Microwave-assisted reflux extraction of flavonoids from guava leaves and evaluation of their antioxidant activity
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Abstract: 
This study examines the extraction conditions of flavonoids from guava (Psidium guajava) leaves and evaluates the antioxidant activity of the resulting extract. The effects of microwave treatment time, ethanol concentration, and reflux extraction duration were investigated to determine suitable extraction parameters. The optimal condition was identified as microwave treatment for 3 minutes followed by reflux extraction with 70% ethanol for 2 hours, resulting in a total flavonoid content of 8.7%. The obtained flavonoid extract demonstrated antioxidant activity by reducing the peroxide value of lard under accelerated oxidation conditions and exhibited dose-dependent scavenging effects against superoxide and hydroxyl radicals. These findings indicate that guava leaves are a promising natural source of flavonoids for plant-derived antioxidant applications. 
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1. Introduction
Guava (Psidium guajava L.) is a tropical fruit tree belonging to the Myrtaceae family. It is widely cultivated in many Asian countries because of its good adaptability, high nutritional value, and potential use in traditional medicine. In addition to the fruit, guava leaves are also a valuable plant material rich in bioactive compounds, particularly polyphenols and flavonoids such as quercetin, kaempferol, avicularin, quercitrin, rutin, and quercetin glycoside derivatives (Kumar et al., 2021; Huynh et al., 2025). Previous studies have shown that these compounds are closely associated with the biological activities of guava leaves, including antioxidant, anti-inflammatory, antibacterial, antidiabetic, and cytoprotective effects against oxidative stress (Chen & Yen, 2007).

Flavonoids are an important class of secondary metabolites in plants. They can donate electrons or hydrogen atoms to neutralize free radicals, chelate transition metal ions, and inhibit lipid peroxidation. Therefore, naturally derived flavonoids have attracted increasing interest in studies on functional foods, medicinal plants, and plant-based antioxidants. In guava leaves, antioxidant activity has been reported in various experimental models, including DPPH, ABTS, hydroxyl radical, and superoxide radical scavenging assays, as well as reducing power and lipid oxidation inhibition assays (Chen & Yen, 2007; Camarena-Tello et al., 2018; Luna-Zapién et al., 2026). These findings indicate that guava leaves are not only an agricultural by-product but also a potential raw material for obtaining natural antioxidants.

 However, the efficiency of flavonoid extraction from guava leaves depends greatly on extraction conditions, including solvent type, ethanol concentration, extraction time, temperature, material-to-solvent ratio, and pretreatment method. Among these factors, aqueous ethanol is commonly used because it can effectively dissolve phenolic and flavonoid compounds, while being relatively safe and suitable for potential food or pharmaceutical applications. Assisted extraction techniques, such as microwave- or ultrasound-assisted extraction, may disrupt plant cell wall structures, enhance solvent diffusion into leaf tissues, and improve the release of bioactive compounds (Li et al., 2019; Kavhale et al., 2026). Therefore, optimization of the extraction process is necessary to identify suitable extraction conditions, improve flavonoid recovery, and reduce processing time.
On this basis, the present study was conducted to investigate the extraction of total flavonoids from guava leaves and to evaluate the antioxidant activity of the obtained extract. The findings are expected to provide a scientific basis for exploiting guava leaves as a natural flavonoid-rich material, thereby supporting the development of value-added products in functional foods, medicinal plant-based products, and natural antioxidants.
2. Experimental materials and methods
2.1. Experimental materials
Leaves of the Taiwanese pear guava cultivar were collected in Buon Don, Dak Lak Province. The leaves were washed, dried, ground into powder, and stored for subsequent experiments. Lard was prepared from commercially purchased pork fat, which was washed, rendered at low temperature, transferred to suitable containers, and stored under refrigeration. The chemicals used in this study included quercetin, sodium nitrite (NaNO₂), aluminum chloride hexahydrate (AlCl₃·6H₂O), sodium hydroxide (NaOH), 95% ethanol, chloroform, glacial acetic acid, potassium iodide (KI), sodium thiosulfate (Na₂S₂O₃), butylated hydroxytoluene (BHT), pyrogallol, phosphate-buffered saline (PBS, pH 8.34) prepared from potassium dihydrogen phosphate (KH₂PO₄) and dipotassium hydrogen phosphate (K₂HPO₄), hydrogen peroxide (H₂O₂), ferrous sulfate (FeSO₄), and salicylic acid. All chemicals were of analytical grade.
2.2. Extraction of flavonoids from guava leaves
Warm Water Extraction: Dried guava leaf powder (6 g) was extracted with distilled water in a thermostatic water bath at 50-90ºC. The extraction was performed in two successive steps: first at a liquid-to-solid ratio of 8:1 (mL/g) for 1 h, followed by a second extraction at 6:1 (mL/g) for 30 min. The resulting extracts were filtered, pooled, and made up to 100 mL in a volumetric flask.
Microwave-Assisted Reflux Extraction: Dried guava leaf powder (6g) was moistened with 6 mL of distilled water and pretreated in a microwave oven at 800 W and 20% power for 3 min. Ethanol was then added to obtain 50-90% ethanol solutions at a liquid-to-solid ratio of 14:1 (mL/g). The mixtures were refluxed for 1 h, cooled, vacuum-filtered, centrifuged, and adjusted to 100 mL.
2.3. Determination of total flavonoid content
An aliquot of the diluted guava leaf flavonoid extract (1 mL) was transferred to a 50 mL volumetric flask, followed by the addition of 25 mL of 25% ethanol and 1.5 mL of 5% NaNO₂. The mixture was shaken and allowed to stand for 5 min. Subsequently, 1.5 mL of 10% AlCl₃ was added, mixed thoroughly, and left for 6 min before adding 10 mL of 1 mol/L NaOH. The solution was then diluted to volume with 25% ethanol, mixed, and incubated for 10 min. Absorbance was measured at 380 nm. Total flavonoid content was quantified using quercetin as the reference standard.
2.4. Antioxidant Assays
2.4.1. Evaluation of lipid oxidation inhibition in lard
The antioxidant activity of crude flavonoid extract from guava leaves was evaluated using an accelerated lipid oxidation model in lard. Briefly, 30.0 g of pre-warmed lard was supplemented with the crude flavonoid extract at 0.5% and 1.0% (w/w). Butylated hydroxytoluene (BHT, 0.05%, w/w) was used as the positive control, while lard without any antioxidant served as the negative control. The samples were thoroughly mixed to ensure homogeneous dispersion of the extract in the lipid matrix and then incubated at 60 ± 1ºC to accelerate oxidation. During storage, the samples were periodically mixed and collected at predetermined time points for peroxide value (PV) determination. PV was used as an indicator of primary lipid oxidation products, mainly hydroperoxides. A slower increase in PV compared with the negative control indicated stronger inhibition of lipid oxidation. PV was determined according to TCVN 6121:2018.
2.4.2. Free radical scavenging activity of the extract
Superoxide radical scavenging assay: Superoxide radical (O₂•⁻) scavenging activity was determined based on the autoxidation of pyrogallol under alkaline conditions, which produces a chromophore with absorbance at 322 nm. Antioxidants present in the extract inhibit this reaction, resulting in reduced absorbance and reflecting O₂•⁻ scavenging capacity. Briefly, 0.1-0.5 mL of the flavonoid extract was mixed with 5 mL of phosphate buffer (50 mmol/L, pH 8.34) and incubated at 25ºC for 20 min. Then, 0.3 mL of pyrogallol solution (0.2 mmol/L) was added, and the mixture was diluted to 10 mL with distilled water. Absorbance was recorded at 322 nm after 20s. A blank without pyrogallol was used to correct background absorbance, while the control was prepared without the extract.
Hydroxyl radical scavenging assay: Hydroxyl radical (•OH) scavenging activity was evaluated using the Fenton reaction. In this system, hydrogen peroxide (H₂O₂) reacts with ferrous sulfate (FeSO₄) to generate •OH, which subsequently reacts with salicylic acid to form a colored product with absorbance at 510 nm. Antioxidants in the flavonoid extract compete with salicylic acid for •OH, thereby reducing color formation. Briefly, 1 mL of FeSO₄ solution (2 mmol/L), 1 mL of H₂O₂ solution (6 mmol/L), and 1 mL of salicylic acid solution (6 mmol/L) were mixed and incubated at 37 ºC for 15 min. Then, 0.1–1.0 mL of the flavonoid extract was added, and the mixture was diluted to 10 mL with distilled water, vortexed, and allowed to stand for 10 min. Absorbance was measured at 510 nm. Hydroxyl radical scavenging activity was evaluated based on the decrease in absorbance compared with the control without extract. 
3. Results and Discussion
3.1. Effects of extraction conditions on the total flavonoid content of guava leaves
Figure 1. Effects of extraction conditions on the total flavonoid content of guava leaves
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(A) Effect of extraction temperature; (B) effect of ethanol concentration; (C) effect of reflux extraction time.
As shown in Figure 1, extraction temperature, ethanol concentration, and reflux time markedly affected the total flavonoid content (TFC) of guava leaf extracts. These parameters are critical for phenolic and flavonoid extraction because they influence solute solubility, solvent penetration into plant tissues, and mass transfer from the plant matrix to the extraction medium. In Figure 1A, TFC increased from approximately 3.2% to 6.74% as the extraction temperature rose from 50°C to 80°C. This increase may be attributed to enhanced molecular mobility, reduced solvent viscosity, improved wetting of plant tissues, and accelerated diffusion of flavonoids into the solvent (Li et al., 2019). However, TFC decreased to approximately 5.3% at 90°C, possibly due to thermal degradation or structural transformation of heat-sensitive polyphenolic and flavonoid compounds during extraction (Antony et al., 2022). Therefore, 80°C was considered the most suitable extraction temperature within the investigated range.
For ethanol concentration, the highest TFC was obtained with 70% ethanol, reaching approximately 7.9% (Figure 1B). This result may be explained by the intermediate polarity of aqueous ethanol, which favors the extraction of both free flavonoids and flavonoid glycosides (Dai & Mumper, 2010). At lower ethanol concentrations, less polar flavonoids may not be efficiently solubilized, whereas excessive ethanol levels reduce the water fraction required for plant tissue swelling and the release of polar constituents (Zhang et al., 2018). Thus, 70% ethanol provided the most favorable solvent system under the tested conditions.
Figure 1C shows that reflux extraction for 2h yielded the highest TFC, approximately 6.7%. Extending the reflux time from 1 to 2h improved flavonoid recovery, likely because of prolonged contact between the solvent and plant material. However, further extension to 3-5 h resulted in a gradual decrease in TFC, suggesting that extraction had approached equilibrium and that prolonged heating may have promoted degradation or oxidation of some flavonoid compounds (Antony et al., 2022). Based on the single-factor experiments, the suitable extraction conditions were 80°C, 70% ethanol, and 2 h of reflux extraction. Using microwave-assisted reflux extraction, the highest flavonoid yield was obtained when the material was pretreated by microwave irradiation for 3 min and then refluxed with 70% ethanol for 2 h. Under these conditions, the total flavonoid content reached 8.7 %.
3.2. Antioxidant activity of flavonoid extract from guava leaves
Figure 2. Antioxidant activity of crude flavonoid extract from guava leaves
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(A) Peroxide value (PV) of lard after 72h of accelerated oxidation at 60 ± 1ºC; (B) superoxide radical scavenging activity; (C) hydroxyl radical scavenging activity. CFE: crude flavonoid extract.
As shown in Figure 2A, the crude flavonoid extract (CFE) from guava leaves inhibited lipid oxidation in lard after 72h of accelerated oxidation at 60 ± 1ºC. The untreated lard control showed the highest peroxide value (PV), indicating marked formation of primary lipid oxidation products under thermal stress. In contrast, CFE supplementation reduced PV in a concentration-dependent manner, with 1.0% CFE showing greater inhibitory activity than 0.5% CFE. These results suggest that flavonoids from guava leaves can delay the formation of peroxides and hydroperoxides in lipid matrices (Valgimigli, 2023).

Figure 2B shows that the superoxide radical scavenging activity of the flavonoid extract increased with extract volume. The scavenging rate increased from 13.17% at 0.1mL to 22.33%, 34.97%, 46.30%, and 50.37% at 0.2, 0.3, 0.4, and 0.5mL, respectively. Thus, a five-fold increase in extract volume resulted in an approximately 3.8-fold increase in superoxide scavenging activity. This dose-dependent trend may be associated with the increasing availability of phenolic and flavonoid compounds capable of donating electrons or hydrogen atoms to neutralize free radicals (Rahim et al., 2026). Similarly, the extract also exhibited hydroxyl radical scavenging activity, although at a lower level than that observed for superoxide radicals (Figure 2C). The •OH scavenging rate increased from 4.27% at 0.1 mL to 9.03% at 0.2 mL, 11.50% at 0.4 mL, and 16.90% at 1.0 mL. Although the increase was less pronounced, the results still indicate a volume-dependent inhibitory effect against hydroxyl radicals. The lower scavenging activity may be attributed to the extremely high reactivity and short lifetime of •OH radicals in the in vitro reaction system (Camarena-Tello et al., 2018). 
Overall, the crude flavonoid extract from guava leaves demonstrated antioxidant activity in all three tested models, including lipid oxidation inhibition, superoxide radical scavenging, and hydroxyl radical scavenging. Among these, the superoxide radical scavenging effect was more prominent, reaching 50.37% at 0.5 mL of extract, whereas hydroxyl radical scavenging reached 16.90% at 1.0 mL. These findings are consistent with previous reports showing that guava leaves contain phenolic and flavonoid constituents such as quercetin, kaempferol, avicularin, gallic acid, and protocatechuic acid, which are closely associated with the antioxidant potential of medicinal plant materials (Kumar et al., 2021; Rahim et al., 2026).
4. Conclusion
Microwave-assisted reflux extraction was suitable for recovering flavonoids from guava leaves. The most favorable condition was microwave pretreatment for 3 min, followed by reflux extraction with 70% ethanol for 2h, yielding a total flavonoid content of 8.7%. The obtained extract showed evident antioxidant activity, as demonstrated by the reduction in peroxide value of lard under accelerated oxidation and its scavenging effects against superoxide and hydroxyl radicals. Overall, this method offers a simple, time-saving, and controllable approach for obtaining flavonoid-rich extracts from guava leaves using ethanol as a relatively safe and easily removable solvent. The extract can be further concentrated or dried into crude flavonoid powder, providing a potential natural antioxidant source. These findings support the further development of guava leaf-derived ingredients for functional foods, health-promoting products, and plant-based antioxidant formulations.
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Tóm tắt:

Nghiên cứu này khảo sát các điều kiện chiết xuất flavonoid từ lá ổi (Psidium guajava) và đánh giá hoạt tính chống oxy hóa của dịch chiết thu được. Ảnh hưởng của thời gian xử lý vi sóng, nồng độ ethanol và thời gian chiết hồi lưu được nghiên cứu nhằm xác định các thông số chiết xuất phù hợp. Điều kiện tối ưu được xác định là xử lý vi sóng trong 03 phút, sau đó chiết hồi lưu bằng ethanol 70% trong 02 giờ, cho hàm lượng flavonoid tổng số đạt 8,7%. Dịch chiết flavonoid thu được thể hiện hoạt tính chống oxy hóa thông qua khả năng làm giảm chỉ số peroxide của mỡ lợn trong điều kiện oxy hóa gia tốc, đồng thời cho thấy tác dụng bắt giữ gốc superoxide và gốc hydroxyl phụ thuộc vào nồng độ. Kết quả nghiên cứu cho thấy lá ổi là nguồn flavonoid tự nhiên đầy tiềm năng cho các ứng dụng chất chống oxy hóa có nguồn gốc thực vật.
Từ khóa: Psidium guajava, hàm lượng flavonoid tổng, chiết xuất có sự hỗ trợ bằng vi sóng, chỉ số peroxide, hoạt tính chống oxy hóa.
