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Abstract: Bionanotechnology is a relatively new term that implies the use of some biological
material or organisms in order to prepare nanosystems or nanoparticles. This work presents the
preparation and bactericide application of a sustainable nanometric system (silver nanoparticles)
using a waste biological support (bovine bone powder). This system was prepared by the method
of metallic salt reduction, using NaBH4 as reducing agent and AgNO3 as metallic salt. Two silver
contents were analyzed, 1% and 5% weight. The latter was found to be more efficient than the
former. Transmission electronic microscopy shows an average size of 10.5 ± 3.3 nm and quasi-sphere
morphology. The antimicrobial assay shows that a 5% weight content of silver had a bactericide effect
for Escherichia coli at 46.8 min of exposure. The minimum inhibitory concentration (MIC) of silver
nanoparticles supported on bovine bone powder for Escherichia coli was 7.5 µg/mL. The biocomposite
exhibits a specific antibacterial kinetics constant (k) of 0.1128 min−1 and decimal reduction time
(DRT) of 20.39 min for Escherichia coli. Thus, it was concluded that a biocomposite was prepared
with a biodegradable, waste, and low-cost support, under mild conditions (room temperature and
atmospheric pressure) and using water as solvent.

Keywords: nanocomposite; Escherichia coli; bactericide effect; Ag nanoparticles; minimum
inhibitory concentration

1. Introduction

Nanometric systems have been the subject of study of a large number of articles in the last decades.
This is because nanostructured systems have better chemical, mechanical, and catalytic properties
than bulk materials and can be applied in various technologies. On the other hand, these systems
are more efficient and less expensive than their counterparts, the bulk materials [1–8]. Due to the
unique properties of nanometric systems, the number of their applications is vast. In this sense,
the objective of this work was to look for a sustainable bactericide system, environmentally friendly,
with a natural support, that could be synthesized under room temperature, atmospheric pressure,
and using water as a solvent. To achieve so, silver nanoparticles were synthesized on bovine powder
and the resulting system was tested in the elimination of a Gram negative bacterium such as Escherichia
coli. This organism was proposed because it is one of the most difficult to treat, being the cause of
severe diarrhea due to consumption of water contaminated with coliforms. This type of bacteria has
become multi-resistant to antibiotics, making its treatment rather difficult and is an important cause of
death in places where people do not have access to drinking water [4,9–17].
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An important strategy to limit the size, protect, and recover the synthesized nanoparticles, is
the support adequate selection. In this sense, various supports have been assessed: (a) of biological
origin like core/shell [18,19], cotton [20,21], wood [3], or natural fibers [22], and (b) man-made such
as titania [23], various polymers [24–27], graphene sheets [28], or ceramics [29]. Regarding bovine
bone powder, it has been shown to exhibit a good mechanical, thermal, and chemical resistance
(it does not oxidize) and also shows great affinity to metallic nanoparticles because of hydroxy (OH−)
and phosphate (PO4

3−) groups, which exhibit a rather high ability to anchor the nanoparticles to
the support. The bone is composed mostly by hydroxyapatite (HPA). Besides, it is a waste material,
renewable, biodegradable, easily obtained, and treated. Thus, these characteristics made out of bovine
powder a very attractive material to be used as support of nanoparticles, specifically speaking of silver
nanoparticles. It is expected that silver nanoparticles improve the number of active sites that attract
the bacteria membrane thus inhibiting their reproduction.

Recently, an increasing number of articles have been published concerning the properties of silver
nanoparticles. Their bactericidal effect, for instance, has been a very recurring topic. Such articles have
shown that nanometric silver eliminates a wide range of bacteria and has a promising large number of
applications in medicine and industry [17,30,31].

In this work, the synthesis method for silver nanoparticles was the reduction of metal salts,
using sodium borohydride (NaBH4) as a reducing agent and AgNO3 as the metal salt. Through this
method the size, shape, and dispersion of the synthesized particles can be controlled by varying the
concentration of the metal salt or the reduction time [32,33]. The characterization was carried out by
means of transmission electron microscopy (TEM) through which the size, shape, polydispersity of the
metal nanoparticles, the interplanar distance of the atoms, as well as the support where they are found
can be observed.

2. Experimental

2.1. Bovine Bone Powder Preparation

The bovine bone was purchased from a local grocery store (Plan de Agua Prieta, La Magdalena,
50190, Toluca, Edo. de Mexico, Mexico). The bovine bone femur was washed in boiled water for 30 min
and cleaned, later the piece was cut into small pieces. These pieces were then finely ground and for
this purpose a moto-tool with tungsten rotating piece was used; then the powder was sieved with a
150 mesh.

2.2. Synthesis

The metallic salt reduction method was used for the synthesis of Ag NP’s. AgNO3 was used
as metallic salt and NaBH4 was the reducing agent. Two solutions (solution 1 and solution 2)
were prepared. For solution 1, 8.495 mg of AgNO3 were dissolved in 50 mL of deionized water
(concentration = 0.001 M). For solution 2, 1.89 mg of NaBH4 were dissolved in 50 mL of water
(concentration = 0.001 M), pH was not adjusted at any time. Two silver/bovine bone powder systems
with different silver content were prepared. The first one with 1% weight of silver and the second one
with 5%. For the first content (1%), an amount of 539.35 mg of bovine bone powder was immersed in
50 mL of solution 1 during 30 s and then filtered. For the second content (5%), 107.87 mg of bovine bone
powder was immersed into solution 1. The reduction of Ag (I) ions was carried out with solution 2
during 30 min, at room temperature and atmospheric pressure. The resulting powder was then filtered
under vacuum and dried overnight at room temperature. It is worth noticing that by this method, the
typical calcination step is eliminated. The reaction can be written as follows [34],

8Ag+ + BH4
− + 4H2O → 8Ag + B(OH)4

− + 8H+.
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2.3. Characterization

Transmission electronic microscopy (TEM) studies were performed in a JEOL microscope (JEOL,
Akishima, Tokyo, Japan) JEM-2100 operated at 120 kV of accelerating voltage. The silver-impregnated
bovine bone powders were suspended in 2-propanol and then ultrasonically dispersed for 5 h at room
temperature. A drop of this suspension was then placed on a Cu-grid coated with a holey carbon film.

2.4. Antimicrobial Assay

An Escherichia coli O157:H7 strain from institution strain repository was used. This was reseeded
in MacConkey agar. A dilution of 1.164 × 105 CFU in 10 mL of distilled water was prepared in three
different test tubes, tube 1 received no treatment, tube 2 was added with 1.5 mg of the support at 1%,
and tube 3 was added with 1.5 mg of the system with 5% silver content. The tubes were incubated
at 37 ◦C during 24 h. After this time, the petri dish with MacConkey agar was divided into three
parts to make the reseeding, then an aliquot of 7 micro liters of each tube was taken and reseeded
as follows: vial 1 was used for control, vial 2 was prepared with the 1% Ag/bone system, and vial
3 was prepared with the 5% Ag/bone system. This was conducted in order to compare the effect of
Ag content on the bactericidal effectiveness of the prepared system, and to establish the minimum
inhibitory concentration (MIC). Then all vials were incubated for 24 h at 37 ◦C.

Once the best Ag/bovine bone powder system (5%) was established, a further experiment
was conducted in order to establish the bacteria decay kinetics. Then a new solution was made of
1.164 × 105 CFU in 10 mL of distilled water in a test tube. The petri dish with MacConkey agar was
divided in two, in order to make the new reseeded. An aliquot of 10 micro liters was taken, and reseeded
into the petri dish. This process was conducted at different times, the first aliquot was the control,
the second aliquot was 5 min after adding the prepared system, and the next aliquots were each 10 min
until 65 min were reached.

3. Results and Discussion

3.1. Characterization

Figure 1c shows the particle size distribution in the 1% Ag/bovine bone powder. It can be observed
that the distribution is not normal and therefore it would not be accurate to provide an average size.
It can be observed, however, that the size of about a third part of the whole accounted particles
was 2.5 nm while the rest exhibited a diameter that ranges between 6.5 and 22.5 nm. Regarding the
material with 5% of Ag NP’s (Figure 1d), the particles exhibited an average size of 10.5 ± 3.3 nm.
To conduct this analysis, the open access software ImageJ was used. An example of the process is given
as Supplementary Information. More TEM images of the 5% Ag/bone powder are depicted in Figures S1
and S2. Figure 1b shows silver nanoparticles (5%) supported on the bovine bone powder with better
polydispersity and homogeneity than the observed in the 1% Ag system (Figure 1a). Increasing
silver content on bovine bone powder from 1% to 5%, leads to a higher amount of nanoparticles with
an average size of 10.5 nm and size homogeneity is also improved. These images correspond to a
randomly chosen part of the substrate, and can be considered as representative of the overall size and
shapes of the particles.
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confirms the FCC lattice and thus indicates polycrystalline Ag NPs. As well, we found the diffraction 

pattern of the hydroxyapatite in the direction (002) [36], which shows that even after the sonication 

process the silver nanoparticles were still attached to the hydroxyapatite, showing a strong link 

between them. 

Figure 1. (a) TEM image of 1% Ag/bovine bone powder, (b) TEM image of 5% Ag/bovine bone powder,
(c) size distribution of silver nanoparticles (1%) on bovine powder, and (d) size distribution of silver
nanoparticles (5%) on bovine powder.

Figure 2 shows micrographs at different magnifications. In these images the silver nanoparticles
could be observed darker due to their higher atomic number, and they were supported on the
bovine bone powder. The shape of the nanoparticles is quasi-spherical with good polydispersity.
The system remained bound due to the electrostatic attraction between the silver and the groups
hydroxy and phosphate of the support. Figure 2d corresponds to a selected area electron diffraction
(SAED) image that shows spots corresponding to (200) and (222) [35] reflections of Ag NPs lattice
planes, which confirms the FCC lattice and thus indicates polycrystalline Ag NPs. As well, we found
the diffraction pattern of the hydroxyapatite in the direction (002) [36], which shows that even after the
sonication process the silver nanoparticles were still attached to the hydroxyapatite, showing a strong
link between them.

Kim et al. [37] and Suber et al. [38] have suggested that a bimodal mechanism regulate the growth
and symmetry of the nanoparticles. The results obtained regarding crystalline planes, observed in the
selected area electron diffraction (SAED), of the nanoparticles, suggest that a fast reduction mechanism
regulate the synthesis of silver nanoparticles with NaBH4 as a reduction agent. Otherwise, the porosity
of the bovine bone powder does not allow the agglomeration, getting a rather small particle size
(average = 10 nm with the 5% Ag/bone system).
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Figure 2. (a) and (b) TEM images of Ag nanoparticles (5%), (c) HRTEM, and (d) selected area electron
diffraction (SAED) images of Ag nanoparticles in bovine bone powder (5%), in different magnifications
120 kV.

Figure 3 shows 2.04 Å lattice planes, corresponding to the (200) plane of cubic Ag [35]. Confirming
the information obtained in the SAED of Figure 2d.
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3.2. Antibacterial Action

Figure 4 shows the bacteria growth of the Escherichia coli strain. Figure 4a received no treatment
and 348 CFU were counted. The section shown in Figure 4b was added with 1.5 mg of the 1% Ag/bone
system and 18 CFU were counted. The section shown in Figure 4c was added with 1.5 mg of 5%
Ag/bone system and a very effective bactericidal effect was demonstrated by not finding any CFU.
The bactericidal effect of silver was expected, and is due to the negative charges of the phosphate
groups of the bacterial nucleotides being attracted by the positive charges of silver, which inhibits its
cellular replication [9].
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Figure 4. Photograph of plate with Escherichia coli and MacConkey agar showing the comparison of
bactericidal properties. (a) Sample without Ag/bone system, (b) sample with 1% Ag/bone system,
and (c) sample with 5% Ag/bone system.

We tried to use the turbidimetry method, which was not possible because the synthesized material
not only has a bactericidal effect, but also contributed to reducing the turbidity of the medium, and acted
in a very fast way, preventing the use of this method. This could be confirmed with the sowing after
the use of the support, where the powder with 1% of silver considerably inhibits the growth. The better
elimination yield of bacteria with the 5% Ag/Bovine bone powder system is attributed to the higher
amount of silver NPs found on the support and therefore a higher amount of active sites to which the
bacteria can be attached. Based on these results, the 5% Ag nanocomposite was chosen to establish the
time when the antimicrobial effect was total (see Figure 5).

Minimum inhibitory concentration for the system Ag/bovine bone powder and Escherichia coli was
found to be 7.5µg/mL. This concentration is lower than that reported by other research groups [31,39–41]
when using other type of supports. Therefore, it is shown here a technical advantage of controlling the
size of NPs. Besides, the synthesized biocomposite can be retrieved and used in other alike processes,
i.e., where a material with bactericide effect is needed.

Figure 6 depicts the number of colonies versus contact time with the biocomposite. It can be
observed that the bactericide effect was total after 46.8 min. This time is noticeably lower than that
reported by other researchers [31,41,42].
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Figure 6. Biocomposite effect (5% Ag) on Escherichia coli colonies number at different times.

In order to establish the kinetic decay constant, a linear regression was established by plotting the
ln (S/So) versus time (Figure 7), where S0 was the initial number of microorganisms, S was the number
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of surviving microorganisms at time t. The slope of such line was found to be 0.1128 min−1 and the
regression coefficient was 0.95.
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Figure 7. Graph to calculate the kinetic decay constant of Escherichia coli with 5% Ag/bovine powder.
Continuous line: Experiments, dotted line: linear regression.

The decimal reduction time (DRT) was found to be 20.39 min. This is the required time to decrease
90% of bacteria in a logarithm cycle and it was calculated by means of DRT = 2.3/k.

It has been suggested [9,10,41] that the inhibitory action mechanism exerted by silver ions can be
ascribed to silver (+) ions being electronegatively attracted to the sulfate and phosphate (−) groups of
the bacteria cell membrane. This attraction interferes with their primary properties, such as permeability
and respiration; hampering its capacity for replication and leading to the denaturation of proteins.

The methodology used in this research was without stirring, which is expected to make the
bacteria decay faster.

4. Conclusions

An environmentally friendly bactericide system was prepared. This system consists of silver
nanoparticles on bovine powder. The nanoparticles support is low-cost, biodegradable, and the
treatment is relatively easy. Bone hydroxy and phosphates groups with negative charge exerted an
electrostatic attraction to positive charges of silver nanoparticles, thus retaining them onto its surface.
By the reduction of metallic salts, using NaBH4, the size of silver nanoparticles in the 5% silver/bovine
bone powder was 10.5 ± 3.3 nm, with mainly quasi-spherical shape and with good polydispersity.
Ag/bovine powder systems were synthesized with two contents, 1% and 5% weight, the last one
exhibiting a stronger bactericide effect for Escherichia coli after 46.8 min without stirring. The system
with 1% only managed to inhibit the growth but did not completely eliminate the bacteria. Minimal
inhibitory concentration was found to be 7.5 µg/mL.

Supplementary Materials: The following are available online at http://www.mdpi.com/1996-1944/13/2/462/s1.
Figure S1: ImageJ software screen example to conduct the measurement of silver particles and establish the
particle size distribution. Figure S2: Examples of TEM images used to establish the particle size distribution in the
5% Ag/bovine powder system.

Author Contributions: Formal analysis, A.R.V.-N.; Investigation, M.S.P.M.; Methodology, M.S.P.M. and A.R.V.-N.;
Project administration, S.A.G.-L.; Supervision, S.A.G.-L.; Writing—original draft, S.A.G.-L.; Writing—review &
editing, R.N. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: We thank Cristian Asdgar Campuzano Avilés for technical support.

Conflicts of Interest: The authors declare no conflict of interest.

http://www.mdpi.com/1996-1944/13/2/462/s1


Materials 2020, 13, 462 9 of 10

References

1. Yoon, H. Current trends in sensors based on conducting polymer nanomaterials. Nanomaterials 2013, 3, 524–549.
[CrossRef] [PubMed]

2. Bruce, P.G.; Scrosati, B.; Tarascon, J.-M. Nanomaterials for Rechargeable Lithium Batteries. Angew. Chem.
Int. Ed. 2008, 47, 2930–2946. [CrossRef] [PubMed]

3. Moon, R.J.; Martini, A.; Nairn, J.; Simonsen, J.; Youngblood, J. Cellulose nanomaterials review: Structure,
properties and nanocomposites. Chem. Soc. Rev. 2011, 40, 3941. [CrossRef] [PubMed]

4. Klaine, S.J.; Alvarez, P.J.J.; Batley, G.E.; Fernandes, T.F.; Handy, R.D.; Lyon, D.Y.; Mahendra, S.;
McLaughlin, M.J.; Lead, J.R. Nanomaterials in the environment: Behavior, fate, bioavailability, and effects.
Environ. Toxicol. Chem. 2008, 27, 1825–1851. [CrossRef] [PubMed]

5. Roduner, E. Size matters: Why nanomaterials are different. Chem. Soc. Rev. 2006, 35, 583–592. [CrossRef]
[PubMed]

6. Yang, G.; Zhu, C.; Du, D.; Zhu, J.; Lin, Y. Graphene-like two-dimensional layered nanomaterials: Applications
in biosensors and nanomedicine. Nanoscale 2015, 7, 14217–14231. [CrossRef]

7. Martirosyan, A.; Schneider, Y.-J. Engineered Nanomaterials in Food: Implications for Food Safety and
Consumer Health. Int. J. Environ. Res. Public Heal. 2014, 11, 5720–5750. [CrossRef]

8. Cuenot, S.; Frétigny, C.; Demoustier-Champagne, S.; Nysten, B. Surface tension effect on the mechanical
properties of nanomaterials measured by atomic force microscopy. Phys. Rev. B 2004, 69, 165410. [CrossRef]

9. Ledezma, A.; Romero, J.; Hernández, M.; Moggio, I.; Arias, E.; Padrón, G.; Torres, S. Síntesis biomimética
de nanopartículas de plata utilizando extracto acuoso de nopal (Opuntia sp.) y su electrohilado polimérico.
Superficies y Vacío 2014, 27, 133–140.

10. Ayala, N. Nanopartículas de Plata como Microbicidas: Actividad y Mecanismos de Acción Contra la
Infección por el Virus de Inmunodeficiencia Humana (VIH) y Diferentes Bacterias Resistentes a Antibióticos.
Ph.D. Thesis, Universidad Autónoma de Nuevo León, San Nicholas, Mexico, February 2010.

11. Coutiño, M.R.; Ávila, L.; Arroyo, O. Las nanopartículas de plata: Mecanismos de entrada, toxicidad y estrés
oxidativo. Revista de Educación Bioquímica 2017, 36, 39–54.

12. Diaz, E.M. Nanopartículas de plata: Un enfoque en aplicaciones biológicas. Mundo Nano. Mundo Nano.
Revista Interdisciplinaria en Nanociencia y Nanotecnología 2019, 12, 22.

13. Roque-Ruiz, J.H.; Castillo-Ramírez, D.; Ruíz-Baltazar, A.D.J.; Espinosa-Cristóbal, L.F.; Reyes-López, S.Y.
Preparation of Silver-Doped Alumina Spherical Beads with Antimicrobial Properties. J. Nanomater. 2018,
2018, 1–13. [CrossRef]

14. Sharma, V.; Kaushik, S.; Pandit, P.; Dhull, D.; Yadav, J.P.; Kaushik, S. Green synthesis of silver nanoparticles
from medicinal plants and evaluation of their antiviral potential against chikungunya virus. Appl. Microbiol.
Biotechnol. 2019, 103, 881–891. [CrossRef] [PubMed]

15. Luckie, A.M.; Casatañares, R.L.; Schougall, R.; Reyes, S.C.; Mendieta, V.S. Antibacterial effect of silver
nanoparticles versus chlorhexidine against streptococcus mutans and lactobacillus casei. Silver Nanopart.
Fab. Charact. Appl. 2018, 117. [CrossRef]

16. Ivanova, N.; Gugleva, V.; Dobreva, M.; Pehlivanov, I.; Stefanov, S.; Andonova, V. Silver Nanoparticles as
Multi-Functional Drug Delivery Systems. In Nanomedicines; IntechOpen: Rijeka, Croatia, 2018.

17. Wen, L.; Xiao, X.; Qing, S.; Hai, Z.; You, O.U.; Yi, C. Antibacterial activity and mechanism of silver
nanoparticles on Escherichia coli. Appl. Microbi. Biotechnol. 2010, 85, 1115.

18. Sun, X.; Li, Y. Colloidal carbon spheres and their core/shell structures with noble-metal nanoparticles.
Angew. Chem. Int. Ed. 2004, 116, 607–611. [CrossRef]

19. Nan, H.; Tian, X.; Yang, L.; Shu, T.; Song, H.; Liao, S. A Platinum Monolayer Core-Shell Catalyst with a
Ternary Alloy Nanoparticle Core and Enhanced Stability for the Oxygen Reduction Reaction. J. Nanomater.
2015, 2015, 1–11. [CrossRef]

20. Ravindra, S.; Mohan, Y.M.; Reddy, N.N.; Raju, K.M. Fabrication of antibacterial cotton fibres loaded with silver
nanoparticles via “Green Approach”. Colloids Surfaces A Physicochem. Eng. Asp. 2010, 367, 31–40. [CrossRef]

21. Nourbakhsh, S.; Ashjaran, A. Laser Treatment of Cotton Fabric for Durable Antibacterial Properties of Silver
Nanoparticles. Materials 2012, 5, 1247–1257. [CrossRef]

22. Wu, L.; Shamsuzzoha, M.; Ritchie, S. Preparation of Cellulose Acetate Supported Zero-Valent Iron Nanoparticles
for the Dechlorination of Trichloroethylene in Water. J. Nanoparticle Res. 2005, 7, 469–476. [CrossRef]

http://dx.doi.org/10.3390/nano3030524
http://www.ncbi.nlm.nih.gov/pubmed/28348348
http://dx.doi.org/10.1002/anie.200702505
http://www.ncbi.nlm.nih.gov/pubmed/18338357
http://dx.doi.org/10.1039/c0cs00108b
http://www.ncbi.nlm.nih.gov/pubmed/21566801
http://dx.doi.org/10.1897/08-090.1
http://www.ncbi.nlm.nih.gov/pubmed/19086204
http://dx.doi.org/10.1039/b502142c
http://www.ncbi.nlm.nih.gov/pubmed/16791330
http://dx.doi.org/10.1039/C5NR03398E
http://dx.doi.org/10.3390/ijerph110605720
http://dx.doi.org/10.1103/PhysRevB.69.165410
http://dx.doi.org/10.1155/2018/7127843
http://dx.doi.org/10.1007/s00253-018-9488-1
http://www.ncbi.nlm.nih.gov/pubmed/30413849
http://dx.doi.org/10.5772/intechopen.76183
http://dx.doi.org/10.1002/ange.200352386
http://dx.doi.org/10.1155/2015/715474
http://dx.doi.org/10.1016/j.colsurfa.2010.06.013
http://dx.doi.org/10.3390/ma5071247
http://dx.doi.org/10.1007/s11051-005-4271-5


Materials 2020, 13, 462 10 of 10

23. Hayden, B.E.; Pletcher, D.; Suchsland, J.P. Enhanced activity for electrocatalytic oxidation of carbon monoxide
on titania-supported gold nanoparticles. Angew. Chem. Int. Ed. 2007, 46, 3530–3532. [CrossRef] [PubMed]

24. Rus, A.; Leordean, V.-D.; Berce, P. Silver Nanoparticles (AgNP) impregnated filters in drinking water
disinfection. In MATEC Web of Conferences; EDP Sciences: Les Ulis, France, 2017; Volume 137, p. 7007.

25. Dinh, N.X.; Huy, T.Q.; Van Vu, L.; Tam, L.T.; Le, A.-T. Multiwalled carbon nanotubes/silver nanocomposite
as effective SERS platform for detection of methylene blue dye in water. J. Sci. Adv. Mater. Devices 2016,
1, 84–89. [CrossRef]

26. Tachikawa, S.; Noguchi, A.; Tsuge, T.; Hara, M.; Odawara, O.; Wada, H. Optical Properties of ZnO
Nanoparticles Capped with Polymers. Materials 2011, 4, 1132–1143. [CrossRef] [PubMed]

27. Magdassi, S.; Grouchko, M.; Kamyshny, A. Copper Nanoparticles for Printed Electronics: Routes Towards
Achieving Oxidation Stability. Materials 2010, 3, 4626–4638. [CrossRef]

28. Chiang, Y.-C.; Liang, C.-C.; Chung, C.-P. Characterization of Platinum Nanoparticles Deposited on
Functionalized Graphene Sheets. Materials 2015, 8, 6484–6497. [CrossRef]

29. Kahler, D.; Koermer, N.; Reichl, A.; Samie, A.; Smith, J. Performance and acceptance of novel
silver-impregnated ceramic cubes for drinking water treatment in two field sites: Limpopo Province,
South Africa and Dodoma Region, Tanzania. Water 2016, 8, 95. [CrossRef]

30. Bagherzade, G.; Tavakoli, M.M.; Namaei, M.H. Green synthesis of silver nanoparticles using aqueous
extract of saffron (Crocus sativus L.) wastages and its antibacterial activity against six bacteria. Asian Pac. J.
Trop. Biomed. 2017, 7, 227–233. [CrossRef]

31. Raffi, M.; Hussain, F.; Bhatti, T.M.; Akhter, J.I.; Hameed, A.; Hasan, M.M. Antibacterial characterization of
silver nanoparticles against E. coli ATCC-15224. J. Mat. Sci. Technol. 2008, 24, 192–196.

32. Ghosh, S. Bimetallic Pt-Ni nanoparticles can catalyze reduction of aromatic nitro compounds by sodium
borohydride in aqueous solution. Appl. Catal. A Gen. 2004, 268, 61–66. [CrossRef]

33. Song, K.C.; Lee, S.M.; Park, T.S.; Lee, B.S. Preparation of colloidal silver nanoparticles by chemical reduction
method. Korean J. Chem. Eng. 2009, 26, 153–155. [CrossRef]

34. Gama-Lara, S.A.; Morales-Luckie, R.A.; Argueta-Figueroa, L.; Hinestroza, J.P.; García-Orozco, I.; Natividad, R.
Synthesis, Characterization, and Catalytic Activity of Platinum Nanoparticles on Bovine-Bone Powder:
A Novel Support. J. Nanomater. 2018, 2018, 1–8. [CrossRef]

35. ICDD. International Center for Diffraction Data, File (PDF) Ag # 00-004-0783; ICDD: Newtown Square,
PA, USA, 2008.

36. Goloshchapov, D.L.; Kashkarov, V.M.; Rumyantseva, N.A.; Seredin, P.V.; Lenshin, A.S.; Agapov, B.L.;
Domashevskaya, E.P. Synthesis of nanocrystalline hydroxyapatite by precipitation using hen’s eggshell.
Ceram. Int. 2013, 39, 4539–4549. [CrossRef]

37. Kim, D.; Jeong, S.; Moon, J. Synthesis of silver nanoparticles using the polyol process and the influence of
precursor injection. Nanotechnology 2006, 17, 4019–4024. [CrossRef] [PubMed]
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