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PREFACE

The 7th International Congress and the 9th Croatian Congress of Cereal Technologists
"Flour-Bread '13“ was held from 16-18 October 2013 in Opatija, Croatia. The
"Flour-Bread" Congress has been organized traditionally every second year since 1997
and become one of the most significant European scientific meetings in the field of cereal
science and technology. The research results presented at "Flour-Bread" Congresses
provides faster acceptance of the latest scientific and professional achievements in cereal
production and processing, development of new products and quality enhancement.
The "Flour-Bread '13“ Congress topics were the following: breeding and quality of cereal
grains, grain storage and milling technology, analytical and rheological methods, baking
technology, improvers and additives, starch and modified starch, extrusion and pasta
production, biscuit and pastry products, nutritional quality of cereals, cereal food safety
and cereal based functional foods.
Despite the economic recession worldwide, over 200 experts from 25 countries took part
in the Congress (Austria, Bosnia and Herzegovina, Brazil, Czech Republic, France, Iraq,
Iran, Italy, Jordan, China, Latvia, Lithuania, Hungary, Malaysia, Mexico, Netherlands,
Germany, Poland, Saudi Arabia, Slovakia, Slovenia, Serbia, Spain, Turkey, the United
Kingdom and of course Croatia). There were 43 oral presentations and 68 posters at the
Congress. Eleven national and international companies presented their production
programmes, process and laboratory equipment and cereal industry products. Many
new scientific achievements were introduced to the Congress participants and they also
had opportunity to exchange their personal experiences with the experts from various
institutions and industry.
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POSSIBILITIES OF PROCESSING LEFTOVER BREAD FROM AN ECONOMIC
AND TECHNICAL POINT OF VIEW
UDC: 664.66.016/.019
338.439.053.22

F. Meuser
Technische Universität Berlin, Institut für Lebensmitteltechnologie und Lebensmittelchemie,
Seestraße 13, D-13353 Berlin, Deutschland ; friedrich.meuser@tu-berlin.de

ABSTRACT
Bread returns and leftovers as well as leftover doughs in bakeries are valuable raw
materials for the production of food and feed products. The in-line use of bread and
dough leftovers in bakeries, e. g. processing it to obtain sourdoughs or syrups, is
common practice. Bread returns and leftovers are also dried and milled to produce feed
meals. All of these are also used for energy production. They serve as a carbon source for
the production of ethanol or methane and can also be burned to produce heat. In their
enzymically digested form, they can replace molasses as a substrate in the production of
baker’s yeast. In addition to their reuse, a substantial proportion of leftover bread is
disposed of as waste.
In Germany, the primary use of bread as food accounts for 85% of the total production of
4.7 million t/a. The remaining 15% are not consumed and represent a monetary value of
1.7 billion EUR/a. Half of the uneaten bread finds a secondary use, mainly by making it
available as feed products. The proceeds of this secondary use are less than the price of a
comparable amount of fodder cereal. The greatest gain can be made when dried bread
returns and/or leftovers are directly burned.
Besides the in-line reuse of bread returns and leftovers, all other methods result in sharp
reductions in the proceeds originally gained by processing flour to make bread.
Therefore, bread returns place a constant burden on the economical production of bread.
This burden can only be marginally reduced by the current prevailing conditions for
bread production and marketing.
In addition, bread that is sold but not eaten is a substantial source of food waste. The
losses in income caused by its disposal amount on average to about 10 EUR/consumer/a
in Germany. These losses are an unwanted tribute to our modern life.

Keywords: bread, dough, returns, leftovers, processing, economic evaluation
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INTRODUCTION
The issue of food waste has been the subject of public interest in many countries for
ethical, social, environmental and economic reasons. A study entitled “Determining how
much food is thrown away and proposals for reducing the amount of food that is
thrown away in Germany” has been conducted by the Institute for Sanitary Engineering,
Water Quality and Solid Waste Management at the University of Stuttgart on behalf of
the German Federal Ministry of Food, Agriculture and Consumer Protection (BMELV) in
order to demonstrate the magnitude of the problem [1]. The amounts of food waste were
determined over the value-added chain for food – from food production via the food
trade to the consumption of food by consumers or bulk users (restaurants and canteens)
as end users – but without taking agriculture into account.
To enable food waste to be quantified, a definition of the term was first established.
According to the definition, food waste is classified as “unavoidable”, “partly avoidable”
or “avoidable” waste. Thus waste occurring during the preparation of food is
unavoidable, leftovers are partly avoidable and unsaleable food is avoidable waste
(Figure 1).

Figure 1. Food waste by definition 1)

The study showed that a total of 11 million tonnes of food are wasted in Germany every
year (Table 1). Households account for 6.7 million t/a, for example, of which 2.5 million
t/a are unavoidable waste produced during the preparation of food. This reduces the
amount of needless food waste for which consumers are responsible to 53 kg food per
head per year. The value of the food waste is around 234 EUR per head per year.
Another study [2] has put the value of all the food wasted by consumers at 310 EUR per
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head per year. The nominal market value of food waste in Germany is thus around
25 billion EUR per year.

Table 1.

Food waste along the value-added chain from processing and selling to
consuming food 1)

Compared with the food wasted by consumers (households and bulk users), the amount
of food wasted during production and in the food trade is considerably lower, at
2.4 million tonnes per year. For example, only 1.1% of all food purchased by food
retailers, with a market value of 1.2 billion EUR per year, is wasted [3]. This amounts to
310,000 t/a, including 70,000 t/a bread, most of which ends up in organic waste bins.
Apart from the baked goods given to charities, the waste bread occurring in the food
retail trade has a nominal turnover value of 330 million EUR per year. These figures
form the basis for studying the problem of food waste in the baked goods sector and
ways of reducing the quantity of food waste, taking economic and technical
considerations into account in the context of the overall issue outlined above.

Food waste in the baked goods sector
According to information published by the Association of German Industrial Bakeries
(Verband Deutscher Großbäckereien e.V.), the turnover for bread, rolls, other baked
goods and products from baked goods in the bakery sector in Germany totals 17 billion
EUR per year (Table 2) [4]. The overall production of baked goods amounts to 85 kg per
head per year. This includes 57 kg bread and rolls per year that are actually eaten and 10
kg per head per year that are not eaten, partly because they are thrown away or are
unsaleable. According to these figures, 85% of the bread and rolls produced are
consumed. As bread and rolls are fresh products that do not keep the consumption rate
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of 85% calculated from the figures can be regarded as high. If the current technology for
producing, distributing and selling baked goods is considered, the scope for any further
increase in the consumption rate of such baked goods can be regarded as limited. Thus
the issue that essentially needs to be addressed is whether there are economically and
ecologically appropriate ways of reducing the quantities of waste baked goods rather
than throwing them away.

Table 2. Basic data for food waste in the baked goods sector

To this end, a distinction first has to be made between the different types of waste in the
baked goods sector. From the point of view of the production process, waste baked
goods are the leftover doughs and baked goods occurring in factories as well as spoilt
remnants of doughs and baked goods. From the distribution point of view, waste baked
goods comprise the waste produced by consumers and the bread returns in shops and
supermarkets. This paper deals specifically with waste bread and rolls which are
referred to below as “bread” in accordance with the German nomenclature [5].
A particular feature of the German baked goods sector is that bread delivered to shops
and supermarkets but not sold within the period of time that is customary in the trade and which is thus unsaleable - is sent back to the manufacturers unless otherwise agreed.
The quantity of unsold bread returned to manufacturers is estimated by the author to be
equivalent to the quantity of bread that is sold but not eaten (Table 3). According to this
estimate, the quantities of bread returns and uneaten bread each amount to 0.34 million
tonnes per year, each with an actual or fictitious annual turnover value of 0.85 billion
EUR.
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Table 3. Economic evaluation of the problem of food waste in the baked goods sector

At this point it can be seen that unsold bread and its turnover value must be taken into
consideration in the overall turnover. Under conditions that can be otherwise assumed
to be constant, e.g. a fixed market share and a constant consumption of bread, profits can
only be maximised by reducing the percentage of bread returns or by finding a
profitable secondary use for them. Bread manufacturers have above all a considerable
economic interest in a reduction in the quantities of bread returns as the resulting
opportunity to minimise production costs enables them to strengthen their market
position.
Ultimately, it is the behaviour of consumers who not only always expect baked goods to
be fresh but also expect a wide variety of baked goods to be available which has given
rise to the problem of the need to achieve a balance between the amount of bread
produced and the amount of saleable bread. In spite of efforts on the part of
manufacturers, including the use of methods of producing fresh products close to the
time of consumption, the quantity of unsaleable bread has remained almost constant for
a long period of time.
On the face of it, the aim should be to achieve a considerable reduction in the large
quantity of unsaleable bread and bread wasted by consumers for the reasons stated at
the beginning of this paper. As already mentioned, bread manufacturers have a great
economic interest in a reduction in the amount of unsaleable bread. They are less
interested in the consumption rate rising as a result of changes in consumers’ behaviour.
By contrast, suppliers to bakeries have neither an interest in reducing the quantities of
bread returns nor in increasing the rate of consumption. This is due to the fact that there
are different ways of assessing bread leftovers depending on whether bread production
is seen from the point of view of business management or the national economy.
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From an economic point of view, it must be considered that a reduction in the use of raw
materials as a result of a decrease in the quantity of bread returns and an increase in the
rate of consumption would have a negative impact on the contribution of the suppliers,
i.e. of the millers and machinery producers, to the value added. This would have a
detrimental effect on the employment systems both within and outside the baked goods
sector. These consequences are linked to the gross value added which results from
processing the wheat to make flour, to baking bread from that flour and distributing and
selling the bread.
It can be seen from the simplified illustration of the gross value added from wheat to
bread in Figure 2 that the gross value added from wheat to flour is only 10% while it is
900% from wheat via flour to bread [6,4]. The sharp increase in the gross value added
from flour to bread is a result of the costs incurred when processing flour to make bread.
These costs include the cost of the other raw materials, the use of premises, machinery,
transport, energy and work. In this case, the gross value added refers solely to the
saleable bread, i.e. the bread that is sold and accounts for the turnover.

Figure 2. Simplified illustration of the gross value added from grain to bread

The considerable value added between saleable flour, which is not yet in a form that is
ready to eat, and saleable bread, which is ready to eat, means that bread returns, and
their nominal turnover value, have a detrimental effect on the turnover. The effect of the
turnover value of the bread returns on the operating results is only more or less neutral
because all manufacturers are faced with virtually the same problem. For manufacturers,
bread returns are thus a cost factor which has to be included in the production costs.
These costs have a detrimental effect on the selling or retail price of bread and are borne
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by the consumer. As bread returns – i.e. unsaleable bread – no longer have the gross
value added of saleable bread they are waste from the manufacturer’s point of view.
Such waste can be reused, either in a way that is self-financing or in a way that yields a
return, or has to be disposed of, which involves costs, if the manufacturer does not
satisfy the legal requirements for reusing bread returns.
From an economic point of view, the gross value added between bread and bread
returns according to this account is around fifteen times greater than the value of the
flour in the bread. It is therefore evident that bread production must be considered as of
far greater importance to the national economy than the production of the raw material.
With regard to the economic and social aspects of the importance of food waste, the
debate on leftover bread must be relativised with relation to overall economic activity,
especially regarding ethical and ecological aspects, as a large proportion of leftover
bread has a secondary use.

Use of leftover bread
Leftover bread should always be used in accordance with its potential for generating
added value, as is the case for other types of food waste. The highest level of the
potential for generating added value from food waste, especially non-saleable food, is to
reuse it by processing it to make other foods. Below this is the level at which food waste
is either used directly as feedstuff or to produce feed products. The third level is the use
of food waste as fuel or as a raw material for the production of gaseous or liquid fuels
(biogas, ethanol), which also creates by-products. This is followed by the level at which
the waste is disposed of. The waste no longer has any potential for generating added
value as the cost of its disposal is greater than its calorific value.
The flow diagram in Figure 3 illustrates the paths of bread and bread leftovers during
production and distribution. The diagram summarizes the figures for the quantities of
bread and leftover bread referred to above. There may, of course, be considerable
differences between the mass flows in individual factories, depending on the ranges of
products and the methods used for their production and distribution. All companies,
however different their capacities, ranges of products and the technical equipment
required for distribution may be, endeavour of course to minimise the amount of
leftover bread, both internally and externally. In this context, a great deal of progress has
been made with regard to the sustainability of production, particularly over the past two
decades [7,8]. First and foremost, this includes the success in limiting the amount of
internal waste.
Technical developments have also contributed to this success. Two of those
developments will be dealt with in greater detail below as, firstly, they have come about
against the background of general advances in technology in the baked goods sector
and, secondly, because they have become the starting point for further developments, in
particular with regard to the use of bread returns. Although both developments strictly
speaking only concern the use of bread remnants, they may also be applied to a certain
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extent to leftover dough, depending on the very different requirements of individual
companies.

Figure 3. Flow diagram for the use of dough and bread leftovers and of bread returns

The use of leftover dough will not be dealt with in any greater detail in this paper as it
does not have the same significance as leftover bread for reprocessing owing to its place
at the very beginning of the value added chain. As far as possible, leftover dough is
reworked. The remainder can be used as feedstuff or disposed of.

Bread sourdough
One of the processes is the Isernhäger bread sourdough fermentation in which a special
type of sourdough is produced. The development of the Isernhäger bread sourdough is
based on the invention of the Isernhäger sourdough process [9] and the well-known use
of bread remnants in dough production. Using bread remnants in dough is a timehonoured method of increasing the moistness of the crumb, while at the same time
enhancing the flavour of the bread. The use of bread in doughs is limited in Germany to
6% in the case of brown and white bread and 20% in the case of wholemeal bread [10].
Moreover, it must not be possible to notice the added bread remnants in the crumb.
The improvement in the qualitative properties of bread achieved by adding bread
remnants, including enabling the bread to stay fresh longer, can be regarded as an extra
benefit which could otherwise only be obtained by adding swelling and/or flavouring
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agents. Hence the bread remnants acquire a value which is greater than that of the flour
they replace in the bread.
Apart from the ecologically valuable advantage of using bread remnants at the level of
the highest potential for generating added value, the additional benefit created by using
bread remnants has the advantage that it can generally be realised at a lower cost than if
comparable products, if available, were to be used. Of course, the cost of processing the
bread remnants must be considered when the additional benefit is evaluated
economically. In such calculations, the capital outlay for the requisite apparatus and
machinery is frequently set against the realisation of the in-line processing of bread
remnants at the exploitation level of food.
As sourdough is always required for the production of rye and rye-based bread, the
additional capital outlay required for the specially equipped fermenters needed for the
Isernhäger sourdough process is low (Figure 4) [11]. However, the far greater advantage
of using the Isernhäger sourdough process rather than simply adding bread remnants to
the dough is that the bread remnants in the sourdough are altered both qualitatively and
quantitatively to a far greater extent owing to the long fermentation period and the
acidic reaction environment [12]. The resulting homogeneous material can be used to
bake well-leavened, aromatically flavoured bread which stays fresh longer than bread
baked with conventional sourdough.

Figure 4. Rye sourdough fermentation with bread as a recipe component

The other advantages of Isernhäger sourdough, such as storage and the hygienic use of
the bread remnants, are also significant. Considering the possible capacity of the
fermenters, the method is particularly suitable for small bakeries whose range of
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products mainly comprises baked goods that are usually made with sourdough made
from rye milling products.

Bread syrups
The other process is the production of syrups from wholemeal bread remnants. The
products, which are known as bread syrups, can be used above all as ingredients in
wholemeal bread in order to lend it particular sensory properties. These include the
flavour first and foremost, but also the firmness and colour of the crumb.
Bread syrups are made by enzymatic fermentation of coarsely crumbled bread remnants
which have been mashed in water. Essentially, the starch in the bread is partially
degraded by amylolytic hydrolysis with α-amylase and amyloglucosidase to form
glucose and glucose polymers [13]. The protein in the bread can also be partially
hydrolysed with proteases [14]. The enzymatic hydrolysis is interrupted by inactivating
the enzymes by boiling the syrup. The resulting bread syrup is yellowish-brown and has
a sweet taste and a creamy consistency. The syrup can be pressure-cooked to produce
brown components, after which it is dark brown in colour.
The syrups can be used to produce wholemeal bread with a wide range of quality
characteristics by varying the colour, flavour and consistency of the crumb. This
provides great scope for developing and modifying products to suit the sensory
preferences of consumers.

Figure 5. Yeastless sponge doughs and bread syrups for the production of wholemeal
bread varieties
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A relatively high capital outlay is required to purchase the thick matter fermenters
equipped with an agitator which are required to produce the syrups (Figure 5) [15]. As
the industrial production of wholemeal products is considered to be the principal
application, this technology is suitable for processing bread remnants in the relevant
industrial bakeries.

Closed loop processing of bread returns
Both examples show that the gradual advances in the microbiological fermentation of
doughs and the enzymatic saccharification of the crumb have resulted in significant
technical applications in the baked goods industry. These advances eventually led to my
working group developing a concept for an environmentally friendly use of leftover
bread in industrial bakeries which makes use of a closed loop method of processing
bread returns (Figure 6) [16,17].

Figure 6. Concept for an environmentally-friendly use of bread returns in industrial
bakeries

The idea was to transform the dry matter of the returns into components which could
either be used as recipe components or production resources. The specific aim was to put
the cycle of organic materials and the pattern of their energetic use in part on the level of
the energy intake by human food consumption. Prolonging the utilisation of materials
was also considered in order to exploit existing recovery potentials, e.g. the waste heat of
baking ovens. All these objectives aimed at achieving a sustainable industrial production
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of bread by careful and environmentally friendly use of the resources in raw materials
and energy.
We ended up with a rather complicated process by which the bread returns are treated
enzymatically to produce a syrup which serves as a substrate for fermentations. The end
products of the fermentations are liquid baker’s yeast, liquid sour, ethanol, carbon
dioxide and an insoluble fraction rich in protein and dietary fibre. All of these products
can be used for bread production, with the ethanol serving as heating fuel and the
liquefied carbon dioxide being used to cool the bread. We successfully carried out on a
pilot scale the main process steps required to obtain the relevant products for the
environmentally friendly processing of bread returns and use of said products.
However, the economic viability of this process has still to be demonstrated in practice.
It would only have been necessary to process a limited amount of the daily bread returns
to obtain this range of products in the large industrial bakery of the project partner, the
former Müller Brot GmbH, Neufahrn, as much more yeast could have been produced
from the total amount of bread returns than would have been needed for bread
production. Therefore, the daily consumption of yeast in the factory under investigation
served as a calculation quantity for the dimensioning of the process and its product
streams.
It is very important to note that the liquid yeast, liquid sour and protein fraction that
were obtained could be used for the production of the bread varieties at the bread
factory. There was no significant difference between the quality properties of the bread
varieties which were baked according to the standard recipes and the recipes which
included the new products.
Considering these positive results, the question arises as to why this technology has not
yet become state of the art in large industrial bakeries. There is one main reason which is
standing in the way.
It is essentially the fact that it would require large-scale investment and skilled personnel
for its realisation and it would operate without offering the opportunity to significantly
improve revenues.
Compared with this obstacle, environmental friendliness alone is not very high on the
agenda in plans for the economic survival of bakeries confronted with ever-increasing
competition. Owing to this less favourable situation, we proposed a step-by-step
realisation of the whole process, starting with the production of liquid baker’s yeast in
an industrial bakery of an appropriate size [18, 17].

Baker’s yeast
In the meantime, the production of baker’s yeast from saccharified waste bread in
combination with molasses as substrates has been realised (Figure 7) [19]. The
technology was developed by Dr. Fricko, Fricko Design GmbH, Vienna, Austria, for the
Special Yeast AB in Malmö, Sweden. Since 2006, the largest industrial bakery in Sweden
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has been supplied with an amount of liquid yeast (yeast cream) which is equivalent to
3,000 t fresh yeast – equivalents/a (H30).

Figure 7.

Production of baker‘s yeast by applying saccharified waste bread in
combination with molasses as substrates

The special feature of the yeast production is that the fermentation substrate consists of a
mixture of 80% hydrolysed bread (membrane-filtered, with 23% d.m. glucose) and 20%
molasses. The molasses mainly add minerals and vitamins to the substrate. The yield of
yeast from the bread and molasses is around 72% and 28% respectively. 15 tonnes of
yeast cream, equivalent to 10 tonnes of fresh yeast, are produced per batch.
The advantage of producing yeast from bread remnants is that processing takes place at
the same exploitation level as feedstuffs and the waste water pollution is much lower
than when producing yeast from molasses. In addition to its cost-saving environmental
soundness, the economic viability of the method is determined above all by the capital
outlay, the operating costs and the potential revenue from the use of the bread remnants
as feedstuff. The basis for comparing the cost of the substrate is the price of molasses at
the relevant time. The process appears to be economically viable as the plant has already
been in operation for many years. From this it can be concluded that the entrepreneurial
courage needed to invest in new processing technology can be worthwhile [20].

Feedstuffs
It can be seen from the examples of the use of leftover bread in bakeries described above
that a concept by which all bread remnants can be used to obtain products for in-line use
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has hitherto only been developed and tested on a pilot-plant scale for large industrial
bakeries. However, this concept has not yet been put into practice. Apart from the
important reason referred to above, this is first and foremost due to the great advances
in methods of processing leftover bread to make feedstuffs and the logistics involved
[21]. Moreover, the amendment to the EU regulation on the marketing of feedstuffs in
2012 [22] has played a major part in the trend towards bread producers no longer
marketing waste bread as feedstuffs themselves but leaving the marketing to the
feedstuff producers instead.
According to the EU regulation, bread producers must declare the waste bread as “waste
to be disposed of”, a “feedstuff” or a “product for the production of feedstuff” before
selling it [21]. It is not possible to alter the declaration at a later date so that bread
manufacturers who declare the leftover bread as “feedstuff” bear the full legal
responsibility, including the responsibility for animal health, when placing it on the
market themselves. However, if the leftover bread is declared as a “product for the
production of feedstuff”, the responsibility for complying with legal requirements will
be borne by the feedstuff manufacturer instead.
If leftover bread is processed by feedstuff producers to obtain feed, there is the
additional significant advantage for bakeries that the market for feed, owing to its size, is
easily able to absorb the leftover bread in its entirety. The leftover bread can therefore be
used at the second highest exploitation level. This has at least an ecological and thus
environmental advantage that can be considered greater than the advantage that would
be achieved at the third level.
The disadvantage of using leftover bread to obtain a “product for the production of
feedstuff” – if this is done completely separately from baking operations – is the high
cost of processing it, in the simplest case by drying the bread to make feed meal. As a
result, the revenue from selling the leftover bread has virtually no economic significance
for the gross value added during the production of bread. After the cost of drying has
been deducted, the market value of the leftover bread for a bakery falls to a value far
below that of the flour or cereal. By contrast, the feedstuff producer can obtain the cereal
price as feedstuff made from leftover bread virtually retains the nutritional value of the
cereal.

Evaluation of the possibilities for exploitation
The first important finding with regard to evaluating the possibilities of using leftover
bread is that the energy contained in flour, or the nutritional energy from the original
product, the cereal, is transferred to the baked bread. The nutritional energy is only lost
virtually without generating any value added when bread is disposed of as waste. By
contrast, it is maintained in all other forms of exploitation with a separate potential for
generating added value. This is shown by the figures in Table 4 which give a rough idea
of the potential revenue that can be earned by the various methods of using leftover
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dough and bread at the various exploitation levels, although the figures are only
intended as a guide.
Table 4. Evaluation of the exploitation of dough and bread leftovers and bread returns

The potential revenues are contrasted with the cost of comparable products for each
actual or possible type of exploitation. In each case, the approximate cost of processing
the leftover bread to obtain the various types of products has been taken into
consideration. This can be relatively high in certain cases, for example the cost of
logistics and drying the leftover bread. With regard to maximising the potential revenue,
the user of the products may also be an important factor. This applies in particular to the
energetic use of the products.
The figures clearly show that the greatest value added can be achieved if the waste bread
is processed to obtain products that are valuable for baking bread. The calculated
contribution of the waste bread to the value added cannot be less than the price of the
flour, but may exceed it considerably. For all other types of use at the subsequent
exploitation levels, it is even considerably lower than the price of cereal which is used as
a comparison while it is approximately the same for the other comparable products. This
is of particular interest when comparing the use of waste bread with the use of wood
pellets.
With regard to the energy costs for baking, using waste bread directly to heat the bakery
ovens is cheaper than using wood pellets. The energy costs are definitely much lower
than the current cost of heating oil or gas (Table 5). It is a curious fact that this would
also be true if a bakery bought feed pellets produced from bread returns and used them
to heat its ovens. However, if that bakery had its own unsold bread processed to obtain
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feed pellets it would have to bear the cost of drying and logistics. From this is follows
that burning such pellets to obtain heat would even exceed the cost of heating oil.

Table 5. Use of leftover bread as fuel in bakeries

If ethical considerations are added to these economic considerations regarding the use of
leftover bread it can be seen that, on the bread production side, market constraints alone
mean that every effort is being made to minimise the loss of nutritional energy and to
make up for the loss of added value, mainly by bread returns, by integrating it into the
calculation of the gross value earned. Thus bread production satisfies all the ethical,
social, economic and ecological criteria referred to at the beginning of this paper when
business management and national economy are considered. The same does not apply to
the waste bread produced by consumers as it is thrown away. The resulting costs are
higher than the potential yield from burning rubbish or other uses of this type of waste
which is difficult to collect separately.
Thus, while the waste bread produced by consumers is ethically and ecologically
undesirable, this drawback is less important economically than avoidable losses caused
by waste in the primary production of food, for example. This can be seen in the
prorated amount of value added tax paid by the consumer for bread that he or she does
eat. Calculated on the basis of the figures presented at the beginning of this paper (cf.
Table 2), the amount concerned is higher than the cost of the flour used to produce the
bread that is thrown away, at around 60 million EUR. As this part of the value added tax
revenues results solely from the nominal value added in the unconsumed bread, the
state therefore has no interest in increasing the rate of consumption as this would reduce
the amount of bread produced.
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This economic evaluation of the leftover bread that is actually disposed of as waste leads
to the conclusion that bread that is thrown away can be considered as an unwanted
tribute to our
“brave new world”.
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ABSTRACT
Preparation of grain for milling during storage is one of the important processes in the
production of flour. Storage conditions are extremely important for the process of grain
milling. The process of milling in Ljubače Mill and its technological solution have been
valid and from the solutions brought forth of many modern plants for grain milling. In
this paper will be possible to demonstrate a new improved technological solution of part
of line production of flour from storage to vibrating sieves.

Keywords: preparation, storage, grain, milling

INTRODUCTION
Ljubače Mill was founded in 1949th when it was built and put into operation in an
industrial mill for wheat processing capacity of 60 t/24 h. Technology for processing,
constantly perfected, and capacity increased by so that in 1980 reached a size of
120 t/24 h. Newly built mill was put into operation in 1986 year with modern technology
that allows the production of a wide range of high-quality wheat.
The old mill is well adapted and customized for the processing of corn with the primary
objective of producing quality brewers semolina, and with a newly purchased
equipment 1998th also has the latest line to produce all kinds of animal food.
Simultaneously with the construction of a new mill, preparations were done and
performed work on the construction of new large storage spaces - silos for reception,
cleaning and storage of wheat. The mill has suddenly stopped working 2010 th.
Today, there is already a great experience in technologies of wheat milling, and provide
an exceptional contribution to the improvement of bakery industry product quality.
Equipment used in the milling process is constantly being refined, new equipment is put
into the product lines, so that the modern mill is almost completely automated system,
based on the input and output characteristics of the of raw materials and products.
The main characteristic of the internal transport is the fact that it increases the price of
the finished product, and its value in use remains the same. For this reason, are
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necessary research aimed at finding optimal solutions of internal transportation,
important for technical and economic planning.
This is important in order of shortening the length of the internal transport, and
reducing energy consumption.

MATERIALS AND METHODS
Storage of wheat in practice depends greatly upon moisture at the entrance.
Theoretically allowed moisture is to 15%, an internal standard is to 14%, due to the
deviation of the results of Moisture. This is extremely useful measure because of wheat
warming. Hectoliter mass must be over 76, meets from 76-80, over 80 is good, over 84
ideal. Hectoliter mass is correlated with the moisture content of wheat. Permitted
content impurity is to 4%, higher content of impurity entails lower wheat price. Silo
storage are equipped with temperature sensors at multiple locations in silos. If the
temperature exceeds 30 degrees, especially if it is constantly increasing lead to a
warming of wheat mass (self-heating), ignition (moist wheat - humidity over 15%) as
well as the microbiological activity. Very important is a ventilation because of removal of
a certain amount of moisture, cooling wheat and insertion of oxygen.
The basic parameters of the silo are:
Capacity silo cca: 4.000.000 kg.
Cells number: 20 pieces.
Cell height: 17.50 m.
Cell diameter: 4 x 4 m.
Cell height without hopper: 15.50 m.
Hopper height: 2.00 m.

Calculation of weight:
V = [(a²·h) · (HL·10)] + [(a²·h / 2) · (HL·10 )] - [(a²·h) · (HL·10)]
cells in the
rectangular
without hopper

hopper in pyramid
form

where is:
a² = cell width,
h = height,
HL = mass kg · 10,
V = the volume.

20

reduction of the cell
gap

7th International Congress FLOUR-BREAD '13
9th Croatian Congress of Cereal Technologists

To ensure these conditions in the storage area with silos of this type, it is extremely
important internal transport. In modern mills, where hygienic limits permit, pneumatic
transport, with high energy consumption, as well as mechanical and gravitational
transport, both are used in internal transport. Mechanical transport can be achieved by
using many types of transporters which are selected according to different criteria, but in
almost every situation can use two structural types, with different expenditures of
energy.
Pneumatic transport, according to the principle of operation, can be:


flying,



suppressing,



transport material in a fluidized state

(transport fluidized material in pneumatic channels - troughs).

Figure 1. Total internal transport in Ljubače Mill Tuzla

Table 1. The content and conditions in the silo No. III

Quantity

Quality

Offloading
cell

HL
loaded
offloaded
moisture impurities
difference kg
weight
weight kg weight kg
%
%
kg.

silo

Date
N o.
offloading

25.220

25.480

260

13.20

3.00

77.65

3

6

2

25.060

25.120

60

13.40

3.00

77.65

"

"

3

25.140

25.140

0

13.80

3.50

77.05

"

"

4

26.220

26.340

120

12.20

3.50

78.90

"

"

5

25.840

25.720

-120

13.80

3.50

79.10

"

"

14.00

4.00

78.50

"

"

13.10.09.

1

6

25.040

25.000

-40

152.520

152.800

280

The parameters of the internal transport in Ljubače Mill:


the total energy requirements in Ljubače Mill - 1036.61 KW,



internal transport energy requirements – cca. 300 KW,



total length of internal transport - cca. 1000 – 1500 m.
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In the use are the following types of transporters: conveyers, elevators, pneumatic.
Transport of the wheat carried out horizontal using transporters and vertical
transportation using elevator.
Vertical transport of flour is pneumatic and horizontal using transporters.

Figure 2. Internal transport in storage area in Ljubače Mill Tuzla

On the line of the internal transport of production of flour from storage to vibrating
sieves exist 11 horizontal conveyors, 5 vertical elevators and two lines of pneumatic
transport.


total length of conveyors - 61.5 m,



total length of elevators - 140 m,



total length of pneumatic transport - cca. 100 m.

All equipment is, according to the purpose, of the same type, as late makes it easier the
estimation of investment and exploitation costs. Example and review of internal
transport by storage and preparation of wheat is given to the previous scheme, which
represents only a part of the plant. It is evident that only in this part exist a large number
of horizontal transporters at various plant cotes, with inappropriate positions, and a
small number of splitters, and with little use of gravitational movement.
Improvements and cost savings are possible on the way to reposition the internal
transport equipment, with calculation of new transport units.
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The calculation is based on the capacity of 150 t/24 h.
The calculations are performed as follows:


conveyors - numerical method and comparison,



elevators - numerical method and comparison,



pneumatic transport - numerical method.

RESULTS AND DISCUSSION
By reducing the number of units of equipment, including aggregates which drive them,
as well as reducing the overall length of transport, it is possible to reduce investment
costs for 10-12%.
As noted, because the equipment of the same type, exploitation costs for this part of the
plant to reduce to 8-10%.
Additionally, it is necessary repositioning of new equipment in relation to the current
situation.

CONCLUSIONS
Reconstruction of the Ljubače Mill is an ideal opportunity for the redesign of the internal
transport. The result will be a reduction in investment costs during repairs, as well as the
later reduction of exploitation costs (energy consumption, technical maintenance of
equipment etc.).
It will also result in easier management of process equipment by staff.

REFERENCES
1.

Šef, F.,Olujić, Ž. 1988. Projektiranje procesnih postrojenja. Savez kemičara i tehnologa
Hrvatske, Kemija u industriji, Zagreb, Croatia.

2.

Beer, E. 1985. Priručnik za dimenzioniranje uređaja kemijske procesne industrije. Savez
kemičara i tehnologa Hrvatske, Kemija u industriji, Zagreb, Croatia.

3.

Martinov, M. 2009. Mlinske mašine i uređaji. Mlinpek Zavod Doo, Novi Sad, Serbia.

4.

Meissner, W. 2012. Vademekum: deo 3 - Tehnike transporta. Mlinpek Zavod Doo, Novi
Sad, Serbia.

5.

Strakosch, G., Caporale, R. 2010. The Vertical Transportation Handbook, Fourth Edition,
John Wiley & Sons, Inc., Hoboken, USA.

6.

Mills, D. 2004. Pneumatic Conveying Design Guide, Second Edition. Elsevier, Oxford.

23

7th International Congress FLOUR-BREAD '13
9th Croatian Congress of Cereal Technologists

MICROSTRUCTURE ANALYSIS TOOLS TO SUPPORT BREAD RESEARCH
UDC 664.64.016.3

C. M. Rosell, R. Garzón, R. Altamirano-Fortoul
Institute of Agrochemistry and Food Technology (IATA-CSIC), Avda Agustin Escardino, 7,
46980-Paterna, Valencia, Spain; crosell@iata.csic.es

ABSTRACT
Analytical tools have been the support of great advances in the area of cereals and cereal
based products, and microstructure studies have been conclusive for confirming and
supporting research hypothesis. An overview about the microstructure analysis tools
applied at bread level to follow crumb and crust features and the effect of recipes and
processing on those will be presented. Cereal proteins and starch involvement in
breadmaking has been followed by light microscopy and scanning electron microscopy
(SEM) revealing protein network formation besides gelatinization and gelification.
Particular emphasis will be made on enzymes acting on proteins and their role building
a protein network when needed, and bakery additives like hydrocolloids, along with the
correlation between microstructure with biochemistry and rheology. Recently,
microtomography has been also applied to assess changes in crust and crumb of bread.
In addition, image digital analysis of bread crumb allowed quantitatively discriminating
recipe or process changes. Overall, an overview about the microstructure analysis tools
applied to bread quality evaluation will be presented.

Keywords: bread; microstructure; SEM; digital analysis; light microscopy; quality

INTRODUCTION
Cereals and cereal processing have always encouraged numerous researches due to their
enormous impact on human nutrition worldwide. Knowledge about the changes
associated to cereals processing or even directly related to cereals have been gained
through the development of analytical tools that provide information about inner
composition, processing behavior, quality of final products and so on. Chemical and
rheological studies are the most often used for studying either biopolymer changes
during cereal processing or the impact of formulations (additives and technological aids)
on the final product quality (instrumental or sensorial). Nevertheless, microstructure has
received less attention, likely due to the highly-cost devices that are necessary for
undertaking those studies. Despite that, among the different analytical tools available for
giving information about cereals and their derivatives, the study of the microstructure
has been very useful for obtaining a clear picture of the role of the main cereals
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biopolymers (starch and proteins) and their possible interaction between them or with
other polymers.
Different approaches to the microstructure of bread dough have been carried out using
light microscopy [1], transmission electron microscopy (TEM), and scanning electron
microscopy (SEM) [2]. Less work has been done on the microstructure of bread, although
lately increasing number of studies are using the microstructure analysis to correlate
with instrumental quality parameters [3-4]. SEM provides an appropriate means for
characterizing the physical properties and textural attributes of food ingredients in a
formulated product. The advantages that make the scanning electron microscope an
extremely useful investigative tool for examination of the flour–dough transition include
its very large depth of focus and the possibility of obtaining three-dimensional images of
sample surfaces with minimal preparation [1]. The use of other techniques as X-ray
microtomography has been used to characterize cellular morphologies [5]. The
technique, which is non-invasive, requires no sample preparation and allows studying in
three-dimensional (3D) the inner microstructure of food materials.
This report will give an overview about the application of the microstructure studies on
both cereal based food processing and a quality assessment.

Microstructure of cereals based products. Recipes effect on bread microstructure
Cereal and cereal-based foods are a significant segment of the food industry.
Independently of the cereal microstructure, many of the processes that transform the
cereal into food products involve the development and change of its microstructure in
the food, due to the mechanical and thermal constraints that occur during processing.
Microstructure of cereal-based foods, like bread, biscuits and snacks are strongly
dependent on the size and distribution of the bubbles within them. Hence, the nature, as
well as interaction of components and the manufacturing process, will affect the
microstructure of final product.
To illustrate the utility of microstructure studies when setting up cereal based
formulations, the effect of some technological or processing aids is described. Improvers
or additives, such as hydrocolloids, surfactants, stabilizers, emulsifiers, oxidants, gums
and supplementary enzymes (e.g. amylases, proteases, glucose oxidase, lipases or
transglutaminase), are very often added in bread formulations or recipes with the
purpose to obtain better quality bread and provide consumers with products that meets
their needs. The use of enzymes is very common in breadmaking [6], and they could be
added in the mill (adapted flour) or in bakeries (during the mixing step). Apart from the
starch hydrolyzing enzymes, the structuring action enzymes have been very useful for
giving strength to the protein structures. Transglutaminase (TG) has been used as crosslinking enzymes for joining endogenous flour proteins or even to create linkages
between flour proteins and exogenous proteins [7]. Rheological and biochemical studies
have confirmed that this enzyme promoted changes in the proteins pattern and dough
properties, nevertheless only detailed microstructure analysis can reveal the real picture
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of the enzyme action on the dough. SEM micrographs confirmed that more compact and
homogeneous protein network is obtained in the presence of transglutaminase, and it
appeared that linkages could be created within proteins of different sources [7].
Gluten free products are cereal based products where the role of microstructure is even
more crucial in the quality of baked goods. The absence of the protein viscoelastic
biopolymer (gluten) forces to build an internal “artificial” structure for holding the
carbon dioxide released during fermentation, and also for food appearance, and crumb
structure. Some sort of gums, emulsifier and proteins, together with other cereal sources,
have been reported for reaching that purpose. Enzymes have been proposed as an
alternative for creating internal linkages, and in fact the rheological studies revealed that
viscoelastic properties changed and even the instrumental quality parameters of the
gluten free bread [8-9]. Specifically, Gujral and Rosell [8] used TG with rice flour to
generate a protein network through the formation of covalent cross-links between the
polypeptide chains of the rice flour that was able to retain the dough structure during
proofing and baking. Later on, Marco and Rosell [9] confirmed that TG was even able to
act between soybean and rice proteins, by the formation of new intermolecular covalent
bonds catalyzed by TG, leading to better quality gluten free bread. SEM micrographs
confirmed that a protein network resembling the gluten structure was created with very
tiny filaments joining starch granules evenly distributed and proteins. Furthermore,
other structuring agent like (HMPC) was a very well supplement for improving that
network. A systematic study about the effect of each ingredient or additive showed that
the compact rice dough structure (Fig. 1a) could be expanded by HPMC addition,
obtaining a more continuous matrix structure with a bigger size of cell gas (Fig. 1b).

Figure 1. Scanning electron micrographs and images of the crumb of different rice
based bread. (a): rice flour; (b): rice flour + HPMC; (c): rice + TG; (d): rice flour
+ soybean protein isolate (SPI); (e): rice flour + SPI+ HPMC + TG

Concerning to TG treatment, smaller gas cells probably to crosslinking protein were
obtained leading to a uniform crumb structure (Fig. 1c), whereas in the presence of
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soybean protein, the structure was disaggregated and the gas cells were irregular (Fig.
1d). The combination of HPMC, soybean protein and TG led to rice bread with better
dough structure and more open and aerated crumb structure similar to the wheat bread
structure (Fig. 1e).
Usually, the production of gluten free bread requires very complex formulations,
containing the necessary combination of ingredients and additives for giving a network
matrix. Therefore, microstructure in those products plays a fundamental role at dough
and bread level. Garzón [10] screened in rice based gluten-free bread formulation the
role of corn starch, vegetal protein, animal protein and different gums (xanthan and guar
gum, UltraCelTM and HPMC). Using different recipes, breads presented modifications
in their crumb structure and appearance. For example, the breads with vegetal protein
showed larger cells and less uniform crumbs (Fig.2 a,b,c). While breads with animal
protein displayed best crumb with more homogenous and smaller cells closely related to
the wheat bread structure (Fig.2. d,e,f).

Figure 2. Bread slices obtained from optimized gluten-free bread formulation. (a): rice
flour + corn starch + vegetal protein + HPMC; (b): rice flour + corn starch +
vegetal protein + xanthan and guar gum; (c): rice flour + corn starch + vegetal
protein + UltraCelTM; (d): rice flour + corn starch + animal protein + HPMC;
(e): rice flour + corn starch + animal protein + xanthan and guar gum; (d): rice
flour + corn starch + animal protein + UltraCelTM
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According to the above, the microstructure of dough and bread result is completely
dependent on the recipes and the interaction among ingredients, additives and
processing aids.

Process effect of bread microstructure
Fresh bread typically presents an appealing brown crust, a pleasant aroma, a soft and
elastic crumb texture and a crispy crust. Nevertheless, those characteristics are greatly
dependent on the breadmaking process. For instance the crispy characteristics of the
crust are highly dependent on the baking process. In addition, it has a relatively short
shelf life since during their storage, a number of physical and chemical changes occur.
This problem, coupled with the complex processes involved in conventional
breadmaking and increasing consumer's demands, have led to search for efficient
methods to produce bakery products without undesirable changes and extending their
shelf life.
During the baking occur physical and chemical changes that lead to a change from a
closed cell foam structure to an open cell sponge structure. However, the crumb and
crust structure is affected by different factors such rate and amount of heat application
or amount steaming, which resulting in different types of bread. Altamirano-Fortoul et
al. [5] investigated the effect of the amount of steaming (100, 200 and 40 ml) during
baking on bread crust feature. Results indicated that amount of steam affected
significantly the colour, permeability, mechanical properties and crust microstructure.
With respect to microstructure, X-Ray microtomography gave a detailed picture of the
crust and the sub-zone located under the crust, displaying different cell structures
depending on the amount of steam applied. Breads baked with 100 ml of steam showed
more homogeneous and spherical crust cellular structure. Contrarily, breads baked with
200 ml of steam presented more heterogeneous cellular structure and cell size
distribution. However, when much steam was applied during baking (samples with
400 ml), bubbles were more elongated, with a distorted appearance; it seems that their
resistance to expansion was exceeded, and protein-starch matrix network was disturbed
and broken in several places. Also, higher porosity was observed for 100 ml steamed
samples than in the case of 200 and 400 ml. Therefore, the extent of steaming amount
could be followed by the impact of the crust, which basically resulted from the extension
of starch gelatinization and the internal water pressure within the cells.
A food preservation method like high hydrostatic pressure (HHP) has been used for
different vegetables and also animal based foods. HHP treatment is a non-thermal
process that reduces the microflora and do not affect the organoleptic and nutritional
quality of the product. This treatment has been also proposed for obtaining innovative
sensorial and functional properties. Bárcenas et al. [11] investigated the effect of different
levels (50, 100, 150, 200 or 250 MPa) of HHP on microbiological, physical and structural
characteristics of dough, as well as their potential for creating wheat breads with novel
characteristics. With respect to the structural characteristics, they found that
microstructural organization in wheat dough was affected when subjected to pressure
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levels higher than 50 MPa; untreated wheat dough presented a continuous structure
with the intact starch granules embedded in the protein matrix structure (Fig. 3a).
Nevertheless, dough treated at pressure of 50 and 150 MPa showed well defined starch
granules with diverse size, and the surrounding structures were progressively reduced
(Fig. 3 b-c). The lowest level (50 MPa) treated dough originated crumbs with an uneven
distribution of the gas cells, and increased size of the alveoli (Fig. 3b) compared to the
control (Fig. 3a).While that dough treated with at 250 MPa drastic changes were
observed, the protein was greatly affected and starch granules disappeared as individual
structures adopting a discontinuous (Fig. 3 d) film like organization similar to what
happen after swelling and gelatinization, this likely due to protein unfolding.

a
)

b
)

c
)

d
)

Figure 3. Scanning electron micrographs (SEM) of wheat dough (500×) and the
resulting breads, exposed to different levels of high pressure processing (a):
0MPa; (b): 50 MPa; (c): 150 MPa; (d): 250 MPa for 4 min

Bread crust microstructure
Crust attention has been generally conducted to its crystalline or rubbery state, because
it is responsible of the crispness. The importance of the crust is understandably because
crispness is lost within a few hours after baking, and causes the rejection of the product.
However, lately, bread surface have been proposed as the way to produce probiotic
baked products. In fact, different types of probiotic coatings have been applied onto the
surface of partially baked breads before full baking stage [12]. Overall results show that
L. acidophilus included in microcapsules can survive after baking, also changes in
physico-chemical and sensory properties as well as microstructure, due to probiotics
coatings, were presented in breads. SEM micrographs revealed differences between
control crust (without probiotic coating) and the crust with probiotic coating (Fig. 4).
Control crust showed a continuous veil-like film that revealed a dominant presence of
the partially gelatinized starch granules (Fig. 4a). While, crust with starchy coating
containing microcapsules, showed a continuous background of gelatinized starch
covering the microcapsules (Fig. 4b). With a double starchy layer less microcapsules
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became evident (Fig. 4c). Finally, a double coating where microcapsules where
sandwiched presented a high concentration of microcapsules over surface due to the
treatment (Fig. 4d).

Figure 4.

Scanning electron micrographs of bread crust surface (900x). Images
correspond to the following probiotic coatings treatments: (a): Crust without
probiotic coating; (b): crust with microcapsules suspended in a starchy
coating; (c): crust with double starchy coating containing microcapsules; (d):
crust containing a double coating with microcapsules sandwiched

CONCLUSIONS
Food microstructure reveals the organization of constituents and their interaction. Most
solid foods, including bakery products are micro-structured. Many properties of dough
(rheological behavior, textural) and bread (transport properties, textural and sensory
properties) are related to their microstructure. During the breadmaking process different
changes in the microstructure occur; existing structures are destroyed and new ones are
created. Considering that fact, it could be stated that microscopy techniques are
necessary to understand the relationship of microstructure, physical properties and
bread quality. Therefore, with the purpose to support the analytical methods and to
provide complete and meaningful information in bread research, microstructure analysis
tools are used. Recent advances in microscopy analysis like X-Ray micro-tomography
allow inspecting the microstructure nondestructively and in 3D. This tool has been used
to assess the bread crust structure and obtain quantitative information about the cellular
matrix.
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ABSTRACT
The availability of soft wheat flour is an important factor in cakes production. The aim of
this study is to identify a specification for production cake flour from hard wheat. The
result of analysis for protein % , ash %, wet gluten %, dry gluten %, gluten index, falling
no, acidity %, damaged starch, sedimentation values and particles size are 8.7, 0.53, 24.9,
8.5, 99, 205, 0.15, 7.7, 74 and 9.9 respectively. The development time, stability, elasticity,
softening, water absorption, resistance, extensibility and R: F values for dough are 1.5,
2.5, 100, 120, 56, 98.6, 450, 170 and 2.64 respectively. The average of cakes volume is
672 c.c. and overall acceptability is 7.3 of 9 hedonic scales. Adding of 300 ppm L-cysteine
to cake batter improve the quality parameters positively (P<0.005) of both of cakes
volume is 672 c.c. and overall acceptability. Cake volume and overall acceptability of
sensory evaluation test correlate positively (P<0.005) with protein and gluten content,
sedimentation rate and extensograph parameters. Hard wheat cake flour could be
substituted for soft wheat flour as well as the cake producers will advise to add 300 ppm
L-cysteine to cake batter improves the quality.

Keywords: cake, flour, baking, quality, rheology, L-cysteine

INTRODUCTION
Sponge cake is produced from flour, sugar, lipids, eggs, and baking powder which have
a firm, yet well aerated structure [1-3]. Cake flour is characterized, low ash and low
protein content produced for best cake and fine bakery products by milling of soft wheat
grains that highly refined flour which is taken from the centre of the kernel of wheat
[1-3]. The common specifications for typical for cake flour are recommend; moisture
13.50%, protein 8.00% and ash content of 0.35%. The highest quality cakes are prepared
from low-protein flour (7-9%) with small particle size and little starch damage which
will mix easily to give a smooth cake batter and tender cakes. Hard wheat yields sturdy
flour with higher protein content, is generally used in the production of yeast leavened
bakery products such as bread, whereas the soft flour of weak protein is found
appropriate for the production of cookies, cakes, biscuits and crackers [1-3]. Weak flour
proteins don’t form constant gluten network when flour is mixed with water due to
smaller quantity and basic quality characteristics of gluten proteins in weak flour [1-3].
Gluten provides the structure in baked goods which affects by the quality and quantity
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of gluten. Higher amounts of gluten proteins are not desirable for cake production
because large amounts of gluten proteins prevent spread of dough and hampers
molding of dough to specific dimension and shape [4-6]. The larger amounts of gluten
proteins make the dough stronger and elastic that contracts/recoils after sheet formation
[4-6]. Starch gelatinization during baking plays an important role in producing internal
texture of cakes. Starch also gives to the crust colour formation [5-7]. Damaged starch is
one that has been physically damaged during the wheat milling process which differs
between flours milled from different wheat varieties [5-7]. A high quality cake should
have high volume with a fine uniform moist crumb. Starch gelatinization, protein
denaturation together with carbon dioxide formation gives cake it’s porous, fine and soft
microstructure [5-6]. The degree of expansion is dependent on the viscosity of the batter.
If the batter is thick, it would be difficult for the air bubbles to escape, which would
result in a high volume [4-7].
It is possible to modify rheological properties of wheat flour via cysteine during
processing, in particular shear viscosity and viscoelastic performance of wheat flour
dough through protein-protein reaction mechanisms and other interactions in extruded
cereal-based snack foods [9].The addition of 200 or 300 ppm L-cysteine to cake batter
made with unchlorinated, heat-treated flour also produced cakes with volumes and
crumb grain scores equal to those of cakes made with the chlorinated control flour [10].
L-cysteine as reducing agent can be used as a dough softener in baking. L-cysteine
reduces the disulfide bonds to two –SH bonds to weaken the gluten network and to relax
the dough to a more workable dough [9,10]. The softening of the dough can easily be
shown in an extensogram. Dough softeners are mainly added to increase the
extensibility of the wheat gluten, which, for example, is very important for automated
production lines, as it has a positive effect on machinability. Cake flour needs a
combination of strength, extensibility and tolerance that depends mainly on application,
flour quality, water absorption and mixing conditions. Cake flour is generally treated
with different methods such as heating, chlorine or ozone treatments, addition of
xanthan gum, L-cysteine, hydrogen peroxide and peroxidase to enhance its baking
potential and produce cakes with volumes that were slightly greater than those of cakes
made with the chlorinated control flour [8-12]. The purpose of this study is to categorize
a specific standard specification for production and using cake flour produced from hard
wheat by adding L-cysteine which gives a high quality of cake products.

MATERIALS AND METHODS

Cake flour production and Selection of the extraction rate
Cake flour produced from milling of hard wheat is determined by on skills and/or
practical experience of miller as well as extraction rate, particle size of flour and other
laboratory tests. Three samples of hard wheat grains were milled by 50% extraction rate.
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Flour analysis
Moisture of flour was determined by AACC 44-15A method. Ash determined by AACC
08-3 method. Protein of flour was determined by AACC 46-13 Micro-Kjeldahl method.
Starch determined by spectrophotometer using perchloric acid / anthrone reagent at
625 nm. Total sugar determined of by volumetric method (the Lane–Eynon official
method. Lipids Wet, dry and Gluten Index determined by Glutomatic Method (ICC 137)
(ICC, 1998). Starch damage determined by AACC Method 76-31 (ICC Method No. 164).
Sedimentation values were determined by using (AACC method 56-60.01). Titratable
acidity determined by AACC Method 02-31.01. Determination of the particle size of
milling products by using sieve analysis (ICC Method No. 207) [13, 14].
Measurements of water absorption %, peak time, dough stability and mixing tolerance
index MTI were determined by using a Farinograph (Brabender OHG, Duisburg,
Germany) according to AACC 54-21 method, constant flour weight procedure. Dough
extensibility, maximum resistance to an extension, Area of Extensogram and the Ratio
were determined using an Extensograph (Brabender OHG, Duisburg, Germany)
according to AACC 54-10 method [13, 14].

Cake making
The ingredients used were flour (300 g), egg (300 g), sugar (250 g), milk powder (30 g),
shortening (200 ml), emulsifier (20 g), 300 ppm L-cysteine and water (60 ml). Creaming
mixing procedure was used. All ingredients except for the flour and milk were mixed for
5 minutes using a mixer, after addition of the milk and flour, the mixing process was
continued for 3 min at speed 8. Individual 150 mm diameter, 50 mm height, metallic,
butter coated pans were filled with 150 g of cake batter and baked in an electric oven at
250 °C for 20 min. Six cakes of each batter were baked. Three were chosen for volume
analysis and three for sensory evaluation measurement. After baking, the cakes were
removed from the pans, left for 1 h at room temperature to cool and then packed
hermetically in plastic bags to prevent drying. Analysis of cakes was performed after
24 h storage at room temperature.

Cake volume
Cake volumes were measured by using the rape seed displacement in the AACC method
[13].

Sensory evaluation
Cakes were evaluated by 60 untrained panelists for overall acceptability using a hedonic
rating test was also performed to assess the degree of acceptability of cakes. The taste
panelists were asked to rate the sample for color, flavor, texture and overall acceptability
on a 1-9 point scale where 1=dislike extremely; 2=dislike very much; 3 dislike
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moderately; 4=dislike slightly; 5=neither like nor dislike; 6=like slightly; 7=like
moderately; 8=1ike very much and 9=like extremely [15].

Statistical Analyses
Values in the text and tables are expressed as Means ± SD. Experiments were performed
in three replicates and the data analyses were performed using SAS software (SAS
Institute, 2004). LSD tests for significant differences at P≤0.05 among the wheat varieties
[16].

RESULTS AND DISCUSSION
Table 1 shows the flour components at 50% rate of extraction of flour hard wheat. The
percentages of protein, starch, ash and sugars are suitable for cake making and
specification standard of cake flour.

Table 1. Hard wheat flour components at 50% Extraction rate

Component

%

Moisture

13.6±0.3

Proteins

7.8±0.4

Starch

73±2

Ash

0.41±0.06

Sugars

1.2±0.2

*Average of three samples ± SD

Table 2 shows average results of protein %, ash %, wet gluten %, dry gluten %, gluten
index %, falling no, acidity %, damaged starch %, sedimentation values and particles size
of cake flour of the studied samples of hard wheat with and without adding of 300 ppm
L-cysteine to the flour before the tests. The values of the studied samples display no
significant differences at P≤0.05 between moisture, proteins, ash gluten index, acidity,
particles size and damaged starch for the studied samples of hard wheat with and
without adding of 300 ppm L-cysteine. While wet gluten, dry gluten, sedimentation and
falling number values were significantly different at P≤0.05 for both studied samples of
hard wheat flour with and without adding of 300 ppm L-cysteine. Compared with what
is known about soft wheat flour properties, the results obtained in table 2 approaches to
specification parameters for cake flour by milling soft wheat adding of 300 ppm
L-cysteine as reducing agent seemingly effect on the values of wet and dry gluten, gluten
index and sedimentation values. This is may be due to the changes in interactions
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between proteins polypeptides and the likelihood of increased loss of proteins during
the process of washing with water by during the test.

Table 2. Some properties of cake flour of hard wheat*

Hard flour
without L-cysteine

Hard flour
with L-cysteine

Moisture (%)

14±0.8 a**

14.1±0.5 a

Protein (%)

8.7±0.3 a

8.8±0.2 a

Ash (%)

0.53±0.07a

0.51±0.03a

Wet gluten (%)

24.9±0.7 a

21.3±1.4 b

Dry gluten (%)

8.5±0.4 a

7.5±0.4 a

Gluten Index (%)

99±0.2 a

99.3±0.3 a

Falling number (s)

205±5 a

395±5 b

0.15±0.03 a

0.17±0.15 a

7.7±1.2 a

7.2±1.1 a

74±3 a

62±4 b

9.9±0.5 a

9.5±0.2 a

Acidity (%)
Damaged starch (%)
Sedimentation values (ml)
Particle size (μm)

*Average of three samples ± SD
**Means within rows with different letters significantly different according to
LSD at P ≤ 0.05.

Table 3 shows the average results of the development time, stability, softening, water
absorption, resistance, extensibility and R:F for dough rheological properties of cake
flour of the studied samples of hard wheat with and without adding of 300 ppm
L-cysteine to the flour before the tests. The values of the studied samples show no
significant differences at P≤0.05 between development time and water absorption
whereas stability, softening, resistance, extensibility and R:F values of rheological
properties of cake flour samples of hard wheat with and without adding of 300 ppm
L-cysteine to the flour before the tests show significant differences at P≤0.05. Compared
with the soft wheat flour properties, the results obtained by farinograph and
extensograph without adding of 300 ppm L-cysteine were higher than to the
specification parameters for cake flour by milling soft wheat. These rheological
properties results in the table 3 results may explain the difficulties of using of hard
wheat cake flour in cake making which cake producers is facing. So that they should
apply different ways to solve this problem such as apply special treatments such as
using of L-cysteine by the miller or producers of cake to improve the rheological
properties cake flour and the final cake product manufactured from hard wheats
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Table 3. Some rheological properties of hard wheat cake flour*

Hard flour
without L-cysteine

Hard flour
with L-cysteine

1.5±0.1 a**

1.4±0.3 a

Stability (min)

2.5±0.2 a

1.8±0.4 b

Softening (BU)

120±10 a

90±10 b

56±2 a

58.5±2 a

Resistance (BU)

450±10a

240±10 b

Extensibility (mm)

170±3 a

140±5 b

R:E

2.6±0.2 a

1.7±0.1 b

Development Time(min)
Farinograph

Water absorption (%)

Extensograph

*Average of three samples ± SD
**Means within rows with different letters significantly different according to LSD at P ≤ 0.05.

The results of cake volumes presented in table 4. The average of hard flour cake without
the adding of L-cysteine measurements is 672 cm3 which is significantly differences or
affected to volume of cakes samples that average 753 cm3 which produced by the
adding of 300 ppm L-cysteine at P≤0.05. These values of the cake volume of the samples
studied were due to differences in the properties of the gluten, which was particularly
evident in the previously mentioned tests such as sedimentation and rheological tests
obtained by farinograph and extensograph. These results are consistent, logical and
emphasizes the role of reducing agents and effect on relaxing of gluten network which
led to an increase in the volume of the resulting cake is also emphasizes the importance
of adding such agents to improve the properties of the resulting when using cake flour
hard wheat.

Table 4. The volume and overall acceptability of cake

Hard flour
without L-cysteine

Hard flour
with L-cysteine

Volume (cm3)*

672 ± 5 a***

753 ± 3 b

Average of
overall acceptability**

7.3 a

8.3 b

*Average of three samples ±SD
**Average of 60 panelists of a 1-9 point scale using a hedonic rating test
***Means within rows with different letters significantly different according to
LSD at P ≤ 0.05.
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Table 4 also shows the sensory measures using a hedonic rating to evaluate the overall
acceptability of cake flour of the studied samples of hard wheat with and without
adding of 300 ppm L-cysteine. The average of overall acceptability for the tested samples
produced without adding of 300 ppm L-cysteine were 7.3 of 9. While The average of
overall acceptability for the tested samples produced with adding of 300 ppm L-cysteine
were 8.3 of 9 which were particularly evident in the previously mentioned tests and
values of the cake volume which affected significantly at (P<0.05) by the adding of
L-cysteine, due the effect of reducing agents on relaxing of gluten network and the cake
volume. The result suggested that cake flour of hard wheat could be substituted for soft
wheat flour in cake production. But for getting more high values of the overall
acceptability bakeries may apply to add L-cysteine a special treatment or adding suitable
additives or improvers.

Table 5. The correlation between the cake volume and overall acceptability with some
properties of cake flour of hard wheat

Cake volume
hard flour
without
L-cysteine

Overall
acceptability
hard flour
without
L-cysteine

Cake volume
hard flour with
L-cysteine

Overall
acceptability
hard flour with
L-cysteine

Protein

0.84587 S*
0.0123

0.75473 S
0.0735

0.85967 S
0.0124

0.84763 S
0.0145

Moisture

0.01497 NS
0.9735

0.02653 NS
0.7288

0.03257 NS
0.9335

0.03525 NS
0.9508

Ash

0.46651 NS
0.1647

0.66893 S
0.0741

0.49651 NS
0.1464

0.64783 S
0.0781

Wetgluten

0.75672 S
0.0176

0.73467 S
0.0312

0.79382 S
0.0187

0.77788 S
0.0812

Dry gluten

0.85341 S
0.0045

0.69552 S
0.0430

0.89851 S
0.0018

0.79472 S
0.0680

Gluten index

0.45750 NS
0.1553

0.33436NS
0.3650

0.64760 NS
0.1653

0.65036 NS
0.3616

Falling No

-0.73434S
0.0176

-0.84705S
0.0014

-0.56534S
0.0676

-0.77005S
0.4314

Acidity

0.47432 NS
0.6585

0.23849 NS
0.0623

0.34134 NS
0.3483

0.32859 NS
0.5673

Damagedstarch

0.54662 S
0.3679

0.45442 NS
0.2404

0.63452 S
0.1449

0.58042 NS
0.8146

-0.05624 NS
0.6068

-0.36566 NS
0.4583

-0.04554 NS
0.5078

-0.35576 NS
0.5553

Particle size
*

NSNot

Significant; S Significant at P-value < 0.005
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Table 5 displays the correlation between the cake volume and overall acceptability with
some properties of hard wheat flour with and without adding of 300 ppm L-cysteine.
The results show both of cake volume and overall acceptability of sensory evaluation test
correlate positively at (P<0.005) or influenced by protein and gluten content in flour with
and without adding of 300 ppm L-cysteine. As expected, in hard wheat, there is a strong
relationship between protein and gluten content and volume of backed products which
effect quality of cake products with and without adding of 300 ppm L-cysteine.
However, only ash showed a significant correlation at (P<0.005) with overall
acceptability of sensory evaluation test correlate positively with and without adding of
300 ppm L-cysteine. To the contrary, both of falling number and particle size were
negatively correlated (P<0.005) with the overall acceptability and cake volume in both
tested samples with and without adding of 300 ppm L-cysteine. Results also showed that
there is a moderate positively correlation (P<0.005) between the damaged starches and
cake volume while it has not significant correlation with overall acceptability of sensory
evaluation test. Although, the results found all of moisture, gluten index, acidity and
particle size of flour have not significant correlation (P<0.005) with cake volume and
overall acceptability of cake flour of hard wheat with and without adding of 300 ppm
L-cysteine. Therefore, the values in the table 5 of the correlation between hard wheat
cake flour and cake quality can increase positively at (P<0.005) with adding of 300 ppm
L-cysteine. The correlation between the cake volume and overall acceptability with
sedimentation rate and some rheological properties of hard wheat flour with and
without adding of 300 ppm L-cysteine are shown in Table 6. The results show both of
cake volume and overall acceptability of sensory evaluation test correlate positively
(P<0.005) with sedimentation rate. Although, it was found both of cake volume and
overall acceptability correlate positively (P<0.005) with softening of dough which
determined with farinograph with and without adding of 300 ppm L-cysteine. In
addition to the resistance, extensibility and R:E values of dough that measured via
extensograph parameters correlate positively (P<0.005) with cake volume and overall
acceptability of sensory evaluation with and without adding of 300 ppm L-cysteine. To
the contrary, farinograph dough stability parameter values were negatively correlated
(P<0.005) with both of the overall panelists acceptability and cake volume of hard wheat
cake flour with and without adding of 300 ppm L-cysteine. The results show all of water
absorption of flour, development time and elasticity of dough which determined with
farinograph have not significant correlation (P<0.005) with both of cake volume and
overall acceptability of cake flour of hard wheat with and without adding of 300 ppm
L-cysteine. However, it is seem the correlation values at (P<0.005) for sedimentation rate
and both of farinograph and extensograph parameters without adding of 300 ppm
L-cysteine were not high. This give an indication about cake flour of hard wheat could
be substituted for soft wheat flour in cake production. Therefore, the values in the table 6
of the correlation between hard wheat cake flour and cake quality can increase positively
at (P<0.005) with adding of 300 ppm L-cysteine. So that cake producers should apply a
special treatment or adding suitable additives or improvers to improve the quality of
cake such adding 300 ppm L-cysteine.
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Table 6. The correlation between the cake volume and overall acceptability with
sedimentation rate and some rheological properties of hard wheat cake flour

Cake volume
hard flour
without
L-cysteine

Overall
acceptability
hard flour
without
L-cysteine

Cake volume
hard flour with
L-cysteine

Overall
acceptability
hard flour with
L-cysteine

Sedimentation
rate

0.64536 S
0.0245

0.74627 S
0.0089

0.78553 S
0.0141

0.84623 S
0.0066

Development
time

-0.24867 NS
0.3562

-0.25786 NS
0.4342

-0.24586 NS
0.3987

-0.26758 NS
0.4568

Stability

-0.4967S
0.0697

-0.5679S
0.1213

0.6456S
0.0745

0.6578S
0.1453

Softening

0.64582 S
0.0543

0.86781 S
0.0657

0.92232 S
0.0460

0.85650 S
0.1324

Water
absorption

-0.67453 NS
0.3678

-0.37894 NS
0.4544

-0.36784 NS
0.3652

-0.37667 NS
0.3569

Resistance

0.87345 S
0.0285

0.84231 S
0.0033

0.92985 S
0.0186

0.86131 S
0.0096

Extensibility

0.54595 S
0.0714

0.63771 S
0.0987

0.56584 S
0.0514

0.62751 S
0.0688

R:E

0.73516 S
0.0240

0.81572 S
0.0240

0.76476 S
0.0830

0.85872 S
0.0140

*

NSNot

Significant; S Significant at P-value < 0.005

CONCLUSIONS
The study resolute the miller can produce flour with nearly percentage of soft wheat
flour but the rheological properties may be good for cake making or productions .but for
produce high quality cake the study recommend to apply a way to improve or modify
the strength of gluten by adding food additives permitted for improving flour
characteristics such as enzymes, reducing agents such as adding 300 ppm L-cysteine or
heat treatments to alter the chemical bonds that affect intensity and strength of gluten,
therefore affect the final size of the typical cake request and give internal and external
structure typical cake request.
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ABSTRACT
The reduction of salt intake is a public health issue in many countries because it has been
identified as the main cause of several diseases such as hypertension, heart and kidney
diseases, stomach cancer, osteoporosis, stroke and obesity. The WHO has set a
worldwide target of a maximum salt intake of 5 g/day for adults as a recommendation to
reduce daily salt intake. Of all foodstuffs, bread has been identified as the single highest
contributor to the total daily salt intake. Therefore, the aim of this paper was to estimate
salt intake through bakery products in Slavonia Region and their dependency on
different parameters. The quantity of bakery product intake derived from national food
consumption survey. The results showed that consumers in Slavonia eat about 148 g/day
of various bakery products, and consequently intake 2.43 g/day of salt, which is half of
the recommended daily intake. Research has shown that salt intake by bakery products
are almost the same in villages and towns. Related to gender, men's intake is higher than
women. The intake is highest at low body mass index, and is higher in younger than in
elderly population.

Keywords: salt intake, bakery products consumption, national food consumption survey

INTRODUCTION
One third of all global deaths can be attributed to cardiovascular disease (CVD)
including heart attack, stroke and related diseases [1]. Elevated blood pressure is a
major, modifiable, causal factor of CVD, and salt (sodium chloride) is the primary cause
of raised blood pressure. The main source of salt in the diet is processed foods (about 7075% of the total intake), with cereal and cereal products contributing 30% of overall
intake [2].
The vast majority of people have no idea about the salt contents in the food they eat.
Therefore, they do not know how much salt they ingest. As a result of this, high sodium
intake occurs without the consumer’s knowledge and they cannot control their salt
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intake. Therefore people in their households need to reduce the salt they add to food, but
most importantly, the food industry needs to lower the salt contents [3].
In UK in 1996, a number of experts set up an action group, the Consensus Action on Salt
and Health (CASH) with the aim to negotiate with food manufacturers and suppliers a
universal and gradual reduction of the salt content of processed foods as well as to
increase community awareness about excess salt intake. Following the example of
CASH, a World Action Group on Salt and Health (WASH) was established in 2005, with
participation of over 300 international experts. WASH aims at reduction of salt in the
diet worldwide by exerting pressure on multi-national food companies to reduce the salt
content of their products [4].
In 2006, the First Croatian Congress on Hypertension announced Declaration of salt
reducing programme in Croatia, and in 2007 at the 6 th Croatian Congress on
Atherosclerosis Croatian Action on Salt and Health (CRASH) the national programme
for reducing salt intake was launched [5].
The World Health Organization (WHO) has set a worldwide target of a maximum salt
intake of 5 g/day for adults as a recommendation to reduce daily salt intake [6].
The aim of this study was to estimate salt intake through bakery products in Slavonia
Region and their dependency on different parameters (place of living, gender, BMI and
age).

MATERIALS AND METHODS
Croatian Food Agency conducted National Food Consumption Survey in Croatia. The
survey was carried out in accordance with EFSA’s guidance [7]. It was conducted among
the adult population (18-64 years) in two parts (1st part – autumn 2011, 2nd part – summer
2012) on representative sample of 1000 respondents in each part. A 24-hour recall
method was used and survey was conducted in two non-consecutive working days
(with at least two weeks interval between them) and one day of weekend. Data were
collected by face-to-face interview at participants home. Representative sample covered
different socio-demographic parameters (regional coverage, the ratio of rural-urban
environment, education, monthly income, employment status, family status, level of
physical activity, body weight and height). Also, the questionnaire on the frequency of
consumption, with classification from several times a day to once a year, was used to
determine chronic exposure. The manual from Senta et al [8] was used to specify the
amount of consumed food. The household measurement and then weighing of particular
food were used for food that is not included in the manual [8]. All participants were
asked additionally questions to describe food and drink they consumed (place of
consumption, where food was bought, type of preparation, brand, origin of food…) in
order to help in identifying specificity of food and drinks in classification.
This research comprises only data from 1 st part of the survey and does not include
consumption of filled bakery products.

43

7th International Congress FLOUR-BREAD '13
9th Croatian Congress of Cereal Technologists

The salt content in bakery products was calculated on the basis of two data sources: data
obtained in questionnaire regarding bread and rolls consumption and salt content from
paper Ugarčić-Hardi et al [9].

RESULTS AND DISCUSSION
From 175 participants in Slavonia Region, 9 participants are excluded because of missing
data. Only consumers of bakery products are included in this paper, and there are 158
consumers in this Region. They consumed approximately 148 grams of bakery products
per day.
If we look at the data of Croatian Bureau of Statistic for 2011 we can see that the
consumption of bread and other bakery products was 73.9 kg per year which is
approximately 202 g/day per household member [10]. This difference in consumption
may be the result of various research methodologies, and because of the fact that we
didn’t include filled bakery products in our research.
Data from EFSA Comprehensive European Food Consumption Database [11] shows that
in each country more than 95% of participants consume bread and rolls, except in
Finland where the percentage of consumers is 35%. According to the Database [11]
consumption in countries such as Belgium, Germany and Spain, which have used the
same method as in our study, consumption was 129.4 g/day; 138.1 g/day and 90.2 g/day,
respectively.

Figure 1. Consumption of bakery products (g/day)

From total daily bakery products intake (148 g/day) bread represent 85.4% (126.8 g/day)
and the rest are rolls in quantity of 21.7 g/day (Figure 1).
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Figure 2. Consumption of bread (g/day)

When we take into account different types of bread, there are two the most common
types: half-white bread (47.3%) and white bread (44.4%). It is interesting that brown
bread is present in only 2.7%.

Figure 3. Consumption of rolls (g/day)
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Figure 3 shows the consumption of rolls and rolls strewed with salt in g/days, where
consumption of salt sticks and pretzel, which have additional salt on the surface, is 1/3 of
all consumed rolls.

3,00

2,50

2.43
1.98

2,00
1,50
1,00

0.45

0,50
0,00

Total

Bread

Rolls

Figure 4. Salt intakes (g/day) from bakery products

Figure 4 shows that salt intake through bread is 1.98 g/day, what is almost 4.5 times
more than through rolls, where intake is 0.45 g/day. This is expected when we take into
account quantity of consummation of these products.
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Figure 5. Salt intakes (g/day) in towns and villages
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From a total of 158 consumers, 102 (64.6%) consumers live in towns and 56 (35.4%) in
villages. Average salt intakes are 2.46 g/day in towns and 2.37 g/day in villages that
shows that salt intake is almost the same.
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Figure 6. Salt intakes (g/day) according the gender

77 men and 81 women consume bakery products. Their average salt intakes are
2.64 g/day and 2.22 g/day, respectively. Results show that salt intake is higher in male
population. But when we consider higher average body weight for men (84 kg) in
relation to women (69 kg), we can see that for both gender the average salt intake is
0.03 g/kg of body weight, which means that this difference is not significant.
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Figure 7. Salt intake (g/day) according BMI
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BMI scale is divided in four categories. First category is underweight (<18.50), second is
normal weight (18.50-24.99), third is overweight (25-29.99) and fourth is obesity (≥30).
The results show that salt intake is highest at low BMI. It could mean that they eat more
bakery products than other BMI categories or that they eat more products strewed with
salt. Nevertheless, this result should be taken with a reserve, because the number of
respondents in this category is very low. Additionally, these should be analyzed more
detailed to see which products they consumed, which age classes are at lowest BMI and
their monthly income, in order to explain this result.
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Figure 8 Salt intakes (g/day) according the age

Regarding age there are 2 categories. The first category represents 18-40 years old
consumers and the second 41-64 years old. There are 75 consumers in 1st category and
83 consumers in 2nd category. Salt intake is higher at younger population. This also,
partly, can be explained by quantity of food that younger people can eat in relation to
older people, who eat less quantity of food per day.

CONCLUSION
Our results show that salt intake through bakery products in the Slavonia Region is
2.43 g/day. That can indicate that the total salt intake significantly exceeds the limit of 5 g
of salt/day set by the WHO.
Salt intake through bakery products represent half of the recommended amount and
various studies show that the amount of salt in bakery products can be reduced without
affecting the quality and organoleptic characteristics of the final product. Therefore is
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necessary to encourage manufacturers, or it should be legally regulated, to reduce the
amount of salt in bakery products as much as possible.
In meantime, it is necessary to raise awareness of this problem through campaign for
consumers’ education and to influence industry in order to reduce quantity of salt in
their products and so become recognized as producers that take care about consumers’
health.
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ABSTRACT
This paper presents the results of the in vitro experiments aimed to evaluate the
antimicrobial activity of lactic acid bacteria (LAB) against seed-borne pathogens in
spring and winter wheat. The evaluation of antimicrobial activities of Lactobacillus sakei,
Pediococcus acidilactici and Pediococcus pentosaceus strains producing organic acids and
bacteriocins like inhibitory substances against Fusarium culmorum, Fusarium poae and
Penicillium spp. microorganisms widely common on wheat grains, were performed
using an overlay assay method. Fusarium spp. was effectively inhibited by P. pentosaceus
KTU05-10, whereas P. acidilactici KTU05-7 effectively suppress the growth of F.
culmorum, F. poae and Penicillium spp. Wheat seeds pre-treatment with L. sakei KTU05-6,
P. acidilactici KTU05-7 and P. pentosaceus KTU05-10 decreased the damage of wheat
seedlings respectively, 33.6, 23.6 and 15.6%, whereas L. sakei KTU05-6, P. acidilactici
KTU05-7, P. pentosaceus KTU05-8 and KTU05-10 decreased rot of wheat roots
respectively, 6.0, 11.0, 7.9 and 11.5%. The significantly higher antifungal activity was
recorded after LAB application at 20 and 30 ml per 100 g seeds compared with 10 ml per
100 g seed dose. According to the obtained results 20 ml of LAB suspension dose may be
used for successful Fusarium contaminants removal from wheat grains surface.

Keywords: Lactic acid bacteria, Fusarium, wheat seeds, decontamination

INTRODUCTION
Microscopic fungi and their produced metabolites such as mycotoxins are often found as
contaminants in agricultural products. Mycotoxins are secondary metabolites produced
by a wide variety of filamentous fungi, including species from the genera Aspergillus,
Fusarium and Penicillium. They cause nutritional losses and represent a significant
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hazard to the food and feed chain [1]. Environmental factors, especially temperature and
humidity, play a very important role in growth of fungal and mycotoxin production in
cereals especially on the Fusarium species occurrence and disease severity [2]. The same
factors affect the content and composition of mycotoxins in cereal grain [3,4]. The
Fusarium spp. predominantly found in association with seedling blight, in small-grain
cereals all over Europe. The diseases are commonly caused by Fusarium culmorum,
F. graminearum, F. avenaceum and [5]; however F. poae, F. tricinctum, F. sporotrichioides,
F. equiseti and F. langsethiae are also very common [6, 7]. The Fusarium grain infection
decreases the germination and quality of kernels in connection with mycotoxic
contamination. The most economically important mycotoxins occurring in food and feed
are aflatoxins, ochratoxin A, patulin, and fusariotoxins that cause serious human illness are
deoxynivalenol (DON), diascetoxyscirpenol (DAS), T-2 toxin, HT-2 toxin, nivalenol,
zearalenone (ZEN), fumonisins [5, 8-10]. Principally, there are three possibilities to avoid
harmful effect of contamination of food and feed caused by mycotoxins: (1) prevention
of contamination, (2) decontamination of mycotoxin-containing food and feed, and (3)
inhibition of absorption of mycotoxin content of consumed food into the digestive tract
[11]. Seed infection can be controlled in different ways: chemical control and alternative
methods as natural preservatives. Recently, natural agents produced using
microorganisms with antimicrobial properties have received considerable interest in the
international practice. One of the major compounds that are currently used to produce
safe products are bacteriocins, released by lactic acid bacteria (LAB). LAB are generally
recognized as safe (GRAS) and play an important role in food and feed fermentation and
preservation either as the natural microflora or as starter cultures added under
controlled conditions [12]. The antimicrobial effect of LAB is mainly related to the
production of organic acids, however some strains are able to synthesize antimicrobial
substances – bacteriocins [13]. LAB during growth releases molecules that potentially
inhibit growth of fungi [14, 15] and therefore lead to a lower accumulation of their
mycotoxins [16]. Gourama, 1991 [17], using a dialysis assay, demonstrated the
occurrence of a metabolite that inhibits aflatoxin accumulation in Lactobacillus cell-free
extracts. Coallier-Ascah and Idziak, 1985 [18] reported a significant reduction of aflatoxin
biosynthesis by Lactobacillus-cell free supernatants and suggested that this inhibition was
related to a heat stable, low-molecular-weight inhibitory compound.
The creation of bioproduct produced by LAB is necessary to increase the resistant of the
plant against developing phytopathogens such as fungi producing secondary
metabolites (e.g. mycotoxins) during the growth of the plant as well as with that to
increase the efficiency of organic farming. The aim of these studies was to evaluate
antifungal activity of LAB and the ability to use LAB for the detoxification of wheat
seeds in an organic system.
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MATERIALS AND METHODS

LAB preparation for antifungal activity testing
Lactobacillus sakei KTU05-6, Pediococcus pentosaceus KTU05-8, KTU05-9 and KTU05-10,
Pediococcus acidilactici KTU05-07, able to produce BLIS designated as sakacin 05-6,
pediocin 05-8, 05-9, 05-10 and pediocin 05-7 respectively, were originally isolated from
Lithuanian sourdoughs [19]. All LAB were grown in de Man Rogosa Sharpe (MRS)
medium (Oxoid, Milan, Italy) at 25 °C (KTU05-8 and KTU05-9), 30 °C (KTU05-6) or
35 °C. 2% of LAB cells were inoculated into a fresh medium and propagated for 18 h.
Fresh LAB suspension including supernatants and LAB cells cultivated in MRS media
was used for grain (wheat and rye) detoxication.

Antimicrobial activity determination using overlay assay method
LAB antimicrobial activity against F. culmorum, F. poae and Penicillium spp. was
evaluated using overlay assay method. 1μl of overnight LAB suspension was inoculated
on 20 mm length line on MRS agar media surface on Petri dishes and incubated 3 days at
optimal LAB temperatures. 15 ml of potato dextrose agar media with inoculated 10 4
spores/ ml of F. culmorum and F. poae and Penicillium spp. were overlaid on surface. The
plates were inoculated 11 days at 25 °C. Antifungal activity evaluated if clear zone was
found around line of LAB. Length and width of the clear zone was measured.

The seed treatment with LAB
The research involved laboratory tests on the seeds of spring wheat cvs. ‘Granary’
naturally infected by Fusarium pathogens and winter wheat Triticum aestivum L.
naturally contaminated with Fusarium spp, Mucor spp. Aspergillus flavus, Aspergillus niger
and Penicillium spp. Seed treatment was done by hand in glass bottles and seeds were
accurately shaken for 10 min. LAB suspension doses: 10, 20 and 30 ml was applied. The
seeds were plating on Petri dishes with previously prepared fresh potato dextrose agar
(PDA) media. The petri dishes with seeds were incubated in thermostat at 25 °C from 4
to 11 days when overlay assay method was used. Temperature effect on LAB efficiency
was evaluated when the fungi was cultivated 7 days at 15, 20 and 25 °C. The inhibition
of fungi was expressed (%) in comparison with control sample that was not pre-treated
with LAB.

RESULTS AND DISCUSSION
Antimicrobial activity of LAB against Fusarium and Penicillium spp.
Antimicrobial activity of LAB against F. culmorum, F. poae and Penicillium spp. was
evaluated using overlay assay method and presented in Table 1. The highest antifungal
activity against F. culmorum show P. pentosaceus KTU05-9 (23.0/38.4 mm) after four days
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growth. F. poae and F. culmorum was effectively inhibited by P. pentosaceus KTU05-9
(16.0/26.2 and 23.0/38.4 mm, respectively), P. acidilactici KTU05-7 (16.2/28.2 and
12.4/24.2 mm, respectively) and L. sakei KTU05/6 (9.6/22.8 and 8.0/22.4 mm, respectively)
after four days incubation. Penicillium spp. growth was suppressed by P. acidilactici
KTU05-7 and L. sakei KTU05-6. The highest antifungal activity spectrum show
P. acidilactici KTU05-7 that inhibit the growth of fungi of all tested indicator
microorganism after 11 days of cultivation. Antifungal activity of P. pentosaceus KTU05-9
against F. culmorum after 4, 7 and 11 days incubation is shown in Fig.1.

Table 1. Antimicrobial activity of LAB against fungi

Inhibition zone (width/ length), mm
LAB

Fusarium culmorum

Fusarium poae

Penicillium spp.

Fungi cultivation time, days

Pp KTU05-9

Pa KTU05-7

Ls KTU05-6

4

7

11

4

7

11

23.0/

13.4/

4.0/

16.0/

14.2/

10.4/

38.4

21.2

20.6

26.2

24.8

20.8

12.4/

9.2/

7.2/

16.2/

15.0/

24.2

21.4

20.6

28.2

22.6

8.0/

5.0/

9.6/

2.4/

22.4

20.8

22.8

20.2

-

4

7

11

-

-

-

12.2/

18.0/

16.6/

14.4/

21.0

24.6

23.2

22.0

-

13.8/26.6

12.0/

9.2/

24.2

23.8

Lactobacillus sakei (Ls), Pediococcus pentosaceus (Pp) and Pediococcus acidilactici (Pa)

a)

b)

c)

Figure 1. P. pentosaceus KTU05-9 antifungal activity against F. culmorum after 4 (a), 7 (b)
and 11 (c) days of incubation

53

7th International Congress FLOUR-BREAD '13
9th Croatian Congress of Cereal Technologists

Wheat seeds decontamination using bacteriocins producing LAB
Additionally, antifungal activity of LAB was evaluated against varies fungi present on
wheat seeds. Decontamination effect of LAB was evaluated against A. flavus, Fusarium
spp., Penicillium spp. A. niger and Mucor spp. fungi that was found on naturally
contaminated wheat seeds (Fig. 2). The highest inhibition of Fusarium spp, Mucor spp.
and A. niger was observed using LAB for wheat grains decontamination. The highest
antifungal activity show P. acidilactici against Fusarium spp. and A. niger (respectively, 57
and 83% reduction of fungal contamination). Moreover P. acidilactici inhibit the growth
of A. flavus and Mucor spp. by 21 and 43%, respectively. The lowest inhibition of
P. acidilactici was observed against Penicillium spp. (2%). The highest antifungal activity
of P. pentosaceus KTU05-9 was observed against Fusarium spp. (48%). Mucor spp.,
A. flavus, A. niger and Penicillium spp. growth on wheat seeds were decreased by
P. pentosaceus KTU05-9 up to 48, 21, 35 and 23%, respectively. L. sakei KTU05-6 decreased
A. niger, Fusarium spp. and Mucor spp. growth by 83, 49 and 42%, respectively. Low
antimicrobial activity of L. sakei was observed against A. flavus and Penicillium spp.
Studies show that bacteriocins producing LAB with antifungal activities are suitable to
use for fungi such as Fusarium spp., Mucor spp. and A. niger inhibition and cereals
decontamination, moreover LAB combinations could be used to achieve higher
decreasing of pathogens and increase control of microbiological contamination.

90

Inhibition, %

75
60

L. sakei
P. acidilactici
P. pentosaceus

45
30
15

0

A. flavus

Fusarium Penicillium A. niger Mucor spp.
spp.
spp.

Figure 2. LAB antifungal activity (%)

LAB influence on Fusarium infection and wheat seeds decontamination
LAB used for strongly infected wheat seeds by Fusarium fungi decontamination at 15, 20
and 25 °C temperatures gave different antimicrobial activity against Fusarium spp.
(Fig.3). L. sakei and P. pentosaceous KTU05-10 were most effective at 25 °C, while
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P. acidilactici showed the best efficacy at 15 °C. P. pentosaceus KTU05-8 gave similar
efficacy at both temperatures – 15 and 20 °C. P. pentosaceous KTU05-9 reduced Fusarium
infection at all temperatures by 12-16%. P. pentosaceous KTU05-10 show the best
antimicrobial activity against Fusarium fungi and it significantly reduced Fusarium
infection level independent of cultivation temperature. Dalie et al., 2010 [13] reported
that LAB have the highest antimicrobial effect when cultivated at 25 °C. However,
antifungal activity of LAB may be affected not only by temperature, but also by used
LAB species, time of incubation, growth medium, pH, and nutritional factors [20].

Fusarium spp. infected
seed, %

100

80

Control

60

L.s KTU05-6
P.a KTU05-7

40

P.p KTU05-8

20

Figure 3.

P.p KTU05-9

0

15

20
Temperature, oC

P.p KTU05-10

25

Temperature influence on antifungal activity of LAB for Fusarium spp.
infection decreasing on wheat seeds at different

Fusarium spp. infected
seed, %

100

Control

KTU05-6

80

KTU05-7

60

KTU05-8
KTU05-9

40

KTU05-10

20
0

10 ml

20 ml

30 ml

Figure 4. LAB dose influence on Fusarium spp. infection decreasing on wheat seeds
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Dose of product is an important factor as well, therefore different concentrations of LAB
suspention (10, 20 and 30 ml) was applied for cereals decontamination.
LAB applied at different doses (10, 20 and 30 ml) after one week incubation at 20 °C
significantly reduced Fusarium infection on spring wheat seeds (Fig. 4). The significantly
higher antifungal activity was recorded after LAB application at 20 and 30 ml per 100 g
seeds compared with 10 ml per 100 g seed dose. According to the results 20 ml dose may
be used for cereals decontamination.
Was found significantly positive influence of LAB treatment on the lower part of wheat
seedlings and roots (Table 2). Wheat seeds pre-treatment with L. sakei KTU05-6,
P. acidilactici KTU05-7 and P. pentosaceus KTU05-10 significantly decreased the damage
of wheat seedlings respectively, 33.6, 23.6 and 15.6%, whereas L. sakei KTU05-6,
P. acidilactici KTU05-7, P. pentosaceus KTU05-8 and KTU05-10 significantly decreased rot
of wheat roots respectively, 6.0, 11.0, 7.9 and 11.5%.

Table 2. LAB influence on wheat seeds seedlings and roots diseases
Applied LAB

Seedlings diseases, %

Roots diseases, %

Control

54.6

24.7

L. sakei KTU05-6

36.2

16.5

P. acidilactici KTU05-7

41.7

17.5

P. pentosaceus KTU05-8

54.1

26.8

P. pentosaceus KTU05-9

52.3

21.4

P. pentosaceus KTU05-10

46.1

22.2

Bonestroo et al., 1993 [21] reported that fungi are sensitive to fermentation products,
lactic and acetic acids. Propionic acid reduces fungal growth especially at lower pH [22]
and inhibit amino acid uptake [23]. Schnürer & Magnusson, 2005 [24] research show that
number of antifungal metabolites, e.g. peptides, phenyllactic acid, proteinaceous
compounds and 3-hydroxylated fatty acids have also been isolated from lactic acid
bacteria.

CONCLUSIONS
Tested LAB L. sakei KTU05-6, P. acidilactici KTU05-07, P. pentosaceus KTU05-8, KTU05-9
and KTU05-10, show antimicrobial activity against toxins producing fungi, especially
Fusarium species. These LAB could be applied as alternative for the bioproduct creation
to increase the resistant of seeds and plants against pathogens such as Fusarium fungi
able produce mycotoxins, in organic farming.
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ABSTRACT
The aim of this study was to evaluate, is it existing competitiveness of the milling
industry in Croatia, ready for the market environment in the European Union. The
research methodology is based on the application of a group of indicators trade
openness and discovered competitive advantages, as well the overall analysis of the
structure of the milling industry in Croatia. Analysis of competitivity of Croatian milling
industries using the domestic resource cost (DRC) method, taking into account
opportunity costs of not only input factors, but also the foreign exchange rate and the
price of final product in the EU market, which refers to the ratio between opportunity
costs of domestic production and value added. The conducted research has shown some
specifics of the perception of the competitivity of Croatian milling industries.

Keywords: competitivity, domestic resource cost, milling industries, Croatia

INTRODUCTION
This paper examines the competitiveness of Croatian companies milling industry.
Competitiveness as a success factor is present in every company, regardless of whether
the company at the national or international market. DRC method was applied to the
sample companies separate sector for the period since 2011 to 2012th year.
Competitiveness of enterprises is modelled as a function of their activities, the
characteristics and features of their environment. The research results are consistent with
theoretical predictions about the behaviour of not competing companies. In building
their international competitiveness of the Croatian mill sector relies mainly on reducing
costs, improving productivity, reducing the number of employees and expanding
supply of finished products. Mill sector in Croatia is characterised by severe business
conditions with pronounced challenges ruthless market that additional burden
supernumerary mills, and grey economy.

GENERAL INFORMATION ABOUT CROATIAN MILLING INDUSTRY
The milling industry is actively 167 mills - users of registry stamps for the purposes of
Republic Croatia, 11 producers of mixtures and concentrate, 47 importers of flour, 35
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importers of mixtures and concentrates, and 7 legal entities engaged in the prepackaging of flour. Annual production is 450-550000 tones of flour, the total milling
wheat is 75% (bread flour), meal participates in the structure of milling wheat with 20%
and bran with 4-5%.

Table 1. Production of flour in Croatia by type

Type of flour

The amount
(tonnes)

The structure
of production (%)

T-400

15.000

3

T-550

250.000

53

T-850

75.000

16

T-700

1.500

0,3

T-1100

5.000

0,3

T-1600

500

0,1

Integrated

1.500

0,3

Bran

25.000

5

Meal

100.000

21

Source: Croatian Chamber of Economics, Zagreb, Annual report 2013

2,50

KUNAS

2,00
1,50

2011

1,00

2012

0,50

2013

0,00

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
WEEKS

Figure 1. Movement of wheat prices in 2011, 2012 and 2013. year, Croatia (Ministry of
agriculture 2013)
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According to the records of the Ministry's 10 largest millers produce 70% of domestic
flour (from approximately 400,000 tones), and the 5 biggest importer imports 73% of
imported flour (approximate 2,200 tones). By analysing the level of the average
production per production unit-mill for the Republic of Croatia is 2,423 tones, or
utilisation of production capacity is 40%.

5,00
KUNAS

4,00
3,00

T 550 HARD

2,00

T 550 SOFT

1,00

T 850

0,00
1 6 111621263136414651
WEEKS

Figure 2. Movement of prices for 3. type of flour in 2012. year, Croatia (Ministry of
agriculture 2013)

RESEARCH
For the purposes of this study were interviewed subjects in milling production in
Republic Croatia, research was carried out in 2013 years, in order to collect data on the
current economic and social situation in isolated producers. Of the total number of
active mills 167, listed demanding questionnaire completed by the 18 subjects, with a
focus on biggest producers from eastern Croatia (Slavonia and Baranja).
And in order to collect the necessary parameters for calculating the costs of the
application of domestic resources (DRC). Collected data of the impact of politics,
technology, economics, social impact, information on subcontractors, storage capacities
and competition for the mill sector in Croatia. Based on data collected from the field, and
the available data on the total production of the mill sector in Croatia, made the
corresponding calculation of this coefficient competitiveness (DRC).

Domestic Resource Cost ratio (DRC)
The DRC method is presented as a ratio of domestic costs to the real value added.
Though the DRC method is one of the best methods for measuring comparative
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advantages, it contains some particular credible requirements, such as data actuality and
technological exactness and uniformity in defining production conditions of
comparative technologies.
DRC method is mostly used in practise to assess the general agricultural
competitiveness, which is based on an analysis of DRC indicators. DRC compares the
opportunity costs of domestic production with the resulting added value. This study
applied this ratio in order to obtain a clearer picture of the situation in the analysed
sector.

The Domestic Resource Cost ratio is usually presented in the form
n

DRC

i



a P
ij

j  k 1

k

D
j

P  a P
B

i

j 1

ij

B
j

with
aij

quantity of the j-th traded (if jk) or non-traded (if j>k) input (j = 1, 2, ...,
n) used to produce one unit of output i;

PDj

social price of non-traded input j,

PBi

border price of output i,

P

border price of traded input j.

Bj

The formula shown in our example in the numerator is put sum of labour costs, capital
and maintenance costs (inputs that are not subject to international trade), set in the
relationship of accounting and domestic prices, and the denominator is the added value
of production, less the costs of market inputs per production unit, expressed in border
prices. DRC can be incorporated into policy analysis matrix (PAM-Policy Analysis
Matrix), and consistent accounting framework that incorporates ambiguous
competitiveness factors.
When the resulting value DRC greater than 1, the domestic mill sector is competitive and
effective speaking at an international level, (the opportunity cost of domestic resources
spent is less than the potential value of international exchange earned by exports or the
resulting value savings result of import substitution of domestic production).
When the value of the DRC is less than one, then the result is considered an indicator of
long-term competitiveness. Where the DRC more than one valid counter value for all the
criteria. When the resulting value DRC is the 1, the domestic mill sector is neutral,
neither the competitive, and neither the not competitive.
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Research results analysis
The study was conducted to investigate the potential competitiveness of isolated milling
sector in Croatia, in order to obtain results that pointed to possible problems or
advantages of separate sectors, considering that Croatia is a full member of the European
Union from 01 July 2013. year.

Table 2. Total income and expense dissenting milling sector, for the 2011th and 2012th
years

Variables/year

2011.

Sales revenues

2012.

1.435.447.000

1.500.775.000

62.952.000

46.790.000

1.498.399.000

1.547.565.000

Cost of raw materials

551.916.000

530.101.000

Value of work

143.139.000

144.714.000

Other expenses

761.382.000

839.168.000

1.456.437.000

1.513.983.000

Other income
Value of production/domestic prices

The total cost of marketable inputs

Source: Authors using data from available documents issued by the Croatian
bureau of statistics, Ministry of agriculture and Croatian Chamber of Economics

The analysis of domestic cost of resources is based on Competitiveness study, within is
completed the Policy Analysis Matrix (PAM), for each of two years in milling sector
production in Croatia.

Table 3. Total revenues, expenses and profits of milling sector in Croatia for the 2011th
and 2012th years

Variables/year

2011.

2012.

Total revenue

1.498.399.000

1.547.565.000

Expenses

1.456.437.000

1.513.983.000

41.962.000

33.582.000

Profit
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The policy analysis matrix is a product of two accounting identities, one defining
profitability as the difference between revenues and costs and the other measuring the
effects of divergences (distorting policies and market failures) as the difference between
observed parameters and parameters that would exist if the divergences were removed.
By filling in the elements of the PAM, an analyst can measure both the extent of transfers
occasioned by the set of policies acting on the system and the inherent economic
efficiency of the system, according to prices and different types of expenses.

Table 4. PAM-Policy Analysis Matrix for milling sector in Croatia, for the 2011th and
2012th years

Year

2011.

Variables/ Expenses

Incomes

Resources

Profit

Actual prices

1.498.399.000

761.382.000

695.055.000

41.962.000

Economic prices

1.155.755.000

600.586.000

552.579.000

2.590.000

342.644.000

160.796.000

142.476.000

39.372.000

Actual prices

1.547.565.000

839.168.000

674.815.000

33.582.000

Economic prices

1.290.201.000

760.520.000

527.071.000

2.610.000

257.364.000

78.648.000

147.744.000

30.972.000

Effect of variation
efficiency policy

2012.

Inputs

Effect of variation
efficiency policy

Table 5. Coeficients acording to PAM, milling sector in Croatia, 2011th and 2012th years

Coefficient / year

2011.

2012.

Private cost ratio (PCR)

0,09

0,95

Nominal protection coeficient on tradable inputs
(NPCI)

1,27

1,1

Nominal protection coeficient on tradable outputs
(NPCO)

1,3

1,2

Effective protection coefficient (EPC)

1,32

1,34

Profitability coefficient (PC)

16,2

12,9

Subsidy ratio to producers (SRP)

0,034

0,024

Domestic resource cost ratio (DRC)

0,99

1
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The DRC ratios for the 2011th year is 0.99, and for year 2012th is value 1, this results said
that under prevailing conditions are not profitable and neither the profitable, for the
Croatian milling sector. Both ratios are the value one, that indicate how milling sector
was found to be the neutral for both calculating years.

CONCLUSION
In this paper we have tried to analyse the competitiveness of Croatian milling sector. For
this reason, the methodology used is based on the calculation of the Domestic Resources
Costs (DRC) index. This DRC is a measure, in terms of real resources, of the opportunity
cost of producing or saving products to foreign exchange. It provides a comparison
between the domestic costs to produce a given good with its value added at
international price. Due to result achieved for year 2011 and 2012 Croatian milling sector
was neutral. I would require mayor improvements in management, technology, and
wheat and flour prices for this to be achieved. Our results indicate that the inefficient
allocation of productive factors induced by the interventionist economic policy resulted
in a significant loss for the milling production in Croatia. For achieved a competitive
production in milling sector Croatia must decrease production cost and increase
production in next few year, (utilisation of production capacity is 40%), also need to
increase the quality of the final product to be lower import balance of mill products.
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ABSTRACT
Non-traditional ingredients (chia, hemp, teff) in baking technology enhance the
rheological properties of dough, increase of bread quality and nutritional value. The aim
of the presented research was to evaluate the features of wheat flour composites with
hemp (Cannabis sativa) (5-20%), teff (Eragrostis tef) (10-30%) and chia (Salvia hispanica)
(2.5–5.0%) grinded seeds and rheological behaviour of dough. The investigation of
wheat flour and dough composite characteristics has been conducted using of
farinograph, amylograph and mixolab. Relation of mixolab features to others rheological
characteristics are described by correlation analysis. Changing of rheological features of
composite flours depends on the type of fortification. Level of addition corresponds with
increasing of water absorption and dough time development. Characteristics of starch
described as amylograph features are connected more with added components than
their amount. Influence of tested recipe according to mixolab was reflected mainly in
starch retrogradation. In case of hemp addition, extent of C5-C4 values is equal to
0.24 N-m between M and K1-20 samples.

Keywords: composites wheat-hemp, teff, chia

INTRODUCTION
Application of non-traditional components in cereal technology can extend possibilities
for production of alternative cereal based goods. Hemp, teff and chia milling products
can serve for wheat flour fortification. Above mentioned innovative components are
known for a specific chemical composition with higher nutrition value compared to
wheat. In spite of enhance the rheological properties of dough, increase of bread quality
and nutritional value.
Hemp (Cannabis sativa) is planted as two subspecies, namely ssp. culta a ssp. indica. The
latter is called hash hemp and belongs to forbidden raw material with respect to
intoxicating substances production. Hemp flour composition depends on variety and
planting locality, also differs according to defatting. Protein, fat and starch rates are
known to be 30-33%, 7-13%, approx. 40%, respectively. Seed contains a significant level
of beta-carotene and vitamins B1 and E. Considering mineral component aspect a benefit
could be found in higher portion of iron and zinc. Approx. two-thirds of hemp proteins
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is composed by edestin, belonging to low molecular weight globulins [1]. Content of 10–
15% insoluble fiber [2] may be also reason for wheat flour fortification.
Teff (Eragrostis tef) is classified into cereal group of the Poaceae family grown largely in
Ethiopia where production exceeds that of most other cereals. Flat bread injera (ingera)
dominates among other culinary treatments, and it is manufactured from fermented
dough with a portion of wheat. Because of its tiny seeds, whole meal flour is
characterised by high rate of coating layers, resulting into higher content of insoluble
polysaccharides. Proteins have non-gluten nature and owing to prevailing portion of
prolamins belong to easily digestible ones. However low content of lysin was reported
[3]. From a nutritional benefit viewpoint, high minerals content (mainly iron, calcium,
phosphorus and copper) and B1 vitamin is cited [4].
Chia (Salvia hispanica L.) is an annual herb of the Labiatae family, producing seeds which
have formed the basic food from the Aztec civilization. Now, to main producers belong
Argentine, Columbia and Peru. The composition includes minerals, about 20% protein,
30-32% fat, 30-40% polysaccharides (insoluble fibre as the important portion) and 2-3%
fructo-oligosaccharides. The fatty acid of the oil was found to consist mostly of C16:0,
C18:0, C18:2 and C18:3 [5]. Both forms (black and white) exhibit a high antioxidant
activity due to the presence of phenolic compounds and tocopherols [6]. Chia seeds have
been approved by the EFSA and in the EU may be used as novel food ingredients in
bakery products at 5%. This year maximum can increase to 10% (according to
2013/50/EU).
A goal of the presented work was an investigation of farinograph and amylograph
versus mixolab features comparability, based on quality determination of wheat flour
composites with hemp, teff or chia flour. For this purpose, principal component analysis
was used, and the method should also distinguish the influences of alternative flour and
used addition level.

MATERIALS AND METHODS
Wheat flour used as composites base was of commercial origin, obtained from industrial
mill Delta Prague, and is characterised as bright type (ash content 0.59%) with protein
content 12.9%. Hemp flour sample K1 was gained as conventional planting regime
commodity (E. Citterbartová’s company, CZ). Wheat flour replacement was selected on
levels of 5%, 10%, 15% and 20%. Tested teff flour (R1) is obtained by laboratory milling
of the dark seeds (Tobia GB). Wheat flour replacements were 10, 20 and 30%. Whole
meal chia flour (CH1) obtained by milling of the black seeds (Mexico) is added of 2.5 and
5%. Mixed composites were signed by combination of alternative flour type and its
addition level, e.g. K1-15 means ratio of 85%/15% (w/w) of wheat/hemp or R1-10 ratio of
90%/10% (w/w) of wheat/ teff, respectively.
Using factor 5.7, protein content (PRO) was determined according to the Kjeldahl’s
method (ČSN ISO 1871). For protein quality is used Zeleny test (ČSN ISO 5529).
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The farinograph and the amylograph test were performed following ČSN ISO 5530-1
and ICC 126/1, respectively. Observed features were dough development time and
dough stability in min (DDE and DST, respectively) together with mixing tolerance
index (MTI, farinograph unit) in the former and amylograph viscosity maximum (AMY,
amylograph unit) in the latter case. On the Mixolab, predefined protocol “Chopin+” was
used with the test settings corresponding to user’s manual and published earlier. Course
of wheat and composite dough behaviour was described by five basic torque points (C1–
C5, N·m) and four pair differences (C1-C2, C3-C2, C3-C4 and C5-C4, abbreviated as e.g.
C12). Relation of mixolab features to basic characteristics is described by means of
statistical methods.

RESULT AND DISCUSSION

Analytical features of composite fours
Changing of analytical features of composite flours is demonstrated on Fig. 1. Increase of
protein contents corresponds with lowering bakery quality (tested as Zeleny
sedimentation).
Addition of teff changed significantly protein quality without effect on analysed amount.
Opposite effect is found with chia meal fortification but is necessary to take in account
very small level.
Protein content (%)

18.0

Zeleny test (ml)

45

12.0

30

6.0

15

0.0

5

10

K1

15

20

.

10

20

R1

30

Flour, addition level (%)

.

2.5

Ch1

Figure 1. Protein content and Zeleny sedimentation value of composites
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Rheological behaviour of composite flours
Farinograph test of K1 composites shown changes in dough rheological behaviour in
correspondence with substitution rate (Table 1). Only the WAB demonstrated a practical
independency on hemp flour ratio, oscillating around 62.9% of added water. Compared
to standard M, time-expressing parameters (DDE, DST) were prolonged in different
extent, twice in the former and almost about 50% in both latter cases. Finally, dough
softening of four K1-composites could be consider as comparable to standard – recorded
MTI were 40 FU for sample M, and from 20 to 50 FU for fortified samples. Effect of teff
on R1 composites is observed in similar tendency. Changes of fortification level
significantly lower DDE and DST parameters but dough softening increased namely in
case of composite R1-30 in compared with wheat dough. Chia flour addition prolonged
time of dough development and stability more than twice (Table 1).

Table 1. Farinograph and amylograph test results of wheat flour composites

A. Effect of 5 and 20% hemp
Sample

Farinograph

Amylograph

DDE

DST

MTI

AMA

(min)

(min)

(FU)

(AU)

K1-05

6.0

K1-20

5.5

a

8.5
11.5

a

30
40

a

490
365

b

B. Effect of 10 and 30% teff
R1-10

9.5

R1-30

5.0

a

11.0
6.5

a

60
120

b

400
620

b

C. Effect of 2.5 and 5.0% chia
CH1-2.5

7.5

CH1-5.0

9.0

a

19.0
19.0

b

20
20

a

260 a
260

DDE – dough development, DST – dough stability, MTI – mixing tolerance index;
FU – farinograph unit.
AMY – amylograph viscosity maximum; AU – amylograph unit.
a-b: column means related to alternative crop signed by same letter are not significantly different
(P < 0.05).
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Amylograph pasting properties of flour suspensions with K1, R1 and CH1 were
determined in agreement with Falling Number, verifying relation between reference and
screening method of amylase activity and starch stage estimation. The higher K1 hemp
flour content, the lower composites viscosity (AMA) was measured; observed maximal
decrease of 125 AU. Opposite changes caused the teff addition to wheat flour and
recorded AMA were 325 AU for sample M and ranges of 400 to 620 AU for composites
with R1.Tested level of chia seeds have not significant influence on pasting properties of
composites CH1-2.5 and CH1-5.

Table 2. Mixolab test results of wheat flour composites

A. Effect of 5 and 20% of hemp
Mixolab torque point (N·m)
Sample
C1
K1-05

0.98

K1-20

0.95

C2
0.50

a

C3
2.10

b

0.49

C4
b

1.91

1.59

b

1.25

C5
2.42

b

1.86

B. Effect of 10 and 30% of teff
R1-10

1.20

R1-30

0.99

0.37

a

1.79

a

0.26

a

1.79

1.26

a

1.32

1.71

a

1.88

C. Effect of 2.5 and 5.0% of chia
CH1-2.5

1.21

CH1-5.0

1.19

b

0.58

2.50

c

0.53

2.00

b

1.75
1.69

c

2.55

c

2.57

C1 – C5: Mixolab torque data
a-c: column means related to alternative crop signed by same letter are not significantly different
(P < 0.05).

Mixolab curves of standard M and selected flour composites are depicted in Table 2.
Owing to measurement at constant water absorption, there is a noticeable descent in C1
values – it signalizes qualitative changes in flour protein composition as the fortification
degree increased. Within K1 composites, the torque has increased to the second maxima
(similarly to the farinograph test). At curves mixing part, a partial closeness of samples
K1-5 and K1-10 vs. K1-15 and K1-20 was observed (Fig. 2). After 1000 s of the test,
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protein denaturation occurred (C2 points around 0.50 Nm), i.e. effect of different recipe
composition was suppressed. This phenomenon IS explained as protein unfolding,
coupled with that torque decrease [7]. Starch gelatinization viscosity was the highest for
the M sample (C3=1.59 Nm), and very soft insignificant decrease of the C3 values was
recorded in a sequence of K1composites (maximal difference 0.15 Nm only, Fig. 2). On
the other hand, starch gel stability (C4) was dependent on dough formula. For the
composite K1-20 was recorded similar value (1.42 Nm). Opposite to that, gel enzymatic
hydrolysis as C34 reached approx. twice degree in the same samples comparison (0.37
and 0.66 Nm). Influence of recipe composition was reflected mainly in starch
retrogradation because of extent C54 values equal to 0.24 Nm between standard and K120 sample flour and wheat-hemp composites starch demonstrated diversity of similar
extent as starch gel stability. Curves were more differentiated together, but distance
between standard and most enriched sample attained approx. 25% (C5 values 2.54 and
1.86 Nm, respectively). In partial agreement with the described trends, importance of C
parameter pair differences was verified. C12 is related to proteins quality, and a drop
from 0.60 to 0.48 Nm between M and K1-5 sample was provable.
M

K1-5

K1-10

K1-15

K1-20

Torque (N/m)

3.0

1
2
34

2.0

5
1.0

0.0

0

10

20

Time (min)

30

40

Figure 2. Mixolab curves of wheat flour M and K1-composites.
Samples order: 1 – M (standard), 2 – K1-5, 3 – K1-10, 4 – K1-15, 5 – K1-20

Starch gelatinization (C32) was most intensive for pure wheat dough (1.56 Nm), and for
composite K1-20 recorded similar value (1.42 Nm). Opposite to that, gel enzymatic
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hydrolysis as C34 reached approx. twice degree in the same samples comparison (0.37
and 0.66 Nm). Influence of recipe composition was reflected mainly in starch
retrogradation because of extent C54 values equal to 0.24 Nm between standard and K120 sample.
Effect of teff additions on mixolab profile was statistically different from hemp or chia
ones (Table 2). In contrast to farinograph test results, gained mixolab data revealed very
soft impact on recorded kneading profile, perhaps to tested amount. Nevertheless,
viscous part of mixolab curve corresponded with amylograph prove course – higher
portions of teff flour increased C4 and C5 values. C12 parameter showed higher
weakening of protein up to about 0.73 N·m, the strongest one within the tested
composite flour set. Also retrogradation of wheat-teff dough progressed to a different
rate compared to wheat-hemp dough cases – according to smaller C54 values, faster
staling of such bread could be presumed.
Chia fortification led to most different mixolab rheological behaviour of composite
dough. In all five basic torque points, determined values were provably the highest, i.e.
wheat-chia dough has higher tolerance to overmixing (C2 approx. 0.55 N·m, C12
0.64 N·m) and starch pasting properties were close to optimum (e.g. starch gel stability
ca 1.7 N·m, C54 over 0.8 N·m) in correspondence to farinograph and amylograph test
results. That positive effect should be considered in relation to the lowest fortification
level within the composite flours set.

Statistical analyses
According to statistic evaluation (Table 3), parameter C1 negatively correlated with
protein content compared to Zeleny test positive relation with torque points C2–C5. A
negative sign for relation of Falling Number to C1 is based on physical nature of the test
– indirect estimation of amylase activity via suspension viscosity evaluation.

Table 3. Correlation analysis between composite analytical and mixolab parameters

Protein content
Zeleny test
Falling Number

C1

C2

C3

C4

C5

-0.81**

ns

ns

-0.59*

ns

ns

0.63*

0.71**

0.71**

0.66**

0.58*

ns

ns

ns

ns

C1 – C5 – mixolab torque data.
*, **, *** – relationships significant at P = 95%, 99% and 99.9%, respectively;
ns – non-significant.
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Links of farinograph and amylograph features were also affected by lower count of
tested items. A quite high robustness was found for MTI feature – 7 of 9 calculated
relationships were significant. Correspondence of the farinograph and mixolab tests was
confirmed by positive correlation between MTI and C12. Interesting finding is
connection of DST and MTI with anti-stalling effect represented by C54.

Table 4. Correlation analysis between the mixolab, farinograph and amylograph test
parameters

C1

C2

C3

C4

C5

C12

C32

C34

C54

DDE

ns

ns

ns

ns

ns

ns

ns

ns

ns

DST

0.73***

0.68***

0.63**

0.63**

0.67***

ns

ns

ns

0.65**

MTI

ns

-0.57**

ns

-0.76***

AMY

-0.46*

ns

ns

ns

-0.96*** -0.93*** -0.76*** -0.79*** 0.77***
ns

ns

ns

ns

ns

C1 – C5, C12 (C1-C2), C32 (C3-C2), C34 (C3-C4), C5-C4 (C54) – mixolab torque data.
DDE – dough development, DST – dough stability, MTI – mixing tolerance index.
AMY – amylograph viscosity maximum.
*, **, *** – relationships significant at P = 95%, 99% and 99.9%, respectively;
ns – non-significant.

CONCLUSION
Three different types of composites were prepared in terms of partial substitution of
wheat flour by hemp, teff or chia flour. Blend analytical properties was evaluated as
protein content and quality (Zeleny test) and amylase activity estimation (Falling
Number). Technological quality was described by three rheological proves –
farinograph, amylograph and mixolab ones. Gained data were statistically explored by
correlation analysis.
Chemical composition of prepared blends was dependent on type of added alternative
flour. Only the hemp one significantly increased protein content, but its technological
quality was diminished by all three plant materials. Rheological behavior was affected,
too, in extent corresponding to enhancement rate. By the farinograph test, twice or even
triple prolongation of dough development time or stability during kneading was
determined for wheat-hemp and wheat-chia samples. Further, a partial dilution of
gluten structures has occurred (mainly for teff flour), resulting into dough softening.
Reversal effect on pasting properties had hemp and teff flour –gradual diminishing and
increase, respectively, were measured.
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Based on mixolab test results, a statistically different baking quality was evaluated for
teff and chia composites. The latter had better tolerance to overmixing as well as longer
starch gel stability together with slower retrogradation.
Findings of correlation analysis were affected by lower number of tested samples. The
Zeleny value feature and farinogram MTI parameter had the highest count of significant
relationships to evaluated mixolab curve descriptors.
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ABSTRACT
A study was focused on producing powder from pineapple waste using conventional
method. Pineapple powders which contain Bromelin, was added into the bread as
functional ingredients in three variables; bread 1:1.5% powder, bread 2:3.0% powder and
bread 3:6.0% powder. The physicochemical analysis and sensory evaluation tests were
done in this study. The result for proximate composition indicated that, moisture content
showed significant difference in all the variations. The control has the highest moisture
content which was 39.81%. In contrast, the result for ash, protein, fat and fiber did not
differ significantly p≥0.05. For physical analysis, the mean of weight and height
measurement showed significant difference since the p-value is ≤0.05. The ANOVA show
the hardness and crust color did not differ significantly. From qualitative descriptive
analysis (QDA) test, all means for each attributes were not significantly different except
for hardness, flavor and elasticity. The Hedonic Test showed that, bread 1 was more
preferable than the other samples. It can be concluded that agro waste from pineapple is
applicable as a Novel Functional Ingredient for Bread.

Keywords: Pineapple agricultural waste, bread quality, functional ingredient

INTRODUCTION
Malaysia, once ranked as one of the top 3 pineapple producers in the world in the 60's
and early 70's, has only a relatively modest industry today. Pineapple belongs to the
Bromeliaceae family and grows on the ground. Pineapple is a widely grown fruit in
tropical and subtropical regions around the globe, and is a rich source of stem and fruit
proteolytic bromelain. Pineapple (Ananas comosus) decanter / agro waste is a by-product
of the pineapple processing industry and consists basically of the residual pulp, peels,
and skin.
There are two types of pineapple bromelain. Stem bromelain is a cysteine proteinase
within bromelain preparations derived from pineapple stem, while fruit bromelain is a
glucoprotein proteinase present in pineapple juice, and enzymatically leaves with a
broad substrate specificity of the internal polypeptide bonds of proteins [1].
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Fruit bromelain has been used in various industrial and medical applications including
brewing, meat tenderization, functional protein predigestion, as well as in the
prevention of diarrhea, digestive aids, antithrombotic, edema treatment and
osteoarthritis and promotes the absorption of antibiotic drugs. It also regulates and
activates various immune cells and their cytokine production [2,3]. Moreover, bromelain
has been used as a folk medicine, a wound healer, an anti-inflammatory, and an antidiarrhea and digestive aid [4,5]. Because of this very wide range of applications,
commercial bromelain is very expensive costing up to 2400 USD/kg.
Pineapple waste products are still under utilized while the demand for high fiber
products was also increasing. Most of the researches utilized the pineapple waste by
using chemical composition. This study focused on the waste of pineapple using the
simple conventional procedure and can be used directly into the food product that is
formulated using the waste of the pineapple parts and other ingredients.

MATERIALS AND METHODS
Fresh pineapple (Ananas comosus), Josephine type, was purchased from Pasar Borong,
Kuala Lumpur, Malaysia. The fruit was sliced and blended using commercial blender for
further process for pineapple waste to powder. Pineapple decanter wastes were further
dried at 40° overnight using food dehydrator. Dried decanter wastes were grinded and
sieved to a powder. The Bread prepared using various formulations. The pineapple agro
waste powder was added into three variables: Bread A was 1.5% of pineapple waste
powder, Bread B 3.0% of the powder and Bread C was ad 6.0% of pineapple waste
powder. The pineapple waste powder was added together with other ingredients during
mixing stage (Figure 1).

Figure 1. Bread samples
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The moisture content was determined using Moisture Analyzer A&D MF-50. Ash was
measured by dry combustion. Protein content (N%x5.7) was determined by Kjedahl
method. Crude fiber was determined according to the procedure AOAC, 2000 [6]
(Method 32-07). Free fat were measured by petroleum ether extraction, followed by
evaporation to constant weight [AACC, 2000 [7] (Method 32-07)]. Finally, the
carbohydrate was calculated as 100%- (% moisture + % ash + % protein + % fiber + % fat).
Proximate analysis of moisture, ash, protein, crude fiber and crude fat contents of
pineapple waste powder were determined according to AOAC International (2000) [6]
method.
The physical characteristics of bread analyzed were height, weight and texture analysis
using Texture Analyzer (Shimadzu, Japan). The height to weight ratio was calculated.
The L* (Lightness), a* (Redness), and b* (Yellowness) values of the crust and the crumb
were measured using HunterLab LabScan XE Spectrophotometer. Sensory analysis were
determined using 10 point Quantitative Descriptive Analysis method with a scale
0=lowest intensity and 10=the highest intensity and 7 point Hedonic scale rating with
1=dislike extremely and 7=like extremely were used in evaluating the sensory attributes
of the bread sample. The attributes were evaluated in terms of color (crumb and crust),
hardness (crust and crumb), aroma, flavor, porosity (texture of cell), and elasticity.

RESULT AND DISCUSSION
The results, as presented in Table 1, showed the proximate values of pineapple waste
powder obtained in this work (Powder A) compared to previous works; Powder B
represented by Mat and Abdullah [8] and Powder C by Bardiya et al. [9].

Table 1. Proximate analysis of pineapple waste powder

Proximate composition (%)

Powder A

Powder B

Powder C

Moisture

11.19±0.09

87.50

92.20

Ash

2.67±0.49

4.05

10.60

Protein

4.17±1.13

5.18

NA

Fat

1.158±0.877

NA

NA

Crude Fibre

70.301±0.884

10.57

NA

10.511

NA

35.00

Total Carbohydrate

Values are mean ± Standard deviation
Powder A (Pineapple waste powder A): This work, used dehydrator
Powder B (Pineapple waste powder B): Mat and Abdullah, [8]
Powder C (Pineapple waste powder C): Bardiya et al., [9]
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Moisture content of Powder C shows the highest percentage of moisture (92.20%)
compared to Powder A (11.90%) and Powder B (87.50%). The ash content of Powder C
(10.60%) is much higher than the other two. The 5.18% of protein of Powder B is
considered higher compared to Powder A (4.17%) and Powder C. For crude fat, the
previous works do not present any value for fat content, in this work the amount of fat
content is only 1.158%. The crude fiber content (70.301%) in this work is also higher than
the previous work. Powder A (10.511%) was reported to have the lowest value of
carbohydrate composition while the highest value of carbohydrate composition obtained
by Powder C (35.0%). The major differences found in the proximate composition of these
three samples were mainly contributed by several factors such as differences of drying
method uses, or differences in varieties of geographical factors [10].
As shown in table 2, control has the highest moisture content (39.807%) compared to
others bread samples. Bread A shows the lowest percentage of moisture content
(29.010%). Since the p-value is less than α=0.05, we have sufficient evidence to conclude
that there is significant difference between the mean value of moisture content among all
variations. For the ash content, it shows that bread B has the highest amount of ash
content (2.235%) compare to others bread samples. Bread B shows the lowest ash content
(1.1420%). Since the p-value is more than α=0.05, we have sufficient evidence to conclude
that there is no significant difference between the mean value of ash content among all
variations. From the result it showed that control has the highest protein content
(15.240%) and also highest fat content (2.270%) compare to others bread samples. Since,
the p-value is more than α=0.05, we have sufficient evidence to conclude that there is no
significant difference between the mean value of protein and fat content among all the
variations. Based on table 2, it shows that bread A has the highest fiber content (35.370%)
compare to others bread samples. Since, the p-value is more than α=0.05, we have
sufficient evidence to conclude that there is no significant difference between the mean
value of fiber content among all variations

Table 2: Proximate analysis of bread enriched with pineapple waste powder

Bread

Moisture

Ash

Protein

Fat

Fibre

Bread A

29.010±0.0265a

1.42±0.212a

14.2±2.000a

1.048±0.592a

35.37±1.266a

Bread B

35.637±0.0404a

2.235±0.106a 14.905±0.021a 0.893±1.166a 26.795±0.209a

Bread C

35.047±0.0379ab

1.75±0.339a

14.675±0.021a 0.934±1.067a 25.937±0.170a

Control

39.807 ± 0.0513a

2.08±0.495a

15.24±0.057a

2.27±1.440a

25.929±0.894a

Values are mean ± standard deviation.
Means sharing the same letters in column are not significantly different from each other (Tukey's
HSC test, p > 0.05)
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From Table 3, bread A show the highest value of weight 791.67 g compared to other
breads; Bread B (763.33 g), Bread C (763.33 g) and control (760.67 g). ANOVA gives the
p-value 0.046 and F-value 4.21. Since, the p-value is less than α=0.05, we have sufficient
evidence to conclude that there is significant difference between the mean value of
weight among all variations. While for the height, Bread A shows the highest value of
height 12.87 cm among all the Bread samples. Bread B which are 12.2% less than Bread
A, Bread C which are 28.3% less than Bread A and control which are 4.7% less than
BreadA. Since, the p-value is less than α=0.05, we have sufficient evidence to conclude
that there is significant difference between the mean value of height among all
variations.

Table 3. The value of weight, height and the ratio of weight and height of bread

Sample

Weight (g)

Height (cm)

Weight/ Height

Bread A

791.67 ± 16.07a

12.87 ± 0.06a

61.47

Bread B

763.33 ± 5.78a

11.30 ± 0.20b

67.52

Bread C

763.33 ± 5.28a

9.23 ± 0.15c

82.70

Control

760.00 ± 10.00a

12.27 ± 0.59a

61.93

Values are mean ± standard deviation
Means sharing the same letters in column are not significantly different from each other (Tukey's
HSC test, p>0.05)

Figure 2. Percentage of hardness for bread enriched with pineapple waste powder
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Based on Figure 2, it shows that bread C has the highest value of hardness
(0.01979 N/mm2) compare to others bread samples; bread A (0.01260 N/mm 2), bread B
(0.00884 N/mm2) and control (0.01524 N/mm2). ANOVA gives the p-value 0.247 and Fvalue 1.68. Since, the p-value is more than α = 0.05, we have sufficient evidence to
conclude that there is no significant difference between the mean value of hardness
value among all.
Referring to table 4, bread A has the highest ‘L’ value (55.74) among the others bread
samples. ANOVA gives the p-value 0.060 and F-value 5.89. Since, the p-value is more
than α=0.05, we have sufficient evidence to conclude that there is no significant
difference between the mean of ‘L’ value among all. The column of ‘a’ value showed that
control has the highest ‘a’ value (11.65) compared to others bread samples. ANOVA
gives the p-value 0.278 and F-value 1.86. Since, the p-value is more than α=0.05, we have
sufficient evidence to conclude that there is no significant difference between the mean
‘a’ value among all. For the ‘b’ value it shows that control has the highest of ‘b’ value
(26.84) compare to others bread samples. ANOVA gives the p-value 0.607 and F-value
0.68. Since, the p-value is more than α=0.05, we have sufficient evidence to conclude that
there is no significant difference between the mean of b value among all.

Table 4.

L, a, b value for crust (control and bread enriched with pineapple waste
powder)

Sample

L value

a value

b value

Bread A

55.74±3.81a

7.89±1.83a

21.88±4.39a

Bread B

49.14±3.56a

10.43±1.76a

23.66±4.94a

Bread C

41.12±4.72a

11.39±1.08a

22.91±1.27a

Control

51.46±1.34a

11.65±2.24a

26.84±2.88a

Values are mean ± standard deviation.
Means sharing the same letters in column are not significantly different from each other (Tukey's
HSC test, p>0.05)

The crust is associated to the brown surface of bread while crumb is the inner white
spongy structure beneath the crust. The crust, which is formed through Maillard
reaction and caramelisation during baking, has several important functions on bread
properties. The thickness and characteristics of the crust to a large extent define the
product and give its name [11, 12]. In general, bread crust is referred as a marketing tool
that attracts customers through its appearance, aroma, and flavour [13]. The crust
formation affects the amount of moisture evaporating from wet dough during the
baking process as a thicker crust is produced with a higher moisture loss in bread [11]).
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This is because crust formation develops simultaneously as moisture evaporates during
the baking process. Moisture loss during baking translates to weight loss of bread and
this is less favourable for breads sold by its weight.

Figure 3. L, a, b value for crust bread enriched with pineapple waste powder

Table 5 showed all the data for the sensory attributes evaluated. The crust colour of
bread shows that bread A has the highest intensity of crust colour. Cauvain [14] states
that the crust colour in bread is principally formed by Maillard-type reactions involving
reducing sugars and amino compounds (free amino acids and terminal amino-groups in
soluble protein). For colour formation, it needs both factors to be present in appropriate
amounts. The p-value is more than α>0.05; we have sufficient evidence to conclude that
there is no significant difference between the mean values of crust colour attribute
among all variations. For the crumb colour attribute, bread A and bread B showed the
same score, 6.09 which is the highest score compared to bread 3 and bread 4. Since, the
p-value is more than α>0.05; we have sufficient evidence to conclude that there is no
significant difference between the mean values of crumb colour among all variations.
The crust hardness attribute shows the highest score is given by the bread B (7.00) and
the lowest score comes from the control (5.27). Since, the p-value is more than α=0.05, we
have sufficient evidence to conclude that there is no significant difference between the
mean value of crust hardness among all variations. For crumb hardness scores, bread B
has the highest score (7.18) and the lowest score for this attribute is control (4.27). Since,
the p-value is less than α=0.05, we have sufficient evidence to conclude that there is
significant difference between the mean value of crumb hardness among all variations.
Gallagher [15] reported that the absence of gluten will increase the movement of the
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water from bread crumb to crust, thereby resulting in a firmer crumb and a softer crust.
The control shows the lowest intensity of bread crumb and crust, it might be due to the
lack of gluten present.

Table 5. Attributes score for control bread and bread enriched with pineapple waste

Attributes/

Crust’s

Crumb’s

Crust’s

Crumb’s

Variation

Colour

Colour

Hardness

Hardness

Bread A

6.27±2.50a

6.09±1.51a

6.09±0.94a

Bread B

6.82±1.60a

6.09±1.45a

Bread C

6.09± 1.87a

Control

6.00± 1.95a

Aroma

Flavor

5.82±1.47a

6.09±2.43a

5.46±1.29a

7.00±1.27a

7.18±1.40a

6.46±1.81a

4.91±2.17a

6.00±2.45a

5.91±1.64a

6.73±2.20a

6.09±1.97a

7.00±2.19a

6.00±3.19a

5.27±2.57a 4.27±2.33ab 5.36±2.46a

4.91±1.97a

Values are mean ± standard deviation.
Means sharing the same letters in column are not significantly different from each other (Tukey's
HSC test, p>0.05)

Figure 4. Attributes score for control bread and bread enriched with pineapple waste
powder
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For the next attributes, the aroma of bread B shows the highest intensity (6.46) while the
bread control shows the lowest intensity of aroma (5.36). Since, the p-value is more than
α=0.05, we have sufficient evidence to conclude that there is no significant difference
between the mean value of aroma attribute among all variations. The bread added with
pineapple waste powder gives different aroma (pineapple-like aroma) compared to the
control (without any added of pineapple waste). For the flavor aspect of the analysis,
bread C gives the highest score 7.00 compared with other bread. Since, the p-value is less
than α=0.05, we have sufficient evidence to conclude that there is significant difference
between the mean value of flavor attribute among all variations. From the results it can
be concluded that when the pineapple waste powder increase, the intensity of flavor
increase.
Based on the figure 5, it shows that Bread A has the highest preference, 39%. The lowest
preference showed by bread C, 16%. We can say that the panelist liking preference is
more toward the bread A. From the ANOVA, the p-value given is 0.000. Since, the pvalue is less than α=0.05, we have sufficient evidence to conclude that there is significant
difference between the mean value of hedonic scale mean among all variations.

Figure 5. Hedonic score for control bread and bread enriched with pineapple waste
powder
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CONCLUSION
This study was focused on making bread enriched with pineapple decanter agro waste
powder as a novel functional food. In this study bread A is more preferable and was
choosen to be the most favourable formulation among the three variables. As a
conclusion, the pineapple decanter agro waste powder can be processed by conventional
method and can be utilized in bread making. This study also achieves to prove that
pineapple decanter waste is applicable to be used as a functional ingredient in breads
besides giving an extra added value for bread.
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ABSTRACT
Physiologic and functional changes during aging result in changes in nutrient needs.
Older adults have specialized requirements because of aging effects on absorption,
utilization, and excretion. They need less energy but have higher needs of some
micronutrients like folic acid, vitamin B6 and B12. The aim of this study was to evaluate
how small choices can influence dietary intake in elderly nursing home resident with
limited selection of foods.
Monthly menus in which only choice that residents have is white or brown bread were
analysed and compared regarding energy and nutrient content. Obtained values were
compared to recommendations for the elderly based upon the presumption that the
whole portion was eaten. Gender and age of residents were also taken into consideration
during these comparisons.
Brown or white bread choice did not have impact on energy, proteins or fats, but small
change in carbohydrate intake was noticed. Brown bread choice positively influenced
intake of dietary fibres, which is especially important in male population where white
bread choice results in fibres intake below the recommendations. Among minerals
brown bread choice the most positively influenced iron intake, while in the group of
vitamins increase was noticed for thiamine, riboflavin, niacin, vitamin B 6 and folate.
In conclusion the simple choice of brown instead of white bread results in improved
intake of dietary fibres and B group of vitamins, as well as the intake of certain minerals.

Keywords: energy value, nutrient content, food, nursing home, elderly

INTRODUCTION
Individuals aged 65 and over are generally considered to be elderly population. Their
rate in the overall human population is rapidly growing in almost all parts of the world,
and with the increase of elderly people number, the specific nutrition-related problems
of the elderly years take on greater significance [1].
Aging brings about a progressive decline in the functioning of all organs and systems
[1, 2]. Physiologic and functional changes during aging result in changes in nutrient
needs [3]. Older adults have specialized requirements because of aging effects on
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absorption, utilization, and excretion. Energy needs decline but requirements for many
nutrients increase [4]. In elderly, adequate protein intake is essential for the prevention
of muscle mass losses, fibres intake for decreasing constipation [5]. Therefore elderly
should select nutrient-dense foods to meet their nutritional needs [1, 2]. Additionally, co
morbidity, whether acute or chronic, presents challenges in planning the diet of elderly
persons.
Malnutrition is correlated with institutionalization, hospitalization and rehabilitative
care, especially in elderly [5, 6]. At the same time, due to the modern lifestyle, more and
more elderly individuals relies on the nursing homes where, unlike in family, many
residents depend exclusively on the food provided by the institution. Only few choices
are available, and even those are limited due to the habits which are not so easy to
change in this stage of life. Therefore the aim of this study was to evaluate, in nursing
home residents, how small choices like bread type choice can influence total dietary
intake of macro and micronutrients with the focus on those most often being deficient in
the elderly population.

SUBJECTS AND METHODS
Participants of this study were indirectly residents of the nursing home. At the moment
of the study nursing home had 161 residents, 65 of which were males and 96 females.
Both genders were represented by individuals of age groups 50-70 (20 males and 28
females) and over 70 (45 males and 68 females) years of age.
Complete monthly menus offered to nursing home residents were assessed in order to
get dietary intake of macro and micronutrients. Detailed information about the menu
and food preparation processes was gathered from the kitchen staff.
In order to convert the menus to nutrients, the food composition database [7] and
specialised NutriPro software were used.
Only dietary choice which residents had in this institution was to choose between white
or brown bread and therefore all nutritional calculations were done with both choices to
compare influence of this choice on energy and nutrient intake.
Obtained values were compared to recommendations for the elderly [4] based upon the
presumption that the whole portion was eaten. Both, gender and age of residents were
taken into consideration during these comparisons.

RESULTS AND DISCUSSION
Wheat bread has to contain more than 90% of wheat flour. If it is produced of white
wheat flour with the ash content up to 0.60% it is called white bread, and if it is
produced of wheat flour with the ash content higher than 1.05% it is called brown bread
[8]. Considering the differences in white and brown bread nutrient composition, and
their quite high daily consumption, it was assumed that brown bread choice could have
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an important positive effect on the overall nutrient intake in elderly, and especially on
the intake of micronutrients.
Results of the study shown that brown or white bread choice did not have impact on
total energy intake, proteins or fats but small change in carbohydrate intake was noticed
(Table 1).

Table 1. Total daily energy intake and contribution of macronutrients through menu
with white and brown bread
Menu with
white bread

Menu with
brown bread

Total energy intake (kJ)

10738

10558

Total energy intake (kcal)

2568

2524

Energy intake from proteins (kcal)

421

421

Energy intake from fats (kcal)

942

942

Energy intake from carbohydrates (kcal)

1227

1184

% of total energy intake from proteins

16.2

16.5

% of total energy intake from fats

36.4

37.0

% of total energy intake from carbohydrates

47.4

46.5

Adequate intake [4] in adults of 51 years of age or older is presented
for males with solid black line and for females with a dash line.

Figure 1. Average daily intake of dietary fibres through the offered menus with white
or brown bread

89

7th International Congress FLOUR-BREAD '13
9th Croatian Congress of Cereal Technologists

Constipation is a common problem among the elderly population, with prevalence
between 25% and 35% among the free-living individuals, and even 50% to 65% among
nursing home residents. Gastrointestinal transit times are lengthened due to lack of
physical activity, poor hydration and the most importantly a lack of dietary fibres [1].
Brown bread choice positively influenced intake of dietary fibres, which is especially
important in male population where white bread choice results in fibres intake below the
recommendations (Figure 1).
In the process of considering data obtained for minerals and vitamins intake it was
stressed that recommended intakes for individuals vary in dependence on gender and
age [4]. Therefore all obtained values were compared with the specific groups for which
they differ.
Among minerals bread choice influenced potassium, calcium, phosphorus, iron and
selenium intake (Table 2). In these entire cases dietary intake was elevated as a result of
brown bread choice.
Although the primary aim of this study was to evaluate the effect of the bread type
choice on the overall nutrition quality, it should be stressed that the study revealed
enormously high sodium intake.

Table 2. Compliance of average daily intakes of selected minerals through the menus
combined with white or brown bread to the recommended daily intakes
(% DRI) [4]

Element
Na
K
Ca
P
Mg
Fe
Zn
Se

Bread type
white
brown
white
brown
white
brown
white
brown
white
brown
white
brown
white
brown
white
brown

All

Males

Females

50.5
50.5

66.3
66.3

29.8
29.8

40.9
40.9

69.4
77.1
73.5
76.5
231.9
270.5

213.1
235.6

312.5
391.1

90

51-70
1205.5
1205.5

>70
1306.0
1306.0
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In the group of vitamins change was evident for thiamine, riboflavin, niacin, vitamin B 6
and folate (Table 3).

Table 3. Compliance of average daily intakes of selected vitamins through the menus
combined with white or brown bread to the recommended daily intakes
(% DRI) [4]

Vitamin
C
Thiamin
Riboflavin
Niacin
B6
B9
A
D
E
K

Bread type

All

Males

Females

51-70

>70

white

17.5

11.7

brown

17.5

11.7

white

48.9

58.7

brown

48.9

58.7

white

108.8

118.7

brown

129.8

141.6

white

130.7

154.5

brown

141.8

167.6

white

75.3

86.1

brown

100.0

114.4

white

59.9

67.9

87.4

99.1

white

52.8

67.9

brown

52.8

67.9

brown
white

44.9

brown

53.0

white

11.1

brown

8.26

white

107.8

143.7

brown

107.8

143.7

Although results show adequate intake through the meals served in a nursing home it
shoud not be forgotten that due to the various reasons elderly often leave soods on the
plate. Calvo in his study used three day weighted record of served meals and dietary
intake and found that food intake was significantly lower than that served [9]. Villarroel
et al. [6] in their study conducted in four Spanish nursing homes found that average
percentage of consumption is 81.98% but with significant differences between
institutions as well as between meals.
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To avoid deficiencies, choices and changes in the menu should be introduced with
caution. With lower energy requirements and in some cases increased requirements for
other nutrients optimal diet for elderly needs to be nutrient dense [1].

CONCLUSIONS
In conclusion the simple choice of black instead of white bread results in improved
intake of dietary fibres and B group of vitamins, as well as the intake of certain minerals.
Therefore, small but significant choices like this one should be encouraged in elderly to
achieve higher nutrient density without raising the energy intake.
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ABSTRACT
Sourdough fermentation is one of the oldest biotechnological process used in food
production [1]. The application of sourdough in bread making production could
improve the quality and the flavor of wheat bread; has a positive nutritional implications
by increasing mineral availability and by lowering the glycemic response of baked goods
[1] and improve the shelf-life of the products. However, the use of sourdough implies
some disadvantages like the increasing of labor input and an higher production
uncertainty [2]. Because of these disadvantages the purpose of this research was to study
the modifications induced by a chemical acidification realized with lactic acid used to
simulate sourdough fermentation of bread obtained with durum wheat and Kamut®
flour.
Significant differences were found between the control bread and the chemical acidified
one. Moreover it can be assumed that acidification induces a different modification on
durum wheat and Kamut bread in a different way.

Keywords: durum wheat flour; Kamut® flour; chemical acidification

INTRODUCTION
Among the cereal flours, wheat is unique in its ability to form dough when mixed with
water and to retain the gas produced during fermentation which results in a leavened
product [3].
Durum wheat flour has been used in the formulation of several types of bread in the
Mediterranean area, and this type of flour is often associated to sourdough fermentation
to obtain products largely appreciated by the consumers for their organoleptic
characteristics [4].
Nowadays, interest is growing on other cereals grains that constitute a highly nutritional
ingredients for healthy food production and special dietary uses. Several are considered
ancient crops and/or minor cereals (e.g. Kamut®, barley, spelt, rye, einkorn, millet, oat,
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sorghum) and are often underutilised or only consumed locally; others are
pseudocereals (e.g. quinoa, amaranth, buckwheat) [5].
Recently, among minor cereals, interest on Kamut® is increasing. According to
Khlestkina, Röder, Grausgruber & Börner [6], the Kamut® wheat grouped together in a
cluster containing three accessions of Triticum polonicum and three of T. durum. Therefore
these authors suggested that Kamut® derived from a natural hybrid between T. durum
and T. polonicum, which occurred in the Fertile Crescent.
The traditional process of sourdough bread production has enjoyed renewed success in
recent years, due to increasing consumer demands for more natural, tasty and healthy
foods [1]. The addition of sourdough during production of wheat bread can have a
considerable effect on dough characteristics. Many of the effects of sourdough have been
attributed to a drop in pH value caused by the production of organic acid, in particular
lactic acid, the main metabolic product of the LAB (lactic acid bacteria). Furthermore, the
sourdough microflora may also contribute to changes in the dough structure depending
on their characteristics properties such as specific enzymatic activities or the production
of substances such as exopolysaccharides [1].
The aim of acidification is to increase the shelf life and to improve the aroma and the
water binding relation.
The purpose of the present work was to study the modifications induced by a chemical
acidification mimicking sourdough fermentation of two different bread obtained with
durum wheat and Kamut® flour.

MATERIALS AND METHODS

Bread preparation
The flours used to realize the bread samples were commercial durum wheat breadmaking flour and Kamut® flour, supplied by Mulino Sima (FE-Italy). The physicochemical characteristics of the flours are reported in Table 1.
The ingredients used to prepare the different dough formulations were: flour, deionised
water, salt and compressed yeast. All the ingredients were mixed using a mixer mod.
Major mixer (Kenwood Chef Major KM 005, Treviso, Italy) at the first speed for 5min.
The chemically acidified dough contained, in addition, lactic acid (Fluka) at a rate of
0.55% (fwb) to yield dough with a pH value comparable with a biologically acidified
dough. In order to develop the final product, after 5 h of fermentation the dough was
sheeted to about 1cm thickness and then cut using a stainless steel rectangular mould
(15 cmx6 cm). Afterward dough was allowed to ferment in a proofer for 1h at 30 °C and
70% relative humidity. Fermented dough was baked in a convection oven (FC61,
ANGELO PO e Grandi Cucine S.p.A, Carpi, Italy) at 210 °C for 23 min and for 20 min the
durum wheat and the Kamut® bread respectively. After baking, bread samples were
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cooled down at room temperature (22±1 °C) before performing the instrumental
analyses. Baking process was performed in triplicate.

Table 1. Physico-chemical characteristics of Kamut® and durum wheat flour

Characteristics

Kamut® Flour Durum Wheat Flour

Moisture Content (%)

12.7

13.8

Dry Gluten (%)

13.5

8.54

P

120

167

G

15.4

11.1

P/L

2.5

6.6

Water absorption (%)

73.1

63.3

Water absorption (14% moisture basis) (%)

70.5

62.8

2

1.4

Stability (min)

4.6

2.5

Softening 10' (BU)

70

66

Softening 12' (BU)

101

74

Alveograph parameters

Farinograph Parameters

Development time (min)

Bread analyses
The bread volume was evaluated by using the rapeseed displacement method [7].
After measuring the volume, the loaf weight (mbread) was recorded.
Specific volume (Vs) of the bread was calculated as:

The bread mechanical characteristics were evaluated with a Texture Analyser mod.
TA.HDi 500 (Stable Micro System, Godalming, Surrey, UK) equipped with a 50 mm
diameter aluminium cylinder probe and a 50 kg load cell. Texture profile analysis (TPA)
in a double compression cycle was performed with 40% penetration depth, 3.0 mm/s test
speed and a 5 s gap between compressions [8]. Before performing the analysis, for each
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sample two slices were cut from the central portion of three different bread loaves and
one square test piece (20 mmx20 mm) was taken from the crumb of each slice and six
pieces were obtained and analysed. The textural parameters considered were hardness
(g) and chewiness (g) [9].
In order to perform the image analysis the final products were cut in regular slices of
20 mm thickness. The inner portion of the slices was considered for crumb grain features
measurements. The images were captured using an image acquisition system similar to
that developed by Mendoza and Aguilera [10]. with slight modifications. Images from
the slices were taken on the matte black background and saved in JPG format. Canon
remote Capture Software (version 2.7.0) was used for acquiring the images directly in
the computer. A portion of each image was considered and digital images were
processed by an advanced Image Analysis software (Image Pro-Plus version 6.2 Media
Cybernetics, USA). Pore size distribution analysis was performed by counting the
percentages of pores that fall into six predefined area classes (cm 2): 0.150<CLASS 1<0.50;
0.50 CLASS 2<5; 5<CLASS 3<10; 10<CLASS 4<50; 50<CLASS 5<150; 150<CLASS 6<200.
The Gas-chromatography mass spectrometry/solid-phase microextraction (GCMS/SPME) analysis was performed in order to evaluate the volatile compounds. After
preconditioning according to the manufacturer’s instructions, the carboxenpolydimethylsiloxane coated fiber (85 μm) and the manual SPME holder (Supelco Inc.,
Bellefonte, PA, USA) were used. Before head space sampling, the fiber was exposed to
GC inlet for 5 min for thermal desorption at 250 °C. Three grams of sample were placed
into 10 ml glass vials and added of 10 μl of 4-methyl-2-pentanol (final concentration of
4 mg/l), as the internal standard. Samples were then equilibrated for 10 min at 45 °C.
SPME fiber was exposed to each sample for 40 min and subsequently desorbed in GC.
Both phases of equilibration and absorption were carried out under stirring condition.
Identification of molecules was carried out based on comparison of their retention times
with those of pure compounds (Sigma-Aldrich, Milan, Italy). Identification was
confirmed by searching mass spectra in the available databases (NIST version 2005 and
Wiley Vers. 1996) and literature.
Significant differences (at P-level≤0.05) between means of the breads parameters
regarding the influence of the different flour used (durum wheat and Kamut®) and of the
chemical acidification were explored by using analysis of variance (ANOVA) and
Fisher’s least significant difference (LSD); the Mann–Whitney test was used if significant
differences emerged between variance means at the Levene test. The statistical analyses
of data were performed using Windows software “StatSoft” (Tulsa, OK, USA), version
7.0.

RESULTS AND DISCUSSION
Loaf volume
Regarding the control breads, sample realized with Kamut® flour showed an higher
specific volume value (2.00 ml/g) compared to the durum wheat flour bread (1.43 ml/g).
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The gluten proteins are responsible not only for the cohesive and viscoelastic property of
wheat flour dough but also for the protein-starch interaction that is related to the
dough’s ability to retain gas during fermentation and partly for the setting of the dough
during baking [11]. Kamut® flour seems to improve the volume of the bread by allowing
the entrapment of air bubbles in dough and providing stability to the dough mixture
during baking, this is probably due to the higher level of gluten present in Kamut® flour
(13.5%) compared to the gluten level in durum wheat flour (8.54%). The acidification had
a significant influence on bread realized with Kamut® flour, in fact the acidified sample
had a lower specific volume (1.58 ml/g) compared to the control one. Instead the
acidification seems not to influence the specific volume of durum wheat bread in a
significant way.

Texture profile analysis
Samples realized with durum wheat flour control (1578.56 g) and acidified (1520.81 g)
showed an hardness values higher than Kamut® breads control (619.13 g) and acidified
(906.34 g). The consumer usually assumes that a less firm, tenderer bread is most
desirable. Crumb firmness arises from the integrity of the gluten network, the degree of
crosslinking, the amount of gas incorporated, and from other structural components of
the bread [12]. The higher hardness value is associated to the lower specific volume
values of durum wheat bread samples compared to the Kamut® ones.
The increase in hardness in Kamut® bread samples following the acidification was
mainly associated to the significant reduction of loaf volume as previously reported.
A similar trend was observed for the chewiness parameter. Bread chewiness was
1226.20 g and 1135.72 in control and acidified durum wheat samples respectively and
689.82 g and 470.61 g in control and acidified Kamut® samples respectively.
Image analysis
The gas cells having the smallest dimension (CLASS 1 and CLASS 2) occupied 93% of
the holed area of durum wheat bread, control and acidified, and 83% and 87% of Kamut®
breads, control and acidified respectively. It is evident that in all samples the highest
area was occupied by the class of smallest dimension thus the bread showed a crumb
fine and uniform.
The control bread sample realized with Kamut® flour showed an higher percentage of
gas cell belongs to class 3 and 4 (16%) compared to durum wheat bread (7%). The
acidification cause a positive decrease of these gas cells and the decrease is more evident
in Kamut® bread sample. Infact the acidified Kamut® bread showed 13% of gas cells,
while durum wheat bread 6%. It is known that holes of relatively small size are required
in bakery products, while large voids or irregular crumb distribution are undesirable.
Usually bread realized with sourdough had a greater number of small cells [1].
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Volatile compounds
Regarding the volatile compounds, in control breads a greater amount of volatile
molecules (aldehydes/ketone, acids, hydrocarbons, furans/ethers, esters and aromatic
compounds) was observed in Kamut® bread with the exception of alcohols and phenolic
compounds attaining their highest level in durum wheat bread.
The acidification decreased all the predominant volatiles retained in Kamut ® breads. On
the other hand in durum bread the acidification increased almost all the volatile
compounds. It can be assumed that acidification induces a modification of the volatile
compound interactions with dough matrix of durum wheat and Kamut® flour in a
different way. Therefore wheat flour seemed more suitable to support a sourdough
fermentation due to its ability to retain some volatile metabolites.

CONCLUSIONS
The control bread produced with Kamut® flour showed better structural (higher specific
volume value and lower hardness) and aromatic characteristics than durum wheat
bread.
The chemical acidification on Kamut® bread improve the crumb grain characteristics, but
make the specific volume, the textural and aromatic characteristics worse. Instead on
durum wheat bread the chemical acidification seems not to have any negative influence.
For these reasons a multigrain blends could be an useful and efficient strategy to obtain a
modern and innovative bread meeting structural and aromatic standards.
The effect of application of sourdough fermentation process on dough properties is more
than simple acid production therefore further researches are necessary in order to
evaluate the influence of sourdough on dough and bread characteristics.
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ABSTRACT
Cereal bar is sweet, nutritious food due to rich content of protein, lipids, and
carbohydrates. The aim of this study is to develop some formulation of cereal bar using
puff glutinous rice with different binding agent; which is glucose syrup, brown sugar
and honey. The dried ingredient were added with the puff glutinous rice as well as
binding agent with different ratio. The cereal bar was evaluated for texture analysis,
proximate value, water activity and sensory evaluation. From the result, there is no
significance difference on the proximate value and water activity. Moreover, it is found
that the CB 1 formulation (ratio syrup glucose to honey 1:2) has the best result in texture
analysis due to its hardness and adhesiveness. However, during the sensory evaluation,
the cereal bar formulate with honey to brown sugar 3:3 had the highest value on
consumer acceptance.

Keywords: high energy cereal bar, puff glutinous rice, physicochemical properties

INTRODUCTION
Cereal bars are snacks foods of good sensory characteristics due to their contributing
rich content of protein, lipids and carbohydrates. The most popular varieties of cereal
bars among consumer are nutritious, energy, nutraceutical and diet bars (Palazzolo,
2003). Nowadays is the new trend for consumption of energy, innovative and
convenience food, which has occurred recently and the market for cereal-bars are due to
the consumer’s awareness of health benefits of grains [2]. Previous study Esteller et al.,
(2004) [3] cereal bars are made from processed cereal grains that can be incorporated
with different ingredients, such as whole cereals, dehydrated or crystallized fruits,
chestnuts, nuts, almonds, sugar, candies, and chocolates. These ingredients must be
suitably combined to assure a mutual complementation or supplementation as far as
flavor, texture and physical characteristics are concerned, particularly the point of
balance of water activity and the physicochemical properties.
Glutinous rice is a form of short-grain rice that has higher starch content than its
medium. This sticky white rice is a staple food in many Asian countries was removed
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the husk, bran and germ of the rice grain by manufacturers to produce it. Moreover, the
glutinous rice is relatively healthy because having low fat content but it does not offer
the nutritive value of brown or wild rice [4]. Besides, the glutinous rice is a major type of
cultivated rice with long-standing cultural importance in Asia. Glutinous rice
exemplifies the capacity for plants to evolve phenotypic modifications in response to
local cultural preferences [5].
The glutinous white rice contains 169 calories comes from 153 kcal carbohydrates,
2.8 kcal fat and 13.4 kcal protein, and they have no cholesterol [6]. The fact, glutinous
white rice has low fat content but high calories content as well as supplies considerably
less fibre than other types of rice and not contains gluten [4]. In addition, glutinous rice
lacks the starch amylase which approximately up to 30% of the total starch in nonglutinous rice endosperm [7]. In contrast to glutinous rice, non-glutinous rice common
rice show wide variation in amylose content, this quantitative variation is affected by
multiple loci [8].
The greatest difficulties in obtaining a good cereal bar is a combination of several
ingredients with specific functionality such as vitamins, minerals, proteins, fibres,
sweeteners, binding agents, flavorings and produce a desire product with good texture
as well as appearance to achieve the goals high energy cereal bars [9]. Therefore, the
objectives of this study were to formulate the cereal bar as high energy bar made from
puff glutinous rice and some other halal ingredients. This research attempts to determine
the most suitable binding agent between brown sugar, honey and syrup glucose in the
making of cereal bar. The nutritional content analysis and sensory evaluation on cereal
bar will be conducted.

MATERIALS AND METHODS
The raw materials were purchased from the outlet at Kajang, Selangor, Malaysia.

Puff glutinous rice preparation
The glutinous rice flakes were soaked in the water for 1 to 2 hours, sun dried and then
the glutinous rice was fried to get puffed rice.

Preparation of energy cereal bar
The dried ingredients and the binding agents were mixed together until the homogenize
mixture is produced. The mixture with different type of binding agents (syrup glucose,
brown sugar and honey) was coded as in Table 1. Then the mixture was baked in the
oven at 180 C for 10 minutes. The cereal bar was left to rest and to cool prior conducting
the analysis of physicochemical properties and acceptability study.
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Table 1. Code for different formulation of cereal bar

Code for formulation

Ratio of binding agent (syrup
glucose: honey: brown sugar)

CB1

1:2:0

CB2

0:3:0

CB3

1:0:2

CB4

0:0:3

CB5

0:2:1

CB6

0:3:3

Analysis of physicochemical properties
The texture analysis, water activity and proximate analysis were done to evaluate the
physicochemical properties of cereal bar. For texture analysis, the cereal bar with
different formulation was run through texture analyzer by using hardness and
cohesiveness test, coupled with the Software Texture Expert with probe TA-45. The
water activity was analyzed by using the Aqualab Decagon 3TE [10]. Proximate analysis
was done to determine the macronutrient content in the cereal bar. The mineral,
moisture, fat, protein, fibre and carbohydrate content was determined (AOAC, 2000)
[12].

Acceptability study
The hedonic scale was structured in nine points and 50 untrained panelists were asked
to evaluate the sensorial attributes, which are appearance, color, flavor, taste, texture and
overall impression (Stone & Sidel, 1993). Then, the six formulation of cereal bar were
compared each other to evaluate the consumer acceptance and expectations [14].

Statistical Analysis
Physicochemical and acceptability data were analyzed using the Minitab software.
Significance mean values were separated using the Tukey test. The Analysis of Variance
(ANOVA) was evaluated to determine the significance difference (p<0.05) among the
formulation.
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RESULTS AND DISCUSSION
Analysis of physicochemical properties
The texture properties of various formulation of cereal bar were presented in Table 2.
The hardness of the product is the maximum test force (N) loaded on food products
using a plunger. The hardness value ranged between 14.50 N to 22.68 N and the values
did not statistically different among themselves. Thus, all the binding agents used in
these formulations give similarity on the hardness of the product.

Table 2. Texture analysis of cereal bar

Formulation

Hardness
(N)

Adhesiveness
(N.mm)

Water Activity (%)

CB 1

19.79

47.0925

0.5285

CB 2

22.09

57.8446

0.5025

CB 3

22.68

9.4280

0.4770

CB 4

22.21

20.8070

0.4945

CB 5

14.57

40.0305

0.4845

CB 6

22.43

83.2500

0.5680

Figure 1. Hardness of cereal bar
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Refer to Figure 1, the highest value of hardness was CB 3 22.68 N and the lowest was CB
5; 14.57 N. The binding agent of CB 3 was formulated with ratio of syrup glucose to
brown sugar (1:2) whereas CB 5 with the ratio honey to brown sugar (2:1). The study
made by Olivia (2011) [15] brown sugar is moist and sticky than white sugar. In
addition, previous studied by Hull (2010) [16] stated that syrup glucose is viscous and
sticky. Therefore, the combinations of brown sugar and syrup glucose give the major
contribution to the hardness. These types of binding agent are ideal for use as a binder
for cereal bars because the syrup holds the various ingredients together to form a solid
bar. Some authors have reported hardness of cereal bars in their research. Torres et al.,
(2009) [9] obtained an average hardness of 11.15 N and 17.60 N for cereal bars made of
Jackfruit seed and Jenipapo. Paiva (2008) obtained an average hardness of 16.39 N for
cereal bars based on the rice and vegetable residue. The values obtained from previous
research were close in this work except the cereal bars CB 5 formulated.
The general term for adhesiveness is stickiness and this study had evaluated the force
required to overcome the stickiness on the surfaces of a cereal bars. In the adhesiveness
test, there were significant differences and the change was in the range 9.428 N.mm to
83.25 N.mm. Referring to the Figure 2, the highest value of adhesiveness is CB 6,
83.2 N.mm and the lowest was CB 3, 9.428 N.mm.

Figure 2. Adhesiveness of cereal bar

The water activity, Aw test was conducted to determine the effects of water on the
texture of the products. The value obtained in Figure 4 shows the percentage of the A w in
the cereal bars that affect the texture of the product. Overall formulations were
statistically different among themselves. The value of Aw was in the range 0.477% to
0.568%. Formulation CB6 has highest value of Aw which is 0.568% whereas formulation
CB 3 is the lowest 0.477%. From the previous study by [17] the percentage of water
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activity in cereal bars preferably about 0.45% to 0.57%. The final product must not be so
dry as to give a perceptible mouth feel. Higher water activity can result in the
agglomerates and hence the bars becoming too soft and less chewy and crispiness in
texture and mouth feel.

Figure 4. The water activity of cereal bar

Based on Figure 5, the values of ashes, moisture and fibre content of the six formulations
found in this work were no statistically different among themselves. The range value of
ashes content is 11.42% to 12.71%; moisture content 9.91% to 12.74%; whereas fibre
content is 1.28% to 3.24%.
The protein content of cereal bars presented was very low in an average 1.97% to 3.32%.
There were not significantly different among the six formulations. The CB 1 formulation
has highest value of protein content and CB 3 was the lowest. Previous studied by Torres
et al., (2004) [9] shows that the protein content of cereal bar by using exotic fruit also has
low protein content approximately 0.05%. Thus, the incorporation of binding agent such
as brown sugar, syrup glucose and honey with dried ingredients halal foods in this
project produce low protein content but higher in comparing with the previous studied
[9]. The amount of fat was not significantly differing with each other. The major
contribution on the fat content in cereal bar was come from butter.
Comparing the total carbohydrate content among the formulations, there were
significantly differences. The cereal bar CB 6 has the highest value of carbohydrate
content since the formulation ratio of honey to brown sugar is 3:3. As stated by White
and Doner (1980) [18], honey is primarily a high-energy carbohydrate food as well as
brown sugar also has higher total carbohydrate [6]. The honey and brown sugar
contribute to high carbohydrate content in cereal bars.
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Figure 5. Proximate value of cereal bar

The total energy value was illustrated as in Figure 6. It was verified that the total energy
value among the formulations did significantly different. The range energy values in
100g cereal bar were approximately 384.33 kcal to 515.43 kcal. Cereal bars CB 1 has the
highest energy value 515.43 kcal due to the protein and the carbohydrate content
contributed. Moreover, previous study by White and Doner (1980) proved that the
honey has 64 calories for a tablespoon. The amount of calories in honey is higher than
other sugar and prefer as healthier choice because of its vitamins and minerals. Besides,
the syrup glucose also has higher calories content which is provides 81 kcal for a
tablespoon [19].
The energy content in CB 5 has the lowest value, 384.33 kcal due to the low calorie
content of brown sugar. According to [20] brown sugar has low calorie content which is
52 kcal for 1 tablespoon, it less contributes on energy value in CB 5. Some author reports
their research in physicochemical values of cereal bars. Cereal Bar formulated with
jackfruit has energy values 277.02 kcal and Jenipapo with energy values 278.99 kcal. It
showed the energy value of cereal bars in these study were higher than previous study
by Torres et al., (2004) [9] based on exotic fruit formulation.
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Figure 6. Energy content in cereal bar

Acceptability study
Statistical analysis showed the overall impression of cereal bar formulation with
different acceptability. The attribute appearance shows significant difference between
CB 1, CB 2 and CB 3 when comparing with CB 4, CB and CB 6. CB 3 formulation
obtained the lowest score which has 4.38. This result shows that the ratio of syrup
glucose to the brown sugar, 1:2 reflects negatively on cereal bar appearance. This is due
to the fact that the brown sugar cannot bind well with the syrup glucose and butter
during the process of making the cereal bar. For the texture attributes, the high mean
score for CB 5 and CB 6 probably due to the high content of honey. Since honey content
of dextrose and levulose, therefore it binds well with the butter and other ingredients
and improves the texture of the cereal bar (White and Doner, 1980).
The color attribute score for all formulations has no significant among each formulation;
approximately range score from 4.50 to 5.04. This data indicates the color of these
formulated cereal bars were similar to the color of commercial product. However, the
CB4 and CB6 shows slightly higher value with other formulation which might be due to
the absence of syrup glucose and high content of brown sugar.
The attribute of taste for the entire formulation, range score approximately 4.02 to 5.28,
had shown no significant different among themselves. However, the taste attribute had
lowest score for CB 3 and CB 4. It may be happened due to the high content of brown
sugar which contributes to the less sweetness of cereal bar formulation (Figure 7).
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Figure 7. Sensory score of cereal bar

CONCLUSIONS
In conclusion, based on the texture analysis, the CB 1 formulation gives the most
favorable result since the ratio of syrup glucose to honey 1:2 produces hardness and
adhesiveness in the formulations without losing the shape of the cereal bar. In addition,
CB 1 contain of high energy value in 100 g of cereal bar. However, during the sensory
evaluation, the CB 6 formulation with the ratio of honey to brown sugar 3:3 had high
preferable value of consumer acceptance. If comparing the CB 6 value for texture
analysis, the value for hardness, adhesiveness and water activity is still within the
acceptable range.
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ABSTRACT
The objective of this study was to analyze the individual and synergistic effects of three
enzyme preparations (transglutaminase, lipase and xylanase) on the viscoelastic
properties of wheat dough. The experiment was done by BoxBenhken design. A
response surface method was used to evaluate the effects observed on the dynamic
oscillatory parameters of in wheat dough system made from substandard quality flour.
Transglutaminase (TG) and lipase (LP) have a significantly effect on the strength of
wheat dough. Lipase significantly decreased loss modulus (G") of dough. Xylanase (Xyl)
does not significantly affect on the G', but with increasing concentration significantly
increases the value of G".
Individual effects of transglutaminase, lipase and xylanase by their intensity and
direction depend on the applied concentration. The interaction between TG and LP leads
to improved handling of dough (significantly increases the storage modulus and also
decreases its loss modulus, but not in the domain of statistical significance). Optimal
levels of the tested enzymes were determined by the desirability function approach. It
was found that the combined effect of 25.98 mg/kg transglutaminase, 25.59 mg/kg lipase
and 34.06 mg/kg xylanase achieved a positive synergistic effect on wheat dough
viscoelasticity made from substandard flour.

Keywords: transglutaminase, lipase, xylanase, storage modulus, loss modulus
optimization, desirability function

INTRODUCTION
Climate change could strongly affect the wheat crop and quality. In recent years, a
variation of technological quality of mercantile wheat has been expressed. This
phenomenon is present not only in Serbia, but also in neighbouring countries; it can be
said that the whole Pannonian Plain is included. Geneticists are constantly creating new
wheat varieties resistant to antibiotic stress, however the usability of their potential is
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restricred due to inadequate application of agro-techniques. All the aforementioned facts
influence processing industry which has a problem in its production process due to great
quantities of wheat flour of substandard quality. The processing industry is assigned the
task to elevate the quality of wheat flour to the level optimal for processing [1-3]. In this
context, the treatment of flours with functional additives must be considered. The use of
enzymes is the best alternative to chemical compounds because they are generally
recognized as safe and do not remain active after baking. Enzymes with the effect of
strengthening the wheat gluten suitable for flour of substandard quality. One of the
enzymes that can confer strength to dough is transglutaminase.
Transglutaminase (EC 2.3.2.13, protein-glutamine -glutamyltransferase) catalyses the
reaction of transfer of acyl group between -carboxamide group from protein bound
glutamine residue (acyl donors) and different primary amines (acyl acceptors). Acyl
acceptors are most frequently ε-amino groups of lysine residues in a protein or peptide.
As a result of this reaction, there occurs inter or intramolecular crosslinking in
covalent bonds. The formation of these bonds results in strengthening of gluten network
[4].
Lipase (EC 3.1.1.3) is an enzyme which hydrolyses ester bonds primarily in the 1and
3position of fatty acids in triglycerides. Lipases hydrolyses triacylglycerols producing:
monoacylglycerols, diacylglycerols, glycerol and free fatty acids. The surface active
properties of the hydrolysis reaction products along with modifications on the
interactions between lipids and gluten proteins caused good dough conditioning effects
in terms of improved dough rheological properties, dough stability in case of over
fermentation, increased oven spring and improved crumb structure of bread without
added shortening [5].
Xylanase (EC 3.2.1.8) is an enzyme which degrades linear polysaccharide 1.4xylan
into xylose. Cereal xylans contain large quantities of Larabinose and are therefore often
referred to as arabinoxylans. The most favorable xylanases for breadmaking are those
that preferentially act on water insoluble arabinoxylan because they tear the insoluble
arabinoxylans which interfere with the formation of the gluten network, giving rise to
enhancing dough stability [5, 6].
In this paper, we applied the gluten cross-linking enzyme, lipid hydrolytic enzyme and
non-starch degrading enzyme into wheat dough to optimize its rheological parameters:
storage modulus (G') and loss modulus (G"). The usage of TG, LP and Xyl as dough
improvers is well known and established [7-9]. The innovative character of the paper lies
in the fact that so far there has been no research of the combined effects of these enzymes
in flour of substandard quality. This is one of the papers which, in the experiment
performed, applies low quality flour and defines optimum doses of these dough
improvers in order to achieve the goals set. These goals are related to optimising of ratio
of elastic and plastic properties of dough. Response surface methodology (RSM) and
desirability function are statistical techniques that have been successfully applied in the
development and optimization of cereal products [10-12]. The objective of the presented
study was to evaluate the combined effects of transglutaminase, lipase and xylanase
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addition on the dough viscoelastic properties, using small deformation mechanical
testing and explore the possibility of improving behavior during handling the dough of
substandard flour.

MATERIALS AND METHODS
Commercial refined soft wheat flour was used in this study. This flour was obtained
from local soft wheat and has the following characteristics: protein content is 10.7% of
dry weight, dough energy by extensograph is 33 cm2, resistance by extensograph is
130 BU, extensibility by extensograph 157 mm and ratio number of the resistance
through extensibility is 0.83. The sample of flour is of poor quality. Protein content of the
tested wheat flour (Nx6.25) was analysed using a Kjeldahl procedure [13]. Rheological
properties were determined by the Brabender ® extensograph [14]. Three commercial
enzymes were used: transglutaminase (VERON TG), xylanase (VERON 191S) and
lipase (VERON HyperbakeT), all of them from company AB Enzymes, Germany.
All the dough samples were mixed in a farinograph bowl till maximum peak
development was adopted. Doughs prepared were placed in a plastic bag and
immediately sealed and allowed to rest for 30 min at ambient temperature before
rheological testing. Oscillatory test was performed in a HAAKE Mars rheometer
(Thermo Scientific, Karlsruhe, Germany). The rheometer was equipped with a 35 mm
parallel plate measuring geometry. A dough sample was placed on the lower plate, and
the upper plate was lowered until the gap of 1.0 mm was reached. The excess dough was
trimmed and the edges were sealed with a paraffin oil to prevent the dough from drying
during measurements. All the experiments were performed at 30 °C.
The response surface model (RSM) used in this study involved three factors X1
(transglutaminase (TG)), X2 (lipase (LP)) and X3 (xylanase (Xyl)). The Box and Benhken
design contained a total of 15 experiments whit three replicates at the central points
(Table 1). The data were analysed using the Design Expert 7.0 software (StatEase, Inc,
Minneapolis, MN, USA). The relationships between the measured variables (G' and G")
and the three independent factors (TG, LP and Xyl) were estimated by ﬁtting the data to
a second-order polynomial (Eq. 1). In this polynomial Y is the response variable (e.g.
storage modulus (G'), loss modulus (G")), b0 is a constant, b1 and b2 are the regression
coefficients for the linear effects, b11 and b22 are the quadratic coefficients and b12 is the
interaction coefficient.

Y  b0  b1TG  b2 LP  b3 Xyl  b12TG  LP  b13TG  Xyl  b23LP  Xyl  b11TG2  b22LP2  b33 Xyl 2 (1)

The G' and G" were continuously monitored during dynamic rheological testing in the
frequency range from 1 to 10 Hz and their value at 1 Hz was used as the response
variable in the model. Coefficients of determination (R2) were computed, and the
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adequacy of models was tested by estimating the lack of ﬁt. A stepwise deletion of nonsignificant terms was applied. Calculation of optimal enzyme concentrations for a
defined set of criteria was performed using a desirability function.

RESULTS AND DISCUSSION
The results of the experimental design are presented in Table 1.

Table 1. Results of experiment design

TG
mg/kg

LP
mg/kg

Xyl
mg/kg

Runs

X1 (x1)

X2 (x2)

X3 (x3)

Control

0

0

1

0 (-1)

2

G' (x103)
Pa

G" (x103)
Pa

0

11.2

4.9

0 (-1)

25 (0)

12.7

4.4

30 (1)

0 (-1)

25 (0)

12.8

4.8

3

0 (-1)

30 (1)

25 (0)

12.2

4.0

4

30 (1)

30 (1)

25 (0)

14.0

4.5

5

0 (-1)

15 (0)

0 (-1)

11.9

4.0

6

30 (1)

15 (0)

0 (-1)

13.2

4.3

7

0 (-1)

15 (0)

50 (1)

12.1

4.6

8

30 (1)

15 (0)

50 (1)

12.7

4.3

9

15 (0)

0 (-1)

0 (-1)

13.2

4.3

10

15 (0)

30 (1)

0 (-1)

12.5

4.5

11

15 (0)

0 (-1)

50 (1)

12.8

4.8

12

15 (0)

30 (1)

50 (1)

13.1

4.3

13

15 (0)

15 (0)

25 (0)

12.7

4.3

14

15 (0)

15 (0)

25 (0)

13.0

4.1

15

15 (0)

15 (0)

25 (0)

12.5

4.2
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The effects of individual and combined action of the investigated enzymes on
viscoelastic characteristics are presented by the regression models (Eq. 2 and 3).

G'=12.573 + 249.4*TG + 259.4*LP + 887.5*TG*LP

(2)

G"=40.22 - 148.4*LP + 166.1*LP2 + 324.5Xyl2

(3)

In order to achieve visual effects of the independent variables on the rheological
parameters of dough, the perturbation graphs are shown for each parameter (Figure 1).

b

G', Pa

G", Pa

a

Factors range in coded
values

Factors range in coded
values

Figure 1. Perturbation graphs showing the effect of enzymes (TG-A; LP-B; Xyl-C) on a)
sorage modulus (G'); b) less modulus (G')

TG and LP have significant (p0.1) positive linear effect on the storage modulus. Their
interactive effect (TG*LP) is even higher and more significant (p0.05) and leads to the
increase of dough elasticity. These results are achieved as a consequence of the effects of
TG to networking of protein chains and strengthening of protein dough structure [15].
The effect of lipases manifests hydrolysis of wheat lipids, resulting in an in situ
production of di and monoglycerides which have been shown to have a much stronger
tendency to binding to gluten proteins and to show emulsifying effect. Therefore, at
initial concentrations of LP also has been registered a significant decrease of G" values.
With the increase of lipase concentration above its optimal level there occurs a more
expressed hydrolytic effect which causes the increase of G" values. Increased
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concentrations of xylanase also caused a significant (p0.1) increase in G". This effect
occurs due to the hydrolytic activity of xylanase to hydrolyze glycosidic bonds within
the Xylan and results in a decrease of the degree of polymerisation [16]. The decrease in
the degree of polymerisation leads to changes in the rheology of dough such as dough
consistency [17]. Such alteration of consistency in fact represents the increased value of
G". The intensity and direction of individual and interactive effects of the TG, LP and Xyl
in the investigated range depend on the applied dosage, and primarily on specific
enzymes [18]. By determination of optimal doses for all the three enzymes in the
optimized mixture it is possible to reach maximal results in the direction of improving
characteristics of dough made from substandard wheat flour. Desirability function
approach was used to locate the optimal doses of these enzymes which produce
adequate responses regarding the quality of dough made from substandard wheat flour.
The proposition of the criteria necessary for the determination of optimal experimental
conditions was based upon preliminary experiments and the literature data and is
shown in Table 2.

Table 2. Optimization solutions of TG, LP and Xyl concentration for the set
requirements of wheat dough made from substandard quality flour
Criteria

Lower

Upper

Relative
importance

Limit

Limit

is in range

3

0

30

LP, mg/kg

is in range

3

0

30

Xyl, mg/kg

is in range

3

0

50

G', Pa

maximize

3

11920

14025

G", Pa

minimize

3

4016

4847.5

Factors and
responses

Goal

TG, mg/kg

Optimal solutions for concentration
TG, mg/kg
25.98

Prediction values

LP, mg/kg

Xyl, mg/kg

G'

G“

25.59

34.06

13409.2

4205.38

The solution of the proposed criteria in the optimization of the TG, LP and Xyl doses is
also shown in Table 3. Using the set criteria, a solution having 66.0% desirability was
selected. Therefore, this solution was subsequently analysed to compare the predicted
responses with measured values in a new experiment with optimal concentration TG
doses. (25.98 mg/kg), LP (25.59 mg/kg) and Xyl (34.06 mg/kg) The results of comparison
are also given in Table 3. Predicted solution: 13409.2 Pa for G' and 4205.38 Pa for G",
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obtained under the optimum conditions were close to the obtained experimental results:
13410 Pa for G', 4200 Pa for G", indicating that the models were adequate to predict these
responses. The adequacy of the model is confirmed relatively high values of
determination coefficient (R2 = 61.2 for G'; R2 = 75.6 for G") and insignificant lack of fit
(p = 0.68 for G' and p = 0.80 for G").

Table 3. Verification of the optimal solution

Factors

Optimal
concentration

Overall
desirability

TG, mg/kg

25.98

LP, mg/kg

25.59

Xyl, mg/kg

34.06

Responses

Prediction
values

Obtained
values

Deviation,
%

Control

Effect,
%

G', Pa

13409.2

13410

0.02

11200

+19.7

G", Pa

4205.38

4200

0.13

4900

-16.7

0,66

CONCLUSION
In this study the influence of three factors, concentration of transglutaminase, lipase and
xylanase, on the rheological quality of wheat dough was measured on rheometer by the
application of oscillatory test. Individual and interactive effects of the applied enzymes
on viscoelastic characteristics of substandard wheat dough are determined by the help of
regression coefficient values. Transglutaminase had a great effect on the strength of
substandard wheat dough. TG and LP have significantly synergistic effect of increased
storage modulus (G'). Inicial concentracion of LP decreased loss modulus (G"). With
increasing levels of LP and Xyl significantly increases their hydrolytic effect, which
contributes to the plasticity of the dough manifested through the values of loss modulus
(G").
Individual effects of transglutaminase, lipase and xylanase by their intensity and
direction depend on the applied concentration. When incorporated into the formulation,
the optimized levels of TG (25.98 mg/kg), LP (25.59 mg/kg) and Xyl (34.06 mg/kg)
yielded good quality wheat dough made from substandard wheat flour.
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ABSTRACT
Wheat (Triticum aestivum L.) end-use quality evaluation is an important component of
breeding programs. Small scale methods to characterize starch and proteins are needed
for early generation selection, due to the grain quantities limitation in breeding. Mixolab
is an option to evaluate simultaneously protein and starch features in advanced
selection, but using relatively small sample amount. The traditional mixolab profile
“Chopin+” uses fixed mixing time (8 min), but the development of gluten network is
greatly dependent on wheat cultivars. The aim of this study was to set up specific profile
for screening wheat quality attending to protein and starch behavior during mixing,
heating and cooling. Four wheat flour samples were performed using both a variable
and fix time of mixing to differentiate genotypes and results were compared. Only the
sample with lower stability (<8 min) presented the same analysis time for both profiles.
The most important mixolab parameters that presented significant differences were:
stability, initial pasting temperature, gamma value, and cooking stability range. Overall
results suggest that mixolab “breeding” profile can be used successfully to differentiate
wheat in genetic breeding programs.

Keywords: wheat, breeding, rheological analysis, mixolab, mixing

INTRODUCTION
Wheat cultivars (Triticum aestivum L.) are characterized by several tests to predict
functionality and to determine end-use quality, which is fundamental to assist the
breeding programs in the selection of better genotypes for crossings.
Cereal laboratories involved with wheat breeding programs are always seeking for new
procedures that could be applied to wheat quality selection. Such procedures must be
simple, rapid, and reliable, and they must have high correlations with end-use
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properties, and retain their predictive capacity independently of the location or year of
growth [1].
The mixolab is an option to evaluate simultaneously protein and starch features, using
relatively small sample amount. It has been successfully compared with traditional
equipment/method for determining dough quality like mixograph [2], farinograph,
extensograph, amylograph [3], falling number [4], rapid visco-analyser [5], alveograph
and baking test [6], providing good predictors for all the parameters measured with
these traditional methods.
The mixolab is an instrument that can be used to characterize the rheological behavior of
dough subjected to a dual mixing and temperature constraint. It allows the measurement
of important physical dough properties, like dough development time and stability, and
pasting properties of starch in actual dough, all of these parameters being indicators of
quality and potential end-use in products [7].
The traditional mixolab profile “Chopin+” uses fixed mixing time (8 min), but the
development of gluten network is greatly dependent on wheat cultivars strength, and
for some of them, it is necessary more than 8 minutes to develop de wheat flour dough.
Thus, the aim of this study was to set up specific profile for screening wheat quality
attending to protein and starch behavior during mixing, heating and cooling and to
compare with the traditional mixolab profile. In addition, possible correlations with the
most used wheat quality validation parameters were determined.

MATERIALS AND METHODS
Raw material
Four wheat cultivars grain samples were milled on a Brabender (Model, Quadrumat
Senior) laboratory mill after tempering, according to AACC method 26-10 [1].

Samples quality characterization
Wheat grains and flour quality characterization was performed according to AACC [8]
methods: hardness index (method 55-31), falling number (method 56-81B), wet gluten
and gluten index (method 38-12A), damaged starch (method 76-33A), alveograph
parameters (method 54-30A), and farinograph parameters (method 54-21).
Mixing and pasting properties of wheat flour samples using the mixolab analyzer
(Chopin Technologies, Villeneuve-la-Garenne Cedex, France) were studied. For each
assay, 50 g of wheat flour in 14% basis (flour+water=75 g) were poured into the mixolab
bowl and mixed with the necessary amount of water for reaching optimum dough
development [9]. The “Chopin+” profile was used and, the “breeding” profile was
developed, joined with Chopin, to differentiate flour end-use. In this profile, the first
stage corresponds to mixing till 10% decrease of C1 torque, to assess high stability
genotypes. Settings of the two mixolab profiles used are compared in Table 1.
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Table 1.

Mixolab established profile “Chopin+” used to wheat rheological
characterization and the new one, “breeding”, proposed to be used in
breeding programs
MIXOLAB PROFILE
"CHOPIN+"
"BREEDING"
80
80
1.05 a 1.15
1.05 a 1.15
75
75
30
30
30
30
8 (fixed)
variable (10% of C1)
4 °C/min
4 °C/min
90
90
7
7
. -4 °C/min
.-4 °C/min
50
50
5
5
45
variable (according to flour strength)

PARAMETER

Kneading speed (rpm)
Target torque, C1-target consistency (Nm)
Dough mass, 14% basis (g)
Tank temperature (ºC)
Temperature first level (ºC)
Duration first level (min)
First temperature gradient (15 min)
Temperature second level (ºC)
Duration second level (min)
Second temperature gradient (10 min)
Temperature third level (ºC)
Duration third level (min)
Total analysis time (min)

Figure 1 shows a typical curve recorded in the mixolab device along the different stages
(mixing, heating, and cooling) recorded in the mixolab plot.

1

2

3

4

Torque (Nm)

2.5

C3

2.0
1.5

C1

1.0

100

C5

80




60

C4



40



0.5
0.0

5

20

C2
0

10

Temperature (şC)

3.0

20

30

Time (min)

40

50

0

Figure 1. Typical curve recorded by the mixolab. Numbers show the different stages
and parameters are displayed on the plot
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Description of the physical changes that occurred along mixolab measurement was
reported by Rosell et al. [10]. Parameters obtained from the recorded curve are
summarized: the first part of the mixolab curve recorded the dough behavior during
mixing and overmixing; during this stage, the torque increased until it reached a
maximum (C1). At that point, the dough was able to resist the deformation for certain
time, which determined the dough stability. The simultaneous mechanical shear stress
and temperature constraint (second stage) decreased the torque until a minimum value
(C2) was reached that could be related to the beginning of the protein structure
destabilization or protein weakening. As the temperature increased, starch gelatinization
took place (third stage) with a concomitant increase in the torque until a new maximum
value (C3) was reached. A reduction in viscosity was observed in the fourth stage
derived from the physical breakdown of the starch granules, leading to a minimum
value of the torque (C4). The decrease in the temperature produced an enhancement in
the dough consistency (fifth stage), resulting in a maximum torque (C5). In addition, the
slopes defined along ascending and descending curves were calculated. According to
Mixolab [11], α represents the slope of the curve between the end of the period of 30 °C
and C2; gives indication about the rate of the proteins thermal weakening; β represents
the slope of the curve between C2 and C3; gives indications about the gelatinization rate;
and γ represents the slope of the curve between C3 and C4; gives indications about the
rate of enzymatic hydrolysis.

Statistical Analyses
Analysis of variance (ANOVA) and multiple comparisons (Tukey’s test) were used for
the statistical analysis of mixolab data. The correlation analysis was performed among
mixolab results (“Chopin+” and “breeding” profiles, separately) and other technological
wheat quality parameters.

RESULTS AND DISCUSSION
Wheat flours were characterized assessing grain hardness, falling number, gluten,
alveographic and farinographic parameters (Table 2).

122

7th International Congress FLOUR-BREAD '13
9th Croatian Congress of Cereal Technologists

Table 2. Characteristics of four refined (RF) samples obtained from wheat milling

QUALITY PARAMETER

1 RF
86.38
565
428
4.7

Hardness index
Grain falling number (s)
Flour falling number (s)
Damage starch (%)
. Gluten parameters
Gluten index
Wet gluten (%)
Dry gluten (%)
. Alveographic parameters
Deformation energy, W (10-4J)
Curve of deformation ratio (P/L)
Swelling index
Elasticity index (%)
. Farinographic parameters
Water absorption (%)
Stability (min)
Dough development time (min)
Mixture tolerance index (FU)

SAMPLE
2RF
3RF
81.70
88.58
274
572
314
386
5.4
5.2

4RF
80.09
390
336
5.6

100
22.5
8.2

100
27.8
10.4

93
30.2
10.6

99
27.1
9.4

347
0.60
25
64

356
1.50
19
72

295
1.40
20
52

366
4.00
15
59

56
11
9
24

62
12
21
15

63
6
6
28

67
11
24
21

It can be observed that the samples presented different quality characteristics. The
farinographic results showed that samples 1RF, 2RF, and 3RF presented stability and
dough development time higher than 8 min.
Flour rheological behavior determined with the traditional profile of the mixolab
(“Chopin+” profile) did not show significant differences among the flours (Figure 2 A).
Conversely, significant differences were observed among the plots obtained with the
“breeding” profile (Figure 2 B), with the exception of sample 3RF, which presented a
dough development time within eight minutes. Thus, wheat flour samples with high
stabilities must not be analyzed by “Chopin+” profile, especially if the objective of
analysis is to differentiate wheat genotypes characteristics.
Only the sample with lower stability (<8 min) presented the same analysis time for both
profiles. In consequence, strong wheat flours that required longer development time to
form the gluten network should be analyzed extending the assay time to their specific
mixing requirements.
Mixolab parameters recorded from the plots are presented in Table 3. The mixolab
parameters that presented significant differences between “Chopin+” and “breeding”
protocols were: stability, initial pasting temperature, gamma value, and cooking stability
range, which are always very important parameters to be considered in wheat quality
evaluation to indicate end-use.
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Figure 2. Mixolab curves performed by “Chopin+”(A) and “breeding”(B) profiles
Where: RF, refined flour; and 1, 2, 3, and 4: wheat refined flour samples.

Rosell et al. [12] observed that rheological analysis allowed identifying the role of the
proteins and the relationship between the protein content and different primary and
secondary parameters obtained from the recorded curves. The microstructure analysis
revealed the changes that proteins and starch molecules underwent during mixing,
heating, and cooling. Therefore, considering the parameters that showed significant
differences depending on the profile used, proteins and starch functionalities were not
fully developed when using the traditional mixolab profile.
Dhaka et al. [13] suggested that mixolab has potential to be used for selection of superior
bread wheat, based on higher dough stability, C2 and development time (time to C1)
values, which were determined using the Chopin Simulator profile. They concluded that
Mixolab proved to be a simple and an effective instrument for evaluating flour and
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gluten protein quality, thus enabling wheat breeders to assess wheat quality more
effectively and timely in the breeding program.
To validate the mixolab profiles with the usual parameters used for wheat quality
assessment, independent correlations were determined between traditional parameters
and the mixolab profiles (Table 4).
Correlation analysis showed that only five mixolab parameters presented the same
correlations in both profiles, those comprised: C5-C4 (gelling range) presented positive
correlation with hardness index and negative with farinographic dough development
time; C5 was correlated negatively with damage starch and positively with swelling
index; and mixolab stability with farinographic mixing tolerance index.

Table 3.

Mixing characteristics of wheat refined flour (RF) samples performed by
“Chopin+”(A) and Mixolab “breeding”(B) profiles

MIXOLAB PARAMETER

Time to C1, development time (min)
C1, maximum torque (Nm)
Mixolab stability (min)
Amplitude (Nm)
C2, minimum torque, protein weakening (Nm)
Temperature at C2 (ºC)
Initial pasting temp (ºC)
C3, starch gelatinization (Nm)
Temperature at C3 (ºC)
C4, amylase activity (Nm)
C5, starch gelling (Nm)
Protein weakening range, C2-C1 (Nm)
Starch gelatinization range, C3-C2 (Nm)
Cooking stability range, C4-C3 (Nm)
Pasting temperature range (ºC)
Gelling range (setback), C5-C4 (Nm)
, protein weakening speed due to heat (Nm/min)
, starching speed (Nm/min)
, enzymatic degradation speed (Nm/min)
, retrogradation speed (Nm/min)
Test time (min)

A

1 RF

8.9

a

9.4

a

0.60

a

18.2

b

82.80

a

2.77

a

1.36

a

29.1

a

-0.085

b

-0.039

b

1.12

a

0.07

a

53.7

a

1.96

a

1.82

a

-0.52

a

-0.14

a

0.95

a

0.394

a

0.070

a

45.00

b

SAMPLE / PROFILE*

B

9.8

a

1.11

a

0.05

b

51.0

a

1.88

a

1.81

a

-0.53

a

-0.06

a

0.83

b

0.381

a

0.075

a

10.8

a

0.58

a

22.5

a

84.85

a

2.64

a

1.30

a

33.9

a

-0.059

a

-0.014

a

50.00

a

A

2RF

10.6

b

13.2

b

0.77

a

17.8

b

76.10

a

1.06

a

0.08

a

55.0

a

2.01

a

1.68

a

-0.29

a

-0.33

b

0.68

a

0.364

a

0.060

a

2.36

a

1.24

a

21.1

a

-0.063

a

-0.035

b

45.00

b

B

12.9

a

19.2

a

0.58

b

29.5

a

74.55

a

1.14

a

0.07

a

49.2

b

1.83

b

1.59

b

-0.56

b

-0.25

a

0.67

a

0.423

a

0.069

a

2.25
1.26

a
a

25.4

a

-0.065

a

-0.026

a

58.00

a

A

3RF

4.4

b

6.6

a

0.53

a

17.8

a

81.75

a

1.11

a

0.06

a

52.6

a

1.69

a

1.50

a

-0.58

a

-0.19

b

1.02

a

0.322

a

0.084

a

2.52
1.17

a
a

29.2

a

-0.063

a

-0.027

a

45.00

a

B

5.5

a

5.9

b

0.56

a

17.1

b

80.80

a

1.14

a

0.06

a

53.5

a

1.66

a

1.52

a

-0.58

a

-0.14

a

0.86

b

0.310

a

0.072

a

2.37

a

1.10

b

27.3

a

-0.064

a

-0.023

a

45.00

a

A

4RF

8.6

a

10.0

b

0.66

a

17.8

b

79.55

a

1.14

a

0.07

a

54.1

a

1.86

a

1.65

a

-0.48

a

-0.21

b

0.54

a

0.306

a

0.070

a

2.18

a

1.20

a

25.5

a

-0.064

a

-0.024

b

45.00

b

B

8.7

a

13.3

a

0.60

b

23.4

a

1.16

a

0.08

a

53.5

a

1.78

b

1.62

a

-0.56

b

-0.16

a

0.56

a

0.329

a

0.052

a

78.50

a

2.17

a

1.18

a

25.1

a

-0.058

a

-0.021

a

51.00

a

*Means with different superscript lowercase letters in the same row, by sample (1RF, 2RF, 3RF, and
4RF), are different at 5 % significance level (P≤ 0.05) according to Tukey´s test.

Significant correlations at: *<0.05; **<0.01; ***<0.001 of probability (P-value). *Black,
“Chopin+” profile, *Gray, “breeding” profile. Where: GFN, grain falling number; FFN,
flour falling number; GI, gluten index; WG, wet gluten; P/L, curve of deformation ratio;
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SI, swelling index; EI, elasticity index; WA, water absorption; STB, stability; DDT, dough
development time; and, MTI, mixture tolerance index.
From the correlation analysis can be displayed that using the “Chopin+” profile
18 significant correlations could be defined with traditional quality parameters, whereas
23 correlations were found with parameters recorded using “breeding” profile. Results
indicated that “breeding” profile allowed complete developing of gluten network and
even starch functionality was also affected.

Table 4. Significant correlation coefficients (r) between mixing characteristics performed
by “Chopin+”(A) and “breeding”(B) mixolab profiles and other parameters for
wheat quality evaluation
PARAMETER
MIXOLAB

TIME TO C1

HARDNESS F.NUMBER DAMAGE GLUTEN
ALVEOGRAPHY
INDEX
SI
EI
GFN FFN STARCH GI WG PL
A
B
A
B
A
B
A B
B A B A B


C1





0.96

0.97

STABILITY

AMPLITUDE



C2

1.00





TEMPERATURE AT C3

0.97

C4
C5



-0.98

 

0.99

0.95

-0.99



0.96



0.98





-0.99-1.00


1.00

-1.00



C2-C1



-0.97











C3



0.97

0.99



-0.97

TEST
TIME
B



-0.99 -1.00

INITIAL PAST. TEMP.

C5-C4

0.98

0.96

TEMPERATURE AT C2

PAST. TEMP. RANGE





-0.99

0.97



0.99



FARINOGRAPHY
WA STB DDT
MTI
A B A A B
A
B



-1.00







1.00 0.98



-0.97



-0.99

-0.98


-0.97



0.99 0.98







-0.99



TEST TIME



-0.96



0.96

-0.99 -0.98

0.98


-0.99

CONCLUSIONS
Overall results suggest that mixolab “breeding” profile is better than “Chopin+” to
differentiate wheat in genetic breeding programs, especially when the target is to find
hard wheat genotypes (high stability >10 min). Parameters recorded from “breeding”
profile showed very high significant correlations with farinographic and alveographic
parameters, as well as wet gluten and damage starch.
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ABSTRACT
Impact of oxidants on the rheological properties of bread dough is known, mechanisms
of these effects are not yet fully described. L-ascorbic acid is the most widely used
commercial bakery improver with oxidation effect. This paper presents influence of
oxidizing improvers studied by empirical rheology. Investigations include the analysis
of the impact of commercial pure L-ascorbic acid (0.005, 0,008, and 0.011%), hydrogen
peroxid (0.001, 0.002 and 0.003%) and glucose oxidase (0,002, 0,004, 0,006%). The study
includes, farinograph and extensograph analysis of dough with and without oxidative
improvers (control sample). Effect of L-ascorbic acid as the most used oxidative
improver is compared with glucose oxidase as an alternative oxidative improver and
with hydrogen peroxid as a product of glucose oxidase reaction with an oxidative effect
on dough.

Keywords: dough, improver, oxidation, rheological properties

INTRODUCTION
Selection of additives used in baking is performed on the basis of their effect on quality
parameters of bakery products such as specific volume, product shape, bark thickness,
elasticity, porosity, mid, mid hardness, taste and aroma [1].
Nowadays, it is common practice in the production of bakery products to use oxidative
improvers to optimize the quality of wheat flour. Reduction of the number of free
sulfhydryl groups (-SH group) by action of various oxidizing agents in the process of
protein networking has been experimentally proven [2-5].
Action enables significant increase in volume of bread during baking and optimization
of the characteristics that customers take into account for selection of products [6].
L ascorbic acid is the most widely applied oxidative improver.
The use of enzymes has become very attractive nowadays, since the enzymes are seen as
the natural substances that are not toxic, enabling thus utilization enzymatic oxidative
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improvers in baking [7-9]. It is believed that the interest in the application of enzymes in
the baking industry in the future will only grow [10].
Glucose oxidase is an enzyme with oxidizing effect due to the release of hydrogen
peroxide in catalyzed reactions. In the presence of oxygen, glucose oxidase catalyzes the
oxidation of β-D-glucose to the α-D-glukonlaktone and hydrogen peroxide [11]. Due to
these facts and release of hydrogen peroxide, glucose oxidase can be use in baking as
oxidative improver, alone or in synergy with L-ascorbic acid.
Glucose oxidase, given its enzymatic nature, among consumers has the attribute of
"naturalness" and therefore safety. Influence that glucose oxidase manifest upon the
dough and the quality of the finished product should be quantified and compared with
the most frequently used oxidizing improver, L-ascorbic acid. Since glucose oxidase
catalyzes the reaction in which a hydrogen peroxide is generated and which exhibits
oxidizing effect on dough hydrogen peroxide was used to examine differences in the
activities of added hydrogen peroxide solution and adding glucose oxidase.

MATERIALS AND METHODS
Wheat flour used for investigations was characteruzed with the following chemical
parameters: protein content: 12.6% on dry matter ; moisture: 13.2%, ash content: 0.518%
on dry matter; water absorption: 64.95%, wet gluten: 32, 81%.
Oxidation improvers applied in the research are:
•

L-ascorbic acid (Weifang Ensign Industry Co.., Ltd., China), in the form of white
crystalline powder, dosed after dilution in water. Three dosages were used
(0.005%; 0.008%; 0.011% based on flour);

•

Glucose oxsidasa (Bakezyme® GO 1500 BG - Royal DSM, Netherlands), in the form
of brown crystalline powder, dosed after dilution in water. Three dosages were
used (0.002%; 0.004%; 0.006% based on flour);

•

Hydrogen peroxide (Laboratory chemical), dosed after dilution in water. Three
dosages were used (0.001%; 0.002%; 0.003% based on flour).

Other ingredients used in this work were: Salt (So product, Serbia), yeast (Kvas Ltd.,
Croatia), which were purchased at the local supermarket.
Determination of rheology indicators of wheat dough by mixing test on the Farinograph
is conducted by modification of the standard Serbian procedure [12].
The modification is reflected in addition of solution of water and oxidizing improvers
directly in the right bottom corner by the pipette after mixing of flour for 1 minute, then
standard operation is resumed. Determination of rheology indicators of wheat dough
using uniaxial test of extensibility on the Extensograph is conducted by standard
procedure [12].
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RESULTS AND DISCUSSION
Comparison of effects of oxidative improvers (L-ascorbic acid, glucose oxidase,
hydrogen peroxide) on the rheological parameters, measured by empirical rheological
methods is shown below. Results of farinograph examination with and witout oxidizing
improvers are shown in Table 1.

Table 1.

Farinograph parameters of investigated oxidizing improvers and control
sample

Development
time
(min)

Stability
(min)

Softening
degree
(FJ)

Quality
number

Quality
group

Water
absorpt.
capacity
(%)

4

3

65

68.5

b1

68.9

6

2.5

45

76.4

a2

68.5

Control
L-ascorbic acid
0.005%
0.008%

6

3

50

77.1

a2

68.2

0.011%

6,5

2.5

55

74

a2

67.9

0.001%

4

2.5

75

68.5

b1

69.2

0.002%

5

1.5

65

69.9

b1

68.7

0.003%

5

3

65

65.7

b2

69.0

0.002%

6

2

35

67.8

b1

68.6

0.004%

6

4.5

35

80.4

a2

67.4

0.006%

6.5

1.5

50

72.5

a2

68.2

Hydrogen peroxide

Glucose oxidase

Application of L-ascorbic acid leads to an increase of development time in all test
samples. Stability of the samples treated with 0.005% and 0.011% of L-ascorbic acid is
less for 0.5 minutes, compared to the control sample, while at doses of 0.08% it remains
at the same value as the control sample and it is 3 minutes. The L-ascorbic acid dosed in
all concentrations produce a decrease in the degree of softening of all samples. All
samples are classified in a higher quality group. Addition of L-ascorbic acid produced no
significant change in the water absorption.
Glucose oxidase has the same effect on the increase of dough development time while
stability decreases to a greater extent than with the addition of L-ascorbic acid, except in
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the case of treatment with 0.004% glucose oxidase. The results partially agree with
results of Bonet and associates, they described the increase in dough stability with
increase of added glucose oxidase [7]. The reduction of softening is most pronounced in
samples treated with 0.002% and 0.004% of glucose oxidase and it has value of 35 FJ.
Samples treated with 0.002% and 0.006% are classified in higher quality group compared
to the control sample. Water absorption did not significantly change.
By the application of hydrogen peroxide as oxidative improver same change can be
observed in the dough development time and dough stability as in samples of L-ascorbic
acid. Degree of softening of samples treated with concentrations of 0.002% and 0.003% is
same as in the control sample, while the degree of softening of the dough increased in
sample treated with 0.001% of hydrogen peroxide. Dough development is the longest
when 0.011% L- ascorbic acid is used and 0.006% glucose oxidase. The smallest stability
have samples treated with 0.002% hydrogen peroxide and with 0.006% glucose oxidase
and it was 1.5 minutes, while the sample treated with 0.004% glucose oxidase had the
highest stability of 4.5 minutes.
Degree of dough softening is reduced in all samples by all investigated oxidative
improvers, except for the sample treated with 0.001% hydrogen peroxide which has a
degree of softening 75 FJ. Reducing the level of softening with retaining water
absorption values approximate to the control sample, shows that the application of
oxidizing improvers optimise dough technological characteristics.

Table 2.

Extensograph parameters of investigated oxidizing improvers and control
sample

Energy
(cm2)

Resistance
(EJ)

Extensibility
(mm)

R/E

55

310

174

1.08

0.005%

88

542

132

2.68

0.008%

79

547

119

3.93

0.011%

88

632

120

4.64

98

545

157

2.73

0.002%

97

557,5

151

2.79

0.003%

104

645

137

3.56

0.002%

81

470

132

2.87

0.004%

80

485

127

3.76

0.006%

91

555

134

3.44

Control
L-ascorbic acid

Hydrogen peroxide
0.001%

Glucose oxidase
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Parameters obtain by extensograph (Table 2) reveal that all oxidative improvers
strengthen the gluten of wheat flour, increase energy and resistance and decrease
extensibility.
Increasing resistance and reduced extensibility of dough increases R/E ratio above
optimal values for the production of wheat bread. Energy of the dough, compared to the
control sample, is increased by all oxidative improvers. The minimum energy of 55 cm 2
is shown by control sample, while the maximum energy is 104 cm2 was registered for the
sample with the addition of 0.003% hydrogen peroxide. The highest values of energies of
dough are found for samples with added hydrogen peroxide in general.
Resistance of dough is the smallest in the control sample 190 EJ and the highest in the
sample with the addition of 0.003% hydrogen peroxide 645 EJ. Similar as with energy
values, highest resistance are found for samples with added hydrogen peroxide.
Extensibility of wheat dough is the lowest in the sample treated with 0.008% L-ascorbic
acid, 119 mm and highest in the control sample, 174 mm. The minimum value of the R/E
ratio is found in control sample and the highest in the sample treated with the addition
of 0.011% L-ascorbic acid.

CONCLUSIONS
Examination conducted with the addition of L-ascorbic acid (0.005%, 0.008% and 0.011%)
showed improvement of the quality group, prolongs development time while stability
remains at the approximate level as in the control sample. Addition of L-ascorbic acid
increases the energy and the values of resistance of all test samples, while the value of
the extensibility decreases. The above modifications lead to changes in the ratio of
resistance and extensibility.
Examination of hydrogen peroxide as the oxidizing improvers (0.001%, 0.002% and
0.003%) shows no improvement of quality group while higher doses can produce
negative effect and reduce quality group. Obtained wheat dough has high energy and
resistance, indicating a pronounced strengthening of gluten. However, the same dought
possesses low extensibility values and the ratio of resistance and extensibility changes in
the negative direction. Effects of glucose oxidase (0.002%, 0.004% and 0.006%) leads to a
prolongation of the dough development time as well as with L-ascorbic acid, dough
stability, compared to the control sample have largest changes. Two higher
concentrations of glucose oxidase causes increase of quality group. Increase in energy
and reduction of extensibility is mutual characteristic for all samples. The use of glucose
oxidase in higher concentrations (0.004% and 0.006%) leads to more intensive
networking of gluten, which reduces elasticity and produce negative effects on the
properties of wheat test.
Action between glucose oxidase and hydrogen peroxide differs, the effects of glucose
oxidase are probably not associated only with hydrogen peroxide, and it is of great
significance to further explore the mechanism of glucose oxidase action.
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ABSTRACT
To develop a viscoelastic network in gluten free matrixes is still a challenge in food
technology. Different structuring agents have been proposed for building a network
with sufficient elasticity, like hydrocolloids and proteins and the quality of the final
breads was usually determined by quantifying volume and texture. The objective of this
research was to analyze the potential use of digital image analysis (DIA) for assessing
the effect of hydrocolloids and proteins on the crumb structure of gluten free breads.
Specifically, hydrocolloids -Hydroxypropylmethycellulose (HPMC), UltraCel™ WF and
a blend of xanthan gum and guar gum - and proteins -egg powder and pea proteinwere included in a basic recipe of rice based bread. Breads with vegetal protein showed
more open crumb structure than those containing animal proteins. The hydrocolloid
blend of xanthan gum and guar gum presented higher values of cell/cm 2 and mean cell
area. UltraCelTM and HPMC hydrocolloids led to greater heterogeneity in the cell
crumb distribution. Therefore, hydrocolloids and proteins largely affected the crumb
structure of the rice based gluten free breads, and DIA of the crumbs seems to be a
potent tool for analyzing the quality of the gluten free breads regarding size and gas
cells distribution.
Keywords: gluten free bread, hydrocolloids, protein, crumb, image digital analysis, rice

INTRODUCTION
Celiac disease is a permanent gluten intolerance characterized by an inflammatory
reaction that occurs in genetically predisposed individuals. Although extensive research
is still carrying on the unique effective treatment consists in a strict gluten free diet long
life. Celiac disease affects both children and adults and the worldwide incidence is
quoted in 1% of the population. The increasing detection of the celiac patients and the
interest for the gluten free diet, which has been associated to healthiness in spite of the
lack of scientific basis, has prompted a huge increase in the sales of gluten free breads.
To overcome the problems associated with the lack of viscoelasticity, structuring agents
such as guar gum, xanthan gum, hydroxypropylmethylcellulose (HPMC), agar and corn
starch, yucca or potato are often incorporated, in formulations of fermented gluten free
products [1]. Among hydrocolloids, cellulose derivatives like HPMC are the most
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suitable to improve the volume and texture of the formulations made with rice flour
[2-4]. The addition of proteins may be also a good substitute for gluten, since they allow
the incorporation of air and the maintenance of the structure during the fermentation.
Moreover, added proteins increase the nutritional value of the gluten-free products,
reducing the variability in relation to the protein composition compared to traditional
wheat bread. For this type of formulation proteins derived from different sources such
as, egg albumin, soy protein, pea protein and milk protein among others are added [5, 6].
In general, the quality of the gluten free breads is assigned by the same methods applied
to gluten breads; particularly physical appearance and texture are two of the most used
quality attributes. Crumb structure, associated with the structure of the walls forming
the air cells in the bread crumbs, has been also proposed as a quality parameter of gluten
breads that is greatly affected by recipes and breadmaking process [7, 8].
The main objective of this research was to analyze the potential use of digital image
analysis (DIA) for assessing the effect of hydrocolloids and proteins on the crumb
structure
of
gluten
free
breads.
Specifically,
hydrocolloids
Hydroxypropylmethycellulose (HPMC), UltraCel™ WF and a blend of xanthan gum
and guar gum - and proteins -egg powder and pea protein- were included in a basic
recipe of rice based bread.

MATERIALS AND METHODS
Commercial rice flour (Harinera Belenguer, Valencia, Spain), corn starch (Huici Leidan,
Pamplona, Navarra), pea protein (Roquette Frères, Lestrem, France), egg powder (EPSA,
Valencia, Spain), HPMC (Methocel K4M, Dow Chemical, Pittsburg, USA), xanthan gum
(Jungbunzlauer, Ladenburg, Germany), guar gum (Quimidroga, Barcelona, Spain), and
UltraCel™ (Watson, West Haven, USA) were of food grade. Vegetal seed oil, dried yeast,
sugar and salt were purchased from a local market.

Breadmaking process
Dry ingredients were firstly added to a mixer bowl followed by fluid ingredients. Dough
was mixed in a Hobart N50 for 10 minutes (4 min at slow speed, and 6 min at fast
speed). The dough (800 g) was placed into a mould (20x6x9 cm). Fermentation was
carried at 30 °C for 50 minutes in a proofing cabinet at 90% relative humidity. Baking
was carried in an electric oven (Salva LT4, Gipuzkoa, Spain) for 90 min at 160 °C. After
baking, loaves were kept at room temperature for cooling down for one hour and then
put into polypropylene pouches till further analysis after 24 hours.

Slice images analysis
Bread was sliced using an automatic slicer. Images of the gluten-free bread slice (10-mm
thick) were captured using a flatbed scanner equipped with the software HP PrecisoScan
Pro version 3.1 (HP scanjet 4400C, Hewlett– Packard, USA). The images were scanned at
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600 pixels per inch and analysed in levels of grey (eight bits) and captured in jpeg format
for each measurement. In the captured images of the slices width (cm), height (cm),
area (cm2) and perimeter (cm) were measured by Imaje J software (National Institutes of
Health, Bethesda, MD, USA).

Crumb cell analysis
A 30x30 mm square field of view was evaluated for each image. This square field
captured the majority of the crumb area of each slice. Images were analyzed by Image J
software (National Institutes of Health, Bethesda, MD, USA) using the Otsu’s algorithm
(Figure 1) for assessing the threshold according to Gonzales-Barron and Butler [9]. Data
derived from the crumb structure analysis included: number of cells or alveoli, average
cells area and cell circularity, and were used for comparing purposes among different
samples. Circularity was calculated using the following equation (1):

Circularity = 4 •π•area / (perimeter)2

(1)

A value of 1.0 indicates a perfect circle.

a

b

Figure 1. Bread crumb before (a) and after using Otsu threshold (b)

Statistical analysis
The results were expressed as mean values. For each parameter, a one-way analysis of
variance (ANOVA) was applied using Statgraphics Plus V 7.1 (Statistical Graphics
Corporation, UK). Fisher’s least (LSD) test was used to assess significant differences
(P<0.05) among samples that might allow discrimination among them.
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RESULTS AND DISCUSSION
To determine the possible effect of hydrocolloids and proteins on the crumb structure of
gluten free breads, six formulations were selected combining proteins of different origin
with each of hydrocolloids (Table 1)

Table 1. Combinations selected for the study

Sample

HPMC

S1

x

Blend xanthan gum
+ guar gum

Pea protein Egg powder
x

S2

x

x

S3
S4

Ultracel™

x
x

x
x

S5

x

x

S6

x

x

S1

S2

S3

S4

S5

S6

Figure 2. Digital images of gluten-free bread slices obtained from different formulations.
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The captured images of the slices are shown in Figure 2. The crumb of the sample S1
showed a broken structure in the upper part of the slice, which was due to the structure
was unable to hold the gas released during fermentation. In addition samples S1, S2 and
S3, containing protein of vegetable origin in their formulation, showed larger and
uneven gas in their crumbs. On the contrary, it was observed that crumbs from
formulations S4, S5 and S6 showed significant differences on the structure, specifically
they presented crumbs with cells distributed homogeneously, which resembled those
obtained in wheat bread. This may be due to the presence of egg protein, which is well
known for its emulsifying properties.
Results obtained from the slice analysis (Table 2) showed significant differences in the
width, height and perimeter of the slice. Samples S3 and S6 showed the lowest area
values, both samples contained Ultracel™ as hydrocolloid. However, samples S1 and S4
containing HPMC as hydrocolloid presented higher area. These results agree with the
findings of Barcenas and Rosell [10], who reported that the inclusion of HPMC in wheat
breads led to an increase of volume. The effect of HPMC could be attributed to its ability
to retain water and the formation of a network gel, which increases the viscosity and
allows expand the cells dough producing a gas retention during baking [11].

Table 2. Analyses of slices gluten free loaves

Sample codes

Width (cm)

Height (cm)

Area (cm2)

Perimeter (cm)

S1

9.26ab

10.61c

85.89c

37.57b

S2

9.33ab

10.13ab

81.84abc

37.02ab

S3

9.10a

10.09ab

80.05ab

35.83a

S4

9.65c

10.31bc

84.97bc

37.54b

S5

9.35b

10.28abc

83.57abc

36.18ab

S6

9.28ab

9.92a

79.61a

35.76a

For each parameter, values followed by the same letter are not significantly different at P≤0.05

Parameters from the image analysis of the gluten-free bread showed a large variability
among crumb bread structures (Table 3). Sample S5, with animal protein, and S2
containing vegetal protein, presented greater values of cell/cm2, both samples contained
a blend of xanthan gum and guar gum as hydrocolloid.
Significant differences were observed for average cell area showing values between 0.60
and 2.19 mm2. Gluten-free crumbs had circularity values ranging from 0.78 to 0.84,
indicating their divergence from the perfect circle (Figure 2), although there were not
statistically significant differences among the mean circularity at the 95.0% confidence
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level. Besides, cell (air) total area of bread crumbs showed significant differences among
gluten-free breads.

Table 3. Crumb microstructure analysis of different gluten free breads

Sample
codes

Number of
cell/cm2

Average cell
area (mm2)

Total cell area
(cm2)

Circularity

S1

9a

2.19d

1.93b

0.79ab

S2

14ab

1.48bc

1.83b

0.84b

S3

9a

1.66c

1.39a

0.83ab

S4

19bc

1.12ab

1.94b

0.82ab

S5

24c

0.98ab

2.11b

0.82ab

S6

13a

1.53bc

1.76ab

0.78a

For each parameter, values followed by the same letter are not significantly different at P≤0.05

CONCLUSIONS
Digital image analysis of the crumbs seems to be a potent tool for analysing the quality
of the gluten free breads regarding size and gas cells distribution. Hydrocolloids and
proteins largely affected the crumb structure of the rice based gluten free breads.
Vegetable protein generated more open and heterogeneous crumbs while animal
proteins generated the most closed and homogeneous crumbs.
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ABSTRACT
In order to find a new nutritionally perspective pasta recipe, the replacement of
wholegrain wheat flour with wholegrain buckwheat flour in pasta formulation was
studied with the aim to determine the effect of the addition on pasta cooking quality.
The wholegrain buckwheat flour was added at the substitution levels of 10, 20% and
30%. The buckwheat enrichments had no significant (P<0.05) effect on volume increase
(VI). There was significantly decrease of optimal cooking time (OCT) and increase of
cooking loss (CL) in comparison with the control sample. The results were also showed
that buckwheat pasta samples were significantly less firm and adhesive than the control
sample. Correlation analysis revealed very strong significant correlation (P<0.05)
between hardness and CL, and strong but not significant correlation between
adhesiveness and CL.

Keywords: wholegrain buckwheat flour, cooked pasta, cooking quality, textural
properties

INTRODUCTION
In recent years, consumers are increasingly become aware of health impact of food.
Numerous foods are already considered as health promoting, but for traditional durum
pasta that cannot be said. Namely, durum pasta is low in protein content and essential
amino acids, as well as some vitamins and minerals [1]. So far, many studies have
attempted to improve the nutritional and functional properties of pasta by substituting
durum wheat semolina with different flours, such as amaranth, buckwheat, lupin [2, 3],
barley [4], split pea, faba bean [5], chickpea [6, 7], and Mexican common bean flour [8].
Among potential pseudocereals, buckwheat is one of the best plant sources of proteins,
minerals, antioxidants and dietary fibres [9] which make it a good choice for
incorporation into the pasta formulation. Antioxidants components in buckwheat, such
as flavonoids, phenolic acids, tannins, phytosterols and tocopherols play important role
as anti-inflammatory and anticarcinogenic agents [10, 11]. Furthermore, another
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functionality of buckwheat comes from its gluten-free characteristics making buckwheat
suitable food for celiac disease patients [9].
Changes in traditional pasta formulation in order to improve nutritional and functional
values cause changes in texture which is consider to be one of the most important
quality property of pasta. According to Jambrec et al. [12], light buckwheat flour
addition led to an increase in sensory quality of pasta in regard to wholegrain wheat
flour pasta.
The aims of this research were to examine textural and cooking quality of three
wholegrain buckwheat enhanced pasta formulations in comparison with wholegrain
wheat pasta formulation and to find which of these formulations is the most sustainable
for the cooking pasta quality.

MATERIAL AND METHODS
Pasta production
Four types of tagliatelle were produced on an industrial scale using Ital past Mac 60
(Parma, Italy). The control sample was made of commercial wholegrain wheat flour.
Buckwheat pasta was produced by substitution of wholegrain wheat flour with
wholegrain buckwheat flour at the substitution levels of 10, 20, and 30%. Flour of certain
formulation was hydrated with deionised water in order to achieve proper dough
consistency for extrusion.

Pasta cooking quality evaluation
Optimal cooking time (OCT) was defined as the time required for the white core in the
centre of the sample to disappear. Cooking loss (CL) was defined as the amount of
material leached out of the pasta strip during cooking. Taking a correction factor for the
added salt into account the results are expressed as cooking loss (%). Volume increase
(VI) was defined as the coefficient which represents the increase of pasta volume during
cooking. VI was calculated as the ratio of the volumes of cooked and uncooked pasta
samples.
All measurements were carried out three times according to AACC method [13].

Textural properties of cooked pasta
Hardness and adhesiveness of cooked tagliatelle samples were measured by using a
TA.XT Plus Texture Analyzer (Exponent Stable Micro System, UK), equipped with a 5 kg
load cell. The samples were tested in time up to 15 min after cooking and at room
temperature (~22 °C). The compression test was performed by a flat cylinder probe
(P/35) on two strips of each tagliatelle sample. The instrumental setting was taken from
the sample projects of the software package (Texture Exponent TEE32 6.1.1.0, Stable
Micro System, UK). Data reported are means of ten measurements of each sample.
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Textural properties of tagliatelle samples were expressed as force-time curve where
height of the peak represents hardness while the area under the curve corresponding to
adhesiveness.

Statistical analysis
Results were expressed as the mean of replications with the standard deviation for all
measurements. ANOVA and Fisher LSD test were used to compare means at 5 %
significance level. Pearson’s correlation coefficients were calculated between textural and
cooking properties, and values were compared at P<0.05. Data of all measurements were
analysed using the Software XLSTAT, version (2012.2.02) (http://www.xlstat.com/).

RESULTS AND DISCUSSION
Pasta cooking quality
Parameters of cooking pasta quality are presented in Figure 1 and Figure 2. The
increasing amount of wholegrain buckwheat flour caused a significant (P<0.05)
reduction in optimal cooking time (Fig.1) and enhancement of the cooking loss (Fig. 2).
In addition, there were no significant changes in relation to volume increase of the
cooked samples.

Lowercase letters (a, b) within the bars indicate significant differences (P < 0.05)

Figure 1. Optimal cooking time
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In terms of volume increase, the obtained results were no in agreement with the
statement by many authors [14, 15], which pointed the effect of buckwheat flour
addition. Furthermore, the results of the other two cooking parameters were in
agreement with other authors [2, 3, 16, 17, 18]. Namely, some parts of grain such as bran
and germ, lead to disruption of protein network, thus allowing a reduction in its density.
At the same time, easier absorption of water through the weakened network affects
reducing cooking time of pasta. Moreover, the incorporation of gluten-free flours into
the pasta formulation, such as wholegrain buckwheat, additionally weakens protein
network and allows starch granules to leach out easily during cooking.

Capital letters (A, B) next to the bars indicate significant differences for pasta
cooking loss (P<0.05). Lowercase letter (a) within the bars indicates significant
differences for pasta volume increase (P<0.05).

Figure 2. Parameters of pasta cooking quality

Textural properties of cooked pasta.
It is generally accepted that the texture is the main criterion for assessing overall quality
of cooked pasta [19]. The good quality of pasta provides its good textural properties such
as better firmness, elasticity and less stickiness of cooked pasta products [20]. All those
properties are in direct relationship with protein content of pasta and more importantly,
with the nature of its gluten network [21-23]. The results of hardness and adhesiveness
of the cooked tagliatelle samples measured instrumentally are showed in Figure 3.
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Bars are means of 10 replications. Capital letters (A, B) above the bars indicate
significant differences (P<0.05) for pasta hardness. Lowercase letters (a, b)
within the bars indicate significant differences (P<0.05) for pasta adhesiveness.

Figure 3. Textural properties of cooked pasta samples

The protein content in the pasta samples with the addition of wholegrain buckwheat
flour was higher than the control sample made of wholegrain wheat flour (data not
shown). It was mentioned on the importance of gluten and its responsibility of the rapid
development of protein network that enables organic matter to leach out from pasta into
the cooking water. Based on all above, it can be concluded that the substitution levels of
wholegrain buckwheat flour significantly (P<0.05) contributed to the changes of
hardness and adhesiveness of the cooked tagliatelle samples.

Relations between pasta cooking quality and textural properties
In order to examine the empirical relationship between pasta cooking and textural
properties a scatter plots between them was applied. Based on the calculated values it
could be conclude whether there was a linear relationship between observed variables or
not. Furthermore, value of correlation coefficients (r) enabled to measure the degree of
linear relationship between variables. On the other hand, the value of coefficient of
determination (r2) provided an insight into how the data are fitted by a linear line and
also indicated the predictive ability of the obtained regression equation. The obtained
values of all above mentioned statistical parameters are showed in Table 1.

145

7th International Congress FLOUR-BREAD '13
9th Croatian Congress of Cereal Technologists

Table 1. Correlation coefficients between pasta cooking quality and textural properties

Parameters
r

r2

E

OCT

0.9690*

0.9380

y = 3682.13+20.91OCT

CL

-0.9177

0.8422

y = 21126.21-853.77CL

VI

0.9277

0.8605

y = 9781.80+2148.92VI

OCT

0.8444

0.7130

y = - 076.13+2.03OCT

CL

-0.7687

0.5908

y = 599.24 - 79.78CL

VI

0.7633

0.5826

y = -451.19 + 197.26VI

Hardness

Adhesiveness

*correlation is significant at P<0.05;
OCT - Optimal cooking time; CL - Cooking loss; VI - Volume increase;
r - correlation coefficient, r2 - coefficient of determination, E - linear regression equation

Results indicate that there was very strong correlation (r>0.9) between hardness and all
observed cooking quality properties while there was no so strong correlation between
them and adhesiveness. It should be noticed that the cooking time significantly (P<0.05)
affected the hardness of cooked tagliatelle samples.

CONCLUSION
Incorporation of wholegrain buckwheat flour into the pasta formulation had a
significant effect on both pasta cooking and textural properties. Specific structure
components of wholegrain buckwheat flour caused disruption of the gluten network
and allowed organic matter to leach into the cooking water. It led to decrease of optimal
cooking time and significant increase of cooking loss of buckwheat pasta in comparison
with the control pasta sample. Buckwheat tagliatelle samples possessed less strength,
since the substitution levels of wholegrain flour significantly reduced the hardness. A
correlation analyses indicated very strong linear relationship between hardness and all
cooking quality parameters and not so strong relationship between these parameters and
adhesiveness.
Regardless of the fact that the certain amount of incorporated wholegrain buckwheat
flour had the impact on the overall quality of tagliatelle, the results of this paper could
be relevant for the production of suitable food for the general population of consumers.
The externally quality of tagliatelle showed that wholegrain buckwheat flour may be
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used in pasta formulation without adversely affecting the physicochemical properties of
pasta samples.
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ABSTRACT
Chestnut and chestnut-based food has beneficial nutritional and organoleptic qualities.
The biochemical composition of chestnut flour is close to that of many cereals and it can
be used instead of wheat flour for people who suffer from celiac disease. The aim of this
research is to characterise rheological and textural properties of dough for cookies in
function of the amount of chestnut flour (20, 40 and 60%) and moisture content (20, 22
and 24%). The addition of chestnut flour leads to less flexibility of dough and worse
ability to recover because of bad connection and brittle consistency of the dough, which
is a consequence of reduced gluten content. The gradual substitution of wheat flour with
chestnut flour contributes to the elasticity of the dough, due to chestnut starch granules
ability to bind water. Extensibility and resistance to extension decrease with increasing
addition of chestnut flour as a result of reduction gluten content. The increase in the
share of chestnut flour from 20 to 60% resulted in an increase of hardness of the dough.

Keywords: chestnut flour, cookies, rheological properties, textural properties

INTRODUCTION
The technology of cookies is based on the characteristics of flour as the main raw
material, which with fat, sugar, water and other additives forms the dough appropriate
rheological characteristics and gives the product optimal physical and sensory properties
[1]. Today, in food industry much attention is given to the healthier nutritional products
which contain innovative, natural and cost effective ingredients.
Chestnut and chestnut-based food has beneficial nutritional and organoleptic qualities.
Chestnut flour (CF) is obtained by grinding the dried fruit chestnut with a stone or
hammer mill in two stages. The CF can be stored for several months at room
temperature or several years at 4 °C. Despite great nutritional value is characterized by
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the absence of cholesterol and low protein content [2]. The biochemical composition of
CF is close to that of many cereals [3]. Starch is the main component and the protein and
lipid contents, mineral salts, dietary fibres and vitamins (B1, E and C) make CF a very
good substitute for people on a gluten-free diet. Indeed, CF can be consumed by people
who suffer from celiac disease, i.e. permanent intolerance to gluten [4].
The aim of this work was to investigate physical (extensibility and resistance to
extension and hardness) and rheological (viscous and elastic moduli, creep and
recovery) characteristic of the dough for cookies. Wheat flour in the formulation of
cookies was partially replaced with chestnut flour on the levels of 20, 40 and 60% and the
dough samples made with different water content (20, 22 and 24%).

MATERIALS AND METHODS
Materials
Wheat flour for cookies and biscuits (T-500 “Jaffa“, Crvenka) and commercial chestnut
flour (“Mollino Rossetto”, Padova, Italija) were used for preparation of dough for
cookies. Wheat flour showed (% dry basis) moisture contents of 12.29, starch of 73.75,
reducing sugars of 1.83, protein of 9.7, ash of 0.45 and fat of 0.84. CF showed (% dry
basis) moisture contents of 5.71, starch of 62.4, reducing sugars of 21.10, protein of 5.54,
ash of 2.06 and fat of 3.19. Chemical composition data of these flours were obtained
according to standard AOAC methods [1]. Vegetable fat “Vitalina” was obtained from
“Dijamant”, Zrenjanin. Salt, sodium bicarbonate and ammonium bicarbonate were
obtained from “Centrohem”, Stara Pazova. Powdered sugar (“Centroproizvod”,
Beograd) was purchased in a local food store.

Dough preparation
Control samples were prepared only with wheat flour and in other samples 20%, 40%
and 60% of wheat flour was substituted with chestnut flour. Cookies dough was
prepared according to the following formula: flour (i.e. flour blend) 199.39 g, vegetable
fat 41.88 g, sugar 69.79 g, NaHCO3 0.6 g, NH4HCO3 0.4 g and NaCl 1.09 g. The amount of
water was calculated in relation to the water content of the flour blends in order to
obtain dough samples with 20%, 22% and 24% moisture content. The measured amount
of flour was mixed in a mixer for 0.5 min, and after the addition of the total amount of
fat and powdered sugar, the mixing was continued for 5.5 min at low speed (60 min–1).
All other components dissolved in distilled water were added into the mixer, the mixer
closed and the dough mixed for 15 min.

Dough viscoelastic measurement
Oscillatory and creep-recovery tests were carried out with a Haake Rheo Stress 600
(Karlsruhe, Germany) by plate–plate sensor geometry (60 mm in diameter with a 1-mm
gap) at 25 °C. The excess of dough was removed and Vaseline oil was applied to cover
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the exposed sample surfaces. Before the measurement, the dough was rested for 15 min
to allow relaxation.
Stress sweep tests (1 Hz at 25 °C, modulating shear stress values form 1 to 100 Pa) were
carried out to determine the linear viscoelastic region of the samples. On the basis of
determined LVE regime measuring for frequency sweep conditions were defined [5].
Dynamic oscillatory measurements (frequency sweep parameters) were observed
modulating the ω-value from 6.28 to 62.8 rad/s (frequency 1–10 Hz) in a constant value
of shear stress (30 Pa). The storage modulus (G'), loss modulus (G''), and loss tangent
(tan δ) were observed.
For creep and recovery test constant stress applied on the dough at creep phase was
30 Pa (σ=30 Pa). This phase lasted 150 s. After that, the dough was recovering in 300s.
The final data were expressed as creep compliance (J(t) (Pa -1)=γ/σ, where γ is shear
deformation) over time (t) [6].

Dough texture analysis
Textural properties of dough were determined by Texture Analyser TA. XT Plus (Stable
Micro Systems, Surrey, U.K.). Dough hardness was determined using the penetration
test by application of measuring accessories P/6 (cylinder diameter of 2 mm) which
penetrate to a depth of 2 mm in the dough set to a solid metal platform. The maximum
force registered at the depth of 2 mm represents hardness. Measurements were
performed in five replicates at 25 °C using load cells of 5 kg and following operating
parameters: pre-test speed: 1 mm/s; test speed: 2 mm/s; post-test speed: 10 mm/s;
distance: 2 mm.
To define extensibility and resistance to extension of dough, micro-method Kiffer
Exstensibility Rig [7] was used. Measurements were performed in five replicates at 25 °C
using load cells of 5 kg and following operating parameters: pre-test speed: 2.0 mm/s;
test speed: 3.3 mm/s; post-test speed: 10 mm/s; distance: 75-mm; trigger force:auto-5 g.

RESULTS AND DISCUSSION
Viscoelastic properties of the dough
Viscoelastic properties are very important because they affect the characteristics of the
dough during the production process and the quality of the finished product. Figure 1a,
b and c show storage or elastic (G') and loss or viscous (G'') module values with
frequency for control and samples. Figure 1a show viscoelastic properties of dough for
control and samples with 20% moisture content, figure 1b with 22% moisture content
and Figure 1c with 24% moisture content.
In dough samples containing 20% of water the substitution 60% of wheat flour with
chestnut flour resulted in the increase of both dynamic moduli compared with control
sample, while difference between control sample and samples with 20% and 40%
substitution of wheat flour were not significant. The highest dosage of CF (60%) in the
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dough sample causes an increase in the elasticity of the dough, which is reflected in the
increase of its hardness. Similar results were observed by Moreira at al. [8] who pointed
out that the addition of CF increases elasticity of the dough as a result of a higher degree
absorption and retention of water by chestnut starch granules.

(a)

(b)

(c)

Figure 1. elastic (G') and viscous (G'') moduli values with frequency for control and
samples (a-dough with 20% moisture, b-dough with 22% moisture, c-dough
with 24% moisture)

With an increase in moisture content from 20% to 22% do not detect significant changes
in the values of G' and G'' in the samples with CF compared to the control sample.
Increase the moisture content in the dough compensates increase in the elasticity caused
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by the introduction of CF in formulation. As water content of the dough increases, both
moduli decrease [9]. Values of these modules are significantly lower than in the dough
containing 20% of water.
Based on shown changes of moduli of samples with 24% water and different amount of
chestnut flour, can be seen that there is reducing in difference between elastic and
viscous moduli. This means that we have the dough samples which are less hard then
samples containing 20% and 22% of water. Also there is increasing of elastic moduli
values with an increase of CF amount.
For all samples dominated elastic moduli over the viscous. Values of tan δ<1 (results are
not shown), which is characteristic for dough as viscoelastic system with the dominant
elastic component. With the increasing water content, the hardness of the dough
decreases and the ratio of moduli (values of tan δ) increases. Also, in the samples with
the same water content, the increasing of CF content causes decrease of tan δ values.

(a)

(b)

(c)

Figure 2. Creep and recovery curves of dough samples
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Creep and recovery curves (Figure 2 a, b and c) show the characteristic viscoelastic
behaviour of the dough, with some ability to recovery and partial return to initial state
after stress exposure. From the Figure 2a (dough samples containing 20% of water), can
be seen that sample with 20% CF has the most similar consistency to the control sample.
Creep and recovery curves of these samples with 40% and 60% of CF are significantly
lower, which means that these samples have less flexible structure to the stress influence.
The influence of CF on viscoelastic properties of the dough samples containing 22% of
water is shown at Figure 2b. The flexibility of the dough decreases with increasing levels
of CF. Also, it is evident that there is smaller difference between sample with 60% CF
and control sample. Creep and recovery curves of the dough samples containing 24% of
water are shown at Figure 2c. As with previous samples it is evident that the control
sample has the most flexible consistency, which is a consequence of the largest amounts
of the gluten in the dough. Increasing the amount of chestnut flour in the dough
contributes to lower connection and brittle consistency. As water content of the dough
increase, the resistance that dough provides to the application of force decreases and
possibility of recovery increase.

Textural characteristics of Dough
The results of extensibility and resistance to extension and hardness of the dough
samples with the addition of CF and different content of water are given in Table 1. At
all samples with increasing content of CF extensibility of the dough decreases, which is a
consequence of reduced gluten content. Resistance to extension decreases, too. As water
content in the dough increases, values of these parameters increase. It is because
extensibility and resistance to extension depend on the gluten content and quality and
on the content of starch in the dough. Starch granules bind a portion of water, which
contributed to the increase dough resistance with increasing its content. The effects of
substitution wheat flour with chestnut flour on the physical characteristics of the dough
are expressed at samples with high content of chestnut flour (40% and 60%) which
resulted in the impossibility of registering the characteristic curves of extensibility.
Absence of measurement for these samples can be consequence of reducing gluten
content in the dough and higher content of saccharose in the CF which intensifies
interaction saccharose-starch.
The increasing water content in dough samples, as expected, contributes to the
decreasing of dough hardness. The hardness of the dough samples without CF is higher
compared to samples with CF addition at all water content. CF affects on reducing
dough connection, since substitution wheat flour with CF contributes to reducing gluten
content. Starch granules need a sufficient amount of water for hydrating, which is not
case at the dough samples containing 20 % of water, so the hardness of these samples
increases. Higher hardness value has the dough sample containing 60% of CF and 20%
of water, which is consistent with published data. Demirkesen at. al. [10] indicated that
chestnut flour has the higher ability of water absorption due to the presence of dietary
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fibre, which hydroxyl groups bind water molecules and reducing the amount of free
water in the dough.

Table 1. Textural characteristics of dough samples

Extensibility
(mm)

Resistance to extension
(g)

Hardness
(g)

Control

3.51±0.36

15.67±0.89

236.05±20.23

80% WF 20% CF

2.84±0.41

13.94±1.34

171.55±8.34

60% WF 40% CF

2.62±0.41

12.32±0.92

181.35±12.6

40% WF 60% CF

n.d.

n.d.

229.85±8.94

Control

8.01±0.72

15.58±0.53

130.21±5.05

80% WF 20% CF

6.22±1.1

14.32±1.55

106.55±4.32

60% WF 40% CF

4.15±1.07

10.05±1.34

86.65±4.05

40% WF 60% CF

n.d.

n.d.

90.33±6.02

11.38±0.78

19.16±0.54

86.52±4.92

80% WF 20% CF

7.83±0.6

14.02±0.71

76.69±2.99

60% WF 40% CF

7.82±8.88

10.41±3.91

75.92±2.0

40% WF 60% CF

n.d.

n.d.

69.02±4.38

Sample
Dough with 20% moisture

Dough with 22% moisture

Dough with 22% moisture
Control

CONCLUSION
For all samples, as expected, dominated elastic module over the viscous, which is
characteristic for dough as viscoelastic system with the dominant elastic component. The
addition of CF increases elasticity of the dough as a result of a higher degree absorption
and retention of water by chestnut starch granules. Creep and recovery curves show that
the control samples have the more flexible consistency compared with the samples with
CF addition. Increasing the amount of CF in the dough contributes to lower connection
and brittle consistency. As water content of the dough increase, the resistance that dough
provides to the application of force decreases and possibility of recovery increase. The
increasing amount of CF contributes to decreasing the dough extensibility and resistance
to extension, which is a consequence of reduced gluten content. The hardness of the
dough increases as CF content increases.
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ABSTRACT
Alternative methods of dietary fibers application are within components for processed
food enriched with dietary fibers. Bakery product, cookies and crackers, different kind of
snack products, can be observed for this purpose.
The objective of this work was to determine the influence of three different dietary fibers
on rheological and texture properties of dough for cookies. The part of main component
of the dough, wheat flour, was replaced by 10% of oat fibers, potato fibers and wheat
fibers, calculated on total weight of the flour. The dough moisture was 22%.
Alkaline water retention capacity (AWRC) analysis of wheat flour and the mixtures of
the flour and 10% of different dietary fibers showed that each kind of dietary fibers
increased hydration ability of the mixture, compared to AWRC value of wheat flour.
That was reflected to rheological properties of obtained dough. Disrupted gluten matrix
caused reduced viscoelastic properties of the dough with dietary fibers. Recovery ability
decreased compared to control dough without fibers. Hardness of the dough with
diatery fibers increased and extensibility decreased, thus the texture measurement
confirmed the rheological results. The type of applied dietary fibers was significant.
According to obtained results the influence of potato and oat fibers was more
pronounced than the influence of wheat fibers.

Keywords: dietary fibers, dough for cookies, rheology and texture

INTRODUCTION
The term functional food appeared for the first time in the 1980 in Japan, the first
country that recognized the functional food and defined it as an alternative to
medication. The concept of functional food refers to food which continuous and long
application can affect preventive or therapeutic on some aspects of human health.
Dietary fibers are beneficial for human health and they act as prevention of many
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diseases that are caused by improper diet, like obesity, cardiovascular disease,
hypertension, osteoporosis, diabetes type II and some forms of cancer) [1,2]. Dietary
fibers come from a wide variety of foods such as whole grain cereals, legumes, fruits and
vegetables. Fiber–rich processed foods are also with high lavels of dietary fibers, and
they are more available and convenient for application. Physico–chemical properties of
dietary fibers play a fundamental role in their functionality in food products and they
limit the use of dietary fibers as food technological agents. Fibres can modify the
consistency, texture, rheological properties and sensory characteristics of the fibre
supplemented food products. Organoleptic and processing challenges are frequently
encountered during formulating food products high in dietary fiber. In bakery products,
the addition of fibres modifies the breadmaking performance of wheat dough, affecting
mixing properties, rheological behaviour and viscometric pattern due to their interaction
with the large polymers (starch and proteins) present in the system [3]. Important
technological properties of dietary fiber that determine their application are water
holding capacity (WHC, related to the length and density of fibers), fat binding capacity
(future dependent on the porosity of the fibers), viscosity (application as thickener
agents), gel formation ability (important feature in using fiber as fat replacers), chelating
capacity and texture modification [2]. Water holding capacity, particle size distribution
and apparent viscosity are repeatedly described as crucial fibre properties with a
significant influence in food technology [3]. Fibres can be incorporated in wide variety of
foods, like dairy, meat or fish, but bakery products are the preferred food enriched with
dietary fibers [4]. Fine bakery product, cookies and crackers, different kind of snack
products, can be observed for this purpose.
The objective of this work was to determine the influence of three different dietary fibers
on rheological and texture properties of dough for cookies. The part of main component
of the dough, wheat flour, was replaced by 10% of oat fibers, potato fibers and wheat
fibers, calculated on total weight of the flour.

MATERIALS AND METHODS
Basic materials for cookies dough were wheat flour (moisture 12.29% and ash content
0.49% on dry basis), vegetable fat, powdered sugar, chemicals (NH4HCO3, NaHCO3 and
NaCl) and water. Used dietary fibers were wheat fibers VITACEL® WF 200, oat fibers
VITACEL® HF 200 and potato fibers VITACEL® KF 200, all produced by J.Rettenmaier
& Söhne, Rosenberg, Germany.
Specific characteristics of the wheat flour and the mixtures of 90% of wheat flour and
10% of different fibers were determined by analysis of AWRC values (alkaline water
retention capacity of the flour and the mixtures). It represents the ability of the flour
sample to retain water in alkaline environment [5].
The samples of the dough were prepared by method of baking test. Control dough
sample was with 100% of wheat flour and samples with fibers contained the mixtures of
90% of wheat flour and 10% of different fibers (wheat fibers, oat fibers or potato fibers).
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Ingredients of cookies dough were wheat flour or mixture of the flour and fibers (189.62
g), powdered sugar (66.37 g), vegetable fat (39.83 g), NaCl (1.04 g), NaHCO 3 (0.57 g),
NH4HCO3 (0.38 g) and calculated amount of water in the aim to achieve 22% of dough
moisture. Required amount of water was calculated according to wheat flour moisture
and AWRC values of the flour and the mixtures with fibers [5].
The characteristics of the different samples of dough were determined by rheological
and textural measurements. Rheological measurements were performed by rotational
viscometer HAAKE RheoStress RS600 (Thermo Electron Corporation, Karlsruhe,
Germany) with plate–plate sensor PP60 Ti (plate diameter was 60 mm and gap 1 mm).
The measurements were done at 25±0.1 °C. Storage modulus (G') and loss modulus (G")
were defined by dynamic oscillatory measurements in the range of linear viscoelastic
regime (LVE). The moduli were observed during increased frequency from 1 to 10 Hz
and at constant shear stress of 30 Pa. The results were expressed as value tan δ=G"/G'.
Viscoelastic response of the samples at constant stress, as well as their behaviour after
removing the stress, were determined by creep and recovery test. The test was
performed in the LVE regime in which the deformation amplitude was proportional to
applied stress amplitude. The creep time with constant stress (σ=30 Pa) was 150 s and the
recovery period after removing the stress was 300 s. Creep data, collected under constant
stress (σ) over time (t), can be described by a creep compliance (J) function, in terms of
shear deformation (γ), using equation J(t)=γ(t)/σ. The creep data were analyzed by
Burger's model presented by equation J(t)=J0+J1 • (1–exp(-t/λ))+t/η0. For the recovery
phase the equation of the Burger's model is J(t)=Jmax–J0–J1 • (1–exp(-t/λ)). The value J0 is
the instantaneous compliance, J1 is retarded (viscoelastic) compliance, Jmax is maximum
compliance, λ is mean retardation and η0 is Newtonian viscosity [6,7,8].

RESULTS AND DISCUSSION
Specific characteristics of flour and the mixtures with dietary fibers
The results of the AWRC analysis represent specific characteristics of the flour samples.
Alkaline water retention capacity (AWRC values) of the wheat flour and flour mixtures
with dietary fibers are presented in Table 1.

Table 1. AWRC values of wheat flour and of mixtures with 10% of different fibers

Samples of flour and the mixtures

AWRC (%)

Wheat flour

65.90

90% of wheat flour + 10% of oat fibers

74.33

90% of wheat flour + 10% of wheat fibers

76.11

90% of wheat flour + 10% of potato fibers

83.67
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Obtained results of AWRC analysis showed that each kind of dietary fibers increased
hydration ability of the mixtures compared to AWRC value of wheat flour. The most
evident influence on AWRC value had the potato fibers. Hydration ability and ability to
retain water are usually associated to particle size distribution of the flour or fibres. A
reduction in the particle size might expose large surface area, and simultaneously more
polar groups with water binding sites, to the surrounding water [3].

Rheological characteristics of the dough samples
Rheological properties of the dough for cookies include the viscoelastic properties. These
properties are very important because of their significant influence on dough behaviour
during production of cookies, as well as on the quality of the finished product. Dough is
a complex real system with elastic and viscous properties in a variety of their ratios and
combinations. Thus, under the stress this system can be deformed, and the deformations
are partly reversible and partly irreversible. One part of the reversible deformation can
be instantaneous and independent of time (ideally elastic), and the second part can be
slow and it takes place during some shorter or longer time. The constant stress leads to
certain structural changes of the dough, which affect the internal structure, and thus the
internal resistance of the system and the degree of irreversible deformation. Reversibility
of deformation is a function of time also, thus enough long stress can cause completely
irreversible deformation. The specificity of viscoelastic systems is manifested in fact that
the structural changes cause the appearance of relaxation and spontaneous decrease of
resistance and the formation of new linkages released during stress [9].
Results of dynamic oscillatory measurements are presented in Table 2, as values tan
δ=G"/G' and they pointed to contribution and ratio of viscous and elastic components of
dough structure. Elastic modulus G' was dominated over viscous modulus G'' for all
dough samples, thus the values tan σ were <1, which is typical for viscoelastic dough
structure.
The values of tan σ decreased compared to control sample thus the application of dietary
fibers increased the hardness of the dough structure. The contribution of elastic
component is the largest for dough sample with potato fiber.

Table 2. The values of tan σ for dough samples

Dough samples

tan δ = G"/ G'

Control sample

0.451

Sample with 10 % of oat fibers

0.394

Sample with 10% of wheat fibers

0.273

Sample with 10% of potato fibers

0.219
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Creep and recovery curves indicate the typical viscoelastic behavior of the dough, with
certain ability of recovering and partial reconstruction after applying the stress. Creep
and recovery curves of the dough samples are shown at Figure 1.

Figure 1. Creep and recovery curves of dough samples

The influence of introduction of dietary fibers in the structure on dough compliance is
obvious (Figure 1). Creep compliance values are manly associated with softness. High
creep values indicate the weak structures whereas low values are representative of
strong of stiffer structure [7]. The compliance of the dough samples with dietary fibers
decreased compared to control sample. The viscoelastic properties of the dough with
dietary fibers were reduced. The values of maximum compliance, J max, decreased and
Newtonian viscosity η increased. The amount of viscous Jv and elastic Je part of J max is
generally evenly distributed, but recovery ability of the dough sample with potato fiber
is drastically reduced, because of its very stiff and inflexible consistency. The parameters
of creep and recovery curves are collected in Table 3.
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Table 3. The parameters of creep and recovery curves

Dough samples

Jmax·10-4 (1/Pa)

η·106 (Pas)

Jv/Jmax (%)

Je/Jmax (%)

Control sample

6.164

0.734

46.06

53.94

+ 10% of oat fibers

1.544

2.929

51.11

48.89

+ 10% of wheat fibers

2.343

1.932

46.95

53.05

+ 10% of potato fibers

1.590

2.845

80.82

19.18

Textural characteristics of the dough samples
Textural properties of the dough samples are presented by textural parameters of the
dough samples, hardness, resistance to extension and extensibility of dough (Table 4).

Table 4. Textural parameters of the dough samples

Dough samples

Hardness±SD
(g)

Resistance±SD
(g)

Extensibility±SD
(mm)

Control sample

84.89±3.59

10.03±0.53

5.12±0.31

+ 10% of oat fibers

310.57±11.63

17.56±2.07

3.36±0.74

+ 10% of wheat fibers

224.22±14.67

28.76±7.26

1.61±0.60

+ 10% of potato fibers

312.19±11.78

27.72±4.29

4.75±0.81

Hardness of the dough with dietary fibers significantly increased compared to control
sample with wheat flour. Same trend of changes was characteristic for resistance to
extension. Extensibility of the dough was reduced by application of dietary fibers. These
changes of textural parameters pointed that addition of dietary fibers contributed to
more firm and less extensible consistency of the dough. All textural parameters were
more affected by application of potato and oat fibers than by wheat fibers. The results of
textural measurements confirmed the rheological results.
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CONCLUSIONS
Oat, wheat and potato fibers had pronounced hydration ability. Incorporation of dietary
fibers into the dough structure significantly affected to rheological properties of obtained
dough compared to control sample without fibers. Formation of gluten matrix was
disturbed with dietary fibers thus viscoelastic properties were reduced. The consistency
of obtained dough was more firm, less flexible and less recoverable than control sample.
The type of applied dietary fibers was significant. According to obtained results the
influence of potato and oat fibers was more pronounced than the influence of wheat
fibers.
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ABSTRACT
Relaxation test in uniaxial compression mode was performed on gingerbread cookies
made from spelt wheat. Relaxation data were modeled by Peleg and Normand. The aim
was to calculate stress relaxation parameters (percent stress relaxation, k1 (initial rate of
relaxation), k2 (extent of relaxation) and relaxation time) for this type of product and to
observe the changes in these parametrs during their storage. At 10-80% strains tested,
the measured stress relaxation parameters (k1, k2, % SR, RT) varied little up to 60%
strain. In general, gingerbread cookies had little elastic character. During storage, solid
character of the samples increased in all samples. Relaxation time was the parameter that
was unable to observe changes in the textural properties of the cookies during storage at
high relative humidity whereas in the dried out sample, all parameters changed
significantly.

Keywords: gingerbread cookie, spelt, stress relaxation, Peleg-Normand model

INTRODUCTION
Gingerbread is a honey-based baked product with the longest tradition dating back to
several centuries BC. In Europe, gingerbread was brought in the 8th century. In
Medieval times, gingerbread was thought to have medicinal properties and was highly
appreciated as a cure for indigestion. For centuries, it was only available in monasteries
and pharmacies. In the 19th century started the industrial production of gingerbread
cookies. Today, in spite of dominating industrial production, artisan production of
gingerbread cookies has still been very popular.
In contrast to other cookie type products, gingerbread cookies are characterized with
higher moisture content. The minimal moisture content required is 7%. Good quality
gingerbread cookie should have soft, elastic and soggy crumb. Because of high moisture
content, gingerbread type products have high moisture gradient and are prone to
excessive drying resulting in a hard, non-elastic and crumbly product, especially when
kept at low relative humidity. At high relative humidity, gingerbread gain moisture and
gradually soften its structure. After baking, home-made gingerbread cookies are usually
kept in cold room or metal box for 30-40 days to soften before consumption.
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Stress relaxation technique has a strong potential for texture characterization of food
products and has been employed as one of the principal means for measuring
viscoelastic behaviour of food. In this test, an instantaneous strain is applied and the
force required to maintain the deformation is observed as a function of time. From the
force-time curves, using appropriate mathematical models, the proportion of elastic
component of the matrix can be studied. Peleg and Normand suggested a relative simple
and quick model to analyse stress relaxation data [1]. The analysis is based on
normalization of force data (Eq. 1) and subsequent linearization of the normalized values
(Eq. 2)

Y (t ) 

F0  Ft
F0

……. (Eq. 1)

t
 k1  k 2 * t
Y (t )

…….(Eq. 2)

Y(t) is the decaying force, F0 is the initial force, Ft is the force at time t, k1 and k2 are
constants.
To our best knowledge, no data on the stress relaxation properties of gingerbread type
cookies exist in the literature. Therefore this study was aimed to preliminary investigate
the stress relaxation parameters of gingerbread cookies made from spelt wheat and their
changes during storage.

MATERIALS AND METHODS
Gingerbead cookies were prepared according to artisan recipe which basic form and
preparation procedure is described in detail elsewhere [2 -4]. After baking samples were
kept at 15 °C and 70% relative humidity. One set of cookies was kept at room conditions
(22 °C and 35% relative humidity) for comparison. The storage period was 45 days and
the dynamic of data reading was at 0, 15, 35 and 45 day of storage.
Stress relaxation parameters of gingerbread cookies were measured using a Texture
Analyzer (TA-XTplus, Stable Micro Systems, Surrey, UK) equipped with a 30 kg load
cell. Before analysis, 19 mm diameter cylinders were cut out from the centre of cookie
with an apple-corer knife. The cylinders were deformed with a 36 mm cylindric probe in
compression to a constant strain of 15% at test speed of 0.5 mm/s. Coefficients from
Peleg’s model and other parameters extracted from the relaxation curves were subjected
to one-way ANOVA and to Tukey’s test.

RESULTS AND DISCUSSION
Effect of strain
Figure 1 shows the relaxation curves of gingerbread cookies made from spelt wheat.
After application of constant strain, a decrease in force value necessary to maintain the
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deformation was observed which is characteristic for viscoelastic materials. At 10–60%
strains, the relaxation curves were not distinct but mostly overlapped showing no
particular pattern except that relative residual stress values at 10-40% strains were
somewhat higher in comparison to those at 50-60% strains showing that the cookies had
more solid like behaviour at smaller strains. At 70% and 80% strains, relative residual
stress values increased substantially which is in contrast to bread in which, at higher
strains, elasticity decreases as found by Nussinovitch et al. [5]. But, it should be noted
that at 80% strain, some permanent deformations occured in gingerbread cookies.

Relative stress (sigma(t)/sigma0)

1.0

0.8

0.6

0.4

0.2

0.0
0.0

80% strain
70% strain
10%-60% strain

100.0

200.0

300.0

Time (s)

400.0

500.0

600.0

10% strain
20% strain
30% strain
40% strain
50% strain
60% strain
70% strain
80% strain

Figure 1. Relaxation curves of gingerbread cookies at different strains

Figure 2 depicts the effect of strain on the stress-relaxation parameters of spelt
gingerbread cookies.The parameter k1 gives information on the rate at which mechanical
stress decay. Actually, the reciprocal value of k1 is the initial decay rate. Higher k1
values indicate low decay rates which are characteristic for elastic behaviour. The
parameter k1 is suggested as an indicator of viscous nature of food but its interpretation
is not unevocal. This parameter is usually found unsuitable to depict the changes in
texture as it might be affected by shape or measurement errors. In gingerbread cookies
k1 reached lower values which is an indicator of quick relaxation i.e. less-elastic and
more viscous behaviour.
The parameter k2 represents the residual stress in the sample. It shows the extent of
sample relaxation. In food, it is suggested as an representative of elastic nature [6] (Singh
et al.) and a more reliable parameter to describe texture changes than k1 [1, 6, 7]. The
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values for k2 range from 1 for ideal liquid and infinity for ideal elastic material. Low
values of k2 in gingerbread cookies also indicated low-elastic nature.
Percent stress relaxation (% SR) is considered a meaningful parameter to understand
viscoelastic properties of food. It is obtained directly from the stress relaxation curve
using an equation 3:

%SR 

 0   (t )
*100%
0

…… (Eq. 3)

where 0 is the initial stress (Pa) during constant deformation of sample and (t) is the
stress at arbitrary time after the initial strain was reached. For the ideal solid, % SR is 0%
(does not relax at all) and for the ideal liquid, % SR is 100%. For spelt gingerbread type
cookies % SR ranged from 76.75% to 81.25% at 10-70% strains. At 80% strain,
significantly lower magnitude of % SR value was achieved (64.95%) therefore the stress
relaxation measurements should be performed in the former range. Relatively high
values of % SR (around 80%) indicate that spelt gingerbread cookies are more viscouslike with only 20% of elastic component.

Figure 2. Effect of strain on the stress relaxation parameters of spelt gingerbread cookies

Relaxation time (RT) is defined as the time needed for relaxation force to reach 36.8% of
initial value. Higher values of RT means that material needs more time to relax which is
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the case when material has a more elastic nature. The relaxation times for spelt
gingerbread type cookies ranged between 24.48 and 41.2 s within 10-60% strains and
increased substantially at higher strains. Short relaxation times obtained in this study
also indicates low elastic and more viscous structure. Singh et al. [6] reported similar
relaxation times for poor quality flour doughs.
From Figure 1, it can be concluded that the measured stress relaxation parameters (k1,
k2, % SR, RT) varied little in the 10–60% strain range. At higher strains, the spelt
gingerbread cookies showed a more pronounced elastic response. Wu et al. [8] suggested
that the suitable range of strain magnitudes for collection of stress relaxation parameters
is the range in which these parameters do not significantly vary with strain. Therefore,
suitable range for gingerbread cookies is up to 60% strain. Since at lower strains
(10-30%), material shows more elastic behaviour, strains between 10–20% seems suitable
for gingerbread testing.

Effect of storage
Table 1 shows the changes in relaxation parameters of spelt gingerbread cookies during
a 42-days storage period. During storage, the gingerbread cookies exposed to higher
humidity gradually became softer as seen from decreasing magnitude of initial force F0.
Softness development was significant for the last period of storage. In contrast, the
sample kept under low humidity conditions developed significant hardness after 42
days. Parameters k1 and k2 increased during storage in all samples, showing an increase
in elastic behaviour. Percent stress relaxation decreased significantly during storage,
confirming the increase in elastic i.e. solid character. Relaxation time did not show
significant differences during the tested period among the samples stored at 70% relative
humidity but significantly increased in the excesively dried out sample. The dried out
sample was characterized with high values of initial force, k1, k2 and relaxation time and
lowest percent stress relaxation.

Table 1. Stress relaxation parameters of spelt gingerbread cookies during storage

Storage period

F0 (g)

k1

k2

%SR

RT (s)

I

2053.4±310.2b

10.1±0.8a

1.2±0.02a

82.0±1.1d

43.2±8.9a

II

1827.2±280.6b

10.5±0.8a,b

1.2±0.01b

78.6±1.1c

46.9±11.0a

III

1672.6±180.0b

10.7±0.9a,b

1.3±0.01b

77.5±0.9c

30.3±5.3a

IV

1100.5±4.5a

11.7±0.6b,c

1.3±0.03c

74.1±1.6b

44.8±10.3a

Dried out sample

22740.6±452.2c

12.2±0.9c

1.5±0.03d

63.22±1.0a

297.1±13.5b

Values followed by the same letter are not significantly different at P≤0.05
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CONCLUSIONS
Gingerbread cookies made from spelt in general present little elastic character. During
storage, the majority of calculated parameters pointed to an increase in solid character of
the samples. However, initial force decreased with storage indicating less rigid texture in
samples exposed to higher humidity. Only relaxation time was the parameter that was
unable to observe changes in the textural properties within cookies stored at humid
conditions. However, when compared to the dried out samples, all parameters were
significantly different.
The texture of gingerbread type cookies is very complex and depends much on the
moisture migration. Gingerbread cookies are increasingly prone to drying out with
storage. At high relative humidity, gingerbread cookies gain moisture at the edge,
softening firstly the outer layers. Further examinations of stress-relaxation parameters
and their correlation with moisture migration are necessary to better understand the
changes in the textural and micro-structural characteristics of gingerbread cookies
during storage. In order to elucidate the final ability of stress relaxation technique for
texture characterization of gingerbread type cookies, additional data on the correlation
with empirical textural characteristics are necessary.
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ABSTRACT
The objective of this study was to evaluate consumers’ acceptance of cookies made of
‘Vitalplant’ digestion stimulating mixture, which was added in the form of powder and
extract. Cookies were evaluated by 64 consumers and ANOVA was performed on scores
using the categories of each demographic factor. Comparing the obtained results of
enriched samples, the differences were more pronounced in the case of the extract
enriched cookies. Men and women rated extract enriched samples higher scores than the
control. The old group reacted positively only to colour changes, while they were totally
indifferent to the changes in colour, mouthfeel, and taste of the enriched cookies.
Regarding the results of both concepts, consumers with higher education degree seem to
be more positive towards the functional ingredients in the cookies. The obtained results
showed that cookie presents suitable carrier for the development of a digestion
stimulating functional product by mixture addition in the both forms.

Keywords: consumer acceptance, cookies, plant mixture, plant extract, sensory
properties

INTRODUCTION
Consumers' awareness of a relationship between diet and health has led to the increased
acceptance of functional foods [1]. Popularity of added value confectionary products has
increased dramatically over the past decade. However, consumers’ acceptance of
functional foods does not depend only on trustworthiness of health claims, but on
sensory properties as well. Several authors [2-8] reported that consumers are hardly
willing to compromise on the taste of functional foods for eventual health benefits. In
addition, some demographic variables, such as gender, age, and education cannot be
ignored when testing the acceptance of functional foods [9]. For this reason, consumer’s
research related to foods that claim specific health benefits has concentrated on profiling
consumers who accept the specific enriched foods in terms of their socio-demographics
[10]. It is known that the carrier product, relative to the type of enrichment, has large
effect on consumers’ acceptance and willingness to try different functional food
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concepts. Referring to the fact that they are widely consumed food products, appreciated
for their versatility, convenience, conservation, and especially for attractive sensory
properties, short dough cookies can be considered to be suitable carrier products for
functional bakery formulations [11, 12]. Furthermore, medicinal plants are not only
recognized to be safe by the consumers, but also attractive to many of them who
question the safety of synthetic food additives [13]. Regarding confectionery industry,
medical herbs have been considered to be the most useful resources for the development
of functional foods because of a relatively high antioxidant activity, which was explained
by synergistic effects of the components. [14-16].
The aim of this research was to investigate consumers’ acceptance of the cookies
enriched with a digestion stimulating medical plant mixture.

MATERIALS AND METHODS
Materials
The commercial plant mixture ‘Vitalplant’ (Frangulae cortex 35%, Petroselini fructus 25%,
Menthae pip. folium 20%, and Carvi fructus 20%) was in the form of powder with
granulation of up to 3 mm. Commercially available refined wheat flour (13.3% water
content, 0.39% db ash content, and 10.5% db protein content), vegetable fat, salt,
powdered sugar, and baking powder were purchased in a local food store.

Preparation of plant extracts for the formulation of cookies
Crude plant extracts were obtained by maceration with ethanol/water mixture
(80:20, v/v), with the ratio of raw materials to ethanol solution of 1:10, for 24 h at room
temperature, and subsequently extracted in an ultrasonic bath at room temperature in
10 min. After filtration through a filter paper (Whatman, Grade 4 Chr, UK), vacuumevaporation of the solvent at 40 °C, the extracts were stored at-4 °C until further use.

Preparation of cookies
Bake trials were performed on laboratory-scale equipment. The control cookie dough
formulation contained 100 g of flour, 40 g of fat, 30 g of sugar, 1 g of salt, 1 g of baking
powder, and a required amount of water (~5 g). The dough was sheeted to a thickness of
3.5 mm, cut into a circular shapes, baked at 180 °C in 10 min, and cooled. Enriched
cookies were made by adding 2, 4, and 6 g of ‘Vitalplant’ mixture to the control
formulation. The powdered mixture was blended with fat, and used for the dough
preparation. Enriched extract cookies were also prepared to provide the same three
levels of enrichment. Extract was previously suspended in water and blended with fat to
prepare the dough.

172

7th International Congress FLOUR-BREAD '13
9th Croatian Congress of Cereal Technologists

Sensory evaluation
Sensory evaluation was carried out 24 after baking by using a panel of 64 consumers,
whose demographic characteristics are shown in Table 1. Consumers were selected on
the basis of their availability for the assessment, interest to participate in the study,
absence of aversions, allergies or intolerances, normal perception abilities, and moderate
preference towards this kind of product.

Table 1. Demographic characteristics

Gender

Age

Education

Men

Women

 30

30-50

 50

P/H*

BSc

MSc/PhD

Total, n

28

36

21

22

21

21

21

22

%

43.75

56.25

32.81

34.38

32.81

32.81

32.81

34.38

*P - Primary school; H - High school

Consumer test was conducted in 5 hourly session between 10 am and 15 pm on two
days. Samples were coded with three-digit random numbers and served at ambient
temperature. Four samples were presented to each consumer per session (control and
three samples of different powder (session 1), and extract (session 2) enrichment.
Consumers were given a printed response sheet with written instructions for the test
during the session. They were requested to indicate their perception of colour, odour,
taste, and mouthfeel, using a three-box scale labelled on the left with ‘dislike very much’
(1 score), ‘indifferent’ in the middle (3 scores), and on the right with ‘like very much’
(5 scores).

Statistical analysis
For evaluating differences between demographic characteristics ANOVA was performed
on date using the categories of each demographic factor as variation factor. Duncan's
multiple range test was used to compare means at 5% significance level using statistical
data analysis software system STATISTICA (StatSoft, Inc. (2008), version 10.0
(www.statsoft.com).

RESULTS AND DISCUSSION
Different acceptance patterns of the gender groups for the cookies enriched with
‘Vitalplant’ in the form of powder and extract are presented in Table 2. In the case of
colour, women showed only significantly higher affinity (P<0.05) for the cookies
enriched with 2% powder. Contrary to them, men preferred colour and odour of all
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174
3.39 ± 1.67
3.74 ± 1.36
3.78 ± 1.36
4.00 ± 1.25
3.57 ± 1.50
3.70 ± 1.53
3.57 ± 1.24
3.65 ± 1.40
3.87 ± 1.38

6%

Control

2%

4%

6%

Control

2%

4%

6%

3.83 ± 1.50

Control

3.61 ± 1.32

3.35 ± 1.42

6%

3.65 ± 1.34

3.78 ± 1.15

4%

4%

3.97 ± 1.17

2%

2%

3.26 ± 1.67

Mean ± SD

B

A

I

A

A

A

A

A

A

A

A

A

A

A

A

A

a

a

a

a

a

a

a

a

a

a

a

b

a

a

a

a

II

Male

3.57 ± 1.50

4.00 ± 1.03

3.33 ± 1.41

3.22 ± 1.52

3.89 ± 1.23

4.00 ± 1.41

3.78 ± 1.40

3.33 ± 1.41

4.00 ± 1.24

3.78 ± 1.22

3.44 ± 1.29

2.44 ± 1.34

3.89 ± 1.23

4.00 ± 1.03

3.44 ± 1.46

2.44 ± 1.50

Mean ± SD

POWDER

AB

Female

Control

Sample

A

A

A

A

A

A

A

A

B

B

B

A

B

B

B

A

I

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

II

3.78 ± 1.23

4.09 ± 1.09

3.26 ± 1.50

3.43 ± 1.33

4.00 ± 1.32

4.17 ± 1.16

3.61 ± 1.32

3.26 ± 1.56

3.57 ± 1.56

3.96 ± 1.38

3.39 ± 1.37

2.91 ± 1.58

3.65 ± 1.20

4.52 ± 0.86

3.61 ± 1.18

2.52 ± 1.53

Mean ± SD

A

B

C

B

A

I

AB

B

A

A

B

B

AB

A

B

B

AB

Female

a

a

a

a

a

a

a

a

a

a

a

a

a

b

a

a

II

Male

4.22 ± 1.22

4.33 ± 0.97

3.56 ± 1.34

3.22 ± 1.80

4.11 ± 1.02

4.44 ± 1.21

3.22 ± 0.94

2.78 ± 1.35

3.56 ± 1.50

3.89 ± 1.00

3.00 ± 1.19

2.67 ± 1.57

3.78 ± 1.40

3.89 ± 1.21

3.11 ± 1.08

2.00 ± 1.24

Mean ± SD

EXTRACT

Mean values within one column (I) and row (II) followed by different letters are significantly different (P<0.05).

Mouthfeel

Taste

Odour

Colour

Property

GENDER

Table 2. Effect of gender on acceptance of the enriched cookies

I

B

B

AB

A

B

B

A

A

AB

B

AB

A

B

B

B

A

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

II
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powder enriched samples versus the control. Regarding the results related to the
difference in acceptance pattern between genders (Table 2, row II a), just the odour of the
control sample was more acceptable for women than men.

The results of the second session (Table 2, column Ib) revealed quite similar acceptance
patterns between the genders for the extract enriched cookies. There were significant
differences in all observed properties, with the highest acceptability among women was
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in favour of the enrichment of 4%, especially for colour and mouthfeel. In general, men
showed significantly greater acceptability to higher % enrichments compared to the
control. Besides, the colour of the sample enriched with 4% extract only was significantly
more acceptable for women than men (Table 2, row IIb).

AGE

6%

4%

2%

Control

6%

4%

2%

Control

6%

4%

2%

Control

3.64 ± 1.25

3.16 ± 1.62

3.64 ± 1.60

3.88 ± 1.30

4.28 ± 0.98

3.64 ± 1.50

3.64 ± 1.70

3.72 ± 1.14

3.80 ± 1.29

3.40 ± 1.73

3.16 ± 1.52

4.20 ± 1.15

3.64 ± 1.38

2.76 ± 1.56

Mean ± SD

A

A

A

A

A

A

A

A

A

A

A

AB

C

BC

A

I

a

a

a

a

a

b

a

a

a

a

a

a

b

a

a

II

3.86 ± 1.62

4.05 ± 1.36

3.48 ± 1.40

4.24 ± 1.18

3.86 ± 1.35

4.43 ± 1.12

3.57 ± 1.57

3.95 ± 1.02

3.67 ± 1.59

3.76 ± 1.48

3.67 ± 1.46

3.67 ± 1.46

3.76 ± 1.34

3.86 ± 1.20

4.14 ± 1.20

3.76 ± 1.48

Mean ± SD

A

A

A

A

AB

B

A

AB

A

A

A

A

A

A

A

A

I

a

a

a

b

a

a

ab

a

a

a

a

a

a

ab

a

b

II

3.44 ± 1.29

3.67 ± 1.19

3.33 ± 1.24

3.33 ± 1.57

3.44 ± 1.29

3.67 ± 1.37

3.33 ± 1.41

3.22 ± 1.52

3.33 ± 1.41

3.44 ± 1.29

3.22 ± 1.17

3.22 ± 1.52

3.67 ± 1.19

3.33 ± 0.77

3.67 ± 1.19

2.56 ± 1.76

Mean ± SD

A

A

A

A

A

A

A

A

A

A

A

A

B

AB

B

A

I

a

a

a

ab

a

a

a

a

a

a

a

a

a

a

a

a

II

Old

Control

3.56 ± 1.36

a

Middle-aged

2%

A

Young

4%

3.96 ± 1.31

Sample

Table 3. Effect of age on acceptance of the powder enriched cookies

Property

Colour

Odour

Taste

Mouthfeel

6%

Mean values within one column (I) and row (II) followed by different letters are significantly different (P < 0.05).

175

176

2.04 ± 1.17

3.32 ± 1.25

4.68 ± 0.75

4.12 ± 1.01

2.60 ± 1.63

3.32 ± 1.38

4.28 ± 1.14

3.88 ± 1.54

3.00 ± 1.41

3.64 ± 1.25

4.36 ± 1.11

3.64 ± 1.25

3.08 ± 1.35

3.80 ± 1.41

4.40 ± 0.92

2%

4%

6%

Control

2%

4%

6%

Control

2%

4%

6%

Control

2%

4%

Mean ± SD

Young

Control

Sample
II
a
a
b
b
a
a
b
a
a
a
b
a
a
a
b

I
A
B
C
C
A
AB
C
BC
A
A
B
AB
A
B
B

AGE

4.43 ± 0.93

3.10 ± 1.48

3.95 ± 1.36

4.81 ± 0.60

4.62 ± 0.80

3.48 ± 1.25

3.19 ± 1.54

3.57 ± 1.57

4.05 ± 1.20

3.29 ± 1.31

2.90 ± 1.34

3.76 ± 1.18

4.62 ± 0.80

3.95 ± 1.02

3.00 ± 1.67

Mean ± SD

B

A

B

B

B

A

A

AB

B

AB

A

B

C

BC

A

I

Middle-aged

b

a

a

b

b

a

a

a

ab

a

a

b

b

a

b

II

Old

3.44 ± 1.10

3.00 ± 1.37

3.11 ± 1.60

3.67 ± 1.37

3.67 ± 1.19

3.33 ± 1.24

3.22 ± 1.66

3.11 ± 1.45

3.33 ± 1.41

3.22 ± 1.35

3.11 ± 1.75

3.00 ± 1.37

3.56 ± 1.34

3.11 ± 1.08

2.11 ± 1.41

Mean ± SD

B
ab
6%
3.96 ± 1.02
4.33 ± 1.15
B
b
3.33 ± 1.41
Mean values within one column (I) and row (II) followed by different letters are significantly different (P<0.05).

Mouthfeel

Taste

Odour

Colour

Property

Table 4. Effect of age on acceptance of the extract enriched cookies

I

A

A

A

A

A

A

A

A

A

A

A

A

B

B

B

A

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

II
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Comparing the obtained results, it can be seen that the differences between the samples
are more pronounced in the case of extract enrichment. Both genders rated the extract
enriched samples higher scores than the control. It should be noted that for both
genders, the powder enriched cookies were on the same level of acceptability as the
control. These results were partially consistent with the previous studies that have
shown that females are mostly open to functional foods [11, 17-20].
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Perceived properties of the powder enriched cookies, sorted by consumers’ age are
presented in Table 3. There were small significant differences between the samples
within each age category almost for all observed properties, except colour and taste
(Table 3, column I). Young group seemed to have more positive and significant affinity
only towards the colour, middle-aged towards the taste of the cookies enriched with 4%
powder. Old group was only in colour was more open to cookies enriched with 2 and
6% powder. Regarding the results related to the difference in acceptance pattern
between ages (Table 2), middle-aged category showed the highest preference towards
the colour and the mouthfeel of the control sample, while the young group was
significantly favoured colour of the cookies with 4% powder enrichment.

6%

4%

2%

Control

6%

4%

2%

Control

6%

4%

2%

Control

3.82 ± 1.33

3.82 ± 1.18

4.09 ± 1.19

3.91 ± 1.48

3.91 ± 1.34

3.91 ± 1.48

3.64 ± 1.29

2.73 ± 1.28

3.73 ± 1.70

3.91 ± 1.02

4.00 ± 1.02

3.82 ± 1.18

3.27 ± 1.55

Mean ± SD

A

A

A

A

A

A

A

B

B

A

B

A

A

A

A

I

a

a

a

a

ab

a

a

a

a

a

a

a

a

a

a

a

II

4.33 ± 1.32

3.95 ± 1.02

3.29 ± 1.31

3.57 ± 1.43

4.05 ± 1.36

4.24 ± 1.18

3.67 ± 1.15

3.38 ± 1.50

3.57 ± 1.69

3.95 ± 1.20

3.95 ± 1.20

3.29 ± 1.71

3.10 ± 1.61

3.86 ± 1.20

3.48 ± 1.40

3.19 ± 1.66

Mean ± SD

B

AB

A

AB

A

A

A

A

A

A

A

A

A

A

A

A

I

a

a

a

a

b

a

a

a

a

b

b

a

a

a

a

a

II

3.48 ± 1.25

3.29 ± 1.45

3.38 ± 1.36

3.29 ± 1.82

3.10 ± 1.61

3.67 ± 1.46

3.76 ± 1.48

3.57 ± 1.29

3.19 ± 1.54

3.38 ± 1.36

4.14 ± 1.01

3.29 ± 1.31

3.48 ± 1.40

3.67 ± 1.15

4.14 ± 1.20

2.62 ± 1.75

Mean ± SD

A

A

A

A

A

A

A

A

A

AB

B

A

B

B

B

A

I

a

a

a

a

a

a

a

a

a

a

b

a

a

a

a

a

II

MSc/PhD

Control

3.83 ± 1.18

A

BSc

EDUCATION

2%

3.55 ± 1.53

4.00 ± 1.35

P/H

4%

Sample

Table 5. Effect of education on acceptance of the powder enriched cookies

Property

Colour

Odour

Taste

Mouthfeel

6%

Mean values within one column (I) and row (II) followed by different letters are significantly different (P<0.05).

177

178

3.82 ± 1.01

3.18 ± 1.37

3.36 ± 1.59

3.82 ± 1.47

3.73 ± 1.70

3.55 ± 1.65

3.64 ± 1.14

4.00 ± 1.20

4.18 ± 1.33

3.36 ± 1.47

3.64 ± 1.29

4.00 ± 1.20

6%

Control

2%

4%

6%

Control

2%

4%

6%

Control

2%

4%

A

A

A

A

A

A

A

A

A

A

A

B

B

a

a

a

a

a

a

a

a

a

a

a

a

a

a

BSc

4.24 ± 1.00

3.19 ± 1.66

3.38 ± 1.36

4.05 ± 1.20

4.43 ± 0.93

3.19 ± 1.54

2.81 ± 1.40

3.48 ± 1.40

4.14 ± 1.01

3.29 ± 1.31

2.62 ± 1.63

3.48 ± 1.40

4.52 ± 0.87

3.38 ± 1.02

2.43 ± 1.57

Mean ± SD

B

A

AB

B

B

A

A

AB

B

AB

A

B

C

B

A

I

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

II

4.24 ± 1.00

3.19 ± 1.40

3.38 ± 1.63

3.86 ± 1.20

4.33 ± 1.15

3.67 ± 0.97

3.00 ± 1.41

3.48 ± 1.54

3.86 ± 1.35

3.19 ± 1.08

2.71 ± 1.71

3.76 ± 1.34

4.05 ± 1.36

3.29 ± 1.31

1.95 ± 1.20

I

A

B

B

B

A

A

AB

B

B

AB

A

AB

B

AB

MSc/PhD
Mean ± SD

a

a

a

a

a

a

a

a

a

a

a

a

a

a

II

a

4.45 ± 0.91

4%

B

a

II

a

3.73 ± 1.16

2%

A

I

EDUCATION

6%
4.09 ± 1.19
A
a
3.95 ± 1.20
AB
a
3.67 ± 1.32
AB
Mean values within one column (I) and row (II) followed by different letters are significantly different (P<0.05).

2.73 ± 1.55

Mean ± SD

P/H

Control

Sample

B

Mouthfeel

Taste

Odour

Colour

Property

Table 6. Effect of education on acceptance of the extract enriched cookies
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Referring to young and middle-age category, significant differences were found between
the samples for all observed properties. These groups were more positive to higher
levels of enrichment. Concerning the old group, significant differences between samples
existed only in the case of colour. In general, young and middle-age group reacted
positively to extract enrichments. Ares and Gámbaro [21] pointed that different age
groups react differently in terms of perceived healthiness of different carrier products.
According to many authors [21, 22], the most positive group towards functional foods
are middle-aged or especially elderly consumers, whose interest arises from health care
concerns.
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Manu previous studies [7, 18-20] confirmed that different levels of education have been
associated with positive attitudes towards functional foods. In this paper, the obtained
results showed (Table 5, column I) that the odour of the cookies enriched with 2% plant
mixture was less attractive to the consumers with the lowest level of education (P/H).
Quite opposite to P/H group, MSc/PhD group showed that the colour of the powder
enriched cookies, regardless of all levels of enrichment more attractive than the control
sample. BSc group liked the mouthfeel of the cookies enriched with 6% powder the
most. Regarding the results related to the difference in acceptance pattern between
education (Table 5, row II), the odour of the cookies enriched with lower % enrichment
was more acceptable for higher education. In the case of odour and BSc group of
education, acceptability was the significant for the highest % enrichment.
Referring to liking of the cookies enriched with the extract (Table 6, column I), BSc and
MSc/PhD group expressed the preferences similarly to each other by giving the samples
enriched with 4% extract the highest scores for almost all observed properties. P/H
group expressed the preferences towards the colour of the enriched samples. Generally,
regarding the results of both concepts, consumers with higher education degree seem to
be more positive towards the functional ingredient in the cookies.

CONCLUSION
Concepts, powder and extract addition can be applied, meaning that the cookies present
suitable carrier product for the development of digestion stimulating functional product
by ‘Vitalplant’ mixture addition. Due to the fact that the extract supplemented samples
were significantly more attractive than the control, it can be concluded that these kinds
of cookies may seem more acceptable by the consumers. Apart from antioxidant
efficiency, costs of extract production go in favour of powder potential usage. Further
research needs to be done, clinical studies at first place in order to provide the
information about the optimum dosage of the functional ingredient.
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ABSTRACT
Product appearance plays a vital role in making a purchase decision. Colour, size and
shape are significant factors that influence purchase decision of bakery products. Food
shape is often closely regarded as its quality. Broken or deformed product may taste the
same as an undamaged ones, but customers are reluctant to buy seemingly damaged
goods. Due to the demands of high quality foods, automated food shape inspection has
become an important need for the food industry. Computer vision provides one
alternative for an automated, non-destructive and cost-effective technique to accomplish
these requirements. Features such as the internal and external appearance contribute to
the overall impression of the products quality. Consequently such characteristics have
been evaluated by computer vision. The objective of this paper is to summarize and
evaluate shape descriptors which can be used as indicators for quality of final product,
and also as additional parameter for estimating end of baking process.

Keywords: computer vision, food quality, shape descriptors

INTRODUCTION
Computer vision systems are being used increasingly in the food industry for quality
assurance purposes. Essentially, such systems replace human inspectors for the
evaluation of a variety of quality attributes of raw and prepared foods. In food industry
computer vision can be use for defect detection, dimensional measurement, and
orientation detection, grading, sorting and counting 1,2.
Generally, computer vision system are comprised of image acquisition device with
lighting system, storage system and digital computer with appropriate software for
image segmentation, feature extraction and analysis. Features are parts of image with
specific information about product and are described by colour, shape, size and texture1.
Shape of baked cookies is important parameter of quality as consumers expects that all
cookies have uniform shape and size. There are many shape descriptors available in
literature, they are mainly categorised in two categories: contour-based shape
descriptors and region-based shape descriptors 3,4. Overview and classification of shape
descriptors can be visualised as displayed in Figure 1.
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Figure 1. Classification and overview of shape descriptors

Two kinds of information are contained in each pixel, i.e. brightness value and locations
in the coordinates that are assigned to the images. Brightness value is the colour feature
while information of locations of pixel is known as size or shape features. Three
commonly used features for size measurement of an object can be found for food quality
evaluation: area, perimeter, and length and width. Compared with other features such as
colour and texture, shape is easier to measure using image processing techniques.

MATERIAL AND METHODS
The cookies were prepared according to standard AACC (American Association of
Cereal Chemists) formulation. It was used standard flour for production of cookies with
three different moisture content (standard, S, with 16 g water/225 g of flour, dry, D, with
12 g water/225 g of flour and wet, W, with 20 g water/225 g of flour). Investigation was
conducted on 33 samples during 10 minutes of baking. Cookies were baked at 205 °C
and temperature was measured in the middle of samples which were thick 60 mm and
high 7 mm.
Computer vision system includes image capturing device (EPSON™ Perfection V500
Photo), personal computer with EPSON software. Image processing has been done in
ImageJ5 and Python with some libraries (Numpy, SciPy, OpenCV) which are all open
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source programs. Acquired images first were thresholded in ImageJ and converted to 8bit binary images (black and white). Using macro option, measurements of area,
perimeter, Feret’s diameter was determined for all samples (images). Python script has
been written for measurements of sample height at specific points from sample centre
axis.

RESULTS AND DISCUSSION
Result of analysis conducted with ImageJ, determination of classical image descriptors
(area, perimeter, Feret’s diameter,…), showed that during baking, first there is increase
in cookie size (height and width) which results in increase of area and therefore
perimeter (Figure 1), After that, there is slight decrease in observed quantities which is in
compliance with baking dynamics (heat and mass transfer). Observed oscillations in
Figure 1 can be explained through cookies deformation during baking and
manipulation.

Figure 2. Cookie cross section area in pixels during baking
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Feret’s diameters provided information about maximum width and maximum height of
cookies, which is useful for cookie shape description. Other parameters do not provide
easy understandable information about cookies shape. More usable information is
obtained from height profiles during baking (Figure 3, Figure 4) which contains
information about cookies symmetry around vertical centre axis which is at 425 pixels.

Figure 3. Cookies height profiles after 1 minute of baking

185

7th International Congress FLOUR-BREAD '13
9th Croatian Congress of Cereal Technologists

Profile is obtained by measuring heights at equal distances from centre axes to left and
right. Distances have been chosen with respect to image size (850*200 pixels), and were:
0, 100, 200, 425 (middle), 650, 750, 800 pixels. Symmetry can be easily calculated as
difference of equally distant heights from cookie centre.

Figure 4. Cookies height profiles after 10 minute of baking

CONCLUSIONS
According to results of size (width and height) and shape deformation of cookies during
baking process, computer vision can be applied to inspect shape of final product and in
combination with other process parameters better define the end of baking process. We
believe that the proposed framework opens up new possibilities for dynamic visual
inspection of cookies during baking (i.e. inspection texture and colour) with aim of better
process control.
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ABSTRACT
Traditional sensory and consumer tests predict long term consumer acceptance of new
products rather poorly, as evidenced by the high their failure rates in the market. These
tests typical reflect conscious processes whereas consumer acceptance may also be based
on unconscious processes. The measurement of emotions can provide a common lexicon
for sensory and marketing to communicate and for product development that meet a
marketing need.
The aims of this work were to examine whether emotional facial expressions measured
with the Noldus FaceReader technology are a sufficiently accurate measure for
differentiating between between various types of wheat bread, and to investigate
whether facial reactions are able to explain liking ratings on hedonic scales.
Naive consumers (mean age 22 years) were recruited at the Kaunas University of
Technology. They were asked to rate the sample with an intentional facial expression,
which was recorded and then characterized by FaceReader 5 software (Noldus
Information Technology, Wageningen, The Netherlands). The measurements showed
significant differences between facial expressions elicited by the different bread samples
and reflected the introspective liking ratings well. The positive correlations of ‘‘happy’’,
and negative correlations of ‘‘sad’’ expression intensity against self-reported liking
ratings suggest that these may be the most valuable descriptors for explaining the selfreported hedonic quality of baked goods. It can be concluded that Noldus FaceReader
technology is sufficiently accurate to detect significant differences in facial expressions
elicited by different samples of baked goods and can deliver additional information to
conventional acceptance tests.

Keywords: wheat bread, facial expressions, FaceReader, hedonic liking
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INTRODUCTION
Around the world bread is a staple food in almost every single diet. Breads come in
many forms and types and are consumed with every meal of the day, therefore accurate
measure of consumer acceptance is very important. However, ‘‘standard’’ sensory and
consumer tests, which typically include sensory analytical profiling and liking tests,
have a low predictive validity with respect to general product performance. Possibly,
consumer food choice outside the laboratory may be less based on cognitive information
processing and rational reasoning, and more on unarticulated/unconscious motives and
associations [1, 2]. Reasons for likes or dislikes of specific foods are typically difficult to
articulate but may determine much of our food choice. Certain foods are more attractive
than other foods because for some reason they make us feel good – i.e. they trigger
positive emotions.
For some time, sensory practitioners within the commercial sector have looked for better
means to connect with marketing. The measurement of emotions might help in the
further connection of sensory science and marketing. The measurement of emotions also
serves as a further tool to support product development. Measurement of emotions
allows us to compare existing products, and measure the emotional response to product
prototypes. In these ways, the measurement of emotions can provide a common lexicon
for sensory and marketing to communicate and for product development that meet a
marketing need. Emotions can be the common language to bring these areas together.
There are many studies showing that tastes and odors elicit different emotions and facial
reactions in neonates [3] children [4, 5] and adults [6, 7]. In most of these studies quite
intense stimuli were used, like for example, concentrated basic taste solutions [7] or
odours ranging from fruity to fecal [4]. The study of emotions in relation to food choice
has recently advanced by work of King and Meiselman [8] and De Smet and Schiffertein
[9]. Their results suggest that most emotions related to food are mildly positive, are only
partly related to liking, and improve the predictions of food choice.
Facial expressions can be analyzed with the anatomically based Facial Action Coding
System (FACS). These FACS analyses are very time-consuming and require trained
observers. To overcome these difficulties, different automated facial expression
recognition systems like Nviso (nViso SA, Lausanne, Switzerland), Affdex (Affectiva
Inc., Waltham, USA) and FaceReader (Noldus Information Technology, Wageningen,
The Netherlands) have been developed. These systems are capable of analyzing facial
expression patterns from video data. Currently, these systems are used mainly for
research in the fields of psychology, education, market research and consumer behavior.
De Wijk et al. [10] analyzed the facial expressions elicited by the prospect of tasting or
smelling liked or disliked food with FaceReader. The first sight of disliked foods
compared to liked foods resulted in increased facial expressions of sadness, disgust, and
angriness. However up until now, little work has been published about the
measurement of facial expressions elicited directly by the actual tasting of food products
using facial expression recognition technology. Danner et al. [11] examined consumers’
facial reactions elicited by the flavor of orange juice products using FaceReader
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technology in implicit and an explicit measurement approach. Both, implicit and explicit
measurements showed significant differences between facial expressions elicited by the
different samples. The explicit measurement reflected the introspective liking ratings
well. Especially ‘‘happy’’ and ‘‘disgusted’’ showed a high correlation with liking and
were good indicators for liked and disliked samples, respectively. To minimize artifacts,
caused by eating and drinking, which can be easily misinterpreted by the FaceReader
software as emotion, they used liquid samples (juice) which need less processing in the
mouth than solid samples.
The aims of this work were to examine whether facial expressions measured with the
Noldus FaceReader technology are a sufficiently accurate measure for differentiating
between solid samples – various types of wheat bread, and to investigate whether facial
reactions are able to explain bread liking ratings on hedonic scales.

MATERIALS AND METHODS
Samples and sample preparation
Six different types of wheat bread were tested in the experiment. Each set of tested
breads was made from 3 to 4 samples with significant differences in flavor or
texture (Table 1). All samples were presented in a sequential way, at room temperature
(20-22 °C), randomized and coded. Water was provided to rinse the mouth before and
between tasting the samples. Some of bread samples were produced in the Bread
Laboratory at Center of Excellence for Food Science and Technology, Kaunas University
of Technology, others were commercial bread delivered by Lithuanian bakeries.

Table 1. Wheat bread (WB) samples

Wheat bread (WB) description

Significant difference

WB with barley

Barley products: groats, flakes, chopped grains

WB with buckwheat

Buckwheat products: groats, flakes, flour

WB with oats

Oat products: groats, flakes, flour

WB with potatoes

Amount of potatoes (15% and 30%)

WB with sugar

Amount of sugar (2%, 4% and 7%)

Wheat buns with felling

Fellings (pear, raspberry, apricot)
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Participants and measurements
The number of participants in testing of each type bread samples varied from 12 to 20.
All participants were students of the Department of Food Technology, Kaunas
University of Technology, with an average age of 22 years.
The experiments took place in the Sensory Laboratory at Kaunas University of
Technology. At first, participants were introduced to the procedure for tasting. They
were asked to taste the whole presented bread sample (10 g) at once, take some seconds
to think about an impression of it, then give a signal with their right hand and visualize
the taste experience of the sample with a facial expression best representing their liking
of the sample (explicit measurement). Afterwards, they rated their liking or disliking of
the sample on a 7-point hedonic scale, ranging from 1 (dislike extremely) to 7 (like
extremely).
The whole procedure was filmed with a Microsoft LifeCam Studio webcam, mounted on
the laptop facing the participants, using Media Recorder (Noldus Information
Technology, Wageningen, The Netherlands) software. The recordings with a resolution
of 640×480 at 25 frames per second were saved as AVI files and analyzed frame by frame
with FaceReader 5 software (Noldus Information Technology, Wageningen, The
Netherlands), scaling the 6 basic emotion patterns (‘‘angry’’, ‘‘happy’’, ‘‘disgusted’’,
‘‘sad’’, ‘‘scared’’, ‘‘surprised’’) and ‘‘neutral’’ from 0 (not present at all) to 1 (maximum
intensity of the fitted model). For each sample, the section of intentional facial expression
(exactly from the point when the subject had finished raising their hand to give the
signal until the subject started lowering the hand again) was extracted and used for the
statistical analysis. FaceReader contains an image quality bar, which gives a good
indication of how well the program is able to model the face depicted in the image. For
the best image quality, the main attention was focused on camera position and
illumination. For this reason, participants were asked to sit and look frontally into the
camera. All of the participants agreed to the use of their data in the context of this
experiment.

Statistical analysis
For the statistical analysis, the maximum values of the facial expression patterns
(‘‘angry’’, ‘‘disgusted’’, ‘‘happy’’, ‘‘neutral’’, ‘‘sad’’, ‘‘scared’’, ‘‘surprised’’) of the
respective section were used. To examine the correlation between facial expressions and
the hedonic liking, a Multiple Linear Regression was performed. All analyses were
performed with STATISTICA V10 (StatSoft, Inc., Tulsa, OK, USA).

RESULTS AND DISCUSSION
Results presented in Fig. 1-3 showed that there were significant differences in facial
expressions between tasted types of bread as well as between the samples of the same
bread type. Tested types of bread differ significantly concerning the emotion patterns
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‘‘happy’’, ‘‘sad’’ and ‘‘angry’’ (Fig.1). The similar tendencies were found during the
analysis of the samples of the same bread type (Fig. 2 and Fig. 3). No significant
differences in other facial expressions between tested bread samples were observed.
Tests showed that the wheat bread with sugar elicited significantly more intense facial
reactions of ‘‘happy’’ than all other breads. Bread with buckwheat elicited the strongest
‘‘sad’’ and ‘‘angry’’ facial expressions, significantly differing from all others. The
statistical analyses of the self-reported liking ratings identified the wheat buns with
feeling as the most liked sample and the bread with buckwheat as the least liked. The
data collected suggest that emotional intensity sometimes tracks with acceptance, and
sometimes differs. For example, the acceptances of wheat buns with apricot and pear 2
fellings do not track with the emotion profile (Fig.2). Thus emotions might help to
explain acceptance data and why acceptance data might not always predict market
success.

Figure 1. Intensity of facial expressions and self-reported liking of different types of
wheat bread (WB)
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Figure 2. Intensity of facial expressions and self-reported liking of wheat buns with
different fellings

Figure 3. Intensity of facial expressions and self-reported liking of wheat bread with
different barley products
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While the measurement of emotions gives new information beyond acceptance, it is
nevertheless interesting to relate emotions and acceptance. Linear regressions of the
mean values of the facial expressions showed positive correlations of ‘‘happy’’, and
negative correlations of ‘‘sad’’ (Table 2). This indicates that liked samples elicited more
intense facial expressions of ‘‘happy’’than disliked samples.

Table 2. Regression of facial expression intensity against self-reported liking of different
wheat bread (WB) samples

Emotions
N

H

Sa

A

Su

Sc

D

WB with barley

-0,90

0,68

-0,43

-0,19

-0,59

-0,84

-0,43

WB with buckwheat

0,09

0,31

-0,36

0,77

0,86

0,24

-0,46

WB with oats

-0,62

0,29

-0,21

-0,51

-0,29

-0,42

-0,95

WB with potatoes

0,62

0,98

-0,99

-0,99

-0,94

0,95

-0,94

WB with sugar

-0,29

0,41

-0,82

-0,70

0,97

-0,07

0,93

Wheat buns with
felling

-0,98

0,75

-0,16

0,68

0,36

0,02

0,84

WB type

N – neutral; H – happy; Sa – sad; A – angry; Su – surprised; Sc – scared; D –disgusted.

This study shows that measuring facial expressions using Noldus FaceReader 5 is a
sufficiently accurate method to differentiate between various wheat bread samples. A
discrimination between liked and disliked samples was possible on the basis of the
intensity of elicited ‘‘happy’’ and ‘‘sad’’ facial expressions. This supports the findings of
Danner et al. [11] who used the FaceReader technology for study of orange juice and
found high correlation of facial reactions ‘‘happy’’ and ‘‘disgusted’’ with liking.
It should also be mentioned that major differences in the intensity of facial reactions
between participants were observed. The participants could be divided into two groups,
the ones who showed clearly visible facial reactions when tasting the samples and those
who had a ‘‘poker face’’ showing only little to almost no facial reactions. This can
partially be attributed to the sensory laboratory test setup, where the participants are
facing an unfamiliar environment and may feel stressed to a certain degree, or are very
concentrated on the task. Further examinations in a more natural environment, also if
possible without directly asking the participants to rate the products, could be
interesting.
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It is also important to point out the limitations and requirements of FaceReader
technology. It does not work with children below the age of three. Pose, movement and
rotation of the test person are limited. The test person needs to face the camera head on
(angle <40°). The face must not be partially obscured by hair or when handling samples.
Motor artifacts, caused by eating and drinking, can be misinterpreted by the FaceReader
software as emotion. In more complex tasting situations, like full meals that involve
longer and potentially overlapping oral processing actions, motor artifacts can
compromise the measurement of facial expressions to a higher degree.

CONCLUSIONS
It could be concluded that Noldus FaceReader technology is sufficiently accurate to
detect significant differences in facial expressions elicited by different samples of wheat
bread and can deliver additional information to conventional acceptance tests. However,
more research is needed to see how this technology performs in more complex testing
procedures, simulated or ‘‘real life’’ environments.
The positive correlations of ‘‘happy’’, and negative correlations of ‘‘sad’’ expression
intensity against self-reported liking ratings suggest that these may be the most valuable
descriptors for explaining the self-reported hedonic quality of baked goods.
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ABSTRACT
Breakfast, as a first meal of the day has shown to improve health and the cognitive
abilities of individuals who consume it, especially when it is composed of high-quality
nutrients. The aim of this study was to determine what kind of cereals students eat for
breakfast and how this affects their micronutrient intake. The subjects were 84 female
undergraduates of the Nutrition studies aged from 18 to 24. Questionnaire was used to
determine usual breakfast pattern. The results show that all subject consume breakfast at
least 2 days a week, yet only 54% of them eat breakfast every day. Usually, 56% of
subjects eat breakfast cereals (ready-to-eat or cooked cereals), 21% eat whole wheat
bread, 15% eat white bread and 4% eat pastry. Average energy intake from breakfast
was 395±157 kcal. Subjects who eat breakfast cereals (ready-to-eat or cooked) had higher
dietary fiber, thiamine, folate, calcium and iron intake than those who eat bread or
pastry (p<0.05). Since breakfast cereals are often fortified, having them for breakfast may
be a good strategy to reduce risk of dietary inadequacy of certain micronutrients.

Keywords: breakfast, cereals, micronutrients

INTRODUCTION
Breakfast consumption is considered an important determinant of a healthy dietary
behaviour [1]. As a first meal of the day breakfast provides energy, as well as macro and
micronutrients after an overnight fast. Studies have shown that regular consumption of
breakfast improves cognitive function related to academic performance [2, 3], while
skipping breakfast is associated with higher body mass index [4], higher body adiposity
and abdominal obesity [5]. However, some researchers found that not only breakfast
consumption itself is associated with body mass index but that the type of food eaten for
breakfast is crucial [6]. Grains are the most popular food eaten for breakfast all over the
world, however the type of grains, such as whole grains, eaten for breakfast make a big
difference. Whole grains are good source of vitamins, minerals, fibre and bioactive
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phytochemical and may reduce risk for chronic disease. Consumption of breakfast
cereals is inversely associated with weight gain and body mass index [7] and it had been
shown that consummation of cereals for breakfast has positive effect on overall nutrient
intake [8] and lower serum cholesterol level [9]. The aim of this study was to determine
what kind of cereals students eat for breakfast and how this affects their micronutrient
intake.

SUBJECTS AND METHODS
Subjects were 84 female undergraduates of the Nutrition studies from University of
Zagreb aged from 18 to 24. Questionnaire was used to determine usual breakfast pattern
and breakfast eating frequency.
The subjects were asked to record detailed information regarding the types and the
amounts of all foods and beverages consumed as usual breakfast pattern. This included
the brand name of food (where appropriate) and preparation method. When portion size
was unknown it was estimated by cups or tablespoons. Nutritional value of breakfast
was calculated for each participant using food composition table [10], while for breakfast
cereals were taken from food label. Breakfasts were divided into 5 different categories
depending on the type of cereals which are consumed: “white bread” (white and corn
bread); “whole grain bread” (breads made from germ and bran wheat, oat, barley or rye
flour); “breakfast cereal” (ready-to-eat or cooked cereals); “pastry” (doughnuts,
croissants, cakes and biscuits); ”other” (non-cereal products).
Results are presented as mean ± SD, or percentage. Differences between categories were
assessed using ANOVA followed by post-hoc Tukey test. All statistical analyses were
performed with SPSS software v.17 (Chicago, IL, USA).

RESULTS AND DISCUSSION
The results of this study show that none of the subjects skip breakfast on weekly basis,
however the lowest frequency of breakfast consumption is two days a week. Also, only
54% of the subjects consume breakfast every day. These results are in accordance with
the previous research on Croatian university students [11] where it was concluded that
regardless of gender, breakfast is the most frequently skipped meal of the day. Studies in
other countries also showed that breakfast is frequently skipped by students [12].
Possible reasons for skipping breakfast could be the lack of time, being late to class,
getting up late, and not being hungry in the morning [12, 13].
Distribution of subjects according to breakfast category (Figure 1) showed that 96% of
the subjects consume some kind of cereal for breakfast what is in accordance with
previous research conducted among Croatian students [14].
The highest number of subjects (56%) consume breakfast cereals (cooked or ready-toeat). Nutritionally, breakfast cereals are high in carbohydrate, low in fat and if fortified
contain significant amount of vitamins and minerals. Since they are usually consumed
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with dairy products, such as milk or yogurt, they enhance calcium intake and therefore
may reduce risk for osteoporosis and poor nutritional status [15].

Figure 1. Distribution of subjects according to breakfast category (n=84)

Second most frequent cereal consumed for breakfast is bread. Whole grain bread is
consumed by 21% of the subjects, while 15% consume white bread (Figure 1). Due to
high concentration of fiber, minerals, vitamins, lignans and phenolic compounds in
whole grains, studies have shown that consumption of whole grains is associated with
decreased risk of cardiovascular disease, diabetes mellitus, cancer and obesity [16,17].
Most of these nutrients are eliminated during milling process for white flour production,
therefore whole grain bread is more desirable for consummation then white bread.
Additionally, the results showed that only 4% of the subjects consume pastry for
breakfast. However, the consummation was on a daily basis, which was not expected
since the subjects are nutrition students and should be aware that pastry breakfast
represents a high calorie, high-fat and high-carbohydrate meal.
Average energy intake from breakfast was 395±157 kcal. Breakfast based on pastry had
as expected the highest caloric value (512±162 kcal), while breakfast categorized as
Other, which include non-cereal food item such as fruits or dairy products, had the
lowest caloric value (63±14 kcal). No statistical difference were observe between caloric
value of breads and cereals categories (ANOVA, p>0.05).
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1.3±0.8a

2.5±1.3b

316.0±115.4

70.9±40.8b

0.6±0.4b

0.4±0.2

5.5±2.8b

Whole bread

3.0±1.2c

377.1±288.4a

82.0±46.6d

0.5±0.2

0.4±0.3b

4.5±2.6b

Breakfast cereals

37.6±21.5c

0.3±0.1

0.1±0.1

5.8±1.3b

Pastry

1.5±0.8

196.3±141.9

Breakfast category

Values are expressed as means ± S.D.
Means with different letters were significantly different (*P<0.05, ANOVA, Tukey-HSD).

Iron (mg)

262.0±195.3

Calcium (mg)

0.4±0.2a

Riboflavin (mg)
63.7±21.5a

0.2±0.1a

Thiamine (mg)

Folate (μg)

3.0±0.8a

White bread

Dietary fibre (g)

Nutrients

Table 1. Average nutrients intake at breakfast according to breakfast category

0.1±0.2

16.6±12.9b

60.4±67.6a

0.0±0.0

0.0±0.0

2.3±1.2a

Other

<0.001

0.028

0.018

0.001

0.006

<0.001

P*
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Average intake of fibre and micronutrients is shown in Table 1. Thiamine, folate,
calcium, and iron intake was higher among Cereal breakfast eaters (p<0.001) than in
other breakfast categories.

Ready-to-eat cereal eaten by subject are fortified with several nutrient including folic
acid, riboflavin, niacin, vitamin B6, and iron. Study conducted among Irish adults
population shown that fortified breakfast cereals contributed significantly to mean daily
intakes of iron, thiamine, riboflavin, niacin, vitamin B6, total folate and vitamin D [18].
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Higher consumption of breakfast cereal was been associated with better vitamin status
and lower total and low-density lipoprotein cholesterol [19]. The importance of daily
breakfast consumption as well as healthy breakfast choices, such as breakfast cereals,
should be encourage among these population.

CONCLUSION
Only 54% of the subjects consume breakfast every day. 96% of the subjects consume
some kind of cereal for breakfast. The highest number of subjects (56%) consume
breakfast cereals (cooked or ready-to-eat).
Subjects who eat cereals (ready-to-eat or cooked) had higher dietary fiber, thiamine,
folate, calcium and iron intake than those who eat bread or pastry (p<0.05). Since
breakfast cereals are often fortified, having them for breakfast may be a good strategy to
reduce risk of dietary inadequacy of certain micronutrients.
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ABSTRACT
The major component of soluble dietary fiber from cereal grains especially from barley
are composed of mixed linkage (1→3) (1→4) β-glucan. In this research, barley bran was
used as a source for β-glucan extraction. For this purpose two different technique of
extraction were used: mechanical-water and ultrasound bath assisted extraction. The
effect of temperature, extraction time and amplitude has been studied for ultrasound
bath assisted extraction. Water assisted extraction took 2 hours with ethanol
pretreatment (inactivation of β-glucosidase) while application of ultrasonic device (37
kHz) extraction took between 7-23 minutes without ethanol pretreatment.
Conventional mechanical-water extraction resulted with lowest amount of extracted βglucan (BGE=0.4200 g/100g) and extraction yield (Y1=27.11%). Extraction yield and
extracted β-glucan for ultrasound assisted extraction was in the range of 48.70-98.52%
and 0.7546-1.5267 g/100g, respectively. For ultrasound assisted extraction temperature
and amplitude showed a strong influence on extraction process. The best extraction yield
(98.52% and 98.14%) were observed on 45 °C by application of 60 and 100% of
amplitude. Also, all studied cases with application of ultrasound assisted extraction
resulted with 1.80-3.63 time higher efficiency of extraction (Y2) than conventional
mechanical water extraction.
Keywords: ultrasound, extraction, barley, β-glucan

INTRODUCTION
Soluble dietary fiber from cereal grains are mainly composed of mixed linked (1→3)
(1→4) β-glucan. The major influence on concentration of β-glucan in barley are
connected to thickness of the cereal cell wall and activity of β-glucanase [1]. β-glucan
from barley positively influence human health by lowering plasma cholesterol,
improving lipid metabolism and reducing glycemic index [2-4]. Conventional extraction
methods (wet techniques) for β-glucan extraction include inactivation of β-glucanase
and extraction with water or alkali solution. Extraction yield and efficiency of extraction
are depending of temperature, extraction time, solvent:flour ratio, pH, particle size,
stirring rate and solvent [5]. To avoid gelatinization of starches, temperature of
extraction should not be higher than 55 °C [6]. In order to improve extraction yield and
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to reduce time of treatment, novel technology (ultrasound probe assisted extraction and
pressurized hot water extraction) have been applied in recent time [7, 8]. Application of
those types of extraction have been resulted with higher extraction yield and with
shorter time of extraction.
In the present study, ultrasound bath assisted extraction of β-glucan from barley bran
was investigated. This is an inexpensive, simple and efficient method for use in
extraction process. By using this kind of extraction, increasing of contact surface area
between solid and liquid phase are present and at the same time greater penetration of
solvent into the barley matrix are allowed [9]. Influence of operation variables
(temperature, time and amplitude) on extracted β-glucan, extraction yield and efficiency
of extraction from barley bran using ultrasound bath assisted extraction was
investigated, statistically analyzed and optimized using response surface methodology
(RSM), by application of three-level, three-variable central composite designee in order
to obtain the optimal condition for the extraction of β-glucan from barley bran.

MATERIALS AND METHODS
Barley bran was provided by BiVita (Božjakovina d.d., Croatia). Chemical composition
of barley grain was determined: 8.74% of moisture content, 12.43% of proteins, 3.79% of
fats, 6.18% of ash, 48.14% of total dietary fiber (45.5% non-soluble and 2.64% soluble)
and 1.5495 g/100g of β-glucan (BGETOTAL). Barley bran was milled in laboratory mill
(Labinka) and particle size distributions were determined. For the purpose of the
research particular size ≤455 μm was used. Moisture content was determined according
to ISO 712:2010 method, ashes content according to ISO 2171:2010 method, fat content
according to ISO 6492:2001, protein content according to ISO 1871:1999 (ISO 1871:1975
(E) ICC 105/2). Total dietary fiber and the amount of β-glucan was determined using
assay kit “Integrated total dietary fiber” and “Mixed-linkage β -glucan” from Megazyme
International Ltd., respectively.
Extraction of β-glucan from barley bran was performed with two different techniques.
First one was mechanical water extraction (conventional extraction process). For this
purpose the milled barley bran was suspended in water (10% suspension) and extraction
was performed in bioreactor (Chemap AG) on 55 °C for 3 hour. Stirring rate was set on
600 rpm. Extracted barley bran was centrifuges (10 min/5000 rpm) and dried overnight
in drying oven and solid phase was used for determined β-glucan content. Pretreatment
was also performed in order to inactivate β-glucanase (milled barley bran was
suspended in ethanol (80% v/v) under reflux for 2 hour). After pretreatment
centrifugation was applied (10 min/5000 rpm), barley barn was dried overnight and once
again mill (partical size ≤455 μm). Ultrasound bath assisted extraction (Elmasonic P, 380
W) was performed at working frequency of 37 kHz and this extraction represents the
second technique that was used in this work. The same suspension (10%) of barley bran
in water was treated on different temperature (28-62 °C), time (7-23 min) and amplitude
(60-100%). Solid-liquid mixture was centrifuged (10 min/5000 rpm), dried overnight and
solid phase was used for the determination of β-glucan content.
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For the experimental design central composite design was used (Table 1). Three factors
at three levels were obtained: temperature (28-62 °C), time (7-23 min) and amplitude (60100%). The upper and lower limits of these levels were selected based on preliminary
testing. The experiment of ultrasound bath assisted extraction was set to 20 run, with
6 repetition of the central point of the experimental design. Three response (depending)
variables: extracted β-glucan (BGE; g/100g), extraction yield (Y1; %) [eq.1] and efficiency
of extraction (Y2 =BGE/BGEmech.extraction), were considered in the optimization process.
Response surface methodology (RSM) was used to determined mathematical model of
significant variable (temperature, time and amplitude) on effectiveness ultrasonic
extraction. The response of each investigated parameters was analyzed by fitting
quadratic models with interaction of investigated variables to the data with backward
elimination regression in order to identify significant (p<0.01) effects of the variations of
parameters on the responses. Significance of the lack-of-fit error term, R2 value,
coefficient of variation and model significance were used to judge adequacy of model fit
(F-test has to show significant effects (p<0.05) and lack-of-fit insignificant (p>0.05). At the
same time the multiple regression coefficient R2 (in the range 0-1) represents the power
of fit and is a measure of how well the regression model fits the raw data (if 1 it is a
perfect model). Base on this, the best solution was chosen. For optimization of BGE, Y 1
and Y2, a multiple response method was applied with maximize of those three variable.
Y1 

BGETOTAL  nonextracted  glucan
*100
BGETOTAL

(1)

Table 1. Experimental conditions (temperature (T), time (t) and amplitude (A)) for the
ultrasound bath assisted extractions (Run 1-20)

Run

T (°C)

t (min)

A (%)

Run

T (°C)

t (min)

A (%)

1

28

15

80

11

45

7

80

2

35

10

90

12

45

23

80

3

35

20

70

13

45

15

80

4

35

10

70

14

45

15

80

5

35

20

90

15

45

15

60

6

45

15

80

16

55

20

90

7

45

15

80

17

55

20

70

8

45

15

80

18

55

10

70

9

45

15

100

19

55

10

90

10

45

15

80

20

62

15

80
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The software Design Expert Version 7 (Stat-Ease, Inc., Minneapolis, U.S.A.) was used for
statistical analysis. With the results of compositional analysis, analysis of Variance
(ANOVA) and Fisher test was performed to determine significant differences between
efficiency of β-glucan extraction and optimization of process was carried out.

RESULTS AND DISCUSSION
Raw barley grains are composed of 48.14 % of total dietary fiber (45.5% non-soluble and
2.64% soluble). Barley bran that was used in this work contains floral shell and this was a
reason why a non-soluble dietary fiber are higher than usually (45.5%). As it is known,
β-glucan are soluble dietary fiber, so 57.7% of total soluble dietary fiber (2.64%) are
composed of β-glucan (BGETOTAL=1.5495 g/100g). In Table 2 are summarized results for
mechanical and ultrasound bath assisted extraction of β-glucan from barley bran.

Table 2.

Run
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Experimental conditions (temperature (T), time (t) and amplitude (A)) and
experimental results (extracted β-glucan (BGE), extraction yield (Y1) and
efficiency of extraction (Y2) for mechanical water extraction (Run 0) and for
the ultrasound bath assisted extractions (Run 1-20).

T (°C)
55
28
35
35
35
35
45
45
45
45
45
45
45
45
45
45
55
55
55
55
62

t (min)
120
15
10
20
10
20
15
15
15
15
15
7
23
15
15
15
20
20
10
10
15

A (%)
80
90
70
70
90
80
80
80
100
80
80
80
80
80
60
90
70
70
90
80
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BGE (g/100 g)
0.4200
0.7546
1.2670
1.3648
1.1995
1.3208
1.2684
1.4909
1.3461
1.5208
1.4141
1.3823
1.3339
1.3798
1.3798
1.5267
1.2988
1.3049
1.2545
1.2475
0.9850

Y1 (%)
27.11
48.70
81.76
88.08
77.41
85.24
81.86
96.22
86.87
98.14
91.26
89.21
86.08
89.05
89.05
98.52
83.82
84.21
80.96
80.51
63.57

Y2 (-)
1.80
3.02
3.25
2.86
3.14
3.02
3.55
3.21
3.62
3.37
3.29
3.18
3.29
3.29
3.63
3.09
3.11
2.99
2.97
2.35
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Mechanical water extraction (convention method) was performed in bioreactor (Chemap
AG) on 55 °C for 3 hour, with stirring rate of 600 rpm. Total extracted β-glucan from
barley bran with mechanical water extraction was 0.4200 g/100g with extraction yield of
27.11%. Mechanical water extraction that was reported earlier [7] resulted with
extraction yield of 41.5%. In this resource the average particle size was 240±4 μm and
stirring rate was set to 1000 rpm, so lower extraction yield (27.11%) in this work can be
caused by different process parameter (600 rpm) and larger particle size (≤455 μm). The
same authors in earlier work [5] have been conducted β-glucan extraction with
convention water extraction from different barley cultivation and obtained extraction
yields were in the range from 38.2-72.4%.
Result for the ultrasound bath assisted extractions for BGE, Y1 and Y2 are showed in
Table 1. (Run 1-20). In all cases extraction yield (Y1) was higher (48.70-98.14%) then
extraction yield (27.11%) obtained with convention water-mechanical extraction. For all
performed extractions efficiency of extraction (Y2) was in the range from 1.80-3.62 and
this is also higher than when conventional extraction is performed.
Analysis of response variables (T, t and A) on extracted β-glucan (BGE), yield extraction
(Y1) and efficiency of extraction (Y2) was performed according to response surface
methodology (RSM) by using a quadratic model with interaction of investigated
variables. After the calculation was done for all coefficient of the model, the analysis of
significant of the model was done with application of t-test. All insignificant coefficients
were rejected from equation and without them a new significant coefficients was
calculated. Mathematical models for extracted BGE (eq.2), extraction yields (eq.3) and
efficient of extraction (eq.4) were tested with Fischer test (p<0.01). Results of applied
statistical analysis can be found in Table 2.

YBGE  1,04908 0,15967* T  0,082645* A  1,74626*103 * T 2  5.16548*104 * A2

(2)

YY1  67,54392 10,30414* T  5,32946* A  0,11269* T 2  0,03331* A 2

(3)

YY2  3,47679 0,36779* T  0,21497* A  4,02007*103 * T 2  1,34326*103 * A2

(4)

Influence of temperature (T) and amplitude (A) on extracted β-glucan (BGE) are
presented on Figure 1. The highest content of extracted β-glucan was observed when
ultrasound bath assistant extraction was performed on 45 °C by application of 60% and
100% of amplitude (Figure 1., Table 2.) and this two variables (T and A) showed a strong
influence when ultrasound bath assistant extraction was performed. According to these
results it is possible to extract almost all available β-glucan (BGE) from barley bran with
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application of lower amplitude (60%) and in the same time it is possible to use less
power for efficient extraction. Also, with application of ultrasound bath assistant
extraction it is possible to extract more β-glucan (BGE) than with convention mechanical
water extraction. In the same time this kind of extraction is much easier and faster
(15 min compared to 3 hours) and there is no need to applied pretreatment of
inactivation of β-glucanase with ethanol. Mathematical models (eq. 2-4) that was
described earlier can be very useful and accurate in prediction of ultrasound bath
assisted extraction of β-glucan from barley barn.

Table 3. Results of statistical analysis of investigated influence of ultrasound bath
assisted extraction of β-glucan from barley bran

R2

Adj R2

Pred R2

F

p

BGE [g/100g]

0.9076

0.8830

0.7725

36.84

<0.0001

Y1 [%]

0.9076

0.8829

0.7724

36.84

<0.0001

Y2 [-]

0.8840

0.8530

0.7368

28.57

<0.0001

Design-Expert® Software
BGE
1.5267
0.7546
X1 = A: T
X2 = C: A

1.6
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Figure 1. Influence of temperature (T) and amplitude (A) on β-glucan extraction (BGE)
from barley bran

208

7th International Congress FLOUR-BREAD '13
9th Croatian Congress of Cereal Technologists

Optimization of mathematical model (Figure 2) showed different solution for efficient
extraction of β-glucan. Optimization was performed with maximize value for BGE, Y 1
and Y2, while temperature and amplitude was in the range of 28-62 °C and 60-100%,
respectively. 45 different combination were find to maximize value for BGE (1.5 g/100 g),
Y1 (99.54%) and Y2 (3.6755)

Overlay Plot
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Overlay Plot
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Figure 2. Model optimization and prediction of ultrasound bath assisted extraction of
β-glucan from barley bran

Extraction of β-glucan from barley bran with ultrasound bath assisted extraction has
showed to be more effective than ultrasound-assisted extraction with Ultrasonic
processor (400 W, 24 kHz) equipped with 22 mm titanium probe [7]. In this work,
extraction yield was in the range 40.5-66.1% (T=55 °C, t=3-17 min, A=60–100% and
cycle=0.8–1%) and pretreatment with ethanol was applied.
Research with application of ultrasound bath assistant extraction has showed that
application of this technology has a promising future. Also, it is important to applied
modern analytical analysis, like HPLC, in future research, in order to investigate the
effect of ultrasound on the molecular weight of β-glucan.

CONCLUSION
β-glucan extracted from the barley bran is value product. Ultrasound bath assisted
extraction of β-glucan from barley bran has showed as very efficient method. In all cases
when this type of extraction was performed extraction yield was higher (48.70-98.14%)
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then extraction yield (27.11%) obtained with convention water-mechanical extraction.
Also, efficiency of extraction was in the range 1.80-3.62 (Y2). With application of this
technology it is possible to extract almost all available β-glucan from barley bran without
performing of pretreatment with ethanol deactivation of β-glucanase. The highest
content of extracted β-glucan was observed when ultrasound bath assistant extraction
was performed on 45 °C by application of 60% and 100% of amplitude. This two
variables (T and A) showed a strong influence when ultrasound bath assistant extraction
was performed. Application of this technology is much easier and faster (15 min
compared to 3 hours) then convention methods of extraction. Finally, application of this
technology has a promising future, but further research should include modern
analytical analysis, like HPLC, in order to investigate the effect of ultrasound on the
molecular weight of β-glucan.
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ABSTRACT
The bakery and confectionery products are in a constant focus of the massive population
in accordance to their nutritional value, while the production and sale of this type of
products are in permanent growth. The contemporary food consumption habits affect
the whole food industry, thus the bakery and confectionery products are not an
exception. The contemporary consumer requirements are basically related to a healthy
aspect, the convenience, the sustainability and the authenticity of food products. The
dark chocolate cakes, the cranberry muffins, a pumpkin pie, an apple pie and the cherry
cakes, are some of the products which may satisfy this kind of market requirements. A
new product acceptance by consumers’ depends on their preferences. Therefore, it is
important to record a consumers’ reaction on the product. The aim of this work is to
present a model for choosing ingredients for bakery and confectionery products in
accordance to customers’ preferences. The model is in complying with the quality
management and continual improving process.

Keywords: bakery products, confectionery products, contemporary trends, quality
management

INTRODUCTION
Bakery and confectionery products belong to the essential food group intended for the
mass population. Moreover, the grain products are an important part of human food
consumption history. It’s not far from the truth, when some indicate that the beginnings
of grain cultivation affected the contemporary civilization establishment. Hardly anyone,
whatever is young or old, could resist the fantastic taste of chocolate cake or fresh pastry.
However, circumstances change together with the habits of people, leading us to a
situation where some of the world population starving, while some others eat too much.
From the time of the earliest civilizations, until the end of the twentieth century, white
bread and cakes were reserved for the rich people. Recently, a health and diet experts
encourage public to eat “peasant” bread from the history [1]. Contemporary habits of
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consumers’ are the result of increased awareness of the food related diseases by the
educated public, and the fact that consumption of the specific food may lead individuals
to the balanced diet and the healthy lifestyle.
The bakery and confectionery response to the contemporary trends are healthy, or less
harmful: dark chocolate cake, different kinds of muffins with berry fruit, a pumpkin pie,
carrot cake, non gluten bread and pastry, an apple pie, cherry pies and cakes etc. Any of
these products is designed to satisfy upper mentioned criteria, although the sensory
attributes of these products are not their weak spot.
The market of bakery and confectionery products is stable from the global site. However,
innovations and the new products belong to the integral process of the quality
management that covers the whole food sector. Some of the consumers highly appreciate
top quality ingredients in purchased products. Thus, the price of the product is not a
limitation in the food acceptance, especially when the customer is satisfied with the rich
flavor and taste. A consideration of consumer preferences about bakery and
confectionery products with a different ingredients and functional properties is a
necessary step that should be taken.
The aim of this work is to present a new approach in the selection of bakery and
confectionery products manufacture, taking care of the permanently growing consumer
demands. Furthermore, a possible production model of bakery and confectionery
products in accordance to customers’ preferences is also suggested.

The contemporary food consumption trends
There are certain contemporary demands, which influence a consumers’ choice of food
and are mostly related to: advertising and marketing, lifestyle, nutritional knowledge,
health, environmental issues etc. [2]. According to the Grunert et al. (2012) report [3], in
an analysis that covered five continents (not including Africa), four new major trends of
consumer food acceptances are: health, convenience, authenticity and sustainability.
Close to that, the consumers choose socially and environmentally responsible brands,
which are connected with organic food and drinks, healthy living, fair-trade, downsizing
and localism [4]. Among the major factors that affect the consumers’ choice of food, are a
health factor an enhanced with constantly growing awareness of dietary related
disease’s such as heart disease, obesity, diabetes etc. [5].
The health awareness of the food products is one of the major consumer demands,
which leads food manufacturers in a very difficult situation. The consumers’ require a
healthy food, assuming that taste and aroma are at high level. Bioactive components
from food sources may play important role in the prevention of lifestyle related diseases
[6].
The authenticity of food products mainly refers to the natural constitutes products,
absence from additives, or local production. Subconsciously, consumers’ associate good
characteristics of food with their natural, local or traditional origin [3]. The authenticity
of food products could be easily connected with a health demand, thus most of the
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people assumes that carefully grown ingredients necessary for the bakery products are
healthy and therefore desirable.
Emphasis on authentic, local and pure ingredients is increasingly seen as a sign of
quality [3]. Particular super-market managers, knowing that bread is a primary
necessity, offer a cheap bakery product made from low quality ingredients. However,
producing the cheapest bread and other bakery products does not have the appropriate
effect on quality [7].

Bakery and confectionery products in accoradnce to the contemporary food consumption trends
The consumers’ needs, beside the conventional products, are also connected with the
non-gluten, artisan and additive free bakery products, while the global market is in
deficiency with a health related products [2]. Therefore a production of bakery and
confectionery products with functional properties is a step forward in the understanding
of consumers’ demands.
The bakery and confectionery products possess some less desirable nutrients, such as
sugar and fats. Regardless, these food products could create a different health benefits
with the presumption that contain a bioactive ingredients. The addition of a fresh fruit in
confectionery products, may lower the use of a high energy nutrients as sucrose, thus
present a growing trend of the food industry [8]. A daily consuming of 50-80 g of honey
could offer a health benefits to adult individuals, moreover application of honey in
bakery and confectionery products improves a texture and sensory characteristics,
holding the water etc. [9]. There is a wide range of different food components that could
maintain healthy and balanced psycho-physical lifestyle (Table 1.).
Bakery and confectionery products are an appreciative substrate for functional
ingredients incorporation. Recommendable products for functional ingredients
incorporation are: special bread and pastry, cakes, muffins, pies and raised dough
products. Some of already prove combinations are: the dark chocolate with red pepper,
the cranberry muffins with ginger, a pumpkin pie with cinnamon, an apple pie and the
cherry cakes with the dark chocolate.
Beside the healthy aspect of the products, it is important to produce quality bakery and
confectionery products with verified dark chocolate, using spices instead of aromas, and
without sparing on the fruits. It is a consumers’ choice rather or rather not the new
product will be accepted. This means that one and only criteria for a product quality
check is a product acceptance by the consumers, which depends on their preferences.

213

7th International Congress FLOUR-BREAD '13
9th Croatian Congress of Cereal Technologists

Table 1. Applicable functional foods for bakery and confectionery products [10]

Class/ Component

Food Source

Potential Benefit

α-carotene

Pumpkin, Carrot

Neutralizes free radicals

β-carotene

Apricot, Pumpkin

Neutralizes free radicals

Zeaxanthin

Eggs, citrus, corn

Contributes to the maintenance of
healthy vision

Beta glucan

Oats

Reduces risk of cardiovascular
disease

Whole Grains

Cereal grains

Reduces risk of cardiovascular
disease

Anthocyandins

Blackberries,
blackcurrant, plums

Anti-oxidant, anti-microbial and
anti-inflammatory activities

Catechins

Green tea, Black tea

Anti-oxidant, anti-microbial and
anti-inflammatory activities

Lactobacillus

Yogurt, other dairy

LDL Oxidation

Proanthocyanidins

Cranberries, cocoa,
chocolate

Reduce Urinary tract infection

Tocopherols

Soy Oil, fats, rice

Inhibit lipid peroxidation (LDL),
anticancer apoptic activities

A model for food production according to the consumers preferences
Food quality management is an integral part of agro-food sector along with HACCP
system. Food quality management consists of several important segments such as:
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quality strategy, quality design, quality control, quality improvement and quality
assurance [11].
The continual improvement represents a major driving force of the quality management,
which leads to a customer satisfaction, and the final result is an external quality
improvement [12]. One of the most widely used quality management tools for
continuous improvement is a four-step quality model, the plan-do-check-act (PDCA)
cycle. A brief explanation of PDCA cycle implies: plan - identify an opportunity and
plan; do- implement the change; check- use data to analyze the results of the change and
determine whether it made a difference; act: If the change was successful, implement it.
In the case of failure, begin the cycle again [13].
A consumers’ demands are sometimes in opposite from their preferences. The best
explanation of this problem is an example where the consumer insists on healthy bread
from the whole grain, and after trying just one bite, realizes that doesn’t prefer the taste.
In accordance with that fact, an investigation of consumers’ preferences should be
conducted. Monitoring of the changing consumers’ preferences is an important issue of
food quality management, along with a right time reactions on the market. Thus, it’s
important to record a consumers’ reaction to the new products.

Figure 1. A food production model in accordance to consumers’ preferences

The cycles’ starting point is a creation of the same products (fixed factor) using the
different functional ingredients (various factors). For example, a dark chocolate sponge
cake is a fixed factor, and blackberries, apricot and carrots as additional ingredients are
the various factors. The total number of products may be two, three or more. After the
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creation of probe products, they should be presented to the costumers’ trough the
sensory evaluation. The consumers’ sensory evaluation of bakery and confectionery
products may be conducted in accordance to the hedonic scale test [14]. The consumer
preferences are indicated with the assistance of the test results. The product that satisfies
a consumer demands and preferences is ready for the production. Furthermore, the
sensory analysis provides a perspective to reconsideration a production process of lower
evaluated products, because costumers’ advices about quality and quantity of
ingredients should be taken seriously. In that case, next step should be improving of the
production process with new ingredients, different quantities etc. Creation of new
improved products indicates the end of the cycle, and in complies with the PDCA
continual improvement, after implementation of the new process or procedure, the new
monitoring start right away to confirm the actions taken. A permanent monitoring and
sensory evaluation by the customers of already confirmed products are necessary
according to continual improvement and quality management.

CONCLUSIONS
Even though the contemporary trends create a new consumption patterns, a human
habit to have a sweet dessert after the meal is still present. Nevertheless, the composition
and functionality of a modern bakery and confectionery product, now plays a huge role
in the product acceptance by the consumer. Consumers’ demands are in a permanent
growth due to better education of the population and the technology progress. Beside
the conventional requests for bakery and confectionery products, some contemporary
demands such as: health, convenience, authenticity and sustainability, took place in a
food product acceptance. Bakery and confectionery products in accordance with
contemporary consumption trends are: dark chocolate cake with red pepper, a pumpkin
or apple pie with cinnamon, the cranberry muffins with ginger, the cherry cakes with a
dark chocolate etc. However, consumers’ demands are frequently in opposite from their
preferences, therefore it is important to investigate the potential market. A constant
monitoring of consumer preferences and market reactions are in comply with the
continual improvement of the company, which finally results with a consumer
satisfaction.
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The effect of replacing the wheat with the maize, soy and rice flour and breadcrumbs in
the formulation of the gluten-free coating mixture for fried food products was
investigated. Six different coating butters were prepared by mixing water and egg white
with wheat (control), maize, soy and rice flour, as well as with the mixture of maize and
soy flour (50:50) and maize and rice flour (50:50), respectively. Dry breadcrumbs from
the previously baked wheat, maize, soy and rice bread were also prepared. Turkey
nuggets, made from minced turkey breasts, were dipped in the prepared wet coating
batters and breadcrumbs and deep-fried in the palm oil for 3 minutes. Sensory
evaluation, colour determination, oil uptake and texture profile analysis (hardness,
springiness cohesiveness, chewiness and resilience) of turkey nuggets were performed.
In addition to that, textural properties of fried coating that was removed from nuggets
were also determined. Results showed that only the addition of soy flour decreased the
acceptability of nuggets. Replacing the wheat flour and breadcrumbs with that of maize
and rice did not deteriorate the fried nuggets characteristics and some of the properties
(colour, appearance and total sensory score) were even better when maize and
maize/rice mixture were used. In conclusion, in order to benefit consumers with celiac
disease and gluten intolerance, maize and rice flour could be used as an excellent
replacement for wheat which is traditionally used in the formulation of the coating
mixture for fried food products.

Key words:

gluten-free meatballs, maize breadcrumbs, rice breadcrumbs, texture
profile analysis, sensory evaluation

INTRODUCTION
Traditional Croatian meatballs are prepared from minced pork and beef, bread crumbs,
and a mixture of various herbs and spices, including onion and black pepper.
The preparation of value-added meat products enables incorporation of various
binders/extenders. These processes not only bring down the cost of production but also
improve palatability and yield of products. Majority of the consumers prefer slight to
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medium extended meat products compared to full-meat products. Fillers like starches,
flours and potato increases the juiciness of the product due to their high water
absorption [1]. Different flour types other than wheat can also be used as an optional
ingredient. Further, enrobing of meat products provides advantages such as preserving
the nutritive value, preventing moisture and weight loss, improving tenderness and
juiciness. Breading on the fried product enhances texture, flavour and appearance of the
product [2].
Flour functionality in batter and breading systems depends largely on the two major
constituents of all flours, starch and protein. It is known that the main microstructural
changes produced during frying includes starch gelatinization and protein denaturation
[3]. Therefore, different flours with variable composition of starch and protein will have
different influence on microstructure and their combination may also provide special
effects [4, 5].
Rice flour is often used in batter systems since it is known to be a healthier alternative
providing fewer calories [6]. It reduces oil absorption better than wheat flour although it
is less effective as a thickening agent. Legumes are important ingredients of a balanced
human diet in many parts of the world, due to their high protein contents. Soy flour
based batters provides lower moisture loss and fat absorption compared to rice flour
based batters [7, 8]. It was reported that replacing part of wheat flour with rice flour and
soy flour enhanced the nutritive value due to the complementary nature of the amino
acids in these raw materials [9, 10].
Since traditional meatballs in their composition contain wheat bread crumbs, there are
not suitable for patients who suffer from celiac disease. Celiac disease is genetically
based autoimmune condition that is characterized by intolerance to gluten, a component
in wheat, barley, and rye which affects approximately 1% Americans and from 1 in 130
and 1 in 300 Europeans [11]. Because of the need for gluten-free products to meet market
needs, this experiment was designed to determine the formulation of meatballs with
satisfactory properties without wheat. The effect of replacing the wheat with the maize,
soy and rice breadcrumbs in the formulation of the gluten-free meatballs were
investigated. Four different formulations of meatballs were prepared by mixing the
minced meat (pork and beef, 50 : 50) with 20% of wheat (control), maize, soy and rice
breadcrumbs, eggs and spices, respectively.

MATERIALS AND METHODS
Material
Meatballs were prepared from minced lean pork and beef (50 : 50) with addition of 6% of
egg, 6% of onion, 2.4% of salt, 0.2% of black pepper and with 20% of wheat (control),
maize, soy and rice breadcrumbs. Dry breadcrumbs from the previously baked wheat,
maize, soy and rice bread were prepared. The wheat, maize, soy and rice flours were
purchased from local supermarket. Weight of each sample was checked to have a
uniform range of 60 ± 1 g. Meatballs 80 mm in diameter and 25 mm thick were fried in
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the pan on the sunflower oil for 5 minutes on both sides. Samples were fried at 180 °C in
commercial bench-top deep-fat fryer (Moulinex, Bagnolet, France) containing 2.5 l of
palm oil. Six nuggets were deposited in the frying oil each time. Samples were fried for 3
min.

Methods
Textural analysis (TPA). Texture profile analysis (TPA) tests were performed using a
TA.XT2i SMS Stable Micro Systems Texture Analyzer (Stable Microsystems Ltd., Surrey,
England). TPA test included double compression of whole meatball to 60% of their
thickness with a cylindrical probe P 75.
For TPA tests force-time curves were recorded at across-head speed of 1 mms-1 and the
recording speed was also 1 mms-1. The following parameters were quantified [12]:
hardness (g), the maximum force required to compress the sample, springiness (mm),
the ability of the sample to recover its original form after the deforming force was
removed and cohesiveness, the extent to which the sample could be deformed prior to
rupture, chewiness (g.mm) which is calculated as gumminess x springiness and
resilience which is the ratio of work returned by the sample as compressive strain is
removed. TPA test were conducted one hour after frying.
Determination of colour. Colour measurements (L*, a*, and b*values) were taken using a
Hunter-Lab Mini ScanXE (A60-1010-615 Model Colorimeter, Hunter-Lab, Reston, VA,
USA). The Hunter L*, a*, and b* values correspond to brightness (0-100), greenness (-a) or
redness (+a), and blueness (-b) or yellowness (+b), respectively. The colour
measurements were performed at room temperature (20±2 °C).
Sensory analysis. A random 1-digit number was incorporated to identify the samples, and
each panellist evaluated 6 treatment samples (1 nugget per treatment). The samples were
evaluated using a 5- point hedonic scale for four properties (Appearance, Odour,
Consistency and Taste). The category definitions were defined as 1 = dislike, 2= dislike
moderately, 3 = neither like nor dislike, 4 = like moderately, 5 = like very much.
Data analysis. Three determinations for texture and six for colour parameters were
measured from each sample. Experimental data were analyzed by the analysis of
variance (ANOVA) and Fisher’s least significant difference (LSD), with significance
defined at p < 0.05. Statistical analysis was carried out with Statistica ver. 7.0 StatSoft Inc.
Tulsa, OK. USA.

RESULTS AND DISCUSSION
Table 1. shows the effect of different breadcrumbs on textural properties of meatballs.
There were not statistically significant differences between textural properties among the
meatballs prepared with wheat, maize, soy and rice breadcrumbs except in springiness,
cohesiveness and resilience of meatballs with rice breadcrumbs that had significantly
lower values. The highest value of hardness had a sample with maize breadcrumbs.
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These results were similar with those of Altunakar et al. [13].

Table 1. Texture profile analysis of meatballs with different breadcrumbs

Sample

Hardness(g)

Springiness

Cohesiveness

Chewiness

Resilience

Wheat

16228.3a ± 345.3

0.92ab± 0.01

0.89a ± 0.07

13374.3a ± 117.7

0.46abc ± 0.0

Maize

215717.4a± 375.7

0.93a ± 0.0

0.88ab ± 0.10

12774.9a ± 378.4

0.53a ± 0.03

Soy

16458.6a ± 524.3

0.92a ± 0.05

0.83b ± 0.02

12570.5a ± 222.8

0.48b± 0.05

Rice

18129.1a ± 990.9

0.88b ± 0.03

0.75c ± 0.05

119156a ± 398.5

0.43c ± 0.03

Values are means ± SD of three measurements. Values in the same column with different
superscripts (a-c) are significantly different (p < 0.05).

The effect of breadcrumb types on the colour of deep-fat fried meatballs was examined
in terms of L*, a* and b* values (Table 2). Soy breadcrumbs was found to provide the
darkest and most yellow colored meatballs which is in agreement with the results of
Dogan et al. [14], who investigated the influence of soy batters on colour properties of
chicken nuggets. This could be related to the high amount of protein in soy flour
undergoing Maillard reactions. Relatively high L* and b* values for the sample with
maize breadcrumbs could be related to higher carotenid content in maize flour. The
wheat and the rice breadcrumb formulations gave a lighter and less yellow product.

Table 2. Instrumental colour measurement of meatballs with different breadcrumbs

Sample

L*

a*

b*

Wheat

54.28c ± 2.34

4.85 ± 0.91

18.96b ± 0.75

Maize

59.33b ±1.43

4.65a ±1.12

19.51b ±1.93

Soy

61.18a ± 2.81

4.73a ±1.94

20.44a ± 3.91

Rice

58.22b ± 2.42

4.48a ± 0.62

19.16b ± 2.03

Values are means ± SD of six measurements.
Values in the same column with different superscripts (a-c) are
significantly different (p < 0.05).
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Table 3. Sensory analysis of meatballs with different breadcrumbs

Sample

Appearance

Odour

Consistency

Taste

Total score

Wheat

4.80a ± 0.63

5.00a ± 0.48

4.80a ± 0.58

4.40a ± 0.58

4.75a ± 0.38

Maize

4.60a ± 0.00

5.00a ± 0.58

4.40a ± 0.00

4.60a ± 0.58

4.65a ± 0.29

Soy

3.40b ± 0.85

4.60b ± 0.85

4.20a ± 0.00

3.00b ± 0.82

3.80b ± 0.38

Rice

4.60a ± 0.58

5.00a ± 0.96

4.40b ± 0.58

4.20a ±1.15

4.55a ± 0.69

Values are means ± SD of three measurements. Values in the same column with different
superscripts (a-c) are significantly different (p < 0.05).

There were not statistically significant differences between sensory properties among the
meatballs prepared with wheat, maize and rice breadcrumbs (Table 3). Samples with soy
breadcrumbs had the lowest score for all examined sensory parameters.

CONCLUSIONS
The textural properties of examined meatballs were quite similar. Sensory analysis
showed that the panellists gave the highest score for overall quality to meatballs with
addition of wheat, maize and rice breadcrumbs. Only the addition of soy breadcrumbs
decreased the acceptability of meatballs. In order to benefit consumers with celiac
disease and gluten intolerance, maize and rice breadcrumbs could be used as an
excellent replacement for wheat that is traditionally used in the formulation of the
meatballs.
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ABSTRACT
The approach in the creation and production of gluten-free products implies the use of
gluten-free mixtures containing wholegrain buckwheat, corn and rice flour. According to
the nutritive characteristics, the wholegrain flour is a high quality product, due to its
high vitamin, mineral, and dietary fibers content. However, the cereal grains are
susceptible to the series of contamination during the ripening, harvesting, processing
and storage. On a grain surface, beside the impurities, numerous colonies of
microorganisms can be developed and consequently affect the safety of a grain and the
final product. The aim of this work was to determine molds presence in buckwheat, corn
and rice flour. The total number and determination of isolated genera and species of
molds were subject of this research.
All samples were contaminated by the molds. The total number of molds ranged
between 10-3.7x104 cfu/g for the rice and the buckwheat flour, respectively. From the
analyzed samples, 12 genera were isolated. The highest number of mold species was
isolated from the Aspergillus and Penicillium genera. The most common species was
Aspergillus flavus.
The results pointing out a necessity of the grain surface treatment, preceding the milling
in wholegrain buckwheat, corn and rice flour production.

Keywords: wholegrain buckwheat flour, corn flour, rice flour, molds

INTRODUCTION
Wheat and flour derived food products plays an important role in human nutrition.
Wheat products are rich in carbohydrates, proteins, minerals, vitamins, and other
nutritious materials, moreover they are well known as a highly nutritious food. Different
kinds of wheat participate in a human diet. The most important wheat, intended for the
milling process and for human consumption are: wheat, rye, corn, rice, buckwheat etc.
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Lately, consumption habits of consumers are increasingly limited by the various
metabolic diseases, such as gluten enteropathy (celiac disease). Celiac disease is a
hereditary disease, manifests as allergic reaction of small intestine to gliadin (a
fundamental component in the protein complex of flour). A new approach in non-gluten
products manufacture implies an application of new-creative non-gluten blends (mixes).
The base of these blends is composed of: buckwheat flour, rice flour, corn flour, soy
flour, Amaranth flour, and quinoa flour, with the addition of potato or corn starch.
According to the nutritive characteristics, whole grain flour is a high-quality flour,
because of the high content of vitamins, minerals and especially dietary fibers. Whole
grain flour contains all the parts of a cleaned and milled grain with the inclusion of bran
and germ. Therefore, is rich with dietary fibers, vitamins of B group, vitamin E, minerals
(Na, K, Ca, Fe), further, has a high protein content in the comparison with white flour.
The consumption of whole grain and their flour products carries a many different
technological, dietary, and health problems. The wheat grain can be the subject of a
numerous contaminations during the growing, harvest, storing and processing period.
For that reason, the colonies of numerous microorganisms could appear on the surface,
next to the various impurities, whose actions may jeopardize a health aspect of the grain.
Molds are among the most visible microorganisms of the wheat grain, along with the
bacterias and yeasts. The main characteristic of molds is adaptability to the external
conditions of moisture and temperature [1].
A healthy grain has his own natural protection, but the milled grain products are a
completely exhibit to the microorganism growth [2]. According to the legislation, a
maximal moisture content of merchandise in trade is 15%. Those flours permit a mold
growth, first of all in xerophile forms, however many forms are a toxigenic molds [2-4].
By examining the microscopically structure of the grain, it was found that contamination
of the grain starts in the grain bran ruptures, the protective layer of the germ ruptures,
and especially germ itself, because that is the most vulnerable protective layer of the
grain. Flour in comparison with the wheat is susceptible to the microorganism growth,
because the lack of protective coat. The mold grow affects the nutritive value and the
technological quality of flour. The mold growth occurs when the relative humidity
exceeds 79% [5, 6].
The most frequently isolated species of molds from the flour, belongs to the following
genera: Aspergillus, Penicillium, Eurotium, Alternariа, Cladosporium, Rhizopus, Mucor,
Emericella and Fusarium. Species of the genera Aspergillus, Penicillium and Eurotium, are a
“storage molds”, and their growth starts at water activity (a w) of 0.85 or lower. Further,
species of the genera Fusarium and Alternaria are a “field molds”, whereby the higher
content of substrate moist and the lower temperature is necessary for their growth.
These species will be mostly found in/on the wheat grain and related products [3, 7, 8].
The filamentous molds could produce a huge number of enzymes during grow on/in the
food, such as: lipases, proteases and carbohydrogenases. These enzymes may continue
their activities independently from destruction or removal of molds micelles. An
enzymatic activity could affect taste, odor, and colour of food [8].
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In the last 50 years, the presence of molds in the food products has attracted a lot
attention, due to ability to produce mycotoxins. Toxigenic molds could produce the
toxins in a certain concentration, which depends from a particular surrounding factor
(temperature, relative humidity, aw value, the quantity of nutrients) [9-11].
Buckwheat ( Fagopyrum esculentum and Fagopyrum tataricum ) is a traditional crop, whose
origin is from China. A specific chemical composition classifies the buckwheat as high
value ingredient, primarily because of the proteins that are rich with an essential amino
acids, vitamins, minerals, and dietary fibers. Hulled buckwheat grain contains 55% of
the starch, 12% proteins, 4% lipids, 2% soluble carbohydrates, 7% of the total dietary
fibers, 2% ash, and 18% of other components (organic acids, poliphenolic compounds,
tannins, nucleotides and nucleic acids). Furthermore, the buckwheat contains micro and
macro elements such as: K, Mg, P, Fe, Ca, Cu, Zn, Se, Ba, B, I, Pt and Co. These elements
are concentrated in an external layer of the grain and in the bran of the buckwheat [1214]. In the opposite from many wheat, the buckwheat does not contain the gluten,
therefore is appropriate for a diet of the celiac disease patients. The primary cultivation
of the buckwheat is for a milling purposes of the flour. Two methods are applied in the
milling process of buckwheat, and choice of the method depends from a type of flour,
the following methods are: complete milling of the grain which results with whole grain
flour, and the milling process in which the separation of a grain parts takes place. The
usual procedure in the production process of whole grain buckwheat flour, assumes the
milling of whole buckwheat grain on the water mill, and the sieving process on the
Ø 1100 μm mesh size of the sieve, which result with a 6-8% of the bran in whole grain
buckwheat flour. Lately, buckwheat flour has increased application in non-gluten flour
blends, because buckwheat flour enhances the quality and quantity of the final products
proteins. Presence of buckwheat flour in the non-gluten products increases total content
of the dietary fibers [15].
Corn (Zea mays) belongs to the group of millets. Together with the wheat, the corn
presents the most important wheat culture in accordance to the cultivation area, trade,
and commercial significance. A corn grain composes of an endosperm, the bran, and the
germ. The bran represents approximately 16–19%, and the germ represents 8–11% of
whole grain. The corn grain in average contains 14% of the water, 69.5% of
carbohydrates, approximately 10% of proteins, 4.8% oils, and 1.4% of mineral
compounds. The whole range of products with a different use obtains from a dry
processing of corn. Characteristic products are: grits, semolina, corn flour, flour for
animal feed and the corn germ. These products are in different size and shape of a
particles, also as the chemical structure. The corn germ should be removed during the
milling process, for the reason of relatively high oil content. Therefore, by the removing
of the germ, a longer freshness of the corn products could be achieved. From a nutritive
aspect, whole grain corn flour represents a concentrate source of energy, essential fatty
acids and amino acids, proteins, vitamins A, B and E, β-carotene, mineral substances
(primary K and Mg). Corn flour does not contain the gluten, therefore possesses a crucial
role in the production of the food for patients with celiac disease [1].
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Rice (Oryzea sativa), also as a corn, belongs to the millets. A rice grain, similarly to the
other wheat grains, consists of the three basic anatomic layers: the endosperm, the bran
and the germ. Every rice species contains the carbohydrates, proteins, vitamins and
minerals, however does not contain the fats. The protein content is approximately 4%,
thus is in deficiency in comparison with other wheats. The rice bran contains vitamins B 1
and B2, also as minerals, therefore whole grain rice is a nutritive important in
comparison with the white rice.
Many products could be obtained through the rice processing, which depends from a
processing method or a milling grade. Thereby, hulled rice is divided into the three
group. Also, rice flour with the mesh size of the sieve lesser than 0.18 mm, could be
achieved [1, 6].

MATERIAL AND METHODS
Three types of whole grain flour were investigated: buckwheat flour, corn flour and rice
flour. The research involved five samples of each flour. Mycological research covered a
total number of molds in 1g of sample, also as a determination of molds.
Isolation and determination of the total number of molds
The total number of molds was determinate by the Koch method. For the preparation of
dilution, 0.1% sterile dilution of peptone water was used.
Isolation and the determination of total number of molds, were performed on two
substrates:
1.

DG18 was applied in isolation of a xerotolerant molds (Penicillium spp.,
Aspergillus spp.,Eurotium spp.) which growth occurs at aw<0.90

2.

MY50G was applied in isolation of an extremely xerophilic molds which
growth occurs at aw<0.70

Seeded substrates were incubated on the temperature of 25 °C. The results were read
after five and seven days. The researches were performed in triplets.

Identification of molds
A mold sieving process (monocultivation) on identification substrates was performed,
after determination of the total number of molds. Conidia’s and fragments of hyphae’s
from a colonies of molds were transferred on a CYA-Czapek yeast extract agar or on a
MEA-Malt extract agar [16]. The colonies for which existed an assumption, according to
the macromorphologically properties, that originated from following genera: Penicillium,
Aspergillus, Eurotium and Emericella, were sieved on CYA, and the others were sieved on
MEA. Sieved substrates were seven days incubated on the temperature of 25 °C.
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Criteria’s described by Samson et al. (2004) [16], Samson & Frisvad (2004) [17] and Pitt &
Hocking (2009) [11], were applied for identification of species from Penicillium genera,
while Aspergillus, Eurotium and Emericella species were determined by Samsonu et al.
(2004) [16] and Pittu & Hockingu (2009) [11]. Cultivated molds were stored at DG18 on
the temperature of +4 °C.

RESULTS AND DISCUSSION
As could be seen in Table 1, all the samples from buckwheat, corn or rice flour, were
contaminated at different level by molds. Their total amount varied from 10 cfu/g in rice
flour, to 3.7x104 cfu/g in buckwheat flour. The most contaminated samples were from the
buckwheat flour (from 4.0x102 to 3.7x104 cfu/g).

Table 1. The total number of molds in flour samples*

Sample

The total number of molds in 1g
DG18 (cfu/g)

MY50G(cfu/g)

1

3.7x104

3.0x104

2

6.3x102

2.5x102

3

4.0x10

2

1.8x102

4

1.3x103

5.3x102

5

5.0x10

2.3x102

Buckwheat flour

2

Corn flour
1

2.0x102

90.0

2

50.0

20.0

3

4.7x102

2.7x102

4

1.1x103

4.7x102

5

1.3x103

8.3x102

1

10.0

-

2

10.0

Rice flour
-

3

1.7x10

2

1.0x102

4

6.3x102

3.7x102

5

20.0

60.0

*the result presents an average value of the three repetition;
- not found
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A numerous molds were isolated from the samples, and classified after a detailed review
in 12 genera and 32 species. Aspergillus and Penicillium genera were represented with the
most different species, ten species of both genera. Observing the flour samples
contamination, could be noticed that the most species were isolated from the buckwheat
flour. The results weren’t surprising, considering that flour is obtained from the
buckwheat whole grain, apropos a fragment presence of the grain bran. In accordance
with the appearance and structure of grain, buckwheat represents a suitable
environment for microorganisms surfaces populating, which could be subsequently
found in flour [18]. The reason of increased number of microorganisms on the
buckwheat grain surface, is the presence of a fine hairs or “villus”, whose function is the
retention of a dust and sand particles. For that reason is necessary to conduct a surface
treatment of grain with different types of “scrubs”, brushes and other equipment for the
surface treatment.

Table 2. Mold species isolated from flour samples

Molds species
Absidia corymbifera
Alternaria alternata
Aspergillus niger
A. candidus
A. flavus
Acremonium strictum
Cladosporium cladosporioides
Eurotium chevalieri
E. herbariorum
Emericella nidulans
Fraseriella bisporus
Mucor circinelloides
Penicillium exspansum
P. aurantiogriseum
Paecilomyces fulvus
Rhizopus oryzae

Buckwheat flour
+ (3)*
+ (1)
+ (1)
+ (5)

+ (3)
+ (1)
+ (1)
+ (1)
+ (1)
+ (3)
+ (1)
+ (1)
+ (2)

Sample
Corn flour
+ (1)
+ (2)
+ (1)
+ (4)
+ (2)
+ (1)
+ (2)
+ (1)

+ (3)
+ (1)
+ (4)
+ (2)

Rice flour

+ (1)
+ (3)
+ (3)

+ (2)

+ (1)
+ (2)
+ (2)

+ - presence of mold species in sample; (N) – the number of contaminated samples

Corn and rice flour contains a lesser amount of molds in 1g, because there is a difference
in mechanical protection of grain (cellulose bran from corn and protective chaff as the
rice grain bran). Corn grain contamination problems could occur if grain is mechanically
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damaged during milling, transport, drying, or a particular physical treatment. Rice grain
also passes through the mechanical hulling process, and if there is a need, the transport
and drying process.
Mold that appears as a contaminant of flour; mostly originate from the wheat grain. The
milling of grain could only partially remove molds, especially if penetrates with
filaments in a grain tissue. Considering that flour may contain 15% of moisture, which is
a suitable environment for the xerophilic molds development. These species are mostly
present in Aspergillis, Eurotium and Penicillium genera, however they are also present in
other genera. The water activity (aw value) of wheat grain and flour is in the most casses
between 0.86 and 0.70, which enables an optimal growth of xerophilic molds.
As Table 2 shows, a dominant role in micropopualtion of the examined samples has
following genera: Aspergillus flavus, Aspergillus niger, Aspergillus candidus, Eurotium
herbariorum, Penicillium expansum, Penicillium aurantiogrisuem. That is probably a
consequence of the ability to grow on substrates with low a w values (between 0.74 for
E. herbariorum to 0.84 for P. aurantiogriseum) [3].
The presence of these molds on wheats and derived products is not desirable,
considering their characteristics of mycotoxicity. A.flavus is the most famous producer of
aflatoxins, beside, other species could also synthesize a series of toxic metabolites [8, 19,
20].
Food protection from a mycotoxin and mold contaminations, first of all includes a
prevention of toxigenic species growth on ingredients and products.

CONCLUSIONS


All the samples of buckwheat, corn and rice flour, were contaminated by
molds;



total number of molds varied from 10 cfu/g in rice flour, to 3,7x104 cfu/g in
buckwheat flour;



the most contaminated samples were from the buckwheat flour (from 4,0x10 2
cfu/g to 3,7x104 cfu/g);



isolated molds were classified in 12 genera and 32 species;



the most frequent species were from Aspergillus and Penicillium genera;



the high presence of molds indicates the necessity of the mold grow
prevention on/in wheats and mill products, which implies the surface
treatment of grain in the procedure of whole buckwheat, corn and rice grain
flour production.
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ABSTRACT
Lack of food for the continually growing population is becoming an increasing problem
in the world and in our country as well. One of the solutions to increase food and feed
supplies may be the use of novel technologies in bioindustry. On the basis of numerous
inquiries made in small bakeries, large industrial bakeries and supermarket chains,
restaurants, and municipal service companies, there is evidence for large quantities of
leftover bread. Bread is a dominant cereal product and a staple food in numerous
countries. It is made from flour and water as basic ingredients and some minor
ingredients; by mixing, shaping, fermentation and baking. In our population, it has been
a habit to use only fresh bread; bread one day post baking is considered aged due to
staling and usually discarded. This paper focuses on several issues relating to leftover
bread: quantity, quality and safety issues of old bread in light of elaborating possibilities
for further uses.

Keywords: leftover bread, safe food

INTRODUCTION
Products based on wheat flour have a dominant place in the nutrition of people
especially in developing countries. In some communities, these products provide more
than 60% of energy intake [1]. This percentage is estimated to be even higher for low
socio-economic status groups. Bread is the most frequent product made from cereals
and also a staple in many countries. Considering the high average intake of bread in our
diet (300 g/day per capita), bread represents the basic energy and nutrient source for
majority of Serbian population, too. Bread is made by mixing flour and water and certain
secondary materials, which after fermentation, shaping and baking becomes a final
product. After leaving the oven, loaves have to be cooled and over the time they become
drier, and their quality changes. [2]
Average Serbian inhabitant annually consumes around 109 kg of bread which is much
higher relative to European average of 30-40 kg. Bread consumption is affected not only
by standard of life but numerous other factors, in the first place by local dietary habits
[3]. One of the habits our population has is to discard bread which is not consumed in a
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single day. On the basis of numerous inquiries made in small bakeries, large industrial
bakeries and supermarket chains, restaurants, and municipal service companies, there is
evidence for large quantities of leftover bread. This raises the question of quantity and
quality of leftover bread and its safety for further use. Mycotoxins in discarded bread
pose serious ecological and health threat for the increasing number of Romanies and
other destitute population.
Depending on the safety status of leftover bread and the presence of harmful substances
we can obtain a very attractive raw material or a major problem.

RESULTS AND DISCUSSION
In our country there are no official statistics on the quantities of leftover and discarded
bread. The percentage of leftover bread compared to the amount of produced in the EU
countries is about 1% and in England the percentage is about 0.1%. According to the
survey carried out in January - March 2012 by the Institute for Food Technology in Novi
Sad (Province of Vojvodina, Serbia) the amount of leftover bread ranges from 5-10% of
the produced quantity. It is concluded that from one million loaves weighting 500 g
produced in Vojvodina, a minimum of 50 000 loaves are discarded which accounts for a
total of 25 tons of bread per day. [4]
Several factors are anticipated as possible reasons for such high percentage of leftover
and discarded bread:


Bread is still a social category;



Relatively low price of bread;



Relatively low level of bread quality;



Habits of the consumers - tendency of buying much more bread than one
usually consumes;



Serbian people do not have a habit to reuse leftover bread in their diet.

According to the survey, significant amounts of leftover bread originate from:
1.

From households (it is thrown away together with other waste or in separate
bags); bread is usually 1 to 5-day stale and of questionable microbiological
safety;

2.

From large bakeries - undelivered products or products returned from
supermarkets;

3.

From city dumps where large quantities of bread end up mixed with and/or get
contaminated by other waste.

Small bakeries quite rationally and economically organize their production. Leftover
bread is not a problem for them according to the survey carried out with small bakeries.
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LEFTOVER BREAD
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Figure 1. Possibilities of leftover bread processing and refining
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However, there is no organized way of leftover bread collection and distribution for
possible further processing. As a result, there is evident increase of the environment
pollution, and created problems in the food chain. In other hands, depending on sanitary
quality, leftover bread can be used in feed production, production of pellets and
briquettes to be used as bioenergetic fuel, as a raw material for biofermentation in
production of biogas, etc. If leftover bread is not contaminated with mycotoxins or if
bacterial and mold contamination is not at a level to be quantitatively determined, it can
be processed by extrusion into valuable protein-energetic feed for juvenile animals, fish
feed and pets. Figure 1 shows the possibilities of leftover bread processing and refining
[5].

CONCLUSION
In Serbia, it is evident the existence of significant amounts of leftover and discarded
bread which pose serious environmental, health and safety risks threatening to burden
the food chain. On the other hand, if sanitary appropriate, there are multiple possibilities
for reuse of leftover bread. Introduction of HACCP standard would undoubtedly
improve the situation on the market. In practice, the most important thing is to strictly
implement the principle of Good Sanitary Practice which is obligatory for all bakeries.
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ABSTRACT
Oxidative stability is an important parameter in evaluation the quality of oils and fats, as
it gives a good estimation of their susceptibility to oxidative deterioration. It is generally
accepted that natural antioxidants are more potent, more efficient and safer than
synthetic antioxidants. The aim of this study was to investigate the oxidative stability of
sunflower oil, corn germ oil, and mixtures there of (50:50), and the effect of addition of
rosemary extract (StabilEnhance ® OSR and OxyLess ® CS of 0.1% and 0.3%), and
propyl gallate (0.01%) on the extension oxidative stability of the oil mixture (50:50). A
determination of oxidation stability of oils and their combination, and the effect of
antioxidants (rosemary extract and propyl gallate) was conducted by a test of rapid
oxidation of oil (Schaal oven and Rancimat test). The result of oil oxidation was
expressed by the induction period (IP), a protective factor (PF) and by antioxidant
activity of antioxidants (AA). The stability of a mixture of oil is proportional to the
induction period. From these results it can be concluded that an addition of corn germ
oil (50%) in sunflower oil led to changes in the oxidation stability of oil blends expressed
within the induction period. The addition of corn germ oil in sunflower oil prolongs the
stability of blends of oil degradation by oxidation. The natural antioxidant rosemary
extract OxyLess®CS significantly increases the oxidative stability of a mixture of
sunflower and corn oils compared to StabilEnhance®OSR and propyl gallate.

Key words: vegetable oils, oxidative stability, rosemary extract, propyl gallate

INTRODUCTION
Knowledge of vegetable oils oxidation stability is important to determine in advance
time to keep of oil from stronger oxidation, without significant changes in quality and to
define the shelf life of oil. Oxidative deterioration rate of vegetable oils depends on the
composition of oil, storage conditions, the presence of substances that speed up or slow
down the oxidation [1]. The composition of oleic, linoleic and linolenic acids in oil affects
the oxidative stability [2, 3]. Secondary products, created from the auto-oxidation
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process of oils (aldehydes, ketones) in small quantities affect to the sensory properties of
oil [4, 5]. Methods for determination of the oxidation stability of vegetable oils were
based on the accelerated oxidation of oils, these are Rancimat test, Schaal oven test and
AOM test [6-8]. Farhoosha et al. (2008) were showed that the kinetic parameters of the
oxidation of vegetable oils using the Rancimat test affected to the viability of the oil [9].
Vegetable oils stability may be improved by addition of antioxidants, substances that
slow down the oxidative decay. Synthetic and natural antioxidants were applied for the
vegetable oils stabilization [10, 11, 23]. Synthetic antioxidants are cheaper than natural,
but some natural antioxidants are more effective and health safer. Bera et al. (2006.) were
nvestigated the thermal stabilisation of synthetic antioxidants (BHT, TBHQ, EQ) and
natural antioxidant extract ajowan, used for stabilization of linseed oil [12]. They found
that TBHQ has a higher thermal stability, but natural antioxidants are often used due to
the attractive spice flavors and fragrances. Today, they are used various extracts of herbs
for protection of oxidative deterioration of peanut oil, high-oleic sunflower oil and other
vegetable oils [13, 14]. Greedy et al., (2006) report that green tea ethanol extract has a
higher antioxidant activity, measured as induction period, in relation to the activity of
BHT and black tea extract in sunflower oil [15]. Corn germ oil has good oxidation
stability, which increases the added antioxidants.
The aim of this study was to investigate the oxidative stability of sunflower oil (linoleic
type), corn germ oil and their mixtures 50:50, and the influence of added natural
antioxidants rosemary extract type Oxy'Less ® CS, type StabilEnhance ® OSR and
synthetic antioxidants propyl gallate to change the oxidative stability of the oil mixture.
Addition of corn germ oil (50%) in sunflower oil tends to be obtained the mixture of oils
that will provide the greater oxidative stability compared to the stability of the pure
sunflower oil.

MATERIALS AND METHODS
Examination of oxidation stability will be carried with refined sunflower oil (linoleic
type) and rapeseed oil. Examined refined oils were purchased in the store. The share of
the major fatty acids of the oils is: sunflower oil (21-23% oleic, linoleic 62-67%); corn
germ oil (24-32% oleic, linoleic 55-62%); [16]. Mixture of these two types of oil in a ratio
of 50:50 (100 mL) was prepared by mechanical mixing. The study of the impact of
individual antioxidants addition on the stability of these oil mixtures was carried out
with synthetic antioxidant propyl gallate (0.01%), natural antioxidants rosemary extract
type Oxy'Less ® CS and type StabilEnhance ® OSR in shares of 0.1% and 0.3%.
Oxy'Less ® CS - powdered rosemary extract, obtained from Rosmarinus officinalis L.,
carnosol acid 18-22%, dry extract 92-98%, Naturex, France. StabilEnhance ® OSR - liquid
rosemary extract, obtained from Rosmarinus officinalis L., carnosol acid min. 5%,
Naturex, France. Propyl gallate -synthetic antioxidant, Danisco, Denmark.
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Each antioxidant is added directly to the oil mixture and homogenized mechanically at a
temperature of 70 °C for 30 minutes. Examination of the initial chemical characteristics
(quality parameters) of vegetable oils was carried out using standard methods.

Determination of free fatty acids
Free fatty acids (FFA) were determined by the standard method (ISO 660:1996) which is
based on the principle of the titration with sodium hydroxide solution
c (NaOH)=0.1 mol/L. The result is expressed as a percentage (%) of free fatty acid (FFA),
as oleic acid.

Determination of peroxide value
Peroxide value (PV) is an indicator of the degree of oxidative deterioration of vegetable
oils. Peroxide value of oil is determined by the standard method (ISO 3960:1998). The
result is expressed as mmol of active oxygen derived from the resulting peroxide present
in 1 kg of oil (mmol/kg).

Determination of anisidine value
The calculated value of anisidine (AV) gives us an insight into the share of non-volatile
carbonyl compounds, which are secondary products of oxidation of vegetable oils that
have a negative impact on sensory properties and oxidative stability. It is believed that a
good quality vegetable oil has the anisidine value less than 10 (no limitation in
legislation). Anisidine value is determined by the standard method (ISO 6885). The
determination is based on the reaction of p-anisidine with higher unsaturated aldehydes
(2, 4-dienal and 2-enal) in acidic medium, to form Schiff bases.

Determination of the number of Totox
Peroxide number in combination with anisidine value is used to determine the total
value of the oxidation of vegetable oils or Totox number (TV) (ISO 6885:2006). Totox
number is calculated according to the formula: Totox number= 2 PV+AV Totox number
is considered to be a very useful indicator of the quality and oxidative stability of the oil;
from anisidine value we can get the information about history oil oxidation, and from
the peroxide value about current oil oxidation state.

Oxidative stability of oil
Schaal oven test
Schaal oven test is one of the oldest tests for examining oxidation stability of vegetable
oils. It is based on the accelerated oxidation of oils influenced by of heat that accelerated
this process. To perform this test, the samples of examined vegetable oils were heated in
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a thermostat at a constant temperature of 63 °C and monitored changes of peroxide
number or sensory changes caused by oxidative deterioration of the oil at regular
intervals. The result of the oxidation stability of examined plant oils, using of this test, is
shown as the value of peroxide number after a certain time of the implementation of the
test (for 4 days).

Rancimat test
Oxidation stability of examined vegetable oils, their mixtures (50:50) with and without
added antioxidants is determined by Rancimat test of accelerated oils oxidation (ISO
6886:1996). The test is based on the rapid spoilage of oil at constant temperature and
constant air intake, and determines the induction period (IP). For oxidation stability
determination was used the Rancimat device, model 743 (Metrohm, Switzerland). The
effect of antioxidants (natural and synthetic) on the extension of the oil mixture oxidative
stability was determined by the protection factor (PF) [10] according to the formula: PF =
IPinh / IP0. IPinh - induction period of the oil sample with antioxidants addition (h),
induction period IP0-oil samples without added antioxidant (h). The protection factor
indicates how many times increase the stability or sustainability of vegetable oil by
adding of antioxidants. Determination of the oil samples oxidation stability was
performed in duplicate, and showed the average value of the induction period. Longer
induction period indicates on greater activity of added antioxidants and protection
factor higher than 1.0 indicates on better protection from oil oxidative deterioration [15].

RESULTS AND DISCUSSION
Initial chemical characteristics (free fatty acids, peroxide, anisidine value, Totox number)
of the examined vegetable oils are shown in Table 1.

Table 1. Initial chemical characteristics of vegetable oils

Vegetable oils

FFA
(% olein)

PV
(mmol /kg)

AV

TV

Sunflower oil

0.12±0.03

0.43±0.11

6.15±0.09

7.01

Corn germ oil

0.22±0.02

0.89±0.08

3.84±0.02

5.62

FFA - free fatty acid, % oleic acid; PV- peroxide value, mmol /kg; AV- anisidine value;
TV- Totox value

Values, obtained for free fatty acid (FFA) and peroxide value (PV) have shown that the
examined vegetable oils had good quality and in accordance with the Rules of edible oils
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and fats [17]. Calculate anisidine value (AV) and Totox number (TV) also point to the
satisfactory quality of oil.
Oxidative stability of sunflower oil and corn oil was determined with the Schaal oven
test (63 °C) in period of 4 days by peroxide number every 12 hours (Table 2.). Changes
caused by oil oxidation method of accelerated deterioration from heat resulted in the
formation of primary oxidation products expressed as peroxide value (PV). The results
in the table were showed that sunflower oil had a lower stability, after 4 days of the
testing was achieved higher PV value of 11.29 mmol/kg of oil. This oil, after 60 hours of
the testing, was exceeded the max. PV according to the Regulations. The results were
showed that corn seed oil had a better stability, greater resistance to the oxidative
spoilage and reached a low value of PV 2:38 mmol/kg after 4 days of the test.
Good oxidation stability of this oil was attributed to the high content of total
tocopherols, 70-80% in the form of γ-tocopherol and ubiquinone (200 mg/kg).

Table 2. Oxidative stability of vegetable oils determined by the Schaal oven test during 4
days follow of peroxide values each 12 hours

PV (mmol /kg)

Sample

0

12

24

36

48

60

72

84

96

Sunflower oil

0.43

0.68

1.48

1.93

3.33

5.81

6.62

8.79

11.29

Corn germ oil

0.89

1.14

1.22

1.67

1.72

1.79

1.84

1.89

2.38

Table 3. Oxidative stability of vegetable oils determined by the Rancimat test

Sample

IP
(h)

Increase IP
(%)

Sunflower oil

2.38

--

Corn germ oil

4.96

--

Sunflower oil + corn germ oil (50:50)

3.19

34.03

IP – induction period, (h); Increase IP compared to sunflower oil, (%)

Oxidative stability of the oils and their mixtures (50:50) was determined and expressed
by Rancimat test induction period (IP) showed that corn germ oil had a greater stability
and resistance to oxidative decay (Table 3). The result of this test was showed that
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sunflower oil had IP of 2.38 (h), and corn germ oil 4.96 (h). The addition of maize germ
oil (50%) in sunflower oil, we wanted to increase the resistance of sunflower oil to
oxidative spoilage. In this mixture the oil reached the composition of fatty acids and
natural antioxidants that extended induction period of 19.3 (h) and a higher stability
compared to pure sunflower oil.
Research results of oxidation stability mixture of sunflower oil and maize germ oil
(50:50) and the impact of the addition of synthetic antioxidants propyl gallate (0.01%),
natural antioxidant extracts of rosemary type Oxy'Less ® CS and type StabilEnhance ®
OSR, in 0.1% and 0.3% at longer oxidation stability were shown in Tables 4-5.
Control sample is a mixture of sunflower oil and maize germ (50:50) with no added
antioxidant was showed the value of the induction period of 3.19 (h). The value of the
induction period (IP) showed the resistance of oil mixtures to oxidation spoilage, higher
IP means better oxidation stability. Addition of natural antioxidant extracts of rosemary
type OSR StabilEnhance ® (0.1%) in this oil mixture slightly increased the stability of the
oil to 17.87%. Greater increase in stability of the oil is observed by the addition of
synthetic antioxidants propyl gallate (0.01%), it was increased stability of 45.14% (IP is
4.63 h). Addition of rosemary extract type Oxy'Less ® CS (0.1%) significantly increased
the time of the induction period (5.81 h) of oils mixture. Stability of the oil mixture was
increased to 82.13% in relation to the stability of the control sample (Table 4). Chu and
Hsu (1999) were investigated the effect of rosemary extract, ascorbyl palmitate and
tocopherols on the stability of peanut oil by OSI test [18]. They pointed out that all of
three added antioxidants were increased the value of the OSI index, the greatest impact
on increasing the sustainability of oil had rosemary extract. Frankel et al. (1996) were
founded that the additions of rosemary extract, carnosol and rosmarinic acid effectively
protected corn germ oil from oxidative deterioration in compared to the application of
carnosol [19].

Table 4. Induction period (IP) and protection factors (PF) determined by the Rancimat
test

Antioxidant

Share
(%)

sunflower oil + corn germ oil (50:50)
IP
(h)

Increase IP
(%)

PF

AA

0

3.19

--

1.00

--

PG

0.01%

4.63

45.14

1.45

1.00

StabilEnhance OSR

0.1%

3.76

17.87

1.18

0.39

OxyLess CS

0.1%

5.81

82.13

1.83

1.80

Control sample

Control sample: mixture of sunflower oil + corn germ oil (50:50)
PG-propyl gallate; StabilEnhance®OSR-rosemary extract; Oxy´Less®CS- rosemary extract; AA antioxidant activity compared to propyl gallate
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Merrillet et al. (2008) reported about the oxidation stability of conventional and high
oleic vegetable oils and impact of the antioxidants addition (rosemary extract, ascorbyl
palmitate, TBHQ and mixture of tocopherols) on the oil stability by OSI test. They noted
that corn germ oil showed the good stability; added antioxidants successfully increased
resistance to oxidative spoilage.
By increasing the content of added natural antioxidant rosemary extract (Oxy'Less ® CS
and StabilEnhance ® OSR) from 0.1% to 0.3%, it significantly prolong the induction
period (IP) in oil mixture compared to the control (Table 5). Addition of 0.3%
StabilEnhance ® OSR was achieved the increase in IP 14.5 (h); with the addition of a
0.3% of Oxy'Less ® CS IP is considerably higher 2.9 (h). It is evident from the obtained
results that two types of rosemary extracts extend the stability of oil mixture in 61.13%
and 182.76%.

Table 5. Induction period (IP) and protection factors (PF) determined by the Rancimat
test

Antioxidant

Share
(%)

sunflower oil + corn germ oil (50:50)
Increase IP
(%)
--

PF

AA

0

IP
(h)
3.19

1.00

--

PG

0.01%

4.63

45.14

1.45

1.00

StabilEnhance OSR

0.3%

5.14

61.13

1.61

1.35

OxyLess CS

0.3%

9.02

182.76

2.83

4.05

Control sample

Control sample: mixture of sunflower oil + corn germ oil (50:50)
PG-propyl gallate; StabilEnhance®OSR-rosemary extract; Oxy´Less®CS- rosemary extract; AA antioxidant activity compared to propyl gallate

The calculated values of the protective factor (PF) in all tested samples showed that oil
rosemary extract Oxy'Less ® CS (0.1% and 0.3%) had a better efficiency of oil mixture
protection from oxidative deterioration becaose of the higher antioxidant activity.
Oxy'Less ® CS was increased the stability of the mixture of sunflower and corn oil;
protection factors were 1.83 and 2.83. Erkan et al. (2008) were reported that rosemary
extract had a high antioxidant activity because of the high proportion of phenolic
compounds [20]. Martinez-Tome et al. (2001) were founded that rosemary extract was
more effective in refined olive oil protection in comparison to the synthetic antioxidants
(propyl gallate, BHA, BHT) [21]. Synthetic antioxidant, propyl gallate, was showed a
greater protection of tested oil mixture from oxidation (PF 1:45) compared to rosemary
extract type OSR StabilEnhance ® (0.1%) wherein the PF 1.18. However, the addition of
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0.3% StabilEnhance ® OSR was increased protection of oil mixture from PG. Silva et al.
(2001) were reported that application of propyl gallate was more efficient in protecting
from oxidation of refined sunflower oil in relation to the application of natural
antioxidant tocopherol [22].

CONCLUSIONS
Based on results of oxidation stability of a sunflower oil and corn oil mixture (50:50),
without the addition of antioxidants, may be performed the following conclusions:
•

The corn germ oil, due to a larger share of oleic acid has a greater stability to
oxidative spoilage compared to sunflower oil (Schaal oven test and the Rancimat
test).

•

Addition of corn germ oil (50%) in sunflower oil increases the stability to
oxidative spoilage.

•

Application of examined antioxidants increases the oxidative stability of
sunflower oil and corn oil mixture (50:50).

•

Addition of rosemary extract type Oxy'Less ® CS (0.1% and 0.3%) efficiently
protects examined oil mixture (50:50) in relation to the use of rosemary extract
type OSR StabilEnhance ® (0.1% and 0.3%) and propyl gallate (0, 01%).

•

Use of StabilEnhance ® OSR (0.1%) rosemary extract slightly increases the
stability of oil mixture compared to oil sample without the antioxidants addition.

•

StabilEnhance ® OSR (0.3%) gives a better protection of oil mixture compared to
the propyl gallate.
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ABSTRACT
Few researches suggest that bread, as important ingredient of human daily diet, could
have possible protective effect to metabolic syndrome and could improve cardiovascular
health. Our aim was to determine the relationship of bread intake and serum lipid
profile in women of all ages (25-93 years).
Bread intake was assessed in 229 participants using four 24-hour dietary recalls. Body
height (BH), body weight (BW), % body fat (% BF) and waist circumference (WC) were
measured. From venous blood samples serum triglycerides, total cholesterol, HDL
cholesterol and LDL cholesterol were measured.
There was significant difference in triglycerides level (t(227)=-3.11, p<0.01), HDL
cholesterol level (t(227)=2.93, p<0.01), % BF (t(218)=-2.31, p<0.05) and WC (t(227)=-2.01,
p<0.05) between women with higher (>13.41% kJ/day) and lower (<13.41% kJ/day) daily
energy intake from bread. The magnitude of difference was small; 1-4% of the variance
of above mentioned parameters is explained by daily energy intake from bread. When
participants were grouped according to median daily intake of bread (72 g/day), there
was no significant difference in observed lipid profile parameters.
The results suggest that contribution of bread intake to total daily energy intake could
have greater influence on blood lipid profile than bread intake itself.

Key words: bread intake, serum triglycerides, serum HDL, 24-hour dietary recall

INTRODUCTION
Bread – essential part of food pyramid base but also popular staple food in Croatia due
to frequency and quantity of consumption present a very important part of a diet.
Generally, wheat bread is considered to be a good source of energy and irreplaceable
nutrients for the human body. This is especially true for the products made from
wholegrain. Bread prepared from refined flour is nutritionally much poorer and does
not adequately meet the requirements for many macro- or micro-nutrients [1]. Having in
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mind everyday consumption of bread and the increasing consumer demands for
healthful food products, different improved formulations of breads becomes more
important, especially if carrying health benefits.
Recently as a part of PREDIMED study in Spain research revealed that daily bread
consumption, especially wholemeal bread, can prevent cardiovascular disease (CVD) [2].
According to mentioned study, people who daily consumed bread, white or wholemeal,
showed a healthier lipid profile (lower levels of LDL cholesterol and higher levels of
HDL cholesterol) than the people who consume it sporadically or don’t consume it.
However, most epidemiological studies pointed more specifically to beneficial effect of
whole-grain cereal foods in prevention of CVD [3, 4], metabolic syndrome [5] and much
other food-related disease.
Therefore, the aim of our study was to determine the relationship of bread intake and
serum lipid profile in women of all ages (25-93 years).

SUBJECTS AND METHODS
Study participants were part of the research on the scientific project “Diet, homocysteine
and bone quality” (funded by The Ministry of Science, Education and Sport of the
Republic of Croatia). All the participants were volunteers and gave written consent to
the study which was approved by the ethics committee of Institute for Medical Research
and Occupational Health. Two-hundred-twenty-nine participants who satisfied gender
(women) and diet type (omnivores) criteria were selected for study.
Anthropometric data (body height, weight, fat percentage (% BF) and waist
circumference (WC)) were collected at the time of their visit for blood withdraws by
trained personnel. Overnight fasting blood samples were drawn in order to measure
several serum biochemical parameters. Homocysteine was determined using Abbott
AxSYM systems (Abbott Laboratories, Diagnostics Division, Abbott Park, IL, USA),
according to the manufacturer’s instructions. HDL cholesterol, total cholesterol, and
serum triglycerides, were determined enzymatically (Olympus System Reagent) with a
clinical chemistry analyser Olympus AU400 (Olympus Life and Material Science Europa
GmbH, Lismeehan, Ireland). LDL-cholesterol was calculated by using Friedewald
formula: LDL-cholesterol=total cholesterol–HDL-cholesterol–triglycerides/2.2 (mmol/L).
For each participant four 24-hour dietary recalls were collected and average energy
intake was calculated using food composition tables [6, 7]. Bread intake was analysed as
well as daily share of energy from bread. Quantity of consumed food and drinks was
estimated using description of the units of serving (piece, cup, glass, teaspoon,
tablespoon, etc.) and portions food photographs [8, 9]. The first recall was obtained by
trained personnel face-to-face and the remaining recalls were obtained by unannounced
telephone calls.
All statistical analyses were performed using the Statistical Package for Social Sciences
(SPSS 17.0, Chicago, USA) (SPSS, 2008). Beside descriptive statistics Student’s t-test for
independent samples was used to check for differences between groups for quantitative
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variables. For the effect size eta squared values were calculated for t-test. The selected
significance level was 95% (p<0.05).

RESULTS AND DISCUSSION
Blood lipid profile, anthropometric and some of the dietary characteristics of
participants are shown in Table 1. Mean age of the fertile women was 40.00±7.83 years,
while in the group of postmenopausal women mean age was 71.18±11.36 years. All
blood lipid parameters of fertile women differed significantly from postmenopausal
women (p<0.05). These results were expected because menopause have been reported to
be associated with increased serum levels of total cholesterol, LDL-cholesterol,
triglycerides and decreased levels HDL-cholesterol [10-15]. The shift toward upper body
fat distribution after menopause has been mainly explained by hypo estrogenic effects
[16-20].
Average bread intake for all participants was 79.62±41.64 g/day while household budget
survey data obtained by The Croatian National Statistics Bureau estimated availability of
bread and bakery products 202.5 g per person/day [21]. Average daily energy intake
from bread in all participants was 216.52±114.19 kcal or 14.98±7.66% kJ/day.

Table 1. Blood lipid profile, anthropometric and dietary characteristics of participants
Women

Parameter
Homocysteine (μmol/L)

Total

Postmenopausal (N=134)

Mean Std. Deviation Mean

Std. Deviation

Fertil e (N=95)
Mean Std. Deviation

Sig.1

BMI (kg/m 2)

12.12
1.35
5.54
1.32
3.63
36.12
88.68
27.19

4.61
0.79
1.11
0.39
1.01
8.68
13.69
5.07

13.90
1.56
5.77
1.19
3.91
41.14
93.92
28.44

5.07
0.83
1.18
0.38
1.05
5.42
12.52
4.65

9.60
1.6
5.21
1.49
3.23
29.51
81.29
25.43

2.06
0.63
0.91
0.32
0.81
7.68
11.77
5.14

0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*

Energy intake of bread (%kJ/day)

14.98

7.66

16.22

7.86

13.24

7.04

0.004*

10.34

0.24

Triglycerides (mmol/L)

Total cholesterol (mmol/L)
HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)
Body fat (%)

Waist circumference (cm)
Bread intake (g/day)

Dietary fiber intake from bread (g)

79.62
2.46

Dietary fiber intake from bread (% total daily fiber intake) 18.14
1
*

41.64
1.37

10.75

83.15
2.51

18.84

42.12
1.37

11.02

74.63
2.39

17.14

40.66
1.38

0.13
0,52

t-test between groups of fertile and postmenopausal women
p<0.05

After dividing participants in two groups according to median daily energy intake of
bread there was significant difference in triglycerides level (t(227)=-3.11, p<0.01), HDL
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cholesterol level (t(227)=2.93, p<0.01), % BF (t(218)=-2.31, p<0.05) and WC (t(227)=-2.01,
p<0.05) between women with higher (>13.41% kJ/day) and lower (<13.41% kJ/day) daily
energy intake from bread (Table 2). The magnitude of difference was small; 1–4% of the
variance of above mentioned parameters is explained by daily energy intake from bread.
The group of researchers from the Barcelona University have shown that people who
daily consumed bread, white or wholemeal, showed a healthier lipid profile (lower
levels of LDL cholesterol and higher levels of HDL cholesterol) than the people who
consume it sporadically or don’t consume it [2]. The results of the study of the Mennen
et al. suggest that a high consumption of bread may be related to reducing the risk of the
metabolic syndrome [22]. However, as mentioned already above, most of the
epidemiological studies attribute beneficial effects to wholegrain cereals: on lipid profile,
but also on the body weight regulation [23].
In our study, the data obtained from 24-hour dietary recalls were lacking the bread type
in some participants, so for that participants we presumed consumption of bread made
of refined grains because we belived that oterwise participants would have reported the
type of bread. The data about consumption of the whole grain or rye bread was shown
at figure 3. More participants from the postmenopausal group of women consume
refined or rye bread than younger, fertile participants. The reason could be in the
recommendation for postmenopausal women to consume more wholegrain cereals
because of the protective role of phytochemicals, dietary fibres and antioxidants [24].

Table 2.

Blood lipid profile and anthropometric parameters according to daily energy
intake of bread
Daily energy intake of bread

Parameter
Homocysteine (μmol/L)
Triglycerides (mmol/L)

Total cholesterol (mmol/L)
HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)

≤13.41 % kJ/day (N=112)
Mean

Std. Deviation

1.19

0.73

11.63
5.46
1.39
3.57

Body fat (%)

34.74

BMI (kg/m 2)

26.90

Waist circumference (cm)

86.84

>13.41 % kJ/day (N=117)

Mean

Std. Deviation

1.51

0.81

4.12

12.58

1.00

5.61

0.38
0.89

1.25
3.69

8.63

37.42

5.09

27.46

12.79

90.44

5.02
1.21
0.39
1.12

8.56

14.34
5.06

Sig.
0.118
0.002*
0.278
0.004*
0.380
0.022*
0.046*
0.404

After dividing participants in two groups according to median daily energy intake of
bread there was significant difference in triglycerides level (t(227)=-3.11, p<0.01), HDL
cholesterol level (t(227)=2.93, p<0.01), % BF (t(218)=-2.31, p<0.05) and WC (t(227)=-2.01,
p<0.05) between women with higher (>13.41% kJ/day) and lower (<13.41% kJ/day) daily
energy intake from bread (Table 2). The magnitude of difference was small; 1-4% of the
variance of above mentioned parameters is explained by daily energy intake from bread.
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The group of researchers from the Barcelona University have shown that people who
daily consumed bread, white or wholemeal, showed a healthier lipid profile (lower
levels of LDL cholesterol and higher levels of HDL cholesterol) than the people who
consume it sporadically or don’t consume it [2]. The results of the study of the Mennen
et al. suggest that a high consumption of bread may be related to reducing the risk of the
metabolic syndrome [22]. However, as mentioned already above, most of the
epidemiological studies attribute beneficial effects to wholegrain cereals: on lipid profile,
but also on the body weight regulation [23].
In our study, the data obtained from 24-hour dietary recalls were lacking the bread type
in some participants, so for that participants we presumed consumption of bread made
of refined grains because we belived that oterwise participants would have reported the
type of bread. The data about consumption of the whole grain or rye bread was shown
at figure 3. More participants from the postmenopausal group of women consume
refined or rye bread than younger, fertile participants. The reason could be in the
recommendation for postmenopausal women to consume more wholegrain cereals
because of the protective role of phytochemicals, dietary fibres and antioxidants [24].

Table 2.

Blood lipid profile and anthropometric parameters according to daily energy
intake of bread
Daily energy intake of bread

Parameter
Homocysteine (μmol/L)
Triglycerides (mmol/L)

Total cholesterol (mmol/L)
HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)

≤13.41 % kJ/day (N=112)
Mean

Std. Deviation

1.19

0.73

11.63
5.46
1.39
3.57

Body fat (%)

34.74

BMI (kg/m 2)

26.90

Waist circumference (cm)

86.84

>13.41 % kJ/day (N=117)

Mean

Std. Deviation

1.51

0.81

4.12

12.58

1.00

5.61

0.38
0.89

1.25
3.69

8.63

37.42

5.09

27.46

12.79

90.44

5.02
1.21
0.39
1.12

8.56

14.34
5.06

Sig.
0.118
0.002*
0.278
0.004*
0.380
0.022*
0.046*
0.404

* p < 0.05

When participants were grouped according to median daily intake of bread (72 g/day),
there was no significant difference in observed lipid profile parameters or
anthropometric characteristic (Table 3).
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Table 3.
Blood lipid profile and anthropometric parameters according to daily
intake of bread

Parameter
Homocysteine (μmol/L)
Triglycerides (mmol/L)

Total cholesterol (mmol/L)
HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)

Mean

Std. Deviation

1.31

0.81

11.65
5.60
1.35
35.41

BMI (kg/m 2)

27.13

*

12.56

1.14

5.47

1.01

87.61

>72 g/day (N=117)

Mean

3.71

0.37

3.71

Body fat (%)

Waist circumference (cm)

Daily bread intake

≤72 g/day (N=112)

5.31

1.40

0.77
1.08

1.29

0.40

3.55

8.59

36.80

5.18

27.24

13.96

Std. Deviation

1.01

8.75

89.70

13.41
4.99

Sig.
0.136
0.368
0.365
0.237
0.232
0.236
0.250
0.871

p < 0.05

a)

b)

c)
Figure 1. Consumption of whole grain and rye bread (% participants) in: a) total
sample, b) fertile women and c) postmenopausal women
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CONCLUSIONS
The results suggest that contribution of bread intake to total daily energy intake could
have greater influence on blood lipid profile than bread intake itself, especially if bread
includes both whole-grain and refined bread. The influence of certain types of bread
should be observed in researches with larger number of the participants.
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ABSTRACT
Rice-buckwheat gluten-free cookies were produced using light buckwheat flour (LBF) to
substitute rice flour (RF) in gluten-free cookies’ formulation at the level of 10, 20% and
30%. Rice-buckwheat gluten-free cookies exhibited significantly higher (P<0.05) total
phenolic and rutin content, antiradical activity on 1,1-diphenyl-2-picrylhydrazyl radicals
(DPPH), antioxidant activity (AOA) and reducing power than the rice cookies which
were used as the control. LBF in the gluten-free cookies’ formulation improved chelating
activity on Fe2+ of rice-buckwheat gluten-free cookies, but there were no significant
differences (P<0.05) regarding the substitution levels. Cookies enriched with LBF at the
level of 30% (30% RF/LBF cookies) possessed the highest antioxidant capacity.
Concerning all evaluated sensory properties, cookies enriched with LBF at the level of
20% (20% RF/LBF) had the most acceptable sensory properties.

Keywords: gluten-free cookies, antioxidant activity, sensory properties, rice flour,
buckwheat flour

INTRODUCTION
Celiac disease is one of the most common chronic autoimmune disorders. It is related to
the incompetence to consume proteins of gluten complex present in many common
cereals such as wheat, rye, barley and oat. The symptoms of celiac disease can only be
avoided by being on a strict long-life gluten-free diet.
A number of studies indicate that gluten-free diet is unbalanced in carbohydrates,
proteins and fat and deficient in certain essential nutrients [1]. Due to the limitation of
some nutrients, the fortification of basic gluten-free formulations is recommended to
develop added value products.
Cookies are widely used bakery products due to their long shelf-life and strong
consumer preference. The fortification of gluten-free biscuit and cookie formulations
with the aim to achieve better nutritional profile with acceptable sensory properties is
already known [2, 3].
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Rice and buckwheat flours are recommended as the safe components for celiac patients
since they possess no gluten and can be used in the production of bread [4] and cookies
[3]. Rice flour is known as the most suitable component for gluten-free formulations due
to its mild taste, colorlessness, hypoallergenic properties and easily digestible
carbohydrates [5]. Buckwheat flour is characterized as a well-balanced amino acid
gluten-free component rich in polyphenols [6, 7]. The dominant polyphenol compound
in buckwheat flour is rutin [8], which was evidenced as a potent antioxidant [9].
Schoenlechner, Linsberger, Kaczyc, and Berghofer [10] incorporated pseudocereal flours
(amaranth, quinoa and buckwheat) in a gluten-free biscuit formulation. Cookies based
on rice and light buckwheat flour were initially characterized by Torbica, Hadnađev,
and Dapčević Hadnađev [3] from the aspect of their physicochemical and sensory
characteristics and compared to the control which was based on wheat flour. According
to the authors, the best overall quality was achieved for rice gluten-free cookies enriched
with 20% of LBF.
The objective of this paper was to investigate the antioxidant capacity and sensory
properties of the cookies based on rice-light buckwheat flour mixtures in three different
ratios and to compare them with the control sample based on rice flour.

MATERIALS AND METHODS
Materials
Rice flour – RF (moisture: 11.67%, protein (Nx5.7) 7.96%, fat 0.27%, ash 0.25%, reducing
sugars 1.37%, and starch 88.58%) and light buckwheat flour – LBF (moisture 11.24%,
protein (Nx5.7) 8.68%, fat 1.47, ash 1.08%, reducing sugars 1.77%, and starch 85.38%)
were obtained from Hemija Komerc, Novi Sad, Serbia. Vegetable fat A.P 34-36 originated
from refined palm and sunflower oil was obtained from Puratos, Belgium. Sodium
hydrogen carbonate – NaHCO3 (≥99.5%, p.a) was purchased from Carl Roth, Germany,
carboxymethyl cellulose sodium salt – CMC from Alfa Aesar, Germany, diacetyl tartaric
acid esters of distilled monoglycerides – DATEM (Pantex DW90) from InCoPa,
Germany, while the other ingredients (salt, sugar and honey) were purchased at the local
market.

Preparation of cookies
The formulation of rice-buckwheat gluten-free cookies was made according to Torbica,
Hadnađev, and Dapčević-Hadnađev [3]. Mixtures of RF and LBF were prepared. The
proportion of RF to LBF was 90:10, 80:20, and 70:30, respectively. Rice flour was used for
the preparation of control cookies. Dough mixing, processing and baking were
performed on laboratory-scale equipment. The ingredients were weighed as follows:
flour (300.0 g of RF for the control cookies or 270.0 g of RF+30.0 g of LBF for 10% RF/LBF
cookies or 240.0 g of RF+60.0 g of LBF f for 20% RF/LBF cookies or 210.0 g of RF+90.0 g of
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LBF for 30% RF/LBF cookies), deionized water 75.0 g, vegetable fat 85.0 g, granulated
sugar 70.0 g, honey 45.0 g, NaHCO3 9.0 g, DATEM 9.0 g, CMC 4.5 g, and salt 2.1 g.

Proximate composition
Proximate composition of cookies including protein, fat, reducing sugar, total dietary
fiber, ash and water contents were determined by the methods of AOAC [11]. Starch
content was determined by hydrochloric acid dissolution according to the ICC Standard
[12].

Preparation of ethanolic extracts
Cookie powder (5 g) was extracted with 50 mL of ethanol/water (80/20, v/v) by shaking
the mixture at room temperature for 1 h. The procedure was repeated twice, and
combined extracts were dried using vacuum-evaporator. The dried extract was
redissolved in ethanol/water (80/20, v/v) to 10 mL volume and used for further
investigation of antioxidant activity.

Total phenolic content
Total phenolic content of rice-buckwheat gluten-free cookie extracts was determined
spectrophotometrically by using Folin-Ciocalteu's reagent [13]. Gallic acid was used as a
standard reference and results were expressed as gallic acid equivalents (GAE)
(μg GAE/g of sample on dry mass basis).

Antioxidant activity (AOA) by β-carotene bleaching method
Oxidative loss of β-carotene in a β-carotene/linoleic acid emulsion was used to assess the
antioxidant activity of the examined extracts [14]. The IC 50 value (mg/mL) was defined as
effective concentration at which the AOA was 50% under the experimental conditions.

Reducing power
Reducing power of the ethanolic extracts was measured according to the method of
Oyaizu [15]. The IC50 value (mg/mL) was defined as an effective concentration of extract
at which the absorbance of reaction mixture reach 0.5 for reducing power.

DPPH radical scavenging activity
Effect of the examined extracts on the content of 1,1-diphenyl-2-picrylhydrazyl radicals
(DPPH) was estimated according to the modified method of Hatano, Kagawa, Yasuhara,
and Okuda [16]. The IC50 value (mg/mL) was defined as the concentration of an
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antioxidant extract which was required to quench 50% of the initial amount of DPPH
under the experimental conditions given.

Chelating activity on Fe2+
Chelating activity of the ethanolic extracts on Fe2+ was measured according to the
method of Decker and Welch [17]. The IC50 value (mg/mL) was defined as the
concentration of antioxidant extract which chelates 50% of present Fe2+ under the
experimental conditions.

HPLC determination of rutin
Cookie powder (5 g) was extracted with 20 mL of boiling methanol/water (80/20, v/v) for
10 min, ultrasonicated for 10 min and filtered through 0.45 μm pore size nylon filter
(Rotilabo-Spritzenfilter 13 mm, Roth, Karlsruhe, Germany) before injection into the
HPLC system.
Liquid chromatograph (Agilent 1200 series), equipped with a DAD detector and an
Eclipse XDB-C18, 1.8 μm, 4.6×50 mm column (Agilent) was used for quantification of
rutin in cookie extracts. A single rapid resolution HPLC method reported by Mišan,
Mimica-Dukić, Mandić, Sakač, Milovanović, and Sedej [18] was used.

Sensory evaluation
Sensory evaluation was conducted 24 h after baking by eight experienced panellists
(seven females and 1 male, at the age of 30-43 years). The panellists were selected
according to ISO 8586-1 [19]. Prior to sensory analysis, sensory profile of gluten-free
cookies was established by a multidimensional approach. The established sensory
profile included 10 descriptors with their definitions and evaluation techniques [20]. To
express intensity of each perceived descriptor the intensity scale was applied, from 0 –
absence of perception to 5 – strong perception/maximal intensity [21, 22]. The samples
were evaluated on three occasions. Drinking water was provided for palate cleansing
after each sample.

Statistical analysis
Results were expressed as the mean of replications ± standard deviation. ANOVA and
Fisher’s multiple range tests were used. P values ≤ 0.05 were regarded as significant. All
analyses were made using the Software XLSTAT, version (2012.2.02)
(http://www.xlstat.com/).
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RESULTS AND DISCUSSION
The series of rice-buckwheat gluten-free cookies were produced with the proximate
composition presented in Table 1.

Table 1. Proximate composition (% dry basis) of cookies

Component
(g/ 100 g)

Control
sample

10% RF/LBF
cookies

20% RF/LBF
cookies

30% RF/LBF
cookies

Protein

4.410.13a

4.480.02ab

4.600.06b

4.860.12c

Fat

19.60.05a

19.60.05a

19.80.24a

19.90.30a

Starch

53.20.51a

52.60.74a

52.30.10a

52.30.04a

Reducing sugars

15.30.12c

15.10.09ab

15.20.05b

15.00.03a

Ash

2.320.02a

2.410.02b

2.410.02b

2.460.01c

Total dietary fiber

1.930.03a

2.260.09b

2.550.05c

2.940.04d

Values are means of three determinations ± standard deviation.
Values of the same row with the same superscript are not statistically different (P<0.05).
RF – rice flour; LBF – light buckwheat flour
Control sample – RF cookies; 10% RF/LBF cookies – RF cookies enriched with LBF at the level of
10%; 20% RF/LBF cookies – RF cookies enriched with LBF at the level of 20%; 30% RF/LBF cookies –
RF cookies enriched with LBF at the level of 30%.

Due to the higher total phenolic content of LBF than of RF [4], the significant increase
(P<0.05) in total phenolic content of rice-buckwheat gluten-free cookies was found in
comparison with the rice ones (Table 2). Buckwheat was previously used for upgrading
of gluten-free products [23], especially as a component for gluten-free bread [4] and
cookies [3].
Rutin, a potent antioxidant [24], which is dominant in LBF [25], is not presented in RF,
which containes ferulic and p-coumaric acids as the main polyphenols [26]. Therefore,
incorporation of LBF in gluten-free cookies’ formulation resulted in increased
concentration of rutin in the following order: 30 % RF/LBF cookies >20% RF/LBF cookies
>10% RF/LBF cookies (Table 2).
The antioxidant activity of buckwheat flour is superior to RF, due to its higher total
phenolic content [4], especially rutin [25]. Therefore, its incorporation in gluten-free
cookies’ formulation was expected to cause increased antioxidant activity of enriched
gluten-free cookies, which was proven by the results of four applied tests for the
determination of antioxidant activity (Table 2). The increasing proportion of LBF in the
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flour mixtures from 10% to 30% in gluten-free cookies’ formulation resulted in cookies
with increased antioxidant properties, expressed as IC50.

Table 2. Phenolic content and antioxidant activities of rice cookies (RF cookies) and ricebuckwheat gluten-free cookies (10% RF/LBF cookies, 20% RF/LBF cookies and
30% RF/LBF cookies)

AOA,
IC50
(mg/mL)

Reducing
activity,
IC50
(mg/mL)

DPPH.
scavenging
activity,
IC50
(mg/mL)

Chelating
activity on
Fe2+, IC50
(mg/mL)

n.d.

25.0±0.21a

37.7±0.97a

23.2±0.69a

17.6±0.65a

1038±43.9b

25.1±0.54a

21.9±2.59b

32.3±0.63b

22.9±1.37a

4.79±0.73b

20% RF/LBF

1248±13.7c

33.3±0.23b

18.7±1.70c

31.3±0.77b

16.8±0.75b

4.76±1.01b

30% RF/LBF

1349±16.9d

40.1±0.58c

11.4±0.97d

29.0±1.15c

14.7±0.93c

4.64±0.52b

Extracts

Total
phenolic
content*
(g GAE/g)

Rutin*
(g/g)

Control

955±46.2a

10% RF/LBF

*Results are presented on dry mass basis.
Values are means of three determinations ± standard deviation.
Values of the same row with the same superscript are not statistically different (P<0.05).
Abbreviations are the same as in Table 1.

AOA negatively correlated with the total phenolic content (R=-0.951) suggesting that
phenolic compounds presented in produced cookies mainly contributed to their overall
antioxidant properties. Furthermore, thermal processing of cereals, such as baking, also
results in the formation of substances with antioxidant properties, namely Maillard
reaction products [27], which contribute to the overall antioxidant activity of bakery
products.
Most of the sensory properties were not significantly influenced by the LBF addition
compared to the control sample (Table 3). However, the enrichment of control glutenfree cookies’ formulation with 20% LBF resulted in significantly distinct intensity
(P<0.05) of colour and odour. These results are in agreement with previously published
findings of Luthar [28], who found that the presence of aromatic compounds in
buckwheat flour improved the pleasant odour and taste compared to the bland and
neutral rice flour [29]. More intensive colour was found to exist in 20% RF/LBF and 30%
RF/LBF than in other two samples, due to the differences in amino acids profile [30] and
the content of reducing sugars between buckwheat and rice flour, which further caused
the differences in nonenzymatic browning reaction during baking process [31].
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Better textural properties, such as hardness and crumbliness, of RF cookies could be
addressed to their better quality of protein structure compared to the RF/LBF cookies
(Table 3).
Generally, the addition of LBF in the gluten-free cookies’ formulation did not have a
negative influence on their sensory quality. In comparison with other investigated
samples, 20% RF/LBF was found to have the most acceptable sensory properties. Our
findings are in accordance with the previous findings of Torbica, Hadnađev and
Dapčević [3], who applied different sensory method of evaluation.

Table 3. Sensory scores of cookies

Control
sample

10% RF/LBF
cookies

20% RF/LBF
cookies

30% RF/LBF
cookies

Colour

3.08±0.51a

3.33±0.49ab

3.92±0.67c

3.67±0.78bc

Odour

3.08±0.67a

3.17±0.39a

3.67±0.65b

3.25±0.62ab

Fatness

3.25±0.75a

3.33±0.49a

3.50±0.52a

3.58±0.79a

Hardness

4.08±0.51b

3.25±0.75a

3.33±0.65a

3.42±0.67a

Crumbliness

1.67±0.78a

1.75±0.87ab

2.33±0.49b

2.08±0.79ab

Sharpness

3.17±0.39a

2.75±0.75a

2.83±0.83a

2.83±0.72a

Fracturability

3.17±1.11a

3.67±0.89a

3.83±0.94a

3.50±0.80a

Adhesiveness

2.58±0.90a

2.33±0.89a

2.08±0.90a

2.25±0.62a

Particle size/shape

3.25±0.62a

3.42±0.67a

3.50±0.67a

3.67±0.78a

Taste

3.07±0.58a

3.42±0.67b

3.53±0.49b

3.58±0.51b

Property

Scores are means ± standard deviation.
Values of the same row with the same superscript are not statistically different (P<0.05).
Abbreviations are the same as in Table 1.

CONCLUSIONS
Light buckwheat flour (LBF) was used to enhance antioxidant capacity of ricebuckwheat gluten-free cookies compared to the rice cookies that were used as the
control.
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The substitution of rice flour in gluten-free cookies’ formulation with LBF at the level of
10-30% resulted in significantly higher (P<0.05) total phenolic content and rutin content,
antiradical activity on DPPH, AOA and reducing power than in the control cookies.
Comparing all evaluated sensory properties, cookies enriched with LBF at the level of
20% (20% RF/LBF) expressed the most acceptable sensory properties.
These results indicate the benefit of using LBF in the production of gluten-free cookies,
i.e. its contribution to their functionality.
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ABSTRACT
One of the factors that are related to dietary selection of older individuals is oral health
status. Food choices change significantly when a patient begins using dentures. Denture
wearers tend to eat fewer vegetables, fruits, and whole grains, which results in less than
desirable intake of certain vitamins such as folate. The aim of this study was to
determine whether there is an impact of denture wearing on cereals and cereal products
intake, and also on folate intake in older women.
The study included 57 women (mean age 63.5 years). Validated quantitative food
frequency questionnaire was used.
Denture wearers (n=20) had higher average daily intake of cereals and cereal products
than non-denture wearers (n=37) (155.9 g vs. 145.3 g), but the difference was not
significant. Folate intake was not significantly different according to denture wearing.
Higher number of denture wearers avoided hard-to-chew foods, such as crusty, dry
breads (25.0% vs. 8.6%), and sticky foods, such as soft, doughy breads (75.0% vs. 45.7%)
compared to non-denture wearers.
The results showed no significant difference in the amount of cereals and cereal products
consumed and in the average folate intake in older women according to denture
wearing.

Keywords: cereals, folate, older women, denture wearing

INTRODUCTION
One of the factors that are related to dietary selection of older individuals is oral health
status [1]. The number and distribution of the remaining natural teeth plus the quantity
and quality of saliva production influence oral function in older individuals [2].
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There is some evidence that impaired dentition can affect individuals by causing dietary
restrictions via difficulty in chewing [3]. This may be because people who cannot chew
or bite comfortably are less likely to consume high-fiber foods such as bread, fruit, and
vegetables, thereby risking reducing their intake of essential nutrients [4].
Food choices change significantly when a patient begins using dentures [2]. Eating
abilities with dentures are not equivalent to natural teeth; the majority of published
researches [5, 6] have demonstrated poor nutrient composition and eating-related
quality of life in individuals with dentures as compared to those with natural teeth. The
potential for these deficits to result in malnutrition, particularly among elderly people,
who represent the largest cohort of denture wearers, is high [7]. Denture wearers tend to
eat fewer vegetables, fruits, and whole grains, which results in less than desirable intake
of certain vitamins such as vitamin C, vitamin E and folate [2].
The aim of this study was to determine whether there is an impact of denture wearing
on cereals and cereal products intake, and also on folate intake in older women.

MATERIALS AND METHODS
The study included 57 women aged 55-80 years (mean age 63.5 years) from Zagreb.
Participants were recruited via various advertisements and included colleagues, friends
or acquaintances of researchers. Participants were divided in two groups according
denture wearing; one group was women with dentures (n=20) and the other group was
women with natural teeth (n=37).
Participants underwent a dental examination by a dentist. They were then asked to
specify certain foods that they had difficulty to eat.
Validated quantitative food frequency questionnaire (FFQ) [8] was used to determine an
average folate intake and also to determine intake of some typical cereal products such
as pasta, rice, ready-to-eat cereals and different kind of breads. The FFQ was designed to
measure folate intake in μg of dietary folate equivalent (μg DFE). The FFQ is a 39-item
questionnaire that uses the previous month as a reference period with the following
consumption frequencies: never, 1 time/month, 2-3 times/month, 1 time/week, 2-3
times/week, 4-6 times/week and every day. The subjects received the FFQ in the form of
a booklet with incorporated food photographs [9]. Each photograph showed small,
medium, and large portion sizes, or portion size was described with a kitchen utensils.
Folate intake was calculated using national food composition tables [10].

RESULTS AND DISCUSSION
Denture wearers had higher average daily intake of cereals and cereal products (pasta,
rice, bread, ready-to-eat cereals) than non-denture wearers (155.9 g vs. 145.3 g), but the
difference was not significant. Non-denture wearers consumed more whole-grain bread
in average than denture wearers (40.8 g vs. 37.1 g), and denture wearers consumed more
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bread in total than non-denture wearers (60.3 g vs. 58.5 g), but the differences were also
not significant (Table 1).

Table 1. Average cereals and cereal products intake according to denture wearing

Food groups (g)

Pasta
Rice
Whole-grain bread
Bread
Ready-to-eat cereals
Pasta, rice, bread, ready-to-eat cereals

Denture wearers
(n=20)
37.6 ± 35.0
28.9 ± 19.9
37.1 ± 49.5
60.3 ± 43.7
19.1 ± 30.4
155.9 ± 104.3

Non-denture wearers
(n=37)
37.5 ± 30.2
28.3 ± 23.9
40.8 ± 38.0
58.5 ± 32.5
18.3 ± 26.1
145.3 ± 62.1

p

0.99
0.92
0.76
0.86
0.91
0.68

Values are the means ± SD
Statistical significance at p<0.05

Average daily folate intake by cereals and cereal products and total folate intake are
presented in Table 2. Folate intake was not significantly different according to denture
wearing. Total folate intake was higher in a group of denture wearers (211.1 μg DFE)
than in a group of non-denture wearers (184.8 μg DFE), but it was no significantly
different. In a study by Ranta et al., elderly individuals wearing complete dentures
consumed lower levels of proteins and dietary fiber, as well as micronutrients such as
thiamin, iron and folate [11]. Statistical differences were observed between the two
groups of participants in a study with French elderly people, the study group (complete
denture wearers) showing mean intakes lower than the control group (fully dentate) for
many micronutrients, i.e. magnesium, calcium, iron, riboflavin, and folate. Mean folate
intake was 231.0 μg in a group of complete denture wearers, and 301.2 μg in a fully
dentate group [12], what was opposite of what we determined in this study. Participants
in a group with impaired dentition had lower dietary intake levels of vitamin A,
carotene, folic acid, and vitamin C in older American adults [13]. Non-denture wearers
had higher intake of folate by ready-to-eat cereals (13.6 μg DFE vs. 6.5 μg DFE) than
denture wearers (Table 2), because they consumed more ready-to-eat cereals enriched
with folic acid.
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Table 2. Average daily folate intake by cereals and cereal products according to denture
wearing

Folate intake (µg DFE) from:

Pasta
Rice
Whole-grain bread
Bread
Ready-to-eat cereals
Pasta, rice, bread, ready-to-eat cereals
Folate total (µg DFE)
Folate total (% RDA)

Denture wearers
(n=20)
0.8 ± 0.7
1.7 ± 1.2
13.8 ± 18.1
21.6 ± 15.3
6.5 ± 12.7
34.1 ± 29.9
211.1 ± 86.6
52.8 ± 21.7

Non-denture wearers
(n=37)
0.8 ± 0.6
1.7 ± 1.4
15.1 ± 13.8
21.9 ± 12.0
13.6 ± 30.3
37.9 ± 32.7
184.8 ± 101.1
46.2 ± 25.3

p

0.99
0.92
0.77
0.94
0.22
0.67
0.33
0.33

Values are the means ± SD
Statistical significance at p<0.05
DFE=dietary folate equivalent

Higher number of non-denture wearers consumed bread every day (67.6%) than denture
wearers (60.0%), but higher number of denture wearers consumed bread in average 5
and 2.5 times per week (Figure 1).

Figure 1. Frequency of bread consumption according to denture wearing (% subjects)
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Higher number of non-denture wearers (37.8%) consumed exclusively whole-grain
bread than denture wearers (30.0%). Higher number of denture wearers (40.0%)
consumed all three types of bread equally than non-denture wearers (24.3%) (Figure 2).

Figure 2. Types of bread the most often consumed according to denture wearing (%
subjects)

Figure 3. Types of bread that are usually avoided according to denture wearing (%
subjects)
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Poor oral health status is often associated with the avoidance of hard-to-chew foods [1].
These foods can be of the sticky/gummy, hard/chewy, or small-particle varieties and
present difficulties for denture patients [2]. Elderly persons wearing complete dentures
tended to have a lower intake of difficult-to-chew food items, such as vegetables, fruits,
meat and whole grains, than those with natural dentition [14, 15]. In this study higher
number of denture wearers avoided hard-to-chew foods, such as crusty, dry breads
(25.0 vs. 8.6%), and sticky foods, such as soft, doughy breads (75.0% vs. 45.7%) compared
to non-denture wearers (Figure 3).
The number of natural teeth significantly affected the ability to eat some foods in older
people in British National Diet and Nutrition Survey [16]. All people with 21 or more
teeth could eat sliced bread and crusty bread easily compared with people with fewer
teeth, who had some difficulty eating them.
Impaired dental status and chewing difficulties did not affect the frequency of eating
"difficult to chew'' food, but it was related to more frequent consumption of softer food
(fish, grains, and dairy products) in older Greeks. They did not exclude any food type
from their diet, because of dental impairment. To overcome chewing problems they used
various preparing methods to consume their favorite food [17].

CONCLUSIONS
The results showed no significant difference in the amount of cereals and cereal products
consumed and in the average folate intake in older women according to denture
wearing.
Higher number of denture wearers avoided some types of cereal products that are hardto-chew or doughy compared to non-denture wearers.
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ABSTRACT
Adequate folate intake plays important role in reproductive women especially in
preventing and reducing the risk of neural tube and other birth defects. Cereals and their
products represents major source of energy, protein, B vitamins and minerals for the
world population and are assumed to contribute notably to the overall folate intake.
The aim of this study was to determinate intake of cereals and their products in
reproductive women consuming vegetarian and omnivorous diets, and estimate if there
is any difference in cereals and folate intake between groups. Subjects were 70 women,
aged 25 to 43 years, divided in two groups according to their eating habits. Dietary
method used was validated quantitative food frequency questionnaire for assessment
folate intake.
This survey found no significant difference between amount of cereal consumption
among groups, but found 21% higher folate intake from cereals in vegetarian group.
Statistically significant difference was found in bread consumption. Wholegrain bread
made more than 85% of daily bread intake in vegetarians while only 61% in omnivores resulting in 12% higher folate intake in vegetarian population. Also found was difference
in breakfast cereals intake with women following vegetarian diet have 30% higher intake
resulting in more than 30% higher folate intake.
The results pointing out a necessity of the grain surface treatment, preceding the milling
in wholegrain buckwheat, corn and rice flour production.

Keywords: cereals, folate, vegetarians, omnivores

INTRODUCTION
Cereals are one of the most important sources of food [1]. Together with pseudo-cereal
grains are a major source of energy, good source of complex carbohydrates,
phytochemicals, minerals and an important source of most B vitamins for the world
population [2, 3]. High consumption of cereals has been associated with a decreased risk
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of developing several chronic diseases as well as with increased intake of fiber, calcium,
iron, zinc, vitamin C and folate [4].
Folate is a water soluble B vitamin that occurs naturally in wide variety of foods of plant
and animal origin. As cereals and their products constitute important part of diet of the
world’s population it is assumed that they can contribute a lot to the overall folate
intake. Besides naturally occurring folate many cereal products are fortified with folic
acid which makes them very good source of folate.
Adequate folate intake plays an important role in primary prevention of several diseases
[5] and is important for maintaining normal function of organism. Folate is needed for
production and maintenance of new cells, which is especially important during periods
of rapid cell division and growth such as infancy, adolescence, and pregnancy. Women
of childbearing age should obtain adequate amount of folate from food and supplements
before conception to reduce risk of NTDs and other birth defects [6]. The Dietary
reference intake (DRI) for reproductive women is 400 μg/day of folic acid obtained from
food, fortif ied foods and dietary supplements [7]. Based on all obtained findings about
benefits of adequate folate intake periconceptual folate supplementation is
recommendation [8].
As difference in eating habits is important cause for variations in nutrition quality it is
expected that vegetarians have superior folate status compare to omnivores due to
higher abundance of plant food in nutrition [9].
The aim of this research was to establish consumption of cereals and their products as
source of folate in reproductive women with different eating habits (women consuming
omnivorous and vegetarian diet) using validated food frequency questionnaire (FFQ)
and to determine any difference in cereals and folate intake between these two groups.

SUBJECTS AND METHODS
Subjects were 70 reproductive women aged 25 to 43 years, divided in two groups
according to their eating habits (vegetarians and omnivores).
Dietary method used was validated quantitative self-administered FFQ for assessment
of food folate intake, containing 39 items that uses the previous month as a reference
period, with frequency consumption determinated on the basis of reporting: never,
one/month, two-three/month, one/week, four-six/week, every day. FFQ was previously
validated in Croatian populations of adult women and adult vegetarians and details
were described [10, 11].
Folate intake (total and from cereals) was calculated using national food composition
tables [12].
Anthropometric measurement of subjects were performed in the morning after
overnight fasting. The height and weight were measured at scale with attached
stadiometer (Seca, Type 710-220, Vogel & Halke Gmbh & Co., Germany). During the
measuring subjects were barefoot with minimal clothing and measurement were
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performed according to standard instructions [13].The height was measured with
precision 0.1 cm, and body weight with precision 0.1 kg. Body mass index (BMI) was
calculated from obtained measures for each subject. Waist and hip circumference were
measured with flexible, inelastic measuring tape with precision 0.1 cm. Measures were
obtained while subjects were standing erectly, muscles relaxed at the level of the natural
waist (horizontal plane at the top of right iliac crest) for waist circumference and
horizontal plane at the maximum circumference of the buttocks for the hip
circumference. The waist-to-hip ratio (WHR) was calculated by dividing waist by hip
circumference.
All measurement were performed by trained personnel.
Participation in the study was voluntary and informed written consent was obtained
from all participants.
Program SPSS v.17 was used for the statistical analysis. Descriptive analysis of
anthropometric and dietetic parameters was assessed as basic statistic method while
difference in mean values of selected parameter according eating habits of woman was
tested by Student’s t test. p values <0.05 were considered as significant.

RESULTS AND DISCUSSION
Basic characteristic of the subjects (age and anthropometric characteristic) and their
folate intake (total and from cereals) are presented in Table 1. Data are shown for total
sample, and for each group of women (omnivores and vegetarians) separately. When
comparing these two groups it was noticed that women following omnivore diet had
higher body mass, as well as BMI, percentage of body fat and waist circumference, while
vegetarians tended to have higher total folate and folate from cereals intake. According
to t test difference between vegetarian and omnivore women were statistically
significant for hip circumference, WHR and for total folate intake.
Obtained results were expected because previous study showed that vegetarian diets are
associated with reduced body weight and BMI and lover rates of obesity prevalence
compared to non-vegetarians [14] due to higher abundance of plant food in daily diet
and resulting higher folate intake [15].
One of the good sources of folate and a food consumed by both observed groups are
cereals and cereal products. In this study average consumption of cereals did not differ
significant between groups - it was 134.85 g/day for omnivores and 146.21 g/day for
vegetarians. According to data from the Croatian Bureau of Statistics average
consumption of cereals and cereal products for year 2011 was 112.4 kg/year per capita or
calculated 307.95 g/day per capita. This amount include rice, flour and other cereals,
bread and other bakery products, pastry-cook products, pasta products and other cereal
products [16], what differs from food that was included in this study.
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Table 1.

Characteristics of subjects. Subjects defined by age, anthropometric
characteristics and folate intake.

TOTAL (n=70)

OMNIVORE
women (n=35)

VEGETARIAN
women (n=35)

p

34.77 ± 4.49

34.86 ± 4.43

34.69 ± 4.61

0.874

Age - range
(years)

min. 25;
max. 43

min. 25;
n max. 43

min. 25;
max. 43

/

Body mass
(kg)

67.59 ± 13.88

70.56 ± 15.86

64.61 ± 11

0.072

Body height
(cm)

168.42 ± 5.11

168.77 ± 4.69

168.08 ± 5.54

0.573

Body mass index
(kg/m2)

23.83 ± 4.8

24.78 ± 5.51

22.89 ± 3.82

0.100

Body fat
(%)

26.3 ± 7.57

27.59 ± 8.27

25.02 ± 6.66

0.157

Waist circumference
(cm)

77.59 ± 10.03

78.38 ± 11.45

76.81 ± 8.47

0.516

Hip circumference
(cm)

103.60 ± 10.21

106.33 ± 11.72

100.87 ± 87

0.024*

Waist to hip
ratio

0.75 ± 0.05

0.74 ± 0.05

0.76 ± 0.05

0.037*

Folate from cereals total
(μg/day)

29.86 ± 19.4

26.25 ± 17.71

33.47 ± 20.58

0.121

203.47 ± 98.96

165.05 ± 78.43

241.89 ± 103.35

0.001**

Parameters
Age
(years)

Food Folate total
(μg/day)
*p<0.05; **p<0.005

Figure 1 shows average daily intake of cereals and their products (breakfast cereals, rice,
paste, bread) based on obtained data while figure 2 shows corresponding amount of
folate. According to the type of cereals consumed there was no big difference in intake of
pasta (~48 g/day) and rice (~25 g/day) in both groups, so these foodstuff do not
contribute to difference in daily folate intake. Although there was also no big difference
in daily bread intake among groups, there was statistically significant difference in type
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of bread consumed. In group of women following vegetarian diet wholegrain bread
makes more than 85% of daily bread intake, while in women following omnivorous diet
it makes 61%. Based on observed intake and a higher folate content in wholegrain
breads, women consuming vegetarian diet had 12% higher folate intake compare to
women consuming omnivorous diet. Also observed was difference in breakfast cereals
intake with women following vegetarian diet have 30% higher intake and consequently
more than 31% higher folate intake. Statistically significant difference between groups
was estimated for amount of whole bread consumed and for folate intake from whole
grain bread.

*p<0.05

Figure 1. Average daily consumption of cereals and their products

This study showed that cereals contribute with 12.6% (10% for omnivores, and 15.1% for
vegetarians) to total folate intake in population of Croatian women of reproductive age.
This differs from previously published studies where showed that cereals contribute to
total folic acid intake with 11.9-22.3% [17] and that breakfast cereals contribute with
17.7% to total folate intake [18] probably due to small sample.
Result obtained in this study were significantly lower than result obtained from study of
U.S. women of reproductive age which showed that cereals contributed with 36.6% to
total daily folate intake [19]. Taken into account only food that was followed up in this
study stated contribution would be reduced to contribution of 20.06%, with ready to eat
cereals being most strongly correlated with contribution of 19.7% to total folate intake.
Our results show 6.0% contribution to total folate intake for total population, with 5.4%
contribution for omnivores and 6.6% for vegetarians.
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*p<0.05
Figure 2. Average daily intake of folate from cereals and their products

To prevent NTD women need to achieve optimal folate status before pregnancy occurs.
For that reason is important that women in their reproductive age maintain adequate
folate intake.
In this survey we obtain results for daily folate intake 203.33 μg for whole population.
When observed according to dietary habits of participants it was 165.05 μg for omnivore
and 241.89 μg for vegetarian women. These results are similar to already published
findings for folate intake in Croatian women where daily intake was 156.6±72.2 μg whit
white bread and citruses wer e mayor folate sources [20]. Vegetarian women in this
study have folate intake more similar to mean intake of European women (247 μg/day)
[21].
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Table 2.
Total folate intake, intake from cereals and satisfying of
recommendations of subjects divided into categories according waist circumference and
BMI

Waist circumference (cm)

Body mass index (kg/m2)

OMNIVORE women

Parameters
≥80

≥88

<80

<88

<18

18-25

25-30

>30

Number (n)

12

8

23

27

0

22

7

6

Number (%)

34.29

22.86

65.71

77.14

0.00

62.86

20.00

17.14

FOLATE INTAKE:
μg/day

181.51

185.85

153.89

156.80

/

171.29

109.47

200.04

DRI (%)

45.4

46.5

38.5

39.2

/

42.8

27.4

50.0

Croatian RDA
(%)

90.8

92.9

76.9

78.4

/

85.6

54.7

100.2

From cereals
(%)

9.02

6.81

10.50

10.95

/

9.57

13.42

7.36

11

4

24

31

2

25

5

3

31.43

11.43

68.57

88.57

5.71

71.43

14.29

8.57

VEGETARIAN women

Number (n)
Number (%)

FOLATE INTAKE:
μg/day

238.66

298.04

243.37

234.65

277.64

236.13

236.49

275.04

DRI (%)

59.7

74.5

60.8

58.7

69.4

59.0

59.1

8.8

Croatian RDA
(%)

119.3

149.0

121.7

117.3

138.8

118.1

118.3

137.5

From cereals
(%)

18.36

9.76

10.50

10.95

4.53

15.91

18.21

9.58

*DRI – Dietary reference intake = 400 µg/day [6];
National RDA– recommendation of the Republic of Croatia = 200 µg/day [22]

When folate intake is compared with DRI [6] as it is shown in Table 2, subjects meet
recommendations with less than 75%. Precisely it was 50.8% for whole population, 40.9%
for omnivores and 60.5% for vegetarian women respectively. When compare with
national recommendations which are amount to 200 μg/day [22], vegetarians have an
adequate intake, and meet recommendations with 121%. Opposite of that omnivores
meet recommendations with only 81.8%. When observed whole population together it
satisfy national recommendations with 101.7%. Pucarin-Cvetković et al. declared similar
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results on Croatian reproductive women where women in their reproductive years
consumed less than the recommendations for folate, most of them consume about half
the recommending amount [20].
It is very clear that reproductive women do not intake adequate amount of food folate
for life stage, same as in European population [21], therefore possible recommendation
for all women of reproductive age is to consume more foodstuff rich in folate or to take
supplements to obtain adequate intake.

CONCLUSIONS
This survey showed there is no significant difference in amount of cereals consumed
between vegetarian and omnivore women but it showed difference in type of cereals
consumed. Vegetarian women consumed more whole grain cereals and their products
compare to omnivore women. According to that reproductive vegetarian women have
higher total and folate from cereals intake.
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ABSTRACT
International Featured Standard Food (IFS Food) aims to establish a safety management
system and ensure the quality of food production. This standard is of special importance
for food producers and is often a prerequisite for cooperation with retailers. The aim of
this paper is to present experiences in the implementation of IFS Food/Version 6 in the
milling industry, with special emphasize on the features and characteristics of the
standard. IFS Food was implemented by using the methods of the food quality and
safety management system. A hazard analysis and a risk assessment were conducted
after which monitoring and measurement of processes that could influence food quality
and safety have been made. The standard provides specific scoring of each requirement,
depending on the degree of implementation and compliance. The result of implementing
IFS Food in the milling industry has led to an increase in the safety and quality of raw
materials and finished products and an increase in customer satisfaction. The number of
non-compliant conditions or products recorded during the process of implementation
and during internal audit was twofold smaller than before the implementation of the
standard.

Keywords: IFS Food, food safety, milling industry

INTRODUCTION
Consumer awareness about the safety of food that they consume is increasing because
foodborne diseases have become a growing health problem worldwide and their
surveillance is a fundamental component of food safety systems. Foodborne zoonotic
diseases are the most common causes of food poisoning and in the European Union over
320.000 human cases are reported each year, but the real number is likely to be much
higher [1]. In the European Food Safety Authority’s (EFSA) latest report on foodborne
zoonotic disease in the European Union, the overall reporting rate was 1.12 outbreaks
per 100,000 population [2] in 2011. In United States about 48 million people are affected
by foodborne diseases each year [3].
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Current European legislation requires all food businesses to introduce food management
systems to ensure food safety based on the internationally recognized World Health
Organization´s (WHO) Codex Alimentarius and the principles of Hazard Analysis and
Critical Control Point [4, 5]. In Croatia, the legislative framework for ensuring food
safety and quality consists of the Food Act (2013) [6] and Law on Food Hygiene and
Microbiological Criteria for Foodstuffs (2013) [7] which are fully compliant with
European legislation. Food safety is a concept that food will not cause harm to the
consumer when it is prepared and/or eaten according to its intended use [8]. To assure
the safety of food, establishing a system based on continuous management including
total quality management, hygiene and good manufacturing practices, is essential.
In the last ten to twenty years private standards have been launched on the global
market, all with the same objective - to protect consumer health through integrated food
safety management systems. At the same time, the trend that major retailers develop
their own-brand range of food products was evident on the global market [9]. In view of
the above, due to the increasing demands of customers, stricter legal requirements and
responsibility of retailers, it was necessary to create a uniform quality assurance and
Food Safety Standard, as a pre-requisite for manufacturers and suppliers to become
brand manufacturers for certain retailer(s). Consequently, in 2000 several big leading
international retailers and suppliers launched the Global Food Safety Initiative (GFSI)
with the aim to ensure convergence amongst food safety standards, to benchmark
existing certification frameworks for food safety and to maintain a benchmarking
process for food safety management systems. This is a non-profit foundation managed
by The Food Business Forum (CIES). CIES stands for Comité International d’Entreprises
à Succursales, which is the French name for International Committee of Food Retail
Chains. Retailers could accept any of the recognized GFSI certification schemes as a
proof of “due diligence” in food safety procedures [10].
Consequently, the International Featured Standard (IFS) was developed, an
internationally accepted audit standard for all parties involved in the supply chain and
its aim was to ensure safety and quality of food and non-food products and related
services. IFS Food is a standard for auditing quality and food safety of food products. It
can be implemented only in companies where the product is processed, or if there is a
danger of product contamination during the primary packaging. IFS Food defines
unique and complex requirements for content, procedures and evaluation systems as
well as for audit criteria. It was developed by German and French retailers in order to
provide international security standards for companies which produce private label
brands for large retailers. In developing the final IFS Food version 6, retailers,
stakeholders, and representatives of industry food services and certification bodies were
also involved, in addition to German, French and Italian working groups. During its
development, IFS Food gained input from a recently formed IFS North America working
group and retailers from Spain, Asia and South America. The new IFS Food version 6
has been in force since July 2012 [11].
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The main objectives of IFS Food, and other IFS standards [11], are:
• to establish a common standard with a uniform evaluation system,
• to work with accredited certification bodies and qualified IFS approved
auditors,
• to ensure comparability and transparency throughout the entire supply
chain,
• to reduce costs and time for both suppliers and retailers.

The aim of this paper is to present experiences in the implementation of IFS
Food/Version 6 in the milling industry, with special emphasize on the features and
characteristics of the standard. As a case study we have deliberately chosen one small
enterprise (SE), because even though small and small and medium-sized enterprises
(SMEs) are said to contribute significantly to the economies of most countries, including
Croatia, they are the least likely to comply with regulatory requirements because of
resource constraints. Consequently, there is a paucity of published work in this area.

MATERIALS AND METHODS
Enterprise description
IFS Food ver. 6 was implemented in a small enterprise located in the northern part of
Croatia, owned by the German-Hungarian mill group. The production facility was
renovated in 2007 and equipped with new devices. This is important to point out
because the infrastructure condition of a building is often a crucial factor for the
implementation of the IFS Food standard. Installed production capacity of the mill is 150
tons per day. Wheat used as a raw material is purchased from local contract
manufacturers and also on the EU market, and it is used for manufacturing different
types of flour.
The mill was organized into two production units – wheat grinding, and packaging and
storage of flour. Business monitoring was completely computerized with program MS
Navision. Production was carried out according to ten specifications of products sold as
its own brand as well as a brand of international retailers in the domestic market. The
total number of employees was 29, working in three shifts with no temporary workers.
Raw materials were stored in a floor warehouse, while finished products were stored in
silos with a capacity of 60 tons and a floor warehouse.
The mill possessed its own laboratory for the analysis of raw materials and finished
products. Analyses of raw materials and finished products were carried out in
accordance with the Regulations on quality of cereals, mill and bakery products, pasta,
dough and dough products [12].
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Implementation of IFS Food Standard
The enterprise implemented and certified a quality management system according to
ISO 9001:2008 and HACCP system in 2010. Additionally, two standards, Kosher and
Halal were implemented in 2012 and 2013, respectively.
The IFS Food Standard was implemented over a period of 8 months during 2012 in
collaboration with a consulting company. Certification was conducted by an accredited
company in January 2013. The procedure of IFS Food implementation was carried out
according to the time frame which is summarized in Table 1.
Generally speaking, risk assessment comprises four steps: hazard identification, hazard
characterization, exposure assessment, and risk characterization. The process provides a
framework for the systemic and objective evaluation of all available information
pertaining to foodborne hazard. Although HACCP was implemented in 2010, due to the
some changes in the manufacturing procedure and also due to the requirements of IFS
Food standard, a new manufacturing flow diagram needed to be designed upon which
risk assessment was made. The risk assessment was conducted considering the
probability of hazard occurrence (values 1 to 3) and the risk degree (values 1 to 3).
Hazard occurrence is estimated as: 1–may occur; 2–a rare occurrence, and 3–a common
occurrence. Risk degree is estimated as 1–small (causes repulsion but does not require
medical intervention), 2–medium (characteristic symptoms, requiring medical
intervention) and 3–large (can cause death and permanent illness).
Implementation of the IFS Food standard is conducted by scoring the fulfilment of a
particular requirement [11] (Table 2).

Evaluation of IFS Food Standard effectiveness
With the aim of verifying the effectiveness of the Standard implementation, the
parameters of safety and product quality, customer satisfaction and the number of nonconforming conditions/products were monitored during implementation and eight
months after certification.
Raw materials and the finished product must comply with current legislation (in terms
of security) and internal standards (in terms of quality).
Customer satisfaction was measured by the number of complaints received concerning
products and by conducting a customer survey using a questionnaire. Topics covered by
the questionnaire were: product quality, delivery time, resolving complaints and
courtesy of employees.
All products / conditions that do not meet the requirements relating to the quality
management system, the IFS system, HACCP system, legislation, standards /
requirements of customers and internal standards were considered inconsistent.
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Table 1. Time frame for IFS Food implementation

AIM OF THE
PROJECT
IMPLEMENTATION

Implementation of IFS Food with the final goal of certification by an
accredited certification company.
Covered area: Products of grain - wheat flour
PHASE I
a)

assessment of the current conditions of: building,
organization and documentation

b)

defining: activities for preparation and correction of system
documentation; responsibilities in the implementation of
activities (infrastructural, organizational and documentation)
and deadlines

Period of implementation: May 2012.
PHASE II
a)

preparation and correction of system documentation

b)

educational activities – team education for implementation
and system maintenance

Period of implementation: June-July 2012.
PHASE III – system application and auditing
PROJECT PHASES

a)

practical consulting (checking the degree of requirements
implementation, working on improvements)

b)

educational activities - employees training in the workplace

c)

correction of prepared documentation (optional)

Period of implementation: August-September 2012.
PHASE IV - preparing for system certification
a)

internal audit

b)

rejection of non-compliance / work on improvements

Period of implementation: October-December 2012.
PHASE V – system certification
a)

attendance at the certification audit

b)

rejection of non-compliance / work on improvements upon
the certification audit

Period of implementation: January 2013.
Eight months.
DURATION OF THE
PROJECT

Dates of the activities are defined by client service provider.
Responsibility for the implementation of certain phases and activities
will be specified during Phase I.
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Table 2. Evaluation of requirements

Result

Explanation

Points

A

Full compliance

20

B (deviation)

Almost full compliance

15

Almost full compliance

15

C (deviation)

Small part of the criteria is
implemented

5

D (deviation)

Requirement has not been
implemented

– 20

Major

When there is a substantial failure to
meet the requirements of the
Standard, which includes food safety
and/or the legal requirements of the
production and destination countries.
A major can also be given when the
identified non-conformity can lead to
a serious health hazard. A major can
be given to any requirement which is
not defined as KO.

15% of the
possible total
amount of points
is subtracted

KO requirement
scored with B

KO requirement
scored with D

Knock-Out
The KO requirement has not been
implemented
Not applicable

NA

Requirement not applicable for a
company

50% of the
possible total
amount of points
is subtracted
N/A
requirements will
be excluded from
the final scoring

The total score is calculated as follows [11]:
Total number of points = (total number of IFS requirements – requirements scored with N/A)x20.
Final score (in %) = number of points awarded / total number of points.
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RESULTS AND DISCUSSION
The first phase of the project implementation was the assessment of the current state of
the organization, processes and documentation. According to the obtained results, the
required activities, responsibilities and timeline for improvement were defined. The
infrastructural state of a facility is an important and often crucial factor for implementing
IFS Food. In this case, due to the previously mentioned data on the status of the
building, its condition was estimated as satisfactory and only minor investments were
required to achieve full effectiveness.
The complexity of IFS Food requires the existence of prerequisite programs (PRPs),
including good manufacturing (GMP) and good hygienic practice (GHP), at the highest
level of efficiency. The prerequisite programs represent the conditions and/or necessary
basic activities to maintain a hygienic environment for the production, handling and the
provision of safe finished products all along the food product process [13].
Documents preparation and educational activities to the required skill levels were
performed according to the time frame and training plan. Educational activities for the
food safety team involved initial training on the IFS Food requirements as well as
continuous training through the stages of system implementation by the consultant.
Training for workers involved the application of the IFS Food requirements in individual
workplaces. Educational activities included all workers, and were conducted by a
consultant.
During the IFS Food implementation process, a new flow diagram concerning flour
manufacturing was established and after verification it served as a base for risk
assessment. Risk assessment was conducted stage by stage from the reception of the raw
material up to the despatch of the finished products. The HACCP offers a scientific,
rational and systematic approach for identification, assessment and reduction of hazards
during production, processing, manufacturing, preparation and use of food and is one of
the most successful quality management
concepts worldwide [14]. However,
implementation of IFS Food had some additional requests: allergenic substances needed
to be define, the function of magnet was more precisely defined because mill did not
have a metal detector (and this request was KO), and the possibility of contamination
due to the usage of compressed air was also monitored.
By applying the methodology of risk assessment considering the probability of hazard
occurrence and the risk degree (potential health impacts), prerequisite programs (PRP)
were determined in the case that the multiplication score was 1 to 3, and control points
(CT), in the case that the multiplication score was 4. Critical control points (CCPs) in the
case that the multiplication score was 6 were not established.
The outcome of risk assessment is an estimation of the magnitude of human health risk
in terms of likelihood of exposure to hazards in a food and the likelihood and impact of
any adverse health effects after exposure [15].
As a result of the hazard analysis and risk assessment, three control points were
determined: (1) receipt of wheat, auxiliary materials and packaging, (2) white cleaning,
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Biological

Physical

Chemical

CP1
1c. Auxiliary
materials´
reception

CP2
10. White cleaning

CP3
17. Dosage

Chemical

Biological
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Within legal
limits

Particles > 250
μm

Control of control sieve

Control of concentration
of additives

Separation of
all metal
particles

Within legal
limits

Within legal
limits

Absence of all
particles

Humidity
<13.5%

Critical limits

Control of magnet

Requirements of
requests reception

Requirements of
requests for packaging´s
reception

Visual inspection

Physical

CP1
1b. Packaging´s
reception

Humidity control

Biological

CP1
1a. Wheat´s
reception

Description of CP

Hazards

Stages

Table 3. Hazard analysis conducted during manufacturing

Weighting of added
additives

Control of control sieve
within Program of
preventive maintenance

Control of magnet

Expiration date inspection
Analytical reports

Analytical reports

Wheat´s visual inspection
and humidity analysis

Process

Monitoring

Every
weighing

Four times
per year

Once per
week

Every
reception

Every
reception

Every
reception

Frequency
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and (3) dosage of auxiliary materials. The necessities to control the appearance of
biological and physical hazards in the raw materials, chemical hazards at packaging´s
reception, physical hazards in process of white cleaning and chemical hazards in dosage
of auxiliary materials were established (Table 3.).
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Physical hazards mainly included foreign bodies (metal, plastic, wood, glass, stones and
rocks etc.), which could have originated from the raw material but also from machines or
transport. The term biological hazard was mainly related to cereal insects and
mycotoxines (aflatoxins, ochratoxin etc.). Chemical hazards were related to the traces of
heavy metals (in the stage of packaging´s reception) and additives which could be added
in higher concentrations than recommended (in the stage of dosage). Corrective
measures were defined in every stage and they included: withdraw of raw material,
packaging or auxiliary materials (CP1a, CP1b, CP1c), stopping the manufacturing
process unless the hazard is removed (CP2) and storage of a single batch in a separate
warehouse (CP3).
Having only four established control points is in accordance with expectations since the
flour milling industry is considered a low risk area within the food handling enterprises,
because flour is mainly used for baking purposes. However, there are pathogens, which
might produce toxins heat stable and can cause illness even after the product has been
baked, such as Bacillus and Staphylococcus species. Flour is generally regarded as a
microbiologically safe product because it is a low water-activity commodity. Although
the growth of pathogenic bacteria may not be supported under such conditions,
pathogens that contaminate flour may survive for extended periods [16].
The specific features of the milling industry – such as the common practice to provide
the required amount of raw material from a large number of suppliers, storage of raw
materials in bulk, the need for mixing raw materials of different parameters in order to
ensure customer demands (producer specifications, often for different applications in the
bakery and confectionery industry) and storage of finished products in silos –
significantly complicate the fulfilment of requirements. Consequently, meeting the
requirements of the system includes a high level of documentation and training for
workers. Ensuring traceability represents a component of the procedures for revocation
and withdrawal. Traceability (the ability to trace products) means that the flow of
material and information within a company and/or supply chain can be followed [17].
Traceability can be useful not just to optimize production planning and scheduling, e.g.
minimize waste and ensure optimal use of raw materials [18], but also as a part of a
competitive strategy [19].
Requirements that a company must meet in order to receive an IFS Food certification are
arranged into six chapters: (1) Senior Management Responsibility, (2) Quality and Food
Safety Management, (3) Resource management, (4) Planning and Production Process, (5)
Measurements Analysis and Improvements and (6) Food defence (IFS, 2012). A
summary overview of scoring requirements is presented in Table 4.
Figure 1 shows the final score for each of the six chapters. Senior Management
Responsibility (1) received a final score of 96.59% and fulfilled the greatest number of
requirements. Planning and Production Process (4) was the group with the larger
number of requirements and requirements scored as not applicable for the company.
The final score for this group of requirements was 76.33%, which was the lowest result.
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Table 4. Summary overview of scoring requirements

Senior
management
responsibility

Planning
Quality and
Resource
and
food safety
management production
management
process

Measurements
analyses,
improvements

Food
defence

KO

0

0

0

0

0

0

Majors

0

0

0

0

0

0

A

21

26

18

86

37

6

B

0

1

3

7

6

0

C

1

2

5

12

1

1

D

0

0

0

8

0

0

N/A

0

4

2

32

1

1

Figure 1. Final scores for all chapters

As a result of an audit, a certificate was awarded at the foundation level with a total
score of 84.75%. For all requests that were not assessed with a maximum number of
points, a corrective plan was formed with clear actions aiming to improve the fulfilment
of requirements and define responsible persons and deadlines. To obtain a certificate, the
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final score of all requirements should be a minimum of 75%. With a total score ≥75% and
<95%, the achieved certification is at foundation level, while with ≥95%, certification is at
higher level [11].
Efficacy results of IFS Food implementation based on customer satisfaction and reported
non-conforming products / conditions are shown in Table 5 and Figure 2.

Table 5. Comparing the results of the safety and quality of products based on customer
satisfaction and registered non-conforming condition during and after the
implementation of IFS Food Standard

May 2012
–
January 2013

February 2013
–
September 2013

8

2

3.8

4.4

7

3

Customer satisfaction
Number of received
complaints
Questionnaire
Registered non-conforming
products /conditions

From the obtained results it is evident that the implementation of IFS Food has led to an
increase in customer satisfaction expressed by a drop in the number of product
complaints by 75% and an increase in the overall score from the questionnaire by 12%.
The number of non-conforming products / conditions decreased by 57% during the
implementation process and during internal auditing.
Figure 2 shows the results of safety and quality evaluation of raw materials and products
during and after the IFS Food implementation. The security and quality of raw materials
increased by 5 percentage points and after implementation of IFS Food was at 95%,
while security and quality of products increased by 4 percentage points and was at 99%.
Further improvements, as indicated by the results of the certification and internal audits,
can be achieved by developing a methodology for monitoring process parameters/key
performance indicators (KPI) and by further raising the awareness and competence of
workers. Planned changes in terms of increased production and storage capacity of the
mill and the development of new products will require further efforts in reviewing and
developing system performance.
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Figure 2. Safety and quality of raw materials and products during and after
implementation of IFS Food

CONCLUSIONS
Implementation of IFS Food was conducted by using the elements of a previously
implemented quality management system and HACCP system, along with the necessary
documentation and organizational improvement according to IFS Food, ver. 6. As a
result of hazard analysis and selected risk assessment methodology, three control points
were established: receipt of wheat, auxiliary materials and packaging; white cleaning;
and dosing auxiliary materials. Based on the achieved final score of 84.75%, a
certification was awarded at the foundation level. During the implementation process,
focus was placed on the application of specific requirements in the milling industry in
terms of quality variability of raw materials, the implementation of pest control and
ensuring the traceability system. Implementation of IFS Food has led to an increase in
the safety and quality of raw materials and finished products and an increase in
customer satisfaction expressed by a decrease in the number of product complaints and
higher overall score from the questionnaire. The number of non-compliant conditions or
products recorded during the process and internal audit was twice as small as before the
implementation of the system.
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ABSTRACT
Pasta is a permanent product of flour or semolina and water, with the possible addition
of some ingredients to improve the nutritional and organoleptic properties of the
finished product. Today is produced a large number of different types of pasta, which
vary according to the raw material composition, method of manufacture, primarily
design and purpose. In the group of noodles and similar products part of them is also
crust or phyllo pastry for pies and rolls and grinders and maglica.
Maglica is the product which is obtained by kneading the dough from flour, water and
salt as for pie, rolling pastry around the rolling pin, winding the rolling pin and in the
end puling it off. That kind of prepared dough is cut into pieces up to 2 centimeters and
baked in the oven.
The aim of this thesis is to describe and implement production process of the maglica,
along with monitoring all parameters and changes during the kneading, shaping, baking
and storage of the finished product.

Keywords: pasta, maglice

INTRODUCTION
Pasta is a permanent product made from wheat flour which obtained by mixing,
forming specific shapes and drying. Can be made only from flour and water or with
additions that enrich the nutritional value of the product. On the market the pasta can
put a fresh, dried or roasted. The basic raw material in the production of pasta: semolina,
water and salt.
A large number of bakery products are made of very thin flat layer or bark, and there are
pies, strudels, baklava, ružica, etc. The bark is made with a thickness of 0.2 to 0.5 mm,
thinner for confectionery and thicker for bakery products. Basic raw materials are flour,
water and salt, and rarely use other raw materials. Flour used in this product has a high
content of gluten, great extensibility and flexibility. Improving the properties of flour
inappropriate quality is achieved by the addition of wheat gluten or L-cysteine.
The manufacturing process of production crust from dough is composed of the
following phases:
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preparation of flour and kneading in the standard high-speed bakery kneading
tools, rarely mixers with cold water;



sharing dough into pieces;



rest 20-30 minutes to gluten completely swollen - pieces sprinkled a small
amount of oil and cover in order to prevent the formation of crust on the
surface;



bed bark by hand or machine;



drying, molding and packaging as an intermediate product that is sold or used
in the production of pasty, pie and similar products.

Fully mechanized and automated production line for bark of dough includes the
following operations: mixing, thinning and stretching, cutting, drying and molding.

Organoleptic evaluation of maglica
Organoleptic evaluation and sensoric analysis is a mandatory part of the activities in
identifying and defining the quality of food products. Experts in the field of food
production generally agree that, at list in the near future again time, the human senses
can not be adequately replaced by appropriate instrumental techniques and analytical
methods, and this can be achieved only partially.

MATERIALS AND METHODS
Materials
Materials which used for maglica production are: flour T-500 (64%), eggs (20%), water
(13%), salt (1%) and vegetable oil (1%).
On the Table 1. shows raw material composition dough for maglica production.

Table 1. Raw material composition dough for maglica production

Flour (kg)

25

Eggs (pieces)

120

Water (L)

5

Salt (kg)

0,5

Oil (L)

6,5
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Methods
Determination of the chemical composition of flour:


determination of water;



determination of ash;



determination of degree of acidity;



production of maglica.

Preparation of raw materials includes tempering, separation of impurities and weighing
flour. At slow speed mixing flour temperature should be higher, and at high speed
mixer with the mixer should be lower. Eggs ˝S˝ class (65–79 grams) are stored in a cool,
dry and ventilated place. Salt is usually added dissolved in water for kneading. Oil is
tempered to room temperature. The water temperature must be adjusted according to
the temperature of the dough to be achivied according to the number rpm and kneading
used.
Mixing and forming the dough is different from a few minutes to an hour, depending on
the type of product and type of machines which is done kneading. Temperature mass of
dough ranges from 18 to 22 °C. Use single phase or direct kneading in which to mix all
the raw materials together with temperature control, and kneading the dough takes to
obtain the desired quality. On the end of mixing mass of dough rests 20 to 30 minutes on
temperature 20–22 °C.
Mass of dough after completion mixing rest 20–30 minutes at 20 to 22 °C.

Figure 1. Dough for maglica
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Forming of maglica
Upon completion of resting the dough, it slipped into one before the drafting and design
maglica. For shaping dough to get the shape of maglica must be already obtained mass
of diugh cut into smaller pieces to make it easier could attenuate the dough. Smaller
pieces of dough is stretched rolling pin, then the obtained crust that is coated with oil
and overlaps a portion of which is coated, then re-coated folded part and wrapped in a
roll. Obtained roll of bark to be cut to a length of 1.5 to 2 cm (Fig. 3 and 4). Formed
maglica remaines are placed in a baking tray, which is also coated with grease.

Figure 3. and 4. Cutting, forming of maglica and preparation for baking

Figure 5. Packaging of maglica
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Baking and packaging
The oven temperature is 220 °C, and the time for which maglica at that temperature to be
ready 30 minutes, if the temperature is 250 °C, then it takes 20 minutes. Baked maglica
are cooled and packaged in PVC or PE packaging (Fig. 5).
Finished packaged product has a shelf life of three months, testing and analysis of the
sample maglica that were made a year ago, showed that the product was
microbiologically and nutritionally valuable and suitable for consumption.

RESULTS AND DISCUSSION

Table 2. Results of flour analysis

Wheat flour T-500
Water (%)

12.95

Ash (%)

0.472

Degree of acidity (%)

2.16

Table 3. Organoleptic evaluation of maglica

Factor of quality

Grade

Factor of
importance

Point

Shape and color

4.7

0.8

3.76

Consistency, structure and texture

4.7

0.8

3.76

Chewing

4.9

0.8

3.92

Odor

4.8

0.6

2.88

Taste

4.9

1.0

4.9

The total sum of points

19.22

The organoleptic evaluation of maglica participated in a group of 16 students who were
evaluated: shape, color, consistency, structure, chew, odor and taste grades of 1–5, which
multiplied by factor of importance given finally points.
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From the Table 4 it can be seen that maglica received highest grade for the taste and
chewing (4.9 of 5). Grade of odor was 4.8 out of a maximum 5. The shape and color as
well as consistency, structure and texture were given a slightly lower grade 4.7.
Grades multiplied by a factor of importance given the final score. Thus, the most points
they had to taste maglica 4.9 out of 5 maximum, and the odor 2.88 of 3 maximum. Other
properties are evaluated had a slightly smaller number of points and chewing 3.92,
shape and color and consistency, structure and texture 3.76 from 4 maximum.
The final score and the total sum for evaluating maglica was 19.22.

CONCLUSIONS


Maglica are food products that belong to the group of pasta.



The flour used to produce mist in their composition with literature data.



Organoleptic evaluation of maglica is shown that the product is accepted by
the examiner.



To chew and taste nebulae have received the highest grade (4.9) and the
highest number of points for taste (4.9 of 5) and odor (2.88 of 3).



The lowest grade and the lowest number of points were in shape and color,
and for consistency, structure, texture (grade 4.7 and 3.76 point).



The final score and the total sum for evaluating maglica was 19.22 which puts
maglica high-quality product.

Finally, we can conclude that maglica is very promising and high quality product that is
made from flour and it can be used in different ways in the diet.
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ABSTRACT
12 wheat (Triticum aestivum L.) cultivars differing in high molecular weight-glutenin
subunits (HMW-GS) composition were collected from experimental field of the
Agricultural Institute Osijek in 2009 and 2010. HMW-GS was analyzed by SDS-PAGE
method and according to the catalogue of alleles the Glu1-score was calculated. The
most frequently occurring HMW-GS were 2* 7+8/9 5+10. The proportion of HMW-GS in
total extractable proteins of grains was analyzed by RP-HPLC and their average values
in 2009 and 2010 were 8.91 and 9.55%, respectively. Comparing the cultivars, a several
groups of related HMW-GS attributes were separated. Cultivar Divana as the Croatian
bread improver with favorable HMW-GS composition (2* 7+9 5+10) and the highest
HMW-GS proportion (11.98%) had a distinct position. In contrast, the Croatian yielding
cultivar Sana was positioned on the opposite side due to unfavorable HMW-GS
composition (2* 6+8 2+12) and the lowest HMW-GS proportion (6.24%). Cultivars
Soissons, Felix, Aida and Ilirija with the highest Glu-1 score (10) belonged to the same
cluster and their HMW-GS proportion varied between 8.90 and 10.01%. Cultivars
Srpanjka and Golubica were due to higher proportion of HMW-GS (9.80% and 10.01%,
respectively) and similar Glu-1 score (6 and 5, respectively) positioned very close.

Keywords: wheat, HMW-GS, Glu-1 score, RP-HPLC

INTRODUCTION
For many years cereal scientists have made considerable efforts in better understanding
of the biochemical basis of wheat viscoelastic properties. Glutenins are, based on
electrophoretic mobility recognized as high molecular weight glutenins (HMW-GS) with
molecular weight from 80 to 130 kDa and low molecular weight glutenins (LMW-GS)
with molecular weight from 30 to 50 kDa. Of particular importance are HMW-GS which
are coded by polymorphic genes at Glu-1 loci (Glu-A1, Glu-B1 and Glu-D1) present on
the long arms of the group 1 chromosomes [1]. Although HMW-GS account only 10% of
the wheat storage proteins, they are one of the most important genetic factors in
determining the dough forming properties. It is well established that that HMW-GS 1
and 2* at Glu-A1, 7+9 and 17+18 at Glu-B1and 5+10 at Glu-D1 loci are related to higher
dough strength and loaf volume, whereas HMW-GS null (N) at Glu-A1, 6+8 at Glu-B1
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and 2+12 at Glu-D1 loci have negative effects. In dough formation, the glutenins become
covalently-linked into large elastic networks promoting dough elasticity [2-5]. The
objective of this study was to examine the HMW-GS attributes in the function of
differentiation of common wheat cultivars.

MATERIALS AND METHODS
Materials
12 common wheat cultivars (Srpanjka, Žitarka, Divana, Aida, Felix, Zlata, Ilirija, Sana,
Seka, Golubica, Soissons and Olimpija) differing in high molecular weight-glutenin
subunits (HMW-GS) composition and baking quality characteristics were collected from
the experimental field of the Agricultural Institute Osijek in 2008/209 and 2009/2010.

Methods
Composition of HMW-GS was analyzed by SDS-PAGE (Hoefer SE 600). HMW-GS bands
were identifed according to the Payne and Lawrence alleles catalouge, 1983. The HMWGS were extracted following the procedure of Wieser et al., 1998 [6]. The analytical
separation of gluten proteins was carried out on a Supelco Discovery Bio Wide Pore
C18 column (5 μm, 150 mm x 4.6 mm) using Perkin Elmer LC 200 chromatograph
equipped with autosampler, column thermostat (50 °C) and DAD detector (210 nm). The
gradient was performed by 0.1 (v/v) % TFA in ACN/WATER. The peak area under
albumins and globulins, gliadins and glutenins chromatogram was used as a direct
measure for amount of total extractable grain proteins and their subgroups and
consequently the proportion (%) of HMW-GS was calculated. Values were the average of
two replicates for each sample. Total-Chrom software package (Perkin Elmer
Instruments, USA) and Statistica for Windows 6.0 (StatSoft, USA) were used for
statistical evaluation and principal components analysis (PCA).

RESULTS AND DISCUSSION
According to the catalogue of alleles [1], HMW-GS 1, 2* and N (null) were detected at the
Glu-A1 locus (Table 1).
At the Glu-B1 locus, HMW-GS 7+8, 7+9, 17+18 and 6+8 were identified, while at the GluD1 locus HMW-GS 2+12 and 5+10 were found. These findings are in accordance with our
previous work [7, 8].
The most frequent HMW-GS at the Glu-A1 locus was 2*, at the Glu-B1 locus 7+9 and at
the Glu-D1 locus 5+10. The domination of HMW glutenins combinations 2* 7+9 5+10 in
European winter wheat cultivars have been also reported by others [9, 10].
Glutenin fractions analyzed by RP-HPLC were eluted according to different surface
hydrophobicity in the series HMW-GS and LMW-GS (Fig. 1). The proportion of HMW-
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GS in total extracted proteins of wholemeal grains in 2009 and 2010 were 8.91% and
9.55%, respectively, and there is no significant difference between years (Table 1).

Table 1. Composition and proportion of HMW-GS in wheat samples

HMW-GS at the Glu-1 loci
Glu-A1

Glu-B1

Glu-D1

Glu-1
score

N

7+8

2+12

6

9.80b

Žitarka

N

7+8

2+12

6

8.25

Divana

2*

7+9

5+10

9

11.98

Aida

2*

17+18

5+10

10

9.46

Felix

2*

7+8

5+10

10

9.27

Zlata

2*

7+9

5+10

9

9.24

Ilirija

2*

7+8

5+10

10

9.52

Sana

2*

6+8

2+12

6

6.24

Seka

1

7+9

5+10

9

9.34

Golubica

N

7+9

2+12

5

10.01

Soissons

2*

7+8

5+10

10

8.90

Olimpija

2*

7+9

5+10

9

8.79

Genotype
Srpanjka

HMW-GS
(%)a

Year

a

2009

8.91ns

2010

9.55

Meansc

9.23

Poportion of HMW-GS in total extracted proteins; b Means (2009-2010; n=4) at P<0.05;
(2009-2010; n = 48) at P < 0.05

c Means

Comparing cultivars, a several groups of related HMW-GS attributes were separated.
Cultivar Divana as Croatian standard for the highest quality have a distinct position
(Table 1, Fig. 2) due to favourable HMW-GS composition (2* 7+9 5+10) and the highest
HMW-GS proportion (11.98%).
In contrast, Croatian high yielding cultivar Sana is positioned on the opposite side (Fig.
2) due to less favourable HMW-GS composition (2* 6+8 2+12) and the lowest HMW-GS
proportion (6.24%) (Table 1). In our previous studies this cultivar was also characterized
by a lower proportion of HMW-GS and weaker dough rheological properties [7, 8].
Cultivar Žitarka, as Croatian standard for baking quality, with lower Glu-1 score (6) and
HMW-GS proportion (8.25%) is also isolated from the others. Cultivars Srpanjka and
Golubica in spite of lower Glu-1 score (6 and 5, respectively) are more distant from
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cultivars Žitarka due to higher proportion of HMW-GS (9.80% and 10.01%, respectively)
(Table 1, Fig. 2). According to our previous findings [7,8], cultivars Srpanjka and
Golubica consistently performed better baking quality compared to cultivar Žitarka.

SRPANJKA GT 2009

300.00

250.00

LMW -GS

200.00

150.00

HMW -GS

100.00

50.00

0.00
6

8

10

12

14

16

18

20

22

24

26

28

30

32

Figure 1. RP-HPL chromatogram of glutenin fractions (cultivar Srpanjka)

Cultivars Soissons, Felix, Aida and Ilirija with the highest Glu-1 score (10) belong to the
same cluster and their HMW-GS proportion varied between 8.90% and 10.01% (Table 1,
Fig. 2). According to previous gluten strength classification, these cultivars belong to the
strong group with good and very good baking characteristics [8].
With medium to strong gluten, cultivars Zlata and Seka belong the same cluster due to
the same Glu-1 score (9) and similar HMW-GS proportion (9.24% and 9.34%,
respectively) (Table 1, Fig. 2). In relation to these two cultivars, cultivar Olimpija with
the same Glu-1 score was slightly distant because of the lower HMW-GS proportion
(8.79%). Generally, cultivar Olimpija is characterized by a high protein content and
excellent viscoelastic dough properties.
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Projection of the cases on the factor-plane (1 x 2)
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Figure 2. Cultivar clusters on the plane of the two first principal components. HMW-GS
attributes determine the clusters. Cultivars are marked with letters:
SRP=Srpanjka; ŽIT=Žitarka; DIV=Divana; AID=Aida; FEL=Felix; ZLA=Zlata;
ILI=Ilirija; SAN=Sana; SEK=Seka; GOL=Golubica; SOI=Soissons; OLI=Olimpija

CONCLUSIONS
Analysed cultivars were clearly separated in relation to the composition of HMW-GS
and their proportion in the total extracted protein.
Considering the significant impact of HMW-GS on the baking quality, cultivar
classification by HMW-GS attributes significantly contributes to the improvement of
breeding work towards the creation of high quality wheat cultivars already in the early
stages of breeding (F4 - F6) when most of the standard analysis for assessing baking
quality cannot be made due to the limited amount of wheat sample.
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ABSTRACT
The aim was to determine the optimal germination time in order to achieve the best
results for investigated indicators in relation to the recommended values. Wheat samples
underwent germination process in controlled conditions, regarding temperature and air
humidity, over a period of 7 days. Obtained results for total distatic power were in
range from 240 °WK in starting sample to 420 °WK at the end of the germination
process. α-amylase activity was in range from 0 DU/dm in starting sample to 60 DU/dm
at the end of germination process. It was determined that germination time ranging from
158 to 168 h is optimal to obtain recommended values for wheat malt (diastatic power
250–420 °WK, α-amylase activity 40-60 DU/dm). Satisfying results were achieved on the
half of the 4th day of germination. In conclusion, obtained results indicate that optimal
germination time for synthesis of enzymes that affect the total diastatic power of malt
(except β-amylase which is activated only during the germination process) and αamylase synthesis, is between 156-168 h. In case of compromising these indicator values
with the rest of important malt quality indicators, the optimal germination time ranges
from 120-140 h.

Keywords: wheat, germination, α-amylase activity, diastatic power, malting
optimization

INTRODUCTION
The development of enzymatic activity during the germination of wheat grain was
determined. Malting consists of three major phases: steeping, germination and kilning.
Germination is a crucial process where most of the targeted changes, such as malt
modification and the synthesis of enzymes, take place. When the germination of kernels
has reached a desired stage, germination is terminated by the controlled drying of the
seeds, or in other words, kilning the green malt by blowing hot air through the grain
bed. Malt wort fermentability is dependent on an adequate supply of the essential
nutrients required by yeast. Levels of the nutrients will ultimately depend on other
factors, particularly levels of enzymes such as starch-degrading enzymes, proteases, and
-glucanases. Starch-degrading enzymes play a key role in sacharrification of mash and
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supply yeast with fermentable sugars. It is generally considered that the rapid and
efficient conversion of starch to fermentable carbohydrates during brewing is dependent
on a number of parameters including the level of the already mentioned starch
degrading enzymes in the malt, the gelatinisation temperature of the starch and the
actual temperature program of the mash. Starch hydrolysis is carried out by a number of
malt enzymes working together (including α-amylase, β-amylase, limit dextrinase and
α-glucosidase). Although α-amylase is able to hydrolyse intact starch granules, the rate
of hydrolysis is very slow compared to that of solubilised starch [1, 2]. Effective
hydrolysis by α-amylase, therefore, occurs only after the starch has been solubilised (or
gelatinised). Effects of starch-degrading enzymes on fermentability became more
significant in better modified malts with α-amylase showing stronger effects than total
diastatic power [3]. The poorer fermentability of malt was predominately due to low
levels of α-amylase, although, free amino nitrogen (FAN) also appeared to be an
important factor. The reason why it is important to provide sufficient enzymatic activity
in malt (neither too high nor too low, rather optimal) is because the relationships
between fermentability and levels of starch-degrading enzymes. They have also been
controversial but several fermentability studies have shown a need for adequate
modification [4, 5]. Recently there has been some consensus on the importance of these
enzymes but only when allowances were made for individual enzymes, such as αamylase, β-amylase and limit dextrinase versus diastatic power [6], and when
allowances were made for differences in β-amylase thermal stability [5-7]. Research has
shown that positive effects of increased enzyme levels can be negated by other factors
such as starch gelatinisation temperature, [8] (starch gelatinized at lower temperatures is
more completely hydrolysed to fermentable sugars as starch degrading enzymes are still
active), although, others have found this effect insignificant [5]. Gjertsen and Hartlev [9]
also found enzyme levels had little effect on fermentability when enzymes were present
at high levels, in which case modification was more important. Bathgate et al., [10]
though, found fermentability could be limited by over modification because of increased
levels of soluble protein and reduced levels of fermentable sugars due to elevated
malting losses. MacGregor [11] indicated starch granules readily gelatinize during
mashing in malts with good β-glucan breakdown but with only adequate, not complete
protein breakdown because good modification also ensures adequate levels of amino
acids for the yeast, although, in low gravity, or all malt worts, free amino nitrogen (FAN)
is seldom limiting [12]. Achieving optimal enzyme activity in the grain can be
considered very important for the proper conduct of the malting process. Suppression of
excessive production of starch-degrading enzymes in the grain is particularly important
in wheat because they are established varieties that have a diastatic power of up to
160 °L (about 600 °WK). Therefore the objective of this work was to determine minimum
required time of germination, which is necessary for the development of optimal
enzyme activity in grain.

305

7th International Congress FLOUR-BREAD '13
9th Croatian Congress of Cereal Technologists

MATERIALS AND METHODS
Ten kg of wheat Golubica from trial fields of Agricultural Institute Osijek was obtained
during season 2010. Grain samples were collected as untreated and conditioned grain,
scaled and packed into in double-walled paper bags (1 kg). Until micromalting, the
material was stored for two months in a dry and cool place (20 °C) to overcome postharvest grain dormancy. To avoid the influence of microbiological contamination on
malt quality, raw material control concerning Fusarium graminearum and Fusarium
culmorum contamination was conducted, according to MEBAK procedure. Micromalting
was conducted in steeping vessel and at drier Seeger micromaltery according to MEBAK
[13], and germination was conducted in Climatic test chamber (Climacell 222, Medcenter
Einrichtungen GmbH). Degermination was performed manually. Malt was stored for
one month in order to stabilize. α-amylase activity and total diastatic power were
determined in the samples. Other amylolitic activity indicators in grain such as extract,
extract difference, viscostiy of laboratory mash, filterability of laboratory mash were also
measured. All indicators were determined according to EBC (methods 4.5.1.; 4.5.2.; 4.8.;
4.12.; 4.13.) [14].

Table 1. Micromalting scheme of wheat samples

1st day

Immersion steeping for 5 hr, t = 14,0 °C;
Dry steeping for 19 hr, t = 14,5 °C

2nd day

Immersion steeping for 4 h, t = 14,0 °C;
Dry steeping for 20 hr, t = 14,5 °C

3rd day (*)

Immersion steeping for 2 hr, t = 14,0 °C;

3th day
to
7th day

germination was carried out at 14,5 °C during 3-7 day on relative
humidity of air in each procedure: r.H. = 85%;
sampling during germination was performed daily

8th day

duration of kilning was 19 hr, performed according to standard
procedures for pale malt (MEBAK) after last hour of germination,
draying finished, malt degermination, measuring and packing in paper
bags and stored

(*) control of the degree of soaking at the beginning of the third day and every hour of soaking
under the water, when it was found that the grain does not tolerate any further soaking under
water, moisture content of 44,5% was adjustment with sparging (spray steeping) in germination box
(1st day of germination)

The determination of the combined activity of -α and -β amylase of germinated grain
was performed under standardized reaction conditions was carried out as follows: malt
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enzymes were extracted with water at 40 °C. Standard starch solution was hydrolysed
by the malt enzyme extract, the amount of reducing sugars formed by amylolytic action
was estimated iodometrically. The result was expressed as grams of maltose produced
under the specified conditions by 100g of malt (EBC 4.12.). The determination of amylase activity of germinated grain was performed as dextrinization time of
standardized starch solution in the presence of excess β-amylase. Malt -amylase is
extracted with 5 g/L Na-chloride solutions at 20 °C. Buffered limit dextrin is hydrolysed
by the grain enzyme extract. The amount of α-amylase is estimated visually using a
colour standard which corresponds to the concentration of starch remaining in solution
at the specified end point of the dextrinization process. The result is calculated as the
quantity of -amylase which will dextrinize soluble starch, in the presence of an excess
of β-amilase, at the rate of 1g per hour at 20 °C (EBC 4.13.). Micromalting of the wheat
samples was carried out according to the procedure shown in Table 1.

RESULTS AND DISCUSSION
Wheat varieties appropriate for malting have not yet been commercialized. For that
reason, local bread varieties are being used for malting. In accordance to analytical
quality parameters, optimizing of process conditions for malting has been performed
only for Northeuropean varieties (mostly German) that genotipically differ from
domestic varieties. This is not appropriate since agro climatic conditions during
cultivation are significantly different from country to country. Some researches indicate
that most domestic varieties (especially bread varieties) can be sorted into B quality
group which is characterized with higher N share in grain and relatively low mash
viscosity (caused by lower share of soluble pentosanes) [15, 16]. Enzymes synthesis is
extremely energetically demanding set of anabolic reactions. For that reason it is
necessary to determine duration of that process so it would not harm the malt quality,
and cause huge economic losses during malting. Total diasatstic power should
include α-amylase activity and activity of other amylolitic enzymes in the grain,
especially β-amylase. α-amylase is synthesized during germination process and it is
genotipically determined. Expression of its potential depends on process parameters
during germination [17, 18]. Total diastatic power implies activation of other amylolitic
enzymes that are present in wheat grain, and are hugely dependent on agro climatic
conditions to which the crop was exposed. Stated facts indicate that duration times of
these processes are of most importance to gain favorable α-amylase activity and total
diastatic power, without damaging the rest quality indicators. Connection of activation
time duration and enzyme synthesis (total diastatic power) to other quality indicators is
shown in fig. 1. α-amylase synthesis, and its correlation to other malt quality indicators
is shown in fig. 2.
In amylolitic complex activation, also known as diastase, a significant activity has been
observed from the very beginning (240 °WK) and also even activity increase till sixth
day. After that the curve shows that saturation has been achieved. From technological
point of view, total diastatic power should not exceed 250 – 420 °WK, so it is obvious
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that optimal values have been achieved between third and fifth day. The malting process
cannot be stopped at that time because α-amylase activity is not fully developed (fig. 2).
Stopping the process would inevitably lead to fermentability extract decrease because αamylase activity is an important precursor for formation of limit dextrinases who are
important for β-amylase activity. Seventh day of germination, saturation of diastaze
activity occurs, and that is what Sacher noticed during his experiment [17, 18] and he
enrolled this to β-amylase activity decrease (fig. 1). In case of α-amylase synthesis during
germination (de novo), it is extremely important to achieve optimal values for enzyme
activity since, due to the nature of starch in raw materials intended for brewing, it is not
possible to achieve enough fermentability extract and that can be detrimental to
economic aspects of malt and beer production.
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Figure 1. Development of malt grain total diastatic power during germination and its
relation to other indicators of quality

In fig. 2 it is noticeable that α-amylase activity shows decreased growth velocity during
first three days and sudden increase during fourth, fifth and sixth day. After the sixth
day a saturation and decrease of activity occurs and this can be an attributed to
decreased β-amylase activity (and total diastatic power). Also a surplus of limit
dextrines in wort appears (product inhibition). Optimal α-amylase activity has been
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achieved between fifth and sixth day (fig. 2). Considering the rest observed indicators
(extract, extract difference, viscosity of laboratory mash, filterability of laboratory mash)
and recommended values for listed parameters, it can be concluded that during malting
wheat by standard procedure, optimal values for total diastatic power and α-amylase
activity ranges from 120 - 140 h.
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Figure 2. Development of malt grain α-amylase activity during germination and its
relation to other indicators of quality

CONCLUSIONS
In conclusion, obtained results indicate that optimal germination time for synthesis of
enzymes that affect the total diastatic power of malt and α-amylase synthesis is between
156-168 h. In case of compromising these indicator values with the rest of important malt
quality indicators, the optimal germination time ranges from 120–140 h.
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ABSTRACT
Starch is the major component in the human diet and has also unique functionality that
has permitted its wide use in food products and industrial applications. In its native
form, does not always fulfill the requirements for certain types of processing. However,
enzymatic modification can be an alternative method to meet the specific needs of
industrial processes. The aim of this study was to evaluate the effect of two different
enzymes, fungal α-amylase (AM) and amyloglucosidase (AMG), on corn starch above
gelatinization temperature, with special emphasis on biochemical features and structural
analyses of treated starches. Amylase decreased significantly the peak viscosity of the
starch, whereas amyloglucosidase reduced the final viscosity and setback. Functional
properties of starch are directly influenced by hydrothermal (heat and moisture)
treatment or processing conditions. Differences were observed among hydration
properties. Specifically, AMG activity has more influence breaking the degree of
association between intermolecular bonds, and more soluble compounds are leached
out. It was also found through scanning electron microscopy that the gel structure
displayed as a network matrix was highly perforated with big cell pores and thick walls
when treated with AM, and some elongated structures from gelatinized starch were
observed in the AMG treated starch.

Keywords: corn starch; enzymatic modification; hydrothermal properties; SEM

INTRODUCTION
Starch is the most abundant storage carbohydrate in staple foods such as cereals, roots
and tubers [1]. It is an essential energy source in the human diet and consti¬tutes an
excellent raw material for modifying the texture of many processed food¬stuffs [2].
Native starches have their own unique properties, however, sometimes their features are
not the required for industrial applications and they lack the versatility necessary for the
range of food products available in the marketplace. Enzymatic modification can achieve
functional properties not found in native starches, in order to meet the specific needs of
industrial processes. Normally, enzymatic hydrolysis of starch is aiming at obtaining
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sugars and maltodextrins from the complete hydrolysis and rarely is focused on the
resulting modified starch. Enzymatic hydrolysis of starch typically requires the
coordinated action of different enzymes activities. Enzyme modification of starch may be
carried out using one or more enzymes under appropriate conditions of temperature
and pH. Native starches are resistant to hydrolysis because enzymes cannot access
linkages [3]. The addition of water and heat allows the granule to become disorganized.
In the process known as gelatinization, the granule swells, and the amylose seeps from
the granule. During gelatinization, foods containing starch become softer in texture,
making them more palatable. After gelatinization, digestive enzymes can easily access
the glycosidic bonds. The enzymatic and thermic pretreatment would be expected to
change the distribution of substitution groups and consequently influence the paste
stability and hydrothermal properties of corn starch samples. Differences among corn
starches in granule swelling (onset of viscosity), peak temperature, peak viscosity, shear
thinning during pasting, and gel firmness during storage, have been mostly attributed to
differences in amylopectin structure, whereas differences in setback and final viscosity
during pasting have been attributed to amylose structure [4]. Pasting occurs after
gelatinization, when starch swells and becomes thick. The diversity of the modern food
industry and the enormous variety of food products require that starch be able to
tolerate a wide range of processing techniques. Because of these demands it is of
particular interest to modify native starches by enzymatic modification and to determine
biochemical features of starch and how they affect its functional properties

MATERIALS AND METHODS
Materials
Corn starch samples were generously supply by Huici Leidan (Huarte (Navarra), Spain).
The enzymes used in our study for specific roles are α-amylase (AM) from fungi
(Fungamyl 2500 SG), obtained from Novozymes (Bagsværd, Denmark) (0.50 g/ml) and
amyloglucosidase (AMG). Amyloglucosidase 1100 (3300 U/mL) from Novozymes
(Bagsværd, Denmark).

Sample preparation
Preliminary assays were carried out for optimizing enzymatic reactions (starch quantity,
pH, and enzyme activity). The quantities of enzyme chosen were based on the level of
enzyme necessary for hydrolyzing 50% of the suspended starch. The following
conditions were selected: AMG-1100 (4 U/g starch), Fungamyl 2500 (5 U/g starch).
Corn starch (5.0 g) was suspended in 25 mL of 20mM NaH2PO4 buffer at pH 6.0 or in
sodium acetate buffer at pH 4.0, depending on the AM or AMG reaction, respectively.
For obtaining the enzymatic treated starches, enzyme levels previously detailed were
added to the starch suspension. Starch suspensions without adding enzymes, as
controls, were carried out in parallel. Enzymatic treatment was carried out in a rapid
viscoanalyzer (RVA) (Newport Scientific model 4-SA, Warriewood, Australia) by
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following the ICC Approved Standard 162 (ICC-Standard No.162 Approved, 1996).
Pasting properties were recorded using the Thermocline software supplied with the
device. Then, samples were washed twice to remove the enzyme and the released
hydrolysis products. Briefly, 50 mL of water were added and homogenized with a
Polytron ultraturrax homogenizer IKA-T18 (IKA works, Wilmington, USA) during 1min
at speed 3. Samples were centrifuged for 15 min at 7,000×g, and a temperature of 4 °C.
Supernatants were pooled together and boiled in a water bath for 10 min to inactivate
the enzymes before any further analyses. Sediments containing starch were freeze-dried
and kept into the freezer at -25 °C for further analyses. Four batches were prepared for
each treatment.

Starch hydration properties and iodine binding values
Swelling parameters and water soluble compounds of modified corn starch samples
were determined following the method reported by [5], with slight modification as
reported by Rosell, Yokoyama, & Shoemaker, 2011 [6]. Briefly, the supernatant was
decanted into an evaporating dish and the weight of dry solids was recovered by
evaporating the supernatant at 80 °C till constant weight. Four replicates were made for
each sample. Residues (Wr) and dried supernatants (Ws) were weighed and swelling
power (SP), solubility index (SI) and swelling capacity (SC) were calculated as follows:

(g/g)

Eq. (1)
Eq. (2)

(g/g)

Eq. (3)

where Wi was the sample weight (g, db).
Iodine binding values are indicative of amylose complex formation. The iodine binding
value was determined in the soluble supernatant after heat treatment and centrifuging
the samples as described above. The soluble supernatant (40 μL) was mixed with 2 mL
of an aqueous solution of 0.2% KI and 0.65% I2. The absorbance at 690 nm was measured
using a spectrophotometer (UV mini-1240, Shimadzu Corporation, Kyoto, Japan). Paste
clarity was directly measured from the supernatant at 650 nm using a spectrophotometer
(UV mini-1240, Shimadzu Corporation, Kyoto, Japan).
Values were the average from four replicates.

Scanning electron microscopy (SEM)
The structural properties of the samples were studied using a JSM 5200 scanning
electron microscope (JEOL, Tokyo, Japan). The corn starch powders were stick on a
specimen holder using cuprum tape, and then coated with gold in a vacuum evaporator
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(JEE 400, JEOL, Tokyo, Japan). The obtained specimens were examined at an accelerating
voltage of 10 kV.

Statistical analysis
Multiple analyses of variance for the identification of all single effects were performed
by using Statgraphics Plus v. 7.1 (Statistical Graphics Corporation, UK). Fisher’s least
significant differences (LSD) test was used to describe means with 95% confidence.

RESULTS AND DISCUSSION
Pasting properties
The pasting properties from corn starch samples at 95 °C are presented in Table 1 and
the viscosity curves can be displayed in Figure 1. Pasting properties were affected by
enzyme activity. The data showed that starches pretreated with enzymes exhibited
lower pasting temperature, lower viscosity, through and setback values compare with
control starch samples. The breakdown viscosity (Figure 1) recorded as the difference
between the peak viscosity and the minimum viscosity point at 95 °C increased
significantly with the AMG treatment but the opposite trend was observed with the AM.

Table 1. Pasting properties of corn starch samples measured by RVA

Control-4

AMG

Control-6

AM

Peak viscosity(cP)

12614±536

9586±742

12800±503

5123±205

Trough(cP)

6780±373

819±174

7381±636

1699±71

Breakdown(cP)

5834±188

8767±907

5419±188

3424±249

Final Viscosity(cP)

10758±425

1369±281

12479±776

2636±92

3979±84

550±110

5098±275

937±41

Pasting Temp(ºC)

71±7

55±24

62±13

54±25

Hydrolysis 95°C(%)

0±0

21±6

0±0

59±2

Hydrolysis 50°C(%)

0±0

87±3

4±5

79±1

Setback(cP)

Considering that high breakdown viscosity indicates granule disruption or the less
tendency of starch to resist shear force during heating [7], these results suggest that
sample treated with AMG is less stable during gelatinization process and showed higher
resistant to shear force than AM. Similar results for the setback values were reported by
[8] where, corn starch granules were allowed to react with alfa-amylase. The setback
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value, an index of retrogradation tendency in the starch paste, also decreased after
pretreatment with enzymes. Analyses were performed above gelatinization
temperatures. Several events take place during the gelatinization of starch: the molecular
order and thus birefringence disappears, the starch granule loses crystallinity (melting of
crystallites), water is absorbed, swelling of the granule is followed by leaching of mainly
amylose, and when further heated, starch granules are disrupted and partial
solubilization is achieved [9, 10]. Therefore results showed different characteristics
influenced by thermal treatment at 95 °C, as mentioned above.
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Figure 1. Pasting curves of corn starch samples measured in RVA. Legend: ▲Control
pH 4; ∆ AMG; ■ Control pH 6; □ AM

Experimental conditions were optimized for obtaining partial hydrolysis of the starch,
mainly referring to the maximum viscosity at 95 °C, which is reflected in the hydrolysis
percentage (Table 1). Hydrolysis at 95 °C showed lower values for AMG treated samples
whereas at 50 °C greater hydrolysis is obtained with AMG. It is generally accepted that
granules contain amorphous and crystalline domains that create a semicrystalline
environment within the granule. It is also understood that the crystalline domains are
mainly composed of amylopectin while bulk amorphous domains are made up of
amylose traversed by non-crystalline regions of amylopectin. AMG is an exoamylase,
which action a sequential manner starting from the non-reducing end of the starch
molecule to produce well defined end products. Due to its saccharificant activity, AMG
cleaves every glycosidic bond from the non-reducing end successively to produce
glucose [11]. This can explain the higher percentage of hydrolysis obtained at 50 °C.
Corn starch samples were more rapidly hydrolyzed by AMG. On the other hand, AM is
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an endoamylase which acts randomly at the interior of starch molecule to release linear
and branched oligosaccharides of varying chain lengths that breaks every alternate
glycosidic linkage due to its amylolitic activity [11]. Heat treatment of the samples at 95
°C promotes changes in the amorphous areas of granules, making them more accessible
to enzymatic activity by AM.

Amylose content- Hydration properties
The results from hydration properties and amylose content are presented in Table 2.
Enzymatic treatment clearly influence results from paste clarity, solubility index and
amylose content. No significant differences were found from the results of swelling
capacity and swelling power. When starch granules are heated in the presence of water,
the starch granules absorb water and swell but enzymatically modified starch samples
did not differed from the control samples and did not cause difference in the water
absorption from starch granule. However, the results showed significant differences due
to the enzyme activity for others properties.

Table 2. Effect of different enzymes on the solubility index (SI), swelling power (SP),
swelling capacity, and iodine binding absorbance of corn starch. Paste clarity is
expressed as absorbance at 650 nm. Iodine binding is expressed as absorbance
at 690 nm.

Control-4

AMG

Control-6

AM

Paste clarity (Abs 650nm)

0.15±0.12

0.54±0.20

0.05±0.02

0.50±0.47

SI (g/100g)

2.92±1.67

26.74±3.25

3.72±0.41

22.08±1.36

Swelling power (g/100g)

9.93±1.78

10.85±0.27

9.56±1.93

9.22±0.75

Swelling capacity (g/g)

8.74±0.79

7.95±0.23

8.33±1.00

7.19±0.61

Amylose content (Abs 690nm)

0.47±0.38

2.66±0.11

0.16±0.14

2.68±0.10

Enzymatically modified starches showed increased paste clarity values compared to
their controls. The released water soluble compounds from the enzymatic treatments
increased significantly the paste clarity. This behavior is related to the dispersion state of
the sample which is clearly influenced by the enzyme activity. Starch granule swelling is
known to begin in the bulk relatively mobile amorphous fraction and in the more
restrained amorphous regions immediately adjacent to the crystalline region [12].
Enzymatic treatment influenced results from swelling index, which determines the
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quantity of soluble solids obtained from treated starch that are formed with diminutive
structure. More soluble solids are formed in enzymatically modified samples at 95ºC.
When aqueous suspension of starch granule is heated, the starch molecules hydrate and
swell with a consequent leaching of some soluble starch into the liquid. AMG and AM
activities have more influence breaking the degree of association between intermolecular
bonds, and more soluble compounds were leached. The amount of amylose leached to
supernatant was verified. Results showed higher values of amylose were detected in the
supernatant of enzymatically modified corn starches. Enzymatic modification of corn
starch did cause change in apparent amylose content in either of the starches. These
results indicated that the amount of leached material in the supernatant after enzymatic
and thermal treatment at 95 °C was significant, and that gelatinization of the starch
granules did occur during the process. It was also observed an increase of free sugar
content released in enzymatic modified corn starch samples, being more notable in
samples treated with AMG. This enzyme is characterized for the capacity to hydrolyze
the linkage α-1,4 of non-reduced extremes from polysaccharides for the glucose
formation; generates free sugars released by its saccharifying activity; even though
samples were washed, more residual quantity still remained in starch.

Microstructure SEM of the starch
The scanning electron micrographs (SEM) of corn starches samples are shown in Figure
2 and 3. SEM investigation showed that enzymatic modification of the samples caused
several changes in the structure of starch granules compared with control starch
samples. Fig 2a shows the morphology of control samples at pH 4. The morphology
from AMG enzymatically modified corn starch samples are shown in Fig 2b, which are
magnified 1000, 2000 and 3500 times, respectively. Control sample at pH 4 showed a
uniform gel structure with cell pores with 5 microns diameter. It can be observed
numerous threads or strands and thin structures scattered over the walls. Enzymatic
treatment of starch with AMG resulted in a gel structure more distorted with bigger
pores and some elongated structures from gelatinized starch. Some small rounded
particles can be observed likely from released hydrolysis products. On the other hand,
Fig 3 shows the morphology of control samples at pH 6 (Fig 3a), and of AM
enzymatically modified corn starch (Fig 3b). At the different magnification (1000, 2000
and 3500 times), it can be observed in the control sample a homogeneous distribution of
the molecules and a continuous uniform gel with smaller cell pores than the ones
observed at pH 4.0. Enzymatic treatment with AM yielded a highly perforated network
with big cell pores and thick walls. From SEM images a few dextrins could be observed,
which confirms the hydrolysis activity of AM. As was mentioned above, AM is an endoenzyme that randomly hydrolyzes the α-1,4 glycosidic linkages in polysaccharides,
resulting in short chains [13], as released products such as dextrins.
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a

b

Figure 2. Scanning electron micrographs of corn starch samples. 1000x, 2000x and
3500x. Control at pH 4 (a) Amyloglucosidase (b)

a

b

Figure 3. Scanning electron micrographs of corn starch samples. 1000x, 2000x and
3500x. Control at pH 6 (a) α-Amylase (b).
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CONCLUSIONS
Enzymatic modification of corn starch significantly affects functional properties and
starch features. Generally, hydration properties are significantly affected by enzymatic
modification being further influenced by AMG activity. Results confirmed that the loss
of granular structural order and changes in both amorphous and crystalline domains
during gelatinization can be more influenced by the enzymes and that samples
enzymatically treated showed higher values of final product obtained from the
hydrolyzed process. Microscopic techniques showed that the main factor in the changes
of starch granule microstructure were the enzymes, where network from enzymatically
modified corn starch samples showed structures more perforated and a great alteration
and disruption of the gel matrix.
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ABSTRACT
Starch consists of two polymer types; amylose and amylopectine. Their ratio is starch
origin-dependent. Triiodide ions bind characteristically to the amylose and amylopectin
molecules of the starch. This can be monitored using spectrophotometry, but recently
also direct potentiometry with platinum redox sensor. The absorbance and electrical
potential change of the starch-triiodide complex were measured for wheat, potato, corn,
rye, barley, rice, tapioca and commercial starch. The results showed characteristic curves
for each starch type, corresponding to the specific amylose/amylopectine ratio. The
curves were used to determinate starch type-specific parameter values; for
spectrophotometry: starch-triiodide peak wavelength maximum (λmax/nm), maximum
absorbance change for λmax (ΔA) and for the direct potentiometry: slope (S) for the
linear response region, maximum potential change (ΔE) and relative sensitivity (mV/mg)
for potential change in the corresponding starch concentration. Data comparison using
these two methods revealed that methods serve to distinguish starch types based on
specific triiodide bounding to starch components, but when absolute data changes
between starches were compared, no correlation between them has been found.

Keywords: spectrophotometry, direct potentiometry, starch triiodide complex

INTRODUCTION
Starch is a semicrystalline biopolymer and it is stored in various plant locations, such as
in cereal grains, roots, tubers, stempiths, leaves, seed, fruit and pollen.
The general properties of a starch, such as gelatinization, solubilization, swelling,
granule size, chemical constitution, crystal type, and enzymatic degradation, differ
because of the origine of starches. The starch granules from different botanical sources
vary in size, shape, and content of amylose and amylopectin, influencing their chemical
and physical properties [1].
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The interaction of starch and iodine results in the formation of complexes [2] with
characteristic colors. The color of the starch–triiodide complex has been shown to vary
with starch chain length [3]. Because starch assumes a helical structure, iodine molecules
occupy the central cavity of the helical molecule in the complex [4]. Many
physicochemical properties of starch, such as its iodine binding capacity and degree of
polymerization (DP), depend on the starch’s botanical origin [5, 6].

Figure 1. Starch-triiodide complex

In our previous paper [7], we described a method for the determination of starch based
on direct potentiometric measurements, where the response of the triiodide ion in
starch-triiodide complex is measured.
The aim of this work was to deteminate and compare the differences in various staches,
concerning amylose/amylopectine ratio and starch-triiodide compex formation by using
direct potentiometry and UV-VIS spectrophotometry.

EXPERIMENTAL
Reagents and solution preparation
Starch samples were isolated from wheat (Srpanjka), potato, maize, rye (Barun), barley
(Conduct), rice, and tapioca, which were obtained at the local market store in Croatia,
and the commercial model (control) starch was obtained from Kemika (Croatia).
The samples’ seed coats were peeled off, and an alkali steeping method [8] was used to
prepare the puriffied starch samples. The starch solution was prepared in a
concentration range of 1-5 g/L. Starch solutions were prepared fresh each day to avoid
microbial degradation. Solutions with starch concentrations greater than 5 g/L form a
starch gel. As a consequence, such solutions are difficult to manipulate and could cause
quantitative errors.
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Apparatus
Direct potentiometric measurements were performed on 780 Metrohm pH Meter
(Metrohm, Switzerland) combined with IJ64 platinum redox electrode (Ionode,
Australia) as a detector and a silver/silver (I) chloride reference electrode.
Spectrophotometric measurements were performed using AvaSpec 2580 UV–Vis
spectrophotometer (Avantes, Netherland).

Procedure
Spectrophotometric
For spectrophotometric measurements, five independent series of starch triiodide
solutions were prepared. The previously prepared potassium triodide solution was then
added to the starch-filled (wt 5%) 50 mL volumetric flasks. The volumetric flasks were
filled to the mark with deionized water, stirred in a sonic bath for 5 minutes and were
ready for further investigation.

Potentiometric
Triiodide solution was transferred to the titration vessel. The responses of the platinum
redox electrode were measured by accurate, incremental additions of the prepared
starch solutions. The solutions were continuously stirred during the addition of starch
and during the measurements. Five independent series of starch triiodide solutions were
measured.

RESULTS AND DISCUSSION
Spectrophotometric
Starch samples were characterized by measuring starch triiodide complex absorption
spectra. The commercial starch was used as a reference model. The amylose-amylopectin
ratio in starch depends directly on botanical starch origin, there is a considerable
difference in the starch-triiodide spectra for different starch types. The difference is
noticeable in the wavelength area of the starch-triiodide complex where peaks vary in
their heights and maximum wavelength values. These parameters from starch-triiodide
complex spectra have been used for raw pre-statistical starch type differentiation (Table
1). A model starch was used as a reference for λmax comparison to other starch types
(shown as ∆λ). Rye (Conduct) showed the highest positive shift (+71 nm), Waxy corn
starch the highest negative (-44) and Potato (Sigma) (+7) the lowest shift towards
reference starch. The absorbance increase (∆A) at each λmax was calculated. Potato
(Sigma) and rice starch showed the highest absorbance increase, 0.474 and 0.422,
respectively. This indicates that the highest amount of triiodide is complexed with
starch.
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Table 1. Measured parameters from the absorbance spectra for all starch types

Potentiometric
The platinum redox electrode showed a decrease in the response potential for each
starch sample, and the curve shapes and slopes differed between starch samples. This is
shown in Table 1; slope (S), linear response region per added starch mass, maximum
potential change (ΔE) in linear response area and relative sensitivity (mV/mg) for
potential change in the corresponding starch sample. Rye starch showed the highest
slope –6.716, maximum potential change 47 mV and the highest relative sensitivity wich
indicated it bounded the more triiodide than other starches. Barley starch showed the
longest linear response area. Model starch showed the lowest relative sensitivity 2.97
mv/mg. The response data reflect the profile characteristics in the differences in the
origins of the starches and amylose amylopectine ratio.

Table 2. Measured parameters from the redox electrode potential response change
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CONCLUSIONS
The results showed characteristic data for each starch type, corresponding to the specific
amylose/amylopectine ratio, for both techniques.
Data comparison using these two methods revealed that methods serve to distinguish
starch types based on specific triiodide bounding to starch components, but when
absolute data changes between starches were compared, no correlation between them
has been found.
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ABSTRACT
Starch has an abundant use in the food industry because it is a thickening, stiffening and
gluing agent. Also, nowadays there is an emphasis on the need to develop mild non
thermal methods for food processing and in this view ultrasound has great potential.
Therefore it is interesting to determine the effect of high intensity ultrasound on
functional properties of the most common carbohydrate in the human diet. In this study
we reviewed the effect of one and two minute treatment of rice and corn starch pastes
with 24 kHz probe, 400 W of nominal output power, at 20%, 60% and 100% amplitude.
The results showed that 60% and 100% ultrasound treatments increase the swelling
power of starch pastes but increase the resistance to refrigeration of only corn starch
pastes while leaving the rice starch paste unchanged. Apparent viscosity was measured
at three different temperatures, as well as the hardness of starch pastes differ depending
on the conditions of the ultrasound treatment. By reviewing the influence of ultrasound
on starch pastes, it was determined that no deteriorating effect occurred and this
treatment could be helpful for freezing of food stuffs.

Keywords: US; starch paste; swelling; texture; refrigeration; viscosity

INTRODUCTION
Except being an essential energy source in the human diet, starch is also a very good raw
material for modifying the texture of many processed food products [1]. Differences in
granule composition and microstructure among starches of different botanical sources
(corn -sphere/polyhedral 2-30 μm and rice polyhedron 2-8 μm), have been known to
result in differential starch granule reactivates, reaction patterns and various
functionalities among starches [1, 2]. Swelling, gelatinization, pasting and retrogradation
of granules are important aspects of starch functionality. Gelatinization is the process in
which heated starch becomes soluble in the presence of sufficient moisture, binds water
and forms a gel. Starch granules swell as a result of absorbing water, and the crystalline
organization of starch becomes irreversibly disrupted, and at this point breakage of
hydrogen bonds occurs [1, 3]. Molecular interactions (hydrogen bonding between starch
chains) after cooling of the gelatinized starch paste are called retrogradation [1].
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New and innovative methods in food science present a challenge in order to improve the
technological processes as well as to improve the characteristics of food products [2].
Ultrasound treatment (UST) can be safely used in different phases of food production in
order to acquire microbiological safe food products with enhanced physical-chemical
properties [4]. Ultrasound (US) assisted freezing can improve the quality of frozen food
because cavitations can promote nucleation and because subjecting ice crystals to
alternating acoustic stress leads to products of smaller crystal size distribution and small
ice crystal formation [5].
Modification of starch is carried out to enhance the positive attributes and eliminate the
shortcomings of native starches. Aim of this research is to determine the effect of US on
the rheological and refrigeration properties of corn and rice starch pastes. We wanted to
examine, if the beneficial effect of short time treatment of starch pastes with US in the US
assisted freezing, is exclusively due to the creation of small ice crystals, of does it affects
the properties of starch granules.

MATERIALS AND METHODS
Sample preparation
Corn starch (C*GEL 03401, Cargill) contained 86.5-89.5% of starch and rice starch (S7260
– 500G, Sigma Aldrich) contained 87.0-92.5%. Starch pastes were prepared by
suspending 2/3 of 25 g of starch in 500 ml of distilled water and mixing them on a
magnetic mixer with constant heating. Once the temperature of the suspension reached
the gelatinization temperature for the given starch (65 °C for corn and 70 °C for rice
starch), it was cooled down to 50 °C at which time the remaining of the sample was
mixed in and reheated to the gelatinization temperature where it was held for the next
30 minutes. The suspension of starch was done gradually in order to avoid incomplete
suspension or gelatinization. Starch pastes prepared in this way were regarded as
reference samples to which the samples treated with US were compared.

Ultrasound treatment
Starch pastes were submitted to UST at different time intervals (1 and 2 minutes) and at
different amplitudes (20%, 60% and 100%) with an US probe (Hielscher GmbH,
Ultraschallprozessor UP 400s, Germany) with 400 W of nominal output power and
24 kHz frequency, always with a full cycle. The samples were always treated in a
1000 ml laboratory flash and the probe was inserted 1 cm into the suspension so that the
effect of US would be the same during each treatment.
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Table 1.
Abbreviations for the tested 5% corn and rice starch pastes depending
on the applied UST (amplitude and time of treatment)

Starch

Native
suspension
(5%)

UST (% - amplitude; min - time)
20%

60%

100%

1 min

2 min

1 min

2 min

1 min

2 min

Corn

CN

C1/10

C2/20

C1/60

C2/60

C1/100

C2/100

Rice

RN

R1/10

R2/20

R1/60

R2/60

R1/100

R2/100

Determination of rheological properties
Starch paste viscosity was determined on a rotary viscosimeter Rheometric Scientific
RM-180 (Mettler Toledo, US). Viscosity was measured at the temperature of
gelatinization for the given starch, at 90 °C and finally, the backward viscosity was
measured after cooling it to 50 °C.
Texture profile analysis was performed on the texture analyzer TA.HDplus (Stable
Microsystems, UK) according to [6] using SMS P/O-5R polyethylene probe and 5 kg load
cell test, speed of 1 mm/s, strain 40%. For the measurement of hardness, starch pastes
were transferred to Petri dishes after they have been heated to 90 °C. Samples were left
to cool down at room temperature for 15 minutes and later put to refrigeration for 24
hours before testing. Filling the Petri dishes to the top and allowing them to harden in
this shape ensured that the dimensions of all the samples were equal.

Determination of the resistance to refrigeration and thawing and swelling power
Resistance to thawing and refrigeration was determined by modification of method by
Rondán-Sanabria (2009) [7]. When the starch pastes were cooled down to 50 °C (during
measurement of viscosity), 5 samples of 10 mL were taken for measurement of resistance
to repeated thawing and refrigeration, and 2 samples of 40 mL for the measurement of
resistance to one cycle of refrigeration and thawing. Due to limitations of our centrifuge
(Rotina 35, Hettich Zentrifugen, Germany), only the 40 mL samples could be analyzed
according to the method. 10 ml samples were centrifuged at 4000 rpm for 20 minutes,
while the 40 ml samples were centrifuged at 10 000 rpm for 15 minutes. Samples were
frozen to -18 °C. Syneresis of water was measured by weighing the samples prior and
after centrifuge and decantation of water.
In order to determine the damage done to starch granules by UST, we measured their
swelling power. After preparation of the sample (for native samples) and UST treatment,
8 mL of starch pastes were transferred into glass tubes and put in a water bath at
gelatinization temperature for the given starch (65 °C for corn, 70 °C for rice starch).
After 30 minutes, samples were centrifuged at 4000 rpm for 15 minutes and the decanted
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water was weight. Finally, samples were left in a drying oven at 105 °C until they
reached a constant mass. 4 parallel measurements were made for each sample. From the
differences in the mass of sample, according to Douzals (1998) [8], the amount of
absorbed water was calculated.
Statistical analysis of regression and correlations was done in Microsoft Excel 1998.

RESULTS AND DISCUSSION

Table 2. Resistance to refrigeration measured during five consecutive days on the 10 mL
samples of corn and starch native and US treated starch pastes

SINERSIS %
1. day

2. day

3. day

4. day

5. day

CN

63.6

55.0

61.4

61.1

65.6

C1/20

21.4

7.3

15.2

15.1

9.4

C1/60

31.1

30.9

17.8

34.1

31.4

C1/100

32.7

0.2

19.8

29.9

0.4

C2/20

29.7

24.7

5.2

0.1

0.9

C2/60

26.2

21.8

15.7

13.3

21.1

C2/100

22.9

3.7

6.4

8.9

0.0

RN

41.6

52.8

57.8

48.0

59.2

R1/20

44.5

54.2

57.8

62.9

64.6

R1/60

-

49.9

57.9

59.5

61.3

R1/100

33.6

53.2

60.4

59.5

-

R2/20

38.8

51.7

55.3

61.0

60.2

R2/60

-

53.3

62.1

62.7

62.5

R2/100

45.3

44.9

60.6

64.3

65.6

Syneresis represents the separation of a liquid from gel, but can also signify the
separation of solvent in polymer suspensions and it is an indicator of a samples
resistance to freezing [9].
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UST of corn starch pastes before freezing them resulted in a decrease of syneresis during
thawing and therefore an increased resistance to refrigeration. When examining the
resistance to refrigeration during the 5 consequent days (Table 2) of thawing, the best
results were gathered with 20% amplitude and 2 minutes of treatment. Longer treatment
time was always more successful.
Second measurement with the 40 mL samples (Figure 1) showed that the 60% amplitude
is the most successful treatment for corn starch pastes, causing a 21.9% decrease in water
syneresis after first refrigeration and thawing. Improvement in the resistance to
refrigeration is especially strong with the increasing numbers of thawing and repeated
refrigeration. Corn starch has a large share of amylose (22.3-32.5) and this causes larger
retrogradation during storage and consequently syneresis [10]. UST of rice starch pastes
showed no effect on their resistance to refrigeration and thawing (Table 2, Figure 1).
Swelling of starch granules relates to the magnitude of the interaction between starch
chains within the amorphous and crystalline domains and we determined a strong
correlation between the swelling power and resistance to refrigeration (corn 0.99, p=0.09;
rice 0.94, 0.05).

Figure 1. Resistance to refrigeration measured during the first thawing on the 40 mL
samples of corn and rice native and US treated starch pastes

Swelling power of both corn and rice starch granules linearly grow with the increase of
amplitude of US during treatment (Figure 2), resulting in the largest power to swell in
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the samples that were treated with 100% amplitude. Increase of the number of damaged
starch granules is in a linear correlation with the increase of amplitude of US applied
and therefore results in better water absorption, solubility and swelling power than the
one found in native, untreated samples [11,12]. Therefore, even a short treatment with
US, like the one that is applied during US assisted freezing, is likely to change the
swelling ability of starch, and a time difference of 1 and 2 minutes treatment does not
make a significant difference.

Figure 2. Swelling power of native and US treated corn and rice starch pastes

Starch gel hardness is generally a consequence of retrogradation which is linked to
amylopectin crystallization and water syneresis [13].
Treatment of corn starch paste with 60% amplitude, 2 minutes, same as rice starch paste
100%, 2 minutes, caused the largest increase in starch gel hardness (Table 3).
Treatment of both starch pastes with 20% amplitude, 1 minute, caused a slight decrease
of starch gel hardness. Decrease in starch gel hardness could possibly be a result of water
retention caused by UST, which causes a delay in formation of links between amylase
units which form firmer gels [12] or a result of breakage of starch polymers and their
reorganization which cause a decrease in their ability to form a firm gel [14]. This
indicates that the hardness of gels is dependent on the degree of starch damage caused
with UST and a strong correlation was found for all treatments of rice starch (0.76,
p=0.01) while only for 1 minute treatments of corn starch (0.73, p=0.27)
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Table 3. Results of rheology measurement of native US treated corn and starch gels and
pastes

VISCOSITY (mPa)
65 °C

90°C

50°C

HARDNESS
(N)

CN

6.7

37.3

50.0

22.6

C1/20

7.7

21.9

28.2

7.8

C2/20

5.9

30.5

38.8

27.5

C1/60

8.4

30.7

38.4

36.4

C2/60

7.3

26.6

35.9

55.6

C1/100

9.5

22.3

27.8

32.1

C2/100

8.9

16.0

19.7

29.3

RN

10.4

24.4

39.0

10.9

R1/20

10.9

30.7

32.8

8.7

R2/20

11.6

37.1

41.2

8.3

R1/60

11.9

37.2

47.9

7.4

R2/60

12.3

29.9

39.1

15.9

R1/100

11.9

29.1

35.3

13.9

R2/100

12.9

20.5

25.0

53.0

Depending of the starch source and its gelatinization temperature [1], we determined
viscosity of starch pastes at three different temperatures -65 °C for corn starch, 70 °C for
rice starch, and 90 °C and 50 °C for both (Table 3). Since viscosity of starch is highly
dependent on temperature, results should be examined for each temperature separately.
At gelatinization temperature for a given starch, there is a moderate growth in viscosity
with the increase of US amplitude, while the time of treatment does not make a
significant difference.
At 90 °C there is an increase of amplitude applied causes a decrease in viscosity which is
even more emphasized at 50 °C. With rice starch paste, this treatment is especially
stressed with 2 minutes of treatment.
Considering that gelatinization will cause an increase of viscosity, it could be expected
that at gelatinization temperature, US causes an increase in the number of damaged
starch granules but cannot cause the same effect at 90 °C where starch is pregelatinized.
Therefore, we examined if there exists a correlation between the swelling power and
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viscosity of starch pastes determined at their gelatinization temperature. For corn starch
Persons coefficient was 0.95 for the 1 minute treatments and 0.85 for the 2 minutes
treatment, while for rice starch coefficient amounted to 0.78 for the one minute treatment
and 0.83 for the two minute treatment. Similar results as the ones we found for rice
starch pastes that show that the viscosity is not linearly dependent on the intensity of
US, were found by [14]. They explained this by damage that UST causes to starch
granules because it causes an increase in the swelling power which results in breakage of
the starch granules and deterioration of the crystalline structure of the starch granule.
Amylose and amylopectin exit the granule as a result of breakage and enter the
suspension in which they establish new intermolecular links during cooling [3, 15].

CONCLUSIONS
UST has a varying effect on starch pastes depending on their botanical origin (corn and
rice. Treatment of starch pastes with US that could be useful during US assisted freezing,
does not have a deteriorating effect on starch granules. Never the less treatment with
60% and 100% amplitude increases their ability to swell and changes their viscosity.
Tested UST has a beneficial effect on syneresis and therefore resistance to freezing of
corn starch pastes while further research is required to define the conditions of UST that
would cause the same effect in rice starch pastes.
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ABSTRACT
Product quality is one of the dominant factors of survival in the complex economic
conditions marked by overabundance of products and keen market competition. Still, it
is quite rare to see a systematic approach to the system of quality attainment and
maintenance, which is also the case in the baking industry. The issue is usually left to
individual technologists in charge of the production process and their capabilities.
Consistent quality and efficient production imply a systematic approach to gathering,
recording and distributing of knowledge in an organisation, which is the domain of
knowledge management. Today, knowledge is not only a characteristic of human beings;
it is also a constituent of intelligent computer systems that are responsible for managing
production processes. Knowledge management has become more efficient with the
development of computer programming systems for knowledge capturing and
recording. These systems are not only devices to record and further distribute
knowledge through modern computer networks; rather, their function is to help in
making important decisions in the production process, based on the information from
the environment. The basis of such systems is an ontological model that systematically
structures the knowledge on a particular element of the structure or a particular business
process. One of the tasks of modern scholarship is to provide systematic knowledge
structuring so that it can be efficiently distributed through modern communication
channels, and then used in real-life conditions. Accordingly, this research was carried
out to create a framework model of knowledge management aimed at achieving
continuous quality in the baking industry.

Keywords: knowledge management, bakery production, intelligent web, ontology,
knowledge model

INTRODUCTION
Generally speaking, the purpose of science is to explore and identify lawful relationships
in the world in which we live. From a scientific point of view, systematic research
results, i.e. systemised lawful relationships detected represent knowledge. Recording,
systematization and distribution of knowledge was made possible by script, whose
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invention is connected to the first technological revolution, i.e. the rise of the earliest
civilizations about 3.500 years before Christ, at a time when people began to
systematically grow and use grains in their diet, and the technology of metals was
developed for the purpose of land cultivation. This was the age of the first technological
revolution.
The first technological revolution has radically changed the way the society functioned
at the time, and the principles of social organization established during that period still
exist today. During World War II, mainly due to the advent of missile technology
followed by space technology, as well as computer technology, the second major
technological revolution began, striving to move the mankind from the age of metals
that began with the first major technological revolution, to the age of space travel, and
the age of information and knowledge. It is to be expected that the effects of these
technologies on human civilization will be as significant as the effects of the first
technological revolution.
The effects of the second technological revolution reflect in the exponential
multiplication of knowledge and continuous improvement in the quality of life of every
individual. Knowledge management has become a social imperative that has an impact
on all spheres of human activity. Baking industry, being under pressure to keep up with
the technological knowledge and meet the growing knowledge-based needs of the
population (e.g. nutritional), requires a systematic and organized approach to
knowledge management in order to ensure a continued quality of baked goods
production tailored to customers’ needs.

MATERIALS AND METHODS
Modern baking industry, as all other branches of industry, can gain its competitive
advantage primarily through knowledge. The modern age is the age of exponential
growth of knowledge, which makes knowledge management vital to the success of any
industry, including the baking industry. In order to approach this matter systematically,
adequate knowledge management models need to be developed. Taking into
consideration this research problem, the following hypothesis was constructed:
H1: It is possible to create a knowledge management model in the baking industry that
will ensure a continued quality of baked goods production tailored to customers’ needs
Based on the proposed hypothesis, the following research objectives were defined:
1.

Explore the concept of knowledge management and consider its application in
real-life production conditions.

2.

Consider developments expected in the baking industry as a result of evolving
social processes

3.

Describe and evaluate a knowledge management model in the baking
industry that will ensure a continued quality of baked goods production
tailored to customers' needs
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Overall, a deductive method of investigation was used as the initial hypothesis was
explored in a mental experiment. The main method utilized to accomplish the research
goal is the modelling method. In order to correctly define the analogies in the process of
modelling between the original and the model we will apply the systematic approach.
Other scientific research methods have also been used in addition to the abovementioned.

RESULTS AND DISCUSSION
Knowledge is one of the concepts for which modern science has no single definition or a
unified view. In the course of human history, various philosophers offered various
interpretations of the term knowledge, balancing between subjective and objective views
of this concept. Just how essential the concept of knowledge is can be observed in the
fact that in the history of philosophy a separate branch emerged called epistemology,
which was concerned with knowledge. The terms episteme (knowledge) and logos
(explanation) are often confused in scientific definitions, even today.
Epistemology, as a theory of knowledge (episteme + logos), was introduced by the
Scottish philosopher, James Frederick Ferrier. Epistemology juxtaposes the objective
against the subjective.

Figure 1. The concept of knowledge according to epistemologists (Source:
http://siamtownhouse.com/?p=8569; 1.10.2013)

According to epistemologists, knowledge occurs at the intersection of the subjective and
the objective, as shown in Figure 1.
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Without aspiring to give a deeper analysis of the origin of the concept of knowledge,
these are the most common definitions of the term:


facts, information and skills that a person has gained through experience or
education;



the totality of all the facts and information in a particular field;



a reliable understanding of an item, with the potential ability to use it for a
specific purpose.

Instead of looking at the definition of knowledge, it is much more important to
understand how knowledge is derived, i.e. how one acquires knowledge. Knowledge
comes from data or information, and from knowledge comes wisdom. Figure 2 shows
the relationship between knowledge, data, information and wisdom.

Figure 2. Relationship between data, information, knowledge and wisdom (Source:
http://www.easterbrook.ca/steve/2012/09/what-is-climate-informatics/,
1.10.2013.)

An important aspect of the relationship, as shown in Figure 2, is the relationship of data,
information, knowledge and wisdom to future events. People have been seeking to
understand their environment in order to be able to better accept and manage future
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events. It is not possible to know the future with certainty; however, based on available
information linked through knowledge, one can consider possible future scenarios,
which makes people more able to interact with future events. This means that the data
are a reflection of the past. When context, i.e. the metadata is added to the data; in other
words, when the data is linked into a meaningful whole, information is generated.
Information represents a description of an item, its definition or a view of that item.
Usually, the information can be recognized by the fact that it gives an answer to a
question beginning with what, who, where, or when. Information is transformed into
knowledge when it has a particular meaning to someone, because it describes the
relative position of an item in its environment. When the information answers the
question beginning with how, such information is considered to be knowledge.
Knowledge is essentially part of methods used to analyze the world that surrounds us,
and thus knowledge is manifested in the way we approach a particular problem. It is the
purpose of science to recognize isomorphic systems and then systematically record how
they operate. Knowledge, like data and information, is focused on the past. However, by
recognizing lawful relationships and generalizing them, thereby shifting from the
concrete case to all identical and similar cases, wisdom is created, which, unlike previous
factors - data, information and knowledge, focuses on the future. In general, wisdom
defines the principles, fundamentals, moral principles and prototypes. However,
without data, i.e. systematised information explaining the principles by which
isomorphic systems function, there is no wisdom.
The spiral of knowledge opened up in the twentieth century, thereby enabling
exponential multiplication of knowledge that is now available for people to use and
acquire. Moreover, knowledge has become an important factor in the individual and
social survival. While capital, raw materials and technology used to be important factors
in building competitive advantage, information and knowledge play a pivotal role
today. However, individual management of a vast amount of knowledge is almost
impossible. Gone are the days when knowledge was concentrated in the minds of
individuals on whom the success of the community depended. Today, there is global
pressure on the distribution of structured knowledge so that knowledge can be available
to all at any time. The Internet has practically become a universal base of unstructured
knowledge that seeks to become structured as soon as possible. General knowledgerelated issues affect all spheres of human activity, including industrial production,
which means the baking industry, too. As in any system, knowledge management in the
baking industry is an issue that needs addressing.
In order to adequately look into the issue of knowledge management in general, and to
define the descriptive model of knowledge management in the baking industry that will
ensure a continued quality of baked goods production tailored to customers' needs, it is
necessary to analyse the manifestations of knowledge, knowledge-related processes and
methods for efficient recording of knowledge.
There are two types of knowledge, in terms of its holder: knowledge inherent to people,
called explicit or tacit knowledge, and knowledge inherent to machines, i.e. implicit
knowledge. Knowledge inherent to people comes mainly from experience and relates to
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thinking and behavioural patterns, as well as competencies acquired mostly through
formal and self-education. On the other hand, knowledge inherent to machines is stored
on various media, from, until recently popular, print or analogue media, to currently
ubiquitous digital media. There are various estimates on the tacit to explicit knowledge
ratio ranging from 5%:95% to 55%:65 %. However, there is a general consensus that the
level of knowledge in people is still higher than it is explicitly recorded. Figure 3 shows
the ratio of implicit (tacit) to explicit knowledge, using the iceberg analogy.

Figure 3.

Estimated implicit (tacit) to explicit knowledge ratio (Source:
http://www.cognitivedesignsolutions.com/KM/ExplicitTacit.htm, 5.10.2013)

As a result of the need for systematic transformation of implicit knowledge into explicit
knowledge, an independent scientific discipline emerged, called knowledge
management. Symbolically speaking, knowledge management tends to create selflearning organizations in which tacit-to-implicit knowledge transformation occurs in a
spiral process for the benefit of an organization. Figure 4 shows the knowledge spiral in
an organization.
The reasons for considering the possibility of knowledge management is the growing
volume of knowledge; the need for knowledge externalization, so that an organization is
not dependent on individuals; the need for combining the knowledge of a number of
people; the need for faster access to knowledge; the need for knowledge to be
understandable to all; the need for knowledge to be used economically, the need for
knowledge to provide a competitive advantage over others; and the need for knowledge
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to be a collective concept. Considering the mentioned general requirements, the fact that
the baking industry processes will have to evolve as a result of market-driven need to
meet customers’ needs, it is to be expected that this industry will start with the
systematic implementation of knowledge management software systems in the near
future.

Figure 4. Knowledge spiral in an organization (Source:
http://kmbkteam.wordpress.com/, 3.10.2013)

It is also to be expected that as a result of the evolution of nutritional science and
development of general knowledge and people’s needs for a better and longer life, the
technological sciences will be required to develop the baked goods production. In such
conditions, when new knowledge appears, enriched with practical experience, the
technological process of bread making will have to be approached in a systematic
manner, taking into account the need for structuring knowledge using ontological tools
and the Internet, as a social medium for the distribution of knowledge.
Based on the above considerations, the basic principles were developed for creating a
descriptive structural model of knowledge management in the baking industry that will
ensure a continued quality of baked goods production tailored to customers’ needs. The
model combines the following elements:

KMpi = eT2Epi (∑TehKpi + MRpi + ∑BKKpi + min(T + TRZ)pi)

342

7th International Congress FLOUR-BREAD '13
9th Croatian Congress of Cereal Technologists

where:


KMpi – stands for knowledge management in the baking industry



eT2Epi – stands for externalisation, i.e. transformation of tacit knowledge into
explicit knowledge



∑TehKpi – stands for the totality of technological knowledge



MRpi - stands for marketing research of customers’ needs



∑BKKpi- stands for biochemical (medical) sciences in the function of customers’
needs



min(T + TRK)pi – stands for minimizing the costs and time required to access
knowledge

CONCLUSIONS
The most important resource of the modern era requires a systematic approach by all,
including the baking industry. It involves the analysis of the structure and events that
make knowledge management processes, as well as finding the model that is optimal for
a particular area of human activity. As can be seen from the attached model, developed
based on research, the baking industry’s model of knowledge management should,
besides standard elements, i.e. externalisation (transformation of tacit into external
knowledge (outside business organizations), minimisation of knowledge management
costs and access time, also include adequate marketing research to respond to the needs
of the modern consumer. Biochemical sciences combined with modern medicine and
nutritional sciences should offer solutions in this regard. Appropriate technological
solutions are required so that a product like that, based on the synergy of knowledge,
could get its physical equivalent at the end of the production process. The structural
model of knowledge management in the baking industry does not show the method of
structuring knowledge. For this purpose, one should use appropriate ontological tools
because they ensure low cost of knowledge management and an adequate speed of
access to knowledge as a precondition for economical use of knowledge in the baking
industry. The presented model is the basis on which knowledge structuring processes in
the baking industry should be developed.
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