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Welcome
to the Summer 2016 issue of Baking Europe!

Contrary to what you may be 
expecting, this issue of the 

magazine is not in fact, entirely 
about the baking industry but 
partly about a “fence”! No, not, 
the wooden, slatted structure that 
may surround your garden but 
the imaginary one that is dividing 
the opinions of over 60 million UK 
residents and, indeed, many more 
Europeans.  OK, by now you have 
probably guessed that yes, I am 
talking about the UK referendum 
which is due to take place on  
June 23rd.

So “what’s this all got to do with 
the price of bread”, as we say in 
the UK – well quite a lot actually 
whether the final vote is to “stay” 
or “leave”, the bakery business is 
in for a bit a turbulence whether 
you are a supplier to the industry 
or a baker so please fasten your 
seatbelts everyone!

While you’re strapped firmly into 
your seat, you may like to partake 
of some reading to while away the 
time. Well, you couldn’t do better 
than immersing your head in this 
copy of Baking Europe (Sorry – bit 
of plug there!)  We start this issue 
with a special report on yeast and 
how it may now contribute to 
obesity. In our section on Gluten 
Free, CSIC moves the GF saga 
onto to new ground examining 
nutritional issues with GF 
products. Elsewhere we look plant 
sterols and research on some 
remarkable results on a new 
method of sensory profiling!

With a piece on barcoding 
accuracy from GS1, more 
university studies on energy 
efficiency in the bakery and a 
report from Fraunhofer i.v.v. 
on the latest technology on the 
destruction of mould spores 

in finished goods with “Pulsed 
Xenon light” to extend shelf life 
(rest assured the Martians haven’t 
just landed!) the summer issue 
is packed with new and exciting 
developments and innovation.

Finally, whilst this might be 
the final time that I write the 
Foreword for the magazine as a 
European, whichever way the vote 
goes we can only hope that from 
June 24th 2016 all the banter will 
have been a storm in a tea cup 
and that it will be “business as 
usual”.

 
Graham Pendred 
Publisher
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INGREDIENTS 
YEAST

Applying immunological techniques the antibodies against Baker’s yeast were measured in 58 obese 
and normal weight individuals in Central Norway 
 
S. Salamati1, C. Martins1,2 and B. E. Kulseng1,2

Introduction
Obesity is now one of the 
major health issues worldwide. 
The population of overweight 
individuals   has more than 
doubled since 1980 to an 
approximately 1.9 billion in 2014. 
Of these 600 million were obese 
(1). Though energy dense food 

and a sedentary life style are 
considered as major causes, the 
involvement of environmental 
factors should not be overseen. 
Baker’s yeast (Saccharomyces 
cerevisiae) itself or its cell wall 
products (β-glucan and mannan 
oligosaccharides) are now used as 
one the alternatives to antibiotic 

growth promoters (AGP) in feed 
industry. AGPs were banned in the 
EU in 2006 (2). The mode of action 
of these low-dosage antibiotics 
in simple terms would be the 
reduction of bacterial load in the 
gastrointestinal tract (GIT) and 
giving rise to an effective energy 
uptake.  Hundreds of papers 
on the effect of Baker’s yeast 
and its products show similar 
effects on growth promotion in 
food animals (3). Yeast culture 
is a natural fermentation 
product containing yeast cell 
wall (containing beta-glucans 
and mannan-oligosaccharides), 
cell solubles, B vitamins, 
proteins, peptides, amino acids, 
nucleotides, lipids, organic acids, 
esters, and alcohols (4,5). These 
products which more or less exist 
in any culture of Baker’s yeast 
can give rise to excess energy. 
This gave us the interest to look 
deeper into this food component 
in relation to human obesity. 

Objectives
Anti-Saccharomyces cerevisiae 
antibodies (ASCA) were 
traditionally used in the 
study of Crohn’s disease. We 

A pilot study of Baker’s yeast  
as a potential contributor to  
the obesity complex
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A pilot study of Baker’s yeast  
as a potential contributor to  
the obesity complex

studied measurements of 
these antibodies (ASCA-IgA, 
immunoglobulin A and ASCA-
IgG, immunoglobulin G) in 
obese contra normal weight 
individuals in relation to obesity 
indices (weight, BMI and waist 
circumference) and high sensitive 
C-reactive protein (HS-CRP). 
This in order to find out possible 
relationships between these 
antibodies and obesity related 
indices as well as low-grade 
inflammation common in obese 
individuals. 

Methods
Forty obese individuals with a 
body mass index of, BMI ≥35 
[weight (kg)/height (m2)] and 18 
healthy normal weight controls 
[BMIs of 18-25 (kg/m2)] were 
recruited for this case-control 
study. The obese patients were 
recruited from the Obesity 
Polyclinic at St. Olav University 
Hospital (Trondheim, Norway) 
and the controls were members 
of the staff. An overview of the 
demographics of participants is 
shown in table 1. Binding activity 
of serum IgA (immunoglobulin A) 
and IgG (immunoglobulin G) to the 
cell wall mannan of S. cerevisiae 
was measured by ELIZA (enzyme 

linked immunosorbent assay). HS-
CRP was measured by standard 
methods. Written informed 
consent was obtained from all 
participants before enrolling in the 
study. This study was conducted 
according to the guidelines 
laid down in the Declaration of 
Helsinki and was approved by the 
regional Ethics Committee (Midt-
Norge, Trondheim, Norway; Ref. 
2012/1877). 

Results and discussion
More than a third of the obese 
individuals (35 %) showed 
positive or elevated titers of 
ASCA compared with the control 
group (5 %) figure 2. IgA-ASCA 
levels in obese patients were 
significantly higher than those 
found in the control group 

(P=0.03). This antibody was 
positively associated with weight 
(P=0.01), BMI (P=0.02) and waist 
circumference (P=0.02), but not 
with HS-CRP. Age and gender did 
not affect ASCA levels. HS-CRP 
analysis results were, as expected, 
significantly higher in the obese 
(8.6 mg/l ± 14.1, vs. 0.85 mg/l ± 
0.7, P <0.05) but did not show 
any correlation with ASCA, nor 
obesity related indices.

The prevalence of ASCA titers in 
our study is comparable to those 
found in several diseases related 
to autoimmune system (6). None 
of our participants had Crohn’s, 
this disease being an exclusion 
factor in this study. It seems these 
antibodies are not specific for 
Crohn’s disease.

Table 1: Anthropometric characteristics of the participants

Participants Control group Obese group

n=58 n=18 n=40

Age (years) 40.4 (±15.5) 45.4 (± 11.0)

Male/Female ratio 0.6 0.6

Weight (kg) 68.3 (± 12.5) 128.2 (± 23.4)

Waist circumference (cm) 83.5 (± 6.6) 130.5 (± 14.3)

BMI1 (kg/m2) 23.4 (± 2.3) 43.4 (± 5.3)
 
1 BMI=Body Mass Index (kg/m2).

1 Center for Obesity and innovation (ObeCe), St. Olav University Hospital, Trondheim Norway
2 Obesity Research group, Department of Cancer Research and molecular medicine, Faculty of medicine, Norwegian University of Science and technology (NTNU), 

Trondheim, Norway
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McKenzie et al. (7) compared 
reaction to antigens from  
S. cerevisiae and Candida albicans, 
a commensal (naturally 
occurring microorganism) of 
the human gut, in patients with 
inflammatory bowel diseases. 
They showed that the Crohn’s 
disease patients’ reaction was 
specific for S. cerevisiae and not 
for C. albicans, implying this test 
being specific for S. cerevisiae 
or Baker’s yeast.  A threefold 
lymphocyte proliferation in 
Crohn’s disease patients was 
observed by Young et al. (8) 
after incubating peripheral 
blood leucocytes with bakers’ 
yeast. They considered this as a 
confirmation for the suspicion of 
bakers’ yeast itself or a related 
antigen having a role in this 
disease.

Fig. 1: A 30 minutes old culture of S. cerevisiae from active dry yeast.
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Fig.2: ASCA levels (U/ml, IgA and IgG) in obese patients and 
the healthy control group. Levels equal or more than 5 units 
are considered elevated and those equal or over10 Units/ml are 
considered ASCA-positive.
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The significant correlation of IgA-
ASCA to waist circumference is 
interesting; the larger the obese 
individuals, the higher were the 
titers of the yeast antibodies. 
It is known that accumulation 
of intra-abdominal fat (visceral 
adiposity) is central for disease 
states related to obesity, 
mesenteric fat being a distinct 
visceral fat depot promoting 
inflammation (9).

Our results should be seen as 
preliminary evidence of a potential 
link between ASCA and obesity. It 

seems that not all obese patients 
have increased ASCA levels, only a 
subgroup. The subgroup of obese 
patients with elevated values 
of ASCA might have a genetic 
susceptibility to the yeast. 

S. cerevisiae is an inevitable part of 
many food and food components 
in the western diet. We believe 
its increased consumption and 
not least the introduction of new 
biotypes/strands (f. example fast 
acting) as monocultures might 
be connected to the increased 
obesity prevalence in the last four 

decades. Several food components 
in daily human diet have indeed 
dead or live components of this 
yeast; bread, cheese, kefir, wine, 
beer, fruits and more. In addition 
to our direct intake of it, there 
is a possibility for fermentation 
of the food consumed (mainly 
carbohydrates) by yeasts in the 
digestion system and by that 
further increase in yeasts and 
yeast components content. n
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Bread is a primary food in 
many countries around 

the world, which makes it an 
excellent candidate for Vitamin 
D fortification. Adding bread to 
the group of staple foods that act 
as source of vitamin D can bring 
significant contributions to people’s 
wellbeing and overall health.

After the 2014 Novel Food 
approval by EFSA, Lallemand has 
worked with bread producers 
and brands throughout Europe to 
ensure effective communication 
and formulation of breads 
containing yeast naturally rich in 
Vitamin D. Since 2015, Lallemand 
has  assisted in the successful 
launch of “natural source of 
Vitamin D” labeled products in 
Ireland, Norway, UK, Germany, 
Czech Republic and Spain.  In the 
UK for instance, Marks & Spencer 
now have a source for Vitamin 
D in its entire range of packaged 
bread and bake-off products. 

The field of Vitamin D research is 
in constant evolution, with new 
studies periodically appearing 
and building a growing body 
of work. The main biologic 
function of Vitamin D in people 
is to maintain serum calcium 
and phosphorus concentrations 
within the normal range by 
enhancing the efficiency of the 
small intestine to absorb these 
minerals from the diet. Beyond 
these bone health benefits, 
other potential roles for Vitamin 
D are currently under intense 
investigation, and these include 
effects on muscle strength, the 
risk for cancer, and the risk for 
type 2 diabetes. 

Vitamin D is produced in the 
skin upon exposure to the sun 
ultraviolet (UVB) rays. But as 
humankind becomes increasingly 
urban and specialized, our 

lifestyle is reducing the exposure 
of skin to sunlight and so, 
reducing the ability of skin to 
synthesize Vitamin D. Moreover, 
very few foods naturally contain 
Vitamin D. In response to the 
need for more Vitamin D rich 
food, Lallemand developed a 
process that converts the sterols 
naturally occurring in the yeast to 
Vitamin D2 while allowing yeast 
to keep its leavening and flavour 
contributions intact. 

It is important to determine the 
bioavailability of the sources of 
Vitamin D by measuring the level 
of Vitamin D in the bloodstream 
(reserves) and by looking at 
physiological responses such 
as increasing bone-calcium 
level, bone mineral density and 
content. Results from a study 
sponsored by Lallemand and 
carried at Purdue University 
with rats have shown that bread 
made with Lallemand Vita D® 
bakers yeast can help maintain 
vitamin D status, and improve 
bone health markers as well as a 
vitamin D3 supplement. n

Contact details:
Email: baking@lallemand.com 
Website: www.lallemandbaking.com

FIND OUT MORE 

Yeast is a natural source 
of Vitamin D 
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High protein premixes from 
Theodor Rietmann: Pioneers of the 
Original Protein Bread

Five years ago, a high protein 
and low carb bread was 

introduced onto the German and 
European markets. The demand 
for this brand new product has 
now spread like wildfire. In 
Germany and throughout Europe, 
the bread has popped up in many 
outlets from small-scale bakeries 
to large grocery store chains 
and is now a staple on the bread 
market. The company, Theodor 
Rietmann, a specialist in easy-to-
use baking-mixes, was the very 
first to launch this new kind of 
bread onto the market. 

Founded in 1967, Theodor 
Rietmann is a family-owned 
business in its second generation 
producing high-quality baking-
mixes for bakeries as well as 
sport & health nutrition products 
for clients worldwide. 

Clients can choose from more 
than 600 standardised mixes in 
both European and international 
styles and in addition offers 
tailor-made products for bakeries, 
retailers and the industry.  For 
most of the last five years the 
company has placed their main 
focus on high protein products. 

The number one selling High 
Protein Bread
Theodor Rietmann holds the 
position as the pioneer for this 
product. The bread, named 
Original Protein Bread, is a low carb 
bread with reduced carbohydrates 
(only 5.9%) and higher protein 

content (26.5%). The bread looks 
and tastes similar to normal 
wholegrain bread but offers huge 
benefits to people looking for 
low carbohydrate, high protein 
products. The bread represents 
a great choice for consumers to 
make over conventional breads, 
fitting perfectly in light or 
alternative menus with the added 
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GLUTEN FREE
Is it time to move forward

It is just 63 years ago that Dicke 
et al. (1953) identified the 

possible relationship between 
wheat gluten intake and certain 
intestinal pathologies. From 
that time, and mainly in the last 
decade, the sale of gluten-free 
foods has increased exponentially 
from a niche market into a food 
revolution driven mainly by 
lifestyle. Numerous factors have 
motivated that huge change, 
some of which are based on 
scientific evidence and others on 

old-fashion tendencies. Recently, 
Worosz and Wilson defined 
different population groups were 
attracted to gluten-free products: 
persons who claim to have a 
medically diagnosed gluten 
sensitivity or coeliac disease (CD), 
persons with perceived gluten-
sensitivity, and consumers who 
express interest in gluten-free 
products as a lifestyle choice 
which includes those supporting 
Ethical Consumerism and Non-
CD Health awareness. Consumers 
who do not have CD may express 
interest in gluten-free products 
as a lifestyle choice because this 
evokes a cultural, ecological, civic, 
historical, ethical, health-based 
interest or lifestyle. Whatever the 
real motivation for consuming 
gluten-free products, it is 
necessary to understand all the 
consequences when adopting this 
type of diet.

The successful production of the 
first gluten-free breads was first 
heralded around 1970, with the 
overcoming of the technological 
obstacles that had previously 
stood in the way of producing 
fermented cereal based foods 
without gluten. Since then, 
there has been an increasing 
enthusiasm by manufacturers 
to develop new gluten-free 
foodstuffs as they search for and 
develop new technological tools 

to help replace gluten whilst 
retaining the desired sensory 
characteristics of the final 
products.

Initially, only starches and 
hydrocolloids were considered 

New concepts to be considered in     gluten-free products:  

Is it time to move  forward?
 
By Cristina M. Rosell (pictured)
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New concepts to be considered in     gluten-free products:  

Is it time to move  forward?
 
By Cristina M. Rosell (pictured)

as suitable replacement options, 
however, different tools were 
subsequently developed for 
defining formulations that 
resemble the qualities of 
gluten containing products. 
In addition, it is necessary 

to understand where gluten 
is present and in which food 
processes its functionality is 
really relevant, since this will give 
us the required information and 
sufficient scientific knowledge for 
developing gluten free foods . 

With this in mind, it is not only 
the sensorial qualities that 
must be considered. It is also 
an essential requirement that 
gluten-free foods provide the 
required level of nutrients for 
gluten-intolerant consumers in 
order to contribute to their long 
term nutritional wellbeing and 
health.

Nutritional and healthy aspects 
of gluten-free products. 
The absence of gluten in natural 
and processed foods constitutes 
an effective therapeutic 
treatment for coeliac disease, 
but their composition may have 

It is also an 
essential 
requirement 
that gluten-
free foods 
provide the 
required level 
of nutrients 
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nutritional consequences due to 
the composition of gluten-free 
products. Following a life-long 
gluten-free diet requires nutrition 
counselling that not only focuses 
on the foods that should be 
avoided, but also the nutritional 
quality of gluten-free products 
themselves, which must enter 
into the equation if nutritional 
deficits and imbalances are to be 
prevented. 

Concerns have risen over the 
nutritional adequacy of the 
gluten-free dietary pattern 
because it is often characterised 
by an excessive consumption 
of proteins, fats and a reduced 
intake of complex carbohydrates, 
dietary fibre, vitamins and 
minerals. Gluten-free breads are 
mainly starchy foods with a low 
content of vitamins, minerals 
and in particular dietary fibre, 
but it must be stressed that there 
are huge discrepancies among 
marketed products. 

A long life adherence to gluten-
free products could lead to 
undernourishment and mineral 
deficiencies that might result 
in anaemia, osteopenia or 
osteoporosis. Where specific 
gluten intolerance in particular 

has been diagnosed, it must be 
understood that coeliac disease 
can induce an intestinal lesion 
within the gut that can lead to 
various deficiencies of nutrients, 
vitamins, and dietary minerals; 
namely ferropenia, vitamin B12, 
folic acid, with fat-soluble vitamin 
deficiencies being particularly 
common. 

Careful design, therefore, of 
gluten-free bakery goods is 
needed in order to obtain  baked 
products whose nutritional 
composition resembles that 
of their gluten-containing 
counterparts in order to meet 
dietary guidelines without 
changing a dietary pattern and to 
avoid nutrient deficiencies.

Fortification and Enrichment of 
gluten-free products
Unlike wheat flour, gluten-free 
flours have not been subjected to 
regulations regarding fortification 
programmes. As a result, 
many gluten-free products are 
nutritionally poorer in terms of 
mineral and vitamin content than 
their wheat-based counterparts. 
To mitigate these deficiencies, 
research on the use of different 
sources of minerals such as 
calcium and iron has been carried 

out. Today, encapsulated minerals 
and vitamins are opening up 
new possibilities for enriching or 
fortifying gluten-free products 
without altering their sensorial 
characteristics whilst keeping the 
bioavailability of minerals in the 
resulting foods.

In that regard, different 
ingredients have also been 
suggested for obtaining 
nutritionally balanced or enriched 
gluten-free products, particularly 
for breads. Protein enrichment 
can be obtained using legume 
flours, egg proteins or dairy 
proteins in different percentages. 
However, the proteins found 
in eggs are often avoided due 
to many gluten intolerant 
consumers being also intolerant 
to albumin. 

Gluten-free bakery products have 
also followed the trend of being 
increasingly rich in fibre to in 
order to meet dietary guidelines. 
Both soluble and insoluble fibres 
have been used to enrich this 
type of product.  

Alternative methods of 
improving the nutritional quality 
beyond the mixture of raw 
materials.
An attractive alternative to 
reformulation that is rapidly 
becoming popular is the physical 
treatment of raw materials and 
flours. This process changes 
their functionality but protects 
consumers from the ramifications 
of possible chemical intolerance 
and results in products which can 
be classed as “green label” 

Technologies such as this which 
include micro or nano-technology 
and fractionation, have gained 

many gluten-free products 
are nutritionally poorer in 
terms of mineral and vitamin 
content than their wheat-
based counterparts
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much attention in recent years. 
An important factor having an 
impact on nutrition, particularly 
in the glycaemic-insulin response 
and the satiety rating, is that 
of  ingredient particle size. The 
combination of soaking and 
particle size reduction has been 
proposed for improving the 
properties of flours, because 
soaking of rice grains affected  
the particle size distribution of 
flour and the pasting properties 
of the flours during tests in a 
laboratory. 

Germination or sprouting has 
been traditionally applied at a 
non-industrial level to improve 
the nutritional, functional, and 
sensory properties of grains 
such as pulses and cereals. 
This practice opens up new 
perspectives and opportunities 
for nutritional improvement 
of raw materials. Pulses are a 
particularly rich in vegetable 

proteins, dietary fibre, vitamins 
and minerals. 

However, they also contain a high 
content of anti-nutrients such as 
phytates and tannins that reduce 
digestibility and micronutrient 
bioavailability. Germination of 
amaranth, buckwheat, maize, 
millet, rice, sorghum and quinoa 
can improve their nutritional 
qualities, reduce their anti-
nutrient content and, when 
ground into flour, can be used for 
producing gluten-free foods.

Furthermore, fermentation of 
pseudocereals and gluten-free 
grains could also be exploited 
for nutritional improvement. For 
instance, quinoa fermentation 
in slurry was possible using 
Lactobacillus plantarum CRL 
778, yielding greater lactic acid 
production than in wheat which 
had a subsequent effect on 
flavour.

Revisiting autochthonous products
The most common strategy to 
increase the nutritional value of 
gluten-free breads is to use flours 
rich in the required nutrients. 
Those flours are frequently 
announced as new crops and raw 
materials but sometimes they 
have been used habitually by 
local populations in traditional 
ways for many centuries. 
Subsequently, the innovation 
is rather related to the ways in 
which old and new uses are being 
readdressed. Non-traditional 
flours such as pseudocereal 
flours (amaranth, quinoa and 
buckwheat), root and tuber flours 
(potato, cassava, sweet potato 
and edible aroids: taro and yams) 
and leguminous flours (chickpeas, 
lentils, dried beans, peas, and 
soybean) are gaining popularity 
in the production of gluten-
free foodstuffs that contain 
major nutritional qualities. In 
particular, protein, fat, fibre and 

BVT Bakery Services manufactures production lines for medium and industrial  
bakeries. We offer ''Total dough handling'' solutions for almost all bread and pastry 
products in the following categories : 

1. Dough forming lines and make-up  lines.  
2. Product handling systems.  
3. Product conditioning: proofing, cooling and freezing systems.  

We are well known for our turn-key projects for major bakery groups around the 
world. All equipment is designed and manufactured at our modern factory located 
in the Netherlands. For a complete overview of the delivery program, please visit 
our website: www.bvtbs.com, or contact us!  

BVT Bakery Services BV 
Parallelweg 13 
5349 AD OSS  
The Netherlands  
Tel.: +31(0)412 69 90 08  
Fax: +31(0)412 63 95 65 
E: info@bvtbs.com 
I: www.bvtbs.com 
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mineral (calcium, magnesium 
and iron)  content could be 
increased with those flours. Other 
raw materials such as sorghum 
flour, carob germ flour, chestnut 
flour, tigernut flour and green 
banana have also been proposed 
as innovative gluten-free raw 
materials which have many 
benefits to the food industry and 
consumers who are looking for 
healthy gluten-free products.

Overall, whilst meeting 
consumers’ expectations 
regarding quality and availability, 
the composition of currently 
marketed gluten-free foods often 
does not completely meet their 
dietary requirements which 

demand consumption of foods 
that are solely gluten-free. The 
formulation of gluten-free foods 
should, therefore, be revised 
bearing in mind the target 
consumers and their age range. n

Further reading
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Plant sterols and plant stanols

What are plant sterols and plant 
stanols?
Plant sterols and plant stanols, 
also called phytosterols and 
phytostanols, are normal 
components of plants. They have 
similar functions in plants to 
that of cholesterol in humans, 
such as being structural and 
functional components of cellular 
and intracellular membranes. 
Plant sterols and plant stanols 
are present in all vegetable foods, 
especially in vegetable oils such 
as corn oil, rapeseed oil, soybean 
oil, and sunflower oil, and in 
nuts, seeds, and cereals [1]. Corn 
oil, the richest source of these 

compounds, contains 690-950 
mg plant sterols /100 g of oil and 
23-33 mg plant stanols/100 g of 
oil. The next richest source is 
rapeseed (canola) oil containing 
250-770 mg plant sterols/100 g of 
oil and 2-12 mg plant stanols /100 
g of oil. Vegetable oils, vegetable-
fat spreads and margarines, 
cereals and cereal products 
(bread), and vegetables contribute 
50–80 % of the total daily plant 
sterol and plant stanol intake. 
The role of fruits as the source 
of plant sterols and plant stanols 
is small, around 12 % of total 
daily intake. The intake of plant 
sterols is 270 mg/day, on average, 

and that of plant stanols is much 
smaller, less than 30 mg/day. For 
comparison, the daily intake of 
cholesterol is about 300 mg. 

Figures show the structural 
relationships of plant sterols 
(such as sitosterol) and 
cholesterol.. Sitostanol differs 
from sitosterol by having the 
sterol ring saturated. On the other 
hand, sitosterol and sitostanol 
differ from cholesterol by having 
a slightly different structure in 
their side chain. These structural 
differences between cholesterol, 
plant sterols, and plant stanols, 
even though small, have profound 
effects on their biological 
functions, so that they are 
metabolically different molecules. 
The most important difference 
between these compounds in 
man is that they are absorbed 
from the small intestine in 
different amounts. 

Cholesterol absorption is 50%, 
on average [1]. This means that 
half of the cholesterol present 
in the upper small intestine 
will be taken into the body and 
transported into the liver, and 
from there all over the body, 
because cholesterol is essential 
to every cell. The unabsorbed 50% 
of cholesterol will be excreted 
from the body in the faeces. 

Plant sterols and plant stanols in food product
A dietary means to lower serum and LDL  cholesterol concentration
 
By Helena Gylling, MD, PhD, Professor, University of Helsinki and Helsinki University Hospital, Helsinki, Finland
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Plant sterols and plant stanols in food product
A dietary means to lower serum and LDL  cholesterol concentration
 
By Helena Gylling, MD, PhD, Professor, University of Helsinki and Helsinki University Hospital, Helsinki, Finland

However, less than 2% of the 
plant sterols in the upper small 
intestine will be absorbed, and 
over 98% excreted from the body. 
Regarding plant stanols, even 
less, 0.2%, is absorbed with most 
being excreted from the body. 
Thus, very small amounts of 
plant sterols and even smaller 
amounts of plant stanols are 
circulating in the body compared 
with cholesterol. Apparently plant 
sterols and plant stanols play no 
role in human metabolism, so 
that their low level in the body 
is appropriate. For example, the 
recommended serum cholesterol 
concentration is less than 5 
mmol/l (190 mg/dl), but the 
serum plant sterol concentration 
is less than 24 µmol/l (1.0 mg/
dl), and serum total plant stanol 
concentration is even lower, less 
than 0.7 µmol/l (0.028 mg/dl). This 
means that serum plant sterol 
and plant stanol concentrations 
are 200-7000 times lower than 
that of cholesterol. The most 
common plant sterols are 
campesterol and sitosterol, and 
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1950s that plant sterols, when 
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the 1980s. 
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quantities in the upper small 
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on average. 
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cholesterol levels. It is often 
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of natural food products to obtain 
the desired 2 g daily dose of 
plant sterols and plant stanols. 
The amounts involved would 
be huge (plant sterols) and 
impossible (plant stanols). For 
example, to consume 2 g of plant 
sterols, about 200 g corn oil, 700 g 
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Dietary modification, alone 
or together with cholesterol-
lowering medication, is 
an essential and generally 
recommended means of 
controlling elevated LDL 
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Therefore, it was ingeniously 
presumed that LDL cholesterol 
lowering can be optimized by 
adding plant sterols or plant 
stanols in large enough amounts 
(2-3 g/day) in food products as 
part of healthy diet. In order 
to add plant sterols and plants 
stanols to food products, they 
have to be made fat-soluble eg. by 
esterification with fatty acids. 

In 1995, the first food product 
with added plant stanols, plant 
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the market. Simultaneously, 
a randomized, controlled 
intervention lasting for one year 
was published demonstrating 
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that plant stanols 1.8-2.6 g/day, 
as plant stanol ester in vegetable-
based margarine, significantly 
lowered serum total cholesterol 
concentration by 10% and LDL 
cholesterol concentration by 
14% from baseline [5]. The plant 
stanol ester margarine was well 
tolerated, and no side effects were 
recorded. 

Plant sterols and plant stanols 
added to food products as part 
of cholesterol lowering diet – a 
dietary means to lower LDL 
cholesterol concentration 
Since then, large numbers of 
different food products have 
been developed with added plant 
sterols and plant stanols. The 

food products vary from spreads/
margarines to bread, biscuits, 
salad dressing, yogurt and yogurt 
drink, low-fat minidrinks, juice, 
and supplements. The LDL 
cholesterol lowering efficacy 
and safety has been intensely 
studied: three large meta-
analyses have been published 
recently, featuring 84-124 clinical 
studies and altogether over 
5000 study subjects [6-8]. The 
studies included women and 
men from 22 to over 60 years 
of age. Body mass index varied 
from normal to obesity and the 
populations studied were from 
different ethnic groups all over 
the world. Study populations 
included subjects with mild to 
moderate hypercholesterolemia; 
those with severe familial 
hypercholesterolaemia; and those 
with type 1 or type 2 diabetes, 
metabolic syndrome or coronary 
artery disease. 

Thus, it is well documented 
that plant sterol and plant 
stanol intake of 2 g/day lowers 
LDL cholesterol concentration 
by 8-10% [8-10]. Increasing 
the dose increases the LDL 

cholesterol lowering effect. 
It is generally estimated that 
for every 1% reduction in LDL 
cholesterol concentration, 
there is a corresponding 1 to 2% 
decrease in the risk of coronary 
heart disease. Plant sterols 
and plant stanols do not affect 
‘good’ high density lipoprotein 
(HDL) cholesterol levels, general 
well-being, fat-soluble vitamin 
levels, or other essential health 
indicators. Their effectiveness is 
not dependent on age, gender, 
weight, ethnicity or habitual diet. 
They are well tolerated, and there 
is a large body of information 
indicating them to be safe in 
long term use. Accordingly, the 
conclusive evidence presented 
in numerous international 
guidelines encourages clinicians 
to recommend the use of foods 
with added plant sterols and 
plant stanols (2g/day) as part 
of healthy diet, in conjunction 
where necessary with cholesterol-
lowering medication to lower 
LDL cholesterol concentration 
and reduce the risk for coronary 
artery disease. n

References
1. Gylling H., Plat J., Turley S., et al., for the European Atherosclerosis Society Consensus Panel on 
Phytosterols. Plant sterols and plant stanols in the management of dyslipidaemia and prevention of 
cardiovascular disease, Atherosclerosis 232 (2014) 346-360

 2. Catapano A.L., Reiner Z., De Backer G., et al., ESC/EAS Guidelines for the management of dyslipidaemias. 
The Task Force for the management of dyslipidaemias of the European Society of Cardiology (ESC) and the 
European Atherosclerosis Society (EAS), Atherosclerosis 217 (2011) 3-46 

3. Perk J., De Backer G., Gohlke H., et al., European Guidelines on cardiovascular disease prevention in 
clinical practice (version 2012). The Fifth Joint Task Force of the European Society of Cardiology and Other 
Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives of nine 
societies and by invited experts), European Heart Journal 33 (2012) 1635–1701

4. IAS International Atherosclerosis Society, An International Atherosclerosis Society Position Paper: Global 
Recommendations for the Management of Dyslipidemia, (2013)  
http://www.athero.org/download/iasppguidelines fullreport 20131011.pdf.

5. Miettinen T.A., Puska P., Gylling H., et al., Reduction of serum cholesterol with sitostanolester-margarine 
in a mildly hypercholesterolemic population, The New England Journal of Medicine, 333 (1995) 1308-1312

6. Demonty I., Ras R.T., van der Knaap H.C., et al., Continuous dose-response relationship of the LDL-
cholesterol-lowering effect of phytosterol intake, Journal of  Nutrition 139 (2009) 271-284

7. Musa-Veloso K., Poon T.H., Elliot J.A., Chung C., A comparison of the LDL-cholesterol lowering efficacy of 
plant stanols and plant sterols over a continuous dose range: Results of a meta-analysis of randomized, 
placebo-controlled trials, Prostaglandins Leukotrienes and Essential Fatty Acids 85 (2011) 9-28 

8. Ras R.T., Geleijnse J.M., Trautwein E.A., LDL-cholesterol-lowering effect of plant sterols and stanols across 
different dose ranges: a meta-analysis of randomised controlled studies, British Journal of Nutrition 112 
(2014) 214-219

Contact details:
Helena Gylling, MD, PhD
University of Helsinki and Helsinki 
University Hospital, Internal Medicine
Biomedicum Helsinki C 4 22
P.O. BOX 700 
FI-00029 HUS
Helsinki, Finland
phone:+358 9 471 71850
fax:+358 9 471 71851
email: helena.gylling@hus.fi

FIND OUT MORE 

Sitosterol

Helsinki.indd   22 03/06/2016   18:50

http://www.bakingeurope.eu
http://www.athero.org/download/iasppguidelines
mailto:helena.gylling@hus.fi


22

BAKINGEUROPE Summer 2016 
www.bakingeurope.eu

INGREDIENTS 
Plant sterols and plant stanols

that plant stanols 1.8-2.6 g/day, 
as plant stanol ester in vegetable-
based margarine, significantly 
lowered serum total cholesterol 
concentration by 10% and LDL 
cholesterol concentration by 
14% from baseline [5]. The plant 
stanol ester margarine was well 
tolerated, and no side effects were 
recorded. 

Plant sterols and plant stanols 
added to food products as part 
of cholesterol lowering diet – a 
dietary means to lower LDL 
cholesterol concentration 
Since then, large numbers of 
different food products have 
been developed with added plant 
sterols and plant stanols. The 

food products vary from spreads/
margarines to bread, biscuits, 
salad dressing, yogurt and yogurt 
drink, low-fat minidrinks, juice, 
and supplements. The LDL 
cholesterol lowering efficacy 
and safety has been intensely 
studied: three large meta-
analyses have been published 
recently, featuring 84-124 clinical 
studies and altogether over 
5000 study subjects [6-8]. The 
studies included women and 
men from 22 to over 60 years 
of age. Body mass index varied 
from normal to obesity and the 
populations studied were from 
different ethnic groups all over 
the world. Study populations 
included subjects with mild to 
moderate hypercholesterolemia; 
those with severe familial 
hypercholesterolaemia; and those 
with type 1 or type 2 diabetes, 
metabolic syndrome or coronary 
artery disease. 

Thus, it is well documented 
that plant sterol and plant 
stanol intake of 2 g/day lowers 
LDL cholesterol concentration 
by 8-10% [8-10]. Increasing 
the dose increases the LDL 

cholesterol lowering effect. 
It is generally estimated that 
for every 1% reduction in LDL 
cholesterol concentration, 
there is a corresponding 1 to 2% 
decrease in the risk of coronary 
heart disease. Plant sterols 
and plant stanols do not affect 
‘good’ high density lipoprotein 
(HDL) cholesterol levels, general 
well-being, fat-soluble vitamin 
levels, or other essential health 
indicators. Their effectiveness is 
not dependent on age, gender, 
weight, ethnicity or habitual diet. 
They are well tolerated, and there 
is a large body of information 
indicating them to be safe in 
long term use. Accordingly, the 
conclusive evidence presented 
in numerous international 
guidelines encourages clinicians 
to recommend the use of foods 
with added plant sterols and 
plant stanols (2g/day) as part 
of healthy diet, in conjunction 
where necessary with cholesterol-
lowering medication to lower 
LDL cholesterol concentration 
and reduce the risk for coronary 
artery disease. n

References
1. Gylling H., Plat J., Turley S., et al., for the European Atherosclerosis Society Consensus Panel on 
Phytosterols. Plant sterols and plant stanols in the management of dyslipidaemia and prevention of 
cardiovascular disease, Atherosclerosis 232 (2014) 346-360

 2. Catapano A.L., Reiner Z., De Backer G., et al., ESC/EAS Guidelines for the management of dyslipidaemias. 
The Task Force for the management of dyslipidaemias of the European Society of Cardiology (ESC) and the 
European Atherosclerosis Society (EAS), Atherosclerosis 217 (2011) 3-46 

3. Perk J., De Backer G., Gohlke H., et al., European Guidelines on cardiovascular disease prevention in 
clinical practice (version 2012). The Fifth Joint Task Force of the European Society of Cardiology and Other 
Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives of nine 
societies and by invited experts), European Heart Journal 33 (2012) 1635–1701

4. IAS International Atherosclerosis Society, An International Atherosclerosis Society Position Paper: Global 
Recommendations for the Management of Dyslipidemia, (2013)  
http://www.athero.org/download/iasppguidelines fullreport 20131011.pdf.

5. Miettinen T.A., Puska P., Gylling H., et al., Reduction of serum cholesterol with sitostanolester-margarine 
in a mildly hypercholesterolemic population, The New England Journal of Medicine, 333 (1995) 1308-1312

6. Demonty I., Ras R.T., van der Knaap H.C., et al., Continuous dose-response relationship of the LDL-
cholesterol-lowering effect of phytosterol intake, Journal of  Nutrition 139 (2009) 271-284

7. Musa-Veloso K., Poon T.H., Elliot J.A., Chung C., A comparison of the LDL-cholesterol lowering efficacy of 
plant stanols and plant sterols over a continuous dose range: Results of a meta-analysis of randomized, 
placebo-controlled trials, Prostaglandins Leukotrienes and Essential Fatty Acids 85 (2011) 9-28 

8. Ras R.T., Geleijnse J.M., Trautwein E.A., LDL-cholesterol-lowering effect of plant sterols and stanols across 
different dose ranges: a meta-analysis of randomised controlled studies, British Journal of Nutrition 112 
(2014) 214-219

Contact details:
Helena Gylling, MD, PhD
University of Helsinki and Helsinki 
University Hospital, Internal Medicine
Biomedicum Helsinki C 4 22
P.O. BOX 700 
FI-00029 HUS
Helsinki, Finland
phone:+358 9 471 71850
fax:+358 9 471 71851
email: helena.gylling@hus.fi

FIND OUT MORE 

Sitosterol

Helsinki.indd   22 03/06/2016   18:50

23

Summer 2016 BAKINGEUROPE 
www.bakingeurope.eu

RESEARCH 
Sensory Profiling

By Dr. Paula Varela (pictured), Senior Research Scientist, Consumer and Sensory Sciences,  
Nofima, Norway

Sensory characterisation is 
one of the most widespread 

and robust methodologies in 
sensory science, extensively 
applied in academic research 
and industrial R&D. It aims at 
providing a complete sensory 
fingerprint of a product or group 
of products. In the industry, it 
has been applied for new product 
development (NPD), reformulation 
and optimisation of existing 
products, adapting manufacturing 
processes, for sensory shelf-
life estimation, quality control 
programs, for correlating sensory 
and instrumental measurements 
and last, but not least, for 
benchmarking and sensory 
marketing. 

Classic descriptive analysis 
methods for sensory 
characterization, such as QDA®, 
Spectrum® or their adaptations, 
run with the use of selected and 
trained sensory panels have been 
the most common techniques in 
the last five decades. However, 
considering the resource 

demanding aspects of classic 
sensory descriptive methods, 
several alternative methods have 
been recently developed. Further 
to this, these novel descriptive 
tools have emerged from the need 
to gather product descriptions 
directly from consumers, as 
trained panelists and consumers 
might perceive products quite 
differently. Trained panelists 
act in an analytic mode (rating 
individual and specific attributes) 
as opposed to consumers’ global, 
holistic perception of a food item 
or a category of products.

Novel descriptive methods 
emerged as simple and flexible 
alternatives to classic descriptive 
analysis with highly trained 
panels. In the last ten years, 
much research has focused 
in methodological aspects of 
their set-up, highlighting their 
outcomes as similar in many 
ways to classical descriptive 
analysis and testing their validity 
and reliability. In particular, 
sensory characterisation 

with consumers allows 
better understanding of their 
perception of products, providing 
a description based on their 
own vocabulary, rather than on 

Sensory characterisation 
based on consumers’  
perception – new methods 
for the new times
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technical or scientific vocabulary 
that is likely to impede the 
direction of the NPD process. 

Alternative methods of product 
profiling are based on different 
approaches: 

• on the evaluation of individual 
attributes (e.g. CATA or Flash 
Profiling)

• on the evaluation of global 
differences (Sorting or Projective 
Mapping, also known as 
Napping®)

• on the comparison with 
product references (Polarized 
Sensory Positioning, Pivot Profile)

• on a free evaluation of the 
individual products (Open-
Ended Questions) 

 
From those, some are especially 
well suited for industrial research 
and the support of NPD. For 
instance, CATA (Check all that 
apply), a well-known method in 
marketing sciences but recently 
adopted by sensory science, 

is based on the assessment 
of sensory attributes in a very 
easy way for consumers. CATA 
can be used as an add-up to an 
acceptability consumer test, 
giving quick feedback about the 
product sensory description and 
other non-sensory parameters 
related to food choice. Projective 
Mapping, on the other hand, 
derived from psychology, is more 
exploratory, holistic, and it can 
help to assess products in a 
more realistic way, closer to what 
would happen in a real shopping 
or choosing experience. In holistic 
methods, as projective mapping, 
the idea is that spontaneous 
reactions to the entirety of a 
product are gathered, providing 
more relevant information 
for explaining consumers’ 
preferences.

More concretely, Projective Mapping 
(developed at Nofima in Norway 
in the 80s and more recently 
revived by French researchers 
who called it Napping®) is a 

technique where consumers are 
able to give their spontaneous 
feedback in a non-directed 
exercise, in which the outcome 
is related to their top-of-mind 
perception of the food products. 
Consumers are given a blank 
A3 sheet and asked to taste the 
samples and place them on the 
sheet so that those products that 
are deemed similar are placed 
close to each other, while those 
that differ are placed apart 
from each other. No further 
instructions are given, so each 
individual consumer could 
potentially choose different 
dimensions for their maps, 
enriching the diversity of the 
results and showing the unique 
individual consumer drivers. 
After placing the samples in the 
map, they should describe them 
with their own words. Consumers 
perceive and compare the 
products globally, as they would 
do when shopping, without any 
direction or in depth questioning. 
The test can also be done on 
a computer screen or tablet in 
a specialised data collection 
software. 

The beauty of these novel 
alternative methods also 
resides in their flexibility; for 
instance, Projective Mapping can 
be used with consumers to 
gather spontaneous feedback 
not only on sensory aspects of 
the products, but also on packs, 
claims or usage and attitudes. 
It also can help the NPD team 
structuring their discussions as 
an informal tasting tool. A good 
illustration of its flexibility is a 
new approach we came up with 
in our current research project at 
Nofima “Rapidcheck”(1), which we 
called Projective Mapping Based on 
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Choice. It has shown to provide 
richer information on usage and 
attitudes, on the market and the 
drivers behind consumers’ likes 
and dislikes. This new approach 
makes consumers focus on what 
they themselves would have 
chosen, by changing slightly the 
instructions of the test. Linking 
this to consumers’ characteristics 
and with the assessment of their 
overall liking, one can derive a 
complete picture of a product 
category in a consumer test that 
might take around half hour for a 
consumer to complete. 

To explore its possibilities, we 
compared Projective Mapping 
with the new approach Based 
on Choice, on a Wholemeal Bread 
test: In a methodological study, 
sixty consumers were invited 
to Nofima’s sensory lab to test 
different types of bread. All were 
wholemeal breads, but with 
varying degrees of coarseness 
and with different types of 
grain – wheat, oats and rye. The 
participants tasted the breads in 
the presence of the packaging. 
Afterwards, they mapped the 
bread samples on an A3 sheet, 
according to what they would 
have chosen for different 
occasions, and described their 
preferences. The results provided 
far more detailed information 
on the consumers and their 
habits than did classic Projective 
Mapping on the same samples and 
would potentially enable bread 

producers to direct different 
types of bread at different 
types of consumers. Where one 
type of bread from the tested 
set (smooth, medium coarse, 
versatile, economy positioning) 
was highlighted as particularly 
suited for families or packed 
lunches, other types (coarse, 
dark, tasty, with corn, rye and 
seeds, satiating, expensive) were 
more appropriate for soup, a 
side dish for a meal or a healthy 
trend diet. The method gives 
producers detailed information 
on the market and the drivers 
behind what people like and 
dislike and not least, it’s a very 
fast method to use because it’s 
the spontaneous reaction one is 
looking for.

New alternative methodologies 

for sensory characterisation have 
been rapidly gaining popularity 
and have become one of the 
most dynamic areas of research 
in sensory and consumer 
science in the last ten years. 
Alternative descriptive methods 
provide new opportunities for 
those companies that cannot 
afford training and maintaining 
a trained sensory panel or 
when quick information about 
the sensory characteristics of 
products is needed more in line 
with current, hectic industrial 
needs. n
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ACRYLAMIDE
in food products 
Introduction
Acrylamide is the most known 
and investigated processing 
contaminant in food products 
since its first detection in 2002. 
It is formed during heating at 
high temperatures such as frying, 
grilling and baking of starch 
rich foods. More particularly, 
acrylamide is formed during the  
Maillard reaction, from reducing  
sugars and amino acids, 
particularly asparagine. 
Consequently, this compound is 
mostly seen in heated products 
with these so-called precursors, 
like French fries, bread, biscuits 
and crackers, prepared in 
industrial food production 
or prepared at home. Besides 
acrylamide, other processing 
contaminants can occur such as 
5-hydroxymethylfurfural (HMF). 

Both acrylamide and HMF were 
shown to be carcinogenic and 
genotoxic in bacteria, rats and/or 
mice.  

At this moment, limits for the 
maximal presence of acrylamide 
and HMF in food are not available. 
But the European Commission 
has set indicative limits for the 
presence of acrylamide in certain 
food products (EC 2013). The 
compound is currently also under 
investigation with EFSA, the 
European Food Safety Authority. 
Recently, EFSA (2015) has 
published a full risk assessment 
of acrylamide in food and 
concluded that the compound 
contributes to increased cancer 
risk in all age groups, confirming 
its earlier conclusions on this 
compound. 

The food industry faces 
the challenge of obtaining, 
during processing, the desired 
organoleptic characteristics of 
the food products, while at the 
same time limiting the formation 
of processing contaminants as 
much as possible. For acrylamide, 
the food industry developed 
and published a toolbox with 
mitigation strategies for limiting 
the formation of this compound 
during food processing (Available 
at: http://www.fooddrinkeurope.
eu/publications/category/
toolkits/). Mitigation strategies 

for limiting acrylamide 
concentrations described in 
the Toolbox include, amongst 
others, baking for a longer time 
at lower temperature, adding the 
enzyme asparaginase and using 
alternative raising agents. 

Recent research 
Recently, the three year European 
project PROMETHEUS (http://
processing-contaminants-
prometheus.com/) has been 
finalised. This project aimed to 
help European food industry 
to lower the formation of 
processing contaminants during 
food processing. With regards 
to bakery products, the project 
focused on vacuum baking and 
micro-encapsulation of certain 
heat-labile ingredients. Analytical 
techniques for online monitoring 
of the formation of processing 
contaminants during processing 
were also studied, including front 
face fluorescence analysis and 
computer vision based on image 
analysis. Amongst others, vacuum 
baking of biscuits with similar 
water content considerably 
reduced contents of acrylamide 
and HMF to trace levels. However, 
vacuum baking resulted into the 
absence of surface browning of 
the biscuits.

Also, as part of the project, the 
kinetics of the formation of 
acrylamide and HMF during 
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ACRYLAMIDE
in food products 
Introduction
Acrylamide is the most known 
and investigated processing 
contaminant in food products 
since its first detection in 2002. 
It is formed during heating at 
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micro-encapsulation of certain 
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techniques for online monitoring 
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were also studied, including front 
face fluorescence analysis and 
computer vision based on image 
analysis. Amongst others, vacuum 
baking of biscuits with similar 
water content considerably 
reduced contents of acrylamide 
and HMF to trace levels. However, 
vacuum baking resulted into the 
absence of surface browning of 
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biscuit baking, given different 
ingredients and processing 
conditions (temperature-time 
profiles), were investigated. 
This was done to obtain more 
insight into the chemical reaction 
pathways and its influencing 
factors. 

One experiment focused on 
biscuits with different sugar 
ingredients (sucrose, glucose-
fructose, glucose, fructose). 
The biscuits were baked for 16 
minutes at 200˚C (Nguyen et 
al. 2015). Results showed that 
concentrations of acrylamide and 
HMF were lowest in the biscuits 
with sucrose. Acrylamide was 
formed via the reaction between 
the sugar and asparagine. HMF 
was formed via caramelisation. 

Fructose showed to play a very 
important role in the formation 
of both acrylamide and HMF. The 
acrylamide Toolbox also mentions 
that fructose should be replaced 
with glucose, and that only low 
fructose glucose syrups should be 
used.

A second experiment focused 
on biscuits that were made from 
different varieties of wheat 
meal, with meals varying most 
in ratios between concentrations 
asparagine and sum of glucose 
and fructose (reducing sugars). 
Again, fructose contributed 
considerably to acrylamide 
formation and to HMF formation 
via caramelisation in all four 
biscuit types. No clear correlation 
was found between HMF or 

acrylamide concentration in 
baked biscuits and asparagine. 
This is in contrast to what 
is stated in the Acrylamide 
Toolbox and this finding should, 
therefore, be confirmed in future 
studies. The prometheus project 
has yielded important new 
insights into the ingredients 
and processing conditions 
that influence acrylamide and 
HMF accumulation. It has also 
underpinned the importance of 
considering the simultaneous 
formation of these two processing 
contaminants in future studies. n
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The shelf life of bakery 
products can be influenced by 

chemical spoilage (fat oxidation), 
physical spoilage (desiccation) 
and microbiological spoilage. 
The relevant spoilage processes 
depend on both the intrinsic 
parameters (e.g. moisture 
content, water activity, pH value) 
and extrinsic parameters (e.g. 
packaging material, storage 
conditions) of the respective 
products. Bakery products such as 
bread that have a medium or high 
moisture content are particularly 
prone to the growth of moulds, 
yeasts or even bacteria. Although 

most bakery products are free of 
vegetative microorganisms, except 
bacterial endospores, immediately 
after the baking process, the 
product surfaces can subsequently 
become contaminated by the 
ambient air, equipment such as 
slicers, conveyor belts, packaging 
materials and production 
personnel. There are various 
approaches for preventing the 
microbial spoilage of packed 
bakery products, such as the 
prevention of post-baking 
contamination through the use 
of hygienic filling and packaging 
technologies (e.g. cleanrooms), 

the inactivation and inhibition 
of microbial contaminants using 
suitable packaging concepts (e.g. 
modified atmosphere packaging, 
antimicrobial packaging) and 
disinfection measures (e.g. 
infrared radiation, UV radiation) 
[Smith et al. 2004]. In this regard, 
the use of pulsed light technology 
represents a promising approach 
for fast and chemical-free 
inactivation of microorganisms on 
surfaces.  

Pulsed light technology
The most important part of a 
pulsed light system is a xenon 
flash lamp whereby the stored 
energy from a capacitor in xenon 
tubes is released, leading to high 
intensity light flashes. Due to 
the short duration of each flash 
of around 300 microseconds, 
power peaks of up to 1 MW 
can be realised with minimal 
thermal impact on the exposed 
surface. The xenon lamp emits 
electromagnetic radiation in a 
wavelength range from 200 nm 
(UVC range) to 1100 nm (near 
infrared), with a maximum of 
approximately 450 nm. The 
microbicidal effect is based on 
photochemical and photothermic 
reactions and entirely depends 
on the dose of energy applied 
(fluence) which can be triggered 
by the number of light flashes 

Pulsed light technology  
for shelf life prolongation  
of bakery products

Figure 1 Airborne contaminated part-baked ciabatta bread 
(Source: Fraunhofer IVV)
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Pulsed light technology  
for shelf life prolongation  
of bakery products

used, the distance between 
the lamp and the surface and 
the discharge voltage. The 
combination of very short 
treatment duration and its high 
efficiency means that pulsed 
light used for this purpose 
is a rapid, low-energy, non-
thermal technology for surface 
decontamination. Different 
systems are already commercially 
available for the sterilisation 
of packaging materials on an 
industrial scale, however, one 
drawback of the technology is 
its limited penetration depth, 
which causes reduced efficacy 
in the case of cell agglomerates 
or superficial matrix structures, 
which may cause shadow effects. 

For homogenous treatment of 
the target area, specially shaped 
reflectors can be used which, 
compared to conventional UV 
lamps, can generate a more 
thorough disinfection in a shorter 
treatment time., An additional 
benefit of  using xenon lamps is 
that they are free from harmful 
substances whereas mercury 
is present in low pressure UV 
lamps. The cumulative treatment 
of food or food contact surfaces 
up to a fluence of 12 J/cm² has 
been approved by the Food and 
Drug Administration (FDA) under 
the code 21CFR179.4, provided 

that the emission spectra is 
between 200 and 1100 nm and 
that the pulse duration is no 
longer than 2 milliseconds 
[FDA 1996]. In Europe, the 
application of UV radiation for 
food surface decontamination is 
generally limited and depends 
on the national legislation of the 
member countries. Over the last 
decade, various studies have been 
carried out on the treatment of 
different food products using 
laboratory scale systems [Gómez-
López et al. 2007, Oms-Oliu et 
al. 2010]. Most of these studies 
demonstrated that it was feasible 
to kill microorganisms on the 
surfaces of fresh produce, meat 
and fish. The impact of pulsed 
light on food quality and safety 
is, however, still the subject of 
ongoing research and needs 
further clarification.

Efficiency of microbiological 
inactivation on bakery products
The effect of a xenon flash lamp 
on the microbiological shelf 
life of part-baked bread rolls 
was investigated on the basis 
of so-called “challenge tests” as 
part of the international Bake.
IMPACT project (implemented 
under the CORNET initiative). 
For this purpose, the surfaces of 
product samples were artificially 
contaminated with spores 
of moulds that are generally 
found in baked goods such as 
Aspergillus brasiliensis (DSM 
1988), Penicillum chrysogenum 
(DSM 1075) and Penicillum 
roqueforti (DSM 1080) using a 
spraying method. This allowed 
a homogenous distribution 
of the microbial load to be 
realised, similar to natural 
airborne contamination. After 
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The loss percentage due 
to mould formation on the 
bread was significantly 
reduced by the pulsed light 
treatment
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a defined drying phase, several 
pulsed light treatments were 
conducted using variations of 
the distance between the flash 
lamp, the product surface and 
the applied voltage and the 
number of flashes. In the case 
of Penicillium roqueforti, a high 
microbial count reduction of 
about 3.0 log was observed on 
the upper surface after a single 
light flash at a distance of 1 cm 
(between the product surface and 
lamp). The inactivation effect 
was approximately 2.5 log for 
Aspergillus brasiliensis and 1.7 
log for Penicillum chrysogenum. 
These results indicate that 
different fungal species have 
different resistance to pulsed 
light treatment. [Muranyi et al. 
2014]. 

Further investigations were 
carried out on ciabatta bread 

samples which were stored 
without packaging for about 24 
hours in the bakery in order to 
obtain natural contamination of 
airborne microorganisms (Figure 
1). The bread samples were 
superficially treated with the 
xenon flashlight under variation 
of the process parameters, packed 
under a modified atmosphere 
and finally stored at 23°C for a 
period of 33 days. Figure 2 shows 
that the loss percentage due to 
mould formation on the bread 
was significantly reduced by the 
pulsed light treatment: 100% 
of the reference samples were 
already mouldy after 10 days. In 
contrast, just 12% of the treated 
bread samples were spoiled in 
that time. Even after 33 days of 
storage the loss rate was just 
14% for the treated samples. 
The best results were observed 
for homogenous treatment on 

all sides. Furthermore, it was 
shown that the fluence has a 
direct impact on the efficiency. 
The microbial reduction was 
significantly higher at a distance 
of 1 cm compared to 5 cm. 
Given that the microbial load 
on product surfaces is much 
lower under real conditions 
than it was for the intentionally 
contaminated samples, pulsed 
light treatment could make 
a significant contribution to 
reducing microbial spoilage or 
could even replace modified 
atmosphere packaging altogether.
[Muranyi et al. 2014].

Impact on food quality
Besides the microbicidal effect 
of pulsed light treatment on 
different bakery products (such 
as cheesecake, bread rolls, 
ciabatta bread), the impact on 
the respective food quality is 
also a crucial aspect which 
has to be considered in order 
to find the most suitable 
parameters for gentle surface 
decontamination. As part of the 
Bake.IMPACT project, selected 
quality parameters;. colour, 
water content, fat oxidation, 
sensory properties, of different 
bakery products were evaluated 
before and after the pulsed light 
treatment. Overall, no significant 
changes were observed under 
moderate treatment conditions. 
A reason for this is certainly the 
low penetration depth of the 
xenon light which is limited to 
just a few micrometres. However, 
intense treatment (3 flashes) of 
the part-baked ciabatta bread 
resulted in a slight off-flavour, 
which was imperceptible after the 
baking process. This underlines 
that the optimum treatment 
parameters must be specifically 

Figure 2 Percentage of mouldy bread samples as a function of the pulsed light 
treatment (Voltage: 3000 V, Distance: 5cm and 1cm, 3 flashes top and bottom 
as well as on all 6 sides) and storage period (Source: Fraunhofer IVV)
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determined for each product, 
giving consideration to both 
microbiological and food quality 
aspects. 

Conclusion
Overall, pulsed light technology 
has proven to be a suitable non-
thermal method for the rapid and 
gentle surface decontamination 
of bakery products. However, 
further research under practical 
conditions is necessary in order 
to gain deeper insight into the 
inactivation efficiency on real 
products and into the impact 
on food quality (nutritional, 
sensory properties) and safety 
(toxicology). This knowledge 
is vital for process design and 
food legislation approval. Other 
issues of relevance to industry are 
acquisition and operating costs 
under continuous conditions. n
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Ian Walters, Market Development Manager – CPG Retail at GS1 UK, outlines the importance of 
barcodes, and why the data encoded in those black and white lines matters 

The importance of product 
labelling 
Labelling a product correctly is 
critical. Packaging is the final 
selling point to the consumer 
and the last point at which the 
brand can make a real difference. 
Making a product stand out from 
the crowd by its packaging is a 
great challenge, not helped by the 
need to include all the product 
information that’s needed – 
information that must be easy to 
read for the consumer, and meet 

all regulatory requirements, such 
as Food Information Regulation 
EU 1169/2011 for example.

The design, colouring and 
branding all help make a product 
appeal to the consumer, but 
how effectively this additional 
information is displayed – and 
how accurate it is – can make a 
real difference to the product’s 
sales. This information, including 
nutritional and allergen details, 
country of origin, ingredients, 

storage instructions, expiry dates 
and much more, is increasingly 
demanded by consumers to help 
them make an informed buying 
decision.

Accurate product information is 
more important than ever before
The quality and accuracy of 
this information is more vital 
than ever before. Consumers 
increasingly look at it at the point 
of purchase, and with the growth 
in online shopping, consumers 
can search and find the products 
that suit their lifestyle or diet 
more easily than ever before. 
The increased interest in the 
provenance or source of food is a 
case in point, where good quality 
product data begins at the farm 
gate and must be maintained as 
products move through the supply 
chain. 

But how can we ensure that 
farmers, manufacturers, 
distributors, wholesalers, retailers 
and, ultimately, the consumer, all 
have the information they need? 
This is where GS1 standards 
come in. Not only do they make 
the supply chain operate more 
efficiently and effectively, but by 

Why accurate barcodes  and product information  
are more important than  ever before
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Why accurate barcodes  and product information  
are more important than  ever before

linking the data to the product – 
at every stage along the supply 
chain – they help ensure quality, 
accurate data is available to 
everyone, at all times. 

Barcodes are key – and not just 
at the point-of-sale
Barcodes, the humble black-and-
white lines that we all recognise, 
are found on almost every food 
product in the world. They are 
used to identify each and every 
product type – by encoding a 
unique number, or GTIN (Global 
Trade Item Number), in each 
barcode.

These GTINs and barcodes all 
follow the global standards set out 
by GS1.

The GTIN is a vital component of 
the supply chain. Everyone uses 
the GTINs to identify products 
and shipments, and they can 
be used to look up additional 
information about the product 
and shipment.

But you don’t just find GS1 
barcodes on the final product 
that consumers see on the 
shelves and buy. Importantly, 
other GS1 barcodes are used on 
cases and shipments of products 
throughout the supply chain. 
Barcodes such as GS1-128 allow 

more information, such as expiry 
dates and batch numbers to be 
encoded. This information, which 
is also used in EDI (Electronic 
Data Interchange) messages, such 
as ASNs (Advanced Shipping 
Notice), allows products to be 
tracked and traced along the 
entire supply chain – from farm 
to fork. 

This not only helps the supply 
chain operate smoothly and 
efficiently, but when problems 
occur, such as the horsemeat 
scandal a few years ago, then all 
affected products can be quickly 
identified and removed from 

the supply chain, and even the 
shelves in stores – protecting the 
consumer and also helping to 
protect the brand.

Barcodes are vital – and they 
keep evolving
The barcode you see on almost 
every product has remained 
the same for over 40 years – 
demonstrating just what a simple 
yet effective system of capturing 
and sharing information it is. In 
more recent times we’ve seen 
the development of GS1 DataBar, 
which, like the GS1-128 barcode 
used in the supply chain, allows 
more information to be encoded 
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in a barcode – and scanned at 
the point-of-sale. GS1 DataBar 
has been trialled by various 
retailers around the world, 
helping products to be traced right 
through to the consumer.

And of course we all saw the 
explosion in 2D barcodes – called 
QR codes - which are frequently 

used to help consumers access 
even more product information 
online, by simply scanning them 
from a mobile phone.

Working with industry to tackle 
today’s industry issues
Here at GS1 UK, as a not-for-profit 
member-owned organisation, 
we work closely with our retailer 

and supplier members to address 
industry issues, and help improve 
industry-wide processes. The 
ultimate goal is that shoppers 
can make informed purchasing 
decisions – and in order for this to 
happen, good product information 
needs to be shared between all 
parties in the supply chain. Using 
standards can help rule out the 
use of inconsistent or poor quality 
product information, while 
growing loyalty and increasing 
trust and confidence in brands.

We’ve helped the food industry 
understand the labelling 
requirements for new legislation 
such as Food Information 
Regulation EU 1169/2011. And we’re 
currently working with a group of 
leading retailers and suppliers on 
the ‘perfect order’ initiative – which 
will help the industry tackle hidden 
operating costs, delays and process 
inefficiencies in the inbound 
grocery supply chain, while 
ultimately addressing the need 
to create the seamless shopping 
experience that consumers expect 
today. 

We do this by helping everyone in 
the supply chain to have access 
to consistent, accurate data when 
labelling and sharing information 
along the supply chain – using EDI 
and barcodes. n

For more information please visit 
www.gs1uk.org/retail 

FIND OUT MORE 

Ian Walters, Market Development Manager – CPG Retail at GS1 UK

Ian joined GS1 UK in 2014 as 
Market Development Manager – 
CPG Retail. 

His primary responsibilities 
are to develop and deliver GS1 
UK’s retail market strategies 
– engaging with retailers and 
their suppliers to harness the 

commercial benefits of adopting 
GS1 standards. 

Ultimately whatever we do has 
to have a benefit for the industry 
and the shopper.

His career before joining GS1 
had always been in sales and 
marketing, working for branded 
manufacturers both in the UK 
and across Europe. He then 
changed direction, spending 
4 years at IGD focused on 
improving trading relationships 
as well as building skills and 
capabilities of commercial 
teams.

His previous work experience 
includes: 
• 2010-2014: Commercial 

Capability Manager, IGD 
• 2001-2008: Various European 

and UK commercial roles, H.J. 
Heinz

• 1997-2001: Clairol, European 
Trade Marketing Manager

• 1976-1997: Various Sales, 
Marketing and Customer 
Marketing roles, Nestlé UK
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An up and coming trend in 
the food industry is the use 

of colour label printers. This is 
mainly because printers such 
as these have become more 
affordable in recent years but also 
due to the fact that printing your 
own labels can result in huge cost 
savings over outsourced printing. 
In fact, in-house colour label 
printing offers far more benefits 
than might be considered on 
initial thought.

First of all, it is important in 
an ever-changing industrial 
landscape to be able to respond 
quickly to legislative changes 
initiated by government or 
other controlling bodies. By 
printing your own labels, you can 
comply at all times with such 

requirements (for example, in the 
provision of allergen information); 
you can immediately implement 
new marketing ideas or follow up 
on customer demands. By being 
responsible for your own printing, 
the adding, removing or adjusting 
of information becomes a simple 
task: a sudden change in labelling 
needs does not need to interrupt 
the production or logistical 
process. With the acquisition 
of a colour printer, what first 
might appear to be a negative 
issue can easily be turned into a 
competitive advantage.

When designing and producing 
your own labels, all the previous 
known printing restrictions are 
removed. This way, you do not 
have to retain the templates of 

your chosen printing partner, 
while the unique characteristics 
of each specific product can be 
highlighted in the exact way 
you have in mind. Furthermore, 
you do not have to go through 
the time-consuming process of 
sending your label design to a 
third party, then having to wait 
for the first samples in the hope 
it will come out exactly as you 
intended. If you are printing 
the finished label by yourself, a 
spelling or design mistake can 
be removed in seconds and you 
can try out an infinite number 
of labels before choosing most 
suitable one.

Another advantage of having your 
own printer is the fact that you 
can print exactly the quantity of 
labels you will need at any given 
time. By applying this “Just-in-
time” principle, you will never 
have an excess of pre-printed 
labels, resulting in a saving on 
stock and ensuring that you have 
perfect control of each order. 

Furthermore, the design of labels 
nowadays is not reserved for 
specialised companies or graphic 
designers. Label printers are 
accompanied by software that 
can be installed on any laptop 
or desktop computer and which 
allows anyone to transform 
a simple PDF or JPEG into a 
distinctive label. 

The MM model C+ colour 
printer allows you to benefit 
from all these advantages. It 

MM model C+

Time to print your own 
colour labels?
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Removable printhead for ease of maintenance

is not only cost-effective, but 
flexible, compact and durable. 
Above all, it is easy to use and 
delivers high quality labels. 
It has the lowest total cost of 
ownership for printers of its 
class and allows you to print the 
exact number of labels needed 
for any order. Whilst being fast 
(the MM model C+ can print up 
to 18 metres per minute), this 
label printer is supreme when it 
comes to quality. In a matter of 
minutes, anyone is able to print 
exceptional labels in vibrant 
colours.

The MM model C+ printer can 
handle a wide range of label 
formats and the software not 
only gives you insight into the 
exact costs for each print run, 
but also allows you to adjust a 
great number of options. You 
will be able to control energy, 
maintenance as well as economic 
and ecological settings. 

Although being able to control 

every setting in the design and 
printing process in great detail, 
it has never been easier to create 
your own labels than with the 
MM model C+. The innovative 
non-moving print heads make 
sure that every single label is 
printed to the highest resolution. 
Once you begin the print process, 
the clarity and quality of your 
labels will be apparent. 

After successfully executing a 
print run, the printer is able to 
wind the labels directly or cut 
them. This allows you to choose 
whether to save labels for later or 
use them from the moment they 
print out. 

In addition to all of this, the metal 
cased printer is designed to fit 
easily into any production line 
or warehouse setting. This way, 
the printer delivers a tailored 
result for each job. It is easy and 
cheap to maintain with on-board 
maintenance implemented in the 
software. 

This is a solution for each 
business that places a high value 
on lean manufacturing and cost-
effective management. Since your 
label is the first contact with the 
consumer, you are one step ahead 
with the MM model C+. After all, 
it’s you who knows your house 
style best. n

Contact details:
Dries Vanrysselberghe
Marketing Manager Europe
MM Barcoding Ltd. 
Barcode Place
Shaw Street 
St. Helens Merseyside 
United Kingdom WA10 1EN
Telephone: +44 (0) 1744 77 8070
Fax: +44 (0) 1744 29526  
Email: mrtnmulligan@gmail.com 
Website: www.mmbarcoding.com

FIND OUT MORE 
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Zinedine Khatir1, Joe Paton2, Nik Kapur3, Harvey Thompson3, Vassili Toropov4

Rising energy costs and changing legislation are bringing the need for more efficient baking 
processes into much sharper focus. This will require greater scientific understanding of how to 
manipulate oven design and baking conditions to produce energy efficient designs. This article 
highlights the work carried out at the University of Leeds, UK, on a recent project on thermal 
energy management in commercial bread baking, funded by the UK’s Engineering and Physical 
Sciences Research Council (EPSRC EP/G058504/1), in collaboration with Warburtons Ltd and 
Spooner Industries Ltd. This project focussed on industrial forced convection ovens, see Figure 1. 
The approach taken was to develop accurate Computational Fluid Dynamics (CFD) methods of the 
thermal air flows within convection ovens, validate them against experimental data and use them 
within formal optimisation methods to improve oven performance against practically-important 
design criteria. 

Figure 1: Schematic of forced convection oven: a) overall and b) cross section view.

Computational Fluid Dynamics (CFD) and Bake-time Modelling
The equations governing the 
thermal air flows in the oven 
are solved using Computational 
Fluid Dynamics (CFD) [1]. Its 
predictions were first of all 
validated by comparing against 
data obtained on a scaled-down 
replica of a direct-fired, forced 
convection oven at Spooner 
Industries Ltd, of length 9m, 

width 1m and height 1.5m [1]. 
The oven is split into three 
zones with arrays of round 
jet impingement nozzles 
which direct hot air above 
and below the product at high 
speed. In reference [1] the 
(normalised) burner set points 
are T1,norm=1, T2,norm=1.07T1,norm 

and T3,norm=1.05T1,norm respectively 

and data with which to 
validate the CFD models was 
obtained by performing a series 
of experiments to measure 
temperature distribution and 
velocity profiles throughout 
the oven. Figure 2 shows that 
the predicted and measured air 
temperatures in the oven are in 
good agreement. 

Energy Efficient Bread 
Baking through the 
Appliance of Science
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Figure 2: CFD predictions and experimental measurements along zone 1 of the oven with the product located at H/D = 
a) 1.43; b) 2.86 and c) 4.29 below the nozzle jets (i.e. D denotes the jets’ diameter and H the distance from the nozzle).

The CFD predictions, Figure 3, 
show that the flow field within 
the baking chamber is dominated 
by large regions of recirculating 
flow which lead to variations 
in temperature uniformity 
throughout the chamber [1]. In 

practice, it is desirable to have 
good temperature uniformity 
within baking ovens to ensure 
predictable product properties. 
Khatir et al. [2] proposed that the 
temperature uniformity within 
the oven can be quantified from 

the CFD results by calculating the 
quantity: 

where V is the volume of the 
baking chamber and Tzone is its air 
jet temperature.

Dr Zinedine Khatir, Research Scientist
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Figure 3: CFD predictions of air flow a) and thermal b) fields.

The rate of heat transfer into 
the bread from the hot gas can 
be estimated using Martin’s 
heat transfer correlation for 
the convective heat transfer 
coefficient at the surface of the 
bread [3]. This enables bake-time 
predictions within the bread/
dough to be obtained using a 
simple heat transfer model based 
on conduction only, with the 

bread taken as cooked when its 
core temperature reaches 94oC. 
This approach is consistent with 
industrial data and provides a 
straightforward coupling to the 
CFD analysis to predict the bake-
time for any oven operation. In 
order the calculate the effect 
of the bake time on energy 
consumption, Paton et al (2013) 
developed a system model by 

conducting a detailed analysis 
of the breakdown of losses from 
the oven. The key energy streams 
they found are described briefly in 
Figure 4 and Table 1. The energy 
analysis predicted that 19% of 
the energy used in an industrial 
oven escapes via the oven walls, 
roof and flue gases, enabling the 
benefits of reducing the bake time 
to be quantified.
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Figure 4: Schematic of energy streams.

Table 1: Energy streams in bread baking [3]

# Energy stream Remarks

1 Fuel in Typically a natural gas burner, larger ovens have 3 or more burners

2 Air supply to the burner Burners in industrial ovens will run with excess air, in order to remove 
moisture, dust and other unwanted combustion products

3 Steam supply Static steam sections are used typically on unlidded products to give the bread 
surface a ‘glossy’ finish

4 Combustion products Hot air and products of combustion

5 Air drawn in from the oven 
ends

Ovens are typically run at negative pressure, thus drawing air into the baking 
chamber

6 Bread Energy required to bake the bread. Larger bread plants can produce upwards of 
5000kg/hr

7 Baking tins and lids Tins are heated to oven temperature during the bake cycle, only to be cooled in 
order to be recycled. 

8 Conveyor Heat losses occur when the conveyour protrudes out of the oven ends

9 Exhaust gases Contains air, alcohols, combustion products, flour, dust and steam

10 Heat loss from oven walls Convective losses due to airflow around the oven and a temperature 
differential between the oven surface and ambient

Energy-efficient baking is a 
compromise between achieving 
a faster bake time, by using high 
velocity air to increase convective 
heat transfer and the larger 
energy consumption from the 
higher electricity load needed to 
power the fans that distribute 
air. The optimum heat transfer 
coefficient which minimises the 
specific energy consumption, e, in 
terms of kJ of energy consumed 
per kg of bread baked, can be 
determined by balancing these 

two factors, while also ensuring 
that there is a reasonable level 
of temperature uniformity in 
the oven to produce high quality 
product.

Oven Optimisation Methodology 
Khatir et al. [4] carried out a 
multi-objective optimisation of 
a forced convection oven with a 
fixed nozzle-to-nozzle spacing, 
S=200mm, and a fixed width 
w=40mm. Three optimisation 
design variables were considered: 

the nozzle jet diameter, d, the 
ratio of the distance H between 
the nozzle jet and the bottom 
wall, H/d, and the air speed at 
the nozzle inlet, unoz. A surrogate 
modelling approach is adopted, 
where the three-dimensional 
design space is explored 
efficiently using a nested Optimal 
Latin Hypercube Design of 
Experiments (DOE) approach 
to achieve a uniform spread of 
points within the design space; 
30 DOE points are adequate for 
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Figure 4: Schematic of energy streams.
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this purpose. The Moving Least 
Squares (MLS) method is used 
to build surrogate models of the 
quantities σ

T
 and e by carrying out 

CFD calculations of the thermal 
air field and COMSOL solutions 
of the heat conduction equations 
respectively at each of the 30 DOE 
points. The surrogate models are 
used within a Genetic Algorithm 
to determine the optimal 
combinations of design variables 
for specified criteria. 

The need to achieve low values 
of σ

T
 and e simultaneously leads 

to a multi-objective optimisation 
problem. In such cases, A Pareto 

front can be used by designers 
to choose the most appropriate 
compromise between σ

T
 and e. 

Figure 5 shows the Pareto front 
for the present problem which 
provides a convenient and 
scientifically rigorous means 
by which oven designers can 
quantify the effect of their design 
criteria on product quality and 
energy efficiency. It shows, for 
example, that increasing σ

T
 

from 10oC to 15oC enables e to be 
reduced significantly by between 
7-10%. Based on a worldwide 
annual bread consumption of 
about 9.5 million kg per year, 
the potential energy savings 

worldwide can be estimated to be 
between 450-630 GWh [4]. 

Conclusions
Recent research into energy 
efficient bread baking, carried 
out at the University of Leeds, in 
collaboration with Warburtons and 
Spooner Industries Ltd, has led to a 
scientifically rigorous methodology 
for oven optimisation subject 
to multi-objective criteria. This 
enables oven designers to achieve 
good temperature uniformity 
within the oven whilst reducing 
specific energy consumption by 
up to 10% n
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In an industry where high 
energy consumption is 

unavoidable, it is essential that 
manufacturers exploit every 
means possible to keep usage 
down. 

David Emerson, product specialist 
at Spooner Industries, explores 
the progress being made in 
monitoring and regulating energy 
efficiency in industrial baking. 

An energy intensive industry 
With the cost of energy 
continually on the rise and often 
resulting in crippling bills, the 

search for increased energy 
efficiency measures has been a 
Holy Grail for UK manufacturers 
for years. Mounting red tape 
and regulatory compliance 
have increased the pressure on 
energy-intensive businesses 
to find ways to manage and 
reduce energy consumption, 
improve cost efficiency and build 
environmental responsibility. 
In manufacturing, the burden is 
even greater with energy usage 
for production lines far exceeding 
that of service industries with 
only standard office equipment to 
power.  

Energy efficiency in baking 
There are few manufacturing 
businesses, however, that feel 
the cost of energy and the need 
for efficiency improvements so 
keenly as the bakery sector. 

In the UK, 2,000 gigawatt hours 
(GWh) of energy, which releases 
around 570 tonnes of CO2 
annually, is used to produce 2.5 
million tonnes of baked goods 
every year. 

Although the baking process 
inevitably consumes energy at 
every turn, it also presents a 
multitude of opportunities to 
streamline energy usage with the 
introduction of new technologies 
and practices – whether through 
improved components, more 
efficient processes, up-to-date 
facilities or even changes at 
managerial level. Doing all this, 
while maintaining the quality of 
the product, has long been the 
‘dream’ for baking manufacturers. 

Energy innovations
Strides have been made, with 
innovations to minimise the 
amount of energy required in the 
baking process and maximise 
the output and efficiency of the 
energy that is used. 

Research carried out at Spooner’s 

Smart energy
use in the baking process
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Smart energy
use in the baking process

R&D centre in collaboration 
with other industry leading 
bodies, has revealed exactly how 
energy is used in ovens, on the 
baking line, and onsite. More 
importantly, we have established 
there is potential, with the 
right innovations, to reduce gas 
consumption by up to 20%. 

Heat recovery from waste 
gases which are re-directed to 
heat-incoming combustion air, 
and reducing the amount of 
through metal in the oven to 
minimise heat loss are just two 
adjustments that can have a 
major impact. 

Using thermal imaging alongside 
other contemporary technologies, 
we monitored the volumes of 
gas produced during baking from 
the baked products and from 
combustion, as well as noting 
how improving the management 
of flue gas can also improve oven 
efficiency. 

Variable speed drives and sensors 
also have a significant role to 
play in increasing the efficiency 
of energy usage. Dynamically 
matching exhaust fans to the 
volume of gases produced by 
the bread and the combustion 
air means that less exhaust is 
taken out and less air needs to be 

heated up and pumped into the 
oven.    

Anyone looking to increase the 
energy performance of a plant 
should measure the amount of 
gas consumed, the temperature 
of the exhaust, the oven wall 
and roof temperatures, the 
temperature of tins going in and 
out of the oven and the heat 
levels of the conveyor belt. Other 
factors to investigate are weight, 
moisture levels, the temperature 
of dough and the flow of air at the 
mouths of the ovens. All of these 
may influence the efficiency of 
equipment. 

Our most recent development 
integrated the terminal ends 
inside the oven body, bringing 

with it both energy- and space-
saving benefits. 

At the feed and delivery ends of 
the oven, sprockets are contained 
inside the oven zone. This ensures 
that minimal heat from the hot 
conveyor escapes from the oven, 
improving its thermal efficiency 
and producing savings of up to 
13% in gas usage.  

The wall below the infeed transfer 
conveyor is fitted with bolt on 
panels which allow greater access 
to the oven entry. 

This process effectively 
eliminates the wasted energy that 
would otherwise escape from 
the terminal ends of traditional 
ovens. A potential loading 

By David Emerson (pictured), 
product specialist at Spooner 
Industries UK

There are few manufacturing 
businesses, however, that 
feel the cost of energy and 
the need for efficiency 
improvements so keenly as 
the bakery sector.
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and unloading issue was soon 
overcome by our engineering 
development team. 

Energy efficient, cost efficient
We have incorporated a number 
of energy saving measures into 
our custom-designed ovens and 
implemented several techniques 
to decrease energy use and save 
money. 

For example, pre-heating the air 
used in gas burners from 25°C 
to 140°C and recovering more 
than 50% of the energy lost in 
the exhaust flue has resulted in 
reduced gas consumption and 
a smaller carbon footprint; and, 
consequently, the company’s 
climate change levy. Heat 
recovery modules can be fully 
insulated and include stainless 
steel outer panels. Modules can 
be retrofitted as well as supplied 
with a new installation. 

Optimum recovery levels once 
these measures have been taken 
can save 115kW; and combined 
with integrated terminal ends can 
save up to 20% when compared to 
a similar oven (such as an older 
impingement oven) without these 
features. Savings could exceed 
£70k per year and, depending 
on the size of operation, this 
equipment can pay for itself 
within the first year of installation. 

Safety first
With all efficiency improvements 
it is imperative not to lose sight 
of safety. We have recently 
implemented an innovation 
which not only improves energy 
efficiency but has also reduced 
safety risks on the factory floor. 

The installation of internal 
walkways for access to essential 
oven cleaning and maintenance 
has replaced the old method of 
crawling through ovens which 

may be mistakenly believed to be 
cool, only to result in injury and 
in some cases, death. In terms 
of efficiency, a walkway system 
introduces a door at either end, 
replacing several access points 
throughout the length of the 
oven, which in turn results in 
significantly reduced heat and gas 
leakage.   

These recently introduced 
innovations in energy efficiency 
measures are now available on all 
our custom-designed oven models.  

Moving forward
With major leaps forward in both 
energy savings and efficiency 
in the bakery world over the 
last 10 years, the future is set 
for an even greener, more cost-
effective future. While the 
industry continues innovating 
and updating its manufacturing 
processes, the benefits will have a 
positive impact on us all. n

Kate Thompson 
Marketing Manager  
kthompson@spooner.co.uk  
Spooner Industries Limited, 
Railway Road, Ilkley LS29 8JB         
T: +44 (0)1943 609505

FIND OUT MORE 

Oven with traditional terminal end Oven with integrated terminal ends

With all efficiency 
improvements it is 
imperative not to lose  
sight of safety.
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Enforcement authorities across Europe are reporting a significant rise in the number of cases of food 
fraud. Pippa Musgrave examines if bread and the baking industry may be the next food targeted by 
rogue traders.

In the slums of British cities 
during the nineteenth century 

food fraud was endemic.  
Brewers would add strychnine  
to their beer to give it a bitter  
taste and poisonous lead was 

used to sweeten confectionery. To 
improve the appearance of poor 
quality preserved vegetables, 
copper sulphate was used to give 
it a green hue and vermillion was 
us to colour cheese. Food was 

regularly adulterated with heavy 
metals.

Bread was not immune to such 
unscrupulous treatments. 
Victorian bakeries were often 

Deregulation,
food fraud and bread weight
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located in squalid basements; 
bakers suffered horrendous 
working conditions and were 
poorly paid. Often the temptation 
to defraud customers was all 
too great: white bread sold at a 
premium, so chalk dust or ground 
bones were added to whiten 
loaves and alum, a compound 
known to cause brain damage, 
was used as a flour improver. 
Adding noxious ingredients 
wasn’t only used as a method 
of improving the appearance or 
quality of loaves; this tactic was 
also a way of cheating Britain’s 
long-established laws regarding 
how bread was to be sold.

The first British law regarding 
the sale of bread was the Assize 
of Bread and Ale of 1266, which 
laid down the principles that 
bread was to be sold by reference 
to its weight and that loaves 
were to be produced in set sizes. 
To get round the law regarding 
the weight of loaves, some 
unscrupulous bakeries would 
add plaster of Paris or sawdust to 
their dough. Others would simply 
over-prove their dough to produce 
loaves which were large in size 
but light in weight.

Such fraudulent activity was 
widespread not because 
legislation to control food 
production was not in place; it 
was widespread because Britain 
did not have an efficient and 
suitably-resourced enforcement 

body tasked with protecting 
consumers and legitimate 
businesses alike.

By the beginning of the 20th 
century, Britain’s failures in 
relation to food and metrology 
enforcement had been addressed. 
Local authorities now had a legal 
duty to employ inspectors of 
weights and measures and food 
standards’ enforcement officers. 
Their presence in the market 
place, together with higher living 
standards, significantly cut the 
prevalence of fraud.

In recent years, successive 
UK governments have viewed 
regulation as a ‘burden on 
business’ and they have initiated 
‘Red Tape’ challenges to reduce 
the number of laws affecting 

Loaves of unwrapped bread 
may be produced with no 
records to prove to inspectors 
of weights and measures 
that they were manufactured 
in accordance with the law. 
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businesses. Two such deregulation 
measures have directly affected 
the metrological controls relating 
to the sale of bread.

The Weights and Measures 
(Miscellaneous Foods) Order 
1988 applied the principles of 
the 1266 Assize to modern bread 
production. The Order stated that 
bread was to be sold by reference 
to its weight and that loaves were 
to be produced in prescribed 
quantities of 400 gram multiples, 
a standard loaf weighing 800 
grams and a small loaf 400 grams. 
These prescribed quantities 
applied to all types of bread, 
including French baguettes, but 
there was an exemption for small 
bread pieces weighing under 300 
grams (such as morning rolls), 
which could be sold by number.

Ten years later 2008, a case in 
the European Court of Justice led 
to the deregulation in the UK of 
the vast majority of prescribed 
quantities for goods, including 
those for bread. UK cider maker 
H P Bulmer had signed a contract 
to supply three hundred and 
thirty millilitre bottles of cider in 
Belgium. The Belgian government 
blocked the importation of the 
cider, quoting their strict laws 
on the size of beer and cider 
bottles: three hundred and thirty 
millilitres was not a prescribed 
quantity in Belgium. Quoting 
precedent, including the case on 
free movement of goods referred 
to as Cassis de Dijon, Bulmer’s 
argued that it was illegal to 
block the importation of goods 
within the EU on the basis of a 
quantitative declaration. If it was 
legal to sell cider in 330 millilitre 
bottles in the UK, bottles of that 
size could be imported into other 

EU member states, including 
Belgium. The court agreed and 
their judgement was sent to the 
EU Commission with guidance 
that prescribed quantities 
should be aggregated across the 
European Union.

The case led to a confusing 
situation where UK bakers 
supplying the domestic 
market had to comply with 
the requirements of the 
miscellaneous foods order with 
regard to prescribed quantities, 
yet bakers in other EU states 
could export bread in other 
quantities to the UK market. The 
UK government felt the solution 
to this problem was to abolish 
the vast majority of prescribed 
quantities including those 
relating to the sale of bread. The 
first company to produce bread 
outside the 400 gram multiple 
prescribed quantity rule was 
Warburton’s who, at a Tesco 
supermarket in West London 
announced the sale of 600 gram 
loaves; the first loaves to be 
manufactured outside set weights 
in almost 750 years.

The abolition of prescribed 
quantities for bread had an 
unforeseen effect. In addition to 

the miscellaneous foods order, 
bread was regulated by the 
average quantity packing regime 
of the Weights and Measures 
(Packaged Goods) Regulations 
2006. Loaves of bread, whether 
wrapped or unwrapped were 
classified as regulated packages 
under the regulations and were to 
be classed in a similar manner to 
tins of beans or packets of frozen 
vegetables. These regulations 
apply to containerised goods 
marked with a prescribed 
quantity which are made up 
without the presence of the 
consumer. Most factory-produced 
foods are therefore controlled 
by these regulations; and the 
average quantity regime relies 
upon a nominal quantity marked 
on the container enclosing the 
goods. The regulations allow 
manufacturers to include some 
goods in batches to be below this 
nominal quantity as long as three 
rules are met:

1. That the mean quantity of a 
batch was greater than the 
nominal quantity;

2. That there were only the 
permitted number of non-
standard packages in any 
batch (defined as between 

In the UK, it has become 
rare to see a store that sells 
unwrapped bread displaying 
notices relating to the weight 
of the loaves being sold.
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one and two tolerable 
negative errors below the 
nominal quantity);

3. That there were no 
inadequate packages in a 
batch (defined by more than 
twice the tolerable negative 
error below the nominal 
quantity).

Taking the 800 gram loaf as 
an example, with a permitted 
negative error set at 15 grams. 
Depending on the size of a 
batch of loaves, some could 
weigh between 770 grams and 
785 grams provided the average 
weight of loaves in the batch was 
more than 800 grams and no 
loaves weighed under 770 grams.

However, unwrapped bread 
cannot not be marked with a 
nominal quantity and it is not 
in a container. The packaged 
goods regulations solved this 
issue by replacing the term 
‘nominal quantity’ in relation 
to unwrapped bread with 
prescribed quantities of 400 
gram multiples contained 
within the miscellaneous foods’ 
order. This necessitated in 
turn a hurried amendment to 
the miscellaneous foods order 
because the government had 
just abolished the prescribed 
quantity requirement. Now, it was 
to be assumed that unwrapped 
bread was sold in loaves in 400 
gram multiples unless a sign 
was prominently displayed at 
the point of sale to consumers 
informing them of the weight of 
loaves.

In October 2015, the Conservative 
government amended the 
packaged goods regulations by 
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removing the requirement for 
small bakeries to keep records of 
weight checks on finished batches 
of loaves. The regulations had 
required all packers of regulated 
goods to carry out weight checks 
on their production and to keep 
records of those checks to prove 
that batches of goods met the 
three packer’s rules. Records had 
to be kept for 12 months, or until 
the sell-by date of the goods had 
passed.

Small bakeries, those selling 
bread from their own premises 
and mixing dough from scratch, 
could obtain a certificate from 
their local council that exempted 
them from keeping these records, 
but neither large industrial 
bakeries nor supermarket in-
store bakeries using third party 
manufactured dough pieces could 
do so.

A clause in the Consumer 
Rights Act 2015 removed the 
requirement to obtain a records 
exemption certificate, so that 
any manufacturer of unwrapped 
bread, including large plant 
bakers, was exempted from 
keeping weight records of 
the production, making the 
keeping of Records a voluntary 
due diligence measure Loaves 
of unwrapped bread may be 
produced with no records to 
prove to inspectors of weights 
and measures that they were 
manufactured in accordance with 
the law. 

Food fraud has not been 
consigned to the history books. 
The European Food Standards 
Authority has warned that we are 
in the midst of a new food fraud 
epidemic. Organised criminal 

gangs have recognised that food 
crime can offer similar returns to 
activities such as drug running, 
but that the penalties if caught 
are far lower. Recently, there have 
been high profile adulteration 
scandals involving horsemeat, 
vodka and infant milk formula 
and the UK Food Standards 
Agency has estimated that 
10% of all food supplied to the 
market has been subjected to a 
fraudulent practice.

Simultaneously, governments 
across the EU have been applying 
austerity cuts to enforcement 
budgets: the Chartered Trading 
Standards Institute estimates 
that local authority enforcement 
budgets have been cut by 50% 
in the last three years. Some 
local authorities have put food 
enforcement on a ‘light touch’ 
footing, while one authority 
reported zero food standards’ 
interventions last year. UK 
enforcement authorities have also 
seen weakening of their powers 
to inspect businesses: under the 
Consumer Rights Act 2014, traders 
must now be given two days’ 
notice of a formal inspection, 
during which evidence of fraud 
may be destroyed or hidden.

In Britain, it seems that 
opportunities are growing for 
criminals to defraud consumers 

in relation to food standards. In 
relation to unwrapped bread, the 
government is trusting traders 
to display notices and to follow 
the rules, whilst cutting the 
inspectorate tasked with ensuring 
compliance.  In the UK, it has 
become rare to see a store that 
sells unwrapped bread displaying 
notices relating to the weight of 
the loaves being sold. Meanwhile, 
few records are being kept to prove 
to inspectors that unwrapped 
bread complies with the packer’s 
rules, while Trading Standards 
Officers are concentrating 
resources on other frauds such 
as product counterfeiting and 
age-restricted sales. Inspector’s 
reference tests in bakeries are 
becoming rare events.

The recent horsemeat scandal 
showed a reluctance to prosecute 
major firms for breaching food 
standards’ law: only one small 
abattoir in the UK has been 
prosecuted and no enforcement 
action was taken against 
major supermarkets for clear 
breaches of regulations. Could 
bread production in the UK 
become a target? Only time will 
tell, but gaps in metrological 
control and reduced provision 
for enforcement may allow 
the return of some of the 
unscrupulous practices last seen 
in age of Queen Victoria. n

Pippa Musgrave is a former Trading Standards Officer and Inspector 

of Weights and Measures. She has over 20 years’ experience in 

consumer protection and business advice. She is a full member of 

the Chartered Trading Standards Institute and an associate member 

of the Chartered Institute of Marketing. Philmus Consulting Ltd 

offers consultancy services in relation to trading law compliance and 

strategic marketing planning. Pippa may be contacted by email at 

philmus@aol.com.
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Brexit: 
A New Game of Thrones?
By Michael Edmund

... iam pridem, ex quo suffragia nulli 
uendimus, effudit curas; nam qui dabat olim 
imperium, fasces, legiones, omnia, nunc se 

continet atque duas tantum res anxius optat,  
panem et circenses… 

 - Juvenal1

“I want this Summer’s issue to 
feature an article about Brexit”. 

This request from the publisher 
came, initially at least, as a bit 
of surprise. The forthcoming 
referendum on whether Britain 
should exit the EU has indeed 
stirred up a heated debate within 
its own shores; but what could 
possibly interest the rest of 
Europe’s bakers about the issue? 

The UK trades with the EU; and 
the EU trades with the UK. Any 
European business that buys from 
the UK, or sells to it, therefore 
clearly has an interest in the 
outcome of the referendum. And 
this, of course, includes bakers, 
bakery equipment manufacturers 
and all whose livelihoods 
depend upon them. It is worth 
exploring the Brexit debate a little 
deeper – and probing beyond the 
soundbites and the rhetoric. 

A recent survey by respected 
Ipsos MORI2 has suggested 
that a very nearly half (48%) of 
Europeans believe that Brexit 
might start a domino effect, with 
other countries then leaving the 
European Union; meanwhile, 
45% already want a referendum 
in their own countries, and 33% 
have expressed the intention 
to vote to leave if granted such 
a referendum. The survey also 
indicated that 40% of Europeans 

think that there will be a reduced 
EU by 2020; and 43% want their 
countries to work towards it. Not 
quite, then, the Churchillian “From 
Stettin in the Baltic to Trieste 
in the Adriatic”, but certainly 
from Paris to Budapest, and from 
Madrid to Stockholm, a certain 
unease has descended over the 
future of the EU. And Brexit is a 
lightning rod for that unease.

In his article3 “Why is Europe so 
fed up?”, Peter Foster of The UK’s 
Daily Telegraph explores many 
factors behind this unease. From 
a potentially explosive cocktail 
of “Nuit Debout” in France, the 
rise of AfD in Germany, the near-
election of a far-right President 
in Austria and the rise of another 
in France; from Pegida and 
the anti-islamic sentiment in 
Hungary, Poland, Slovakia and 
the Czech Republic; and from the 
fear of Russia in the Baltic and 
of Greek debt, he synthesises a 
most gloomy image: “The EU at 
the moment is like one of those 
cartoon characters that went 
hairing [sic] off a cliff ... At some 
point everyone will realise there 
is nothing but thin air, and then 
whole thing will plummet down 
to earth.”

But this unease is hardly a new 
phenomenon. In his excellent 
but flawed analysis4, Jon N. Hall 
argues that the “borders of Europe 

have been drawn and redrawn 
over and over again, and various 
systems of government have 
been tried, discarded, and then 
tried again”, regularly forcing 
the various nations of Europe to 
reinvent themselves. His opinion 
of European government is not 
high: its inbuilt interventionist 
stance is apt, he observes, to 
“corrupt” European citizenry, 
rendering it chronically 
dependent and unable to wean 
itself off public support. Moreover, 
he continues, this approach bears 
partial responsibility for, amongst 
other problems, the Greek 
financial crisis, Muslim migration 
and rioting students and farmers. 
In his New York Times article 
‘The Soup Kitchens of Athens’5, 
former Greek Finance Minister 
Yanis Varoufakis illustrates the 
human aspects of this realpolitik, 
one of which seems to be mass 
migration. Reference to the tragic 
fate of little three-year-old Aylan 
Kurdi6, and of many others, does 
not trivialise the Brexit debate 
because migration is one of its 
central issues; and migration has 
led directly to another ghastly 
sight: that of barbed wire rolling 
once again across European fields. 

Though Hall’s article begins 
with the Romans, his words ring 
true across the millennia. In 
Republican Rome, the patricians 
occupying the upper strata 
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of Roman society effectively 
excluded ordinary Roman citizens 
(the plebs) from political and 
social institutions. During a 
period known as the “Conflict 
of the Orders”, great social and 
political upheaval occurred when 
the plebs effectively left Rome 
on five separate occasions, each 
known as a secessio plebis. Today, 
that might become “plebxit”. 
Later, Juvenal wrote his Satire, 
coining the famous “bread 
and circuses” criticism of the 
Imperial policy towards keeping 
the people happy. He brands 
the upper strata of society as 
patronising and contemptuous of 
the ordinary citizens; and those 
ordinary people as selfish and 
stupid in their neglect of bigger 
issues. In our information-rich, 
social media-connected world, 
the people are aware of the bigger 
issues, and do not neglect them 
– and that may help explain why 
“Europe is so fed up”.

Juvenal’s scathing critique of 
Roman society can illuminate 
today’s sense of European unease, 

of which the Brexit debate is one 
symptom. Provided laws are just, 
and seen to be so, the people will 
generally accept them: it matters 
relatively little to the citizens of 
Penzance that those laws be 
passed in London or Brussels; or 
to those of Cadiz whether theirs 
come down from their capital city 
or the Belgian one. What matters 
a great deal is that the lawmakers 
can be held accountable at the 
ballot box. But the Eurocrats of 
Brussels and Strasbourg, modern-
day Roman Patricians, are widely 
perceived to be remote and 

unaccountable; to have fallen 
out of touch with the people they 
purport to represent. There will be 
consequences. And they are not 
likely to be pretty. 

Fundamentally, however, Brexit 
or not, the UK will still wish to 
trade with the EU; and the EU will 
still wish to trade with the UK. 
Only the mechanics will change, 
but a lot of businesses – bakery 
and otherwise – will be greatly 
affected. Brexit: this column is 
called “Food for Thought” for good 
reason. n

1 … Already long ago, from when we sold our vote to no man, the People have abdicated our 

duties; for the People who once upon a time handed out military command, high civil office, 

legions – everything, now restrains itself and anxiously hopes for just two things: bread and 

circuses

2  https://www.ipsos-mori.com/researchpublications/researcharchive/3731/Half-of-people-

in-nine-European-countries-believe-UK-will-vote-to-leave-the-EU.aspx.  Accessed 01.06.16

3  http://s.telegraph.co.uk/graphics/projects/europe-ref-fed-up-vote/index.html. Accessed 

01.06.16

4 http://www.americanthinker.com/articles/2016/05/whats_wrong_with_europe.html. 

Accessed 01.06.16

5 http://www.nytimes.com/2016/06/01/opinion/yanis-varoufakis-greece-still-paying-for-

europes-spite.html?_r=2. Accessed 01.06.16

6  http://www.reuters.com/article/us-europe-migrants-turkey-idUSKCN0R20IJ20150902. 

Accessed 01.06.16

51FOOD FOR THOUGHT

Food-For-Thought.indd   51 03/06/2016   18:12

http://www.bakingeurope.eu
https://www.ipsos-mori.com/researchpublications/researcharchive/3731/Half-of-people-in-nine-European-countries-believe-UK-will-vote-to-leave-th
https://www.ipsos-mori.com/researchpublications/researcharchive/3731/Half-of-people-in-nine-European-countries-believe-UK-will-vote-to-leave-th
https://www.ipsos-mori.com/researchpublications/researcharchive/3731/Half-of-people-in-nine-European-countries-believe-UK-will-vote-to-leave-th
http://s.telegraph.co.uk/graphics/projects/europe-ref-fed-up-vote/index.html
http://www.americanthinker.com/articles/2016/05/whats_wrong_with_europe.html
http://www.nytimes.com/2016/06/01/opinion/yanis-varoufakis-greece-still-paying-for-europes-spite.html?_r=2
http://www.nytimes.com/2016/06/01/opinion/yanis-varoufakis-greece-still-paying-for-europes-spite.html?_r=2
http://www.nytimes.com/2016/06/01/opinion/yanis-varoufakis-greece-still-paying-for-europes-spite.html?_r=2
http://www.reuters.com/article/us-europe-migrants-turkey-idUSKCN0R20IJ20150902


M MIWE baking excellence: the ideal combination of M MIWE energy,  M MIWE smart engineering, M MIWE connectivty and M MIWE service.

We would be happy to provide you with more information: Telephone + 49 (0)9363 - 680 · contact @miwe.de · www.miwe.com

Just know how.
Seamless production.

Untitled-5   1 11/05/2016   17:25

mailto:contact@miwe.de
http://www.miwe.com

