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T he interest in food has 
never been greater than 
it is today. Apart from 
tasting good, food should 

also do us good. But how do we know 
which foods are healthy? We hope 
that you will find some of the answers 
here, in our magazine Cereals – focu-
sing on wheat, rye, oats and barley as 
the title reveals.

The purpose with the magazine, 
sponsored by Lantmännen Research 
Foundation, is to spread knowledge 
about cereals based on current 
research. Nutrition always plays a 
central role but we also report other 
cereal research areas as well as other 
topics related to food.

Grain products such as bread, pasta 
and breakfast cereals are important 
staples in most people’s diets. By 
selecting certain products, a person´s 
diet can be varied and have different 
positive effects on their health. In this 
edition of the magazine, we look a 

little closer at the health benefits of 
rye, which is an important research 
area for the Foundation.

Oats are another great area of 
interest and I am proud to announce 
that Swedish scientists, with support 
from the Foundation, were first in the 
world to map the oat genome. Ope-
ning up, as it does, for new oppor-
tunities throughout the entire value 
chain from field to fork.

Healthy eating supported by 
science is something that appeals to 
me. That’s why I often cook accor-
ding to the Nordic diet, choosing 
wholegrain products to as great of an 
extent as possible. My breakfast often 
consists of a large portion of oat bran 
porridge, which keeps the cholesterol 
in check.

It is of course up to each indivi-
dual to make their own food choices. 
Research has also demonstrated that 
“healthy food” can mean different 
things to different people, even if 

the basis is the same for most of us. 
“Personal nutrition” will most proba-
bly become an important element in 
achieving good health in the future.

After having read the “Healthy 
eating” article, I realize that a healthy 
lifestyle is all about finding a good 
balance in the diet, with room for 
variation. Which sounds very positive, 
at least to me!

Finally, why is this edition of 
Cereals in English? Well, many of 
our readers are based around the 
Nordic countries and they have 
asked for an English version of the 
magazine. This drew our attention, so 
we have translated some of the most-
read articles from the latest editions 
and put it together in this issue. The 
observant reader will notice that 
some new material has been included 
as well.

The next edition will be in Swedish 
and everything will be back to normal 
again.

Cereals – nutrition, 
health, knowledge 

Krönika:
    Helena Fredriksson

Research Manager, Lantmännen R&D

A magazine about Cereals
Are you interested in a subcsription for Cereals? Please 
send an email to tidskriftenc@lantmannen.com where you 
include your name, birth date or company organisation 
number, address and telephone number.
In case of other matters such as change of address or if 

you wish to terminate your subscription, please include 
your full details as written on your cereal magazine as well 
as your new details (in case of change of address).
Please note that following issues will be in Swedish as this 
issue is a special English edition.
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I n the 1980’s Swedish agricul-
ture had spent decades inside 
the virtual walls of trade bar-
riers and a regulatory system 

with set goals for agricultural produc-
tion and regulated commodity prices. 

By the middle of this decade, the old 
system started to crack up and it was 
being questioned for many reasons. 
Sweden also started to approach the 
European Economic Community 
(EEC, now EU), that would bring 

great changes both to the farmers and 
the agricultural policy.

INVESTMENTS IN R&D
Within the agricultural sector, the 
insight started to grow that the sector 

Lantmännen Research Foundation:
The backbone 
of Swedish 
cereal research

Over the years about 400 MSEK (41 MEUR) 
has been invested in research on Swedish 
cereals, through the Lantmännen research 
foundations. The commitment has included a 
wide range of t opics from new oat varieties  
to development of new food product  
rich in dietary fiber, from antibiotic  
reducing feeds to satellite navigation.

By Lennart Wikström
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would have to take more responsibility 
for it’s own research and develop-
ment, and a number of initatives for 
a more independent research funding 
were taken, through the SL, VL and 
Cerealia foundations. Today, these 
foundation s operates together as one, 
the L antmännen Research Foundation.

41 MILLION EURO
Over the years, 400 MSEK 
(41 MEUR) in the areas of plant 
production, biotechnology, bioenergy 
and not the least food and health with 
special interest in cereals and cereal 
products. These grants have been 
upgraded in collaboration with other 
funders, and without exaggerating, 
it can be stated that these resources 
together constitute the foundation of 
Swedish cereal research.

The funding has also played an 
important role in connecting research 
and practical farming with focus on 
relevance for the farmers. Although the 
ambition has been to swiftly imple-
ment new knowledge, the experience 
has been that it always takes longer 
time than initially anticipated. In that 
respect, the greater patience built into 
the organisation formed by the founda-
tion has been an asset.

OATS FIRST IN LINE
The first projects were about oats, based 
on the solid medical evidence that a 
daily intake of a specific amount of 
the soluble dietary oat fiber betaglucan 
led to a significant lowering of blood 
cholesterol for individuals with raised 
levels. That led to a commitment to 
study health aspects of cereals and 
cereal products over the years, star-
ting with the extensive research and 
develop ment searching for the magic 
bullet of functional food.

Another area early on was the use of 
new information technology and satel-
lite technology in plant production. 
The satellite navigation systems (GPS) 
in combination with on field harvest 
assessment regarding yield and quality 
made it possible to make detailed and 
reliable maps of in-field variations.

BIOECONOMY
In the wake of the 1970’s oil crisis and 
as agricultural productivity increased, 
the idea of – once again – using 
agricultural produce as biobased 
energy and raw meterial for industrial 
products grew stronger. That made way 

Nordic diet challenges 
the mediterranean
Among scientists and dietitians, the 
mediterranean diet with a large propor-
tion of vegetables, wholegrain bread, 
low fat dairy products, fish and meat 
in moderate amounts, is recognised as 
healthy and reducing risk of life style 
related diseases.

But what happens if we change 
food base from the mediterranean to 
the nordic area and try to achieve an 
equally healthy and balances diet?

The fact is that we can get the same 
benefits from a diet rich in tubers, root 
fruits, wholegrain cereals, low fat dairy 
products, lean meat, fat fish and nordic 
nuts and berries. From a study initiated 
by Lantmännens Research Founda-
tion, it was concluded that a healthy 
nordic diet can improve a number of 
risk factors for the development of 
coronary heart disease, hypolipidemia 
and high blood pressure and at the same 
time reduce overweight even at ad lib 
servings. These results have been confir-
med in later studies, and it has also been 
implicated that a healthy nordic diet 
can reduce the risk of premature death, 
occurence of certain types of cancer 
and also reduce the risk of diabetes and 
cardiac arrest.

If a healthy nordic diet is as healthy 
as its mediterranean counterpart is still 

to be proven, but until that has been 
shown we can conclude that it offers a 
promising alternative as a healthy diet. 

Do you want  
to know more?
Adamsson, V. et al. Effects of a healthy 
Nordic diet on cardiovascular risk factors 
in hypercholesterolaemic subjects: a 
randomized controlled trial (NORDIET).J 
Intern Med. 2011 Feb;269(2):150-9. doi: 
10.1111/j.1365-2796.2010.02290.x.

for the foundations grants to different 
biobased economy projects. Ethanol 
and biogas are two areas that have been 
on the record through the years, and 
have developed to biorefinery concept s 
that also deliver feed, high grade 
protein, industrial carbon dioxide and 
other valuable products.

WHOLE GRAIN AND SUSTAINABLE 
PRODUCTION
Cereal dietary fiber has also been a 
common target of the research through 
the years. Studies have shown that a 
single component can not be credited  
for all the beneficiary effects, but 
the food as a whole. In this respect, 
research on whole grain and dietary 
fiber has been of extra interest.

The environmental impact of the 

agricultural production system has 
climbed on the research agenda. The 
object has been to mitigate negative 
effects with maintained or improved 
productivity. Agriculture’s effects on the 
global climate is of greatest importance, 
and the foundations have supported 
research on production methods and 
whole systems that can lower specific 
emissions of greenhouse gases. These 
projects have resulted in value chain 
oriented products such as climate 
friendly flour and c limate assessed 
chicken.

Coming challenges for research 
on cereals and cereal products are 
the development of new improved 
varieties, improved sustainability and 
productivity, more healthy products 
and new materials and applications. 



6    Tidskriften Cerealier   No 1 • 2018

C hristina Cheng, trend 
analyst at Sprillo trend 
and innovation agency in 
Stockholm, highlights a 

few particular trends for 2018.
‘Gut health is one trend I’m 

convinced about. There’s a lot of 
research being done on it and on 
the connection between the gut and 
mental health. Just imagine if you 
could get the same effect from food 
as from music. You eat your favourite 
food and it makes you feel good, the 
way your favourite music does too. 
This is where food companies can 
boost possibilities using new expertise 
and technology in an area that affects 
consumers directly.

‘It’s interesting to quantify, and 
that’s where individual nutrition 
comes in. In ten years we will have 

sensors operated into us, giving direct 
information about what needs topping 
up. We will continue to eat food but 
there will be better knowledge about 
what we eat and what we should do to 
complement that food intake.

‘The nutritional content of dif-
ferent foods will be of greater value. 
It will be a question of new yet old 
foods and growing techniques, and of 
combining the right products.

‘The massive interest in protein 
was something that a lot of people 
caught onto because they didn’t like 
fast carbohydrates. Effect health took 
over from natural health, and yoga has 
given way to the gym. But the protein 
trend also has to be complemented 
with a sustainability perspective, and 
that’s when I think there will be a 
backlash.’ 

Facts about the 
health effects 
of fibre-rich rye 
products
Fibre-rich rye products have recogni-
zed health effects, both in the short, 
medium and long term.

Examples of short-term effects:
•  Lower insulin levels directly after meals
•  More even, prolonged blood sugar 

response after meals
•  Increased satiety and lower energy 

intake
•  Reduced digestibility and lower energy 

intake
Examples of medium-term effects:
•  Increased insulin sensitivity
•  Fewer symptoms of sub-clinical 

i nflammation
•  Lower levels of blood fats
•  Reduced and maintained lower body 

weight (ongoing compilation)
Examples of long-term effects:
•  Reduced risk of developing type-2 

diabetes
•  Reduced risk of cardiovascular 

d isease
•  Reduced risk of bowel cancer

(Source: www.nordicryeforum.info)

Nordic forum a new 
platform for promoting  

rye and health

Trends 2018

Christina Cheng is a trend 
analyst and partner at the Sprillo 
trend and innovation agency. 
For several years she has been 
tracking d evelopments in the 
area of foodstuffs and has been 
pointing at the shift from a strict, 
economic  attitude to business, to 
the b uilding up of values – and not 
just economic ones.

‘It’s more important that compa-
nies have strict ethical principles 
than that they earn money and 
create profitable jobs. Compa-
nies must contribute to a better 
world and not merely generate 
returns on capital,’ says Christina 
in an interview as early as 2003. 
A few economic cycles later, her 
predictions started being fulfilled 
and, in October 2017, the Boston 
Consulting Group reported that 
companies investing in sustainabi-
lity are more profitable.

Photo: Helén Pe
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O ats and rye are the two 
Nordic cereals. While 
a lot of attention has 
been focused on oats 

for its health effects, rye stands rather 
out of the limelight in spite of being 
the subject of extensive research. This, 
however, does not make rye any less 
interesting as an ingredient in healthy 
foodstuffs and new products.

‘Now something’s happening in the 
area of rye too,’ says Professor Rikard 
Landberg, Chalmers. ‘Research into 
oats has shown that it is possible to 
build up knowledge around a cereal 
resulting, in turn, in innovation and 
new products. Although much as been 
done as regards of rye, it’s time for a 
new push. That’s why we have started 
a new platform and a new forum 
for research and development in the 
Nordic region.’

NORDIC RESEARCHERS AND 
BUSINESSES
Nordic Rye Forum is made up of 
Chalmers Institute of Technology, The 
Swedish University of Agricultural 
Sciences, The University of Eastern 
Finland, Århus University in Den-
mark, the Finnish research institute 
VTT and The Danish Cancer Society, 
and is s upported by Lantmännen, 
Barilla, Fazer, Pågen and Leksands 
K näckebröd.

The forum consists of two parts, 
the one being a website addressing the 

general public, with easily accessible 
information on rye and health, and 
the other being activities for involved 
and interested parties from the fields of 
research, business and government.

‘The website was launched at a 
conference, The Power of Rye, on the 
island of Åland at the beginning of 
June,’ explains Rikard. ‘One of the 
goals of the conference, apart from 
gathering all the players with an inte-
rest in rye and health, was to draw up 
a report to identify important future 
areas of research and innovation linked 
to rye and health.’

THREE MAIN GOALS
The purpose of the new network for rye 
is to strengthen research and innova-
tion regarding rye and health by way 
of joint activities, to apply the results 
of ongoing research and thus increase 
the competitiveness of the Nordic 
cereal-based industry, and to increase 

the general public’s knowledge and 
awareness of rye and health.

In his research, Rikard has con-
tinued his colleagues’ earlier studies 
of the effects of rye and its different 
components in both the short and 
long term. There is now a pretty solid 
knowledge base for being able to 
communicate the value of healthy rye 
products, and the existing awareness 
of the nutritious Nordic diet has also 
given rye a boost.

‘We hope too that the forum 
will transfer more knowledge to the 
industry and that we, with the help 
of proven effects, will be able to draw 
up basic documentation listing more 
s pecific health claims regarding rye 
than exist at present.

‘The aim is to make rye the ‘new 
oats’, and what’s particularly excit-
ing are all the new products, like rye 
snacks, that are being developed,’ 
concludes Rikard. 

“The Power of Rye”
An international conference on rye and its health effects was held on 7 and 8 
June 2017 in Mariehamn on the island of Åland. The conference was organised 
by the Nordic Rye Forum and offered a platform both for researchers and industry 
representatives to discuss current questions regarding rye, such as the increa-
sing volume of scientific support for its health effects, bioactive components, the 
effect of processers on rye’s qualities, and the development of new rye products.

On the upcoming pages we will present some highlights from the conference. 
More information and documentation can be found on the Nordic Rye Forum’s 
website www.nordicryeforum.info.

Nordic forum a new 
platform for promoting  

rye and health

After the successes of oats, it’s time for rye to step forward 
as the next healthy, Nordic cereal. At a conference held on 

the island of Åland at the beginning of June last year, 
the Nordic Rye Forum was launched, providing

 a new platform on the internet.

By Lennart Wikström

Photo: Helén Pe
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The power of rye
Rye is a typical north-European cereal and, 
together with Russia, Poland and Germany, the 
Nordic countries are the largest producers and 
consumers of rye. Rye, in the form of bread and 
cereal products, is an important component of 
what is usually called the Nordic diet. Several 
positive health effects are linked to rye. In compa-
rison with other grains, rye is the most fibre-rich, 
so it is a significant element of the wholegrain con-
cept. In addition, much research shows that there 
is a special ‘rye effect’, meaning that the body can 
regulate its blood sugar levels better with lower 
levels of insulin. This in turn suggests that foods 
containing rye should be able to prevent insulin re-
sistance and the development of type-2 diabetes.

In connection with the launch of the new Nordic 
platform – the Nordic Rye Forum – a two-day 
international conference entitled The Power of Rye 
was organized in June last year. This turned into a 
great mobilization and demonstration of where re-
search into rye and health stands at present, with 
several internationally recognized researchers 
participating.
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R ye is an important source 
of whole grain so it is 
especially interesting to 
study the link between 

whole grain and cancer – and not just 
whole grain from rye,’ says Anja Olsen, 
leader of research at the Danish Cancer 
Society Research Center.

Even if dietary fibre and its preven-
tative effects against bowel cancer in 
particular has long been a topical issue, 
it is fairly new in the field of cancer 
research. This means that not many 
reliable studies have yet been publis-
hed, and researchers do thus not have a 
sufficiently stable basis from which to 
perform systematic reviews, known as 
meta-analyses.

FEW META-ANALYSES
‘So far only eleven such meta-analyses 
exist regarding the link between the 
consumption of whole grain and an 
increased risk of mortality in general, of 
cancer, type-2 diabetes and cardiovas-
cular diseases,’ explains Anja.

One of these reviews, published in 
2016 and based on 45 studies, shows 
that a daily 90g intake of whole grain 
reduces the risk of diabetes by 51 per 
cent, of cardiovascular disease by 22 
per cent and of cancer by 15 per cent. 
The risks continued to decrease with 
an increased daily intake of up to 

Whole grain 
is the answer

210–225g. The Swedish daily recom-
mendations are 70g for women and 
90g for men.

In another systematic review 
p ublished in April last year, the authors 
claim that whole grain is the single 
dietary factor that has the greatest 
significance in reducing the risk for 
colorectal cancer.

‘Even if the number of meta-
analyses is not particularly large, they 
demonstrate unequivocally that whole 
grain reduces the risk of a long line of 
diet-related welfare diseases,’ says Anja.

RYE RICH IN WHOLE GRAIN
So – what do we know about rye?

‘Rye has the highest dietary fibre 
content of all of our most common 
cereals, with a large proportion of that 
fibre being lignans. In addition to 
their d ietary fibre effect, we know that 
l ignans are bioactive. However, when 
we want to study rye, it is problematic 
that figures showing cereal consump-
tion relate mainly to wheat. Any studies 
relating to rye have been conducted in 
the Nordic region, mainly in Denmark 
and Sweden, and they indicate that it is 
whole grain, not a specific cereal, that 
reduces health risks. 

‘In short, we can say that there 
are no observational studies saying 
that wholegrain rye is better than 

other whole grain, but there is rapidly 
growing evidence demonstrating that 
whole grain is the answer, and that it 
is the dietary component that most 
clearly reduces the risk of colorectal 
cancer, cardiovascular disease and 
type-2 diabetes,’ concludes Anja. 

Even if rye was the question in focus at 
The Power of Rye conference, the answer 
that Anja Olsen of the Danish Cancer 
Society Research Center gave was, in fact, 
whole grain. There is not yet sufficient 
evidence for singling out rye in particular 
as regards whole grain and as  
reducing the risk of disease.

By Lennart Wikström

‘Any studies  
relating to rye 
indicate that it is 
whole grain, not one 
specific cereal, that 
reduces health risks,’ 
says Anja Olsen of 
the Danish Cancer 
Society Research 
Center.

Whole grain is the dietary component that most clearly 
reduces the risk of several diet-related lifestyle diseases.
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T he scientific support for 
eating more whole grain 
food products is quite 
strong, not to say massive. 

In the rather extensive preparatory 
work for the nordic nutritional recom-
mendations 2012, the need for an 
increased intake of dietary fibre and 
whole grain products was one of the 
most decisive conclusions made from 
the reviews.

That is of course very well from a 
scientific point of view, but how can we 
interpret nutrition facts to actual food 
intake? In that work, one of the elusive 
points has been the definition of whole 
grain. This has implications both for 
communicating advice with the consu-
mers and commercially for developing 
and marketing healthy cereal products.

PUBLISHED DEFINITION
Within the international platform 
Healthgrain Forum, the members 
have been working to find a common 
ground, and last year a suggested 
d efinition was published in the July-
issue of Advances in Nutrition (see 
reference below).

Today many of the EU members 
have their own labeling guidelines for 
whole grains and in some cases these are 
combined with differents activities and 
consumer incentives in order to increase 
the public consumption of whole grains.

In Denmark, authorities, the natio-
nal cancer research institute and the 
industry have joined in a whole grain 
program with labeling and information 
campaigns. This has shown clear effects 

on intake both in general and in specific 
groups. Other countries with whole 
grain l abeling programs for bread are 
Netherlands, Italy, Germany and France. 
The guide lines differ from 100 percent 
whole grain to only 10 percent.

HEALTHY EATING
In the work towards a suggested 
common definition of whole grain 
foods, Healthgrain Forum has worked 
with existing definitons as a starting 
point and after more than two years 
of meetings and consultations among 
scientists and industry. A new aspect 
on the definition is that to ensure 
that consumers are making a healthier 
choice, it also includes requirements for 
healthy eating.

The authors hope that the new 
whole-grain food definition will encou-
rage food manufacturers to develop 
novel, healthy and tasty whole-grain 
products especially targeting people who 
don’t normally consume whole grains.

– This is just a starting point and the 
aim of the definition is to encourage 
food manufacturers to replace more and 
more refined cereal ingredients with 
whole grains’ said professor Alastair 
Ross, Chalmers University of Techno-
logy in Gothenburg, Sweden, and one 
of the authors of the published article. 

Whole grain 
defined for  
labeling

If you want to know more
Ross, AB et al. Perspective: A Definition for Whole-Grain Food Products—
Recommendations from the Healthgrain Forum. Adv Nutr 2017;8:525–31; 
doi: https://doi.org/10.3945/an.116.014001

The  
Healthgrain  
definition of 
whole grain
Whole grains shall consist of the 
intact, ground, cracked, or flaked 
kernel after the removal of inedi-
ble parts, such as the hull and 
husk. The principal a natomical 
components—the starchy 
e ndosperm, germ, and bran—are 
present in the same relative 
proportions as those which exist 
in the intact kernel.

Small losses of components, 
that is, less than 2% of the grain 
or 10% of the bran that occurs 
through processing methods 
consistent with safety and quality 
are allowed.

Grains that are included in 
the definition are cereal g rasses 
wheat, rice, barley, maize, rye, 
oats, millet, sorghum, teff, 
t riticale, canary seed, Job’s tears, 
and fonio, and the pseudocereals 
amaranth, buckwheat, quinoa, 
and wild rice.

A common definition of whole grain food 
p roducts is a necessary starting point for 
d eveloping common labeling guidelines.  
A new definition has been brought forward 
and p ublished by Healthgrain Forum.

By Lennart Wikström

The Danish whole grain label has been a s uccessful tool 
in order to promote consumption of whole grain food 
products.
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M any of the effects 
attributed to whole 
grain are related to the 
microbiota,’ Professor  

Kristin Verbeke, who researches into 
digestive diseases at the Catholic Uni-
versity of Leuven in Belgium, explained 
at the Power of Rye conference.

For most of the people of Europe, 
wheat is the most important source of 
fibre. Consequently, most of Kristin’s 
research has been into the fermentation 
of wheat in the bowel. Kristin is aware, 
however, that rye is an important 
source of dietary fibre in the Nordic 
region, and she points out that much 
of the findings from her research into 
wheat also applies to rye.

CEREAL FIBRE MORE BENEFICIAL
‘First of all, we can say that cereal fibre 
has a slightly more beneficial effect 
on gut microflora and digestion than 
vegetable fibre,’ explains Krisitn. ‘There 
is a clear link, for example, between the 
intake of cereal fibre and faecal bulk, 
with that link relating mainly to non-
degradable fibre.’

That non-degradable fibres have 
this effect is perhaps not entirely 

obvious as they do not form 
any substrate for bacterial 
growth. However, according 
to Kristin, there is much to 
suggest that bacteria bind the 
non-degradable fibres, thus 

increasing the area of contact with the 
contents of the bowel and speeding up 
fermentation.

‘This can explain the effect of 
i nsoluble fibre,’ says Kristin.

HAZARDOUS SUBSTANCES FROM 
PROTEIN
The fermentable part of dietary fibre 
has the greatest effect on gut flora, 
particularly on bifidobacteria, which 
are especially beneficial. The question, 
therefore, is how we can increase our 
receptivity to cereal fibre and benefit 
from its positive effect on the gut flora. 
The answer is simple:

‘By reducing the particle size of the 
fibres by grinding or, with the help 
of enzymes, by breaking them down 
into short-chain carbohydrates such as 
arabinoxylan-oligosaccharides (AXOS).’ 

These short-chain carbohydrates 
alter the fermentation in the bowel so 
that, with equal proportions of protein 
and carbohydrates, the breakdown of 
carbohydrates increases while that of 
protein diminishes.

‘We regard this effect as beneficial,’ 
explains Kristin. ‘The breakdown of 
proteins results in the formation of 
several potentially hazardous substan-
ces, such as ammonia, and this could 
ultimately explain the occurrence of 
bowel cancer.’

REDUCES HAZARDOUS  
SUBSTANCES
In addition to forming short-chain 
fatty acids, which are known to be 
beneficial for bowel cells and reduce 
symptoms of inflammation in the 
blood cells, the level of cytotoxic sub-
stances in stools is also reduced.

Effects of whole 
grain on gut flora

The dietary fibre in rye passes through many stages 
on its journey from intact kernel through to being 
broken down in the colon. Many of these processes can 
be traced and controlled but we still have insufficient 
knowledge of what may be the most important one – 
fermentation of microorganisms in the bowel.

By Lennart Wikström

‘We can’t measure the short-chain 
fatty acids such as acetic acid and 
b utyric acid in stools as they are formed 
high up in the large intestine and taken 
up by the bowel cells before they reach 
the rectum,’ explains Kristin. ‘But they 
do demonstrate many positive effects 
along the way. For example, they pre-
vent the growth of hazardous bacteria 
such as salmonella by reducing the pH. 
They are also important for providing 
nutrients for the bowel cells.’

A large amount of the short-chain 
fatty acids is taken up and converted by 
the liver before being transported on in 
the body, but that does not prevent the 
butyric acid, for instance, from reach-
ing the brain, where it is converted into 
gamma-aminobutyric acid (GABA), 
the commonest signal inhibiting 
s ubstance in the brain.

‘We compared the effect of short-
chain carbohydrates, AXOS, with more 
intact, long-chain dietary fibre, and were 
able to state that the short-chain fibres 
were broken down more quickly and 
even resulted in a more rapid rise in and 
higher content of short-chain fatty acids 
in the blood. We could also see that 
the effect was apparent first after eight 
hours, indicating that this is an effect of 
fermentation in the large intestine.’

It has sometimes been said that the 
breaking down of dietary fibre results 
in it having a poorer effect. The results 
of Kristin’s research, however, demon-
strate the opposite.

‘The finer the dietary fibre, the 
easier it is for the gut flora to ferment 
it, and the higher the level of fermen-
tability, the higher the content of 
short-chain fatty acids in the blood,’ 
concludes Kristin. 

‘Many of the effects  
attributed to whole grain 
are related to the micro-
biota,’ explains Professor 
Kristin Verbeke of the 
Catholic University of 
Leuven in Belgium.
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W heat is one of the 
world’s three major 
crops, and demand 
as well as harvests 

keep on increasing. As a staple food is 
it not only rich in starch, but also an 
important source of protein, micro-
nutrients, a number of bioactive com-
pounds and not to forget of fibre. But 
in later years wheat has been criticised 
from a growing number of aspects, it´s 
high content of gluten being the most 
important one.

WELL ON WHEAT
These attacks on wheat has been regar-
ded by it’s protagonists, of which many 
well renouned scientists, to wonder 
if there is a war on wheat going on. 
In order to review the state of the art 
and relevant facts on wheat the Dutch 
scientist Fred Brouns at Maastricht 
University has together with collea-
gues at the universities of Wageningen 
and Leeds, research institutes, health 
organisations and commercial partners, 
of which Lantmännen is one, initiated 
a project called Well on Wheat.

Although the gluten in wheat 
appears to cause digestive disturbances 
in more persons than those diagnosed 
with celiac disease, avoiding wheat 
and other cereals also deprive them of 
important nutrients of which dietary 
fibres are the most important.

The main misconception that needs 
to be met by scientific facts is that the 
modern types of wheat as such should 

be the main cause of health problems 
ranging from obesity, diabetes, and 
cardiovascular diseases to epilepsia, 
Alzheimer and hyperactivity syndrome 
in children. According to professor 
Brouns and his colleagues, there are no 
actual hard data about negative effects 
of wheat consumption other than celiac 
disease and wheat allergy available. 
There are no grounds to support 
general advise not to consume wheat or 
other cereals. On the contrary, official 
recommendations state an increased 
intake of dietary fibre, of which whole-
meal wheat is a major source.

PROCESS AND GROWING  
CONDITIONS
In the Well on Wheat program there 
are five work packages alongside with 

project administration. The first will 
study effects of wheat types and food 
processing on bread composition. The 
background is that although humans 
have consumed gluten containing 
seeds and crops as long as we have 
existed as a species, there are indica-
tions that more primitive types – so 
called ancient grains – can lessen the 
adverse effects, such as irritable bowel 
(IBS) and subclinical inflammation. 
A problem with previous comparisons 
with modern wheat types have failed 
in description and conformity of types 
of cereal products. In this part of the 
project standardised food products will 
be studied with substitution of type of 
wheat.

In the second work package focus 
will be on the effect of different 

Wheat strikes back
Modern wheat has 
been attacked from 
many sides, and it’s 
protagonists talk 
about a war on wheat. 
Now defenders of the 
major staple food have 
marched up to strike 
back – with know
ledge.

By Lennart Wikström

Photo: Mårten Svensson
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For more information,
visit the Well on Wheat-website,  
http://www.um-eatwell.nl/wow/.

growing conditions on modern bread 
wheat, emmer, spelt and tritordeum 
a cross between durum wheat and a 
chilean barley. This study is essential 
in order to ascertain in what extent the 
growth place and production system 
actually influences variation in the 
composition of different wheat types. 
These field trials will be performed at 
Rothamsted in Great Britain, Wage-
ningen, Netherlands and in Andalucia 
and Catalonia, Spain.

PSYCHOSOCIAL CONTEXT
In the third work package, scientists 
at the universities of Wageningen and 
Maastricht, Netherlands, and at the 
University of Leeds, Great Britain, will 
study consumer perceptions about 
wheat and gluten and gastrointestina l 
complaints. Since physiological evi-
dence for a large part of the negative 
effects of wheat consumption is lacking, 
this study will focus on the psychosocial 
factors and to what extent they can 
influnce the experienced adversities.

The fourth work package will focus 
on effects of consuming breads made 
from modern and ancient wheat on 

gastrointestinal problems in 
IBS patients. In this study, 
not only the protein fraction 
will be studied, but also the 
effects of fructans and other 
oligosaccharides within the 
FODMAP complex, and 
antidigestive components 
such as amylase trypsine 
inhibitors.

TRUSTFUL DATA 
SOURCE
To reach a more infor-
med level of discussion 
around consumption 
and health effects of 
wheat, more knowledge is not enough. 
Communication is of just as great 
importance, and the Well on Wheat 
program will cooperate with a number 
of actors in order to turn the discurse 
towards a more knowledge based and 
well founded exchange. Today a lot 
of what reaches the public has been 
filtered through both traditional and 
new social media and been neglected, 
distorted or misinterpreted. The Well 
on Wheat consortium together with 

The Whole Grain Forum will act as a 
trustful data source and aims to help 
communicate evidence based, news 
about grains, especially the various 
wheat types and health 

INGREDIENTS 
(for two loafs of bread):
5 dl (500 g) room tempeture water  
(approx 22 °C)
10 g fresh yeast 
3 ¼ dl (250 g) wheat sourdough
12 ½ dl (750 g) High protein (whole 
grain) wheat flour
1 tbspoon (20 g) light syrup
1 tbspoon salt
rapeseed oil

Tip! A good practice is to bake the breads 
on a preheated baking tray in order to get 
a crunchier crust. You can also use steam 
or put a cup of water in the oven during 
baking for the same result.

PROCEDURE
(4 hours plus over night resting time):
Day 1
1. Measure the water and pour into a 

bowl. Measure or weigh yeast, sour-

dough, flour and syrup and add into 
the bowl.

2. Mix vigorously for 5 minutes. Add 
salt and work the dough for an addi-
tional 7 minutes. The dough should 
be relatively soft and elastic.

3. Transfer the dough into a large oiled 
bowl with a flat bottom, or onto 
a powdered baking table. Fold the 
dough like an envelope from one side 
to the other in order to create tension 
in the dough.

4. Let the dough rise under cover for 45 
minutes. Repeat the folding procedure 
and arrange the dough with the folded 
edges down. Let the dough rise under 
cover for another 45 minutes.

5. Divide the dough in two and carefully 
form each half into round or oval 
loafs or longer baguettes. Put them 
into powdered baking baskets or onto 
baking trays with baking paper. Let 

the breads rest in the refridgerator 
overnight.

Day 2
1. Take out the breads and let them 

stand for 30 minutes in room tem-
perature. If they have been resting in 
baskets, put them on to a (preheated) 
baking tray with baking paper.

2. Heat the oven to 250° C. Brush the 
breads with water or powder with 
wheat flour. Give the surface a few 
cuts with a sharp knife. Lower the 
temperature to 225° C before putting 
the breads in the oven. Bake for ca 
40 min or to an inside temperature 
of 98° C.

Farmstyle wheat 
sourdough bread

Photo: Mårten Svensson



14    Tidskriften Cerealier   No 1 • 2018

A t a theme day organi-
zed by Lantmännen 
Research Foundation, the 
focus was firmly on the 

future. In recent years, the founda-

Proteins on the agenda
There are strong indications that we are facing a 
major shift as regards both our choice of meat as 
well as a transition to eating more vegetable  
protein. Plant breeding for the purpose of increased 
protein harvest and improved protein quality plays 
an important part in this shift.

By Lennart Wikström

tion has pursued the idea to promote 
Swedish-grown beans and with it the 
development of protein-rich products 
from different by-products.

The board member of the founda-

tion, Annika Åhnberg, explained that 
health and sustainability are the driving 
forces behind the trend, and that the 
foundation’s research gives rise to a host 
of possibilities.

‘We are in the midst of a ‘protein 
shift’. Society is moving from fossil 
dependence to one that builds on 
renewable raw materials, and we are 
perhaps also facing the realization 
that we in fact eat too much protein. 
The protein shift, however, does not 
mean that we will stop eating meat 
completely, but that we are exchanging 
red meat for chicken and replacing 
some meat with vegetables in so-called 
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are to be able to assimilate it.
When it comes to other crops, 

cereals are at the forefront, with wheat 
as the real winner. In 2017, winter 
wheat was cultivated on more than 
400,000 hectares in Sweden, and it is 
the largest single crop after grass. The 
predicted wheat harvest amounts to 
more than two million tonnes. Even 
if the cultivation of leguminous plants 
is on the increase, wheat, after grass, 
still represents the largest amount of 
p rotein from Swedish agriculture, 
closely f ollowed by barley.

‘Legumes come after cereals as a 
source of protein, with the greatest 
p roportion being broad beans. Peas 
come in second place,’ explained 
Annette. ‘Of the oilseeds, winter rape-
seed leads the way, following closely 
behind legumes as a source of protein 
from the land.’

GRASS PROTEIN IMPORTANT
Even if grass does not go directly to 
food, it is nevertheless important from 
a plant-breeding angle – not least as we 
cultivate grass on more than a million 
hectares, or almost 40 per cent of our 
arable land.

‘From a plant-breeding perspective, 
we have the classic goals for grass – 
yield, durability, seed yield and resis-
tance properties,’ continued Annette. 
‘But researchers in Danish Århus have 
demonstrated that the quality of grass 
protein can compete with the importe d 
soya in poultry and pig feed. In a 
biorefinery based on grass, the protein 
can be extracted and other by-products 
used in different ways.’

In our latitudes, it is easier to 
p roduce high quality grass than 
legume s, and Annette meant that we in 
Sweden should perhaps shift our focus 
and make better use of grass.

PLANT BREEDERS’ DILEMMA
‘But when it comes to the breeding 
of grains for a higher protein content, 
we have lived with the classic dilemma 
that increased protein has a cost in the 
form of lower yield,’ explained Annette. 
‘Historically, breeding for a better yield 
with a maintained protein content has 
also resulted in an increased protein 
harvest per hectare.’

However, breeders have found genes 
in old varieties that provide a higher 
level of protein but make very little 

Proteins on the agenda

impact on yield. Using new techniques, 
breeders also hope to be able to alter 
the protein quality without involving 
any negative consequences for the crop.

‘This means that we can focus on 
increased protein content, protein 
q uality and yield, all at the same time.’

Progress in the area of oilseed 
breeding has been more rapid, with 
breeders being able to increase the 
protein harvest at almost the same rate 
as the oil harvest.

‘With a higher protein content as 
the main breeding goal, it might be 
possible, while still preserving yield, 
to achieve a level of 20–25 per cent in 
grain and 55 per cent in rapeseed and, 
with the new breeding techniques, 
there are excellent opportunities for 
aiming for corresponding goals and for 
producing different qualities’ c oncludes 
Annette. 

hybrid p roducts. There is also a trend 
of preferring Swedish meat to imported 
meat. 

– These changes in consumption 
open up possibilities for growing more 
crops, for getting paid more for the 
meat that we do eat, and for being able 
to contribute to reducing the negative 
impact on our climate, said Annika.

PROTEIN FROM SWEDISH FIELDS
The question is, what significance can 
Swedish plant breeding have in the 
protein shift. Annette Olesen, head 
of plant breeding at Lantmännen, 
emphasized different crops’ potential as 
sources of cultivated protein.

Grass assumes an exceptional 
position in such an evaluation as 
it represents more than half of the 
volume of harvested raw protein. But 
grass must – for now, at least – take 
the circuitous route via animals if we 

‘We can develop varieties with a higher yield, higher 
protein content and better quality,’ says Annette 
Olesen, head of plant breeding at Lantmännen. 

A wheat field is perhaps not the first 
thing we associate with protein crops, 
but winter wheat is in fact our second 
largest protein crop after grass.
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R esearch and development 
in the area of oats and 
health has been car-
ried out from different 

aspects and with varying intensity 

since the 1980s. At seminars and 
conferences where cereal researchers 
have gathered, oats have always played 
a natural role. Initially, much of the 
focus was on the beta-glucan content 

of oats, as beta-glucans can contribute 
to the lowering of cholesterol in the 
blood. This ability is so considera-
ble that the health link between the 
intake of oat beta-glucans and a lower 

ScanOats:
Strategic 
focus on oats
With the establishment of the industrial research centre, 
ScanOats, the hope is that Swedish and Scandinavian research 
and innovation in the area of oats and oat products will take a 
considerable leap forward. With a budget of 100 MSEK for the 
next six years, the outlook is good.

By Lennart Wikström

‘The establishment of a Scandinavian industrial oat research centre in Lund concentrates 
development in the area of Swedish and Nordic oats, giving oats a considerable push into 
the future.’ 
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c holesterol level is one of the most 
significant that researchers have been 
able to demonstrate.

THE FIRST OAT WAVE
With beta-glucans in focus, methods to 
enrich and analyse them were develo-
ped. Plant breeders started developing 
new varieties with a higher soluble fibre 
content. Oatly and Swedish Oat Fibre, 
which started as a result of the first 
oat wave, have, along with the export 
of oats, reached far beyond Sweden’s 
borders.

The merits of oats have resulted in 
a group of enthusiastic researchers, 
innovators and entrepreneurs putting a 
focus on that particular cereal, and they 
now have good reason to celebrate. A 
year ago the Foundation for Strategic 
Research allocated an initial sum of 
100 MSEK to ScanOats, an industrial 
research centre dealing specifically with 
oats. This is the largest investment 
made in Sweden in one single crop, and 
it is the first that has such an obvious 
aim of resulting in new products and 
new companies.

TYPICALLY SCANDINAVIAN
‘In a way, eating oats is typically 
Scandinavian, and oats are one of few 
crops that Sweden can compete with 
internationally,’ says Leif Bülow, profes-
sor of applied biochemistry at Lund 
University and executive director of the 
new centre.

According to Leif, oats have lagged 
behind the other crops as far as research 
is concerned, partly due to them being 
a little more complex and more dif-
ficult to research into than the other 
cereals and partly because they do not 
have the same international span and 
status.

Leif is a chemist and, in his research, 
he has focused on plant biotechnology. 
Genetic engineering has been one of 
his specialist areas and he recently 
completed an assignment as director of 
PlantLink, a cooperation in the field of 
molecular biology between SLU and 
Lund University.

‘We started talking about oats 
about six or seven years ago when we 
were identifying crops that we could 
compete with on an international basis. 
Oats proved to be one of them. The 
idea was to use oats as the raw material 
for a number of health-giving products 
and in which not only the beta-glucan 
content is of interest.’

INTERESTING COMPOSITION
Oats is composed of several constitu-
ents that are well worth development 
and further study. It also has a greater 
fat content than other cereals, with a 
favourable fatty acid composition and 
a high proportion of polar lipids that 
could act as natural ingredients in dif-
ferent foodstuffs.

The protein quality is interesting 
too, with a lower percentage of storage 
proteins than other crops. There are 
no gluten proteins, making pure oats 
suitable for use in gluten-free foods.

‘It’s this variation in composition 
that makes oats so interesting,’ explains 
Leif. ‘But we will be examining taste 
too, as that’s the deciding factor when 
it comes to the success or otherwise 
of new products. It’s important that 

Mapping of the oat genome
One initial result that ScanOats succeeded in producing after just six 
months was the complete sequencing of the oat genome.

It is the Swedish biotech company and ScanOats partner CropTailor 
that has, as the world first, mapped the entire oat genome. This will open 
up possibilities for plant breeders to develop new oat varieties that have, 
for example, high beta-glucan or protein levels. Oat varieties that are  
better adapted to the Swedish climate and resistant to pathogenic in-
sects and fungi can also be developed. 

‘It’s great that we have now finally cracked the entire genetic code. 
Access to the entire genome has revolutionary potential for the work of 
developing improved oat varieties,’ says Olof Olsson, molecular biologist 
and CEO of CropTailor.

‘Our ambition is to go the whole way  
from genome right through to conditions 
favourable both for humans and for the 
environment,’ says Leif Bülow, LTH.

‘Access to the entire genome has a 
r evolutionary potential for the work of 
developing improved oat varieties,’ says 
Olof Olsson, molecular biologist and CEO 
of CropTailor.

consumers experience a taste that’s 
familiar.’

GENOMICS AND NEW VARIETIES
The link between genomics and the 
development of new varieties is clear, 
and this is an area where researchers 
and commercial businesses have 
great hopes. The companies hope for 
varieties with a higher beta-glucan and 
protein content, and also aim for high-
fat oats.

Improved sustainability, with less 
environmental impact, is an important 
element of the programme, and this 
is where precision-growing comes in. 
Oats are already one of most resource-
effective crops but, by further adap-
tation of cultivation and variety to 
take best advantage of the locational 
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Recipe: 
Steel cut overnight oats

STEEL CUT OVERNIGHT OATS
Ingredients (one portion):
75 ml steel cut oats
100 ml yoghurt or oatgurt
50 ml almond milk
½ tsp vanilla powder
1 generous pinch ground cardamom

Method:
1. Mix all the ingredients in a bowl and leave 
in the refrigerator overnight. The oats absorb 
the liquid during the night, leaving you with 
a raw food porridge all ready for breakfast.
2. Take out the bowl in the morning. Top 
with fresh berries and nuts. Enjoy!

Steel cut oats, with their distinct, textured consistency, are the 
inspiration behind many delicious new oat recipes and are  
certainly not restricted to the everyday porridge bowl.

prerequisites, cultivation will become 
even more sustainable.

HEALTH EFFECTS
‘The health effects of the different consti-
tuents of oats are also an important part 
of the project and act as something of 
a spur,’ says Leif. ‘It’s a case of studying 
physiological effects both by diet studies 
as well as at cell level, making the most 
of each individual component to develop 
new, healthy, sustainable products.

‘The best thing that could happen 
would be if, during the eight years for 
which we have received financing, we 
could succeed in establishing a Scandi-
navian development centre surrounded 
by an industrial structure including 
several oat-based companies. I would 
also be delighted if we could achieve a 
clearer link between the development of 
healthier products and ingredients and 
the pharmaceutical industry,’ concludes 
Leif. 

ScanOats
ScanOats is an eight-year project financed by the Swedish Founda-
tion for Strategic Research’s programme for industrial research cen-
tres. The basic grant is SEK 75 MSEK, with the possibility to apply 
for a further SEK 25 MSEK after a midway evaluation. In addition, 
there are projects that the companies themselves run, and money 
that may be contributed for individual projects.

Fundamental to the programme for industrial research centres is 
the g overning role of the industry. ScanOats is headed by a Board 
comprising representatives from the participating companies – 
Lantmänne n, Oatly and Swedish Oat Fiber. Chair of the Board is 
Mats Larsson, director of research and development at Lantmännen.

In addition to a Scientific Board, headed by Leif Bülow and made 
up of the five coordinators of the different areas of operations, the 
project will also have an external Scientific A dvisory Committee of 
mainly international experts in oat research.

ScanOats is based in Lund, at the heart of the new research 
environment that is developing around ESS and MAX IV, and will 
function as a Scandinavian development centre for oat research and 
innovation.



  Tidskriften Cerealier   No 1 • 2018     19

W hat was initially a 
side stream can now, 
with new science, be 
transformed into a 

valuable resource. Oats are cultivated 
mainly for animal feed but also for 
their flavour and their importance in 
the area of health foods. The ability to 
refine the soluble fibres – the beta-glu-
cans – has driven industrial develop-
ment forward and also been at the root 
of successful Swedish export.

Oats are not only unique on 
account of their beta-glucan conten t, 
it also naturally has a high fat content. 
While other cereals have a fat content 
of one or two per cent, common oats 
contain approximately five per cent fat, 
with high-fat oats containing up to ten 
per cent. Oat fat has many valuable 
properties. It is mainly unsaturated, 
rich in anti oxidants and contains fats 
that can bind both fat and water and 
act as emulsifiers that allow water-
soluble and fat-soluble ingredients to 
be combined.

FROM OAT FIBRE
Many companies have latched onto 
this. Swedish Oat Fiber, near Gothen-
burg, extracts an oat oil during their 
process for refining oat fibre. The oil is 
sold for many different uses.

The untreated oil contains 85 per 
cent fat, of which less than a fifth is 
made up of polar lipids and more than 
80 per cent is unsaturated. This can 

then be separated into a pure oil as 
well as groups with varying polar lipid 
content. Oil with a high proportion of 
polar lipids can be used instead of soya 
lecithin or other emulsifiers in products 
such as chocolate and margarine.

The polar lipids form small fat 
globules – micelles – that are used 
in different satiation products. The 
e xplanation for this effect is that the 
fat is broken down more slowly and 
further down in the bowel, causing a 
longer period of satiety after a meal.

EXTERNAL USE TOO
Researchers at SLU, Swedish Uni-
versity of Agricultural Sciences, in 
Uppsala have studied a particular 
group of antioxidants in oats, namely 
avenanthramides. This is a phenol 
that, with many other antioxidants, 
has physiological effects. Another 
group of antioxidants in oat oil is vita-
min E, tocopherol, and closely related 
substances. Studies have shown that 
avenanthramide, together with other 
phenols in oats, can help i nflammation 
in, for example, veins, thus reducing 
the risk of atherosclerosis or hardening 
of the arteries.

The antioxidative properties of the 
oil, in combination with its particular 
composition, have led to dermatolo-
gists and cosmetics companies starting 
to take an interest in oats. The high 
content of linoleic acid, a polyunsa-
turated omega-6 fatty acid, has been 

shown in several studies to improve the 
skin’s barrier functions. A skin lotion 
based on oat oil has also been shown to 
retain the skin’s natural moisture to the 
same level as or better than commercial 
ceramide-based products. (Ceramide 
is a polar lipid commonly occurring in 
cell membranes.)

COSMETICS
These positive cosmetic properties have 
been the starting point for develop-
ment by the Canadian company 
Ceapro, located in Edmonton, Alberta. 
Ceapro have developed a number of 
products based on oat oil. The recom-
mended areas of use are cosmetics and 
skincare products.

Ceapro have also produced an 
extract with a high level of antioxidants 
of which the main one is avenathra-
mide. The extract is marketed as a 
suitable component, at a level of a 
few up to ten per cent, in water-based 
skincare products for a soothing effect 
on dry and irritated skin, and also in 
sunscreen. The oat starch, which has a 
finer texture than other cereal starch, 
also has beneficial effects for the skin. It 
has also been tested as powder for latex 
gloves. A new and exciting area of use 
is in cosmetics, where the fine starch 
can protect oil particles and act as an 
emulsifier.

There is a wealth of goodness to be 
found in our raw foodstuffs, not least 
in Scandinavian oats. 

Oat oil for 
food and 
skincare

Essential fatty acids and antioxidants in oat oil make it particularly useful as 
an ingredient in skincare products and cosmetics. Photo: Mostphotos

From having been a side stream in the production of oat fibre 
concentrate, oat oil has become a valuable ingredient in food 
as well as in advanced skincare products and cosmetics.

By Lennart Wikström
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E ven if the consumption 
of different oat products 
is on the increase, and 
we eat a lot of rye in the 

form mainly of crispbread, wheat does 
dominate our intake of cereals. This 
itself is not a problem. Wheat, with its 
unique properties, is unbeatable as the 
basis in bread and pasta, both staples. 
Wholegrain wheat products are rich in 
dietary fibre and play a major role in 
gut health and wellbeing.

To expand the available range of 
healthy cereal products, the raw material 
base needs to be widened, and scientists 
as well as nutritional experts have now 
started to show increasing interest in 
barley. As consumers, we see barley 
mainly in the form of beer and in diffe-
rent specialty breads and grain mixtures. 
The development of varieties with a high 
fibre content in the form of fructans 
is one path that is being examined. 
(Fructans are long-chain molecules that 
are comparable with starch but in which 
the place of glucose ‘building blocks’ is 
taken by the simple sugar, fructose.)   

BALANCE BETWEEN  
CARBOHYDRATES
When the barley plant produces 
sucrose from photosynthetic glucose, it 

can choose to transform it into several 
different components of which starch is 
the simplest. But when conditions are 
cold and light is limited, barley forms 
fructans  as protection against low tem-
peratures. With more light, the content 
of simple sugars increases and the plant 
starts to form starch instead.

To take advantage of this process 
and use it to produce varieties with 
high levels of fructans, researchers 
have studied and discovered what the 
plant does in order to regulate this 
balance.

‘There are considerable variations 
in the fructan content of different 
varieties of barley,’ explains Chuanxin 
Sun, researcher at the Department 
of Plant Biology at SLU, University 
of Agricultural Sciences, in Uppsala. 
‘What interested us was being able to 
explain the mechanisms behind these 
variations, and to see whether it’s pos-
sible to use that knowledge to increase 
the level of fructans in barley.’

PHOTOSYNTHESIS IN CONTROL
What Sun and his colleagues found 
was a balanced system containing two 
transcription factors, which, like a 
well-orchestrated interplay between 
sugar content and fructan and starch 

A well-tuned system  
for regulating 
carbohydrates  
in barley

It is important that we increase our consumption of healthy dietary 
fibre, not least in order to stimulate the gut flora. A substantial  
component of our commonest cereals are fructans, and scientists 
have now discovered how barley’s genes control the formation of 
starch and fructans in the kernel. Plant breeders have already  
started to make use of these new research findings.

By Lennart Wikström
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Regulating the formation of  
fructans and starch in barley.

Photosynthesis and the formation of simple sugars such as glucose, fructose and 
sucrose control the formation of fructans and starch in barley. When photosyn-
thesis and the sugar content are low, a regulation gene, SUSIBA1 (Sugar Signal-
ling in Barley) is activated, which in turn blocks a regulation gene that controls the 
formation of starch, SUSIBA2. SUSIBA1 also prevents the formation of fructans.

When photosynthesis starts and the sugar level rises, it binds and down-
regulates the gene that controls SUSIBA1. This allows the plant to start forming 
fructans. At the same time, the down-regulation of SUSIBA1 results in the activa-
tion of SUSIBA2, and the plant begins to form starch. This process increases and 
reinforces itself as long as photosynthesis continues and new sugar molecules 
are being formed. When the sugar level decreases, the process is checked by 
the re-activation of SUSIBA1.

synthesis, controlls a number of genes 
involved in the different synthetic 
pathways.

The basic controlling factor is 
the content of simple sugars such as 
glucose, fructose and sucrose. When 
the photosynthesis and sugar content 
are low, a regulation gene, SUSIBA1, 
is activated. (SUSIBA is an abbre-
viation of Sugar Signalling in Barley.) 
SUSIBA1 restrains a regulation gene 
that controls the formation of starch 
(SUSIBA2), and also prevents the 
formation of fructans.

When the photosynthesis starts and 
the sugar level rises, SUSIBA1 is inac-
tiavted. This allows the plant to start 
forming fructans. At the same time, the 
down-regulation of SUSIBA1 results 
in the activation of SUSIBA2, and the 
plant gradually begins to form starch. 
When the sugar level decreases, the 
process is checked by the re-activation 
of SUSIBA1.

SCIENTIFIC SENSATION
‘If we can control these genes so that 
they function independently of each 
other, it would be possible to develop 
varieties that form a lot of starch as well 
as a lot of fructans. As the formation 
of beta-glucans and the formation of 
fructans are linked to each other, we 
hope also to achieve a high beta-glucan 
level,’ explains Sun.

This regulation mechanism is a 
scientific sensation, and Sun and 
his colleagues have recently had an 
article on the subject published in the 
scientific journal Molecular Plant. But 
it is not only scientifically interesting; 
plant breeders have already started to 
capitalise on Sun’s research, on the 
basis of which they are developing new 
varieties.

CROSSING OF VARIETIES
In order to investigate whether the 
mechanism can be used to develop 
varieties that form a high level of 
fructans, a variety with a low SUSIBA1 
content and a high fructan content 
was crossed with a variety with a high 
SUSIBA1 content and low fructan 
degradation.

This resulted in double, or more 
than double, as high a level of fructans 
in the ripe kernel as in the parent varie-
ties. Up to that point, the researchers’ 
discovery could be confirmed and be 
shown to function in plant breeding.

Something that did not go quite 

as expected was the starch formation 
not initiating in spite of the genes 
being activated in accordance with the 
regulation model. One reason for this 
was reckoned to be limitations in the 
quantity of sugar formed, or that the 
fructan formation itself had an effect 
on the starch synthesis. On the other 
hand, increased starch formation would 
have resulted in a lower fructan content 
as both of the synthesis-routes compete 
for the same sugar molecules. 

When photosynthesis starts and the 
sugar level rises, SUSIBA1 gets less. 
This allows the plant to start forming 
fructans. At the same time, the down-
regulation of SUSIBA1 results in the 
activation of SUSIBA2, and the plant 
begins to form starch. This process 
increases and reinforces itself as long 
as photosynthesis continues and new 
sugar molecules are being formed. 
When the sugar level decreases, the 
process is checked by the re-activation 
of SUSIBA1. 

A well-tuned system  
for regulating 
carbohydrates  
in barley

‘Carbohydrate synthesis in barley is 
balanced in a ‘yin and yang’-system,’ says 
Chuanxin Sun, SLU.

High fructan content

Low fructan content

High starch content

Low starch content

Sucrose

High

Low
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M ost of us know pretty 
well what we should 
eat and what we 
should avoid, but it’s 

still difficult to stick to. This is because 
we only have limited power over our 
lives and our choices,’ says Louise 
Brunkwall, dietician and PhD student 
at Lund University with a focus on 
overweight and obesity.

Diet, health and lifestyle are subjects 
that fill Louise with energy and drive.

‘To a great extent, we inherit our 
dietary habits, and the pre-requisites 
at a person’s workplace, and how that 
person gets to and from work, for 
instance, can be somewhat limiting. 
Social affiliation plays a significant role 

too, and we usually say that your wallet 
controls your decisions. But the fact is 
– healthy food is not expensive.’

SMALL IMPROVEMENTS
Louise speaks frequently in public 
about food and health. Not only about 
her research in specific but also about 
more general areas too. Most important 
for her is to get her message across, hel-
ping people to achieve lasting habitual 
changes in their lives.

‘You have to start somewhere, and 
often it’s just about relatively small 
adjustments such as avoiding sweet 
drinks or sugar in yoghurt. But, at the 
same time, we must not be too ambi-
tious, and realise that just one little step 

at a time can be enough.’
The food we eat is often related to 

feelings of guilt, and this is another 
area where Louise would like to see a 
change.

‘We need to be more tolerant 
towards each other, to understand that 
the situation is often complicated, and 
that social pressure can be considera-
ble. It must be possible to live without 
always going around thinking about 
food. Sure, everyone can go on a diet 
but they often last just a few weeks 
before falling back into old habits.’

HOW MUCH IS JUST RIGHT?
Louise says that the best thing is to find 
a balance where you actually can treat 

Healthy 
eating:
– Find a balance

By making just a few simple  
adjustments to our eating habits 
and everyday routines, we can 
quickly improve our health. This is 
the message of Louise Brunkvall, 
researcher on obesity and dietary 
patterns at Lund University.

By Lennart Wikström
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yourself a little, have a good variety 
of foods, and not need to talk about 
dieting. One should not have to feel 
vulnerable to circumstances in relation 
to food.

‘Knowledge and education play a 
large part in finding the right balance, 
and it’s always easier to reach relatively 
well-educated people with information 
about diet and health. They are able to 
influence their daily lives to a greater 
extent. But to achieve a real effect, we 
have to reach all other groups too.’

Louise realises, however, that as far 
as individual cases are concerned, it is 
not always so easy to absorb advice on 
diet and health.

‘The research deals with links 
between different habits and groups 
of people, and translates that into 
increased or decreased risks. There are 
always examples of people who haven’t 
followed advice on diet, exercise or 
smoking and nevertheless have lived 
long, healthy lives,’ says Louise.

If it is not possible to get individuals 
to change their habits, then improve-
ments at a group level will not be 
achievable either.

OVERWEIGHT AND GUT FLORA
It is very apparent that public health is 
the focus of Louise’s interest. She has 
completed her degree in nutrition and 
her master’s in public health, and her 
research continues along the same path. 
The subject of her PhD is overweight 
and obesity with a slant towards dia-
betes, and she examines food patterns 
and drink consumption and how these 
affect the gut flora.

The research group of which Louise 
is part is led by Professor Marju Orho-
Melander, and the group distinguishes 
itself with findings regarding links 
between genetic heritage and the risk of 
overweight and diabetes.

‘Recently we have been working 
on a project where we examined links 
between gut bacteria, biomarkers in 
the blood, and overweight. We can see 
clear connections between molecules 
that are linked to being overweight and 
gut bacteria. That work was published 
recently.’

NOT INDIVIDUAL
There is currently a great deal of 
interest in individual nutrition, with 
commercial players offering DNA 
tests leading to the provision of dietary 
g uidance. Louise is sceptical, however.

‘As regards individual nutrition, 
no tests exist – neither genetic nor on 
gut flora – that can indicate what diet 
you should adopt for the best possible 
wellbeing or that can decide if a certain 
diet is particularly good for you.

‘What we can say, however, is that 
there are still no studies that demon-
strate that current recommendations 
might not be good for you. More fruit 
and vegetables, more fibre and less 
meat – these are all beneficial for the 
gut flora.’

DIET CONTROLS GUT FLORA
Much of the research on microorga-
nisms in the gut describes what is a 
normal, healthy gut flora. This is not 
entirely easy bearing in mind that 
most of the gut flora is comprised of 
unknown bacteria. 

‘We can see that dietary habits are 
reflected clearly in the gut flora. It’s pos-
sible to see that specific gut bacteria are 
related to, for instance, IBS, overweight 
and different dietary patterns. However, 
there’s much research still remaining 

to be done before we really understand 
these relationships. But if I were to make 
a guess, I do believe that the diet that 
we recommend for health reasons is also 
beneficial for the gut flora.’

FINDING THE BALANCE
So what advice would Louise like to 
give to those who want to eat more 
healthily?

‘The best thing is to find a balance 
where you actually can treat yourself 
a little, have a good variety of foods, 
and not need to talk about dieting,’ she 
explains. ‘It’s a question of not being 
vulnerable to circumstances regarding 
food.’

‘If everyone ate like type-2 diabetics 
are advised to eat, that disease would 
not have existed and we would have 
been able to reduce all our weight-
related lifestyle diseases.’

Her solution is very simple: Eat 
more fruit, vegetables, fibre and fish, 
and reduce the amount of red meat.

‘By doing that alone, you have a lot 
to gain.’ 

Healthy 
eating:
– Find a balance

‘There are many factors that limit our possibilities for making healthy food choices in our 
everyday lives,’ says Louise Brunkwall, doctoral student at Lund University.
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T ype 2 diabetes 
has become 
a widespread 
second stage of 

what is defined as the meta-
bolic syndrome. High glycae-
mic load causes the secretion 
of blood glucose regulating 
hormone insuline to become 
less responsive to increase in 
blood glucose, a phenomen 
called insuline resistance. This 
inability to regulate blood 
glucose levels appropriately 
is by definition diabetes and 
will if left u ntreated damage 
blood vessels, cause kidney 

malfunction and other 
d eletary symptoms.

GENETIC STARTING POINT
Associate professor Anders 
Rosengren at the department 
of metabolic physiology has 
tested over 2 800 substances 
in search of one that can help 
to regulate an important part 
of the disease mechanism, the 
liver’s elevated production of 
glucose. The pharmaceutical 
drug metformin does exactly 
that, but has some unwanted 
sideffects, such as gastric 
disturbance, and can also 

Broccoli doing double good

If you want to 
know more
Science Translational  
Medicine  14 Jun 2017:Vol. 
9, Issue 394, eaah4477, 
DOI: 10.1126/sci-
translmed.aah4477
www. farmingfunctions.com

Lantmännen 
Research Foundation

not be taken when kidney 
function is severely reduced, 
which affects many with 
diabetes.

Anders and his colleague s 
began by mapping the 
genetic changes in the liver in 
diabetes, and 50 genes proved 
to play key roles. These 
were then matched against 
different substances in the 
search for compounds that 
could affect these particular 
key genes.

One of the active 
s ubstances found was sulfo-
raphane, an antioxidant pre-
sent at clinically significant 
levels in broccoli extracts. 
This substance was tested, 
first on rats and mice with 
dietary-induced diabetes. The 
blood sugar of the animals 
that received sulforaphane 
dropped by 23 percent in 
four weeks, and by 24 percent 
in those given metformin.

FROM MICE TO MEN
That sulforaphane does not 
hurt people was already 
documented, and a patient 
study was performed with 
around hundred patients. In 
the group that took sulforap-
hane every morning for 12 
weeks, obese patients with 
poor g lucose control had sig-
nificantly lower blood sugar 
levels than the placebo group.

This inspired the research 
group to go forward and 
together with Lantmännen 

– There are strong indications that 
this broccoli extract can become 
a valuable supplement to existing 
medication, says Anders Rosen-
gren, University of Gothenburg.

Eating your broccoli has become some
thing of a double good as scientists at 
at the University of Gothenburg has 
d iscovered a highly efficient component 
in broccoli that helps people with  
diabetes to cope with their blood sugar.

Research & Development, an 
extract was developed, where 
the daily dose of sulforaphane 
is extracted from corresponds 
to 4–5 kg of fresh broccoli. 
That product in the shape of 
a dose packed dry powder 
is now made commercially 
available through the website 
www.farmingfunctions.com.

– Sulforaphane targets a 
central mechanism in type 2 
diabetes and has a mild side-
effect profile. As functional 
food, it can reach the patients 
faster than a medication, 
and it is also an interesting 
concept from a diabetes per-
spective where diet is central,” 
says dr Anders Rosengren.


