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Abstract
All over the world, the treatment of textile wastewater has become a significant problem due
to the development of the textile industry. Particularly, the treatment of synthetic dyes, which
are found abundantly amounts in textile wastewater, has gained importance. Recent studies
have focused on the use of biological treatment technologies to remove pollutants in water.
On the other hand, the disposal of wastes from biological treatment technologies was
considered as another environmental problem. This study aims to compare the antimicrobial
properties of the extract obtained from dye loaded and un-loaded lichen biomass after the
biosorption process. According to the results of this study, it was found that the extract
obtained from the waste lichen biomass, which has loaded with the textile dye in the
decolorization process, showed a similar antimicrobial effect with the unloaded lichen extract.
To sum up the waste lichen biomass used to remove textile dyes can be reused for the
application of antimicrobial products.
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1. Introduction
Recent studies have focused on the effects of various living organisms on the pathogenic
microorganisms to treat infections (Necip & Isik, 2019). Lichens are the organisms with a
Mutualist lifestyle with a stable autotrophic feature formed by a mycobiont (a fungal species)
and a photobiont (algae or cyanobacteria) (Özenoğlu et al., 2013). People have benefited
from the lichens in medical approaches since ancient times. It is reported that lichens can be
used in the treatment of many diseases such as systemic fungal infections, strengthening hair,
urinary tract problems, and bone fractures (Oran & Öztürk, 2006). For instance, the species
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belongs to the Usnea genus are used in the prevention of sweating, dizziness, colds, pain, and
sputum formation, in the treatment of ulcers, intestinal disorders, in the treatment of lung
problems and asthma (Halici et al., 2005). It was determined that the species belonging to this
genus have a high antibacterial effect. Also, it has been determined that the species of
Ramalina genus can be used for the production of natural dyes, and also they have
antibacterial and antifungal activities (Çobanoğlu et al., 2004; Hanus et al., 2008).
In recent studies, it has been shown that the number of lichens reaches 1000 and many
metabolites that are specific to lichens are synthesized by these lichen species (Özenoğlu et
al., 2013). In the literature, these lichen metabolites have been reported with their antibiotics,
antimycotic, antiviral, anti-inflammatory, analgesic, antipyretic, antiproliferative and
cytotoxic effects (Rankovic et al. 2007; Şekerli et al., 2017). Studies in our country on
antimicrobial activities of lichens are quite insufficient. According to my knowledge, in the
literature, there is not any study about the antimicrobial effect of the lichen species called
Evernia prunastri, which grows naturally in Bilecik province. In addition to this, no study
shows the difference of antimicrobial activity by the dye loaded and unloaded lichen biomass.
For this reason, in this study, the antimicrobial effect of ethanol extracts prepared from dye
loaded and unloaded lichen biomass called E. prunastri collected from the city of Bilecik
City Forest, against bacteria was determined using disc diffusion method. Since there are not
many studies on this subject in the literature, it is expected that the findings obtained from
this study will contribute to the literature.
2. Material and Method
2.1 The Collection of Lichens and Preparation for Extraction
The lichen species named Evernia prunastri was collected from the city forest of the Bilecik
province (N 40o 11.5262 ', E 029o 57.962'). The collected samples were washed in a
laboratory environment and dried. The dried lichen biomass was used as a biosorbent to
remove the textile dye called Acid Red 2PBX (AR) under optimal conditions. The optimal
conditions (pH: 2; Temperature: 25oC; Time: 24 hours and initial dye concentration: 50 mg /
L, 100rpm shaking conditions) for dye removal were determined in the previous
bioremediation studies was performed by the same lichen species (Unpublished Study).
The dye loaded lichen samples (dye absorbed lichen) were prepared in the same conditions
and the unloaded lichen samples (not treated with dye) were used as the control group. The
dye loaded and unloaded lichen samples were dried at 37oC in the oven and then the dried
samples were powdered in the mortar to use for extraction. The photos of dye-loaded and
unloaded E. prunastri samples used to obtain the extract was given in Figure 1.
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Figure 1. The photo of unloaded (a) and dye-loaded (absorbed b: 25 mg / L and c: 100 mg / L
dye) E. prunastri biomass used to obtain the extract
2.2 Scanning Electron Microscope (SEM) Analysis
Scanning Electron Microscopy (SEM) analysis was performed at the Bilecik Seyh Edebali
University Central Research Laboratory using SEM, Supra 40VP, Zeiss device to examine
changes in surface morphology of lichen before and after dye removal. SEM-EDS analyzes
were carried out to identify the elemental composition of the unloaded and dye-loaded lichen
samples using the same device.
2.3 Extraction Method
Lichens are powdered with the blender (mechanical shredder) under aseptic conditions.
Weighing 10 g of each lichen sample was subjected to 12 hours of extraction in a soxhlet
device with 250 mL of ethanol (96%) (Khan et al., 1988).
2.4 Antimicrobial Activity Test
The test microorganisms called Escherichia coli ATCC 25922 and Staphylococcus aureus
ATCC 29213 strains were used for antimicrobial activity experiments. To activate the tested
microorganisms, a loop of stock bacteria cultures inoculated into Mueller Hinton Broth filled
tubes in the sterile conditions, and the bacteria were incubated at 35-37 °C for 24-48 hours.
Then the activated microorganisms (1 ml) were inoculated into Petri dishes including Mueller
Hinton Agar and allowed to dry for 15-20 minutes at room temperature. For the addition of
lichen extracts, 5 mm diameter wells were placed in Petri dishes under sterile conditions.
Each of the bacteria to be used in the study was inoculated into Nutrient Broth media in 50 ml
flasks and left in an incubator with shaking for 24 hours at 37 °C. At the end of the incubation,
a bacterial suspension was prepared from the bacteria cultures, with Mc Farland at a density
of 0.5 (1.5x10⁸ CFU/mL). The previously sterilized 24 ml of Mueller Hinton agar was poured
into Petri dishes. In the sterile conditions, 5 mm diameter wells were opened into the solid
medium and the semi-solid Mueller Hinton agar is dropped into the wells so that the bottom
of the wells is closed. The 200 µl of bacterial suspension prepared according to Mc Farland
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value was inoculated into the petri dish. After inoculation, the 50 µl of lichen extract was
loaded into each well, and the Petri dishes were kept at 37 ̊ C for incubation of 24 hours.
Lichen extracts were used in two ways such as undiluted and diluted (in 1/3 ratio). Inhibition
zones formed at the end of the incubation were measured in mm and the lichen extracts
forming less than 12 mm zone was considered to have no antimicrobial activity. Each
experiment has been tried to duplicate (Collins et al., 1989; Wayne, 2015).
2.5 Statistical Analysis
Antimicrobial effects of extracts obtained from unloaded and dye-loaded lichen samples were
investigated with one-way ANOVA at 0.05 significance level, SPSS 17 and Microsoft Excel
Package Programs were used for statistical analysis.
3. Results and Discussion
In this study, the changes in the antimicrobial activity of the dye loaded and unloaded lichen
extracts were investigated. For this purpose, both the lichen biomass, which removed the
textile dye, and the lichen biomass not treated with dye were extracted and the changes in the
antibacterial behavior of these extracts were examined. The results of the experiments are
shown in Tables 1 and 2.
Table 1. The results with the test organism called Staphylococcus aureus ATCC 29213 (s *:
diluted; unloaded: control group not treated with dye; dye-loaded: dye adsorbed lichen)
Lichen Extract

Inhibition Zone (mm)

Un-loaded

20.00 ±1.41

Un-loaded (s*)

16.50 ±2.12

Dye-loaded

19.50 ±0.71

Dye-loaded (s*)

16.50 ±2.12

Values are given as mean ±standard deviation.
It was found that ethanol extracts from waste lichen biomass, which done the dye biosorption,
had an antimicrobial effect on Staphylococcus aureus ATCC 29213 strain and the similar
effects with the ethanol extracts obtained from the control group were observed (Table 1).
Previously, Osmanağaoğlu et al. (2000) reported that the different lichen species isolated
from different regions of Turkey had antimicrobial activities against Staphylococcus aureus
ATCC 43300. Similarly, according to the results of this study, it was found that E. prunastri,
which was the lichen type collected from Bilecik region, has an antimicrobial effect on S.
aureus, a gram-positive bacterium (Table 1). Agboke and Esimone (2011) determined that
Ramalina farinacea, a different type of lichen species, showed the maximum inhibition zone
value of the clinical isolates of S. aureus as 19.00 mm. The extract of the control group and
the test group lichen biomass used in this study showed maximum inhibition zone values for
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the Staphylococcus aureus ATCC 29213 strain as 20.00 mm and 19.50 mm, respectively
(Table 1).
The antimicrobial effect of both the undiluted and diluted extracts of the dye-loaded test
group on E. coli ATCC 25922 did not significantly differ from the effect of both undiluted
and diluted extracts of the un-loaded control group (Tablo 2). According to the results
obtained from this study was similar to the results of the previous study conducted by Şirin
and Dülger (2015). The lichen species called Ramalina farinacea (L.) Ach. and Usnea
intermedia (A. Massal.) showed antimicrobial activity against E. coli ATCC 25922 (Şirin &
Dülger, 2015). In this study, another lichen species called E. prunastri performed antibacterial
activity against the strain E. coli ATCC 25922.
When Tables 1 and 2 are examined, it was observed that the lichen named E. prunastri has an
antimicrobial effect against both gram-positive Staphylococcus aureus ATCC 29213 and
gram-negative E. coli ATCC 25922 test organisms. Besides, it was found that there was no
significant change in the antimicrobial activity of the extract obtained from the dye-loaded
and un-loaded lichen biomass.
Table 2. The results with the test organism called Escherichia coli ATCC 25922 (s *: diluted;
unloaded: control group not treated with dye; dye-loaded: dye adsorbed lichen)
Lichen Extract

Inhibition Zone (mm)

Un-loaded

21.50 ±0.71

Un-loaded (s*)

18.00 ±1.14

Dye-loaded

20.50 ±0.50

Dye-loaded (s*)

18.00 ±0.48

Values are given as mean ±standard deviation.
When the antimicrobial effects of the extracts obtained from the dye-loaded test group and
the un-loaded control group of lichen biomasses effect on both microorganisms was
statistically analyzed. Since the values obtained in the calculations were greater than 0.05
significance value, there was no significant difference between the antimicrobial effects of
both groups.
On the other hand, SEM analysis provided detailed information about the interactions
between lichen and dye. The SEM photographs of unloaded lichen and dye-loaded (with 25
m/L dyes and 100 m/L dyes) lichen surfaces are presented in Figure 2 (a), (b) and (c),
respectively. When Figure 2 was examined, it was observed that there was a significant
change in the surface morphology of lichen after dye biosorption. It was observed that the
dye molecules were a presence on the surface of lichen after loaded with dye. It was assumed
that this situation may have been caused by the interactions between the dye ions and
functional groups on the lichen surface. As seen in Figure 2 (a, b, and c), the anionic dye
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molecules adsorbed to the positively charged lichen surface at pH 2. Therefore, it is
considered that dye molecules do not affect lichen secondary metabolites having
antimicrobial effects. As a result, the antimicrobial activity of the waste lichen, where dye
adsorption occurred, was not affected negatively by dye biosorption.

Figure 2. The SEM photos of E. prunastri (a: un-loaded; b: 25 mg/L and c: 100 mg/L dye
loaded; magnification: 1000 X and 10.00 KX)
Figure 3 (a), (b) and (c) shows the EDX results un-loaded and dye-loaded (25 and 100 mg/L
dye) lichen biomass, respectively. According to these results, the fact that the Na+ element,
which was not found on the un-loaded lichen surface (Figure 3 (a)), was observed on the
dye-loaded lichen surface (Figure 3 (b) and (c)). It was indicated that after AR dye
biosorption the dye molecules have interacted with the lichen surface because the element
Na+, which was not found in the structure of lichen, was found in the molecular structure of
the dye AR used in this study (Gül et al., 2019).

Figure 3. The EDX results of E. prunastri un-loaded (a) and dye-loaded (b: 25 mg/L and c:
100 mg/L dye removal)
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According to the results of this study, the significant data were obtained by investigating the
antimicrobial effect of ethanol extracts of E. prunastri lichens naturally grown in Bilecik
province. In addition to this, it has been determined that the dye-loaded biomass formed after
the use in the removal of this lichen had the same effect as the un-loaded lichen biomass.
There are some studies in the literature showing the antimicrobial activity of lichen species
different from E. prunastri used in this study (Yilmaz et al., 2004; Saenz et al., 2006; Balaji
& Hariharan, 2007; Güneş Yücel & Özyiğitoğlu, 2018). On the other hand, since there is no
study in the literature about the antimicrobial activity of waste biomass, which performed dye
removal, this study is the first report to investigate the antimicrobial activity of dye-loaded
lichen obtained from effective treatment of dye-contaminated wastewater.
The activities of the antibiotics that are currently available are decreasing due to the
unconscious use and microorganisms that gain resistance day by day. Further researches and
discoveries of natural pharmaceutical raw materials will allow the next generation to reduce
the burden of drug problems in disease control. Also, nowadays the production of products
having antimicrobial properties gain importance in the industry. Today the costumers will
prefer the goods having antimicrobial property to avoid infections. The results of this study
support the use of dye-loaded lichen wastes that can be used to obtain antimicrobial agents
after dye contaminated wastewater treatment. It is concluded that these waste lichen extracts
may be used to produce antimicrobial products such as clothes against pathogens. This study
is a preliminary study showing that lichen biomass, which is used in the treatment of
wastewater containing textile dyes and released after treatment, can be used to obtain an
extract containing antimicrobial activity. In future studies, it is suggested to prepare the waste
lichen extracts used with different solutions and to do further antimicrobial activity tests such
as MICs. And, also it is recommended that to produce fabrics treated with the lichen extracts
having the antimicrobial function for further researches.
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