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• Key enabling materials

• Small size (>50 % of particles 
in the size range 1 nm - 100 nm)

• High surface-to-volume 
ratio

• Increased reactivity and 
structural complexity

Highly desirable properties
for specific uses

Unwanted greater biological⁄ 
toxicological reactivity

Source: https://euon.echa.europa.eu/general-information

Nanomaterials and Nanoparticles
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“Nanomaterials could play an important role in the future of agriculture (…) 
and crops, important opportunities of nanotechnology in smarter food 
production and preservation” Pulizzi, 2019, Nature Nanotechnology

https://doi.org/10.1038/s41565-019-0475-1

Nanomaterials use in food and feed

Agricultural uses of nanotechnology. 
Lowry, Avellan ,Gilbertson. 2019. Nature Nanotechnology, 14, 517–522 
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Nanomaterials use in food and feed
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• Prevent microbial 
growth;

• Improve the properties 
of the FCM;

• Active packing and/or 
smart packing- O2, pH, 
temperature 
monitoring and 
pathogens detection;

• Improve food shelf life;

• Improve the 
potency and/or 
bioavailability of 
nutrients;

• Elimination of 
pathogens and 
reduce toxins 
toxicity;

• Food additives-
Improve food colour, 
texture and flavour;

• Improve the potency 
and/or bioavailability 
of nutrients;

• Improve food shelf 
life.

Vieira, A.,  Gramacho, A., Rolo, A., Vital, N., Silva MJ, Louro H. Chapter 8: Cellular and molecular mechanisms of toxicity of ingested 
Titanium dioxide nanomaterials. 2021, In Nanotoxicology in safety assessment of nanomaterials, Advances in Experimental 
Medicine and Biology, Springer Nature Switzerland Ags, in prep.



Titanium dioxide nanomaterials (TiO2)

Human ingestion of 
TiO2 is an emergent

health risk?

Colours & 
Pigments

E171

TiO2
applicatio

ns

Cosmetics Food
Industry
and 
Packaging

•Recent evidence of human 
exposure and bioaccumulation 
of TiO2 (Heringa et al., 2018)
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Human and environmental exposure in the manufactured nanomaterials life 

cycle context (Louro et al., 2013) .

Nanomaterials safety assessment
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Louro H.et al. 2015 Nanotechnology Applications for Tissue Engineering. doi:10.1016/B978-0-323-32889-0.00016-9
Louro H. 2018. Adv Exp Med Biol. 1048:123-142. doi: 10.1007/978-3-319-72041-8_8. 

Nano-bio interactions
determine specific toxic effects
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INGESTnano Project 
aims to investigate the nano-bio interactions of titanium dioxide NMs in 

the context of intestinal tract and considering the digestion processes, to 
better understand key events that may be linked to an adverse outcome 

pathway (AOP). 
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Nano-bio interactions
determine specific toxic effects
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For one of the digested TiO2 NMs studied 
(NM-105), a more pronounced toxicity 
occurs after exposure of HT29-MTX-E12 
intestinal cells, as compared to 
undigested NM, concomitantly with
subtle changes in characteristics of the 
NM.

Results and Discussion



• To our knowledge, these are the first data with TiO2 using the 
harmonized in vitro digestion method.

• It allows to incorporate the secondary characteristics of NM 
into hazard assessment. 

• This digestion model, coupled to co-culture models, provides an 
alternative to animal models, by mimicking intestinal 
processes and physiology when assessing ingested 
nanomaterials safety.

• The nanotoxicology approach may be incorporated at early-stage 
in the development of new NMs for food industry, in a “safe-by-
design” approach that will enable safety to keep pace with 
innovation.
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Louro et al.  2015. ROLE OF NANOGENOTOXICOLOGY
STUDIES IN SAFETY EVALUATION OF NANOMATERIALS. 
DOI: http://dx.doi.org/10.1016/B978-0-323-32889-0.00016-9

Development of
new applications
Development of
new applications

Nanotoxicology
Studies

Nanotoxicology
Studies

Safe use of Nanomaterials
• Predict and prevent their potential adverse effects in 

patients

• Investigate the relation between physicochemical 

properties and their functionality, toxicity and 

exposure/release.

•Define safe exposure levels for human health.

Safe-by-design

Toxicity Biocompatibility

Societal Needs for the safe use of Nanomaterials
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