Indnii Universitesi Saghk Hizmetleri Meslek Yiiksekokulu Dergisi Journal of Inonu University Health Services VVocational School
ISSN: 2147-7892, Cilt 10, Say1 1 (2022) 50-57 ISSN: 2147-7892, Volume 10, Issue 1 (2022) 50-57
doi: 10.33715/inonusaglik.1012011 doi: 10.33715/inonusaglik.1012011

Original Article / Arastirma Makalesi

ANTIMICROBIAL POTENTIAL OF SILVER NANOPARTICLES PRODUCED BY
APRICOT LEAF EXTRACT
Kayis1 Yaprak Oziitii ile Sentezlenen Giimiis Nanopartikiillerin Antimikrobiyal

Potansiyeli

Ayse BARAN*© Ozfer YESILADA®
Ynstitute of Graduate Educational Studies, Department of Biology, Mardin
2Jnénii University, Faculty of Science and Arts, Malatya

Gelis Tarihi /Received: 19.10.2021 Kabul Tarihi / Accepted: 20.01.2022

ABSTRACT

Metallic nanoparticles are important substances in medicine. These particles could be prepared by various ways
including green synthesis. The production of silver nanoparticles by plant extracts is widely used because of their
environmentally friendly properties. In this study, silver nanoparticles have been synthesized by biological
method and Apricot tree (Prunus armeniaca) leaf extract was used as reducing agent. The color change and
formation of the characteristic absorption peak at 400-500 nm were the first indications of AgNP formation.
XRD analysis showed the crystalline particles and obtained AgNPs were generally in spherical shape with the
average particle size of 24 nm. Their antimicrobial activity studies against various pathogenic microorganisms
showed that they have strong antibacterial activity against Escherichia coli and Staphylococcus aureus and
antifungal activity against Candida albicans. The minimum inhibitory concentrations for E. coli, S. aureus and
C. albicans were 0.125, 0.125 and 0.250 pg/mL, respectively. The results confirmed that Prunus armeniaca leaf
extract could be used to produce AgNPs with efficient antimicrobial activity.
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Metalik nanopartikiiller tipta 6nemli maddelerdir. Bu partikiiller yesil sentez dahil gesitli yollarla tiretilebilirler.
Gimiis nanopartikiillerin bitki Oziitleri ile tretimi ¢evre dostu Ozelliklerinden dolayr yaygin olarak
kullanilmaktadir. Bu ¢alismada giimiis nanopartikiiller biyolojik yontemle sentezlenmis ve Kayisi agaci (Prunus
armeniaca) yaprak oziitii rediikleyici ajan olarak kullamilmustir. Renk degisimi ve 400-500 nm’de &zgiil
absorbans piki olusumu AgNP olusumunun ilk gostergeleri olmugtur. XRD analizi kristal yapida partikiilleri
gostermistir ve elde edilen AgNP’ler ortalama 24 nm boyutunda sferik sekillidir. Nanopartikiillerin gesitli
patojenik mikroorganizmalar iizerine antimikrobiyal aktivite ¢aligmalari, bu nanopartikiillerin Escherichia coli ve
Staphylococcus aureus lizerine kuvvetli antibakteriyel ve Candida albicans’a kars1 da kuvvetli antifungal etkisi
oldugunu gostermistir. E. coli, S. aureus ve C. albicans i¢in minimum inhibe edici konsantrasyonlar sirasiyla
0.125, 0.125 ve 0.250 ng /mL’dir. Sonuglar, Prunus armeniaca yaprak 6ziitiiniin etkili antimikrobiyal aktiviteye
sahip AgNP’lerin tiretiminde kullanilabilecegini ortaya koymustur.
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INTRODUCTION

Nanoparticles are substances with particle size between 1-100 nm (Pirtarighat,
Ghannadnia, & Baghshahi, 2019). Metallic nanoparticles (MNPs) can be used in various
biological and medical applications. These MNPs can be produced by chemical, physical and
biological (green synthesis) ways (Chintamani, Salunkhe, & Chavan 2018). However,
methods other than biological means have various disadvantages. Therefore, many studies
have been focused on biological nanoparticle production. Plant extracts, microorganisms and
proteins can be used for MNP production (Bao, Cao, Kang, & Lan, 2019; Khan, Malik, Khan,
Cho, & Khan, 2018; Onitsuka, Hamada, & Okamura, 2019; Sharma, Pant, Rai, Yadav, &
Dave, 2018). Green synthesis is an ecofriendly way. It is possible to produce various
nanoparticles using extracts of various plants. Size and shapes of the nanoparticles are the
important factors for their properties and activities. Nanoparticles with various shapes and
sizes can be produced by different plant extracts. Therefore, the selection of proper extract for
nanoparticle production is important. Silver nanoparticles (AgNPs) that can be produced by
plant extracts have broad applications in medicine. AgNPs with different antimicrobial and
cytotoxic activities can be obtained by various plant extracts; Spherical AgNPs with 15-20 nm
sizes can be produced by using the leaf extract of Enicostemma axillare (Lam.) (Raj, Mali, &
Trivedi, 2018). Spherical AgNPs were also synthesized with Mimusops coriacea leaf extract
at room temperature (Lopes & Courrol, 2018). O. tenuiflorum, S. cumini, C. sinensis, S.
tricobatum and C. asiatica extracts were also tested to produce AgNPs and nanoparticles with
sizes of 28 nm, 26.5 nm, 65 nm, 22.3 nm and 28.4 nm were synthesized, respectively. These
nanoparticles had antimicrobial potential against pathogenic bacteria (Logeswari,
Silambarasan, & Abraham, 2015). Phoenix dactylifera, Ferula asafetida, and Acacia nilotica
extracts were used as the reductant and stabilizing agents for AgNP production and the
obtained AgNPs showed efficient antibacterial activity against E. coli, P. aeruginosa and S.
aureus (Mohammed, Al-Qahtani, Al-Mutairi, Al-Shamri, & Aabed, 2018). Spherical AgNPs,
about 25 nm in diameter, were produced by Solanum trilobatum bark extract and these
nanoparticles showed high antimicrobial activity on various bacteria and fungus (Ramanathan
et al., 2018). It was reported that AgNPs in spherical shape with bactericidal activity could be
prepared by S. spinosa extracts (Pirtarighat, Ghannadnia, & Baghshahi, 2019). AgNPs with
antimicrobial activity were also produced by tea leaves extracts of Camellia sinensis
(Onitsuka et al., 2019). AgNP production potential of Prunus armeniaca fruit extract has also
been reported (Dauthal & Mukhopadhyay, 2013).
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In this study, Prunus armeniaca leaf extract was used to prepare AgNPs with
antibacterial and antifungal activity. Although there exists several studies on AgNP
production by plant extracts, according to our literature knowledge, this is the first study
about; AgNP production by Prunus armeniaca leaf extract and antimicrobial potential of the
AgNPs obtained by this extract.

MATERIALS AND METHODS

Extract preparation

The extract obtained from the leaves of Prunus armeniaca (apricot) from
Malatya/Turkey was used. Following washing, these leaves were dried at 45 °C and then
reduced in size. Afterwards, they were soaked in distilled water and heated with continuous

stirring (Veerasamy et al., 2011). After cooling, it was filtered and used for AgNP production.

Production of AgNP

In the study, 6 ml of the extract prepared as described above was added to 1 mM 100 ml
AgNO3/250 ml flask and the samples were incubated at 150 rpm and 30 °C under light. After
incubation, they were centrifuged at 9000 rpm for 10 min. Then, the obtained nanoparticles
were washed with distilled water and AgNPs were used after drying.

Characterization of AgNP

AgNP formation was firstly determined with the change of color from light yellow to
brown and the characteristic absorption peak at 400-450 nm. Their crystalline natures were
determined by x-ray diffractometer and elemental analysis was performed by SEM-EDX
spectrometer at IBTAM. Dimension and shape analysis of AgNPs were carried out with
HRTEM at METU Central Laboratory.

Evaluation of Antimicrobial Activity Based on Minimum Inhibitory Concentrations

To determine the MIC of AgNPs 96-well plate microdilution method was used (Apohan
et al., 2017). Escherichia coli ATCC25922, Staphylococcus aureus ATCC29213 and Candida
albicans ATCC 90028 were utilized as the pathogen microorganisms to detect the
antimicrobial effect of AgNPs. These microorganisms were incubated for 24h and the cell
suspensions with proper turbidity were prepared based on the McFarland Standard. Then, 100
uL was inoculated into each well. The plates for bacteria and yeast were incubated for 24 h

and 48 h, respectively. Sterility control and growth control wells were also prepared. MIC is
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the lowest concentration with no growth. Ertapenem, vancomycin and fluconazole antibiotics

were used as positive controls.
RESULTS AND DISCUSSION

The agent used for reducing and stabilizing was apricot leaf extract. Color change is the
main indicator used to detect the formation of nanoparticles. After 70 min incubation, the
color transformation started and the color changed to dark brown after 4h. However, the
colors of 1 mM AgNOs solution without extract and extract-only solution did not change. The
reason for the color transformation is the surface plasmon resonance of these particles
(Gurunathan, Han, Kwon, & Kim, 2014). The color change resulting from the extract

application is shown in Figure 1.

Figure 1. Color Change As The Result Of AgNP Formation

”

After addition of the extract, UV-Vis spectra of nanoparticles were monitored and
characteristic peaks of silver nanoparticles were observed at 422-427 nm (Singh et al., 2015).
The intensity of peak increased as a function of reaction time (Figure 2). This situation also
shows the increase in the formation of AgNPs (Gurunathan, Raman, Malek, John, &
Vikineswary, 2013). This result is consistent with the studies of other researchers (Raj et al.,
2018).
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Figure 2. UV Visible Spectra Recorded As A Function Of Reaction Time. 0-5 Show The Reaction Time As
Hours

Prior to the investigation of the antimicrobial activity, the obtained AgNPs were
characterized. XRD pattern of these nanoparticles were given in Figure 3. The characteristic
peaks (20= 38.04°, 44.17°, 64.43° and 77.35°) indicated the crystalline particles (Gopinath et
al., 2017). The average crystallite size was calculated using Scherrer equation and average
particle size was determined as 12.48 nm. EDX also showed the strong Ag signals indicating

that the AgNPs were produced by the extract.
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Figure 3. XRD Pattern Of AgNPs
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HRTEM images showed generally spherical shaped AgNPs in the range of 7-45 nm.
The average size is about 24 nm (Figure 4). Venugopal et al., 2017 stated that spherical
AgNPs with particle size in the range of 5-40 nm could be obtained using Syzygium

aromaticum extract.

20 nm

Figure 4. HRTEM Image Of AgNPs

After the characterization, their antimicrobial activities against pathogen bacteria and
yeast were investigated. The AgNPs obtained sing P. armeniaca leaf extract showed high
antimicrobial activity against the microorganisms used. The minimum inhibitory
concentration values for E. coli, S. aureus and C. albicans were 0.125, 0.125 and 0.250 pg/ml,
respectively (Table 1). The antimicrobial activities of AgQNPs on gram-positive bacteria, gram
negative bacteria and yeast were highly similar. It was reported that AgNPs synthesized by
using apple extract have antimicrobial activity on various bacteria (Ali, Yahya, Sekaran, &
Puteh, 2016). The antibacterial potential of green synthesized AgNPs on E. coli and S. aureus
have also been reported (Wang, Zhang, Zheng, & Zhu 2017). AgNPs obtained with Millettia
pinnata flower extracts had different levels of antibacterial activity on E. coli, K. pneumoniae,
P. aeruginosa, S. aureus and P. vulgaris (Rajakumar et al., 2017). However, there are some
studies reporting the low antimicrobial potential of AgNPs. While the green synthesized
AgNPs showed desirable antimicrobial activity on B. subtilis (12 mm) and P. aeruginosa (11
mm), the zone of inhibition for S. aureus, C. tropicalis and E. coli was 8 mm and no

inhibition was observed on A. flavus (Velammal, Devi, & Amaladhas, 2016).
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Table 1. MIC Values (ng/mL) Of AgNP, AgNO; And Antibiotics On Microorganisms (pg/mL)

Substances E. coli S. aureus C. albicans
AgNP 0.125 0.125 0.250
AgNO; 1.000 0.500 0.500
Ertapenem 0.125 - -
Vancomycin - 0.500 -
Fluconazole - - 0.0625

Our results confirmed that P. armeniaca leaf extract can successfully be used to
produce AgNPs and these AgNPs were efficient antimicrobial agents. AgNP production by
this extract is an ecofriendly and easy way for green synthesis of nanoparticles that have

antimicrobial potential.
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