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7FOREWORD

Welcome
to the spring 2017 issue of Baking Europe!

Now that spring is finally 
here it is usual for most 

New Year’s resolutions to have 
been abandoned or forgotten. 
However, it poses the question 
“how many people have given up 
their [lifestyle] gluten-free (GF) 
devotion along with their gym 
membership by now?” My guess 
is that possibly not nearly as 
many. As I write this foreword at 
the Campden BRI’s annual, Gluten 
Free conference, it has become 
evident that the GF global market 
is stronger than ever which, 
coincidentally, is the main  
theme of the spring issue of 
Baking Europe.

In addition to this, with spring 
well and truly here and Easter 
just around the corner, we 
have two sections dealing with 
diametrically opposing human 
desires – cleaning and chocolate 
respectively!

Spring is the tradition time 
for ‘cleaning’, of course, so we 
continue our theme of hygiene 

in the bakery against a backdrop 
of a raft of recent prosecutions 
of bakeries for hygiene issues 
with a short sharp reminder 
of a company’s responsibilities 
from the Chartered Institute of 
Health. On a lighter note, this is 
tempered by a fascinating report 
from Fraunhofer i.v.v. on a very 
recently announced and soon to 
be demonstrated automated self-
learning, self-cleaning system! Is 
this the start of a cleaning utopia?

And the second section – 
Chocolate! Ah! We all love it; 
don’t we? Researchers at Ghent 
University are excited with 
their development of chocolate 
products that are suitable for hot 
climates in that they avoid sugar 
and fat bloom – and just in time 
for Easter? Bring it on!

Elsewhere in the issue our 
Cutting-Edge section may be 
of particular interest with an 
article from VTT in Finland on 
the results of a project looking at 
extracting food colouring from 

autumn leaves. Together with 
new developments in vacuum 
cooling, waste and energy saving 
through to new technology for 
more reliable non-stick baking 
surfaces, never mind Christmas 
that has just past, his is a 
veritable feast to tuck into.

Finally, I couldn’t finish this 
foreword without mentioning 
the B word (Brexit) again as the 
UK prime minister Teresa May, 
with pen poised and ready to 
sign article 50, has bakers across 
Europe and the UK (Note I have 
inadvertently started to separate 
them already) contemplating the 
fate of their EU workers, both 
present and future. Could the 
final article, therefore, represent 
the solution? Leeds University 
writes about the benefits of 
employing disabled workers and 
suggests that employers could 
actually gain as a result! 

Graham Pendred 
Publisher
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8 INGREDIENTS
YEAST

Flour, water, salt, yeast and 
a precise kneading machine: 
a test dough is prepared in 
the VH Berlin yeast lab and 
characteristic yeast smells 
fill the air. This versatile 
microorganism is the focus 
of the applied research of 
the Versuchsanstalt der 
Hefeindustrie e.V. (VH Berlin 
Institute), which moved to the 
science town complex Berlin – 
Adlershof, in the beginning  
of 2016. 

Baking industry producers know 
compressed commercial Baker’s 
yeast (CY) as beige blocks or 
granulated pellets; or they use 
liquid yeast cream as a bulk 
process aid, provided by the 
temperature-controlled truck load 
to their site. 

Active dry yeast (ADY), to be 
re-suspended or Instant Active 
Dry Yeast (IADY), for direct 
application to flour, are used for 
dough leavening, raising for pizza, 

tortilla or other high throughput 
manufacturing and limited cold 
storage capacity. 

What are the objectives of the VH 
Berlin Institute in this regard?

“The VH Berlin provides quality 
analysis services, information on 
advances in yeast technology and 
applied research on yeast and 
yeast-derived products”, according 
to Dr. Michael Quantz, VH Berlin, 
General Manager, VH portfolio.

The baker’s yeast
Baker’s special leavening agent and applied research target

of VH Berlin Research Institute for Baker’s yeast 
 
By Dr. Michael Quantz, GM & LH VH Berlin, Germany 

Fig.1a: A pure yeast baker’s yeast 
strain slant from the VH Berlin 
research strain collection

Fig 1b: Loading yeast dough to  
an SJA Fermentograph

BAKINGEUROPE Spring 2017 
www.bakingeurope.eu
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ACTUAL YEAST QUALITY AND 
PERFORMANCE DETERMINATION 
METHODS
The VH processes about 400 
yeast samples from all over the 
world per year, analysing them 
according an accredited set of VH 
standard SOPs, as well as to the 
COFALEC “General characteristics 
of (fresh/dry) baker’s yeast” 
requirements /2/. The big five of 
baker’s yeast constitution and 
performance analyses are:

• “Yeast dry mass” or substance 
(YDS), as total solids TS [%] ~ 
(100 – moisture [%]) share in 
the confectioned yeast 

• Yeast “raw protein (RP)” on 
total solids [% of TS], indicating 
the enzymes necessary for the 
raising power

• “pH-Value”, as a indication of 
vitality status of the yeast

• “plasticity/texture” (for 
compressed yeast) punch 
penetration shear force/work 
[Nmm], as an indication of 
the metabolic changes (intra/
extracellular water) in the 

yeast
• “raising power” as [ml CO2/2h], 

proofing a standard lean dough 
and a + 15% sucrose (“sugar 
dough”) test system at 30°C. 
This test can be repeated either 
after the yeast shelf-life date, 
stored in the fridge or within 
one week, after stress storage 
at an elevated temperature of 
25°C. The ratio of this storage 
to fresh values for the raising 
power expresses the “raising 
power stability“ [%]. 

Table 1 shows the yeast SOP 
quality analysis key figures of 
fresh yeast and the measurement 
uncertainties for the “big five” and 
contaminants analysis:

The yeast dough quality and 
performance analysis in bakeries 
follows a batch, semi-quantitative 
and more descriptive approach 
(e.g. rapid mixing test [RM]) /3/. 
Precise at line - measures and 
analysis are needed to evaluate 
the quality and performance 
of yeast-leavened dough and 

baked goods in industrial baking. 
That is the reason why the VH 
Berlin undertakes methods and 
equipment development projects 
with baking industry or training 
partners, like the Institute for 
Cereal Process Technology (IGV 
Potsdam-Rehbrücke) and others.  

The VH Berlin hosts an annual 
international yeast conference 
(e.g. “30 VHYC 2017”) on advances 
in applied research and yeast 
technology, providing detailed 
information from collaborative 
studies with partners, universities 
and companies. One objective of 
this meeting is to provide cross-
industry transfer of  
process solutions or concepts 
for the biomass fermentation 
industry. 

The VH Berlin applied research 
projects deal with production 
issues to achieve sustainable and 
efficient yeast production, as well 
as development of methods for 
the yeast; the living, protein-rich 
organism. Substrates from food 

Table 1: VH yeast SOP quality analysis key figures and measurement uncertainties (mu)

VH Berlin e.V. Research Institute for Baker’s 
yeast SOP quality key figures:

Internal 
reproducibility

Standard 
deviation

measurement 
uncertainty 

(at 95 % probability)

Parameter [Dimension] R [Dim] sD [Dim] MU ± [Dim]

Yeast lab

H01   Yeast dry mass [% TS] 0.14 0.13 ± 0.14

H02  raw protein (6.25 * TKN) [% 0. TS] 0.52 0.32 ±0.37

H03  P2O5 contents [% 0. TS] 0.04 0.14 ±0.07

H04  raising power [ml CO2/2h] 56.2 38.6 ±82.4*

H05  plasticity / work [Nmm] 0.50 0.17 ±0.32

H06  yeast colour [% 0. stand. white] 0.53 0.27 ±0.15
* Channel 1 – 9

Microbiology lab log! log! log!

M06  TC aerob. mesoph. bact. [CFU/g yeast] 0.25 0.15 ±0.15
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by-products, aside from molasses, 
need to be characterised.

The variety of tasks requires the 
operation of four VH labs and 
one VH pilot plant. They run 
yeast vitality and stress analysis, 
contaminant detection, physico-
chemical yeast and substrate 
analysis, e.g. dough raising power 
and alcohol fermentation yield. In 
the pilot plant (2 x 30 l Inferator 
aerated fermenters), the “Zulauf”  
process can be conducted 

under PLC-control, together 
with other unit operations like 
wash-centrifugation, filtration, 
extrusion and fluidised bed of 
drying of the yeast in a scaled 
down model.

It is worth noting that the quality 
of the bulk molasses represents 
the element of uncertainty in the 
yeast biomass production process, 
since their sugar and non-sugar 
contents fluctuate season by 
season as does the process. The 

biomass fermentation recipes 
need to be adjusted to the results 
of the analysis to achieve a yeast 
product with a reliable, stable 
quality. 

Notes from VH Berlin applied 
science/method development:

The recent equipment 
development project of the VH 
Berlin aims to close the gap 
between the yeast performance 
(raising power) measurement 
instruments and the flour/dough 
inflation measuring instruments.

Fig 2. shows the development 
history time line of raising power 
measuring devices, beginning 
from the early thirties until  
today /4/

Different principles have been 
applied so far:

• Volumetric displacement 
methods, e.g. Burrows & 
Harrison Fermentograph 
with hydrostatic column 
displacement or SJA 
Fermentograph, with a CO2 

Fig. 2: Development history time-line of raising power, measuring devices

Fig. 3a: Raising power as parameter “total gas volume 
(T)”  and dough volume as parameter “add. volume” (D) 
measured from the start dough volume

Fig 3 b: Dough gas retention dynamics as “relative (gas in 
dough) volume ratio” in different yeast leavened doughs, 
measured with an RPP prototype at 30°Cover 2hrs.

VH-Berlin.indd   11 17/03/2017   17:37
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collecting diving bell
• Pressure measuring 

Manometric methods, e.g. 
DCL or Rheofermentometer 
with pressure relief vent/valve 
systems  

RAISING POWER PROBE (RPP) 
The recent development, the 
raising power probe (RPP) by 
one of our business partners, 
applies a CO2 concentration 
measurement parallel to the 
pressure measurement. The 
raising power, the dough volume 
and the relative gas partition/
gas retention in the dough, may 
be derived from the combination 
of pressure and concentration 
measurements of a sample of 50g 
dough. The dynamics of dough 
development in the RPP proofing 
chamber can be monitored in this 
way.

(Figs: 3a and 3b) The maximum 
dough inflation is indicated by the 
points of inflexion. 

The important parameter “gas 
retention (ratio)” of a yeast-
leavened dough may be used to 
estimate relevant proofing time 
and expected baking volume.

YEAST COMPONENT ANALYSER 
YCA NIR 1.7
NIR-spectrometry became a 

powerful, non-destructive tool 
for food sample composition 
measurements in dry matters 
like cereals, flour, malt, and milk 
powder and more recently in 
water, protein and fat containing 
materials like meat and yeast.

The VH Berlin ran a cross-
industry development project 
with partner FZMB Research 
Medicine and Biotech Center 
GmbH  from 2009, to develop a 
field NIR-spectrometer for yeast 
and yeast products, aimed as a 
QM tool for producers as well as 
yeast users, such as bakeries. The 
following method development 
was applied to a meat component 
analyser (MCA) NIR spectrometer: 

• A set of parameters for a range 
of yeast samples was measured 
by standard physicochemical 

methods, covering a realistic 
spread of parameter values

• A series of NIR-spectra were 
measured accordingly

• Chemometric statistical 
analysis, e.g. partial least 
squares (PLS) or other 
multivariate statistics were 
applied, to achieve a set of 
prediction values  

Today, several calibrations for 
liquid, fresh and dried yeast are 
available. Carbohydrate may also 
be calibrated when the spectral 
range is extended. Relevant 
parameters, like osmoprotectant 
Trehalose or yeast storage 
carbohydrate glycogen, were 
under examination’. n

Fig. 4 shows the comparison of NIR spectral information of (dry) yeast, water, 
protein and fat, in the spectral range of NIR – wavelength 1,000 – 2,500nm or 
wavenumber 10,000 – 4,000 cm.

Dr.-Ing. Michael Quantz GM & LH
VH Berlin e.V
Research Institute for Baker’s yeast

Email: michael.quantz@vh-berlin.org
Web: www.vh-berlin.org
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NORTHERN LIGHTS IN AN 
AUTUMN LANDSCAPE
When summer turns to autumn, 
most Scandinavians and many 
Europeans can enjoy beautiful 
colourful vistas that are 
characteristic of that time of year 
before the dark days of winter 
set in. Green leaves of deciduous 
trees, especially maple, birch, 
rowan and aspen, appear in the 
bright colours of yellows, oranges 
and reds. The question arises, 
however, whether the many 
components colouring our parks 
and gardens at that time of year, 
could somehow be extracted 
and reused instead of their being 
incinerated or taken to landfill.

Deciduous trees in northern 

latitudes in particular, contain 
tons of valuable natural pigments, 
such as orange to red coloured 
carotenes, yellow xanthophylls 
and red to purple anthocyanins. 
These pigments play a vital role in 
the leaves in the trees and bushes 
e.g. by protecting them with a 
sort of “plant sunscreen” against 
the damaging effects of strong 
sunlight. When autumn arrives, 
decreasing temperatures and 
reducing hours of daylight initiate 
chemical reactions in the trees 
to prepare them for the winter. 
The green coloured chlorophyll in 
leaves is degraded and carotenoids 
and anthocyanins appear, turning 
the landscape into wonderful 
“artist’s pallet” of many colours 
often lasting for several weeks. 

Autumn leaves
A novel source of colourants, preservatives
and nutraceuticals for the food industry?
 
By Dr. Liisa Nohynek, Senior Scientist, Ph.D (Microbiology); VTT Ltd, Plant Biotechnology (pictured)

14 CUTTING EDGE
FOOD COLOURS FROM AUTUMN LEAVES
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CUTTING EDGE
FOOD COLOURS FROM AUTUMN LEAVES

THE NEED FOR NATURAL FOOD 
INGREDIENTS
The need for healthy food is 
increasing on a global scale and 
alternative sources for natural 
nutraceuticals, colourants and 
preservatives in food technology 
are rapidly growing in demand. At 
the same time, sustainability and 
safety of such additives are vitally 
important issues to consider. This 
has as a result, however, triggered 
new trends along with the desires 
of consumers who increasingly 
prefer natural compounds in 
food products over synthetic 
equivalents. 

Furthermore, colourants and 
antioxidants are considered a 
necessity in the fast food and 

ready meal markets, which are 
growing strongly particularly in 
the US and Asia, to give them 
a fresh appearance and to 
lengthen their shelf-lives. Food 
technologists are looking for new 
sources of natural components 
and especially natural carotenoids 
and anthocyanins to replace 
synthetic chemicals which are in 
great demand for burgeoning food 
markets. In addition to the food 
industry, natural pigments are 
highly desired by the cosmetics, 
textile, chemical and medical 
industries. 

Carotenoids
The global carotenoid market 
is expected to reach nearly 
US $1.8 billion in 2019, with a 
CAGR (The Compound Annual 
Growth Rate) of 3.9% (BCC 
Research). Carotenoids come in 
yellow, orange and red colours, 
as lipid-soluble molecules of 
which there are more than 600 
different chemical types that 
exist in nature (Delgado-Vargas 
et al., 2000). However, only 50 
types approximately are used in 
human nutrition. Carotenoids 
are strong antioxidants and have 
shown various positive effects 
for human health. Current 
natural sources for carotenoids 
include carrots, oranges, spinach, 
tomatoes and sweet peppers. 
Microalgae, filamentous fungi, 
bacteria and yeasts are used for 
biotechnological production of 
natural carotenoids. Although 
synthetic and natural carotenoids 
have similar basic molecular 
structures, natural carotenoids 
have shown to possess superior 
beneficial effects to humans. 
Currently VTT is involved in 
European Cost-Action  
network EUROCAROTEN  

(www.eurocaroten.eu) to  
promote carotenoid research  
and applications in agro-food  
and health.

Anthocyanins
The other major group 
of important pigments, 
anthocyanins, are water-soluble 
and are found in various parts of 
plants. These red to purple, pH-
dependent colours are detected 
in various plants with a natural 
annual production of ca 109 tons 
(Raghvendra et al., 2011). Plants 
rich in anthocyanins include 
various berry plants such as 
grapes, egg plants (aubergines) 
and red cabbages which are also 
used for commercial production 
of natural anthocyanin 
colourants. Anthocyanins 
are strong antioxidants and 
have various health benefits 
for humans, such as anti-
inflammatory, antimicrobial and 
even anti-cancer properties.

VTT TECHNOLOGIES TO 
DEVELOP AUTUMN LEAF 
PIGMENTS
In addition to enjoying the 
beauty of autumn colours, their 
potential and value for various 
industrial sectors as colouring 
components was realised by VTT 
scientists during recent research.  
They also contain many other 
beneficial compounds, such as 
phenols, lignin, carbohydrates 
and proteins. Our aim at VTT 
was to convert this now precious 
biomass into a set of new and 
valuable commodities using the 
technologies developed by us 
which clearly have enormous 
commercial potential.

The harvesting of the leaves is, 
of course, very easy once they 
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have fallen. At first, they were 
gathered by local residents 
and a Finnish waste disposal 
company Lassila & Tikanoja. The 
biomass was cleaned of litter, 
dried, ground and the colours 
extracted using environmentally 
friendly technologies. With 
human consumption being 
the end use of the pigments, 
rigorous safety measures were 
employed during processing 
including our   influence on 
the selection of solvents and 
processing parameters used. 
The components obtained from 
the process were chemically 
characterised, showing which 
pigmented fractions were 
derived from which individual 
leaf sample.  Specifically, these 
were phenolics, carotenoids and 
anthocyanins.

Further fractionation to separate 
each coloured compound is 
currently under way and it is 
now evident that there is a huge 
variation in chemical composition 
between leaves of different tree 
species. Occasionally it has 
been shown that there is also a 
significant chemical variation in 
trees of the same species within 
individual geographical locations. 
An interesting option that was 
considered was to obtain added 
value by processing the autumn 
leaves of certain tree types only, 
thereby producing efficiently well-
defined compounds suitable for 

various industrial applications.

AUTUMN LEAF COMPONENTS 
FOR FOOD?
Compounds obtained from 
autumn leaves may be 
suitable for food colouring 
and preservatives as well as 
for nutritional supplements. 
However, much more time in 
research, development and 
thorough analysis is necessary 
until such pigments may appear 
in food markets. 

There is no history of the wide 
use of autumn leaves, or even 
leaf material of wild trees for 
human nutrition in Europe. A few 
examples exist in literature and 
those are mainly from tropical 
areas such as Africa. In the light 
of legislation in the EU, autumn 
leaf pigments in food applications 
will be categorised as novel foods 
and their use for that purpose 
would need to be approved by 
the EC. For this authorisation 
of sales and marketing one 
should follow guidelines for 
risk assessment generated and 
controlled by EFSA (European 
Food Safety Authority). Prior to 
the approval, the systematic 
analyses are essential to ensure 
that we exclude all potential 
toxicological properties from the 
leaf material to guarantee its 
safety. In addition, chemical and 
biological contamination of the 
pigments should be controlled. 

Special attention should be paid 
to environmental and origin 
of the leaves to avoid potential 
contaminants. The leaf material is 
rich in microbes and may contain 
pathogenic species and therefore 
the extraction processes for the 
leaf pigments are being developed 
to destroy simultaneously 
microbiological contaminants 
existing in the raw material.

The primary industrial 
applications for autumn leaf 
pigments would be in the textile, 
cosmetics and hygiene sectors. 
However, in addition to nice 
colours, these leaf components 
may have positive effects for 
human health because of their 
antioxidant properties and 
function as preservatives. Plant 
pigments originating from leaves 
of wild trees have been used from 
ancient times for dyeing textiles. 

Our vision is to get full use of 
novel extraction and fractionation 
technologies developed by 
VTT for autumn leaves and to 
upgrade this raw material into 
bioactive, colourful and healthy 
components also for human food 
in the future. n
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 “Everybody likes chocolate 
and the very small number 

of those that don’t are 
probably lying!” is a common 
conception and as likely as not 
is true. Currently at my research 
laboratory at Ghent University 
(UGent) scientists from all over 
the globe are investigating 
the properties of this well-
known indulgence product. 
For instance we have a very 
fruitful ongoing collaboration 
with Prof. Emmanuel Afoakwa 
from the University of Ghana; 
the country being known as one 
of the top-producers of high-
quality bulk cocoa in the world. 
Together we are studying how 
agro-ecological and farming 
constraints determine the quality 
of Ghanaian cocoa in order that 
we can guarantee production 
volumes to cater for increased 
demand anticipated in the future. 
In this challenging research we 
are working together with 732 
small-holder farmers from all 
cocoa districts in Ghana. During 
one of my travels some of these 
farmers tasted for the first time 
in their lives, chocolate produced 
from their own beans which, 
turned out to be an amazing 
experience for me too. With 
Ghana we are also investigating 
how we can produce a fine-
flavoured cocoa by adapting post-

harvest and roasting conditions. 
In doing so we will, hopefully, be 
able to create more added-value 
on a local basis and hence bring 
higher incomes for the farmers.

Another world-player in terms 
of massive cocoa production is 
the country of Indonesia. With 
Gadjah Mada University and 
Sebelas Maret University, we are 
conducting two PhD researches 
that should firstly, allow the 
improvement of the quality of 
fermented cocoa beans and 
secondly, produce high-quality 
Indonesian chocolate for the 
growing middle-class. To create 
Indonesian signature chocolate, 
we are currently investigating 
two strategies: one to include 
palm sap based sugars instead of 
refined sucrose and one utilizing 
the incorporation of cinnamon 
extracts to boost the flavour and 
antioxidant potential of cocoa 
substitutes.

One of the most important 
producers of fine-flavour cocoa 
is Ecuador, a country close to 
the birthplace of cocoa. With 
Escuela Politecnica Nacional (EPN) 
in Quito and Escuela Superior 
Politecnica del Litoral (ESPOL) 
in Guayaquil we are comparing 
the genetic diversity and flavour 
potential of old fine-flavour 

Nacional varieties with new 
emerging varieties. Earlier this 
year two Belgian PhD students 
performed field work and have 
as a result set up fermentation 
trials for a thorough instrumental 
flavour analysis in collaboration 
with the University of Hamburg.

CHOCOLATE  
crosses all borders!
 
By Prof. Koen Dewettinck, UGent

Professor Koen Dewettinck (Ghent University)
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It is a total misconception that 
people living in more tropical 
climates do not appreciate 
chocolate products because of 
the nature of the environmental 
conditions they’re living in, but 
what is true is that such harsh 
conditions pose a great deal of 
stress on chocolate products. 
Reformulating chocolate products 
for the tropics and adapting 
transportation and storage 
conditions is therefore a huge 
challenge.

Recently, one of my Vietnamese 
PhD-students, Phuong Diem 

Tran, defended successfully 
her doctoral research entitled 
‘Novel strategies to develop 

filled chocolates for the tropics’. 
Indeed, filled chocolates, also 
called ‘pralines’, experience many 

Different stages in the development of Fig 2 fat bloom and Fig 3 sugar bloom on 
the surface of pralines as shown by scanning electron microscopy (Tran, 2017)
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“The most important output of this 
research, besides unravelling the 
mechanisms involved in these stability 
issues, was that the partial replacement 
of cocoa butter by fractions of mango 
(kernel) fats increased significantly 
the heat and humidity tolerance of 
different kinds of filled chocolates.”

Web: www.fte.ugent.be 
 www.cacaolab.be 
Email: Koen.Dewettinck@UGent.be 
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Prof. Koen Dewettinck

Head of the Department of Food Science and Technology and the Laboratory 
of Food Technology and Engineering at Ghent University

Reference: Tran, P.D. (2017). Novel strategies to develop filled chocolates for 
the tropics. PhD thesis, Ghent University, Belgium, 258p.

technical problems in tropical 
countries. This includes fat bloom 
(Fig 2) and sugar bloom (Fig 3); 
two worrisome quality defects. 
Fat bloom is the indirect result of 
temperature fluctuations and/or 
oil migration from the filling to 
the chocolate cover. This allows 
cocoa butter crystals to melt/
dissolve partially resulting in 
the crystallisation of large βVI 
crystals on the surface resulting 
in the glossy chocolate surface 
disappearing and ruining the 
visual appearance of the product. 
Sugar bloom on the other hand 
is the result of dissolving and 
recrystallisation of the watery 
sugar phase. 

It occurs primarily on the 
surface of chocolate in a humid 
environment depending on 
temperature fluctuations, but is 
also often reported in chocolate 
with water-based fillings such as 
fruit fillings. Moisture migration 
from these fillings into the 
chocolate cover can also lead 
to other physical defects like 
the appearance of cracks on 
the surface and dehydration 
of the filling which hampers 
the desired visual and textural 
attributes. The most important 
output of this research, besides 
unravelling the mechanisms 
involved in these stability 
issues, was that the partial 

replacement of cocoa butter 
by fractions of mango (kernel) 
fats increased significantly the 
heat and humidity tolerance 
of different kinds of filled 
chocolates. Vietnamese mango 
fats performed particularly well 
compared to those produced 
in India, a result that obviously 
made my Vietnamese Phd-
student very happy!  Another 
milestone in the 20 years of 
history of intensive cocoa and 
chocolate research at Ghent 
University… n
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GLUTEN FREE
NO WHEAT = NO STRUCTURE!

As bakers and food 
technologists active in the 

bakery field, it is only when we 
are formulating products without 
wheat flour and/or gluten that  
we appreciate the multi-
functionality of this particular 
ingredient. When considering 
wheat as a group of 
carbohydrates (mainly starch), 
proteins, moisture, fibres, some 
fat and leftovers (ashes) you may 
well be deceived. 

CHALLENGE 1: STARCH1

The functionality of starch is that 
of binding, stabilising, expansion 
and crisping/crusting in bakery 
products in which wheat is 
a reliable, versatile source. 
Wheat starch has two different 
molecular sizes and shapes: – 
large and small, lenticular and 
spherical, respectively. 

The volume taken by the larger 
type (A) is 65-80%, although 

the proportion is significantly 
lower (3-10%). This also means 
that the way to gelatinisation 
and the amount of heat that 
they require to get to that point, 
is quite different between the 
two shapes. Both types have 
amylose (considered as linear 
with a medium degree of 
polymerisation) and amylopectin 
(highly branched with a high 
degree of polymerisation) 
starches in them.

Redefining  

bakery products
when working gluten-free 
or ancient grains
 
Remove the wheat, remove the structure. True or false? 

Table 1: Flours and starches, data interpreted and adopted from various cereal and pseudo-cereals.

Moisture 
absorption

Gelatisation Ingredient Protein Carbohydrates Sugar Fibres Fat

60% 61 Wheat flour 12 70 1 2.4 1.7

85% 66 Buckwheat Flour 12.9 65.9 1.16 3 3.2

95% 74 Sorghum Flour (whole) 11.8 64.7 8.8 3

95% 56 Oatflour 11 66 5 6.3

100% 66 Pea flour 21.7 44.5 10.7 17 6

120% 74 Rice flour 7.2 85.1 0.5 0.5

95% 58 Quinoa flour 14.2 59.8 1.4 5.1 5.7

90% 67 Corn/ Maize flour 7.8 76.5 0.6 1.2 1.5

100% 63 Potato starch 82.7

100% 64 Tapioco starch 0.2 87.8 3.4 0.9 0.02

95% 71 Teff white flour 13.3 65.1 1.8 8 2.4

95% 71 Teff brown flour 13.3 65.1 1.8 8 2.4

100% 77 Soy flour 37.6 9.7 20.6 19.4

200% 74 Green banana 3.9 82.9 4.9 1.3
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Table 1 shows alternative sources 
of starch showing their key 
characteristics in comparison 
to wheat. By observing starch 
in isolation and ignoring any 
interaction with proteins, 
enzymes, hydrocolloids etc., an 
obvious and noticeable change is 
the absorption of moisture and 
the temperature of gelatinisation 
that is different compared 
to that of wheat sources. By 
choosing the right sources one 
can determine the setting of the 
structure of the finished product 
by controlling the gelatinisation 
temperatures. The type of protein 
needed to support the structure 
is determined by the time of 

gelatinisation (Earlier or later).

From table 1 it is noticeable that 
certain flours and starches have 
different rheological properties 
compared to wheat. It should be 
noted that peak, final viscosities 
and swelling capacities are not 
included in this table and are 
different between them. Each 
starch source also has its own 
sensitivity on retro-gradation; by 
way of example, wheat and maize 
are highly sensitive, whereas 
potato and tapioca contain low 
sensitivities respectively.

CHALLENGE 2: PROTEIN
Proteins are classified into four 

groups based on their solubility2: 
prolamin, globulin, albumin and 
glutelin. Globulin and albumin 
are present in most grains as 
part of the endosperm and the 
difficulties of extracting them 
during the milling process but are 
considered not to have any effect 
on the baking quality3. 

The prolamin (gliadin) and 
glutelin (glutenin) are known as 
gluten and responsible for the 
functionality we know as gluten 
development in wheat breads. 
For the final desired volume 
the gliadin addition is more 
important than the glutenin, but 
for processing the presence of 

Structure doesn’t hold various ratios of gluten-free starches and flours
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glutenin is understood to produce 
less sticky doughs.

Coeliac sufferers have problems 
with the gliadin protein, whereas 
people with an allergy to wheat 
often experience the problem 
with a combination of gliadin 
and glutenin in the flour and 
may benefit from switching 
from wheat to spelt or Khorasan 
flour both of which still contain 
gluten4. 

Sourcing wheat mimicking 
proteins as with albumin and 
globulin, from milk, soy, pea 
or egg for example, can aid in 
creating good volume, display 
moisture binding and possess 
emulsifying properties. Their 
behaviour on denaturation 
characteristics of gelatinisation 
of starch and the viscosity is 
for each source quite different 
and needs to be taken into 
consideration when formulating. 

Soy can create a more elastic 
structure than pea5 and may be 
considered favourable to create 

more cohesiveness in the final 
product. Generally speaking the 
nature of the dough will become 
more like that of a batter since 
the type of proteins and starches 
possess different binding and 
initial viscosity behaviour. The 
application of the other proteins 
will result in addition to a lower 
volume than that of products 
made using wheat. A relatively 
new ingredient that has come to 
the fore is potato protein which 
has the benefit of presenting 
alternatives for vegans.

CHALLENGE 3: FIBRES6

The types of fibre in wheat flour 
are predominantly hemicellose, 
cellulose and lignin. These are 
considered to be insoluble fibres 
which require high hydration 
levels despite displaying low 
viscosity properties. Insoluble 
fibres can aid in stabilising, 
increasing the final volume and 
creating a fluffier, open structure 
but with some flexibility. When 
overdosed with fibre, the product 
becomes drier and rubbery or like 
a brick!

Soluble viscous fibres such 
as pectins, acacia gum and 
ß-glucans demand higher 
hydration levels and have low 
viscosity influences but also 
have stronger binding properties 
and create a somewhat ‘slick’ 
mouthfeel. Soluble, non-viscous 
fibres can display hydration levels 
ranging from zero to medium, 
have the smallest influence on 
viscosity and give final products a 
certain softness. Ingredients that 
are increasingly being used to 
influence binding and, therefore, 
the final viscosity of the dough 
include bran (which contributes 
to a crunchy crust), resistant 
starch and gums.

SOLVING THE CHALLENGES
When solving these challenges 
it has become evident that 
we are replacing a series of 
functionalities, which are partly 
complementary to each other 
and partly determining the final 
taste, structure and texture of 
the product. The simplest way 
to go gluten-free is by sourcing 
gluten-free wheat starch. With 

Picture 2: Caption After adding proteins, soluble and insoluble fibres and a minimal dosage of hydrocolloids

22 GLUTEN FREE
NO WHEAT = NO STRUCTURE!
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this structure it only needs a 
little support from common 
hydrocolloids: relatively short 
chains, not high in viscosity 
influences and therefore not a 
very ‘gluey’ mouthfeel. 

In gluten that contains (ancient) 
grains, adjusting the processing 
can solve quite a few challenges. 
When, however, other cereals are 
introduced where gluten is being 
avoided, the real challenge starts: 
next to binding, stabilisation, 
mouthfeel and the changes in the 
processes, a change in flavour and 
taste is also noticeable. Very often 
the general outcome will render 
a product with a dry and  ‘sandy’ 
mouthfeel with a hard texture 
(brick like) and low volume.

OATS
Oats alone appear to have a 

sensory score that is as appealing 
as wheat7, despite being 
expensive its isolated proteins 
and ß-glucans have also proved 
to be very helpful in supporting 
the structure of (both ancient as 
gluten-free) breads. Oat flours8, 
having a good sensory score, can 
in certain combinations lead 
to a distinct decline in volume.  
Isolated ingredients such as 
proteins and fibres, which include 
ß-glucans, have proven to be 
very helpful in supporting the 
structure of (ancient and gluten-
free) breads. These results imply 
that we need to combine different 
cereals and pseudo-cereals to 
mimic structure, texture and 
above all, flavour. Buckwheat9, 
for example is not considered to 
be a good sensorial alternative, 
although the structure and 
volume are almost comparable 
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with that of whole-wheat meal 
based bread.

After the starchy composition 
appears to be quite fine for taste, 
the overall structure is often not 
supported sufficiently, therefore, 
proteins are added to bolster 
the structure; preferably those 
that originate from milk and egg. 
Flavour and colour can improve 
instantly, however, adding too 
much milk protein can also lead 
to the collapse of the product 
tops and reduce cohesiveness 
of the crumb. The downside of 
egg white is that its use results 
in less gelatinisation: great for 
sandwich breads that need to 
be rectangular to fit the toasting 
equipment. The one proverbial 
‘spanner in the works’ is that 
many coeliac sufferers are 
reporting to have developed an 
allergy for milk based products, 
negating this choice of ingredient.

Another route to take next or in 
combination with proteins is the 
usage of hydrocolloids. With quite 
high dosages of hydrocolloids 
being recommended (ranging 

from 2%-6% on Flour weight 
base)10 it can be helpful to know 
that xanthan and in a lesser 
extent guar gum have hardening 
effects on the crumb and that 
the cellulose based ones (such as 
HPMC and CMC) have a softening/ 
ant staling effects. 

The various gums that are either 
widely available in nature or 
modified by humans, present a 
wide array of opportunities for 
completing textural challenges: 
emulsifying, stabilising, 
thickening and dispersing 
agents11 for example, they may 
even differ per continent in usage 
and type.

Long chains have a high influence 
on the viscosity of the dough 
and in high dosages can result 
in unwanted properties such 
as being chewy and tasting like 
wallpaper paste. The usage of 
different fibre strategies may also 
create a lower need for support 
from these types of hydrocolloids. 

In order to further improve 
consistency and keep the levels 

of hydrocolloids low, enzymes 
that promote binding between 
starches, fibres and/or proteins 
are preferable. Cyclodextrin 
Glycosyl Transferase is reported 
to render the starch more 
complex by making small and 
long chained oligosaccharides, 
which in their turn are yeast 
foods and therefore foster better 
gas retention.12 Transglutaminase 
and glucoseoxidase promote 
crosslinking between proteins, 
therefore, creating better gas 
retention during fermentation 
and ovenspring. The crumb 
structure appears to improve 
as well with an increase in fine 
pores, despite the high moisture 
content13,14. n
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In 2017 DÜBÖR is developing 
a new idea in process 

modulisation of hygienic design. 
Nowadays production processes 
have to be more flexible than 
ever before. Once purchased, a 
machine will never stay the same 
over the entire period of its usage 
due to the rapid changing of the 
the ranges of baking products.

The new all-round system, the 
AB-K, covers all daily possibilities 
likely to be presented during 
a day’s work. The classic 
combination will see you start 
with a glazing module which is 
put in front of a drying station 
with the icing being applied to the 
pastries as the final operation.  

Additional modules for spraying 
egg or releasing agent are also 
available. Each stainless steel 
module is available in a length of 
exactly 1 metre and only takes 
up a small amount of workspace 
and can be run individually or 
in combination with any other 
module. As an example, the 
drying unit which runs with hot 
and cold air can be set before 
or after the glazing or icing unit 
to ensure a direct boxing after 
production. This advanced level 
of modulisation is designed to 
stimulate new ideas for your 
products.

For coatings that are difficult to 
process, such as glazes, icings 
or release agents, you can rely 
on DÜBÖR’s intricately-designed 
nozzles which control air and 
spray air to give you a spray 
pattern that offers excellent 
results with no overspray in high-
speed operating cycles but with 
precise output quantities. 

DÜBÖR also specialises in the 
construction of customised 
spraying equipment. Meeting 
our customers’ performance 
requirements is central to our 
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There has been a growing 
global trend to consider 

the health profile of food and 
beverage products as consumers 
increasingly connect health and 
wellness with their diet. This 
health trend manifests itself 
differently across the globe, with 
sugar reduction and ‘free from’ a 
popular talking point in Europe 
and the USA, and functional foods 
an important NPD feature in Asia. 

According to Leatherhead Food 

News, gluten-free products 
appeared in the top ten food 
news stories of 2016. The ‘free 
from’ category is growing, with 
one in five people globally rating 
gluten-free as very important 
in their purchasing decisions 
(Nielsen, 2015) even though it 
is estimated that only 1% of the 
population worldwide suffers 
from coeliac disease (a lifelong 
autoimmune condition caused 
by an adverse reaction to gluten). 
Many consumers report a mild 
intolerance to gluten, describing 
symptoms as varied as bloating, 
abdominal discomfort, diarrhoea, 
muscular disturbances, bone/joint 
pain, headaches and vertigo after 
consuming products containing 
gluten. As such there is a keen 
interest in the gluten-free market.

Mintel (2016) revealed that UK 
sales of ‘free from’ foods were 
forecast to grow 13% to reach 
£531 million in 2016, up from an 
estimated £470 million in 2015, 
and predicted to increase to reach 
£673 million in 2020. Related to 
this, in 2012 a new regulation 
came into effect stating that “a 
‘gluten-free’ claim can be made 
if the product has 20 parts per 
million (ppm) or less of gluten”. 
Bakery manufacturers need to 
take measures to service this 
increasing demand for gluten-free 
products.

Development of gluten-free 
breads, cakes and biscuits 
presents major technical 
challenges, since gluten performs 
an important and specific 
function in these products. Gluten 
is a protein found in wheat and 
certain other cereal grains. It 
forms a protein network structure 
when the flour is exposed to 
water and manipulated, either 
through beating or kneading. 
This protein network provides 
elasticity and stability to 
products, trapping air to create 
the texture or ‘crumb’ associated 
with bakery goods. It also has 
a reported role in suppressing 
starch gelatinisation in pasta 
products. In providing gluten-free 
products, this lack of functionality 
needs to be addressed.

In a previous article on sugar 
reduction in this magazine 
(Winter 2016), the concept of 
creating a blueprint of a product 
was described to understand 
the functional roles of the 
ingredients in controlling the 
sensory properties and stability 
of foods. A blueprint is essentially 
a map showing the ingredients 
in that product, the state of 
those ingredients, how they 
are distributed throughout the 
product and which ingredients 
are responsible for the product 
properties. Understanding the 

Overcoming the 

technical challenges 
of creating gluten-free products
 
By Professor Kathy Groves, Head of Microscopy, Leatherhead Food Research (pictured)
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function of gluten via the  
product blueprint allows a 
suitable replacement to be 
selected in the reformulation 
process. Using microscopy to 
create one aspect of the blueprint 
visualises the microstructure and 
highlights the impact of a lack of 
gluten in a bakery product. The 
images below show the difference 
in aeration stability and crumb 
structure of a standard product 
and a gluten-free product as 
seen under a scanning electron 
microscope.

Figure 1a shows the air bubbles 
trapped by the gluten giving the 
product a crisper, lighter texture. 
Figure 1b – the gluten-free 
product – shows a denser texture 
with less clearly defined air 

bubbles. Inset are macro images 
of the products.

Gluten is present in wheat, barley, 
rye and triticale; it is also found 
in some other cereals mainly due 
to cross contamination. There are 
different approaches to meeting 
the technical challenges of 
replacing gluten. These are:

• Use of alternative cereals and 
pulses

• Use of hydrocolloids or 
enzymes

• Use of pre-treated flours
• Exploitation of processing
 
One approach to create gluten-
free products is to use grains that 
are free from gluten, such as rice, 
corn, millet and sorghum to name 

a few. However, since gluten plays 
such a vital role, simply replacing 
the cereal grain with a gluten-
free variety does not address 
the functional role and can 
dramatically affect the quality of 
the end product in terms of taste 
attributes, loaf volume, crumb 
texture, shelf life and staling. 
Quinoa or amaranth flours are 
reported to provide some protein 
structures that are close to the 
functions of gluten.

A second approach is to use 
hydrocolloids to mimic the action 
of gluten; hydrocolloids can 
bind water and also act as an 
elastic interface stabilising the 
air bubbles in bakery products. 
There are many publications 
detailing the effects of using 

Figure 1a: Standard breadstick Figure 1b: Gluten-free breadstick

“Applying scientific methods to 
prepare blueprints to understand 
how best to create gluten-free 
products is vital.”
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different hydrocolloids such 
as those by Anton & Artfield 
(2008) and Padalino et al. (2016). 
Some proteins, such as egg 
and milk, have been tried, but 
efforts have mainly concentrated 
on polysaccharides. Typically 
xanthan has been found to 
give good results, especially 
in combination with other 
hydrocolloids such as HPMC 
(hydroxymethylpropylcellulose), 
CMC (carboxymethylcellulose) 
and pectin. However the 
results vary depending on the 

product and conditions such as 
pH, temperature and process 
materials. Recent studies have 
added emulsifiers in combination 
with hydrocolloids to enhance 
the textural properties. Studies 
using certain enzymes such 
as transglutaminase have 
shown an improvement in 
the sheeting of doughs, an 
important consideration in the 
manufacturing process.

Using pre-treated flours, such 
as pre-gelatinised starches 

or par-boiled rice flour, or 
processing techniques, such 
as annealing (excess water 
at low temperatures) or high 
temperature/low moisture to 
crystallize starch structures and 
prevent swelling, can offer some 
replacement of gluten function 
for pasta products. Careful 
monitoring of water content is 
necessary with this approach.

In the reformulation of products 
to create gluten-free versions 
some compromises are likely 
to achieve the desired sensory 
qualities and shelf life. Fat 
and sugar can play a role here 
although they are not perceived 
as healthy options. While they do 
not mimic gluten functionality, 
they can improve texture, 
generate colour and flavour, and 
improve shelf life.

Applying scientific methods to 
prepare blueprints to understand 
how best to create gluten-free 
products is vital. By recognising 
the role ingredients play in foods, 
manufacturers can address 
both the functional and sensory 
implications of ingredient 
removal, substitution or 
replacement. After all, the gluten-
free element is just one part of 
the equation – consumers also 
need to enjoy the end product. n

For further information,
please contact Kathy Groves
+44 (0)1372 822 329
kathy.groves@leatherheadfood.com
www.leatherheadfood.com

FOR MORE INFORMATION
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The objectives of the 
INNOVBAKE project were 

presented in the article The use 
of vacuum cooling for bakery 
products published in Baking 
Europe in September 2014. This 
article is a follow up piece and 
will summarise the main findings 
of the project. The project was 
funded by Innovate UK and 
carried out in collaboration with 
C-Tech Innovation and four 
bakery companies with interests 
ranging from sandwich bread to 
crusty loaves and cakes. 

PRODUCT REQUIREMENTS AND 
EXAMPLES OF PRODUCTS
Vacuum cooling is a rapid 
evaporative technique that can be 
used for any product which has 
free water and whose structure 
will not be damaged by removal 
of such water. Products with high 
surface-mass ratio and porous 
structure are typically suitable 
for vacuum cooling. Therefore, 
vacuum cooling should work very 
well for bakery products. 

Vacuum cooling technology 
has been used for laminated 
products for years, since it 
improves their structural quality. 
The process also helps to keep 
layers separated after baking 

by releasing steam between 
them and setting the structure 
more quickly because of the 
rapid energy loss (Figure 1). The 
cooling of breads and cakes using 
a vacuum, however, is more 
challenging. If a vacuum was 
introduced too quickly during 
the cooling of cakes, a couple 
of issues were noticed during 
testing: 1) Fruits on the surface 
of the fruit cake exploded and 
became crispy. 2) The structure of 
the cake was ripped apart (Figure 
2). Similar problems were seen in 
sandwich bread where lengthy 
periods of 15 mins or more were 
left between the removal of the 
product from the oven and their 
subsequent insertion into the 
vacuum cooling apparatus.

In these instances, water 
was lost from the product by 
slow diffusion through the 
interconnected gas cells however 
the loss was subsequently 
speeded up during the vacuum 
cooling process which led to 
damage to the baked item due 
to the rapid expansion of the 
water as it turned to steam. It 
was evident, therefore, that the 
vacuum should be instigated 
before the structure sets. Small 
bread products showed less 

structural damage, which was 
thought to be as a result of the 
reduced distance the steam had 
to travel before leaving the bread 
surface. The vacuum cooling 
process also increased the crust 
formation, which is desirable 
for some crusty products, but 
unwanted for others.

The science behind

vacuum cooling
of bakery products
Starch gelatinisation and texture effects during vacuum cooling
 
By Tiia Morsky, Senior Bakery Scientist, Campden BRI Group (pictured)

Campden.indd   29 17/03/2017   17:40

http://www.bakingeurope.euTECHNOLOGYVACUUM
http://www.bakingeurope.euTECHNOLOGYVACUUM


30

BAKINGEUROPE Spring 2017 
www.bakingeurope.eu

TECHNOLOGY
VACUUM COOLING

REDUCED BAKING TIME TO 
COMPENSATE FOR MOISTURE 
LOSS
Vacuum cooled samples had 
higher moisture loss than 
conventionally cooled products.  
This was especially true with 
the crust and outer parts of the 
products. An example of moisture 
distribution of a sandwich loaf 
is shown in Figure 3. The ‘cold’ 
colours shown in the images 
(violet and blue), represent 
lower moisture contents, 
respectively and ‘warm’ colours 
(red, orange and yellow) higher 
moisture contents. Improved 
crust structures can be seen in 
the same figure, with the side 
walls showing less collapse and 
the surface area of the slice 
increased. However, slicing of 
sandwich bread immediately 
after vacuum cooling was more 
difficult because of the harder 
crusts. 

Overall, it is necessary to take 
measures to overcome the 
moisture distribution issues. One 
of the ways to compensate for 
this problem is simply to remove 
the products from the oven 
sooner which will also contribute 
to energy and cost savings. The 
implication of removing products 

from the oven earlier is that a 
lower core temperature could 
result in a softer crumb. During 
baking, starch gelatinisation 
which starts ~65°C with the heat-
setting of gluten proteins giving 

bread its typical solid, foam-type 
structure. 

Differential Scanning Calorimetry 
(DSC) was used to measure the 
amount of gelatinised starch 

Figure 1. Ambient cooled (left) and vacuum cooled chocolate croissant (right)

Figure 2. The structure of the cake was damaged by pulling a vacuum too quickly 

“A further consideration was that 
the baking time had considerable 
effect on the residual enzyme 
activity of baked breads.”
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in ambient and vacuum cooled 
samples. Those samples that were 
taken out of the oven earlier, had 
more uncooked starch compared 
to ambient cooled samples  which 
also affected the starch melting 
temperature range. Melting of 
amylopectin started at a lower 
temperature in vacuum cooled 
samples than with those which 
were ambient cooled. The end 
point of the melting range was 
also slightly higher with vacuum 
cooled samples with the changes 
in starch properties also seen in 
crumb softness and measurement 
of resilience. Shorter baking times 
combined with vacuum cooling 
both led to the softer and less 

resilient crumb measured by a 
texture analyser.

A further consideration was that 
the baking time had considerable 
effect on the residual enzyme 
activity of baked breads; the 
starch degrading enzyme amylase 
was the focus for this work. To 
test this, dried bread crumbs were 
mixed with a starch paste, which 
was used as a base material in 
viscosity measurements. The 
starch paste did not display 
any enzyme activity, so it had 
the highest viscosity. Enzymes 
from bread samples were able 
to break down the starch during 
the measurement time and this 

made the samples less viscous.  
The samples with normal baking 
times were very close in viscosity 
to that of the starch paste. 
Samples with shorter baking 
times had significantly lower 
viscosities than those with longer 
baking times. Lower viscosity 
means that the enzyme activity 
was higher, which would break 
down starches during storage. 
The higher enzyme activity was 
seen in vacuum cooled samples 
compared to their ambient cooled 
counter parts. 

All these changes indicate that 
the residual heat in the ambient 
cooled loaves was able to 
continue cooking the starch and 
deactivate the enzymes during 
the initial phase of cooling. 
However, in these trials the bake 
time was reduced significantly, 
even up to 50%, to increase the 
differences between vacuum 
cooling and ambient cooling. 
These results highlighted the 
fact the starch needs to be 
fully gelatinised and enzymes 
deactivated during the baking if 
vacuum cooling is used. Suitable 
bake time reduction was found 
to be around 10–15%. However, 
products with high sugar 
content, such as cakes, might 
need longer baking times, since 
the gelatinisation temperature 
increases with sugar content. 

LONGER SHELF-LIFE
Vacuum cooling can improve 
the shelf-life of bakery products 

Figure 3. Moisture distribution of ambient cooled (left) and vacuum cooled 
(right) products 

“The economical and 
environmental benefits of 
vacuum cooling are significant.”
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in two ways: firstly, by slowing 
down the staling rate and 
secondly by reducing the risk of 
mould spore contamination. It 
is estimated that more than 90% 
of contamination of bread with 
spoilage moulds occurs during 
the cooling, slicing or wrapping 
operations (Magan et. al 2012). If 
cooling can be done more quickly 
and within a closed chamber the 
risk of contamination is reduced. 
Our studies did not focus on 
shelf-life, but it was seen that 
the crumb of vacuum cooled 
sandwich bread stayed slightly 
softer for longer compared to 
their ambient cooled counter 
parts. Further investigation is 
still needed to be able to estimate 
if extension of shelf-life is 
significant and how many extra 
days could be realised by use of 
vacuum cooling compared to 
conventional cooling methods. 

ECONOMICAL AND 
ENVIRONMENTAL BENEFITS
The economical and 
environmental benefits of 
vacuum cooling are significant. 
By way of example, the UK 
baking industry is a major 
energy using sub-sector of the 
UK food and drinks industry. 

The bakery industry consumes 
in excess of the equivalent of 
2,000 GWh of energy annually, 
which is equivalent to annual 
CO2 emissions of 570,000 tonnes 
(Carbon Trust). By cutting 10% 
off baking times, 57,000 tonnes 
of CO2 could be saved by the UK 
baking industry annually. 

The following cost saving 
calculations illustrate energy 
savings that are possible for a 
large plant bakery. An example 
bakery runs 24 hours every day 
with a weekly shutdown of 10 
hours. The bakery has a large 
plant bakery oven with three 
gas burners each at 1,100 kWh 
and estimated gas price of £0.03/
kWh. Therefore, the annual gas 
cost will be £813k. By cutting 2.5 
minutes off a 25 minute bake 
time, 10% energy can be saved, 
which equates to £81k per year. 

FURTHER WORK 
Further work is still needed to 
understand better the level of 
vacuum required to optimise the 
cooling processes for different 
types and sizes of bakery 
products. There is no ‘one size 
fits all’ solution with vacuum 
cooling. Each case needs to be 

evaluated through experimental 
trials. It was also noticed that 
it was fairly easy to cool the 
product down to ~35°C, but after 
that the cooling rate slowed 
down dramatically. It could be 
beneficial to first vacuum cool 
the products to 35°C, and then 
continue cooling conventionally 
to reach the target packing 
temperature. This would reduce 
the energy needed to vacuum 
cool the product, but it would 
also let the moisture equilibrate 
from crumb to crust before the 
slicing operation. Slicing of 
sandwich bread immediately 
after vacuum cooling can be 
challenging because of the hard 
crust that it sets up. Further 
work would be needed to get 
a better understanding of the 
mechanisms behind the slower 
staling rate. n

For more information contact:
Tiia Morsky 
Senior Bakery Scientist
Campden BRI Group

Tel: + 44(0)1386 842089
E-mail: tiia.morsky@campdenbri.co.uk
Web: www.campdenbri.co.uk

FIND OUT MORE 

“By cutting 2.5 minutes off a 25 
minute bake time, 10% energy 
can be saved, which equates to 
£81k per year.”
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For many years, REGO 
Herlitzius, the German 

manufacturer of bakery 
machines, has pursued a two-
pillar strategy. Besides high 
performance large machines 
for the industrial sector, the 
second and equally significant 
pillar of the product portfolio 
“Made in Wuppertal” consists of 
numerous innovative machines 
for the traditional bakery trade. 
The main highlights of this pillar 

include bread cutting machines 
for the sales area of baker’s shops 
and bake-off stations, planetary 
mixing, kneading and beating 
machines and cream cookers to 
support production in baker’s 
shops. 

“This two-pillar strategy has 
proven itself over many years,” 
says Managing Director Uwe 
Paass. “The two divisions each 
benefit from results coming from 

Research & Development and we 
are, therefore, able to cover the 
whole range of requirements in 
the bakery trade with innovative 
products.”

Planetary mixing and kneading 
machines of the PM series
REGO HERLITZIUS supplies 
the confectionery and bakery 
trade with a machine portfolio 
comprising planetary mixing and 
kneading machines of the PM 

Planetary mixing and
kneading machines from 
REGO HERLITZIUS
 
Innovative high-tech aids for processing dough and paste in the bakery trade

Presentation of the planetary 
mixing and kneading machines of 
the PM series on a trade fair

Uwe Paaß (Paass), Managing 
Director Rego Herlitzius
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series with bowl sizes ranging 
from 12 to 200 litres. These dough 
and paste processing machines 
make work easier, more precise, 
faster, more hygienic and more 
convenient. The wide range 
of bowl sizes means that the 
right machine is available for 
practically every size of firm.

Computer-assisted 
reproducibility of recipes
Bakers and confectioners with 
high quality requirements rely 
on the exact reproducibility 
of recipes in their daily work. 
The comprehensive standard 
equipment supplied with 
machines in the PM series help 
users achieve this. The kneading 
process was optimised under 
laboratory conditions for recipes 
during which the shapes, curves 
and radii of the kneading arms 
were designed to ensure excellent 
dough and paste mixing. 

All planetary machines from 
REGO HERZLITZIUS are also 
equipped with electronic control 
and a computer with a memory 
for 37 programmes of 20 stages 
each as well as variable electronic 
speed control systems. The 
automatic start-up programme in 
the machines is also computer-
assisted to protect the tools and 
the machines. These features as 
well as digital time and speed 
displays assist confectioners 
in generating and reproducing 
recipes precisely. 

Rugged planetary drive 
technology
The High Efficiency drives in 
the PM series comply with the 
IE-2 class to ensure maximum 
efficiency. A low-maintenance 
and rugged planetary gear was 

developed and manufactured in 
optimised production processes 
using ideal material pairings 
to achieve maximum quiet 
running even at top speeds. The 
output drive between motor and 
planetary gear was optimised 
by a load-dependent frequency 
control to ensure excellent 
running characteristics in all load 
situations. Integrated dampers 
absorb and reduce vibration 
transferred to the machine frame. 
All the features described above 
increase machine service life 
considerably.

Design supports hygiene
All machine frames in the PM 
series were developed based on 
Hygienic Design aspects. From 
the outside, this is recognisable 
by details such as the adjustable 
feet and the one-piece protective 
cover with refill window above 
the bowl. All covers are easily 
exchangeable and very easy to 
clean. The foil panel is another 
feature emphasising the 
importance placed on maximum 
hygiene requirements as well 
as the tool coupling shafts fitted 
with quick-change systems and 
manufactured completely from 
stainless steel.

Accessories included in standard 
equipment
Bakers and confectioners 
receive a comprehensive range 
of accessories included in the 
standard version of a PM series 
machine. This includes a bowl 
wagon, beating or stirring whisk, 
flat stirrer, kneading spiral and an 
accessory set. All tools are made 
of stainless steel. The beating 
and stirring whisks are shaped to 
ensure stable consistency for each 
recipe to prevent the mass from 

rapidly “collapsing” and losing 
volume. 

Both intricate and rugged
“With the planetary machines 
in our PM series, we have put 
together a complete package for 
confectioners and bakers. On the 
one hand, they are very intricate 
due to their complex computer 
controls but at the same time 
they are powerful and long-
lasting due to the rugged drive 
and gear designs,” says Uwe Paass 
in summary. n

REGO HERLITZIUS GMBH
Bäckerei- und Konditoreimaschinen
Hatzfelder Str. 115, D-42281 Wuppertal
Tel.:  +49 (0) 202 26920010
mail@rego-herlitzius.com
www.rego-herlitzius.com

FIND OUT MORE 

MORE DETAILS ON THE  
BAKINGEUROPE WEBSITE

The Rego Herlitzius PM 140 with 
its bowl size of 140 litres
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INTRODUCTION
Synthetic non-stick coatings 
(NSC) first appeared as silicone 
products in 1938 derived 
from polymerised siloxanes. 
In 1945, PTFE was patented 
and was manufactured 
by the polymerisation 
of tetrafluoroethylene 
(Perfluorinated organic surfactant 
based coating). Prior to these 
inventions, baking was of course, 

carried out in steel pans with 
the use of greasing agents. The 
invention of NSCs addresses 
many technological and chemical 
issues; silicone NSC is preferred 
for use with doughs rich in lipids 
and eggs such as those used in 
pound cakes whereas PTFE is 
used for pan bread. Products such 
as baguettes, however, which are 
baked on perforated trays coated 
with silicone, the choice of NSC 
therefore, is very much “horses 
for courses”!   SATIN-BAKING 
project aims to improve the 
lifetime of NSC, contribute to the 
postponement of bread adhesion 
to the baking surface and to 
mitigate chemical risks. 

THE SATIN BAKING PROJECT 
(SATIN-BAKING)
The goal of SATIN-BAKING 
(2012/2016) was to understand 
the ageing characteristics 
of perfluorinated NSC used 
in industrial bakery.  Bakery 
products are likely to contain 
exogenous contaminants (EC) 
migrating from NSC and neo 
formed contaminants (NFC) from 
innocuous precursors present 
in the dough. SATIN-BAKING 
focused on perfluorinated-type 

EC (PFAs such as PFOS and PFOA) 
used as NSC in baking. European 
regulations (see references) are 
based on tests conducted on new 
NSC, while the risk of chemical 
migration from the NSC could 
alter with the ageing of the NSC. 
Directive 2006-122/EC sets the 
limits of presence of perfluoro-
octane-sulfonates (PFOS) in 
products and articles (0.1 % [1 
mg/g] in mass or 1 µg/m²) and 
recommendation 2010/161/EU 
invites member states to monitor 
perfluoroalkylated substances in 
food. Currently, however, there are 
no tools available to the industry 
with which to track the ageing of 
NSC. 

Project’s objectives were:
1. To carry out a follow-up 

of the ageing of the NSC 
and to assess the bread’s 
contamination in EC and NFC 
(factory and laboratory levels)

2. To design touch less 
equipment to detect the end of 
life of NSC,

3. To study the links between 
NSC properties during their 
lifetime and to propose 

Non stick coating
in the baking industry; in the case
of perfluoroalkylated coatings
Outcomes of the satin-baking project (2012-2016)
 
By Alain Le-Bail, Oniris (pictured)
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solutions to reduce the risk 
of transfer of PFC into the 
products

4. To develop baking systems to 
reduce the baking temperature 
and the risk of EC transfer.

MAIN RESULTS FROM SATIN-
BAKING PROJECT
NSC ageing tests were carried 
out at different levels: laboratory 
(tribology and thermal cycles), 
mesoscopic (baking robot 
managing ageing of four baking 
pans 5cm × 5cm × 5cm at the 
same time 24h/7days/week) and 
factory. Heat and mass transfer 
modelling was done to study 
the pan-dough interface and 
to develop a low pressure, low 
temperature baking process. 
Detection of NFC and EC in  
bread and NSC with a protocol 
able to detect 28 perfluoroalkyl 
analytes at levels ranging 10-1000 
pico gram / gram product. .  
Other techniques to detect 
ageing of NSC were used such 

as near Infra-Red, fluorescence 
and optical equipment’s based 
on evolution of glossiness during 
NSC ageing. 

Main outcomes of the project: 
i) It was impossible to detect 

the presence of PFAs 
contaminants in breads  
despite the NSC deteriorate 
after approximately 2000 
baking cycles

ii) NFC were detected at trace 
levels in bread 

iii) Adhesion was attributed 
to a liquid film at the pan-
bread interface for low level 
of ageing, whereas strong 
adhesion due to the presence 
of caramelised compounds 
attached to the NSC was 
observed for aged coating.

iv) an optical sensor was developed 
to monitor the ageing of the 
NSC; a restriction of this 
sensor was that it worked 

Figure 1: Picture of the baking robot developed at ONIRIS-GEPEA to study  
at lab scale the ageing of miniature baking pans
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when tracking the same 
coating during its lifetime to 
be efficient,

v) A patent (EP2572583 B1) 
was developed by partner 
IRSTEA based on an innovative 
low temperature and low 
pressure baking process. Such 

technology permits to reduce 
the baking temperature and 
will help in prolonging the 
shelf life of NSC.

PROPOSED AGEING 
MECHANISMS OF NON-STICK 
COATING
Release of traces of PFOS & 

PFOA may occur during the very 
first usages of the NSC (Le-Bail 
& al. 2011). Based on results 
obtained during SATIN-BAKING 
using high-resolution analytical 
tools, no EC contaminants were 
found in breads baked neither in 
laboratory nor in industry. The 
assumed mechanisms involved in 
the ageing of NSC are displayed in 
the schematic diagram in figure 2. 
At end of life, the NSC is heavily 
damaged, the bread components 
adhere to the NSC and NFC start 
to attach to the coating resulting 
in strong adhesion.

UNDERSTANDING BREAD 
ADHESION IN THE PAN
For any new or used NSC, bread 
adhesion may occur if a long 
waiting time occurs between the 
end of baking and the depanning; 
this is due to condensation in 
the gap between pan and bread 
(cold area). The condensate will 
flow towards the bottom of the 
pan resulting in an aqueous 
fluid which may also contain 
lipids released by the pastry. This 
substrate film will result in an 
adhesion by liquid film; a coarser 
crust reduces the contact surface 
and increases the amount of fluid 
per surface unit resulting in a 
stronger sticking, phenomenon 
which was observed with less 
saturated oils for example. In the 
case of used NSC, an external 
substrate coming from the bread 
(Neoformed compound) may stick 
on the NSC; the adhesion will 
then appear due to the presence 
of a strong adhesive substrate 
(Figure 4). 

PERSPECTIVES
Based on the expertise gathered 
by the consortium, an application 

Figure 4 : Schematic of the adhesion of bread on used NSC; neoformed bread 
components accumulate on the rough coating with a high surface energy 
resulting in strong adhesion with a high viscosity adhesive substrate.

Figure 3 : Schematic diagram of the appearance of the sticking of bread on a 
lightly used pan: the collapse of the bread leads to the appearance of a lateral 
pan-bread space where condensation occurs. The liquid trickles down the 
pan leading to the appearance of a liquid film and to the adhering by wetting 
(capillary forces).

Figure 2: Schematic representation of mechanisms involved in ageing of non 
stick coating. Left, first usages=release of traces of molecules, center=start 
degradation as particles from ca. 200 to 400 baking cycles, right=end of life = 
particles of millimetric size are released.
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for a follow up project which is 
envisaged to study the case of 
silicone coating used for pound 
cake production; the partners are 
searching for financial support 
to carry out this new project. 
Silicone NSC is less durable 
than Perfluoroalkylated NSC 
and addresses some chemical 
risks because it tends to become 
porous during ageing and may 

host compounds from pastry 
recipes which will undergo 
multiple thermal cycling 
resulting in specific chemical 
risks.  Greasing agent is often 
used in such conditions, making 
the context more complex. Also, 
European Food Safety Agency 
has issued very recently a 
study on the occurrence MCPD 
( 3-monochloropropane-1,2-diol 

or 3-chloropropane-1,2-diol) and 
GE (glycidyl esters) (EFSA Journal 
2016;14(5):4426) which originates 
from the deodorisation process 
of vegetable oils. The JECFA (Joint 
FAO/WHO Expert Committee on 
Food Additives) is expected to 
deliver a recommendation on 
MCPD and GE by 2017 and the 
EU regulations may be hardened 
following this advice. n
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Commercial bakeries often 
make big investments 

in process design or product 
research and development to 
improve performance and gain a 

competitive advantage. But many 
overlook the cost savings and 
wider business benefits that can 
be made by improving resource 
efficiency, including reducing 

avoidable food waste and 
unnecessary energy use across 
the business as a whole.

The bakery sector is one of 

Beyond process 
optimisation
how cutting food waste and energy
can boost your bakery’s profits
By Marissa Lippiatt, Head of Resource Efficiency (pictured)
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Europe’s most resource intensive 
industries. Research by WRAP 
suggests that manufacturing 
bakery products, cake and cereals 
creates 10% of all food waste at 
the manufacturing stage. Zero 
Waste Scotland is working with 
bakeries in Scotland to identify 
keys areas of waste generation 
and to highlight opportunities to 
prevent food waste. 

Reducing food waste can benefit 
the bottom line as not only does 
it maximise production output 
but it also reduces disposal costs 
which account for a significant 
overhead for bakers. When 
combined with actions to reduce 
energy and heat use, improving 
resource efficiency can be the 
easiest and most immediate way 
to boost profits.

This article, authored by Marissa 
Lippiatt, Head of Resource 
Efficiency from Zero Waste 
Scotland, the organisation 
funded to support the Scottish 
Government’s zero waste 
ambitions, explores the ways 
that bakeries can reduce waste 
and become more efficient. Here 
she presents three different 
strategies for food and drink 
sector businesses to increase 
productivity and profitability:

• Immediate cost-effective 
actions to optimise resource 
use;

• Innovations in supply chain 
management; and

• Installation of high 
performance heat recovery 
technology.   

For many bakeries, the first 
introduction to food waste 
reduction comes from the need 
to meet national or regional 
legislation. Europe has adopted 
the United Nations Sustainable 
Development Goals, which 
include targets to halve food 
waste per capita at the retail 
and consumer level by 2030, and 
reduce losses along the food 
production and supply chains. 
Governments will look to the  
food and drink sector to help 
deliver these targets. Scotland 
has set its own ambitious target 
of reducing all food waste by 33% 
by 2025.

Many food and drink sector 
businesses see this as an 
opportunity to cut costs and 
to make their business more 
sustainable. It makes sense to 
reduce waste where possible, 
avoiding disposal costs, energy 
costs that went into making food 

that is eventually wasted, and 
increasing profitability by using 
all edible food.

Huge savings can be made by 
reviewing all wasted resources, 
in addition to food waste. For 
example Zero Waste Scotland’s 
Resource Efficient Scotland 
programme helps businesses, 
including bakeries and other 
food and drink sector businesses, 
identify average savings of 
£16,000 from reducing energy, 
water and waste costs – and these 
savings usually triple for larger 
producers.

The savings generated go straight 
to a business’ bottom line and 
can be the difference between 
meeting or missing profit targets. 
For bakeries, unlocking these 
savings starts with simple actions 
to reduce consumption. 

INSTALL PROCESS CONTROLS 
AND TIMERS
When a batch is lost, bakers 
waste not only their products but 
also the cost of the energy and 
labour that went into making 
them. Timers, automation 
controls and alarm systems for 
ovens are essential tools to help 
bakers minimise spoilage and 
maximise return on raw material, 
labour and energy costs. 

CUT ENERGY USE ACROSS THE 
BUSINESS 
Bakers should consider the 
positive impact that reducing 
non-process energy use can have 
on overhead costs. Lowering the 
temperature on the thermostat by 
just 1°C can cut heating bills by 
10%, while fitting LED bulbs can 
reduce lighting costs by up  
to 75%. 
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REDUCE WATER CONSUMPTION
Water is heavily used in bread 
production. Installing meters 
will help to monitor water 
use and ensure that it is used 
efficiently. Water temperature 
is an important factor in bread 
production, so bakers should 
ensure that the volume and 
temperature of the water used 
is optimised. Accounting for 
temperature changes between 
seasons can also have a big 
impact on the energy used and 
the cost of heating water.

ENGAGE STAFF
Waste management and energy 
efficiency programmes are driven 

and delivered by individuals in 
their daily actions. Therefore, 
making waste prevention the 
responsibility of the entire 
workforce is key to reducing 
waste and cost. Investing in 
training, staff engagement 
programmes and campaigns 
can yield big, low-cost gains and 
secure success in waste reduction 
plans. 

GOING BEYOND COMPLIANCE – 
INNOVATIONS IN SUPPLY CHAIN 
MANAGEMENT  
Once bakers start to enjoy the 
many benefits that reducing 
food waste can bring to their 
bottom line, many choose to go 

beyond compliance and embed 
continuous improvement in 
resource efficiency into their 
business strategies. This involves 
considering how waste impacts 
business performance at all 
stages of the product lifecycle and 
supply chain, and what strategies 
are available to reduce the cost. 

Many of the retailers that form 
bakers’ core client base have 
commitments to reduce food 
waste. Working with customers 
to understand their sustainability 
drivers and reduce waste can 
help bakers supply more precisely 
to meet demand. For example, 
returned goods from ‘sale or 
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return’ agreements account for a 
significant proportion of bakery 
waste. Bakers that collaborate 
with customer’s sustainability 
agendas can reduce the amount 
of unsold goods, while building 
stronger and more effective 
customer relationships. 

However, even bakeries with 
tightly controlled production 
and supply chain management 
processes experience a degree 
of unavoidable waste. Many 
businesses that push resource 
efficiency to its full potential 
look to develop innovative ways 
to handle the excess material, 
and even use it to identify new 
revenue streams. 

Where appropriate, bakers may 
choose to donate products to 
charity organisations, although 
due to the relatively short 
lifespan of baked goods, this 
option can be limited. Others 
develop local partnerships with 
farms and divert surplus products 
to animal feed. This avoids 
disposal costs and provides an 
additional stream of revenue. 

Some bakeries in Scotland are 
taking supply chain innovation 
even further and adopting 
imaginative ‘circular economy’ 
solutions. For instance, a bakery 
and a microbrewery in Glasgow 
are working together to use 
leftover bread rolls as part of the 
brewing process. This has enabled 
the brewer to create a new type 

of marketable beer that has a full 
body but a lower alcohol content. 

THE NEXT LEVEL – SPOTLIGHT 
ON HEAT RECOVERY 
TECHNOLOGY 
There are lots of ways for bakers 
to reduce resource use, cut bills 
and grow their business. However, 
the projects that deliver the 
biggest impact and savings often 
require capital investment. One 
example is heat recovery.

At least 10% of the heat produced 
by a commercial oven is lost. Heat 
recovery systems capture this 
energy and redirect it to power 
other functions throughout the 
bakery. The recaptured heat can 
be used to prove dough, preheat 
ovens, defrost ingredients or 
heat up the water used in bread 
production. Captured heat 
can also be fed back into the 
refrigeration cycle and, almost 
paradoxically, be used to power 
chilling cabinets and other 
refrigeration systems. Heat 
reduction technology can  
reduce significantly a bakery’s 
energy use.

However, as with all capital 
investments, bakeries need to 
perform a robust cost-benefit 
analysis before installing heat 
reduction technology. 

Many government programmes 
in Europe support businesses 
in recognising the financial and 
skills-gap barriers that are faced 

for these types of projects. Such 
programmes include Zero Waste 
Scotland’s Resource Efficient 
Scotland programme, which 
offers free support to help bakers 
in Scotland identify food waste 
and energy efficiency actions, 
develop a business case for 
high-value investment and find 
the best suppliers to install new 
equipment. 

Resource Efficient Scotland 
also helps businesses to access 
interest-free, unsecured loans 
and other capital funding sources 
from the Scottish Government 
and European Regional 
Development Fund to finance 
waste reduction and energy 
efficiency projects.  

BUILDING A SUSTAINABLE, LOW-
COST FUTURE
Many of the biggest and most 
immediate gains in profitability 
come from relatively simple 
actions to reduce food waste and 
increase efficiency. Bakeries that 
make this part of their long-
term business strategy have an 
opportunity to unlock profits and 
gain a competitive edge. n

For more information and support  
on how to cut food waste across 
the supply chain and build a more 
sustainable business, visit  
www.resourceefficientscotland.com 

FIND OUT MORE 

ABOUT ZERO WASTE SCOTLAND 
Zero Waste Scotland exists to create a society in which resources are valued 
and nothing is wasted. It is funded by Scottish Government’s circular 
economy strategy and the EU’s Europe 2020 growth strategy. Through its 
Resource Efficient Scotland programme it supports small and medium sized 
businesses to reduce their energy, water and material use, and to save money.
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Eurostat (the EU’s statistical 
Directorate) estimate that 

more than one in seven of the 
working age population in Europe 
report some kind of longstanding 
health condition and that more 
than 20 million may feel that 
their working lives are affected 
by this. More than half report an 
impact on the type or amount 
of work they may be able to 
do.1 However, there is ample 
evidence that disabled people can 
and do want to work although 
barriers often stand in their way 
– whether those are physical 
barriers in the workplace or social 

barriers in the knowledge and 
attitudes of employers and co-
workers. In addition there may be 
other obstacles to contend with 
beyond the work environment, 
including a lack of access to 
suitably accessible training 
opportunities, transport or social 
support systems.

There has been a shift in 
policy away from ‘sheltered’ 
employment schemes towards 
equal rights in the open 
labour market. This has led to 
the closure of some targeted 
employment schemes, including 
some training and employment 
schemes in the baking industry. 
‘Sheltered employment’ involves 
segregated workshops specifically 
for the employment of disabled 
people, often employed below 
the minimum wage as a form of 
training or therapeutic activity. 
Such schemes are now at odds 
with the policy expectation of 
‘supported employment’ in 
mainstream workplaces.2

For some decades now there 
has been an established policy 
expectation that disabled 
jobseekers should have equal 
opportunities and Article 27 of the 
United Nations Convention on the 
Rights of Persons with Disabilities 
(CRPD) lays down the challenge to 
policy makers to: 

…recognize the right of 
persons with disabilities to 

work, on an equal basis with 
others; this includes the right 
to the opportunity to gain a 
living by work freely chosen or 
accepted in a labour market 
and work environment that is 
open, inclusive and accessible 
to persons with disabilities.

Discrimination on the grounds 
of disability in employment or 
training is prohibited under 
European law and enforced 
through national legislation in 
the EU Member States (as they 
are required to have in place 
under Directive 2000/78/EC). In 

Employing 
disabled workers
 
By Betul Yalcin and Professor Mark Priestley (University of Leeds)

Professor Mark Priestley University of Leeds
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general, such laws tend to require 
that employers do not treat 
disabled workers ‘less favourably’ 
than other workers and that 
they should make ‘reasonable 
adjustments’ to accommodate 
their needs. This means treating 
everyone fairly but not necessarily 
treating everyone the same. 

Despite the legal provisions 
to guard against disability 
discrimination there is 
little evidence of any rapid 
improvement in the employment 
situation of disabled people 
in industrialised economies 
(although it has improved more 
gradually). It is not always easy 
to compare the employment 
rates of disabled people with 
the general population because 
most countries in Europe do not 
routinely collect this information 
in their Labour Force Surveys. In 

those countries that do, it is clear 
evidence that disabled people 
are not only less likely to find a 
job but, when they do, it is more 
likely to be insecure or low paid 
when compared to the general 
workforce. 

Our best estimates come from 
analysis of the European Surveys 
on Income and Living Conditions 
(EU-SILC), which are compiled 
annually by the Academic 
Network of European Disability 
experts (ANED). Those estimates 
suggest that while the average 
employment rate for non-disabled 
people in the EU was 72.5%, it 
was 56.7% for people whose 
condition affected their daily 
activity to some extent, and just 
28.3% for those with more severe 
impairments.3 Unemployment 
rates are higher for disabled 
jobseekers and many still find 

it difficult to enter the labour 
market at all.

Basic non-discrimination laws 
are not enough on their own and 
are supported by a wide range 
of active labour market policies 
to encourage the employment 
of disabled persons in both 
public and private enterprise. 
These include both ‘push’ and 
‘pull’ policies, focusing either 
on equipping more disabled 
people for job opportunities or 
encouraging more employers to 
take them on, respectively. 

Broadly speaking, there are three 
types of active labour market 
policy – public employment 
services that help disabled 
people look for and find work; 
employment training that 
helps people to increase their 
employment skills; and subsidies 
(either for the employer or 
the employee) to incentivise 
recruitment of people who are 
unable to find work easily in the 
open market.4 Disabled people 
have been a key target group for 
such policies in recent years, and 
many European countries operate 
disability employment ‘quotas’ 
or ‘wage subsidies’ to encourage 
employers.

Research by the first author in 
the UK, Ireland and Sweden 
shows how disabled employees 
and their employers negotiate 
such policies in recruitment and 
in the workplace.5 More than 50 
interviews were conducted in 
36 different workplaces, mostly 
in the private sector. There was 
a lot of sympathy for the view 
that everyone should have equal 
opportunities but this was not 
always expressed in practice.
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“Employers who are 
adaptable and who take 
advantage of the extensive 
public assistance and 
incentive schemes on offer 
are the ones who will gain.”

Professor Mark Priestley
School of Sociology and Social Policy
University of Leeds
LS2 9JT, UK
Email: m.a.priestley@leeds.ac.uk 

FIND OUT MORE 1 Eurostat Disability Database  
http://ec.europa.eu/eurostat/web/health/disability/data/database 

2 Laura Hoffman, ‘Employment Opportunity or a Discrimination Dilemma: 
Sheltered Workshops and the Employment of the Disabled’ (2013) 16 
University of Pennsylvania Journal of Law and Social Change 151.

3 ANED http://www.disability-europe.net/theme/statistical-indicators 

4 Lars Calmfors, Active Labour Market Policy and Unemployment: A 
Framework for the Analysis of Crucial Design Features (Organisation for 
Economic Co-operation and Development 1994).

5 Betul Yalcin (2017) A comparative analysis of Active Labour Market Policies 
for disabled people in the European Union Member States, University of 
Leeds PhD thesis  

The most commonly expressed 
reservations suggested that 
workplaces or processes might 
not be accessible to a disabled 
employee (such as a wheelchair 
user or a blind person) and yet 
funds would have been readily 
available in each country from the 
employment services to adapt the 
workplace or to provide supportive 
assistance to the employee. As 
one interviewee put it:

‘there is a lack of 
understanding and a lack 
of awareness and a lot of 
employers think that they are 
going to need a lot of support 
with the person, but a lot of the 

time when a person goes into 
work, they can actually do the 
job and they actually turn out 
to be the best employees that 
the company has recruited.’

This meant that entry routes 
into employment, including low 
expectations or prejudice in the 
recruitment process, could often 
be the biggest hurdle to overcome. 
Consequently, some successful 
employees had only found their 
way into the industry through 
targeted transition programmes, 
like supported internships or 
access to work schemes. This 
included positive discrimination 
in guaranteeing job interviews 

for suitably qualified disabled 
applicants.

There have been enormous 
advances in the way that we view 
disabled workers. The approach 
is no longer one of compensation 
or segregation but one of equal 
rights and opportunities. There 
is a large pool of untapped 
enthusiasm amongst disabled 
jobseekers. The policy message 
is clear – employers who 
are adaptable and who take 
advantage of the extensive public 
assistance and incentive schemes 
on offer are the ones who will 
gain from adopting a positive 
disability recruitment strategy. n
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“Employers who are 
adaptable and who take 
advantage of the extensive 
public assistance and 
incentive schemes on offer 
are the ones who will gain.”

Professor Mark Priestley
School of Sociology and Social Policy
University of Leeds
LS2 9JT, UK
Email: m.a.priestley@leeds.ac.uk 

FIND OUT MORE 1 Eurostat Disability Database  
http://ec.europa.eu/eurostat/web/health/disability/data/database 

2 Laura Hoffman, ‘Employment Opportunity or a Discrimination Dilemma: 
Sheltered Workshops and the Employment of the Disabled’ (2013) 16 
University of Pennsylvania Journal of Law and Social Change 151.

3 ANED http://www.disability-europe.net/theme/statistical-indicators 

4 Lars Calmfors, Active Labour Market Policy and Unemployment: A 
Framework for the Analysis of Crucial Design Features (Organisation for 
Economic Co-operation and Development 1994).

5 Betul Yalcin (2017) A comparative analysis of Active Labour Market Policies 
for disabled people in the European Union Member States, University of 
Leeds PhD thesis  

The most commonly expressed 
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AUTOMATED, SELF-LEARNING CLEANING SYSTEM

Versatile and mobile – the new 
device for cleaning processing 
machinery
A new mobile device has been 
developed by the Fraunhofer 
IVV Dresden to facilitate the 
cleaning of processing machinery. 
The showcase “Mobile Cleaning 
Device” (MCD) brings together the 
benefits of traditional automated 
cleaning systems and the 
versatility of manual cleaning. 
The MCD has an optical sensor 
system for dirt detection and 
adaptive cleaning. What areas 

are dirty and need cleaning? 
When is the cleaning finished? 
Was it successful? In the future 
these questions will be able to 
be answered using inline sensor 
systems. The virtual twin of the 
MCD comprises an adaptive 
model of the cleaning process. 
Combining this with cognitive 
control concepts and the sensor 
system for dirt detection allows 
for the first time adaptive 
cleaning, namely cleaning 
adapted to the hygienic state of 
the machinery. The flexibility 

of the system is also evident in 
the drive concept. Movement 
between machine modules can 
take place via an own drive unit 
or by utilizing existing transport 
systems such as conveyor belts. 
In contrast to standard cleaning 
systems, the MCD is not installed 
in a dedicated way in a machine, 
rather it can be used in a versatile 
way to clean several machines. 
Separately driven nozzles are 
available for foam and spray 
cleaning. Besides the cleaning 
of whole machines, the targeted 
cleaning of parts of a machine is 
also possible.

Self-learning assistance system 
improves machine efficiency
The Fraunhofer IVV Dresden is 
actively developing self-learning 
assistance systems for processing 
machinery and will present 
the first concepts at interpack 
2017. The decisive factor for 
starting the development work 
was recognition that even the 
most advanced production lines 
are prone to often short faults/
stoppages every five minutes 
on average. Processes and 
machinery are becoming ever 
more complex. Many production 
line operators are thus unable 
to remedy faults at their 
source, and so only manage to 

FRAUNHOFER IVV
Dresden presents new systems for improving
process efficiency at interpack 2017 
 
The Fraunhofer IVV Dresden will present two new systems for efficient process management at 
interpack 2017 from 4-10 May 2017 in Düsseldorf on the stand of the VDMA (Hall 5, Stand J38): An 
innovative mobile device for cleaning processing machinery and a self-learning assistance system 
to help remedy machine faults.

Two variants of the Mobile Cleaning Device: self-driven or on conveyor belt 
Photo ©: Fraunhofer IVV Dresden
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alleviate the short-term effects. 
Even highly advanced sensor 
systems are not always able 
to prevent faults, for example 
those caused by fluctuating 
product properties. The most 
important source of knowledge 
for remedying machine faults is 
the knowledge of experienced, 
qualified machine operators. In 
order for this knowledge to be 
passed down to less experienced 
personnel, the Fraunhofer IVV 
Dresden is pursuing various 
concepts for providing operators 
with information about fault 
elimination relevant for the 
prevailing conditions. These 
concepts have now been brought 
together in SAM, the self-learning 
assistance system for machines, 
which helps operators remedy 
faults via a quasi-navigation 
system. A foundation for this is 
anomaly detection in patterns 
of sensor signal based on the 
techniques of data mining 
and machine learning. Future 
steps will develop a cooperative 
dialogue system. This will allow 
the assistance system to learn 
directly from the operator and 
together propose a problem-
solving strategy, without the SAM 
itself actively engaging in the 
production process. n

Karin Agulla  Fraunhofer Institute for 
Process Engineering and Packaging 
and Packaging IVV 
Tel: +49 8161 491-120 
Web: www.ivv.fraunhofer.de 
Email: karin.agulla@ivv.fraunhofer.de

FIND OUT MORE 

Getting it right 
in the long run: 
FOOD SAFETY 
 
By Tony Lewis (pictured), Head of Policy for the Chartered 
Institute of Environmental Health (CIEH).

As suppliers (and 
consumers) we expect 

quality, freshness and great 
taste; neither we nor our 
customers expect our baked 
goods to make us ill. 

The presence of pests in food 
production and preparation 
areas has always been 
unacceptable and getting it 

wrong is costly. Risks posed by 
pests such rodents, cockroaches 
and flies, include the spread of 
disease, damage to property and 
contamination of foodstuffs. 
Additionally, food may need 
to be thrown away adding 
further to cost of production 
all of which may pale into 
insignificance the damage that 
can be caused by the risk of bad 
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By Tony Lewis (pictured), Head of Policy for the Chartered 
Institute of Environmental Health (CIEH).
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publicity and the prospect  
of prosecution and subsequent 
court case. 

Of particular interest to the 
baking industry are psocids, 
otherwise known as booklice. 
These creatures prefer starchy, 
moist foods like flour and will 
abandon where they are in favour 
of a newer, fresher supply. Living 
up to six months, a female psocid 
may lay up to 100 eggs during her 
lifetime. Psocids can also rapidly 
increase in number, especially in 
the warmer months.

The law is clear: a business is 
responsible for producing and 
selling safe food. However, getting 
it right does not have to be 
overcomplicated and maintaining 
high standards can help improve 
business success.

General steps you can take to 
mitigate pests include: 

• Read up Regulation (EC) 
852/2004 which lays down 
general hygiene requirements 
for all food business operators 

• Work with your pest control 
professional to put into 
place an integrated pest 
management plan 

• Speak to your local 
environmental health service 
within the local council or 
similar organisation and they 
will be able to give you more 
information and advice. 

The key to keeping pest 
infestations at bay is simply to 
remain alert. This may seem 
obvious, however in the light 
of continuing reports of pest 
infestation, you should regularly 
inspect premises for signs of 

pests including store rooms, 
food stores, kitchens and waste 
retention areas. 

Keep records of the inspection, 
findings and any action taken to 
treat an infestation and remedy 
any situation found as soon as 
possible to minimise the impact 
and spread of the infestation. If it 
is a serious problem, use qualified 
pest control professionals.

Due to their close relationship 
with the product, an infestation 
of stored product insects (SPI), 
such as psocids, can often remain 
undetected in the initial stages. 
To prevent the spread of SPI 
you should check all incoming 
raw materials, apply strict stock 
rotation and adopt thorough 
cleaning to prevent product build-
up within plants and machinery. 

You should also provide suitable 
training for your staff so that they 

are aware of the pests that they 
are likely to encounter in their 
part of the process and stress the 
importance of pest prevention. 
Indeed, why not encourage or 
incentivise your employees to 
spot signs of infestation. 

Most businesses take food safety 
seriously and investing in good 
standards will save you time, 
money and reputation in the  
long run. n

Steven Fifer Public Affairs Manager
Email: S.Fifer@cieh.org

The Chartered Institute of 
Environmental HealthChadwick Court, 
15 Hatfields, London, SE1 8DJ
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The strange case of 
oils and fats
By Michael Edmund

“If I am the chief of sinners, I am the chief of sufferers also.” 
 Robert Louis Stevenson

Many pairs of words seem 
to go together so well that 

it is as if they were created for 
each other. Take Night and Day 
for example; or Morecambe and 
Wise (at this early point in the 
proceedings, I begin to wonder 
if I am showing my age); Yin and 
Yang; Fire and Ice; or Gin and 
Tonic (a particular favourite of 
mine, particularly when served 

with some of that ice. But I 
digress; which, sadly, may well 
be another sign of ageing). Oils 
and Fats probably fits into this 
list of harmonious pairings - 
perhaps particularly among 
the baking fraternity. However, 
closer inspection reveals that 
some examples of the genre 
fit so well together because 
both elements reflect the same 

concept – not synonyms, but 
close. I am thinking here of Love 
and Marriage, or Strawberries 
and Cream. Conversely, other 
pairs appear almost to represent 
polar opposites – they might be 
antonyms by the same analogy. 
For an example, consider Good 
Cop/Bad Cop (an idea to which 
I will return in a moment). Or 
Jekyll and Hyde, which is after 
all the point of this article, and 
the subject of the quote at the 
beginning.

Any chemist will tell you that 
oils and fats are pretty much 
the same; and that an oil is a 
solid fat (or, if you prefer, that 
a fat is a liquid oil). While this 
has as much to do with chain 
length and molecular weight as 
it has to ambient temperature, 
and whereas there is inevitably 
a great deal more to the subject, 
the terms oil and fat may be used 
almost interchangeably. The chief 
identifying characteristic of a 
fat is its chemical dissociation 
into glycerol and a fatty acid, 
which is a biologically important 
and useful property that may 
incidentally account in part 
for the undesirable property of 
rancidity when stored.

We know fat to be an excellent 
source of energy that yields over 
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twice as much, gram for gram, as 
proteins or carbohydrates. Once 
consumed, it is also an excellent 
means of storing energy, which 
facts surely together account 
for its desirability as a food 
source. And because of these 
properties, the body has evolved 
a positively ingenious solution 
to the problem of transporting 
fats, which are almost by 
definition hydrophobic, in the 
blood - which is of course an 
aqueous medium. Hydrophobic/
hydrophilic by the way embodies 
another of those antonymous 
pairings. This biological 
masterstroke superficially 
resembles the detergent molecule 
in action, and is of course the 
lipoprotein. The cholesterol that 
lipoproteins transport around 
the body is a fundamentally 
important component of cell 
membranes; and a precursor 
of many significant hormones 
and of Vitamin D. Biochemically 
speaking, however, lipoproteins 
can play the role of Good Cop - 
low density lipoprotein (LDL) is 

generally considered a good thing 
– or of Bad Cop, for high density 
lipoprotein (HDL) is generally 
thought to increase cardiovascular 
risk. Moreover, be it biological 
elegance or an evolutionarily 
diabolical twist, many highly 
desirable flavour compounds are 
fat-soluble, making fat almost 
irresistible to the consumer, often 
resulting in consumption that far 
exceeds the dietary requirement 
for good health.

Antonyms abound in the fat 
universe. Referring to the degree 
of side chain substitution, there 
are saturated and unsaturated 
fats. And there are cis- and 
trans- fats, depending on the 
stereochemical relationship of 
parts of the molecule to a rigid 
carbon-carbon double bond. In 
a further twist, trans- fats can 
usefully be viewed as playing 
the cardiovascular role of Bad 
Cop. But there is even more to 
the stereochemical story: since 
most organic molecules are 
chiral, there is a left/right or (R)/

(S) element as well – as surely as 
night follows day. 

Recent attention to the benefits 
of a high fat diet has illustrated 
once again the eternal dilemma: 
are fats good for you? Or are 
they bad? Clearly the answer 
is not simply black or white. If 
you are finding that your narrow 
waist and broad mind are slowly 
changing places, you may simply 
be experiencing something 
of a midlife crisis, but the 
question may have much more 
than waistline consequences 
for cardiovascular patients, 
for diabetics or those with a 
dyslipidaemia. 

Fat, it seems, can play the 
role of hero or villain – and 
can sometimes be both 
simultaneously. Whether it is 
Jekyll, then, or Hyde, the choice 
of which fats to avoid and which 
to consume depends as much 
on proper, informative product 
labelling as on how you look at 
the question. n

“Fat, it seems, can play the role of 
hero or villain – and can sometimes 
be both simultaneously.”
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