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Abstract

The green synthesis of metal oxide nanoparticles using plants represents a promising
alternative to conventional physical and chemical manufacturing methods, constituting a
broad and environmentally friendly research field. In this study, copper oxide
nanoparticles (CuO-NPs) and silver oxide nanoparticles (Ag.O-NPs) were synthesized
using mature olive leaves rich in phenolic compounds and flavonoids, known for their
role in reducing and stabilizing nanoparticles. Different concentrations of salt solutions
were employed to enhance productivity, with varying metal salt masses: (29, 49, and 69)
for(CH3(CO0)2 CU.H20; and (0.25g, 0.5g, and 0.75g) for AgNO; . The successful
biosynthesis of the nanoparticles was confirmed and characterized using ultraviolet-
visible (UV-Vis) spectroscopy, Fourier-transform infrared spectroscopy (FTIR), and X-
ray diffraction (XRD). Additionally, antimicrobial activity was investigated. UV-Vis
analysis of CuO-NPs revealed maximum absorption peaks in the range of 300-400 nm,
attributed to the Cu-O bond, while Ag,O-NPs exhibited peaks between 300—-600 nm,
corresponding to the Ag-O bond. FTIR analysis showed distinct peaks in the 450-500
cm™ ! range, assigned to Cu-O vibrational modes. XRD results confirmed the similarity
in the shape and size of the nanoparticles despite varying concentrations. Antibacterial
activity was assessed, with Ag,O-NPs (0.25g) and CuO-NPs (4g) demonstrating
significant antimicrobial effects against different bacterial strains. Furthermore, both

Ag,0-NPs and CuO-NPs exhibited activity against Candida albicans.

Keywords: Green chemistry, nanoparticles, olive leaves, copper oxide, silver oxide,
antimicrobial agents.
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5 10mg/mL  20mg/mL  40mg/mL mg/L JS A
mg/mL

NI NI NI NI Escherichia coli ATCC 25922

NI NI NI NIl Pseudomonas aeruginosa ATCC 27853

NI NI NI NI Staphylococcus aureus ATCC 25932

NI NI NI NI Bacillus subtilis ATCC 25973

AD.5S 3l Ly 5l bl e ) sl il Jsaa 1(11-1V)d s8>

5 10mg/mL 20mg/mL | 40mg/mL mg/L sS4
mg/mL
NI NI NI NI Candida albicans ATCC 10231
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A0.25 S sall L yiSull aliaall dle ) jladl) =il 2(13-1V)d s>

5 10mg/mL  20mg/mL  40mg/mL mg/L S A
mg/mL
NI NI NI NI Candida albicans ATCC 10231
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mg/mL
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5 10mg/mL  20mg/mL  40mg/mL mg/L JS A
mg/mL

NI NI NI NI Escherichia coli ATCC 25922

NI NI NI NIl Pseudomonas aeruginosa ATCC 27853

NI NI NI NI Staphylococcus aureus ATCC 25932

NI NI NI NI Bacillus subtilis ATCC 25973

C S el Ll 5ol Ao all A1 il 2(17-1V/)J g2

5mg/mL  10mg/mL 20mg/mL
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mg/L S

NI

NI Candida albicans ATCC 10231
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5 10mg/mL 20mg/mL  40mg/mL mg/L JS A
mg/mL
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NI NI NI NI Staphylococcus aureus ATCC 25932
NI NI NI NI Bacillus subtilis ATCC 25973

CH S yall L Sl alimal) Ade il sl il 3 (10-1V)J gaad
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NI
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AdBUaY g Julaill-2-5-1V

LSl abiaal) Adladl)-1-2-5-1V

a2 0.75 ALK 3 4 il dcadl) 2l Glapen O Tl Jshaad) 3 & sadll bl A (e
65 Gl 2T Sl 55 e Ay G OV i aglayili jladl caiia o) 2 0,25 ALK
45l Azadl) Cilapus Lo 68 a4 500 YO ia aghay HUal] s o) e 652 ALSH
@ aa aghaydi Ul 335 Al 6 e d ALK ) Ay gl Gulail) Clages 5 8l 20,5 ALY @l

S5 o 0.25 AL @l Ayl Al clava dsas b ol ki dsa Jaadl
A g el 4 gl Slapuall i) AL 8 L5 Baa 3 Y Lain «19mm Ldadll 2l ua40mg/ml

Pseudomonas aeruginosa
<uad0 mg/ml S al e GALSY ld 45 gl Guladll Clapss 255 (A (anT Hlad 3sa g Jaa3
A g 3l 4 Il Clapall Sl (8L 8 oS Jaa S5 Y Laiw «13mm kasll &b

Staphylococcus aureus

S5 G da i Ll el o Baadl 10l 20,7548 @il &y glil) dadll Class Yo
Bmmid ¢ 20mg/ml S ik 4l Imm @&l Eus 40mg/ml

A0mg/ml S 5 xie aal g Janf a8 3 ga g Jaa 3l ca) je 2 ALK <y 4y 6l Guladll Glaps i
A sl Slapall iliall Bl (8 dan5 12a 30 Y Lain13mm gl Eus

Bacillus subtilis
Sw\uﬁﬂ\w@&ﬁ:#giﬁpjhmy

LSS ada Akl

40mg/ml S i3 ol e 0,75 AL <l G il dmdll Clasen ge sl 3 5a 5 A
al )26 ALY ld 4, g Galadll Slaus e (o jhad 3 ga g Jaadl 5 17mm Lo Hhad ol Cus
19mm L Hkd 4l Cua mg/ml40 DSl Gl
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g il ddadl) ilasad duwilly/

Escherichia Wax & 4lall 5S) i dulua <ol Staphylococcus aureuso! Jsill ¢S 4ia s
.Bacillus subtilis ATCC s Pseudomonas aeruginosa J g ol 5 coli

Ll L) AQrO-NPs laad by 5i€ll aliaall dpalall @ jelal 4 gia cilalian pa 44l 2ic
Jraniall i) ae (380 5 138 5 ¢ Al 38050 wie Al gl jad) das se Ly i) aa ST s
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L1210 <
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4 9l (uladl) g dpwilly/2

Al LouSl) 8L s dlladl 580 53l dules <lSC2J Staphylococcus aureusol Jsll (Say 4ia s
Ll 38 1 dulua cilS C6 J Pseudomonas aeruginosa of Jsis Leayl 5 dulua (G
Aulia (S5 Bl L sl AL

Ll CUO-NPs lapaad L piSll saliaall dpalall @ jedal 4 pn cilalicas ae 4 ladll 2
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Candidaalbicans cliasgall sy jhad s ddladl)*
45l dudadl) lapand dawilly/]

Ma yfine Gl ciia 4 gl Ladl 2usT Cilapea (o Jas30 Jglaall 4 il A
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DSl L e
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aeS Lealadind Ala) e ¢ goall daidid (Kay Cua (dladia 30l CUO-NPs 4 silill sl
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L (o e

Sl 3 gl sl AT Clasad BN LS Jall o) paall cind AalY) cada Julad el
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Antimicrobial activity

A0.5 Negative Gram stain Positive Gram stain

E coli Pseudomonas aeruginosa Staphylococcus aureus

Anti-Candida activity
Candida_albicans

Antimicrobial activity

A0.75 Negative Gram stain Positive Gram stain

Staphylococcus aureus

Pseudomonas aeruginosa Bacillus subtilis

S ——
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Antimicrobial activity
A0.25 Negative Gram stain Positive Gram stain

E coli Pscudomonas acruginosa Staphylococcus aureus

Bacillus subtilis

Antimicrobial activity

C2 Negative Gram stain Positive Gram stain

E coli Pseudomonas aeruginosa Staphylococcus aureus

Bacillus subtilis

Anti-Candida activity

Candida a{bicans
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Antimicrobial activity

Negative Gram stain Positive Gram stain

E coli Pscudomonas acruginosa Staphylococcus aureus

T

Bacillus subtilis

Anti-Candida activity
Candida_albi

Antimicrobial activity

Negative Gram stain Positive Gram stain

E coli Pseudomonas aeruginosa

Anti-Candida activity

Candida albicans
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