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7FOREWORD

Welcome
to the summer 2017 issue of Baking Europe!

Our summer edition this 
year is packed with new 

innovation and cutting-edge 
developments that could set 
your ambitions and creative 
juices alight! Whether it’s the 
sunny weather that puts us 
all in a lighter, happier and 
therefore, more creative mood 
– if you are lucky enough to live 
in the sunniest areas of course, 
or whether, it’s due to a tide of 
inspiration, let the feasting begin. 

The main theme of this issue 
is one of automation – first 
off we launch with an article 
from ttz Bremerhaven in 
Germany on the monitoring of 
fat degradation during frying 
using inline spectroscopy, then 
further on in the magazine 
we feature a case-study on 
the installation of automation 

systems that have transformed 
one of the UK’s largest bakery’s – 
Cooplands whilst still retaining 
its craft baker identity. Then 
it’s time to put on your mortar 
board once again, reach for 
the technical dictionary and 
discover more about how spray 
system technology might affect 
everything from tray greasing 
through to the application of 
edible coatings – and your  
bottom line.

Elsewhere in the issue we feature 
two articles which reveal some 
exciting developments; firstly in 
our regular gluten-free section, 
Nottingham University explains 
how they have discovered a 
natural ingredient that replaces 
gluten, develops bread volume 
and may have other surprising 
health benefits. And secondly, 

scientists at Wageningen 
University who have developed 
a method of turning oils into 
healthy solid fats which are ideal 
for cake and pastry baking but 
devoid of the “bad cholesterol” 
commonly associated with  
other solid fats normally used  
in these products.

Finally, in a piece from across the 
pond, Penn State University, USA 
talks about their recent research 
in non-nutritive sweeteners and 
in an article from a former UK 
trading standards officer, Pippa 
Musgrave talks about how “Brexit” 
is still causing many of us to raise 
our eyes skywards in dismay and 
uncertainty over brand protection 
(Cornish pasties, Stilton etc.)

Graham Pendred 
Publisher

Summer 2017 BAKINGEUROPE 
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TECHNOLOGY
INLINE SENSORY PERCEPTION

Fried bakery products have 
been consumed traditionally 

at festive occasions like New 
Year’s Eve and carnivals. In the 
last two decades, however, the all-
year consumption of fried dough 
pieces, mainly from industrial 
production, has increased across 
Europe. 

Efficient production lines with a 
capacity of up to 30,000 frozen 

pieces per hour were installed in 
various countries and now serve 
international markets. Resellers 
of fried bakery products today 
include, next to bakeries, petrol 
stations, supermarkets, and 
specialised doughnut shops. The 
handling is easy as the products 
are delivered frozen and only 
need to be thawed under ambient 
conditions for 30-45 min and can 
then be sold directly. 

Together with the 
industrialisation of production 
and the increase in consumption, 
there is a need to optimise the 
health quality of the products 
as well as the cost structure of 
production. In this context, it is of 
high importance to be in control 
of the quality of the frying fat 
used, as it accounts for between 
10% and 20% of the final product’s 
weight. 

Inline product spectroscopy 
in bakery production
Frying fat quality monitored in real time
 
By Julien Huen (pictured), Hans Meyer, Mathias Schulz

Fig 1: Using LEDs as a light source was part of the strategy to design a 
highly cost-effective spectroscopic system.
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Frying fats of high quality are 
delivered by the industrial 
refining processes. Nevertheless, 
during deep-frying, various 
chemical reactions occur which 
gradually alter the fat’s properties. 
Frying fat is considered to be 
spoiled when its content of Total 
Polar Material (TPM) reaches 24% 
and/or its content of Polymerised 
Triglycerides (PTG) reaches 16%. 
Measuring TPM and PTG by 
the chromatographic reference 
methods is time consuming and 
requires specialised equipment as 
well as highly qualified personnel. 
Therefore, these methods are not 
appropriate for monitoring daily 
production.

FROM THE LAB TO THE LINE: 
SENSOR DEVELOPMENT
Based on this situation, there 
is a requirement from the 

manufacturers of fried baked 
goods to implement an inline 
measurement of frying fat quality. 
The first expected benefit is 
having the facility to be warned 
in real-time when the frying fat 
needs to be replaced. However, 
the potential is higher: Monitoring 
fat quality continuously 
allows the identification of 
production conditions such as fat 
temperature, throughput, order of 
the different recipes on the line to 
help preserve fat quality. 

From scientific publications 
(i), it was known that there 
is a relationship between the 
spectroscopic properties of fats 
and their TPM and PTG values. 
Based on this, the objective of our 
work was to develop a system 
capable of monitoring TPM and 
PTG in-situ in the hot fat used in 
production lines.  

Bringing fat spectroscopy from 
the lab to real-life production 
implies a series of challenges: 
The equipment must be able to 
withstand the frying temperature 
of typically 170°C-180°C. The 
parts that come into contact 
with the products must be food-
grade and easily cleanable. The 
measurement system should be 
able to exchange data with the 
control system of the production 
line. The fat quality at the point 
where the measurement is 
performed must be representative 
of the quality in the whole 
system. Most importantly, the 
cost of the equipment must 
be acceptable for the potential 
customers.

The development of the fat 
sensor in our project included 
two main steps: Firstly, the proof 

of feasibility and the development 
of initial calibrations and 
secondly the design of a system 
that is capable to fulfil the user’s 
requirements.

In the first step, we performed 
frying trials over several weeks 
with different kinds of fats and 
used a high-end spectrometer 
combined with a temperature 
resistant yet non-food-grade 
probe head to acquire reference 
spectra in-situ. Fat samples 
were taken every day and sent 
to accredited laboratories that 
measured PTG and TPM. This 
allowed us to investigate the 
correlation between the spectra 
and the chemical values and to 
develop first correlation models. 
In particular, these models 
indicated which wavelengths 
were relevant for predicting PTG 
and TPM.

Based on these findings, we 
developed the first version of 
the commercial sensor system. 
Considerable cost savings were 
achieved by: Firstly using a 
combination of LEDs as a light 
source, each of them illuminating 
in a specific, relatively narrow 
spectral range, secondly 
using a single-point detector 
which was sensitive over the 
whole spectrum rather than 
an array detector combined 
with a diffraction grating; 
the differentiation between 
the individual wavelengths is 
performed by switching the single 
LEDs on an off sequentially and 
finally working in the visible 
range rather than VIS+NIR, which 
allows the use of less expensive 
optical components.  

We then performed a second 
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series of frying trials, this time 
with the system prototype, 
which allowed us to obtain an 
updated calibration. By means 
of a cross validation, we showed 
that the system gave an accurate 
prediction of the PTG and TPM 
values – measured in-situ within 
milliseconds. As a complement, 
data processing algorithms 
were developed which allowed 

optimising the production 
conditions to both improve 
product quality and achieve raw 
material savings.

SPECTROSCOPIC PRODUCT 
MONITORING IN BAKERY 
PRODUCTION
Our work on frying fats shows 
exemplarily that it is possible 
to design affordable inline 

spectroscopy systems that match 
the requirements of bakery 
production. Based on the same 
approach, it seems conceivable 
in the future that the monitoring 
of further relevant product 
properties continuously in bakery 
production would be possible. 
This would, in the next step, 
open the way for control loops, 
allowing automated adjustments 
of process parameters and/or 
recipes to achieve improved, 
constant product quality. ■

“Monitoring fat quality continuously 
allows the identifi cation of production 
conditions such as fat temperature, 
throughput, order of the different 
recipes on the line to help preserve 
fat quality.”
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RONDObot is the basic 
technology for a novel 

rounding system for bread and 
rolls. It can be used to produce 
round moulded rolls and bread 
within a wide weight range. 
Due to the newly developed 
multi-phase rounding process 
RONDObot is characterised by 
its high performance, unique 
flexibility and for the outstanding 
quality of the final product.

Maximum possibilities with 
RONDObot
The rounding system consists 
of RONDObot, an industrial 
robot in IP67 design, specialised 
tool sets and a purpose built 
moulding table. The RONDObot 
can, therefore, be integrated into 
existing, or new bread and roll lines.

RONDObot can produce round 
moulded rolls and bread in a 
weight range from 40g to 1000g. 
The system can process wheat 
dough, dough with rye content 
as well as dehydrated dough and 
dough containing seeds.

Revolutionary multi-phase 
rounding process
With RONDObot, it is possible, 
for the first time, to adjust the 
rounding process optimally to suit 
the dough and the final product. 
In this revolutionary multi-phase 
rounding process, the rounding is 
divided into individual phaes and 
in each one, optimum moulding 
movements are carried out in a 
unique way.

Wide range of applications 
combined with high capacity
From small rolls of 40g to bread 
loaves with a weight of 1000g, 
the RODObot can be used for 
round moulding of any size of 
dough piece. The changeover 
from one product size to another 
works very quickly because the 
RONDObot is equipped with an 
automatic tool changing system. 
The moulding table of RONDObot 
is equipped with a universal 
moulding band which works 
independently from the number 
of rows. Without the need to 
change the band, rolls and  
loaves can be produced from three 
to seven rows, depending on size.

For example, RONDObot can 
reach a capacity of approximately 
18,000 pieces per hour when 
producing 60g rolls. For 
higher capacities, several 
RONDObot systems can be used 
simultaneously on one line.

The applied for patent RONDObot 
technology represents a 
milestone in bakery technology 
and forms the basis for extensive 
application possibilities in the 
baking industry. In conjunction 
with RONDOnet, the industry 
4.0 application from RONDO, 
RONDObot knows exactly how 
many products it produces, when 
it needs to be maintained and, in 
the future, optionally, whether the 
result of the operation meets the 
programmed requirements. n

RONDObot combines high 
performance with unique flexibility

RONDObot 
Revolutionary rounding

RONDO Burgdorf AG
Burgdorf, Switzerland
+41 34 420 81 11
info@rondo-online.com
www.rondo-online.com
Watch the video of RONDObot here

FIND OUT MORE 
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TECHNOLOGY
SPRAYING – THE SCIENCE

Some of the more sophisticated 
garden hoses allow the keen 

gardener to select different spray 
patterns when watering his prize 
plants. This is so much easier (if 
perhaps less fun) than sliding the 
end of a thumb into the water 
jet to make it spread out or go 
farther. The point, of course, is 
control: water is directed where 
it is required, but the full force of 
a jet needed to soak the back of 
a border would flatten smaller, 
more delicate seedlings at the 
front.

And so the bakery: this is not a 
gardening article.

Anybody who has made flour 
and water glue will know how 
sticky this mixture becomes; 
and the problem of bread 
dough sticking to the baking 
tin is perhaps as old as baking 
itself.  Of course, in the domestic 
setting, the consequence may 
not amount to much more than 
a little temporary frustration, 
while the very artisanal nature 

of a small bakery may actually 
help offset any reduced product 
appeal. But the percentages really 
begin to matter in the larger 
baking enterprises: high-volume, 
high-speed production needs 
depanning of baked products to 
be as easy and quick as possible 
because the bun, snack bar or 
loaf of bread that sticks to the 
pan will not reach the shelves; 
and product rejections and 
production-line stoppages cost 
both time and money. 

The situation is complicated 
further by the growth in 
popularity of gluten-free baked 
goods, because the doughs used 
for these products tend to be 
stickier than traditional doughs. 
In practice, what is required is 
a means of smoothing out the 
microscopic irregularities present 
on the inner surface of the baking 
tin: the dough – and ultimately 
the finished product – will stick 
less and so be easier to unload. 

Silicone glazes were an early 

commercial development. When 
applied to metals, silicone 
resins form a semi-permanent 
glaze that with proper care may 
confer good release properties 

Dough:   

a sticky problem
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for many hundreds of baking 
cycles. But even though they 
are inert and water-repellent, 
and they possess excellent 
thermal stability and electrical 
resistance, silicones degrade 
over time. Concerns eventually 
emerged over the chemical 
consequences of silicone 
breakdown and rubberised 
silicone was developed, 
which may last three to four 
times longer. More recently, 
fluoropolymer coatings have 
emerged, of which perhaps 
the most well-known is 
polytetrafluoroethylene (PTFE 
– Teflon). Their economics is 
complicated: initially they are 
more expensive than silicone 
glazes, and recoating is both 
more expensive and takes 
longer than reglazing. However, 
a pan with a Teflon-based non-
stick coating may last ten times 

longer – as many as 5,000 bake-
and-release cycles. 

Whether it is coated or glazed, 
microscopic expansion cracks 
may form every time a pan goes 
thorough a heating and cooling 
cycle. In time, these cracks 
can degrade performance – for 
which, read increased product 
rejection rates. Such effects 
can be minimised by careful 
management of the heat of 
the oven and of the dough in 
the pans, but what is required 
is a means of increasing the 
smoothness of the coating or 
glaze: enter the Release Agent.

It is obvious that release 
agents, being in contact with 
food surfaces, must satisfy the 
most stringent requirements 
and various brands of oil-
based sprays have served 
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generations of domestic bakers. 
Even homemade GOOP, consisting 
of flour, shortening and oil, is 
a familiar release agent in the 
kitchen. However, this concoction 
has drawbacks in the commercial 
situation because of the potential 
of oil to carbonise over repeated 
baking cycles. Carbon deposits 
adversely affect heat transfer 
to the dough as it bakes, and 

may also roughen the cooking 
surfaces, so increasing the 
tendency for dough to stick. An 
automated solution is the most 
attractive in the fast-moving, 
high volume bakery, which 
is why release compound is 
usually sprayed through a nozzle 
on to the baking tin. And this 
is where matters can quickly 
become technical, and where 

the consequences of sticking 
pans can also stack up very 
quickly – quite literally. In such 
an environment, the pattern of 
the spray upon the tin becomes 
very important, for wasted 
agent (overspray) represents 
unnecessary additional cost both 
in terms of the wastage itself 
and the required cleaning up, 
while areas of the tin that are 
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inadequately sprayed are more 
likely to become sites where 
dough sticks, increasing the 
rate of product rejection and 
leading to more waste. Moreover, 
if stuck residue should cause 
misalignment of a stack of tins, 
production on an automated line 
may be interrupted: as before, 
even small percentages begin to 
matter. 

Atomisation is the process by 
which drops are generated and 
it begins when liquid is forced 
through a nozzle, first emerging 
as strings which then rapidly 
break up into drops. However, 
the drops in the spray are not all 
the same size and they do not 
all posses the same energy. This 
ultimately affects the pattern 
of the spray they create. Apart 
from the design of the nozzle 
itself, many factors influence 
this spray pattern: mathematical 
expressions of fluid dynamics 
make it a highly technical subject, 
even though the ultimate goal for 

the baker remains quite simple. 
The scientists will use such 
equations as the Rosin-Rammler 
Distribution function to measure 
the distribution of drop sizes; 
and refer to parameters such as 
the Sauter mean diameter (SMD, 
d32 or D[3, 2]) as representing the 
average  drop size, or effectively 
the fineness of the spray. The 
tenth centile of the distribution 
of drop sizes, DV0.1, is used 
as a measure of how likely are 
they to drift, and so miss their 
intended target area. And all to 
better understand how an even 
coating of release agent reaches 
the whole contact surface of the 
baking tin

Other factors affecting spray 
pattern include nozzle design and 
release agent viscosity. A variety 
of nozzles can be used to create a 
range of spray patterns, including 
a solid cone (which would coat a 
circle), a hollow cone (a ring) or a 
fan (a line). A wide variety of pan 
shapes can therefore be coated 

on an automatic production line, 
where, arguably, most scope for 
overspray occurs when a fan-
shaped spray is move along a 
linear path to coat a rectangular 
tin. The viscosity of release agents 
affects the pressure required 
at the spray nozzle and can be 
controlled by waxes such as 
carnauba or beeswax. Viscosity 
of a release agent affects its 
distribution within the baking 
tin, and so its ability to form a 
homogeneous film. Waxes also 
reduce the risk of resinification, 
a particular feature of fine 
bakery wares rich in sugar; and 
effectively prolong the interval 
between cleaning cycles. 

Viscosity, mathematical 
values and equations all help 
illuminate our understanding 
of how to control where a spray 
is distributed. This clearly 
has important economic 
consequences for large-scale 
bakers. Gardeners, however, seem 
to manage instinctively. n

“Apart from the design of the 
nozzle itself, many factors influence 
this spray pattern: mathematical 
expressions of fluid dynamics make 
it a highly technical subject, even 
though the ultimate goal for the baker 
remains quite simple. ”
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The meaning of the word 
“automation” to a bakery 

manager in whatever size bakery 
or plant he or she works, may 
conjure up images of a slick, 
seamless line of advanced 
and sophisticated machinery 
with robotics and electronic 
wizardry all controlled by a single 
operator, “pushing buttons” in a 

remote office in front of a bank 
of flashing lights, controls and 
monitors! OK that may be slightly 
exaggerated, fantastical or even 
utopian view but as most bakers 
will know 1961 heralded the 
Chorleywood Process with high 
speed mixing, processing and 
automation of bread production 
at that time considered only 

suitable for the very largest 
bakeries.

Whilst the prospect of ceding 
control to a bank of shiny steel 
automatons may excite with the 
promise of a huge increase in 
production throughput, lower 
overheads and higher profits, the 
“elephant in the room” would 

AUTOMATION
in the craft bakery 
A reality for medium-sized bakers or an oxymoron?

“The human being is a self-propelled automaton

entirely under the control of external influences.”

– Nikola Tesla
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surely be that of significant 
capital outlay, downtime and 
lost sales during installation. In 
addition such a new acquisition 
would necessitate staff training/
retraining and possible 
redundancies, if reduced numbers 
of staff were required to operate 
such a system, through to the 
uncertainties and promises of ROI 
and of course the possible loss of 
the hand-made artisanal nature 
of baked goods that are in such 
high demand today. 

Overall, this utopian dream of a 
futuristic business model of this 
nature could be smashed in an 
instant particularly for the small-
medium sized bakery plant.

Cooplands however, took a 
different view and decided 
therefore “speculate to 
accumulate” if they were going to 
ensure the survival of business 
during a raft of closures of other 
bakeries in the area.

Baking Europe’s Publisher 
Graham Pendred recently 
visited Cooplands Craft Bakery 
in Scarborough, UK together 
with Devon Petrie, lecturer in 
baking technology from the 
National Bakery School, to see 
for themselves how the company 
has adopted automation into 
part of their production whilst at 
the same time keeping a certain 
element of that hand-made feel 
to their products.

BRIEF BACKGROUND OF 
COOPLANDS BAKERY
Established in 1885 as a “Pork 
Butcher/Baker” and now with 
a workforce exceeding 1500, 
Cooplands is considered to be one 
of the UK’s largest craft/artisanal 
bakeries supplying 140 shops, 11 
cafés across the North of England, 
and a small wholesale business in 
the UK with a wide variety of baked 
products from bread loaves, pies 
and pasties through to an equally 
wide range of confectionery, 

cream cakes (finished by hand!) 
and sandwiches.

As the company expanded and 
bought out a number of smaller 
bakeries that were struggling 
over the decades, it very quickly 
became obvious that it needed 
to invest in new machinery to 
process some lines of products 
faster and in much greater 
quantities if it was to fulfil its 
burgeoning order book. 

The main products requiring 
a boost in productivity and 
machine assistance were those 
in highest and in increasing 
demand, namely the pies, sausage 
rolls and pasties, their being 
much easier to produce in larger 
quantities without compromising 
too much on the artisanal/craft 
element of the business.

Cooplands Bakery’s now semi-
retired Director, Chris Wainwright, 
explained that the decision to 
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“The overriding 
impression is that  
craft bakers can indeed 
automate and keep  
their craft status.”
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automate presented a dilemma in 
that the introduction of computer 
controlled bakery lines would 
increase production throughput 
considerably as expected but 
would require far less staff to 
operate and, therefore, impose 
the threat of redundancy on 
existing employees. However, 
by introducing new bakery lines 
in just part of the production 
process to complement the hand 
finished products, a satisfactory 
compromise has been achieved; 
during our visit the sausage rolls 
were “rolling” off the line to fulfil 
a regular, large order with perhaps 
two – three operators keeping 
an eye on the machine, keeping 
it stocked up with ingredients. 
Meanwhile the pasty line from 
another manufacturer whilst 
idle at the time looked eager and 
powerful enough to pump out 
enough of the meat pasties to 
feed the entire population of West 
Yorkshire without even stressing 
a cog or belt! This machine line 
also hygienically designed to the 
high EHEDG (European hygienic 

design group) standards, Chris 
Wainwright explained would 
again soon be in operation for 
the next bulk order which was 
already waiting in the wings.

On questioning Chris Wainwright 
on staff morale following the 
installations of the production 
lines, he replied that initially 
the staff thought it could lead 
to redundancies but due to the 
speed the business was growing 
and that we have always been 
passionate about training and 
multi-skilling, we were easily able 
to move the staff and allocate 
them new roles and are now very 
happy indeed. He went on to say 
that they had one of the lowest 
turnovers of staff in the county!

One of the main considerations 
was to ensure that the new 
machines confirmed to the highest 
standards of hygiene and that it 
allowed easy and rapid changes for 
different products. During our visit, 
the machine was set up to produce 
laminated dough for sausage roll 

products a process that to carry 
out by hand is a daunting task as 
any baker whether at home or in 
a craft bakery will tell you, making 
flaky or puff pastry requires a huge 
amount of time and effort with 
all the folding required to create 
the necessary layers. Admittedly, 
laminating and pasty assembling 
lines are not new concepts but 
changing from handmade to 
machine made laminated or 
layered products was the obvious 
decision to let a machine carry out 
what some bakers may consider to 
be the more mundane elements of 
the craft. 

A valuable and additional benefit 
of the production lines is their 
considerable flexibility to cater 
for the production of a wide 
variety of products as trends and 
tastes change on a constant basis. 
Separate “machine modules” 
were pointed out to me that 
could be interchanged quickly 
with part of the line to allow a 
completely different product to be 
manufactured.

Cooplands.indd   20 15/06/2017   15:21

http://www.bakingeurope.eu


20

BAKINGEUROPE Summer 2017 
www.bakingeurope.eu

TECHNOLOGY
CASE STUDY – AUTOMATION

automate presented a dilemma in 
that the introduction of computer 
controlled bakery lines would 
increase production throughput 
considerably as expected but 
would require far less staff to 
operate and, therefore, impose 
the threat of redundancy on 
existing employees. However, 
by introducing new bakery lines 
in just part of the production 
process to complement the hand 
finished products, a satisfactory 
compromise has been achieved; 
during our visit the sausage rolls 
were “rolling” off the line to fulfil 
a regular, large order with perhaps 
two – three operators keeping 
an eye on the machine, keeping 
it stocked up with ingredients. 
Meanwhile the pasty line from 
another manufacturer whilst 
idle at the time looked eager and 
powerful enough to pump out 
enough of the meat pasties to 
feed the entire population of West 
Yorkshire without even stressing 
a cog or belt! This machine line 
also hygienically designed to the 
high EHEDG (European hygienic 

design group) standards, Chris 
Wainwright explained would 
again soon be in operation for 
the next bulk order which was 
already waiting in the wings.

On questioning Chris Wainwright 
on staff morale following the 
installations of the production 
lines, he replied that initially 
the staff thought it could lead 
to redundancies but due to the 
speed the business was growing 
and that we have always been 
passionate about training and 
multi-skilling, we were easily able 
to move the staff and allocate 
them new roles and are now very 
happy indeed. He went on to say 
that they had one of the lowest 
turnovers of staff in the county!

One of the main considerations 
was to ensure that the new 
machines confirmed to the highest 
standards of hygiene and that it 
allowed easy and rapid changes for 
different products. During our visit, 
the machine was set up to produce 
laminated dough for sausage roll 

products a process that to carry 
out by hand is a daunting task as 
any baker whether at home or in 
a craft bakery will tell you, making 
flaky or puff pastry requires a huge 
amount of time and effort with 
all the folding required to create 
the necessary layers. Admittedly, 
laminating and pasty assembling 
lines are not new concepts but 
changing from handmade to 
machine made laminated or 
layered products was the obvious 
decision to let a machine carry out 
what some bakers may consider to 
be the more mundane elements of 
the craft. 

A valuable and additional benefit 
of the production lines is their 
considerable flexibility to cater 
for the production of a wide 
variety of products as trends and 
tastes change on a constant basis. 
Separate “machine modules” 
were pointed out to me that 
could be interchanged quickly 
with part of the line to allow a 
completely different product to be 
manufactured.

Cooplands.indd   20 15/06/2017   15:21

21

Summer 2017 BAKINGEUROPE 
www.bakingeurope.eu

TECHNOLOGY
CASE STUDY – AUTOMATION

The overriding impression is that 
craft bakers can indeed automate 
and keep their craft status; indeed 
perhaps the word “can” should be 
substituted with the word “must”!

As if putting the cart before the 
horse we found ourselves again 
at the very start of the production 
process in the silo and goods-
inwards area. Currently manually 
controlled with ingredients 
stacked on pallets to a great 
height and moved around by fork 
lift trucks, Wainwright explained 
with subdued excitement 
that the promise of a new silo 
and associated sophisticated 
equipment that he intimated 
would automate ingredient 
selection weighing and delivery 
was in the offing.

The final part of the factory 
tour took us into some very cold 
areas where much of the work 
appeared to be done by hand such 
as cake decorating, finishing of 
cream and patisserie products 
alongside the many orders for 

cakes for special occasions such 
as weddings, birthdays etc. 

The room which was at around 
12˚C resembled a very large fridge 
(And about the same temperature 
as a domestic fridge) would not 
have been out of place at the 
Ice Hotel and in it were working 
several highly skilled bakers 
dressed in protective clothing 
over the top of warm winter type 
clothing but conscientiously 
preparing some delightful looking 
cream cakes and patisseries. The 
question was asked if this part of 
the factory could be automated 
but the reply was that the 
individual design and intricate 
finishing work was a signature 
of the company and could not be 
replicated by an machine. Indeed, 
one baker digging into a huge 
bucket of cream said that she 
enjoyed the work immensely and 
didn’t mind the cold! 

CONCLUSION 
The expansion thus far, it seems, 
has been executed with great 

aplomb which was to invest 
in the crucial high volume 
production plant first of all and 
later develop the peripheral areas.

The happy balance that has 
been achieved of craft bakers 
working alongside production line 
operators appears to be a very 
successful formula; one that plant 
Manager Peter Denley and Chris 
Wainright confirm is profitable, 
gives staff variety by being able 
to work on both sides of the 
business (craft and production 
line) and keeps them happy in 
their work and therefore highly 
productive.

If Tesla’s comments at the head 
of this article are in any way 
accurate, then I don’t think we 
have anything to worry about 
in the future – as long we keep 
hold of the controls – and 
Cooplands certainly seems to 
have both hands on the steering 
wheel. And on this occasion, I 
do not apologise for the mixed 
metaphors! n
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Increasing line efficiency and 
high-end hygienic design were 

the two drivers that Rademaker’s 
Research & Design department 
took to a new level during 
the development stage. These 
solutions were discussed and 
tested with some key customers. 
The result of this intensive 
development process is a 
complete new, unique and highly 
efficient pastry production line 
with the lowest cost of ownership 
possible. It is, therefore, no 
surprise that the bakery market 
welcomes the Rademaker 
Universal Pastry Line with  
open arms.

Tool Assistant 
Rademaker designed the unique 
Tool Assistant to simplify 
operation and changeovers. 
The Tool Assistant contains a 
chronologic list of tools. Line 
configurations and tooling info 
can be saved, enabling easy 
reproducible line settings. All line 
and tooling data can be exported 
to the operator panel, a tablet or 
printed as hardcopy. 

For quick and easy change over, 
the operator can have a sneak 
preview of the set of tools needed 
for the next production line, while 
the machine is still finishing 

the current run. This way the 
tools needed for change over are 
already available leading to less 
change over time and errors. 

To make the Tool Assistant 
even more user friendly, pop-up 
screens in the operator panel 
explain the settings. There is also 
a possibility to include instruction 
videos. 

Hygienic Design
The Universal Pastry line is 
designed according to the highest 
Rademaker hygienic design 
standards. These guidelines are 
derived directly from various 

The benchmark 
for efficient pastry production has been set
Explore Rademaker’s completely new designed Universal Pastry Line

The added value of the 
Rademaker Universal Pastry 
Line:

• Tool Assistant software and 
Unique Fit Tooling for fast & 
easy change-over 

• Cost reduction due to easy 
clean ability & sanitary 
operation 

• Efficiency improvement due 
to advanced process control 

• Hygienic design exceeding 
customer requirements 

• Improved accessibility 
contributing to ease of 
maintenance 

• Highest possible level of user 
friendliness

Accumulation of dirt and dust is 
reduced due to the application of 
stand-offs.
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high-end requirements for 
hygiene and cleanability, such as 
the GMA standard and EHEDG 
recommendations. With excellent 
machine surface finishing, tilted 
surfaces, rounded frames, FDA 
approved materials, minimized 
hinges & bolts and numerous 
other items, the line is living 
up to the highest industrial 
requirements for hygiene. The 
elimination of recesses, cavities 
and dead corners is achieved 
withthe machine’s open design 
enabling easy cleaning without 
reducing the operator’s safety. 
Belt lifters and retractable belt 
tensioners achieve accessibility 
for cleaning and inspection. 

Apart from unmatched product 
quality and an extremely low 
risk for contamination, the 
overall combination of the 
above improvements results in 
reduced cleaning and drying 
time, increased production 
time and significantly reduced 
maintenance. Needless to say, 
this new Rademaker production 
line is fully designed and 
approved for wet cleaning, which 
was introduced intothe industry 
by Rademaker over 25 years’ ago.

Functionality
Rounded edges and fully open 
covers on both sides of each 
unit are applied throughout the 
production line. The best possible 
accessibility of the process is 
achieved by optimizing the space 
between the working stations. 
Tools that are attached to the 
machine are mounted with 
standoffs. These standoffs have 
a minimal distance of 1 inch for 
cleaning purposes. Overall safety 
is guaranteed by the application 
of safety locks. Lightweight safety 

covers with extra handles enable 
ergonomic operation.

Efficiency & Functionality
The overall set-up of Rademaker’s 
new Universal pastry line is 
designed for high production 
efficiency. Easy removable 
tools, reduced change parts, 
exchangeable scrapers and bins, 
and various options to minimize 
the required cleaning efforts 
enable this. 

Efficient, error free operation 
and tool changeover is realized 
by applying Unique Fit Tooling. 
Because of the lightweight and 
more compact tooling, handling 
and detaching the tools has been 
made as easy as possible and can 
be done by one person.

Sanitary operation 
Sanitary operation is achieved by 
using lifetime or non-lubricated 
bearings throughout the direct 
product zone. Direct-drive motors 
are positioned outside the 
product zone where possible. All 
motors contain food approved 
H1 lubricantsresulting in a zero 
risk of lubrication contamination. 
Outside the direct product zone, 
sealed bearings are utilised which 
can be lubricated during or after 
the production run. The rollers of 
the reduction stations are kept as 
clean as possible because they are 
fitted with wear resistant roller 

scrapers which were selected 
after extensive testing. To achieve 
an easy-to-clean surface, the 
machine is manufactured with 
rounded edges, tubes, ducts, 
angled surfaces and a smooth 
surface finishing (Ra <0.8) in the 
production zone.

Conclusion
With Rademaker’s new Universal 
Pastry line, (semi) industrial 
bakeries can produce all kinds of 
pastries and laminated products 
in any shape or size, filled or 
unfilled. A significant reduction 
in cost of ownership is achieved 
through numerous improvements 
such as efficient and error 
free tooling change over, low 
maintenance and simplified 
intuitive operation. Besides this, 
hygienic machine design is taken 
to a new level. n

Rademaker BV
Plantijnweg 23, NL-4104 BC Culemborg 
P.O. Box 416, NL-4100 AK Culemborg
T: +31 (0) 345 543 543 
info@rademaker.nl 
www.rademaker.com
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The correct position of the tool 
on the line is identified, so the 
operator knows exactly where 
to place the tool on the line. 
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TURN-KEY SOLUTIONS  
FOR BAKING BUSINESSES
KOENIG EXPANDS PRODUCT RANGE TO TURN-KEY SOLUTIONS

The Austrian manufacturer 
for baking machines 
and lines founded a new 
subsidiary in Italy named 
“Koenig Technology Project 
Management” and thus 
expanded its product range to 
turn-key solutions for bakeries.
 
PROVIDING COMPLETE 
SOLUTIONS FOR BAKERIES WITH 
NEW OFFICE IN ITALY
Koenig, specialist for baking 
machines particularly in the 
field of dough make-up, has 
decided to expand its product 
portfolio. Wolfgang Staufer, 
Koenig CEO states: “We have 
been observing a growing interest 
in industrial lines as well as in 
turn-key projects. As we see a 
large potential for the future, we 
decided to enlarge our product 
program and know-how in  
this field.”

To have experts in this product 
range, Koenig founded the Koenig 
Technology Project management 
office in Verona, Italy. This office 
is responsible for the planning of 
entire bakeries, from mixing and 
transporting, dough processing, 
proofing, product handling, 
baking and cooling through to 
packaging.

The Koenig Technology team 
is led by Nicola Perbellini, who 
has been working in the baking 
industry and project business for 
25 years. In close collaboration 
with the Koenig subsidiaries, 
this new office handles inquiries 
and plans bakery plants to 
individually match customers’ 
demands. The solutions are 

built by Koenig and by partners 
of Koenig for modules such as 
raw materials handling, cooling, 
freezing and packaging. 

Wider product range for 
individual projects
Koenig is now better capable of 
supplying large-scale turn-key 
plants for customers. New product 
fields include proofing systems, 
such as step, tray or rack proofers. 
Koenig Technology has developed 
a series of modular tunnel ovens 
(single-deck indirectly or directly 
fired, multi-deck indirectly fired) 
for various product ranges. 
Koenig Technology also developed 
board and pan handling systems 
to transport gently, dough pieces 
as well as pans or boards. The 
enlarged product range joins 
Koenig’s 50 years of know-
how and experience in dough 
processing, dough technology 
and worldwide customer service. 
Today, the Koenig group covers in 
total more than 500 employees, 
260 of them in the headquarters 
in Austria, subsidiaries in 
Germany, Hungary, Italy, 
Netherlands, USA and Russia 

and a global network of sales and 
service partners.

The first projects are already in 
progress, e.g. a rustic bread plant 
in Spain with dough sheeting, 
board handling and step proofer, 
a flatbread plant in Germany 
with dough sheeting, product 
handling, belt proofer and stone 
tunnel oven and a complete 
baguette and ciabatta line in Italy 
from dough sheeting to freezing 
including a plate circulation  
oven. n

Koenig Maschinen Headquarters
A-8045 Graz, Austria
Koenig Technology Project Management  
Branch Italy 
I-37059 Santa Maria di Zevio (VR), Italy 
 
info@koenig-rex.com 
http://www.koenig-rex.com/en/products/ 
Project-solutions/

FIND OUT MORE 

MORE DETAILS ON THE  
BAKINGEUROPE WEBSITE

The Koenig Technology Project Management Team around Nicola Perbellini (left)
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ENERGY EFFICIENCY
HEAT RECOVERY

Industry consumed 54% of 
global delivered energy in 

2012 and the consumption was 
projected to grow by an average of 
1.2% per year whilst world energy 
consumption was estimated 
to increase by 48% from 2012 
to 2040[1]. The UK industrial 
bakery sector required energy 
consumption of some  
2000 GWh each year, which 
was equivalent to emissions 
of approximately 570,000 tCO2 
per year; however, the overall 
maximum carbon saving 
potential for the bakery sector 
through good practice and 
future innovation was estimated 
to be 26.5% or 151,000 tCO2 
per year[2]. In dealing with the 
aggravation of fuel scarcity and 
continuous increase of energy 
demand, conserving energy 
and investing in technology for 
improved energy efficiency and 
heat recovery are imperative for 
industry to control production 
costs and secure competitiveness. 

Recent research and development 
(R&D) has presented the 
opportunity and the possibility 
of economic solutions to recover 
low grade thermal energy 
and meet the challenge. As 

an interdisciplinary research 
centre, Sir Joseph Swan Centre 
for Energy Research based in 
Newcastle University, UK has 
great enthusiasm for advancing 
a variety of technologies on heat 
recovery and energy efficiency. 

TRI-GENERATION
Tri-generation, also known as 
combined cooling, heating and 
power (CCHP), is the production of 
electricity, heat and chilled water 
simultaneously from one single 
primary fuel input, in which 
75–80% of the fuel input can be 
efficiently converted into useful 
energy output. A tri-generation 

system can be achieved by 
incorporating an absorption 
chiller into a cogeneration, also 
known as combined heating 
and power (CHP), system. Acting 
as a thermal compressor, the 
absorption chiller recovers waste 
heat from the CHP system to 
produce chilled water. Operating 
costs can be substantially reduced 
as the recovered low grade 
waste heat will enhance primary 
energy efficiency without extra 
mechanical energy consumption. 
Because of its versatility and 
improved energy efficiency, tri-
generation has huge potential for 
industrial application[3].

Emerging technologies for improved 

energy efficiency 

and heat recovery in industry
 
By Huashan Bao, Janie Ling-Chin, Zhiwei Ma, Anthony Paul Roskilly
Sir Joseph Swan Centre for Energy Research, Newcastle University, NE1 7RU, UK
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POWER GENERATION CYCLES 
DRIVEN BY LOW GRADE 
THERMAL ENERGY
An organic Rankine cycle (ORC) 
has the same working principle 
as a Rankine cycle.  It enables 
cost efficient power generation 
from a broad range of low grade 
heat sources from 80˚C to 400˚C[4] 
by using a working fluid which 
has a boiling point much lower 
than that of water. A Kalina cycle 
is based on an absorption cycle 
which uses a binary working 
fluid to reduce heat transfer 
temperature difference between 
the heat source and the working 
fluid, leading to a reduction in 
thermodynamic irreversibility. 
In various configurations, Kalina 
cycles form the Kalina cycle 
family.  Some Kalina cycles, for 
instance KCS-11 and KCS-34, 
have been widely investigated 
and found to have improved 
performance and prominent 
superiority over ORCs[5]. 

PHASE CHANGE MATERIAL (PCM)
Whilst a phase change process 
involves a large quantity of 
latent heat, a phase change 
material (PCM) can temporarily 
store (low or high temperature) 
energy for later usage to balance 
the gap between energy supply 
and demand. Energy can be 
charged thermally or electrically 
and discharged thermally on a 
daily, weekly or seasonal basis 
depending on requirements.  
Thermal energy storage using 
PCM has various domestic and 
industrial applications, for 
example, building heating/cooling 
storage, solar thermal storage, 
temperature controlled packaging 
and transport, electronic/telecom 
passive cooling and human body 
comfort control.  Research has 
advanced in an on-going project 
named Heat-STRESS to take 
advantage of the supercooling 
properties of salt hydrates in 
developing solar thermal energy 

seasonal storage using PCM 
technology[6]. 

LIQUID DESICCANT
Traditionally, dehumidification 
process is energy-intensive 
because of condensing the 
air below dew point into 
water vapour using a vapour 
compression system and re-
heating the dry air. A liquid 
desiccant dehumidification 
system, consisting of weak and 
strong desiccant solutions, a 
regenerator and a dehumidifier, 
works in a less energy-intensive 
way. LiCl, LiBr and CaCl2 aqueous 
solutions are commonly used 
desiccants. Driven by the low-
grade heat, a liquid desiccant can 
continuously remove moisture 
from process air. Heat is supplied 
to the regenerator to evaporate 
water and turn the weak solution 
into the strong solution. A 
reversed process occurs in the 
dehumidifier as the process air 
transfers moisture to the strong 
solution and releases heat to 
the heat sink. Liquid desiccant 
technology has been applied by 
Swan Centre in Siemens’s and 
Nissan’s plants for waste heat 
recovery.  Also, liquid desiccant 
air conditioning units have been 
commercialised where industrial 
units (for deep drying and 
applications that require precise 
humidity control) represent a big 
share of the market. 

ADSORPTION
As an essential complementary 
technology for absorption 
refrigeration/heat pump, 
adsorption systems are 
recognised as a promising 
alternative for refrigeration and 
heat pumping duty. The system 
uses natural substances as 
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refrigerants and is driven by low 
grade thermal energy. It extracts 
heat to break van de Waals force 
between sorbent and sorbate 
molecules in physical adsorption, 
or break the covalent bonding 
on adsorption interfacial layer 
associated with a chemical 
reaction.  As a result, thermal 
energy is converted in the form 
of chemical potential. In reverse, 
when the sorbate is brought 
into contact with the sorbent to 
reform the bonding, cooling is 
generated or heat is upgraded. 
Due to intermittent nature 
and relatively high adsorption 
heat, chemical reaction based 
adsorption thermal energy 
storage has a higher energy 
density (with nearly zero energy 
loss) than the conventional 

sensible and latent heat storage 
systems. The potential of 
thermochemical sorption system 
has been explored in a project 
named IDRIST[7-8] to meet different 
energy demands, i.e. heating, 
cooling and/or electricity[9]. The 
flexibility of generating different 
energy output allows a totally 
new dimension to process 
integration to offer strategies to 
store and off-set electricity and 
heat, or electricity and cooling 
simultaneously and optimally 
to reduce the energy demands 
of the industrial processes as a 
whole. Seasonal storage based 
on thermochemical sorption 
technology independently or 
combined with PCM storage 
through optimal design and 
effective thermal energy 

management has also been 
investigated in the Heat-STRESS 
project. 

The technologies have huge 
potential to contribute to a low 
carbon and sustainable energy 
future. Some constitute proven 
technologies whilst others 
are still at the early stage of 
R&D which have encountered 
technical challenges for  
practical implementation. 
Feasible solutions are urgently 
required to transfer the 
knowledge to a wider audience. 
With continuous effort and active 
collaboration between academia 
and industry, the society 
will greatly benefit from the 
development and application of 
these low carbon technologies. n
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From 4th May 2017 onwards, 
DÜBÖR exhibited at the 

INTERPACK in Düsseldorf and 
presented the business unit 
which focuses  on a revolutionary 
technology for the confectionery 
and pharmaceutical industries: 
the PrecisionSprayUnit or PSU  
for short.

Up to now, the technology, 
primarily used for moulding 
sweets from liquid masses such 
as wine gums or marshmallows, 
has been the so-called Mogul-
technology. With this method, 
a stamp is used to press shapes 
into a layer of powdered starch 
which are filled with the sweet 
compound. After a short time 
allowed for setting and drying, 
the sweets and starch have to  
be separated. 

Mogul plants are used for 
products made of jelly, gum 
and sugary foam, soft caramel 
and fondant.  Although this 
technology is reliable, it involves 
high investment and running 
costs for preparing and recycling 
the starch.

This is exactly where DÜBÖR 
and its new technology comes in, 
offering the confectionery and 
pharmaceutical industries an 
innovative release technology  
to remove sticky masses from  
the mould.        

The PSU sprays defines exactly 
quantities of release agent 
into the moulds with cavities 
for the product. After filling in 
the compound for sweets or 
medicated confectionery, the 
products can either be removed 

from the mould without 
residue or sealed directly into 
the sales packaging. With this 
technology, costs are not only 
saved in terms of the complex 
production of stamps/dies and 
the starch processing but also 
the mould can be reused again 
immediately.  In an optimum 
way, steady capacity utilisation is 
guaranteed and scrap quantities 
and unit costs are reduced. Use 
of the PrecisionSprayUnit from 
DÜBÖR guarantees stable, reliable 
production at a consistently high 
quality level. 

It goes without saying that a wide 
range of very individual customer 
specifications such as product 
shape, plant width and required 
output capacity are taken into 
account during design. 

As a specialist for release agents, 
the comprehensive range of 

products from DÜBÖR also offers 
the ideal product for the perfect 
release of sticky masses for every 
application. 

Expertise and innovation “made 
by DÜBÖR”! 

Setting benchmarks. n

A revolution in the field of  
precision spray technology

DÜBÖR Groneweg GmbH & Co. KG
Grüner Sand 72
32107 Bad Salzuflen, Germany
Tel +49 (0) 5222 - 9344 - 0
Fax +49 (0) 5222 - 9344 - 50
info@dueboer.de
www.dueboer.de
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Consumers are demanding 
more whole grain products 

because of their perceived health 
benefits. Unfortunately, whole 
grains present textural and 
taste challenges that product 
developers must overcome 
to produce acceptable bakery 
products.  One major challenge 
of this type of bakery product is 
the bitterness that arises from 
whole grains, and a common 
strategy to address this bitterness 
is to add sugar to the whole 
grain bakery product. Adding 
sweetness reduces bitterness via 
a phenomenon called “mixture 
suppression.” 

While effective, adding sugar 
to whole grain bakery products 
is potentially undesirable for 
health-conscious consumers, as 
doing so increases both calorie 
and total sugar content. Added 
sugars have been highlighted 
recently as a large contributor to 
the obesity epidemic; they are 
also seen as providing empty 
calories with minimal nutritional 
value. Accordingly, the World 
Health Organization recommends 

limiting sugar consumption to 
just 5% of daily calorie intake. 
Reducing sugar consumption may 
help reduce the risk for many 
obesity-related health problems, 
such as diabetes and heart 
disease. 

To reduce sugar in whole grain 
bakery products, sucrose (the 
index substance for a range of 
sugars that includes glucose and 
fructose) may be substituted with 
nutritionally-inert sweeteners. 
However, reducing sugar content 

Replacing sugar with 
non-nutritive sweeteners 
in bakery products  
Updates in sweetener technology 
 
By M. Michelle Reyes, Alyssa J. Bakke, John E. Hayes, Department of Food Science, Penn State, 
University Park, PA United States
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may also substantially change 
the texture, volume, colour, taste, 
cost and shelf life of bakery 
products. For sugar reduction to 
be acceptable to consumers, non-
nutritive sweeteners must be not 
only be cost efficient, but must 

also provide sweetness as well 
as fulfilling the other functional 
properties of sucrose – these 
include browning, crystallisation, 
viscosity, and moisture control. 
Additionally, the alternative 
sweeteners must be stable at 

the high temperatures used in 
baking. Lastly, they must be water 
soluble in order to interact with 
other ingredients in the bakery 
products.

Sucrose plays many different 
functional roles in bakery 
products, many of which have 
critical implications for texture, 
volume, and colour of the 
final product. For yeast breads, 
sucrose is an energy source 
for yeast and enhances the 
production of carbon dioxide 
during fermentation. In cakes 
and other soft bakery products, 
sucrose helps incorporate 
air during mixing, as well as 
retaining water, thereby resulting 
in a softer product with larger 
volume. The hygroscopic 
nature of sucrose also results 
in delayed gelatinisation of 
wheat-based bakery products. 
Sucrose competes with starch 
for water, delaying gelatinisation 
and ensuring proper expansion 
of bubbles before the cake sets, 
resulting in a larger volume 
and lighter texture of the final 
product. Sucrose also competes 
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with gluten in wheat-based 
bakery products, resulting in 
incomplete hydration of the 
gluten structure, which creates 
a softer texture in the bakery 
product. Along with structure 
and texture, sugar contributes to 
the golden-brown colour of many 
bakery products either through 
caramelisation or the Maillard 
reaction of invert sugar with 
amino acids.

Generally, sugar content can 
be reduced by 15-20% without 
drastically changing formulations. 
Replacing sucrose partially helps 
reduce the calorific content, while 
still maintaining functionality 
in bakery products. However, 
reducing sugar content by greater 
than 20% has been a challenge 
for product developers. One 
potential strategy would be to use 
a combination of high potency 
(very sweet) non-nutritive 
sweeteners with low energy 
bulking sweeteners, to mimic 
both the taste and technological 
functions of sucrose. Careful 
consideration should be made 

when choosing sweetener 
combinations. The taste intensity 
and qualitative profile of non-
nutritive sweeteners are not 
comparable to sucrose, while 
many possess additional sensory 
attributes, such as bitterness, 
metallic side tastes and lingering 
sweet tastes that can adversely 
affect final product acceptability. 

Recently, Reyes and Hayes 
sought to identify synergistic 
pairs of sweeteners. Synergy 
occurs when two substances 
combined elicit a response that 
is greater than the sum of their 
separate individual responses. 
Understanding sweeteners can 
help product developers reduce 
calorific content of food and 
beverages, especially when 
using non-nutritive sweeteners, 
while finding synergistic 
pairs of sweeteners with the 
same perceived sweetness as 
higher concentrations of single 
sweeteners can help reduce 
ingredient usage in bakery 
products, potentially cutting 
down on costs of production as 

well as reducing undesirable 
sensory properties. 

In addition to investigating 
synergy in sweetener mixtures, 
we have begun applying a 
new temporal sensory method 
to characterise the profile of 
sweeteners over time using 
consumers who had not been 
previously exposed to them. 
Temporal Check-All-That-Apply 
(TCATA) is a rapid sensory 
method where attributes are 
actively checked and unchecked 
to track sensations over time, so 
that the collection of checked 
words fully describes the 
sample at any given moment in 
time. We observed similarities 
across various sweeteners: 
“sweet” and “bitter” occurred 
first, followed by “metallic” and 
“cooling” and finally, “drying” 
much later. The importance of 
the temporal profile of non-
nutritive sweeteners has become 
increasingly apparent in product 
development, as intensity of 
sweetness is not the only relevant 
attribute in selecting lower 

“The taste intensity  
and qualitative profile of  
non-nutritive sweeteners 
are not comparable to 
sucrose”
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calorie alternatives to sucrose. To 
reduce sugar in bakery products, 
product developers should find 
combinations of non-nutritive 
sweeteners that have a similar 
temporal profile to that of sucrose.

In addition to the sensory 
characteristics of sugar 
alternatives, product developers 
should keep consumer attitudes 
towards non-nutritive sweeteners 
in mind when developing reduced 
sugar bakery products. Although 
the sweeteners on the market 
in the US and Europe have been 
approved by the appropriate 
regulatory bodies, public 
perceptions (and misperceptions) 
of long term health risks persist. 
Therefore, it is important for 
product developers to understand 
which sweeteners would be 
optimal for both sensory profiles 
and consumer attitudes. For 
example, we recently used 
conjoint analysis to explore 
beliefs and attitudes in girls 

aged 12 to 19 towards sweetened 
beverages. The girls were 
recruited online to achieve a 
nationally representative sample, 
and they indicated preferences 
of sweetener type, added sugar 
content, calorific content, and 
front-of-pack-messaging prior 
to completing 21 choice-based 
conjoint (CBC) tasks. Critically, 
conjoint analysis relies on holistic 
evaluation and uses regression 
to disentangle the factors that 
drive acceptability or choice, as 
well as their relative weighting. 
Conjoint analysis is therefore free 
of the types bias that are common 
with declared preferences for 
specific attributes. Broadly 
speaking, the girls displayed the 
expected preference for natural 
sweeteners, while artificial and 
GMO sweeteners were disliked. 
However, some key nuances 
were also observed. For example, 
there were different preferences 
for beet sugar and cane sugar, 
despite their functional  and 

chemical equivalence. While 
not a bakery product per se, this 
example highlights the need for 
product developers to consider 
consumer attitudes and not just 
functional performance. 

In summary, careful consideration 
should be made when choosing 
sweetener combinations for 
sugar reduction in bakery 
products. Combinations of 
sweeteners could be chosen 
based on synergy, as this 
reduces costs of production and 
side tastes. Additionally, each 
sweetener should complement 
the temporal profile (i.e., onset, 
peak, and linger) of the other, 
to create a sensory experience 
comparable to that associated 
with sucrose. Lastly, consumer 
attitudes should be taken 
into account when choosing 
sweetener combinations. Only 
sweeteners that are appealing to 
target markets should be used if 
possible. n

Dr. Alyssa J. Bakke
The Pennsylvania State University
Erickson Food Science Building
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 
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A lot of bakery products 
contain butter or margarine, 

which define to a large extent 
the texture and, therefore, the 
appreciation of such products. 
The consistency of the lipid 
material is an important aspect 
as it fulfils several functions; for 
example, in croissants, the solid 
nature of the fat provides the 
lift between the flaky layers; in 
bread, fat aids the lubrication of 
the air pockets in the formation 
of a fine crumb structure and 
in cookies provides a crunchy 
texture. The consistency of butter 
and margarine is defined by the 
composition of the triglycerides 
which are made out of different 
types of fatty acids. In general, 
three types of fatty acids can be 
identified: saturated, unsaturated 
and trans-fatty acids (obtained 
by hydrogenation of unsaturated 
fatty acids). Trans-fats and 
saturated fats are responsible 
for fat crystallisation and exist 
in solid form. Unsaturated fats 
do not form crystals and exist 
in liquid form. Solid fats, like 
cocoa butter, are therefore high in 
saturated fats, while oils, such as 
sunflower and olive oil, are high 
in unsaturated fats. Even though 
there is still a scientific debate 
on which fats have a negative 
influence on health (especially 
coronary heart disease), the 

STRUCTURED OIL  
for bakery applications
A healthier alternative for solid fats?
 
By Dr. Elke Scholten (pictured), Associate Professor Physics and Physical Chemistry of Foods at 
Wageningen University, the Netherlands
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use of trans and saturated fats 
is discouraged, while the use 
of unsaturated fats (oils) is 
considered to be preferable. In 
particular, poly-unsaturated fats 
have been shown to be beneficial 
for certain health aspects. It is, 
therefore, desirable to replace 
solid fats with oils. However, 
a one-on-one replacement is 
often not possible especially in 
bakery products since the solid 
properties of the fat determine 
to a great extent the desirable 
aspects regarding texture. New 
technologies are needed to 
compensate for this reduction of 
texture quality. 

A new approach that has been 
investigated in recent years is 
oleogelation which involves 
the gelation of oil by the use of 
structuring agents other than 
solid fat crystals. This addition 
gives a solid like characteristic 
to the oil while retaining its 
healthy profile of unsaturated 
fats. In recent years, many such 
structuring agents have been 
used, however, most of them have 
limited potential for commercial 
applications. Recently, one of 
the PhD students in my group 
at Wageningen University 
investigated the potential of 
proteins to be used as a gelling 

agent for oil. Proteins are great 
candidates as gelling agents as 
they are widely available, can be 
obtained from different sources, 
are rather cheap and have no 
detrimental effects on health (and 
even promote health in certain 
circumstances). They are also very 
well known to be a great gelling 
agents in water with the resulting 
textures in protein hydrogels 
being very broad, e.g. smooth 
hard gels prepared with egg 
proteins, very elastic gels made 
from gelatine (gummy bears, 
desserts) and very coarse gels 
made from soy proteins (Tofu).

We have been able to show that 
we can create different types of 
gels from oil with proteins as 
a gelling agent, referred to as 
protein oleogels. In this instance 
we used whey proteins; a mix 
of globular proteins. We were 
able to make protein oleogels 
that are self-standing and have 
fracture properties (Figure 1) and 
protein oleogels that are softer 
and spreadable (Figure 2). The 
protein oleogels are made from 
protein hydrogels or protein 
aggregates that are prepared in 
an aqueous phase and then the 
water is slowly replaced by oil 
via an intermediate solvent. The 
final oleogels contain more than 

Figure 1. Proteins oleogels with 
fracture properties. Different types 
of gels can be made by changing the 
initial conditions in the water phase.

Figure 2. A spreadable protein oleogel 
(left), with the network formation of 
small protein aggregates (200 nm) on 
the right.
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85% oil, between 5% and 15% 
proteins and less than 1% water. 
The appearance of the gel can 
easily be changed by changing the 
properties of the initial protein 
hydrogel or aggregates in the 
aqueous phase. As seen in Figure 
1, we can create translucent 
oleogels and opaque oleogels, 
which are also seen as hydrogels, 
where the translucent gels are 
a result of fine stranded protein 
networks and opaque gels from 
coarse gel networks. Figure 2 also 
shows the protein network on 
a microscopic scale. Here, it can 
be seen that the proteins make 

a very efficient network that is 
responsible for the solid-like 
character.

We were able to alter the 
properties of the protein oleogels 
by controlling the interactions 
between the proteins within the 
oleogels. Whereas the gelation 
of globular proteins in aqueous 
phases is largely determined 
by hydrophobic interactions 
between the proteins, the gelation 
behaviour of proteins in oil is 
more of hydrophilic nature. We 
have shown that the strength of 
the protein network is dominated 

by hydrogen bridges and capillary 
interactions. Additionally, we 
were also able to tune the 
interaction by using different 
types of oils. With respect to food 
applications, the spreadability 
of the oleogels may be very 
important. For the spreadable 
gels (Figure 2), we have observed 
that the network of the proteins 
can be destroyed so the gel yields 
and becomes more spreadable. 
However, the protein network 
also builds up again fast and, 
therefore, the solid character is 
restored after spreading. This 
could be an important aspect 

36 INGREDIENTS
HEALTHY SOLID FATS
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when the oleogels are used in 
doughs that are prepared under 
different mixing conditions and 
when the dough should be soft 
while mixing, but firmer during 
rest.

To test whether these oleogels 
could be used as an alternative 
for solid fats, we performed 
a small study with respect 
to the structure and sensory 
appreciation of shortbread 
cookies. A standard recipe for the 
development of the dough was 
used, which contained 42% flour, 
33% margarine, 21% sugar, 3.5% 
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recipe was used as a reference 
and was a solid fat version. The 
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with either sunflower oil or 
sunflower oil structured with 
proteins (protein oleogels). In the 
case of the protein oleogels, the 
recipe was adjusted slightly by 
replacing some of the sugar with 
glucose syrup. The cookie dough 
was baked for 15 minutes at 
170ºC. Figure 3 shows the original 
cookies (A), the cookies with oil 
(C), and the cookies with protein 
oleogel (B). As can be seen, the 

original cookies (A) containing 
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margarine was replaced with oil 
(C), the dough was not consistent 
enough and no cookie could be 
prepared. As the consistency of 
the dough with protein oleogel 
was similar to the original 
recipe, this dough resisted the 
changes in rheological behaviour 
during baking and, therefore, 
the appearance of the cookie 
was similar (B). The baked 
cookies were also tested for their 
consistency by a small sensory 
panel. The cookies with the 
protein oleogels scored lower 
on the attribute “crunchiness”, 
which showed that the fracture 
behaviour of the cookie slightly 
changed. However, some people 
also indicated that they  

preferred the more crumbly 
structure of these cookies (B). As 
we did not do any optimisation 
in the recipe, it may be possible 
to mimic the properties of the 
original cookies to a larger extent 
in the future.  

Although we have not yet 
performed an extensive study, 
these results show that the 
protein oleogels have potential to 
be used as an alternative to solid 
fats. As this approach is robust 
towards the type of oil, it also 
creates a lot of flexibility  
in ingredient choice. Currently,  
we are interested in the 
development of these gels with 
different types of proteins, such 
as plant proteins, which would 
make this an interesting product 
for vegans. n

This work has been published as a PhD thesis ‘Structuring oil by protein 
building blocks, and can be found at http://edepot.wur.nl/403635
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Figure 3. Appearance of shortbread cookies prepared with (A) margarine, (B) 
protein oleogel and (C) sunflower oil.
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Bread is mainly made 
from wheat flour which 

shows unique properties and 
functionalities because of gluten, 
the storage protein of wheat. 
Hydrated gluten develops into a 
viscoelastic network, which traps 
gas and allows expansion during 
proving. It is denatured during 
baking and forms a bicontinuous 
phase with gelatinised 
starch which then forms the 
breadcrumb. After baking, gluten 

also participates in moisture 
control. Generally, the functions 
of gluten are maximised in bread 
due to the relatively high water 
content. In addition, wheat 
starch has a bimodal granule size 
distribution with a range from 
2µm to 35µm which is claimed 
to offer a denser dough structure 
and benefits bread quality 
(Martínez & Gómez, 2017). 

However, gluten intolerance, 
including coeliac disease and 
wheat sensitivity, constrains a 
group of people from consuming 
wheat based products. On the 
other hand, ‘free-from’ is a global 
trend of healthy life style choices, 
which promotes the market of 
gluten-free products. For the 
purpose of dealing with gluten 
intolerance and meeting the 
“free-from” trend, the production 
and quality improvement of 
gluten-free bread is becoming 
a new favourite of both 
manufacturers and researchers 
but is also still a challenge to 
create products with acceptable 
sensory attributes.

ALTERNATIVE TO WHEAT FLOUR
Currently, several methodologies 
have been developed for gluten-

free bread manufacturing, 
which can be categorised as the 
application of alternative flours, 
enzyme treatment and sourdough 
application and other treatments, 
among which, the application of 
alternative flour is the main and 
basic method. 

Alternative flour is mostly a 
blend of one or more types of 
starch-based flours and, in most 
cases, hydrocolloids. Rice flour is 
commonly the main component. 
However, the varieties of rice 
bring extra difficulty into bread 
production and sometimes a 
mixture of different varieties 
is supplied.  Here we highlight 
the influences of differences 
in amylose content. Starch 
exists as granules in a native 
state in plants where branched 
amylopectin forms layers 
of amorphous regions and 
crystalline regions with linear 
amylose molecules embedded 
within. Amylose contents have 
significant effect on water 
absorbability, pasting properties 
and gelling properties, and 
water absorbability of flour 
has significant effects on the 
rheological properties of dough. 
The level water added needs to 

Challenge from  
gluten-free baking 
Alternative ingredients
 
By Prof. Tim Foster, Professor in Food Structure, Head of Division of Food Sciences, School of 
Biosciences, University of Nottingham and Centre Director of EPSRC Centre for Innovative 
Manufacturing in Food. Yi Ren Ph.D (pictured), student in Food Sciences, Sutton Bonington Campus, 
the University of Nottingham UK
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be increased when flour has a 
higher water absorbability to 
reach desired dough rheological 
properties. However, this might 
cause a dilution of flour or starch 
which leads to thinner and 
weaker walls of gas cells in both 
dough and baked crumb leading 
to an inferior structure, e.g. 
holes in bread or a fragile crumb. 
Pasting properties describe the 
properties of a mixture of flour 
or starch with water under 
heat treatment. Generally, flour 
with a higher amylose content 
tends to gelatinise at a higher 
temperature. Besides, the amylose 
chains leak out of the granules 
into the continuous phase at 
high temperature, which also 
influences the properties of the 
paste. These factors influence the 
transition from foam-like dough 
to the sponge-like crumb. During 
cooling, the leaked-out amylose 
molecules form a more ordered 
structure (short-term retro-
gradation), which have influences 
on the gelling properties of the 
paste, attributed to breadcrumb 
quality. In the absence of 
gluten, which participates in 
the formation of breadcrumb, 
the properties of the starch 
gel are even more obvious and 
influential.

HYDROCOLLOIDS AND FIBRES
Other types of ingredients used 
in the alternative flour are 
hydrocolloids, with usually a 
small amount of addition but 
significant functionality. The 
most popular hydrocolloids 
in the formulation of gluten-
free bread are polymers of 
cellulose derivatives, e.g. 
hydroxypropyl methylcellulose 
and methylcellulose. These 
soluble polymers significantly 

thicken doughs which improve 
the stability and help to trap the 
gas trapped during mixing and 
that generated by yeast. They also 
gel during heating which provides 
extra stability to doughs during 
baking and benefits the increase 
of loaf volume. Because these 
cellulose derivatives return to a 
solution state after cooling, bread 

made with these hydrocolloids 
has a softer crumb, which might 
be fragile in some cases. Figure 
1a shows the elastic and viscous 
parts of viscoelasticity of a 
methylcellulose solution during 
heating and cooling, where, at 
low temperatures, this indicates 
a fluid-like state. During heating, 
gelation begins at approximately 

Figure 1. Elastic parts (solid lines) and viscous parts (dashed lines) of the 
viscoelasticity of methylcellulose (blue) and psyllium (red) (a), and rice flour 
dough containing 45.45% of flour (yellow) (b) during heating and cooling 
(temperature profile is in black).
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40°C, with a return to fluid-like 
solution when the temperature 
decreases.

Xanthan gum is another popular 
hydrocolloid appearing in many 
commercial gluten-free flour 
blends. Its fibrous structure 
provides stability, consistency, 
and cohesiveness to doughs and 

final products. Therefore, bread 
with the addition of xanthan has 
a firmer crumb.  

PSYLLIUM – THE NEW STAR IN 
GLUTEN-FREE 
Recently, a new star has been 
rising in the gluten-free field, 
namely psyllium. Psyllium is 
a type of arabinoxylan mainly 

existing in the seed husk of 
Plantago ovata Forsk. As a 
natural fibre, it has been being 
traditionally used in medical 
treatment in some countries and 
it is proven that psyllium has the 
ability to lower cholesterol levels, 
be used as laxative, and improve 
insulin sensitivity (Anderson et 
al., 2000; Rao, Warrier, Gaikwad, & 
Shevate, 2016; Song, Sawamura, 
Ikeda, Igawa, & Yamori, 2000), 
making psyllium a preferable 
source of natural fibre. 

Though native psyllium does not 
dissolve in water, its suspension 
shows a ‘weak gel’ property 
which is similar to xanthan 
(Haque, Richardson, Morris, & 
Dea, 1993). As shown in figure 1a, 
the red curves show a weak gel-
like property of native psyllium as 
a water suspension. Upon heating 
and cooling, the gel-like property 
is increased. 

Therefore, comparing figure 
1a to 1b, it can be seen that 
methylcellulose provides starch-
like properties upon heating and 
in psyllium a “retro-gradation” 
effect upon cooling (cf. figure 1b).  
The left image in figure 2 shows 
a gluten-free dough made with 
native psyllium. Psyllium (blue) 
brings starch (green) together 
as glue. Back to figure 1, during 
heating both modulus decrease 
to a similar level which indicates 
that psyllium shows a certain 
ability to flow, which may facilitate 
expansion of the bread loaves 
during baking. After heating, the 
cooled psyllium shows a stronger 
gel property which is able to form 
a thin, wet film as seen in figure 
2 (right). Therefore, bread made 
with psyllium is firmer, springier, 
and more cohesive. 

Figure 3. Elastic parts (solid lines) and viscous parts (dashed lines) of the 
viscoelasticity of methylcellulose solution (blue), psyllium suspension (red), 
mixture of methylcellulose and flour (purple), and mixture of psyllium and 
flour (orange) during heating 

Figure 2. Film forming of heated and cooled psyllium suspension (right) and 
confocal laser microscope image of dough made with psyllium (left). The blue 
indicates psyllium and green indicates starch.
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“The future of gluten-
free product quality may 
lie in a purpose-designed 
blend of these starches and 
hydrocolloids.”

BLEND OF HYDROCOLLOIDS  
AND FLOURS
The addition of hydrocolloids 
has considerable influence on 
dough properties during proving 
and baking. As shown in figure 

3, at low temperatures (20°C to 
30°C), the psyllium dough is more 
elastic than methylcellulose 
dough. However, methylcellulose 
allows the starch granules to keep 
swelling during heating  

and finally shows a similar value 
to the psyllium dough. The future 
of gluten-free product quality 
may lie in a purpose-designed 
blend of these starches and 
hydrocolloids. n
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Article 50 has been triggered 
and the formal and highly 

complex process of the United 
Kingdom leaving the European 
Union has begun.  A white paper 
on the ‘Great Repeal Bill’ has been 

published and an initial debate 
on the Article 50 process has been 
held in parliament.

The title ‘Great Repeal Bill’ does 
not fully describe the intention to 

abolish a single act of parliament, 
The European Communities 
Act 1972: a better informal title 
might be the ‘Great Transposition 
Bill’, since all existing EU law at 
the time of Brexit is to become 

Brexit, Bananas 
and EU Legislation
 
By Pippa Musgrave

“What will happen to foods with such 
protected status post-Brexit?”
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UK law. This obviously extends 
to food legislation. Opposition 
politicians have criticised the 
bill’s white paper as lacking 
detail, complaining that no 
impact assessment of the ‘repeal’ 
process has been carried out. In 
response, the government has 
described the white paper as the 
start of “a wider conversation”. 
It has been estimated that 
over 20,000 pieces of law will 
need significant amendment 
following Brexit; and Eurosceptic 
politicians have already begun 
to target individual pieces of EU 
legislation. However, some legal 
experts believe this process could 
take decades, since many laws 
that will remain on the statute 
book following Brexit will need 
comprehensive amendment. For 
example, Iain Duncan Smith MP 
has called for an extensive review 
of EU legislation, proposing a ‘hit 
list’ of measures to be targeted for 
abolition. This includes revoking 
the EU directive banning bent 
bananas. However, no such ban 
exists; or has ever existed. The 
EU drew up detailed quality 
standards for fruit and vegetables 
in the 1990s, under which 

bananas with excessive curvature 
were placed in a lower quality 
category and sold for a lower 
price for use in industrial food 
production, rather than being 
displayed in greengrocers’ shops. 
The banana quality standard was 
drawn up in conjunction with the 
OECD in part to give guarantees 
of price to banana farmers in 
developing nations. Specific 
quality standards in relation to 
bananas were abolished in 2007.

A further example concerns the 
Organic Products Regulations 
2009. These regulations were 
made under the European 
Communities Act 1972 and 
implement two European 
directives. They make provision 
for the approval of organic 
certification control bodies; they 
define organic food production; 
and they allow for the use of the 
EU green leaf logo.

Organisations wishing to act 
as organic control bodies have 
to submit extensive quality 
assurance documentation to the 
Department of the Environment, 
Food, and Rural Affairs [DEFRA].  

If this evidence meets the terms 
of the EU directive, it is passed on 
to the EU where the organisation 
is granted a control body number. 
The Soil Association is control 
body number GB-ORG-05.

Organic control bodies visit 
farms and food producers to 
assess whether the principles 
of organic food production are 
being met.  This involves the 
procurement and analysis of soil 
and food samples to confirm 
that non-organic pesticides, 
fertilizers, and additives are 
absent from the food.  Food 
manufacturers wishing to use 
the term organic must ensure 
that 95% of their ingredients are 
sourced from approved organic 
sources.  In the baking industry, 
this means ingredients such 
as flour, eggs and sugar. The 
organic certification process can 
take years and involves detailed 
documentary records to be held 
by both the control body and the 
food producer.

Food labelled as organic must 
bear the number of the control 
body which has certified its 
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production.  It can also be marked 
with the EU green leaf logo.  The 
logo acts as a passport within the 
single market allowing the food 
to be traded between member 
states without additional checks 
or paperwork.

The organic products regulations 
highlight the detailed 
complexities of the Brexit process. 
Currently three of the nine 
approved control bodies operating 
within the United Kingdom 
are based in the Republic of 
Ireland.  Ireland is not leaving 
the EU. Will the Irish control 
bodies be allowed to certify UK 
organic producers after Brexit? 
In such circumstances, will a UK 
producer be allowed to use the 
green leaf logo? It is certain that 
the EU will not permit the use of 
the green leaf for UK domestic 
production of organic food. Will 
UK firms exporting organic food 
to the continent require dual 
certification, once for domestic 
product, and again for EU-
destined exports?

There is also the issue of 

protected geographic status. 
Currently there are 79 UK regional 
foods which are given such status 
across the EU.  This includes 
the Melton Mowbray pork pie 
and the Cornish pasty.  For such 
descriptions to be used, the food 
can only be manufactured in a 
defined geographic area.  In some 
cases, certain ingredients and 
production methods are defined. 
For example, the pastry case of a 
Melton Mowbray pork pie must be 
formed on a wooden ‘dolly’ and 
not rolled out.

What will happen to foods with 
such protected status post-Brexit?  
The UK government would no 
doubt want such protection to 
continue: however, it will only 
have the power to legislate within 
the UK. There would be nothing 
to stop a pie manufacturer 

in Holland from using the 
description Melton Mowbray. 
Currently, the UK government 
can enforce such protected status 
through the European Court of 
Justice but as the UK is leaving 
the court’s jurisdiction, such 
action will no longer be possible.

One potential route would be the 
extension of such protections 
through international treaty.  This 
is the current status of Scotch 
whisky. However, the whisky 
treaty took decades to negotiate 
and in some states, particularly 
in China, enforcement is virtually 
non-existent.

The reconfiguration of UK law 
following Brexit is filled with 
such complications.  The UK 
government proposes to address 
them by granting extraordinary 
executive powers to ministers.  
Statutory instruments will be 
used to amend legislation without 
full recourse to parliament. 
Opposition politicians have 
already warned that the extensive 
use of these ‘Henry the Eighth’ 
amendments may result in 
a democratic deficit and the 
government ruling by diktat.

Perhaps it is time that senior 
political figures stopped repeating 
tales of fanciful European 
directives and addressed instead 
the complex task of ensuring UK 
food legislation is fit for purpose 
after Brexit. n

Pippa Musgrave is a former Trading Standards Officer and Inspector of 
Weights and Measures. She has over 20 years’ experience in consumer 
protection and business advice. She is a full member of the Chartered Trading 
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production.  It can also be marked 
with the EU green leaf logo.  The 
logo acts as a passport within the 
single market allowing the food 
to be traded between member 
states without additional checks 
or paperwork.
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across the EU.  This includes 
the Melton Mowbray pork pie 
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not rolled out.
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such protected status post-Brexit?  
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in Holland from using the 
description Melton Mowbray. 
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can enforce such protected status 
through the European Court of 
Justice but as the UK is leaving 
the court’s jurisdiction, such 
action will no longer be possible.
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whisky. However, the whisky 
treaty took decades to negotiate 
and in some states, particularly 
in China, enforcement is virtually 
non-existent.
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government proposes to address 
them by granting extraordinary 
executive powers to ministers.  
Statutory instruments will be 
used to amend legislation without 
full recourse to parliament. 
Opposition politicians have 
already warned that the extensive 
use of these ‘Henry the Eighth’ 
amendments may result in 
a democratic deficit and the 
government ruling by diktat.

Perhaps it is time that senior 
political figures stopped repeating 
tales of fanciful European 
directives and addressed instead 
the complex task of ensuring UK 
food legislation is fit for purpose 
after Brexit. n
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Processed Food:  
You Are What You Eat
By Michael Edmund

Bravely putting aside for a 
moment the risks attached 

to repeating quite possibly the 
most clichéd of food-related 
statements, any article that 
touches on the subject of 
processed food clearly needs to 
pay careful attention to what it 
means by the term “processed”.  
Or, perhaps, to how it processes 
such a concept. 

Thought by many to be the father 
of modern French cuisine, the 
late and much-lamented Fernand 
Point elegantly - and somewhat 
ruefully - observed that “If the 
divine creator has taken pains to 
give us delicious and exquisite 
things to eat, the least we can do 
is prepare them well and serve 
them with ceremony.”  

Very French, you might say. 

Meanwhile, W Edwards Deming, 
doyen among statisticians, put it 
somewhat more pithily: “If you 
can’t describe what you are doing 
as a process, you don’t know what 
you’re doing.” 

Very American, you might add.

Threshing grain, milling flour and 
baking bread are all processes. 
In short, our food is “processed” 
from the moment it is pulled from 
the ground, picked from the bush 
or stripped from the stalk. We can 
nevertheless acknowledge a good 

working definition of “processed 
food”, which would seem to 
involve the manipulation of its 
natural properties so as to extend 
shelf life or enhance consumer 
appeal - or, of course, both. Our 
working definition is not designed 
to exclude such activities as 
pickling vegetables or smoking 
meats - or, indeed, baking dough 
-  but it is rather an attempt 
to focus on the less “natural” 
processes to which our food is 
subjected before we eat it.  Some 
of these include the addition of 
salt or sugar, and the partial or 
total hydrogenation of fats. As an 
aside, it has been convincingly 

argued that the invention of 
fire - or more specifically its 
application to the cooking of 
meat -  is the principal reason 
why early Man was able to evolve 
a bigger brain and smaller gut 
than other primates. Meanwhile, 
the processes of smoking meat 
and baking bread have both been 
implicated in the carcinogenicity 
of our diet. But it is this unholy 
triumvirate of salt-sugar-fat that 
has become the subject of a great 
deal of health-related, childhood 
obesity-centred debate. As with 
the topic of gluten-free, some 
of this debate is well-informed; 
some less so. 
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IN THE DOCK: THE SALT IN 
PROCESSED FOOD 
In the last issue, we explored 
the Jekyll and Hyde character of 
dietary fat, so we now cast our 
customary sideways glance at 
dietary salt. Hero, then, or villain? 
Or, like fat, a little of both? 

To help us arrive at a verdict, 
we shall briefly examine 
the properties of salt and its 
importance to the body (the 
basis, perhaps, of the case for 
the defence). The impact of salt 
in the diet may well form the 

case for the prosecution, while 
we shall assemble a battery of 
expert witnesses and at least one 
character witness.

Any food scientist will tell you 
that common, or table salt 
(NaCl) is a white ionic crystalline 
substance that is used to alter the 
flavour and keeping qualities of 
foodstuffs. A chemist would add 
that its crystal structure is based 
upon sodium and chloride ions, 
arranged in a geometric lattice. A 
biologist might observe that those 
ions are free to move throughout 

a solution of dissolved salt, while 
a pedant would probably insist 
upon the acknowledgement 
of other “salts”. Any baker will 
simply tell you that it is hard to 
make bread without it. 

BRACE YOURSELVES FOR A 
LITTLE BIT OF SCIENCE...
Our chemist will advise you that 
the sodium atom (Na) has one 
“spare” electron, and that losing 
it (and so acquiring a net positive 
charge) is a desirable state of 
affairs. Exhibit A: the sodium ion 
(Na+). He will also say that, by 

“No prizes for guessing that processed  
food does not appear to form a  
significant part of such a diet.”
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contrast, the chlorine atom (Cl) 
is short of one electron; and that 
Nature solves this problem by 
pairing up two chlorine atoms 
to make a chlorine molecule 
(Cl2), and sharing electrons 
around within it. However, he 
will also tell you that a chlorine 
atom would prefer to acquire 
an electron (and with it a net 
negative charge) all to itself. 
Exhibit B: the chloride ion (Cl-). 
 The point of all this is that 
sodium and chloride ions offer 
an excellent means of moving 
electrons around – of conducting 

an electric current. Moreover, 
the osmotic pressure exerted by 
sodium chloride solution also 
makes it an excellent means of 
moving water around. Are you 
keeping up? Electricity is the 
mechanism behind all of our 
muscular activity and all of our 
nervous transmission, while 
maintaining blood volume is 
fundamental to the functioning 
of all our tissues and organs: life 
depends upon sodium chloride. 

We need salt, but our needs vary 
according to our levels of physical 
activity and ambient temperature 
(for which, read that sometimes 
we sweat more, sometimes less). 
The current UK dietary guideline 
for an adult is no more than 6g of 
salt (which is equivalent to 2.4g 
of sodium) per day.  6 grams of 
salt, by the way, is a teaspoonful. 
Sprinkled on your chips, that 
would seem to be rather a lot, 
but a recent American study 
found that that only 6 percent of 
dietary salt came from the salt 
cellar at the dining room table, 
and 5 percent came from home 
preparation and cooking. No 
less than seventy-seven percent 
of dietary sodium comes from 
processed food: national eating 
habits may vary, but it is hard 
to ignore the conclusion that 
processed food is major source of 
sodium in the diet. 

Intuitively, raised salt levels mean 
raised blood pressure because 
the higher the concentration 
circulating in the blood, the 
greater the tendency for osmosis 
to draw water from the tissues 
into the circulation. Of course, 
biology is never quite this simple, 
but the finger of suspicion points 
very accusingly at salt. Indeed, 
the clinical evidence linking 
sodium to blood pressure, and 

blood pressure to cardiovascular 
mortality and morbidity is 
overwhelming; as is the evidence 
for the beneficial effect of 
lowering sodium intake. A 
particular example is a large scale 
American DASH study designed 
to explore Dietary Approaches 
to Stop Hypertension, which 
observed: “A diet rich in fruits, 
vegetables, and low-fat dairy 
foods and with reduced saturated 
and total fat can substantially 
lower blood pressure…”

No prizes for guessing that 
processed food does not appear 
to form a significant part of such 
a diet. 

Of course, not sprinkling salt 
on your chips is one thing, but 
how can we reduce our sodium 
intake if we don’t know how 
much we are eating? Labelling 
can be confusing because salt 
content and sodium content are 
not the same; there is a lesson 
for the Industry here. Meanwhile, 
the case against salt seemingly 
watertight, the general advice 
is to seek out low-salt foods 
(those containing 0.3g of salt 
(0.1g sodium) or less per 100g) 
and avoid those with more than 
1.5g of salt (or 0.6g sodium) per 
100g; but is this necessary - or 
even desirable - for everyone? 
Even if there is no doubt that 
such a trend would improve 
the cardiovascular health of the 
population as a whole, what is 
still uncertain is whether high 
blood pressure is a consequence 
of defective handling of salt by the 
body, or if defective handling of 
salt is a consequence of whatever 
is causing high blood pressure.

Or: is an egg a processed chicken, 
or is a chicken a processed egg? 
And which came first? n

“No prizes for guessing that processed  
food does not appear to form a  
significant part of such a diet.”
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