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“Are you getting enough?” is the 
question consumers are asked 
endlessly in snacks and bakery goods. 
“Use fruit pomace, peel and pulp” 
(among others) say researchers at 
Leatherhead Food Research.

P32 Healthy cakes
A mouth-watering Victoria sponge 
or tasty cake bar but with 60% less 
sugar! Could this mean cake utopia? 
University of West London scientists 
have been carrying out lots of testing 
and don’t feel guilty.

P38 Vitafoods post-show review
Geneva May 2018 saw over 21,000 
visitors to the show’s 21st birthday! 
Baking Europe was proud once again to 
support this successful nutraceutical 
event as media partner.
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7FOREWORD

In this issue we are delighted to 
present an astonishing array 

of new innovation and research 
some of which really is out of  
this world! 

I am sure you cannot have failed 
to notice the astronaut clutching 
a loaf of bread whilst on a space 
walk! OK before you ask, the 
bread image was added later. Our 
special Food for Thought feature 
(P60) addresses ‘extra-terrestrial 
bakery’ and reveals  new zero-
gravity experiments to bake from 
scratch  on the space station and 
future deep space missions.

Back down to Earth, our Cutting 
Edge feature on (P8) reviews a 
revolutionary system that can 
clean surfaces at microscopic 
levels and could do away with 
detergents – using bubbles!

Our gluten-free (GF) section 

is packed with new research 
on the uses and benefits of 
oats and healthier GF options 
whilst our special Innovation 
Focus on snacks covering sugar 
replacements in cakes and bars. 

Our  popular North American 
section features articles on oils and 
shortenings (Guelph university, 
Canada) and the prevention 
of salmonella in muffins from 
(Kansas university USA).

If you are a major baker and 
looking to install a new bakery 
line, we present a different 
thought–provoking view using 
a tried and tested system on 
what you need to know and do 
when planning such a “Turnkey” 
solution.

Finally with the holiday season 
rapidly approaching – northern 
hemisphere, of course, which 

needs to be specified since  
Baking Europe, despite its name 
is now read on every continent, 
many readers may have been 
put off going into the sea for fear 
of plastic pollution. Well fear 
no longer! If the experiments 
that Southampton University 
researchers prove to work, special 
enzymes will effectively “eat” 
(digest) certain polymers. 

P.S. I hope you are prepared for 
iba – three years has seemingly 
shot past! Baking Europe is a media 
partner so we hope to see you at 
the show – don’t forget to collect 
your own copy of the magazine.

…and keep an eye on the sky in 
the near future – you could soon 
be witnessing the fastest bakery 
in the world! 
 
Graham Pendred 
Publisher

Welcome
to the Summer 2018 issue of Baking Europe!

Summer 2018 BAKINGEUROPE 
www.bakingeurope.eu
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CUTTING EDGE
THE CLEANING POWER OF BUBBLES 

On its own, cold (e.g. room 
temperature) water is often 

not an effective cleaner. If the 
addition of chemicals and heat 
is not allowed, then there have 
traditionally only been three 
ways of cleaning with cold water: 
soaking, jet washing, and the 
ultrasonic cleaning bath.

Soaking  relies on diffusion. It 
is, therefore, slow, can leach 

nutrients, is unable to deal with 
contaminants whose attachment 
does not weaken by immersion 
in water, has poor effectiveness 
against contaminants in 
cracks and crevices and may 
even benefit the growth of 
some microbial contaminants. 
Because it adds a mechanical 
component to the cleaning action, 
jet (or power) washing is very 
effective against smooth, robust 
targets, but has limited effect in 
penetrating small (e.g. diameters 
less than 50 microns) crevices and 
can damage even relatively tough 
products like car paintwork. 

Ultrasonic cleaning baths also 
add a mechanical action to 
cold water cleaning. They cause 
bubbles to collapse, with high 
speed microjets passing right 
through the centre of the bubble 
towards the solid on the other 
side (Figure 1). The impact of the 
jet with the solid causes high 
pressures and users of ultrasonic 
cleaning baths often test whether 
their devices are still working by 
submerging aluminium cooking 
foil in them and checking that 
tiny pits can be seen when the 
foil is then held up to a light. 

The bubble activity in ultrasonic 
cleaning baths therefore causes 
erosion and, furthermore, the gas 
within the bubble can become 
so compressed for a short time 
that it can generate free radicals, 
highly reactive species which 
in the food industry can lead to 
off-tastes. Ultrasonic baths have 
drawbacks : they can only treat 
items small enough to fit within 
them; then keep that item in a 
‘soup’ of contaminated material 
removed from them, which can 
adhere to the item when it is 
removed from the water.

None of the above technologies, 
therefore, come without 
drawbacks. A new  ultrasonic 
technology, the Ultrasonically 
Activated Stream (UAS; Figure 
2), is incorporated into a rinse, 
so that removed contaminants 
are washed away (as with the jet 
washer) and the target does not 
sit in a contaminated ‘soup’ (as 
with soaking and the ultrasonic 
cleaning bath). It incorporates 
a mechanical action, so does 
not rely on slow diffusion, 
like soaking, but that action is 
very gentle. For example, the 
pressures in the water stream 

Cold water cleaning in the 
preparation of food and beverages  

The power of 
shimmering bubbles
 
Timothy G. Leighton, Institute of Sound and Vibration Research, University of Southampton

Figure 1. A bubble collapses under an 
oscillating pressure field. Instead of 
remaining as a sphere as it collapses, 
the presence of a solid (brown) wall 
at the base hinders flow there, so the 
liquid at the upper wall of the bubble 
moves faster, accelerating to form a 
high speed microjet. Image courtesy 
Prof. L A Crum.

SOTON.indd   8 18/06/2018   16:33
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of UAS are 100,000 times less 
than the pressures in even the 
lowest powered jet washer. The 
mechanical action is produced by 
ultrasound, which is generated 
in a handheld conical device, 
resembling a trumpet horn in 
reverse (Figure 2). The water 
passes through this handheld 
horn and in doing so ultrasound 
and microscopic submerged 
bubbles are injected into the 
water stream. Ultrasound and 
bubbles pass down the stream 
onto the target to be cleaned (in 
Figure 2, a hand).

The ultrasound causes the 
bubbles to clean the target, 
but not by violently collapsing 
them in the manner shown in 
Figure 1. Instead, the ultrasound 
stimulates the wall of the 
bubble to ‘shimmer’ (Figure 3), 
microscopic ripples on the bubble 
causing strong but localised shear 
in the liquid close to the bubble, 
which can remove contaminants 
through mechanical, not 
chemical, means. In effect, the 

bubbles become ‘microscopic 
scrubbing machines’. The power 
of this mechanical approach is 
clear from Figure 4 (over page), 
a medical example, where a 20 
minute soak in hydrogen peroxide 
is unable to clean away flesh from 
bone, but a 20 minute rinse under 
the new system’s cold water is 
effective.

The device’s bubbles have one 
further trick. It was pointed out, 
above, that several cleaning 
methods are poor at removing 
contaminants from cracks, 
crevices and pores. UAS’s 
ultrasound automatically 
programmes the bubbles to seek 
out and penetrate these crevices, 
burying in whilst scrubbing 
away, to clean the places other 
cleaning methods do not reach 
– and all with just cold water. An 
example of this type of behaviour 
is shown in Figure 5, where a 
sticky contaminant is placed on 
a submerged  block of glass, into 
which a cylindrical pore about the 
diameter of a mid-size human 

hair has been etched (Figure 5a). 
At the base of this pore is a sensor 
which records, by the graph 
shown at the base of each panel, 
how clean the base of the pore is. 
The red vertical line on the graph 
indicates the time corresponding 
to the movie frame above it. 
The contaminant layer is stable 
before the ultrasound is turned on 
(Figure 5a), but is rapidly removed 
from the flat upper surface of 

Summer 2018 BAKINGEUROPE 
www.bakingeurope.eu

Figure 3. A bubble containing 
ultrasonically-induced surface 
waves which move rapidly over 
the bubble surface, ‘scrubbing’ the 
surroundings.

Figure 2. Professor Leighton demonstrates his invention by washing his hands with cold water and no soap.
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CUTTING EDGE
THE CLEANING POWER OF BUBBLES 

the glass when the ultrasound 
is turned on, making the water 
cloudy (Figure 5b). However the 
electrode shows that the base 
of the pore is still dirty, until the 

bubbles automatically find the 
pore and penetrate it (Figure 5c), 
their walls shimmering with 
ripples. The moment when they 
reach the bottom of the pore 

(Figure 5d) corresponds to the 
time that the electrode signal 
shows the pore to be clean.

This produces remarkable 
cleaning, without the use of 
heating, chemicals or solid 
abrasives which can damage the 
underlying substrate, and with 
excellent penetration of crevices. 
Figure 6 shows the removal of 
three types of dental bacterial 
biofilm from glass slides with 
castellation-like structures etched 
into them, demonstrating how 
only the new device penetrates to 
clean the crevices.

To demonstrate the versatility, 
Figure 7 shows the UAS 
technology removing the residue 
paper and glue from a jam jar 
label, and Figure 8 shows how 
UAS can clean mascara from the 
end of a 30 cm long tube. The 
application for the latter might 
be in the dispensing of beverage 
from a machine, where to prevent 
the sugary residue attracting 
microbes, the pipes are routinely 
flushed with chemicals. However, 
such flushing creates an off-
taste that must be removed by 
flushing with beverage. The UAS 
technology allows pipe cleaning 
using just cold water. 

UAS’s ultrasound automatically 
programmes the bubbles to seek out and 
penetrate these crevices, burying in whilst 
scrubbing away, to clean the places other 
cleaning methods do not reach – and all 
with just cold water.

Figure 4. On the top row (a) four samples of trabecular bone (a porous 
honeycomb structure) contains unwanted white soft tissue within the 
honeycomb pores. This is usually removed prior to bone grafts to prevent 
rejection of transplants, by soaking for 1 week in hydrogen peroxide [row (b)]. 
Soaking for 20 minutes in hydrogen peroxide is not effective [row (c)]. However 
20 minutes under the UAS system is effective at cleaning [row (d)]. From Ref. 3.
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scrubbing away, to clean the places other 
cleaning methods do not reach – and all 
with just cold water.

Figure 4. On the top row (a) four samples of trabecular bone (a porous 
honeycomb structure) contains unwanted white soft tissue within the 
honeycomb pores. This is usually removed prior to bone grafts to prevent 
rejection of transplants, by soaking for 1 week in hydrogen peroxide [row (b)]. 
Soaking for 20 minutes in hydrogen peroxide is not effective [row (c)]. However 
20 minutes under the UAS system is effective at cleaning [row (d)]. From Ref. 3.
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CONCLUSIONS
The new device described here is 
the first of a number of ultrasonic 
inventions which apply the 
power of shimmering bubbles 
to clean using just cold water. 
Others are designed to clean 
large, flat surfaces and some to 
penetrate constricted geometries. 
The potential is perhaps greatest 
in cleaning microbes. Every 
time we clean using a chemical 

Figure 5. Four frames taken from 
a high speed movie filmed at 3000 
frames per second. Each panel [(a) 
to (d)] shows, in the upper half, the 
movie frame, and in the lower half 
of each frame is the output of a 
platinum ‘cleanliness sensor’ which 
is placed at the base of a cylindrical 
pore (of diameter 125 microns) in the 
glass.  For the artificial conditions of 
this visualization, the water is doped 
with chemicals that play no role in 
the cleaning (detailed in Ref. 4). 

(e.g. antimicrobial) attack to 
kill microbes on a surface, we 
eventually flush those chemicals 
down into the sewage, soil and 
water supply, which receive a 
dilute concentration of the killing 
chemical we used. Once in the 
wider environment, it kills off the 
weaker microbes from the gene 
pool, so that the genetic make-up 
of the reservoir of microbes in the 

Figure 6. Three dental bacterial 
biofilms are (a) placed on machine-
etched glass. (b) Ten seconds under 
a stream of cold water shows little 
visible cleaning, but (c) 10 s under 
UAS cleans more effectively. Similar 
results are seen in the lower row 
when Streptococcus mutans UA159 
biofilms (made visible by crystal 
violet staining) are grown on molar 
teeth in a typodont training model. 
From Ref. 5.
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wider environment shifts to be 
more resistant to our chemicals. 
The most famous example of this 
is in the medical and veterinary 
arenas, where it leads to the 
development of ‘superbugs’ 
that are resistant to antibiotics, 
antifungals, antivirals, and 

Figure 7. Removal by the UAS of glue used to attach label to jam jar. The video of this is available at:  
https://www.youtube.com/watch?v=0H3ZE9IrgoQ.

Figure 8. The base of a 30 cm long hollow glass tube is contaminated with dried-on mascara. Four panels from the split-
screen video are shown, at (a) 0 s (just after cold water without ultrasound began to be projected down to the tube), (b) 8 
s (just as the ultrasound was turned on), (c) 10 s and (d) 15 s. The video of this is available at:  
https://www.youtube.com/watch?v=g2qWOuNLB2A.

the treatments we use against 
parasites. UAS technologies can 
be used to kill microbes, but they 
can also be used to detach them 
so that they return to the wider 
environment alive, so that we do 
not alter the gene pool there with 
our treatments. If we wish that to 

happen, then it means that the 
next time our technology, food, 
products, water pipelines etc. 
become infected, the microbes 
are no more resistant to being 
removed than the last time we 
removed contaminant. Resistance 
does not develop. n
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Bakery ovens used in the 
production of tortillas, pitta 

bread, pizza dough and other 
baked goods can expose conveyor 
chains to extreme temperatures 
upward of 650°C. At these high 
temperatures common food-
grade chain oils can evaporate 
and break down, leaving behind 
high levels of residue and/or 
requiring constant re-lubrication. 

A common solution to this is to 
use a chain lubricant containing 
suspended industrial solids 
that will provide emergency 
lubrication even when the 
carrying fluid evaporates, but 
these formulations are often at 
the expense of the lubricant no 
longer being registered by the 
National Sanitation Foundation 
(NSF) as food grade (H1). So how 
can you ensure high-temperature 
performance whilst maintaining 
food safety standards?

Firstly, it’s important to recognise 
that technical advances in the 

industry show that H1 lubricants 
can now deliver the same, if 
not better performance than 
conventional industrial products. 
In the bakery industry NSF H1 
lubricants can be used safely on 
machinery components such as 
pumps, mixers, gearboxes, chain 
drives and conveyor belts. Even at 
high temperatures, heavily loaded 
and in wash-down environments, 
the appropriate NSF H1 lubricant 
will still reduce friction and 
wear, protect against corrosion, 
dissipate heat and have a sealing 
effect.  

Secondly, there is a requirement 
to understand the make-up 
of the lubricant being applied 
to any equipment, especially 
when operating at elevated 
temperatures as the various 
base oils used in lubricants have 
different temperature limits 
and exceeding these limits even 
by a small amount; can have 
a dramatic effect, resulting in 
evaporation and the formation of 

residues. Even synthetic esters, 
which are excellent performers in 
many bread ovens can evaporate 
at temperatures above 260°C 
- 315°C resulting in frequent 
re-lubrication in order to keep the 
chain lubricated and protected. 
Even with constant re-lubrication, 
however, the continuous 
breakdown of certain types of 
base oils can thin the lubrication 
barrier reducing component 
protection and, as residue levels 
become higher, the result is an 
impairment of fresh lubricant 
reaching the intended surface(s).

To counter this, a common 
solution is to use a solid lubricant. 
The solid lubricant is suspended 
within a fluid carrier which, when 
applied, carries the complete 
formulation into the components,  
as this begins to evaporate at 
higher temperatures the solid 
remains inside the friction  
points as a type of emergency 
protectant to decrease wear of  
the surfaces. n

Keeping oven chains protected,  
even at extreme temperatures

To find out more please contact 
Klüber Lubrication: 
Email: info@uk.klueber.com 
Tel: +44 (0)1422 205115 
and QUOTE: AD-BE1-18

FIND OUT MORE 

MORE DETAILS ON THE  
BAKINGEUROPE WEBSITE
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WHY PEOPLE ARE AVOIDING 
GLUTEN
Avoiding dietary gluten for 
life is the only treatment for 
coeliac disease which has an 
estimated worldwide prevalence 
of 1%1. A gluten-free diet is also 

recommended for people with 
other gluten-related disorders 
including gluten ataxia, 
dermatitis herpetiformis and 
non-coeliac gluten sensitivity. 
However, recently many people 
without these conditions are 

choosing to follow gluten-free 
diets due perceived health 
benefits.  Identifying possible 
health effects arising from 
avoiding foods containing gluten 
is important because of the large 
numbers of people involved 
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and the long-term nature of 
the restriction regardless of the 
reason.

WHAT THIS MEANS FOR THE 
CONSUMER
Gluten is found in cereal products 
made from wheat, rye and barley 
so going gluten-free (GF) means 
avoiding foods made from these 
including regular bread, pasta, 
breakfast cereals, flour, biscuits 
made from wheat etc. as well as 
a multitude of processed foods 
including soups, sauces and ready 
meals.  Many foods are naturally 
gluten-free, for example meat, 
fish, egg, cheese, milk, fruit and 
vegetables, pulses and other 
cereals like rice, providing they 
have not been processed in a 
facility where contamination with 
gluten may occur.  That sounds 
simple but in reality, many foods 
have wheat-derivatives added 
during processing or have been 
milled in units where wheat 
products are also handled.  Some 
GF foods, for example bread 
and pasta, have been available 
for many decades but, recently, 
innovative food production has 
led to an increased range of 
GF items which are available 
for purchase from mainstream 
retailers. As a result, following 
a GF diet in 2018 may be less 

challenging and more enjoyable 
for some people than in earlier 
years although it can remain 
difficult and burdensome2. 

POSSIBLE NUTRITIONAL IMPACTS 
FROM CUTTING OUT WHEAT 
AND RELATED PRODUCTS
Any dietary modification has 
the potential to impact on 
nutritional intake and evaluating 
the nutritional effects of a GF 
diet is important because wheat 
makes a major contribution to 
the dietary intake of energy, 
protein, fibre, B vitamins and 
phytochemicals3 and cutting out 
wheat may adversely influence 
their intake.  In addition, many 
people may potentially be 
affected and their restriction 
of gluten may be long-term so 
this raises concerns.  As a result, 
our team at the University of 
Hertfordshire, UK, Lucy Fry, Dr 
Roz Fallaize and myself, evaluated 
a wide range of GF foods available 
in the UK and compared them 
with regular foods, i.e. gluten-
containing equivalents.

HOW WE IDENTIFIED AND 
EVALUATED FOODS
Foods in three distinct categories 
were identified: Firstly, all foods 
labelled as gluten-free that were 
available via the websites of five 
online UK retailers; secondly, 
all prescribable GF items from 
the Coeliac UK Prescribable 
Products List4; and thirdly, gluten-
containing foods available from 
the same online retailers selected 
using a randomised process into 
one of ten categories: brown 
bread, white bread, breakfast 
cereals, wholegrain flour and 
mixes, white flour and mixes, 
pizza bases, wholegrain pasta, 
regular pasta, crackers and 

biscuits. This resulted in 679 GF 
foods items (482 from online 
retailers and 197 available on 
prescription) and 1045 regular 
foods being identified and 
examined. 

 The nutritional composition 
of all items was recorded using 
information from either the 
online retailer or manufacturer 
and evaluated using both the 
Department of Health front-of-
pack traffic light system5 for fat, 
saturated fat, sugar and salt and 
comparison of the composition 
per 100g for these nutrients and 
for protein and fibre. We chose 
these nutrients because they are 
relevant to long-term health in a 
general population and because 
nutrient composition per 100g or 
per portion, with the exception of 
fibre, is mandatory6.

WHAT WE FOUND
The evaluation generated a 
huge amount of data. However, 
the key overall message is that 
more GF foods were classified 
as containing high and medium 
fat, saturated fat, sugar and 
salt than regular foods so could 
be considered ‘less healthy’. 
This was not consistent in all 
categories of foods but some 
examples illustrate the concerns 
when considering the traffic light 
categories:

• Significantly more GF brown 
bread, white bread, white flour 
and pasta products contained 
high (red) or medium (amber) 
fat compared to regular foods 
while significantly fewer GF 
crackers contained high or 
medium fat.

• Significantly more GF white 
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bread, white flour, wholegrain 
flour, pizza bases and white 
pasta contained high or 
medium sugar compared 
to regular foods while 
significantly fewer GF crackers 
and biscuits contained high or 
medium sugar.

• Significantly more GF 
wholegrain flour and white 
pasta contained high or 
medium salt compared 
to regular foods while 
significantly fewer GF 
breakfast cereals and crackers 
contained high or medium 
salt.

Comparison of nutrients per 100 
g produced some similar findings 
but in addition also showed a less 
favourable content:

• Fibre content of GF breakfast 
cereal, wholegrain pasta and 

white pasta was significantly 
lower than the regular foods 
but was significantly higher in 
GF brown and white bread.

• Protein content of GF brown 
and white bread, white and 
wholegrain flour, pizza bases, 
wholegrain and white pasta, 
crackers and biscuits was 
significantly lower than their 
regular counterparts.

The full paper including numeric 
data is published in the Journal of 
Human Nutrition and Dietetics7. 

SO WHAT – DOES THIS MATTER?
Yes, it does matter for long-
term well-being as a healthy 
diet plays an important role in 
this. Although it is the overall 
intake rather than individual 
products that matters most, our 
data shows that GF products are 
more likely to be less healthy 

than regular foods. This has 
the potential to contribute to 
a less healthy overall intake. 
For promoting good nutritional 
health, it might seem reasonable 
to recommend naturally gluten-
free foods including wholegrain 
rice and potatoes rather than 
commercially available GF foods. 
However, rice and potatoes do 
not provide adequate or practical 
replacement for most consumers 
and there is clearly a market 
for GF foods from those with 
medically diagnosed conditions 
and those choosing to avoid 
gluten.

And, yes, this also matters to 
consumers.  In a separate study, 
we explored what people with 
coeliac disease wanted to achieve 
when they saw a dietitian8.  One 
theme that emerged was their 
concern about the unhealthy 
nature of GF foods especially the 

Although it is the overall intake 
rather than individual products that 
matters most, our data shows that 
GF products are more likely to be less 
healthy than regular foods. 
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high fat and sugar content as 
illustrated by these comments 
from two participants: ‘a lot of 
[regular] pastas haven’t got sugar 
in but the [GF] one we’ve been 
getting on prescription has’ and 
‘just be aware that it’s got a shed-
load of sugar in’. 

WHAT NEXT?
There are good reasons why 
some GF foods contain more 
fat and sugar and less fibre as 
simply removing gluten can lead 
to unpalatable products.  Indeed, 
much hard work has gone into 
developing GF items which 
taste good and which have an 
appealing mouth-feel.  However, 
our evidence indicates that there 
is a need for food producers and 
manufacturers also to consider 
the nutrient profile of their 
GF products and think about 
reformulation to improve these 
in line with the UK Government’s 
reformulation programme9. The 
drivers for these opportunities 
are to address both corporate 
social responsibility through 

promoting good health and 
through commercial advantage 
from a growing European GF 
market. It will be good to look at 
the nutritional profile of GF foods 
in another 5 years and see if this 
has improved. n
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Oats have been recognised for 
a long time for their high 

nutritious quality in food and 
feed. Indeed, 32,600 years ago, 
humans in Italy would process 
oat seeds by heating and milling 
(Lippi et al., 2015). Since the 
beginning of historical times, 
oats have also been recognised 
as the perfect feed for working 
horses in agriculture and deserve 
to be reconsidered as broadly 
applicable, on-farm feed for 
quality improvement of meat, 
dairy and poultry products. The 
humble oat has always been a 

reliable, less-demanding and 
productive resource. Whilst not 
limited to food and feed, but 
also in agricultural support, oats 
can contribute significantly to 
effective crop rotations, being less 
susceptible to many pests and 
diseases. Nevertheless, oats have 
been gradually overshadowed 
by crops like wheat. As a 
consequence, less attention is 
given to breeding, cultivation 
and the pureness of oats. In 
particular, this lack of pureness, 
exemplified by contamination 
with gluten-containing wheat, 

rye and barley (Webster, 2011), 
accounted for its loss of “gluten-
free” status. However, recent 
publications clearly demonstrate 
the safety, nutritional and health 
qualities of pure oats in a gluten-
free diet: now, the benefits of oat 
consumption are available to all 
consumers.

Healthy for all. As food, oats 
offer several scientifically-proven 
health benefits. Certainly, the 
relatively limited attention from 
the food industry regarding 
oat product diversity has its 
advantages: oats are consumed 
almost exclusively as part-
processed whole grain products, 
containing the complete bran, 
germ and endosperm fraction. 
Officially approved EFSA and 
FDA health claims are applicable 
to whole grain oats (Mathews, 
2011; Menon et al., 2016) (Box 1). 
These are especially attributed 
to the high content of soluble 
fibres (the oat-specific beta-
glucans) mainly from the bran 
fraction. These fibres have 
hypocholesterolaemic properties, 
they exert cardiovascular benefits 
through positive effects on the 
blood glucose level, and can 
also contribute to improved 
management of body weight and 

Oats as a regular and healthy
option for gluten-free diets
Authors: Luud J. W. J. Gilissen and Hetty C. van den Broeck
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blood pressure. Further, these 
oat-specific fibres can increase 
faecal bulk which contributes to 
a normal stool and maintenance 
of a balanced microbiome. In 
addition, oats have a high content 
of unsaturated fatty acids, have 
slowly digesting starch, and 
have a high-quantity and high-
quality protein profile (Mäkinen 
et al., 2017), all originating 
from the endosperm. These 
latter compounds produce high 
nutritional density with a low 
glycaemic index and a long 
feeling of satiety, helpful in 
regular body weight management 
and in cases of obesity and 
diabetes. In addition, whole-
grain oats are especially rich 
in vitamins and minerals from 

Oats as a regular and healthy
option for gluten-free diets
Authors: Luud J. W. J. Gilissen and Hetty C. van den Broeck

Recent publications clearly 
demonstrate the safety, 
nutritional and health qualities of 
pure oats in a gluten-free diet.

Box 1: Approved European Food Safety Authority (EFSA) health 

claims relevant to whole-grain oats. (EFSA Panel on Dietetic Products, 

Nutrition and Allergies (NDA), 2010, 2011) 

• Beta-glucans (3 g/day) contribute to the maintenance of normal 

blood cholesterol levels (EU 432/2012)

• Consumption of beta-glucans from oats and barley as part of a 

meal (4 g/30 g carbohydrates) contributes to the reduction of the 

blood glucose rise after that meal (EU 432/2012)

• Oat grain fibre contributes to an increase in faecal bulk (EU 

432/2012)

• Reducing consumption of saturated fat contributes to the 

maintenance of normal blood cholesterol levels (EU 432/2012)

• Oat beta-glucan (3 g/day) has been shown to actively lower/

reduce blood cholesterol. High cholesterol is a risk factor in the 

development of coronary heart disease (EU 1160/2011) 
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their bran and germ fraction. 
Oats, therefore, have explicitly 
been mentioned in governmental 
dietary guidelines (Health Council 
of the Netherlands, 2015).  

Recently, the compound profile 
(including beta-glucans, fatty 
acids, vitamin E and antioxidant 
activity, avenin composition, 
total protein and starch content) 
and agronomic characteristics 

have been determined in ten oat 
varieties, growing on different 
soil types (sand and clay), 
revealed interesting genetic and 
environmental effects. Such 
research is useful in further 
variety/environment combination 
selections regarding specific 
qualitative and quantitative 
compound characteristics (van 
den Broeck et al., 2016). Oats 
represent a major source in the 

Western diet of other health-
related compounds, such as 
vitamin E, phytic acid, phenolics 
and avenanthramides. The 
avenanthramides form the 
majority of these oat-specific 
phenolic compounds, as can be 
seen from their name: Avena 
is the Latin name of oat; and 
avenanthramides deserve more 
attention regarding both health 
(Box 2) and baking. 

Although research on the 
health-beneficial effects of 
avenanthramides is still in 
its infancy, strong scientific 
indications are available from the 
literature (Sang and Chu, 2017). 
Avenanthramides are phenolic 
amine conjugates that exert 
anti-inflammatory characteristics 
through suppression of 
prostaglandin; they also display 
strong anti-oxidant capacity 
and antihistamine activity. 
In addition, they suppress 
the proliferation of vascular 
smooth muscle cells, a process 
known to contribute in the 
development of atherosclerosis. 
Do avenanthramides keep you 
young? They might indeed help 
to limit some ageing effects: (1) 
An avenanthramide-based diet 
enhances glutathione peroxidase 
activity in heart and skeletal 
muscles, protecting the organism 
from oxidative stress, and may 
limit the risk of certain cancers 
and heart diseases; and (2) Since 
antiquity, oat has been used for 
personal care and treatment 
of skin diseases, which effects 
may largely be avenanthramide-
related (Collins, 2011; Sang and 
Chu, 2017). 

Several of these phenolic-like 
compounds are sensitive to Figure 1: Bioactivities of avenanthramides (Sang and Chu, 2017)

Box 2. Avenanthramide-related health effects (Collins, 2011; 
Smulders et al., 2017; Sang and Chu, 2017; Wikipedia:  
https://en.wikipedia.org/wiki/avenanthramide) 

• Antihistamine activity, anti-inflammatory properties, reducing 
skin allergy-related itching, redness and wheals

• Inhibiting LDL-cholesterol oxidation (in vitro) in synergy with 
vitamin C 

• Anti-cancer effects (colon; breast)

• Suppressing the proliferation of vascular smooth muscle cells 
(and related atherosclerosis development)
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lipogenase-mediated oxidation 
during storage, which can easily 
be stopped by heating (kilning) 
of the grains before further 
processing (van den Broeck et al., 
2016 and refs therein). Regarding 
baking goods, avenanthramides 
seem to be heat stable: Good 
recovery was found in oat-based 
breads and pasta (Dimberg et 
al, 2001; Collins, 2011), although 
steaming and drum-drying to 
produce rolled oats may reduce 
some avenanthramide levels 
(Bryngelsson et al, 2002; Menon et 
al., 2016).   

Safe for all. Coeliac disease is a 
chronic inflammatory disease 
of the small intestine caused by 
consumption of gluten proteins 
from wheat, rye and barley. A 
strict, life-long gluten-free diet 
is the only remedy. Initially, 
oats were also suspected as 

a cause of coeliac disease, 
but two explanations for this 
misconception have been 
advanced. The first relates to the 
avenins, a minor group of storage 
proteins in oat grains, with 
similarities to gluten proteins 
in wheat, rye and barley, and 
which could have been related 
to oat intolerance in one very 
rare case from an unconfirmed 
study. Recently, the coeliac-safety 
of avenins was confirmed from 
molecular analysis showing that 
none of the avenin genes, in 
all Avena species and varieties, 
included any of the coeliac 
disease-related gluten protein 
fragments known from wheat, 
rye and barley (Londono et al., 
2013; Gilissen et al., 2016). (2) 
The second refers to the purity 
of oats and oat products as they 
are available on the common 
market. Attention to the purity 

of oat sowing seed is limited. 
The U.S. purity specification of 
No.1 oats allows the presence 
of up to 2% foreign material, 
often wheat and barley (Webster, 
2011), which is unacceptable in 
gluten-free food that only allows 
a gluten contamination of 20 
ppm according to international 
legislation. Further steps in 
the production chain may also 
introduce gluten contamination: 
during harvest, transport, 
storage, milling, baking etc.; all 
these facilities need to be well-
controlled to guarantee gluten-
free status (Smulders et al., 2017). 

Therefore, the cultivation and 
processing of gluten-free foods 
should be restricted to gluten-free 
certified farms and factories only. 
This requires an effective and 
reliable gluten detection system, 
several of which are commercially 

Do avenanthramides keep you 
young? They might indeed help 
to limit some ageing effects.
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available, such as R5, G12 and 
Gluten-TEC antibody-based 
ELISAs. Of these, the last one 
seems the most specific. Gluten-
free oat production chains that 
meet the very strict requirements 
according to HACCP and EHEDG 
standards have now been 
established in several countries 
(e.g. Finland, The Netherlands, 
Ireland, Canada). (Smulders et al., 
2017, and refs therein).  

Based on a body of evidence 
showing the coeliac safety 
of oats, the European and US 
regulatory bodies have approved 
the consumption of oats by 
people with coeliac disease; 
Australia, New Zealand, and 
Canada are following (Gilissen et 
al., 2016; Smulders et al., 2017). 
In Europe EC Regulation 41/2009 
has permitted oat products 
containing <20 ppm gluten to 
be labelled and sold as gluten-
free since 2009. Such products 
may carry the official logo of the 
AOECS (Association of European 

Coeliac Societies) on a contract 
basis and subjected to a regular 
audit of the producer. 

This evidence is still 
accumulating (Pinto-Sanchez et 
al., 2017; Lionetti et al., 2018), but 
arguably the largest and most 
reliable confirmation of safe oat 
consumption is all the people 
with coeliac disease who eat pure 
oats on a daily basis without 
complaints. In particular, the  
fibre content and its high  
quality; and additional 
nutritional and health-
promoting compounds of 
whole grain oat products may 
even improve the intestinal 
condition and the quality of 
life of coeliac individuals on a 
long-term gluten free diet: “the 
mucosal morphology was even 
significantly better in coeliac 
disease patients who had 
consumed oats in larger amounts 
or over a longer period than those 
who did not take oats” (Kaukinen 
et al., 2013; Aaltonen et al., 2017).

Conclusions. Pure and whole 
grain oat products have a 
positive impact on many 
chronic conditions (coronary 
heart disease, diabetes, weight 
management problems and 
obesity, intestinal malfunctioning, 
high blood pressure, some types 
of cancer, immune-related 
diseases and atherosclerosis) 
and are safe (at a gluten 
contamination threshold of <20 
ppm) to consume by individuals 
suffering from coeliac disease. 
The nutritional and health-
related compounds of oats, 
especially the fibres and the 
avenanthramides, maintain their 
health-related qualities after 
processing, including baking. n
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The baking machine 
manufacturer Koenig is certain 
of one thing: Bakeries and their 
suppliers need to prove their 
flexibility in the future. The 
daily challenges of bakeries 
have changed significantly 
over time and will continue 
to do so. Koenig creates new 
solutions to support bakeries 
worldwide in these challenges, 
with particular outlook to the 
world-leading IBA exhibition  
in Munich.

Flexibility to adapt to consumer 
trends for baked goods
Providing knowledge on dough 
technology, dough processing and 
consumer demands, is vital for 
Koenig. Only with this know-how, 
it is possible to fit bakeries with 
the optimum individual technical 
equipment, from mixing, dough 
processing through to baking and 
cooling.

For example, the consumer 
demand for “back-to-nature” 
baked goods without additives is 
a starting point for innovation at 

Koenig. Baking with sourdough 
and long resting time has again 
become very popular. Processing 
these doughs can be a challenge 
in terms of the required gentle 
dough handling and performance.

Another development in 
consumption is that of changing 
bread trends. Population 
segments such as Millennials 
are renowned for changing 
their demands overnight. The 
appearance of  new type of bun 
can spread via social media and 
be “trendy” within a few hours. A 
flexible production line enables 
bakeries to have the technical 
ability to react quickly to these 
new trends.

Baking equipment to provide 
flexibility and product variety  
at IBA 2018
“We notice growing demand for 
lines which can produce a large 
variety of products and can be 
adapted to changing consumer 
trends, at high performance and 
high quality”, says Koenig CEO 
Wolfgang Staufer.

One innovation for providing 
flexibility to be shown at IBA in 
Munich, is the universal dough 
sheet former for the Menes-H 
dough sheeting line. It processes 
bun doughs as well as Ciabatta 
doughs with long resting times. 
The 3-roller dough sheet former 
has a dough throughput of 
5,000kg and is in a modular, plug-
in design enabling easy changing 
of the dough sheet width and the 
dough type. As part of Koenig’s 
“H”-series for hygienic design, the 
dough sheet former is in wash-
down form

Also, Koenig will introduce two 
innovations for the very first  
time at IBA. The manufacturer 
will present a new high-
performance dough dividing 
machine with 100 strokes/min. 
The second innovation is a  
dough sheeting line for 
commercial bakeries with a 
unique system for dough sheet 
production. This system will also 
have the capabilities to process 
low as well as high-hydration 
doughs. n
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With consumers demanding healthier snacks and food on-the-go, we focus on 
two key issues of concern; dietary fibre and sugar replacements/reduction.

Dietary fibre
Getting fibre into foods effectively and consistently still 
poses problems for manufacturers. Leatherhead Food 
Research scientists have developed new methods using 
new ingredients.

Sugar reduction in cakes 
University of West London demonstrates the crucial 
differences between Stevia and sucrose and the resulting  
cake quality.
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The impact of what we eat on 
our health is hardly new as a 

concept, but is it gaining ground 
in the public health sector, as well 
as with consumers. The big three 
of salt, sugar and fat continue to 
grab headlines, but there is also a 
growing trend for food & beverage 

companies to include dietary 
fibre in their products as a health 
benefit. On-pack claims of high 
fibre content seem to be attractive 
to consumers, but most adults in 
the UK are only just eating half 
of the 30g of fibre a day that the 
government recommends. 

Last year, Leatherhead Food 
Research surveyed 1,300 UK 
consumers asking their views of 
dietary fibre. Our survey found 
that 92% had heard of wheat  
bran as a source of fibre and at 
least 77% were aware of  
cellulose and pectin as forms 

Getting fibre  
into food
 
By Professor Kathy Groves, Dr Pretima Titoria and Jenny Arthur, Leatherhead Food Research
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of fibre. Over 80% of consumers 
knew of the gut health benefits 
obtained by eating fibre and 
chose to consume fibre mostly at 
breakfast. Fruit and vegetables 
and cereals were seen as high 
in fibre. When asked, 55% of 
consumers would like to see more 
fibre in bread, and 35% would 
like an increase in fibre in cakes 
and biscuits. So, how does the 
food industry respond to bringing 
more fibre into food?

WHAT IS DIETARY FIBRE?
Dietary fibre is edible 
carbohydrate that is not 
digested or absorbed in the 
small intestine but passes into 
the large intestine where it 
could be fermented, resulting 
in beneficial physiological 
effects. Typical fibre ingredients 
include inulin and other fructo- 

and galacto-oligosaccharides, 
resistant starches and dextrins, 
beta-glucans and other 
polysaccharides from plants, such 
as pea fibre, guar gum, locust 
bean gum and polydextrose. 
These can be sub-divided into 
soluble fibre and insoluble fibre 
depending on their solubility 
in water; some are fermentable 
by the gut microbiota. Fibre-
rich foods include wholegrain 
products, fruits and vegetables, 
nuts and seeds and beans and 
pulses; processed foods often 
have fibre ingredients added. 
Table 1 summarises the types 
and behaviour of dietary fibres 
currently available on the market.

The health benefits of dietary 
fibres are enormous, and include 
aiding the performance of 
the large intestine and bowel 

to remove waste products, 
prevention of colorectal cancer 
by removing toxins, weight 
management and control of sugar 
and fat metabolism. Dietary fibre 
also promotes good gut health by 
acting as a prebiotic for the gut 
microbiota. The UK government 
guidelines published in 20152 
recommend 30g fibre per day for 
adults. In contrast, it is thought 
that on average adults consume 
much less than this, probably 
about 18g per day.

In addition to health benefits, 
dietary fibre also has a functional 
role in many food and drink 
products, such as providing 
thickening or gelling properties. 
As a result, many are added by 
manufacturers for these reasons 
rather than simply for health 
benefits. 

Getting fibre  
into food
 
By Professor Kathy Groves, Dr Pretima Titoria and Jenny Arthur, Leatherhead Food Research

Table 1: Overview of dietary fibres and their properties 

Dietary fibres Water solubility Fermentable

High molecular 
weight “Non-starch 
polysaccharides” (NSP)

Pectins ✓ (insoluble and soluble 
dependent on fraction)

✓

Gums ✓ (dependent on fraction) ✓ (dependent on type)

Mucilages ✓ (dependent on fraction) ✓ (dependent on type)

Celluloses / hemicelluloses ✗ ✗

Resistant starches (RS) Both dependent on type ✓

Low molecular weight “Resistant oligosaccharides” (RO) ✓1 ✓
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DEVELOPING NEW WAYS OF 
INTRODUCING FIBRE INTO FOOD
Consumers want more natural 
and tasty products that are high 
in fibre, presenting a challenge 
to food and drink manufacturers. 
New fibre ingredients are needed 
both to provide choice but also 
give the product developer added 
functional properties. Aside from 
introducing new or little known 
fruits and vegetables, there are 
currently two main approaches 

being used to find new dietary 
fibre ingredients or properties:

1. Use of by-products from fruits 
and vegetables

2. New processing technologies 
to provide improved fibre 
properties

IDENTIFYING NEW SOURCES  
OF FIBRE
By-products, from the production 

of other food products such as 
juice, as a source of new dietary 
fibres are already starting to 
appear on ingredient lists. As 
an example, KaVis3 mini Swiss 
rolls list apple and strawberry 
pomace as ingredients. Pomace is 
the solid residue remaining from 
fruits after pressing for juice or 
oil. It comprises mainly the cell 
wall material of the fruit pulp.

Other by-products include the 

Table 2: Emerging dietary fibre ingredients. Source: Sharma et al. (2015)

By-products Sources Examples of products 

Pomace Apple, pear, kiwi, grapes, pumpkin, 
carrot

Breads and buns/cakes

Peel and pulp Orange, mesquite, okara, cucumber, 
banana peel, potato

Biscuits and cookies, breads and buns

Seeds Dates, hemp, apricot Biscuits and cookies

Oil cake Olive, soybean

Stems Cauliflower, artichoke

Hulls, pods, husks Cocoa, pea, sunflower, chickpea Breads and buns

Bran Oat, rice, corn Meat products, noodles

Algae/seaweed Nori, arame

Others Distiller’s grain, cider wastes, 
asparagus by-products, washing 
waters of orange processing

In solid products such as  
on-the-go cereal bars, snacks, 
cakes and biscuits, one of the 
main challenges is the problem 
associated with competition for 
the water in the recipe.
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parts of vegetables not usually 
consumed but still edible, such as 
cauliflower and cabbage stalks, 
husks etc. Table 2 shows some 
of these by-products and their 
applications.

EVALUATING NEW PROCESSING 
METHODS
The second approach uses a 
number of fairly new processing 
technologies to alter and improve 
the properties of fibres. Examples 
include high pressure processing 
of fruits and vegetables to 
increase the percentage of soluble 
fibre and chemical processes to 
alter functional properties such as 
improving water holding capacity 
or solubility. Table 3 summarises 
the potential benefits when using 
specific processing technologies4,5.

ADDRESSING TECHNICAL 
CHALLENGES AND THE FUTURE 
There are technical challenges to 
increasing the levels of dietary 
fibre in products as it impacts 
both texture and sensory 
properties. In solid products such 
as on-the-go cereal bars, snacks, 
cakes and biscuits, one of the 
main challenges is the problem 
associated with competition for 
the water in the recipe. Dietary 
fibre ingredients swell and hold 
water strongly, which is one of 
the reasons they are often added. 
However this leads to issues such 
as insufficient hydration of other 
ingredients. An example is the 
addition of inulin fibre to bread. 
Published research shows that the 
addition of dietary fibre to bread 
dough significantly increased 

mixing time and affected dough 
properties. The stability and rise 
during proving and baking were 
also affected and the effects 
varied with type of fibre. The 
development of gluten in wheat 
relies on hydration of the flour 
and this can be compromised if 
the dietary fibre competes for the 
water, thus causing instability in 
proving and altered texture for 
pasta products.

Addition of dietary fibre 
to products can also affect 
expansion on cooking. This 
relates mostly to cereals and 
snacks but does include the rise 
for baked goods. 

In drinks, the issues tend to 
be increased viscosity, making 

Table 3: Overview of processing technologies that could improve the soluble dietary fibre content of dietary fibres and 
therefore its usage in food & beverage applications

Ultrahigh pressure Chemical High hydrostatic pressure Blasting extrusion 

Modification of Chinese 
cabbage to improve the 
content of soluble dietary 
fibre and its physico-
chemical and physiological 
properties

Use of acidic treatment 
to improve dissolution 
properties of citrus pectin

Increasing the soluble fibre 
content of okara by-product 
from soybean

Increasing the soluble fibre 
content of bean dregs
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pumping and filling difficult but 
also affecting sensory properties. 
Soluble (as opposed to insoluble) 
fibres are mainly used in drinks to 
avoid sedimentation issues.

The solution to technical issues 
can often be found by altering 
either the type of fibre used, or 
changing the particle size and 
amount of fibre added.

THE FUTURE LIES IN THE GUT
We expect to see a growing use 
of dietary fibre in food products 
with the perceived health 

benefits being the main driver. 
The ongoing improvement 
in understanding how gut 
microbiota influence health 
generally will see an increased 
focus on dietary fibre as a key 
health ingredient. With an 
increased demand for dietary 
fibre will come the need for 
understanding the role of fibre 
in the structure and texture of 
the different food products. Once 
this is fully understood then the 
correct fibre can be tailored to 
deliver the functional property 
required. n

1  Science Direct (2018) Resistant starch. Accessed online:  
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/resistant-starch

2 Public Health England (2015) SACN Carbohydrates and Health Report. Accessed online: https://assets.publishing.service.
gov.uk/government/uploads/system/uploads/attachment_data/file/445503/SACN_Carbohydrates_and_Health.pdf 

3  Source: Mintel GNPD

4 Yang Y-y et al. (2017) Modification and application of dietary fibres in foods. Journal of Chemistry, Article ID 9340427.

5  Li YO & Komarek AR (2017) Dietary fibre basics: Health, Nutrition, Analysis and Applications. Food Quality & Safety. 1:47-59.

6 Arufe S et al. (2017) Processing & rheological properties of wheat flour dough and bread containing high levels of soluble 
dietary fibres blends. Food Research International, 97:123-132.
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Addition of dietary fibre to  
products can also affect expansion  
on cooking. This relates mostly to 
cereals and snacks but does include 
the rise for baked goods. 

For further information,
please contact Jenny Arthur
+44 (0)1372 376 761
jenny.arthur@leatherheadfood.com
www.leatherheadfood.com

FOR MORE INFORMATION
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Reducing 
sugar  
needn’t  
be hard  
to swallow. 

Join the industry’s leading experts to 
find out why at Food Matters Live.

Don’t miss your chance to
• discover new, innovative ingredients
• stay ahead of future food trends
• develop your NPD strategy
• network with like-minded peers
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foodmatterslive.com

@foodmatterslive
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INNOVATION FOCUS
REDUCING SUGAR CONTENT IN CAKES

STATEMENT ON SUGAR 
FUNCTIONALITY
The modern day see-saw of our 
dietary composition, resulting 
in radical changes in societal 
acceptance, may be exemplified 
in the war over sugar and its 
plummeting popularity. Ironically, 
the previous “villainisation” 

of fat saw the development of 
“bliss” points in food by raising 
sugar content until maximum 
desirability and crave factor was 
achieved. This led to a large rise 
in sugar consumption, with 80% 
of US packaged foods containing 
added sugar to improve sales. 
This highlighted sugar as a 

profoundly accessible and 
popular low cost, low calorie 
(4 Kcal per g) alternative to 
protein and fat (7-9 Kcal per g) 
in baked goods. This brought a 
swathe of positive attributes to 
manufacturers, such as reduced 
staling, increased shelf-life, crave 
factor and the achievement of key 
quality aspects in cake, such as 
colour, texture and taste.    

SUGAR’S DETRIMENT TO 
HEALTH
A plethora of negative health 
effects is now attributed to the 
consumption of sugar, which 
is now known to be: addictive, 
orexigenic (reducing satiety), 
promoting fat storage and 
the cause of tooth decay by 
stimulating mouth bacteria to 
excrete tooth-rotting acids. 

This has become a significant 
problem for society since 25% of 
children under 5 years’ old now 
suffer from tooth decay with 1/3 
of UK children under 10 years’ old 
being classed as obese, as are 26% 
of adults (predicted to rise to 46% 
in men by 2035, see the graph  
in figure 1)[1]. Additionally,  

A sweet solution on the rise?
 
Assessing the potential of Stevia and hydrocolloids in reducing the sugar content of cakes.
 
Definition – Free sugars; any sugars added to food or drink, (natural or refined).

Author: Matthew Jennett, Dr. Amalia Tsiami University West London and Prof Nigel Jennett, Coventry University

Figure 1: Obesity prevalence in the UK (NHS, 2013, NHS, 2016)
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Dr Robert Lustig, Emeritus 
Professor of pediatrics, division  
of Endocrinology at the  
University of California, San 
Francisco (UCSF) states, 

“Sugar causes diseases: unrelated 
to their calories and unrelated to 
the attendant weight gain. It’s an 
independent primary-risk factor” 
(Williams, 2017)2

Some scientists specifically 
blame fructose, which is a 
50% component of the sucrose 
molecule (table sugar), for a range 
of non- communicable conditions.  

A sweet solution on the rise?
 
Assessing the potential of Stevia and hydrocolloids in reducing the sugar content of cakes.
 
Definition – Free sugars; any sugars added to food or drink, (natural or refined).

Author: Matthew Jennett, Dr. Amalia Tsiami University West London and Prof Nigel Jennett, Coventry University

A key issue in the re-formulation 
of cakes is the extent to which 
cake quality relies on the 
functional characteristics of 
sucrose.

Figure 2: Sources of sugar in diets (national diet survey)
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Public Health England (PHE) links 
excessive sugar consumption 
to the development of type 2 
diabetes that, in turn, increases 
the frequency of developing 
additional health conditions. The 
statistics are grim: 90% of type 2 
diabetics are also overweight or 
obese, which is associated with 
a 72% increased likelihood of 
coronary heart disease and up 
to ten types of cancer - diseases 
responsible for 60% of all 
mortality. There is also a direct 
economic cost to society: the 
UK government is spending £50 
million annually on extracting 
teeth from under 18s with obesity 
and diabetes costing the NHS 

of £5.1billion and £10billion 
respectively, with wider costs of 
obesity to society estimated at 
£27 billion per year.   This has 
prompted actions from the World 
Health Organisation (WHO) and 
government bodies such as the 
National Health Service, Science 
Advisory Committee on Nutrition 
and PHE. 

SOCIETAL RESPONSE 
The WHO has recommended 
the reduction of free sugar 
consumption from 10% to 5% of 
daily calorie consumption. This is 
significant as children and adults 
are currently consuming 12%-
15% of their daily calories from 

sugar.  The WHO further states 
that 80% of sugar consumption 
is a result of products containing 
added sugars. This was supported 
by the UK government in the 
introduction of the sugary 
drinks levy. Furthermore, PHE, 
in accordance with the new 
UK childhood obesity plan, 
announced goals to reduce the 
sugar content of nine categories 
of food that contribute most to 
childhood sugar consumption to 
20% by the year 2020.

The challenge is to find suitable 
ways to reduce sugar intake. 
The National diet and nutrition 
survey 2008-2012 (see figure 2) 

Figure 3a: 100% sugar cake 

Figure 3c: 20% sugar cake 

Figure 3b: 40% sugar cake 

Figure 3d: 40% sugar + glycerol monosterate
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shows that cereals, cakes and 
biscuits represent 21%-29% of 
our daily consumption of added 
sugar and are the 2nd largest 
sources of added sugar in our 
diet after soft drinks (3rd in 19-
64 year olds). Reformulation of 
existing well-established products 
to lower sugar equivalents will 
enable consumers to achieve 
the desired health benefits 
whilst avoiding having to change 
cherished behaviour or lifestyle. 
There is already a strong demand 
and successful development of 
healthier cakes that may be vital 
for the protection of the cake and 
baking industry which in UK, as 
a whole, has 101,000 employees, 
2,250 small medium enterprises 
(SMEs) and a turnover of between 
£3.6 and £ 4 billion. With the 
cake and cake-bar market alone 
currently worth £1,368 million, 

reformulation is an opportunity 
to grow market share for those 
manufacturers that are first to 
market with healthier products. 
Mintel found that 47% of people 
are specifically seeking low or no 
sugar foods and 62% agree that 
manufacturers should reduce 
sugar in cakes.      

A key issue in the re-formulation 
of cakes is the extent to 
which cake quality relies on 
the functional characteristics 
of sucrose (table sugar). The 
functional attributes of sugar 
include: its sweetness, ability to 
caramelise, increased cake batter 
viscosity and air incorporation, as 
well as a rise in the temperature 
at which proteins and starches 
denature and gelatinise from 
around 77°C to 88°C. This 
combination of increased 

viscosity and delayed setting of 
proteins and starches is directly 
responsible for the retention 
and development of trapped 
air bubbles, allowing them to 
expand sufficiently to achieve 
the required crumb structure. It 
is likely that much of sucrose’s 
textural attributes are as a result 
of its thermo-setting properties 
in cake making its inclusion 
particularly important in order to 
achieve an adequate substitution. 

At the Universities of West 
London (UWL), Coventry 
and Chester, we carried out 
experiments to establish the 
minimum quantity of sugar 
required to maintain the 
characteristics of sucrose in 
cake by assessing the structural 
changes caused by sugar 
reduction in a Victoria sponge. 

Figure 4: Sensory analysis radar plot
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Direct reduction in sugar content, 
with the compensating addition 
of sweeteners, represents the 
simplest way to reduce quickly 
and cheaply the free sugar 
content. We decided to replace 
the sweetness of sucrose with a 
low calorie sweetener Stevia. This 
was selected for its reputation 
as a healthy, more natural 
sweetener, being derived from 
the Stevia plant. Furthermore, 

Stevia is non-nutritive sweetener 
(i.e. does to not contribute 
calories) whilst being 300 times 
sweeter than sugar - making it 
a relatively low cost solution. 
Our experiments demonstrated 
that the reduction of sugar in 
cake resulted in clear visual 
differences including:  increased 
coalescence of bubbles, a less-
moist, fluffy crumb and a firmer 
cake that more resembled bread 

but with a paler outer crust with 
the edges rising less, generating a 
central peak.

Photographs of the cakes are 
shown in figure 3. Figure 3a shows 
the shape of the 100% sugar 
control recipe. Figures 3b (40% 
sugar) and 3c (20% sugar) show the 
formation of large bubbles in the 
cake and a significantly lower edge 
giving a more peaked shape to the 

36 INNOVATION FOCUS
REDUCING SUGAR CONTENT IN CAKES

We have shown that the reduction  
of sugar in Victoria sponge by 60%  
is now readily possible.
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cake. In the 20% sugar cake (Figure 
3c) it can be seen that the nature 
of the crumb has become more 
bread-like structure than cake-like 
and far fewer crumbs have fallen 
after the cutting process. The 
addition of Glycerol monostearate 
(Figure: 3d produced a cake that 
had fewer large bubbles, was more 
domed than peaked and had a 
finer crumb than that seen in the 
40% and 20% cakes); in general, 
the shape and crumb structure 
and crumbliness were much closer 
to that of the 100% sugar control 
(figure 3a).

Sensory analysis was conducted 
by UWL staff volunteers from 
the London Geller College of 
Hospitality and Tourism, with 
each cake scored for colour, 
crumb structure, odour, flavour, 
sweetness and appearance. A 
scale of 1-7 was used, where 1= 
most disliked and 7 = most liked. 
A score of 4 indicated neither 
like nor dislike and was taken 
as the limit of acceptability.  
Results showed that reducing 
sugar content to 80% made little 
difference but below that the 
colour, odour, flavour, sweetness 
and appearance of sponge cakes 
were all negatively affected 

by sugar substitution. Crumb 
structure scores also deviated 
but in the opposite direction, 
as the panel seemed to prefer a 
larger and less crumbly crumb 
structure than that of the 100% 
sugar Victoria sponge. Since the 
idea was to replicate a 100% 
sugar cake with a reduced sugar 
recipe, we took any deviation 
from the 100% sugar recipe 
score as being undesirable 
(independent of direction). The 
minimum level of sugar before 
the product became unacceptable, 
despite Stevia addition, was 40% 
and this cake was significantly 
compromised in all of the 
sensory analysis categories (see 
figure 4). Reduction of sugar 
caused loss of emulsification 
in the batter and a seepage of 
fat out of the cake, generating 
an oily residue. Trials of a range 
of different hydrocolloids and 
emulsifiers were conducted to 
see if there was a simple way to 
stabilise the batter during baking, 
thus improving aesthetics and 
reducing fat seepage. The best 
outcomes were obtained by the 
addition of Glycerol monosterate. 
This improved the 40% sugar 
recipe performance to the point 
where its sensory analysis 

scores were close to those of a 
full sugar recipe. Colour was not 
improved but optimisation of the 
baking cycle might restore this. 
Overall, our results are extremely 
encouraging. We have shown 
that the reduction of sugar in 
Victoria sponge by 60% is now 
readily possible. This represents 
a potential for significant sugar 
reduction in the public diet. 
Naturally, a zero sugar cake would 
be better, but this study suggests 
that further sugar reduction will 
require additional reformulation 
innovation. n
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The success of Vitafoods 
Europe 2018, which attracted 

over 20,000 visitors for the first 
time, reflects the strength of the 
industry, the organisers say. 

A total of 21,132 visitors passed 
through the doors at Palexpo, 
Geneva between 15th and 17th 
May. The numbers were the 
highest in the event’s 21-year 
history and represented a 6% 
increase on the 2017 event. 
Exhibitor numbers were also up, 
with 1,119 companies showcasing 

their products and services, 8% 
more than in 2017.

Commenting on the figures, Chris 
Lee, Managing Director, Global 
Health & Nutrition Network 
Europe, Informa Exhibitions, said: 
“The success of Vitafoods lies 
in the role we play in a vibrant, 
fast-moving industry that is 
committed to innovation. There’s 
enormous thirst for knowledge 
and we offer a space where 
people can learn, as well as 
coming together to do business. 

By providing opportunities to 
discover new products and gain 
insights into the trends and 
science shaping nutrition, we 
hope to help drive innovation. 
The big focus now is on building 
our role as an industry partner, 
supporting its growth and helping 
it adapt to challenges.”

The organisers of Vitafoods 
Europe are now planning for 
its next edition (7-9 May, 2019 
at Palexpo) as well as Vitafoods 
Asia (11-12 September, 2018 in 

Success of Vitafoods 
Europe reflects strength 
of nutraceutical industry
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Singapore). In addition, they offer 
Vitafoods Insights – a year-round 
digital engagement platform that 
explores key issues in the global 
health and nutrition industry.

TRADITIONAL CATEGORIES 
CONVERGING
One trend that was apparent 
at Vitafoods Europe was the 
convergence of traditional 
categories.

“Old categories have begun to 
blur,” said Chris Lee. “There’s now 
a really interesting space, for 
example, between nutrition and 
pharma. Companies are starting 
to understand the role functional 
foods can play in addressing 
global health problems such 
as cardiovascular disease 
and obesity. As a result, we’re 
seeing an increasing number of 
products that are hard to pigeon-
hole as either food or pharma. 
Another interesting example 
is the convergence of food 
and cosmetics, with ingestible 
skincare and nutricosmetics 
becoming more mainstream.”

Exhibitors and visitors also 
enjoyed the emergence of 
innovative new categories. “This 
year, we saw a lot of synergy 
between food and nutraceuticals, 
and a lot of innovations and 
new forms of delivery” said 
Antoine Dauby, Marketing 
Communications Director 
at Naturex, one of the event 
exhibitors. “So it’s definitely a 
great place to learn.”

“It was pretty amazing to see 
food and supplements coming 
together,” said Pawel Ciuraj, 
Managing Partner of Foods by 
Ann, who was visiting Vitafoods 
Europe for the first time. “It was 
really worth visiting because 

of the many different ways in 
which the industry is growing and 
developing.”

“From a medical perspective, 
there was a lot of variety and 
a lot of new products I didn’t 
know about,” said Ernst-Jan Van 
Gellicum, Owner of Primelab, 
and another first-time visitor. “I 
practise orthomolecular medicine 
so I found some interesting 
products that could help with 
that. And I’m also planning to 
launch a specific product line of 
supplements, so in that respect 
the packaging and contract 
manufacturing part of the event 
was very valuable.”

MAKING PERSONALISED 
NUTRITION MAINSTREAM
Another big theme was 
personalised nutrition, which 
was the subject a new interactive 
workshop in the Vitafoods Europe 
Education Programme. A key 
question for delegates was how 
the category can become more 
accessible.

“I found the workshop very 
valuable because I think 
personalised nutrition is a 
space where there’s not a 
lot of knowledge in terms of 
commercial applications” said 
Katherine Martinez, AVP at United 
Laboratories. “From where I sit – 
because the Philippines is pretty 
much a third world country – 
the challenge is how to make 
personalised nutrition accessible, 
and there was a particularly 
interesting question about 
whether science is outpacing the 
commercialisation opportunities.”

VISITORS ENJOY THEATRE 
ATTRACTIONS
A total of 4635 people attended 
presentations at the several 

theatres on the show floor, again 
indicating visitors’ desire to learn. 
One of the most popular features 
was the new Sports Nutrition 
Theatre, where 869 people 
attended presentations.  

“The quality of our educational 
offering is very important to 
us,” said Chris Lee. “We work 
hard to adapt to trends in order 
to deliver the most relevant 
information and sports nutrition 
is a good example of that. 
We’ve seen the category evolve 
from something that was the 
preserve of professional athletes 
into something much more 
mainstream – it’s now very 
common for everyday cyclists 
and runners to use specialised 
nutrition products. In recent 
years, we’ve added considerably 
to our sports nutrition offering 
and it was great to see the new 
theatre being so popular on its 
debut.”

ABOUT VITAFOODS EUROPE
Vitafoods Europe is the global 
nutraceutical event, featuring 
exhibitors from all over the 
world in four key market areas: 
ingredients & raw materials; 
branded finished products; 
contract manufacturing & private 
label; and services & equipment. 
The event offers a range of visitor 
attractions, including an industry-
leading Education Programme. n
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Shortenings refer to specialised 
baking fats with specific 

functionalities.  The most basic 
functionality is to “shorten” 
the gluten strands in dough, 
thus preventing the formation 
of a viscoelastic mass which 
is both extensible and elastic. 
There are many other functions 
fulfilled by shortening including 
providing lubrication to bakery 
products for improved mouthfeel, 
carrying flavours, helping with 
ingredient blending and also to 
form barriers.  Forming barriers 
is particularly important in puff 

pastry where lamination needs 
to take place. Some shortenings 
can be layered between very thin 
layers of dough, keeping them 
separate until baking, when they 
puff up due to sudden steam 
release and the creation of an 
“accordion” type structure. Every 
baker knows that if the layers 
start sticking together, the puffing 
action will not take place. This 
last functionality is so important 
that laminating or puff-pastry 
shortening have their own 
categories within the shortening 
family. Usually one can find all-

purpose, icing and laminating 
shortening in the trade, but more 
categories are possible.  

From a materials perspective, 
the functional attributes of 
shortenings (e.g. consistency) 
depend upon their physico-
chemical properties which are 
determined by their molecular 
composition (triacylglycerol 
molecular species), their 
crystallisation behaviour and 
the aggregation of these crystals 
into a network which traps 
liquid oil within. Shortenings 

Understanding the functionality  
of baking shortenings
 
By Braulio Macias Rodriguez and Alejandro G. Marangoni, Department of Food Science,  
University of Guelph, ON, Canada

BAKINGEUROPE Summer 2018 
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The factors affecting shortening 
functionality, the ‘complete’ 
structure of the crystal network 
(from nano to micron sizes) 
should be investigated.
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are formulated with fats and 
oils from vegetable and animal 
sources and in some cases 
with emulsifiers that alter fat 
crystallisation behaviour or 
that fulfill a specific function 
(e.g. coat sugar particles in icing 
applications, aid moisture or the 
retention of air in cakes). The 
triacylglycerol composition and 
crystallisation conditions used 
to make different shortenings 
can vary widely. For example, 
laminating shortenings (puff 
pastry and roll-in) have a higher 
content of trisaturated and 
unsaturated triacylglycerols than 
other speciality shortenings 
(e.g. cake, all-purpose and 
icing) and their manufacture 
involves substantial shearing 
that plasticise the crystal 
network. Compositional and 
processing variations result 
in physical properties that are 
arguably “unique” for each baking 
application. Physical properties 
and attributes that are commonly 
monitored to control shortening 
functionality include solid-fat-
content, melting behaviour, 
polymorphic behaviour and 
texture. Solid-fat-content and 
melting behaviour displays the 
physical state of shortenings at 

temperatures relevant to their 
use, storage and consumption, 
whereas polymorphism (i.e. 

different crystal types having 
the same chemical composition), 
have been traditionally linked 

Understanding the functionality  
of baking shortenings
 
By Braulio Macias Rodriguez and Alejandro G. Marangoni, Department of Food Science,  
University of Guelph, ON, Canada

Fig 1. Strain versus stress curves of all-purpose and roll-in shortenings 
subjected to oscillatory shear. Adapted from Macias-Rodriguez et al. (2018)

Table 1. Physical properties of shortening with variable bulk composition and functionality.

Functionality *SFC (%) *Polymorphism Melting point (˚C) *Yield value (x104 Pa)

1 Puff-pastry 25 β' 52 7

2 Roll-in 25 β', β 48 7

3 Roll-in 31 β 62 11

4 All-purpose 21 β', β 51 7

5 All-purpose 16 β', β 44 14

6 Cake 25 β', β 53 5

(1) Hydrogenated soybean oil and cotton seed oil puff-pastry; (2) non-hydrogenated canola oil, modified palm and 
palm kernel oils roll-in, (3) fully hydrogenated soybean oil, glycerol monopalmitate, (4) non-hydrogenated palm oil and 
modified palm oil, (5) soybean oil interesterified all-purpose, (6) soybean oil interesterified cake.*Physical parameters 
were determined at 16˚C, representative of the lamination process of doughs. For more information, refer to the original 
publication (Macias-Rodriguez and Marangoni 2016)
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to texture and aeration ability. 
Unfortunately, these properties 
do not always correlate with the 
use of a shortening. Consider 
the shortenings detailed in Table 
1 and obtained from various 
oil base stocks and of various 
commercial uses.

It is obvious that functionalities 
cannot be ‘grouped’ according to 
‘traditional’ physical properties. 
For example, roll-in and puff 
pastry shortening can contain 
either β’, β or both crystal forms 
and share similar polymorphism 
to other applications. 
Interestingly, the presence of β 
polymorphs has been associated 
with shortenings containing 
grainy, larger crystals and poor 
plasticity and aeration properties. 

These features are inconsistent 
with the “good” plasticity 
exhibited by roll-in and puff-
pastry shortenings. Solid fat 
content and melting point also 
remained similar irrespective of 
application. Textural attributes do 
not inform any particular trends, 
e.g. an all-purpose shortening has 
the highest yield value (the force 
of a cone penetrating into a mass 
of fat, determined according to 
AOCS method Cc 16-60) despite 
its lowest solid fat content. This 
is not surprising since it has 
been found that solid fat content 
(determined by pulsed NMR) does 

not always correlate with texture. 
In conclusion, investigation of 
‘traditional’ physical properties, 
whilst important, brings us 
back to the question: what 
physical properties dictate the 
functionality of a shortening for a 
baking applications?

Recent findings on the rheology 
and structure of shortenings have 
shed light in this regard.  

To illustrate, Fig 1. shows the 
mechanical behaviour of two 
representative shortenings, 
roll-in and all-purpose. At large 
oscillatory shear deformations, 
both materials exhibit comparable 
yield stress (defined as the 
maximum of the elastic stress 
σ) σ≈4000-5000 Pa; nevertheless, 
their failure behaviour differs. 
A roll-in shortening displays a 
nearly steady stress, whereas 
an all-purpose shortening fails 
catastrophically and relaxes its 
stress. Interpreting this response 
in terms of the elastic modulus 
G’ and viscous moduli G’’ (not 
shown here), suggests that the 
“key” signature of roll-in is not 
so much in the way this material 
stores energy, but rather in 
the way it is dissipated. This 
implies that a roll-in shortening 
is less shear sensitive than an 
all-purpose shortening at large 
deformations and thus it is able 
to laminate the dough well. 

Results from spatially-resolved 
non-invasive techniques such as 
ultra-small angle x-ray scattering 
(USAXS) offer a structural 
‘picture’ of the fat crystal network 
structure responsible for the 
observed rheological behaviour. 
Roll-in shortenings contain three 
structural ‘levels’: 1)  
nano-sized crystal plates 
significantly smaller than those 
of all-purpose shortening, that 
assemble into 2) submicron-
size aggregates that aggregate 
into 3) micron-size aggregates. 
In contrast, an all-purpose 
shortening lacks the intermediate 
structural level (i.e. it only has 
two structural levels). Similar 
findings have been reported 
for the rest of the shortenings 
described in table 1. 

Overall, these techniques reveal 
key physical and structural 
information linked to the 
functionality of each shortening 
that is difficult to visualise using 
‘traditional’ physical properties 
and attributes. More importantly, 
these findings re-emphasise 
that in understanding the 
factors affecting shortening 
functionality, the ‘complete’ 
structure of the crystal network 
(from nano to micron sizes) 
should be investigated and linked 
to physicochemical properties.  
This approach is crucial for each 
shortening application. n
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Although baking is considered 
to be an effective processing 

step in controlling food-borne 
pathogens, scientific data on 
the baking validation against 
pathogens is scarce. These 
validation studies are important 
in order to confirm the common 
belief that the effectiveness of the 
baking process can help to control 
pathogens and in their use as 
supporting documents in food 
processing facility safety plans.

In general, the baking industry 
has a comparatively very safe 
record for the production of shelf-
stable bakery products. However, 
microbiological spoilage has often 
been the major factor limiting 
shelf-life which can ultimately 

lead to huge economic losses. It 
is possible that contamination 
of pre-baked dough and batters 
could occur in ingredients used in 
the industry such as flour, sugar, 
egg, milk powders and chocolate. 
Salmonella is one of the most 
notorious, pathogenic bacteria 
that is known to survive for 
extended periods of time under 
low water activity baked products 
and ingredients used in baking. 
Although various pathogenic 
bacteria have been associated 
with food-borne illness outbreaks 
involving low water activity foods, 
the majority of these outbreaks 
have been caused by Salmonella. 
Salmonella in bakery ingredients 
and products could create a 
public health risk if the finished 

bakery product is under-baked. 

In 2010, the Food Safety and 
Defense Laboratory (FSDL) at 
Kansas State University, USA and 
AIB International, Inc., Manhattan, 
Kansas, USA started a series of 
collaborated research projects to 
validate simulated commercial 
baking and cooking processes for 
various bakery products to control 
Salmonella. This collaboration 
started as a response to the U.S. 
Food and Drug Administration’s 
(FDA) Food Safety Modernization 
Act (FSMA), which was signed 
into law in January 2011. The 
FSMA aims are to prevent food 
safety failures proactively rather 
than addressing the failures 
themselves. To achieve this goal, 
food processing facilities need to 
have food safety plans based on 
scientific evidence, specifying that 
preventive controls implemented 
can effectively prevent food safety 
failures. 

The studies on validation 
processes for hamburger buns, 
plain and nut muffins, hard 
and soft cookies, doughnuts, 
tortillas and cheesecakes, 
have been completed along 
with other validation studies 
which are in progress. Out of 

Validation of baking as a  
kill step against Salmonella
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the completed studies, bun 
and plain muffin validations 
are published in peer-reviewed 
international journals, whereas, 
other studies are under review for 
the publication. The validation 
studies were designed by bakery 
experts at AIB International and 
food microbiologists at FSDL. 
The ingredients and baking 
parameters were designed to 
simulate product temperature 
during commercial baking, final 
end-product quality and water 
activity. Salmonella contamination 
was artificially introduced into 
pre-baked batters or doughs 
via the flour which was mist 
inoculated with a cocktail of 
Salmonella serovars and dried 
back to the pre-inoculation 
moisture content and then used 
in the studies. The Salmonella 
serovars used in the studies 
were selected on the basis of 
their relatively greater heat 
resistance, association with 
food-borne illness outbreaks and 
isolation from dry food processing 
facilities. 

These process validation studies 

confirmed that all baking and 
cooking steps were able to reduce 
Salmonella population by at least 
5 logs (99.999%) but in most cases 
baking or cooking completely 
eradicated the contamination. 
During the heating process, the 
product temperature, pH, water 
activity and surviving Salmonella 
were identified at regular, pre-
determined time intervals. The 
water activity of the crusts of 
the final baked/cooked products 
were low enough to restrict the 
growth of pathogenic bacteria, 
however, the inner crumbs of 
final products showed water 
activity that could support the 
growth of pathogens if products 
were under-baked or if post-
baking contamination occurred. 
Along with process validations, 
these studies also included 
thermal destruction parameters 
(D- and z-values) determination 
of Salmonella in product batter 
or dough. Determined thermal 
destruction parameters provided 
basic information about the heat 
resistance of Salmonella in various 
batter or dough at the start of 
baking or cooking. 

Although these studies can be 
used as scientific evidence to 
support food safety plans for 
very similar bakery products, 
these studies should not be 
extrapolated for those products 
with different ingredients and 
internal baking temperature 
profiles. To improve the research 
impact of the validation studies, 
determination of humidity ratio 
(Kg moisture/Kg dry air) of oven 
during the baking process was 
included in the later studies. For 
future studies and to develop 
strong Salmonella destruction 
predictive models for baking of 
various products, D-values of 
Salmonella should be determined 
at the various water activities 
of products during the baking 
process. n

In most cases baking 
or cooking completely 
eradicated the 
contamination. 

Minto Michael, Ph.D. 
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Kansas State University 
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Manhattan, KS, USA 66506
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 “I want a railway ticket” said the 
passenger. “Where do you want 

to go?” asked the ticket office 
clerk. “Anywhere” replied the 
passenger. “But I need to know 
exactly where you wish to go so 
that I can issue a ticket” came  
the reply.

This is, of course, a nonsensical 
situation and no-one in his right 
mind would pose such a  
question. Since the beginning  
of the industrial revolution, 
however, many business owners 
and project managers have 
dreamed of new machines, 
processes or systems to cater for 
the demands of new/perceived 
markets, or the prospect of 
outperforming their rivals, only 
to have their dreams shattered 
when reality sets in and the full 
implications of the complexity 
and cost of such an undertaking 
are realised.

Many articles have been written 
about installing new bakery lines 
whether they be for bread, rolls, 
croissant, pizza etc. These lines are 
often referred to by both bakeries 
and manufacturers by the generic 
term Turnkey Solutions which 
effectively means a complete 
system that, once installed, can 
be used immediately; essentially 
meaning “with the turn of a key”

In reality of course, the process 
can be highly complex and 
perhaps involve many months 
of planning and potentially huge 
disruption if it is to replace an 
existing line. Couple with this with 
fickle markets and potential costs 
running into £10s of millions, the 
risk of getting it wrong can be 
devastating to the business.

“Prediction is very difficult, especially 
if it’s about the future”  
 –Niels Bohr Danish Physicist

This article, therefore, looks at  
the thought process, gelling of  
ideas and objectives using a  
time-honoured planning system  
rather than the equipment  
itself. Consider it perhaps a 
Turnkey solution to facilitate  
your new ambitious Turnkey 
solution!  The planning system 
that some may know can be 
identified as an acronym; namely 
S.R.E.D.I.M.

“When I was a child I used to love 
building plastic models of cars, ships 
and aeroplanes – the instructions 
and my father insisted that every 
part should be painted first and 
allowed to dry before starting to glue 
the pieces together. But I was far 
too excited and impatient to wait so 
I hastily glued everything together 
and painted it afterwards only to 
find it impossible to apply the paint 
accurately.” 

– G. Pendred

Turnkey Solutions
A thought provoking approach to
your plans for new bakery plant
 
Michael Edmund Editor and Graham Pendred, Publisher Baking Europe 

S.R.E.D.I.M. … Select, Record, Examine, 
Design, Install or Implement, Maintain.
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BACKGROUND WORK – 
FEASIBILITY
The first steps to installing a new 
bakery line or major project are 
to establish whether it is actually 
needed, of course, and what are 
the prospective outcomes in 
terms of efficiency (cost, energy), 
productivity and profitability.  
Once again, a simple concept, but 
one so easy to get (expensively), 
very wrong.  In November 2016 
CSM Bakery solutions in New York 
experienced several operational 
problems caused by a problematic 
software system affecting both 
suppliers and sales.[1]

Once the objectives of such a 
project have been thoroughly 
worked out - which may include 
catering for the burgeoning “food-
on-the-go” markets or laminated 
products for example, it is 
tempting to reach for the glossy 
brochures from manufacturers 
and start envisioning a line of 
new, bright shiny machines. 
However, whilst all this might 

sound a little naïve, a far more 
in-depth and calculated course 
of action is more likely to make 
business sense which is where 
S.R.E.D.I.M. comes into its own 
and comprises a logical process of 
analysis whose initial letters spell 
out the following: 

Select, Record, Examine, Design, 
Install or Implement, Maintain.

Whilst this system will not deal 
with every eventuality, it is a well-
established means of developing 
a skeleton on which to develop 
one’s ideas and which can be 
adapted to a variety of situations. 
Critically, SREDIM reduces 
decision-making uncertainty 
when it is applied.

APPLICATION OF THIS SYSTEM
Let’s assume that following 
your feasibility study that you 
definitely wish to install a 
new automated bread line, for 
example, to replace the existing 
equipment that is inefficient, 

labour intensive, time consuming 
to work with and disjointed.  
It is probably better to invest 
some time in a SREDIM exercise 
before you contact a preferred 
project management team or 
manufacturer so you can present 
a case file to them them and save 
time and money in the process.

SELECT
Very simply this means identify 
every piece of machinery, work 
station and operation that is 
essential to producing the bread 
product for example, a twin 
spiral mixer, dough sheeting 
through to cutting/shaping etc. 
and finally oven type, cooling, 
freezing etc. During this process, 
work closely with your staff to 
identify any problem areas that 
might slow production or that 
could be improved – they work 
at the “cutting edge” and will 
know every minute issue and 
problem. This should also include 
any ancillary operations that 
might be carried out manually 
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such as transporting dough 
from one machine to another 
or unnecessary journeys from 
one part of the plant to another.  
(A recent case study of an SME 
bakery in Germany showed that 
some workers clocked over 3 
miles in a day walking from one 
point to another, which was 
reduced to under 1 mile with 
simple rearranging of machinery 
and work points!)

Examine the essential auxiliary 
systems such as extractors, air 
conditioning ducts (look up to  
the roof – you may need new 
ducting if you are bringing in a 
heat recovery system for example).  
As well as looking at the space 
you have available. Baking Europe 
conducted a case study recently 
at a bakery in the UK which had 
to turn their line around a 90 
degree angle for it to fit! 

RECORD
Record every detail of your 
findings to the Nth degree, your 
conversations with the staff and 
engineers, the operators and 
support this with diagrams/flow 
charts of people movement for 
example. 

EXAMINE
As the word suggests, sit down 
and analyse your findings but use 
the sub-routine of the SREDIM 
system to further detail your 
results:

• Purpose – What operation is 
taking place and why?

• Place – Does this operation/
process have to be done where 
it is or could it be done better 
elsewhere?

• Sequence – When does the 
process take place and why at 
that time?

• Person – Who is the operator 
of that process? Are they 
adequately trained, could 
someone else or a machine 
(robot?) do it more efficiently?

• Means – How is it done? Could 
the operation be carried out 
more efficiently? 

DEVELOP OR DESIGN
The previous three activities 
(Select, Record, Examine) will help 
develop a much clearer picture of 
the efficiency of the existing plant 
operation and shape ideas for a 
new system to meet your new 
objectives. These may include 
artificial intelligence, automation, 
IT systems, remote operation 
and Bluetooth along with other 
software measurement and 
control systems. 

INSTALL OR IMPLEMENT
Both Design and Install stages 
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and budgeted carefully with a realistic 
ROI can transform production in terms 
of quality, productivity and, importantly, 
competitiveness.
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may, of course, mean the 
employment of a manufacturer 
or project management company 
perhaps using competitive 
tendering during which designs 
and costings will be presented 
and contracts ultimately awarded. 
Hygienic design should of course 
be a prime consideration. If 
replacing an existing system, time 
and costings should include the 
obvious removal of old plant but 
also consider repair/replacement 
to damaged flooring, ceilings, 
lighting and downtime which 
includes temporary redeployment 
and retraining of staff the latter 
of which will often be provided by 
the installation manufacturer.

MAINTAIN
And finally, the entire process 
could become a very expensive 
nightmare if maintenance 
and cleaning is difficult and 
expensive. Check the new  
plant thoroughly with the 
manufacturer and your own 
maintenance staff – how easy 
is it for example to re-lubricate 
conveyor chains or to prevent 
waste build up in pipes?

The organisation European 
Hygienic Design Group (EHEDG) is 
worth contacting for advice 

CONCLUSION
Creating a new system that is 

cohesive, efficient and budgeted 
carefully with a realistic ROI can 
transform production in terms 
of quality, productivity and, 
importantly, competitiveness. 

However, it is sound business 
practice to treat any new large 
capital investment as an entirely 
new separate business with a 
comprehensive business plan 
rather than just the purchase of a 
few extra machines.  

There are no guarantees in 
business, except that if you fail 
to prepare, you should prepare to 
fail – (i.e. paint the plastic parts of 
your toy model first!) n

References 
1 https://www.bakingbusiness.com/articles/31236-major-financial-challenges-seen-at-csm-bakery Accessed 
15.06.2018
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Radio frequency (RF) 
technology has been used 

in the food industry for many 
years for the post-bake drying of 
crackers and biscuits.  Existing 
applications are very effective 
at reducing baking energy, 
increasing production speed 
and reducing faults known 
as checking caused by excess 
moisture in the biscuit. 

RF is a form of electro heating 
similar to microwaves where 
electrical energy is turned to 
electromagnetic radiation that 
generates heat within the product 
by ionic depolarisation and 
dipole rotation. Compared to 
conventional heating, RF heating 
is not limited by conduction 
and is able to heat a product 

uniformly because heat is 
created internally. RF heating is 
two to four times more efficient 
compared to conventional 
heating due to its more efficient 
use of energy. 

As mentioned earlier RF is used 
in post-baking water removal 
in bakery products but has 
not been widely used for other 
baking applications. Campden 
BRI has recently completed an 
Innovate UK project on RF baking 
in collaboration with C-Tech 
Innovation and Roberts Bakery. 
The aim of the RF-ProBake 
project was to investigate baking 
of tinned sandwich bread and 
other bakery products using 
an RF-assisted oven. This is a 
product sector where RF has had 

little industrial impact. Of the 
2.5 million tons of bakery goods 
produced in the UK annually, 
bread is the most important 
bakery product and even small 
increases in energy efficiency 
of its baking would result in 
considerable savings. The UK 
bakery sections’ estimation of 
the annual cost of baking and 
cooling is £25.5 – £33.8m (Carbon 
Trust, 2011) with the baking 
stage consuming approximately 
35-40% of this. The increase in 
energy efficiency achievable with 
RF heating offers significant 
potential for annually energy and 
cost savings. 

BAKING SANDWICH BREAD IN 
AN RF-ASSISTED OVEN
C-Tech Innovation constructed 

Radio frequency baking
Baking bread by using radio 
frequency technology
 
14 May 2018, Tiia Morsky, Campden BRI

One of the first findings was that bread 
baked with RF, without conventional 
heating, showed radical differences in 
appearance depending on the tin material.
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a pilot RF oven that was used 
for the project trials. One of 
the first findings was that 
bread baked with RF, without 
conventional heating, showed 
radical differences in appearance 
depending on the tin material. 
With metal tins, only the top 5cm 
was fully baked regardless of RF 
output. However, bread baked in 
silicone containers was baked 
from the inside, indicating that 
the RF penetration depth was 
not the limiting factor. When RF 
was combined with conventional 
heating the breads were baked 
thoroughly and a crust was 
formed.  

Other findings were that RF 
assisted baking decreased 
moisture content and bake loss, 
but increased the moisture ratio 
between the top and bottom parts 
of the bread crumbs. Combined 
conventional heating and RF 
also increased the hardness and 
the thickness of the crust. This 
can be seen in the picture of the 
crumb taken using hyperspectral 
imaging technology (Figure 1). 

One of the ways to compensate 
for this is to remove the products 
from the oven sooner which will 
also contribute to energy and 
cost savings. The combination 
of the two heating methods 
helped to reach the required 
core temperature sooner 
(Figure 2). Suitable bake time 

reduction typically was around 
15–20%. Bake time reduction 
above 25% may lead to a low 
core temperature, softer crumb, 
higher enzyme activity and pale 
crust colour. Lower RF output 
also helped to maintain the 
moisture content of the breads 
and the optimum crust firmness 
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Figure 1. Moisture distribution (%) of control (left), combination baking with 
low RF (low) and combination baking with medium RF (medium)

Figure 2. Core temperature of control bread (baking time 25min) and RF 
assisted bread with a reduced baking time of 20min.
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compared to the samples 
with constant RF outputs of 
200W–600W.

Specific volume of RF assisted 
breads was affected positively 
by the RF output increase 
compared to conventionally 
heated samples with shorter 
baking time (Figure 3). Low RF 
outputs did not compensate the 
specific volume enough to reach 
control volume with reduced 
baking times. RF outputs of over 
300W were needed to reach or 
exceed specific volume of control 
bread. It is well known that when 
baked in an oven, bread volume 
reaches a maximum and then 
starts to decrease during the last 
minutes of baking. This means 
that shorter baking times do not 
automatically result in a lower 
volume since volume does not 
increase linearly with baking 

time. Lower specific volume for 
breads with a reduced bake time 
indicates that the structure of 
crumb was not fully set before 
they were removed from the oven. 
Therefore, additional energy input 
from RF is needed to compensate 
for the shorter baking time; 
reduced baking times seemed 
to have a negative effect on 
crumb resilience. However, 
when conventional heating was 
combined with RF, the resilience 
was improved in line with an 
increase in RF output. 

RF assistance, together with 
conventional heating, can reduce 
baking time by up to 20% and 
appears to have a positive effect 
on bread structure and volume 
when higher power outputs  
(>300 W) are used. However, these 
higher outputs also increased 
bake loss and caused uneven 

moisture distribution and a 
thicker crust. During storage 
these differences in moisture 
content caused moisture 
migration from crumb to crust 
which can lead to unwanted 
crumb firming and shorter shelf-
life. Optimising the baking profile 
by using RF only in the beginning 
of the baking helped to overcome 
these quality issues. Triangle 
testing was organised to test 
visual acceptability. 

Three randomised crumb pieces 
of the control and RF assisted 
bread were given to twelve 
panellists. Only three out of the 
twelve panellists could identify 
the correct samples based on 
their texture and crumb structure. 
This indicated there that were 
no significant differences 
(significance level 0.01) between 
the samples. 
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Figure 3. Specific volume (ml/g) of positive control (25min baking time), negative control (baking time 20min) and RF 
assisted breads with baking time of 20 minutes with RF outputs of low, medium and high.
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BAKING OTHER BAKERY 
PRODUCTS USING RF
Metal pans were shown to be a 
limiting factor for RF. The solution 
required a combination of RF 
with hot air convection heating 
to complete the baking process. 
Similarly, metal pan lids for 
sandwich bread prevented RF from 
heating the product at all because 
it acted as a shield to the RF. Open 
top sandwich bread can be baked 
with RF but this only represents an 
estimated 10–15% of the market 
in the UK. A better approach is 
to develop an RF transparent 
pan and lid that allows greater 
RF penetration using a material 
suitable for contact with food 
and with suitable strength for the 
processing plant. Products that 
do not require metal pans are 
ideal and include bloomer and 
cob loaves; batched bread to some 
extent, and smaller individual 
bread pieces such as rolls and 
muffins. Up to 40% reduction 
in baking time was achieved on 
bloomer type of bread loaves. 

The reason RF works well with 
bakery products is that RF excites 
water molecules, causing rapid 
heating, therefore, products with 
high water content can be heated 
most effectively. Bread products 
have flour hydration levels of  
50-65% giving dough water 
content of 41-46% and baked 
bread 38-43% water. This makes 
bread suitable for RF heating. 
However, there are bread products 
where hydration levels up to 
80% are used creating a very soft 
dough, which includes focaccia, 
ciabatta and English muffins. 

Also, gluten-free bread tends 
to be made from batters or soft 
dough in which the dry flour and 
starch components are hydrated 
to even higher levels than those 
with the products listed above. 
Up to 20% baking time reduction 
was achieved for a gluten-free 
bread recipe baked in an open 
metal tin. Cake products start 
with batters using flour hydration 
levels over 100%. RF can get 

heat deep into the batters more 
quickly than conventional heat. 
Impressive 50% time reductions 
were achieved on cakes baked in 
silicone containers. 

The RF-ProBake project 
demonstrated that RF assisted 
baking could be used successfully 
to bake open top, sandwich bread 
with time savings of up to 20% 
and energy savings of 8.3%. The 
main limiting factor was the 
need for metal tins and metal 
lids. By removing the need for 
these or finding alternative tin 
materials, greater time savings 
were predicted in the baking of 
product categories such as cakes 
and bloomers. n

Tiia Morsky, Senior Cereal Scientist,
Campden BRI Group

Tel: + 44(0)1386 842089
Email: tiia.morsky@campdenbri.co.uk
Web: www.campdenbri.co.uk
Station Road, Chipping Campden, 
Gloucestershire, GL55 6LD, UK 

FIND OUT MORE 

food food f and drink innovation

Campden Campden BRI

Tiia Morsky is a Senior Cereal Scientist in the Bakery and Cereal 
Processing Department at Campden BRI. She graduated from the 
University of Helsinki with MSc in Cereal Technology and Food Science. 

RF assistance, together with conventional 
heating, can reduce baking time by up to 
20% and appears to have a positive effect 
on bread structure and volume when 
higher power outputs (>300 W) are used. 
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Plastic pollution has reached 
alarming levels in the 

environment, particularly in 
our oceans. From documentary 
programs such as Blue Planet II, 
through to media from around 
the globe, the sheer scale of the 
problem is now receiving the 

attention that it deserves. Many 
plastics were only patented in the 
mid-20th century but have gained 
such traction in our everyday lives 
that their production has reached 
truly staggering rates. Few could 
have predicted that in only a 
few decades, huge plastic waste 

patches would be found fl oating 
in our oceans and once pristine 
beaches would be contaminated 
all over the world. Recent studies 
indicate the pervasive nature of 
these materials, and plastics have 
now been discovered in our polar 
sea ice and in the deepest parts 

Engineering a plastic-digesting enzyme
Understanding an enzyme which can digest some of our most commonly polluting plastic packaging.
By John McGeehan1, Gregg Beckham2 and Lee Woodcock3
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Figure 1: Cakes wrapped in plastic  packaging
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of our oceans. The fl ow of plastic 
into the environment continues 
to grow and it is now with some 
urgency that we need to fi nd 
sustainable alternatives and 
reduce our reliance on plastics for 
single-use applications such as 
packaging.

Plastics have incredible properties 
and have revolutionised many 
industries. They are cheap to 
manufacture, strong, light, 
transparent, waterproof, inert, 
and can be moulded into highly 
complex solids. From fi lms to the 
ubiquitous fi zzy drink bottle, they 
protect and extend the lifetime 
of many products. So why then 
have they created such a global 
scourge? It is the very properties 
that the chemists were asked to 

create, low cost and durability, 
that have had unforeseen 
consequences. To understand 
why, we need to look at the 
nature of common plastics.

The common plastic, 
polyethylene terephthalate, 
or PET, is made from simple 
monomer building blocks that are 
linked together via ester bonds, 
hence the name polyesters. 
Most monomers are extracted 
from petroleum, although more 
recent developments have seen 
building blocks produced directly 
from plants. One such plant-
based polymer, polyethylene-2,5-
furandicarboxylate (PEF), with 
potentially improved barrier 
properties relative to PET, has 
the potential to replace glass 

beer bottles. In common with 
PET, however, it is recalcitrant 
to biodegradation in the 
environment, so we must still 
ensure that these bottles reach 
recycling facilities. Petroleum 
based monomers are very cheap 
because of low oil prices, and 
it is therefore often cheaper to 
manufacture virgin PET than to 
use recycled material. PET also 
suffers from down-cycling, and 
in the case of single-use plastic 
bottles, only a minute percentage 
will be turned back into new 
plastic bottles. A reduction in 
chemical properties results in 
most recycled PET being used 
for clothing fi bres, eventually 
reaching an end-of-cycle use 
as fi llings or carpet. From these 
low value products, there is little 

Engineering a plastic-digesting enzyme
Understanding an enzyme which can digest some of our most commonly polluting plastic packaging.
By John McGeehan1, Gregg Beckham2 and Lee Woodcock3

Much of the plastic that is 
not dumped into landfi ll or 
incinerated, will eventually fi nd 
its way into rivers and oceans.
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financial incentive to recycle 
further and much ends up in 
landfill or is incinerated. While 
burning plastic can be used to 
generate electricity, this practice 
contributes to greenhouse gas 
emissions through the release 
of carbon dioxide. Of course, 
any recycling process can only 
take place when there is a 
proper infrastructure for the 
collection and treatment of 
waste, infrastructure that is 
severely lacking in many parts 
of the world. The consequence 
is that much of the plastic that 
is not dumped into landfill or 
incinerated, will eventually find 
its way into rivers and oceans, 
feeding the already giant plastic-
waste islands from the gyres 
created by global ocean currents. 

So what is the answer? We must 
reduce our reliance on single-
use plastic and simultaneously 
develop better reclamation and 
recycling methods that are truly 
circular and sustainable. 

In 2016, a team of scientists in 
Japan published an exciting study 
describing the discovery and 
isolation of a strain of bacteria, 
Ideonella sakaiensis, which has 
the remarkable ability to survive 
on a diet of PET. It was shown 
that these bacteria secreted two 
enzymes that can cleave the  
ester bonds holding the PET 
monomers together, providing a 
food and energy source for the 
organism. This study highlights 
the diversity of bacteria and 
shows how they can adapt to 

Figure 2: Scanning electron 
microscope image showing surface 
digestion of PET after incubation 
with the PETase enzyme. (Photo by 
Dennis Schroeder / NREL)
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new substrates, even man-made 
materials. Given that PET has 
only been in the environment for 
around 60 years, it is incredible 
that these bacteria have evolved 
to tackle this difficult material 

in such a short timeframe. The 
big questions for us were: how 
did these enzymes evolve, how 
do they work, and can we utilise 
them as part of a recycling 
solution?  

Working across multiple scientific 
disciplines and countries, our 
teams includes researchers led 
by Prof. John McGeehan at the 
University of Portsmouth, Dr. 
Gregg Beckham at the National 
Renewable Energy Laboratory, 
Colorado, Dr. Lee Woodcock at 
the University of South Florida, 
Tampa, Dr. Munir Skaf at the 
University of Campinas, Sao 
Paulo, Brazil and Dr. Armin 
Wagner at the Diamond Light 
Source, UK. We were able to 
produce and isolate the enzyme 
in our laboratories and study the 
digestive function. We were able 
to watch the enzyme digest PET 
plastic directly from a single-use 
drinks bottle over several days 
and measure the production of 
the monomer building blocks 
being produced.

Utilising a powerful X-ray 
beamline at the Diamond Light 
Source synchrotron, we solved the 
high-resolution structure of the 
PET-degrading enzyme, or PETase, 
from I. sakaiensis. This provided 
initial structural insights and we 
employed computer modelling 
to further understand how this 
enzyme binds to PET and breaks 

We are now working in 
partnership between academia 
and industry to provide us with 
the best chance of reaching a 
real-world solution.

Figure 3: The Diamond Light Source generates powerful X-rays that were used 
to solve the 3D crystal structure of the PETase enzyme. (Figure 4:) The enzyme 
is rendered as a coloured surface revealing how the PET chain interacts with 
the enzyme prior to cleavage of the polyester bonds to produce monomers.
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the ester-bonds. We found that 
the enzyme has a similar shape 
to a family of naturally occurring 
enzymes called cutinases. Cutin 
is a natural polyester found in 
plants and forms a protective 
and waterproof barrier that can 
be observed by simply running 
broccoli under the tap. 

This waxy layer is also made of 
monomers linked together by 
ester bonds, thus bacteria have 
been evolving polyester-degrading 
enzymes to invade plant cells 
for millions of years. We were 
interested to see if we could 
turn PETase back to an ancestral 
cutinase by changing the DNA 

sequence. To our surprise, rather 
than reduce PET-degrading 
activity, we actually improved it. 
While only a modest increase, 
this does indicate that PETase 
has the potential to be further 
engineered to be faster and more 
efficient at digesting PET. This 
opens up the exciting possibility 
of turning polyester plastics back 
to monomers so that they can be 
directly reused for new plastic 
bottles or even up-cycled to 
improved materials.

We now need to engineer an 
even faster enzyme and produce 
it at large scale. Fortunately, 
the technology exists and 

there are many large industrial 
companies that have the capacity 
to generate large quantities of 
enzymes. Examples include 
those currently used in biological 
washing powders, biofuels 
production, and food and drink 
manufacturing. We are now 
working in partnership between 
academia and industry to provide 
us with the best chance of 
reaching a real-world solution. 
We must be mindful though, that 
any real solution will involve 
a reduction in our reliance on 
plastics by innovative alternatives 
and implementation of a 
global recycling infrastructure. 
Responsibilities lie with both 
industry and consumers, and 
now that we are acutely aware 
of the problem, we can all play 
a positive role in reducing our 
environmental impact and 
developing solutions. n

1 Molecular Biophysics Laboratories, School of Biological Sciences, Institute of Biological and Biomedical Sciences, 
University of Portsmouth, Portsmouth, UK

2 National Bioenergy Center, National Renewable Energy Laboratory, Golden, Colorado, USA

3 Department of Chemistry, University of South Florida, Tampa, Florida, USA

Professor John McGeehan
Director Institute of Biological and 
Biomedical Sciences,
School of Biological 
Sciences,University of Portsmouth UK
john.mcgeehan@port.ac.uk

FOR MORE INFORMATION

The associate publication is open access and free to download from 
the journal: 
http://www.pnas.org/content/early/2018/04/16/1718804115

The 3D structure of the enzyme is also freely available: 
https://www.rcsb.org/structure/6EQE 

This research was supported by the BBSRC and the Diamond Light 
Source.
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We are at the dawn of a 
“new space” era. What 

was once only achievable 
through governments and large 
companies with the necessary 
deep pockets to afford building 
and launching satellites and 
paving the way to the Moon, 
is now within reach to small 
businesses and organisations. 

Satellites are providing us with 
a wealth of data that has the 
ability to transform our quality of 
life and associated technologies 
have become lighter, cheaper and 
easier to manufacture. More than 
ever we are putting this science 
to good use on Earth. Meanwhile, 
the International Space Station 
(ISS) is providing us insights 

of life in space, enabling us to 
prepare for the next steps beyond 
our planet.

Many companies are already 
making plans for life beyond 
Earth. Bigelow Space is planning 
on opening a hotel space station 
in near-Earth orbit. Elon Musk 
wants to make humanity “a 

Baking where nobody 
baked before
Bread as a stepping-stone towards humanity’s exploration of space

Bake In Space won the INNOspace Masters ESA 
BIC challenge: Credit: DLR/Leuschner
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multi-planetary species” through 
his innovations at SpaceX, and 
aims to send humans to Mars 
from as early as 2024. Meanwhile 
Richard Branson’s Virgin 
Galactic is currently developing 
a suborbital space-plane, 
Spaceship Two to enable tourists 
to experience the effects of space. 
Jeff Bezos, CEO of Amazon and 
owner of rocket start-up Blue 
Origin recently indicated his 
company might develop human 
habitats on the Moon’s surface, 
stating “we must go back to the 
Moon and this time to stay”. 
NASA is also developing deep 

space and life support systems as 
it looks towards regular crewed 
missions and spacewalks in orbit 
around the Moon. The Director-
General of the European Space 
Agency (ESA), Jan Wörner has 
expressed his vision for living 
and working on the Moon, 
leading to the creation of the 
Moon Village Association, which 
is “encouraging all efforts from 
private, governmental and others, 
aiming to explore and use the 
Moon in a sustainable manner.” 

As humanity ventures deeper into 
space it is inevitable that food 

will play an essential, key role. 
Food is an important part of our 
daily routine. It gives us energy 
in what we do and contributes to 
our overall lifestyle. The current 
provisions for food in space are 
very limited. Considering the 
early developments of space food, 
much of it was puréed, powdered 
or compressed into cubes coated 
in gelatine. It must have been 
quite a grim experience. During 
the Gemini 3 mission, pilot 
John Young famously smuggled 
aboard a corned beef sandwich. 
Scientists were understandably 
worried about the crumbs, which 
is still a strong consideration 
today. Astronaut food has since 
improved somewhat in terms of 
quality and taste, however much 
of it is pre-packaged with only a 
limited shelf life and astronauts 
rely on constant supply from 
Earth. As we adapt to life in 
space it will become necessary 
that solutions are found to grow, 
harvest and process food to eat. 
Already NASA and ESA have 
undertaken experiments to 
grow crop plants such as lettuce 
and tomatoes but the unique 
microgravity environment poses 
many challenges for producing 
and cooking food. Sebastian D. 
Marcu, founder of Bake In Space 
believes the production of bread 
lies at the heart of sustainable 
living in space and through his 
company is seeking to overcome 
these challenges. The idea is to 
use this endeavour as a stepping-
stone to providing fresh food 
that will benefit the wellness and 
general quality of life of those 
living and working in space.

From the dawn of civilisation 
humanity had to learn to grow 

NASA/ Bake in Space
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of it is pre-packaged with only a 
limited shelf life and astronauts 
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Earth. As we adapt to life in 
space it will become necessary 
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harvest and process food to eat. 
Already NASA and ESA have 
undertaken experiments to 
grow crop plants such as lettuce 
and tomatoes but the unique 
microgravity environment poses 
many challenges for producing 
and cooking food. Sebastian D. 
Marcu, founder of Bake In Space 
believes the production of bread 
lies at the heart of sustainable 
living in space and through his 
company is seeking to overcome 
these challenges. The idea is to 
use this endeavour as a stepping-
stone to providing fresh food 
that will benefit the wellness and 
general quality of life of those 
living and working in space.

From the dawn of civilisation 
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and harvest crops. Bread became 
a symbol of success in many 
cultures as we learned the ability 
to grind and mix the wheat into 
flour from which we could make 
fresh bread. The discovery of 
bread was a giant leap forward 
and found its way into religious 
rituals (“Lord, give us our daily 
bread”). In many cultures on 
Earth bread is also symbolic 
for quality of life. In English we 
speak of the “breadwinner” that 
maintains the quality of life in a 
household. In German the “Brot 
und Butter Geschäft” (Bread 
and butter business) signifies 
the main source of income for 
a business or person. In French 
the word “Copain” (Friend) comes 
from the Latin root of “com-
panis” (with bread). So in essence 
bread is always synonymous 
for quality of life, wellbeing and 
home. That is why we at Bake 
in Space believe that bread is 
our stepping-stone for human 
space exploration. We are taking 
those first steps once again as a 

civilisation, as we adapt to life 
in space. As we venture onto the 
Moon and Mars, we will have to 
learn to ‘live off the land’, making 
use of the resources we have at 
our disposal. To that end, Bake 
in Space is proposing a series 
of technology demonstrations 
and experiments to recreate the 
complete production cycle from 
growing grain to baking bread 
with technology adapted for the 
unique space environment. 

Each of the key baking steps 
(baking, mixing, grinding, 
growing) will require new 
hardware items and food 
preparation processes to be 
developed for microgravity. 
We need to overcome many 
technical constraints that can 
also have benefits here on Earth. 
For example, what new methods 
can we develop to produce more 
grain from less space, with less 
water and nutrients? What 
new technologies enable the 
production cycle from grain to 

Sebastian D. Marcu, founder of 
Bake In Space believes the 
production of bread lies at the heart 
of sustainable living in space.

Prototype oven.  
Credit: C. Lüthen for Bake in Space
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bread to be recreated with fewer 
resources and less energy? 

How can we ensure the food is 
safely and hygienically processed 
aboard the Space Station? This will 
require new cleaning, recycling 
and waste management solutions. 

All these steps require new 
and innovative thinking not 
only from space scientists 
and engineers but also food 
scientists, food manufacturers 
and artisan bakers. Bake in Space 
is enabling organisations to 
drive their innovations forward 
by participating in a bold and 
pioneering space mission. For 

example, we are looking at 
hardware to develop spin-offs, 
such as cultivating sourdough and 
yeast cultures safely within the 
space habitat. These innovations 
can be commercialised through 
new spin-off technologies, IP and 
products on Earth.

In its first step, Bake In Space 
is currently building a space-
ready oven for the ISS that will 
be capable of baking a dough 
mixture in microgravity. This 
requires overcoming a number of 
safety constraints defined by ESA 
and NASA. No touchable surface 
can be more than 45 °C, so no 
astronaut can burn themselves 
during operation. The oven will 
operate without a preheating 
phase and also includes a cool-
down phase to ensure the touch 
temperature constraint is fulfilled. 
As a result, water needs to be 
added into the baking cycle to 
ensure that the outcome is a 
crumb-free bread roll, reducing 
potential hazards that might 
damage equipment and vents or 
even get inhaled by astronauts. 

We are also limited to just 
220W-250W aboard the ISS, 
about one-tenth the power of a 
conventional oven. In addition, 
there cannot be any active yeast 
open aboard the Space Station 
out of concerns of mould forming 
in the space environment. 
We have so far developed a 
prototype of the oven to meet 
these requirements and plan to 
test it on the ISS in a future flight 
opportunity to demonstrate we 
can bake crumb-free bread in 
space. As potential early spin-
offs from this demonstration, 
we consider crumb-free bread 
seems to be an innovation that 

Model of rack where the oven is 
planned to be installed on the 
International Space Station.  
Credit: N. Jaschinski/ Bake in Space 

Bake In Space’s UK office, located at the DOCK, next to the National Space 
Centre in Leicester. Credit: Ryan J. M. Laird for Bake In Space
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could be used for improving the 
experience of business travellers 
and for conventions. In addition, 
parents would be happy to 
find their cars filled with fewer 
crumbs thanks to our bread 
innovation. The oven could also 
be used in energy-weak regions 
on Earth and on aircraft or boats 
with limited space and power.

We’re currently taking advantage 
of the many great opportunities 
in the growing space industry. 
Colonies on the Moon and Mars 
are no longer pieces of science 
fiction as there are real plans 
emerging for human missions 
beyond Earth. We are already 
seeing astronauts spending 
longer periods in space as we 
prepare for life beyond earth. 
These future space explorers 
will need to eat and fresh food 
will be an important part of their 
lifestyle. Let’s get baking! n

Ryan J. M. Laird  
(ryan@bakein.space) is Editor 
and UK Coordinator of Bake In 
Space. He studied Physics with 
Astrophysics MPhys (Hons) and 
has several years’ experience in 
science communication where 
he has promoted astronomy 
and space sciences at every 
level. He is a keen advocate 
for the sector and has a strong 
knowledge of European space 
startup activities.

Sebastian D. Marcu 
(sebastian@bakein.space) is the 
CEO and Founder of Bake In 
Space. He enjoys the challenge 
of developing new, innovative 
space concepts. Inspired by the 
US “newspace” start-up scene, 
he is keen on bringing this 
movement to Europe.

Credit: F. Stukenborg/ ttz Bremerhaven for Bake in Space
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Experts in Dough Technology
In-depth knowledge of dough technology is a key ingredient required for the production of high-quality bakery 
products. With over 35 years of experience in the bakery industry, Rademaker is expert in this field. This know-
how, combined with specific sheeting process expertise, overall production process insights and cost of ownership 
calculations, are used to develop the very best bakery equipment solutions that will work for you.

www.rademaker.com Hall 5
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