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Abstract

It is well known that there are halophilic or non-halophilic bacteria in salt, soak liquors, salted and soaked hides/skins in high
numbers in the leather industry. These bacteria have several hydrolytic enzymes which cause irreversible defects on finished
leather product. Although antimicrobial agents are utilized to control the bacterial population in the soaking process, these
agents have not sufficient efficacy due to inadequate application of these agents or the presence of antimicrobial-resistant
bacterial strains in soak liquors. In this respect, alternative agents or strategies may be helpful for controlling the bacterial
population. For this purpose, Bacillus toyonensis, B. mojavensis, B. subtilis, B. amyloliquefaciens, B. velezensis, B. cereus
and B. licheniformis, which were isolated from soak liquor samples of different tanneries in the previous study, were tested in
the present study and the antibacterial effects of acetone extracts of Parmelia sulcata and Hypogymnia tubulosa were
evaluated on these isolates. The pure cultures of the isolates were confirmed by colony morphologies on agar plates and
Gram staining. Moreover, antibacterial activities for acetone extracts of Parmelia sulcata and Hypogymnia tubulosa against
these isolates were tested at certain concentrations of 240, 120, 60 and 30 pg/ml. Hypogymnia tubulosa extracts were found
to be more successful in comparison to the extracts of Parmelia sulcata on tested isolates. These tested lichen species can be
used to control the population of bacteria in the soaking process and also to prevent potential defects on the hide/skin that
may be seen in subsequent tanning processes due to the development of these bacteria.
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Oz

Deri endistrisinde tuzda, tuzlanmig ve slatilmg bityiikbag ve kiiciikbag hayvan derilerinde, ve 1slatma sivilarinda ¢ok fazla
sayida halofil veya halofil olmayan bakterilerin bulundugu bilinmektedir. Bu bakteriler bitmis deri tiriiniinde geri dontistimii
olmayan kusurlara neden olan birka¢ hidrolitik enzime sahiptir. Islatma isleminde bakteri popiilasyonu kontrol etmek igin
antimikrobiyal ajanlarin  kullanilmasina ragmen, bu ajanlarin yetersiz uygulanmalarina veya 1slatma sivilarinda
antimikrobiyallere direncli bakteri suslarinin bulunmasina bagh olarak yeterli etkinlige sahip degillerdir.Bu baglamda,
bakteri popiilasyonunu kontrol etmek i¢in alternatif ajanlar veya stratejiler yardimer olabilir. Bu amagla, bir 6nceki ¢alismada
farkli tabakhanelerden toplanan slatma ¢ozeltisi 6rneklerinden izole edilen Bacillus toyonensis, B. mojavensis, B. subtilis, B.
amyloliquefaciens, B. velezensis, B. cereus ve B. licheniformis test edilmistir ve Parmelia sulcata ve Hypogymnia
tubulosa'nin aseton Oziitlerinin antibakteriyel etkileri bu izolatlar {izerinde degerlendirilmistir. izolatlarin saf kiiltiirleri, agar
plakalar1 iizerinde koloni morfolojileri ve Gram boyamalar ile dogrulanmigtir. Ayrica, Parmelia sulcata ve Hypogymnia
tubulosa'nin aseton 6ziitlerinin bu izolatlar iizerine antibakteriyel aktiviteleri, 240, 120, 60 ve 30 pg/ml konsantrasyonlarinda
test edilmigtir. Hypogymnia tubulosa 6zitlerinin Parmelia sulcata oziitlerine kiyasla test edilen izolatlar izerinde daha
basarili oldugu bulunmustur. Bu test edilen liken tiirleri, 1slatma isleminde bakteri popiilasyonunu kontrol etmek igin ve
ayrica ileriki tabaklama islemlerinde bu bakterilerin gelisimine bagli olarak goriilebilecek deri tizerindeki potansiyel kusurlari
engellemek amaciyla kullanabilir.

Anahtar Kelimeler: 1slatma sivisi, liken, Parmelia sulcata, Hypogymnia tubulosa, aseton 6zitii, antibakteriyel.

. INTRODUCTION

The bacterial population subsequently changes after the flaying process and some species of bacteria easily
colonize on hide/skin surfaces (1-3). This bacterial contamination may be originated from slaughterhouses,
warehouses, or tanneries (4). The presence of major components such as water, proteins, and lipids in the
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structure of hides/skins, blood, dirt, and higher
temperature, etc. provides excellent growth conditions
for non-halophilic, salt-resistant or salt-tolerant
bacteria, halophilic bacteria and extremely halophilic
archaea (5, 6). It has been reported that moderately
halophilic bacteria from salted goat skin secrete
several enzymes such as protease, catalase, lipase, 3-
galactosidase, oxidase, urease, caseinase, amylase,
lecithinase and cellulose (7). Especially proteolytic
and lipolytic archaea may cause red heat, bad odor,
pinpricks, disruption of collagen fibers, hair
loosening, hair loss, hole formation, irreversible
damage on grain surface, abraded appearance, uneven
dyeing etc. As a result of these bacterial activities, the
deterioration on hides/skins becomes inevitable and
the leather quality is adversely affected (1, 6, 8-10).
Therefore, adequate preservation methods against
possible  harmful  bacterial  activities  during
transportation and storage of the hides/skins have to
be implemented.

Fresh hides/skins are traditionally preserved by the
salt-or brine-curing method (1, 4, 6, 8). The cured raw
hides/skins are soaked to remove excess salt, blood,
soluble proteins, dirt, and manure in the soaking (first
stage of tanning) process. The excessively prolonged
soaking process results in harmful bacterial activities.
The duration of soaking process is 24-36 h for dry
salt-cured raw hides and 36-72 h for air-dried raw
hides. This long soaking time can loosen hair follicles
and cause hair loss which are unwanted situations for
fur production (11). The effects of antibacterial agents
in soak liquors may differ according to the type of
microorganism. Many Gram positive and Gram
negative bacteria may survive and grow during this
process due to their resistance properties. Most strains
may become resistant to these antibacterial agents due
to prolonged utilization and in inadequate dosages (9,
12-14). Since antimicrobial agents may not always
have the expected effect, novel agents with low
toxicity, biodegradable, and biocompatible properties
have to be investigated. As expected, natural
antimicrobials derived from plants, animals, algae,
and microorganisms, etc. are preferred for ecological
and toxicological aspects. Plant based formulations
and lichen derived extracts from Pseudevernia
furfuraceae (L.) Zopf. have also been reported in the
leather industry (15). Lichens, also called lichenized
fungi, are symbiotic organisms between a fungus
(mycobiont) and one or more green algae or
cyanobacterium (photobiont). They produce various
lichen secondary metabolites with low molecular
weight (16, 17). The potential antibacterial effects of
various lichen extracts against several bacteria species
were reported in the literature (18-21).

There is a crucial need for controlling the bacterial
population in the leather industry. For this purpose,
lichen species with potential antibacterial properties
may be an effective solution when compared to
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industrially utilized antimicrobial agents. The aim of
this study was to investigate the antibacterial effects of
acetone extracts of Parmelia sulcata and Hypogymnia
tubulosa lichen species on eight isolates obtained from
soak liquors collected from different tanneries.

Il. MATERIAL AND METHODS

2.1. Bacterial strains

In the present study, Bacillus toyonensis, B.
mojavensis, B. subtilis, B. amyloliquefaciens, B.
velezensis, B. cereus and B. licheniformis, which were
isolated from soak liquor samples of different
tanneries in the previous study, were tested. The
identification of the test organisms was performed by
Gram Staining, oxidase and catalase tests, bacterial
growth on several selective media, protease and lipase
activities, and comparative partial 16S rRNA gene
sequence analyses in the previous study. It was
detected that test bacteria were Gram positive, rod-
shaped, protease positive, and mostly catalase positive
(22). The test isolates were stored at -80 °C. The pure
cultures of test bacteria were confirmed by colony
morphologies on agar plates as well as Gram staining,
and then they were utilized in the experiments.

2.2. Lichen Samples

The lichen samples belonging to Parmelia sulcata and
Hypogymnia tubulosa were collected from fir trees of
Kastamonu province in the north-west of Turkey.
They were identified through classical taxonomic
methods by microscopic examination (23, 24).
Voucher specimens were deposited with the lichen
collection of Marmara University Herbarium (MUFE).
Parmelia sulcata and Hypogymnia tubulosa: Turkey,
Kastamonu province, Kapakli Village, 41.24492,
34.18330, G. Cobanoglu.

2.3. Extraction of Lichen Samples

The lichen samples were washed, dried on air, and
weighed. After the samples were taken into sterile
bottles, acetone (ACS, ISO, Reag. Ph Eur) was added
and kept in a dark place for 24 h followed by filtration
through filter paper. The acetone was evaporated in a
rotary evaporator and crude lichen acetone extracts
were obtained (25).

2.4. Determination of antibacterial efficacies

Antibacterial tests were performed in 96-well
microplates (Greiner Bio-One, Cell Star, F-bottom,
with lid). Tryptic soy broth was added to each well
and four-fold serial dilutions of the acetone extracts of
P. sulcata and H. tubulosa were made. Final
concentrations of both lichen extracts were 240, 120,
60, and 30 pg/ml. Overnight cultures of eight isolates
were added to obtain a total volume of 100 pl with an
OD 600 nm of 0.02. The experiments included
untreated (the broth medium and test bacteria) and
blind wells (only the broth medium). The tests were
performed in three replicates. The inhibitory effect of
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the acetone extracts on bacterial growth was evaluated
at 20" hour using Cytation 3 multimode microplate
reader (Biotek), by measuring the absorbance. The
antibacterial effects of the extracts of P. sulcata and
H. tubulosa against the test bacteria were compared

with the untreated ones.

I11.RESULTS

3.1. Colony Morphology

The colony morphology was concentric surfaced,
undulate edged, and cream-white colored in isolate 1
(B. tonoyensis). Isolate 2 (B. mojavensis) had convex
surfaced, undulate edged, and cream-white colored
colonies. In isolates 3 (B. cereus) and 5 (B. cereus),
colonies were large, flat surfaced, entire edged, dull
and cream-white colored. The colony morphology in
isolate 4 (B. velezensis) was observed as cream-white
colored, rough and lobate edged colonies. The convex
surfaced, opaque, lobate edged, rough and wrinkled
colonies were recorded in isolate 6 (B.
licheniformis).The colony morphology of isolate 7 (B.
amyloliquefaciens) was detected to have rough,
mucoid, cream-white colored colonies with irregular

edges. The isolate 8 (B. subtilis) had opaque, convex
surfaced, lobate edged, and rough colonies. The
morphological appearances of eight isolates on agar
plates are given in Figure 1.

Figure 1. The morphological appearances of eight
isolates on agar plates.

3.2. Gram Staining
The isolates were all Gram positive and rod-shaped.
The microscopic appearances are given in Figure 2.
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Figure 2. The microscopic appearances for Gram staining of eight isolates.

3.3. Antibacterial Efficacies of the Extracts

Compared to untreated groups, a great inhibition was
detected in the bacterial growth of all isolates which
were tested with the acetone extracts of H. tubulosa at
the concentration of 240 pg/ml. The inhibition ratios
were recorded as 80.24-88.65 % for this test
concentration against eight test isolates. In this
respect, we obtained similar inhibition ratios for the
concentration of 240 pg/ml, and the highest
antibacterial effect was observed in isolate 4 (B.
velezensis). However, some differences were
determined in other test concentrations depending on
the isolates. The potential antibacterial effect was also
detected at the concentration of 120 pg/ml in most of
the isolates. The inhibition percentages for the isolates
3 (B. cereus), 4 (B. velezensis), 5 (B. cereus), 6 (B.
licheniformis), 7 (B. amyloliquefaciens), and 8 (B.
subtilis) were detected as 79.38, 72.44, 81.26, 82.29,
83.14 and 83.55, respectively. On the other hand,
isolate 1 (B. tonoyensis) and isolate 2 (B. mojavensis)
were not sufficiently inhibited by the extracts at the
concentration of 120 pg/ml and inhibition ratios were

recorded as 42.70 and 40.36 %, respectively. The
extracts showed also antibacterial effects against
isolates 6 (B. licheniformis), 7 (B. amyloliquefaciens),
and 8 (B. subtilis) at the concentration of 60 pg/ml,
while other isolates were not inhibited. The inhibition
percentages of the isolates 6, 7 and 8 at the
concentration of 60 pg/ml were calculated as 79.93,
84.38 and 84.16, respectively. There was no
noteworthy effect at the concentration of 30 pg/ml.
The percentages of inhibition for 30 pg/ml test group
were varied between 23.01 and 6.59 except isolate 4
(B. velezensis). Based on these results, it was
determined that the extracts had very high
antibacterial effects at the concentration of 240 pg/ml
against isolates 1 (B. tonoyensis), and 2 (B.
mojavensis). There was no inhibition at the other test
concentrations for these isolates. On the other hand,
isolate 3 and 5 (B. cereus) and isolate 4 (B. velezensis)
were also inhibited at the concentration of 120 pg/ml
as well as 240 pg/ml. The isolates 6 (B. licheniformis),
7 (B. amyloliguefaciens), and 8 (B. subtilis) were
highly inhibited at the concentrations of 240, 120 and
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60 pg/ml but not effectively inhibited at 30
The data are given in Figure 3.

pg/ml.

Antibacterial Effect of the Acetone
Extracts of Hypogymnia tubulosa
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Figure 3. The antibacterial effects of the extracts
against the isolates treated with acetone extracts of H.
tubulosa at the certain concentrations of 240, 120, 60
and 30 pg/ml at 20th hour. Data are shown as optical

absorbance over OD 600 nm.

The acetone extracts of P. sulcata were also tested
against eight isolates. According to the data, these
extracts were not effective when compared to the
extracts of H. tubulosa. The extracts of P. sulcata had
slightly inhibitory effects against the isolates 1, 3, and
5 in comparison with the untreated groups. The
inhibition ratios at the concentration of 240 pg/mi
were recorded as 46.69, 44.34 and 40.09 for these
isolates, respectively. The inhibition ratios was
detected similar in isolate 1 at the concentrations of
120, 60 and 30 pg/ml (32.09, 29.36, and 30.28 %,
respectively). There was no inhibitory effect on other
test isolates. The data are given in Figure 4.

Antibacterial Effect of Acetone Extracts
of Parmeliasulcata
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Figure 4. The antibacterial effects of the extracts
against the isolates treated with acetone extracts of P.
sulcata at the certain concentrations of 240, 120, 60
and 30 pg/ml at 20th hour. Data are shown as optical
absorbance over OD 600 nm.
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IV. DISCUSSION

In the leather industry, application mistakes in
preservation and soaking processes can affect finished
product quality seriously. Therefore, many criteria
must be taken into consideration to produce the best
quality and high added value leather. Whereas
hide/skin preservation is generally provided by the
application of salt, it has been suggested that salt may
also cause bacterial contamination of hides/skins. In a
study evaluating the bacterial numbers found in salt
samples from Tuz Lake, Kaldirim, Kayacik Salterns,
and Tuzkdy Mine, high numbers of extremely
halophilic archaea were reported (3, 26). Hide
damages caused by proteolytic halophilic bacteria in
salt samples were also recorded (1, 2, 10, 27-29). For
this reason, several researchers have focused on
controlling halophilic and non-halophilic bacterial
population especially in salt, raw hides/skin, and
soaking process. In previous studies, non-halophilic
and halophilic bacteria and archaea were isolated from
salted, and soaked animal hides and soak liquor
samples (29-35). Inadequate salt-curing applications
and soaking processes are considered to lead increased
number of bacteria and also serious damages on
leather due to bacterial activities.

Berber et al. (2010) reported high numbers of non-
halophilic bacteria from soak liquor samples despite
the utilization of antimicrobial agents. They evaluated
the efficacy of antimicrobial agent (the active content,
didesyldimethylammonium chloride) in soak liquors
at a concentration of 0.4 g/l and they detected a high
number of total non-halophilic, proteolytic and
lipolytic non-halophilic bacteria in soak liquor
samples. In the same study, the inhibition in bacterial
growth was provided by doubling the concentration of
the antimicrobial agent in soak liquor (36). Also,
several antimicrobial agents were tested against
various bacteria isolated from soak liquor samples in
different concentrations (36, 37).

Although antimicrobial agents are applied in the
soaking process, they seem to be not effective and
bacterial population cannot be controlled. The
ineffectiveness of antimicrobials may be due to the
resistant bacteria since these bacteria can easily
transfer their resistance genes via horizontal gene
transfer. In this respect, alternative agents or strategies
may be helpful. B. toyonensis, B. mojavensis, B.
subtilis, B. amyloliquefaciens, B. velezensis, B. cereus,
and B. licheniformis were isolated from soak liquor
samples of different tanneries (22). In this study, the
possible antibacterial effects of the acetone extracts of
P. sulcata and H. tubulosa lichen species were
evaluated against these isolates. It is well known that
many biological activities (antimicrobial, antifungal
etc.) of lichens have been known for many years.
While many studies have reported that lichen
substances are more effective against Gram positive
bacteria, some lichen species have also been shown to
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have antibacterial effects against Gram negative
bacteria such as Pseudomonas aeruginosa and
Escherichia coli (19, 38-42).

However, there are not many studies evaluating the
efficacy of lichen extracts in the leather industry.
Tirkan et al. (2013) reported that acetone and
chloroform extracts of P. furfuracea (L.) Zopf on raw
skin and chrome-tanned leather samples against
Bacillus subtilis, B. cereus, Staphylococcus aureus,
Escherichia coli, Enterococcus faecalis, Klebsiella
pneumoniae, Pseudomonas aeruginosa, Aspergillus
niger, A. fumigatus, A. candidus, A. flavus,
Penicillium jensenii, Geotrichum candidum and
Candida albicans (15). In the previous study, the
antibacterial efficacies of the acetone extracts of
Hypogymnia  physodes, Evernia  divaricata,
Pseudevernia furfuracea, and Ushea sp. against B.
toyonensis, B. mojavensis, B. subtilis, B.
amyloliquefaciens, B. velezensis, B. cereus, and B.
licheniformis at different concentrations were reported
(22). Furthermore, the potential anti-biofilm properties
of the acetone extracts of Usnea sp. were reported
against biofilm—forming B. subtilis, B.
amyloliquefaciens, and B. velezensis from soak liquor
samples (43). In this meaning, the extracts and/or the
constituents of other lichen species may also have
potential effects against bacterial population in leather
industry. There are many studies for several biological
activities of P. sulcata and H. tubulosa. Altuner et al.
(2011) examined antimicrobial activities of methanol
extracts of Letharia vulpine, P. furfurace and Evernia
divaricata collected from Kastamonu province against
Salmonella enterica, E.coli, Shigella flexneri and B.
megaterium. They did not observe any activity of H.
tubulosa on tested microorganisms (44). On the other
hand, Cansaran-Duman et al. (2010) tested three
species of Hypogymnia for their antibacterial effects
on some Gram positive and Gram negative bacteria
and they observed highest activity in H. tubulosa
extracts. Furthermore, B. subtilis was found to be most
susceptible against acetone extracts of H. vittata, H.
physodes and H. tubulosa species (45). In this study,
considerable antimicrobial efficacy was also detected
for H. tubulosa against test isolates from soak liquor
samples. Similarly, the antibacterial efficacy of
acetone extracts of H. physodes was demonstrated in
the previous study (22). Therefore, it can be suggested
that the species belonging to Hypogymnia may have
potential antibacterial effects against Bacillus species
from soak liquor samples. There is no study
evaluating the antibacterial properties of P. sulcata
against the bacterial population in the soak liquor. To
our knowledge, P. sulcata has been firstly tested
against B.toyonensis, B.mojavensis, B.subtilis, B.
amyloliquefaciens, B. velezensis, B. cereus and
B.licheniformis isolated from soak liquor samples of
different tanneries. However, there are studies
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evaluating the antimicrobial effect of P. sulcata
against several bacteria. Rankovic et al. (2007)
reported the antimicrobial effect of acetone and
methanol extracts of P. sulcata against several Gram
positive and Gram negative bacteria except S. aureus
(46). Moreover, Candan et al. (2007) showed
antimicrobial activities of the acetone, chloroform,
diethyl ether, and methanol extracts of P. sulcata
collected from Eskigehir province against some Gram
positive and Gram negative bacteria (47). On the
contrary, P. sulcata was not successful against test
isolates in this study.

While it was reported that both H. tubulosa and P.
sulcata had antimicrobial activities against several
bacterial species in several studies (39, 45-47), H.
tubulosa was determined to have considerable
antibacterial activity when compared to P. sulcata on
tested isolates in this study. This result may be due to
the differences in bacterial strains, applied extract
concentrations and collection localities of lichen
species. Considering these data, H. tubulosa extracts
or their constituents may be utilized in the soaking
process to control the bacterial population and also
their potential defects on leather in further tanning
processes. Since lichen extracts are natural and eco-
friendly sources, they may be alternative antibacterial
agents according to commonly used synthetic
antimicrobial agents in the leather industry.

V. CONCLUSIONS

The bacterial population in soak liquor samples is one
of the major problems in the leather industry. These
bacteria cannot be eliminated easily by the
antimicrobial application. This may be due to the
antimicrobial resistance properties of some bacteria
due to the ability to transfer resistance genes. For this
purpose, alternative agents or strategies have to be
investigated for controlling the bacterial population in
soak liquors. In this study, the acetone extracts of H.
tubulosa was determined to have antibacterial
activities against B. toyonensis, B. mojavensis, B.
subtilis, B. amyloliquefaciens, B. velezensis, B. cereus
and B. licheniformis obtained from different soak
liquor samples at the concentration of 240 pg/ml at the
20M hour. On the other hand, the prominent
antibacterial or inhibitory effect of P. sulcata extracts
could not be detected on tested isolates. These data
suggest that the acetone extracts of H. tubulosa may
be utilized in the soaking process to control the
bacterial population.

ACKNOWLEDGEMENT

I express very profound gratitude to Professor Meral
BIRBIR for her tremendous supports and continuous
encouragement throughout my academic career. | am
thankful to Assoc. Prof. Niizhet Cenk SESAL for his
great guidance and valuable comments in every aspect



Int. J. Adv. Eng. Pure Sci. 2020, 32(3): 251-257

Antibacterial Effects

of the study. | would like to thank Assoc. Prof.
Giilsah Cobanoglu OZYIGITOGLU for the taxonomic
identification of the tested lichen species. Also, 1 am
grateful to Professor Filiz VARDAR for the use of a
microscope during the experiments.

REFERENCES

[1] Dahl, S. (1956). Prevention of microbiological
deterioration of leather. Leather Chem. Ass., 51, 103-
117.

[2] Birbir, M. and llgaz, A. (1996). Isolation and
identification of bacteria adversely affecting hide and
leather quality. Journal of the Society of Leather
Technologists and Chemists, 80, 147-153.

[3] Birbir, M., Calli, B., Mertoglu, B., Elevi Bardavid,
R., Oren, A., Ogmen, M.N. and Ogan, A. (2007).
Extremely halophilic archaea from Tuz Lake, Turkey,
and the adjacent Kaldirim and Kayacik Salterns.
World Journal of Microbiology and Biotechnology,
23, 309-316.

[4] Bailey, D.G. (2003). The preservation of hides and
skins. The Journal of the American Leather Chemists
Association, 98, 308- 319.

[5] Kallenberger, E.W. (1984). Halophilic bacteria in
brine curing. The Journal of the American Leather
Chemists Association, 79, 104-114.

[6] Bailey, D.G. and Birbir, M. (1996). The impact of
halophilic organisms on the grain quality of brine
cured hides. The Journal American Leather Chemists
Association, 91 47-51.

[7] Caglayan, P., Birbir, M., Sanchez-Porro, C., and
Ventosa, A. (2018). Detection of industrially potential
enzymes of moderately halophilic bacteria on salted
goat skins. Turkish Journal of Biochemistry, 43(3),
312-322.

[8] Haines, M.B. (1984). Quality rawstock. The
Journal of the American Leather Chemists
Association, 4, 164-173.

[9] Birbir, M. and Bailey, D.G. (2000). Controlling the
growth of extremely halophilic bacteria on brine cured
cattle hides. Journal of the Society of Leather
Technologists and Chemists, 84 (5), 201-204.

[10] Bailey, D.G. and Birbir, M. (1993). A study of
the extremely halophilic microorganisms found on
commercially brine-cured cattle hides. The Journal of
the American Leather Chemists Association, 88, 285-
293.

[11] Puvanakrishnan, R., Sivasubramanian, S., and
Hemalatha, T. (2019). Microbes and Enzymes: Basics
and Applied. MJP Publisher.

[12] Vivian, G.W. (1969). The preservation of hides
and skins against bacterial damage. The Journal of the
American Leather Chemists Association, 64 (10) 489-
500.

[13] Weiss, E.F. and Thornton, R.L. (1984). Growth
and control of microbiological activity during hide
curing process, Buckman Laboratories Inc., 18.

[14] Birbir, Y., Ugur, G., and Birbir, M. (2008).
Inactivation of bacterial population in hide-soak

256

liquors via direct electric current. Journal of
Electrostatics, 66 (7-8), 355-360.

[15] Turkan, M.F., Aslan, A., Yapici, A.N., Yapici,
B.M., and Bilgi, S.T. (2013). Assessment of
antimicrobial activity of natural leathers treated with
Pseudevernia furfuracea (L.) Zopf extracts. Tekstil ve
Konfeksiyon, 23 (2), 176-180.

[16] Nash, 111 TH. (2008). Lichen Biology. Cambridge
University Press.

[17] Molnér, K.and Farkas E. (2010). Current results
on hiological activities of lichen secondary
metabolites: a review. Zeitschrift fiir Naturforschung
C., 65(3-4), 157-173.

[18] Paudel, B., Bhattarai, H. D., Lee, J. S., Hong, S.
G., Shin, H. W., and Yim, J. H. (2008). Antibacterial
potential of Antarctic lichens against human
pathogenic ~ Gram-positive  bacteria. Phytotherapy
Research, 22(9), 1269-1271.

[19] Cobanoglu, G., Sesal, C., Gokmen, B., and
Cakar, S. (2010). Evaluation of the antimicrobial
properties of some lichens. South Western Journal of
Horticulture, 1(2), 153-158.

[20] Rankovi¢, B., Rankovi¢, D., Kosani¢, M., and
Mari¢, D. (2010). Antioxidant and antimicrobial
properties of the lichens Anaptychya ciliaris,
Nephroma parile, Ochrolechia tartarea and Parmelia
centrifuga. Central European Journal of Biology,
5(5), 649-655.

[21] Sweidan, A., Chollet-Krugler, M., Sauvager, A.,
Van de Weghe, P., Chokr, A., Bonnaure-Mallet, M.
and Bousarghin, L. (2017). Antibacterial activities of
natural lichen compounds against Streptococcus
gordonii and Porphyromonas gingivalis. Fitoterapia,
121, 164-169.

[22] Berber, D. (2020). Antibacterial activities of
lichen derived extracts against different Bacillus
species from soak liquor samples. Journal of the
American Leather Chemists Association, 115(03), 96-
104.

[23] Wirth, V., Die Flechten Baden-Wuirttembergs:
Teil 1, Stuttgart, Germany, Eugen Ulmer GmbH and
Co. 1995.

[24] Smith, C.W., Aptroot, A., Coppins, B.J., Fletcher,
A., Gilbert, O.L., James, P.W. and Wolseley, P.A. The
Lichens of Great Britain and Ireland. The British
Lichen Society, London, UK. 2009.

[25] Gokalsin, B., Berber, D., Ozyigitoglu, G. C.,
Yesilada, E., and Sesal, N.C.; Quorum Sensing
Attenuation Properties of Ethnobotanically Valuable
Lichens against Pseudomonas aeruginosa. Plant
Biosyst. 1-13, 2019.

[26] Birbir, M., Ogan, A., Calli, B. and Mertoglu, B.
(2004). Enzymatic characteristics of extremely
halophilic archaeal community in Tuzkoy Salt Mine,
Turkey. World Journal of Microbiology and
Biotechnology, 20, 613-621.

[27] Birbir, M. (1997). Investigation of salted-cured
France and Russian hides for halophilic bacteria.
Journal of Turkish Microbiological Society, 27, 68-73.



Antibacterial Effects

Int. J. Adv. Eng. Pure Sci. 2020, 32(3): 251-257

[28] Birbir, M., Kallenberger, W., llgaz, A. and
Bailey, G. (1996). Halophilic bacteria isolated from
brine cured cattle hides. Journal of the Society of
Leather Technologists and Chemists, 80, 87-90.

[29] Berber, D. and Birbir, M. (2010). Examination of
bacterial populations in salt, salted hides, soaked hides
and soak liquors. The Journal of the American Leather
Chemists Association, 105 (10), 320-326.

[30] Aslan, E., and Birbir, M. (2011). Examination of
Gram positive bacteria on salt-pack cured hides. The
Journal of the American Leather Chemists
Association, 106 (12), 372-380.

[31] Aslan, E. and Birbir, M. (2012). Examination of
Gram-Negative bacteria on salt-pack cured hides. The
Journal of the American Leather Chemists
Association, 4 (107), 106-115.

[32] Akpolat, C., Ventosa, A., Birbir, M., Sanchez-
Porro, C. and Caglayan, P. (2015). Molecular
identification of moderately halophilic bacteria and
extremely halophilic archaea isolated from salted
sheepskins containing red and yellow discoloratios,
The Journal of the American Leather Chemists
Association, 110, 211-220.

[33] Caglayan, P., Birbir, M., Sanchez-Porro, C. and
Ventosa, A. (2017). Screening of industrially
important enzymes produced by moderately halophilic
bacteria isolated from salted sheepskins of diverse
origin. The Journal of the American Leather Chemists
Association, 112 (6), 207-216.

[34] Ulusoy, K., and Birbir, M. (2015). Identification
and metabolic activities of bacterial species belonging
to the Enterobacteriaceae on salted cattle hides and
sheep skins. The Journal of the American Leather
Chemists Association, 110, 86-199.

[35] Birbir, M., Yazici, E., Caglayan, P., Birbir, Y.,
and Goebel, R.A. (2019). Elimination of antibiotic
resistant Enterobacteriaceae via combined application
of direct electric current, alternating electric current
and 2-thiocyanomethylthio benzothiazole. Journal of
the Society of Leather Technologists and
Chemists, 103(2), 85-90.

[36] Berber, D., Birbir, M., and Hacioglu, H. (2010).
Efficacy assessment of bactericide containing
didecyldimethylammonium chloride on bacteria found
in soak liquor at different exposure times. The Journal
of the American Leather Chemists'
Association, 105(11), 354-359.

[37] Veyselova, C., Birbir, M., and Berber, D. (2013).
Minimal bactericidal concentration for a quaternary
ammonium compound used in soak liquors. Journal of
the Society of Leather Technologists and
Chemists, 4(97), 166-171.

[38] Gulluce, M., Aslan, A., Sokmen, M., Sahin, F.,
Adiguzel, A., Agar, G, Sokmen, A. (2006). Screening
the antioxidant and antimicrobial properties of the
lichens Parmelia saxatilis, Platismatia glauca,
Ramalina pollinaria, Ramalina polymorpha and

Umbilicaria nylanderiana. Phytomedicine 13 (7), 515-
521.

[39] Rankovic, B., and Kosanic, M. (2012).
Antimicrobial activities of different extracts of
Lecanora atra, Lecanora muralis, Parmelia saxatilis,
Parmelia sulcata and Parmeliopsis ambigua. Pak. J.
Bot. 44:429-33.

[40] Cobanoglu, G., Sesal, C., A¢ikgoz, B., and
Karalti, I. (2016). Evaluation of antimicrobial activity
of the lichens Physcia aipolia, Xanthoria parietina,
Usnea florida, Usnea subfloridana and Melanohalea
exasperata. Modern Phytomorphology, 10, 21-26.

[41] Mitrovi¢ T., Stamenkovi¢ S., Cvetkovi¢ V., To$ié
S, Stankovi¢ M., Radojevié 1., Stefanovi¢ O., Comié
L, Dagi¢ D., Cur¢i¢ M., and Markovi¢ S. (2011).
Antioxidant, Antimicrobial and antiproliferative
activities of five lichen species. International Journal
of Molecular Sciences, 12, 5428- 5448.

[42] Kiran, F., Yildiz, A., and Osmanagaoglu, O.
(2013). Determination of antimicrobial properties of
some lichen samples. Turk Mikrobiyoloji Cemiyeti
Dergisi, 43 (3), 97-103. d0i:10.5222/TMCD.2013.097
[43] Berber, D., Tirkmenoglu, I., Birbir, M., and
Sesal, N.C.; Efficacy of Usnea sp. Extracts in
Preventing Biofilm Formation by Bacillus Species
Isolated from Soaking Liquor Samples. 2020, in press.
[44] Altuner, E.M., Ceter, T., Demirkapi, D., Ozkay,
K., Hayal, U., and Eser, G. (2011). Investigation on
antimicrobial effects of some lichen species collected
from Kastamonu region. Communications Faculty of
Sciences University of Ankara Series C: Biology, 23
(1-2), 21-31.

[45] Cansaran-Duman, D., Cetin, D., Simsek, H., and
Coplu, N. (2010). Antimicrobial activities of the
lichens Hypogymnia vittata, Hypogymnia physodes
and Hypogymnia tubulosa and HPLC analysis of their
usnic acid content. Asian Journal of Chemistry, 22 (8),
6125.

[46] Rankovic, B., Misic, M., and Sukdolak, S.
(2007). Evaluation of antimicrobial activity of the
lichens Lasallia pustulata, Parmelia sulcata,
Umbilicaria crustulosa, and Umbilicaria cylindrica.
Muxkpo6uomnorus, 76 (6), 817-821.

[47] Candan, M., Yilmaz, M., Tay, T., Erdem, M., and
Tirk, A.O. (2007). Antimicrobial activity of extracts
of the lichen Parmelia sulcata and its salazinic acid
constituent. Zeitschrift fir Naturforschung C, 62 (7-8),
619-621.

257



