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This investigation reports the use of agrowaste pomegranate peels as an economical source for the production of fluorescent
carbon dots (C-dots) and their potential application as an antimicrobial agent. The carbon dots were prepared through
low-temperature carbonization at 200°C for 120min. The obtained C-dots were found to be small in size and exhibited
blue luminescence at 350 nm. Further, the synthesized C-dots were characterized with the help of analytical instruments
such as DLS, UV-visible, FT-IR, TEM, and fluorescence spectrophotometer. Antimicrobial activity of the C-dot PP was
estimated by the agar diffusion method and MIC. S. aureus and K. pneumoniae are showing susceptibility towards C-dot
PP when compared to the standard and showing a moderate activity against P. aeruginosa and resistance towards E. coli.
The obtained C dot PPs were found to be around 5-9 nm in size confirmed from DLS analysis and supported by TEM.
The synthesized C-dots were investigated to understand their microbial efficiency against pathogens and found to have
antimicrobial efficiency. These results suggest that pomegranate peels are a potential source of carbon dots with
antimicrobial efficiency.

1. Introduction

Nanoparticles (NPs) have become indispensable in biologi-
cal research due to long-term fluorescence imaging and
identification of their properties. Photobleaching resistance,
improved signal brightness, larger absorption coefficients,
light emission, and simultaneous stimulation of multiple
fluorescence colours are just a few of the unique properties
of QDs that make them indispensable [1]. Guan et al. cre-
ated bright C-dots by using folic acid molecules as both
nitrogen and carbon donors [2].

Carbon dots are promising oxygenous carbon nanoparti-
cles that exhibit photoluminescence properties. These dots
can replace quantum dots in semiconductor devices and

some future nanodevices because of their high water solubil-
ity, tiny size (<10nm), intense brightness, high photostabil-
ity, lesser cytotoxicity, and biocompatibility [3, 4]. The
applications of carbon dots are diverse and found to be pro-
lific in nature starting from pollutant detection to battery
electrodes and markers [5–8]. However, the production of
carbon dots involves tedious processes that are detrimental
to the environment and ecosystems. The previously reported
methods have many drawbacks such as the use of chemicals,
high temperature, and low product yield. Researchers are
always in search of new and better ways of producing
C-dots [9]. In a growing number of publications, plant
by-products such as exotic fruit by-products as a source
of food additives, fruit by-product extracts as antioxidants
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and antibacterial [10]. Plant wastes are appealing starting
materials for CQDs because of their biocompatibility, low
cost, and low toxicity [11].

Agrowastes are one of the potential sources for the pro-
duction of carbon dots, and many fruit wastes are explored
for this purpose [12–15]. Since the fruit wastes are easily
available, low-cost, and eco-friendly, they have gained signif-
icance in the synthesis of carbon dots [14]. In continuation
of the above, here, we report a new agrowaste fruit peel-
based material (pomegranate peel) for the synthesis of car-
bon dots. Pomegranate is a delicious fruit with hard outer
cover that is carbonaceous in nature. The peels are usually
discarded, and this carbonaceous material can be a great pre-
cursor for the carbon dots.

The aim of this investigation is to produce C-dots from
pomegranate peels through a low-temperature carbonization
and filtration process. This method is extremely environ-
ment-friendly, and it does not involve any toxic or harmful
chemical. The materials used for the synthesis are cheap
and easily available and biowaste. The obtained C-dots are
water soluble and highly fluorescent and have been investi-
gated for antimicrobial activity.

2. Experiment

2.1. Synthesis of Fluorescent C-Dots. The fresh pomegranate
peels sourced from local fruit vendors were cut into tiny
pieces and dried in the sunlight to remove the moisture
contents. The sun dried samples were then carbonized at
200°C for 2 hours. One gram of carbonized pomegranate
peels was weighed and dispersed in 100ml ultrapure water
and sonicated for 15 minutes. The sonicated solution was
later filtered with the help of a filter paper to obtain the
supernatant solution containing carbon dots. Then, the
superannuated solution was centrifuged, and the resultant
supernate containing luminescent C-dots was analysed by
various analytical methods.

2.2. Characterization

2.2.1. UV-Vis Spectral Analysis. The experimental absorption
spectrum of compounds in the 200–700 nm regions in
unpolarised light was obtained by using a JASCO V-670
UV-visible spectrophotometer. The estimated and observed
absorption spectra demonstrate the accuracy of the derived
model calculations.
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Figure 2: UV-visible absorption spectrum of C-dots prepared from
pomegranate peels.

Figure 1: Fluorescence exhibited at 350 nm by carbon dots.
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2.2.2. Fluorescence Spectroscopy. A Hitachi F-7000 fluores-
cence spectrometer was equipped to obtain the fluorescence
spectra as it has a high sensitivity measurement due to a
design that prohibits fluorescence detecting along the flow
channel.

2.2.3. FT-IR Analysis. FT-IR spectroscopy has proven to be a
worldwide, sensitive, and highly repeatable physicochemical
analytical approach that uses infrared absorption to identify
the functional groups. FT-IR spectrum was obtained with an
IR Affinity-1 (Shimadzu) between 400 and 4000 cm-1. The
samples were recorded on a KBr disc prepared freshly.

2.2.4. Particle Size and Zeta Potential. Using a Malvern Zeta-
sizer Nano ZS (Malvern Instruments, Ltd., Malvern, Wor-

cestershire, UK) equipped with a Ne-He laser, particle size
was determined by dynamic light scattering (633 nm).
According to the equipment specifications, measurements
were taken at a fixed angle of 173° from 0.6 nm to 6m. PC
samples (5mgml-1) were diluted to 1 : 100 in Milli-Q water
and placed in disposable polaroid containers.

2.2.5. TEM (Transmission Electron Microscope). TEM was
recorded with a JEOL JEM 2100F instrument operated at
200 kV. The diluted solution was placed over carbon-
coated copper grids and dried outside. A total of ten sites
on the TEM grid were examined.

2.2.6. Antimicrobial Activity. Four isolates such as Staphylo-
coccus aureus, Klebsiella pneumoniae, Pseudomonas
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Figure 4: FT-IR spectrum of C-dots prepared from pomegranate peels.
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Figure 3: Emission spectra of C-dots prepared from pomegranate peels.
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aeruginosa, and Escherichia coli were collected from the
Department of Microbiology and Pathology, VIT, Tamil
Nadu, India. The collected isolates were stocked and stored
at -20°C in glycerol.

2.2.7. Agar Diffusion Method. Agar well diffusion on Mueller
Hinton Agar, a popular method for antimicrobial screening,
was adopted for pathogenic strains [15]. The incubation of
isolates was carried out at 37°C for 24 hours in a nutrient
broth with turbidity 0.5 adjusted with a spectrophotometer.
The MHA plates were selected for the investigations, and
wells were made with a sterilized gel borer and bacterial iso-
lates of Actinobacteria were inoculated with the help of cot-
ton. The solvent and carbon dot solution were tested against
a test pathogen by adding 100μl of test solutions into each
well and ampicillin (30μg/ml) as the standard. After incuba-
tion, the zone of inhibition developed around the wells in all
the plates was examined [15].

2.2.8. Minimum Inhibitory Concentration (MIC). A tube
dilution method was adopted to understand the MIC of
the potent Actinobacteria. Carbon dot solution was diluted
in 10% DMSO to obtain various concentrations ranging
from 5 to 100μg/ml of test solutions. Inoculation of
0.05ml of bacterial culture was done by the addition of
5ml of sterile Mueller Hinton Broth. To all the test tubes,
1ml of C-dot PP solution was added and incubated for
24 h in order to observe any development of turbidity. The
minimal concentration that could inhibit complete growth
is considered MIC [16].

3. Results and Discussion

Carbon quantum dots (CQDs) have received a lot of atten-
tion in recent years because of their outstanding physical
and optical properties. There are numerous types of carbon
sources used in various fields, but CQDs used in the food
industry must meet tighter safety standards. As a result,
using 24 natural resources to prepare CQDs without involv-
ing humans is the best alternative [17]. Quantum dots,
which range in size from 1 to 10 nanometers, are luminous
semiconductor nanocrystals with complicated surface chem-
istry and unique optical properties (QDs). C-dots have opti-
cal features that allow them to reflect hits from particles of
varying sizes in the sample [1].

The successfully synthesized C-dots from pomegranate
peels were characterized for it properties with various ana-
lytical techniques. Preliminary investigations were made to
confirm the formation of carbon dots with the help of the
UV chamber. The samples were placed in the UV chamber,
and UV light (354 nm) was passed on the tube containing
carbon dot solution. A blue fluorescence was noticed at
354 nm which confirmed the presence of carbon dots. In
the absence of UV light, ordinary solution was observed to
have no fluorescence (Figure 1). Further, UV-vis analysis
was carried out to observe the absorption spectra. An
absorption peak at 214, 253, 275, and 358 nm was observed
for the carbon dot solution; the peaks at 214 and 253nm
confirm the presence of carbon dots and light absorption
due to sigma-sigma transitions (Figure 2). The absorption
peak at 358nm observed could be due to the presence of

5 nm

Figure 6: TEM image of C-dots prepared from pomegranate peels.
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Figure 5: DLS pattern of C-dots prepared from pomegranate peels.
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C=O n‐π∗ transition. The result showed consistency with
previous reports on the synthesis of C-dots [18, 19]. Further,
the emission characteristics of C-dots obtained from the
pomegranate peel were investigated with a photolumines-
cence spectrophotometer with excitation at 300nm, and C-
dots exhibited a fluorescence emission band at 390nm
(Figure 3). These observations are in accordance with the
results reported in literature [20]. The stability of the carbon
dots at various pH was also investigated to understand the
application potential of carbon dots, and it was observed to
be stable in acidic pH and an emission band constantly
observed at 390 nm for the carbon dots in the 2-7 pH range.
However, the emission bands disappear or diminish with the
increase in pH in the base medium. These could be due to
protonation and deprotonation of hydronium ions from
the surface of the carbon dots. These findings help in the
detection of pH and as biomarkers in acidic medium.

FT-IR spectroscopy was used for the identification of
functional groups present on the C-dots. C-dots obtained
from the pomegranate peel showed absorption peeks at
3342.64 and 1650 cm-1 (Figure 4). These two peaks are due
to the hydroxyl groups of the water molecule, and there were
no any other major peaks observed in the spectra. This con-
firms that the solution contains only carbon dots and no
other impurities are present in the solution. The particle size
was obtained from DLS which showed a range of 5-9 nm
(Figure 5). This confirms that C-dots were present in nano-
form. The size distribution of carbon dots was seen to be
from 1nm to 50nm; however, the higher quantity of carbon
dots was found to be between 5 and 9nm in scale. These

small-sized carbon dots are very much helpful in applica-
tions of carbon dots as biomarkers.

The transmission electron microscope was equipped to
estimate and understand the size and shape of the carbon
dots. It is observed that the carbon dots were found to be less
than 10nm in scale and shapes of the carbon dots were seen
as spherical in nature (Figure 6). The size obtained through
the TEM images supports the size confirmed through DLS.
These results are in accordance with the production of car-
bon dots reported in literature [14, 21].

Microbial contamination of products from the farm to
the table is a major source of concern in agriculture, as it
costs producers money and puts the health of the final con-
sumer at risk. Various investigations on the antibacterial
effects of nanoparticles are currently being conducted [22].

The synthesized C-dots from pomegranate peels were
investigated for their antimicrobial efficiency towards 4 path-
ogenic bacterial strains. The C-dot PP exhibits potent activity
against selected isolates as shown in Figure 7, showing suscep-
tibility towards S. aureus and K. pneumoniae, whereas it has
moderate effect towards P. aeruginosa and resistance to E.coli
when compared to ampicillin. MIC test results are represented
in Table 1. The MIC was found to be high at 1000μg/ml. The
extracts were efficient towards three isolates such as S. aureus
(MIC-67μg/ml), K. pneumoniae (MIC-72μg/ml), and P. Aer-
uginosa (MIC-84μg/ml). However, it did not show any effi-
cacy towards E. coli. These results suggest that C-dots have
efficacy as antimicrobial agents towards certain pathogens.
The main processes implicated in C-dots’ antibacterial effects
are likely associated with the generation of reactive oxygen
species, according to available data (ROS). Reactive oxygen
species (ROS) are produced by C-dots and have been found
to kill or inhibit bacteria [23]. The mechanism of action
includes C-dot adhesion to the bacterial surface, photoinduced
production of ROS, disruption and penetration of the bacterial
cell wall/membrane, induction of oxidative stress with
DNA/RNA damage, which leads to changes or inhibitions of
important gene expressions, and induction of oxidative dam-
age to proteins [24].

Table 1: MIC test results of bacterial strains tested.

Microorganisms MIC (μg/ml)

S. aureus 67

K. pneumoniae 72

P. aeruginosa 84

E. coli 89
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Figure 7: Zone of inhibition of microbial isolates.
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4. Conclusion

This study reported the effective utilisation of the agrowaste
pomegranate peel as a prolific precursor for the production
of carbon dots. The production of C-dots was investigated
via a low-temperaturemethod and was characterized with var-
ious analytical techniques. The synthesized C-dots were found
to be around 5-9nm in size which is of great advantage. The
synthesized C-dots were investigated for their antimicrobial
efficiency against pathogenic bacteria and found to have very
strong activity. These results confirm that pomegranate peels
are capable of producing C-dots for antimicrobial activity.

Data Availability
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included within the article.
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