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Abstract: This current study presents a chemical exploration of the methanolic extract of Selliguea 

taeniata leaves, a fern species endemic in certain regions in the Philippines, such as Ifugao, where it is 

used to treat cough for good health and well-being of the folks. Although botanical data of this fern are 

reported, there are still no reports regarding its chemical properties, such as phytochemicals and 

antioxidant activity, as of the time this study was conducted. The air-dried leaves of S. taeniata were 

extracted using absolute methanol. The crude extract was concentrated and subjected to the Folin-

Ciocalteu method to determine the total phenolic content (TPC), 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

free radical scavenging assay to evaluate its antioxidant activity, and phytochemical screening. 

Subsequently, various chromatographic techniques and 1H Nuclear Magnetic Resonance spectroscopy 

were applied to isolate and partially characterize its secondary metabolites partially. Methanolic extract 

of S. taeniata leaves had a TPC of 1669.11 ± 0.07 mg GAE /g of dried sample and antioxidant activity 

(EC50= 85.79 ± 0.02 ppm). The crude extract contained alkaloids, flavonoids, cardiac glycosides, 

saponins, phenols, and tannins. Partial isolation of its secondary metabolites suggested that the crude 

extract may contain a mixture of proanthocyanidins or its monomer units and glycosides. The claims of 

the folks from Ifugao on the effectivity of Selliguea taeniata leaf decoction as an antitussive can be 

attributed to the plant's high antioxidant activity. The extract contained phenolic compounds that could 

be proanthocyanidins, inhibiting elastase that promotes inflammation. 

Keywords: Selliguea taeniata; antioxidant activity; phenolic compounds; free radical scavenging 

activity; good health and well-being. 
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1. Introduction 

Ferns are any of several nonflowering vascular plants and are characterized by 

pteridophytes. They are one of the oldest plant species on Earth, with a fossil record dating 

back to the Middle Devonian, about 383-393 million years ago. However, today's diversity of 

ferns evolved relatively [1]. It has been observed that ferns are resistant to microbial pathogens, 

contributing to their successful evolution and survival [2]. Ferns are the second-largest vascular 

plant species having about 13,000 species and more than 250 different genera distributed 

worldwide. They are commonly found in tropical countries with warm and damp areas. Some 
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ferns are limited to particular soil acidity or alkalinity ranges, and some grow well on acidic 

rocks like granites and sandstones and quantities [3]. 

Notably, the Philippines is the habitat of about 1,100 species of ferns and lycophytes 

distributed among 154 genera and 34 families, and 296 species are known to be native [4-6]. 

Although many fern species are used as traditional medicines for human diseases and 

consumed as vegetables, ferns remain unexplored for their phytochemical and bioactivity [7-

9]. 

 
Figure 1. Selliguea taeniata leaves. 

One of which is Selliguea taeniata (Figure 1), also called ag-agfa by the locals of 

Banaue, Ifugao, Philippines. This fern is first classified as Polypodium taeniatum [10]. It is 

currently known in the eastern part, particularly in Peninsular Malaysia, Borneo, Philippines, 

Indonesia, Vietnam, and Taiwan, and is said to be predominant in the Philippines. It was first 

reported to be abundant in Mt. Bali-it, Balbalasang, Kalinga, and Northern Luzon [11]. It has 

25-50 cm long fronds, and its stipe is usually longer than its lamina [12]. Selliguea, a fern 

member of the Polypodiaceae family, can be found mostly in tropical countries, particularly in 

Asia, from India eastward to Japan and southward to New Guinea, actively growing from the 

second quarter of the year [13,14]. These plants mainly were epiphytic and epilithic, and a few 

terrestrial. 

Although botanical data are available for S. taeniata, there are still no reports regarding 

its chemical properties, such as phytochemicals and biological activities, to our knowledge. 

Thus, the present study is primarily designed to chemically explore the leaves of S. taeniata by 

evaluating its antioxidant properties and isolating and characterizing its secondary metabolites. 

2. Materials and Methods 

2.1. Collection and preparation of extract. 

All extractions and bioactivity tests were carried out under atmospheric room 

conditions. All reagents and solvents used in the analysis were analytical grades, and spectral 

grade solvents were used for spectroscopic studies. Thin-layer chromatography plates were 

procured from Merck. All glassware was washed with dishwashing liquid and rinsed with 

water, followed by washing with distilled water and methanol and subsequent drying. The plant 

material used in this study was collected at Brgy, Ducligan, Banaue, Ifugao last December 

2018. It was authenticated by a botanist from the Department of Biological Sciences, Central 

Luzon State University, to be S. taeniata. The leaves of the plant S. taeniata were rinsed with 

clean tap water to make them dust- and debris-free. Then, the leaves were dried under room 

conditions for 20 days. The dried sample (138 grams) was ground using a blender and soaked 
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in 1400 mL of methanol for 48 hours in a tightly closed amber container. The mixture was 

filtered, and the filtrate was collected and concentrated using a rotary evaporator under reduced 

pressure at 40°C to yield the crude extract. Subsequently, the crude extract was subjected to 

fractionation, phytochemical screening, and bioactivity tests, namely antimicrobial and 

antioxidant activities, as described in the next section. 

2.2. Phytochemical screening. 

Phytochemical screening for various phytochemical constituents was accomplished 

following the standard test tube method [15]. Crude extract of the plant S. taeniata leaves was 

used to screen for alkaloids, carbohydrates, flavonoids, cardiac glycosides, phlobatannins, 

saponins, phenols, and tannins. 

2.3. Determination of total phenolic content. 

The extract's total phenolic content (TPC) was determined following the Folin-

Ciocalteu spectrophotometric method [16,17]. For calibration, different concentrations (10, 20, 

40, 60, 80, 100, and 120 ppm) of gallic acid in ethanol were prepared. The crude extract (400 

µL) was diluted with 800 µL distilled water before adding an mL of Folin-Ciocalteu reagent. 

The mixture was shaken vigorously and allowed to stand for five minutes at room temperature. 

Then, two mL of 7.5% Na2CO3 solution was added. The mixture was shaken thoroughly and 

left to stand in the dark for 90 minutes. Absorbance was obtained at 765 nm using Cole-Parmer 

Unico 1201 UV-Vis spectrophotometer. The test was carried out in triplicate. The TPC was 

expressed as gallic acid equivalent (GAE) milligrams per gram dried sample, calculated 

according to equation 1: 

TPC =  
concentration of gallic acid x mass of crude extract

mass of dried sample
     (1) 

2.4. Antioxidant activity using DPPH free radical scavenging assay. 

2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay is a widely used 

method to evaluate the antioxidant activity of natural compounds. This assay measures the 

scavenging ability of antioxidant substances toward the stable radical [18]. The free radical 

scavenging activity of the extract was examined in vitro following the slightly modified method 

described by [19]. A 1.5 mL of 0.1, 10, 100, 300, and 1000 ppm of the crude extract were 

separately added to 2.5-mL DPPH solution (6.0 mg DPPH/100 mL methanol). The mixture 

was shaken vigorously and left to stand without light for 30 minutes at room temperature. The 

absorbance of the mixture was read at 517 nm using Cole-Parmer Unico 1201 UV-Vis 

spectrophotometer. Ascorbic acid was used as a reference and methanol as a blank. The 

inhibition percentage for scavenging DPPH radical was calculated according to equation 2: 

% scavenging DPPH radical =  
absorbance of blank−absorbance of sample

absorbance of blank
 x 100%  (2) 

The test solutions were prepared in triplicates for three trials. Graphpad Prism 7 was 

used to estimate the median effective concentration of the sample (EC50), which was the 

concentration required to scavenge radical by 50%. 
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2.5. Partial isolation and characterization of compounds. 

The crude extract was defatted using hexane before fractionation using various 

chromatographic techniques. Then, it was subjected to Sephadex LH-20 column 

chromatography eluted with methanol. Thin-layer chromatography (TLC) was used to study 

the profile of the produced fractions. Fractions with the same TLC profile were grouped before 

further purification using Silica gel column chromatography, and preparative TLC was applied 

until a potential pure compound was isolated. Isolated compound/s was partially characterized 

using 300 MHz 1H Nuclear Magnetic Resonance spectroscopy using a Bruker Advance 300 

and CD3OD as solvent.  

2.6. Characterization using thin-layer chromatography (TLC). 

Thin-layer chromatography was used to identify which fractions are to be mixed and 

determine the solvent system that will cause good separation of the components. This method 

was composed of (a) preparation of the plate, (b) development of the chromatogram, and (c) 

visualization of the chromatogram. Strips of plastic-back normal-phase TLC sheets were 

prepared by cutting a 20 cm x 20 cm plate into 5 cm x 1 cm. Solvents used were 

dichloromethane, methanol, and ethyl acetate. The fraction was dropped at the center, about 1 

cm above the bottom of the strip, using a capillary tube. The solvent was allowed to evaporate 

before the strip was developed using various solvent systems until the solvent reached about 1 

cm from the top of the strip completely. TLC strips containing fractions were subjected 

separately to pure solvents, then to a mixture of solvents to observe separation. The developed 

chromatograms were visualized by exposing them to a long-wave UV lamp and placing it in a 

jar containing silica gel and iodine mixture for about 5 seconds. The spots were traced and 

labeled. Fractions showing similar profiles were then mixed. The solvent system that offered 

the best separation was used in column chromatography and preparative thin-layer 

chromatography. 

2.7. Preparation of the column and separation and isolation by column chromatography. 

After extraction, the separation of components was done by column chromatography. 

A 20-inch high cylindrical tube with a diameter of 1 inch packed with 50 grams of Sephadex 

LH-20 in methanol was used to separate crude extract. Fractions were collected in different 30-

mL test tubes and were concentrated. Chosen fractions were subjected to Silica gel column 

chromatography. Different columns were prepared for each fraction. First, a 12-inch high 

cylindrical tube with a diameter of 1.2 inches was packed with 50 grams of Silica gel in 

dichloromethane. Gradient elution starts from 250 mL portions 20:80, 30:70, 40:60, 50:50 of 

dichloromethane-ethyl acetate; followed by 50:50, 40:60, 30:70, 20:80 ethyl acetate-methanol; 

and lastly, 350 mL of dichloromethane-methanol-ammonia solution (90:9:1). Secondly, a 19-

inch column with a diameter of 0.5-inch was packed with 21-grams Silica gel and then eluted 

with 80 mL portions of 10:90, 20:80, and 30:70 of methanol-ethyl acetate; 90:9:1 

dichloromethane-methanol-ammonia solution. Fractions were collected in different 10-mL test 

tubes and concentrated using a rotary evaporator under reduced pressure at 40°C. 
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2.8. Preparation of plates and separation and isolation by preparative thin-layer 

chromatography (TLC). 

Preparative thin-layer chromatography was used to purify further the fractions 

produced from column chromatography. Glass plates with dimensions 20 cm x 20 cm were 

used. Silica gel and CaSO4 (20:1) mixture were dissolved in distilled water (1 g mixture/3 mL 

water) to produce a slurry consistency. The mixture was poured onto plates and spread evenly 

into the glass plate. It was left to stand for about one hour and then activated in an oven at 

120°C for 45 minutes. Each crude extract fraction was applied to the preparative TLC plates 

about 1 cm from the bottom and edge. The solvent was allowed to evaporate. Afterward, the 

TLC plate was developed in an appropriate solvent system until the solvent ascended to about 

1 cm from the top of the plate. After developing, the plates were left dry and exposed to short- 

and long-wave UV lamps for visualization. Bands were traced and collected in a 50-mL beaker. 

The fractions were then extracted from the silica gel using ethyl acetate or methanol. 

2.9 Statistical analyses. 

Results obtained were reported as mean ± SD. The differences between test solutions 

were statistically analyzed using a non-parametric t-test (Kolmogorov-Smirnov test) using 

GraphPad Prism 7 software. 

3. Results and Discussion 

3.1. Phytochemical screening. 

The concentrated crude extract was viscous and deep green. After concentration using 

a rotary evaporator under reduced pressure at 40°C, 18.61 grams of crude extract were 

obtained, with a percent yield of 13.47%. Phytochemical constituents identified in the crude 

extract were alkaloids, flavonoids, cardiac glycosides, saponins, phenols, and tannins. 

Phytochemical surveys revealed that Selliguea species has a wide range of alkaloids, 

flavonoids, polyphenols, terpenoids, and steroids, which are usually distinct from those 

produced by other higher plants (19-23). The above results make Selliguea taeniata a 

potentially important source of chemical diversity for drug development.  

3.2. Antioxidant activity. 

3.2.1 Total phenolic content. 

The S. taeniata crude extract analysis using the Folin-Ciocalteu method resulted in a 

TPC of 1669.11±0.07 mg GAE/g of dried sample. This value of TPC can be ascribed to 

phytochemicals such as flavonoids, steroids, and tannins, which contain phenol groups. Plants 

produce phenolic compounds in response to environmental stress [24]. These compounds 

protect the plants against UV-B damage and subsequent cell death by protecting DNA from 

dimerization and breakage [25-28]. Moreover, the production of flavonoids, especially 

anthocyanins and flavones by phenylalanine ammonia-lyase, is triggered by light [29]. Thus, 

plants in high areas, like Ifugao, which are undoubtedly exposed to several stress factors, may 

have produced antioxidants such as flavonoids. 
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3.2.2. DPPH free radical scavenging activity. 

The free radical scavenging activity of the methanolic leaf extract of S. taeniata showed 

a concentration-dependent response (Figure 2). That is, the antioxidant activity of the extract 

increases with increasing concentration. 
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Figure 2. DPPH scavenging activity of the ascorbic acid and crude extract of S. taeniata. 

The crude extract exhibited a median effective concentration (EC50) of 85.79 ± 0.02 

ppm. EC50 is the concentration needed to scavenge 50% of free radicals. It is inversely 

proportional to the free radical scavenging activity, suggesting lower EC50 correlates with 

higher antioxidant activity. S. taeniata crude extract is considered a strong antioxidant, while 

that of the ascorbic acid (0.51±0.66 ppm) is a very strong antioxidant. However, ascorbic acid 

was expected to possess higher antioxidant activity as it is already pure compared to the crude 

extract of S. taeniata. Thus, isolating and identifying its bioactive secondary metabolites may 

significantly increase the observed antioxidant activity. The antioxidant activity of S. taeniata 

can be attributed to the phenolic compounds. Its presence in the crude extract was confirmed 

and supported by the results of this study's phytochemical and total phenolic content analyses. 

Phenolic groups possess antioxidant activity as they can donate a proton to stabilize the DPPH 

radical [22,29], as shown in Figure 2. 

3.3. Fractionation and partial isolation of compounds. 

The crude extract was extracted to isolate and characterize the bioactive secondary 

metabolites of S. taeniata (Figure 3). The concentrated crude extract (18 g) was subjected to 

Sephadex LH-20 column chromatography and eluted with methanol yielding 24 25-mL 

fractions. Fractions obtained range from deep green (Fraction 1) to light orange (Fraction 24). 

Thin-layer chromatography (TLC) was done to determine the profile of each fraction, which 

was used to reduce the 24 fractions into five (5) fractions (F1.1-F1.5). Figure 2 shows the 

fractionation scheme. F1.1 and F1.3 were subjected to Silica gel column chromatography 

eluted with 20:80 dichloromethane-ethyl acetate and 10:90 methanol-ethyl acetate, 

respectively. F1.1 produced 135 15-mL fractions that were reduced to eight (8) fractions 

(Fraction I - Fraction VIII), while F1.3 yielded 31 10-mL fractions that were reduced to three 

(3) fractions (Fraction IX - Fraction XI). Fraction VII showed a single spot with an Rf value of 

0.6 in TLC with methanol as solvent. It was then subjected to preparative TLC to afford 

Fraction A. Fractions IX, and X were also subjected to preparative TLC using 70:10:20 
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methanol-ethyl acetate-dichloromethane as the solvent system. A brownish-orange spot under 

UV (Rf=0.64) was collected in Fraction IX to yield Fraction B. In contrast, the blue spot under 

UV was acquired in Fraction X to produce Fraction C. F1.4 was also subjected to preparative 

TLC, and the green spot under UV (Rf=0.73) was collected as Fraction D. 

 
Figure 3. Isolation scheme followed for the fractionation of S. taeniata crude extract                                    

(Legend: MeOH = Methanol, EtOAc = Ethyl acetate, DCM = Dichloromethane). 

3.4. Partial characterization of S. taeniata secondary metabolites. 

Fractions A to D were subjected to 1H Nuclear Magnetic Resonance (NMR) 

spectroscopy to characterize and identify the secondary metabolites of S. taeniata partially. 

The 1H NMR spectra of Fractions A to D revealed that the fractions were not yet pure and 

contained multiple compounds with varying concentrations. The 1H NMR spectrum of Fraction 

A (Figure 4) revealed signals of aliphatic hydrogens (CH3-, CH2-, and/or CH-) at δH 0.7-2.5 

ppm. Proton signals were observed at δH 3.0-4.0 ppm, attributed to alkyl groups attached to 

heteroatoms like O. Moreover, the proton signal at around δH 5.5 ppm suggested the presence 

of olefinic proton/s.   

Overall, the 1H NMR of Fraction A resembled characteristic peaks of a sugar molecule 

with multiple alkyl groups linked to O (at δH 3.0-4.0 ppm). This result suggested that Fraction 

A may be a glycoside, supported further by the phytochemical analysis.  

The same proton signals were presented in the 1H NMR spectrum of Fraction C (Figure 

5). It also revealed the presence of heteroatom-linked alkyl proton signals at δH 3.0-4.0 ppm, 

which suggested Fraction C may be a glycoside that may be the same secondary metabolite in 

Fraction A. However, additional aromatic protons resonating at δH 7.5-7.8 ppm with relatively 

lower intensity than those at δH 3.0-4.0 ppm were also detected, implying another compound 

containing an aromatic ring was present. 

 

https://doi.org/10.33263/BRIAC134.330
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC134.330  

 https://biointerfaceresearch.com/ 8 of 13 

 

 
Figure 4. 300 MHz 1H-NMR spectrum of Fraction A in CD3OD. 

 
Figure 5. 300 MHz 1H-NMR spectrum of Fraction C in CD3OD. 

The 1H NMR spectra of Fractions B (Figure 6) and D (Figure 7) revealed comparable 

proton signals indicating these fractions contain similar compounds or groups of compounds. 

The low-field aliphatic protons at δH 1.9-2.2 ppm can be attributed to aliphatic protons near an 

electron-withdrawing carbonyl group. Heteroatom-linked aliphatic protons were also revealed 

at δH 3.5-4.5 ppm. Additionally, aromatic protons were also detected at δH  6.0-7.8 ppm. 

 
Figure 6. 300 MHz 1H-NMR spectrum of Fraction B in CD3OD. 
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Figure 7. 300 MHz 1H-NMR spectrum of Fraction D in CD3OD. 

 
Figure 8. Room temperature 300 MHz 1H-NMR spectrum in CD3OD of proanthocyanidins from the rhizomes 

of Selliguea feei [30].  

 
Figure 9. 1H-NMR spectrum of proanthocyanidin from S. feei [19]. 
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FLAVAN-3-OLS R1 R2 R3 R4 R5 

Afzelechin H OH H H OH 

Epiafzelechin H OH H OH H 

Catechin H OH OH H OH 

Epicatechin H OH OH OH H 

Gallocatechin OH OH OH H OH 

Epigallocatechin OH OH OH OH H 

Figure 10. The general structure of monomer units of proanthocyanidins [19]. 

The 1H NMR spectra of Fractions B and D were comparable to those reported by Fu 

and colleagues [30] (Figure 8) and Lai and co-workers [19] (Figures 9 & 10) for 

proanthocyanidins. Fu and colleagues extracted a mixture of proanthocyanidins from S. feei, 

which belongs to the same genus as S. taeniata [30]. They reported the extraction of 

proanthocyanidin consisting of afzelechin and/or epiafzelechin units with A-type and B-type 

interflavanyl linkages from S. feei, which had a similar 1H HMR spectrum to Fractions B and 

D. Additionally, the proanthocyanidin consisting of catechin and/or epicatechin units, was 

isolated from Blechnum orientale by [31]. Moreover, as early as 1997, flavonoids and 

proanthocyanidins were detected in the rhizomes of S. feei [32]. 

Based on these reports, it can be inferred that Fractions B and D were composed of a 

mixture of proanthocyanidins and/or their monomer units. This inference was also supported 

by the phytochemical analysis for flavonoids in the crude extract. Proanthocyanidins are also 

reported to exhibit antioxidant activity [33,34]; thus, these may contribute to the antioxidant 

activity of S. taeniata. Moreover, proanthocyanidins also showed various biological activities 

such as anti-inflammatory [35], anti-carcinogenic [36,37], and vasodilatory actions [38]. In 

addition, they also demonstrate inhibition of lipid peroxidation, platelet aggregation, capillary 

permeability, and fragility and affect enzyme systems, including phospholipase A2, 

cyclooxygenase, and lipoxygenase [33]. 

 

 
Figure 11. Chemical Structure of Selligueain A. 
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Studies reported the isolation of Selligueain A, a sweet-tasting proanthocyanidin, which 

can be a source of commercial sweetener [39,40]. The compound was synthesized from 

fluorobenzene as the starting reagent to produce the benzyl alcohol, and after several steps, 

Selligueain A (Figure 11) with a molecular formula of  C45H35O15 and m/z 815.1981 was 

obtained [41]. 

Selligueain A was not acutely toxic nor mutagenic to mice. When dissolved in water, 

the compound is 35 times sweeter than a 2 percent w/v aqueous sucrose solution, without 

appreciable off-taste or after-taste [40,41]. The study of Suwandi et al. [38] on the analgesic 

and anti-inflammatory of this compound suggests that selligueain A had an inhibitory effect on 

cyclooxygenase and the elastase release in humans neutrophils as reported by Vasänge et al. 

[43]. Studies on the regulation of enzyme activity by elastase inhibition can lead to the 

development of medicine for emphysema, pulmonary diseases, and cancers [44]. 

4. Conclusions 

The claims of the folks from Ifugao on the effectivity of Selliguea taeniata leaf 

decoction as an antitussive can be attributed to the plant's high antioxidant activity. The crude 

extract exhibited a median effective concentration (EC50) of 85.79±0.02 ppm, thus considered 

a strong antioxidant. The extract contained a high number of phenolic compounds that could 

be proanthocyanidins and selligueain A, which can inhibit elastase that promotes inflammation.  
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