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It seems that the long cold 
winter that most Europeans 

have suffered this year could 
finally be retreating and with it 
the threat of colds and flu. As a 
child I can remember being told 
by my parents to eat more zinc 
(a metal, I pondered?) to help 
ward off such illness, a concept 
which was very alien to me at the 
time!  Our spring issue includes 
a feature on this subject from the 
Food Fortification Initiative (FFI) 
that advocates Europeans should 
increase their intake.  Also in 
our Across the Pond section, we 
have an in-depth article on the 
complex workings of our taste 
mechanisms with yet more new 
and interesting findings.

Another one of the main features 
in this issue looks at novel 
ideas on how to achieve reliable 
stabilisation in cakes and foamed 
products; innovative research and 
practical applications from Bakery 
Academy in the Netherlands.

Also covered are a number of 
features from various universities 
from the UK and other European 
countries on subjects such as 
research on the addition of 
blackcurrants to bread to add 
dietary fibre, (Huddersfield 
University) new and different 
viewpoints on the workings 
of yeasts and enzymes, recent 
research from INC (International 
nut and dried fruit council) on 
nuts and their health benefits 
(can they now actually help to 
reduce obesity and improve 
vascular elasticity as the  
study claims?).

Meanwhile, Baking Europe is 
proud to be invited once again as 
media partner to the 4th edition 
of the now well established and 
highly revered Campden BRI  
bakery conference taking place at 
their research facility in England 
from 23rd – 24th  May this year. 
Turn to page 24 for a preview and 
chance to register.

Elsewhere in the magazine the  
UK campaign group Action on 
Sugar tackles sugar content in 
bakery items such as muffins  
and Michael Edmund (Baking 
Europe Editor) delves into the 
history of morning goods and 
how this concept has changed 
over the years.

Finally, a look to the future!  Our 
Cutting Edge section features an 
extraordinary and fascinating 
study on the development of 
a ‘food levitation’ device; put 
simply, it delivers food in mid-air 
and effectively does away with 
cutlery!  The idea was triggered 
following a scene in a Star 
Wars® film and surprisingly this 
technology is in use right now  
in some restaurants and cinemas 
– turn to page 8 for the full  
low-down. 

 
Graham Pendred 
Publisher

Welcome
to the Spring 2018 issue of Baking Europe!
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CUTTING EDGE
FOOD LEVITATION – SCIENCE FICTION OR PRACTICAL APPLICATION?

From Anakin Skywalker trying 
to woo Amidala by floating a 

piece of pear into her mouth (Star 
Wars: Episode II) to the restaurant 
Sublimotion offering  food in 
hovering plates, levitation of food 
has sparked the imagination 
of designers, scientists, and 

chefs around the world. For 
instance, chef Fernando Canales 
at Etxanobe (Bilbao) or Anthony 
Martin at Morimoto (New York) 
serve dishes on top of a levitating 
plate. Furthermore, LevitatingX 
sells magnetically levitated plates 
for culinary presentations. All 

these examples reiterate the 
underlying fascination of chefs 
for innovative ideas to create 
novel taste experiences. However, 
in these examples, the food is 
placed on a levitating dish: it 
must be eaten using cutlery. In 
other words, they only consider 
the final presentation of the food 
and not the whole delivery chain 
from the kitchen to the customer: 
food preparation, transportation, 
and delivery.

Despite this increasing interest 
in levitating food, none of the 
current approaches can deliver 
food morsels directly from one 
location to another. Such a food 
delivery system could be valuable 
both for creating novel restaurant 
experiences and for designing 
new end-to-end gustatory 
interfaces in the field of Human-
Computer Interaction (HCI). 
As a step in this direction, we 
recently introduced TastyFloats, a 
contactless food delivery system 
that uses ultrasound to levitate, 
transport, and deliver liquids and 
solid ‘tasty bits’. 

Acoustic levitation is the process 
of holding and moving an object 

Levitating food  
A ‘flavour’ of future eating experiences
 
By Marianna Obrist and Sriram Subramanian
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in mid-air using sound waves. In 
our approach, it consists of two 
opposing arrays of transducers 
that create a standing wave 
capable of suspending objects in 
mid-air. To control the standing 
wave, the system employs a 
novel algorithm combining basic 
patterns of movement. Movement 
of the levitated particle can be 
achieved by changing the relative 
phase delay of multiple acoustic 
emitters, typically facing each 
other to create a standing wave. 

Our biggest challenge in this 
work was to be able to control 
the levitation system so that food 
morsels are stable in the system 
whether it was wine, meat or 
cheese that we are levitating. In 
other words, we needed to find 
a way to control the levitation 
energy so that it was strong 
enough to hold food items of 
differing densities but not so 
strong that they would evaporate. 

Food types of different densities 
and shapes need different 
strengths (i.e., acoustic energy) to 
be levitated. Applying an acoustic 
pressure to the droplet increases 
its temperature and evaporation 

rate. Ethanol, for instance, is the 
most sensitive, as it both requires 
less energy to vaporise (specific 
heat of evaporation: 38.6 kJ/mol 
compared to 40.6 kJ/mol of water/
milk) and boils earlier (78.2 0C, 
compared to 100 0C of water and 
100.2 0C of milk). 

Upon solving the technical 
challenges, another obstacle to 
overcome was to understand 
how the use of acoustic levitation 
was affecting the users’ taste 
experience. Prior research in 
experimental psychology and 
food science has shown that 

Levitating food  
A ‘flavour’ of future eating experiences
 
By Marianna Obrist and Sriram Subramanian

Figure 1
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changes in the presentation 
of food and the environment 
change the taste perception of 
users. Hence it was important for 
us to assess the effect of using 
acoustic levitation on users’ 
taste perception. We designed an 
experiment, therefore, in which 
participants were presented with 
liquid taste stimuli (i.e., sweet, 
bitter and umami) of different 
volumes (5µL, 10µL and 20µL) 
comparing a levitation versus 
non-levitation approach. For 
the non-levitation approach 
a micropipette was used to 
drop the taste stimuli onto the 
participant’s tongue.

Participants were asked to rate 
the intensity, pleasantness and 
satisfaction of the perceived taste 
stimuli in each condition. The 
results of our user study show 
that the perceived intensity of the 
taste in the levitation condition 
was greater than that of their 
non-levitated counterparts. 
This suggests that levitation is a 
promising method of delivering 
more intense taste sensations. 
Results also show that, relative 
to the small volumes delivered, 
sweet, bitter and umami were 

recognised in different ways. We 
found that, for a given volume, 
participants recognised the sweet 
taste almost every time (~85%), 
while they found bitter difficult 
to distinguish (~45%). That makes 
the TastyFloats systems more 
suitable for presenting desserts 
rather than bitter tasting food 
items. In other words, to obtain 
a higher recognition of a given 
dish, the recipe used should be 
mainly around sweet stimuli 
(e.g. levitated marshmallows). 
Moreover, the fact that umami 
is recognised 70% of the time 
and is perceived to be more 
pleasant than expected, may 
open interesting opportunities 
in the dietary treatments, where 
umami-enriched food is key. More 
research is needed to understand 
the effect of acoustic levitation 
on human’s taste perception and 
experiences.

TastyFloats not only allows 
us to imagine a future where 
food experiences or more 
precisely tasting experiences 
are transformed (i.e. removing 
the boundaries of utensils and 
focusing on the ‘mouthfeel’) 
but also, moreover, inspires 

the design of novel end-to-end 
gustatory interfaces. 

For example, imagine how 
food and taste can be part of 
our gaming or interactive TV 
viewing experience. Whether 
we admit it or not, we have all 
indulged in watching TV as we 
munch through a bag of crisps 
or eating our dinner. But what 
if the content of our television 
influenced and controlled the 
food we ate? Or as our hands are 
controlling a game-controller, 
food is magically transported to 
our mouth using our levitation 
system. Using food/drinks as a 
means of film experience design 
is not widespread but examples 
such as ‘Edible Cinema’ in the 
UK demonstrate that food/drinks 
can be used to enrich the film 
experience in a more narrative 
way. In Edible Cinema, people are 
given a tray with numbered boxes 
that contain specific food bites or 
beverages that have been selected 
for specific moments/scenes in 
a film. This is perhaps one of the 
most interesting approaches at 
recent times, however, it is not 
widespread nor supported by 
technology. In other words, it 

“Prior research in experimental 
psychology and food science has shown 
that changes in the presentation of food 
and the environment change the taste 
perception of users.”
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relies on the manual delivery and 
signalling of when is the right 
time to open a box in the tray 
(number next to the screen) and 
eat or drink the items.

TastyFloats can change the 
manual approach in Edible 
Cinema, by integrating an end-
to-end food delivery system in 
the back of a seat in front of the 
viewer to get time-synchronised 
food delivery in mid-air. 

Food items could even be 
labelled and delivered by the 
movie distributor, so that precise 
quantities of the food can be 
presented to the audience in line 
with the narrative of the movie. 
The audience can then decide 
whether to accept or ignore the 
proposed gustatory stimulus 

simply by leaning forward or  
back whenever they want. 

Overall, our vision is to bring 
full multisensory experiences 
to the user through a digital 
control mechanism in order to 
trigger taste and other sensory 
experiences (e.g., smell, touch) 
with the same ease and fidelity as 
images and sounds are created. 
Such a system can transform the 
way we experience foods/drinks, 
but also how we interact with and 
through technology in the future.

As a next step for TastyFloats, 
we are very excited about the 
possibility of working with 
culinary experts and bakers to 
redesign food assembly and 
delivery mechanisms to enhance 
the tasting experience of a user. 

We invite the readers of this 
magazine to get in touch with us 
if you are interested in partaking 
in this research. n
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This project emerged from a collaboration between the SCHI Lab and Interact Lab at the University of Sussex and the 
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The development and 
commercialization of protein-

enriched foods is a way by which 
the food industry can contribute 
to help consumers meet their 
nutritional demands, especially 
those consumer groups that 
require additional high quality 
protein sources such as older 
adults.  Bakery products could 
be appropriate carriers of such 
protein-enrichment.

In Denmark, rye bread is one of 
the most popular and traditional 
main foods. Protein-enriched rye 
bread could be a convenient and 
healthy bakery product which 
has the potential to be part of the 
consumers’ daily diet without 
changing their eating habits.

A study has recently been 
completed at the University’s 
Dept. of Food and Science on 
sources of high quality protein 
aimed at older adults. During a 
recipe development phase, whey 

and soy proteins were chosen 
due to their content of essential 
amino acids, high biological 
value and protein efficiency ratio 
etc. In total fifteen prototypes 
enriched with different protein 
types, contents or applied with 
taste and/or texture modification 
strategies were examined through 
sensory descriptive analysis. 
Optimal prototypes with most 
appealing sensory performance 
were chosen for further consumer 
acceptance evaluation.

Consumers’ acceptance of food 
products are influenced by 
contextual exposure. Immersive 
virtual reality (VR) technology can 
stimulate real-life environments 
at one location and thus can be 
used as a convenient and efficient 
tool for adding versatile contexts 
in sensory and consumer research.

In the consumer acceptance 
study at the Future Consumer 
Lab, University of Copenhagen, VR 
technology was applied to present 
a cozy restaurant context and a 
classic cinema context, which 
were chosen as congruent and 
non-congruent situations for rye 
bread consumption, respectively. 
A default ambient room condition 
was also included as the neutral 
context. During exposure of the 
above three contexts, seventy 
potential consumers aged 60+ 
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samples, with their engagement 
and acceptance data collected 
meanwhile.

Results showed that under VR 
immersed restaurant context, 
consumers felt more comfortable 
and had significantly a higher 
desire and acceptance for rye 
breads, compared to the VR 
immersed cinema context. 
Moreover, consumers are 
generally satisfied with protein-
enriched bread samples in all 
three contexts. Protein-enriched 
rye bread was regarded as a good 
alternative source of high quality 
protein potentially.

All studies were conducted in 
the Future Consumer Lab at 
section of FOOD Design and 
Consumer Behavior, University of 
Copenhagen, and supported by 
CALM project (http://calm.ku.dk/) 
and ELDORADO project  
(http://eldorado.ku.dk). It is part 
of Xiao Song’s PhD program.  n
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POSITIVES FIGURES
An observation of the proportion 
of sales of frozen dough 
compared to that of total bread 
sales in Spain has revealed 
that there has been a constant 
increase in the bakery sector’s 
market value since 1995, an 
increase which was maintained 
even during the hardest period of 
the Spanish consumption crisis 
(from 2008 to 2013).

It is unlikely to be a surprise 
to hear that frozen dough has 
revolutionised the concept of 
selling bread and pastries. Indeed, 
the market has gone from an 
exponential growth which was 
anticipated in expected in any 
growing market that experiences 
a high rate of sales increase, to a 
sustained and maintained growth 
in recent years, more in line with 

an established and consolidated 
market. 

Focusing on the last few years’ 
output, the stability and growth of 
the market is displayed in figure 1.

An extrapolation of the data 
obtained from the Spanish bakery 
sector during the first three 
quarters of 2017 has revealed 
an anticipated increase in 
production of approximately 2% 
and invoicing of 3% per annum 
respectively.

MARKET
The available capacity of the 
supply of baked products derived 
from frozen dough is due to their 
easy distribution, preservation 
and finishing. Whilst this is 
unlikely to be news to the most 
seasoned of bakers, it can be 

easily be forgotten that it is only 
necessary to thaw out a frozen 
dough product, bake it off and 
prepare it as a freshly baked 
product in very short space of 
time; a highly efficient process 
enabling products to be made 
ready for immediate consumption 
without enduring he long-winded 
business of dough preparation, 
mixing, proving, shaping etc.

Frozen dough has contributed to 
the efficiency of the process now 
known as bake-off by reducing 
the need for equipment at the 
point of sale and by facilitating 
the work of the personnel. In 
deference to the consequential 
saving of time, minimum 
preparation and maximum level 
of cleanliness, this entire [bake-
off] industry can be safely classed 
as sustainable in all senses of the 
word.

One of the main beneficiaries 
of the explosion of the frozen 
dough market is the HORECA 
sector (hospitality, restaurant and 
catering), in which a veritable 
revolution has taken place 
enabling the serving of a wide 
range of fresh products quickly 
and efficiently at any time of 

Spanish frozen 
dough market 
2018 sector and perspectives

Figure 1 2015 2016

PRODUCTION 
(tons)

BREAD 751,000 768,000

PASTRY 144,000 158,000

TOTAL 895,000 926,000

INVOICING 
(thousands of 
Euros)

BREAD 789,000 815,000

PASTRY 395,000 436,000

TOTAL 1,184,000 1,251,000
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“There is a move towards tradition whereby 
consumers are edging back towards ‘doing 
things the way they were done in the past’.”

the day. Among these many 
advantages, the HORECA sector 
is able benefit from: the speed 
of production, the reduction of 
waste and lower costs due to a 
better adaptation of supply to 
demand and, of course, greater 
customer satisfaction.

TRENDS
Historically, success usually 
comes from a combination of 
tradition and innovation in new 
products and the frozen dough 
market is no exception with its 

disparate target markets and 
very specific identities which can 
sometimes seem diametrically 
opposed to the workings of a 
main-stream bakery industry.

For example, a company that is 
dedicated to such a large-scale 
operation of bakery and pastry 
production can easily and cost 
effectively adapt one of their 
mainstream product lines and 
develop different brands, with 
different features to fit specific 
frozen dough target markets.

One of the trends that is 
standing strong this year is 
that of the increasing desire for 
“on-the-go” products where a 
great variety of frozen dough 
items have now appeared and 
which will undoubtedly create 
new momentum in the market 
significantly affect consumption 
data. This kind of consumption 
is, among other factors, based 
on the time and money-saving 
needs of the increasingly busy 
consumer, who is looking 
for a quick breakfast fix for 
example and/or perhaps ‘lunch 
at the desk’. At the same time, 
an increasing tendency of 
consumers erring towards a 
more leisurely and healthy diet 
can also be observed, one in 
which the consumer is relying 
more and more on products 
enriched with ingredients that 
capable of providing added 
nutritional values. The demand 
for reformulated products that 
have reduced salt, fat and sugar 
content is also a growing trend

Finally, there is a move towards 
tradition whereby consumers 
are edging back towards ‘doing 
things the way they were done in 
the past’. Nostalgia is a powerful 
emotion that can have the effect 
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of making us believe that past 
times were always better than 
they are today and even that 
what we ate then had far superior 
flavour; the taste of memories, 
perhaps!

In spite of some of the current 
trends covered above, it is true 
that the rapid uptake of gluten-
free (GF) products has markedly 
shifted the balance of production 
away from traditional [non-GF] 
lines.

COLLABORATION PLAN FOR 
THE IMPROVEMENT OF THE 
COMPOSITION OF FOOD AND 
BEVERAGES AND OTHER 
MEASURES 2017-2020
The Ministry of Health, Social 
Services and Equality of the 
Government of Spain, together 
with several food sectors have 
recently promoted a plan that 
focuses on the reduction of added 
sugars, salt, saturated and trans-
fats. This will have an important 
impact on the large number of 
sectors and products that are 
involved in the manufacture of 
salty snacks, soft drinks, pastries 
and bakery, breakfast cereals for 
children, creams, meat products, 
cookies, ice cream, fruit nectars, 
packed speciality breads, ready-

made dishes, dairy products and 
sauces.

This is a plan in which 
ASEMAC has participated in its 
development from the outset.

CONCLUSIONS
In the Spanish frozen dough 
markets, changes from customer 
requests and market regulations 
are very common. The bakery 
business is able to react quickly 
to all that challenges. That’s 
the reason why the anticipated 
growth rate of the sector is 
expected to stay at between 2% 
and 3% year on year.

The president of the Association 
of the Spanish Industry of Bakery 
and Pastry (ASEMAC), Felipe 
Ruano (pictured) knows first-
hand the extent of the efforts 
being made of the departments 
of research, development and 
innovation of the ASEMAC 
associates. Collectively they take 
a focused approach to develop 
products of the highest quality 
with an artisanal and freshly 
made finish. Indeed, one of the 
successes achieved by these 
departments was to guarantee 
the perfect conservation of frozen 
dough for a period of 12 months.

ASEMAC’s policy is to continue 
working on a production model 
that delivers positive turnover 
figures for the sector, facilitates 
the work of the HORECA sector, 
adapts new trends to meet 
consumer needs and that is 
increasingly involved in the 
improvement of the quality. n

FIND OUT MORE 

ASEMAC brings together thirty 
companies which represent 80 
percent of the Spanish companies and 
close to te 90 percent of the sales of 
frozen dough in the Spanish sector for 
bakery and pastry.  

Its associated companies have a great 
capacity to generate high quality 
employment, with close to 5,000 
people directly employed and a much 
higher indirect employment since 
much of the sales are made through 
independent outlets of manufacturing 
companies.

ASEMAC is a national member of the 
“Federación Española de Industrias 
de Alimentación y Bebidas” (FIAB) 
and an international member of the 
“Association Internationale de la 
Boulangerie Industrielle” (AIBI).

Felipe Ruano 
Association of the Spanish Industry of Bakery and Pastry (ASEMAC)
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DIETARY FIBRE FROM BLACKCURRANTS

“Blackcurrant pomace is 
generated in high quantities 
and could be recovered 
to produce added-value 
functional ingredients.”

Consumer demands in the field 
of processed food production 

have changed considerably in 
recent decades.  Foods today 
are intended not only to satisfy 
hunger and to provide essential 
nutrients, but also to prevent 
nutrition-related diseases and 
enhance the physical and mental 
wellbeing of consumers. In this 
regard, foods enriched with 

dietary fibre (DF) present an 
important opportunity. DF is a 
class of carbohydrate polymers 
(usually comprising more than 
twenty sugar units) that are 
resistant to hydrolysis in the 
small intestine of humans. DF 
have several physicochemical 
functions such as water binding 
or viscosity enhancement, that 
contribute to physiological and 
health-promoting effects such 
as reduction of cholesterol, 
decrease in blood glucose levels 
and improvement of colonic 
health. Physicochemical and 
physiological functions of dietary 
fibres are directly related to 
the relative amounts of soluble 
(e.g., pectins, fructans and some 
hemicelluloses) and insoluble 
(e.g., lignin, cellulose and some 
hemicelluloses) fibre components. 
Despite a recommended dietary 
fibre intake for adults of 25g per 
day, most commonly consumed 
foods are low in such fibre. A food 
product is classified as ‘a source 
of fibre’ when it contains 3g of 
dietary fibre per 100g of product. 
There is, therefore, a demand 
for fibre-rich foods, however, 
incorporating dietary fibre into 
foods while retaining appeal, such 
that people actually consume 

them and get their benefits, 
remains a challenge. 

THE IMPORTANCE AND 
CHALLENGES IN DIETARY FIBRE 
APPLICATION IN FOODS
The fortification of cereal-based 
products has been predominantly 
based on the addition of whole 
grain cereal fibres. More recently, 
however, a range of fruit co-
products from, for example, 
apple, grape, mango, peach or 
melon, have been explored for 
applications in foods such as 
cakes or muffins due to their 
high content of dietary fibre and 
associated bioactive compounds 
such as polyphenols (phenolic 
acids, flavonols, anthocyanins, 
tannins) and essential oils. 
Another important benefit of 
utilisation of fruit co-products 
in food formulations is their 
sustainability. The processing 
of fruits into juice typically 
results in 20–30% waste. Fruit 
co-products could therefore be 
recovered in great quantities and 
used as a sustainable source of 
dietary fibre. 

In the UK, blackcurrants are the 
third most produced berry fruit 
after strawberries and raspberries, 

Blackcurrant pomace  
for fibre enriched breads
 
By K. Alba1, G. M. Campbell2 and V. Kontogiorgos1

1 Department of Biological Sciences, University of Huddersfield, HD1 3DH, UK

2 Department of Chemical Sciences, University of Huddersfield, HD1 3DH, UK

Dr. Katerina Alba
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with annual production of 
around 15,000 tonnes. Crucially, 
blackcurrants are mostly pressed 
for juice, in contrast with 

strawberries and raspberries, 
which tend to be distributed and 
consumed as a whole. Hence 
several thousand tonnes per 

annum of blackcurrant pomace 
are produced each year that could 
be exploited as a source of dietary 
fibre and bioactive compounds. 

“In our labs at the University of 
Huddersfield, we have been investigating 
dietary fibre from blackcurrant pomace 
as a functional ingredient for potential 
applications in bread formulations.”

Figure 1: Control bread (left) and bread with the addition of blackcurrant pomace (5% w/w) (right). Colour changes are 
evident but with suitable marketing strategies it creates opportunities for new markets and new product development.
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Despite the benefits of dietary 
fibre consumption, the main 
challenge with adding fibre 
into cereal-based products 
is changes in key sensory 
properties of the end product 
quality and therefore lower 
acceptability by the consumer. 
Typically, the incorporation 
of fibres in bread reduces loaf 
volume, increases firmness 
and modifies appearance.  The 
extent of the effects depends 
on the physicochemical and 
structural features of dietary 
fibre. Modification of the fibre’s 
chemical properties (i.e. the 
composition and structure of the 
fibre) or the physical properties 
(e.g., particle size) gives scope 
to address those challenges in 
order to formulate breads and 
cereal products with organoleptic 
characteristics that meet 
consumer expectations.

BLACKCURRANT DIETARY FIBRE 
RESEARCH 
An increased consumer demand 
for healthy cereal products has 
led to considerable efforts to 
develop breads that combine 
health benefits with good sensory 
properties. In our labs at the 
University of Huddersfield, we 
have been investigating dietary 
fibre from blackcurrant pomace 
as a functional ingredient for 

potential applications in bread 
formulations. Blackcurrants 
are a rich source of bioactive 
compounds (i.e., dietary fibre 
and polyphenols) and have high 
antioxidant capacity compared 
to other berries. Blackcurrant 
pomace (mixture of stems, 
seeds and exocarp) was sourced 
locally in the UK and milled 
to a particle size below 1mm. 
Blackcurrant pomace was 
incorporated in model bread 
dough at concentrations between 
5% and 20% w/w by partially 
replacing wheat flour. Breads 
were prepared in line with typical 
formulations used in the bakery 
industry. Fibre-enriched dough 
and the resulting breads were 
analysed for characteristics 
such as dough rheology, crumb 
texture, cell structure and colour, 
as these are the major quality 
characteristics that determine 
acceptability of breads. Analysis 
of breads supplemented with 
blackcurrant pomace at levels up 
to 5% w/w has shown comparable 
results in terms of hardness and 
loaf size as the control, based on 
texture analysis and specific loaf-
volume measurements. As shown 
in Figure 1, the sensory attribute 
that undergoes the major change 
with the addition of blackcurrant 
pomace is colour. However, these 
alterations were regarded by 

sensory panellists as attractive 
rather than detrimental. These 
results indicate that blackcurrant 
pomace could be incorporated 
successfully into bread 
formulations and breads could be 
classified as ‘a source of dietary 
fibre’. 

CONCLUSIONS
Our project has demonstrated 
innovative approaches and 
opportunities for the utilisation of 
blackcurrant pomace to enhance 
the healthiness of bread, while 
reducing waste and providing 
environmental benefits. The 
results show that blackcurrant 
pomace can be incorporated 
successfully at significant 
levels in bread formulations 
to give products of enhanced 
novelty and nutritional value 
while maintaining consumer 
acceptability. In addition, it 
offers a valuable diversion of 
blackcurrant pomace from 
waste back into the food chain. 
Therefore, blackcurrant pomace 
was shown to have potential 
as a healthy food ingredient for 
attractive high-fibre breads. n

FIND OUT MORE 

Dr Katerina Alba 
University of Huddersfield 
J.Alba@hud.ac.uk
Project website:  
http://berrypom.mw.tu-dresden.de
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THE CRUCIAL ROLE OF YEAST IN 
BREAD MAKING
Saccharomyces cerevisiae, also 
referred to as baker’s yeast, is 
the primary leavening agent 
in the production of bread 
in its numerous forms. Yeast 
cells consume the fermentable 
sugars present in dough and 
generate carbon dioxide (CO2) 
and ethanol that are responsible 
for dough leavening. Besides 
these two primary fermentation 
metabolites, other metabolites 
such as organic acids, glycerol 
and aroma compounds are 

produced. While the production 
of organic acids affects dough 
rheology, the production of aroma 
compounds can influence the 
flavour profile of bread. Hence, 
yeast activity is not only of crucial 
importance for dough rise and 
consequently loaf volume, but 
also affects several other bread 
parameters such as crumb 
texture and taste.

A CLOSER LOOK AT THE 
FERMENTABLE SUBSTRATES 
PRESENT IN DOUGH
In order to ferment properly 

in dough, yeast cells need a 
sufficient amount of fermentable 
substrates. Wheat flour dough 
contains different sources of 
fermentable sugars which are 
naturally present in wheat flour. 
Their amounts are, however, 
relatively low and hence not 
sufficient to support optimal 
CO2 production. Therefore, the 
majority of fermentable sugars 
in dough are generated by 
the enzymatic degradation of 
damaged starch (5-8% in wheat 
flour) and fructan (1-3% in wheat 
flour). 

Sugar-releasing 
enzymes in baking 
 
 
The potential of enzymes to modulate the dynamics of CO2 production during yeast-mediated  
dough fermentation

Spring 2018 BAKINGEUROPE 
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Damaged starch is degraded 
by endogenous amylases 
that act on the α-(1,4)- and/or 
α-(1,6)-linkages of the starch 
polymers. The synergetic action 
of α-amylase and β-amylase on 
damaged starch leads to a very 
fast increase of maltose levels in 
unyeasted dough during mixing 
and the first few minutes of 
incubation. The total amount of 

maltose generated, which ranges 
from 2% to 6% after 3 hours 
of incubation, depends on the 
damaged starch content and the 
α-amylase activity of the flour. 
Doughs prepared from flours with 
higher α-amylase activities or 
higher damaged starch contents 
will therefore contain higher 
maltose levels. Since α-amylase 
activity is often limited in 

wheat flour, fungal α-amylase 
or α-amylase from malt is often 
added to wheat flour to increase 
the level of fermentable sugars.

Fructans and sucrose are 
hydrolysed to fructose and 
glucose by invertase, which is 
secreted by the baker’s yeast. The 
flour endogenous sucrose is very 
rapidly hydrolysed by invertase, 
with generally no sucrose left 
after mixing. About 50% to 80% 
of the fructans initially present 
in wheat flour are hydrolysed by 
invertase to fructose and glucose. 
The percentage depends on 
several parameters such as yeast 
concentration, yeast strain and 
fermentation time. 

UNRAVELLING THE DYNAMICS 
OF DOUGH FERMENTATION
Glucose and fructose are the 
preferred sugar sources of 
S. cerevisiae, which means 
that the expression of genes 
responsible for the degradation 
and consumption of other sugars 
is repressed when glucose and 
fructose are present. Yeast 
invertases, hydrolysing sucrose 
and fructan, are encoded by a 

“While α-amylase is often used to 
increase the amount of fermentable 
sugars in dough, little is known about the 
effect of other starch-degrading enzymes, 
like glucoamylase and α-glucosidase.”

Figure 1: A standard CO2 production profile of a S. cerevisiae bakery strain in 
lean dough. At the beginning of fermentation (0-60 min), yeast cells consume 
their preferred sugars sources glucose and fructose, derived from sucrose 
and fructan hydrolysis. Hereafter (60-120 min), yeast cells switch to maltose 
consumption. This switch is characterized by a lag phase in CO2 production. 
Lag phase, maximal fermentation rate, and productive fermentation time are 
indicated.
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family of closely related SUC 
genes. The high activity of baker’s 
yeast invertase during mixing 
and fermentation results in fast 
hydrolysis of both fructan and 
sucrose present in dough. These 
resulting sugars are quickly 
consumed during the initial 
stages of fermentation. Therefore, 
the fermentation rate during 
the first hour of lean dough 
fermentation mainly depends on 
the fructan and sucrose content 
of the flour (Figure 1). Only when 
glucose, fructose, sucrose and 

fructan are nearly depleted, do 
yeast cells start to consume 
maltose. In order to do this, yeast 
cells need one of five unlinked 
MAL loci. Each MAL locus consists 
of three genes encoding a maltose 
transporter enzyme (maltose 
permease), a maltose hydrolysing 
enzyme (maltase), and a 
regulatory protein. The expression 
of maltose permease and maltase 
is regulated by glucose repression 
and maltose induction. The 
glucose repression mechanism, 
therefore, creates a lag phase in 

CO2 production when yeast cells 
need to adapt from glucose and 
fructose consumption to maltose 
consumption. This lag phase 
is clearly visible as a drop in 
fermentation rate (Figure 1). 

The maltose content of dough, 
therefore, mainly influences 
the production of CO2 after 
the lag phase. Consequently, it 
determines the total productive 
fermentation time rather than the 
fermentation rate at the initial 
stages of fermentation (Figure 1). 

Figure 2: Carbon sources for yeast cells during bread dough fermentation. Sources of fermentable sugars are indicated 
in grey letters. In yellow, the structures of the different sources of fermentable sugars are represented. In black letters, 
accompanied by scissors, enzymes are indicated. The upper part of the figure (above the red line) represents the 
generation of fermentable sugars by endogenous (wheat) or yeast enzymes. The lower part of the figure (under the red 
line) represents the generation of (added) fermentable sugars by added or yeast enzymes.
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HOW CAN WE USE ENZYMES TO 
STEER DOUGH FERMENTATION 
DYNAMICS?
The standard CO2 production 
profile of the baker’s yeast can 
be modulated by either addition 
of enzymes that release specific 
(amounts of) sugars, or by 
using alternative yeasts with a 
certain substrate specificity. In 
this article, the focus is on the 
potential of enzymes to modify 
dough fermentation dynamics, 
and an overview of the enzymes 
discussed and their mode of 
action is given in Figure 2. 

Mature wheat grains show a 
high β-amylase activity, but their 
α-amylase activity is relatively 
low. Therefore, wheat flour is 
often supplemented with the 
latter enzymes to increase the 
level of maltose. Addition of 
α-amylase to flour results in 
significantly higher maltose 
levels in dough, as observed in 
several studies. These higher 
maltose levels do not increase 
the initial fermentation rate 
but do prolong the productive 
fermentation time (Figure 3). 
This can be explained by the fact 
that the initial fermentation rate 
(first hour of fermentation) is 
determined by the consumption 
of preferred sugars and not by 
the consumption of maltose 
(Figure 1). Therefore, α-amylase 
supplementation only impacts 
the later stages of fermentation 
(Figure 3).

The addition of an appropriate 
amount of α-amylase to dough 
increases loaf volume. The 
positive effect of α-amylase 
addition on bread volume can, 
however, not only be attributed 
to the generation of additional 

sugars. α-Amylase reduces 
dough viscosity during starch 
gelatinisation, thereby prolonging 
oven rise, which results in an 
increased bread volume. 

While α-amylase is often used 
to increase the amount of 
fermentable sugars in dough, 
little is known about the effect 
of other starch-degrading 
enzymes, like amyloglucosidase 
(glucoamylase) and α-glucosidase. 
This is surprising, since 
the hydrolysis product of 
glucosidase (amyloglucosidase) 
and α-glucosidase (glucose), 
is the most preferred sugar of 
baker’s yeast. Glucoamylase and 
α-glucosidase are both exo-acting 
enzymes that cleave off glucose 
residues from amylose and 
amylopectin. They show, however, 
a different substrate specificity: 
glucoamylases act preferably 
on long-chain polysaccharides, 
while α-glucosidase works best 
on short maltooligosaccharides 
(Figure 2). Glucoamylases can 
be used in bread to generate 
glucose, as it provides more 
sweetness than does maltose, 
the product of β-amylase action. 

There is a linear relationship 
between glucoamylase dosage 
and the final level of glucose in 
the product. Moreover, addition 
of appropriate dosages of 
glucoamylase or a combination 
of glucoamylase and α-amylase, 
leads to similar CO2 production 
levels as addition of a high 
amount of sucrose, which 
can be explained by the high 
levels of glucose generated 
by glucoamylase. Because 
glucoamylase addition results 
in the release of high amounts 
of glucose from damaged starch, 
the CO2 production rate of 
the baker’s yeast is positively 
affected directly from the start 
of fermentation and not only 
in the later stages as observed 
with addition of α-amylase 
(Figure 3). This means that 
glucoamylase addition increases 
the maximal fermentation rate 
at the beginning of fermentation, 
but also increases the productive 
fermentation time due to the 
release of high levels of glucose.

α-Glucosidase addition to dough 
leads to the degradation of 
maltose to glucose, but not to 

Figure 3: The effect of α-amylase, amyloglucosidase (glucoamylase)  and 
α-glucosidase addition on the CO2 production profile of the baker’s yeast 
during dough fermentation. 
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an increase in total fermentable 
sugar level. Indeed, α-glucosidase 
has a high specificity for maltose, 
but a low specificity towards 
larger dextrins generated by 
α-amylase. As a result, β-amylase-
mediated maltose release from 
dextrins is still the limiting 
step. Therefore, α-glucosidase 
supplementation only increases 
the initial fermentation rate 
of baker’s yeast due to the 
conversion of maltose to glucose 
(Figure 3).  

TO SUMMARISE
The CO2 production rate of baker’s 
yeast in dough is determined by 
the availability of fermentable 
sugars in dough. The content 
of these fermentable sugars 
can be modified by the use of 

specific enzymes that release 
sugars from larger substrates 
such as damaged starch. 
Glucose-producing enzymes like 
glucoamylase and glucosidase 
affect CO2 production directly 
from the start of fermentation, 
while maltose-producing 
enzymes can only influence CO2 
production when yeast cells have 
shifted from glucose to maltose 
consumption. This means that the 
addition of α-amylase prolongs 
the productive fermentation 
time, but does not increase the 
fermentation rate during the 
initial phases of fermentation. 
Overall, this means that different 
starch degrading enzymes affect 
the fermentation rate of baker’s 
yeast in a different way and can, 
therefore, be used to steer yeast-

mediated dough fermentations. 
The influence of such enzymes 
on loaf volume depends on the 
timing of the proving stage as 
high fermentation rates during 
proving are crucial for optimal 
loaf volume. n

FIND OUT MORE 

“Therefore, α-glucosidase 
supplementation only increases the 
initial fermentation rate of baker’s yeast 
due to the conversion of maltose to 
glucose (Figure 3).”
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CAMPDEN BRI 4TH INTERNATIONAL BAKERY TECHNOLOGY CONFERENCE 

MEDIA PARTNER – BAKING 
EUROPE MAGAZINE
This increasingly popular 
conference will provide updates 
on recent developments and 
challenges to all sectors of the 
bakery industry. The event is 
ideal for all facets of the industry 
including wheat and ingredient 
suppliers, bakery equipment 
manufacturers, retailers, bakeries 
as well as companies involved 
in the manufacturing of various 
types of post-bake analysis 
equipment. 

Presentations will be on many 
aspects of the baking process, 
with technical sessions on:

• Structure and texture
• Reducing sugar
• Flavour
• Processing of flour, dough and 

bread
 
Day 1: Bubble stability, building a 
bakery brand and ingredients 

Grant Campbell of the University 
of Huddersfield will open the 
conference with a review of the 
scientific work on bubble stability 
in bakery products. Grant is an 

expert on bubbles in bread and 
has published numerous articles 
on the subject. The second 
keynote will be given by Leo 
Campbell of Modern Baker, an 
SME specialising in sour dough 
bread. Leo has a background in 
marketing and advertising and 
will describe how Modern Baker 
built a new bakery brand based 
around nutrition and health 
messages. 

Three sessions on ingredients will 
follow the keynote presentations:

1. Structure and texture
• The development of 

surfactant-free stabilisers for 
foams 

• Ingredient functionality for 
bread products 

2. Reducing sugar in cakes 
• A look at oleogels as a novel 

ingredient that can help 
with the manufacture of 
healthier cakes

• New raising agents for low 
sugar cakes: understanding 
the interaction of raising 
agents with other 
ingredients.  

4th International Bakery 
Technology Conference
Recent developments in the 
bakery industry
23-24 May 2018, Campden BRI
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3. Flavour of baked products 
• A leading manufacturer in the 

industry will describe how 
and why they developed their 
lexicon of sensory attributes 
for crusty and sandwich 
breads. 

• Declaration-friendly flavours 
for baked goods.

Day 2: Processing of flour, dough 
and bread 

The second day starts with a 
session on flour and dough 
processing:

• Applications of a well-
respected system for heat 

treating grains and other 
small particulate ingredients. 
This system is now used 
widely used, not only in the 
food industry for reducing 
the pathogen loading on 
ingredients but also for 
changing the functionality of 
cereal ingredients. 

• How this same process can be 
used for heat-treating flour in 
industrial cakes.

• Humidity control in bread 
coolers and provers. 

The final session of the 
conference focuses on bread 
processing with talks on three hot 
topics. 

1. Generating vitamin D in 
bread using UV. Similar UV 
technology is already in use 
in bakeries to destroy surface 
mould after cooling but by 
changing the UV conditions it 
is possible to generate vitamin 
D in-situ. 

2. Waste reduction in bread 
plants - a look at how novel 
technologies can help. 

3. The potential of enzymes 
for generating freshness and 
flavour in baked goods  

INTERNATIONAL NETWORKING
This is a truly international 
conference with presentations 
from groups based in UK, 
France, Germany, Sweden, 
Denmark and the USA. Dialogue 
and discussions between the 
delegates, speakers and sponsors 
is an important feature of the 
conference. 

There are plenty of networking 
opportunities during refreshment 
breaks and lunches, but also 
during the conference dinner. The 

4th International Bakery 
Technology Conference
Recent developments in the 
bakery industry
23-24 May 2018, Campden BRI
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twelve sponsoring companies help 
to ensure that there is plenty to see 
and discuss during the breaks in 
Campden BRI’s Millennium Bakery.

This year the conference dinner 
is returning to the famous 
Pudding Club at the Three Ways 
hotel in Mickleton. They provide 

an entertaining evening with 
the chance to eat up to seven 
traditional English puddings.

DON’T MISS OUT 
Each of the previous conferences 
has attracted over 85 delegates 
from all parts of the bakery chain, 
including wheat and ingredient 

suppliers, bakery equipment 
manufacturers, retailers and 
bakeries and companies making 
various types of post-bake 
analysis equipment. 

Previous Bakery Technology 
conferences were a sell-out so don’t 
miss out on this year’s event. n

Media partner

Baking Europe magazine now entering its fifth year of publication is 

proud once again to be invited to this conference as media partner 

to the Campden BRI’s International bakery technology conference.  

Baking Europe is the industry’s only magazine of its type that focuses 

on applications and cutting-edge research & development, science 

and innovation in an authoritative, impartial publication that is now 

read both in print and online in 32 countries in the European region 

but increasingly around the world.

BAKINGEUROPE
www.bakingeurope.eu 

Book your place by contacting 
training@campdenbri.co.uk   
or call +44 (0)1386 842104.

FIND OUT MORE 

food food f and drink innovation

Campden Campden BRI
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FROM ACROSS THE POND
TASTE – A LITTLE IN-DEPTH SCIENCE

Our brain uses multiple 
sensory systems to detect 

environmental stimuli which 
provides information about 
our surroundings and allows 
us to respond appropriately. 
The ability to detect chemicals 
in the environment is used by 
all organisms, including those 
that are single-celled, to detect 
nutrients, conspecifics, predators, 
and potentially harmful 
environmental conditions. While 
single-celled organisms use 
one chemosensory system to 
detect environmental chemicals, 
more complex organisms 
have developed two separate 
systems, taste and olfaction. 
Taste and olfactory systems 
function independently and 
jointly, to inform the brain about 
the chemical conditions in the 
surrounding environment. While 
olfaction has a multitude of 
roles, the primary role of taste is 
to determine whether potential 
food items should be ingested 
or rejected. Input from both 
the taste and olfactory systems 
generates the flavour of potential 
food items.

The detection of chemicals in 
potential food items relies on 
the activity of taste receptor cells 
housed in taste buds located in 

the oral cavity. Taste buds are 
found in epithelial specialisations 
called papillae and comprise 
different cell types that vary in 

TASTE
It’s not as simple as we think
 
By Kathryn Medler, PhD., Associate Professor, Department Of Biological Sciences,  
University at Buffalo, The State University of New York
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their anatomical features and 
signalling pathways that they 
express. While there are some 
taste buds in the palate and 
throat, most taste transduction 
depends on the taste buds found 
in the tongue. Circumvallate 
papillae are present in the back of 
the tongue and house hundreds 
of taste buds that each comprise 
50-150 taste receptor cells. Foliate 
papillae are present on the sides 
of the tongue and have hundreds 
of taste buds while the fungiform 
papillae are scattered on the 
anterior two-thirds of tongue 
and each contain 1-2 taste buds. 
Taste cells from each papilla 
type have unique characteristics, 
including their relative sensitivity 
to different taste qualities as well 
as their innervation by cranial 
nerves. Taste cells detect a wide 
assortment of chemically diverse 
stimuli that are grouped into the 
following taste qualities: salty, 
sour, sweet, bitter and umami 
(the detection of amino acids, 
primarily glutamate). 

Since the chemical structures 
of taste qualities are diverse, 
numerous signaling mechanisms 
are used by taste cells to detect 
these stimuli. Based on the 
chemical structure of the stimuli, 
taste qualities can be divided 
into the two broad categories: 
ionic and complex. Ionic stimuli 
comprise sour and salty taste 

qualities which involve the 
detection of hydrogen or sodium 
ions (H+ and Na+) respectively. 

These ions interact directly with 
apically located ion channels to 
cause cell depolarisation which 
generates a response. Complex 
taste includes bitter, sweet and 
umami stimuli which are too 
chemically complex to interact 
effectively with ion channels 
and instead initiate a second 
messenger signalling pathway to 
produce a cellular response. 

When either salty or sour stimuli 
bind to the ion channels, they 
open and ions enter the cell. This 
cell depolarisation generates an 
action potential which activates 
voltage-gated calcium channels 
(VGCCs) to generate a calcium 
influx. This calcium influx causes 
release of neurotransmitter 
through a conventional chemical 
synapse, similar to most neurons. 
Bitter, sweet and umami stimuli 
activate apically located G-protein 
coupled receptors (GPCRs) to 
cause a response. 

Interestingly, the taste cells 
that detect these stimuli lack 
conventional synapses and rely 
on the opening of a Calhm1 
[calcium homeostasis modulator] 
hemichannel to release ATP 
as a neurotransmitter. Thus, 
taste buds comprise at least 

two functionally discrete 
populations of taste cells that use 
completely distinct transduction 
mechanisms to communicate 
taste information to the nervous 
system. We recently reported that 
the transduction pathway used to 
transmit bitter, sweet and umami 
stimuli is more complex than 
previously thought.

The current understanding of 
the transduction of bitter, sweet 
and umami taste is that they 
bind to and activate apically 
located GPCRs on the taste cells. 
When ligand binds, the taste 
GPCRs activate a heterotrimeric 
G-protein. The subunits of 
this G protein then activate a 
phospholipase C (PLC) signalling 
pathway which produces 
inositol trisphosphate (IP3) and 
diacylglycerol. The IP3 binds to an 
IP3 receptor on the endoplasmic 
reticulum and causes calcium 
release from internal stores. 
This elevated intracellular 
calcium activates Transient 
Receptor Potential Melastatin 
5 (TRPM5) which opens to 
depolarize the cell. As a result 
of the increased intracellular 
calcium and cell depolarisation, 
a Calhm1 hemichannel opens 
and releases ATP which acts as a 
neurotransmitter to stimulate the 
afferent gustatory neurons.  

Disruption of this signalling 
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pathway impairs the ability to 
detect any of these taste stimuli 
and the current dogma in the 
field is that all bitter, sweet 
and umami stimuli use this 
signalling pathway to transmit 
signals to the brain. Therefore 
if any member of this signalling 
pathway is non-functional, the 
taste cells should not be able to 
transmit any of these signals. 

However, multiple studies from 
other labs have reported that the 
loss of TRPM5 caused a reduced, 
but not abolished ability to detect 
bitter, sweet and umami stimuli. 
We hypothesised that there are 
likely other signalling proteins 
contributing to the cellular 
responses of these stimuli.

TRPM5 belongs to the Transient 
Receptor Potential (TRP) family 
which is a large group of channels 
that have a myriad of roles 
within the nervous system, 
many of which are involved in 
transmitting sensory information 
to the brain. Almost all TRP 
channels are non-selective cation 
channels so when they open, both 
sodium and calcium enter the 
neuron to cause depolarisation. 
TRPM5 is a notable exception, 
as it is monovalent selective, 
so when it opens, only sodium 
enters the cell. While the 
functional significance of having 
a monovalent selective channel 
in taste cells is not clear, this 
unique characteristic of TRPM5 
led us to hypothesise that if 
another channel is involved in 
transducing these stimuli, it will 
likely have similar characteristics. 
There is one other closely 
related TRP channel that is also 
monovalent selective called 
TRPM4. Therefore, we investigated 

the potential role of TRPM4 in 
taste transduction.

We found that TRPM4 is 
widely expressed in taste cells 
where it has a pivotal role 
in the transduction of bitter, 
sweet and umami taste. Our 
physiological data reveal that 
both TRPM4 and TRPM5 make 
significant contributions to 
taste transduction and appear 
to work together in taste cells 
to generate the depolarisation 
that is required to activate the 
Calhm1 channel to release ATP. 
Behavioural assays reveal that 
loss of either TRPM4 or TRPM5 
significantly impair the ability of 
mice to detect bitter, sweet and 
umami stimuli. The loss of both 
of these channels renders them 
unable to detect any of these 
stimuli, either behaviourally or 
at the cellular level. Thus we 
conclude both TRPM4 and TRPM5 
are required for normal taste 
responses to bitter, sweet and 
umami stimuli. This also explains 
why earlier studies did not 
measure a complete loss of these 
tastes when only TRPM5 was 
nonfunctional.

So why does this matter? In 
addition to the signals that the 
taste system sends to the brain to 
determine if a potential food item 
should be consumed or rejected, 
it also sends projections to the 
reward centres in the brain and 
helps contribute to the regulation 
of appetite and satiety. If the 
taste system is not functioning 
correctly, the signals that are sent 
to brain are disrupted. A loss of a 
functioning taste system can lead 
to a loss of appetite which will 
ultimately cause malnutrition. 
This is particularly relevant 

for elderly people as our sense 
of taste diminishes with age. 
Malnutrition can be a significant 
problem as taste loss progresses 
because people are not motivated 
to eat. People undergoing 
chemotherapy are also vulnerable 
to disrupted taste function as 
many chemotherapeutics will 
kill taste cells in addition to the 
cancer cells. The loss of taste cells 
results in a loss of appetite.

Conversely, we reported that 
taste cell signalling in obese 
mice is diminished compared 
their lean counterparts and 
multiple studies have shown 
that the hormones which 
regulate appetite can also affect 
taste function. While the data 
is conflicting in humans, some 
studies have reported that obese 
individuals are less sensitive to 
sweet or umami stimuli but have 
an increased preference for these 
tastes compared to non-obese 
humans. Taken together, these 
data suggest that dysfunctional 
taste signalling can contribute to 
overeating. Thus, it is important 
to understand how the taste 
system normally functions in 
order to identify ways to repair 
it when it is not functioning 
properly. n

FIND OUT MORE 

Kathryn Medler, PhD.
Associate Professor
Dept. Of Biological Sciences
Buffalo, NY 14260
kmedler@buffalo.edu
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Zinc is required for healthy 
immune systems, which 

is why some companies sell 
zinc lozenges to use at the first 
sign of a cold.  This mineral is 
readily available at the butcher 
shop where red meat, poultry, 

and seafood all contain natural 
sources of zinc. In countries 
that fortify flour with zinc, the 
nutrient is on the grocery shelf 
as part of the bread and baked 
goods.

Unfortunately, the human body 
has no mechanism to store zinc, 
so people need a daily supply. 
Consequently, 34 countries 
include zinc in their standards 
for wheat flour, maize flour, and/
or rice fortification, according to 
the US Food Fortification Initiative 
(FFI). None of these 34 countries 
is in Europe, which some say 
represents a missed opportunity.

Fortification “contributes to 
feeding the world and making 
it a better place” which may 
sound clichéd, however, I really 
believe that all around the world, 
agribusiness participants – from 
farmers to food manufacturers 
– have that ethos,” said Greg 
Harvey (left), chairman of the FFI 
Executive Management Team.

In the 51 countries of the World 
Health Organization’s (WHO) 
European Region, the percentage 
of the population at risk of 
inadequate zinc intake ranges 

from 3.1% in Iceland to 23.6% 
in Georgia, according to a paper 
published in 2012.

Severe zinc deficiency is rare, 
however, according to the WHO, 
but “mild to moderate zinc 
deficiency is quite common 
throughout the world.” The 
WHO estimates that “worldwide, 
zinc deficiency is responsible 
for approximately 16% of lower 
respiratory tract infections, 18% 
of malaria and 10% of diarrhoeal 
disease.”

Infants and children need zinc 
for normal growth with those 
who are too short for their age 
being considered as stunted. As 
they grow into adults, they often 
remain shorter than their peers 
which in turn can limit their work 
productivity. Pregnant women 
who are stunted in this way have 
been shown to have difficult 
deliveries. Zinc is also needed  
for developing the connection 
between the nervous system and 
behavior.

By way of example, eating a 
hamburger made with 100 grams 
of lean ground beef provides 
6.37 mg of zinc, according to the 

Finding zinc  
in the bakery

Greg Harvey
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US Department of Agriculture. 
For some people that would 
be enough zinc for the day, but 
people who choose not to eat 
meat or who cannot afford to buy 
meat need another source of this 
essential mineral.

The European Food Safety 
Authority (EFSA) defines the 
average daily requirement of zinc 
based on a person’s body weight 
and level of phytate intake. The 
lowest average daily requirement 
– 6.2 mg – is for people who 
consume 300 mg of phytates a 
day and weigh 58.6 Kg. EFSA’s 
highest level was for people who 
eat 1,200 mg of phytates and 
weigh 68.1 Kg - they need 12.7 mg 
of zinc daily.

Phytate intake is relevant 
because phytates in plant-based 
foods inhibit the body’s ability 
to absorb zinc. High extraction 
flour, meaning wholemeal 
flour with an extraction rate of 
80% or more, retains more of 
wheat’s natural fibre and phytate 
content than low extraction 
flour. Consequently, the WHO 
recommended levels of zinc for 
high extraction wheat flour, range 
from 70 to 100 parts zinc per 
million parts flour.

Finding zinc  
in the bakery

Severe zinc deficiency is rare, however, 
according to the WHO, but “mild to 
moderate zinc deficiency is quite common 
throughout the world.” 
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FROM ACROSS THE POND

For low extraction wheat flour, 
the WHO recommends a range 
of 30 to 95 parts zinc per million 
and for maize flour 40 to 100 parts 
per million.  The recommended 
amount of zinc to add to flour is 
lower for countries where a high 
volume of wheat-based foods is 
consumed; the recommended 
zinc levels are higher where flour 
consumption is low.

Fortifying with zinc has improved 
people’s zinc status around the 
world. In Cameroon, researchers 
evaluated people’s nutritional 
status two years before and 
one year after wheat flour 
fortification was implemented. 
After fortification, they found 
improvements in iron, zinc, 
folate, and vitamin B12 status 
among women and children in 
urban areas, according to a study 
recently published in The Journal 
of Nutrition. The prevalence of 
maternal anaemia in this study 
was also found to be significantly 
lower.

In Fiji, a national mandate 
requires flour to be fortified with 

zinc, iron, and folic acid, niacin, 
riboflavin, and thiamin. A report 
from the National Food and 
Nutrition Centre in Fiji indicates 
that before fortification 39% of 
women of child-bearing age had 
zinc deficiency. After fortification 
was initiated, this deficiency was 
reduced to zero!

In China, meanwhile, a three-
year project on 7,450 rural adult 
women demonstrated that 
fortifying wheat flour with zinc 
increased levels of zinc in their 
blood. In the project, researchers 
provided fortified flour to 4,700 
of the women and unfortified 
flour to 2,750. The fortified flour 
included zinc as well as iron, 
vitamin A, and the B vitamins 
folic acid, thiamine, riboflavin, 
and niacin. After the project was 
initiated blood samples were 
taken annually. Women who 
received fortified flour  
had increased amounts of  
zinc in their blood samples  
each year, while the women  
who received unfortified flour 
showed no change in their blood 
zinc levels.

The Cameroon and Fiji national 
programmes in addition to the 
China research project used 
zinc oxide for fortification. 
A spokesperson from the 
Flour Fortification division of 
a global flour company, said 
that this is the most common 
zinc compound used for flour 
fortification because it has 
the highest zinc content of all 
compounds and is usually the 
lowest price. Zinc sulphate, which 
is water soluble, is sometimes 
used in cereal formulations.

The China research project and 
the Fiji national programmes 
both used 25 parts zinc per 
million parts flour, which equates 
to 25 mg zinc per Kg flour, 
slightly lower than the WHO 
recommendations for fortifying 
wheat flour with zinc. Conversely, 
the Cameroon standard calls for a 
much higher concentration at 95 
mg of zinc per million parts flour.

In Africa, a study of fortification’s 
effect on food’s sensory 
properties used wheat flour that 
was fortified with zinc at 55 parts 

Estimations of average requirements and population reference intakes for zinc according to phytate intake and body weight

Level of phytate intake 
(mg/day)

Body weight (kg) Average Requirement (mg/
day)

Population Reference Intake 
(mg/day) (a)

300 58.5 (b) 6.2 7.5

68.1 (c) 7.5 9.4

600 58.5 (b) 7.6 9.3

68.1 (c) 9.3 11.7

900 58.5 (b) 8.9 11.0

68.1 (c) 11.0 14.0

1200 58.5 (b) 10.2 16.3

68.1 (c) 12.7 16.3

Source: ©EFSA 2014, Journal 2014;12(10):3844 CC BY-ND 4.0

(a): Dietary zinc intake of subjects with a body weight at the 97.5th percentile of the reference body weights (i.e. 79.4 kg for men and 68.1 kg for women).

(b): Median body weight of 18- to 79-year-old women based on measured body heights of 19 969 women in 13 European Union Member States and assuming a body mass index 
of 22 kg/m2 (see Appendix 11 in EFSA NDA Panel (2013)). At this body weight, the physiological zinc requirement is 2.9 mg/day. 

(c): Median body weight of 18- to 79-year-old men based on measured body heights of 16 500 men in 13 European Union Member States and assuming a body mass index of 22 
kg/m2 (see Appendix 11 in EFSA NDA Panel (2013)). At this body weight, the physiological zinc requirement is 3.2 mg/day.
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per million; maize flour was 
fortified with zinc at 30 parts per 
million. Researchers reported 
that fortification did not lead to 
changes in baking or cooking 
properties with another study in 
Senegal showing that fortifying 
flour with zinc had no adverse 
effect on bread made from the 
flour. A similar study in Asia 
used wheat flour that had been 
fortified with zinc at 55 parts 
per million. It showed minimal 
differences in processing and 
organoleptic qualities between 
fortified and unfortified products, 
with all differences being 
acceptable.

The spokesperson at the global 
flour company said they had 
also studied the rheological 
properties of fortified wheat flour 
with results showing that no 

differences were evident when 
flour was fortified with zinc oxide 
up to 60 parts per million. Slight 
visual effects were noted at 80 
parts per million. Strong effects 
were noted at 120 parts per 
million, which is higher than any 
of the WHO recommendations for 
wheat or maize flour.

Where more than 25 percent 
of the population is at risk of 
inadequate zinc intake, it is 
considered an elevated public 
health concern. However, no 
country in WHO’s European 
region reaches that level, 
although in Moldova, Turkey, 
Azerbaijan, and Georgia, 20% or 
more of the population is at risk.

The two nutrients most 
commonly used in flour 
fortification are iron and folic 

acid. Iron helps prevent the 
debilitating fatigue of iron 
deficiency anaemia, and folic 
acid helps prevent devastating 
birth defects of the brain and 
spine. Countries that implement 
a fortification programme that 
include zinc as well as iron and 
folic acid are taking advantage 
of a single strategy to address 
multiple health concerns. n

FIND OUT MORE 

Further information: 
www.FFInetwork.org

References:
https://www.sciencedirect.com/science/article/pii/S0946672X14001655?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/29327163

Phytate
Phytate is technically myo-inositol hexaphosphate, also known as phytic acid. Seeds use phytates to store phosphorus. 
In human consumption, phytates bind with minerals such as iron and zinc and inhibit the body’s ability to absorb these 
nutrients. Phytates are in the outer layers of wheat germ; consequently, the milling process removes most phytates in 
highly refined white flour. On the other hand, whole-meal flour retains more of wheat’s natural phytate content thus 
requires higher amounts of zinc to have a health impact. Sodium iron EDTA, a highly bioavailable iron compound, is the 
only form of iron that WHO recommends for high extraction wheat flour.

Women from Naviyago Village in Fiji
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Stabilisers are not well 
defined as a categorised 

group of ingredients. In order to 
understand stabilisers, we need to 
understand instability1: what kind 
of instability, the stage in which it 
occurs and the (potential) cause 
of instability. 

Generally it is considered 
that stabilisers are capable of 
interacting with water (moisture). 
Some stabilisers are also able to 
interact with proteins and lipids 
that are in the formulation2. It 
is common sense to consider 
all different states where the 

tendency to degrade is high and, 
therefore, require stabilisation.

Depending on the design of 
the production process, we can 
identify roughly the subsequent 
stages in which a demand for 
stabilisation is in:

Stabilisation  
in industrial baking
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• Ingredient preparation
• Emulsifier preparation/Gel 

cooking
• Mixing/Foaming
• (Proving)
• Baking
• Depanning
• Cooling

• Packaging/shelf life 

NATURALLY PRESENT 
OPPORTUNITIES TO STABILISE
Generally speaking, pound cakes 
have four equal parts of flour, 
sugar, eggs and butter whereas 
foam based products start from 
1/3  flour, sugar and egg. 

If you are using a ‘blank page’ 
for manufacturing your cake 
and you are considering utilising 
contemporary ideas such as clean 
label, small ingredient lists with 
traditional formulations (e.g. 
grandma’s cakes); it is recommended 
that you use the full working 
capacity of basic ingredients.

Stabilisation  
in industrial baking

“The strength of adhesion 
being partly determined by 
the quantities of fat, sugars, 
emulsifier and hydrocolloids 
utilised.”

Spring 2018 BAKINGEUROPE 
www.bakingeurope.eu

Jos Vast

Baking-Academy.indd   35 09/03/2018   13:58

http://www.bakingeurope.eu


36

BAKINGEUROPE Spring 2018 
www.bakingeurope.eu

INGREDIENTS
STABILISATION IN INDUSTRIAL BAKING

In addition to meringues and 
macaron de Paris, Genoise, 
chiffon, angel and sponge cakes 
are all good examples of utilising 
proteins by the foaming method. 
Agitation, of course, stimulates 
the egg proteins to create a 
foam structure. However, fat 
has a destabilising effect on an 
egg white structure, so it is vital 
to add fat to the formulation 
correctly in order to guarantee 
stabilisation of the foam 
structure. 

When introducing soy or milk 
proteins, emulsification, foaming 
and droplet distribution can be 
influenced in a positive3 way, 
requiring fewer emulsifiers for 
stabilisation.

When proteins, hydrocolloids 
and fat require solubilising, 
emulsifiers or enzymes can 
be employed to facilitate the 
process. An example of this is 
phospholipase which facilitates 

emulsification and aeration 
with egg lecithin as a substrate. 
Allowing for the reduction of 
either egg or emulsifiers in a cake, 
in occasionally but effectively 
facilitates the production of 
foamed cakes without emulsifiers 
when this process is employed4. 
An additional benefit is that it 
also has a tenderising effect , 
in the same way as do amylase 
enzymes, which come in 
various forms: bacterial alfa, 
maltogenic and amylomaltase) 
but with a different substrate 
and activity, namely influencing 
starch retrogradation until 
modification of amylopectin to 
create a different starch gel and 
mouthfeel. 

Phospholipase improves the 
efficiency of egg lecithin thereby 
reducing the required quantities 
of either egg or emulsifiers.

Of course, not every cake factory 
is able to use methods such as 

continuous aeration with pre and 
assembly mixers or a multistage 
planetary batch mixing procedure 
owing to cost and/or timing. The 
positive effects of proteins and 
enzymes can also help to improve 
shelf-life stability whilst reducing 
the need for emulsifiers. It is 
worth noting at this juncture that 
certain consumer groups and 
retailers do not approve the use  
of enzymes.

A close companion to all cakes 
and foamed products is the need 
for an effective release system 
from their baking (conveyor) belt, 
mould or tray.  Since the structure 
of a bakery item is still setting 
for a short time after leaving 
the oven, it is very fragile and 
under close observation, as most 
bakers will of course be aware, 
will shrink a little during cooling 
thereby assisting its release 
from its carrier.  This shrinkage 
usually ceases at between 75˚ 
and 80˚C, with the strength of 

“By influencing both temperature and 
viscosity (cold and peak), the process of 
gelatinisation of certain flours and starches 
can mimic partially the properties of 
hydrocolloids in cold and warm gelling, 
volume increase and an improvement in 
shelf-life.”
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adhesion being partly determined 
by the quantities of fat, sugars, 
emulsifier and hydrocolloids 
utilised.

As the cooling process continues, 
it is necessary for the structure of 
the cake/bakery item to retain its  
strength and be stable enough to 
be transported during this process 
and on to the packaging and, 
in some cases, other handling 
processes such as injecting, 
coating, sandwiching, etc. The 
type of proteins, their interaction 
with the starch gel(atinisation) 
defines the final outlook for the 
stability of the structure5. 

When reviewing the options for 
influencing the structure, texture 
and retrogradation of a cake, it 
is interesting to note that wheat 
has two different sizes of starch 
kernel; the smaller being said to 
work well in enhancing structure, 
stability of foams and moisture 
retention6.

Using this functionality, 
amongst others, in wind-sifted 
and/or pregelled flours and 
modified starches, the use of 
hydrocolloids can become surplus 
to requirements. By influencing 
both temperature and viscosity 
(cold and peak), the process of 
gelatinisation of certain flours 
and starches can mimic partially 
the properties of hydrocolloids in 
cold and warm gelling, volume 
increase and an improvement7, 8 
in shelf-life. 

Similarly, inulin, with a high 
degree of polymerisation, has 
the tendency to form gel-like 
structures, which are somewhat 
pseudoplastic, although not 
to the extent of a hydrocolloid 
such as xanthan gum9. It has 
recently been discovered that 
other fibres whether soluble (low, 
medium and high viscosity) or 
insoluble, have shown to play 
a part in “cleaning the label”, 
most predominantly to prevent 

texture deterioration, syneresis, 
an increase in volume and eating 
quality (light and airy)10.

When examining the more 
challenging problems that occur 
after the baking of a cake or 
muffin for example, such as 
binding or too high a density, it 
can be noted that the product 
structure can be improved 
by insoluble fibres, whereas 
mouthfeel is improved by  
soluble fibres.

THE ROADMAP TO 
STABILISATION
Next to foaming as a technique 
to introduce air into the product, 
the method of creaming fat in 
combination with chemical 
leavening is an alternative but 
very capable process. Of course 
the addition of proteins and 
enzymes can be employed, but 
is to a certain extent limited due 
to the speed of mixing and time 
of incubation. Other common, 
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predominantly not clean label 
solutions include:

• Emulsifiers
• Hydrocolloids
• Humectants
 
These ingredients facilitate 
improvement of desired 
functionality within your 
bakery product11. When looking 
to improve shelf-life, it is 
worthwhile mentioning the 
following ingredient groups which 
have a work effectively; although 
not covered within this article:

• Mineral salts
• Acidity regulators
• Preservatives
• Antioxidants 

EMULSIFIERS
Emulsifiers are chemically 
challenging ingredients most 
of which either work or they 
don’t! In essence they regulate 
the distribution of particles, 
homogeneous solutions of water 

in oil or oil in water, aeration/
foaming, creaminess and/or 
tenderness of texture and volume. 
Selecting the right emulsifier 
for the job at hand can mean an 
extensive search although several 
have earned their merits:

Mono & Diglyceride (MDG, E471) is 
used as a cake gel or powder well 
known for its effect on the delay 
of crumb hardening or staling12. 
Once in the right state (‘Alpha’), it 
is also a very good aerator. 

In order to remain in this state, 
it is essential, therefore, to 
utilise other emulsifiers as well 
as antioxidants and ingredients 
for prolonging shelf life or 
dispersability13. Companies using 
either shortening or cake pre-
mixes very often have these 
ingredients already in store to 
enable better processing and 
ensuring functionality.

Emulsifiers not very often 
considered are Sucrose Esters 

(E473). Comparing their use with 
singular MDG(E471), PGE(E475), 
PGMS (E477) and combined MDG/
PGE, delivers results with higher 
volume and a longer, softer 
texture,  whilst also it assists 
in the controlling of sugar (re-)
crystallisation of high ration 
cakes and coatings.

CSL (E481) & SSL (E482) work 
in cakes and batters like egg 
lecithin, creating small cells due 
partly to ionic charging thereby 
creating a product with high 
volume and a fine structure. The 
effect of tunnelling in cakes by 
adding 0.18% or 3% egg yolk is a 
very effective way to overcome 
this14.

The hydrophilic ingredient 
Glycerol or glycerine, when used 
as raw material for the emulsifiers 
PGE and PGMS, aids moisture 
retention and prolongs shelf-life 
of cakes15. If already incorporated 
it is worthwhile investigating the 
effect of reducing the proportion 
of emulsifiers and to change the 
method of aerating the mass in 
order to utilise its emulsifying 
properties. 

HYDROCOLLOID ACTIVITY
When formulating cakes with 
additional ingredients such as 
raisins or chocolate chips, a 
gel-like structure is preferred 
to ensure that the pieces of 
fruit/chocolate etc. are evenly 
distributed, do not sink to the 
bottom and remain more or less 
in place. Further care should 
be exercised to ensure that a 
sufficient level of stabilisation is 
present since the when baking 
due to the changes in viscosity 
of the batter as the temperature 
increases16.
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is also a very good aerator. 

In order to remain in this state, 
it is essential, therefore, to 
utilise other emulsifiers as well 
as antioxidants and ingredients 
for prolonging shelf life or 
dispersability13. Companies using 
either shortening or cake pre-
mixes very often have these 
ingredients already in store to 
enable better processing and 
ensuring functionality.

Emulsifiers not very often 
considered are Sucrose Esters 

(E473). Comparing their use with 
singular MDG(E471), PGE(E475), 
PGMS (E477) and combined MDG/
PGE, delivers results with higher 
volume and a longer, softer 
texture,  whilst also it assists 
in the controlling of sugar (re-)
crystallisation of high ration 
cakes and coatings.

CSL (E481) & SSL (E482) work 
in cakes and batters like egg 
lecithin, creating small cells due 
partly to ionic charging thereby 
creating a product with high 
volume and a fine structure. The 
effect of tunnelling in cakes by 
adding 0.18% or 3% egg yolk is a 
very effective way to overcome 
this14.

The hydrophilic ingredient 
Glycerol or glycerine, when used 
as raw material for the emulsifiers 
PGE and PGMS, aids moisture 
retention and prolongs shelf-life 
of cakes15. If already incorporated 
it is worthwhile investigating the 
effect of reducing the proportion 
of emulsifiers and to change the 
method of aerating the mass in 
order to utilise its emulsifying 
properties. 

HYDROCOLLOID ACTIVITY
When formulating cakes with 
additional ingredients such as 
raisins or chocolate chips, a 
gel-like structure is preferred 
to ensure that the pieces of 
fruit/chocolate etc. are evenly 
distributed, do not sink to the 
bottom and remain more or less 
in place. Further care should 
be exercised to ensure that a 
sufficient level of stabilisation is 
present since the when baking 
due to the changes in viscosity 
of the batter as the temperature 
increases16.
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Where it is necessary to apply 
force to the mixture and therefore 
gel structure, during extruding, 
depositing etc. the mixture 
and, therefore, the gel structure 
needs to be able to withstand 
this pressure and move through 
the process(s) with minimal 
deformation. Hydrocolloids such 
as Xanthan gum17 work effectively 
to create the pseudoplasticity or 
gel state  for this purpose and 
are favoured either solely or in 
combination with the following to 
name but a few18: 

• Gellan Gum
• Gelatin
• Locust Bean gum
• Carrageeenan
• CMC
• Hydroxypropylmethylcelluloses 

Some of these ingredients are 
quite common in industrial 
baking and when looking into 
gluten-free or ancient grain 
baking they are known and 
reported to be suitable for 
supporting the structure of 
the product. That said, their 

effectiveness has led to their 
frequent use in plain cakes and 
products. due to its effect on 
surface activity and the gelling 
functionality, producing an 
increase in volume, tenderised, 
more moist texture and in some 
cases a reducing the required 
quantity of emulsifiers. 

It is quite normal for a 
combination of two or even 
three hydrocolloids to be used in 
combination since they have a 
synergistic effect. The combination 
of guar gum and xanthan gum or 
locust bean gum with xanthan 
gum are quite commonly used 
since a lower dosage of each 
ingredient results in a higher 
functional effect being reached.

When considering release 
issues during depanning, for 
example, where Teflon style or 
silicon coated surfaces were 
used in conjunction with baked 
products made with emulsifiers 
and hydrocolloids, it has been 
reported that in some cases there 
has been an improvement in 

both release properties and an 
endurance of the coating itself19, 20.

As most often structure is still 
setting directly out of the oven, 
the product is still very fragile.  
When carefully observed one 
sees the products shrink a little 
bit while the first cooling down 
to 75-80˚, this assists in parting 
from its carrier. The level of cling, 
partly related to the amounts 
of fat, sugars, emulsifier and 
hydrocolloids which are being 
used are influencing a clean 
release. n
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Research about the health 
effects of nut consumption 

has grown steadily over the past 
few years, suggesting that nut 
consumption may play a key 
role in the prevention of chronic 
diseases, such as diabetes and 
cardiovascular disease (CVD), 
among others.

Nuts are nutrient-dense foods 
with an interesting nutritional 
profile. They contain a wide 
variety of nutrients which are 
critical for their health benefits, 
the most remarkable being 
unsaturated fats (mono and 
polyunsaturated fatty acids), fibre, 
plant sterols, vitamins, minerals, 
arginine, polyphenols and other 
antioxidants.

A healthy dietary pattern that 
includes vegetables, fruits, 
legumes, nuts, whole grains, lean 
protein sources and low-fat dairy 
products is associated with many 
beneficial health effects. 

Two landmark, independent 
studies published in 2013 by 
PREDIMED and Harvard Medical 
School found that including a 
handful of nuts (28-30g) per day 
in the diet was associated with a 

significant reduction in the risk of 
CVD and diabetes1,2. 

More recently, a study published 
in the Journal of the American 
College of Cardiology found that 
people who regularly eat nuts 
had a lower risk of developing 
CVD and coronary heart disease 
(CHD), compared to people who 
never or almost never ate nuts. 
This study is the largest to date 
looking at the frequency of nut 
consumption and CVD3.

The study looked at over 210,000 
people, including women from 
the Nurses’ Health Study and 
Nurses’ Health Study II and men 
from the Health Professionals 
Follow-up Study, with up to 32 
years of follow-up. In total, 14,136 
incident CVD cases, including 
8,390 CHD and 5,910 stroke 
cases were documented. The 
results indicated that regular 
nut consumption was associated 
with a 13-19% lower risk of 
CVD and a 15-23% lower risk of 
CHD, independently from other 
cardiovascular risk, lifestyle and 
dietary factors.

“Our findings support 
recommendations of increasing 

the intake of a variety of nuts, 
as part of healthy dietary 
patterns, to reduce the risk of 
chronic disease in the general 
populations,” said Dr. Marta 
Guasch-Ferre, lead author of 
the study and research fellow 
at the Department of Nutrition 
at Harvard T.H. Chan School of 
Public Health to the American 
College of Cardiology (November 
6, 2017).

Regarding diabetes, a 2014 
systematic review and meta-
analysis study analysed the 
relationship between nut 
intake and incidence of type 2 
diabetes4. Results showed an 
inverse association between nut 
consumption and diabetes after 
adjustment of body mass index. 
Another study published in 2017 
with 1,984 participants found that 
those participants who consumed 
four or more servings/week of 
nuts had a lower risk of type 2 
diabetes mellitus compared with 
participants who consumed less 
than one serving/week5.

But, nuts may not only play 
a role in the prevention of 
cardiovascular events and 
diabetes. Latest findings support 

Nuts about Health, 

Latest Findings
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that nut consumption may help 
prevent other diseases or health 
issues. 

Nut consumption has been 
associated with a reduced  
weight gain. A recent study 
published in the European 
Journal of Nutrition examined the 
association between nut intake 
and changes in body weight 
after five years of follow-up. 
Researchers also estimated the 
risks associated with overweight 
or obesity6. 

In total, 373,293 participants 
were recruited from 10 European 
countries in the frame of 
the European Prospective 
Investigation into Cancer and 
Nutrition (EPIC) study. Body 
weight was measured at the 
beginning of the study and 
after a median follow-up of five 
years, and food consumption 
was assessed by country-specific 
validated food-frequency 
questionnaires. 

The results showed that those 
participants who consumed more 
than one serving per week gained 
less weight than those that rarely 
ate nuts or did not consume 
nuts. On the other hand, the 

Nuts about Health, 

Latest Findings
“The frequency of nut consumption was 
associated with a lower risk of becoming 
overweight or obese.”
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frequency of nut consumption 
was associated with a lower risk 
of becoming overweight or obese. 
Finally, the study concluded that 
a higher nut consumption was 
associated with less weight gain 

after five years and also a lower 
risk of overweight or obesity. 

“This is the largest study ever 
conducted, showing that nuts 
are a non-fattening healthy food” 

said Dr. Joan Sabaté, Professor 
of Nutrition at Loma Linda 
University and Senior Investigator 
of this research.

According to a recent study 
published in the journal BMJ 
Open, nuts may also help 
improve inflammation and 
endothelial function7. Endothelial 
dysfunction is associated with 
the development of CVD and 
precedes the development of 
atherosclerosis. Study results 
are in line with a review 
conducted by the European 
Food Safety Authority in 2011 
which substantiated the health 
claim: “Walnuts contribute to the 
improvement of the elasticity of blood 
vessels”.

The conclusion was clear: 
incorporating nuts into a 
healthy diet may have favorable 
effects in terms of preventing 
or modifying endothelial 
alterations, which are related to 
CVD. n

FIND OUT MORE 

International Nut and Dried Fruit 
Council
marc.centelles@nutfruit.org 
www.nutfruit.org
www.nutfruitcongress.org
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INC members include more than 700 nut and dried fruit sector companies from over 70 countries. INC is the leading 
international organization regarding nuts and dried fruit health, nutrition, statistics, food safety, international 
standards, and regulations.
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Action on Sugar is a charity 
that campaigns for sugar 

reduction through awareness 
raising and putting direct 
pressure on the government and 
food and drink industry to create 
a healthier food environment. 

The importance of reducing 
sugar in food and drink products 
has been at the forefront of the 
UK government’s agenda for 
the past few years. Last year, 
Public Health England (PHE) 
launched a national sugar 
reduction programme, whereby 
UK companies have been asked 
to achieve a 20% sugar reduction 
in the nine food categories which 
contribute the most sugar to 
children’s diets by 2020. PHE has 
also  launched an excess calorie 
reduction programme, alongside 
sugar, early this year– which is a 
great opportunity for companies 
to reduce the energy density of 
their higher calorie products, 
whilst improving the overall 
nutritional density.  

The total level of sugars in bakery 
products can range from about 3% 
in white bread to 40% in fruit cake 
and 45% in iced biscuits. 

The bakery categories included 
within PHE’s sugar reduction 

programme are biscuits, cakes 
and morning goods, such as 
croissants. When reducing 
sugar in food (versus drinks), 
there are technical implications, 
particularly as the sugar 
contributes to the weight of 
the product and, therefore, 
must be replaced with another 
ingredient. It’s important not 
to replace the sugar with a 
more calorific ingredient, such 
as fat (something that will be 
closely monitored by PHE as part 
of their programme, to avoid 
unintended consequences – such 
as producing more calorie-dense 
products). 

Two key functions of sugar in 
bakery products are to provide 
sweetness and bulk. Polyols are 
sometimes used to replace bulk 
and fibre in particular could be 
used where possible since many 
consumers generally are not 
ingesting enough fibre. There is 
a huge opportunity to reduce the 
amount of sugar in some bakery 
products by altering aspects such 
as the fillings, icing and chocolate 
coating.

It is known that current levels 
of sugars in bakery products are 
higher than they need to be to 
perform any specific technical 

function and it has been proven 
to show that it is possible to 
reduce levels of sugar in many 
products by virtue of the fact that 
there is such a large variation in 
the amounts of sugar in like-
for-like products. In addition to 
this, it has been found that the 
sale of bakery items containing 
lower proportions of sugar 
reflects a degree of acceptability 
to consumers. This was reflected 
in some research Action on 
Sugar carried out in 2016 which 
looked at the large variation in 
the amount of sugar in cakes 
from both supermarkets and the 
out-of-home food sector such as 
coffee shops. 
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Of the 67 ‘fruity cakes’ (lemon, 
blueberry and carrot) surveyed, 
Pret a Manger’s Lemon Drizzle 
Slice contained a surprisingly 
large 18 teaspoons of sugar 
(698kcal) per slice, closely 
followed by Starbucks’ Christmas 
Carrot Cake with 15 teaspoons 
of sugar (616kcal) per serving 
and Pret a Manger’s Double 
Berry Muffins with 10 teaspoons 
of sugar (512kcal) per serving 
demonstrating the wide variation 
of calorific content per serving. 

A Caffé Nero Lemon Poppy Seed 
Muffin (8 tsp sugar, 461kcal) 
contains 3 teaspoons less 

sugar than the same choice in 
Starbucks (11 tsp sugar, 470kcal) 
per serving. Across each of the 
three cake varieties supermarket 
products contained a lower 
sugar and calorie count per 
serving, compared to those sold 
in cafes demonstrating that 
manufacturers can make cakes 
with less calories and sugar. 
However, this was partly due to 
smaller portion sizes. 

PHE’s sugar reduction programme 
is applied to products sold by 
retailers and the out of home 
eating sector. Although the 
reformulation of products to 

reduce sugar content is the 
programme’s priority, PHE 
recognises that there are technical 
barriers to such limitation in 
some food categories. 

A further barrier to this reduction 
is to reduce overall levels of 
sweetness of products gradually 
over time, thereby gradually 
reducing consumer’s expectation 
of sweetness and sweet tastes. As 
a result, PHE has encouraged food 
manufactures to employ various 
mechanisms by which they can 
contribute to the reduction of the 
overall sales-weighted average 
amount of sugar in a relevant 
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programme’s priority, PHE 
recognises that there are technical 
barriers to such limitation in 
some food categories. 

A further barrier to this reduction 
is to reduce overall levels of 
sweetness of products gradually 
over time, thereby gradually 
reducing consumer’s expectation 
of sweetness and sweet tastes. As 
a result, PHE has encouraged food 
manufactures to employ various 
mechanisms by which they can 
contribute to the reduction of the 
overall sales-weighted average 
amount of sugar in a relevant 
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food product category. Put simply, 
this is being done by reducing 
portion size or by shifting sales 
through responsible promotions, 
marketing and advertising. This 
is designed to ensure that lower 
sugar biscuits for example are 
purchased more regularly than 
higher sugar biscuits. 

Calorie caps for single servings 
of a product are crucial where 
portion sizes are unacceptably 

high. No new products should 
be brought on to the market that 
exceed the 20% below market 
baseline target. (Public Health 
England (2017). Sugar reduction: 
Achieving the 20%) In addition, 
hybrid front-of-pack colour coded 
labelling should be adopted by 
all retailers and manufacturers, 
including the out of home sector, 
so consumers may easily choose 
lower sugar and calorie baking 
products.

As well as being possible via 
various mechanisms, sugar 
reduction is absolutely necessary 
since on average consumers are 
exceeding the recommendation 
of maximum sugar intake by 
a factor of 2 in adults and 3 in 
children. It is recommended that 
we consume no more than 5% of 
our daily energy in the form of 
‘free sugars’ which are all sugars 
(including those in the form of 
honey and syrups) except those 
found in whole fruit, vegetables 
and milk-based products. 

We currently consume 2 – 3  
times more free sugars 
than recommended and a 
comprehensive review of the 
evidence shows that excess sugar 
consumption is associated with a 
greater risk of tooth decay (which 
will not come as a surprise of 
course) and in particular, sugar-
sweetened beverages (SSB) results 
in greater weight gain in children 
and adolescents compared to low 
calorie drinks in addition being 
associated with type 2 diabetes. n

FIND OUT MORE 

Twitter @actiononsugar
www.actiononsugar.org

Note:
Sugars throughout this document refer to free sugars. Free sugars are those added to food or those naturally present in 
honey, syrups and unsweetened fruit juices, but exclude lactose in milk and milk products.
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Eat breakfast like a king, lunch like a prince, and dinner like a pauper. – Adelle Davis

Possibly the most famous 
nutritionist of the early to 

mid-20th century, Davis was born 
on February 25 1904 in Indiana, 
USA. Motivated by social concerns 
about nutrition, and believing 
that many dietary problems arose 
because most doctors were not 
well informed about nutrition, 
she wrote several best-selling 
books advocating whole grains 
and breads, fresh vegetables, 
limits on sugar, the use of 
nutritious ingredients in cooking, 
and the avoidance of packaged 
and processed foods. She also 
criticised the food industry of 
the time for helping promote bad 
eating habits with misleading 
advertising. However, when Davis 
ventured beyond healthy recipes 
into the science of nutrition, 
such as when she explored the 
role of vitamin supplements or 
potassium chloride, she became 
the subject of justifi able medical 
criticism. Nevertheless, her clear 
appreciation of the role of diet in 
maintaining good health, relevant 

and fascinating though it may be, 
is by way of introduction to – and 
not distraction from – the subject 
of this issue’s Food for Thought! 

A brief tour of European 
breakfast tables makes very 
clear the fundamental place 
of carbohydrates. French petit 
dejeuner has its pain – au 
chocolat, aux raisins, or suisse (or 
indeed its brioche); and, of course 
the chef d’oeuvre that is the 
croissant; the German frühstück 
traditionally includes bread, toast, 
and rolls, while Spanish desayuno 
often features a sweet roll or 
magdalenas, lemon-fl avoured 
cupcakes; or sugary churros. 
In Bulgaria, закуска (zakuska) 
is sandwiches with eggs and 
white cheese or minced meat, 
while Romanian mic dejun often 
features friganele – sweet eggy 
breakfast Bread. With tosti in 
Holland; cepelinai in Lithuania; 
fette biscottate in Italy (often 
followed up with a tramezzino), 
or Swedish knäckebröd, it is clear 

that many Europeans wake up 
needing a carbohydrate fi x before 
getting to grips with the day. Was 
it always so?

Only a decade or so ago, we 
learned that Man may have 
been eating starchy, cereal-
based food as long as 105,000 
years ago – therefore making 
it a relatively recent dietary 
development. Whether you 
take the fi rst properly bipedal 
Sahelanthropus (7 million 
years ago) or the comparatively 
modern Ardipithecus (a mere 
6 million years ago) to be our 
earliest direct ancestor; or, for 
that matter, any of a number 
of other potential candidates, 
it is clear that for a very large 
part of our history, we do not 
appear to have based our diet 
upon grains. But, leaving aside 
for another time the fascinating 
subject of when our nutritional 
requirements were established, 
one thing seems incontrovertible: 
today’s diet is clearly implicated 

Morning Goods
By Michael Edmund
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in the pathology of obesity, 
cardiovascular disease and 
diabetes. Not only does this 
unholy triumvirate threaten 
our health, but it also places 
an increasing burden on our 
economies as they struggle with 
the associated costs. Meanwhile, 
concepts like the palaeo diet, 
the Banting diet, vegetarianism 
and a host of commercial 
concerns conspire to confuse 
us – even, perhaps even to the 
extent of putting us off breakfast 
altogether.  Even if it is a full 
English, with fried bread, bacon, 
eggs, sausages, mushrooms…

Equally undeniable is that a 
good breakfast (whatever “good” 
really means – and whenever it 
is eaten) represents an important 
component of a good diet – and 
therefore of good health. Ignoring 
the superficially attractive claims 
about providing the body with the 
fuel it needs to get through the 
day, it is self-evident that upon 
waking, most us will not have 
eaten for several hours; and that 
the complicated balance between 
hunger-promoting hormones 
and hunger-suppressing ones 
will probably have been tipped 
in favour of grabbing the quick 
fix offered by carbohydrates; 

and this pressure is only likely 
to be stronger in a money-rich, 
time poor, 24/7 internet-enabled 
commuter lifestyle.  Another 
important consequence of 
that lifestyle is the significant 
numbers of people today who 
do not follow traditional sleep 
patterns because of shift working. 
“Breakfast” for such people 
may be at noon; or at six in the 
evening – and disruption of 
biological rhythms is also known 
profoundly to influence the risk 
of developing obesity and type 
2 diabetes mellitus. Elsewhere, 
subjects in one study, consuming 
fat-rich or carbohydrate-rich 
breakfasts, each with either high 
or low fibre content, reported 
that the high-fibre, carbohydrate-
rich breakfast was both the least 
palatable and the most filling; 
it was also associated with less 
food intake and with greater 
alertness during the morning and 
at lunch. Conversely, as long ago 
as 1863, an English undertaker 
by the name of William Banting 
wrote a booklet called “Letter on 
Corpulence, Addressed to the 
Public”, in which he described the 
dietary change which helped him 
lose a great deal of weight, and 
which remains the cornerstone of 
many modern low carbohydrate 

diets; and of the lifestyle 
advocated by Professor Noakes. 
He challenges prevailing  
thinking on carbohydrates, just  
as Davis did. 

So have we gone around in 
gastronomic circles, only to 
end up with the unremarkable 
conclusions that the modern 
western diet is not entirely 
healthy; and that the subject 
is very complicated? Just as a 
good breakfast can start the day 
well, I contend that discussing 
our modern love affair with 
carbohydrates for breakfast can 
serve as a starting point for better 
understanding and improved 
health. Goodness knows, we 
need both: and today, the 
Bakery Industry, far from being 
a potential target for consumer 
anger, can be fundamental to 
informing, not confusing, him. 
It arguably has a moral, if not an 
economic, imperative to expand 
that role, but to do so, we might 
all need to follow more closely 
Davis’ advice about breakfast; 
and maybe also that of Konrad 
Lorenz, who maintained that “It 
is a good morning exercise for 
a research scientist to discard a 
pet hypothesis every day before 
breakfast. It keeps him young.” n
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