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ABSTRACT
Objectives: To evaluate the antibacterial property of Everniastrum nepalense(edible lichen)collected
from eastern part of Nepal and determine Minimum Inhibitory Concentration (MIC) of lichen extract.

Methods: Everniastrum nepalense was collected from local Rai and Limbu community in a plastic
bag from four hilly districts (Pachthar, Taplejung, Dhankuta and Bhojpur) of Eastern, NepaMoisture
content in lichen samples were removed by air drying and grinded to powdery form. The methanolic
extracts of lichens of different places were prepared by solvent extraction process using Soxhlet
apparatus and tested against human pathogenic bacteria by disc diffusion method. Then, Minimum
Inhibitory Concentration (MIC) of lichen extracts was determined using well diffusion method.

Results: The lichens extract against the test bacterial isolates were performed by agar well diffusion
method. Overall, it was observed that all these lichen extracts from Eastern Nepal had inhibitory
effect on both Gram-positive and Gram-negative bacteria. Out of seven bacterial samples used, all
bacterial samples were inhibited by the lichen extracts except Escherichia coli. The effect of lichen
extract collected from Bhojpur district had maximum zone of inhibition against Staphylococcus aureus,
Salmonella Typhi and Klebsiella spp were found to be 13 mm, 14 mm and 14 mm respectively. Similarly,
zone of inhibition against Bacillus subtilis was found to be 17 mm from samples of Dhankuta, which
was highest value than other 3 districts viz; Bhojpur, Taplejung and Pachthar District. Likewise,
Pseudomonas aeruginosa showed highest inhibition value i.e. 18 mm on Pachthar sample whereas,
Shigella showed 15 mm on Dhankuta sample. This study revealed that inhibitory capacity of edible
lichen (Everniastrum nepalense) against test bacteria was not the same. It varied from place to place.

Conclusion: This study has concluded that Everniastrum nepalensehas potential antibacterial property
against Bacillus subtilis, Staphylococcus aureus, Escherichia coli, Salmonella spp, Shigella spp, Klebsiella
spp and Pseudomonas aeruginosa except E. coli along with nutritional value and can be used as safe
alternative and economic herbal medicine to treat infectious diseases.

Key words: Lichen extracts, antimicrobial activity, zone of inhibition, Minimum Inhibitory
Concentration.

INTRODUCTION

Lichens are being used in traditional foods and
medicines since millenia and also play vital roles in
ecosystem function and human welfare (Crawford
2015). According to WHO, approximately 80% of
present world’s people depend on traditional medicine
for primary health cares. Indigenous traditional
medicine has considerable economic benefits as well
as it can be used in the treatment of various diseases
(Azaizeh et al. 2003).

According to Crockett et al. (2003), Lichens are the
symbiotic association between two organisms (Fungi
and its photosynthetic partner algae) which live
together intimately.The fungus forms a thallus or
lichenized stroma that may contain characteristic
secondary metabolites in all lichens (Ahmadijan 1993).
Lichens, frequently called ‘JThyau’ or “Tare” in Nepal, are
classified as a cluster of lower life-forms of fungi (Shah
2014). Although about 8% of the terrestrial ecosystem
consists of lichens and more than 20,000 lichen species
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are distributed throughout the world, their biological
activities and biologically active compounds remain
unexplored to a great extent (Toma et al. 2001).

Lichens are considered as valuable plant resources
which are used as medicines, food, fodder, dyes
perfume, spice, and for miscellaneous purposes
(Hegnauer 1962). Lichens are also used for monitoring
the air pollution because they are very sensitive to
various air pollutants (Jezierski et al. 1999).

The use of lichens in medicine is based on the fact
that they contain unique and varied biologically
active substances, mainly with antimicrobial actions.
Because of marked antimicrobial activity of secondary
metabolites, lichens, macrofungi, and vascular
plants attract great attention of investigators as new
significant sources of bioactive substances (Karaman et
al. 2003). The intensive use of antibiotics has selected for
antibiotic resistance factors and facilitated the spread of

multiply resistant microorganisms.

Lichen metabolites constitute a wide variety of
biological function including antibiotic, antimycotic,
antiviral, anti-inflammatory, analgesic, antipyretic,
antiproliferative, and cytotoxic effects (Shukla et al.
2010; Manojlovic et al. 2010).

Various lichens and its extracts having usnic acid have
been used for medicinal, perfumery, cosmetic as well
as ecological purposes. In some commercial products
such as creams, toothpaste, mouthwash, deodorants
and sunscreen products, usnic acid has been formulated
as a pure substance as well as in some cases used as
an active principle, in others as a preservative. In
addition to the antimicrobial activity against human
and plant pathogens, usnic acid has been shown to
exhibit
antiinflammatory and analgesic activities (Ingolfsdottir

antiviral, antiprotozoal, antiproliferative,
2002). Slow growth and long duration (maximum
lifetime spans to several thousand years) of existence in
the specific and even extreme conditions are consistent
with their abundance in protective metabolites against
different physical and biological influences (Denton
and Karlen 1973). Ecological effects, such as antigrowth,
antiherbivore and anti-insect properties of lichens have
also been reported (Ingolfsdottir 2002). Edible lichen
(Everniastrum cirrhatum, E. nepalense and Parmotrema
cetratum) is also supposed to be effective in healing
various diseases. Several lichen species have been used
in folk medicine for treatment of stomach diseases,
diabetes, whooping, cough, pulmonary tuberculosis,
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cancer, skin diseases. Lichen extracts can inhibit Bacillus
subtilis which mainly causes nausea and diarrhea. So, it
is good treatment for such a problem. Recently, many
plants have received attention as sources of antibiotics
(Basile et al. 2000).

Several ethnomedicinal plants of Nepal have been
identified and their
documented plants have been used as antibacterial,

usage documented. These
antifungal, antiviral and for other general treatments
(Rudrappa and Bais 2008).

Three of the selected medicinal plants (O. sanctum,
Z. alatum and C. tamala) were successful in exhibiting
antibacterial effect against common MDR Gram
negative isolates (Thapa et al., 2018)

The potential bioactive compound of natural plant
extracts that are economical. Among seven extracts
examined Snyzygium aromaticum, Pisidium gQuajava
and Elaeocarpus ganitrus showed the best antibacterial
activity against S. aureus (Sakha et al. 2018).

In this regard, edible lichen from Eastern part of
Nepal is of a significant interest. Therefore, in this
study, antibacterial activity and MIC of methanolic
extracts of Erveniastrum mnepalense were evaluated
against human pathogenic bacteria. This study was
designed to contribute scientific proof for utilization
of locally available edible lichen as herbal medicine
in comparison to the commercial antibiotics having

various side effects.

MATERIALS AND METHODS

Collection of lichen samples

Everniastrum nepalense was collected in a plastic bag
from various areas of Pachthar, Taplejung, Dhankuta
and Bhojpur districts of Eastern Nepal in May 2018
and this study was carried out up to July 2018 months
in the microbiology laboratory of Central Campus of
Technology, Hattisar, Dharan.

Test bacteria such as Bacillus subtilis, Staphylococcus
aureus, Escherichia coli, Salmonella spp, Shigella spp,
Klebsiella spp and Pseudomonas aeruginosa obtained
Central

Campus of Technology, Dharan, were used for study

from the Department of Microbiology,

of antimicrobial activity of lichen extracts.

Preparation of extracts
Ten gram (10 g) of collected sample of Everniastrum
nepalense was weighed and placed in individual

thimble and enclosed in it. After enclosing the sample,
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Methanol was taken as a solvent. Each thimble with
sample was placed on individual Soxhlet apparatus for
solvent extraction. The solvents were left to siphoned
single time. Then again, the solvent was added, so as to
cover thimble. The temperature was adjusted at around
55-60°C, where the boiling point of methanol is 64.7°C.
The process of siphoning was started and done until
the extraction becomes transparent. The extracts were
poured on a beaker and concentrated to dryness using
rotary evaporator. This process was repeated when
more lichen extract was required. The extracts were
then ready for testing antimicrobial activity (Jasuja et
al. 2013).

Preparation of standard inoculums of test bacteria
The antibacterial activity of Everniastrum nepalense
extract was tested against test bacteria such as Bacillus
subtilis, Staphylococcus aureus, Escherichia coli, Salmonella
spp., Shigella spp., Klebsiella spp. and Pseudomonas
aeruginosa.

For this, 0.5 McFarland standard inoculums from pure
culture of test bacteria were prepared in a separate
test tube containing nutrient broth at 37° C and were
maintained.

Evaluation of antibacterial activity

The antibacterial activity was screened by both agar
well diffusion (Basri and Nor 2014) on Mueller-Hinton
agar (MHA) against test bacteria. The 20ml of sterilized
Muller Hinton Agar was poured into sterile petri
plates, after solidification, 100pl of fresh culture of Test
bacteria (0.5 Mc-Farland standards) were uniformly
swabbed on the respective plates. The wells of 6 mm
diameter were bored in the inoculated plates using
sterile cork borer and the lichen extracts of 100 ml were
loaded into respective well and incubated at 37°C for
24 hours. After incubation the diameter of inhibitory
zones formed around the well were measured.

Minimum Inhibitory Concentration

MIC was determined using well diffusion method. The
prepared MHA plates were inoculated with respective
test bacteria, (Staphylococcus aureus, Bacillus subtilis,
Pseudomonas aeruginosa, Escherichia coli, Shigella spp.,
Klebsiella spp. and Salmonella Typhi).

Standardization of bacterial suspension: McFarland
standard was used as a reference to adjust turbidity of
bacterial sample. Bacterial suspension was grown in
Nutrient broth for 18-24h, followed by the matching of
bacterial suspension to the turbidity equivalent to 0.5
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McFarland solutions.

Determination of MIC: The prepared MHA plates
were inoculated with respective test organisms, i.e.
Staphylococcus aureus, Bacillus subtilis, Pseudomonas
aeruginosa, Escherichia coli, Shigella spp., Klebsiella spp.
and Salmonella Typhi.

Seven wells of 6 mm diameter were made atleast 1.5 mm
edge of the plate. Each well was labeled for the amount
of extract to keep on. Various lichen extracts of 100 mg/
mL, 50 mg/mL, 25 mg/mL, 12.5 mg/mL, 6.25 mg/mL
and 3.125 mg/mL of extract were respectively poured
in six wells and dimethyl sulphoxide (DMSO) solution
as a control was poured in remaining one well. Whole
system were kept undisturbed and allowed to dry for
few minutes. The plates were inoculated at 37°C for
24 hours for the determination of minimum inhibitory
concentration. The concentrations were made by
mixing DMSO with crude solid extracts. The MIC was
interpreted as the lowest concentration of the extract
that showed visible zone of inhibition when compared
to control plate well that contained only the DMSO.

RESULTS

In this study, methanolic extracts of edible lichen
collected from four different places namely Bhojpur,
Dhankuta, Panchthar and Taplejung were evaluated for
their antibacterial activity against human pathogenic
bacteria such as ATCC strain of Bacillus subtilis,
Staphylococcus aureus, Escherichia coli, Salmonella spp.,
Shigella spp., Klebsiella spp. and Pseudomonas aeruginosa
by agar well assay method.

Overall, it was observed that all these lichen extracts
from Eastern part of Nepal had inhibitory effect on
both Gram-positive and Gram-negative bacteria. Out
of seven test bacteria, all were inhibited by the lichen

extracts except Gram-negative Escherichia coli (Table 1).

The effect of extract of lichen collected from Bhojpur
district showed that the maximum zone of inhibition
against Staphylococcus aureus, Salmonella Typhi and
Klebsiella spp., were found to be 13 mm, 14 mm and 14
mm respectively. Similarly, that of Dhankuta district
against Bacillus subtilis was found to be 17 mm, which
was highest value than other 3 districts viz; Bhojpur,
Taplejung and Pachthar districts. Similarly, extract of
Dhankuta sample showed highest inhibition values
(15 mm) against Shigella spp., whereas extract of
Pachthar sampleshowed highest inhibition values (18
mm) against Pseudomonas aeruginosa. Hence, all the
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bacterial species except Escherichia coli were inhibited

by different lichen extracts.

Table 1: Effect of extracts on test bacteria on well diffusion

Zone of inhibition (mm) using lichen extract of

Organisms = =
Bhojpur Dhankuta Panchthar Taplejung
E. coli - - -
S. aureus 13 12 12 12
S. Typhi 14 13 11 12
B. subtilis 14 17 16 12
P. aeruginosa 10 14 18 15
Klebsiella spp 14 10 10 13
Shigella spp 12 15 12 11
Table 2: Zone of inhibition of test bacteria for MIC determination
i MIC (mg/mL) value of lichen collected from
Organisms " N
Bhojpur Dhankuta Panchthar Taplejung

E.coli - - -
S. aureus 12.5 25 6.25 25
S. Typhi 25 6.25 6.25 50
B. subtilis 6.25 6.25 6.25 6.25
P. aeruginosa 25 6.25 6.25 6.25
Klebsiella spp 6.25 25 50 50
Shigella spp 25 6.25 50 50

All Lichen extracts showed no any antibacterial
activity against Escherichia coli. Hence, it is concluded
that there was no effect on growth of E. coli. MIC values
of the lichen extracts of Taplejung and Dhankuta
against Staphylococcus aureus were same (25 mg/mL)
whereas that of Bhojpur and Pachthar was found to be
12.5 mg/mL and 6.25 mg/mL respectively (Table 2).

MIC values of the lichen extracts of Bhojpur,
Dhankuta, Pachthar and Taplejung against Salmonella
Typhi were 25 mg/mL, 6.25 mg/mL, 6.25 mg/mL
and 50 mg/mL respectively. Similarly, MIC value of
the lichen extracts of all four districts against Bacillus

Photograph 1: Zone of inhibition against Bacillus
subtilis by Bhojpur sample
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subtilis were same i.e. 6.25 mg/mL. Hence, B. subtilis
was equally affected by lichens extracts. Likewise,
MIC value of the lichen extracts of Bhojpur against
Pseudomonas aeruginosa was found to be 25 mg/mL
whereas 6.25 mg/mL on all remaining three lichens
extracts from remaining three districts. On other
hand, Klebsiella and Shigella have same value of MIC
with Pachthar and Taplejung lichen extracts i.e. 50
mg/mL whereas, their value differs within Bhojpur
and Dhankuta lichen extracts viz; 6.25 mg/mL, 25
mg/mL and 25 mg/mL, 6.25 mg/mL on Bhojpur and
Dhankuta samples respectively.

Photograph 2: Zone of inhibition against Shigella

spp by Taplejung sample
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Photograph 3: Zone of inhibition against
Staphylococcus aureus by Pachthar sample

Photograph 5: Zone of inhibition against Salmonella
Typhi by Dhankuta sample

So, it was concluded that lichen sample from Pachthar
was more effective against Staphylococcus aureus.
Samples from Dhankuta and Pachthar were equally
effective against S. Typhi than other two samples.So,
it is concluded that P. aeruginosa was less affected by
Bhojpur sample while both Shigella spp and Klebsiella
spp showed most resistance against the lichen extracts
of Pachthar and Taplejung samples. Therefore, MIC
value of the lichen extracts of Bhojpur against Klebsiella
spp. was found to be effective and that of lichen extracts
of Dhankuta was effective against Shigella spp. Overall
it is concluded that the lichen extracts from lichens of
Dhankuta was the most effective against test bacteria
being used except Escherichia coli. DMSO solution is
used as a control for each system.

DISCUSSION
Plant product drugs and herbal remedies have been
employed since prehistoric times to treat human and

animal diseases and several countries still rely on plants

Photograph 4: Zone of inhibition against
Pseudomonas aeruginosa by Dhankuta sample

and herbs as the main sources of drugs (Ogbonnia et al.
2008).

Lichens, the symbiotic organisms of fungi and algae,
are slow-growing organisms (Fiedler et al., 1986). Their
secondary metabolites as the “lichen substances,”
are amino acid derivatives, sugar alcohols, aliphatic
acids, macrocyclic lactones, mono-cyclic aromatic
chromones, xanthones,

compounds,  quinones,

dibenzofuranes, depsides, depsidones, depsones,
terpenoids, steroids, carotenoids and diphenyl ethers.
They have been used by humans for centuries as food,
dye and therapeutic traditional medicine. Their efficacy
is due to the synthesis of unique secondary compounds,
a number of which have important biological roles

(Perry et al. 1999).

For this study, edible lichen (Everniastrum nepalense) was
collected from four different districts of eastern Nepal
viz. Bhojpur, Dhankuta, Panchthar and Taplejung.

Lichens are used as medicinal plants as well as food
commodities by the some ethnic groups especially Rai
and Limbu from Kirat community of Eastern Nepal.
(Limbu 2013).

The edible lichens such as Everniastrum cirrhatum, E.
nepalense and Parmotrema cetratum are are famous for
its delicacy and high nutritional values and hence are
widely eaten along with cooked blood, intestinal parts
of pigs with spices and seasonings by the Limbu and
Rai communities (Limbu and Rai 2012; Limbu 2013).

Extracts were evaluated for their antibacterial activity
against human pathogenic bacteria such as Bacillus
subtilis, Staphylococcus aureus, Escherichia coli, Salmonella
spp., Shigella spp., Klebsiella spp. and Pseudomonas
aeruginosa by agar well assay method.

TUJM VOL. 6, NO. 1, 2019
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The extracts of all edible lichens showed inhibitory
effects against all test bacteria except Escherichia coli.
This study is similar to the result obtained by Dulger
et al. (1998).The species of the edible lichens including
Everniastrum cirrhatum, E. nepalense and Parmotrema
cetratum shown to exhibit inhibitory effect against
bacteria including clinical isolates (Limbu and Rai
2012).
compounds showed inhibitory activity against wide

The lichen extracts containing bio-active

variety of human pathogens including clinical strains
(Kosanic¢ et al. 2014).

Inhibitory Zone shown by methanol extracts of Lichen
collected from four different districts varied according
to bacteria used. Range of zone of inhibition obtained
as results was 10 to 18 mm against test bacteria. The
intensity of the antimicrobial effect depended on
the type of extract, its concentration, and the tested
microorganisms (Srivastava et al. 2013).Acetone and
methanol extract showed almost equal activity against
S. aureus whereas ethanol extract was found to be
more effective against B. cereus and P. aeruginosa. The
reason for different sensitivity of bacteria can be found
in different transparency of the cell wall (Yang and
Anderson 1999).

From the result obtained, it is concluded that lichen
extracts showed less antibacterial activity on Gram-
negative bacteria as compared to Gram-positive
bacteria which is matched with that of Lawrey (1986).
This can be justified with reference to Lodhia et al.
(2009) and Nalubega et al. (2011) because the lesser
inhibitory activity of solvent extracts against the Gram
negative bacterium could be described to the presence
of an outer membrane that possess hydrophilic
polysaccharides chains and forms an additional barrier
for extracts as well as antibiotics whereas the cell wall
of the Gram-positive bacteria consists of peptidoglycan
(mureins) and teichoic acids.

Behera et al. (2005) reported that the acetone, methanol,
and light petroleum extracts of lichen were effective
against Bacillus licheniformis, B. megaterium, and S.
aureus. Karagoz et al. (2009) reported antibacterial
activity of aqueous and ethanolic extracts lichens like
Lecanora muralis, Peltigerapolydactyla, Ramalina farinacea,
and Xanthoria elegans.

Everniastrum nepalense showed that MIC values were
varying between 6.5 mg/mLand 50 mg/mL. Minimum
inhibitory concentrations (MICs) was used to characterize
the biological activity of various lichen solvent extracts.

TUJM VOL. 6, NO. 1, 2019

In this study it was obtained that Dhankuta sample
was the most effective against all test bacteria except
Escherichia coli. Similarly, Panchhar and Bhojpur samples
were ranked as second and third antimicrobial effective
samples respectively. Taplejung sample was considered
as a sample having least antimicrobial activity because
their MIC values for all the isolates except Escherichia
coli were greater. Less the MIC value is, more effective
towards bacterial sample to inhibit. For each test sample,
DMSO was used a control. Usnea ghattensis showed that
MIC values were varying between 25 and 3.125g/mL
(Madamombe and Afolayan 2003).

As lichen extracts of four districts have showed good
antibacterial activity against the test bacterial isolates
namely Staphylococcus aureus, Salmonella Typhi, Pseudomonas
aeruginosa, Bacillus subtilis, Klebsiella spp and Shigella spp.
Hence, it is concluded that lichens are a good medicinal
plant which is also supported by Karagoz et al. (2009).

On the basis of this finding, the methanolic extract of
edible lichen (Everniastrum nepalense) possess a good
candidate in the search for a natural antimicrobial
agent against infections or diseases caused by the test
bacteria except E. coli. The extracts of lichens should
be further analyzed to isolate the specific antibacterial
properties in them. Clinical trials should be carried out
to explore the potential of the extracts in the treatment
of the infectious diseases.

CONCLUSION

This study revealed that the lichen extract showed
highest inhibitory effect on Gram-positive bacteria
such as Staphylococcus aureus, Bacillus subtilis and mild
inhibitory effect against Gram-negative bacteria such as
Pseudomonas aeruginosa, Salmonella Typhi, Shigella spp,
Klebsiella spp comparatively. Gram-negative Escherichia
coli showed resistance to the lichen extracts from all
four districts viz, Bhojpur, Taplejung, Dhankuta and
Pachthar.

Hence, lichens are much effective against Gram-
positive bacteria than that of Gram-negative bacteria.
Therefore, it is assumed that lichens are ethno-
botanically important which are still in use as medicinal
as well as food commodities by local ethnic community
and can be used for the treatment of various diseases.
This study also revealed that lichens might be useful
as an antimicrobial agent following further extensive
investigation.
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