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P8 Cutting Edge
3D food printing - A new dawn and 
a new dimension in the bakery 
industry? This new technology has 
arrived like it or not! But is it just 
another fad? Read on for a fascinating 
insight into some of the applications 
from the UK’s Knowledge Transfer 
Network.

FEATURES

P12 Dough rheology
So you thought you knew everything 
the about subject? Researchers at the 
University of Leuven, Belgium have 
been looking down the microscope 
and have revealed some interesting 
findings in dough microstructure 
during processing.
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P24 Campden BRI Bakery Technology 
conference 26th – 27th May 2016.
A preview of this increasingly popular 
conference which will have keynote 
presentations from leading experts 
from academia and industry. Baking 
Europe is proud media partner once 
again.

P28 3D Food Printing conference 
April 12th 2016.
Continuing this issue’s theme on 3D 
food printing and as media partners 
we take a look at what the show has 
to offer.
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P30 Protein Nutrition
Innovative research on protein 
nutrition from ingestion, sarcopenia 
to allergy mitigation with food 
design – we feature five authoritative 
opinions from scientists and food 
manufacturers from around Europe.

P34 Taste and texture sensation – 
your biological make-up may be 
responsible!
Researchers at The Pennsylvania State 
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people like certain fibre enriched 
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Welcome to the spring 2016 
issue of Baking Europe 

magazine.  As we venture into 
our third full year of publishing, 
it is astonishing to look back 
over the previous 24 months and 
muse over some of remarkable 
technological developments that 
have we have witnessed in the 
international bakery business. 
Specifically, 3D food printing 
which has now finally made a 
significant impact on the industry 
with stunning sugar designs, 
pizzas, cakes and, it seems, 
whatever the mind can counjer 
up and design on a PC!

Thriving on innovation, our 
editorial team couldn’t resist 
a peek at this new-fangled 

technology so this issue includes 
a special feature from the (KTN) 
Knowledge Transfer Network and 
a preview of a 3D Food printing 
conference in April.  

We also feature some new 
research in dough rheology 
from Leuven University in 
Belgium, innovation in the use of 
proteins for nutrition in different 
age groups through to fibre 
enrichment in bread and how it 
affects taste sensation.

As well as covering the design 
of clean working areas and the 
problems of spore contamination 
in sliced bread and elsewhere 
from ONIRIS in France, some 
scientific research on achieving a 

good quality bread crust, Baking 
Europe is again media partner 
with Campden BRI for their well 
respected Bakery Technology 
conference May.

Finally, our Food for Thought 
section is a little more serious 
than usual due to our editor 
Mike Edmund being struck 
down by a winter virus, with an 
article which looks “across the 
pond” to Chicago and The Food 
Fortification Initiative and the 
issues surrounding fortification of 
flour with folic acid; the debate is 
still active!

 
Graham Pendred 
Publisher

Welcome
to the Spring 2016 issue of Baking Europe!
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CUTTING EDGE 
3D PRINTING

The use of additive 
manufacturing in food, 

more commonly referred to 
as 3D printing, is becoming 
increasingly talked about. 
However, it is unclear that there 
is any particular value beyond 
the creation of interesting shapes 
and some novel combinations 
of ingredients. The challenge for 
food scientists, technologists and 
producers is to find propositions 
with added value that are 
attractive to consumers at a cost 
that reflects that added value and 
which are not able to be produced 
in other ways.

In practical and simple terms, 
3D printing is a way of creating 
an object from a 3D object 
scan by building up successive 
layers of the constituents of 
the product until the complete 
object is created. According to 
the American Society for Testing 
and Materials Group, there are 
various techniques that can be 
used to build up the layers and 
these include Material Jetting, 
Binder Jetting, Material Extrusion 
and others (http://www.astm.
org/COMMITTEE/F42.htm). 
These are essentially industrial 
processes that are more usually 
applied to stable feedstocks 
such as plastics and the slow 
application of 3D printing of foods 
is in part at least, a consequence 
of the unfamiliarity of food 
technologists with the types of 
processes that are applied in 
the 3D printing sphere in other 
sectors.

The most common use for 3D 
printing is for fast prototyping. 
Engineers can use 3D printing 
to quickly (and cheaply) look at 
the limits and advantages of a 
design before having to invest 
in processes and machinery. 
However 3D printing has also 
been used for finished products 
such as bone implants and for the 
production of pharmaceuticals. 

The drug, Spritam has been 
developed by the Ohio-based 
pharma company Aprecia. 
The 3D printed formulation 
consists of layers of active and 
inactive ingredients and uses an 
aqueous fluid to stitch together 
multiple layers of powder. This 
allows for rapid dissolution and 
for better control of a custom 
dose. Nonetheless, the use of 
3D printing for products that 
are directly ingested such as 
foods and pharmaceuticals 
rather than for producing 
materially homogenous machine 
components, remains relatively 
rare.

Of course, 3D printing can 
also be used for prototyping 
manufacturing equipment, as it 
has been used in other industries 
and there is a substantial 
investment in the packaging area. 
In the food area, applications of 
3D printing are primarily focused 
on novel shapes produced using 
the layering technology. This 
gives rise to novel chocolates and 
confectionery such as that shown 
in figure 1 using technology such 
as the ChefJet Pro 3D Printer 
(http://uk.3dsystems.com/chefjet).

However NASA have funded 
studies to develop 3D printing 
of common multi-component 

3D PRINTING
OPPORTUNITIES AND INNOVATION
The value of cutting edge, additive manufacturing
By Professor Bryan Hanley (pictured), FRSC. Specialist, Food, KTN 
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foods (including pizza). The 
intention is to use the technology 
to provide food for astronauts 
on long distance space missions. 
The target food will be built up 
from its constituent parts, layer 
by layer to make a recognisable 
(and edible) product. (See Baking 
Europe winter 2015 for a full 
article on the subject http://
bakingeurope.eu/publications/
BakingEurope-Winter-2014-
preview.pdf Ed)

Food constituents such as 
chocolate, dough and sugar are 
able to be printed with relative 
ease and a range of novel shapes 
and products can be made which 
are not able to be produced by 
any other means. However true 
novelty and value is somewhat 
more difficult to achieve and 
practical obstacles such as 
needing to wait for layers to cook 
before successive ones are added 
and the interactions of different 
food components with each other 
(much more of a challenge for 
foodstuffs than working with 
plastics) remain significant. 

The future opportunities for 3D 
printing in the food area can be 
divided into three segments. 

The first of these and the area 
where there is greatest current 
potential, is in the production 
of specific physical product 
shapes. In many cases it may be 
possible to ‘outsource’ production 
to the home environment or to 
supermarkets and retailers. It 
is not too difficult to envisage 
customers producing a 3D scan of 
the object they are interested in 
replicating, taking it to their local 
supermarket and getting a shape 
that is either produced directly 
(e.g. chocolate) or can be taken 
home for baking. This type of 
technology is already proven for a 
range of cakes and biscuits so the 
only question is how best it might 
be rolled-out in future. 

A second way in which 3D 
printing might be adopted in the 
food industry is shown in the 
production of the ‘NASA pizza’ 
mentioned above. In this case, 
the product is multi-component 

in nature and complex. This 
means that home production 
is unlikely in the near future – 
particularly given the growing 
reluctance of people to cook and 
to deal with a multiplicity of 
constituents. However increased 
personalisation of mass produced 
products in a supermarket 
or takeaway format may be 
possible. A recently funded EU 
project on personalised nutrition 
for the elderly (http://www.
performance-fp7.eu/) aims to 
produce nutritionally adequate, 
complete meals for the elderly 
(who may have mastication and 
swallowing difficulties) using 

Academy
b  kery

120 years of 
knowledge and 

experience
Tel: +31 6 14960608

E-mail: info@bakeryacademy.com
Web: www.bakeracademy.com
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3D printing.  The focus of the 
project was on the elderly but 
other demographics could be 
targeted. A similar approach has 
been suggested to make edible 
insects more acceptable by using 
3D printing to remove visual 
insect characteristics and to 
create versions of current foods. It 

should be possible to create food 
manufacturing systems which are 
essentially ‘feedstock blind’ and 
which can produce foods from a 
specified protein, carbohydrate, 
fat and sugar mixture. This may 
be of increased value as we move 
towards potential shortages of 
conventional crops. 

The third area, and the one which 
is furthest from realisation, is 
the use of 3D printing to change 
radically the whole concept of 
food and nutrition. Decades of 
research have shown that many 
chronic diseases have their root 
in nutrition. At the same time 
many ostensibly non-nutritive 
food components (e.g. omega 3 
fatty acids, phenolic compounds, 
prebiotics and fibre) appear to 

have measurable benefits. One 
of the problems with creating 
acceptable health claims is 
the heterogenous nature of 
foods in terms of these health 
components, the challenge of 
incorporating them into normal 
foods that people actually want 
to eat and the different responses 
of individuals based upon their 
genotype, epigenetics and 
microbiome. As we understand 
more how individuals and 
groups of individuals’ respond 
to nutritional input, it should be 
possible to create a range of foods 
(not just traditional vegetables!) 
with defined bioavailability of 
healthy components targeted 
towards specific consumers 
and groups of consumers. 
These foods, because they are 
functionally designed will be 
indistinguishable from the 
non-designed alternatives.  Just 
as nutritionists have long held 
that there are ‘no unhealthy 
foods, just unhealthy diets’ so 
we may, through the application 
of 3D printing, be moving to a 
world where ‘five a day’ becomes 
a meaningless concept and 
programmed, healthy food will be 
available in all sorts of formats, 
including the early morning 
croissant. n

Contact details:
Bryan Hanley, 
FRSC. Specialist, Food,  
KTN 
www.ktn-uk.co.uk
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TECHNOLOGY
DOUGH RHEOLOGY

The bread making performance 
of wheat flours is known to be 
largely determined by the gluten 
protein network. An insufficient 
amount of high molecular 
weight gluten proteins results 
in a lack of dough cohesiveness 
and elasticity, whereas a too 
high amount of these long 
protein chains impedes the 
expansion of the gas cells during 
fermentation and oven rise. In 
both cases, undesirably small 
bread volumes and associated 
crumb structures are obtained. It 
is clear that a balance needs to 
be found between the amounts 
of long and short gluten chains 
in order to acquire a sufficiently 
large bread volume [1]. To assess 
the bread making potential of 
wheat flours, one approach is to 
look at how wheat flour dough 
responds to externally applied 
deformations or forces, i.e. to 
study its rheological behaviour. 
After all, during bread making, 
dough is subjected to a wide 

range of deformations, combining 
both shear and extension, and 
consequently it can be expected 
that the rheological properties 
of dough are related to the final 
product quality in one way or 
another. 

Rheological characterisation 
The food industry has developed 
a multitude of empirical 
rheological tests to quickly assess 
wheat flour quality. Although 
generally informative, these tests 
do not provide fundamental 
insights into the material’s 
structure or behaviour [2]. In 
empirical tests the applied flow 
field is typically ill defined and 
very complex. As a consequence, 
it is not possible to obtain true 
material properties from these 
tests. This evidently puts a severe 
limitation on the applicability 
of the data, as they often 
tend to be valid only for those 
specific deformation conditions. 
During fundamental rheological 

characterisation, the material 
is subjected to a well-defined 
deformation (strain or strain 
rate), and the resulting response 
(in terms of forces or stresses) 
is recorded (or vice versa). The 
rheological data can be used to 
quantify material properties (such 
as strength, stiffness, elasticity, 
viscosity) as a function of strain 
or strain rate, to gain insight into 
the material’s structure based 
on its rheological ‘fingerprint’, 
and to predict approximately the 
material behaviour in real-life 
processing conditions. The latter 
are typically far more complex 
than the deformations applied 
in rheological measurements yet 
consist of combinations of those 
model flow types.

The extensional behaviour 
of dough is very relevant for 
its processing as during both 
fermentation and oven rise, 
dough experiences mainly 
extensional flows. We have 

The importance of the  

gluten network in 

dough rheology 
A detailed look at the implications for dough quality 
and how to assess it
By Mathieu Meerts, Ruth Cardinaels, Filip Oosterlinck, Prof. Christophe M. Courtin and Prof. Paula 
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studied the behaviour of dough 
in extension by means of an 
extensional viscosity fixture (EVF), 
which delivers a well-defined 
uniaxial, elongational flow field. 
This fixture is commercially 
available and can be mounted 
on any rotational rheometer. The 
EVF add-on consists of two drums 
to which the dough strand is 
attached by means of clips (figure 
1). With this setup, extension at a 
constant rate is obtained as one 
drum remains stationary, and the 
other drum moves in a circular 
orbit around it, whilst also 
rotating on its own axis. Figure 
2 shows the typical response 
of dough to uniaxial stretching. 
The extensional viscosity ηe 
(ε) is used as a measure for the 
resistance against stretching. 
In extension, dough displays 
strain-hardening, i.e. the more 
the dough sample is stretched, 
the higher the resistance it will 
provide against further stretching. 
The degree of strain-hardening 

can be quantified by means 
of a strain-hardening index 
(SHI) that takes the ratio of the 
maximum viscosity ηe

max to the 
extrapolation of the viscosity ηe

ref 
at small strains ε (see again figure 
2). In general, dough experiences 
more strain-hardening at higher 
stretching rates.

With this rheological toolbox we 
tried to elucidate the interplay 
between gluten and starch 
in determining the overall 
dough behaviour. We also 
investigated how the gluten 
proteins are affected by changes 
in preparation (water content, 
mixing time) and by yeast 
fermentation.

Interplay between gluten and 
starch 
The complex dough matrix 
consists of a hydrated gluten 
network that is filled with 
starch particles. Under large 
deformations the gluten network 
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will determine the dough 
behaviour. In extension, pure 
gluten behaves very much like 
dough, and it is evident that 
quality differences between 
wheat flour types are clearly 
revealed in their extensional 
behaviour. However, for small 
deformations the starch particles 
also significantly contribute to 
the dough rheology: changing 
the starch content substantially 

alters the position and inclination 
of the extensional viscosity 
curve at small strains (figure 3). 
The starch particles may even 
mask differences in the gluten 
network. Consequently, only 
rheological tests that involve 
rather large deformations are 
able to distinguish strong from 
weak flour dough, as only these 
tests can be trusted to probe 
adequately the response of the 

gluten network. With the strain-
hardening index, gluten quality 
differences can easily be detected 
and quantified [3]. 

Impact of process parameters on 
the gluten network 
The water content and mixing 
time are both important process 
parameters in dough making. 
Changes in water content mainly 
result in a parallel shift of the 
extensional viscosity curve at 
small strains (figure 3). Water 
thus appears to act as a lubricant, 
affecting mostly the starch-starch 
and gluten-starch interactions. 
The mixing time, by contrast, has 
a strong impact on the gluten 
network itself. Long mixing times 
may severely compromise the 
integrity of the gluten network, 
which results in an attenuation 
of the strain-hardening 
phenomenon (figure 3).

 This loss of network integrity 
was found to be reversible, 
although typically the recovery 
is rather slow and only partial. 
The strain-hardening index 
again provides an excellent 
means to monitor the network 
breakdown during overmixing 
and the (partial) recovery during 
subsequent rest. Furthermore, the 
SHI tends to reach its maximum 
value for a mixing time close to 
the so-called ‘optimum’ mixing 
time that is usually determined 
with empirical devices. These 
findings clearly demonstrate 
how rheology can be used to 
verify and quantify phenomena 
that are well known to bakers 
and for which earlier studies 
focusing exclusively on dough 
microstructure and gluten 
chemistry have also provided 
evidence [4, 5].

Figure 1: Schematic drawing of the extensional viscosity fixture (EVF).
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Modifications of the gluten 
network resulting from yeast 
fermentation
Finally, we set out to assess 
the potential of fundamental 

rheological techniques to study 
the impact of yeast fermentation 
on dough rheology. Recently, 
the research group of Prof. 
Christophe M. Courtin (KU 

Leuven) determined the nature 
and the relative amounts of the 
metabolites produced by yeast 
during dough fermentation [6]. 
In addition to carbon dioxide, 
yeast also produces significant 
amounts of ethanol, glycerol and, 
somewhat unexpectedly, succinic 
acid. The latter component was 
shown to be the main contributor 
to the increase in dough acidity 
observed during fermentation. 
Yeast fermentation does not only 
lead to the leavening of dough, but 
also seems to alter its rheology. 
Because it is difficult to determine 
the exact impact of specific yeast 
metabolites on dough rheology 
when active yeast cells are 
present, we added the metabolites 
directly to unyeasted dough. 
Ethanol and succinic acid both 
have a significant, positive impact 
on the strain-hardening behaviour 
of dough. The strengthening effect 
of succinic acid is noticeable in 
the extension curves over the 
entire strain range (results not 
shown), which suggests that this 
metabolite affects not only the 
long-chain but also the short-
chain gluten proteins. It was 
shown that succinic acid does not 
significantly alter the behaviour 
of the starch component. The 
addition of succinic acid most 
likely leads to an unfolding and 

Figure 2: At sufficiently large strains, dough displays strain-hardening, as the 
long gluten chains tend to align themselves in the stretching direction. The 
degree of strain-hardening can be quantified by means of a strain-hardening 
index (SHI).

Spring 2016 BAKINGEUROPE 
www.bakingeurope.eu

Figure 3: Changes in starch or water content significantly affect the 
extensional viscosity ηe (ε) at small strains, whereas changes in mixing time 
are clearly reflected in the strain-hardening behaviour at large strains. 
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swelling of the gluten molecules, 
such that they may attain a 
higher degree of entanglement 
[7]. Ethanol was found to have 
an impact on the response 
of both the gluten and starch 
fractions, and probably affects 
their interaction possibilities by 
changing the solvent quality, as 
was suggested by biochemical 
analyses [8]. Our rheological study 
thus indicates that both ethanol 
and succinic acid strengthen the 
gluten network, and tailoring 
their concentration might 
therefore constitute a promising 
tool to optimize the dough 
performance.

In addition to extensional flows, 
we also studied dough behaviour 
in linear and non-linear 

shear flows, again by means 
of fundamental rheological 
techniques (i.e. oscillatory 
measurements and creep-
recovery tests). This extensive 
rheological data set on wheat 
flour dough will enable us to 
develop more accurate models for 
the prediction of dough behaviour 
under real-life processing 
conditions. 

In conclusion, this study shows 
that rheological measurements 
can be used to verify and 
quantify phenomena that are 
already well known to bakers. In 
addition, rheology can help us to 
elucidate how changes in dough 
microstructure or composition 
may substantially alter its 
behaviour. n
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INNOVATION PROFILE

REGO HERLITZIUS has enjoyed 
a reputation as manufacturer 
and supplier of high quality 
machines for artisan bakeries 
and industrial applications in 
many European and overseas 
markets for decades. The firm’s 
product portfolio ranges from 
cream pasteurisers with a bowl 
size of 10 litres for small family 
confectioner businesses, through 
modern bread cutting, planetary, 
kneading, beating and stirring 
machines in various sizes, right 
up to complex bread slicing 
plants with processing capacities 
of up to 600 bread slices and 118 
bread packages per minute for 
industrial users.

Consulting and realisation 
partner
A fact not so well known to-date 
is that REGO HERLITZIUS has 
for many years been harnessing 
its industry expertise and 
engineering services to support 
existing and future customers 
in the role of consulting and 
realisation partner. This is 
particularly true in the case of 
complex applications in the 
industrial and semi-industrial 
sector. Here, our team of experts 
from Haan in the Rhineland 
provides customers with 
advice – from the selection of 
the corresponding machines 
best suited to the individual 
requirement profile, through the 
optimum machine configuration 
for the given challenges, right up 
to the most efficient integration 
of the application into the actual 

production and processing 
operations. At REGO HERLITZIUS, 
working in partnership with 
customers and providing 
comprehensive expert support is 
something we take for granted. 

Spirit of partnership as a credo
Even during the engineering 
phase and long before delivery, 
we aim to answer myriad 
questions to ensure that the 
project is on-track for success. 
Among others, these include 
the detailed definition of 
the manufacturing process 
together with the upstream and 
downstream interfaces.

Once thorough clarification of 
these points has been agreed, 

we commence layout and design 
which takes the form of initial 
drafts in 3D CAD plan format. 
Before determining the final 
layout, the processes are re-
mapped in detail with further 
user-specific requirements and 
wishes taken into consideration.

“During this phase of the project 
it is of paramount importance 
that the plant operator, our 
engineers and designers 
communicate closely and 
intensively in order to understand 
the specific individual conditions 
and challenges faced by the 
user”, is how REGO HERLITZIUS 
Managing Director, Andreas 
Themann, explains the company 
credo “Only through such an 

Much more than just a 
machine manufacturer
REGO HERLITZIUS: A machine partner that delivers know-

how to the baking industry

The engineers at REGO HERLITZIUS realise individual customer requirements 
in the form of 3D CAD plans 

REGO-Profile.indd   18 02/03/2016   18:00

http://www.bakingeurope.eu


18

BAKINGEUROPE Spring 2016 
www.bakingeurope.eu

INNOVATION PROFILE

REGO HERLITZIUS has enjoyed 
a reputation as manufacturer 
and supplier of high quality 
machines for artisan bakeries 
and industrial applications in 
many European and overseas 
markets for decades. The firm’s 
product portfolio ranges from 
cream pasteurisers with a bowl 
size of 10 litres for small family 
confectioner businesses, through 
modern bread cutting, planetary, 
kneading, beating and stirring 
machines in various sizes, right 
up to complex bread slicing 
plants with processing capacities 
of up to 600 bread slices and 118 
bread packages per minute for 
industrial users.

Consulting and realisation 
partner
A fact not so well known to-date 
is that REGO HERLITZIUS has 
for many years been harnessing 
its industry expertise and 
engineering services to support 
existing and future customers 
in the role of consulting and 
realisation partner. This is 
particularly true in the case of 
complex applications in the 
industrial and semi-industrial 
sector. Here, our team of experts 
from Haan in the Rhineland 
provides customers with 
advice – from the selection of 
the corresponding machines 
best suited to the individual 
requirement profile, through the 
optimum machine configuration 
for the given challenges, right up 
to the most efficient integration 
of the application into the actual 

production and processing 
operations. At REGO HERLITZIUS, 
working in partnership with 
customers and providing 
comprehensive expert support is 
something we take for granted. 

Spirit of partnership as a credo
Even during the engineering 
phase and long before delivery, 
we aim to answer myriad 
questions to ensure that the 
project is on-track for success. 
Among others, these include 
the detailed definition of 
the manufacturing process 
together with the upstream and 
downstream interfaces.

Once thorough clarification of 
these points has been agreed, 

we commence layout and design 
which takes the form of initial 
drafts in 3D CAD plan format. 
Before determining the final 
layout, the processes are re-
mapped in detail with further 
user-specific requirements and 
wishes taken into consideration.

“During this phase of the project 
it is of paramount importance 
that the plant operator, our 
engineers and designers 
communicate closely and 
intensively in order to understand 
the specific individual conditions 
and challenges faced by the 
user”, is how REGO HERLITZIUS 
Managing Director, Andreas 
Themann, explains the company 
credo “Only through such an 

Much more than just a 
machine manufacturer
REGO HERLITZIUS: A machine partner that delivers know-

how to the baking industry

The engineers at REGO HERLITZIUS realise individual customer requirements 
in the form of 3D CAD plans 

REGO-Profile.indd   18 02/03/2016   18:00

19INNOVATION PROFILE

Spring 2016 BAKINGEUROPE 
www.bakingeurope.eu

attentive and intensive exchange 
of information can we ensure that 
the ongoing development of our 
plants matches the respective 
individual requirements and that 
the final result leads to improved 
quality of production.”

A practical example:
The industrial or semi-industrial 
use of the ROTEC SBA 3000 
provides a good example of 
practical use. A fully automatic 
bread slicing machine, the Rotec 
3000 SBA is capable of cutting 
up to 600 bread slices a minute 
with its integrated portioning 
module delivering a processing 
capacity of 118 packets of bread 
per minute. 

Depending upon the customer’s 
requirements, various modules 
can be used in conjunction 
with the ROTEC 3000 SBA. For 
instance, a bread magazine table 
can be inserted upstream of 
the cutting module to facilitate 
the automated feeding of the 
bread strands. Similarly, it is also 
possible to install an infrared 
sterilisation module upstream 
of the cutting process or locate 
additional UV technology on 
the cutting blade itself. This 
significantly improves the shelf 
life of the sliced loaves.

The configuration of the ROTEC 
3000 SBA – in terms of the 
slicing module – is based on 
that of the ROTEC 3000 circular 
blade slicing machine, with 
which bread strands in any 
form, irrespective of whether 
they are fed unmoulded or in 
trays, can be sliced in variable 
or exact thicknesses. The 
rotation-independent, decoupled 
cutting speed of the circular 

blade facilitates the cutting of 
bread strands of highly variably 
consistency and degrees of 
freshness, following the cooling 
process. The user is therefore able 
to utilise the machine for a very 
broad spectrum of applications.

“The actual configuration 
that is ultimately used by the 
customer for this automatic bread 
slicing machine is the result of 
detailed consultation between 
the user and our engineers. 
It is strictly oriented on the 
respective requirement profile 
for the desired production and 
processing operations”, explains 
Andreas Themann.

It’s not just words
The fact that the aforementioned 
REGO HERLITZIUS philosophy 
of “working in partnership with 
customers, upon request, to 
support them with know-how, 
high quality engineering and 
consultancy services from the 
beginning of a project right 
through to its completion” – is 
not merely a case of paying lip 
service, but evident from the 
presentation to the company of  a 
current award; REGO HERLITZIUS 
has recently received the coveted 

IBA 2016 Award for its expertise 
in engineering services and 
development work in connection 
with the ROTEC SBA 3000. n

REGO HERLITZIUS GMBH
Bäckerei- und Konditorenmaschinen
Rheinische Straße 6, D-42781 Haan
Tel.: +49 (0) 21 29 · 34 66-0, Fax: 34 66-69
mail@rego-herlitzius.com
www.rego-herlitzius.com 

FIND OUT MORE 

Thanks to its modular design, the ROTEC SBA 3000 automatic 
bread slicing machine can be supplied in variable configurations
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Generations of bakers appreciate 
the legendary WP MATADOR 
deck oven. It combines German 
engineering with maximum 
innovation and is thus the best 
example of the technology 
coming from WP BAKERYGROUP. 
The group of companies unites 
five traditional specialists under 
one roof, while each company is a 
center of excellence by itself. 

Mixing and small bakery 
items are the domain of WP 
Kemper. Every size of machine 
is manufactured at the Rietberg 

facilities – from individual 
mixers to industrial mixing 
systems. Bakers around the 
world produce classic bread rolls 
and international bakery items 
as well as fat baked pastry on 
an industrial level using baking 
system for small bakery items 
from WP Kemper. 

When it comes to fat baked 
pastry, artisanal bakeries have 
always relied on WP Riehle. On 
top of that, the Aalen facilities 
focus on tray cleaning, lye 
application and custom solutions 

in special construction.

If it’s about bread, you should 
talk to WP Haton. The Dutch 
are absolute experts in the field 
of bread baking systems and 
develop innovative technology 
that delivers continued and 
reliable performance of the 
highest level.

WP Bakery Technologies has set 
the standards in terms of oven 
building for more than 100 years 
– not only with the MATADOR. 
The inventive engineers from 
Dinkelsbühl have puzzled out 
countless patents.

WP Industrial Bakery 
Technologies provides the 
optimum in large-scale industrial 
solutions for durable and freshly 
baked goods. Turnkey projects 
are installed all over the world 
for which the experts from Tamm 
were responsible from first sketch 
to smooth commissioning. 

The WP BAKERYGROUP is 
the largest international 
manufacturer of machinery and 
equipment that offers optimally 
matched bakery technology 
across all stages of production 
for artisanal bakeries just as well 
as for industrial operations. With 
that much bundled expertise, it is 
little surprising that WP continues 
to impress with a wide variety of 
new developments. 

TEWIMAT SOFT: Awarded the iba 
Award 2015
The powerful head machine from 
WP Bakery Technologies designed 

Best quality – efficiently produced with WP technology

Quick, economical, hygienic: 
DecoSeeder automatically seeds 
bread dough pieces all around. Up to 
4,200 bread dough pieces per hour 
can now automatically be sprinkled 
with seeds all around.
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Best quality – efficiently produced with WP technology
for industrial 24-hour operation 
processes soft, long-maturing 
dough with a yield of over 170 
gently and very carefully.

As the centerpiece of industrial 
processing lines for bread rolls, 
breads, pizza, tortilla, flat bread 
and many other products, the 
TEWIMAT’s absolutely constant 
high quality in dividing and 
moulding of up to 30,000 
dough pieces per hour is very 
convincing. The additional 
remoulding station, the TW PLUS, 
achieves very round dough pieces, 
even with high weights, that 

are optimally suited for further 
processing into products such as 
pizza and tortilla. The process of 
additional remoulding gives the 
dough pieces more time to rest 
and the moulding movements are 
so slow and reduced in pressure 
that the dough structure is 
maintained. Industrially produced 
dough can thus be prepared with 
artisan quality.

LARGO fat baking system 
for maximum industrial 
performance
The LARGO from WP Kemper 
sets a new benchmark for 

industrial fat baking with 42,000 
donuts per hour. The system 
produces donuts and long 
donuts in a weight range of 17 
g to 70 g as well as Berliners of 
20 g to 65 g. Additionally, quark 
balls (diameter 35 mm and 40 
mm), cake donuts (diameter 
80 mm) and crullers (diameter 
90 mm) can be produced using 
a depositing unit. As a system 
supplier WP integrates the LARGO 
in complete kettle frying lines 
which include all production 
steps from mixing and dough 
processing to dividing, proofing, 
deep frying, filling and finishing. 

Micro gas turbines for the industrial bakery production: WP IP provides new and 
energy-efficient technology in cooperation with Dürr 
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ITES oven bakes deep-frozen 
bakery items up to 70 % faster 
using infrared
With ITES from WP Riehle, 
awarded the iba-Trophy 2015, 
partially baked, deep-frozen 
baked goods and snacks are 
fully baked in no time and 
with the best quality thanks to 
SPECTRA infrared technology. 
Due to its compact design, the 
oven is not only suitable for 
efficient branch store use of 

bakeries but also for use by food 
retailers, gastronomy and the 
hotel industry. ITES combines 
a conventional oven and the 
latest infrared technology. While 
the typical oven heat from the 
outside defrosts the deep-frozen 
goods, infrared waves penetrate 
the bakery item and bake it 
from the inside. This results in 
less moisture loss than with 
conventional methods, improved 
flavor and longer freshness. The 
oven is particularly suitable for 
pretzels, baguettes, pizza slices 
and many other snacks.

DecoSeeder automatically seeds 
bread dough pieces all around 
Up to 4,200 bread dough pieces 
per hour can now automatically 
be sprinkled all around. Bakeries 
produce more efficiently, more 
economical and more hygienic 
with the newly developed 
DecoSeeder seeding unit from 
WP Haton for automatic bread 
lines. For a perfect all-around 
seeding the dough pieces are 
rolled through a bed of seeds. The 
upper forming unit is equipped 
with a side guide for firming and 
dressing the dough pieces. After 
seeding, the seeds are pressed 
against the dough with a pressing 
board, the excess decoration is 
caught and the dressed dough 
pieces are placed on a conveyor 
belt.

Micro gas turbine increases 
efficiency in industrial bakery 
production 
The new micro gas turbine 
technology from WP Industrial 
Bakery Technologies provides 
the high thermal and electrical 
energy that industrial baking 
processes require. Compact gas 
turbines convert various fuels 
into hot air and 100 kW power 
in an economically efficient way 
and low in emissions. In the 
baking process the energy from 
micro gas turbines can be used to 
generate steam and for proofing, 
baking or cooling. The hot air 
generated by the turbine can on 
the one hand be used to drive 
proofing cabinets and ovens such 
as the WP THERMADOR or the WP 
VARIOBAKE as well as absorption 
coolers for cooling the baked 
goods. The generated power can 
on the other hand be used for all 
the systems’ hydraulic parts. n

BAKERYGROUP

Werner & Pfleiderer 
Lebensmitteltechnik GmbH
von-Raumer-Str. 8-18
91550 Dinkelsbühl
Germany
 
E-mail: info@wp-l.de
Tel: +49 (0) 9851-905 0

FIND OUT MORE 

The largest fat baking system WP Kemper has built so far produces 42,000 donuts per hour. 

Industrial dough dividing 
and moulding competence: 
TEWIMAT SOFT for soft dough 
and TEWIMAT BIG BALL for large 
weights
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EVENTS 
CAMPDEN BRI CONFERENCE

Following a very successful 
bakery technology conference 

in 2014, Baking Europe is proud 
to be media partner once again 

for the 2016 event which is due 
to take place over two days; 
Thursday 26th May to Friday 27th 
May 2016.

This conference will bring 
together all parts of the 
bakery chain - from wheat and 
ingredient suppliers, through 
equipment manufacturers, to 
retailers and bakeries - in order 
to exchange information and 
understanding on the current 
issues facing the sector. With 
100 delegates, the conference 
offers excellent networking 
opportunities during refreshment 
breaks, lunches and also during 
the dinner. It will be the third 
Bakery Technology conference at 
Campden BRI, with the 2012 and 
2014 conferences complete sell-
outs.

The conference will focus 
on recent developments and 
challenges to the bakery sector. 
Presentations will be on all 
aspects of the baking process, 
with technical sessions divided 
into a number of themes:

• Diet and health – This includes 
an introductory talk on recent 
trends in bread products to 
address consumer needs 
and another that provides a 
medical insight into some of 
the controversial gluten and 
bloating issues widely reported. 

• Ingredients – Building on 

Campden BRI
2016 Bakery 
technology conference

Campden.indd   24 02/03/2016   18:01
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the diet and health theme, 
fibre is the focus for this 
session. It includes a talk on 
the challenges of baking with 
oat and rye, and another on 
how a model gut was used 
to understand the digestion 
process for high fibre wheat 
bread.

• Structure – There will be 
two related talks on bubble 
structure in dough and bread. 
These were from research to 
understand the ingredient 
and processing factors that 
influenced bubble stability 
during bread making. Another 
talk is on starch gelatinisation 
during baking and cooling, 
which reports on findings from 
a recently completed project 
on vacuum cooling of baked 
products. This addressed the 
challenges of reducing the bake 
time to save energy.

• Processing – Continuous 
bakery ovens are the subject of 
this session with presentations 
from two major oven 
manufacturers. It is important 
that ovens are not considered 
as simply a hot box into 
which the product goes for a 
period of time until it is baked. 
Complexities of continuous 
ovens will be discussed along 
with commercial solutions.

• Bakery product safety – Bakery 
products have an impressive 
food safety record. There are 
three presentations in this 
session that focus on different 
aspects on food safety. 
The first reports on a novel 
superheated steam process 
for a pet biscuit product that 
has a higher water activity 
than conventional biscuits. 
This leads to a different set 
of microbiological challenges 

to those usually encountered 
with bakery products. The next 
talk provides information on 
the latest understanding of 
rope-forming bacteria that, 
on occasion, can contaminate 
bread. Lastly one of the UK’s 
leading bakery manufacturers 
will provide an update 
on acrylamide reduction 
measures.

• Shelf life – Bakery product 
waste is a major concern with 
shelf life being driven by both 
mould growth and staling. 
Mould is the focus of three 
presentations, from a leading 
retailer, a supplier of post-
bake equipment and from a 
packaging company. Each one 
will demonstrate their efforts 
to increase shelf life so that 
bakery products can retain 
their appeal for a longer time.

The event sponsors include: Baker 
Perkins, Burford Bakery Solutions 
Ltd, DSM Food Specialties B.V., 
Heinen Freezing GmbH & Co 
KG, QCL, Rondo Ltd, Royal 
Buisman, Sealpump Engineering 
Ltd, Signatrol Ltd, Stable Micro 
Systems, and TasteTech Ltd. 

The conference dinner will be 
held on the first evening courtesy 
of Burford Bakery Solutions. The 
dinner provides an opportunity to 
get to know delegates, sponsors 
and presenters in the relaxed 
surroundings of the Cotswold 
House Hotel. n

Academy
b  kery

 Create low 
carbohydrate 

bakery products
Tel: +31 6 14960608

E-mail: info@bakeryacademy.com
Web: www.bakeracademy.com
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The story of Tecnopool is one 
born out from a big idea: design, 
manufacture and installation of 
machinery for the treatment and 
processing of food products.

A story that began in 1980 with 
the patenting of “Anaconda”: the 
first conveyor belt conceived by 
the company’s founder, Leopoldo 
Lago. A winning and, above all, 
versatile product, suitable for 
all manufacturing processes 
where food products need to be 
thermally treated.

It was the beginning of a success 
story that continues today, as 
the results achieved in the last 
35 years can testify: growth of 
sales, an increasingly widespread 
presence in foreign markets 

and an ongoing evolution of our 
products. The story of Tecnopool 
began in Padua, Italy but today 
that story has crossed domestic 
boundaries to be told all over the 
world.

From deep-freezing to cooling, 
pasteurizing to proofing and 
product handling all the way 
to baking and frying, the term 
flexibility goes hand-in-hand with 
all Tecnopool solutions.

Before developing a plant, 
Tecnopool considers very 
carefully the needs of those 
who will use it, because the 
incorporation of flexibility into 
the system is not only a mental 
factor, it is, above all, a pratcial, 
working approach.

This is precisely the purpose 
of its design office which 
helps to establish an exclusive 
relationship with our customers 
based on straightforwardness, 
clarity and competence.  A 
relationship built on the meeting 
and exchanging of ideas that 
starts early in the planning phase 
and ends with the construction 
of the system is paramount to 
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This is how Tecnopool develops 
truly bespoke plants for each and 
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of space; plants that guarantee 
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in which it is applied: it’s no 
coincidence that its technology 
is often behind the processing of 
many a food product.

Freezing
The know-how that Tecnopool 
has acquired, allows it to 
guarantee a method that is 
completely avant-garde for the 
treatment of packaged or bulk 
food products which are conveyed 
on belts and subsequently deep-
frozen in cabinets that have 
insulated walls with variable 
thickness.

Cooling
Tecnopool can provide systems 
designed for two types of cooling: 
Ambient and ‘with forced air 
in the room’. It is precisely this 
flexibility that makes it suitable 
for any manufacturing line and 
any kind of packaged or bulk food 
product.

Proofing
Such a delicate process deserves 
very careful attention. This is why 

Tecnopool has always developed 
plants that are perfectly 
calibrated that do not alter the 
properties of the food products 
and which, therefore, respect 
both the end product and the 
consumer.

Pasteurizing
To ensure that treated products 
reach the correct temperature 
within the required time, it is 
essential to cover every detail 
carefully: it is no coincidence 
that Tecnopool designs complex 
plants that use insulated 
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accordance with parameters that 
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Diathermic Oil Spiral Oven 
Tecnopool, faithful to its 
philosophy of simplifying 
production lines for mechanical 
and economic reasons, has 
completed its range of plants with 
a spiral cooking system which, 
thanks to its configuration, allows 
for space saving and a smooth 
production process.

The Tecnopool spiral oven make 
it possible to save space, simplify 
the flow of the production line 
and save energy.

Thermal Oil Fryer
Tecnopool increases its product 
range with another processing 
machine that allows it to 
complete new production lines 
that meet customer requirements 
in the areas of meat, fish, bread 
and sweets, snacks, peanuts 
and even pet food – namely, the 
Tecnopool fryer.

Test facility
Tecnopool provides its customers 
by appointment, with a test 

facility complete with a makeup 
line, proofing chamber, spiral 
oven and deep-freezing room. 
The facility is at the customers’ 
complete disposal to test the 
functionality and the quality of 
Tecnopool systems, as well as to 
evaluate the results of each step 
of the production on their own 
product. 

Everyone is invited. Call us now 
or go to our website to arrange a 
no obligation chat or visit to our 
premises to discuss your specific 
requirements. n

Contact details:
Tecnopool’s Office
Via Buonarroti, 81
35010 San Giorgio in Bosco (PD)
Italy
E-mail: info@tecnopool.it
Web: www.tecnopool.it
Tel: +39 0499453111
Fax: +39 0499453100

FIND OUT MORE 

Spiral Oven
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Publisher’s comment:  
Having already featured last year 
(2015) a fascinating story on the 
3D printing of pizzas for astronauts 
(Baking Europe winter edition 2015) 
and since witnessed some remarkable 
technological developments that 
would leave the most technically 
minded octogenarian open-mouthed 
and bewildered, Baking Europe 

magazine has teamed up firstly with 
the 3D Food Printing Conference as 
a media partner and secondly with 
an expert in this burgeoning field to 
explore some of the possibilities that 
this technology presents.  

On April 12, 2016, the 2nd 
edition of the 3D Food Printing 
Conference will take place at Villa 

Flora in Venlo, The Netherlands. 
The event will include a 
conference and an exhibition.

The 3D Food Printing Conference 
is the innovative networking 
event for everyone involved in 3D 
printing and the food industry, 
offering design and engineering 
professionals the chance to learn 

3D FOOD PRINTING 
CONFERENCE
April 12, 2016, Villa Flora, Venlo, The Netherlands
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and meet the possibilities of 3D 
printing in the food industry.

The conference will cover a 
variety of topics related to 3D 
food printing such as food 
components, business models & 
legal issues, hardware & software 
developments, applications 
for elderly and the health care 
industry, new value chains, safety 
– f.i. HACCP, food processing & 
design and custom nutrition.

International leading speakers 
from institutions and companies 
such as Knowledge Transfer 
Network (KTN), University of 
Nottingham, Sardegna Ricerche, 
Black Dog Consulting, byFlow, 

3dchef, Wageningen University, 
Print Cheese, will share their 
views and knowledge on the 
topics of interest.

Why?
As with all 3D printing applications 
and aspects, 3D Food Printing 
is a huge hype. The 3D printing 
technology will be fundamental 
to the way people interact with 
food in the future. Supermarkets 
are already testing to 3D print 
customized cakes and restaurants 
are offering printed desserts. Some 
even claim that there will be a 3D 
food printer in every home in just 
two years. One thing is certain: 
this rapidly developing market 
has huge potential.

Who should attend?
The conference is mainly 
addressed to suppliers to the food 
industry, designers, engineers, 
healthcare professionals, 
hospitality and catering 
professionals, food research 
institutions, trend-watchers and 
‘foodpreneurs’, but is open to 
all companies and individuals 
interested in 3D food printing. n

For more information on the 
3D Food Printing Conference 
program and registration go to 
http://3dfoodprintingconference.com 

The 3D Food Printing Conference 
is organized by Jakajima. Visit our 
website to learn about more 3D 
Printing events.

FIND OUT MORE 
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Baking Europe has teamed up with Bridge2Food to showcase 
a series of events, their insight and cutting edge research that 
is being performed to deepen our understanding of one of the 
fundamental building blocks of a healthy body 

Protein: A major constituent of 
many baked goods.

Innovative research on protein – 
where are we going and why?
Protein research and discussion 
has been extensive over recent 
years in relation to physical 
activity, strenuous exercise 
and healthy ageing. Both in 
younger and older people some 
extra protein intake appears 
beneficial on top of the exercise 

signal for protein synthesis. 
It has also become clear that 
lifestyle interventions targeted 
at preserving muscle mass and 
strength with advancing age 
is crucial to facilitate longer, 
healthier and more vital 
living. Because protein has the 
most pronounced effect on 
thermogenesis and satiety it is 
the macronutrient that deserves 
most attention to help preserve 
lean body mass, which in turn 

is associated with lower risk 
of chronic derangements of 
metabolism ultimately leading 
to more proneness for diabetes, 
cardiovascular or cancer 
development.  

Science is trying to capture new 
insights on optimal protein 
intake rather than total dietary 
intake during the day. Timing 
of intake has been shown to 
be important for recovery after 
exercise, stimulation of net 
protein synthesis during sleep, 
whereas anabolic resistance of 
protein synthesis in the elderly 
is overcome by the amount 
of protein per meal as well as 
its absorption and digestion 
kinetics. Relatively limited 
scientific evidence is available for 
optimal protein needs during the 
midlife age category when BMI is 
gradually increasing.

Intake of total, animal and plant 
proteins and their food sources 
differ between countries and 
cultures. The type of dietary 
protein is also being investigated 
in relation to sustainability of 
eating patterns and expected 
climate changes. New protein 
sources are being developed 
using enzyme functionality to 
allow for isolation, processing 
and application potential for 
NPD, which in turn necessitates 
safety assessments including 

Beyond protein nutrition: 
Take 5 authoritative 
opinions…
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allergenic potential. Relevant in 
the discussion on sustainable 
protein is the fact that animal 
proteins in general have higher 
levels of essential amino acids 
with high digestibility in the 
small intestine. Stable isotope 
technology is and will be used 
in the future to better assess 
and predict the digestion of 
proteins into amino acids in the 
gut from isolated or processed 
proteins, but also how their 
presence in meals will determine 
their availability for the body 
after uptake from the gut and 
possible storage in various organs 
such as the intestine, skin and 
muscle. The technology is already 
available for animal proteins and 
algae, but will also be developed 
for plant proteins that present 
major dietary sources of amino 
acids and nitrogen. With stable 
isotope labelled proteins the fate 
of dietary amino acids in the 
body can be differentiated from 
those with endogenous origin.

Jan Steijns
Corporate Nutrition Scientist, 
Friesland Campina

Suggested reading: 

http://www.ncbi.nlm.nih.gov/
pubmed/26878863 

http://www.nrcresearchpress.
com/doi/pdf/10.1139/apnm-2014-
0530 

http://ajcn.nutrition.org/
content/101/6/1353S.long 

http://www.ncbi.nlm.nih.gov/
pubmed/19888272 

http://www.ncbi.nlm.nih.
gov/pubmed/24193660 

http://jn.nutrition.org/
content/145/9/1981.long 

http://www-naweb.iaea.org/nahu/
NAHRES/documents/CRPE43031.pdf 

Dr. Jan Steijns, Corporate 
Nutrition Scientist, 
FrieslandCampina (The 
Netherlands)

Mitigating allergy with food 
design
IgE-mediated food allergy is a 
hypersensitivity disorder, which 
is increasing in prevalence in 
western(ized) societies. The 
detailed protein structures of 
most common food allergens 
have been revealed through 
molecular cloning technology and 
availability of peptide prediction 
tools has resulted in detailed 
knowledge of the sequences and 
three-dimensional structures 
of culprit allergens. This aids in 
understanding immunogenicity 
(immune recognition and 
allergic sensitization) and 
allergenicity (mechanism of 
allergic inflammation and 
disease manifestation) in allergic 
patients.

The majority of foods that 
are consumed have been 
processed thereby promoting 
non-enzymatic reactions 
between proteins and sugars 
called Maillard reaction (MR) 
and advanced glycation end 
products (AGEs). These determine 
taste, smell and colour of many 
food products therefore the 
MR is highly relevant for the 
food industry. However, AGE 
have become an important 
public health concern as 
these contribute to increasing 
prevalence of chronic diet-related 

inflammatory diseases, including 
food allergy. Immunological 
mechanisms underlying initiation 
of the innate and adaptive 
immune responses by AGEs are 
not completely understood and 
bridging this knowledge gap will 
significantly improve nutritional 
quality of food and increase the 
prevention of diet-mediated 
inflammation and food allergy. 

There is a need to better 
understand the immunological 
mechanisms to attenuate and 
mitigate the detrimental effects 
of AGEs. Alternatively, rational 
design of selective AGE can result 
in a product that can be added to 
the daily diet to achieve immune 
tolerance thereby preventing 
and mitigating the clinical 
consequences of food allergy.

Prof.dr.ir. Huub F.J. Savelkoul
Cell Biology and Immunology 
group 
Wageningen University 
The Netherlands
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Nutritional strategies for optimising 
the effect of protein ingestion
Much of the research over the 
past 10 years in the field of 
protein nutrition has focused on 
trying to elucidate the optimal 
amount of protein required to 
optimise muscle and lean tissue 
mass in both elderly and athletic 
populations. As a result we now 
know that the consumption of 
around 25-30 g of protein (whey 
or egg) after exercise seems to 
result in optimal rates of muscle 
protein accrual. However, the 
need to further understand 
the effect of nutrient timing on 
health and disease has recently 
started gaining traction. 

Eat breakfast like a king, lunch 
like a prince and dinner like a 
pauper for optimal health, a 
popular saying from yester years 
across many cultures. But is there 
any truth to the belief? Previous 
research has demonstrated that 
by simply redistributing ones 
calorie content across the day can 
result in improved weight loss in 
overweight middle aged women as 
well as improved fasting glucose 
and blood triglyceride levels. With 
regards to protein, recent work 

carried out by the group led by 
Professor Van Loon in Maastricht 
suggests that consuming protein 
before bed time may attenuate 
the observed overnight losses of 
lean tissue resulting in long-term 
improvements in greater strength 
and muscle mass in young athletic 
individuals. However further 
research is required investigating 
if the same holds true for other 
populations including the elderly. 
Should this be the case, it would 
offer an attractive nutritional 
strategy aimed at maintaining 
muscle and lean tissue in the 
elderly. Ongoing developments 
in the fields of systems biology 
and integrative physiology will be 
paramount in providing further 
insights into the area of nutrient 
timing health and wellness.

Dr Leonidas Karagounis PhD
Senior Scientist – Muscle 
Physiologist 
Department of Nutrition and 
Health Research 
Nestec Ltd –Nestlé Research 
Center 
P.O. Box 44, Vers-chez-les-
Blanc, CH -1000 Lausanne 26 – 
Switzerland 
Web: www.research.nestle.com 

Sarcopenia – Strength training 
and protein: a powerful 
combination later in life
“No-one can escape the march 
of time: somewhere between the 
age of thirty to fifty muscle mass 
begins to decrease – by 3–10% 
every ten years. For some people 
this may result in ‘love handles’, 
whereas others simply can no 
longer ride their bikes as fast as 
before. But there is good news: 
in combination with whole-body 
strength training, increasing 
protein intake increases muscle 
mass in the elderly. See our 
publications in the peer-reviewed 
journal JAMDA.  Our elderly 
research subjects participated 
in a 24-week strength-training 
programme. Half of them 
received a supplement of 15 
grams of protein twice daily, 
the other half a placebo. In the 
protein group, the subjects’ 
lean body mass increased from 
47.2 to 48.5 kilograms. The lean 
body mass of subjects who only 
did strength training showed 
no significant change (45.7 
kilograms). 

Strength training appears to be 
a very strong stimulus for the 
synthesis (creation) of muscle 
proteins. It helps by maintaining 
a healthier balance between 
the synthesis and breakdown of 
muscle protein. But to achieve a 
positive muscle-protein balance 
and build up muscle mass, a 
person needs to eat protein 
just before, during or soon after 
strength training.

Extra protein and strength 
training clearly make a powerful 
combination for preserving 
muscle mass in older people. 
However, more long-term studies 

Leonidas Karagounis Arie Kies
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Leonidas Karagounis Arie Kies

Bridge 2 Food.indd   32 02/03/2016   18:04

33

Spring 2016 BAKINGEUROPE 
www.bakingeurope.eu

INGREDIENTS 
INNOVATIVE RESEARCH

are needed to understand how 
to optimize protein intake, and 
how to integrate extra protein 
intake and strength training into 
everyday life. With those insights 
we can really help the elderly beat 
the march of time.”

Professor Lisette CPGM de Groot 
PhD
Professor Nutrition and Ageing 
Division of Human Nutrition 
Wageningen University

PO Box 8129, NL-6700 EV 
Wageningen, The Netherlands 
Visiting Address Agrotechnion, 
Building 309, Room 2005 
Bomenweg 4, 6703 HD 
Wageningen 
www.humannutrition.nl

Protein derived from egg-white 
for heart health
Protein is among the hottest 
ingredients right now, and it is 
believed that this is not going 
to change over the next half a 
decade. However, the sources 
where consumers like to get 
their protein from are constantly 
shifting. Eggs have always been 
popular among consumers. In the 
past, eggs have been maligned as 
cardiovascular disease-causing 
food, but research performed over 
the last years shows otherwise. 
Some egg ingredients may even 
reduce the risk of heart disease by 
targeting related risk factors. 

In addition, consumers are more 
and more interested in naturally 
healthy products to improve their 
health status.  One promising 
ingredient in this respect has 
been developed one manufacturer 
as  a natural ingredient based 
on an enzymatically hydrolysed 
protein from egg white. 

Among other, the research-
led Universities in Cork and 
Maastricht have studied the 
health effects of the ingredient. 
Three randomized placebo-
controlled intervention studies 
have been successfully completed 
demonstrating key hearth health 
effects without side effects such 
as lowering blood pressure, blood 
glucose and triglycerides levels, 
and increasing HDL-cholesterol

Based on these results, the 
protein derived from egg-white 
shows great potential for heart 
health, metabolic health and 
other related indications like, 
diabetes and pre-diabetes. 

In the coming years, the 
applications of protein nutrition 
can broaden extensively as 
health effects are being better 
understood due to clinical 
research. It is to be expected 
that protein nutrition will focus 
increasingly on other indication 
areas, which particularly concern 
the elderly population. 

Jos Nelissen 
CEO 
www.newtricious.com n

Gerard Klein Essink
Director
Bridge2Food 
Jan van Eijcklaan 2 
3723 BC Bilthoven 
The Netherlands 
Tel: +31 30 225 2060 
Fax: +31 84 832 7225 
Mobile: +31 6200 39196 
E-mail: gkleinessink@bridge2food.com 
Web: www.bridge2food.com 
Skype: Bridge2Food

Experience in 2016:
• 2nd Protein Nutrition Top Class 2016 

(The Netherlands), 19-20 April 2016

• 6th Sports & Performance Nutrition 
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INGREDIENTS
FIBRE ENRICHMENT OF BREAD

Consumers are increasingly 
seeking wholegrain, fibre 

enriched and gluten free breads in 
greater numbers. Myriad reasons 
factor into consumers’ food 
consumption and purchasing 
behaviour, but perceived health 
benefits of foods rich in whole 
grains are certainly a large 
contributor. Compared to breads 
prepared with white wheat flour, 
these breads present certain 
textural challenges like decreased 
loaf volume and additional 
roughness and coarseness. 
Understanding how consumers 
perceive texture differences is 
important to understanding how 
to produce acceptable bakery 
products. 

Innate biological differences 
between consumers also 
contribute to food sensations, 
liking, choice, and consumption. 
Consumers live in ‘different taste 
worlds’ due to a growing list of 
taste and texture sensations 
that systematically vary across 
people (see Hayes et al, 2013 
in references). One of the most 
well studied and documented is 
variable response to the bitter 
compound 6-n-propylthiouracil 

(PROP), which seems to be a 
proxy for at least two different 
sources of variation, one of 
which is genetic. Individuals who 
lack the functional version of 
TAS2R38 bitter receptor due to 
normal variability, perceive little 
to no bitterness when tasting 
low concentrations of PROP 
(and other related compounds). 
Conversely, those who have 
functional versions of the 
TAS2R38 receptor experience 
moderate to intense bitterness 
from the same stimuli. Of 
course, individual differences 
in perception that can be 
documented in the laboratory 
may not lead to real world 
differences in food liking, choice, 
or consumption, but differential 
taste and texture sensations, 
liking, and intake have been 
repeatedly shown for those who 
vary in their responses to PROP. 

Consumers have also been 
shown to differ in the numbers 
of fungiform papillae (FP) they 
have on the tongue. Fungiform 
papillae are anatomical 
structures on the tongue that 
contain nerves responsible for 
sensing prototypical tastes, 

as well as nerves responsible 
for touch sensations and thus 
food texture. Research reports 
on whether differences in FP 
density contribute to differences 
in sensations, food liking, choice 
and consumption conflict, but 
some studies suggest variation 
in FP density may influence food 
sensations and choices. 

Previously, Bakke and Vickers 
sought to understand how these 
two variables – PROP bitterness, 
and FP density – contributed to 
perception and the liking of whole 
wheat bread. In one experiment, 
they found that those who were 
most responsive to PROP tended 
to dislike whole wheat breads 
more. Those who were most 
responsive to PROP also preferred 
the texture of whole grain bread 
that included sodium stearoyl 
lactylate to whole grain bread 
without this emulsifier. This was 
the first demonstration that PROP 
response might be an important 
variable in individual differences 
in texture preferences for whole 
grain breads.  

Later research was conducted to 
understand whether individual 

Consumer acceptability 
and perception of  
fibre enriched breads 
By Alyssa J. Bakke PhD and John E. Hayes PhD
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differences in PROP response and 
FP density related to differences 
in texture perception of breads. 
In this work, Bakke and Vickers 
found PROP response, but not FP 
density, was related to textural 
differences in bread. Consumers 
who reported more bitterness 
from PROP also experienced 
higher overall roughness from 
whole grain bread. Strikingly, 
these individuals were also 
better at detecting differences 
in roughness between fresh and 
stale breads. 

To move beyond documenting 
differences in texture, which 
may or may not influence liking 
and intake, Bakke and Vickers 
then tried to link specific sensory 
attributes to bread liking and 
to understand if individual 
differences in PROP sensitivity 
and FP density interacted with 
differences in these attributes 
to influence liking. When they 
carried out experiments to 
manipulate breads to vary 
them in bitterness, roughness, 
and colour independently, they 
found both PROP response and 
FP density interacted with bread 
roughness to affect liking. 

Surprisingly, rougher breads 
(made by adding bleached bran) 
were better liked than breads 
without bleached bran. There are 
a few reasons why this may be 
true. Given widespread public 
health messaging regarding 
whole grain consumption, some 
consumers are actively seeking 
whole grain and fibre enriched 
breads. Thus, they may be more 
familiar with and accepting of 
the sensation of roughness from 
added bran, or it may even impart 
a health halo. Also, the bran in 
the model breads was pre-soaked 
in water prior to addition. Pre-
soaking of bran prior to dough 
formation leads to greater water 
absorption and improved loaf 
volume in bread. Increased 
water absorption in bran 
may also cause other positive 
textural changes, compared to 
more traditional bread making 
methods. Individual consumer 
differences also affected liking 
for the model breads. Higher 
FP density and lower PROP 
responsiveness were both linked 
to greater increases in liking 
for breads made with added 
bleached bran, thus confirming 
individual differences across 

people can influence liking for 
bakery products. 

How can bakers and 
manufacturers use this 
knowledge to create products that 
delight consumers regardless of 
their individual taste biology? The 
first step may be acknowledging 
that a one-size-fits-all strategy to 
product development may not be 
sufficient, as multiple products 
must be offered to satisfy 
different segments of consumers. 

Another key finding of the 
work summarized above was 
that colour is a critical factor 
in consumer preferences for 
whole grain breads. Consumers 
who self-identified as preferring 
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whole grain breads liked darker 
breads while the opposite 
was true for consumers who 
self-identified as preferring 
refined grain (white) bread. Any 
effort to increase whole grain 
consumption by refined grain 
consumers should take into 
account the strong visual cues 
that result from enrichment with 
whole grain or fibre. Appropriate 
strategies may include using 
white wheat varieties that are 
lighter in colour. A finer bran 

grind may also mask visual 
differences. Bran grind size has 
also been shown to affect the 
loaf volume of whole grain and 
fibre enriched breads. Results 
are mixed as to whether a 
finer or a coarser grind leads to 
greater loaf volume, so careful 
experimentation with a given 
formulation is recommended. 
Bitterness and other off-flavours 
of whole grain breads were also 
found to be barriers to liking. 
Jensen and colleagues showed 

that increased lipid oxidation, 
especially as products aged, 
contributed to off flavours in 
whole grain bread. Therefore, 
efforts to minimize lipid 
oxidation may improve liking. 
The addition of sweeteners and/
or salt is another strategy to 
address added bitterness from 
whole grains, but of course, there 
are nutritional implications 
to these strategies as these 
ingredients may not be desirable 
to health-seeking consumers. 

The image shows how fungiform papillae density is measured. The tongue is stained with blue dye but fungiform 
papillae resist staining so remain pink. The number of pink fungiform papillae within a determined area is then 
counted. The filter paper and imaging software are used to standardize the size of the area. 
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In summary, biological 
differences between consumers 
influence sensations arising from 
whole grain bakery items, and 
these differences can influence 

liking. Awareness of these 
differences can help bakers and 
manufacturers understand why 
certain products may be more 
or less popular with different 
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University Park, PA 16802 USA
abc18@psu.edu

Dr. John E. Hayes
The Pennsylvania State University
Erickson Food Science Building
University Park, PA 16802 USA
jeh40@psu.edu

For more information visit
foodscience.psu.edu/facilities/sensory 
And follow us on Facebook

www.facebook.com/SECpennstate 

FIND OUT MORE 

References
Bakke, A. and Vickers, Z. 2011. Bitterness, roughness, color, PROP taster status, 
and fungiform papillae density influence bread acceptance. Food Quality & 
Preference 22 (4), 317-325. 

Bakke, A. and Vickers, Z. 2008. Relationships between fungiform papillae density, 
PROP sensitivity, and bread roughness perception. Journal of Texture Studies 39 
(5), 569-581. 

Bakke, A. and Vickers, Z. 2007. Consumer liking of refined and whole wheat 
breads. Journal of Food Science 72 (7), S473–S480.

Hayes, J. E., E. L. Feeney and A. L. Allen (2013). “Do polymorphisms in 
chemosensory genes matter for human ingestive behavior?” Food Quality and 
Preference 30(2): 202-216.

Hayes, J. E. and R. S. J. Keast (2011). “Two decades of supertasting: where do we 
stand?” Physiology & Behavior 104(5): 1072-1074. 

Hayes, J. E. (2015). “Measuring sensory perception in relation to consumer 
behavior”. In: Rapid Sensory Profiling Techniques. J. Delarue, J. B. Lawlor and M. 
Rogeaux, Woodhead Publishing: 53-69.

Jensen, S., Oestdal, H., Skibsted, L.H., Larsen, E., Thybo, A.K. 2011. Chemical 
changes in wheat pan bread during storage and how it affects the sensory 
perception of aroma, flavour, and taste. Journal of Cereal Science 53, 259-268.

consumer groups. Tastes vary 
across people, in both meanings 
of the word, but they also tend 
to do so systematically, so a 
one-size-fits-all approach to 
product development is likely to 
fail relative to a more nuanced, 
segmented approach. n
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TECHNOLOGY 
HYGIENIC SOLUTIONS

Bakeries across the UK and 
Europe are well aware of 

the importance of removing 
and excluding airborne mould 
spores from their equipment. In 
particular, spores inside sliced 
loaves can cause premature 
spoilage often within 6 and 7 
days of purchase. Mouldy bread 
forms a significant proportion of 
the 7 million tons of food thrown 
away by households each year 
in the UK.1  Whilst such levels of 

wastage are not necessarily as 
high in the other 27 countries 
of the European Union, a simple 
maths calculation reveals the 
potential scale of the problem.

As any large manufacturer will 
know, sliced bread contains 
antimicrobial chemicals which 
are designed to suppress mould 
growth. There are concerns that 
these compounds can remain in 
the human body for an indefinite 

period after consumption so 
removing the need for them 
has obvious benefits in terms of 
reducing manufacturing cost and 
risks to health. 

Bakeries are regulated by food 
safety law and guidelines but are 
not validated environments in 
the same way as pharmaceutical 
plants and with sliced bread 
representing a low margin, mass 
market product, sales of which 

Design of bakery 

‘clean zones’
(Slicing bread in spore-free air)
By Neville Duke CEng MIMechE
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have declined significantly in 
recent years2,3, there is neither a 
viable risk/cost benefit nor the 
money to justify investment in 
tackling the problem.  Simply 
‘rescuing’ manufacturers from 
spore contamination with 
the installation of seemingly 
expensive cleanroom technology, 
therefore is likely to be much 
lower down the manufacturer’s 
list of priorities.

However, the problem of spore 
contamination still remains and, 
needless to say, manufacturers 
have a responsibility of care 
towards to their customers 
so it is vitally important that 
appropriate measures are put 
in place to control the problem. 
Resolving the issue therefore, 
needs to be considered on a 
much more holistic basis through 
the employment of improved 
management of the air systems 
and air quality throughout 
the bakery combined with 
intelligent input from dedicated 
bakery teams. The mission to 
reduce mould spores in the air 
should start at “goods inwards” 
and should continue to where 
sterile loaves exit the oven, the 

protecting of bread from spore 
contamination in transit on the 
conveyor systems, through to 
the cooling, slicing and packing 
operations. 

With area segregation, the 
application of careful design and 
hygiene management, airborne 
counts at the slicer should be so 
low that bread is packed pretty 
much spore-free. 

It is evident therefore, that there 
are clearly wins and some losses 
for bakeries in this new spore-
free world of clean packaging. 
The long term objective would 
be to offset a reduction in the 
cost of food additives used to 
as antimicrobial agents with an 
increase in the cost of running 
and installing new protective 
air treatment plant despite the 
inevitable capital investment and 
increase in energy costs.

Clearly, the devil is in the detail 
 in that the scrupulous 
maintenance of the entire plant, 
not just the slicers and bagging 
machinery, is paramount to 
retain continuity of a spore-free 
operation.

The nett financial result of such 
an investment is still to be proven. 
However, isn’t the availability 
of safer, better tasting baked 
products and happier customers 
a more attractive prospect than 
the risk of contamination, ensuing 
lawsuits, bad publicity and a huge 
clean-up bill?

If such a plan comes together 
the consumer, the distributor, 
the retailer all win and bread will 
again, become a more natural and 
better tasting product with more 
being sold and eaten rather than 
being wasted. n
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TECHNOLOGY
ATMOSPHERIC CONTROL

Abstract
Crust is a very important part of 
bread, which can account for up 
to 50% of the overall dry matter 
of a loaf. This paper presents a 
review on how crust is formed 
during baking and how the 
baking conditions and the recipes 
may interact with crust quality. 
Parameters controlling crispiness 
are also discussed. 

Introduction
Bread is essentially made up 
of two parts; crust and crumb. 
The crust’s properties can be 
further considered according to 
aspect, colour, structure, texture, 
crispiness and flavour. During 
baking, fermented dough is, of 
course, transformed to bread, 
however, even though the crumb 
accounts for the largest part by 
volume of the bread, the crust 
itself may account for up to 30% 
and even 50% of the dry mass 
of the bread, as in the case of a 
baguette for example. The crust 
also plays also a major role in the 
mechanical properties, texture 
and consumer’s individual 
preference of the bread. Crustless 

breads are much appreciated by 
children, whereas crispy rolls are 
preferred for their crispiness. 

Heat transfer during baking
The heat transferred to the 
bread during baking can be 
divided in two main parts: some  
is transferred to the dough in 
order to heat it up and to bake 
the crumb, whereas the rest 
is used to heat up the dough 
surface which will later become 
the crust; and finally to dry the 
crust. Considering a loaf of 1 kg 
baked in an oven (with no pan) 
comprising 30% crust and 70% 
crumb based on dry matter; and 
by assuming that both crust 
and crumb have the same heat 

capacity (4 kJ/kg/°C) and that 
they will heat up from 30°C to 
98°C and 130°C respectively; and 
by assuming a mass loss of 10% 
during baking (which is a low 
value), the following pie chart is 
obtained. It shows that 44 % of 
the baking energy is dedicated 
to bread drying, which concerns 
mostly the crust; therefore, crust 
formation is energy demanding. 
Heat transfer during baking occurs 
via convection (heat exchange 
between the air in motion 
inside the oven), radiative heat 
transfer (electromagnetic waves 
transferring energy from one 
surface – the hot surface of the 
oven cavity, to another one – the 
bread itself) and eventually by 

BREAD CRUST 
A HOT TOPIC 
A. Le-Bail1,2,3, V. Jury1,2,3, S. Chevallier1,2,3, J.Y Monteau1,2,3, O. Rouaud1,2,3, A. Rzigue1,2,3

Figure 1: Pie chart of the energy during baking for a bread made of 30% crust 
and 70% crumb (dry basis) with 8% moisture loss during baking. Bread baking 
is considered as a drying process; around 44% of the overall energy is used to 
dehydrate the bread surface.

Energy share between dough heating and bread (crust) drying

l Evaporation 44% l Crust heatup 22% l Crumb heatup 34%
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BREAD CRUST 
A HOT TOPIC 
A. Le-Bail1,2,3, V. Jury1,2,3, S. Chevallier1,2,3, J.Y Monteau1,2,3, O. Rouaud1,2,3, A. Rzigue1,2,3

Figure 1: Pie chart of the energy during baking for a bread made of 30% crust 
and 70% crumb (dry basis) with 8% moisture loss during baking. Bread baking 
is considered as a drying process; around 44% of the overall energy is used to 
dehydrate the bread surface.

Energy share between dough heating and bread (crust) drying

l Evaporation 44% l Crust heatup 22% l Crumb heatup 34%
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conduction if the bread is installed 
on a preheated stone (usually 
made of refractory concrete). A 
certain amount of heat is also 
derived from the steam, injected 
at the start of baking, that 
condenses on the dough.

Crust and oven humidity during 
baking 
In the case of crispy rolls, steam 
is injected in the oven cavity at 
the beginning of baking. In some 
cases, when direct combustion 
ovens are used, the humidity 
in the oven comes from the 
evaporation of the moisture 
within the bread and from 
the combustion gases, which 
contain a lot of water vapour. 
Humidity plays a big role on the 
oven rise and on the final crust 

structure. Two extreme options 
are presented in Figure 2. In the 
case of low humidity (LH), the 
surface of the loaf dries out very 
quickly and a solid shell is formed 
before oven rise is completed; this 
will result in no gelatinization 
of the starch at the surface of 
the bread, resulting in a pale 
and matte crust. SEM Images of 
such crust is shown in Figure 
3. SEM images of crust formed 
during high humidity (HH) baking 
(Figure 4) show that in such 
case, moisture condensation has 
occurred on the dough surface at 
the beginning of baking resulting 
in starch gelatinization at the 
surface of the bread and in a 
coloured, glossy and very thin 
crust. LH inhibits the oven rise 
and risks the tearing of the bread 

surface; the risk increases if no 
cut (scarification) is done and 
if the expansion ratio (the ratio 
between final and initial dough 
volume during fermentation) of 
the dough remains lower than 3.  
For HH, the oven rise will work 
well; moisture condensation on 
dough surface plasticizes the 
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Figure 2: Schematic representation of the impact of high humidity (HH) and low humidity (LH) on the expansion of bread 
during baking (modified from Le-Bail et al., 2011)3

Figure 3: SEM image of a crust with Low Humidity at the 
onset of baking. 

Figure 4: SEM image of a crust with High Humidity at the 
onset of baking
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bread surface and helps in the 
loaf expansion. Consequently, 
crust thickness is inversely 
proportional to humidity during 
baking, in particular at the 
beginning of baking (Zhang, 
2007). Acrylamides may also be 
in higher concentration for HS 
conditions (Keramat et al., 2011) 
even though Arhné et al. (2007) 
found opposite results 

Crispiness 
Crust crispiness has a short 
lifespan; it is often assumed that 
crispiness is achieved for a crust 
in a glassy state. A glassy material 
is similar to a glass: it sets during 
cooling without crystallisation. 
Specific compounds may be 
used to prevent crystallisation. 
In the case of bread crust, 
water acts as a plasticiser; 
moisture transfer from the local 
environment and from the crumb 
are the greatest inhibitors of 
crispiness. In addition, lipids 

and emulsifiers will act in the 
same way as water; a sliced 
loaf is never crispy for example. 
Other factors include enzymes 
which may depolymerize gluten 
and starch biopolymers. Since 
glass transition temperature 
are inversely proportional to 
the molar mass of polymers, 
depolymerisation induced by 
enzymes will reduce crispiness. 
Transfer of moisture from crumb 
to crust is also a parameter that 
will affect crispiness retention. A 
rapid cooling after baking helps 
in forming a glassy crust, from 
which moisture will diffuse less. 
Some steps of the baking process, 
in particular fermentation, may 
contribute to create a micro 
porosity in crust; this will 
reduce the trapping of moisture 
diffusing from the crumb to 
the exterior resulting in a long 
lasting crispiness retention. 
Mirco porosity can be achieved 
using high humidity levels duirng 

fermentation for example. 

Crust vs. crumb structure
The characterization of the 
cellular structure of bread 
is possible by X-ray micro-
tomography. From the 3D images, 
porosity can be determined as the 
void fraction (Figure 6), allowing 
the precise determination of the 
crust volume. The distribution 
of pore sizes from the surface 
towards the core of the bread 
shows that the crust has many 
pores of small size. For example, 
in a baguette, the distribution of 
pore sizes has a mean value of 
0.33 mm in the crust, while the 
average pore diameter rapidly 
increases up to more than 2 
mm in the crumb. X-ray micro-
tomography is a powerful tool 
to focus on the first millimetres 
of the outside envelope of the 
samples, to observe and to 
confirm the drastic changes in the 
product on the micrometer scale.

Adjusting the baking conditions: 
control of humidity
Measuring humidity in an oven 
is easy and relatively cheap with 
the right sensor in the right 
place and in static condition 
(for conveyor oven). Expensive 
autonomous loggers are also 
available; however, the response 
time is sometimes long and can 
be a drawback, in particular for 
sensors based on capacitive chips 
used in high humidity conditions. 
Sensor fouling is a major issue 
and calibration is recommended. 
Relative humidity4 is very tricky 
to handle, as it depends a lot on 
temperature, which is not the case 
for absolute humidity. Absolute 
humidity in the range of 150 to 
200 g water/kg dry air appears as 
a compromise between oven rise 

Figure 5: A French baguette ; crispiness has short lifespan. The absence of 
enzymes, emulsifiers and lipids combined to high temperature baking (230 / 
250°C) contribute to crispiness. 
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Pan baking is another area of 
interest (the SATIN-BAKING 
project on ageing of non stick 
coating); evaporation is reduced 
in particular for covered pans. 
Several technological parameters 
interfere with the final structure 
of the crust: in particular, the 
non stick coating material, the 
condition of this coating (ageing, 
roughness), formulation (type 
of fat used, presence and type 
of emulsifiers), and the use of 
depanning oil. Chemical risks 
associated with non-stick coating 
are also under scrutiny, and a 
summary will be presented during 
the final congress of the SATIN-
BAKING project (Paris – 28th June 
2016 / www.satin-baking.fr). n

and crust outlook for crispy rolls 
for example. 

A good way of controlling and 
optimizing the humidity in ovens 
lies in recording the temperature 
rise in a bread at the start of 
baking; humidity condensation 
will significantly slow the 
heating increase rate as shown 
by Le Bail (2011). Indeed, the heat 
striking the bread is partly used 

to evaporate the condensation 
on the surface of the loaf. Once 
the moisture is evaporated, the 
temperature rises at a faster 
rate. Controlling the amount of 
steam injected into the oven 
requires a mass flow meter for 
water injected in the steam box/
generator or other means. The 
structure of the product and of 
the crust will be the final arbiter, 
of course. 

Professor Alain LE BAIL 
ONIRIS Food Science
alain.lebail@oniris-nantes.fr
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As the subject of adding folic 
acid to flour in order to 

prevent serious birth defects is 
discussed throughout Europe, a 
natural question has arisen – cost. 
How much will it cost millers to 
fortify flour with folic acid and 
how will that affect bakers? An 
equally important consideration 
is the financial and emotional 
cost of the thousands of these 

birth defects currently occurring 
throughout Europe every year.

Costs associated with fortification 
will vary by country. A blog 
published on January 23rd 2016 
by the ISET Policy Institute noted 
that the Georgia Parliament 
would soon consider a mandatory 
flour fortification law. It said 
that the cost to fortify flour in 
Georgia will be less than €2 per 
metric ton of flour. If countries 
make fortification of domestically 
produced and imported flour 
mandatory, millers will incur 
similar costs and will not have  to 
compete on price with unfortified 
products. 

In the United Kingdom, where 
flour is currently fortified with 
iron and other nutrients, the 
required equipment is already 
in place. Adding folic acid would 
mean a negligible price increase. 
Costs may be somewhat higher 
in countries where millers have 
capital expenditures for related 
equipment. On the other hand, 
modern mills may already 
have the necessary equipment. 
Minimal training for millers is 
required because adding vitamins 
to flour is very similar to adding 
improvers. 

If all fortification costs are passed 
to consumers, the additional 
charge is nominal. When 
Uzbekistan launched its flour 
fortification program in 2005, 
the estimated cost was less than 
€0.09 per person per year. The 
total cost of adding mandatory 
nutrients to flour in the United 
States has been estimated to be 
€0.06 per person per year.

In contrast, consider the 
healthcare expenses avoided 
when birth defects are prevented 
by fortifying flour with folic acid. 
One example is spina bifida which 
occurs when the spine is not 
formed correctly. It has no cure, 
and children with mild spina 
bifida may have permanent loss 
of some sensation or movement, 
whilst severe cases include 
paralysis and varying degrees of 
loss of bowel and bladder control. 
These children will often undergo 
multiple surgeries and face 
additional health issues for which 
they need lifelong follow-up care.

Twenty years ago, the United 
States fortified grain products 
with iron and other nutrients 
but not folic acid. In 1996 the US 
legislation changed to require the 
adding of folic acid to enriched 

Adding folic acid to 
flour: consider all costs
The price of fortification is negligible while healthcare
savings are tremendous
By Sarah Zimmerman (pictured) Food Fortification Initiative, USA
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grain products, including most 
wheat flour, corn flour, and rice. 
The economic benefit is a net 
saving of €538 million annually, 
based on research published in 
2015.

Spina bifida is a type of neural 
tube defect (NTD). Another NTD is 
anencephaly in which the infant’s 
brain is not formed correctly 
and is always fatal. A rare NTD is 
encephalocele in which part of 
the brain protrudes through the 
skull.

If the United Kingdom had 
fortified wheat flour with folic 
acid in 1996, an estimated 
2,014 NTDs would have been 
prevented in the last 20 years, 
according to a study released in 
2015. A review published in 2013 
estimated that 4,500 NTDs occur 
every year throughout the 27 
countries that were then in the 
European Union. These figures 
are not apparent, however, as 72% 
of the affected pregnancies end 
in termination. ‘Terminations 
are not prevention’, notes the 
International Federation for 
Spina Bifida and Hydrocephalus 
based in Brussels.

A pregnant woman typically has 
an ultrasound mid-way through 
her pregnancy. At that point she 
may be expecting to learn the 
child’s gender so she can start 
choosing baby names, however, 
an ultrasound scan that reveals 
an NTD can be devastating. 
One woman told the BBC news 
in 2015 that learning her baby 
had anencephaly was “soul 
destroying.”

Spina bifida associations 
throughout Europe offer 

assistance to families of people 
with spina bifida, and some of 
these groups are also involved in 
advocacy efforts to fortify flour.

In 1991 a study led by 
British researchers provided 
unambiguous evidence that folic 
acid would prevent most NTDs. 
Women who might become 
pregnant are now routinely 
advised to take 400 micrograms of 
folic acid daily. The baby’s neural 
tube forms within a few weeks 
after conception during which 
time, the woman may not realize 
that she is pregnant. If she delays 
taking folic acid supplements 
until the pregnancy is confirmed, 
it is likely to be too late for it to 
have its protective effect.

Other challenges are that women 
who are not planning a pregnancy 
are probably not taking folic acid 

supplements, or they forget to 
take them daily, or they cannot 
afford them.

Folic acid is the synthetic form 
of vitamin B9 that is called folate 
in unfortified food. Folate is not 
easily absorbed by the body, 
however and it is difficult to get 
enough folate from unfortified 
foods alone to prevent NTDs.  An 
October 2015 letter to UK health 
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ministers from the Scientific 
Advisory Committee on Nutrition 
in the UK notes that 85.5% of 
women in the UK aged 16-49 
years of age do not meet the 
minimum blood levels of folate 
recommended to minimize the 
risk of NTDS.

Fortification addresses these 
issues by providing a small 
amount of folic acid through 
regularly consumed foods. One 
meta-analysis showed that 
fortifying flour with folic acid 
reduced the incidence of NTDs by 
an average of 46%.

The recommended amount of 
folic acid to add to flour is five or 
less parts per million, according 
to the World Health Organization. 
Each country should determine 
the amount to add based on 
the population’s consumption 
of flour-based foods. Regional 

standards also help facilitate 
trade among countries.

All people depend on folic acid 
for cell reproduction for their 
skin, hair, and nails. Deficiency 
of this B vitamin can also lead to 
debilitating anaemia; indeed one 
study found that this condition 
became almost non-existent in 
the United States after grains 
were fortified with folic acid.

Some people may resist 
fortification because they have 
a variant of a genotype called 
MTHFR. The US Centers for 
Disease Control and Prevention 
(CDC), however, continue to 
recommend that people with this 
genotype variant consume folic 
acid. The CDC notes that this 
segment of the population has 
the ability to absorb folic acid, but 
that they simply process it more 
slowly than others.

Fortifying with folic acid will not 
change flour’s baking qualities 
neither will it alter the colour, 
taste or smell of baked goods. 
Consequently fortification will 
not cost bakers in lost revenue 
as a result of sensory changes to 
their products. The extra price 
per metric ton of fortified flour 
is minimal. The most significant 
cost consideration is the 
tremendous economic benefit to 
countries and the health benefit 
to individuals when these birth 
defects are prevented. n

Further information:
www.FFInetwork.org

FIND OUT MORE 

Spina bifida (open defect) drawing 
Image courtesy of The US Centers for Disease Control and Prevention (CDC)
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Image courtesy of The US Centers for Disease Control and Prevention (CDC)
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Does your bakery need its own external R&D department?
Do you need to solve difficulties with your processes and products?
Do your staff need custom-made education or training?
Do you need coaching & mentoring on a regular basis, on the job or online, for yourself or your staff?
 
Then you need the Bakery Academy
 
We are:
A privately funded group of consultants making bakery science & technology accessible to anyone.

As worldwide operating consultants and knowledge partners we offer:
• Process (Improvement) Technologists
• Education & Training / Mentoring
• External R&D Department
• And much more!
 
Call today for an informal, no obligation discussion.
 
Jos Vast
Phone: +31 6 14960608
email: u.j.vast@bakeryacademy.com

www.bakeryacademy.com
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HET AANLEG 18D CHAMBER OF COMMERCE: 52643387
9951 SJ WINSUM VAT: NL850533430B01
THE NETHERLANDS IBAN: NL78 RABO 0304480681
INFO@BAKERYACADEMY.COM
WWW.BAKERYACADEMY.COM
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