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Our analysis and characterization of the particle size distribution
of several commercially available silicon dioxide food additives
has shown the presence of nanoparticles in all six samples. These
particles in the nanoscale range (1-100 nm) are more numerous in
samples prepared by sonication than by shaking. Analysis of
samples prepared by sonication shows a smaller average particle
size and lower polydispersity index than their shaken
counterparts. Additional research is needed to analyze and
characterize the particle size distribution of silica food additives in
other matrices.
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Table 1. A comparison of the Z-average (hydrodynamic diameter in
nanometers) and polydispersity index (PdI) values associated with
shaking and sonication of each food additive

4

16

SiO2 C1-shaken-0.2 um filtrate
SiO2 C1-sonicate-0.2 um filtrate

14

A

B

6

0

1000

Shaken filtrate (TEM)

8

0

100

Sonicated filtrate (TEM)

10

2

10

Bulk Material (SEM)

12

2
1

The particle size distribution graphs in figure 1 show a distinct
difference between the shaken and sonicated samples of most of
the food additives analyzed. This is most apparent for samples B,
C2, and D1, where it is easy to see that the sonicated samples had
more particles in the nanoscale range (1-100 nm). Despite this
difference, all particle size distributions in figure 1 show the
presence of nanoscale particles.
In table 1, the Z-average shows the mean hydrodynamic size of a
sample in nanometers. Also shown is the polydispersity index
(PDI), a calculated parameter where higher values represent a
wider range of hydrodynamic sizes present in the sample.
Analysis of sonicated samples showed a smaller average particle
size and lower polydispersity index for all six silica food additives
tested.
The SEM images in figure 2 show the morphology of dry silicon
dioxide additives. The TEM images in figure 2 confirm the
presence of nanoparticles in sonicated filtrate and shaken filtrate
samples.
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The amorphous form of silicon dioxide (silica), an FDA
regulated product, has a long history of use as a food additive.
The fine white metal oxide powder is used as an anti-caking
agent in spices, non-dairy coffee creamers, and other
powdered food products. It is also frequently used as a fining
agent to improve the clarity of beer and wine, filtered out of
the final product. Amorphous silica can be manufactured
through a variety of methods, including precipitation and
fuming. These manufacturing processes have the potential to
produce nanoscale silica (particles with at least one dimension
in the range of 1-100 nm). While amorphous silica is widely
used in the food industry, there are limited data available on
the particle size distribution of commercially available silica
food additives. In order to investigate the possible presence of
nanomaterials in metal oxide food additives, we analyzed the
particle size distribution of several commercially available
silica food additives using Dynamic Light Scattering (DLS)
assay, Transmission Electron Microscopy (TEM), and
Scanning Electron Microscopy.
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The objective of this project is to gain a greater understanding
of the occurrence of nanoscale particles in the food additive
silicon dioxide which is an FDA regulated product.
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Results and Discussion

 Six commercially available silicon dioxide food additives were
chosen and assigned a name (A, B, C1, C2, D1, and D2).
 Dispersions were prepared at a concentration of 0.100% (w/v)
using ultrapure water (18 MΩ).
 Shaken samples were prepared using a Thermo MaxQ 6000
shaker at 250 rpm for 10 minutes.
 Sonicated samples were prepared using a QSONICA Q500
sonicator at 55% amplification for 10 minutes in pulse mode
(20 seconds on followed by 20 seconds off for a total of 20
minutes) in an ice water bath to avoid overheating.
 Shaken and sonicated samples were filtered using Stericup 0.22
μm vacuum driven filters.
 Samples were characterized using a JEOL JEM-1400
Transmission Electron Microscope (TEM).
 TEM grids were prepared using 8-10 μL of suspension and
formvar/carbon grids.
 Samples were characterized using a TESCAN Mira3 Field
Effect-Scanning Electron Microscope (FE-SEM).
 Samples were dusted on carbon tape for SEM imaging.
 Particle size distribution of filtered samples was analyzed by
DLS using 1000 μL of suspension in a Malvern Zetasizer Nano
ZEN3600.
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Amorphous silicon dioxide, a US FDA approved food additive,
has been widely used as a stabilizer, carrier, and anticaking
agent for many years. Despite the ubiquity of amorphous silicon
dioxide, there are limited data available on the particle size
distribution of the commercially available food additives. Here
we show that several food grade silicon dioxide samples,
obtained from commercial distributors, contained particles on
the nanoscale (between 1 and 100 nm). The samples were
prepared by two different methods: shaking and sonicating.
While nanoparticles were found in all six samples, the particle
size distribution was affected by the preparation method.
Sonicated samples showed a smaller average particle size and a
lower polydispersity index than their shaken counterparts.
Analysis of the samples was conducted with Dynamic Light
Scattering (DLS), Transmission Electron Microscopy (TEM)
and Scanning Electron Microscopy (SEM).

Materials and Methods

1

10

100

Size (d,nm)

1000

10000

Figure 1. Particle size distribution of six different commercially
available silicon dioxide food additives (A, B, C1, C2, D1, and D2),
showing a comparison of two sample preparation methods: shaking
and sonication
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Figure 2. FE-SEM images of bulk material, TEM images of sonicated
filtrate, and TEM images of shaken filtrate.
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