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 This study evaluates the health risks associated with food 
additive exposure in ultra-processed food consumption, 
with a focus on dietary patterns, cumulative intake, 
microbiome interactions, and toxicological mechanisms. 
Using a qualitative Systematic Literature Review (SLR) 
approach, this study synthesizes recent evidence to examine 
how widespread consumption of ultra-processed foods 
contributes to continuous exposure to multiple additives. 
The findings indicate that additive exposure occurs as 
mixtures rather than isolated compounds, leading to 
cumulative effects that may influence long-term health 
outcomes. Emerging evidence highlights the role of the gut 
microbiome as a key mediator, where additives may alter 
microbial composition, intestinal permeability, and 
metabolic function. In addition, mechanisms such as 
oxidative stress and inflammation are identified as critical 
pathways linking exposure to disease risk. This study 
underscores the need for integrated risk assessment 
approaches that consider cumulative exposure, biological 
interactions, and real-world dietary conditions. 
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1. Introduction 

The increasing consumption of ultra-processed foods has become a 

significant concern in modern dietary patterns, particularly due to its association with 

adverse health outcomes. As highlighted by Lane et al. (2024), these foods are 

characterized by the extensive use of food additives designed to enhance shelf life, 

texture, and palatability. 

Epidemiological studies have consistently linked high intake of ultra-

processed foods with increased risks of chronic diseases, including cardiovascular 

and metabolic disorders, suggesting that dietary exposure plays a critical role in long-

term health outcomes (Srour et al., 2019). Beyond their nutritional composition, the 

presence of multiple additives consumed simultaneously has emerged as an 

important factor influencing health risks. 

Chazelas et al. (2021) demonstrate that individuals are commonly exposed to 

mixtures of additives rather than isolated compounds, highlighting the importance 

of considering cumulative exposure in food safety assessments. This is particularly 

relevant given the widespread use of additives across processed foods, which results 

in continuous low-dose intake over time (Cox et al., 2021). 

Traditional regulatory frameworks, including acceptable daily intake 

thresholds, are primarily designed to evaluate individual substances. However, as 

noted by Gürtler (2021), these models may not adequately reflect real-world dietary 

patterns where multiple additives are consumed concurrently. 

Recent research has also drawn attention to the interaction between food 

additives and the gut microbiome, which plays a central role in human health. Bancil 
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et al. (2021) report that certain emulsifiers can alter intestinal permeability and 

promote inflammatory responses, indicating a potential link between additive 

exposure and gastrointestinal disorders. 

The importance of the gut microbiome as a mediator of health outcomes has 

been further emphasized in recent reviews, which suggest that dietary components, 

including additives, can significantly influence microbial composition and function 

(Whelan et al., 2024). Experimental evidence supports this view, as demonstrated by 

Chassaing et al. (2022), who observed measurable changes in microbiota and 

metabolic activity following controlled exposure to specific additives. 

In addition to microbiome-related effects, food additives have been 

associated with biological mechanisms such as oxidative stress and metabolic 

disruption. These processes provide a mechanistic basis for understanding how 

long-term exposure may contribute to disease development (Wei & Ji, 2023). 

Despite these advances, existing research often remains fragmented, focusing 

separately on epidemiological associations, mechanistic insights, or exposure 

assessments. This lack of integration limits the ability to fully understand the 

cumulative health risks associated with food additives in modern diets. 

Therefore, this study aims to evaluate the health risks of food additives in 

ultra-processed food consumption by integrating evidence on dietary exposure, 

microbiome interactions, and toxicological mechanisms. Through a qualitative 

Systematic Literature Review (SLR) approach, this study seeks to provide a 

comprehensive and updated perspective on the role of food additives in human 

health. 
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2. Literature Review 

2.1. Ultra-Processed Foods and Additive Exposure 

The rise of ultra-processed food consumption has significantly altered dietary 

exposure patterns, particularly in relation to food additives. These products typically 

contain multiple additives that serve technological functions such as preservation, 

stabilization, and flavor enhancement, thereby increasing the diversity and frequency 

of chemical intake. As shown in recent umbrella reviews, higher consumption of 

ultra-processed foods is consistently associated with adverse health outcomes across 

multiple populations (Lane et al., 2024). 

Epidemiological evidence further supports this association by linking ultra-

processed food intake to chronic conditions such as diabetes and cardiovascular 

disease. For instance, Moradi et al. (2021) demonstrate a dose–response relationship 

between ultra-processed food consumption and increased risk of metabolic 

disorders. Similarly, Srour et al. (2022) emphasize that the health impact of these 

foods extends beyond nutritional content and involves the combined effects of 

additives and processing techniques. 

2.2. Dietary Exposure and Cumulative Intake of Additives 

Food additives are widely distributed across modern diets, leading to repeated 

exposure through multiple food products consumed daily. This pattern of intake 

results in cumulative exposure, where individuals ingest combinations of additives 

rather than isolated compounds. Chazelas et al. (2021) highlight that real-world 

dietary exposure often involves complex mixtures of additives, which may interact 

within the human body. 
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The concept of cumulative exposure is particularly important when 

considering long-term health effects, as even low-dose intake may contribute to 

biological changes over time. Kraemer et al. (2022) note that children and vulnerable 

populations may be especially affected due to differences in dietary habits and 

physiological sensitivity. Furthermore, recent risk assessment approaches emphasize 

the need to evaluate additive intake in relation to total dietary exposure rather than 

individual compounds alone (Medeleanu et al., 2024). 

2.3. Interaction of Food Additives with the Gut Microbiome 

Emerging research has identified the gut microbiome as a key factor in 

mediating the effects of food additives on human health. The microbiome plays a 

central role in metabolic regulation, immune function, and gastrointestinal health, 

making it highly sensitive to dietary influences. According to Whelan et al. (2024), 

additives present in ultra-processed foods may alter microbial composition and 

disrupt normal gut function. 

Specific classes of additives, particularly emulsifiers, have been shown to 

influence intestinal permeability and promote inflammatory responses. Bancil et al. 

(2021) provide mechanistic insights into how these compounds may contribute to 

gut-related disorders by modifying microbial activity. Experimental studies further 

support these findings, with Chassaing et al. (2022) demonstrating that controlled 

exposure to emulsifiers can significantly alter gut microbiota and metabolic profiles. 

In addition to emulsifiers, artificial sweeteners have also been linked to 

changes in microbial composition. Research by Ahmad et al. (2020) indicates that 

non-nutritive sweeteners may influence gut microbiota even in healthy individuals. 
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These findings are reinforced by broader reviews suggesting that microbiome 

alterations represent a critical pathway through which additives impact health 

(Rinninella et al., 2020). 

2.4. Toxicological Mechanisms and Health Implications 

The biological effects of food additives are mediated by underlying 

toxicological mechanisms that influence cellular and systemic processes. One of the 

primary mechanisms is oxidative stress, which can result from prolonged exposure 

to certain additives and lead to cellular damage. Wei and Ji (2023) highlight that such 

mechanisms are closely linked to metabolic and inflammatory conditions. In 

addition to oxidative stress, additives may interfere with metabolic pathways and 

signaling processes, contributing to broader physiological effects. Weinberg Sibony 

et al. (2024) emphasize that inflammation and metabolic dysregulation are key 

outcomes associated with chronic exposure to dietary chemicals. 

The complexity of these mechanisms is further amplified when multiple 

additives are consumed simultaneously. Elcombe et al. (2022) argue that mixture 

effects should be considered in toxicological evaluations, as combined exposure may 

produce outcomes that differ from those of individual substances. 

2.5. Limitations of Current Risk Assessment Approaches 

Current regulatory frameworks for food additives are largely based on 

evaluating individual substances under controlled conditions. These assessments 

typically rely on acceptable daily intake thresholds to determine safety levels. 

However, such approaches may not adequately reflect real-world exposure scenarios 

involving multiple additives and long-term consumption patterns (Gürtler, 2021). 
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Recent developments in toxicology have emphasized the importance of considering 

combined exposure and interaction effects in risk assessment. Guidelines from 

regulatory bodies increasingly recognize the need for harmonized methodologies 

that address cumulative exposure to multiple chemicals (EFSA Scientific 

Committee, 2019). 

Overall, the literature indicates that existing approaches may underestimate 

the complexity of additive exposure in modern diets. This highlights the need for 

more integrative frameworks that incorporate dietary patterns, biological 

mechanisms, and cumulative effects in evaluating health risks. 

3. Methods 

This study employs a qualitative Systematic Literature Review (SLR) approach 

to evaluate the health risks of food additives in ultra-processed food consumption 

within modern dietary contexts. The SLR method is selected to systematically 

synthesize existing scientific evidence across multiple domains, including food 

safety, nutritional epidemiology, toxicology, and microbiome research, without 

generating new experimental data. The literature search was conducted using 

academic databases and publisher platforms. The search strategy utilized 

combinations of keywords such as “food additives,” “ultra-processed foods,” 

“dietary exposure,” “gut microbiome,” “oxidative stress,” and “health risk” to 

identify relevant studies addressing both epidemiological associations and 

mechanistic insights. The inclusion criteria were limited to peer-reviewed articles 

published between 2019 and 2024 to ensure consistency with recent developments 
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in food systems and toxicological research. Studies were selected based on their 

relevance to food additive exposure through diet, including those examining 

cumulative intake, biological mechanisms, microbiome interactions, and risk 

assessment frameworks. Studies that focused solely on isolated compounds without 

relevance to dietary exposure or human health outcomes were excluded. The 

selected literature was analyzed using qualitative thematic synthesis, which involved 

identifying recurring patterns, conceptual relationships, and convergent findings 

across studies. The analysis was structured around key thematic areas, including 

ultra-processed food consumption, additive exposure and mixtures, microbiome 

interactions, toxicological mechanisms, and limitations of current risk assessment 

approaches. Rather than applying quantitative meta-analysis, this study emphasizes 

conceptual integration to provide a comprehensive understanding of how food 

additives influence human health in modern dietary systems. 

4. Results 

This section presents the synthesized findings on food additive exposure in 

ultra-processed food consumption, focusing on dietary patterns, cumulative intake, 

microbiome interactions, and associated health risks. The results indicate that 

exposure to food additives is widespread and occurs through complex dietary 

behaviors, leading to continuous intake of multiple substances that may interact 

within biological systems. 
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4.1. Ultra-Processed Food Consumption and Additive Exposure 

The findings show that ultra-processed foods are a primary source of food 

additive exposure in modern diets, as these products typically contain multiple 

additives used for technological and sensory purposes. Evidence from large-scale 

reviews indicates that higher consumption of ultra-processed foods is consistently 

associated with increased health risks across populations, reinforcing their role as a 

major exposure pathway (Lane et al., 2024). 

Dietary exposure to additives is not limited to single compounds but involves 

mixtures consumed through various food products. Chazelas et al. (2021) 

demonstrate that individuals are exposed to complex combinations of additives, 

reflecting real-world consumption patterns rather than controlled experimental 

conditions. In addition, consumption trends suggest that ultra-processed foods 

contribute significantly to total daily intake of additives, particularly in urban and 

industrialized settings. This pattern increases the likelihood of chronic low-dose 

exposure, which may have long-term health implications (Calvo & Uribarri, 2023). 

Table 1. Sources and Patterns of Food Additive Exposure in Ultra-

Processed Foods 

Source 
Category 

Type of Additives Function in Food Exposure Pattern 

Ultra-
processed 
foods 

Emulsifiers, 
preservatives, colorants 

Enhance shelf life, texture, 
and appearance 

Frequent and continuous 
intake 

Processed 
beverages 

Artificial sweeteners, 
stabilizers 

Improve taste and stability 
Repeated daily 
consumption 

Packaged 
snacks 

Flavor enhancers, 
additives mixtures 

Increase palatability 
Combined exposure from 
multiple sources 
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Source 
Category 

Type of Additives Function in Food Exposure Pattern 

Mixed dietary 
intake 

Multiple additive types 
Combined technological 
functions 

Cumulative exposure 

 

4.2. Microbiome Interaction and Toxicological Mechanisms 

The results highlight that food additives may influence human health through 

interactions with the gut microbiome, which plays a central role in metabolic and 

immune functions. Reviews indicate that additives present in ultra-processed foods 

can alter microbial composition and disrupt intestinal balance, suggesting a pathway 

linking dietary exposure to health outcomes (Whelan et al., 2024). 

Experimental studies provide further evidence of these effects, showing that 

specific additives such as emulsifiers can induce measurable changes in microbial 

diversity and metabolic activity. Chassaing et al. (2022) demonstrate that controlled 

exposure to emulsifiers leads to alterations in gut microbiota and associated 

metabolic processes. 

In addition to microbiome-related effects, additives may exert toxicity 

through mechanisms such as oxidative stress and inflammation. These mechanisms 

contribute to cellular damage and metabolic disruption, which are associated with 

chronic disease development (Wei & Ji, 2023).The combined exposure to multiple 

additives further increases the complexity of biological responses, as interaction 

effects may amplify or modify individual toxicological outcomes. Elcombe et al. 

(2022) emphasize that mixture effects represent a critical factor in understanding 

real-world exposure risks. 



 
 

 

99 | Food and Chemical Toxicology  
 

Table 2. Integrated Framework of Food Additive Exposure and Health 

Risk 

Process Stage Description Mechanism 
Health Risk 
Implication 

Dietary intake 
Consumption of ultra-
processed foods 

Multiple additive 
exposure 

Increased exposure 
frequency 

Microbiome 
interaction 

Alteration of gut 
microbial composition 

Dysbiosis and 
inflammation 

Gastrointestinal and 
metabolic effects 

Cellular response 
Biological interaction 
with cells 

Oxidative stress and 
metabolic disruption 

Cellular damage 

Mechanistic 
progression 

System-level biological 
impact 

Inflammatory pathways 
Chronic disease 
development 

Cumulative 
exposure 

Long-term intake of 
additive mixtures 

Interaction effects 
Increased long-term 
health risk 

 

4.3. Interpretation of Key Findings 

The synthesis indicates that food additive exposure in modern diets is driven 

by the widespread consumption of ultra-processed foods and the presence of 

multiple additives within these products. This results in cumulative exposure that 

differs significantly from controlled experimental scenarios, where individual 

compounds are typically assessed in isolation. 

A key insight is that the interaction between food additives and the gut 

microbiome represents a critical pathway through which dietary exposure may 

influence health outcomes. This highlights the importance of considering biological 

systems that mediate the effects of additives rather than focusing solely on chemical 

properties. 
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Furthermore, the findings demonstrate that current risk assessment 

approaches may not fully capture the complexity of real-world exposure, particularly 

in relation to mixture effects and chronic intake. This underscores the need for more 

integrative frameworks that account for cumulative exposure and biological 

interactions in evaluating the safety of food additives. 

5. Discussion 

The findings indicate that food additive exposure in modern diets is largely 

driven by the increasing consumption of ultra-processed foods, which contain 

multiple additives designed to enhance product stability and sensory characteristics. 

Unlike traditional dietary patterns, current consumption trends result in continuous 

and combined exposure to a wide range of additives, creating complex interaction 

effects within the human body. This highlights a fundamental limitation of 

conventional risk assessment approaches that evaluate additives individually, as they 

may not accurately reflect real-world dietary conditions where multiple substances 

are consumed simultaneously. 

Another important implication is the role of the gut microbiome as a key 

mediator of additive-related health effects. Changes in microbial composition and 

function may influence metabolic processes, immune responses, and overall 

physiological balance, thereby contributing to long-term health outcomes. In 

addition, mechanisms such as oxidative stress and inflammation provide a biological 

basis for understanding how chronic exposure to additive mixtures may lead to 

disease development. These insights emphasize the need for more integrative and 
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system-level approaches that consider cumulative exposure, biological interactions, 

and long-term effects in evaluating the safety of food additives in modern food 

systems. 

6. Conclusion 

This study demonstrates that food additive exposure in ultra-processed food 

consumption represents a complex and cumulative process influenced by modern 

dietary patterns. The findings show that additives are not consumed in isolation but 

as mixtures within widely consumed food products, leading to continuous and 

repeated exposure. This highlights that the assessment of food safety must extend 

beyond individual substances to consider the combined effects of multiple additives 

within real-world dietary contexts. 

From an analytical perspective, the study integrates evidence on dietary 

exposure, microbiome interactions, and toxicological mechanisms to provide a 

comprehensive understanding of health risks associated with food additives. The 

results indicate that biological pathways such as gut microbiome disruption, 

oxidative stress, and inflammation play a central role in mediating these effects. This 

integrated framework emphasizes that the impact of additives is shaped not only by 

their chemical properties but also by their interaction with biological systems. 

In practical terms, the findings underscore the need to advance current risk 

assessment approaches toward more comprehensive models that account for 

cumulative exposure and long-term health effects. Future research should focus on 

improving methodologies for evaluating additive mixtures, exploring microbiome-
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related mechanisms, and assessing population-level exposure patterns. 

Strengthening these approaches is essential for ensuring food safety and protecting 

public health in the context of evolving dietary systems. 
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