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Abstract

:

Several preclinical studies suggest the potential of edible plants in controlling blood sugar levels and stabilizing diet. The goals of the study were to examine, analyze, and describe whether there are chemical compounds in dandelion and burdock roots that could have antidiabetic properties. The 70% ethyl alcohol and lyophilizate extracts (AE and LE, respectively), were used, and analyses were carried out on their total polysaccharide (TP), total phenolic content (TPC), tannin, and inulin. The antioxidant activity of extracts was determined using the DPPH (2,2-diphenyl-1-picrylhydrazyl) assay, and hypoglycemic properties were based on α-amylase activity. Liquid chromatography–mass spectrometry was used for the tentative identification of the chemical components. Qualitative techniques confirmed the presence of inulin in both roots. Analysis of TPC, tannin content, DPPH assay, and α-amylase activity revealed higher values for burdock compared to dandelion. However, dandelion exhibited higher TP content. Burdock contained a small amount of tannin, whereas the tannin content in dandelion was insignificant. All LE consistently exhibited higher values in all analyses and assays for all roots compared to AE. Despite burdock root showing overall better results, it is uncertain whether these plants can be recommended as antidiabetic agents without in vivo studies.






Keywords:


diabetes mellitus; dandelion; burdock; tannin; inulin; total polysaccharide; total phenolic content; antioxidant; hypoglycemic properties












1. Introduction


Diabetes mellitus (DM) is a chronic noninfectious disease that is spread worldwide, categorized into three main types: type 1 DM (T1DM), type 2 DM (T2DM), and gestational DM (GDM) [1]. The International Diabetes Federation [2] reports that around 540 million people develop diabetes, with T2DM accounting for 90% of the cases [3]. T2DM is one of the main chronic diseases and a serious long-term metabolic disorder, which develops because of an imbalanced diet, insufficient physical activity, and genetic factors. This metabolic disorder results from both inadequate insulin secretion by pancreatic β-cells and diminished tissue responsiveness to insulin [4]. Hyperglycemia, a hallmark of DM [5], can lead to organ and tissue damage, contributing to complications such as cardiovascular disease, kidney issues, and eye diseases [6]. Timely administration of hypoglycemic drugs is essential for diabetics to regulate blood glucose levels and manage the risk of complications. The critical role in increasing blood sugar, and the pathogenesis and progression of DM also has oxidative stress, which results in reducing insulin production by pancreatic islets [7].



Given the drawbacks and costs associated with various chemical hypoglycemic agents used to treat DM, there is a growing trend towards herbal medicine for controlling and managing this disease [8]. Presently, consumers are increasingly attracted to natural products due to their notable efficacy and low toxicity. Several preclinical studies and reviews have demonstrated the potential effects of edible plants in controlling blood sugar levels and stabilizing diets as well [9,10,11,12].



Throughout history, plants have played a crucial role in benefiting humanity. Medicinal plants, known for their diverse chemical compounds and various biological activities, including antioxidant and hypoglycemic properties, significantly contribute to our well-being. Some of these plants renowned for their multifaceted health effects are dandelion (Taraxacum officinale) [13] and burdock (Arctium lappa) [14], both are members of the family Asteraceae or Compositae. These are traditional medicinal and edible plants, and their medical benefits have been known for centuries. These plants contain a diverse array of phytochemicals that exhibit specific biological activities, such as phenolic acids known for their antioxidant and immunostimulatory properties, coumarins demonstrating antitumor, anti-inflammatory, antimicrobial, and anticoagulant properties [15]; polysaccharides with antioxidant, antitumor, hypoglycemic, and immune regulation activities [16,17,18], as well as inulin, vitamins, and others. Some of these phytochemicals may assist in sustaining low blood glucose, preventing high blood pressure, and enhancing the body’s antioxidant system and insulin regulation [19]. Previously, plant extracts have been found to target the root causes of diseases and exhibit multiple mechanisms of action due to the combined effects of different plant compounds [20]. This versatility is beneficial for treating complex conditions like T2DM. This study was carried out on plant roots since it is rarely studied as part of those plants.



The goals of the study were to examine, analyze, and describe whether there are chemical compounds in the dandelion and burdock roots that could have antidiabetic properties by maintaining or lowering blood sugar levels or improving the body’s antioxidant capabilities. The research involved collecting plant samples from two distinct regions. The study also aimed to examine the data from both regions to discern the extent of differences in the chemical profiles and antidiabetic properties of the plants.




2. Results


2.1. Extract Analysis


2.1.1. Identification of Inulin


In the analysis of burdock root, the application of 0.1 mL of a 20% thymol alcohol solution and 0.05 mL of concentrated sulfuric acid to the ground plant material revealed the presence of orange–red coloring, indicative of inulin. Similarly, in the analysis of dandelion root, the application of a 20% α-naphthol alcohol solution and concentrated sulfuric acid to the ground plant material resulted in the presence of a purple–pink color, confirming the presence of inulin. Notably, the absence of blue staining, indicating the absence of starch, was not observed in both cases when applying 0.1 mL of iodine solution to the analyzed powder.



The experimental results affirm the presence of inulin in both burdock and dandelion roots, as evidenced by the observed colors following the specified chemical analyses.




2.1.2. Determination of Total Phenolic Content (TPC)


The 70% ethyl alcohol and lyophilizate (freeze-dried) extracts (AE and LE, respectively), were used and the results were compared to determine the total phenolic content (TPC) in dandelion and burdock roots. Results are shown in Table 1. The research reveals a statistically significant difference in the TPC between AE and LE for all extracts (p-value < 0.05, according to the Mann–Whitney U test). Conversely, when comparing two Latvian rural regions, no statistically significant difference was observed (p-value > 0.05, according to ANOVA).



In a broader perspective, burdock exhibited superior results to dandelion, and the LE, when compared with the AE (of a specific plant), showed more favorable outcomes. The highest TPC was observed in the LE of burdock (BV) [100.97 ± 0.49 mg GSE/g], while the lowest was noted in the AE of dandelion (DV) [4.51 ± 0.03 mg GSE/g].



A statistical analysis showed a statistically significant difference (p-value < 0.05) between the TPC values of AE and LE, indicating variations in phenolic content between the two extraction methods.




2.1.3. Determination of Tannin Level


The total tannin content is illustrated in Figure 1. To determine it, two types of extracts (AE and LE) were utilized. Dandelion root showed 0% tannin in both extracts, indicating a value too small to be detected. On the other hand, burdock root exhibited some value, albeit relatively low; the highest was measured in the LE of burdock (BV) with 0.27 ± 0.01%, and the lowest in the AE of BB with 0.16 ± 0.01%. The LE, when compared with the AE, demonstrated higher results (p-value > 0.05, according to the Mann–Whitney U test). Although the results are different for the same plant, but from different locations, this difference is not statistically significant (p-value > 0.05, according to ANOVA).




2.1.4. Determination of Total Polysaccharide Content (TP)


The total polysaccharide content is depicted in Figure 2. When comparing the polysaccharide content of two different plants, it is evident that dandelion root has the highest value (DK = 44.02%, DV = 45.41%), signifying a higher concentration of polysaccharides in the sample compared to burdock root (BV = 36.15%, BB = 28.22%). The research indicates non-statistically significant variations in TP between burdock and dandelion roots (p-value > 0.05).





2.2. Determination of Antioxidant Activities of Extracts by Using DPPH (2,2-diphenyl-1-picrylhydrazyl) Assay


Trolox solution was employed as a standard, and the standard curve of the Trolox solution was generated by plotting concentration against inhibition. The regression equation was expressed as follows: y = 7.2354x + 16.557, R2 = 0.901 (Figure 3). Before commencing the analysis of the extracts, the IC50 for Trolox was calculated, and its value equaled 4.62 ± 0.23 mg/mL.



As evident from the results in Table 2, the IC50 of the LE (IC50 from 0.77 to 9.52 mg/L) exhibited a significantly superior outcome compared to the AE (IC50 from 25.89 to 236.32 mg/L), and the difference between these two groups is statistically significant (p-value < 0.05, according to the Mann–Whitney U test). The LE of burdock BB demonstrated the best result, although both locations of burdock LE, when compared with Trolox, showcased greater antioxidant activity. Conversely, the AE of dandelion DK yielded the least favorable result.




2.3. Hypoglycemic Properties of the Extracts Based on α-Amylase Activity


Acarbose was utilized for the standard solution, and the standard curve was constructed by plotting concentration against inhibition using this solution. The regression equation is represented as y = 2.5685x + 1.5475, with an R2 value of 0.9971 (Figure 4). Prior to commencing the analysis of the extracts, the IC50 for acarbose was calculated, resulting in a value of 18.86 mg/mL.



None of the plant extracts matched or approached the value of acarbose (Table 3). The LE of burdock exhibited the most favorable outcomes (BV = 79.18 mg/mL, BB = 57.94 mg/mL), while the AE of dandelion demonstrated the least favorable results (DK = 205.35 mg/mL, DV = 450.11 mg/mL). As observed in other analyses, LE consistently exhibited higher values compared to AE within the same plant samples. The disparity between the IC50 values of the LE and AE is statistically significant (p-value < 0.05, according to the Mann–Whitney U test).




2.4. Qualitative Analysis of Extracts by Liquid Chromatography–Mass Spectrometry (LC-MS)


The qualitative analysis of extracts by LC-MS revealed numerous chemical compounds in each type of extract for all plants. Results are shown in Table 4 and Table 5. The research revealed a diverse array of chemical compounds present in the root extracts of both plants. These compounds encompassed various classes, including Amino acids, Phenolic acids, Benzoic acids, Phenolic glycosides, Alkaloids, Guaianolides, Monocyclic monoterpenoids, Oligothiophenes, Hydroxy acids, and Tannins.



The presence of specific chemical compounds in the extracts is depicted in Table 6 and Table 7. Among the detected compounds, 3,5-dicaffeoylquinic acid, 4,5-dicaffeoylquinic acid, disaccharide, chlorogenic acid, n-caffeoylquinic acid, neochlorogenic acid, phenylalanine, valine, and arginine were present in all extracts. Additionally, caffeic acid, caffeic acid ethyl ester, oleanolic acid, p-coumaric acid, trigonelline, and arctinone A were exclusively identified in burdock samples, while salicylic acid glucoside, protocatechuic acid, campholenic aldehyde, and eremanthin were found only in dandelion extracts. These findings underscore a greater diversity of beneficial substances in burdock compared to dandelion, with burdock also exhibiting a higher number of unique chemical compounds.





3. Discussion


The present study explores the therapeutic potential of dandelion and burdock roots, emphasizing their chemical constituents and implications for DM and related metabolic disorders. Investigated compounds include tannins, total phenolic content, total polysaccharides, and inulin.



The chosen solvent, ethyl alcohol, is one that people can readily use, avoiding options like acetone or methanol, which might produce better results in extraction yield [21,22] but are impractical and toxic for everyday use. Additionally, we opted for lyophilization as it represents the industrial processing method and provides better storage capabilities.



Various techniques have been employed to investigate the roots. One method involved quantifying the number of polysaccharides in plants. Some studies suggested that polysaccharides possess antioxidant and hypolipidemic properties and may also contribute to lowering blood sugar levels [23,24]. The presence of inulin, a polysaccharide, which, in addition to the general properties of polysaccharides, has also been proven to regulate the flora in diabetic patients [25], was confirmed by a qualitative method. Subsequently, the total phenolic content was analyzed, encompassing tannins known for their antioxidant properties in other studies [26,27]. For the determination of antioxidant properties, the 2,2-diphenyl-1-picrylhydrazyl assay was used [28], while for hypoglycemic properties, the α-amylase activity was employed [29].



To reduce hyperglycemia, one approach is to slow down glucose absorption by inhibiting carbohydrate-hydrolyzing enzymes like α-amylase and α-glucosidase [30]. Therefore, our study aimed to explore how root extracts affect the activity of alpha-amylase. However, it is important to consider that diabetes is a complex condition involving various metabolic pathways [31]. So, while assessing α-amylase activity is informative, a comprehensive evaluation including factors like α-glucosidase activity [32], insulin secretion [33], and glucose uptake [34] may offer a more thorough understanding of the roots’ antidiabetic properties, specifically hypoglycemic properties. In addition, oxidative stress plays a crucial role in the development and worsening of complications of diabetes [31,35,36]. The imbalance between the production of reactive oxygen species and the body’s ability to counteract them with antioxidants leads to cellular harm and impairment. In diabetes, high blood sugar and issues with energy production in cells exacerbate this stress [37]. Therefore, the antiradical activity test was applied.



All studied plants demonstrate antiradical and α-amylase inhibitory activities. During the DPPH assay, IC50 values for the plants are compared with Trolox (an analog of vitamin E), and for α-amylase activity, with acarbose. The LE of burdock root stands out, suggesting its effectiveness in inhibiting α-amylase and preventing oxidization, while dandelion has worse results. Additional studies employing spectrometric, chromatographic, or electrochemical techniques are needed for accurate antioxidant and hypoglycemic activity assessment [38]. Carrying out DPPH and α-amylase inhibition assay, plants exhibit statistically significant differences between different locations, indicating sensitivity to environmental conditions. However, analyses conducted to identify the presence of specific chemical components in the plants separately revealed no statistically significant differences.



Screening plant polysaccharides for antidiabetic activity has gained attention due to their health benefits and biocompatibility. Polysaccharides, natural macromolecular polymers, exhibit a range of biological activities and pharmacological effects. These include immune regulation [39], anticancer properties [40], and antioxidative effects [41]. Available research results have proven that plant polysaccharides can reduce blood glucose levels and enhance insulin sensitivity through various mechanisms [42]. Although dandelion shows fewer promising results in the current study, the difference is not statistically significant (p-value > 0.05).



Inulin, a fructan-type polysaccharide carbohydrate, is known for its various health benefits such as improving nutritional values, protecting against oxidative stress, mitigating inflammation [43], and having glucose-lowering properties [44]. However, it is essential to note that inulin is not the only polysaccharide with antidiabetic properties [45,46]. There is also a study [47] where a novel polysaccharide with high antioxidant, antibacterial, and anticancer activities was isolated from dandelion. While inulin is a significant component, assessing the overall polysaccharide content offers a broader understanding of the sample’s composition and potential health benefits. Additionally, it allows for comparison with other polysaccharides present in extracts. Therefore, analyzing overall polysaccharide content enhances the comprehensiveness of the study and provides valuable insights into the potential antidiabetic properties of various polysaccharides present in the samples. Extracting inulin from plant material poses challenges due to the persistence of impurities in the final inulin powder [48]. These impurities can significantly impact the accuracy of the results, leading to inaccuracies in the analysis. Currently, efforts are focused on optimizing extraction techniques and purification processes [49] to ensure the accuracy and validity of the results obtained from inulin extraction. Therefore, we have decided to utilize qualitative analysis.



Inulin is found in abundance, impacting extract clarity and interfering with result interpretation. As ethanol was used to prepare root extracts, inulin precipitated due to the solvent’s impact on inulin precipitation [50]. This precipitate, in some instances, interfered with result determination in a spectrophotometer. Consequently, it was necessary to filter the resulting extracts to prevent interference from the precipitate. However, filtration might have led to a reduction in the concentration of beneficial chemicals in the extracts, as some of them could have been retained on the filter. Although, inulin was detected in filtered analyte by LC-MS.



The total phenolic content (TPC) of plants varied significantly depending on the plant, collection location, and extract type. It was observed that there was a statistically significant difference between plants collected in different places, indicating that weather and other conditions impact the content of beneficial substances in plants.



Tannin content was also examined. Tannins are polyphenolic biomolecules found in various natural sources such as nuts, berries, spices, and herbs [51,52]. Their quantification is crucial due to their distinct biological activities and potential health benefits compared to other chemical compounds, including phenolic compounds [53]. Studies highlight that tannins and their metabolites have not only antiviral, anti-inflammatory, and anticancer properties but also antioxidant properties [54,55,56]. For instance, gallic acid, a hydrolyzable tannin, exhibits antibacterial [57], anti-inflammatory, and antioxidant [58,59] effects, as well as protects against oxidative stress [60]. Research by Ajebli [61] also supports the antidiabetic properties of tannins. Additionally, research by Antasionasti [62] indicates that reducing tannin content in extracts decreases the levels of other phenolic compounds and antiradical activity. Given the infrequent study of tannin content in the roots of these plants and their properties, it is crucial to analyze them separately from total phenolics. Unfortunately, we could not associate those antidiabetic effects with dandelion roots, as the results of the spectrophotometric analysis were below the limit of detection. However, this could also be explained by the possibility that the extracts might contain inulin sediment (invisible to the naked eye), hindering the objective determination of the results. Therefore, further studies need to be conducted using alternative solvents. On the other hand, the burdock root extract displayed normal results, suggesting the potential presence of a lower amount of inulin or higher levels of tannin in this plant compared to dandelion.



Each studied chemical compound in these roots exhibits varying antidiabetic properties, requiring additional research for a comprehensive understanding. Further experiments and data collection are essential for a more robust analysis, for example, in vivo tests. The results indicate that burdock root extract, at specific doses, possesses antidiabetic effects through hypolipidemic and antioxidant properties, supporting its potential in DM treatment. Similar conclusions have been drawn in other studies [63,64]. For instance, the study by Akram Ahangarpour et al. [63] demonstrated these effects in mice, and this study validates the antidiabetic effect in a living organism. However, further research is still needed to confirm and validate these results.



Biologically active substances of plant origin have various pharmacodynamic effects, including actions that benefit individuals with T2DM and its complications [65,66]. LC-MS detected numerous beneficial chemical compounds in the root extracts. Research on humans has shown that consuming caffeoylquinic acid-rich extracts over the long term lowers blood glucose levels, increases insulin response [67], alleviates hepatic insulin resistance [68], lowers serum lipids, and facilitates weight loss [69]. These findings substantiate the recommendation of caffeoylquinic acids for DM treatment [70]. Extensive research has been conducted on caffeic acid in experimental DM and its associated complications. Caffeic acid demonstrates hypoglycemic effects [71], enhances insulin levels [72], and ameliorates glucose intolerance [73]. Also, caffeic acid and its derivatives serve as antioxidants, controlling pathways related to how the body handles fats and sugars, and also display antidiabetic effects by influencing certain inflammatory substances and genetic factors [74]. Regular consumption of chlorogenic acid has been shown to lower fasting blood glucose levels, enhance glucose tolerance, promote weight loss, and lower blood pressure in individuals with hypertension [75]. Additionally, another study [76] suggests that it can reduce blood sugar levels and enhance kidney function, even in advanced diabetes. Citric acid significantly reduces blood glucose levels and the insulin resistance index, while also enhancing insulin sensitivity [77]. Malic acid can increase antioxidant activity [78] and is used to treat the consequences of DM, such as xerostomia [79]. Phenylalanine shows antidiabetic effects by enhancing glucose uptake [80]. Oleanolic acid has been shown to enhance insulin response, preserve pancreatic beta cell function, and offer protection against DM complications [81]. Protocatechuic acid demonstrates a potential antihyperglycemic effect comparable to that of glibenclamide [82]. One of the crucial phytochemicals is amino acids, which have significant involvement in numerous metabolic processes [83]. However, one study revealed that the risk of developing DM rose with a higher intake of dietary amino acids, though this trend was not statistically significant for all amino acids [84]. Therefore, it is important to monitor the types and levels of amino acids in plant extracts. While certain compounds lacked confirmed antidiabetic activity and conflicting study data exist, the discovery of numerous compounds with documented benefits for DM supports the potential of these plants to be explored and developed as antioxidant-rich foods or medications with blood sugar-lowering properties.



Examining other studies, an antidiabetic effect was also observed; however, each study presented different results. For example, a study conducted earlier [85] compared the antioxidant activity of dandelion leaves and roots and reported comparisons with the general agreement of higher antioxidant capacity in leaves over roots. In this study, the antioxidant activity of the root extract, expressed as IC50, was 12.6 mg/L, which is lower than that observed in our study for LE (the lower the IC50, the higher the antioxidant activity). This suggests that either external factors during plant growth or shortcomings in conducting experiments influenced the results. In our study, dandelion root, despite its diverse compounds affecting metabolism, digestion, and blood pressure regulation [86], is recommended only in complementary treatment therapy, since its antidiabetic properties are less than those of burdock. However, considering that the effects are likely to be less pronounced than in burdock root, a combined study of both plants in powder form could reveal synergistic effects.



This study provides valuable insights into the chemical composition and potential therapeutic properties of dandelion and burdock roots. The findings underline the need for further research to unravel the precise mechanisms underlying the reported effects, fostering a better understanding of these plant-derived compounds in the context of DM and related metabolic disorders. It is essential not only to examine the presence of other chemicals in the roots but also to replicate the tests using different solvents, as this could potentially alter the results. It is just as crucial to conduct in vivo tests to comprehend how these plants behave in a living organism.




4. Materials and Methods


4.1. Chemicals and Reagents


Distilled and purified water (hereafter referred to as water), ethyl alcohol, gallic acid (Acros Organics, Geel, Belgium), Folin–Ciocalteu reagent (Fisher Scientific, Loughborough, UK), sodium carbonate (Honeywell, Charlotte, NC, USA), phosphomolybdic tungstic reagent R, hide powder CRS, pyrogallol, thymol, α-naphthol, sulfuric acid (Fisher Scientific, Loughborough, UK), iodine solution, lead acetate, resorcinol, hydrochloric acid (Fisher Scientific, Loughborough, UK), dimethyl sulfoxide (DMSO) (Sigma-Aldrich, St. Louis, MO, USA), methanol (Sigma-Aldrich, St. Louis, MO, USA), 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Alfa Aesar, Kandel, Germany), Trolox (Acros Organics, Geel, Belgium), sodium phosphate dibasic (Honeywell, Charlotte, NC, USA), potassium sodium tartrate tetrahydrate (Sigma-Aldrich, St. Louis, MO, USA), sodium chloride (Fisher Scientific, Loughborough, UK), α-amylase from porcine pancreas (Sigma-Aldrich, St. Louis, MO, USA), potato starch, 3,5-dinitrosalicylic acid (Sigma-Aldrich, St. Louis, MO, USA), acarbose (Tokyo Chemical Industry CO., LTD, Tokyo, Japan), HPLC-grade methanol (Honeywell, CHROMASOLV, Seelze, Germany), reagent grade formic acid (Assay Ph.Eur ≥ 98%; Sigma-Aldrich, Darmstadt, Germany), ultrapure water Type 1 (prepared using Stackpure purification system; OmniaTap 6, Niederahr, Germany). All solvents used were analytical or HPLC grade.




4.2. Plant Material


Dandelion (Taraxacum officinale) and burdock (Arctium lappa) roots were hand-collected in late autumn from two rural regions in Latvia, encompassing both forests and fields, in 2023. Dandelion was harvested in the “Vecpiebalga” region (57°03′43″ N 25°48′39″ E) and in the inhabited place “Kaļķis,” Jelgava region (56°50′04″ N 23°33′10″ E). Burdock, on the other hand, was harvested near the city of “Viļani” in Rezekne region (56°33′09″ N 26°55′29″ E) and in the inhabited place “Būdiņas,” Jelgava region (56°42′24″ N 23°29′52″ E). All samples were kept with plant voucher codes BV 2023, BB 2023, DK 2023, DV 2023 at Rīga Stradiņš University pharmacy department in internal herbarium collection.



The root system was lifted out along with the sod of the earth, carefully separated, and, leaving a few centimeters in length, the leaves were trimmed. Subsequently, the roots were placed in a basket, washed under running water, and any unnecessary parts, such as damaged areas or remnants of the stem, were removed. After all the preparations, following the general guidelines outlined by the World Health Organization [87], the roots were dried using artificial heat in an oven until the roots broke when bent. The dried roots were then stored in paper bags in the shade. Finally, the dried roots were ground into a powder.




4.3. Preparation of Ethyl Alcohol and Lyophilizate Extracts


The extraction was based on the method described by Ma et al. [88] with some modifications. For the preparation of ethyl alcohol extract (AE), 5 g of ground plant material was macerated in 50 mL of 70% ethyl alcohol at room temperature under stirring conditions for 1 h (based on results between article [89] and articles [90,91,92]), followed by filtration under vacuum using filter paper. Lyophilizate extract (LE) was then derived from the already prepared 70% ethyl alcohol extract. The alcohol extract was concentrated using a rotary vacuum evaporator (Model: RV 3 ECO S099) at 37 °C, stored at −80 °C for 24 h, and freeze-dried. A schematic description of the method is shown in Scheme 1.



To ensure uniform conditions for comparison between alcohol and lyophilizate extracts, a larger quantity of alcohol extract was initially prepared. Half was utilized for analyzing the alcohol extract, while the remaining half was utilized for preparing the lyophilized extract.




4.4. Extract Analysis


4.4.1. Identification of Inulin


The inulin content was determined using the qualitative reaction described in the State Pharmacopoeia of the Russian Federation XIV edition [93]. For the burdock root, the presence of orange–red coloring (indicating the presence of inulin) should be noted when applying 0.1 mL of a 20% thymol alcohol solution and 0.05 mL of concentrated sulfuric acid to the analyzed powder (ground plant material). For the dandelion root, the presence of a purple–pink color (indicating inulin) should be noted when applying a 20% α-naphthol alcohol solution and concentrated sulfuric acid to the ground plant material. Conversely, the absence of blue staining (indicating the absence of starch) should not be observed in both cases when applying 0.1 mL of iodine solution to the analyzed powder.




4.4.2. Determination of Total Phenolic Content (TPC)


The total phenolic content (TPC) was quantified using the Folin–Ciocalteu colorimetric method [94] with some modifications. For AE analysis, 1 mL of AE was added to 49 mL of water. Then, 1 mL of this dilution was mixed with 5 mL 10% Folin–Ciocalteu reagent and 4 mL 7.5% Na2CO3 solution. For LE analysis, 0.2 g of LE was diluted in 20 mL 70% ethyl alcohol. A 1 mL amount of this dilution was added to 49 mL water, and then 1 mL of this solution was mixed with 5 mL 10% Folin–Ciocalteu reagent and 4 mL 7.5% Na2CO3 solution. Both AE and LE samples were incubated for 30 min at room temperature in the dark. Then, absorption was measured at 765 nm using a UV/VIS spectrophotometer (Mettler-Toledo, LabX™, Greifensee, Switzerland). The calibration curve was obtained by combining 1 mL of gallic acid with 5 mL of 10% Folin–Ciocalteu reagent and 4 mL of 7.5% Na2CO3 solution.



TPC content was expressed as mg of gallic acid equivalent per gram dry material (mg GAE/g DM) and calculated using the expression:


C (mg GAE/g DM) = a × y × (V/m),








where a—extract dilution (times), m—mass of the sample (g), V—ethyl alcohol volume (mL), y—concentration of total phenolic compounds obtained from calibration curve (mg/mL).




4.4.3. Determination of Tannin Level


The tannin level in extracts was determined using the European Pharmacopoeia 8th edition method [95]. For AE analysis, 2 mL of AE was diluted to 250 mL with water. The solution was filtrated under vacuum (with filter paper), and the first 50 mL of filtrate was discarded. A 5 mL amount of the remaining filtrate was diluted to 25 mL with water (action X). Then, 2 mL of this solution was mixed with 1.0 mL of phosphomolybdic tungstic reagent R, and 10.0 mL of water, and diluted to 25.0 mL with a 290 g/L solution of Na2CO3. After 30 min of incubation in the dark, the absorbance was measured at 760 nm (action Y), using a UV/VIS spectrophotometer (Mettler-Toledo GmbH UV7).



Polyphenols not adsorbed by hide powder CRS were also determined. To 10 mL of the filtrate, 0.10 g of hide powder CRS was added, shaken for 1 h, and filtrated under vacuum. Then, the events from action X to action Y were repeated. For LE analysis, 0.2 g of LE was diluted with water to 250 mL, filtrated, and the first 50 mL was discarded. The process was then repeated as it was for the AE. A standard was prepared by dissolving 50 mg of pyrogallol in water (to 100 mL). A 5 mL amount of this solution was diluted with water to 100 mL. Then, the events after action X and till action Y were repeated.



The tannin content was calculated as a percentage of tannins expressed as pyrogallol in dry material, using the expression:


Tannin content % = [62.5(A1 − A2) m2]/[A3 × m1],








where m1—mass of the sample to be examined (g), m2—mass of pyrogallol (g), A1—absorbance of polyphenols, A2—absorbance of polyphenols that are not adsorbed by hide powder, A3—absorbance of the standard.




4.4.4. Determination of Total Polysaccharide Content (TP)


The total polysaccharide content (TP) in terms of fructose was quantified using the method described in the State Pharmacopoeia of the Russian Federation XIV edition [93]. For the analysis, 1.0 g of ground plant material was mixed with 60 mL of water and heated for 30 min. The extract was then cooled to room temperature and filtrated under vacuum, avoiding the ingress of plant material on the paper filter. The extraction process was repeated thrice, with the last two times using 30 mL of water for 30 min and 15 min, respectively.



Afterward, the ground plant material was moved to a filter paper and washed with 10 mL of water. To the resulting extract, 2 mL of a 10% lead acetate solution was added and left for 10 min. Subsequently, 2 mL of a 5% sodium phosphate disubstituted solution was added. This mixture was left for 5 min, and water was added to the mark of 200 mL. The entire solution was filtrated under vacuum through a paper filter, discarding the first 15 mL (solution A). A 5 mL amount of solution A was diluted with water to 100 mL and mixed (solution B). Then, 5 mL of a 0.1% resorcinol alcohol solution was combined with 5 mL of solution B and diluted with a 30% hydrochloric acid solution to 25 mL (solution C). For the reference solution, 5 mL of a 0.1% resorcinol alcohol solution was combined with 5 mL of water and diluted with a 30% hydrochloric acid solution to 25 mL. Both the reference solution and solution C were heated in a water bath for 20 min (80 °C). Subsequently, the optical density of both solutions (reference and C) was measured at 482 nm using a UV/VIS spectrophotometer (Mettler-Toledo GmbH UV7).



TP in terms of fructose was calculated according to the formula:


X (%) = [A × 200 × 100 × 25 × 100]/[A1%1 cm × a × 5 × 5 × (100 − W)],








where A1%1 cm—specific absorption coefficient of the reaction products of fructose with resorcinol (equal to 298), A—optical density of solution B, a—mass of the sample (g), W—moisture content (%).




4.4.5. Determination of Antioxidant Activities of Extracts by Using DPPH (2,2-diphenyl-1-picrylhydrazyl) Assay


The scavenging rate of the DPPH radical was measured according to the procedure reported by Muniandy P. et al. [96] with slight modifications. The ethyl alcohol extract (EA) was prepared in advance, while 0.3 g of lyophilizate extract (LE) had to be dissolved in 5 mL of dimethyl sulfoxide (DMSO). For burdock analysis, 1, 2, 5, 10, and 20 μL of extract were mixed with 29, 28, 25, 20, and 10 μL of DMSO, respectively. For dandelion analysis, 10, 30, 50, 70, and 90 μL of extract were mixed with 90, 70, 50, 30, and 10 μL of DMSO, respectively.



Subsequently, 3 mL of DPPH (0.0118 g of DPPH in 300 mL methanol) was added to a ready-to-use solution of extracts (30 μL for burdock and 100 μL for dandelion), followed by incubation in the dark at room temperature for 15 min. Absorbance was measured at 515 nm against methanol, using a UV/VIS spectrophotometer (Mettler-Toledo GmbH UV7). The control was prepared as a mixture of 30 μL of DMSO and 3 mL of DPPH. A standard Trolox solution with DMSO was used for calibration.



The radical scavenging activity was calculated as follows:


Scavenging activity (%) = [(A1 − A0)/A1] × 100,








where A1—absorbance of control, A0—absorbance of the sample. The antioxidant activity at the end was expressed as IC50 (mg/L).




4.4.6. Hypoglycemic Properties of the Extracts Based on α-Amylase Activity


The ethyl alcohol extract (AE) was diluted to obtain solutions with concentrations of 1, 2, 4, 8, 16, and 20 mg/mL, each with a total volume of 10 mL. Simultaneously, a 32 mg/ mL solution was prepared for the lyophilizate extract (LE), which was then further diluted to concentrations of 16, 8, 4, and 2 mg/mL. The method was adapted from Satvir Sekhon-Loodu [97] with modifications.



To carry out the assay, 200 μL of the extract with a specific concentration was mixed with 200 μL of 70% ethyl alcohol and 200 μL of a solution containing 0.5 mg/mL α-amylase in 0.02 M phosphate buffer (pH 6.9). After incubation at room temperature for 10 min, 200 μL of 1% starch solution was added, and the samples were incubated again for 10 min at the same temperature. Subsequently, 400 μL of the dinitrosalicylic acid color reagent was added, and the samples were placed in a boiling water bath for 5 min and then cooled to room temperature. Finally, 500 μL of this solution was diluted with 2.5 mL of water, and absorbance was measured at 540 nm against the extract solution (100 μL of extract and 2.5 mL of water), using a UV/VIS spectrophotometer (Mettler-Toledo GmbH UV7).



For comparison, acarbose was used as a known α-amylase inhibitor at concentrations ranging from 1 mg/mL to 20 mg/mL. The control without any inhibitor represented 100% enzyme activity.



The percentage inhibition of the sample was calculated using the formula:


Inhibition (%) = 100 × (Ac − As)/(Ac),








where As—absorbance of the sample, Ac—absorbance of the control. The results were expressed as IC50 (mg/mL).





4.5. Qualitative Analysis of Extracts by Liquid Chromatography–Mass Spectrometry (LC-MS)


The method was based on the method described by Ali et al. [98] and Thomas et al. [99] with some modifications. EA was prepared in advance (1 mL was used), while 2 mg of LE had to be dissolved in 1 mL of methanol. The UHPLC-HRMS analyses were carried out using Vanquish Flex UHPLC system (ThermoFisher Scientific, Waltham, MA, USA) consisting of a Vanquish Binary Pump F and Vanquish Split Sampler FT. ACQUITY UPLC HSS T3 column (2.1 × 50 mm, 1.8 μm; Waters, Ireland) was used for chromatographic separation of the compounds. Mobile phase A consisted of 0.1% formic acid in ultrapure water and mobile phase B contained 0.1% formic acid in methanol. The flow rate of the mobile phase was set at 0.3 mL/min and the column temperature was maintained at 30 °C. The gradient program was set as follows: 0 min, 5% B; 1.0 min, 5% B; 15.0 min, 30% B; 20.0 min, 50% B; 25.0 min, 70% B; 26.0 min, 95% B; 28.0 min, 95% B; 29.0 min, 5% B; and 30.0 min, 5% B. Equilibration time was 3 min. The injection volume was 4 μL. Mass spectrometric analysis was performed using Orbitrap Exploris 120 mass spectrometer (ThermoFisher Scientific, Dreieich, Germany) equipped with a heated electrospray ionization (HESI-II) probe (ThermoScientific). The equipment was operated in negative and positive ion modes within the m/z range from 100 to 1500. The mass spectrometer parameters were as follows: spray voltage 3.5 kV (+) and 2.5 kV (−); sheath gas flow rate 50; auxiliary gas flow rate 10; capillary temperature 325 °C; probe heater temperature 350 °C; S-lens RF level 70; scan mode: full MS (resolution 60,000), and for ddMS2 (15,000), collision energy was normalized and HDC collision energy set at 30%. Data were processed by Xcalibur 4.6 (ThermoScientific, Waltham, MA, USA) instrument control/data handling software. Metabolite profiling using TraceFinder 5.1 software (ThermoScientific, Waltham, MA, USA) was applied to the UHPLC–HRMS raw files of the studied extracts. Based on a variety of literature sources, spectral databases mzCloud, PubChem, FoodDB, and KNApSAcK, an LC–MS library of 250 compounds was created and used for the identification of individual components.




4.6. Statistical Analysis


The data are presented as the means ± standard error (SE) of three independent results or as only one result. Descriptive statistics, including one-way ANOVA and Mann–Whitney U test analysis, were performed and analyzed using the IBM® SPSS® Statistics software platform (Version 1.0.28.0, Armonk, NY, USA: IBM Corp.). Significant differences between groups were determined at a p-value < 0.05 in all cases.





5. Conclusions


In conclusion, the comparative analysis of dandelion (Taraxacum officinale) and burdock (Arctium lappa) roots has provided insights into their chemical composition and potential therapeutic properties. The study indicates that burdock root exhibited overall better results than dandelion root. However, recommending these plants definitively for diabetes management is currently challenging without thorough comparison with other plants and in vivo studies.



Nevertheless, the present findings lay the groundwork for future research, highlighting the importance of in vivo studies to determine the safety and efficacy of dandelion and burdock roots as potential interventions for managing diabetes. Further investigations will be essential to comprehensively assess their antidiabetic properties and explore their potential as botanical therapeutics.
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Figure 1. Total tannin content in dried plant extract, % (±SE). Seventy percent ethyl alcohol extract (AE), and lyophilizate extracts (LE). Burdock from “Viļani” (BV), burdock from “Būdiņas” (BB), dandelion from “Kaļķis” (DK), and dandelion from “Vecpiebalga” (DV). 
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Figure 2. Total polysaccharide content (TP) in terms of fructose, % (± SE). 
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Figure 3. Standard curve of the Trolox. 
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Figure 4. Standard curve of the acarbose. 
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Scheme 1. Preparation of ethyl alcohol and lyophilizate extracts. 
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Table 1. Total phenolic content (TPC) of ethyl alcohol (EA) and lyophilizate (LE) plant extracts.






Table 1. Total phenolic content (TPC) of ethyl alcohol (EA) and lyophilizate (LE) plant extracts.





	Plant Sample
	TPC (mg GSE/g of EA Extract), ± SE
	TPC (mg GSE/g of LE Extract), ± SE





	Burdock from “Viļani” (BV)
	21.23 ± 0.07 a
	100.97 ± 0.49 b



	Burdock from “Būdiņas” (BB)
	14.36 ± 0.04 a
	69.73 ± 0.39 b



	Dandelion from “Kaļķis” (DK)
	4.61 ± 0.03 a
	27.72 ± 0.57 b



	Dandelion from “Vecpiebalga” (DV)
	4.51 ± 0.03 a
	26.35 ± 0.25 b







Within columns, values with the same letter are not significantly different at the p > 0.05 level according to ANOVA.













 





Table 2. IC50 value of DPPH radical scavenging activity (mg/L) of ethyl alcohol (EA) and lyophilizate (LE) plant extracts.
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Plant Sample

	
DPPH IC50 (mg/L) for AE

	
DPPH IC50 (mg/L) for LE

	
DPPH IC50 (mg/L) for Trolox






	
Burdock from “Viļani” (BV)

	
27.95 a

	
1.33 b

	
4.62




	
Burdock from “Būdiņas” (BB)

	
25.89 a

	
0.77 b




	
Dandelion from “Kaļķis” (DK)

	
236.32 a

	
9.52 b




	
Dandelion from “Vecpiebalga” (DV)

	
150.54 a

	
7.00 b








Within columns, values with the same letter are significantly different at the p < 0.05 level according to ANOVA.













 





Table 3. The IC50 inhibitory values of α-amylase activity of ethyl alcohol (EA) and lyophilizate (LE) plant extracts.
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Plant Sample

	
IC50 (mg/mL) for AE

	
IC50 (mg/mL) for LE

	
IC50 (mg/mL) for Acarbose






	
Burdock from “Viļani” (BV)

	
135.09 a

	
79.18 b

	
18.86




	
Burdock from “Būdiņas” (BB)

	
106.67 a

	
57.94 b




	
Dandelion from “Kaļķis” (DK)

	
205.35 a

	
142.07 b




	
Dandelion from “Vecpiebalga” (DV)

	
450.11 a

	
186.43 b








Within columns, values with the same letter are significantly different at the p < 0.05 level according to ANOVA.













 





Table 4. Tentative identification of the chemical constituents of burdock and dandelion extracts by UHPLC-Q-Exactive-MS/MS under positive ionization.
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	No.
	tR (min)
	Tentative Compound
	Class/Type
	Proposed Formula
	Ion Mode
	Measured m/z
	Error (ppm)
	MS/MS





	1
	0.52
	L-Histidine
	Amino acid
	C6H9N3O2
	[M+H]+
	156.08
	0.21
	138.05; 110.02; 84.04; 73.03



	2
	0.52
	L-Lysine
	Amino acid
	C6H14N2O2
	[M+H]+
	147.11
	0.26
	130.05; 101.07; 84.05



	3
	0.53
	Arginine
	Amino acid
	C6H14N4O2
	[M+H]+
	175.12
	−0.65
	158.09; 130.09; 116.07; 70.07



	4
	0.71
	(+)-Valine
	Amino acid
	C5H11NO2
	[M+H]+
	118.09
	−0.08
	72.08



	5
	0.94
	L-Tyrosine
	Amino acid
	C9H11NO3
	[M+H]+
	182.08
	−0.13
	165.05; 147.04; 136.08; 123.04



	6
	0.99
	L-Leucine/Isoleucine
	Amino acid
	C6H13NO2
	[M+H]+
	132.10
	−0.09
	116.03; 86.09; 69.07



	7
	1.59
	(±)-Phenylalanine
	Amino acid
	C9H11NO2
	[M+H]+
	166.09
	−0.20
	120.09



	8
	3.63
	L-Tryptophan
	Amino acid
	C11H12N2O2
	[M+H]+
	205.10
	−0.21
	188.07; 87.04



	9
	1.94
	Pantothenic acid
	Amino acid and derivatives
	C9H17NO5
	[M+H]+
	220.12
	0.00
	202.11; 184.10; 90.06



	10
	0.62
	Caffeic acid
	Phenylic acid
	C9H8O4
	[M+H]+
	181.05
	0.20
	163.04



	11
	5.28
	Neochlorogenic acid
	Phenylic acid
	C16H18O9
	[M+H]+
	355.10
	−0.44
	163.04



	12
	5.63
	Chlorogenic acid
	Phenylic acid
	C16H18O9
	[M+H]+
	355.10
	−0.44
	163.04



	13
	11.20
	3,4-Dicaffeoylquinic acid
	Phenylic acid
	C25H24O12
	[M+H]+
	517.13
	−0.39
	163.04



	14
	11.54
	3,5-Dicaffeoylquinic acid
	Phenylic acid
	C25H24O12
	[M+H]+
	517.13
	−0.39
	163.04



	15
	12.37
	4,5-Dicaffeoylquinic acid
	Phenylic acid
	C25H24O12
	[M+H]+
	517.13
	−0.15
	163.04



	16
	0.62
	Trigonelline
	Alkaloids
	C7H7NO2
	[M+H]+
	138.05
	0.24
	128.11



	17
	11.90
	Eremanthin
	Guaianolides
	C15H18O2
	[M+H]+
	231.14
	−0.22
	213.13; 185.13; 175.07



	18
	19.62
	Campholenic aldehyde
	Monocyclic monoterpenoids
	C10H16O
	[M+H]+
	153.13
	−0.06
	135.12; 109.10; 107.09; 97.06



	19
	21.50
	Arctinone A
	Oligothiophenes
	C13H10O2S2
	[M+H]+
	263.02
	−0.11
	263.02; 245.01; 217.02; 205.02










 





Table 5. Tentative identification of the chemical constituents of burdock and dandelion extracts by UHPLC-Q-Exactive-MS/MS under negative ionization.
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	No.
	tR (min)
	Tentative Compound
	Class/Type
	Proposed Formula
	Ion Mode
	Measured m/z
	Error (ppm)
	MS/MS





	1
	0.59
	Disaccharide
	Carbohydrates
	C12H22O11
	[M-H]−
	341.11
	−0.81
	179.05; 89.02; 59.01



	2
	0.68
	Malic acid
	Hydroxy acid
	C4H6O5
	[M-H]−
	133.01
	−0.33
	133.01; 115.00; 71.01



	3
	1.51
	Galloyl glucose
	Tannins
	C13H16O10
	[M-H]−
	331.07
	0.48
	313.06; 168.01; 125.02



	4
	2.08
	Protocatechuic acid 4-glucoside
	Phenolic glycosides
	C13H16O9
	[M-H]−
	315.07
	0.14
	315.07; 153.02; 152.01; 109.03. 108.02



	5
	3.27
	3-Methoxy-4-hydroxyphenylglycol glucuronide
	Phenolic glycosides
	C15H20O10
	[M-H]−
	359.10
	−0.97
	197.05; 182.02; 153.06; 138.03



	6
	5.28
	Neochlorogenic acid
	Phenylic acid
	C16H18O9
	[M-H]−
	353.09
	−0.98
	191.05



	7
	5.40
	n-Caffeoylquinic acid
	Phenylic acid
	C16H18O9
	[M-H]−
	353.09
	−1.07
	191.05



	8
	5.76
	Chlorogenic acid
	Phenylic acid
	C16H18O9
	[M-H]−
	353.09
	−0.98
	191.05



	9
	8.38
	p-coumaric acid
	Phenylic acid
	C9H8O3
	[M-H]−
	163.04
	0.00
	119.05



	10
	11.25
	3,4-Dicaffeoylquinic acid
	Phenylic acid
	C25H24O12
	[M-H]−
	515.12
	−0.46
	353.09; 191.06



	11
	11.57
	3,5-Dicaffeoylquinic acid
	Phenylic acid
	C25H24O12
	[M-H]−
	515.12
	−0.70
	353.09; 191.06



	12
	12.42
	4,5-Dicaffeoylquinic acid
	Phenylic acid
	C25H24O12
	[M-H]−
	515.12
	−0.70
	353.09; 191.06



	13
	15.16
	Caffeic acid ethyl ester
	Coumaric acids and derivatives
	C11H12O4
	[M-H]−
	207.07
	−0.79
	208.07; 179.03; 161.02



	14
	6.46
	Protocatechuic acid
	Benzoic acid and derivatives
	C7H6O4
	[M-H]−
	153.02
	0.12
	153.02; 135.01; 109.03



	15
	4.28
	Salicylic acid
	Benzoic acid and derivatives
	C7H6O3
	[M-H]−
	137.02
	−0.04
	93.03



	16
	4.76
	Salicylic acid glucoside
	Benzoic acid and derivatives
	C13H16O8
	[M-H]−
	299.08
	0.00
	137.02; 93.03



	17
	27.85
	Oleanolic acid
	Pentacyclic triterpene
	C30H48O3
	[M-H]−
	455.35
	−0.43
	455.35










 





Table 6. Presence of chemical constituents of burdock and dandelion extracts by UHPLC-Q-Exactive-MS/MS under positive ionization.
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No.

	
Tentative Compound

	
Class/Type

	
Plant Sample




	
LE

of BB

	
AE of BB

	
LE

of BV

	
AE

of BV

	
LE

of DK

	
AE

of DK

	
LE

of DV

	
AE

of DV






	
1

	
L-histidine

	
Amino acid

	
X

	
X

	
X

	
X

	
n.d.

	
X

	
n.d.

	
n.d.




	
2

	
L-lysine

	
Amino acid

	
X

	
X

	
X

	
X

	
n.d.

	
n.d.

	
n.d.

	
X




	
3

	
Arginine

	
Amino acid

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
4

	
Caffeic acid

	
Phenylic acid

	
X

	
X

	
n.d.

	
n.d.

	
n.d.

	
n.d.

	
n.d.

	
n.d.




	
5

	
Trigonelline

	
Alkaloids

	
X

	
X

	
X

	
n.d.

	
n.d.

	
n.d.

	
n.d.

	
n.d.




	
6

	
(+)-Valine

	
Amino acid

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
7

	
L-tyrosine

	
Amino acid

	
X

	
X

	
X

	
X

	
n.d.

	
X

	
n.d.

	
n.d.




	
8

	
L-leucine/isoleucine

	
Amino acid

	
X

	
X

	
X

	
X

	
n.d.

	
X

	
X

	
X




	
9

	
(±)-Phenylalanine

	
Amino acid

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
10

	
Pantothenic acid

	
Amino acid and derivatives

	
n.d.

	
n.d.

	
n.d.

	
X

	
n.d.

	
n.d.

	
n.d.

	
X




	
11

	
L-tryptophan

	
Amino acid

	
X

	
X

	
X

	
X

	
n.d.

	
X

	
X

	
X




	
12

	
Neochlorogenic acid

	
Phenylic acid

	
X

	
X

	
X

	
X

	
n.d.

	
X

	
X

	
X




	
13

	
Chlorogenic acid

	
Phenylic acid

	
X

	
X

	
X

	
X

	
n.d.

	
X

	
X

	
X




	
14

	
3,4-Dicaffeoylquinic acid

	
Phenylic acid

	
X

	
n.d.

	
X

	
X

	
n.d.

	
n.d.

	
n.d.

	
n.d.




	
15

	
3,5-Dicaffeoylquinic acid

	
Phenylic acid

	
X

	
X

	
X

	
X

	
n.d.

	
X

	
n.d.

	
X




	
16

	
Eremanthin

	
Guaianolides

	
n.d.

	
n.d.

	
n.d.

	
n.d.

	
n.d.

	
n.d.

	
n.d.

	
X




	
17

	
4,5-Dicaffeoylquinic acid

	
Phenylic acid

	
X

	
X

	
X

	
X

	
n.d.

	
X

	
n.d.

	
n.d.




	
18

	
Campholenic aldehyde

	
Monocyclic monoterpenoids

	
n.d.

	
n.d.

	
n.d.

	
n.d.

	
n.d.

	
n.d.

	
n.d.

	
X




	
19

	
Arctinone A

	
Oligothiophenes

	
n.d.

	
X

	
n.d.

	
X

	
n.d.

	
n.d.

	
n.d.

	
n.d.








n.d. = not detected. Seventy percent ethyl alcohol extract (AE), lyophilizate extracts (LE). Burdock from “Viļani” (BV), burdock from “Būdiņas” (BB), dandelion from “Kaļķis” (DK), dandelion from “Vecpiebalga” (DV).













 





Table 7. Presence of chemical constituents of burdock and dandelion extracts by UHPLC-Q-Exactive-MS/MS under negative ionization.
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No.

	
Tentative Compound

	
Class/Type

	
Plant Sample




	
LE

of BB

	
AE

of BB

	
LE

of BV

	
AE

of BV

	
LE

of DK

	
AE

of DK

	
LE

of DV

	
AE

of DV






	
1

	
Disaccharide

	
Carbohydrates

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
2

	
Malic acid

	
Hydroxy acid

	
n.d.

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
3

	
Galloyl glucose

	
Tannins

	
n.d.

	
X

	
n.d.

	
X

	
n.d.

	
X

	
n.d.

	
X




	
4

	
Protocatechuic acid 4-glucoside

	
Phenolic glycosides

	
n.d.

	
X

	
n.d.

	
X

	
X

	
X

	
X

	
X




	
5

	
3-Methoxy-4-hydroxyphenylglycol glucuronide

	
Phenolic glycosides

	
n.d.

	
X

	
X

	
X

	
X

	
X

	
n.d.

	
X




	
6

	
Salicylic acid

	
Benzoic acid and derivatives

	
n.d.

	
X

	
n.d.

	
X

	
X

	
X

	
X

	
X




	
7

	
Salicylic acid glucoside

	
Benzoic acid and derivatives

	
n.d.

	
n.d.

	
n.d.

	
n.d.

	
n.d.

	
X

	
n.d.

	
X




	
8

	
Neochlorogenic acid

	
Phenylic acid

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
9

	
n-Caffeoylquinic acid

	
Phenylic acid

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
10

	
Chlorogenic acid

	
Phenylic acid

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
11

	
Protocatechuic acid

	
Benzoic acid and derivatives

	
n.d.

	
n.d.

	
n.d.

	
n.d.

	
n.d.

	
X

	
n.d.

	
n.d.




	
12

	
p-coumaric acid

	
Phenylic acid

	
n.d.

	
X

	
n.d.

	
X

	
n.d.

	
n.d.

	
n.d.

	
n.d.




	
13

	
3,4-Dicaffeoylquinic acid

	
Phenylic acid

	
X

	
X

	
X

	
X

	
n.d.

	
n.d.

	
X

	
X




	
14

	
3,5-Dicaffeoylquinic acid

	
Phenylic acid

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
15

	
4,5-Dicaffeoylquinic acid

	
Phenylic acid

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
16

	
Caffeic acid ethyl ester

	
Coumaric acids and derivatives

	
n.d.

	
n.d.

	
n.d.

	
X

	
n.d.

	
n.d.

	
n.d.

	
n.d.




	
17

	
Oleanolic acid

	
Pentacyclic triterpene

	
X

	
X

	
n.d.

	
X

	
n.d.

	
n.d.

	
n.d.

	
n.d.








n.d. = not detected. Seventy percent ethyl alcohol extract (AE), lyophilizate extracts (LE). Burdock from “Viļani” (BV), burdock from “Būdiņas” (BB), dandelion from “Kaļķis” (DK), dandelion from “Vecpiebalga” (DV).
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