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Objective: This study aims to optimize the formulation of instant sweet osmanthus white tea (IOWT) and evaluate its antioxidant activities through in vitro assays.

Methods: Single-factor and orthogonal experiments were conducted to investigate the impacts of sweet osmanthus-to-white tea ratio and the concentrations of β-cyclodextrin, erythritol, and citric acid on sensory properties and total flavonoids content (TFC) of IOWT. Mixtures of the dried ingredients were spray-dried to produce IOWT.

Results and discussion: The optimal formulation of IOWT was as follows: sweet osmanthus-towhite tea ratio of 1:5, 4% β-cyclodextrin, 6% erythritol, and 0.5% citric acid. This optimized IOWT formulation obtained the highest sensory score of 89.5 and a TFC of 25.76%. Using ascorbic acid as a positive control, the in vitro antioxidant activities of the optimized IOWT formulation were assessed by measuring its ability to scavenge DPPH radicals, hydroxyl radicals, superoxide anion radicals, and ABTS radicals. At a concentration of 1.0 mg/mL, the optimized IOWT formulation exhibited scavenging rates of 88.01, 94.99, 97.57, and 99.11% against DPPH, hydroxyl radicals, superoxide anion radicals, and ABTS radicals, respectively, indicating strong in vitro antioxidant activities of IOWT. This study demonstrated promising potential for the development of novel white tea-based products.
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1 Introduction

Sweet osmanthus (Osmanthus fragrans Lour.), a member of the Oleaceae family and the genus Osmanthus, is characterized by slender pedicels and very short stamens. Its distribution center is primarily located in East Asia (1, 2). Sweet osmanthus flowers are edible, serve as key ingredient in various spices, as well as excellent medicinal raw materials (3). When combined with tea, they become a common ingredient for tea beverages. The distinctive aroma of sweet osmanthus makes it the primary raw material for numerous spices (4). Additionally, sweet osmanthus contains a diverse range of volatile oils, terpenoid compounds, flavonoid compounds, and other pharmacological ingredients, with a particularly high flavonoid content (5, 6). A study by Yu et al. (7) demonstrated that the total flavonoids content of sweet osmanthus flowers could reach 7.86 mg/g through ultrasonic-assisted extraction.

White tea, one of the six major tea types, is characterized by minimal fermentation and undergoes only withering and drying during its production process (8). It is renowned for its intact buds and leaves, fresh fragrance, clear yellow-green liquor, and a light, refreshing aftertaste (9). The prolonged withering process in white tea production enhances the accumulation of flavonoids, amino acids, and sugars (10). Consequently, white tea possesses the highest flavonoid content among the six major types of tea derived from the same raw leaves (11). Furthermore, the flavonoids present in white tea have been associated with a range of health benefits, including anti-mutagenic and anti-cancer effects, antibacterial and antiviral activities, antioxidative and anti-aging properties, and regulation of glycaemic levels (12, 13, 41).

Flavonoids provide numerous health benefits, but sufficient intake through our daily diet can be challenging. Consequently, individuals may supplement flavonoids through functional food products such as instant tea mixed with botanical extracts and high-flavonoid nutritional supplements (14, 15). Instant tea, a convenient and rapid beverage option, is characterized by its rapid solubility in water, eliminating the need for brewing (16). It is widely appreciated for its distinctive aroma and potential health-promoting properties. Notably, it is rich in tea polyphenols, including catechins and flavonoids, which exhibit potent antioxidant activity (17). These compounds effectively neutralize free radicals and protect cells from oxidative damage, offering powerful antioxidant and anti-inflammatory benefits that contribute to overall health (18). Research has been conducted on single-ingredient instant beverages, such as instant tea products such as instant ginger drinks, instant Oolong tea, and instant Pu’er tea (19–21). However, limited attention has been directed toward the formulations of instant beverages produced from blended ingredients. To our knowledge, no studies have been conducted on the development of instant sweet osmanthus white tea (IOWT). This research addresses this gap by optimizing the formulation of IOWT and investigating the impact of various processing factors on its sensory attributes, flavonoid content, and antioxidant activity. Enriching the diversity of market flavors, this study aims to broaden the scope of product innovation and applications for white tea and sweet osmanthus, providing valuable insights for future product development.



2 Materials and methods


2.1 Material and chemicals

In this study, the sweet osmanthus (Osmanthus fragrans) and Shui Xian white tea (Camellia sinensis) were purchased from Zhenghe Yungen White Tea Co. Ltd. (Fujian, China). The rutin standard (purity ≥98%) was acquired from Shanghai Yuanye Biotechnology Co. Ltd. (Shanghai, China). The 1,1-diphenyl-2-picrylhydrazyl and 2,2′-azinobis-3-ethylbenzthiazoline-6-sulphonate were obtained from Sigma Co. Ltd. (Shanghai, China). The β-cyclodextrin, erythritol, and citric acid purchased were of food grade (purchased from Henan Wanbang Chemical Technology Co. Ltd., Henan, China). Other chemicals used for analysis were analytical grade (purchased from Sinopharm Group Chemical Reagent Co. Ltd., Shanghai, China).



2.2 Preparation of sweet osmanthus and white tea extracts

Sweet osmanthus extract was prepared using the method described by Meng et al. (22). Sweet osmanthus was mixed with water at a 1:30 solid-to-liquid ratio (g/mL), and the mixture was subjected to ultrasonication at 120 W, 50°C for 35 min. The resulting liquor was filtered through a 200-mesh sieve to obtain the sweet osmanthus extract. Concurrently, white tea extract was prepared following the procedure outlined by Zhang et al. (23). A mixture of white tea and water at a solid-to-liquid ratio of 1:40 (g/mL) was prepared. This mixture was boiled for 5 min and subsequently strained through a 200-mesh sieve to obtain the white tea extract.

To prepare the IOWT, the sweet osmanthus and white tea extracts were mixed with varying proportions of β-cyclodextrin, erythritol, and citric acid. The mixtures were thoroughly stirred until all the dry ingredients were completely dissolved. Subsequently, the mixtures were centrifuged (Lishen Scientific Instrument Equipment, Neofuge-15R, Shanghai, China) at 2,795 × g for 10 min at −5°C. The supernatants were concentrated using a rotary evaporator (Shanghai Yarong, RE-52AA, Shanghai, China) at 45°C. Finally, concentrated extracts were obtained by spray (Huihetang Bioengineering Equipment, Bioq-8000, Shanghai, China) with a feed temperature of 150°C and a feed flow rate of 3.0 L/h to produce IOWTs (24).



2.3 Single-factor experimental design for the preparation of IOWT

The preparation of IOWTs is divided into two distinct phases: (1) the extraction of sweet osmanthus and white tea extracts and (2) the formulation of IOWTs, as outlined in Section 2.2 (Figure 1).
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FIGURE 1
 The flowchart of producing the sweet osmanthus instant white tea (IOWT) powder.



2.3.1 Impact of varying β-cyclodextrin concentrations on IOWT

Sweet osmanthus and white tea extracts were mixed in beakers at 3:10. Subsequently, 0.4% citric acid and 2% erythritol were added to the mixtures. Then, different concentrations of β-cyclodextrin (4, 5, 6, 7, and 8%, w/w) were added to the mixtures to investigate the impact of varying β-cyclodextrin concentrations on the sensory quality and total flavonoids content (TFC) of the IOWT, as outlined in Sections 2.5 and 2.6, respectively.



2.3.2 Impact of varying sweet osmanthus-to-white tea ratio on IOWT

Mixtures containing 4% β-cyclodextrin, 0.4% citric acid, and 2% erythritol were prepared in beakers. Subsequently, sweet osmanthus and white tea extracts were added at different ratios (1:10, 2:10, 3:10, 4:10, and 5:10) to investigate the influence of these varying ratios on the sensory quality and TFC of IOWT.



2.3.3 Impact of varying erythritol concentrations on IOWT

In beakers, mixtures containing sweet osmanthus and white tea in a ratio of 2:10, 4% β-cyclodextrin, and 0.4% citric acid were prepared. Subsequently, varying concentrations of erythritol (2, 4, 6, 8, and 10%, w/w) were added to the mixtures to evaluate the impact of different erythritol concentrations on the sensory quality and TFC of the IOWT.



2.3.4 Impact of varying citric acid concentrations on IOWT

Mixtures were prepared in beakers by combining sweet osmanthus and white tea extracts in a 2:10 ratio, 6% erythritol, and 4% β-cyclodextrin. Subsequently, citric acid was introduced at varying concentrations (0.4, 0.6, 0.8, 1, and 1.2%, w/w) to investigate the impact of these varying concentrations of citric acid on the sensory quality and the TFC of IOWT.




2.4 Orthogonal test

Based on the single-factor experiments (Section 2.3), the optimal range of single factors was preliminarily screened, resulting in the selection of four factors: sweet osmanthus-to-white tea ratio, β-cyclodextrin concentration, erythritol concentration, and citric acid concentration. An L9 (34) orthogonal experimental design was used with sensory scores and TFC as the evaluation indicators (Table 1).



TABLE 1 Factor levels for orthogonal test.
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2.5 Sensory evaluation

Sensory evaluation was conducted following the methodology outlined by Lin et al. (25). The prepared IOWT was brewed with water at an optimal 1:300 (g/mL) ratio at 85°C. A panel of 10 (five males and five females) trained professional tea experts evaluated the sensory quality of the brewed IOWT. The evaluation encompassed four sensory attributes: color (maximum score of 20), aroma (maximum score of 30), taste (maximum score of 30), and solubility (maximum score of 20) (Table 2).



TABLE 2 The rating criteria for sensory evaluation of instant sweet osmanthus white tea.
[image: Table2]



2.6 Determination of TFC

The TFC in the IOWT samples was assessed using the method outlined by Czechowski et al. (26). In brief, the IOWTs were brewed with water at the optimal tea-to-water (1:300, g/mL) at 85°C. Subsequently, 0.2 mL of the brewed tea samples were transferred to 10 mL test tubes, and the volume was brought up to 5 mL using 80% ethanol solution. The mixtures were thoroughly mixed before measuring the absorbance at 510 nm. The TFC (expressed in %) of the IOWT was calculated using the rutin standard curve (y = 10.82x + 0.0123, R2 = 0.997) and Equation 1.
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where, C (in mg/mL) represents the concentration of the total flavonoids, V1, V2, and V3 (in mL) represents the volume of the sample solution during measurement, the total volume of the sample solution, and the volume of the sample solution after dilution, respectively, and M (in g) represent the mass of the sample.



2.7 Antioxidant activities

The antioxidant activities of the IOWT powder at various concentrations were compared with those of Vit. C (ascorbic acid) and instant white tea. In the preparation step, 0.1 g of Vit. C, instant white tea, and IOWT powder were accurately weighed. Using distilled water, ascorbic acid, instant white tea, and IOWT solutions were prepared at varying concentrations of 0.2, 0.4, 0.6, 0.8, and 1.0 mg/mL. These sample solutions were utilized for the following in vitro antioxidant assays.


2.7.1 DPPH radical scavenging assay

The determination of the DPPH radical scavenging activity was conducted following the method described by Chen et al. (27). In 5 mL test tubes, sample solutions (2.0 mL) were mixed with 2 mL of DPPH solution (0.3 mM, 95% ethanol) and left to react in the dark at 25°C for 30 min. For the blank group, 2 mL of the DPPH solution was mixed with 2 mL of 95% ethanol. Ethanol (95%) was used instead of DPPH as the sample reference for the reference group. Absorbances at 517 nm were measured using a UV–vis spectrophotometer (Shanghai Meipuda Instrument, UV-3200 PC, Shanghai, China). The DPPH radical scavenging activity was calculated using Equation 2:
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where A0, A1 and A2 are the absorbance values at 517 nm of the sample, reference and blank groups, respectively.



2.7.2 ABTS radical scavenging assay

The ABTS radical scavenging activity was performed according to the method described by Chen et al. (27). The ABTS solution (7 mM) and K2S2O8 solution (2.45 mM) were mixed equally and left in the dark at room temperature for 16 h. Subsequently, the absorbance of the mixture was adjusted to 0.70 ± 0.02 at 734 nm using phosphate buffer (5 mM, pH 7.4) before use. An equal volume of this mixture was added to the samples and then incubated in the dark. After 10 min of incubation, the absorbance of the mixtures was measured at 734 nm using the UV-3200 PC UV–vis spectrophotometer. Distilled water was used as the blank. The ABTS free radical scavenging activity was calculated using Equation 3.

[image: image]

where, A0 and A1 are the absorbance of the blank and sample groups, respectively.



2.7.3 Hydroxyl radical scavenging assay

The activity of scavenging hydroxyl radicals was determined using the method described by Yang et al. (28). Phosphate buffer (0.5 mL, 5 M, pH 7.4) and FeSO4 (1.0 mL, 0.75 mM) were thoroughly mixed before 1.0 mL of H2O2 (0.1%) was added immediately and mixed. Subsequently, the mixture was added to the samples and mixed well. The mixtures were then incubated in a water bath (Changzhou Zhongjie, HH-S4, Jiangsu, China) at 37°C for 30 min. Distilled water was added to the mixtures to make the final volume 1.5 mL. Absorbances at 510 nm were measured using the UV-3200 PC UV–vis spectrophotometer. Distilled water was used as the blank. The hydroxyl radical scavenging activity was calculated using Equation 4.
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where, A0, A1, and A2 are the absorbance of the blank, negative control, and sample groups, respectively.



2.7.4 Superoxide anion radical assay

The superoxide anion radical assay was performed using the method described by Yang et al. (28). Samples (2 mL) were mixed with 4.5 mL of Tris–HCl buffer (pH 8.2) containing 0.4 mL of pyrogallic acid and 1.0 mL of HCl (8.0 mM). For blank, samples were mixed with distilled water. Absorbances were measured at 325 nm using the UV-3200 PC UV–vis spectrophotometer. The superoxide anion radical scavenging activity was calculated using Equation 5.
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where, A0 and A1 are the absorbance of the blank and sample groups, respectively.




2.8 Statistical analysis

All assays were conducted in triplicate. The data is presented in mean ± standard deviation. Analysis of variance (ANOVA) and Duncan’s multiple range test were employed to analyze the data utilizing the SPSS statistical software (IBM, Chicago, United States). A p-value less than 0.05 was deemed statistically significant.




3 Results and discussion


3.1 Impact of β-cyclodextrin concentration on IOWT

As β-cyclodextrin content increases from 4 to 8%, sensory evaluation scores exhibit a slight upward trend, indicating that higher β-cyclodextrin content enhances sensory acceptability (Figure 2A). Conversely, flavonoid content decreases consistently, suggesting a negative correlation between β-cyclodextrin levels and flavonoid retention. This phenomenon may be attributed to the increase in β-cyclodextrin content leading to the inclusion interaction between β-cyclodextrin and flavonoid compounds, thereby altering the physicochemical properties of flavonoids and resulting in a decline in TFC (23). Sensory scores were improved when β-cyclodextrin was added in concentrations ranging from 4 to 7%. This improvement can be attributed to the minimal impact of varying proportions of β-cyclodextrin on taste and aroma compared to its more pronounced effects on color and solubility (29). With increasing concentrations of β-cyclodextrin, the IOWT exhibited brighter colors and improved solubility. Since β-cyclodextrin possesses a sweet taste, the sensory score peaked at 77.17 with a 7% addition. Within the scope of this study, the TFC was at its highest, 31.07%, when the β-cyclodextrin concentration was 4%, resulting in a sensory score of 75. Considering both parameters, the influence of β-cyclodextrin on sensory scores was negligible. Consequently, β-cyclodextrin was added at 4% for subsequent single-factor experiments.
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FIGURE 2
 Sensory score and flavonoids content of instant sweet osmanthus white tea (IOWT) with different β-cyclodextrin concentrations (A), sweet osmanthus-to-white tea ratio (B), erythritol concentrations (C), and citric acid concentrations (D). Data presented as mean. Error bars represent standard deviation.




3.2 Impact of sweet osmanthus-to-white tea ratio on IOWT

As the sweet osmanthus-to-white tea ratio increases from 1:10 to 5:10, sensory evaluation scores peak at 2:10, followed by a sharp decline (Figure 2B). Conversely, flavonoid content rises steadily with the rising ratio, indicating a trade-off between sensory acceptability and flavonoid retention as the ratio changes. The higher the proportion of the sweet osmanthus extract, the higher the TFC and the more pronounced the sweet osmanthus fragrance. However, increasing TFC can also lead to a less desirable taste (17). The taste became bland with a 1:10 ratio, and only a faint scent of sweet osmanthus was detectable. At a 2:10 ratio, the taste became mellow and sweet, with the unique aromas of white tea and sweet osmanthus present, reaching the highest sensory score of 83.1 points and a TFC of 27.74%. At a 3:10 ratio, the tea flavor became strong and exhibited bitterness, though the sweet osmanthus fragrance was highlighted. Different solid-to-liquid ratios had a notable impact on the sensory attributes of the final product, including taste, color, and concentration (30). Considering all factors, the sweet osmanthus-to-white tea ratio of 2:10 (or 1:5) offers the best balance and was used for subsequent single-factor experiments.



3.3 Impact of erythritol concentration on IOWT

As erythritol content increases from 2 to 10%, sensory evaluation scores peak at ~6%, followed by a rapid decline (Figure 2C). This observation suggested that moderate levels of erythritol are optimal for sensory acceptability, while higher levels diminish consumer preference. Similarly, flavonoid content decreases gradually with increasing erythritol content, indicating a negative impact on flavonoid retention at higher erythritol concentrations. Consistent with previous findings, Kamkaew et al. (31) demonstrated that sweeteners significantly influence the stability of flavonoid solutions. In their study, Wojtyś et al. (32) investigated the osmotic dehydration of Japanese quince fruit in erythritol solution. Their findings revealed a notable impact of erythritol on the flavonoid content of the fruit, suggesting that sweeteners may mask the bitterness of flavonoids. The product lacks sufficient sweetness at a concentration of 2%, resulting in a sensory score of 83.1 points. At a concentration of 6%, the product exhibits a rich tea flavor that is sweet and sour, making it delectable, with the highest sensory score of 87.1 points and a TFC of 25.83%. The product’s sweetness became excessive at a concentration of 10%, leading to the lowest sensory scores and TFC. Considering all factors, the optimal taste is achieved with 6% erythritol. This concentration was used for subsequent single-factor experiments.



3.4 Impact of citric acid concentration on IOWT

As the citric acid content increases from 0.4 to 1.2%, the sensory evaluation scores peak at 0.6% and decline sharply, indicating that higher citric acid concentrations adversely affect sensory acceptability (Figure 2D). Conversely, flavonoid content progressively decreases with increasing citric acid content, suggesting a potential degradation of flavonoids at elevated acidity levels. The study by Santosh et al. (33) proposed that the reduction in flavonoid content may be attributed to multiple H+ ions in citric acid. At a citric acid concentration of 0.6%, the sensory score was 88.2 points (the highest), devoid of any sour taste, and the TFC was 25.20%. At a citric acid concentration of 1.0%, the taste began to exhibit sourness, and at 1.2% citric acid, the taste became notably sour and astringent, with the lowest TFC. The outcomes were comparable to those reported in a recent study conducted by Wang et al. (34). The study demonstrated that reducing citric acid levels alleviated sourness and astringency, enhancing the mouthfeel and releasing total flavonoid content. Notably, the antioxidant activity exhibited a notable increase. Considering all factors, the optimal taste is achieved with a citric acid concentration of 0.6%. This concentration was used for subsequent single-factor experiments.



3.5 Orthogonal experimental results and analysis

From the sensory range values (RI), it is evident that the factors influencing the sensory scores of the product were ranked in the order of A > C > D > B (Table 3). This indicates that the factors affecting the product’s sensory scores are the sweet osmanthus-to-white tea ratio (A), erythritol concentration (C), citric acid concentration (D), and β-cyclodextrin concentration (B), respectively. According to the flavonoid range analysis (RII) results, the primary factors affecting the flavonoid content of the product were ranked as A > C > B > D, which translates to the sweet osmanthus-to-white tea ratio > erythritol > β-cyclodextrin > citric acid. Among these, the sweet osmanthus-to-white tea ratio has the most significant impact on the IOWT’s sensory scores and the TFC. A study by Jiang et al. (19) demonstrated that various experimental factors had varying effects on the process optimization, physicochemical properties, and antioxidant activity of instant black tea.



TABLE 3 Orthogonal experimental design and results analysis.
[image: Table3]



3.6 Validation experiment

The combination A2B2C2D1 was the optimal formulation for the IOWT (Table 3), which contradicts the highest-scoring experiment number 5 in the orthogonal test. Consequently, this formulation was retested for validation. The results showed that the sensory score and TFC of A2B2C2D1 were slightly higher than those of A2B2C3D1, with a sensory score of 89.5 (characterized by a unique aroma of white tea and sweet osmanthus fragrant, a rich and sweet-tasting, a clear and bright color, and a rapid dissolution rate). Furthermore, the TFC of A2B2C2D1 was 25.76%. Therefore, the optimal IOWT formulation was determined to be A2B2C2D1, which corresponds to a sweet osmanthus-to-white tea ratio of 1:5, 4% β-cyclodextrin, 6% erythritol, and 0.5% citric acid. Recently, Jiang et al. (19) employed sequential inoculation with golden flower (Eurotium cristatum) and Aspergillus niger in liquid-state fermentation to produce instant black tea and similarly conducted validation experiments to investigate the influencing factors.



3.7 Comparison of the flavonoid content

Compared to the TFC in the white tea extract and IOWT, the TFC was found to have increased from 6.75 to 25.76%, a rise of 3.82 times (Table 4). Simultaneously, compared to the TFC of instant white tea, the TFC of IOWT was 36.30% higher. This increase in the TFC indicated that after adding sweet osmanthus extract under the same processing conditions, there was a significant increase in the TFC of the instant white tea, eliminating the possibility of factors related to the processing technique.



TABLE 4 Comparison in flavonoid content among different samples.
[image: Table4]

Chen et al. (41) investigated ultrasonic-assisted extraction of total flavonoids in sweet osmanthus, resulting in an extraction rate of 17.7%. Hu et al. (42) analyzed white tea’s physical and chemical composition and reported a flavonoid content ranging from 0.51 to 1.43%. Wang et al. (35), Zhou et al. (36), and Ning et al. (43) also analyzed the flavonoid components in sweet osmanthus and white tea, identifying several similarities, including quercetin, catechins, and rutin. However, the specific concentrations and other components vary between the two. Sweet osmanthus contains a higher variety of flavonoid glycosides and hesperidin, while white tea primarily comprises catechin compounds, particularly epicatechin gallate (EGCG). Consequently, combining the flavonoids from white tea and sweet osmanthus can substantially enhance the antioxidant effect through complementary species and synergistic scavenging of free radicals.



3.8 Antioxidant activities of IOWT


3.8.1 Scavenging effects of IOWT on DPPH radicals

Within the concentration range of 0.2–1.0 mg/mL, the clearance rates of the DPPH free radicals by the various samples were found to increase with the increase in concentration (Figure 3A). When the concentration reached 1.0 mg/mL, the clearance rate of instant white tea was observed to be 83.14%. At the same time, that of IOWT was 88%. The DPPH radical scavenging activity of instant white tea and IOWT exhibited a dose-dependent increase with rising concentrations. However, their scavenging efficiencies remained lower than that of Vit. C, which achieved a clearance rate of 96.09%. This result is consistent with the findings of Zhao et al. (37), who demonstrated that the clearance rate of DPPH free radicals by chinaroot extract (Smilax glabra Roxb.) was comparable to ascorbic acid, indicating substantial antioxidant activities. At the same concentration, the clearance rates of DPPH free radicals were in the following order: Vit. C > IOWT > instant white tea.

[image: Figure 3]

FIGURE 3
 Scavenging rates of DPPH free radical (A), hydroxyl radical (B), superoxide anion radical (C), and ABTS radical (D) of samples with different mass concentrations. Data are presented as mean (n = 3). Error bars represent standard deviation. Bars with different lowercase letters within the same concentration indicate significant (p < 0.05) differences between groups.




3.8.2 Scavenging effects of IOWT on hydroxyl free radicals

It was observed that with the increase in concentration, the clearance rates of hydroxyl free radicals by the various samples gradually increased, exhibiting an upward trend (Figure 3B). At a concentration of 0.2 mg/mL, the clearance rates of hydroxyl free radicals by Vit. C, instant white tea, and IOWT were observed to be 71.21, 73.52, and 77.96%, respectively. When the concentration reached 1.0 mg/mL, these rates increased to 85.25, 91.19, and 94.99%, respectively. At a concentration of 1.0 mg/mL, the clearance rates of hydroxyl free radicals by instant white tea and IOWT were higher than that of Vit. C by 6.97 and 11.43%, respectively. At the same concentration, the samples’ clearance rates of hydroxyl free radicals were in the order of IOWT > instant white tea > vit. C. The study by Wang et al. (35) demonstrated that the flavonoids from goji berry (Lycium barbarum) exhibited a strong scavenging rate for hydroxyl radicals, comparable to ascorbic acid, and exhibited notable antioxidant capabilities.



3.8.3 Scavenging effects of IOWT on superoxide anion radicals

Upon increasing the concentration from 0.2 to 0.4 mg/mL, the efficacy of various samples in rapidly eliminating superoxide radicals was notably enhanced (Figure 3C). The clearance rates of superoxide anion radicals by Vit. C, instant white tea, and IOWT increased from 55.47, 48.93, and 53.44% to 80.09, 75.91, and 81.29%, respectively. Notably, when the concentration reached 0.6 mg/mL, the ability of IOWT to eliminate superoxide anion radicals significantly (p < 0.05) surpassed that of Vit. C. Furthermore, when the concentration exceeded 0.8 mg/mL, both instant white tea and IOWT exhibited a more significant (p < 0.05) scavenging capacity for superoxide anion radicals than Vit. C. A recent study by Yang et al. (28) revealed that flavonoids exhibited a more substantial scavenging rate for superoxide anion radicals than ascorbic acid, underscoring their significant antioxidant activity.



3.8.4 Scavenging effects of IOWT on ABTS radicals

Within the concentration range of 0.2–1.0 mg/mL, the capability of instant white tea and IOWT to eliminate ABTS radicals was observed to be superior to that of Vit. C (Figure 3D). As the concentration increased, the clearance effects of Vit. C, instant white tea, and IOWT on ABTS radicals exhibited a dose-dependent growth pattern. At a concentration of 1.0 mg/mL, the abilities of instant white tea and IOWT to eliminate ABTS radicals reached 97.83 and 99.11%, respectively, surpassing those of Vit. C by 2.5 and 3.85%, respectively. White tea flavonoids primarily consist of catechin compounds, particularly EGCG, which exhibit substantial antioxidant properties by scavenging reactive oxygen species (ROS), such as superoxide anions and hydroxyl radicals (25, 36). This protective role is attributed to the flavonoids’ ability to neutralize oxidative stress. Additionally, the flavonoids of osmanthus fragrans are predominantly quercetin, rutin, and a diverse range of flavonoid glycosides (5). Notably, these glycosides exhibit metal-chelating properties, thereby enhancing the activity of antioxidant enzymes and modulating oxidative stress signaling pathways (38). A study conducted by (39) revealed that the ethanol extracts of winter daffodil (Sternbergia lutea ssp. sicula) exhibited the strongest ABTS scavenging activity with the IC50 value of 0.1 mg/mL.





4 Conclusion

This study successfully optimized the formulation of IOWT using an orthogonal experimental design, resulting in a blend of sweet osmanthus-to-white tea ratio of 1:5, 4% β-cyclodextrin, 6% erythritol, and 0.5% citric acid. The optimized IOWT exhibited high sensory acceptability and significant antioxidant activity, as evidenced by its superior scavenging effects on DPPH, hydroxyl, superoxide anion, and ABTS radicals compared to instant white tea and ascorbic acid. The elevated TFC in IOWT underscores the synergistic effect of sweet osmanthus and white tea, suggesting its potential as a functional beverage with enhanced health benefits. This study primarily focused on in vitro antioxidant activity, and in vivo studies are necessary to validate these findings and explore bioavailability and long-term health impacts. Furthermore, future directions on identifying volatile and flavonoid compounds and the stability of these compounds during storage will further substantiate the potential of IOWT as a health-promoting functional beverage and support its commercial application.
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