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In the last decade nanotechnology and nanoparticles have drawn a huge attention of the
scientiûc community in the whole world. The synthesis of nanoparticles by chemical and
physical approaches is nonenvironmental friendly and expensive. So, microbial approaches
are the most eco-friendly, and biocompatible. In the present research work, investigators
have synthesized silver nanoparticles (AgNPs) by using Klebsiella pneumoniae,
Micrococcus luteus, and Enterobacter aerogenes and studied their morphological, chemical
and elemental properties by using UV-Vis spectroscopy, Fourier transform-infrared
spectroscopy (FTIR), X-ray diûraction (XRD), Field emission scanning electron microscope
(FESEM) and energy-dispersive spectroscopy (EDX). The UV-Vis spectra show absorbance
peaks at 475 nm, 428 nm, and 503 nm for AgNPs synthesized by, K. pneumoniae, M.
luteus, and E. aerogenes respectively. The XRD showed the crystalline nature of the
synthesized AgNPs, having peaks at 26.2°, 32.1°, and 47.2°, while the FTIR showed bands
at 599 cm-1, 963 cm-1, 1693 cm-1, 2299 cm-1, 2891 cm-1, and at 3780 cm-1 for all the types of
AgNPs. The FTIR indicated the presence of biomolecules of bacteria with the developed
AgNPs. The size of the silver nanoparticles varies from 10 nm to several microns while the
shape varies from spherical to porous sheets-like structure. the percentage of Ag varied
from 37.8% (wt.%) to 61.6% i.e., highest in AgNPs-K, and lowest in AgNPs-M. Further, all
three types of AgNPs were evaluated for the removal of methyl orange dyes from the
simulated wastewater where the maximum dye removal percentage was 19.24% at 120
minutes by AgNPs-M. Finally, all three types of AgNPs were assessed for their potential for
antibacterial activity against Gram-positive (Bacillus subtilis, Bacillus cereus, and Bacillus
megaterium) and Gram-negative bacteria (Enterococcus fecalis) out of which the
maximum zone of inhibition was 12 mm against B. megaterium for the AgNPs-M.
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20 Abstract

21 In the last decade nanotechnology and nanoparticles have drawn a huge attention of the scientific 

22 community in the whole world. The synthesis of nanoparticles by chemical and physical 

23 approaches is nonenvironmental friendly and expensive. So, microbial approaches are the most 

24 eco-friendly, and biocompatible. In the present research work, investigators have synthesized 

25 silver nanoparticles (AgNPs) by using Klebsiella pneumoniae, Micrococcus luteus, and 

26 Enterobacter aerogenes and studied their morphological, chemical and elemental properties by 

27 using UV-Vis spectroscopy, Fourier transform-infrared spectroscopy (FTIR), X-ray diffraction 

28 (XRD), Field emission scanning electron microscope (FESEM) and energy-dispersive 

29 spectroscopy (EDX). The UV-Vis spectra show absorbance peaks at 475 nm, 428 nm, and 503 nm 

30 for AgNPs synthesized by, K. pneumoniae, M. luteus, and E. aerogenes respectively.  The XRD 

31 showed the crystalline nature of the synthesized AgNPs, having peaks at 26.2°, 32.1°, and 47.2°, 

32 while the FTIR showed bands at 599 cm-1, 963 cm-1, 1693 cm-1, 2299 cm-1, 2891 cm-1, and at 3780 

33 cm-1 for all the types of AgNPs. The FTIR indicated the presence of biomolecules of bacteria with 

34 the developed AgNPs. The size of the silver nanoparticles varies from 10 nm to several microns 

35 while the shape varies from spherical to porous sheets-like structure. the percentage of Ag varied 

36 from 37.8% (wt.%) to 61.6% i.e., highest in AgNPs-K, and lowest in AgNPs-M. Further, all three 

37 types of AgNPs were evaluated for the removal of methyl orange dyes from the simulated 

38 wastewater where the maximum dye removal percentage was 19.24% at 120 minutes by AgNPs-

39 M. Finally, all three types of AgNPs were assessed for their potential for antibacterial activity 

40 against Gram-positive (Bacillus subtilis, Bacillus cereus, and Bacillus megaterium) and Gram-

41 negative bacteria (Enterococcus fecalis) out of which the maximum zone of inhibition was 12 mm 

42 against B. megaterium for the AgNPs-M. 
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45 1. Introduction

46 The rapid industrialization in India as well as in the whole world has increased the use of different 

47 synthetic dyes. Some of the dye may cause harm to aquatic life and cause diseases in living 

48 organisms (Patel et al., 2022). Dyes are mainly used in textile industries for coloring fabric, so 

49 textile industrial wastewater contains a huge concentration of dyes in it (Al-Tohamy et al., 2022). 

50 The prolonged and continuous contamination of textiles and other dyes in the water bodies may 

51 lead to water pollution. It also gives rise to many diseases in humans due to its carcinogenic 

52 properties. Dyes present in textile effluent can be removed by using various chemical approaches. 

53 The chemical approaches include precipitation, coagulation (Yadav et al., 2022b), flocculation, 

54 membrane filtration (nanofiltration, ultrafiltration) (Chahar et al., 2023), reverse osmosis, 

55 adsorption, etc. (Robati et al., 2016). The biological approach involves the utilization of microbes 

56 for dye remediation, either in the natural sites or in the bioreactor (Das and Mishra, 2017). The 

57 biological also involves biosorbents for the remediation of dyes from the wastewater (Modi et al., 

58 2023). Such processes are economical if the biosorbents are developed from agricultural waste etc. 

59 All of these processes have certain advantages and disadvantages but adsorption is a very simple, 

60 effective, and economical approach. The adsorbent in the adsorption process could be easily 

61 surface functionalized by various chemical compounds for the targeted removal of pollutants 

62 (Harja et al., 2022). The various adsorbents which are commonly used are alumina, silica (Imoisili 

63 et al., 2022; Yadav et al., 2022a, 2023b), zeolites (Murukutti and Jena, 2022), coal fly ash, magnetite, 

64 maghemite, zinc oxide (Soltani et al., 2023), and titania (Dash et al., 2018; Yang et al., 2022). 

65 When these adsorbents are used in their nanoform they become highly effective due to their high 
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66 surface area to volume ratio (SVR), and high surface energies (Yadav et al., 2022c, 2023a; Amari 

67 et al., 2023). Both nanoparticle nanotechnology has played an important role in the last decade in 

68 the remediation of textile dyes from contaminated water efficiently. To date, both metal and metal 

69 oxide NPs have been used for dye removal from wastewater. Out of these one such particle is 

70 silver NPs (AgNPs)(Nisha et al., 2017) which is used by several investigators for the dye removal 

71 from wastewater. Nanoparticles are materials whose sizes fall in the range of 1 to 100 nm. Due to 

72 its high surface area, it has gained huge popularity in the field of adsorption-based remediation of 

73 water pollutants. Moreover, NPs have high adsorption capacity due to this property dye easily gets 

74 adsorbed on the surface of nanoparticles. Nanoparticles of silver can be used for dye removal 

75 (Dalvand et al., 2020; Degefa et al., 2021; Tarekegn et al., 2021). 

76 Currently, silver NPs are synthesized by chemical, physical, and biological approaches (Bouafia 

77 et al., 2021), out of which biological and specifically, microbial synthesis of AgNPs is of high 

78 significance due to the presence of various functional on the surface of AgNPs (Naganthran et al., 

79 2022). Among all the microorganisms, bacterial synthesis is preferred due to their easy handling, 

80 and short time duration for their growth in comparison to algae and fungi (Choudhary et al., 2023). 

81 Bacteria are capable of synthesizing AgNPs by means of various microbial proteins and enzymes 

82 which act as reducing agents, capping, and stabilizing agents. Vimalanathan and their team 

83 synthesized AgNPs by using wet biomass of the Micrococcus luteus (Vimalanathan et al., 2013).  

84 To date several investigators have used bacteria for the synthesis of AgNPs for instance, Esmail 

85 and their team reported the synthesis of less than 25 nm AgNPs, by using the supernatant of the 

86 bacteria Bacillus ROM6. This particular bacterium was isolated from the Zarshouran gold mine, 

87 in South Korea. Further, the synthesized AgNPs were used as an antimicrobial agent against S. 

88 aureus, E. coli, P. aeruginosa, and Acinetobacter baumannii (Esmail et al., 2022). 
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89 Saeed and their team synthesized 5-10 nm, spherical-shaped AgNPs by using secondary 

90 metabolites of E. coli, Exiguobacterium aurantiacumm, and Brevundimonas diminuta with NCBI 

91 accession number MF754138, MF754139, and MF754140 respectively. Further, the investigator 

92 observed the antimicrobial activity of the synthesized AgNPs against methicillin-resistant 

93 Staphylococcus aureus (MRSA) and several other multiple drug resistance (MDR) bacteria where 

94 the zone of inhibition was varying from 10 mm to 28 mm. Further, the investigators used AgNPs 

95 against plant pathogens (Saeed et al., 2020). A team led by Cekuolyte synthesized morphologically 

96 different types of AgNPs by using different strains of Geobacillus bacteria, namely, 18, 25, 95, 

97 and 612 (Cekuolyte et al., 2023). 

98 From the very beginning of civilization, the antimicrobial effect of silver is known due to which it 

99 was used for various applications (Kyung et al., 2008). Being a heavy metal, it coagulates the 

100 enzymes and proteins of the microorganism, thus inhibiting them and ultimately killing them 

101 (Betts et al., 2021). So, the nanosized silver can increase the efficiency of antimicrobial activity 

102 due to its small size, and high surface area as being smaller in size it may enter the microorganism 

103 through the cell wall leading to the inhibition and killing of the microorganism (Karunakaran et 

104 al., 2017). From the various pieces of literature, it has been found that AgNPs have a broad 

105 spectrum of antimicrobial activity (Singh and Mijakovic, 2022) which continuously releases silver 

106 ions, thus acting as an antimicrobial agent. The antimicrobial activity of the nanoparticles or 

107 AgNPs depends on their size and surface area of AgNPs (Kalwar and Shan, 2018). The smaller size 

108 of AgNPs may facilitate their entry inside the microbes and exhibit their antimicrobial effect. There 

109 are several examples where AgNPs have been used as an antimicrobial agent. 

110 A team led by Raza observed the antimicrobial activity of AgNPs on the Enterococcus 

111 faecalis ATCC 29212. The AgNPs here were synthesized by using Aspergillus fumigatus KIBGE-
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112 IB33. Further investigators developed a nanocomposite by using the AgNPs with chitosan and 

113 observed that the lowest minimum inhibitory concentration of the nanocomposite system was 1.56 

114 µg mL21 against Enterococcus faecalis ATCC 29212 (Raza et al., 2021). Srinivasan and their 

115 team, synthesized AgNPs by using a bioluminescent bacterium (Vibrio campbellii). Further, the 

116 investigators assessed the antibacterial and antioxidant activity of the synthesized AgNPs. The 

117 antibacterial activity was tested against a number of Gram-negative pathogenic bacteria like 

118 Aeromonas hydrophila MTCC 1739, K. pneumoniae MTCC4030, Klebsiella oxytoca MTCC 

119 3030, and Pseudomonas aeruginosa MTCC 1934. The AgNPs exhibited antioxidant activity by 

120 strong scavenging actions on 2,2-diphenyl-1-picrylhydrazyl (DPPH) (61.88%) and hydrogen 

121 peroxide (53.48%) free radicals (Srinivasan et al., 2022).

122 In the present research work, investigators have isolated three different bacterial strains from the 

123 soil samples. Further, the bacterial strains were used for the synthesis of silver nanoparticles under 

124 normal laboratory conditions. The synthesized silver nanoparticles were characterized by Fourier 

125 transform infrared spectroscopy, UV-Vis spectroscopy, X-ray diffraction pattern, Field emission 

126 scanning electron microscopy, and Energy dispersive X-ray spectroscopy for the confirmation of 

127 formation of silver NPs and purity. One of the objectives was to observe the morphological 

128 diversity in the synthesized AgNPs by the bacteria. One more objective was to assess the potential 

129 of AgNPs as an adsorbent for the remediation of methyl orange dye from the simulated wastewater. 

130 One final objective was to evaluate the potential of the synthesized AgNPs as an antibacterial agent 

131 against gram-positive (B. subtilis, B. cereus, and B. megaterium) and gram-negative bacteria 

132 (Enterococcus fecalis). 

133 2. Materials and methods

134 2.1. Materials 
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135 Silver nitrate (SRL, Gujarat, India), nutrient agar media (Himedia, Mumbai, India), nutrient broth 

136 (Himedia, Gujarat, India), antibiotic assay media (Himedia, Mumbai, India), Ethanol (Shenzhen, 

137 China), Whatman filter paper no 42. (Axiva, Mumbai, India), Methyl orange (Loba, Chemie, 

138 Gujarat, India). All the chemicals were of analytical grade except silver nitrate and Methyl orange 

139 dye (LR grade), double distilled water (ddw).

140 2.2. Methods 

141 2.2.1. Isolation and screening of bacteria from the Soil 

142 The soil was collected from the various parts of the Industrial sites and coastal areas of Gujarat, 

143 India, in sterilized autoclavable bags. Further, it was stored in the refrigerator in the laboratory. 

144 About 1 gram of soil sample was taken in a sterile test tube having 10 mL of ddw. Further serial 

145 dilution was performed to obtain the pure and isolated colonies. Further, the isolated colonies were 

146 screened for the synthesis of AgNPs.  

147 2.2.2. Preparation of 20 Mm aqueous solution of silver nitrate solution 

148 A 20 mM aqueous solution of silver nitrate solution was prepared by adding it into a 500 mL ddw 

149 in an amber bottle. The silver nitrate solution was kept for the future. 

150 2.2.3. Synthesis of silver nanoparticles from bacteria 

151 The isolated bacterial colonies were grown on nutrient agar plates. Further, for the mass production 

152 of bacteria, a loopful culture was inoculated into the nutrient broth in an Erlenmeyer flask. All 

153 three flasks containing nutrient broth were incubated in an incubator shaker at 37 # for 24 hours 

154 at 120 rpm. Further, after 24 hours, the bacterial colonies were taken out and centrifuged at 5000 

155 rpm for 10 minutes. The bacterial supernatant was retained while the bacterial pellet was discarded. 
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156 Further, about 100 mL of all three bacterial supernatants were taken separately in three amber 

157 bottles, and to each bottle, about 100 mL of silver nitrate solution was added. After that, all three 

158 flasks including the control which has ddw instead of bacterial supernatant were kept under dark 

159 conditions for 2-3 days, and color change was continuously monitored. Initially, the color of the 

160 silver nitrate aqueous solution was pale while, after the addition of bacterial supernatant, the color 

161 tuned to milky white in appearance. Finally, after 2-3 days, the color of the three bottles changed 

162 from milky white to reddish brown in color indicating the formation of AgNPs. The mixture from 

163 each bottle was transferred to the centrifugation tubes separately and centrifuged at 5000 rpm for 

164 10 minutes. The supernatant was discarded while the solid particle was retained. Further, the pellet 

165 was washed 2-3 times with distilled water and once with ethanol. All three types of silver NPs 

166 were then transferred into different Petri plates and kept for drying in an oven at 50-60 # till 

167 complete dryness. Figure 1 is showing the schematic steps involved in the formation of AgNPs 

168 from the bacterial supernatant. 

169 FIGURE 1 Schematic diagram for the synthesis of AgNPs using bacterial supernatant. 

170 2.2.4. Preparation of aqueous solution methyl orange dye 

171 A 50-ppm aqueous solution of methyl orange (MO) dye was prepared by adding 50 mg of MO dye 

172 powder granules into the 1000 mL double distilled water. The aqueous solution was kept on a 

173 magnetic stirrer along with vigorous stirring (250 rpm) for the complete dissolution of the dye 

174 granules. Further, the aqueous solution was filtered through a Whatman filter paper no 42 in order 

175 to remove the impurities. Finally, the dye sample was stored in a reagent bottle for future use. 

176 2.2.5. Batch study of adsorption of methyl orange dye 
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177 About 100 mL of an aqueous solution of MO dye was taken from the stock solution into three 

178 different glass beakers of appropriate volume. All these three glass beakers were placed on a 

179 magnetic stirrer to which 1 mg AgNPs of each type was added to different glass beakers. The 

180 interaction between the AgNPs and MO dye was carried out by agitation at 400 rpm for all three 

181 flasks. Further, an aliquot (2-3 mL) was collected from all three glass beakers at 0 minutes, 30 

182 mins, 60 mins, 90 mins, and 120 mins. All the collected samples were then analyzed by the UV-

183 Vis spectrophotometer for the concentration of dye samples. The UV-Vis absorbance maxima of 

184 MO dye are 520±15 nm. Further, the percentage removal of MO dye was calculated by using the 

185 following formula as provided by Yadav et al.; -

186 % ÿÿÿ ÿÿÿýÿÿý =
ÿý 2 ÿýÿý × 100        (1)

187

188 Where, Co= initial dye concentration, 

189 Ct= dye concentration at a specific time

190 2.2.6. Antimicrobial activity of silver nanoparticles 

191 The antimicrobial activity of the synthesized AgNPs was carried out by the disk diffusion method 

192 (Yassin et al., 2022). Firstly, antibiotic assay media was prepared and poured on the Petri plates. 

193 Once the media was solidified, in the Petri plates, the tested bacterial organism was swabbed on 

194 the Petri plates. After a while, disks of a specific size (8 mm diameter) were cut and dipped into 

195 different concentrations of AgNPs in ddw in a reagent vial, prepared by different bacterial strains. 

196 Further, all the reagent vials were kept for sonication, for 15-20 minutes in an ultrasonicator 

197 (Lequitron). After, sonication the disks were taken out with the help of forceps and transferred into 

198 the lid of the Petri plates and kept in a hot air oven at 40-50 # for drying. Finally, the antibiotic 
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199 assay plates were swabbed with the different bacterial colonies with the help of a sterile cotton 

200 swab. Once the bacterial colonies were dry well was punched onto the surface of the plates with 

201 the help of a sterile cork borer. Further, about 10 ¿L AgNPs suspension in ddw was poured into 

202 the wells of Petri plates with the help of a micropipette. Finally, the Petri plates were placed in a 

203 hot air oven/ incubator at 37 # for 24 hours. After 24 hours antibiotic assay plates were observed 

204 for the evaluation of antimicrobial activity of the synthesized AgNPs. The zone of inhibition (ZOI) 

205 was measured by using a measurement scale against the light and recorded in mm (Ballén et al., 

206 2021). 

207 3. Characterization of silver nanoparticles

208 3.1. UV-Visible spectroscopy 

209 The UV-Vis measurement of AgNPs was done by dispersing about 1 mg of all three types of 

210 AgNPs in 5 mL ddw in three different test tubes. All these three tubes having AgNPs were 

211 sonicated in an ultrasonicator (Lequitron) for 10 minutes to disperse the particles. The well-

212 dispersed samples were then taken in a quartz cuvette and the UV-Vis measurement was done in 

213 the range of 200-800 nm at a resolution of 1 nm, by using a UV-Vis spectrophotometer (UV 1800, 

214 Shimadzu spectrophotometer, Japan). 

215 3.2. FTIR 

216 The FTIR measurement was done to identify the various functional groups present in the 

217 bacterially synthesized AgNPs. The FTIR measurement was done by using a solid KBr pellet 

218 technique where the pellets were prepared by mixing 2 mg AgNPs and 198 mg KBr for each 

219 sample. The FTIR measurement was made in the mid-IR region 599-4000 cm-1 at a resolution of 

220 2 cm-1 by using a spectrum S6500 instrument (Perkin-Elmer, USA). 
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221 3.3. XRD 

222 The XRD patterns for all three types of AgNPs samples were recorded by using Miniflex 800 

223 (Rigaku, Netherlands) instrument equipped X�celerometer in order to reveal the crystallinity. XRD 

224 patterns were recorded in the 2-theta range of 20-70 by using a filter K-beta (x1) with a step size 

225 of 0.02 and a time of 5 seconds per step, scan speed/duration time: 10.0 deg/min., step width: 

226 0.0200 deg. at 30 kV voltage and a current of 2 mA. 

227 3.4. FESEM-EDS

228 The morphological analysis of all three types of AgNPs was carried out by using a Novo Nanosem, 

229 Fei 450, (USA). The dry AgNPs were loaded on the carbon tape with the help of a fine brush which 

230 in turn was placed on the aluminum stub holder. All the samples were exposed for gold sputtering. 

231 The elemental analysis of AgNPs was analyzed by using an Oxford-made energy-dispersive X-

232 ray spectroscopy (EDS) analyzer attached to the FESEM at variable magnifications and at 20 kV. 

233 4. Results and discussion 

234 4.1. Mechanism of formation of AgNPs by bacteria 

235 The bacterial strains i.e., K. pneumoniae, M. luteus, and E. aerogenes have numerous microbial 

236 proteins and enzymes which help in the bioreduction of Ag2+ ions into Ag0 (Ballén et al., 2021). 

237 The actual mechanism of biosynthesis of AgNPs by bacteria is well described in the literature. It 

238 is a very simple and easy mechanism where the oxidized silver ions get two electrons from any of 

239 the microbial proteins and enzymes and gets reduced to the stabilized Ag0. When the AgNO3 

240 aqueous solutions are mixed with the bacterial culture or with their supernatant the enzymes and 

241 proteins present in the supernatant reduce the Ag2+ ions into Ag0. So, during this step, the 

242 previously milky color of the aqueous silver solutions gets converted to red color, which indicates 
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243 the formation of silver NPs in the medium. Moreover, these biomolecules may also act as 

244 stabilizing and capping agents for the synthesized AgNPs (Giri et al., 2022; Terzio�lu et al., 2022). 

245 Figure 2 is showing the mechanism involved in the synthesis of AgNPs from the bacteria. Here 

246 the color of the medium changed from milky white to dark brown within 2-3 days. A similar color 

247 change (from yellow to brown) was also previously reported by Sayyid and Zghair (2021) during 

248 the synthesis of AgNPs by K. pneumoniae isolated from humans and sheep (Sayyid and Zghair, 

249 2021). Saleh and Alwan used K. pneumoniae culture supernatant for the biosynthesis of AgNPs 

250 (Saleh and Khoman Alwan, 2020). Previously Javaid and their team also suggested a similar pathway 

251 for the formation of AgNPs from the bacteria via aa via NADH-dependent nitrate reductase 

252 enzyme (Javaid et al., 2018). Table 1 is showing the major microbial proteins and enzymes present 

253 in K. pneumoniae, M. luteus, and E. aerogenes. 

254 TABLE 1 The major microbial proteins and enzymes present in K. pneumoniae, M. luteus, 

255 and E. aerogenes.

256 FIGURE 2 Schematic diagram for the formation of AgNPs from silver ions by bacteria via 

257 NADH-dependent nitrate reductase enzyme.

258 4.2. UV-Vis analysis for preliminary confirmation of the formation of AgNPs

259 The UV-Vis measurement was done for the preliminary confirmation of the formation of AgNPs 

260 from the bacterial strains. Figure 3 is showing a typical UV-Vis spectra of AgNPs synthesized by 

261 bacteria. All of them exhibit a peak in the range of 350-450 nm, which indicates the formation of 

262 AgNPs. Earlier, Saleh and Alwan obtained a peak at 432 nm for the K. pneumoniae supernatant-

263 mediated synthesized AgNPs. Previously a team led by Vimalanathan obtained an absorbance peak 

264 at 420 and 440 nm for the AgNPs synthesized by M. luteus (Vimalanathan et al., 2013). Hamaouda 
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265 and their team synthesized AgNPs by using cyanobacterium Oscillatoria limnetica and obtained a 

266 UV-Vis absorbance peak at 450 nm (Hamouda et al., 2019). Kumar and Dubey synthesized AgNPs 

267 by using an endophyte. Enterobacter roggenkampii BLS02 from Barleria lupulina also obtained a 

268 UV-absorbance peak in the same region (Kumar and Dubey, 2022). Kalpana and their team obtained 

269 UV-Vis absorbance at 405�407 nm for the AgNPs synthesized with variable ratio of bacterial 

270 supernatant (Klebsiella pneumoniae) and AgNO3 solution. The investigators concluded that when 

271 the ratio of AgNO3: bacterial supernatant was about 4:6, then the absorption intensity was higher 

272 so they formed AgNPs. Further concluded that the UV�Vis absorption is directly proportional to 

273 the amount of substance at their maximum absorption spectra i.e., higher yield of AgNPs and 

274 efficient production of AgNPs even at lower concentrations of silver nitrate can be obtained when 

275 more amount of cultural filtrate is used. The investigator further also showed that the amount of 

276 reducing agents plays an important role in the formation of AgNPs (Kalpana and Lee, 2013).

277 FIGURE 3 UV-Vis measurement of AgNPs synthesized by bacteria.

278 4.3. Identification of functional groups of silver NPs by FTIR 

279 The Figure 4 is showing the FTIR spectra of all the AgNPs (AgNPs-K, AgNPs-M, and AgNPs-

280 E) synthesized by bacteria, which was done to identify the various functional groups present 

281 AgNPs. All the samples have a common band at 599 and 963, 1299, 1349, 1693, 2299, 2891, and 

282 3780 cm-1. The band at 599 cm-1 is attributed to the metallic Ag. The band at 963 cm-1 is attributed 

283 to the amide V band arising due to out-of-plane NH bending of peptide linkages (Kalpana and Lee, 

284 2013). A small intensity band at 1051 cm-1 is attributed to the primary amine C�N stretch. Another 

285 small intensity band at 1349 cm-1 in all the samples is attributed to the C-C bond. A small intensity 

286 band in all the samples at 1699 cm-1 is attributed to the OH group in the samples. Moreover, this 

287 band is also attributed to the C=O stretching of amide I bands of peptide linkage. The band at 1229 
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288 cm-1 is attributed to the CN stretching of peptide linkage. The band at 1349 cm-1 is attributed to 

289 the (C�C) stretching vibration of aliphatic amines., which was earlier also reported by Ibrahim and 

290 their team at 1359 cm-1 from the AgNPs synthesized by endophytic bacteria (Ibrahim et al., 2019). 

291 All the samples exhibit an atmospheric carbon band at 2891 cm-1 is attributed to the methylene C�

292 H asymmetric or symmetric stretch. All the samples showing a small band from 3400 cm-1 to 3800 

293 cm-1 centered at 3780 cm-1 are attributed to the -OH molecule. 

294 Earlier, Saleh and Alwan obtained four distinct peaks for the AgNPs synthesized by K. 

295 pneumoniae at 3332.78, 2115.35, 1635.60, and 1096.92 cm21. The investigators concluded that the 

296 band obtained at 3332.78 cm-1 is due to the stretching vibration of the OH bond of alcohol and 

297 phenols. The band at 2115.35 cm-1 was found due to the C-H stretching of the methylene groups 

298 of protein and to the N-H stretching of amine salt. The band at 1635.60 cm-1 was attributed to 

299 carbonyl groups (C=O) of the amino acid residues while the band at 1096.92 cm-1 was attributed 

300 to the (C-O) stretching of alcohols and esters, carboxylic acids, and C�N stretching of aliphatic 

301 amines (Saleh and Khoman Alwan, 2020). Based on the above information it was further concluded 

302 that the presence of protein in the supernatant acts as a stabilizing and capping agent for 

303 stabilization which bind to the synthesized AgNPs through free cysteine or amine groups in 

304 proteins (Saleh and Khoman Alwan, 2020). Previously, Kalpana and Lee (2013) also obtained bands 

305 for the AgNPs synthesized by using a culture of simulated microgravity-grown K. pneumoniae. 

306 The investigators obtained major intensity band at 2964.55 cm-1, 1262.22 cm-1, 1095.89 cm-1, 

307 1021.96 cm-1, 800.73 cm-1, and small intensity bands at 2960.64 cm21, 1650.01 cm-1, 865.33 cm-1, 

308 701 cm-1 and 477.07 cm-1. 

309 FIGURE 4 FTIR spectra of AgNPs synthesized by bacteria.
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310 In the current investigation also, authors have obtained bands for the K. pneumoniae synthesized 

311 AgNPs at 599, 963, 1229, 1693, 2891, and 3780 cm-1 which were corresponding to the bands 

312 obtained by Kalpana and Lee 2013 (Kalpana and Lee, 2013). Peris and their team also obtained four 

313 prominent FTIR bands at 1643, 1586, 1397, and 1042 cm-1 and concluded that the AgNPs 

314 synthesized by bacteria have enhanced stability because of the coating of AgNPs by bacterial and 

315 media components (Peiris et al., 2018). AgNPs-M. and AgNPs-E have almost similar bands to that 

316 of AgNPs-K which could vary only in their intensity which could be weak or strong. 

317 4.4. Phase identification of silver nanoparticles by XRD 

318 The XRD investigation was carried out to identify the crystalline phase of the AgNPs. A typical 

319 XRD pattern of all the bacterially synthesized AgNPs is shown in Figure 5. All the AgNPs exhibit 

320 three characteristic peaks of silver NPs at 27.6°, 32.1°, and 46.2°, and three small intensity peaks 

321 at 54.7°, and 57.4° and 76.7°. The major intensity peaks in all three types of bacterially synthesized 

322 AgNPs are at 32.1° followed by 46.2° and 27.6°. The XRD planes in all three types of AgNPs 

323 were 101, 111, 200, 220, and 311 as matched with the Joint Committee on Power Diffraction 

324 Standards (JCPDS) 03-0921. In the current investigations, the authors obtained diffraction peaks 

325 at 27.6°, 32.1°, and 46.2°, and small diffraction peaks at 54.7°, 57.4° and 76.7 for the AgNPs-K. 

326 AgNPs-M has also the same peaks as that of AgNPs-K, i.e., at 27.6, 32.1, 46.2 and 54.7, and 57.4°. 

327 All the XRD peaks for AgNPs-M were of almost the same intensity except for 27.6° which was 

328 comparatively stronger than the AgNPs-K. The XRD peaks for AgNPs-E were also at the same 

329 places as that of AgNPs-M and AgNPs-K, but the peak at 27.6 was of strong intensity than the 

330 AgNPs-K and weaker than the AgNPs-M. Moreover, the peak at 46.2 in both AgNPs-M and 

331 AgNPs-E was stronger than the AgNPs-K. Further, the peaks at 54.7 (311) and 57.4 (222) were 
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332 like a small broad hump in both AgNPs-K and AgNPs-M but these two peaks were sharper in the 

333 AgNPs-E.

334 The results were in close agreement with the previous results obtained by Kalpana and Lee and 

335 Ibrahim et al., 2019. Kalpana and Lee obtained diffraction peaks at 37.76°, 45.87, 64.08°, and 

336 77.11° which was indicated by the (111), (200), (220), and (311) reflection of metallic Ag. The 

337 data obtained here was matched with the database of the JCPDS file no 03-0921 (Kalpana and Lee, 

338 2013). Ibrahim and their team obtained diffraction peaks for the AgNPs synthesized by an 

339 endophytic bacteria Bacillus siamensis strain C1 at 27.81, 32.34, 46.29, 57.47, and 77.69°, 

340 corresponding to (101), (111), (200), (220), and (311) crystal planes, respectively, for the AgNPs 

341 (Ibrahim et al., 2019). Previously Vimalanathan and their team also obtained similar results where 

342 the major peaks were at 28, 32, and 47°, and two small intensity peaks at 55° and 57°. The 

343 investigators also obtained a small diffraction peak at 76°.

344 FIGURE 5 XRD pattern of silver nanoparticles synthesized by bacteria.

345 The crystalline size of the synthesized silver nanoparticle is determined using the Scherrer formula 

346 as given in equation (2), 

347                    (2)
Cos

k
D

ü
ò ñ

ý

348 Where D is crystalline size, k is constant (0.9), and ³ indicates the FWHM values of the diffracted 

349 peaks.

350 The highest intensity peak was used to find all the parameters in the Scherrer equation. The 

351 Gaussian peak fits were used to find the FWHM values and exact theta values. The calculated 

352 crystalline size was found around 16.88 nm, 18.00 nm, and 16.44 nm for AgNPs-K, AgNPs-M, 
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353 and AgNPs-E. Therefore, it is well examined that the synthesized AgNPs showed a crystalline 

354 nature and 16.88 nm, 18.00 nm, and 16.44 nm crystalline size.  

355 4.5. Morphological analysis of silver nanoparticles by FESEM and elemental analysis by EDS

356 Figure 6a-6f shows FESEM micrographs of AgNPs synthesized by K. pneumoniae (AgNPs-K). 

357 Figure 6a&b show a porous flakes-like structure that is embedded with bright color AgNPs. 

358 Figure 6c&d clearly show rhombohedral-shaped AgNPs, whose size is varying from 22-66 nm. 

359 These two images clearly show that the AgNPs are embedded in porous sheet-like structures. 

360 Figure 6e&f show aggregated spherical-shaped structures. Previously several investigators have 

361 shown similar morphology for the bacterially synthesized AgNPs. Figure 6g shows the EDS spot 

362 of the AgNPs-K while Figure 6h exhibits EDS spectra and elemental table of the AgNPs-K. 

363 Figure 6h shows spectra of Ag, Cl, Na, P, S, C, O, and N. Out of all these the major elements were 

364 mainly Ag (37.8% At wt.), Cl (29.8%), Na (21.8) C (7 %) and O (2.8%). In addition to this rest of 

365 the elements were present in trace amounts i.e., P, S. N was not detected in the AgNPs-K. The 

366 major impurities in the synthesized AgNPs-K are NaCl which alone comprises 50% this indicates 

367 the improper washing of the samples. Moreover, these two may also come from the nutrient broth 

368 used for growing the bacteria. While the presence of C, S, and P indicates the presence of 

369 biomolecules with the synthesized AgNPs-K. Earlier Sayyid and Zghair (2021) reported cube-

370 shaped to irregular heterogeneous forms of AgNPs synthesized by K. pneumoniae whose average 

371 size was 40.47 nm (Sayyid and Zghair, 2021). Moreover, investigators further observed that the 

372 morphology by TEM was a pseudo-spherical shape of size 40-80 nm. 

373 FIGURE 6 FESEM images (a-f), EDS spot (g), and EDS spectra and elemental table (h) for 

374 AgNPs-K. FESEM images (i-l), EDS spot (m) and EDS spectra, and elemental table (n) for 
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375 AgNPs-M. FESEM images (o-r), EDS spot (s) and EDS spectra, and elemental table (t) for AgNPs-

376 E.

377 Saleh and Alwan (2020) obtained spherical-shaped particles of size m 26.84 to 44.42 nm which 

378 were highly aggregated. Further, the investigators concluded the conglomeration of the AgNPs is 

379 during the drying process (Saleh and Khoman Alwan, 2020). 

380 Figure 6i-l shows FESEM micrographs of AgNPs synthesized by the M. luteus (AgNPs-M). 

381 Figure 6i&j shows a high aggregation of the synthesized AgNPs-M. Figure 6k and Figure 6l 

382 show spherical-shaped AgNPs-M whose size is varying from 21-45 nm. Figure 6m shows the 

383 EDS spot of the AgNPs-M while Figure 6n exhibits EDS spectra and elemental table of the 

384 AgNPs-M. The EDS spectra of AgNPs-M in Figure 6n show peaks for Ag, Cl, Na, P, S, C, O, and 

385 N. Out of all these the major elements were mainly Ag (61% At wt.), Cl (21%), C (8.4%), N (3.7%) 

386 and O (2.6%). In addition to this rest elements were present in the trace amounts. Cl is the major 

387 impurity due to improper washing of the final sample. Moreover, it also came from the bacterial 

388 media i.e., nutrient broth. While the presence of C, N, S, and P indicates the presence of 

389 biomolecules with the AgNPs-M. 

390 Figure 6o-r shows FESEM micrographs of AgNPs synthesized by E. aerogenes (AgNPs-E). 

391 Figure 6o&p shows a porous flakes-like structure that is embedded with the bright color of 

392 AgNPs. Figure 6q&r clearly show rhombohedral-shaped AgNPs-E, whose size is varying from 

393 24-60. The images clearly show that the AgNPs-E are embedded in the porous flakes-like. The 

394 particles are showing high aggregation as evident from the images. Figure 6s shows the EDS spot 

395 of the AgNPs-E while Figure 6t exhibits EDS spectra and elemental table of the AgNPs-E. Figure 

396 6t shows spectra of Ag, Cl, Na, P, S, C, O, and N. Out of all these the major elements were mainly 

397 Ag (52.1% At wt.), Cl (21.7%), C (9.8 %) and O (8.2%), Na (4.0%) and N (3.1%). In addition to 
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398 this P and S were present in trace amounts whose total composition was near 1.1%. The major 

399 impurities in the synthesized AgNPs-E are NaCl which alone comprises 25.7% which indicates 

400 the improper washing of the sample. Moreover, these two may also come from the nutrient broth 

401 used for growing the bacteria. While the presence of C, S, N, and P indicates the presence of 

402 biomolecules with the synthesized AgNPs-E. Table 2 is showing the major elements present with 

403 all three types of AgNPs synthesized by bacteria. 

404 TABLE 2 Comparison between all the elements present in all three types of AgNPs.

405 From the EDS data of all three types of AgNPs, it was found that Ag was present in the highest 

406 percentage in AgNPs-M while at least 37.8% in AgNPs-K. Among all the three types of AgNPs, 

407 Cl was present maximum in AgNPs-K while least in AgNPs-M (21.0%). The O was present in the 

408 highest amount in AgNPs-E and the least in AgNPs-K i.e., 8.2% and 2.8% respectively. The carbon 

409 was highest in AgNPs-E (9.8%) and least 7.0% in AgNPs-K. Out of all the three types of AgNPs, 

410 Na was highest in AgNPs-K (21.8%) and least in AgNPs-M (0.4%). Among all the three samples 

411 of AgNPs, N was present highest in AgNPs-M (3.7%) and 3.1% in AgNPs-E and it was not 

412 detected in AgNPs-K. While P and S were present almost similar in all the samples but least in 

413 AgNPs-K i.e., 0.4%.

414 In the current investigation, the authors have got a broad peak of silver ions at 3 keV in all three 

415 types of AgNPs, which confirmed the reduction of Ag+ to Ag0. Moreover, here the authors have 

416 mainly got peaks in EDS for Ag, Cl, and C. The peaks for Ag, Cl, and S were consistent with the 

417 results obtained for the AgNPs synthesized by endophytic bacteria by Ibrahim and their team. 

418 Ibrahim and their team also concluded that the broad peak of silver ions was formed at 3 keV, 

419 which indicated the reduction of Ag+ to Ag0 (Ibrahim et al., 2019). Table 3 shows the comparative 

420 analysis of the bacterially synthesized AgNPs 
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421 TABLE 3 The comparative analysis of the bacterially synthesized AgNPs. 

422 4.6. Remediation of dye by batch adsorption study

423 Methyl orange dye shows the highest absorbance at a particular wavelength (464 nm) when 

424 examined using a UV-Vis spectrophotometer. The dye removal using AgNPs-M shows the highest 

425 absorbance of MO dye at 0 min due maximum concentration of dye in a sample. As time increases 

426 the concentration of dye in a sample decrease so it shows a gradual decrease in absorbance. So, 

427 the lowest concentration of MO was found at 120 min which means that the highest removal of 

428 MO dye using AgNPs-M was at 120 min. The highest concentration and absorbance of MO dye 

429 at 0 min at a wavelength of 464 nm. The readings at an interval of every 30 min show a slow 

430 decrease in the concentration and absorbance of the dye, hence the decrease in the graph can be 

431 observed easily as move from 0 min to 120 min. It simply states that by using AgNPs-K this dye 

432 can be removed efficiently. The AgNPs-E used for MO dye removal is showing the highest 

433 absorbance value at 0 min at 464 nm wavelength and are comparatively decreased after the interval 

434 of 30 min. At 60 min the absorbance is decreased when compared to 0 min. After 60 min there 

435 was less decrease in absorbance up to 120 min. Figure 7 shows the MO dye absorbance by UV-

436 Vis spectroscopy at different time intervals. 

437 FIGURE 7 MO dye removal by different types of AgNPs with respect to contact time as measured 

438 by UV-Vis spectrophotometer.

439 4.7. Percentage removal of MR dye by all the AgNPs 

440 AgNPs-M removed MO dye 2.34% at 30 min, 4.37% at 60 min, 14.83% at 90 min, and 19.24% at 

441 120 min. AgNPs-K removes MO dye 1.50% at 30 min, 4.06% at 60 min, 9.56% at 90 min, and 

442 15.03% at 120 min. AgNPs-E removes MO dye 1.52% at 30 min, 2.36% at 60 min, 3.86% at 90 

PeerJ reviewing PDF | (2023:08:89500:0:1:NEW 16 Sep 2023)

Manuscript to be reviewed

ruchigupta
Sticky Note
This section needs to be re-written for better comprehension and understanding



443 min, and 4.15% at 120 min. By comparing all the AgNPs mention above we can observe that 

444 AgNP-M has more efficiency of dye removal and AgNPs-E have the least efficiency of dye 

445 removal. Figure 8 shows the percentage removal of MO dye by all three types of AgNPs.

446 FIGURE 8 Percentage removal of MO dye by all three types of AgNPs.

447 4.8. Antimicrobial activity of the synthesized AgNPs

448 AgNPs-K shows a zone of inhibition (ZOI) of 11 mm against B. megaterium and E. fecalis. B. 

449 subtilis shows a moderate ZOI of 10 mm when compared with other zones, and B. cereus shows a 

450 9 mm ZOI due to the effect of AgNP. Earlier Syyaid and Zghair also used the K. pneumoniae 

451 synthesized AgNPs for the antimicrobial activity against Staph. aureus and Escherichia coli. The 

452 investigators used about 40-50 ¿g/mL of AgNPs and found that E. coli was more susceptible to 

453 AgNPs compared to Gram-positive bacteria such as Staph. aureus. Further, the investigators 

454 suggested that this could be due to variations in the thickness and composition of their cell walls, 

455 like peptidoglycan (Sayyid and Zghair, 2021). Saleh and Alwanz (2020) assessed the three 

456 concentrations of AgNPs (50, 10, and 150 µg/mL) synthesized from K. pneumoniae and evaluated 

457 them against E. coli, Ps. aeruginosa, Staph. aureus, and B. cereus. Investigators reported that the 

458 highest concentration i.e., 150 µg/mL was found most effective against these pathogens in 

459 comparison to the 50 and 100 µg/mL. This suggests that the increase in the concentration of AgNPs 

460 increases the antibacterial activity (Saleh and Khoman Alwan, 2020). 

461  The use of AgNPs-M for antibacterial activity using different bacteria like B. subtilis, B. cereus, 

462 B. megaterium, E. fecalis shows different ZOI. AgNPs-M shows a maximum ZOI of 12 mm 

463 against B. megaterium and a minimum ZOI against B. cereus of 8 mm. It shows a moderate ZOI 

464 of 9 mm against E. fecalis and 11 mm against B. subtilis. The B. megaterium was more susceptible 
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465 than E. fecalis and B. subtilis moderately susceptible, and B. cereus was less susceptible to the 

466 AgNPs-M.

467 B. cereus gives a greater ZOI of 11 mm due to the effect of AgNPs-E the lowest ZOI is observed 

468 against B. megaterium which is 8 mm and also shows a 10 mm ZOI by B. subtilis and E. fecalis. 

469 Figure 9 is showing the antibacterial activity of Petri plates of the AgNPs against tested bacterial 

470 species. Table 4 is showing the ZOI, tested bacterial species, and AgNPs, while, Table 5 is 

471 showing comparison of antibacterial activity of current investigation with previously reported 

472 studies.  

473 FIGURE 9 Antibacterial activity, zone of inhibition of AgNPs synthesized against the tested 

474 bacterial species.

475 TABLE 4 The ZOI, tested bacterial species, against different bacterially synthesized AgNPs. 

476 TABLE 5 Summarized form of comparison of antibacterial activity of AgNPs of earlier 

477 reported work and current investigation.

478 The difference between the antibacterial effect against Gram-positive and Gram-negative bacteria 

479 over here might be due to the morphological differences in both types of bacteria (Jubeh et al., 

480 2020). Gram-positive bacteria have a thick peptidoglycan layer while Gram-negative bacteria have 

481 a thin peptidoglycan layer but a thick lipopolysaccharide layer (Pasquina-Lemonche et al., 2020). 

482 A similar reason was also given by several other investigators for the antimicrobial activity of the 

483 synthesized AgNPs (Kalpana and Lee, 2013). Investigators reported that spherical AgNPs have 

484 higher antibacterial/antimicrobial activity due to high SVR (Al-Ogaidi and Rasheed, 2022). 

485 Moreover, due to their large surface area, they could bind with various ligands. Smaller AgNPs 

486 can move more deeper into the microbial cells through the cell membrane and there is enhanced 
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487 antimicrobial activity with the reduction in the AgNPs size (Anees Ahmad et al., 2020; Wypij et 

488 al., 2021). AgNPs get attached to the cell membrane where it releases Ag ions slowly. Further, 

489 AgNPs are reported to develop pits in the cell wall of microorganisms which leads to enhances 

490 permeability and leakage of cellular components through the plasma membrane (Tripathi et al., 

491 2017; Matras et al., 2022).  

492 5. Conclusions

493 The silver nanoparticle of different shapes and sizes could be synthesized by using different 

494 bacterial strains which have different types of microbial proteins and enzymes. The variations in 

495 the microbial proteins and enzymes help in determining the morphology of the silver nanoparticles. 

496 The microscopic techniques confirm the spherical shape of AgNPs, while EDS shows the purity 

497 of the AgNPs. The XRD exhibited the crystalline nature of the AgNPs, while FTIR showed the 

498 typical IR bands for the AgNPs. FTIR also showed the presence of organic biomolecules with the 

499 synthesized AgNPs. The methyl orange dye removal percentage for the AgNPs was highest up to 

500 20% with AgNPs-M. While the highest antibacterial activity was exhibited with AgNPs-M against 

501 B. megaterium i.e., 12 mm.
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Figure 1
Figure 1

FIGURE 1 Schematic diagram for the synthesis of AgNPs using bacterial supernatant.
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Figure 2
Figure 2

FIGURE 2 Schematic diagram for the formation of AgNPs from silver ions by bacteria via
NADH-dependent nitrate reductase enzyme.
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Figure 3
Figure 3

FIGURE 3 UV-Vis measurement of AgNPs synthesized by bacteria.
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Figure 4
Figure 4

FIGURE 4 FTIR spectra of AgNPs synthesized by bacteria.
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Figure 5
Figure 5

FIGURE 5 XRD pattern of silver nanoparticles synthesized by bacteria.
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Figure 6
Figure 6

FIGURE 6 FESEM images (a-f), EDS spot (g), and EDS spectra and elemental table (h) for
AgNPs-K. FESEM images (i-l), EDS spot (m) and EDS spectra, and elemental table (n) for
AgNPs-M. FESEM images (o-r), EDS spot (s) and EDS spectra, and elemental table (t) for
AgNPs-E.
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Figure 7
Figure 7

FIGURE 7 MO dye removal by diûerent types of AgNPs with respect to contact time as
measured by UV-Vis spectrophotometer.
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Figure 8
Figure 8

FIGURE 8 Percentage removal of MO dye by all three types of AgNPs.
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Figure 9
Figure 9

FIGURE 9 Antibacterial activity, zone of inhibition of AgNPs synthesized against the tested
bacterial species.
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Table 1(on next page)

Table 1

TABLE 1 The major microbial proteins and enzymes present in K. pneumoniae, M. luteus, and
E. aerogenes.
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1 TABLE 1 The major microbial proteins and enzymes present in K. pneumoniae, M. luteus, 

2 and E. aerogenes.

Various microbial proteins and enzymes

K. pneumoniae M. luteus E. aerogenes References

³-Lactamase Esterase ³-Lactamase (Wintachai et al., 2020; 

Karami-Zarandi et al., 

2023)

Lipases Proteases Lipases (Merciecca et al., 2022)

Proteases Phytases Proteases (Wintachai et al., 2020)

Amylases Dehydrogenases Amylases (Pan et al., 2020)

Catalase Lipases Catalase (I and David, 1972)

Gelatinase - Gelatinase (Austin et al., 2020)

Urease - Urease (Carter et al., 2011)

3
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Table 2(on next page)

Table 2

TABLE 2 Comparison between all the elements present in all three types of AgNPs.
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1 TABLE 2 Comparison between all the elements present in all three types of AgNPs.

2

Elements (At. 

wt.%)

AgNPs- M. luteus AgNPs- K. 

pneumoniae

AgNPs- E. aerogenes

Ag 61.6 37.8 52.1

Cl 21.0 29.8 21.7

O 3.6 2.8 8.2 

C 8.4 7.0 9.8

Na 0.7 21.8 4.0

N 3.7 0.0 3.1

P 0.6 0.4 0.6

S 0.5 0.4 0.5
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Table 3(on next page)

Table 3

TABLE 3 The comparative analysis of the bacterially synthesized AgNPs.
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1 TABLE 3 TT� coc�������� aa���	�	 of tT� bacte������ s�a�T�	�s�
 AgNPs. 

M������
�a�	c Pa������ 

sis� (ac(

Elec�a�

s 

obse���




M���T��

og� 

X�� 

peap	 aa
 

sis� 

Abso�

baa�� 

c�m�

c� 

wavel

ea
�T 

(ac(

F��� baa
	 ��R���a��

s 

K. pneumoniae 40.474�� Cube-

shape, 

irregular 

heteroge

neous 

forms

- - - (Sayyid 

and 

Zghair, 

2021)

Pseudomonas 

aeruginosa 

ATCC 27853

11.71± 

2.73 

- - 427 1643, 1586, 

1397 and 

1042 cm-1

S. aureus ATCC 

25923

11.14± 

6.59

- -- 430 2164.86, 

2049.17 and

1979.69 cm-1

E. coli 13-16 -

Spherical 

420� 2916.88 cm-1

(Peiris et 

al., 2018)
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ATCC 25922 435

Acinetobacter 

baumannii

8-12 - - 420�

435

1643.75, 

2161.48, and 

2924.28 cm-1

K. pneumoniae  5 & 50 

(TEM)

- Spherical

, & 

triangula

r (small 

amount)

37.76ç, 

45.87ç, 

64.08ç and 

77.11ç for 

e (1 1 1), 

(2 0 0), (2 

2 0) and (3 

1 1)

405�

407

2964.55, 

1262.22, 

1095.89,

1021.96, 

800.73,

2960.64, 

1650.01, 

865.33, 701, 

477.07 cm21

(Kalpana 

and Lee, 

2013)

K. pneumoniae 26.84 to 

44.42 

- Cube-

shape to 

heteroge

nous, 

agglomer

ated

- 432 2115.35,1635

.60, 3332.78 

& 1096.92, 

cm21

(Saleh and 

Khoman 

Alwan, 

2020)

B. siamensis 

strain C1

25 to 50 

Average: 

Ag 

(91.8%), 

Spherical 27.81 

(101), 

409 3385, 2925, 

1732, 1645, 

(Ibrahim et 

al., 2019)
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34±3 Cl 

(7.5%),

S (0.7%) 

32.34 

(111), 

46.29 

(200), 

57.47 

(220), & 

77.69 

(311)

1556, 1359, 

1079 & 537 

cm-1

B. cereus 2-16 Spherical 420 (Gurunath

an, 2019)

K. pneumoniae 22-66 Ag, Cl, 

C, Na, 

O, S, N 

& P

Spherical 

to 

irregular 

27.6, 32.1, 

46.2, 54.7, 

57.4 % 

76.7

Size: 16.88 

nm

475 599, 963, 

1299, 1349, 

1693, 2299, 

2891, & 3780 

cm-1

Current 

investigati

on 

M. luteus 21-45 Ag, Cl, 

C, Na, 

O, S, N 

& P

Spherical 

to 

irregular

27.6, 32.1, 

46.2, 54.7, 

57.4 % 

76.7

Size: 18 

503 599, 963, 

1299, 1349, 

1693, 2299, 

2891, & 3780 

cm-1

Current 

investigati

on
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nm

E. aerogenes 24-60 Ag, Cl, 

C, Na, 

O, S, N 

& P

Spherical 

to 

irregular

27.6, 32.1, 

46.2, 54.7, 

57.4 % 

76.7

Size: 16.44 

nm

428 599, 963, 

1299, 1349, 

1693, 2299, 

2891, & 3780 

cm-1

Current 

investigati

on

2
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Table 4(on next page)

Table 4

TABLE 4 The ZOI, tested bacterial species, against diûerent bacterially synthesized AgNPs.
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1 TABLE � T�� Z��� tested bacteb��� species� agai��� diffeb��� bacteb����  s ������!�" 

2 AgNPs. 

Agai��� bacteb�� Silveb ���n#�b��$��� (Z�� i� %%&

AgNPs- K. 

pneumoniae

AgNPs- M. leutus AgNPs- E. aerogenes

B. subtilis 1' 11 1'

B. cereus 9 8 11

B. megaterium 11 1) 8

E. fecalis 11 9 1'

3
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Table 5

TABLE 5 Summarized form of comparison of antibacterial activity of AgNPs of earlier reported
work and current investigation.
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1 TABLE 5 Summarized form of comparison of antibacterial activity of AgNPs of earlier 

2 reported work and current investigation.

Tested organism Synthesized 

by bacteria 

Concentrat

ion of 

AgNPs 

(µg/mL)

*+,- of 

ini./.0.+, 

(223

6-0i+7 

applied 

References 

50 Lowest 

100 

E. coli, Ps. 

Aeruginosa, Staph. 

aureus : B. cereus 

150 Highest 

Agar-

diffusion 

method 

(Saleh and 

Khoman 

Alwan, 

2020)

Salmonella enterica, 

E. coli : S. 

pyogenes

50 : 100 (Kalpana 

and Lee, 

2013)

40 to 50 

¿g/mL

E. fergusonii  MIC: 7.5 

S. mutans

Bacillus cereus

MIC: 9.5

Tube 

dilution 

method

(Gurunatha

n, 2019)

E. coli E. coli 10.0

Ps. aeruginosa E. coli 10.0

(Peiris et 

al., 2018)
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E. coli 14.7

Ps. aeruginosa 13.0

Staph. aureus 12.7

MRSA 

Staph. aureus 

12.7

E. coli 13.3

Ps. aeruginosa

Acinetobacter 

baumanii
14.7

E. coli 13.0

Ps. aeruginosa 12.0

Staph. aureus 12.3

MRSA 

Ps. aeruginosa

12.7

B. subtilis 10

B. cereus 9

B. megaterium 11

E. fecalis

K. pneumoniae

11

B. subtilis M. luteus 11

B. cereus 8

B. megaterium 12

Agar-

well 

diffusion

Current 

investigatio

n 
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E. fecalis 9

B. subtilis 10

B. cereus 11

B. megaterium 8

E. fecalis

E. aerogenes

10

3
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