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In this study, copper nanoparticle (CuNPs) was synthesized using green technology and the CuNPs was 
characterized with Energy Dispersive X-ray (EDX) which confirmed the presence of  copper. Scanning 
Electron Microscopy (SEM) showed the morphology and the average size was calculated to be 2.47 ± 1 nm. The 
functional groups were identified by Fourier transform infrared spectroscopy (FTIR) and this revealed that OH 
functional group was anchored on the surface of  the nanoparticles. Antimicrobial activity of  the synthesized 
CuNPs was investigated at varying concentrations (0.25, 0.5, 1, 2, 3, 4, 5, 6 and 7 mg/ml) dissolved in 100% 
dimethyl sulfoxide (DMSO). It was tested against five food borne pathogenic organisms: Salmonella typhimurium, 
Methicillin resistant Staphylococcus aureus (MRSA), Enterococcus faecalis, Shigella flexneri, and Acinetobacter baumannii 
using the Kirby Bauer disc diffusion and agar well method. The results showed that the antimicrobial zone of  
inhibition increased with an increase in concentration of  the CuNPs, an average diameter of  25 mm at 7 mg/ml, 
22 mm at 5 mg/ml and an average diameter of  13 mm at 2 mg/ml of  100% DMSO. Nanoparticles at 0.25 
mg/ml and 0.5 mg/ml concentration failed to produce any clear zone across all the test organisms while only 
Enterococcus faecalis was sensitive with a clear zone diameter of  10 mm at 1 mg/ml CuNPs. MRSA has the least 
susceptibility: 9 mm clear zone diameter at 2 mg/ml and at 7 mg/ml clear zone diameter of  20 mm, relative to 
other tested organisms. The test organisms were not sensitive to the following conventional antibiotics: 
Cefuroxime, Ceftazidime, Erythromycin, Amoxicillin/Clavulanic acid and Cloxacillin, but only sensitive to 
Gentamicin, Ceftriaxone and Ofloxacin. MRSA on the other hand was not sensitive to all the eight antibiotics 
tested but susceptible to the CuNPs. The results obtained from this study indicated that copper nanoparticles 
can be used in the food industry to control both Gram positive and negative bacteria tested.
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INTRODUCTION 
Food-borne infections caused by bacterial 
pathogens are a serious public health problem 
worldwide and accounted for approximately 1.8 
million deaths annually (WHO, 2015). Food 
contamination by pathogenic microorganisms is 
common and could result in some very severe 
diseases. According to Food borne Disease 
Burden Epidemiology Reference Group (FERG), 
a total of  582 million cases of  22 different food 
borne enteric diseases with 351,000 deaths were 
reported globally in 2010 (WHO, 2015). 

 and 
noro-virus were the main organisms responsible 
for the fatalities. In the same report, FERG equally 
revealed that over 40% of  the affected 
populations were less than 5 years old with the 
highest disease burden in Africa followed next to 
South-east Asia region (WHO, 2015). 

 
Enteropathogenic Escherichia coli ( )EPEC

Food  and  f e ed  i ndus t r i e s  a longs ide  
pharmaceutical industries are looking for unique 
and hardy packaging materials and potent 
preservatives for their products and as a 
consequence are constantly engaged in 
developing new methods for combating the 
menace posed by pathogens. Although antibiotic 
resistance genes existed long before antibiotics 
was discovered (D'Costa et al., 2011), the 
continuous use of  antibiotics created favourable 
conditions for the multiplication of  multi-drug 
resistant microbes with such genes, thus the need 
to discover alternatives to antibiotics that are safe 
and could be used in the food and pharmaceutical 
industries (Bush et al., 2011). 

Among the latest methods of  tackling bacteria 
pathogens is the use of  nanoparticles which is 
defined as the understanding and control of  
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matter at dimensions between 1 and 100 nm where 
unique phenomena enable novel applications 
(National Nanotechnology Initiative [NNI], 
2011). Unique and intrinsic properties of  
nanoparticles, (small size, shape, composition and 
long shelf-life stability), could offer numerous 
distinctive advantages (Schr€ofel et al., 2014; 
Peralta-Videa et al., 2016; Rafique et al., 2017; 
Vaseghi et al., 2017) especially as better alternatives 
in overcoming antibiotics resistance (Weir et al., 
2008). Nanoparticles could penetrate the cell wall 
of  most bacteria since the pore sizes are in the 
nanometer scale (Hajipour et al., 2012). Thus, 
metallic nanoparticles could be applied in food 
packaging with sat isfactory results in 
antimicrobial delivery even at low concentrations 
to eliminate bacteria, fungi, and protozoa 
pathogens.

Currently, there are several methods for producing 
nanoparticles which includes chemical, physical 
and biological (green) methods. The green 
approach is more effective in satisfying the 
growing industrial needs since it generates cleaner 
products under milder, inexpensive and eco-
friendly environment and also confers reduction 
and stabilization of  metal ions (Ahmad et al., 2003; 
Parashar et al., 2009; Roy et al., 20013; Firdhouse 
and Lalitha, 2013; Shankar and Rhim, 2014; 
Mohmed, et al., 2017). Other advantages of  
biosynthesis of  nanoparticles is that it could be 
produced by utilizing plants, enzymes, proteins, 
microbes, amino acids and starches (Seralathan et 
al., 2014).  

Copper is known as the only solid surface material 
with biocidal activities on many pathogenic 
organisms including methicillin-resistant 
Staphylococcus aureus, vancomycin-resistant 
Enterococcus, Acinetobacter baumannii, Escherichia coli 
amongst others. This efficacy is attributed to its 
broad antimicrobial spectrum and rapid ability to 
act as electron acceptor or donor (Bruna et al., 
2012; Omprakash, 2016). The high surface-to-
volume-ratio of  copper nanoparticles (CuNPs) 
are reported to be responsible for its potency 
against many bacteria and fungi however, the exact 
mechanism of  antimicrobial action is yet to be 
elucidated. The general view assume a 
combination of  several diverse mechanisms such 
as blocking biochemical pathway, membrane 

disruption, complex formation with proteins and 
DNA damage (Cioffi et al., 2005, Ruparelia et al., 
2008 and Ren et al., 2009). CuNPs are known for 
killing over 99.9% of  pathogens when in contact 
with them (Bagchi et al., 2012). Interestingly, 
various studies have indicated that CuNPs are 
more bioreactive relative to copper oxide 
nanoparticles because they are more efficient 
against many resistant bacterial strains (Akhavan 
and Ghaderi, 2010; Borrelli et al., 2010). In the 
present study, CuNPs were biologically 
synthesized using plant extracts and subsequently 
characterized to determine the antimicrobial 
potential by varying the concentrations of  CuNPs 
on selected Gram-positive and Gram-negative 
pathogenic food-borne bacteria.

MATERIALS AND METHODS

Collection of  Plant Samples and Preparation 
of  Extracts
Fresh African Spinach ( ) and 
peppermint leaves (Spinacia oleracea L), specimen 
voucher number 8706 and 8707 respectively, were 
bought from a local market in Lagos, Nigeria. 
Proper identification of  the leaves was done at the 
Department of  Botany Herbarium of  the 
University of  Lagos. The leaves were thoroughly 
washed with distilled water, air dried for six days 
and then blended to fine powder. The powder was 
preserved separately in air-tight containers. Five 
grams each of  spinach and peppermint powder 
was weighed into a 250 ml conical flask and 50 ml 
of  distilled water was added. The suspension was 
placed on a hot plate and allowed to boil for 15 
min.  After boiling, the decoction was allowed to 
cool and then filtered. The filtrate (extract) was 
kept in a bottle and subsequently refrigerated until 
needed.

CuSO .5H O solution (0.04 M) was prepared and 4 2

the resulting solution was transferred into a 50 ml 
standard flask. Five (5) grams of  ascorbic acid was 
dissolved in 50 ml distilled water then stirred until 
a clear solution was obtained. 

Preparation of  Test Organisms
The bacteria used for this study (methicillin 
resistant Staphylococcus aureus, Enterococcus faecalis 
ATTC 13311; Salmonella typhimurium, ATTC 
12012; Shigella flexnerii and Acinetobacter baumannii) 

Amaranthus hybridus L
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were all obtained from Department of  
Microbiology, University of  Ibadan, Nigeria. The 
organisms were grown on Mueller Hinton (MH) 
agar (Gram-positive) and MacConkey agar 
(Gram-negative) overnight at 37 °C. For inoculum 
preparation, a single colony from the agar plate 
was transferred to a test tube containing 6 ml of  
95% normal saline solution and vortexed to 
obtain turbidity equal to a 0.5 Mac farland 
standard. This was done for each of  the test 
organisms.

Biosynthesis of  Copper Nanoparticles 
Green synthesis of  nanoparticles using the 
extracellular approach was carried out following 
the protocol previously described by Nourbakhsh 
et al. (2017) and Abdulwahab et al. (2019). Fifty (50) 
ml of  the copper sulphate solution was measured 
into a three-necked round bottomed flask. Then 
50 ml ascorbic acid was added to the copper 
sulphate solution followed by 25 ml of  the extracts 
(peppermint and spinach). The flask was attached 
to a reflux condenser and placed on a magnetic 
stirrer to homogenize the mixture at 60 °C. 
Nitrogen gas was incorporated into the set-up to 
create an inert condition for the reaction and the 
set-up was left undisturbed for 1 hour. The flask 
was allowed to cool for 30 minutes and thereafter 
the mixture was centrifuged and washed with 
distilled water at 10,000 rpm for 5 minutes. The 
supernatant was decanted and the resulting brown 
precipitate (Copper nanoparticles) was collected 
washed with distilled water and allowed to dry to 
obtain the fine copper nano-powder.

Characterization of  Copper Nanoparticles
The synthesized nanoparticles were characterized 
using different tools like the energy dispersive X-
ray (EDX) analysis to determine the composition 
of  the nanoparticles (Tiwari et al 2016; Agarwal et 
al 2018), scanning electron microscopy (SEM) for 
the size and shape of  the nanoparticles while, the 
functional groups on the surface of  the particle 
were identified by Fourier transform infrared 
spectroscopy (FTIR) (Zhang et al 2018). FTIR was 
carried out using BRUKER spectrophotometer at 
the Chemistry Department, University of  Lagos 
over the frequency range of  approximately 4000-

-1. 
500 cm SEM was carried out using a TESCAN 
Mira 3. EDX was performed with LC FEGSEM + 
OI EBSD. Both SEM and EDX were done at the 

School of  Materials, University of  Manchester, 
UK.

In order to test the effectiveness of  the 
nanoproduct against various bacterial pathogens, 
the CuNPs were prepared in various 
concentrations (250 µg – 7 mg), dissolved in 1 ml 
of  DMSO (100%) and then vortexed as follows:

D0.25= 250 µg of  CuNP in 1 ml of  100% DMSO,  
D0.5= 500 µg of  CuNP in 1 ml of  100% DMSO, 
D1= 1 mg of  CuNP in 1 ml of  100% DMSO,  
D2= 2 mg of  CuNP in 1 ml of  100% DMSO, 
D3= 3 mg of  CuNP in 1 ml of  100% DMSO,
D4= 4 mg of  CuNP in 1 ml of  100% DMSO, 
D5= 5 mg of  CuNP in 1 ml of  100% DMSO, 
D6= 6 mg of  CuNP in 1 ml of  100% DMSO, 
D7= 7 mg of  CuNP in 1 ml of  100% DMSO

Antimicrobial Susceptibility Test of  CuNPs
Agar well diffusion method - A sterile cork 
borer was used to make 6 mm wells in freshly 
prepared Mueller Hinton agar already seeded with 
the 0.1 ml of  test organism. Various 
concentrations of  CuNPs solutions from D1-D7 
were placed in each well and the plates were 
incubated for 24 h at 37 °C. Thereafter, the 
diameter of  clear zone around the wells was 
measured to the nearest mm.

Antibiotics susceptibility test 
Kirby Bauer disk diffusion method was used for 
the antibiotic susceptibility test. Freshly prepared 
Mueller Hinton agar plates were inoculated with 
0.1 ml aliquot of  0.1 ml of  each of  the test 
organism. Standardized antibiotic discs (Abtek 
Biologicals Ltd, Liverpool, England) were placed 
on the seeded plates. The organisms were tested 
for their susceptibility to Ceftazidine 30 µg (CAZ), 
Cefuroxime 30 µg (CRX), Gentamicin 10 µg 
(GEN), Ceftriaxone 30 µg (CTR), Erythromycin 5 
µg (ERY), Cloxacillin 5 µg (CXC), Ofloxacin 5 µg 
(OFL) and Amoxicillin/Clavulanic acid 30 µg 
(AUG). The plates were incubated for 24 hours at 
37 °C. Thereafter, the resistance or susceptibility 
of  each test organism was determined by 
comparing the zone of  clearance obtained for 
each organism to the Clinical and Laboratory 
Standards Institute (CLSI) chart for antibiotic 
susceptibility and resistance.
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The effect of  varying concentrations of  the 
CuNPs against the test organisms was carried out 
using the Kirby Bauer disc diffusion and the agar 
well diffusion method described above. The 
CuNPs were weighed- 0.25 mg, 0.5 mg, 1 mg, 2 
mg, 3 mg, 4 mg, 5 mg, 6 mg and 7 mg and each 
dissolved in 1 ml of  100% DMSO. The 
nanoparticles dissolved in 100% DMSO were 
designated as D0.25 - D7. The different 
concentrations of  the CuNPs were tested on the 
test organisms in duplicates for the effect of  
concentration of  CuNPs on the antimicrobial 
potential of  the preparations. The inhibition zone 
for all the concentrations of  CuNPs used was 
measured and recorded.

This procedure was repeated for all the 
microorganisms and various concentrations of  
the nanoparticles. The media plates were 
incubated for 24 hours at 37 °C. The diameters of  
the zone of  inhibition were measured to the 
nearest millilitre and compared to the Clinical and 
Laboratory Standards Institute (CLSI) chart for 
antibiotic susceptibility and resistance.

RESULTS
Synthesis and Characterization of  CuNPs
In this study, CuNPs were successfully 
synthesized using leaf  extracts as reducing and 
stabilizing agents, while ascorbic acid was used as 
the anti-oxidant. A rapid change from blue colour 
of  the copper sulphate solution to a pale green 
colour upon the addition of  the extracts indicated 

the reduction of  the copper solution followed by a 
brown colour upon the addition of  ascorbic acid.

Characterization of  Copper Nanoparticles 
The brown co loured  compound was  
characterized as stated in the materials and 
methods. Biomolecules present in both the 
synthesized CuNPs and the leaf  extracts were 
analysed using FTIR spectroscopy. Typical spectra 
obtained are shown in figure 1.
The FTIR of  spinach with peppermint extract 
indicated the presence of  C-H stretch at peak 

-1 -1
3321 cm  and C=O stretching peak (1637 cm ) 

-1likewise, C-H bending group at the peak 820 cm , 
-1alkyl C=C stretch peak 1608 cm , carboxylic O-H 
-1stretching bond at peak 2360 cm  were all detected 

in the nanoparticle. 

The conjugated C=C stretching bond and C-H 
bending were both present in the spinach and 
peppermint extract and also the nanoparticle.   

The intensity of  the peak C=O stretching bond in 
the copper nanoparticle was reduced compared to 
the extracts alone suggesting that oxidation must 
have taken place, hence confirming the use of  the 
extracts as reducing agent.

-1The peak at 3295 cm  attributed to OH stretching 
in the extract alone became broadened indicating 
that there was adsorption of  the nanoparticles on 
the OH bond. 
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Figure 1: Fourier Transform Infrared Spectroscopy (FTIR) Spectra of  Spinach-Peppermint leaves 
Extracts ( ) and of  Spinach-Peppermint Capped Cu-NPs ( )

The EDX result of  the nanoparticles capped with the leaves extracts showed copper nanoparticles with 
no traces of  impurities (Figure 2).

Red colour Blue colour

Figure 2: EDX Spectrum of  Copper Nanoparticles Capped with Spinach and Peppermint
    Leaves Extract

The SEM images are shown in figure 3. The copper nanoparticles are spherical shaped with an average 
size of  about 2.47 ± 1 μm

Aderolu et al.: Biological Synthesis of  Copper Nanoparticles and Its Antimicrobial Potential
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Figure 3: Scanning Electron Micrograph of  Copper Nanoparticles at Different Magnifications (a) at 10 
μm and (b) 5 μm

Antimicrobial Potentials of  CuNPs
Antimicrobial susceptibility patterns of  CuNPs is 
summarized in figure 4. In 100% of  the cases the 
test organisms showed zone of  clearance to 
CuNPs concentrations of  2 mg/ml and higher 
with visible zones of  clearance. By implication, 
250 – 500 µg/ml produced no significant zones of  

clearance. The inhibitory effects follow a pattern 
of  steady increase as the concentration of  the 
CuNPs increased (Figure 4). On the basis of  the 
diameter of  zone of  clearance, CuNPs is active on 
S. flexnerii and E. faecalis, and least effective on 
MRSA strain.

Figure 4: Antibacterial activities of  the Biosynthesized Cu-NPs on Agar wells against S.t y p h i m u r i u m ,  
MRSA, E. faecalis, S. flexneri, and A. baumannii (after 24 hours) 

Aderolu et al.: Biological Synthesis of  Copper Nanoparticles and Its Antimicrobial Potential
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The test organisms were all subjected to 
susceptibility test using known antibiotics: 
Ceftazidime,  Cefuroxime,  Gentamicin,  
Ceftriaxone, Erythromycin, Cloxacil l in, 
Ofloxacin, and Amoxicillin/Clavulanic acid in 
their standard concentrations. 

All the test organisms exhibited resistance to 
Ceftazidime and Cefuroxime, Erythromycin and 

Amoxicillin/Clavulanic acid. MRSA and E. faecalis 
were also resistant to Cloxacillin (a narrow 
spectrum antibiotic for Gram positive bacteria), as 
shown in figure 5. Gentamicin, Ceftriaxone and 
Ofloxacin were active against all the test 
organisms except MRSA. It is noteworthy that 
MRSA was the only strain that showed striking 
resistance to all the antibiotics used in this study in 
contrast to when exposed to CuNPs. 

Figure 5: Antibiotics Susceptibility Test for S. typhimurium, Methicillin resistant S. aureus, E. faecalis, S. 
flexneri, and A. baumannii

DISCUSSION
Copper has been recognized as a hygienic material 
since the beginning of  civilization,   its 
compounds have been employed as antimicrobial 
agents and copper ions result in generation of  
reactive oxygen species that subsequently cause le-
thal and oxidative damages to cellular structures 
(Macomber and Imlay, 2009). Copper in its nano 
form, has significant antibacterial activity as 
shown by the works of  Hassanien et al. (2018) and 

Padma et al. (2018) and its synthesis has also been 
reported as cost effective. The inverse relationship 
that exists between nanoparticle size and 
antimicrobial activity has been reported by Azam 
et al. (2012). 

The CuNP was prepared using a convenient and 
eco-friendly biological synthesis using copper (II) 
sulphate pentahydrate (CuSO 5H O) alongside an 4. 2

aqueous extract of  Spinacia oleracea (Spinach leaf) 

Aderolu et al.: Biological Synthesis of  Copper Nanoparticles and Its Antimicrobial Potential



018

and Mentha piperita (Mint leaf) with a colour change 
from light green to reddish brown after the 
addition of  plant extract as capping/reducing 
agents under nitrogen, convincingly indicate the 
formation of  copper nanoparticles. When CuSO  4

2+  2-
dissolves in water, it dissociates into Cu  and SO  4

2+ ions. The Cu ions formed are unstable and are 
reduced to Cu° through the reducing action of  the 
plant extracts, forming metallic copper nuclei, 
which can be reduced further in size to form 
nanoparticles (Padma et al., 2018). The prepared 
CuNP was predominantly spherical in nature with 
an average particle size of  2.47 nm. 
The CuNPs exhibited evident antibacterial activity 
against S. typhimurium, Methicillin resistant S. 
aureus, E. faecalis, S. flexneri, and A. baumannii. This 
could probably be attributed to the spherical and 
small size of  the nanoparticles (2.47 nm). This is 
further confirmed by the work of  Hassanien et al., 
(2018) and Azam et al (2012). According to these 
authors, particle size, particle shape, the 
concentration of  nanoparticles, oxidation state, 
surface chemistry and the chemical composition 
of  the NPs are some of  the factors that could 
affect the antimicrobial activity of  CuNPs.

The antimicrobial efficacy of  the synthesized 
CuNPs was unsurprisingly concentration- 
dependent. There was a gradual increase in the 
diameter of  zones of  clearance as the 
concentration of  CuNPs increased. This trend 
was also observed by Hassanien et al. (2018) 
suggesting that higher concentrations of  copper 
nanoparticles are expected to translate to in-
creased antimicrobial activity.  

Salmonella typhimurium showed its highest diameter 
of  clearing at 24.5 mm, this is in tandem with the 
work of  Manikandan and Sathiyabama, (2015) 
where S. typhii showed a diameter of  20 mm in this 
study. Highest diameter (zone of  clearance) for 
methicillin resistant S. aureus (MRSA) at 20 mm 
was recorded at 7 mg/ml of  CuNPs. This is higher 
than the 6 mm cleared zone in S. aureus reported 
by Saranyaadevi et al. (2014). E. faecalis, S. flexneri, 
and A. baumannii showed diameters of  clearing of  
27 mm, 30 mm and 23 mm respectively. 

CuNPs according to literature has been known to 
be more effective against Gram positive bacteria 
than Gram negative bacteria by binding to their 

 

cell wall (peptidoglycan) (Hassanien et al., 2018; 
Padma et al., 2018). In this study, the copper 
nanoparticles exhibited stronger antimicrobial 
effect on E. faecalis at a low concentration of  1 
mg/ml where the cells of  other test organisms still 
remain resistant to the effect of  the nanoparticles. 
Methicillin resistant S. aureus (MRSA) showed the 
least cleared zone across the various 
concentrations of  the nanoparticles tested on 
various Gram positive and negative bacteria 
studied, though effectiveness of  clearance 
increases with concentrations as found in other 
bacteria. This could be as a result of  the antibiotic 
defense mechanisms such as drug efflux that these 
bacteria have and use to evade the activity of  many 
antibiotics.

The test organisms exhibited resistance patterns 
to some of  the antibiotics with only a few 
antibiotics being effective on the strains. The 
nanoparticles performed as a broad spectrum 
antibacterial even against the notorious 
Methicillin resistant S. aureus (MRSA) as 
compared to some resistance witnessed in the 
commercial standard antibiotics used in this study. 
The result obtained with the effectiveness of  
CuNPs at inhibiting the growth of  all the clinical 
test organisms is not surprising because copper 
has been reported to present a broader 
antimicrobial spectrum than other metals due to 
its ability to quickly donate or receive electrons 
(Bruna et al., 2012).

Studies have indicated that metallic CuNPs are 
better bioreactive relative to copper oxide NPs, 
and are more efficient against many antibiotic 
resistant bacterial strains (Akhavan and Ghaderi, 
2010: Borrelli et al., 2010). The antimicrobial study 
above indicates that copper nanoparticles can be 
used as a suitable replacement for antibiotics as it 
showed no resistance to any of  the studied Gram 
negative and Gram positive bacteria, Also, mono-
dispersed CuNPs have equally been evaluated and 
tested even against multi-drug resistant strains 
(Kruk et al., 2015) and according to Hans et al. 
(2013), it is proven that copper has the ability to 
kill more than 99.9% of  the disease-causing 
bacteria within 2 hours of  contact time.

CONCLUSION
In conclusion, analysis of  antimicrobial 
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effectiveness of  green-synthesized CuNPs 
produced using aqueous extracts of  spinach and 
leaf  mint proved to be very effective and 
successful against notable bacterial pathogens. 
This study has shown that green synthesis of  
CuNPs has great advantages like ease of  
production, economic viability, eco-friendly 
nature along with it also giving good scope for 
scaling up and is effective against even multi-drug 
resistant genera of  both Gram positive and Gram 
negative bacteria. In addition to its incorporation 
into food preservation following further studies, 
CuNPs could one day replace antibiotics and 
harmful chemicals in eliminating food pathogens 
from food products and industrial processes.
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