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Abstract. The inappropriate immune response to the certain grain proteins in wheat, barley, rye and
possibly oat is called celiac disease. In order to produce gluten-free products, many scientists and
manufacturers used flours obtained from different sources such as corn, soy, sorghum, buckwheat
and chickpea. Furthermore, ingredients and gums such as emulsifiers, enzymes, dairy products,
fibers and hydrocolloids were used to improve functional properties of gluten-free products. Chestnut
flour can be a good alternative source because of its nutritional and health benefits.

In this study, the effects of chestnut flour in combination with various amounts of rice flour at different
ratios (0:100, 10:90, 20:80, 30:70, 40:60, 50:50, 60:40, and 100:0), three different water levels (120,
150 and 180%) in flour basis and addition of xanthan-guar gum blend and emulsifier DATEM ™
mixture (0.5% w/w) in flour basis on quality parameters in terms of specific volume, firmness and
color have been studied. Basic cake recipe in percent flour basis contained 80% sugar, 25%
shortening, 9% egg white powder, 3% salt and 5% baking powder. Cakes containing only rice flour
and chestnut flour without any gum and emulsifier were used as controls. Gluten-free cakes were
baked at 180°C for 20 minutes in a convection oven.

Higher chestnut: rice flour ratio required higher water level to obtain higher quality. The addition of
xanthan-guar blend and DATEM ™ mixture resulted in softer and voluminous cakes. Darker crust
color was obtained as chestnut flour content in the formulation increased. When all of the
formulations were compared, cakes prepared with chestnut: rice flour ratio of 30:70 and 150% water
level were the most acceptable.
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Introduction

Celiac disease, also called as gluten-sensitive enteropathy is triggered by the response of the
bodyOs immune system to theproteins in certain grains. When people with celiac disease
consume gluten, their immune system generates antibodies against this protein causing
damage to the tiny hairlike projections in the small intestine. Therefore, they can not absorb
nutrients and they must avoid all the gluten containing food products in their diet for their entire
life. Chestnut flour in combination with rice flour can provide a reasonable gluten free flour due
to its nutritional and health benefits (Demirkesen et al., 2010). It contains low amount of protein
and fat and high amount of starch, sugar, and dietary fiber, vitamin E and B group vitamins,
potassium, phosphorous, and magnesium. In addition to its health and nutritional aspect, the
fiber content of chestnut flour supplies some functional properties to batter such as emulsifying,
stabilizing, texturizing and thickening properties (Demirkesen et al., 2010). However, chestnut
flour has some drawbacks. It may impair quality of products giving low specific volume, firm
texture, dark color and bitter taste when it is used above a certain level (Sacchetti et al., 2004;
Demirkesen, 2010). Such obstacles have been overcome by using chestnut flour with the
combination of other types of flour such as rice flour. Therefore, the objective of this study was
to develop gluten-free cake formulations using chestnut and rice flours at different ratios and
different water levels. Moreover, the effect of hydrocolloid blend (xanthan-guar gum blend) and
emulsifier (DATEM) on the quality parameters of cakes were also evaluated.

Materials and Methods

Basic cake recipe on 100 g flour basis contained, 80% sugar, 25% shortening, 9% egg white
powder, 3% salt and 5% baking powder. Three different amounts of water (120, 150 and 180%
in flour basis) were added to different cake formulations. In terms of flours, the cake
formulations contained chestnut:rice flour ratios of 0:100, 10:90, 20:80, 30:70, 40:60, 50:50,
60:40 and 100:0. Both gum blend (xanthanbguar gum) and emulsifier (DATEM) were added in
0.5% (w/w) of flour amount.

Cakes were prepared according to the study of Turabi et al (2008). Cake samples were baked
in a conventional oven (Areelik A.! ., "stanbul, Turkey) at 180;C for 20 min. Four cake samples
(100 g each) were baked at a time. Cakes containing only rice flour and chestnut flour without
any gum and emulsifier were used as controls.

Cake specific bulk volume was determined by the rapeseed displacement method. The firmness
of cakes was evaluated by the Texture Analyzer (TA Plus, Lloyd Instruments, UK) equipped with
a 50 N load cell. The crust color of the cakes was measured using a Minolta CR-10 color reader
(Osaka, Japan) using the CIE L*, a*, and b* color scale.

Results and Discussion

As shown the Figs.1 and 2, the lowest specific volume and the highest firmness values were
obtained from control rice (0:100) and control chestnut cakes (100:0). Without any additive, rice
batters didnOt have enough viscosity to prevent loss of air bubbles during the bakingThe reason
for the low specific volume and hard texture of the control chestnut cakes may be attributed to
high sugar content of chestnut flour. In such a case, water available for starch gelatinization
may be limited, causing lower specific volume and harder texture in the cakes.
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Figure 1. Specific volume of cake samples prepared using different formulations. (! ): For the
water level 120%; (" ): For the water level 150%; (m): For the water level 180%. X: Xanthan gum;
G: Guar gum; D: emulsifier DATEM
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Figure 2. Firmness values of cake samples prepared using different formulations. (! ): For the
water level 120%; (" ): For the water level 150%; ( m ): For the water level 180%. X: Xanthan
gum; G: Guar gum; D: emulsifier DATEM.



The addition of gum blend and DATEM increased specific volume but decreased firmness of the
cakes (Figs. 1 and 2). In the presence of gums and emulsifier, batter can incorporate more
bubbles during mixing and prevents escaping of them during baking. When all the cake samples
were considered, the sample containing %150 water and 30:70 chestnut:rice ratio had the
highest volume and the lowest firmness values (Figs. 1 and 2). In addition to gum blend and
DATEM, adding chestnut flour into rice flour (under certain limits) created a softening effect and
a certain increase of the specific volume of cakes (Figs. 1 and 2). Fiber content of flour changes
the swelling and water absorption properties of batter. Therefore, the presence of fiber (chestnut
flour is the source) can improve the quality parameters of cakes as long as it was kept within
certain limits.

L*, a* and b* values of cakes containing different chestnut:irice flour ratios were also
determined. L* values of cake crust decreased with an increase in the chestnut flour content.
The decrease in the L* values with addition of chestnut flour may be explained by the naturally
dark color of chestnut flour. Maillard and caramelization reactions may be another factor
resulting in the observed decrease in the L* values of cakes. As opposed to L*values, a* values
increased with the chestnut flour content. The browning due to chestnut flour may be desirable
in gluten—free cakes since most of the gluten-free products tend to have a lighter color than
traditional gluten containing products.

Conclusion

Cakes formulated with only rice and chestnut flour without additives had the lowest specific
volume and the highest firmness values. The quality of cakes increased in the presence of the
gum blend and DATEM mixture. In addition, utilization of chestnut flour and rice flours in
combination created a softening effect, an acceptable color and a higher specific volume.
Therefore, cakes formulated with 30:70 and %150 water and containing xanthan-guar gum
blend and emulsifier DATEM can be recommended to be used in gluten-free breads.
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Abstract. It is studied and characterized the impact of the flow mode in the mixing chamber of
continuous rotor-stator mixer on the bubble size distribution and density of whipped sponge batter. It
is showed that the microstructure and density of the sponge batter are influenced by the
hydrodynamic regime of flow and dispersion in the mixing chamber. In the implementation of Re=2.8
- 2.9, the lowest values of the Sauter diameter and density of the aerated batter were obtained. With
the increase of Re>2.9 - 3.0 toward turbulent flow a sharp increase of those values was observed. It
was found a strong correlation between the density of the aerated batter and the bubble size
distribution - increasing the density, the structure of the aerated batter becomes heterogeneous and
roughly dispersed. For batter density of ! = 0.5 kg.I”", approximately 75% of the total amount of the
incorporated air bubbles have diameter of d"15um, while at density of 1 =0.7 kg.I" they are just 35%.
At the same time their median diameter is amending from ds,=10 um (/=0.5 kg.l 1) to d5p=22 um
(1=0.7 kg.I'). The relative span of the bubble size distribution is calculated, as well.
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Introduction

For the multiphase food systems there are two key characteristics - rheology and structure.
They play an important role in the process of aeration. The specific properties of aerated
products depend on the particular characteristics of the dispersed gas phase (Narchi, Vial, &
Djelveh, 2007). Their structure is obtained as a result of the combined effect of the process
parameters and physical-chemical properties of the continuous phase (matrix), but their
interaction is not clearly understood. The matrixes used in the food industry are mostly complex
and contain different ingredients, therefore their behavior is associated with a complex
interphase phenomena. The structure could be characterized by: dispersion composition,
degree of uniformity and morphological characteristics of the dispersed gas phase. It defines the
behavior of the aerated products during processing b flow in the pipeline equipment and
dispensers. Most experimental data in the literature, refer to dispersion primarily of a Newtonian
fluids, and while the information of gas dispersion is scarce it relates primarily to the laminar
regime of flow (Balerin, Aymard, Ducept, Vaslin, & Cuvelier, 2007 ; Mighri, Carreau, & Ajji,
1998). The objective of this study was to determine the impact of the hydrodynamic regime of
flow on the sponge batter structure, aerated by continuous rotor-stator mixer in one and two
stage mode.

Material and methods

Raw materials

Model batter was prepared using the "all in" method and composition according to (Yankov,
Dessev, & Krasteva, 2011).

Experimental set up

The tests were performed on laboratory scaled rotor-stator mixer designed by the authors
(Yankov et al, 2011). It enables applying of one and two-stage mode of dispersion and is
characterized by the so called vortex line density coefficient Ky.pc. In term of one stage mode of
aeration Ky4c=10 m.I"! and for two stage mode Kyjgc=7 m.I? (Yankov et al, 2011).

Bubble size measurement

Bubble size was measured at 20°C by microscopic analysis according to the procedure given by
(Djelveh, Bacati, & Gros, 1994). A drop of batter was placed on the microscope slide and
spread using spatula with a gap of 200 ym and examined using an optical microscope (PZO
13072, Poland) equipped with an eyepiece micrometer. The total magnification was 80. The
bubble size distribution was characterized by: The mean bubble diameter d (calculated from the

/4F
bubble area F, assuming the bubbles to be spherical d = ./— ), median diameter ds, and the
T

specific quantiles dio,dgo (correspond to the diameters that include respectively 50%, 10% and

nd’
90% of the bubbles); the Sauter diameter B d,, =%# : the relative span of distribution -
ni i
dy

) =—a]10 .To determine the Sauter diameter and the relative span, 350 bubbles were
50

selected at random from a three samples.

Results and discussion s

In order to define the hydrodynamic regime of flow in the mixing chamber, the so called OpoverO

characteristics Ne=f(Re) were used. Ne and Re numbers were defined according to

(Hanselmann, Windhab, 1999), taking in account the specificities of the axial rotor-stator mixers.

The batter viscosity was approximated by the Harper&El Sahrigi model (Harper, El Shrigi,

1965), taking in account the apparent shear rate in the mixer and the temperature of the batter.

The apparent shear rate in the mixer was calculated in accordance with (Hanselmann,



Windhab, 1999), taking in account the tip velocity of the rotor pins. For measuring the Ne/Re
characteristics, glycerol G5516 (Sigma) at different concentrations was used. According to the
procedure given by (Nagata, 1975), three zones were defined characterizing the mode of
dispersion in the mixing chamber: for Re<1 b laminar regime; for 1<Re<3 b transitional regime;
for Re> 3 bturbulent regime (Yankov et al, 2011).
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Figure 1. Impact of the Reynolds number (Re) on the Sauter diameter (ds;) and
density of aerated batter (! ) at two stage mode of dispersion Kygq.=7 m.I"*

Figure 1, represents the impact of the flow mode in the mixing chamber, expressed by the Re
number, on the Sauter diameter ds; and density of aerated batter ! . There is a strong correlation
between ds, and ! for the different Re values, as for Re = 2.8 - 2.9, i.e. near the border between
transitional and turbulent regime, the Sauter diameter ds, and the density reach their lowest
values. Increasing of Re and subsequently transition to the turbulent regime leads to a sharp
increase of ds; and !. The poor performance in the turbulent regime is due to the generated
centrifugal field and the destroying effect on the foam structure caused by the increased rotor
speed. Similar trends are observed by (Hanselmann and Windhab, 1999) and (Djelveh et al.,
1994).
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Figure 2. Bubble size distribution for different sponge batter densities

Bubble size distribution for different batter densities is shown in Figure 2. It was found that for
batter density of | = 0.7 kg.I*, about 30 % of the bubbles have diameter d = 30pm and 68 - 72
% of the total number of objects have d " 30pm, while for batter density of | = 0.5 kg.I*, the
highest percentage 39 - 43% corresponds to a bubble class size d<15um and 74 - 75% of the
objects have size d" 15um. The comparison of these results demonstrates that the increase
of the batter density results at heterogeneous and coarse bubble size distribution, which is a
prerequisite for the relatively lower stability of this system. For a batter density of | = 0.5kg.I",



the bubble size distribution could be characterized as high degree of homogeneity - the main
group of sites - 74 %, belongs to the classes up to 15um, and 20 % to the range of 30 - 45 um.
Thus, only 6% belong to other classes, and there is no clearly distinguished dominating one. All
this supports the assumption for a high stability of the aerated food system.

From the integrated curves of the bubble size distribution (Figure 2), three key features were
identified, enable comparability - the median diameter dso, and dig, dgo quantiles. For a batter
density of | =0.7"g.I"%, they are - 22um, 5um and 81pm, respectively and for ! =0.5 "g.I"* they are
- d50=10 pum, dip=2 um and dgo= 37um. These data correspond to the relative range of
distribution s, respectively - 3.45 and 3.50 and could be regarded as further confirmation of the
stated above in term of uniformity and size of the objects.

Comparative assessment of the bubble size distribution and size classes obtained in one and
two stage mode of dispersion showed equality of the identified trends above and similar values
of the individual size classes. This allows to be assumed that the dispersion characteristics of
the samples obtained by the two methods of dispersion (K,¢.=10 and 7 m.I"*) do not differ.

Conclusions

It is studied the impact of the hydrodynamic regime of flow in the mixing chamber of continuous
rotor-stator mixer on the bubble size distribution of aerated batter. It is found that in the
implementation of Re=2.8 - 2.9 the lowest values of the Sauter diameter dz, and density of the
aerated batter are achieved. With the increase of Re>2.9 - 3.0 and move toward turbulent flow a
sharp increase of those values is observed, resulting in heterogeneous foam structure.

It is found that increase of the batter density, results in increasing of the mean bubble diameter.
For batter density of p=0.5 kg.I"!, approximately 75% of the total amount of incorporated air
bubbles have diameter of d<15pum, while at density of p=0.7 kg.I"* they are about 35%. The
median diameter is amended by ds,=10 pum at batter density of p=0.5 kg.I" to dsp=22 um at
p=0.7 kg.I. The relative span of the bubble size distribution was calculated - s =3.45 - 3.50.
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Abstract. The medicative plants play an important role in prevention and in the medical treatment in

a number of diseases. In Bulgaria there are 750 species of plants as 250 from them are being used
for phytotherapy. Due to multifarious climatic and soil conditions, the Bulgarian herbs contain a high
percent of bioactive compounds. Related to the traditional OwildO Bulgarian herbs are: St John's wort
or Tipton's Weed (Hypericum perforatum), Matricaria (Matricaria recutita), Thyme (Thymus vulgaris),
Lemon balm (Melissa officinalis), Garden valerian (Valeriana officinalis), Oregano (Origanum vulgare
L.) and others. These herbs increase the energy value of the foods and show antioxidant,
bactericidical, fungicidical and anti-viruses effect.

Presently, herbs as a functional additive to the bread are being investigated in two aspects: to impart
a specific aroma to the bread and to impart a healthy attribute because of their functional
components. There is a synergic effect, when several herbs are combined, which increases the
healthy effect of the bread. The analytical data shows that the thyme, the oregano and the lemon
balm are very useful for incorporation into bread because they belong to the safety medicative
plants.

Keywords. bulgarian herbs, functional foods, bread, bioactive components
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Functional components in Bulgarian herbs and their safety for the

human

The plants have been used from ancient times as a source of food, for medicinal practices, for
garments and for decoration (Duleva, 2006; Ploetz & Orr, 2004; Stoeva, 2004). These plants,
containing bioactive substances and exerting one or another influence on a living organism, are
called medicative. The Bulgarians call them with the ancient word @'#$ Oor OherbOThe
medicative plants or herbs play an important role in prevention and in the medical treatment in a
number of diseases. Bulgaria is the largest exporter of medicinal herbs, ranking among the
largest herb exporting countries in the world. Each year, Bulgaria exports between ten and
fifteen tons of herbs (Ploetz & Orr, 2004). According the studies of Stoeva (2004) in Bulgaria
there are 750 species of plants as 250 from them are being used for phytotherapy. Recently 120
of herbs have been traditionally gathered from their natural populations, 47 are under protection,
38 are included in the Red Data Book of Bulgaria, 60 have been cultivated (Stoeva, 2004). The
traditional Bulgarian herbs, which could be referred to the wild herbs are - St. John's Wort or
Tipton's Weed (Hypericum perforatum), Chamomile or Matricaria (Matricaria chamomilla,
Matricaria recutita), Thyme or Wild Thyme (Thymus vulgaris; Thymus sp. diversa), Lemon Balm
or Common Balm (Melissa officinalis), Garden Valerian (Valeriana officinalis), Wild Marjoram or
Oregano (Origanum vulgare) and others (Bondev, 1995; Petkov, 1982). Due to multifarious
climatic and soil conditions, the Bulgarian herbs contain a high percent of bioactive compounds
(Bondev, 1995; Staneva, Panova, et al., 1982; Ploetz & Orr, 2004). Herbs are rich in chemical
substances as alkaloids, glycosides, saponins, polysaccharides, tannins, flavonoids, lignans,
coumarins, oils, vitamins, microelements and etc. By these substances in many cases, except
improvement of the functions of the bodyOs organs and systems, the metabolism is being
stimulated and the immunity is being increased also (Petkov, 1982).

The difference between the medical and the culinary herbs is often hard to be found (Small,
2006). It is known (Small, 2006) that around 100 herbs are being used today as a spice and for
tea. According to the Law for the Medical Plants (2000), herbs are defined as: intact plants or
separate morphological parts of plant, as well as fruits and seeds, in fresh or dried state meant
for medical and preventive purposes, for medicine production, for nutritive and for cosmetic and
technical objectives. In Bulgaria a list of medical plants is approved by The Law for the Medical
Plants (2000). A survey conducted from December,1998 to March, 1999 (Ploetz & Orr, 2004)
revealed that fifteen herbs are commonly used throughout Bulgaria. The 15 most commonly
used herbs are used primarily as medicine and in food preparation. About 46% percent of all the
surveys indicate that they use these herbs medicinally, 43.9% of the total respondents use the
herbs for food preparation. Seven of the 15 most commonly used herbs are used primarily for
medicinal purposes: Rose Hip (Rosa sp. diversa), Chamomile (Matricaria chamomilla), Wild
Thyme (Thymus sp. diversa), St. John's Wort (Hypericum perforatum), Wild Marjoram
(Origanum vulgare), Smoke Tree (Cotinus coggygria), and Milfoil (Achillea millefolium). For
traditional spices and herbs (Achinewhu, Ogbonna, & Hart, 1995) the results of analysis showed
that on dry weight basis, the crude protein content ranged from 4.6 to 22.1 percent, the fat
(ether extract) ranged from 7.5 to 36.0 percent, total carbohydrate content ranged from 34.6 to
71.9 percent. The flavor imparting essential oils (as percent oleoresin) content of the
spices/herbs were fairly high and ranged from 0.1 to 5.2 percent. Spices and herbs (Small,
2006) are generally known to possess antioxidant, bactericidical, fungicidical and anti-viruses
effect and have the ability to control the blood sugar (reduce the blood sugar level).

The safety of the herbs depends on many factors: the composition of the bioactive substances
into them, the way of preparing (cooking), the biochemical effect upon the human organism, the
amount have been used (McCabe, Frankel, & Wolfe, 2003). Every country has a list of
forbidden herbs, because of the appearance of toxic or highly pharmacologically acting



compounds, and so they could be used only by prescription. In Bulgaria this list is published by
the Ministry of Health (Regulation ! 4, 2001). The Thyme or Wild Thyme (Thymus vulgaris;
Thymus sp. diversa), the Wild Marjoram or Oregano (Origanum vulgare) and the Lemon Balm
or Common Balm (Melissa officinalis) belong to the safety medicative plants (Herba Thymi,
1999; Folium Melissae, 2002; Law for the Medical Plants, 2000; Regulation ! 4, 2001).

Possibilities for usage of herbs in bread making

In antiquity, human has used the herbs as spice in the bread (Markova, 2010). Presently, herbs
are being investigated in two aspects: to impart a specific aroma to the bread, as the aromatic
substances have to be steady during heating and storage; to impart a healthy attribute to the
end product. Stephan (1985) develops a technology for preserving the aroma of the herbs
added into the bread. Robe & Brummer (1986) propose a patent for technology of bread with
medicative plants. Musalevkaia & Baturina (2004) use four types of dried medicative plants for
production of bakery goods. They add dried and ground herbs — Primrose (Primula vulgaris),
Dandelion (Tarataxum officinale), Peppermint (Mentha piperita) and Wild Thyme (Thymus sp.
diversa), in amounts - 1.0; 1.5; 2.0; 2.5; 3.0% based on the flour. One phase kneading method
is being used. The organoleptic evaluation of the products shows that herbs have impact on the
color, odor and taste, especially when higher concentrations have been used. The herb
Dandelion added in concentrations 1.0; 1.5; 2.0; 2.5; 3.0% impart a bitter taste to the products.
All products have good shape without deformation, with glossy surface, with no cracks, the
crumb is: soft, not sticky, not moist, with uniformed pores, as products with herb concentrations
of 2.0 - 3.0% have smaller pores with thicker walls versus the control probe. The herbs do not
influence significantly the moisture and the acidity of the products, but have impact on their shelf
life. Up to 48 hours at 20 C the bakery goods save their elasticity and have no indications of
staling. The herbs also retard the microbiological spoilage up to 7 days. The herbs added into
the products as powder, increase their biological value and decrease the energy value about
1.0+1.7%. Similar results are reported by other authors, too (Davidova & Kruk, 2007).

Technologies for production of floury mixes enriched with dried and ground medicative herbs
have been developed (Duleva, 2006; Markova, 2010). On a base of our studies we can
conclude that suitable for adding are the follow herbs - Wild Thyme (Thymus sp. diversa), Wild
Marjoram or Oregano (Origanum vulgare) and the Lemon Balm or Common Balm (Melissa
officinalis), in proportion 1:1:1, as the quantity of this mix is from 1.0% to 1.5% flour (ash content
0.5%) based. This herbal mix imparts a pleasant aroma to the bread, without dominating effect
of any of the components. The consumption effect of this bread is not only the pleasant aroma,
but also the nutritive contribution to the health. The daily consumption of 300 g of this enriched
in herbs bread leads to 2.0 g intake of the herbal mix.

Conclusions

The Bulgarian herbs contain a high percent of bioactive compounds: alkaloids, glycosides,
saponins, polysaccharides, tannins, flavonoids, lignans, coumarins, oils, vitamins,
microelements and others. The traditional “wild” Bulgarian herbs are - St. John's Wort or
Tipton's Weed (Hypericum perforatum), Chamomile or Matricaria (Matricaria chamomilla,
Matricaria recutita), Thyme or Wild Thyme (Thymus vulgaris; Thymus sp. diversa), Lemon balm
or Common balm (Melissa officinalis), Garden valerian (Valeriana officinalis), Wild Marjoram or
Oregano (Origanum vulgare). The herbs increase the energy value of the foods and show
antioxidant, bactericidical, fungicidical and anti-viruses effect. The safety of the herbs depends
on: their composition of the bioactive substances, the way of preparing (cooking) and the
amount have been used. The Thyme or Wild Thyme (Thymus vulgaris; Thymus sp. diversa), the
Wild Marjoram or Oregano (Origanum vulgare) and the Lemon Balm or Common Balm (Melissa
officinalis) belong to the safety medicative plants.



Presently, herbs are being investigated in two aspects: to impart a specific aroma to the bread;
to impart a healthy attribute to the end product. Technologies for production of floury mixes
enriched with dried and ground medicative herbs have been developed. The amounts of the
added herbs have to be in concentrations within 1.0 O 3.0% based on the flour (or flour mix).
The herbs added into the products increase their biological value and decrease the energy
value within 1.001.7%.
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Abstract. The date palm ( Phoenix dactylifera L.) is an important agricultural product in Iran. To
extend the shelf life of date palm fruit, some methods of preservation are used, such as drying.
Drying influence physicochemical and quality characteristics of products, thus modeling of
drying Kkinetics is one tool for process control. In this research Barhi dates at khalal stage of
maturity, after thawing , with and without skin, were dried in a laboratory scale hot-air dryer,
under air flow 1.5 m/s at the different temperatures (60, 70 and 80 ¥4C).Weight loss of dates
were measured during drying. On the basis of these data, kinetics of the drying process were
assessed and a characteristic drying curve was established. The results showed that drying rate
of dates without skin in 80 %C is higher than dates with skin. In plot of drying rate versus time,
results indicated that drying took place in the falling rate period. The results showed that
temperature and skin have significant effect on color indexes (L,a and b value). In order to
estimate and select the appropriate drying kinetic model, the drying data as the moisture ratio
(MR) versus drying time were fitted to 13 thin layer drying models. The comparison criteria used
to evaluate goodness of fit, namely the coefficient of determination (R?), the root mean square
error (RMSE) and the reduced chi-square (! %). The Wang and Singh model for drying of dates
with skin and the Verma model for drying of dates without skin gave higher R*and lower RMSE
and ! ? values in comparison to the other models.

Keywords. Date palm, Hot air dryer, Kinetics, Modeling, Rehydration.



Introduction

Date palm (Phoenix dactylifera L.) is a berry consisting of a single seed surrounded by a fibrous
parchment, fleshy mesocarp and the fruit skin (Falade & Abbo, 2007). Khalal stage dates are
immature with total soluble solids (TSSs) of 30-45 °brix and hard texture (Kulkarni et al.,
2008).The moisture content of date fruit vary from 60% at the mature to about 25% at the dried
stage.

Drying is one of the most widely used primary methods of food preservation (Doymaz,2004).
Drying of fresh dates is necessary because it contains high moisture which limits the shelf life.
Matured date fruits are allowed to partially dry on the trees and further sun dried to enhance
their keeping quality and storage. Dehydration in air dryers will ensure appropriate level of
moisture in dates and better preservation of the product quality than sun drying (Falade & Abbo,
2007). In order to improve the control of this operation, it is important to dispose of accurate
models to simulate the drying curves under different conditions. Change in color during thermal
processing may therefore be used as a tool to evaluate the product quality. There are many
factors that govern the degradation of colour and pigment during thermal processing of food
products. Those include non-enzymatic and enzymatic browning and process conditions
(Ahmed & Ramaswamy, 2005). The objectives of this research are to observe the effect of
drying air temperature and skin dates on drying characteristics of date palm fruits, to estimate
and select the appropriate drying kinetic model for describing the drying process and to
determine the color indexes of dates during drying.

Material s and method s

Sample preparation

Freshly harvested date clusters were procured from Abadan, Iran. The date fruits were packed
in fiber board boxes and transported by air for the experimental studies. Barhi dates at Khalal
stage of maturity, sealed low density polyethylene and stored at -20°C until experimental runs.

Drying pattern of date palm fruit

Samples were placed on the tray, arranged in one layer, in laboratory convection dryer. Then,
the samples were dried at the temperatures of 60 to 80°C with an air velocity of 1.5 m/s. Color
indexes (L, a and b) of date samples were determined by the methods of Yam & Papadakis
(2004) during drying.

Data analysis

Firstly, the moisture ratio (MR) of date samples during drying was calculated. Then, thirteen
models were used to fit the drying experimental data. The goodness of fit of the tested
mathematical models to the experimental data was evaluated from the coefficient of
determination (R?) , the reduced chi-square (! %) and root means square error (RMSE) between
the predicted and experimental values. The higher the values of the R?, and lowest values of the
12 and RMSE, the better is the goodness of the fit. Analysis of variance (ANOVA) and
regression analysis were carried out using SPSS to find out the effect of temperature on drying
behavior of dates.



Results and discussion

Drying kinetics of dates

Moisture content of date palm fruits decreased steadily throughout the drying period. Moisture
ratio (MR) was calculated from the drying data. Drying of skinless date palm fruits at higher
temperatures resulted in shorter drying times. Drying curve at 80°C was steeper than at other
temperatures (60°C and 70°C) showing that the drying time reduces with increasing air drying
temperature. This indicated that temperature has important effect on the drying time of date
palm fruits. Differences in the moisture ratio and drying rates in skin and skinless dates could be
due to date palm skin resistance to moisture and heat transfer. Higher drying temperature
promoted faster drying and air temperature was considered the most important factor affecting
drying rate. The entire drying process was found to be taken place in falling rate period that
indicated the moisture diffusion was the governing factor on the drying behaviour of dates
(Falade & Abbo,2007; Amellal & Benamara, 2008).

Color indexes of dates

Effect of drying temperature and skin on all color indexes (L, a and b) of date fruits were
significant by ANOVA. Color index values (L, a and b) of date fruits with skin showed a
decreasing trend during drying process at different temperatures (60, 70 and 80;C). Similar
results have been reported in literature by other researchers, such as Amellal and Benamara
(2008). Reducing L index and darkening of dates are probably due to the browning reactions,
loss of water and pigment changes. Ripening of dates at khalal stage during drying because of
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Figure 1. Evolution of L and a indexes of whole dates during drying.

heating might be due to decrease b value of dates. The results for color indexes (L and a) of
dates with skin at different temperatures plotted against moisture content are illustrated in
Figure 1.

Evaluation of the models

The values of the model constants (a, b, ¢, k, n) found for the 13 models by experimental data of
drying kinetics at different temperatures. The best-suited models with highest R?, lowest X? and
RMSE between experimental and predicted data of dates without skin at different drying
temperatures are shown in table 2. The expressions from the fitting procedure given above do
not exactly fit the drying data because all the constants in these expressions depend on
variables such as temperature and relative humidity just above the fruit surfaces. Then, the
values of the constants in these models were regressed against these variables using multiple
regression analysis. The reliability of the established models was evaluated by comparing the
computed moisture ratio at different drying temperatures with those obtained from the



experimental data for the date fruits under investigation. Among the models, the Wang & Singh
model for dates with skin and the model given by Verma for dates without skin were found to
best describe the drying kinetics at different temperatures.

Table.2. R, RMSE and y* between experimental and predicted data obtained from the selected
models of dates without skin.

R? x? RMSE

Model names

60°C 70°C 80°C 60°C 70°C 80°C 60°C 70°C 80°C

Wang and Singh 0.9995 0.9990 0.9997 0.0000339 0.0000667 0.0000109 | 0.00559 0.00787 0.00319

Logarithmic 0.9999 0.9998 0.9999 0.0000025 0.0000082 0.0000039 | 0.00142 0.00272 0.00188
Verma 0.9999 0.9996 0.9999 0.0000034 0.0000205 0.0000039 | 0.00175 0.00427 0.00188
Page 0.9995 0.9998 0.9993 0.0000241 0.0000075 0.0000331 | 0.00471 0.00264 0.00555
Modified Page Il 0.9995 0.9998 0.9993 0.0000251 0.0000434 0.0000343 | 0.00471 0.00622 0.00555
Two- term

. 0.9969 0.9999 0.9997 0.000350  0.0000050 0.0000105 | 0.01798 0.00216 0.00313
exponential

Conclusions

Drying is one of the most important post harvest processes, which not only increases the shelf
life of the product but also increases its food value. Drying kinetics of dates was investigated in
a hot-air dryer, at constant air velocity 1.5 m/s and a temperature range 60B80°C. Drying of
dates took place entirely in the falling rate period. Drying temperature and skin affected on all
color indexes (L, a and b) of date fruits. The best-suited models with highest R?, lowest X* and
RMSE between experimental and predicted data were the Wang & Singh model for dates with
skin and the model given by Verma for dates without skin were found to best describe the drying
kinetics at different temperatures.

References

1. Ahmed,J. and Ramaswamy, H. S.(2005). Effect of temperature on dynamic rheology and
Colour degradation kinetics of date paste. Food and Bioproducts Processing,
83(C3),198E202.

2. Amellal, H. & Benamara, S. (2008). Vacuum drying of common date pulp cubes. Drying
Technology, 26 , 378- 382.

3. Doymaz, I. (2004). Convective air-drying characteristics of thin layer carrots. Journal of Food
Engineering, 61, 3595364.

4. Falade , K.O. & Abbo, E. S.( 2007). Air- drying and rehydration characteristics of date palm(
Phoenix dactylifera L.) fruits. Journal of Food Engineering, 79 , 724- 730.

5. Kulkarni, S.G. , Vijayanand,P., Aksha, M., Reena,P. and Ramana, K.V.R.(2008). Effect of
dehydration on the quality and storage stability of immature dates (Pheonix dactylifera).
LWT, 41, 278E283.

6. Yam ,K.L. and Papadakis, S.E.(2004). A simple digital imaging method for measuring and
analyzing color of food surfaces. Journal of Food Engineering, 61,137D142.



Improvement of Cereal Food Processing Aimed  at
Acrylamide Mitigation

Zuzana Ciesarova*, Kristina Kukurova, Lucie Markova, Jana Sadecka

VUP Food Research Institute, Priemyselna 4, 824 75 Bratislava, Slovak Republic, phone:
00421-2-50237197, fax: 00421-2-55571417, e-mail: ciesarova@vup.sk

Written for presentation at the
2011 CIGR Section VI International Symposium on

Towards a Sustainable Food Chain
Food Process, Bioprocessing and Food Quality Management

Nantes, Fr ance - April 18 -20, 2011

Acrylamide as a suspected carcinogen has become a subject of a high concern of many food safety
responsible bodies from all around the world. Besides potato based foods there are cereals which
substantially contribute to the acrylamide exposure of all consumers due to their widespread daily
consumption. Based on the preliminary survey, acrylamide present in bread crust and biscuits
burdens young people below 20 up to the level of 2.6 ! g per kg of body weight daily. Incessant
efforts to mitigate acrylamide in mentioned products resulted in a successful adoption of several tools
of acrylamide reduction in the processing of bread and biscuit productions. Formulation of bread mix
for home bread machine was improved with calcium chloride addition, so acrylamide did not access
140 ! g per kg of dry bread crust. Dough for gingerbread production was treated with asparaginase
enzyme preventing from acrylamide formation, so acrylamide in final gingerbreads was reduced app.
on one third of untreated samples after 60 minute enzyme treatment during dough kneading.
Prolonged enzyme treatment resulted in app. 97 % acrylamide reduction in final products. Moreover,
the application of appropriate spice mix supported acrylamide suppression. All these interventions in
the processing were executed with respect to acceptability by consumers and sustainability of final
product properties.
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Introduction

A high concern about acrylamide has been revealed from the fact that acrylamide belongs to
probably carcinogenic compounds in humans based on the evaluation of the International
Agency for Research on Cancer since 1994. This category is used when there is a limited
evidence of carcinogenicity in humans and a sufficient evidence of carcinogenicity in
experimental animals as well as a strong evidence that carcinogenesis is mediated by a
mechanism that also operates in humans.

During the last decade acrylamide was confirmed to be found in many staple foods in a level
attracting attention of food safety bodies and consumers as well.

Sources of acrylamide intake in a human diet

As main sources of acrylamide intake are considered to be, besides coffee and potato
specialties like potato chips and crisps, a wide range of cereal based products (bread, crisp
bread, cookies, crackers, cakes, gingerbreads, breakfast cereals) which substantially contribute
to human exposure of acrylamide. Although cereal products generally are not known with higher
acrylamide content (usually up to 1000 pg/kg), due to their frequent consumption are
considered to be a significant contributor to acrylamide exposure. Exceptions in low-acrylamide
cereal products are gingerbread and ginger cakes with the typically high level of acrylamide
(more than 1000 pg/kg) due to ingredients in recipes containing, besides others, honey or the
mixture of glucose and fructose. The reason arose from the mechanism of acrylamide
formation: the simple saccharides, as glucose and fructose are, act as promoters of acrylamide
formation (Ciesarova, Kiss, & Kolek, 2006). Fortunately, gingerbreads are usually consumed
seasonally during the Christmas time; it means these products do not significantly contribute to
the long-term acrylamide exposure. Similarly, thermally treated potato-based foods (potato
crisps, French fries) are characterized with high acrylamide level (more than 1000 pg/kg), but
they are also consumed occasionally depending on preferences of consumers.

Estimation of acrylamide exposure in the Slovak and Czech Republics

The estimation of daily acrylamide exposure was reported in the “Opinion of Scientific
Committee on Food on new findings regarding the presence of acrylamide in foods” on 3 July
2002 and confirmed again in February 2010 by the Joint FAO/WHO Expert Committee on Food
Additives on the 72™ meeting in Roma. Values of acrylamide exposure for general population
are app. 1 ug per kg of body weight per day; for a group of consumers with higher consumption
of acrylamide-rich foods it is app. 4 ug/kg bw/day.

The estimation of acrylamide exposure in the region of the Central Europe has been proved
also by the preliminary survey of consumption of selected foods in Slovak and Czech Republics
and by the following special-focused survey on consumption habits of high-school students in
those two countries which are recognized as a risk group with higher acrylamide exposure. The
latter survey was held during the May 2010 on the 388 respondents from high schools in both
countries with the similar proportionality between girls and boys (109:85). The results of this
survey revealed that young people below 20 were exposed about 2.60 pg/kg bw/day (Fig. 1),
whereas the main contributors were identified to be cereal foods consumed as either breakfast
(bread, rolls, French bread, crisp bread, toasts, breakfast cereals etc.) or snacks (biscuits,
crackers, salty sticks etc.).
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Figure 1. Estimation of acrylamide intake from foods based on the survey of food consumption
by high-school students in the Slovak and Czech Republics

Possible tools of acrylamide mitigation

The incessant concerns of responsible food safety bodies and the efforts of researchers on
acrylamide mitigation in foods have been reflected in the summarization of possible tools
applicable in food processing and technology with the aim to reduce acrylamide level in
products as low as reasonably achievable. The document CIAA Acrylamide Toolbox last
updated in February 2009 revealed tools based on next approaches: Intervention in raw
material selection; Alteration in recipes; Adjustment of processing conditions; Final preparation
before eating. Application of these tools is divided accordingly to three sectors: cereal
production, potato production and coffee production. The list of tools was drawn up with
relevance to the actual knowledge built on the clarification of mechanism. Taking this into
account acrylamide mitigation tools are chosen with the following intentions:

¥ To decrease the level of precursors in raw materials
¥ To avoid acrylamide formation during processing of foods

¥ To facilitate acrylamide elimination

Additives in bread mix

Considering the fact that domestic bread preparation is rising generally and production of bread
mix for home bread machine are frequently innovated according to new trends, the
incorporation of improving ingredients into the formulation of bread mix is easily under control.
Among various additives the calcium chloride was recognized as the salt which suppressed
acrylamide formation up to 10 % and concurrently improved sensory as well as functional
properties of final bread loaf (Table 1). The systematic study od the impact of inorganic salts on
acrylamide formation was published previously (Kukurova, Ciesarova, Bednarikova, & Markova,
2009).



Table 1. Impact of additives on acrylamide content and sensory evaluation of bread loaves

R e
Control (without additives) 151+6 91
CacCl, (3.0 g/kg) 137 + 23 92
Ca-Lactate (3.0 g/kg) 159+1 81
NH,4CI (3.0 g/kg) 295+ 11 88
KH,PO, (2.5 g/kg) 188 + 13 84
NaH,PO, (2.5 g/kg) 263+ 2 86
Na,H,P,07 (2.5 g/kg) 160 + 14 84
Na,P,0-; (2.5 g/kg) 123+ 21 84

Asparaginase application in gingerbread

Dough for gingerbread production was treated with asparaginase enzyme preventing from
acrylamide formation, so acrylamide in final gingerbreads was reduced app. on one third of
untreated samples after 60 minute enzyme treatment during dough kneading. Prolonged
enzyme treatment resulted in app. 97 % acrylamide reduction in final products. Moreover, the
application of appropriate spice mix supported acrylamide suppression (Ciesarova, Kukurova,
Bednarikova, Markova, & Baxa, 2010).

Conclusions

Among possible approaches to decrease acrylamide level the application of inorganic salts as
raising agents or additives and the enzyme treatment with asparaginase before heat processing
seem to be a very efficient way of acrylamide reduction. All these interventions in the processing
were executed with respect to acceptability by consumers and sustainability of final product
properties.
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Abstract

In this study the effect of baking period and temperature on the concentration of acrylamide and
its relationship with surface color of Sangak were investigated. Sangak is kind of traditional
Iranian bread that it has potential of formation of acryamide.13 treatments at various baking
temperatures, 230, 250, 300, 350 and 370°C and baking periods of 1.5, 2, 3, 4 and 4.5 min
were prepared. Acrylamide content of the samples was extracted and brominated. Amount of
acrylamide was determined by GC. Response Surface Design predicted an appropriate model
for the relationship between baking temperature and baking period with acrylamide
concentration. Based on this analysis, the lowest concentration of acrylamide was measured to
be 1 ppm at baking temperature of 370°C and baking time of 2.27 min. Experimental results
indicated that at temperatures below 300°C, surface color and acrylamide concentration were
directly proportionate and at temperatures above about of 300°C, they were inversely related.

Keywords: Acrylamide ,GC , Derivatization, Response Surface Design, Minitab
Introduction

The recent studies finding that acrylamide was detected in a variety of common foods cooked at
high temperature such as chips (French fries), potato crisps, breakfast cereals and cookies etc.
(Morttam, Wedzicha & Dodson 2002). In view of the findings, an expert consultation convened
jointly by the Food and Agriculture Organisation of the United Nation (FAO) and the World
Health Organisation (WHO) in June 2002. The Consultation recognized that the issue is a major



concern and acknowledged the potential link between acrylamide and carbohydrate-rich foods
cooked at high temperature. The Consultation considered that the existing data is insufficient to
allow a quantitative estimate of cancer risks from dietary acrylamide (Tareke, Rydberg,
Karlsson, Eriksson & Tornqvist. 2000).International Agency for Research on Cancer (IARC)
evaluated acrylamide and considered that there was sufficient evidence of carcinogencity in
experimental animals but inadequate evidence of carcinogenicity in humans and classified it as
Group 2A (probably carcinogenic to humans). This classification was endorsed by the WHO
Consultation in 2002.

Material and methods

All experiments were done according to central composite designs with three repetitions of the
centre point in order to estimate the experimental error. The designs and data analyses were
performed by the Minitab statistical software, version 14.1(Minitab Inc. State College, PA 16801,
USA). Table 1 Show the coded and actual values of the levels of the independent factors.

Table 1 the coded and actual values of the levels of the independe nt factors

1.414 1 0 -1 -1.414
Temperature 370 350 300 250 230
Time 4.5 4 3 2 1.5

40 kilogram flour was mixed with 50 gram salt and suitable amount of water was mixed and then
13 samples were cooked and dried and milled. Acrylamide (99%),acetic acid (glacial),bromine,
n-hexane, potassium bromide, potassium hexacyanoferrate(ll) trihydrate, sodium thiosulfate
pentahydrate, sodium sulfate anhydrous, and zinc sulfate heptahydrate were all obtained from
Merck (Darmstadt, Germany). Finely ground samples (15 g) were weighed into a 250 ml
centrifuge bottle and suspended in 150 ml of distilled water and shaked for 30 s. The
suspension was acidified to pH 485 by addition of 1ml of glacial acetic acid, treated
successively with carrez | and Il solutions (each 2 ml), and centrifuged at 16 000! g (5C) for 15
min. Then, the clear supernatant was filtered through glass wool into a 250 ml Erlenmeyer flask
(Pittet, Perisset & Oberson 2004).After bromination, the mixture was extracted with 50 ml of
ethyl acetate/hexane (4:1, v/v) by shaking for 1 min. Pooled fractions were evaporated to 2ml on
a rotary evaporator (40 C, 140 mbar), and then to dryness under a stream of nitrogen
(Praisler,Gosav,Van Bocxlaer, Leenheer & Massart. 2002).100 microliter ethylacetate was
added to samples and 1 microlitere of solution was injected to GC column with flame ionisation
detector.

Conclusions

Acrylamide content of the samples are shown in Table 2. The highest content was found in the
350°C and 1 min and the least in the 350°C and 2 min. According to the results, the relationship
between temperature and concentration of acrylamide was a parabola with concavity which
faces downward. On the other hand, baking period and acrylamide concentration were related
linearly; the greater the baking period, the higher the concentration of acrylamide. Response
Surface Design predicted an appropriate model for the relationship between baking temperature
and baking period with acrylamide concentration (.

Figure 1). Using the same method, another relationship between baking temperature and

baking period with surface color of the bread were derived (Figure 2).The lowest concentration
of acrylamide was measured to be 1 ppm at baking



temperature of 370°C and baking time of 2.27 min.The experimental results were in good
agreement with the value that predicted by the software. Experimental results indicated that at
temperatures below 300°C, surface color and acrylamide concentration were directly
proportionate and at temperatures above of 300°C, they were inversely related which was in
good agreement with models of concentration of acrylamide by minitab software predicted.

Y= 1.493x1+4.032x2-3.604x1%-1.725x,°0O+3.179%! x»+20.893

Where X1= Temperature, X = Time and Y= concentration of Acrylamide

Table 2 amount of Acrylamide in bread samples

Number Temperature (°C) Time (min)  Acrylamide concentration(ppb)
1 350 4 3017.87
2 230 3 1380.46
3 300 3 2859.3
4 350 2 1000
5 300 3 2712.8
6 300 3 3009.4
7 300 3 2591.57
8 300 4.5 3071.27
9 250 4 2016.47

10 370 3 2495.42
11 300 3 2756.31
12 300 15 1807.14

13 250 2 1753.8
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Figure 1 effect of temperature and baking period on bread ( Sangak)

dE

3 Time(min)

Temprature(C)

Figure 2 effect of temperature and baking time on surface color of bread (Sangak)



