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					ABSTRACT  

					ARTICLE INFO  

					Accurate quantification of total phenolic content (TPC) and total flavonoid content (TFC) is  

					essential for evaluating the quality and biological potential of medicinal plant extracts. However,  

					variations in reference standards and assay conditions often lead to inconsistent data across  

					laboratories. Therefore, this study aimed to develop bidirectional conversion models to harmonize  

					TPC and TFC values obtained using different calibration standards and compare with previous  

					reports. A total of 15 Indonesian medicinal plant extracts were analyzed using UV–Visible  

					spectrophotometry, with seven standards for TPC (gallic acid, catechin, quercetin, rutin, apigenin,  

					kaempferol, and myricetin) and five TFC (quercetin, rutin, apigenin, kaempferol, and myricetin).  

					Linear regression models (R2 > 0.995) were established to interconvert values among these  

					standards. The results showed that there was a strong positive correlation (r = 0.89) between TPC  

					and TFC, while a weak negative relationship was observed with antioxidant activity (IC50). This  

					indicated that only total content did not reliably predict antioxidant capacity. The bidirectional  

					conversion models enabled reliable transformation of data obtained using different reference  

					compounds, facilitating data harmonization across laboratories and studies. This method provided  

					a practical tool for standardizing spectrophotometric assays in natural products and supported the  

					development of consistent phytochemical databases as well as quality control systems for herbal  

					materials.  
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					This situation poses a significant challenge in countries with rich  

					biodiversity like Indonesia, where more than 1,200 medicinal plants are  

					Introduction  

					Quantitative analysis of total phenolic content (TPC) and  

					total flavonoid content (TFC) is essential for evaluating the biological  

					potential and quality control of herbal extracts.1, 2 These parameters are  

					widely adopted in both academic and regulatory frameworks to assess  

					antioxidant capacity and pharmacological relevance of medicinal plant.  

					However, a significant barrier to inter-laboratory comparability is the  

					lack of a harmonized calibration standard across studies.3 The  

					commonly used TPC and TFC assays, such as Folin-Ciocalteu and  

					AlCl₃ colorimetric methods, are influenced concentration and chemical  

					structure of reference standards used for calibration.4, 5 For example,  

					expressing TPC in gallic acid equivalents (GAE) versus catechin  

					equivalents (CE) can produce quantitatively different values for the  

					same sample due to varying molar absorptivities and reactivities. TFC  

					values also vary significantly based on the use of quercetin, rutin, or  

					kaempferol as calibration standards.6, 7 This inconsistency complicates  

					cross-study comparisons, meta-analyses, and regulatory assessments.  

					Pharmacopoeias differ in the recommended standards. Although the  

					European Pharmacopoeia frequently uses gallic acid and quercetin,  

					Chinese and Indonesian Herbal Pharmacopoeias vary in references and  

					methodological guidelines.  

					used in traditional medicine, but comparative quantitative data remains  

					fragmented and incompatible.8 To address this challenge, there is a need  

					for validated and statistically reliable conversion models that allow the  

					transformation of quantitative results across various calibration  

					standards. These models would facilitate harmonization of analytical  

					data, improve the reliability of phytochemical comparisons, and support  

					the standardization of herbal products in both study and industry.9, 10  

					The novelty of this study lies in the development of comprehensive  

					bidirectional conversion models that enable the interconversion of TPC  

					and TFC values across multiple calibration standards used in UV–  

					Visible spectrophotometry analysis. Compared to previous reports that  

					proposed limited one-way conversions, this study systematically  

					applies a unified linear regression method across 15 Indonesian  

					medicinal plant extracts. The use of UV–Visible spectrophotometry is  

					particularly relevant, representing a rapid, cost-effective, and widely  

					accessible analytical method. This makes the proposed harmonization  

					models practical for laboratories with limited resources. Based on the  

					description above, this study aims to develop linear, bidirectional  

					conversion models among seven commonly used TPC standards (gallic  

					acid, catechin, quercetin, apigenin, kaempferol, myricetin, and rutin)  

					and five TFC standards (quercetin, rutin, apigenin, kaempferol, and  

					myricetin). Using spectrophotometry data from 15 Indonesian  

					medicinal plant extracts, standardized conversion equations are  

					established by investigating the interrelationship between TPC and  

					TFC, as well as exploring their correlation with antioxidant activity.  

					The results provide a novel, statistically validated framework for  

					harmonizing phytochemical data and contribute to the enhancement of  

					herbal medicine quality assurance systems globally.  
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					although all identification records and documentation were retained by  

					the department for reference.  

					Materials and Methods  

					Plant Materials and Reference Standards  

					The quantitative analysis of TPC and TFC used seven reference  

					standards for calibration curves. These included gallic acid, catechin,  

					quercetin, rutin, apigenin, kaempferol, and myricetin. All reference  

					standards were of analytical grade (≥95% purity) and obtained from  

					Sigma-Aldrich (Merck, Germany). Subsequently, stock solutions were  

					freshly prepared in methanol and stored at 4°C before application. All  

					reagents used, including methanol (p.a), ethanol (p.a), Folin–Ciocalteu  

					reagent, sodium carbonate, aluminum chloride, sodium acetate, and  

					DPPH (2,2-diphenyl-1-picrylhydrazyl), were analytical grade and  

					sourced from Merck. Ultrapure water was used in the analytical process.  

					Sample Preparation and Extraction  

					Approximately 40 g of dried and powdered leaves from each medicinal  

					plant sample were macerated in 96% ethanol for 3 × 24 hours at room  

					temperature (27 ± 2°C) with occasional stirring. The pooled extracts  

					were filtered using Whatman No. 1 filter paper (Cytiva, UK) and  

					concentrated with a Rotary Evaporator (IKA RV 10 Digital, Germany)  

					at 50°C. The extraction yield (%) was calculated as the ratio of dry  

					extract mass to the initial plant powder weight. Each extraction was  

					performed in triplicate (n = 3) to ensure reproducibility, following the  

					procedure described by Ji-Eun Lee et al 11. The crude extracts were  

					preliminarily screened for major secondary metabolites, which included  

					alkaloids, flavonoids, phenolics, saponins, steroids, and triterpenoids,  

					using standard qualitative tests based on color reactions and foam  

					formation.12  

					A total of 15 medicinal plant samples were selected based on common  

					use in Indonesian traditional herbal medicine and availability in local  

					markets. The samples were collected between May and June 2024 from  

					two main sources, namely Toko Jamu DAMI in Semarang (GPS: -  

					6.978189° S, 110.431384° E) and local herbal gardens in Karangbener,  

					Kudus, Central Java (GPS: -6.784273° S, 110.880117° E). The plant  

					materials consisted primarily of dried leaves, except for Oldenlandia  

					corymbosa, which included leaves, stems, and roots. The samples were  

					authenticated by taxonomists at the Department of Biology, Faculty of  

					Science and Mathematics, Universitas Diponegoro. The local and  

					scientific names, collection sites, and plant parts used are listed in Table  

					1.  

					Table 1: List of Medicinal Plant Used in This Study  

					No Local  

					(Scientific  

					Name Collection  

					Site  

					Plant Part Used  

					Page  

					113  

					157  

					480  

					Name)  

					1.  

					2.  

					3.  

					Dewa  

					divaricata)  

					(Gynura Toko Jamu Leaf  

					DAMI,  

					Semarang  

					Jati  

					(Guazuma  

					ulmifolia)  

					Tempuyung  

					(Sonchus  

					Blanda Toko Jamu Leaf  

					DAMI,  

					Semarang  

					Toko Jamu Leaf  

					DAMI,  

					Determination of TPC  

					TPC was determined using the Folin–Ciocalteu method following the  

					procedure described by Sánchez-Rangel et al. 13. Initially, 0.5ꢀmL of  

					sample solution was mixed with 2.5ꢀmL of 10% Folin–Ciocalteu  

					reagent, incubated for 5 minutes, and added with 2.0ꢀmL of 7% sodium  

					carbonate (Na₂CO₃). The solution was allowed to stand at room  

					temperature in the dark for 30 minutes. Absorbance was measured at  

					765ꢀnm using a UV–Visible Spectrophotometer (Shimadzu UV-1800,  

					Japan). Gallic acid was used as the reference standard, and calibration  

					curves were also constructed for catechin, quercetin, rutin, apigenin,  

					kaempferol, and myricetin (10–50ꢀµg/mL). All measurements were  

					performed in triplicate (n = 3).  

					arvensis)  

					Semarang  

					4.  

					5.  

					6.  

					Kenikir (Cosmos Karangbener, Leaf  

					caudatus) Kudus  

					Sirih Hijau Piper Karangbener, Leaf  

					betle Kudus  

					Beluntas Pluchea Toko Jamu Leaf  

					234  

					448  

					54  

					indica  

					DAMI,  

					Semarang  

					Toko Jamu Leaf  

					DAMI,  

					Semarang  

					7.  

					8.  

					9.  

					Sembung  

					(Blumea  

					balsamifera)  

					Tapak  

					(Elephantopus  

					scaber)  

					Jambu  

					(Psidium  

					guajava)  

					413  

					468  

					149  

					192  

					377  

					318  

					Liman Toko Jamu Leaf  

					Determination of TFC  

					DAMI,  

					Semarang  

					Biji Toko Jamu Leaf  

					DAMI,  

					Semarang  

					Putih Toko Jamu Leaf  

					DAMI,  

					Semarang  

					Salam Toko Jamu Leaf  

					DAMI,  

					TFC was measured using the aluminum chloride colorimetric method  

					adapted from Shraim et al. 14. Initially, a 0.5ꢀmL extract solution was  

					mixed with 2.0ꢀmL of 2% AlCl₃ in ethanol. After 30 minutes of  

					incubation in the dark, absorbance was read at 415ꢀnm using the same  

					UV–Visible Spectrophotometer (Shimadzu UV-1800, Japan).  

					Quercetin was used as the primary standard, and parallel curves were  

					constructed for rutin, apigenin, kaempferol, and myricetin. All analyses  

					were carried out in triplicate.  

					10. Kayu  

					(Melaleuca  

					cajuputi)  

					11. Daun  

					(Syzygium  

					polyanthum)  

					12. Meniran  

					Calculation of Calibration Curves  

					Standard solutions of each reference compound were prepared in  

					ethanol (10–50ꢀµg/mL). Calibration curves were generated by plotting  

					absorbance against concentration. Linear regression equations were  

					derived and accepted only when R²ꢀ>ꢀ0.99.  

					Semarang  

					Toko Jamu Leaf  

					DAMI,  

					(Phyllanthus  

					niruri)  

					Semarang  

					13. Rumput Mutiara Toko Jamu Whole  

					plant 373  

					DPPH Radical Scavenging Assay  

					Oldenlandia  

					corymbosa  

					DAMI,  

					Semarang  

					(leaf, stem, root)  

					Antioxidant activity was determined using DPPH (2,2-diphenyl-1-  

					picrylhydrazyl) assay. A 1.0ꢀmL extract at different concentrations (20–  

					100ꢀμg/mL) was mixed with 1.0ꢀmL of 0.1ꢀmM DPPH in ethanol. After  

					30 minutes of incubation in the dark at room temperature, absorbance  

					was measured at 517ꢀnm, and percentage inhibition was calculated  

					using Equation 1:  

					14. Bayam  

					Duri Karangbener, Leaf  

					Kudus  

					50  

					71  

					Amaranthus  

					spinosus  

					15. Binahong  

					Anredera  

					Karangbener, Leaf  

					Kudus  

					퐴

					−퐴  

					0

					%푖푛ℎ푖푏푖푡푖표푛 =  

					푠 푥100% (1)  

					cordifolia  

					퐴

					0

					In this equation, A0 is the absorbance of the control, and As is the  

					absorbance of the sample. IC₅₀ values were determined by plotting  

					percent inhibition against concentration.15  

					To support botanical verification and standardization, each sample was  

					cross-referenced with Indonesian Herbal Pharmacopoeia, Second  

					Edition (FHI, 2017). For plant not included in FHI, identification was  

					based on scientific literature and comparison with herbarium specimens  

					available at the university. There were no voucher specimens deposited,  

					Conversion Equation Modeling  

					Bidirectional linear regression models were constructed to enable  

					conversion of TPC and TFC values between standards. TPC values in  
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					GAE were regressed against corresponding values in CE, QE, RE, APE,  

					KE, and ME. For TFC, conversions were made from QE to other  

					flavonoid equivalents. Subsequently, models were validated using  

					values obtained from all 15 plant extracts.  

					To ensure analytical reliability, all determinations of TPC, TFC, and  

					antioxidant activity were performed in triplicate (n = 3). The results  

					showed high repeatability, with relative standard deviation (%RSD)  

					values ranging from 1.2% to 3.5% across all measurements. These  

					values fall in the acceptable range (<5%) for spectrophotometry assays  

					as recommended by Sánchez-Rangel et al. and Shraim et al. The  

					data confirmed that the spectrophotometry procedures used in this study  

					are reproducible and precise. The low RSD values showed consistent  

					performance of the Folin–Ciocalteu and AlCl3 colorimetric methods  

					under the described experimental conditions, validating the reliability  

					of data used for the bidirectional conversion models. Furthermore, the  

					precision supported the robustness of the regression models (R² >  

					0.995), as the observed variability arises primarily from inherent sample  

					differences rather than analytical error. In practical terms, this high  

					repeatability ensures that the developed conversion equations can be  

					13  

					14  

					Statistical Analysis  

					All measurements were conducted in triplicate and expressed as mean  

					± standard deviation (SD). Relative standard deviation (%RSD) was  

					used to assess repeatability, while correlations between TPC, TFC, and  

					IC₅₀ values were analyzed through Pearson correlation. Significance  

					was set at p < 0.05, and all analyses were performed using IBM SPSS  

					Statistics version 26 (IBM Corp., Armonk, NY, USA).  

					Results and Discussion  

					Bidirectional Conversion Models for TPC and TFC  

					confidently applied  

					across  

					laboratories,  

					provided  

					similar  

					The quantification of TPC and TFC in medicinal plant extracts often  

					depends on different reference standards, making direct comparisons  

					between studies difficult. Therefore, this study was carried out to  

					develop bidirectional linear conversion models to harmonize TPC and  

					TFC values obtained using different calibration standards and compare  

					with previous reports. The proposed models focused on facilitating  

					inter-study comparison and data integration on phytochemical analysis.  

					Table 2 provided the linear regression equations and determination  

					coefficients (R²) for calibration curves constructed using various  

					phenolic and flavonoid standards. For TPC analysis, seven standards  

					were evaluated, comprising gallic acid, catechin, quercetin, rutin,  

					apigenin, kaempferol, and myricetin. All calibration curves showed  

					excellent linearity with R² values greater than 0.995, confirming the  

					validity of using each compound as a standard for TPC measurement.  

					A total of five standards, including quercetin, rutin, apigenin,  

					kaempferol, and myricetin, were used for TFC, which showed strong  

					linearity, with R² values ranging from 0.9948 to 0.9953.  

					spectrophotometric and calibration conditions are maintained. The  

					consistency enhances data comparability and supports the applicability  

					of the harmonization framework proposed in this study.  

					Due to the variation in molar absorptivity and reactivity among  

					compounds, direct comparisons of TPC or TFC values across different  

					studies using separate standards can cause significant inconsistencies.16  

					To address this issue, Figures 1 and 2 introduce bidirectional conversion  

					equations for TPC and TFC, respectively, allowing the conversion of  

					values from one standard to another with high accuracy. Equations on  

					each arrow represented linear regression models used to convert  

					between standards.  

					In Figure 1, bidirectional equations were established using gallic acid  

					as the primary standard for TPC. For example, the conversion from  

					gallic acid equivalent (TPCGAE) to catechin equivalent (TPCCE) was  

					given by Equation 1:  

					푇푃퐶퐶퐸 = (1.1524 × TPCGAE) − 3.1543  

					(1)  

					Table 2: Linear regression equations and determination  

					coefficients (R2) for calibration curves of seven reference  

					standards used in TPC and TFC analysis  

					with the reverse conversion being (Equation 2):  

					(TPCCE + 3.1543)  

					푇푃퐶퐺ꢀ퐸 =  

					(2)  

					Reference  

					Linear  

					R2  

					Description  

					1.1524  

					Standard  

					Regression  

					Equation  

					This showed a consistent linear relationship and allowed mutual  

					translation between standards. Specifically, quercetin and rutin showed  

					strong correlations with gallic acid, using conversion Equations 3 and  

					4.  

					Reference standards used in TPC  

					Gallic Acid  

					Catechin  

					Quercetin  

					Rutin  

					y

					=

					0.0121x  

					0.0105x  

					0.0123x  

					0.0052x  

					0.0462x  

					0.0048x  

					0.0167x  

					–

					+

					+

					+

					+

					+

					+

					0.9973  

					0.9926  

					0.9928  

					0.9988  

					0.9959  

					0.9961  

					0.9994  

					Valid, Linear  

					Valid, Linear  

					Valid, Linear  

					Valid, Linear  

					Valid, Linear  

					Valid, Linear  

					Valid, Linear  

					0.0093  

					TPCQE = (0.9837 × TPCGAE) + 14.3666  

					(3)  

					(4)  

					y

					=

					0.0276  

					TPCRE = (2.3269 × TPCGAE) − 16.827  

					y

					=

					0.1674  

					The negative slope in gallic acid to rutin conversion showed an inverse  

					relationship in response characteristics, which was crucial for accurate  

					conversion.17 The inclusion of apigenin, kaempferol, and myricetin in  

					models broadened the applicability of the method, considering  

					widespread application in flavonoid-rich extracts. For instance, the  

					conversion from TPCGAE to myricetin equivalent (TPCME) follows  

					Equation 5:  

					y

					=

					0.0782  

					Apigenin  

					Kaempferol  

					Myricetin  

					y

					=

					0.149  

					y

					=

					0.0757  

					y

					=

					0.0544  

					TPCME = (0.7246 × TPCGAE) − 3.8144  

					(5)  

					Reference standards used in TFC  

					The results showed the flexibility of this harmonization method. Figure  

					2 shows conversion equations for TFC using quercetin as the base  

					standard. For example, the conversion between quercetin and rutin  

					follows (Equation 6):  

					Quercetin  

					Rutin  

					y

					=

					0.0068x  

					0.0034x  

					0.0577x  

					0.0068x  

					0.0713x  

					+

					+

					+

					+

					+

					0.9948  

					0.9949  

					0.9917  

					0.9934  

					0.9953  

					Valid, Linear  

					Valid, Linear  

					Valid, Linear  

					Valid, Linear  

					Valid, Linear  

					0.0261  

					y

					0.0093  

					y

					0.0629  

					y

					0.0272  

					y

					=

					Apigenin  

					Kaempferol  

					Myricetin  

					=

					TFCRE = (0.17 × TFCQE) − 4.9412  

					and the reverse equation (Equation 7):  

					(TFCRE + 4.9412)  

					(6)  

					=

					=

					0.0921  

					TFCQE =  

					.

					(7)  

					0.17  
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					Practical Implications and Limitations  

					The bidirectional conversion models developed in this study offered  

					significant practical benefits for studies, analytical laboratories, and the  

					phytopharmaceutical industry, particularly where there is limited access  

					to a broad range of reference standards. By enabling the conversion of  

					TPC and TFC values between commonly used standards, these models  

					promote standardized data reporting, ensuring consistency in  

					phytochemical analysis across different laboratories and studies.20 The  

					harmonization is essential to facilitate comparative studies, regulatory  

					compliance, and the development of quality assurance frameworks,  

					particularly in regions where only a limited number of reference  

					compounds are available due to cost, supply chain, or import  

					restrictions.  

					The models support the retrospective harmonization of historical  

					datasets, eliminating the need for reanalysis of archived extracts. This  

					enables broader meta-analyses, thereby enhancing the comparability of  

					ethnopharmacological studies, which contributes to the construction of  

					centralized herbal composition databases. For industries in botanical  

					supplements and traditional medicines, the models serve as a valuable  

					tool to fulfill regulatory labeling requirements, particularly when  

					different reference compounds are mandated across markets or  

					regulatory authorities.21  

					Despite the significant contribution, there are inherent chemical and  

					methodological limitations associated with the models. The variability  

					in conversion accuracy is influenced by the chemical structure of  

					compounds used as standards. Phenolic acids like gallic and catechin,  

					which lack complex conjugated systems, tend to produce consistent and  

					linear conversions.22 In comparison, flavonoid standards, particularly  

					those with extended conjugated π-systems and carbonyl functionalities,  

					show non-proportional colorimetric responses due to differences in  

					electron delocalization and redox behavior.23 These structural  

					differences reduce the precision of inter-standard conversions and  

					contribute to high variation, particularly when depending on reagents  

					like Folin-Ciocalteu or AlCl₃ sensitive to electron-donating and  

					complexation behaviors.  

					Figure 1: Conversion pathways for TPC standards. Gallic acid  

					serves as the central reference  

					The models assume uniformity in reaction conditions and analytical  

					methods, specifically those based on UV-Vis spectrophotometry  

					measurements using Folin-Ciocalteu reagent for TPC and aluminum  

					chloride complexation for TFC.24 Any deviations in reaction time, pH,  

					temperature, or solvent composition can affect the chromogenic  

					response and limit the reliability of the conversion equations.25 Despite  

					the robustness in the confines of standardized spectrophotometry  

					protocols, the models are not directly applicable to other analytical  

					methods. These include HPLC, LC-MS, or electrochemical assays,  

					which detect phenolics and flavonoids based on different  

					physicochemical properties.26, 27  

					As a recommendation, future work should focus on validating and  

					expanding the models under diverse assay conditions and across  

					alternative analytical platforms. Extending the conversion framework  

					to include other classes of bioactive secondary metabolites, such as  

					tannins, anthocyanins, and stilbenes, would further enhance relevance  

					for the comprehensive profiling of medicinal plant extracts.28  

					Collaboration between regulatory agencies, industry stakeholders, and  

					academic studies is essential in translating these models into  

					international standards for phytochemical analysis and quality control.  

					Figure 2: Conversion pathways for TFC standards. Quercetin  

					acts as the intermediary standard for indirect conversions  

					among flavonoids  

					Correlation of TPC and TFC with Antioxidant Activity  

					The quantification of TPC, TFC, and antioxidant activity (as measured  

					by IC₅₀) across 15 medicinal plant extracts showed significant trends  

					and complexities in phytochemical-antioxidant relationships.29 As  

					shown in Table 3, TPC values ranged from 66.20 to 98.75 mg GAE/g,  

					while TFC varied between 48.33 and 74.20 mg QE/g. Antioxidant  

					activity, expressed as IC₅₀, varied widely from 31.69 to 143.74 µg/mL.  

					These variations showed the diversity in secondary metabolite  

					composition among medicinal plant. Furthermore, statistical analysis  

					showed that samples with higher TPC and TFC values, such as Piper  

					betle and Syzygium polyanthum, had lower IC₅₀ values, suggesting  

					stronger antioxidant activity (p < 0.05). The correlation coefficients (r  

					= –0.36 for TPC–IC₅₀ and r = –0.24 for TFC–IC₅₀) indicated that only  

					total content values were insufficient to predict antioxidant potential.  

					This result, supported by Table 3, showed the importance of considering  

					Other flavonoid pairs, such as quercetin–apigenin, quercetin–  

					kaempferol, and quercetin-myricetin, were modeled. The results  

					showed strong linear relationships with slopes and intercepts, indicating  

					the characteristic response of each compound under spectrophotometry  

					measurement. The bidirectional models allowed the conversion of TPC  

					and TFC values using different reference compounds, which enabled  

					standardized reporting and meta-analysis of phytochemical data.18  

					Additionally, the models permitted indirect conversions through  

					intermediary standards. For instance, converting from kaempferol to  

					myricetin equivalents can be performed through quercetin as an  

					intermediary, increasing the versatility of the framework.19  
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					compound structure and synergistic effects rather than relying only on  

					TPC or TFC. As shown in Figure 3, there was a weak negative  

					correlation between TPC and IC50 values (r = –0.36), indicating that  

					higher TPC is generally associated with stronger antioxidant activity.30  

					However, the correlation was not strong enough to establish TPC as a  

					reliable predictor of antioxidant capacity. Based on Figure 4, there was  

					a weaker negative correlation between TFC and IC₅₀ (r = –0.24),  

					suggesting that only TFC was insufficient to accurately reflect  

					antioxidant activity.  

					Table 3: Total Phenolic, Flavonoid, and Antioxidant Activity  

					Content of 15 Medicinal Plants  

					No Scientific Name TPC (mg TFC  

					(mg IC₅₀  

					GAE/g)  

					QE/g)  

					(µg/mL)  

					1.  

					2.  

					3.  

					4.  

					5.  

					6.  

					7.  

					8.  
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					The correlation between TPC and TFC (Figure 5) was very strong and  

					positive (r = 0.89), suggesting a high concentration of flavonoid in most  

					of the tested extracts.31 This is attributed to the chemical nature of  

					flavonoid, which are a subclass of polyphenols. Therefore, in  
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					Floegel et al. stated that correlations between TPC and antioxidant  

					capacity varied based on plant matrix and the antioxidant assay used,  

					such as DPPH, ORAC, and ABTS. The use of DPPH-based IC50 method  
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