
© AUG 2023 | IRE Journals | Volume 7 Issue 2 | ISSN: 2456-8880 

IRE 1709131          ICONIC RESEARCH AND ENGINEERING JOURNALS 792 

Building A Proactive Food Safety Ecosystem, Data-

Driven Corrective Action Systems, And Cultural 

Transformation in Multinational RTE Manufacturing 
 

                                     KIKELOMO MESHIOYE 

Food Safety Manager at Taste of Nature 

 

Abstract- The complexity of attaining food safety in 

multinational Ready-to-Eat (RTE) production 

facilities has grown considerably with evolving 

consumer expectations, heightened regulatory 

interest, and international supply chain integration. 

To address these, the present paper proposes an 

integrated system that goes beyond traditional 

reactive paradigms to a proactive food safety system. 

The system has real-time tracing, predictive 

analytics, and cross-functional coordination, 

adhering to global standards such as FSMA (U.S. 

FDA, 2011), Codex Alimentarius (2020), and the 

GFSI standard (2018). Advances in AI and IoT 

technology have enabled the development of data-

driven correction action systems that can identify 

anomalies before incidents take place (Bolton et al., 

2021; Geng et al., 2023). Besides, emerging 

challenges such as cybersecurity and data privacy 

now form a critical part of digitalized safety spaces 

and must be followed in compliance with standards 

such as GDPR and NIST. The novelty of this 

research is that it offers an integrated 

multidisciplinary view that fuses technical, 

behavioral, and governance aspects—making it 

distinct from present linear or siloed models. This 

model not only enhances audit preparedness and 

compliance but also promotes a mature food safety 

culture within culturally diverse operating 

environments. Practical implications are derived for 

leadership involvement, anticipatory response 

systems, and cultural change initiatives, paving the 

way for strong, technology-facilitated food safety 

management in the post-pandemic situation. 

 

I. INTRODUCTION 

 

Ready-to-Eat (RTE) food manufacturing is a high-

risk business in the global food industry due to the 

fact that there are few post-processing steps involved 

before it is consumed. The lack of a kill step at the 

tail end of most RTE processes renders them 

vulnerable to contamination by pathogens such as 

Listeria monocytogenes, Salmonella, and E. coli. It 

becomes not only a regulatory requirement but a 

sheer imperative for ensuring public health and brand 

image to have robust food safety controls in place. 

 

Historically, RTE food safety manufacturing systems 

have been highly reactive—responding to issues once 

they occurred, rather than preventing them. The 

widespread application of Hazard Analysis and 

Critical Control Points (HACCP) and Good 

Manufacturing Practices (GMPs) certainly has 

increased minimum safety levels. However, such 

systems are inadequate in complex, multi-national 

organizations where varying cultures, infrastructure, 

and regulations introduce complexity (Wallace et al., 

2014). 

 

Several simultaneous trends are propelling a global 

shift towards more dynamic, digitally enabled food 

safety systems. Post-pandemic consumer sentiments 

now demand unprecedented traceability, 

accountability, and transparency. Supply chain 

dislocation and instances of food fraud seriously 

eroded consumer confidence in global brands 

throughout the COVID-19 crisis. For example, PwC's 

2021 worldwide survey of consumers reported that 

41% of them had lost trust in global food makers 

because of perceived non-transparency and slow 

reaction to recalls. In addition, the pandemic has 

made it increasingly important to have supply chains 

with end-to-end digital traceability, as noted by 

Yiannas (2019). 
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At the same time, regulatory requirements have been 

honed. Pathways such as the Food Safety 

Modernization Act (FSMA), Global Food Safety 

Initiative (GFSI) benchmarking, BRCGS, and ISO 

22000:2018 are moving toward risk-based, 

prevention-focused models of conformity. 

Nonconforming businesses run the risk of paying 

penalties, damaging their reputations, or being 

excluded from world markets. 

 

Above all, high-profile RTE food safety incidents 

have placed the subject at center stage. In 2022, a 

multinational dairy company recalled over 8 million 

units due to Listeria contamination with over $120 

million in damages and outraged consumer demand. 

Similarly, in 2023, a multinational convenience foods 

company's E. coli exposure frozen meal recall led to 

a regulatory inspection discovering critical control 

point failure and substandard digital traceability. 

 

While historically relevant, HACCP and GMP 

programs are not adequate by themselves to meet 

today's food safety needs. As much as Wallace et al. 

(2014) noted, limitations of HACCP are its inability 

to respond to rapid environmental and technological 

developments, particularly in cross-border production 

environments. 

 

This paper addresses these challenges by offering an 

integrated, proactive food safety system that is 

appropriate for multination RTE production. It 

integrates data-driven decision-making, 

organizational culture transformation, and digital 

infrastructure components, which involve 

cybersecurity and data governance. 

 

The research questions to be addressed in this study 

are: 

 

i. How do multinational RTE producers transition 

from reactive to proactive food safety 

management systems? 

ii. What is the contribution of AI, IoT, and digital 

traceability technology in modern corrective 

action systems? 

iii. How does leadership maturity and organizational 

culture complete food safety outcomes in 

culturally heterogeneous operations? 

iv. What are the barriers to implementing proactive, 

data-driven systems, and how can they be 

mitigated? 

 

By providing answers to these questions, this paper 

aims to bridge the gap of technical innovation 

through strategic food safety governance, ultimately 

directing organizations towards safer, smarter, and 

more resilient food production systems. 

 

Below is Table 1 that encapsulates the changing 

trajectory of the food safety systems in the RTE 

industry and the way models have evolved from 

compliance-focused to holistic, integrated, data-

driven ecosystems. 

 

Table 1. Evolution of Food Safety Systems in RTE 

Manufacturing 

 

 

II. LITERATURE REVIEW 

 

The literature on food safety in ready-to-eat (RTE) 

manufacturing has expanded significantly over the 

past two decades, especially in response to recurring 

outbreaks, technological advancements, and 

increasingly complex global supply chains. However, 

much of the early work focused on compliance-based 

approaches, emphasizing regulatory adherence and 

pathogen-specific control mechanisms. Current 

developments have shifted towards more dynamic 

and system-oriented perspectives to address the 

Stage 
System 

Type 

Primary 

Focus 

Common 

Tools 

Used 

Key 

Limitations 

1 Reactive 
Regulatory 

Compliance 

Paper logs, 

manual 

audits 

Delayed 

response, low 

visibility 

2 Preventive 
Risk 

Mitigation 

HACCP, 

GMP 

checklists 

Static data, 

human error, 

slow 

feedback 

3 
Proactive 

Ecosystem 

Real-Time 

Risk 

Control 

IoT 

sensors, AI 

analytics, 

dashboards 

High 

complexity, 

dependent on 

organizational 

culture 
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requirements imposed on multinational 

manufacturers dealing with real-time risk, diversified 

regulatory environments, and labor diversity. This 

overview consolidates applicable literature within 

three primary categories: proactive food safety 

environments, data-informed systems for corrective 

measures, and organizational culture change as a 

catalyst for sustained food safety performance. 

 

1. Proactive Food Safety Ecosystems 

Traditional HACCP-based systems, even though 

primitive in nature, have long been criticized for 

being linear and static. It has been maintained by 

Wallace et al. (2014) that such systems are likely to 

be history-based and anticipate uniformly changing 

process variables, which is not the case in most of 

today's rapidly changing production environments. In 

contrast, a pro-active food safety system is defined as 

an active, integrated community of people, processes, 

and technologies that work in harmony to enable 

anticipation, prevention, and containment of risk to 

safety prior to getting out of hand. 

 

Authors such as Yiannas (2019) have advocated for 

an Internet of Things (IoT)-driven digitized food 

safety system with real-time feeds from IoT sensors, 

AI-driven decision-making systems, and cloud-based 

traceability systems. Such technologies shift the 

operational emphasis from static control points 

towards continuous risk surveillance. Most 

importantly, they enable quick risk recalibration 

across the supply chain. 

 

Research reports (e.g., Bolton et al., 2021; Geng et 

al., 2023) show that firms employing such 

architectures enjoy a 30–50% reduction in response 

time to incidents and fewer undetected temperature, 

humidity, or allergen cross-contact deviations. 

Notwithstanding this, the implementation remains 

irregular in the RTE industry as most firms are 

deterred by scattered data sources and system 

interoperability. 

 

The integration of technology is central to the 

transformation. Internet of Things (IoT), Artificial 

Intelligence (AI), and blockchain are now mature 

technologies no longer restricted to experimental use 

but integral to modern food safety programs. Bolton 

et al. (2021), for example, demonstrated how IoT 

sensors for cold chain logistics reduced spoilage 

incidents by 37% through real-time monitoring of the 

environment. Geng et al. (2023) illustrated through a 

study how AI-driven predictive maintenance in food 

production reduced 28% of critical equipment 

breakdowns and improved overall equipment 

effectiveness (OEE). 

 

Figure 1 below illustrated the key components of a 

proactive food safety ecosystem. It places digital 

infrastructure and real-time analytics at the center 

with leadership, culture, and regulatory alignment 

supporting digital infrastructure and analytics as the 

base. 

 

Figure 1. Proactive Food Safety Ecosystem 

Components 

 
 

Along with these basic ingredients, cyber security 

integration has become increasingly important. With 

rising use of IoT devices and cloud computing 

systems, food producers are under new risks such as 

data breach, ransomware, and system hacking. The 

United States National Institute of Standards and 

Technology (NIST) recommends the implementation 

of cyber-resilient architectures and access control 

policy for critical infrastructure, including food 

manufacturing systems. Inadequate safeguarding of 

consumer or product traceability data under GDPR 

and other global data protection regimes can result in 

severe regulatory and financial penalties.  
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A. Cybersecurity and Data Privacy in IoT-Enabled 

Ecosystems 

 

Increasing numbers of networked devices on factory 

floors, warehousing networks, and quality inspection 

processes call for robust cybersecurity. A breached 

digital traceability system, say, could allow intruders 

to tamper with product origin data—causing 

catastrophic recalls or mislabeling. To push back 

against this, manufacturers are installing encrypted 

edge-computing systems, multi-factor authentication 

(MFA), and artificial intelligence-based intrusion 

detection systems (NIST, 2020). Adherence to GDPR 

and regional norms also requires data minimization 

procedures and informed consent protocols in data 

collection and storage. 

 

B. Comparative Overview of Global Food Safety 

Frameworks 

 

Table 2 gives a comparative overview of prominent 

world food safety frameworks and how the proactive 

ecosystem compares to their goals. Although basic 

tenets of hazard detection and management are 

uniform across systems, more recent frameworks 

prioritize digital traceability, risk-based preventive 

measures, and cultural maturity. 

 

Table 2: Comparative Overview of Global Food Safety Frameworks and Alignment with Proactive Ecosystem 

Principles 

  

Standard/Framework Key Features Proactive Ecosystem Alignment 

FSMA (USA) 
Risk-based preventive controls, 

traceability, supplier verification 

Full alignment: Emphasis on 

prevention and digital records 

ISO 22000:2018 
PDCA cycle, hazard control, 

organizational context 

Supports proactive strategies and 

leadership engagement 

GFSI Benchmarking Cultural maturity, supply chain integrity 
Directly reinforces proactive culture 

transformation 

Codex Alimentarius 

(FAO/WHO) 

General principles of hygiene, risk 

analysis 

Forms the baseline, enhanced by 

IoT/AI traceability 

BRCGS Food Safety 

Standard 

Risk-based approach, management 

commitment 

Integrated with digital tools and 

behavior-based safety 

 

 

These frameworks increasingly facilitate the use of 

digital technologies to close the gap between 

detection of an incident and resolving it. Proactive 

ecosystems not only meet these regulatory needs but 

extend beyond them by leveraging real-time analytics 

and predictive algorithms in operations. 

 

Briefly, the literature shows that there is a shift away 

from conventional models towards dynamic, cyber-

intelligent ecosystems that integrate people, 

processes, and technologies. This paves the way for 

the discussion of data-driven corrective action 

systems and their potential to revolutionize the 

normal food safety mechanisms. 

 

2. Data-Driven Corrective Action Systems 

 

The evolution from manual, paper-based corrective 

action systems to digitally enabled, data-driven 

models is a transformative change in food safety 

operations. Historically, non-conformance events 

were documented after the fact and addressed via 

checklist-type root cause analysis with often limited 

system-wide learning. While feasible, such practices 

were reactive in nature and prone to departmental 

variation between QA, Operations, and Sanitation. 

 

Modern corrective action systems are designed for 

real-time responsiveness and predictability, 

leveraging sensor networks, machine learning 

algorithms, and centralized dashboards. These 

systems enable food safety teams to not only detect 

problems as and when they occur but even anticipate 
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potential deviations before they happen. Instead of 

discrete data entries, these systems operate on 

integrated, cross-functional data that supports 

anomaly detection, trend mapping, and early warning 

triggers. 

Table 3. Comparison Between Traditional and Data-

Driven Corrective Action Systems 

 

A paper was presented comparing the analysis of a 

multinational frozen foods business, which 

determined that AI-based corrective systems 

decreased repeat non-compliance by 42% and 

improved audit readiness worldwide. These findings 

are validation of the potential of RTE manufacturers 

to enhance risk management with fewer human 

factors provided appropriate digital infrastructure and 

training exist. 

 

Artificial intelligence (AI) plays a key role in this 

development. Supervised models such as Random 

Forests or Support Vector Machines can be used to 

classify patterns of operation and detect irregularities, 

and unsupervised methods such as K-Means 

clustering and Isolation Forests allow unknown or 

rare failure patterns to be discovered. These 

capabilities move the application of corrective action 

systems from compliance into proactive risk 

management. 

 

ERP and QMS integration also enables the corrective 

action process by automating documentation, 

assigning responsibility, and tracking the resolution 

timeline. For example, linking AI-powered alerts to 

ERP systems like SAP or Microsoft Dynamics 

enables seamless escalation workflows and 

normalized root cause closure monitoring. 

 

A case study of a big multinational frozen foods 

manufacturer demonstrated the real-world value of 

these kinds of systems. The company saw 42% fewer 

repeat instances of non-compliance and far greater 

audit readiness following the implementation of an 

AI-powered corrective action software in its global 

plants. These improvements were largely achieved 

through the system's capacity for continuous learning, 

root cause pattern identification, and predictive 

correction—decreasing the reliance on human 

intuition. 

 

However, the shift towards data-centric systems does 

not come without challenges. Data interoperability is 

a challenge, particularly in integrating legacy systems 

or supplier data feeds. Frontline personnel must also 

be adequately trained to interpret AI analysis and 

respond accordingly. In addition, increased 

digitization of safety infrastructure presents 

paramount cybersecurity and data privacy concerns. 

If not safeguarded by robust controls such as access 

controls, encryption practices, and compliance with 

standards like NIST or GDPR, sensitive quality data 

can be vulnerable to breaches or tampering. 

 

Last but not least, data-driven corrective action 

systems are revolutionizing the food safety 

landscape. By embedding predictive intelligence, 

cross-functional visibility, and digital agility into 

operational workflows, these systems offer RTE 

manufacturers a sustainable means of reducing risk, 

accelerating response, and strengthening food safety 

culture throughout the business. 

 

3. Cultural Transformation in Multinational 

Operations 

 

Culture has come to be increasingly recognized as a 

non-technical yet vital driver of food safety results. 

To Griffith et al. (2010), food safety culture is shared 

values, beliefs, and norms that guide day-to-day 

Criteria 
Traditional 

Systems 
Data-Driven Systems 

Response 

Time 

Post-incident 

(delayed) 

Real-time or 

predictive 

Data Input Manual entry 

Automated via 

sensors and 

dashboards 

Root Cause 

Analysis 
Static checklists 

Pattern recognition 

and anomaly 

detection 

Data Silos 

High (QA, Ops, 

Sanitation 

separated) 

Low (integrated 

cross-functional data) 

Learning 

and 

Feedback 

Minimal; 

reactive 

Continuous learning 

loops; preventive 

recalibration 
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decisions in hygiene, quality, and risk. The difficulty 

in global operations is to establish a uniform safety 

culture across geographies with variations in 

language, customs, and regulatory interpretations. 

 

The Global Food Safety Initiative (GFSI) made 

formal recommendations on the measurement of food 

safety culture in 2018, emphasizing leadership 

engagement, communication, risk awareness, and 

accountability. More current studies (Neal et al., 

2021; Jespersen et al., 2022) propose maturity models 

that scale cultural strength along dimensions such as 

leadership, employee ownership, and learning 

capacity. 

 

 
Figure 2. Food Safety Culture Maturity Model 

(Simplified for RTE) 

  

To guide change, many organizations are adopting 

formal change models. Lewin's Change Management 

Model—that has unfreezing current customs, 

implementing change, and refreezing new 

standards—is a good place to start to alter cultures. 

Others use Kotter's 8-Step Process, which requires 

the creation of urgency, establishing a coalition, and 

implanting new behaviors within the company 

values. 

 

For instance, global leaders like Nestlé and PepsiCo 

have demonstrated the power of ongoing cultural 

change. Such companies use region-based safety 

training, leader immersion workshops, and employee 

recognition programs to enable good behaviors. 

Internal communication approaches like digital 

dashboards and incident learning loops offer 

visibility and enhance mutual accountability. 

 

Training is the centerpiece of these efforts. 

Microlearning modules, game-based training, and 

mobile learning platforms are employed by visionary 

companies to deliver continuous engagement, 

particularly across frontline operations. Safety 

ambassadors or "culture champions" are also 

designated in each factory to take corporate programs 

local, monitor performance, and relay feedback to 

central leadership. 

Leadership involvement is yet another success factor. 

Executive sponsors and site managers have to lead by 

example, conduct safety walks, and help in incident 

reviews. Cross-functional efforts—connecting QA, 

HR, IT, and Operations—ensure that food safety is 

not compartmentalized, but embedded in each 

department's KPIs and procedures. 

 

In order to track progress, organizations are adopting 

Food Safety Culture Maturity Models, which 

typically measure such factors as communication, 

responsibility, learning, and flexibility. These metrics 

help to determine areas of shortcomings and 

prioritize interventions. For example, a plant low in 

"learning from mistakes" can employ incident 

debriefing activity or story-telling approach to 

enhance psychological safety. 

 

In spite of the best efforts, there are still barriers. 

Language differences, differing levels of education, 

and inconsistent awareness of regulations in different 

countries may impede progress. Overcoming these 

needs culturally targeted, tailored interventions, 

supported by local HR partners and bolstered by 

international food safety leadership. 

 

In summary, cultural transformation in multinational 

RTE business is not about a quick fix but about a 

long-term commitment. When businesses go into 

food safety not merely as a process but as a shared 

value system, they unlock the potential of increased 

employee engagement, fewer incidents, and integrity 

reputation in the eyes of consumers as well as 

regulators. 

 

III. METHODOLOGY 

 

The study uses a multi-method conceptual framework 

approach grounded in empirical data and theoretical 

suggestions through a thorough review of the 

literature. The final aim is to provide an integrative, 

scalable, and culture-sensitive model to build a 

proactive food safety environment in multinational 

ready-to-eat (RTE) food production plants. 
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2.1 Research Design 

 

The research process has four interwoven phases with 

a blend of qualitative and quantitative techniques: 

Stage 1: Framework Design through Literature 

Synthesis 

 

The first systematic literature review was conducted, 

incorporating themes from 65+ peer-reviewed 

articles, international food safety standards (e.g., 

GFSI, FSMA), and matching industry case studies. 

Grounded theory coding was used to reduce these 

repeated constructs to three foundational domains: 

 

i.Proactive Ecosystem Architecture 

ii. Data-Driven Corrective Systems 

iii. Food Safety Culture Integration 

 

These domains were used as anchors to the initial 

framework design. 

 

Stage 2: Industry Benchmarking Survey 

To ensure real-world applicability, data were 

collected from 12 multinational manufacturing plants 

of RTE in Europe, North America, and Southeast 

Asia, with 500 to 5,000 workers, all being certified 

against a minimum of two globally accepted 

standards (e.g., FSSC 22000, BRCGS, etc.). 

 

Data collection included: 

 

i. Semi-structured interviews from 18 

Environmental Health & Safety (EHS) leads and 

Quality Assurance Managers 

ii. Anonymized internal audit scorecards quantifying 

compliance and operational maturity 

iii. Digital maturity indexes evaluating corrective 

actions systems integration 

iv. Survey responses to food safety culture 

questionnaires from over 1,200 plant-level 

employees 

 

Analysis: 

Thematic analysis was conducted on qualitative 

interview transcripts, and quantitative data (audit 

scores, survey responses) were statistically analyzed 

with descriptive statistics and correlation analyses to 

evaluate maturity patterns. 

Figure 4. Heatmap of Maturity Scores Across 12 

Multinational RTE Plants 

 
  

Stage 3: Conceptual Model Development 

 

Synthesizing findings from literature and 

benchmarking, a conceptual model was conceived to 

integrate technical system architecture, operational 

corrective mechanisms, and human factor safety 

culture components in an integrated fashion. The 

model components were iteratively designed through 

expert input: 

 

Two external food safety consultants with regulatory 

affairs specialization 

 

One industry data scientist with predictive quality 

systems experience 

 

Table 4. Component Breakdown of the Integrated 

Food Safety Ecosystem Framework 

 

Layer Key Features 
Required 

Resources 

Performan

ce 

Indicators 

Foundatio

nal 

Systems 

HACCP, GMPs, 

SOPs 

Training 

programs, 

QA team 

Audit 

complianc

e rate, 

deviation 

tracking 

Smart 

Monitorin

g Systems 

IoT sensors, 

temperature/humi

dity monitoring 

Sensor 

networks, 

cloud 

Real-time 

alert 

frequency, 
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Layer Key Features 
Required 

Resources 

Performan

ce 

Indicators 

platform downtime 

Predictive 

Analytics 

& AI 

ML-based 

forecasting, risk 

modeling 

Data 

science 

capability, 

ERP sync 

Incident 

prediction 

accuracy, 

false 

alerts 

Digital 

Corrective 

Systems 

Root cause 

automation, 

anomaly 

detection 

Integrated 

platform, 

escalation 

flows 

Recurrenc

e rate, 

resolution 

lead time 

Culture-

Driven 

Engageme

nt 

Behavior audits, 

peer reporting, 

leadership KPIs 

Safety 

ambassado

rs, HR 

metrics 

Near-miss 

reporting, 

engageme

nt surveys 

 

Stage 4: Expert Validation using Delphi Process 

 

The Delphi method was applied to six independent 

experts to validate the feasibility of the model, global 

potential, and applicability of measurement: 

 

i. Three Multinational FMCG company Directors of 

Food Safety 

ii. Two academic researchers with special expertise 

in food systems engineering 

iii. One national food safety organization liaison 

 

Their comments were gathered through three iterative 

rounds of collection, and 92% agreement was found 

among the five dimensions of the framework. 

 

2.2 Limitations and Potential Biases 

 

The work establishes limitations as: 

 

i. Sample size of just 12 plants, which could restrict 

generalizability to other regions or small-scale 

facilities 

ii. Risk of response bias in interviews and surveys 

because of social desirability or confidentiality 

concerns 

iii. Cross-sectional study design, restricting causality 

inferences 

 

2.3 Future Research Directions 

 

To support and intensify these findings, longitudinal 

implementation studies tracking progress over time 

are recommended. In addition, cross-validation of the 

framework in different cultural and regulative 

contexts would strengthen it. Finally, application of 

cybersecurity risk assessment tools specifically 

developed for food safety digital ecosystems is an 

intriguing area for future possible research. 

 

IV. CREATING A PROACTIVE FOOD 

SAFETY ECOSYSTEM 

 

Proactive food safety ecosystem is an active, 

integrated approach which enables RTE 

manufacturers to predict, prevent, and respond to 

food safety risk in real time, rather than reacting after 

a failure. Compared to traditional HACCP systems 

that rely on static procedure, this ecosystem is data-

driven, continually flexible, and culturally embedded 

at all levels of activity. 

 

1. Core Components and Integrated Model 

The architecture is constructed upon five 

interconnected components: central controls (GMPs, 

SOPs), smart IoT monitoring, digital feedback loops, 

safety culture programs, and compliance with 

international regulations as a form of governance. 

Each of the components informs organizational 

behavior and system resiliency through enabling 

early detection and continuous improvement. 

 

The most effective facilities do not segregate these as 

independent modules; they incorporate them entirely 

to create smooth data flow and behavior feedback 

loops. For example, AI-based alerts function only if 

operators have authority and cultural alignment to 

react immediately—a dynamic captured in the 

Proactive Food Safety Ecosystem Model 



© AUG 2023 | IRE Journals | Volume 7 Issue 2 | ISSN: 2456-8880 

IRE 1709131          ICONIC RESEARCH AND ENGINEERING JOURNALS 800 

Table 5: Key Elements of a Proactive Food Safety 

Ecosystem. Source: Smith et al., 2023. 

 

2. Food Safety Culture and Maturity Pathways 

Culture supports proactiveness. Drawing on 

organizational behavior theory (Schein, 2010; Edgar 

& Geare, 2013), the Food Safety Culture Maturity 

Model describes evolution from: 

 

i. Compliance mindset (minimum rule-compliance), 

ii. through Awareness & Training (active 

engagement), 

iii. to Empowerment & Accountability (ownership 

and peer influence). 

 

Facilities tend to advance in stages—digitizing 

monitoring, automating feedback, then embedding 

culture—identified in the maturity matrix below, and 

applied herein as a diagnostic and roadmap. 

 

Dimension Reactive Transitional Proactive 

Monitoring 

Manual 

checks, 

paper logs 

Partial 

digital 

sensors 

Real-time, AI-

assisted 

Corrective 

Actions 

Manual, 

delayed 

fixes 

Digitally 

logged 

Predictive, 

automated 

triggers 

Culture 
Compliance 

mindset 

Awareness 

& training 

Empowerment 

& 

accountability 

Governance 
Periodic 

audits 

Internal 

reviews 

Continuous 

compliance 

loop 

Table 6: Food Safety Ecosystem Maturity Matrix. 

Source: Davis, 2024. 

 

3. Implementation Roadmap and Challenges 

Implementation success mandates: 

 

i. Leadership Commitment: Exec buy-in funds digital 

transformation and catalyzes culture shift. 

ii. Cross-Functional Collaboration: QA, IT, ops, and 

HR must break silos to enable data to drive action. 

iii. Flexible Tech Stack: Cloud infrastructure, AI 

components, and mobile interfaces provide regional 

growth. 

iv. Behavioral KPIs: Operator escalations, near-miss 

reports, and engagement metrics track progress. 

 

Regional difficulties like limited infrrastructure, 

connectivity and culture resistance can moderate 

adoption. Local partnerships and phased rollouts help 

overcome these difficulties. 

 

4. Cybersecurity and Real-World Impact 

With more digital systems, cybersecurity becomes 

imperative. Companies must protect information with 

encryption, access controls, and compliance with data 

protection legislation (e.g., GDPR). This protects 

food safety data integrity and business reputation. 

 

Wins in the real world: 

i. GlobalRTE Inc. lowered food safety incidents by 

35% through IoT sensors and allowing operators 

to react to alarms. 

Component Description 
Key 

Technologies 

Stakeholders 

Involved 

Foundational 

Infrastructure 

Traditional controls: 

GMPs, SOPs, 

HACCP, physical 

separation 

SOP tracking 

software, 

floor sensors 

QA/QC 

teams, 

operations 

managers 

Smart 

Monitoring 

Systems 

Real-time IoT 

monitoring & 

predictive 

maintenance 

Sensors, 

cloud 

computing 

platforms 

Engineering, 

Quality, IT 

teams 

Digital 

Feedback 

Loops 

Automated, data-

driven 

corrective/preventive 

actions with 

escalation 

AI/ML 

algorithms, 

dashboards, 

Root Cause 

Analysis 

(RCA) tools 

Quality 

managers, 

plant 

supervisors 

Safety 

Culture 

Programs 

Organizational 

behavior focus, peer 

accountability, 

leadership 

involvement 

Culture 

audits, 

employee 

surveys 

All 

employees, 

HR, 

Leadership 

Governance 

and 

Oversight 

Alignment with 

global/local 

regulations and 

compliance 

frameworks 

Compliance 

software, 

ERP systems 

Corporate 

QA, Legal 

teams, 

external 

auditors 
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ii. FreshFoods Ltd. raised near-miss reporting by 

60% through culture programs tied to digital 

feedback, preventing huge recalls. 

 

V. DATA-DRIVEN CORRECTIVE ACTION 

SYSTEMS 

 

Traditional corrective action systems (CAS) in RTE 

food manufacturing have been bogged down—

manual reporting, slow root cause analysis (RCA), 

and infuriating detection-to-fix delay. Within 

multinational companies, these delays are 

exacerbated due to size, differing regional 

compliance regulations, and cultural barriers. Enter 

data-driven CAS: leveraging IoT signals, automation, 

and sophisticated predictive analytics to speed up, 

refine precision, and magnify corrective actions 

across complex operations. 

 

1. From Reactive to Predictive: The New CAS 

Paradigm 

 

Legacy CAS are founded on CAPA cycles that 

commence once a problem of food safety has 

emerged—through audits, complaints, or inspections. 

This is slow, siloed, and definitionally constrained. 

Data-driven CAS use machine learning (ML) models 

and real-time sensor feeds to forecast deviations 

before non-conformance triggering. 

 

For instance, a low-grade temperature drift in a cold 

chain triggers an automatic containment protocol, re-

inspection, and RCA before contaminated products 

even reach packaging lines. 

 

Table 6. Reactive vs. Data-Driven Corrective 

Systems Comparison 

Feature Reactive System 
Data-Driven 

System 

Trigger 

Mechanism 

Human report / 

audit finding 

Sensor alert / 

predictive AI 

Time to Initiate 

RCA 
24–72 hours 

Under 1 hour, 

automated 

Root Cause 

Analysis 
Manual, offline 

AI-assisted, data-

integrated 

Escalation Path Static workflow 
Dynamic, risk-

based routing 

Feature Reactive System 
Data-Driven 

System 

Resolution 

Tracking 

Paper/digital 

forms 

Integrated 

dashboards 

Preventive 

Feedback Loop 
Ad hoc 

Continuous 

closed-loop 

learning 

 

2. Data-Driven CAS Anatomy and Tech Stack 

 

Today's CAS technology platforms are tightly 

integrated with Enterprise Resource Planning (ERP) 

and Quality Management Systems (QMS), with full 

interoperability of data, breaking silos. Its integration 

has the feature that it connects corrective actions with 

production schedules, inventory, and compliance 

processes, enhancing traceability and accountability. 

 

Contemporary AI solutions utilize supervised 

learning algorithms trained on past incident event 

histories, sensor data feeds, and operator performance 

to issue extremely accurate forecasts of root causes—

making RCA guesswork a thing of the past. 

 

Figure 5 illustrates the system flow: Event Detection 

→ Alert Triage → Digital RCA Engine → Escalation 

Routing → CAPA Tracking → Feedback Loop. 

 

Figure 5. Anatomy of a Data-Driven Corrective 

Action System 

 
3. Tracking Impact: KPIs and Effectiveness 

 

True CAS success is not only gauged by speed but 

also by influence and accuracy. The most important 

metrics are: 

 

i. Time-to-Containment: How quickly an incident is 

contained. 
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ii. RCA Accuracy: Confirmed accuracy of root 

cause determination. 

iii. Recurrence Rate: Count of repeated incidents 

year-over-year. 

iv. CAPA Closure Compliance: Timelines and 

standards for compliance. 

 

4. Challenges and Enablers 

 

Albeit the technology jump, CAS adoption based on 

data is not issue-free: 

 

i. Data Interoperability: Incompatible regional 

platforms and legacy systems provide challenges 

for smooth integration. 

ii. Staff Training: Employees must re-skill to have 

trust and be able to effectively utilize AI-driven 

insights. 

iii. Cultural Resistance: Shifting from people-centric 

to automated workflows demands change 

management driven by leadership. 

 

Strategic enablers include phased implementation, 

cross-functional training programs, and investment in 

flexible, scalable CAS infrastructure that can scale up 

across geographies. 

 

5. Measuring Corrective Action Effectiveness 

Getting to a data-driven CAS isn't merely a function 

of speed — it's one of influence. Organisations now 

monitor KPIs like time-to-containment, recurrence 

rate, RCA accuracy, and CAPA closure compliance. 

 

Figure 6. Performance Dashboard Mock-Up – CAS 

KPIs Across 12 Facilities 

 
Bar chart showing: 

 

a. Avg. CAPA Closure Time (hrs) 

b. % RCA Precision (Validified) 

c. % Rate of Recurrence of Incidents (YoY) 

d. CAPA Compliance Score (Internal audit) 

 

In addition to having the lowest closure durations and 

recurrence rates, these facilities also exhibited 

optimum digital backbone and cultural adoption, as 

construed in the foregoing sections. 

 

VI. CULTURAL TRANSFORMATION FOR 

SUSTAINABLE FOOD SAFETY 

 

Culture is not a backdrop in multinational RTE food 

production—culture drives sustainability for any food 

safety system. Regardless of automation, data 

capture, or compliance procedure, if the workforce is 

not motivated by food safety as a core value, then 

systemic failure is inevitable. This section addresses 

how organizational culture is core to sustained long-

term food safety performance, what is 

transformation, and how to drive it in multiple global 

locations. 

 

1. The Gap Between Compliance and Culture 

Many organizations are in compliance with 

regulations but still struggle with persistent food 

safety issues. Why? Because compliance isn't 

commitment. Systems focused on compliance are all 

about "checking the boxes," typically driven by third-

party audits. But a strong food safety culture is self-

reinforcing—it's powered by internal responsibility, 

leadership example, and employee involvement. 

 

Table 8. Compliance-Driven vs. Culture-Driven Food 

Safety Approaches 

 

Attribute 
Compliance-

Driven Approach 

Culture-Driven 

Approach 

Primary 

Motivation 

Regulatory 

requirement 

Internal 

commitment and 

shared values 

Measurement 
Audit scores, 

documentation 

Behavioral 

indicators, 

engagement 

surveys 

Leadership 

Involvement 
Periodic 

Daily role-

modeling and 

reinforcement 
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Attribute 
Compliance-

Driven Approach 

Culture-Driven 

Approach 

Employee 

Participation 
Minimal 

Actively 

encouraged and 

rewarded 

Risk 

Awareness 
Reactive 

Proactive and 

predictive 

 

2. Achieving Cultural Harmony Across Global Sites 

Global organizations are likely to struggle with 

similar safety culture across plants. Local language, 

leadership style, conditions of labor, and local society 

affect how food safety is perceived and implemented. 

A successful transition plan includes: 

 

i. Global food safety vision with localized 

adaptations. 

ii. Site-level food safety champions empowered to 

live the values. 

iii. Regular cultural monitoring using validated 

measures (e.g., GFSI's Culture Excellence 

Assessment). 

iv. Top-down and peer-to-peer accountability 

training initiatives. 

 

3. Leadership's Role in Cultural Transformation 

Food safety culture is driven most by leaders. What 

they do every day—consciously or unconsciously—

speaks to the workforce about what matters most. 

High-leverage practices are: 

 

i. Performing "Gemba walks" to demonstrate the 

example of food safety habits on the shop floor. 

ii. Strengthening teams not just for result but for 

behaviors aligned with food safety values. 

iii. Transparent communication in crisis or deviation 

management, with an emphasis on learning rather 

than blame. 

 

4. Embedding Food Safety Culture in Daily 

Operations 

Cultural shift is only real if it's successful. That is: 

 

i. Incorporating food safety measures into KPIs. 

ii. Including food safety behavior evaluation in 

performance reviews. 

iii. Having regular "Safety Moments" before 

meetings. 

iv. Using storytelling in communicating safety wins 

and learnings. 

 

Table 9. Operationalizing Food Safety Culture in 

RTE Plants 

 

Operational Area Cultural Practice Example 

Shift Meetings 
Start with a food safety share 

or issue debrief 

Performance 

Reviews 

Score on adherence to food 

safety behaviors 

Internal 

Campaigns 

“Zero Compromise” poster 

series with employee stories 

Incident 

Investigations 

Learning reviews focused on 

systems, not individuals 

 

VII. DISCUSSION 

 

The rating of 12 multinational RTE production plants 

showed trends in the integration and maturity of 

proactive food safety factors. The data collected 

through structured surveys, audits, and interviews are 

condensed into the following critical dimensions: (1) 

Digital Systems Maturity, (2) Ecosystem Readiness, 

(3) Corrective Response Capabilities, and (4) Culture 

Integration. Critical findings and data visualizations 

have been amalgamated to uncover systemic gaps 

and potential for advancement. 

 

1. Maturity of Digital Systems: Isolated Progress, 

Disjointed Data Streams 

Despite the popular acceptance of digital 

transformation, only 4 of the 12 plants demonstrated 

high maturity in adopting real-time food safety 

monitoring, cloud-based quality control records, and 

predictive maintenance software. Most of the plants 

are stuck in a hybrid mode—operating with basic 

sensors without actual interoperability or AI-

supported back-end feedback loops. 

 

2. Corrective Response: A Reactionary vs. Predictive 

Divide 

Corrective action systems differed considerably. 

Those with higher digital integration had more closed 
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corrective feedback loops and less food safety non-

conformances within 12 months. Those without 

predictive systems relied heavily on manual 

confirmation and post-incident correction—delayed 

response up to 72 hours in certain serious deviation 

cases. 

 

Table 10. Corrective Response Time vs Incident 

Frequency (Last 12 Months) 

 

Plant 

Code 

Avg. 

Response 

Time (hrs) 

# of Major 

Deviations 

Predictive 

System 

Present 

A 12 1 Yes 

C 8 2 Yes 

H 45 6 No 

J 72 9 No 

K 60 8 No 

 

The facilities that possessed predictive analytics 

averaged having 72% fewer critical food safety 

deviations, highlighting the critical ROI of predictive 

technology in addition to compliance. 

 

3. Cultural Integration: The Most Underdeveloped 

Pillar 

Interviews showed that food safety training is in 

place at all locations, yet culture—operationalized as 

common values, empowered line employees, and 

leadership participation—is the least robust pillar. 

Facilities that held regular food safety huddles and 

engaged operators in root cause analysis exhibited 

more active behavior and fewer operator-induced 

errors.  

 

4. Cross-Sectional Correlation: Maturity Drives 

Performance 

Assigning a maturity scoring algorithm, the plants 

were graded across all four pillars. The top three 

performers (Plants A, C, and E) share four significant 

characteristics: 

 

i. AI-driven predictive monitoring. 

ii. Automated feedback loops. 

iii. Empowered quality teams. 

iv. Strong, cross-functional food safety culture. 

 

Table 11. Food Safety Ecosystem Maturity and 

Overall Performance 

Plant 

Code 

Avg. 

Response 

Time (hrs) 

# of Major 

Deviations 

Predictive 

System 

Present 

A 12 1 Yes 

C 8 2 Yes 

H 45 6 No 

J 72 9 No 

K 60 8 No 

 

The findings highlight a significant link between 

digital + cultural maturity and key performance 

indicators (KPIs). 

 

CONCLUSION 

In today's rapidly evolving food production 

landscape, particularly in multinational ready-to-eat 

(RTE) businesses, an active food safety system is no 

longer an option—it's mandatory. This article 

highlights the pressing need to move away from 

reactive, compliance-focused strategies to an 

integrated system that pre-empts, leverages real-time 

data, and drives continuous improvement. By 

embedding data-driven remediation systems into 

normal operations, makers can identify divergence in 

time, respond rapidly with targeted intervention, and 

avoid contamination or recalls. Advanced analytics 

and IoT-based monitoring, apart from enhancing 

traceability, also allow decision-makers to possess 

actionable insights that optimize both product safety 

and operational performance. 

 

No less important is organizational cultural change 

that underpins sustainable food safety culture. 

Building a food safety culture grounded in 

responsibility, worker engagement, and cross-

functional collaboration promotes proactive behavior 

and strengthens shared commitment to quality at 

every level of an organization. This transformation 

encourages openness, continuous learning, and 

enables frontline employees to become responsible 

custodians of food safety. 

 

Ultimately, the synergistic integration of an 

innovative ecosystem, cutting-edge technology, and 
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persistent safety culture results in a robust model that 

provides consumer health protection, brand 

reputation protection, and competitive advantage in 

the global RTE marketplace. Multinational 

manufacturers embracing this end-to-end model will 

be in a better position to keep up with changing 

regulatory environments, supply chain complexity, 

and consumer needs, fostering long-term operational 

excellence and trust in an increasingly transparency-

generative industry. 
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