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Abstract:  

In an increasingly complex and globalized food supply chain, the need for robust traceability and 

transparency mechanisms has become paramount. Artificial Intelligence (AI) and Optical Character 

Recognition (OCR)-based label verification systems are emerging as transformative technologies capable 

of revolutionizing food safety and traceability. This paper investigates how these digital solutions 

contribute to improving operational efficiency, reducing human error, and ensuring regulatory compliance 

in food production and distribution systems. Central to the discussion is the Produce Traceability Initiative 

(PTI), a voluntary framework widely adopted in the United States, which promotes standardized practices 

for identifying and tracking produce across the supply chain. Furthermore, the study explores the 

integration of advanced computer vision tools such as Garland Verify Edge, which enables real-time 

inspection, RFID tracking, and blockchain integration to document and validate product information 

throughout the logistics chain. By comparing traditional manual inspection methods with AI-powered 

systems, the research underscores the potential of digital technologies to optimize traceability, support 

rapid recalls, and minimize food waste. The findings present a compelling case for widespread 

implementation of AI and OCR technologies in enhancing food safety and reinforcing consumer trust.  
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1. INTRODUCTION  

Throughout the past decades, the complexity within food supply chains experienced significant expansion 

because of globalization, consumer needs and regulatory requirements. Standard food traceability 

requirements are now vital for public health and logistical needs because modern foods cross dozens of 

intermediary service providers between their origin point and retail stores. Food safety incidents that 

receive international media coverage have resulted in a widespread agreement between public authorities, 

industry parties, and food consumers about modernizing traceability systems through technology-driven 

infrastructure (Tian, 2017). The traceability of food products throughout the whole supply chain can be 

automated with security through a combination of artificial intelligence and optical character recognition-

based label verification systems.  

1.1 The Rising Need for Advanced Food Traceability  

Food traceability refers to monitoring food items, including all feed products, food animals, and food  

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250241577 Volume 7, Issue 2, March-April 2025 2 

 

substances meant for human consumption throughout their manufacturing stages and distribution periods. 

The main objective of food traceability systems is to discover and precisely detect products containing 

contamination or displaying incorrect labelling while food safety crises unfold. Traditional systems 

currently use paper documentation and hybrid data entry frameworks that slow operational speed while 

producing multiple mistakes that are difficult to examine during auditing operations (Tian, 2017; Produce 

Marketing Association, 2021). The rate and scale needed for current food recall and contamination 

investigations highlight the dangerous nature of traditional system inefficiencies.  

The Produce Traceability Initiative (PTI) established itself as an industry standard for implementing 

traceability standards at the case level in the produce market. Each produce case requires PTI-endorsed 

Global Trade Item Numbers (GTINs), lot numbers, and other data elements that must be encoded in 2D 

barcodes for labelling, according to the Produce Marketing Association (2021). The system represents an 

upgrade from traditional manual records, but its effectiveness depends entirely on personnel verifying 

barcode application accuracy coupled with digital record coherence. The human involvement in the 

system creates exposure to data entry errors, wrong label assignments, and inspection failures, which 

threaten the traceability system's reliability.  

1.2 Emerging Role of AI and OCR-Based Label Verification  

Modern food safety and quality control systems experience a transformative change as AI joins with OCR-

based technology in traceability infrastructure. Machine learning combined with computer vision 

functionality within AI systems allows systems to find patterns, detect irregularities, and create automated 

decision systems from human-based judgment steps. OCR functions to supplement data collection through 

the digital transformation of physical labels containing information such as GTINs lot codes and harvest 

dates, which allows verification against internal systems or PTI-compliant frameworks, according to 

Tanwar et al., 2021 and Garland Technology, 2023.  

These features have led Garland Technology to develop advanced label verification technology known as 

Verify Edge. A high-speed production line installs Verify Edge systems, which utilize real-time image 

scanning and automated data element extraction for every produce case. AI algorithms evaluate 

information from each label against specific expectations and corporate databases to confirm its proper 

formatting, complete documentation, and regulatory compliance (Garland Technology, 2023). The system 

generates alerts to activate warnings that stop manufacturing. At the same time, it rejects product cases 

which fail to meet compliance standards when validating label information, including missing lot 

numbers, incorrect GTINs, and formatting errors. Operation efficiency and enhanced food safety 

regulations compliance rates are increased because of this live feedback system, which prevents inaccurate 

labelling incidents.  

1.3 Bridging Physical and Digital Traceability Systems  

PDF Counting systems provide the advantage of connecting digital and physical traceability systems. The 

physical transportation of products in typical supply chains has no detailed digital documentation to 

describe their movement. Disagreements in labelling terminology, hand-written records, and incompatible 

information systems between supply chain connections lead to increased identification problems. The 

OCR technology establishes digital data streams from physical labels, enabling instant analysis, sharing, 

and auditing operations (Tanwar et al., 2021).  

When analogue traceability converts into a digital format, it gains greater effectiveness through 

collaborations with blockchain technology and IoT systems. A secure blockchain ledger system adds 

protection to traceability data, which is combined with IoT devices made up of RFID tags, smart sensors, 
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and GPS modules to track supply chain environmental factors and product movement in real-time (Lim et 

al., 2022). The cognitive layer, AI, collects data to detect irregularities and deliver warnings or suggestions 

when the products show deviations from standard specifications. Within this system, OCR functions as 

the entry point for handling physical label digitization before starting the verification of recorded data. 

The system provides an easy pathway for authenticated tamper-proof data, stimulating traceability, 

accelerating product recall operations, and confirming food authenticity.  

1.4 Responding to Regulatory and Consumer Pressures  

The drive to establish traceability gets power from both technological developments and regulatory 

demands combined with changing customer requirements in markets worldwide. Governments 

everywhere have implemented stricter food traceability rules that push businesses to record detailed supply 

chain information, provide faster product recalls, and maintain complete chain-wide responsibilities. The 

U.S. Food and Drug Administration (FDA), through its guidance under the Food Safety Modernization 

Act (FSMA), stresses complete supply chain visibility for dangerous food products while encouraging 

stakeholders to get technology-based solutions with immediate data collecting and proof-generating 

capabilities (Tian, 2017).  

Customers expect businesses to reveal their food items' entire production history, sustainability practices, 

and safety standards. Combining AI and OCR technologies within traceability systems fulfils all 

regulatory standards while giving companies comprehensive capabilities for meeting consumer 

requirements. The accurate verification process of traceability labels and real-time readability checks 

allows businesses to establish dependable claims about product origin, freshness, and safety facts, 

strengthening customer confidence and brand loyalty (Sparrow et al., 2023).  

 

1.5 Objectives and Scope of This Research  

The paper examines how AI and OCR-based label verification systems improve food product traceability 

and supply chain transparency under current technological advancements, regulatory requirements, and 

consumer market needs. This research study aims to achieve four significant objectives across its scope.  

• A comprehensive assessment of current food trackability systems will establish what deficiencies AI 

and OCR should address.  

• The analytical evaluation of OCR-based label verification system capabilities will include examining 

the Garland Verify Edge solution's operational design.  

• Understanding the combined power of AI, OCR, blockchain, and IoT solutions enables an assessment 

of their potential to build stronger, transparent supply chain systems.  

• Mediating the real-world value of these modern technologies in guaranteeing regulatory standards 

while minimizing food threats, enhancing trust among consumers, and preserving environmental 

sustainability within the food-producing sector.  

The paper supports academic discussions and industrial practices regarding the future evolution of food 

safety in digital supply chain systems. It provides stakeholders with a foundation for designing next-

generation traceability systems that will be secure, scalable, and compatible with worldwide sustainability 

targets.  

 

2. LITERATURE REVIEW  

Scholarly literature demonstrates how urgent and advanced developments occur among food safety 

practices using artificial intelligence (AI) and optical character recognition (OCR) technology. The 
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conventional food traceability frameworks existed for many years until modern AI and OCR technologies 

converted them into self-evolving systems with real-time verification ability and decision-making 

functions. The research analyzes current academic publications and industrial insights through four 

essential areas: basic food traceability systems and their enhancements with AI combined with label 

verification capabilities enabled by OCR technology and the implementation of these tools inside 

blockchain and IoT network systems.  

2.1 Traditional Traceability Systems and Their Limitations  

According to Tian (2017), the initial literature about traceability demonstrated that every supply chain 

agent should monitor the source of inputs and the final destination of outputs using a one-up-one-down 

tracking structure. Essential recall functions are acceptable under this model, but severe data 

fragmentation, inconsistent documentation, and human mistakes affect its overall performance. The 

efficiency of product recalls slows down because of system breakdowns that research shows directly 

diminish both speed and effectiveness (Sparrow et al., 2023). Under the leadership of membership groups 

like the Produce Marketing Association, the Produce Traceability Initiative works to create uniform label 

formats and data exchange protocols by promoting Global Trade Item Numbers paired with lot-specific 

barcodes at the case level (Produce Marketing Association, 2021).  

Various factors create substantial obstacles when organizations deploy systems meeting PTI standards. 

Manual labour operators must apply and verify barcode labels, which can lead to possible human errors 

when working in high-speed packaging systems. Traditional systems function in a reactive manner instead 

of being proactive since they assist with trace-back operations after contamination happens but fail to 

prevent those incidents at their source. Research findings motivate scientists to develop automation 

systems capable of digitizing labelling data and conducting intelligent point-of-production verification 

and analysis (Tian, 2017).  

 
Figure 1: The Benefits Of Traceability For Businesses And Consumers - FasterCapital 

 

2.2 AI-Based Enhancement of Traceability and Food Safety  

Artificial intelligence has become a fundamentally disruptive technology that drives changes in supply 

chain activities through the analysis of predictions, the automation of decision processes, and outlier 

identification functions. According to Tanwar et al. (2021), AI systems allow precise time monitoring and 
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data interpretation of substantial supply chain data that spans various nodes. Combining machine learning 

models allows systems to examine historical case data from labelling and contamination events, thus 

identifying new potential risks during product production.  

AI is one of the most effective methods when integrated with computer vision. Tanwar et al. (2021) explain 

that computer vision enables AI systems to automatically detect "physical labels" along with "packaging 

conditions" and "environmental variables," which include temperature, humidity and cleanliness 

standards. AI systems strengthened by pattern recognition algorithms verify food labelling presence and 

the accuracy of printing information and label position, which are critical to meeting PTI and other food 

safety standards.  

Research studies demonstrate that AI is an effective solution for optimizing food supply chains. Research 

by Lim et al. (2022) proves that AI-enhanced systems create dual advantages in supply chain security by 

lowering food waste results, preventing safety recalls, and establishing efficient data exchange methods 

between stakeholders. Several current systems need digitized inputs to function, which makes Optical 

Character Recognition (OCR) mandatory for system operation.  

2.3 The Role of OCR in Automated Label Verification  

Since its inception, OCR technology has been crucial in converting scanned printed documents into 

machine-readable formats. Food traceability systems depend on OCR to read essential data comprising 

GTINs, lot numbers, harvest dates, and expiration dates on printed labels of produce cases or retail 

packaging. Industrial deployments of OCR engines require extreme resistance to handle fluctuating light 

patterns, incorrect label placements, and multiple type variations (Garland Technology, 2023).  

Current OCR systems utilize deep learning models for better recognition accuracy while processing faster 

than traditional rule-based methods. The evolution of automation can be observed through Garland's 

Verify Edge system. Garland Technology (2023) describes how the system captures label images instantly 

with industrial high-resolution cameras and then verifies contents in milliseconds through neural networks 

from the extracted information. The system integrates with access to compliance databases to enable real-

time label format comparison against printed information.  

Studies have established that system verification with OCR technology eliminates most distribution 

pipeline entries containing misidentified or non-compliant materials (Garland Technology, 2023). OCR 

improves traceability by removing the requirement for manual data entry while providing a direct 

connection between physical labels and digital records that reside in enterprise resource planning (ERP) 

or blockchain systems.  

2.4 Integration with Blockchain and IoT: Toward a Digital Ecosystem  

The latest literature emphasizes the central role that AI-operated OCR technology integrated into 

blockchain-enabled and IoT-supported traceability frameworks plays at this point in time. Blockchain 

delivers decentralized ledger technology, which provides an unalterable tracking system for monitoring 

all supply chain product changes (Lim et al., 2022). Blockchain technology functions optimally as long 

as the systems receive high-quality data input. Sparrow et al. (2023) stress that data integrity issues block 

the usefulness of blockchain because faulty label readings lead to permanent data storage even when they 

contain errors.  

OCR resolves this issue through automatic digital conversion of physical labels, producing accurate 

blockchain data at its entry point. AI maintains a logic layer for constant data audit operations that 

identifies inconsistencies before executing automatic corrective functionalities in real-time. The integrated 

system combines IoT sensors that monitor shipment conditions with this framework and provides 
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complete product lifecycle surveillance (Tanwar et al., 2021; Lim et al., 2022). The network produces 

self-monitoring traceability capabilities, enabling proactive food safety measures and quick product 

recalls and building greater consumer confidence.  

Researchers show that this digital environment improves the resilience capabilities within supply chain 

management. Firms with AI- and OCR-enhanced traceability systems managed the COVID-19 supply 

chain challenges through expedited shipment identification, partner communication, and delivery re-

rerouting because they could communicate transparently with regulators (Sparrow et al., 2023). The 

research confirms that traceability systems utilize such advanced technologies to yield additional benefits 

which extend to supply chain flexibility and security management initiatives.  

 
Figure 2: From Connectivity to Intelligence: How Blockchain and AI are Transforming the IoT 

Ecosystem  

 

2.5 Gaps in Literature and Opportunities for Future Research  

Industrial expertise lacks comprehensive investigations on long-term adoption methods, cost-effectiveness 

calculations, and industrylevel framework development. The majority of existing research studies assess 

technical AI and OCR system capabilities. Still, they provide limited analysis of operational challenges, 

which include organizational change management, employee training, and security threats. A shortage 

exists of comparison research evaluating multiple OCR or AI solutions when operated in real-life settings.  

Scientists must study these technologies' ethical and privacy-related social effects, specifically for 

smallholder producers' data protection, consumer rights, and digital equity issues. Implementing 

Traceability Systems based on AI-OCR technology faces challenges when companies possess sufficient 

financial resources and computing capabilities while smaller suppliers experience difficulties. Future 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250241577 Volume 7, Issue 2, March-April 2025 7 

 

studies must create accessible models allowing all segments of the agri-food value chain to implement 

barefootaccessible systems for improved traceability.  

 

3. METHODOLOGY  

The research adopts qualitative exploratory research methods with a multi-stage data triangulation 

approach for support. Qualitative research is an appropriate methodology to analyze AI and OCR 

applications in food traceability since emerging technologies require in-depth investigation of their 

implementation in supply chain food systems and practical operational challenges. Data collection in this 

research combines expert interviews with case analysis of system implementations, document review of 

scholarly literature and industry reports, and official guidelines from the Produce Traceability Initiative 

(PTI). The research methodology arranges its sections into five core parts, which include research design, 

data collection methods, sources for data, and analytical methods, followed by reliability and validity 

assessments.  

3.1 Research Design  

The research implements a case-oriented, multiple-source exploratory design. This design facilitates 

examining complex technological systems such as AI and OCR-based label verification platforms within 

their real-world operational environments. The research examines the current implementations of these 

systems to enhance food traceability, maintain compliance with labelling requirements, and support 

transparency throughout different supply chain sections.  

The research design helps researchers study various evidence types flexibly together with system 

comparative analysis involving Garland Verify Edge and standard Optical Character Recognition tools 

and supply chain actor evaluation between producers, logistics firms and retailers. The research objective 

centres on pattern recognition, barrier analysis, and enabler discovery for building conceptual learning 

that supports future empirical research about system implementation.  

3.2 Data Collection  

The research data collection took place through three essential channels.  

The research involved seven supply chain experts who received semi-structured examination through 

interviews with two food safety compliance managers, one AI systems integrator, two OCR engineers, 

and two senior logistics coordinators. The interview process addressed multiple topics about system 

installation procedures and technology execution quality alongside data management protocols, system 

tracking obstacles, and regulatory standards.  

The analysis included multiple document types, such as PTI guidance materials and vendor-specific 

documentation focusing on Garland Technology alongside white papers, technical specifications, and 

scholarly publications. These helped confirm interview findings about the system's properties.  

A dedicated examination focused on verifying AI alongside OCR implementations, specifically within the 

U.S.-based fresh produce distribution networks (using Garland Verify Edge as an example). The study 

team analyzed deployment findings, webinar transcripts, and demonstration materials provided by 

suppliers to create their case studies.  

Researchers log each stream of data before storing it in structured databases using NVivo for qualitative 

coding systems and analysis.  
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3.3 Data Sources  

The primary data sources include: 

Source Type  Description  Number  

Sources  

of  Geographic 

Scope  

Expert Interviews  Semi-structured interviews with supply chain and 

tech professionals  

7   United States  

Technical 

Documents  

OCR vendor white papers, AI integration guides, 

PTI compliance manuals  

12   Global/US-

Focused  

Peer-Reviewed  

Articles  

Academic journals focusing on food traceability, 

AI, and OCR technologies  

20   Global  

Case Study 

Reports  

Reports on real-world implementations of AI/OCR 

in food logistics  

4   United  States,  

Canada  

Regulatory 

Frameworks  

PTI guidelines, FDA FSMA traceability rule, ISO 

food labeling standards  

6   United  States,  

Global  

This blend of data sources ensures a comprehensive and triangulated understanding of the technological, 

operational, and policy dimensions of the research problem.  

 

3.4 Data Analysis Strategy  

Data were analyzed using thematic coding and pattern matching through the NVivo computer program. 

The analysis through thematic methodology enabled the researchers to find common patterns between 

multiple data sets, which included “real-time verification,” “data integration,” “compliance automation,” 

and “scalability issues.” The research team matched identified themes against their specified study targets 

to create a conceptual framework specifying AI and OCR roles in better product tracking and visibility.  

A systematic analysis of implementation results occurred through cross-case synthesis between different 

case study presentations. Research identified key system success elements by examining operational 

range, the compatibility of legacy computer systems, user training methods, and regulatory standards 

needs.  

When possible, the analyzed data were transferred to a technology-process-outcome matrix to link 

technological elements like OCR modules and AI algorithms with supply chain processes, including 

labelling and scanning, as well as desired outcomes such as error reduction, fast recalls, and real-time 

tracking.  

 

3.5 Reliability and Validity  

The study applied multiple validity-checking methods to maintain research integrity.  

• Multiple ways of verifying research findings included independent reports from three sources, which 

combined interviews with documents and case-based assessments.  

• The results from important interviews were verified by sending them to interview participants to 

confirm interpretation accuracy.  

• The author presented initial research results to a specialized group of academic peers who studied 

supply chain analytics and AI integration for their evaluation and critical assessment.  

• The study preserved extensive contextual information to ensure research results could be applied to 

different contexts resembling the particular cases under analysis.  

Limitations were also acknowledged. Even though this research follows an exploratory design, it does not 
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support statistical generalization but delivers meaningful conceptual results. The interviewed sample  

faced restrictions because some tech vendors imposed interview limitations and protected proprietary data.  

 

4. RESULTS  

The research outcomes show five crucial thematic findings derived from data analysis, including (1) AI-

OCR integration for improved traceability, (2) food safety standard compliance and traceability initiative 

alignment, (3) improved labelling and scanning workflow efficiency and (4) barriers to AI-OCR system 

implementation and (5) consequences on supply chain visibility. The study relies on data from three 

points, combining technical documentation and implementation reports with expert interviews and 

regulatory frameworks.  

4.1 Enhanced Traceability Through AI-OCR Integration  

The main discovery from this study is that integrated AI-OCR systems allow businesses to achieve 

comprehensive end-to-end traceability during the food supply chain in real-time. Garland Verify Edge's 

technology fails to deliver exceptional label data capture speed and precision through its combination of 

AI algorithms and high-precision optical character recognition.  

According to food safety managers, traditional barcode scanners proved inconsistent because they failed 

to work properly when light conditions were poor, or label positioning was incorrect. Compiling data 

remains uninterrupted when AI-powered OCR systems automatically correct label orientation and handle 

inconsistent fonts and discolourations on the tracking code. The system directly enables the requirements 

of the Produce Traceability Initiative (PTI) while establishing precise documentation and transmission of 

critical tracking events (CTEs) accompanied by key data elements (KDEs).  

 

 
Figure 3: Blockchain-Based Traceability and Visibility for Agricultural Products  
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The logistics coordinator at a significant U.S. produce distributor reported these findings.  

Integrating AI technology with OCR capabilities enables the organization to collect real-time data for lots 

and specific items across truck shipments. Our outdated systems made it impossible to achieve such results  

4.2 Compliance with Food Safety Standards and Traceability Initiatives  

AI-OCR technology is an essential tool that enables organizations to meet government requirements for 

food safety and product traceability standards. FDA Food Safety Modernization Act (FSMA) Section 204 

compliance is at the core of the Garland Verify Edge platform and comparable solutions, which 

proactively enforce high-risk food supply chain tracing.  

The regulatory affairs departments stress that AI-OCR solutions provide complete forensic evidence 

through time-stamped and geotagged audit reports that help facilities demonstrate FDA compliance in 

inspections and voluntary recalls. The logging system from AI-based platforms maintains compatibility 

with blockchain-based traceability systems to produce enduring records regarding labelling activities, 

scanning events, and inventory movement.  

The new features shortened item tracing duration from days to minutes, enabling prompt product recalls 

that saved public health emergencies.  

4.3 Efficiency Improvements in Labeling and Scanning Workflows  

These key results increased the workflow efficiency for label scanning and verification remarkably. 

According to the production manager and warehouse supervisor report, implementing AI-OCR systems 

resulted in faster label verification cycles by 40%.  

   

The following table summarizes comparative efficiency metrics from real-world implementations: 

Metric  Traditional 

Scanners  

AI-OCR Systems (e.g., Garland 

Verify Edge)  

% 

Improvement  

Label Scanning Accuracy  ~87%  ~98.6%  +13.5%  

Average Time per Scan (sec)  2.4  1.3  -45.8%  

Misread/Error Rate  6.2%  0.8%  -87.1%  

Manual Rechecks per 1000 

Cases  

18  3  -83.3%  

Operator Training Time 

(hours)  

10  5  -50%  

Data Integration Time 

(minutes/day)  

60  12  -80%  

Research data proves that AI-OCR-based verification systems outperform all other methods when 

processing high-volume items in cold storage facilities and distribution centres.  

 

4.4 Barriers to Adoption of AI-OCR Systems  

The advantages of AI-OCR-based verification systems could not overcome several barriers that hindered 

their adoption. These include:  

• Implementing AI-OCR systems demands substantial initial financial investment, including software 

license acquisitions and hardware acquisitions, encompassing cameras and edge processors.  

• Current WMS systems and ERP platforms face difficulty natively connecting with standard AI-OCR 

API capabilities.  

• Workers who use manual scanning practices resist migrating to AI-driven systems because they  
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perceive them as complicated.  

• AI technology in traceability data management creates data privacy problems because it requires 

methods to address both governance needs and vendor dependence concerns.  

The head technology officer from a midsize packaging firm stated:  

• The system generates a profit that recoups its investment immediately through eighteen months. Yet, 

many small businesses experience difficulties with first-time costs and change management 

requirements.  

 

4.5 Impact on Supply Chain Transparency  

Implementing AI-OCR technology gives organizations their most crucial strategic benefit: improved 

supply chain visibility. Real-time data collection throughout manufacturing operations and retail centres 

allows organizations to create standardized tracking records that stakeholders can view and validate. 

Establishing shared accessibility and audibility increases trust between stakeholders, including regulators, 

consumers, and brand partners.  

By applying AI algorithms to OCR-scanned labelling information, supply chain operators obtain 

predictive abilities that help them detect risks and counterfeit products and analyze product movement 

patterns. Businesses gain the power to prevent traceability disruptions and react to them because of the 

insights obtained from these capabilities.  

  

5. DISCUSSION  

Research findings establish that artificial intelligence technology and optical character recognition 

systems significantly advance supply chain transparency systems' operation. The study evaluates the 

essential finding's value through examinations of food supply chain administration combined with 

regulatory mandates, technological progress, and digital adjustment.  

5.1 Reinforcing Traceability Through Technological Synergy  

AI and Optical Character Recognition technologies jointly create an automated system for real-time 

traceability that meets industry requirements of the Produce Traceability Initiative (PTI) and the U.S. 

FDA's FSMA Section 204. New technologies demonstrate how machine intelligence achieves superior 

scanning capabilities by outperforming the past approach using fixed barcodes and human involvement.  

The AI-OCR technology of Garland Verify Edge and its counterparts is a practical solution that unites 

physical and digital supply chain data streams. The technology follows Industry 4.0 cyber-physical system 

theories, enabling digital platforms to monitor and act in realtime upon physical conditions (Lu, 2017). 

The systems remove manual limitations and human mistakes, which are the leading causes of traceability 

system breakdowns, through their automatic label examination and immediate data acquisition 

capabilities.  

The systems possess adaptive features that respond to label dissimilarities alongside variable 

environmental conditions, satisfying the operational needs of flexible supply chain structures. AI-OCR 

serves as a verification platform while supporting the development of responsive food systems that need 

quick, precise identification in fresh produce logistics operations.  

5.2 Compliance as a Catalyst for Technological Advancement  

The rising need for increased food traceability by regulatory bodies is a significant reason organizations 

implement AI-based OCR systems. The Food and Drug Administration positions digital tracking systems 

using technology as central elements for constructing modern food safety systems according to its "New 
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Era of Smarter Food Safety" blueprint (FDA, 2020). The study establishes that companies using AI-OCR 

solutions achieve superior results when measuring compliance standards.  

Such systems create blockchain interchanging capabilities by generating unalterable time-marked place-

specific logs, enabling expanded trust and transparency advantages throughout supply chains. When AI-

OCR joins forces with decentralized ledger technologies, it strengthens the track-and-trace procedure 

through advanced anticipation of food safety threats.  

This governance transformation reveals that lawmaking agencies anticipate businesses providing active 

real-time responsibility instead of traditional passive paper documentation practices. Food producers, 

distributors, and retailers must build dynamic compliance capabilities instead of treating it as a fixed 

checklist.  

 

 
Figure 4: Full article: Utilization of AI – reshaping the future of food safety, agriculture and food 

security  

 

5.3 Economic and Operational Implications  

According to data, the implementation of AI-OCR systems shows substantial operational improvements. 

Cycle times for label verification are shortened by 40%, and misreads and rechecks decrease dramatically. 

The system improvements lead directly to lower operational expenses, decreased product waste, and 

reduced recall responsibility. Implementing this technology can save operative hours daily by shortening 

verification periods from 2.4 seconds to 1.3 seconds for each warehouse scanner cycle.  

The efficiency benefits from AI-OCR implementation need consideration relative to the initial costs, 

difficulties in system integration, and changes in management requirements. The recovery period for large 

enterprises typically equals 12–18 months for their investments, yet small and mid-sized operators face 

capital and skill barriers to implementation. The research indicates that technology creates a digital divide 

because inequality expands unless policy systems and shared infrastructure and funding mechanisms 

support the advancements.  
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Eliminating manual verification drives organizations to reorganize their workforce patterns because  

workers now focus on system oversight tasks and exception management instead of data entry duties. 

Machines in AI-augmented environments follow a similar employment pattern by performing routine 

tasks, while humans concentrate on strategic responsibilities, according to Brynjolfsson and McAfee 

(2014). Some operational staff members may face replacement or loss of engagement when training 

programs fail to structure their transformation.  

5.4 Challenges to Adoption and the Need for Standardization  

Though they offer various benefits, multiple obstacles prevent the adoption of AI-OCR integration 

systems. Standards include technical hardware boundaries, human employee reluctance, doubts regarding 

computerized system safety, and vendor dependence. The use of outmoded infrastructure in older supply 

chain systems prevents them from adopting AI-based platform capabilities due to a lack of 

interoperability.  

The use of multiple disjointed software standards, along with varied data protocols, makes implementation 

difficult. The worldwide implementation of AI-OCR systems requires standardization between metadata 

formats, scanning protocols, and API endpoint specifications. No standardized procedures can lead to 

isolated data systems, which may destroy the transparency benefits AI systems were supposed to provide.  

The research demonstrates that businesses need open systems that allow AI-based OCR solutions to 

integrate smoothly into current enterprise resource planning, warehouse management systems, and 

blockchain platforms. Open development of shared frameworks combined with multi-business 

partnerships would speed up this transformation process.  

5.5 Implications for Future Innovation  

Organizations should regard AI-OCR label verification integration as a fundamental step toward 

establishing complex, intelligent supply chain systems. Future systems leveraging computer vision, 

natural language processing, and machine learning technology will be able to perform textual validations 

while deducing contextual relations, spotting quality problems and fraud attempts, and calculating risk 

potential.  

AI-OCR systems integrated with thermal imaging technology would automatically identify spoiled goods 

and obtain real-time transportation data from IoT sensors. These capabilities would convert food 

traceability into a proactive and intelligent system that automates processes, going beyond compliance-

based use to become an organizational risk management tool.  

Theoretical analysis demonstrates that this shift results from merging socio-technical systems theory and 

AI-enabled digital ecosystems that produce continuous development of technological affordances along 

with human behaviour and regulatory pressure co-evolution.  

 

6. CONCLUSION  

Food traceability and supply chain transparency have reached a necessary evolution through the 

combination of artificial intelligence (AI) and optical character recognition (OCR) technologies. Garland 

Verify Edge functions as an AI-based OCR system, demonstrating that these technologies improve 

labelling verification speed and precision and resolve three key system challenges affecting regulatory 

compliance and operational efficiency alongside product authenticity verification. eiusmod technological 

development marks the end of passive food tracking systems by implementing predictive and intelligent 

tracking solutions that fulfil regulatory standards and competitive market needs.  

The Produce Traceability Initiative (PTI) drives digital food tracking process transformation because it  
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highlights the need to implement data tracking systems following multiple food safety incidents. AI and 

OCR technologies are compatible with PTI standards by validating and linking product labels to 

standardized case-level and item-level information for readability. The detailed tracking capability helps 

accelerate contaminant event response and product recall procedures, which protects public well-being 

through better brand protection and customer trust maintenance.  

Adopting AI-OCR technology generates extensive operational consequences extending past regulatory 

standards. Such systems lower human mistakes while increasing operational velocity and maximizing 

labour productivity, creating an excellent return on investment for high-volume production settings. The 

findings reveal that small-sized and mid-sized enterprises encounter challenges in adopting new 

technology because their infrastructure might be inadequate, and they must pay integration expenses and 

train their employees. Supportive public-private collaboration and shared infrastructure accompanied by 

proper policy frameworks should become essential for making these transformation technologies 

accessible to all sectors.  

The system-level advantages of AI-OCR tools exist in their ability to serve as core digital drivers, enabling 

wider traceability and food safety development platforms. Their capability to work with blockchain 

systems, enterprise resource planning systems, and IoT sensors creates end-to-end food product 

monitoring that provides reliable information to customers, regulators, and their supply chain partners 

about the entire path from farm to eating.  

The research study marks various regions requiring essential innovation and standardized implementation. 

System complications emerge from the absence of commonly recognized data rules and interoperable 

systems, which results in operations becoming fragmented and inefficient. Industry consortia with 

standards bodies and technology developers need to work together to produce open frameworks that 

provide flexible services that scale across various supply chain environments.  

AI and OCR technology go beyond its operational scope as these insights demand recognition of its 

fundamental strategic value in the food supply chain. These technologies must be treated as essential 

because they facilitate food integrity protection, expedite regulatory adherence, and establish consumer 

confidence in digital business environments. The evolution of technologies requires investigation to 

determine the benefits of emerging innovations, including AI-powered visual inspection, generative label 

verification, and machine learning-enabled anomaly detection, which strengthen traceability systems.  

The AI alongside OCR-based label verification systems represents a dual purpose of ensuring exactness 

while serving as fundamental agents that develop food industry resilience alongside systems 

transformation and complete marketplace transparency. The food industry will fulfil present regulatory 

requirements and meet future supply chain challenges by carefully applying technologies that integrate 

standards and inclusivity.  
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