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Welcome
to the Spring 2019 issue of Baking Europe!

Many of us in Europe 
associate this time of the 

year with spring cleaning, new 
ideas, a fresh coat of paint etc.  
The industrial bakery industry is 
in many ways no different in that 
it is constantly searching for new 
ways to feed the ever-changing 
and sometimes fickle consumer 
trends. In short, this means 
innovation in areas such as 
gluten-free, clean-label, product 
design and even colour, many of 
which form the theme of 
this issue.

Our researchers at Baking Europe
have been busy digging deep in 
recent weeks to root out some of 
the exciting cutting-edge research 
and innovation being carried 
in Europe’s leading academic, 
professional and commercial 
organisations and we kick off 
with our Cutting-Edge section 
with a piece from Wageningen 
university on gene edited wheat 
which will create Coeliac-safe 
bread flour. Controversial or 
socially acceptable you may ask?  

Continuing the innovation theme, 
VTT is deep into research on the 
use of plant cell culture (PCCs) 
and alternatives to vegetable 
sources amidst severe global 
resource issues. Campden BRI 
meanwhile, reports on some great 
results from their labs in which 
they developed fluffier cakes; 
using maths and equations, so 
maybe it’s time to dig out the old 
school log book and slide rule!

Our USA friends at Penn State 
University bring some new ideas 
on using colour in bakery whilst 
Hovis® have launched their 
new “green” electric delivery 
vehicles just in time for the TfL 
(Transport for London’s) launch 
of the Ultra-low-emission-zone 
(ULEZ) introduced in April this 
year and saving them £12.50 a 
day per vehicle and contributing 
to the reduction of the city’s high 
pollution levels.

Baking Europe’s commercial 
partners have also been bitten 
by the innovation bug! (There 

must be something in the water!) 
We are delighted to present 
Innovation Profiles from Stable 
Micro Systems on resolving salt 
reduction/stickiness problems 
in dough, Koenig on bun line 
planning and installation, VMI 
joining forces with ONIRIS on 
new developments in mixing 
geometry and last, but not least, 
Rademaker on a new bread line.

Oh, and please don’t forget all our 
other advertisers who support 
us – give them a quick call. 
You never know, they may also 
have something new that could 
revolutionise your bakery system.

And finally, with innovation being 
the theme, our quote of this issue 
has to go to Sir Winston Churchill 
who said:

“Without tradition, art is a flock of 
sheep without a shepherd. Without 
innovation, it is a corpse”

Graham Pendred
Publisher
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Gluten proteins from wheat 
form the gas-holding 

network in a dough enabling the 
baking of an attractive high-
volume bread. However, these 
proteins also contain peptide 
fragments that may cause coeliac 
disease (gluten intolerance) 
in genetically predisposed 
individuals. About one to two 
percent of the population 
suffers from this disease, which 
causes an inflammation of the 
small intestine. A strict, life-
long gluten-free diet is the only 
remedy, which in practice is 
difficult to comply with because 
wheat and (isolated, ‘vital’) 

gluten have numerous food-
technological applications (e.g. 
as binder) in a wide variety of 
food products beyond bakery. 
Many strategies have been 
considered to make wheat-
containing food products coeliac-
safe through food processing 
technologies (including grain 
malting, sourdough fermentation, 
peptidase application or gluten 
substitution), or through plant 
breeding (including variety 
selection, mutation breeding, 
and gene-silencing) (Gilissen et 
al., 2014; Jouanin et al., 2018a). 
However, most of these strategies 
have limited success. Some 

are promising or challenging; 
the application of CRISPR/Cas 
(clustered regularly interspaced 
short palindromic repeats and 
CRISPR-associated protein) as an 
advanced breeding tool belongs 
to this category and will be 
discussed below. 

A breeding strategy towards 
hypoimmunogenic or coeliac-
safe wheat requires a complete 
and detailed knowledge of the 
complex set of gluten genes 
and the proteins they code for. 
The number of gluten genes 
may vary among the different 
wheat species and varieties. A 

Aurélie Jouanin Luud J. W. J. Gilissen Marinus J. M. Smulders

CRISPR/Cas as a solution 
in ‘gluten-free’ gliadin
By Aurélie Jouanin, Luud J.W.J. Gilissen and Marinus J.M. Smulders
Wageningen University & Research, PO Box 16, NL-6700 AA Wageningen, The Netherlands
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As a proof of principle, wheat 
plants have been generated 
in which some gliadin genes 
have been edited or removed 
successfully… these plants are 
not yet safe for coeliac patients. 

Spring 2019 BAKINGEUROPE
www.bakingeurope.eu
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recent analysis of the genome 
sequence of the hexaploid variety 
‘Chinese Spring’ (International 
Wheat Genome Sequencing 
Consortium et al. 2018) gave 

a reliable indication of the 
numbers of the genes per gene 
families: 45 alpha-gliadins, 18 
gamma-gliadins and 10 omega-
gliadin genes, next to 6 high 

molecular weight (HMW) and 
16 low molecular weight (LMW) 
glutenin genes were annotated 
(Clavajo et al., 2017; Huo et al., 
2018; Smulders et al., 2019). Note 

Gene-edited wheat varieties 
with safe gluten, therefore, 
will require the development 
of novel assays based on the 
direct quantification of coeliac-
inducing epitopes themselves. 
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that (1) each gene family evolved 
from a single ancestor gene and 
gene family members have a 
high DNA sequence similarity; 
(2) bread wheat varieties are 
hexaploid (carrying three 
independent diploid genomes 
of 7 chromosomes per genome 
and (3) especially the alpha and 
gamma-gliadins carry the major 
immunogenic fragments (coeliac-
inducing epitopes). For coeliac-
safe wheat production, the focus 
has been on these two types of 
gliadins, but omega-gliadins will 
need to be tackled as well.

Breeding wheat lines free from 
coeliac-inducing epitopes 
would be a definitive solution. 
Recently, the CRISPR/Cas 
technology became available 

for application in gene editing 
of higher organisms, e.g. to edit 
gluten genes in wheat. This 
technology works as follows: a 
so-called single stranded guide 
RNA (sgRNA) is designed to be 
complementary to a gliadin 
target DNA sequence. This 
designed sequence may be 
directed to a sequence common 
to all gene family members, or to 
a sequence present in a subset 
of the genes, such as an epitope 
sequence. Next, a DNA construct 
coding for the sgRNA and the 
Cas endonuclease, a DNA-cutting 
enzyme (in this case Cas9), is 
introduced in an immature 
wheat embryo cell. The sgRNA 
directs the Cas endonuclease 
to the target DNA site where it 
creates a double stranded DNA 

CUTTING EDGE
COELIAC-SAFE WHEAT

9

*we work with various technical solutions for the 
preliminary stage, such as mixing pump technology, 
high-speed mixers and the ContinoJET, which is 
licensed by AHK outside the USA / Australia.  
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tion for the complete dough 
production and thus the most 
important process in the bake-
ry production.
 

Sponge & Pre-Dough
> 30 years of experience 
in Sponge & Pre-Dough 
including the new 

continoMIXX
A revolution in continous 
production with highest 
flexibility*

Carousel 
Wendel-mixer integrated 
system also available with 
bottom discharge machines in 
hygienic design

Test your ideas on our 
machines
& call us on 
+49 176 13391723 

w w w. d i o s n a . c o m

DIOStart

pro
ce

ss

equipment

bio-tech

INDUSTRIAL
DOUGH 
PRODUCTION

DIOStart

WUR.indd   9 16/04/2019   12:41

http://www.bakingeurope.eu
http://www.diosna.com


BAKINGEUROPE Spring 2019
www.bakingeurope.eu

CUTTING EDGE
COELIAC-SAFE WHEAT

10

break. Broken DNA needs to 
be repaired. The innate repair 
system of the plant cell may 
make mistakes, mostly in the 
form of changes, deletions or 
insertions of single nucleotides, 
but also deletion of a part of 
a single gene or even deletion 
of a complete set of tandemly 
arranged homologous genes from 
a gene family is possible (Figure 
1 from Jouanin, 2019; adapted 
from GenScript, Nanjing, China). 
The DNA construct coding for 
the CRISPR sgRNA and the Cas9 
protein can be simply eliminated 
from the progeny of the edited 
plant by crossing. Screening 
of the offspring enables the 
selection of plants with edited 
target genes but free from the 
DNA construct. 

As a proof of principle, wheat 
plants have been generated 
in which some gliadin genes 
have been edited or removed 
successfully (Sánchez-León et 
al. 2018; Jouanin 2019); these 
plants are not yet safe for coeliac 
patients. To determine which 
genes have been targeted in a 
large number of independent 
mutated wheat lines, high-

throughput screening systems 
have been developed. Thousands 
of lines can be screened 
accurately when using the droplet 
digital PCR method (Jouanin et 
al., 2019) and subsequently tens 
of lines can be re-sequenced after 
capturing all gluten genes with a 
DNA capture system, GlutEnSeq 
(‘exome-capture next-generation 
Illumina sequence technology’). 
In this way, the mutated wheat 
lines, their offspring and lines 
from subsequent crossings can be 
screened rapidly and sensitively. 
Based on the data obtained from 
these screenings, individual 
plants can be characterised on 
the epitope status of remaining 
gliadin genes that, if needed, still 
require further mutation in a next 
CRISPR/Cas treatment.   

The use of CRISPR/Cas technology 
raises interesting technological, 
legal and ethical topics, not only 
in plant breeding but also for 
animal breeding and in medical 
applications in humans (e.g. to 
cure genetic diseases). Related to 
wheat, the following may become 
relevant. 

• Gluten detection. Gluten-free 

food products are analysed 
with monoclonal antibody 
assays (such as the R5, the 
G12 or the Gluten-Tec test) for 
their total gluten level being 
below the legally agreed 20 
ppm threshold level. In the 
case of successful CRISPR/
Cas edits, safe gluten will 
remain present in large 
amounts (with advantages 
regarding baking quality) 
which will be quantified far 
above the 20 ppm level by 
the antibody assays. Gene-
edited wheat varieties with 
safe gluten, therefore, will 
require the development 
of novel assays based on 
the direct quantification of 
coeliac-inducing epitopes 
themselves. This also requires 
a reconsideration of the term 
‘gluten-free’ for coeliac-safe 
food products.  

• GMO regulation. Mutation 
breeding of plants using 
ionizing irradiation or chemical 
treatment is commonly 
accepted and exempted from 
GM regulation, although these 
methods are inaccurate and 
require extended selection 

The daily struggle of coeliac 
patients to get safe foods or to 
avoid unintended consumption 
of gluten-containing foods is real 
and substantial.
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selection of plants with edited 
target genes but free from the 
DNA construct. 

As a proof of principle, wheat 
plants have been generated 
in which some gliadin genes 
have been edited or removed 
successfully (Sánchez-León et 
al. 2018; Jouanin 2019); these 
plants are not yet safe for coeliac 
patients. To determine which 
genes have been targeted in a 
large number of independent 
mutated wheat lines, high-

throughput screening systems 
have been developed. Thousands 
of lines can be screened 
accurately when using the droplet 
digital PCR method (Jouanin et 
al., 2019) and subsequently tens 
of lines can be re-sequenced after 
capturing all gluten genes with a 
DNA capture system, GlutEnSeq 
(‘exome-capture next-generation 
Illumina sequence technology’). 
In this way, the mutated wheat 
lines, their offspring and lines 
from subsequent crossings can be 
screened rapidly and sensitively. 
Based on the data obtained from 
these screenings, individual 
plants can be characterised on 
the epitope status of remaining 
gliadin genes that, if needed, still 
require further mutation in a next 
CRISPR/Cas treatment.   

The use of CRISPR/Cas technology 
raises interesting technological, 
legal and ethical topics, not only 
in plant breeding but also for 
animal breeding and in medical 
applications in humans (e.g. to 
cure genetic diseases). Related to 
wheat, the following may become 
relevant. 

• Gluten detection. Gluten-free 

food products are analysed 
with monoclonal antibody 
assays (such as the R5, the 
G12 or the Gluten-Tec test) for 
their total gluten level being 
below the legally agreed 20 
ppm threshold level. In the 
case of successful CRISPR/
Cas edits, safe gluten will 
remain present in large 
amounts (with advantages 
regarding baking quality) 
which will be quantified far 
above the 20 ppm level by 
the antibody assays. Gene-
edited wheat varieties with 
safe gluten, therefore, will 
require the development 
of novel assays based on 
the direct quantification of 
coeliac-inducing epitopes 
themselves. This also requires 
a reconsideration of the term 
‘gluten-free’ for coeliac-safe 
food products.  

• GMO regulation. Mutation 
breeding of plants using 
ionizing irradiation or chemical 
treatment is commonly 
accepted and exempted from 
GM regulation, although these 
methods are inaccurate and 
require extended selection 

The daily struggle of coeliac 
patients to get safe foods or to 
avoid unintended consumption 
of gluten-containing foods is real 
and substantial.
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substantial. Wheat with safe 
gluten has the potential to 
become a serious improvement 
of the quality of life of these 
patients. This sounds easy but 
has some consequences. In 
the beginning, the cultivation, 
harvesting, transport, etc. of 
CRISPR/Cas-mutated wheat 
should be managed completely 
separated from regular wheat; 
processing and production 
of foods with safe gluten 
require separate production 
lines and strict regulation is 
needed concerning packaging 
and easy-to-understand, 
unambiguous ingredient 
information on the product 
label. This may change later 
on, if gene-edited wheat with 
coeliac-safe gluten would 
become mainstream.

These and other items can be 
considered achievable challenges 
as an integrated part of the 
CRISPR/Cas-involved coeliac-safe 
food technological and economic 
innovation and evolution. n
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and back-crossing to achieve 
the ultimately desired 
plant genotype/phenotype. 
Mutagenesis by CRISPR/Cas on 
the other hand is precise and 
targeted, without significant 
off-target effects. In the case of 
CRISPR/Cas, a DNA construct 
has to be introduced into the 
cell nucleus transiently or 
integrated into the genome 
but later removed through 
crossing. However, because 
the process of CRISPR/Cas 
employs a protocol also used 
in ‘conventional’ genetic 
modification, it has been 
subjected to GM regulation 
according the ruling of the 
European Court of Justice in 

July 2018, even if the product 
has no introduced genes 
and may be identical to a 
natural mutation. Regulation 
of gene editing as GM will, 
therefore, impede innovation, 
competitiveness and access 
to healthier food in Europe 
(Jouanin et al. 2018b). Here, 
the voice of the consumer, 
in casu the coeliac patients 
as prominent stakeholders, 
should be heard (Gilissen and 
Van den Broeck, 2018).

• Quality of life. The daily struggle 
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foods or to avoid unintended 
consumption of gluten-
containing foods is real and 
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NEW WAYS FOR PLANT-BASED 
FOOD PRODUCTION NEEDED
For breakfast we want to have 
healthy berries with our yoghurt, 
for lunch it would be nice to 
eat fresh salad with tomatoes, 
avocado and peanuts and for 
the dessert, sweet fruits such 
as banana and mango or just a 
chocolate bar. Plants and plant-
based products are the vital 
element in our everyday diet. 
However, increasing global issues 
including population growth, 
climate change, contamination 
of the environment and armed 
conflicts present severe threats 
for many agricultural products. 
Due to the lack of arable land that 
is required to ensure global food 

production in the near future, 
ambitious research is needed to 
develop alternative technologies 
in order to meet increasing global 
demand for healthy plant-based 
food and nutrients. Plant cell 
culture, first introduced more 
than 100 years ago that has 
since developed continually, 
is an attractive technology to 
be considered when resolving 
the problems of global food 
production. 

WHAT IS PLANT CELL CULTURE 
(PCC)? 
Plant cell cultures consist of 
individual, undifferentiated 
cells that can in principle 
be derived from almost any 

plant. PCCs consist of so-called 
totipotent cells containing all 
genetic information for the 
development of a functional 
plant, the production of primary 
metabolites e.g. proteins, 
carbohydrates and lipids, as well 
as secondary metabolites, such 
as pigments. PCCs are propagated 
from pieces of wild or cultivated 
plants or their fruits of which 
only tiny pieces of plant material 
are required for initiation of 
the culture. Plants naturally 
protect themselves by developing 
wound or scar tissue coined a 
‘callus’ when injured and it is 
this process which is exploited 
by PCC technology. Microbe-free 
plant pieces are kept on simple 

Dr Liisa Nohynek Dr Heiko Rischer Figure 1: Plant cells for food

Cultured plant cells for 
human food and nutrition
By Dr Liisa Nohynek and Dr Heiko Rischer
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nutrient media containing sugar, 
minerals, a gelling agent and 
natural plant growth regulators 
favouring the production of callus 
on the cuttings. Callus consists 
of identical cells multiplying 
continuously, therefore, producing 
a biomass of cells. These plant 
cell clumps need regular transfer 
to a fresh medium in order to 
maintain their viability and 
to generate suspension cell 
cultures once introduced to the 
media without a gelling agent. 
The size of a single cell ranges 

approximately from 20µm to 
100µm, their shape being round 
or oval and small aggregates 
or chains of these cells may be 
formed. In a suspension culture, 
the duration of cultivation of a 
single batch ranges from a few 
days to three weeks depending 
on the plant cell line. The yield of 
fresh cells varies between 100–650 
g/litre of the culture. 

PCC technology requires in-
depth knowledge of plant 
physiology and biochemistry 

combined with the controlled 
production processes of plant 
cells. VTT has circa 30 years’ 
experience in the establishment 
of plant cell cultures, which 
were recently included in 
the VTT culture collection 
(http://culturecollection.vtt.fi/). 
To the best of our knowledge 
there are very few public culture 
collections containing plant cell 
cultures worldwide. Nordic plants 
and in particular wild berries 
such as cloudberry, bilberry, 
lingonberry, crowberry and arctic 

Figure 2: Plant cells for food

Cultured plant cells for 
human food and nutrition
By Dr Liisa Nohynek and Dr Heiko Rischer

In general the flavour of PCCs 
is fresh and mild without 
off-flavours.
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bramble have been of special 
interest for us and constitute an 
outstanding resource for novel 
cell cultures. 

Chemically, plant cells resemble 
those of the original plant 
and have the potential for 
production of all natural primary 
and secondary metabolites 
(Suvanto et al. 2017). However, 
the chemical composition of 
plant cells is not identical with 
the original plant and edible 

parts of it, such as berries, fruits 
or leaves. For instance, a fatty 
acid composition of cloudberry 
(Rubus chamaemorus) cell culture 
more closely resembles the berry 
seeds, while phenolic compounds 
detected in the cells are known as 
building blocks for ellagitannins 
commonly found in cloudberry 
leaves and fruits (Nohynek 
et al. 2014). The spectrum of 
compounds produced by plant 
cell cultures can be further 
adjusted by the selection 

of cultivation parameters, 
e.g. illumination, medium 
components and temperature. For 
example, illumination increases 
the intensity and variation of 
the colours in the cell cultures, 
such as bright yellow, green and 
red. PCCs cultivated in darkness 
are often pale yellow, white or 
grey containing no pigments, 
but otherwise the chemical 
composition is usually similar to 
the same culture growing under 
light. 

PCC technology may exploit rare 
plant species and, therefore, 
protect endangered plants from 
over-harvesting.

dueboer.deRELEASE AGENTS AND GREASING MACHINERY

With baking
     expertise
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BENEFICIAL PROPERTIES OF 
PLANT CELLS 
Plant cells constitute a totally 
novel material for global food 
and nutrition management. 
The nutritional value of PCCs is 
excellent and includes proteins, 
fatty acids, carbohydrates, 
vitamins, minerals and dietary 
fibre (Nohynek et al. 2014; 
Nordlund et al. 2018).  However, 
there are clear differences in 
these major nutrients between 
plant species; examples being 
that cloudberry cells contain a 
protein content of ca. 20% and 
lingon cells 13.7%.  The sensory 
characteristics are impacted by 
the structure of the cell culture 
as well as the plant species, but 
in general the flavour of PCCs 
is fresh and mild without off-
flavours (Nordlund et al. 2018).  

Colourful plant cell cultures 
are also a feast for the eye, 
appearing in bright yellow, 
orange, green and different 
shades of red, pink and purple. 
The reddish colours originate 
from anthocyanins and yellowish 
from various carotenoids, which 
are compounds well known 
to promote human health. 
In addition, some plant cell 

cultures are known to exhibit 
antimicrobial and antioxidant 
activities with special relevance 
for human welfare and shelf-life 
of the food. 

Industrial applications of 
PCC technology have existed 
for several decades covering 
coloured components and 
cell fractions for cosmetics, 
pigments for food ingredients 
and secondary metabolites for 
pharmaceuticals. PCC products 
have usually been extracted 
from the plant cell biomass 
for these products. Due to the 
considerable biological properties 
of PCC-derived compounds 
there has been a remarkable 
increase in the various markets. 
The cosmetic industry in 
particular, is exploiting current 
developments and is using plant 
cell extracts originating from 
rare or exotic species which also 
exhibit beneficial properties and 
bioactivities for human skin 
health (Trehan et al. 2017).

PRODUCTION OF PLANT CELLS
In the laboratory, plant cells are 
maintained either on solid media 
or in shake flasks as suspension 
cultures and possess the capacity 

for scaling up to suit industrial 
applications. The largest known 
bioreactor volumes for plant cell 
cultivation currently stand at 
75,000 litres and are generally 
used for cultivation of Taxus 
cells as an example. The majority 
of the global demand for the 
anti-cancer drug paclitaxel is 
produced in this way (https://
phytonbiotech.com/about-
pcf/). Both the cultivation and 
harvesting processes of plant 
cell cultures at experimental 
and industrial levels are well 
controlled resulting in chemically 
and microbiologically safe plant 
products. The final product 
of the PCC process may be a 
result of the entire culture i.e. a 
combination of both cells and 
growth medium, or the cells being 
separated from the culture by 
filtration or centrifugal process. 
The fresh cells are used as they 
are, or alternatively frozen. In 
addition, freeze-drying of filtered 
cells is common practice to obtain 
cell powder with good stability for 
industrial applications, such as 
cosmetics (Nohynek et al. 2014). 

There are several advantages in 
PCC technology. The production 
of plant cells in fermenter-type 

Figure 3: Plant cells for food
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bioreactors is a sustainable 
process, operational on a year-
round basis and independent 
of the location of the facility. 
The industry ensures constant 
availability of plant raw material, 
manufactures in close proximity 
to the customer, such as those 
in cities, ensuring that the 
consistency and high quality of 
batch production is guaranteed. 
The product is free from harmful 
pollutants and environmentally 
damaging chemicals such 
as pesticides, herbicides and 
contaminants of microbial and 
animal origin. In addition, PCC 
technology may exploit rare plant 
species and, therefore, protect 
endangered plants from over-
harvesting. 

PLANT CELLS FOR FOOD
It is anticipated that in the near 
future, the emphasis on food 
manufacture will shift markedly 
towards the nutritional value of 
food rather than quantity and 
sufficiency.

The benefits of using of plant 
cells in food manufacture are 
various, since they are relatively 
rich in nutrients with compounds 
that promote human health 
and the production process has 
significant environmental and 
safety advantages. In addition, 
qualified facilities with adequate 
know-how already exist for the 
production of plant cells that are 
used as food ingredients for a 
variety of products such as baked 

goods, muesli, snacks, yoghurts, 
smoothies, ice creams and jams.   

The applicability of PCC 
technology for human nutrition 
has recently raised notable 
interest both in the scientific 
community (Davies and Delores, 
2014; Eibl et al. 2018, Nordlund et 
al. 2018) and in society in general 
as indicated by publications of 
food related news (Fremont, 2017; 
Science Daily 2018). It has to be 
said, however, that before PCC-
containing products are allowed 
to enter the market, regulatory 
issues need to be clarified and the 
safety of the selected plant cell 
culture for food products must be 
confirmed (Murthy et al. 2015). In 
the EU, use of plant cell culture in 
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food applications is categorised as 
novel food, according to current 
legislation, despite the status of 
the original plant, which could 
have had a long established 
history as human food. 

The European Commission 
has been responsible for the 
authorisation of novel food since 
2018. This formal process includes 
a scientific risk assessment 
conducted and controlled by EFSA 
(European Food Safety Authority) 
to guarantee the safety of the 
material. 

Food products containing plant 
cells have already been on the 
market for 30 years; the first 
well-known PCC food product 
being ginseng, which was 
approved in Japan as a food 
additive in 1988. In Europe and 
USA there are so far only a few 
plant cell cultures officially 
approved as food ingredients. 
Examples are Cocovanol from 
cacao cells (Theobroma cacao) in 
the US and, more recently, cell 
cultures derived from herbal 
plants such as Lemon verbena 
(Lippia citriodora) and Blacksamson 

echinacea (Echinacea angustifolia). 
Although clearly laid out, the 
approval process may seem 
laborious and expensive, however, 
the need for healthy foods and 
alternative vegetable sources to 
substitute vanishing resources 
is now urgent. This will lead to 
growing global markets for novel 
products based on sustainable 
production of plant cell 
cultures. n
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heading Plant Biotechnology 
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scale processes for diverse 
applications, biosynthesis of 
plant secondary metabolites and 
chemical analysis.

Figure 4: Plant cells for food
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18 PROCESS
CAKE FLUFFINESS

WHAT MAKES A GOOD CAKE?
Take a second to think about 
what makes a good cake… 
chances are one of the words 
you thought of was fluffiness. 
Easy, right? However, what 
does fluffy actually mean? 
Also, can we measure it? These 
were the questions we asked 
ourselves at Campden BRI as 
part of a research club with two 
industry leading manufacturers 
of planetary mixers and cake 
margarines respectively. From 
their own research, these 
companies explained how 
consumers recognise fluffiness 
as an important parameter for 
cake quality. This article gives 
an overview of our attempt to 
define fluffiness (cake fluffiness 

only) and to derive an equation to 
measure it. 

Cake ‘fluffiness’ is commonly 
used as a desirable quality for 
cakes and the term is regularly 
used in adverts and on the 
packaging of cake products. It 
is, therefore, important to be 
able to quantify fluffiness when 
developing new and current 
recipes/processes or when 
making claims that one cake is 
fluffier than another. Common 
descriptors of cake fluffiness 
include: soft, light, airy, springy 
and moist. It appears that there 
is no single accepted definition of 
cake fluffiness, so the challenge 
to measure cake fluffiness was 
greater than we first thought.

IS DENSITY A FACTOR?
Focusing on what we knew and 
could already measure, a range 
of different types of cakes were 
baked, their textural properties 
analysed using a texture analyser 
and their density measured using 
a laser volume measuring system. 
Thereafter, an informal sensory 
assessment was carried out by 
the project team and comments 
noted about the different cakes. 

This helped us identify whether 
a cake was considered to be fluffy 
or not, rather than how fluffy it 
was. From these results it was 
concluded that one type of cake 
(fatless sponge) was unanimously 
accepted as not being fluffy 
when compared to the other 

Cake fluffiness defined?
 
By Jo Baker-Perrett
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samples. This was significant 
because this cake had the lowest 
density of all the cake types by a 
considerable margin, therefore, 
objectively rendering it the most 
‘light and airy’. Comments such 
as ‘dry’ and ‘hard’ meant that the 
cake was identified as not fluffy. 
This was also corroborated by 
the texture analysis results in 
which the fatless sponge had the 
highest firmness value. Based 
on these findings, it was decided 
that density would no longer be 
used as a parameter to measure 
fluffiness; instead focus would 
only be on the texture. 

THE IMPORTANCE OF TEXTURE
Next, the textural properties 
were analysed using a texture 
profile analysis (TPA) test. TPA 
is a double compression test 
which is commonly used for 
cakes and bread. It not only 
measures the firmness but 
also the recovery/destruction 
of the sample. Firmness is 
the maximum force reached 
during the first compression 
and softness is just the opposite 
of this i.e. the cake with the 
lowest firmness value being the 
softest. After further, informal 

sensory analysis, the results 
were compared to those of the 
TPA and it was found that there 
was a strong correlation between 
the softest cakes and those that 
were perceived to be the fluffiest. 
This finding provided the basis 
for using softness (firmness) as 
a main parameter in objectively 
describing fluffiness.

THE ‘SPRINGINESS’ FACTOR
We hypothesised, however, 
that softness was not the only 
parameter to consider when 
determining whether a cake 
was fluffy or not. We considered 
other parameters that were 
also generated from the TPA, 
such as springiness. Springiness 
is defined from a TPA test, as 
how far the cake ‘springs’ back 
between compressions. We noted 
that some of the softer cakes 
were ‘claggy’ and it was observed 
on the texture analyser that they 
were also not as springy. That is, 
when compressed with a finger, 
they squashed easily, but did not 
bounce back. It was then decided 
to use springiness along with 
softness as the main parameters 
for describing fluffiness 
objectively.

During a TPA test on cake, the 
samples are compressed to 
a specific percentage of their 
original height - this is known 
as the strain. The aim was to 
vary the magnitude of the strain 
and investigate the effect on the 
values of springiness. During 
compression of the cake to a 
higher strain, the differences in 
springiness values between the 
cakes became more distinct. Our 
tests showed that some samples 
of cakes maintained higher 
levels of springiness than others 
(Figure 1). The cakes that did not 
maintain a high springiness value 
when compressed to a strain of 
75% were also described as dry, 
crumbly and most significantly 
not fluffy i.e. the cake structure 
breaks instead of holding its 
shape. This result led us to use 
the higher value of strain of 75% 
in the method for the TPA tested.

PUTTING IT ALL TOGETHER
What did we conclude? We 
defined a fluffy cake as a soft and 
springy cake! The next challenge 
was to incorporate these 
parameters into an equation 
that could be used to generate a 
fluffiness value. 

Cake fluffiness defined?
 
By Jo Baker-Perrett

Figure 1. A graph showing the effect of changing strain on springiness of cakes A-E
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Cake fluffiness = K.

(Springiness)n

Firmness

Figure 2. Three graphs showing the effect of increasing ‘n’ in the fluffiness equation for 5 cake samples
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The first proposed equation was:

Cake fluffiness = Springiness/
Firmness

From this, fluffiness is directly 
proportional to springiness 
and inversely proportional to 
firmness. However, this equation 
is problematic as springiness is a 
ratio and gives a value between 
0 and 1, whereas firmness is 
a measure of force (usually in 
grams) and has values of 200+ 
depending on the units used. 
Therefore, the springiness value 
has little effect on the final 
fluffiness value. To increase the 
significance of the springiness 
value we raised it to a power n. 
This increased the ‘importance’ 
of the springiness value and 
increased the differences between 
the fluffiness values (Figure 2). 

THE FLUFFINESS EQUATION
With the parameters and the 
method confirmed, the equation 
can be written as  follows:

Cake quality is described and 
measured in numerous different 
ways and varies from person to 
person and from cake to cake. 
Fluffiness is just one of the 
characteristics that can make 
a cake delicious and desirable. 
This equation and definition give 

some clarity to an instrumental 
measurement of fluffiness. 
It is an arbitrary method of 
quantifying fluffiness that works 
for the cakes studied in this 
project. The values obtained 
are meant to provide a relative 
judgement on cake fluffiness. 
The units depend on firmness 
and the value chosen for ‘n’, 
which is the relative ‘importance’ 
of springiness. The value of K, 
which is a multiplication factor, 
was chosen to give numbers in 
the region 0 – 100. Through the 
series of experiments, informal 
sensory trials and discussion, we 
determined that the most suitable 
values were K = 106 and n = 5. 

We hope that this attempt to 
define and measure the much-
used term ‘fluffiness’ is of interest 
and has both application and 
value in the food industry (the 
TPA method is provided below). 
We expect further research will 
be required to develop the scale 
for different cakes to find the 
optimum for each, using the test 
in conjunction with consumer 
and sensory testing and market 
research analysis.

METHOD
A proprietary, industry measurement 
device was used in compression 
mode for a TPA test (double 
compression). A flat 45 mm diameter 
disk probe was used to compress 

a cylinder of cake with a diameter 
40 mm and height of 15 mm.

Firmness and springiness values 
were calculated by a dedicated 
industry software package 
associated with the standard 
macro analysis for the standard 
TPA test (See table below). n

FOR MORE INFORMATION

Jo Baker Perrett - Food Scientist 
(Author)
Rheology and Texture Section
Production and Processing Research 
Department
Campden BRI Group

+ 44(0)1386 842176
jo.baker-perrett@campdenbri.co.uk 
www.campdenbri.co.uk 
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Cake fluffiness = K.

(Springiness)n

Firmness

TEST SETTINGS

Pre -Test Speed 5 mm/s

Test Speed 5 mm/s

Post-Test Speed 5 mm/s

Target Mode Strain

Strain 75 %

Time 0.10 sec

Trigger Type Auto (Force)

Trigger Force 5.0 g

This equation and definition give 
some clarity to an instrumental 
measurement of fluffiness.

Acknowledgements:
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22 EVENTS
HEALTH AND SUSTAINABILITY CONFERENCE

Health and sustainability 
are hot topics for the 

baking industry, which is 
facing increasing pressure from 
consumers and authorities 
regarding the nutritional value 
and sustainability of its products. 
Campden BRI has a long history 
of research, innovation and 
expertise to help industry find 
solutions in this area.

The seminar “Health and 

sustainability challenges for 
the baking industry” will bring 
together industry experts and 
research providers to discuss 
key research findings and share 
solutions with the bakery sector. 
It is being held at Campden BRI’s 
Chipping Campden headquarters 
on the 23rd May 2019. The morning 
session is dedicated to health and 
the afternoon to sustainability. 
Presentations will cover a number 
of subjects including:

• the latest research on gut 
health and fibre determination

• developments in sustainability 
throughout the supply chain

• insight into novel ingredient 
solutions

• challenges regarding palm oil 
and approaches to tackle them

• how to improve the nutritional 
value of bakery products in a 
sustainable way 

The morning session on health 

Campden BRI

“Hot Topics” conference
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www.bakingeurope.eu

Campden.indd   22 16/04/2019   13:16

http://www.bakingeurope.eu


22 EVENTS
HEALTH AND SUSTAINABILITY CONFERENCE

Health and sustainability 
are hot topics for the 

baking industry, which is 
facing increasing pressure from 
consumers and authorities 
regarding the nutritional value 
and sustainability of its products. 
Campden BRI has a long history 
of research, innovation and 
expertise to help industry find 
solutions in this area.

The seminar “Health and 

sustainability challenges for 
the baking industry” will bring 
together industry experts and 
research providers to discuss 
key research findings and share 
solutions with the bakery sector. 
It is being held at Campden BRI’s 
Chipping Campden headquarters 
on the 23rd May 2019. The morning 
session is dedicated to health and 
the afternoon to sustainability. 
Presentations will cover a number 
of subjects including:

• the latest research on gut 
health and fibre determination

• developments in sustainability 
throughout the supply chain

• insight into novel ingredient 
solutions

• challenges regarding palm oil 
and approaches to tackle them

• how to improve the nutritional 
value of bakery products in a 
sustainable way 

The morning session on health 

Campden BRI

“Hot Topics” conference

BAKINGEUROPE Spring 2019 
www.bakingeurope.eu

Campden.indd   22 16/04/2019   13:16

23

Spring 2019 BAKINGEUROPE
www.bakingeurope.eu

EVENTS
HEALTH AND SUSTAINABILITY CONFERENCE

will start with a presentation 
from one of our keynote 
speakers, Gordon Polson from 
the Federation of Bakers. Gordon, 
with the benefit of his years of 
experience in the sector, will 
make a presentation on the 
key issues that plant bakers 
face relating to health aspects. 
The afternoon session focuses 
on sustainability; our second 
keynote speaker, Gavin Milligan 
from Green Knight Sustainability 
Consulting, will cover the 
societal and environmental 
considerations companies 
need to take into account when 
implementing sustainability 
strategies into their work. 

Gut-health and fibre 
quantification will also be 
covered. Currently, much focus is 
on the digestion of carbohydrates 
in the upper gut and fermentation 
of fibres in the lower gut. The 
metabolism of carbohydrates can 
induce both negative and positive 
effects in consumers. 

An increasing part of the 
population has sensitivity to 
wheat-based products, causing 
them discomfort. The latest 
scientific insights show that this 
discomfort is caused by short 
chain carbohydrates which are 
fermented in the gut. These 
carbohydrates are referred to as 
FOD-MAPS. Product development 
towards foods low in these FOD-
MAPS is increasing and will be 
covered by Markku Mikola from 
Fazer, Finland, who developed 
their Lo-Fo bread. 

Fibre also induces beneficial 
effects on gut health. High fibre 
foods decrease the glucose 
released into the gut, forming low 

GI foods. Challenges associated 
with the development of these 
foods relate to assessing the 
GI response and accurate 
quantification of the fibre content. 
Both these challenges will be 
touched upon.

Firstly, by Matthew Wilcox from 
Newcastle University who will 
talk through model gut systems. 
These can be used to simulate 
food digestion and monitor 
release of glucose from food 
products into the blood stream. 
He will cover how these models 
can be applied to the design of 
food products. 

Increasing the content of fibre in 
food products requires analytical 
methods for the accurate 
determination of fibre content. 
However, with the vast number of 
fibre types in existence, together 
with the high number of different 
methods, fibre quantification 
needs to be undertaken carefully. 
David Miles from Campden BRI 
will discuss the different methods 
available and the points to keep 
in mind during their use.

Besides sustainability and 
societal aspects, the use of scarce 
resources such as phosphates 
and palm oil will be discussed in 
the afternoon. Judith Murdoch 
from AAK will present the history 
of palm oil use and the reasons 
behind the need for sustainable 
cultivation and use. 

This will be followed by a 
discussion on current strategies 
available on cultivation and 
traceability and how these can be 
implemented in food production.

The afternoon session will be 

closed with a talk given by Dinni 
Jordan form Kudos Blends, which 
makes raising agents. She will 
focus on the role phosphates 
play in plant metabolism and 
why it cannot be considered a 
renewable resource. Phosphate is 
an essential component in many 
chemical leavening systems 
used in bakery products. The 
talk will focus on new strategies 
for product development using 
phosphate-free leavening agents, 
preserving this essential element. 

This seminar will begin at 9:00 
with registration and the day 
will be concluded at 15:30. The 
event provides an opportunity to 
network with other professionals 
from the industry and will be 
of interest to bakers, product 
developers, nutritionists, 
environmentalists, students and 
anyone interested in health and 
sustainability.

BAKINGEUROPE is our media 
partner for the event. n

FOR MORE INFORMATION

Lucas Westphal 
lucas.westphal@campdenbri.co.uk

Anne Vissers
anne.vissers@campdenbri.co.uk  
Tel: +44(0)1386 842153

To book your place contact:
training@campdenbri.co.uk 
Tel: +44 (0)1386 842104

Event website
www.campdenbri.co.uk/baking-
sustainability.php
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In response, WHO member states 
have pledged to reduce the global 
population’s intake by a relative 
30% by 2025. As such, low-salt 
launches are rife in the market. 
Yet, while health authorities 
worldwide agree too much salt 
can be bad for health, it does 
have an important role in texture 
– particularly in baked goods, 
in which it plays a multitude of 
textural roles.

Consensus Action on Salt and 
Health (CASH) published a report1

in 2018 that revealed bread is 
responsible for up to 15% of 
daily salt intake, making baked 
foods a clear opportunity for 
salt reduction reformulation in 
many western markets. However, 
salt is pivotal to dough strength 
and stickiness.  Stickiness, is 
important at the mixing, dividing 
and rounding stage. A dough 
that is too sticky does not leave 
the mixer or rounder properly. 
If, on the other hand, a dough 
is not sticky enough, it is not 
formed properly by the rounder 
and the resulting product does 
not have the desired crumb 
structure. An appropriate level of 
stickiness is also needed during 

Solving strength and 
stickiness in low-salt 
bakery products
According to the World Health Organization (WHO), adult salt intake of less than five grams per day 
can help to reduce blood pressure and the risk of cardiovascular disease.

Figure 1 Warburtons Dough 
Stickiness System.
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the sheeting and moulding step 
to help hold the folded layers 
of dough together and ensure 
consistency of aeration in the 
final baked product.  Several other 
factors such as overworking, 
addition of excess water, flour 
extraction, amount of water-
soluble pentosans, differences in 
protein composition and enzyme 
imbalances can give rise to such a 
problem.

Bakers have to tread a fine line: 
excessive stickiness causes 
processing difficulties and 
many hours of ‘down time’ 
if not controlled.  However, if 
cutting salt content also leads 
to a weakening of the dough, 
problems of a different nature, 
but equal importance, become 
evident. To gauge the impact of 
a salt reduction programme on 
dough quality, samples should 
be prepared and tested prior to 
bulk preparation to identify the 
ideal formulation and/or predict 
necessary processing changes.

The Warburtons Dough Stickiness 
System (Figure 1) provides a 
means of quantification by 
placing a retaining plate on top 
of a 500g/1000g dough piece 
(taken straight from the line) 
which applies a slight pressure. 
A narrow blade is driven 
through a slot in the plate, to a 
defined distance - obtaining the 
compression peak and area of 
the dough, giving an indication 
of dough strength. As the blade 
is withdrawn, Exponent software 
calculates the adhesion peak 
and area, with a higher peak/
area associated with a stickier 
dough. Comparing the results of 
a low-salt dough with a dough 
containing regular levels of salt 

Figure 2 Graph comparing two types of dough formulation and their effect 
on firmness and stickiness parameters.

Figure 3 Volscan Profiler.
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can give a good indication of the 
effects of salt reduction (Figure 2).

Additionally, salt tightens the 
gluten structure and helps loaves 
retain the carbon dioxide gas 
formed during fermentation. 
This has a great impact on 
volume after baking which is an 
important quality indicator. As a 
result, lowering salt content can 
lead to smaller, less attractive 
breads thereby reducing 
desirability for consumers. Using 
instruments such as Stable 
Micro Systems’ VolScan Profiler 
(Figure 3) can help to provide 
quantifiable volume and density 
measurement and, again, can 
be used as a comparative tool 
during reformulation.  The 
Volscan Profiler works by 
mounting a bakery product at 

a suitable supporting location, 
and the sample is automatically 
weighed.  A laser then measures 
the contours of the product 
at given intervals as it rotates 
and provides manufacturers 
with a non-contact operational 
assessment with the results 
available in less than 60 seconds.  
Product volume, density and 
a full dimensional profile (e.g. 
height, length and width) are 
instantly archived and can be 
viewed in 2D or 3D to allow 
visual interpretation alongside 
comparison of the results.

As well as impacting the texture 
of fresh bread as it hits the shelf, 
salt also has an effect further 
along the line. Traditionally 
used as a preservative, salt is 
paramount in extending shelf 

life as the water it attracts can 
help keep bread from staling too 
quickly in a dry environment. 
Measuring the firmness and 
springiness (elastic recovery) 
of reduced-salt bread over 
an extended period of time, 
in different conditions and 
then comparing with other 
formulations is key to discovering 
how quality of the bread may be 
affected over time (see Figure 4 
for typical curves).

This type of measurement 
can be made by performing 
a compression test where a 
compression distance is held 
for a chosen period of time, over 
which the product’s recovery is 
recorded. A simple calculation 
can be made to analyse the data 
which can be used to indicate 
staleness. A major change 
during the ageing of bread/cake 
is an increased resistance to 
compression (firming) and a loss 
of recovery when compressed, i.e. 
decreased springiness. Studies of 
this rheological change may prove 
beneficial in obtaining a better 
understanding of the staling 
process and how it is affected as 
a result of formulation changes 
such as lowering salt content. n

Stable Micro Systems Ltd
Vienna Court, Lammas Road, 
Godalming, Surrey GU7 1YL, 
United Kingdom
Tel: +44 (0)1483 427345
Web: www.stablemicrosystems.com 
Email: sales@stablemicrosystems.com 

FIND OUT MORE

MORE DETAILS ON THE 
BAKINGEUROPE WEBSITE1 Public Health England. Salt targets 2017: Progress report. 2018

Figure 4 Graph highlighting the increase of firmness and decrease of 
springiness as shelf life increases.
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INTRODUCTION
Product waste can occur as 
a result of dough sticking to 
process surfaces[1], primarily 
during intermediate dough 
handling steps outlined in Figure 
1: dividing, rounding, resting 
(1st proof), pinning and panning. 

Despite using processing flour, 
oil and non-stick coatings, 
dough stickiness in general is 
not mitigated. In a large bakery 
the direct cost of waste dough 
is approx. £165,000/year with 
~ 10% line capacity required to 
re-make lost volume[3]. The effect 
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of intermediate dough handling 
on bread roll quality attributes 
has not been systematically 
characterised. As a result, 
the application of low energy 
processing and technology is 
difficult in practice. Primarily 
because resulting product quality 
is largely ‘unproven’ or unknown. 
Additionally, gains in process 
efficiency do not necessarily 
coincide with improved product 
quality[2]. A recent Innovate UK 
Project (No: 51054-377262) has 
undertaken work to investigate the 
effect of intermediate handling on 
bread roll quality attributes: size, 
height, diameter and appearance 
as well as colour, shape, finish and 
crumb, with the aim of reducing 
process waste. To achieve these 
objectives, the primary aim of the 
project was to reduce processing 
aid such as flour and oil, minimise 
interaction between dough and 
process surfaces eliminating 
unnecessary processing steps.

DOES INTERMEDIATE  
HANDLING CONTRIBUTE TO 
BREAD ROLL QUALITY?
Intermediate processing impacts 
bread roll size, shape and 
outward appearance[4],[5],[6]; less 
is known, however, about the 
effect on internal texture, crumb. 
Bubbles in post-mixed dough 
are approx. 100μm in size[7,8], 
with some bubbles recorded as 
small as 35μm. Intermediate 
handling of CBP (Chorleywood 
Bread Process) dough is complete 
in ≤ 15 minutes[5] suggesting that 
substantial bubble development 
is unlikely before final proof. 
The effect of mixing, final proof 
(fermentation) and baking on 
bread quality attributes, is largely 
characterised[9] and so out of 
scope of this project.

In recent work[3], various test 
methods of dividing CBP roll 
dough were undertaken in 
combination with different 

degrees of intermediate handling. 
These tests were carried out  
using equipment from four 
different manufacturers 
comprising a manual, pressure 
driven (PD) single die depositor 
and cutting blade, pressure-
vacuum (PV) and extrusion (EX) 
vacuum-auger with automated 
cutting blade (2 dies) and finally a 
portioning machine.

In the tests the dough was 
subjected to each of the following 
processes (i) placed directly in the 
pan (straight-to-pan), (ii) rounded 
prior to panning, by rounder 
bar/manual rounding in the 
pan indent, (iii) pinned prior to 
panning, through contrarotating 
rollers (18mm gap), flattening 
in the pan (18mm depth) under 
extension using a PTFE rolling 
pin and finally by compression 
using a platen. Each sample was 
then proved by the standard, 
industrial final proof process and 
subsequent baking.

The bread roll mass and 
height resulting from different 
processing configurations is 
shown in Figure 2(a) and (b) 
respectively; from maximum 
(fully processed) to minimum 
(straight-to-pan) dough handling. 

Figure 1: Example of a Chorleywood Bread Process (CBP) roll plant[3].

Crumb morphology appeared 
similar to standard, suggesting 
that there is potential to 
minimise or even eliminate 1st 
proof and pinning.

Mixing Dividing Rounding 1st proof Pinning Panning Final 
proof Baking

Raw ingredients Processing oil Processing 
flour

Process flour 
recovery
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processing configurations is 
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Crumb morphology appeared 
similar to standard, suggesting 
that there is potential to 
minimise or even eliminate 1st 
proof and pinning.
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All bread rolls were of acceptable 
mass (52g ± 5 g) apart from 
“extruder 2” rolls, being on 
average heavier than standard, 
most likely due to poor handling 
of the CBP dough, resulting in a 
low dividing accuracy of approx. 

45%. PD dough dividing accuracy 
was around 62%, PV dough 
division, industrial standard 
was approx. 92% and extruder 3 
accuracy 97.5% suggesting that 
this configuration was the most 
appropriate for handling the 

dough without processing aid.

Bread roll height was greater than 
expected when the dough was 
(i) manually divided or deposited 
and fully processed (see Figure 3), 
(ii) deposited or “extruded 1” and 

Figure 2: (a) Mass and (b) Height of bread rolls resulting from different dividing and processing techniques: (n) rounded 
using a bar. “Extruded 1, 2 and 3” describe two extrusion technologies used in combination with two mixing energies[3].

(a) (b)
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rounder bar rounded (see Figure 
4). This suggests that these dough 
handling configurations were 
unable to develop sufficiently and 
degas the dough compared to the 
standard method.

For PV divided doughs with 
reduced intermediate handling, 
shown in Figure 3(a), crumb 
morphology appeared similar to 
standard, suggesting that there 
is potential to minimise or even 
eliminate 1st proof and pinning. 
For manually divided rolls, shown 
in Figure 3(b), in all cases the 
crumb appeared more open and 
uneven with larger holes visible 
than standard. An assumption can 
be made, therefore, that manually 
divided dough is insufficiently 
degassed and underdeveloped by 
this dividing approach. 

Inspection of the PD rolls 
revealed large gas cells, also 
known as blisters, which could 
be linked to the uneven crumb 
morphology observed in both 
planes (shown in Figure 4). No 
pulling or extensional forces 
were exerted during PD dividing, 
which is required to develop the 
dough adequately, resulting in 
insufficient degassing regardless 
of the degree of intermediate 
handling.

All extruded rolls appeared to 
have a similar crumb morphology 
to standard rolls when placed in 
the pan, suggesting that dough 
was adequately developed and 
degassed by extrusion. The 
dividing principle was similar to 
PV dividing although dough was 
also developed using augers. When 
extruded doughs were additionally 
rounded or fully processed, the 
crumb appeared to be more 

uneven, however, the external 
finish was similar to standard 
when fully processed hinting that 
the combination of rounding, 
resting and pinning, smooths or 
conditions the dough surface. 

By visual inspection, the colour of 

all PV divided rolls was consistent 
with standard whereas, some 
of the manually divided bread 
rolls, which had been rounded 
and rested in the pan, appeared 
slightly darker on top than the 
standard. This can neither be 
attributed to a taller product, 

Figure 3: Summary of (a) Pressure Vacuum (PV) divided bread roll dough and 
(b) manually divided bread roll dough with varied degrees of intermediate 
processing[3].

(a)

(b)
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since fully processed dough was 
taller on average and the colour 
was acceptable, nor the absence 
of processing aid, because the 
straight-to-pan product colour 
was also acceptable. 

Several trials revealed lighter 
bases than standard in which 

some were concave and/or 
misshapen. (Figures 3 and 4). On 
examination of the baked rolls, 
it was easy to identify where the 
dough had its initial made contact 
with the pan during panning, 
against those areas where it filled 
the remainder of the indent; 
these parts of the roll appearing 

darker[3]. The conclusion that can 
be drawn is that that free dough 
movement in the pan is required 
prior to achieving a similar base 
to standard. In these cases, no 
flour was used at the interface 
between dough and pan resulting 
in the dough sticking to the pan 
surfaces. 

In further trials, where divider 
oil was used in place of a dusting 
of flour, dough-to-pan adhesion 
took place due to the dough 
stickiness despite the actions of 
an inline shaker. All pan indents 
were filled, post-proof and all 
bread roll diameters were within 
specification, suggesting dough 
expansion was not inhibited by 
dough stickiness. Pinning dough 
in the pan maximised the contact 
area whilst resting the dough 
in the pan maximised contact 
time. It was noticeably harder to 
identify the initial dough contact 
area on manually rounded and 
straight-to-pan rolls which had 
the shortest pan contact time.

CONCLUSIONS
In summary, the effect of 
intermediate processing on 
bread roll quality attributes was 
systematically investigated. 
It should be considered that 
these attributes do not arise 
by one processing route only. 
Standard PV dough division 
showed that the dough was 
developed sufficiently, thereby 
minimising intermediate steps. 
It was possible to divide and 
handle dough without lubrication, 
however, as a result this led to 
the bread roll surface not being 
smooth. When divider technology 
was changed, the optimisation 
route also changed. PD divided 
dough did not exhibit even crumb 

Figure 4: Summary of Pressure Vacuum (PV), deposited, and extruder divided 
bread roll dough with varied degrees of intermediate processing[3].
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morphology as a result of any 
processing scenario, however, 
bread roll surface finish was 
smooth. When fully processed, 

extruded rolls appeared to have 
an even crumb and finish, similar 
to standard, however, reducing 
intermediate handling yielded 

poor surface finish, suggesting 
that this step contributes to 
the external appearance of 
the bread roll. Optimisation of 
the manufacturing process of 
formulated products, like dough, 
is surprisingly complex since 
product morphology is a typical 
function of the process. n
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morphology as a result of any 
processing scenario, however, 
bread roll surface finish was 
smooth. When fully processed, 

extruded rolls appeared to have 
an even crumb and finish, similar 
to standard, however, reducing 
intermediate handling yielded 

poor surface finish, suggesting 
that this step contributes to 
the external appearance of 
the bread roll. Optimisation of 
the manufacturing process of 
formulated products, like dough, 
is surprisingly complex since 
product morphology is a typical 
function of the process. n
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A new bun line is a large 
investment for a bakery. There 
are various aspects which need 
to be considered when looking 
for the right equipment. 
The baking equipment 
manufacturer Koenig gives 
advice on what to consider 
when purchasing a new line.

FINDING THE RIGHT MAKE-
UP SYSTEM – THESE ARE THE 
QUESTIONS BAKERS SHOULD 
ASK 
First of all, it is very important 
to have a clear project structure 
with a proper time frame. Ideally, 
Koenig recommends starting the 
planning of a project for a new 
bun line, some 9 -12 months prior 
commencement of production. 

When planning a bun line, one 
of the most important questions 
to be considered is: which kind 
of products are to be produced: 
hamburger/hot dog buns or pain 
au lait as well as deciding on 
the shapes and weights? It is 
also essential to predict which 
products are likely be in great 
demand in the future. Other 
critical factors to consider include 

the choosing of dough types and 
compatibility and process issues 
with the make-up line through 
to formulation, dough yield and 
resting time.

Most manufacturers provide 
make-up equipment in various 
sizes, therefore, bakeries need to 
know that the capacity of the line 
is more than sufficient to meet 
predicted throughput, such as the 
number of pieces required per 
hour/day.  

Koenig recommends taking a 
holistic approach by analysing 
all process steps, such as dough 
batch sizes emanating from 
the mixing system, through 
to proving, cooling, packaging 
and baking capacities. When 
assessing the profitability of 
make-up equipment, bakery 
operators need to consider an 
additional list of issues including: 
the number of employees needed 
to run the line, the time taken to 
alter the line machinery when 
changing from one product to 
another to minimise down-time 
and the ease of control of the line; 
for example, can employees make 

easy changes in the programs or 
set a new one for a new product? 

Aside from production, during 
planning, bakers should also 
incorporate decisions on cleaning 
and maintenance cycles, 
duration of the related machine 
downtimes in addition to quick 
access to the right service advice 
ideally on a 24/7 basis.

Consideration of available floor 
space is crucial to ensure the 
footprint of equipment such as 
proving cabinets that may need to  
be specially designed.

With more than 50 years of 
experience, Koenig is the 
specialist for advising bakeries 
on the right make-up equipment. 
Their lines can process various 
types of dough and enable 
efficient resource management 
with high weight accuracy of 
±1,5% at 90% production volume. 
Koenig provides baking solutions 
ranging from artisan bun lines for 
2,000 pieces per hour up to large-
scale turn-key projects for 40,000 
pieces and more. n

“IN THE LONG AND 
THE SHORT BUN”
FINDING THE IDEAL MAKE-UP EQUIPMENT FOR BUN PRODUCTION

Koenig Maschinen
Stattegger Strasse 80
A-8045 Graz, Austria
info@koenig-rex.com 
Tel: 0043 316 6901 0
www.koenig-rex.com 
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Rademaker’s Bread Line 
is based on sheeting 

technology because it provides 
various important benefits 
over traditional bread making 
systems. It enables the possibility 
of handling a wide variety of 

dough types from ‘green’ to pre-
fermented dough. Therefore, it 
is capable of generating a wide 
range of high-quality products 
that can be produced at capacities 
starting at 500kg up to 9000kg of 
dough per hour.

Hygienic Design
The Rademaker Bread Line 
is designed according to the 
Rademaker Sigma® design 
guidelines. These guidelines are 
directly derived from various 
high-end requirements for 

Taking bread production to 

a new level
The Rademaker Bread Line is designed to produce a wide range of bread products. Flexibility and 
fast product change-overs are guaranteed due to the unique modular design and the various mobile 
units. Rademaker upgraded its Bread Line to the highest required hygienic standards and improved 
its functionality, efficiency and process. This results in a highly desirable Return On Investment, 
making it the most effective Bread production line in the market.

The new Rademaker moulding 
solution
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hygiene & cleanability such as 
the GMA (Grocery Manufacturers 
Association) standard and EHEDG 
recommendations. With excellent 
machine surface finishing, tilted 
surfaces, rounded frames, FDA 
(Food and Drug Administration) 
approved materials, minimized 
hinges & bolts and numerous 
other items, the line lives 
up to the highest industrial 
expectations. Total elimination 
of recesses, cavities and dead 
corners has been achieved and 
accumulation of dirt and dust is 
prevented due to the application 
of stand-offs. 

An open design enables easy 
cleaning whilst guaranteeing the 
operator’s safety. Accessibility 
for cleaning and inspection is 
achieved by opening covers 
on both sides of the machine, 
retractable belt tensioners and 
knife transfers.

Functionality
The open design ensures best 
possible visibility of the process. 
Rounded edges and fully opening 
covers on both sides of each 
unit are applied throughout 
the system. Accessibility of the 
process is achieved by optimizing 
the space between the working 
stations and application of 
horizontal conveyor belts. Smaller 
units are also designed with 
open housing. Lightweight safety 
covers with extra handles enable 
ergonomic operation, with overall 
safety being guaranteed by the 
application of safety locks.

Process
The increased roller and belt 
width results in improved dough 
support, reducing the risk of 
micro-damage and stress in 

the dough’s outer edges which 
eventually leads to reduced 
variations of dough thickness. 
Minimized transport height 
difference throughout the 
production line ensures that the 
integrity of the dough remains 
intact, resulting in the highest 
possible quality of the end 
products. 

Set-up of the Bread Line
Rademaker’s Bread Line 
comprises two sections; Sheeting 
and Make-up. The Sheeting 
section generates a homogeneous 
dough sheet which is then shaped 
into the required bread products 
by the Make-up section.

Double chunking Sheeting 
System (DSS)
After kneading the (optionally 
pre-proved) dough batches 
are deposited into the Double 
chunking Sheeting System (DSS) 
producing a dough sheet with 
minimal stress levels, based 
on the DSS system’s set-up. 
The Rademaker Bread Line has 
a proven track record which 
demonstrates that even the 
most fragile dough structure 
stays intact during chunking and 
sheeting. 

Dough recycling system
When the dough sheet is cut to 
its final width, rework dough is 

A small selection of the product 
range that can be made with the 
Rademaker Bread line.
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created which is then transferred 
back into the DSS by the newly 
developed Rademaker dough 
recycling system. To achieve the 
highest dough quality, it is of 
huge importance that the rework 
dough is evenly distributed into 
the fresh dough sheet. Up to 45% 
rework can be recycled back to 
the DSS. No dough is lost making 
it a very effective and cost saving 
system.

Make-up section
The modular design of the dough 
make-up section results in a 
versatile production line that 
caters for fast product change-
overs; crucial when it comes to 
configuring customer applications 
and managing production 
efficiency.

Rademaker’s patented weighing 
systems are designed carefully to 
meet the customer’s requirements 
for product accuracy. In particular, 
the integrated weighing system 
directly leads to increased product 
margins and profitability. The 
final product weight is perfectly 
achieved by using the measured 
data to control the guillotine for 
the exact cutting position.

For the production of rolled bread 
types, such as baguettes, batards 
and tin breads, Rademaker’s 
newly designed moulding 
conveyor module boasts improved 
reach and cleanability. Customers 
have optimal access from both 
sides of the module through 
the vertically moving upper belt 
transport. Furthermore, the side 
guides are designed for fast and 
easy exchange. The pressure 
plate settings are saved in the 
product recipe which reduces 
operator mistakes and assures 

product quality. The new module 
is designed according all safety 
standards and is equipped with 
automatic height adjustment.

Efficiency
The overall set-up of the 
Rademaker Bread Line is designed 
for high production efficiency 
with its operation being made as 
easy as possible. This is assured 
by the inclusion of easy-to-
remove tools, a reduction in the 
number of changeable parts, 
exchangeable scrapers & bins 
and various options to minimize 
necessary cleaning periods 
resulting in increased uptime. In 
addition, the system is equipped 
with automatic settings allowing 
for a “one-button” action to bring 
the entire machine into cleaning 
mode ready for perfect cleaning or 
drying conditions. After cleaning 
the operator will be warned if 
belts are not tensioned properly.

Service & Maintenance
Accessibility of the system has 
been radially improved in order 
to allow for easy service and 
maintenance. Lifetime lubricated 
bearings in the product zone and 
clear, comprehensive lubrication 
locations for bearings outside 
these zones result in minimal 
downtime. Parts that require 
regular maintenance are also 
located in easily accessible places 
outside the production zone. 

All conveyor belts are equipped 
with quick, belt release 
mechanisms to further reduce 
downtime during cleaning and to 
keep maintenance to a minimum. 
Data gathered by the system such 
as motor loadings, running stops 
and the causes of stops, can be 
used to improve maintenance.

Control
Process control by means of 
intensive data handling & 
communication is becoming 
increasingly more important in 
industrial production processes. 
Rademaker’s control platform 
enables Organization for 
Machine Automation and Control 
(OMAC) based data exchange 
with neighboring (third-party) 
equipment as well as various 
plant control and automation 
systems. 

The provision of advanced, 
data processing enables on-line 
monitoring and optimization of 
equipment efficiency. The smart 
use of a combination of process 
& recipe information allows easy, 
fast start-up and reduction of 
flour usage. The advanced control 
system features a fully automatic 
speed adjustment facility 
enabling the different sections 
to operate independently. When 
the final dough piece of the 
production run is being processed 
towards the last section of the 
line, the first section of the line 
is already being prepared for 
cleaning or for the production of 
another product. 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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BAKINGEUROPE WEBSITE
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WHY SHOULD WE CONTROL 
BREAD DOUGH?
Put simply, the preparation of 
bread dough is, of course, the 
conversion of a few dry and liquid 
ingredients such as flour, salt, 
yeast. Straight-forward as this 
may seem to any professional 
baker, this is an important step in 
baking since the execution of this 
process will directly affect the 
structure and texture of the end 
product. 

The determination of the mixing 
duration is usually based on the 
baker’s experience, observation 
of the dough behaviour during 
mixing and dough manipulation 
that permits the assessment 
of the dough cohesiveness 
and elasticity and, therefore, 

the resulting  degree of gluten 
network formation. In some 
cases, where dough is destined 
to undergo lamination, a lower 
degree of gluten network is 
required since the sheeting 
process will further contribute to 
its formation.

The key tasks performed by the 
mixer are:

• dispersion of the ingredients 
homogeneously

• transfer of mechanical energy 
to the dough in order to ensure 
the development of the gluten 
network

• incorporation of air bubbles 
and, where possible, control of 
their size and distribution 

• partial removal of the heat 

produced by the viscous 
friction to limit the dough 
temperature 

The dispersion of ingredients is 
achieved during a “pre-mixing” 
phase at low speed; this step ends 
when the ingredients are properly 
mixed. The second phase called 
the “mixing” step is carried out 
with a higher tool speed. Several 
biochemical phenomena yield the 
formation of an isotropic gluten 
network which embeds miniature 
gas cells in the dough. The control 
of the number and size of the air 
bubbles in the gluten network is 
crucial with respect to the overall 
baking process (Koksel et al. 2016; 
Jha et al. 2017). 

As a whole, the formulation, 

Figure 1: Dough during mixing in a spiral mixer (VMI-France: Adrien Rebillard)

Controlling bread dough 
formation through mixer’s geometry
J. Fontaineab ; D. Della Vallea ; J. Grua-Priol a  ; J. Cheio b ; E.Lancelota ; A.Le-Bail a

a ONIRIS, UBL, UMR GEPEA CNRS 6144, BP 82225 44322 Nantes – France
b VMI, 85600 Saint Hilaire de Loulay – France
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the mixer design and the 
process parameters control the 
dough formation, therefore, it 
is essential to understand the 
link between mixer and dough 
properties. 

PROJECT OBJECTIVE
The main objective of this project 
is to investigate the impact of 
two process parameters – spiral 
speed and spiral-bowl gap on 
the mixing time, the dough 
microstructure and the kinetics of 
dough aeration.

MIXING MONITORING
The real-time monitoring of dough 
during mixing allows the process 
to be stopped at the right time. In 
the present study, a commercial 

Figure 2: The spiral mixing tool motion generates a 3D flow in the bowl, 
inducing two main contributions to the shear rate: a tangential shearing 
linked to the speed difference between the spiral and the bowl and an axial 
shearing [along the axis of the spiral]. The resulting shear rate in the contact 
region depends on the respective speeds of the tool and bowl rotation and 
on the gap between the bowl and the spiral. The downward movement of the 
spiral is considered as the main gas intake mechanism during mixing.

Figure 3 : Monitoring of the mixing of sandwich bread dough at 150 rpm. The SME (Specific Mechanical Energy) is 
obtained from the integration of the power with time during mixing. The tPEAK represents the “time to peak” for which 
the maximum power consumption is observed; with more energy intake, the protein network progressively collapses.
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spiral mixer is being used which 
is equipped with a power meter 
enabling real-time monitoring 
of dough development whilst 
logging power consumption of 
both bowl and spiral. 

A temperature sensor inside the 
mixer’s pivot indicates the dough 

temperature on a display on the 
machine.

Figure 3 displays a measurement 
of the tool power against time 
during mixing giving a relevant 
indicator for dough viscoelasticity. 
It is commonly observed that 
the power increases towards a 

maximum value called “time to 
peak” beyond which it decreases 
due to progressive disruption of 
the gluten network (overmixing). 
This optimum time in the power 
curve was found to be very close 
to that of the judgment of an 
experienced baker, however, 
determining this point using 

It is commonly observed that 
the power increases towards a 
maximum value called “time 
to peak” … This optimum time 
in the power curve was found 
to be very close to that of the 
judgment of an experienced 
baker.

Figure 4 : CLSM images (1024 x 1024 pixels, 635×635 µm) of dough gluten network at several mixing steps. Red colour 
are proteins stained with rhodamin B.
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By mixing at different speeds, 
they found that the total volume 
of air incorporated into the 
dough was proportional to the 
number of tool rotations needed 
to reach tPEAK.

Figure 5: Bubble size, number and total dough porosity obtained for sandwich bread dough stopped at tPEAK by changing 
a process parameter: tool speed, and a geometry parameter: tool-bowl gap. Results are shown as mean ± standard 
deviation. 
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on-line sensors still remains a 
challenge. The corresponding 
images of the gluten network 
obtained for under and over 
mixing are shown in figure 4.

PREVIOUS WORK 
Previous research done by Prof 
LE-BAIL at GEPEA Research group 
(ONIRIS, Nantes) used changes 
of pressure in the headspace 
of a mixer to control the dough 
aeration. 

By mixing at different speeds, 
they found that the total  
volume of air incorporated into 
the dough was proportional to  

the number of tool rotations 
needed to reach tPEAK (Sadot et  
al. 2017)

Nevertheless, further work was 
carried out on the mixing kinetics 
of dough aeration. We found that 
during the mixing step (from pre-
mixing to over-mixing), the total 
volume of air entrapped by the 
spiral rotation increases linearly 
with time if no speed change 
occurs during that phase, until a 
maximum ΦPEAK  occurring slightly 
after tPEAK.

With the same time sampling, 
from pre-mixing to over-mixing, 

the gluten network structure was 
analysed using Confocal Laser 
Scanning Microscopy (CLSM) 
with the protocol by Bernklau et 
al. (2016) and by staining dough 
proteins with rhodamin B. Visible 
changes in the gluten network 
occurred in accordance with 
Amend & Belitz (1991) results, 
with the following main features:

• gluten proteins appeared 
to be in a barely hydrated 
agglomerate state in the 
beginning 

• the network connectivity 
densifies progressively during 
mixing 

• tPEAK seems to be the time 
for which the gluten 
network is fully developed 
and gives its elasticity to 
dough, corresponding to the 
maximum torque observed.  

IMPACT OF MIXER GEOMETRY 
ON THE MIXER PERFORMANCE
Formulation, mixer geometry 
and process parameters are the 
three levers to change dough 
quality. In the industry, it is not 
always possible to change the 
recipe and some improvements to 
dough quality could be obtained 
by modifications to geometry or 
process parameters. In this study, 
the gap between tool and bowl 
has been varied in a specified 
range and the tool speed taken at 
two levels, “low” and “high”.

Bread dough obtained at tPEAK 
was analysed both in structure 
and aeration when the dough is 
supposed to be at its optimum 
mixing state or close to it. Some 
differences arise in the dough, 
regarding both aeration and 
protein network structure. The 
analysis of dough bubbles in light 

Figure 6: CLSM images (1024 x 1024 pixels, 635×635 µm) of dough stopped 
at tPEAK after mixed by changing a process parameter: tool speed, and a 
geometry parameter: tool-bowl gap. Red colour are proteins stained with 
rhodamin B. 
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microscopy exhibit a lower bubble 
number, but of a coarser size, for 
“low speed-high gap” parameter, 
corresponding to the lowest 
shear rate conditions, as seen 
on figure 5. 

In the same conditions the 
observation of the microstructure 
presented in figure 6, shows a 
porous dough with the gluten 
aggregates being barely connected 
to each other. 

As shown in this example, 
increasing the shear rate, either 
by varying the tool speed or the 
gap between tool and bowl, is a 
way to obtain a more structured 
gluten network, resulting in a 
higher viscoelasticity, a higher 
dough aeration and smaller 
bubbles, leading to a better dough 
expansion during the proving.

CONCLUSION 
The dough properties depend 

to a large extent on the mixing 
conditions, a fact that is well 
known in the baking profession. 
The present results provide an 
overview of the influence of the 
mixing geometry, assessed by 
objective characterisations and 
how it can be beneficial to adapt 
it following the type of product 
that is to be manufactured. 

For instance, for a French 
baguette, low speed and high gap 
could be recommended, whilst 
for a sandwich bread, high speed 
and small gap is more favourable. 
Finally, simple mastering of the 
geometry effects – i.e. the tool 
position, improves the versatility 
of the mixing device. n
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It is often said that we first 
eat with our eyes. With just 

one glance, we can use the 
appearance of a food to judge 
quality and set expectations 
about a food’s taste based on a 
lifetime of prior experience and 
learning. In the pre-industrial 
era, this was critical for food 
procurement and energy balance.
We learned that the sight of a 
pale, green fruit signalled that the 
fruit was unripe and tasted sour 
because it contained fewer sweet 
sugars. In bakery products, we 
learned that a goldenbrown bread 
crust signalled the caramelisation 

caramelisation of sugars and the 
development of desirable flavours 
formed during the baking process.

In the current food environment, 
colour still interacts with our 
other senses to influence both our 
expectations and our experiences 
with food. For example, in the 
beverage category, the colour 
of a beer sets our expectations 
about taste and how much we 
think it costs. This phenomenon 
likely occurs because of our 
prior experiences with products 
of varying degrees of colour 
and quality within and across 

product categories (e.g. a dark 
Guinness differs in taste from 
a light Carlsberg). Recently, 
Carvalho and others showed 
this experimentally when they 
added colour to two beers that 
were otherwise identical in taste, 
asking visitors at a museum in 
Brussels about their expectations 
of taste, flavour, appeal and cost 
for the two beers. Participants 
expected the darker beer to 
taste more bitter, have increased 
flavour body and cost more than 
the lighter beer. These findings 
are robust across categories. 
When considering two bread 
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Consumers who prefer refined
bread have been shown to
rate breads without added colour
higher in appeal, while
consumers who prefer whole
wheat bread showed just the
opposite preferring instead bread
with added colour.
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types, a rye and a refined white, 
the darker colour of the rye 
bread may be associated with 
higher cost and more intense 
flavour compared to the refined 
white bread. The cues conveyed 
by the colour of the two breads 
inform the consumer during the 
purchasing process and may 
ultimately influence their final 
choice. Further, appearance 
can affect more than just our 
expectations, as colour also 
influences our liking of a product. 
This effect is due in part to the 
types of products we prefer and 
typically consume. Consumers 
who prefer refined bread have 
been shown to rate breads 
without added colour higher in 
appeal, while consumers who 
prefer whole wheat bread showed 
just the opposite preferring 
instead bread with added colour.

Where did this notion that darker 
colourered products such as beer 
and bread mean higher bitterness 
and a fuller body flavour 
originate? We are not born with 
innate colour-taste associations 
that occur across cultures – 
rather, such associations are 
acquired over time and vary 

across cultures. Colour-taste 
associations are believed to 
develop through at least one 
of the following mechanisms: 
frequent encounters, shared 
liking or disliking of tastes and 
colours, or physical magnitude 
(i.e. size, intensity). Recently, our 
team sought to determine if new 
colour-taste associations could be 
acquired by participants during 
brief exposure in the laboratory. 
We found that a majority of 
participants could learn to 
associate a basic taste; sweet, 
sour, bitter, umami, with a paired 
colour; red, blue, yellow, green, in 
only four days of exposure. This 
research implies that colour-taste 
associations are non-permanent 
and may change over time 
through new experiences.

Certainly, there are some 
common colour-taste associations 
found across multiple studies in 
Western industrialised cultures. 
These include red colour with 
sweet taste, white or blue colour 
with salty taste and yellow or 
green colour with sour taste. 
Frequent encounters with these 
colour taste pairs is the most 
common explanation behind 

pervasive colour-taste pairings. 
Many associations can be traced 
back to a ubiquitous food product 
with a distinct taste quality; for 
example, sour and yellow lemons. 
Associations that originate in 
nature are likely to be reinforced 
through other channels such 
as packaging and the use of 
colourants in food products. 
For example, the blue-salty 
pairing may originate from the 
association of the blue ocean and 
salt water, however, this marriage 
is further reinforced by the 
abundance of blue packaging for 
sea salt potato crisps.

Taking advantage of colourtaste 
association origins and 
differences in consumer 
preferences might enable us 
to explain why colour can 
communicate such different 
information to disparate 
consumer segments. Food intake 
and preference is influenced by 
multiple factors including price, 
convenience, sensory appeal 
and the healthiness of the food. 
Consumers who are highly 
motivated by healthiness are 
more likely to try and regularly 
consume a product like whole 

Food intake and preference is 
influenced by multiple factors 
including price, convenience, 
sensory appeal and the 
healthiness of the food.
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wheat bread. Over time, increased 
consumption of the product 
will lead to an overall change in 
preference with the consumer 
using the darker colour of the 
whole wheat bread as a cue 
for preferences in the future. 
If refined bread consumers are 
not motivated by health, they 
never develop the initial desire 
to purchase a darker bread and 
their preferences tend to remain 
unchanged. The ability to change 
a consumer segment’s preference 
is good news for product 
developers and bakers struggling 
with colour differences due to 
formulation changes.

Colour develops in bread and 
bakery products through various 
processes. The most common 
occurring in baked goods 
following two common reactions: 
caramelisation of sugars or 
Maillard browning. During the 

Maillard reaction, amino acids 
(the building blocks of proteins) 
react with a reducing sugar (e.g. 
lactose from milk, fructose from 
honey). Under low moisture and 
high temperature conditions, the 
Maillard reaction produces high 
amounts of flavour and aroma 
compounds and a variety of 
pigments varying from yellow to 
dark brown that add colour to the 
finished product. Colour changes 
can also occur by manipulating 
ingredients or directly adding 
colour. For example, the use of 
bleached flour will remove colour 
while dyes and colour additives 
add or enhance colour.

Increasing consumer demand for 
clean label products, for example 
those containing unbleached 
flour, no artificial flavours or 
colours, no high fructose corn 
syrup or trans fat, clearly pose 
challenges for bakers, however 

these can be overcome with 
reformulation. Other trends such 
as high protein and low sugar 
diets also create demand for 
products with further formulation 
and colour challenges. Sugar 
and fat reductions as well 
as the use of high protein 
flours can increase browning 
in baked goods. Fortunately, 
consumers who demand product 
reformulations are likely to be 
the most acceptable to colour 
changes in bread products. As 
noted previously, whole wheat 
consumers typically prefer breads 
with darker colours. Bakke and 
Vickers showed this trend when 
they asked consumers who 
normally prefer refined and 
whole wheat bread products, to 
rate how much they liked the 
taste, appearance and texture 
of samples they were given 
which contained added caramel 
colour. The highest ratings for 
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appearance came from the whole 
wheat consumers for the bread 
with the medium and high levels 
of added colour. For consumers 
who prefer refined breads and 
lighter colours in bakery products, 
formula optimisation can create 
the right balance between colour 
development and macronutrient 
content. For example, the use of 
oligosaccharides such as inulin 
and oligofructose increases 
browning, however, formula 

optimisation using a blend of 
sugar, oligiofructose and inulin 
can create a desirable level of 
browning similar to a product 
with traditional fat and sugar 
levels.

Bakers that are interested in 
increasing the fibre content or 
nutritional value of their products 
by adding vegetables can also 
use colour changes in new and 
beneficial ways. Mintel reported 

the rise in popularity of bakery 
products containing ube, a purple 
coloured tuber traditionally used 
in Filipino cuisine. These baked 
goods appeal to consumers due 
to their product novelty and 
photogenic nature of the deep 
purple colour. Bakers can use 
previous colour-taste or flavour 
associations from other product 
categories or create products 
with new pairings. As we’ve 
shown, individuals are able to 
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rapidly acquire new colour-
taste associations in just a few 
exposures, which may lead to a 
preference for a new colour-taste 
association. 

In summary, existing colourtaste 
associations for bakery 
products can greatly influence 
a consumer’s purchase intent, 
expectations and overall product 
appeal. Consumers are already 
segmented on their colour 
preference for bread products 

which creates the need for 
multiple bread types if bakers 
intend to appeal to all consumers. 
Further, new colour-taste 
associations can be acquired 
whilst changing consumer 
demands and preferences may 
allow for larger acceptable 
colour ranges. Bakers can also 
incorporate colour changes 
to create novel, eye-catching 
products that appeal to younger 
customers keen to post photos of 
products on social media. n
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TRANSPORT
ELECTRIC DELIVERY VEHICLES

Hovis®, the iconic 130-year-
old British brand, has 

recently launched new all-electric 
vehicles, demonstrating Hovis’® 
commitment to reducing both 
exhaust and noise pollution in 
urban environments. 

Hovis®, one of the first FMCG 

businesses to deliver bread via an 
all-electric vehicle, is trialling two 
7.5 tonne FUSO eCanter trucks for 
bread deliveries in London – the 
first delivery will take place at 
Tesco’s Rainham store in the UK. 
The vehicles are at the forefront 
of battery technology, resulting in 
a zero-emission drive to support 

efforts of the Mayor of London 
Sadiq Khan to reduce air pollution 
in the capital. 

Manufactured by FUSO Trucks, the 
vehicles can travel up to 60 miles 
on a single trip. Hovis® logistics 
team will work closely with FUSO/
Mercedes over the two-year trial 

Hovis® trials

all-electric bread vehicles 
for zero-emission deliveries in urban areas
 
The first delivery will be to a Tesco store in Rainham, Essex, UK as part of Hovis’® commitment to 
reducing carbon emissions.
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period, monitoring performance 
to determine how they support 
the company’s efforts to reduce 
ongoing carbon emissions. This 
initiative represents a significant 
advancement in the business’ 
sustainability ambitions. 

Nish Kankiwala, CEO of Hovis®, 
said: “We are very proud to 
introduce electric bread lorries, 
with the first delivery marking an 
important step in our efforts to 
cut our logistics carbon footprint. 
The two eCanter vehicles will play 
an important role in sustainable 
fleet management and we are 
excited to see them in action. 

“As part of our environmental 
strategy we have already installed 
more efficient route planning and 
are rolling out clearer labelling on 
our packaging to communicate 
that our bread bags are 100% 
recyclable. We will continue to 
explore other initiatives to reduce 
both our packaging and wider 
corporate carbon footprint for a 
greener future.” 

London’s Deputy Mayor for 
Environment and Energy, Shirley 
Rodrigues, said: “In London we 
have taken bold action to help 
cut toxic vehicle emissions which 
are responsible for over 50 per 
cent of air pollution. With the 
recent introduction of the Ultra-
Low Emission Zone in central 
London, electric vehicles are 
growing in popularity and people 
are more aware than ever of the 
harmful pollution older vehicles, 
especially heavy goods lorries, 
can emit. It’s great to see Hovis®

helping to protect Londoners’ 
health and the environment by 
trialling zero-emission delivery 
trucks.” n

About Hovis 

Hovis Limited is a baking and 

flour milling business jointly 

owned by The Gores Group 

(51%) and Premier Foods PLC 

(49%). Hovis® also makes 

Mothers Pride® and retailer 

branded bakery products.

The Mayor of London and Transport For London (TfL) have 
successfully launched the most progressive air quality scheme 
in any major world city on Monday 8 April 2019 to tackle the 
increasingly worrying toxic air in London. The Ultra-Low Emission 
Zone (ULEZ) which enforces the toughest vehicle emission standards 
is set to run 24 hours a day, seven days a week to improve the health 
and wellbeing of thousands of Londoners. The ULEZ will all but 
halve road-based nitrogen oxide (NOx) in central London within a 
year of its launch and will expand to the North and South Circular 
[roads] in 2021. Non-compliant vehicles travelling into the ULEZ 
zone need to pay a daily charge of £12.50 to discourage the use of 
the most polluting vehicles on the roads. To support drivers and 
owners making the shift to electric vehicles, we have been improving 
infrastructures around the capital including installing more 
accessible and convenient charging points to facilitate charging 
of electric vehicles, as well has offering a £48 million scrappage 
scheme to help support small UK business, charities and low income 
households to ditch the most polluting vehicles. 

TfL’s ULEZ vehicle compliance checker is available at:
https://tfl.gov.uk/ulez

FOR MORE INFORMATION

Newgate Communications
Andrew Adie, Clotilde Gros, 
Jess Hodson-Walker or Jamie Williams
Email: hovis@newgatecomms.com
Tel: +44 (0) 20 7680 6550 
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year of its launch and will expand to the North and South Circular 
[roads] in 2021. Non-compliant vehicles travelling into the ULEZ 
zone need to pay a daily charge of £12.50 to discourage the use of 
the most polluting vehicles on the roads. To support drivers and 
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Subscribe today

Are you looking for a new ‘functional ingredient’ to help 
you beat off the competition? 

Subscribe today to  – A refreshing 
publishing concept that combines cutting-edge 
research, innovation, science and technology from 
Europe’s leading experts, and professionals. Now read 
in over 50 countries worldwide!

Go to www.bakingeurope.eu to subscribe or email 
enquiry@bakingeurope.eu
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Intrigued? Then read on – it is happening right now!

StabilisationHow robust are your cakes and foamed products?
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Specialists in food processing equipment

www.rademaker.com

Rademaker Academy
Quality in Knowledge
Knowledge is power. When detailed know-how about sheeting processes, production line operation and dough 
processing is lacking, problems affecting overall production costs and product quality might occur. In the 
Rademaker Academy, bakery knowledge is preserved and shared through education and training, enabling you 
to maximize the profitability of your bakery.
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