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Welcome
to the Summer 2019 issue of Baking Europe!

When I first became 
interested in baking bread 

as a youngster, I was enraptured 
by the living, breathing expanding 
“creature” that was the rising 
dough I had created and that 
would soon become a delicious, 
tasty, loaf. Several decades on, I 
am still fascinated by the science 
that is behind this amazing but 
basic process which makes bread 
what is today. That process is, of 
course, very simply the creation 
of bubbles! Understanding and 
controlling these bubbles, however, 
is the surprisingly complicated 
part which is why we turn to the 
scientists and experts for help.

In this issue we look at the analysis 
of bubble-making using the latest 
high-tech CT scanner during 
the baking process itself and in 
another feature, the creation of 
a more stable, substantial bubble 
structure for gluten-free bread 

that is fast resembling that of the 
wheat variety. 

In our increasingly popular 
“From across the pond” section, 
we feature two articles, one 
on the increasing use of egg 
replacements and the other on 
how refined flours and grains 
once seen as the villain of the 
peace (and health), may now have 
their convictions quashed and 
given a full pardon.

Now, if you are ready - some 
horror stories! If, therefore, you 
are of a nervous disposition, I 
suggest you hide behind the sofa 
right now. The monster (elephant) 
in the room that is a subject 
about as inviting to address as 
that ominous brown envelope 
you occasionally receive from 
the tax office which you leave for 
weeks before opening, is that of 
microbiological contamination. 

Sorry, but wringing your hands 
and hiding won’t make it go 
away, so we have commissioned 
Campden BRI scientists to 
examine the subject in detail and 
hopefully allay your fears. We 
also look at a problem with dairy 
products that many might believe 
was eradicated years ago; namely 
that of milk-borne infections. (Did 
I hear a distance scream?) Time 
to face the truth and open that 
envelope – you never know, it may 
contain a refund.

And finally – on a lighter note – 
3D food printing is on the up (pun 
intended) thanks to our authors 
in Wageningen University and 
this could be the next generation 
in food production…

Ain’t science wonderful?

Graham Pendred
Publisher
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6 CUTTING EDGE
3D FOOD PRINTING

Until recently, 3D printed 
food mainly sparked images 

of decorated culinary dishes or 
custom-designed confectionery 
items in new shapes, but it turns 
out the impact of 3D printing 
in food production goes far 
beyond fun shapes and colours. 
Personalised food, production 
on demand and completely new 
textures now come within reach 

by means of 3D-food printing. 
Ever since a TNO technologist 
made a print with cocoa powder 
just for fun back in 2010, the 
Dutch research institutes TNO 
and Wageningen Food & Biobased 
Research (WFBR) have made great 
strides in 3D food printing. Their 
recent achievements include 
cereal bars with a hardness 
gradient and biscuits with 

different horizontal and vertical 
fracture properties. And this is 
only the beginning.

3D PRINTING
3D printing, a production 
technique based on digital 
designs, is in fact a collection 
of various manufacturing 
techniques, ranging from 
extruding a paste or a hot-
melt, to sintering powders or 
light curing of polymer resins. 
They have in common that the 
product is made through a layer-
by-layer deposition of material, 
thus reproducing a computer-
generated 3D design. 

Many non-food applications of 3D 
printing are already commercially 
available, like car parts printed 
locally and on-demand to avoid 
stockpiling, or aeroplane parts 
with integrated functionalities 
like ventilation channels, which 
can’t be created in conventional 
processes. Furthermore, 
personalised products such as 
in-ear hearing aids or a new 
hip-bone can be printed, exactly 
fitting the unique requirements 
of the individual consumer. 
These examples highlight the 
main value propositions of 3D 
printing: flexible production of 
complex products and disrupting 
conventional processes and  
value chains.

3D food printing   way beyond fancy shapes
 
By Martijn Noort (pictured) and Kjeld van Bommel
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3D food printing   way beyond fancy shapes
By Martijn Noort (pictured) and Kjeld van Bommel

3D PRINTED FOOD
Printing food is more complex, 
because the ingredients, such as 
wheat flour or pea protein, are 
biological materials with complex 
compositions and a large variability in 
composition and physical properties. 
Furthermore, food materials such as 
a dough have complex rheological 
behaviour which is non-linear 
depending on temperature, shear 
rate, and which will even change 
in time. Furthermore, important 
phase transitions, such as melting 
and setting of food materials, are 
often very slow and irreversible. 
These complexities complicate 
the choice of printing techniques 
and require the development 
of specific printing equipment, 
formulations and processes to 
successfully print food products. 

3D printing is already used to 
create food with unique 3D 
shapes, mainly for high-end 
culinary products (Fig 1). For 
example, some 3D extrusion 
printers are able to print food 
materials such as mashes, 
pastes or molten chocolate, 
where the primary use is to 
create decorations for exclusive 
dishes and pastries. Creativity, 
flexibility, and seasonality are 
accommodated, but the variation 
of materials to be printed and 
type of textures that can be 
created are still limited. 

For printing more complex 
food materials, state of the art 
3D printers have proved their 
value. A good example is the 
fabulous 3D pasta shapes 
based on traditional ingredients, 
developed by an Italian 
company. The print technology 
used has a more advanced 
system of process control and 
can handle a variation of 
materials, which allows for the 
printing of 3D designs with 
high degrees of overhang and 
complexity. 

INNOVATIVE FUNCTIONALITIES
As 3D printers are able to deposit 
a material at specific positions 
based on a digital design, TNO 
and WFBR were able to create 
innovative food structures and 
textures. The food scientists 
engineered 3D printed biscuits 
with mechanical properties based 
on the print designs by printing 
the biscuit dough as cell walls 
surrounding open air cells. As 
the air cell size increases, the 
hardness of the biscuit decreases. 
Additionally, by changing the cell 

Figure 1: TNO Autumn - Truffle with plaice and foie gras-2
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shape from round to elongated, 
the hardness of the structure 
depends on the direction in 
which it is broken. Hence, biscuits 
can be made with different 
crunchiness depending on the 
direction in which the consumer 
takes a bite of it! This technique, 
therefore, allows industrial 
bakeries to make bakery products 
with unique product features 
by design. For example, it has 
been proven possible to create 
a gradient in the mechanical 
properties throughout one 
biscuit (figure 2A). The hardness 
of the biscuit on the right end 

is over 10 times higher than on 
the left end of the same biscuit, 
without changing the dough 
formulation.

It is also possible to combine two 
materials in one food structure 
in a co-extrusion process in 
which the food is built up from 
an extruded filament comprising 
an outer (shell) material and 
an inner (core) material. Food 
products made in this manner 
(see fig 2B) can comprise a 
liquid, soft, or even gaseous 
core material that can provide 
juiciness during mastication or 

give a certain flavour release 
during consumption.

Using the powder-based printing 
technique, innovative 3D cookie 
structures have been created, 
as water and/or oil, are printed 
onto layers of powder mixtures, 
composed of flour, sugar and 
protein. Layer-by-layer food 
structures are built without any 
mixing or traditional shaping 
processes, but by merely binding 
the powder together and heating 
it. In this way, high resolution 
biscuits can be produced with 
highly porous, open 3D structures 

Creativity, flexibility, and 
seasonality are accommodated, 
but the variation of materials to 
be printed and type of textures 
that can be created are still 
limited. 

Figure 2A Fig. 2B

Fig. 2C Fig. 2D
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(fig 2C) or cake structures with 
individually defined voxels, 
or 3D-pixels, of different 
composition (fig 2D). The different 
3D printing techniques enables 
the production of bakery products 
with new textures, mouthfeel 
and flavour. Local variations in 
composition can also be used to 
reduce the sugar content, without 
the consumer perceiving it. 

TNO and WFBR are currently 
developing innovative food 
textures, based on power bed 
printing, which can’t be made 
with conventional processes. This 
project is still open for industrial 
partners to participate. 

A call for PARTNERS can be 
downloaded here.

CONSUMER ENGAGEMENT
3D printing also meets the 
consumer demand for health, 
wellbeing and transparency and 
is able to disrupt the classical 
food supply chain. An obvious 
example is the ability to surprise 
the consumer with advanced 
food designs as shown before, 
which can be posted via social 
media and therefore can be 
classified as the new category 
‘Instagrammable foods’.

Consumer experience can go 
well beyond intricate shapes and 

designs as a 3D printer allows 
the consumer to take part in the 
food production process itself. 
This was shown in a project 
where a German home appliance 
company collaborated with TNO 
and WFBR to develop a 3D printer 
which would allow the consumer 
to customise their pastry snack. 
The pastry design as well as 
the composition and flavour of 
the dough can be selected, and 
subsequently combined with 
various fillings and toppings of 
choice. The printed pastries were 
perceived as very fresh, home-
made and pleasurable and the 
option to  customise the product 
was appreciated by the consumers. 

Figure 3: Concept of a 3D printer for sport nutrition bars at a gym. Personal data such as DNA, biomarkers and 
input from physical activity trackers are used to calculate the personal recommended nutrient content, allowing the 
consumer to print locally and on-demand a personalised nutrition bar with a flavour and texture of choice.

The biggest promise of 3D 
printing lies in its ability to 
manufacture truly personalised 
food items for personalised 
nutrition and health.
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PERSONALISED NUTRITION
Beyond creating customised 
shapes, colours and flavours, the 
biggest promise of 3D printing 
lies in its ability to manufacture 
truly personalised food items for 
personalised nutrition and health. 
3D printing has the potential 
to manufacture food products 
on-demand based on individual 
requirements. An example might 
be where a 3D printer makes 
personalised nutrition bars at a 
gym (figure 3). 

During a workout, the physical 
performance data is logged and 
combined with data such as 
DNA profile, biomarkers from 
blood analysis or non-invasive 
sensors on a personal device and 
subsequently processed. After 
the workout, the consumer uses 
this data to design a nutrition bar 
that has been personalised with 
respect to its composition as well 
as its flavour and texture. 

With the 3D food technologies 
currently available, it is not 
yet possible to make fully 
personalised food in this way, 
composed and engineered to 
meet the nutritional and health 
requirements of an individual 
consumer whilst at the same 
time meet the consumers’ 
tastes and preferences. Further 
development is needed in 
dosing and mixing customised 
ingredients, the creating of food 
textures that are less dependent 
on nutrient composition and the 
establishment of algorithms to 
create formulations and printer 
settings based on consumer data.

CONCLUSIONS
3D printing offers the bakery 
industry new possibilities for 
flexible, decentralised, on-
demand food manufacturing. 
Additionally, the technique allows 
the creation of bakery products 
with innovative shapes, designs, 

textures and other functionalities, 
which can’t be achieved through 
conventional food manufacturing. 
The ability to manufacture 
personalised food products for 
individual consumers, combined 
with consumer participation in 
the manufacturing process may 
lead to new business models. 
WFBR and TNO are exploring new 
applications and business cases 
and food companies are invited to 
participate. n
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12 FOOD SAFETY
PATHOGEN RISKS IN BAKED GOODS

INTRODUCTION

Worldwide, a wide variety of 
bakery products are made 

every day, these include: breads, 
savoury and fruit pies, quiches, 
pizza, biscuits and cakes. Many of 
these items go through a baking 
process to produce the desired 
structure/taste/characteristics. 
A consequence of the baking 
process is that many (but not 
necessarily all) microorganisms 
are inactivated. However, some 
baked goods include constituents 
such as cold-mix custard and 
garnishes that don’t receive 

any form of heat treatment. 
Pathogenic microorganisms  
could conceivably ‘survive’ the 
baking process, particularly as 
spores, or they could ‘by-pass’ it 
if they are present on materials 
added subsequent to any  
baking step.

This article looks at the 
microbiology of baked products, 
with a focus on pathogens and 
food safety.

SAFETY CONCERNS OF BAKERY 
PRODUCTS
While foods such as meat, fish, 
poultry, eggs and dairy products 
are the most common vehicles of 
foodborne illnesses worldwide, 
bakery products have also 
been implicated in foodborne 
disease outbreaks. Sockett1, 
estimated that approximately 
4% of foodborne illnesses in 
England and Wales were due to 
bakery products. Similar rates are 
reported by Smith et al.2 for other 
countries e.g. USA and Australia, 
although Todd3 reported that 
35-47% of all foodborne disease 
outbreaks in Poland, Portugal, 
Bulgaria and Switzerland were 
caused through the consumption 
of bakery products.

There are several reasons why 
bakery products are implicated in 
outbreaks of foodborne disease:

An observation of the risks   associated with 
pathogen presence   in baked goods
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INTRODUCTION
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any form of heat treatment. 
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baking process, particularly as 
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if they are present on materials 
added subsequent to any  
baking step.
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countries e.g. USA and Australia, 
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35-47% of all foodborne disease 
outbreaks in Poland, Portugal, 
Bulgaria and Switzerland were 
caused through the consumption 
of bakery products.
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An observation of the risks   associated with 
pathogen presence   in baked goods
 
 
By Dr Phil Voysey (pictured), Microbiology Department, Campden BRI, UK

• Processing conditions. The 
time and temperature used 
to bake products is set to 
achieve a good quality product. 
A consequence of this is that 
vegetative microorganisms, 
including yeast used to raise 
bread for example, are killed. 
However, spore-formers can 
sometimes survive. Also, some 
baked products include cream, 
cold custard, icing, spices, 
nuts, or fruit toppings or 
fillings, which may be prepared 
without any heating.  

Hazardous products/ingredients. 
Many bakery products and their 
ingredients have a pH of >4.6 and 
an aw of >0.85, i.e. conditions that 
are conducive to the growth of 
pathogenic bacteria. For example, 
the pH of custard used in many 
filled bakery products is 5.8-6.6 
and is ideal for the growth of 
Salmonella spp.4.

Storage conditions. Most bakery 
products, with the exception of 
cream, custard and meat-filled 
products, are held at ambient 
temperature for maximum storage 
quality. However, such storage 
conditions may be conducive to 
microbiological growth and may 
compromise safety. 

For example, English style 
crumpets, a high moisture 
food product held at ambient 
temperature, have been 
implicated in food poisoning 
involving Bacillus cereus2. 
Foodstuffs which are held at 
chill temperatures can support 
the growth of psychrotrophic 
pathogens such as Listeria 
monocytogenes, and other 
pathogens if there is a break in 
the cold-chain.
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The pH of custard used in many 
filled bakery products is 5.8-6.6 
and is ideal for the growth of 
Salmonella 

Table 1 EU Rapid Alert System for Food & Feed (RASFF)
Reports for pathogenic microorganisms in cereals 

Classification Case date Notifying country Subject 

1 Alert 29/01/16 Germany Salmonella.

In German wheat flour

2 Information 14/07/15 Germany Salmonella Abaeletuba.

Dutch buckwheat meal

3 Alert 22/11/13 Germany Salmonella enterica in 
German muesli with nuts

4 Alert 17/04/12 Finland Salmonella enterica.

German organic bread 
meal mix

5 Information 30/01/12 Sweden Salmonella Amsterdam.

Dutch teff meal

6 Alert 06/10/11 Austria Bacillus cereus (35x106 

cfu/g) UK couscous

7 Border rejection 13/10/09 Italy Salmonella

Sri Lankan coconut flour

8 Alert 21/09/09 Luxembourg Salmonella Enteritidis

In French buckwheat 
flour

9 Information 11/07/15 Italy Salmonella enterica

Ghanan cereal flour

10 Alert 02/09/03 Finland Salmonella Infantis

Cookie mix

11 Alert 29/08/03 Denmark Salmonella Infantis

Cake mix
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SPECIFIC MICROORGANISMS OF 
CONCERN
Some of the principal 
microorganisms of concern with 
baked products are discussed 
below.

1. Salmonella spp
Salmonella is normally isolated 
from animals (including humans) 
and may be introduced into 
bakery products through a range 
of ingredients including eggs. 
Other ingredients which can be 
a source of the organism include 

flour and chocolate. Whilst 
the organism does not grow in 
these foods, it can survive for a 
substantial time.

Interestingly, Salmonella is found 
from time to time associated 
with cereals (see Table 1). It was 
also the subject of a recall in the 
United States earlier this year 
in association with unbleached 
flour5.

In most reported outbreaks of 
salmonellosis caused by eating 

contaminated bakery products, 
eggs have been the suspected 
vehicle of transmission. To get 
around this, pasteurised eggs 
rather than raw shell eggs are 
now used in bakeries. The bakery 
foods implicated in salmonellosis 
include custard pies, bread 
pudding, custard-filled cakes 
and pastries, quiche, meringue, 
puddings and cheesecake2.

2. Escherichia coli
Another bacterium associated 
with the guts of animals and 
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humans is E. coli. Not all members 
of this group of bacteria are 
pathogenic, but there have been 
issues relating to baked goods 
with a sub-group, the ‘shiga toxin 
producing E. coli’ (STEC). This 
first came to the fore in 2009 
with refrigerated pre-packed 
‘cookie dough’ in the US. Despite 
being labelled as a ready to cook 
product, consumers ate the 
raw dough. This resulted in 72 
cases of illness (10 seriously ill) 
across 30 states. It is believed 
that contaminated flour was the 
source of the problem6.

In addition to E. coli O157, other 
STEC serotypes (E. coli O121 and 
O26) have been isolated from 
flour in the US and Canada, 
leading to illness and recall 
of product. If the flour is heat 
treated and subsequently baked 
before being consumed, any STEC 
present should be killed.

3. Staphylococcus aureus
The major reservoirs of Staph. 
aureus are humans and animals. 
This bacterium is carried by 
30-50% of humans in the nasal 
passage and throat and on 
skin7. It is also found associated 
with air, water, sewage and 
food contact surfaces. Dairy 
ingredients can also be sources of 

the microorganism.

Despite there being relatively 
fewer cases of Staph. aureus food 
poisoning associated with the 
poor handling and storage of 
custard or cream-filled bakery 
products over recent years, 
the bacterium is still seen as a 
problem in temperate countries 
where refrigeration is a problem8. 
A period of growth is needed 
before the toxin is produced, 
typically when the population 
reaches 100,000 cfu/g. Other 
foods where Staph. aureus has 
been implicated include oatmeal 
raisin cookies, apple muffins, 
cream puffs and pizza. Important 
attributes of this bacterium 
which make it an issue with 
baked problems include its ability 
to grow at low (≤0.83) water 
activities and the toxin that is 
produced by it being heat-stable.

4. Bacillus cereus
The spore-former Bacillus cereus 
has been implicated in several 
outbreaks of foodborne illnesses 
involving bakery products. 
There is also some evidence 
that B. subtilis and B. licheniformis 
(responsible for “rope” spoilage 
of bread) can cause foodborne 
illness9. Species of Bacillus 
are commonly found in the 

environment. From there, they 
contaminate ingredients such as 
flour, milk, cream, spices, dried 
egg, yeast and improvers, dried 
fruits and cocoa2.

As with Staph. aureus, B. cereus 
is a toxin-producer. In fact, it 
produces two toxin types (an 
‘emetic’ type which is associated 
with cereal-based foods and 
a ‘diarrhoeal’ type which is 
associated with proteinaceous 
foods). The emetic type is heat-
stable, and so can survive a 
baking process, as can the spores 
of the microorganism. 

Outbreaks of Bacillus food 
poisoning have been associated 
with naan bread, crumpets and 
cream and custard-filled pastries. 
B. cereus has also been isolated 
from meat pies, bread and pastry2.

5. Clostridium botulinum
C. botulinum is another spore-
forming, toxin-producing 
bacterium. It is able to grow in 
the absence of oxygen and has 
caused food poisoning outbreaks 
where mortality rate has been 
high and is, therefore, regarded 
as an important pathogen. 
There is no evidence of any 
association of this bacterium 
with baked products, but there 

C. botulinum is another spore-
forming, toxin-producing 
bacterium and has caused food 
poisoning outbreaks where 
mortality rate has been high
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other types of food. A wide range 
of microorganisms, bacteria, 
yeasts and moulds, can cause 
spoilage and food safety issues 
with baked products, however, 
these can be minimised by 
adopting strategies to prevent 
post-baking contamination, 
destroying post-baking 
contaminants and controlling 
their growth. n

is a perceived potential risk. The 
bacterium is found in soil and 
the environment as well as being 
associated with agricultural and 
animal products, including dairy 
products such as cheese, fruits, 
vegetables and honey.

Two forms of this pathogen 
are known: a cold-tolerant 
(‘psychrotrophic’) form, which 
has been associated with chilled 
foods and a ‘mesophilic’ (literally 
ambient temperature-liking) 
form, which has a potential for 
causing problems with Modified 
Atmosphere Packaged (MAP) 
breads, for example.

OTHER MICROORGANISMS OF 
CONCERN
These include:

• Listeria monocytogenes. L. 

monocytogenes is a pathogen 
which is readily found in 
the environment and is 
occasionally associated with 
bakery ingredients such as 
flour and dairy products. In our 
experience, approximately 10% 
of white wheat flour contains 
Listeria spp.

• Mycotoxigenic moulds. 
Mycotoxins are toxins which 
can be excreted into foods by 
moulds some of which can be 
carcinogenic and many being 
very heat-resistant. If moulds 
are prevented from growing 
on baked products and in 
ingredients, then mycotoxins 
are not an issue.

CONCLUSIONS
In general, the level of food 
poisoning associated with baked 
foods is low compared to many 
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18 EVENTS
IBIE 2019

IBIE returns to Las Vegas with the largest baking event educational programme in the world, new 
show features and a packed expo floor ensuring IBIE 2019 will be like no other industry event

Washington, D.C. – The 
International Baking 

Industry Exposition (IBIE), the 
Western Hemisphere’s largest 
baking industry event, set for 
September 7th -11th  2019, 
announces its largest education 
programme to date and the 
broadest offering in the industry, 
with more than 100 sessions. 
Designed to deliver a fresh, 
forward-thinking perspective 
on business, operations and 
creativity, IBIEducate offers 
every role and every segment 
opportunities to learn. Targeted 
sessions are designed to allow 

attendees to gain valuable 
ideas and strategies to develop 
and improve product, optimise 
production and increase sales and 
profits.

“IBIE has been working hard to 
ensure we’re delivering maximum 
value to IBIE attendees at every 
step of their show experience 
and along the industry supply 
chain – whether they’re walking 
the show floor looking for the 
latest advancements or attending 
a hands-on demonstration in one 
of our new artisan marketplaces,” 
said Joe Turano, IBIE Chair. “Unlike 

other events, IBIE is the complete 
solution for our industry, 
produced by our industry. We 
continue to push the boundaries 
to ensure we’re advancing the 
grain-based food industry as a 
whole through the diverse and 
cutting-edge offerings that can be 
found at IBIE.”

Over the past decade, IBIE 
has enjoyed a 65% increase in 
attendance and is on track to be 
bigger and better than ever with a 
nearly sold-out show floor. When 
the show opens, the enlarged 
expo floor plan will host more 
than 1,000 exhibitors showcasing 
the latest in automation/
technology, ingredients and 
industry trends across the vertical 
supply chain for every role and 
every segment of the grain-based 
food industry from wholesale 
baking, artisan and retail baking 
to tortilla, snack food and pizza 
production.

NEW SPECIALISED EXPERIENCE 
AND EXPANDED OFFERING FOR 
ARTISAN BAKERS AT IBIE 2019
For the past 100 years, IBIE has 
been home to bakers looking to 
enhance their craft.  Building 
on this tradition, IBIE will unveil 
a new state-of-the-art pavilion 
introducing show elements 
specifically produced to support 

IBIE 2019
The Global Baking Industry’s Top Business Destination

BAKINGEUROPE Summer 2019 
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the growth of the artisan and specialty market 
segment.  Curated competitions, staged 
demonstrations from celebrity chefs and 
certified Master Bakers, tastings, expert Q&A 
sessions, exhibitor demonstrations and much 
more will bring the pavilion to life. This prime 
show floor destination has been designed to 
offer a truly immersive experience for artisan 
and speciality bakers, cake decorators and 
pastry chefs – with learning formats to serve all 
needs, including hands-on demonstrations and 
unique product and ingredient exhibits. n

IBIE 2019
The Global Baking Industry’s Top Business Destination
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The new Era of
Bread Cutting Machines 

The front surface  
can be adapted to  
your shop concept  

(with customised front  
decoration and colour).

Touch screen with 
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quick-start buttons
for easy operation without 

a long training period.
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20 EVENTS
FOOD MATTERS LIVE

From the newest functional 
ingredients to creative food 

start-ups from around the world, 
Food Matters Live 2019 serves up 
the future of healthy food and 
drink. 

Business leaders, manufacturers 
and nutrition specialists will 
be among thousands of visitors 
discovering the latest food trends, 
healthy and sustainable products 
and emerging ingredients at the 
two-day event on 19-20 November 
at ExCeL London.

Interactive demonstrations and 
tastings will jostle for visitors’ 
attention alongside hundreds of 
innovative exhibitors, offering 
a taste of the most on-trend 
nutritious and sustainable food 
and drink.

Food Matters Live again plays 
host to the largest gathering of 
ingredients companies in the UK, 
offering visitors the chance to 
sample their goods from value-
adding vegetable oils to organic 
raw chocolate coating. Aduna, 
Afene Wellness, Cargill NV, Kappa 
Bioscience AS and Hugli are just 
some of the exhibitors already 
signed up. 

LIVE ATTRACTIONS
Among a selection of exciting 
live attractions, Innovative 
Ingredients Live returns, featuring 
expert insight into the nutritional 

science behind emerging 
ingredients and nutraceuticals.

Leading international and UK 
research bodies will be on hand 
to reveal the latest science and 
technological developments 
helping to build a sustainable, 
nutritious global food system too.

And the UK Future Brands 
pavilion will feature the best and 
brightest new UK food and drink 
start-ups, less than two years’ 
old, which have been carefully 
selected by a panel of leading 
food and drink experts.

Food Matters Live’s popular 
seminar programme returns, to 
consider the key questions for 
the whole sector, from whether 
the average British shopper is 
really ready to swap meat for 
vegan alternatives to the future 
for sustainable packaging and 
the latest product innovations in 
gut health, sports nutrition and 
healthy ageing.

Industry experts will share 
insight, best practice and ideas 
across a huge range of topics, in 
talks grouped under key health 
and wellbeing themes including 
Mainstreaming Sustainable 
Diets, Packaging: Healthier By 
Design, Nutrition for Health and 
Wellbeing - featuring the latest 
R&D driving product innovation - 
and Reducing Obesity In Practice.

Get a taste of the freshest innovations in healthy eating at 

Food Matters Live 2019
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Among a selection of exciting 
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expert insight into the nutritional 

science behind emerging 
ingredients and nutraceuticals.

Leading international and UK 
research bodies will be on hand 
to reveal the latest science and 
technological developments 
helping to build a sustainable, 
nutritious global food system too.

And the UK Future Brands 
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start-ups, less than two years’ 
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food and drink experts.
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vegan alternatives to the future 
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Mainstreaming Sustainable 
Diets, Packaging: Healthier By 
Design, Nutrition for Health and 
Wellbeing - featuring the latest 
R&D driving product innovation - 
and Reducing Obesity In Practice.

Get a taste of the freshest innovations in healthy eating at 

Food Matters Live 2019
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INNOVATIVE BRANDS
Among networking opportunities 
on offer will be educational 
roundtables aimed at giving 
international brands insight into 
the UK market, from packaging 
regulations and navigating 
nutrition and health claims 
to protecting your intellectual 
property.

And Match offers a dedicated 
meeting space for key buyers and 
suppliers looking to do business 
with innovative manufacturers, 
ingredient suppliers, business 
services and others who have 
caught their eye at Food Matters 
Live.

Food Matters Live Director Briony 
Mansell-Lewis said: “Food Matters 
Live celebrates the food and 
drink revolution being driven 
by a new generation of health 
and environmentally-conscious 
consumers and the disruptive 
start-ups able to quickly respond 
to their demands.

“It serves up the most exciting 
food and drink innovators 
both from the UK and around 
the world and the ingredients 
companies who can help them 
meet the growing demand for 
natural, clean-label, healthy, 
plant-based and sustainable 
products.

“Offering insight into fast-paced 
trends, exciting innovations 
in nutraceuticals, food tech, 
sustainable packaging and more, 
as well as unrivalled business 
opportunities, it is an essential 
date in the diary for food and 
drink professionals who want to 
keep ahead of the curve.”

FOOD MATTERS SUMMIT
Running in parallel with Food 
Matters Live this year in ExCeL’s 
prestigious Platinum Suite is the 
new Food Matters Summit 2019, 
the first gathering of its kind, 
bringing together more than 
100 outstanding international 
speakers.
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From the opportunities for food 
technologists presented by the 
vegan and flexitarian boom to 
the impact of nanotechnology 
and robotics on the future of food 
manufacturing, the Food Matters 
Summit sessions aim to share 
the best new thinking on crucial 
issues for the whole sector, to 
accelerate innovation across the 
global food and drink industry.

Among confirmed speakers are 
Darren O’Sullivan, Director of 
Plant Protein at Kerry Europe 
and Russia, Elsa Bernadotte, 
founder of Swedish start-up 
Karma, whose app reduces food 
waste from businesses and 

international ag tech specialist 
Tony Hunter who will examine 
the new technologies which will 
reshape the food system. Delegate 
passes for Food Matters Summit 
will be open for purchase soon.

This unique event brings together 
the food and drink industry, 
retailers, foodservice providers, 
government and those working in 
nutrition and health.

In addition to an extensive 
exhibition showcasing innovative 
ingredients and brands and 
products, Food Matters Live 
offers a multi-stream education 
programme featuring hundreds of 

speakers covering wide-ranging 
topics – from public health, 
sustainable diets to the future of 
better-for-you food and drink. n

FOR MORE INFORMATION

Grace Grocott
Food Matters Live 

Grace.grocott@foodmatterslive.com  
+44 (0) 20 3735 5961 
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By Glenn A. Gaesser, PhD

Grains are part of any 
healthy diet, however, not 

all grains are viewed as equal 
regarding their impact on 
health. For example, current 
U.S. dietary guidelines call for 
increasing consumption of 
whole grains while reducing the 
intake of refined grains. These 
guidelines are based on the 
recommendations of the 2015 
Dietary Guidelines Advisory 
Committee (DGAC), which 
asserted that “to improve dietary 
quality, the US population should 
replace most refined grains with 
whole grains.”(1)

The case for consuming more 
whole-grain foods is solidly 
supported by a large and 
consistent body of published 
evidence showing that whole 
grain consumption is associated 
with reduced risk of many 
chronic diseases such as type 2 
diabetes, cardiovascular disease 
(CVD) and cancer. Whole grain 
intake is also associated with 
increased longevity and lower risk 
of obesity. Since the per capita 
mean consumption of whole 
grain in Europe and the United 
States is insufficient to maximise 
health benefits attributed to 
whole grains, recommendations 
to increase whole grain 
consumption are warranted.

On the other hand, the 
recommendation to consume 
fewer refined grain foods to 
improve dietary quality is not 
supported by published science. 
The U.S. dietary guidelines, 
which are heavily influenced 
by the report from the Dietary 
Guidelines Advisory Committee 
(DGAC), illustrate this quite well. 
The 2015 DGAC concluded that 
there was moderate or strong 
evidence linking refined grain 
intake with increased risk of type 
2 diabetes, cardiovascular disease 
(CVD) and obesity. The DGAC’s 
conclusions were based on data 

from studies that examined the 
health risks associated with 
dietary patterns, not specific food 
groups. For example, one of the 
most common dietary patterns 
is the Western dietary pattern, 
which comprises a variety of 
foods including red and processed 
meat, sugar-sweetened foods and 
beverages, French fries, high-fat 
dairy products and refined grains. 

Studies consistently show that a 
Western dietary pattern is linked 
to many chronic diseases, such as 
type 2 diabetes, CVD, and cancer 
and increases risk of premature 
death. But focusing on dietary 
“patterns” is not useful if the 
objective is to assess culpability 
of each of the foods included in a 
specific dietary pattern. A logical 
question is whether refined grains 
contribute to any of the health 
risks associated with the Western 
dietary pattern. In other words, 
do refined grains pose a genuine 
health risk? Or is the negative 
perception of refined grains a 
matter of guilt by association?

REFINED GRAINS CONSIDERED 
SEPARATELY
I recently published results from 
a literature analysis in which I 
focused on all systematic reviews 
and meta-analyses that examined 
the health implications of refined 

Refined grains
and health
Genuine risk, or guilt by association?
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Refined grains
and health
Genuine risk, or guilt by association?

The recommendation to consume 
fewer refined grain foods to 
improve dietary quality is not 
supported by published science.  

grains when considered as a 
distinct food group, rather than 
as part of the Western dietary 
pattern.(2) In total, 11 meta-
analyses of prospective cohort 
studies were identified that 
reported on the associations 
between refined grain intake and 
risk of major chronic diseases. 

These 11 meta-analyses included 
a total of 32 separate published 
reports and represented 24 
distinct cohorts. To be sure that 
the authors of the 11 meta-
analyses properly presented the 
results of the original studies, I 
also examined results from each 
of the 32 studies used in the 

meta-analyses for assurance. 

The results were remarkably 
consistent across all studies and 
demonstrated that refined grain 
intake, even up to 6-7 servings 
per day, was not associated with 
increased risk of type 2 diabetes, 
cancer, CVD, stroke, hypertension, 
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or premature death. Other 
components of the Western 
dietary pattern, such as red and 
processed meat, were consistently 
linked to increased risk of these 
same chronic diseases. The 
overall interpretation of these 
findings is that refined grains 
have been unfairly maligned 
simply due their inclusion in a 
dietary pattern that consists of 
unhealthy foods that are the real 
culprits.

Results of my literature review 
of meta-analyses should not be 
surprising to any researchers 
who similarly distinguish 
conclusions from studies of 
dietary patterns compared to 
studies that examined health 
outcomes associated with distinct 
food groups. For example, and in 
contrast to the 2015 DGAC report, 
the 2015 report on “Carbohydrates 
and Health” by the U.K.’s 
Scientific Advisory Committee 
on Nutrition concluded that 
there is no association between 
refined grain intake and risk of 

type 2 diabetes or CVD.(3) This 
conclusion is precisely the same 
as that from my review of the 
pertinent literature and highlights 
the importance of distinguishing 
between research on dietary 
patterns compared to focusing on 
distinct food groups.

DEFINING REFINED GRAINS
Even though research exonerates 
refined grains as a health risk, 
complicating the interpretation 
of that research is the fact that 
virtually all studies that have 
examined the link between 
refined grain intake and chronic 
disease risk have defined refined 
grains to include a mix of both 
staple and indulgent grain foods. 
This means that the refined grain 
category in these studies included 
not only staple grains, such as 
breads, cereals, and pasta, but 
also indulgent grain foods such 
as cookies, cakes, doughnuts, 
brownies, muffins, sweet rolls 
and pizza! Thus, it is impossible 
to differentiate between the 
separate influences of bread, on 

the one hand, and doughnuts on 
the other. It could very well be 
that staple refined grain foods are 
associated with positive health 
outcomes, but that they are offset 
by a negative impact of various 
indulgent grain foods. Resolution 
of this dilemma will require 
additional research.

WHAT IS THE BEST MESSAGE?
The recommendation to 
consume more whole grains is 
well-founded. But due to the 
consistent findings from meta-
analyses showing no association 
between refined grain intake 
and risk of type 2 diabetes, CVD, 
cancer and all-cause mortality, 
recommendations to reduce 
consumption of refined grains are 
not justified. Moreover, total grain 
intake is not adversely associated 
with health outcomes. In fact, 
total grain intake is associated 
with a significantly lower risk 
of type 2 diabetes and all-cause 
mortality. One study found that 
when compared to people who 
rarely consumed grains, those 

The overall interpretation of 
these findings is that refined 
grains have been unfairly 
maligned simply due their 
inclusion in a dietary pattern 
that consists of unhealthy foods 
that are the real culprits.
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who consumed the most total 
grains each day (both whole 
and refined) had a 26% lower 
risk of type 2 diabetes.(4) The 
relationship was dose-dependent, 
demonstrating that for every 3 
servings per day of total grains, 
type 2 diabetes risk was reduced 
by 17%. As for premature death, 

one meta-analysis demonstrated 
that people with the highest daily 
consumption of total grains had 
a 9% lower all-cause mortality 
risk.(5) It is also important to note 
that not a single study showed 
that total grain intake was linked 
to an increased risk of any major 
chronic disease. 

CONCLUSIONS
Grain foods provide a significant 
source of daily fibre, with most 
of the it coming from refined 
grains. Fibre intake, particularly 
from grain sources, is associated 
with numerous positive health 
outcomes.(6, 7) Therefore, any 
recommendation to reduce 

FROM ACROSS THE POND
HEALTH AND REFINED GRAINS

27



BAKINGEUROPE Summer 2019
www.bakingeurope.eu

FROM ACROSS THE POND
HEALTH AND REFINED GRAINS

28

refined grain intake could have 
unintended consequences. Even 
the 2015 DGAC acknowledged 
that consumption of all grain 
foods products as whole grains, 
without including any enriched 
grain products, would result in 
nutrient shortfalls in the U.S. diet, 
including folic acid, iron, thiamin, 
niacin and riboflavin. Refined/
enriched grains are important 

sources of several shortfall 
nutrients.(8, 9)

My recent literature analysis 
highlights a major limitation of 
dietary pattern research. The 
presumed health risks of refined 
grains are an example of guilt 
by association with other foods 
within the unhealthy Western 
dietary pattern. n

FOR MORE INFORMATION

Glenn Gaesser, PhD
Professor
College of Health Solutions
Arizona State University
Phoenix, USA
Email: glenn.gaesser@asu.edu
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By Miranda Grizio (pictured), 
Research Fellow at The Good Food 
Institute, Washington DC, USA 

Food and beverage launches 
with a “vegan positioning” had 

a 45% average annual growth rate 
from 2013 to 2017, with market 
penetration in Europe increasing 
from 1.5% to 7% during the same 
period (Selby 2019). As consumers’ 
interest in the health and 
sustainability benefits of vegan, 
plant-based and flexitarian diets 
continue to grow, many baked 
goods companies are finding 
themselves well-positioned in 
today’s market. Baked goods are a 
staple in households throughout 

Europe and can fit well into a 
plant-based lifestyle. 

However, many baked goods 
companies continue to rely 
on eggs for key functionalities 
in their products, which can 
limit their ability to respond to 
consumers’ desire for fully plant-
based products. Understanding 
egg functionalities and the 
egg alternatives available 
to the baking industry can 
help companies tap into this 
expanding market.

GROWING DEMAND IN EUROPE 
DRIVEN BY THE BAKING 
INDUSTRY
The global egg replacer market, 
which extends over North 
America, the Asia Pacific region 
and Europe, is forecast to grow 
the fastest in Europe due to 
increasing demand for natural 
and plant-based food ingredients 
(Market Research Future 2019). 
Europe already accounts for a 
significant share of the global 
market (which is expected to 
grow by 5.8% between 2019 and 
2025) as a result of high demand 
by the baking industry (Zion 
Market Research 2019).

EGGS: NOT ALL THEY’RE 
CRACKED UP TO BE
Growing consumer interest in 

plant-based foods is not the only 
driver of egg replacement. The 
price volatility and high prices 
of eggs stemming from the 2015 
Avian influenza outbreak and 
the 2017 Fipronil contamination 
revealed to many manufacturers 
the risks of depending so 
heavily on a single ingredient. 
Perishable, high protein, high 
moisture products like liquid eggs 
also pose an inherent risk for 
bacterial contamination (by both 
pathogens such as Salmonella 
and spoilage organisms) and 
require careful handling and 
storage. 

Other challenges for 
manufacturers include the short 
shelf life of certain egg products, 
as well as the issues surrounding 
the use of a food allergen, which 
can impact operations such 
as warehousing, production 
scheduling and cleaning. Egg 
allergies are also an issue for 
many consumers.

KEY EGG FUNCTIONALITIES IN 
BAKING
The first step in planning an 
egg replacement strategy is 
to determine the functional 
properties that egg is contributing 
to a product. Whilst egg has 
a large number of functional 
properties due to its complex 

Egg alternatives 
rise to the occasion
A look at egg replacement options for the baking industry to meet the needs of today’s consumers.
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Egg alternatives 
rise to the occasion
A look at egg replacement options for the baking industry to meet the needs of today’s consumers.
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Egg alternatives 
rise to the occasion
A look at egg replacement options for the baking industry to meet the needs of today’s consumers.

A newer ingredient with 
emulsifying ability being 
promoted for use in egg 
replacement is algal flour.

composition, there are a few that 
are of particular importance to 
the baking industry.

Foam Stabilisation
Foam stabilisation, from egg 
whites in particular, is one of 
the most important functions of 
egg in baked goods. When air is 
incorporated into a batter through 
mechanical methods such as 
beating or whipping, a foam is 
formed. Then, egg proteins in the 
batter, which become denatured 
during mixing (exposing their 
hydrophobic and hydrophilic 
ends), surround, entrap, and 

stabilise the air cells. These air 
cells later expand during baking 
as they fill with steam generated 
from the liquid ingredients. Egg 
proteins can stabilise a foam up 
to eight times the original volume 
and create the characteristic 
height and lightness of products 
like meringue and angel food 
cake.

Emulsification
Emulsification, which occurs 
largely due to lecithin within 
the egg yolk, is the property that 
allows oil to be blended uniformly 
into the rest of the batter. Good 

emulsification produces small 
and uniform droplets that add a 
smooth mouthfeel and texture to 
the finished product.  

Coagulation
Coagulation is the functional 
property that allows the heat 
setting of egg proteins. After an 
aerated batter is heated, the egg 
proteins stabilising the air bubbles 
bond with each other and with 
the gluten, forming a delicate 
elastic network. This allows the 
volume to be retained in the 
product and prevents collapse of 
the product after baking. 
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Humectancy
The ability of egg to bind water 
is the reason egg contributes to 
humectancy. In baked goods, 
binding the right amount of 
water is critical to shelf life—too 
little water activity will promote 
staling, while too much water 
activity can lead to mould growth. 

Other Functionalities
As any experienced baker will 
tell you, egg can also contribute 
flavour and aroma, a rich 
mouthfeel and a yellow or 
brown colour to baked goods. In 
addition, some baked goods rely 
on an egg wash to provide surface 
browning and sheen. Besides 
colour and gloss, an egg wash 
can even out the surface texture 
and seal in moisture (e.g., for 
pies), depending on whether egg 
whites, egg yolks, or whole eggs 
are used. Egg washes can also 
provide adhesion for toppings 
such as poppy seeds or sliced 
almonds.

EGG ALTERNATIVE INGREDIENTS 
FOR BAKING
Once the desired functionalities 

are determined, the next 
step is to consider which egg 
replacement ingredient or blend 
of ingredients can impart the 
same functionalities. Most egg 
replacers come from just a few 
categories of ingredients.

Protein Isolates and Concentrates
Certain protein isolates and 
concentrates derived from 
legumes (e.g., soy and pea), 
grains (e.g., wheat), and milk 
(e.g., whey) are highly functional 
and can play roles in foam 
stabilisation, coagulation, and 
humectancy with some effect on 
emulsification.

Polysaccharides
Polysaccharides, such as modified 
starches, fibres and gums 
(particularly xanthan, locust bean 
and guar gums), are available 
that can promote foam 
stabilisation. Modified celluloses, 
especially hydroxypropyl 
methylcellulose, can form gels 
when heated and stabilise 
high volume products. Alpha-
cyclodextrin, a type of cyclic 
oligosaccharide formed by 

the enzymatic modification of 
starch, is useful for both foam 
stabilisation and emulsification.  

Emulsifiers
Emulsifiers that work well 
in egg replacement baking 
include lecithin (e.g., from 
soy or sunflower) and sucrose 
esters. A newer ingredient 
with emulsifying ability 
being promoted for use in egg 
replacement is algal flour.

Ingredient Blends
For low usage products (e.g., 
<5% egg), a single egg replacer 
ingredient, such as a wheat 
protein isolate or modified 
starch, may work perfectly. 
But for high usage applications, 
achieving 100% egg replacement 
may call for a blend of 
ingredients to deliver the 
multiple functionalities required. 
Such an ingredient system might 
include wheat protein isolate, 
sunflower lecithin and added 
colouring, for example. Egg 
replacer ingredient systems have 
also been developed specifically 
to replace egg washes.

The use of egg replacers can 
create what seems to be a 
sweeter product. This provides 
an opportunity to reduce sugar, 
which has nutrition label and 
cost benefits.
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CHALLENGES OF USING EGG 
ALTERNATIVES
Baked goods are a diverse group 
of products with some more 
dependent on egg functionalities 
than others. As companies 
review their product lines for egg 
replacement opportunities, it can 
be helpful to target the products 

that use the smallest percentage 
of egg first. The reformulation 
process will be faster and more 
straightforward. Applications 
requiring a lot of volume (like 
angel food cake) typically take 
longer and often require more 
sophisticated egg replacement 
ingredient systems. They may 

also require adjustments to the 
amount of flour, sugar, oil, or 
water in the formula.

The investment in egg-free 
reformulation could also 
necessitate process modifications, 
such as adding the egg replacer 
at a different point in the process, 
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especially if a dry ingredient is 
replacing liquid egg. Also, one-to-
one replacements are not always 
possible. For example, where a 
dry ingredient replaces a liquid 
ingredient, water must be added 
back. Additional water may be 
required if an egg replacer (such 
as a gum) has made the batter 
too thick.

Achieving the correct texture 
can be an especially challenging 
aspect of egg replacement in 
certain baked goods. Product 
developers should pay careful 
attention to the finished 
product’s volume, springiness, 
crumb uniformity, and moisture 
content.

Manufacturers must also be 
aware that egg replacement could 
introduce new allergens (e.g., soy 
or milk) into the facility and that 
not all egg replacers are clean 
label ingredients. Furthermore, 
since there is not yet one egg 
replacer ingredient that works 
for every product, it may be 
necessary to stock multiple egg 
replacers for different products.

SURPRISE BENEFITS OF USING 
EGG ALTERNATIVES
Removing egg from baked goods 
can make these products more 
appealing to the growing number 
of consumers interested in plant-
based diets. It can also provide 
cost savings to manufacturers 
and simplify handling, storage, 
scheduling, and cleaning 
operations. 

But there might be surprise 
benefits, as well. Some ingredient 
companies have reported that 
certain egg replacers may allow 
for reduced baking times. In 
addition, since egg can block the 
perception of sweetness, the use 
of egg replacers can create what 
seems to be a sweeter product. 
This provides an opportunity to 
reduce sugar, which has nutrition 
label and cost benefits.

TAKING THE NEXT STEP
As ingredient manufacturers 
pursue the development of egg 
replacers to meet the baking 
industry’s demand and devote 
increasingly more resources 
to application testing, they 

are becoming experts in this 
area. Baking companies can 
lean on suppliers for support 
during reformulation—which 
can range from recommending 
ingredients and usage levels 
to troubleshooting texture 
problems. The flurry of activity 
in egg replacer development 
means there are many ingredient 
approaches available and as many 
paths to success in formulating 
with egg alternatives. n

FOR MORE INFORMATION

Email: mirandag@gfi.org 

AUTHOR BIOGRAPHY
Miranda Grizio is a Research Fellow at The Good Food Institute, 
Washington DC, USA where she researches plant-based ingredient 
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based food start-ups globally. She holds master’s degrees in food 
science and international development. 

REFERENCES
1. Selby, G. (2019). Vegan products make waves as innovators overcome challenges associated with meat-
free production. https://www.foodingredientsfirst.com/news/vegan-replacements-substitutions-make-
waves-as-innovators-overcome-challenges-associated-with-meat-free-production.html

2. Market Research Future. (2019). Global Egg Replacers Market Research Report- Forecast to 2023. 
https://www.marketresearchfuture.com/reports/egg-replacers-market-2974

3. Zion Market Research. (2019). Egg Replacement Ingredients Market by Type, by Application, by Form, and 
by Source: Global Industry Perspective, Comprehensive Analysis, and Forecast, 2018-2025. https://www.
zionmarketresearch.com/report/egg-replacement-ingredient-market



BAKINGEUROPE Summer 2019
www.bakingeurope.eu

FROM ACROSS THE POND
EGG ALTERNATIVES

34

especially if a dry ingredient is 
replacing liquid egg. Also, one-to-
one replacements are not always 
possible. For example, where a 
dry ingredient replaces a liquid 
ingredient, water must be added 
back. Additional water may be 
required if an egg replacer (such 
as a gum) has made the batter 
too thick.

Achieving the correct texture 
can be an especially challenging 
aspect of egg replacement in 
certain baked goods. Product 
developers should pay careful 
attention to the finished 
product’s volume, springiness, 
crumb uniformity, and moisture 
content.

Manufacturers must also be 
aware that egg replacement could 
introduce new allergens (e.g., soy 
or milk) into the facility and that 
not all egg replacers are clean 
label ingredients. Furthermore, 
since there is not yet one egg 
replacer ingredient that works 
for every product, it may be 
necessary to stock multiple egg 
replacers for different products.

SURPRISE BENEFITS OF USING 
EGG ALTERNATIVES
Removing egg from baked goods 
can make these products more 
appealing to the growing number 
of consumers interested in plant-
based diets. It can also provide 
cost savings to manufacturers 
and simplify handling, storage, 
scheduling, and cleaning 
operations. 

But there might be surprise 
benefits, as well. Some ingredient 
companies have reported that 
certain egg replacers may allow 
for reduced baking times. In 
addition, since egg can block the 
perception of sweetness, the use 
of egg replacers can create what 
seems to be a sweeter product. 
This provides an opportunity to 
reduce sugar, which has nutrition 
label and cost benefits.

TAKING THE NEXT STEP
As ingredient manufacturers 
pursue the development of egg 
replacers to meet the baking 
industry’s demand and devote 
increasingly more resources 
to application testing, they 

are becoming experts in this 
area. Baking companies can 
lean on suppliers for support 
during reformulation—which 
can range from recommending 
ingredients and usage levels 
to troubleshooting texture 
problems. The flurry of activity 
in egg replacer development 
means there are many ingredient 
approaches available and as many 
paths to success in formulating 
with egg alternatives. n

FOR MORE INFORMATION

Email: mirandag@gfi.org 

AUTHOR BIOGRAPHY
Miranda Grizio is a Research Fellow at The Good Food Institute, 
Washington DC, USA where she researches plant-based ingredient 
functionality and provides product development support to plant-
based food start-ups globally. She holds master’s degrees in food 
science and international development. 

REFERENCES
1. Selby, G. (2019). Vegan products make waves as innovators overcome challenges associated with meat-
free production. https://www.foodingredientsfirst.com/news/vegan-replacements-substitutions-make-
waves-as-innovators-overcome-challenges-associated-with-meat-free-production.html

2. Market Research Future. (2019). Global Egg Replacers Market Research Report- Forecast to 2023. 
https://www.marketresearchfuture.com/reports/egg-replacers-market-2974

3. Zion Market Research. (2019). Egg Replacement Ingredients Market by Type, by Application, by Form, and 
by Source: Global Industry Perspective, Comprehensive Analysis, and Forecast, 2018-2025. https://www.
zionmarketresearch.com/report/egg-replacement-ingredient-market

35INNOVATION PROFILE

Summer 2019 BAKINGEUROPE
www.bakingeurope.eu

Situated in Hall 8, Stand 8C21, 
we will be presenting high-
performance dough sheeters 
and multifunctional lines for the 
production of pastries, bread and 
rolls, croissants and much more. 
Proud of our Swiss manufacturing 
heritage, our bakery machines 
and plant will fulfil your 
requirements whether you are 
an artisan baker or industrial 
manufacturer.

On show this year, we here at 
RONDO will be presenting the 
following machines:

Our new line for the production 
of special bread and rolls takes 
up minimal floor space. The 
line enables production of 
bread products from freshly 
kneaded, green to soft and pre-
proved doughs. The absence 
of drop heights on the line 
means extremely gentle dough 
processing resulting excellent 
retention of dough structure. 
Further, this compact line 
is designed for fast product 
changes and good accessibility 
for thorough cleaning of 
components;

A truly multifunctional 
production line comprising: - a 
Smartline feeding line, a Starline 
make-up line and a Cromaster 
croissant machine. All three 
machines are arranged in-line 
enabling automatic production 
of pastries, breads and rolls, 
croissants and more;

The Cut & Check bread machine.  
Also compact, this time-
controlled machine weighing 
system ensures a high degree 
of accuracy of the final product 
weight before gently processing 
all types of dough, from soft 
ciabatta, rye to firm baguette 
doughs; 

NEW:- our newly developed 
Brotstar 3000, produces round 
and long moulded breads 
of the highest quality. This 
machine boasts a wide range of 
applications, fast change-overs 
and simple, tool-free cleaning. A 
newly developed dough divider 
rounds off the bread and rolls 
theme.

DOUGH SHEETERS
Our powerful Compas HD 

electronic dough sheeter, the 
Manomat mechanical dough 
sheeter, the well-known Kombi 
electronic sheeting and long-
wrapping machine and the 
compact Ecoline make-up line 
completes our equipment line-up 
at Südback.

EFFICIENCY
Don’t take our word for it – 
come along and see for yourself 
the efficiency of our machines 
and lines at our live show 
demonstrations at Südback. 
Details of the of the programme 
will soon be published on www.
rondo-online.com Whist at 
the stand, why not take the 
opportunity to discuss your 
specific needs for final goods, 
doughs and processes with our 
“Dough-how” experts. 

RONDO’s decades old motto is 
still “Dough know-how”, a unique 
combination of knowledge and 
experience in sheeting and dough 
shaping. 

Location – Hall 8, Stand 8C21 
Stuttgart Messe, Germany – Date 
21st to 24th September 2019. n

RONDO
We cordially invite you to see our clever solutions for dough processing at the Südback 2019 trade fair

FOR MORE INFORMATION

RONDO Burgdorf AG
Jörg Sonnabend
Tel: +41 (0)34 / 420 81 07
Fax: +41 (0)34 / 420 81 99
Joerg.Sonnabend@rondo-online.com
www.rondo-online.com

RONDO’s newly developed special bread line provides gentle dough 
processing in a minimum of space.
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DOUGH ANALYSIS USING CT SCANS

4D characterisation of dough during fermentation and baking

By Dr. Stefan Gerth (pictured), Dr. Anja Eggert and Joelle Claußen, Fraunhofer Institute for 
Integrated Circuits EZRT

The structure and dynamics of dough are key factors in the development and qualitative analysis of 
bakery products. Fraunhofer EZRT has developed a fast, portable computed tomography (CT) system 
that allows the non-destructive, three-dimensional measurement of bakery products and dough, 
minute-by-minute for the purposes of 4D characterisation. Thanks to the possibility of integrating 
a miniaturised oven, the baking process can be observed without interruption from the start of 
fermentation to the finished product, allowing structural changes inside the dough to be monitored 
on a time-resolved basis without affecting its development.

Bakery products play a vital 
role in the food industry. 

Their physical and sensory 
properties are modified by the 
incorporation of air, which 

therefore represents a key factor 
in product development. To 
achieve the desired functionality 
and properties of a bakery 
product, the dough must meet 
specific requirements regarding 
pore structure and its capacity for 
holding gases.

MOTIVATION
The sensitivity of dough 
to mechanical influences 
complicates its analysis, 
resulting in a lack of reliability. 
Thus, non-destructive methods 
for its characterisation are a 
key factor to establish high-
resolution results. There is 
also a need for ways to analyse 
changes in dough during 
fermentation and baking without 
interrupting the production 
process. A quantitative method 
that characterises the dough’s 
structure in-situ throughout 
production would therefore be 
highly beneficial; not only in 

terms of quality assurance. It 
would also allow a more detailed 
analysis of the link between 
structure and behaviour, and 
of the relationship between the 
manufacturing conditions and 
the end product. This approach, 
that is, the non-destructive 
3D analysis with an additional 
fourth dimension of time, is 
known as 4D process tomography. 
Its benefits include greater 
reproducibility as well as the 
ability to predict properties and 
develop higher-quality products.

CT AS A CHARACTERISATION 
TECHNIQUE
High-resolution computed 
tomography (CT) is a promising 
technique when it comes to 
structural analysis. In recent 
years, CT as a non-destructive  
3D test procedure has gained 
significance and has already 
found a number of highly 
successful applications in 

Time-resolved
structural analysis of dough
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for its characterisation are a 
key factor to establish high-
resolution results. There is 
also a need for ways to analyse 
changes in dough during 
fermentation and baking without 
interrupting the production 
process. A quantitative method 
that characterises the dough’s 
structure in-situ throughout 
production would therefore be 
highly beneficial; not only in 

terms of quality assurance. It 
would also allow a more detailed 
analysis of the link between 
structure and behaviour, and 
of the relationship between the 
manufacturing conditions and 
the end product. This approach, 
that is, the non-destructive 
3D analysis with an additional 
fourth dimension of time, is 
known as 4D process tomography. 
Its benefits include greater 
reproducibility as well as the 
ability to predict properties and 
develop higher-quality products.

CT AS A CHARACTERISATION 
TECHNIQUE
High-resolution computed 
tomography (CT) is a promising 
technique when it comes to 
structural analysis. In recent 
years, CT as a non-destructive  
3D test procedure has gained 
significance and has already 
found a number of highly 
successful applications in 

Time-resolved
structural analysis of dough
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medicine and materials research, 
for example. Now, this technology 
is also increasingly popular in 
the food sector, as it provides a 
useful method for analysing the 
microstructure of foods.

2D VERSUS 3D
Most of the existing optical 
analysis methods are either 
invasive or require sophisticated 
sample preparation. In general, 
they also produce two-
dimensional images, which 
only depict the apparent 
size and shape of the pore 
structure and, therefore, do not 
contain information about the 
connections between size and 
shape. From a methodological 
perspective, it is difficult to create 
a size distribution based on a 2D 
image, let alone to observe the 
destabilisation of a product over a 
longer period of time.

NON-DESTRUCTIVE TESTING
Computed tomography, on the 
other hand, is a non-destructive, 

three-dimensional imaging 
technique that also lends itself 
excellently to complex foodstuffs, 

such as dough during the 
fermentation stage. Given its soft 
or airy structure, dough is difficult 

Time-resolved
structural analysis of dough

Fig. 1: The CTportable 160.90 was developed at Fraunhofer EZRT. Its unique 
combination of a lightweight construction and energies of up to 90 keV 
makes the system ideal for analysing foodstuffs.

Given its soft or airy structure, 
dough is difficult to observe in its 
natural state.
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to observe in its natural state; 
that is, without invasive sample 
preparation processes.

As X-rays are able to penetrate 
materials, it is also possible 
to probe sample vessels – or 
indeed an oven – in order to 
measure the dough inside them. 
For example, this meant it was 
possible to incorporate an oven 
into the CT scanner, allowing the 
microstructure of dough to be 
studied during fermentation and 
baking without interrupting the 
processes (see Fig. 1).

FEATURES OF THE CT SCANNER
Thanks to advances in the field 
of CT, it is now easy to achieve 
spatial resolutions in the region 
of a few micrometres. Moreover, 
precise reconstruction enables 
the geometric measurement of 
complex interior structures and, 
therefore, the analysis of pore 
volume, shape and diameter as 
well as the lamellar thickness of 
porous objects. 

Fraunhofer EZRT has developed 
a portable CT system (CTportable 

160.90) that meets the specific 
requirements of variable samples 
with regard to image quality and 
measuring time, allowing the 
analysis of dynamic processes 
with a temporal resolution of as 
little as under one minute.

SCOPE OF APPLICATION
The system has already been 
used to analyse a wide range of 
substances, including milk froths, 
extrudates, chocolate bars, and 
bread dough. Customised image 
analysis offers a quantitative 
description of the structural 
characteristics of every pore in 
the sample. For example, this 
can be used to describe how 
various factors influence sample 
structure and to analyse how 
sample structure behaves over 
time in 4D.

As part of AiF Project 18905 N 
“Optimization of the structural 
stability of dough for gluten-free 
bakery products by the targeted 
hydration of raw materials,” 
a special oven was developed 
for the analysis of dough. As 
well as ensuring optimum 

fermentation conditions, this 
allows dough to be baked during 
an ongoing CT scan. The sample 
chamber is located directly 
inside the CT system so that 
the dough’s development can be 
visualised without influencing 
or interrupting the fermentation 
or baking process. This method 
is used to track and analyse pore 
development in the dough over 
time (see Fig. 2).

Here, the focus is on how 
hydration affects the size, 
distribution, and behaviour 
(e.g. disproportionation and 
coalescence) of pores in the 
dough, which have a considerable 
impact on the subsequent texture 
of the end product. Throughout 
the production process, the 
dough’s ability to hold gases is 
characterised in-situ using CT 
in order to quantify the degree 
of hydration during the various 
process steps. As the pores in the 
dough have a significant influence 
on the sensory characteristics and 
stability of the end product, this 
method can be used to optimise 
bread production or even to 

Fig. 2: Schematic representation of the in-situ CT system with an 
integrated sample chamber, allowing targeted control of the fermentation 
and baking stages.
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develop new products, such as 
gluten-free bakery products for 
those with allergies (see Fig. 3).

PORTABLE CT SYSTEM
The CTportable 160.90 was 
developed at Fraunhofer EZRT for 
high-resolution analysis of small 
objects made of plastic, light 
metal, and other weakly X-ray 
absorbent materials. Its unique 
combination of a lightweight 
construction and energies of up 
to 90 keV makes the system ideal 
for analysing foodstuffs.

In addition to the high resolution 
that these energies allow, the 
system’s design is characterised 
above all by the critical factor 
of mobility. Measuring just 
800 mm x 440 mm x 600 mm (L x 
W x H), the space requirements 
are minimal, and its moderate 
weight of about 160 kg ensures 
excellent mobility and easy 
handling during transportation. 
Depending on the resolution, the 
CTportable 160.90 can be used to 
analyse whole objects of up to 
65mm in height. Larger samples 

with heights of up to 150mm can 
be analysed in stages or with a 
helical scanning approach. 

The resolution varies between 
2μm and 40μm and the scan time 
can be reduced to as little as 30s. 
All that is needed to operate the 
CTportable 160.90 is a power 
supply and a USB and network 
connection to a control computer. 
This is responsible for system 
control, volume reconstruction, 
and processing the image data 
from the recorded projections. n
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The sample chamber is located 
directly inside the CT system so 
that the dough’s development can 
be visualised.

Fig. 3: Development of wheat dough during fermentation (0–18 min) and 
baking (23–42 min). For clarity, the dough volume has been cropped and 
shown in 2D.
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protein intake needs of athletes(2), 
elderly people(3), or pregnant 
women(4) and also with a general 
perception by the consumers 
that products with a higher 
protein content offer some sort 
of advantage. According to the 
European Union legislation(5), at 
least 12% and 20% of the energy 
value of the food has to be 
provided by protein to declare a 
food product a “source of protein” 
or “high in protein”, respectively.

In the area of cereal science, 
different studies have been 
carried out regarding protein 
enrichment of gluten-free breads, 
because these products have a 
lower protein content than their 
counterparts containing wheat 
flour. However, these studies 
did not take into consideration 
the relationship between the 
hydration level of the batters 
and the final specific volume 
which is always dependent on 
the formulation. Adjustment, 
therefore, of the hydration level 

of gluten-free breads needs 
to be considered, as it has a 
considerable effect on the specific 
volume of the final products; an 
important criterion considered by 
potential consumers when buying 
(or not) these products.

In protein enriched gluten-free 
breads, this was firstly carried out 
by our research group(6,7), located 
at the University of Valladolid 
(Spain). Studying animal and 
vegetal proteins separately, we 
observed that they presented 
an antagonist effect in terms of 
the final properties of the breads 
(e.g. hardness, crumb structure). 
Therefore, we decided to study 
mixtures of them to see if their 
effects could be balanced with 
the objective of obtaining protein 
enriched gluten-free breads 
having properties similar to the 
control breads. The effect of 
different hydration levels on the 
specific volume of gluten-free 
breads enriched with pea (P), egg 
white (E), or mixtures of both 

Protein enriched gluten-free  
breads; a novel approach 
 
“Adjustment of the hydration level of gluten-free breads needs to be considered, as it has a  
considerable effect on the specific volume of the final products”

proteins, by substitution of 30% of 
the flour, is shown in Figure 1. 

As can be seen from the graph 
in Fig.1, the specific volume was 
influenced by both the level 
of hydration and the source 
of protein. Results show that 
the maximum specific volume 
achievable by the protein 
enriched breads was always 
lower than the maximum 
specific volume achievable by 
the control bread. Nevertheless, 
all the formulations were 
capable of achieving a specific 
volume similar to that of a 
normal bread (made with wheat 
flour), 5.5 ± 0.5 cm3/g, but with 
different hydration levels. The 
hydration requirements increased 
progressively when increasing 
pea protein content, which can be 
related to the higher and  
lower water binding capacity 
of pea and egg white proteins, 
respectively.

However, batter consistency 
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Figure 1. The influence of water content in specific volume of the gluten-free breads where 30% of the flour was 
substituted by protein mixtures.
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should not be excessively low, 
since specific volume drops from 
a certain hydration level and is 
different for each batter. This 
“limiting consistency” is the 
consistency at which the batter 
is unable to retain air bubbles 
during fermentation/baking 

and, therefore, experiences 
drop in volume(8). The different 
“limiting consistency” for each 
batter, is likely to be related to 
their ability to entrap air in the 
form of air bubbles, influenced 
by the foaming capacity of 
the ingredients. When batters 

are enriched with egg white 
proteins, well known for their 
good foaming properties, they 
will retain air bubbles at a lower 
consistency than when enriched 
with pea proteins. This justifies 
the progressively higher “limiting 
consistency,” when increasing 

The hydration requirements 
increased progressively when 
increasing pea protein content, 
which can be related to the 
higher and lower water binding 
capacity of pea and egg white 
proteins, respectively.

Figure 2. Hardness of gluten-free breads where 30% of the flour was substituted by protein mixtures at a constant 
specific volume of 5.5 ± 0.5 cm3/g.
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the pea content in our batters. 
Although to achieve the target 
volume, higher amounts of water 
were needed when increasing the 
pea protein content. These needs 
were not the weighted average of 
the hydration level needs of the 
breads enriched with only pea 
or egg white proteins (100P and 
100E), showing that interactions 
among proteins are taking place.

Hardness of the different protein-
enriched gluten-free breads at a 
constant specific volume of 5.5 ± 
0.5 cm3/g is presented in Figure 
2. This parameter is usually 
inversely correlated with specific 
volume(9), but in this case volume 
is constant, providing evidence 
that specific volume is not the 
only parameter that influences 
the hardness values.

Results showed that higher 
pea protein content is linked to 

significantly lower hardness than 
the control, while breads with a 
higher egg white protein content 
had the opposite effect. Bread 
that had the same amount of pea 
and egg white proteins showed 
no significant difference to the 
control. 

The discrepancies between 
the effect of different proteins 
could be attributed to the good 
coagulation properties of egg 
white protein at a relatively low 
temperature (61-84˚C)(10), similar 
to the temperature required for 
starch gelatinisation. 

In addition, the good foaming 
capacity of egg white proteins 
may be a driving factor that 
boosted the hardness of breads 
with a high percentage of this 
protein. This is because this 
good foaming capacity allows 
for the better retention of air 

inside the breads, which will 
result in a higher resistance 
to penetration(11). This can be 
observed in the microstructure of 
the crumbs (Figure 3).

Inspection of the internal 
structure of the crumbs also 
revealed a uniform structure of 
breads with a higher amount 
of egg white protein (100 E and 
25P/75E), again this is likely to be 
due to the good foaming capacity 
and relatively low denaturing 
temperature of egg white 
protein(10). This good foaming 
capacity means that very small 
bubbles are entrapped in the 
batter during the mixing and did 
not coalesce during fermentation. 
When baking, a “low” denaturing 
temperature implies that 
denaturisation is taking place in 
the early stages of this process. 
Denaturalisation is followed 
by the formation of disulphide 
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bridges between albumen 
molecules, leading to the 
formation of a very strong and 
elastic gel network structure(12). 
A small decrease in egg white 
protein content resulted in breads 

with slightly larger air cells 
(25P/75E) compared with breads 
enriched only with egg white 
proteins (100E).

The bread enriched with only 

pea proteins (100P) presented 
a heterogenic and more open 
air-cell distribution, with 
some big and some small ones 
interconnected with each 
other. This is probably due 
to coalescence phenomena 
occurring during both the 
fermentation and baking 
stages, together with the poor 
emulsifying properties of pea 
protein, resulting in an opening of 
the bread crumb structure. 

Breads with intermediate or 
low egg white protein content 
(75P/25E and 50P/50E) showed a 
similar internal cell distribution, 
with a relatively homogenous 
distribution of big cells, separated 
from each other by relatively wide 
“walls” with small air cells inside. 
This effect is more obvious in the 
breads with the same amount 
of pea and egg white proteins 
content (50P/50E).

Overall, this study shows that an 
examination of the influence of 
hydration levels on the specific 
volume of gluten-free breads 
allows the identification of the 

Results showed that higher 
pea protein content is linked to 
significantly lower hardness than 
the control, while breads with a 
higher egg white protein content 
had the opposite effect.

Figure 3. Scanner images of Hardness of gluten-free breads where 30% of  
the flour was substituted by protein mixtures at a constant specific volume  
of 5.5 ± 0.5 cm3/g
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right level of hydration needed 
for a target specific volume. Of all 
the gluten-free breads studied, 
the bread with the same amount 
of both proteins presented the 
highest similarity with respect to 
an unenriched gluten-free bread.

If you are curious and want to 
know more about the importance 
of water content in protein 
enriched gluten free breads, 
please do not hesitate to contact 
us, or search for the following 
publications:

• Sahagún M, Gómez M. 
Assessing influence of protein 
source on characteristics of 
gluten-free breads optimising 
their hydration level. 
Food Bioprocess Technol. 
2018;11(9):1686–94

• Bravo-Núñez Á, Sahagún 
M, Gómez M. Assessing 
the Importance of Protein 
Interactions and Hydration 
Level on Protein-Enriched 
Gluten-Free Breads: a Novel 
Approach. Food Bioprocess 
Technol. 2019;(2018) n
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MILK-BORNE DISEASES FROM MILK AND DAIRY

Given that most dairy products 
are now industrialised, 

thermally-treated and have to 
undergo sanitary inspection 
during processing, is it still 
necessary to be concerned about 
diseases derived from milk and 
dairy products? This issue is 
frequently discussed among food 
safety researchers and industry 
professionals, but it is not always 
possible to arrive at a consensus. 

This article clarifies some points 
about milk-borne diseases, 
provides information regarding 
the current scenario in relation to 
the formal and informal sale of 
raw milk and its derivatives and 
suggests improvements in food 
safety for bakeries that use dairy 
ingredients. 

There are three main reasons 
why it is still important to 

be vigilant about milk-borne 
diseases. The first reason is 
that the sale of raw milk is 
regulated in some countries and 
direct sales to consumers are, 
therefore, possible. Raw milk is 
simply defined as that which 
has not undergone any thermal 
processing. Even milk derived 
from healthy cows, without 
any treatment, can still contain 
pathogenic microorganisms and 
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transmit diseases. Some of these 
diseases can be fatal, such as 
tuberculosis and listeriosis, while 
others may be incurable such 
as brucellosis. In recent times, 
the consumption of bulk milk 
sold directly from producers was 
found to be associated with a 
higher probability of haemolytic 
uraemic syndrome (Ntuli et al., 
2018). Thus, raw milk can pose a 
risk to public health. 

In view of this concern, the 
pasteurisation of milk for direct 
human consumption, or for the 
production of fresh cheese, is 
mandatory in many countries, 
including Australia and Brazil. 
However, more flexible conditions 
are found in other countries, such 
as in the USA, where the last 
raw milk survey to be conducted 
found that thirty states allowed 
the sale of raw milk, while 
twenty states still prohibited 
such sales. In some countries, 

such as the UK, the situation 
can be more permissive and 
raw milk may be sold directly to 
consumers. However, strategies 
in the UK to reduce risks are 
well established and raw milk 
must be from official brucellosis 
and tuberculosis-free herds. In 
addition, such milk must carry a 
health warning and can only be 
sold by registered milk production 
holdings or by milk roundsmen.

Can such permissive behaviour 
have an impact on consumer 
health? Prior to the 1950s, 
about a quarter of all foodborne 
infections were attributed to 
milk. Following the introduction 
of regulations recommending 
milk pasteurisation, milk was 
attributed with less than one 
percent of reported outbreaks of 
foodborne disease. However, in 
recent years this figure seems to 
be increasing as more countries 
have allowed the legal sale of 

raw milk. For example, in the 
USA the average number of 
outbreaks linked to raw milk each 
year was four times higher from 
2007-2012 than from 1993-2006. 
Furthermore, the percentage of 
outbreaks associated with raw 
milk increased from 2% (2007-
2009) to 5% (2010-2012) (Mungai 
et al., 2015). The infection risks 
associated with consuming raw 
milk are clear and undisputed; 
throughout history, mandatory 
pasteurisation has been linked 
with decreased numbers of 
outbreaks of milk-borne diseases. 

The second reason to continue 
to be vigilant about milk-borne 
diseases is that even where 
governments restrict legal sales, 
raw milk and its derivatives can 
be purchased informally, such 
as in street markets or from 
roundsmen (Figure 1 and 2).

Compared to places where the 
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sale of raw milk is regulated, 
the informal market poses more 
risks to public health because 
such locations are not inspected 
by official control services. 
In such locations there is no 
guarantee of food safety. To make 
matters worse, in addition to the 
diseases that can be transmitted, 
these products may also be 
adulterated. These adulterations 
are economically motivated and 
are in breach of the good faith 
of consumers. Examples of this 
include: the addition of flour 
or water to milk; milk sold as 
being from one species when 
it is actually from another; the 
addition of non-dairy fats and 
so on. Consequently, illegal dairy 
products are highly likely to be 
adulterated. 

The third reason to continue to 
be aware of milk-borne diseases 
is the consumer of raw milk and 

its derivatives. Why do consumers 
continue to buy these products? 
Is it due to a lack of information? 
Because of the flavour? A lack of 
choice? The price? A mistrust of 
industrialised products? The most 
commonly cited motivations 
behind the consumption of illegal 
dairy products are the taste and 
the purity of such products. 

There has been much popular 
discussion about the risks 
and benefits derived from the 
consumption of raw milk, but 
all current scientific studies 
and reviews have categorically 
concluded that there is no 
evidence that raw milk has any 
inherent health or nutritional 
benefits that outweigh the risks 
associated with its consumption. 
Thus, the idea that raw milk might 
be a super food is misplaced.  

It should be stressed that consumers 

receive information and make 
purchasing decisions based on 
non-scientific criteria, without 
due consideration for factors 
such as safety and risk. In a 
recent study, about 17% of raw 
milk samples tested positive for 
antibiotic residues and over 21% 
were found to be adulterated 
with water, which contradicts 
the concept that illegal raw milk 
is pure and without chemical 
modifications (Ondieki et al., 2017).

It is clear that the consumption 
of these products poses risks to 
the health of those who consume 
them. However, what are the 
risks of using raw milk and its 
derivatives as ingredients in 
bread, cookies, cakes and other 
baked goods? If milk and its 
derivatives are obtained from the 
informal market then the risks 
are clear. However, in addition 
to the diseases that can be 
transmitted, there is still the issue 
of adulteration. This can result in 
low quality products, lower yields, 
microbiological fermentation 
failures due to possible antibiotic 
residues and taste defects such 
as the taste of soap or even fish. 
These taste defects may be of 
microbiological origin caused by 
bacteria that produce proteolytic 
and lipolytic enzymes and/or 
physical factors such as oxidative 
rancidity caused by exposure to 
light. 

If raw milk and its by-products 
are obtained from the formal 
market then the problem of 
adulteration is minimized, 
however, there will still be 
microbiological risks. The dairy 
products that pose the greatest 
risk are raw milk, fresh cheeses 
(without maturation) and fatty 

Figure 2. Informal sale of raw milk from roundsmen. Photography by Rafael 

Fagnani (personal archive)
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products such as cream and 
butter. Despite the fact that baked 
goods are cooked at temperatures 
higher than 180°C there are still 
three basic risks:

1. Staphylococcal enterotoxin 
gastroenteritis. The vegetative 
cells of all pathogenic 
microorganisms are 
completely inactivated during 
pasteurisation. Various times 
and temperatures can be used 
to ensure safety; the most 
common being 72-75˚C for 15-
20 seconds, or 62-65˚C for thirty 
minutes. Therefore, boiling 
raw milk ensures the safety of 
the product (Tremonte et al., 
2014). The problem lies in the 
presence of staphylococcal 
toxin, which are mainly 

produced by Staphylococcus 
aureus, and are resistant to 
boiling and pasteurisation. 
They are only inactivated at 
120 psi for twenty minutes, 
and this condition can only 
be achieved using autoclaves. 
When ingested, staphylococcal 
toxin causes staphylococcal 
gastroenteritis, a rapidly 
evolving type of food poisoning 
(from thirty minutes to six 
hours after the ingestion 
of contaminated food), as 
well as clinical symptoms of 
nausea, vomiting, headaches, 
abdominal pain and diarrhoea.  

2. Brucellosis. Cream and whipped 
cream are widely used in 
baking, whether for making 
chantilly, to cover cakes, in ice 

cream, for creamy fillings, etc. 
Cows, goats and sheep that 
are infected with brucellosis 
excrete Brucella cells in farmed 
milk with no visible alterations. 
These microorganisms have an 
affinity for milk fat globules, 
and the dairy derivatives 
that pose the greatest risk 
are cream and whipped 
cream. The higher the level 
of fat, the greater the risk of 
transmission. This problem 
is aggravated by the fact the 
cream is not usually baked 
with the dough, which leaves 
the cells viable in these 
products. Brucellosis is an 
incurable chronic disease that 
causes arthritis, meningitis, 
endocarditis, orchitis, fevers 
and night chills.

Following the introduction of 
regulations recommending 
milk pasteurisation, milk was 
attributed with less than one 
percent of reported outbreaks of 
foodborne disease. However, in 
recent years this figure seems to 
be increasing as more countries 
have allowed the legal sale of 
raw milk.
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Cross-contamination. Raw 
milk and its derivatives are 
sources of contamination in 
industrial kitchens. Pathogenic 
microorganisms, such as Listeria 
monocytogenes, can spread to 
all surfaces through cross-
contamination. The frequency 
of this microorganism in milk is 
considerable: of 861 samples of 
raw milk, almost 7% contained 
L. monocytogenes (Van Kessel 
et al., 2004). Furthermore, this 
microorganism has adapted to 
stainless steel surfaces, where it 
can set and form biofilms. Even 
in industrial plants with excellent 
levels of cleaning the occurrence 
of L. monocytogenes is 7%; in 
places where cleaning is deficient 
the occurrence can reach almost 
28%. Listeriosis is a pathology of 
high mortality but low morbidity: 
immunosuppressed people are 
most affected. In addition to 

causing death, listeriosis also 
causes miscarriages, arthritis and 
encephalitis; in its non-invasive 
form it can result in gastroenteritis.

What can be done to reduce the 
risks associated with raw milk 
and its by-products?

• Never buy milk and its 
derivatives from informal 
sources. The latter are not 
inspected, and in addition to 
transmitting diseases these 
products may be adulterated.

• When buying raw milk from 
legally approved sources 
always boil the raw milk 
before use or consumption. 

• Fatty dairy products pose 
the greatest risks. Only use 
industrialised cream, whipped 
cream and butter. 

• When handling raw milk and 
its derivatives thoroughly 
clean hands and surfaces that 
have come into contact with 
the latter. Hands and surfaces 
should be cleaned with soap 
and water and then sanitised 
(70% alcohol). 

• It is essential to strictly control 
the temperature regarding 
raw milk and its derivatives. 
The temperature of transport 
and refrigeration should never 
exceed 4 oC. Use recyclable ice 
and thermal containers during 
transportation. Do not use 
products stored for more than 
24 hours, even if refrigerated at 
4 oC. Products should be sealed 
when stored, should not come 
into contact with other foods 
and should be consumed as 
soon as possible. Freezing does 
not guarantee safety: some 
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Illegal trade in dairy products on the street of Kaliningrad
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microorganisms can survive 
for more than 365 days in 
frozen raw milk such as Listeria 
monocytogenes. 

However, the best way to reduce 
the risks associated with raw milk 
and its by-products is knowledge. 
A recent study concluded that the 
ability to understand the risks 
associated with the consumption 
of unpasteurised dairy products 
was linked to the health status of 
the population. 

We found that consumers who 
are aware of milk-borne diseases 
were twice as likely not to have 
abdominal pain. For the first 
time, it was observed that the 
awareness of milk-borne diseases 
provides benefits for consumer 
health and is a protective factor 

in relation to abdominal pain 
(Fagnani et al., 2019). 

Therefore, it is clear that this 
is not the time to be negligent 
regarding raw milk and its 
derivatives because of the 
health risks that they represent, 
especially those that are 
purchased informally. Regardless 
of whether a country’s regulations 
allow or prohibit their trade, 
knowledge of the risks associated 
with these products is critical to 
ensuring populational health. The 
population should be constantly 
informed and alerted regarding 
this issue, whether via product 
labels, through advertising 
campaigns or via university 
outreach programmes. As in other 
areas, knowledge is the key to 
promoting health. n
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