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ABSTRACT 
The phytochemical constitution and antimicrobial study of a methanolic extract from the Dryopteris filix-mas, an 
underutilized lower plant, was investigated. The extract was fractionated chromatographically for improved 
bioactivity against Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Proteus mirabilis, Klebsiella 
pneumonia and Candida albicans. Micro-dilution method was employed for the antimicrobial investigation of the 
crude extract while the chromatographic fractions were subjected to disc diffusion assay. Escherichia coli and 
Proteus mirabilis were the most susceptible to the crude extract both with MIC 25 mg/ml. The chromatographic 
fractionation improved the antimicrobial potency of the crude extract as shown by the reasonable increase in the 
observed zone of inhibition while the GC-MS analysis unveiled the nature of phytochemicals in the bioactive 
chromatographic fractions. This study, therefore, projects Dryopteris filix-mas as a rich source of phytochemicals 
with promising potential in antimicrobial therapy. 
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INTRODUCTION 
As the interest of people in natural products continues to increase, the search for secondary metabolites in 
plants has been intensified in various directions, and in the face of continuous development of resistance 
to drugs by pathogenic microorganisms, the search for better, plant-based alternatives has continued.1 
Although, these alternatives have often been sourced from plants, of particular interest are the lower 
plants which could also serve as functional foods or sources of bioactive extracts, fractions, and isolates. 
Ferns were initially viewed as plants of low medicinal value but studies have now revealed interesting 
functional effects of ferns on human health. Such activities include antioxidant, antitumor, and 
antimicrobial properties 2.  
While ferns have generally been known for their vermifugal properties, the Dryopteris species have 
particularly been explored for their phloroglucinol derivatives which are responsible for their inherent 
biological activities 3. The antimicrobial tendency of extracts from some ferns has been reported. For 
example, in their search for new resources for application in cosmetic and food industries, Soare et al.4 
found Dryopteris filix-mas extract to exhibit the highest antimicrobial activity (compared to Dryopteris 
affins and Athyrium filix-femina). Similarly, Mewari and Kumar5 showed that Dryopteris filix-mas has the 
potential to inhibit crop fungal pathogens such as A Solani.  
These and a few others reveal the medicinal importance of crude extracts from ferns. However, 
chromatographic fractionation could lead to fractions with increased biological activity as previously 
observed by Oluyori et al.6 Hence, the primary objective of this work is to determine the phytochemical 
constitution of Dryopteris filix-mas and chromatographically fractionating the active extract for improved 
antimicrobial activity. 
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EXPERIMENTAL 
Plant Sample/Test Microbes Collection and Preparation 
Dryopteris filix-mas (L.) Schott was collected from Adeyemi College of Education, Ondo, (7o 4.761’ N0o 
4.49.199’ E 790 ft), Ondo State, western Nigeria. Five bacteria strains (Proteus mirabilis, Staphylococcus 
aureus, Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae) and the fungus (Candida 
albicans) were obtained from the University of Ilorin Teaching Hospital and they were re-cultured to 
obtain the pure culture of each microorganism.  
 
Extraction  
The leaves of Dryopterix filix-mas were collected, dried at room temperature, and afterward pulverized to 
increase the surface area for extraction. The pulverized material (500 g) was macerated in methanol with 
frequent agitation for three days. The extracts solution was afterward concentrated at 40°C to obtain the 
crude extract (DF). 
 
Chromatographic Fractionation of the Extract 
DF extract (2.0 g) was fractionated by column chromatography (CC) using 100–200 mesh silica gel, and 
precoated silica gel GF254 0.25-mm Merck W. Germany thin-layer chromatography which was used to 
monitor the CC. The mobile phase was n-hexane : ethyl acetate (100:0; 50:50; 0:100) followed by 100% 
methanol. The CC gave a total of 9 fractions which were combined based on TLC evidence to obtain 
fraction combinations DF-1 to DF-9. These fractions were then concentrated and subjected to 
antimicrobial screening against the selected bacteria and fungi strains to establish their antimicrobial 
efficacy. 
 
Antimicrobial Activity 
The DF extract and the fractions were subjected to antibacterial and antifungal assays as follows:  
The MIC (Minimum inhibitory concentration) of DF crude extract against the various test 
microorganisms was determined using agar micro-dilution method while the disc diffusion technique was 
adopted to ascertain the antimicrobial efficacy of the fractions7, 8. Each bacteria inoculated plate was 
incubated for 24 hours at 37 °C while the duration was 72 hours at 28°C for the fungal strain. The 
bacterial turbidity in the cultures was maintained at 1 × 105 CFU/ml and the fungal strain up to 1 × 104 
CFU/ml. All assays were performed in duplicate. The ability of different concentrations of the DF extract 
(ranging from 20mg/ml to 250mg/ml) to inhibit microbial growth on a series of agar plates was observed. 
The lowest concentration of DF extract at which no visible microbial growth was observed on the agar 
was recorded as the MIC for each strain7. 
 
Qualitative Evaluation of Phytochemical in DF Extract 
The DF extract and chromatographic fractions of the medicinal plant under study were qualitatively tested 
for the presence of phytochemicals viz terpenoids, alkaloids, tannins, anthraquinones, saponins, 
glycosides, phlobatanins, phenolic compounds, phytosterols, proteins and flavonoids using procedures 
earlier described by Sofowora9 and Okwu10.  
 
Quantitative Determination of Phytochemicals 
Total Phenol Content (TPC) 
The TPC of the DF extract was determined by employing the Folin–Ciocalteu technique which has been 
outlined earlier11. The result was calculated using Gallic Acid as standard.  
 

Tannin Content (TC) 
The TC of DF extract was calculated according to the method described by Padmaja12. The result was 
determined using tannic acid as standard. 
 

Total Flavonoid Content (TFC) 
The TFC of DF crude extract was spectrophotometrically determined using a previously employed 
method by Kale et al.13 and the result was calculated using Quercetin as standard.  
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Total Sterol Content (TSC) 
The estimation of the TSC was done spectrophotometrically by Libermann-Burchard method previously 
described by Sabir et al.14, using cholesterol as a standard. 
 
Total Alkaloid Content (TAC)  
The quantitative determination of alkaloids was done according to the established methodology by 
Harborne15 and the alkaloid content was expressed as % Alkaloid in the plant sample. 
 
Chemical Profile of Bioactive Fractions from D. filix-mas Crude Extract 
A GC/MS (Gas chromatography-mass spectrometry) equipment (Model; 7890A GC System, 5675C Inert 
MSD with triple-axis detector; Column: Agilent 19091-433HP-5Ms 5% Phenyl methyl silox). The 
Experimental condition was as follows: fused silica capillary column (length, 30 m; diameter 0.25 mm; 
and film thickness treated with phenyl methyl silox, 250 μm. The temperature of the ion source (EI) was 
250°C while that of the interface was 300°C. Other parameters include 16.2 psia Pressure; 1.8mm out 
time; 1μl injector in split mode with split ratio 1:50 and 300°C injection temperature; column temperature 
35°C (for 5minutes) and then it was changed to 150°C at the rate of 4°C/ minute. The temperature was 
elevated to 250°C at the rate of 20°C/minute and held for 5 minutes. The total elution time was 47.5 
minutes. 

RESULTS AND DISCUSSION 
Qualitative and Quantitative Phytochemical Analysis 
The qualitative presence and quantitative evaluation of some phytochemicals in DF methanolic extract are 
shown in Tables-1 and 2. 
 

Table-1: The Preliminary phytochemical screening of the methanolic extract of D. filix-mas 
Phytochemical Presence/Absence 

Alkaloid + 
Glycoside + 

Tannin + 
Phytosterol + 
Flavonoid + 

Phenol + 
Terpenoid + 
Saponin + 

Reducing sugar + 
Protein + 

Present = +; Absent = - 
 

Table-2: The Quantitative Phytochemical Analysis of the D. filix-mas Methanolic Extract (mg/g) 
TAC(%) TC(mg/ g) TSC(mg/ g) TFC(mg/ g) TPC(mg/ g) 

6.94±1.12 4.24±0.54 TAE 0.35±0.57  CE 7.36±0.00  QE 6.87±0.24 GAE 
Mean values presented ± standard deviation; TA=Tannic acid, C=Cholesterol, Q=Quercetin, GA=Gallic acid, E= 
Equivalence 
 

As shown in Tables-1 and 2, it can be observed that the methanolic extract of D. filix-mas is a rich source 
of phytochemicals with important therapeutic values. The medicinal effects of various plant extracts have 
been linked to their inherent phytochemicals. For example, alkaloids have always been known to exhibit 
diverse physiological effects in man and have contributed to the development of certain analgesics16. 
Similarly, Adelani-Akande et al. linked their observed antimicrobial activity of watermelon seeds to the 
presence of saponins17 while flavonoids have been found to exhibit an interesting array of biological 
activities such as antimicrobial, antioxidant, analgesic, anti-allergic,anti-inflammatory amongst others.18-20 
Recently, the high antibacterial activity of sapodilla fruit was attributed to high tannin content.21   
 

Preliminary Antimicrobial Activity 
The antimicrobial potency of Dryopteris filix-mas crude extract was investigated and tested on five 
clinical strains of bacteria and one fungi. 
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Table-3: MIC of Dryopteris filix-mas Methanolic Extract against Selected Microorganisms 
Microorganisms Escherichia 

coli 
Pseudomonas 

aeruginosa 
Staphylococcus 

aureus 
Proteus 

mirabilis 
Klebsiella 

pneumoniae 
Candida 
albicans 

MIC of extracts 
(mg/ml) 

25 200 150 25 150 100 

Note: + = Inhibition, - = No inhibiton 
 

The crude extract DF was most active against E. coli and P. mirabilis as depicted in table 3. These two 
microbes were the most susceptible to the extract as shown by the MIC. Hence, this polar extract from 
Dryopteris filix-mas could be a major bio-resource for natural antibiotic agents. This observed activity is 
in agreement with the report of Asim and Amal22 who particularly reported the highest antimicrobial 
efficacy for D. filix-mas amongst a group of ethnomedicinal important ferns in India. Table 4 shows the 
antimicrobial activities (ZOI) of the fractions which were obtained from the chromatographic 
fractionation of Dryopteris filix-mas crude extract. The values were subjected to statistical analysis (one-
way ANOVA) and the level of significance between the mean values was documented at 95% confidence 
level.  

Table-4: Antimicrobial Effect of Dryopteris-filix-mas Crude Extract (DFE) and its Chromatographic Fractions 
Microorganism ZI (mm) at 25mg/ml  

 Df-1 Df-2 Df-3 Df-4 Df-5 Df-6 Df-7 Df-8 
Crude DF 

Extract 
Positive 
Control 

P. aeruginosa 14cd 14cd 11d 10de 17b 28a 19b 17b 5f S, 12cd 
E. coli 12b 12b 11bc 11bc 11bc 24a 14b 19a 11bc S, 12b 

S. aureus 13b 18a 11c 11c 19a 10c 10c 10c 5d G, 16ab 
P. mirabilis 12 10cd 19a 11c 16ab 17a 12c 18a 12c S, 12c 

K. pneumonia 12b 10bc 10bc 10bc 16a 10bc 18a 16a 5d S, 12b 
C. albicans 10b 10b 10b 10b 10b 12a 10b 12a 5c N, 14a 

Different superscript-letters indicate a significant difference (P≤ 0.05). Positive control = 10 µg/ml of Nyastatin (N), 
Streptomycin (S), Gentamycin (G) 
 

The table compares the antimicrobial efficacy of Dryopteris filix-mas crude extract and its 
chromatographic fractions at 25 mg/ml. Generally, most of the fractions exhibited better antimicrobial 
activity, compared with the crude extract whose observed highest zone of inhibition (ZOI) was 12 mm. 
The ZOI of DF-6 against P. aeruginosa (28 mm) and E. coli (24 mm) as well as the ZOI of DF-8 against 
E.coli (19 mm) are worthy of note. This improvement in ZOI after column chromatography suggests a 
concentration of antimicrobial phytochemicals in the fractions. Consequently, DF-6 and DF-8 were 
subjected to GC/MS analysis to reveal the nature of molecules that are responsible for the observed 
antimicrobial activities (Tables-5 and 6).  
 

Table-5: The GC-MS Analysis of the Active Fractions of DF-6 
Retention Time % Area Name of Compound 

10.012 1.54 Cyclohexane, bromo- 
19.957 1.31 Benzofuran, 2,3-dihydro 
25.173 2.16 2-Tetradecene, (E) 
28.975 11.6 Phenol 2,4-bis (1,1-dimethylethyl) 
31.159 3.39 Cetene 
31.371 1.42 Dodecane 
33.892 1.4 Allydimethyl (prop-1-ynyl) silane 

36.053 2.21 
5-Ethylcyclopent-1-ene-1-carboxylic 

acid 
36.752 3.1 E-15-Heptadecenal 
37.514 1.07 2-Pentadecanone, 1,10,14-trimethyl 
38.409 6.6 Methyl palmitate 
38.896 8.86 n-Hexadecanoic acid 
38.951 2.18 n-Nonadecanol-1 
39.658 3.35 11-Octadecanoic acid, methyl ester 
39.933 1.46 9-Octadecenoic acid, (E)- 
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40.082 1.92 Octadecanoic acid 
40.184 1.91 1-Docosene 

40.538 2.26 
2,6,10,14-Tetramethyl-7-(3-

methylpent-4-enylidene) pentadecane 

40.734 2.66 
10-Undecenoic acid, 2-hydroxy-, 

methyl ester 
40.978 2.09 Bicyclo [3.1.0] hexan-2-one, 4-methyl 

41.913 13.14 
Hexadecanoic acid, 2-hydroxyl-1-

(hydroxylmethyl) ethyl ester 
 

Table-6: The GC-MS Analysis of Fraction DF-8 
Retention Time % Area Name of Compound 

6.878 2.14 2-Furanmethanol 

9.494 4.13 2-Furancarboxylaldehyde, 5-methyl 
10.649 12.27 2-Pentenal 
11.363 16.92 1,2-cyclohexandione 
12.117 29.95 Phenol 
14.812 4.38 3,6-Dimethyl-5-hepten-1-ol acetate 
20.216 4.02 4-Ethoxystyrene 
22.612 3.1 2-Methoxy-4-vinylphenol 

34.529 2.28 Fumaric acid, monoamide, N-methyl 

38.401 4.41 Hexadecanoic acid methyl ester 
38.896 6.27 n-Hexadecanoic acid 
39.658 2.08 9-Octadecenoic acid methyl ester 
39.941 1.41 (E)-9-Octadecenoic acid 
41.881 4.77 Hexadecanoic acid, 2-hydroxyl-1-(hydroxylmethyl) ethyl ester 

 

Several phytochemicals were detected by a comparison of their various retention times and their mass 
spectrometric fragmentation patterns with references in NIST library. Among these detected 
phytochemicals, hexadecanoic acid, 2-hydroxyl-1-(hydroxylmethyl) ethyl ester (13.14%), Phenol 2,4-bis 
(1,1-dimethylethyl) (11.6%) and n-Hexadecanoic acid (8.86%) were the most abundant in DF-6 while 
Phenol (29.95%), 1,2-cyclohexandione (16.92%) and 2-Pentenal (12.27) were most prominent in DF-8. 
These compounds have clear therapeutic antecedents. For example, hexadecanoic acid, 2-hydroxyl-1-
(hydroxylmethyl) ethyl ester has been reported to be hemolytic, pesticidal, a flavor, and an antioxidant23 
while N-hexanoic acid is a popular constituent of antimicrobial extracts24. These compounds and their 
synergy with the other phytochemicals in tables 6 and 7 are responsible for the observed antimicrobial 
activities of DF fractions. 

CONCLUSION 
This study reveals that the inherent medicinal activity of Dryopteris filix-mas is a result of the therapeutic 
potential of phytochemicals such as flavonoids, alkaloids, terpenoids, tannins, saponins, phytosterols and 
phenolic compounds which were detected in its methanolic crude extract. The observed antimicrobial 
activity of the crude DF extract was enhanced by the chromatographic fractionation which yielded 
fractions with higher antimicrobial activity. Consequently, the GC/MS analysis revealed the presence of 
certain phytochemicals that work together in synergy to cause the observed antimicrobial activity. Hence 
Dryopteris filix-mas is a rich source of antimicrobial phytochemicals that can be further investigated for 
application in the production of new natural antimicrobial agents. 
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