour and appearance
	Body and texture
	Overall acceptability

	Control
	7.95b
	7.96b
	7.72b
	8.02ab

	8
	8.12ab
	7.24c
	8.02ab
	8.00ab

	10
	8.26a
	8.27a
	8.29a
	8.23a

	12
	7.53c
	7.23c
	7.21C
	7.32b

	CD(p=0.05)
	0.14
	0.22
	0.33
	0.40


   
  Note: C = Control Greek Yoghurt
The results were average of three trials (n=3), CD = Critical Difference, Similar subscripts indicate non-significance while different superscripts in the same column indicates significant difference.
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                       Fig 3: Graph showing Effect of Virgin Olive on sensory characteristics of  Greek Yoghurt  Sauce 


4. Conclusion

The study demonstrated that the incorporation of whey protein concentrate (WPC-80) and virgin olive oil significantly enhanced the sensory quality of functional Greek yoghurt sauce. The addition of 3% WPC-80 improved body, texture, and flavour by strengthening the protein matrix, increasing viscosity, and enhancing water-holding capacity. These functional improvements contributed to better creaminess and overall mouthfeel compared to lower or higher supplementation levels, where insufficient or excessive protein resulted in reduced acceptability.Similarly, the incorporation of virgin olive oil positively influenced the creaminess, appearance, and flavour balance of the sauce. The 10% oil level was found to be optimal, providing a smooth texture and visually appealing emulsion without imparting greasiness. Increasing the oil content to 12% resulted in undesirable sensory attributes, indicating the need for precise formulation control.Overall, the optimized formulation containing 3% WPC-80 and 10% virgin olive oil attained the highest sensory scores and was well accepted by the sensory panel. The product also aligns with current consumer demand for high-protein, functional dairy foods offering health benefits without compromising taste. Thus, this functional Greek yoghurt sauce shows strong potential for commercialization as a nutritious and versatile value-added dairy condiment. Further research on shelf-life and rheological behaviour is recommended to support industrial scalability.
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