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Abstract  The aim of the current study was to evaluate the antioxidant and antibacterial activity of polyphenol, 

oligosaccharide, and polysaccharide extracts of Nigerian lichens~ Ochrolechia subpallescens Vers., 

Lecanora pinguis Tuck., Parmelia saxatilis (L.) Ach., Graphis scripta (L.) Ach., Verrucaria viridula 

(Schrad.) Ach. The polyphenol and polysaccharides were extracted with acidified methanol and hot water 

respectively, lyophilized, purified, and quantified. Oligosaccharides were extracted with hot water, treated 

sequentially with neutral and acid detergent solutions, and finally hydrolyzed with sulphuric acid solution, 

lyophilized, purified, and quantified. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity 

and Trolox equivalent antioxidant capacity were used to establish antioxidant potentials of lichen metabolites. 

The minimum inhibitory concentration of the metabolites was established to determine their antibacterial 

effects using the broth microdilution assay against gram-positive and gram-negative bacteria. The lichens~ 

O. subpallescens, L. pinguis, and G. scripta had the highest concentrations of oligosaccharide, 

polysaccharides, and polyphenols respectively. O. subpallescens oligosaccharide extracts showed the 

strongest antioxidant activity. There was positive correlation between the antioxidant activity and total 

phenolic content of the lichens. G. scripta oligosaccharide had the strongest antibacterial activity among all 

lichen species evaluated and inhibited the growth of all the test bacteria. P. saxatilis polyphenol extracts 

exhibited broad spectrum antibacterial activity inhibiting both gram-positive and gram-negative bacteria 

effectively. The oligosaccharides are low molecular compounds and were understandably more reactive than 

polysaccharides, having higher antioxidant and antibacterial activity. All tested lichen oligosaccharides 

extracts and polysaccharides of O. subpallescens and L. pinguis can be used as natural sources of antioxidants 

and antibacterial agents.    
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Introduction  
The known medicinal attributes of lichens are linked 

to their primary and secondary metabolites, which 

could be polysaccharides (Feuerer and Hawksworth 

2007), low molecular weight compounds like 

oligosaccharides and phenolic compounds (Crawford, 

2019). Lichen polysaccharides have scores of 

biological activities including but not limited to ~ 

antitumor, immunomodulating, antiviral, 

antimicrobial, and memory enhancing activities (Ullah 

et al., 2019; Olafsdottir and Ingòlfsdottir 2001; 

Zambare and Christopher 2012). The polyphenols 

from fungi and lichens such as xanthones are bioactive 

and used for production of very reactive and effective 

drugs (Sieminńska-Kuczer et al., 2022). 

Oligosaccharides are low molecular weight 

carbohydrates made up of three to ten 

monosaccharides and have anticancer, antiaging, anti-

obesity and antioxidant activities (Zhao, 2020). 

Lichens are dual organisms that consist of a fungus 

and an alga in an intricately woven and successful 

association (Kranner et al., 2008). Lichens inhabit all 

ecosystems and even the most extreme places like hot 

deserts, arctic tundra, icebergs, and toxic heaps 

(Thadhani and Karunaratne, 2017). The association is 

a beneficial one to both and ensures that they thrive 

under extremely harsh environmental conditions like 

extreme temperatures and moisture. Lichens therefore 

produce incredibly unique and characteristic 

compounds that help them survive extreme 

environmental conditions (Kranner et al., 2008). There 

are over 13,500 lichen species across the world and a 

third of their population have been investigated for 

their metabolites and aromatic polyketides (Elkhateeb 

et al., 2020). Over 200 secondary metabolites found in 

lichen association are useful bioactive compounds in 

the medical, pharmaceutical, and biotechnological 

industries. Scores of polysaccharides have been 

extracted from lichens and identified, and are mostly 

α-glucans, ß-glucans, and galactomannans (Elkhateeb 

et al., 2020). The yield of polysaccharides in lichens 

like Cetraria islandica used in traditional medical 

practice is up to 57 %, indicating the high 

concentration of polysaccharides in the lichen tissues 

(Olafsdottir and Ingòlfsdottir 2001). Records show 

that polysaccharides from plants have remarkably high 

free radical scavenging and antimicrobial activities, 

and lichens are no different (Courtois, 2009; Kou et 

al., 2016). The medicinal or pharmacological 

importance of oligosaccharides from lichen remains 
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unknown, hence the current study. However, the 

importance of functional oligosaccharides in modern 

medicine and pharmaceutical practice is key to 

production of new nutraceuticals (Lai et al., 2017). 

Functional oligosaccharides have been used to prevent 

inflammation, diabetes, obesity, and cardiovascular 

risks (Lai et al., 2017). They have also been used in 

the fight against cancer, and infection from pathogenic 

microorganisms (Lai et al., 2017). Oligosaccharides 

and their conjugates like glycoprotein and glycolipids 

are particularly important signaling compounds, 

which are important in drug delivery in the cellular 

environment (Seeberger and Werz, 2007). Therefore 

research into functional oligosaccharides in lichens 

and their use for health benefits attributed to these 

group of unique compounds is particularly important.  

Free radicals cause tissue damage and lead to serious 

diseases like cancer and oxidative stress related 

ailments (Liguori et al., 2018). To prevent damage to 

tissues due to oxidative stress the body system 

produces antioxidants that can interact with the free 

radicals preventing any associated damage, there are 

never enough and as such taking them orally is 

encouraged (Liguori et al., 2018). The synthetic 

antioxidants taken as nutraceuticals or supplements 

have serious side effects and so, alternative natural 

sources are sought after (Atta et al., 2017). Naturally 

occurring antioxidants can be found in foods and in 

organisms used in traditional medicine like 

mushrooms, plants, and lichens (White et al., 2014).  

Lichens thrive in extreme environmental conditions 

and as such can produce secondary metabolites with 

hundreds of bioactive compounds (Kranner et al., 

2008). The secondary metabolites from scores of 

lichens have been shown to be with antiviral, 

antibacterial, anti-tumour, anti-allergic and 

immunomodulating activities (Kranner et al., 2008). 

They have been used as alternative medicine sources 

by a host of cultures across the globe from ancient 

times (Feuerer and Hawksworth, 2007). The need for 

new antimicrobial agents stems from the fact that there 

is worrisome development of multidrug resistance 

among human pathogenic bacteria like 

Staphylococcus aureus (Terreni et al., 2021). There is 

need to study the diversity of dual organisms ~lichens 

in Nigeria and tap into the natural compounds that are 

inherently found in them for development of novel 

drugs against multidrug resistant strains of pathogenic 

organism and prevalence of diseases caused by 

reactive oxygen species in man. The current study 

seeks to evaluate the antioxidant and antibacterial 

activity of oligosaccharides, polysaccharides and 

polyphenol extracts of lichens collected from the wild 

in Nigeria in in vitro experiments. The lichens ~ 

Ochrolechia subpallescens, Lecanora pinguis, 

Parmelia saxatilis, Graphis scripta and Verrucaria 

viridula studied here had not been characterized and 

are under-utilized in Nigeria.  

Materials and Methods 

Collection and Identification of Lichen Species 

Fresh lichens were collected from the Lekki 

Conservation Centre, Lagos, Nigeria, and GPS 

locations noted. Samples of the lichens~ Ochrolechia, 

Lecanora, Parmelia, Graphis, Verrucaria Graphis 

scripta and Verrucaria viridula were collected from 

the bark of trees in the Nigerian Conservation 

Foundation Centre (NCF) Lekki, Lagos State, Nigeria 

from these GPS locations respectively ~ 6.4373o N 

3.5369o S, 6.4377o N 3.5368o S, 6.4369o N 3.5364o S, 

6.4408o N 3.5364o S, 6.4359o N 3.5336o S. The lichens 

were carefully scrapped off from the tree surfaces 

(substrates) and collected in transparent cellophane 

bags. The samples were identified based on 

morphological, anatomical, and chemical tests 

(Dobson, 2000). The chemical spot tests for lichen 

identification were performed using ~ potassium 

hydroxide, calcium hypochlorite, and p-

phenylenediamine (Santesson, 1973). 

Extraction of polysaccharides and 

oligosaccharides 

Polysaccharides were extracted from lichen tissues by 

adopting the methods of (Jahromi et al., 2016). 

Collected lichen tissues were dried in a food grade 

dehydrator for 24 h at 400C. The dried tissues were 

pulverized with Warburg blender, and 10 g of the 

pulverized tissues were extracted with 300 ml of 

distilled water at 800C for 2 h in water bath with a 

shaker (Precision Shaking Water Baths Fischer 

Thermo Scientific, Waltham, MA, USA). Extraction 

was conducted three times and the extracts pooled 

together and filtered with Whatman No. 1 filter paper 

with a Buchner funnel attached to a vacuum pump. 

The pooled extract filtrates were concentrated with a 

rotary evaporator under pressure at 600C. The 

concentrated pastes were frozen solid in a -800C 

freezer and lyophilized in a Labconco Freeze Dryer 

(Labconco Corporation Kansas City, MO, USA). The 

yield of the extract was extrapolated from the weight 

of the extract and weight of initial lichen tissues used 

for the extraction. The extract was first purified after 

dissolving in hot water and an 80% solution of ethanol 

was made with the extract solution by adding absolute 

ethanol (analytical grade Sigma-Aldrich, Germany). 

The polysaccharides were precipitated out by 

refrigerating the solution at -40C overnight. The 

precipitate was recovered by centrifuging at 

10,000rpm. The precipitate was washed with distilled 

water and the left overnight to solidify at -800C and 

lyophilized in a freeze dryer. The lyophilized 

polysaccharide was weighed and taken into solution a 
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second time with hot water and purified with a 

Sephadex cellulose column. A stock solution of 100 

mg/ml and serial dilutions was made for antioxidant 

and antimicrobial assays.  

Extraction of Oligosaccharides 

The oligosaccharides were extracted with hot water 

with modifications of methods by Szambelan and 

Nowak (2006). Ten grams of lichen tissues were 

extracted with distilled water in a water bath with 

shaker at 800C for 2 h. The tissues were extracted three 

times and extracts pooled together, filtered with 

Whatman No. 1 paper, and concentrated with a rotary 

evaporator at 600C. The concentrated extracts were 

lyophilized and taken into solution with hot water. The 

Neutral Detergent Solution (NDS) and the Acid 

Detergent Solution (ADS) were prepared with 

methods outlined in the Official Methods of Analysis 

(AOAC) International (AOAC 1990). 

The extracted lichen oligosaccharides were dissolved 

in 100 mL of NDS and ADS in 250 mL Schot bottles 

and left in the water bath shaker for another 1 h to 

separate the insoluble fractions. The insoluble 

fractions were removed by centrifugation at 15, 0000 

g for 10 minutes at room temperature. The extract was 

further processed to extract the oligosaccharides by 

shaking in neutral acid detergent solution at 600C in a 

water bath with a shaker for 1 h. The extract was 

further treated with 1 M H2SO4 and shaken for another 

1 h at 600C. The supernatant was filtered with 

Whatman No. 1 filter paper and the extracted lichen 

oligosaccharides were further hydrolyzed with 10 mL 

of H2SO4 solution (pH 1) at 1000C in the water bath 

shaker for 6 h. The extracted oligosaccharide solutions 

were sterilized with a 0.45 µm nylon micropore 

syringe filters (Pall German Laboratory, USA) 

concentrated and lyophilized. Solutions of known 

concentrations were made from lyophilized extracts 

before use. The concentration of polysaccharides and 

oligosaccharides was determined with phenol-

sulphuric acid method following standard methods 

and expressed as mg/g glucose equivalent (AOAC, 

1990). 

Extraction of Polyphenols 

A modification of methods by Kapasakalidis et al. 

(2006), was adopted for extraction of polyphenols 

from lichen tissues. Pulverized dried lichen tissues (10 

g) were extracted with 200 mL of acidified methanol 

(pH 3) by stirring overnight on a magnetic stirrer at 

250rpm. Extraction was conducted three times and the 

pooled extracts were concentrated and evaporated to 

dryness in a rotary evaporator at 400C. The lichen 

polyphenols were taken into solution with hot water, 

cooled down, solidified at -800C freezer and 

lyophilized. Lyophilized extracts were dissolved in 

70% methanol to a 100 mg/ml working solution and 

stored in a 40C refrigerator until needed. The total 

phenolic content of the extracts was determined with 

the Folin-Ciocalteu method following standard 

methods and gallic acid used as standard with the 

results expressed as mg/ GAE/g of dry extract (AOAC, 

1990). 

DPPH Radical Scavenging Assay and Trolox 

Equivalent Antioxidant Capacity (TEAC) 

The Trolox Equivalent Antioxidant Capacity (TEAC) 

of polysaccharide, Oligosaccharide and polyphenol 

lichen extracts was determined following modification 

of methods by Re et al. (1999). The ABTS radical 

cation decolorization assay was used, the ABTS 
+cation radical was produced by mixing 7 mM of 

ABTS aqueous solution with 2.45 mM of potassium 

persulphate (1:1) and stored in the dark for 16hrs 

before use. The lichen extracts (5µl) was added to to 

3.995ml of ABTS + solution and incubated in the dark 

for 30mins and absorbance read at 734nm with a UV-

Vis Spectrophotometer (Shimadzu). Trolox (6-

hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic 

acid) was used as the standard and different 

concentrations of the standard and the extracts was 

used to plot a scatter plot graph that was used to for 

standard curve values. The Trolox equivalent 

antioxidant capacity was measured in mM/Trolox 

equivalent.  

DPPH radicals scavenging activity of polysaccharide, 

oligosaccharide, and polyphenol extracts of five test 

lichens were estimated following modification 

methods by Brand-Williams et al. (1995). Test 

samples of different concentrations (20, 40, 60, 80 and 

100mg/ml of oligosaccharides, polysaccharides and 

polyphenols was added to 2 ml of 0.1mM of DPPH (2, 

2-diphenyl-1-picrylhydrazyl) radical solution. The 

reaction mix was left to incubate in the dark at room 

temperature for 30 minutes after shaking vigorously 

and absorbance measured at 517 nm (UV-Vis 

Spectrophotometer-Shimadzu). The scavenging 

activity was calculated using the formula 

Scavenging Activity (%)

= [A(control)

−
A(sample)

A(control)
] x 100 

A(sample)- absorbance of the test samples at different 

concentrations, A(control) -absorbance of the control 

containing all the reaction reagents except the test 

samples.  

Antibacterial Assay 

The antibacterial activity of lichen polysaccharide, 

oligosaccharide, and polyphenol extracts against the 

bacteria ~ Staphylococcus aureus, Enterococcus 

faecalis, Streptococcus pyrogenes, Escherichia coli, 
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Pseudomonas aeruginosa, and Klebsiella pneumoniae 

was conducted in 96 well microtiter plates with the 

broth microdilution assay following standard methods 

(CLSI, 2012). The test bacterial were got from the 

Nigerian Medical Research Institute (NMRI), Yaba, 

Lagos, Nigeria. A concentrated cell suspension was 

made using Tryptic Soy Broth as the growth medium 

at a 0.5 McFarland standard and incubated overnight. 

Serial dilutions were made in the first two wells of the 

96 well plate (four-fold dilutions). A 200 µL broth 

composed of Tryptic soy broth, extract and 0.5 

McFarland test bacterial cell suspension, controls were 

not seeded. The plates were incubated overnight at 

37ºC and after incubation, the plates read with a micro-

plate reader at a wavelength of ~625nm. The minimum 

inhibitory concentrations of the extracts were done by 

making series of dilution in the 96well plates for each 

extract, starting from 0.5 mg/ml to 20 mg/ml. The 

control had no extract, and the absorbance of the 

treated/extract wells were blanked with the extract 

only control. The MIC used here was the lowest 

concentration of the lichen extracts which inhibited the 

growth of the bacterium after incubation period.  

Results and Discussion 

The antioxidant and antibacterial activities of 

oligosaccharides, polysaccharides, and polyphenol 

extracts of the Nigerian lichens Ochrolechia 

subpallescens, Lecanora pinguis, Parmelia saxatilis, 

Graphis scripta, and Verrucaria viridula are evaluated 

for the first time. The metabolites in lichens that 

abound in the wild in Nigeria and their activities are 

yet to discovered or harnessed, hence the current 

study. The current study characterized the lichens 

collected from the wild at the Lekki Conservation 

Centre, Lagos, Nigeria and established that the 

different Nigerian lichen metabolites or extracts 

showed promising degrees of antioxidant activity and 

antibacterial activities. The yield of the three 

metabolites from the lichen tissues varied with the 

different species. The yield of lichen metabolite 

extracts varied from 2.81 % with polyphenol extracts 

of V. viridula to 44.13 % in the oligosaccharide extract 

of L. pinguis (Table 1).  The polysaccharide content of 

different lichens species in the wild vary depending on 

the inherent nature of the species, environment, host, 

and other factors. In previous research, 

polysaccharides content of the lichen Cetraria 

islandica was up to 57 %, indicating the presence of 

high concentrations of polysaccharides in lichen 

tissues consistent with results in the current study 

(Olafsdottir and Ingòlfsdottir 2001).  

The lichen O. subpallescens recorded the highest 

concentration of oligosaccharides followed by L. 

pinguis and the least concentration was noted in P. 

saxatilis (Table 2). Graphis scripta had the highest 

concentration of polysaccharides while O. 

subpallescens recorded the least polysaccharide 

content (Table 2). Graphis scripta had the highest 

concentration of polyphenols and the least total 

phenolic content was recorded by O. subpallescens. 

All the lichens species had more oligosaccharides and 

polysaccharides than polyphenols and this is because 

the carbohydrates are mostly primary metabolites 

while the polyphenols are secondary metabolites 

(Table 2) (Olafsdottir and Ingòlfsdottir 2001). The 

results here are consistent with literature as there is 

evidence that lichens have a wide array of 

polysaccharides that have been associated with 

immunomodulatory and antiiflammatory activities 

(Shrestha et al., 2015).  

 

Antioxidant Activities of Lichen Metabolites 

The antioxidant activity of the lichen extracts was 

assessed with the DPPH radical scavenging activity 

and the Trolox Equivalent Antioxidant Capacity. The 

polyphenol extracts of O. subpallescens, L. pinguis 

and V. viridula showed strong DPPH radical 

scavenging activity (75.78%, 72.49% and 68.55% 

respectively (Table 2) but not outperforming the lichen 

oligosaccharides. The higher antioxidant capacity 

displayed by lichen oligosaccharide is attributed to 

their lower molecular weights and ease of solubility in 

water because of shorter chains and more free groups 

attached to the D-glucosamine units compared to 

polysaccharides (Yuan et al., 2009). The polyphenol 

extracts of P. saxatilis and G. scripta showed 

moderate antioxidant activity (49.69% and 48.61 

percentage reduction of DPPH radical activity 

respectively). The TEAC of the lichen polyphenols 

varied from 0.161 mM/Trolox equivalent in O. 

subpallescens to 0.072 mM/Trolox equivalent in G. 

scripta (Table 2).  

The polysaccharide fraction of O. subpallescens, L. 

pinguis and P. saxatilis all recorded more than 50 % 

DPPH radical scavenging activity but the G. scripta 

and V. viridula polysaccharide reactive oxygen 

reducing capacities were 65.42 % and 68.55 % 

respectively (Table 3). The Trolox Equivalent 

Antioxidant Capacity of polysaccharides varied from 

0.010 mM/Trolox equivalent in O. subpallescens to 

0.091 mM/ Trolox equivalent in G. scripta (Table 3). 

The strong to moderate antioxidant activity of lichen 

polysaccharide displayed in this study is consistent 

with literature  (Courtois, 2009; Kou, et al., 2016). The 

oligosaccharide fraction of the lichen extracts was the 

most reactive of all three metabolites. There is paucity 

of information on lichen oligosaccharide but records 

on oligosaccharides from plant indicate that they are 

very reactive compounds in cellular systems and make 
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strong antioxidant agents (Lai et al., 2017). However, 

lichen oligosaccharides play very important roles in 

the control of Type 2 Diabetes Mellitus (Kershengolts 

et al., 2015) Oligosaccharides from the plant Panax 

ginseng showed stronger antioxidant activity than 

other fractions from the plant in reports by Zhao et al. 

(2020) as reported here for the test lichen species.  

The DPPH radical scavenging activity was highest 

with the oligosaccharide fraction of O. subpallescens 

(90.75%) and least with P. saxatilis (71.15%) (Table 

3). The TEAC activity of the oligosaccharide fraction 

of the lichen species also followed the same pattern as 

the reduction of the DPPH radicals. The TEAC of the 

lichen species’ oligosaccharide varied from 0.124 

mM/Trolox equivalent in O. subpallescens to 0.094 

mM/Trolox equivalent in G. scripta.   

Literature show that the lichen association has a huge 

deposit of secondary metabolites that account for their 

antimicrobial, antioxidant, antiviral, anticancer, anti-

inflammatory, analgesics, and antipyretic activities 

(Ranković & Kosanić, 2019; Gupta et al., 2020). The 

strong antioxidant effects of lichen polyphenol 

extracts of O. subpallescens (75.78%) and L. pinguis 

(72.49%) recorded here is consistent with reports of 

other researchers (Aslan, et al., 2006) (Ranković, et 

al., 2010). The high antioxidant activity recorded by 

the polyphenols can be attributed to the type of 

phenolic compounds found in them. Interesting 

compounds responsible for antioxidant activity of 

lichen polyphenols include salazinic acid, gyrophoric 

acid and divaricatic acid (Thadhani and Karunaratne, 

2017). Antioxidant activity of test lichens showed with 

high polyphenol concentrations are linked to stronger 

antioxidant activity (Table 3), and this is confirmed by 

the positive correlation (~ R2 = 0.952) between total 

phenolic content and DPPH radical scavenging 

activity (Figure 1). The conclusion drawn here agrees 

with reports by Behera et al., (2009) but disagrees with 

Odabasolglu et al. (2004) with the conclusion that 

there is no correlation between total phenolic content 

of lichen extract and antioxidant activity. This implies 

that the antioxidant activity of lichen extracts may be 

multifaceted with other non-phenolic compounds 

playing a role. The polysaccharide and 

oligosaccharide extracts showed moderate to strong 

antioxidant activities buttressing the fact that other 

non-phenolic components of the lichen tissues can 

account for their antioxidant activity. 

The half maximal effective concentration (EC50) of the 

lichen extracts for the DPPH radical scavenging 

activity varied from 26.11 mg/ml in oligosaccharide 

extracts of O. subpallescens to 107.19 mg/ml in 

polysaccharide extract of P. saxatilis (Table 4), 

showing the superior antioxidant effect of 

oligosaccharide fraction.  

The antimicrobial activity of the lichens O. 

subpallescens, L. pinguis, P. saxatilis, G. scripta, and 

V. viridula was assessed against six pathogenic 

bacteria (Staphylococcus aureus, Enterococcus 

faecalis, Streptococcus pyrogenes, Escherichia coli, 

Pseudomonas aeruginosa, Klebsiella pneumoniae). 

The antibacterial activity of lichen polyphenols varied 

with the different lichen and bacterial species, 

inhibiting both gram negative and gram-positive 

bacteria. Polyphenol extracts of O. subpallescens, P. 

saxatilis, V. viridula and G. scripta showed very 

strong inhibitions against Pseudomonas aeruginosa 

(94.52%, 96.08%, 90.7%) and Escherichia coli 

(90.55%) respectively (Table 5). The polyphenol 

extracts of O. subpallescens and P. saxatilis showed 

stronger antibacterial activity outperformed the 

reference antibiotic ciprofloxacin (Table 5). This 

result is consistent with reports of (Bate, et al., 2020) 

for the Cameroonian lichen Usnea articulata that 

showed broad spectrum activity against multidrug 

resistant bacteria strains.  The polyphenol fraction 

performed better than the polysaccharide fraction of 

the lichen metabolites against the growth of the test 

bacteria. Some of the phenolic compounds in lichens 

that have been associated with their antimicrobial 

activity include depsides, depsidones and 

dibenzofurans (Ranković et al., 2008). The Nigerian 

lichen Ramalina farina had hydroquinone depside and 

2, 3-dihydroxy-4-methoxy-6-pentylbenzoic acid as 

phenolic compounds responsible for its antibacterial 

activity (Lai et., 2013). 

The lichen oligosaccharide extracts inhibited both 

gram-positive and gram-negative test bacteria in 

varying degrees, showing broad-spectrum activity. 

The oligosaccharide extract of O. subpallescens 

however, exhibited the strongest inhibitory effects 

against Staphylococcus aureus and Klebsiella 

pneumoniae with 94.02% and 90.81% inhibition 

respectively (Table 6).  On the other hand, P. saxatilis 

and G. scripta oligosaccharides showed the strongest 

inhibition against K. pneumoniae (92.25%) and S. 

aureus (98.15%) respectively (Table 6). The 

oligosaccharide extracts of O. subpallescens, G. 

scripta and V. viridula also outperformed the reference 

antibiotic with inhibition of S. aureus growth (Table 

6). The reference antibiotic outperformed all lichen 

oligosaccharides in inhibiting the growth of P. 

aeruginosa and Streptococcus pyrogenes (Table 6). 

The MIC of oligosaccharide fraction varied from 0.5 

mg/ml 20 mg/ml with the very active species 

recording the least MIC (Table 6). The very strong 

antibacterial activity of oligosaccharide fraction in this 

study is supported by the reports of Qian et al. (2014) 

with the oligosaccharides from dandelion (Taraxacum 

officinale) inhibiting the growth of E. coli and S. 

aureus strongly. 
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V. viridula polysaccharide extract exhibited the 

strongest antimicrobial activity (92.64 % inhibition) 

compared to the polysaccharide extracts of other 

lichen species with regards to S. aureus (Table 7). The 

O. subpallescens polysaccharide extract recorded 

moderate to very weak inhibitory activity against all 

test bacteria varying from 59.41% with S. aureus to 

15.33% with E. coli (Table 7). On the other hand, the 

polysaccharide extract of L. pinguis showed strong 

activity (73.85% inhibition) against S. aureus and very 

weak activity (18.58% inhibition) against 

Pseudomonas aeruginosa. The polysaccharide 

fraction of the five lichens showed their strongest 

effect against Staphylococcus aureus a gram-positive 

bacterium (Table 7). This result is consistent with 

those of Bisht et al. (2014) with the lichens~ Peltigera 

sp and Cladonia sp with polysaccharide extracts 

showing the strongest antibacterial activity against S. 

aureus. The inhibitory effects of P. saxatilis 

polysaccharide also varied with the bacteria species 

ranging from 70.22% inhibition against K. 

pneumoniae to 24.79% inhibition with Streptococcus 

pyrogenes (Table 7). Graphis scripta polysaccharide 

recorded antibacterial activity that varied from 68.89% 

inhibition with S. aureus to 25.50% inhibition against 

E. coli. The reference antibiotic ~ciprofloxacin 

outperformed the lichen polysaccharide extracts in 

inhibiting the growth of Enterococcus faecalis, S. 

pyrogenes, Escherichia coli, Pseudomonas 

aeruginosa and Klebsiella pneumoniae.  

The MIC values of lichen polysaccharide against test 

bacteria varied from 0.5 mg/ml in O. subpallescens 

with S. aureus to 20 mg/ml in L. pinguis (E. coli), and 

V. viridula (S. pyrogenes) respectively (Table 7).  The 

polysaccharide fraction of the five lichens showed 

their strongest effect against Staphylococcus aureus a 

gram-positive bacterium. This result is consistent with 

those of (Bisht et al., 2014) with the lichens~ Peltigera 

sp and Cladonia sp with polysaccharide extracts 

showing the strongest antibacterial activity against S. 

aureus.  

The lichen polysaccharides showed some degree of 

specificity for the species of bacteria they inhibited 

their growth. More research must be conducted to find 

out exactly which pathogenic organism, the different 

lichen species are able to inhibit their growth. 

The specificity shown by the lichen extracts could be 

because of differences in cell wall composition of 

bacteria cells. The cell wall of gram-positive bacteria 

is made of peptidoglycans and teichoic acid and those 

of gram-negative bacteria of peptidoglycans, 

lipopolysaccharides, and lipoproteins (Heijenoort 

2001). The differences in cell wall composition can 

therefore affect the nature of compounds they can be 

susceptible to and hence the differences in degree of 

inhibition shown with the different metabolites or 

extracts.   

In nature, lichens are unique organisms, forming one 

of the most successful associations on earth (Zambare 

and Christopher 2012). This uniqueness makes it 

possible for them to synthesize hundreds of very 

extraordinary secondary metabolites that find use in 

pharmaceutical and medical practice.  

Lichens in the wild in Nigeria display a vast array of 

activity as shown by those of the foliose lichen 

Dirinaria picta with antimalaria potentials (Afieroho 

et al., 2018).  

The oligosaccharide extract of G. scripta had the 

strongest antibacterial activity among all species 

evaluated and inhibited the growth of all the test 

bacteria.  

The oligosaccharides were more reactive than the 

polysaccharides and this can be attributed to the 

molecular weights of both. It is expected that 

compounds with less molecular weight can be more 

reactive and effective in drug delivery. The low 

molecular weight compounds from lichens are 

therefore of interest during investigation for drugs 

especially as anticancer agents, and brain tumour 

related diseases where precision of drug delivery is 

important (Li and Kang 2020). The extracts of these 

Nigerian lichens acted against both on gram positive 

and gram-negative bacteria.  

The lichen extracts with strong activity against certain 

species of bacteria can find application in the food and 

pharmaceutical industry against the specific 

pathogenic bacteria. Lichens species like Parmotrema 

tinctorum and Usnea bismolliuscula from India are 

already being used and sold as nutraceuticals (Muthu 

et al., 2021).  

Conclusion  

The oligosaccharide fraction of Ochrolechia 

subpallescens, Lecanora pinguis, Parmelia saxatilis, 

Graphis scripta, and Verrucaria viridula proved to be 

potent antioxidant agents and good alternatives to 

synthetic antioxidant supplements. The evaluated 

lichen extracts showed promising biological effects 

supporting their use as natural products with new 

pharmacologically important values.  

Acknowledgement 

We thank the Nigerian Medical Research Institute for 

providing the bacteria species used for the study. We 

acknowledge and thank the Nigerian Conservation 

Foundation Centre (NCF) Lekki, for giving us access 

and tour guides to assist in collection of lichen species.  

http://www.ftstjournal.com/


FUW Trends in Science & Technology Journal, www.ftstjournal.com 

e-ISSN: 24085162; p-ISSN: 20485170; April, 2022: Vol. 7 No. 1 pp. 736 – 746. 
 742 

Conflict of Interest 

The authors declare no conflict of interest and did not 

receive funds from any public or private individual.  

References 

Afieroho OE, Noundou XS, Krause RW, Isaacs M, 

Olley L, Hoppe HC & Abo KA 2018. An 

antiplasmodial depside from a Nigerian 

lichen Dirinaria picta, epiphytic on the oil 

palm Elaeis guineense. Rev. Biol. Quim. 

35(1): 31-39. 

AOAC 1990. Official Methods of Analysis. 

Association of Official Analytical Chemists. 

Washington, DC, USA 

Aslan A, Güllüce M, Sökmen M, Adigüzel A, Sahin F 

& Özkan H 2006. Antioxidant and 

Antimicrobial Properties of the Lichens 

Cladonia foliacea, Dermatocarpon 

miniatum, Evernia divacaricata, Evernia 

prunastri and Neofuscella pulla. Pharm. Biol.  

44: 246-252. 

Atta EM, Mohamed NI & Abdelgawad AA 2017. 

Antioxidants: An Overview on the Natural 

and Synthetic Types. European Chemical 

Bulletin, 6(8), 365-375. 

Bate PN, Orock AE, Nyongbela KD, Babiaka SB, 

Kukwah A & Ngemenya MN 2020. In vitro 

activity against multi-drug resistant bacteria 

and cytotoxicity of lichens collected from 

Mount Cameroon. Journal of King Saud 

University- Science 32(1): 614-619. 

Behera BC, Verma N, Sonone A & Makhija U 2009. 

Optimization of Culture Coonditions for 

Lichens Ursea ghattensis G. Awasthi to 

Increase Biomass and Antioxidant 

Metabolite Production. Food Technol. 

Biotechnol. 47: 7-12. 

Bisht S, Sharma S, Kumar V, Bisht SS & Nautiyal BP 

2014. Assessment of antimicrobial efficacy 

of secondary metabolites of lichen species 

from Uttarakhand temperate Himalayas, 

India. Journal of Natural Products 7: 168-

176. 

Brand-Williams W, Cuvelier ME & Berset C 1995. 

Use of a Free Radical Method to Evaluate 

Antioxidant Activity. LWT-Food Science 

and Technology 28(1): 25-30. 

Clinical and Labouratory Standard Institute (CLSI) 

2012. CLSI Document M07-A9. Methods for 

 Dilution Antimicrobial Susceptibility Tests 

for Bacteria That Grow Aerobically: 

 Approved Standard. 19th Edn. CLSI Wayne, 

PA  

Courtois J 2009. Oligosaccharides from land plants 

and algae: production and application in 

therapeutics and biotechnology. Current 

Opinion in Microbiology 12: 261-273. 

Crawford SD 2019. Lichens Used in Traditional 

Medicine. In B. Ranković (Ed.), Lichen 

Secondary Metabolites. Springer Nature, 

Switzerland, pp. 31-97. 

Dobson F 2000. Lichens. An illustrated guide. 

Richmond, England: Richmond Publishing. 

Elkhateeb WA, Daba GM, Sheir D, Nguyen TD, 

Hapuarachchi KK & Thomas PW 2020. 

Mysterious World of Lichens: Highlights on 

Their History, Applications, and 

Pharmaceutical Potentials. The Natural 

Products Journal 10: 1-13. 

Feuerer T & Hawksworth DL 2007. Diversity of 

Lichens, Including a World-Wide Analysis 

of Checklist Data Based on Takhtajan's 

Floristic Regions. Biodivers. Conserv. 16(1): 

85-98. 

Gupta A, Agarwal P, Khatana K & Khan SA 2020. 

Biomedical Aspects of Lichen-Derived 

Products: Roadmap to ALternative Sources 

of Synthetic Drugs. In M Yusuf (Ed.), 

Lichen-Derived Products: Extraction and 

Applications. Wiley Online Library: 

Scrivener Publishing LLC pp. 119-140. 

Heijenoort J 2001. Formation of the glycan chains in 

the synthesis of bacterial glycan. 

Glycobiology, 11: 25-36. 

Jahromi MF, Liang JB, Abdullah N, Goh YM, 

Ebrahimi R & Shorkryazdan P 2016. 

Extraction and Characterization of 

Oligosaccharides from Palm Kernel Cake as 

Prebiotic. Bio. Res. 11(1): 674-695. 

Kapasakalidis PG, Rastall RA & Gordon, MH 2006. 

Extraction of Polyphenols from Processed 

Black Currant (Ribes nigrum L.) Residues. J. 

Agric. Food Chem 54: 4016-4021. 

Kerchengolts BM, Sydykova LA, Sharoyko W, 

Anshakova W, Steponova AV, & Varfolomeeva  

NA 2015. Lichens’ B-Oligosaccharides in 

the Correction of Metabolic Disorders in Type 

 2 Diabetes Mellitus Wiadomosci Lekarskie 

68(4): 480-482 

Kou X, Mao C, Xie B, Li X, Xue Z & Zhang Z 2016. 

Functional charactierization of 

oligosaccharides purified from Asparagus 

officinalis peels. Journal of Food and 

Nutrition Reseearch, 55(4): 313-324. 

Kranner I, Beckett R, Hochman A & Nash III TH 

2008. Desiccation-tolerance in lichens: a 

review. Bryologist 111(4): 576-593. 

Lai D, Odimegwu DC, Esimone C, Grunwald T & 

Proksch P 2013. Phenolic Compounds with 

http://www.ftstjournal.com/


FUW Trends in Science & Technology Journal, www.ftstjournal.com 

e-ISSN: 24085162; p-ISSN: 20485170; April, 2022: Vol. 7 No. 1 pp. 736 – 746. 
 743 

In Vitro Activity against Respiratory Synctial 

Virus from the Nigerian Lichen Ramalina 

farinacea. Planta Med, 79(15): 1440-1446. 

Lai S, Yang C, Liu S, Yuan S, Liu Y, Yan X & Zhao 

C 2017. Biological activities and potential 

therapeutic applications of functional 

oligosaccharides. MOJ Foood Processing & 

Technology, 5(1): 245-248. 

Li Q & Kang C 2020. Mechanisms of Action of Small 

Molecules Revealed by Structural  Biology in 

Drug Discovery. Int J Mol Sci. 21(15): 5262 

 

Liguori I, Russo G, Curcio F, Bulli G, Aran L, Della-

Morte D, . . . Abete P 2018. Oxidative stress, 

aging, and diseases. Clin Interv Aging 13: 

757-772. 

Muthu S, Murugan M, Rajendran K & Ponnusamy P 

2021. An Assessment of Proximate 

Composition, Antioxidant Activities and 

LC/MS Based Phytochemical Profiling of 

Some Lichen Species Collected from 

Western Ghats of Southern Part of India. 

Jordan Journal of Biological Sciences, 14(4): 

647-661. 

Odabasolglu F, Aslan A, Cakir A, Suleyman H, 

Karagoz Y & Halici M 2004. Comprison of 

Antioxdant Activity and Phenolic Content of 

Three Lichen species. Phytother. Res. 18: 

938-941. 

Olafsdottir ES & Ingòlfsdottir K 2001. 

Polysaccharides from lichens: Structural 

characteristics and biological activity. Planta 

Medica. 67: 199-208. 

Qian L, Zhou Y, Teng Z, Du C-L & Tian C 2014. 

Preparation and antibacterial activity of  

oligosaccharides derived from dandelion. Int 

J Biol Macromol. 64: 392-394 

Ranković B & Kosanić M 2019. Lichens as a Potential 

Source of Bioactive Secondary Metabolites. 

In B. Ranković, Lichen Secondary 

Metabolites. Springer, Cham Singapore. 

Ranković B, Mišić M & Sukdolak S 2008. 

Antmicrobial Activity of Substances Derived 

from the Lichen Physcia aipolia, 

Umbilicaria polyphylla, Parmelia caperata 

and Hypogymnia physodes. World J. 

Microbiol. Biotechnol. 24(7): 1239-1242. 

Ranković B, Ranković D, Kosanić M & Marić D 2010. 

Antioxidant and antimicrobial properties of 

the lichens Anaptychya ciliaris, Nephroma 

parile, Ochrolechia tartarea and Parmelia 

centrifuga. Cent. Eur. J. Biol. 5(5): 649-655. 

Re R, Pellegrini N, Proteggente A, Pannala A, Yang 

M & Rice-Evans C 1999. Antioxidant 

Activity Applying an Improved ABTS 

Radical Cation Decolorization Assay. Free 

Radical Biology and Medicine 26(9-10): 

1231-1237. 

Santesson J 1973. Identification and Isolation of 

Lichen Substances. In V. Ahmadjian, & M. 

E. Hale, The Lichens. Academic Press, INC 

New York, pp. 633-650. 

Seeberger PH & Werz DB 2007. Synthesis and 

medical applications of oligosaccharides. 

Nature 446: 1046-1051. 

Shrestha G, St Clair LL & O’Neill KL 2015. The 

immunostimulating role of lichen 

polysaccharides: a review. Phytother. Res. 

29(3): 317-322 

 

Sieminńska-Kuczer A, Szymanńska-Chargot M & 

Zdunek A 2022. Recent advances in 

interactions between polyphenols and plant 

cell wall polysaccharides studied using an 

adsorption technique. Food Chemistry 

373(Part B): 131487. 

Szambelan YZ & Nowak J 2006. Acid and enzymatic 

hydrolysis of Jerusalem artichoke 

(Helianthus teberosus L.). Electron. J. Pol. 

Agric. Univ. 9(4): 38. 

Terreni M, Taccani M, & Pregnolato M 2021. New 

Antibiotics for Multidrug-Resistant 

Bacterial Strains: Latest Research 

Developments and Future Perspectives 

Molecules 26 (9): 2671.  

Doi: 10.3390/molecules26092671  

 

Thadhani VM & Karunaratne V 2017. Potential of 

Lichen Compounds as Antidiabetic Agents 

with Antioxidative Properties: A Review. 

Oxidative Medicine and Cellular Longevity, 

2017: 10 

https://doi.org/10.1155/2017/2079697. 

Ullah S, Khalil AA, Shaukat F & Song Y 2019. 

Sources, Extraction and Biomedical 

Properties of Polysaccharides. Foods 8(8): 

304. 

White PA, Oliveira RC, Oliveira AP, Serafini MR, 

Araüjo AA, Gelain DP, . . . Santos MR 2014. 

Antioxidant Activity and Mechanisms of 

Action of Natural Compounds Isolated from 

Lichens: A Systematic Review. Molecules 

19: 14496-14527. 

 

Yuan W-P, Liu B, Liu C-H, Wang X-J, Zhang M-S, 

Meng X-M & Xia X-K 2009. Antioxidant 

activity of chito-oligosaccharide on 

pancreatic islet cells in streptozotocin 

induced diabetes in rats. World J 

Gastroenterol. 15(11): 1339-1345. 

 

 

http://www.ftstjournal.com/


FUW Trends in Science & Technology Journal, www.ftstjournal.com 

e-ISSN: 24085162; p-ISSN: 20485170; April, 2022: Vol. 7 No. 1 pp. 736 – 746. 
 744 

 

 

Zambare VP & Christopher LP 2012. 

Biopharmaceutical potentials of lichens. 

Pharmaceutical potentials of lichens 50(6): 

778-798. 

Zhao C 2020. Oligosaccharides in Food. In J Xiao, S 

Sarker & Y Asakawa. Handbook of Dietary 

Phytochemicals. Springer Singapore, pp. 1-

35. 

Zhao B, Wang X, Liu H, Lv C & Lu J 2020. 

Structural characterization and antioxidant 

activity of oligosaccharide from Panax 

ginseng C. A. Meyer. Int J Biol Macromol. 

150: 737-745  

 

 

Table 1: Yield Oligosaccharide, Polysaccharides and Polyphenols from the lichens~Ochrolechia 

subpallescens, Lecanora pinguis, Parmelia saxatilis, Graphis scripta and Verrucaria viridula. 
Test Lichens Oligosaccharides  Polysaccharide Polyphenols 

Ochrolechia subpallescens  33.15±2.06a 12.29±0.82bc 5.13±0.62c 

Lecanora pinguis  44.13±1.91a 6.75±0.68c 4.52±0.81c 

Parmelia saxatilis  17.95±1.08b 5.87±0.71c 3.75±0.35c 

Graphis scripta  15.07±2.02b 3.48±0.49c 2.94±0.55c 

Verrucaria viridula 17.05±1.85b 2.95±0.44c 2.81±0.27c 

*Superscripts with same letters are not significantly different with the Duncan’s Multiple Range Test at 0.05% Level of Significance 

Table 2: Concentration of Metabolites Extracted from Ochrolechia subpallescens, Lecanora 

pinguis, Parmelia saxatilis, Graphis scripta and Verrucaria viridula 
Lichen species Oligosaccharide (mg/g 

of glucose equivalent) 

Polysaccharide (mg/g 

of glucose equivalent) 

Polyphenols 

(mg/GAE/ g) 

Ochrolechia subpallescens  1955.92±10.15 80.14±2.61 39.04±6.01 

Lecanora pinguis  1108.25±12.02 180.25±8.84 64.19±5.51 

Parmelia saxatilis  892.15±9.65 106.15±7.27 50.10±3.18 

Graphis scripta  551.62±8.46 113.06±6.62 78.22±5.27 

Verrucaria viridula 609.11±11.75 159.04±5.88 55.61±4.45 

 

Table 3: DPPH radical scavenging activity and Trolox Equivalent Antioxidant capacity of 

Lichen species 
Test Lichens DPPH radicals Inhibition (%) TEAC (mM/Trolox equivalent) 

Polysaccharide Oligosaccharide Polyphenol Polysaccharide Oligosaccharide Polyphenol 

Ochrolechia 

subpallescens 

47.91 90.75 75.78 0.010 0.124 0.161 

Lecanora pinguis  41.65 82.68 

 

72.49 

 

0.035 0.114 0.108 

Parmelia saxatilis  37.92 71.15 

 

49.69 

 

0.029 0.116 0.078 

Graphis scripta  65.42 

 

80.62 

 

48.61 

 

0.091 0.095 0.072 

Verrucaria viridula 68.55 

 

85.66 

 

68.55 

 

0.059 0.118 0.089 

 

Table 4: Half maximal effective concentration (EC50) of Metabolites from Ochrolechia 

subpallescens, Lecanora pinguis, Parmelia saxatilis, Graphis scripta and Verrucaria viridula  
Lichen Species        DPPH radicals Inhibition EC50 (mg/ml) 

Polysaccharides Oligosaccharides Polyphenols 

Ochrolechia subpallescens 84.38 26.11 52.23 

Lecanora pinguis  96.04 47.24 55.18 

Parmelia saxatilis  107.19 45.29 80.49 

Graphis scripta  61.14 49.61 82.28 
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Verrucaria viridula 58.35 40.69 58.35 

 

Table 5: Antibacterial Activity of Lichen Polyphenol Extract 

Bacteria 

Species 

 

Polyphenol Bacterial Inhibitory Effects 

 

Ochrolechia 

subpallescens 

 

Lecanora 

pinguis 

Parmelia 

saxatilis 

Graphis scripta Verrucaria 

viridula 

Ciprofloxacin 

PI MIC PI MIC PI MIC PI MIC PI MIC PI MIC 

Staphylococcus 
aureus.  

76.08 5.75 88.66 2.50 78.15 4.50 79.12 3.75 85.75 2.50 75.84 5.00 

Enterococcus 

faecalis  

88.82 1.75 36.55 20.00 51.65 7.50 70.05 5.75 56.19 7.50 60.88 8.25 

Streptococcus 

pyrogenes  

85.11 0.50 61.94 7.50 75.28 3.75 58.61 10.00 60.15 7.50 65.92 5.75 

Escherichia 

coli  

52.75 15.00 28.26 20.00 85.76 1.75 90.55 1.25 35.94 15.00 45.71 15.00 

Pseudomonas 

aeruginosa  

94.52 0.5 58.44 4.75 96.08 0.50 61.02 10.00 90.71 0.50 92.66 0.50 

Klebsiella 

pneumoniae  

68.20 2.75 35.61 15.00 85.02 2.50 50.11 10.00 74.25 3.50 80.54 1.25 

*PI-Percentage Inhibition (%); MIC extracts-Minimum Inhibitory Concentration- (mg/ml); MIC antibiotics-µg/ml 

Table 6: Antibacterial Activity of Lichen Oligosaccharide Extract 

Bacteria 

Species 
 

Oligosaccharide Bacterial Inhibitory Effects 

Ochrolechia 

subpallescens 

Lecanora 

pinguis 

Parmelia              

saxatilis 

Graphis 

scripta 

Verrucaria 

viridula 

Ciprofloxacin 

PI MIC PI MIC PI MIC PI MIC PI MIC PI MIC 

Staphylococcus 

aureus.  

94.02 0.50 55.92 10.00 65.16 3.75 98.15 0.50 78.38 3.00 75.84 5.00 

Enterococcus 

faecalis  

85.24 2.75 62.19 7.50 78.66 2.75 48.91 7.50 72.04 2.50 60.88 8.25 

Streptococcus 

pyrogenes  

55.02 5.75 38.75 15.00 59.38 4.75 44.06 7.50 54.93 7.50 65.92 5.75 

Escherichia 

coli  

60.04 4.75 38.90 20.00 67.35 5.85 58.22 4.65 65.29 3.75 45.71 15.00 

Pseudomonas 

aeruginosa  

88.82 1.25 50.27 7.50 75.74 3.75 61.05 4.75 71.35 4.50 92.66 0.50 

Klebsiella 

pneumoniae  

90.81 1.25 82.95 2.50 92.25 1.25 71.18 3.25 62.08 3.75 80.54 1.25 

*PI-Percentage Inhibition (%); MIC extracts-Minimum Inhibitory Concentration- (mg/ml); MIC antibiotics-µg/ml 

Table 7: Antibacterial Activity of Lichen Polysaccharide Extract 

Bacteria 

Species 

 

Polysaccharide Bacterial Inhibitory Effects 

Ochrolechia 

subpallescens 

Lecanora 

pinguis 

Parmelia 

saxatilis 

Graphis 

scripta 

Verrucaria 

viridula 

Ciprofloxacin 

PI MIC PI MIC PI MIC PI MIC PI MIC PI MIC 

Staphylococcus 

aureus.  

59.41 6.75 73.85 5.25 51.28 8.50 68.89 6.50 92.64 0.50 75.84 5.00 

Enterococcus 
faecalis  

28.52 - 40.18 10.00 41.62 12.50 50.25 7.50 42.91 12.50 60.88 8.25 

Streptococcus 

pyrogenes  

20.66 - 38.15 18.25 24.79 - 41.82 12.50 35.70 20.00 65.92 5.75 

Escherichia 

coli  

15.33 - 35.26 20.00 40.05 18.25 25.50 - 30.55 18.25 45.71 15.00 

Pseudomonas 

aeruginosa  

45.81 12.50 18.58 - 61.75 5.25 50.92 6.50 41.77 18.25 92.66 0.50 

Klebsiella 

pneumoniae  

55.04 7.50 48.29 15.00 70.22 3.75 41.92 15.00 51.88 6.75 80.54 1.25 

*PI-Percentage Inhibition (%); MIC extracts-Minimum Inhibitory Concentration- (mg/ml); MIC antibiotics-µg/ml 
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Figure 1: Correlation between Total Phenolic Content and EC50 of Lichen Extracts 
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