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INTRODUCTION 

 

One of the most effective ways to protect the body from illnesses is good 

personal hygiene. The regular habit of bathing, teeth brushing, and hand washing 

before preparing or eating food and after going to the toilet are the form of good 

personal hygiene. Nowadays, people use the hand sanitizer as an additional 

application of a self-hygiene practice and also as a part of the lifestyle. Hand 

sanitizer is a liquid antiseptic generally used to kill infectious agents’ on hands. 
The use of hand sanitizers is also more practical than washing hands with soap, 

especially for people with high mobility and cannot find a hand-washer nearby. 

However, the main ingredient of most hand sanitizer products is alcohol, which 
can lead to skin irritation and dryness after a continuous application. Besides, the 

general continuous use of alcohol-based versions of hand sanitizers has no 

recommendations (Das et al., 2010; Desiyanto & Djannah, 2013; Larson et al., 

2006). Therefore, there is a need to formulate a non-alcohol based hand sanitizer 

using the natural sources which effective to kill microorganisms (Bolon, 2016). 

Recently, researches on hand sanitizer formulations using natural extract have 
been carried out to obtain the most effective formula. Selvia et al. (2015) 

conducted a study of hand sanitizer gel preparations from rambutan fruit extract. 

They reported the antibacterial activity of the gel against Escherichia coli and 
Staphylococcus aureus. Dewi and Yunianto (2016) explained that the 

combination of kaffir lime extract and basil leaf extract produced an effective gel 

formulation as an antiseptic. Also, the use of coconut fiber with carbopol 940 
gelling agent as a material for hand sanitizer was found to be effective in 

inhibiting the growth of E. coli, Pseudomonas aeruginosa, Salmonella thypi, 

Shigella dysenteriae, S. Aureus, and Vibrio sp. (Ismail et al., 2017). The results 
of these researches indicate that certain plants have the potential antibacterial 

activity for hand sanitizers’ formulation. 

Liverworts are known as the closest living relatives of the first land plants, which 
produce the flavonoids for coping with the abiotic stresses (Albert et al., 2018). 

As a natural source of flavonoid compounds, some species of liverworts have 

antipyretic, antihepatitic, and diuretic activities to cure wounds, fractures, burns, 

and snakebites (Asakawa, 2008). Marchantia is the common liverwort genus 

with many species that have been investigated for its potential activities against 
pathogenic bacteria and fungi (Gahtori & Chaturvedi, 2011; Mewari & 

Kumar, 2009; Niu et al., 2006; Xiao et al., 2005). Even though the 

investigations of the antimicrobial activities of Marchantia spp. have been 

carried out, only a few studies have been conducted on the synthesis of silver 

nanoparticles from these species.  

In recent years, the production of antimicrobial agents using silver nanoparticles 
(AgNPs) technology has been developed rapidly (Amooaghaie et al. 2015). The 

results of the study by Paosen et al. (2017) showed that AgNPs extract of 

Myrtaceae plants has excellent antibacterial activity against pathogenic bacteria 
such as Escherichia coli, Staphylococcus aureus, Enterococcus faecalis, 

Acinetobacter baumanii, Klebsiella pneumonia, and Pseudomonas aeruginosa.  

In this research, the green synthesis of AgNPs from Marchantia sp. extract, 
characterization of Marchantia sp. AgNPs, formulation of hand sanitizer using 

Marchantia sp. silver nanoparticles were conducted. The green synthesis is a 

synthesis technique in the field of nanotechnology and provides economic and 
environmental benefits, which is a biocompatible process and generally can be 

accomplished by using a capping agent/stabilizer to control the size and prevent 

agglomeration using the plant extract. In this research, Marchantia sp. AgNPs 
were applied as the material, and its antibacterial profile against E. Coli and S. 

Aureus was performed. The research results could be used as the reference by 

manufacturers of antiseptic products or hand sanitizers to utilize common 
liverwort as the ingredient in their product formulation. 

 

MATERIALS AND METHODS 

 

Materials 

 
Marchantia sp. used in this study was obtained from the area of Universitas 

Negeri Semarang, Indonesia. The identification of the species was performed 

based on the morphological characteristics by the plant taxonomy expert team 
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from the Department of Biology, Universitas Negeri Semarang, Indonesia. 
Culture media were obtained from Oxoid Ltd. Part of Thermo Fisher Scientific 

Inc. (UK), chemical reagents were from Merck (Germany), Ajax Finechem 

(Australia), and RCI Labscan (Thailand). Silver nitrate (AgNO3) was purchased 
from Sigma-Aldrich with ≥99.5% purity. The Escherichia coli and 

Staphylococcus aureus bacterial isolates for antibacterial testing in this research 

were obtained from the Laboratory of Biology Culture Collection, Universitas 
Negeri Semarang, Indonesia.  

 

Liverwort Extract Preparation and Synthesis of Liverwort Silver 

Nanoparticles (LAgNPs) 

 

Marchantia sp. samples were collected from the soil surface, and then, it was 

stored in sterile bottles and taken to the laboratory for further analysis. Liverwort 

was thoroughly washed with sterile distilled water, and then, it was shade dried at 
room temperature. Subsequently, the plants were ground into a fine powder using 

the electric blender. Next, the maceration method was performed by weighing 10 

g of liverwort powder and mixing it with 100 ml of ethanol for 24 h at room 
temperature. This technique was repeated three times in a gradual stage. The 

extraction process was continued by an evaporation technique using a hotplate in 

the open air and then filtering it with Whatman filter paper No.1. AgNO3 powder 
was dissolved in distilled water. The synthesis of LAgNPs was performed by 

adding 3 ml liverwort extract in 40 ml of 1 mg silver nitrate (AgNO3) solution for 

the reduction of Ag+ ions. LAgNPs synthesis was made at room temperature (25 
°C ± 2 °C) in a dark place for 24 h (Moteriya et al., 2014). 

 

Characterization of Liverwort Silver Nanoparticles (LAgNPs) 

 

The liverwort silver nanoparticles (LAgNPs) were characterized using the 

ultraviolet-visible (UV-Vis) spectroscopy analysis in the range of 400-700 nm. 
The characterization of LAgNPs functional groups was studied by Fourier 

Transform Infrared (FTIR) spectroscopy (FTIR PerkinElmer Spectrum Version 

10.03.06) with spectrum at 4000-200 cm-1. The elemental composition of 
LAgNPs was investigated by the scanning electron microscope coupled to 

energy-dispersive X-ray spectroscopy (SEM-EDX) (Moteriya et al., 2014).  

 

Antimicrobial Test of Liverwort Silver Nanoparticles (LAgNPs) 

 

The antimicrobial activity of LAgNPs against pathogenic bacteria was evaluated 
by agar well diffusion method (Das et al., 2010). Gram-negative bacteria 

Escherichia coli and Gram-positive bacteria Staphylococcus aureus were 

prepared in nutrient broth at 37 °C for 24 h with the density 2 × 106 cells/ml. The 
nutrient agar plate was prepared, and the surface was inoculated by spreading 20 

ml of the microbial culture broth over the entire agar surface. Then, the hole with 

a diameter of 5 mm was made aseptically with a sterile cork borer. Subsequently, 
50 µl of LAgNPs in concentration at 25%, 50%, 75%, and 100% were introduced 

to the well, and the plates were incubated at 37 °C for 24 h. Each concentration 

was tested in triplicates.  
 

Formulation of Liverwort Silver Nanoparticles (LAgNPs) Topical Gel 

 

LAgNPs hand sanitizer gel was prepared according to the method of gel 

formulation with the composition of extract at 6% (w/w), 5% (w/w) sodium 

carboxymethylcellulose, 10% (w/w) glycerol, 5% (w/w) propylene glycol, and 
water up to 100%. The most effective concentration of LAgNPs obtained from 

the antimicrobial activity was measured depending on the needed amount volume 

of water and then added to 5% of the base. Glycerol and propylene glycol were 
added to the solution, and it was stirred continuously at room temperature for 15 

min. Lastly, the gel was kept separately in a cool dark place overnight (10-15 °C) 

(Maswadeh et al., 2006; Titaley, 2014). The formulated gel was tested for its 
antimicrobial activity using the agar well diffusion method. The same volume of 

hand sanitizer commercial product was used to obtain the data for comparison. 

The gel itself without the addition of LAgNPs was applied as the control. 
 

Statistical Analysis 

 

All results are expressed as means ± standard error of the mean or standard 

deviation (SD). Then, the significant differences were examined by unpaired t-
test using SPSS 19 software (USA). A p-value 0.05 was considered as 

statistically significant. 

 

RESULTS AND DISCUSSION 

 

Biosynthesis of Liverwort Silver Nanoparticles (LAgNPs)  

 

The synthesis of LAgNPs was indicated by the change of the liverwort extract 

color from thick green to brown. The color intensity was increased by time. The 
liverwort extract that has been synthesized has a solid green color.  It is assumed 

that the constituent of phytochemicals in the liverwort extract reduced the silver 

metal ions into silver nanoparticles, and it is responsible for the excitation of the 
AgNPs surface plasmon resonance vibration. Many types of research have 

reported that the silver nanoparticles show yellowish-brown color from minutes 

to hours depends on the plant extracts (Moteriya et al., 2014; Paosen et al., 

2017; Ramteke et al., 2012). 

 

UV-Vis Spectroscopy of Liverwort Silver Nanoparticles (LAgNPs) 

 

The first analysis on the characterization of LAgNPs was the UV-Vis 

spectroscopy to observe the position and shape of the absorption peak as it 
depends on the particle size, shape, morphology, composition, and dielectric 

constant of the AgNPs (Jin et al., 2001; Kelly et al., 2003). The results of UV-

Vis spectroscopy analysis of LAgNPs in the wavelength area ranged from 400-
700 nm indicate that the absorption spectrums have a specific range in the 

formation of silver nanoparticles. The UV-Visible spectra of the nanoparticles 

obtained have resulted from the reduction of silver ions, which is seen physically 
from the change in the color of the solution. The measurements using UV-Vis 

analysis gave an absorbance peak at 422 nm, as shown in Figure 1. The study of 

the SPR band in the UV–Vis spectra of AgNPs using plants from the Myrtaceae 
family appeared at wavelength 417 to 462 nm (Paosen et al., 2017). The 

maximum absorption was obtained at 462 nm in a sample of AgNPs from 

Psidium guajava L. (Moteriya et al., 2014). The presence of AgNPs during the 
synthesis has been performed by using the UV-Vis spectroscopy. The absorbance 

in the range of 420 to 450 nm has been employed as an indicator to confirm the 

reduction of silver ions to metallic silver nanoparticles (Ali et al., 2016; Dong et 

al., 2014; Karuppiah & Rajmohan, 2013). 

 

 

 
 

Figure 1 The UV-visible spectrum of biosynthesized Liverwort AgNPs showed a peak at 422 nm 

 

Fourier Transform Infrared (FTIR) of Liverwort Silver Nanoparticles 

(LAgNPs) 

 

The results of FTIR analysis on LAgNPs is presented in Figure 2. Fourier 

Transform Infrared (FTIR) analysis was used to identify functional groups that 
may be involved in the synthesis and reduction of the synthesized AgNPs (Ali et 

al., 2016). Figure 2 informs the broad spectrum wavenumber from 3200-3570 

cm-1 and peaked at 3435.90 cm-1 showing the hydroxy group, H-bonded OH 
stretch, which indicates a hydrogen bond. The stretching vibrations and very 

weak absorptions in the infrared spectrum in the range 1990–2150 cm-1 shows the 

presence of isothiocyanate (-NCS). Enzymatic conversion of metabolites called 
glucosinolates produces many natural isothiocyanates from plants. According to 
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the study of Kim and Shin (2015), the isothiocyanate extracted from horseradish 
root is potential as the candidate of the antibacterial agent against antibiotic-

resistant bacteria. The absorbance in the range of 1590 – 1650 cm-1 or 1620 – 

1680 cm-1 and peaked at 1634.04 cm-1 shows the N – H indicates the primary 
amine, N – H  bend indicates the amide. All these bands indicate the presence of 

various alkaloids, flavonoids, phenol, tannins, terpenoid, and other 

phytochemicals in the liverwort extract. The research by Mukhia et al., (2017) 
on the qualitative tests and thin layer chromatography of Plagiochasma 

cordatum, Marchantia subintegra and Marchantia emarginata ethanolic extracts 

have shown phytochemicals such as steroids, tannins, triterpenoids, cardiac 
glycosides, flavonoids, resins, sugar reduction, amino acids, glycosides, 

anthraglycosides, arbutin, phenols, and coumarin. Studies show that phenolic 
compounds present in plants are responsible for antioxidants and other biological 

activities. Marchantia's primary constituents include triterpenoids, flavonoids, 
and steroids. Flavonoids include quercetin, luteolin, apigenin, and glycosides 

(Cao et al., 2007). 

Amides are well known as the constituents of plants and many drugs such as 
paracetamol, penicillin, and LSD, which have a wide range of biological 

functions.  The research of Huczyński et al. (2012) revealed the salinomycin and 

its amide derivatives antimicrobial activity against Gram-positive cocci, Gram-
negative rods, and yeast-like organisms in vitro. Also, it showed the activity 

against a series of clinical isolates of methicillin-resistant Staphylococcus aureus 

and methicillin-sensitive S. Aureus. The peak at 603.50 cm-1 and 1016.05 cm-1 
shows the disulfides (S – S stretch) and the inorganic compound, respectively.  

 

 
 

Figure 2 Liverwort AgNPs FTIR spectrum 
 

Scanning Electron Microscopy-Energy Disperse X-ray (SEM-EDX) Analysis 

of Liverwort Silver Nanoparticles (LAgNPs) 

 

Scanning Electron Microscopic (SEM) aims to determine the morphology, 

diameter, and ensure that the nanoparticles are formed (Ariyanta, 2016). Based 

on the observation of the sample of LAgNPs, it has an irregular shape. The 

following results of SEM analysis are presented in Figure 3. SEM photograph of 
LAgNPs clearly shows that the synthesized nanoparticles size lies between 0.020 

- 0.040 nm. 

       
 

Figure 3 SEM images of liverwort silver nanoparticles (LAgNPs) 500× magnification (left) and 1000× magnification (right) 

 

The EDX spectroscopy analysis indicates that LAgNPs were produced by 
showing the degree of certainty. Based on the analysis, the LAgNPs contains 

several elements, including oxygen (O), carbon (C), Nitrogen (N), and Silver 

(Ag). The EDX analysis was done on two spots, i.e., transparent (A) and dark (B) 

spots. Both spots have the same elements with different weight percentages and 
certainty above 0.80 for all elements, as shown in Figure 4. 

 

 

         
(A)      (B) 

 

Figure 4 The weight percentage of Ag, N, C, O in the transparent spot (A) and dark spot (B) 
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Antimicrobial Test of Liverwort Silver Nanoparticles (LAgNPs) and 

LAgNPs Topical Gel 
 

The method of agar well diffusion was performed to test the antibacterial 
activities of liverwort Marchantia sp. Silver nanoparticles (LAgNPs) with 

various concentrations at 25%, 50%, 75%, and 100%. The clear zone surrounding 
the wells indicated the successful results of inhibition activity. The diameter of 

the clear zones was measured, and the average values were calculated. The 

results of clear zone measurement are presented in table 1. 
 

 

Table 1 The diameter of clear zones formed in agar well diffusion method on testing the antimicrobial activities of liverwort Marchantia sp. 
silver nanoparticles (AgNPs) at concentration 25%, 50%, 75%, and 100%. 

Microorganisms 
LAgNPs Concentrations 

(%) 

The Diameter of Clear 

Zones (mm)* 

Inhibitory Strength 

Criteria 

Escherichia coli 

0 
25 

0.32 ± 0.12e 
11.17 ± 0.42d 

Weak 
Strong 

50 11.33 ± 1.03c Strong 

75 19.75 ± 1.13a Strong 

100 16.00 ± 0.89b Strong 

Staphylococcus aureus 

0 

25 

0.44 ± 0.23e 

9.50 ± 0.41d 

Weak 

Moderate 

50 10.92 ± 1.78c Strong 

75 16.25 ± 0.54a Strong 

100 15.83 ± 0.53b Strong 

*The values represent mean ± SD (n =3), different letters indicate significant differences between groups (p<0.05) 

 

LAgNPs exhibited the optimum inhibition of both bacterial species at a 
concentration of 75%, which was more significantly effective in inhibiting the E. 

coli. Using the same concentration, the clear zone diameter against S. aureus is 

smaller than the E. coli. The methanol and chloroform extract from liverwort 
species Marchantia polymorpha can inhibit the growth of various species of 

pathogenic bacteria. Also, the M. polymorpha extract is fungistatic and 

bacteriostatic; therefore, it is the potential to be employed in the antimicrobial 
product formulation (Gahtori & Chaturvedi, 2011). Mewari & Kumar (2009) 

explained that the methanol and flavonoid extracts of M. polymorpha exhibit 

antimicrobial activity against Escherichia coli, Proteus mirabilis, Staphylococcus 
aureus, and several species of fungi. Relevant research has been conducted by 

Junairiah et al. (2016), the authors revealed an inhibitory activity using 

Dumortiera hirsute ethyl acetate extract against E. coli, S. aureus and Candida 
albicans by 8.3 mm, 10.8 mm, and 10.3 mm, respectively. Determination of the 

criteria of inhibitory strength is 1) very strong with the inhibitory diameter ≥ 20 

mm; 2) strong with diameter from 10-20 mm; 3) moderate with 5-10 mm in 
diameter; and 4) weak with clear zone diameter ≤ 5 mm. 

According to the results of the antimicrobial test of LAgNPs against two bacterial 

species, the formulation of topical gel from LAgNPs was performed. Then, the 
hand sanitizer gel was employed for the agar well diffusion method to test its 

antimicrobial activity after mixing with other ingredients. The results of the test 

can be seen in Table 2. 
 

 

Table 2 The diameter of clear zones formed in agar well diffusion method for testing the antimicrobial activities of LAgNPs topical gel 

compared to the hand sanitizer commercial product  

Microorganisms Samples 
The Diameter of Clear 

Zones (mm)* 

Inhibitory Strength 

Criteria 

Escherichia coli 
Control 

Hand sanitizer product 

0.31 ± 0.11e 

4.00 ± 2.94b 

Weak 

Moderate 

 LAgNPs gel 11.33 ± 1.03a Strong 

Staphylococcus aureus 
Control 

Hand sanitizer product 

0.34 ± 0.13e 

7.33 ± 1.36b 

Weak 

Moderate 

 LAgNPs gel 11.00 ± 0.54a Strong 

*The values represent mean ± SD (n =3), different letters indicate significant differences between groups (p<0.05) 
 

Hand sanitizer formulation using LAgNPs produced a light brown gel color and 

performed a distinctive liverwort aroma. The main ingredient of LAgNPs is Na-
CMC as a suspension agent to increase the viscosity and stability of the hand 

sanitizer product. Na-CMC is a polymer derived from cellulose derivatives that 

can form a clear mixture of neutral nature. Glycerin and propylene glycol 
function as moisture retainers or wetting agents that can increase the dispersal 

capacity of the preparation to prevent dry preparations (Titaley, 2014). The 

results show that the LAgNPs were significantly more effective in inhibiting the 
Gram-positive and Gram-negative bacteria compared to the hand sanitizer gel 

product used in this research. 

Antimicrobial compounds can inhibit bacterial growth in various ways such as 
damage to cell membranes, inhibit cell wall formation, enzyme inactivation, and 

inactivation of genetic material function to interfere with metabolic processes and 

bacterial growth. Plant phenolic compounds, for example, flavonoids, can 
damage cell wall permeability by interacting with bacterial cell membrane 

proteins through the adsorption process by binding to the hydrophilic part of the 
cell membrane. These compounds will enter the cell membrane and cause cell 

protein precipitation. If the permeability of the cell wall is damaged, the cell 

membrane can undergo lysis (Widyana et al., 2014).  
There is the fact that silver nanoparticles (AgNPs) have been studied for their 

benefit. It proposes many uses, among others, as detectors, catalysts, surface 

coatings, and antibacterial agents (Ristian et al., 2014). AgNPs synthesis has 
been carried out by replacing reducing agents with natural bioactive compounds. 

This technique is considered more environmentally friendly, safe, and effective. 

Some biomolecules in extracts have been shown to successfully act as reducing 
agents in the synthesis of AgNPs (Azmi & Ahyat, 2015; Khatoon et al., 2017). 

AgNPs have a positively charged ion, Ag+. This positive ion functions to bind to 

the negatively charged bacterial cell wall, deactivating cellular enzymes, causing 
changes in bacterial membrane permeability, interferes with the metabolic 

activity, and leads to protein denaturation (Das et al., 2010). Ag+ ions interact 

with sulfur-containing proteins in bacterial cell membranes and phosphate 
backbone in DNA. Therefore, AgNPs could eventually cause bacterial cells to 

die. 

The use of plants in the biosynthesis of nanoparticles is related to the secondary 

metabolites which have antioxidant activity. Liverworts contain methanol, 
flavonoids, terpenoids, and chlorophyll compounds. Also, the size of the silver 

nanoparticles is very influential in determining antimicrobials: the smaller the 

particle size, the more significant the antimicrobial effect. 
This study revealed that as an antibacterial agent against the most common 

infection-causing bacteria E. coli and S. aureus, liverwort Marchantia sp. silver 

nanoparticles (LAgNPs) is promising to be formulated as a basic material of hand 
sanitizer gel. The formulation used in this study excluded alcohol as an 

ingredient. Therefore, the production of an active, alcohol-free hand sanitizer to 

fulfill the need of people who have the prone sensitive skin to alcohol-based 
products is possible. 

 

CONCLUSION 

 

The biosynthesis of liverwort Marchantia sp. silver nanoparticles (LAgNPs) was 
successfully performed. It is indicated by the peak of absorbance by UV-Vis 

spectroscopy analysis at 422 nm. The antimicrobial activity of LAgNPs and 

LAgNPs hand sanitizer gel was effective in inhibiting the most common Gram-
negative (Escherichia coli) and Gram-positive (Staphylococcus aureus) bacteria 

compared to the commercial hand sanitizer product. FTIR analysis showed that 

the LAgNPs were stabilized by isothiocyanate and amide, which represents the 
presence of various phytochemicals in the liverwort extract. The results of this 

study could be beneficial for the manufacturer in formulating the non-alcoholic 

hand sanitizer gel product. 
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