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Abstract
In this study, silver@graphene oxide nanocomposites (Ag@GO NCs) derived from extracts of Antarctic lichens Usnea ant-
arctica and Umbilicaria antarctica were synthesized and their antimicrobial activity against to fish pathogen bacteria were 
evaluated. According to the results of characterization test, spherical Ag NPs were well dispersed on the surface of graphene 
oxide. While the diameters of Usnea antartica extract-based NCs were observed at an average of 28 nm, the diameters of 
Umbilica antartica extract-based NCs were found 40 nm. The absorption points of Usnea antartica and Umbilicaria antar-
tica extract-based Ag@GO NCs were detected at 445 nm. The highly stable structures of NCs synthesized with both lichen 
extracts were exhibited with zeta potential. In addition, functional groups that play a role in the synthesis were revealed by 
FT-IR analysis and its crystal structure was revealed by XRD analysis. The lichen-based NCs have excellent antimicrobial 
activity against to Staphylococcus aureus, Aeromonas hydrophila, Pseudomonas aeruginosa, and Yersinia ruckeri strains. 
As a result, we suggest that Ag@GO NCs were synthesized with both lichen extracts by an effective, inexpensive, and eco-
friendly method and are applicable for antimicrobial activity studies.

Keywords  Usnea antarctica · Umbilicaria antarctica · Silver nanoparticles · Antimicrobial activity

1 � Introductıon

There are a lot of studies available in the literature that nan-
oparticles (NPs) have unique properties compared to bulk 
forms as an advantage of the surface–volume relationship 
(Khan et al. 2019). Due to their different structural, physi-
cal, and chemical properties, nanoparticles have attracted 
the attention of researchers in terms of synthesis process 
and industrial applications. With the biological synthesis 
method developed as an alternative to the physical and 

chemical synthesis process of nanoparticles, nanoparticles 
are synthesized through biomaterials such as various plant 
(Hassan et al. 2022), seaweed (Princy and Gopinath 2021; 
González-Ballesteros et al. 2018),  and fungi (Kaplan et al. 
2021; Bafghi et al. 2021) extracts.

With the developments in the field of biotechnology, sil-
ver-containing nanostructures are important in the industrial 
field with their unique physical, chemical, and biological 
properties. Among the metallic nanoparticles (mNPs), sil-
ver nanoparticles (Ag NPs) (Akintelu et al. 2021; Yaqoob 
et al. 2020) have the potential to be used in many appli-
cations. Due to its widely use in the industry, the need to 
synthesize Ag NPs with a cheap, effective, and eco-friendly 
method has emerged, and studies have been carried out on 
the biosynthesis of Ag NPs and their application areas. Naz-
ari et al. (2020) reported that nanomaterials synthesized by 
biological method have lower toxicity compared to chemical 
synthesized nanostructures. The potential of use of Ag NPs 
synthesized by various bio-extracts for antioxidant (Turunc 
et al. 2021), wound healing (Kaplan et al. 2021), anticancer 
(Wang et al. 2021), catalytic, (Princy and Gopinath 2021), 
and sensor (Zamarchi and Vieira 2021) applications has 
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been reported. The most interesting properties of biosyn-
thesized Ag NPs are their antimicrobial activity and many 
studies have been performed for this area (Vanlalveni et al. 
2021; Jadoun et al. 2021).

The most interesting properties of biosynthesized Ag NPs 
are their antimicrobial activity and many studies have been 
done for this purpose. For instance, minimum inhibition 
concentration (MIC) of Ag NPs synthesized using Punica 
granatum peel extract against Staphylococcus aureus, Bacil-
lus subtilius, Escherichia coli, and Pseudomonas aerugi-
nosa strains were determined at 50, 43, 38, and 44 µg/ml, 
respectively (Dut Jasuja et al. 2014). In another study, the 
MIC of Rosmarinus officinalis leaf extract-based Ag NPs 
against S. aureus, B. subtilis, E. coli, and Pseudomonas aer-
uginosa strains were recorded at 773, 1546, 193, and 386 µg/
ml, respectively (Ghaedi et al. 2015). Moteriya and Chanda 
(2020) emphasized that Caesalpinia pulcherrima-based Ag 
NPs exhibit highly effective antimicrobial activity against 
B. subtilis, B. cereus, S. aureus, Corallium rubrus, E. coli, 
P. aeruginosa, Klebsiella pneumoniae, Candida albicans, 
and C. glabrata.

Besides the advantages it has, Ag NPs have disadvantages 
such as their tendency to agglomerate and low stabilization 
properties. To eliminate this disadvantageous situations, 
studies for the immobilization and applications of free NPs 
to the substrate such as graphene oxide (GO) continue (Zhu 
et al. 2021, Ahmad et al.). GO, biocompatible, is a graphene-
derived 2-dimensional material that allows bonding to the 
structure of NPs through the reactive groups in its structure 
(Zhu et al. 2021, Ahmad et al.). Zhu et al. (2021) suggested 
that GO could be used to enrich the antimicrobial activities 
of Ag NPs. Ahamed et al. (2022) reported that Ag@GO 
nanocomposites (NCs) synthesized with orange peel extract 
showed twice anticancer activity against human lung can-
cer and breast cancer cells compared to free Ag NPs, and 
were also biocompatible with normal cells. Emima Jorensia 
et al. (2021) observed that Ag@GO NCs synthesized using 
Punica granatum peel extract had more effective antimi-
crobial activity than free Ag NPs. In addition, it has been 
documented that P. aeruginosa-based Ag@GO NCs have 
antimicrobial activity against E. coli (Potbhare et al. 2020), 
Syzgium cumini extract-based Ag@GO NCs against E. coli, 
P. aeruginosa, Bacillus sp., and Staphylococcus sp. strains 
(Thomas et al. 2020).

Lichens are symbiotic associations between fungi and 
green algae or cyanobacteria and they are very rich in chemi-
cal compounds. More than 700 secondary compounds are 
known in lichens and the great majority are found on med-
ullary hyphae with relatively few in the cortices. Lichens 
produce various secondary compounds which often vary in 
response to environmental gradients (Swanson et al. 1996; 
Bjerke et al. 2004; Vatne et al. 2011), in particular in rela-
tion to solar radiation (Bjerke and Dahl 2002; McEvoy et al. 

2006, 2007), and nitrogen availability (Solhaug and Gauslaa 
2012). As they are the most dominant organisms in the ter-
restrial vegetation of Antarctica, lichens have abilities to 
cope with multiple environmental stresses, including low 
temperatures, desiccation, and high solar radiation exposure 
(Schroeter and Scheidegger 1995; Kappen 2000; Lud et al. 
2001; Gautam et al. 2011). In this study, Ag@GO NCs were 
synthesized using the lichen samples belonging to Usnea 
antarctica and Umbilicaria antarctica collected from Ant-
arctica and their antimicrobial activities against Staphylo-
coccus aureus, Aeromonas hydrophila, Pseudomonas aer-
uginosa, and Yersinia ruckeri strains have been revealed. 
These two lichen species are very successfully adapted to 
survive in the harsh environmental conditions of Antarctica 
and they are also very common in the white continent. It is 
thought that the findings will be a guide for the application 
of biomaterials based from Antarctic lichens in biomedical 
fields.

2 � Materials and methods

2.1 � Collections of lichen samples

Lichen samples belonging to Usnea antarctica were col-
lected on small pepples from James Ross Island located 
in the North east of Antarctic Peninsula. This species has 
maximum cover on the rocks of this island. The samples 
belonging to Umbilicaria antarctica were collected on big 
rocks from Galindez Island which is located in the west of 
Antarctic Peninsula. About 20 g of each lichens were col-
lected in January 2017. The locations of these islands and 
the photographs of the lichens are provided in Fig. 1. After 
collecting the lichens, they were left for drying in an open 
area for 1 week where air circulance is present.

2.2 � Green synthesis of Ag@GO nanocomposites 
and their characterization

Ag@GO NCs were synthesized by the method applied 
by Ocsoy and their study group with slight modification 
(Ocsoy et al. 2017). 10 g dried lichen samples were holded 
in deionized water (100 ml, 85 °C) and filtered. Ag NPs 
were obtained by mixing the lichen extract and Ag NO3 
(5 × 10–3 M) in a magnetic stirrer at a ratio of 1:9 until a 
color change was observed. Then, Ag NP (2 ml) and lichen 
extract (2 ml) were added to GO (2 ml, 0.1 mg/ml), respec-
tively. Single-layer GO (0.5–3 μm) was obtained from Gra-
phene Supermarket (Ronkonkoma, NY). After about 5 min, 
NaCl solution (0.09 M, 2.4 ml) was added dropwise to the 
solution. After about 15 s, 5 ml of NaCl solution (0.29 M) 
was added dropwise and mixed for 30 min, AgNP/GO par-
ticles were separated by centrifugation (5 min at 3000 rpm) 
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and then dried in an oven (1 night at 70 °C). Ag@GO NCs 
were characterized by evaluating their characteristic light 
absorption points, surface charges, morphology, crystal 
structures, and the presence of secondary metabolites in 
their structure. The sample is located at the interface to 
image diffuse electrons in the SEM and is commonly used 
for imaging lighter atoms in an electron microscope. A con-
centrated 50 µl Ag@GO aqueous solution is dripped onto 
the carbon tape-coated stub and dried overnight to obtain 
clear images. The resulting Ag@GO nanocomposites are 
used in ZEISS EVO LS10 SEM at an operating voltage of 
25 kV to obtain SEM images. X-ray diffraction (XRD) is 
used to obtain information about the crystallographic struc-
ture or elemental composition of the materials obtained. 
Fourier transform infrared spectroscopy (FT-IR) is used to 
characterize the presence of adsorbates on the nanomaterial 
surface.

2.3 � Antimicrobial activity of Ag@GO 
nanocomposites

Antimicrobial properties of Ag@GO NCs were determined 
by broth microdilution technique. Staphylococcus aureus, 
Aeromonas hydrophila, Pseudomonas aeruginosa, and Yers-
inia ruckeri strains were grown in Müeller Hinton broth and 
the microorganism density was adjusted to 0.5 McFarland. 
The medium and 100 µg/ml of the samples to be tested 
for activity were added to the wells, and finally, 5 µg/ml 

microorganisms were added to each well. In addition, 10 µg/
ml was taken from each well and cultivated on tryptic soy 
agar quantitatively and the percent inhibition rates of the 
samples on microorganisms were determined (Ocsoy et al. 
2017).

3 � Results and discussion

3.1 � Characterization of Ag@GO NCs

The characteristic light points of Ag@GO NCs synthe-
sized using Umbilicaria antarctica and Usnea antarctica 
extract were detected at 445 nm (Fig. 2). The peak at 295 nm 
detected for Ag@GO NCs synthesized with both lichen 
extracts indicates the presence of GO. Zhu et al. (2021) noted 
the presence of Ag NPs in the NCs structure with the peak 
observed in NCs at 400 nm. Ahmad et al. (2021) reported 
the presence of GO and Ag NPs with surface plasmon reso-
nance (SPR) vibrations observed at 300 and 420 nm, respec-
tively. Similar to our findings, in another study, characteristic 
peaks of Ag@rGO NCs were determined at 264 and 425 nm 
(Wu et al. 2011). In previous studies, characteristic light 
absorption points of Ag NPs were determined in the range 
of 380–450 nm, depending on the morphology, diameter, 
and aggregation state of the NP (Princy and Gopinath 2021; 
Kaplan et al. 2021; Turunc et al. 2021; Wang et al. 2021). 
The data we obtained by UV characterization of Ag@GO 

Fig. 1   Locations and the photographs of the lichens
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NCs synthesized with lichen extracts are in agreement with 
the previous studies.

Zeta potential test is an important analysis applied to 
comment on the stability of nanomaterials based on the sur-
face charge of nanomaterials. The surface charges of Umbili-
caria antarctica-based Ag@GO NCs (Fig. 3) and Usnea 
antarctica-based Ag@GO NCs (Fig. 4) were detected at −28 
and −31 mV, respectively. The negative surface charge of 
nanoparticles ensures stable structure by preventing aggre-
gation of the biomaterial synthesized with the biocoating 
agent (Turunc et al. 2021). In previous studies, it has been 
reported that NPs with a surface charge lower than −25 mV 
are high stable (Heydari and Rashidipour 2015). In line with 
this information, it can be said that the secondary metabo-
lites in both lichen extracts provide the synthesis of highly 
stable NCs.

With electron microscope images, it was determined that 
Usnea antarctica and Umbilicaria antarctica extract-based 
Ag NPs had an average size of 28 and 40 nm, respectively, 

and tended to agglomerate slightly (Figs. 5 and 6). Ag NPs 
synthesized with Fucus gardeneri extract were determined 
to be around 19 nm (Princy and Gopinath 2021). In another 
study, it was reported that the Ag NPs in the synthesized GO 
layers were around 40–50 nm, and the NP sizes increased 
relatively with increasing Ag concentration (Liu et al. 2017). 
As a result of the reaction of 1 and 10 mM AgNO3 with 
Catharanthus roseus extract, the average diameter of the 
Ag NPs observed in the GO layers was approximately 10.48 
and 7 nm, respectively, while the Ag NPs formed as a result 
of the reaction with 100 mM AgNO3 were reported to be 
distributed in quite different sizes (Rohaizad et al. 2020). 
According to the literature review, the size of Ag NPs in 
biosynthesis differs according to the reduced metal concen-
tration and the biological material from which the extract 
is obtained.

The presence of secondary metabolites that play a role 
in the reduction of metals and coating of NCs was deter-
mined by FT-IR analysis. FT-IR analyses of Umbilicaria 

Fig. 2   Characteristic light 
absorption points of Ag@GO 
NCs
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Fig. 4   Zeta potential of Usnea 
antarctica extract-based Ag@
GO NCs

Fig. 5   Umbilicaria antarctica extract-based morphology of NCs a TEM image of GO, b STEM analysis of Ag NPs c: TEM image of Ag@GO 
NCs)

Fig. 6   Usnea antarctica extract-based morphology of NCs a STEM image of Ag NPs, b TEM image of Ag@GO NCs)
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antartica and Usnea antartica-based Ag@GO NCs are 
given in Figs. 7 and 8, respectively. Spectrums observed at 
878, 1060, 1247, 1373, and 1694 cm−1 by FT-IR analysis 
of Ag@GO NCs synthesized with Umbilicaria antartica 
extract indicate the presence of carbonyl, alkoxy groups 
(CO), epoxy groups (C–H), C–O deformation, and aro-
matic rings (C=C), respectively. The peaks at 1987 and 
2046  cm−1 correspond to aromatic compounds (C–H). 
Other components, such as O–H deformation, CH2, and 
–OH groups, were detected at 2895, 2972, and 3612 cm−1, 
respectively. Our findings are consistent with the previous 
studies (Sahu et al. 2015; Lorestani et al. 2015; Hooda 
and Sharma 2020). Absorption peaks of Usnea antartica 
extract-based Ag@GO NCs at 904, 1061, 1382, 2107, 

2317, 2894, and 2964 cm−1 correspond to alken (C=C), 
alkoxy, C–O deformation, (C=O), (HCO3

−), O–H defor-
mation, and CH groups, respectively (Sahu et al. 2015; 
Lorestani et al. 2015; Hooda and Sharma 2020).

The crystal structure of Ag NPs synthesized with lichen 
extracts was determined by XRD analysis. The diffractions 
of Umbilicaria antarctica (Fig. 9) vs Usnea antarctica 
(Fig. 10) extract-based Ag NPs at 2 theta 28°, 32°, 38°, 
44°,46°, 54°, 57° 64°, and 77° correspond to (2 1 0), (1 2 
2), (1 1 1), (2 0 0), (2 3 1), (1 4 2), (2 4 1), (2 2 0), and (3 1 
1) planes, respectively. This data consistent with planes of 
JCPDS, file No. 04-0783 (Meng 2015). With this analysis, 
the crystal structure of Ag NPs immobilized in GO was 
demonstrated.

Fig. 7   FT-IR mapping of 
Umbilicaria antartica extract-
based Ag@GO NCs

Fig. 8   FT-IR mapping of Usnea 
antarctica extract-based Ag@
GO NCs
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3.2 � Antimicrobial activity of Ag@GO NCs

It was observed that AgNP and Ag@GO NCs showed sig-
nificant antimicrobial activity against S. aureus, Y. ruckeri, 
A. hydrophila, and P. aeruginosa strains (Table 1). The MIC 
values of Ag@GO NCs and Ag NPs synthesized with both 
lichen extracts against S. aureus strain were determined at 

30 and 60 ppm, respectively, and Ag@GO NCs exhibited 
more effective antimicrobial activity than Ag NPs. While 
it was observed that Ag@GO NCs exhibited the highest 
antimicrobial activity against Y. ruckeri strain (30 ppm), 
Ag NPs synthesized with Usnea antartica extract exhibited 
the lowest activity (60 ppm). Ag@GO NCs synthesized 
with Usnea antartica extract exhibited the highest activity 

Fig. 9   XRD analysis of Umbilicaria antartica extract-based Ag NP

Fig.10   XRD analysis of Usnea antartica extract-based Ag NP
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(15 ppm) against A. hydrophila, and it was noted that NPs 
and Umbilicaria antartica-based Ag@GO NCs exhibited 
similar levels (30 ppm) of antimicrobial activity. Ag@GO 
NCs synthesized with both lichen extracts have more effec-
tive antimicrobial properties than Ag NPs against the P. aer-
uginosa strain. According to our result, Ag@GO NCs had 
more effective antimicrobial activity than Ag NPs.

In a study where Ag@GO NC exhibited more effective 
antimicrobial activity against E. coli strains than Ag NP, 
researchers suggested that this was due to the nonspecific 
binding of bacteria to graphene (Liu et al. 2011). It has 
been reported that Ag@GO NCs synthesized with Punica 
granatum extract have more effective antimicrobial activ-
ity than Ag NPs synthesized with the same extract (Emima 
Jeronsia et al. 2021). In another study evaluating the antimi-
crobial activities of Ag NP and Ag@GO NCs synthesized 
from grape seed, it was found that the antimicrobial activity 
increased with increasing Ag concentration in the synthe-
sis of Ag@GO NCs and Ag@GO NCs had greater antimi-
crobial activity compared to Ag NP (Liu et al. 2017). The 
researchers explained their data with Ag@GO NC’s destruc-
tion of the bacterial wall and oxidative damage caused by 
Ag ions. In the literature, the high antimicrobial activity of 
Ag GO NC compared to Ag NP has been explained: (1) the 
synergistic effect of GO layers and Ag ions; (2) the damage 
to the cell wall of the formed reactive oxygen species (ROS), 
and our opinion is in this direction as well (Ahmad et al. 
2021; Ma et al. 2011; Wierzbicki et al. 2019).

4 � Conclusion

First time in this study, Antarctic lichens were used for syn-
thesis of graphene oxide-decorated Ag NCs synthesis. Ag 
NPs well dispersed on the graphene oxide surface were dis-
played by SEM images. It was noted that Usnea antarctica 
extract-based spherical Ag@NCs had an average diameter 
of 28 nm and a good stability (−31 mV) structure. It was 
observed that Umbilicaria antarctica extract-based Ag@
GO NCs were 40 nm, and had good stability (−28 mV). 
Crystallinity of Ag@GO NCs and functional groups were 
detailed using XRD and FT-IR analyses, respectively. The 
rich antimicrobial activity of Ag@GO NC based on two 
Antarctic lichen extracts was explained by ROS. As a result, 
Ag@GO NCs with antimicrobial activity were synthesized 

by eco-friendly method (biosynthesis) to avoid the disad-
vantages of traditional (physical and chemical) synthesis 
methods.
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