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Abstract
In the evolving landscape of food innovation, sustainability and functionality are increasingly recognized as essential principles in product development. The global food industry is shifting from traditional focuses on taste and shelf life to creating products that enhance nutrition and address environmental concerns, particularly waste reduction. In the Cordillera Administrative Region in Philippines, the fermentation of tapey, a traditional rice wine, produces lees that are often discarded, despite being rich in antioxidants, proteins, and bioactive compounds. This study investigates the potential of tapey lees as a means of fortifying food while promoting sustainability and cultural heritage.
The research examines the incorporation of tapey lees into cheesecake formulations to assess their impact on nutritional value, sensory qualities, and consumer acceptability. An experimental design was employed, in which tapey lees were collected, processed, and added to cheesecakes in varying ways. Proximate nutrient analysis, based on FNRI computation, was conducted alongside sensory evaluations by food development experts, accompanied by consumer acceptability tests to gauge perceptions and willingness to adopt the fortified product.
Findings revealed that tapey lees significantly enhanced the nutritional profile of the cheesecake, increasing protein, fiber, and antioxidant levels. Sensory evaluations indicated that moderate incorporation preserved desirable taste, texture, and aroma, while higher levels negatively affected acceptability. Consumer feedback reflected a positive response, particularly regarding health benefits and cultural significance. This study demonstrates the potential for transforming tapey lees from a waste product into a valuable ingredient for functional food innovation, underscoring the need for future research to refine formulations and expand applications that support community livelihoods and environmental stewardship.
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INTRODUCTION
Rice wine is widely processed and consumed across various regions in the Philippines. In the Northern provinces of the Cordillera Administrative Region (CAR), tapey (also spelled as tapuey or tapuy), or bayah, is a well-known alcoholic beverage. Its production involves combining polished rice with a powdered starter culture called bubod, which subsequently undergoes saccharification and fermentation (Dela Rosa & Medina, 2021). While tapey is traditionally enjoyed as a beverage, its fermentation process yields not only the drinkable liquid but also a by-product known as lees. These lees consist of rice residue and microbial biomass, accounting for approximately 27% of the original raw material (Manaois & Morales, 2018). 
Despite some uses for tapey lees, such as consumption by some, or as animal feed, the majority of this by-product is often discarded. This is concerning given the existing research that highlights the significant nutritional and functional components found in tapey lees, including protein, fiber, polyphenols, peptides, and organic acids. These components are linked to various health benefits, such as antioxidant activity, gut microbiota modulation, and disease prevention (Dela Cruz et al., 2024). 
Scientific evaluations further support the functional potential of tapey lees. Extracts from these lees have demonstrated antibacterial activity against harmful bacteria, including Escherichia coli and Staphylococcus aureus (Bragais & Yu, 2024; Phungoen et al., 2025). Additionally, lees derived from various fermented foods have exhibited prebiotic activity, promoting beneficial gut health by selectively fermenting in the intestine, which supports alterations in intestinal microbiota beneficial to overall well-being (Şanlier et al., 2019; Hernandez-Macias et al., 2021; Marco et al., 2021). These findings underscore the potential of tapey lees as nutritional enhancers and ingredients for functional food development. 
Several studies demonstrated how desserts can effectively serve as carriers for nutritional enrichment and functional food innovation. For instance, Zare et al. (2024) reported antioxidant and anticancer properties in a fig-milk dessert, while Chechitko and Adamchuk (2024) noted the successful incorporation of nutritious ingredients like honey, dried pumpkin, and spirulina into functional desserts. In this context, utilizing tapey lees in dessert production presents a unique opportunity to enhance nutritional value while promoting waste reduction and preserving cultural practices. 
This study specifically focuses on the incorporation of tapey lees into cheesecake production. The recipe for New York cheesecake, which typically includes cream cheese, sugar, eggs, and a crust, is adapted to enrich its nutritional composition through the addition of finely processed lees (Kim, 2022). This innovation not only enhances the cheesecake's nutritional profile but also addresses the common critique of traditional cheesecakes for their high levels of fat, sugar, and calories, which often lack significant nutritional benefits (Le Rose et al., 2025). By merging the delicious flavors of cheesecake with the nutritional density of tapey lees, this product becomes both enjoyable and health-conscious. Given its widespread acceptance and versatility, cheesecake was deliberately chosen for this study (Le Rose et al., 2025). Its creamy, neutral profile allows for the seamless integration of functional ingredients like tapey lees without overwhelming the palate. 
From a sensory perspective, the addition of lees could enhance the tanginess of the cream cheese, balancing familiar tastes with innovative elements. Careful attention to texture ensures that the cheesecake remains smooth and palatable, a crucial factor since texture significantly influences food acceptance. 
Physically, the modified cheesecake resembles traditional versions in appearance, feel, and structural integrity. However, it also offers unique benefits due to the bioactive compounds present in tapey rice lees. These compounds not only enrich the nutritional value of the cheesecake but may also improve its shelf life by curbing spoilage and delaying oxidative rancidity—issues commonly associated with dairy-based desserts. Similar improvements have been reported in other applications of fermented by-products, where antioxidant-rich residues have enhanced both the functional value and storage stability of food items (Verni & Rezzillo, 2023). Therefore, while maintaining the familiar sensory qualities of classic cheesecake, the integration of tapey lees provides potential functional advantages concerning preservation and safety. 
In a nutshell, this innovative approach results in a nutritionally enhanced dessert that transforms an underutilized fermentation by-product into a valuable food item. By integrating tapey lees into cheesecake, the product not only boosts its nutritional profile with added protein, fiber, and antioxidants but also exemplifies the adaptability of traditional ingredients for modern culinary applications.
This study aims to explore the potential of tapey lees in cheesecake fortification focusing on the nutritional, sensory, consumer, and cost-related aspects of the product, seeking to determine the nutritional value of the treatments, evaluate their sensory qualities, and assess consumer preferences. 
Specifically, this study aimed to determine the nutritional value of the four treatments using the Food and Nutrition Research Institute (FNRI) computation in terms of macronutrients (carbohydrates, proteins, and fats), micronutrients relevant to gut health, sugar content, and fiber content along with the total caloric value. It also aimed to evaluate the differences in sensory evaluation of the four treatments of tapey lees-fortified cheesecake based on aroma, appearance/color, texture, flavor, sweetness level, and overall acceptability. Furthermore, the study sought to assess the differences in consumer preference tests for the cheesecake focusing on aroma, appearance/color, texture, flavor, sweetness level, overall acceptability, and willingness to purchase. Finally, the analysis included the production cost and selling price of the tapey rice lees-fortified cheesecake treatments.












METHODS
Materials
A standard recipe based from Kim (2022) was used in this study, which was modified using four treatment groups. The base recipe follows the standard formulation of cream cheese, sugar, eggs, and a crust (Kim, 2022). The control Treatment 0 has no tapey lees included. while experimental groups Treatments 1 to 3 each incorporated tapey lees prepared differently. In Treatment 1, lees was blended until smooth and added directly to the cheesecake mixture, Treatment 2 involves blending tapey lees mixed with other ingredients and was prepared as a syrup for toppings that is poured over the cheesecake, using the same base ingredients as Treatment 0. Treatment 3 combines both methods, incorporating tapey into the base and as a syrup for toppings The ingredients for Treatment 3 align with those of Treatments 1 and 2. This structured approach facilitates a controlled comparison of how varying tapey incorporation affects the final cheesecake. Table 1 summarizes the ingredients and quantities used across four treatments (Treatment 0 to Treatment 4).
Table 1.
Quantities of Ingredients for the Different Cheesecake Formulation with Varying Proportions of Tapey Lees
	  
	Treatments 

	Ingredients  
	Treatment 0
 No Tapey  

	Treatment 1
 Blended Tapey
 
	Treatment 2
Tapey Topping
 
	Treatment 3 
 Blended Tapey & Topping

	Melted Butter
	250g  
	250g 
	250g  
	250g  

	Crushed Graham Crackers  
	250g 
	250g 
	250g 
	250g 

	Egg Yolks   
	3 yolks (approx. 18g)
	3 yolks (approx. 18g)
	3 yolks (approx. 18g) 
	3 yolks (approx. 18g)

	White Sugar
	100g 
	100g 
	100g 
	100g 

	Vanilla Extract  
	5mL
	5mL
	5mL
	5mL

	Cream Cheese
	250g
	250g
	250g
	250g

	Whipping Cream
	250g
	250g
	250g
	250g

	Lemon Juice
	      25mL   	
	25mL
	25mL
	25mL

	Gelatin Powder
	25g
	25g
	25g
	25g

	Cold Water
	350mL
	350mL
	350mL
	350mL

	Tapey Rice Lees
	No added tapey rice lees
  
	Blended ½ cup of tapey rice lees until smooth 
	Blended ½ cup of tapey rice lees with ⅓ cup of lemon juice and ¼ cup of white sugar
	Blended 1 cup of tapey rice lees, ⅓ cup of lemon juice, and ¼ cup of white sugar



Table 1 compares four cheesecake formulations based on the incorporation of tapey. Treatment 0 serves as the baseline, excluding tapey, and includes 250 g of melted butter, 250 g of crushed graham crackers, three egg yolks, 100 g of white sugar, 5 mL of vanilla extract, 250 g of cream cheese, 250 g of whipping cream, 25 mL of lemon juice, 25 g of gelatin powder, and 350 mL of water.
In Treatment 1, 100 g of tapey is blended until smooth and added directly to the cheesecake mixture, while other ingredient amounts remain unchanged. Treatment 2 involves blending 100 g of tapey with one-third cup of lemon juice and one-fourth cup of white sugar until slightly thickened; this mixture is poured over the cheesecake, using the same base ingredients as Treatment 0. Treatment 3 combines both methods, incorporating 100 g of blended tapey into the base and using another 100 g blended with one-third cup of lemon juice and one-half cup of sugar as a topping. The ingredients for Treatment 3 align with those of Treatments 1 and 2. This structured approach facilitates a controlled comparison of how varying tapey incorporation affects the final cheesecake.
Methods
	Figure 1 illustrates the process of preparing various cheesecake treatments. It includes the control treatment as well as three variations that incorporate tapey lees.
Figure 1  
Preparation of the Different Treatments of Tapey Lees Fortified Cheesecake
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Figure 1 presents the step-by-step procedure for preparing the tapey lees fortified cheesecake. The cheesecake base was first prepared by creating the crust. Unsalted butter (250 g) was melted and combined with crushed graham crackers (250g) until a uniform mixture was obtained. This was pressed firmly into the mold to form the base layer. Separately, three egg yolks were combined with one-half cup (½cup) of sugar and one teaspoon (1tsp) of vanilla extract, then gently heated using the double boiler method. In this procedure, the mixture was placed in a bowl positioned over simmering water to ensure gradual heating without direct contact with the flame so as not to cook the egg yolks. Once slightly thickened, the mixture was removed from the heat and allowed to cool.
Meanwhile, 250 grams (250g) of cream cheese at room temperature were whipped until soft and smooth. The cooled egg mixture was gradually incorporated into the cream cheese until fully homogenized. To this, one-eighth cup (⅛cup) of freshly squeezed lemon juice and one and one-half cups (1½ cups) of bloomed gelatin solution, prepared by dissolving twenty-five grams (25 g) of gelatin powder in one and one-half cups (1½cups) of cold water, were added and mixed thoroughly. In a separate bowl, two hundred and fifty (250g) of heavy whipping cream was beaten until soft peaks formed. This whipped cream was then carefully folded into the cream cheese mixture to maintain its aerated structure. The final mixture was poured into the prepared mold lined with the graham cracker crust to produce the control cheesecake.
For Treatment 1, one-half cup (½cup) of blended tapey rice lees was directly incorporated into the cheesecake base prepared using the same procedure as the control. Treatment 2 involved blending one-half cup (½cup) of tapey rice lees with one-third cup (⅓cup) of freshly squeezed lemon juice and one-fourth cup (1/4 cup) of sugar. The mixture was heated until slightly thickened, cooled briefly, and then applied as a topping over the cheesecake base. While Treatment 3 utilized a total of one cup (1cup) of blended tapey rice lees. One-half cup (½ cup) was incorporated into the cheesecake base, as in Treatment 1, while the remaining one-half cup (½ cup) was prepared following the procedure in Treatment 2 and applied as a topping.
To determine the nutritional differences between the cheesecake treatments, computation using the Philippine Food Composition Table (PhilFCT) of the FNRI-DOST was applied. PhilFCT offers comprehensive details on the nutritional content of various Filipino dishes, which ensured that the nutritional values obtained were both accurate and aligned with established national standards (Biona et al., n.d). Furthermore, charts and tables created with statistical software were used to present the results. A nutritionist-dietitian from a public hospital in Baguio City validated the nutritional value, including vitamins, nutrients, and calories. 
The sensory evaluation took place at Benguet State University - Secondary Laboratory School (BSU-SLS) in La Trinidad. Two respondent groups were selected for the study. The first group consisted of 30 fourth-year Bachelor of Technology and Livelihood Education (BTLED) students majoring in Home Economics. The deliberate selection of BTLED students as sensory evaluators provided the study with evaluators who could offer informed, objective, and credible insights, thereby reinforcing the relevance and reliability of the findings in the context of food product development and consumer research. 
On the other hand, a second group, consisting of 45 general consumers drawn randomly aged 18 and above was also involved in a preferential test to gather data reflective of regular consumers’ perspectives. This is based on the study done by Busse and Siebert (2017), stating that consumer involvement in food innovation is an important strategy for consumer acceptance and introduction to the market. Finally, to address ethical considerations, individuals below 18 years old, pregnant women, and those with known food allergies were excluded from participation due to the presence of alcohol-derived and possible allergen ingredients incorporated in the product. 
Lastly, before participation, all respondents received an information sheet detailing the objectives, procedures, and ethical safeguards of the study. Written informed consent was obtained from each participant, with assurances that responses would be treated anonymously and used solely for this research purpose.  
The sensory evaluation tool used in this study was the 9-point Hedonic scale, developed by David Peryam and colleagues in 1952. This scale effectively captures nuanced consumer preferences due to its broader range of options compared to shorter scales (Addo-Preko et al., 2023). Four cheesecake treatments were evaluated based on several sensory attributes: aroma, appearance, flavor, sweetness level, texture, and overall acceptability. For general consumer respondents, price acceptability and willingness to purchase were also assessed.
To minimize carry-over effects, palate cleansing was applied between samples. Participants received room-temperature water to consume between tastings, with a one-minute interval enforced between samples. They were allowed to request additional time if lingering flavors remained. This standardized cleansing protocol was strictly monitored throughout the sensory evaluation. 
Responses were recorded directly on evaluation forms, which were coded to maintain anonymity. Paper questionnaires were collected immediately after the session, stored securely, and later encoded into digital format. Data entry was checked twice to minimize transcription errors. Consent forms and personal identifiers were stored separately from sensory responses to safeguard participant confidentiality.
The collected data were analyzed using both descriptive and inferential statistics. Mean scores and standard deviation were computed for each attribute across the four treatments. Normality of data distribution was tested before further analysis. Where assumptions for parametric tests were met, one-way analysis of variance (ANOVA) was employed to determine significant differences among treatments at a 0.05 level of significance. 
Cost-production focused on analyzing the production cost and potential selling price of the fortified cheesecake treatments with the highest levels of consumer acceptance and/or nutritional value. The production cost per unit was calculated, considering the ingredients, preparation costs, labor costs and mark up. This ensured the products remained both marketable and economically viable. 
Using the aforementioned methods and statistical software, the study provided a thorough and reliable evaluation of the most acceptable, nutritious, and cost-productive recipe for tapey lees fortified cheesecake. 







RESULTS AND DISCUSSION
Analysis of the Nutritional Value of the Four Treatments of Tapey Lees Fortified Cheesecake in Terms of Macronutrients, Micronutrients, and Other Food Compositions 
This section provides a comprehensive analysis of the nutritional value of the four treatments of Tapey Lees Fortified Cheesecake, focusing on their macronutrient and micronutrient composition, as well as other food composition such as their fiber and calorie content. It evaluates how each treatment measures up in terms of essential nutrients, aiming to offer insights that can guide product development and marketing strategies tailored to meet the preferences and health aspirations of modern consumers.
Table 2.   
FNRI Computed Nutritional Value of Tapey Lees Fortified Cheesecake Treatments   
	NUTRIENTS
	TREATMENTS

	
	NO TAPEY LEES ADDED
(Treatment 0)
	BLENDED TAPEY LEES IN BATTER
(Treatment 1)
	BLENDED TAPEY LEES 
AS TOPPING
(Treatment 2)
	BLENDED TAPEY LEES IN BATTER AND TOPPING
(Treatment 3)

	Energy (kcal)
	5795.75
	5923.75
	6158.95
	6286.95

	MACRONUTRIENTS

	Protein (g)
	86.05
	89.15
	89.45
	92.55

	Fat (g)
	435.85
	436.25
	437.55
	437.95

	Carbohydrates (g)
	373.2
	401.4
	456.5
	484.7

	MICRONUTRIENTS

	Calcium (mg)
	804.59
	814.39
	820.79
	830.59 

	Phosphorus (mg)
	1174.7
	1294.7
	1301.1
	1421.1

	Iron (mg)
	10.9
	12.6
	12.9
	14.6

	Vitamin A (µg)
	1194
	1194
	1194
	1194

	Vitamin C (mg)
	11
	11
	11
	11

	Niacin (mg)
	17
	20.1
	20.1
	23.2

	Riboflavin (mg)
	0.3
	0.5
	0.5
	0.7

	Thiamine (mg)
	0.2
	0.3
	0.4
	0.5

	OTHER FOOD COMPOSITIONS

	Fiber (g)
	9.1
	10.7
	12.4
	14.1

	Sugar (g)
	217.3
	217.1
	271.25
	271.35

	Sodium (mg)
	5767.85
	5775.45
	5778
	5832.5

	Cholesterol (mg)
	1066.2
	1066.2
	1066.2
	1066.2


Note: Values in BOLD indicate Highest Amounts of Nutrients; Values that are underlined indicates constant amount of nutrients

Table 2 shows a gradual increase in energy and macronutrient content across the four treatments. Treatment 0 recorded the lowest total energy at 5795.75kcal, while Treatment 3 had the highest at 6286.95kcal. Protein content increased slightly from 86.05g to 92.55g, and fat content remained relatively constant, ranging between 435.85 to 437.95g. The most notable change was observed in carbohydrates, which increased significantly from 373.2 g in Treatment 0 to 484.7 g in Treatment 3. These findings suggest that the progressive modifications primarily affected carbohydrate content, contributing to the overall increase in energy. The stability in fat levels indicates it was not a key variable in the reformulation, while the modest rise in protein content may have a positive, albeit less pronounced, impact on nutritional quality.
In terms of micronutrient composition, a general upward trend was observed, particularly in calcium, phosphorus, iron, and select B vitamins. Calcium increased slightly from 804.59 mg to 830.59 mg, while phosphorus rose more notably from 1174.7mg to 1421.1mg. Iron content improved from 10.9mg to 14.6mg across the treatments. Levels of vitamin A and vitamin C remained constant at 1194µg and 11mg, respectively. However, B vitamins showed consistent increases: thiamin rose from 0.2mg to 0.5mg, riboflavin from 0.3mg to 0.7mg, and niacin from 17mg to 23.2mg. These enhancements suggest effective nutrient fortification or ingredient modification in later treatments, improving the micronutrient profile—especially for supporting bone health (calcium, phosphorus), blood formation (iron), and energy metabolism (B vitamins).
With regard to other food components with specific health implications, dietary fiber increased steadily from 9.1g in Treatment 0 to 14.1g in Treatment 3, reflecting efforts to improve digestive health and glycemic control. Sugar content remained relatively stable between Treatments 0 and 1 which is approximately 217g, but increased in Treatments 2 and 3 to approximately 271g. This rise in sugar may contribute to higher energy density and pose potential metabolic health risks, particularly for those with diabetes mellitus or with elevated blood sugar.
In contrast, sodium levels remained consistently high, ranging narrowly from 5767.85mg to 5832.5mg, indicating no reduction in salt content. Given the well-established association between high sodium intake and hypertension, this remains an area for potential improvement. Likewise, cholesterol content was constant across all treatments at 1066.2mg, suggesting no changes in cholesterol-rich ingredients. The consistently high levels of sodium and cholesterol present opportunities for further formulation adjustments, particularly to align the nutritional profile more closely with cardiovascular health recommendations.
The observed nutritional shifts across treatments align with findings from studies on the incorporation of fermentation by-products into food systems, which frequently report enhanced micronutrient density and dietary fiber content due to the residual compounds present in lees. Tapey lees, like other rice-based fermentation residues, are known to retain significant amounts of B vitamins, minerals, and insoluble fiber, which may explain the incremental improvements in phosphorus, iron, and thiamin content across the fortified cheesecake samples (Hipol & Alma-in, 2018). 
From a practical perspective, the results suggest that modest inclusion of tapey lees can yield meaningful nutritional benefits without disrupting the structural and sensory qualities of cheesecake. The consistent fat and cholesterol levels, alongside incremental gains in protein and micronutrients, imply that product reformulation using lees can be achieved without compromising the indulgent nature of the dessert, a factor critical to consumer acceptability. Moreover, the heightened nutrient density positions tapey-fortified cheesecakes as value-added products that could appeal to health-conscious markets, particularly those seeking functional desserts with enhanced nutritional profiles.
Analysis of the Sensory Evaluation of Tapey Lees Fortified Cheesecake
This section presents an analysis of the sensory evaluation of Tapey Lees Fortified Cheesecake as conducted by fourth year Bachelor of Technology and Livelihood Education (BTLED) students majoring in Home Economics. By systematically assessing the four cheesecake treatments across key sensory attributes, including aroma, appearance, flavor, sweetness, texture, and overall acceptability, the study aims to highlight how varying methods of incorporating tapey lees influence consumer perceptions among a knowledgeable panel. The analysis draws on statistical results to determine which preparation techniques most effectively enhance or diminish specific sensory qualities, providing valuable insights for both product development and educational applications in food science. 



Table 3. 
Comparison of the Level of Respondents’ Sensory Evaluation of Tapey Lees Cheesecake Fortified Cheesecake Treatments
	Attribute
	Mean Score
	f-value
	p-value

	
	Treatment 0
	Treatment 1
	Treatment 2
	Treatment 3
	
	

	Aroma
	6.87
	7.07
	7.80
	7.67
	4.1397**
	0.0079

	Appearance
	7.90
	7.63
	8.10
	7.47
	1.6737ns
	0.1765

	Texture
	7.70
	6.97
	7.87
	7.20
	3.6774*
	0.0142

	Flavor
	5.77
	6.97
	7.57
	6.13
	6.0282**
	0.0007

	Sweetness Level
	6.37
	5.33
	7.00
	5.13
	7.4626**
	0.0001

	Overall Acceptability
	7.33
	6.93
	7.70
	6.40
	4.0944**
	0.0084


Note:
	Legend
	Description

	ns
	No Significant Difference

	*
	With Significant Difference

	**
	With High Significant Difference



Table 3 provides a comprehensive analysis of respondents’ acceptance of Tapey Lees Fortified Cheesecake treatments across various sensory attributes. Beginning with aroma, Treatment 0, identified as the control, obtained a mean acceptance score of 6.87. In contrast, Treatment 1, which incorporated tapey lees directly, attained a slightly elevated score of 7.07. Noteworthy is Treatment 2, which included a jam topping formulated from tapey rice lees, achieving the highest mean score of 7.80. This indicates a substantial enhancement in aroma attributable to the specific preparation method employed. Furthermore, Treatment 3, which combined incorporation into the base with a similar topping, garnered a mean score of 7.67. The calculated f-value (4.1397) and corresponding p-value of 0.0079 confirm the statistical significance of these differences, demonstrating that the method of incorporating tapey lees significantly influences consumer perceptions of aroma.
Transitioning to the aspect of appearance, Treatment 2 once again led with a mean score of 8.1, with many respondents noting its visual appeal as reminiscent of blueberry cheesecake. The control group achieved a score of 7.9, indicating a satisfactory level of visual acceptance. Conversely, Treatments 1 and 3 received lower scores of 7.63 and 7.47, respectively. Despite these differences, the f-value of 1.6737 and p-value of 0.1765 indicate that the variations in appearance are not statistically significant, suggesting that the diverse methods of incorporating tapey lees do not markedly affect the aesthetic appeal of the cheesecake.

In examining texture, Treatment 2 attained the highest mean score of 7.87, followed closely by the control group at 7.70. In contrast, Treatments 1 and 3 received scores of 6.97 and 7.20, respectively. These results imply that the direct incorporation of tapey lees may compromise the texture, potentially due to increased mixing time that results in a softer mouth feel. The significant f-value of 3.6774 and p-value of 0.0142 substantiate these observations, indicating that Treatment 2's method of topping application effectively preserves textural integrity.
Subsequently, the analysis of flavor acceptance revealed Treatment 2 achieving a mean score of 7.57, indicating an effective balance of flavors with the strong characteristics of tapey lees. Treatment 1 followed with a score of 6.97, while the control and Treatment 3 reported lower scores of 5.77 and 6.13, respectively. The significant f-value of 6.0282 and p-value of 0.0007 affirm that the incorporation method plays a critical role in shaping consumer flavor preference, particularly noting that employing tapey lees as a topping significantly enhances the overall flavor profile.
In the context of sweetness acceptance, Treatment 2 achieved a mean score of 7.00, primarily attributed to the inclusion of the sweetened topping. The control group reflected a moderate score of 6.37, while Treatments 1 and 3 scored 5.33 and 5.13, respectively. The lower scores of these treatments may indicate a dilution of sweetness resulting from direct mixing of the tapey lees into the cheesecake base. Furthermore, the f-value of 7.4626 and p-value of 0.0001 indicate substantial differences, underscoring the importance of the method of incorporation for optimizing sweetness levels.
Lastly, the overall acceptability ratings illustrate significant consumer preferences, with Treatment 2 attaining the highest mean score of 7.70, indicative of robust acceptance. The control followed at 7.33, while Treatment 1 scored 6.93 and Treatment 3 received the lowest score of 6.40. The significant f-value of 4.0944 and p-value of 0.0084 confirm the meaningful differences observed among the treatments, revealing that while Treatment 2 and the control cheesecake were both highly accepted, modifications that impact multiple sensory attributes may diminish overall appeal. These findings highlight the critical need for careful consideration of ingredient incorporation strategies to maximize consumer satisfaction in product development.

Analysis of the Consumers’ Preferential Test of Tapey Lees Fortified Cheesecake
This section presents an analysis of the significant differences identified in the preferential test of Tapey Lees Fortified Cheesecake as conducted by randomly selected individuals representing a spectrum from Gen Z to Millennial age groups, making their involvement highly relevant to the research. As these generations are known for their openness to food innovation, diverse flavor profiles, and willingness to try novel ingredients, their preferences provide valuable insights into the potential market acceptance of Tapey Lees Fortified Cheesecake. Their varied backgrounds and contemporary food attitudes reflect a broader consumer landscape, allowing the study to gauge not only the sensory appeal of the product but also its resonance with a demographic that often drives culinary trends and influences purchasing behavior. By including Gen Z and Millennial participants, the research gains a realistic perspective on how new food products might perform in the marketplace, supporting more informed decisions in product development and marketing strategies.
Table 4. 
Comparison of the Level of Consumer’ Preferential Test of Tapey Lees Cheesecake Fortified Cheesecake Treatments
	Attribute
	Mean Score
	f-value
	p-value

	
	Treatment 0
	Treatment 1
	Treatment 2
	Treatment 3
	
	

	Aroma
	7.31
	7.47
	7.60
	7.69
	0.7478ns
	0.5250

	Appearance
	8.00
	8.51
	8.53
	8.49
	3.9476**
	0.0093

	Texture
	8.27
	7.67
	8.2
	7.76
	3.4355*
	0.0182

	Flavor
	7.24
	7.44
	8.18
	7.29
	3.8018*
	0.0112

	Sweetness Level
	7.56
	7.07
	7.71
	6.91
	2.6686*
	0.0492

	Overall Acceptability
	7.93
	7.51
	8.29
	7.42
	4.5447**
	0.0043

	Willingness to Purchase
	7.62
	7.04
	7.98
	6.96
	4.1178**
	0.007


Note:
	Legend
	Description

	ns
	No Significant Difference

	*
	With Significant Difference

	**
	With High Significant Difference



Table 4 presents a comparative analysis of consumer acceptance levels for various sensory attributes of Tapey Lees Fortified Cheesecake treatments. In terms of aroma, mean scores ranged from 7.31 for Treatment 0 to 7.69 for Treatment 3, with Treatments 1 and 2 receiving scores of 7.47 and 7.60, respectively. However, the f-value of 0.7478 and p-value 0.5250 indicate that these differences are not statistically significant, suggesting that the incorporation method of tapey lees does not adversely affect the aromatic appeal for consumers across comsumers.
Regarding appearance, all treatments received high scores, particularly Treatments 1, 2, and 3, which achieved mean scores of 8.51, 8.53, and 8.49, respectively, compared to the control's score of 8.00. The statistically significant f-value of 3.9476 and p-value of 0.0093 confirm that these differences are meaningful, indicating that the inclusion of tapey lees enhances the visual appeal due to the vibrant purple hue, which may have made the cheesecakes more attractive to consumers.
The analysis of texture reveals some variations, with the control group achieving the highest mean score of 8.27, closely followed by Treatment 2 at 8.20. Treatments 1 and 3 received lower scores of 7.67 and 7.76, respectively. The statistically significant f-value of 3.4355 and p-value of 0.0182 suggest that incorporation methods, particularly direct mixing into the base, may slightly reduce textural preference compared to the standard cheesecake or topping-only variants.
Clear preferences in flavor is seen, with Treatment 2 receiving the highest score of 8.18, significantly enhancing flavor appeal. Meanwhile, the control and Treatments 1 and 3 scored lower at 7.24, 7.44, and 7.29, respectively. F-value of 3.8018 and p-value of 0.0113 indicate statistically significant differences, reinforcing the effectiveness of pairing tapey lees with complementary ingredients to heighten consumer flavor acceptance.
For sweetness, all treatments were well-accepted, with mean scores ranging from 6.91 to 7.71. Treatment 2 again led with 7.71, followed closely by the control at 7.56. Treatments 1 and 3 scored lower at 7.07 and 6.91, respectively, with an f-value of 2.6686 and p-value of 0.0492 indicating that the method of incorporation significantly affects consumer perceptions of sweetness, particularly highlighting the effectiveness of the topping method.
Regarding overall acceptability, Treatment 2 achieved the highest mean score of 8.29, followed by the control at 7.93, while Treatments 1 and 3 scored 7.51 and 7.42, respectively. The f-value, 4.5447 and p-value 0.0043 confirm notable differences in overall acceptability across treatments, with the topping method being the most favorably received.

Lastly, consumer willingness to purchase reflected positive attitudes, with all treatments scoring above 6.9. Treatment 2 again stood out with a mean score of 7.98, indicating strong purchase intent, while the control scored 7.62. Treatments 1 and 3 scored lower at 7.04 and 6.96, respectively. The f-value of 4.1178 and p-value of 0.0075 suggest that treatment variations meaningfully influence consumer buying interest, emphasizing the impact of formulation on marketability.
Cost-Production Analysis of Tapey Lees Fortified Cheesecake with the Highest Consumer Acceptance and Nutritional Value 
This section discusses the production costs and selling prices for tapey rice lees fortified cheesecake, emphasizing the treatments that have the highest consumer acceptance and nutritional value. This section also addresses both the direct and indirect costs related to the production of these treatments.  

Table 5.
Costing Analysis of Tapey Lees Fortified Cheesecake with the Highest Consumer Acceptance and Nutritional Value
	Cost, Mark Up, Yield and Computed Price
	Treatment 2
(Highest Consumer Acceptance)
	Treatment 3
(Highest Nutritional Value)

	Direct Cost (DC) 
	 
	Php 509.91 
	Php 540.01

	Indirect Cost (IC) 
	
	 Php 40.33 
	Php 40.66

	Labor Cost (LC) 
	
	60 
	60

	Production Cost (PC) 
	610.24
	640.67

	Overhead Cost (OC) 15% of PC  
	122.05 
	128.13

	Total Production Cost (TPC)
	732.29 
	768.80

	Mark Up (MU) 40% of TPC  
	292.92
	307.52

	Yield (Y) 
	   
	10 slices per 1 yield 
	10 slices per 1 yield

	Computed Price (TPC + MU)/Y         
	 Php102.52 ~
103 per slice
	   Php 107.63 ~
108 per slice



Table 5 outlines the production cost for Treatment 2, which demonstrated the highest consumer acceptability among both the BTLED participants and consumers, as well as the second highest nutritional value. The Direct Cost (DC), encompassing all ingredients, materials, and labor, totals ₱509.908. The Total Production Cost (TPC), which combines both the Production Cost and Overhead Cost, amounts to ₱732.29. To account for overhead and profit, a 40% Mark Up (MU) is added to the TPC, resulting in the final price per product by dividing the total costs by the yield. With a yield of 10 slices, the cost of the tapey fortified cheesecake with tapey rice lees topping is ₱102.52, rounded to ₱103 per slice.
Table 4 also shows that to produce Treatment 3, which achieved the highest nutritional value, all the ingredients, materials, and labor that are part of the product, which is called the Direct cost (DC), were added together, resulting in ₱540.01. The minimum wage for an 8-hour workday in the Cordillera Administrative Region (CAR) is ₱475; however, the Labor Cost (LC) makes use of ₱480, which translates to ₱60 for the one hour required to make the tapey cheesecake. Indirect Costs (IC) are the costs that are part of the process in producing the result, such as the use of electricity and LPG. Overhead cost was added to cover other expenses that are necessary but do not directly contribute to creating a product or providing a service. The Total Production Cost (TPC) combines both the Production Cost and the Overhead Cost, resulting in ₱768.80. Finally, a Mark Up (MU) of 40% is added to the Total Production Cost to ensure coverage of overhead and profit, yielding the final price of each product by dividing the total production cost and mark by dividing it by the yield [(TPC + MU)/Y]. A yield of cheesecake produces 10 slices. Hence, the tapey fortified cheesecake with tapey rice lees topping costs ₱1076.32 rounded off to ₱107 per slice. 
In contrast, Cheesecake A from a famous local store in Baguio City is sold at ₱115 per slice or ₱1100 per cake of 10 slices. In comparison, Cheesecake B from another local store in Baguio City is priced significantly higher at ₱195 per slice or ₱1700 per cake of 12 slices.
Notably, while the Tapey Fortified Cheesecake ₱103 per slice is priced lower than the commercially available cheesecakes. The difference remains modest enough to keep the fortified variant competitive in the market despite its added nutritional benefits. On a per-cake basis, the Tapey Fortified Cheesecake, priced as ₱1030 for 10 slices, levels closely with Cheesecake A. However, when compared to Cheesecake B, which is priced significantly higher at ₱195 per slice or ₱1700 per cake of 12 slices, the Tapey Fortified Cheesecake proves considerably more affordable. These findings suggest that the Tapey Fortified Cheesecake offers good value for consumers at a price point that remains competitive within the market while providing the added advantage of enhanced nutritional benefits.

CONCLUSIONS  
This study comprehensively evaluated the impact of incorporating tapey rice lees in fortified cheesecake, focusing on its nutritional value, sensory characteristics, consumer preferences, and associated production costs. The research objectives were effectively met, yielding significant findings that highlight both the nutritional enhancement and consumer acceptability of the products.
The analysis revealed that the inclusion of tapey rice lees markedly increased both the macronutrient and micronutrient content, resulting in a more nutritious product. Among the treatments examined, Treatment 3 stood out with the highest nutritional profile; however, it also incurred the greatest production costs. On the sensory side, assessments showed that the method of incorporating tapey lees had a profound impact on consumer perceptions, particularly regarding aroma, flavor, and overall acceptability. Treatment 2, which utilized a topping method, garnered the highest consumer ratings, underscoring the importance of ingredient presentation in amplifying taste and appeal.
Preferential tests indicated a strong preference for the flavor and sweetness associated with the topping method, especially among younger consumers from Generation Z and Millennial demographics. This trend reflects a broader acceptance in the market for innovative and health-conscious food products. From an economic standpoint, while Treatment 3 provided superior nutritional value, it came with a higher price tag, suggesting a trade-off between cost and consumer acceptance. In contrast, Treatment 2 offered a balanced solution, showcasing respectable nutritional benefits at a moderate price, making it a favorable option in a competitive market.
In conclusion, tapey rice lees can serve as a functional ingredient in cheesecake production, aligning well with current consumer desires for healthier and innovative dessert options. The findings offer valuable insights for future product development and market positioning strategies.
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