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Abstract
Food contaminants are substances that are not naturally present in food products and can enter food through various means. Mycotoxins, one of these, are chemical compounds produced by fungi such as Fusarium, Penicillium, and Aspergillus, and can have carcinogenic effects on humans. Aflatoxin (AF) contamination, in particular, significantly impacts the economic value of crops. The presence of food contaminants is one of the most critical threats to food safety and human health. In this context, biosensors and environmental monitoring technologies, especially the synthesis and use of carbon quantum dots (CQDs), have increased interest in nanotechnology. Thanks to their small size (less than 10 nm) and large surface area, CQDs can be used for precise measurement of chemical and biological processes in food; they exhibit new optical and electrical properties with enhanced reactivity. Due to their exceptional physical and chemical properties, CQDs have emerged as promising materials in rapidly developing food safety research worldwide in recent years. CQDs with different surface functional groups can detect contaminants such as additives in processed foods, drug residues in honey, and mycotoxins in beer and flour using IFE, PET, and FRET-based detection mechanisms. In this study, stable, water-soluble, and biocompatible green fluorescent CQDs were synthesized from plant waste using a novel approach via pyrolysis synthesis. The fluorescence quantum yield of the CQDs was measured as 0. Furthermore, CQDs are highly effective in detecting aflatoxin using a fluorescence resonance energy transfer (FRET) mechanism, with a clear fluorescence emission peak observed at 448.02 nm. The photoluminescence properties of CQDs were evaluated under different pH conditions and temperatures, showing the highest fluorescence intensity at pH 7; this suggests their potential use in pH-sensitive sensor applications. This environmentally friendly and cost-effective synthesis method offers a promising alternative for AFB1 detection in food samples by using waste material to create valuable analytical tools. The results of this study demonstrate the usability of CQDs synthesized from plant waste as fluorescent probes for aflatoxin detection. By leveraging the unique properties of CQDs, a sensitive, fast, and economical detection platform has been developed that can be integrated into food safety monitoring systems. Thus, this not only contributes to the synthesis of carbon dots from sustainable sources but also addresses a significant need in the fields of food safety and environmental monitoring.
1. [bookmark: _Toc217562899]
2. Introduction
Carbon quantum dots (CQDs) constitute the newest class of fluorescent nanoparticles with sizes ranging from 1-10 nm and are considered a new member of the quantum dot family [1]. They are nanoparticles whose fluorescence emission properties vary with their size and dimensions, and they are carbon materials with many functional groups on their surface [2,3].
These semiconductor nanocrystals are superior to other fluorescent molecules in terms of their ability to modify fluorescence emission properties, provide better luminescence brightness, have excellent biocompatibility, and are resistant to photodegradation. The superior properties of quantum dots stem from quantum size limitation [4,5].
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Figure ‑1 Illustration of the radiation properties of CQDs of different sizes.
The wavelength of the electromagnetic radiation emitted by carbon quantum dots is redshifted as they grow (Figure 1). This allows for the preparation of quantum dots that absorb and emit light at the desired wavelength, as needed [5,6].
Carbon quantum dots, with their ultra-fine dimensions, have been considered promising materials for the detection of foodborne pathogens [7]. This is because CQDs are equipped with good chemical stability, low toxicity, excellent electron transfer efficiency, and photo-induced redox properties, along with strong fluorescence intensity [8].
Some Application Areas of Quantum Dots; Quantum dots find applications in optoelectronics, solar cells, medicine, biology, and industry [6,9]. It is known that quantum dots can be widely used in biotechnological applications, bioimaging for cells, nanomedicine applications, drug and gene targeting, and nano-biosensor applications.
Biosensors: Biosensors essentially consist of two main components: bioreceptors and transducers. The bioreceptor recognizes the analyte, while the transducer transmits the signal into an electrical field. These devices are systems that can detect other biological molecules, directly or indirectly, using biological recognition compounds (Figure 2).
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Figure ‑2 Schematic representation of the biosensor  [10]
The use of carbon-based quantum dots in sensor applications has become quite widespread. In these applications, quantum dots prepared against the target molecule or ion are used. The reaction of these prepared quantum dots to the target molecule is interpreted by the device and converted into meaningful data. In this way, it is possible to perform quantitative or qualitative analysis of the molecule or ion.
Aflatoxins: Food products undergo some changes when conditions are suitable, by microorganisms that are both found in their natural flora and that can be contaminated later due to inadequate hygienic conditions. Molds constitute a large part of these changes. These molds have the ability to produce chemical substances that have toxic effects on humans and animals. These substances are mycotoxins. They are the main food contaminants that change the appearance, smell, taste and other properties of foods.
Mycotoxins can be named with their chemical names, as well as (deoxynivalenol), whose name can also be derived from the mold that produces it (Aflatoxin) [8,11]. Aflatoxins (AFs) are one of the main causes of food contamination and have a high carcinogenic effect. AFs are low molecular weight secondary metabolites that can be widely produced by Aspergillus in a wide variety of agricultural food products such as milk, corn, peanuts, fruits, cereals, etc. They consist mainly of six types: Aflatoxin B1, B2, G1, G2, M1, and M2 [12]. Aflatoxin B1 (AFB1) is a dominant mycotoxin produced by several Aspergillus species. For this reason, our study will focus on the investigation of AFB1 detection, different types of nanomaterials such as AuNPs, CQDs, and GOs can be used as fluorescent quenchers. AFB1 has the ability to directly quench or reduce fluorescence intensity. The investigation of AFs in different food samples is carried out using fluorescence spectrophotometry techniques.


Results
CQDs were obtained using the pyrolysis method. The basis of the synthesis is the reduction of the plant sample at 200ºC in the presence of ammonium citrate. The advantages of pyrolysis synthesis are; it is a rapid synthesis method for COD formation, the yield is high, inexpensive reactants are used, the cost is low, and the reactants are easily accessible. In this study, CQDs were synthesized by pyrolysis synthesis, a rapid and environmentally friendly method, and these points were used in nanobiosensor applications for the detection of mycotoxins. The high solubility, stability, and high biocompatibility of CQDs in water made them suitable candidates for food safety applications. In particular, CQDs obtained from agricultural wastes provide great advantages in terms of both sustainability and low cost. The quantum yield of CQDs (0.05) is in a suitable range compared to other CQDs reported in the literature. However, the stability of CQDs and their suitability for biosensor applications make them highly effective in practical applications. Previous studies have highlighted that nitrogen doping improves the optical properties and sensitivity of CQDs in AFB1 detection [13,14]. Sustainable and environmentally friendly approaches to nanomaterial synthesis are attracting increasing attention due to their environmental and economic advantages. Thanks to the use of waste products, the cost is almost negligible, and the contribution to the economy cannot be ignored. In addition, the abundance of CQDs allows them to be considered as a sustainable resource and contributes to the reduction of environmental pollution. The synthesized CQDs showed strong photoluminescence properties, high stability, and water solubility. These properties make CQDs extremely suitable for biosensor applications. The quantum efficiency (%QY) was calculated as 0.05, and this value reveals the optical efficiency of the obtained nanomaterials. pH and temperature-dependent studies revealed the sensitivity that can be used for the detection of the mycotoxin aflatoxin in food samples. The nitrogen and oxygen-containing functional groups on the surface of BA-CQDs played a significant role in enhancing their interaction with AFB1, providing a sensitive and selective detection platform. These findings demonstrate that CQDs derived from agricultural wastes can be used in the development of cost-effective and efficient biosensors for food safety monitoring.
Conclusion
[bookmark: _Toc217562900][bookmark: _Toc217564096]In this study, carbon quantum dots (CQDs) were successfully synthesized from plant waste using a pyrolysis method, a sustainable and low-cost approach. The chemical and photoluminescence properties of the synthesized CQDs clearly demonstrate their potential for use in food safety applications. The quantum yield (%QY ≈ 0.05) of the synthesized CQDs was found to be consistent with similar studies reported in the literature and offered sufficient optical performance for practical sensor applications.  In conclusion, it has been proven that CQDs obtained from agricultural/plant wastes offer a significant alternative in terms of sustainable nanomaterial synthesis and can be used as effective fluorescent probes in food safety monitoring systems. This study contributes to the transformation of wastes into high value-added nanomaterials and offers a sustainable, fast, and low-cost solution for detecting contaminants such as aflatoxins, which pose serious risks in food. The findings indicate that CQDs-based biosensors can be widely used in food safety and environmental monitoring in the future.
[bookmark: _GoBack]Acknowledgements : The study received funding from the Ataturk University, Scientific Research Projects Commission with grant number FDK-2022-10569. The authors want to thank Ataturk University for its assistance, through the Scientific Research Projects initiative.
.References

1. 	Kamal, A.; Hong, S.; Ju, H. Carbon Quantum Dots: Synthesis, Characteristics, and Quenching as Biocompatible Fluorescent Probes. Biosensors 2025, 15, 99, doi:10.3390/bios15020099.
2. 	Wang, Y.; Hu, A. Carbon quantum dots: synthesis, properties and applications. Journal of Materials Chemistry C 2014, 2, 6921, doi:10.1039/C4TC00988F.
3. 	Huang, H.-Y.; Wang, M.-C.; Chen, Z.-Y.; Chiu, W.-Y.; Chen, K.-H.; Lin, I.-C.; Yang, W.-C.V.; Wu, C.-C.; Tseng, C.-L. Gelatin&ndash;epigallocatechin gallate nanoparticles with hyaluronic acid decoration as eye drops can treat rabbit dry-eye syndrome effectively via inflammatory relief. International Journal of Nanomedicine 2018, Volume 13, 7251–7273, doi:10.2147/IJN.S173198.
4. 	Ozyurt, D.; Kobaisi, M. Al; Hocking, R.K.; Fox, B. Properties, synthesis, and applications of carbon dots: A review. Carbon Trends 2023, 12, 100276, doi:10.1016/j.cartre.2023.100276.
5. 	Varmazyarı, A. Kadmiyum Sülfür (CQDS) Kuantum Noktaların Biyosentezi, Yapısal Karakterizasyonu ve Toksisitesinin Araştırılması, Atatürk Üniversitesi, Fen Bilimleri Enstitüsü Tezi. 2018, 129.
6. 	Liu, L.; Peng, Q.; Li, Y. Preparation of CdSe Quantum Dots with Full Color Emission Based on a Room Temperature Injection Technique. Inorganic Chemistry 2008, 47, 5022–5028, doi:10.1021/ic800368u.
7. 	Zhou, Y.; Xiong, S.; Zhang, K.; Feng, L.; Chen, X.; Wu, Y.; Huang, X.; Xiong, Y. Quantum bead-based fluorescence-linked immunosorbent assay for ultrasensitive detection of aflatoxin M1 in pasteurized milk, yogurt, and milk powder. Journal of Dairy Science 2019, 102, 3985–3993, doi:10.3168/jds.2018-16109.
8. 	Yuncu, H.; Nadaroglu, H.; Bozkurt, E. Eco-friendly synthesis of Carbon Quantum Dots (CQDs) from hazelnut husk for sensitive Aflatoxin B1 (AFB1) detection. Toxicology Reports 2024, 13, 101824, doi:10.1016/j.toxrep.2024.101824.
9. 	Wang, X.; Wu, X.; Lu, Z.; Tao, X. Comparative Study of Time-Resolved Fluorescent Nanobeads, Quantum Dot Nanobeads and Quantum Dots as Labels in Fluorescence Immunochromatography for Detection of Aflatoxin B1 in Grains. Biomolecules 2020, 10, 575, doi:10.3390/biom10040575.
10. 	Velasco-Garcia, M.N.; Mottram, T. Biosensor Technology addressing Agricultural Problems. Biosystems Engineering 2003, 84, 1–12, doi:10.1016/S1537-5110(02)00236-2.
11. 	Yuncu, H., Bozkurt, E., Nadaroglu, H. Investigation of the use of carbon dots from Euphorbia amygdaloides for the detection of aflatoxin B1. Arabian Journal of Chemistry 2025, In press.
12. 	Gong, Y.Y.; Watson, S.; Routledge, M.N. Aflatoxin Exposure and Associated Human Health Effects, a Review of Epidemiological Studies. Food Safety 2016, 4, 14–27, doi:10.14252/foodsafetyfscj.2015026.
13. 	Serebrennikova, K. V.; Samokhvalov, A. V.; Zherdev, A. V.; Dzantiev, B.B. A Fluorescence Resonance Energy Transfer Aptasensor for Aflatoxin B1 Based on Ligand-Induced ssDNA Displacement. Molecules 2023, 28, 7889, doi:10.3390/molecules28237889.
14. 	Hamad, G.M.; Mehany, T.; Simal-Gandara, J.; Abou-Alella, S.; Esua, O.J.; Abdel-Wahhab, M.A.; Hafez, E.E. A review of recent innovative strategies for controlling mycotoxins in foods. Food Control 2023, 144, 109350, doi:10.1016/j.foodcont.2022.109350.




image1.jpeg
20nm  25nm  30n0m  39nm  42nm

|





image2.emf

