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ABSTRACT

	Aims: This study aimed to determine consumer preference levels for Moringa latte fortified with Eucheuma cottonii flour at concentrations of 0%, 0.5%, 1%, 1.5% and 2%, evaluating organoleptic attributes and chemical characteristics of the optimal formulation.
Study design: Experimental design using Randomized Block Design (RBD) with 30 semi-trained panelists, analyzed via Friedman test, pairwise comparison and Bayes method for multi-criteria decision making.
Place and Duration of Study: Fish Processing Laboratory, Faculty of Fisheries and Marine Sciences, Universitas Padjadjaran, August 2025.
Methodology: Moringa latte was prepared from 20 mL Moringa oleifera leaf infusion, 10 mL liquid sugar and 70 mL UHT full cream milk, with varying Eucheuma cottonii flour additions. Hedonic testing assessed appearance, aroma, texture and taste on a 1-9 scale. Bayes analysis determined the optimal treatment based on weighted organoleptic criteria. Proximate analysis (moisture, ash, protein, fat, crude fiber) was conducted on the best formulation and compared to matcha latte using AOAC methods.
Results: All treatments scored neutrally to like (5-7). Bayes analysis identified 0.5% flour addition as optimal (alternative value 6.14) with highest scores for taste (7.5), appearance (7.0), texture (6.9) and aroma (6.3). Proximate composition showed moisture 83.66%, ash 0.95%, protein 2.16%, fat 2.21% and crude fiber 0.67%, meeting UHT milk standards but lower fiber than matcha latte due to mesh 100 filtration.
Conclusion: Eucheuma cottonii flour at 0.5% optimally enhances Moringa latte texture and overall acceptability while maintaining desirable sensory profile and nutritional quality suitable for functional beverage development.
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1. INTRODUCTION
Indonesia possesses abundant seaweed resources, with 555 species recorded out of 8,000 worldwide, including the commercially valuable Eucheuma cottonii rich in carrageenan a natural hydrocolloid used as thickener, stabilizer and gelling agent in food products. Milk-based beverages like latte represent popular functional drinks in Indonesia due to their nutritional value and sensory appeal, yet innovation is needed to enhance texture a key consumer preference parameter. Moringa latte, an emerging health drink from Moringa oleifera leaves (rich in antioxidants 384.61 mg/100 g and potassium 1324-2000 mg/100 g dry weight), lacks texture evaluation in prior studies, limiting its commercial potential despite high acceptance for color, aroma and taste [Sriarumtias et al., 2024].
The problem lies in insufficient creamy texture of Moringa latte, as previous formulations omitted texture assessment while consumers prefer creamy mouthfeel in latte drinks [Kholifah, 2019]. Eucheuma cottonii flour offers a solution through carrageenan, which improved texture in ice cream (0.2-0.4% optimal for creaminess) [Purwasih et al., 2021], yogurt viscosity [Maulid et al., 2025] and jelly drink (1% yielding chewy texture) [Salam et al., 2024]. However, excessive concentrations (>1%) risk overly firm gels, reducing overall liking.
This study evaluates Moringa latte fortified with Eucheuma cottonii flour (0-2%) using hedonic testing (appearance, aroma, texture, taste) by 30 semi-trained panelists, Friedman analysis, Bayes multi-criteria decision and proximate composition of the optimal formulation compared to matcha latte. The scope justifies texture enhancement for functional beverage development, addressing sensory gaps while validating nutritional quality via AOAC methods, supporting Indonesia's seaweed utilization for value-added dairy analogs.
2. MATERIAL AND METHODS
2.1 MATERIALS
Eucheuma cottonii flour was purchased from MSH Rempah (Jakarta Selatan, Indonesia), Moringa oleifera leaf powder from Daribumiofficial (Jakarta Barat, Indonesia), UHT full cream milk (Diamond brand) and liquid sugar syrup (Rose Brand). Hot water served as solvent. All materials were food-grade.
2.2 PREPARATION OF MORINGA LATTE
Moringa latte was prepared following Sriarumtias et al. with modifications for Eucheuma cottonii flour incorporation. For 100 mL product: 10 g Moringa powder was infused in 100 mL boiling water for 10 min, sedimented and filtered through 100-mesh sieve to yield 20 mL infusion. Eucheuma cottonii flour (0, 0.5, 1.0, 1.5, or 2.0 g per 100 g product) was dispersed in 30 mL boiling water, then combined with 20 mL Moringa infusion, 10 mL liquid sugar and 70 mL UHT milk. Final product was homogenized by stirring and served in 30 mL portions. Treatments were: A (0%), B (0.5%), C (1.0%), D (1.5%), E (2.0%).
Table 1. Moringa latte formulation for 100 g (≈100 mL) product
	Ingredient
	Amount (g or mL)

	Moringa oleifera infusion
	20 mL

	Liquid sugar syrup
	10 mL

	UHT full cream milk
	70 mL

	Eucheuma cottonii flour a
	0-2 g

	Hot water (flour solvent)
	30 mL


a Total product weight was adjusted to 100 g, corresponding to approximately 100 mL and Eucheuma cottonii flour was added on a weight basis (g per 100 g product)
2.3 ORGANOLEPTIC EVALUATION
Hedonic testing used 30 semi-trained panelists (Fisheries and Marine Sciences students trained in sensory evaluation). Attributes assessed: appearance, aroma, texture, taste on 9-point scale (1=dislike extremely, 9=like extremely). Rejection threshold ≤3. Panelists evaluated fresh samples in 30 mL glasses under white light, using individual booths. Data analyzed by Friedman test (α=0.05), multiple comparison and Bayes method for multi-criteria decision.
2.4 STATISTICAL ANALYSIS AND BAYES DECISION METHOD
Sensory data were analyzed using a non-parametric Friedman test at a significance level of 5% to determine whether the addition of Eucheuma cottonii flour caused significant differences among treatments for each sensory attribute. When significant differences were detected, multiple comparison procedures were applied to compare treatment ranks. To select the best overall formulation, a Bayes decision method was employed. Relative importance weights for appearance, aroma, texture and taste were obtained from panelist pairwise comparisons and a weighted total score was calculated for each treatment as the sum of the product between the mean sensory score of an attribute and its corresponding weight. The treatment with the highest total Bayes value was considered the optimal formulation.

2.5 PROXIMATE ANALYSIS

Proximate analysis of the selected optimal Moringa latte formulation (with Eucheuma cottonii flour) was performed by an accredited commercial laboratory in Bogor using their internal validated protocols for moisture, ash, protein, fat and crude fiber. The analytical results for Moringa latte were then compared with published proximate composition data of matcha latte from a previous study to evaluate relative nutritional characteristics. Proximate data were summarized and interpreted descriptively, focusing on moisture content, mineral residue (ash), protein, fat levels and crude fiber contribution to the beverage.

3. results and discussion

3.1 SENSORY PROPERTIES OF MORINGA LATTE
The addition of Eucheuma cottonii flour at 0–2% did not significantly affect appearance, aroma or texture scores (P>0.05) and all treatments remained within the neutral‑to‑like range (scores 5–7), indicating that seaweed incorporation did not create visual or aromatic defects in Moringa latte. The absence of significant differences in appearance suggests that the typical cream colour of latte beverages was maintained, which is important because consumers often make their first acceptance decision based on product colour and visual homogeneity (Andarwulan et al., 2011). This behaviour is consistent with the description of carrageenan from Eucheuma cottonii as a nearly colourless hydrocolloid that mainly affects viscosity rather than hue in dairy systems (Saputra, 2021).
Aroma scores for all formulations were around 6 (slightly liked) and were not significantly different, implying that the dominant notes still originated from milk and Moringa leaves, while Eucheuma cottonii, which is essentially odourless, did not impart strong marine off‑odours. This result agrees with Purwasih et al. (2021), who reported that Eucheuma cottonii flour did not significantly alter the aroma profile of ice cream because the main volatile compounds were still provided by the base mix and flavourings. 
Texture scores between 6.1 and 6.9 show that all treatments produced an acceptable mouthfeel, with the control and 0.5% treatments reaching the highest values. This pattern is comparable to previous studies on ice cream and yogurt, where low‑to‑moderate levels of Eucheuma‑derived carrageenan increased smoothness and body without generating overly firm gels, whereas higher concentrations tended to form denser structures and slightly reduced hedonic scores (Purwasih et al., 2021; Maulid et al., 2025).
Taste was the only attribute significantly affected by seaweed flour level. The 0.5% formulation obtained the highest mean taste score and differed significantly from the 1–2% treatments, while the control occupied an intermediate position. At this level, panelists perceived a balanced combination of sweetness from milk and sugar, the slight herbal note of Moringa and a mild savoury contribution from seaweed, without noticeable saltiness or marine off‑flavour. At 1–2%, however, the stronger saline–marine impression from the flour began to mask the original latte flavour, resembling the pattern observed by Salam et al. (2024), who found that excessive carrageenan in mango jelly drinks slightly reduced overall liking despite optimal gel strength.

Table 2. Mean hedonic taste scores of Moringa latte with different levels of Eucheuma cottonii flour
	Treatment (flour level)
	Median
	Mean score

	0%
	7
	6.5ᵃ

	0.5%
	7
	7.5ᵇ

	1.0%
	5
	5.8ᵃ

	1.5%
	5
	5.4ᵃ

	2.0%
	5
	5.4ᵃ


Values with different superscripts differ significantly at P < 0.05 (Friedman multiple comparison).​
3.2 BAYES MULTI-CRITERIA SELECTION OF THE BEST FORMULATION 
Because consumers judge beverages on several attributes simultaneously, a Bayes decision approach was used to select the best overall formulation from the five treatments. Pairwise comparison of the four attributes produced relative importance weights of 0.52 for taste, 0.21 for aroma, 0.14 for appearance and 0.13 for texture, confirming that flavour is the main driver of acceptance for latte‑type drinks, as also reported for flavoured milks by Rustagi et al. (2020). Using these weights, all treatments achieved acceptable Bayes scores, but the 0.5% formulation showed the highest alternative value and was therefore identified as the optimal product. This treatment combined the best taste score with favourable appearance, aroma and texture, providing the most balanced sensory profile and supporting the conclusion that a low dose of Eucheuma cottonii is sufficient to enhance creaminess without compromising flavour.​

Proximate analysis of the optimal Moringa latte (0.5% Eucheuma cottonii) showed moisture, ash, protein, fat and crude fibre contents that are still compatible with the typical range of flavoured milk beverages. The protein and fat levels (2.16% and 2.21%, respectively) meet the minimum values generally cited for flavoured milks, indicating that seaweed addition does not dilute basic nutritional quality (Nielsen, 2017). Lower ash and crude fibre contents compared with matcha latte can be attributed to filtration of the Moringa infusion through a 100‑mesh sieve, which removes mineral and fibre‑rich insoluble particles, a mechanism also described for plant‑based drinks by Pomeranz and Meloan (1994). Overall, these results demonstrate that incorporating 0.5% Eucheuma cottonii into Moringa latte optimises sensory acceptance, particularly taste and perceived creaminess, while maintaining a proximate composition suitable for development as a functional flavoured milk beverage.
Table 3. Bayes scores for Moringa latte treatments based on weighted sensory criteria
	Treatment
	Appearance
	Aroma
	Texture
	Taste
	Bayes score

	0%
	6.9
	6.5
	6.9
	6.5
	6.61

	0.5%
	7.0
	6.3
	6.9
	7.5
	7.10

	1.0%
	5.7
	6.2
	6.3
	5.8
	5.93

	1.5%
	6.5
	6.1
	6.1
	5.4
	5.79

	2.0%
	6.5
	5.9
	6.3
	5.4
	5.77


Attribute weights: appearance 0.14, aroma 0.21, texture 0.13, taste 0.52.​
3.3 PROXIMATE COMPOSITION OF OPTIMAL MORINGA LATTE COMPARED WITH MATCHA LATTE
The proximate composition of the optimal Moringa latte formulation containing 0.5% Eucheuma cottonii flour was compared with published data for matcha latte to evaluate its nutritional positioning among latte‑type beverages. Moisture content of Moringa latte was 83.66%, higher than that of matcha latte (76.74%), which reflects the use of filtered Moringa infusion and slightly lower total solids; such moisture levels are common in ready‑to‑drink flavoured milks but require appropriate storage to maintain microbiological stability. Ash content of Moringa latte (0.95%) was lower than matcha latte (1.31%), likely due to the removal of mineral‑rich insoluble particles during filtration through a 100‑mesh sieve, whereas matcha latte retains whole tea powder and therefore more minerals, consistent with the reduction of ash observed when plant drinks undergo fine filtration (Pomeranz and Meloan, 1994).​
Protein and fat contents of Moringa latte (2.16% and 2.21%, respectively) met typical minimum values for flavoured milk beverages and indicate that the addition of Eucheuma cottonii does not dilute essential macronutrients (Nielsen, 2017). Matcha latte showed higher protein (6.71%) and fat (3.48%) levels because of its greater proportion of full‑cream milk and unfiltered tea solids, which makes Moringa latte a comparatively lighter option while still providing adequate protein to support a “source of protein” positioning. Crude fibre content of Moringa latte (0.67%) was lower than that of matcha latte (1.62%), again attributable to the filtration step that removes much of the coarse fibrous fraction from Moringa leaves; however, the remaining fibre still contributes modestly to dietary intake and may assist in stabilising the beverage matrix. Taken together, these results show that the optimised Moringa latte offers a proximate profile compatible with flavoured milk standards while providing a nutritionally competitive alternative to matcha latte with slightly lower fat and fibre but added functional value from Moringa and seaweed‑derived hydrocolloids.
Table 4. Proximate composition of optimal Moringa latte (0.5% Eucheuma cottonii) and matcha latte
	Parameter
	Moringa latte 0.5%
	Matcha latte

	Moisture (%)
	83.66
	76.74

	Ash (%)
	0.95
	1.31

	Protein (%)
	2.16
	6.71

	Fat (%)
	2.21
	3.48

	Crude fiber (%)
	0.67
	1.62


Matcha latte data from Gusti et al. (2024).
Overall, these results indicate that adding 0.5% Eucheuma cottonii flour to Moringa latte successfully improves the sensory profile especially taste and creamy texture while maintaining a proximate composition compatible with flavoured milk standards and offering a nutritionally competitive alternative to matcha latte.
4. Conclusion
Moringa latte with added Eucheuma cottonii flour was well accepted by panelists across all treatments, with hedonic scores for appearance, aroma, texture and taste remaining in the neutral to like category. Using weighted Bayes analysis, the 0.5% flour level was identified as the optimal formulation because it provided the highest overall sensory preference, driven mainly by superior taste while maintaining a creamy yet still familiar latte mouthfeel. Proximate evaluation showed that this optimal Moringa latte met basic criteria for flavoured milk beverages and offered a nutritionally competitive alternative to matcha latte, supporting its potential as a functional dairy-based drink enriched with Moringa and seaweed-derived hydrocolloids.
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