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Abstract
This study evaluated the sensory properties, microbiological safety, and antioxidant capacity of three formulated instant botanical premix drink from roselle, kale and beetroot (F1, F2, and F3). Sensory analysis revealed significant differences among formulations, with F3 achieving the highest ratings for color, aroma, viscosity, and overall acceptance. Microbiological assessment showed that all formulations complied with international food safety standards, with total plate counts ranging from 3.3 × 10² to 4.1 × 10² cfu/g, and yeast, mould, coliforms, Escherichia coli, and Staphylococcus aureus remaining below detection limits. Antioxidant analyses indicated that F1 exhibited the strongest DPPH radical scavenging (73.62%) whereas F3 demonstrated the highest ferric reducing antioxidant power (563.16 mg FeSO₄ Eq/100 g) and total phenolic content (587.67 mg GAE/100 g). Collectively, these findings highlight F3 as the most promising formulation due to its superior sensory acceptability, microbial safety, and phenolic-linked antioxidant potential. 

Introduction
In recent years, consumer interest in functional beverages has grown significantly due to the increasing awareness of the relationship between diet and health. Instant botanical premix drinks sit at the intersection of the booming functional‐beverage market and consumer demand for convenient delivery of plant bioactive; powder formats can preserve dose potency and enable blends of fruits, vegetables, and herbs that deliver polyphenols, pigments, minerals, and fibers with good sensory acceptance after reconstitution (Bochnak et al., 2022). They have received considerable attention for their potential health-promoting properties, including antioxidant, anti-inflammatory, and cardioprotective effects. Instant premix drinks, in particular, offer the advantage of convenience, extended shelf life, and ease of preparation, making them a suitable format for delivering these bioactive components to consumers.
The roselle plant (Hibiscus sabdariffa L.) is highly valued for its fleshy calyces, which are commonly used to prepare beverages with a distinct blackcurrant-like flavour. Beyond drinks, roselle has found wide applications as a natural food colouring agent and in the preparation of sauces, jams, syrups, jellies, preservatives, and ice cream (Chumsri, Sirichote & Itharat, 2008). Nutritionally, roselle is a rich source of phytochemicals, including anthocyanins, organic acids, pectin, polyphenols, and phytosterols, all of which contribute to its notable antioxidant properties (Wu, Yang & Chiang, 2018).
Kale (Brassica oleracea var. sabellica), a leafy green vegetable belonging to the Brassicaceae family, is widely recognized as a “superfood” due to its high nutritional value. It is a rich source of dietary fiber, vitamins (particularly vitamins A, C, K, and several B vitamins), and minerals such as calcium, potassium, magnesium, and iron. Kale also contains phytochemicals such as glucosinolates, carotenoids, and flavonoids, which possess antioxidant and anti-inflammatory properties. The presence of these compounds makes kale beneficial in reducing the risk of chronic diseases, while its distinctive taste and dark green pigment add functional and sensory value to food products (Kassim et al, 2023).
Beetroot (Beta vulgaris) is recognized as a potential source of dietary fiber, vitamins, and minerals that contribute significantly to human nutrition. Beetroot not only provides macronutrients such as carbohydrates, proteins, and fats that are essential for maintaining good health, but it is also rich in multiple biologically active phytochemicals, including betalains (Sigh and Hathan, 2014), flavonoids, polyphenols, saponins, and inorganic nitrate (NO₃). In addition, beetroot serves as an excellent source of essential minerals such as potassium, sodium, phosphorus, calcium, magnesium, copper, iron, zinc, and manganese. Owing to its nutritional and functional properties, beetroot is widely consumed in various forms across different food cultures, including supplemental juice, powder, bread, gel, boiled, oven-dried, pickled, pureed, and jam-processed products (Mirmiran et al., 2020).
The combination of roselle, kale, and beetroot in a single beverage formulation has the potential to provide a synergistic blend of antioxidants, essential micronutrients, and appealing sensory attributes. However, developing an optimal formulation requires careful consideration of ingredient proportions to achieve a balance between nutritional value, sensory acceptability, and physicochemical stability. Therefore, this study aims to formulate and evaluate the quality characteristics of an instant botanical premix drink derived from roselle, kale, and beetroot. The evaluation includes sensory analysis, physicochemical measurements, and antioxidant activity assessment, with the goal of developing a product that meets consumer expectations while retaining its functional properties.

Materials and Methods
Preparation and Formulation of Instant Botanical Premix Drink

The preparation of the instant botanical premix drink was carried out by blending the selected dry powdered ingredients according to the formulations described in Table 1. The blends were homogenized using a ribbon mixer for 10 minutes to ensure uniform distribution of all components. After mixing, each sample was weighed into 18 g portions and packed in aluminium-laminated foil sachets, which served as individual servings. The packaged samples were stored in a cool and dry place until further analysis. 

	Samples
	Roselle powder (%)
	Beetroot powder (%)
	Kale powder (%)

	F1
	10
	0
	10

	F2
	20
	0
	10

	F3
	20
	10
	10


Table 1: Formulations of instant botanical drink


Antioxidant Assays
Determination of total phenolic content (TPC) 
Total phenolic content of the plant extracts was determined using Folin–Ciocalteu reagent (Dewanto et al, 2022). An aliquot (150 μL) of 100 μg/mL sample was added to 0.5 mL of distilled water and 125 μL of the Folin–Ciocalteu reagent. The mixture was then shaken and allowed to stand for 6 minutes, prior to adding 1.25 mL of Na2CO3 (7%). The solution was then adjusted with distilled water to reach a final volume of 3 mL and mixed thoroughly, and then held in darkness for 90 minutes at ambient temperature. After incubation, the absorbance at 760 nm was recorded. Total phenolic content of diluted samples was calculated as mg of gallic acid equivalents/g dry weight (mg GAE/g DW), using a gallic acid calibration curve (range, 0–400 μg/mL)
Determination of DPPH free radical scavenging activity 
The hydrogen atom or electron donation ability of the corresponding extracts and some pure compounds was measured from the bleaching of purple-colored methanol solution of DPPH. This spectrophotometric assay uses stable radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) as a reagent, according to a slightly modified method of Norra et al (2017). To determine the scavenging activity, 100 μl of the extracts was added to 200 μl of a 0.007% methanol solution of DPPH in a 96-well microplate. After a 40 min incubation period at room temperature, the absorbance was read against a blank at 517 nm using a microplate reader. The percentage of inhibition of free radical DPPH by the extracts was calculated as follows: 
Inhibition (%) = (A blank – A sample / A blank) x 100 
Where A blank is the absorbance of the control reaction (containing all reagents except the test compound), and A sample is the absorbance of the test compound.

Determination of ferric-reducing antioxidant power (FRAP) 
The FRAP assay, developed by Benzie and Strain (1196) as a direct method for measuring the total antioxidant power of liquids, was adopted in this study. At low pH, reduction of a ferric 2,4,6-tripyridyl-s-triazine [Fe (III)-TPTZ] complex to the ferrous 2,4,6-tripyridyl-s-triazine [Fe (II)-TPTZ] complex, which has an intense blue color, can be monitored by measuring the change in absorption at 593 nm. The working FRAP reagent was prepared by mixing 10 volumes of 300 mmol/L acetate buffer, pH 3.6, with 1 volume of 10 mmol/L TPTZ in 40 mmol/L HCl and 1 volume of 20 mmol/L FeCl3. A proper amount of sample (20) µl was mixed with 1.5 ml of freshly prepared FRAP reagent and incubated at 25°C for 10 min then reading was taken at 593 nm. Aqueous solutions of FeSO4·7H2O (100–1000 µM) were used for the calibration and the results were expressed as FRAP value mg FESO4 Eq/100 g of the samples.






Sensory Evaluation
A panel of 40 semi-trained participants evaluated the botanical drink for color, aroma, taste, mouthfeel, and overall acceptability using a 9-point hedonic scale. An acceptance test was carried out on the sensory evaluation of isotonic drink in the matter of color, aroma, texture, taste and overall acceptance. Forty semi-trained panelists were invited to participate in this evaluation. The panelists' ages ranged from 21 to 58, possess good health and non-smokers. The evaluation was conducted at the Food Sensory Laboratory, Food Science and Technology Research Center in MARDI under ambient temperature and fluorescent light. Tissue and plain water were given to all the panelists on a tray. Then, each of the samples was served to them in plastic cups with 3-digit random numbers labeled to them. Panelists were required to rinse their mouths after each sample evaluation before the next sample. Panelists then would have to answer a sensory evaluation form which had a 7-point hedonic scale anchored by: 1 = ‘Strongly disliked’; 2 = ‘Moderately disliked’; 3 = ‘Slightly disliked’; 4 = ‘Indifferent’; 5 = ‘Slightly liked’; 6 = ’Moderately liked’, and 7 = ‘Strongly liked’ (Granato et al., 2010). Samples with the mean scores of more than 5.0 for overall acceptability were considered acceptable.

Microbiology Analysis 
[bookmark: _heading=h.1fob9te]Microbiological analysis for instant botanical drink was conducted using total plate count (TPC), yeast and mold counts, and tests for coliforms and Escherichia coli, according to the method of AOAC. 10 ml samples were taken aseptically from the packaging bottle into a sterile stomacher bag, mixed with 90 mL Peptone solution (Oxoid, UK) and homogenized for 1 min in a stomacher (Stomacher, Seward 400, UK). Next, a serial dilution of 101 to 105 was carried out using peptone solution prior to plating. For total plate count (TPC) analysis, the pour plate method was performed using the following media and culture conditions: plate count agar (PCA) (Oxoid, UK) incubated at 35 °C for 48 ± 2 h. For yeast and mould counts and Staphylococcus aureus analysis, the spread plate method was performed using the following media and culture conditions: potato dextrose agar (PDA) (Oxoid, UK) with the addition of 10% tartaric acid incubated at 32 °C for 48 ± 2 h and baird parker agar (BPA) (Oxoid, UK) with the addition of egg yolk tellurite emulsion incubated at 37 °C for 48 ± 2 h, respectively. 

For Coliforms and Escherichia coli, all counts were performed using 3M Petrifilm (3M, USA) incubated at 37 °C for 48 ± 2 h. After incubation, colonies were enumerated and results reported as colony form unit (CFU)/g of sample. For Salmonella analysis, about 25 g of samples was placed in a sterile plastic bag containing 225 mL of sterile buffered peptone water (BPW) (Merck, Germany) as the diluent and shaken for 2 min. The diluent was then incubated at 37 °C for 24 ± 2 h for pre-enrichment. An amount of 1 mL and 0.1 mL of the pre-enriched samples were transferred into 9 mL of selenite cystine enrichment (SC) broth (Merck, Germany) and 9.9 mL of Rappaport-Vassiliadis (RV) (Merck, Germany), and were incubated at 37 °C and 42 °C, respectively for 24 ± 2 h. After enrichment, one loop of RV and SC broth cultures were streaked on xylose lysine deoxycholate agar (XLD) (Merck, Germany), xylose lysine tergitol-4 agar (XLT-4) (Oxoid, UK) and rambach agar (RB) (Merck, Germany) then incubated at 37 °C for 24 to 48 h ± 2 h. Isolated colonies that showed typical reactions (XLD and XLT-4; dark red colonies with black centre, RB; bright red colonies) according to manufacturer’s instruction were considered as presumptive Salmonella.



Statistical Analysis
Data were analyzed using Analysis of Variance (ANOVA) with significance set at p < 0.05. All experiments were conducted in triplicate, and results are presented as mean ± standard deviation.

Results and Discussion
Antioxidant Activity
The antioxidant capacity of the methanolic extracts of the three formulations (F1–F3) were evaluated using DPPH radical scavenging activity, and ferric reducing antioxidant power (FRAP) assays, while the total phenolic content (TPC) was determined using the Folin–Ciocalteu method (Table 2).
	Sample (MeOH extract)
	Antioxidant Capacity
	Total Phenolic Content

	
	DPPH (% absorption)
	FRAP (mg FESO4 Eq/100 g)
	TPC (mg GA Eq/100 g)

	F1
	73.62±0.70 a
	280.80±10.01 c
	321.53±18.94 c

	F2
	65.61±2.11 b
	367.81±16.85 b
	398.25±31.86 b

	F3
	55.45±2.71 c
	563.16±21.33 a
	587.67±17.11 a


Table 2: Antioxidant capacity and total phenolic content of instant botanical drink
The antioxidant properties of the methanolic extracts from the three formulations were assessed using multiple assays, including DPPH radical scavenging activity, ferric reducing antioxidant power (FRAP), and total phenolic content (TPC). The results revealed significant differences (p < 0.05) among formulations, suggesting that ingredient composition influenced their antioxidant potential. In terms of DPPH radical scavenging activity, F1 exhibited the highest percentage inhibition (73.62 ± 0.70%), followed by F2 (65.61 ± 2.11%) and F3 (55.45 ± 2.71%). The higher activity of F1 may be attributed to its relatively higher proportion of hydrophilic antioxidant compounds that efficiently donate hydrogen atoms to neutralize free radicals. DPPH is widely used as a primary screening method for antioxidant activity, and stronger scavenging indicates higher free radical neutralizing potential (Brand-Williams et al., 1995).
The FRAP assay, which measures the reducing power of antioxidants, showed an opposite trend. F3 demonstrated the strongest ferric reducing capacity (563.16 ± 21.33 mg FeSO₄ Eq/100 g), followed by F2 (367.81 ± 16.85) and F1 (280.80 ± 10.01). This indicates that F3 contained a higher concentration of compounds capable of electron donation, thereby enhancing its reducing capacity. The strong correlation between phenolic compounds and FRAP values has been reported previously, as polyphenols are effective electron donors (Benzie & Strain, 1996). Song et al. (2010), in their study on 56 Chinese medicinal plants, reported that total phenolic content (TPC) showed a strong positive correlation with ferric reducing antioxidant power (FRAP) values, indicating that phenolic compounds play a major role in determining antioxidant capacity due to their effective electron-donating ability (Song, Gan & Zhang, 2010).The total phenolic content (TPC) analysis confirmed that F3 possessed the highest phenolic concentration (587.67 ± 17.11 mg GAE/100 g), followed by F2 (398.25 ± 31.86) and F1 (321.53 ± 18.94). Phenolic compounds are known to contribute significantly to antioxidant activity due to their hydroxyl groups, which act as hydrogen donors and metal chelators (Daglia, 2012). The strong FRAP activity of F3 correlates with its high phenolic content, supporting the role of phenolic compounds as the primary contributors to reducing power in the formulation.
Taken together, these findings indicate that each formulation exhibited a distinct antioxidant profile. F1 demonstrated superior DPPH, highlighting its ability to scavenge free radicals. In contrast, F3 showed the strongest reducing power and highest phenolic content, suggesting greater potential in electron transfer mechanisms. These results emphasize that the antioxidant potential of a formulation cannot be fully described by a single assay; rather, a combination of methods provides a more comprehensive understanding of its functional properties (Prior et al., 2005). Overall, F3 emerged as the most promising formulation in terms of phenolic content and reducing capacity, which are desirable attributes for developing functional beverages with health-promoting properties. 

Sensory Evaluation
The sensory attributes of the three formulations were evaluated based on taste, aroma, viscosity, and color, with results summarized in Figures 1. Overall, all formulations received mean scores above 5.0, indicating moderate acceptance among panelists. 


Figure 1: Sensory analysis of Instant Botanical Premix Drink 
The sensory analysis of the three formulations (F1, F2, and F3) demonstrated notable differences in consumer perception across key attributes, namely color, aroma, viscosity, taste, and overall acceptance. Among the formulations, F3 consistently received higher scores, suggesting that its sensory profile was more appealing to the panelists, whereas F1 obtained the lowest scores across nearly all attributes. These findings indicate that formulation significantly influenced the sensory and hedonic qualities of the products.
Color plays a vital role in shaping consumer expectations and acceptance, as it serves as the first indicator of product quality. In this study, F3 was rated highest for color (≈ 5.9), followed by F2 and F1. This suggests that the visual appeal of F3 was superior and likely contributed to its higher overall acceptance. Previous studies have reported that consumers strongly associate bright and natural colors with freshness, quality, and nutritional value (Silva et al., 2020). The higher color intensity in F3 may be attributed to the stability of natural pigments and ingredient interactions, which enhanced its visual attractiveness. In terms of aroma, F3 again outperformed the other formulations, while F1 scored the lowest. Aroma is primarily determined by volatile compounds, which can strongly influence flavor perception and consumer liking. The pleasant aroma profile of F3 likely enhanced its overall sensory acceptance. This observation is consistent with findings by Chen and Zhang (2019), who emphasized the importance of aroma volatiles in shaping consumer preference in beverage products.
Viscosity results also favoured F3, followed closely by F2, with F1 being least preferred. Viscosity is an essential textural attribute that influences mouthfeel and drinking satisfaction. A suitable viscosity provides a sense of body without being overly thick or watery. Research has demonstrated that optimal viscosity contributes positively to consumer perception of functional beverages, improving both texture and hedonic acceptance (Kumar et al., 2021). The higher viscosity scores for F3 may have provided a more desirable mouthfeel compared to the other formulations. Taste has been widely recognized as the most influential determinant of consumer acceptance in beverages (Lawless & Heymann, 2010). Despite F3’s strength in other attributes, F2’s higher taste score highlights the importance of flavour optimization for overall product success.
When considering overall acceptance, F3 emerged as the most preferred formulation, followed by F2, while F1 consistently scored the lowest. The superiority of F3 in terms of colour, aroma, and viscosity appears to have outweighed the slight taste advantage of F2. Conversely, F1’s consistently lower scores suggest that its formulation lacked the balance needed to deliver a favourable sensory profile. Collectively, these findings highlight that F3 possesses the most desirable sensory characteristics, making it the most promising candidate for product development. 

Microbiology Analysis
The microbiological quality of the three formulations (F1, F2, and F3) was evaluated in terms of total plate count (TPC), yeast and mould, coliforms, Escherichia coli, and Staphylococcus aureus. The results demonstrated that all formulations were within acceptable microbiological limits for ready-to-drink (RTE) beverages.






Table 3 : Microbiological Analysis of the three formulations 
[bookmark: _GoBack]

	Sample
Description
	Total Plate Count (cfu/g)
	Yeast & Mould (cfu/g)
	Coliform
(cfu/g)
(3M Petrifilm)
	Escherichia coli
(cfu/g)
(3M Petrifilm)
	Staph. aureus (cfu/g)

	F1
	4.1 x 102
	<1 x 102
	<1 x 10
	<1 x 10
	<1 x 102

	F2
	3.6 x 102
	<1 x 102
	<1 x 10
	<1 x 10
	<1 x 102

	F3
	3.3 x 102
	<1 x 102
	<1 x 10
	<1 x 10
	<1 x 102



The TPC values for the samples ranged between 3.3 × 10² and 4.1 × 10² cfu/g, with F1 exhibiting the highest count and F3 the lowest. According to the International Commission on Microbiological Specifications for Foods (ICMSF, 2011), TPC values below 10⁵ cfu/g are generally considered acceptable for beverages and other low-risk food products. Thus, the microbial load observed in all three formulations was well within safe consumption limits. The slightly lower TPC in F3 may reflect improved formulation stability or better inhibitory properties of the ingredients used. For yeast and mould, all formulations showed values of <1 × 10² cfu/g, indicating minimal fungal contamination. This is particularly important for beverage products, as yeast and mould growth can result in spoilage, off-flavors, and reduced shelf life (Fleet, 2011). The low fungal counts across all formulations suggest that the product matrix and packaging were effective in preventing contamination and growth of spoilage fungi.
Coliforms and E. coli were not detected (<1 × 10 cfu/g) in all formulations. The absence of coliforms is a critical indicator of hygienic quality and good manufacturing practices during processing (Jay et al., 2005). Likewise, the absence of E. coli, which is used as a marker for fecal contamination, confirms that the formulations complied with food safety standards and were processed under sanitary conditions. Similarly, Staphylococcus aureus counts were below the detection limit (<1 × 10² cfu/g) for all samples. Since S. aureus can produce heat-stable enterotoxins that pose a risk to consumer health, its absence is essential for ensuring product safety (Le Loir et al., 2003). Taken together, the microbiological results confirm that all three formulations (F1, F2, and F3) are microbiologically safe and comply with international food safety guidelines. The consistently low microbial counts, particularly in F3, further support its potential as a stable and consumer-acceptable product. These results highlight the effectiveness of the processing methods and hygienic practices employed, which are crucial for extending the shelf life and ensuring the safety of RTE beverages.

Conclusions
Integrating the findings from sensory, microbiological, and antioxidant analyses, F3 demonstrated the most favourable overall performance. It achieved the highest consumer acceptance, lowest microbial load, and strongest phenolic-linked antioxidant capacity. Overall, these results suggest that F3 represents the most promising candidate for product development as a safe, stable, and functional ready-to-drink beverage. Optimizing taste attributes while maintaining its strong phenolic and antioxidant profile could further enhance its competitiveness in the functional beverage market.

References
AOAC. Official Methods of Analysis of AOAC International. (22nd ed.). Association of Official Analytical Chemists Inc. 2023.
Benzie, I. F., & Strain, J. J. (1996). The ferric reducing ability of plasma (FRAP) as a measure of “antioxidant power”: The FRAP assay. Analytical Biochemistry, 239(1), 70–76. https://doi.org/10.1006/abio.1996.0292
Bochnak-Niedźwiecka, J., Szymanowska, U., & Świeca, M. (2022). The Protein-Rich Powdered Beverages Stabilized with Flax Seeds Gum—Antioxidant and Antiproliferative Properties of the Potentially Bioaccessible Fraction. Applied Sciences, 12(14), 7159. https://doi.org/10.3390/app12147159
Brand-Williams, W., Cuvelier, M. E., & Berset, C. (1995). Use of a free radical method to evaluate antioxidant activity. LWT - Food Science and Technology, 28(1), 25–30. https://doi.org/10.1016/S0023-6438(95)80008-5
Chumsri, P., Sirichote, A. & Itharat, A. 2008. Studies on the optimum conditions for the extraction and concentration of roselle (Hibiscus sabdariffa Linn.) extract. Songklanakarin Journal of Science & Technology 30: 133-139.
Chen, X., & Zhang, Y. (2019). Role of aroma compounds in consumer acceptance of beverages: A review. Food Research International, 123, 317–329. https://doi.org/10.1016/j.foodres.2019.04.015
Daglia, M. (2012). Polyphenols as antimicrobial agents. Current Opinion in Biotechnology, 23(2), 174–181. https://doi.org/10.1016/j.copbio.2011.08.007
Dewanto, K. Wu, K. Adom, R.H.  (2022). Thermal processing enhances the nutritional value of tomatoes by increasing total antioxidant activity. J Agric Food Chem, 50 (2002), pp. 3010-3014
Granato, Daniel & Masson, Maria & Ribeiro, Jéssica. (2012). Sensory acceptability and physical stability evaluation of a prebiotic soy-based dessert developed with passion fruit juice. Food Science and Technology (Campinas). 32. 119-126.
ICMSF. (2011). Microorganisms in foods: Microbiological testing in food safety management. Springer. https://doi.org/10.1007/978-1-4419-9374-8
Jay, J. M., Loessner, M. J., & Golden, D. A. (2005). Modern food microbiology (7th ed.). Springer.
Khalid, Waseem & Iqra, & Afzal, Fareed & Rahim, Muhammad & Rehman, Asma & Faiz, Hadiqa & Arshad, Muhammad Sajid & Ambreen, Saadia & Zubair, Muhammad & Safdar, Saira & Al-Farga, Ammar & Refai, Mohammed. (2023). Industrial applications of kale (Brassica oleracea var. sabellica) as a functional ingredient: a review. International Journal of Food Properties. 26. 489-501. 10.1080/10942912.2023.2168011.
Kumar, V., Rani, R., & Sharma, S. (2021). Influence of viscosity on sensory perception and consumer acceptability of functional beverages. Journal of Food Science and Technology, 58(6), 2114–2123. https://doi.org/10.1007/s13197-020-04644-0
Lawless, H. T., & Heymann, H. (2010). Sensory evaluation of food: Principles and practices (2nd ed.). Springer. https://doi.org/10.1007/978-1-4419-6488-5
Le Loir, Y., Baron, F., & Gautier, M. (2003). Staphylococcus aureus and food poisoning. Genetics and Molecular Research, 2(1), 63–76.
Mirmiran P, Houshialsadat Z, Gaeini Z, Bahadoran Z, Azizi F. Functional properties of beetroot (Beta vulgaris) in management of cardio-metabolic diseases. Nutr Metab (Lond). 2020 Jan 7; 17:3. doi: 10.1186/s12986-019-0421-0. PMID: 31921325; PMCID: PMC6947971.
Norra, S. Saiful Bahri, H. Hadijah, and A. S. Norhartini, “Effect of steaming and frozen storage on polyphenol content and antioxidant properties of mangifera odorata (Kuini) pulp,” Food Res, vol. 5, no. 1, pp. 313–321, 2021, DOI: 10.26656/fr.2017.5(1).219.
Prior, R. L., Wu, X., & Schaich, K. (2005). Standardized methods for the determination of antioxidant capacity and phenolics in foods and dietary supplements. Journal of Agricultural and Food Chemistry, 53(10), 4290–4302. https://doi.org/10.1021/jf0502698
Silva, M. A., Costa, R. S., & Oliveira, P. F. (2020). Impact of natural colorants on consumer perception and acceptability of beverages. Food Quality and Preference, 86, 103999. https://doi.org/10.1016/j.foodqual.2020.103999
Singh B, Hathan BS. Chemical composition, functional properties and processing of beetroot—a review. Int J Sci Eng Res. 2014;5(1):679–684.
Song FL, Gan RY, Zhang Y, Xiao Q, Kuang L, Li HB. Total phenolic contents and antioxidant capacities of selected chinese medicinal plants. Int J Mol Sci. 2010 Jun 1;11(6):2362-72. doi: 10.3390/ijms11062362. PMID: 20640157; PMCID: PMC2904921.
Wu, H.Y., Yang, K.M. & Chiang, P.Y. (2018). Roselle anthocyanins: Antioxidant properties and stability to heat and pH. Molecules 23(6): 1357

Sensory analysis
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