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Abstract:

Nanoscience enables researchers to develop new and cost-effective nanomaterials
for energy, healthcare, and medical applications. Silver nanoparticles (Ag NPs) are
currently increasingly synthesized for their superior physicochemical and electronic
properties. Good knowledge of these characteristics allows the development of
applications in all sensitive and essential fields in the service of humans and the
environment . Then in this study highlighting the biosynthesis of secondary silver particles
Ag-NPs using some microorganisms and some plant extracts and their diagnostic

techniques (XDR, FTIR, UV-vi, TEM...) and estimating the antibacterial activity.

Through previous studies, it was found that the bio-prepared Ag-NPs have anti-
bacterial activity, and these particles are one of the agents used for the effective treatment

of microbes in general and have an internal and external effect.

Key words: nucleic silver particles, biosynthesis, antibacterial activity, diagnosis.
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Figure 1. UV-vis absorption spectrum of (A) AgNO;, (B) biosynthesized silver nanoparticles at 25 °C
and (C) at 60 °C, and Carissa carandas leaf extracts (D, green line).
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Figure 2. X-Ray Diffraction spectrum of (A) Carissa carandas leaf extract, (B) biosynthesized silver at
25°C and (C) at 60 °C.
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Table 2 Bacterial growth inhibition potential of biosynthesized AgNOy from C carandas leaf extract.

Growth Inhibition £one (mm)

Bacteria -
Plant Extract AgNO; AgNPs (25°C)  AgNPs (60°C)
Enterobacter 70+00d 90+ 0be 100+ 0.0b 160+ 10a
faecalis

Ganococed spp. G0+004d B0+ 000¢c 90+ 00b 1434+ 06a

Salmonella BO+10c 1004 1.0be 14n+00a 1204+ 1.0k
fyph.mmmmr

Citrobacter spp. 80+ 10¢ 100+ 00b 120+ 10a 1404+ 10a
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Fig. 1: Visual observation indicating the symthesis of silver
nanoparticles using Foericuliarn vulgare seed extract.
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Fig. 3: FTIR spectra of silver nanoparticles synthesized using seed extract of Foeniculum vulgare.
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Figure 1: Synthesis of the Almond leaf extract mediated silver

nanoparticles (a) immediately after the addition of the almond

leaf extract to the silver nitrate: (b) Formation of decp brown
colouration after 30 min.
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Figure 2: UV-Vis spectra of silver nanoparticles synthesized
from almond leaf extract

w\h@j\j




Ayles Lty P &I fuad)

Ag—NPS CE.M &.& 8345r 40 dalz WJ wlegast e FTIR ;}L:LT Jcl; J.@_ET Lo

JKN @ moge o2 LS 0w 38000 53000 o danly 35,100 13

45

138404

4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500
1iem

Figure 3: The FTIR spectra of the silver nanoparticles synthesized from almond leaf extract
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Figure 4: Encrgy dispersive spectra of the synthesized AgNPs
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Figure S: Fiecld Emission Scanning Electron Micrograph of the
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Table 1: Zone of inhibition of the biosynthesized AgNPs against some selected pathogens

Mean Zone of Inhibition (mm) = standard deviation (SD)
AgNPs AgNO; CDE Distilled
H,0

10pg/m 20pg/m 40pg/m  60pg/m  80pg/m  100pg/m
1 1 1 1 1 1

Isolate

Staphylococcus aureus NZ NZ NZ NZ NZ NZ 6.1x02 NZ NZ
Klebsiella pneumoniae Nz NZ NZ Nz NZ 9.4=0.1 6.4=0.1 Nz NZ
Pseudomonas NZ NZ NZ NZ NZ 10.2£0.2  6.3=0.1 NZ NZ
aeruginosa

Escherichia coli NZ NZ NZ NZ NZ NZ 6.1=0.1 NZ NZ

Gl el ke el LS 5 AG-NPS o) 50l Sl plasas] & ¢ o s 2
L txeakl Ag-NPs J <iis FESEM ; EDX  FTIR  iocin)l G 22330
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" Synthesis of Silver Nanoparticles by Phyllanthus Jal £ : 4 = IITy Jgaod)

emblica Plant Extract and their Antibacterial Activity " [4]

Synthesis of Silver Nanoparticles by Phyllanthus emblica Plant JU) Ol ges

Extract and their Antibacterial Activity

RAJESH KUMAR MEENA , RISHIKESH MEENA , DINESH A el
KUMAR ARYA , SAPANA JADOUN , RENU HADA and
ROOPA KUMARI
MEENA et al., Mat. Sci. Res. India, Vol. 172y, pg. 136-145.2020 HEWN]
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Fig. 2: Phyllanthus emblica fruit extract after the addition of silver
salt shows the coloration due to the synthesis of silver nanoparticles
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Fig. 3: UV-Visible spectrum of synthesized silver nanoparticles
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Fig. 4: X-ray diffraction patterns of synthesized silver nanoparticles
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Fig. 5: (A) TEM image of synthesized Ag nanoparticles
(B) HRTEM image of spherical shape Ag nanoparticles
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Fig. 6: ATR spectrum of synthesized silver nanoparticles after 12 h
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Fig. 7: (A) Photoluminescence (PL) emission spectra of synthesized AgNPs under the excitation
radiation of 3 =289 nm. (B) Chromaticity coordinate plotted on CIE-1931 diagram
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Fig. 8: The inhibition mones of AgNPs against E_cofs
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" Silver nanoparticle from whole cells of the fungi Jul W< : (5 =IIT) Jodmd

Trichoderma spp. Isolated from Brazilian Amazon" [5]

Silver nanoparticle from whole cells of the fungi 7richoderma spp. JU! Ol

Isolated from Brazilian Amazon

Matheus M. Ramos . Edmilson dos S. Morais . Iracirema da S. Sena

. Adilson L. Lima . Fa’bio R.. de Oliveira . Calleu M. de Freitas .

A et
Caio P. Fernandes . Jose Carlos T. de Carvalho . Irlon M. Ferreira
Biotechnol Lett, 2020. owad
Trichoderma spp > - endophytic wiks slasas) 1) codl e Oug
Sty w8 5 ()y ey Bertholletia excelsa jpiy o Wgpne Ag-NPs noad
S5 & mslsed gl et ¥ oA 1 Slledl sda plasiaal O) LSl sLall Lebles .
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Fig. 1 a T'richoderma sp. TCH A B
01 in solid medium (malt and
agar 2%, 7 days, 32 °C. b Flasks
with TCH 01 solutions; 1—
control AgNOs solution: 2—
fungi solution without AgNO5:
fungi 4+ AgNO; solution
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Fig. 2 a UV-Vis spectmum of AgNP solution from Frichoderma sp. TCH 01, b AgNP size distribution
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Fig. 6 FTIR spectrum of the reaction medium (AgNO; Trichoderma sp. TCH 01) after 9 days in pH 5
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Fig. 7 TEM images of AgNP from T'richoderma sp. TCH 01
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Tahble 2 Minimum inhibitory concentration (MIC) and minimum bactericidal concentrtion (MBC) from A gNP biosynthesizsd from
TCH O (pH 5)

Mediums (days) Bacteria—MIC and MBC (myg/mL)

Grram-positive CGiram-negati ve

Staphylococcus anreus Enterococcus faecalis Escherichia coli Prendomaonas asruginosa

MIC MBC MIC MBC MIC MBC MIC MBC
AgNP (6 days) =25 =25 =25 =25 1.25 1.25 2.5 15
AgNP (9 days) =25 =25 =25 =25 0.62 0.62 0.62 062
AgNP (12 days) =25 =25 =25 =25 =25 =25 =25 =25

SR b @ LS o e (Sl ) blad) ol Sl s of MBC iy gl
o o WS el s Bl U sl olendd OF ) ooly wis 2 MIC 13 5155

A Wl Sl oady B MIC ;. MBC NG C T PR E
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" A silver nanoparticle antibacterial synthetized Jul s : (6 =III) Jsuxdl

with an £ coliisolated from urine of dogs" [6]

A silver nanoparticle antibacterial synthetized with an E coliisolated Jial Ol

from urine of dogs.

Dhuha Khalied Abd-Alameer and Aida Hussian Ibrahim A ol

Online Journal of Veterinary Research. 23 (7):717-723, 2019. HEN]

pldsin] S MU (3 anle dypd) lsliaall 2aglal) LSl L 35! UL L)
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5 7ot 515 gl Jolall die smnnitd) Ggb ns Y1 dlanly pllas e o aSTHI & il
Lo 3yl 228 Slaed MIC wad ¢ 0 (10-100 nm ol 35m5) 355 Y) o)
24 mm Y Ly i oo MIC~ 66 pg/mly E coli
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Figure 1. Formation of nanoparticles (clear yellow to turbid brown-grey)
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Figure 2. UV-visible spectrum of aqueous medium containing supernatantand silver ion
(10mM). Figure 3. Electron microscopy of ilver nanoparticles produced by Escherichia coli
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Figure 5. Minimum inhibitory concentration zone (24mm) 66yg/ml nanoparticles

Figure 4. Minimur inhibitory concentration (MIC) of AgNps against £. coli Growth, 262inst E. Coli compared with Aghos and superatant of e.coli
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" Biogenic silver nanoparticle synthesis with Juiadl W< : (7 = TIT) Jaunlt

cyanobacterium Chroococcus minutusisolated from Baliharachandi sea-

mouth, Odisha, and in vitro antibacterial activity" [7]

Biogenic silver nanoparticle synthesis with cyanobacterium JUW! Ol
Chroococcus minutusisolated from Baliharachandi sea-mouth,
Odisha, and 1n vitro antibacterial activity
Chita Ranjan Sahoo , Subhashree Maharana, Chinmayee A gl
Priyadarshini Mandhata |, Ajit Kumar Bishoyi , Sudhir Kumar
Paidesetty , Rabindra Nath Padhy
Saudi Journal of Biological Sciences 27 (2020y 1580-1586 o)
By LSl e B3l Slabiis dhauly (AG-NPS) 45U 224 olawsr slbs] & i
sld) ik 0 G ¢ &) (CRLSUMI0 oy Chroococcus minutus <), S K
“ F]
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Rg. 2. UVVis spectraof silver nitrate with C. minurs recorded from the cultured supematant after 48hr. Insert: (A) Culture tube containing C. minutus and AgNO , solution for
12hr (no colour change); (B) Culture tube containing C minutus and AgNO s solution for 24hr (light brown colour); (C) Culture tube containing C minutus and AgNO, solution
for 48hr (deep brown colour)
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" Biological Synthesis of Silver Nanoparticles by Jus £ : (8 — TIIy Jsuzdl
Cell-Free Extract of Spirulina platensis' [8]

Biological Synthesis of Silver Nanoparticles by Cell-Free Extract of JU! Olge

Spirulina platensis
Gaurav Sharma, Nakuleshwar Dut Jasuja, Manoj Kumar, and A el
Mohammad Irfan Ali
Journal of Nanotechnology, 2015, Article ID 132675, 6 pages Uoeals
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F1GURE 3: The pictures show the (a) S. platensis extracts, (b) AgNO; solution, and (c) AgNPs solution.

3 Sl ol il of Lol dilane Jos Lo amdeal) S5 S5 20 s gl
Mo e T sy iy B} Ly Ag-NPs 555 e tass 1S e Ag-NPs
RIFCGIEAEY

TaBLE 1: Antibacterial activity of AgNPs.

Bacterial strain AgNPs (1mg/mL) Mean £ SE Gentamicin (+) S. platensis extracts  AgNO; (ImM)
(ZOI in mm) Control (ZOI in mm) (ZOI in mm) (ZOI in mm)
Escherichia coli, MTCC-9721 24 23 25 25 2432048 28 12 15
Proteus vulgaris, MTCC-7299 300 032 34 29 33zl 22 8 10
Klebsiella pneumoniae, MTCC-9751 26 27 24 23 250091 16 8 1
Staphylococcus aureus, MTCC-9542 30 33 30 31 3L0z071 25 9 12
5. epidermidis, MTCC-2639 71 20 19 20 200£041 24 9 1
Bacillus cereus, MTCC-9017 2% 25 2% 23 M3x075 10 8 9
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Fig. 1: The test tube containing the filtrate of the S. fusiformis

biomass in aqueous solution of 1 x 103 M silver nitrate at the
(a2) beginning of reaction and (b) after 2 h of reaction
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Fig. 2: UV-Visible-spectra of silver nanoparticles synthesized from extract of 5. fusiformis
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Table L: FT-IR spectral interpretation of silver nanoparticles in . fusiformis
Assimuments Wavenumber (cm)
OH stretching vibrations 3907
O stretching vibrations i
N-H Stretching vibrations 3410
(Hy 2853
Free SH 2593
(C=0Stretching vibrations) Amides 164
(Hz 1416
Secandary Cyclic Alcobols 17
-CH=CH(cs) 4
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Fig. 5: A particle size distribution histogram of synthesized
' silver nanoparticles determined from HR-TEM images of §.
Fig. 4: HR-TEM images of the silver nanoparticles synthesized by using S. fusiformis fusiformis
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Fig. 6: X-ray diffraction pattern of the silver nanoparticles
obtained from S. fusiformis
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Fig. 7: Antibacterial activity of the silver nanoparticles synthesized from, S. fusiformis. a) Escherichia coli b) Klebsiella pneumonia, c)
Staphylococcus aureus and d) Pseudomonas aeruginosa

Table 2: Antibacterial activity of silver nanoparticles of 5. fusiformis

S Name of the microorganisms

Zone of inhibition in mm on human pathogen

No 25 pg/ml 50 pg/ml 75 pg/ml 100 pg/ml Streptomycin
(100 jig/ml)

1 E. coli 12+0.003 1820.004 20+0.006 2120.003 16:0.002

2 K. pneumonice 17+0.001 2020.006 23:0.003 2620.007 18+0.003

3 S aureus 1520002 17:0.001 22:0.003 240,004 16:0.001

4 P. aeruginosa 19+0.003 15:0.002 20£0.006 22+0.003 17+0.001
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Abstract:

Nanoscience enables researchers to develop new and cost-effective nanomaterials for energy,
healthcare, and medical applications. Silver nanoparticles (Ag NPs) are currently increasingly synthesized
for their superior physicochemical and electronic properties. Good knowledge of these characteristics
allows the development of applications in all sensitive and essential fields in the service of humans and the
environment . Then in this study highlighting the biosynthesis of secondary silver particles Ag-INPs using
some microorganisms and some plant extracts and their diagnostic techniques (XDR, FTIR, UV-vi,

TEM...) and estimating the antibacterial activity.

Through previous studies, it was found that the bio-prepared Ag-NPs have anti-bacterial activity,
and these particles are one of the agents used for the effective treatment of microbes in general and have an

internal and external effect.

Key words: nucleic silver particles, biosynthesis, antibacterial activity, diagnosis.







