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The National Food Institute cele-
brates its 60th anniversary and
continues having high ambitions

The National Food Institute wants to make a difference, nationally and globally, as it continuously con-
ducts ambitious research of high international quality in favour of society.

The Institute provides benefit and brings its knowledge into play by offering teaching, value-creating
innovative solutions, and providing advice to national and international public authorities for the benefit
of society. This motivates everybody at the Institute and gives staff a sense of purpose in their work.

The vision of the National Food Institute is to prevent disease and promote health, to create sustain-

able technological solutions, and to develop new and better food products for a growing world popula-
tion. These visionary goals are consistent with the UN's 17 Sustainable Development Goals. Thus, the
Institute wants to solve some of the biggest challenges the world is facing.

Most of the Institute was founded back in 1959 when the law on establishing a united national food
institute was adopted. Based on research and monitoring, the Institute was to advise Danish public

authorities and other national stakeholders on food safety and nutrition. Since then, the Institute has
achieved many results and expanded its working area significantly.

I am immensely proud of being at the head of the dedicated staff at the National Food Institute these
years. It gives me great pleasure to celebrate the Institute, its staff, and many opportunities on the
occasion of the Institute’s 60th anniversary.

We hope that this anniversary publication will inspire you, whether you
are a student, a cooperating partner from public authorities or the indus-
try, or a research colleague from other universities. Moreover, we would
like to invite you to a deeper conversation at the National Food Institute
so that we can discuss how we can make a difference together and solve
some of the world's global challenges.

Happy reading.

Christine Nellemann
Director of Institute




In its capacity as an adviser, the National Food Institute helps public
authorities and businesses provide consumers with good health and

safe food. Innovation paves the way for new, value-creating solutions
for businesses. Education disseminates experience worldwide. And
world-class research forms the basis of new solutions to global problems.

"For the benefit of society! Those were the words uttered by
the Danish physicist H.C. @rsted back in 1829 when DTU was
founded. Today, 190 years later, those words still characterize
the National Food Institute on the occasion of our 60™ anniver-
sary,” Director of Institute Christine Nellemann says.

The chronology of the Institute formally started when the law
on a food institute etc. was adopted on 5 June 1959. In a report
six years earlier, the Danish Health Authority had proposed to
establish a central national institute that would perform several
tasks.

By means of chemical analyses, the Institute was to observe
the occurrence of nutrients and unwanted substances in foods.
Several incidences from that time had created an awareness of
the increasing use of chemical substances, such as giving anti-
microbials to fish, hormonal castration of chickens, using pes-
ticides to exterminate rodents, and adding new preservatives
and sweeteners to foods.

At the forefront of healthy,
safe, and sustainable food
- for the benefit of society

The National Food Institute has at its disposal approximately 6,700 m? chemical laboratories,
food technological laboratories, microbiological laboratories, laboratories for effect studies, and
animal testing facilities.

(9 Laboratory for research in the area of microbial biotechnology and biorefinery in Building 202.
Mikal Schlosser

The National Vitamin Laboratory, whose history goes back to 1931, was in 1969 merged with
the National Food Institute of the time, which is one of the precursors of the present National
Food Institute.

(® Chemical laboratory at the National Vitamin Laboratory cirka 1940.
National Food Institute

According to the report from the Danish Health Authority, the
Institute was tasked with assessing how chemical substances
affected the health of food. A documentation service was
tasked with collecting and communicating knowledge to con-
sumers. Finally, dietary surveys and advice on the composition
of the diet was part of the original bill proposal.

Affiliations of the past
- parts of the Institute are more than 60 years old

The National Food Institute has adapted to changing ministries,
governments, and framework conditions many times. Today, the
Institute is part of DTU (Technical University of Denmark) and
falls under the Ministry of Higher Education and Science. Previ-
ously, the Institute has fallen under the Ministry of the Interior,
the Ministry of Environment, the Ministry of Health, the Ministry
of Food, and the Ministry of Families.

Over the years, mergers have led to the addition of new re-
search areas. When the Danish Institute for Food and Veterinary
Research was established in 2004, the Food Directorate’s Insti-
tute for Food Safety merged with the National Veterinary Insti-
tute. A large part of the professional activities at the National
Food Institute within zoonoses and epidemiology originates
from the National Veterinary Institute, which was founded in
1908 and is thus more than 110 years old today.

Through the years, the Institute has had many names, and its
tasks have been characterized by the changing needs of soci-
ety. Since it was established, genetically modified organisms,
dietary habits, and lifestyle diseases have also come under the
spotlight. In addition, new focus areas have been added at the
Institute: endocrine disruptors, food microbiology, epidemiolo-
gy, and food technology. In the course of time, the Institute has had its professional ori-
gin in several organizations, both smaller and larger than the
Institute’s current size: E.g. the National Vitamin Laboratory,
the National Pesticide Laboratory, the National Food Institute
(Statens Levnedsmiddelinstitut), the National Food Agency, the

Thanks to the merger with DTU, food technology became a new
research area in 2007, when a unit from DTU Bioengineering
became part of the Institute. The past history of this part also
dates back more than 110 years to 1906.

Danish Veterinary and Food Administration, the Food Directo-
rate, and the Danish Institute for Food and Veterinary Research.
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In 2017, the National Food Institute gathered all of its activities at DTU's Lyngby campus. Most

staff members are located in a new building complex in Buildings 201-205B, which features
state-of-the-art facilities.

(9 Building 202. Adam Mark

For more than 50 years, Markhgj Bygade in Sgborg was home to the majority of the National
Food Institute’s activities.

9 Building C in Markhgj. National Food Institute

Risk assessment and risk management
are clearly separated

Through the 1990s, the importance of separating statutory
responsibilities from advice-giving and research activities was
at the centre of debate. Among other things, the debate was
based on a case related to bovine spongiform encephalopathy,
BSE. This case showed the need for a clear separation between
those who scientifically assess a risk and those who are going
to make political decisions on how to manage the risk.

National Veterinary Institute in 2004 - and the Danish Insti-
tute for Food and Veterinary Research was born.

When the Danish Institute for Food and Veterinary Research
merged into DTU, risk assessment was embedded in the Minis-
try of Science of the time. Thus, Denmark achieved the greatest
separation between the two activities seen on a global basis,
until now. Therefore, the National Food Institute is also a global
pioneer within this area.

In order to separate risk assessment from risk management,
the Institute for Food Safety and Nutrition merged with the

The tasks of the National Food Institute

Delivers state-of-the-art
scientific advice to
national and international
public authorities

and businesses

Continuously
enriched by new areas
In 2010, the Institute was
again expanded with a brand
new area that has a history da-
ting back to 1931 where the Tech-
nological Laboratory of the Ministry
of Fisheries was established at the
Polytechnic Association, now DTU. A
large group of researchers from DTU Aqua
moved in and shared their knowledge of all
aspects - microbiological, technological, and
nutritional - of fish as food. This supplemented
the Institute’'s work with healthy and sustainable
foods, and put a spotlight on everything that moves
beneath the water.

In 2014, the Institute was further enriched with a new
research group. The group had a focus on biotechnology
and biorefining and thus increased the Institute’s techno-
logical skills in the area of creating healthy and better foods
and food components in a sustainable way.

"With a strong research focus, we do not only save people’s
lives, we also promote health and prevent disease. Further-
more, our work benefits the environment. All things being
equal, food production has an adverse impact on the environ-
ment. The new groups create balance because they are work-
ing on a more sustainable food production that can feed the
growing world population in the future,” Christine Nellemann
says.

Teaches at all levels
students for business,
public authorities and

research in the area

of food technology,
food safety and
nutrition

Translates the Institute's
research results into innovation,
value-creating solutions
for businesses and

public authorities

Ready for solutions
to today’s problems
The world is facing severe glo-
bal problems. The welfare of the
future depends on the develop-
ment of sustainable and value-ad-
ding solutions within foods and health.
The Institute is prepared to help find
solutions to these problems.

"Today our Institute is based on research, and
from this, we also offer scientific advice, inno-
vation, and teaching. The Institute’s way of bene-
fitting society has expanded over the years. The In-
stitute still advises national and international public
authorities, and - to a greater extent - it also helps the
industry to develop better and healthier products. Fur-
thermore, we train people nationally and internationally
in areas that are vital to the global food marked: food tech-
nology, food safety, and nutrition,” Christine Nellemann says.

Part of the university environment

The merger with DTU in 2007 was a turning point in the In-
stitute’s history. Being an active player in the university envi-
ronment offers new ways of using the Institute’s qualifications
and skills. With an engineering degree from DTU in the area of
foods, you can conduct research, work in a food company on the
development of healthy, sustainable products, or you can work
for a public authority. The degree programmes cover the entire
spectrum, from large general practices to small practical things,
such as how to clean production machines in an easier way with
an excellent level of hygiene.




Degree programmes at DTU
within the area of food

* Bachelor of Engineering in Food Safety and Quality

e Bachelor of Science in Food and Nutrition in col-
laboration with the University of Copenhagen with
the possibility of doing an internship

Master of Science in Food Technology

The study programme Aquatic Food Production
- Safety & Quality

e Master's Degree in Food Quality and Safety

¢ PhD studies at the National Food Institute.

The National Food Institute also continuously offers
various continuing education courses, including free
Coursera e-learning courses.

From waste to side streams - innovation on the plate
Besides education and training, innovation has become a much
bigger activity as the Institute has grown over the years and
merged with industrial research environments from other de-
partments at DTU.

At the centre is the development of sustainable technological
solutions within the areas of health and foods. What was pre-
viously known as waste in the production of food, the Institute
would now rather consider as innovative side streams. How can
you use residual products to create new high-quality products
such as proteins and fish oils?

The Institute also helps the industry avoid harmful substances
and bacteria in the production process. Innovation increases the
health and safety of the consumers through optimized products,
which at the same time strengthen the businesses’ position in
the market.

DTU Foodlab
- a playground for innovation of foods

In 2018, DTU established a 300 square metre inno-
vation playground for foods. Here students, research-
ers, and businesses can test their ideas within the
area of foods. The facilities offer a fermentation plant
and a test kitchen.

The Foodlab is part of DTU Skylab, an innovation hub
focusing on promoting student innovation for all stu-
dents at DTU.

DTU Foodlab is the setting for part of the National
Food Institute’s teaching activities, and together
with Foodlab, the Institute plans several innovation
competitions with foods as a focal point.

Student innovation helps SMEs

Combining education and innovation adds up to student inno-
vation. Through internships and theses, students help small
and medium-sized enterprises, SMEs, with innovation. This
benefits both parties. The students get to test their theories
in practice, and small enterprises gain access to research much
faster than by being co-applicants in big research projects
which - on the other hand - may lead to more thorough, com-
plicated, and long-term studies. Companies who participate
in research collaborations grow more than companies that do
not, and thanks to student innovation, more companies can
achieve this benefit.

Data at the centre of scientific advice

Data and knowledge form the basis of the Institute’s scientific
advice services. In respect of research, the strength of the Insti-
tute is data on the state of Denmark and the world when it comes
to nutrition as well as the chemical and the microbiological areas.

For example, sewage samples offer the researchers an over-
view of the levels of antimicrobial resistance worldwide.

Moreover, new and interesting research areas are coming

up in which we expect to become leading over the next

years. This includes our research in food allergies, in

risk-benefit assessments of health-related aspects of

e.g. fish, coffee, sustainable diets, and in food tech-

nology, where there is a great potential,” Christine
Nellemann says.

Databases that predict the effects of toxic substances,
what and how much Danes eat, and data on nutri-
ents in our food are an essential foundation on
which to conduct risk assessments.

Thus, the Institute’s vision is to solve some
of the biggest societal challenges the
world is facing together with partners
from Danish administrations and minis-
tries to the EU, the UN system, OECD,
FAO, the World Bank, and WHO.

Research is the foundation
“The National Food Institute has a very
strong position when it comes to re-
search within the areas of chemical
cocktails, antimicrobial resistance,
sustainability, and gut health.

Prevents disease
and
promotes health

Develops new and
better food products
for a growing
population

Creates sustainable
technological
solutions

The vision of the National Food Institute

Mission and vision

The National Food Institute conducts research into and dissem-
inates - through advice, innovation, and teaching - sustainable
and value-creating solutions in the area of food and health
for the benefit of society. The Institute delivers its outcomes
through an interdisciplinary cooperation between the disci-
plines of nutrition, chemistry, toxicology, microbiology, epidemi-
ology, and technology.

The Institute’s vision is to make a difference by generating fu-
ture prosperity through research into food and health. The Na-
tional Food Institute:

e prevents disease and promotes health
* develops new and better food products for a growing population
e creates sustainable technological solutions.
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The vision and mission correspond with
the UN’s Sustainable Development Goals

The vision of the National Food Institute sup-
ports the UN's Sustainable Development Goals
and contributes particularly to these goals:

“The vision and mission of the National Food Institute
are oriented towards the global challenges. We are an
ambitious Institute and want to help save the world,
both in respect of the health of each individual and the
big environmental challenges related to the production
of food,” Christine Nellemann says.

International cooperation

In the beginning, the National Food Institute primarily
served as a national institute. Today it is an international
centre for research and knowledge where most of the re-
search is conducted in international networks and consortia.

"I will say that the Institute is among the world leaders
within our areas of expertise. Foreign countries often
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contact us and ask us to visit them or whether they can
come visit us. In lectures, we talk about our cooperation
with public authorities, the industry, and universities.
Countries outside the EU are also interested in European
food regulations. Countries that are going to establish a
food safety system are inspired by our work. It is an advan-
tage for the industry that the rules are organized as in the
€U,” Christine Nellemann says.

EFSA is the European Food Safety Authority, an indepen-
dent agency of experts providing scientific advice to the
EU on food safety, nutrition, and animal and plant health.
In 2008, EFSA established collaborating centres (focal
points). In all the years, the National Food Institute has
represented EFSA’s work in Denmark.

The National Food Institute has several important global coope-
rating partners, including the French agency ANSES, the German
institute BfR, the Japanese Food Safety Commission, and the
Chinese CFSA. Other important cooperating partners are Lund
University, Hong Kong Polytechnic University, and University of
Bologna, which together with the National Food Institute make
up the Joint Centre of Excellence in Food Safety - DISH.

Acknowledged for its high professional expertise

Since 2006, the Institute has served as an EU reference la-
boratory (EURL) for antimicrobial resistance (EURL-AR) and for
pesticides in cereals and feeding stuff (EURL-CF). In 2018, the
Institute was also awarded the honour of being responsible for
processing contaminants in food (EURL-PC) and for metals and
nitrogenous compounds in feed and food (EURL-MN). This ap-
pointment shows that the National Food Institute offers high
professional competencies and quality.

Since 2001, the National Food Institute has been WHO Col-
laborating Centre for Antimicrobial Resistance. In 2016, the
Institute was appointed as WHOQ's first collaborating centre for
genomics. This is recognition of the Institute’s pioneering re-
search in the area of whole genome sequencing - a technology
that allows a microorganism’s entire DNA profile to be mapped
simultaneously. The technology can be used to monitor and
combat foodborne disease outbreaks.

The Institute’s researchers and advisers have joined several ex-
pert groups, panels, committees, and working groups, indicating
the international level of the Institute’s activities within the
framework of:

¢ The European Food Safety Authority (EFSA)

e The European Committee for Standardization (CEN)

e The European Union (EU)

¢ The Food and Agriculture Organization of the
United Nations (FAQ)

¢ The Nordic Council of Ministers and the Nordic Council

¢ The Organisation for Economic Co-operation and Develop-
ment (OECD)

¢ The World Health Organization (WHO).

As European reference laboratory, the National Food Institute sets international standards for
how laboratories worldwide test for antimicrobial resistance, pesticides, metals, and processing
contaminants in foods.

9 Liquid chromatography mass spectrometer. Joachim Rode

Good advice from the Advisory Board at the National
Food Institute
The National Food Institute receives good advice from
the Director of Institute's Advisory Board on the Insti-
tute’s activities in respect of research, education, advice
giving, business cooperation, and innovation:

Deputy Director General Annelise Fenger,

Danish Veterinary and Food Administration

Vice President - External Collaboration Esben Laulund,

Chr. Hansen A/S

Research Director Morten Andersen Linnet,

Danish Agriculture & Food Council

Industry Director Leif Nielsen,

DI Foods (The Confederation of Danish Industry)

Senior Food Adviser Camilla Udsen,
Danish Consumer Council.
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Whole genome sequencing and vast amounts of data are used at the
National Food Institute to develop systems for the global surveillance
of pathogenic microorganisms and antimicrobial resistance.

(®) Human DNA. Philippe Plailly, Science Photo Library, Scanpix
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When antimicrobials don't
work - one of the biggest
threats to health

According to figures from the EU, antimicrobial resistance
kills 25,000 Europeans annually. The WHO considers anti-
microbial resistance to be one of the biggest threats to hu-
man health, and the National Food Institute has made Den-
mark a global pioneer in the battle against resistant bacteria.

Repeated use of penicillin and other types of antimicrobials can
cause these substances to lose their effect because the bacte-
ria develop resistance to the substances. This can make it more
difficult - and impossible at worst - to treat bacterial infections
in humans and animals. When bacteria become resistant, even a
trivial infection can be fatal.

“In the 1990s, cows and pigs were brimming with antimicrobi-
als. They were added to the feed in order to promote growth.
Large amounts of antimicrobials made the bacteria resistant
and this spread to humans via the food chain,” Professor and
Head of Research Group Frank Mgller Aarestrup says.

The problem was not identified until 1994. Ever since, the Na-
tional Food Institute has researched antimicrobial resistance
and participated in the global monitoring of the ways in which
resistance spreads. Bacteria can quickly spread to the entire
world, e.g. when we travel or eat imported meat.

The research is crucial in order to advise national and interna-
tional authorities and other stakeholders on how to minimize

antimicrobial resistance nationally and globally. The monitoring
efforts - e.g. via the national VetStat - ensures that the amount
of medicine given to Danish animals is controlled.

In 2000, Denmark was the first country in the world to ban the
use of growth promoters in animal feed, and in 2006, the ban
was implemented across the EU.

Other countries pay great attention to the research conducted
in Denmark, and the National Food Institute has been appointed
both as an EU reference laboratory for antimicrobial resistance
and as a WHO and FAO collaborative centre for antimicrobial re-
sistance.

In order to monitor the occurrence of antimicrobial resistance
in Denmark, a national monitoring programme was established:
DANMAP, which monitors the consumption of antimicrobials and
the presence of antimicrobial resistance among bacteria in ani-
mals, people, and foods in Denmark. The programme, which has
existed for more than 20 years, was the first of its kind in the
world and is often highlighted overseas as a good example.




The National Food Institute develops detection methods that can be used to determine the
cause of foodborne disease outbreaks both in Denmark and abroad.

9 Lollo Bionda salad. Colourbox

Data ensure better surveillance

Since the National Food Institute took steps back in the 2000s
to create a global overview of antimicrobial resistance in Sal-
monella bacteria, the way in which research is conducted has
developed significantly. Previously, information arrived from all
over the world in the form of Excel sheets, faxes, photocopies,
and even handwritten pages in languages almost as diverse as
the abundance of Salmonella bacteria.

"Today we use the large quantities of available data in our re-
search in an intelligent way in order to create an overview, and
we look at many other threats than just Salmonella. We use a
brand new technique - whole genome sequencing - which can
identify disease-causing microorganisms’ entire DNA profile in
one go,” Frank Mgller Aarestrup says.

This new approach offers the researchers a head start when
trying to discover outbreaks of diseases among animals and

people, and the huge amounts of data are collected and ana-
lysed in collaboration with DTU Computerome.

Whole genome sequencing and the use of data make it possi-
ble to increase monitoring and reduce the consequences and
costs when recurring epidemics and food outbreaks threaten
the health of humans and animals.

Besides putting pressure on the healthcare system and the
barns with domestic animals, the epidemics also put pressure
on consumers’ trust in foods.

"The sooner we are able to detect an outbreak of for example
Salmonella, Ebola, or the flu, the sooner we can make an effort
to stop it, make the authorities intervene, and return to normal
conditions,” Frank Mgller Aarestrup says.

The National Food Institute is running a large EU project, COM-
PARE, which is working to develop a global platform that makes
it possible to quickly and efficiently identify and analyse dis-
ease-causing microorganisms that may cause outbreaks of dis-
eases worldwide.

Sewage reveals resistance

Researchers at the Institute have also examined the sources
that create a basis for outbreaks of diseases and cause bacteria
to develop resistance. In an international study headed by the
National Food Institute, sewage from 74 cities and 60 countries
has been analysed in order to create an overview of the amount
and type of resistant bacteria that healthy people carry. The
results have shown that it is not only an excessive use of anti-
microbials that creates resistance.

"Sewage analyses can very accurately show the types of bacte-
ria that are prevalent in an area. Sewage also serves as a great
source for the analyses since consent from each individual is not
needed because sewage cannot be linked to individuals. Another
interesting aspect is that it is not very costly to analyse sewage,

so it is definitely possible to create a surveillance programme -
also in developing countries,” Frank Mgller Aarestrup says.

Denmark has the sixth lowest occurrence of resistance

All the DNA material in the sewage samples has been mapped
out, and the results show that North America, Western Europe,
Australia, and New Zealand have the lowest levels of resistance,
while Asia, Africa, and South America have the highest levels.

Using data from the World Bank, the researchers have predicted
the levels of resistance in 259 countries/territories and drawn
a map of the occurrence of resistance in healthy populations.
Denmark reports the sixth lowest occurrence of resistance. The
Netherlands, New Zealand, and Sweden have the lowest levels
of resistance, whereas the highest levels were found in Tanza-
nia, Vietnam, and Nigeria.

"The results of the sewage analysis show that sanitary condi-
tions are crucial in the development of resistant bacteria along
with the population’'s general state of health,” Frank Mgller
Aarestrup says and adds: "So a good place to start the fight
against resistant bacteria is to make an effort to improve the
sanity conditions and to reduce the spread of rubbish. In some
places, this would actually be more efficient than to limit the
use of antimicrobials.”

A step closer to global surveillance

When new resistance genes are identified in the future, the
researchers will be able to reuse publicly available raw data
from whole genome sequencing in order to quickly identify how
these resistance genes have emerged and spread.

The researchers want to use the experiences from the projects
to meet the overall ambition to develop a global surveillance
system that can continuously survey the occurrence and spread
of disease-causing microorganisms and antimicrobial resistance.

Whole genome sequencing
detects disease outbreaks faster

Until a few years ago, it could take several weeks
for doctors and veterinarians to identify which dis-
ease-causing microorganism is causing a disease,
and how the disease has spread.

Today, techniques for whole genome sequencing can
quickly and relatively cheaply map the entire DNA
profile of disease-causing microorganisms in one go.
By mapping the genetic material of bacteria, it is also
possible to determine their kinship and other factors
such as virulence and antimicrobial resistance. This
provides an understanding of how bacteria are relat-
ed and have developed over time.

Whole genome sequencing has revolutionized the
work of investigating disease outbreaks because
technology makes it possible to more quickly and
precisely identify the source of the outbreak. The
consequences of and the costs related to the out-
break are thus reduced. Whole genome sequencing
can also provide knowledge about antimicrobial-
resistant genes in bacteria by monitoring resistant
clones in people and the environment.

The National Food Institute conducts research in
whole genome sequencing techniques. The Insti-
tute's research sets the international standard for
the identification, monitoring, and study of the glo-
bal spread of disease-promoting microorganisms and
antimicrobial-resistant bacteria. The Institute also
makes an effort to promote the use of the technolo-
gy internationally.
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“ The ambition is to develop a surveillance
system that makes it possible to exchange
and interpret data on disease-causing mi-
croorganisms in ‘real time’ In that way, it
would be possible to use the global survell-
lance data, for example to tackle diseases
when they are at risk of spreading beyond
a country’'s borders and turn into pandem-
ics such as Ebola, measles, polio or cholera. ,,

Frank Mgller Aarestrup
Professor and Head of Research Group

Many ways to spread resistant bacteria

The use of antimicrobials for animals and humans causes the bac-
teria to develop resistance, which can be spread via many routes
- from animal to animal, from animals to humans, from food to
humans, from sewage to humans, and from person to person.

DANMAP - the Danish monitoring system

Researchers, authorities, and industry in Denmark
have long been aware that decision-makers need to be
equipped with solid data in order to make knowledge-
based decisions on how to handle problems related to
antimicrobial resistance.

In 1995, this realization led to the establishment of the
DANMAP programme, which is operated by the National
Food Institute and Statens Serum Institut (the Danish
national institute for surveillance and preparedness of
human infectious diseases). In this programme, the re-
searchers monitor the use of antimicrobials in humans
and animals in Denmark and the occurrence of antimicro-
bial resistance in bacteria in animals, humans, and foods.

Since 1995, DANMAP data have, among other things,
led to a ban on the use of antimicrobial growth promo-
ters in the last part of the 1990s. DANMAP’s continuous
focus on the use of antimicrobials in domestic animals
was also instrumental in the implementation of the ‘yel-
low card’ initiative, which was developed by the Danish
Veterinary and Food Administration for livestock with a
high consumption of antimicrobials.

The farming sector has also actively used data from
DANMAP. The farming sector has voluntarily minimized
the use of cephalosporins in domestic animals - anti-
microbials that are critically important in the treatment
of humans.




The National Food Institute conducts research into and gives scientific advice on the One
Health approach and teaches how it can be applied to find solutions to the challenges
that arise in the complex interaction between animals, people, food, and the environment.

9 Bikage. Colourbox

PROVIDES IMPORTANT CONTRIBUTIONS TO
THE DEVELOPMENT Of THE FOOD INDUSTRY

"The National Food Institute makes important con-
tributions to the development of the food indus-
try. In relation to the science-based contingency
planning, we appreciate a good and open dialogue
and an active approach to improving the quality
of the advice giving to and communication with
stakeholders and the public.

The Institute constantly works to create the posi-
tive synergy between regulatory functions, busi-
ness cooperation, and teaching, which provided
the background for the merging of the Govern-
ment Research Institutes with the universities.
Among other things, it is of great importance that
the Institute works actively to make it attractive
for the employees to work with advice giving tasks
and industry cooperation,” says Morten Andersen
Linnet from the Danish Agriculture & Food Coun-
cil, who is also a member of the Advisory Board at
DTU National Food Institute.

Morten Andersen Linnet
Danish Agriculture & Food Council

9 Danish Agriculture & Food Council
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Research at the National Food Institute has demonstrated harmful effects of endogfine
disrupters, and how even small doses of chemicals can have a significant adverse effect
if they occur in a chemical cocktail.

9 Testicular tissue from rat. National Food Institute

The unborn child must
be better protected
from chemical cocktails

Even small doses of a chemical substance can be harmful
when it occurs in combination with other substances. Know-
ledge about the cocktail effect is pivotal when legislators set
the allowable limits for substances that are allowed in indu-
strial products. At its core, the National Food Institute’s re-
search and advice is a matter of protecting the unborn child.

"The most important aim of our research is to protect the un-
born fetus against the harmful effects of endocrine disruptors,”
Senior Researcher and Head of Research Group Terje Svingen
says.

The Institute’s research focuses on how chemicals disrupt the
body's hormones in relation to reproduction. Many chemicals
have turned out to be able to imitate or disrupt sex hormones.
If there are chemicals present in a pregnant woman's body from
food, cosmetics, etc.,, such chemicals can disrupt the hormonal
development of the fetus. Phthalates block, for example, the
synthesis of testosterone.

Because of the chemical impact on the pregnant woman, an in-
creasing number of boys are born with deformed genitals. An ex-
ample of deformation could be that the urethra does not open from
its usual location on the head of the penis, also called hypospadias.
This condition is associated with an increased risk of having or de-
veloping other issues related to the reproductive system.

Girls are underdiagnosed

"The number of girls with congenital genital malformations is
probably underdiagnosed. For example, the location of the ure-
thral opening is more difficult to detect in girls than in boys.
However, some researchers assume that this is also a problem
for an increasing number of girls. If such malformations are as-
sociated with other reproductive problems - such as lower fer-
tility - this is a problem we should look into,” Terje Svingen says.

Another example of endocrine disruptors’ impact on girls is that
they can enter puberty earlier, and correspondingly hit meno-
pause earlier as grown women. Furthermore, PCOS (polycystic
ovary syndrome) and ovarian cancer may be associated with
endocrine disruptors.

The National Food Institute’s extensive knowledge about the
harmful effects of endocrine disruptors is brought into play
in two projects supported by the EU’s special programme for
research and innovation, Horizon 2020. The purpose of both




Research from the National Food Institute has provided knowledge of how endocrine disruptors
affect the female reproductive system.

(9 Adult rat ovarie. National Food Institute

projects is to develop new and better methods to test the harm-
ful effects of different chemical substances.

Better protection of women'’s fertility

One project, FREIA, is named after the goddess of fertility in
Norse mythology. The purpose is precisely to explore how
chemicals can disrupt women's ability to have children, and how
better testing of chemicals can protect women's reproductive
health.

By collecting new data on how the chemicals affect ovaries and
puberty in animals, the project will provide more knowledge of
the harmful effects chemicals have on women'’s fertility. More-
over, the researchers are going to develop so-called QSAR com-
puter models that can predict the chemicals’ possible harmful
effects.

Researchers from 11 partners from seven EU countries partici-
pate in this project.

Thyroid hormones and brain development

The other project, ATHENA, shares its name with the Greek
goddess of, amongst other things, wisdom and is focused on
the hormonal impact on the brain. The project aims to develop
better methods to screen for chemical substances that affect
the thyroid's production of hormones, which in turn regulate the
body's metabolism. These hormones play a crucial role in a fe-
tus’ brain development, and it is very important that mother and
child have normal hormone levels during pregnancy. If pregnant
women are exposed to certain chemicals, the child may be at
risk of mental development disruptions, which affect both the
ability to learn and intelligence.

We are not protected well enough

A significant part of the problem with the harmful effect of
these substances on human reproductive health is the so-called
cocktail effect. When chemicals occur together - in a chemical
cocktail - even small doses of each substance can cause harm.
Therefore, the Institute has in recent years worked to calculate
their cocktail effect and to limit the number of substances we
are exposed to. In projects commissioned by the national au-
thorities, the researchers have examined how chemicals typi-
cally work together. The experiments and mapping clearly indi-
cate that if many chemicals are present even in small quantities,
it may have a considerable harmful effect. In other words, ‘little
strokes fell great oaks.

Knowledge from the research projects shows that the current
method for assessing risk does not sufficiently protect people
because the harmful effect of a chemical is only considered in
isolation, not in combination. What's more, the substances typi-
cally occur in combination when we come across them in foods,
cosmetics, and other products in our daily lives.

New tools for risk assessment
Therefore, in two national research projects, the researchers at
the National Food Institute have developed a toolkit that takes
cocktail effects into account when assessing the risk of being
exposed to chemical substances.

A so-called Hazard Index can predict the overall risk of chemi-
cals when they occur in a specific mixture. The calculations can
be made at several levels depending on the amount of data that
is available for each chemical in the mixture. At the lowest level,
all chemicals are put into one group regardless of the effect,
and most data will be rough estimates as there is only very lit-
tle data on the chemicals. At the highest level, the calculation
of the Hazard Index is based on actual, measured values, and
the chemicals are grouped according to their effects. Here the
calculation will result in @ more precise estimate of the risk of
cocktail effects. The more available data, the more accurate the
calculations.

The Institute’s software - Cocktail Effect Calculator - can pro-
vide information on each chemical in a given mixture. The soft-
ware can also calculate predicted harmful effects.

"We are in the middle of a paradigm shift. We know we need to
get away from looking at only one substance at a time. Now the
big question which we are focused on at the moment is what
tools are most useful when we assess the risks. In order to im-
prove and expand the toolbox, we need more basic knowledge
of how chemicals interact with molecules and cells in the hu-
man fetus, and how they harm the fetus,” Terje Svingen says.

Research helps companies and authorities

Knowledge of cocktail effects helps authorities to determine
allowable limits for the chemical content in the products that
companies manufacture. This means that we as consumers
can look forward to safer products as the researchers map the
cocktail effect and make it possible to measure it even more
precisely.

“In Denmark, the National Food Institute works closely with
the Danish Veterinary and Food Administration and the Danish
Environmental Protection Agency. This has made Denmark a
frontrunner in the area of chemicals for many years. Denmark
is a country that encourages other countries within this area,”
Terje Svingen says.

- e
The National Food Institute uses a number of methods to understand how chemicals affect
living organisms, including QSAR models, cell experiments and animal studies.

9 Cross section of a ductus deferens from a rat. Colourbox

Less animal testing

3R stands for the concepts of reduction, refinement, and
replacement. The Institute wants to reduce the number
of animal experiments, reduce the discomfort related to
necessary animal experiments as much as possible (re-
finement) - and, in some cases, completely replace animal
experiences with other approaches.

An understanding of the mechanisms behind the effects
of possible toxic chemicals based on cell experiments and
computer models may help replace or reduce the number
of animal experiments.

In 2016, researchers from the Institute received the 3R
Centre's award for their work on predicting harmful ef-
fects of chemicals by developing and using computer
models, so-called QSAR models, as a contribution to avoid-
ing animal experiments.




DTU develops so-called QSAR models to predict the harmful effects of chemical substances.
(® Microprocessor component. Antonio Romero/Science Photo Library/Scanpix

In 2018, the EU decided to recognize four phthalates as having
an endocrine disrupting effect on humans and to acknowledge
the cocktail effect. The National Food Institute has contributed
a significant amount of the documentation for this proposal.
The decision is the first step towards stricter regulation relating
to the use of these substances in consumer products.

Important test of 0ECD’s requirements to the industry
The OECD’s Test Guideline Programme develops globally recog-
nized standard test methods that are used to assess the safety
of chemicals. The National Food Institute has the important job
of filling one of Denmark’s two national coordinator positions in
relation to the OECD test guidelines. Thus, the Institute is able
to influence the statutory tests, which the industry must carry
out before they can bring e.g. endocrine disrupting chemicals
on the market.

Computer models predict harmful effects

The National Food Institute has developed advanced
QSAR computer models that are able to predict the
harmful effects on health of chemical substances.
QSAR stands for Quantitative Structure-Activity Re-
lationship.

The models can predict the harmful effects of the
substances, based on whether the chemical struc-
ture of the substances resembles other substances
that have already been tested.

The Institute’s researchers have built a QSAR data-
base, which contains predictions from more than
200 QSAR models and for more than 650,000 organ-
ic substances.

The database is publicly available and is continuous-
ly developed.

“In 2016 and 2018 we have been able to ensure that the in-
dustry has to measure the AGD - the anogenital distance - in or-
der to have a substance approved. When the industry conducts
experiments in which rats are exposed to relevant substances,
the experiments must include a measurement of the distance
between the anus and the genitals. This distance is a biomarker
and can be applied to determine the sex of e.g. kittens. In male
rats, the distance is normally twice as long compared with fe-
males. The distance will be relatively shorter if the level or the
effect of testosterone is lower than normal. This reveals wheth-
er the substances cause an endocrine disrupting effect in the
form of a lower level or function of testosterone, which is often
associated with poor sperm quality, testicular cancer, and other
disorders. We are proud to have had the AGD test included on
the list, as it is an important marker for endocrine disrupting
effects,” Terje Svingen says.

“ The ambitionis tobuildenoughknowledge and
develop good tools that can be used to quickly
and efficiently analyze the potential harmful ef-
fects of all new chemical substances on a child's
development. The dream scenario is to develop

an advanced computer programme which can
tell that this specific substance has an effect
at given levels of exposure if three other given
substances are also included in the cocktail. ,,

Terje Svingen
Senior Researcher and Head of Research Group




Studies from the National Food Institute show that if rats are exposed to phthalates during
early development, it can lead to altered testicular development and lower sperm count.
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Animal testing facilities help
produce important knowledge

When computer calculations and cell-based test methods on
their own do not provide the knowledge needed, the National
Food Institute has animal testing facilities at its disposal. Here,
the researchers collect information on harmful or beneficial ef-
fects of dietary factors, chemical substances, and microorgan-
isms, including genetically modified microorganisms.

The studies support the Institute’s work within the area of food
safety and the health-related effects of chemical substances
which we are exposed to in our daily lives.

The animal testing facilities include a number of ordinary ani-
mal rooms with the opportunity to house smaller test animals

The National Food Institute studies the degree of human exposure to chemical substances
through food and consumer goods, and the harmful effects of these substances on laboratory
animals’ reproductive systems.

9 Young rat testis. The National Food Institute

such as rats and mice. In insulators, the researchers can handle
germ-free mice (mice born without any gut bacteria) or work
with dangerous substances. Moreover, the Institute has room
for behavioural testing, dissection rooms, and various auxiliary
rooms for feed manufacturing, cage washing, etc.

The animal testing facilities also conduct animal experiments
for other departments at DTU, other research institutions, and
companies.

On 1 September 2019, the animal testing facilities at DTU will
be gathered in DTU's new joint centre, Bio Facility, which will be
anchored under the National Food Institute.

THE NATIONAL FOOD INSTITUTE IS
IMPORTANT FOR DANISH CONSUMERS

"The National Food Institute is very important
for Danish consumers. The Institute’s research
in respect of e.g. food safety, antimicrobial re-
sistance, pesticides, and endocrine disruptors
helps make Danish foods and their packaging
safer. Moreover, research in nutrition and eat-
ing habits forms the basis of dietary advice
and other initiatives which make it easier for
consumers to make healthy choices.

Itis very important to have research that does
not have a one-sided commercial goal, but
which can strengthen our knowledge of risks
and consumer protection, and which can form
a scientific basis for the legislation in Denmark
and in the rest of the EU,” says Senior Food
Adviser Camilla Udsen from the Danish Con-
sumer Council, who is also a member of the
Advisory Board at the National Food Institute.

Camilla Udsen
The Danish Consumer Council

9 The Danish Consumer Council




The National Food Institute conducts risk assessments of chemical substances and micro-
organisms - and develops new tools for assessment of the risks to which humans are exposed.

® Gelelectrophoresis. Mikkel Adsbal

Foods
we can trust

Foods may contain substances that can have a
harmful effect on our health. The National Food
Institute assesses risks that can be found in the
entire from farm to fork’ chain to ensure the safe-
ty of food so that neither Danish nor international
consumers will get sick from the food they eat.

Foods contain important nutrients, which are necessary for
our health. However, foods can also contain harmful chemicals,
such as pesticide residues, process contaminants, natural tox-
ins, heavy metals, and disease-causing microorganisms such as
Campylobacter and Salmonella. Therefore, it is very important
that we as consumers can safely eat the foods we buy from
the shops.

When the authorities, for example, recall smoked salmon from
the supermarkets because listeria has been detected in the
product, researchers at the National Food Institute have ana-
lysed the bacteria and forwarded the result to the authorities.

Danish results reverberate throughout Europe

Denmark has a proud tradition for close collaboration between
authorities, researchers, industry, and stakeholders to improve
food safety. This not only promotes a feeling of security among
Danish consumers, it also reverberates throughout the world,
where Danish foods and Danish expertise are in great demand.
Based on their great expertise, four employees at the National
Food Institute have been appointed to participate in the expert
panels of the European Food Safety Authority (EFSA).

“The spirit of collaboration in the area of food safety, which
is unigue in the Nordic countries, works very well in Denmark,
where this collaboration also contributes to a high level of credi-
bility,” Head of Division Flemming Bager says. He emphasizes
that the Institute’s advisers are often involved in complicated as-
sessments, which in some cases may have a significant financial
impact on the industry.

"Thus, a high degree of professionalism and professional self-
confidence is required when conducting risk assessments, and
basing the recommendations on scientific evidence generates
credibility - both in Denmark and in Europe,” Flemming Bager adds.

Access to data is crucial

For many years, Denmark has had a science-based approach to
food safety and was a first mover by publishing a positive list
of approved food additives. This became a model for the much
later positive list which the EU published in the 1990s. It was the
forerunner of the Institute, the National Food Institute (Statens
Levnedsmiddelinstitut), which prepared the Danish positive list
back in 1973, based e.g. on an assessment of the harmful effects
of different substances. Thus, the proud traditions go way back.
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Analytical infrastructure brings all food molecules into focus

The National Food Institute has an analytical infrastruc-
ture available for chemical food analysis, which is part of
the national and European contingency plan for chemi-
cals in food.

Generally speaking, the analytical infrastructure can
quantify all small molecules and other biological matri-
ces, including vitamins, fatty acids, trace elements, and
nanoparticles. Particularly, the focus is on detection of
substances which have an impact on people’s health.

The infrastructure is based on the fact that the Insti-
tute has more than 20 modern mass spectrometers at
its disposal. Along with chromatography - a technique
that separates substances in a sample - and procedures
for sample purification, the mass spectrometers serve as
the backbone to provide detailed, reliable, and accurate
data on the chemical composition of food. Moreover, the
Institute analyses degradation products caused by lipid
oxidation in oils and foods. Lipid oxidation can destroy

As they did back then, the researchers at the National Food In-
stitute are still dependent on solid up-to-date data on popula-
tion groups’ food intake, the nutrients in foods, and exposure
to chemicals and disease-causing microorganisms in food. In
1995, DANMAP was initiated. The programme, which collects
data from all parts of the ‘from farm to fork’ chain, monitors the
use of antimicrobials and the occurrence of antimicrobial resist-
ance among bacteria in animals, humans, and foods in Denmark.

The National Food Institute is also responsible for the QSAR
database, which was developed in cooperation with the Danish
Environmental Protection Agency. The QSAR database contains
information about the properties and harmful health effects of
chemical substances.

taste and smell due to oxidative rancidity and have neg-
ative health effects.

In addition, the Institute’s analytical infrastructure can
determine the authenticity of foods by means of iso-
tope ratio mass spectrometry, determine nanoparticles
by means of e.g. ICPMS, and study biochemical effects in
cells and organisms via metabolomics.

The National Food Institute is accredited by DANAK (the
national accreditation body in Denmark) in accordance
with the standard ISO 17025 for a wide range of food
chemical analyses and is accredited for the provision
of proficiency testing in accordance with the standard
ISO 17043. This is crucial to the Institute’s function
as a national reference laboratory for most unwanted
substances in foods and as the EU reference laboratory
for pesticides in grain and feeding stuff, for processing
contaminants in foods, and for metals and nitrogenous
compounds in feed and food.

Denmark separates assessment and management

Risk analyses are a recognized global tool, which the authorities
use to protect public health. A risk analysis consists of three ele-
ments: risk assessment, risk management, and risk communication.

In Denmark, we have a long tradition of separating risk assess-
ment and risk management. This separation became even more
pronounced in 2007 when the Danish university reform merged
the Danish Institute for Food and Veterinary Research with
DTU. Thanks to this clear separation, Danish risk assessments
have a high degree of credibility - also abroad.

The National Food Institute conducts risk assessments within
the area of food while the Ministry of Environment and Food of

RISK ANALYSIS

RISK COMMUNICATION

Denmark, The Danish Environmental Protection Agency, and the
Danish Veterinary and Food Administration are responsible for
managing the risk. The National Food Institute and the authori-
ties jointly communicate about the risk - e.g. if there are problems
with Campylobacter or Salmonella bacteria in chickens.

In addition to risk assessments of foods, the Institute also car-
ries out tasks for the Danish Environmental Protection Agency
in relation to risk assessments of substances in drinking wa-
ter, soil, and air, as well as writing comprehensive toxicological
reports. These contribute to the Danish Environmental Protec-
tion Agency'’s work within the EU in relation to the approval of
chemicals.

Constant focus on foods

Arisk assessment is often based on the fact that a specific food
is suspected of containing harmful substances or bacteria. Con-
sumers have experienced such cases e.g. in relation to listeria in
‘rullepglse’ - a Danish cold cut made from pork - or salmon, which
were quickly recalled from the supermarkets.

Another model for risk assessment is to explore how chemical
substances affect the human body. An example is inorganic ar-
senic, which is found e.g. in rice. | 2009, EFSA decided that in-
organic arsenic is toxic at lower doses than previously thought.

RISK MANAGEMENT

National food databases are rich
in knowledge on food and health

The National Food Institute’s databases are the
Institute’s most significant research capital and
a cornerstone of the consulting services it pro-
vides to authorities and the risk assessments
it prepares. The databases consist of a number
of unique datasets that contain long time series
with great methodological consistency. The cen-
tral databases focus on:

Danes' intake of food and nutrients
Nutrient content of foods
Chemical contaminants in foods

QSAR predictions for health effects of chemical
substances

Assessment of plants, fungi, or parts thereof in
food supplements and herbal tea

Zoonosis, bacteria, and antimicrobial resist-
ance.




This finding caused the researchers at the National Food Insti-
tute to take another look at rice and rice products as they are a
significant source of inorganic arsenic, and many Danes eat rice
from a very early age.

The intake of rice in Denmark is estimated to be so high that it
may cause a small increase in the risk of developing cancer in
the lungs, urinary bladder, and the skin. In the end, Danes were
advised that the risk of cancer exists, but it is small. As such,
you do not have to avoid eating boiled rice as long as it is part
of a varied diet. Danes can lower the risk further by washing the
rice and/or boiling it in surplus water.

Risk assessment lets Denmark enjoy special status
Sliced cold cuts of processed meat is a mainstay of a Danish

By collecting and analyzing large amounts of data on dietary intake, nutrients, pesticides, and
other chemical substances, the National Food Institute can assess both the nutritional value
and possible risks from eating different foods.

9 Apple. Colourbox

lunch. Due to our love of sliced meat, Denmark has had a set of
rules since 1973 which state that the level of nitrite used to
preserve the shelf life of sliced meats must be as low as possi-
ble. Nitrite impairs the growth of disease-causing bacteria such
as Clostridium botulinum, which can cause botulism (also known
as 'sausage poisoning’ - caused by a neurotoxin that can para-
lyze the muscles). Thus, nitrite serves an important function in
the products. However, the challenge is that nitrite can form
small quantities of nitrosamines, which can be carcinogenic.

Despite the fact that the regulation regarding the use of nitrite
in processed meat has been harmonized in the EU, Denmark has
been allowed to keep its national regulation - both with respect
to products manufactured within the country’s borders and the
products we import.

By monitoring the presence of disease-causing microorganisms and antimicrobial resistance
in the food chain, the National Food Institute can carry out risk assessments and advise the
authorities on ways to manage these risks.

(9 Campylobacter. Mikkel Adsbgl

“ The ambition is that the Danish con-

sumers, with a few clicks, can collect
useful information about the advan-
tages and disadvantages of eating
foods from the supermarket shelves.
Therefore, the National Food Institute
would like to explore how we can make
such data easily accessible and useful
for the Danish consumers in the future.

Flemming Bager
Head of Division
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In the same way, many years of cooperation between research-
ers, authorities, and the industry in relation to eradicating Sal-
monella in the poultry production has given Denmark recogni-
tion by the EU that our production of table eggs and broilers is
effectively Salmonella free.

Danes must be able to find information on their own

The National Food Institute wants an even greater transparen-
cy so that the average Danish consumer can have access to all
the Institute’s food data.

"The average consumer has access to the database Food Data
(Fedevaredata), which contains data about the nutritional con-
tent of 1,200-1,300 different foods found on Danish super-
market shelves. The National Food Institute wants to be able
to guide the consumers to a 360 degree view of the foods by
also offering them a better overview of unwanted substances,”
Flemming Bager says.

This would make it possible for the consumer to get a full pic-
ture of what it means to our health when we eat an apple that
has been sprayed with pesticides, or the advantages or disad-
vantages that relate to eating one particular type of nut over
another.

This openness would help to increase the high degree of con-
fidence which consumers already have in Danish assessments
of foods.

"The National Food Institute wants to be better at meeting the
consumers at eye level, and giving them improved access to our
data on food composition (Fgdevaredata) together with our oth-
er data can help ensure that,” Flemming Bager says.

Food Data (Fedevaredata):
Database of nutrients in food

The National Food Institute carries on a very long
tradition of publishing tables of the nutrient con-
tent of foods on the Danish market. This informa-
tion is one of the central tools within the area of
nutrition science.

Today, the National Food Institute publishes food
data online in a mobile-friendly database: Food
Data (Fedevaredata), frida.fooddata.dk. Here you
will find information about energy and nutrients
(vitamins, minerals, fat, protein, and carbohy-
drates) in more than 1,000 foods. The database
is intended to reflect the food supply in Denmark.

Users can search information on their own in
Food Data (Fgdevaredata). They can also down-
load data onto their own computer so they can
continue working with the data from there. The
database is particularly interesting for people
who work with nutrition professionally.

The experiences from the analytical work sug-
gest that the nutritional content in foods is gen-
erally stable. For example, the nutritional con-
tent in eggs has hardly changed over the past 50
years. This shows that just because data are old,
they are not necessarily obsolete.

AN IMPORTANT PRQVIDER OF
RESEARCH-BASED CONSULTANCY

"The National Food Institute is an important supplier of
research-based consultancy to the Danish Veterinary and
Food Administration in the area of chemical and microbio-
logical food safety. Along with the food industry associa-
tions and authorities, the Institute contributes its exper-

tise to the unique cooperation on action plans for different
pathogens.

In the chemical area, we receive risk assessments that are
of a high professional standard with respect to incidents
and rule-setting, just as research is conducted which sup-
ports the quality of risk assessments, exposure to chemical
risks, and risk-benefit assessments of foods.

Furthermore, the National Food Institute is an important
collaborator when tracing the source of foodborne disease
outbreaks. In our experience, the research-based consul-
tancy we receive is of international standard. On top of that,
we have an open and constructive dialogue about our need
for advice,” says Deputy Director General Annelise Fenger
from the Danish Veterinary and Food Administration, who is
a member of the National Food Institute’s Advisory Board.

Annelise Fenger
Danish Veterinary and
Food Administration

Danish Veterinary and Food Administration

9 Jan Nordahl
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The National Food Institute conducts research tounderstand how the food we eat
affects our immune system and metabolism - and how our gut bacteria influence
the development of e.g. food allergies.

(® Lactic acid bacteria. John Walsh/Science Photo Library/Scanpix

The key to good health
lies in your gut

Bacteria in the gut affect the risk of developing lifestyle
diseases such as type 2 diabetes and cardiovascular
diseases. The National Food Institute conducts research
in order to understand how bacteria in the gut affect our
sensitivity to substances which we get through our food.

Most people know how important a healthy gut is to our well-be-
ing. The gut is a highly specialized organ that hosts more than
10,000 billion bacteria. As such, we have more bacteria in our
gut than we have cells in our body.

It has been said that if we unfold our intestine, its surface area
will be the size of a tennis court. Even though recent research
shows that the intestine may be a little smaller than this, it is
still larger than our skin and is thus the largest surface in our
body. This is important to understand as a significant part of
the communication between the bacteria in the gut, the sub-
stances in the gut, and our body takes place via the surface of
the gut.

"Over the past years, we have witnessed an explosion in our
knowledge of how the interaction between our diet, the bacte-
ria in our gut, and our immune system affects the risk of devel-
oping lifestyle diseases. This huge leap is especially due to the
fact that DNA analyses have become faster and cheaper. More-
over, new options within information technology have given us
the opportunity to handle the large quantities of data which the
bacteria’s DNA offer,” explains Professor and Head of Research
Group Tine Rask Licht from the National Food Institute.

Whole grains reduce inflammation in the body

Since 2013, choosing whole grains instead of refined grain
products has been one of the official food-based dietary guide-
lines, and research results from the strategic research centre
Gut, Grain and Greens (3G) backs up this guideline. With Tine
Rask Licht at the helm, the 3G Centre has conducted one of
the most comprehensive dietary intervention studies of its
kind. The research project has examined how whole grains in
our food affect the bacteria in the gut as well as a number of
health-related biomarkers.

"The study shows that there is a good scientific basis for the
authorities’ dietary advice, and it makes good sense to replace
refined grain products such as white bread and white pasta
with various types of whole grain products,” Tine Rask Licht
says. She adds: "We can show that an intake of whole grain
products reduces inflammation in the body, which particularly
constitutes a risk for overweight people who are susceptible to
developing cardiovascular diseases and type 2 diabetes.”

Gluten can stay on the menu
Rye in particular seems to have a positive effect on reducing in-
flammation. In addition, whole grains are more satiating, which
can help people to lose weight.




The study also shows that the much-discussed gluten protein is
not unhealthy - except for the small part of the population that
suffers from either celiac disease or is allergic to wheat pro-
tein. Gluten is found in e.g. wheat, rye, and barley, and replacing
such foods with alternatives that are low in gluten, including
oat, rice, maize, and quinoa, does not reduce inflammation in
the body. However, a diet low in gluten causes the beneficial
bifidobacteria - which live on the special types of fibre and poly-
saccharides in grain - to disappear from the gut. As such, there
is no reason to remove gluten from your diet if you are generally
in good health.

On the way towards personalized dietary advice

The 3G Centre has been very important in promoting the inter-
disciplinary cooperation between a number of Danish research
environments with different expertise within the areas of bac-
teria in the gut, diet, and lifestyle diseases. Researchers at the
National Food Institute and at the University of Copenhagen
are still analysing the huge amount of data from the project,
and Tine Rask Licht has a hypothesis:

"We believe that the bacteria in the gut play a big part in why
people react differently to the same diet. In the future, this
knowledge may lead to personalized dietary advice and medi-
cation based partly on faeces samples, which can be brought to
the doctor's office.”

Faeces can save lives

The recent knowledge of gut bacteria does not only back up the
authorities’ dietary advice. It can also save lives and change the
treatment options within the healthcare system.

The National Food Institute conducts research with Aarhus
University Hospital, among others, in how faeces from healthy
people can cure the life-threatening gut disease Clostridium dif-
ficile, which is currently being treated with antimicrobials.

"Staff at Aarhus University Hospital have experienced that nine
out of ten patients get well in as little as a few days after a fae-
cal transplant. This is important because some of those patients
cannot be cured by antibiotic treatment,” Tine Rask Licht says.

Today many of the patients are treated with two or three types
of antibiotics. However, treatment with faeces may be an excel-
lent alternative in the future. The high percentage of very sick
patients who get well because of a faecal transplant is chal-
lenging the general assumption that some patients are too sick
to get a transplant.

The future lies in the gut

Until now, the researchers have only solved a small part of the
complex mysteries of the gut, and in the future, the National
Food Institute will have an increased focus on understanding
how the different bacteria in our gut affect our sensitivity to
e.g. the chemicals and hormones, which enter our body via
foods and packaging.

Research from the National Food Institute has showed that the intestinal microbiota may
influence processes in the liver.

(9 Histological section of the liver. Shutterstock

“ The ambition is at to gain an even greater
understanding of the complex bacterial com-
positionin the gutandits influence on health.
This can lead to personalized dietary advice
and medication. At the National Food Insti-
tute, we will explore how genetically modi-

fied bacteria may be used as an alternative to
medication, and how advanced methods for

encapsulation of bacteria can promote the
colonisation of desirable bacteria in the gut. ,,

Tine Rask Licht
Professor and Head of Research Group




The National Food Institute conducts research

to understand how and why some d prot
induce allergy through the skin.
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Food allergy may
develop through the skin

Food allergy not only develops after ingestion of food. What we put
on our skin and in our hair can also cause allergies. The more know-
ledge we have about how allergies develop, the better the options
for preventing and treating them will be. The National Food Institute
works to prevent and treat allergies and to promote tolerance.

Millions of people around the world suffer from food allergies,
and, in the worst cases, the condition can be fatal. Therefore,
the National Food Institute conducts research on how to pre-
vent, treat, and manage food allergy.

When people become allergic, it is mostly - with a few excep-
tions - the proteins, which people develop allergies towards.
The body can create a type of antibodies whose original pur-
pose was to fight parasites. When such antibodies start react-
ing to foods that are normally harmless, a faulty response has
occurred in the body, which then causes the allergy.

Why do people primarily become allergic to certain foods and
not to others? The basis of the research is to understand why
some food proteins are allergenic and others not. Therefore, the
researchers study both the allergenic and tolerogenic proper-
ties of proteins - i.e. the properties that contribute to allergy
and tolerance development, respectively.

It is important to explore both aspects because this provides
the researchers with the knowledge they need to develop new
strategies that can prevent and treat allergies. One purpose of
the research is to change the structure of a protein, so that the
protein may still give us tolerance but not cause allergy.

Scratches and inflammation increase the risk

The Institute’s research is conducted through rat experiments.
This provides the researchers with the opportunity to examine
what happens when the animals are exposed to the given pro-
tein for the first time. Almost all research related to the sensiti-
zation phase of allergies (where the allergy occurs) is conduct-
ed on animals as it is impossible to retrospectively go back in a
person’s life to see how this person developed the allergy. How-
ever, by studying sensitization in the animals, the researchers
can obtain knowledge that will help them to prevent and treat
allergies.

A number of the Institute’s research projects relating to expo-
sure suggest that we are likely to develop allergies through the
skin, i.e. when allergenic substances come into contact with
your skin from the environment or from the cosmetics we use,
including shampoos, conditioners, etc. The researchers are,
therefore, working on projects relating to skin sensitization,
which focus on examining how and why some food proteins can
cause allergy through the skin.

"We know that the nature of the skin affects whether you will
develop allergies. If the barrier of your skin is broken, you may
be at greater risk. Furthermore, if you have an inflammation




such as in the skin disease atopic dermatitis, you are also more
exposed,” Senior Researcher and Head of Research Group Ka-
trine Lindholm Bggh says.

"It would be amazing to have the resources to develop tools
and techniques to retrospectively diagnose how the patient has
developed his or her allergy: Did the person develop the aller-
gy after food ingestion or through the skin? Such knowledge
would be of great significance in respect of both the treatment
and prevention strategies, which would make life easier for pa-
tients who are predisposed to developing an allergy - or who are
already allergic,” Katrine Lindholm Bggh says.

If we haven’t eaten it, we shouldn’t put it on our skin
How easy or hard it is to become allergic to a substance that we
put on our skin is among other things dependant on the proper-
ties of the proteins.

Proteins that have been used in a bottle of shampoo may have
been modified. The manufacturer of the shampoo may have
used processed food proteins which have been made more
emulsifying and foaming through hydrolysis. Because the pro-
teins have been modified people may be at greater risk of de-
veloping an allergy to it. This is because we have not previously
eaten the exact same protein. The immune system sees it as a
brand new protein to which the body has not yet developed any
tolerance.

Modified food proteins in cosmetic products thus constitute a
greater risk than non-modified proteins.

"It is very important that you have eaten a food protein before
you put it on your skin. Otherwise, it could cause the immune
system to see it as a new substance with various consequen-
ces. You can become allergic to a substance when you are ex-
posed to it for the first time, but you are also at risk of losing
tolerance to something which you were previously able to tole-
rate,” Katrine Lindholm Bggh explains.

"From Japan we know examples of people who have used a soap
with modified wheat protein and subsequently became allergic
to the modified wheat protein, while others also became aller-
gic to non-modified wheat which they tolerated before using
the soap,” Katrine Lindholm Bggh says.

Whether a protein can cause an allergy also depends on the con-
text in which the protein occurs. It probably matters whether
the protein occurs in a soap, lotion, or oil. Therefore, the re-
searchers are studying what influence the context - or matrix
-has on developing an allergy.

Interaction between industry

and authorities benefits consumers

The researchers closely collaborate with the industry in respect
of testing products and helping to develop innovative solutions.

One example is birch sap, which many people with a birch pollen
allergy have started to drink to reduce their allergic symptoms.
There is no scientific evidence of the positive effect of birch
sap vet, and, therefore, the researchers are testing birch sap by
using animal studies to find science-based evidence of the ef-
fect of the sap.

Another example is the Innovation Fund Denmark project AL-
LEVIATE, that aims to develop new products which can prevent
cow's milk allergy and treat peanut allergy. The new products
would be able to promote people’s tolerance to the proteins in
food that can cause allergies. The aim of the project is to devel-
op partly ingredients for an infant formula that prevents babies
and toddlers from becoming allergic to cow's milk, partly a drug
candidate for the treatment of peanut allergy.

The recommendations and risk assessments which the Institute
delivers to the Danish Veterinary and Food Administration and
the Danish Environmental Protection Agency also help the au-
thorities to decide what ingredients should be allowed in the
products on our supermarket shelves.

“ The ambition is to contribute to fewer people be-

coming allergic in the long run, that more people can
get treatment, and that people with allergies can man-
age their allergies in an easier way. It would increase
the quality of life if allergy sufferers could go to the
supermarket knowing which products are safe to buy
and use, and which products they must avoid. More-
over, it is our ambition to get a better understanding of
the connection between stress and allergy. We know
that the risk of developing allergic reactions is great-
er when we are exposed to the allergen while we are
physically or mentally stressed. As both stress and al-
lergy are on the rise, it is obvious and essential to look
at the connection between the two phenomena, which
both have a negative effect on our quality of Iife.,,

Katrine Lindholm Bggh
Senior Researcher and Head of Research Group
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A 360° view of
the effects of foods

By exploring both the beneficial and the harmful health-related proper-
ties in foods, consumers and authorities become better equipped to pre-
dict the health effects of individual foods, nutrients, and diets. The Na-
tional Food Institute is leading in the area of risk-benefit assessments.

Fish is an important source of beneficial fatty acids and vitamin
D, but fish can also contain harmful heavy metals such as meth-
yimercury. Nuts contain healthy fats, but they can also contain
carcinogenic moulds (aflatoxins). And red meat is one of the
main contributors when it comes to unhealthy intake of saturat-
ed fat, but at the same time it contains important dietary iron.

"Risk-benefit assessments allow us to quantify, compare, and
measure the health effect of specific foods or food groups,”
says Senior Researcher and Head of Research Group Morten
Poulsen, whose group heads up the International Network on
Risk-Benefit Assessment of Foods.

What is a healthy diet?

The National Food Institute, which has a long tradition of re-
search in the field of food safety, is leading within the area of
risk-benefit assessments.

Among other things, risk-benefit assessments are used to
quantify the health impact of eating in accordance with the
official food-based dietary guidelines or following a specific
diet compared to what an average Dane eats. Furthermore, the
calculations make it possible to explore segmented population
groups such as women of childbearing age or men over 50
years, and examine what happens to your health if one type
of food is replaced by another.

Replacing steak with fish results in better health

A risk-benefit assessment conducted by the National Food Insti-
tute showed that the health of the average Dane -and in particu-
lar men over 50 and women of childbearing age - would benefit
if people replaced some of their meat intake with fish and thus
reach the recommended weekly intake of 350 grams of fish.

"The Institute’s calculations show that the Danish population
can gain up to 7,000 healthy years of life annually if all Danes
eat fish instead of red meat. However, the health benefit de-
pends on the type of fish the consumer chooses. The greatest
health benefit comes from eating fatty fish (such as herring and
mackerel) or a combination of fatty and lean fish (such as plaice
and pollock). The benefit is smaller if the consumer eats only
lean fish”, Morten Poulsen says.

If consumers decide to eat only tuna, the overall assessment
shows a significant health loss. Tuna is low in beneficial fatty
acids and can have high concentrations of methylmercury. The
health loss is assessed to be particularly high among women
of childbearing age as a large intake of mercury can damage
unborn children’s brain development.

Interdisciplinary cooperation is the key

Risk-benefit assessment is a relatively new discipline that
draws on a number of disciplines such as nutrition, toxicology,
microbiology, and epidemiology.




The National Food Institute develops models to be used in risk-benefit assessments, which
evaluate foods’ harmful and beneficial effects.

9 salmon. Colourbox

In the assessments, the researchers often calculate the benefi-
cial and harmful health effects by using the health metric disa-
bility-adjusted life years (DALY). DALY is a measure of how many
years people will have to live with a reduced quality of life due
toillness, and/or how many years are lost because a person dies
earlier than expected.

Intervene to ensure as few people as possible become ill
Besides risk-benefit assessments, health metrics can be applied
to explore the burden of disease in the population caused by
different chemicals and disease-causing microorganisms, con-
taminants in food, and dietary risk factors such as a high intake
of sugar or a low intake of fruit and vegetables.

Studies show that Campylobacter is the foodborne bacterium
that makes the biggest contribution to the burden of disease
in Denmark. Even in countries like Denmark, which have excel-
lent monitoring systems, it is difficult to determine how many

The National Food Institute calculates the burden of disease of various foodborne diseases and
can compare risks associated with different foods.

9 Raspberry. Colourbox

people are affected by a foodborne disease every year. Many
of these illness cases often stay under the authorities' radar
because not all patients seek medical care, not all doctors seek
a sample, and not all samples are analysed.

Researchers at the National Food Institute have estimated the bur-
den of disease of the three foodborne pathogens Salmonella, Cam-
pylobacter, and verotoxin producing Escherichia coli (VTEC). These
show that Campylobacter ranks highest followed by Salmonella.

The results help the authorities and food producers to assess
where to intervene so that as few people as possible get sick
from the food they eat.

"Risk-benefit assessments have given us an effective tool to
examine the health effects in the population, promote healthy
eating habits, rank food-related risks, and in the production of
foods,” Morten Poulsen says.

“ The ambition is to use and streamline even
more dataso that therisk-benefitassessments
can reach the public sooner. This would, for ex-
ample, make it possible to conduct arisk-bene-
fit assessment of different diet trends as soon
as they reach the consumer. Today it takes
too long, and the trends are usually over by
the time the results are ready. We also hope
to build a bridge between the industry, con-
sumers, and authorities through even more
interdisciplinary cooperation when it comes to
assessing both the harmful and the beneficial. ,’

Morten Poulsen
Senior Researcher and Head of Research Group
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The National Food Institute
develops new and better food
products for a growing population

According to forecasts from the UN, the
world population will grow by more than
two billion people over the next dec-
ades so that the total world population
will reach 9.7 billion people by 2050.
Moreover, the middle class is also grow-
ing, and more people are moving from
the countryside to the cities. As such,
there will be more mouths to feed, and
the demand for healthy and convenient
foods is also increasing.

The UN estimates that in 2050 we must
produce 70 % more food than we do to-
day in order to feed the world popula-
tion. However, the current way of pro-
ducing food will most likely not be able
to meet this demand. There is a need
for research and innovation to find new

sources of healthy, safe, and better
foods and food components.

The National Food Institute's vision is
to make a difference by developing new
and better food products for a growing
population. The Institute is striving to
achieve this by finding new sources of
raw materials and ingredients, assess-
ing their nutritional content and the
safety in using them - and by finding
technologies that can be used to pro-
duce them. For example, proteins from
grass and seaweed can be developed to
become high-quality products, and meal-
worms and other insects may also be on
the menu of the future. Food must be
healthy, safe, and preferably also tasty.

m



The National Food Institute develops bacterial cell factories that can produce food in-

gredients from sustainable resources such as residual products from the food industry.

9 Fermentor. Mikal Schlosser

Cell factories produce milk
protein without the use of a cow

Take a residual product from the food industry and
instead of discarding it, look at it as a side stream and
use it to develop a new food. The National Food Insti-
tute can e.g. make milk protein without the use of a
single cow. Rather, a cell factory does all the work.

At the National Food Institute, the researchers can make a bac-
terium produce milk proteins in a so-called cell factory. This is
a smart idea - because if you can make bacteria convert side
streams into milk proteins efficiently and profitably, you can
produce foods that are high in protein without having access
to animal products.

As the world population keeps growing, there is an increased
demand for healthy and tasty foods that are rich in proteins.
Finding efficient and environmentally friendly methods to pro-
duce and grow foods that are able to feed billions of people is
proving to be quite a challenge.

"At the National Food Institute we can produce milk proteins
without the use of a cow. For example, we modify the bacte-
rium Bacillus subtilis slightly so that it starts producing large
quantities of milk proteins with good functional and nutritional
properties. For this process, it is possible to use residual prod-
ucts from the industry as feedstock for the bacteria - that is the
food the bacterium gets so it can grow,” Professor Peter Ruhdal
Jensen says.

A cell factory is not a building or an instrument. The factory
consists of the bacterium itself as well as the processes that
take place inside this bacterium.

Previously the pigs could have it - at best

An important part of working with cell factories is to utilize
the side streams - residual products - which are created dur-
ing the production of foods and thus produce another prod-
uct from the side stream. Whey from milk processing contains
large quantities of sugar, which may have previously been
thrown out or used as pig feed, at best. Instead, dairies will
in the future be able to convert the sugar into a substance
which will be very valuable to the food industry in the future.
This will offer a more efficient resource utilization and thus a
more sustainable food production.

"Some of the food ingredients which can be developed by cell
factories may be of interest worldwide as a means to feeding
the constantly growing population. If we look 30 years ahead,
we will be almost 10 billion people on Earth. We might be able
to provide food for all these people if we utilized all land areas,
cut down the rainforest and so forth. However, we would rather
do this in a sustainable way to ensure that the impact on the
environment is as small as possible. A sustainable solution is
that we learn to use our resources in a suitable and efficient
way. In the future, we do not want any unutilized side streams.
Everything must be used - and preferably to produce food for
humans,” Peter Ruhdal Jensen says.
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A cell factory turns one substance into something else
The cell factory can turn a side stream such as lactose into but-
ter aroma by feeding a bacterium with the milk sugar which
then spits out butter aroma - a food ingredient that food com-
panies can use as flavouring in different products, from cookies
to sauces. To produce the butter aroma, the researchers have
slightly modified certain processes, which naturally take place
inside the bacterium. The bacterium has been genetically modi-
fied: Some genes have been removed whereby routes in the
metabolism have been redirected and the enzymatic reactions
have been changed.

The Institute can make cell factories in two different ways: One
is the natural way, another is by means of genetic modification.
In the natural way, the researchers screen for suitable bacte-
rium. They are looking for a needle in a haystack so to speak,
and they may find a lactic acid bacterium suitable for producing
butter aroma. The good thing about this method is that the re-
searchers can produce an ingredient, which does not require a
GMO - genetically modified organism. Therefore, the industry is
free to use it to produce food and without labelling. However,
the disadvantage of this process is that it is very time-consum-
ing to identify which bacteria have the desired properties.

The genetic modification method, on the other hand, is much
faster, but the disadvantage is that the food ingredient must
undergo an authorization process and will subsequently be sub-
ject to labelling requirements because it is a GMO. According to
the Professor, this is a paradox:

“In the butter aroma example, genes from other organisms have
not been added, and the genetically modified version has fewer
and more accurate genetic changes. Based on a rational assess-
ment, the genetically modified version should thus be preferred
to the 'naturally’ produced one. Therefore, it would be nice to
have a more nuanced debate as we really need to be able to use
these techniques in the future race to secure a sustainable food
production,” Peter Ruhdal Jensen says.

Y d H &
By using cell factories, the National Food Institute is able to get slightly modified lactic acid

bacteria to produce milk protein by feeding the bacteria with residual products from the pro-
duction of food.

9 Lactococcus lactis, lactic acid bacteria. National Food Institute

“ The ambition is to learn how to make the most of all

side streams. This will have a positive impact on our emis-
sion of greenhouse gases, and when all comes to all: The
greater utilization of the foods we produce, the smaller
impact on our agricultural land. Thus, we can avoid using
all of nature and preserve e.g. the rainforest. We should
not just do this because nature is beautiful, but also be-
cause it is important to maintain biodiversity. Moreover,
the forests also keep the COz level low,

In the future scenario, we willnot only use the side streams
from dairies, breweries, and other food production. We will
also utilize all resources from the agricultural sector. To-
day, we burn straw from wheat production in straw-fired
boilers and make heat fromit. In the future, we have hope-
fully found even more alternative ways to produce heat,
making it possible to use straw as a feed for the microbio-
logical production of foods, chemicals, and jet fuels. ,,

Peter Ruhdal Jensen
Professor




Alcowhey turns lactose into alcohol

Alcowhey is the name of a spinout company from the National
Food Institute, which is based on patented technology in the
form of a cell factory developed at the Institute. By means of
lactic acid bacteria, the cell factory turns residual lactose from
dairies into ethanol - the alcohol contained in spirits.

In the production of cheese, nine-tenths of the milk ends up
as whey. As previously mentioned, whey contains sugar and
protein. Large dairies such as Arla have the technology and
know-how to further process these side streams themselves.
However, small dairies do not necessarily have the resources
to process the whey. In addition, it is a low-value product and is
usually either sold as animal feed or it ends up as waste. Alcow-
hey offers the dairies a solution which enables them to use the
whey in a more profitable way.

Something is brewing - new ways to more foods

The National Food Institute has invested in new fermenters.
They can convert side streams to new food ingredients by using
these as growth media for growing bacteria. This is a sustain-
able utilization of resources and part of the solution to the pro-
blem with feeding the growing population.

Fermentation converts a side stream - such as lactose from
whey - to butter aroma by feeding the bacteria with lactose.

The bacteria used may be genetically modified so that they pro-
duce a substance which they would not produce naturally. In or-
der to make the bacterium convert e.g. lactose to butter aroma,
the researchers have removed some genes from the bacterium.

In other cases, the researchers can compare different bacteria
which had their different genes ‘turned up’ or ‘turned down'.

Alcowhey can help small dairies to convert whey to ethanol.
Subsequently, the dairy can sell the ethanol to distilleries, who
in turn use it in the production of alcohol. Alcohol is usually
made from e.g. maize, cane sugar, or wheat - that is foods which
could feed people. Therefore, it is also an advantage from a sus-
tainability perspective that a residual product can be used to
produce the alcohol.

In brief, the cell factory creates value in many ways: It turns a
residual product into a new high-value product instead of draw-
ing on foods that we could eat instead. In addition, it helps the
dairies to develop a new business area.

This allows the researchers to examine which bacterium would
be the right candidate for the ingredient someone is wanting
to produce.

To compare different bacterial strains, the Institute has invest-
ed in several BIOSTAT® A-fermenters: Ten of them have a vol-
ume of one litre and two of them have a volume of five litres.
Here the researchers can control the conditions in the ferment-
ers such as oxygen, temperature, and pH.

The purpose of the work is to compare the bacterial growth and
metabolism, under controlled circumstances, and thus to gain
valid knowledge of the process and the result so that the new
substances can be used in innovative industrial collaborations
over time.

WIDE SPAN IN RELEVANT
RESEARCH AREAS FOR THE INDUSTRY

"As representatives from the industry, we really appreciate
the cooperation with the National Food Institute. The Insti-
tute has a wide span in relevant business areas for the in-
dustry, and it is thus easy to access qualified knowledge and
know-how.

(9 Chr. Hansen

Esben Laulund
Chr. Hansen A/S

We in the industry are favourably disposed to the fact that
the Institute wants to be among the leading national food
institutes in Europe, and that this is done through research
cooperation with recognized universities.

It is a great strength that the National Food Institute works
very closely with the industry and serves the authorities
at the same time. It offers more substance to the cases on
which we in the industry collaborate with the Institute.

Finally, the focus on life-long learning really makes sense.
The industry demands opportunities to keep their employ-
ees up-to-date with the recent research-related develop-
ment,” says Vice President Esben Laulund from Chr. Hansen
A/S, who is also a member of the Advisory Board at the Na-
tional Food Institute.
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The hunt for nature’s
own additives

In general, aromas, emulsifiers, and preservatives do
not make up a large part of our foods. However, they
make a big difference for their taste, texture, and shelf
life. The researchers at the National Food Institute are
searching through the building blocks of foods in order
to develop new, natural, and sustainable additives.

For several centuries, additives have been used to extend the
shelf life of foods and to provide them with a better texture
and taste. However, today's consumers often demand natural
additives that do not require an € number.

In order to help the industry give the consumers what they
want, researchers at the National Food Institute have devel-
oped methods to identify naturally occurring additives e.g. in
food proteins, which can help slow down the process of fatty
acids in foods going rancid, among other things.

Along with bioinformaticians from DTU Health Tech and col-
leagues from Aalborg University, the Institute’s researchers
have developed tools that are able to extract those parts of the
proteins that can be used in the production of additives.

Better resource utilization

The researchers have found the active peptides - which are the
building blocks of proteins - in e.g. residual products from the
production of potato starch and the processing of seaweeds.
This ensures a much better and sustainable resource utilization
of raw materials.

"As the additives also extend the shelf life of foods, our re-
search contributes to combatting the waste of resources in sev-
eral ways,” Professor Egon Bech Hansen says.

Huge increase in value

The large quantities of residual products generated by the food
industry are typically sold at a kilo price of between one and 15
Danish kroner to other companies, who convert them to biogas
or use them as animal feed.

However, depending on what it is used for, the food companies
can sell the extracted protein mass at a kilo price that is ten to
a thousand times higher than the price at which they currently
sell the residual products.




“ The ambition is to transfer the methods
we use to find new ingredients in a num-

- ' ber of other vegetable or animal residual
products. With the very large quantities of
residual products generated by the food in-

| dustry, the Institute’'s methods have a great
| potential to create added value for the com-
I panies while they can also ensure a better
| utilization of Earth’'s limited resources, ,,

| Egon Bech Hansen
Professor

The National Food Institute conducts research into and contributes to the development of new, I
alternative foods and ingredients that are rich in vitamins, healthy fats and proteins.

9 Fish oil emulsions. National Food Institute
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Seaweed and micro algae
on the menu

In order to be able to produce enough food for
the growing world population in the future, the
National Food Institute is exploring the great
potential in utilizing aquatic resources such as

seaweed and microalgae for foods.

We need new ideas for food sources as the world population
is growing. Naked farmland is becoming sparse, and therefore,
the National Food Institute is looking under the surface of the
ocean to explore the potential for growing nutritional resources
such as seaweed and microalgae on a large scale.

The plants in the sea are a rich source from which omega-3 fat-
ty acids, antioxidants, and bioactive peptides can be extracted
and included in the food production and as ingredients for food
and feed.

Think seaweed in new ways

For many Danes, seaweed is either a foul-smelling acquaint-
ance on the beach or a nuisance that tickles between your toes
when you get out in the waves. However, seaweed is looking
increasingly like a nutrition-rich raw material in the production
of food, and bladderwrack seaweed in particular can turn out to
be a useful, healthy, and sustainable ingredient in foods.

"Bladderwrack contains antioxidants, and the National Food In-
stitute has conducted research on how the antioxidants can pre-
vent fatty acids in some foods from becoming rancid. As such,
the antioxidants can give the foods a better taste,” Professor
and Head of Research Group Charlotte Jacobsen says. She adds:

“It is essential that the foods of the future also taste good if
they are to gain the consumers' acceptance and become prof-
itable for the food industry.” At the National Food Institute, a
professional sensory panel working in accordance with the ISO
standards assesses the taste experience.

The results show potential within the production of foods but
also for inclusion in cosmetics and in the pharmaceutical in-
dustry where the natural antioxidants from bladderwrack can
replace the synthetic antioxidants used by the industry today.
However, more research on the antioxidants is needed before
the industry can transform the Institute’s results into products.

The research has also opened up opportunities for using envi-
ronmentally friendly methods to extract antioxidants. Among
other things, the National Food Institute has with great suc-
cess used hot water under high pressure to extract antioxidants
from seaweed.
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Seaweed changes all year round
The researchers at the National Food Institute are carefully follow-
ing the different natural phases that seaweed undergoes through-
out the year in order to find the best harvest time for seaweed.

"Seaweed contains a number of positive and beneficial sub-
stances, but at some times of the year certain types of sea-
weed contain too much iodine to become feed or foods. At the
Institute, we work with different types of seaweed and on map-
ping the ideal seaweed harvest time. Moreover, we are looking
for methods to reduce the iodine content in seaweed,” Charlotte
Jacobsen says.

The small, green features of the sea

Seaweed is not the only resource that has captured the re-
searchers' attention in the hunt for the foods of the future.
There is also potential in extracting ingredients from algae
which can be used in the production of foods. Therefore, the
National Food Institute is exploring the possibilities of growing
algae in large scale.

In a project financed by the Danish Innovation Fund, the aim is
to grow seaweed in the form of brown algae in Danish and Far-
oese waters. Brown algae contain antioxidants, protein, poly-
saccharides, and minerals, and they could be interesting for the
industry in relation to the production of functional ingredients
in foods, feed, and skin lotions. For example, the sugar molecule

DTU develops technologies that enable better utilization of marine resources. These technolo-
gies include harvest, extraction, concentration, and fractionation of bioactive substances from
e.g. seaweed.

9 Seaweed. Colourbox

laminarin has turned out to have an anti-tumour, anti-inflamma-
tory, and anti-coagulant effect.

Microalgae are growing at the National Food Institute

The National Food Institute grows different types of mi-
croalgae species, which promotes a strong analytical plat-
form. Within the Institute's microalgae facility, ten differ-
ent microalgae strains are growing under the best growth
conditions. Here the researchers can work with the entire
production chain, right from the growing phase to the final
granulate.

Thanks to the facility, it is possible to test what it takes for
the different types of algae to achieve the optimum content of

the wanted nutrients so that they can produce new ingredients
such as omega-3 fatty acids, pigments, and proteins. The aim
is that the ingredients can make a positive contribution to the
new foods, cosmetics, and nutraceuticals of the future.

The facilities make it possible to work with the microalgae in a
very small scale, from small test tubes to large 50 litre tanks.
The plant can be upscaled to 4,000 litres, and the National Food
Institute has developed a drying facility that can produce mi-
croalgae meal, which the researchers can then study.

“ The ambition is that the National Food
Institute can contribute knowledge which
would enable the industry to create
healthy, nutritionally balanced, and sus-
tainable foods from the ocean's resources.
Globally, we must be better at utilizing the
resources so that we are able to feed the

growing population in the future as well. ”

Charlotte Jacobsen
Professor and Head of Research Group



The'National Food Institute is searching for solutions that can help feed the'world's growing
population in an economically viable and sustainable way, e.g. through the biorefining of a wide
fange of raw materials.

C®) Grass. Colourbox

Eating grass is not
for ruminants only

The juice of grass contains protein, which - in its concentra-
ted form - is a new ingredient with the potential to become
an important alternative to the proteins that are derived from
meat in particular. This is one of the ways the National Food
Institute works to feed the growing world population where
more and more people will need protein on their plates.

How is it possible to develop sustainable foods to feed the
growing world population? Part of the answer may be grass. To-
gether with the research centre AU Foulum at Aarhus Universi-
ty, researchers from the National Food Institute have developed
a method to extract protein from grass. The new ingredient has
a good amino acid composition comparable to the one of soya,
eggs, and whey. However, production of grass protein has a sig-
nificantly lower impact on the environment and climate.

The composition of the world population places new demands
on the production of food. The world population is growing fast,
and many people are getting richer and richer and want to have
a different type of diet. This means that there is a growing de-
mand for proteins and thus, basically, for animal products.

Alternative and better methods to produce proteins, which do
not have an adverse impact on the environment, are therefore
needed. This is where grass enters the picture, because grass
is an environmentally friendly crop. It is very hardy, it does not
need much fertilizer, and people can actually eat it. However, it
takes special methods to convert grass to food.

Grass juice becomes protein powder

People cannot eat grass, because unlike cows we do not have
four stomachs. Grass is very rich in fibres and cannot be meta-
bolized in our stomach.

However, the researchers at the National Food Institute have,
together with AU Foulum, found a method to convert grass to
an edible ingredient. First, grass is passed through a dewatering
press, which works just like a huge juicer. It separates the raw
material into two parts: One part consists of dry matter high in
fibres, which can be used for cattle feed, and the other part con-
sists of high-protein fluid. When the proteins are separated from
the fluid, the result is a powder that consists of protein. The kilo
price of protein powder is approximately ten times higher than
the price as feed. The dry matter part can still be sold as cattle
feed, which makes the concept relatively profitable and even
more sustainable.

Grass can taste like liquorice and peanut butter
Besides grass being so high in fibres that people cannot eat it,
it isn't very tasty. The taste is bitter and in large quantities, it




will be very uncomfortable for us. This may be nature’'s way of
telling us that we should not eat grass in its pure form.

However, the National Food Institute has succeeded in making
products such as protein bars with a grass protein content of up
to 10 per cent, without people disliking the taste. The taste of
grass is camouflaged by adding aromatic ingredients such as
peanut butter, honey, ginger, and liquorice. As soon as the re-
searchers manage to reduce the taste and colour of grass even
more in the protein powder, the industry can use the properties
of the protein in a wide range of foods.

Ryegrass is rich in the right amino acids

The most important quality parameter for proteins is the ami-
no acid composition. Therefore, not all protein sources are good
substitutes for protein sources from animal such as meat, eggs,
and milk. Grass has turned out to be a good protein source as
the amino acid composition in the protein concentrate from
ryegrass etc. is very beneficial. In several cases, it is even bet-
ter than products made from soy protein already on the market.
This makes ryegrass an excellent protein source.

Eating grass does not solve all of the world's food problems.
However, it is an important piece of the puzzle along with other
alternatives such as insects and seaweed.

New on the plate

- and on the way to being approved by EFSA

It is one thing to enable the production of grass protein. It is an-
other to ensure that it is safe to eat. Grass protein is a so-called
novel food and as such it must undergo a process of approval by
EFSA, the European Food Safety Authority. This approval means
that EFSA assesses that the ingredient is safe to eat, meaning
that it is not toxic and does not cause allergies e.g. in people
who are allergic to grass pollen.

In the so-called InnoGrass project, the National Food Institute
is at the head of studying the nutritional content of the grass
protein and any unwanted substances such as toxins and aller-
gens. The goal is to have the grass protein approved as food
so that businesses can start using it in their own productions.

InnoGrass is financed by GUDP (Green Development and Demon-
stration Programme).

Some food businesses are already interested in using the grass
protein in their products. However, applying for a novel food ap-
proval would be a large financial burden for most small and me-
dium-sized companies. Therefore, the National Food Institute
plays an essential role in the approvals process by contributing
the necessary research-based documentation.

“For the National Food Institute, we see it as an important job
to facilitate the approval of grass protein as a food ingredient.
In that way, the Institute contributes to us moving closer to a
radical change in our eating habits - away from animal proteins
that have an adverse impact on the environment and towards
more sustainable alternatives,” Peter Ruhdal Jensen says.

“ The ambition is that research from the
National Food Institute can make the uti-
lization of grass profitable. [t must be able
to compete with cheap products such as
sova. It should be cheap to buy, offer good
functionality in the foods, and it must be

tasty. The idea is that we will eat many
products based on grass. In particular, the
market seems to be big among young con-
sumers who, fortunately, pay great atten-
tion to the environment and sustainability. ,,

Peter Ruhdal Jensen
Professor
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Insects’ safe journey
to the dinner table

The production of insects emits 100 times less COz than
the production of cattle. Thus, insects are an excellent
protein source for sustainable and healthy foods and for
animal feed as well. The National Food Institute works
closely with authorities and producers to pave the way for
a production where feed and food safety are paramount.

Denmark aims to be a pioneer in the production of insects for
food and feed, which is in its infancy. Insects do not need much
space, and from ten kilos of feed, you can obtain 4.5 kilos of
mealworms but only 2.5 kilos of pork or a mere 1.1 kilo of beef.
In order to mass produce insects, manufacturers need access to
cheap and sustainable sources of growth substrates as feed for
the insects, and this means that feed and food safety will need
to meet certain requirements.

“In a legal context, insects are defined as farmed animals, just
like for example cattle. Therefore, the insects are subject to the
strict feed and food legislation in the EU to ensure the health of
people, animals, and the environment, and to avoid the spread
of serious domestic animal diseases and the like,” Head of Divi-
sion Dorte Lau Baggesen says. She believes that we are close
to a breakthrough where insects are allowed as feed for animals
with only one stomach, such as pigs and poultry.

Science can pave the way for a law change
Today, legislation requires that feedstuff for breeding insects
must be of vegetable origin and of feed-grade quality approved

also for other food production animals. Together with its pro-
ject partners, the National Food Institute is exploring how more
residuals from the production of food can be used as a growth
substrate for insects. In particular, the legislation places strict
restrictions on the use of residuals and waste products contain-
ing fish and meat.

"More scientific documentation is needed in order for the law
to change so that more types of substrates can be used as feed
for insects. The National Food Institute is working on showing
that the production of insects can be done without spreading
any biological and chemical hazards that might be present in
the substrates,” Dorte Lau Baggesen says. The National Food
Institute is also exploring how heat treatment and processing
in the production chain affects the insects. These results may
provide the authorities with the necessary scientific basis for
making a decision on an amendment of the legislation.




“ The ambition is to ensure a profitable mass pro-

duction of insects in the industry in the short term so
that they can be used in food and feed. Hopefully, in-
sect-based feed can alleviate the lack of proteins for
domestic animals, and if the Scandinavian cuisine and
the gourmet restaurants are open to using insects,
this may make insects palatable to the general popu-
lation. In the long term, it is our hope that it becomes
legal and safe for organic household waste, which to-
day ends up as biogas or in the incineration plant, to
be used as a growth substrate for insects.

Even though it will be a while before mass-produced
insects reach our dinner tables, we probably have to
get used to the idea. Many of us have probably forgot-
ten how sushiwas initially received, so in time consum-

ers will probably also accept the idea of eating insects. ’,

Dorte Lau Baggesen
Head of Division

The National Food Institute considers mealworms and crickets to be among the foods of the
future.

(® House cricket (Acheta domesticus). Shutterstock

Tingling and crawling in the insect facilities

The interest in producing edible insects for both animals and
people is increasing. Therefore, the researchers at the National
Food Institute are carefully following how insects can become
safe to eat and meet the high food safety standards that we
know from other foods.

The National Food Institute has special facilities for growing
insects. Here it is possible to control the temperature and humi-
dity in the room so that the insects achieve the optimal growth
conditions.

Other insects such as black soldier flies have potential as animal feed and will in future be
included in the National Food Institute's research.

(9 Black soldier fly (Hermatia illucens). Texas A&M Agrilife Center at €l Paso

Growing the insects makes it possible to conduct different stud-
ies which shed light on the risk that disease-causing bacteria
are spread, as well as how to control this in order to ensure a
high level of food safety in the future production of insects.

Until now, mealworms and crickets are the best bet in terms of
insects for foods. The EU has approved seven types of insects
for fish feed: black soldier fly, common housefly, yellow meal-
worm, lesser mealworm, house cricket, banded cricket, and field
cricket.
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The National Food Institute uses knowledge of nano-microstructures-of ingredients to develop

healthy foods.
9 Xanthan gum-chitosan nanofibres. National Food Institute

ly active, thus making it easier for the body to absorb them.

The researchers at the Institute utilize this property to develop
optimized delivery systems of bioactive substances - such as
antioxidants, vitamins, and polyphenols - to the body so that
the substances end up where they are most needed.

tures and have a longer shelf life than today.

"The project provides us with a greater knowledge of how the
body absorbs different nano- and microstructures. Thus, the
Institute can develop techniques that can control where and




The National Food Institute conducts research into foods’ nanostructures to find ways of deve-
loping healthier, tastier, and safer food ingredients and foods.

9 Silver nanoparticles. National Food Institute

when encapsulated bioactive substances are released in the
body to achieve the desired effect,” Professor loannis S. Chro-
nakis from the National Food Institute says.

Cracking the code for the production of vegan sausages
In addition, the researchers use their knowledge of nano- and
microstructures to develop edible 'film' made from plant-based
ingredients, which can be used by manufacturers of vegetarian
and vegan foods.

Their innovation may be used e.g. to provide vegan sausages
with the right 'snap’ - something that used to cause manufac-
turers headaches. Moreover, it will be cheaper to produce the
improved film with the methods from the National Food Insti-
tute. This will be a great help to small manufacturers in par-
ticular.

The National Food Institute conducts research to study the body's uptake of different bioactive
substances and ingredients in nano- or microsize.

¥ Nanofibres. National Food Institute

The researchers can design the film so that it contains sub-
stances that are also able to protect against disease-causing
microorganisms. Moreover, the researchers’ innovations can
easily be adapted so that a number of different industries can
use them.

“ The ambition is that the research at the National Food
Institute can help to meet the demand for ingredients
with added value which have specific health-beneficial
effects and are manufactured sustainably with less re-
sources. Moreover, the goal is to improve people’s health
and quality of life by continuously developing profitable

nano- and microtechnologies which the food industry
can apply to create functional, healthier, tastier, and safer
foods. The Institute will also work on adapting these
methods so they become useful for manufacturers of
pharmaceuticals, textiles, cosmetics, packaging, and feed. ’,

loannis S. Chronakis
Professor
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The National Food Institute
creates sustainable
technological solutions

Studies suggest that the food consump-
tion accounts for approximately 25 %
of the total climate impact per person.
Reducing the climate and environmen-
tal impact of our diet requires new and
gentler production methods that emit
less COz. In addition, the consumers must
change the composition of their diet.

The vision of the National Food Institute
is to make a difference by creating sus-
tainable technological solutions - e.g. to
ensure that raw materials are better uti-
lized in order to avoid production waste
and to utilize the production processes

more efficiently, and to make it easier
for consumers to choose sustainable,
high-quality foods.

For example, the work of the Institute
focuses on how food companies can re-
cycle water safely, optimize food pro-
duction and save on energy and COz, and
better utilize residual products from the
production of food and feed in order to
develop high-value products. Further-
more, mathematical calculations of the
climate impact of foods is a new focus
area within the Institute’s nutritional re-
search.
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The National Food Institute develops technologies and models that are used to optimize the sustainable
production of healthy, safe, cost-effective, and high-quality foods with minimal production of waste.

9 Hygienic design test rig. National Food Institute

Sustainable foods with less
power consumption, less raw
material use, and less waste

To make it possible to feed the growing world population,
rethinking the food industry’s production processes is
imperative. The National Food Institute helps the industry
make the processes more efficient and sustainable.

"By applying mathematical models, new production technolo-
gies, and ‘out-of-the-box thinking’, the National Food Institute
finds new ways to produce healthy, safe, and sustainable foods
of the highest quality with a minimal power consumption, less
raw material use, and less waste,” Associate Professor and Head
of Research Group Amin Mohammadifar says.

For example, the National Food Institute is changing the way
sour milk products are produced. This will make it possible for
the industry to meet the consumers’ demand for easy-to-eat,
firm yoghurts made without thickeners.

In the new production process, the researchers use ohmic heat-
ing, which quickly and homogeneously heats a product by run-
ning electrical power through it.

With a lower power consumption, the method provides the sour
milk products with a better texture than products made in a
traditional way. In addition, they are made in a shorter time,
and less amounts of added dry matter are required to reach the
desired consistency.

Maths is an essential ingredient

One of the researchers’ essential tools is mathematical model-
ling, which they apply to understand the influence that produc-
tion parameters such as temperature, humidity, and equipment
have on the taste and safety of foods. With the models, they
are able to predict e.g. how changes in temperature and cooking
time can ensure a juicier piece of meat which does not contain
any disease-causing microorganisms.

The researchers at the Institute also develop prediction models,
which can e.g. replace the time-consuming manual inspection
that fish manufacturers use to decide for which purposes fish
is best suited.

The models apply different biochemical data and computer-
generated pictures to calculate the structure and quality of the
fish and to assess whether the fish should be sold as cut, fresh
fillets, or as smoked products. The process should help to en-
sure that as much fish as possible is utilized in products of the
highest quality.
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“ The ambition is for the National

Food Institute to design foods with
specific functional and nutritional
properties that take the consumers’
different needs into account, based
on age, sex, health, activity level, and
food preferences. We will do that by
intensifying the interaction between
the Institute's food technological

knowledge and other relevant fields. ,,

Amin Mohammadifar
Associate Professor and Head of Research Group

The researchers’ prediction models can also be applied to pre-
dict the shelf life of fish and thus help to reduce food waste.

From worthless to valuable

Recycling the industry's residual products is essential in a sus-
tainable food production. Therefore, several projects at the Na-
tional Food Institute focus on how low-value side streams can
become a source of income.

For example, the researchers have developed a process line
where mussels that are too small to be sold as food for human
consumption instead become chicken feed without having to
undergo an expensive and energy-intensive boiling process.

In an innovation project, the Institute also contributes research,
which will enable the production of biodegradable food pack-
aging made with residual products from the food production. In
another innovation project, the Institute’s expertise is applied
in order to turn chickpea brine into a vegan product that can
replace egg whites.

Pilot Plant - a food technological test facility

The Pilot Plant at the National Food Institute is built as a test
facility where the researchers can work with production pro-
cesses on the type of machines used by the industry - only on
a smaller scale.

Testing ideas in the Pilot Plant can provide the answer to
whether a process which works in the laboratory can also work
in large scale within an industrial production line.

Companies can collaborate with the Pilot Plant on process and
product development of foods, equipment, and technologies.

DTU Centre for Hygienic Design
identifies the causes of bad cleaning

At the DTU Centre for Hygienic Design, manufacturers
can have their equipment tested and assessed based
on international guidelines for a cleaning-friendly de-
sign. Subsequently, the Centre can certify equipment
so that the manufacturer can prove that the equip-
ment can be cleaned safely.

The Centre combines research, teaching, and advice
giving for the biotech and food industry in respect of
hygienic design. The Centre is the only test centre in
Denmark for EHEDG (The European Hygienic Engi-
neering & Design Group) with a DANAK accreditation
to issue hygienic certificates for production equip-
ment in Denmark.

The Centre uses methods that visualize bad design
solutions which can make it difficult to clean equip-
ment properly and thus generate a risk of microbial
contamination of the equipment.

Pilot Plant is also used for teaching purposes, and the students
use the test facility for different projects.

Pilot Plant has various permanent machines at its disposal such
as an autoclave and a test oven that simulates the conditions
in a tunnel oven. Moreover, the Pilot Plant has heat exchangers
and pumps at its disposal, which can be combined in different
ways to study a range of production processes.

DTU Centre for Hygienic Design and DTU Brewery are both inte-
grated in Pilot Plant.




PROVIDES THE FOOD INDUSTRY
WITH SOLUTIONS IN RESPECT OF
CLIMATE, SUSTAINABILITY, AND HEALTH

"At the Confederation of Danish Industry, we really Leif Nielsen
appreciate our long-running and strategically close Confederation of Danish Industry
cooperation with the National Food Institute.

9 Confederation of Danish Industry

The food industry is a central part of the national
economy and the solution to the societal challen-

ges in respect of climate, sustainability, and health.
However, the industry is far from having all the
answers to how we can meet the ambitious global
goals. There are many dilemmas and nuances in our
work with sustainability and health, so we invite
everybody around us to contribute good ideas and
suggestions for solutions, which the industry can
test in partnerships with strong Danish research in-
stitutes, such as the National Food Institute.

Our sincerest congratulations on your 60th anni-

versary. We look forward to continuing our close

cooperation with the Institute,” says Industry Direc-

tor Leif Nielsen from the Confederation of Danish

Industry (DI), who is also a member of the Advisory
and quality. incuding nyglenic design o productioMEAllpment and methods t apldly identiy Board at the National Food Institute.

disease-causing microorganisms.
9 Lab-on-a-chip. Anders Wolff
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Onevof fhe_go_aﬂs of the'National Food Institute’s research is to show-how water used in the =

production-of-f00dcan be _cleaned, making it-safeto.reuse elsewhere in the production proce:

Less water from
sea or field to plate

A food product’s journey from sea or field to plate
requires water. Industrial food production can utilize
water in a more sustainable way by using less potable
water and discharging less waste water. The National
Food Institute can help the industry achieve this.

"Our research can help to reduce both the water consumption
and the environmental impact associated with a food business’
production of e.g. a pizza, right from the dough to the cheese,
Professor and Head of Research Group Lisbeth Truelstrup says.

4

When a dairy makes cheese, the raw material is milk, and milk
consists of 90 % water. The dairies can recycle the surplus
water. You can extract all whey proteins and lactose from the
residual products so only water is left. The dairy can use this
water for cleaning. This streamlining has inspired other indus-
tries to get involved in research projects in which the National
Food Institute takes part, with the purpose of increasing the
recycling of water in the production.

Clean chicken feet with 50 % less water

Chicken feet are a delicacy for Asian consumers. The companies
can wash the chicken feet more efficiently without compromis-
ing on food safety. The Institute has documented this along
with the Danish Technological Institute and a company. When
the wash water was filtered, the company could reuse it in the
first wash of the next batch of chicken feet.

In another project, the Institute has examined whether it is
possible to lead used drinking water through an advanced wa-

ter treatment plant and then treat it with ultraviolet light. The
analysis has shown that reusing water is possible. However, to
comply with the current regulations, the recycled water has to
be piped through separate pipes.

Safe recycling

As arule, and according to legislation, food businesses must use
drinking water in their production of foods, including for clean-
ing in connection with the production. However, they can use
other types of water as long as the water does not compromise
on food safety. And this is where the National Food Institute
can provide help. If an industry wants to recycle water from
their production, the Institute can inform whether and how it is
possible to do so in accordance with legislation.

Of appropriate quality - what does that mean?

Recycled water does not have to be of drinking water quality.
It just has to be of an appropriate quality - but how does a com-
pany measure and document that the quality is appropriate?
And how can the company perform own-checks and provide the
documentation needed so that the Danish Veterinary and Food
Administration can allow the recycling of water? In such case,
the industry can help conduct a risk assessment and own-con-
trol plan.
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“ The ambition is that we will be able to
use purified seawater in the production of
food in the future. Unlike Denmark, Green-
land does not have enough freshwater in
several local communities. Many fish fac-
tories up there use more than /5 % of the
daily production of drinking water. This lim-
Its both the industries’ production and the
growth of tourism, which would otherwise
be able to bolster Greenland's economy.
The problem can be solved when it is safe
and legal to use seawater for production., ”

Lisbeth Truelstrup Hansen
Professor and Head of Research Group

Food producers worldwide use mathematical models developed at the National Food Institute
“o predict-the shelf life-of food and-prevent the growth of disease-causing miereorganisms:
® Motherboard. Colourbox
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can be used to produce new ingredients for‘feed and food.
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The waste from seafood to become
the sustainable foods of the future

In order to achieve the UN's Sustainable Development
Goals, we should utilize the ocean's resources and create
nutritional foods from the seafood industry’s side-streams,
e.g. cod livers or off-cuts from fish fillets. The National
Food Institute is looking beneath the ocean surface and is
creating the foundation of the foods of the future.

The seafood industry's side streams contain a great potential as
a source for developing nutritional and sustainable foods or feed
for animals. The side streams are those parts of the catch or the
fish that are not utilized today, but are simply thrown overboard
and end up as waste or are used in low-value products such as
mink feed. The National Food Institute works closely with the
fishing industry on finding solutions as to how the sustainable
and nutritional foods of the future can be produced on a large
scale and reach the consumers.

"Cod livers can provide healthy omega-3 fatty acids, and shrimp
shells contain both taste and colour which the industry can use
to produce new types of foods,” Professor and Head of Research
Group Charlotte Jacobsen says. She stresses that until now only
far too little research has been conducted on how the resources
of the sea can contribute to new, healthy, and sustainable foods.

The researchers at the National Food Institute collaborate with
the seafood industry on changing the logistics in the produc-
tion so that e.g. cod livers are not discarded but instead used
for food. The Institute is also exploring ways of utilizing skin
from fish and extracting bioactive substances from carcasses,
and how process water (waste water) from other types of pro-

duction can contribute to a more sustainable feed source in the
production of algae.

“In the old times, dairies considered whey to be a residual and
waste product, but today, it is one of the most valuable products
in the production. Now is the time to explore how we can utilize
the side streams of the seafood industry to produce new, more
sustainable products, which are rich in beneficial bioactive sub-
stances such as fish oil and protein,” Charlotte Jacobsen says.

Valuable fish oil from fish waste

Filleting of fish results in tonnes of residual products which are
full of healthy omega-3 fish oils. Instead of discarding the resid-
ual products, it would be more sustainable and add extra value
for the seafood industry to extract the oils and use them as
ingredients in health-promoting foods.

"Along with companies in the seafood industry, the National
Food Institute conducts research in the design of omega-3 in-
gredients and the use of them in foods. Such ingredients will
make it possible for food producers to enrich existing foods or
develop new foods with a favourable health profile,” Charlotte
Jacobsen says.
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The sea offers healthy fats

In general, the National Food Institute works on how omega-3
fatty acids can become a more attractive alternative to less
healthy fats in our food that also have a greater climate impact,
such as animal fat.

"It is paradoxical how little omega-3 is actually in a shrimp salad
so why not replace the unhealthy fat with the nutrient-rich oil?”
Charlotte Jacobsen asks.

Other suggestions for foods where omega-3 could play a great-
er role are mayonnaise, dressings, tuna salad, fish patés, and
protein bars - just to mention a few.

Starfish become animal feed

The ocean and the seafood industry have a large and unfulfilled
potential, not only when it comes to candidates for sustainable
and nutrient-rich foods and food ingredients for people, but
also as feed for animals.

The world's first starfish meal factory has opened its doors by
the Limfjord where the plague of the seabed, starfish, is be-
ing turned into animal feed. For a long time, the large stocks of
starfish - up to 50 per square metre - have been a problem for
mussel fishermen in the Limfjord, because the starfish eat large
quantities of mussels and oysters.

"Starfish meal contains 70 % protein, and in 2017 the product
was, on Denmark’s request, approved in the EU as feed for do-
mestic animals, including chickens and pigs,” Charlotte Jacobsen
says.

Starfish also contain fats. The National Food Institute is ex-
ploring the composition of the starfish oil, and how it can be
extracted from starfish with a view to a potential production of
starfish oil rich in omega-3.

Algae and mussels can also become feed

The small organisms of the sea, the microalgae, are also of in-
terest when it comes to creating sustainable feed for domestic
animals.

Therefore, the researchers at the National Food Institute are
exploring ways of growing microalgae, which can replace fish-
meal and fish oil in fish feed.

In the hunt for a sustainable future, the researchers have also
developed a way to process mussels that are too small to be
sold as foods into a financially viable, sustainable and organic
ingredient in chicken and pig feed.

After experimenting with meat grinders, juicers, and various
equipment from the Institute’s test facility, the researchers
have found a promising and sustainable method to process
small mussels. The method leaves out the expensive cooking
process and the time-consuming sorting process in which other
species such as starfish and crustaceans are removed. Instead,
the new method involves putting the mussels, including shells
and any nutrient-rich by-catch, through a meat grinder and then
through a press that separates the mass into a fluid and a dry
matter. The fluid is then dried into meal, which can be mixed
with the feed.

“ The ambition is that the National Food In-
stitute makes a contribution that - over the
next ten years - will enable the industry to
start, in earnest, to utilize the overlooked re-
sources of the sea such as seaweed, microal-
gae, and residual products from fish so that
we, iIn Denmark, can start producing new sus-

tainable and nutrient-rich foods and live up
to the UN's Sustainable Development Goals.
Today, way too much nutrition is wasted,
ends up in the sea, or at an incineration plant
even though the potential is much greater. ,,

Charlotte Jacobsen
Professor and Head of Research Group




The golden opportunity of beer
for increased sustainability

DTU Brewery brews beer in new ways for the benefit of the en-
vironment, and - among other things - has examined how you can
skip the malting process by adding enzymes and thus save on COa.
The nutritional products contained within the side streams are also
used in new and profitable ways. And you can even drink a beer
made from leftover rice when sushi is made in the city of Lyngby.

DTU Brewery has examined how to skip the malting process and
brew beer solely from barley - because it requires a lot of ener-
gy to convert barley to malt. First, the clean barley is soaked in
water. Then, it must sprout under 100 % humidity. Finally, it
must dry at a high temperature.

When you skip the malting process, the necessary enzymes in
the barley are not activated for later use in the brewing process.
To compensate for the lack of active enzymes that would usual-
ly be present in the malt, DTU Brewery instead adds industrially
manufactured enzymes from Novozymes, Ondea Pro.

When you skip the malting process, the COz emission is reduced
by 8 % in the total brewing process, corresponding to 8.4 grams
of CO:z per bottle.

Better utilization of the side streams from beer

The production of beer leads to a number of side streams, which
is really another word for a residual product that we today focus
on using instead of discarding. Brewers' spent grains - crushed
malt extracted in water - are an example of a side stream. In the
efforts to make the DTU Brewery more sustainable, the brewers

have developed a compact filter that makes it possible to utilize
nutrients in the spent grains in a financially viable way.

The spent grains contain lots of fibre and approximately 6 % of
the protein that is found in the raw materials. With extraction,
the protein can be used in the production of enriched foods etc.

The idea of using spent grains in the production of food is not a
new idea. However, until now it has not been financially viable
to dry the mash. The newly developed technology makes it pos-
sible to separate the mash gently and cheaply into two parts
through filtration and simultaneous pressing: one part liquid,
and one part dry matter. The dry matter then undergoes a final
drying or acidification process. Now the fibre-rich substance can
be used e.g. in bread to make it more fibre-rich. The liquid is
acidified or pasteurized and can be used to produce light beer
or foods. Even the residues in the liquid, which contain proteins,
sugar, and antioxidants, can be used to enrich milk products and
protein drinks etc.

The technology is based on innovations developed and patent-
ed at DTU Brewery, which are being commercialised.




Sustainable beer from DTU Brewery

DTU Brewery is an incubator for innovation and new
thinking at the National Food Institute. The Brewery is
working to develop a sustainable brewery based on the
latest technologies and interdisciplinary research. Stu-
dents, employees, and the industry are working across
disciplines to try out new ideas in practice and to con-
duct projects that involve all links in the production
chain - from raw material to end product.

DTU Brewery is a non-profit brewery, which can brew beer
from laboratory scale to test plant level up to 250 litres.

The size of the Brewery makes it possible to create re-
sults that are relevant to the industry. Being situated at
a university allows for the basic principles of brewing
to be explored, and makes it possible to initiate projects
that can be commercially risky or not yet financially
viable for commercial breweries. Here, the focus is on
minimizing the consumption of resources in the brewing
process and on developing new sustainable processes
and products. The Brewery can do so by combining and
optimizing technologies without compromising on the
quality and shelf life of the products.

DTU Brewery collaborates with small and large brewer-
ies and with the associated industry such as enzyme
manufacturers.

Put rice in the beer, not in the rubbish bin

Sushi and beer rarely make for a bad combination. And it is even
possible to order sustainable draught beer made from the rice
which Sticks'n’Sushi in Lyngby has left over after making sushi.
Researchers from the National Food Institute have made that
possible.

Sticks'n’Sushi cooks up large quantities of rice for its sushi pro-
duction. Rice that isn’t eaten ends up being drunk instead. The
restaurant chain had help from the Institute to reuse the rice in
a beer, which is specially developed for the chain’s guests. The
beer is called Gohan Biiru - which simply means rice beer-and it
is brewed by the spinout company, Science Brew.
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The National Food Institute is working to utilize residual products from the production of food
such as surplus sushi rice to quench the world's thirst for sustainable beer.

9 Rice. Colourbox

In Denmark, we mostly brew beer from barley. However, there
is already a number of beers - especially Asian beer - made from
rice on the international market. Brewing the Danish rice beer
has not been easy. Rice is rich in starch and in large quantities
tends to block the filters in the beer production in a way that
grain-based mash does not.

However, Science Brew solved the challenge allowing the beer
to flow. First, they succeeded in brewing beer in a scale of 10
litres, which consists almost entirely of surplus rice and water
and a little malt. Science Brew has converted this recipe so that
it can be used to brew beer on a much larger scale. At the mo-
ment, Gohan Biiru contains approximately 20 % of the malt sub-
stituted with boiled excess rice, but Science Brew expects to
increase the rice content even further.

The beer is served as draught beer at Sticks'n'Sushi in Lyngby
as it is less sustainable if bottled. In the long term, the restau-
rant hopes to put Gohan Biiru on its menu in all its restaurants.

“ The ambition is to apply side streams, which has broad

perspectives. The clever thingis that the side stream-e.g.
spent grain from beer production - is already a food. This
means that the side stream can be used directly without
undergoing comprehensive authorization procedures, as
would be the case with a novel food. When we can easily
use side streams in this way, we can utilize the resources
in a much better way and thus save COz and the amount
of land used for agriculture. At DTU Brewery, we hope
that breweries worldwide in the long term will implement
the techniques developed at the National Food Institute,
Seen in isolation, we do not believe that we are able to
save the whole world with sustainable beer. However,
beer is just a small piece of the puzzle that can save the

world - together with thousands of other small pieces. ”

Tim Hobley
Associate Professor




In order to make the average Dane's’ diet more sustainable, there need to
be fewer animal products such as red meat and cheese and more plant
products such as legumes on the plate, according to calculations from the
National Food Institute.

(9 Legumes. Colourbox

A sustainable diet is healthy
for us as well as the climate

If we follow the national food-based dietary guidelines, reduce food waste,
and cut down on red meat, alcohol, and sweets, we can significantly redu-

ce our impact on the environment. The National Food Institute creates the
science-based foundation for integrating sustainability into food-based dieta-
ry guidelines that are nutrient adequate - both nationally and internationally.

In the Western world, the diet accounts for a quarter of a per-
son's environmental impact. Therefore, an altered diet is a step
towards the UN's 17 Sustainable Development Goals.

Using data from the Danish National Survey of Diet and Physical
Activity, also called DANSDA, researchers at the National Food
Institute have calculated an average adult Dane’s COz emissions
from food. The results show that 57 % come from animal prod-
ucts of which red meat such as beef, lamb, and pork accounts for
half. 15 % come from plant products such as vegetables, fruit,
cereals, and bread products.

Alcohol and sweets leave their mark on the climate

Many people follow the debate on how red meat is one of the
worst climate sinners on our plate. However, surveys from the
National Food Institute show that 24 % of the environmental im-
pact is caused by sweets, sugary drinks, coffee, and alcohol. If
Danes actually followed the food-based dietary guidelines, the
diet would not only become more sustainable, but also healthier.

Even though the environmental impact of individual foods in dif-
ferent food groups varies, the environmental impact of animal
products is typically 10-40 times higher per kilogram of food than
the production of fruit, vegetables, grain products, and potatoes.

100 grams of red meat per week

An interdisciplinary research team with representatives from
16 countries has made recommendations for a sustainable and
healthy diet. They suggest that we only eat 100 grams of red
meat a week and increase our intake of nuts and legumes to
more than what the Danish food-based dietary guidelines sug-
gest. The interdisciplinary research team, which collaborates
with the EAT-Lancet Commission on Food, Planet, Health, also
recommends that sugar constitutes no more than 5 % of the
daily energy intake.

“The challenge is to let health and sustainability go hand in hand,
and adapt this to national conditions. For example, it is important
to explore what the consumer would eat instead of meat, milk,
and cheese, while ensuring that the diet is optimized in respect
of sustainability and the intake of vitamins and minerals,” Senior
Researcher and Head of Group Anja Biltoft-Jensen says.

Moreover, the researchers at the Institute are also exploring
and assessing the international literature within this area so
that the guidelines can reflect the scientific documentation
while making the guidelines actionable and targeted to diffe-
rent groups with different needs and preferences.




Sustainable food-based dietary guidelines of the future
According to calculations from the National Food Institute, the
diet's environmental impact varies depending on what the con-
sumer eats instead of meat and fish. The environmental impact
is reduced by 20 % if the consumers replace meat and fish
with plant products such as legumes and vegetable oils. But
sustainability also depends on what type of foods you put in
your shopping basket. Danish vegetables, grain, and fruit have a
smaller environmental impact than rice, plant-based meat, nuts,
and certain imported vegetables.

The COz emission is not the only relevant issue. Other factors,
including land utilization, water consumption, and biodiversity
have a significant impact as well. Therefore, the researchers at
the National Food Institute collaborate with Aarhus University
in an international research project (SUSFANS, Sustainable Food
and Nutrition Security) around data and models that can calcu-
late the sustainability of foods.

Until more results are available, it is a good idea to follow the
official food-based dietary guidelines. This is the first step to-
wards doing something good for the climate and ourselves.

Mapping the dietary habits of Danes

To gain an insight into the dietary habits of Danes, the Natio-
nal Food Institute has conducted the Danish National Survey of
Diet and Physical Activity, DANSDA, among children and adults
since 1985. Since 2000, the Institute has also collected data on
Danes’ physical activity and weight.

Until now, data from 18,000 Danish children and adults are in-
cluded in the surveys.

DANSDA is a national, representative, cross-sectional survey
based on a simple, random sample of children and adults collec-
ted from the Danish Civil Registration System.

In addition to registering their dietary habits and physical ac-
tivity, the participants are also asked about their social back-
ground, eating habits, physical activity, and consumption of die-
tary supplements in two personal background interviews.
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The National Food Institute regularly conducts the Danish National Survey of Diet and Physical
Activity, which show what we eat and our level of physical activity.
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The survey period covers the whole calendar year. For each par-
ticipant, data on eating habits and physical activity are collec-
ted every day for a week. As the total collection of data covers
a long period of time, it is possible to analyse trends over time.

DANSDA is used in a wide range of tasks, including advisory
tasks and research, both nationally and internationally, and in
teaching.

Do the Danes comply with the official food-based dietary guide-
lines and nutritional recommendations? What is the effect of
health-promoting initiatives? And to what extent are Danes
exposed to a particular risk through their diet, e.g. from unwan-
ted substances such as pesticides or acrylamide? These are
some of the questions, which DANSDA helps to answer.

“ The ambition is that the National

Food Institute's research and scientif-
IC advice to authorities will contribute
to the food-based dietary guidelines
ensuring that a sustainable diet is
also healthy for all population groups,
and that more Danes will eat accord-
ing to the food-based dietary guide-

lines and thus eat more sustainably. ’,

Anja Biltoft-Jensen
Senior Researcher and Head of Group



DTU - sustainable
technology
for people




