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ABSTRACT RESULTS RESULTS -CON'T

This study aimed to determine the spectroscopic, morphological and antimicrobial properties
Green synthesis of nanoparticles using citrus peel extracts is known to be - - - I I " of synthesized green mediated copper oxide nanoparticles from citrus peels extracts. This
environmentally friendly and non-toxic when compared to chemical methods. In SpeCtrOSCOpIC characterization I\/Iorphologlcal characterization was motivated by the constant detection of multidrug-resistant bacterial strains that pose
this study, different citrus peel extracts obtained with the solvents acetone and severe public health challenges to both humans and animals worldwide. In addition, the

distilled water were used to synthesize copper oxide nanoparticles (CUONPs). The 200 emergence and dissemination of multidrug-resistant strains is associated with their misuse
nanoparticles were charactgrlzed using cyclic voltammetry, ultra\/_lolet-vmlble 08 - Cu0 OP which exerts selective pressure in the environment. There is the need to search for alternative
?Eii(;ggg’gopy’ energy-dlspe_rswe X-ray spc_ectroscopy (EDS), transmls:f,lon electron ] C uU:TP antibacterial agents that are not only effective but are environmentally friendly. The present
) py (TEM), scanning electron MICTOsCopy (SEM) ‘and Fourler-transform Cu0 LP study presents findings of the successful green synthesis of CUONPs prepared through a
Infrared spec_:tr_oscopy (FTIR-)' _The absorption spectrum of CUONPs prepared with 0.6+ biosynthetic technique using citrus extracts. The spectroscopic, morphological, and
acetone exhibited characteristic peaks at the wavelengths between 280-293 nm, - _ _ o _ ! R _
while those with distilled water had peaks at 290 nm. The acetone-synthesized ) antlmlcroblal_propertles o_f the nanopartlcl_es were exar_nmed. The L{V—vmble absorption
CUONPs were spherical while those produced using distilled water were rodshaped. . spectrum de§|gr_1ates that It was copper oxide nanoparticles synthesized from selected peel |
Based on EDS, the analysis revealed a trace spectrum of CuO nanoparticles with é e_xtracts exhibiting characterlstlc_: p_eaks at a wavelength between 280 and 320 nm as shown In
different weight compositions that varied with the type of citrus peel and solvent g fig.1and 2. The FTIR characteristic peaks ranged from 600-3413 cm-1 and were more
used. FTIR measurements were carried out in the range of 5004000 cm—1 for :"E visible in the synthesized nano metal oxide respectively as shown in fig. 3 and 4. The
citrus peel extract mediated CuONPs. The spectra had five vibrations occurring at vibration at 616 cm-1, is conveyed to be the vibration of Cu-O, confirming the formation of
approximately 473, 477, 482, 607 and 616 cm-1 for all samples, which can be pure copper oxide nanoparticles. The images from the SEM revealed that the particles appear
attributed to the vibrations of CuO, validating the formation of highly pure et to be almost rod-like for the distilled water solvent, and sphere-shaped for the acetone
CuONPs. IR K solvent. Furthermore, the EDS produced trace spectra of CUONPSs that had different weight
Ke_yv_vords: green synthesis; citrus peels; copper oxide nanoparticles; antibacterial compositions spectra of copper and oxygen respectively for both solvents. A close
activity L L S e e E— — observation of the images from the TEM showed globular shapes and the frequency
A0 10 o0 00 1000 distribution ranged between 48-76 nm; the acetone solvent had bigger globular shapes
Wavelength (nm) compared to the distilled water solvent. Copper oxide has shown mild inhibitory zone effects
I N T Ro D U CTI o N o _ _ = against E. faecalis, Salmonella, E. coli and S. aureus [14]. The CuO nanoparticles exhibited
Fig. 1: UV-Vis spectra of CUONPs from citrus peels extracted significant antibacterial activity against C. perfringens ATCC 13124, C. coli ATCC 33559,
with distilled water solvent. Fig. 5: SEM images of CUONPs from citrus peel extracts using distilled water as a E. coli ATCC 25922, L. monocytogenes ATCC 19115, S. pneumonia ATCC 13883, P.
solvent. (a) Lemon, (b) tangerine and (c) orange. aeruginosa ATCC 27853 and M. catarrhalis ATCC 25240. Amongst them, S. aureus ATCC
According to the National Institute of Communicable Diseases (NICD), there are 1.4 R . i | 25923 and E. coli ATCC 25922 showed significant sensitivity and zones of inhibition to
constant outbreaks and re-emergence of infections caused by pathogenic bacteria y zi” (10 17 | (Lll:nC;I:]loPs ct:é)rr;?]il;ei _T% tChelgcl)ilélee crc]):lj;c])(lj r(].TaetA?ngngzggg Ee;g;ngiir;z ;A;_(Igg Cl:;é:g .
such as Escherichia coll, Salmonella typhi and Klebsiella pneumonia [L]. ——(10_0P M catarr{]algils ATCC 25240 stra,linlc,pshowed the moderate zo’ne.s of ighibition compared to the
Infectious diseases cause suffering and death to humans and severe economic (0 cu0 TP i T e The stud cully validates t ] p'd
Implications, which are not always immediately appreciated. Thus, the increase in I i positive c_:olntro _ ﬁtrgcy INE. 1he s uhy succe_ss u yb\'/all ates _e use o c_opper _OX' © _
the number of contagious diseases poses significant constraints to public health 08 ?r?antoaﬁir::e(;iiie:/:;ttoca::\rtlijgii)t(it(::mts t0 have antimicrobial properties on various microorganisms
and healthcare facilities. Moreover, these microbes’ pathogenicity 1s also enhanced v '
by the possession of antibiotic resistance determinants [2,3]. This Is aggravated by E 0e
the fact that antimicrobial resistance among bacterial pathogens is rising, making T |
this an issue of severe public health concern [4]. Furthermore, due to the very : 04 J
little progress in the development of new antimicrobial agents and given that the ‘ ‘a
goal of all health-related measures mostly involves an effective treatment control 0.24 . _ _
strategy, sustainable investment in countering antimicrobial resistance needs to be W“‘M This study reports on the green synthesis of CUONPs prepared by the
ensured [5]. To achieve this, highly coordinated strategies that may facilitate the 0.0 N biosynthesis technlql_Je using C|tr_us extracts. _The UV-Vis absorption spectra
discovery of alternative antibacterial agents is imperative. Recently, nanoparticles ShO\.N _that COPPET o?qde nanoparticles synthesized from selected peel e_xtracts
. : .. N . exhibit characteristic peaks at the wavelengths 280-320 nm. SEM images
have proven to be very effective against clinically relevant antibiotic-resistant 0.2 O ——m—— e e e e | reveal that the particles appear to be almost rod-like and sphere-shaped. TEM
pathogenic bacterial strains [6]. Much attention has been directed towards J00 400 00 600 100 600 00 1000 images showed spherical shapes and the size estimation, and the subsequent
exploring the antimicrobial activity of various plant extracts and their components, Wavelength (nm) oresentation in different histograms revealed an average size ranging between
and some have produced significant inhibitory effects against pathogenic bacteria, (<) 48-76 nm. The CuO nanoparticles exhibited significant antibacterial activity
yeasts, fungi and viruses [7—10]. Among the potential candidates, citrus fruit Fig. 2: UV-Vis spectra of CUONPs from citrus peels extracted with _ _ _ _ against C.perfringens ATCC 13124, C. coli ATCC 33559, E. coli ATCC
extracts generate considerable interest due to the wide range of phytochemical acetone solvent. Fig4: SEM images of CUONPs from citrus peel extracts using acetone as a 25922, L. monocytogenes ATCC 19115, S. pneumonia ATCC 13883, P
components they possess [11,12]. Green synthesis is a set of principles that solvent. () Lemon, (b) tangerine and (c) Orange. aeroginosa ATCC 27853 and M. catarrhalis ATCC 25240.
eliminates the use of hazardous substances in manufacturing and applications of S. aureus ATCC 25923 and E. coli ATCC 25922 showed a significant zone of
chemical products [13]. Inhibition to CuONPs compared to the positive control (tetracycline). C.
- - - o perfringens ATCC 13124, L.monocytogenes ATCC 19115, S. pneumonia
Antimicrobial sensitivity test ATCC 13883, P. aeroginosa ATCC 27853 and M.catarrhalis ATCC 25240

strains showed a moderate zone of inhibition compared to the positive control
(tetracycline). This study successfully validates the use of copper oxide
nanoparticles with citrus extracts to exert antimicrobial properties on various
microorganisms that are resistant to antibiotics.

MATERIALS AND METHODS

e amvomiitamew +*u)

All chemicals used were of analytical-reagent grade. Field emission scanning e

electron microscopy (FESEM) images were obtained from high resolution _ v
scanning electron microscope (Zeiss Ultra Plus 55 HRSEM, Germany). Infrared - P S, RO AT e o vontirin REfe I‘enCes
spectroscopy data were obtained with fourier transformed infrared spectrometer W st osmber e )

(Agilent Technology, Cary 600 series FTIR spectrometer, USA). UV-Vis _ : : : S : _
1. National Institute of Communicable Diseases (NICD), Antimicrobial Resistance Enterobacteriacea. 2019.

experiments were perfprmed \_Nlth a UV-1901 U_V_VIS spectrophotometer (Agilent Available online: http://www.nicd.ac.za/diseases-a-z-index/enterobacteriaceae (accessed on 18 February
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