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5FOREWORD

“Time fl ies like an arrow, fruit fl ies like bananas!”  – Anon

Indeed time seems to have fl own 
by imperceptibly quickly and at 
the risk of sounding smug, Baking 
Europe is proud to be celebrating 
its fi rst year in print.  

We start our second year on a 
slightly more technical note so 
dig out that scientifi c dictionary, 
don the mortar board and be 
prepared to be amazed with 
some quite remarkable research, 
developments and innovation, 
some of which is literally, out of 
this world!

We start with a special report 
from “across the pond” on a novel 
approach to producing pizzas 
for astronauts using 3D-food 
printers – yes you read correctly – 

bringing a welcome change from 
the normal dehydrated fare. Plus, 
they come with enhanced micro-
nutrients!! So next time you look 
up at the clear night sky and 
see the tiny light that is the ISS 
rapidly tracing a line across the 
sky, take a moment to appreciate 
how R&D in the humble bakery 
industry is now enhancing the 
lives of interplanetary travellers!  
Next stop Mars?

Gluten-Free:–
Two words that conjure up a 
rapidly growing market with 
new problems and new 
opportunities.  In a new regular 
section we take an in-depth 
look at some of the important 
issues facing bakers across 

Europe looking at the science, 
the research and development 
and in particular the benefi ts of 
sourdough 
products and their 
possible gluten-friendly 
properties plus a 
presentation from Coeliac UK.

And fi nally, with coverage of 
the new legislation on food 
information introduced in 
December, exciting fi ndings 
in reduced GI response  in 
frozen dough products, brand 
new innovation in eco-friendly 
packaging and refrigerated 
transport, put the New Year’s 
resolutions on hold since a real 
feast awaits!

Michael Edmund
Editor

Welcome
to the Winter 2015 issue of Baking Europe!
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So, you probably have heard 
about 3D Printing and how 

it’s “going to change the world.” 
But how will it impact the food 
industry? 

First let’s define 3D Printing: 3D 
printing is a broad term that is 
used to describe many types of 
additive manufacturing processes. 
In additive manufacturing, a 
computer generated model is 
converted into a physical object 
by adding layer upon layer of a 
material. Currently, the material 
used can be plastic, metal, 
composites, ceramics, or yes, even 
food. 

There are three general classes 
of additive manufacturing: 
Stereolithography (SLA), Selective 
Laser Sintering (SLS), and Fused 
Deposition Modeling (FDM). In 
SLA, a light source, such as a laser, 
is used to cure a photo-reactive 
resin into a solid. The solidified 
material is then positioned so 
that the next layer of resin can 
be exposed to the light source. 
In SLS or melt fusion, a powder 
that melts but does not flow is 
melted using heat, specifically an 
infrared laser. After the layer is 
exposed, a thin layer of powder 
is placed over the solidified part, 
and the process is repeated until 

the final part is complete. The last 
general type is FDM or extrusion. 
In extrusion, the material must 
soften and extrude with heat 
and then become firm or solidify 
after it has been positioned by the 
print head. 

In processing food materials, 
the two most used methods 
of production are melt fusion 
(SLS) and FDM with some design 
modifications or extrusion. 
Melt fusion has been used for 
sugar1 and meal worm protein2. 
The extrusion process is used 
for more food stuffs including 
chocolate3,4, cheese5, and dough6. 

6 CUTTING EDGE

3D Printing
and its implications for  
the food industry
 
By David J. Irvin Ph.D. 

http://www.bakingeurope.eu
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While the food based systems 
are in their infancy, there are 
a numbers of players in the 
field7. From large, established 
3D printing companies such as 
3D Systems and their sugar lab 
printer, to academics such as 
Cornell’s Creative Machines Lab, 
to small companies such as ours. 

In the case of our company, 
we are focused on controlling 
the macro- and micronutrients 
of the printed product. In our 
National Aeronautics and 
Space Administration (NASA) 
project entitled “3D Printed 
Food System for Long Duration 
Space Missions,” the intent of 
the program was to overcome 
the fact that micronutrients 
decay in prepackaged food 
stuffs over time. Currently, most 
meals eaten by astronauts are 
prepackaged meals ready to eat 
or MREs. In these packages, the 

micronutrients are in contact 
with water and other food 
components that can oxidize or 
reduce the materials decreasing 
their nutritional value. In shorter 
missions, the reduction of 
nutrients can be overcome by 
frequent resupplying such as 
that used on the International 
Space Station (ISS). If NASA is to 
have a manned mission to Mars, 
this will not be an option since 
the distance will make it difficult 
to resupply mid mission. NASA 
needs a way to insure the crew 
has optimal nutrition for the 

1 http://the-sugar-lab.com/  

2 https://www.tno.nl/content.cfm?context=thema&content=prop_case&laag1=892&laag2=906&laag3=124&item_id=1866&Taal=2  

3 https://chocedge.com/  

4 http://zmorph3d.com/3d-printers/  

5 http://creativemachines.cornell.edu/node/194  

6 http://systemsandmaterials.com/technologies/3d-printed-food/  

7 http://3dprintingindustry.com/2014/11/09/11-food-3d-printers/ 

Photo: ISS Courtesy of NASA

3D printer photo caption here
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entire mission duration, which 
could last up to 900 days8. 

We designed a system9 
that would store basic food 
ingredients fortified with various 
micronutrients.  If the rate of 
micronutrient decay in the base 
ingredients is known, the recipe 
sent to 3D printer could be varied 
to account for the depleted 
nutrients. The various ingredients 

could be delivered in computer 
controlled amounts to a mixing 
center. After mixing, the material 
is transferred to the print head. 
The raw food is deposited onto 
a hot stage where the food 
begins to cook. After the print is 
complete, a short time under a 
forced air heater completes the 
cooking process.  

Using this technology, NASA 

8 http://www.nasa.gov/pdf/396093main_HSF_Cmte_FinalReport.pdf  

9 Patent Protected Invention

Expedition Four Flight Commander 

Yuri Onufrienko prepares a meal 

in the Service Module SM galley on 

the International Space Station ISS 

in January 2002. He holds a food 

bag labelled Kawa. Onufrienko is a 

representative of Rosaviakosmos. 

Photo, Courtesy of NASA

http://www.bakingeurope.eu
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would not need to over-fortify 
the prepackaged food and risk 
the possibility of nutrient toxicity 
in the beginning of the mission 
just to meet the astronaut’s 
needs near the end. In addition, 
NASA wouldn’t need to have 
separate food stores based on 
whether the meals are fortifi ed 
or unfortifi ed thus reducing 
logistics. The additive approach 
is also benefi cial by being able to 
customize the food or nutrition 
for a crewmember as his or her 
needs change over the course of 
the mission. 

As a demonstration, we chose 
pizza because it had three 
very different layers. Printing a 
cheese pizza demonstrated the 
capability to print materials of 
three different viscosities and 
varied cohesiveness. The tomato 
sauce has the lowest viscosity 
and the dough has the highest 
viscosity.  The micronutrients can 
be included in any of the layers, 
or just one based on the fl avor 
combinations. This will allow for 
not only optimal nutrition for the 
crew throughout the extended 
mission, it also might serve a 
different need: crew morale. A 
“freshly cooked” meal would 
break the monotony of eating 
MREs day in and day out.

In this author’s opinion, 3D 
printing will never supplant high 

rate manufacturing processes due 
to speed, cost, and infrastructure, 
but there will be 3D food 
printers in the near future. These 
printers will serve specifi c niche 
applications. For example, the 
sugar creations produced by 
“the sugar lab” printer would be 
diffi cult if not impossible without 
the 3D printer due to its ability to 
print contemporary and complex 
shapes. Chocolatiers can use 
the 3D printer to design short 

run, custom products without 
the need for creating molds. 
With the expansion of molecular 
gastronomy, new fl avors, textures, 
and shapes will be springing 
from the minds of amateur and 
professional chef alike.  Lastly, 
our company will work toward 
3D printers that control nutrition 
both here on Earth and in space. ■

Co-inventors David Irvin and Anjan Contractor working on their prototype 3D 

food printer sponsored by NASA.

Biography

David J. Irvin Ph.D. is the co-inventor of a 3D food printer designed 
to control the nutritional content of the food product. As Director of 
Research at Systems and Materials Research Corporation (SMRC), he 
is tasked with fi nding opportunities for SMRC’s staff of scientists and 
engineers to perform research and development projects using their 
unique blend of talent, team work, and creativity.   

For more information, please 
contact David Irvin at davidirvin@
systemsandmaterials.com or visit 
http://systemsandmaterials.com/
technologies/3d-printed-food/

FIND OUT MORE 
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Gluten Free
Overview

As the national Charity for 
people with coeliac disease 

and dermatitis herpetiformis 
(DH), Coeliac UK supports its 
65,000 strong membership base 
with information and advice, 
fundraising, supporting new 
research developments, and 
campaigning to improve access, 
availability and quality of gluten-
free food.  

We have worked alongside 
retailers and manufacturers 
for many years to understand 
and meet the incredible growth 
in demand for gluten-free 
products. There are a number of 
factors infl uencing this demand, 
including increased diagnosis 
rates with around 1200 new 
Members joining every month 
who depend on gluten-free food 
to manage their condition. As 
well, half a million people in the 
UK are still to be diagnosed with 
coeliac disease and a growing 
consumer segment are choosing 
gluten-free food for health and 
lifestyle reasons.

The gluten-free market
Gluten is commonly found in 
foods like bread and pasta and 
in processed foods like sauces, 
sausages and stock. In people 
with coeliac disease eating gluten 
causes damage to the lining of 
the gut resulting in malabsorption 

of nutrients from food and 
associated nutritional defi ciencies 
as well as a range of symptoms. 
The treatment for coeliac disease 
is a strict gluten-free diet for life.

Mintel1 predicted a 47% growth 
in the Free From market in the 
UK between 2013 and 2018, 
taking it to £538 million by 2018. 
Gluten-free represents around 
half of this, a huge market that 
continues to grow. We know 
that it is not just people with 
coeliac disease who are following 
a gluten-free diet, with 8% of 
households choosing gluten-free 
options.

What do gluten-free consumers 
want?
There are many challenges that 
face people on a gluten-free 
diet, from every day shopping 
and cooking to eating out and 
travelling abroad. People want 
to access great tasting and 
nutritious gluten-free foods, 
easily, and at a comparable cost.

Clear labelling
Clear food labelling is really 
important for people with coeliac 
disease. Clear food labelling 
enables people with coeliac 
disease to choose foods easily, 
allowing greater choice whilst 
following a gluten-free diet. 
Gluten-free is widely recognised 

Catering for the 
Gluten-free market
By Kathryn Miller, Food Policy Lead for Coeliac UK

10
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by people with coeliac disease 
and those following a gluten-free 
diet. Seeing gluten-free on a label 
provides instant reassurance 
for customers looking for 
safe options. The use of the 
term gluten-free is covered by 
Commission Regulation (EC) No 
41/2009. Foods which contain 20 
parts per million (ppm) or less 
of gluten can be labelled ‘gluten-
free’ in line with the regulation 
which became mandatory in 
January 2012.

Where manufacturers choose 
not to label gluten-free, new 
legislation in the form of the 
Food Information for Consumers 
Regulation (EC) No 1169/2009 
provides added information for 
people on a gluten-free diet, in 
particular for foods sold loose, for 
example in delis and bakeries. 
Food businesses must provide 
information on 14 allergens, 
including gluten, when they 
have been used as a deliberate 
ingredient.

Nutritious and tasty food
For people with coeliac disease, 
being diagnosed brings massive 
changes to their diet and lifestyle. 
The fi rst challenge is to adapt 

to the gluten-free diet but as 
time goes on, additional factors 
become more important. Gluten-
free provision, particularly 
bakery products have improved 
dramatically over the last 20 
years. People diagnosed with 
coeliac disease a long time ago 
will remember bread in a tin, yet 
today consumers are faced with a 
variety of breads, biscuits, pasta, 
breakfast cereals, crackers and 
cakes in the free from aisles of 
most of the major supermarkets. 
Saying that, gluten-free food 
availability is variable and some 
smaller stores don’t carry a free 
from range at all. 

Picking up food ‘on the go’ can be 
tricky, with cafés and sandwich 
bars offering limited gluten-
free options. People also want 
to see comparable nutritional 
composition in the substitute 
foods they eat, for example 
breads. Some fresh gluten-free 
breads contain signifi cantly higher 
levels of fat than standard breads 
but as new product development 
continues, new formulation 
techniques and ingredients offer 
new properties for gluten-free 
breads, improving taste, texture 
and nutritional quality.

Eating out
Coeliac UK’s Venue Guide lists 
over 5,000 venues that can 
cater for people with coeliac 
disease. Coeliac UK launched GF 
accreditation for the catering 
industry in 2012 and the numbers 
signed up are rising with now 
over 2,200 accredited venues. 
Catering businesses can benefi t 
signifi cantly as research shows 
people with coeliac disease - and 
the family and friends they eat 
out with - are worth a potential 
£100 million a year to venues 
willing to provide dishes labelled 
gluten-free. For businesses that 
have already taken up this option 
the impact on their bottom line 
is overwhelmingly positive. 
With this increasing catering 
opportunity comes an increased 
demand for good quality, easy 
to use products like gluten-free 
breads, rolls, wraps and cakes for 
use by the food service industry. ■

1) Mintel (213) Meat-free and Free-from Foods UK - September 2013.
Further information
www.coeliac.org.uk/food

FIND OUT MORE 

http://www.bakingeurope.eu
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‘Gluten-free’ seems to have 
become a global trend with a 
steady market increase since 
2004. The sales value exceeded 
10 B€ worldwide in 2014 and is 
expected to double in the coming 
five years. In the USA, 30% of 
the consumers demand gluten-
free or gluten-reduced food. 
Such demands are no longer 
specific to the USA. This market 
development exceeds by far 
the expectations based on the 
prevalence of coeliac disease (a 
serious intolerance to gluten from 
wheat, barley and rye causing 
inflammation of the small 
intestine and related problems 
in food absorption) and IgE-
mediated wheat allergy, which are 

about 1-3% and 0.2% of the global 
population, respectively. So, what 
is happening? Why do so many 
people feel more comfortable on a 
gluten-free or wheat-free diet?

Why gluten-free?
One of the answers is ‘health’ 
and the trend to consider wheat 
and gluten unhealthy. Consumer 
awareness of the link between 
chronic diseases and unhealthy 
life style is increasing, with such 
conditions as heart and vascular 
diseases, obesity, diabetes, 
immune-related diseases and 
some cancers now thought to 
have a common cause linked 
to life style factors such as 
smoking, no exercise, low-

quality processed foods and 
drinks, and stress. Celebrities 
in sports and on television, and 
books like ’The wheat belly’ 
(Davies, 2011) and ‘Grain Brain’ 
(Perlmutter, 2013) are promoting 
a healthy life, with reduced 
daily consumption of wheat and 
gluten. This, however, is creating 
confusion among consumers, 
scientists and people in the food 
industry, as there is no scientific 
proof that wheat is unhealthy. 
In fact, consumption of wheat 
and all other grains, especially 
as whole grain products, should 
certainly not be considered 
unhealthy. (Wu et al., doi:10.1001/
jamainternmed.2014.6283) 
The successful development 

The challenges of  
gluten-free in the bakery
 
By Luud JWJ Gilissen, PhD, Senior Scientist, Wageningen UR, The Netherlands (pictured)

12
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of humanity over the past ten 
thousand years since the start of 
agriculture is directly and largely 
related to the domestication and 
consumption of cereals (wheat, 
rice, maize) as staple. Bread is our 
most iconic food.

Another factor recently 
strengthening the negative 
appreciation of cereals is the 
concept of a new condition, 
separate from coeliac disease 
and wheat allergy, called ‘gluten 
sensitivity’, and the more specific 
‘non-coeliac gluten sensitivity’ 
(ncGS). None of the genetic 
and biological determinants of 
coeliac disease are to be found in 
these patients, whereas several 
symptoms seem to be similar. 
Also the name ‘non-coeliac wheat 
sensitivity’ (ncWS) was proposed, 
even though no direct connection 
to gluten consumption or 
particular wheat-specific 
compounds could be made. 
However, some intervention 
studies have demonstrated an 
improvement of patients with 
irritable bowel syndrome (IBS) 
on a gluten-free (wheat-free) 
diet. Simultaneously, a link was 

made with the relatively high 
content in bread wheat of so-
called FODMaPs (fermentable 
oligo-, di-, monosaccharides 
and polyols) although these 
saccharides are not specific to 
wheat but occur in many foods, 
including fruits, pulses and 
onions. Interestingly, spelt bread, 
which is often reported to be 
well-tolerated by people with 
functional gut disorders, is low 
in FODMaPs (Biesiekierski et al., 
2011, J Hum Nutr Diet 24:1154-
176). Taking the scientific studies 
on ncWS together, roughly 6% 
of the general population seem 
to benefit from a gluten-free or 
wheat-free (or low FODMaP) diet. 
For this group, it is suggested that 
bowel discomfort may mainly be 
caused by regular fermentation 
processes of these FODMaPs and 
the resulting gas formation in 
the large intestine, which may be 
more excessive in these people, 
who may thus experience more 
discomfort or even pain.   

The market 
Overall, the gluten-free 
consuming population can be 
subdivided into two categories: 

First, the diagnosed individuals 
(often together with their family 
members) with coeliac disease, 
and those with IBS that show 
improvement on a gluten-free 
diet; and second, the individuals 
that have actively decided to 
avoid wheat and gluten for 
(self-diagnosed health) reasons 
without clear medical motives 
but because of a personal (health-
related) preference. Both groups 
together represent the current 
market for gluten-free or gluten-
reduced products. They present 
interesting challenges to the 
bakery sector regarding product 
innovations and processing 
reconsiderations. Although the 
quality of gluten-free bread has 
improved during the last years, 
many of these breads still suffer 
from poor crumb and crisp 
characteristics, poor mouth feel 
and flavour, fast staling, and a low 
nutritional quality that worsens 
the already unbalanced gluten-
free diet. Here, the focus is on 
two healthy alternatives: (1) oat 
and oat bread as coeliac-safe and 
fibre-rich alternatives to wheat, 
and (2) the role of sourdough in 
gluten-free bakery products. 

Experimental dough system (left) and baked mini-loaf (right) made of pure oat flour (Londono et al., 2014, Thesis, 
Wageningen UR)

http://www.bakingeurope.eu
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There remain two other groups of 
consumers. The true coeliac and 
IBS patients, as not yet diagnosed, 
who still consume wheat and 
gluten and may have accepted 
their ill status and low quality of 
life. These people might benefit 
from gluten-free or reduced-
in-gluten products; as will a 
fourth group, which includes 
potential patients who may 
develop either condition after 
prolonged and abundant gluten 
and wheat consumption. For 
these latter two groups of people, 
oat and sourdough products, as 
replacement for current wheat 
products, may particularly fit the 
strategy to reduce the prevalence 
and symptom severity of coeliac 
disease, and contribute to 
improvements in cases of ncWS.  

Oat
Oats are increasingly recognized 

as a healthy cereal with proteins, 
starch, fatty acids and fibres 
(especially beta-glucans) all 
perfectly fitting human needs 
and with good potential to 
contribute to the prevention of 
several types of chronic diseases, 
especially heart and vascular 
disease, diabetes and obesity. 
Its soluble fibres reduce blood 
cholesterol, which is laid down in 
an EFSA-approved health claim. 
Oat products may be labelled and 
sold as gluten-free provided their 
gluten content is below 20 ppm 
(EC 41/2009). Oat proteins are 
safe in cases of coeliac disease 
(Londono et al., 2014, J Cereal Sci 
58:170-177). In comparison to 
other grains, the content of oil, 
mainly consisting of unsaturated 
fatty acids, is much higher. In 
addition, oats fit in a low FODMaP 
diet. Oats therefore form a 
complete health package. 

The health benefits are not 
matched by the use of oats in 
the bakery. Oat bread is not a 
common product. Oat bread 
making is difficult because of 
the absence of gluten, but not 
at all impossible. Starting from 
whole-grain oat meal, and using 
gums as gluten substitute, a 
batter-based, well-structured and 
palatable gluten-free oat bread 
has been produced (successfully 
marketed since 2011 by the Dutch 
company FreeOf). In addition, 
the first promising steps have 
been set at our institute to 
make a gluten-free dough-based 
oat bread. Another option is 
to produce a more compact 
oat bread (comparable to rye-
bread). The latter bread type, 
with pleasant smell, taste and 
mouth feel, became available 
very recently (and therefore 

in limited amounts, and not 
yet gluten-free) on the Dutch 
market. Oat as a new source for 
healthy and gluten-free bread and 
bakery products is an attractive 
challenge that invites creativity. If 
specifically applied in the gluten-
free setting, the production of oat 
should occur under guaranteed 
gluten-free conditions on the 
basis of HACCP, BRC and/or other 
food quality and food safety 
standards throughout the entire 
production chain. Such a gluten-
free oat production chain is 
operational in The Netherlands.

Sourdough 
Next to oats, several other 
nutrient-dense whole grains, 
such as amaranth, buckwheat, 
millet, quinoa, brown rice, 
sorghum and teff have shown the 
potential to increase nutritional 
quality with their fibre, 
protein and mineral contents. 
Sourdough can be exploited to 
overcome some disadvantages 
of these grains in gluten-free 
bread making, which relate to 
excessive prices of additives, 
potential allergenicity, and 
consumers’ requirements for 
natural products. Sourdough 
bread making is an ancient 
technology that may be revived 
to make a valuable contribution 
to the production of high-quality 
bread from these various gluten-
free grains. However, attempts 
for producing sourdoughs with 
these grains are still limited, 
notwithstanding the potentials 
for improving nutritional value, 
flavour enhancing compounds, 
prolonging shelf life and 
retarding staling (Moroni et al., 
2009, Food Microbiol 26:676-684). 

Sourdough technology requires 

Ripe oat panicle in the field 
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slow fermentation, making it 
more time consuming than the 
use of baker’s yeast. This is part 
of the reason why it has lost 
priority in large-scale industrial 
bakery activities. Sourdough 
fermentation causes ‘pre-
digestion’ of several compounds, 
which in wheat results in partial 
breakdown of the network-
forming gluten proteins, giving 
lower-volume bread types. 
Several scientifi c studies have 
suggested that proteolytic food 
processing technology including 
sourdough could be applied to 
manufacture new types of wheat 
breads with reduced coeliac 
toxicity (Greco et al., 2011, Clin 
Gastroenterol Hepatol 9:24-29). 
These observations are promising, 
but it is too early to claim that 
sourdough wheat bread is coeliac 
safe. 

Nevertheless, the application of 
sourdough may have advantages 
in two ways (Gilissen et al., 2014, 
J Cereal Sci 59:337-353). First, it 
seems worthwhile to investigate 
the potential of sourdough bread 
products in a gluten-free and 
low-FODMaP diet for individuals 
with coeliac disease and non-
coeliac gluten sensitivity. This 
requires advanced proteomic 
and metabolomic analysis of 
the effects of sourdough on the 
gluten proteins and saccharides 
in the dough during fermentation. 
If suffi cient degradation of these 
compounds can be demonstrated, 

intervention studies with 
groups of volunteers should 
be conducted. Such a project 
is under development at a 
European level (as an initiative 
of Health Grain Forum). Second, 
large-scale consumption by the 
entire population, including non-
diagnosed patients, of sourdough 
products (which might occur in 
the case of an overall transition 
in the bakery from fast to slow 
baked products) may contribute 
to reduction of the prevalence 
and symptom severity of coeliac 
disease and ncWS. Notably, the 
prevalence of coeliac disease in 
Germany, with a longstanding 
tradition of sourdough bread 
consumption, is remarkably 
low: 0.3% of the population. 
Economically, such transition may 
enlarge the current niche market 
for sourdough products. 

Conclusion
The group of consumers 
of gluten-free products by 
far exceeds the population 
of diagnosed patients with 
coeliac disease, wheat allergy 
and non-coeliac gluten/wheat 
sensitivity. Increased awareness 
of health seems a major driver 
of consumers to increasingly 
demand gluten-free products 
or to avoid wheat and gluten 
from their diet. However, wheat, 
especially in its whole grain 
applications, should not be 
considered unhealthy. Oat as crop 
and sourdough as technology 

have high potentials to increase 
the nutritional quality and the 
diversity of ‘gluten-free’ bread 
and bakery products and may 
increase artisan bakery as is 
promoted in the European 
TRAFOON project. ■

Acknowledgements 

Ingrid van der Meer , Hetty van den Broeck and Marinus Smulders 
are acknowledges for critical reading of the manuscript. Thanks are 
due to partners of Health Grain Forum for stimulating interest, and 
to TRAFOON (EU grant number 613912) for fi nancial support.

Contact details:
Dr. Luud JWJ Gilissen
Plant Research International – 
Wageningen UR
The Netherlands 
luud.gilissen@wur.nl 

FIND OUT MORE 

Gluten-free oat bread on the market 
(FreeOf) 

http://www.bakingeurope.eu
mailto:luud.gilissen@wur.nl


16

BAKINGEUROPE Winter 2015 
www.bakingeurope.eu

FOOD INFORMATION
LABELLING

The New EU Food Information 
to Consumers Regulation 

has brought change on a hitherto 
unprecedented scale in Europe, 
and no doubt many of those 
involved will be enjoying a well-
earned festive rest, content that 
the first major deadline of 13th 
December 2014 has been met.

However, there are a number of 
good reasons why this isn’t a time 
to sit on one’s laurels, and to give 
thought to the future influences 
on labelling that will keep 
industry busy, not least of which 
will include:
• New responsibilities
• Enforcement
 
This article looks at the 
implications of each of these 
matters, in turn.

“New” responsibilities for food 
information
Article 8 of the EU Regulation1  
sets out responsibilities for food 
information within the supply 
chain. 

As you would expect, the primary 
responsibility for the food 
information lies with the EU food 
business operator under whose 

Food Information
“Think it’s all over? It’s not yet!”
 
By Sukh Gill, Director of Global Regulatory Services, Leatherhead Food Research

1) Regulation (EU) no 1169/2011 of the 

European Parliament and of the Council of 

25 October 2011 on the provision of food 

information to consumers
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name (or business name) the food 
is marketed, unless that operator 
is not established within the 
EU, in which case the importer 
into the EU is responsible. The 
business operator responsible for 
the food information must ensure 
that all mandated information 
is present and accurate in 
accordance with the applicable 
food information law and the 
requirements of relevant national 
provisions.

Food business operators which do 
not affect food information, such 
as those merely marketing food 
that has been supplied to them, 
also have responsibilities under 
the Regulation. Such businesses 
must not supply food which 
they know or presume, on the 
basis of the information in their 
possession as professionals, to 
be non-compliant with EU food 
information law, or relevant 
national provisions.

Arguably the responsibility is an 
existing one as outlined by Article 
17 of the EU General Food and 
Feed Regulation No 178/2002 , 
entitled ‘Responsibilities’:

“1. Food and feed business operators 
at all stages of production, processing 
and distribution within the businesses 
under their control shall ensure that 
foods or feeds satisfy the requirements 
of food law which are relevant to their 
activities and shall verify that such 
requirements are met.”

The underlining of this 
requirement is a consequence of 
the judgement in the Lidl Italia 
case, where the European Court 
determined that an obligation 
arose where a retailer became 
aware that a product was mis-

labelled. In that case, there was 
awareness in the trade that a 
certain alcoholic beverage was 
declaring an incorrect alcohol 
content. Under the new EU 
provisions it is now beyond doubt 
that a retailer would be obliged 
not to knowingly supply food 
which is non-compliant with EU 
food information law, or relevant 
national provisions. Could a 
retailer modify food information 
they know to be incorrect?

Food business operators must 
not modify the information 
accompanying a food if such 
modification would mislead the 
final consumer or otherwise 
reduce the level of consumer 
protection and the possibilities 
for the final consumer to make 
informed choices. Food business 
operators are responsible for 
any changes they make to food 
information accompanying 
a food, so any changes or 
corrections made by a retailer 
would make them responsible.

The new regulations underline 
a duty for everyone in 
the food supply chain to 
ensure compliance with the 
requirements of food information 
law and relevant national 

provisions which are relevant to 
their activities and also create 
an obligation to verify that such 
requirements are met. So even 
if you are merely marketing a 
third party product, you would 
be expected to exercise due 
diligence in listing compliant 
products; clearly reviewing all 
food information for all products 
might be excessive, but a risk 
assessed approach might focus 
attention on tertiary brands of 
products, whilst accepting that 
large well-managed brands have 
the capability and resources to 
comply.

There is a lesser requirement 
for provision of mandatory food 
information to the final consumer 
for non-prepacked food, or in a 
catering context. Nevertheless, 
food business operators, within 
the businesses under their 
control, must ensure that 
information relating to such food 
(including for supply to caterers) 
must be transmitted to the food 
business operator receiving the 
food in order to enable food 
information requirements, such 
as important allergen information 
to be conveyed. Depending on the 
circumstances these obligations 
may be discharged by information 

“So even if you are merely 
marketing a third party 
product, you would be 
expected to exercise 
due diligence in listing 
compliant products”
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appearing on the packaging, a 
label attached thereto, or via 
commercial documents referring 
to the foods (where it can be 
guaranteed that such documents 
either accompany the food to 
which they refer or were sent 
before or at the same time as 
delivery).

Food business operators that 
supply food not intended 
directly for the consumer or for 
direct catering ( for example, 
ingredients) to other food 
business operators must ensure 
that those other food business 
operators are provided with 
sufficient information to enable 
them to meet their compliance 
obligations.

Enforcement
Throughout Europe, just as the 
Food Standards Agency is doing in 

the UK now, Central Enforcement 
Authorities will be co-ordinating 
the enforcement response to the 
Regulation. In the UK there is an 
expectation of a proportionate 
approach when dealing with 
contraventions of labelling 
requirements. Also, under 
Transitional provisions under 
Article 54.1 of EU Regulation 
1169/2011:

Foods placed on the market or 
labelled prior to 13 December 2014 
which do not comply with the 
requirements of this Regulation may 
be marketed until the stocks of the 
foods are exhausted.

Each case will be considered on 
its own merits, and one hopes 
that due consideration would 
be given to the response of the 
Food Business Operator to any 
allegation of non-compliance. 

Acting responsibly to update 
labelling to comply with the 
Regulations should elicit a 
proportionate response; however 
food safety implications, such 
as missing allergen information 
would require a product recall. 

In the UK, the Government has 
used the new regulation as an 
opportunity to give enforcement 
officers new powers to serve 
Improvement Notices (INs) for a 
failure to comply with provisions 
of Regulation (EU) No 1169/2011. 
Accompanying this new power 
is statutory guidance on how the 
INs should be used. Due regard 
would be given to local authority 
enforcement policies (which are 
publicly available, in the UK), and 
would be considered as part of an 
escalation of enforcement action. 
Guidance on the enforcement 
and use of INs will be included 

http://www.bakingeurope.eu
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in future revisions of the Food 
Law Code of Practice (which is 
currently being consulted upon) 
and Practice Guidance (again, 
these documents are publicly 
available in the UK). The Practice 
Guidance will be amended 
in early 2015, but the current 
guidance in Annex 1 gives an 
indication of the approach to be 
expected.

For food business operators that 
comply with an IN, that will 
be the end of the matter and 
no further action will follow. 
However, the failure to comply 
with the IN is a criminal offence. 
There will be circumstances 
where the food business operator 
may wish to challenge the 
view of the inspector. In such 
cases he may begin to persuade 
the inspector that his view is 
incorrect, in advance of a formal 
appeal of the notice.

A formal appeal would have to be 
made to the First-tier Tribunal of 
the General Regulatory Chamber 
operating under its rules and 
procedures; and any subsequent 
appeal (if permitted) to the Upper 
Tribunal.

The overriding objective of the 
Tribunal is to deal with cases 
fairly and justly. A notice of 
appeal must be made by the 
food business operator within 28 
days of issue of the IN, and the 
authority has a further 28 days 
for response. Following this the 
appellant food business has a 
further 14 days to reply. If the 
matter is not resolved through 
correspondence, a tribunal 
hearing will follow. Appeals from 
the decision of the tribunal are 
only allowed with permission.

With such a complex route to 
challenge enforcement action, 
together with the scrutiny of the 
supply chain acting under its 
obligations, industry will need 
to be certain that it can defend 
its food labelling, advertising, 
and presentation. The need for 
sound regulatory advice and 
due diligence in compiling food 
information has never been more 
important. ■
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Bioactive compounds such 
as antimicrobials and 

antioxidants are traditionally 
added directly to food products. 
However these compounds 
remain active for only a 
relatively short time, either 
because of degradation or 
through interaction with other 
ingredients. To overcome this 
loss of activity, manufacturers 
typically increase the initial 
amounts of additives to ensure 
effectiveness throughout the 
period of food storage and 
distribution.

In recent years, great strides 
have been made in the 

development of new materials 
for food packaging: these are 
able to control the migration 
of bioactive substances into 
food. Published work includes 
the incorporation of bioactive 
substances such as organic 
acids, enzymes, bacteriocins or 
fungicides into films composed 
of both synthetic polymers 
and biopolymers. Release of 
the bioactive substance occurs 
primarily by passive diffusion, 
with the paradoxical situation 
that the highest concentrations of 
additives occur at times of least 
need - such as when microbial 
load is lowest, necessitating again 
an increase in the initial quantity 

of additives to ensure adequate 
release throughout storage and 
distribution. Nanotechnology 
could help to solve these 
problems.

Nanomaterials that encapsulate 
bioactive substances have been 
developed to fulfil different 
functions, such as increasing the 
duration of activity; protecting 
and releasing bioactive 
substances in response to a 
stimulus and/or to facilitate their 
incorporation into food. Some of 
the most promising applications 
for the food industry will be 
described.

Certain nanostructures are 
formed naturally by self-
assembly under appropriate 
conditions. The stereochemistry, 
shape and properties of these 
nanostructures depend largely 
on the initial component 
structure. Thus, casein micelles 
can be useful as nanocarriers 
to transport, protect and 
release sensitive hydrophobic 
nutraceuticals. The synthesis 
of nanohydrogels of WPI (Whey 
Protein Isolate) and β-lactoglobulin 
by temperature-induced gelation 
has also been well studied. These 
protein nanohydrogels are able 

Bioactivity 
of functional ingredients  
can be improved by

nanotechnology
 
By Clara Fuciños and Lorenzo Pastrana (pictured below)
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to respond to environmental 
stimuli such as pH, temperature, 
magnetic or electric fields, ionic 
strength, solvent composition, 
redox potential, and enzymatic 
conditions. This behaviour may 
be particularly useful for the 
controlled release of encapsulated 
bioactive compounds in different 
parts of the gastrointestinal 
tract. α-Lactalbumin, another 
whey protein, is able to form 
nanotubes by self-assembly 
after partial hydrolysis by a 
protease and in presence of 
a divalent ion. These tubular 
nanoparticles, besides increasing 
food viscosity very efficiently, (i.e. 
acting as food thickeners), may 
be used to encapsulate poorly 
soluble bioactive substances 
such as anticholesterolaemic 
compounds, so facilitating their 
incorporation into low-fat foods. 
Self-assembly of α-lactalbumin 
nanotubes is reversible under 
certain conditions, such as low 

pH, thus allowing the release of 
encapsulated substances. This 
property could be used to target 
the release, and so improve 
the effectiveness, of bioactive 
substances in different regions of 
the gastrointestinal tract where 
different pH occurs.

Biopolymeric nanoparticles can 
also be obtained from protein/
polysaccharide mixtures, such 
as pectin and β-lactoglobulin, 
by heat denaturation under the 
appropriate pH. The literature 
also describes the synthesis of 
chitosan nanoparticles by ionic 
gelation, chemical gelation using 
crosslinking, coacervation or 
also by self-assembly. Different 
applications have been described 
for these nanoparticles. 
Encapsulation of antioxidants 
such as quercetin demonstrates 
the possibility of enhanced 
bioavailability; while the thermal 
stability of eugenol, known for 

its antioxidant and antimicrobial 
activity, may be increased.

Another group of nanoparticles 
with a potential use in food 
packaging is the so-called smart 
nanohydrogels, which are able 
of carrying bioactive compounds 
and releasing them only when 
it is necessary, i.e. in response 
to environmental changes. 
Poly (N-isopropylacrylamide) 
nanohydrogels possess the 
ability to remain swollen at 
temperatures below their 
collapse temperature (around 
33 °C), so protecting a bioactive 
substance inside. Above this 
temperature, the nanohydrogel 
shrinks, releasing the active 
substance. This property 
could protect food when 
environmental conditions might 
favour microbial food spoilage. 
Pimaricin is an antifungal 
compound widely used in the 
food industry. Its encapsulation 
into poly (N-isopropylacrylamide) 
nanohydrogels allows not only 
enhanced antimicrobial efficiency 
of this compound but also a 
reduced presence of additives in 
food products.

Incorporation of these new 
materials into food packaging will 
allow more natural food products 
to be offered, through a reduction 
in the use of additives to the 
minimum. n
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Krüger & Salecker is one of 
the leading manufacturers 

of moulding machinery for the 
food processing industry in 
Europe. Since 1948 they have been 
familiar with the confectionery 
market and have been designing 
machinery for a wide fi eld of 
application in this area. The 
focus lies on the processing 
and moulding of marzipan and 
similar pastes such as fondant, 
fruit pastes, fudge, doughs etc. 

K&S also works in the fi eld of 
conveying systems. Here they 
produce specially designed 
conveyor belts, pick and place 
systems, fence belts, curves, 
separating conveyors, conveyor 
lifts and cranes as desired by the 
customers. 

Another line of business, which 
has become more and more 
important during the previous 
years, are machines for bakeries, 

such as moulding machines 
for cookies or muesli products, 
sprinkling systems or rum 
ball lines for heavy industrial 
production. The fi nal area to 
be mentioned is the special 
machine construction. In this 
fi eld Krüger & Salecker develops 
special machines conforming to 
the customers’ request which 
are not available on the market. 

Krüger & Salecker has its own 
well equipped laboratory, which 
is very often used by the product 
development departments of our 
customers. 

Following the corporate principle 
of innovation, Krüger & Salecker 
introduced a patented High-
Speed rolling line for processing 
balls of different pasty masses. 
This machine is called “VRH 
0300”.

This fully automatic-controlled 
product line, a combination of a 
moulding and a rolling machine, 
is suitable for processing various 
pliable mixes into spherical 
products and provides the 
greatest production capability 
on the market. The machines 
are selected based on mixture 
consistency and can be 
customized to fi t into the desired 
production line.

Another introduced “state-of-
the-art”, the patented moulding 
machine for processing cereal 
mixes – called GFW cerael 
moulding machine, was designed 
in 2010. The most important 

advantages of this machine 
family are:

• very compact system: only up 
to 5 sqm space required

• moulding of products with 
various different shapes, 
beside rectangular

• moulding without cut and 
waste

• no destruction of the cereals
• use of various different binders 

possible, reduction of binder 
down to 25%

• direct placement in front of 
enrober, or oven possible

• easy and quick cleaning. ■

Get your products 
into good shape

Krüger & Salecker
Maschinenbau GmbH & Co. KG
Nieland 1, 23611 Bad Schartau
Germany
E: info@kands.org
www.kands.org

FIND OUT MORE 

for cookies or muesli products, 

fi eld Krüger & Salecker develops 
special machines conforming to 

are not available on the market. 

Krüger & Salecker has its own 

into good shape

GFW 1045

VRH 0300
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The DÜBÖR® GROUP, run by Swiss 
owner-manager Holger Groneweg, 
comprises several companies 
in the fields of oil processing, 
confectionery glaze production 
and the construction of spraying 
equipment.

For over 50 years the DÜBÖR® 
GROUP has been the reliable 
partner in all things regarding 
release agents, spraying methods 
and machinery. 

Premium emulsions, separating 
agents, release wax and cutting 
oils of all kinds belong to the 
DÜBÖR® product line. Our wide 
range of TRENNAKTIV products 
has guaranteed high-quality 
releasing agents for more than 50 
years.

All products are 100% organic and 
anallergenic, you will find RSPO 
products as well as HALAL and 
KOSHER certificated products. 
DÜBÖR® has been IFS certified 
since 2005.

The foundation stone for the 
group was laid in 1961, when 
entrepreneur Horst Groneweg 

established his first factory in Bad 
Salzuflen, Germany, to produce 
release agents and the related 
equipment for applying them. 
A large number of product and 
process innovations can be traced 
back to Horst Groneweg himself. 
Over the years, working together 
with his son Holger, he built up 
a small family business into a 
globally-aware, internationally-
active group with factories 
around the world. 

As company successor, Holger 
has already taken over the day-
to-day running of several of 
these factories. Horst Groneweg, 
however, is still ever-present 
in the Group’s laboratories and 
development centres, and plays 
a significant role in the ongoing 
development work.

DÜBÖR® Food Tech GmbH as part 
of the DÜBÖR® GROUP specialises 
in the manufacture of equipment 
for the application of release 
agents, glazes and fondant for the 
baking industry.

Whether you are looking for 
a manual system or a more 
sophisticated automatic one, 
DÜBÖR® actively supports you 
throughout the planning and 
implementation stages of your 
project by designing a system to 
satisfy your individual needs and 
requirements. We work closely 
with our expert partner companies 
of DÜBÖR® GROUP, to answer 
customer queries concerning the 
production of release agents.

At DÜBÖR® Food Tech GmbH, we 
specialise in the construction of 
spraying equipment, and meeting 
our customers’ performance 
requirements is central to our 

work. Our extensive product 
range is designed to match their 
expectations – whatever the 
recipe or product.

For coatings that are difficult to 
process, such as glazes, fondant 
or release agents, you can rely 
on DÜBÖR’s intricately-designed 
nozzles, with control air and 
spray air to give you a spray 
pattern that offers excellent 
results with no overspray, at high 
operating cycles and with precise 
output quantities. 

In 2015 DÜBÖR® Group comes up 
with several innovative products.

The classic automatic spraying 
System TSA 800 will be totally 
redesigned to the standards of 
hygienic design. Even the well 
known and successful DÜBÖR® 
nozzles will get a new look and 
an innovative technique.

DÜBÖR® GROUP

New TSA 800 with the innovative 
DÜBÖR® nozzles in a  Hygienic  
Re-Design

http://www.bakingeurope.eu
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This year DÜBÖR® Group introduces 
a manual spraying systems for 
chocolate to the market.   

The DÜBÖR® hotCHOC is a heated 
chocolate manual spraying 
device. It has been designed 
specifi cally in DÜBÖR colours in 
close cooperation with KREBS of 
Switzerland to spray a mixture of 
50% chocolate / 50% cocoa butter 
at a temperature range of 28C-35C 
/ 82F-95F. 

In 2015 DÜBÖR® will show the 
innovative curtain line concept 
for economical and effi cient 
curtaining with fondant, 
chocolate coating, gloss and tricks 
for icing in a new hygienic design.

The automatic curtain system AB 
–Z, with a length of only 1320 mm 
and a working width of 610 mm, 
can be used within the smallest 
spaces.

The drip pan of the 
curtain machine 
is made entirely 
of stainless steel. 
The stainless steel 
curtain box is both 
height- and tilt-adjustable, for 
optimum settings with variable 
working widths.

The infi nitely adjustable belt 
speed and pump speed allow 
both good control of the material 
and optimal adaptation to an 
existing production process. 

The maintenance free heating 
block is encapsulated in stainless 
steel and provides the basis for 
accurate and careful temperature 
control with dry heat.

Overall, the system is 
characterised by easy access to 
both pumps and hoses, and to the 
drain for easy cleaning.

In addition to processing all 
standard glazes, the curtain 
machine is available with an 
additional band module and a 
spray unit for apricot, as well as 
with a belt system.

Easy adjustments to working 
width, height or length can be 
made within the customized 
engineering of the framework. ■

Follow DÜBÖR® or TRENNAKTIV® on 
facebook to get our latest news always 
fi rst or check out our new app called 
“DÜBÖR” or “DUBOR WORLD” for 
apple or android.

FIND OUT MORE 

The drip pan of the 
curtain machine 
is made entirely 
of stainless steel. 
The stainless steel 
curtain box is both 
height- and tilt-adjustable, for 
optimum settings with variable 
working widths.

The infi nitely adjustable belt 
DÜBÖR® hotCHOC for spraying 
temperated chocolate

DÜBÖR®Air pressure Biscuit Syringe 
for heavy dough

both pumps and hoses, and to the made within the customized 
engineering of the framework. ■

DÜBÖR®Air pressure Biscuit Syringe 

DÜBÖR® automatic curtain system AB –Z
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In 2011, Novozymes surveyed 
over 4000 bread consumers 

throughout Europe, and learned 
that after moulding, dryness 
is the main reason that bread 
is thrown away. Texture and 
bread softness is important to 
consumers, and industrial bakers 
are challenged to ensure bread 
retains these qualities during 
storage. 

SECURING SENSORY APPEAL
Bread was once considered a 
highly perishable staple food 

which quickly lost its freshness 
attributes, but the launch of 
the first enzymatic solution, 
Novozymes Novamyl®, in 1990 
made it possible for bakeries to 
improve the freshness of their 
bread. Considering the fact that 
66% of consumers base their brand 
choice on a squeeze at the grocery 
store, it is vital that bread retains a 
soft, elastic feel. “Irresistibly soft,” 
“tender,” “delicate” – these are just 
some of the claims of new brands 
that are increasingly popular. So 
with today’s consumers growing 

expectations when it comes to 
the texture of packaged bread, 
continuous innovation to elevate 
bread to even higher quality is 
vital. 

In order to help industrial bakers 
meet the challenge of enhancing 
freshness in packaged bread, 
Novozymes launched a new 
class of maltogenic amylase, 

Enzyme technology  
secures significant freshness 
improvements in packaged bread
Figure 1: Dryness often causes consumers to throw bread away  

What is the main reason to throw bread away?

Source: Novozymes’ consumer survey, 2011 (4000 consumers in Denmark, Netherlands, Spain and Russia)

30% 

23% 

17% 

2% 

7% 

8% 

1% 

7% 

5% 

0% 10% 20% 30% 40%

The bread is mouldy

The bread has become too dry

The bread has become too hard

The bread smells

Have bought fresh bread

Passed its use-by date

Feel like another bread

Other reasons

Dont know

1) European consumer survey by the Retail 

Institute of Scandinavia and Novozymes
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known as Novamyl 3D, and a 
new amylase, called Sensea® 
in November 2013. These are 
independent yet complementary 

solutions that together achieve a 
new standard for moistness and 
tenderness from day one and 
right throughout storage.

PROVEN RESULTS
Recent tests investigated the 
performance of Novamyl 3D 
versus Novamyl 10000BG and 

Figure 3: Investigating crumb elasticity performance over time

 

 

Figure 2: Investigating crumb softness
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Novamyl Pro 80 with a usage 
ratio of 1:1 and 1:2 based on 
60ppm Sensea. Based on texture 
analyzer data as well as sensory 
evaluation, the combination of 
60ppm Sensea + 60ppm NM3D 
clearly demonstrates the softest 
and freshest bread quality. 

Fig 2 clearly demonstrates that 
the softest crumb is achieved 
with 60ppm Novamyl 3D. Just 
30ppm Novamyl 3D showed 
better crumb softness compared 
to 60ppm Novamyl 10000BG or 
Novamyl Pro.

In Fig 3, 60ppm Novamyl 3D 
resulted in fl attest crumb 
elasticity curve with a difference 
of only 1.4 points. That indicates 
almost equal crumb elasticity 
from day 1-14. 30ppm and 60ppm 
Novamyl 3D showed the least 
difference in crumb elasticity 
compared to Sensea alone or 
compared to Novamyl or Novamyl 
Pro.  

BETTER BAKING SOLUTIONS, 
BETTER BREAD
During consumer research 
conducted by EBIC in the 
Netherlands in February 2013, the 
majority of consumers preferred 
10 day old bread baked with 
Novamyl 3D when compared 
to bread baked with original 
Novamyl, and stated that it was 
‘more moist, more tender’, and 
‘exactly right.’

The survey demonstrated that 
the sensory quality of moistness 
is highly valued. When consumer 
panels gave higher scores for 
moistness and tenderness, they 
also gave correspondingly higher 
”like” scores. “Dryness” was one 
of the top reasons for throwing 

bread out - which indicates that 
bakers who can deliver moist, 
tender bread hold the key to 
reducing unwanted food waste. 

“Consumers want convenience in 
today’s busy world,” says Stephan 
van Sint Fiet, Novozymes’ global 
marketing manager for baking. 
“Current solutions on the 
market ensure soft, elastic bread 
throughout storage – but now 
Novamyl 3D adds an important 
new tender texture.”

Sensea was developed to enhance 
the eating experience in packaged 
bread from the very fi rst day, 
delivering moister mouthfeel to 
helps industrial bakers to build 
superior brands through elevating 
the consumer eating experience. 

Sensory sessions by baking 
experts have proven that 
Sensea delivers exceptional 
moistness, smoothness and 
melting properties. The sensorial 
benefi ts offered by Sensea are 
also perceived by consumers, 
with 90% of a non-expert panel 
responding that they liked the 
bread baked by using Sensea. 
In three-day-old bread, Sensea 
delivers outstanding moistness 
characteristics and best 
overall freshness experience. 
Smoothness and melting are 
on par or better compared to 

currently available technologies.

“With Sensea, consumers 
perceive the difference in 
freshness from the very fi rst bite,” 
says Stephan van Sint Fiet. “The 
bread is so soft and tender, and 
almost melts in your mouth.”

Novozymes collaborates closely 
with bread ingredient companies 
to ensure the solutions truly meet 
the needs of the industry. Both 
new solutions work to ensure 
that the crumb structure remains 
elastic and fl exible, resulting in 
better bread softness – Sensea 
instantly lowers resilience offering 
an immediate moister and more 
melting mouthfeel whereas 
Novamyl 3D’s technology kicks in 
as time progresses. When used 
together, the solutions ensure a 
new standard of tenderness and 
moistness which is maintained 
throughout storage. ■

Stephan van Sint Fiet
Global Marketing Manager Baking
Novozymes Switzerland AG
Neumatt
4243 Dittingen Switzerland
E-mail: ssfi @novozymes.com
Web: www.novozymes.com

FIND OUT MORE 

Figure 4

Consumer scores* in 
white bread

50 ppm
Novamyl®

10000 BG

30 ppm
Novamyl®

3D

Moistness 2.3 2.6

Tenderness of the outside 2.8 3.1

Liking score 5.8 6.3
*Scores are statistically signifi cant. 30 ppm of Novamyl ® 3D gives similar softness as 50 ppm of Novamyl® 

10000 BG. (Texture Analyser results) 
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It may come as no surprise that 
bakery products are the most 

widely consumed food in the 
world and that the many bread 
varieties available have been 
developed through a variety of 
combinations of raw materials, 
processing technologies, 
traditions and life-style.  Bakeries 
have adapted to consumer 
demands and society changes by 
changing production processes, 
products and even distribution 
channels to meet the new society 
requirements. These include fresh 
bread all day long and a wide 
variety of baked products with 
new flavours, shapes and sizes. 

Traditional baking processes 
are sometimes too limited 
and inflexible to fully satisfy 
manufacturers’ requirements and 
consumers’ demands. One of the 
most significant technological 
developments in the bakery 
sector in the last few decades is 
the bake off technology applied 
to frozen or low temperature 
stored products, which has 
supported a continuous growth 
for easily prepared bakery 
items at home and institutional 
markets. The market for partially 
baked bread has been rapidly 
growing worldwide because the 

product is already sized, shaped 
and partially baked, thus skilled 
personnel are not needed at 
the retail point for finishing the 
product. During recent decades, 
the market for bakery products 
from part baking has experienced 
an exponential growth, mainly 
in Western countries, and driven 
principally by life-style. However, 
the same trend is foreseen in 
Eastern countries over the next 
few years, due to the introduction 
of part baking in the production 
of the different types of breads. 
In addition, this breadmaking 
technology might be very useful 
for producing bakery products 
adapted to specific populations 
with special requirements, such 
as has already happened with 
gluten free breads.  

Partially baked product (part-
baked, par baked or pre baked) 
is produced in two baking 
stages. The first baking gives a 
product (such as partially baked 
bread) with aerated crumb but 
without crunchy and coloured 
crust. During that initial baking, 
starch is gelatinized and 
gluten coagulated, but without 
completing the reactions that 
give the colour to the crust. 
After that, bread can be stored 

for extended periods, depending 
on the type of storage selected 
(refrigerated, frozen or packaged 
under modified atmosphere or 
vacuum). Second or full baking 
requires very short baking time; 
it contributes to additional water 
evaporation from the surface 
layers, crust development, and 
the occurrence of the Maillard 
reaction responsible for the 
coloration and the release of 
flavours that takes place during 
this stage. 

Bakery products from partially 
baking processes may use 
formulations or recipes  identical 
to the ones used in conventional 
or direct breadmaking process. 
Nevertheless, stabilizers of the 
crumb structure are advisable 
when part baked products 
are going to be subjected to 
frozen storage. Very often the 
full baked products obtained 
from partially baked ones are 
perceived to be of lower quality 
than their homologues produced 
by conventional breadmaking, 
although information comparing 
the quality of products from both 
processes is scarce. Part baking 
process allows the production of 
loaves ready to sell after a further 
short baking. If the process and 

Part-baked breads 
and glycaemic 
response
 
By Cristina M. Rosell
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storage is conducted properly, the 
quality of the full baked products 
is well-accepted and similar to 
that obtained by conventional 
breadmaking. 

Part baking technology has also 
followed the current nutritional 
trends in bakery products. In 
fact, different formulations have 
been proposed for improving 

‘frozen storage of part baked breads, 
combined with fibre addition, induce a 
significant reduction (35%) of the glycaemic 
index of bread’

http://www.bakingeurope.eu
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the nutritional pattern of these 
products, although the structural 
effects on crumb must be assessed.

At this point it is important 
to remark that the addition of 
fibre to part baked bread has 
promoted a significant effect on 
the glycaemic index (GI). The GI, 
expressed as percent, is defined 
as the incremental area under the 
curve (AUC) of the blood glucose 
concentration occurring within 
two hours following ingestion 
of 50g carbohydrate-containing 
food relative to reference food 
(glucose, GI glucose = 100, or 
white wheat bread, GI white 
wheat bread = 100). The glycaemic 
response has been related to the 

rate of digestion and absorption 
of carbohydrate-containing foods 
with help of in vitro methods 
that mimic the in vivo digestion 
processes. Considering that 
glycaemic index is one of the 
nutritional factors related to 
carbohydrates, and that low 
glycaemic index diets have 
been associated with beneficial 
effects on type 2 diabetes, the 
insulin resistance syndrome, 
cardiovascular disease, and 
certain cancers, any strategy 
to decrease the glycaemic 
index of the bakery products is 
welcomed. Borczak et al (2012) 
have recently investigated the 
effect on glycaemic index among 
15 healthy human volunteers of 

the addition of 10% dietary fibre 
(oat fibre 75% and inulin 25%) to 
partially baked and frozen wheat 
rolls. He concluded that frozen 
storage of part baked breads, 
combined with fibre addition, 
induce a significant reduction 
(35%) of the glycaemic index of 
bread. Other nutritional effects 
of frozen storage of part baked 
breads and the addition of fibres 
have been reported (Kopec et 
al., 2011). Part baked breads had 
significantly higher chemical 
score, essential amino acid 
index and protein digestibility, 
in comparison to the values 
obtained for conventional bread. 
A more detailed observation of 
the digestibility of starch was 
recently reported (Borczak et 
al., 2014), who characterized 
the content of rapidly digestible 
starch (RDS), slowly digestible 
starch (SDS) and resistant starch 
(RS) of wheat breads prepared 
from frozen partially baked 
breads. RS contents of partially 
baked and fully baked rolls are 
significantly higher in frozen 
stored rolls compared with the 
control rolls. The level of RS 
increases during the first week 
of frozen storage and then 
remains constant in fully baked 
rolls; therefore prolonged frozen 
storage does not have any adverse 
effect regarding the content of RS. 
Indeed, a significant increase of 
resistant starch content in frozen 
stored part baked wheat rolls 
has been related to a subsequent 
reduction of the glycaemic index 
(Borczak et al., 2008). 

It seems that part baking process 
offers convenience products but 
that nutritional aspects are also 
affected during processing, which 
might be taken into account. n

http://www.bakingeurope.eu
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In order to answer to this 
question it is necessary to 

adopt scientifi c and reliable 
tools which should approach 
the issue in a quantitative way. 
To this extent, the aim of the 
present analysis is to assess the 
real sustainability of bioplastics 
for food application compared to 
fossil plastics. The best means of 
determining sustainability is Life 
Cycle Assessment (LCA), which is 
the tool chosen by the European 
Commission. LCA is a scientifi c 

technique used to assess and 
quantify the environmental 
impacts associated with a 
product, process or activity. LCA 
analyses the entire life cycle 
of a product from raw material 
extraction to disposal. 

A literature research was 
conducted using Scopus database 
by inserting keywords related 
to bioplastics. 32 peer-reviewed 
LCA papers were identifi ed. 
Papers were excluded from 
analysis when data were not 
expressed in comparable units. 
The analysis is divided in two 
main sections. The fi rst section 
is related to the process of raw 
material production, that is 
generally biomass cultivation, 
and manufacturing (so called 
“cradle-to-gate” analysis). 
It is applied to the most 
representative bioplastics, 
namely Polylactic Acid (PLA), 
Polyhydroxyalkanoates (PHA) 
and modifi ed starch. These 
are compared to oil-based 
(synthetic) plastics. The analysis 

is quantitative and limited to 
PLA, PHA and modifi ed starch 
because not enough data are 
available on other materials. 
The second section is related to 
the evaluation of alternative of 
end-of-life treatments. Analysis 
is primarily qualitative since few 
data are available and they are 
not often comparable. Different 
end-of-life treatment options 
have been assessed, in particular:
1. Landfi lling
2. Incineration 
3. Recycling
4. Composting
5. Anaerobic digestion

Relatively little data about waste 
treatment are available.

Bio-polymers
About 90 per cent of the studies 
used Global Warming Potential 
(GWP) and Non Renewable 
Energy Use (NREU) as impact 
assessment methods of the resin 
manufacturing process. 
• 8 provided useful data on PLA 

granulate  
Continued on page 36 �

Are bioplastics 
REALLY sustainable? 
By M. Manfredi, G. Vignali (pictured)
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Editorial 
Comment
Packaging forms an important component of 

many products: so much so, perhaps, that 
we pay it little attention, even dismissing it as a 
disposal problem. But packaging may be used to 
inform purchasers, to protect contents, to prevent 
or delay spoilage; or simply to enhance consumer 
appeal. In the case of cars, it may even be argued 
that the package is the product. 

In this issue, the Fraunhofer Institute explores 
the transfer of mineral oils from bakery bags into 
baked food, currently the subject of proposed 
German legislation. While there is little hard 
evidence that mineral oils in packaging are 
harmful, it is particularly striking that they 
found concentrations that were 8-10 times 
higher than the safe levels proposed in the new 
legislation. Elsewhere, CIPACK takes a look at the 
sustainability of biofilms as packaging materials. 
Issues may remain, but it seems that the bakery 
sector might do well to pay a great deal more 
attention to its packaging. n

Krüger & Salecker
Maschinenbau GmbH & Co. KG
Nieland 1, 23611 Bad Schwartau
Germany

info@kands.org  www.kands.org

Get your products in
good shape!

for Agents!
We are looking 

mailto:info@kands.org
http://www.kands.org


36

BAKINGEUROPE Winter 2015
www.bakingeurope.eu

TECHNOLOGY AND INNOVATION
PACKAGING

• 8 provided useful data on PHA 
granulate  

• 2 provided useful data on 
Starch-based materials 

Very few studies considered other 
environmental impact indicators 
or end-of-life treatment of the 
plastics

Synthetic Plastics
Bioplastics data from these 
studies are compared to data 
concerning the most common 
synthetic plastics adopted for 
packaging applications. These 
are: High Density Polyethylene 
(HDPE), Low Density Polyethylene 
(LDPE), Polypropylene (PP), 
Polyethylene terephthalate (PET) 
and Polystyrene (PS). 

The environmental profi le of 
these plastics was taken from the 
Ecoinvent 2.2 database, which 
uses information provided by 
PlasticEurope ad is considered 
the most reliable database for life 
cycle assessment studies. Impact 
categories assessed are GWP, 
whose unit is kg of carbon dioxide 
equivalent, and NREU expressed in 
MJ Functional unit: 1 ton of product.

PLA Comparison 
Carbon sequestration that occurs 
during biomass growth is not 
considered in all studies. In studies 
that consider carbon sequestration, 
the GWP of PLA is on average 1.4 
kg CO2 eq./kg, or over 40% less 
than that of the oil based plastics 
studied. GWP is higher when 
carbon storage is not evaluated. 

NREU of PLA is on average 47 MJ, 
some 40% less than that of oil 
based plastics. (Figures 1 and 2).

PHA Comparison
The average GWP of PHA is 1.6 kg 
CO2 eq./kg, approximately 35% 
less than the average GWP of 
the oil based plastics. Similarly, 
average NREU of PHA, 48 MJ/kg, 
is about 40% less than that of oil 
based plastics. (Figures 3 and 4) 
It can be seen that the GWP and 
NREU data are more variable than 
those for PolyLactic Acid.

Modifi ed Starch Comparison
Average GWP of modifi ed starch is 
1.3 kg CO2 eq./kg, almost 50% less 
than that of the oil-based plastics, 
while average NREU of PHA is 
about 39 MJ/kg, over 50% less 

than that of the oil-based plastics. 
(Figures 5 and 6) Fewer studies are 
available on this material.

End of life analysis
The possible routes for bioplastics 
are summarized as follows:
• Digestion;

This is considered the 
most favourable, because it 
combines energy generation 
with the production of a soil 
conditioner

• Incineration (with energy recovery); 
in terms of GWP and NREU, this 
is preferable to composting, 
but can create environmental 
problems in other categories.

• Recycling; 
potentially a good solution but 
it is technically diffi cult.

• Landfi ll; 
always the least favourable 
choice.

Large uncertainties exist due to 
the lack of data available in the 
scientifi c literature.

Discussion
Generally the preferability of 
bioplastics is strongly dependent 
upon the production technology 
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adopted; upon the raw material, 
and on the assumptions made 
within the studies. The majority 
of the studies confi rm that the 
GWP and NREU of bioplastics 
are both preferable to those 
of traditional polymers. For 
other categories, it is diffi cult 
to draw general conclusions 
due to the scarcity of available 
data. Biobased materials appear 
to have a higher impact upon 
Eutrophication and Ozone Layer 
Depletion than  traditional 
polymer, while the impacts upon 
Acidifi cation and Photochemical 
Ozone Formation appear to be 
similar.

The main environmental 
advantages of bioplastics may be 
summarized as follows:
✓ Using renewable resources 

for production reduces 
dependence on petroleum and 
on non-renewable resources in 
general. 

✓ The feedstock used as raw 
material is carbon neutral.

The main environmental 
drawbacks include:
✓ Industrial agricultural practices 

require pesticides, fertilizers, 

energy for equipment and 
water.

✓ Bio-based plastics require 
land for production; this may 
compete with land needed 
to grow food for human 
consumption. 

✓ The energy consumption 
of the production phase is 
often higher than in oil based 
plastics due to the use of 
suboptimal facilities.

Conclusions
The LCA is the best method for 
the assessment of sustainability 
of bioplastics. The available 
LCA studies support the further 
development of bio-based 
polymers, but it is still diffi cult to 
draw general conclusions.

Regarding resin production:
• Generally, bioplastics have 

a better GWP and NREU 
environmental profi le than oil 
based polymers. 

In many other categories 
bioplastics appear to be less 
benefi cial, in particular in the use 
of fertilizers, pesticides and in 
their energy consumption.

Among end-of-life alternatives, 
digestion appears to be the best 
choice because it produces both 
electricity and a soil conditioner. 
Recycling could be a good 
solution but there is not much 
available data.

Bioplastic challenges to increase 
environmental sustainability are:
• Improve the sustainability 

of the agricultural methods 
adopted in feedstock growth by 
reducing or eliminating the use 
of pesticides and fertilizers. 

• Use of agricultural or industrial 
byproducts and waste, such as 
ligno-cellulosics from wood, 
corn stover and potato waste 
as feedstocks for bioplastics.

• Adoption of more effi cient 
technologies and renewable 
energy in the production 
phase. ■

M. Manfredi, G. Vignali 
Interdepartmental Centre Packaging 
CIPACK, University of Parma, Viale 
delle Scienze 181/A, 43124, Parma – 
Italy 
e-mail michele.manfredi@unipr.it 
e-mail giuseppe.vignali@unipr.it

FIND OUT MORE 

0	  
10	  
20	  
30	  
40	  
50	  
60	  
70	  
80	  
90	  

Dinkel	  
and	  

Stettler,	  
2007	  

Shen	  and	  
Patel,	  
2008	  

HDPE	   LDPE	   PET	   PP	   PS	  

NREU	  [MJ]	  

0.0	  

1.0	  

2.0	  

3.0	  

4.0	  

Dinkel	  
and	  

Stettler,	  
2007	  

Shen	  
and	  
Patel,	  
2008	  

HDPE	   LDPE	   PET	   PP	   PS	  

GWP	  [kg	  CO2	  eq.]	  

average	  

average	  

Oil	  based	  plastics	  

Starch	  based	  
polymers	  	  

average	  

average	  

Oil	  based	  plastics	  

Starch	  based	  
polymers	  	  

based

Figure 5 Figure 6

http://www.bakingeurope.eu
mailto:michele.manfredi@unipr.it
mailto:giuseppe.vignali@unipr.it


38

BAKINGEUROPE Winter 2015
www.bakingeurope.eu

TECHNOLOGY AND INNOVATION
PACKAGING – STUDENT RESEARCH

Paper and board (P&B) 
are important packaging 

materials, especially for packing 
food. In 2010 Europe’s production 
of paper and board was about 97 
Mio. t out of which 41 Mio. t were 
used in packaging applications.1 
These materials are based on 
renewable resources and are 
considered to be sustainable. 
P&B recycling is established in 
many countries worldwide with 
newspapers as an essential 
feedstock material.

In the last few years, scientifi c 
literature has increasingly 
reported on mineral oil 
compounds as contaminants 
in P&B for food contact use. 
Mineral oil based printing inks 
have been identifi ed as major 
sources for these substances; and 
contaminated recycled fi bres from 
newspaper recycling feed streams 
as having the most impact. 
Printing inks used in newspapers 
can contain high concentrations 
of mineral oil. Since mineral 

oils are not completely removed 
during recycling and reprocessing, 
signifi cant amounts of these 
compounds can be found in 
recycled paper-based materials. 
Newspapers contain mineral oil 
compounds at levels of around 
3000 mg/kg, while levels of about 
300 to 1000 mg/kg mineral oil 
have been found in unprinted 
cardboard containing recycled 
fi bres.2 

With regard to food packaging, 

Mineral oil compounds
in paper based packaging
By Romy Fengler (pictured)

Figure 1
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these substances were found to 
migrate into various foodstuffs. 
Since most of the compounds 
are sufficiently volatile, they can 
evaporate at ambient temperature 
from the P&B packaging and 
condense onto food.3 Dry foods 
with long shelf lives, e.g. rice or 
noodles in direct contact with 
the packaging, are especially 
affected, but also fatty foods like 

chocolate after short contact 
times.4 By way of example, it 
has been proven, that roughly 
70% to 90% of the mineral oil 
content from the packaging of 
a bag of rice, had migrated into 
the product after 8 months’ 
storage.5 Secondary packaging and 
transport packaging containing 
recycled fibres can also cause 
contamination of food items 

by permeation of mineral oils 
through primary packaging layers.

Chemically, technical mineral 
oils are complex mixtures of 
saturated hydrocarbons (MOSH) 
and aromatic hydrocarbons 
(MOAH), which include hundreds 
of individual substances. 
Single substances cannot be 
distinguished analytically due to 
their high structural similarities. 
MOSH typically consist of linear 
and branched as well as cyclic 
hydrocarbons, whereas MOAH 
include highly alkylated aromatic 
compounds from one to four 
benzene rings. Mineral oil used in 
recycled board typically contains 
around 15 to 20 % of MOAH2. 
Toxicological data is insufficient 
at the level of detail needed, 
but due to similarities with the 

“Roughly 70% to 90% of the 
mineral oil content from 
the packaging of a bag of 
rice, had migrated into the 
product after 8 months.”
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polycyclic aromatic hydrocarbons, 
the possibility that MOAH are 
carcinogenic cannot be excluded. 
Therefore, their occurrence in 
foodstuffs should be avoided if 
possible.6 

The German Federal Institute 
for Risk Assessment (BfR) has 
expressed concerns that the 
high concentration of mineral 
oil found in food may pose a 
risk to consumers. It therefore 
recommends minimizing the 

mineral oil content in P&B based 
food packaging6. However, official 
and legally binding threshold 
values for the mineral oil content 
in food packaging and limits in 
food are yet to be established. 
The BfR has recently published 
recommendations for amounts 
in food.7 In July 2014, the German 
Federal Ministry of Food and 
Agriculture (BMEL) presented 
the third ordinance draft for 
the assessment of mineral oil 
in paper-based food packaging. 

The proposed maximum 
concentration of MOSH will be 
24 mg/kg and for MOAH 6 mg/
kg. Maximum concentrations in 
actual food products of 2 mg/
kg for MOSH and 0.5 mg/kg for 
MOAH must not be exceeded8. 
It should be noted that this 
legal framework is still under 
discussion in Germany.

Fraunhofer IVV has the 
analytical equipment and 
skills to measure mineral oils 
both in packaging and in food. 
The semi-official reference 
method applies an online 
coupling of high performance 
liquid chromatography with 
gas chromatography-flame 
ionization detection (HPLC-GC-
FID). This device provides some 
advantages. MOSH and MOAH are 
separated in a reliable manner 
without contamination due to 
manual preparation. The process 
is fully automated and enables 
direct, high volume injections of 
extracts9. In this way MOSH and 
MOAH are analysed separately 
and quantified by internal 
standard substances.

In a recent study, Fraunhofer IVV 
investigated 30 bakery bags taken 
from the market with respect 

Chromatogram of a MOSH hump of recycled paper
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to their mineral oil contents. All 
of them were found to contain 
mineral oil substances. Levels of 
MOSH of up to 416 mg/kg (mean 
= 108 mg/kg); and MOAH of up 
to 45 mg/kg (mean = 15 mg/kg) 
were detected. From the data, 
worst-case migration into fatty 
food (the cruller, a form of twisted 
pastry) was estimated to be 
below the recommended values.10 
However, further investigations 
are recommended in order to 
obtain a better statistical data 
base and improve knowledge of 
the underlying mass transport 
processes.

As barrier materials may reduce 
the migration of mineral oil 
compounds from packaging 
material into foodstuffs, 
quantitative data for the 
barrier effects of polymer inner 
liners or coatings are needed 
to choose the best technical 
solution. Published scientifi c 
data for barrier properties of 
polymer fi lms against mineral 
oil are rare. This is because 
of the inherent technical 
and analytical diffi culties in 

measuring permeation across 
barriers at suffi ciently high 
sensitivity.11 Fraunhofer IVV has 
developed a fast and sensitive 
test method to determine the 
effectiveness of barriers against 
the permeation of mineral oil 
substances. The setup of this test 
is shown in Figure 1. To allow for 
a very sensitive determination 
of the barrier properties, the 
method uses 15 representative 
standard substances. These 
model compounds, which include 
aromatic as well as aliphatic 

substances, are spiked onto a disk 
of cardboard which is then placed 
in direct contact with the barrier 
fi lm to be investigated. A nitrogen 
stream is used to fl ush the 
permeated substances out of the 
cell for analytical determination.12

With this method, Fraunhofer IVV 
has investigated many barriers, 
from which 12 µm oriented 
polyethylene terephthalate or 15 
µm oriented polyamide fi lms have 
been found to be effective barriers 
against mineral oil substances. 
In contrast, permeation across 
polyolefi n fi lms is very high, 
which makes them impractical as 
barrier layers. ■

Contact details:
Romy Fengler, PhD student
working at Fraunhofer IVV, Freising, 
Germany
Department of Product Safety 
and Analytics
romy.fengler@ivv.fraunhofer.de 
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Food transport refrigeration 
plays a key role in the food 

chain not only in terms of 
maintaining the temperature 
integrity of the transported 
products but also its impact on 
energy consumption and CO2 
emissions. The bakery industry 
relies heavily on transportation 
of products from factories to 
retail shops. These products can 
be fully baked in the factory and 
transported, normally by road, 
at ambient temperature to the 
retail premises or are prepared 
and frozen in the factory and 
transported in a frozen state 
and baked in the retail outlet. 
The baking industry therefore 
relies on transportation of frozen 
products at temperatures of -18˚C 
or lower, at chilled temperatures 
above the freezing point and at 
ambient temperatures where 

refrigeration is not required. 
Where a bakery factory supplies 
bakery outlets, simultaneous 
distribution at the 3 different 
temperature levels may be 
required. 

The temperature control 
requirements during the storage 
and transport of perishable 
foods, including bakery products 
are covered by the EU and 
individual country legislation. 
These regulations have been 
revised in early 2006 and 
regulation EC No 852/2004 on the 
Hygiene of Foodstuffs requires 
manufacturers to have suitable 
temperature controlled handling 
and storage facilities that can 
maintain food at appropriate 
temperatures and enable these 
temperatures to be monitored 
controlled and recorded1. The 
transport of perishable food 
products, other than fruit and 
vegetables, and the equipment 
used for the carriage of these 
products is also governed by 
an agreement drawn by The 
Inland Transport Committee of 
the United Nations Economic 
Committee for Europe2. The 
agreement is known as the ATP 
agreement and its aim is to 
facilitate international trade by 
setting common internationally 
recognised standards for 

Food transport 
refrigeration and the impact 
on energy consumption
 
By Professor Savvas A Tassou (pictured)
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“In road transport 
refrigeration, the 
refrigeration system can be 
responsible for anything 
between 15% and 30% of the 
total fuel use of the vehicle”
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temperature controlled transport 
vehicles such as road vehicles, 
railway wagons and sea 
containers.

The majority of refrigerated road 
transportation is conducted with 
semi-trailer insulated rigid boxes. 
In Europe the external length and 
width of a semi-trailer rigid box 
are fixed but the external height 
and internal dimensions can 
vary depending on the individual 
design type [5]. A rigid semi-
trailer box normally consists 
of expanded foam insulation 
sandwiched between two 
external skins. Each skin consists 
of a few millimetres of plywood 
covered with a glass reinforced 
polyester, steel or aluminium 
skin. The most popular insulation 
is expanded polyurethane (PU) 
foam with cyclopentane as the 
blowing agent. (A substance 
which is capable of producing a 
cellular structure via a foaming 
process

This construction achieves a 
thermal conductivity in the 
region of 0.022 W/mK3. Another 
popular insulation material 
is extruded polystyrene. The 
thermal conductivity of extruded 
polystyrene is higher than 
PU foam but in floor and roof 
construction where there are 
fewer constraints for overall 
thickness, body builders can 
offset thermal losses by using 
thicker panels.

The most common refrigeration 
system in use for refrigerated 
food transport applications 
today is the vapour compression 
system. For semi-trailers the 
system is normally driven by 
an independent diesel engine 
whereas for rigid trucks a diesel 
engine drives a generator to 
electrically power the compressor 
and fans. The performance and 
power requirements of these 
systems are normally assessed 
at full load. In reality however, 

transport refrigeration systems 
operate over a wide range of 
loads. To match the varying 
load, the refrigeration system 
is either switched on and off 
or its capacity is modulated to 
maintain the set temperature 
with a consequent reduction 
in efficiency. Depending on 
the system design envelope, 
the expected Coefficient of 
Performance (COP) is generally in 
the range between 0.5 (at –20°C 
indoor temperature and 30°C 
ambient temperature) to 1.75 
(at +3°C indoor temperature and 
30°C ambient temperature)4.

In road transport refrigeration, 
the refrigeration system can be 
responsible for anything between 
15% and 30% of the total fuel 
use of the vehicle. It is therefore 
important that measures are 
taken to reduce the energy 
and environmental impacts of 
refrigerated transportation and 
these can include:

43
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Insulated box. The thermal load 
of insulated boxes can be reduced 
through: i) improved insulation 
and the avoidance of thermal 
bridges. Approaches under 
consideration for the reduction 
of the thermal conductivity 
include the engineering into 
the insulated box of alternative 
insulation materials such as 
aerogels and vacuum insulation 
and the reduction of the cost 
of these materials to improve 
economic viability, ii) the 
selection of an insulated box of 
the correct dimensions for the 
application to minimise surface 
area and minimise heat gains, iii) 
the selection of a light-coloured 
– ideally white – body colour, 
iv) frequent cleaning of the 
box and checking for damaged 
insulation. Additional savings 
can be achieved by using multi-
temperature insulated boxes 
and refrigeration equipment 
to deliver goods at different 
temperatures, hence reducing 
vehicle miles. 

The aerodynamics of the vehicle 
and insulated box can also 
have a significant impact on 
the energy efficiency of food 
transportation. Streamlined 
aerodynamic features can reduce 
fuel consumption by more than 
7% but care must be taken so 

that air flow to condensers of 
refrigeration equipment is not 
restricted and hot spots are 
avoided on the underside of the 
refrigerated box. 

Refrigeration equipment. Energy 
savings in the provision of 
cooling to the insulated box can 
be achieved through the careful 
selection of the refrigeration 
system in terms of working fluid, 
weight, efficiency and appropriate 
matching of the capacity of the 
refrigeration system to the load 
at design conditions and capacity 
control during operation at off-
design conditions. Alternative 
approaches include the use of 
on-board thermal energy storage 
using phase change materials 
(PCMs) and the charging of the 
PCM at the depot, as well as the 
use of cryogenic systems (total 
loss systems) using Nitrogen 
or CO2 cryogenic fluids. Recent 
developments of these systems 
provide indirect cooling of the air 
in the insulated box improving 
on system safety. These systems 
also offer advantages of low noise 
and rapid cooling compared to 
vapour compression but major 
disadvantages are the large on-
board cryogenic fluid storage 
requirements and the lack of 
cryogenic fluid storage and 
charging infrastructure. 

Increasing pressure to reduce 
greenhouse gas emissions from 
refrigerated food transportation 
is likely to lead to the further 
development and adoption of 
hybrid systems to reduce the 
size of on-board refrigeration 
equipment. This should be 
facilitated with the use of 
advanced logistics and on-
board system monitoring and 
diagnostics. n
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Flour Bomb?
By Michael Edmund

But, however, of saltpetre take six parts, live of young willow (charcoal), and five of sulphur, and so 
you will make thunder and lightning, and so you will turn the trick. – Roger Bacon, Opum Majus 

The words “flour” and “bomb” 
are to all intents and 

purposes diametrically opposed 
in their individual meanings. 
However, put together as a 
phrase, they conjure up myriad 
images from mischievous 
schoolboy pranks to politicians 
dodging airborne projectiles 
thrown by angry protestors!

To the responsible industrial 
bakery manager, however, the 
words can create a far more 
sinister image…

On Thursday May 2nd 1878, the 
largest grain mill in the world 
was reduced to a pile of rubble. 
Fourteen men working the 
evening shift at the Washburn “A” 
Mill in Minneapolis had clocked 
on as normal, but at about 7pm 
an explosion ripped through 
the building. It lifted the roof, 
destroying Washburn “A” and 
five other mills nearby before 
engulfing several city blocks in 
flames. All 14 mill workers were 
killed, while a further four people 
lost their lives in the ensuing 
inferno that May evening. Known 
as the Great Mill Disaster, this 
event is sadly far from unique; 
nor is it even unusual. As recently 
as April 2010, the ConAgra flour 
silos in Illinois blew up, while a 
similar explosion destroyed the 
Imperial Sugar Company refinery 
in Georgia in 2008, killing fourteen 
people and injuring 42. In 1977, 

an explosion at the Continental 
Grain Company plant in Louisiana 
killed 5. More than 100 airborne 
grain dust explosions were 
reported in the United States 
alone between 1994 and 2004, 
but this sad litany is dwarfed 
by an accident at the Benxihu 
Colliery in China in April 1942, in 
which no fewer than 1,549 miners 
died. To date, this incident is 
responsible for the greatest loss of 
life in the history of coal mining 
and, though not immediately 
obvious, there is nevertheless one 
feature common to all of these 
disasters. It is dust, and it is why 
EU Directive 2014/34, often known 
as the ATEX Directive1, provides 
with us this particular course of 
Food for Thought. The Directive in 
question was published in March 
2014 and concerns explosive 
atmospheres. 

Knowledge of explosives is 
ancient: it is generally accepted 
that the Chinese first formulated 
gunpowder in the 9th century. 
Today, we explain the concept in 
terms of a fuel, an oxidising agent 
and some means of initiating 
their reaction, rather than as 
a recipe containing the best 
proportions of saltpetre, charcoal 
and sulphur. Our understanding 
of explosions and how to make 
them bigger, more destructive 
and more deadly in times of 
war has also had the important 
side-effect of teaching us how 

to make buildings such as flour 
mills and sugar refineries safer 
and less likely to blow up in 
times of peace. The danger is 
clearly real: in an interview with 
Food Engineering Magazine in 
20082, General Mills’ milling 
manager observed that in the 
right conditions, flour dust is 
more explosive than coal dust. 
Indeed, we have learned the five 
conditions that are necessary for 
a dust explosion to occur3: 1) dust 
2) suspended in a cloud 3) within 
a confined space 4) with enough 
air 5) and some type of ignition. 
Nevertheless, the quantities 
involved in home baking, or in the 
commercial bakery probably do 
not constitute much of a threat. 
According to CV Technology4:  
“The amount of flour that you 
use at home is a 1 cup here or 
2 cups there. That’s not what 
we’re worried about. What we’re 
worried about is the railroad car 
load.”

The EU ATEX Directive defines 
an explosive atmosphere as: 
a “mixture with air, under 
atmospheric conditions, of 
flammable substances in the 
form of gases, vapours, mists or 
dusts in which, after ignition has 
occurred, combustion spreads 
to the entire unburned mixture.’ 
By Law, the Directive requires 
employers to identify areas where 
explosive atmospheres may occur, 
to classify them according to the 
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type of atmosphere and protect 
them from sources of ignition. 
A practical definition5 of a dust 
has been offered by the WHO as 
“solid particles, ranging in size 
from below 1 μm up to at least 
100 μm, which may be or become 
airborne, depending on their 
origin, physical characteristics 
and ambient conditions.” Among 
many types of dusts, the WHO 
lists flour, wood, cotton and tea 
dusts and pollens. The key factor 
is the size of the particles, which 
allows them to remain airborne 
and which significantly increases 
the surface area available for 
chemical reactions to occur. 

We have also become aware 
of other benefits of removing 
atmospheric dust from these 
environments: as recently last 
year, a clinical trial6 found that 
mill workers exposed to flour dust 
experienced significantly more 
cough, expectoration, wheezing, 
and shortness of breath, and 
significantly worse lung function, 
than workers not exposed to it.

When he learned of the explosion 
at Washburn “A”, the mill owner 
(the eponymous Mr. Washburn) 
was determined to prevent a 
similar disaster. He arranged the 
demonstration of a new device 
that claimed to prevent flour 
dust from clouding the air. After 
a successful trial, a machine - 
eventually they were known as 
“dust collectors” - was installed 
in the “C” mill; they were then 
installed in his other mills. 
Extraordinarily, Mr. Washburn 
also shared these innovations 
with his competitors. Today’s 
initiatives such ATEX need only 
save one life, or prevent one 
injury…

Experientia stultorum magistra, 
prudentia sapientum7 n

1) Directive 2014/34/EU of the European Parliament and of the Council of 26 February 

2014 on the harmonisation of the laws of the Member States relating to equipment and 

protective systems intended for use in potentially explosive atmospheres (recast). Accessed 

14 December 2014 

2) The Explosive Truth About Modern Flour Mills Accessed 14 December 2014 

3 & 4) ibid 

5) Hazard prevention and control in the work environment: Airborne dust (WHO, 1999) Ch1. 

pp 2 et seq.Accessed 14 December 2014 

6) Hamdy A. Mohammadiena HA, Husseina MT & El-Sokkary RT. Effects of exposure to flour 

dust on respiratory symptoms and pulmonary function of mill workers. Egyptian Journal of 

Chest Diseases and Tuberculosis: 62(4);October 2013; 745–75. Accessed 14 December 2014 

7) Experience is the teacher of fools; foresight, that of wise men. Desiderius Erasmus: 

Colloquia familiaria (Attrib.)
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