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Table 1: The matrix of experimental design for silver nano-particle synthsize

Run %Tofale(v/iw) | AgNO3mvy | Temperature(C) pH Time(min) | Response
1 15 15 40 7 75 0.452
2 15 25 40 11 40 0.08
3 15 5 40 9 5 0.233
4 10 25 40 7 5 0.409
5 10 5 40 7 5 0.078
6 10 5 40 11 75 0.625
7 5 25 90 9 5 0.71
8 5 15 90 7 75 0.671
9 5 5 90 11 75 0.52
10 5 5 65 11 5 0.469
11 5 5 65 7 75 0.039
12 5 25 65 11 75 30
13 10 15 65 9 40 0.82
14 10 15 65 9 40 0.526
15 10 25 65 7 75 0.895
16 15 25 90 9 75 1.22
17 15 5 90 7 5 0.09
18 15 15 90 11 5 1.017
19 5 25 40 7 40 0.452

20 5 15 40 11 5 1.073
21 5 25 40 9 75 0.95
22 15 15 65 11 75 1.65
23 15 5 65 7 75 0.12
24 15 25 65 7 5 0.43
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Figure (1) Color change of aqueous extract of dried tomato pomace after adding silver nitrate
(a) colorless silver nitrate solution (b) Aqueous extract of dry tomato pomace (orange color) c)
Formation of silver nitrate colloidal dispersion and aqueous extract whose dark color indicates the
formation of silver nanoparticles after pH adjustment
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Figure (A) Contour plot of mutual influence of dry tomato pomace percentage and silver nitrate
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Figure (B) diagram of mutual effect of percentage of dry tomato pomace and temperature on

absorption rate
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Figure (C) diagram of interaction effect of silver nitrate concentration and temperature on absorption
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Figure (D) diagram of mutual effect of temperature and time on absorption rate
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Figure (2) visible-ultraviolet spectroscopy of silver nanoparticles synthesized under the best
parameters in a concentration of 25 mM silver nitrate, a concentration of 5% dry tomato
pomace, pH=6, at 65°C for 75 minutes) a characteristic peak around showed 420 nm, which
can be attributed to the presence of spherical silver nanoparticles. The optimization results
were used to define the best parameters for the formation of nanoparticles [10].
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Figure (4) Fourier transform infrared spectrum (FT-IR) of synthesized silver nanoparticles [6].
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Figure (5) X-ray diffraction pattern of synthesized silver nanoparticles [6].
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Figure (6) Scanning electron microscope image of silver nanoparticles
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Figure (7) Antibacterial activity of silver nanoparticles produced in two different concentrations 1 and
2 (concentration 250 ppm) and 3 and 4 (concentration 500 ppm)
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In this research, aqueous extract of dry tomato pomace was used as a
reducing agent to make silver nanoparticles. By adding silver nitrate
salt with a concentration of 25 mM to the extract, the reaction was
carried out at a temperature of 65 °C and pH=11, and the color change
of the solution from orange to dark brown indicated the beginning of
the process of making silver nanoparticles. The characteristics of
produced silver nanoparticles were investigated using UV-Vis
spectroscopy, X-ray diffraction, infrared spectroscopy and scanning
electron microscopy (FESEM). The results of UV-Vis spectroscopy
showed that the plasmon absorption peak of silver nanoparticles is
located at a wavelength of 420 nm. The X-ray diffraction pattern
confirmed the formation of the crystalline structure of silver
nanoparticles. Also, the analysis of FESEM images showed that the
produced nanoparticles are often spherical and their size is less than
50 nm. In addition, the antibacterial properties of nanoparticles
against Staphylococcus aureus and Escherichia coli bacteria were
evaluated using the well method, which showed that these
nanoparticles have a good inhibitory ability against the activity of
these bacteria. The proposed green synthesis method has
environmental advantages and can be used on a large scale to produce
silver nanoparticles.
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