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ABSTRACT 
	
Aims: To design and evaluate Chocolate, exploring optimal combinations ofWhey powder, lactose hyrolyzed whey powder and WPC 80 to elevate sensory satisfaction.
Study design:  DEVELOPMENT OF WHEY POWDER ENRICHED CHOCOLATE
Place and Duration of Study: The study was carried out at the Department of Dairy Technology, Dairy Science College, Bengaluru, Karnataka, India, during the period from December 2024 to December 2025.
Methodology: The study was designed to develop whey enriched with whey. The experiment involved incorporating these functional ingredients at varying concentrations to determine their combined effect on the sensory attributes of chocolate. Initially, whey powder was added at levels of 5%, 10% and 15% to identify the most acceptable concentration based on sensory evaluation. Similarlly, The lactose hydrolyzed whey was added at 5%, 10% and 15%, and the WPC-80 was added 5%, 10% and  15% to develop the final product (chocolate enriched whey). And all the ingredients used in this experiment are food grade and generally Recognised as Safe. The sensory properties of each formulation were evaluated by trained panellists using a 9-point hedonic scale, and statistical analysis was conducted using ANOVA and Critical Difference (CD) tests to identify significant variations among treatments. 
Results: The results demonstrated that whey powder, lactose hydrolysed whey powder and WPC-80 significantly influenced the sensory qualities of the chocolate. Specifically, the 10% whey powder, 5% lactose hydrolysed whey powder and 10% WPC-80 sample achieved the highest ratings in colour and appereance, body and texture, flavour and overall acceptability. 

Conclusion: These findings suggest that best judged whey powder, lactose hydrolysed whey powder and WPC-80.  levels can significantly enhance the sensory appeal of chocolate making them more favorable to consumers.
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1. INTRODUCTION 

The deep-rooted history of Chocolate began with the cultivation of the Theobroma, known as the cocoa tree, by the Maya people in South America. (Monteiro et al., 2023). 
Chocolate means a homogeneous product obtained by an adequate process of manufacture from a mixture of one or more of the ingredients, namely, cocoa materials including cocoa beans, cocoa nib, cocoa mass (cocoa liquor/cocoa paste), cocoa press cake and cocoa powder (cocoa fines or cocoa dust), including fat reduced cocoa powder with or without addition of vegetable fats other than cocoa butter shall not exceed 5 per cent of the finished product, after deduction of the total weight of any other added edible foodstuffs, without reducing the minimum contents of cocoa materials.(FSSAI,2022)
Chocolate consumption has increased extremely in the world in the 21st century. The allure of this food is mostly due to its ability to induce pleasant sensations and uplifting feelings. From a nutritional and pharmacological perspective, chocolate and cocoa have been connected to the prevention and treatment of various diseases, especially obesity, owing to their antioxidant, anti-inflammatory, cardiovascular and metabolic effects (Loffredo et al., 2016). 
Polyphenols, a source of nutritional and therapeutic value, make up to 10% of the dry weight of cocoa beans (Carvalho et al., 2018). The polyphenols are characterised as free radical scavengers, demon starting antioxidant and anti-inflammatory effects that contribute to the improvement of immune function (Nambiar et al., 2018). As per FSSAI 2011 (a) Whey powders are milk products obtained by drying Whey or Acid Whey. (b) Whey is the fluid milk product obtained during the manufacture of cheese, casein or similar products by separation from the curd after coagulation of milk or of products obtained from milk, or both. Coagulation is obtained through the action of, principally, suitable enzymes of non-animal origin. (c) Acid whey is the fluid milk product obtained during the manufacture of cheese, casein, paneer, Channa or similar products by separation from the curd after coagulation of milk and of products obtained from milk. Coagulation is obtained, principally, by acidification and heating.
Whey, a by-product of the dairy industry, contains 55per cent of the nutrients found in milk, including soluble proteins, lactose, vitamins, minerals and trace amounts of fat.  Despite its high nutritional value, it is often discarded as an effluent into the environment, causing pollution related   problems. The increasing number   of environmental inspections has reduced the dairy industry's disposal of whey from the environment. Though, this inappropriate procedure continues to occur (Alves et al., 2014).
Chocolate has been enhanced with a variety of useful ingredients since it is not only seen as a sweet delight but also as a product that promotes a healthy way of living. People are now gravitating towards nutrient-dense, naturally occurring resources due to the quickly growing trend of healthy eating and conscientious consumerism (Shahbazi et al., 2022). Ingredients, such as whey powder, can substantially modify the functional properties, sensory perception and overall quality of chocolate products. Whey is becoming increasingly popular and worthwhile for its nutritional quality and health benefits, such as the provision of amino acids essential for muscle synthesis (Bull et al., 2017)

2. material and methods 

2.1 MATERIALS
The whey powder used in the study was obtained from the Department of Dairy Technology, Dairy Science College, Karnataka Veterinary, Animal and Fisheries Sciences University, Hebbal, Bengaluru–560024. Whey protein concentrate containing 80 per cent protein was procured from DKSH India Pvt. Ltd. under the brand Nutrilac. HERSHEY'S natural unsweetened cocoa powder was procured from Hershey India Private Limited, Chemtex House, Hiranandani Gardens, Powai, Mumbai–400076. High-quality cocoa butter was obtained from Campco Chocolate Factory. Virgin coconut oil was procured from the Tata Simply Better brand, marketed by Tata Consumer Products Limited. Icing sugar was procured from Symbiate Ventures Pvt. Ltd., located at New No. 25/1, Ground Floor, Gulam Abbas Ali Khan 10th Street, Thousand Lights, Chennai–600006, Tamil Nadu. In addition, 100% soya lecithin liquid (E322) of the Urban Platter brand was procured from Amlex Agro Product Pvt. Ltd., situated at Gram Juwania, Tal Rajpur, District Barwani, Madhya Pradesh–451449.
2.2 METHODS
The study was designed to develop whey enriched with whey. The experiment involved incorporating these functional ingredients at varying concentrations to determine their combined effect on the sensory attributes of chocolate. Initially, whey powder was added at levels of 5%, 10% and 15% to identify the most acceptable concentration based on sensory evaluation. Similarlly, The lactose hydrolyzed whey was added at 5%, 10% and 15%, and the WPC-80 was added 5%, 10% and  15% to develop the final product (chocolate enriched whey). And all the ingredients used in this experiment are food grade and generally Recognised as Safe. The sensory properties of each formulation were evaluated by trained panellists using a 9-point hedonic scale, and statistical analysis was conducted using ANOVA and Critical Difference (CD) tests to identify significant variations among treatments. The study wascarried out at the Department of Dairy Technology, Dairy Science College, Bengaluru, Karnataka, from December 2024 to December 2025.

2.2.1 Optimization of various level of whey powder, lactose hydrolyzed whey powder and whey protein concentrates on the quality of Chocolate.
Whey powder will be incorporated into the prepared chocolate at different levels of 5, 10 and 15 per cent, while a separate set of chocolate samples will be prepared by adding lactose-hydrolysed whey powder at the same levels of 5, 10 and 15 per cent. Similarlly, whey protein concentrate containing 80 per cent protein (WPC-80) will be incorporated into prepared chocolate at levels of 5, 10 and 15 per cent. All the prepared chocolate samples will be subjected to sensory evaluation to determine the optimum level of whey powder, lactose-hydrolysed whey powder and WPC-80 for the development of whey-enriched chocolate.
2.2 Sensory Evaluation
The sensory characteristics of the developed functional buttermilk were assessed by six sensory panelists from Dairy Science College,Bengaluru, who are experts in sensory evaluation of dairy products, using a 9-pointhedonic scale ranging from 1 (disliked extremely) to 9 (liked extremely). Each sample was coded with a random three-digit number to ensure blind testing, and a controlled environment was maintained to minimize external influences. The panelists assessed the chocolate  for its colour and appearance, flavour, texture, mouthfeel, melting, overall acceptability at refrigeration temperature (4±1°C). faculty members from the Department of Dairy Science, who are experts in sensory evaluation of dairy products.
2.3 Statistical Analysis
Statistical Analysis The data were analyzed using R software (version 4.1.3) for statisticalcomputing, with the dplyr and agricolae packages employed for data organization and processing. Response variables were collected from three replications of the trials, and ANOVA tables were generated to evaluate the effects of the variables on the response measures. When the F value was found to be significant, the critical difference (P = 0.05) was calculated using a formula to identify significant differences. The tables highlight significant differences among treatment means by using distinct superscripts.
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
3. results and discussion

3.1 Effect of various level of whey powder on the sensory characteristics of Chocolate. 
The sensory evaluation of whey powder incorporated chocolates revealed that the 10% whey powder sample consistently achieved the highest scores across all attributes, establishing it as the most preferred formulation. In terms of flavour, it recorded a score of 8.2, significantly higher than the control (7.8), 5% (7.7), and 15% (7.5), surpassing the CD of 0.19. Similarly, for colour and appearance, the 10% whey sample scored 8.17, notably exceeding the control (8.0), 5% (7.94), and 15% (7.79), above the CD of 0.38. Texture and smoothness were also maximized at this level, with a score of 8.19, significantly greater than the control (7.7), 5% (7.34), and 15% (7.45), surpassing the CD of 0.27. Mouthfeel and richness were enhanced as well, with the 10% whey sample scoring 8.26 compared to lower values in the other treatments, exceeding the CD of 0.52. Although no significant difference was found in melting and biting behaviour (CD 0.17), the overall acceptability was highest for 10% whey (8.24), significantly superior to control (8.05), 5% (7.85), and 15% (7.9), confirming 10% enrichment as the most desirable.
Similarly, Terde et al. (2025) studied the sensory attributes of kulfi blended with coconut (Cocos nucifera L.) kernel extract and enriched with whey protein powder. The formulation consisted of condensed milk (60%), coconut kernel extract (40%), and whey protein powder (6%). Sensory evaluation, carried out using a 9-point hedonic scale, revealed scores of 8.1 for colour and appearance, 8.9 for flavour, 8.8 for body and texture, and 8.6 for overall acceptability.
Table 1: Effect of various level of whey powder on the sensory characteristics of     Chocolate. 

	Whey Powder (%)
	Flavour
	Colour & Appearance
	Texture & Smoothness
	Mouthfeel & Richness
	Melting & Biting Behaviour
	Overall Acceptability

	C
	7.80ᵇ
	8.00a
	7.70ᵇ
	7.90ᵃb
	8.00a
	8.05ab

	5
	7.70ᵇᶜ
	7.94ᵃb
	7.34ᵃ
	8.02ᵃ
	7.91ᵃb
	7.85b

	10
	8.20ᵃ
	8.17ᵃ
	8.19ᵃ
	8.26ᵃ
	8.00ᵃ
	8.24ᵃ

	15
	7.50ᶜ
	7.79b
	7.45c
	7.90ᵃb
	7.84ᵃb
	7.90b

	CD
(P ≤ 0.05)
	0.19
	0.38
	0.27
	0.52
	0.17
	0.36



Note:
•	C= Plain dark chocolate 
•	The results were average of three trials (n=3) 
•	CD = Critical Difference 
•	Similar subscripts indicate non-significance at corresponding critical difference 
•	Different superscripts in the same column indicates significant difference

3.2 Effect of various level of lactose hydrolysed whey powder on the sensory characteristics of Chocolate. 
The sensory evaluation of chocolates enriched with lactose hydrolysed whey powder demonstrated that the 5% level provided the most desirable characteristics across all parameters. In terms of flavour, the 5% sample scored highest (8.19), significantly outperforming the control (7.88), 10% (7.75), and 15% (7.40) samples, with the difference exceeding the CD value of 0.21. Colour and appearance were also most favored in the 5% sample (8.24), significantly higher than the control (8.05), 10% (7.95), and 15% (7.54), surpassing the CD of 0.40. Texture and smoothness followed a similar trend, with 5% incorporation achieving 8.04, significantly higher than 10% (7.70) and 15% (7.22), and slightly above the control (7.80). Mouthfeel and richness were distinctly enhanced at 5% (8.27), surpassing all other concentrations, including control (8.05). Melting and biting behaviour also improved, with the 5% sample scoring 8.18, significantly greater than control (7.98), 10% (7.81), and 15% (7.45). Overall acceptability was maximized in the 5% sample (8.19), significantly higher than all others, confirming that moderate whey enrichment offers superior sensory appeal, while higher concentrations reduce acceptability.

Mann et al., (2014) developed lactose hydrolysed whey protein hydrolysates (LHWPH) in milk beverage system, by incorporating the chocolate-flavored milk supplemented with 2%  LHWPH received good sensory scores across most parameters, with colour and appearance rated at 7.4, mouthfeel at 7.0, sweetness at 7.4, flavour at 7.0, and overall acceptability at 7.6. These results indicate that LHWPH addition enhanced sweetness and flavour perception while maintaining desirable colour and appearance. Compared to the control sample, which recorded scores of 7.2 for colour and appearance, 7.5 for mouthfeel, 7.2 for sweetness, 6.8 for flavour, and 7.8 for overall acceptability.
Table 2: Effect of various level of lactose hydrolysed whey on the sensory characteristics of Chocolate. 
	Lactose hydrolyse Whey Powder (%)
	Flavour
	Colour & Appearance
	Texture & Smoothness
	Mouthfeel & Richness
	Melting & Biting Behaviour
	Overall Acceptability

	C
	7.88ᵇ
	8.05ᵃᵇ
	7.80b
	8.05ᵃ
	7.98ᵃ
	8.10b

	5
	8.19ᵃ
	8.24ᵃ
	8.04ᵃ
	8.27ᵃ
	8.18ᵃ
	8.19ᵃ

	10
	7.75ᵇ
	7.95ᵃᵇ
	7.70b
	7.90ᵃᵇ
	7.81b
	7.86c

	15
	7.40ᶜ
	7.54ᵇ
	7.22c
	7.34ᵇ
	7.45c
	7.32d

	CD
(P ≤ 0.05)
	0.21
	0.40
	0.28
	0.52
	0.36
	0.13




Note:
•	C= Plain dark chocolate, 
•	The results were average of three trials (n=3) 
•	CD = Critical Difference 
•	Similar subscripts indicate non-significance at corresponding critical difference
Different superscripts in the same column indicates significant difference

3.3 To study the effect of various level of whey protein concentrate on the quality of Chocolate. 
Sensory evaluation of chocolates enriched with whey protein concentrate (WPC) revealed that 10% WPC consistently delivered superior attributes across all parameters. For flavour, the 10% WPC sample scored highest (8.3), significantly above the control (7.98), 5% (7.76), and 15% (7.65), exceeding the CD value of 0.27, demonstrating its notable impact on taste. Colour and appearance were also maximized in the 10% WPC chocolate (8.4), outperforming control (8.11), 5% (7.89), and 15% (7.84), with the difference surpassing the CD of 0.46, indicating optimal visual appeal. Texture and smoothness followed the same trend, with 10% WPC scoring 8.2, significantly higher than control (7.84), 5% (7.7), and 15% (7.55), highlighting improved mouthfeel. Mouthfeel and richness were highest in the 10% WPC sample (8.45), exceeding control (8.01), 5% (7.9), and 15% (7.8), confirming enhanced palatability. Melting and biting behaviour scored 8.3 in 10% WPC, demonstrating smoother melt-in-mouth characteristics. Overall acceptability was maximized at 8.5, significantly surpassing all other samples, indicating that 10% WPC provides the most preferred and balanced chocolate across all sensory attributes.

Sweety et al. (2025) focused on developing a low-fat functional Greek yoghurt spread by incorporating Whey Protein Concentrate (WPC) and little millet. The study found that the formulation containing 2% WPC demonstrated superior sensory attributes, achieving high scores for flavour (8.66), colour and appearance (8.45), texture (8.41), spreadability (8.62), and overall acceptability (8.41). The addition of WPC was shown to enhance texture, structural integrity, and consumer appeal, resulting in a smoother, more stable product with improved nutritional value and desirable sensory characteristics.

Kumar et al. (2023) investigated the effect of incorporating Whey Protein Concentrate (WPC) at 2%, 5%, 10%, and 15% levels in paneer spread. They observed a 10 significant decrease in moisture and fat content, along with a notable increase in protein content, reaching 21.24% at 15% WPC. Sensory evaluation revealed that 10% WPC was optimum, achieving the highest overall acceptability score of 92.21. This formulation was characterized by good mouthfeel, smooth and firm consistency, and a soft body and texture. However, higher levels such as 15% WPC led to lower sensory scores, with the spread described as highly viscous, drier, and less glossy. The study concluded that 10% WPC effectively improves both functional properties and nutritional quality of paneer spread.

Table 3: Effect of various level of whey protein concentrates on the Sensory of Chocolate.
WPC

	WPC
(%)
	Flavour
	Colour & Appearance
	Texture & Smoothness
	Mouthfeel & Richness
	Melting & Biting Behaviour
	Overall Acceptability

	C
	7.98ᵃᵇ
	8.11ᵃ
	7.84ᵃᵇ
	8.01ᵇ
	8.12ᵃᵇ
	8.1ᵃᵇ

	5
	7.76ᵇ
	7.89ᵃ
	7.7ᵇ
	7.9ᵇ
	7.85ᵇᶜ
	7.89ᵇ

	10
	8.30ᵃ
	8.40ᵃ
	8.20ᵃ
	8.45ᵃ
	8.30ᵃ
	8.50ᵃ

	15
	7.65ᵇ
	7.84ᵃ
	7.55ᵇ
	7.8ᵇ
	7.75ᶜ
	7.75ᵇ

	CD
(P ≤ 0.05)
	0.27
	0.46
	0.32
	0.41
	0.21
	1.22



Note:
•	C= Plain dark chocolate, 
•	The results were average of three trials (n=3) 
•	CD = Critical Difference 
•	Similar subscripts indicate non-significance at corresponding critical difference 
•	Different superscripts in the same column indicates significant differenceTable 

4. Conclusion

The study successfully evaluated the sensory attributes of chocolate with varying concentrations of whey powder, lactose hydrolysed whey powder and WPC-80. The results demonstrated that whey powder, lactose hydrolysed whey powder and WPC-80 significantly influenced the sensory qualities of the chocolate. Specifically, the 10% whey powder, 5% lactose hydrolysed whey powder and 10% WPC-80 sample achieved the highest ratings in colour and appereance, body and texture, flavour and overall acceptability. These findings suggest that best judged whey powder, lactose hydrolysed whey powder and WPC-80.  levels can significantly enhance the sensory appeal of chocolate, making them more favorable to consumers. There is no risk for the human health by consuming the chocolate enriched with whey.
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