E-ISSN: 2538-2187 | P-ISSN: 2251-7901

The Quarterly Scientific Journal of Applied Biology

https://jab.alzahra.ac.ir/ l\

Vol. 36, No. 4 (2024) 24-37.

Paper Type: Original Article

Characterization and Optimization aof Biosynthesized Silver
Nano-Particles by Resting Cells of Aspergillus niger Using
Taguchi Method

Morahem Ashengroph®*“=", Somayeh Fattahi'

! Associate Professor in Industrial Microbiology, Department of Biological Science, Faculty of Science, University of
Kurdistan, Kurdistan, Sanandaj, Iran; m.ashengroph@uok.ac.ir.

1 MSc Student in Biochemistry, Department of Biological Science, Faculty of Science, University of Kurdistan, Kurdistan,
Sanandaj, Iran; somayeh.fattahi71@gmail.com.

Citation:
Ashengroph, M., & Fattahi, S. (2024). Characterization and optimization of biosynthesized silver
nano-particles by resting cells of Aspergillus niger using Taguchi method. The quarterly scientific journal
of applied biology, 36(4), 24-37.

Received: 11/01/2023 Accepted: 29/04/2023

Abstract

Introduction: Silver nanoparticles (AgNPs) are used in a variety of industries, including coatings, disinfectants, water
purification, and medicine, due to their small size and unique physical and chemical properties. To avoid the use of
chemicals, extracellular biosynthesis of AgNPs using fungal systems is an appropriate method. In this study, the
extracellular biosynthesis of AgNPs by the resting cell of the fungus Aspergillus niger ZRS14 was investigated, and the
synthesis process was optimized using Taguchi's statistical method.

Methods: The effect of biomass parameters, incubation time, pH, and silver nitrate concentration in three levels was
performed using Qualitek-4 software. The characteristics of the synthesized AgNPs were determined by spectroscopic
analysis including UV-Vis spectroscopy, X-Ray Diffraction (XRD), Fourier transform infrared (FTIR) spectroscopy, and
Field Emission Scanning Electron Microscopy (FESEM).

Results: The results showed that the selected strain under optimal conditions including 2 mM silver nitrate, pH 0,
temperature 32 °C, and after 72 hour incubation, spherical silver nanoparticles with an average size of 24 to 38 nm in
extracellular form synthesized under resting cell strategy.

Conclusion: Because of the coating of fungi-secreted proteins, synthetic spherical elemental AgNPs have a crystalline
nature, a small size, and high stability.
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Figure 1- Visual observations and UV- visible absorption spectra of silver nitrate solution (1 mM)

treated with the biomass of the fungal strain A. niger ZRS14 (a) and control samples (b, ¢) under
experimental conditions: temperature 30 °C, shaker speed 150 rpm, and time incubation 24h.
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Figure 2- Visual observations and UV- visible absorption spectra of silver nitrate solution (1
mM) treated with the biomass of the fungal strain A. niger ZRS14 (a) and control samples

(b, ¢) under experimental conditions: temperature 30 oC, shaker speed 150 rpm, and time
incubation 24h.
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Table 1- Factors and their levels employed in the Taguchi experimental design for silver nanoparticle
production by A. niger ZRS14.

Factor Level 1 Level 2 Level 3
AgNO3 (mM) 1 2 3
Fungal biomass (g/I) 12 16 20

pH 5 6 7
Incubation time (h) 48 72 96

AL L9 dolazs T Sl 53 48 Sl A by (ol a5 by giS S oy oo 315 0l SlStl o sha Lo pite sS4 45 b
ol b 3l edelsa o8 S35l i &5l 0l 0315 olis Jpudr 534S shailes (Y Jgd>) A8 e Olboul |y Calises 2ole3l
ol VAY B /0 aJ_yJ}:.o)>a-L§;.)L>'ri3lL;Lh))fung;‘gwﬂjﬂjiu ZYAC}A d;k))b;&l&bsj}l}

. A niger ZRS14 z 6 Jawgi 0,5 il 396 jtuw (6 jlwdiats Sl 2956 L9 dolzsio alf o>yl =¥ Jguz

Tabel 2- L9 orthogonal array of designed experiments for optimization of silver nanoparticles
production by A. niger ZRS14.

Serial No. 1 (AgNO3) 2 (Biomass) 3 (pH) 4 (Time Incubation) Response (Abs at 428 nm)
1 1 1 0.83
1.92
0.63
1.65
1.11
0.56
1.38
0.94
1.48
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Figure 3- The effect of individual factors at different levels on the biosynthesis of silver nanoparticles
by A. niger ZRS14.
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Tabel 3- Interaction between pairs of factors tested in the synthesis of silver
nanoparticles by A. niger ZRS14.

Factors % Severity Index (SI)  Optimum Conditions
AgNOsx Time incubation  60.29 2,1)
AgNO3x Biomass 59.92 2,1)
pH x Time incubation 26.1 2,2)
Biomassx Time incubation  9.55 (2,2)
Biomass x pH 5.88 (2,2)
AgNO; x pH 0 (1,2
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Tabel 4- ANOVA of Taguchi experimental results related to silver nanoparticle
synthesis by A. niger ZRS14.

Factor DOF  Sums of Squares Variance Pure Sum % Influence of each Factor
AgNO3 2 0.45 0.022 0.045 2.577

Biomass 2 0.346 0.173 0.346 19.586

pH 2 1.305 0.652 1.305 73.789

Time incubation 2 0.071 0.035 0.071 4.04

Other/error total 8 1.768 %100
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Tabel 5- Optimum conditions predicted using Qualitek-4 software to

improve the performance of A. niger in the synthesis of silver
nanoparticles.

Factor Level Description  Level Contribution
AgNO3 3 mM 3 0.099
Biomass 16 g/L 2 0.156

pH 6 2 0.516

Time incubation 72 h 2 0.12

Current grand average of performance: 2.057
Expected result at optimum condition: 2.105
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Figure 4- FESEM images and histogram of particle size distribution of silver nanoparticles

synthesized by resting cells of A. niger ZRS14 under optimal conditions obtained in Taguchi
design.
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Figure 5- Energy dispersive X-ray spectroscopy (EDX) of silver nanoparticles
synthesized by resting cells of A. niger ZRS14 under optimal conditions
obtained in Taguchi design.
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Figure 6- X-ray diffraction (XRD) pattern of silver nanoparticles synthesized by resting
cells of A. niger ZRS14 under optimal conditions obtained in Taguchi design.
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Figure 7- Fourier-transform Infrared Spectroscopy (FTIR) of silver nanoparticles synthesized
by resting cells of A. niger ZRS14 under optimal conditions obtained in Taguchi design.
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