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The food supply chain contains several steps that start with the farm and end with the
forks of consumers. Within this chain, pesticide application, veterinary drug administration,
environmental and storage conditions, process-induced changes, formation of undesired
and toxic compounds, use of food additives, and final food packaging materials can
potentially contaminate the food (either intentionally or non-intentionally), and hazardous
chemical substances or their residues may end up in the final food product. Hence, there is
a strong need for suitable and reliable analytical methods for the detection and quantitative
analysis of all these targeted analytes.

Contaminants in food can contain a vast variety of chemical compounds belonging
to several chemical groups. In these groups, different chemicals can be included, such as
inorganic elements or compounds (e.g., oxides), allergens, antibiotics in food and animal
products, food additives and colorants, mycotoxins, pesticides, polyaromatic hydrocarbons
(PAH), process-induced changes and oxidation products, as well as food contact materials
(FCM). The importance of studying, analyzing, identifying, and quantifying the aforemen-
tioned groups of compounds is of high importance, as there are cases that might be related
to endocrine-disrupting activity or potential toxicity [1,2].

Certain chemical contaminants can be considered quite ubiquitous in the environment
(air, soil, water) and then plants, fruits, and vegetables, which eventually will be trans-
ferred to humans. Currently there is a perception that organically grown and cultivated
foods are of better quality, healthier, and more nutritious compared to conventional foods.
However, the presence of heavy metals is always of concern, either in the environmental
or food chemistry, independently of climate or agrotechnical conditions [3]. In terms of
methodology, apart from atomic absorption spectroscopy (AAS), validated methodologies
of Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) and Inductively
Coupled Plasma Mass Spectrometry (ICP-MS) are of the highest efficiency.

In addition to vegetables, seaweed is considered to be a potential alternative source
of protein [4], although it has a great tendency to absorb or store heavy metals from
the marine environment. In this framework, it is very important the development of
appropriate analytical methodologies, not only heavy metals but for contaminants overall.

Apart from more applied sample preparation techniques, new techniques using zeolite
H-beta, as a material for dispersive solid phase extraction (d-SPE) protocols, which repre-
sent a significant advancement of the basic SPE methodology, are also being performed for
the analysis of pesticides, as well as insecticides, in combination with liquid chromatogra-
phy triple-quadrupole mass spectrometry (LC-QQQ-MS) [5]. The d-SPE, or the so-called
QuEChERS, is a sample preparation that represents a reference method in case of pesticide
residues analysis, mainly via combined MS [6]. Another state-of-the-art sample preparation
technique for pesticide analysis is microwave-assisted extraction (MAE). It is related to
high efficiency and extraction yields and can also be combined with LC-QQQ-MS. [7]. Of
particular interest is the analysis of bisphenol A (BPA). Recently, the European Food Safety
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Authority (EFSA) published an opinion regarding the re-evaluation of the risks of BPA in
food. In this opinion, a considerably lower tolerable daily intake (TDI) of 0.04 ng/kg of
body weight per day is proposed [8]. The latter highlights the importance of state-of-the-art
methodologies and analytical methods with appropriate sample preparation, as well as the
use of high-resolution mass spectrometry (HR-MS; Orbitrap MS) [6].

Also in relation to BPA, nucleating clarifying agents are another class of substances
of interest very commonly used for the production of polymers to improve their physi-
cal properties and improve their clarity and transparency [9] following the Commission
Regulation (EU) No. 10/2011 [10]. However, limited analytical methods are available at
the moment for this group of chemicals. Sorbitol-based compounds, among other regu-
lated FCM substances, present limited solubility, which in the end can create problems
for their quantification [11], also indicating challenges for their chemical identification
and elucidation.

Safety requirements for an increasing number of chemicals existing in FCM are high-
lighting and triggering the need for an efficient screening strategy to prioritize the sub-
stances of highest concern and even more so the harmonization of chemical analysis,
identification, elucidation, and quantification of multiple compounds from food contact
materials. The latter requires the combination of hyphenated techniques, in conjunction
with HR-MS, together with the development, integration, and use of appropriate mass
spectra databases, together with quantitative or semi-quantitative strategies. The latter
can be considered very important, either in cases of IAS or NIAS, where no mass spec-
tra databases are available nor analytical standards or compounds with a known purity
are available.

This Special Issue in Applied Sciences focuses on all these challenges and highlights
existing analytical approaches, new trends, research work, and perspectives.

Author Contributions: Conceptualization, E.D.T. and O.B.; data curation, E.D.T. and O.B.;
writing—original draft preparation, E.D.T.; writing—review and editing, E.D.T. and O.B.; visu-
alization, E.D.T. and O.B.; supervision, E.D.T. and O.B.; project administration, E.D.T. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

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

References
1. Diamantidou, D.; Begou, O.; Theodoridis, G.; Gika, H.; Tsochatzis, E.; Kalogiannis, S.; Kataiftsi, N.; Soufleros, E.; Zotou, A.

Development and Validation of an Ultra High Performance Liquid Chromatography-Tandem Mass Spectrometry Method for the
Determination of Phthalate Esters in Greek Grape Marc Spirits. J. Chromatogr. A 2019, 1603, 165–178. [CrossRef] [PubMed]

2. Tsochatzis, E.; Karayannakidis, P.; Kalogiannis, S. Determination of Selected Dichloroanilines and Phthalates in Lyophilised
Mussels Samples with Ultra-High Performance Liquid Chromatography-Tandem Mass Spectrometry after QuEChERS Clean-Up.
Food Addit. Contam. Part A 2019, 36, 1253–1260. [CrossRef] [PubMed]

3. Tsochatzis, E.D.; Bladenopoulos, K.; Papageorgiou, M. Determination of Tocopherol and Tocotrienol Content of Greek Barley
Varieties under Conventional and Organic Cultivation Techniques Using Validated Reverse Phase High-Performance Liquid
Chromatography Method. J. Sci. Food Agric. 2012, 92, 1732–1739. [CrossRef] [PubMed]

4. Rawiwan, P.; Peng, Y.; Paramayuda, I.G.P.B.; Quek, S.Y. Red Seaweed: A Promising Alternative Protein Source for Global Food
Sustainability. Trends Food Sci. Technol. 2022, 123, 37–56. [CrossRef]

5. Si, W.; Wang, S.; Bai, B.; Wu, N.; Ye, T.; Xu, F.; Kong, C. Zeolite H-Beta as a Dispersive Solid-Phase Extraction Sorbent for the
Determination of Eight Neonicotinoid Insecticides Using Ultra-High-Performance Liquid Chromatography—Tandem Mass
Spectrometry. Appl. Sci. 2022, 12, 4316. [CrossRef]

6. Boti, V.; Kobothekra, V.; Albanis, T.; Konstantinou, I. QuEChERS-Based Methodology for the Screening of Alkylphenols and
Bisphenol A in Dairy Products Using LC-LTQ/Orbitrap MS. Appl. Sci. 2021, 11, 9358. [CrossRef]

7. Kalogiouri, N.P.; Papadakis, E.-N.; Maggalou, M.G.; Karaoglanidis, G.S.; Samanidou, V.F.; Menkissoglu-Spiroudi, U. Development
of a Microwave-Assisted Extraction Protocol for the Simultaneous Determination of Mycotoxins and Pesticide Residues in Apples
by LC-MS/MS. Appl. Sci. 2021, 11, 10931. [CrossRef]

8. Bisphenol A: EFSA Draft Opinion Proposes Lowering the Tolerable Daily Intake | EFSA. Available online: https://www.efsa.
europa.eu/en/news/bisphenol-efsa-draft-opinion-proposes-lowering-tolerable-daily-intake (accessed on 29 September 2022).

http://doi.org/10.1016/j.chroma.2019.06.034
http://www.ncbi.nlm.nih.gov/pubmed/31239151
http://doi.org/10.1080/19440049.2019.1615642
http://www.ncbi.nlm.nih.gov/pubmed/31161889
http://doi.org/10.1002/jsfa.5539
http://www.ncbi.nlm.nih.gov/pubmed/22228588
http://doi.org/10.1016/j.tifs.2022.03.003
http://doi.org/10.3390/app12094316
http://doi.org/10.3390/app11209358
http://doi.org/10.3390/app112210931
https://www.efsa.europa.eu/en/news/bisphenol-efsa-draft-opinion-proposes-lowering-tolerable-daily-intake
https://www.efsa.europa.eu/en/news/bisphenol-efsa-draft-opinion-proposes-lowering-tolerable-daily-intake


Appl. Sci. 2022, 12, 10076 3 of 3

9. Tsochatzis, E.D.; Theodoridis, G.; Gika, H.G. Development and Validation of a UHPLC-QTOF MS Method for the Determination
of Sorbitol-Based Nuclear Clarifying Agents in Food Simulants after Migration from Food Contact Materials. Appl. Sci. 2021,
11, 3789. [CrossRef]

10. European Commission Regulation (EU) No 10/2011 on Plastic Materials and Articles Intended to Come into Contact with
Food. 2011. Available online: https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex%3A32011R0010 (accessed on
1 October 2022).

11. Tsochatzis, E.D.; Alberto Lopes, J.; Hoekstra, E.; Emons, H. Development and Validation of a Multi-Analyte GC-MS Method for
the Determination of 84 Substances from Plastic Food Contact Materials. Anal. Bioanal. Chem. 2020, 412, 5419–5434. [CrossRef]
[PubMed]

http://doi.org/10.3390/app11093789
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex%3A32011R0010
http://doi.org/10.1007/s00216-020-02758-7
http://www.ncbi.nlm.nih.gov/pubmed/32583214

	References

