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Welcome to the spring 
2021 edition of Baking 

Europe journal. 

“Bad luck comes in threes”, so 
goes the well-known saying. 
Covid-19, Brexit and now the Suez 
Canal blockage are all having 
potentially detrimental effects 
on the baking industry in Europe, 
the latter due to large quantities 
of grain being held-up and 
possibly spoilt.

However, is this ‘crisis-triathlon’ 
really bad luck or does it present 
new opportunities for those 
robust enough to weather this 
veritable storm. “Innovate or die” 
is another well-known phrase 
that was coined (Origin unknown) 
“to stay ahead of the pace of 
change or you’re toast” continues 
the phrase.

Home baking and home, bake-
off has rocketed over the last 
12 months together with plant-

based, nutritionally rich, healthy, 
products that are fast becoming 
must-have qualities in food 
products. However, as with 
the rapid Covid vaccine 
development, researchers and 
manufacturers are also adapting 
at breakneck speed to changing 
consumer demands.

For this issue, therefore, we 
searched high and low across 
the globe for the latest cutting-
edge research and scientifi c 
advancements from our global 
network of academia, research 
and professional organisations. 
Great surprises and innovation 
abound:

We feature reports from Oxford 
University on the comeback of 
fusion foods – doughnut meets 
the croissant for example; 
University of West London on 
plant-based foods through to 
exciting new fi ndings from 
Campden BRI on gut health and 

how the microbiome is affected 
by bread.

Salt and sugar reduction are 
always on the agenda so we 
feature new studies from 
Universities Brunel on potassium 
chloride and Wageningen on 
an intriguing study on sugar 
reduction – without the loss of 
sweetness! (Spoiler – it’s all in 
the mind!)

With more updates on palm 
oil and a new angle on plastic 
recycling from Florida University 
in the USA, this issue is very 
much about innovation. 

As with long distance triathlon, 
the last year may have seemed 
like a tough endurance event, 
but whilst still a little distant, the 
fi nishing line is in sight – and, 
thankfully, people still need to eat! 

Graham Pendred
Publisher

Welcome
to the Spring 2021 issue of Baking Europe!
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INGREDIENTS
GUT MICROBIOME HEALTH

A growing body of research 
suggests that the vast 

ecosystem of organisms in our 
gut plays a much larger role in 
both our mental and physical 
health than ever previously 
imagined. There have even 
been links found between gut 
health and COVID-19 severity. 
Considering that the gut 
microbiome collectively weighs 
up to 2kg (heavier than the 
average brain), it’s easy to see 
how it is increasingly being 
treated as an organ in its own 
right.

Our interest lies in the impact 
of bakery products on this new 
‘organ’; bread being the perfect 
candidate with its fibre content 
(acting as a prebiotic) and regular 
consumption by the general 
public. Currently it is a hot topic, 
especially with the release of the 
Superloaf by Modern Baker that’s 
been designed to optimise gut 
health with, among other things, 
a unique blend of fibres. With this 
in mind, here we’ll explore the 
role of bakery goods on our gut 
microbiome.

WHAT IS MEANT BY GUT 
HEALTH?
Gut health is one of the most 
significant nutrition and health 

trends within the food and 
drink industry at the moment. 
Due to the importance of baked 
goods within most of the global 
population’s diets, it is crucial 
that both the challenges and 
opportunities this trend presents 
are understood.

Some of the roles that the gut 
plays in human health have been 
known for millennia, however, 
as research has progressed, it 
is apparent that the human 
gut impacts on a huge range 
of conditions, beyond the 
conventional digestive health 
area.

It has also been shown to 
influence immune system 
function, psychological health 

and oncological outcomes. 
This is also a two-way street, 
with evidence indicating that 
a person’s overall health can 
also have an impact on their gut 
health. This makes research into 
this area extremely challenging, 
as a true holistic approach must 
be taken, understanding the 
impacts of the innumerable 
factors across a wide range of 
conditions.

There is little the food industry 
can do to affect an individual’s 
overall health over and above 
their role in providing healthy 
food products. This is where the 
link between diet, health and 
gut health becomes relevant. 
This is a complex three-
dimensional relationship, with 

Gut microbiome and health – 
what’s the impact of baked goods?
 

By Mike Adams, Product Innovation Lead, and Gary Tucker, Fellow at Campden BRI

Microbiome

Diet

Health
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each interacting and affecting 
the other. To further strengthen 
its importance, research over the 
past year has found interesting 
links between gut health and 
COVID-19 infections.

When discussing the gut, it’s 

important to understand the 
different terminology that’s 
used. The defi nitions of some 
of the commonly used terms 
(bullet pointed) are often used 
interchangeably, yet they shouldn’t 
be since they refer to different 
aspects of the human gut:

• Microbiome: The collection 
of bacteria, fungi, viruses and 
archaea that colonise the 
digestive tract of humans and 
the environment. All “damp” 
places within the body are a 
microbiome, but the term is 
used primarily to describe the 

Gut microbiome and health – 
what’s the impact of baked goods?
By Mike Adams, Product Innovation Lead, and Gary Tucker, Fellow at Campden BRI
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“There is some research showing 
effi cacy of probiotics when used to 
combat acute conditions affecting 
the gut”
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gut microbiome.
• Microbiota: Refers just to 

the organisms and not the 
environment.

• Microfl ora: Refers to 
microscopic plants.

• Probiotics: Viable bacteria 
that, following consumption, 
colonise the gut. There is some 
evidence of a positive health 

effect for acute conditions; 
evidence seems to suggest 
that constant consumption 
of probiotics is required to 
maintain their levels in the gut.

• Prebiotics: ‘Food for the gut’ 
to help production of short-
chain fatty acids and other 
fermentation by-products. 

One interesting area of research 
in the food industry is concerning 
the use of probiotics to modify 
the gut microbiome. The evidence 
behind probiotics is mixed, with 
some of the more recent work 
showing that whilst probiotics 
can have a positive effect on gut 
health, people need to consume 
continuously probiotics at quite a 
high level to ensure they continue 
to colonise the gut. If people 
stop taking probiotics, the gut 
reverts to its previous microbiota 
profi le. This indicates that there 
are signifi cant factors at work 
which have a direct effect on the 
microbial population. There is 
some research showing effi cacy of 
probiotics when used to combat 
acute conditions affecting the 
gut, however, evidence showing 
a sustained impact for chronic 

Table 1: UK fi bre intakes (2015 Government guidelines)

Age group (years) Recommendation (g/day) Mean intake (g/day)

1.5–3 15 10.3

4–10 20 14.0

11–18 25 15.3

19–64 30 19.0

65+ 30 17.5

75+ 30 16.5

8 INGREDIENTS
GUT MICROBIOME HEALTH
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conditions or general health is 
less robust.

The term prebiotic is used 
to describe compounds that 
specifically feed the “good” 
bacteria within the gut. This 
causes increases in both number 
and diversity of species that 
colonise the microbiome. 
Prebiotics are generally soluble 
dietary fibres that transit the 
digestive system unaffected until 
they reach the colon where, on 
arrival, they are fermented by 
organisms. Significant research 
is underway to understand the 
impact of prebiotics, the evidence 
showing that they are generally 
of benefit to human health. 
However, some consumers can 

experience negative side effects 
from consuming fibres otherwise 
known as FODMAPs (Fermentable 
Oligo-, Di- and Mono-saccharides 
as well as Polyols), some of which 

are also prebiotics. Inulin is a 
perfect example of a FODMAP 
that can boost a product’s fibre 
when incorporated which with the 
recent push to increase fibre intake 

Fibre content (g/100 g dry matter)
Whole-grain 

wheat
Refined wheat 

flour

Arabinoxylan 7.1 2.1

Cellulose 1.9 0.2

Fructans 0.9 0.6

Lignin 1.5 0

β-glucan 0.6 0.2

Resistant starch 0.3 0.3

Non-cellulosic residues 1.9 0.9

Total dietary fibre 14.2 4.3

Table 2: Different types of fibres found in wheat and flour

Your bread deserves a 
Rademaker system

Ask for a demo:

Premium dough quality

Best weight accuracy

Efficient production process

High flexibility

Specialists in food processing equipment

www.rademaker.cominfo@rademaker.com +31 345 543 543
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explains in turn the large uptake 
in inulin testing in recent years. 

THE ROLE OF FIBRE IN GOOD 
GUT HEALTH
One of the most important 
nutrients for gut health is dietary 
fi bre. It has long been known 
that its consumption has a close 
link to digestive health, however, 
the impact of different types of 
such fi bre and the mechanisms 
by which they affect the health 
of the gut is an area under 
investigation by several groups. 
Dietary fi bre can be classifi ed by 
its disparate properties, whether 
they be physical (solubility, ability 
to ferment, visco-modifi ying 
potential), as well as chemical 
(degree of polymerisation and 
base saccharide).

Dietary fi bre as a nutrient 
category is critical and is 
considered a form of prebiotic. 
It is well known that consuming 
fi bres can reduce the risk of 
disease, including type 2 diabetes, 
cardiovascular disease and 
colorectal cancer. 

It is not known exactly how much 
of this risk reduction is due to the 
impact on the gut microbiome or 
other mechanisms, such as the 
bulking effect cereal bran can 
have on stool, reducing transit 
time. Either way, it is clear that 
consumers are not eating enough, 
as shown in Table 1.

THE ROLE OF BAKERY PRODUCTS
While some effects of bakery 
products on gut health are well 
known and understood, such 
as the role of gluten in coeliac 
disease, the wider impact on the 
human gut microbiome is only 
beginning to be investigated in 
detail. Most bakery products are 

based on wheat fl our, a source of 
fi bres , some of which are able to 
be classed as prebiotics, therefore, 
able to pass through the GI tract 
and stimulate the growth of gut 
bacteria.

Cereals such as wheat, rye, oats 
and barley contain many different 
types of fi bres, as shown in Table 
2 for wheat.

Bread, especially wholemeal, is 
an important source of dietary 
fi bre that is needed to keep 
our digestive system healthy, 
help control blood sugar and 
cholesterol levels; it also makes 
us feel fuller for longer. All bread, 
including white, provides fi bre 
that is benefi cial to our diet. 
Wholemeal bread is the highest 
in fi bre, at 7g per 100g, with 
white bread providing 2.9g of 
fi bre per 100g. The fi bre levels in 
white bread are just below the 
threshold to qualify as a source 
of fi bre using UK and EU nutrition 
claim regulatory criteria of more 
than 3g of fi bre per 100g or more 
than 1.5g of fi bre per 100 kcal. 
There’s also the potential to 
increase a baked product’s fi bre 
content by incorporating high 
fi bre ingredients, as we found at 
Campden BRI when we boosted a 
tortilla’s fi bre content by 97% after 
adding butternut squash skin 
powder.

However, it is not just the 
quantity of fi bre that makes 
bread such a benefi cial product 
for the diet, but the range of 
fi bre types from wheat. Cereal 
fi bres possess an almost unique 
range of fi bres among the foods 
we consume. The rate at which 
the cereal fi bres are digested 
varies depending on their 
molecular sizes and structures. 

Most cereal fi bres are classifi ed 
chemically as carbohydrates 
(although considered as fi bre 
for EU labelling guidelines), as 
are sugar and starch. Therefore, 
bread digestion starts early on 
with starch conversion to glucose, 
followed by a sequential digestion 
of the more complex starches, 
the fermentation of fructans and 
the more complex fi bres. Cereal 
constituents will play a role in 
most parts of the gut.

With this in mind, fi bres in the 
bread we consume, particularly 
wholemeal, can be considered a 
prebiotic, meaning it feeds our 
gut microbes improving our gut 
health. Better yet, because bread 
contains a variety of different 
fi bre types, from the smaller 
soluble molecules through to the 
larger insoluble bran fi bres, there 
is a range of benefi ts throughout 
our gut. This is often the real 
benefi t that comes from fi bre in 
bread and could be considered 
as important as the quantity 
of fi bres per 100g of product. 
Overall, we need a range of fi bres 
to promote gut health and it is 
our daily bread that can help us 
ensure we consume suffi cient 
quantity. ■
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SUSTAINABILITY 
PLANT BASED DIETS

WHAT DO PROFESSIONALS SAY 
ABOUT IT?
The Academy of Nutrition and 
Dietetics (AND) states that plant-
based diets can be beneficial for 
all life stages and lifestyles when 
they are appropriately balanced 
(Vesanto et al., 2016). The AND 
recognises that plant-based diets 
can effectively help individuals 
prevent and manage different 
health conditions such as 
cardiovascular diseases, diabetes, 
cancer, and obesity. This position 
was also endorsed by the British 
Dietetic Association (BDA) in a 
Memorandum of Understanding 
with the Vegan Society in which 

both associations affirmed that 
well-planned vegan-friendly 
lifestyles can promote healthy 
living in people of all ages 
and even during pregnancy or 
breastfeeding (Vegan Society, 
2017).

HOW TO PLAN IT WELL?
Variety is the key in this case. 
A very simple rule of thumb 
was provided by the Physicians 
Committee for Responsible 
Medicine (PCRM)’s Power Plate 
(Figure 1; PCRM, 2020). This 
is a basic illustration of the 
four fundamental sources of 

When are plant-based 
diets healthy and balanced?
By Amalia Tsiami, PhD, Stefano Carrubba, MSc and Katerina M. Manginas, MSc

Figure 1.The Power Plate as 
illustrated by the Physicians 
Committee for Responsible Medicine

http://www.bakingeurope.eu
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nutrition that every plant-
based dieter wants to consume 
regularly, however, it is not a 
recommendation that each food 
type should be consumed in the 
exact proportion shown; it is a 
purely qualitative rather than a 
quantitative guide. These food 
types can be classified as fruits, 
grains, legumes and vegetables. 
The ‘whole’ variants of these 
foods are to be preferred due to 
their higher nutrition density 
and lower calorie content. For 

example, grains, wholewheat 
pasta and brown rice will be 
more nutritious and healthier 
than white pasta and white rice. 
Similarly, eating an apple will be 
more beneficial than drinking 
apple juice. Another important 
food category is legumes, which 
includes lentils, beans, peas, 
chickpeas, soy and similar pulses.

In-depth, practical guidelines on 
this subject were published by 
the American clinician Michael 

Greger in 2016 with his Daily 
Dozen, a checklist of 12 foods 
and activities that people are 
encouraged to include in their day 
to day lives: beans, berries, other 
fruits, cruciferous vegetables of all 
types and colour, flaxseeds, nuts, 
spices, whole grains, beverages 
along with various forms of 
exercise.

WHY ARE THESE FOODS SO 
HEALTHY AND ESSENTIAL?
Firstly, unlike foods of animal 

BAKINGEUROPE Spring 2021 
www.bakingeurope.eu
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origin, plant foods contain fi bres 
which help us maintain healthy 
bowels and regulate our appetite. 
Secondly, our main source of 
energy needs to come from 
carbohydrates such as whole 
grains, brown bread, and other 
starchy foods which include 
potatoes and corn. In addition, 
our body requires the ingestion 
of various minerals such as iron, 
calcium, magnesium, phosphorus, 
zinc and iodine along with 
vitamins A, B-group, C, D, E, and 
K to carry out essential functions 
that support brain activities, 

metabolism, tissue health and 
the immune system. In order to 
give ourselves the best chance to 
obtain these important nutrients, 
it is crucial to consume an ample 
variety of fruits, vegetables and 
pulses in a “rainbow of colours”, 
which indicates the presence 
of a wide range of nutritional 
essentials. Imagine a colourful 
bowl of red kidney beans, carrots, 
peppers, broccoli, kale, herbs, 
spices and cherry tomatoes, with 
apples and berries as dessert. 
When supplemented with a 
handful of nuts and seeds, 

important micronutrients will be 
consumed such as those found in 
Brazil nuts, an excellent source 
of selenium whilst walnuts, chia 
seeds and fl axseeds being rich 
in vitamin E and essential fatty 
acids. 

These also contain proteins 
that support our hormones and 
enzyme functions that help us 
grow and repair body tissues, but 
legumes are once again being 
preferrable sources of protein 
as they also contained lower 
quantities of saturated fats. 

“In order to give ourselves the 
best chance to obtain these 
important nutrients, it is crucial 
to consume an ample variety of 
fruits, vegetables and pulses in a 
rainbow of colours.”

14 SUSTAINABILITY 
PLANT BASED DIETS
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PARTICULAR ATTENTION NEEDS 
TO BE PAID TO KEY NUTRIENTS
Even if breakfast cereal, dairy 
alternatives, yeast extracts and 
mock meats tend today to be 
fortified with these key  
nutrients, health professionals 
still recommend plant-based 
dieters to be extra safe and 
supplement their vitamin intake 
with B12, D3 and the preformed 
Omega-3 fatty acids: EPA 
(Eicosapentaenoic acid) and DHA 
(Docosahexaenoic acid). 

Finally, iodine is a necessary 
mineral for our thyroid and 
metabolism functions, sources of 
the chemical being found in sea 
vegetables such as the popular 
nori sheets that are used to  
make sushi.

During each of the studies, every 
participant was questioned on 
their main reasons on their 

decision to move to a plant-based 
diet. Overall, they reported that 
they wished to give up animal 
products following concerns of 
contributing to their harm. 

Further reported motives to 
become vegan or vegetarian 
were based around strong 
ethical beliefs together with 
social resilience, health 
maintenance, environmentalism 
and individualism (i.e., being 
ideologically but not militantly 
convinced by veganism). It 
revealed that this decision was 
underpinned by the theory of the 
stages of change model (Mendes, 
2013) supporting the transition 
towards plant-based diets. 

FINAL OBSERVATIONS
In summary, plant-based 
lifestyles are safe and healthy, 
provided that simple lifestyle 
guidelines are followed (for 

which I apologise and may sound 
like a scratched record!) and the 
include common sense health 
choices such as non-smoking, 
appropriate hydration and daily 
or regular exercise. In addition 
to improving one’s health, such 
environmentally sustainable 
choices are deemed to be holistic 
in that they also protect our 
planet (Springmann et al., 2018). n
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 Sugarless sweetness:
perceptual strategies to 
increase sweetness in 
sugar-reduced food products

“Bakery product reformulation 
could play an important role 
for public health, however, 
reformulation is technically 
challenging”

Reducing sugar intake may help in maintaining a healthy body weight and reduce the risks of 
being overweight. To achieve this goal, reformulation of foods is considered a key option. One 
big challenge is maintaining end-product characteristics, such as taste, in reformulated products. 
Experts at Wageningen Food & Biobased Research (WFBR) have performed some studies on the 
sweetness of sugar-reduced food products. They applied psychological principles and found that 
sugar distribution and packaging characteristics can increase sweet taste intensity.  

The World Health Organisation 
(WHO) recommends that less 

than 10% of one’s daily energy 
intake should come from sugar, 
the equivalent of 12 teaspoons 
per day, for adults. For additional 
health benefi ts, their advice 
is a further reduction of sugar 
to below 5% of the total daily 
energy intake. 

Bakery product reformulation 
could play an important role 
for public health, however, 
reformulation is technically 

challenging. It is very diffi cult to 
maintain product characteristics, 
like taste, texture and shelf 
life, which are paramount for 
consumer acceptance, whilst 
reducing overall sugar content. 
 A sugar reduction tool, recently 
developed by Wageningen 
experts, offers guidance in 
sugar reduction for bakery 
reformulations. WFBR experts 
look for technological solutions, 
whilst coupling technology with 
the study of sensory product 
perception. 

PERCEPTION OF SWEETNESS
The perception of sweetness is 
not uniquely determined by the 
activation of sweetness receptors 
on the tongue: it is also defi ned 
by consumers’ expectations. Such 
top-down processes originate in 
the consumer psychology and can 
affect perceptions of sweetness. 
Researchers at WFBR investigated 
the processes that affect sweetness, 
including the effect of expectations 
based on the fi rst bite and the 
effect of packaging properties, 
such as colour and labels.

By Anke M. Janssen & Garmt B. Dijksterhuis, Wageningen Food & Biobased Research
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SUGAR DISTRIBUTION AND THE 
FIRST BITE EFFECT
The fi rst bite into a food tells 
you how sweet the rest will 
taste. It is this expectation of 
the taste of subsequent bites that 
has been used to affect the taste 
of reformulated products. In this 
study (Janssen et al, 2020), an 
innovative way for distributing 
sugar in biscuits was examined. 
Small elongated biscuits were 
prepared (Figure 1), on which 
three equally sized drops of a 
chocolate fl avoured buttercream 
fi lling with different sugar 
contents were applied. Compared 
to a reference biscuit, the sugar 
content in the reformulated 
biscuits was reduced by 20% and 
30%. In a taste test 86 participants 
were instructed to eat the biscuits 
in three equal bites and to chew 
and swallow normally after 
each bite. After consumption of 
a whole biscuit, sweetness was 
rated: from 0 for no sweetness, 
to 100 for maximum sweetness. 
Sweetness averages recorded 
for are indicated in Figure 2. 
Biscuits B, C, F and H differed 
signifi cantly from the reference 
biscuit A, in that they tasted less 
sweet. However, biscuits D, E and 
G (in blue), which all had lower 
sugar contents than the reference 
biscuit, did not taste less sweet. 
These results show that a 
different distribution of sugar in 
the fi lling on top of a biscuit had 
the ability to compensate for the 
reduced, total sugar content in 
the product. This idea was also 
previously applied successfully 
to a similar experiment studying 
the perceived increase in salty 
taste (Dijksterhuis et al. 2014) and 
sweetness perception (Woods et 
al. 2011). To explore the nature of 
this effect further, more research 

Figure 1. Applying three, equally sized drops of a chocolate fl avoured 

buttercream with different sugar contents on top of small, elongated biscuits

Figure 2. The % indicates the amount of sugar in the fi lling per bite as 

compared to the reference (REF) biscuit A, from 1st bite (top), 2nd bite to 3rd 

bite (bottom). Below are the biscuits’ mean values of the sweetness scores. 

*indicates a sweetness that is statistically, signifi cantly different from the 

sweetness of REF (biscuit A). Note that the blue biscuits are perceived to be as 

sweet as the REF-biscuit while containing less sugar

http://www.bakingeurope.eu
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is needed with other sweet 
products. 

EFFECTS BASED ON PACKAGING 
CHARACTERISTICS
Another top-down process stems 
from the packaging of a food 
product, which is one of the fi rst 
things a consumer encounters 
when purchasing a product. For 
example, packages with less 
saturated colours, typically found 
for ‘light’ products with low fat or 
sugar content, are associated with 
healthiness but are also expected 
to have a ‘watered down’ fl avour 
(Tijssen, 2019). Thus, the colour 
of a package is able to affect the 

fl avour of a product. Another 
fi nding is that the label showing 
‘With less salt!’ generates a 
negative salty taste expectation 
and stimulates consumers to add 
salt, irrespective of the salt level 
already in the product (Liem et al. 
2012). 

In an online study, experts at 
WFBR assessed the impact of 
packaging colour (red, blue 
and green) together with eight 
different labels, on the choices 
made by 1,000 consumers. 
Participants had to imagine that 
they were in the supermarket 
buying biscuits, wine gums and 

muesli bars. They chose from 
image sets, each consisting of 
photographs of two packages of 
the same product (Figure 3) and 
rated the expected sweetness of 
each. 

Results showed that the label 
had more impact on the choice 
and expected sweetness than the 
packaging colour, for all three 
product types. In Figure 4, the 
impact of various labels on choice 
made is presented for biscuits 
(left) and of colour for all three 
products (right). Most labels, 
especially the ones signifying 
healthier products, resulted in 
a higher probability that the 
product would be chosen. 

However, a label signifying an 
indulgent product or one with 
a Nutri-Score E had no effect. 
Where a label using a warning 
shaped sign indicates that the 
product is high in sugar, the 
probability of choice is lessened. 
In addition, products in green 
packaging were chosen somewhat 
more often irrespective of the 
product type, whereas red 
packaged biscuits and muesli 
bars, and blue packaged muesli 
bars and wine gums, were chosen 
less often.

Regarding expected sweetness, 
the impacts of the labels were 
similar to the choice probability 
shown in Figure 4, but inversed. 
Thus, expected sweetness was 
the lowest for the more popular 
product chosen and the highest 

Figure 3. Examples of choice sets for biscuits (‘koekjes’), muesli bars 

(‘mueslireep’) and wine gums

“The fi rst bite into a food tells you 
how sweet the rest will taste.”
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Figure 4. Left: Impact of label on choice (compared to ‘no label’, not shown) for biscuits. Labels from left to right 

indicate: healthy; indulgent biscuits (‘verwen-koekjes’); no added sugar (‘Geen suiker toegevoegd’); only sugar from 

natural origins (‘Alleen suiker van natuurlijke oorsprong’); low in sugar (‘LAAG SUIKER’); high in sugar (‘HOOG SUIKER’, 

note triangular warning sign); Nutri-Score C; Nutri-Score E. *indicates a signifi cant difference (p<.01). Right: Impact of 

colour on choice for the three product types. Note the scale of the y-axis, this differs by a factor of ten with the left plot. 

Both plots: Statistical estimates from conditional logit discrete-choice modelling are indicated 

for the least frequently chosen. 
The study showed that the 
levels of anticipated sweetness 
could be ranked in the following, 
decreasing order:- label 
information initially, followed by 
product type and, fi nally, colour 
and applied to the following 
products in the test: wine gums 
were expected to be most sweet 
but both muesli bars and biscuits 
were rated similarly. Additionally, 
red packaged products were 
expected to be sweeter, followed 
by blue and green packaged 
products respectively. Thus 
consumer choice and expected 

sweetness was affected by the 
packaging. 

An obvious limitation of this 
online study is that it refl ects 
reported intended choices and 
expectations, however, it revealed 
that the effects need to be 
corroborated in real-life, using 
research on actual behaviour. 
Moreover, the effects are most 
likely to depend heavily on the 
type of product. The fact that 
Nutri-Score E did not seem to 
have much of an impact could be 
due to the fact that consumers 
were simply looking for a little 

indulgence when purchasing 
sweet snacks and hence, do 
not care much about the label. 
Similarly, warning signs as used 
in this same study turned out 
not to be a realistic solution for 
producers who want to sell their 
products. 

FUTURE OUTLOOK
Our p erceptual experiments 
prove that taste expectation 
effects, whether from fi rst 
bites or packaging, can clearly 
have an impact o n sweetness 
perception of bakery products 
and confectionery. It remains, 

“Consumer choice and expected 
sweetness was affected by the 
packaging.”
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however, that there are still more 
solutions that can help increase 
product sweetness without the 
addition of sugar or s weeteners. 
For example, it is possible to 
add specifi c ‘sweet’ fl avours or 
create alterations in texture to 
boost that sweetness. Overall, 
the employment of specifi c 
perceptual strategies, offers 
many possibilities for increasing 
sweetness in products without 
adding sweeteners to compensate 
for reduced sugar levels. 

I n an online workshop on 22 April 

2021, we will present the latest 
developments and opportunities 
related to the reformulation 
of sweet bakery products and 
confectionery in addition to a 
brief overview of insights into 
consumer behaviour around 
reduced-sugar food products. 
A white paper setting out the 
results of several consumer 
studies that looked at the impact 
of sugar reduction on consumer 
choice, sweetness perception and 
the quantities of sweet products 
consumed, will be available by 
mid-April 2021. ■
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The Wageningen decision 
support sugar reduction tool 
for product reformulation 
deploys physicochemical 
and nutritional information 
to successfully guide 
sugar reduction in bakery 
reformulations. It helps 
industrial bakeries fi nd sugar 
reduced recipes for their 
products. Using the tool, a 
100% sucrose replacement 
was achieved in a pound cake 
formulation while maintaining 
textural sensory quality and 
increasing dietary fi bre content. 
For more information, contact 
Stefano.Renzetti@wur.nl.
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This article discusses the possibility of reduction or even removal of salt in bread formulations 
along with the recommendations for suitable alternatives. The technological feasibility and the 
effect of salt reduction from empirical and fundamental perspectives were presented for different 
bread-making processes, fermentation, baking conditions and sensory evaluations. This article 
also identifies and reviews different types of salts and ingredients that have been used as salt 
replacements as well as making recommendations with regards to the methods of analysis used to 
measure the effects of salt or their replacements in bread manufacture.

THE EFFECT OF SALT ON HEALTH 
It is no secret that the 
consumption of high levels 
of sodium has been linked to 
an increase in hypertension, 
stroke and heart attacks[1].  The 
recommended daily level of 
salt consumption is below 5g 
(equivalent to 2g sodium) but 
the majority of the population 
consumes more than double this 
amount with the average salt 
intake in Britain being recorded 
at around 8.1g-8.8g per day[2]. 
The natural salt content of food 

provides about 10% of the salt 
intake while the remaining 75% 
is derived from the salt added by 
manufacturers. The World Health 
Organisation’s (WHO) member 
states are committed to reducing 
the level of salt in food by 30% by 
2025, which in turn is anticipated 
to prevent around 2.5 million 
deaths every year[1]. 

THE EFFECT OF SALT ON 
BREADMAKING PROCESS
In the UK, white bread as a staple 
food is consumed by almost 91% 

of the population, each person 
consuming approximately 100g/
day. The sodium intake from 
bread provides 21% of the total 
recommended daily intake[2].  It 
is believed that reducing sodium 
levels in bread by less than 20% 
could lead to a 23% reduction in 
the number of stroke cases and a 
6% reduction in people suffering a 
heart attack.

Salt contributes to improve the 
other flavours present in the 
breadmaking system, inhibits 

Reducing salt levels in bread products 
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yeast growth and improves 
handling properties of the dough, 
the volume of the baked bread as 
well its texture. Where there is a 
reduction of sodium in bread may 
the flavour is mostly lost. Most 
of the sodium in bakery products 
is derived from the ingredients 
added during processing[3]. Water 
and wheat flour contain low 

levels of sodium of about 2-3 
mg/100g. The major sources of 
sodium are salt, some leavening 
acids and sodium bicarbonate. 
Three slices of bread contribute 
approximately to 1g of salt, 
which is equivalent to 12% of the 
recommended intake. Adding 2% 
NaCl to bread contributes 88% 
of added sodium in a formula 

containing 2% skimmed milk 
solids and 0.5% each of yeast 
food and sodium stearoyl-2-
lactylate[3,4]. Thus, reducing the 
NaCl content by one half, yields 
a bread with 56% of the sodium 
of a bread product with 2% NaCl. 
Rye bread and wholemeal breads 
need a higher salt content than 
wheat based breads. The effect 

Reducing salt levels in bread products 

By Valentina Stojceska, PhD, PGCAP, BSc (hons), Brunel University London, Centre for Sustainable Energy in Food Supply Chain
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of different levels of salt on the 
rheological properties of bread 
products has been investigated in 
recent decades[5,6,7] during which 
the elastic and viscous moduli of 
dough, as well as maximum risen 
height, increased when using 
different concentrations of NaCl. 
Salts normally increase dough 
strength but do not necessarily 
improve loaf volume, which is 
presumably a result of the type 
of the flour used e.g. strong flour 
has sufficient strength to make 
a loaf of ample volume but the 
addition of salt in this case 
makes the dough too strong for 
breadmaking. 

Salt has also the ability to control 
the production of carbon dioxide 
gas and the other products of 
fermentation, especially during 
the warm summer months 
when the ambient temperature 
is higher. NaCl influences gluten 
behaviour, decreases yeast activity 
in the dough, thus retarding gas 
production but enhances bread 
flavour. 

The effect of dough handling 
properties is generally attributed 
to the interaction of salt ions with 
gluten proteins. In the presence 
of KCl and NaCl, the solubility of 
wheat gluten is greatly affected 
by pH, initial gluten concentration 
and the nature of any additives[8]. 
The decreasing level of solubility 
arises as a result of protein-
protein interactions via ionic 
bonds, which results from the 
deprotonation of surface polar 
residues by salt addition. The loaf 
volume of baked bread increases 
at pH 4.65–6.15 and decreases at 
higher pH values.

DEVELOPING REDUCED SODIUM 
BREADS

We do not need to choose between 
using either no salt or the level 
we currently use. Instead, we can 
voluntarily reduce sodium use, 
wherever possible or reformulate 
the product. Any change in 
bread characteristics that would 
discourage consumers to reduce 
the quantity of bread eaten, 
could have serious implications 
on the intake of several essential 
nutrients such as thiamine, 
riboflavin, niacin and iron. A 
possible solution to this is to 
replace NaCl with KCl, MgCl2 
and CaCl2 although they have 
demonstrated some limitations in 
tests[9, 10]. Calcium content affects 
the stiffness of the dough, bread 
volume and sensorial properties 
as a result of a weakened protein 
network. Whilst relatively costly, 
potassium, on the other hand, has 
shown to have very little effect on 
rheological properties but does 
have a tendency to impart a bitter 
flavour. Masking of undesirable 
flavours can be achieved by the 
introduction of various ingredients 
such as soya, milk replacements, 
dough conditioners and oils.

Table 1 shows the comparison 
between several breads produced 
with different salts and shows 
relative dough stiffness, baking 
loss and bread volume.

Other ingredients that proved to 
be successful in replacing 50% of 
NaCl are alkali metal gluconates 
(such as those containing 
potassium or sodium) [11] 

 with the resulting bread 
products that were produced 
demonstrating excellent 
sensorial properties in terms of 
loaf volume, grain, appearance, 
internal characteristics, flavour 
and shelf life. They also showed 
improved workability during 

processing such as the prevention 
of dough stickiness, the bane 
of many modern bakers, better 
stabilisation and shortening of 
fermentation time. The ratio of 
the alkali metal gluconate to 
sodium chloride was presented as 
10:90 and 99:1, preferably between 
25:75 and 75:25. 

SALT FREE BREADS
It is not easy to make salt-free 
breads either mechanically or 
manually in terms of workability 
and quality of dough. Without 
salt, bread rises faster and air 
pockets enlarge where the gluten 
has broken, allowing holes to 
be formed. Bread made without 
salt will taste bland and where 
it is omitted, proving time 
decreases resulting in large air 
pockets that have insufficient 
time to develop. The baking 
industry should act voluntarily 
to reduce sodium content when 
it becomes technically feasible 
and when consumer acceptability 
is not affected. One of the ways 
of solving the technological 
problems of reduced-salt 
dough and bread is to consider 
production parameters such as 
temperature, water levels as well 
as determining their extent and 
importance.

SUMMARY
Reducing the salt levels in bread 
by less than 20% could lead to a 
23% reduction in the number of 
stroke cases and a 16% reduction 
in people suffering a heart attack.

Salt is one of the four essential 
ingredients in the making of 
bread, in addition to being a 
flavour-enhancer, a controller of 
the rate of yeast fermentation 
and gluten strengthener. Salt 
affects dough parameters and loaf 
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volume, which depends mainly 
on the flour type used, as well as 
the interaction of salt ions with 
gluten proteins. At higher salt 
concentrations, gluten protein 
extractability depends highly 
upon anion type, the interactions, 
of which, play an important role 
in the rheological and baking 
properties of flour. Another 
factor that needs to be taken into 
consideration is the pH of dough 
where it has been proven that 
the solubility of wheat gluten is 
inversely proportional to pH level. 

The addition of potassium 
chloride (KCl) is a widely used 
salt substitute having a similar 
effect on baking to that of sodium 
chloride. The only disadvantage 
of KCL is its propensity to 
impart undesirable off-flavours, 
however, this problem be 
overcome by using a mixture of 
50% sodium chloride and 50% 
potassium chloride. Other salts 
such as potassium gluconates 
and magnesium or sodium 
gluconates, have also been 
used as replacements due to 
their ability to render increased 

volume, grain, appearance, 
flavour, shelf life and workability. 
In addition, alternative 
ingredients such as soya-based 
products, sucrose, litesalt and 
milk replacements can be used 
to improve flavour, however, 
the choice of these ingredients 
depends on the types of bread 
and their formulation. Reducing 

salt in bread is achievable without 
as long as it does not significantly 
affect the formulation nor 
the product’s acceptability to 
consumers. Excluding salts from 
bread entirely will result in a 
tasteless product. It is important 
to consider that salt is a mineral 
essential for human life; harmful 
only if is used to excess. n

Table 1. Dough stickiness, baking loss and bread volume as affected by partial 
sodium replacement[9].

[a] Ref, dough and bread containing 1.5 g NaCl per 100 g wheat flour. Other 
samples: 50% NaCl was replaced by potassium, magnesium and/or calcium 
chloride in the relative amount (%) expressed by the index figure.

[b] Mean values (± standard deviation) in a column with different super-scripts 
differ significantly (P < 0.05).
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[11] Takano, H., and Kondou, R. (2002). Sodium gluconate and potassium gluconate as 
substitute for sodium chloride in breadmaking. Food Science and Technol. Res. (98), 75-79

Samplea Dough stickiness [N] 
(n = 30)b

Baking loss [%]
(n = 16)

Bread volume [L]
(n = 24)

Ref 0.631  ±  0.080c 8.26  ±  0.49b 1.116  ±  0.033d

K50 0.583  ±  0.059d 8.34  ±  0.53ab 1.126  ±  0.030d

K40Mg10 0.616  ±  0.053c 8.43  ±  0.38ab 1.147  ±  0.017c

K33Ca17 0.656  ±  0.049bc 8.84  ±  0.47a 1.132  ±  0.017d

K26Ca14Mg 10 0.652  ±  0.043bc 8.54  ±  0.54ab 1.156  ±  0.015c

K17Ca33 0.654  ±  0.043bc 8.79  ±  0.55a 1.151  ±  0.018c

K14Ca26Mg 10 0.695  ±  0.045a 8.77  ±  0.54ab 1.178  ±  0.023b

Ca40Mg10 0.687  ±  0.040ab 8.82  ±  0.55a 1.223  ±  0.027 a

Ca50 0.619  ±  0.055c 8.50  ±  0.45ab 1.189  ±  0.027 b
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Informed consumers are increasingly likely to buy products that meet their values with the scrutiny 
of labels and ingredients lists becoming part of their everyday shopping experience.  Despite some 
brands opting to go “palm free”, communicating the use of RSPO certified sustainable palm oil 
instead, is a way to demonstrate concrete action. There is in an ever-urgent need and growing global 
concern that commodities should be produced without causing harm to the environment or people. 
RSPO certification is an assurance to the customer that the production of palm oil is sustainable.

WHY PALM OIL?
Palm oil is widely used in many 
of the products on supermarket 
shelves, from margarine and 
chocolate to ice cream, snacks 
and every kind of bakery 
product. Not to mention the use 
of derivatives of palm kernel 
oil in the broad home and 
personal care sectors. When it 

comes to processed food there 
are many reasons why palm 
oil is chosen, amongst other 
vegetable oils or fats. Palm oil 
can be used to enhance the 
appearance of products and as 
an emulsifier for its stability at 
high temperatures.  In a similar 
way to that of butter, palm oil is 
almost a 50/50 composition of 

saturated and unsaturated fatty 
acids that creates a smooth and 
creamy texture in food products 
whilst the absence of smell 
makes it a perfect ingredient in 
many recipes, especially baked 
goods. In addition, it has a natural 
preservative effect which serves 
to extend the shelf life of food 
products. 
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Roundtable on Sustainable Palm Oil (RSPO): 
An ally of the bakery industry  
to meet consumer expectations
 
By Francesca Morgante, Roundtable on Sustainable Palm Oil
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WHAT IS THE IMPACT OF 
PALM OIL FARMING ON THE 
ENVIRONMENT?
In some regions, oil palm 
cultivation has caused and 
continues to cause deforestation. 
This means that land, which was 
once predominantly covered by 
primary forest (forest that has 
never been touched by man) or 
which housed protected species 
and biodiversity, was cleared 
in order to be converted into 
palm oil plantations. Likewise, 
some palm oil plantations were 
developed without consulting 
local communities over the use of 

their land. Some have even been 
responsible for forcibly displacing 
people from their land. Violations 
of workers’ rights to fair payment 
and safe working conditions and 
other malpractices have also 
occurred.

WHY CAN’T WE SIMPLY 
REPLACE PALM OIL?
There is a misconception that 
these concerns can be addressed 
when companies simply stop 
using palm oil in their products. 
However, replacing palm oil with 
other types of vegetable oil, such 
as those derived from sunflower, 
soybean or rapeseed, would mean 
that much larger amounts of 
land would need to be used, since 
palm trees produce between 4 
and 10 times more oil than other 
crops per unit of cultivated land. 
This would result in serious 
environmental damage with the 
risk that more forests would need 
to be converted into agricultural 
land.

In producing countries, millions 
of farmers and their families 
work in the oil palm sector where 
the crop plays an important role 
in the reduction of poverty. By 
way of example, in Indonesia 
and Malaysia, a total of 4.5 
million people earn their living 
from palm oil production, the  
complete cessation of which 
would create significant problems 
for these people who support 
their families by working in this 
industry.

THE NEED FOR SUSTAINABLE 
PALM OIL
Despite widely-reported 
malpractices, a growing number 
of players in the palm oil industry 
have committed to adopting more 

ethical and sustainable methods 
of production. This has resulted in 
substantial growth of the industry 
in many plantations around the 
world. The foundation in 2004 of 
the Roundtable on Sustainable 
Palm Oil, (RSPO) continues to 
be the catalyst of this much 
needed change. Companies and 
organisations such as AAK (whose 
contribution to the advancement 
of the sector has been reported 
in the Winter 2020 issue of Baking 
Europe) Migros, Unilever, WWF 
and MPOA were the founding 
members of the RSPO that counts 
today close to 5000 members 
worldwide. 

One of the most important 
RSPO criteria states that 
“no primary forests or areas 
which contain significant 
concentrations of biodiversity 
e.g., endangered species, fragile 
ecosystems, or areas which are 
fundamental to meeting basic 
or traditional cultural needs 
of local communities, “high 
conservation value areas”, can 
be cleared. Other RSPO principles 
stipulate a significantly reduced 
use of pesticides and fires, fair 
treatment of workers according 
to local and international labour 
rights standards and the need 
to inform and consult with 
local communities before the 
development of new plantations 
on their land. RSPO has set up 
three certification systems: the 
RSPO Principles and Criteria, 
and the RSPO Independent 
Smallholder standards and 
the Supply Chain Certification 
Standard. The first two are 
designed to ensure that oil palms 
are grown sustainably at the farm 
and plantation level, the last one 
is to ensure the integrity of the 

Roundtable on Sustainable Palm Oil (RSPO): 
An ally of the bakery industry  
to meet consumer expectations
 
By Francesca Morgante, Roundtable on Sustainable Palm Oil

https://www.wwf.org.uk/updates/8-things-know-about-palm-oil
https://www.wwf.org.uk/updates/8-things-know-about-palm-oil
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trade of RSPO certified sustainable 
palm oil along the whole supply 
chain.

CERTIFICATION AND 
TRACEABILITY 
To ensure the credibility of palm 
oil sustainability claims, all 
RSPO members that take legal 

ownership and produce or handle 
RSPO-certified sustainable oil 
palm products need to be RSPO 
certified. 

Palm oil producers are certified 
through strict verification of 
the production process to the 
stringent RSPO Principles & 

Criteria for Sustainable Palm 
Oil Production by accredited 
Certifying Bodies and can be 
withdrawn at any time where 
infringement of the rules and 
standards arises. All organisations 
in the supply chain that use RSPO 
certified sustainable oil products 
are audited against one or more 

“Reports published by 
International Union of 
Conservation of Nature (IUCN) 
and World Wildlife Fund (WWF), 
say the best alternative to palm 
oil is sustainable palm oil. ”
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of Supply Chain Models (Identity 
Preserved - IP; Segregated SG or 
Mass Balance, MB) to prevent 
overselling (MB) and mixing 
palm oil with conventional 
(or non-sustainable) oil palm 
products (IP, SG). For all the three 
Supply Chain Models there is 
the possibility of using the RSPO 
Trademark with tag “CERTIFIED” 
for supply chain models IP and 
SG or “MIXED” for supply chain 
model MB. 

COMMUNICATING 
SUSTAINABILITY
The RSPO Trademark is a 
globally recognised ecolabel that 
signals the use of RSPO certified 
sustainable palm oil. 

Introduced in June 2011, our 
trademark enables RSPO 
members to demonstrate 
proactively their commitment 
to certified sustainable palm oil  
(RSPO) and other sustainable 
palm-derived products. It’s also 
a significant move to bring RSPO 
members closer to consumers. 
Since the RSPO Trademark 
was launched, it has grown 
exponentially from 12 to 60 
countries and now appears on 
400 over consumer products. 

The RSPO Trademark is still 

relatively new compared to 
more established trademark 
or sustainability logos such as 
Fairtrade, which started about 60 
years’ ago. Palm oil often makes 
up a very small amount of the 
product as opposed to say, coffee, 
tea, or cocoa. If an ingredient 
makes up less than, for example, 
3% of the product volume, 
companies do not always want to 
spend valuable label space on an 
ecolabel. 

Many consumers either don’t 
know the entire story about  
palm oil or associate it with 
harmful environmental impact 
and as a result are reluctant 
to purchase products that 
contain the oil as a listed 
ingredient. Yet, reports published 
by International Union of 
Conservation of Nature (IUCN) 
and World Wildlife Fund (WWF), 
say the best alternative to palm 
oil is sustainable palm oil. In 
terms of consumer numbers, 
it’s estimated that by 2050 we 
will see an additional 2.2 billion 
people on the planet, therefore, 
sustainable solutions are our 
only hope to combat a global 
population crisis and avoid food 
shortages. This is where the 
conversation around palm oil 
needs to change.

A recent study found that 
voluntary standards like RSPO, 
not only support and overlap 
with the UN Sustainable 
Development Goals (SDGs), but 
can contribute to a stronger 
governance ecosystem to 
help achieve such SDGs. As 
we continue navigating many 
difficult challenges through the 
COVID-19 pandemic, figuring out 
how we can repair and protect 
the links between nature and 
our daily lives to prevent further 
pandemics may seem daunting. 

Fortunately, members of the 
RSPO are working hard to make it 
easier for consumers to be part of 
the solution. n

About the author
Francesca Morgante joined the Roundtable on Sustainable Palm  
Oil (RSPO) in October 2018 as Market Development Manager for 
Europe. Her role consists of engaging with stakeholders to help 
increase the uptake of certified sustainable palm oil in the European 
market. Before joining RSPO she was responsible for the  
development of a quality seal for natural and organic cosmetics, 
where she gained sound knowledge on how to position strategically 
private standards in different markets. Francesca holds a degree 
in Development and International Cooperation from the Bologna 
University and has over 10 years’ working experience within the 
international non-profit sector.
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An increasing awareness 
of sustainability and 

provenance of the food supply 
chain had already had an impact 
on consumer behaviour and 
dietary choices when COVID-19 
was declared a pandemic, in 
early 2020. 

Since health sector fi ndings 
revealed disproportionately 

high morbidity levels amongst 
those perceived as overweight,[1]

diet has become a major public 
health concern forcing further 
changes the length of a supply 
chain already under pressure 
from the ‘triple challenge of 
simultaneously providing 
food security and nutrition to 
a growing global population, 
ensuring the livelihoods of 

millions of people working along 
the food chain from farm to fork, 
and ensuring the environmental 
sustainability of the sector.’[2]

Manufacturers are continuing 
to react to these concerns and 
have seen this refl ected in 
consumer behaviour, but as 
OECD (Organisation for Economic 
Co-operation and Development) 

The power of difference & 
the strength of togetherness
THE EUROPEAN
BAKING INGREDIENTS MARKET 
REPORT 2021 (EBIMR)
By Trevor Brooker, Director, Baking Europe
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points out, ‘policy efforts have 
not been moving in this direction, 
and global trade in agriculture & 
food remains highly distorted.’ 
These are amongst factors 
driving multifaceted product and 
regulatory change through a pro-
active European baking ingredients 
landscape described by sector 
analysts, as very fragmented. 

Is fragmentation a problem in 
itself and if so, how? Regional 
variety provides what William 
Cowper described as, “... the 
very spice of life, that gives it all 

its fl avour.”[3] The very thought 
of attempting to homogenise 
ingredients and fl avours 
represents the unthinkable, it is 
this magnifi cent diversity coupled 
with regional factors, which 
prevent homogenisation. Ergo, 
fragmentation.

How then to retain essentially 
separate ingredient identities 
whilst forming a coalition with 
others, allowing all to move 
forward with common purpose 
and direction within single 
market? This job fell to Fedima, 

a federation formed in 1969 
in Milan, Italy, also known in 
long form as, the Federation 
of European Manufacturers 
and Suppliers of Ingredients 
to the Bakery, Confectionery 
and Patisserie Industries.[4] The 
federation thus far comprises 
13 national European bakery 
ingredients associations, whose 
members turn over a combined 
5 Billion Euro and employ 24,000 
people between them. 

Its Brussels-based secretariat is 
informed by a board characterised 

“Fedima and its members are 
strong advocates of transparency 
and the provision of accurate 
ingredient and nutritional 
information, guiding healthy 
choice and product selection.”
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by different nations and industry 
representatives who together 
agree and pursue a set of defi ned 
interest areas or priorities, 
i.e.: Informed Customers 
& Consumers, Food Safety, 
Bakery Sector Promotion, and 
Operational Health and Safety. 

The size of Fedima’s task is 
huge given the sheer number of 
variables previously described, 
but let’s take Informed Customers 
& Consumers and one sub-
section, labelling, for instance, 
and how fragmentation might 
not be all it seems at face value: 
Fedima and its members are 
strong advocates of transparency 
and the provision of accurate 

ingredient and nutritional 
information, guiding healthy 
choice and product selection. 

Italy last year introduced its 
own voluntary labelling scheme 
called Nutrinform, because the 
Nutriscore system already being 
used in both France and Belgium 
penalised the fat content of 
some of its most fabled produce, 
i.e. Parmigiano and olive oil 
products, respectively. Germany 
also rolled out Nutriscore in 
2020, favouring the system 
for signposting quantities of 
‘favourable and unfavourable 
nutrients.’  This despite a Eurostat 
report originally published in 
2016 which stated that Italy had 

the highest share of people over 
80 years’ old at 6.5%. An extract 
of this report subsequently taken 
in August 2020 indicated that in 
2019, >20% of the EU population 
was aged 65 years plus and 
that the percentage of those of 
>80 years of age is expected to 
increase by two and half times its 
current c. 5.8% to c. 14.6% of the 
total population.[5]

The tricky decisions regarding 
labelling in different nations 
within the EU might arguably 
therefore, be ascribed to a matter 
of objectivity vs. subjectivity. 

Previously, in 2000, Finland 
elected to endorse the “Heart 

“Fedima is collaborating with 
Media Energy Ltd, publishers 
of Baking Europe to publish The 
European Baking Ingredients Market 
Report 2021 (EBIMR).”
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[1] Obesity signifi cantly increases chances of sever outcomes for COVID-19 patients. WHO, Regional Offi ce for Europe, 22.10.20. 

(www.euro.who.int)

[2] COVID-19 and global food systems. OCED Policy Responses to Coronavirus (Covid-19)

[3] ‘The Task’, a poem by William Cowper, 1785.

[4] Fedima: Originally established as, Federation des Industries de Matières Premières et   Améliorants pour la Boulangerie et confi serie 

dans la CEE. (www.fedima.org)

[5] Eurostat statistics explained: Population and ageing. From an extract published in August 2020.

[6] The Heart symbol: a new food labelling system in Finland. Tarja I. Kinnunen, fi rst published 25 December 2001. 

(www.onlinelibrary.wiley.com)

With particular thanks to Inkwood Research. 
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Symbol – better Choice” scale 
of measurement, to indicate 
sugar or fi bre content, plus salt 
and fat content.[6] These were 
chosen to refl ect the major health 
concerns policed by Finland’s 
Heart and Diabetes associations, 
respectively.  

These differences of opinion and 
diet are marked yet they can be 
justifi ed and a central course 
pursued with those remaining in 
place. Fragmentation is the word 
often used, but transparency and 
common interests provide Fedima 
with a strong mandate to pull the 
broader aspects of the market 
together, to work on behalf of its 
national stakeholders and their 
diverse industrial members. 

As part of an initiative to create 
a level playing fi eld and share 
information with Fedima 
members and non-members alike 
in the EU and around the world, 
Fedima is collaborating with Media 
Energy Ltd, publishers of Baking 
Europe to publish The European 
Baking Ingredients Market Report 
2021 (EBIMR). Taking the form 
of a sustainably produced 
annual report, this uniting 
document will bring together 
high-level editorials discussing 
the latest in ingredient science 

and discovery, with innovations 
in mechanical energy effi ciency 
and hygiene, which will create a 
single forum for all of Europe’s 
ingredients and equipment 
manufacturers and suppliers, 
together with their customers; 
and also those that regulate the 
industry. 

EBIMR, as it is known, will be 
published as 2 separate volumes 
and targeted at different 
communities across the bakery 
landscape and regulatory sectors, 
i.e.: Volume 1 will be operations 
related, e.g. ingredients, 
machinery & equipment etc. 
and targeted at plant directors, 
operational decision makers and 
budget holders. Manufacturers 
are participating and we also 
welcome enquiries, please 
contact Media Energy ltd for more 
information – our contact details 
can be found below. 

Volume 2 will be focused on 
matters related entirely to 
C-level and regulatory readership 
e.g.: Regulation and policy 
making, post-COVID-19 fi ndings, 
standards, sustainability, plus. 
This volume will also include a 
unique 15 page market analysis 
specially commissioned by Media 
Energy Ltd.

Authors Ian Taylor and Karen 
Jackson co-authored a book titled 
The Power of Difference, which 
describes how diversity can be a 
major asset in teams. 

This is also true of Europe’s 
fragmented ingredients market 
whose differences and diversity 
make it stronger along the 
lines of the famous quote often 
attributed to Aristotle, i.e. “The 
whole is greater than the sum of 
the parts.” He neither wrote nor 
said that particular phrase but 
something similar implying this 
conclusion. However, had these 
been the words uttered by the 
great philosopher, he could well 
have been describing the work of 
Fedima drawing Europe’s baking 
ingredients industry together, 
some 32 centuries after his 
infamous demise. ■
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Since the so-called ‘Big Bang’ 
in 1986, the words millions, 
billions and trillions have become 
common parlance. Have you 
never wondered where these 
numbers come from or how there 
can be so many zeros on the 
end... and what does this have to 
do with food?

Looking back, ancient Roman 
numerology underpinned the 
growth of an empire which 
spanned vast tracts of Europe, 
the Middle East and north Africa 
for well over a millennium. 
Romanisation grew on the 
back of military strength and 
logistical apability, but increasing 
quantities of literally everything 
demanded mathematics beyond 
the largest single numeral in their 
system, i.e., M (1,000). Multiply 
LXXXIV (84) x XCVII (97) without 
conversion and divide it by 
XXXIII (33) and the answer, if you 
can even get there, delivers an 
impossibility, a number less than 
I (1) which to the Romans, did not 
exist. Their problem was evident 
then, and today, still is.

Although many in the west might 
imagine that the foundations 
to our modern counting system 
evolved from those used in 
ancient Rome or Greece, they’d 
be way off the mark. What made 
modern mathematics possible 
was the discovery of the zero, or 
0 character, originally thought 

to have seen its fi rst use in 
9th century India. However, 
Marcus du Sautoy, professor of 
mathematics at University of 
Oxford, was one of those who 
discovered that it was in use as 
early as the 3rd or 4th century. 
‘Why India?’ is a good question; 
and why had this epiphany not 
occurred to mathematicians 
elsewhere? 

It is thought today that due 
to a mixture of religious and 
cultural infl uences, that 
Indians implicitly understood 
spiritual emptiness, a notion 
of nothingness, which allowed 
for its logical conceptualisation 
as a number and its 
transformative use in making 
calculations. Its discovery 
eventually precipitated the 
decimalised the Hindu-Arabic 
numeral system – incorporating 
the zero – which was fi nally 
joined together around the year 
700 AD, in India, where else?

It was not until the 12th Century 
and during a stay in north Africa, 
that the insightful Italian scholar, 
Fibonacci, stumbled across this 
revolutionary numeral system 
which he imported back to 
Europe. At that time, however, 
his dramatic gift was met with 
dark suspicion and its use swiftly 
banned by the government in 
Florence, a city later synonymous 
with The Renaissance.  

How the discovery of ‘Zero’ in India, led to food 
fl avourings created using Artifi cial Intelligence (A.I.)
By Trevor Brooker, Director, Baking Europe

“The fi rst substantial work in the fi eld of AI was 
carried out by British logician and computing 
pioneer, Alan Mathison Turing.”
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How the discovery of ‘Zero’ in India, led to food 
fl avourings created using Artifi cial Intelligence (A.I.)
By Trevor Brooker, Director, Baking Europe

“The fi rst substantial work in the fi eld of AI was 
carried out by British logician and computing 
pioneer, Alan Mathison Turing.”
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“Firmenich, a huge fragrance 
and fl avour company announced 
on 2nd October 2020, that it had 
invented the fi rst AI-created 
food fl avour.”
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It was the eventual advent 
of decimalisation and the 
increasingly complex calculations 
afforded by the addition of a 
zero, that offered mankind the 
mathematics by which NASA 
would land astronauts on the 
moon and send ‘Voyager 1’ 
beyond the bounds of our  
solar system. 

Skipping past AI’s initial discovery 
in the 1950s USA, developments 
have been reciprocal ever since, 
to the extent that computers 
can now refine their operations 
by learning from experience, a 
stunning process we now know as 
Machine Learning. 

In more recent times on terra 
firma, Firmenich, a huge 
fragrance and flavour company, 
announced in October 2020 that it 
had invented the first AI-created 
flavour in a collaboration with 
Microsoft (or Mister Softee as it’s 
known on Wall Street – Ticker: 
MSFT), using an AI platform 
which scours their vast database 
looking for winning flavour 
combinations. The first flavour 
they created was described as a 
‘lightly grilled beef taste for use 
in plant-based meat alternatives’. 
The company says that customers 
can specify “all natural” or 
“certified organic” ingredients, 
then set the AI to work. The 
entire process from setting the 
parameters to the end result is 
said to be much quicker, reducing 
the time from concept to creation. 

As food trends continue to 
change, this magical process may 
facilitate rapid developments 
in food science, thus allowing 
the world’s manufacturers and 
formulators to test rapidly new 
products and stay ahead of 
market movements or regulation. 

This is not to forget the 80s 
invention of the ‘electronic 
nose’ and ‘tongue’ which use a 
combination of artificial neural 
networks, chromatography, 
spectroscopy and multi-sensor 
arrays, to analyse and classify 
smells and tastes using a form 
of pattern recognition. (See also 
Glasgow University’s report 
on the artificial tongue*). The 
development of an AI with 
the ability to generate new 
flavours from a tranche of 
data represented a logical but 
significant advance in food 
science and technology. 

In summary, the revelation that 
the Indian manifestation of 
nothingness would eventually see 
mankind regularly splitting atoms 
at CERN, mapping the shape of 
the known universe, and creating 
new flavours using artificial 
intelligence (AI), all seems 
extremely humbling. Although 
the respective epiphanies were 
700 to 800 years apart, the 
evolution of AI and self-taught 
machines, are together taking 
mankind’s earthly and off-world 
prospects, to another level in a 
manner not dissimilar to the first 
use of that zero found written on 
a wall, in India. n
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The global bakery industry 
has for decades been in a 

continuous transition that is 
fuelled by changing consumer 
demands. Besides the ongoing 
transition and increasing 
seasonal impacts, COVID-19 
has re-emphasised the need to 
adapt and position the output of 
bakeries around these changing 
demands. Consumer expectations 
for product consistency, 
differentiation and quality have 
reached unprecedented levels. 
They are looking for quality, 
transparency, healthiness and, 
above all, the “wow experience”. 
They also seek convenient, 
instant, nutritious products with 

low calories and less sugar, but 
without compromising on taste 
and eating pleasure.

The impact of these trends on 
the European bakeries can be 
outlined below: 

• Bakeries are continuously 
adapting their portfolio, launching 
new products and responding 
to seasonal demands whilst 
also dealing with modifications 
such as environmentally 
friendly packaging, increased 
shelf-life, portable and easy to 
eat products.

• Manufacturers are looking 
for flexible and optimised 

baking solutions with reliable 
equipment for efficient 
operations and an optimal 
labour force. They also require 
equipment that is easy to 
operate and maintain as well 
as having the flexibility to 
manage the varying demands.

• The need to achieve 
optimisation of capital and 
operational expenditure 
through integration of used 
equipment if necessary, 
in upgraded systems and 
solutions.

 
The peoples of China and India, 
comprise around 36% of the 
world’s population and are 
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shifting gradually from traditional 
staple foods towards bakery 
products. The key trends in these 
two countries are:

• Gradual shift from rice to 
bread, often driven by ease 
of manufacture and health 

reasons.
• A shift from artisan to 

semi-industrial and from 
semi-industrial to industrial 
operations, driven by 
increasing labour costs and 
quality demands.

• New bakeries are being 

developed as a result of supply 
chain optimisation (forward 
integration by wheat mills and/
or backward integration by 
supermarkets and food chains). 
There are also new entrants to 
the market who are aiming to 
capture the high profit levels 
present in the bakery sector

• Industrialisation, which is seen 
as an easy route to the solving 
of hygienic issues.

 
Similar trends can be seen in 
other emerging markets (Table 1.)

OPTIMISED & FUTURE-PROOF 
BAKERY SOLUTIONS 
Worldwide, there are thousands 
of large bakeries, however, the 
number of qualified technology/
equipment suppliers (OEMs) 
is limited with the majority 
delivering complete “mono” 
systems comprising the whole 
range of equipment from silo  
to packaging. 

Essentially, there is a so-called 
“oligopoly” situation i.e. a small 
number of suppliers dominating 
the industry. This market 
situation was not an issue in the 
past because most bakeries were 
designed for mass production 
using low product mix and 
high volumes and were often 
facsimiles of existing bakeries 
with a few minor modifications. 

Table 1. Trends in other emerging markets

Europe China India

Market size $83 bn $17 bn $3.5 bn

CARG 2020 - 2023 1.7% 4.6% 5.9%

Consumption per capita/Yr 59.1 kg 3.0 kg 1.9 kg

Average price per kg Bread: $2.59 
Pastry: $7.20

Bread: $3.24 
Pastry: $7.40

Bread: $1.01 
Pastry: $3.76

Market Transforming High growth High growth, acceleration expected

Source: Statista

Optimised & future-proof bakery solutions
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Current and future bakeries, 
however, need a different 
approach. Given the trends 
described above, bakeries 
must be or become market/
consumer-driven instead of 

being manufacturing-led, whilst 
incorporating flexibility and 
customisation.

The once prevalent high volume, 
low mix model of manufacturing 

which involved a mass 
production, low unit cost model, 
is being replaced by solutions 
designed for high product mix 
with lower volumes. Bakeries are 
being challenged in this regard 

One 
System Integrator = ∑

Most appropriate 
technologies

from

Multiple manufacturers

= Optimised & Future-
proof Bakery Solutions

Table 2. The 12 criteria listed are fixed, however, a client may add additional criteria. 
The weight factor per criteria may change per client, depending on the importance that the client has per criteria. 
The quotations of the suppliers are scored based on the rationale. The best supplier(s) for each criterion will score a 10, 
the others anything between 9 – 1.

Criteria / weight factor Supplier score: 10 – 1 
(10 for the best )

Supplier 
1

Supplier 
2

Supplier 
3

Supplier 
4

Supplier 
5

Rationalisation

Hard criteria, 
must score 

> 8 to match 
client’s 
needs

1 Technological compatability Supplier score 10 10 8 9 9 The technology/process is fully capable/prooven to produce the product specified by the client in terms of quantity, quality 
& consistency;10 Weighted score 100 100 80 90 90

2 Technical Completeness of the solution Supplier score 10 10 10 8 9 The solution is fully complete in terms of the specified components, flexibility and optional requirements;

10 Weighted score 100 100 100 80 90

3 Price Supplier score 9 8 10 8 9 The total price of the solution including installation & commissioning is clear and fixed. Lowest price gets a 10, every 10% 
higher price gets 1 point less;10 Weighted score 90 80 100 80 90

4 Space required Supplier score 10 8 9.5 9 9 The space needed for the production line is small, basically every additional square meter adds to the CAPEX;

10 Weighted score 100 80 95 90 90

5 Operational expenditure Supplier score 10 10 10 9 9 The OPEX cost, sum of staff needed, flexibility to use lower cost/quality flour, and other costs to operate the plant are the 
lowest;9 Weighted score 90 90 90 81 81

Commercial 
Criteria, 

score > 6, 
client to 
decide

6 Quality/compliance with standards Supplier score 10 10 10 9 10 The materials used (stainless steel) are in complicance with international technical & food standards for safe operation & 
products. The materials used assures low maintenance and long lifetime; 8 Weighted score 80 80 80 72 80

7 Technical cost,  after Sales & guarantees Supplier score 10 10 8 8 9 The cost to keep the plant running - maintenance cost, after sales service & technical assistance. Supplier is offering 
flexible options. The gaurantees assures the client for continous production/timely repair at lowest cost;7 Weighted score 70 70 56 56 63

8 Delivery & commercial conditions Supplier score 10 10 10 10 10 The system can be installed within the time schedule desired by AHB and the payment terms are in line with AHB terms;

6 Weighted score 60 60 60 60 60

Less critical 
criteria, 

depending 
on client’s 

vision

9 Brand reputation Supplier score 9 10 6 8 9 The production line and/or key equipment are from AAA brands with excellent performance;

7 Weighted score 63 70 42 56 63

10 Flexibility for diversification Supplier score 10 10 10 8 9 The technological and technical setup of the production line is such that AHB can produce peripherial products in the 
future after minor modifications. The systems allows for portfolio expansion;4 Weighted score 40 40 40 32 36

11 Credibility of supplier Supplier score 9 10 6 9 9 The supplier has proven to be capable to deliver well functioning production lines. The supplier has reference plants and/or 
test facilities to demonstrate that they can produce the targeted products;3 Weighted score 27 30 18 27 27

12 Residual value after 10 years Supplier score 9.5 10 6 7 8 The residual value of the plant after 10 year in terms of technical value and saleability is high. There are many buyer of 
such a second hand plant.3 Weighted score 28.5 30 18 21 24

Maximum weighted score 870 848.5 830 779 745 794 Total weighted score

% of max. 98% 95% 90% 86% 91%
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to produce small batch sizes 
effi ciently whilst meeting high 
quality standards. To operate 
effi ciently in this environment, 
manufacturing fl exibility and 
agility are paramount. The 
factory of the future will be 
designed to cope easily with 

fl exibility to enable them to 
produce solutions quickly for 
local as well as global customers, 
whilst maintaining international 
standards.

System integration is seen as 
the way forward for bakery 

solutions that are optimised and 
future-proof. It’s the method and 
approach to design solutions 
that allow for fl exibility and 
the handling of today’s varying 
demands. It also means that the 
development of solutions that 
comprise the most appropriate 

“Bakeries must be or become 
market/consumer-driven instead 
of manufacturing-led.”

Criteria / weight factor Supplier score: 10 – 1
(10 for the best )

Supplier 
1

Supplier 
2

Supplier 
3

Supplier 
4

Supplier 
5

Rationalisation

Hard criteria, 
must score 

> 8 to match 
client’s 
needs

1 Technological compatability Supplier score 10 10 8 9 9 The technology/process is fully capable/prooven to produce the product specifi ed by the client in terms of quantity, quality 
& consistency;10 Weighted score 100 100 80 90 90

2 Technical Completeness of the solution Supplier score 10 10 10 8 9 The solution is fully complete in terms of the specifi ed components, fl exibility and optional requirements;

10 Weighted score 100 100 100 80 90

3 Price Supplier score 9 8 10 8 9 The total price of the solution including installation & commissioning is clear and fi xed. Lowest price gets a 10, every 10% 
higher price gets 1 point less;10 Weighted score 90 80 100 80 90

4 Space required Supplier score 10 8 9.5 9 9 The space needed for the production line is small, basically every additional square meter adds to the CAPEX;

10 Weighted score 100 80 95 90 90

5 Operational expenditure Supplier score 10 10 10 9 9 The OPEX cost, sum of staff needed, fl exibility to use lower cost/quality fl our, and other costs to operate the plant are the 
lowest;9 Weighted score 90 90 90 81 81

Commercial 
Criteria, 

score > 6, 
client to 
decide

6 Quality/compliance with standards Supplier score 10 10 10 9 10 The materials used (stainless steel) are in complicance with international technical & food standards for safe operation & 
products. The materials used assures low maintenance and long lifetime; 8 Weighted score 80 80 80 72 80

7 Technical cost,  after Sales & guarantees Supplier score 10 10 8 8 9 The cost to keep the plant running - maintenance cost, after sales service & technical assistance. Supplier is offering 
fl exible options. The gaurantees assures the client for continous production/timely repair at lowest cost;7 Weighted score 70 70 56 56 63

8 Delivery & commercial conditions Supplier score 10 10 10 10 10 The system can be installed within the time schedule desired by AHB and the payment terms are in line with AHB terms;

6 Weighted score 60 60 60 60 60

Less critical 
criteria, 

depending 
on client’s 

vision

9 Brand reputation Supplier score 9 10 6 8 9 The production line and/or key equipment are from AAA brands with excellent performance;

7 Weighted score 63 70 42 56 63

10 Flexibility for diversifi cation Supplier score 10 10 10 8 9 The technological and technical setup of the production line is such that AHB can produce peripherial products in the 
future after minor modifi cations. The systems allows for portfolio expansion;4 Weighted score 40 40 40 32 36

11 Credibility of supplier Supplier score 9 10 6 9 9 The supplier has proven to be capable to deliver well functioning production lines. The supplier has reference plants and/or 
test facilities to demonstrate that they can produce the targeted products;3 Weighted score 27 30 18 27 27

12 Residual value after 10 years Supplier score 9.5 10 6 7 8 The residual value of the plant after 10 year in terms of technical value and saleability is high. There are many buyer of 
such a second hand plant.3 Weighted score 28.5 30 18 21 24

Maximum weighted score 870 848.5 830 779 745 794 Total weighted score

% of max. 98% 95% 90% 86% 91%
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technologies and equipment to 
meet the technical parameters, 
needs, budget, etc., from multiple 
suppliers. System integrators will 
regularly offer the taking of full 
responsibility over the conceptual 
design, implementation and 
performance of the plant. 

To master the competences 
needed for system integration 
and to incorporate “shared 
value expertise” (incorporation 
of knowledge and creative 
solutions in their work), system 
integrators should operate on a 
global level  be able to integrate 
knowledge from different parts of 
the world and adapt a so-called 
Value Chain Performance Model; 
i.e. implying that equipment 
manufacturers are intensively 
involved in the conceptual 
design and engineering phase 
of an installation along with all 
performance guarantees being 
embedded/integrated as part of 
the total system (instead of for 
each machine). 

The result is that the system 
integrator is in a stronger 
position to hold suppliers of 
individual equipment modules, 
responsible for the promised 
performances. 

UNBIASED EQUIPMENT 
SELECTION
A major added value of the 
system integration approach 
is the use of an unbiased 
methodology for supplier’s 
quotations ranking. Project 
originators often have to deal 
with (confl icting) biased views 
and preferences, such as:

• The technical manager wants 
the best technical solution.

• The fi nance manager wants 
the lowest capital expenditure 
(CAPEX solution).

• The production manager wants 
the equipment with which he/
she is familiar.

The supplier’s ranking model 
(table 2.) assesses quotations 
from each supplier from twelve 
different parallel perspectives 
(criteria) categorised in three 
segments. The model assures a 
weighted ranking which refl ects 
the optimal solution for the 
client, together with an informed 
negotiation strategy.

Example: In the Middle East 
there is a 20,000m2 plant under 
development comprising new and 
existing bakery plant that will be 
required to produce 16 different 

categories of local and Western 
products. The equipment may 
originate from 25 – 30 different 
suppliers selected through a 
proven quotation valuation 
model. Because of the experience 
and negotiating power of the 
system integrator, the client may 
easily save up to 20% of the total 
capital expenditure.

TYPICAL SYSTEM INTEGRATION 
ROADMAP
T he phases and deliverables 
leading to customised plants, 
designed on the basis of client’s 
needs and budget, are further 
explained in table 3.

Whilst many manufacturers 
increasingly offer fully 
customised modular solutions, 
purchasing a complete line from 
a large equipment manufacturer 
can sometimes mean installing 
an existing plant set up that is 
not entirely customised to their 
needs.

This can lead to higher costs with 
varying degrees of suitability of 
each of the different modules 
(Such as ovens, mixing plant). 

Developing a plant independently 
without the appropriate 

“The system integrator is in 
a stronger position to hold 
suppliers of individual equipment 
modules, responsible for the 
promised performances.”
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Table 3. The phases and deliverables leading to customised plants.
Phase

Development 
Phase

1. Need Identification

What?

• Targeted product portfolio and capacities, customised to client’s needs

• Sketches of production lines: what can be combined, what should be 
separated

• ‘Master Product Sheet’: production lines, manufacturing processes and 
future production scheduling

• 3P Sheets (Products/ Processing & recipe/Packaging).

2. Conceptual design

How?

• Production matrix calculation

• General specifications of the building

• Initial plant lay-out

• Initial equipment list

• Process details

• Equipment sizes and capacities 

• Automation levels 

• Conceptual solution, customised to client’s needs.

3. Investment budget 
How much?

• Budget estimate (+/- 10%) and implementation planning.

4. Equipment selection

With Whom?

• Pre-qualified suppliers

• Processing of quotes/tendering

• Valuation & ranking of quotations

• Negotiation strategy

• Final selection of suppliers

• Final fixed price of the investment.

Procurement 
Phase

5. Supplier contracting

Which conditions & 
guarantees?

• Negotiations, performance guarantees and contracting

• Price, guarantees and payment conditions for all suppliers

Implementation 
Phase

6. Matching of 
Interfaces 

How to integrate fully?

• Detailed technical design

• Integration of the various parts

• Final layout drawing

• Utility connection data

• Detailed engineering, utility hook-up details and civil provision.

7. Manufacturing, 
Assembling, 
Implementation

How to implement?

• Room dimensions, conditioning, interior finishing

• Machine hook up list for utilities

• Conceptual designs for energy and supplies

• Suppliers monitoring

• Factory Acceptance Test (FAT)

• Coordination of changes

Commissioning 
Phase

8. Installation

Commissioning

How to install?

• Supervision of the installation process on site

• Dry-testing, wet testing & fine-tuning

• Commissioning including transfer of technology

• SAT protocol: (Site Acceptance Test)

• Acceptance protocol: Handover of the plant to Client.

Training & 
Production 
phase

9. Training

How to operate  
and to produce?

• Training of client’s staff on plant operation and familiarisation of the 
system management. 

10. Maintenance   
service, monitoring

• Follow up on open issues with suppliers.
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experience or expert third-party 
guidance is not without risk since 
expensive mistakes could be made 
with engineering calculations, 
ordering of components, interface 
issues and the securing of the best 
contract value. 

Additional risks may include 
not being fully aware of all 
the international suppliers or 
have the up-to-date expertise 
to analyse the financial 
commitments and, therefore, 
make informed purchasing 

decisions from a TCO (total cost of 
ownership) perspective.   

Summary: System integrators can 
take care of the following:

• Customised solution fitting 
needs and budget

• Control of the entire project, 
unburdening fully the client 

• Project originator deals with a 
single supplier that guarantees 
the total performance

• Possible cost savings through 
greater access to OEM prices.

As with any capital expenditure 
whatever the size, it may be 
prudent to remember the phrase 
caveat emptor or “Let the buyer 
beware”! n

Dewanand Mahadew
CCO Integrated Bakery
The Netherlands
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FOOD FOR THOUGHT
FUSION BAKERY

It all started in New York in 
2013 with the invention of the 

Cronut, the delightful mashup 
of a croissant and a doughnut.1 
This seemingly innocuous 
combination of two standard, 
albeit popular, bakery items 
immediately created something 
of a global internet sensation. 
And that, after all, is seemingly 
how success is so often measured 
in the world of food innovation 
these days.

And where the cronut led, several 
other new fusion foods have 
subsequently followed. Think 
only of the mufgel (muffin and 
bagel) that emerged in Brooklyn, 
NY in 2016,2 or 2019’s croiffle 
(a croissant waffle hybrid from 
Godiva).3 Intriguingly (especially 
for readers of Baking Europe), it 
would seem to be the bakery 
category where so many of these 
contemporary innovations have 
emerged.3

It is, however, important to note 
that not every combination of two 
liked food products necessarily 
gives rise to a combination that 
is itself appreciated. In the latter 
category fall inventions such 
as the tacro (combining the 
worst of both worlds, namely a 

messy-to-eat croissant with a 
difficult-to-eat taco) and the sushi 
croissant. Florence Fabricant’s 
recipe for a “Dutch Baby” that first 
appeared The New York Times also 
caused something of a kerfuffle: 
Basically, the recipe added sugar 
and fruit compote to a Yorkshire 
pudding batter mix. It wasn’t just 
the residents of Yorkshire who 
were outraged; All across Britain, 
consumers started complaining 
that this was simply a step (or 
should that be a fusion) too far.5 
No, the critics said, this savoury 
pudding recipe deserves roast 
beef and gravy.6 Being Yorkshire 
born and bred, you can probably 
guess where my sympathies lie 
on this one!

But why, you might ask, should 
people be drawn to fusion foods 
in the first place? Why not stick 
with what you know and, more 
importantly, what you know you 
like? One suggestion here is that 
novel food mashups help feed a 
desire for novelty. Sometimes new 
ingredients, or unfamiliar dishes 
from exotic countries, provide 
the novelty that consumers 
crave. However, novel fusion 
foods provide another ready 
means of delivering something 
new and exciting (and more 

importantly Instagrammable) to 
the marketplace.

Problems can all too easily 
arise, though, if the consumer 
cannot decode, or identify, the 
component parts in the new 
food. In the case of drinks, for 
example, one ends up with 
unappealing (to your present 
author at least) mixtures such as 
the Basque favourite Kalimotxo, 
a 50/50 mixture of red wine and 
cola,7 or else with blends, as 
in the case of mixing different 
single malt whiskies, say.8 That 
is, simply combining two things 
you like doesn’t necessarily give 
rise to a combination that is 
itself guaranteed to be delicious. 
Consider here only the Hong Kong 
speciality Yuenyueng, where tea is 
mixed with coffee. I must confess 
that while I am addicted to both 
of these drinks, I really do not 
fancy the idea of mixing the two, 
at least not conceptually.

One of the problems, then, as 
far as novel fusion creations is 
concerned, is that the consumer 
needs to be able to interpret the 
signs and symbols when they 
encounter something new or 
different. Otherwise, as Simona 
Stano has noted, the danger is that 

On the rise of

FUSION FOODS
in the bakery category

By Prof. Charles Spence, Gastrophysicist, University of Oxford
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one can all too easily end up with 
‘con-fusion’ instead. Successful 
new fusion foods require that the 
distinctive elements that together 
give rise to the new creation 
remain identifi able to whoever is 
tasting them. 

In this regard, Stano gives the 
example of Italian sushi, where 
the form retains the distinctive 
shape of Japanese sushi while 
the ingredients wrapped inside 
retain their Italian identity, think 
Parmesan tempura and Italian 
sausage.9

While famous chefs such as 
Wolfgang Puck have long prided 
themselves on their fusion 
cuisine, it is worth noting how 
many of our staple favourite 
dishes actually represent the 
historical mixing of cuisines, 
cultures, etc.10 As such, some 
commentators have been minded 
to suggest that fusion cuisine 
may actually the norm and not 
the exception.11 Look far enough 
back into the annals of culinary 
history and the majority of our 
contemporary dishes are really 
examples of fusion. The same is, 

of course, also true in the bakery 
category: Just think about how the 
traditional French favourite, the 
croissant, actually originated in 
Vienna, Austria.

So, for those of you out there 
in the bakery category who are 
contemplating creating your own 
new fusion food, my top tips 
would to think carefully about 
the name of your new creation: 
So, for example, spelling out 
the components in the name 
of that new fusion creation 
can really help – think ‘cronut’, 

Problems can all too easily arise, 
though, if the consumer cannot 
decode, or identify, the component 
parts in the new food.

Doughnut-cronut, chocolate and almond 
croissant and doughnut mixture
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‘mufgel’, ‘croiffl e’ etc. Contrast 
this with the fusion fl op that 
was the ‘Dutch Baby’, where 
the name gives nothing away 
about what you might be tasting. 
You should also make sure that 
the various elements that are 
brought together in your new 
creation remain identifi able to 
the consumer (so avoiding con-
fusion). Finally, be sensitive to 
issues of cultural appropriation 
(again, remember the ‘Dutch 
Baby’). Oh, and it helps if the end 
result is Instagrammable too.

That said, I can’t help but 
wondering whether the desire 
for novelty in what we consume 
(food adventurousness if you will) 

is a trend that is more apparent at 
times when the world seems like 
a safe place. My sense is that the 
global uncertainty brought about 
by the Covid-19 pandemic has 
resulted in many of us shifting 
our food preferences more toward 
nostalgia brands, familiar fl avours 
and comfort eating, as we seek 
emotional reassurance from 
what we eat. Note here only the 
marked shift toward home baking 
that was seen in many countries, 
like the UK, during the fi rst 
lockdowns. What better way to 
deal with the ‘touch hunger’ that 
so many were complaining about 
(e.g., by kneading the dough) 
while at the same time helping to 
deliver a delicious aroma in our 

homes, where more of us have 
been spending more time than 
ever before. ■

About the author

Professor Charles Spence is a world-famous experimental psychologist 
with a specialization in neuroscience-inspired multisensory design. He 
has worked with many of the world’s largest food and drink companies 
across the globe since establishing the Crossmodal Research Laboratory 
(CRL) at Oxford University in 1997. Prof. Spence has published more 
than 1,000 academic articles and edited or authored, 15 books including 
the Prose prize-winning “The perfect meal” (2014, with Betina Piqueras-
Fiszman), and the international bestseller “Gastrophysics: The new 
science of eating” (2017; Penguin Viking) – winner of the 2019 Le Grand 
Prix de la Culture Gastronomique from Académie Internationale de la 
Gastronomie. His latest book, Sensehacking, was published in January.

1. Knutson, A. (2013). Everything you need to know about the cronut. Buzz Feed, May 24th. 
https://www.buzzfeed.com/arielknutson/everything-you-need-to-know-about-the-cronut?utm_term=.lrkLQppek#.goJrYnnqw.
2. Pesce, N. L. (2016). Meet the mufgel, the muffi n-bagel mashup from the Brooklyn baker behind the rainbow bagel craze. NY Daily News, 
August 19th. http://www.nydailynews.com/life-style/eats/meet-mufgel-muffi n-bagel-mashup-brooklyn-article-1.2757839.
3. Scott, E. (2019). Behold the croiffl e, the croissant waffl e hybrid we’ve all been waiting for. Metro, February 12th. 
https://metro.co.uk/2019/02/12/behold-croiffl e-croissant-waffl e-hybrid-waiting-8544862/.
4. Spence, C. (2018). Contemporary fusion foods: How are they to be defi ned, and when do they succeed/fail? International Journal of 
Gastronomy & Food Science, 13, 101-107.
5. Morrissy-Swan, T. (2018). Have Americans re-invented the Yorkshire pudding as the ‘Dutch Baby’? The Daily Telegraph, May 14th. 
https://www.telegraph.co.uk/food-and-drink/news/have-americans-re-invented-yorkshire-pudding-dutch-baby/.
6. Before getting too excited here, it is perhaps worth remembering that the recipe for pancake mix, is essentially identical to that for 
Yorkshire Pudding. And pancakes, as we know, can be served both sweet and savoury. Hence, the upset is perhaps more about cultural 
appropriation than anything else.
7. Erdos, J. (2012). Kalimotxo: The odd combination of cola and red wine. The Huffi ngton Post, April 17th. http://www.huffi ngtonpost.
com/2012/04/16/kalimotxo-drink_n_1428364.html.
8. Spence, C. (2018). Dunkin cronuts. Class Magazine, Winter, 66-69.
9. Stano, S. (2014). Con-fusion cuisines: Melting foods and hybrid identities. Proceedings of the World Congress of the IASS/AIS 12th WCS 
Sofi a 2014: New semiotics between tradition and innovation. http://www.iass-ais.org/proceedings2014/view_lesson.php?Id=134.
10. Geiling, N. (2013). Sorry, Wolfgang, fusion foods have been with us for centuries. The Smithsonian, July 24th. 
https://www.smithsonianmag.com/arts-culture/sorrywolfgang-fusion-foods-have-been-with-us-for-centuries-17238814/.
11. Laudan, R. (2013). Cuisine and empire: Cooking in world history. Berkeley, CA. University of California Press.

FOR MORE INFORMATION

Professor Charles Spence
University of Oxford, United Kingdom

http://www.bakingeurope.eu
https://www.buzzfeed.com/arielknutson/everything-you-need-to-know-about-the-cronut?utm_term=.lrkLQppek#.goJrYnnqw
http://www.nydailynews.com/life-style/eats/meet-mufgel-muffin-bagel-mashup-brooklyn-article-1.2757839
https://metro.co.uk/2019/02/12/behold-croiffle-croissant-waffle-hybrid-waiting-8544862
https://www.telegraph.co.uk/food-and-drink/news/have-americans-re-invented-yorkshire-pudding-dutch-baby/
http://www.huffingtonpost.com/2012/04/16/kalimotxo-drink_n_1428364.html
http://www.iass-ais.org/proceedings2014/view_lesson.php?Id=134
https://www.smithsonianmag.com/arts-culture/sorrywolfgang-fusion-foods-have-been-with-us-for-centuries-17238814/
http://www.huffingtonpost.com/2012/04/16/kalimotxo-drink_n_1428364.html


The word “plastic” evokes 
passions; add the words 

“single use” and we must be 
prepared to take cover. There is no 
doubt that there is civic, political, 
and corporate momentum 
towards a circular economy 
sustainability. Unfortunately, 
plastics have become the popular 
bogeyman of the modern 
sustainability movement. 

It took a pandemic to remind 
people of the value, safety, 
security, effi ciency and economy 
of plastics. The time is ripe to 
re-assess the potential of plastics 

to lead our way towards this 
circular economy; we must check 
our biases and premises,  stop 
advocating for a smorgasbord of 
irrational solutions for reducing, 
replacing, remaking and/or 
eliminating plastics. Instead, we 
should be embracing solutions 
that successfully and robustly 
process mixed waste streams into 
refi ned, value-added feedstocks 
that are equivalent in quality 
to those produced from fossil 
sources. The good news is that the 
technology already exists and has 
been used commercially in various 
forms for more than a century. 

Since the 1960s, technological 
advances have helped to 
refi ne processes to make them 
suffi ciently robust for handling 
mixed municipal solid waste 
(MSW). These processes will 
serve as a backstop or fi nal 
option for the many materials 
that are simply not economically 
recyclable by traditional 
methods. As we have adopted 
the philosophy of “reduce,” 
industry has responded with 
many remarkably capable 
multi-layer/multi-material, 
minimal structures that are 
not readily recyclable. Adding 
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robust backstop processes for 
waste enables us to close the 
loop on virtually all waste, 
reduce harmful emissions from 
landfi lls and incineration while 
supporting existing infrastructure 
for traditional recycling of the 
few materials that are readily and 
economically recyclable.

Before describing such backstop 
technologies, it is worth 
addressing the common myths 
about the future of plastics in the 
circular economy:

Myth 1: “We must reduce 

the amount of plastic in our 
waste” – Reduction is naturally 
driven by economics even in the 
absence of a sustainability goal. 
When landfi lling was socially 
acceptable, reduction, e.g., glass, 
rigid plastics to fl exible fi lm, also 
offered an environmental benefi t, 
mostly from production and 
distribution effi ciencies. However, 
reduction has negatively affected 
the economics of recycling which 
has put the entire recycling 
system in jeopardy.

Myth 2: “If only we made 
plastics from renewable 
biological sources” - Whilst 
biobased materials are technically 
renewable, they also require 
large quantities of water, energy, 
fertiliser, chemicals and other 
processes that have a signifi cant 
impact on recycling. Additionally, 
whether polyethylene is made 
from fossil fuel or fermented 
sugar, the result is the same 
material, polyethylene, which 
is not bio-degradable. This is 
not an argument against bio-
based plastics, but rather a call 
to realise that “bio-based” does 
not automatically mean more 
sustainable or biodegradable.  

Regardless of source, bio-based 
plastics enter the waste stream 
just like all other plastics.  From 
a circular economy standpoint 
using our existing infrastructure, 
the only benefi t of using bio-
based plastics would be via 
waste-to-energy, since bio-energy 
is often viewed as zero net 
carbon, even though just a few 
inputs may not be.  Since, it is 
unlikely that all plastics will be 
bio-based and that its successful 
sorting from fossil-based plastics 
is not practical, there is no clear 

environmental benefi t from bio-
plastics.

Myth 3: “If only all plastics were 
Biodegradable/compostable” – 
Biodegradability is often touted 
as the ultimate solution for 
sustainable plastic packaging. 
This notion is probably fueled 
by a desire to have unsightly 
plastic litter disappear on its 
own. Whilst litter is a problem 
that will require persistent 
mitigations, we should not expect 
biodegradable plastics to solve it. 
In fact, biodegradable plastics are 
much more likely to exacerbate 
environmental impacts than 
promote sustainability. There 
are three signifi cant problems 
with biodegradable and/or 
compostable plastics; 

Firstly, we often use plastics 
to protect products that are 
themselves biodegradable and/
or compostable. It is the fragility 
of these products that we seek to 
protect with effi cient and durable 
materials such as plastics. Due 
to its inherent nature, inferior 
biodegradable plastic packaging is 
likely to lead to increased losses 
of the products they are intended 
to protect. Secondly, products 
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and packaging are occasionally 
made from more than one 
polymer/material. The latter, for 
instance, often requires multiple 
materials, labels, adhesives, 
decorations and fi tments to 
serve its function. Compostable 
packaging has been shown to 
contaminate otherwise “organic” 
compost, destroying its usability 
and value. Thirdly, whilst litter 
is an unsightly problem, most 
of the plastic waste ends up in 
landfi lls which the  United States 
Environmental Protection Agency 

(EPA) has already identifi ed as 
the third largest contributor of 
global atmospheric methane, 
which has a considerably higher 
impact as a greenhouse gas than 
carbon dioxide (EPA, 2021).  Whilst  
sanitary landfi lls are intended to 
store waste, they serve as giant, 
uncontrolled anaerobic digestors 
also producing methane. Seeding 
landfi lls with more biodegradable 
materials will drive production 
and release of even more 
methane exacerbating problem 
further. It is doubtful that those 

advocating that biodegradable 
plastics will solve the litter 
problem particularly if  this is at 
the expense of a further release of 
potent greenhouse gases.

Myth 4: “We must redesign 
multi-material structure to be 
monolithic” – Multi-layer fl exible 
fi lms are designed to deliver 
required barrier and structural 
properties for specifi c applications 
that are often not attainable 
from monolithic materials.  
Flexible military food packaging 

Figure 1: Plasma Assisted Gasifi cation and Vitrifi cation (PAG/V) process converts mixed waste into syngas.

“Biodegradable plastics are 
much more likely to exacerbate 
environmental impacts than 
promote sustainability.”
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Figure 2--Gasification converts carbon-based materials into syngas. Syngas can be converted into methanol. Methanol 

can be used to make new plastics.

provides a valuable example 
(Jahner, 2015). Packaged military 
foods often have shelf lives 
measured in years. It must be 
light and strong while protecting 
food from moisture changes 
and oxidation. If monolithic 
materials existed that could 
deliver such performance, we 
wouldn’t go through the trouble 
manufacturing multilayer 
materials.  This is not likely to 
change. 

Myth 5: “There is no silver 
bullet!” –   The Miriam-Webster 
Dictionary defines “silver bullet” 
as “something that acts as a 
magic weapon, especially one 
that instantly solves a long-
standing problem.”  Problems 
related to waste are long-
standing and complex, however, 
technologies exist that can 
mitigate the problems.  Some 
technologies promise to mitigate 

more problems than others. A 
few technologies promise to 
fundamentally change the way 
we view waste. There may be no 
silver bullet, but that does not 
mean we are devoid of promising 
options.

Perhaps the most robust and 
flexible technology for treating 
mixed MSW is thermochemical 
conversion. Various approaches 
are commercially practised 
ranging from the almost ancient 
gasification process to modern 
plasma assisted gasification 
and vitrification (PAG/V).  PAG/V 
is very robust and can deliver 
clean syngas for subsequent 
processing.  Historically, industry 
has relied upon biomass and 
fossil fuels to produce syngas via 
gasification. PAG/V can accept 
all materials found in municipal 
solid waste as well as organic 
chemical and biological wastes. 

The process can melt down 
metals and mineral oxides while 
converting organic materials into 
syngas (Figure 1).

Syngas is produced commercially 
on a global scale for subsequent 
production of fuels, chemicals, 
plastics, power, and other 
products (Figure 2).  

With PAG/V we do not need 
to reinvent plastics to make 
them amenable to the circular 
economy. All  non-recyclable 
materials that are currently 
going to landfills such as multi-
layer, flexible, filthy, coloured, 
labelled, metallised, foil and/or 
fitment laden packaging, can all 
be recovered through the syngas 
route. Ideally, syngas is converted 
to recycled content methanol, 
which can be used as a feedstock 
to reconstitute virgin plastics. 
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The Methanol Institute 
(Washington D.C.) is reporting 
that methanol-to-olefi ns/
plastics (MTO) has emerged as a 
signifi cant market for methanol 
in the last decade and is growing 
rapidly (Anon, 2021). Syngas is 
not a magical silver bullet, but 
is, potentially, the key to plastic 
packaging circular economy, 
sustainability.  PAG/V technology’s 
ability “have one’s cake and eat 
it” is unique amongst all recycling 
technology options and, therefore, 

demands special attention and 
interest by the packaging and 
packaged goods’ industries.  
The plastics packaging industry 
must recognise the value and 
importance recycled-content-
methanol will play in the 
future and help to promote its 
production and use for recycled 
content in virgin quality plastics. 
Creating and sustaining a market 
for waste-to-syngas-to-methanol-
to-plastics is a much better 
alternative to legislative extended 

producer responsibility (EPR) 
taxes (Lahkan, 2020).

PAG/V also offers the opportunity 
to simplify collection and sorting, 
providing signifi cant, offset energy 
and emissions savings.  It is also 
simpler and more straightforward 
to promote the use of renewable 
energy to drive PAG/V waste 
conversion systems than to 
continue failing to recycle waste.

The Consortium for Waste to 
Syngas Circularity (CWSC) is 
supporting education, research, 
and policy initiatives to promote 
investment in robust and fl exible 
waste conversion infrastructure.  
Companies interested in solving 
intractable problems with waste 
should seek to join CWSC 
(www.wastecircularity.org) ■

Bruce A. Welt, Ph.D., Professor, 
Agricultural & Biological Engineering 
Department, Packaging Engineering 
Program, University of Florida, 
Gainesville, Florida
Email: bwelt@ufl .edu
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