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Introduction

Flour-based confectionary is the most popular confectionary
and have an important position in food technology in general.
Those products present the most often consumed confectionary
products and their growth in EU market has been increasing per
capita consumption [1] owing to their sweet taste and nice aroma
and flavor, easy accessibility-ready to use and well-established
habits [2], lower production costs, convenience and long shelf life

[3].

Due to consumers demands for the health food the
improvements of this type of confectionary are becoming more and
more frequent. Biscuits together with chocolate products are on the
first place with 8.7% of total European food innovation [1].

By adding different functional components, it is possible to
make flour-based confectionary are with functional features offer
health benefits that extend beyond their nutritional value by e.g.
incorporating inulin and acacia gum [3]; chickpea and rice bran as
a source of dietary fiber and active healthy components to make
functional biscuits for lowering blood lipids [4]; addition of the
prebiotic ingredient fructo-oligosaccharide found to provide both
nutritional and technological advantages in biscuits [5].

The functional foods include foods containing minerals,
vitamins, fatty acids, dietary fiber, foods with the addition of
biologically active substances such as antioxidants and probiotics
[6]. According to Jain [7] functional food ingredients have been
brought to the consumers mainly through dairy or confectionery
products [7].

Berries such (strawberries, cranberries, blueberries,

raspberries and blackberries) in general may offer health promoting
benefits and present excellent choice to improve flour-based

confectionary from functional aspect, as they are low in calories,
and abundant in anthocyanins and polyphenolic components and
have a good potential to encapsulate, as well. The importance of
cornelian cherry fruits in the class of berry fruit is especially
emphasized [8] and traditional wild fruit (rosehip, cornelian cherry,
wild strawberry and bilberry) as an important foodstuff in the local
population nutrition which has been recognized in folk medicine

since ancient times [9-11].

Encapsulation

Encapsulation technology is now well developed and accepted
within pharmaceutical, chemical, cosmetic, foods and printing
industries. In food products, fats and oils, aroma compounds and
oleo-resins, vitamins, minerals, colorants, and enzymes could
encapsulate while controlling their release and show promising
approach to develop functionally active food products.

Microencapsulation describes an even finer degree of
encapsulation technology and is one of the earliest examples of
applied nanotechnology, which is the science of controlling matter at
the atomic and molecular physical level [12]. It defined as a process
to entrap active agents within a carrier material (wall material) and
presents a useful tool to improve delivery of bioactive molecules
and living cells into foods. This technology allows protection of
bioactive components by completely enveloping and covering
in small capsules that release their contents at controlled rates
over prolonged periods and under specific conditions [13,14] and
presents a suitable method capable of delivering adequate amounts
of viable probiotic bacteria into the gastrointestinal tract [15,16].
Co-encapsulation is especially useful as this concept takes into
account the synergistic effect of multiple bioactives in enhancing
bioactivity to target specific health benefits [17].
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Applying Encapsulation in Flour-Based Confection-
ary

To produce effective encapsulated products, the choice of
coating material and method of microencapsulation process are
most important and it also depends on the end use of the product
and the processing conditions involved [18]. Lakkis [12] states the
spray chilling is the most frequently used processes, due to many
benefits such as microcapsule small particle size, good barrier
properties, and protection through handling, mixing, and storage of
bakery formulations, as well as ability to design the desired mode
of release [12]. Nevertheless, other experiences are also presented.
Among the available microencapsulation methods, spray drying
offers several advantages, it is a continuous process has an
economical potential technology and required short residence time
[19,20]. According to Alvim et al. [21] both microencapsulation
methods can be used to obtain microparticles as potential
protection vehicles in the application of sensitive substances such
as ascorbic acid in baked products [21].

As the biscuits or cookies are widely consumed snacks, they
are therefore an ideal food for fortification [22]. Incorporation
of microencapsulated vitamins into food matrix contributes to
improvementfood nutritional value, reduce off-flavors, permit time-
release of nutrients, enhance the stability to high temperature and
moisture and reduce each nutrient interaction other ingredients
[18].

Wilson & Shah [23] have been considering encapsulation
efficiency of vitamin C from various studies. Many studies have
been done on this vitamin with variables optimized to determine
the most stable way of microencapsulating vitamin C to give the
highest retention possible and to use these applications in food
fortification [23].

According to Shrestha et al. [22] microencapsulation is
a technique that provides protection to highly susceptible
micronutrients including 5-methyltetrahydrofolic acid which is
regarded as one of the most bioactive forms of folate. The study
investigated its stability in microencapsulated form and changes
the physical properties in biscuits baked at different temperatures
and times regimes. They found that microcapsule with pectin and
alginate ratio of 80:20, prepared by spray drying, gave the highest
retention (68.6%) of the 5-methyltetrahydrofolic acid [22].

In study by Kulthe et al. [24]
microencapsulated [-carotene by spray drying was added to

laboratory prepared

enrich cookies with maida and pearl millet flour in ratio 60:40.
Microencapsulation protected (-carotene maintained its activity
during different process regimes of cookies making. According
to obtained results the amount of 4% of microencapsulated
[-carotene enriched pearl millet-based cookies did not affected the
overall quality [24].
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Fruits and by-products occurred during processing are valuable
source of bioactive components and could encapsulate and
successfully incorporate into flour-based confectionary to increase
them functional properties.

Blueberry microspheres were prepared by spray drying and
freeze drying and were evaluated for their impact on the quality
of ice cream and cake. The microencapsulation process is effective
in the protecting of phenolics against thermal degradation in
cake samples and the ultrasonic nozzle microspheres of extract
showed the highest anthocyanin retention (79.35%) than the
other microspheres investigated, in enriched cake samples [19].
Luca et al. [25] demonstrated the characteristics of encapsulated
phenolic powders obtained from sour cherry pomace in cake
making. Encapsulation improved storage stability of the phenolic
compounds and increased the resistance of phenolic compounds to
the thermal effects. However, degradation of phenolic compounds
during baking was high even if they were encapsulated. This study
also demonstrated that addition of small amount of encapsulated
phenolic compounds into cake before baking did not affect its
quality parameters adversely [25].

Encapsulated extract from waste red grape skin in maltodextrin
were evaluated on the antioxidant properties and sensory
acceptability of whole wheat cocoa biscuits. Extract addition
increased the phenolic content and antioxidant capacity of both
dough’s and biscuits. The results showed that whole wheat cacao
biscuits represent an appropriate food matrix to develop pleasant
novel products enriched in phenolic compounds from waste
grape skins and likeable for regular biscuits consumers [26]. The
research of Elsebaie & Essa [27] focused on extraction of biological
compounds from red onion peels, and its microencapsulation
to evaluate cake quality integrated with microencapsulated
polyphenols, and polyphenols stability assessment after baking.
Polyphenols content of encapsulating incorporated cake was
enough to claim for the functionality of polyphenols in the cake
[27]. Cocoa hulls represent a by-product of cocoa processing and
they are a potential source of polyphenols. However, their low
stability to oxidation and thermal degradation limits their practical
application. The results obtained by Papillo et al. [28] evidenced
the usefulness of the microencapsulation process to improve the
stability of polyphenolic compounds and antioxidant properties

and application in biscuit making [28].

ResearchofRoshaetal.[29] demonstrated possibility ofapplying
encapsulate oily solutions of lycopene obtained by spray drying
technique in cake production. They presented microencapsulation
as an alternative to minimize lycopene instability. In addition, it was
observed that the microcapsules were able to release pigment and
color the studied food system in a homogenous manner [29].

Some high added value oils,

antioxidative and volatile compounds) have significant properties

components (essential
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from nutritive and medicinal aspects, and antimicrobial activities
which can be exploited in the production of functional foods and
enable prolonging the shelf life of the final product while their
strong and atypical tastes and smells could be successfully masked
by encapsulation [20]. Encapsulated thyme (Thymus vulgaris)
oil presented the potential for use as a natural food preservative
that can be applied to cakes to promote their shelf lives and avoid
synthetic preservatives [30]. Green tea extract was encapsulated
within electro sprayed protein microparticles, and the protective
ability of both systems on the green tea catechins was assessed.
Results showed that microencapsulation did not significantly
protect during biscuit processing and emphasized the need of
assessing the behavior of microencapsulation systems in real food
processing conditions [31].

Encapsulation represents a useful method to prevent the
formation of potentially harmful compounds in thermally processed
foods such as 5-hydroxymethylfurfural (HMF). The potential of
sodium chloride encapsulation to mitigate the Maillard reaction
on the HMF formation in cookies was tested. The study included
13 cookies samples prepared with recipes containing free or
encapsulated NaCl. Increasing NaCl concentration from 0 to 0.65%
increases HMF concentration up to 75%, whereas in the presence
of encapsulated NaCl the reduction of HMF varied from 18 to 61%
[32].

Due to the numerous application possibilities and various
methods that enable the most suitable solutions for the
incorporation of certain functional ingredients into food matrix,
microencapsulation will certainly find its place in the commercial

production of flour-based confectionery products.
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