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FOREWORD

Welcome

to the autumn 2020 issue of Baking Europe!

T

he more observant of you
will, no doubt, be wondering
what happened to the summer
edition of Baking Europe. We
are sorry that we were unable
to publish the issue but this
was due to COVID-19 closing
down universities and research
establishments with whom
we work closely, rendering it
impossible to bring you the
exciting projects and innovative
stories you look forward to.
The good news is that now that
academia is reawakening with
renewed vigour, Baking Europe is
still in print and bristling with
new research and innovation.
In addition, the lockdown has
fostered an unprecedented surge
in home baking, potentially
boosting an interest in the bakery

industry for many at a time when
it needs a new intake.

stimulating research than
ever before.

During lockdown the team here
has been working very hard to
report on many brilliant research
projects such as gas bubble
generation in bread by Campden
BRI (It’s more than just about
CO2) yet more alternative protein
sources by CSIC, a special report
on the rich nutrients in prunes
and why you should add them to
bakery products through to what
is becoming a regular feature
on plastic waste written by
researchers at Sheffield University.

As people start going back to
work whether from home or
office, they still need feeding with
an exciting array of high quality,
nutritional, clean-label baked
products to satisfy not only their
hunger but their increasing desire
to look after the planet.

In addition to articles on
sustainability, loss of smell and
taste experienced by COVID
sufferers, this special bumper
issue is packed with more

I would love to hear your
stories, experiences of survival
over the last few months,
therefore if you have an
interesting story, please contact
on enquiry@bakingeurope.eu.
It may be published in the
next issue!
Graham Pendred
Publisher
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SCIENCE
GAS GENERATION DURING BAKING

WHAT CAUSES BREA
By Dr Gary Tucker, Technical Development Ambassador, Campden BRI

T

his article discusses the
different gases that are
essential in helping bread dough
to rise during baking. A great
deal is written about the way
that yeast produces carbon
dioxide to leaven bread dough
during proof. However, there
are other gases such as ethanol
and steam that are vital during
the oven stages of bread
making. These gases tend to
be forgotten but without them

BAKINGEUROPE Autumn 2020
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it would not be possible to
bake bread of the quality we
expect. Their role increases in
importance as the bread reaches
the end of the bake time when
its structure becomes more
susceptible to collapse.
There are many ways of making
bread from the basic ingredients
of flour, water, yeast and salt,
from labour-intensive artisan
bread to high throughput

sandwich bread. However,
there are three aspects that are
critically important to any type of
bread making, and it all starts in
the mixer:
• The mixing action entrains
numerous air bubbles into the
dough that can be inflated
during proof and baking.
• Dough development takes place
during the mixing process to

SCIENCE
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AD DOUGH TO RISE?
convert the flour proteins into
a gluten matrix that has the
elasticity to allow the bubbles to
expand in later stages.
• Gases are generated by yeast
action and/or chemical
leavening agents to expand the
bubbles and create the desired
aerated bread structure.
The role of gases in expanding
the bubbles during proving and

baking is fascinating but usually
focuses on yeast converting
sugars to carbon dioxide (CO2).
Yeast metabolism in dough is
complex and involves a short
aerobic fermentation stage
where oxygen from the bubbles
is used up followed by a much
lengthier anaerobic stage.
The details of this are explained
later. The mechanisms help to
explain why the dough volume
initially shrinks, why there is a

lag before the dough gradually
increases in volume and how
oven spring takes place.
However, as mentioned, there are
other leavening gases that play
a vital role, particularly during
baking, and without them the
bread is certain to collapse in the
oven. This article highlights the
role of the other gases together
with the mechanisms by which
those gases work to inflate the
bubbles.

Specialists in food processing equipment

Experts in
dough technology
In-depth knowledge of dough technology is a key
ingredient required for the production of high-quality
bakery products. With over 40 years of experience in the
bakery industry, Rademaker is expert in this field. This
know-how, combined with specific sheeting process
expertise, overall production process insights and cost
of ownership calculations, are used to develop the very
best bakery equipment solutions that will work for you.

www.rademaker.com
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BACKGROUND RESEARCH
Among the many research papers on bread dough
leavening there a couple that are worthy of mention.
These introduced the concept that gases other
than carbon dioxide played a key role in expanding
gas bubbles in dough. Moore and Hoseney (1985)
calculated the carbon dioxide volume from
expansion of the gas bubbles and concluded that
carbon dioxide alone did not explain the increase
in volume from dough to bread during baking. They
thought that ethanol was significant, particularly
around 70°C when its vaporisation rate increased
rapidly. A further publication on this subject was
by Bloksma (1990) who compared the Moore and
Hoseney calculations with his own on partial
pressures of gases during baking. Bloksma included
carbon dioxide, ethanol and water in his own
calculations of thermal expansion. He concluded
that water (in the form of steam) contributed more
than half of the oven spring volume, with ethanol
and carbon dioxide responsible for much of the rest.
These calculations were made up to 70°C because
this was the stage when Bloksma considered that
oven spring ended and further volume increase was
negligible.
GASES INVOLVED IN BREAD MAKING
As mentioned previously, during bread baking there
are several gases that contribute to the leavening
of bread dough. Carbon dioxide is the main gas

associated with yeast leavened bread, however,
other gases that play a role are ethanol, nitrogen and
steam. There is also a small contribution from low
molecular weight volatile compounds formed during
fermentation. The main gases and their roles are
described in Table 1.
Carbon dioxide (CO2)
Carbon dioxide generation takes place during two
stages of fermentation because yeast can metabolise
both aerobically and anaerobically. Aerobic
fermentation is the first pathway and will continue
until all the oxygen is used up and the conditions in
the dough become anaerobic. There is competition
with ascorbic acid for oxygen, added to increase
gluten oxidation during mixing, and this limits
the extent of aerobic fermentation. The yeast first
metabolises glucose and oxygen to carbon dioxide
and water, as in Equation 1. Glucose is generated by
enzymic pathways from the starch in the flour to
maltose and then to glucose. Oxygen comes from
the air in the bubbles entrained during mixing.

C6H12O6 + 6O2 → 6CO2 + 6H2O

Equation 1

Having used the available oxygen, subsequent
fermentation during proof takes place with the
dough in an anaerobic condition. Yeast obtains the
oxygen needed directly from the glucose, according
to Equation 2. This is by far the most dominant

Table 1: Gases released from bread during baking
Gas

Description

Carbon dioxide (CO2)

Generated by yeast during aerobic and anaerobic fermentation of glucose. Amylases convert
starches in the flour to maltose, which is further converted to glucose by maltase from the
yeast. Anaerobic fermentation is the dominant effect.

Ethanol (C2H5OH)

Generated by yeast during anaerobic fermentation of glucose. Molar quantities of ethanol are
the same as for CO2 during anaerobic fermentation. Ethanol boils at 78.4°C so its influence on
dough expansion is significant as the dough temperature approaches 70°C.

Water (H2O)

Approximately 40-60g is lost from a 900g dough piece (to make an 800g lidded loaf) during
baking. Much of this will be water which will turn to steam late in the oven.

Nitrogen (N2)

Nitrogen is left in the bubbles when oxygen is used by both yeast and ascorbic acid. Nitrogen
expands as it increases in temperature. Dissolved gases (oxygen and nitrogen) will also come
out of solution as the dough liquid increases in temperature.

Other volatiles

Volatile molecules are also generated from fermentation, such as carboxylic acids, aldehydes,
ketones and alcohols.

BAKINGEUROPE Autumn 2020
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stage in yeast fermentation. Equal molar quantities
of carbon dioxide and ethanol are produced from
glucose breakdown, which are significant, and
discussed later.

can also dissolve in organic solvents such as the
vegetable oil used in bread making. This helps in
a small way to increase the quantity of dissolved
carbon dioxide in the dough.

C6H12O6 → 2CO2 + 2C2H5OH

Ethanol (C2H5OH)
Equation 2 shows that ethanol and carbon dioxide
are produced in equal molar quantities during
anaerobic fermentation. Ethanol is readily soluble
in water and organic solvents, to the extent that all
the ethanol produced during fermentation dissolves
into the liquid phases surrounding the gas bubbles.
It boils at 78.4°C and is likely to have left the bread
soon after its boiling point of 78.4°C is reached.
The rate of ethanol evaporation is likely to be at its
highest when the internal core temperature is
above 70°C.

Equation 2

It is important to note that the carbon dioxide
produced from either fermentation mode does
not go straight into the gas bubbles. At proof
temperatures of 32-38°C, carbon dioxide is soluble
in water to a level of about 1.0 g/kg. It first dissolves
into the aqueous phase that surrounds the yeast
cells and continues to dissolve until the liquid
becomes saturated. During the aerobic stage, oxygen
is used from the air bubbles and this reduces the
pressure inside each bubble. They first shrink by
about 20% as they now only contain nitrogen. Only
when the water is saturated with carbon dioxide can
it enter the bubbles to inflate them. Carbon dioxide

■

The role of ethanol in dough behaviour is complex
and is a subject for further investigation. Ethanol
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Fig 1: Time of influence of the different gases during baking of white
sandwich bread

in pressure from ethanol and
steam it is likely that the delicate
bubbles will collapse.
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is known as a universal solvent
because it allows both polar
and non-polar compounds to
dissolve. It therefore increases
the solubility of carbon dioxide
so that more can dissolve and be
available to release from solution
as the dough temperature rises
during baking. This contributes
to the sudden oven spring that
happens early in the baking
process. Ethanol also increases
the solubility of the gliadin wheat
protein fractions, which may
have an impact on the rheological
behaviour of dough because the
gliadins are thought to confer
extensibility to dough. Another

property of ethanol is the role it
plays in softening bread crumb.
Steam (H20)
Water boils at 100°C and so will
be released later into the baking
process than ethanol (BP 78.4°C)
or carbon dioxide (BP -56.6°C).
By the time steam is released
into the bubbles it is likely that
the structure of a baked product
will have increased in ‘viscosity’
substantially because of starch
gelatinisation that takes place
above 60°C. However, the thin gas
bubble walls will still contain a
lot of water and are very soft at
this stage. Without the increase

Nitrogen (N2)
Air contains approximately 20%
oxygen and 80% nitrogen. Oxygen
is used up by the yeast during its
aerobic phase and is replaced in
the gas bubbles by carbon dioxide
once the liquid surrounding
the gas bubbles is saturated.
Nitrogen is unaffected by yeast
fermentation and will expand as
the bread temperature rises. The
contribution of nitrogen to bubble
expansion is less significant than
with the gases that come out
of solution. Nitrogen expansion
is uniform with temperature
compared with the instant
volume increase when a gas
comes out of solution.
WHEN ARE THE GASES
RELEASED?
This is another interesting
question. Soluble gases such
as carbon dioxide and ethanol
dissolve into the aqueous and
organic liquids surrounding
the bubbles. The extent of their
solubility depends on pressure
and temperature. As the dough
temperature increases, the
gases are forced out of solution
and inflate the gas bubbles. If

Each gas exerts its pressure influence a
stage in the oven, and without these ga
in series it is not possible to create a cru
based on such a delicate network of bub
BAKINGEUROPE Autumn 2020
www.bakingeurope.eu
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a bubble breaks and coalesces
with an adjacent bubble, the
gas is retained within the larger
bubble and is not lost. Only a
small amount of gas is lost from
the top surface of the dough.
Experiments have shown that this
is not a significant quantity and
only occurs towards the end of
proof and more so with less well
developed doughs.

at a different
ases working
umb structure
ubbles.

Oven spring takes place quite
early into the baking process.
This is when a sudden increase
in pressure occurs inside the
bubbles, which causes the
dough to force upwards rapidly.
Expansion slows down when
the sides and top surfaces dry
out, set hard and they resist the
upward forces. Further volume
increase is limited and, with pan
bread, causes a break in the side
crusts towards the upper edges.
This pressure increase is caused
mostly by carbon dioxide coming
out of solution but there is some
contribution from nitrogen
expansion and ethanol. Oven
spring is usually completed in the
first third of the bake.

bake. Without a positive pressure
to maintain them, the bubble
walls are so soft that they can
easily collapse. The bubble
pressure is first maintained by
carbon dioxide because it boils at
Fig 2: Micro CT image of the porous
structure in a 2cm cube cut from of a
white lidded loaf

The internal network of bubbles
in the bread crumb remains
delicate for the duration of the

Autumn 2020 BAKINGEUROPE
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the lowest temperature (-56.6°C),
followed by ethanol (78.4°C) and
finally by water (100°C). Nitrogen
expansion takes place gradually
as the dough temperature
increases throughout. Each gas
exerts its pressure influence at a
different stage in the oven, and
without these gases working in
series it is not possible to create a
crumb structure based on such a
delicate network of bubbles.
Figure 1 illustrates the
temperature rise in an 800g
loaf of sandwich bread during
baking. It shows the approximate
regions in which the gases have
their influence on maintaining
the bubble pressure. Figure 2
is a micro CT (computerised
tomography) image taken for a
2cm cube from a white sandwich
bread that shows the fine gas
bubble structure. It would not be
possible to create such fine and
delicate crumb structures without
a series of gases to maintain the
internal gas pressures.
FOAM TO SPONGE CONVERSION
There is one last change in the
bread crumb structure that
is essential to avoid collapse
of a loaf after baking. This is
particularly important with bread
baked in lidded pans where
crust thickness and strength are
much less than with open baked
crusty products. Every single gas
bubble must break to allow the
hot gases out. If the intact gas
bubbles cool, the result will be
a loss in pressure and enough
volume reduction to cause the
side walls to collapse inwards.
This change – where the bubbles
break to allow the escape of their
gases – is known as the foam to
sponge conversion and is thought

BAKINGEUROPE Autumn 2020
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to happen just a few minutes
before the bread exits the oven.
The result is effectively one very
complex gas bubble made from
all the interconnected smaller gas
bubbles.
Towards the end of the oven
process, and just before the foam
to sponge conversion, the gas
bubbles contain a mixture of
gases including nitrogen, steam,
carbon dioxide, ethanol and some
volatile organic compounds. It
is likely that steam is mostly
responsible for breaking each
of the gas bubbles in bread;
converting the structure from a
closed foam to an open sponge.
When water changes into a gas it
increases in volume substantially.
The later stages in baking are
when the bread is hot enough for
steam generation to occur rapidly.
This conversion is an essential
part of the baking process and
enables the gases to escape to
atmosphere and be replaced by
cooler air. Without this escape
pathway each bubble suffers a
massive collapse in pressure and
volume as the gases cool.
Summary
The role of carbon dioxide,
ethanol, nitrogen and steam
is fascinating during mixing,
proof and baking. It would not
be possible to bake bread with
a fine network of gas bubbles
without each of these gases
working together to maintain
the pressure inside the bubbles.
Carbon dioxide is responsible for
the volume increase in dough
during proof and for much of the
oven spring that happens early
into the bake. Ethanol and steam
are vital to maintain pressure

inside the delicate bubbles
towards the later stages of baking.
Finally, and after the starches
have gelatinised and started to
set, steam creates pressure that
breaks each of the bubble walls
to release the gases into the oven
atmosphere. Air rushes back
into the newly created single
interconnected bubble to make
the bread structure more resilient
to collapse. By understanding
these different mechanisms
during mixing, proof and baking
it is possible to design recipes and
processes, and to solve baking
problems more easily. n
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Food for thought:
the global boom of alter

By Cristina M. Rosell (below left) is a Full Research Professor in the Institute of Agrochemistry and Food Technology (
Technology IRTA-Monells, Girona, Spain.

T

he protein-rich diet is
booming as a ‘better for you’
lifestyle. Alternative proteins are
a disruptive driver for protein-rich
food formulations and have found
an excellent niche in baked goods
and snacks. There could be many
reasons for this interest; but does
it represent a market trend or is it
a response to consumer demand?
A single main trigger is unlikely

to be responsible. Manufacturers
continue to seek alternative
edible sources to boost product
innovation and to respond to new
consumption niches. Vegans and
vegetarians have health, ethical
and environmental motives for
excluding animal proteins from
their diet and consume plantbased proteins, whereas the
flexitarian lifestyle is based on
the reduction of proteins from

animal in favour of those from
non-animal sources, for health
reasons. Athletes are among
those who consume hyperprotein foods, so baked goods and
snacks are regarded by them as a
good way of ingesting adequate
protein intake.
Given that it is predicted that
meat demand will increase by
nearly 1.5% per annum from

Research laboratories are becoming inc
interested in proteins from micro-algae
vegetables, fruits and insects.
BAKINGEUROPE Autumn 2020
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rnative protein sources

(IATA-CSIC) and Dr Fatma Boukid (below right) is a Project Manager in the Institute of Agrifood Research and

300 to 455 million tons over
the forecast 2020-2050 as a
result of an increasing world
population, it is anticipated that
the identification of alternative
sources of protein will be
essential rather than optional
if future demand is to be met.
Alternative proteins such as those
found in pulses or cereals are
healthier and more sustainable
compared to those from animal

sources. In terms of healthiness
and wellbeing, the source matters.
Where animal proteins have
complete and balanced amino
acid-compositions compared with
plant proteins, blending cereals
and pulses can also provide a
balanced composition (Boukid
et al., 2019). Recent evidence has
also revealed that animal proteins
can be associated with health &
safety issues. In addition to the
source of a protein, its subsequent
processing, through several
steps of isolation and extraction,
can modify its structure and

functionalities as well as its
nutritional profile. Caution should
be taken, therefore, where general
statements are made about the
healthiness of a protein.
THE MAIN ALTERNATIVE
PROTEIN SOURCES
Soy protein occupies the largest
share of the market followed
by wheat and pea proteins
respectively. Increasing interest
in proteins that derive from
lupin, chickpea and beans are
also valuable for their nutritional,
functional and health benefits.
Proteins deriving from cereals

creasingly
e, seaweeds,
Autumn 2020 BAKINGEUROPE
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such as rice and corn are trending
upwards especially in the glutenfree markets as is potato protein.
Research laboratories are
becoming increasingly interested
in proteins from micro-algae,
seaweeds, vegetables, fruits and
insects, which are expected to
take the market by storm in
the near future. For the time
being, though, there are no
commercially available protein
isolates from algae, but only dried
biomass because their extraction
and purification are still
encountering serious challenges
with cell disruption.
Similarly, despite the great
demand for high-protein (up
to 92%) microbial protein
alternatives, the commercial
exploitation of bacteria has up
until now focused mainly on
animal feed, rather than on
human consumption.
In bakery, the selection of the
source of proteins depends on
whether or not the product
contains gluten. In glutencontaining products, vital gluten
is the most used especially in
weak wheat flour for improving
its rheological performance. Other
proteins can be used to enhance
the amino acid profile such as soy,

pea, or potato proteins. In glutenfree products, soy, rice and potato
proteins as well as zein are used
most often for their functional
and nutritional features.
PROCESSING
The key steps in the extraction of
protein are solubilisation under
alkaline or acidic conditions,
isoelectric precipitation and
drying. Both pre and postprocessing treatments, including
fermentation (by bacteria, yeast
and/or fungi), enzymes, chemical
and thermal processing, are
used to reduce protein-flavour
binding affinities, changing
sensory perception separately
from their functionality. These
processes can affect protein
structure by inducing changes
in amino acid sequences in their
primary structure prior to the
formation of folding polypeptide
chains and leading quaternary
structures. Furthermore,
changing conditions, applied
for isolation and extraction, can
modify proteins conformations
and native state stability.
These modifications can be a
valuable pathway to modulate
functionalities promoting specific
ones like foaming, emulsifying,
filming, structuring and gelling
capacities. However, those
modifications in functionality

In gluten-free products, soy, rice and
potato proteins as well as zein are
used most often for their functional
and nutritional features.
BAKINGEUROPE Autumn 2020
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could also have a negative
impact on their physiological and
functional properties.
The search for new protein
sources is gathering pace and
often linked to sustainability
and waste recovery, but with the
caveat that protein extraction
and isolation require complex
processes that can rarely be
categorised as sustainable and
environmentally friendly.
APPLICATION OF ALTERNATIVE
PROTEINS IN FOOD AND
BEVERAGES
Incorporating alternative
proteins into bakery products,

pasta, snacks, meat analogues,
beverages and dairy products
has become common practice in
the development of innovative
foods. Despite that great interest,
the inclusion of proteins is still
challenging for the food industry,
mainly because of the impact
on functional and technological
properties. These proteins can be
added to contribute to function,
nutrition or both.
Proteins from soy, wheat and
peas are of particular interest as
substitutes for animal protein in
animal-free formulations due to
their film-forming and texturing
properties enabling the

17

formation of the fibrous structure.
Likewise, their inclusion in
gluten-free breads enhances
the rheological properties of
the dough and quality of the
bread as well as contributing
to its nutritional quality and
digestibility (Marco & Rosell, 2008)
soybean, egg albumen and whey
proteins. In wheat bread, gluten
improves bread properties, while
non-gluten proteins improve
protein quantity and quality of
the bread product. The inclusion
of protein also enhances
the nutritional properties of
pasta and biscuits without
compromising their traditional
sensory features.

Specialists in food processing equipment
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INGREDIENTS
THE SEARCH FOR NEW PROTEINS

In addition to their use in food
products, non-animal proteins
have also found a place in
innovative beverages including
sports drinks, shakes, smoothies
and so on.
Textured soy proteins or pea
proteins provide protein-rich
beverages that could be greatly
appreciated, not only by athletes,
but also elderly persons in need
of protein supplements. Despite
the nutritional benefits of dairyfree beverages made with soy and
pea proteins, their enjoyment can
be marred by a characteristically
beany flavour. To overcome
such issues, innovations in
processing and formulations are
key to shaping the future of the
protein market. Furthermore,
the consequences of changing
the protein profiles of foods plus
the global protein intake are

still unknown, therefore, more
investigation is required to fill in
this gap.
HEALTH ASPECTS
Protein intake is required for the
proper functioning of the human
metabolism and as a source of
essential amino acids. The World
Health Organisation, (WHO),
the UN Food and Agriculture
Organisation, (FAO) and United
Nations University (UNU) set
out the various requirements for
essential amino acids dependent
on consumer age range. Protein
hydrolysates are an important
source of bioactive peptides with
health-promoting properties such
as antioxidative, antimicrobial,
antihypertensive, anti-cancer
and immunomodulatory effects
as well as blood pressure
regulation and blood serum
cholesterol control. Nevertheless,

ABOUT THE AUTHORS
Cristina M. Rosell is a Full Research Professor in the Institute of
Agrochemistry and Food Technology (IATA-CSIC). She is an active
researcher in food science and technology in relation to processing, quality
and nutrition. She is leader of numerous national and international
research projects, among them the “Leading Innovation in Cereals” a
flagship project in Cereals and Cereal Based Products. She has more than
two hundred publications and book chapters on the topic of cereals. She is
the author and editor of several books and received various prizes for her
achievements in cereal science.
Fatma Boukid is a project manager at Institute of Agrifood Research and
Technology IRTA-Monells. Her search activity is mainly focused on plant
proteins deriving from conventional (cereals and pulses) and innovative
(microalgae) sources. She has worked on wheat allergy, designing fatreduced and sugar-reduced bakery products as well as functional foods
based on cereals and pulses and food digestibility. She is currently
involved in protein alternatives, mainly microalgae, under the umbrella of
a European project ‘ProFuture’ (Microalgae protein-rich ingredients for the
food and feed of the future_H2020 Ref. 862980).

compositional information
related to proteomics and
metabolomics of products
enriched with proteins is still
missing. Considering the further
impact of proteins in the human
metabolism, it is deemed
essential to fully exploit protein
functionality and to guarantee
product safety.
Since all alternative proteins
have still not been identified or
exploited, taking full advantage
of their use requires an
understanding of their technofunctionality and behavioural
properties within food matrices,
in order to establish their
potential use and possibilities.
In addition to processing and
functionality, the potential
impact of specific amino acids
and peptides on human health
requires further research. n
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PROCESS
VACUUM COOLING VS. BAKING

VACUUM COOLING OF BREAD
By Dubravka Novotni, Faculty of Food Technology and Biotechnology, University of Zagreb, Croatia

I

t is well known that bread is
the most commonly consumed
cereal-based product in Europe
where it forms an important
share of the “food basket” with
its economic value a little shy
of that of meat and cheese
products.[1] Worldwide, bread
products differ in shapes, sizes
and sensory attributes depending
on the ingredients, processes and
equipment used. Every baker will
know that many bread-making
processes in use today, (mixing,
dividing, baking cooling etc) are
increasingly being carried out
using partly or fully automated
equipment for efficiency
purposes.
It is now well documented that
bread processing is responsible

for the largest share of energy
use in the food business and,
therefore, the associated
greenhouse gas emissions[1].
Half the energy used to produce
a bread product is used by the
oven in an industrial bakery,
with a higher percentage in
artisanal bakeries.[2] Recently,
alternative techniques have
been used in conjunction with
conventional baking methods in
order to reduce baking time and
energy consumption, the first
being the use of a low-pressure
or vacuum during baking. This
process involves part-baking at
atmospheric pressure followed
the application of a partial
vacuum (20-60 kPa) during the
latter part of the bake cycle. The
lowering of pressure decreases

the boiling point of water.
Bread contains a significant
amount of water (30-50% by
weight), vacuum cooling being
achieved by bringing the water
within the bread to boiling
point at its core and surface
simultaneously. Consequently,
bread cools as a result of energy
expenditure changing the
aggregate state of the water
within. Upon the application
of a vacuum, the gelatinisation
of starch and denaturation of
protein continues; hence, vacuum
cooling is sometimes called
vacuum baking. As the baking
process continues during cooling,
the processing time and energy
consumption are reduced. The
vacuum cooling of the baked

Vacuum cooling has the lowest
energy cost per unit of cooled
product and is the fastest cooling
system for bread and fine bakery
products.
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bread from internal temperature
93–97°C to 15–40°C is achieved
within ten minutes (Fig. 1). In
comparison, the conventional
cooling process takes between
1 and 6 hours, depending on
the product type (its thermal
properties), weight, shape, and
desired end temperature. Cooling
processes are often passive –
bread is manually placed on
cooling racks and naturally
cooled in ambient conditions.
A more active process uses an
automated forced-air system
cooling-room or tunnel with
an air humidifier and filters to
protect against micro-organisms
and their spores[3]. Among
different methods and technical
solutions used for cooling bakery
products, the spiral-conveyor
system is regarded as the most
effective for productivity and the
footprint size.[4] However, vacuum
cooling has the lowest energy cost
per unit of cooled product and
is the fastest cooling system for
bread and fine bakery products.
The major advantages of this
process are that cooled bread can
Fig 1.

be sliced immediately, bagged
or packaged without risking
condensation. Hence, the market
volume of vacuum-cooled baked
products is increasing globally.[5]
A low-pressure oven may be used
by astronauts for baking bread on
the International Space Station
soon[6].
A rack batch-cooling system
and in-line vacuum cooler with
conveyors can be used depending
on the size of the bakery[7]. The
main components of a vacuum
cooler are a vacuum chamber
and vacuum pump connected
to a vapour-condenser, with
associated pipe works and
controls. Nowadays, vacuum
pumps with coated compressor
screws are replacing rotary oillubricated vacuum pumps. The
temperature is controlled through
the regulation of the pressure
within or outside the chamber
using a refrigeration bath
circulator.
The market share of small-large
sized food vacuum coolers is

growing rapidly.[5] There are
currently several companies
now manufacturing vacuum
cooling equipment for the bakery
industry.
BREAD QUALITY – IMPROVED OR
DEGRADED?
Vacuum cooling can affect
the quality of bread positively
by producing a crispier crust,
more porous structure, higher
profile, and reduced crumbliness
compared with a product that has
been cooled conventionally[8,9,10].
Vacuum-cooled bread has a
lower moisture content in the
crust than air-cooled bread and
so softening or toughening of
the crust by moisture from the
within the bread is prevented
as a result[10]. A partial vacuum
at the baking stage could mean
gas cell inflation throughout the
crumb postponing the setting
of the crust and resulting in an
increase in the volume of the
bread. In addition, partial vacuum
reduces the risk of contraction
and structure collapse during
cooling due to the homogeneous
internal temperature distribution
and completion of starch
gelatinisation. Nonetheless, bread
volume enhancement is usually
rather small (up to 10%)[9,11]. For
noticeable volume enhancement,
partial vacuum should be applied
to the partially baked bread while
the structure is still forming[8].
Moreover, the oven-rise in partial
vacuum conditions greatly
depends on heat transfer at the
base of the product[8].
With a shorter baking time,
vacuum cooling reduces crust
browning and can minimise the
heat-formation of potentially
carcinogenic compounds such as
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acrylamide[9]. However, this can
stem the aroma formation and
volatile aroma compounds are
lost due to evaporation during
vacuum cooling.
The major disadvantage of
vacuum cooling is increased
weight loss (7-8%) because
of water evaporation under
vacuum compared with cooling
in ambient conditions (3-5%).
A shorter baking time should,
therefore, compensate for the
increased weight loss.
Higher water loss often results
in an inferior crumb texture.
During a recent test, vacuumcooled breads had a harder
crumb than air-cooled breads
and that was proven
instrumentally, but it was
not confirmed in sensory
evaluations[9, 10]. Crumb
softness can be obtained with
a combination of vacuum cooling

Fig 2.

Investment cost
Higher weight loss
Less pronounced
flavour
Harder crumb

Reduced baking and
cooling time
Improved safety
Crispier crust
More porous crumb
and supercritical fluid extrusion
of dough[12] or sourdough
fermentation[9]. Crumb hardening
does not occur in vacuum cooling
of gluten-free bread[13,14].

SHELF-LIFE DURATION
Bread has a short shelf-life
because it is prone to microbial
spoilage and goes stale. Wheat
bread is considered at risk of

For noticeable volume
enhancement, partial vacuum
should be applied to the partially
baked bread while the structure is
still forming.
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becoming stale more quickly
as a result of high water loss
during vacuum cooling[11],
however, vacuum-cooled glutenfree breads go stale at a slower
rate than conventionally baked
breads[14]. This is because the
microstructure of vacuum-baked
gluten-free bread is different: the
starch is more crystalline and of
a different crystal type, starch
retrogradation being the main
cause of bread staling.
For all bakery products, faster
cooling means shorter exposure
to critical air conditions before
packaging, which could contribute
to a longer shelf life. Moreover, the
air that enters a vacuum cooler
at the end of the process after
releasing pressure is filtered to
assure more hygienic conditions
are maintained. Such microbial
protection is assured if the
vacuum chamber and/or packing

chamber are directly connected to
the baking oven (in-line).
CONCLUSION
Vacuum cooling reduces baking
and cooling time substantially.
This conserves energy and
increases production efficiency.
It also contributes to the safety
of bread because exposure of the
product to the critical conditions
that trigger the microbial spoilage
or formation of carcinogenic
compounds is much shorter.
However, the initial investment
cost is high and comprehensive
data on the energy, cost and CO2reduction with vacuum cooling in
bakeries of different sizes is still
being collected.
Vacuum cooling can be used
successfully in the production of
partially or fully baked bread. For
the improvement of the quality
of a bakery product, the process

of vacuum cooling needs to be
optimised to maximise dough
inflation and minimise baking
loss for each product. On balance,
it is likely that the benefits of
vacuum cooling of gluten-free
breads and special products
such as sourdough bread, rolls
and pastry are greater than the
disadvantages. n
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Sustainable, organic, clean –
compatibility of trends with
consumers and industry
C

oncern about personal and
planetary well-being is having
an increasing impact on bakery
products and the machines
involved in their making.
Contemporary lifestyles crave
more choice, greater sensory
experience and diverse cultural
influences in the wider context of

what affects the human body and
environment around us.
The consumer society has
been constantly changing and
evolving its tastes in recent
years. For example, in a clear
trend towards sustainability and
away from mass production,

fermentation, slow baking, clean
label and organic food have
become increasingly important
to consumers and especially the
young.
This means that challenges and
opportunities for manufacturers
in the modern food industry have
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increased together and include
incompatibilities and intolerances
such as of gluten which, on
the face of it, look problematic,
but increase consumer choice.
Moreover, they present new
opportunities for optimised and
sustainable production.
Today’s consumers expect
the sustainable production
of high-quality bakery with
more natural ingredients and
fewer additives than in living
memory. Taste and haptics also
need to be convincing despite
reductions in salt and sugar.
Meanwhile, such production
must remain sufficiently
profitable and practicable for
food manufacturers, equipment
manufacturers and food
technologists alike to meet
customer requirements and
BAKINGEUROPE Autumn 2020
www.bakingeurope.eu

maintain the health of their
businesses.
One company that has been
engaged in addressing these
trends proactively is DIOSNA
Dierks & Söhne GmbH, which
has 135 years of experience in
the construction of machines
and systems for the bakery and
food industry. It takes pride in
ongoing customer engagement
stimulating new developments,
such as in recipe & process
optimisation. The company
acquired pre-dough & sourdough
specialist, Isernhäger, six years’
ago, which has enabled it to offer
comprehensive process coverage
from dosing and starter cultures
through to pre-dough machines,
mixing plants, automated
systems with transfer logistics,
residual bread processing and

automated cleaning, plus the
analysis of ingredients and end
products. DIOSNA says its bakery
and food industry solutions can
meet all producer and endconsumer requirements, as
summarised in the graphic.
STARTER CULTURES
DIOSNA starter cultures are lactic
acid bacteria which play a decisive
role in the maturing process and
the consistency of dough. The
focus of these starter cultures
is not only to achieve the taste
experience desired, but also the
realisation of numerous beneficial
properties. These extend shelf life,
reduce the baking agents required
and ensure freshness while
inhibiting the formation of mould.
For example, DIOStart rye lowers
the pH value of rye sourdough
and enables baking without the

SPONSORED INNOVATION FEATURE

addition of yeast. Almost all
DIOStart cultures are certified
organic and kosher. Moreover,
gluten-free production solutions
are available.
PRE-DOUGH
The pre-dough is used for yeast
propagation, aroma development
and freshness. It is also used to
control dough texture, crumb, and
crust characteristics. The quantity
and type of pre-dough is decisive.
The DIOSNA AromaStück, for
example, is a thermally produced
pre-dough, with which flours,
meals and seeds can be swollen
and broken up.
The addition of sugar can be
reduced during this process. The
formation of maltose and various
aroma precursors contribute to a
distinctive bread taste due to the
natural sweetness of the maltose
combined with the sourdough
precursors resulting in mildly
aromatic baked goods. Pre-doughs
and AromaStück can be produced
in DIOSNA pre-dough systems,
which range from individual
machines for small bakeries
to fully automated systems for
industry.
EFFICIENT MIXING
Efficiency, reliability, consistency
and durability are what
distinguish DIOSNA Spiral
and Wendel mixers as single
machines and as fully automated
mixing systems, explains the
company. These optimised
premium machines, made in
Germany, enable increased water
input into the dough and good
temperature stability while
simultaneously shortening
mixing times. In addition,
the company has developed

ContinoMIXX for continuous
dough production.
From simple cleaning, to the
hygienic design of a Wendel
mixer variant (according to
EHEDG), consistent mixing results
and low-maintenance operation,
are just some of the advantages
of DIOSNA mixers.
LOGISTIC
Dough is either left to rest or
directly processed depending on
the pre-dough or mixing process.
Automated systems for (pre-)
dough processing and for dough
resting (slow baking effect) and
transfer are included in DISONA’s
portfolio, for individual process
control. These include a dough
resting system, linear transport,
lifting tipper, hopper with
optional dough portioner and
conveyor belts. The installation of
RFID chips on the mixing bowls
enables bowl-specific control,
such as resting time and dough
type.
CLEANING
Cleaning was often a time, space
and resource-consuming task in
the past, but processes have been
improved. The DIOSNA CIP (clean
in place) or WIP (wash in place)
systems, enable resource-saving,
simple efficient cleaning and can
be designed for all the company’s
Systems, including fermentation
tanks, pipelines and vats.
RECYCLING
Sustainability and profit are
paramount for manufacturers in
the food industry.
The efficient implementation
of pre-dough and mixing
systems is complemented by

the reprocessing of residual
products.Between 200kg to
1000kg of residual dough can be
processed by DIOSNA systems
into sourdough within 42 hours
using the Ecoline fermentation
plant. The company’s residual
bread shredder RZ 4 enables the
recycling of bread and cake into
sourdough (Ecoline bread mixer).
In addition, the company
provides solutions for baked
dough liquefaction (slurry). This
process includes cooling and
storage for a quantity-controlled
return to the dough production
process. The fermentation of the
baked dough has technological
advantages but also enhances
the taste experience. Even fine
doughs with over 50% fat can
be fermented and recycled. The
baked dough restarts the process
of ecological and economical
product manufacture.
In summary, artisan bakeries
and the baking industry can
comfortably meet current
demands, set new trends and
produce efficiently as a result of
a commitment to sustainable,
organic and clean solutions. n
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Prunes offer fat
reduction without
compromising on taste
A recent case study carried out by the California Prune Board has
shown that using prunes in baked goods can help reduce fat by as
much as 41%. So, how else can the dried fruit help
commercial bakery meet targets?

By Kevin Verbruggen (pictured),
European Marketing Director,
California Prune Board

C

onsumer demand for
products with nutritional
value is set to continue, further
fuelled by the COVID-19
pandemic, and a general growing
desire to eat more healthily.

Yet, in spite of this, obesity
remains a challenge: in 2016,
more than 1.9 billion adults
worldwide were classified as
overweight or obese1, and recent
studies2 have shown that carrying
excess weight can increase
the risk of serious illness from
COVID-19.
Many health authorities across
Europe are recommending the
adoption of the Nutri-score
system on packaging with
a growing number of food
companies also pledging to
adopt it. Meanwhile, in the UK, a
recently announced strategy on
obesity3 has seen tighter controls
on the promotion of foods high in
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fat, sugar and salt. The topic will
remain high on European policy
maker agendas with new product
development and ‘renovation’
of existing recipes in bakery
remaining as an area to drive a
competitive advantage.

also come backed by the might
of the California Prune Board
(CPB), which has spent decades
researching the nutritional and
health benefits of incorporating
the sun-ripened, dried fruit into
the diet.

Compromised taste profiles
remain a common barrier
to healthy eating for many
consumers, with a strong ‘repeatrate’ (that is, happy shoppers
coming back to buy again)
being critical for a financiallysustainable business model.

A recent case study carried out
by the CPB has shown that using
prunes in baked goods can help
reduce fat by at least 25% and
by as much as 41%. Meanwhile,
sugar levels could also be reduced
by between 7% and 22%, figure 1.
The Board’s findings demonstrate
that California Prunes support
these reductions of fat and
sugar in baked goods, whilst
maintaining, and in some cases
improving, the organoleptic
properties of the finished goods.
Furthermore, improvements in
fibre levels were achieved.

Consumers are increasingly
looking for the use of natural
ingredients, along with
transparency of origin, through
to adopting a ‘positive nutrition’
philosophy. As these areas
gather pace, finding natural
and nutritious alternatives
to help reduce fat and sugar,
while boosting the nutritional
credentials of baked goods is
assured as being one way to
appeal to consumers.
How, therefore, can the
food industry meet these
opportunities?
Step forward prunes; a natural
product that can partially
replace butter in baked goods,
while offering versatility and
nutrients in abundance. Prunes

reduction; the chocolate muffins
a 41% fat reduction and 7% sugar
reduction, whilst the chocolate
cookies showed a 25% fat
reduction and 7% sugar reduction.
Added sugar within the recipes
was also reduced in varying
quantities.
The prominent question
arising from these experiment
results was “what makes
prunes such a useful – and
natural – replacement for

Undertaken by chef and baker
Peter Sidwell, together with
formulations and nutrition
compositions verified by
independent analysis, baked good
recipes were developed alongside
control recipes. The three recipes
were of chocolate cake, chocolate
muffins and chocolate cookies,
with prune purée used as a fat
replacement, employing a 50:50
butter:prune mix.
The chocolate cake showed a
36% fat reduction and 22% sugar

Figure 1
Fat
reduction %

Sugar
reduction %

Fibre
Increase %

Chocolate Cake

36

22

78

Chocolate muffins

41

7

57

Cocolate cookies

25

7

25

Ingredient

BAKINGEUROPE Autumn 2020
www.bakingeurope.eu

Prunes; a n
replace bu

INDUSTRY RESEARCH
PRUNES AND FAT REDUCTION

fat and sugar, as well as a way
to boost fibre?” Prunes are
fat-free, but their blend of
nutrients like fibre and sorbitol
give fat-like characteristics,
enhancing the flavours of
other ingredients as well as
helping to retain moisture,
which is useful for soft, chewy
baked goods.
California Prunes only use the
D’Agen variety of plum, which is
specially grown to be dehydrated

into prunes. The natural sugars
they contain are the source of
the prune’s distinctively rounded
sweetness and can be used in
place of processed sugars.
Prunes’ malic acid content
(1.1g/100g4), a natural flavour
potentiator that improves food
flavour perception and their
subtle sweetness (sorbitol, low
sucrose) works particularly well in
savoury dishes, and can improve
the overall flavour.

The natural mix of components
that prunes contain may also
contribute to the reduction in
costs through their antimicrobial
effects. Their antioxidant
levels are responsible for their
antimicrobial properties, which
can reduce pathogens associated
with food contamination
and can help inhibit mould
development. Prunes can also
add humectancy/retain moisture
and flavour due to the naturally
occurring sorbitol, a sugar alcohol

natural product that can partially
utter in baked goods.
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and natural humectant. Sorbitol also increases
softness of the crumb, and in certain instances
can extend shelf life, as it keeps products soft
and moist.
The natural deep colour of prunes can also
improve the baked and roasted appearance of a
product, which is particularly useful in gluten-free
breads for example.

2020-08-18 interpack 2021_International_105 x 297 + 3mm_Baking Europe magazine_4c

Another growing trend for consumers is digestive
health. Prunes have long been renowned for
their fibre credentials, containing both soluble
and insoluble fibre (7.1g/100g), and are the only
natural, whole and dried fruit to have achieved
an authorised EU5 health claim. In this area too,
California Prunes can play a valuable role in
increasing fibre levels in commercial bakery.
Under-consumption of fibre has been linked to
unfavourable health conditions and has been
identified by the European Food Safety Authority
(EFSA)6 as a nutrient of public health concern,
because most of us fail to meet the daily fibre
intake recommendation for normal laxation of
25g. Globally, fibre consumption is below 20g/
day7. However, maintaining digestive health
is an important component of overall health
and wellbeing, with benefits of a higher intake
including a reduced risk of coronary heart
disease, type 2 diabetes, and improved weight
maintenance.
In the case study, each recipe showed a marked
increase in fibre, with the chocolate cake reflecting
a 78% increase, the muffins a 57% increase and the
cookies a 25 % increase.
There are other, compelling reasons to use prunes
as a functional ingredient in food manufacturing,
especially given their nutritional profile. Food
manufacturers can potentially make use of
the claims associated with those nutrients
by assessing the final quantity added to a
manufactured product, together with the portion
serving.
In addition to fibre, prunes are high in vitamin K,
which contributes to normal blood clotting and the
maintenance of normal bones.

Messe Düsseldorf GmbH
P.O. Box 10 10 06 _ 40001 Düsseldorf _ Germany
Tel. +49 211 4560 01 _ Fax +49 211 4560 668

www.messe-duesseldorf.de
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They are also high in potassium,
which helps the maintenance
of normal blood pressure,
contributes to normal functioning
of the nervous system, and to
normal muscle function.
Of particular note, prunes are
also a source of vitamin B6 and
copper, both of which contribute
to the normal function of the
immune system. In addition,
they are a source of manganese,
which also contributes to the
maintenance of normal bones,

which in conjunction with
copper, helps protect cells from
oxidative stress. Meanwhile,
copper also contributes to
the maintenance of normal
connective tissues and normal
iron transport in the body,
and normal energy-yielding
metabolism; while vitamin B6
also contributes to normal red
blood cell formation, reduction
in tiredness and fatigue and the
regulation of hormonal activity.
In addition to a nutritious

opportunity for manufacturers to
help meet government-set targets
and address consumer concerns,
the use of prunes in baking can
deliver economic benefits, with
the potential for cost savings
due to reduced spoilage, less
waste, extended shelf life, and
less exposure to cost fluctuation
driven by dairy inflation. n
FOR MORE INFORMATION
info@cpbeurope.eu.com
www.californiaprunes.co.uk

1. https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
2. https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/907966/
PHE_insight_Excess_weight_and_COVID-19__FINAL.pdf
3. https://www.gov.uk/government/publications/tackling-obesity-government-strategy/tackling-obesityempowering-adults-and-children-to-live-healthier-lives
4. Stacewicz-Sapuntzakis M. Dried plums and their products: composition and health effects--an updated review.
Crit Rev Food Sci Nutr 2013;53:1277-1302
5. 100g of prunes, eaten daily, can contribute to the maintenance of normal bowel function
6. European Food Safety Authority. Scientific opinion on dietary reference values for carbohydrates and dietary
fibre. EFSA Panel on Dietetic Products, Nutrition, and Allergies. EFSA J. 2010, 8, 1462.
7. Reynolds A, Mann J, Cummings J, et al (2019) Carbohydrate quality and human health: a series of systematic
reviews and meta-analyses. Lancet. http://dx.doi.org/10.1016/S0140-6736(18)31809-9
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Passion for Dough
W

hat do croissants, bread
rolls, pretzels or Danish
pastries have in common? They
were most likely produced on
a FRITSCH line. The FRITSCH
Bakery Technologies GmbH &
Co. KG, part of the MULTIVAC
Group, offers solutions for
the production of all-round
baked goods.
From artisan bakeries to
industrial-sized bakeries,
irrespective of size, whether
producers require sheeting
machines, components or
complete lines, FRITSCH offers
efficient and technologically
sophisticated solutions in all
areas. Being a specialist in dough
sheeting and processing lines,
FRITSCH possesses excellent
engineering competence and
employs it, together with a
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high level of technical and
technological know-how, to
develop tailor-made customer
solutions. We never lose sight
of the fact that every solution
focuses on the machine adapting
to the product and its dough – not
the other way around. This results
in machines that understand the
customer’s work and have the
ability to master the demands of
creative bakers on a daily basis:
efficient, careful manufacture
of a wide variety of products
while being particularly gentle
with dough.
PDU – THE NEW DECORATION
UNIT FOR BREAD PRODUCTS
FRITSCH engineers have always
kept the whole range of products
in mind during design and
construction of machinery. Most
solutions that perform well in one

area are a good starting point for
another. As a result, the croissantbending robot CBS is now also
applied in a modified form to
the IMPRESSA bread, FRITSCH’s
industrial bread line. This
modular line has now become
even more flexible with regard
to the products it can produce
as FRITSCH has developed a
completely new solution, the PDU
“Product Decoration Unit”, based
on the CBS croissant bending
system technology. It can be used
with the IMPRESSA bread to print
or cut patterns on the surface of
products regardless of their shape
and weight. Whether it’s classical
Kaiser rolls, rye buns or products
with a customized anniversary
or football pattern – the sky is
the limit.
The PDU can emboss decorations

SPONSORED INNOVATION FEATURE

not only on round-moulded
products but also on longmoulded ones. In addition to
moulded bread rolls, the dough
pieces can also be stamped/
punched or cut out, then
decorated with a pattern. The
system’s possibilities with respect
to product weight are also almost
entirely unlimited. A camera
system records the position
of the products and aligns the
embossing or cutting tool at
right angles to the conveyor
belt’s running direction. The PDU
decoration unit then moves to the
product’s position to apply the
required pattern exactly in the
center. The system’s high capacity
is also convincing as decorations
can be imprinted and/or cut
into product surfaces at up to 60
cycles/minute.
THE ART OF PROCESSING
SOFT DOUGH
Today’s consumers are
increasingly demanding clean
label bread products which are
free from additives and which
give the impression that they
have been hand-crafted in the
traditional ways of the artisanal
baker. The doughs for such

products have a higher water
content and are therefore softer
and highly developed, giving
them a greater tendency to stick.
All this, of course, is placing
new demands on the machines
processing the dough. FRITSCH’s
answer to this trend is the new
Soft Dough Sheeter (SDS) on
its industrial bread line, the
IMPRESSA bread. The SDS is ideal
for processing very soft and preproofed doughs with bowl rest
as well as sponge doughs and/
or rework which, depending on
the type of flour used, achieves a
dough yield of 165 to 190.
Mediterranean and artisanal
breads as well as rolls, therefore,
turn out especially well on the
SDS. The system impresses
with a precise portioning and
positioning of the dough even
with very soft doughs. A constant
filling level in the hopper ensures
extremely accurate dough
portions and a homogeneous
dough sheet. The dough blocks
portioned by the star wheel roller
are gently dropped from a very
low height onto an intermediate
transfer section, from where they
can be placed at the appropriate

spacing on the patented machine
through a shaped conveyor belt.
This belt has special sections
along the sides that fold up
preventing lateral shifting of the
dough blocks. Targeted flouring of
these side areas of the conveyor
belt additionally prevents
soft dough from sticking. The
individual blocks can be placed
with measured overlapping before
being transferred to the Soft
Dough Former. This guarantees
uniform weight distribution even
for pre-fermented doughs for
high quality products. n

FOR MORE INFORMATION

Experience our passion for dough
The right solution for all requirements
Made in Germany since 1926
Magdalena Bauer
Teamleader Marketing
Tel.: +49 (0) 9326 / 83-140
Mobil: +49 (0) 159 / 04 15 81 38
mail@fritsch-group.com
Website: www.fritsch-group.com
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IS YOUR CUTTING
ALREADY PREMIUM?

MHS PREMIUM TOUCH
WITH TOUCHSCREEN DISPLAY
AND CUSTOMISED FRONT DECORATION

Watch the video on YouTube!
www.mhs-schneidetechnik.de
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BREAD DOUGH AERATION DURING KNEADING

Study of bread dough
aeration during kneading
with a Food Puff Device
By Eloïse Lancelot1, Adrien Rebillard3, Dominique Della Valle2, Anthony Ogé1, Alain Le-Bail1

Eloïse Lancelot

Adrien Rebillard

Dominique Della Valle

HIGHLIGHTS:
• Food Puff Device (FPD) is
based on the displacement
measurement due to an air jet
by a laser interferometer.
• FPD provides a non-destructive

empirical short time rheology
test.
• First results showed that the
FPD is adapted for measuring
bread dough aeration during
kneading.

Figure 1: Scheme of the FPD (Food Puff Device)

Laser displacement
sensor

Anthony Ogé

Air nozzle
Detector
Laser beam

Air wave
Sample
Alain Le-Bail

Adjusting table
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Figure 2: Example of a surface displacement monitoring in function of time (left). On the right, a cut view of the status
of the dough is shown at Zmin (maximal stroke of the deformation imposed by the air puff) and Zmax corresponding to
the final status of the dough after recovery.
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• hydration of flour particles
• gluten network formation
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attributable to the viscous
dissipation
• significant air uptake during
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Particular visco-elastic properties
of the dough are required for
ideal bread making. Among the
various changes observed when
kneading the dough are the
following:

zmax

mixing resulting in the
presence of dispersed small
bubbles.
These bubbles play an essential
role in the texture of the dough,
providing nucleation sites for
subsequent fermentation and
participating to the final bread
crumb structure. An innovative
system, the Food Puff Device
(FPD), has been developed for
tracking dough rheology, in

conditions where the compliance
is a signature for the air content.
By creating deformation over the
sample surface using an air jet
and monitoring the relaxation
with laser triangulation in
function of time, FPD provides an
empirical short time rheology test
exciting the time scales linked
to the air bubbles entrapped in
the dough, so that the surface
displacement is mainly due to the
dough aeration.

Table 1: Basic dough and sandwich dough recipes
Basic dough
(% on flour basis)

Sandwich bread dough
(% on flour basis)

Flour

100

100

Water

60

55

Salt

1.7

1.8

Sugar

0

5

Oil

0

4

Improver

0

1

Ingredient
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DESCRIPTION OF THE FOOD
PUFF DEVICE
The working principle was
first introduced in a US patent
(Prussia et al., 1994), in which they
describe the technique as well
as several design aspects of FPD.
Then, the device has been proven
effective in various food products.
The previous works include
firmness test of peach, kiwifruits,
apricot and fruits in general

(Hung et al., 1999; McGlone &
Jordan, 2000). Other researches
were done in monitoring milk
coagulation (Bamelis & De
Baerdemaeker, 2006), predicting
tenderness of broiler breast meat
(Lee et al., 2008), and recently on
comparing rheological properties
of different viscous products
(Morren et al., 2015). However, the
study on dough viscoelasticity
with FPD is novel.

Figure 3: Evolution of the maximum depth and the porosity (%) with the
mixing time for the basic dough.
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Figure 4: Evolution of the maximum depth and the porosity (%) with the
mixing time for the sandwich bread dough.
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The FPD prototype developed
in ONIRIS consists of an air
nozzle combined with a laser
displacement transducer (LDT), as
seen in Figure 1. A short response
time valve was used in order
to have a good control of the
duration of the air puff. The air
ejected from the nozzle yielded
a displacement on the dough
surface which was recorded as
a function of time in a software
programme. An example of the
surface monitoring is shown in
Figure 2 where zmin denotes the
maximum depth of the surface
displacement from its initial
position and zmax the irreversible
depression left in the dough by
the air jet.
The displacement response is
similar to the one obtained in a
creep-recovery test. In order to
obtain quantitative information
concerning the rheology of the
dough, like strain, strain rate,
times scales, apparent viscosity
and compliance, a model based
on a 3 elements Generalized
Kelvin-Voigt (3GKV) model, as
recently described by Asaithambi
et al. (2020), is used for parameters
identification.
TRACKING THE POROSITY BY
FPD MEASUREMENTS
Dough preparation
Non-yeasted basic dough
and non-yeasted sandwich
bread doughs were tested. The
respective recipes are given in
Table 1.
The doughs were prepared using a
spiral kneader (SPI11, VMI-France).
A premixing phase was carried
out at 100rpm for the tool and
10rpm for the co-rotating bowl
during 130s for the basic dough
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At this scale, the centre is free
of any deformation and the
repeatability of measurements
is thus ensured. For this
experiment, the air pressure
was set to 1 bar with a pulse
duration (t0) of 10ms.

20
18
16

(%)

Sampling
For each recipe, dough samples
were collected every 100s after
the pre-mixing phase until overmixing. A part of the sampling
was used to evaluate the void
fraction of the dough using
the procedure described by
Sadot et al. (2017) based on the
Archimedes principle. It involves
weighing the sample twice in two
different mediums (air and oil).
For FPD measurements, a 40mm
x 40mm x 20mm deep, square
cookie cutter was used for the
sampling and care was taken not
to deform the dough samples as
manipulation could destroy their
natural structure.

Figure 5: Porosity as function of the maximal deformation for the basic dough
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and 180s for the sandwich bread
dough, in order to homogenise the
ingredients. Then the kneading
was performed at 170rpm for the
tool and 10rpm for the bowl.
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Figure 6: Porosity as function of the maximal deformation for the sandwich
bread dough
20
18
16

Porosity (%)

40

14

y = 21.208x + 5.6973
R² = 0.994

12
10
8
6
4
2
0
0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

Maximal deformation

Porosity and FPD measurements
were carried out on 5 samples
from an identical batch and for
5 different batches for the two
formulations. The experimental
data, which are hence averaged
on 30 trials for each time mark,
are presented with a standard
deviation that includes both
repeatability and reproducibility.

and sandwich bread doughs
are displayed in Figures 3 and
4 respectively. For the two
formulations, both curves
follow a linear trend as function
of the kneading time with a
very similar slope, meaning an
underlying high correlation also
between the porosity and the FPD.

RESULTS
The concomitant evolution of
the maximum depth in absolute
terms measured by the FPD and
the porosity for both the basic

The high correlation between the
void fraction in the dough and
the maximum depth obtained
using FPD is confirmed when
plotting the porosity according

to the maximal deformation εmin,
given by the equation (1). This
expression is more beneficial
towards industrial application,
as it is more independent of the
sample size.

εmin = Ln

hmin
h0

(1)

where
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hmin = Zmin + h0

(2)

and h0 is the dough sample initial
thickness.
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Figure 7: Evolution of the Apparent Young’s modulus with the mixing time for
the basic dough and the sandwich bread dough
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Knowing the normal stress,
the Apparent Young’s Modulus
(Eapp) can easily be determined
(Equation 4).
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Figure 8 : Evolution of the Elasticity and Viscosity indexes with the mixing
time for the basic dough and the sandwich bread dough
1.000

(4)

As shown in the Figure 7, the
Apparent Young’s Modulus for
the two formulations are clearly
decreasing with the mixing
time. The dough becomes more
compliant with kneading in the
FPD test (short time).
Additionally, indexes of Elasticity
(El) and Viscosity (Vi) can also be
obtained from the maximum
depth and the final height:
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For both formulations, a linear
relationship between the porosity
and the maximal deformation
arises, as shown in Figures 5 and
6. The correlation coefficients are
very close to one. These results
are promising, with a comparable
relative uncertainty between the
two measurement systems.
It is noticeable that the slopes
are similar but not identical for
the two recipes, meaning that
a calibration would be required
for each recipe for the method

development. Moreover, in these
specific cases, the basic dough
appears to have a slightly bigger
porosity than the sandwich bread
dough from the beginning to the
end of the experiments (~ 1%),
and the slope itself is slightly
higher for the basic dough.
Other parameters can be
extracted from the FPD curve.
Normal stress (σ0) is obtained
by dividing the impact force (F)
by the jet diameter (S)
(Equation 3)

Vi =

Zmax
Zmin

(6)

For both formulations, the
percentage of elasticity is largely
preponderant over viscosity with
values over 90% (Figure 8). This
means that the elasticity of the
bubbles is measured rather than
the elasticity of the bulk material
and thus, this result confirms
that the surface displacement is
mainly due to the aeration of the
dough. No significant changes in
the visco-elasticity ratio can be
observed during mixing.
CONCLUSION
The FPD system is a new nondestructive measurement
device, capable of determining
rheological parameters related to
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dough aeration. In particular, the
maximum depth obtained with
the FPD is a reliable indicator of
the amount of air incorporated
into the dough.

FOR MORE INFORMATION

Easy, fast and touchless (
minimal risk of external
contamination), this system
would be perfectly suited for inline. Additional knowledge is also
needed on various formulations
and sample geometries to
improve the robustness of the
model. n
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Rademaker Universal Pastry
Line: the next generation
Small changes make a big difference
A pain au chocolat at breakfast, a pasty for lunch, a Danish pastry with your coffee – every moment
becomes more enjoyable with a tasty treat. For over twenty years, Rademaker’s Universal Makeup
line has enabled customers to make a wide range of dough products from a laminator or bread line.
A comprehensive update of the line makes production even more efficient and the name is changing
to Universal Pastry Line. Operation is easier and intuitive, there are fewer wasted ingredients, the
machine line requires less maintenance and meets the highest hygiene and safety standards.
Rademaker’s System Architect, Jan de Kroon, and Senior Bakery Technologist, Richard van Dooren,
were intensively involved in developing the new generation of the Universal Pastry Line. They tell us
about it.

R

ademaker has been making
pastry production lines for
over forty years. During the
past twenty years, this was
done by the Universal Makeup line. This line has been
developed based on information

from the market and updated.
‘Before we embarked on the
development process, we asked
our salespersons worldwide to
analyse the needs and wishes of
their customers with respect to
the Universal Make-up line. That

generated a lot of information,
which eventually led to a project
assignment,’ says De Kroon. After
an initial prototype and the beta
version, it is now time to launch
the Universal Pastry Line: the
next generation.
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DESIGN PHILOSOPHY
The key principal to this project
was ‘boosting the efficiency
of the Universal Pastry Line’.
To be able to approach the
project in a targeted way, a
design philosophy (see box) was
developed. ‘This was based on
five main requirements from the
market and extra attention for
the issues of safety and hygiene.
Everything we did with respect
to the redesign needed to make
operation simpler and enable
multiple deployability and simple
tool changes, otherwise we were
just tweaking things,’ De Kroon
explains.
Through its years of experience
with customers worldwide, the
Rademaker Technology Centre
(RTC) has acquired a great deal of
knowledge of dough processing
and other processes. The RTC
therefore played an important
role in developing the Universal
Pastry Line. ‘What was once done
by the baker is now done on a
conveyor belt. In the first instance,
this line must operate well from
a technical perspective and our
engineers can ensure that. Then
it is important to see how you can
work as efficiently as possible and
still achieve high product quality.
Dough is a living material and the
structure can be easily damaged
by the various processes. Over the
years, Rademaker has developed
BAKINGEUROPE Autumn 2020
www.bakingeurope.eu

dough processing technology
that handles the delicate dough
very carefully, from the start of
the production process to the
final product,’ says Van Dooren.
All the modifications were,
therefore, extensively tested in
the Rademaker Research and
Development Centre and the RTC.
NOT BIG OR COMPLICATED,
BUT USEFUL
The basis of the existing
production line fulfilled the
needs, so no fundamentally new
choices were required. De Kroon:
‘With efficiency improvement
being our starting point, we
looked at all the eighty units that
can make up the line and made
improvements. These were not
necessarily big or complicated
changes but always useful. These
varied from small modifications
like indicating the direction of the
dough so that the unit is always
placed correctly, an innovative
lift system for the conveyor belt
so that it dries faster after wet
cleaning and the introduction of
the Tool Assistant, which makes
a big contribution to the fast and
error-free changing of the line.
The result is a machine that every
user can operate, even someone
without a bakery background.’
Van Dooren adds: ‘The set of
Allen keys, a thirteen spanner
and the familiar notebook with
settings that each operator used

to carry are now no longer needed
due to the Tool Assistant.’
The updated line fits in with
developments in the industry.
Van Dooren: ‘Baking is a craft,
but unfortunately there is less
and less interest in this fantastic
profession. Knowledge of the
bakery sector is disappearing,
particularly in industrial bakeries.
More and more operators have no
bakery background or training.
Due to lack of knowledge and
organisation, a lot of things go
wrong in the dough processing
and the production processes.
That costs time and money.
The Universal Pastry Line is
a machine that allows the
processes to be organised well and
the Tool Assistant makes it easy
to operate, which also ensures
more uniform work between the
different bakery employees, and
tools are no longer necessary.
In the Rademaker Technology
Centre, we show our customers
the advantages of the latest
generation of the Universal Pastry
Line, explain how the line works
and how fast they can start
using it.’
PATISSERIE TO THE CONVEYOR
BELT
The flexible, modular design of
the Universal Pastry Line makes
it possible to produce nearly all

SPONSORED INNOVATION FEATURE

the various types of viennoiserie
and laminated products in many
shapes and sizes, filled or unfilled.
Rademaker is increasingly moving
from being a machine supplier to
a system supplier in the triangle
with the customer and suppliers
of kneaders, proofing cabinets

and ingredients. ‘Because of this
development, our relationship
with customers is changing. We
are becoming more of a sparring
partner. The process is now
also more frequently reversed.
While Rademaker merely used
to deliver the machine so that

The design philosophy for developing the next generation of Universal
Pastry Line.
Needs from the market:
1. Fast and error-free adjustment of the machine to make different products
2. Reduce spillages and wasted ingredients
3. Improve cleanability
4. Simplify operation and better ergonomics
5. Reduce maintenance
Comply with regulations in the field of:
6. Safety
7. Hygiene

The main changes:
1. Fast and error-free adjustment of the machine
• Settings can be saved digitally per recipe.
• Indication of the direction of the dough on all changeable parts.
• A Tool Assistant makes the operation and adjustment even easier
because line configurations and part information can be saved.
Information can be exported to the control panel, a tablet or a printer.
Pop-up screens explain the settings.
2. Reduce spillages and wasted ingredients
• The conveyor belts are fifty millimetres wider.
• Because of the previously saved information, non-professional
alignment and adjustment of settings are prevented.
3. Improve cleanability
• The new machine meets the highest industrial requirements for
hygiene according to the GMA (Grocery Manufacturers Association)
standard and EHEDG (European Hygienic Engineering and Design
Group) recommendations.
• The conveyor belt can be raised during cleaning so that it dries faster.
• Frames are rounded off.
4. Simplify operation and better ergonomics
• The units are smaller and lighter.
• Parts are fitted with wheels to make them easier to move.
• Each part has a unique number, which reduces the risk of errors.

the customers could make their
product, customers now often
ask us what they could produce.
They are looking for new and
different forms,’ says Van Dooren.
‘Traditional patisseries and
bakers still make a lot of their
products by hand. The next step
is that our experienced team
of technologists increasingly
translates this into an industrial
process.
So, the continuous improvement
of machine performance and
finding innovative production
and end-product solutions will
not stop with the launch of the
latest generation of the Universal
Pastry Line. ‘We have learned a lot
from updating this machine line
and we will certainly apply that
knowledge to other lines. And we
will obviously continue listening
to our customers. We enjoy
sharing ideas so that they can
make high-quality products,’ say
De Kroon and Van Dooren. n

Jan de Kroon is System Architect
at Rademaker and in this capacity
monitors the content of projects.
Richard van Dooren is Senior
Bakery Technologist in the
Rademaker Technology Centre in
Culemborg. As a very experienced
baker and technological expert in
different line concepts, he is an
important source of support for the
engineers.
FOR MORE INFORMATION

5. Reduce maintenance
• Sliding bearers are preferred to roller bearings.
• Direct drive instead of using chains with gears or timing belts.
• Wear and tear of several parts is unavoidable, but all parts last at least
six months and can be easily replaced.

Specialists in food processing equipment

www.rademaker.com
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Solving the pla
Sarah Greenwood MSc(Eng) FIMMM APkgPrf, Packaging Technology Expert/Leader, Grantham Centre for Sustainable

I

t has been a challenging couple
of years for any manufacturer
using plastic packaging, especially
the bakery industry, which relies
on the many benefits single-use
plastics have to offer. No-one
responsible for the specification
of packaging can escape the
pressure applied by customers

and the public to do something
about the ‘Plastics Problem’.
They clearly have a point.
Worldwide plastics consumption
has increased exponentially from
1.5 Million tonnes in 1950 to 348
million tonnes in 2017 (Source:
Statista). This means that there

are now over 8 billion tonnes
of plastic in the earth’s system.
To put this into perspective, if
this amount of plastic were all
converted into cling film, there
would be enough to wrap up
the entire earth with 25% spare.
Through the mis-management
of this plastic when it becomes

If this amount of plastic were all conver
film, there would be enough to wrap up
earth with 25% spare.
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astics problem
Futures, University of Sheffield
waste, wildlife, our quality of life
and even our health are being
affected.
WHY USE PLASTIC AT ALL?
Plastic films used in packaging are
lightweight and tough. They run
efficiently on packing machinery,
offer physical protection, a barrier

rted into cling
p the entire

against moisture loss, and for
longer shelf-life products multilayered films can be tailored to
provide an air-tight seal and gas
barrier to enable gas-flushing.
Rigid plastics such as trays
and ‘acetates’ offer protection
for delicate products, enabling
longer, more efficient supply
chains, and offer visibility of the
product inside when displayed in
store. Even some card packaging
components, such as u-cards,
benefit from plastic coatings to
give grease resistance.
However, as is well documented,
the very properties that make
plastics useful as packaging
materials, also make them
difficult to collect and process
for recycling. Recycling rates for
plastics lag far behind those of
other packaging materials and it
is the lack of progress in this area
which is (partially) responsible for
the plastics problem.

term biodegradable is not very
helpful though, as most plastic
will biodegrade to some extent
given long enough. ‘Compostable’
is much more useful as there
are recognised compostability
standards for both industrial
and home composting where the
material must degrade within a
specific timeframe. However, care
needs to be taken if considering
compostable materials. These can
be the perfect choice for certain
applications (ref WRAP) but they
will only degrade adequately in
the conditions they have been
certified for, not in a landfill site
or in the environment.
Popular opinion is that bio-sourced
plastics must be better for the
environment than their oil-based
equivalents, yet from a scientific
viewpoint producing bioplastic

ARE BIOPLASTICS THE ANSWER?
The term bioplastic is so
vague it can cover a whole
range of materials, from biosourced, derived from plants to
biodegradable materials.
Bio-sourced plastics can be
biodegradable (e.g. PLA), or
identical to conventional,
durable oil-based plastics (e.g.
polythene made from sugar
cane). In turn, some oil-based
plastics are biodegradable. The
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requires a large amount of energy
and it is not energy efficient to
burn oil to manufacture plastics
from plants when you could
turn the oil directly into plastic.

BAKINGEUROPE Autumn 2020
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However, bio-sourced plastics
do start to make sense from an
environmental perspective when
they have been sourced from
waste biomass, rather than from

crops grown specifically for that
purpose. The amount of renewable
energy used in their processing
will also make a difference and we
are currently researching this.

PACKAGING
PLASTIC WASTE

Care needs to be taken if
considering compostable materials.
Even if you are willing to take the
hit on cost and availability and
can circumnavigate the technical
challenges of introducing new
materials, consumer acceptance
is the key to its success of failure.
In the paper, Understanding
plastic packaging: The coevolution of materials and society,
we (Evans et al) illustrate this
using the example of Frito-Lay’s
attempts to move to compostable
cornstarch-based poly lactic
acid (PLA) film for some of their
potato-chip (crisp) packets in the
US. An interesting feature of PLA
is that it is much noisier than
conventional film when handled
which caused considerable
consumer backlash. Frito-Lay has
since moved back to conventional
materials for these products.
SO, WHAT IS THE ANSWER?
Thinking of packaging as part
of the system that delivers the
product to the consumer rather
than an entity in isolation is
the way forward. This system
includes not only the product
value chain but where the
packaging materials come from
and what happens to them.
It is sometimes hard to remember
that doorstep recycling collection
is relatively new in many
countries. Up until then, most
household waste was simply
thrown away unsorted, in a linear
economy. Recycling of packaging
materials has developed over

the last few decades, driven by
EU legislation. Now, the EU is
planning for a circular economy,
where materials are kept in
circulation by reuse and recycling
for as long as possible before
finally being disposed of.
To achieve this, packaging needs
to be designed with recycling
or re-use in mind. To close the

loop, recycled material should
be included in the packaging
specification. There are challenges
to achieving this, notably to do
with the availability of postconsumer recyclate and food
contact, but progress is being
made in this field.
Systems thinking is not just
about technical solutions, but

ASK YOURSELF WHAT CAN YOU DO AS A MANUFACTURER?
• Is a packaging component really necessary? Chances are you
have already asked this question, have reduced the weight of your
packaging and removed surplus components, but it should always
be a priority to keep reviewing the situation regularly
• Check to see if your organisation or your trade organisation is
signed up to the Ellen MacArthur Foundation’s New Plastics
Economy Global Commitment (and in the UK, the UK Plastics
Pact from WRAP). If you use a lot of plastic film, consider joining
CEFLEX, a trade organisation that seeks to make packaging films
more recyclable.
• Work with the packaging professionals within your organisation,
or alternatively, speak to a packaging consultant – just a couple of
days’ worth of their time could be enough to put you on the right
track.
• Specify your packaging with recycling in mind and seek to
include as much post-consumer recycled content into your plastic
packaging as possible, availability and food contact requirements
allowing. *Recoup and *Recyclass have published design for
recycling guidelines. (See links below)
• Consider reuse – are there opportunities to introduce reusable
packaging systems?
• Always question environmental claims from material suppliers
– ask for proof. Vague statements such as ‘biodegradable’, ‘plastic
free’ and especially ‘environmentally friendly’ are nothing but
greenwash unless supported by certification or evidence.
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The amount of plastic produced in
a year is roughly the same as the
entire weight of humatity
Global annual plastic production, million tons
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2015

also includes social and cultural
factors. In the Evans paper we
argue that gradual social and
technical changes, such as the
rise of supermarket shopping
and women working outside
the home, have been enabled by
and in turn helped to enable the
development of plastic packaging
formats. The packaging forms an
integral part of a complex system.
Consequently, switching from
plastics to an alternative material
can create unintended problems
– as were experienced with the
crisp packet example above.
The adoption of reusable
packaging systems is a hot topic
at the moment and looking at
how to make this mainstream
is part of our work at the
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University of Sheffield. The bakery
industry has already successfully
integrated reusable trays into
its infrastructure. Extending
this to consumer packaging is
admittedly a big ask, but there are
opportunities, especially within
food service – how about selling
a lunchtime salad in a container
that the customer brings back the
following day for you to wash and
use again? Or why not encourage
them to bring their own container
for their weekend croissants?
Plastic packaging offers
significant benefits to bakery
products, but how it is managed
when it becomes waste is often
unacceptable. Popular with the
general public, bioplastics are not
necessarily the answer and there
are issues in simply swapping
plastic packaging with another
material, including food wastage
and increased carbon dioxide
emissions (Denkstatt).
A preferential methodology would
be to implement systems-based
thinking, looking at the supply
chain as a whole rather than
singling out the packaging itself.
Co-operation of stakeholders
across the entire value chain is
key to keeping plastic packaging
materials in the economy for as
long as possible through reuse
and recycling before disposal,
creating a circular economy. n

FOR MORE INFORMATION
Sarah Greenwood MSc(Eng) FIMMM
APkgPrf
Packaging Technology Expert/Leader
Grantham Centre for Sustainable
Futures
University of Sheffield
sarah.greenwood@sheffield.ac.uk
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Groceries Supply Code
of Practice update
By Christine Tacon, UK Groceries Code Adjudicator

I

am writing this article during
my final weeks as Groceries
Code Adjudicator (GCA). Thank
you to Baking Europe for your
continued interest in my work

and for giving me the opportunity
to look back on the past seven
years and reflect on the legacy
of the Groceries Supply Code of
Practice and the GCA.

In June 2013 I came into this job
wanting to make a difference.
With my previous experience
running the Co-op Group’s
farming business for 11 years
I knew the challenges direct
suppliers faced operating on a
very unequal playing field in
supplying groceries to the large
supermarkets.
Three years earlier, in 2010, the
Competition Commission had
seen the dangers to innovation
and customer choice from the
substantial power imbalance
between retailers and suppliers
and established the Code.
However, it took the appointment
of a regulator to make real
inroads into levelling up that
playing field.
So what is the picture on the
tenth anniversary of the Code?
Any fears that regulation would
have a negative impact on
competition have not been borne
out. Indeed we have seen an
increase in competition as three
more retailers have exceeded £1
billion turnover of groceries and
been designated under the Order
by the Competition and Markets
Authority (the Competition
Commission’s replacement).
Many producers and suppliers
have felt able to grow and
develop new products under
the protection of the Code. For
example, fresh produce suppliers
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have been growing in size and
are more confident to work
closely and on longer contracts
with retailers. Consumers have
benefitted from an increase
in innovative products on the
supermarket shelves, created by
a growing number of speciality
suppliers which the retailers
are welcoming to increase
differentiation.
The original 10 regulated retailers
are now exemplars among
businesses for paying on time.
The Duty to Report on Payment

Practices and Performance that
businesses submit to the UK
Department for Business, Energy
& Industrial Strategy cover all
invoices, not just groceries, so
the results are only a guide. The
10 notably paid between 93%
and 100% of all their invoices
on time, whereas only 13% of all
the suppliers to those retailers
achieved the same level of
prompt payment.
Working between retailers and
suppliers has become more
efficient. A case in point is the

business practices implemented
in response to inconsistencies
arising as a result of drop and
drive which have eliminated
masses of paperwork as well
as cutting time wasted on
challenges. For those to whom
this term is unfamiliar, the issue
arises where there is no check
when goods are delivered and
there is disagreement after the
event on delivery quantity. Many
retailers have moved to Good
Faith Receipting where they
accept the invoiced quantity
as correct but do spot audits

The original 10 regulated retailers are
now exemplars among businesses for
paying on time.
BAKINGEUROPE Autumn 2020
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Suppliers experiencing Code-related issues

with agreed penalty charges
for any non-compliance.
This has resulted in many
suppliers receiving reductions
of deductions of up to 90% and
massive efficiency savings on
both sides.

flexibility so many have shown
during these challenging times
especially in the early days of the
emergency when there was excess
consumer demand for particular
goods. I heard, for example,
how bakery suppliers worked
collaboratively with retailers
to reduce the number of SKUs
which allowed them to increase
production on a core range so
retailers could focus on keeping a
smaller range fully stocked.

response “how high?” when
the retailers ask them to jump.
This has been a significant
change and one that has been
extremely valuable during the
current COVID-19 crisis when
the groceries sector has been
operating at full throttle leading
to many variations in supply
agreements and some De-listings
at very short notice.

And there is stronger and more
effective communication between
retailers and suppliers. Suppliers
feel more able to challenge the
retailers to get the best joint
solutions – no longer is the

I want to pay tribute to the way
the sector has worked and the

Progress
on Code-related
issues since 2014
Progress
on Code-related
issues
Para 3 Variation of supply agreements

40 %

2014

31 % 26 %
2015

2016

20 %
2017

35 % 34 % 30 %

8%

2018

2020

2019

Para 9 Pay to stay

25 % 20 %
2014

2015

2014

9

2016

9

%

2017

5%

5%

5%

2018

2019

2020

Para 14 Promotions

2014

2014

17

%

2015

15 % 13 %
9%
2016

36 %
23 % 19 %
2017

2018

2019

2020

2016

2017

2018

8

%

2019

8

%

28

2014

2015

2016

2017

%
9 % 11 10 %
2018

2019

2020

2017

2018

2019

2020

13 % 12 %
2014

2015

6%

4%

3%

3%

2%

2016

2017

2018

2019

2020

Para 16 De-listing

%

%

2020

2014

20 % 16 %

Para 12 Payments for better positioning

24 % 25 % 20 %
17 % 15 % 13 %
2015

25 %

13 % 12 %

Para 15 Consumer complaints

37
23 %

2016

Para 6 Contribution to marketing costs

Para 10 Forecasting

33 %
%

2015

I too wanted to play my part in
the response to COVID-19 and so
offered to extend my contract in

since 2014

Para 5 Delay in payments

10 % 9 %

I strongly believe that the Code,
combined with the changes in
culture and behaviour I have
encouraged over the past seven
years, provided the foundations
for this excellent response. The
regulated groceries retailers and
their suppliers overwhelmingly
responded with the best interests
of the consumer at the heart of
everything they did.

2015

21 %
2016

16 %
2017

22 % 22 %

9%

9%

2018

2019

7%
2020

2014

2015

16 % 17 % 13 % 12 % 12 %
2016

2017

2018

2019

2020
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order to provide the continuity
and consistency the sector needs
at this time. I will remain in post
for a short period beyond my
official term in office - which
ended in June - to deal with any
issues arising from changes to
supply arrangements during the
early stages of the emergency.
During the emergency I have
made three statements: to
encourage retailers to pay
particularly small suppliers
as soon as possible, to stress
that the flexibility of the Code
allowed retailers to deal with
the challenges presented and, in
particular, to urge suppliers to
raise any issues straightaway and

directly with the retailers. This
includes all bakers who supply
UK supermarkets, wherever they
are based. My initial research
has uncovered no evidence that
suppliers have been raising
issues with the retailers’ Code
Compliance Officers or asking for
buyers’ decisions to be escalated.
If there are issues and they are
brought to me for resolution I
will as always deal with them
on a case-by-case basis but they
should first have been raised
with the retailers directly at the
earliest opportunity.

to achieve and record progress.
This year a record number of
direct suppliers participated and
the results demonstrated how
far we have come since 2014. As
the figure shows below, in 2020
just 36% of suppliers reported
experiencing a Code-related
issues, compared to 79% in my
first survey.

Baking Europe readers will
know the importance I place in
my annual survey in helping

From the beginning suppliers
have scored the retailers they
supply based on their perceptions

The second figure demonstrates
that we have achieved
spectacular improvements on all
the top issues I have worked on
with retailers.

Suppliers feel more able to challenge th
retailers to get the best joint solutions.
BAKINGEUROPE Autumn 2020
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Overall assessment of retailers’ compliance with the Code
Combined
individual
retailer score
of consistently
well and mostly
Overall assessment
of retailers’
compliance
with the
Code
Combined individual retailer score of consistently well and mostly
Aldi

90%
Highest score

Lowest score

Co-op / Asda / Sainsbury’s / Waitrose
Tesco / Ocado / Morrisons
Lidl / Home Bargains

96%
94%
93%
92%

M&S
B&M

89%
86%

Iceland

81%

58%

2014

of those retailers’ overall Code
compliance. The percentage
reported as complying with the
Code consistently well and mostly
in 2014 ranged from 58% to 90%.
Now it is extremely tight at the
top, as figure 3 shows. In 2020
only three of the 13 regulated
retailers are below 90%, the
best score in 2014: nine are
between 94% and 92% and that
includes the results from three
additional retailers designated
by the Competition and Markets
Authority since 2018. Aldi Stores
Limited should be particularly
congratulated for having held
the top spot every year for seven
years and credit given to the Coop for its massive improvement
following work it carried out to
implement the recommendations
I made after my investigation
found the retailer had breached
the Code.

2020

I believe my success has
come from the unique way I
established of working with
the retailers. I have taken
a collaborative approach
which should also be at the
heart of healthy supplierretailer relationships. Over the
past seven years I have had nearly
400 meetings with the retailers
to take up issues I was hearing
from suppliers and ensure they
were making progress in putting
things right. This isn’t a soft
touch; it enables tough, honest
conversations and prompt
remedial action – and behind it is
my power to fine the retailers if I
find they have breached the Code.
So I look back on what has been
achieved with a great deal of
satisfaction. The UK Government
has recently announced my
successor (Mark White) who will

take office at a good time and
with the initial work of the GCA
largely done. However, there is
still more to be done. The success
of regulation under the model
I have adopted is prompting
growing calls for the role of GCA
and the scope of the Code to be
extended, whether further up the
supply chain or to more retailers.
The challenging economic
landscape we are entering and
Brexit will no doubt have an
impact on the sector. I wish the
next GCA every success. n

FOR MORE INFORMATION
For more information on the Groceries
Supply Code of Practice and work of
the GCA go to www.gov.uk/gca
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The benefits
flour with vi
Following his thoughts about vitamin D and COVID in the July
newsletter, Adrian Martineau, professor of respiratory infection
at Queen Mary University of London, speaks about the benefits of
fortifying flour with vitamin D.

What should be a person’s
vitamin D intake?
“The recommended intake
from the Scientific Advisory
Commission on Nutrition (SACN)
is for 10µg, that’s 400 units per
day, based on an estimate of the
amount that is needed to bring
97.5% of the population above
a threshold of 25 nanomoles
per litre or 10 nanograms
per ml, hydroxyvitamin D in
the serum. Other European
countries tend to be a bit more
generous and some will quote
thresholds of 50 nanomoles
per litre (nmol/L) or even 75
nmol/L. That’s 20ng per mil and
30ng per mil respectively. That
is based on evidence that you
need to get 25-hydroxyvitamin
D levels above 50 nmol/L or 20
ng/mL to suppress secondary
hyperparathyroidism.
Basically, to normalise calcium
homeostasis you need to have

Q

Finland introd
bread. That ha
eliminating pr
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of fortifying
itamin D
25-hydroxyvitamin D levels of at
least 50 nmol/L, which is achieved
by taking 1,000 IU or 25μg, per
day. Therefore, 2.5 times more
than is currently recommended
by the [UK] Department of Health
and scientific committee on
nutrition. In terms of what is safe,
you can take up to 4,000 units a
day – up to 100μg is considered
safe. So, we are talking about an
intake well below any unsafe level.”
What is the status of flour
fortification?
“Different countries that have
adopted vitamin D fortification
in different foodstuffs. Sweden
and Finland introduced vitamin
D fortification including
fortification of bread flour. That
has been very effective in almost
eliminating profound vitamin D
deficiency from the population.
I think any strategy would need
to take account of the fact that

Q

the populations at the highest
risks of deficiency are often
people from ethnic minorities.
We should have a good think
as to what foodstuffs should be
fortified to be sure to reach the
population groups at a higher risk
of deficiency. My understanding
is that the intake of dairy is quite
low in South Asian communities
in the UK whereas intake of flour
is relatively high. It might need
to be added to chapati flour as
opposed to normal bread flour
to make sure that the adequate
intake is being achieved.”
What are the drawbacks
and challenges involved?
“The recommendation is that
people of high risk of deficiency
should take a supplement of 10μg
of vitamin D per day throughout
the year and people of lower
risk should just consider taking
a supplement through the

Q

winter and spring when ultraviolet B radiation in sunshine
is at insufficient intensity to
stimulate vitamin D synthesis.
My personal feeling is this is not
going to be effective because it is
well known that only a minority
of people comply with this
advice. So, fortification is, I think,
going to be the way forward to
improve vitamin D status. About
20% of the UK population have
25-hydroxyvitamin D levels <25
nmol/L (10 ng/mL) indicating
a profound deficiency. Some
products are fortified including
some breads, which are made
with vitamin D fortified flour,
in addition there have been
some mushrooms that have
been irradiated with ultraviolet B radiation to increase
their vitamin D content, some
fruit juice, particularly orange
juice is fortified with vitamin
D. Margarine has a little, but

duced vitamin D fortification including
as been very effective in almost
rofound vitamin D deficiency from
n.
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Vitamin D is inherently stable and does
degraded by heat in the baking process
that is for historical reasons. It
was simply mandated after the
second world war that margarine
had to contain the same amount
of vitamin D as butter, which
does not contain much at all,
insufficient to maintain vitamin
D status. I am not aware of flours
being routinely fortified but
there are good data published
in reputable journals showing
that generous fortification of
flour results in high intake of
vitamin D, particularly in people
in institutions, as an effective way
of boosting their vitamin D status.
Vitamin D is inherently stable and
doesn’t get degraded by heat in
the baking process.”
What form does the vitamin
D additive take chemically
and how do you think it would
interact with/complement the

Q
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baked product? Also, how much
would heat affect the potency of
the vitamin?
“There are two forms of vitamin
D, cholecalciferol, which is
also known as vitamin D3
and ergocalciferol, which is
also known as vitamin D2.
There is growing evidence that
ergocalciferol is less effective at
boosting vitamin D status than
cholecalciferol. The product that
is used for boosting vitamin D3,
cholecalciferol, is a by-product
of the wool industry. Wool is
washed as one of the first steps
in processing and the lanolin
from that washing process is
then extracted and converted
to 7-dehydrocholesterol, which
is the precursor to vitamin D
irradiated with UV light to make
vitamin D3. The industrial process
mimics the process of synthesis

in the human skin interestingly.
The vitamin D3 is then supplied
in bulk for addition to milk, flour
or other foodstuffs. It is easy to
put it into products and the cost
is not huge – just a few Euro cents
per year per person.”
Vitamin D is inherently
stable and doesn’t get
degraded by heat in the baking
process.” How long until the
benefits of fortification become
manifest?
“As a rough rule of thumb, you
need to take a product for about
three half-lives to achieve steady
state. The half life of around 25
hydroxy D is about a month. For
people to achieve whatever final
level they want to achieve they
might have to ingest a fortified
product over a three-month
period, however, the levels would

Q

INTERVIEW
VITAMIN D FLOUR FORTIFICATION

sn’t get
s.
actually rise pretty quickly. One
of the things about profound
vitamin D deficiency is that the
enzymes that degrade vitamin
D are downregulated in
someone who is deficient.
This represents a homeostatic
mechanism to maintain
adequate vitamin D status in
those with low intakes.”
“So, what that means is that
if have got someone who is
deficient they are actually more
responsive to supplementation
than someone who has already
got enough vitamin D onboard.”
What other additives can be
added for their health
benefits and does that have
implications relating to public
freedom of choice?
“Another key candidate for

Q

fortification is folic acid. That
is predicated on the very well
proven benefits that folate has
for prevention of neural tube
defects, which cause spina
bifida. This forms the basis of
recommendations that pregnant
women take folate before
conception as well as during
pregnancy. The second question
is an ethical or political question
regarding people’s attitudes
towards fortification and there
is a spectrum of views on the
acceptability or otherwise of
mandatory fortification. Some
people have got no problem with
it, others view it as an unwelcome
intrusion of the state into their
freedom.”
In what countries is flour
fortification advised?
“The distribution of vitamin D
deficiency in Europe is not as one
would expect. vitamin D is the
sunshine vitamin, so you would
expect Southern Europe to have
least deficiency, but it turns out to
be not that simple. For example,
deficiency is common in Spain,
Italy and Greece.

Q

By contrast Scandinavian
countries have some of the best
vitamin D status in Europe, partly
reflecting a high intake of oily
fish, but also because of vitamin
D fortification programmes. So,
the European pattern is almost
opposite what one would expect,
except for the UK, which has
among the highest rates of
vitamin D deficiency in Europe.
Deficiency is something we need
to do something about urgently.
Fortification of milk and flour is
going to be the best way to achieve
that, fortification in general and
flour is a good vehicle.”

Do you have a few words for
the baking industry?
“I should like to encourage
people in the baking industry to
be open to the idea of fortifying
baking products with vitamin D
on the grounds that it is likely to
have a significant public health
benefit in countries where there
is a high prevalence of vitamin
D deficiency and fortification
isn’t already introduced. Safety
concerns are negligible, it does
not have any taste. It is not
technically complicated to do.

Q

The baking process does not
significantly deactivate the
vitamin D. So, my feeling is that
this is something that is probably
going to be raised on the agenda
higher and higher as the benefits
of vitamin D supplementation
on human health become more
widely recognised. It is something
that should be on the baking
industry’s radar and hopefully
they’re open to it.” n

FOR MORE INFORMATION

Adrian Martineau MRCP PhD FRSB
Professor of Respiratory Infection and
Immunity
Barts and the London School of
Medicine and Dentistry
Queen Mary University of London
Email: a.martineau@qmul.ac.uk
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FROM ACROSS THE POND
COVID-19; LOSS OF SMELL AND TASTE

Loss of smell and taste during
the COVID-19 pandemic
Smell testing as a potential COVID-19 surveillance tool
By Elisabeth M. Weir, Alyssa J. Bakke and John E. Hayes, Department of Food Science, Penn State,
University Park, PA United States

W

here would bakery be
without the sensory
experiences involved? Our daily
bread possesses aroma and taste,
without which its consumption
would only be a matter of texture
and survival. Talking of survival…
In the seven months since the
World Health Organization
(WHO) declared a public health
emergency, more than 21 million
people around the globe have
been diagnosed with COVID-19,
the novel coronavirus disease
caused by the SARS-CoV-2 virus.
Despite non-pharmaceutical
interventions like travel bans,
social distancing, use of masks
and lockdowns, COVID-19
cases continued to grow while
health personnel attempted
to contain the epidemic with
rapid screening, diagnosis,
and isolation. With healthcare
systems overwhelmed and critical
care units overcrowded, clinicians
and researchers established that
fever, dry cough, fatigue, or body
aches are common symptoms of
COVID-19. However, unlike other
common viral illnesses, COVID-19
also has a relatively unique yet
common symptom: sudden loss
of smell and/or taste.
Anosmia (the loss of smell) is
associated with many viral upper
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respiratory infections, however,
emerging reports indicate the
prevalence of anosmia is higher
with SARS-CoV-2 infection, but
unlike other viral illnesses, this
loss is not associated with nasal
blockage. Furthermore, there are
reports that COVID-19 also causes
ageusia (the loss of taste), which
is not typically seen with other
viral illnesses. Meta-analyses
across multiple studies suggest
up to 75% of COVID-19 patients
lose their sense of smell. More
critically, unexplained anosmia
and ageusia may be some of the
earliest indicators of COVID-19.
Some reports suggest up to
~80% of people may experience
anosmia as their first symptom of
COVID-19. Still, not all individuals
lose their sense of smell, so the
ability to smell while feeling other
symptoms should not be taken
as sign that the illness is not
COVID-19.
More broadly, anosmia and
ageusia can have severe
consequences on quality of life
and overall lack of awareness of
these symptoms is contributing
to the under recognition they are
symptoms of COVID-19. Many
COVID-19-positive individuals
are otherwise asymptomatic,
with few or no symptoms other
than sudden loss of smell. This

suggests rapid smell testing
may be a cheap and scalable
screening method to help identify
individuals with mild cases.
Early identification of individuals
with COVID-19 is imperative
to slow the spread of disease,
and ultimately reduce hospital
admissions. Given the potential
impact on quality of life, it is
also important to understand
how olfaction, gustation, and
chemesthesis (smell, taste, and
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chemical touch) are affected as
well. While most individuals
recover smell and taste quickly,
there is a subset of people
whose smell and taste returns
after a much longer period of
time (i.e. several months). Those
who take longer to recover may
feel the effects of permanent
chemosensory damage and/or
changes. This may have a direct
impact on the food industry.
Data predating the SARS-CoV-2
pandemic indicates long-term

impairments of the chemical
senses which can alter food
perception, food choices, and
food liking, therefore ultimately
affecting buying practices
adjacent to consumers. Thus,
there is a need to quantify
smell loss during the COVID-19
pandemic, which can also
provide direction for future food
innovation.
The WHO, as well as many
countries around the world,

have recognised smell loss as
a symptom of COVID-19, but
much is still unknown about
the extent to which and how
COVID-19 causes chemosensory
changes. Early work suggests
the virus targets supporting cells
of olfactory sensory neurons –
these support cells express the
ACE2 receptors that the virus
uses as an entry point, while the
neurons themselves do not. It is
theorized that as the virus enters
and infects these support cells
via ACE2, this causes a localized
disruption of function high in
the nasal cavity, which results in
smell loss despite a lack of nasal
congestion or blockage.
In March 2020, the Global
Consortium of Chemosensory
Research (GCCR), a diverse
group of scientists, clinicians,
and patient advocates from 60
countries, was founded to study
relationships between this novel
respiratory illness and its effects
on the chemical senses.
In April 2020, the GCCR deployed
a multinational survey in 30+
languages to quantify smell,
taste, and chemesthesis, before
and after diagnosis of COVID-19.
The majority of participants
with COVID-19 self-reported
a significant drop in smell
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True taste loss (loss of sour,
salt, sweet, bitter and umami
sensations on the tongue) is
rare with other viral illness,
but may be a symptom of
COVID-19
function. With an average
reduction of ~89%, this disruption
suggested anosmia is a signal
of COVID-19 onset. Notably,
taste and chemesthesis were
also significantly impaired in
COVID-19 positive participants,
with an average decrease of
~76% reduction rating and ~46%

reduction rating, respectively.
It is important to note that the
individuals involved in this
survey, “self-reported” the data
whilst in Covid-19 isolation
and that in the absence of lab
conditions and controls, taste
can often be confused with smell.
More specifically, changes in

retronasal olfaction versus true
taste loss may not be distinct
for many individuals. Retronasal
olfaction occurs when volatiles
move from the mouth to the
nasal cavity via the back of the
throat, where they are detected by
olfactory sensory neurons. True
taste loss (loss of sour, salt, sweet,
bitter and umami sensations on
the tongue) is rare with other viral
illness, but may be a symptom of
COVID-19: more work is needed to
confirm this phenomenon, and to
identify the mechanism by which
it occurs. Collectively, the results
of the GCCR survey suggest
chemosensory dysfunction is a
strong indicator of COVID-19.
Given how strongly results from
ongoing research indicate loss
of smell and taste can serve as
cardinal symptoms of COVID-19,
identifying these symptoms as
early as possible will hopefully
lead to earlier isolation of positive
individuals, therefore, decreasing
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the spread of the virus. Currently,
PCR and antigen tests for COVID-19
are being used for diagnosis, but
sufficient capacity is still lacking
in many regions. Also, these lab
tests can take many days to come
back, meaning asymptomatic or
paucisymptomatic individuals
can still spread the virus in the
meantime.
To combat this, the GCCR
proposed a tool called the ODoR19 (Olfactory Determination
Rating Scale for COVID-19). Based
on a GCCR analysis comparing
COVID-19 positive and negative
individuals, this free tool asks
participants to rate their ability
to smell from no sense of smell
to excellent sense of smell on a
0-10 scale. Preliminary analysis
suggests that scores below 2
are highly predictive of being
COVID-19 positive (Gerkin et
al 2020). The same dataset also
suggests sudden smell loss may
be a better predictor than other
symptoms like fever, cough, and
difficulty breathing. However, it
is also important to note that if
other symptoms are present, an

intact sense of smell cannot be
used to rule out COVID-19.
The ODoR-19 tool also provides
immediate identification of
possible infection, in comparison
with lab tests, which may take
several days to return results. As
many individuals are unaware
of loss of smell until specifically
asked to perform such tasks,
otherwise, asymptomatic
individuals who have limited
smell ability may also be
encouraged to self-isolate and
seek diagnostic lab testing.
This kind of screening could be
valuable for many industries.
Companies whose employees
are returning to offices and/or
manufacturing plants may benefit
from implementing on-site
screening to identify otherwise
asymptomatic individuals and
prevent transmission in the
workplace.
While there are still many
unknowns regarding COVID-19
and its long-term impacts,
diminished ability to smell and/
or taste is a hallmark sign of

COVID-19. As the prevalence
of individuals experiencing
anosmia and dysgeusia in
relation to COVID-19 continues
to present itself, both subjective
and objective methods of smell
assessment may provide a fast
and efficient way to identify
symptomatic or asymptomatic
COVID-19 individuals, toward
a goal of slowing the spread of
COVID-19.
We cannot tell whether there
will be another wave, mutation
or strain with these symptoms
and indicators, but forewarned
is forearmed. Stay safe and well
read. n
FIND OUT MORE

John E. Hayes
The Pennsylvania State University
Erickson Food Science Building
University Park, PA 16802 USA
jeh40@psu.edu
Twitter: @tasteProf
https://gcchemosensr.org/members/
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The bakery supply chain
A rocky journey or a case of delays, warped rails and frozen points?

A

ll baked products including
bread have a similar
routes and destinations. We are
all part of the bakery supply
chain from field to carrier bag,
dependent on good harvests
and farming methods as well as
all the technology, refinements
and logistics that comprise the
onward chain.
FIELD OF VISION
Every loaf, pie, biscuit and cake
begins with the good earth, sun
and rain. The raw ingredients

of bakery are grown not made
(apart from the undoubted
contribution of chemistry of
course) and that process of
husbandry and cultivation has
its own rules and influences.
Alex Waugh, director general of
NABIM, comments that climate
and sustainable production of
grain are big issues, but there
are contrasting demands: “On
the one hand a lot of pressure
from consumer groups to reduce
agrochemical usage (pesticides,
fungicides, fertiliser) and on the

other to improve productivity and
reliability of agricultural output.
Improved understanding of
genetics could be very helpful in
meeting these contrasting goals,
but that is controversial in Europe
as the current debate about gene
editing shows.”
Grain yields across Europe are
down this season and not related
to the pandemic. However,
wheat imports from Canada and
elsewhere may well influence
prices. A DEFRA spokesperson

The availability of good-quality grain
is not certain, but there are choices.
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after Brexit and Covid-19
says that following an extremely
wet winter and a dry spring the
UK, for example, is not expected
to be a net exporter of grain in
the crop year 2020-21: “However,
the world supply of food grains
remains ample with high levels
of world production projected for
wheat, maize, soya, and rice.”
The production of last on the list,
though, rice is now threatened
by heavy rains and flooding
in China, which underlines
the vulnerability of human

agricultural and economic
forecasts to sudden devastating
natural occurrences.
The availability of good-quality
grain is not certain, but there are
choices. Waugh says that flour
mills are quite adaptable and
able to change grain sourcing
from one location to another,
which could be necessary
because of variations in price,
availability, or product quality.
“This adaptability is a critical
factor in the sector’s resilience

to supply chain disruption. For
farmers, grain prices are pretty
transparent with many futures
markets around the world
allowing price discovery, and
quotations available throughout
the trading day.”
LOGISTICS
Transportation of raw materials
and finished products is vital to
the process and subject to any
number of influences from driver
availability and fatigue to fuel
prices and carbon regulations.
One factor has been the
pandemic, but it did not prevent
relatively free movement of
goods. Freight is currently moving
effectively across borders, but
COVID-19 continues to present
significant risks. Governments are
working with the with industry,
to mitigate and manage these
risks. The DEFRA spokesperson
comments, “The government
is working with international
partners, including EU countries,
to prioritise international freight
movements, for example to
ensure freight traffic is exempt
from border controls.”
As to whether the whole journey
from field to bakery should be
integrated: This would depend
on the availability of the quantity
and the quality of raw materials
(mainly wheat and cereals)
available in a geographical and
production area comments Marco
Dalla Rosa, Full Professor of Food
Technology at the University of
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Bologna: “Very often, enlarging
the production capacity at
industrial level is not followed by
the availability of the necessary
ingredients, in which case a real
integration is hard to achieve. It
is different with small, unique,
organic, or certified-of-origin
productions where it is possible
to base the productivity on the
source (locally or nearby) of
specifically targeted flours and/
or ingredients. In those cases, the
“from field to bakery” up to the
consumer integration is possible.”
CHANGING HABITS
The supply chain is subject to
consumer choices as much as
influences up the chain. Choice,
ethics and trust can determine

how the links are connected
and how smoothly. For example,
modern customers might favour
low-gluten ancient grains like
spelt, biodegradable/edible
packaging, or novel purchasing
methods.
The supply chain during the
pandemic was constantly under
pressure because consumers
switched to more home food
preparation than usual, Dalla
Rosa notes. There was an increase
in demand for raw materials and
ingredients, and ready-to-eat
packed preparations adapting the
supply chain paradigm, which is
still changing: Della Rosa suggests
that fresh unpacked products
may continue to suffer as a result

of that shift in demand and that
continued sanitation measures
and treatments along the supply
chain will be another enduring
legacy of lockdown.
MODERN TIMES
Although the baking industry and
its representatives can be quite
conservative and cautious, that
is changing. The introduction
of new technologies including
the all-encompassing industrial
internet of things, plus negative
factors and opportunities exposed
by the pandemic have inspired
a new generation of bakers with
a modern exciting vision of an
industry that is more economical,
more automated and more
sustainable. Embracing the fourth

Bakery products of the future
are likely to be delivered is by
autonomous delivery vehicles.
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Embracing the fourth industrial
revolution will be key to the
future of baking.
industrial revolution will be
key to the future of baking but
is likely to be inconsistent and
erratic in its application, rather
than joined-up and integrated,
early on. Where systems can be
patched, they will be. Wholescale
investment is not always possible
even when advisable. However,
the industry is on a trajectory of
refinement and improvement,
much like the flour it uses.
Waugh says there is a little way
to go in enhancing technology in
the grain delivery chain. “There
is scope in improving document
handling processes and there may
be advantages with blockchain in
security and traceability. Drones
will probably have a bigger role
to play in agriculture for crop
inspection purposes and possibly
in the delivery of spot treatments
for weeds.
Within flour mills there is already
a fair amount of automation
which has helped improve
product consistency. This process,
however, requires that people
in mills really understand the
processes and products they are
making. If there are only a few
people working in a manufacturing
operation, they have to be
experts. It seems inevitable
that there will be further steps
to enhance productivity, supply
chain assurance, traceability

possibly (but not necessarily)
using blockchain.”
One way the flour and bakery
products of the future are likely
to be delivered is by autonomous
delivery vehicles, both lowmileage delivery and large-scale
carried in autonomous trucks
driven in convoy. For now,
autonomous vehicles still need
a ‘driver’ to mind the shop and
be ready to take manual control
if and when required, but that is
no problem if the delivery person
is able to help load and unload
and do the (digital) paperwork.
The energy used by such vehicles
is generally clean electric using
lithium batteries, hydrogen fuel
cells or hybrid technology. There
are powerful arguments for such
a transition and the technology
to make it happen already exists,
but there are still matters to be
ironed out, not least investment
costs, local regulations and dayto-day practicalities. Meanwhile,
major baking company Grupo
Bimbo has embraced a hightech sustainable future with
enthusiasm. The company
currently operates the largest
fleet of electric delivery vehicles
in Mexico and one of the largest

in Latin America. Doubly clean,
the trucks are charged with
energy generated by wind power.
THE ROAD AHEAD
“People and customers are
different in what matters to them,”
says Waugh. “For some, buying
local is important; price and
quality are critical considerations;
security of supply and consistency
can be critical; service and input
into new product development
might matter for others. These
different priorities may overlap,
but the balance will shift
from customer to customer,
which offers opportunities
for businesses to differentiate
themselves in the marketplace.”
In 2014, Croatian archaeologists
unearthed a 6,500-year-old oven
at a Neolithic site in Bapska.
The journey may change, but
its fundamentals remain. Eight
thousand years, or so, after bread
was first baked and distributed,
it still requires much the same
ingredients and travels on to
consumers who are only different
in their dress and technology. n
Frank Millard
Editor, Baking Europe

See page: 21 of this issue for an exciting research project on some of that
new technology in vacuum baking and cooling from Zagreb University,
Croatia.
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