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ABSTRACT 
 

Mosses have long been used in traditional Chinese medicine due to the presence of secondary 

metabolites which have shown high biological activities. In particular, these secondary metabolites have 

demonstrated effective antibacterial activity against pathogenic microorganisms. In this study, the 

influence of different extraction solvents on the antibacterial activities of the Polytrichum commune was 

carried out using the disc diffusion method. Results showed that both 12.5 mg/mL of methanol moss 

extract and 6.25 mg/mL of ethanol moss extract were the most effective concentrations against Bacillus 

cereus and Pseudomonas aeruginosa. Additionally, the P. commune extracts were included as an added 

ingredient in soap bases to produce antibacterial soap prototypes where the effectiveness of the soaps 

containing the extracts in removing microorganisms from actual test individuals was carried out. Results 

of the thumb impression test of test individuals showed that the growth of microbial reduced after 

washing hands with the usage of both liquid and solid soap with the addition of P. commune extracts. 

Moreover, the antibacterial soaps performed better in eliminating microorganisms in comparison to 

control soaps without P. commune extracts. Taken together, P. commune extract could be a good 

candidate as a value-added ingredient utilized to produce antibacterial soaps due to its antibacterial 

properties. 
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1 Introduction  

Soap is an essential daily product that is mainly used for cleaning 

purposes, particularly for hand washing. Handwashing with soap 

and water is necessary for one’s hygiene to avoid getting sick and 

spreading infections to others for generations (Yawson and Hesse 

2013). However, washing hands with plain soap alone is often not 

enough. It has been shown that hand washing with plain soap 

resulted in almost triple the percentage of bacterial infectious 

diseases transmitted to food as compared with antibacterial soap 

(Sajed et al. 2014). In addition, the antibacterial activities of the 

soap can be enhanced by adding some natural active ingredients 

from botanicals to reduce the negative effect on human skin (Riaz 

et al. 2009). 

Bryophytes are essential in pharmaceutical uses as they are the 

source of many biologically active compounds (Mishra et al. 2014; 

Hanif et al. 2014). Many moss species contain unique secondary 

metabolites such as terpenoids, alkaloids, flavonoids, phenols, and 

other aromatic compounds with therapeutic potential (Greeshma 

and Murugan 2018). These secondary metabolites have been 

reported to possess effective antibacterial and antifungal activities 

against various pathogenic microorganisms (Chauhan et al. 2014). 

Among the Bryophytes, Polytrichum commune (also known as 

common haircap, great golden maidenhair, great goldilocks, 

common haircap moss, or common hair moss) extract carries 

antimicrobial potential capabilities to inhibit the proliferation of 

pathogenic cells (Klavina et al. 2015). In addition, P. commune 

extract was demonstrated to have antioxidation potential that was 

strongly correlated with total phenolic contents found in the extract 

(Hanif et al. 2014). The antioxidants present in P. Commune were 

able to neutralize the reactive oxygen species and prevent 

oxidative damage to human cells and tissues, which in turn were 

able to help in the treatment of skin diseases (Addor 2017). There 

are a few reports on the antibacterial, cytotoxicity, and 

antimicrobial activities of solvent extract of P. commune grown in 

different parts of the world including Turkey (Klavina et al. 2015; 

Nikolajeva et al. 2012; Sevim et al. 2017). 

Pseudomonas aeruginosa is an opportunistic pathogen that can 

colonize a healthy person, causing severe infections, especially in 

those who have weak immune systems or hospitalized patients 

(Nguyen et al. 2018). Additionally, Bacillus cereus can quickly 

spread to food products that cause food-borne diseases, emetic or 

diarrheal syndrome (Savini 2016). These bacteria strains are 

commonly found in the environment such as water, soil, plants, and 

animals (including human beings) (Savini 2016; Nguyen et al. 2018), 

serving as a continuous threat to human health. As such, eliminating 

these harmful bacteria through the use of antibacterial soap can 

reduce the chances of infections. The most crucial element in 

preventing nosocomial infections by preventing touch and fecal-oral 

transfer of pathogens is hand hygiene, which is frequently equated 

with handwashing (Boyce and Pittet 2002). An essential public 

health measure is hand washing and it has long been acknowledged 

as a practical, useful, and economical method of preventing 

infectious infections (Burton et al. 2011; Tao et al. 2013). In this 

research, the antimicrobial activity of P. commune extract with 

methanol and ethanol against P. aeruginosa and B. cereus was 

evaluated to assess the potential of methanol and ethanol extract of 

P. commune as an ingredient of antibacterial soap. 

2 Materials and Methods 

2.1 Plant Material 

P. commune moss sample was brought from Terra Living Gallery 

& Farm House, Malaysia. Nutrient agar, nutrient broth, Petri 

dishes, 100% methanol, and 95% ethanol were bought from 

Sigma-Aldrich, USA. 

2.2 Preparation of Plant Extract 

Fresh leaves of P.commune were cleaned and air-dried under room 

temperature until a consistent weight was achieved and ground 

using a blender to obtain a fine homogenous powder. Thereafter, 

the extraction process was carried out by mixing 1 g of the dried P. 

commune powder with 100mL of 95% ethanol and 100% 

methanol, respectively. The mixed samples were then further 

incubated in a shaking incubator for 48 h at 150rpm at 37
o
C 

(Oyesiku and Caleb 2015). After the incubation period, the extracts 

were centrifuged (4,696 × g, 20 min, 4°C) and filtered using 

Whatman filter paper. The filtrates were concentrated over a hot 

plate stirrer at 60 °C until a concentration of 100 mg/mL was 

attained and stored at 4 °C for further use (Dulger et al. 2009; 

Sharma et al. 2013). 

2.3 Preparation of Bacterial Standard Inoculum 

B. cereus and P. aeruginosa were streaked on a fresh nutrient agar 

(NA) plate and incubated for 48 h at 37°C (Kazemian et al. 2015). 

At the end of the incubation period, single colonies of both the 

bacteria were picked from the respective plates and inoculated into 

the fresh nutrient broth (NB) then incubated for an additional 24 

hrs, at 150 rpm and 37°C temperature in a shaking incubator. 

Subsequently, the broth cultures were centrifuged at 2,860 ×g, for 

10min at 4 °C and the bacterial pellet was further rinsed thrice 

using 0.85% NaCl to remove the residual of NB and finally 

resuspended in 0.85% NaCl. The cell densities of the final 

suspensions were determined using a spectrophotometer at OD600nm 

to obtain a reading of approximately OD of 0.5, which corresponds 

to ×10
8
 CFU/mL. The bacterial cell suspensions were used as 

standard inoculum for the anti-microbial activity assays (Modarresi 

et al. 2015). 
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2.4 Antibacterial Assay of P. commune Extracts 

A 2-fold serial dilution method was carried out for both extracted 

solutions. The P. Commune extracts in both ethanol and methanol 

solutions were diluted in a range from 0 to 100mg/mL.  

2.5 Disc Diffusion Assay 

Six filter paper discs (about 6 mm in diameter) were soaked with 

P. Commune extracts of different diluted concentrations and the 

control solutions (95% ethanol and 100% methanol) for 15 min. 

The soaked discs with P. Commune extracts and a Ciprofloxacin 

disc (10 µg/mL) used as control were then placed on nutrient agar 

plates lawn with 30 µL of the standard inoculum bacteria (OD600nm 

= 0.5) for B. cereus and P. Aeruginosain triplicates for each of the 

bacteria. The plates were then incubated for 48 hrs at 37 °C 

(Balouiri et al. 2016). Followed by the measurement of the 

diameter of the clearing zones.  

2.6 Preparation of Soap with the Plant Extracts 

Liquid and solid soaps were prepared with added P. commune 

extracts. For liquid soap, the optimal concentration of P. commune 

extracts which depicts the highest antibacterial effect shown from 

the diffusion assays was chosen in making liquid soap by diluting 

the P. commune stock extract with a liquid soap base (Craftiviti, 

Selangor, Malaysia). A liquid soap base without any addition of P. 

commune extract was used as a control. For the solid soap, a solid 

soap base (Craftiviti, Selangor, Malaysia) was used by melting the 

solid soap base in a water bath at 70 °C before mixing with the P. 

commune extract stock to achieve the desired concentration. 

Thereafter, the mixture was poured into a silicon mold and placed 

at room temperature for 24 hrs to solidify. The solid soap base 

without any addition of P. commune extract was used as control. 

2.7 Antimicrobial Assay of P. commune Extract Soaps 

An antimicrobial assay was carried out with six test subjects. All 

the test subjects were requested to homogenize the microbes on 

both hands by rubbing them together before the test. For each test 

subject, nutrient agar plates were used to evaluate the soaps’ 

effectiveness by which each plate was separated into four 

compartments with two compartments allocated for ‘before 

washing’ as control replicates while the remainder of the two 

compartments were then used for the washing with control soap 

(right hand) and washing with P. commune extract soaps (left 

hand). For each of the compartments, the subjects performed 

thumb impressions on the agar plate. Thereafter, the plates were 

incubated at 37 °C for 24 hrs (Wijetunge and Perera 2016). 

Subsequently, the amount of microbial growth obtained after 

incubation was recorded and differentiated using qualitative 

indicators of 0, +, ++, and +++ (Strigáč et al. 2018) as shown in 

Figure 1, to compare and evaluate the efficacy testing of 

handwashing and antimicrobial handwash. 

2.8 Statistical Analysis 

All the data collected from the antibacterial assay of moss extract 

was analyzed using a T-test with a 95% confidence level. 

3 Results and Discussion 

3.1 Disc Diffusion Assay 

From the assay conducted, the results showed that the methanol 

and ethanol extracts of P. commune demonstrated clear zones of 

inhibition for B. cereus and P. aeruginosa for all the measured 

concentrations. On the other hand, there was no clear zone of 

growth inhibition observed for B. cereus and P. aeruginosa when 

control soap was used. Additionally, with B. cereus, methanol 

extraction of the P. commune showed the largest clear zone of 

inhibition with a diameter of 11.3 mm at a concentration of 12.5 

mg/mL as compared to ethanol extraction, where the clear zone of 

inhibition demonstrated a diameter of  10.7 mm at a concentration 

of 6.25 mg/mL. Both methanol and ethanol extraction solutions 

were able to produce larger clear zones when compared to the 

control antibiotic, Ciprofloxacin, at 10 µg/mL (Figure 2) which has 

a clear zone diameter of 7.0 mm. 

 
Figure 1 Microbial growth indicators representing their respective growth sizes as a form of qualitative measurement for the thumb 

impression test used as a form of an antimicrobial assay (a) High microbes growth was represented as + + +, (b) medium microbes growth 

was represented as + + while (c) low microbes growth was represented as + 

(b) (c) (a) 
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From the results obtained, this study demonstrated that the highest 

antibacterial effect against B.cereus and P.aeruginosa was seen 

with methanol extract of P. commune at a concentration of 12.5 

mg/mL and for ethanol extract, this was reported highest at a 

concentration of 6.25 mg/mL. Although higher concentrations of 

methanol and ethanol extract of P. commune were also introduced 

into the agar medium, these concentrations failed to show a larger 

diameter of the growth inhibition zone, which suggests that an 

increase in concentration was unable to promote an additional 

antimicrobial effect. This may be because the amount of phenolic 

compounds that are present in the extraction is limited; further 

research is needed to confirm. The polarity of the compounds 

extracted under different solvents might affect their intrinsic 

bioactivity (Do et al. 2014). Thus, the polar solvent can be used to 

increase the solubility of the phenolic compound which increases 

the concentration of phenolic compounds that are present in P. 

commune extract to enhance the antimicrobial effect.  In addition, 

the ability of extracted compounds to diffuse in different media 

that are used might also lead to differences in antibacterial 

efficiency (Do et al. 2014). 

Contrarily, Figure 3 demonstrated that both methanol and ethanol 

extract of P. commune at a concentration of 12.5 mg/mL and 6.25 

mg/mL, respectively, showed similar clear zones of inhibition 

against P. aeruginosa which were with a diameter of 11.7 mm. 

Notably, both clear zones were found to be larger than the diameter 

of the clear zone of inhibition developed by ciprofloxacin (10 

µg/mL) which was with a diameter of  7.0 mm. In this study, the 

 
Figure 2 The comparison between the highest antibacterial effects of P. commune extracted with methanol at 12.5 mg/mL,  

P. commune extracted with ethanol at 6.25 mg/mL and  ciprofloxacin at 10 μg/mL against B. cereus using disc diffusion assay. 

 

 
Figure 3 Comparison between the highest antibacterial effects obtained by P. commune extracted with methanol at 12.5 mg/mL,  

ethanol at 6.25 mg/mL and ciprofloxacin at 10 μg/mL on  P. aeruginosa using disc diffusion assay 
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antibacterial effect of P. commune methanol extract at the optimal 

concentration of 12.5 mg/mL was better than the optimal 

concentration of P. commune ethanolic extract at the optimal 

concentration of 6.25 mg/mL. Greater diameters were seen from 

the distinct zones of inhibition formed against B. cereus and P. 

aeruginosa with methanol extraction. This could be attributed to 

the higher extraction capability of methanol in generating a higher 

extraction yield of the P. commune than ethanol due to the higher 

polarity of the solvent (Sultana et al. 2009; Bouarab-Chibane et al. 

2019). In this context, a higher extraction yield would lead to an 

additional increase in the concentration of secondary metabolites 

such as phenolic and flavonoid compounds, which in turn could 

promote the antibacterial effect of the P. commune extract. The 

presence of the phenolic compounds will change the permeability 

of cell membranes and modify the rigidity of cell walls through 

different interactions, which can disrupt bacterial cell membranes 

and cause the loss of cell integrity (Kim et al. 2015). Moreover, the 

extracted flavonoid compounds would also demonstrate the ability 

to disrupt the bacteria cell membranes and inhibit both energy 

metabolism and DNA synthesis of the bacteria which 

consecutively inhibit their growth (Kim et al. 2015). 

3.2 Antimicrobial Assay of Soaps containing P. commune 

Extract 

3.2.1 Liquid Soap 

Results obtained from the thumb impression tests showed that the 

use of liquid soap containing P.commune methanol extract 

produced a significantly higher reduction in microbial growth as 

compared to the liquid control soap (Table 1). Interestingly, only 

subject 3, showed a reduction of microbial growth from high to 

medium (unwashed to washed) using liquid control soap while 

other subjects remained unchanged, which can be deduced that the 

liquid control soap can eliminate microbial load but with low 

efficiency as compared to the liquid soap containing methanol 

extract of P. commune, subjects 1, 2, 3, 4, and 6 demonstrated a 

reduction of microbial growth while only subject 5 remained 

unchanged, which indicated that the liquid soap containing 

methanolic extract of P. commune has higher efficiency in 

eliminating microbial load.  

Meanwhile, liquid soap containing the ethanol extract of 

P.commune demonstrated that subjects 1, 2, 3, 5, and 6 had a 

reduction in the amount of microbial growth after washing their 

hands (Table 2). The reduction in microbial growth indicated that 

the liquid soap containing P. comuune ethanolic extract possesses 

antimicrobial properties. Other than this, it can be deduced that the 

effectiveness of liquid soap containing ethanol extract of P. 

commune was similar to liquid soap containing P. commune extract 

with methanol. This is a result of a decrease (either reduced from 

high to medium or from medium to low) in microbial growth 

following hand washing with both liquid soaps. 

3.2.2 Solid Soap 

In the second experiment of hand washing by using the solid 

control soap, only subjects 1 and 3 showed a reduction in the 

amount of microbial from high to medium growth while other 

subjects remained relatively unchanged. Thus, it can be deduced 

that the solid control soap can eliminate microbial load but with 

low efficiency which is similar to the liquid control soap. On the 

other hand, subjects 1, 2, 3, 4, and 5 showed a notable reduction in 

the amount of microbial growth after all of them washed their 

Table 1 Qualitative indicator data showing the amount of microbial growth on unwashed, liquid control soap-washed, and liquid  

soap-washed hands with P. commune extracted with methanol 

Treatments 
Subjects 

1 2 3 4 5 6 

Unwashed hands + + + + + + + + + + + + + + + 

Washed hand with liquid control soap + + + + + + + + + + + + + + 

Washed hand with liquid soap containing  

P. commune extracted with methanol 
+ + + + + + + + + + 

 

Table 2 Qualitative indicator data showing the amount of microbial growth on unwashed, liquid control soap-washed, and liquid  

soap-washed with P. commune extracted with ethanol-washed hands 

Treatments 
Subjects 

1 2 3 4 5 6 

Unwashed hands + + + + + + + + + + + + + + + + 

Washed hand with liquid control soap + + + + + + + + + + + + + + 

Washed hand with liquid soap containing  

P. commune extracted with ethanol 
+ + + + + + + + + + + 
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hands using the solid soap containing P. commune methanolic 

extracted. Moreover, for subjects 1 and 3, the reduction in 

microbial growth was reduced from high to low (Table 3). These 

results indicated that the soap containing P. commune methanolic 

extract contained antimicrobial properties and showed higher 

efficiency in eliminating microbial load by comparing to solid 

control soap, liquid control soap, as well as liquid soap containing 

P. commune extracted with methanol and ethanol. 

From the thumb impression test, subjects 1, 2, 3, 4, and 5 showed a 

reduction in microbial growth with the usage of solid soap 

containing P. commune ethanolic extracted (Table 4), which 

indicated that the solid soap contained antimicrobial properties due 

to the addition of the P. commune extract. By comparing between 

subjects, only subject 3 showed a reduction of microbial growth 

from high to low. Therefore, it can be deduced that the efficiency 

of solid soap containing P. commune ethanolic extract has lower 

microbial elimination efficiency as compared to the methanolic 

extract of P. commune containing solid soap. 

Based on the results from the thumb impression tests, the 

efficiencies of both solid and liquid control soaps in eliminating 

microbes were not as effective as the solid and liquid soaps 

containing P. commune extracts. As the control soaps used in this 

study did not have any known antimicrobial agent, our results have 

indicated that the improved reduction in microbial growth was due 

to the addition of P. commune extract as an ingredient that carries 

active antimicrobial activity (Lima et al. 2013). The outcomes of 

this study are in agreement with previous studies where it was 

found that the addition of herbal extract into soap has a higher 

antimicrobial effect than the soap without any additional herbal 

extract (Kareru et al. 2010; Blenkharn and Smales 2017). 

Meanwhile, by comparing the thumbprint test results between 

liquid and solid P. commune extract soaps, the solid soap was seen 

to have eliminated more microbial than the liquid soap. Similarly, 

other studies also revealed that using solid soap for hand wash was 

more effective than liquid soap and this was due to the mechanical 

movements involved in removing microbes that were transient on 

our hands (Sheikh 2018). 

Interestingly, when compared, the antimicrobial effect between P. 

commune extracted using methanol and ethanol in solid soaps 

demonstrated that methanol extracted P. commune solid soap was 

able to eliminate more microbes through hand washing. This might 

be due to the higher amount of the secondary metabolites present 

as antimicrobial agents attributed to the higher extraction 

efficiency of methanol (Sultana et al. 2009). On this basis, it can be 

hypothesized that the solid soap containing methanolic extract of 

P. commune could eliminate more microbes on our hands than the 

solid soap containing ethanolic extract of P. commune. 

Conclusion 

In this study, it was demonstrated that P. commune extract was 

effective in inhibiting the growth of B. cereus and P. aeruginosa in 

which the optimal concentrations for P.commune extracted with 

methanol and ethanol extract was 12.5 mg/mL and 6.25 mg/mL, 

respectively. In addition, from the thumb impression tests, the 

results obtained showed that hand washing performed with both 

the solid and liquid soaps containing the P. commune extract can 

effectively reduce the presence of microbes in the hands. More 

specifically, it was demonstrated that the antimicrobial activity of 

soap containing P. commune extract was better in the solid form 

when compared with the liquid form. Taken altogether, the 

Table 3 Qualitative indicator data showing the amount of microbial growth on unwashed, solid control soap-washed, and solid soap-washed 

with P. commune extracted with methanol-washed hands 

Treatments 
Subjects 

1 2 3 4 5 6 

Unwashed hands + + + + + + + + + + + + + + + + 

Washed hand with solid control soap + + + + + + + + + + + + + + 

Washed hand with solid soap containing  

P. commune extracted with methanol 
+ + + + + + + + + 

 

Table 4 Qualitative indicator data showing the amount of microbial growth on unwashed, solid control soap-washed, and solid soap-washed 

with P. commune extracted with ethanol-washed hands 

Treatments 
Subjects 

1 2 3 4 5 6 

Unwashed hands + + + + + + + + + + + + + + 

Washed hand with solid control soap + + + + + + + + + + + + + 

Washed hand with solid soap containing  

P. commune extracted with methanol 
+ + + + + + + + 
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addition of P. commune extract as an antimicrobial ingredient 

demonstrated the potential to increase the efficiency of microbial 

removal in hand washing. 

Acknowledgments  

This project was supported by the INTI International University 

research grant scheme (INTI-FHLS-02-03-2018/19) and funded by 

the Biotechnology program. 

Conflict of Interest  

There are no conflicts of interest. 

References 

Addor, F. A. S. A. (2017). Antioxidants in dermatology. Anais 

Brasileiros De Dermatologia, 92(3), 356-362. 

Balouiri, M., Sadiki, M., & Ibnsouda, S. K. (2016). Methods for in 

vitro evaluating antimicrobial activity: A review. Journal of 

Pharmaceutical Analysis, 6(2), 71-79. 

Blenkharn, J. & Smales, C. (2017). Handwash product and 

handwash technique are equally important. Journal of Hospital 

Infection, 96, 298-299.  

Bouarab-Chibane, L., Forquet, V., Lantéri, P., Clément, Y., et al. 

(2019). Antibacterial properties of polyphenols: Characterization 

and QSAR (Quantitative Structure–Activity Relationship) 

models. Frontiers in Microbiology, 10, 829.  

Boyce, J. M., & Pittet, D. (2002). Guideline for hand hygiene in 

health-care settings: recommendations of the Healthcare Infection 

Control Practices Advisory Committee and the HICPAC/SHEA/ 

APIC/IDSA Hand Hygiene Task Force. Infection Control & 

Hospital Epidemiology, 23(S12), S3-S40. 

Burton, M., Cobb, E., Donachie, P., Judah, G., et al. (2011). The 

effect of handwashing with water or soap on bacterial 

contamination of hands. International Journal of Environmental 

Research and Public Health, 8(1), 97-104. 

Chauhan, R., Navlekar, A., Ghosh, E., & Abraham, J. (2014). 

Screening and evaluation of antimicrobial agents from Funaria sp. 

against various pathogens. Asian Journal of Pharmaceutical and 

Clinical Research, 7(2): 84-87.  

Do, Q., Angkawijaya, A., Tran-Nguyen, P., Huynh, L., Soetaredjo, 

F., Ismadji, S., & Ju, Y. (2014). Effect of extraction solvent on 

total phenol content, total flavonoid content, and antioxidant 

activity of Limnophila aromatica. Journal of Food and Drug 

Analysis, 22(3): 296-302.  

Dulger, B., Hacioglu, N., & Uyar, G. (2009). Evaluation of 

antimicrobial activity of some mosses from Turkey. Asian Journal 

of Chemistry, 21(5): 4093-4096. 

Greeshma, G. M., & Murugan, K. (2018). Comparison of 

antimicrobial potentiality of the purified terpenoids from two moss 

species Thuidium tamariscellum (C. Muell.) Bosch. & Sande-Lac 

and Brachythecium buchananii (Hook.) A. Jaeger. Journal of 

Analytical and Pharmaceutical Research, 7(5), 530-538. 

Hanif, U., Ali, H. A., Shahwar, D., Farid, S., et al. (2014). 

Evaluation of Two Bryophytes (Funaria hygrometrica and 

Polytrichum commune) as a Source of Natural Antioxidant. Asian 

Journal of Chemistry, 26(14), 4339-4343.. 

Kareru, P., Keriko, J., Kenji, G., Thiong’o, G., et al. (2010). 

Antimicrobial activities of skincare preparations from plant 

extracts. African Journal of Traditional, Complementary and 

Alternative Medicines, 7(3), 214–218.  

Kazemian, H., Ghafourian, S., Heidari, H., Amiri, P., et al. (2015). 

Antibacterial, anti-swarming and anti-biofilm formation activities 

of Chamaemelum nobile against Pseudomonas aeruginosa. Revista 

da Sociedade Brasileira de Medicina Tropical, 48(4), 432-436. 

Kim, S. A., Moon, H., Lee, K., & Rhee, M. S. (2015). Bactericidal 

effects of triclosan in soap both in vitro and in vivo. Journal of 

Antimicrobial Chemotherapy, 70(12), 3345-3352.  

Klavina, L., Springe, G., Nikolajeva, V., Martsinkevich, I., et al. 

(2015). Chemical composition analysis, antimicrobial activity and 

cytotoxicity screening of moss extracts (moss phytochemistry). 

Molecules, 20(9), 17221-17243. 

Lima, S., Diaz, G., & Diaz, M. A. N. (2013). Antibacterial 

chemical constituent and antiseptic herbal soap from Salvinia 

auriculata Aubl. Evidence-Based Complementary and Alternative 

Medicine, 480509, 1-5. 

Mishra, R., Pandey, V. K., & Chandra, R. (2014). Potential of 

bryophytes as therapeutics. International Journal of 

Pharmaceutical Sciences and Research, 5(9), 3584-3593.  

Modarresi, F., Azizi, O., Shakibaie, M. R., Motamedifar, M., et al. 

(2015). Iron limitation enhances acyl homoserine lactone (AHL) 

production and biofilm formation in clinical isolates of 

Acinetobacter baumannii. Virulence, 6(2), 152-161. 

Nguyen, L, Garcia, J., Gruenberg K., & MacDougall, C. (2018). 

Multidrug-resistant Pseudomonas infections: hard to treat, but 

hope on the horizon? Current Infectious Disease Reports, 20, 23. 



 

 
Journal of Experimental Biology and Agricultural Sciences  
http://www.jebas.org 

 
 
 

Preliminary assessment of Polytrichum commune extract as an antimicrobial soap ingredient                         901 

 

 
Nikolajeva V., Liepina, L., Petrina, Z., Krumina, G., et al. (2012). 

Antibacterial activity of extracts from some bryophytes. Advances 

in Microbiology, 2(3), 345-353. 

Oyesiku, O. O., & Caleb, O. J. (2015). Antimicrobial activity of 

three mosses, Calymperes erosum Müll. Hal., Racopilum 

africanum Mitt., Cyclodictyon Mitt. from Southwest Nigeria. IOSR 

Journal of Pharmacy and Biological Sciences, 10(2), 1-5. 

Riaz, S., Ahmad, A., & Hasnain, S. (2009). Antibacterial activity 

of soaps against daily encountered bacteria. African Journal of 

Biotechnology, 8(8), 1431-1436. 

Sajed, A. N., Shagufta, S. H., Yousaf, N. W., Ali, I. A. S., et al. 

(2014). Antibacterial activity of liquid hand washes against daily 

encounter bacteria. IOSR Journal of Pharmacy, 4(2), 19-23. 

Savini, V. (2016). The diverse faces of Bacillus cereus. Academic 

Press, The Netherland.  

Sevim, E., Baş, Y., Çelik, G., Pınarbaş, M., et al. (2017). 

Antibacterial activity of bryophyte species against Paenibacillus 

larvae isolates. Turkish Journal of Veterinary & Animal Sciences, 

41(4), 521-531. 

Sharma, D., Bhatia, V. K., Patil, S., & Sharma, P. C. (2013). 

Antimicrobial activity of selected cryptogams from Solan region. 

International Journal of Biological and Pharmaceutical Research, 

4(6), 448-454. 

Sheikh, K. (2018). Is there any reason to use liquid soap instead of 

bar soap? Retrieved from https://www.vice.com/en_us/article/ 

yw4bvb/is-there-any-reason-to-use-liquid-soap-instead-of-bar-soap 

accessed on 17 November 2019. 

Strigáč, J., Števulová, N., Mikušinec, J., Varečka, L., et al. (2018). 

Antimicrobial efficiency of metallurgical slags for application in 

building materials and products. Buildings, 8(2), 33. 

Sultana, B., Anwar, F., & Ashraf, M. (2009). Effect of Extraction 

Solvent/Technique on the Antioxidant Activity of Selected 

Medicinal Plant Extracts. Molecules, 14(6), 2167-2180.  

Tao, S. Y., Cheng, Y. L., Lu, Y., Hu, Y. H., et al. (2013). 

Handwashing behaviour among Chinese adults: a cross-sectional 

study in five provinces. Public health, 127(7), 620-628. 

Wijetunge, W., & Perera, B. (2016). Preparation of medicinal soap 

products using the leaf extracts of Punica granatum 

(pomegranate). International Journal of Pharmacy and Biological 

Sciences, 6(2), 7-16. 

Yawson, A. E., & Hesse, A. A. (2013). Hand hygiene practices and 

resources in a teaching hospital in Ghana. The journal of infection 

in developing countries, 7(04), 338-347. 


