
(A High Impact Factor, Quarterly, Peer Reviewed, Referred & Indexed Journal) 

 NAVJYOT / Vol. XIV / Issue – I                                                ISSN 2277-8063 

IMPACT FACTOR – 8.679 by SJIF                                                            www.navjyot.net 834 

Applications of Artificial Intelligence in Food Safety and Quality Control: 
Current Trends and Future Perspectives- A Review 

Ms. Sakshi Manoj Desai Assistant Professor College of Non-Conventional Vocational Courses for 
Women, CSIBER, Kolhapur,Maharashtra Sakshidesai7010@gmail.com 

----------------------------------------------------------------------------------------------------------------------- 
Abstract 

Food safety and quality control are critical components of the global food industry, 
ensuring public health and consumer protection. Traditional food safety practices face challenges 
such as inefficiencies, regulatory gaps, and delayed detection of contaminants. Artificial 
intelligence (AI) has emerged as a transformative solution, enhancing food safety through machine 
learning, computer vision, predictive analytics, and the Internet of Things (IoT). AI-driven 
innovations enable real-time monitoring, risk assessment, and automation in food processing, 
pathogen detection, and regulatory compliance. Technologies such as deep learning for egg quality 
assessment, spectroscopy-based pathogen detection, and CRISPR-enhanced intelligent packaging 
significantly improve food safety standards. Additionally, AI-powered sorting, grading, and 
agricultural optimization have revolutionized food production and supply chain traceability. The 
Saagu Baagu program in Telangana exemplifies AI’s potential, increasing agricultural yields while 
reducing pesticide and fertilizer usage. Despite challenges such as data privacy concerns and 
regulatory hurdles, integrating AI into food safety practices offers a sustainable, efficient, and 
scalable approach to maintaining global food security. This review explores AI applications in food 
safety and quality control, emphasizing their role in ensuring safe, nutritious, and high-quality food 
products. 
Keywords- Food Safety, Quality Control, Artificial Intelligence (AI), Machine Learning, 
Computer Vision, Internet of Things (IoT), Food  borne Pathogens 
Introduction 

Importance of food safety and quality control in the global food industry 
Food safety and quality control play a crucial role in ensuring that food products are safe for human 
consumption. Effective management of the food supply chain benefits both producers and 
consumers by maintaining high standards. To guarantee the safety of food and beverages, industries 
implement quality assurance and control measures. Various national regulatory bodies, such as the 
United States Food and Drug Administration, the European Food Safety Authority, the China Food 
and Drug Administration, and the Food Safety and Standards Authority of India, oversee 
compliance with food safety regulations. Food manufacturers must adhere to these established 
standards and obtain certification to prevent foodborne illnesses. While these regulations have been 
discussed for years, an important question remains: how do we assess the perception of quality 
control and its effectiveness? It is essential to distinguish between real-time monitoring and 
documented inspections to evaluate their reliability and impact.(1) 
1. Food Safety as a Pillar for Global Food and Nutrition Security 
Ensuring food safety is essential for achieving food and nutrition security worldwide. A major 
challenge in scaling up food safety efforts is the need to leverage existing research and resources 
for evidence-based decision-making. Since 2009, Ghent University has conducted an annual three-
month international Intensive Training Program on Food Safety, Quality Assurance, and Risk 
Analysis .Participants in this program have shared insights on food safety challenges in their 
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respective countries, identifying key concerns such as bacterial pathogens, pesticide residues, and 
mycotoxins. These issues are often compounded by limited knowledge, inadequate legislation, and 
weak enforcement mechanisms.(3) 
The need for education and training in food safety has been widely recognized, particularly in areas 
such as good hygienic practices, certified food safety management systems, and the establishment 
of effective regulatory criteria. Several recurring topics of global interest have emerged, including 
the safety of street foods, hygienic production of milk and cheese, and risk assessment strategies to 
control foodborne pathogens like Salmonella and pathogenic E. coli in meat and other food 
products. However, certain food safety concerns remain specific to individual countries due to 
cultural dietary preferences and regional challenges.(2) 
As the global food landscape evolves, emerging societal and environmental challenges demand 
continuous learning, critical thinking, and localized solutions. Future leaders in food security must 
integrate food safety into their strategies, ensuring the availability of safe, nutritious, and 
sustainably produced food for a growing population. Providing the right knowledge, tools, and 
training will be crucial in addressing these complex and dynamic challenges The Role of Artificial 
Intelligence in Enhancing Food Safety 

Artificial intelligence (AI) is transforming food safety management by offering cutting-
edge technologies to enhance the integrity and security of the food supply chain. AI-driven 
machine learning algorithms, computer vision systems, and predictive analytics play a crucial role 
in detecting contaminants, mitigating foodborne illnesses, and ensuring adherence to safety 
regulations. This review explores various AI-based applications, emphasizing their role in real-time 
monitoring, data-driven risk assessment, and regulatory compliance within the food industry. The 
integration of AI-powered solutions has proven effective in identifying potential hazards through 
advanced pattern recognition and anomaly detection techniques. Several case studies and industry 
implementations highlight the practical impact of AI in strengthening food safety protocols. By 
leveraging AI technologies, the food industry can enhance public health protection, optimize 
quality control measures, and improve overall reliability in food production and distribution.(4) 
3. AI Technologies Used in Food Safety & Quality Control 
3.1 Computer Vision and Image Processing for Egg Quality Assessment 
Ensuring egg quality is crucial in the poultry industry, particularly in the detection and 
classification of surface defects and cracks that may compromise safety and consumer acceptance. 
This study explores the application of deep learning algorithms for the automated identification of 
physical damage in chicken eggs. By leveraging computer vision and image processing techniques, 
the research aims to enhance quality control measures by accurately detecting defects such as 
cracks, fractures, and surface irregularities. A dataset of 794 egg images was analyzed, categorized 
into two groups: damaged and intact eggs. The study demonstrates how artificial intelligence (AI) 
and deep learning can streamline the inspection process, improving efficiency, accuracy, and safety 
in egg production and distribution.(7) 
4. Integration of IoT and AI for Food Adulteration Detection 
The combination of Internet of Things (IoT) and Machine Learning (ML) presents a transformative 
approach to detecting food adulteration and ensuring food safety. This study proposes a real-time 
monitoring system that leverages smart sensors to collect data on key parameters such as color, pH 
levels, and gas composition. The acquired data undergoes preprocessing, analysis, and validation 
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using machine learning algorithms, which continuously improve their accuracy by learning from 
detected patterns. Any irregularities or deviations from established quality standards are flagged for 
further inspection, creating an early warning system to prevent contamination. By integrating IoT-
enabled sensors with AI-driven analytics, this approach enhances food safety measures, ensuring 
higher quality standards and greater consumer protection.(5) 

5. Applications of AI in Food Safety 
5.1 AI-Driven Detection of Foodborne Pathogens: Advancements in Spectroscopy Techniques 
Early detection of foodborne pathogens is essential for ensuring food safety, public health, and 
environmental protection. Rapid and highly sensitive detection methods are increasingly necessary 
to enhance medical diagnostics and food quality control. While conventional bacterial detection 
techniques remain widely used, they are often time-intensive, costly, and complex. As a result, 
researchers are exploring innovative solutions by integrating spectroscopy techniques with artificial 
intelligence (AI) and advanced materials. This review highlights recent progress in AI-enhanced 
spectroscopy methods for pathogen detection, with a focus on technologies such as surface-
enhanced Raman spectroscopy (SERS), surface plasmon resonance, fluorescence spectroscopy, 
multi-angle laser light scattering, and imaging analysis. Additionally, the incorporation of 
microfluidics, smartphone-based detection systems, and AI-driven data analysis has significantly 
improved the accuracy, speed, and efficiency of pathogen identification. This paper provides an 
overview of emerging trends and discusses future research directions for advancing AI-assisted 
spectroscopy in foodborne pathogen detection.(8) 
5.2 AI-Assisted Regulatory Compliance and HACCP in Food Safety 
Maintaining food safety and hygiene is essential for protecting public health and preventing 
foodborne illnesses. This review examines the current landscape of food safety regulations and 
quality standards, emphasizing their role in ensuring compliance within the food industry and 
safeguarding consumers. Traditional food safety monitoring faces challenges such as delayed 
detection, inefficiencies, and gaps in enforcement, which can be addressed through the integration 
of artificial intelligence (AI). AI-driven solutions, including automated monitoring systems, e-
learning platforms, inspection applications, labeling technologies, and light-based decontamination 
techniques, offer significant advancements in risk assessment, contamination detection, and supply 
chain traceability. However, the adoption of AI in food safety comes with challenges, including 
data privacy concerns and regulatory hurdles. By leveraging AI-driven innovations while 
addressing these limitations, the food industry can enhance regulatory compliance, strengthen 
consumer trust, and contribute to a safer, more reliable food ecosystem.(10) 
6. Applications of AI in Quality Control 
6.1 AI-Driven Sorting and Grading of Agricultural Products 
The adoption of machine vision systems in agriculture is transforming fruit sorting and grading by 
addressing the limitations of manual inspection, which often lacks consistency and uniformity. 
Traditional methods can be subjective and labor-intensive, whereas image processing and machine 
learning algorithms provide an automated, non-destructive approach to classification. By analyzing 
key characteristics such as shape, color, and size, AI-powered systems enable precise grading based 
on standardized criteria. The automation of sorting and grading enhances efficiency, reduces 
dependency on manual labor, and accelerates operations, ultimately supporting the growing 
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demand for high-quality agricultural produce. Implementing such intelligent systems ensures 
accuracy, reliability, and scalability, making them invaluable for modern agricultural practices.(9) 
7. Automation in food packaging for safety and efficiency 
7.1 CRISPR Technology and AI for Advanced Food Contaminant Detection in Packaging 
The integration of CRISPR technology for ultra-sensitive detection of pathogens and food 
contaminants in packaged food presents a promising approach to enhancing consumer safety. 
CRISPR-based intelligent packaging systems have the potential to enable real-time monitoring of 
food contamination, revolutionizing food safety standards. Additionally, advancements in deep 
learning for food quality inspection can further strengthen global food security by enhancing 
traceability, automation, and big data analysis. This review explores the technological convergence 
of CRISPR with computing automation and AI-driven analytics, offering an alternative to 
traditional packaging inspection methods. The interdisciplinary integration of CRISPR technology 
with emerging digital innovations may open new frontiers in next-generation food packaging, 
ensuring a safer and more reliable food supply chain.(8) 
8. Successful AI-driven food safety projects 
8.1 AI-Driven Agricultural Optimization: Impact of the Saagu Baagu Program in Telangana 
The Saagu Baagu program, launched in Telangana, leverages artificial intelligence (AI) to enhance 
agricultural productivity and sustainability. Through AI-driven insights, farmers have experienced 
a 21% increase in chili yields per acre, along with a 9% reduction in pesticide usage and a 5% 
decrease in fertilizer consumption. Additionally, improvements in crop quality have resulted in an 
8% rise in unit prices. As a result, farmers' income per acre per crop cycle has surged by over INR 
66,000 (approximately 800 USD), effectively doubling their earnings. This initiative highlights the 
transformative potential of AI in precision farming, improving efficiency, profitability, and 
environmental sustainability.(11) 
Conclusion 
The application of AI in food safety and quality control has significantly improved contamination 
detection, regulatory compliance, and efficiency in the food industry. By integrating machine 
learning, computer vision, IoT, and spectroscopy techniques, AI enables real-time monitoring and 
automated decision-making, reducing risks and enhancing food security. The Saagu Baagu program 
exemplifies AI’s potential to optimize agricultural practices, demonstrating its impact on yield 
improvement, cost reduction, and quality enhancement. However, challenges such as data security, 
implementation costs, and regulatory constraints remain barriers to widespread adoption. To fully 
harness AI’s transformative potential, stakeholders must invest in education, research, and policy 
frameworks that support responsible AI integration. As the food industry evolves, embracing AI-
driven solutions will be crucial in meeting global food safety challenges, ensuring sustainable 
production, enhanced consumer confidence, and long-term food security. 
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