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Welcome to the Winter 2022/2023 edition of Baking Europe journal.

Baking Europe celebrating

1  YEARS
2 0 1 3 – 2 0 2 3

WELCOME
ou may have noticed that the 

winter edition of our journal is 
now being published in the new 

year instead of late December. 
Before you ask, yes this was an 
intended move, fi rstly from a practical 
point of view: our authors and 
production staff  not having to juggle 
editorial duties and Christmas 
arrangements and 
you, our readers, can look forward 
to some stimulating and (hopefully) 
entertaining reading to lighten up 
what some have dubbed the 
January blues!

Well, let’s start with our own 
celebration: Baking Europe Journal is 
10 years old this year! I am proud to 
say that, thanks to my team, our 
unique publication has featured a vast 
array of eclectic subjects over the 
decade from the usual run-of-the-mill 
(pun intended!) articles on 
ingredients and process through to 
3D printed pizzas for astronauts 
(Baking Europe summer 2018, page 
59), aerodynamically designed lorries, 
LED lighting through to artifi cial 
intelligence and waste energy recovery 
from ovens to name but a few.

As our celebratory year commences, 
therefore, I am delighted to see a 
plethora of remarkable creativity and 
innovation emanating from our 
contributing authors; the world’s top 
food scientists, researchers, industry 
professionals et al for whom I give my 
heartfelt thanks for their hard work 
thus far.

We start this edition with a special 
feature addressing the problems of 
food contamination from chemical 
migration from biobased materials 
followed by a project on the gut-
health benefi ts of eating sourdough 
bread. We also examine an oft 
dismissed ingredient related to the 
banana, the enset, a fruit widely eaten 
as a staple and used to make a type of 
bread in east Africa that now off ers 
signifi cant potential to solve 
ingredient shortages in Western 
Europe and beyond.  

Elsewhere we cover more research on 
sugar replacements (Surrey 
university), fl atbreads – a modern 
twist, culinary medicine that “blends 
the art of food and cooking with the 
science of medicine.”  a research 

project on the use of hydrogen 
energy, with Professor Charles 
Spence Oxford University providing 
us with some light reading on the 
“tactile stimulation” (Spence) of 
making your own bread at home that 
increased dramatically during the last 
two Covid ridden years.

I hope you enjoy this lighter touch to 
brighten these short dark days (for 
those of you in Northern  Europe) and 
urge you to go forth and temper the 
gloom that is the world news, with the 
tastes and smells of freshly baked 
bread and confectionery.

Graham Pendred
Publisher

http://www.bakingeurope.com
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THIS COULD BE 
TOP BANANA!

In search of a secure food supply?

Written by:

Richard Henderson
Sub-editor, Baking Europe

hat are the Highlands 
most famous for? The 

Loch Ness Monster or 
Ben Nevis, maybe? No, 

the answer is coff ee. I am not talking 
about the Scottish Highlands, but 
rather those in Ethiopia. The story of 
how coff ee became such an 
important part of Western culture 
traces its origins all the way back to 
the place from where it was fi rst 
exported, the medieval Kingdom of 
Kaff a (sounds like coff ee for a good 
reason), located on the ‘Roof of the 
Africa’, in the Ethiopian Highlands. 
But although we are all familiar with 
coff ee, I doubt the same can be said 
for the enset plant, a little known 
relative of the banana that is native to 
the region, but rather than the fruit it 
is the trunk and root underground 

that can be eaten. According to one 
research paper, titled, The Tree 
Against Hunger, “enset is very likely 
the most unstudied domesticated 
crop in Africa.” 1

So, in a time when food might be 
scarce for a number of reasons: 
climatic conditions, geo-political 
tensions or infl ationary eff ects on 
price, the fact that 60 enset plants 
might to be able to feed a family of 
fi ve for a year, suggests we should 
perhaps fi nd out more.2

Despite its short name, the enset is 
anything but in terms of stature, it’s as 
tall as a house and lives for 10-12 
years. During this time several 
hundred kilos of starchy vegetable 
like tissue can be harvested and eaten 

in various forms, the three main local 
dishes being – kocho, bulla and 
amicho.

The pulp of the roots and leaf sheaths 
are fermented underground for four 
to six months to make kocho. Spices 
and butter are added and the 
resulting mixture is shaped into small 
discs, it is then baked. Bulla is 
harvested from fully matured plants 
and is used in soups and porridges; it 
can even be used to make pancakes. 
Amicho is the boiled root and is 
similar to the familiar potato.

Furthermore, it’s not just the human 
population that can benefi t: the 
leaves of the tree can be given to 
livestock as animal fodder and it can 
also be used in packaging.1

“Enset is very likely the most unstudied 
domesticated crop in Africa.”

http://www.bakingeurope.com
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Given the security of most large-scale 
supply lines is currently dominating 
the headlines, enset has a proven 
track record of alleviating food 
shortages in challenging times. Those 
who remember the devastating 
famine in Africa during the 1980s 
might not be aware that, at a time 
when climatic conditions were at their 
worst, enset growing communities 
reported little to no diff erence in food 
security.3   

Yet, despite its resilience, the so 
called ‘Tree Against Hunger’1 is not 
immune to the threats faced by all 
crops. Diseases such as Xanthomonas 
(XWE)4 and Cephalosporium5 reduce 
crop yield and Sclerotium reduces 
plant growth.6 XWE is mainly spread 
through cultivation tools and 
contaminated planting materials, 
though it can also be transmitted by 
porcupines, mole rats and warthogs.1 

Cephalosporium and Sclerotium are 
minor diseases caused by bacterial, 
fungal and viral pathogens.1 

Aside of the general challenges faced 
in cultivating all crops, greater 
challenges include shifting 
environmental conditions and the 
declining diversity of landraces7 and 
perhaps unsurprisingly, climate 
change is projected to substantially 
impact all agricultural systems in East 
Africa. Crop yields will either reduce 
or become more variable, resulting in 
the need for new adaptations and 
new areas to grow in.8

Regardless of these potential barriers 
to cultivating enset on a large scale, 
some obvious challenges remain. As 
well as caring for the tree, would the 
dishes described above be accepted 
by the tastes of consumers across 
Europe and beyond? Only consumer 

research could give a true indication, 
though I suspect given how people 
around the globe are continually 
adapting to an increasingly adverse 
environment, now might be a good 
time for bakers to create some 
innovative new products – assuming 
enset were widely available. 

At a time when European 
governments are actively looking to 
secure their supply of various 
resources, this little-known crop has 
the potential to off er dishes that do 
not rely on rice, wheat or maize, as a 
main ingredient.

Speaking to the BBC in January this 
year, Dr Borrell, an expert and 
advocate of enset said, “We need to 

INGREDIENTS
ENSET FRUIT 9

“Enset has a proven track record 
of alleviating food shortages in 
challenging times.”
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diversify the plants we use globally as 
a species because all our eggs are in a 
very small basket at the moment.” 
Recent events have only confirmed 
the accuracy of his opinion: supply 
shocks to staples such as wheat were 
in the headlines in the spring and now 
winter is upon us, the National Union 
of Farmers (UK) is warning a slump in 
the yield of tomatoes, similar to 
shortages already seen with eggs, will 
see this year’s supply of many crops 
at a record low.9 

Consumers across Europe and 
beyond and facing rising costs across 
the board and news outlets are 
reporting that any relief from 
inflationary pressure is a long way 
off.9, 10 In general, finding a solution to 
the cost of living crisis is the 
challenge faced by governments and 
beyond the power of consumers. 

However, it would appear that other 
than the fact that enset is not currently 
cultivated outside of its native Africa 

(although expanding its cultivation is 
now being researched),11 it could be 
within the power of food manufacturers 
to use enset as a new main ingredient. 

So, seeing as cost effective 
ingredients are in short supply, 
especially at a time of year associated 
with a table full of things to eat and 
drink, if we don’t want our dining 
tables to always be a few bananas 
short of a bunch, enset could make a 
worthy new addition. 

References
1 Brandt SA, Spring A, Hiebsch C, et al. 1997. The “Tree Against Hunger”: enset-based agricultural system in Ethiopia. 

Washington, DC: American Association for the Advancement of Science. 
2 https://www.kew.org/plants/enset
3 Dessalegn R. 1995. Resilience and vulnerability: enset agriculture in southern Ethiopia. Journal of Ethiopian Studies 28: 23–51.
4 Hunduma T, Kassahun S, Hilu E, Oli M. 2015. Evaluation of enset clones resistance against enset bacterial wilt disease 

(Xanthomonas campestris pv. musacearum). Journal of Veterinary Science & Technology 6: 1–7.
 5 Tessera  M, Quimio  AJ. 1994. Research on enset pathology. In: Herath  E, Desalegn L (eds). Proceedings of the 2nd National 
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6 Tessera M, Lohuis D, Peters D. 1996. A badna virus in Ensete. In: Bekele E, Abdulah A, Yemane A. (eds) Proceedings of the 3rd 

annual conference of the crop protection society of Ethiopia. Addis Ababa: Crop Protection Society of Ethiopia, 143–148.
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Food and Energy Security 4: 110–132.
8 Challinor A, Watson J, Lobell D, Howden S, Smith D, Chhetri N. 2014. A meta-analysis of crop yield under climate change and 

adaptation. Nature Climate Change 4: 287–291. 
9 https://www.bbc.co.uk/news/business-63864786 UK sleepwalking into food supply crisis, says farming union.
10 https://www.bbc.co.uk/news/business-63834755 Cutting energy prices will take years – power boss 
11 Koch, Mengesha, Pironon et al. 2022. Modelling potential range expansion of an underutilised food security crop in Sub-
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  SUGAR 
REPLACEMENT
options in baked goods
Written by:

Dr Ndidi Ihekwaba 
University of Surrey, UK

Dr Terri Grassby 
University of Surrey, UK

xcess intake of calories, 
specifically sugar (sucrose), 
contributes to the poor health 
of the global population. This 

excess intake contributes to weight 
gain, poor dietary intake and increased 
risk of non-communicable diseases.

Treating obesity and its 
consequences costs the NHS £6.1bn 
every year and Europe €81bn every 
year (Cuschieri and Mamo, 2016; 
Tedstone et al., 2018). Successful 
reduction in calorie intake could 
reduce the cost and time spent on 
these health issues, allowing health 
professionals to concentrate on other 
health problems and improving 
quality of life for the general public. 

A significant portion of calorie intake 
comes from baked goods and as a 
result, therefore, a reduction in the 
calorie density of this type of 
foodstuff may reduce overall calorie 
intake for the population at large.

Why is sugar replacement needed 
– policy drivers, health drivers? 
Over the last few decades, there has 
been a general trend of reducing the 
amount of sugar present in food 
products. Most soft drink 
manufacturers have managed to 
produce lower-sugar versions of their 
leading products by combining sugar 
with high-intensity sweeteners to 
maintain mouthfeel and sweetness 
whilst aiming to avoid or minimise  
the sugar levy being applied. In  
foods, the bulk functionality of  
sugar is harder to replace than 
sweetness because considerably  
less high-intensity sweetener is 
needed to achieve the required 
sweetness level.

In 2018, the UK government set out a 
calorie reduction plan for the food 
industry in the policy document 
“Calorie reduction: The scope and 
ambition for action”. In this document, 
as with the sugar reduction 

programme, the food industry was 
recommended to adopt three 
pathways to reduce calories:

1. Change products recipe.
2. Reduce portion size.
3. Encourage consumers to purchase 

lower-calorie products.

Food sources covered by the policy
• The calorie reduction programme 

affects 19% of foods eaten by 
children and adults.

• The sugar reduction programme 
covers 25% of calorie sources for 
children.

• The drinks levy covers 5% of 
calories which come from drinks.

Overall, a significant portion of food 
sources are covered by the UK 
government’s policy. 

In 2022, the World Health 
Organisation (WHO) announced that 
it will launch a calorie reduction 

http://www.bakingeurope.com
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initiative that will be led by the United 
Kingdom and it is likely that their 
government’s guidelines will form the 
basis of the those produced by the 
network (WHO, 2022).

Sugar replacements 
Sugar replacement ingredients are 
used principally to substitute the 

functions that are carried out by 
sucrose such as sweetness, texture, 
mouthfeel, Maillard browning, heat 
stability, bulking behaviour, neutral 
aftertaste and rapid onset of 
sweetness. In practice, the reduction 
of sugar content in a recipe is 
achieved by any one of three 
methods; by reducing the sugar 

content of the product but without 
employing a replacement, by adding 
artifi cial sweeteners or by reducing 
sugar and adding a bulk replacement 
ingredient with or without artifi cial 
sweetener. 

It must be noted that reducing the 
sugar content without using a suitable 
replacement will alter the taste and 
texture profi le of the product. Unlike 
salt, even a relatively small reduction 
in sweetness may be noticed by 
consumers, especially as sucrose has 
the ability to mask bitter fl avours 
(Beck et al., 2014). Such 
modifi cations can of course, be 
communicated to customers through 
marketing activities but this runs the 
risk of emphasising recipe changes 
and possibly losing customer 
appreciation if they had not perceived 
the changes themselves (Markey, 
Lovegrove and Methven, 2015; 
Tedstone et al., 2015). 

In these circumstances, therefore, 
reformulation can have a profound 
eff ect on sales, which may fall if the 
perceived quality is lessened or prices 
increase.

 “Always accentuate the positives” is 
the maxim any successful marketing 
or sales professional will tell you, by 
perhaps, highlighting the 
reformulation as “healthier” for 
instance, “lower in sugar” or “low in 
calories”, any of which may increase 
product sales. (Devaux and Vuik, 2019). 

Reformulation options: Reduce 
sugar and add a high-intensity 
sweetener
Whilst the diffi  culties of reducing 

http://www.bakingeurope.com
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sugar content by its substitution with 
high-intensity sweeteners include 
reduced overall product volume and 
weight, there are still several other 
factors that need to be considered in 
order to achieve a successfully 
reformulated recipe. 

Firstly, some such sweeteners often 
leave a bitter after-taste (Table 1). 
Secondly, their chemical make-up 
prevents the Maillard reaction taking 
place during heating due to their heat 
stability and that they are neither 
reducing sugars nor are they present 
in suffi  cient quantities (Lucas and 
Kuznesof, 2004). Thirdly, some are 
considered by some consumers to be 
artifi cial or synthetic and, therefore, 
not acceptable for consumption. 
Fourthly, some have a controversial 
history, such as cyclamate, where 

they were initially accepted before 
being withdrawn later due to 
cyclamate mixtures with saccharin 
being seen to cause cancer following 
studies in rats. However, subsequent 
human studies failed to confi rm these 
fi ndings (Morrison et al., 1982). 
Finally, they are not all stable under 
the preparation conditions used in 
food manufacturing (Tedstone et al., 

2015; GOV.UK, 2017). 

Reformulation options: Reduce 
sugar and replace it with a bulk 
sugar replacement
Bulk sugar replacements are generally 
sugar alcohols or partially digestible 
oligo/polysaccharides that can be 
considered as dietary fi bre. Studies 
have shown high dietary fi bre intake 

Table 1: Artifi cial sweeteners with aftertastes
Artifi cial sweeteners Off  taste or after-taste

Acesulfame Potassium (Ace-K) Slightly bitter after-taste

Advantame Very slight bitter taste, sour fl avour

Neotame Liquorice after-taste at high concentrations

Saccharin Bitter / metallic after-taste

Cyclamate Weak metallic and salty after-taste
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Figure 1: Fructooligosaccharides (a) and galactooligosaccharide (b), consisting of β-D-galactopyranose (β-D-Galp) and 
D-glucopyranose (D-Glcp), typically with n = 1-5

reduces the risk of non-
communicable diseases such as 
diabetes, stroke, cardiovascular 
disease and colorectal cancer 
(McKeown et al., 2022), but current 
intakes (~19 g/day) are well below the 
recommended 30 g/day. Bulk sugar 
replacements are generally less sweet 
than sucrose, requiring the addition of 
a high-intensity sweetener. Some of 
the bulk sugar replacements cause 
gastrointestinal symptoms due to 
osmosis or excessive gut fermentation 
(Wiebe et al., 2011; Grembecka, 
2015). These are considered to be 
FODMAPS (fermentable 
oligosaccharides, disaccharides, 

monosaccharides and polyols), which 
may be avoided by those with certain 
gastrointestinal conditions, such as 
irritable bowel syndrome (IBS). 
Ideally, a bulk sugar replacer would 
not have these drawbacks.

Oligosaccharides as replacements
An oligosaccharide is a short-chain 
sugar molecule containing a limited 
number of monosaccharide molecules. 
The Codex Alimentarius defines 
dietary fibre as carbohydrate polymers 
of 10 or more linked monomeric units. 
Oligosaccharides containing 3 to 9 
linked monosaccharide units were 
also included in the dietary fibre 

definition, but only at each country’s 
discretion (FAO, 2009).

Fructooligosaccharides (FOS) and 
galactooligosaccharides (GOS) are 
resistant to human enzymes, the 
acidic environment of the stomach 
and also intestinal absorption (Figure 
1). These oligosaccharides can be 
fermented by the intestinal microflora 
and selectively stimulate the growth 
and/or activity of bacteria which 
contribute to the welfare and health 
of the host. 

The main benefit of using 
oligosaccharides is that they generally 
come from plants, so are perceived as 
being a healthier option than artificial 
additives, easing acceptance by the 
general public. Most are likely to be 
tasteless, with little or no sweetness, 
due to being larger molecules than 
sucrose. They are also easy to use, 
relatively easy to obtain and may 
undergo the Maillard reaction, but at 
a much lower level.

The main disadvantage of using 
oligosaccharides such as FOS  

14 INGREDIENTS
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and GOS is poor digestive 
tolerance; over-consumption can 
lead to diarrhoea and bloating. 
For FOS and GOS abdominal 
complaints may be experienced 
when ingested at greater than 20g 

per day, an amount that limits their 
use in baked goods. Dietary fi bre, 
and oligosaccharides as a whole, 
have been shown to have positive 
health benefi ts, such as reducing the 
risk of non-communicable diseases. 

They are generally tasteless, can 
tolerate heat well and can improve 
gut health. They are therefore 
viable candidates where partial 
replacement of sugar is required 
in a recipe. 
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WITH HERBS

The health benefi ts of

Written by:

Dr Graeme Tobyn, PhD.
University of Central Lancashire

sing herbal ingredients in 
bread and other baked 
goods is nothing new and 
already well established. A 

quick scan of the internet brings up 
many herbs and spices which are 
already added to bread in traditional 
style or novel creation, from rosemary 
focaccia and gingerbread to 
Borodinsky rye bread with coriander 
seed or cornbread with jalapenos. 

Personal favourites of mine include 
the light rye bread with caraway, 
which I purchased from Jewish 
bakeries when I lived in London and 
the Southern Italian biscuits with 

fennel seeds I enjoyed when visiting 
the region.

Perhaps the medicinal value of such 
products is not as well appreciated as 
it should be? If such ingredients are 
so commonly found in products you 
might fi nd in a café or at the dining 
table, you might be forgiven for 
thinking they that they only 
contribute to taste and do not have 
any therapeutic eff ect. Culinary herbs 
and spices are aromatic on account 
of their volatile oil content. These oils 
help to relax the gut and aid the 
digestion of the food they are added 
to. I have encountered the view from 

“Culinary herbs and spices are aromatic on 
account of their volatile oil content. These oils 
help to relax the gut and aid the digestion of 
the food they are added to.”

practitioners of the Greco-Arabic 
herbal medical tradition in Asia that 
over millennia we have become 
accustomed to consuming certain 
medicinal plants in our diet and no 
longer experience the more palpable 
eff ect on the system that a less 
familiar and more treatment-specifi c 
herb might induce when taken to 
remedy a particular complaint. 

This does not diminish their healing 
potential: specifi c to each herb or 
spice, beyond their aid to digestion, 
are many potential benefi ts to health 
and wellbeing that are only now being 
explored. 

Culinary medicine is being described 
as a new evidence-based fi eld in 
medicine that blends the art of food 
and cooking with the science of 
medicine. In a study from 2017 on the 
therapeutic potential of spices in 
cardiovascular health, the authors 
systematically searched the literature 
and identifi ed recent scientifi c 
fi ndings on four common spices viz. 
Greater cardamom (Amomum 
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subulatum), Coriander (Coriandrum 
sativum), Turmeric (Curcuma longa) 
and Ginger (Zingiber offi  cinale), for 
the role they can play in the 
prevention and management of 
heart disease. 

They concluded that more complete 
information is needed about the 
actual exposures to these dietary 
components that are required to 
bring about a response. More 
rigorous clinical trials at normal levels 
of consumption are needed to 
determine long-term benefi ts, as well 
as to assess adverse eff ects if taken at 
higher concentrations, especially if 
consumed over longer periods. For 
the sake of comparison, the dosage 
range of such herbal medicines in 
therapeutic quantities, taken from a 
repository of current practice 
knowledge among UK herbalists, 
might be stated: green cardamom 
(Elettaria cardamomum), similar to 
greater cardamom, 250mg-6g/day; 
coriander 1-30g/day; turmeric 4g 1-2 
times daily; ginger, dried 0.75-3g/
day, fresh 1.5-9g/day.

These are wide ranges which can 
easily cover the quantity of these 
spices included in current bread 
recipes and which point to 
therapeutic benefi ts when consumed 
in a normal diet over long periods. 
Studies can also be used to identify 
simple adaptations to maximise the 

health benefi ts of typical dietary 
items. John La Puma MD cites studies 
in support of allowing chopped garlic 
to rest for ten minutes before 
cooking, to allow its allicin and 
thiosulfi nate levels to rise, thus 
improving the antiplatelet 
aggregation benefi ts which help to 
keep the blood thin and fl owing. He 
also provides evidence for the 
practice of some Asian patients who 
have consulted me, who take the 
above stated lower dose of turmeric 
daily for their health in combination 
with a fat – in this case yoghourt 
– and with a pinch of black pepper to 
improve the otherwise very low 
bioavailability of the cucurminoids 
and maximise anti-infl ammatory, liver-
stimulating and improved gut 
function eff ects. 

Of course, breads and baked goods 
with full therapeutic quantities of 
culinary herbs and spices determined 
by the evidence of clinical trials 
would inevitably test the boundary 
between food and medicine. This has 
been a disputed area since the 
popularity of herbal medicines, along 
with other complementary modalities, 
was revived in the 1980s and 1990s. 
There was a fear that herbal 
medicines would end up being 
labelled as foods rather than 
medicinal substances. Funded 
research has explored herbs as a 
source for drugs and has documented 

the safety profi les of some, but has 
not produced strong evidence 
regarding practitioner prescribing and 
eff ectiveness. 

European harmonisation of local 
pragmatic measures to ensure the 
safety of available herbal medicines 
appeared in the EU Directive on 
Traditional Herbal Medicinal Products 
which applies to manufactured herbal 
medicinal products sold over the 
counter and prohibits the continued 
sale of unlicensed products. 
Unfortunately, these products, 
manufactured without a licence 
under the scheme, are very limited in 
scope and represent only a fraction of 
the preparations herbalists actually 
make and sell. Brexit has, of course, 
since separated us from Europe and it 
is currently a moot point as to 
whether this and other European laws 
will continue to apply in the UK. 

Baked goods can contain well-known 
medicinal herbs and spices in safe 
levels and it is undoubtedly the case 
that these ingredients confer health 
benefi ts and can do so on an ongoing 
basis, little and often over a lifetime. 
What other herbal medicines may be 
of benefi t in the future, to be 
incorporated into breads and cakes 
that may claim to confer health 
benefi ts? Some possibilities have had 
to be ruled out on the grounds of 
safety and of taste. 

“Culinary medicine is being described as a 
new evidence-based fi eld in medicine that 
blends the art of food and cooking with the 
science of medicine.”
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Gotu cola (Centella asiatica) is a well-known healer in 
the Ayurvedic system of medicine in India. It is a 
rejuvenative tonic, which improves mental function 
when under stress. Although the taste is at first bitter, it 
quickly gives way to an aromatic sweetness and in Asia 
it is widely and safely consumed as a vegetable. 
Herbalists’ dosage range is from 3 to 30g of the dried 
leaf daily.

Lemon Balm (Melissa officinalis) is a calming mood-
enhancing herb which improves digestion. The leaves 
were once cooked to enhance the flavour of dishes; 
now an infusion of the dried leaves (3-12g daily) is a 
common method of taking this safe herbal medicine 
often found in gardens.

Lime (Tilia spp.) is a common tree which flowers 
around July. The flowers (and their leaf-like bracts) are 
used in an infusion very popular in France (tisane de 
tilleul) to reduce stress and anxiety and for colds. The 
tree is included in official European herbal monographs 
and the dosage range is 2-10g daily.

For instance, herbs containing bitter principles (alkaloids 
and terpenoids) such as ginkgo leaf and Californian  
poppy, or notably astringent herbs such as  
meadowsweet, would probably not have a satisfactory 
taste when baked in bread; indeed, many herbs fall  
into such a category. 

Stark bitterness is a useful taste in herbal medicines, but it 
is seemingly out of general fashion among flavours today. 
Safety issues also abound, for example any herb which 
might cause harm to those who are pregnant must be 
ruled out. Other examples include high levels of celery 
seed powder, as this seed can interfere with the 
metabolism of certain drugs, or herbs likely to cause 
herb-drug interaction, such as the effect red clover flowers 
has on anti-coagulant medication. Another factor is 
adulteration: substitutes for authentic skullcap (Scutellaria 
lateriflora), a useful relaxant herb, are very frequently 
found in supply chains. 

Coming back to the current list of leading medicinal  
plants in the UK, herbalists’ repository and other sources,  
I would like to suggest the following herbs, which  
perhaps do not readily come to mind for baking, as  
worthy of investigation. 

http://www.bakingeurope.com


BAKINGEUROPE Winter 2022/2023
www.bakingeurope.com

INGREDIENTS
MEDICINAL HERBS 19

Sweet cicely (Myrrhis odorata). A wild herb of 
Northern Britain formerly boiled as a vegetable, with 
leaves that taste somewhat of aniseed, it is hardly used 
by herbalists today, but is very safe and its aromatic 
qualities improve the stomach and digestion and help 
coughs.

Marigold (Calendula offi  cinalis) is one of the pot-herbs 
whose fl owers were once regularly put into soups and 
stews, adding a splash of bright orange. It is well known 
to have wound healing eff ects and might be used 
internally as a gut tissue healer. 3-12g a day is the 
recommended dose.

Nettle (Urtica dioica) is a classic country vegetable in 
the UK, a good source of iron and other nutrients. 
Having an earthy, grassy taste, it is good for 
convalescence from illness, and has a diuretic eff ect 
benefi cial to arthritis and other complaints. Dose: 6-12g 
a day of the dried leaves.
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ARE YOU A  
 SMART COOKIE?
Smart manufacturing for baking
Written by:

 Puneet Mishra Martijntje Vollebregt Martijn Noort
Wageningen Food & Biobased Research, Wageningen University & Research, The Netherlands

he baking industry provides 
consumers with a wide variety 
of high quality, freshly baked 

goods which make up an important 
part of our daily diet. Their production 
is optimised for cost, labour and 
resource efficiency, however, it is no 
secret that the bakery industry faces 
enormous economic and societal 
obstacles, such as the current wheat 
and  
energy crises which pose tough 
challenges for an industry strongly 
dependent on these crops, not to 
mention an energy intensive baking 
process itself. 

In this article, experts at Wageningen 
University & Research (WUR) explore 
the opportunities that ‘smart 
manufacturing’ offer by improving the 
control and (resource) efficiency of 
baking machinery.  

Efficiency of bakeries
Modern bakeries are already 
optimised by design, producing high 
quality baked goods relying on 
generally efficient resource utilisation 
of raw materials such as labour, 
energy, or water, etc.). However, at 
the time of writing, the increased cost 
of wheat and energy threatens the 
affordability of a loaf of bread. 
Optimising the efficiency of a bakery 
plant is relatively straight-forward, 
relying on mechanisation and 
automation to increase productivity 
whilst keeping manual labour and, 
therefore, human error to a minimum. 
This streamlining process is usually 
achieved by improving the 
measurement and control of key 
process parameters that affect 
product quality, in combination with 
both in-line and off-line measurement 
of important product quality 

properties such as dimension, volume 
and colour. 

Technological solutions are currently 
available that will improve 
streamlining and optimise 
productivity, energy use, waste 
streams and product loss which will 
help to retain market sustainability 
and competitiveness. 

As with other sectors of the food 
industry, the industrial baking is very 
much affected by sudden changes in 
consumer demand and societal 
changes. For example, addressing 
sugar reduction is a very significant 
challenge for a bakery producing 
sweet baked goods, an issue that 
cannot always be resolved easily, 
whereas the product developer can 
have access to digital tools to make 
improvements. The adoption of smart 
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manufacturing practices in both 
bakeries and their supply chains, 
off ers important advantages to 
increasing the resilience of the sector 
enabling it to better prepare for the 
future, which may include 
contingencies for unprecedented 
events and global challenges.

Smart manufacturing
Smart manufacturing for baking 
(Smart baking) can be considered a 
novel combination of leveraging 
Industry 4.0 concepts together with 
process analytical technologies (PAT) 
already used widely for product 
quality and process assessment1 in, for 
example, the pharmaceutical industry. 
Industry 4.0 methodologies (Fig. 1) 
are designed to achieve a data-rich, 
interconnected and highly automated 
form of baking using PAT, which 
includes the implementation of 
advanced sensing facilities such as 

in-line spectroscopy, spectral imaging 
and chromatography, thereby 
allowing for real-time access to 
physicochemical parameters of 
baking processes and baked 
products. In this way smart baking 
has the potential to improve both 
output performance of the entire 
bakery plant and its research and 
development operations

Smart baking, like smart 
manufacturing2, can, essentially be 
described as the digitisation of the 
baking process at all levels from 
product design, supply chain, 
production and distribution, through 
to sales activities. This enables bakers 
to have access to rich, detailed data 
of each step of a baking process for 
subsequent analysis and processing 
through the use of advanced data 
modelling technology, such as 
artifi cial intelligence (AI). This data 

can be used to help control or change 
processes to enable manufacturers to 
adapt more easily to changes in the 
industry. 

One major barrier to the 
implementation of new technology, 
however, is the perception of its 
prohibitively high set up costs, when 
perhaps a carefully planned, staged, 
strategic investment programme 
would yield an much more 
encouraging ROI over a longer term. 

The fi rst step towards smart baking is 
to swap analogue based systems for 
digital equivalents, to enable the data 
to be more accessible and more 
quickly; this may include advanced 
technology such as sensors, robotics 
and augmented reality.

Improved process controls
The underlying technology driving a 

Figure 1: A schematic image depicting the Industry 4.0 data-rich, interconnected and highly automated form of smart 
manufacturing.

“Sugar reduction is a very signifi cant challenge for 
a bakery producing sweet baked goods.”
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smart baking system allows for 
process control which is based on 
product properties, rather than 
parameters such as temperature and 
relative humidity. 

For example, the sensing technologies 
presented below have the potential to 
deliver real-time information on material 
and product properties enabling more 
informed adjustments in variations of 
raw materials instead of relying on 
off -line and laboratory analyses of 
fi nished products. Signifi cant 
improvements in effi  ciencies and 
product quality can, therefore, be 
enjoyed across the entire production 
chain from plant to consumer.

Despite the availability of smart 
processing equipment, uptake in the 
industry continues to be slow with 
technology readiness levels varying 
and the reliability and robustness of 
actual process conditions being in 
need of improvement. Integration 
with the company’s data 
management control systems and 
decision support tools can also 
present obstacles that prevent 
upgrading.  Finally, trust in new 
technology is vital, requiring the 
involvement of all relevant 
management personnel in the 
company to adopt a clear vision of 
the long-term benefi ts of 
modernisation of this nature along 

with the acceptance that some 
disruption to existing working 
practices will have to be endured and 
seen as an investment for the future 
whilst managing collateral damage to 
existing working practices/
productivity that may occur during 
upgrade.

Key smart manufacturing 
techniques for baking 
Here we drill down a little further into 
some of smart manufacturing 
techniques and technologies:- 

1. PAT technology-based sensing of 
baking and baked products.

• As described above, this is a major 
constituent of smart baking, which 
can record a wide variety of critical 
parameters for the baking process 
(Fig. 2). 

• In particular, a PAT system carries 
out an assessment of incoming 
ingredients, such as fl our, and 
reports chemical properties such as 
moisture, protein and gluten 
content. It can also monitor 

“Smart baking has the potential 
to improve both output 
performance of the entire bakery 
plant and its research and 
development operations.”

Flour and other 
raw ingredients

•Flour quality
•Moisture 
content

•Gluten and 
starch fraction

Mixing

•Mixing time
•Viscoelasticity
•Air nuclei
•Water flour 
interaction

Fermentation

•Pore size
•CO2 production
•Dough consistency
•Bubble growth
•Bubble anisotropy 

Baking

•Browning index
•Size and shape
•Volume
•Temperature 
•Time

Baked product 
quality analysis

•Cellular 
structure

•Texture
•Browning index

Sensing 
technologies
• Optical 

spectroscopy 
near-infrared

Sensing 
technologies
• Optical 

spectroscopy 
near-infrared

Sensing 
technologies
• Acoustic
• X-ray
• Hyperspectral

Sensing 
technologies
• Optical 

spectroscopy 
near-infrared

• Colour imaging
• 3D imaging
• Temperature

Sensing 
technologies
• X-ray
• Ultrasound
• Color imaging
• Hyperspectral

Figure 2: A summary of diff erent steps of baking process and where process analytical technologies can be implemented to 
monitor critical parameters.
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complex parameters such as 
viscoelasticity, air nuclei during the 
mixing, pore size, gas production 
during fermentation, the browning 
(Maillard) index during baking 
through to the assessment of the 
fi nal baked product quality in terms 
of colour, texture and cell structure.1

Away from sensor technologies, the 
advanced benefi ts of PAT include 
product quality by design, which is 
highly resource effi  cient and is 
compatible with continuous 
automated baking lines.

2. Automation and robotics
• Automation of various unit 

operations during baking can allow 
processes to be less dependent on 
user input. This is of particular 
importance when the aim is to have 
a high level of agility in the baking 
process, such as at smaller bakery 
sites with a wide assortment of 
products. Some advanced 
concepts such as baking on 
demand will allow the consumer to 
customise their bakery products. 
Automation and robotics have 
strong links with PAT based sensing 
approaches and other smart 
manufacturing techniques, such as 
cloud computing and virtual/
augmented reality, as the input 
from all these can support the 
automated and robotics systems to 
learn and optimise the production 
process. 

• Currently, some bakers are using 
automation and robotics systems in 
diff erent manufacturing sites, 
however, however, the lack of 
interconnectivity between them is 
often lacking within the 
infrastructure of smart baking. If 
automation and robotics combined 
with PAT based real-time sensing is 
implemented across all sites, a 
more continuous united baking 
process, using the date feedback 
from diff erent PAT sensing systems 

can be used to steer the production 
process as a whole.

3. Artifi cial intelligence and machine 
learning (AI/ML)

• AI/ML application represents the 
backbone of smart baking allowing 
plant managers to make sense of 
the large amount of data generated 
continuously during the complete 
manufacturing cycle and therefore, 
play a major role in designing 
customised, automated robotic 
systems. Since the cost of 
computing devices has reduced 
signifi cantly compared to a decade 
ago, wide adoption of AI/ML 
embedded systems has become an 
essential component of smart 
manufacturing and connects well 
with other similar concepts such as 
cloud computing, augmented and 
virtual reality to produce the smart 
factory concept.

4. Design of baking facilities/digital 
twins

• Baking design is a new concept 
which aims to explore and develop 
virtual baking processes and 
products (so-called “digital twins”) 
with the use of advanced simulation 
through a set of design choices and 
principles. For example, 
Wageningen University & Research 
has a tool which allows for the 
virtual design of food products that 
requires sugar replacement.3 The 
aim of design in baking is usually to 
develop specifi c manufacturing 
processes and products with the 

aim of minimising resource usage 
and maximising profi t for the baker, 
without compromising product 
quality. The design of a baking 
concept may involve the use of 
diff erent simulation tools as well as 
virtual and augmented reality 
concepts.  

5. Additive manufacturing / 3D 
printing

• Additive manufacturing, also called 
3D printing, provides new 
opportunities to manufacture 
bakery products in a fully digitised 
fashion. For example, it uses an 
extrusion system to build a food 
product layer by layer based on 
digital information directing its 
shape, size and composition, 
allowing increased fl exibility and 
subsequent production of 
customised or personalised bakery 
products, as well as production on 
demand. Eventually, 3D printing will 
enable the manufacture of products 
with personalised nutrition and 
allow consumers to design and 
order their own baked items by 
interacting with the artifi cially 
intelligent system for additive 
manufacturing. This process could 
also be used to accelerate 
prototyping for the development of 
new bakery products.

Controlling the baking process
Smart manufacturing technologies 
provide input for control of the 
operations within a bakery. For 
instance, near-infrared spectroscopy 

“Near-infrared spectroscopy 
and ultrasound acoustics can 
determine the protein content 
and several other properties in 
fl our, with great precision.”
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and ultrasound acoustics can 
determine the protein content and 
several other properties in fl our, with 
great precision, compared to 
conventional technologies.1

Computer vision combined with 
artifi cial neural networks can predict 
temperature, volume and the 
browning index during the baking 
process.1 The information obtained 
from this data can be integrated into 
advanced baking process control 
algorithms and, eventually, this can 
lead to an increased level of 
automation.

Example case studies using 
smart baking

Case study 1: 3D printing 
personalised nutrition

There is an increasing understanding 
of how the eff ect of food and 
nutrition aff ects general human health 
and performance, as well as individual 
responses. Together with an industrial 
consortium, WUR and TNO (Dutch 
contract research organisation) are 
working to develop a personalised 
food production system based on 3D 
printing. The system now being 
developed, will allow personalised 
food products to be made at any 
time, based on individual dietary 
requirements. This individualised food 
production such as this will be 
reproduced in real-life studies to 
enhance the performance of military 

personnel, as well as improvement of 
the health of patients in a hospital. In 
both instances, consumers will be 
able to input their preferences into a 
machine, which will combine this 
information with all the nutritional 
requirements for the individual 
consumer to predict and create a 
personalised food programme. This 
novel, digital process will then 
integrate consumer preferences with  
appropriate ingredients in a special 
food production system to produce 
the unique product for the consumer 
and present an ideal opportunity to 
showcase the power of smart 
manufacturing.

Case study 2: Digital tool for sugar 
reduction

Reducing the sugar content in sweet 
bakery products whilst maintaining 
the product quality characteristics 
such as texture and sweetness is a 
complicated process. WUR experts 
gained scientifi c insight into the 
physicochemical behaviour of sugar 
and sweeteners in baked foods as 
well as their interaction with other 
ingredients in the formulation, such as 
starches, proteins and fi bre. However, 
implementing this complex 
knowledge with other practical 
requirements, like nutritional and 
labelling aspects, into working recipes 
is not without complications. Hence, 
WUR developed a digital 
reformulation tool3 using a 

combination of ingredients, data and 
algorithms. The tool supports product 
developers in bakeries to identify 
effi  ciently optimal sugar replacements 
and predicts optimised lower sugar 
recipes.

Case study 3: Detection of mould 
and other defects

Quality assessment during food 
production and storage is a labour-
intensive task is, therefore, usually 
only performed on a representative 
sample of products. WUR researchers 
have applied computer vision 
technologies combined with expert 
knowledge on the appearance of 
mould to detect automatically and 
quantify mould on food surfaces. The 
current capabilities of data storage 
and image analysis facilitate 
assessment of a large number of 
individual food products with this 
tool, potentially allowing full 
automation of mould detection of the 
entire production. Computer vision 
can also be used for detection of 
other (surface) defects. 
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AI
How artificial intelligence 
can improve sustainability
Written by:

Claudia Päffgen 
Marketing and Business Development Manager, Foodforecast

 onsumers are increasingly 
demanding sustainable 
products from their 
suppliers when shopping 

for food as the storm that is the 
environmental and climate change 
crisis escalates. Their visits to the 
bakery store now involve much closer 
scrutiny of not only the ingredients 
list but also deeper consideration for 
regional, seasonal and as far as 
possible, climate-friendly products 
that have a transparent supply chain, 
or traceability the origins/
procurement of raw materials. 

Bakery owners are happy to 
accommodate these demands, of 
course, but realise that they ignore 
them at their peril and need to make 
the effort to embrace the challenge 
by intelligent adaptation of their 
product lines and marketing strategy 
accordingly.

Standing head and shoulders above 
the crowd means getting their 
messages across on sustainable 
ideals; examples which may include: 
regional production and raw material 

procurement, optimisation of 
technical processes to save energy 
(such as the use of renewable 
resources), waste avoidance through 
reuse, deliveries by electric vehicles 
or other innovative ideas for reusing 
surplus goods.  It is far more likely that 
a baker promoting their new solar 
panels or new energy efficient 
production (such as AI) “to save the 
planet” will attract considerably more 
attention, increase sales and goodwill.

Counting the cost of high returns 
Unfortunately, however, it is a fact of 
life that the average consumer is not 
always consistent or indeed radical in 
his/her demands. For example, the 
demand for sustainably produced 
baked goods is at odds with that of 
freshness and variety of favourite 
products being available at all times, 
even shortly before closing time. 
Smaller bakeries do not have the 
financial clout nor resources to 
compete with increasing competitive 
pressure from supermarket bakeries 
and cannot simply ignore these 
demands so feel compelled to 
comply. The result is often fully 

stocked shelves and counters until 
closing time which regrettably leads 
to a correspondingly high level of 
unsold items or returns. 

Such returns can be as high as 19% 
and result in the losses of thousands 
of tonnes of product over a year and 
consequential financial losses. For 
example, in Germany, bakery returns 
have been recorded as reaching 
600,000 tonnes every year. This 
equates to an average value of 
€65,000 Euros worth of food per 
bakery outlet, per annum that has to 
be disposed of. This is a loss that 
hurts the bakery both economically 
and emotionally, but also one that 
comes at the expense of the 
environment, resources and, 
therefore, future generations. 

High wastage and returns fly in the 
face of all that is “planet saving” and 
the entire principle of sustainability 
and furthermore, this level of return 
results in an unnecessary waste of 
resources and an avoidable financial 
loss for the bakery concerned, 
compounded by the time and effort 
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the baker invests in the products 
made. 

Source: A survey was carried out on a 
business to business, social media 
platform involving hundreds of CEOs 
from small and medium sized 
enterprises to establish views on 
resolving the dilemma outlined 
above. Feedback from the study 
revealed that losses suffered through 
returns in this way were largely due to 
inefficiencies in forecasting and that 
artificial intelligence (AI) solutions 
could, if implemented, help to solve 
this issue with a view to both 
reducing financial loss and improving 
sustainability.

Artificial intelligence is the key to 
intelligent production
Intelligent software systems can help 
to better coordinate and plan ahead 
for production and importantly, 
significantly reduce the rate of 
returns. The need for innovation 
drives change and so it is perhaps 
unsurprising that many young 
companies and start-ups in particular, 
have taken up this challenge. One 

such example is the start-up, 
foodforecast. The company has 
developed an artificial intelligence 
that creates an accurate sales forecast 
for a bakery so that it only produces 
products that are actually in demand. 
The backbone of the device is a 
self-learning algorithm which is fed 
with data and “trained” – i.e. loaded 
with historical sales figures of the 
bakery branch as well as external data 
such as public holidays, weather and 
vacations. By recognising patterns on 
its own, the algorithm can then draw 
conclusions that are presented in the 
form of a sales forecast. 

Software solutions such as this can 
significantly reduce bakeries' return 
rates by up to 30% on average. The 
remarkable properties of this software 
solution are that it actively saves 
resources and is not merely another 
way to avoid waste or deal with 
surplus baked goods, but also 
prevents the resources themselves 
from being wasted, thereby, 
promising sustainability on all levels. 
In times of rising raw material and 
energy costs, bakeries can actively 

save money by creating a more 
detailed plan of their future revenue 
which will allow them to better deploy 
potentially scarce personnel 
resources for the all important 
customer care at the counter, a model 
that is adaptable whatever the size of 
bakery.

The proof is in the pudding – 
conclusion
In light of global concerns over 
sustainability, there has never been a 
better time to innovate. The bakery 
sector is characterised by traditional 
communication channels, which 
consumers value highly, but they 
would also value a bakery where 
resources are being saved or used 
more efficiently. This not only reflects 
the ideals of the consumer but also 
those of a baker who could enjoy 
increased sales and reduced costs, 
thanks the latest technology. 
Ultimately, this should lead to a 
win-win situation with improved 
sustainability benefitting those on 
both sides of the counter and 
increased competitiveness of the 
bakery in the long term. 

Contact details
Claudia Päffgen

Marketing and Business 
Development Manager
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 FLATBREADS
 FLOURISH
Authentic foods with a modern twist
Written by:

Fatma Boukid, Ph.D.
Senior Project Manager, ClonBio Engineering

latbreads are among the 
oldest staples in the world. 
They have a long history: 

starting in the area of Western Asia 
known as the Fertile Crescent, they 
gradually became widespread 
throughout the Middle East, North 
and South Africa, Europe, the Indian 
subcontinent, China and America.1

The basic ingredients of fl atbreads 
are fl our, salt, water and yeast 
(optional). After blending the 
ingredients, the dough is kneaded, 
leavened (optional), fl attened to a few 
centimetres and cooked. Cooking is 
mostly done by baking in an oven or a 
pan, but there are fl atbreads that 

come from diff erent culinary regions 
such as India, where frying is used to 
make paratha and poories. There is a 
wide variety of fl atbreads, single-
layered leavened (e.g., Ethiopian 
injera), single layered unleavened 
(e.g., roti, tortilla and parotha), and 
double-layered (e.g., Arabic fl atbread 
and baladi). 

The production of fl atbreads 
eventually shifted from artisanal to 
industrial and currently these 
products are appreciated as a global 
food which is available on all 
supermarket shelves. The expansion 
of this market is driven by several 

“Flatbreads can easily be connected to specifi c 
cultural heritages. The pandemic contributed to 
re-enforcing these links between the consumer 
and their local heritage in baking.”

factors, i.e., authenticity, health and 
nutrition, sustainability, versatility and 
availability.

Leveraging the interest in 
authenticity
Flatbreads come in a variety of shapes 
that are made using diff erent recipes 
belonging to diff erent culinary 
traditions. Manufacturers promote their 
ethnic heritage to create a nostalgic 
link between food and consumers. 
Among the many marketing strategies 
employed is storytelling. Stories enable 
brands to create and re-enforce the 
backstories to their foods. This 
encourages consumers to feel a 
deeper connection with the features 
of a given product.

Thus, fl atbreads can easily be 
connected to specifi c cultural 
heritages. The pandemic contributed 
to re-enforcing these links between 
the consumer and their local heritage 
in baking. In this way, consumers 
found a kind of reassurance in making 
and consuming traditional fl atbreads, 
as it connects them to their roots
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BAKINGEUROPE Winter 2022/2023 
www.bakingeurope.com

Health and nutrition 
The demand for healthier flatbread 
choices continues to grow as the 
trend for healthy eating continues to 
gain traction in the food sector. 
Flatbreads are perceived by many 
consumers as healthy breads, 
however, in some case they are high 
in fat, sugar, carbohydrates and salt 
and therefore for label-readers, claims 
related to the absence or reduction in 
fat, salt, carb or sugar, are attractive 
and help to persuade people to buy. 

Also, consumers are more aware of 
the list of ingredients and associate 
healthiness with the absence of 
additive and preservatives. As a result, 
companies are incorporating more 
proteins, fibres, pulses, vegetables, 
seeds and whole or sprouted grains. 
Wholegrain and fibre ingredients are 
promoted for their health benefits 
(e.g., weight management and satiety 
and lowering the risk of hypertension 
and diabetes).2 Claims relating to 
protein enrichment are also receiving 

interest, especially those derived from 
plants, as consumers believe that 
plant-based diets (vegan and 
vegetarian) are healthier options.3

The demand for vegan flatbreads 
accelerated during the pandemic due 
to increased concerns over human 
and planet health. Although the 
vegan and vegetarian market are still 
relatively niche, flexitarians are a 
bigger audience interested in 
plant-based related claims. 

Furthermore, gluten-free flatbreads 
are starting to be seen as mainstream 
products since they are not only 
consumed by people with adverse 
reactions to gluten, but also by 
people adopting a gluten-free diet  
as a healthier lifestyle choice.  
Great nutritional progress has  
been achieved through improving  
the formulation of gluten-free 
products by reducing starchy 
ingredients and incorporating  
more proteins and fibres.

Flatbreads and sustainability
Sustainability-minded consumers 
expect manufacturers to be up-front 
about planet-friendly credentials, 
sustainability and recycling 
specifications. The production chain 
of flatbreads is increasingly using 
sustainable crops and re-using its 
by-products. Relying on locally grown 
crops to make flatbreads plays a 
pivotal role in sustainable economic 
development, it contributes to the 
reduction of greenhouse gas 
emissions and CO2 footprint and 
benefits the local economy due to the 
reduction in cost and energy of 
transport. During this year, the price 
of cereals has spiked worldwide due 
to Russia's invasion of Ukraine and 
thus the use of local sources could 
help in controlling the cost of such an 
unexpected crisis. 

Organic farming is associated with a 
lower impact on the environment due 
to the reduced use of chemicals 
which are replaced by ecological and 
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biological pesticides and fertilisers. 
Consumers perceive organic 
products as environmentally friendly 
and generally pay more for fl atbreads 
labeled organic. Regenerative 
agriculture techniques are also 
increasingly employed to protect and 
improve soil health and fertility. The 

use of by-products such as bran, husk 
and peels as a source of fi bre, protein 
and minerals is increasing as it 
benefi ts health and reduces agro-
industrial wastes without hampering 
the texture and pliability of fl atbreads. 

The use of plastic in packaging 

fl atbreads is gradually reducing and 
being replaced by environmentally 
friendly packaging (from recyclable 
and reusable materials) to reduce 
waste and CO2 footprint to the 
benefi t circular economy. All these 
practices contribute at diff erent levels 
to achieving sustainable development 
goals.

Food for a modern, busy world
The demand for on-the-go and easy 
to prepare products boosted the 
market for fl atbreads due to their 
suitability for modern, busy lifestyles. 
Flatbreads can be bought from 
supermarkets, trains or airplanes as a 
snack or instead of a meal. They come 
in various fl avours and off er 
consumers a myriad of choices. This 
versatility is attributed to the use of a 
portfolio of ingredients to improve the 
nutritional value of fl atbreads and to 
provide versatile products in response 
to consumers’ dietary needs (e.g., 

“Gluten-free fl atbreads 
are starting to be seen as 
mainstream products since 
they are not only consumed by 
people with adverse reactions 
to gluten, but also by people 
adopting a gluten-free diet as a 
healthier lifestyle choice.”
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egg-free and lactose-free). Flatbreads 
are generally aff ordable, palatable and 
ready-to-eat wraps with a long shelf 
life. During the pandemic, interest in 
shelf-stable staples helped contribute 
to increased demand for fl atbreads. 

Endless opportunities for innovation 
Flatbreads off er limitless possibilities 
for innovation. As the fl atbread 
market grows, manufacturers 
continue to introduce new products. 
Personalised nutrition can further 
extend the purchasing of fl atbreads 
by health-conscious consumers by 

catering for their individual needs and 
preferences. New ingredients are 
being used to create innovative 
fl avours that also leverage the 
nutritional quality of the product. 

Microalgae and seaweed enriched 
fl atbreads off er an unusual colour and 
taste with an improved nutritional 
profi le. There is also a trend for using 
vegetables such as carrots and 
pumpkin as a base, instead of 
conventional cereals (i.e., wheat, rice, 
or corn) to off er a wider range of 
nutritional and organoleptic choices. 
Incorporated health-benefi cial 
ingredients such as vitamins and 
antioxidants are now regularly chosen 
by manufacturers to make functional 
foods. The use of prebiotics and 
probiotics is also increasing due to 
their positive eff ects on health. 

Sourdough and its technology are 
attracting attention as an old food 
with new processes, having several 
health benefi ts, especially for 
digestive health. New approaches are 
being developed to mitigate the 
safety issues related to the 
development of processing 
contaminants such as acrylamide and 
aromatic hydrocarbons. For instance, 
blanching or acid immersion of raw 
ingredients could reduce acrylamide 
formation during baking. Smart 
packaging could also off er continuous 
monitoring and improvement of the 
quality and safety of the product. 
With so much interest in fl atbreads, it 
is perhaps unsurprising that so many 
commentators are expecting the 
market to rise. 
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 BACK TO
THE FUTURE
How the ancient technology of 
sourdough might alleviate problems 
with gut health
Written by:

Charlene Van Buiten, PhD
Assistant Professor, Department of Food Science and Human Nutrition, Colorado State University

y 50-pound (22.6kg) bag 
of fl our is gone. My sanity 
remains,” wrote New York 
Times Opinion Columnist 

Farhad Manjoo in late 2020.1 Manjoo, 
like many others around the world, 
had spent many months in pandemic-
induced isolation learning a new skill: 
how to make bread. In fact, of the ten 
most searched recipes on the internet 
in 2020, six were for various types of 
bread, with sourdough notably being 
the most often searched recipe and 

ranking third for recipes overall.2

Despite this surge in popularity being 
relatively recent, sourdough has 
ancient origins with decades of 
scientifi c research being dedicated to 
its unique properties in relation to 
food preservation and human health. 
Now, sourdough fermentation is 
being investigated for its 
eff ectiveness in creating food 
products that are safe for individuals 
with coeliac disease and other gluten 
sensitivities. 

What is sourdough bread?
Sourdough bread is made by the 
fermentation of dough by 
microorganisms found naturally in 
fl our and the surrounding 
environment where the dough is 
made. These communities of 
microorganisms, known colloquially 
as a “starter culture”, comprise 
complex consortia of bacteria and 
yeasts which can be maintained for 
long periods of time sustained by  
regular “feedings” of fl our and water. 

“Broadly speaking, consumers associate 
sourdough bread with healthfulness, particularly 
in reference to gut health.”
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The maintenance of such a starter 
culture allows for repeated use of the 
same culture to inoculate new 
batches of dough to bake more 
bread, in contrast to the freeze-dried 

version, where single-use yeast strains 
are used to produce conventional 
bread dough. 

As the microorganisms in the 

sourdough starter culture ferment 
simple sugars from the dough, they 
produce compounds which 
contribute functional characteristics 
to the bread and dough, including 
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organic acids, which give sourdough 
its notable “tart” fl avour and carbon 
dioxide, which causes the dough to 
rise during proving. The 
microorganisms of the starter culture 
also produce volatile metabolites 
such as alcohols, aldehydes, ketones, 
esters and terpenes, which can be 
detected in the fi nal product as 
unique fl avours and aromas.

From a consumer perspective, 
sourdough is often viewed favourably 
due to its stability and association 
with other healthy fermented food 
products. The presence of lactic acid 
bacteria in sourdough starter cultures 
results in the production of a low pH 
product and a variety of natural 
antifungal compounds, reducing the 
need for sourdough breads to be 
produced with artifi cial preservatives. 

Recent studies show that consumers 
perceive foods free of artifi cial 
preservatives to be more desirable in 
terms of taste, nutritional quality and 
safety.3 Broadly speaking, consumers 
associate sourdough bread with 
healthiness, particularly in reference 
to gut health.4

Health benefi ts of fermented foods
The perceptions of the healthiness of 
sourdough make up a small part of a 
larger conversation about the health 
benefi ts of fermented foods which 
was fi rst formally hypothesised by 
Russian biologist Ilya Mechnikov who 
observed that frequent consumption 
of soured, or fermented milks in 
certain populations seemed to 
contribute to longer lifespans than 
those that avoided or abstained.5

Over time, this gave rise to the 

modern concept of probiotics, which 
are defi ned by the World Health 
Organization as a “live microorganism 
which, when administered in 
adequate amounts, confers a health 
benefi t to the host.” Recently, 
researchers from Stanford University 
demonstrated that a mere 10 week 
diet rich in fermented foods 
signifi cantly increased the diversity of 
microorganisms in the digestive tract 
of the individuals in the study and 
signifi cantly decreased markers of 
infl ammation, supporting the idea 
that fermented foods are benefi cial 
for human health.6

While it is tempting to attribute the 
health benefi ts all fermented foods to 
their probiotic populations, some 
fermented foods do not contain these 
live, active cultures in their fi nal form 

“Researchers from Stanford University 
demonstrated that a mere 10 week diet rich 
in fermented foods signifi cantly increased the 
diversity of microorganisms in the digestive tract 
of the individuals in the study and signifi cantly 
decreased markers of infl ammation.”
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due to processes in their production 
which kill microorganisms such as 
baking, ageing or storage. Sourdough 
is one such food: though the dough 
used to create a loaf of sourdough 
bread is often rich in beneficial lactic 
acid bacteria, these organisms cannot 
withstand the high heat of baking. As 
a result, the health benefits 
associated with sourdough bread are 
derived not from probiotics, but from 
the actions of the starter culture over 
the course of fermentation.

Starter culture microorganisms have 
been shown to improve mineral 
bioavailability in sourdough bread in 
comparison to conventional yeast-
fermented bread through the 
production of organic acids and 
enzyme phytase, which promote the 
degradation of anti-nutritional 
phytates found naturally in flour.7  
The effects of the starter culture are 
observed again with the lower 
glycemic index, or rate at which 
glucose is released into the 
bloodstream, from sourdough 
breads.8 

Over the course of fermentation, the 
increased acidity of sourdough is 
associated with the formation of 
resistant starch. 9,10 Instead of being 
broken down by digestive enzymes in 

the gastrointestinal tract and taken 
into the bloodstream as sugar, 
resistant starches act more like fibre 
and promote colonic health.11 
Similarly, true fibre found in the flour 
is also affected by fermentation; the 
production of microbial enzymes has 
been shown to increase fibre 
solubility and the production of 
beneficial prebiotics to promote 
gastrointestinal health.12 

Another function of enzymes 
produced by sourdough starter 
cultures is protein degradation; 
sourdough fermentation has been 
shown to increase the amount of free 
amino acids in bread and improve 
protein digestibility.13 

Is sourdough safe for gluten-
sensitive people?
The overall health benefits of 
sourdough fermentation and 
particularly the influence of 
sourdough fermentation on protein 
digestibility, has led many to wonder 
whether sourdough breads are safe 
for individuals with coeliac disease or 
other non-coeliac gluten sensitivities. 
Coeliac disease is an autoimmune 
condition characterised by adverse 
responses to gluten. For individuals 
with coeliac disease, gluten 
consumption results in inflammation 
and the formation of lesions in the 
gastrointestinal tract and reduced 
ability to absorb essential nutrients 
from the diet.14

Coeliac disease pathogenesis 
comprises a complex inflammatory 
milieu wherein partially undigested 
gluten proteins are targeted by the 
immune system as foreign invaders 
upon intestinal absorption. In 
attempts to repair the tissue damaged 
by this initial immune response, the 
body secretes an enzyme called 
transglutaminase 2, which then also 
becomes flagged as a foreign invader 
alongside gluten proteins. The body’s 

targeting of transglutaminase 2 is 
what makes coeliac disease an 
autoimmune response and 
differentiates it from classical food 
allergies.14

Presently, there is no known cure for 
coeliac disease beyond lifelong 
adherence to a gluten-free diet, 
though novel therapies have been 
investigated in clinical trials. The 
therapeutic agent Latiglutenase is an 
enzyme that is administered orally 
and counteracts the inflammatory 
effects of gluten by degrading gluten 
peptides in the stomach upon 
ingestion, rendering them 
unrecognisable by the immune 
system.15 The success of Latiglutenase 
in early-stage clinical trials suggests 
that enzymatic degradation may be a 
strategy to “detoxify” gluten.15 As 
previously mentioned, protein 
degradation is also a function of 
sourdough starter cultures over the 
course of fermentation. This, along 
with the general perception of 
sourdough bread as being beneficial 
to gut health has spurred curiosity as 
to whether sourdough fermented 
breads might be safe for individuals 
with coeliac disease or non-celiac 
gluten sensitivities.4

Case studies have suggested that 
traditional sourdough fermentation 
can improve gastrointestinal 
tolerance to bread in comparison to 
conventional yeast fermentation, but 
only for individuals with non-coeliac 
gluten sensitivity. The prevailing 
hypothesis is that it is not gluten to 
which such individuals are sensitive, 
but rather, poorly-absorbed short-
chain carbohydrates, also known as 
FODMAPs (short for fermentable 
oligosaccharides, disaccharides, 
monosaccharides and polyols). 
Sourdough fermentation has been 
shown to decrease the presence of 
FODMAPs in bread by 69-75% and 
reduce symptoms of irritable bowel 
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syndrome in comparison to 
conventional yeast-fermented 
breads.16,17 

In the case of coeliac disease, the 
influence of traditional sourdough 
fermentation on gluten degradation 
and tolerability is less clear, as 

surprisingly few studies have 
characterised gluten degradation 
within the context of true sourdough 
fermentation using an artisanal starter 
culture, similar to those used in 
bakeries and households worldwide. 
In a case study focused on a single 
artisanal sourdough starter culture 

preventing the production of harmful 
gluten peptides upon digestion, no 
benefit was found.18 However, it is 
well-documented that sourdough 
starter cultures frequently contain one 
or more strains of lactic acid bacteria 
with the ability to degrade gluten over 
the course of fermentation.19
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characterised the microorganisms 
found in 500 unique sourdough 
starters across the globe and 
determined that the microbial 
makeup of sourdough starters can be 
classified by factors such as 
geographic origin, age, storage 
temperature and handling practices.23 

As such, a “one-size-fits-all” approach 
to prescribing the safety of 
sourdough bread would not be 
appropriate without further 
understanding of the relationships 
between sourdough starter culture 
microbiomes and their gluten-
detoxifying abilities. However, with 
the advent of powerful analytical 
techniques such as metagenomic 
sequencing and proteomics, the 
future is bright for applying the 
ancient technology of sourdough in 
the treatment of modern ailments. 
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Presently, the consensus in the 
medical community is that individuals 
with coeliac disease should avoid all 
foods containing gluten regardless of 
fermentation status, but the use of 
sourdough fermentation as a 
technology for detoxifying gluten in 
baked goods has become an area of 
interest for food scientists and 
nutritionists alike.

Fermentation approaches to 
combating coeliac disease
Though no evidence currently exists 
where traditional artisanal sourdough 
fermentation provides protection 
against the harmful gluten peptides 
associated with coeliac disease 
pathogenesis, scientists are exploring 
novel strategies to employ the known 
gluten-degrading capabilities of 
sourdough-derived microorganisms 
in the production of baked goods. 

Several species of lactic acid bacteria 
commonly found in sourdough 
starters (Lactobacillus 
sanfrancisensis, Lactobacillus 
alimentarius, Lactobacillus brevis, 
Lactobacillus hilgardii) and fungal 
enzymes have been applied as 
processing aids in the production of 
coeliac-safe food products. In one 
study, these bacterial cultures and 
enzymes were used to ferment a 
mixture of flour and water, which was 
then spray-dried in preparation for 
further processing into a sweet baked 
product. The pre-fermentation of 
flour in this study reduced gluten 
concentrations from ~100 ppm to < 
10 ppm and resulted in the 
production of a baked item that did 
not stimulate an immune response or 
gastrointestinal distress in a small 
group of individuals with coeliac 
disease.20,21

In a model more akin to commercial 
bread production, isolates of  
L. alimentarius, L. brevis,  
L. sanfrancisensis and L. hilgardii 

were used to ferment a dough for 24 
hours before 2 hours of additional 
fermentation with baker’s yeast, to 
produce a leavened bread that did 
not stimulate intestinal permeability in 
individuals with coeliac disease. This 
reduction in inflammatory symptoms 
was associated with the extensive 
proving time provided by the 
lactobacilli, which produce enzymes 
capable of degrading gluten 
proteins.22 Though this application of 
lactobacilli is still not completely 
aligned with the standard use of 
sourdough starter cultures in 
everyday baking practices, these 
findings suggest that there is 
potential for targeted fermentation 
approaches to be used to create 
fermented bread products and for 
organisms found naturally in 
sourdough starter cultures to provide 
protection against gluten sensitivities.

The future of sourdough 
fermentation
Based on current research, the 
answer to the question, “Is sourdough 
bread safe for gluten-sensitive 
people?”, does not appear to be a 
simple “yes” or “no”. Even if an 
artisanal sourdough starter culture 
were found to have significant 
protective effects against coeliac 
disease, sourdough starters are 
celebrated for their diversity in terms 
of both their microbiomes and their 
functional outputs. 

A recent international study 
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MODERN 
PACKAGING
endeavours to be better for the 
environment, but has this increased  
the risk of food contamination?
Written by:

Lindsey Parkinson
Data Scientist and Scientific Editor, Food Packaging Forum

o support the transition to a 
more circular, sustainable economy, 
many food producers are 
reconsidering how they process 

and package their products. This 
might be achieved by switching to 
biobased or biodegradable plastics, 
increasing recycled content, or by 
using lighter weight packaging (aka 
lightweighting). The EU Circular 
Economy Action Plan even highlights 
packaging, aiming to “ensure that all 
packaging on the EU market is 
reusable or recyclable in an 
economically viable way by 2030.” 
This is a good place to start, but to 
have a safe circular economy, more 
needs to be accounted for over and 
above the commonly discussed 
impacts such as carbon emissions 

and resource use. In addition, the 
chemicals within a material and their 
impacts on health and the 
environment also need to be 
considered.  

In our food system, much of the 
discussion around sustainable 
materials focuses on the packaging of 
the final product, but chemicals can 
transfer into foodstuff from both the 
packaging and the processing 
equipment. Materials that touch food 
during processing and packaging are 
called food contact materials (FCMs). 

Research by the Food Packaging 
Forum in 2020 found that over 
12,000 chemicals are intentionally 
used in food contact materials, 

globally. In 2022, our own follow-up 
research found that nearly 3000 
different chemicals have been 
measured in FCMs, two-thirds of 
which were chemicals not previously 
known to be used.

Many of these, amounting to nearly 
2000 additional food contact 
chemicals, are likely to be non-
intentionally added substances 
(NIAS). These can be, for example, 
impurities, processing and 
environmental contaminants, or 
intentionally-added chemicals that 
have degraded into something else. 
The more processed a food product, 
the more opportunities there are for 
substances both intentionally and 
non-intentionally added to transfer 

http://www.bakingeurope.com
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from FCMs to food. However, the 
type of material with which a food 
item or ingredient has contact with 
also makes a difference. 

When assessing chemical safety, 
FCMs can be generally divided into 
two groups, inert and non-inert. For 
largely non-reactive (non-inert) 
materials such as stainless steel, fired 
ceramic and glass, only chemicals 
from the inside surface that are 
directly in contact with the food 
can migrate. An example would be 
detergents that are not completely 
rinsed during dishwashing, or an 
added coating. However, chemicals 
within the material or from the outside, 
such as printing inks or adhesives, 
cannot move through the material 
and reach the food itself. This high 
inertness and other barrier properties 
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All food contact chemicals (FCCs) known or measured in food 
contact materials. Over 12,000 intentionally used in food 
contact (green circle), nearly 3000 measured in experiments 
on food contact materials (orange circle) and their overlap 
(purple field). Together, these databases characterise all known 
FCCs (blue border).

Universe of known FCCs:
14,153 FCCs

Overlap:
1,013 FCCs

2,881 FCCs
with evidence
for migration/ 

extraction

12,285 
intentionally 
added FCCs
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are due to the rigid chemical structure 
of the material which makes it highly 
resistant to degradation.

Paper, board, and plastics are 
non-inert materials. Their material 
structures make it easier for any 
smaller, unbound chemicals present, 
such as plasticisers, colourants, inks 
and adhesives, to migrate from within 
the material or from the material’s 
exterior into the food. Printing ink, for 
example, has been shown to migrate 
through paper and board packaging 
into dry foods. 

What does this mean when selecting 

“sustainable” packaging? Let’s 
consider the three common strategies 
mentioned earlier that many 
companies are now following – 
switching to biodegradable and/or 
biobased plastics, increasing recycled 
content and lightweighting. 

Biodegradable / biobased plastics
Biobased plastic is made with 
renewable source material such as 
corn or sugar cane. However, the 
plastic ultimately created is largely 
the same material as conventional 
hydrocarbon based plastic, and thus 
gives rise to the same concerns 
around chemical migration and 

proper disposal. Meanwhile, 
biodegradable plastic is intended to 
be consumed by microbes that 
convert the material into carbon 
dioxide, methane, biomass and 
mineral salts after disposal. Such 
material can be biobased, 
biodegradable or both. 

Unfortunately, the specifi c conditions 
necessary for full biodegradation of 
packaging to take place are not 
always shared by product 
manufacturers and sometimes the 
necessary conditions are not present 
in nature or even in industrial 
composting facilities. This means 

“Much of the discussion around sustainable 
materials focuses on the packaging of the fi nal 
product, but chemicals can transfer into foodstuff  
from both the packaging and the processing 
equipment.”

http://www.bakingeurope.com
http://bit.ly/fpf-factsheet


BAKINGEUROPE Winter 2022/2023
www.bakingeurope.com

many “biodegradable” plastic 
products might never actually 
biodegrade in home compost or 
when littered. Furthermore, the 
chemical additives are usually not 
addressed at all, so many of these 
potentially hazardous chemicals may 
ultimately end up polluting the 
compost or environment. Consumers 
can, therefore, unknowingly create 
problems for their local recycling and 
composting facilities when trying to 
dispose of “biodegradable” plastic 
products. Notably, the same can be 
true for paper that contains hazardous 
chemicals like water and grease-
repellent PFAS chemicals.

Increasing recycled content
Recycling is currently a necessary 
part of reducing resource 
consumption, but FCMs thrown in 

recycling streams are often mixed 
with materials never intended for food 
contact. For paper products this 
includes items such as newspapers, 
magazines and thermal receipts while 
food grade plastics may be mixed 
with cosmetic containers or 
occasionally waste electronics.
Non-food-grade materials can be a 
source of NIAS in recycled food 
packaging and because paper and 
plastics are chemically active, those 
substances can migrate into food. 

Typical recycling-related 
contaminants for paper products 
include mineral oil hydrocarbons, 
bisphenols, phthalates, and 
photoinitiators; and in plastics, also 
fl avour compounds, oligomers and 
additives from the recycling process. 
These contaminants can concentrate 

over time creating a greater potential 
for migration into food.

Lightweighting
Many companies are concerned 
about the CO2 emissions caused by 
transportation, so they try to lower 
the weight of the packaging. For 
example, this may be done by 
switching from glass to plastic, or 
from a single material plastic to a 
blend of materials. While this might 
reduce weight, switching to complex, 
non-inert materials can in some cases 
increase human and environmental 
exposure to hazardous chemicals due 
to migration.

Solutions to challenges such as this 
are best solved by unrestrictive 
thought processes i.e. to use a 
common expression “think outside 
the box” – (Or as we say here at 
Baking Europe, don’t even get in the 
box! Baking Europe Ed.)

Sustainability is not only achieved 
through meeting CO2 emission 
targets. All related areas also need 

“Sustainability is not only 
achieved through meeting 
carbon targets.”
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to be considered including  
chemical safety. The World Business 
Council for Sustainable Development 
recently called for evaluating “all 
aspects of environmental 
sustainability” when assessing 
packaging.

So, what are the conditions that 
increase migration from packaging in 
which chemicals can move more 
easily, like paper and many plastics? 
In short, chemical migration from 
materials increases:

• at higher temperatures
• over time
• in small portion sizes (because of 

the high surface area to volume 
ratio)

• into fatty or acidic foods.

Changing an entire processing or 
packaging system can be challenging 
and switching to non-inert materials 
cannot be done quickly or in some 
cases may not be feasible due to the 
current infrastructure set up. But 
perhaps smaller changes can be 
made more quickly in how foods are 
stored, at what temperature they are 
stored, or by protecting food from 
outside heat sources whilst in its 
packaging. When considering 
material use and chemical migration, 
the best advice is to avoid packaging 
wherever possible. For example, this 
could be achieved in a customer 
facing business, by making it clear to 
customers that they can bring their 
own containers. This could be further 
enhanced by developing a strategy 
for maintaining hygienic standards 

https://www.bread.cz/
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while handling customer-owned 
containers in direct sales contact. 

One resource that can help tackle this 
challenge is the Understanding 
Packaging (UP) Scorecard. The UP 
Scorecard is a free online tool 
produced by a coalition of food 
service companies, NGOs and 
technical experts (including members 
of the Food Packaging Forum) to help 
purchasers compare foodware and 
food packaging options in an 
“apple-to-apple” comparison across 
six different human and 
environmental health impact areas. 

Scores can be customised based on 
European or US life cycle assessment 
data and users can create and score 

customised products. It is the first 
sustainable packaging tool to 
incorporate the presence of 
chemicals of concern in foodware 
and packaging products alongside 
more common measurements like 
CO2 emissions, water use and 
recoverability. Use of the UP 
Scorecard has also been endorsed 
and recommended by the World 
Business Council for Sustainable 
Development’s SPHERE Packaging 
Framework. 

To address chemical migration and 
better protect human health in the 
longer term, society needs to simplify 
food contact materials and increase 
transparency along the supply chain 
to ensure that packaging 

manufacturers, food producers and 
consumers are aware of the 
substances in the materials that touch 
food (and where they end up). To 
achieve this, here are some actions a 
business can take:

• Request a list from any packaging / 
food processing equipment 
supplier of the substances in the 
food contact materials that the 
business buys. The UP Scorecard 
website has a 3-tiered list of 
chemicals-of-concern. Ensure that 
the chemicals in the business’s 
FCMs are not on the list. 

• Ask local waste operators directly 
what materials can be recycled or 
composted in order to purchase 
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materials that the business’s 
customers can dispose of properly 
– and make sure that those 
materials do not contain PFAS and 
other persistent, hazardous 
chemicals.

• Consider simplifying/localising 
supply chains to reduce processing 
and storage steps – this may lead to 
innovation in the business model.

To achieve a truly sustainable food 
system, FCMs need to be safe for 
both human and environmental 
health, or to put it simply: If 
packaging is not safe, it is not 
sustainable and therefore neither is 
the food product. So far, our society 
has largely adopted CO2 emissions 
together with effi  cient resource use 
as pillars of a sustainable system, but 
considering chemicals is a necessary 
step to safely enable the circular 
economy. Fortunately, the resources 
are available for companies to make a 
good start. 
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NATURAL GAS 
BLENDED WITH 
HYDROGEN
Is this a realistic option to reduce CO2 
emissions in bakery?
Written by:

Gary Tucker
Fellow, Campden BRI

here are many political, 
social and economic reasons for 
the world to move from fossil 
fuels to more environmentally 

sustainable sources of energy. The 
move will happen over a period of 
several years and will require a mix of 
energy sources to guarantee a 
consistent supply.  This includes 
renewables like wind and solar, as well 
as nuclear and hydrogen that provide 
greater consistency in their supply. 
Technology for nuclear and 
renewables is relatively mature, but 
hydrogen is in its infancy by 
comparison. 

When hydrogen production is 
discussed, the different ways of 
producing it are often described 
using colours:

• ‘Blue’ hydrogen – natural gas is split 
into hydrogen and CO2, with the 
latter captured and stored.

• ‘Green’ hydrogen – electrolysis is 
used to separate out the hydrogen 
and oxygen from water.

• ‘Pink’ hydrogen – this also uses 
electrolysis but the energy source is 
nuclear, a low source of CO2 emissions.
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Hydrogen will have a role to play as 
the UK moves its energy supply to 
‘renewable, greener’ sources. The UK 
hydrogen strategy was released in 
August 2021, which included a target 
of 5GW of hydrogen based energy 
production by 2030 with The British 
Energy Security Strategy being 
updated in April 2022 stating the UK 
Government’s intention to double its 
output to a capacity of 10GW by 
2030. 

At least half of this target is to come 
from electrolytic hydrogen which 
avoids the requirement for natural gas 
as the feedstock. A commitment was 
made by the Government to meet 
this aspiration by 2025 with 2GW of 
low emission hydrogen production 
capacity, either in operation or 
construction and 1GW of electrolytic 
hydrogen.  

A concerted eff ort is needed to 
ensure that all pieces of the UK's 
hydrogen puzzle come together to 
achieve the Government's 
commitment. One of the applications 
will be to blend 20% of hydrogen into 
the existing natural gas supply. At this 
level there should be no noticeable 
eff ects on the combustion 
performance of domestic or industrial 

burners. The fi nal decision on this will 
be made by the end of 2023. 
Hydrogen blending has some major 
advantages compared with pure 
hydrogen. In the main, there is no 
change necessary for consumers 
using gas boilers to heat their homes 
or for industries using gas-fi red 
heating and drying equipment. 

Moving to a 20% blend in the 
country’s natural gas network requires 
the scientifi c evidence to prove it will 
work eff ectively and is safe.

HyDeploy project
HyDeploy, a major collaborative 
project, developed and delivered in a 
consortium partnership between six 
organisations, is helping to shape the 
UK Government’s policy on its 
hydrogen strategy. The project entails 
the running of several industrial and 
domestic trials to evaluate the issues 
when 20% of hydrogen (H) is 

blended into natural gas (NG). The 
project, managed by a specialist 
energy company, started during 2017 
and is due for completion in 2023, in 
time for the Government’s decision 
on hydrogen implementation. Some 
of the trials, both completed and 
ongoing, include the following:

• Keele, Staff ordshire. A hundred 
homes and 30 university buildings 
received a NG/H blend between 
October 2019 and March 2021, 
marking a safe and successful 
operation of the UK’s fi rst live 
hydrogen trial. This trial provided 
over 42,000 standard cubic metres 
(scm) of hydrogen, abating over 27 
tonnes of CO2.

• Winlaton, Gateshead.  A school, 
church, 668 homes and a shop, 
currently receive a NG/H blend. The 
trial commenced in August 2021. 
No appliance issues or diff erences 
have been observed by residents.

“Hydrogen will have a role to 
play as the UK moves its energy 
supply to ‘renewable, greener’ 
sources.”

BAKINGEUROPE Winter 2022/2023
www.bakingeurope.com

http://www.bakingeurope.com
https://www.gov.uk/government/publications/british-energy-security-strategy/british-energy-security-strategy
https://www.gov.uk/government/publications/british-energy-security-strategy/british-energy-security-strategy


BAKINGEUROPE Winter 2022/2023 
www.bakingeurope.com

• A 1.2 MW forced draft test furnace 
identified no issues.

• A 55 MW glass furnace trial 
concluded no operational or 
product quality issues were 
identified.

• A bakery oven (bread, biscuits and 
cakes) using NG/H blend, trialled at 
Campden BRI and recently 
completed, resulted in no issues.

• State-of-the-art ceramics kiln  
used for bricks, refractories and 
tiles, was installed and tested by 
Lucideon, a materials technology 
company.

• 7 MW operational steam boiler 
trialled with Unilever.

The food industry is a major user of 

gas-fired heating and drying for most 
of its high throughput operations. This 
extends to steam generation for 
process heating as well as direct gas 
use. Baking is no exception and it is 
widely accepted that a bakery oven is 
the most energy greedy part of a 
bakery and, therefore, offers the 
greatest potential for CO2

 emission 
reduction. 

This was investigated within the 
HyDeploy project, using the pilot 
baking facilities at Campden BRI. 
These trials were recently completed 
and are being written up to add  
to the evidence base that will support 
the Government’s decision on 
hydrogen.

Baking trials
The objective of the baking trials was 
to evaluate the effect of a 20% H / 
80% NG mixture on the bakery 
product quality for bread, cake and 
biscuits. It was not anticipated that 
significant differences in baked 
product quality would be observed, 
but necessary to confirm this through 
experimental trials.

The questions posed were based on 
the differences in the calorific value 
and combustion air to fuel ratio that 
might change the oven heat 
performance and affect the baking 
performance. Also, the increased 
quantity of water in the combustion 
gases may change both the external 

48 ENERGY
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appearance of the product and 
development of aerated structures 
because of increased humidity 
around the products. Baking trials 
used bottled gas that was piped  
to a gas-fired rack oven at  
Campden BRI’s testing facility, the 
oven being the style widely used in 
small and medium sized bakeries, 
thus making the results representative 
to industry. For convenience, 
standard G222 gas bottles containing 
a blend of 23% H in NG were used. 
Gas bottle pressure was regulated 
down from 200 bar to 10 bar, with 
further reduction to the oven supply 
pressure of 21 mbar. A 3-way valve 
allowed the supply to be switched 
between NG and NG+H.
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Figure 1: Specific volume for 800g white tinned bread (ml/g)

Figure 2: Moisture content of digestive biscuits (%)

Figure 3: Water activity of 400g cakes (Aw)

http://www.bakingeurope.com


50

BAKINGEUROPE Winter 2022/2023
www.bakingeurope.com

ENERGY
HYDROGEN

A sequence of baking trials was set up 
that minimised the infl uences of 
environmental temperature and 
humidity on product preparation and 
oven performance. Both these 
variables are known to infl uence the 
quality of baked products. The 
following products were 
manufactured and baked for the 
purposes of the trial:

• White bread, tinned, unlidded 
800g

• Wholemeal bread rolls 90g
• Plain pound cake, 400g
• Shortbread biscuit
• Digestive biscuit

The manufacturing processes and 
recipes for the above products 
followed standard Campden BRI 
procedures and were similar to those 
used by industry. Two replicate trials 
were run for each product and for 
each gas type, (four total trial bakes 
per product). Baked products were 
analysed using the full suite of tests 
applicable to each product type. 
Table 1 outlines the methods used for 
each product.

Analysis of the instrumental 
measurements showed minimal 
statistical diff erences in the products 
baked in NG compared with a 23% H/
NG blend. All products were blind 
tasted to further confi rm that no 
diff erences could be identifi ed.

Some of the results are given for key 
measurements specifi c to those 
products.  Figure 1 shows specifi c 
volume for bread, Figure 2 the 
moisture content of digestive biscuits 
and Figure 3 the water activity of 
cakes. Diff erences were minimal.

Oven temperatures and gas fl ow rate 
were also measured throughout. 
These diff erences were diffi  cult to 
compare with a batch oven because 
of the limited duration of steady 
operation. Heat loss when opening 
the door to fi ll and empty the oven 
resulted in increased gas demand. 
Baking time varied between 12 
minutes for the digestive biscuits to 
45 minutes for the cakes. 

A continuous bakery oven would 
off er more opportunity to compare 

gas use and temperature control 
because of the increased time the 
oven temperature stays steady,  
however, using a continuous bakery 
oven would increase the quantity of 
gas required for the trials and 
introduce inconsistencies when 
changing cylinders during the oven 
runs. 

The gas-fi red batch oven was 
considered as the best way to 
compare NG and a H/NG blend. Data 
from these batch baking trials has 
given an indication that any 
diff erences in gas use or oven 
temperature were minimal.

The HyDeploy project has been 
pivotal in demonstrating the feasibility 
of deploying a hydrogen/natural gas 
blend in order to unlock hydrogen 
adoption within the UK. It has also 
materially infl uenced the growing 
recognition as well as the strategic 
importance of such blending. It is 
anticipated that the project timeline 
should directly facilitate the 
Government’s ambitions of hydrogen 
use in industry by 2023.

“It is widely accepted that a 
bakery oven is the most energy 
greedy part of a bakery and, 
therefore, off ers the greatest 
potential for CO2 emission 
reduction.”

Table 1: Methods used to assess baked product quality

Bread (Loaf + rolls) Cake Biscuits

Specifi c volume using Laser profi ler Cake slice texture Biscuit moisture content 

Bread slice cell structure using C-Cell Cake water activity Biscuit texture and hardness 

Bread slice texture Cake moisture content Stack height (and thickness)

Gary Tucker
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KNEADING TO RELAX?
 The rise of baking bread during the pandemic

Professor Charles Spence

Head of the Crossmodal Research Laboratory, University of Oxford

Written by:

here can be little doubting 
that the global Covid pandemic 
had a signifi cant eff ect on our 
food preferences, at least in the 

short-term. In fact, one of the most 
noticeable changes reported during 
the early stages of the national 
lockdowns in 2020, especially here in 
the UK, was the sudden rise in home 
bread-making.a Sales of smaller bags 
of fl our (i.e., for independent use 
rather than for use in a bakery) 
surged, while shoppers fearing 
shortages were also reported to have 
been stockpiling items such as tinned 
tomatoes, pasta, and beans.b

Psychologists have put forward an 
explanation for the panic buying (e.g., 
of foods such as pasta, though also 
toilet rolls) in terms of evolutionary 
theories of foraging.c Ultimately, 
however, there are likely to be a 
number of explanations, both 
psychological and symbolic, that may 

also be sensory, for the increased 
popularity of home bread-making 
during the pandemic in particular.

To put the change in consumer 
behaviour into some kind of 
perspective, a survey of more than 
1,000 people from across Switzerland 
reported in an article published in 
Baking Europe recently, revealed that 
the largest self-reported change in 
people’s consumption behaviour 
concerned homemade bread.* 
Consumers were asked how their 
behaviour had changed during the 
fi rst lockdown, which took place 
between March 13th and April 26th, 
2020; 43.2% of those questioned 
suggested that they ate more 
home-made bread, as compared to 
only 5.8% saying that they consumed 
less (the remainder reporting no 
change in their pattern of bread 
consumption).d Of course, it should 

be pointed out that home baking, 
more generally, has also been on the 
rise (as it were), in recent years in the 
UK.e Though, in the latter case, this 
likely has as much to do with the 
phenomenal popularity of The Great 
British Bake-Off   TV show, as it does 
with the nation’s response to the 
pandemic itself.

At the same time, however, it is 
important to note that baking bread 
at home may also serve a more 
symbolic function, given its long 
history as one of the nation’s staple 
foods.f It can, after all be seen as 
signifying one’s ability to produce 
food to help support one’s family. The 
documented rise in the popularity of 
bread-making courses during the 
pandemic can also be seen as 
off ering something of an antidote to 
the stresses and strains of day-to-day 
life, with some going as far as to 

“Baking bread at home may also serve a more 
symbolic function, given its long history as one of 
the nation’s staple foods.”
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suggest that bread-making might be 
considered a therapeutic activity.g

One other part of the story might be 
the link to the tactile stimulation that 
preparing bread so naturally provides, 
given the widespread increase in 
‘touch hunger’ that has been 
documented amongst many people 
in society, in recent years.h

Comfort foods are defi ned as those 
that can provide something of an 
emotional crutch whenever we feel 
threatened.i What else could explain 
the more than 700% increase in sales 
of instant trifl e!? These are clearly 
nostalgic fl avours that remind us of 
happy earlier times. 

Documented sales of powdered 
custard and instant mash also surged 
during lockdown, as shoppers rushed 
to fi nd the emotional security 
provided by comfort food.j None of 
these foods, note, requiring a 
functioning set of mandibles (i.e., 
notice the total absence of 
challenging textures in these foods). 
Given that the texture of the crust is 
such a key part of the appeal of 
freshly-baked bread, it is perhaps not 
so surprising to fi nd that it does not 
regularly appear in lists of people’s 
favourite comfort foods.

In the UK, sales of nostalgia food 
brands– think Spam, Smash, Fray 
Bentos, and the like – also increased 
during lockdown.k When the world 

looks like a dangerous and uncertain 
place consumers increasingly turn to 
the security and familiarity provided 
by well known, recognisable brands 
over the experiential, experimental 
food and drink off erings. Sweetness 
too can also, potentially, be 
reassuring.

Another reason for changing food 
behaviour during the pandemic 
undoubtedly relates to people’s 
reduced willingness and/or ability to 
go shopping: indeed, worldwide 
Google searches for “food delivery” 
and “local food” reached all-time 
highs in April, 2020, with people in 
the UK being six times more likely to 
look for “veg boxes” than before the 
pandemic.l As of the start of October, 
2020, those living in the UK had 
apparently already cooked half a 
billion more meals under lockdown, 
with sales of steak up by 40%.m The 
suggestion being that people were 
trying to recreate restaurant meals at 
home. Not surprising given how many 
high-end producers have struggled to 
deliver an experience in the home 
that matches what can be expected 
in a high-end restaurant or posh 
bakery.n

Ultimately, however, I can’t help but 
wonder about whether the delectable 
smell was also part of the story of 
homemade bread during lockdown, 
given how much more time so many 
of us were forced to be at home 

“When the world looks like a 
dangerous and uncertain place 
consumers increasingly turn 
to the security and familiarity 
provided by well known, 
recognisable brands.”
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during this period: having the aroma 
of fresh homemade bread is, after all, 
supposed to be of great advantage 
for those wanting to sell their home.o

That all being said, it is important to 
note that cross-cultural comparisons 
have also highlighted how the public’s 
response to the pandemic, 
specifi cally in relation to their food 

behaviour, diff ered both by country 
and by the period of lock-down.p

Nevertheless, despite the various 
cultural diff erences that have been 
reported, it is clear that bread’s 
central place in society at large has 
been emphasised by the various 
periods of lockdowns, no matter 
where in the world they happen to 
have taken place. 
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