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Abstract: In this study, silver nanoparticles (AgNPs) were synthesised using the Prunus cerasifera pissardii nigra
(PC) leaf extract in an easy, low-cost and environmentally friendly way. According to the ultraviolet-visible (UV-vis)
spectrophotometer analysis data, the nanocrystals demonstrated a characteristic peak at 456 nm. Scanning electron
microscopy (SEM), field emission scanning electron microscopy (FE-SEM), transmission electron microscopy (TEM)
and energy-dispersive X-ray (EDX) spectroscopy analyses revealed that the morphological structures of the biosyn-
thesised AgNPs were mostly spherical. According to the results of X-ray diffraction (XRD) analysis, it was determined
that the crystal structures of AgNPs were cubic. The size of the nanoparticles was calculated as 23.60 nm using the
Debye-Scherrer equation. The zeta potential of the synthesised nanomaterial was measured as —15.5 mV. The minimum
inhibitory concentration (MIC) values of AgNPs on Staphylococcus aureus ATCC 29213, Escherichia coli ATCC 25922,
Bacillus subtilis ATCC 11774, Pseudomonas aeruginosa ATCC 27853 and Candida albicans ATCC 10231 were deter-
mined to be 0.062, 0.250, 0.125, 0.500 and 0.125 pg mL~", respectively.
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transmission electron microscopy

Nanotechnology deals with the production, charac-
terisation and manipulation of nano-sized materials
between 1 nm and 100 nm (Sarfraz et al. 2021). In re-
cent years, parallelly to the developments in nanotech-
nology, nanoparticles have become an important study
topic due to their extensive applications in various
fields such as antimicrobial agents, diagnostics, bio-
markers, drug delivery, cell labelling, cancer therapy
and water purification (Mousavi et al. 2018; Kumari
et al. 2019; Kowsalya et al. 2021). Nanoparticles can
be produced by many methods such as chemical re-
duction, physicochemical reduction, photochemical
reduction, electrochemical reduction, radiolysis and
thermal evaporation (Iravani et al. 2014; Yadi et al.
2018). However, recently, instead of traditional meth-
ods, nanoparticles have started to be produced by low-

-cost 'green synthesis' procedures that do not use any
toxic solvents and do not pollute the environment
(Hussain et al. 2016; Bandeira et al. 2020, Hatipoglu
2021a). For this purpose, nanoparticles are synthesised
using biological sources such as plants, fungi, bacteria
and algae (Parial et al. 2012; Singh et al. 2016; Acay
et al. 2019; Chellamuthu et al. 2019; Hatipoglu 2021b).
Secondary plant metabolites utilised in nanoparticle
production act as a capping agent that reduces metal
ions and stabilises the shape and size of the nanopar-
ticles produced. The most significant of these plant
metabolites are polyphenols, which are highly concen-
trated in the environment and have strong reducing
properties. Proteins, carbohydrates, terpenoids and
alkaloids are other plant metabolites that show similar
effects (Swilam and Nematallah 2020).
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Metals frequently used in nanoparticle studies are sil-
ver (Zhang and Jiang 2020), gold (Keskin et al. 2022),
zinc (Thema et al. 2015) and platinum (Thirumurugan
et al. 2016). Especially silver (Ag) is known to have a sig-
nificant suppressive effect on the growth and survival
of bacteria. The ‘Ag' ion can prevent cell division and de-
oxyribonucleic acid (DNA) replication (Ramya and Sub-
apriya 2012). Due to their relatively small size and large
surface area, silver nanoparticles (AgNPs) exhibit strong
antimicrobial activity against microorganisms such
as bacteria, viruses and fungi (Loo et al. 2018; Hatipoglu
2022). AgNPs bind to cell membrane proteins and ca-
talyse the formation of reactive oxygen species in bac-
terial cells. Thus, they cause cell death due to oxidative
stress (Hoseinnejad et al. 2017; Alkhalaf et al. 2020).
It also damages DNA and inhibits cell proliferation
by inducing apoptosis (Li et al. 2020).

In the study, AgNPs were obtained from Prunus
cerasifera pissardii nigra (PC) leaf by green synthesis.
As far as we know, there is no document that AgNPs
were obtained from the plant in question until now. PC,
also known as the cherry plum, is a plant that is native
to Southeastern Europe (Balkan Peninsula, Crimea)
and Western and Central Asia (Caucasus, Iran, Iraq).
PC is a thorny shrub tree with sphere-shaped, yellow/
red/purple-coloured fruits. Its young leaves are deep
purple. When ripe, the leaves turn a dark green colour
(Horvath et al. 2008; Kalyoncu et al. 2016; Popescu and
Caudullo 2016; Huang et al. 2019).

In this study, AgNPs were synthesised by reducing
AgNO, (Ag*! to Ag’) with PC plant leaf extract to pro-
duce plant-compatible nanoparticles. The nanomate-
rial obtained was characterised, and its antimicrobial
activities against several foodborne pathogens were
demonstrated.

MATERIAL AND METHODS

Material. The green leaves of PC were collected from
Mardin Province in southeast Turkey. Silver nitrate
(AgNO,, 99.98% purity), vancomycin, fluconazole and
colistin were purchased from Sigma Aldrich (Germany).
Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853, Staphylococcus aureus ATCC 29213,
Bacillus subtilis ATCC 11774 and Candida albicans
ATCC 10231 were also used in the study for the antimi-
crobial activities of PC-AgNPs.

Extraction of PC leaf. The green leaves of the PC
were washed thoroughly with distilled water and
dried under room conditions. Dried leaves (25 g) were
taken, mixed with 250 mL of distilled water and boiled.
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The extract was cooled to room temperature. Then,
it was filtered through Whatman No. 1 filter paper
(United Kingdom) and stored in the refrigerator for the
synthesis of PC-AgNPs.

Synthesis of PC-AgNPs. For the synthesis of PC-
-AgNPs, 1 mM AgNO, aqueous solution was prepared
using solid AgNO,. AgNO, solution (200 mL) and
plant extract (200 mL) were allowed to react stably
at room temperature. The formation of PC-AgNPs was
determined by ultraviolet-visible (UV-vis) spectros-
copy wavelength scanning (CARY 60; Agilent, USA)
at different time intervals (15, 30, 45, 60, and 120 min)
depending on the colour change (Pugazhendhi et al.
2018). After the reaction, the dark solution was centri-
fuged (14 000 rpm, 10 336 g, 25 min) (Ohaus FC5706;
Hanna, USA). The solid fraction obtained at the end
of centrifugation was washed several times with dis-
tilled water, and the final residue (PC-AgNPs) was
dried in an oven at 80 °C for 48 h (UN 55; Memmert,
Germany). Then the dry part was ground into powder
using a mortar and pestle.

Characterisation techniques of PC-AgNPs. UV-vis
spectra of PC-AgNPs were defined on a spectropho-
tometer (CARY 60 UV-visible spectrophotometer; Agi-
lent, USA) within the wavelength range of 300-800 nm.
The morphology, size, crystal structure and surface dis-
tributions of PC-AgNPs were analysed by scanning elec-
tron microscopy (SEM) (EVO 40 LEQ; Carl Zeiss AG,
Germany), field emission scanning electron micros-
copy (FE-SEM) (FEG 240; Quanta, USA), transmission
electron microscopy (TEM) (JEM-1010; JEOL, USA),
X-ray diffraction (XRD) (Rad B-DMAX II; Rigacu, Ja-
pan), energy-dispersive X-ray (EDX) (FEG 240; Quanta,
USA) and Zetasizer (Malvern Ins. Ltd., United King-
dom). The crystal size of PC-AgNPs was calculated ac-
cording to the Debye-Scherrer equation (D = K\/Bcosb;
where: D — particle size; K = 0.90; A— X-ray wavelength
value; 0 — Bragg diffraction angel; f — experimental full
width at the half maximum in radians) (Aktepe and Ba-
ran 2021). Moreover, Fourier transform infrared (FT-IR)
spectroscopy (Cary 630; Agilent, USA) was used to de-
termine the functional groups in the plant extract and
the functional groups responsible for the reduction
at the end of the reaction with the silver salt.

Antimicrobial activity of PC-AgNPs. Minimum in-
hibitory concentrations (MICs) of PC-AgNPs on gram-
-negative (P aeruginosa ATCC 27853, E. coli ATCC
25922) and gram-positive (S. aureus ATCC 29213,
B. subtilis ATCC 11774) bacteria and C. albicans
ATCC 10231 were determined by microdilution using
a 96-well microtiter plate. Mueller Hinton Broth for
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bacteria (Merck, Germany) and Roswell Park Memorial
Institute (RPMI) medium (growth medium used in cell
culture; Sigma-Aldrich, Germany) were added to the
wells, 100 pL (16 ppm: initial concentration) of each me-
dium. Then, 100 pL (16 ppm) of PC-AgNPs were added
to the first well and diluted by transferring 100 uL each
time to the next well. After that, McFarland 0.5 turbidity
solution was prepared separately for each microorgan-
ism. 100 uL of these solutions were added to each well.
It was incubated at 37 °C for 24 h (UN 55; Memmert,
Germany). After incubation, the lowest concentration
without growth was determined as the MIC value (Ba-
ran and Keskin 2020). In addition, 128 ppm of vancomy-
cin, colistin and fluconazole and 1 mM AgNO; solution
each were used to compare the antimicrobial effects
of PC-AgNPs on S. aureus, E. coli, B. subtilis, P. aerugi-
nosa and C. albicans.

RESULTS AND DISCUSSION

Itis seen that the UV-vis spectra of PC-AgNPs change
from light yellow to dark purple (starting at 15 min
and ending at 75 min) (Figure 1). UV-vis spectroscopy
analysis revealed that PC-AgNPs peaked at the spe-
cific absorbance value of approximately 456 nm. Simi-
larly, some researchers reported that the absorption
spectrum of AgNPs is between 425 nm and 461 nm
due to surface plasmon resonance (Udayasoorian et al.
2011; Swamy et al. 2015; Eren and Baran 2019a).

The presence of pure silver was also demonstrated
in the EDX analysis of PC-AgNPs (Figure 2). It is un-
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Figure 1. Ultraviolet-visible (UV-vis) absorption spectra
of Prunus cerasifera pissardii nigra-silver nanoparticles
(PC-AgNPs)

derstood that silver has an elemental structure in the
EDX pattern. Moreover, the EDX analysis of PC-AgNPs
shows that they contain 80.75% silver, 10.35% carbon
and 8.90% oxygen (Table 1). Weak signals such as oxy-
gen and carbon in the EDX profile may originate from
organic biomolecules in PC leaf pulp adsorbed on the
surface of the nanoparticles. Due to surface plasmon
resonance, AgNPs exhibit a typical optical absorption
peak at about 3 kiloelectron-volts (keV). Akintelu et al.
(2019) and Fatema et al. (2019) also showed EDX silver
peaks in their studies.

The results of SEM, FE-SEM and TEM images show
that PC-AgNPs mostly have a spherical form (Fig-
ures 3-5). AgNPs were also reported to be spheri-
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Figure 2. Energy-dispersive X-ray (EDX) surface analysis of Prunus cerasifera pissardii nigra-silver nanoparticles

(PC-AgNPs)

keV — kiloelectron-volts; cps — counts per second; MAG — magnification; HV — high voltage; WD — working distance
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Table 1. Elemental composition of Prunus cerasifera pis-
sardii nigra-silver nanoparticles (PC-AgNPs) by the
energy-dispersive X-ray (EDX) analysis (%)

https://doi.org/10.17221/156/2021-CJES

cal in similar studies by other researchers (Lopes and
Courrol 2018; Pallela et al. 2018; Baran 2019).
AgNPs have sizes between 2 nm and 95 nm (Be-

caro et al. 2015; Kedi et al. 2018; Nguyen et al. 2018).

Element Weight Atomic The sizes of PC-AgNPs in this study were measured
Ag (L-series) 80.75 34.55 in the range from 5.55 nm to 13.19 nm, with an average
C (K-series) 10.35 39.78 of 10.50 nm (Figure 5).

O (K-series) 8.90 25.67 It is determined which functional groups are involved
Total 100.00 100.00 in plant-induced reduction using FT-IR spectroscopy.

Separate infrared spectroscopy was performed on the
plant leaf extract used in the reduction and the mix-

L-series — light-medium elements; K-series — light elements

1 pm
e
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Figure 3. Scanning electron microscopy (SEM) images of Prunus cerasifera pissardii nigra-silver nanoparticles (PC-
-AgNPs): (A) 60.00 KX, (B) 20.00 KX

KX — magnification coefficient; MAG — magnification; EHT — energy high tension; WD — working distance; SE1 — sec-
ondary electron

500 nm:
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Figure 4. Field emission scanning electron microscopy (FE-SEM) images of Prunus cerasifera pissardii nigra-silver
nanoparticles (PC-AgNPs): (A) 200 nm, (B) 500 nm

HV - high voltage; MAG — magnification; HPW — highest particle width; WD — working distance; det — detector;
ETD - Everhardt-Thornley detector
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Figure 5. Transmission electron microscopy (TEM) images of Prunus cerasifera pissardii nigra-silver nanoparticles
(PC-AgNPs): (A) sized, (B) unsized

ture at the end of the reaction (Figure 6). In compari-
son, it is observed that the obvious peaks participating
in the reduction belong to the bonds -OH, C=0 and
-C-C (Smith and Meissl 2007; Muthusamy et al. 2017).
The shifts at 3 336, 2 119, and 1 635 cm™! in the figure
indicate that the groups -OH, -CN and C=0, respec-
tively, are involved in the reduction.

In XRD analysis results, peaks 111, 200, 220, and 311°,
which coincide with 38.018, 44.32, 64.52, and 77.48
at 20, respectively, are sharp peaks representing the
face-centred cubic crystal structure of silver (Figure 7)
(Eren and Baran 2019b, Aktepe 2021). Other research-
ers also reported that peaks at 111, 200, 220, and 311°
at 20 belong to silver (Agarwal et al. 2018; Huang et al.
2019; Rajoka et al. 2020). The crystal size of the ob-
tained AgNPs was calculated as 23.60 nm by the De-
bye-Scherrer equation (Aktepe and Baran 2021).
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The zeta potential is the electric charge on the surface
of the material surrounded by the medium. The zeta
potential is also a measure of stability. Substances with
high zeta potential are not prone to cementing or clus-
tering together. Nanoparticles with a significantly lower
negative charge, on the other hand, can enter the cell
more easily (Tavakol et al. 2016; Maddinedi et al. 2017).
In this study, the zeta potential of PC-AgNPs was mea-
sured to be —5.5 mV (Figure 8). This value indicates that
PC-AgNPs are stable and uniformly distributed. Dif-
ferent zeta potential values of AgNPs synthesised from
various materials have been reported (Maillard et al.
2018; Patil et al. 2018; Jebril et al. 2020; Thirumagal and
Jeyakumari 2020).

As microorganisms develop resistance to antibiot-
ics, the antimicrobial properties of AgNPs become
increasingly important. PC-AgNPs appear to be effec-
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Figure 6. Fourier transform infrared (FT-IR) spectra of (A) Prunus cerasifera pissardii nigra (PC) leaf extract, (B) PC-

-silver nanoparticles (PC-AgNPs)

387



Czech Journal of Food Sciences, 40, 2022 (5): 383-391

Original Paper
1250
1000
?
ia: 750
k=Y
Z 500
g
2 ‘
— 250
0
| | |

10 20 30 40 50 60 70
2-theta (°)

Figure 7. X-ray diffraction (XRD) patterns of Prunus ceras-
ifera pissardii nigra-silver nanoparticles (PC-AgNPs)
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Figure 8. Zeta potential of Prunus cerasifera pissardii
nigra-silver nanoparticles (PC-AgNPs)

tive against food pathogens, according to the findings
of this study (Table 2). In comparison with AgNO,
and antibiotics, PC-AgNPs demonstrated significant
antimicrobial effects on microorganisms at lower con-

Table 2. Minimum inhibitory concentration (MIC) values
of Prunus cerasifera pissardii nigra-silver nanoparticles
(PC-AgNPs), AgNO, and antibiotics (ug mL™)

Microorganisms PC-AgNPs AgNO, as:tirblii?i
e e e
Atcc s 0125 132 1
e s e
is;géo;%;;gs aeruginosa 0.500 132 A
Candida albicans 0.125 0.6 )

ATCC 10231
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centrations. This study demonstrated that PC-AgNPs
are effective not only at lower concentrations but also
across a broader range of bacteria. The results of the
present study are consistent with other researchers' re-
sults that AgNPs synthesised from different plants have
similar effects on these microorganisms (Otari et al.
2014; Moodley et al. 2018; Garibo et al. 2020)

CONCLUSION

In this study, biocompatible nanoparticles were suc-
cessfully synthesised using a PC leaf extract. The syn-
thesis of AgNPs using the PC leaf extract as a reducing
agent was carried out at a low cost, environmentally
friendly, and in a simple and fast way. Conversely, nei-
ther toxic nor hazardous substances were used in the
biosynthesis. UV-vis absorption, EDX, and XRD anal-
yses all validated the production of PC-AgNPs. SEM,
FE-SEM, and TEM analyses demonstrated that AgNPs
were spherical. This study concluded that AgNPs,
even at very low concentrations, had an inhibitory ef-
fect on S. aureus ATCC 29213, E. coli ATCC 25922,
B. subtilis ATCC 11774, P. aeruginosa ATCC 27853
and C. albicans ATCC 10231, as an alternative to an-
tibiotics. It was concluded that the smaller the size
of nanoparticles, the greater their antimicrobial ef-
fectiveness; additional research should be carried out
to determine the toxic effect of PC-AgNPs on other
microorganisms.

REFERENCES

Acay H., Baran M.E, Eren A. (2019): Investigating antimi-
crobial activity of silver nanoparticles produced through
green synthesis using leaf extract of common grape (Vitis
vinifera). Applied Ecology and Environmental Research,
17: 4539-4546.

Agarwal H., Kumar S.V,, Rajeshkumar S. (2018): Antidiabetic
effect of silver nanoparticles synthesized using lemongrass
(Cymbopogon citratus) through conventional heating and
microwave irradiation approach. Journal of Microbiology,
Biotechnology and Food Sciences, 7: 371-376.

Akintelu S.A., Folorunso A.S., Ademosun A.T. (2019): In-
strumental characterization and antibacterial investigation
of silver nanoparticles synthesized from Garcinia kola
leaf. Journal of Drug Delivery and Therapeutics, 9: 58—64.

Aktepe N. (2021): Synthesis, characterization and antimi-
crobial activities of silver nanomaterials. Dicle University
Journal of Engineering, 12: 347-354.

Aktepe N., Baran A. (2021): Fast and low cost biosynthe-
sis of AgNPs with almond leaves: Medical applications



Czech Journal of Food Sciences, 40, 2022 (5): 383—-391

Original Paper

https://doi.org/10.17221/156/2021-CJES

with biocompatible structures. Progress in Nutrition,
23:€2021271.

Alkhalaf ML.I., Hussein R.H., Hamza A. (2020): Green synthe-
sis of silver nanoparticles by Nigella sativa extract allevi-
ates diabetic neuropathy through anti-inflammatory and
antioxidant effects. Saudi Journal of Biological Sciences,
27:2410-2419.

Bandeira M., Giovanela M., Roesch-Ely M., Devine D.M.,
Da Silva Crespo J. (2020): Green synthesis of zinc oxide
nanoparticles: A review of the synthesis methodology
and mechanism of formation. Sustainable Chemistry and
Pharmacy, 15: 100223.

Baran A., Keskin C. (2020): Green Synthesis of Nanopar-
ticles and Anti-Microbial Applications: Academic Studies
in Science and Mathematics — II. Ankara, Turkey, Gece
Kitapligi: 1-18.

Baran MLF. (2019): Synthesis, characterization and investiga-
tion of antimicrobial activity of silver nanoparticles from
Cydonia oblonga leaf. Applied Ecology and Environmental
Research, 17: 2583-2592.

Becaro A.A,, Jonsson C.M., Puti F.C., Siqueira M.C., Mat-
toso L.H.C., Correa D.S., Ferreira M.D. (2015): Toxicity
of PVA-stabilized silver nanoparticles to algae and micro-
crustaceans. Environmental Nanotechnology, Monitoring
& Management, 3: 22-29.

Chellamuthu C., Balakrishnan R., Patel P., Shanmugana-
than R., Pugazhendhi A., Ponnuchamy K. (2019): Gold
nanoparticles using red seaweed Gracilaria verrucosa:
Green synthesis, characterization and biocompatibility
studies. Process Biochemistry, 80: 58—63.

Eren A., Baran M.F. (2019a): Green synthesis, character-
ization and antimicrobal activity of silver nanoparticles
(AgNPs) from maize (Zea mays L.). Applied Ecology and
Environmental Research, 17: 4097-4105.

Eren A., Baran M.F. (2019b): Synthesis, characterization and
investigation of antimicrobial activity of silver nanopar-
ticles (AgNP) from pistachio (Pistacia vera L.) leaf. Turkish
Journal of Agricultural Research, 6: 165-173.

Fatema S., Shirsat M., Farooqui M., Arif P.M. (2019): Biosyn-
thesis of silver nanoparticle using aqueous extract of Saraca
asoca leaves, its characterization and antimicrobial activity.
International Journal of Nano Dimension, 10: 163—168.

Garibo D., Borbén-Nufiez H.A., De Leén J.N.D. (2020):
Green synthesis of silver nanoparticles using Lysiloma
acapulcensis exhibit high-antimicrobial activity. Scientific
Reports, 10: 12805.

Hatipoglu A. (2021a): Rapid green synthesis of gold nanopar-
ticles: Synthesis, characterization, and antimicrobial activi-
ties. Progress in Nutrition, 23: €2021242.

Hatipoglu A. (2021b): Green synthesis of gold nanoparticles
from Prunus cerasifera pissardii nigra leaf and their an-

timicrobial activities on some food pathogens. Progress
in Nutrition, 23: €2021241.

Hatipoglu A. (2022): Green synthesis of silver nanoparticles
and their antimicrobial effects on some food pathogens.
Siileyman Demirel University Journal of Natural and Ap-
plied Sciences, 26: 106—114.

Horvath A., Christmann H., Laigret F. (2008): Genetic di-
versity and relationships among Prunus cerasifera (cherry
plum) clones. Botany, 86: 1311-1318.

Hoseinnejad M., Jafari S.M., Katouzian I. (2017): Inorganic
and metal nanoparticles and their antimicrobial activity
in food packaging applications. Critical Reviews in Mi-
crobiology, 44: 161-181.

Huang X., Wang R., Jiao T., Zou G., Zhan F,, Yin J., Zhang L.,
Zhou]J., Peng Q. (2019): Facile preparation of hierarchical
AgNP-loaded MXene/Fe304/polymer nanocomposites
by electrospinning with enhanced catalytic performance
for wastewater treatment. ACS Omega, 4: 1897-1906.

Hussain L., Singh N.B., Singh A, Singh H., Singh S.C. (2016):
Green synthesis of nanoparticles and its potential applica-
tion. Biotechnology Letters, 38: 545—560.

Iravani S., Korbekandi H., Mirmohammadi S.V., Zolfaghari B.
(2014): Synthesis of silver nanoparticles: Chemical, physi-
cal and biological methods. Research in Pharmaceutical
Sciences, 9: 385—-406.

Jebril S., Jenana R.K.B., Dridi C. (2020): Green synthesis
of silver nanoparticles using Melia azedarach leaf extract
and their antifungal activities: In vitro and in vivo. Materials
Chemistry and Physics, 248: 122898.

Kalyoncu L.H., Ersoy N., Karali M.E. (2016): Application
effects of humidity and different hormone doses on the
rooting of Prunus cerasifera pissardii nigra softwood top
cuttings. Selcuk Journal of Agriculture and Food Sciences,
30: 74-78.

Kedi P, Meva E.E., Kotsedi L., Nguemfo E.L., Zangueu C.B.,
Ntoumba A.A., Mohamed H., Dongmo A.B., Maaza M.
(2018): Eco-friendly synthesis, characterization, in vitro
and in vivo anti-inflammatory activity of silver nanopar-
ticle-mediated Selaginella myosurus aqueous extract.
International Journal of Nanomedicine, 13: 8537—-8548.

Keskin C., Baran A., Baran M.F,, Hatipoglu A., Adican M.T.,
Atalar M.N., Huseynova I, Khalilov R., Ahmadian E., Ya-
vuz O., Htegﬁn Kandemir S., Eftekhari A. (2022): Green
synthesis, characterization of gold nanomaterials using
Gundelia tournefortii leaf extract, and determination
of their nanomedicinal (antibacterial, antifungal, and cy-
totoxic) potential. Journal of Nanomaterials, 2022: 1-10.

Kowsalya E., Mosachristas K., Balashanmugam P., Maniva-
sagan V., Devasena T., Jaquline C.R.I. (2021): Sustainable
use of biowaste for synthesis of silver nanoparticles and its

incorporation into gelatin-based nanocomposite films for

389



Original Paper

Czech Journal of Food Sciences, 40, 2022 (5): 383-391

antimicrobial food packaging applications. Journal of Food
Process Engineering, 44: e13641.

Kumari P, Alam M., Siddiqi W.A. (2019): Usage of nanoparti-
cles as adsorbents for waste water treatment: An emerging
trend. Sustainable Materials and Technologies, 22: e00128.

Li J., Zhang B., Chang X., Gan J., Li W., Niu S., Kong L.,
Wu T., Zhang T., Tang M., Xue Y. (2020): Silver nanopar-
ticles modulate mitochondrial dynamics and biogenesis
in HepG2 cells. Environmental Pollution, 256: 113430.

Lopes C.R.B., Courrol L.C. (2018): Green synthesis of silver
nanoparticles with extract of Mimusops coriacea and light.
Journal of Luminescence, 199: 183—-187.

Maddinedi S.B., Mandal B.K., Maddili S.K. (2017): Biofabri-
cation of size controllable silver nanoparticles — A green
approach. Journal of Photochemistry and Photobiology B:
Biology, 167: 236-241.

Maillard A.PV.E, Dalmasso P.R., De Mishima B.A.L., Hol-
Imann A. (2018): Interaction of green silver nanoparticles
with model membranes: Possible role in the antibacterial
activity. Colloids Surf B Biointerfaces, 171: 320—326.

Moodley J.S., Krishna S.B.N., Pillay K., Govender S., Gov-
ender P. (2018): Green synthesis of silver nanoparticles
from Moringa oleifera leaf extracts and its antimicrobial
potential. Advances in Natural Sciences: Nanoscience and
Nanotechnology, 9: 015011.

Mousavi S.M., Hashemi S.A., Ghasemi Y., Atapour A., Am-
ani A.M., Dashtaki A.S., Babapoor A., Arjmand O. (2018):
Green synthesis of silver nanoparticles toward bio and
medical applications: Review study. Artificial Cells, Nano-
medicine, and Biotechnology, 46: 855-872.

Muthusamy G., Thangasamy S., Raja M., Chinnappan S., Kan-
dasamy S. (2017): Biosynthesis of silver nanoparticles from
Spirulina microalgae and its antibacterial activity. Environ-
mental Science and Pollution Research, 24: 19459—-19464.

Nguyen T.D., Dang C.H., Mai D.T. (2018): Biosynthesized
AgNP capped on novel nanocomposite 2-hydroxypropyl-
-B-cyclodextrin/alginate as a catalyst for degradation
of pollutants. Carbohydrate Polymers, 197: 29-37.

Otari S.V., Patil R.M., Nadaf N.H. (2014): Green synthesis
of silver nanoparticles by microorganism using or-
ganic pollutant: Its antimicrobial and catalytic applica-
tion. Environmental Science and Pollution Research,
21:1503-1513.

Pallela PN.V.K.,, Ummey S., Ruddaraju L.K., Pammi S.V.N.,
Yoon S.G. (2018): Ultra small, mono dispersed green syn-
thesized silver nanoparticles using aqueous extract of Sida
cordifolia plant and investigation of antibacterial activity.
Microbial Pathogenesis, 124: 63—69.

Parial D., Patra H.K., Dasgupta A.K., Pal R. (2012): Screening
of different algae for green synthesis of gold nanoparticles.

European Journal of Phycology, 47: 22—-29.

390

https://doi.org/10.17221/156/2021-CJES

Patil M.P, Singh R.D., Koli P.B., Patil K.T., Jagdale P.S., Ti-
pare A.R., Kim G.D. (2018): Antibacterial potential of sil-
ver nanoparticles synthesized using Madhuca longifolia
flower extract as a green resource. Microbial Pathogenesis,
121:184-189.

Popescu I., Caudullo G. (2016): Prunus cerasifera in Europe:
Distribution, habitat, usage and threats. In: San-Miguel-
-Ayanz J., de Rigo D., Caudullo G., Houston Durrant T.,
Mauri A. (eds.): European Atlas of Forest Tree Species.
Luxembourg, Publications Office of the European Union:
e01dfbb+.

Pugazhendhi S., Palanisamy P.K., Jayavel R. (2018): Synthesis
of highly stable silver nanoparticles through a novel green
method using Mirabillis jalapa for antibacterial, nonlinear
optical applications. Optical Materials, 79: 457-463.

Rajoka M.S.R., Mehwish H.M., Zhang H., Ashrafm., Fang H.,
Zeng X., Wu Y., Khurshid M., Zhao L., He Z. (2020): An-
tibacterial and antioxidant activity of exopolysaccharide
mediated silver nanoparticle synthesized by Lactobacil-
lus brevis isolated from Chinese koumiss. Colloids and
Surfaces B: Biointerfaces, 186: 110734.

Ramya M., Subapriya M.S. (2012): Green synthesis of silver
nanoparticles. International Journal of Pharma Medicine
Biological Sciences, 1: 54—61.

Sarfraz J., Gulin-Sarfraz T., Nilsen-Nygaard J., Pettersen M.K.
(2021): Nanocomposites for food packaging applications:
An overview. Nanomaterials, 11: 10.

Singh P, Kim Y.J., Zhang D., Yang D.C. (2016): Biological
synthesis of nanoparticles from plants and microorgan-
isms. Trends in Biotechnology, 34: 588-599.

Smith E., Meissl K. (2007): The applicability of Fourier trans-
form infrared (FT-IR) spectroscopy in waste management.
Waste Management, 27: 268-276.

Swamy M.K., Akhtar M.S., Mohanty S.K., Sinniah U.R. (2015):
Synthesis and characterization of silver nanoparticles using
fruit extract of Momordica cymbalaria and assessment
of their in vitro antimicrobial, antioxidant and cytotoxic-
ity activities. Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 151: 939-944.

Swilam N., Nematallah K.A. (2020): Polyphenols profile
of pomegranate leaves and their role in green synthe-
sis of silver nanoparticles. Scientific Reports, 10: 14851.

Tavakol S., Hoveizi E., Kharrazi S., Tavakol B., Karimi S.,
Sorkhabadi S.M.R. (2016): Organelles and chromatin
fragmentation of human umbilical vein endothelial cell
influence by the effects of zeta potential and size of silver
nanoparticles in different manners. Artificial Cells, Nano-
medicine, and Biotechnology, 45: 817-823.

Thema F.T., Manikandan E., Dhlamini M.S., Maaza M. (2015):
Green synthesis of ZnO nanoparticles via Agathosma
betulina natural extract. Materials Letters, 161: 124—127.



Czech Journal of Food Sciences, 40, 2022 (5): 383—-391 Original Paper

https://doi.org/10.17221/156/2021-CJES

Thirumagal N., Jeyakumari A.P. (2020): Structural, optical =~ Yadi M., Mostafavi E., Saleh B., Davaran S., Aliyeva L.,

and antibacterial properties of green synthesized silver Khalilov R., Nikzamir M., Nikzamir N., Akbarzadeh A.,
nanoparticles (AgNPs) using Justicia adhatoda L. leaf Panahi Y., Milani M. (2018): Current developments in green
extract. Journal of Cluster Science, 31: 487—497. synthesis of metallic nanoparticles using plant extracts:
Thirumurugan A., Aswitha P., Kiruthika C., Nagarajan S., A review. Artificial Cells, Nanomedicine, and Biotechnol-
Christy A.N. (2016): Green synthesis of platinum nanopar- ogy, 46: 336—343.
ticles using Azadirachta indica — An eco-friendly ap-  Zhang W., Jiang W. (2020): Antioxidant and antibacterial
proach. Materials Letters, 170: 175-178. chitosan film with tea polyphenols-mediated green syn-
Udayasoorian C., Kumar K.V, Jayabalakrishnan R.M. (2011): thesis silver nanoparticle via a novel one-pot method.
Extracellular synthesis of silver nanoparticles using leaf ex- International Journal of Biological Macromolecules,
tract of Cassia auriculata. Digest Journal of Nanomaterials 155:1252-1261.

and Biostructures, 6: 279-283.
Received: July 26, 2022
Accepted: September 14, 2022
Published online: October 26, 2022

391



