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ABSTRACT 	Comment by Dagne Tarle Tarse: 
Growing demand for functional dairy beverages has encouraged the development of nutrient-enriched, reduced-sugar formulations. Carrot juice is a rich source of β-carotene, phenolics, minerals, and antioxidants, but its incorporation into milk requires technological optimization for balanced sensory and physicochemical attributes. Milk fat also influences carotenoid solubility, mouthfeel, and overall acceptability.This study aimed to optimize milk fat content and processed carrot juice level for developing a reduced-sugar carrot milk drink with desirablequalities. Three carrot varieties (Madhuvan, Durga-4, Nantes) were screened for sensory and chemical attributes. Processed carrot juice was prepared through washing, blanching, juice extraction, filtration, and pasteurization. A Central Composite Rotatable Design (CCRD) with two independent variables, milk fat (0.38–4.62%) and carrot juice level (7.9–22.07%), was used to generate 13 formulations. Nantes carrots showed the highest β-carotene (176.19 mg/100 g), TSS (13.3 °Brix), potassium, and juice yield, and were therefore selected for optimization. Sensory evaluation indicated significant effects of carrot juice on color (p < 0.001), flavor (p < 0.001), and overall acceptability (p < 0.001). Milk fat significantly influenced consistency (p < 0.05), sweetness (p < 0.05), and overall acceptability (p < 0.05). The CCRD formulations demonstrated that higher carrot juice (20–22%) improved color and flavor, whereas milk fat around 4% enhanced texture, sweetness perception, and mouthfeel. The best-performing formulation (4% fat, 20% juice) achieved the highest overall acceptability (7.75). RSM identified an optimized formulation consisting of 4% milk fat and 20% processed carrot juice, yielding superior sensory quality and desirable functional properties. Carrot juice significantly enhanced color and flavor due to high carotene content, while milk fat improved texture and sweetness perception. The optimized reduced-sugar carrot milk drink offers a nutritionally enriched, consumer-acceptable functional dairy beverage.	Comment by Dagne Tarle Tarse: The manuscript requires appropriate spacing between lines, standardized font size, and the use of italics where necessary to enhance readability and adhere to formatting guidelines. These adjustments are essential for ensuring clarity and consistency throughout the document. Proper formatting contributes to the professional presentation and ease of comprehension for the readers.
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1.0 INTRODUCTION
The global demand for functional dairy beverages has increased substantially in recent years, driven by shifting consumer preferences toward health-oriented, nutritionally enriched, and low-sugar food products. Dairy-based beverages provide an excellent platform for the incorporation of functional ingredients due to their balanced nutrient profile, high digestibility, and ability to carry bioactive compounds (Sharma et al., 2011). Value-added milk drinks enriched with fruits and vegetables have gained significant commercial momentum, owing to their potential to deliver vitamins, antioxidants, minerals, and dietary fiber in a convenient and palatable form (Sharma et al., 2011).
Carrot (Daucus carota L.) is highly regarded as a natural source of β-carotene (a vitamin A precursor), phenolic antioxidants, dietary fiber, and essential minerals such as potassium, calcium, and phosphorus. These components contribute to enhanced nutritional quality, improved visual appeal, and functional health benefits(Sharma et al., 2011).β-carotene in particular plays a key role in antioxidant defense and ocular health and exhibits strong free radical scavenging capacity. Despite these advantages, incorporating carrot juice into milk systems presents several formulation challenges, including its characteristic earthy flavor, strong natural color, and fibrous texture. These factors require careful optimization when blended with milk to avoid adverse effects on flavor, texture, and beverage stability.
Simultaneously, the increasing prevalence of metabolic disorders such as obesity, diabetes, and cardiovascular diseases has intensified the demand for reduced-sugar or low-calorie beverage options. Excessive sucrose intake is associated with elevated glycemic response and long-term metabolic risks, prompting both consumers and manufacturers to pursue sugar reduction strategies in dairy beverages. Sucralose, a non-caloric high-intensity sweetener derived from sucrose, is widely favored for such formulations due to its high sweetness potency (approximately 600 times that of sucrose), heat stability, safety, and minimal aftertaste (Magnuson et al., 2017; Aguayo-Guerrero et al., 2024).It is well-suited for dairy matrices and has shown good compatibility in flavored milk products.
Previous research has explored the incorporation of various fruit juices including carrot juice into milk to enhance nutritional and sensory attributes (Stephenson et al., 2021; Rezvani & Goli, 2024; Goli et al., 2025).However, studies focusing specifically on the integration of processed carrot juice with milk, especially in reduced-sugar systems, remain limited. Carrot juice possesses distinct biochemical and physicochemical characteristics such as carotenoid content, natural sugars, and phenolic compounds that interact uniquely with milk proteins and fat, potentially influencing pH stability, color intensity, flavor release, viscosity, and phase separation (Potter et al., 2011; Stephenson et al., 2021).
Milk fat plays a crucial role in determining the sensory quality, creaminess, mouthfeel, viscosity, and flavor perception of dairy beverages. Additionally, carotenoids are fat-soluble, and their stability, solubilization, and bioavailability depend significantly on the presence of fat in the matrix (Waldron et al., 2020).Therefore, optimizing fat content is essential when formulating vegetable–milk beverages to ensure product uniformity, sensory balance, and enhanced carotene dispersion.
Response Surface Methodology (RSM), particularly the Central Composite Rotatable Design (CCRD), is widely recognized for optimizing multi-factor food formulations by evaluating both individual and interaction effects of variables on product quality responses (Chaudhary et al., 2025).Its application is especially relevant for dairy beverages where multiple sensory and physicochemical factors must be balanced simultaneously.
Given these considerations, there is a clear need for targeted research utilizing RSM to optimize milk fat content (1.5–4.5%) and processed carrot juice level (10–30%) for developing a reduced-sugar, nutritionally enhanced milk drink with desirable sensory, physicochemical, and functional properties. Therefore, the present study was undertaken to systematically examine the interactive effects of milk fat and processed carrot juice levels on sensory acceptability, antioxidant potential, and product stability, and to develop an optimized formulation suitable for commercial-scale production.
2.0 MATERIALS AND METHODS 
2.1 Raw Materials
Fresh cow milk was procured from the Dairy Technology Department, College of Dairy Science, Kamdhenu University, Amreli. Milk was standardized to the desired fat levels for experimental treatments. Skim milk powder (SMP), food-grade sucrose, and high-intensity sweetener sucralose were used as dry ingredients. Three carrot varieties, Native Orange (Madhuvan), Native Red (Durga-4), and Hybrid Orange (Nantes), were sourced from the local market during their respective seasonal availability. All chemicals and analytical reagents used for compositional, biochemical, and microbiological analyses were of analytical grade.
2.2 Experimental Treatments
The experimental treatments in this study were designed to evaluate the combined influence of two key formulation factors, milk fat content and processed carrot juice level, on the quality of a reduced-sugar carrot milk drink. Milk fat (T1) was varied between 1.5 and 4.5%, while the proportion of processed carrot juice (T2) was adjusted from 10 to 30% (w/w of milk), allowing for a systematic examination of their individual and interactive effects. To ensure consistency across treatments, the milk solids-not-fat (MSNF) content was standardized at 9.5% in all formulations. Sweetening was achieved through the addition of 8% sucrose, of which 50% was replaced with sucralose to achieve reduced-sugar characteristics without compromising sweetness intensity. 
2.3 Selection and Characterization of Carrot Varieties
The selection and characterization of carrot varieties formed a crucial preliminary step in developing the optimized reduced-sugar carrot milk drink. Three locally available varieties, Native Orange (Madhuvan), Native Red (Durga-4), and Hybrid Orange (Nantes), were screened based on their physical attributes, seasonal availability, and compositional traits. Madhuvan carrots, typically 30–45 cm long with a brown exterior and orange core, are predominantly available during winter, while Durga-4 carrots, characterized by a 45–60 cm red root and uniformly red core, are available during both winter and summer seasons. The Hybrid Orange Nantes variety, shorter in length (20–30 cm) with a bright orange skin and core, remains accessible during summer and monsoon periods. 
2.4 Preparation of Processed Carrot Juice
The preparation of processed carrot juice followed a standardized protocol by Rezvani& Goli (2024)to ensure uniform quality and consistent functional properties across all experimental trials. Fresh carrots of the selected variety were thoroughly washed under potable running water to remove soil and surface impurities. The cleaned carrots were then blanched at 90°C for 10 min, a critical step for inactivating polyphenol oxidase enzymes, reducing initial microbial load, and stabilizing the natural color and carotenoid pigments. After blanching, the carrots were peeled and cut into small uniform pieces approximately 1–2 cm in size to facilitate efficient extraction. The cut pieces were mechanically crushed, and the juice was extracted using a juice extractor, ensuring maximum recovery of liquid and bioactive components. The extracted juice was subsequently filtered through a muslin cloth to remove coarse fibers and suspended solids, producing a smooth, uniform liquid suitable for blending with milk. To enhance microbial safety and maintain carotene stability, the juice was pasteurized at 70°C for 10 min. Immediately after pasteurization, the juice was cooled to 25°C to prevent heat-induced degradation and was stored under refrigeration at 4–7°C. All juice was utilized within 24 h of preparation to ensure freshness and nutritional integrity 
2.5 [bookmark: _Hlk215235321]Preparation of Carrot Juice–Based Reduced Sugar Milk Drink
The preparation of the carrot juice–based reduced sugar milk drink followed the standardized method outlined by Rezvani& Goli (2024) to ensure uniformity across all experimental trials. Fresh cow milk was first standardized to the required fat levels ranging from 1.5 to 4.5%, after which it was fore-warmed to 45–50°C to facilitate the dissolution of dry ingredients. Skim milk powder, sucrose, and sucralose were gradually incorporated into the warm milk under continuous stirring to achieve complete solubilization while maintaining consistent MSNF across formulations. The mixture was then strained to remove any undissolved particles, ensuring a smooth base for subsequent processing. Homogenization was conducted in two stages at pressures of 2000 psi and 500 psi, respectively, to improve emulsion stability, enhance texture, and prevent phase separation. Following homogenization, the blend was subjected to a heat treatment of 75 ± 1°C for 1 minute to achieve microbial safety without significant sensory deterioration. The heat-treated mixture was immediately cooled to 25°C, after which the processed carrot juice, adjusted between 10 and 30% depending on the treatment, was added along with carrot flavor to ensure uniform dispersion of carotenoid pigments and aroma compounds. The finished beverage was then filled into sterilized glass bottles under hygienic conditions and stored at approximately 7°C.
2.6 Experimental Design for Optimization
The optimization of milk fat content and processed carrot juice level for the development of the reduced-sugar carrot milk drink was carried out using a Central Composite Rotatable Design (CCRD) under the Response Surface Methodology (RSM) framework. This statistical approach was selected for its robustness in evaluating the individual and interactive effects of multiple formulation variables and for its ability to efficiently generate predictive models with minimal experimental runs. Two independent variables were considered in the experimental design: milk fat (Factor A), varied between the actual levels of 0.38% to 4.62%, and carrot juice level (Factor B), adjusted between 7.9% and 22.07% (w/w of milk), as specified in Table 1. The design comprised a total of 13 experimental runs, including four factorial points representing the high and low combinations of the two factors, four axial points that allowed the model to account for curvature in the response surface, and five center points that improved the precision of model estimation and provided an internal measure of variability. The complete design matrix, including coded and actual factor levels for each run, is presented in Table 2. All sensory and physicochemical responses generated through these experiments were analyzed using RSM to develop quadratic polynomial regression models, followed by three-dimensional surface response visualization and desirability-based optimization (Chaudhary et al., 2025). 
Table1Rangeofdifferentfactorsusedforoptimizationofformulation
	Factor
	LowerLevel
	Coded
	Values
	UpperLimit

	A:%Fatofmilk
	0.38
	1
	4
	4.62

	B:CarrotjuiceLevel(%w/wofmilk)
	7.9
	10
	20
	22.07


Table2Experimentsbasedoncentralcompositerotatabledesign
	Std
	Run
	Factor1
	Factor2

	
	
	A:MilkFat (%)
	B:CarrotJuice (%)

	1
	1
	1
	10

	2
	2
	4
	10

	10
	3
	2.5
	15

	12
	4
	2.5
	15

	4
	5
	4
	20

	3
	6
	1
	20

	13
	7
	2.5
	15

	9
	8
	2.5
	15

	11
	9
	2.5
	15

	5
	10
	0.37868
	15

	8
	11
	2.5
	22.0711

	6
	12
	4.62132
	15

	7
	13
	2.5
	7.92893


2.7 Sensory Evaluation
Sensory assessment of the formulated beverages was conducted using a 9-point hedonic scale to determine consumer-based acceptability across multiple attributes, including color and appearance, consistency, flavor, sweetness, and overall acceptability. A semi-trained panel of ten members participated in the evaluation under controlled laboratory conditions. Samples were coded with random three-digit numbers and served at 10°C to avoid bias and ensure consistent sensory perception. Panelists were instructed to cleanse their palate with water between samples(Rezvani & Goli, 2024). The sensory evaluation protocol followed the general guidelines recommended by the American Dairy Science Association (ADSA) for dairy-based beverages. 
3.0 RESULTS AND DISCUSSIONS
3.1 Preliminary Sensory Screening of Carrot Varieties for Carrot–Milk Drink Formulation
The preliminary sensory evaluation conducted using three carrot varieties, Native Orange (Madhuvan), Native Red (Durga-4), and Hybrid Orange (Nantes), provided critical insights into their suitability for developing a reduced-sugar carrot-based milk drink. Sensory scores for 16 formulation trials, each differing in carrot variety, milk fat level (1.7–3.0%), and carrot juice inclusion (15–30%), are presented in Table 3. The results revealed notable differences among varieties, indicating that carrot type plays a considerable role in determining the flavor, color, and overall acceptability of the final product.
When comparing varieties, the Hybrid Orange (Nantes) consistently demonstrated superior sensory performance. Its highest score of 7.82(3.0% fat, 30% juice) exceeded all other treatments across varieties. This suggests that Nantes carrots possess a more favorable flavor profile, greater sweetness, and better color intensity, attributes likely attributed to their higher natural carotene concentration and balanced flavor compounds(Ding & Liu, 2024). These findings are supported by compositional data showing that Nantes carrots contain substantially greater β-carotene levels than Madhuvan and Durga-4, thereby contributing to more appealing color and flavor attributes in milk-based beverages.
Among the Native Orange (Madhuvan) treatments, the highest score (7.32) was achieved at 1.7% fat and 20% juice (Trial 9), while lower juice levels (15%) generally yielded mid-range scores (6.28–6.58). The Madhuvan variety showed moderate sensory acceptability but did not exceed the performance of the other varieties. This may be due to its comparatively lighter color and milder flavor, resulting in less visual appeal and weaker flavor intensity when combined with milk.
The Native Red (Durga-4) variety performed better than Madhuvan, with its highest score of 7.77 observed at 3.0% fat and 30% juice. The deep red pigmentation of Durga-4 may have contributed to stronger color appeal, and the slightly higher sugar content may have supported better flavor and sweetness perception. However, despite these strengths, this variety did not surpass the performance of Nantes, indicating that its characteristic earthy-red flavor may have limited consumer acceptability at certain inclusion levels.
Across all varieties, a clear trend emerged showing that carrot juice concentration strongly influenced sensory acceptance. Higher juice levels (30%) tended to produce better scores than 15% or 20%, likely due to enhanced color intensity and a more pronounced carrot flavor, which paired well with milk at appropriate fat levels. Additionally, formulations containing 3.0% milk fat consistently achieved higher scores than those with 1.7% fat, suggesting that fat enhances mouthfeel, flavor delivery, and overall creaminess.
Despite the promising performance of the Native Red variety, the Hybrid Orange (Nantes) demonstrated the best overall balance of flavor, sweetness, color, and consistency across multiple fat and juice combinations. Its top score (7.82) was not only the highest among all varieties but also closely aligned with the sensory expectations for a flavored milk beverage. Moreover, even at lower juice levels (20%), Nantes maintained acceptable scores (6.83), highlighting its versatility and stability as a raw material.
Based on these results, the Hybrid Orange (Nantes) carrot variety was selected for further optimization using Response Surface Methodology (RSM). This decision was justified by its consistently high sensory performance and its superior compositional profile, particularly its elevated β-carotene content, which enhances both nutritional and visual quality in the final product. 
Thus, the preliminary trials confirmed that carrot variety greatly influences sensory acceptability, and the Hybrid Orange (Nantes) variety offers the most favorable attributes for developing an optimized reduced-sugar carrot milk drink.
Table 3 Sensory scores of preliminary carrot–milk drink formulations prepared using different carrot varieties, milk fat levels, and carrot juice concentrations to identify the most suitable carrot variety
	Sr.No.
	Carrotvariety
	%Fat ofmilk
	Additionof % carrotjuiceused
	Averagesensory
score

	1.
	M
	3.0
	15
	6.58

	2.
	D
	3.0
	15
	6.77

	3.
	M
	3.0
	20
	6.72

	4.
	D
	3.0
	20
	6.62

	5.
	M
	1.7
	15
	6.28

	6.
	D
	1.7
	15
	6.53

	7.
	M
	3.0
	30
	7.20

	8.
	D
	3.0
	30
	7.77

	9.
	M
	1.7
	20
	7.32

	10.
	D
	1.7
	20
	7.20

	11.
	N
	3.0
	30
	7.82

	12.
	N
	3.0
	20
	6.83

	13.
	N
	3.0
	15
	6.48

	14.
	N
	1.7
	30
	6.72

	15.
	N
	1.7
	20
	6.25

	16.
	N
	1.7
	15
	6.30


3.2 Comparative Chemical Analysis of Madhuvan, Durga-4, and Nantes Carrot Varieties for Their Suitability in Reduced-Sugar Carrot Milk Drink Development
The chemical composition of the three carrot varieties used in the preliminary stage, Madhuvan, Durga-4, and Nantes, revealed substantial varietal differences that have direct implications for their suitability in dairy-based beverage formulations. As shown in Table 4, the proximate composition and micronutrient profile varied markedly among the varieties, demonstrating the influence of genetic and morphological characteristics on their nutritional properties.
Fat content was relatively low across all varieties, as expected for carrots, ranging from 0.33% to 0.63%. Madhuvan exhibited the highest fat content (0.63 ± 0.02%), whereas Durga-4 and Nantes showed nearly identical and lower fat levels (0.33 ± 0.02–0.03%). Although the fat content of carrot itself contributes minimally to the final milk drink, slight differences may influence mouthfeel and carotene solubility, since carotenoids are fat-soluble compounds(Ding & Liu, 2024).
Protein content ranged between 0.86% and 0.97%, with Nantes demonstrating the highest concentration (0.97 ± 0.06%). This higher protein content could potentially enhance the nutritional density of the beverage, as plant-derived proteins contribute additional amino acids and functional properties(Ding & Liu, 2024). Ash content, representing total mineral residue, was highest in Madhuvan (0.75%) and lowest in Nantes (0.56%), suggesting different mineral accumulation capacities among varieties.
Crude fiber content was highest in Durga-4 (0.95 ± 0.03%) and slightly lower in Nantes (0.93 ± 0.02%) and Madhuvan (0.87 ± 0.01%). Higher fiber content may influence the texture and mouthfeel of the beverage, with excessive fiber potentially contributing to grittiness if not adequately filtered during juice extraction.
[bookmark: _GoBack]The mineral composition revealed distinct variations among the varieties. Potassium content ranged from 0.64–1.57%, with Nantes showing a markedly higher level, consistent with its sweet taste and known mineral richness. Calcium content was moderately high across all varieties, with the highest levels observed in Nantes (3618.75 ppm), followed by Durga-4 and Madhuvan. Iron content showed the most dramatic variation; Madhuvan exhibited exceptionally high levels (349.85 ppm), whereas Durga-4 and Nantes contained significantly lower concentrations. Phosphorus content was similar across varieties, with the highest value recorded for Nantes (0.18%). These mineral differences are nutritionally relevant, as potassium and calcium contribute to electrolyte balance and bone health, respectively, while iron is essential for hemoglobin synthesis(Ding & Liu, 2024).
One of the most critical differentiating parameters was carotene content, which directly affects both the nutritional value and the visual appeal of the carrot–milk beverage. Nantes exhibited the highest carotene concentration (176.19 ± 1.32 mg/100 g), significantly surpassing Durga-4 (101.40 ± 0.45 mg/100 g) and Madhuvan (50.75 ± 0.82 mg/100 g). The elevated carotene levels in Nantes not only enhance the color intensity of the beverage but also contribute to higher antioxidant potential and vitamin A activity(Ding & Liu, 2024).
Total soluble solids (TSS) followed a similar pattern, with Nantes containing the highest TSS (13.30 ± 0.24 °Brix), indicative of greater natural sweetness and soluble carbohydrate content. Madhuvan and Durga-4 displayed considerably lower TSS values (9.50–9.87 °Brix), which may result in a less sweet taste profile in the final beverage unless compensated by added sweeteners.
Juice yield was comparable across varieties but slightly higher in Nantes (53%), followed closely by Madhuvan (52%) and Durga-4 (51%). A higher juice yield is technologically advantageous, as it improves extraction efficiency and reduces raw material requirements for beverage production.
Table4Chemicalprofilesofdifferentcarrotvariety
	Sr.No.
	Parameters
	Madhuvan
	Durga-4
	Nantes

	1.
	%Fat
	0.63±0.02
	0.33±0.03
	0.33±0.02

	2.
	%Protein
	0.92±0.02
	0.86±0.04
	0.97±0.06

	3.
	%Ash
	0.75±0.00
	0.71±0.03
	0.560±0.01

	4.
	Crudefiber(%)
	0.87±0.01
	0.95±0.03
	0.93±0.02

	
5.
	
Minerals
	K(%)
	0.64
	0.73
	1.57

	
	
	Ca(ppm)
	3456.22
	3546.99
	3618.75

	
	
	Fe(ppm)
	349.85
	96.79
	65.87

	
	
	P(%)
	0.14
	0.13
	0.18

	6.
	Carotene(mg/100gm)
	50.75±0.82
	101.40±0.45
	176.19±1.32

	7.
	TSS(%Brix)
	9.87±0.20
	9.5±0.11
	13.3±0.24

	8.
	%Yieldofjuice
	52%
	51%
	53%


3.3 Sensory Performance of Carrot Milk Drink Formulations Under Central Composite Design
The sensory evaluation results obtained from the 13 formulations developed under the Central Composite Rotatable Design (CCRD) revealed significant variations in product acceptability as influenced by different combinations of milk fat and carrot juice levels. The scores for color and appearance, consistency, sweetness, flavor, and overall acceptability demonstrated clear trends that highlight the interactive effects of the two formulation variables.
Color and appearance scores ranged from 6.25 to 7.42, indicating that both milk fat and carrot juice concentration contributed noticeably to the visual quality of the beverage. The highest color score (7.42) was recorded at 1% fat and 20% carrot juice, suggesting that moderate fat combined with higher juice levels improved the intensity and uniformity of the characteristic orange hue. Conversely, the lowest score (6.25) was observed at 2.5% fat and 7.9% juice, demonstrating that insufficient carrot juice reduces visual appeal by yielding a lighter, less vibrant color.
Consistency scores varied between 6.50 and 8.00, with the maximum value recorded at 4% fat and 20% carrot juice. This result aligns with the established role of milk fat in enhancing body, creaminess, and viscosity in flavored milk beverages. Formulations with lower fat levels, particularly 0.4% and 1% fat, yielded comparatively lower consistency scores, indicating thinner mouthfeel and reduced textural richness. These findings support the understanding that milk fat contributes significantly to the perceived smoothness and stability of dairy-based drinks.
Sweetness scores ranged from 6.50 to 8.08, with the highest score observed at 4.6% milk fat and 15% juice. The elevated fat level likely improved sweetness perception by enhancing flavor retention and mouth-coating properties. In contrast, formulations containing low fat (Run 10: 0.4% fat) or low juice levels (Run 13: 7.9% juice) resulted in moderate sweetness scores, suggesting that balanced fat and juice levels are required to optimize the sweetness profile, especially in reduced-sugar formulations utilizing sucralose.
Flavor scores demonstrated notable variation, ranging from6.25 to 7.50 across the treatments. The highest flavor scores (7.50) were recorded at 4% fat with 20% juice and 2.5% fat with 22% juice . These results underscore that higher carrot juice content, combined with adequate milk fat, provides a more desirable flavor profile by enhancing carrot notes, creaminess, and overall aromatic balance. The lowest flavor score (6.25) was associated with 2.5% fat and only 7.9% juice, where insufficient carrot juice led to weaker flavor expression and reduced consumer appeal.
Overall acceptability scores followed a similar pattern to the individual sensory attributes, ranging from 6.50 to 7.75. The highest overall acceptability (7.75) was noted at 4% fat and 20% juice, indicating that this combination offered the most favorable balance of appearance, consistency, flavor, and sweetness. Formulations containing very low carrot juice or extremely low fat were less preferred, reinforcing the importance of both parameters in shaping consumer satisfaction. Importantly, treatments with moderate to high carrot juice levels (20–22%) consistently yielded higher sensory scores across attributes, highlighting the strong positive contribution of carrot juice to sensory quality.
The findings demonstrate that both milk fat and carrot juice levels significantly influence the sensory profile of the carrot milk drink. Higher juice concentrations enhance color and flavor intensity, while elevated milk fat improves texture, sweetness perception, and overall mouthfeel. The trends observed across these 13 formulations clearly indicate that the combination of approximately 4% milk fat and 20% carrot juiceprovides the most desirable sensory characteristics, a finding consistent with the optimized solution later derived through RSM.
Table 5 Sensory scores of carrot milk drink formulations developed under the Central Composite Rotatable Design (CCRD) using varying levels of milk fat and carrot juice
	Run
	Factor
1
	Factor2
	
Color andAppearance
	

Consistency
	

Sweetness
	

Flavor
	
Overallacceptability

	
	A:Milk
Fat
	B:Carrot
Juice
	
	
	
	
	

	
	%
	%
	
	
	
	
	

	1
	1
	10
	6.5
	7.08
	6.75
	6.58
	6.58

	2
	4
	10
	6.33
	6.75
	7.33
	6.75
	7.08

	3
	2.5
	15
	6.67
	7.08
	7.17
	6.5
	6.75

	4
	2.5
	15
	7
	6.58
	6.75
	6.58
	6.58

	5
	4
	20
	7.08
	8
	7.42
	7.5
	7.75

	6
	1
	20
	7.42
	7.17
	7.58
	7.33
	7.58

	7
	2.5
	15
	6.83
	6.5
	6.5
	7
	7.08

	8
	2.5
	15
	6.83
	7.08
	7.25
	6.67
	7

	9
	2.5
	15
	7.33
	7
	6.83
	6.92
	6.87

	10
	0.4
	15
	6.5
	6.5
	6.67
	6.5
	7.17

	11
	2.5
	22
	7.25
	7.5
	7.67
	7.5
	7.67

	12
	4.6
	15
	6.83
	7.67
	8.08
	7.17
	7.67

	13
	2.5
	7.9
	6.25
	7.17
	6.92
	6.25
	6.5


3.4 ANOVA Summary for Sensory Responses of Carrot Juice–Based Reduced Sugar Milk Drink
The Analysis of Variance (ANOVA) for the sensory attributes, color and appearance, consistency, sweetness, flavor, and overall acceptability, demonstrated that the experimental factors (milk fat and carrot juice level) significantly influenced the sensory quality of the carrot juice–based reduced-sugar milk drink. The statistical responses obtained through the Central Composite Rotatable Design (CCRD) revealed both linear and quadratic effects of the two formulation variables, with model significance levels confirming the adequacy of the fitted polynomial equations.
3.4.1 Color and Appearance
The ANOVA for color and appearance indicated a highly significant model (p = 0.0024), confirming that the independent variables adequately explained the variation in the visual attributes of the beverage. Carrot juice level had a strongly significant effect (p = 0.0007), whereas milk fat content showed no significant influence (p = 0.9471). This result aligns with the expected contribution of carrot juice, which provides carotenoid pigments that dominate the visual impression of the drink. The nonsignificant lack of fit (p = 0.6854) confirmed that the model was suitably fitted, suggesting that the relationship between carrot juice concentration and color intensity is reliably captured in the data.
3.4.2 Consistency
Consistency exhibited a significant model (p = 0.0400), with milk fat contributing significantly in the linear term (p = 0.0341). This result reflects the role of milk fat in improving body, viscosity, and mouthfeel, properties that influence the textural perception of dairy beverages. Although carrot juice alone did not significantly affect consistency (p = 0.0635), its quadratic term (B²) approached significance (p = 0.0546), suggesting nonlinear contributions at higher juice levels. The interaction between milk fat and carrot juice (AB) was nonsignificant, indicating that the two ingredients influenced texture independently. The lack of fit was nonsignificant (p = 0.4486), further validating the suitability of the model.
3.4.3 Sweetness
The sweetness model was significant (p = 0.0397), dominated by the significant linear effect of milk fat (p = 0.0423). This relationship may be attributed to the known flavor-enhancing role of fat, which improves sweetness perception by promoting better retention and release of sweet compounds in dairy matrices. Carrot juice level, however, had no significant linear effect on sweetness (p = 0.0853), consistent with the reduced-sugar nature of the product where sucralose and sucrose contribute most to sweetness. The nonsignificant lack of fit (p = 0.3212) indicates the model’s adequacy.
3.4.4 Flavor
Flavor exhibited one of the strongest responses among all attributes, with a highly significant model (p = 0.0006). Carrot juice level had a highly significant linear effect (p = 0.0003), reflecting the central role of carrot–milk flavor interactions in determining palatability. The contribution of milk fat approached significance (p = 0.0582), indicating a borderline enhancement of flavor richness, likely due to fat’s role in solubilizing fat-soluble flavor compounds. The nonsignificant lack of fit (p = 0.5498) supports the robustness of the model. The pronounced significance of carrot juice suggests that consumers were highly responsive to the intensity and natural sweetness of carrot flavor.
3.4.5 Overall Acceptability
Overall acceptability showed the most significant model among all sensory attributes (p = 0.0005), highlighting the combined impact of visual, textural, and flavor attributes on consumer perception. Both milk fat (p = 0.0144) and carrot juice (p = 0.0001) had significant linear effects, with carrot juice demonstrating especially strong influence. This result underscores the importance of achieving an optimal balance between carrot juice concentration (to enhance flavor and color) and milk fat level (to improve texture and sweetness perception). The quadratic effect of milk fat (A²) was also highly significant (p = 0.0017), suggesting diminishing returns at very high fat levels, while the quadratic effect of carrot juice was nonsignificant. The lack of fit was nonsignificant (p = 0.9998), confirming an excellent model fit.
Across all sensory attributes, carrot juice exhibited dominant effects on color, flavor, and overall acceptability, while milk fat significantly influenced consistency, sweetness, and overall acceptability. The significance of both linear and quadratic effects for certain responses indicates that the formulation requires careful balancing of both ingredients to achieve optimal sensory quality. The nonsignificant lack of fit across all models confirms that the developed polynomial equations accurately describe the experimental data, validating the use of RSM for optimization.
The strong influence of carrot juice on multiple sensory parameters is consistent with its role in contributing carotenoids, natural sugars, and flavor volatiles. Simultaneously, the contribution of milk fat reflects its function in enhancing creaminess, flavor release, and overall sensory satisfaction. These ANOVA outcomes justify the subsequent optimization that identified 4% milk fat and 20% carrot juice as the ideal formulation parameters, yielding the highest sensory desirability.
Table 6ANOVA Summary for Sensory Attributes of Carrot Juice–Based Reduced Sugar Milk Drink	Comment by Dagne Tarle Tarse: The ANOVA table is provided to support the assessment of the statistical significance between and within treatments based on confidence intervals. It serves as evidence of the variability and differences observed in the experimental data. This table can be included as an appendix to enhance the transparency and robustness of the manuscript.
	Sensory Attribute
	Source of Variation
	Sum of Squares
	df
	Mean Square
	F-Value
	p-Value
	Significance

	Color and Appearance
	Model
	1.189281
	2
	0.594641
	11.7437
	0.0024
	Highly significant

	
	A – Milk Fat
	0.000234
	1
	0.000234
	0.0046
	0.9471
	NS

	
	B – Carrot Juice
	1.189047
	1
	1.189047
	23.4827
	0.0007
	Highly significant

	
	Residual
	0.506350
	10
	0.050635
	–
	–
	–

	
	Lack of Fit
	0.253870
	6
	0.042312
	0.6703
	0.6854
	NS

	
	Pure Error
	0.252480
	4
	0.063120
	–
	–
	–

	Consistency
	Model
	1.836217
	5
	0.367243
	4.3656
	0.0400
	Significant

	
	A – Milk Fat
	0.580304
	1
	0.580304
	6.8983
	0.0341
	Significant

	
	B – Carrot Juice
	0.408016
	1
	0.408016
	4.8502
	0.0635
	NS

	
	AB
	0.336400
	1
	0.336400
	3.9989
	0.0857
	NS

	
	A²
	0.114868
	1
	0.114868
	1.3655
	0.2808
	NS

	
	B²
	0.447042
	1
	0.447042
	5.3142
	0.0546
	Significant 

	
	Residual
	0.588860
	7
	0.084123
	–
	–
	–

	
	Lack of Fit
	0.265180
	3
	0.088393
	1.0924
	0.4486
	NS

	
	Pure Error
	0.323680
	4
	0.080920
	–
	–
	–

	Sweetness
	Model
	1.218826
	2
	0.609413
	4.5303
	0.0397
	Significant

	
	A – Milk Fat
	0.728449
	1
	0.728449
	5.4152
	0.0423
	Significant

	
	B – Carrot Juice
	0.490377
	1
	0.490377
	3.6454
	0.0853
	NS

	
	Residual
	1.345205
	10
	0.134520
	–
	–
	–

	
	Lack of Fit
	0.962405
	6
	0.160401
	1.6761
	0.3212
	NS

	
	Pure Error
	0.382800
	4
	0.095700
	–
	–
	–

	Flavor
	Model
	1.542002
	2
	0.771001
	17.0078
	0.0006
	Highly significant

	
	A – Milk Fat
	0.207214
	1
	0.207214
	4.5710
	0.0582
	NS 

	
	B – Carrot Juice
	1.334788
	1
	1.334788
	29.4446
	0.0003
	Highly significant

	
	Residual
	0.453321
	10
	0.045332
	–
	–
	–

	
	Lack of Fit
	0.265401
	6
	0.044234
	0.9415
	0.5498
	NS

	
	Pure Error
	0.187920
	4
	0.046980
	–
	–
	–

	Overall Acceptability
	Model
	2.235798
	5
	0.447160
	19.7146
	0.0005
	Highly significant

	
	A – Milk Fat
	0.237053
	1
	0.237053
	10.4513
	0.0144
	Significant

	
	B – Carrot Juice
	1.381645
	1
	1.381645
	60.9146
	0.0001
	Highly significant

	
	AB
	0.027225
	1
	0.027225
	1.2003
	0.3095
	NS

	
	A²
	0.548317
	1
	0.548317
	24.1745
	0.0017
	Highly significant

	
	B²
	0.089221
	1
	0.089221
	3.9336
	0.0877
	NS

	
	Residual
	0.158772
	7
	0.022682
	–
	–
	–

	
	Lack of Fit
	0.000252
	3
	0.000084
	0.0021
	0.9998
	NS

	
	Pure Error
	0.158520
	4
	0.039630
	–
	–
	–


3.5 Determination of Optimization Goals and Final Formulation Selection	Comment by Dagne Tarle Tarse: Authors should consult the journal's guidelines regarding the formatting of subheadings, including numbering conventions, font size, line spacing, and margin specifications. Adherence to these formatting standards is essential to enhance the manuscript's professionalism, clarity, and overall presentation. Ensuring compliance with these requirements will maximize the manuscript's credibility and facilitate a precise and consistent review process.
Like 3.5. Determination of Optimization Goals and Final Formulation Selection rather than 3.5 Determination of Optimization Goals and Final Formulation Selection

The optimization of the reduced-sugar carrot juice–based milk drink was performed using a multi-response approach under the Response Surface Methodology framework. Constraints were defined for both formulation variables, milk fat (1–4%) and carrot juice level (10–20%), with goals set “in range” to allow the model to explore suitable combinations within practical and sensory-acceptable boundaries. Sensory attributes, including color and appearance, consistency, sweetness, flavor, and overall acceptability, were assigned a “maximize” goal to ensure enhancement of consumer-relevant quality parameters. The lower and upper limits for these responses were based on experimental observations obtained from the central composite rotatable design, with mean values representing the central tendency of each response.
The optimization process generated a single highly desirable solution that satisfied all imposed constraints with maximum composite desirability. The optimized formulation corresponded to 4% milk fat and 20% carrot juice, indicating that higher fat content contributed significantly to improved consistency, sweetness perception, and flavor delivery, while a 20% carrot juice level ensured sufficient carotenoid concentration, color intensity, and characteristic carrot flavor. The sensory indices at these optimized levels, color (7.21), consistency (8.02), sweetness (7.70), flavor (7.43), and overall acceptability (7.76), reflected a balanced and superior quality profile. This optimized combination thus represents the most suitable formulation for achieving a nutritionally enriched, visually appealing, and organoleptically acceptable reduced-sugar carrot milk beverage.
Table 7 Optimization Constraints and Final Solution for Carrot Juice–Based Milk Drink Formulation	Comment by Dagne Tarle Tarse: The authors should provide a more comprehensive explanation and justification for the data presented in the table. For example, the title of Table 7, "Optimization Constraints and Final Solution for Carrot Juice–Based Milk Drink Formulation," does not accurately reflect the data, which primarily consists of parameters, their lower and upper limits, and mean values. The table lacks clarity regarding the decision-making process or the determination of the final formulation, as it does not explicitly identify the optimized solution or how the data leads to a conclusive formulation.
	Constraint / Parameter
	Goal
	Lower Limit
	Upper Limit
	Mean Value/Optimized Level

	A: Milk Fat (%)
	In range
	1
	4
	4

	B: Carrot Juice (%)
	In range
	10
	20
	20

	Color and Appearance
	Maximize
	6.25
	7.42
	7.21

	Consistency
	Maximize
	6.50
	8.00
	8.02

	Sweetness
	Maximize
	6.50
	8.08
	7.70

	Flavor
	Maximize
	6.25
	7.50
	7.43

	Overall Acceptability
	Maximize
	6.50
	7.75
	7.76


CONCLUSION
The study successfully demonstrated that both milk fat and processed carrot juice play critical roles in determining the sensory and functional quality of reduced-sugar carrot milk drinks. Among the three carrot varieties evaluated, the Hybrid Orange (Nantes) variety exhibited the superior chemical profile, highest β-carotene, TSS, and desirable mineral composition, which translated into superior sensory acceptance.RSM-based optimization revealed that carrot juice strongly enhanced color, flavor, and overall acceptability, while milk fat contributed significantly to consistency, sweetness perception, and richness. The optimized formulation (4% milk fat and 20% carrot juice) provided the most balanced and acceptable sensory profile, combining vibrant color, pleasant flavor, adequate sweetness, and creamy mouthfeel. This optimized beverage stands as a viable functional dairy product with enhanced antioxidant potential, superior carotene content, and reduced sugar, making it suitable for health-conscious consumers and commercial applications.	Comment by Dagne Tarle Tarse: Although the manuscript presents a novel concept for product development, the conclusion is insufficiently developed and lacks depth in elaborating the underlying ideas. The authors need to more convincingly demonstrate that the hypotheses and objectives have been thoroughly addressed and achieved. Strengthening this section will provide more robust scientific inferences and enhance the overall impact of the research.
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