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ABSTRACT 
 
Aims: New therapeutics are needed to ease the prevailing waterborne disease, and one of the alternatives is by 
exploring the natural compounds with antimicrobial properties. Duckweed, Lemna sp. is recorded as a medicinal herb 
that known to have antifungal and antibacterial activities towards several fungi and bacteria. Suitability of duckweed 
(Lemna minor) as an antibacterial resource against selected waterborne bacteria were evaluated in terms of its 
antibacterial activity and toxicity. 
Methodology and results: Antibacterial activity of the duckweed methanolic extract was tested against 11 selected 
waterborne bacteria using disc diffusion, minimum inhibition concentration (MIC) and minimum bactericidal 
concentration (MBC) assay. Brine shrimp lethality assay was used to determine the toxicity of this extract. The lethal 
concentrations of plant extract resulting in 50% mortality of the brine shrimp (LC50) were then determined. 
Conclusion, significance and impact of study: Results showed that duckweed extract exhibited bacteriostatic and 
bactericidal against the selected bacteria activity at the concentration of MIC = 1.8-2.0 mg/mL and MBC ≥ 2.0 mg/mL. 
This study shows that methanolic extract of L. minor may contain bioactive compounds against bacteria and potential 
therapeutic effect. The crude extract is slightly toxic and may not safe to be used in high concentration but is valuable in 
further study as a potential antitumor agent.  
 
Keywords: Antimicrobial resistance; bacteriostatic; bactericidal; Brine shrimp; therapeutic 
 

INTRODUCTION 
 
According to World Health Organization, waterborne 
disease is a global burden which is estimated to cause 
more than 2.2 million deaths per year, making it the 
leading cause of disease and death around the world 
(Prüss-Üstün and Corvalán, 2006). Human infections 
caused by pathogens transmitted from fish and aquatic 
environment are quite common (Novotny et al., 2010). 
There are often bacterial species facultatively pathogenic 
for both fish and human beings. Antibiotics are once 
considered the most promising solution for combating 
diseases caused by microbes (Gould and Bal, 2013). 
Nevertheless, these drugs have begun to lose its 
usefulness as bacteria resistance towards the antibiotics 
has aroused due to the misuse and over prescription of 
the drugs (Davies and Davies, 2010).  

Antimicrobial resistance (AMR) is now a global threat 
that causes economic lost due to increased mortality and 

morbidity as a result of medicine ineffectiveness and 
infections persistent, thus increasing the risk of spread to 
others. New therapeutics are needed to ease this 
problem, and one of the alternatives is by exploring the 
efficacies of natural compounds with antimicrobial 
properties (Bérdy, 2012). Among 28,000 plant species 
that are currently available for medicine, fewer than 13% 
of them are regularly cited as being used in studies for 
regulatory publications (Lufkin, 2017). Metabolites from 
plants, especially the ones with presence of secondary 
metabolites, including flavonoids, alkaloids, tannins, and 
saponins are significantly important for their potential 
biological activities against microbes (Pandith, 2012). 
Exploitation of plants to identify new antibiotics is needed 
to sustain the effect of antimicrobial treatments in the 
future (Van der Waaij and Nord, 2000). In traditional 
medicine, whole plants or mixtures of plants are used 
rather than isolated compounds. Crude extract of plants 
are also often studied and tested before proceeding 
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further into specific phytoconstituents. There is evidence 
that crude plants extracts are often pharmacologically 
more active than their pure active compounds at an 
equivalent dose due to the synergistic effects and additive 
effects of various components present in the whole 
extracts (Lal et al., 2007; Rasoanaivo et al., 2011).  

Duckweed, Lemna sp. has been recorded as a 
medicinal herb and is known to have antifungal and 
antibacterial activities towards several fungi and bacteria 
in previous studies (Duke et al., 2002; Gulcin et al., 2010; 
Almahy, 2015). This aquatic plant is of interest due to its 
rapid growth rate in warm environment, to the extent of 
forming a mat on water surface and become pest for 
other aquatic plants or animals if the growth of duckweed 
is not controlled (Tkalec et al., 1998; Almahy, 2015). 
Although it is known to have the antimicrobial properties, 
apart from being animal feed, Lemna is not commonly 
utilized for therapeutic purposes (Yilmaz et al., 2004). 
Additives value can be given to this plant if it is proven to 
have antibacterial activity towards selected waterborne 
bacteria, but safe to be used for both animals and human-
beings. Therefore, the main objective of this study is to 
determine the suitability of Lemna minor to be used as an 
antibacterial resource against selected waterborne 
bacteria by evaluating its antibacterial activity and toxicity. 

 
MATERIALS AND METHODS 
 
Plant collection and extract preparation  
  
The fresh plants were collected from a drainage system 
located in an industry area in Port Klang, Selangor. 
Extraction was carried out as described previously by 
Gulcin et al. (2004). The collected duckweed sample was 
cleaned under tap water and dried in oven. Twenty-five 
grams of dried duckweed sample was ground into fine 
powder composition using a grinder and then mixed with 
500 mL of methanol. The obtained extracts were filtered 
through Whatman No. 1 paper. Residue will be re-
extracted by repeating the same procedures until 
extraction solvents became colorless. The filtrate was 
collected and placed in an oven set at 40 °C to allow the 
methanol to be fully evaporated.  The extract was then 
transferred into a Schott bottle and stored at -20 °C until 
further use (Gulcin, 2005). 
  
Collection of bacteria 
 
The bacterial species used in the present study were 
Aeromonas hydrophila, Pseudomonas putida, Vibrio 
cholerae Bengal, V. cholerae El-Tor, V. cholerae Non, V. 
alginolyticus, Staphylococcus aureus, Streptococcus 
agalactiae (isolates from human and fish), Citrobacter 
freundii and Escherichia coli. Vibrio cholera and S. 
agalactiae (human) isolates were obtained in pure 
cultures from Department of Parasitology and 
Microbiology, Universiti Sains Malaysia; S. aureus and E. 
coli were obtained in pure cultures from Faculty of 
Veterinary Medicine, Universiti Malaysia Kelantan, while 
other bacteria were isolated from fish. 

Determination of antibacterial activity  
 
Disc diffusion assay 
 
The extract was re-dissolved using methanol in the 
concentration of 100 mg/mL and 20 µL of this extract was 
loaded onto sterile Whatman No. 1 membrane filter paper 
discs (6 mm diameter) and left to dry. A suspension of 
bacteria according to 0.5 McFarland standard was 
prepared and spread onto the surface of Muller-Hinton 
agar (MHA) plates. Paper discs containing the plant 
extract were carefully placed on the surface of each plate. 
Oxytetracycline (OTC) was served as positive control and 
solvent as negative control. The plates were left at 4 °C 
for an hour to allow diffusion of extracts before incubated 
for 24 h at 30-37 °C. Microbial inhibition was indicated by 
measuring the diameter of the clear zone around the discs 
and recorded as diameter on inhibition zone in millimetre 
(mm). The test was done in three replicates. The strength 
of activity was divided into three categories according to 
for inhibition zone diameters, namely strong (≥ 20 mm), 
moderate (10 to 19 mm) and weak (1 to 9 mm) (Bonjar, 
2004).  
 
Minimum Inhibition Concentration (MIC)  
 
The antibacterial activity of duckweed methanolic extract 
was determined using microdilution method. One-hundred 
milligrams of the extract were dissolved in 1 mL DMSO for 
stock preparation. One millilitre of the stock extract was 
added into 9 mL of 5% DMSO to give a crude extract 
concentration of 10 mg/mL. A two-fold serial dilution 
started with the concentration of 2 mg/mL was carried out 
for the extract in the test wells which contain 100 µL 
Trypticase soy broth (TSB) each. Five microliters of each 
bacterial suspension (105 CFU) was added to each well. 
Control wells were prepared with culture medium and 
bacterial suspension only. The plates were sealed and 
incubated for 24 h at 30-37 °C. The assays were prepared 
in triplicates to determine the MIC of the extract towards 
each bacterium.  
 
Minimum Bactericidal Concentration (MBC) 
 
MBC of the extract was determined by sub-culturing 50 μL 
of the suspensions from the wells which did not show any 
growth during MIC assays. The MBC was defined as the 
lowest concentration of sample which completely killed the 
bacteria. 
 
Determination of toxicity 
 
Brine Shrimp Lethality Assay (BSLA) – Ten milligrams of 
the extract were dissolved in 1 mL of DMSO. Extract 
solution was transferred into each vials in 5, 50 and 500 
μL. Each of these vials was then topped up with saline to 
obtain the final concentrations of 10, 100 and 1000 μg/mL 
respectively at the volume of 5 mL. One vial was 
supplemented with 1% DMSO to serve as negative 
control. Brine shrimp cysts, Artemia salina were hatched 
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in artificial sea water (38 g NaCl in 1 L of distilled water) 
under constant aeration and light source for 24 h. Ten 
nauplii were transferred into each of the vial with prepared 
extract solution. The vials were maintained under 
illumination. Survived nauplii were counted 
macroscopically after 24 h. The test was repeated three 
times and the average mortality rate was adjusted using 
Abbott’s formula. The lethal concentrations of plant extract 
resulting in 50% mortality of the brine shrimp (LC50) were 
then determined using Probit analysis.  
 
RESULTS AND DISCUSSION 
 
Disc diffusion assay 
 
In the present study, methanolic extracts of duckweed 
was tested for its antibacterial activity through disc 
diffusion methods. Among all 11 bacteria tested, none of 
these bacteria are susceptible to the duckweed 
methanolic extracts as inhibition zones were not observed 
for all the replicates conducted.  
 
Minimum Inhibition Concentration (MIC) and Minimum 
Bactericidal Concentration (MBC) 
 
The test was then extended to MIC and MBC assay. 
Results shows that inhibitory of bacterial growth occurred 
at the concentration of 1.8 - 2.0 mg/mL for all the bacteria 
tested (Table 1). While bactericidal effect of duckweed 
methanolic extracts occurred at the concentration of 2.0 
mg/mL for S. aureus and all the Gram-negative bacteria 
tested (Table 1). Streptococcus agalactiae with the 
highest MIC did not killed by the extracts at the 
concentration of 2.0 mg/mL, but their colony growth at this 
concentration are reduced compared to the others lower 
concentrations used. This suggested that MBC of the 
duckweed extract against S. agalactiae are positive yet 
required higher concentration, which is > 2.0 mg/mL. 
According to the Meyer’s Toxicity Index, extracts are 
considered as toxic when the LC50 < 1000 µg/mL (Meyer 
et al., 1982). Clarkson's Toxicity Criterion (Clarkson et al., 
2004) on the other hand indicate that the current result 
from the brine shrimp lethality bioassay, methanolic 
extracts of duckweed with LC50 = 140.64 µg/mL is medium 
toxic (Figure 1). According to Gulcin et al. (2010) and 
Effiong and Sanni (2010), Lemna sp. generally consists of 
tannins and flavonoids or steroids. These chemical 
compounds are generally believed to be the major active 
compounds against the bacteria (Dahiya and 
Purkayastha, 2012; Bhat and Al-Daihan, 2014). 

Increasing burden of antibacterial resistance species 
to the current available antibacterial drugs has led 
researcher seeking possible alternative from the nature to 
cater this situation. Compounds that possess antimicrobial 
properties such tannins, terpenoids, alkaloids, and 
flavonoids are mainly extracted from plants (Cowan, 
1999). It seems very likely, therefore, that the extracts of 
duckweed may contains antibacterial compounds that can 
inhibit bacteria by a different mechanism than that of 

Table 1: MIC and MBC of methanolic extracts of 
duckweed on different waterborne bacteria. 
 

Bacteria species 
MIC 

(mg/mL) 
MBC 

(mg/mL) 

Gram-positive   
Staphylococcus aureus 1.8 2.0 
Streptococcus agalactiae 
(Fish) 

2.0 >2.0 

Streptococcus agalactiae 
(Human) 

2.0 >2.0 

Gram-negative  2.0 
Aeromonas hydrophila 1.9 2.0 
Citrobacter freundii 1.8 2.0 
Escherichia coli 1.9 2.0 
Pseudomonas putida 1.9 2.0 
Vibrio cholerae Bengal 1.9  
Vibrio cholerae El-tor 1.9 2.0 
Vibrio cholerae Non 1.9 2.0 
Vibrio alginolyticus 
 

1.8 2.0 

 
currently used antibacterial drugs and may have 
therapeutic value as an antibiotic against waterborne 
bacterial strains. The potential of duckweed extracts as an 
antibacterial agent had been tested against numbers of 
bacteria and fungi. Results from the previous studies 
showed that duckweed extracts are a promising candidate 
for inhibiting the growth of various bacteria (Gulcin et al., 
2010; Zhang et al., 2010). However, in the current study, 
methanolic extracts of local duckweed did not show any of 
the inhibitory effect on the bacteria tested under the disc 
diffusion assay. This result was contradicted with the 
previous study utilising the same extracting solvent, 
methanol, which has been recommended as the best 
among few solvents was used.  
 

 
 
Figure 1: Toxicity of methanolic extracts of duckweed on 
brine shrimp nauplii. 

 
In this study, focus was on waterborne bacteria whilst 

S. aureus, a foodborne bacterium was included as a 
control, as several studies were done on the antibacterial 
effect against this bacterium and positive results were 
obtained. Thus, this bacterium is used to determine that 
the negative results against the selected waterborne 
bacteria are not due to the species or nature of these 
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bacteria. The absence of inhibition zone for all bacteria 
during the disc diffusion assay was unexpected. However. 
as previously reported, the absence of an inhibition zone 
did not necessarily indicate that the compound was 
inactive, especially for less polar compounds that are 
scarcely soluble or insoluble in water, such as duckweed 
extracts, thus diffuse more slowly and uniformly into the 
culture medium (Mann and Markham, 1998; Moreno et al., 
2006). This was shown when MIC and MBC results are 
positive for the duckweed extract against all bacteria at ≥ 
2.0 mg/mL. Therefore, it appears that the diffusion method 
could not reliably screen the antimicrobial activity of plant 
extracts due to different solubility and diffusion levels of 
these natural antimicrobial compounds (Klančnik et al., 
2010). The sensitivity of disc diffusion is comparative 
lower than the microdilution method to determine 
antibacterial activity. However, diffusion methods are still 
commonly used because of their simplicity and low cost, 
despite the low reproducibility and robustness of these 
methods. 

Besides solvent used and bacterial species, the 
antimicrobial activity of duckweed extract is suspected 
largely influenced by the locality of this plant harvested. It 
is known that phytochemical of similar plants that grow out 
in different geographical locations may vary (Mai et al., 
2001). According to Liu et al. (2016), environmental 
factors for instance altitude, annual sunshine and annual 
temperature may influence types and contents of active 
substances in plants. A number of studies have been 
carried out on the antibacterial effects of essential oils and 
plant extracts indicated that plant extracts or essential oils 
of the same species collected from different geographical 
regions could show significant variations in their ability to 
suppress bacterial growth (Mikulásová et al., 2011; 
Karahan et al., 2016; Stanković et al., 2017). Therefore, 
the low bacteriostatic effect of the duckweed crude extract 
might highly due to the geographical and environmental 
factors. 

Methanolic extract of duckweed in this study showed 
weak antimicrobial activity (MIC = 1.8-2.0 mg/mL) against 
both Gram-negative and Gram-positive bacteria. 
According to Fankam et al. (2015), MICs values above 
625 μg/mL are considered weak antibacterial activity for a 
plant extract, while the moderate values ranged from 100 
≤ MIC ≤ 625 μg/mL. For a significant antibacterial activity, 
the MICs values shall be lied below 100 μg/mL. It is 
known that lipopolysaccharides (LPS) consists of lipid A, 
the core polysaccharide, and the O-side chain, which 
provides the “quid” that allows Gram-negative bacteria to 
be more resistant to essential oil and other natural 
extracts with antimicrobial activity (Nazzaro et al., 2013). 
Natural compounds from plants exhibit various 
mechanisms against microorganisms viz. inhibit cell wall 
synthesis, accumulate in bacterial membranes causing 
energy depletion, or interfere the permeability of cell 
membrane which had a consequence a permeability 
increase and loss of cellular constitutes, membrane 
disruption and changes the structure and function of key 
cellular constituents, resulting in mutation, cell damage, 
and death (Kang et al., 2011). Although, antibacterial 

mechanisms of L. minor against various microorganisms 
was not fully illustrate, we suggest that may be more than 
one of the mechanisms mentioned above playing 
important roles in disrupting the Gram-positive and work 
equally well on Gram-negative bacteria. 
 
Brine Shrimp Lethality Assay (BSLA) 
 
Although duckweed is widely used as an animal feed due 
to its fast growing rate and high protein content, the 
toxicity or side effect of this plant are under study (Ziegler 
et al., 2016). The methanolic extracts of duckweed show 
positive results towards brine shrimp, this indicates the 
extracts are biologically active. Brine shrimp is an effective 
alternative model for predicting the toxicity of plant 
extracts (Hamidi et al., 2014). According to the 
comparison table on toxicity class of plant made by 
Hamidi et al. (2014), positive correlation between LC50 
result of brine shrimp and LD50 of animal models is 
confirmed. The current result on toxicity of methanolic 
duckweed extracts (LC50 = 140.64 µg/mL) is considered 
slightly toxic towards human as it is LC50 > 82.27 µg/mL 
for BSLA or equivalent to LD50 > 8193.00 mg/kg for mice 
model. Nevertheless, further investigation of the 
phytochemical compound by using in vitro method should 
be pursued to indicate the exact constituents that are 
potential to be antitumor agents while relative safe for 
normal cells. 
 
CONCLUSION 
 
The results obtained from this study reveal that L. minor 
extract has a weak antimicrobial activity against both 
Gram-positive and Gram-negative bacteria. The locality 
where the plant was collected is suspected to be the 
reason that lead to this variation compared to the previous 
studies. The present study also showed that L. minor 
extract is considered slightly toxic towards human while 
being biologically active. Therefore, further study on each 
of the phytochemical compound of this plant extract is 
warranted to determine its potential as antitumor agents. 
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