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Nanomaterials as food additives and in packaging ®Empa_
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Debate of nano-enabled food additives re-launched ®Empa
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Re-evaluation of silicon dioxide (E 551) as a food additive

EFSA Panel on Food Additives and Nutriert Sources added to Food (ANS),

Maged Younes, Peter Aggett, Femando Aguilar, Riccardo Crebelli, Brgit Dusemund,
Metka Filpic, Maria Jose Frutos, Plierre Gakler, Dawvid Gott, Ursula Gundert-Remy,
Gunter Georg Kuhnle, Jean-Chares Leblane, Inger Therese Lillegaard, Peter Moldeus,
Alcja Mortensen, Agneta Oskarsson, lvan Stankovic, Ine Waakens-Berendsen,

Rudolf Antonius Woutersen, Matthew Wright, Polly Boon, Dimitrios Chrysafidis, Rainer Glrtler,
Pasquale Mosesso, Dominique Parent-Massin, Paul Tobback, Natalia Kovalkovicova,

Ana Maria Rincon, Alexandra Tard and Caude Lambre

Abstract

The EFSA Panel on Food Additives and Nutrient Sources added 1o Food (ANS) provides a scientific

opinion re-evaluating the safety of silkcon dicade (E 551) when used as a food additive, The forms of

synthetic amomphous sikca (SAS) used as € 551 Indude fumed sikca and hydrated siica (preciptated

slica, sikca gel and hydrous silkca). The Saoentific Commitee on Food (SCF) etablshed a group

acceptable dady intake (AD]) ‘mot speafied” for shoon doxde and slicates. SAS materials used in the

available biological and toxcological studies were different in their physicochemical properties; their

charactersstics were not always described in sufficent detal. Scon dicndde appears to be poorly

absorbed, However, shoon-contaning material (n some cases presumed 1o be shoon doxde) was

found in some tssues, Despite the Imitations in the subchronk, reproductive and developmental

toxicologcal studies, iIncluding studies with nano sikcon deade, there was no indication of adverse

effects. E 551 does not ralse a concern with respect 1o genotaacty. In the absence of 3 long-term

study with nano séicon doxide, the Panel could not extrapolate the results from the avadable cheonmc

study with 3 material, which does not cover the fullsize range of the nanoparticles that could be .
peesent in the food additive £ 551, to a matenial complying with the cument spedfications for E $51. A|m:
These specifications do not exchude the presence of nanoparticles. The highest exposure estimates

M0 Ot st €500 M. The Pend concheiad St the T Specibcaions e MRt b find a structure — activity relationship between differently
adequately characterse the food addtive E S51. Oear charactensation of partide size distribution i . . . .

requred, Bused 1 the vl abase, e s 10 o for Wy o E 551 th reponted produced SAS particles and their bioresponses using an
confim the current ADI ‘not specfied’. The Paned recommended some modfications of the EU

ecictions for € S50 adv human Gl in vitro model

© 2018 European Food Safety Authory. EFSA Journal published by John Wikey and Sons Ltd on behalf
of European Food Safety Authority.



Set of synthetic amorphous silica particles (SAS)  ®Empa

Material Code' Production Primary structure size/ Aggregate size Specific surface Material density/  Agglomerate effective Agglomerate size/ Point of zero Zeta potential/
process nm" (ECD)/nm" area/(m?/g)™ (g/em®)™ density/(g/cm®)¥ nm"" charge/pH"" my¥™"
SIPERNAT® 350 precipitated 30.3 + 6.8 276.3 55 215 1.33 623 + 15 1.7 n.a.
SIPERNAT® 22 P-5 precipitated 10 £ 26 82.2 180 2.12 1.65 325 + 37 1.7 -37.1
SIPERNAT® 22 § precipitated 10 = 2.6 82.2 185 2.14 1.20 743 + 38 2.0 -37.1
SIPERNAT® 2200 precipitated 9+ 14 44.9 185 212 1.25 324 = 13 1.5 n.a.
SIPERNAT® 160 P-1 precipitated 12.2 = 27 58.3 180 2.16 1.18 555 = 32 1.7 —41.2
SIPERNAT® 50 P-2 precipitated 31 = 0.7 59.8 460 212 1.15 645 + 79 1.7 -13.7
SIPERNAT® 50 S precipitated 31 = 07 59.8 460 212 1.16 747 + 86 1.7 -13.7
AEROSIL* OX50 F-1 fumed 41.4 = 183 233.7 45 2.32 1.25 299 = 6 2.3 —34.0
AEROSIL* 200 fumed 78 = 1.8 161.1 210 2.38 1.07 294 = 5 2.3 -11.8
Pharma
AEROSIL® 380 F E-3 fumed 8 = 27 101.9 390 2.29 1.09 318 = 15 2.4 -10.6

Dispersion protocol:

Stock dispersions of SAS (10mg/ml) were prepared in double
distilled water (ddH20) using an ULTRA-TURRAX T25 at 14600 rpm
for 1 min, which results in a particle size distribution as expected in
food matrix

Dilutions of the stock dispersions were applied in protein

containing cell culture medium to cell cultures Hempt et al 2020 Toxicol in vitro



In vitro co-culture model applied ®Empa
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The 10 different SAS particles do not induce any ~ ®Empa
acute cytotoxicity effects...
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... hor an acute effect on the barrier function ®Empa
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No visible changes of the enterocyte morphology ®Empa
and layer integrity
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Analysis of sub-toxic events and influence on
barrier functions

@Emp

a

wnoe and Technology

Material Production Primary structure  Aggregate Specific Material Agglomerate Agglomerate Point of zero Zeta
process size/ nm' size (ECD)/ surface density/ effective density/ size/ nm"' charge/ potential/
nm" area/ (g/em”)" (g/em”)’ pH"" mv*™"
(m*/g)"
SIPERNAT® 350 precipitated 303 + 68 276.3 55 2.15 133 623 ¢ 15 1.7 n.a.
SIPERNAT® 22 S precipitated 10 + 26 82.2 185 2.14 1.20 743 + 38 2.0 n.a.
SIPERNAT® 160 precipitated 122 + 2.7 58.3 180 2.16 1.18 555 & 32 1.7 -41.2
SIPERNAT® 50 S precipitated 31 &+ 07 59.8 460 212 1.16 747 + 86 1.7 n.a.
AEROSIL® OX50 fumed 414 + 183 233.7 45 2.32 1.25 299 + 6 23 -34.0
AEROSIL® 380 F fumed 8 t 27 101.9 390 2.29 1.09 318 & 15 2.4 -10.6




Quadrupel Gl in vitro model

Microvilli function

Physiological conditions
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No effect on barrier integritiy ®Empa
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@ Empa

No acute effects on micro villi function

128
Nucleus

Hempt et al 2020 Archives of Toxicol
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No SAS influence on lipid uptake

Enterocyte
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®Empa

SAS influence on iron uptake

fron tramiported through benokateral Hepcidin
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@ Empa
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Conclusion @ Empa

m Despite considerable differences in production process, specific
surface area or silanol content, SAS neither induced severe acute
cytotoxicity nor had an effect on barrier integrity and functionality.

m The mucus acts somehow as a protective layer with additional
barrier properties, seen by the reduced cytotoxicity of our pos.
controls

m The role of the mucus layer on nanomaterial interactions with the
intestinal barrier should be investigated in more detail
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