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Abstract: The effect of extraction solvents (water, ethanol and hexane) on the content 

of phytochemicals such as alkaloids, saponins, total phenols, tannins and flavonoids in 

three selected medicinal ferns (Nephrolepis cordifolia (L.) Presl, Nephrolepis 

biserrata (Sw.) Schott and Pneumatopteris afra (Christ) Holttum) in Ekiti State, 

Nigeria was investigated. Matured leaflets were collected from healthy plants in Ekiti 

State University, Ado Ekiti, Nigeria. Extracts from shade dried and powdered leaflets 

of each of the ferns were subjected to phytochemical screening using standard 

methods. The results showed the presence of total phenols, tannins and flavonoids in 

all the extracts of the ferns while saponin was present only in water extracts. Hexane 

was not able to extract alkaloids and saponins in the three ferns. The results showed 

that extraction solvents significantly affected the phytochemical composition of the 

ferns. The water and ethanol extracts had higher content of the phytochemicals than 

the hexane extracts. The diversity of phytochemicals found present suggests that the 

ferns could serve as sources of useful drugs.  

Keywords: phytochemicals, extraction solvents, leaflets, ferns, Ekiti State. 

 

INTRODUCTION    
                Plants are the richest resource of drugs of traditional systems of medicine, 

modern medicines, food and supplements, folk medicine, pharmaceutical 

intermediates and chemical entities for synthetic drugs [1]. The medicinal values of 

plants lie in some chemical active substances that produce definite physiological 

action on human body [2]. Moreover pharmacological studies have acknowledged the 

value of medicinal plants as potential source of bioactive compounds. 

   

These bioactive substances are normally 

accumulated as secondary metabolites in all plant cells. 

Phytochemicals are bioactive chemicals of plant origin. 

They are regarded as secondary metabolites because the 

plants that manufacture them may have little need for 

them. Phytochemicals have been recognized as the basis 

for traditional herbal medicine practiced in the past and 

currently en vogue in parts of the world [3]. 

Researchers sometimes follow leads provided by local 

healers in a region in the search for phytochemicals that 

may be of benefit to the pharmaceutical industry [4]. 

Following such leads, plants are usually screened for 

phytochemicals that may be present. The presence of a 

phytochemical of interest may lead to its further 

isolation, purification and characterization. Then it can 

be used as the basis for a new pharmaceutical product. 

 

Use of antibiotics is often associated with 

adverse effects such as hypersensitivity, depletion of 

beneficial gut and mucosal microorganisms, immune-

suppression and allergic reactions in the user. These 

apart, the indiscriminate use of antimicrobial drugs have 

created immense clinical problems in the treatment of 

infectious diseases [5], as the microorganisms develop 

resistance to often used antibiotics. This necessitates 

development of alternative antimicrobial drugs, for the 

treatment of infectious diseases from the medicinal 

herbs which are a rich source of novel antibacterial and 

antifungal chemotherapeutics [6]. Though angiosperms 

are an immense source of therapeutics, lower plants are 

attracting more attention in recent times for the search 

of new and effective molecules. The medicinal value of 

the pteridophytes has been known for several years. [7, 

8] reported that antimicrobial properties of ferns are 

remarkable compared to the higher plants probably due 

to the presence of a large number of defensive 

biochemical compounds. 

 

Pteridophytes are not infected by microbial 

pathogens, which may be one of the important factors 

for their evolutionally success as they survived for more 

than 350 million years [9]. The synergistic interaction 

among crude extracts or the active compounds may be 

useful in the preparation of improved herbal or drug 

formulations. Traditionally people used pteridophytes 

as medicine and antibacterial agents. 
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N. biserrata and N. cordifolia belong to the 

family Nephrolepidaceae and have been reported to be 

of immense ethnobotanical importance. N. biserrata is 

widely distributed and having escaped cultivation has 

become naturalized in many countries. [10] reported its 

ethnomedicinal importance in boils, abscesses and 

blisters. Incidentally, boils [11] and abscess [12] are due 

to bacterial infections and blisters are caused by fungal 

infections [13]. Thus, N. biserrata can be a potential 

fern to fight against pathogenic microbes. N. cordifolia 

is a pantropical species growing from tropical to 

temperate areas [14] and ethnomedically used in 

general disorders of renal and liver systems, skin 

diseases and as a contraceptive [10]. [15] reported the 

antimicrobial activity aqueous extracts of N. cordifolia. 

Pneumatopteris afra belongs to the family 

Thelypteridaceae. It is a water-side popular fern used 

for various diseases like gastroenteritis and skin 

problems, ascaris disease, cold and diarrhoea [16, 17]. 

 

It has been reported that successful 

determination of biologically active compounds from 

plant materials is largely dependent on the type of 

solvent used in the extraction procedure [18].  

 

The main objective of this research work is to 

analyse the presence of secondary metabolites as the 

promising agent responsible for the medicinal activities 

of the ferns (N. biserrata, N. cordifolia and P. afra) by 

carrying out the phytochemical screening of the plants 

using different solvents.  

 

MATERIALS AND METHODS 

Collection of plant materials 

Matured, healthy and disease free leaflets of 

three ferns: N. cordifolia, N. biserrata and P.  afra were 

collected from Ekiti State University, Ado Ekiti, Ekiti 

State, Nigeria. The plants were identified at the 

herbarium of the Department of Plant Science and 

Biotechnology, Ekiti State University, Ado Ekiti, 

Nigeria. Voucher specimens were deposited in the 

herbarium. 

 

Preparation of plant extracts 

The plant samples were thoroughly washed, 

shade dried and then converted to powder using a 

blender. The powder was further passed through a 2mm 

sieve to obtain finer particles. 50g of the powder of 

each plant was extracted successively with 250ml of 

distilled water, ethanol and hexane using a soxhlet 

extractor for 8 h at a temperature that did not exceed the 

boiling point of the solvent. The extracts were 

concentrated and preserved in air tight bottles until 

needed for analysis.    

 

Qualitative phytochemical screening 

The phytochemical constituents of the plant 

extracts such as alkaloids, saponins, phenols, flavonoids 

and tannins were identified using standard methods [19, 

20]. 

Test for Alkaloids  

0.5 g of the extract was stirred with 5 ml 1% 

aqueous hydrochloric acid on a steam bath and filtered. 

Then, 1 ml of the filtrate was treated with few drops of 

Mayer’s reagent and another 1 ml portion of the 

substrate was treated with Dragendroff’s reagent. 

Turbidity or precipitation with either of these reagents 

was taken as an evidence for the the presence of 

alkaloids.   

 

Test for Saponins  

This was determined by double extraction 

gravimetric method described by [21] in which 0.5 g 

from each of the plant extracts was shaken with water in 

a test tube. Frothing which persisted on warming was 

taken as an evidence for the presence of saponins.  

 

Test for Phenols  

Ferric chloride test: A fraction of the extract 

was treated with 5% ferric chloride solution and 

observed for the formation of deep blue or black colour.   

To 1 ml of the extract, 2 ml of distilled water, 

3 drops of 10% aqueous ferric chloride (FeCl3) and 3 

drops of potassium Ferro cyanide were added. 

Formation of blue or green color showed the presence 

of polyphenols.   

 

Tests for Flavonoids  

0.5 g of the extract was added to 1% 

Aluminium chloride and dissolved in methanol. Few 

drops of concentrated HCL, magnesium turnings and 

potassium hydroxide solutions were added. Appearance 

of orange or pink colour was taken as an evidence for 

the presence of flavonoids.  

 

Tests for Tannins  

0.5 g of the extract was stirred with 10 ml of 

distilled water, filtered and ferric chloride salt was 

added. A blue-black, green or blue-green precipitate 

was taken as an evidence for the presence of tannins.  

 

Quantitative phytochemical Screening  

The quantitative amounts of the 

phytochemicals which were found in the plant extracts 

were determined using standard procedures as described 

by [22, 20]. 

 

RESULTS AND DISCUSSION 

The result of the qualitative phytochemical 

analysis of the selected ferns is shown in Table-1. 

Among the nine extracts of the ferns, each extract 

contained a minimum of three phytochemicals. Water 

extracts showed maximum number (five) of the 

phytochemicals. Total phenols, tannins and flavonoids 

were present in all the nine extracts. Alkaloids occurred 

in the ethanol extracts of all the ferns and aqueous 

extracts of N. biserrata and P. afra. Saponins were 

present only in the aqueous extracts of the ferns. The 

present study revealed that phytochemicals such as 

alkaloids, saponins, phenols, tannins and flavonoids 

http://scholarsmepub.com/haya/


 

 

Adedeji Olayinka Adebiyi., Haya: Saudi J. Life Sci., Vol-3, Iss-10 (Oct, 2018): 619-623 

Available online:  http://scholarsmepub.com/haya/                                                                                                            621 

 

 

were either present or absent in the plant extracts using 

different solvents. Results from the study showed that 

water and ethanol were able to extract more of the 

phytochemicals than hexane. This tends to agree with 

the findings of [23] who worked on the preliminary 

phytochemical analysis of different solvent extracts of 

Scoparia dulcis and reported that aqueous extract was 

the most effective, followed by ethanol and that 

phytochemicals present were solvent dependent. In 

previous research studies on the effect of extraction 

solvent on the phytochemical composition of walnut 

green husk extracts, it was revealed that hexane had the 

lowest quantities of the phytochemicals [24]. The result 

of the present research is in agreement with this. It was 

reported in the preliminary phytochemical screening of 

different solvent extracts of the stem, bark and root of 

Dannetia tripetala that the presence of phytochemicals 

was also solvent dependent [25]. This is also in 

consonance with the results of the present investigation. 

In the extraction and preliminary phytochemical 

screening of active compounds in Morinda citrifolia 

fruit, it was reported that the three solvents used (water, 

ethanol and methanol) produced similar results [26]. 

The results of the present investigation also agree with 

this.  It was also reported that water and ethanol 

revealed more phytochemicals than the other solvents 

when some pteridophytes were screened for 

phytochemicals using different solvents [27]. The 

finding in this study is also in consonance with this. 

 

As earlier reported, the extraction of 

phytochemicals is dependent on the dissolution of each 

compound in the plant material matrix and their 

diffusion into the external solvent [28]. Hence, the 

choice of extraction solvent is one of the most 

important factors to consider for solid-liquid extraction. 

Factors such as safety of the solvent, potential for 

formation or extraction of undesirable compounds and 

solubility of the target compound should be considered 

in the choice of solvents or solvent system for 

extraction of phytochemicals [29]. Other factors that 

need to be considered when choosing the solvent for the 

extraction of phytochemicals include quantity of 

phytochemicals to be extracted, rate of extraction, 

diversity of different compounds extracted, diversity of 

inhibitory compounds extracted, ease of subsequent 

handling of the extracts, toxicity of the solvent in the 

bioassay process and the potential health hazard of the 

extractant [18]. 

 

Table-2 reveals the result of the quantitative 

phytochemical analysis of the N. biserrata. The 

contents of alkaloids (0.14mg/g), tannins (3.24 mg 

TAE/g) and flavonoids (2.67 mg QE/g) in ethanol 

extracts were significantly higher than that of the water 

and hexane extracts while the total phenol content (8.18 

mg GAE/g) in water extract was significantly higher 

than that of the other two extracts. Similar trends were 

observed in the results of the quantitative 

phytochemical analysis of the other two ferns except 

that the contents of tannins (2.82 mg TAE/ g in N. 

cordifolia and 1.87 mg TAE/ g in P. afra)  in water 

extracts were significantly higher than that of the 

ethanol and hexane extracts (Tables 3 and 4). The study 

revealed the presence of phytochemicals considered as 

active medicinal chemical constituents in varying 

quantities in different solvents. The results revealed that 

water and ethanol are better solvents for the extraction 

of the phytochemicals from the ferns. With regard to 

alkaloids and flavonoids contents, solvents could be 

sequenced in the following decreasing order: ethanol > 

water > hexane. However, with regards to the contents 

of saponins, total phenols and tannins, the order was 

water > ethanol > hexane. As previously reported, the 

results obtained in the present study indicated that 

differences in the polarity, dispersibility and 

penetrability of the solvents could be responsible for 

their selective extraction of different phytochemicals 

[30]. Besides, factors such as dielectric constant, 

chemical structure of organic solvents as well as 

chemical properties of plant phytochemicals could 

possibly influence the levels of the phytochemicals in 

the solvents [31]. 

 

The result of the present study indicates that 

the matured leaflets of these ferns hold promises as 

sources of pharmaceutically important phytochemicals. 

From ancient times, many pteridophytes are being used 

medicinally in various communities, ethnic groups and 

folklore throughout the world. Plant parts such as 

rhizomes, stems, fronds, pinnae and spores are being 

used to treat various ailments since ancient time [32]. 

The medicinal values of the ferns may be due to the 

presence of some phytochemicals. Alkaloids have been 

shown to be analgesic, antispasmodic and antibacterial 

[33]. Tannins exhibit potential antiviral, antibacterial 

and free radical scavenging properties [27]. Phenolic 

compounds possess a variety of biological properties 

such as antioxidant, anti-carcinogenic, anti-

inflammation, anti-aging, cardiovascular protection and 

inhibition of proliferation activity [34]. Flavonoids have 

also exhibited a wide range of biological activities such 

as antimicrobial, antioxidant, anti-inflammatory, anti-

allergic and cytostatic properties [35]. Saponins are 

among various secondary plant metabolites with potent 

antifungal, anti-bacterial, anti-inflammatory and 

phytoprotectant properties which form barriers to 

microbial attack and in plant defence against herbivores 

[36]. 
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Table-1: Qualitative phytochemical composition of the ferns 

Phytochemicals             Water           Ethanol            Hexane 

 1            2            3 1            2            3 1            2            3 

Alkaloids +            -             + +            +            + -             -             - 

Saponins +            +            + -             -             - -             -             - 

Total phenols +            +            + +            +            + +            +            + 

Tannins +            +            + +            +            + +            +            + 

Flavonoids +            +            + +            +            + +            +            + 

1: N. biserrata, 2: N. cordifolia, 3: P. afra 

+ present, - absent 

 

Table-2: Quantitative phytochemical composition of N. biserrata 

Solvents  Alkaloids 

(mg/g) 

Saponins 

(mg/g) 

Total Phenols 

(mg GAE/g) 

Tannins 

(mgTAE/g) 

Flavonoids 

(mg QE/g) 

Water 0.11
b 

0.11 8.18
a 

3.11
b 

2.41
b 

Ethanol 0.14
a 

ND 6.17
b 

3.24
a 

2.67
a 

Hexane ND ND 1.44
c 

0.61
c 

0.41
c 

Means with the same letter within columns are not significantly different at p<0.05 

 

Table-3: Quantitative phytochemical composition of N. cordifolia 

Solvents Alkaloids 

(mg/g) 

Saponins 

(mg/g) 

Total Phenols 

(mg GAE/g) 

Tannins 

(mgTAE/g) 

Flavonoids 

(mg QE/g) 

Water ND 0.06 7.43
a 

2.82
a 

2.94
b 

Ethanol 0.06 ND 5.82
b 

2.63
b 

3.21
a 

Hexane ND ND 1.24
c 

0.21
c 

0.16
c 

Means with the same letter within columns are not significantly different at p<0.05 

 

Table-4: Quantitative phytochemical composition of P. afra 

Solvents Alkaloids 

(mg/g) 

Saponins 

(mg/g) 

Total Phenols 

(mg GAE/g) 

Tannins 

(mgTAE/g) 

Flavonoids 

(mg QE/g) 

Water 0.14
b 

0.07 5.45
a 

1.87
a 

4.22
b 

Ethanol 0.17
a 

ND 4.94
b 

1.73
b 

5.23
a 

Hexane ND ND 1.32
c 

0.24
c 

0.13
c 

Means with the same letter within columns are not significantly different at p<0.05 

 

CONCLUSION 

The phytochemicals found present in the 

matured leaflets of the three ferns indicate their 

potential as a source of active principles that may 

supply novel medicines. This study also leads to further 

research in the way of isolation, purification and 

characterization of the active compounds from the 

selected ferns. The occurrence and quantities of the 

phytochemicals in the selected ferns are however 

solvent dependent. 
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