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Impact of Infusion Time on the Physical Characteristics, Antioxidant Properties, And In-Vitro Antidiabetic Activity of Roselle Tisane Herbal Drink Blends 
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ABSTRACT

	Background:
Tisane or herbal tea prepared from Hibiscus sabdariffa L. (roselle), either alone or blended with other herbs, is widely recognised for its health-promoting properties, including antidiabetic potential. Infusion time plays a crucial role in the extraction of colour pigments, bioactive compounds, and functional properties that determine both sensory quality and health benefits.
Aim:
This study investigated the influence of infusion time on the physicochemical characteristics, antioxidant capacity, and in vitro antidiabetic potential of a tisane blend comprising roselle and Garcinia atroviridis (garcinia).
Materials and Methods:
Tisane samples were infused for 5–30 minutes and evaluated for colour parameters (L*, a*, b*, C, h°), pH, total anthocyanin content, total phenolic content (TPC), total flavonoid content (TFC), antioxidant activities (FRAP, TEAC, DPPH), and α-amylase and α-glucosidase inhibitory activities.
Results:
Infusion time did not significantly (P > 0.05) affect lightness (L*) or pH (2.21–2.23) but enhanced colour intensity and total anthocyanin content (15.33 to 18.69 mg/100 mL). Antioxidant activity increased with infusion time: TPC rose from 20.49 to 35.19 mg GAE/100 mL, FRAP from 109.18 to 136.55 mg TE/100 mL, TEAC from 61.14 to 84.58 mg TE/100 mL, and DPPH inhibition from 56.39% to 65.22%. The 20-minute tisane exhibited stronger enzyme inhibition (IC₅₀ α-amylase: 7.431 mg/mL; α-glucosidase: 23.612 mg/mL) than the 5-minute infusion but was less potent than acarbose.
Conclusion:
A 20-minute infusion optimised colour, bioactive compound extraction, antioxidant capacity, and antidiabetic potential, suggesting it as the ideal brewing duration to maximise the functional and sensory qualities of roselle–garcinia tisane.
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1. INTRODUCTION 

Tisanes, or herbal infusions, are gaining increasing popularity as functional beverages due to their rich phytochemical profiles and associated health benefits. Among the wide range of botanicals used in tisane preparation, Hibiscus sabdariffa L., commonly known as roselle, has received considerable attention for its vibrant colour, tart flavour, and well-documented bioactivities, particularly antioxidant and antidiabetic properties (Da-Costa-Rocha et al., 2014). Extensive research has shown that aqueous extracts of roselle are rich in phenolic compounds, such as flavonoids, phenolic acids, and organic acids, which are associated with antioxidant activity (Tun Norbrillinda et al., 2025; El‑Naeem et al., 2022; Owoade et al., 2015; Lin et al., 2015; Sindi et al., 2014; López-Alarcón & Denicola, 2013). These constituents underpin its documented antioxidant and antidiabetic activities through mechanisms such as inhibition of α‑glucosidase and enhancement of glucose uptake (Jamini & Islam, 2021).
The bioactive compound extraction efficiency in tisane preparation can be significantly influenced by brewing conditions, especially temperature, water-to-solid ratio, and brewing time (Vuong, et al., 2022). While various studies have assessed the effect of temperature and solvent composition, brewing time remains a key but underexplored parameter that may critically impact the release of phytochemicals into the infusion. Prolonged brewing may enhance the extractability of certain antioxidants but could also promote the degradation of heat sensitive compounds and alter the taste profile (Vuong et al., 2021), thereby affecting the sensory attributes. Optimized extraction methods, including ultrasound-assisted cold brew and microwave-assisted extraction, have been shown to maximize phenolic recovery while minimizing degradation (Larasati et al., 2023).
In addition to antioxidant properties, roselle tisanes have shown promising antidiabetic activity, primarily through mechanisms such as α-amylase and α-glucosidase inhibition (Topcu et al., 2025; Ademiluyi, et al., 2013). However, how brewing duration influences these bioactivities in combination with antioxidant properties is not well established. This gap is particularly relevant as consumers commonly vary brewing durations based on personal preference, which could unintentionally affect the health promoting potential of the tisane.
Therefore, this study aims to investigate the impact of different brewing times on the colour, pH, antioxidant activity, and in-vitro antidiabetic potential of roselle-garcinia tisane blends. By understanding the optimal brewing time that maximizes bioactivity while maintaining desirable sensory attributes, this research may support evidence based recommendations for tisane preparation in both domestic and commercial settings.

2. material and methods 

2.1 Preparation of Samples
2.1.1 Preparation of Dried Roselle and Garcinia atroviridis  
Dried roselle and Garcinia atroviridis (garcinia) were prepared according to Tun Norbrillinda et al. (2025).  Ripe and mature roselle and garcinia were deseeded, washed and cleaned by removing dirt, spoilt parts, and drained. Samples were dried in hot air circulating dryer (Memmert, Germany) at 60 ˚C for approximately 10 to 12 hours, until the moisture content was tested < 10 % (Moisture Analyzer, SARTORIUS MA 35, Metler Toledo, USA). The dried samples were coarsely ground using pulveriser (FRITSCH Universal Cutting Mill Pulverisette 25, Germany) and packed in an oriented polypropylene/aluminium/polyethylene (OPP/Al/PE) packaging and stored at room temperature prior to analysis.
2.1.2 Preparation of Tisane
Samples of dried roselle calyces combined with garcinia were prepared and weighted 5 g in a sachet according to the optimum formulation previously obtained. The tisanes were prepared by adding one sachet to 200 ml of boiling distilled water (100 ˚C), allowing them to stand for 5, 10, 15, 20 and 30 min at room temperature and then discarded the sachet. The obtained tisanes were cooled to room temperature for further analyses (Paschoalinotto et al., 2021).
2.2 pH and Colour Measurement
The tisanes were measured for its pH to determine the effect of brewing time on its acidity level. The pH meter (FE20, Mettler Toledo, Switzerland) was calibrated using pH standards (pH 4 and 7), before the pH value of samples was measured. The electrode was rinsed with deionized water between the measurements. The room temperature of 24 ± 1 ˚C was constant throughout the whole experiment. All measurements were done in triplicate.
The colour measurement was conducted using chroma meter (CR-300, Minolta, Japan). Calibration was performed every time the sample being measured by using a white colour tile (L* = 96.91, a* = +0.14, b* = +1.98) provided by the manufacturer. The L* represent the lightness of the colour (L* = 0 yields black, and L* = 100 indicates white), +a* for redness and -a* for greenness, and +b* for yellowness and -b* for blueness. Chroma (C) indicating colour intensity were calculated by the formula as shown in Eq. 1:
 C = 									(1)
While, hue angle (h˚) which indicate the colour hue may vary from 0˚ (pure red colour), 90˚ (pure yellow colour), 180˚ (pure green colour) to 270˚ (pure blue colour). The h˚ value was calculated using equation in Eq. 2:
h° = 									(2)
2.3 Determination of Antioxidant Properties
2.3.1 Total Anthocyanins Content Analysis 
The total anthocyanin content (TAC) of the tisane was measured immediately after preparation of tisane. Absorbance was recorded at the maximum wavelength (λmax = 499 nm) using a Lambda 25 UV/VIS spectrophotometer (Perkin Elmer, Shelton, USA), following the method described by Cinquanta et al. (2002). The pigment content was calculated as delphinidin-3-sambubioside equivalent using the following formula:
TAC (mg/100 ml) = A/eL x MW x D x 103						(3)
Where, A = absorbance, e = molar absorbance for delphinidin-3-sambubioside (26600), L = cell path length (1 cm), MW = molecular weight of delphinidin-3- sambubioside (597.5 Da), D = dilution factor and 103 = Factor for conversion from g to mg.
2.3.2 Total Phenolic Content Analysis
Total phenolic content was determined using the Folin–Ciocalteu method as described by Lim et al. (2006). A 0.3 ml aliquot of tisane was added to a test tube, followed by 1.5 ml of 10% (v/v) Folin–Ciocalteu reagent and 1.2 ml of 75% (w/v) sodium carbonate. The test tube was covered with aluminium foil and vortexed using a SA-8 vortex mixer (Stuart, United Kingdom). The mixture was incubated in the dark for 30 minutes. Absorbance was measured at 765 nm using a UV spectrophotometer (U-2800, Hitachi, Japan). Samples were diluted as needed to maintain absorbance values below 1. Results were expressed as mg gallic acid equivalents per 100 ml (mg GAE/100 ml), based on a standard calibration curve prepared using gallic acid concentrations of 10, 25, 50, 75, and 100 mg/L.
2.3.3 Total Flavonoid Content Analysis
Total flavonoid content was estimated using the aluminium chloride colourimetric method, as described by Ali et al. (2018). Quercetin standards were prepared by serial dilutions ranging from 1.56 to 200 μg/ml. In a 96-well plate, 100 μl of each sample or standard solution was mixed with 100 μl of 2% aluminium chloride (AlCl₃) in ethanol. After incubation at room temperature for 1 hour, absorbance was measured at 420 nm. The formation of a yellow colour indicated the presence of flavonoids. Total flavonoid content was calculated from the quercetin standard calibration curve and expressed as mg quercetin equivalent (QE) per 100 ml of tisane. All measurements were performed in triplicate.
2.34 Ferric Reducing Antioxidant Power Assay
Ferric reducing antioxidant power (FRAP) was determined following the method of Lim et al. (2006) with slight modifications. A total of 1 ml of tisane was mixed with 2.5 ml of 0.2 M phosphate buffer (pH 6.6), 2.5 ml of 1% potassium ferricyanide, and 2.5 ml of 10% trichloroacetic acid. The mixture was incubated in a water bath at 50 °C for 20 minutes. After incubation, 2.5 ml of the reaction mixture was combined with 2.5 ml of distilled water and 0.5 ml of 1% ferric chloride (FeCl₃), then kept at room temperature in the dark for 30 minutes. Absorbance was measured at 700 nm using a UV spectrophotometer (U-2800, Hitachi, Japan), and results were expressed as mg Fe²⁺/100 ml.
2.3.5 Free Radical Scavenging Activity- DDPH Test for IC50 
Free radical scavenging activity was assessed using a spectrophotometric assay based on the method of Lu & Foo (2000), with slight modifications. A 0.007% methanolic DPPH solution was used as the reagent. Briefly, 100 μl of extract (at concentrations ranging from 0.0781 to 5.0 mg/mL) was added to 200 μl of the DPPH solution in a 96-well plate. Trolox and ascorbic acid (Vitamin C) served as positive controls. After incubation in the dark at room temperature for 40 minutes, absorbance was measured at 517 nm using a microplate reader (BIOTEK GEN5 EON, Winooski, Vermont, USA). The percentage inhibition of DPPH radicals was calculated as follows:
Inhibition (%) = (Ablank – Asample/ Ablank) x 100					(4)
Ablank represents the absorbance of the control (containing all reagents except the test sample), while Asample refers to the absorbance in the presence of the test compound. The percentage of inhibition was plotted against sample concentration, and the IC₅₀ value was determined graphically from the resulting curve.
2.4 Antidiabetic In-Vitro Analyses
2.4.1 Determination of α-Amylase Enzyme Inhibition Activity 
Determination of α-amylase enzyme inhibition activity using the starch-iodine colour test was conducted according to the method by Ee Shian et al. (2015). The total volume of solution for each extract comprised 60 µL of sodium phosphate buffer (0.1 M, pH 6.9 with 0.006 M sodium chloride), 20 µL of α-amylase (1 U/ml), and 50 µL of extract. The mixture was incubated for 15 minutes at 37°C. Subsequently, 50 µL of soluble starch solution (0.2%) was added to the sample and incubated again for 30 minutes at 37°C. Then, the enzyme activity was stopped by adding 20 µL of hydrochloric acid (1 M) to the sample before placing it in a hot water bath. After cooling the sample to room temperature, 50 µL of iodine reagent solution (5 mM iodine and 5 mM potassium iodide) was added to the sample. 150 µL of each sample was transferred to a microplate, and the absorbance was read at 620 nm using a spectrophotometer. The percentage of α-amylase enzyme inhibition was calculated using the following equations:
Relative α-amylase enzyme activity (%) = (enzyme activity of sample) / (enzyme activity of negative control) x 100% 								(5)
Inhibition of α-amylase enzyme activity (%) = 100% – % relative α-amylase enzyme activity											(6)
The IC50 values were determined from the plot of α-amylase inhibition against concentration.
2.4.2 Determination of α-Glucosidase Enzyme Inhibition Activity 
The IC50 value is the concentration of the sample required to cause 50% inhibition of α-amylase enzyme. Determination of α-glucosidase enzyme inhibition using the substrate p-nitrophenyl-α-D-glucopyranoside (pNPG) was conducted using the methods of Collins et al. (1997) and Deutschländer et al. (2009). A mixture of 130 µL phosphate buffer (50 mM, pH 6.5), 10 µL extract, and 10 µL α-glucosidase enzyme (1.5 U/ml) was prepared. This mixture was incubated for 30 minutes at 37°C. One unit of the enzyme is defined as the amount of enzyme that releases 1 µmol of p-nitrophenol from pNPG per minute under the specified test conditions. The α-glucosidase enzyme activity was initiated by adding 50 µL p-nitrophenyl-α-D-glucopyranoside (1 mM in phosphate buffer) to each sample, followed by incubation for 30 minutes at 37°C. The enzyme reaction was stopped by adding 50 µL sodium carbonate (0.1 M, pH 10). Enzyme activity was determined by measuring the absorbance of p-nitrophenol released from pNPG at 405 nm using a spectrophotometer. The percentage of α-glucosidase enzyme inhibition was calculated using the following equation:
% α-glucosidase enzyme inhibition = (absorbance of negative control – absorbance of sample) / (absorbance of negative control) x 100%						(7)
The IC50 values were determined from the plot of α-glucosidase inhibition against concentration.									
2.5 Statistical Analysis
All measurements were carried out in triplicate for each sample and data were expressed as mean±standard deviation. All statistical analyses were carried out using MINITAB version 19 Sub100 for the analysis of variance (ANOVA) with Tukey’s test at a significance level of P ≤ 0.05.


3. results and discussion

3.1 Effect on pH and Colour
Table 1 presents the colour (L*, a*, b*, chroma C, hue angle h°) and pH values of the infusions at different infusion times (5 - 30 minutes). Lightness (L*) remained essentially unchanged (P > 0.05) across all infusion times (26.32–26.67), indicating that overall brightness was not affected by the duration of infusion under the conditions used. In contrast, redness (a*), yellowness (b*), chroma (C) and hue angle (h°) showed significant decreases at infusion times ≥20 min (P ≤ 0.05). The pH values were consistently acidic (2.21–2.23) and did not differ significantly between treatments (P  > 0.05).
The observed pattern showed a relatively stable L* but decreasing a*, b* and C with prolonged infusion. The results could be explained by progressive extraction of coloured compounds into the aqueous phase during the early part of infusion, and thermal or oxidative degradation of heat sensitive pigments (e.g. anthocyanins, flavonoids) when exposure time to hot water is extended. Several studies on roselle and other pigment rich infusions have reported similar behaviour, where the extraction and total phenolics may increase with longer brew time up to a point, after which pigment degradation and reduced chromaticity occur (Nguyen et al., 2020; Winiarska-Mieczan et al., 2024). Nguyen et al. (2020) found that for roselle, TPC increased with brewing time up to 30 min but antioxidant activity and anthocyanin content declined when brewing extended further. Likewise, Winiarska-Mieczan et al. (2024) reported that longer brewing can increase extraction of polyphenols initially, but excessive steeping time reduces colour intensity for some teas including hibiscus.
Thermal instability of anthocyanins is well established, where the anthocyanin molecules are susceptible to hydrolysis and oxidative breakdown at elevated temperatures and prolonged heating, especially in the presence of oxygen or reactive compounds (Enaru et al., 2021; Tena et al., 2020). The significant drop in a* (redness) and b* (yellowness) in 20 - 30 min infusions likely reflect partial degradation or structural transformation of chromophores, reducing colour saturation (lower C) and shifting hue angle toward less vivid tones (lower h°). Oancea et al. (2021) and Chua et al. (2024) further note that pH strongly affects anthocyanin stability, where the flavylium cation forms (responsible for red colour) are most stable at low pH, while increases in temperature or prolonged exposure promote formation of colourless or brown degradation products. However, results in this study showed that the infusion pH remained very low (2.21–2.23), a range that favours flavylium stability; this suggests that the colour loss is more attributable to time degradation rather than pH-driven structural dissociation.
The practically unchanged L* indicates that brightness and the overall lightness of the solution were not sensitive markers of pigment loss in this matrix, whereas chroma and a* were more responsive to pigment degradation. This pattern matches findings in other infusion studies where chroma or a* decreased with long steeping times while L* remained relatively constant (Nguyen et al., 2020; Winiarska-Mieczan et al., 2024). From a practical perspective, an infusion time of 10 - 15 minutes appears optimal for preserving colour vividness (higher a*, b*, C and h°) while allowing adequate extraction, while longer steeping (≥20 minutes) yields diminishing returns and accelerates pigment breakdown.
Table 1. Colour measurement and pH values
	Infusion time (min)
	L*
	a*
	b*
	C
	hᵒ
	pH

	5
	26.67±0.01a
	6.34±0.04 a
	1.13±0.03 a
	6.44±0.04 a
	10.12±0.34 a
	2.23±0.01 a

	10
	26.50±0.01 a
	5.66±0.02 a
	0.89±0.01 a
	5.73±0.01 a
	8.96±0.09 a
	2.23±0.01 a

	15
	26.66±0.01 a
	6.37±0.04 a
	1.11±0.01 a
	6.47±0.04 a
	9.84±0.16 a
	2.22±0.01 a

	20
	26.36±0.01 a
	5.10±0.04 b
	0.67±0.01 b
	5.15±0.04 b
	7.50±0.11 b
	2.21±0.01 a

	25
	26.36±0.02 a
	5.10±0.04 b
	0.67±0.01 b
	5.15±0.04 b
	7.50±0.11 b
	2.21±0.00 a

	30
	26.32±0.01 a
	5.06±0.02 b
	0.65±0.02 b
	5.11±0.01 b
	7.29±0.25 b
	2.21±0.01 a


*Note for all data: Means that do not share a letter are significantly different. Tukey 95. Simultaneous Confidence Intervals. Individual confidence level = 95%
3.2 Effect on Antioxidant Properties
The total anthocyanin content (TAC) of the infusion samples prepared at different infusion times (5 to 30 minutes) is shown in Figure 1. The TAC ranged from 15.00 ± 0.25 mg/100 ml to 18.69 ± 0.04 mg/100 ml, with a significant increase (p < 0.05) observed at 20 minutes and above. The highest TAC was recorded at 30 minutes (18.69 ± 0.04 mg/100 ml), while the lowest was observed at 15 minutes (15.00 ± 0.25 mg/100 mL).
This trend indicates that prolonged infusion time enhances the extraction of anthocyanins, particularly after 20 minutes, as the solvent (hot water) sufficiently penetrates the plant matrix and facilitates diffusion of anthocyanins from the tissues into the solution. A similar pattern was reported by Wang et al. (2014) and Lee et al. (2011), who found that longer steeping times increased anthocyanin concentration in herbal and fruit infusions up to an optimal point before degradation occurs. However, at shorter times (5 - 15 minutes), the TAC values remained statistically lower (P ≤ 0.05), suggesting incomplete extraction of anthocyanins due to insufficient time for solubilization. Thermal diffusion is a key factor in the release of anthocyanins, and increasing infusion time allows more bound pigments to be liberated from the cell wall matrix (Castañeda-Ovando et al., 2009). Despite being heat sensitive, anthocyanins in this study remained stable up to 30 minutes, likely due to the acidic pH (~2.2), which helps stabilize the flavylium cation form of anthocyanins (Jackman & Smith, 1996). According to Sadilova et al. (2007), anthocyanin stability is greater in low pH environments, as degradation and colour loss are minimized. 

Fig 1. Total anthocyanin content
*Note for all data: Means that do not share a letter are significantly different. Tukey 95% Simultaneous Confidence Intervals. Individual confidence level = 95%
The observed increase is consistent with roselle infusions, where Nguyen et al. (2020) found maximum anthocyanin extraction after 20 - 30 minutes of steeping at 90 - 95°C. Similarly, Kong et al. (2003) reported that anthocyanin extraction efficiency depends on temperature, time, and solvent pH, with prolonged extraction improving yield up to an optimal duration. However, excessively long or high temperature extractions beyond the optimal range can lead to anthocyanin degradation due to hydrolysis and polymerization (Wrolstad, 2006). In this study, no significant decline was observed up to 30 minutes, indicating that 30 minutes is an effective and stable infusion time for maximizing anthocyanin content in acidic beverages.
Table 2 shows the effect of infusion time (5 and 20 minutes) on total phenolic content (TPC), total flavonoid content (TFC), and antioxidant capacity of the infusion, as measured by FRAP, TEAC, and DPPH assays. The TPC increased significantly (p ≤ 0.05) from 20.49±0.13 mg GAE/100 ml at 5 minutes to 35.19±0.48 mg GAE/100 ml at 20 minutes. Similarly, antioxidant activities measured by FRAP, TEAC, and DPPH inhibition increased significantly (p ≤ 0.05) with longer infusion time. The FRAP value increased from 109.18±1.20 mg TE/100 ml to 136.55±4.26 mg TE/100 ml, TEAC from 61.14±0.75 to 84.58±0.19 mg TE/100 ml, and DPPH inhibition from 56.39% to 65.22%. In contrast, TFC showed no significant change (p > 0.05) between 5 minutes (3.22±0.01 mg QE/100 ml) and 20 minutes (3.49±0.06 mg QE/100 ml).
The increase in TPC and antioxidant capacity with longer infusion time is likely due to enhanced extraction of polyphenolic compounds from plant matrices as exposure to hot water increases. Heat promotes cell wall disruption and diffusion of water soluble phenolics into the solvent (Horžić et al., 2009; Alara et al., 2021). Similar findings were reported by Nguyen et al. (2020) in roselle infusion, where TPC and antioxidant activities (measured by DPPH and FRAP) increased significantly (P ≤ 0.05) with brewing time up to 30 minutes, attributed to improved solubilization of bound phenolics. The findings are consistent with previous studies showing that phenolic compounds are key contributors to antioxidant capacity in herbal infusions (Thaipong et al., 2006; Oboh et al., 2012). Phenolic compounds, particularly hydroxycinnamic acids, anthocyanins, and flavonols, can donate hydrogen atoms or electrons to neutralize free radicals, thereby enhancing antioxidant capacity (Shahidi & Ambigaipalan, 2015). The strong increase in FRAP and TEAC values with time suggests higher ferric reducing and radical scavenging capacities at 20 minutes, consistent with elevated phenolic levels.
Conversely, TFC did not increase significantly with infusion time, implying that most flavonoids were readily extractable within the first few minutes of infusion, or that some heat labile flavonoids may undergo degradation with prolonged exposure (Kosińska et al., 2014; Enaru et al., 2021). Enaru et al. (2021) noted that certain flavonoids, such as catechins, are sensitive to oxidation at elevated temperatures, which may counterbalance further extraction gains after initial steeping.
Overall, the results demonstrate that 20 minutes of infusion optimizes extraction of phenolic compounds and maximizes antioxidant activity, without significantly affecting pH. The consistent trend across FRAP, TEAC, and DPPH assays supports the robustness of the antioxidant improvement. However, excessively long infusion beyond 20 minutes might risk degradation of thermolabile compounds and colour loss, as discussed earlier and by Oancea et al. (2021). These findings reinforce the importance of optimizing brewing time to balance extraction efficiency and thermal stability of bioactive compounds, especially in functional infusions targeting antioxidant benefits. 
Table 2. Total phenolic content (TPC), total flavonoid content (TFC), ferric reducing antioxidant power (FRAP) and free radical scavenging activity (DPPH)
	Infusion time (min)
	TPC 
(mg GAE/ 100 mL)
	TFC 
(mg QE/ 100mL)
	FRAP 
(mg TE/ 100 mL)
	TEAC 
(mg TE/ 100mL)
	DPPH % inhibition 

	5
	20.49±0.13b
	3.22±0.01a
	109.18±1.20b
	61.14±0.75b
	56.39±0.20b

	20
	35.19±0.48a
	3.49±0.06a
	136.55±4.26a
	84.58±0.19a
	65.22±3.50a


*Note for all data: Means that do not share a letter are significantly different. Tukey 95% Simultaneous Confidence Intervals. Individual confidence level = 95%

3.3 Effect on α-Amylase and α -Glucosidase Enzyme Inhibition Activity
The inhibitory effects of roselle–garcinia tisane on carbohydrate-hydrolysing enzymes, α-amylase and α-glucosidase, are presented in Table 3. A lower IC₅₀ value indicates stronger inhibition. The results demonstrated that the 20-minute infusion exhibited significantly (P ≤ 0.05) higher inhibitory activity compared to the 5-minute infusion for both enzymes. The α-amylase IC₅₀ decreased from 19.423 mg/ml at 5 minutes to 7.431 mg/ml at 20 minutes, while α-glucosidase IC₅₀ decreased from 41.941 mg/ml to 23.612 mg/ml. Although both were less potent than the standard drug acarbose (IC₅₀ = 0.475 mg/ml for α-amylase and 0.0006 mg/ml for α-glucosidase), the tisane exhibited promising natural inhibitory activity.
The improved inhibitory effects at longer infusion times may be attributed to enhanced extraction of polyphenolic compounds, particularly anthocyanins, hydroxycitric acid, and flavonoids, known for their enzyme inhibitory potential (Tadera et al., 2006; Oboh et al., 2012). Prolonged brewing likely increased the release of these compounds from plant matrices, consistent with findings by Zhang et al. (2024), who reported that longer infusion of herbal teas enhanced total phenolics and correlated with stronger antidiabetic activity.
Roselle has been reported to exhibit moderate α-amylase and α-glucosidase inhibitory activities due to anthocyanins and organic acids such as hibiscus acid and protocatechuic acid (Ademiluyi & Oboh, 2013). Meanwhile, garcinia contains hydroxycitric acid, which can modulate glucose metabolism and inhibit digestive enzymes (Dong et al., 2023). The synergistic effect of these bioactives likely contributed to the observed enzyme inhibition in the tisane blend.
Although the activity was weaker than acarbose, natural inhibitors are considered safer and associated with fewer gastrointestinal side effects (Ali et al., 2006). Therefore, the roselle–garcinia tisane could serve as a functional beverage with mild antidiabetic potential suitable for daily consumption.

Table 3. Antidiabetic in-vitro analysis
	Sample
	α-amylase enzyme inhibition activity, IC50 (mg/ml)
	α-glucosidase enzyme inhibition activity, IC50 (mg/ml)

	Tisane 5-minutes infused
	19.423a
	41.941a

	Tisane 20-minutes infused
	7.431b
	23.612b

	Acarbose
	0.475c
	0.0006c


*Note for all data: Means that do not share a letter are significantly different. Tukey 95% Simultaneous Confidence Intervals. Individual confidence level = 95%


4. Conclusion

This study demonstrated that infusion time significantly influences the functional quality of roselle–garcinia tisane. Prolonging infusion from 5 to 20 minutes enhanced colour intensity, total anthocyanin content, and antioxidant capacity, as reflected by increases in TPC, FRAP, TEAC, and DPPH inhibition. Extended brewing also improved in vitro antidiabetic potential, with lower IC₅₀ values for both α-amylase and α-glucosidase inhibition, indicating stronger enzyme inhibitory activity. Although the tisane’s inhibitory effects were lower than acarbose, the results highlight its potential as a natural source of antioxidants and antidiabetic compounds. Overall, a 20-minute infusion provides an optimal balance between sensory quality and functional benefits, supporting its use as a health promoting herbal beverage.
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