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Abstract 

The increasing global demand for safe and sustainable food packaging necessitates the 

continuous advancement of printing ink technologies. This research paper provides a 

comprehensive analysis of low migration and low odor inks, crucial for ensuring consumer 

safety and maintaining product integrity in the food packaging sector. The study delves into 

the fundamental mechanisms of ink migration and odor transfer, examining the complex 

interplay of ink chemistry, packaging materials, and environmental factors. A thorough review 

of the intricate regulatory landscapes in the European Union and the United States, alongside 

industry-driven guidelines, highlights the stringent compliance requirements. The paper further 

explores the sophisticated chemistry and formulation strategies employed in developing 

various low migration ink types, including UV-curable, water-based, and mineral oil-free inks, 

emphasizing the critical role of rheological and surface properties in achieving optimal print 

performance. Detailed attention is given to manufacturing processes, process control, and the 

challenges inherent in applying these specialized inks. Finally, the research critically assesses 

the advanced analytical and sensory methods used for migration and odor assessment, 

discussing market trends, sustainability initiatives, and the future outlook for this vital segment 

of the packaging industry. The synthesis of these elements underscores the multifaceted 

challenges and innovative solutions driving the evolution of low migration and low odor inks, 

positioning them as indispensable for the future of food packaging.  
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Introduction 

Food packaging serves as a critical interface between food products and the external 

environment, fulfilling essential functions such as preservation, shelf-life extension, and the 

communication of vital information to consumers, logistics personnel, and retailers. The 

printed elements on food packaging are indispensable, conveying details like expiration dates, 

ingredients, allergens, nutritional values, and traceability codes, which are paramount for 

consumer safety and efficient supply chain management. This informational role is 

increasingly supported by digital technologies, such as QR codes, which link physical 

packaging to broader digital ecosystems. The contemporary landscape of commerce is 

undergoing a profound digital transformation, exemplified by the projected growth of the 

global digital payments market to $16.6 trillion by 2028, with artificial intelligence (AI) at its 

core. This expansion in digital transactions signals a broader trend towards increased 

digitization across all commercial facets, including supply chain tracking, quality control, and 

consumer information delivery. This pervasive digital shift places a heightened demand on the 

reliability and safety of physical packaging components, particularly inks. Any failure in ink 

performance, such as chemical migration, can have amplified and digitally traceable 

consequences, severely impacting consumer trust and brand reputation within this 

interconnected global market. The recent COVID-19 pandemic further intensified scrutiny on 

food packaging safety protocols due to a significant increase in at-home meal consumption, 

underscoring the critical need for robust and safe packaging solutions.  

Problem Statement: The Critical Need for Low Migration and Low Odor Inks 

Despite the advancements in packaging, a significant challenge remains: ink migration. This 

phenomenon refers to the unintended transfer of chemical substances from printing inks on 

packaging materials into the packaged product, whether food or pharmaceuticals. Such 

migration can lead to undesirable alterations in the product's taste, odor, or overall quality, and 

more critically, it can pose substantial health risks to consumers. The severity of this issue is 

underscored by statistics; in 2022, the European Union's Rapid Alert System for Food and Feed 

(RASFF) reported that 34% of food contamination incidents were linked to packaging ink 

migration, involving hazardous substances like aniline and phthalates. A historical incident that 

profoundly impacted industry awareness was the 2005 Nestlé baby milk recall. This recall was 

necessitated by the migration of isopropyl thioxanthone (ITX), a photoinitiator used in UV 

curing inks on the exterior of Tetra Pak cartons, into the baby milk. This event served as a stark 

https://ijarmt.com/


International Journal of Advanced Research and 

Multidisciplinary Trends (IJARMT) 
     An International Open Access, Peer-Reviewed Refereed Journal 

 Impact Factor: 6.4       Website: https://ijarmt.com  ISSN No.: 3048-9458 

 

Volume-2, Issue-2, April–June 2025                                                                                        654        
 

reminder of the critical need for safer ink formulations and robust migration prevention 

strategies. Beyond chemical safety, the aesthetic and sensory integrity of food products is 

paramount. The presence of undesirable odors in packaging can negatively affect consumer 

perception and brand integrity, even if no direct health risk is present. Therefore, low odor is 

as crucial as low migration in maintaining product quality and consumer acceptance. The 

adoption of low migration and low odor inks extends beyond mere regulatory adherence; it 

represents a fundamental commitment to consumer safety and the preservation of brand 

integrity. The economic implications of ink migration are substantial. A major product recall, 

such as the Nestlé incident, or widespread consumer dissatisfaction due to sensory issues, can 

result in significant financial losses, severe reputational damage, and an erosion of consumer 

trust. Thus, the investment in and adoption of low migration and low odor inks are not solely 

about avoiding penalties but are essential for safeguarding market share and ensuring long-

term business viability in a highly competitive and consumer-aware marketplace. Furthermore, 

the issue of contamination often extends beyond what is immediately perceptible. Research 

indicates that ink migration can occur without detectable changes in odor or taste, necessitating 

sophisticated chemical analysis to identify any transfer. This highlights a latent risk: while 

obvious sensory defects immediately impact consumer perception, the long-term health 

implications of low-level, chemically undetectable migration pose a more insidious threat. This 

situation mandates significant investment by regulatory bodies and industry players in 

advanced analytical testing methods, such as gas chromatography and mass spectrometry, to 

protect consumers from risks they cannot perceive. This proactive approach to testing is vital 

for building and maintaining trust that transcends immediate sensory experience.  

Research Objective 

This research paper aims to provide a comprehensive analysis of low migration and low odor 

inks specifically for food packaging applications. The primary objectives are to: 

• Elucidate the scientific principles underlying ink migration and odor transfer in food 

packaging.  

• Examine the complex regulatory frameworks and industry guidelines governing the use 

of these inks.  

• Detail the advanced chemistry and formulation strategies employed in developing low 

migration and low Odor ink systems.  
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• Discuss the manufacturing processes, application techniques, and critical process 

control measures necessary for effective implementation.  

• Assess the sophisticated analytical and sensory methods utilized for testing and 

ensuring compliance.  

• Analyze current market trends, sustainability initiatives, and future innovations in the 

field.  

The scope of this paper encompasses a detailed examination of various low migration ink 

chemistries, including UV-curable, water-based, and mineral oil-free formulations. It also 

explores the diverse printing technologies used in food packaging, such as offset, flexography, 

gravure, screen printing, and digital inkjet. A central focus is placed on the critical factors 

influencing ink performance, safety, and regulatory compliance in food contact applications, 

offering a holistic perspective on this evolving and vital area of materials science and food 

chemistry.  

Research Methodology 

The research paper aims to provide a comprehensive analysis of low migration and low odor 

inks for food packaging applications. The methodology involves a detailed examination and 

assessment of several key areas: 

• Scientific Principles: Elucidating the underlying scientific principles of ink migration 

and odor transfer in food packaging. 

• Regulatory Frameworks: Examining complex regulatory frameworks and industry 

guidelines that govern the use of these inks. 

• Chemistry and Formulation: Detailing advanced chemistry and formulation 

strategies used in developing low migration and low odor ink systems. 

• Manufacturing and Application: Discussing manufacturing processes, application 

techniques, and critical process control measures necessary for effective 

implementation. 

• Testing and Analytical Methods: Assessing sophisticated analytical and sensory 

methods utilized for testing and ensuring compliance. 

• Market Analysis: Analyzing current market trends, sustainability initiatives, and 

future innovations in the field. 

The scope of the paper encompasses various low migration ink chemistries (UV-curable, water-

based, and mineral oil-free formulations) and diverse printing technologies (offset, 
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flexography, gravure, screen printing, and digital inkjet) used in food packaging. A central 

focus is placed on the critical factors influencing ink performance, safety, and regulatory 

compliance in food contact applications. 

Data Collection and Analysis 

The document details rigorous testing and advanced analytical methods crucial for verifying 

the safety and quality of low migration and low odor inks. This involves both quantitative 

chemical analysis and qualitative sensory evaluation. 

Testing and Analytical Methods: 

Overall Migration Limit (OML) and Specific Migration Limit (SML) Testing:  

• OML testing quantifies the total non-volatile substances transferred from a food contact 

material into a food simulant or actual food under specified conditions. This is a 

regulatory requirement in regions like Europe, China, and South America. 

• SML testing focuses on detecting and quantifying individual chemical substances that 

migrate, particularly those with known toxicological concerns or regulatory 

restrictions. For UV-curable inks, "set-off" migration is a probable contamination route 

requiring specific testing. Migration limits for both OML and SML are based on 

toxicological risk assessments. 

• Food Simulants and Standardized Conditions: Migration testing employs food 

simulants and specified temperatures and exposure periods to replicate real-life or 

worst-case scenarios during a product's lifecycle. 

• Advanced Chemical Analytical Techniques: The paper implicitly relies on 

sophisticated chemical analysis to identify any ink transfer, as migration can occur 

without detectable changes in odor or taste. Specific methods like gas chromatography 

and mass spectrometry are mentioned as advanced analytical testing methods used to 

protect consumers from unperceivable risks. 

• Sensory Evaluation Methods for Odor and Taste Migration:  

Sensory evaluation is indispensable for assessing the impact of packaging materials on the 

organoleptic properties (taste and smell) of food. 

Emission limits for odors and taste are often determined by trained sensory panels. 

Common methodologies include:  

Difference from Control (DfC) Tests: Comparing a food product stored in test packaging 

with a control sample, with trained panelists assessing and rating differences in odor and taste. 
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Triangle Tests: A discriminatory test where panelists identify the odd sample out of three (two 

identical, one different) to detect subtle differences. 

These tests adhere to standards such as DIN 10955 and DIN ISO 4120 to ensure reliability. 

Result Discussion 

The comprehensive analysis of low migration and low odor inks for food packaging reveals a 

complex yet critical field at the intersection of materials science, food chemistry, and regulatory 

compliance. The fundamental problem of ink migration, encompassing direct transfer, set-off, 

and gas-phase diffusion, poses significant health and sensory risks to consumers, as evidenced 

by historical incidents and ongoing contamination reports. This challenge is exacerbated by the 

dynamic interplay of ink composition, packaging material permeability, and environmental 

conditions, particularly temperature and food composition. The understanding that migration 

is not a static issue, but a dynamic interaction, necessitates a holistic "system thinking" 

approach to packaging design. The regulatory landscape, characterized by the EU's indirect 

approach and the FDA's evolving stance on exterior inks, underscores a continuous need for 

adaptation and proactive measures by the industry. Industry-led initiatives, such as EuPIA's 

GMP and adherence to Swiss Ordinance and Nestlé guidelines, demonstrate a commitment to 

self-regulation that often sets higher standards than legal minimums. Furthermore, the 

synergistic relationship between environmental sustainability goals and food safety is evident 

in the push for low VOC, mineral oil-free, and plant-based inks, where "greener" formulations 

often inherently lead to "safer" food packaging. The development of low migration and low 

odor inks is a sophisticated chemical endeavor. It involves meticulous formulation strategies, 

including the selection of high molecular weight components, precise optimization of curing 

chemistry (e.g., UV-LED, EB curing), and vigilant minimization of non-intentionally added 

substances (NIAS). These efforts are constrained by the delicate balance required in rheological 

properties (viscosity, shear-thinning, thixotropy) and surface chemistry (surface tension, 

adhesion) to ensure optimal print performance without compromising safety. The "tightrope 

walk" in balancing printability with low migration characteristics highlights the intricate 

challenges faced by formulators. Manufacturing and application processes further introduce 

complexities.  
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