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Introduction  

             Selaginella plana (S.  plana) is one of the fern which becomes  

Indonesia’s biological wealth.  This plant is spread in Southeast Asia, 

in Java it grows to a height of approximately 750 above sea level, 

generally on the moist and protected riverbank and on the slopes of 

ravines. S. plana has been known and used by people as food 

(vegetables), ornamental plants, and as traditional medicine. It has 

been used for postpartum care, treating wounds and bleeding, 

menstrual disorders, increasing the body immunity, as well as a 

postnatal tonic.
1-3

 Traditionally, S. plana has been used to treat cancer, 

respiratory infections, liver disorders, urinary tract infections, fractures 

and rheumatism.
4
 The Selaginella species on the island of Java has 

been found to contain secondary metabolites of the flavonoid group, 

with the highest content of biflavonoid compounds.
5
  Biflavonoid 

compounds from ferns of the Selaginella genus have various bioactive 

properties, including antioxidants, anticancer, antibacterial, antiviral, 

antifungal, antimalarial, and anti-inflammatory properties.
3,6

  As a 

phenolic compound, biflavonoid had been separated from several 

species of ferns in the Selaginellaceae family, namely amentoflavone, 

robustataflavone, ginkgetin, kayaflavone, podocarpus flavone, and 

hinokiflavone.
7-12
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The herbal active compounds in the form of extracts have the 

disadvantage of low water solubility so that their bioavailability is low 

and functional properties decrease during processing and storage. 

Preparation of  herbal extracts into nano size or so called nanoherbal is 

able to overcome the poor water solubility of active substances that 

are difficult to dissolve, improve poor bioavailability, modify drug 

delivery systems so that drugs can go directly to specific areas, 

increase the stability of active substances from environmental 

degradation (enzymatic decomposition, oxidation, hydrolysis), 

improve absorption of a macromolecular compound, and reduce the 

irritating effect of active substances on the gastrointestinal tract.
13,14

 

The shape and size of the particles is one of the factors that affect the 

effectiveness of the drug, because the particle size is very influential in 

the process of solubility, absorption and distribution of drugs. In the 

nano size, the surface contact area of the particles becomes larger 

which can increase the number of active substances that interact so 

that the biological activity is stronger.
15

 

In this study, nanoherbal were synthesized by ionic gelation method 

using chitosan and sodium tripolyphosphate (Na-TPP) as crosslinking 

reagents. The positively charged amine group of chitosan interacts 

with the negative charge of Na-TPP to form complexes with sizes in 

the nanoparticle range.
16-18

 Chitosan has specific properties, namely 

the presence of bioactive, biocompatible, chelating, antibacterial and 

biodegradable properties. In the form of micro or nanoparticles, 

chitosan has many advantages, namely stability during use, high 

surface area, and can be used as a matrix for various types of drugs.
19

 

The principle of nanoparticle formation in the ionic gelation method is 

the occurrence of electrostatic interactions between positively charged 

chitosan amino groups and negatively charged Na-TPP polyanions to 

form a three-dimensional intramolecular structure.
18,20

 

Research related to the synthesis of herbal nanoparticles from fern 

extract of S. plana as an antibacterial agent has never been reported. In 
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Selaginella plana is one of the ferns that grows widely in Indonesia and has been used by the 

people as food, ornamental plants and traditional medicine. The preparation of S. plana extract 

in the form of nanoparticles can overcome the weakness of the extract, namely the low water 

solubility, bioavailability, stability, and absorption so as to increase its efficacy as a herbal 
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potential of +499.378.00 mV. The shift on the stretching vibration of the O-H group (3370.12 
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), the bending vibration of the N-H (1563.55 cm
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), and the appearance of the vibration of 

the phosphate group (1083.86 cm
-1

) supported the formation of nanoherbal in F-1. The  F-1 

nanoherbal has very strong antibacterial activity against E. coli, S. dysentriae, and S. aureus  as 

well as strong antibacterial activity against B. subtilis. It showed stronger antibacterial activity 

than the ethanol extract of Selaginella plana. Thus the F-1 nanoherbal has the potential to be 

developed as an antibacterial agent. 
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this paper, we will report on the synthesis of nanoherbal  from the 

ethanol extract of the fern S. plana using the ionic gelation method 

and the evaluation of its antibacterial activity. 

 

Materials and Methods  

Materials 

The dried powder of S. plana’s aerial parts, ethanol (80%, p.a.), acetic 

acid (Merck), sodium tripolyphosphate (Merck), tween-80 (Merck), 

chitosan (Sigma-Aldrich), dimethyl sulfoxide (DMSO) (Merck), 

tetracycline (Sigma-Aldrich), nutrient broth, nutrient agar, E.coli, S. 

dysentriae, B. subtilis, and   S. aureus. 

 

Preparation of plant extract  

Samples of  S. plana (5 kg) were obtained from the Kletak forest, 

Nongkojajar, Pasuruan, East Java, Indonesia on 18 April 2021.  Before 

the further investigation, the sample was identified at Purwodadi 

Botanical Garden of Indonesian Institute of Sciences on 20 April 2021 

with the voucher number of B-3085/III/KS.01.03/4/2021.  

Furthermore, the sample is cleaned of attached dirt, then let to dry for 

12 days at room temperature. The dried sample was milled into a fine 

powder that was ready for extraction (1,154 g).   

The dried powder of S. plana’s aerial part (1000 g) were macerated 

with ethanol 80% (3 L) for  24 hours, then filtered using a Buchner 

funnel. The ethanol extract obtained was evaporated in vacuo using 

rotary vacuum evaporator (Buchi R-300). The resulting concentrated 

extract  was dried in freeze dryer (Martin Christ Alpha 1-2 Ldplus)  

for 16 hours to yield  a dark green solid (49.14 g).
21

 

 

Synthesis of nanoherbal from ethanol extract of  S. plana  

Chitosan solutions of 0.5%, 0.75%, 1.0% were prepared by weighing 

0.5 g, 0.75 g, and 1.0 g, respectively, then dissolved with 5% acetic 

acid solution (v /v) to 100 mL and stirred with a magnetic stirrer until 

dissolved. While a 0.5% sodium tripolyphosphate (Na-TPP) solution 

was prepared by weighing 0.1 g, 0.15 g, and 0.2 g, respectively. Then 

it was dissolved with distilled water up to 20 mL, 30 mL, and 40 mL, 

respectively,  then stirred with a magnetic stirrer (Heidolph) until 

dissolved. In this study, three formula of nanoherbal were prepared, 

namely F-1, F-2, and F-3.  The composition of each formula is 

presented in Table 1. 

A total of 100 mL of 0.5% (F-1), 0.75% (F-2) and 1.0% (F-3) chitosan 

solution were put into an Erlenmeyer flask, respectively. Tween-80 (1 

mL) was added to each chitosan solution and stirred using a 

homogenizer (Heidolph) at 1000 rpm for 15 minutes. After that, 10 

mL of solution containing 0.1 g of S. plana’s ethanol extract in ethanol 

was added to each chitosan solution and stirred using a homogenizer 

(Heidolph)  at 1400 rpm for 120 minutes. Into the 0.5%, 0.75% and 

1% chitosan solutions, 20 mL, 30 mL, and 40 mL of 0.5% Na-TPP 

were added, respectively, and then homogenized at 1400  rpm for 150 

minutes. The obtained mixture was allowed to stand for 24 hours and 

then dried in freeze-dryer (Martin Christ Alpha 1-2 Ldplus) for 28 

hours to obtain dry nanoherbal. The fuctional groups of the resulting 

nanoherbal were determined using FTIR spectrophotometer 

(Shimadzu FTIR-8400S),  particle size and zeta potential was done 

using  Zetasizer Nano ZS (Malvern) and the surface morphology was 

determined using scanning electron microscopy (SEM) (FEI Inspest 

S50).
22,23

  

 

Table 1: Composition of nanoherbal formula F-1, F-2, and F-3 
 

Materials F1 F2 F3 

Ethanol extract of S. plana  0.1 g 0.1 g 0.1 g 

Chitosan solution  0.50% 100 mL - - 

Chitosan solution  0.75% - 100 mL - 

Chitosan solution  1.00% - - 100 mL 

Na-TPP solution   0.5% 20 mL 30 mL 40 mL 

Tween-80 1 mL 1 mL 1 mL 

Antibacterial activity assay of nanoherbal from ethanol extract of  S. 

plana  

In the study the materials tested for antibacterial activity were 

nanoherbal from ethanol extract of S. plana, ethanol extract of S. 

plana (763 ppm), chitosan, positive control (tetracycline 500 ppm), 

and negative control (aquadest and dimethyl sulfoxide). Meanwhile, 

the bacteria used consisted of gram-negative bacteria (E.coli, S. 

dysentriae) and gram-positive bacteria (B. subtilis, S. aureus). 

The agar media that has been autoclaved at 121
o
C for 15 minutes was 

cooled to 40
o
C. A total of 100 μL of test bacteria that have been 

cultured in a test tube, pipetted and inoculated on agar media was then 

poured into petri dishes, and allowed to harden. Paper discs with a 

diameter of 6 mm after being immersed in the test solution were taken 

with tweezers and then placed into a petri dish, then incubated for 24 

hours at 37
o
C. The diameter of the inhibition zone was obtained from 

measuring the clear zone diameter around the paper disc using a 

caliper.
24,25

 

 

Results and Discussion 

Synthesis of nanoherbal from ethanol extract of S. plana   

Three nanoherbal formulas were synthesized from the ethanol extract 

of the fern S. plana, with variations in the mass of chitosan, namely 

0.5% (F-1), 0.75% (F-2) and 1.0% (F-3). Meanwhile, sodium 

tripolyphosphate of 0.5% was used as a crosslinker agent to increase 

the stability of nanoherbal.  The results of the synthesis showed that 

the three nanoherbal formulas were golden yellow colloidal liquids 

(Figure 1). Furthermore, each nonaherbs formulas was dried in a 

freeze dryer for 28 hours to produce greenish-white solid nanoherbal 

(Figure 2). FT-IR spectrum measurements were carried out to identify 

the type of functional group and the changes that occurred in the wave 

number of the functional group. The FT-IR analysis of  ethanol extract 

of S. plana, chitosan, and nanoherbal of F-1, F-2, F-3 resulted data as 

shown in Figure 3. The absorption peaks of the hydroxyl group 

(3284.2 cm
-1

), carbonyl (1741.2 cm
-1

), and aromatic C=C double bond 

(1563.92 cm
-1

) in the infrared spectrum of the ethanol extract of S. 

plana support the presence of the phenolic compound  in the extract. 

The infrared spectra of the three nanoherbal formulas indicated that 

the nanoherbal from ethanol extract of S. plana was synthesized using 

the ionic gelation method. This is indicated by a shift in the absorption 

band  of the stretching vibration of the hydroxyl  group, the bending 

vibration of the N-H group, and the emergence of new peaks from the 

vibration of the phosphate group (P=O).  
 

 
 

Figure 1:  The colloidal liquids of nanoherbal formulas from 

ethanol extract of S. plana  
 

 
 

Figure 2:  The solid of nanoherbal formulas from ethanol 

extract of S. plana   
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Figure 3: FT-IR spectra of S. plana’s ethanol extract, chitosan, nanoherbal of F-1, F-2, F-3 

 

The stretching vibration of the hydroxyl group in chitosan shifted from 

3296.87 cm-1 to 3370.12 cm
-1

 (F-1), 3267.89 cm
-1

 (F-2), and 3271.99 

cm
-1

 (F- 3) in nanoherbal from ethanol extract of S. plana. This was 

caused by the interaction between the hydroxyl group in chitosan and 

the hydroxyl group of the phenolic compounds in the ethanol extract 

of S. plana. The bending vibration of the NH group in chitosan shifted 

from 1582.34 cm
-1

 to 1563.55 cm
-1

 (F-1), 1552.75 cm
-1

 (F-2), and 

1556.92 cm
-1

 (F- 3) in nanoherbal from ethanolic extract of S. plana. 

This is caused by the occurrence of cross-linking between the NH2 

group of chitosan and the phosphate group in Na-TPP and the 

interaction with the hydroxyl group of phenolic compounds in the 

ethanol extract of S. plana. The appearance of absorption bands at 

1083.86 cm
-1

 (F-1), 1073.63 cm
-1

 (F-2), 1073.92 cm
-1

 (F-3) in the 

nanoherbal from ethanol extract of S. plana due to vibrational peak of 

the phosphate group showed that there had been a cross-linking 

between chitosan and phosphate groups in Na-TPP.
26,27

  
 

Particle size  of nanoherb from ethanol extract of S. plana   

The three nanoherbal formulas from  ethanol extract of S. plana was 

determined its particle size using the DLS (Dynamic Light Scattering) 

method by the Zetasizer Nano ZS (Malvern). Determination of particle 

size was carried out 5 times for each formula and the results were 

presented in Table 2. Table 2 showed that the nanoherbal of F-1 had a 

particle size of less than 1000 nm, namely 701.5467.72 nm. 

Meanwhile, the nanoherbal of F-2 and F-3 had a particle size of more 

than 1000 nm, namely 1291.8183.78 nm and 1394.628.40 nm, 

respectively. Nanoparticles used as drug carriers have diameters 

between 1-1000 nm.
20,28 

Thus, among the three synthetic nanoherbal 

formulas that fullfilled  the requirements as nanoparticles was F-1 

because its particle size was less than 1000 nm. Particle size in the 

form of nanoparticles affect the ease of entry of these materials into 

cells. The smaller the particle size, the easier it is to enter the cell and 

the higher its absorption in the body.
29

 The particle size of the 

nanoherbal increased with the increase in the amount of chitosan in 

the nanoherbal formula. However, nanoherbal containing 0.5% 

chitosan and 0.5% Na-TPP have particle sizes in the nanoparticle 

category.
22

 

 

Zeta potential  of nanoherb from ethanol extract of S. plana   

Zeta potential is a parameter of electric charge between colloidal 

particles. The zeta potential value is generated from the potential 

difference between the electric charge on the Stern layer and the 

diffuse layer of colloidal particles. Zeta potential measurement is 

needed to determine the nanoparticles stability with respect to 

aggregation.  The stability of nanosystem is affected by the Van der 

Waals attraction and the electrostatic repulsion force. The high 

repulsion force among nanosystem particles will increase the zeta 

potential value which can lead to stability of a nanosystem.
30

 

The zeta potential value of nanoherbal  from ethanol extract of S. 

plana was determined using the Zetasizer Nano (Malvern). The 

determination of the zeta potential was carried out three times for each 

formula and the results were shown in Table 3. 

From Table 3  it could be stated that the three nanoherbal  formulas 

had zeta potential value greater than + 30 mV. Nanoparticles with zeta 

potential value less than -30 mV and greater than +30 mV had higher 

stability, because they had a force to prevent particle agglomeration. 

Thus, the three nanoherbal formulas had stable properties or were not 

easy to agglomerate or flocculate so that they were not easy to settle.
30

 

Based on the zeta potential value, herbal nanoparticles of formula F-1 

that fullfilled the requirements as nanoparticles had a zeta potential 

value of more than + 30 mV, namely +499.378.00 mV so that it  had 

stable properties.
18,23,30

 

  

The surface morphology  of nanoherbal from ethanol extract of S. 

plana   

The nanoherbal of F-1, F-2 and F-3 were analyzed using scanning 

electron microscopy to obtain data of surface morphology.  The SEM 

images of the third nanoherbal  are shown in Figure 4. Based on the 

Figure 4, the shape of the three nanoherbal particles tendend to be 

spherical. The particle size of F-1 appeared to be  the smallest, while 

the F-3 particle  had the largest size. This data supported the particle 

size  of F-1, F-2, F-3 obtained by the Zetasizer Nano ZS. Particles of 

F-3  tended to clump together while  particles of  F-1 and F-2  were 

separated from each other.
27

 

 
Antibactial activity of nanoherbal from ethanol extract of S. plana. 

Based on the results of particle size measurements using azetasizer 

nano, it was known that among the three nanoherbal formulas that 

fullfilled the requirements as nanoparticles was  the nanoherbal of F-1 

with a particle size of  701.5467.72 nm. Furthermore, the 

antibacterial activity of  F-1 was determined using the disc diffusion 

method against 4 types of bacteria consisting of 2 types of gram-

negative bacteria, namely E. coli and S. dysentriae, and 2 types of 

gram-negative bacteria, namely S. aureus and B. substilis. The 

samples tested for antibacterial activity were the liquid of nanoherbal 

F-1, ethanol extract solution of the fern S. plana (763 ppm), chitosan 

solution, positive control (tetracycline 500 ppm), and negative control 

(aquades and dimethyl sulfoxide). The results of the antibacterial 

activity assay were presented in Table 4. 

In the antibacterial activity test using the disc diffusion method, the 

strength of the antibacterial activity is indicated by the diameter of the 

inhibition zone or the clear zone.  
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Table 2: Particle size of nanoherbal from ethanol extract of S. plana 
 

Nanoherbal formulas   Particle size of nanoherbal  (nm) 

1 2 3 4 5 Average  

F-1 780.7 702.0 640.4 628.4 756.2 701.54  67.72 

F-3 1302.0 1488.0 1411.0 1250.0 1008.0 1291.8  183.78 

F-2 1351.0 1406.0 1421.0 1382.0 1413.0 1394.6  28.40 

 

Table 3: Zeta potential of nanoherbal from ethanol extract of 

S. plana 
 

Nanoherbal 

formulas 

Zeta potential  (mV) 

1 2 3 Average  

F-1 +421 +500 +577 +499.3  78.00 

F-2 +409 +440 +491 +446.7  41,40 

F-3 +375 +403 +368 +382.0  18.52 

 

 

If the diameter of the clear zone of 5 mm or less,  5-10 mm,  10-20 

mm,  and 20 mm or more are categorized as  weak, moderate, strong, 

and  very strong, respectively.
24,31

 Based on Tabel 3, nanoherbal F-1 

had very strong antibacterial activity against E.coli, S. dysentriae, and 

S. aureus  as well as strong antibacterial activity against B. subtilis. 

Meanwhile, the ethanol extract of the fern S. plana showed strong 

antibacterial activity. against E. coli and S. dysentriae, and moderate 

antibacterial activity against S. aureus and B. subtilis.Tetracycline 

showed strong antibacterial activity against E. coli, S. dysentriae, and 

B. subtilis, as well as antibacterial activity which was very strong 

against S. aureus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Scanning electron microscopy images of nanoherbal of F-1, F-2, F-3   
 

Table 4: Antibacterial activity assay of the nanoherbal F-1 and ethanol extract of S. plana 
 

 Sample   Average diameter of the inhibition zone  (mm) 

E. coli S. dysentriae S. aureus B. subtilis 

Nanoherbal F-1 20.43  2.28 23.10  2.50 20.33  3.61 18.96  2.57 

Ethanol extract of S. plana 10.26  2.05 10.26  1.80 9.90  2.16 9.26  0.91 

Chitosan  14.03  3.59 14.11  1.04 14.85  1.78 13.45  1.88 

Tetracycline 10.25  1.07 19.87  1.37 28.85  2.60 19.60  1.19 

Aquadest 0  0.00 0  0.00 0  0.00 0  0.00 

DMSO 0  0.00 0  0.00 0  0.00 0  0.00 

 

 

 

F-3 

F-2 

 

F-1                                                                                 
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The antibacterial activity of nanoherbal F-1 against E. coli and S. 

dysentriae was higher than that of the tetracycline.  Meanwhile, the 

antibacterial activity of nanoherbal F-1 against S. aureus and B. 

subtilis was lower than that of tetracycline. The antibacterial activity 

of the ethanolic extract of S. plana against S. dysentriae, S. aureus and 

B. subtilis was lower than that of tetracycline, while its antibacterial 

activity against E.coli was equivalent to that of tetracycline. Therefore 

the nanoherbal F-1 has the potential to be developed as an 

antibacterial agent. 

The content of phenolic compounds, especially flavonoids in the 

ethanol extract of the fern S. plana supports its antibacterial 

activity.
3,11,12

 Flavonoid compounds inhibit bacterial growth by 

damaging cell membrane, inactivating enzymes, binding to adhesins, 

and inhibition of  nucleic acid synthesis. The presence of hydroxyl 

group in flavonoids affect the antibacterial activity.  The position of 

hydroxyl groups at C-5, C-6, and C-7 in the ring A of flavonoid can 

increase its antibacterial activity.
32,33

 

The ethanol extract of S. plana made from the nanoherbal F-1 showed 

an increase in the antibacterial activity of E. coli, S. dysentriae, B. 

subtilis, and B. subtilis. In the nano size, the number of isolated active 

substances will increase due to the larger the surface contact area of 

the particles so that the antibacterial activity is stronger.
15

 Particles in 

nano size have the ability to penetrate the intercellular spaces, either 

through diffusion or opsonification.
14,29,34

 The presence of chitosan 

polymer in the nanoherbal F-1 also supported its antibacterial activity 

because it had the ability to inhibit bacterial growth. Chitosan  attaches 

to the surface of bacterial cells to form a polymer membrane that can 

prevent the entry of nutrients into the cell so that the cell will die. 

Besides that chitosan with low molecular weight can enter the cell and 

cover the cell. The positive charge of chitosan will bind to negative 

charge on bacterial surfaces such as lipopolysaccharides, so that it will 

cause damage to permebility of cell membrane, cell leakage and cell 

death.
35 

 

Conclusion  

The study concludes that nanoherbal from ethanol extract of S. plana  

with formula of  F-1  had particle sizes that fullfill the requirements as 

nanoparticles because it has a particle size of less than 1000 nm, 

namely 701.5467.72 nm. It had the zeta potential value of 

+499.378.00 mV. The occurrence of a shift in the wave number of 

stretching vibrations of the O-H group, bending vibration of the N-H 

group, as well as the emergence of a new peak of the vibration of the 

phosphate group (P=O) in the infrared spectrum supported the 

formation of nanoherbal in F-1 formula. Nanoherbal F-1 has very 

strong antibacterial activity against E.coli, S. dysentriae, and S. aureus 

as well as strong antibacterial activity against B. subtilis. Nanoherbal 

F-1 showed stronger antibacterial activity than the ethanol extract of S. 

plana.  
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