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The biological synthesis of silver nanoparticles is considered a green approach to nanoparticle 

fabrication that is both economical and environment-friendly and thus has been attracting considerable 

attention in recent years. In this study, the silver nanoparticles produced by the thermophilic bacterium 

Bacillus sp. B1 were characterized. According to the UV-Vis findings, there was a clear absorption peak at 

421 nm, indicating the production of silver nanoparticles. The XRD findings showed that the silver 

nanoparticles were crystalline with diffraction peaks of metallic silver. Fourier transform infrared (FTIR) 

analysis identified the presence of organic molecules, including proteins and hydroxyl containing 

compounds, involved in the reduction and stabilization of the nanoparticles. The silver nanoparticles were 

analyzed using TEM. These were seen to concentrate in the bacterial cell, cell membrane, and were further 

isolated for analysis in the form of free particles. The size of the particles ranged from 11 to 13 nm with a 

predominance of oval-shaped particles. The intensity of color was found to be within the  5200–5400 range, 

indicating that the particles had metallic properties. In summary, the results of the research demonstrate that 

thermophilic bacteria can be used successfully for the biosynthesis of silver nanoparticles. 
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INTRODUCTION
1
 

Nanotechnology as a science plays a key role in the development of high-tech industries and is also 

widely used in biomedicine. There has been a growing amount of research on nanotechnology, particularly 

involving the green synthesis and characterization of nanoparticles [1, 2]. 

Control over the size and shape of nanoparticles allows for targeted modification of physicochemical 

properties such as optical, electrical, magnetic and biological ones. These properties make nanoparticles 

widely used in the development of new dosage forms, targeted drug delivery, tumor imaging and the creation 

of biocompatible coatings and functional materials [3]. The mechanism of silver nanoparticle antimicrobial 

action is based on interaction with the microbial cell membrane, the generation of reactive oxygen species, 

the inactivation of enzymatic systems and the disruption of nucleic acid replication. Silver nanoparticles are 

currently widely used in antiseptic coatings, medical implants, dressings, food packaging and wastewater 

treatment technologies [4, 5]. 

Despite the high efficiency of traditional physical and chemical methods for producing nanoparticles, 

their use is characterized by a number of limitations. These include the use of toxic reducing agents and 

stabilizers, the formation of byproducts, difficult purification and the high energy intensity of the processes. 

Furthermore, the presence of residual chemical reagents on the surface of nanoparticles limits their use in 

biomedical applications. In this regard, the biological synthesis of nanoparticles is particularly relevant.The 

biological synthesis process provides an environmentally friendly and cost-effective approach under 
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relatively mild reaction conditions. Microorganisms such as bacteria, actinomycetes, and fungi are 

investigated in metal nanoparticles synthesis. Nanoparticles are biosynthesized when the microorganisms 

grab target ions from their environment and then turn the metal ions into the element metal through enzymes 

generated by the cell activities. Biomolecules such as proteins, enzymes, vitamins and polysaccharides 

perform dual functions acting as reducing agents and nanoparticle stabilizers preventing their aggregation 

and ensuring colloidal stability [6,7,8;9,10]. 

In recent years, particular attention has been paid to the search for new microbial strains capable of 

synthesizing silver nanoparticles. While many investigations have focused on the biogenic production of 

silver nanoparticles by mesophilic bacteria of the genus Bacillus, relatively little research has concentrated 

on the use of thermophiles in nanoparticle generation.  Considering that thermophilic bacteria are able to 

exist and function at elevated temperatures their use in the synthesis of silver nanoparticles can contribute to 

increased process efficiency by accelerating reactions, reducing the risk of microbial contamination and 

increasing the stability of the resulting nanomaterials [11,12,13]. In addition, transmission microscopy makes 

it possible to study nanoparticles at the ultrastructural level, bioaccumulated in the cells of eukaryotic and 

prokaryotic organisms, including bacteria [14-19]. 

Thus, the biological synthesis of silver nanoparticles using thermophilic bacteria is a relevant area of 

research that combines the principles of environmental safety, economic efficiency and high functionality of 

the resulting nanomaterials. This research can help to further develop methods of biosynthesis of silver 

nanoparticles used in biomedicine and biotechnology. 

MATERIALS AND METHODS 

Test microorganism 

A strain of the thermophilic bacterium Bacillus sp. B1 isolated from the Babazan thermal spring in the 

Salyan region of the Republic of Azerbaijan, was used as a test microorganism for the synthesis of silver 

nanoparticles. The isolation methods, genus identification, morphocultural characteristics, and some 

physiological and biochemical characteristics of the strain have been described in detail in our previous 

article [20]. 

Synthesis of silver nanoparticles  

Silver nanoparticles were synthesized using biomass from the Bacillus sp. B1 strain, which had been 

previously separated from the culture fluid by centrifugation. Ten grams of wet biomass were added to 100 

ml of a 1 mM silver nitrate solution, while 50 ml of cell-free supernatant were mixed with an equal volume 

of a 1 mM silver nitrate solution. The reaction mixtures were incubated in the dark at 55°C. The conditions 

for biomass production, the formation of the reaction mixture with the silver nitrate solution, and the color 

change from turbid white to brown during the incubation period have been described in detail in our previous 

article [11]. 

UV-Vis spectroscopy 

UV-Vis spectrophotometric analysis of silver nanoparticles was carried out over the wavelength range 

of 300-900 nm using a Thermo Scientific GENESYS 30 visible spectrophotometer (Analytical Chemistry 

Laboratory, UFAZ), operating at a spectral resolution of 1 nm. The absorption spectra were recorded as a 

function of wavelength. 

XRD analysis 

The crystal structure of silver nanoparticles was studied using X-ray diffraction (XRD) (Bruker D2 

Phaser). The spectrum was recorded by CuKα radiation with a wavelength of 1.5406 Å in the 2θ range of 5
°
-

80° along with a LYNXEYE_2 one-dimensional (1D) detector. Crystallographic planes were identified by 

comparing the obtained diffraction patterns with the standard diffraction of silver (JCPDS 00-004-0783) and 

using reference patterns from the COD (Crystallography open database).The size of silver nanoparticles was 

calculated using Scherrer’s equation. 

TEM analysis 
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To determine the size and morphology of the synthesized silver nanoparticles, the samples were 

analyzed using a JEM-1400 transmission electron microscope (JEOL, Japan) at an accelerating voltage of 

80-120 kV in the Electron Microscopy Department of the Azerbaijan Medical University. 

FTIR analysis 

To determine the functional groups of biomolecules involved in the reduction and stabilization of 

silver nanoparticles, Fourier transform infrared spectroscopy (FTIR) was used (Bruker ALPHA, Germany). 

The spectra were recorded after the silver nanoparticle samples had been obtained and dried. 

RESULTS 

The formation of silver nanoparticles was first demonstrated using a UV-visible spectrophotometer, 

revealing a characteristic absorption spectrum at 421 nm, which is typical of silver nanoparticles. This 

phenomenon occurs due to surface plasmon resonance, which is explained by the oscillation of free electrons 

on the surface of the silver nanoparticles (Figure 1).The position and intensity of the absorption peak are 

influenced by several factors, including particle size, shape, distribution, and are often associated with the 

formation of relatively stable nanoparticles. 

 

 
Figure 1. UV-Vis Spectrum of the produced silver nanoparticles by Bacillus sp. B1 

 

Crystallinity in the synthesized silver nanoparticles was established through X-ray crystallographic 

analysis. The diffraction pattern is presented in Fig. 2. Sharp peaks appeared at 2θ values of 38.01°, 44.21°, 

and 64.29° respectively representing the diffractions at the Bragg planes of (111), (200), and (220). These 

planes can be indexed on the basis of the crystal structure of face-centered cubic structure of silver. The 

calculation of average crystalline size has been made by using Scherrer’s equation - D = κ λ / (β cos θ). Here 

D is the average crystallite size perpendicular to the reflecting planes, κ is the shape factor which is generally 

considered to have value 0.9. λ stands for the X-ray wavelength, β is the full width at half-maximum 

intensity while θ is the diffraction angle.The crystallite size of silver nanoparticles obtained by Scherrer’s 

equation ranged between 5.9 to 11.0 nm with an average size of 8.1 nm. 
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Figure 2. XRD analysis of silver nanoparticles synthesized by thermophilic Bacillus sp. B1 

 

These data were also verified using transmission electron microscopy (TEM) aimed at identifying the 

localization of silver nanoparticles within bacterial cells, in the cell wall, and in the cell-free supernatant. 

First of all, it should be noted that after the experiments, bacterial samples were placed in a special fixative in 

accordance with the protocols adopted in TEM studies and after storage for at least one day, araldite-epon 

blocks were prepared. Samples were collected from these blocks, cut into semithin and ultrathin sections, 

examined under an electron microscope and electrograms were obtained. Based on the data obtained, Figure 

3 was prepared. Electron micrographs and corresponding histograms were prepared based on the 

ultrastructural data of the Bacillus sp. B1 strain. Here, the general appearance of the aforementioned 

bacterium was determined at high magnifications of the electron microscope, i.e. at a magnification of more 

than 100,000 times, as well as the bioaccumulation of silver nanoparticles in the cell wall and cytoplasmic 

elements, both in free and aggregated form (Figure 3A). As a result of the analysis of this electron 

micrograph using the Intensity Profile program, it was found that the gray value of these particles on the 

histogram obtained using the red line drawn along these nanoparticles decreased from 6200 to 5400, and the 

size of the registered particle was 13.0 nm (Figure 3B). Analysis of the obtained data revealed that these 

parameters correspond to the size and gray value of the metal nanoparticles. 

The silver nanoparticles synthesized in the cell-free supernatant of Bacillus sp. B1 after exposure to 

AgNO3 were also studied using TEM. Figure 3C shows a high-magnification electron micrograph of silver 

nanoparticles in cell-free supernatant. When analyzing individual bioaccumulated particles using the 

program, the resulting histogram clearly shows that their color intensity decreases from 6100 to 5200 and 

their size is 12.0 nm (Figure 3D). The nanoparticles recovered from the reaction mixture of the cell-free 

culture supernatant and silver nitrate solution were also analyzed separately using TEM. Thus, the electron 

micrograph and corresponding histogram obtained from the precipitated particles after the experiments are 

presented in Figures 3E and 3F. It was established that the structures in the free state correspond to the shape 

and structure of the nanoparticles. In Figure 3E, these particles are visually noted at high magnification of the 

electron microscope and in the corresponding histogram in Figure 3E, the program determined that the 

intensity of the particles ranges from 6300-5200 and their size is 11 nm. 
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Figure 3.TEM characterization of nanoparticles obtained using Bacillus sp. B1. Ultrastructural 

images and corresponding histogram of silver nanoparticles inside and on the bacterial cell wall (A, 

B), in cell-free supernatant (C, D), and in free form (E, F). 

 

Thus, as a result of the analysis and comparison of the electron micrographs and the histograms 

presented in Figure 3, it was established that when the Bacillus sp. B1 strain was exposed to AgNO3, the 

gray value of silver nanoparticles recorded in their cell wall, mainly in their biomass and in free form, 

corresponded to 5200-5400 and their sizes were 11.0-13.0 nm. 

The composition of the functional groups that participate in the reaction of reduction, resulting in the 

formation of silver nanoparticles, was established by means of FTIR spectroscopy. The data collected from 

the FTIR spectrometric study of the nanoparticles synthesized is given below in Fig. 4. The broad band at the 

position of 3285.78 cm
-1

 corresponds to O-H and N-H vibrational frequency, indicating the involvement of 

hydroxyl and amine group of biomolecules in the preparation of nanoparticles. The weak band found near 

the position of 2099.88 cm
-1

 can be attributed to vibrations of C≡C or C≡N group. The band at the position 

of 1636.44 cm
-1

 corresponds to amide I group of proteins, indicating the role of bacteria in nanoparticle 

preparation. The absorption bands formed at 566 – 433 cm
-1

 are generally associated with out-of-plane 

bending vibrations and skeletal vibration of organic molecules. These absorption bands may indicate the 

presence of functional groups attached to the surface of silver nanoparticles. 
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Figure 4. FTIR spectra of silver nanoparticles synthesized by thermophilic Bacillus sp. B1 

 

DISCUSSION 

 

Over the past few years, considerable effort has been put into the study of bacteria in order to produce 

metal nanoparticles as the synthesis of these nanoparticles using microbes has more advantages compared to 

conventional methods. Also, many bacterial systems are considered suitable for genetic and biotechnological 

manipulation. 

The synthesis of silver nanoparticles using the Bacillus sp. B1 strain was studied and characterized in 

our previous work [11]. This study describes the detailed characterization of silver nanoparticles 

biosynthesized by this same strain.Spectrophotometric analysis revealed the presence of silver nanoparticles 

in the sample with absorption at a wavelength of 421 nm which is characteristic of silver nanoparticles. 

Appearance of such absorption peaks is regarded as the most important criteria for the formation of silver 

nanoparticles as it occurs due to the collective oscillations of free electrons when exposed to light at the 

surface of the nanoparticles. Moreover, the optical properties like peak width and absorption largely depend 

on the following factors: particle size, shape, surface charge, medium, refractive index of the surrounding 

medium, stability of particles, and surface-adsorbed components.Similar results were also obtained in studies 

by other researchers. As an example, silver nanoparticles synthesized by Bacillus licheniformis showed an 

absorption maximum at 440 nm with particles described as spherical and approximately 50 nm in size [21]. 

Another study found that, nanoparticles produced by Lactobacillus sp. and Bacillus sp. exhibited a peak 

around 420 nm with sizes ranging from 4.65 to 22.8 nm [22]. Therefore, the absorption range of 410-430 nm 

obtained in our study is consistent with existing scientific data and confirms the successful synthesis of silver 

nanoparticles.  

TEM analysis revealed silver nanoparticles in the cell wall, cytoplasmic elements, and in the cell-free 

supernatant. Analysis of the silver nanoparticles using the intensity profile program revealed that the particle 

size was 11-13 nm, with a gray value of 5200-5400, corresponding to metallic nanoparticles. The small size 

of the nanoparticles allows them to migrate into the cellular structures of model organisms used in various 

experiments. Based on the literature data the sizes of silver nanoparticles in a number of studies were 
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confirmed by experimental methods and amounted to 1–100 nm [23], 25.0–75.0 nm [24], in some cases 

15.0–25.0 nm [25], in others 10.0 and 20.0–80.0 nm [26], in others 20.00–29.48 nm [27], 1.0–3.0 and 35.0 

nm [28] and 78.5–100.0 nm [29]. It can be noted that the nanoparticles produced in the current research are 

considerably smaller compared to those produced in the other reports. The results indicate that the use of 

thermophilic Bacillus species for the production of smaller silver nanoparticles from silver nitrate is possible. 

The crystalline nature of silver nanoparticles was confirmed via XRD analysis. The peaks obtained for 

2θ = 38.01°, 44.21°, and 64.29° belong to the crystal faces of (111), (200), and (220) respectively, which is 

the face-centered cubic structure of silver metal. This is in agreement with previously reported works. The 

size of these crystallites calculated by applying the Scherrer’s equation ranges between 5.9 to 11.0 nm on an 

average of 8.1 nm, which is in accordance with that found out via TEM analysis. The reason for the disparity 

could be that while XRD determines the size of crystalline domains, TEM determines the size of the particles 

in general, which can include organic capping and nanoparticle aggregation[30; 31]. 

Our study also revealed that the synthesized nanoparticles are primarily oval in shape with some being 

round and smooth-surfaced. These findings are consistent with scientific studies noting that silver 

nanoparticles are round and smooth-surfaced allowing them to easily pass through organelle membranes [29; 

32;33]. 

The presence of organic compounds in the reduction and stabilization process was established through 

FTIR analysis. The peak at 3285.78 cm
-1

 represents vibrations of the O-H and N-H groups, and the one at 

1636.44 cm
-1

 relates to the amide I group of proteins, suggesting the contribution of bacterial proteins in the 

nanoparticle synthesis. Bands at low frequencies in the range of 566-433 cm
-1

 might be the consequence of 

the interaction between silver nanoparticles and organic groups that stabilize them [34;35]. 

Overall, the results of the study show that the Bacillus sp. B1 strain is promising for the biological 

synthesis of silver nanoparticles and can be evaluated for industrial-scale use in the future. 

CONCLUSION 

This research suggests a biological and eco-friendly method for the synthesis of silver nanoparticles by 

thermophilic Bacillus sp. B1, isolated from the Babazanan hot spring in Azerbaijan.The finding was that the 

biomass produced by bacteria could effectively take part in the reduction and stabilization process of metal 

nanoparticles. From the results of the spectrophotometric analysis conducted in the UV-visible region, it was 

observed that there was a peak at an absorption wavelength of 421 nm for silver nanoparticles. The analysis 

of X-ray diffraction spectra confirmed the crystallinity of the synthesized silver nanoparticles. Results 

obtained by FTIR analysis indicated the involvement of organic compounds responsible for the reduction 

and stabilization of the nanoparticles. TEM images allowed the localization of these particles inside the 

cellular compartments along with their morphological characterization and size determination, ranging 

between 11 and 13 nm. These particles exhibited an oval morphology and had a relatively uniform 

distribution.  

In general, the conducted study proved the feasibility of using thermophilic microorganisms for the 

synthesis of nanomaterials, which can be considered an environmentally safe technology due to its 

simplicity, low toxicity of the reagents used, and controllability of the characteristics of the final product. 

Future studies will focus on investigating the biological activity of the obtained nanoparticles, especially 

their antimicrobial activity, as well as the possibility of practical use of the obtained nanomaterials in various 

areas. 

 

Acknowledgements 

 

Author would like to thank French-Azerbaijani University, Baku State University and Azerbaijan 

Medical University (Baku, Azerbaijan) for support in this study.  

REFERENCES 

[1]  Elbeshehy, E. K. F.; Elazzazy, A. M.; & Aggelis, G. Silver nanoparticles synthesis mediated by new isolates of 

Bacillus spp., nanoparticle characterization and their activity against Bean Yellow Mosaic Virus and human 

pathogens. Frontiers in Microbiology, 2015, 6, Article 453.https://doi.org/10.3389/fmicb.2015.00453 

[2]  Akdaşçi, E.; Eker, F.; Duman, H.; Bechelany, M;, & Karav, S. Microbial-based green synthesis of silver 

nanoparticles: A comparative review of bacteria- and fungi-mediated approaches. International Journal of 

Molecular Sciences, 2025, 26(20), 10163.https://doi.org/10.3390/ijms262010163 

https://doi.org/10.3389/fmicb.2015.00453
https://doi.org/10.3390/ijms262010163


Gunay Abbasli / Baku State University Journal of Life Sciences & Biology, 2026 

 

 

[3]  Divya, K.; Kurian, L. C.; Vijayan, S.; & Manakulam Shaikmoideen, J. Green synthesis of silver nanoparticles by 

Escherichia coli: Analysis of antibacterial activity. Journal of Water and Environmental Nanotechnology, 2016, 

1(1), 63–74. https://doi.org/10.7508/jwent.2016.01.008 

[4]  Santos, A.C.; Correa, J.L.; Cerqueira, R.C.; et al. Microbial synthesis of silver nanoparticles using bacterial 

supernatants from Brazilian stingless bees with antimicrobial activity. Scientific Reports, 2026, 16, 8512. 

https://doi.org/10.1038/s41598-026-40296-x 

[5]  Khalifa, H. O.; Oreiby, A.; Mohammed, T.; Abdelhamid, M. A. A.; Sholkamy, E. N.; Hashem, H.; & Fereig, R. 

M. Silver nanoparticles as next-generation antimicrobial agents: Mechanisms, challenges, and innovations 

against multidrug-resistant bacteria. Frontiers in Cellular and Infection Microbiology, 2025, 15, 

1599113.https://doi.org/10.3389/fcimb.2025.1599113 

[6]  Alsamhary, K.I. Eco-friendly synthesis of silver nanoparticles by Bacillus subtilis and their antibacterial activity. 

Saudi Journal of Biological Sciences, 2020, 27(8), 2185-2191.https://doi.org/10.1016/j.sjbs.2020.04.026 

[7]  Abbas, R.; Luo, J.; Qi, X.; Naz, A.; Khan, I. A.; Liu H.; et al. Silver nanoparticles: synthesis, structure, 

properties and applications. Nanomaterials, 2024, 14, 1425.https://doi.org/10.3390/nano14171425 

[8]  Akter, S.; Huq, M. A.; Biologically rapid synthesis of silver nanoparticles by Sphingobium sp. MAH-11T and 

their antibacterial activity and mechanisms investigation against drug-resistant pathogenic microbes. Artif. Cells 

Nanomed. Biotechnol., 2020, 48, 672–682.https://doi.org/10.1080/21691401.2020.1730390 

[9]  Basheer, M. A.; Abutaleb, K.; Abed, N. N.; Mekawey, A. A. I. Mycosynthesis of silver nanoparticles using 

marine fungi and their antimicrobial activity against pathogenic microorganisms. J. Genet. Eng. Biotechnol., 

2023, 21, 127.https://doi.org/10.1186/s43141-023-00572-z 

[10]  El-Bendary, M. A.; Afifi, S. S.; Moharam, M. E.; Abo El-Ola, S. M.; Salama, A.; Omara, E.; A.et al. 

Biosynthesis of silver nanoparticles using isolated Bacillus subtilis: characterization, antimicrobial activity, 

cytotoxicity, and their performance as antimicrobial agents for textile materials. Prep. Biochem. Biotechnol., 

2020, 51, 54–68. https://doi.org/10.1080/10826068.2020.1789992 

[11]  Gunashova, G.Y.; Ahmadova, F.R.; Khalilov, R.I. Biosynthesis of silver nanoparticles using thermophilic 

Bacillus sp. B1. Advances in Biology & Earth Sciences, 2021, 6(2): 142-145. 

[12]  Gunashova, G.Y.; Ahmadova, F.R.; Khalilov, R.I. Thermophilic bacteria of the hot springs “Ashagi Istisu” and 

“Yukhari Istisu” of the Kalbajar region of the Republic of Azerbaijan. Journal of Life Sciences & Biomedicine, 

2021, 3(76), No 2: 134-140. http://dx.doi.org/10.29228/jlsb.33 

[13]  Gunashova, G.Y. Synthesis of silver nanoparticles using a thermophilic bacterium strain isolated from the spring 

Yukhari Istisu of the Kalbajar region (Azerbaijan). Advances in Biology & Earth Sciences, 2022, 7(3):198-204. 

[14]  Hajiyeva, S.; Hasanova, U.; Gakhramanova, Z.; Israyilova, A.; Ganbarov, Kh.; Gasimov, E.; Rzayev, F.; 

Eyvazova, G.; Huseynzada, A.; Aliyeva, G.; Hasanova, I.; Maharramov, A. The role of diazacrown ether in the 

enhancement of the biological activity of silver nanoparticles.Turkish Journal of Chemistry. 2019, 43, 1711 – 

1721 https://doi.org/10.3906/kim-1907-10 

[15]  Ahmadov, I.S.; Ramazanov, M.A.; Gasimov, E.K.; Rzayev, F.H.; Veliyeva, S.B. The Migration Study of 

Nanoparticles from Soil to the Leaves of Plants. Biointerface Research in Applied Chemistry. 2020, 10(5), 6101 

– 6111https://doi.org/10.33263/BRIAC105.61016111 

[16]  Rzayev, F.H.; Gasimov, E.K.; Agayeva, N.J.; Manafov, A.A.; Mamedov, C.A.; Ahmadov, I.S.; Khusro, A.; 

Valan Arasu, M.; Sahibzada, M.U.K.; Al-Dhabi, N.A.; Choi, K.C. Microscopic characterization of 

bioaccumulated aluminium nanoparticles in simplified food chain of aquatic ecosystem. Journal of King Saud 

University - Science 2022, 34(1), 1-8, 101666https://doi.org/10.1016/j.jksus.2021.101666 

[17]  Hajiyeva, A.; Mamedov Ch.; Gasimov, E.; Rzayev F.; Khalilov, R.; Ahmadian, E.; Eftehari, A.; Cho, W.C. 

Ultrastructural characteristics of the accumulation of iron nanoparticles in the intestine 

of Cyprinuscarpio (Linnaeus, 1758) under aquaculture. Ecotoxicology and Environmental Safety. 2023, 264, 

115477https://doi.org/10.1016/j.ecoenv.2023.115477 

[18]  Hajiyeva, A.; Mamedov, Ch.; Gasimov; E.; Rzayev, F.; Isayev, O.; Khalilov, R.; Eftekhari, A.; Benis, Kh. 

Z. Ultrastructural investigation of iron oxide nanoparticles accumulation in the liver of common carp (Cyprinus 

carpio Linnaeus, 1758).  Aquatic Toxicology. 2024, 272, 106961.  https://doi.org/10.1016/j.aquatox.2024.106961 

[19]  Rzayev, F.H.; Gasimov, E.K.; Nasirov, A.M.; Hajiyeva, S.F.; Seyidbeyli, M.İ.; Eyvazov, A.G.; Rzayeva, G.F. 

Ultrastructural characterization of bioaccumulation and migration of Ag nanoparticles in host-parasite 

organisms. Veterinary Parasitology, 2025, 339, 110554, 1-13. https://doi.org/10.1016/j.vetpar.2025.110554 

[20]  Abbasli, G.; & Ahmadova, F. Biological characterization of thermophilic bacterial strains from hot springs in the 

Republic of Azerbaijan. TIMBB, 2025, 9(22), 61-68.https://doi.org/10.62088/timbb/9.2.8 

[21]  Kalishwaralal, K.; Deepak, V.; Ramkumarpandian, S.; Bilal, M. and Gurunathan, S. Biosynthesis of Silver 

Nanocrystals by Bacillus Licheniformis. Colloids and Surfaces B: Biointerfaces, 2008, 65, 150-

153.http://dx.doi.org/10.1016/j.colsurfb.2008.02.018 

[22]  Al-asbahi, M.G.S.S.; Al-Ofiry, B.A.; Saad, F.A.A. et al. Silver nanoparticles biosynthesis using mixture 

ofLactobacillussp. andBacillussp. growth and their antibacterial activity.Sci Rep., 2024, 14, 10224 . 

https://doi.org/10.1038/s41598-024-59936-1 

https://doi.org/10.7508/jwent.2016.01.008
https://doi.org/10.1038/s41598-026-40296-x
https://doi.org/10.3389/fcimb.2025.1599113
https://doi.org/10.1016/j.sjbs.2020.04.026
https://doi.org/10.3390/nano14171425
https://doi.org/10.1080/21691401.2020.1730390
https://doi.org/10.1186/s43141-023-00572-z
https://doi.org/10.1080/10826068.2020.1789992
http://dx.doi.org/10.29228/jlsb.33
https://doi.org/10.3906/kim-1907-10
https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC105.61016111
https://doi.org/10.1016/j.jksus.2021.101666
https://doi.org/10.1016/j.ecoenv.2023.115477
https://checklink.mail.ru/proxy?es=6SJSScfnrmS7DZWXhoDe3hh3SyS%2Fce441TyfjAFlPuo%3D&egid=YmpWdHk%2BJ3W4M35q6z3vhodGj91mX9WdMMS%2BMqnw%2F7c%3D&url=https%3A%2F%2Fclick.mail.ru%2Fredir%3Fu%3Dhttps%253A%252F%252Fdoi.org%252F10.1016%252Fj.aquatox.2024.106961%26c%3Dswm%26r%3Dhttp%26o%3Dmail%26v%3D3%26s%3Dc5507c30177ac71a&uidl=17163555101792186392&from=&to=&email=fuad.zi%40mail.ru
https://doi.org/10.1016/j.vetpar.2025.110554
https://doi.org/10.62088/timbb/9.2.8
http://dx.doi.org/10.1016/j.colsurfb.2008.02.018
https://doi.org/10.1038/s41598-024-59936-1


Gunay Abbasli / Baku State University Journal of Life Sciences & Biology, 2026 

 

 

[23]  Ahn, J.; Eom, H.; Yang, X.; Meyer, J.N.; Choi, J. Comparative toxicity of silver nanoparticles on oxidative stress 

and DNA damage in the nematode // Caenorhabditis elegans. Chemosphere, 2014, 108, - p.343-352. 

http://dx.doi.org/10.1016/j.chemosphere.2014.01.078 

[24]  Luo, X.; Xu, S.; Yang, Y.; Li, L.; Chen, S.; Xu, A.; Wu, L. Insights into the Ecotoxicity of Silver Nanoparticles 

Transferred from Escherichia coli to Caenorhabditis elegans// Scientific Reports, 2016, 6, - p.1-12. 

https://doi.org/10.1038/srep36465 

[25]  Tomar, R.S.; Preet, S. Evaluation of anthelmintic activity of biologically synthesized silver nanoparticles against 

the gastrointestinal nematode, Haemonchus contortus // Journal of Helminthology, 2016, - p.1-8. 

https://doi.org/https:/doi.org/10.1016/j.smallrumres.2017.07.002 

[26]  Ivask, A.; Kurvet, I.; Kasemets, K.; Blinova, I.; Aruoja, V.; Suppi, S.; Vija, H.; Käkinen, A.; Titma, T.; 

Heinlaan, M.; Visnapuu, M.; Koller, D.; Kisand, V.; Kahru, A. Size-dependent toxicity of silver nanoparticles to 

bacteria, yeast, algae, crustaceans and mammalian cells in vitro // PLoS, 2014, 21, 9(7), - p.102-

108.https://doi.org/10.1371/journal.pone.0102108 

[27]  Mahmoud, W.M.; Abdelmoneim, T.S.; Elazzazy, A.M. The Impact of Silver Nanoparticles Produced by Bacillus 

pumilus As Antimicrobial and Nematicide // Frontiers Microbiology, 2016, 7, 

1746.https://doi.org/10.3389/fmicb.2016.01746 

[28]  Pimentel-Acosta, C.A.; Morales-Serna, F.N.; Chávez-Sánchez, M.C.; Lara, H.H.; Pestryakov, A.; 

Bogdanchikova, N.; Fajer-Ávila, E.J. Efficacy of silver nanoparticles against the adults and eggs of monogenean 

parasites of fish // Parasitology Research, 2019, 118(6), - p.1741-1749. https://doi.org/10.1007/s00436-019-

06315-9 

[29]  Rashid, M. M. O.; Ferdous, J.; Banik, S.; Islam, M. R.; Uddin, A. H. M. M.; Robel, F.N. Anthelmintic activity of 

silver-extract nanoparticles synthesized from the combination of silver nanoparticles and M. charantia fruit 

extract // BMC Complementary and Alternative Medicine, 2016, 16,242. https://doi.org/10.1186/s12906-016-

1219-5 

[30]  Loo, Y.Y.; Rukayadi, Y.; Nor-Khaizura, M.-A.-R.; Kuan, C.H.; Chieng, B.W.; Nishibuchi, M.; Radu, S. In Vitro 

Antimicrobial Activity of Green Synthesized Silver Nanoparticles Against Selected Gram-Negative Foodborne 

Pathogens. Front. Microbiol. 2018, 9, 1555. https://doi.org/10.3389/fmicb.2018.01555 

[31]  Jyoti, K.; Baunthiyal, M.; Singh, A. Characterization of Silver Nanoparticles Synthesized Using Urtica Dioica 

Linn. Leaves and Their Synergistic Effects with Antibiotics. J. Radiat. Res. Appl. Sci. 2016, 9, 217–227. 

https://doi.org/10.1016/j.jrras.2015.10.002 

[32]  Gahramanova, K.; Ahmadov, I.; Mammadov, Z. Technology of production of drug nanoparticles from plant 

extracts by green synthesis methods. Journal of Life Sciences & Biology, 2024, v.1 (4), 43-48. 

https://doi.org/10.30546/300045.2024.1.4.025 

[33]  Hasanova, G.; Omarova, S.; Abdullayeva, N.; Khalilov, R.; Mammadova A. Comparative characteristics of Ag 

nanoparticles synthesized by different approaches. Journal of Life Sciences & Biology, 2024, v.1 (3), 25-32. 

https://doi.org/10.30546/300045.2024.1.3.14 

[34]  Al-asbahi, M.G.S.S.; Al-Ofiry, B.A.; Saad, F.A.A.; Alnehia, A.; & Al-Gunaid, M. Q. A. Silver nanoparticles 

biosynthesis using mixture of Lactobacillus sp. And Bacillus sp. Growth and their antibacterial activity. 

Scientific Reports, 2024 ,14, Article 10224. https://doi.org/10.1038/s41598-024-59936-1 

[35]  Cynthia A. Gwada; Prince S. Ndivhuwo; Kabo Matshetshe; Emily Aradi; Phumlane Mdluli; Nosipho Moloto; 

Francis Otieno; Mildred Airo Phytochemical-assisted synthesis, optimization, and characterization of silver 

nanoparticles for antimicrobial activity, RSC Advances, 2025, 15, 14170-14181. 

https://doi.org/10.1039/D4RA08900F 

 

 

http://dx.doi.org/10.1016/j.chemosphere.2014.01.078
https://doi.org/10.1038/srep36465
https://doi.org/https:/doi.org/10.1016/j.smallrumres.2017.07.002
https://doi.org/10.1371/journal.pone.0102108
https://doi.org/10.3389/fmicb.2016.01746
https://doi.org/10.1007/s00436-019-06315-9
https://doi.org/10.1007/s00436-019-06315-9
https://doi.org/10.1186/s12906-016-1219-5
https://doi.org/10.1186/s12906-016-1219-5
https://doi.org/10.3389/fmicb.2018.01555
https://doi.org/10.1016/j.jrras.2015.10.002
https://doi.org/10.30546/300045.2024.1.4.025
https://doi.org/10.30546/300045.2024.1.3.14
https://doi.org/10.1038/s41598-024-59936-1
https://doi.org/10.1039/D4RA08900F

