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ABSTRACT 

In this work, avocado peel was chosen as a low-value waste that could be used as a carbon source to synthesize carbon dots (APCQDs). To obtain it, the hydrothermal 

method was used in the absence of co-doping agents. The synthesis was carried out for 6 hours at 250 ºC. After purification by dialysis and lyophilization, CQDs that 

exhibited intense blue fluorescence (emission at 378 nm) were obtained. Field emission scanning electron microscopy (FESEM), evidence the spherical morphology 

of carbon dots within nanometer range. HPLC analysis and separation showed excellent separation even in columns with low porosity, indicating a separation 

mechanism where polarity predominates as the property that governs the separation. It is highlighted that avocado peel CQDs have potent antimicrobial activity 

against the pathogens Listeria monocytogenes ATCC 7644, Escherichia coli ATCC 11775, Staphylococcus aureus ATCC 9144, and Salmonella enterica ATCC 

13076. The antioxidant effect was also evidenced in the DPPH and ORAC-FL. The synthesis method for APCQDs could be easily scaled up for gram scale synthesis 

of carbon quantum dots. 
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1. INTRODUCTION 

Science and technology have helped increase agricultural and industrial 

production. However, food waste on both the production and consumer sides has 

significantly increased. According to the Food Waste Index Report 

(https://bit.ly/UNEP-FWI-report), 931 million tons of food are wasted 

worldwide. These wastes correspond to complex, heterogeneous, biodegradable, 

and bioorganic substances that can be obtained from various sources such as 

perennial grasses, organic domestic waste, waste from agriculture, fishing, 

poultry, livestock, forestry, and related industries. Likewise, most of the residual 

biomass waste that is currently disposed of is either landfilled or burned in the 

open, which not only leads to wastage of resources but also causes some 

environmental problems that threaten human health [1]. Based on the concept of 

sustainability, the development of strategies to transform these wastes into useful 

materials is urgently needed. In view of the abovementioned, carbon quantum 

dots (CQDs) seem to be a good alternative to reduce the waste. In this regard, 

carbon dots (CQD) are a type of carbon nanoparticle that can be prepared from 

almost any animal and plant carbon source and that has gained great interest due 

to its ease of preparation and unlimited applications. Due to their extremely small 

size, high surface charge, tunable functional properties, and availability, CQDs 

have wide potential applications in biotechnology, biosensors, and foods, among 

others. Furthermore, they have shown that they can be synthesized in principle 

from any carbon-containing starting material, this ensures that most discard by-

products from the food supply chain can be reused. These natural resources 

contain very diverse functional groups that contribute to the self-passivation of 

surface during the formation of CQDs nanoparticles. These materials can be 

produced hydrothermally, that is, by heating the starting material in water under 

atmospheric or elevated pressure. Other ways to obtain CDs are pyrolysis, and 

recently using microwaves (MW), pulsed electric fields (PEF) and ultrasound 

(US). However, the most convenient bottom-up method that allow a fine control 

of particle size is the reaction under hydrothermal conditions [2]. Likewise, the 

production cost is low, and the operation is easy and relatively safe and free of 

organic solvents [3–6]. Furthermore, shorter processing time and lower energy 

consumption can be obtained for CQDs manufacturing when using the other 

emerging methods (MW, PEF) as heat source. In this way, they can contribute 

beneficially to sustaining the development of nanotechnology and its 

applicability in various fields such as the conservation, security, and safety of 

various foods as an economic and sustainable technology. One of the most 

notable aspects of CQDs is their unlimited capacity to exhibit various chemical 

and pharmacological properties. Thus, these materials were initially used as 

chemiluminescent and fluorescent probes for imaging and biophotonics on cells, 

tissues, and organs. In addition, CQDs has low toxicity and specific subcellular 

distribution, properties that have quickly given them a place to be applied in 

biomedicine [7,8]. Interestingly, CQDs display pharmacological properties such 

as antitumor, antimicrobial, anti-inflammatory and even as a potential source of 

electrochemical energy [7–9]. These aspects can be reviewed in depth in recently 

published works [10,11]. Avocado fruit (Persea Americana Mill.) is one of the 

most important crops in South America and Chile. This fruit is known for its 

health benefits due to high levels of unsaturated fatty acids, minerals, fiber, 

proteins, carotenoids, vitamins, and polyphenols. Approximately, it is estimated 

that around six million tons of avocado are produced annually around the world, 

being the tropical fruit with the greatest growth in production in recent years. An 

average avocado is composed of pulp (between 65 and 73%), peel (between 11 

and 15%) and seed (between 16 and 20%), [12,13]. However, the industry only 

uses the pulp to produce oil, puree, sauces, or snacks, generating large quantities 

of waste such as peel and seeds. These residues represent 25% of the total fruit, 

and within these the peel itself represents between 11% and 17% [14]. Avocado 

peel has been shown to be a rich source of bioactive polyphenolic compounds 

[13,15–17]. This byproduct is also a renewable, environmentally friendly, 

available, and harmless carbon source, which can be used to produce advanced 

biomaterials. Therefore, there is an opportunity to use avocado peel as a useful 

source to obtain CQDs. Furthermore, the presence of the various non-extractable 

polyphenolic compounds that are covalently linked to the lignocellulosic 

material of the avocado peel, can act as self-passivating agents of the surface of 

the CQDs during the synthesis. This advantage gives them a relatively high 

fluorescence quantum yield, excellent photostability, biocompatibility, low 

cytotoxicity, antioxidant, and antimicrobial activity, among others [18]. 

Synthesis and design of CQDs is very incipient and in our country, and only has 

been investigated at a fundamental level given its recognized lighting and 

catalytic properties. To date there are no direct applications in any productive 

sector. So, this work is the first in report this new approach to take advantage of 

low value raw materials and convert them into nanomaterials with great potential 

and diverse applications. The know-how can also be used to reconvert all types 

of carbon-based waste, which is widely supported in the literature [3–5,19]. In 

this work we seek to add value to an avocado by-product used as raw material 

for the synthesis of carbon quantum dots (CQDs). Through a simple 

hydrothermal transformation process, functional Carbon-Dots (CQD) are 

synthetized. Additionally, we evaluate peel-derived avocado CQDs as a new 

class of antimicrobials that can be used against pathogenic microorganisms.  

2. EXPERIMENTAL 

2.1 Vegetal material:  

Avocado peels were obtained from mature fruits of Persea americana (var. 

Hass), purchased in local markets (march-November 2023) in the city of Chillán, 

Ñuble region, Chile. Peels were removed by hand al stored at -80ºC until used. 

Portions of avocado peels were freeze dried before the hydrothermal synthesis.  
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2.2 Green synthesis of Avocado Peel Quantum Carbon Dots (APCQD): 

 Freeze dried avocado peel (4 g) was milled in a blender during 1 min and 

transferred into a Teflon-lined stainless-steel autoclave. Double distilled water 

(40 mL) was introduced in the reactor with the avocado peel powder. The 

autoclave was tightly sealed, placed in an oven and heated at 250 °C for 6 h. 

After cool at room temperature, reactor was open, and the obtained product was 

filtered using filter paper. The solution obtained was then centrifuged at 9000 

rpm for 30 min and finally filtered using PVDF membrane of 0.22 µm. This clear 

solution was freeze-dried for 48 h and the yield of the carbon dots was calculated 

from the initial amount of the starting material. The dark brown carbon quantum 

dots were stored in the fridge at 4 °C until characterization. 

2.3 Instrumentation and characterization:  

The UV-visible experiments were performed on a Shimadzu UV-2401PC UV–

vis spectrophotometer. The infrared spectrum was measured using an ECO-ART 

Alpha Bruke Fourier transform infrared spectrometer. The X-ray diffraction 

(XRD) patterns were obtained with a Shimadzu 6000 diffractometer using Cu 

Kα radiation (λ = 0.15406 nm) as the X-ray source with a diffraction angle in the 

range 2θ (20–60°). Fluorescence excitation/emission spectra were recorded on 

Fluorimeter Perkin Elmer 6500. The morphological properties were studied by 

field emission scanning electron microscope (FESEM) using HITACHI SU3500 

under an excitation energy of 5 and 1 kV.  

2.4 HPLC:  

HPLC analysis was performed using a YL9111S binary pump coupled to the 

YL9120s UV/Vis detector (Young Lin®, Korea). For the chromatography 

analysis, three columns were tested: 1) Kromasil KR100 column 100Å - 2.5 μm-

C18, 4.6 mm x 50 mm; 2) Kromasil KR100 column 100Å - 3.5 μm-C18, 4.6 mm 

x 150 mm (Eka Chemicals AB, Bohus, Sweden), and 3) Cortecs column 90Å - 

2.7 μm-C18, 4.6 mm x 150 mm (Waters, Milford, MA, USA). The solvent 

system was composed of solvent A (ultrapure water containing 0.5 % acetic, v/v) 

and solvent B (100% ACN). The gradient program was 0-5 min (2% B); 3-22 

min (2-20% B); 22-24 min (20-30% B); 24-26 min (30-60% B); 26-32 min (60-

2%B). Finally, the column was re-equilibrated or additional 5 min. The flow rate 

was 0.7 mL/min, and the injection volume was 20 μL. Detection was performed 

by using UV-VIS chromatograms acquired at 280 nm and 350 nm.  

2.5 Antioxidant activity:  

Free radical scavenging activity of avocado CQD was assessed by DPPH and 

ORAC-FL assays. The reduction of DPPH stable radical was kinetically 

monitored at 517 nm for 30 min [20]. The analyses were performed in the 96-

well plate format using a 100 μmol/L DPPH solution (final concentration) in 

methanol. A 150 μL aliquot of DPPH reagent was added to the wells (except in 

the blank wells). Afterwards, 25 μL of samples, controls, or standard were added 

to each well. After mixing, readings were performed using an EPOCH microplate 

reader (BioTek Instruments). Data were analyzed with the Gen5 software 

package version 1.11. All determinations were performed in triplicates. The 

percentage of scavenging was calculated as: 

Scavenging DPPH rate =  
1 − (A1 −  A2)

A0
 x 100% 

Where A0 is the absorbance of the control (DPPH without sample) and A1 is 

the absorbance in the presence of APCQDs, and A2 is the absorbance of sample 

without DPPH radical. The free radical scavenging ability of the samples was 

expressed as IC50 value, which is the inhibitory concentration at which 50% of 

DPPH radical was scavenged. The IC50 values were calculated from the area 

under the curve (AUC) of scavenging activities (%) vs the logarithm of 

concentrations of respective adducts. Trolox was used as control. 

For the ORAC-FL trial, the previously published protocol [21] was applied, 

with slight modifications. 20 mL of the samples (Initial concentration 0.5 

mg/mL) was diluted in 1 mL of 1X Phosphate saline buffer (PBS). The assay 

used 45 mL of diluted sample, 50 mL of 2,2’-azobis (2-amidino-propane) 

dihydrochloride AAPH (Cf = 18 mM in well), and 175 mL of fluorescein (Cf = 

108 nM), so the final volume in this protocol is 270 mL. Before starting the 

readings, the radical was thermo-activated on the plate for 10 minutes (37°C) and 

then readings were taken every 3 minutes for 220 min. An excitation wavelength 

of 485 nm and an emission wavelength of 520 nm were applied in the assay, 

Trolox concentrations were 2.55-40.68 mM. The measurements were made in 

triplicate and only the average of the determinations is shown in the graphs for 

simplicity. The antioxidant capacity (ORAC) was calculated as follows: 

𝑂𝑅𝐴𝐶 =  [(𝐴𝑈𝐶𝑠 − 𝐴𝑈𝐶𝑏)/(𝐴𝑈𝐶𝑡𝑟 −  𝐴𝑈𝐶𝑏)]. 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 [𝑡𝑟𝑜𝑙𝑜𝑥] 

Where AUCs is area under the curve of sample. 

AUCb is area under the curve of blank. 

AUCtr is area under the curve of Trolox solutions. 

2.6 Antimicrobial Activity:  

Susceptibility tests: For Listeria monocytogenes ATCC 7644, Escherichia coli 

ATCC 11775, Staphylococcus aureus ATCC 9144, and Salmonella enterica 

ATCC 13076, inoculum was spread using sterile swab on MRS agar plates, 

PALCAM and Müeller-Hinton, accordingly. Subsequently, Kirby-Bauer disk 

diffusion test was performed for APCQD sample. The circular disks (8 mm 

diameter) were first immersed in the solution of APCQDs (5 mg/mL, 500 mg per 

disk) for 30 minutes and then placed on the plates. Plates were incubated for 24 

h at 37°C under aerobiosis conditions. Control antibiotic susceptibility disks of 

amoxicillin 30 μg, gentamicin 10 μg, and chloramphenicol 30 μg were used. All 

tests were performed in triplicate and the observed antibacterial activity was 

expressed as the average of the inhibition diameters (mm) produced by the tested 

samples [22] 

2.7 Statistical analysis 

Data were analyzed using the GraphPad Prism 4 statistical software. Values 

represent the means of at least three independent experiments, each conducted in 

quadruplicate. Data were analyzed by analysis of variance with post hoc 

comparison using Tukey’s test.  

3. RESULTS AND DISCUSSION 

3.1. Characterization of APCQDs:  

The UV–vis spectrum of carbon quantum dots presented in Fig. 1A, reveals a 

typical absorption spectrum of the synthesized CQDs. The main characteristics 

are the absorption peaks around 280 nm, which could correspond to the π–π* 

transition derived from the C=C bond [23]. With lower intensity, a broad peak is 

observed around 320-360 nm, probably generated by the n−π* transition of the 

C═O bond. In Figure 1B, fluorescence spectrum is depicted, showing an intense 

emission band around 378 nm [24]. The lighting properties of carbon dots have 

been by far the most researched. Apart from the obvious applications in imaging, 

these properties are linked to certain biological properties, such as antimicrobial 

activities. It is known that, in CQDs, more than the nature of the side chains that 

decorate the surface, the hybridization of the carbon skeleton and the chemical 

groups connected to them is important. When completely carbonized, the surface 

functional groups and side chains disappear, with the size effect predominating 

in this condition. Thus, in CQDs with a solid core, the fluorescence emission is 

controlled by adjusting the functional groups of the inner core and the surface. 

Basically, the fluorescence can be tuned by adjusting the ratio of sp2/sp3 carbons 

within the CQDs [24–26]. 

 

Figure 1. (A) UV-vis spectrum of Avocado Peel Quantum Carbon Dots 

(APQCDs), (B) excitation, and emission spectra of Avocado Peel Quantum 

Carbon Dots (APQCDs). Inset Figure 1B photography of the blue/green-emitting 

APCQDs under sunlight (left) and UV irradiation (right). 

378

Wavelength (nm)
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Figure 2. X-ray diffraction (XDR), pattern of Avocado Peel Quantum Carbon 

Dots (APQCDs). 

The XRD measurements help to identify semi-crystalline structure in CDAs 

with (002) planes of graphene in between amorphous regions The diffraction 

pattern of the synthesized carbon APCQDs presented in Fig. 2 shows the peaks 

at 2θ = 24.5° that correspond to the (002) plane of carbonaceous materials. The 

(002) plane is attributed to the arrangement of disordered carbon atoms within 

the hexagonal graphite structure of carbon quantum dots, leading to the formation 

of a turbostratic structure through interlayer packing. The presence of this broad 

peak and relatively high value of interlayer distance of 0.34 nm also indicate 

oxygen- containing functionalities [23,27,28].  

 

Figure 3. FTIR spectrum of Avocado Peel Quantum Carbon Dots (APQCDs). 

Figure 3 shows the FTIR spectra of APCQDs, which showed a typical band at 

3457 cm-1, which can be unambiguously assigned to stretching vibrations of O-

H. This signal indicates the existence of water absorbed on the surface of the 

APQCD. Another distinctive bands could be observed at 1637 cm-1, 1371 cm-1 

and 1023 cm-1, corresponding to the vibrations of C=C, C-O, and C-O-C bonds, 

respectively. These band are attributed to asymmetric and symmetric stretching 

vibrations of COO− group, respectively. A sharp peak at 2932 cm-1 suggested 

the formation of N-H vibrational. These bands reveal the surface functional 

groups present at the APQCDs. Therefore, the FTIR results indicated that the 

surfaces of carbon dots were full hydrophilic and presented mainly hydroxyl and 

carbonyl groups. The hydrophilic surface explains the highly dispersibility in 

water of APCQDs. 

 

Figure 4. FESEM image of APCQDs at 3 mm scale. 

According to the FESEM image depicted in Fig. 4, the APCQDs were 

observed to have discrete spherical particles that exhibited fine features. The 

homogeneity observed in the samples indicates that the synthesis method was 

optimal and that the particles were resistant to aggregation, indicating stability 

[29]. Round shaped carbon nanodots on the surface have an average diameter 

below 10 nm. 

 

Figure 4. HPLC trace of APCQDs obtained after hydrothermal processing. 

(A) Fully porous 100 Å particle 0f 3.5 µm diameter (B); Fully porous 100 Å, 

particle of 2.5 µm diameter and, (C); Core-shell with superficial porosity 90 Å, 

particle of 2.7 µm diameter.  

3.2 High Performance Liquid Chromatography (HPLC): 

A separation of the APCQDs fractionated by reversed phase HPLC is 

illustrated in Figure 4. Fourteen major peaks can be observed, which show 

absorption in the UV region (280 and 350 nm). Although column or thin layer 

chromatography was not initially considered the technique of choice to separate 

this type of nanoparticles, recent studies have positioned it as a technique with 

high potential. Normally, separation methods based on size exclusion (SEC) are 

the logical choice and, in most articles, published in the last 5 years, dialysis and 

ultrafiltration are part of the mandatory protocols in CDs purification. However, 

there are some criticisms of these methodologies, among which we can mention 

their scaling problems and uncertainty regarding the actual separation of CDs 

from other molecular fluorophores that can pass through dialysis membranes. 

Thus, it is currently suggested to use supportive techniques to guarantee CDs 

purification, such as the use of NMR and XPS. Electrophoresis and conventional 

column chromatography allows separation based on mixed mechanisms 

including charge/size, polarity, and size exclusion (SEC) [30]. For this reason, a 

parameter that must be considered when choosing the column over particle size 

is porosity. In our study, we used two columns with a particle size of 2.5 and 3,5 

µm (Figure 4 AB) and pore size of 100 Å (10 nm). Since after the hydrothermal 

process there is an elimination of particles larger than 220 nm (PVDF membrane 

filtration), the CQDs that remain in suspension have a size range between 4-10 

nm, which allows SEC phenomena operate inside the spherical particles of HPLC 

column. If the above occurs, one can assume that the first peak cluster (1), which 

are poorly retained in the HPLC column, correspond to carbon particles larger 

than 10 nm. One of the first pioneering works on the use of HPLC to separate 

CDs was that of Lu et al, [31]. They used a C18 column packed with particles 

containing 8 nm pores. Among the main findings of this study, it can be 

mentioned that there is indeed a mixed mechanism of separation by SEC and 

polarity like any other organic compound, but very dependent on flow and 

temperature. Thus, temperatures greater than 25ºC impair the separation, as do 

flows that exceed 1.4 mL/min. In our study, for the three columns, a maximum 

flow of 0.7 mL/min and 25ºC were used, which were maintained with the column 

oven. As mentioned earlier in the text, the importance of pores in silica particles 

seems to be central for the separation of CQDs.  To  confirm this  statement, the 
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same HPLC methodology was used to separate the APCQDs in an HPLC column 

filled with core shell particles [32], that is, the particles only have surface 

porosity, and the stationary phase is distributed in a thin layer [33]. Thus, the 

separation of CQDs will be mainly driven by interactions of their functional 

groups with the C-18 phase. In the column with fully porous particles, the 

separation is affected by slow mass transfer from mobile phase through to the 

stationary phase and back again. In core shell particles this effect is dramatically 

reduced since diffusion of the target compounds only occurs in the outer layer 

and the movement between particles is very limited. Compared to the fully 

porous particles of conventional columns, the core shell particles used in our 

study have around 81.5% solid core and 18.5% porous surface layer. If indeed 

the presence of pores is important to promote SEC, a higher separation would 

not be expected in core shell columns. On the contrary, in our study, solid core 

columns seem to achieve better separation compared to fully porous ones (Figure 

4C). This suggests that, at least in reversed-phase HPLC, APCQDs are separated 

primarily by interaction with octadecylsilyl (C-18) groups rather than SEC. 

Despite the lower porosity of the core shell particles, the SEC phenomenon 

cannot be completely ruled out. Indeed, the negative effect on separation 

associated with low porosity can be compensated by the greater efficiency 

displayed by these columns [34]. Overall, it is important to highlight that one of 

the advantages of using HPLC is the possibility of scale-up the separation 

Unfortunately, the small load capacity of core shell columns limits this 

technology to a purely analytical field. However, its potential for CQD 

characterization deserves to be explored further. Therefore, preparative HPLC 

could be an attractive choice not only with the aim to study bioactivities but also 

to characterize CDs individually, since it has been reported that when using this 

purification method, the quantum yields are higher than when dialysis is used, 

probably due to the presence of impurities that quench fluorescence [35,36]. 

3.3 Antimicrobial Activity:  

The efficacy of APQCDs was evaluated by various tests on Gram positive and 

negative strains. Bacterial susceptibility was analyzed on agar plates using a final 

concentration of 500 μg APCQDs per disk. According to the results presented in 

Table 1, the sample of avocado CQDs synthesized in the present study showed 

potent antibacterial activity at the concentration of 500 μg/mL. This effect was 

evident against all the bacterial strains considered in the test. In general, looking 

at the Figure 4, it can be confirmed that the effect is comparable to that of the 

antibiotics used as a control.  

Table 1. Results of antimicrobial susceptibility tests for APCQDs against 

different pathogenic bacteria. 

Samples/Controls 
Salmonella 

spp    

Escherichia 

coli spp 

Staphylococ

cus aureus   

Listeria 

monocytogenes  

  Zone of inhibition (Mean ± SD, mm) 

APCQs  

(500 mg/mL) 
25 ± 0.6 40 ± 0.5 24 35 

Positive control GE 

(10 μg/mL) 
25 ± 0.5 35 ± 0.2 22 38 

Positive control CC 

(30 μg/mL) 
25 ± 0.8 27 ± 0.2 25 30 

GE: Gentamicyn disks. CC: Cloramphenicol disks  

 

Figure 4. Growth inhibition of pathogenic bacterial strains caused by 

APCQDs. 

The central structure and surface functional groups of CQDs determine their 

functional and biological properties. In particular, the bactericidal or 

bacteriostatic action of CQDs originates mainly through three routes [37,38]: (1) 

physical and mechanical damage to the bacterial cell wall and membrane with 

consequent leakage of cytoplasmic material; (2) direct or light-promoted 

generation of highly reactive oxygen species (ROS); (3) inhibition of cell 

proliferation through damage to genetic material (DNA/RNA) and proteins. 

Furthermore, the antibacterial efficacy of CQDs will depend on the structure, 

precursors, synthetic methods, functionalization, size, doping, shape, zeta 

potential and surface charge effects. Regarding the disruption of the cell wall and 

membrane, it is known that the penetration of CQDs through the bacterial cell 

wall and membrane is related to the interaction with the phospholipid bilayer. 

This interaction causes the membrane to become rougher and shrink, causing the 

rupture and discharge of its cellular components to the outside (lysis). ROS 

production by CQDs is related to their photosensitizing properties. Thus, the high 

electron transfer with large amounts of free electrons and holes facilitates the 

generation of highly toxic radicals for the bacteria. Furthermore, ultraviolet, or 

visible light catalyzes these processes and leads to bacterial oxidative stress, 

inhibiting their respiration and replication. It is accepted that the cell death 

promoting mechanism is apoptotic type characterized by the formation and 

accumulation of hydrogen peroxide (H2O2), hydroxyl anions (OH-), superoxide 

anion (O2
.-) and triplet oxygen (3O2) [39,40]. Recent studies suggest that CQDs 

that have carboxylic groups on their surface have intrinsic peroxidase activity 

(peroxidase-like behavior) [41]. Furthermore, this activity can be amplified using 

Fe in N-doped CDs, which can be used in the development of various types of 

sensors [42,43]. The direct interaction with the genetic material and the 

accumulation of CQDs in the nucleus of eukaryotic cells has been reported in 

several works [44,45]. In the case of bacterium, this interaction is faster and 

allows the inhibition of cellular respiration, division, replication, and production 

of adenosine triphosphate (ATP), which results in necrosis/apoptosis and 

eventual bacterial death. According to recent literature, this mechanism is most 

relevant for N-doped CQDs. In this type of CQDs, the interaction with DNA is 

mainly due to electrostatic adsorption. Other forces that also contribute to this 

biomolecular interaction are the nucleobase effect, hydrophobic interaction, and 

van der Waals forces [46,47]. 

3.4 Antioxidant Activity:  

 

Figure 5. (A) DPPH assay for APCQDs, (B) ORAC-FL assay for APCQDs. 

Inset in (B) corresponds to ORAC-FL calibration with 2.6-40.8 mM Trolox.  

The antioxidant activity of CD has been reported in several preliminary works. 

It is interesting that the same nanomaterial has an oxidant-antioxidant effect [48]. 

However, it should be emphasized that this dual property of CQDs cannot be 

extrapolated to all CQDs and depends on the raw material of origin and the 

functional groups that are available on its surface. The incident light (typically 

blue between 390–470 nm) and the chemical environment also determine the 

appearance of one effect or another [49]. Furthermore, within the cluster of 

different CQDs present in our sample of APCQDs it is very likely that some are 

ROS generators and others behave as antioxidants [50,51]. For this reason, to 

answer this question it is mandatory to separate them using an appropriate 

method and evaluate them individually. In the DPPH assay the IC50 value was 

6.2 ug/mL, while the ORAC value in trolox equivalents was 8.2 mmol/g. The 

traditional ORAC assay can be used in the case of CQDs that emit above 520 

nm, however, it should be considered that CQDs with emissions close to the 

fluorescein emission could be complex to interpret. In this case, a different assay 

should be used, or the probe replaced with pyrogallol red [52]. 

CONCLUSIONS 

In this work, carbon quantum dots (CQDs) were prepared from avocado peel 

using the classic hydrothermal method. The CQDs obtained were dialyzed and 

once suspended in water they showed intense blue fluorescence. Its antimicrobial 

properties on pathogenic bacteria allow us to propose that this type of 

nanomaterial can be used to control microorganisms in food or as a basis for the 
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design of nanoparticles for medical purposes. The ability to neutralize the DPPH 

radical and protect fluorescein from oxidation induced by AAPH suggests that 

these nanoparticles can also help slow down deterioration processes or damage 

associated with free radicals. Finally, HPLC analysis using columns with 

completely porous particles and core-shell particles with superficial porosity, 

allowed the separation of the CQDs based on their polarity. This result indicates 

that chromatographic separation can be of great potential for the study of 

individual CQDs, to elucidate their biological properties in the absence of 

quenchers. 
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