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Modern Food Systems Challenged by Food Safety Culture
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SUMMARY
Despite decades of regulatory development, standardized food safety management 

systems, and technological advances, foodborne outbreaks, recalls, and food fraud con-
tinue to pose significant public health and societal challenges. These persistent failures 
increasingly reveal systemic vulnerabilities that deficiencies in legislation or formal con-
trol mechanisms alone cannot explain. Instead, they highlight the critical role of human 
behaviour, organizational culture, and socio-technical interactions within modern, com-
plex agrifood networks. Food safety culture has therefore emerged as a key determi-
nant of food safety performance, linking regulatory frameworks with everyday practic-
es in food establishments. While HACCP-based systems clearly define procedures and 
responsibilities, their effectiveness is limited when behavioural consistency, leadership 
commitment, communication, and resource availability are weak. Research consistently 
shows that even well-designed systems are insufficiently monitored when organiza-
tional alignment and behavioural adherence are lacking, allowing deviations from safe 
practices to persist. Contemporary approaches move beyond compliance-driven mod-
els towards cultural transformation, emphasizing leadership engagement, effective risk 
communication, learning-oriented environments, and evidence-based behavioural in-
terventions. Increasingly, digital tools and real-time monitoring systems support this 
transition by strengthening feedback, transparency, and adaptive risk management 
across food systems. Strengthening food safety culture therefore requires coordinated, 
multi-level action that integrates governance, technology and human-oriented ap-
proaches. Such transformation is essential not only for improving food safety outcomes 
but also for protecting public health, maintaining consumer trust and enhancing the 
long-term resilience and sustainability of modern food systems.

Keywords: food safety; human factor; food safety culture; human behaviour; food sys-
tems; good practices

INTRODUCTION 
Food safety is one of the most critical public health challenges of our time. Food-

borne diseases constitute a substantial global public health burden. It is estimated that 
each year approx. 600 million people worldwide fall ill after consuming contaminated 
food, resulting in around 420 000 deaths annually. In addition to health impacts, food-
borne diseases impose considerable economic and social costs, particularly in low- and 
middle-income countries [1]. Although technological advances and regulatory frame-
works have significantly improved food safety systems, the human element remains 
the most vulnerable component in the food safety chain. In Europe, the latest data from 
the European Food Safety Authority (EFSA) [2] reveal concerning trends. In 2023, 148 181 
campylobacteriosis cases were reported, an increase from 139 225 in 2022. After cam-
pylobacteriosis, salmonellosis was the second most reported gastrointestinal infection 
in humans, with 77 486 cases compared to 65 478 cases in 2022 [2]. In 2023, listeriosis 
cases reached their highest level since 2007, while campylobacteriosis and salmonel
losis remained the most frequently reported zoonotic diseases in the EU (European 
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Centre for Disease Prevention and Control (ECDC)) [3]. This 
trend is particularly concerning given Europe’s ageing pop-
ulation, as elderly individuals face higher risks of severe 
symptoms from foodborne illnesses. When chemical and 
physical hazards are added to the microbiological dimension 
of food safety, we face a truly multifaceted challenge for the 
future global food supply.

 

Systemic vulnerabilities

These persistent challenges reveal a fundamental para-
dox: despite increasingly sophisticated regulatory frame-
works and technological capabilities, food safety incidents 
continue to occur at alarming rates. This paradox reflects the 
complex interplay between biological hazards, such as mi-
crobial adaptation and survival mechanisms, and the so-
cio-technical dynamics that have characterized contempo-
rary food systems for some time [4,5] and have become even 
more intense in since World Food Safety Day was established 
[6]. Food safety failures rarely result from a single cause; rath-
er, they arise from the intricate interaction of human behav-
iour, organizational culture, technological systems, and reg-
ulatory pressures. Understanding these dynamics is essential 
for identifying systemic vulnerabilities – the weak points 
where formal compliance diverges from actual practice, 
where communication breaks down across supply chain 
nodes, and where economic pressures compromise safety 
protocols. These vulnerabilities are not merely technical is-
sues to be resolved, but are symptomatic of deeper cultural 
and organizational patterns that institutional frameworks 
alone cannot address. The evolution of food safety govern-
ance reflects this growing recognition of complexity. From 
the early days of command-and-control regulation focused 
on end-product testing, we have moved towards preventive, 
system-based approaches embodied in frameworks like Haz-
ard Analysis and Critical Control Point (HACCP) system [7], and 
more recently, risk-based verification systems that integrate 
transparency and sustainability principles [8,9].

However, the implementation of these legislative frame-
works within contemporary agrifood networks reveals signif-
icant gaps. Modern food supply chains are characterized by 
unprecedented complexity: globalized sourcing, multiple in-
termediaries, rapid product turnover, and diverse stakehold-
er ecosystems. In this context, traditional regulatory ap-
proaches that assume linear, hierarchical control structures 
often prove inadequate. The challenge is no longer simply to 
ensure compliance with prescribed standards, but to foster 
adaptive capacity and collective responsibility across decen-
tralized, networked organizations [10]. 

This reality requires a fundamental shift from the institu-
tionalization of food safety culture to genuine cultural trans-
formation within food systems. Institutionalization – the es-
tablishment of formal policies, procedures, and compliance 
mechanisms – is necessary but not sufficient for sustainable 
food safety. True cultural transformation involves moving be-
yond procedural compliance with the internalization of food 

safety values at all organizational levels, development of pro-
active rather than reactive mindsets, and fostering learning 
cultures that continuously adapt to emerging risks. This trans-
formation must bridge the gap between the ’work-as-im-
agined’ in regulations and procedures and the ’work-as-done’ 
in actual food handling environments, addressing the so-
cio-technical realities that create systemic vulnerabilities 
while operationalizing food safety principles in ways that res-
onate with the distributed, networked nature of contempo-
rary agrifood systems [11]. 

FROM INSTITUTIONALIZATION OF FOOD  
SAFETY CULTURE TO CULTURAL  
TRANSFORMATION IN FOOD SYSTEMS

Despite sophisticated HACCP systems and advanced food 
processing technologies, human behaviour consistently 
emerges as the primary risk factor in food contamination in-
cidents [12]. This vulnerability appears at multiple stages of 
the food production and consumption chains, often linked 
to attitudes specific to different professions along these 
chains [13]. For more than two decades, the food industry has 
operated under the paradigm of comprehensive supply chain 
oversight, captured in slogans such as ’From farm to fork’ and 
’From stable to table’ [14]. However, structural and political 
changes have not adequately supported the essence of this 
development. The persistent gap between regulatory ambi-
tion and operational reality reveals a fundamental truth: in-
stitutional frameworks alone cannot guarantee food safety 
[15]. Despite assurances from proponents of structured sys-
tems that technical controls would suffice, operational chal-
lenges were evident from the early implementation phases 
in different stages of food supply chain [16–18].

The most crucial element remains, and will continue to 
be, the human factor, with all its rational and emotional char-
acteristics that dictate behaviour in practical circumstances 
at each step of food production, processing, distribution, 
preparation, and delivery. This recognition marks a critical 
shift from viewing food safety culture as merely an institu-
tional requirement to understanding it as a dynamic, live re-
ality that must be actively cultivated and sustained [19].

 

The emergence of food safety culture as a critical  
research domain

The emergence of food safety culture reflects a broader 
shift from purely technical and compliance-based approach-
es towards recognising human and organizational factors as 
central determinants of food safety performance [20,21]. This 
conceptual transition has recently been formalized within the 
European regulatory framework through Commission Regu-
lation (EU) 2021/382 [8], which amended Regulation (EC) No 
852/2004 by explicitly introducing food safety culture as a 
mandatory component of food business operations.

By requiring food business operators to establish, main-
tain and provide evidence of an appropriate food safety 
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culture, the regulation represents a significant regulatory 
milestone. It moves beyond traditional hazard control and 
documentation towards expectations related to leadership 
commitment, employee awareness, communication, and 
shared responsibility for food safety outcomes [22–24]. Im-
portantly, the regulation acknowledges that formal food 
safety management systems alone are insufficient if they are 
not supported by consistent behaviours and organizational 
alignment in everyday practice [15,25].

However, while Regulation (EU) 2021/382 [8] provides reg-
ulatory legitimacy to the concept of food safety culture, it 
deliberately leaves its operationalization open to interpreta-
tion. The absence of prescriptive criteria, standardized indi-
cators, or validated assessment tools places responsibility for 
implementation largely on food business operators and com-
petent authorities. This regulatory flexibility allows con-
text-specific adaptation but also introduces challenges relat-
ed to consistency, monitoring and enforcement across 
diverse food systems, including short food chains [11,26,27].

Consequently, the regulation reinforces the need for in-
terdisciplinary approaches that integrate regulatory compli-
ance with behavioural science, organizational learning, and 
leadership practices. Food safety culture thus emerges not 
merely as a regulatory requirement, but as a dynamic so-
cio-technical construct linking governance frameworks with 
human behaviour and organizational performance [28].

 

The behavioural dimension of food safety is complex  
and multifaceted 

The consistency, accuracy and correctness with which 
employees perform defined tasks and work procedures are 
influenced by multiple interacting factors: individual knowl-
edge and motivation, competence levels, understanding of 
food safety principles, hygienic awareness, attitude towards 
work, job satisfaction, self-efficacy, and the availability of 
temporal, human, and material resources [12,29–31]. From a 
broader organizational perspective, food safety culture also 
depends on the effectiveness of HACCP-based management 
system implementation, company policy, management com-
mitment and leadership quality, employee awareness, com-
munication patterns, work environment characteristics, re-
source availability, and the processes of risk factor 
identification and assessment. In this context, risk manage-
ment must remain dynamically responsive to a rapidly evolv-
ing global environment marked by the continual emergence 
of new challenges and conflicts [22,25]. This requirement re-
flects not transient concern but an enduring, structural chal-
lenge.

 

The persistent challenge: from knowledge to practice

Past research clearly demonstrates that, despite continu-
ous education efforts, food safety assurance systems remain 
insufficiently monitored and imperfectly controlled due to 

inherent risks associated with the human nature of work [30–
33]. This reveals a critical distinction between knowing what 
should be done and consistently doing it. Food safety assur-
ance fundamentally depends on how individuals who handle 
food behave in ways that represent minimal risk to food prod-
ucts and, consequently, to human health [20,22].

Training is an important social element in bridging this 
knowledge-practice gap, ensuring that necessary informa-
tion is correctly understood by users [34] and effectively ap-
plied in practice [33,35]. Food business operators must ensure 
regular, ongoing training of employees [11,36]. However, 
training alone is not sufficient. The learning process must in-
fluence individual behaviour to create reliable and aware 
workers who conscientiously perform their food safety tasks 
[12,22,30,36,37]. This transformation from trained employee 
to intrinsically motivated food safety practitioner is the es-
sence of cultural change [20,22]. 

FROM COMPLIANCE TO CULTURE: THE EVOLUTION 
OF FOOD SAFETY STANDARDS

Food business operators today navigate a complex land-
scape of requirements that extends far beyond mandatory 
legislative compliance. In addition to legal obligations, many 
organizations implement additional requirements defined in 
various national, international and private standards. These 
voluntary commitments aim to increase employee awareness 
and knowledge, improve control of risk factors in food han-
dling, and ensure quality and safe products [38].

However, the voluntary nature of these enhanced stand-
ards reveals an important cultural divide. For food business 
operators with a strong food safety culture, implementing 
these standards is an ambitious, self-motivated pursuit of ex-
cellence. For those with a weaker culture, implementation is 
often imposed externally. This external imposition has 
emerged primarily due to changes in business practices and 
power dynamics within food supply chains, reflected in con-
tractual requirements where buyers make business relation-
ships with producers conditional on establishing certified 
standards [29,39,40].

 

The rise of private label products has further  
complicated this landscape

Some retailers now order food products under their own 
brands from specific producers, effectively transferring the 
responsibility for producing safe and high-quality food from 
the producer or supplier to the retailer or buyer [41]. To pro-
tect their reputation and brand equity, retailers often require 
stricter and more comprehensive preventive measures for 
private label products than legislation mandates, thereby 
raising the bar for food safety assurance across their supply 
chains. This market-driven elevation of standards has prompt-
ed in-depth research to identify weak points that could en-
danger food production from quality or safety perspectives 
[36,42].
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The institutionalization paradox

This evolution of standards and requirements creates a 
paradox: the very institutionalization of food safety culture 
through proliferating standards, certifications, and audits 
may inadvertently undermine the development of genuine 
cultural transformation [43]. When food safety culture be-
comes primarily a matter of documented compliance, i.e. 
checkbox exercises, audit preparation, and certification 
maintenance, it risks becoming disconnected from the daily 
experiences of food handlers and the intrinsic values that 
should guide their behaviour [44]. 

Genuine cultural transformation requires moving beyond 
this institutionalized approach. Organizations must shift from 
extrinsic motivation, such as avoiding penalties and passing 
audits, to intrinsic motivation characterized by personal com-
mitment to food safety. This transformation also demands 
moving from procedural compliance to adaptive expertise 
that enables employees to respond effectively to novel situ-
ations. Furthermore, companies need to transition from top-
-down enforcement approaches to distributed ownership of 
food safety outcomes across all organizational levels. Finally, 
organizations must evolve from static documentation sys-
tems to dynamic learning systems that continuously improve 
and adapt to changing circumstances. The challenge facing 
contemporary food systems is therefore not simply imple-
menting more rigorous standards or conducting more fre-
quent audits, but rather fostering authentic cultural change 
that embeds food safety values deeply within organizational 
DNA and individual professional identity. This transformation 
must bridge the persistent gap between work-as-imagined 
in regulations and standards and work-as-done in the com-
plex realities of daily food handling operations [22,23]. This 
paradox is one that the European Union is actively attempt-
ing to address through intensive educational initiatives 
aimed at strengthening the competencies of professionals 
working within governmental food safety structures across 
Member States [45,46]. 

 

The role of human behaviour in food safety

Food legislation provides a legal framework for imple-
menting regulations that guide and manage risks and ensure 
food safety throughout the entire food chain [47]. This signif-
icantly affects public health [48] and defines the responsibil-
ities of food business operators, supervisory bodies and con-
sumers [40,49].

Today, foodborne infections and poisoning still account 
for a significant proportion of illnesses, with viral foodborne 
diseases becoming increasingly prominent [2,16]. Contribut-
ing factors include the development of novel food products 
designed to meet consumer demand for innovation, often 
based on traditional substrates but produced, handled, or 
consumed in new ways that introduce additional safety chal-
lenges [50]. 

Foodborne viral infections remain a significant public 
health concern due to their interaction with changes in food 
systems and consumption practices. Evidence shows that vi-
ruses are increasingly associated with minimally processed 
and ready-to-eat foods, traditional raw materials used in nov-
el product formats, and consumption contexts that reduce 
the effectiveness of conventional control measures. These 
risks are amplified by globalized food supply chains, in-
creased consumption of food prepared outside the home, 
reduced use of preservatives, demographic shifts towards 
more vulnerable populations, and persistent gaps in food 
handling knowledge at the household level, allowing food-
borne viruses to persist despite existing controls [51]. The im-
plementation of the HACCP system for food safety assurance 
has significantly improved the control of risk factors, includ-
ing chemical and physical hazards [52]. HACCP is a food safe-
ty assurance system based on preventive measures to iden-
tify and control hazards [11,53]. However, other aspects must 
also be considered, such as food safety culture, which is re-
flected in employee behaviour when working with food 
[24,40,54]. The HACCP system can be even more effective with 
certification procedures of voluntary Global Food Safety Ini-
tiative (GFSI) group standards [44], but only if these systems 
are embedded within company policy and translated into 
well-organized daily practices in food establishments [55] as 
well as in food handling practices at home [56].

Employees in food business establishments play a crucial 
role in ensuring food safety [57]. Some studies have identified 
demographic characteristics as reasons for errors and mis-
takes when working with food [34,48,58], lack of time, money 
and other resources [59,60], workplace pressure, competence, 
motivation and employee satisfaction [35,37,61]. Observation 
of employees working with food has shown that although 
they demonstrate sufficient knowledge about food safety as-
surance and related standards, they do not always apply this 
knowledge in practice [33,60,62,63]. Therefore, it is very im-
portant for food companies to establish a high level of food 
safety culture that promotes correct implementation of work 
procedures [22]. This depends on elements of the food safety 
climate among employees such as leadership, communica-
tion, commitment, risk awareness and resource availability as 
well as employee competence and education level, including 
food donation system [64–66].

Studies have shown that the knowledge, attitudes, and 
practices of food handlers are important factors in prevent-
ing foodborne illness [67]. However, research consistently re-
veals significant gaps between theoretical knowledge and 
practical application. Food handlers may understand basic 
food safety principles but fail to implement them consistently 
due to time pressure, inadequate resources, complacency or 
language barriers [68].

Appropriate leadership encourages and guides employ-
ees to implement hygienic measures and food safety proce-
dures in accordance with business goals, vision and company 
standards. Proper communication about food safety ensures 
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the transfer of practices, knowledge and all relevant informa-
tion from management, through middle management, to 
those who handle operational tasks with food. Commitment 
to food safety helps raise the values of all employees and 
strengthens their conviction in the correctness of food safety 
procedures, which must align with company policy and goals 
[15,20]. This must consider the realistic perception of the se-
riousness of risk factors [57]. Employees may be aware of risks 
but do not control them for various reasons, which Griffith et 
al. [20] call ’optimistic bias’ and ’illusion of control’.

De Boeck et al. [64] state that food safety culture consists 
of two conceptual aspects, namely human and techni-
cal-managerial, which ultimately result in safe and high-qual-
ity food. The human aspect includes organizational and indi-
vidual levels. It involves an interaction of food safety climate 
elements, manifested in employee behaviour when working 
with food, while the technical-managerial aspect reflects the 
implemented food safety system in the company with exist-
ing control and activities [65].

Fatimah et al. [57] argue that strengthening food safety 
culture requires consistent implementation of food safety 
policies across all hierarchical levels, fostering collaboration 
between departments and generations of employees, estab-
lishing a reliable system for evaluating work performance, 
and ensuring effective communication about relevant risk 
factors. Such risk factors have been identified not only in dec-
larations [69], but also within legislation and regulatory 
frameworks, as well as in the practical, day-to-day realities of 
food handling environments [70].

 

Psychological and behavioural factors in food safety

Human decision-making in food safety contexts is signif-
icantly influenced by various cognitive biases that can com-
promise safety outcomes [20], which is well observed during 
food safety days [71]. Optimism bias leads individuals to be-
lieve that foodborne illness happens to others rather than 
themselves, creating a false sense of security that may result 
in neglecting proper safety protocols [20,57]. This psycholog-
ical tendency is compounded by familiarity bias, where peo-
ple assume that familiar foods are inherently safe regardless 
of how they are handled or processed. Additionally, the avail-
ability heuristic causes individuals to overestimate the risks 
of highly publicized food safety incidents while underesti-
mating more common but less newsworthy risks, leading to 
misallocated attention and resources in safety management 
[33].

The organizational culture within food establishments 
plays a crucial role in shaping individual behaviour and safe-
ty outcomes [20,64]. Environments that consistently prioritize 
productivity over safety often create conditions where risky 
behaviours become normalized, establishing systemic vul-
nerabilities throughout the operation [37]. When organiza-
tions fail to demonstrate genuine commitment to food safe-
ty through their policies, resource allocation and daily 
practices, employees are more likely to adopt shortcuts and 

compromise safety standards, particularly under time pres-
sure or when facing competing priorities [54,57,59].

Traditional food safety training programmes often fail to 
achieve their intended behavioural outcomes due to several 
fundamental limitations [31,33,72]. Most conventional training 
approaches focus primarily on knowledge transfer rather than 
genuine behaviour change, assuming that increased aware-
ness will automatically lead to improved practices [34,60,72]. 
These programmes often lack practical application opportu-
nities that would allow participants to practise new skills in 
realistic settings, and typically fail to address workplace-spe-
cific challenges that employees encounter in their daily oper-
ations [61]. Furthermore, many training programmes do not 
adequately consider cultural and linguistic diversity among 
workers, potentially excluding important segments of the 
workforce from effective safety education [60,72,73].

Contemporary research has identified several evi-
dence-based solutions that address these psychological and 
organizational challenges more effectively [65]. Behavioural 
intervention strategies have shown promise, with nudging 
techniques involving environmental modifications that nat-
urally promote safer behaviours without relying solely on 
conscious decision-making [74]. Social norm interventions 
leverage peer influence to encourage compliance by making 
safe behaviours more visible and socially desirable within the 
workplace [57]. Real-time feedback systems provide immedi-
ate monitoring and correction of unsafe practices, allowing 
for prompt behavioural adjustments before problems esca-
late [62,65].

Enhanced training approaches represent another critical 
avenue for improvement [72]. Competency-based training 
shifts the focus from theoretical knowledge to demonstrable 
skills, ensuring that participants can perform safety proce-
dures correctly rather than simply understanding them con-
ceptually [60,72]. Scenario-based learning uses realistic situ-
ations to help workers practise decision-making skills in 
controlled environments, building confidence and compe-
tence for real-world applications [63]. Continuous reinforce-
ment through regular refresher training and ongoing com-
petency assessments helps maintain high safety standards 
over time rather than allowing skills to deteriorate after initial 
training [60,72].

Technology integration offers further opportunities to 
strengthen food safety culture through digital monitoring 
systems that provide automated temperature and time track-
ing, reducing reliance on manual processes prone to human 
error [75]. Mobile training platforms make safety education 
more accessible and personalized, allowing workers to learn 
at their own pace and in their preferred language [74]. Pre-
dictive analytics can identify high-risk situations before con-
tamination occurs, enabling proactive interventions rather 
than reactive responses to safety failures [76].

Finally, developing organizational culture requires sus-
tained commitment to leadership visibility in supporting 
safety priorities, creating systems that empower employees 
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to report safety concerns without fear of retaliation, and im-
plementing recognition programmes that reward safe behav-
iours and safety improvements [20,63]. These comprehensive 
approaches recognize that effective food safety culture re-
quires addressing both individual psychological factors and 
broader organizational dynamics that influence behaviour in 
complex, interconnected ways [22].

Nudge tools offer a subtle yet effective method for im-
proving hygiene behaviour among employees in the food 
industry. Štefančič and Jevšnik [77] conducted a case study 
in a retirement home, testing the effectiveness of different 
nudges such as storytelling about foodborne outbreaks, a 
thermometer image, citrus scent, and citrus scent combined 
with a sign on hygiene criteria. The findings show that story-
telling alone had little effect, while the thermometer image 
significantly improved compliance with critical control 
points. The citrus scent combined with a sign markedly im-
proved behaviour at all key stages of food preparation, 
whereas citrus scent alone had mixed effects, ranging from 
relaxation to distraction.

Behavioural economics research further demonstrates 
that nudge tools based on priming (e.g. signs, words, sensory 
cues) and affective triggers can influence behavioural change 
among food handlers. A consistent finding is that knowl-
edge-based training alone is often insufficient to ensure sus-
tained compliance, whereas nudge-based interventions can 
significantly enhance hygiene behaviour by targeting auto-
matic responses and habitual practices. This highlights that 
interventions shaping choice architecture and reducing cog-
nitive load may outperform approaches that rely primarily on 
deliberate decision-making [78,79].

Similarly, a systematized review [80] found that priming 
nudges (sensory or verbal cues), affective salience nudges 
(emotional triggers like disgust or appeal), messenger nudg-
es (social norm framing), and default nudges (pre-set safer or 
healthier options) consistently improved food choice behav-
iour. Importantly, priming was effective in most cases, 
demonstrating the power of subtle environmental signals in 
shaping everyday hygiene and food-related practices. These 
insights underline the psychological principle that reducing 
cognitive load and making safe or desired behaviours the 
easiest choice increases compliance and sustainability of be-
havioural change. In addition to classical psychological and 
behavioural determinants such as knowledge, attitudes, 
leadership and organisational climate, contemporary organ-
isational practice increasingly recognises the role of opera-
tional philosophies and emerging technologies in shaping 
employee behaviour and motivation. Lean manufacturing, 
with its emphasis on continuous improvement and respect 
for people, has been shown to influence organisational cul-
ture, employee engagement, and motivational dynamics by 
embedding efficiency-oriented and participatory behaviours 
in everyday work practices [81].

More recently, the integration of digital technologies, 
particularly Artificial Intelligence (AI), into lean-oriented 

organisations has introduced new psychological and behav-
ioural dynamics that may affect employee performance and 
motivation. Empirical evidence suggests that AI adoption 
within lean systems can enhance employee engagement 
when AI-enabled tools are perceived as supportive of human 
decision-making, autonomy, and skill utilisation [82]. In these 
contexts, AI may reduce repetitive workload, improve role 
clarity, and strengthen perceived competence, all of which 
are well-established drivers of motivation and performance.

However, the behavioural and psychological effects of AI 
are not uniformly positive. When AI is perceived as a mecha-
nism of surveillance, control, or a threat to job security, it may 
increase stress, resistance, and demotivation among employ-
ees. Recent studies on AI-enabled job characteristics high-
light that the impact of AI on employee well-being and per-
formance depends strongly on implementation strategies, 
transparency, and the extent to which human-centred prin-
ciples are maintained [83]. These findings suggest that both 
lean manufacturing and AI should be considered important 
contextual factors that interact with traditional psychological 
and behavioural determinants, particularly in organisational 
settings where employee behaviour plays a critical role in 
safety-related performance. 

FROM LEGISLATION TO CONTEMPORARY  
AGRIFOOD NETWORK OPERATIONALIZATION

The paradigm shift: from compliance to culture

The transition from compliance-based food safety sys-
tems to a genuine food safety culture marks a fundamental 
paradigm shift in how organizations approach risk preven-
tion. This shift is not merely conceptual but responds to the 
changing nature of food systems themselves, from linear, hi-
erarchical production chains to complex, networked ecosys-
tems of suppliers, processors, distributors and retailers [26]. 
Traditional compliance relies on external enforcement, audits 
and documentation, mechanisms rooted in command-and-
-control regulatory models that assume direct oversight and 
hierarchical authority structures. However, these mecha-
nisms often fail to ensure consistent behaviour when direct 
supervision is absent, particularly in the distributed, multi- 
-nodal environments characteristic of contemporary agrifood 
networks [79,84]. 

Recent studies highlight that food safety culture empha-
sizes shared values, internalized responsibility, and proactive 
engagement across all organizational levels [20,22]. In net-
worked food systems, this cultural dimension becomes even 
more critical, as food safety outcomes depend not only on 
individual organizational performance but also on collective 
coordination across multiple autonomous actors [43]. Lead-
ership plays a critical role in this process, as managers must 
move beyond ’box-ticking’ compliance to foster ownership, 
communication, and continuous learning [85]. Research also 
shows that a strong food safety culture correlates with im-
proved hygiene behaviour and reduced non-compliance, 
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since employees are more likely to ’do the right thing when 
no one is watching’ [28]. Thus, the evolution from compliance 
to culture represents not only regulatory alignment but also 
a sustainable strategy for risk management and organization-
al resilience in increasingly complex supply chain environ-
ments.

 

Barriers and enablers in cultural transformation

Translating legislative intent into operational reality 
across contemporary agrifood networks faces significant 
structural challenges. Pai et al. [85] emphasize that major bar-
riers to establishing a positive food safety culture include lim-
ited resources, difficulties in risk communication, and chal-
lenges in behavioural change. These barriers are strengthened 
in networked settings, where information must cross organ-
izational boundaries, resource constraints vary dramatically 
between large retailers and small suppliers, and cultural 
norms and practices differ across geographic and organiza-
tional contexts [31,84].

Nickell and Hinsz [86] and Manning [87] highlight the crit-
ical role of leadership and organizational commitment in fos-
tering effective food safety cultures, noting that food safety 
culture has transitioned from a narrow compliance-based 
concept to a comprehensive organizational value essential 
for ensuring food safety. However, in contemporary agrifood 
networks, leadership must function at multiple levels: within 
individual organizations, across supply chain partnerships, 
and at the network level, where collective governance mech-
anisms shape behaviour [88]. This multi-level leadership chal-
lenge requires new forms of coordination and shared ac-
countability that go beyond traditional buyer-supplier 
relationships [89]. 

 

Contemporary trends: investment, technology and  
behavioural science

Recent evidence suggests that behavioural interventions 
combining nudging strategies with knowledge-based ap-
proaches can effectively improve food safety practices, high-
lighting the importance of moving beyond purely informa-
tional frameworks [74]. These metrics show that food safety 
culture is not merely an ethical or regulatory imperative but 
a strategic business advantage in competitive food markets. 

Contemporary approaches to food safety culture increas-
ingly emphasize behavioural interventions and digital tools 
that enable large-scale operationalization across distributed 
networks. A proven method to improve frontline employee 
engagement in effective food safety behaviours is the con-
cept of ’nudging’ [48,90,91], behavioural interventions that 
guide choices without restricting options [78]. In networked 
food systems, digital platforms enable nudging interventions 
to be deployed consistently across multiple sites and organ-
izations, creating standardized behavioural frameworks even 
without direct supervision [79]. Regulatory frameworks in-
creasingly recognize the potential of digital tools to support 

food safety management systems, facilitating monitoring, 
documentation and compliance processes [75]. 

The digitalization of food safety management represents 
a crucial link between legislative frameworks and net-
work-level operations. Digital traceability systems, real-time 
monitoring technologies, blockchain-based verification, and 
data analytics platforms offer new possibilities for transpar-
ency, accountability, and rapid response across complex sup-
ply chains. These technologies provide what traditional leg-
islation and compliance mechanisms could not: visibility into 
’work-as-done’ rather than merely ’work-as-documented’, 
early warning systems that detect emerging risks before they 
become incidents, and feedback loops that support contin-
uous learning among network participants [92,93].

 

System level determinants of food safety culture

Research developments in food safety culture show a 
shift from traditional compliance-based approaches to more 
comprehensive strategies for behavioural and organisational 
change. Recent developments increasingly emphasize the 
role of digital technologies, such as data-driven decision sup-
port, digital incentives and tailored feedback systems, in 
shaping food-related behaviors. These approaches support 
continuous improvement processes by enabling context-sen-
sitive interventions and adaptive learning mechanisms in 
modern food safety management systems [91]. However, im-
plementing these strategies in contemporary agrifood net-
works requires additional dimensions beyond individual or-
ganizational culture [94]. As contemporary agrifood systems 
become increasingly interconnected, the effective imple-
mentation of food safety culture initiatives can no longer rely 
solely on transformations within individual organizations. In-
stead, it requires a broader systems perspective that recog-
nizes the interaction between organizational culture, gover-
nance structures, information flows, and adaptive capacities 
across the wider supply network. In this context, several ad-
ditional dimensions are critical for translating food safety cul-
ture principles into practice across complex, interdependent 
food-system structures. Network-level governance mecha-
nisms must complement organizational culture by establish-
ing shared norms, mutual expectations, and collective ac-
countability among supply chain participants. These 
mechanisms include collaborative standard setting, joint au-
diting and shared investment in food safety infrastructure 
that benefits all network members [95].

Information architecture must enable transparent com-
munication and knowledge sharing across organizational 
boundaries to address critical vulnerabilities in the food sup-
ply chain. Food safety incidents often result from information 
asymmetries or communication failures between supply 
chain nodes, and digital platforms combined with standard-
ized data protocols can effectively mitigate these vulnerabil-
ities [96].

Adaptive capacity must be distributed throughout the 
network rather than concentrated in the hands of a few 
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powerful actors. Small- and medium-sized enterprises, which 
form the backbone of many food supply chains, require tar-
geted support and resources to implement food safety cul-
ture initiatives that correspond to their capabilities and op-
erational contexts.

Regulatory frameworks must also evolve to recognize 
and actively support network-level approaches to food safe-
ty. Traditional food safety legislation focuses primarily on in-
dividual business operators, but contemporary regulation 
should facilitate collaborative governance arrangements, in-
centivize information sharing across organizational boundar-
ies, and create enabling conditions for collective learning 
throughout the supply chain [97].

The challenge of operationalizing food safety culture in 
contemporary agrifood networks therefore extends beyond 
implementing standards or deploying technologies within 
individual organizations. It requires fundamentally rethinking 
how food safety is governed, monitored and improved with-
in complex, dynamic systems where risks emerge from inter-
actions among multiple actors, technologies and environ-
ments. This network-oriented approach represents the next 
frontier in the evolution from legislation to real-life practice 
in food safety assurance [43].

Table 1 summarizes key short-term and long-term actions 
needed to strengthen food safety culture across seven criti-
cal organizational domains. Short-term measures focus on 
establishing basic behavioural expectations, communication 
clarity, and initial cultural diagnostics, while long-term ac-
tions emphasize systemic integration, leadership develop-
ment, and data-driven organizational learning. Together, 
these measures illustrate how food safety culture evolves 
from operational compliance towards a mature, strategically 
embedded organizational capability. 

COMPILATION OF CURRENT FOOD SAFETY 
MANAGEMENT PERSPECTIVE 

The role of food safety culture in shaping risks within 
modern food systems is significant. While humans represent 
the weakest link in food safety systems, they also hold the 
greatest potential for improvement. This paradox encapsu-
lates the central challenge facing contemporary food safety 
governance: how to transform individual human vulnerabil-
ity into collective systemic resilience. Accordingly, food safe-
ty must be understood not only as a technical and regulatory 
domain but also as a fundamentally social and cultural phe-
nomenon shaped by collective behaviours, organizational 
dynamics, and the broader context in which food systems 
operate [42,98].

Food safety is a fundamental human right, yet billions of 
people worldwide remain at risk from unsafe food. The per-
sistent gap between regulatory ambition and food safety 
outcomes, evidenced by increasing foodborne illness rates 
even in highly regulated environments, demonstrates that 
traditional approaches cantered on compliance and technical 
controls are necessary but insufficient.

Addressing human behaviour in food safety requires 
moving beyond the reductionist view of humans as er-
ror-prone components to be controlled towards recognizing 
people as adaptive agents whose behaviour emerges from 
complex interactions between individual characteristics,  
organizational cultures, technological systems and socio- 
-economic pressures [26,99]. This requires a multifaceted ap-
proach that combines scientific understanding of behaviour-
al psychology with practical interventions tailored to the 
specific contexts of food production, processing, and dis
tribution. Critically, it demands acknowledging the socio- 
-technical nature of food safety failures: incidents rarely result 

Table 1. Short-term vs long-term actions for strengthening food safety culture

Element 
(7 key areas)

Short-term actions 
(1–4 years)

Long-term actions 
(5–10 years)

1. �Leadership and 
commitment

Managers model safe behaviour daily; ensure 
resources and clear expectations.

Build leadership development programs; implement 
food safety culture into strategic governance and 
accountability systems.

2. �Communication  
and awareness

Standardize internal communication; clarify rules, 
reminders, and visual cues; align messages with 
suppliers.

Develop global communication frameworks across 
multicultural supply chains; embed two-way 
communication practices.

3. �Training and 
competency

Provide frequent, task-specific micro-trainings 
focused on behaviour, not just knowledge.

Create long-term competency frameworks supported 
by behavioural science; integrate digital learning 
ecosystems.

4. �Behaviour and 
workplace practices

Address immediate gaps between knowledge and 
actual behaviour; introduce simple behaviour 
checklists.

Implement continuous behaviour monitoring, coaching, 
and incentives; build a culture where safe behaviour is 
habitual.

5. �Reporting and 
transparency

Introduce non-punitive reporting of near misses 
and unsafe acts to increase openness.

Develop a mature learning organization where 
reporting data is analyzed and used to predict and 
prevent failures.

6. �Assessment and 
monitoring

Use basic culture surveys, interviews and 
observations to identify weak points.

Integrate the culture of key performance indicators 
(KPIs) into audits and certifications; adopt digital, 
real-time monitoring tools and analytics.

7. �Supply-chain 
alignment and 
systems integration

Define clear expectations for suppliers, contractors, 
cloud kitchens, gig workers.

Build harmonized international standards and fully 
integrated food safety culture requirements throughout 
global supply chains.



Food Technol. Biotechnol. 64 (1) 81–96 (2026)

89January-March 2026 | Vol. 64 | No. 1

from isolated human errors but from systemic vulnerabilities 
where organizational pressures, resource constraints, com-
munication breakdowns, and cultural norms create condi-
tions in which errors become likely or inevitable. Empirical 
evidence supports this system-oriented perspective, demon-
strating that lower maturity of food safety culture is associat-
ed with higher costs of quality, reflecting inefficiencies, re-
work and failure-related losses that stem from underlying 
organizational and cultural weaknesses rather than individ-
ual misconduct [100].

Food practices arise from culture, history and human be-
haviour; technical controls alone do not guarantee safety. 
Modern systems must therefore treat the human and social 
aspects as central, not peripheral [43,91].

 

From institutionalization to transformation

Success in reducing human-related food safety risks de-
pends on moving beyond the institutionalization of food 
safety culture, i.e. the establishment of formal policies, stand-
ards, and compliance mechanisms, towards genuine cultural 
transformation. As this analysis has shown, the proliferation 
of food safety standards, certifications, and audit require-
ments may paradoxically undermine authentic cultural 
change when they become ends in themselves, rather than 
embedding food safety values deeply within organizational 
practice and professional identity [11]. 

Genuine transformation requires creating supportive or-
ganizational cultures that foster intrinsic motivation rather 
than relying solely on external enforcement, implementing 
evidence-based behavioural interventions that recognize the 
context-specific nature of food handling work, developing 
adaptive expertise to respond to novel situations rather than 
merely ensuring procedural compliance, and establishing 
learning systems that bridge the persistent gap between 
work-as-imagined in regulations and work-as-done in actual 
operational environments [25]. 

This transformation must recognize that sustainable food 
safety improvements require addressing the complex inter-
play between individual knowledge and competence, organ-
izational systems and leadership, technological capabilities 
and constraints, and the broader social, economic, and reg-
ulatory influences that shape behaviour across supply chains 
[62]. 

There is a persistent gap between knowledge and safe 
behaviour among food handlers. Our surveys and studies re-
peatedly show that knowledge, attitudes and self-reported 
practices do not always align; training alone often fails to 
change daily behaviour without cultural support [30,31,33,36].

 

Operationalizing culture in networked food systems

The challenge of cultural transformation is further com-
plicated by the networked nature of contemporary agrifood 
systems. Food safety outcomes increasingly depend not only 
on individual organizational performance but also on 

collective coordination among multiple autonomous actors: 
farmers, processors, distributors, retailers, and food service 
operators, each operating under different pressures, resourc-
es and cultural contexts. Traditional regulatory frameworks 
designed for hierarchical, linear production chains are inad-
equate for governing these complex, dynamic networks. Op-
erationalizing food safety culture in this context requires mul-
ti-level interventions: network level governance mechanisms 
that establish shared norms and collective accountability 
across supply chain participants; information architectures 
that enable transparent communication and knowledge 
sharing across organizational boundaries; distributed adap-
tive capacity that supports small and medium enterprises in 
implementing food safety improvements appropriate to their 
contexts; and evolved regulatory frameworks that facilitate 
collaborative governance and create enabling conditions for 
collective learning rather than focusing solely on individual 
compliance [97,101].

The digital transformation of food safety management 
through traceability systems, real-time monitoring, data an-
alytics, and behavioural nudging platforms offers unprece-
dented opportunities to operationalize food safety culture at 
scale across distributed networks. However, technology 
alone cannot create culture; digital tools must be designed 
and deployed in ways that support rather than undermine 
human agency, expertise, and intrinsic motivation [90]. 

Food safety culture is multidimensional and measurable, 
but complex. Research on dimensionality demonstrates that 
culture comprises several factors (leadership, communica-
tion, risk awareness, resources and routines) and that meas-
urement requires rigorous, context-specific tools [101].

 

Modern food system trends increase the cultural challenge

Contemporary food systems are undergoing rapid trans-
formation driven by globalization, digitalization, and chang-
ing consumption patterns. These developments have funda-
mentally altered how food is produced, processed, 
distributed and consumed, increasing both structural com-
plexity and behavioural demands across the food chain. Glo-
balized sourcing and extended supply chains reduce direct 
oversight, increase heterogeneity in practices and standards, 
and amplify coordination challenges between geographical-
ly and culturally diverse actors. As a result, food safety in-
creasingly depends on shared values, consistent behaviours, 
and effective communication across organizational and na-
tional boundaries rather than on centralized control alone 
[75,101].

At the same time, digital transformation has introduced 
new operational models such as e-commerce platforms, 
home delivery services, cloud kitchens, and so-called ’virtual 
restaurants’, where food is prepared, handled and distributed 
outside traditional, physically co-located establishments. 
These models often involve fragmented responsibilities, high 
staff turnover, algorithm-driven work organization, and lim-
ited face-to-face supervision, all of which place additional 
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strain on the development and maintenance of food safety 
culture. In such contexts, formal procedures and documen-
tation may exist, but their consistent enactment relies heav-
ily on employees’ internalized commitment to food safety 
principles [85,100,101].

Further challenges arise from the introduction of novel 
ingredients, alternative proteins, minimally processed foods, 
and innovative processing technologies, which may outpace 
existing regulatory frameworks and organizational learning 
processes. When technological and market innovation ad-
vances faster than cultural adaptation, gaps emerge between 
work-as-imagined in food safety systems and work-as-done 
in daily operations. These gaps heighten the risk of safety 
practices becoming inconsistent, especially under economic 
pressure, time constraints, and competitive delivery models 
[26,101].

Together, these trends significantly increase the need for 
robust and adaptive food safety cultures that can function 
effectively under conditions of uncertainty, decentralization 
and rapid change. Rather than relying solely on compliance 
mechanisms, contemporary food systems require cultures 
that support shared responsibility, learning and resilience 
among firms and throughout the supply chain, enabling safe 
practices to be sustained even when traditional supervisory 
and regulatory controls are limited [26,101,102].

 

The path forward: integrated approaches for systemic  
resilience

The path forward requires collaboration among food 
safety professionals, behavioural scientists, technology de-
velopers, and policymakers to create systems that support 
and enhance human performance, rather than simply expect-
ing perfection. This integrated approach must address sev-
eral critical priorities that span research, practice, policy and 
technology.

Research and practice should focus on understanding 
and addressing systemic vulnerabilities by examining the or-
ganizational, technological, and economic conditions that 
make errors likely, rather than merely attributing failures to 
individual human inadequacy [26,101]. This shift in perspec-
tive recognizes that human error is often a symptom of deep-
er systemic issues that require structural solutions.

Investment in workforce development must go beyond 
basic food safety training to foster professional identity, 
adaptive expertise, and genuine ownership of food safety 
outcomes among employees. Evidence demonstrates that 
such investments yield substantial returns in productivity, 
employee retention, and overall business performance, 
showing that food safety culture is not merely an ethical im-
perative but also a strategic competitive advantage [85].

Regulatory innovation must complement existing legisla-
tive frameworks with mechanisms that enable learning, collab-
oration, and continuous improvement in food system net-
works. This includes creating safe spaces for reporting and 
learning from near misses without fear of punishment, incen-
tivizing transparency and information sharing between supply 
chain partners, and recognizing that adaptive capacity is as im-
portant as procedural compliance in ensuring food safety [43].

Technological development must prioritize human-cen-
tred design principles that enhance rather than replace hu-
man judgement in critical decision-making processes. Tech-
nology should support the development of adaptive 
expertise rather than deskilling workers through excessive 
automation, and it must create effective feedback loops that 
facilitate continuous learning and improvement [65].

Addressing food safety culture requires confronting un-
comfortable truths about power, resource allocation, and re-
sponsibility distribution within food systems. Research on 
food safety culture determinants consistently demonstrates 
that behaviour is shaped not only by individual knowledge 
and attitudes but also by broader organizational, economic 

Table 2. Key performance indicators (KPIs) that would significantly support incremental improvements in food safety culture

KPI What it measures Why it matters
1. �Near miss reporting 

rate
Number of near misses reported per month/
employee.

Indicates openness, trust, and a non-punitive 
reporting culture. More frequent reporting 
usually means stronger culture.

2. �Training completion 
and competency score

Percentage of staff completing required food safety 
training and passing competency checks.

Measures not only attendance but actual 
understanding and application of safe practices.

3. �Leadership 
walkthrough 
frequency

Number of documented food safety leadership 
observations/engagements per week or month.

Shows visible leadership commitment and 
reinforces safe behaviour.

4. �Behaviour compliance 
score

Percentage compliance observed during hygiene, PPE, 
handwashing, and CCP-related behaviour checks.

Directly reflects whether everyday actions 
match food safety expectations.

5. �Corrective action 
closure time

Average time from identifying an issue to resolving it. Demonstrates responsiveness, accountability 
and operational discipline.

6. �Internal 
communication 
effectiveness

Percentage of employees who report understanding 
food-safety messages (via short surveys or pulse 
checks).

Measures clarity, consistency, and reach of safety 
communication.

7. �Supplier or contractor 
food safety culture 
compliance

Percentage of suppliers meeting or exceeding defined 
culture-related requirements (audits, behaviour 
standards, reporting).

Ensures that food safety culture extends 
throughout the entire supply chain, not just 
within the company.

PPE=personal protective equipment, CCP=critical control point



Food Technol. Biotechnol. 64 (1) 81–96 (2026)

91January-March 2026 | Vol. 64 | No. 1

and contextual conditions. Small producers and frontline 
workers, who often operate with limited resources and deci-
sion-making power, may therefore carry disproportionate re-
sponsibility for food safety outcomes while simultaneously 
facing economic pressures that constrain their ability to pri-
oritize safety over productivity. Genuine cultural transforma-
tion thus requires moving beyond individual-level behaviour 
change to address the structural conditions and systemic in-
equalities that fundamentally shape food safety practices 
across the system [20,23,101].

The challenge of transforming food safety culture is ulti-
mately a challenge of transforming food systems themselves: 
from compliance-focused, hierarchical structures to learn-
ing-oriented, networked ecosystems characterized by shared 
values, collective accountability, and distributed resilience. 
Only through this systemic transformation can we move be-
yond treating humans as the weakest link and recognize and 
cultivate their potential as the adaptive, intelligent founda-
tion of food safety assurance (Table 2). In doing so, we trans-
form not only how we prevent foodborne illness but also how 
we understand the agrifood chain through the relationships 
between people, organizations, technology, and the com-
plex systems that feed the world. 

Table 2 shows a set of key performance indicators (KPIs) 
that enable systematic monitoring and incremental improve-
ment of food safety culture. These indicators capture critical 
dimensions such as reporting transparency, behavioural 
compliance, leadership engagement, and the effectiveness 
of communication and training. Together, they provide or-
ganizations with quantifiable metrics that support evi-
dence-based decision-making and strengthen food-safety 
culture both internally and across the supply chain. 

CONCLUSIONS
Modern food systems are increasingly complex, glo-

balized and technologically dynamic, making food-safety 
culture a central pillar in ensuring safe food from farm to fork. 
This review, synthesizing research aligned with international 
authorities (EFSA, FAO, FDA, GFSI and WHO), demonstrates 
that contemporary food safety depends not only on techni-
cal controls but also on human behaviour, organizational val-
ues, and shared responsibility.

A consistent understanding emerges from global litera-
ture: even the most advanced HACCP-based systems can fail 
when individuals do not internalize safe practices, communi-
cate risks effectively, or operate within supportive leadership 
structures. A persistent gap between knowledge and behav-
iour remains, highlighting the critical need for continuous, 
context-adapted education and sustained leadership en-
gagement.

The multidimensional nature of food safety culture, en-
compassing attitudes, communication, risk perception, re-
source allocation, and social norms, requires systematic meas-
urement, management and improvement. Contemporary 
challenges, including globalization, supply chain complexity, 

outsourcing and e-commerce, amplify the necessity for cul-
tural alignment among all food system actors.

Building and sustaining a robust food safety culture is not 
merely best practice but a strategic imperative for 21st-cen-
tury food systems. As global megatrends intensify and food 
systems continue to evolve, sustained safety can only be 
achieved through the deliberate integration, continuous 
monitoring, and adaptive improvement of both technical 
controls and cultural dimensions at each stage of production 
and supply networks. Only through this holistic approach can 
the global food supply remain safe, resilient, and trustworthy 
for future generations. 
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