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Abstract: Highly electrosensitive platforms have been developed using different nanocomposite materials
based on carbon allotropes and different metallic nanoparticles for determination of nitrite and biogenic
amines (BAs). The nitrification process occurred in soil represents an important source of pollution. The
nitrification consists in biological oxidation of the relatively immobile ammonium (NH4

+) to highly mobile
nitrate, via nitrite. This process is carried out mainly by the ammonia–oxidizing bacteria (Nitrosomonas
sp. and Nitrobacter sp.) present in the soil microbial population [1,2]. The nitrite contamination of ground
and surface waters represents the major concern associated with the nitrification process. Additionally,
the growing needs for food and environmental safety has led to an increase in research for the detection
of biogenic amines (BAs) in recent years. Despite the fact that BAs are increasingly present in food and
beverages, causing toxic effects in the body, legislation that limits their presence in food chains needs to be
updated, thus requiring sensitive tools for their detection [3,4]. Miniaturized analytical tools have been
developed based on nanocomposite materials obtained through combination of different carbon allotrope
materials (nanoribbons, nanotubes—single and multiwalled—and nanofibers) with metallic nanoparticles
(Ag, Au-Ag, Pt, Cu). Thus, carbon based screen-printed electrodes (SPE) were chemically modified with the
obtained nanocomposite materials and further characterized using different electrochemical techniques. In
order to allow a selective and sensitive determination of analytes, an electropolymerized film was deposed
on the modified sensors. For BAs determination were realized with two configurations of biosensors, a
bienzymatic one consisting in immobilization of diamine oxidase (DAO) and horseradish peroxidase (HRP)
onto the modified sensors, and, respectively, a mono-enzymatic system based on immobilization of DAO
onto the modified sensors. It was taken into account that the charge of carbon-based nanomaterials on the
surface of the sensors should not exceed 5%, in order to ensure a low based current. Morpho-structural
and electrochemical characterization studies of the modified SPEs have been performed in order to achieve
a high sensitivity and selectivity of detection, applying a low overvoltage. The co-polymeric film ensured
a better stability of the nanocomposite material layers at the electrode surface and an optimal matrix for
enzymes immobilization. Optimization of the nanocomposite-based sensors were performed, and finally
detection of biogenic amines was carried out using biosensors based on single-walled carbon nanotubes
and Pt nanoparticles, while nitrite determination was performed using multi-walled carbon nanotubes and
AgNP modified sensors at applied potentials between −0.45 and +0.6 V vs. Ag/AgCL. The developed
sensors and biosensors showed good sensitivities of nitrite and BAs detection. Although the enzyme DAO
has a low enough activity to catalyze the oxidation of amine of interest, the detection limits were lowered
due to the electrocatalytic activity of nanocomposite materials and the HRP enzyme used.

Keywords: carbon allotropes; metallic nanoparticles; nitrite; biogenic amines

Chem. Proc. 2022, 7, 79. https://doi.org/10.3390/chemproc2022007079 https://www.mdpi.com/journal/chemproc

https://doi.org/10.3390/chemproc2022007079
https://doi.org/10.3390/chemproc2022007079
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/chemproc
https://www.mdpi.com
https://orcid.org/0000-0002-2059-7065
https://orcid.org/0000-0001-8434-0261
https://doi.org/10.3390/chemproc2022007079
https://www.mdpi.com/journal/chemproc
https://www.mdpi.com/article/10.3390/chemproc2022007079?type=check_update&version=2


Chem. Proc. 2022, 7, 79 2 of 2

Author Contributions: All authors contributed equally to this paper. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by Ministry of Research and Digitalization of Romania and
UEFISCDI, through National Programs PN19.23.03.02/2019, and, respectively, through International
Program ERANET-MANUNET-NITRISENS no 216/2020.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Galloway, J.N.; Townsend, A.R.; Erisman, J.W.; Bekunda, M.; Cai, Z.; Freney, J.R.; Martinelli, L.A.; Seitzinger, S.P.; Sutton, M.A.

Transformation of the nitrogen cycle: Recent trends, questions and potential solutions. Science 2008, 320, 889–892. [CrossRef]
[PubMed]

2. Su, H.; Cheng, Y.; Oswald, R.; Behrendt, T.; Trebs, I.; Meixner, F.X.; Andreae, M.O.; Cheng, P.; Zhang, Y.; Pöschl, U. Soil Nitrite as a
Source of Atmospheric HONO and OH Radicals. Science 2011, 333, 1616. [CrossRef] [PubMed]

3. Regulation 2007/1441-Amendment of Regulation (EC) No 2073/2005 on Microbiological Criteria for Foodstuffs. Available
online: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02005R2073-20140601&from=DA (accessed on 21
February 2022).

4. EFSA European Food Safety Authority. Scientific Opinion on risk based control of biogenic amine formation in fermented foods.
EFSA J. 2011, 9, 2393–2486. [CrossRef]

http://doi.org/10.1126/science.1136674
http://www.ncbi.nlm.nih.gov/pubmed/18487183
http://doi.org/10.1126/science.1207687
http://www.ncbi.nlm.nih.gov/pubmed/21852453
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02005R2073-20140601&from=DA
http://doi.org/10.2903/j.efsa.2011.2393

	References

