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Abstract

:

The flowers of M. velutina were extracted with ethanol to obtain a crude extract that was consecutively extracted using n-hexane, dichloromethane, ethyl acetate and water. The crude extract and fractions were studied for the chemical composition and antioxidant and antidiabetic activities. The extracts had various phytoconstituents, namely steroids, flavonoids, tannins, saponins, alkaloids and glycosides. The aqueous extract had the highest total polyphenol (12.6 mg GAE/g extract) and total flavonoid (205.6 mg QE/g extract) content. The aqueous extract exhibited the strongest antioxidant activities in the ferric reducing antioxidant power assay (EC50 = 4.0 µg/mL), reducing power assay (EC50 = 78.1 µg/mL), 2,2-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid radical cation assay (EC50 = 48.2 µg/mL), total antioxidant capacity assay (EC50 = 8.7 µg/mL) and 1,1-diphenyl-2-picrylhydrazyl assay (EC50 = 9.3 µg/mL). The aqueous extract showed the strongest inhibitory effect on the activity of α-amylase (IC50 = 376.6 μg/mL) and α-glucosidase (IC50 = 69.7 μg/mL). The results showed that the aqueous extract of M. velutina flowers can be a promising candidate for the control of diabetes and oxidative stress. This is the first report about the chemical components and antioxidant and antidiabetic activities of M. velutina flower extracts.
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1. Introduction


Diabetes is a chronic systemic disease that is often associated with hyperglycemia, hyperinsulinemia and hypertriglyceridemia [1]. One of the treatments for diabetes management is to slow down the absorption of postprandial glucose by inhibiting α-amylase and α-glucosidase, two enzymes responsible for the hydrolysis of carbohydrate [2]. Natural products can be efficiently used as inhibitors of these enzymes and often have less side effects than synthetic drugs [3]. The impaired glucose metabolism results in excessive production of free radicals and consequently enhances oxidative stress in the body. In recent years, free radical action has been found to cause partial or complete damage of essential molecules in cells, which in turn induces several aging-related and chronic diseases, namely cancer, heart disease, cataracts and Alzheimer’s disease [4]. Antioxidants were demonstrated to have a protective effect against free radicals. Consequently, antioxidant therapy has been emerging as a promising treatment for the management of aging and chronic diseases.



A significant number of chemical compounds derived from plants are considered to be potential pharmaceutical sources for the treatment of various diseases [5,6,7,8]. For drug development, bioactive compounds originating from plants, such as flavonoids, tannins, polyphenols and alkaloids, play vital roles. Miliusa velutina is an edible medicinal plant in Vietnam. M. velutina is used in traditional medicine for the treatment of various diseases, namely inflammation and bacterial infections. The plant was demonstrated to exhibit antibacterial and anti-cytotoxicity activities [9]. In our previous studies, extracts from the leaves and stem barks of M. velutina were demonstrated to have strong antioxidant as well as antidiabetic [10] and hepatoprotective [11] activities. The fruits and flowers of M. velutina were demonstrated to contain homogentisic acid derivatives that showed antibacterial activity [12]. However, the biochemical properties and hypoglycemic effects of extracts from M. velutina flowers have been not studied thoroughly. In addition, certain bioactive compounds from M. velutina flowers can be effectively extracted using a solvent with an appropriate polarity. In this study, the flowers of M. velutina were initially extracted using ethanol to achieve a crude extract, which was then extracted using solvents with increasing polarity (n-hexane, dichloromethane, ethyl acetate and water). The chemical composition and antioxidant and antidiabetic activities of the extracts were compared to find the best extract with the strongest biological activities.




2. Materials and Methods


2.1. Plant Preparation and Extraction


Flowers, leaves and stems of Miliusa velutina were collected from mature plants at Nui Cam mountain, An Giang province, Vietnam (Figure 1). The plant was identified and deposited (voucher specimen: AG_Mi201906040005) at the Laboratory of Plants and Animals, College of Natural Sciences, Can Tho University.



Plant materials were extracted and fractionated using the method described in the study of Kitzberger et al. [13] with some modifications. Flower powder (200 g) was soaked in 2 L of 96% ethanol for 24 h at room temperature and filtered using Whatman No. 1 paper. The extraction was repeated three times. The combined ethanol extracts were evaporated to dryness to obtain 68.13 g crude extract. The crude (ethanolic) extract (20 g) was well mixed with water (500 mL) followed by consecutive extraction with hexane (500 mL), dichloromethane (500 mL) and ethyl acetate (500 mL) to give a hexane extract (1.30 g), dichloromethane extract (5.2 g) and ethyl acetate extract (5.8 g), respectively. The remaining water layer was condensed to obtain an aqueous extract (6.10 g).




2.2. Phytochemical Screening


The crude and fractional extracts of M. velutina flowers were qualitatively screened for alkaloids, flavonoids, steroids, tannins, saponins and glycosides using the methods of Biswas et al. [14].



2.2.1. Determination of Total Polyphenol Content


The total phenolic content of the plant extracts was assessed using the Folin–Ciocalteu method [15]. In brief, 250 μL of the extract solution with a concentration of 100 µg/mL was mixed with 250 μL distilled water and 250 μL Folin–Ciocalteu reagent. After 10 min, 250 μL of 10% Na2CO3 was added and incubated at 40 °C for 30 min. The samples were spectrophotometrically measured at 765 nm. The standard was gallic acid, and the results are expressed as mg of gallic acid equivalent per g of extract.




2.2.2. Determination of Total Flavonoid Content


The total flavonoid content of M. velutina extracts was determined using the method reported in the study of Bag et al. [16] with modifications. Briefly, 200 μL extract solution in methanol (100 µg/mL) was mixed with 200 μL distilled water and 40 μL of 5% NaNO2 and then left for 5 min. Next, 40 μL of 10% AlCl3 was added in the mixture and incubated for 6 min. Subsequently, 400 μL of 1M NaOH was added. Finally, the solution was mixed with 120 μL of distilled water and spectrophotometrically measured at 510 nm. The standard was quercetin, and the results are expressed as mg of quercetin equivalent per g of extract.





2.3. Assays of Antioxidant Activities


2.3.1. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) Assay


The DPPH assay was adapted from Sharma and Bhat [17] with modifications. Briefly, 960 μL of various extract concentrations in methanol was mixed with 40 μL methanolic solution of 1000 µg/mL DPPH radicals. A blank control was also implemented by adding 960 μL of methanol in 40 μL DPPH solution. A standard antioxidant, Trolox, was tested for comparison. The mixtures were left in the dark for 30 min and spectrophotometrically measured at 517 nm. DPPH scavenging activity was expressed as inhibition percentage of the extract samples on free radicals by the following equation: % Inhibition of DPPH = (Ac − At)/Ac × 100, where Ac and At are the absorbances of the blank control and the sample, respectively. The assay was repeated three times for each extract concentration. The EC50 value of the extracts was determined as their effective concentrations required to scavenge 50% of the DPPH present in the test solution.




2.3.2. 2,2-Azino-bis-3-ethylbenzothiazoline-6-sulphonic Acid (ABTS•+) Assay


ABTS•+ assay was performed using the method reported in the study of Nenadis et al. [18]. A solution containing 7 mM ABTS solution and 2.45 mM potassium persulfate (the final concentrations) was mixed and left in the dark for 12–16 h at room temperature. This solution was then diluted using ethanol to obtain an absorbance of 0.70 ± 0.05 at 734 nm. An amount of 10 μL of the extracts and the standard in different concentrations dissolved in 10% DMSO was added to 990 μL of the diluted ABTS•+ solution, mixed thoroughly and left for 6 min. The solutions were spectrophotometrically read at 734 nm. The percentage of inhibition of the ABTS was calculated in a similar way to that in the DPPH radical scavenging assay. The assay was repeated three times for each extract concentration. ABTS scavenging activity is shown as an EC50 value.




2.3.3. Reducing Power (RP) Capacity Assessment


RP capacity was determined by using the modified method reported in the study of Oyaizu [19]. Briefly, 500 μL solution of plant extracts with various concentrations was mixed with 500 μL of potassium buffer (0.2 M, pH 6.6) and 500 μL of potassium ferricyanide (K3Fe(CN)6) (1%) solution. The solution was incubated at 50 °C for 20 min, and then, 500 μL of 10% trichloroacetic acid solution was added to the mixture. The solution was centrifuged for 10 min at 3000× g. Subsequently, 500 μL supernatant was taken and mixed with 100 μL of 0.1% FeCl3 solution and 500 μL distilled water. The solution was spectrophotometrically measured at 700 nm. Finally, the antioxidant activity was determined by using the Trolox standard curve and is expressed in µg/mL Trolox. The assay was repeated three times for each extract concentration. The EC50 of the extracts is the concentration at which the absorbance was 0.50 [20].




2.3.4. Ferric Reducing Antioxidant Power (FRAP) Assay


The FRAP of the extracts was evaluated using the method of Benzie and Strain [21] with modifications. In brief, FRAP reagent solution, containing 0.25 mL of 20 mM FeCl3, 2.5 mL of 10 mM TPTZ solution in 40 mM HCl and 2.5 mL of 0.2 M acetate buffer (pH = 3.6), was freshly prepared and incubated at 37 °C. Then, 10 μL of the extracts with different concentrations was mixed with 990 μL of FRAP reagent and left at room temperature for half an hour. The solution was spectrophotometrically measured at 593 nm. EC50 is the extract concentration that had an absorbance of 0.50 [20]. The assay was repeated three times for each extract concentration. The antioxidant activity was calculated from the Trolox standard curve and is expressed in µg/mL Trolox.




2.3.5. Total Antioxidant Capacity (TAC) Assay


The TAC of the extracts was determined using the phosphomolybdate assay [22]. Briefly, 300 μL of the extract solution with different concentrations was added in 900 μL of reagent solution containing 4 mM ammonium molybdate, 0.6 M sulfuric acid and 28 mM sodium phosphate. The solutions were incubated at 95 °C for 1.5 h in the dark. The samples were spectrophotometrically recorded at 695 nm as the samples cooled to room temperature. EC50 is the extract concentration that had an absorbance of 0.50 [20]. The assay was repeated three times for each extract concentration. Finally, the antioxidant activity was calculated using the Trolox standard curve and is expressed in μg/mL Trolox.





2.4. Antidiabetic Activity Tests


2.4.1. Alpha-Amylase Inhibitory Assay


The assay was performed by using the method reported in the study of Rana et al. [23] with modifications. Initially, 50 μL of the extract or acarbose (a well-known α-amylase inhibitor) solution in 0.2 M phosphate buffer (pH = 7.0) was mixed with 50 μL enzyme α-amylase solution (3 U/mL) and left for 15 min at 37 °C. Subsequently, starch solution (2 mg/mL) at a volume of 50 μL was added into the mixture and incubated for 15 min at 37 °C. Then, the reaction was stopped by adding 200 μL HCl. Finally, 300 μL of 1% iodine solution was added to the mixture. The mixture was spectrophotometrically recorded at 660 nm. The assay was repeated three times for each extract concentration. Alpha-amylase inhibitory activity was calculated using the following formula:


(%) Inhibition = [1 − (Abssample/Abscontrol)] × 100








where Abscontrol and Abssample represent the absorbance of the control (without the extracts or acarbose) and the plant extract or acarbose, respectively. The IC50 value is the sample concentration providing 50% inhibition.




2.4.2. Alpha-Glucosidase Inhibitory Assay


The assay was carried out using the procedure reported in the study of Pujirahayu et al. [24] with modifications. Here, p-nitrophenyl α-glucopyranoside (pNPG) was used as a substrate. The reaction mixture, containing 100 μL phosphate buffer (100 mM, pH 6.8), 20 μL α-glucosidase enzyme (1 U/mL) and 40 μL plant extract or acarbose solution, was left for 15 min at 37 °C. Subsequently, 40 μL pNPG (5 mM) solution was added and left for 20 min at 37 °C. The reaction was terminated by adding a solution of Na2CO3 (0.1 M, 100 μL). The mixture was spectrophotometrically measured at 405 nm. The assay was repeated three times for each extract concentration. The inhibition of extracts on α-glucosidase was calculated as follows:


(%) Inhibition = [1 − (Abssample/Abscontrol)] × 100








where Abscontrol and Abssample represent the absorbance of the control (without the extracts or acarbose) and the plant extract or acarbose, respectively. The IC50 value is the sample concentration providing 50% inhibition.





2.5. Statistical Analysis


Data were analyzed by analysis of variance (ANOVA) and Fisher’s test using Minitab 16.0 software. The results were statistically significantly different at p < 0.05.





3. Results


3.1. Chemical Composition


The chemical analysis of five extracts from M. velutina flowers showed the presence of alkaloids, flavonoids, tannins and steroids (Table 1), while saponins and glycosides were only present in the ethanol and aqueous extracts. The polarity index of the extracting solvents can be ranked in decreasing order as follows: water (9), ethanol (5.2), ethyl acetate (4.3), dichloromethane (3.4) and hexane (0). The results indicate that alkaloids, flavonoids, tannins and steroids can be soluble in both polar and non-polar solvents, while only highly polar solvents can solubilize glycosides and saponins.



The total polyphenol and flavonoid contents of the crude extract and extract fractions obtained from the flowers of M. velutina are presented in Table 2. The aqueous and n-hexane fractions exhibited the highest (12.6 ± 0.1 mg/g) and lowest (4.72 ± 0.23 mg/g) total contents of polyphenol, respectively. Similarly, the flavonoid content was the highest (205.6 ± 39.0 mg/g) and the lowest (71.2 ± 4.5 mg/g) in the aqueous and n-hexane fractions, respectively.




3.2. Antioxidant Assays


The DPPH assay is one of the most popular methods for the determination of antioxidant activity [25], and the DPPH scavenging activity observed in all extracts increased with the concentration of extracts (Figure 2a). In this study, the aqueous extract, with an EC50 value of 59.1 ± 1.0 μg/mL, showed the highest scavenging activity. Meanwhile, the n-hexane extract exhibited the lowest activity with an EC50 value of 188.9 ± 3.7 μg/mL (Table 3). A lower EC50 value shows higher antioxidant activity. All extracts had dose-dependent DPPH scavenging activity (Figure 2a).



ABTS scavenging ability was observed, in descending order, in the aqueous, ethyl acetate, ethanol, dichloromethane and n-hexane fractions at all tested concentrations (Figure 2b). The ABTS scavenging ability of the extracts was positively proportional to the concentration of the tested extracts.



In the TAC assay, Mo (VI) was reduced to Mo (V) by reducing compounds from the extracts, leading to the formation of the green phosphate/Mo (V) complex that was spectrophotometrically recorded at 695 nm. The result is expressed as the antioxidant content equivalent to Trolox (Figure 2c). The TAC of the aqueous extract was the highest at each concentration tested, followed in descending order by the ethyl acetate, ethanol (crude), dichloromethane and hexane extracts.



Ferric iron (Fe3+) was reduced to ferrous iron (Fe2+) by reducing compounds from the extracts in the FRAP assay [23]. The reduction of Fe3+ by the extracts increased with the extract concentration (Figure 2d). The EC50 values of the extracts based on FRAP assay are shown in Table 3. The highest antioxidant capacity was in the aqueous extract, followed by the ethyl acetate, ethanol (crude), dichloromethane and n-hexane extracts.



The RP assay was used to determine the ability of the compounds from the extracts to donate electrons. The electron donation of extracts leads to the conversion of Fe3+ to Fe2+. The Fe2+ complex (Perl’s Prussian blue) concentration can be spectrophotometrically determined at 700 nm. Higher absorbance at 700 nm is due to higher reducing power. The reducing power of the extracts increased with the extract concentration (Figure 2e). The reducing power of the aqueous extract was the highest, followed by the ethyl acetate, ethanol (crude), dichloromethane and hexane extracts.



Trolox showed the strongest antioxidant activities as compared to all plant extracts in four antioxidant activity assays, namely DDPH, ABTS, FRAP and RP (Table 3). However, the ethyl acetate and aqueous fractions had higher antioxidant activity than that of Trolox in the TAC assay. The EC50 value of Trolox and the aqueous and ethyl acetate fractions in TAC assay was 35.0 ± 0.4, 11.8 ± 0.1 and 11.9 ± 0.3 µg/mL, respectively.




3.3. Carbohydrate Digesting Enzyme Inhibition Potential


The inhibitory activity of the extracts against α-amylase and α-glucosidase increased with the extract concentrations (Figure 3a,b). Among the five extracts, the aqueous fraction had the strongest inhibitory activity against these enzymes at each tested concentration, followed by the ethyl acetate, ethanol (crude), dichloromethane and hexane extracts.



The aqueous extract showed the strongest α-amylase and α-glucosidase inhibitory activities with IC50 values of 376.6 ± 5.2 and 69.7 ± 0.3 µg/mL, respectively (Table 4). The ethanol, n-hexane, dichloromethane and ethyl acetate extracts showed moderate inhibitory effects against these enzymes. The IC50 value of acarbose (a standard reference drug) for α-amylase and α-glucosidase was very low at 12.1 ± 0.2 and 6.7 ± 0.1 µg/mL, respectively, indicating that acarbose is very effective in inhibiting these enzymes.





4. Discussion


Generally, the total polyphenol and flavonoid content in the fractions increased in the following order: n-hexane, dichloromethane, ethyl acetate and aqueous fraction (Table 2). The higher polarity of the extracting solvents may have induced the higher solubility of polyphenols and flavonoids (except flavonoid aglycones not soluble in water, which is a highly polar solvent) in the extracting solution. Clearly, solvent polarity increases in the following order: hexane, dichloromethane, ethyl acetate and water. Several studies also indicated that the solubility of polyphenol and flavonoid compounds in extracting solvents depends on their polarity [26,27,28]. The crude extract in this study contained both water-soluble and non-soluble flavonoids that were consecutively extracted by non- (hexane) and low-polar solvents (dichloromethane and ethyl acetate). The high content of flavonoids in the aqueous fraction (Table 2) constituted the remaining flavonoids that were not effectively extracted by the non- and low-polar solvents and was not due to the flavonoid-extracting ability of water.



The total polyphenol content of Miliusa velutina flower extract and fractions was significantly lower than the total flavonoid content (Table 2). Flavonoids are a subgroup of polyphenols; therefore, the total polyphenol content in extracts is commonly expected to be higher than the total flavonoids. It was clearly demonstrated in the study of Kim et al. [29] that extracts from 40 plant species in Korea had a higher content of total polyphenol than of total flavonoids. However, the total polyphenol content was observed to be lower than the total flavonoid content in the extracts of other plant species and green algae [30,31,32]. The lower content of total polyphenols than that of total flavonoids observed in this study can be explained by two reasons. The total content of flavonoids in the flowers of Miliusa velutina is actually higher than that of polyphenols. This is supported by the study of Son [33] where 43 flavonoid compounds were identified from the plant parts of Miliusa species, including Miliusa velutina, while only 13 polyphenolic compounds were detected. In addition, differences in the specificity of the Folin–Ciocalteu and AlCl3 methods used to quantify the total polyphenol and total flavonoid contents, respectively, may be the second reason. Folin–Ciocalteu reagent is not highly specific, so it will react with not only polyphenols but also any reducing substances in samples [34]. While AlCl3 specifically targets the C-4 keto group and either the C-3 or C-5 hydroxyl group of flavones and flavonols to form acid-stable complexes, it also reacts with the ortho-dihydroxyl groups in the A- or B-ring of flavonoids to form acid-labile complexes [35]. In order to confirm the results about the total polyphenols and flavonoids content in this study, LC-MS or LC-MS/MS analysis of the chemical composition of the extract and fractions from Miliusa velutina flowers could be performed.



The total polyphenol and flavonoid contents in the extracts were positively proportional to the antioxidant activities. The antioxidant activity of the aqueous extract in five antioxidant activity assays (DPPH, FRAP, RP, TAC and ABTS) was the strongest, followed in descending order by ethyl acetate, ethanol (crude), dichloromethane and n-hexane extract (Figure 2). The same decreasing order was also observed in the polyphenol and flavonoid contents of these extracts (Table 2). Polyphenol and flavonoid compounds are strong antioxidants that can deactivate free radicals by offering their hydrogen atoms and electron [36]. The positive correlation between the total content of phenolic and flavonoid compounds in the plant extracts and the antioxidant activities was also observed in other studies [36].



The crude or ethanolic extract had lower antioxidant activities in the five antioxidant assays as compared to those of the ethyl acetate and aqueous fractions (Table 3). Polyphenols and flavonoids are polar and strong antioxidant compounds. The crude extract contained both polar and non-polar compounds that were consecutively extracted by n-hexane and dichloromethane (non-polar solvents). These fractionations resulted in the removal of undesired and non-polar compounds, which in turn helped to concentrate the polar compounds (including polyphenols and flavonoids) in subsequent fractionations (ethyl acetate and aqueous fractions). It is clearly indicated in Table 2 that the polyphenol and flavonoid contents of the ethyl acetate and aqueous fractions were higher than those of the crude extract. Consequently, the antioxidant activities of the ethyl acetate and aqueous fractions were higher than those of the crude extract.



Five different antioxidant assays were used in this study in order to determine the antioxidant activity of the extract and fractions from Miliusa velutina flowers over different types of oxidants. Each antioxidant assay represents a certain type of oxidant. In the human body, there is a wide range of oxidants, including free radicals, reactive oxygen species and reactive nitrogen species. The extract with strong activity against a wide range of oxidants would have great application potential. It can be seen from Table 2 that the flower extract and fractions had consistent activities against the five oxidants. The aqueous fraction had the strongest activity against the five tested oxidants.



The antidiabetic properties of M. velutina flower extracts were determined based on the inhibitory effect of two carbohydrate hydrolyzing enzymes in vitro, namely α-amylase and α-glucosidase. Starch is converted into disaccharides and oligosaccharides by pancreatic α-amylase, while disaccharides are broken down into glucose by intestinal α-glucosidase [37]. Enzymatic inhibition can retard the breakdown of starch in the gastrointestinal tract and therefore ameliorate hyperglycemia.



The aqueous fraction was also demonstrated to have the strongest inhibitory activity of both α-amylase and α-glucosidase as compared to that of the crude ethanolic extract and other extract fractions (Figure 3). The ability to inhibit these enzymes was positively correlated to the antioxidant ability of the extracts. Specifically, the stronger the antioxidant capacity was, the stronger the enzyme-inhibiting effect was. The results of this study are in agreement with the findings of other studies where strong antioxidants were also demonstrated to be strong α-glucosidase and α-amylase inhibitors [38,39]. The inhibitory activity of polyphenols against α-amylase and α-glucosidase relies on their chemical profile [40]. Flavonoids, one of the main classes of polyphenolic compounds, were demonstrated to have α-amylase and α-glucosidase inhibitory activity [41]. In terms of chemical structure, the location and number of hydroxyl groups in the compounds are crucial for enzyme inhibitory capacity. This capacity significantly increases with the number of hydroxyl groups on the B-ring. Flavonoids induce the inhibitory effect by forming hydrogen bonds between the hydroxyl groups of flavonoids and those of the enzyme at active side chains and forming the conjugated π system between the AC ring system of flavonoids and the indole Trp59 in the enzyme. Consequently, the reaction between α-amylase and starch would be hindered which would lead to the retardation of starch digestion [42].



The aqueous fraction of M. velutina flowers seems to be a promising candidate for the control of diabetes owing to its mild α-amylase inhibitory effect (IC50 = 376.6 ± 5.2 µg/mL) and strong inhibitory effect against α-glucosidase (IC50 = 69.7 ± 0.3 µg/mL) (Table 4). A phytochemical that has mild and strong inhibitory effects against α-amylase and α-glucosidase, respectively, would be a desirable antidiabetic agent [43]. One of the main enzymes responsible for carbohydrate digestion and glucose release is α-glucosidase. The inhibition of this enzyme can delay glucose absorption and lower the postprandial blood glucose level, which could, in turn, retard the progression of diabetes.




5. Conclusions


The crude extract as well as the derived fractions of M. velutina flowers were demonstrated to possess strong antioxidant properties. The extracts also mildly and strongly inhibited α-amylase and α-glucosidase in vitro, respectively. The antioxidant and antidiabetic activities of the M. velutina flower extracts were positively correlated to their polyphenol and flavonoid contents. The aqueous extract showed the highest antidiabetic as well as antioxidant activities.
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Figure 1. Flowers, leaves and stems of Miliusa velutina plant. 
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Figure 2. The antioxidant activities of the different extracts of M. velutina flowers in five assays: (a) DPPH, (b) ABTS, (c) TAC, (d) FRAP and (e) RP. 
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Figure 3. The percentage inhibition of α-amylase (a) and α-glucosidase (b) by the different extracts of M. velutina flowers. 
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Table 1. Chemical compounds in the crude extract and fractions.
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	Extracts
	Alkaloids
	Flavonoids
	Tannins
	Glycosides
	Steroids
	Saponins





	Ethanol extract (crude)
	+
	+
	+
	+
	+
	+



	n-Hexane fraction
	+
	+
	+
	−
	+
	−



	Dichloromethane fraction
	+
	+
	+
	−
	+
	−



	Ethyl acetate fraction
	+
	+
	+
	−
	+
	−



	Aqueous fraction
	+
	+
	+
	+
	+
	+







Note: +, present; −, absent.
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Table 2. The total polyphenol and flavonoid contents in M. velutina flower extracts.
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	Extracts
	Polyphenol (mg Gallic Acid/g Extract)
	Flavonoid (mg Quercetin/g Extract)





	Ethanol extract (crude)
	8.0 b ± 0.1
	172.2 ± 3.1



	n-Hexane fraction
	4.7 c ± 0.2
	71.18 d ± 4.5



	Dichloromethane fraction
	5.1 c ± 0.1
	132.07 c ± 16.03



	Ethyl acetate fraction
	9.2 a ± 0.1
	185.92 b ± 5.82



	Aqueous fraction
	12.6 a ± 0.1
	205.58 a ± 38.98







Note: Different letters in the same column show significant difference at level of 5%.
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Table 3. Antioxidant activities (EC50) of M. velutina flower extracts.
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Extracts

	
EC50 (μg/mL)




	
ABTS•+

	
DPPH

	
RP

	
TAC

	
FRAP






	
Crude extract (ethanol)

	
71.7 c ± 0.9

	
101.0 c ± 0.7

	
193.7 c ± 2.2

	
27.5 d ± 1.0

	
64.9 c ± 0.9




	
n-Hexane fraction

	
377.0 a ± 10.3

	
188.9 a ± 3.7

	
346.7 a ± 4.6

	
57.8 a ± 0.4

	
154.3 a ± 0.9




	
Dichloromethane fraction

	
225.1 b ± 3.1

	
117.0 b ± 1.3

	
232.6 b ± 9.5

	
42.0 b ± 0.2

	
80.5 b ± 0.8




	
Ethyl acetate fraction

	
63.9 c ± 0.5

	
72.7 d ± 1.2

	
158.0 d ± 2.4

	
11.9 e ± 0.3

	
56.5 d ± 1.7




	
Aqueous fraction

	
48.1 d ± 0.7

	
59.1 e ± 1.0

	
78.07 e ± 1.1

	
11.8 e ± 0.1

	
38.5 e ± 1.1




	
Trolox

	
3.3 e ± 0.1

	
0.7 f ± 0.01

	
1.92 f ± 0.11

	
35.0 c ± 0.4

	
1.6 f ± 0.0








Note: Different letters in the same column show significant difference at level of 5%.
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Table 4. Enzyme inhibitory activity (IC50) of M. velutina flower extracts.
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Extracts

	
IC50 (μg/mL)




	
α-amylase

	
α-glucosidase






	
Ethanol extract (crude)

	
701.5 c ± 13.4

	
92.2 c ± 13.4




	
n-Hexane fraction

	
1675.1 a ± 40.8

	
150.7 a ± 40.8




	
Dichloromethane fraction

	
1258.0 b ± 32.5

	
110.3 b ± 0.5




	
Ethyl acetate fraction

	
541.1 d ± 11.8

	
84.8 d ± 0.3




	
Aqueous fraction

	
376.6 e ± 5.2

	
69.7 e ± 0.3




	
Acarbose

	
12.1 f ± 0.2

	
6.7 f ± 0.1








Note: Different letters in the same column show significant difference at level of 5%.
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