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Despite first being referred to nearly 40 years ago, the world of ‘nanotechnology’ – particularly in relation to food – is still a long way from being part of mainstream discussions

Small food for thought
Nanomaterials are already part of our diet and the vast majority are naturally occurring.
But should ‘artificial’ nanoparticles be added to our foodstuffs? Daniel Cressey reports

I

magine a humble grain of rice.
Shrink it down a thousand times,
and it becomes the size of a human
skin cell. Shrink it a thousand
times more, and you arrive at the
nanoscale, where matter is measured in billionths of a metre.
Over the past three decades, scientists
have developed a plethora of techniques
that allow them to design and build structures at the nanoscale. Now they are applying these to our food.
Nanoparticles could smuggle vitamins
into our daily diet, help deliver medicines
where they are needed in the body, or even
help to reduce food waste. “The possibilities seem endless,” says Jeffrey Card, a toxicology expert at Intertek, a multinational
safety consultancy that works extensively
in the nanotech area. “Think of nanoscale
filters to remove bacteria from milk and
other beverages without boiling,” he says,
“or nanosensors to detect and alert consumers to pathogens or spoiled food.”
“Some groups are even attempting
‘molecular food manufacturing’,” he adds.
That involves creating food from its basic
atomic components – carbon, hydrogen,
oxygen, and so on – without the need for
soil, seed or animals.
If “nanofood” sounds like science fiction,
think again: nanomaterials are already on
your plate. Natural processes used to make
cheese, for example, produce nano-scale
particles. But consumers tend to be more
concerned by artificial nanoparticles that
could be added to their food.
“The problem is that the qualities that
make nanomaterials so attractive to
researchers and industry across a wide
range of fields, including food processing,
are the same qualities that could make them
harmful to human health,” says Kathy Jo
Wetter, who works on nanotechnology
issues for the ETC Group, a campaigning

organisation interested in technology’s
impact on health and the environment.
For example, nanoparticles’ small size can
make some of them more “bioavailable”,
meaning that they are more likely to be
absorbed by living tissue.
To date, only a handful of commercial
food products contain artificial nanoparticles. The European Commission’s Joint
Research Centre says that two nanomaterials have been authorised for food applications in the European Union: a glazing
agent called methacrylate copolymer, and
titanium nitride nanoparticles that can
help to make stronger plastic bottles. And
in the US some iced doughnuts owe their
alluring white sheen to nanoparticles of
titanium dioxide, for example.

Food packaging
For now, nanotechnology is likely to have
a bigger impact in food packaging. Nanoscale polymers are already used in some
packaging to prevent oxygen leaking
through, which extends a product’s shelf
life. Researchers have developed sensors
based on nanoparticles that change colour in response to changing acidity levels
or the presence of bacteria, which could
indicate when food has spoiled. Eventually, such sensors could even trigger the
release of preservatives when they detect
food beginning to spoil.
Materials scientist Clara Silvestre, who
works at the Institute of Chemistry and
Technology of Polymers in Napoli, Italy,
says that this sort of nanotechnology could
play a key role in increasing sustainability,
because roughly 30-40% of food is currently wasted.
Looking further into the future, “we
could change the food itself or change the
way the food is absorbed and operates
through the system”, says Norman Roy
Scott, an emeritus professor of bioengi-

neering at Cornell University in Ithaca,
New York. Researchers are already learning
how to encapsulate tiny droplets of one liquid inside another liquid, allowing them to
be incorporated into food more easily, and
then better absorbed by the body. Nanocapsules inside food could also be designed
to release their contents over time, keeping
you feeling full for longer.
David Julian McClements, a food scientist at the University of Massachusetts,
says that oil-soluble vitamins, omega-3 and
carotenoids (linked to eye health) are all
candidates for encapsulation and incorporation into food. “These are all things that
have very low solubility in water. Normally
they have very low bioavailability,” he says.
“There is definitely potential for improving
the bioavailability of these particles.”
Some argue, however, that there is not
enough long-term safety data on the nanoparticles that are already being used in
packaging, which may end up being inadvertently eaten. And they are even more
worried about deliberately incorporating
nanoparticles into food – partly due to
safety concerns, but also because it is yet
another example of the control that large
corporations exert over our food chain.
Ian Illuminato, Friends of the Earth’s
nanotechnology expert, says that there is
already evidence that some nanoparticles
can “get into organs they’re not supposed
to be in”, such as the brain and the liver.
“There are a lot of studies here that show
red lights.”

‘There’s benefits and
potential risks. You have
to make sure what you’re
doing is safe before you
feed millions of people’

Illuminato says that while public concerns linked to new technologies and food
have mainly focused on genetic modification, nanotechnology is gaining fast. “It’s
something that’s going to be used more
and more, and we’re going to hear more
and more about,” he says.
Consumers are not the only group that
could be affected. If nanomaterials do
become prevalent in the food industry,
more workers will become exposed to them
for significant periods of time. Nanoparticles in packaging will also end up in waste,
and may require specialist recycling.
At the moment, though, conclusive
evidence of harm is thin on the ground.
In 2011, Intertek reviewed the available
studies on food-related nano-safety and
concluded that there is “relatively little”
published information available. “Much
of the research that has been reported is
substandard,” says Card, “which makes it
difficult to provide an overall conclusion
on safety.”
Many researchers agree with protestors
who demand that any nanotech foods
should be backed by substantial evidence
of their long-term safety. “Like with all new
technology there are benefits and potential risks,” says McClements. “You have to
make sure what you’re doing is safe before
you feed millions of people.”
But they also point out that nanoparticles need to be assessed on a case-by-case
basis. Something nano-sized is not automatically dangerous, says Mihail Roco,
senior adviser for nanotechnology at the
National Science Foundation in Washington DC, one of the US government’s main
research funding agencies.
On top of that, it’s important to remember that natural nano-structures abound
in our food already, he adds: “If you say
nano-structures are dangerous, then you
can’t eat anything.”

Nanotechnology is no longer confined
to the laboratory. It is being used to
create better-targeted medicines,
make self-cleaning glass, improve
energy efficiency and, now, improve
our food.
Proponents of nanotechnology
argue that it could benefit consumers
and manufacturers alike, by adding
nutrients to food, keeping it fresh
for longer, or warning us of any
contamination. But some fear that
the nanoparticles used in packaging
could make their way into our bodies
or the environment, where they
could pose a health risk. Research
on understanding the biological
effects of nanoparticles is in its
infancy, and campaigners have called
for a moratorium on developing
nanotechnology until the risks
have been thoroughly researched.
Others believe that nanotechnology
represents yet another way for the
food industry to exert a worrying
degree of control over our diets.
The nervousness about this
burgeoning science is magnified
because nanotechnology is, by its
very nature, invisible. That’s why
consumers need to understand what
nanotechnology is, how it is being
applied to their food, and what the
future could hold.
So far, there are relatively few
nano-food products on the market,
although researchers are working
on a wide range of potential
applications. Now is the perfect time
to join the debate. This supplement
is part of a broader consultation
process, organised by the European
Commission, which is taking place
across Europe until the end of
2015. It includes a series of public
consultations, schools activities,
and other events that will all gather
citizens’ views about the future
development of nanotechnology.
You can find out more at the
dedicated website guardian.co.uk/
nanopinion, where you can learn more
about the science of nanotechnology
and get involved in the debate about
the future of food.
Mark Peplow
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What you need to
know about nano-food
Katharine Sanderson answers the big questions about the tiny technology on its way to your plate

Nanotechnology is the science of the very,
very small. Measured in billionths of a
meter, nanoparticles are similar in scale to
viruses, proteins and antibodies. You could
fit thousands of nanoparticles inside just
one of your red blood cells, leaving ample
room to spare.
Manipulating food at this scale could
help to develop lower-fat foods that still
taste great, or allow manufacturers to pack
more nutrients into otherwise vitaminfree foods. This technology should not
necessarily be alarming, because the
human body is already used to dealing
with nanoscale food. Our guts break what
we eat down to nano-sized chunks so
that the body can absorb nutrients in the
intestine, for example.
Nanotechnology is also poised to create
better food packaging. It could reduce the
amount of plastic used, for example, or
make containers smarter by building in
sensors that tell us whether the food inside
is still fresh.
The food industry has unwittingly
been using nanotechnology for years.
Mayonnaise is an emulsion of tiny
particles, where oil and water are forced
to mix together without separating.
But researchers are now developing
techniques that allow these tiny droplets
to be precisely tailored, to give them

WHY WOULD
I EAT
NANO-FOOD?
A variety of nanotechnology to be used
in food is in development, and a few
products have hit the market. But experts
say that the traditionally conservative
food industry is unlikely to adopt
nanotechnology on a large scale unless it
has compelling benefits for their business
or their customers.
One of the main uses could be to
deliver more vitamins and minerals
through the food we eat. Nanoparticles
could encapsulate vitamin supplements,
which could be added to everyday foods
such as bread.
Essential minerals could get the same
treatment. “We’re working to make nanobased iron supplements that are safe and
side-effect free,” says Jonathan Powell,
head of biomineral research at the Medical
Research Council’s Human Nutrition
Research centre in Cambridge, UK.
There is growing evidence that the
body stores iron as solid, insoluble
nanoparticles that are only broken down
into useful atoms once they get inside
our cells. Supplements containing iron
in a soluble form can be toxic in very
high doses, because they damage the
gut. Powell wants to sneak iron directly

specific tastes or textures. Mayonnaise
stays thick and creamy because “there are
so many fat droplets that they divide the
water into pockets”, says Kathy Groves, a
microscopist at contract research company
Leatherhead Food Research in the UK. That
means it is typically 70% fat – far from ideal
if you’re on a diet.
One way to reduce the fat content below
40% is to add more water, plus some starch
to make sure the mayonnaise does not
become too runny. But an altogether tastier
approach is to manipulate the droplets’
structure on the nanoscale. Groves and
her colleagues are developing techniques
to replace the insides of the fat droplets
with water, creating an emulsion that has
the same texture, but less fat than the real
thing.
Researchers are also developing
nanometre-sized grains of salt, roughly a
thousand times smaller than normal table
salt. Carving up a grain of salt into these
smaller particles increases its surface area
a million-fold, which means that your food
needs far less salt to give your taste buds
the same savoury kick. That could be a
boon for those who, worried about high
blood pressure, are trying to reduce their
salt intake.
As for packaging, nanotech is already
being used in the United States to stop
beers going flat. Plastic beer bottles
used by brewer SABMiller contain flaky
nanoparticles of clay, which fill up much
more space in the walls of the bottle than
molecules of plastic. That makes it much
harder for fizzy carbon dioxide to escape
from the beer – or for oxygen, which can
spoil the beer’s flavour, to get in. In future,
smart nano-packaging might be able to
change colour if it detects the gases given
off by spoiling food, allowing consumers
to make informed decisions about what’s
safe to eat.

into cells in their insoluble, nanoparticle
form – piggybacking on the body’s
natural route – to make a more effective
supplement.
Powell has also been investigating the
health impacts of nanoparticles that are
foreign to the body. Nanoparticles of
titanium dioxide are commonly used
in sun creams, where they screen out
harmful ultraviolet rays. Powell has found
that if titanium dioxide nanoparticles get
inside the body, they can accumulate in
parts of the small intestine used by our
immune system. Although the health
implications of this accumulation are
not understood, Powell thinks that
manufacturers should steer clear of using
nanoparticles additives that do not have
a clear benefit.
So where do nanoparticles end up if the
body cannot break them down?
Researchers are just beginning to
address that question. The UK’s Food
Safety Authority (FSA) has been running
two projects that look specifically at
what happens when nanoparticles are
ingested and results are due in the next
few months.
Sandy Lawrie, head of novel foods
at the FSA, hopes the research will
help companies planning to use
nanotechnology test the safety of their
products.
Aside from these studies, there is
relatively little toxicology data on ingested
nanoparticles, although that doesn’t
necessarily mean that the nanoparticles
are dangerous, says Lawrie.

gallerystock

What are the
practical
applications
of nanofoods?
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WHO MAKES
NANO-FOOD?
Try to find out the details of what food
companies are doing with nanotechnology,
and you’re likely to draw a blank. “The
application of nanotechnologies in the food
industry is at an early stage, and to the best
of our knowledge the UK food and drink
manufacturing industry does not currently use
engineered nanomaterials in food products,
their processing or their packaging.” So says
the UK’s Food and Drink Federation, which
represents food manufacturers.
Nestlé says that it is keeping a watchful eye
on developments in food nanotechnology, but
not doing any of its own research. Heinz takes
the same line, saying that it is monitoring the
field but not actively participating.
It was a rather different story back in
2005, when industry analyst Mark Bünger,
a research director at Lux Research in San
Francisco, California, attended the World Food
Technology and Innovation Conference in
Dublin, Ireland. In a report from the meeting,
he wrote: “We talked with companies ranging
from Unilever to startup Derevo about
nanotechnology’s applications in the food
industry at every stage of the nanotech value
chain.”
Why have companies become so coy since
then? Bünger suggests that it may reflect
a genuine decline in interest, perhaps due
to regulatory challenges. He expects that
the nanotechnologies used to deliver food
supplements, for example, will first make

their way into medical applications, an arena
where new products go through more rigorous
testing.
This is backed up by figures from the
Project on Emerging Nanotechnologies at
the Woodrow Wilson International Center for
Scholars in Washington, DC. In its inventory
of more than 1,000 commercial products that
contain nanoparticles, just five are listed in the
food category.
But David Carlander, director of advocacy
for the Nanotechnology Industries Association
(NIA), based in Lisbon, Portugal, suspects
that companies may be doing more work
on nanotechnology than they are prepared
to admit. “I think this is how several large
corporations are acting, and the amount of
“monitoring” they do may in practice be quite
substantial,” Carlander says.
In 2010, the House of Lords committee
on science and technology conducted an
in-depth investigation of nano-food, and
its report criticised the food industry for
its secrecy on the subject. And last year,
the Food and Agriculture Organization of
the United Nations issued a report on food
and nanotechnology which raised similar
concerns about a lack of transparency about
what the food industry was doing with
nanotechnology.
Sandy Lawrie, head of novel foods at the UK’s
Food Standards Agency, says they encourage
companies to come to them with information
about what they’ve developed, but so far there
have only been a “small number of enquiries”
from companies developing new foods using
nanotechnology. For all the promise of nanofoods, he adds, “there’s a lot of talk about it but
very few products to show for it”.

WHERE DOES
NANO-FOOD
COME FROM?
Some nano-structures occur naturally
in food; others can be added by food
manufacturers. But there’s another
way that nanotechnology can get
into the food chain – from the ground
up. At Clemson University in South
Carolina, food biologist Jeremy Tzeng
is using nanotechnology to tackle the
problems that can be caused by feeding
antibiotics to animals. The routine use
of antibiotics in animal feed is banned in
Europe, because microbes are becoming
increasingly resistant to these essential
drugs. This may, in turn, make human
infections harder to treat.
Tzeng is developing nanoparticles that
could take the place of these antibiotics
in chickens. The particles bind to bacteria
and then clump together, passing through
the chicken along with other fecal matter.
So far, the polystyrene-based particles he
uses don’t seem to cause the chickens any
distress or weight loss, but there are still
important issues to address. “Our concern
is what the nanomaterial’s impact is on
the environment,” Tzeng says.
That’s not the only way that
nanotechnology could be used on the

IS IT SAFE?
In Europe, the arrival of genetically
modified (GM) foods in the 1990s
triggered a public relations disaster that
has effectively closed the industry down.
Nanotech advocates are desperate to
avoid being tarred with the same brush.
“The parallels are undeniable,” says
Kathy Jo Wetter, who works on nanotech
issues with the ETC Group, a campaigning
organisation interested in technology’s
impact on health and the environment.
“Products have been rushed to market
without proper assessment and virtually
no public discussion.”
But even if they wanted to, food
companies are not allowed to use
clever new nanotechnologies in their
products without regulatory approval.
“Despite some earlier concerns that
the use of nanomaterials in food was
essentially unregulated, it is clear that
nanotechnologies in food are regulated,”
says Diana Bowman, an expert in risk
and public health at the University of
Michigan.
All foods that include nanomaterials,
or are processed using nanotechnology,
fall under the same regulations as
conventional food. The next challenge,
which Bowman says hasn’t yet been
addressed, is to find out how effective
existing regulatory frameworks are for
looking at any novel effects associated
with nanotechnologies. “This is still an
open, and highly debated, question,”
Bowman says.
Until recently, industry has not been
required to label products containing

farm. “Nanotechnologies are used to
make various pesticides,” says Kai
Savolainen, director of the Nanosafety
Research Centre at the Finnish Institute
of Occupational Health in Helsinki,
bringing with them a range of benefits.
“They have a better ability to stick where
they’re supposed to – to roots, or leaves,
or to weeds,” he says.
Fertilizers can be delivered in
nanoparticles that deliver the essential
nutrients more efficiently. When
conventional fertilizers are applied to a
field, more than half of the nitrogen they
contain leaches away through the soil, or
is lost in to the air, says nanotechnology
researcher Maria DeRosa from Carleton
University in Ottowa, Canada. Not only
do crops miss out on their feed, this
also increases nitrogen pollution that
can cause unwanted algal blooms in
waterways. Using fertilizers in the form of
nanoparticles could make it much easier
for plants to absorb, drastically cutting
down on the amount that farmers need
to put on their fields. This could have
other spin-off benefits – roughly 1% of the
world’s energy output is currently used
to make fertilizer, so cutting back could
reduce the greenhouse gas emissions the
process creates.
Adding nanoparticles of titanium
dioxide to fertilizers could help to break
down unwanted bacteria, while other
nanoparticles have been used to slowly
release chemical compounds that
regulate plant growth, DeRosa adds.

nanomaterials. But that is changing.
The European Union recently introduced
new regulations for cosmetics and food
labelling, says Bowman. From the end of
2014, it will become a legal requirement
to clearly label food products that contain
nanomaterials – although the regulations
do not cover manufacturing processes.
It’s a move in the right direction, says
Kai Savolainen, Director of Nanosafety
Research Centre at the Finnish Institute
of Occupational Health. He says he is
concerned that right now, food producers
do not have to declare specifically
whether they use nanotechnology. “I feel
I should have the right to know what I put
in my mouth,” he says.
Savolainen says that while he
doesn’t anticipate any major risks from
nanofoods, more safety studies that look
specifically at ingesting nanoparticles
are needed. “There are thousands of
nanosafety studies, but very few of
them can be used for risk assessment,”
he says.
European regulators are also trying
to ensure that nanotechnology does
not become the next GM. Forthcoming
regulations on the oversight of novel foods
are being rewritten to incorporate checks
and balances for nanotechnology.
Bowman says that it is vital to
investigate and debate the use of
nanotechnologies in food now, rather
than waiting until there is a consumer
backlash. “Countries such as the US,
the UK, the European Union more
generally, Australia and New Zealand
have been extremely proactive in
examining the effectiveness of their
regulatory frameworks for dealing with
nanotechnologies,” she says.

What do you think?
The questions on this page are designed
to give you the essentials, but the nanofood debate is complex and wide-ranging.
Tell us what you think at:
guardian.co.uk/nanotechnology-world
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More than a question of taste
Using nanotechnology in food could potentially reduce wastage and improve people’s health, or it could result
in our diets coming under corporate control. So which argument is right? Two experts debate the pros and cons

Tim Lang
‘Do you really want to
eat these ingredients?’

Frans Kampers
‘Nanotechnology can
make us healthier’

I

am troubled by the rise of
nanotechnology in the food industry.
It’s being developed far in advance of
public awareness. We’ve been here
before: additives, irradiation, and
genetic modification were all fixes
promoted by industry which came
unstuck on public opinion.
Advocates tout nanotechnology as a
way to improve food, with technology in
control. A different path is what I call “food
democracy”, where people are engaged in
advance. The future is about realigning
food with planetary sustainability.
While evidence of current
unsustainability has grown, global
corporations have been getting more
control over food supplies. They say
that they are accountable to us at the
checkout, but consumers are barely
aware of who these companies are, how
they work or the scale of their market
share. It’s some of these companies who
will be adding nanoparticles to your food
and defining progress in your name.
This tension between food control
and food democracy is not new. In the
late 18th century, British economist and
demographer Thomas Malthus painted a
pessimistic picture of the future, where
agriculture could not feed a growing
population. In doing so, he posed
an important question: what is the
relationship between people, the planet,
and our food supply?
That question is back. Today’s
European consumer feeds as if we had
two or three planets at our disposal; an
American eats as if there were four or

F
Nanotechnology could be used in food packaging to alert people when it spoils Murdo MacLeod

five. Food is now a major factor in our
footprint on the planet.
We waste and consume too much
food in developed countries for multiple
reasons, including massive oversupply,
apparently “cheap” food and a runaway
“choice culture”. The result is a
mismatch between people, food and
planet. Politicians are nervous about it,
but for decades they’ve ceded control to
the private sector.
We must see nanotechnology for
what it is: a technical cul-de-sac. It’s
another way to ratchet up hidden
control in the food system. It’s the
nanny corporation controlling our
mouths – the technology tail wagging
the food dog.
How can we unlock this situation?
There has to be a rebalancing of the
relationship between citizens, state,
science and food corporations. In the
21st century, we need to build a food

system that has a lower impact on
biodiversity, uses less land, and does not
contribute to climate change. But we
need to be engaged in this transition.
The goal ahead is to help populations
eat for health and pleasure but within
environmental limits. To do that,
we need to recalibrate culture, not
introduce another techno-fix.
Consumers need to wise up about
nano. Ask yourself: do you really want
to eat these invisible ingredients? Can
you eat a sustainable diet without them?
Of course! You can adopt a simpler
diet featuring more plants and fewer
processed foods. And you can encourage
politicians to work on your behalf, rather
than nudging us down an unnecessary
path. Take heart – many in industry are
nervous too. The future is up for grabs.
Tim Lang, professor of food policy at City
University London

ood is naturally a
nanostructured material.
Simply boiling an egg
causes changes at a scale of
mere billionths of a metre,
as proteins in the white
change shape and tangle
together to form a solid.
And many processed foods have relied
on these sorts of processes for years,
long before they were described as
nanotechnology. Tomato ketchup, for
example, is made from tiny particles
dispersed in water, while the fatty grains
of powdered coffee creamer are coated
with nanoparticles of silica to stop them
sticking together.
But now we have the ability to study
exactly what happens at that scale,
and use that knowledge to design new
nanostructures that improve our food.
Take mayonnaise. It contains
minuscule droplets of oil surrounded by
a sheath of surfactants and embedded
in water. By replacing the insides of that
oil droplet with water, we can cut the
fat content of the mayonnaise by 15%
without affecting how it feels or tastes.
Another product on the European
market was designed to smuggle fat

‘Nanostructures on the
surface of packets could
help to kill bacteria on
contact, extending the
lifetime of food’

through your stomach and into the
small intestine – once there it releases its
cargo, triggering a feeling of satiety and
helping people to cut their food intake.
Food researchers have also developed
nano-sized capsules that can carry
vitamins or other supplements added
to food. Nutrients that would spoil the
taste of a product are made tasteless
by encapsulating them – a good way to
smuggle more fish oil into your diet,
for example. Hospital patients or the
elderly, who may be suffering from
nutrient deficiencies, could benefit
from foods that are specially designed
to contain more of the vitamins or
minerals that they need.
Nanotechnology can also give us
ways to make sure our food is safe
– and to cut down on food waste.
Sensors embedded in food packaging
could warn of chemical or bacterial
contamination. These sensors could
stop perfectly edible food being thrown
away needlessly. Nanostructures on the
surface of packets could also help to
kill bacteria on contact, extending the
lifetime of the food inside.
Some worry that this form of food
processing is yet another way to put
more power into the hands of large
companies. Yet food has never been
safer than it is today, and that is largely
thanks to the hygiene and sanitation
practices followed by those food
manufactures. Food processing is now a
fact of life – it’s a romantic view to think
that we can feed the 7 billion people on
this planet with traditional agricultural
practices. And as the population grows,
so too will the importance of new food
technologies.
If you eat a varied diet with plenty
of fruit and vegetables, you’re unlikely
to need what food nanoscience can
offer. But many of us do not, or cannot,
eat so sensibly – and for those people,
nanotechnology can help to produce
food that keeps then healthier for longer.
Frans Kampers, co-ordinator of innovative
at Wageningen University and Research
Centre, the Netherlands
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