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Abstract

European Union (EU) food labeling frameworks assume that comprehensive ingredient disclosure empowers
consumers. However, this review demonstrates that strict statutory compliance often undermines practical food
safety literacy, creating a "compliance-cognition disconnect". By evaluating the intersection of EU mandates and
consumer perception, this study highlights a critical paradox. The legally mandated use of biochemical
nomenclature and E-numbers on back-of-pack ingredient panels often triggers chemophobia, leading consumers
to misinterpret rigorously evaluated, microbiologically essential preservatives as toxicological threats. At the
same time, ambiguous "clean label" and "natural" front-of-pack marketing claims creates a misleading "health
halo". This heuristic leads consumers to blindly trust products that, having been stripped of functional synthetic
preservatives, are significantly more susceptible to temperature abuse and pathogenic proliferation, effectively
masking underlying cold-chain vulnerabilities. Ultimately, current European food labeling relies on the legal
fiction that taxonomic transparency inherently ensures safety. To genuinely protect public health, regulatory
frameworks must shift from mere statutory disclosure to functional food safety literacy, ensuring that mandatory
information aligns with actual consumer comprehension.

Keywords: Food safety literacy, Chemophobia, Clean label trend, Regulatory compliance, Risk perception,
Compliance-cognition disconnect

INTRODUCTION

European Union (EU) food law, specifically Regulation (EU) No 1169/2011, assumes that comprehensive
ingredient disclosure empowers consumers (European Parliament and Council, 2011). While transparency is a
cornerstone of modern legislation (Meiselles, 2021), these frameworks rely on the concept of an "average,
reasonably well-informed" consumer (Gokani, 2024). In practice, there is a critical gap between the statutory
disclosure of information by manufacturers and the public's actual cognitive comprehension. Providing technical
data does not inherently translate into actionable food safety literacy (Balachandran, 2026). This disconnect is
most evident regarding food biotechnology and additives. To meet safety standards, food business operators
must utilize highly specific biochemical nomenclature or standardized regulatory codes on back-of-pack
ingredient panels. While scientifically accurate, this technical language frequently induces "chemophobia", an
irrational fear of safe, regulated chemicals, among consumers who lack formal food science education (Rollini,
Falciola, & Tortorella, 2022). In contrast, front-of-pack marketing heavily utilizes unregulated terms like "clean
label" and "natural," creating a "health halo effect" (Chen, Kayrala, Trapeau, Aoun, & Bordenave, 2022).
Consumers frequently conflate these terms with guaranteed microbiological safety. This creates a dangerous
paradox: buyers may reject a safely preserved product out of fear of a chemical name, while blindly trusting a
"natural" product highly susceptible to microbial spoilage (Chen et al., 2022). While nutritional literacy is well-
researched, functional food safety literacy remains significantly under-studied (De Salvo et al., 2026).
Consumers often struggle to decode ingredient lists or differentiate between quality indicators ("best before")
and true hazards ("use by"), representing a fundamental vulnerability (European Parliament and Council, 2011;
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Meiselles, 2021). Therefore, this paper establishes a conceptual framework defining actionable food safety
literacy, outlining theoretical parameters for future empirical assessments and advocating for a shift from passive
disclosure to active risk communication.

MATERIALS AND METHODS

To construct the theoretical foundation for this study, a systematic conceptual review of the literature was
conducted. The methodology followed the principles of purposeful sampling and thematic synthesis for
qualitative and conceptual framework development (Patton, 2015). The primary objective was to identify and
operationalize the cognitive and regulatory friction points where legally compliant food labels fail to
communicate practical food safety to consumers, thereby establishing the variables for future empirical survey
instruments. An extensive literature search was executed across major academic databases, including Scopus,
Web of Science, and Google Scholar, targeting peer-reviewed journal articles published primarily between 2020
and 2026. To ensure a comprehensive capture of the interdisciplinary intersection between food law, behavioral
psychology, and consumer literacy, a combination of targeted keyword queries and structured Boolean search
strings was employed. The primary search parameters utilized were: "food labelling" AND ("informed
consumer”" OR "information overload"); "Regulation (EU) No 1169/2011" AND "consumer comprehension";
"chemophobia" AND "food additives" AND "risk perception”; ("clean label" OR "naturalness bias") AND
"health halo effect"; and "consumer trust" AND "synthetic". These were supplemented by targeted standalone
concepts, specifically: "food safety literacy", "food label literacy", and "E-numbers". Retrieved articles were
imported into a reference management system and subjected to a two-stage screening process. Initial screening
evaluated the abstracts for relevance to the core themes of European regulatory compliance, consumer
misinterpretation of biochemical nomenclature, and psychometric measurements of safety literacy. Following
established criteria for conceptual synthesis and literature categorization (Yin, 2018), the selected full-text
articles were then grouped into three distinct analytical domains: (1) legal expectations versus actual consumer
understanding, (2) the prevalence of chemophobia and marketing-induced confusion, and (3) the differentiation
between general nutritional literacy and microbiological food safety literacy. This structured categorization
allowed the distillation of abstract regulatory and psychological concepts into measurable variables.

RESULTS AND DISCUSSION

The thematic synthesis reveals a persistent operational gap between statutory compliance and actual consumer
food safety literacy, driven by three friction points: the cognitive burden of biochemical nomenclature, the
masking of microbiological risks via marketing heuristics, and the conflation of organoleptic quality with
toxicological safety. Current EU frameworks prioritize legal traceability over accessible public health
communication (Meiselles, 2021). Manufacturers must list specific biochemical terms for functional additives
(Gokani, 2024), but this precision triggers profound chemophobia among lay consumers (Rollini et al., 2022).
Instead of quantitative risk assessment, consumers rely on an affective heuristic, equating synthetic terminology
directly with toxicological hazards (Moreira da Silva & Barroca, 2025). This dissonance is perfectly illustrated
by "E-numbers", a statutory coding system designed to communicate regulatory safety, which the public
paradoxically interprets as a marker of artificial risk (Haen, 2014). In contrast, "clean label" and "bio" front-of-
pack marketing cues create a misleading "health halo" where consumers systematically equate "naturalness" with
biological safety (Chen et al., 2022). However, removing synthetic preservatives to achieve a "clean label" often
decreases a food matrix's thermodynamic and microbiological stability (Moreira da Silva & Barroca, 2025). The
health halo masks underlying cold-chain vulnerabilities, rendering products more susceptible to pathogenic
proliferation. Furthermore, there is a critical deficit in functional microbiological literacy compared to general
nutritional awareness (De Salvo et al., 2026). While regulators focus on statutory conformity, a legally flawless
label fails its public health function if the end-user cannot decode it. For example, consumers widely fail to
differentiate between organoleptic degradation ("best before") and immediate microbiological hazards ("use by")
(Balachandran, 2026). To systematically categorize these vulnerabilities, Table 1 outlines the theoretical
variables of this compliance-cognition disconnect, establishing a structural framework for future measurement.
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Table 1. The Compliance-Cognition Disconnect: Statutory Intent versus Consumer Perception

Labeling Flement Statutory / Dominant Consequential
Technical Cognitive Bias Public Health Risk
Function
Biochemical Traceability and Chemophobia: Avoidance of
Nomenclature transparent Heuristic equating microbiologically
(e.g.. Specific E- disclosure of synthetic stabilized food
numbers, chemical functional terminology with matrices in favor of
names) preservation agents toxicological hazard high-rizk perishables
(European (Haen, 2014; Rollini (Moreira da Silva &
Parliament and etal 2022). Barroca, 2023).
Council, 2011).
Voluntary Indicator of Health Halo Effect: Underestimation of
Marketing Claims agricultural onigin Conflating cold-chain
(e.g.. "Bio," or minimal "naturalness" with requirements and
"Matural," "Clean processing; often inherent biological susceptibility to
Label™) lacks strict safety and microbial spoilage
microbiological thermodynamic (Moreira da Silva &
regulation (Gokam, stability (Chen et al , Barroca, 2023).
2024). 2022).
Durability Date Delineation Semantic Exposure to
Marking ("Use between immediate Conflation: exponential microbial
by" vs. "Best pathogenic hazard Inability to proliferation (safety
before") ("Use by") and differentiate between risk) or unwarranted
organoleptic quality indicators food waste (economic
decline ("Best and critical safety risk) (Meiselles,

before") (European
Parliament and
Council, 2011).

imperatives (De
Salvo et al | 2026).

2021).

A fundamental tension also exists between the legal and chemical paradigms of consumer protection. Legal
frameworks often define risk through chronic diseases, favoring simplified labeling to empower choices
(Delhomme, 2021; Gokani, 2024). However, immediate food safety requires protection against acute pathogenic
hazards. By validating consumer preferences for "naturalness," policy frameworks inadvertently encourage
chemophobia, pushing consumers to reject the very antimicrobial agents needed to prevent acute microbial
growth (Rollini et al., 2022). Additionally, the "consumer" is not a monolithic entity; cognitive vulnerabilities
like the health halo or chemophobia are heavily influenced by socio-demographic factors and baseline scientific
literacy (Delhomme, 2021). Treating the public uniformly obscures how complex nomenclature
disproportionately disenfranchises those with lower educational access. Finally, the primary limitation of this
study is its conceptual nature. These theoretically operationalized friction points remain untested hypotheses.
Future primary psychometric data collection through targeted field surveys is necessary to quantify this
disconnect and move from theoretical diagnosis to evidence-based intervention.

CONCLUSION

The current European food labeling paradigm relies on a legal fiction: that comprehensive biochemical
disclosure inherently empowers consumers. This review demonstrates that statutory compliance frequently
undermines actionable safety literacy. The mandatory use of complex nomenclature and “E-numbers” triggers
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chemophobia, causing consumers to misinterpret essential preservatives as threats. Concurrently, "clean label"
marketing creates a health halo that obscures genuine microbiological vulnerabilities, which is further
compounded by the widespread inability to distinguish between quality decline ("best before") and pathogenic
risk ("use by"). Crucially, the legal focus on mitigating chronic disease through simplified labeling conflicts with
the biochemical necessity of preserving foods against acute pathogens. To protect public health, regulatory
frameworks must evolve beyond passive data disclosure. The theoretical variables established here provide the
psychometric foundation for future empirical surveys, aiming to align legal compliance with practical, science-
based risk communication.
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