

  foods-12-01439




foods-12-01439







Foods 2023, 12(7), 1439; doi:10.3390/foods12071439




Editorial



Analytical Methods for Allergen Control in Food Processing



Nanju Alice Lee 1,2,*[image: Orcid], Andreas Ludwig Lopata 2,3,4[image: Orcid] and Michelle Lisa Colgrave 5[image: Orcid]





1



School of Chemical Engineering, University of New South Wales, Sydney, NSW 2052, Australia






2



Centre for Food and Allergy Research, Murdoch Children’s Research Institute, Parkville, VIC 3052, Australia






3



Australian Institute of Tropical Health and Medicine, James Cook University, Douglas, QLD 4811, Australia






4



Molecular Allergy Research Laboratory, College of Public Health, Medical and Veterinary Sciences, James Cook University, Douglas, QLD 4811, Australia






5



ARC Centre of Excellence for Innovations in Peptide and Protein Science, School of Science, Edith Cowan University, Joondalup, WA 6027, Australia









*



Correspondence: alice.lee@unsw.edu.au







Received: 9 March 2023 / Revised: 20 March 2023 / Accepted: 21 March 2023 / Published: 28 March 2023










Food allergy and food-related anaphylaxis have become a growing public health and food safety issue worldwide. The World Allergy Organization (WAO) estimated that 220–250 million people would live with food allergies, based on the reported prevalence of 5–8% in children and 1–2% in adults [1]. Without a practical treatment and cure for food allergy currently available, the diligent avoidance of allergenic foods together with the prompt treatment of symptoms is the best management option available to allergic individuals [2]. As a result, regulatory bodies in many countries mandate food allergen labelling to help allergic consumers to make informed food choices and avoid accidental exposure [3].



Since the publication of the CODEX Alimenterius International Food Standards (CODEX hereafter) recommendation on food allergen labelling in 1999 (CODEX STAN 1-1985) [4], many countries have adopted its recommendation and mandated the labelling of the CODEX-recommended priority allergens or country-specific allergens [3]. From the perspective of industry practice, the allergen labelling framework has come a long way since its establishment in the early 2000s and has undergone significant development, especially in the last 5 years. A particularly noteworthy development was the establishment of industry guidance on allergen management or control, allergen detection methodologies, and precautionary allergen labelling (PAL) in view of helping manage unintentional cross-contacts and establishing method detection-based regulatory levels (e.g., 10 ppm in Japan [5]) or clinical threshold-based reference doses (e.g., Voluntary Incidental Trace Allergen Labelling (VITAL®) [6,7]. Although the industry is developing and refining its allergen management practices, practising total avoidance via allergen labels poses challenges for allergic individuals and PAL statements have frequently proven to be inaccurate in both domestic and imported products [8,9,10]. This creates mistrust from both consumers and health-care providers, and they often ignore PAL warnings on food packages [3,11,12,13].



Recognising an urgent need to harmonise food allergen labelling and allergen management or control, CODEX adopted the Code of Practice on Food Allergen Management (CODEX CXC 80-2020) in 2020 (https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B80-2020%252FCXC_080e.pdf (accessed on 19 March 2023)). In addition, the Food and Agriculture Organization of the United Nations (FAO) and World Health Organization (WHO) jointly convened an expert panel consultation on Risk Assessment of Food Allergens in 2020–2022. The overall aims of this expert panel consultation were to “(i) review and update the list of priority allergens for the labelling of packaged foods based on risk assessment, (ii) establish references doses (based on health-based guidance values) and their corresponding action levels in foods for the priority allergens, and (iii) evaluate the evidence in support of PAL and establish guidance for PAL”. The ad hoc Joint FAO/WHO Expert Consultations on Risk Assessment of Food Allergens was held over four separate meetings and the expert committee decided to only discuss immune-mediated hypersensitivities, such as IgE-mediated food allergies and coeliac disease. The first meeting established the revised list of global priority allergens and a list of national or regional-specific priority allergens, based on global prevalence, severity, and potency assessments (Table 1). Soy has been removed from the priority allergen list but was added to the national or regional-specific allergen list. Sesame has been added as a new priority allergen to the global list. The second meeting established a set of reference doses at ED05 as a level of exposure without appreciable risks to health for the recommended priority allergens (Table 1) and the action levels based on food consumption in different types of foods. The second meeting also reviewed the current analytical capability and any limitations in supporting the reference dose-based risk assessment. The third meeting established guidance on the use of PAL to address the unintended allergen presence (UAP) due to cross-contact. The fourth meeting addressed the exemptions. The executive summaries of all four meetings and full reports of the first two meetings can be found at (https://www.fao.org/food-safety/scientific-advice/food-allergens/en/ (accessed on 23 February 2023)).



The analytical methodology for the detection and quantification of allergen residues in foods is an integral part of the evidenced-based risk assessment for label decisions including precautionary allergen labelling (PAL). Accurate and precise allergen detection, however, continues to be a challenging task due to a high uncertainty of the analysis arising from the natural susceptibility of proteinaceous allergens to food preservation and processing conditions. As concluded by the FAO–WHO expert panel, the current analytical methods could accommodate the implementation of the recommended reference doses and action levels, but limitations still exist with certain analytical methods and allergens in certain forms in processed foods (e.g., protein hydrolysates).



Against this background, this Special Issue set the theme of “Analytical Methods for Allergen Control in Food Processing”. It contains a collection of 12 papers (10 research papers and 2 review papers) on a wide range of allergens investigating various aspects related to allergen detection. The two review papers [14,15] collectively addressed the need for fit-for-purpose analytical test methods. For example, Tuppo et al. (2022 [15]) reviewed the potential of multiplex microarray immunoassay in the IgE-based assessment of molecular changes on the ability of food products to induce an allergic reaction. Jiang and Rao (2021 [14]) also pointed out an important terminology issue that immunogenicity, antigenicity, and allergenicity of food allergens are not well-defined or understood; thus, the methodologies used to measure each of these terms are sometimes inappropriate from an immunological and clinical viewpoint. This paper reviewed the effects of food processing on fish allergens, a difficult-to-quantify allergen source.



This Special Issue covers many different allergen detection methodologies; some are more conventional but are still valuable tools and others are newly emerging techniques. Enzyme-linked immunosorbent assay (ELISA) still serves as a gold standard for allergen detection due to its commercial convenience. The ELISA is ideal for detecting intact protein or large fragments (greater than 15 amino acids) but does often not achieve the equivalent detection of structurally changed allergens. Nevertheless, ELISA has been utilized to detect molecular changes in the study to optimize processing conditions for hydrostatic high pressure combined with heat for whey allergens [16] and in the enzymatic hydrolysis and fermentation of pea protein isolate with reduced immunoreactivity [17]. The binding specificity of biorecognition molecules dictates the accuracy and precision in allergen detection and the development of new biorecognition molecules is also emerging. A recombinant single-domain antibody specific to gluten was produced and incorporated into an ELISA, showing a promising result [18].



It is envisioned that the area of user-friendly rapid on-site testing allergen sensors will see significant development in future. To this effect, an electrochemical immunosensor for the simultaneous detection of two peanut allergens in food matrices has been demonstrated [19]. Dual sensors helped to increase the sensor detectability of allergens in processed foods.



PCR methods and particularly mass spectrometry (MS) have gained momentum in recent years. By measuring DNA rather than protein, PCR is an excellent method for difficult-to-measure allergens using an immunochemical approach. However, not all allergens are ideal for the application of PCR methods. A comparative study between ELISA and real-time PCR for the detection of walnut residues in commercial food products [18] concluded that although PCR was more sensitive than ELISA, the two methodologies were comparable in most products. ELISA failed to perform well for thermally processed samples and those products containing pecan, which is closely related to walnut.



MS is gaining more confidence in allergen detection and quantification. Either by itself or coupled with other methods such as immunoaffinity, for example, as seen in [20], would enhance the performance of MS by improving method sensitivity. Similarly, combining a competitive ELISA and MS allowed for the quantification of gluten in dried yeast and yeast-containing products, as demonstrated in [21]. MS is particularly suited for the detection of peptides or polypeptides of “hydrolysed” allergens. This is well demonstrated in [1], in which IgE epitopes and coeliac toxic motifs are detected in the digesta of soy-enriched wheat-based pizza bases. A new MS method was developed and applied to the analysis of 14 different α-amylase/trypsin inhibitors in wheat [22].



In all these methodologies described above, sample preparation remains the most labour-intensive step and innovation is needed to simplify this action with greater efficiency. Appropriate sample preparation, including extraction steps, is critical in allergenic protein discovery. In this regard, Nugraha et al., 2021 [23], reported an extraction method with an optimized extraction buffer to improve the solubility of allergenic proteins from oyster tissue.



In summary, this Special Issue was successful in attracting the latest research in different innovations directed at improving analytical capacity for allergen detection and quantification. No doubt allergen test methods will continue to play a key role in the successful implementation of FAO–WHO recommended reference doses for priority allergens. We, the editors, are looking forward to new development and innovation in the near future.
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Table 1. Summary of the FAO–WHO expert panel recommended priority allergen and their reference doses for risk management through food labels.
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	Global Priority Allergens
	Recommended Reference Doses

(mg Total Protein from the Allergen Source)





	Tree nuts (walnut, pecan, cashew, pistachio and almond)
	1.0



	Milk
	2.0



	Peanut
	2.0



	Egg
	2.0



	Sesame
	2.0



	Hazelnut
	3.0



	Wheat
	5.0



	Fish
	5.0



	Shrimp
	200



	Nationally or regionally specific allergens
	



	Tree nuts (Brazil nut, macadamia, and pine nut)
	NR



	Buckwheat
	NR



	Lupin
	NR



	Mustard
	NR



	Oats
	NR



	Soybean
	NR







NR = not recommended at the time of this publication.
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