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Abstract 
 

Fresh-cut fruits and vegetables (FCFV) consumption has increased significantly in recent years. The FCFV products are 
susceptible to microbiological contamination due to the cutting and grating processes. These processes will promote 
biological changes and consequently lose the quality. Several technologies are used to preserve the quality of fresh-cut 
produce, such as irradiation of ultraviolet light, edible coatings, heat treatment, and use of natural compounds, etc. In the 
present article, we propose the synthesis approach for photo-active carbon nanoparticles for their use in the decontamination 
of fresh-cut fruits and vegetables. The carbon nanoparticles are considered an immerging nanomaterial for biomedical 
applications because of near-infrared fluorescence carbon dots (NIR CDs) activity, low-toxicity, abundance, biocompatibility, 
and excellent photostability. The importance of carbon nanoparticles as a photo-active material and the current status of the 
research on photo-active carbon nanoparticles have been discussed. 
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1 Introduction 

The trend to use fresh-cut fruits and vegetables in a regular 

diet is increasing not only in India but worldwide due to their 

ability to provide vitamins, dietary fiber, and minerals.[1] When 

the fruits or vegetables are processed to change their physical 

appearance but keep them in fresh form, they are called fresh-

cut produce.[2] It comprises cut fruits, salad mixes, and many 

more forms.[3] Their use in the diet helps in minimizing the 

probability of many health disorders.[1] The presence of 

moisture, favorable pH conditions, and damaged surfaces 

during processing make the fresh-cut produce vulnerable to 

microbial attack. The microorganisms get favorable 

conditions for growth on fresh-cut produce as compared to 

intact produce.[4] In this case, the chances of microbial 

contamination of fresh-cut produce increases. Many a time, 

fresh-cut produce comes from the fields irrigated with 

wastewater.[5] There are numerous other sources with which 

the produce can come in contact with.[6] Many recent 

incidences of disease spread happened because of the 

consumption of contaminated fresh-cut produce.[7] The most 

commonly linked pathogens to fresh produce include bacteria, 

parasites, and viruses,[8] with Escherichia coli (E. coli) and 

Salmonella being the most abundantly found pathogens in 

outbreaks related to fresh-cut produce.[9] Therefore, fresh-cut 

produce should be decontaminated to make it safe for 

consumption. However, they usually cannot be 

decontaminated by conventional heating treatments since it 

alters their properties. Some physical methods are employed 

for decontamination of fresh-cut produce, such as shear forces, 

ultrasound, high pressure, ionizing radiation, etc. (Fig. 1) But 

all these methods have their own limitations. Also, various 

chemical sanitizers are commonly used.[10,11] However, these 

sanitizers' effect gets reduced due to the presence of many 

other materials and microorganisms on the surface of produce. 

The effective sanitizer concentration doesn’t reach to 

microorganisms to inactivate them. The food industries use 

high concentration of sanitizers to overcome this 

constraint.[11,12] 

This generates toxic by-products.[13] To overcome these 

limitations, there is a need to develop a new process to 

decontaminate the fresh-cut produce. The use of photo-active 

carbon nanoparticles will help to establish such an approach. 

These types of nanoparticles have small particle size, large and 

hydrophobic surface.[14] They don’t need surface modification. 
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Fig. 1 Emerging and safe technology to preserve the quality of 

fresh-cut fruits and vegetables.  

 

They can be synthesized easily on large scale using a variety 

of starting materials. They can be synthesized using solvents 

as well. The use of toxic components can be avoided.[15,16] 

Recently researchers used carbon nanoparticles to kill 

cancer cells via surface plasmon resonance (SPR) property[17] 

(Neumann et al., 2013). The carbon nanoparticles are suitable 

candidates for photothermal activity. They exhibit several 

properties (Fig. 2).  

1) They shuttle electrons by suppressing the electron-hole 

recombination reaction.  

2) They absorb light and act as sensitizers.  

3) This generates a significant amount of heat.  

4) It also induces phonon resonances.  

5) They show excellent biocompatibility.[18]  

Considering all these facts, we are proposing the synthesis 

of photo-active carbon nanoparticles. The heat generated after 

exposure of nanoparticles to sunlight is sufficient to rupture 

bacterial cell membranes and kill them without damaging food 

materials. 

 
Fig. 2 Properties of carbon nanoparticles. 

 

2. Current status of research on the photo-active carbon 

nanoparticles 

2.1 International status 

Several research groups demonstrated the great potential of 

photothermal therapy (PTT) for the selective treatment of 

cancer cells[19,20] bacteria,[21,22] viruses,[21,23] and DNA[23] 

targeted with gold nanospheres, nanoshells, nanorods, and 

nanosphere clusters. This type of therapy is effective for 

selectively killing cancer cells and protecting healthy cells.[19] 

A study reported selective photothermal lysis of pathogens. In 

this study, gold nanorods were synthesized. These researchers 

covalently attached primary antibodies to nanoparticles. These 

antibodies were specific for Pseudomonas aeruginosa.[24] 

Addae et al.[25] studied the inactivation of B. anthracis spores 

and cells using PTT activity of Au/CuS. They found that 

Au/CuS NPs were effective for inactivating B. anthracis cells, 

only and not the spores. A study reported the antibacterial 

activity of gold nanorods (Au-NRs) using PTT against oral 

microorganisms. They synthesized AuNRs by the seed and 

growth solution method. Their results suggest that Au-NRs 

could be used to control oral pathogens and biofilms.[26] Santos 

et al.[27] developed a rapid photothermal bacterial inactivation 

technique using irradiating near-infrared (NIR) light and 

nanoporous gold disks (NPGDs). In another study, Liu et al.[28] 

developed a nanoplatform. This nanoplatform released PES 

upon exposure to NIL. The released PES inhibited HSP70 and 

thereby reducing bacterial tolerance to PTT. This resulted in 

enhanced pathogen destruction. The authors also suggested 

that it is possible to reuse PDA@Fe3O4 + PES. Similarly, few 

studies reported the photothermal effect of carbon 

nanoparticles against tumors and pathogens. Bao et al.[29] 

developed sulfur and nitrogen codoped NIR carbon dots (CDs). 

These CDs showed high PTT efficiency in mouse models. 

They were able to visualize the effect using photoacoustic 

imaging.[29] Tu et al.[30] used activated carbon to synthesize 

carbon nanoparticles of less than 10 nm size. They showed that 

NIR irradiation of carbon nanoparticles effectively killed 

cancer cells. In a recent study, Wang et al.[31] synthesized 

bismuth/cobalt nanoparticles (Bi@Co@CN) and coated them 

with multifunctional nitrogen-rich carbon. Their results 

showed that synthesized nanoparticles were reusable and 

biocompatible, generating ROS and photothermal conversion 

of materials. The combined effect killed S. aureus. 

 

2.2 National status 

We did not find any report regarding the use of either carbon 

or metal nanoparticles for PTT. However, few researchers 

used carbon nanoparticles for other applications. Mangrulkar 

et al.[32] synthesized a composite of carbon nanoparticles and 

platinum nanoparticles (CNPs/Pt). The photocatalytic activity 

of CNPs/Pt was used for hydrogen generation. In another 

study, Roshni and Ottoor[33] used a thermal pyrolysis method 

for the synthesis of carbon nanoparticles from coconut milk. 

They used these nanoparticles for the detection of mercury.  

 

3. Industry relevance of the use of photo-active carbon 

nanoparticles 

Due to increasing awareness towards health, people are using 
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fresh-cut fruits and vegetables as diet supplements. Also, due 

to lack of time, people prefer to purchase packed cut fruits and 

vegetables. Therefore, the sales and intake of fresh-cut 

commodity have risen up in current years. India is the second-

largest producer of vegetables and the fourth-largest producer 

of fruits in the world, which value Rs. 7000 crores.[34] 

Considering these developments, India's food industries 

evolve with novel technologies and skillful promotion 

initiatives.[1] Still, there is a need to adopt skillful processing 

techniques of fresh-cut produce to preserve and protect the 

product as they are extremely perishable. 
The fresh-cut produce can get contaminated with 

microorganisms (some of them might be pathogenic) during 

production at the field, during handling and during processing 

at the food processing industries. Therefore, the food 

industries need to make sure that the product they produce 

should be microorganism free. For this, the industries have to 

apply decontamination processes. But they cannot use harsh 

processes since many of the food materials get destroyed 

during the process. The Physico-chemical methods used by the 

industries have their own limitations and sometimes revealed 

hazardous to human health. Therefore, there is an urgent need 

to find alternative treatment strategies to decontaminate the 

fresh-cut produce to increase shelf life and make it safe for 

human consumption. The photo-active carbon nanoparticles 

can be such an alternative to address this problem. The concept 

of photo-active carbon nanoparticles will explore the 

possibility of developing photo-active carbon nanoparticles, 

including packaging materials for several types of food 

materials. It will protect the environment by avoiding the use 

of harmful chemicals currently being used in the food 

packaging industry. Overall, this will reduce the processing 

cost of food industries and thereby final product cost. It will 

also reduce the spread of foodborne outbreaks and hence, 

reduce the economic burden of end-users. 
 

4. Conclusion 

A healthy diet and its benefits have increased the demand for 

fresh-cut fruits and vegetables (FCFV). The processing 

applied to fresh-cut produce may cause microbiological 

contaminations and result in short shelf life. An efficient, non-

toxic mechanism is required to enable the fresh-cut fruit and 

vegetables to extend the shelf life and preserve the quality of 

the product. Due to their excellent properties, the photo-active 

carbon nanomaterials can be used in the food industry to 

minimize biological contaminations. 
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